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N O T I C E

This document is disseminated under the sponsorship of the
Department of Transportation In the interest of Information
exchange. The United States Government assumes no liability
for its contents or use thereof.

The United States Government does not endorse products or
manufacturers. Trade or manufacturers’ names appear herein
solely because they are considered essential to the object
of this report. 4
The contents of this report reflect the views of the Coast
Guard Research and Development Center, which is responsible
for the facts and accuracy of data presented. This report
does not constitute a standard, specification, or regulation.
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Technical Director 4

Ô~ U.S. Coast Guard Research and Development Center
Avery Point, Groton, Connecticut 06340

~~~.- ‘

——-- ~- — .- -— - - -.~~~~- —.-- .—-~~— ~~~~~~~~~~~~~~~~~~~~~~
. ..~~ .

.. 
.~



- - / T.cksic.I R.p.rt D.cu..atotIo., Peg.
I .  ~~~~~ N.. 2. Go.... ,m.ni Acc.s ,.on No. 3. R.csp ~i~f l ,  C.

~~
—

. L LL~~~~~A t. L. .~~. .____— - - —. 5. ~~~~~ •~I

BIOLOGICAL EFFECTS OF OIL ~~OLLUTION -_A COMPREHENS IVE
~‘ BIBLIOGRAPHY WITH ABSTRACTS . r ~~~~~~~~~~~~~~~ r~~..co.m ng o, i.m,r,dc..~..—- 

.- - - 

- 
(7_i j  

~~ ~~~

‘ 

~~~
- ._ .— a. Ps’ lo ’m.ng ~~~~~~~~~~ ~w~ ’ ~~~~ f~~~ .-

~
7 . Au .—--

~~ ( I
L.~~1+T Melvin, ~~~ Joseph J.1

;LAN IER ~~~~ CGR/DC 18/781’

9. P . f U~~.~i ?~~r~ aiiin1 AUTh1r *~ Wo~’ ur nt  R. 1TWAIS)

U.S. Coast Guard Research and Development Center
i i .  Co nt ,oct o. G,o nt No .Avery Point

Groton , CT 06340
13. ~~~~ 01 R.po,, ond P.,i.d Cov .r.d

12. Sp.n..rin~ A~.ncy N.m. and Add....
Final T~8k ,~ep t.Department of Transportation -I — . 

U.S. Coast Guard
14. S nso..n~ A~ancy C.d.O f f i c e  of Research and Development

Washing ton , D . C .  20590 _____________________________
15 Supp lanian ’.cy Not..

1.6. Ab.,,.c’

~~This bibliography is a compilation of abstracts of literature on the biological
effects of oil pollution . Comprehensive coverage is provided on oil spiii
incidents , toxicity, tainting , behavioral effects, physiological effects ,
biodegradation , effects of cleaning agents, analyses for petroleum hydrocarbons
in tissues and other related topics.

Over 1200 references with abstracts are included . Rapid access to and cross—
referencing of any given abstract is provided by use of a permuted index that
lists alphabeticall y the keywords and corresponding citation number assigned
to each abstract.

The bibliography should be a valuable reference tool for oil pollution
researchers , environmental scientists , fe deral , state and municipal planners,
administrator s and other decision makers.
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INTRODUCTION

The supertanker AMOCO CADIZ grounded on the coast of Brittany , France
in ‘larch 1978, sp i lling 220,000 tons of crude oil over some 200 kilometers
ccl ccc .I stli ne. This was the l irgest oil pollution incident ever recorded ,
and the resulting eco— catastrophe forceably brought attention to the need
for information to assess accuratel y the environmental damage wrough t by

a m is - l ive sp ill. The AMOCO CADIZ spill was only one of a series of
m .l]or oil sp ill s  in recent years , such as the ARGO MERCHANT, METULA, and
TORREY CANYON supert llnker groundings and the Santa Barbara blowout.

During the Conference on Assessment of Ecolog ical Impacts of Oil Spills
held in June 1978 a t  Keystone , Colorado , much attention was g iven to the
impending “Oi l Sp ill Liability Fund and Compensation Act of 1978” (S.2900 ,
9 5 th  Congress , 2d Session), also known as the “superfund ” legisla tion . This
A t  is a Bill to provide for compensation for damages and cleanup costs
caused by discharges of oil and hazardous substances , to establish a liability
f und , and for other purposes. Use of the liability fund includes provisions
for: (a) the costs of assessing both short—term and long—term injury to ,
destruction of , or loss of any natural resources resulting from a discharge of
oil or a hazardous substance; and (b) the costs of Federal or State efforts in
the restoration , rehabilitation , or replacemen t or acquiring the equivalen t
of any natural resources injured , destroyed , or lost as a resul t of any discharge
of oil or a hazardous substance. In order to obtain an accurate monetary
estalmate of the resulting ecological damage , it will be necessary to know which
organisns in an impacted area have been affected adversely.

There is an enormous and constantly increasing volume of literature relating
to field lind laboratory studies on the effects of petroleum on organisms , as
well as on the ecological impacts of specific oil spills. In view of the
recent rash of oil spill incidents , the Coast Guard deems it very timely
to publish this current and comprehensive bibliography with abstracts on
the biological effects of oil pollution. This publication provides rapid
lissesS to the maze of information available , and should be a valuable
r ference tool for oil pollution researchers , environmental scientists ,
feder il , state and municipal planners , administrators and other decision
makers.

The nucleus of this bibliography was a collection of literature
c um u lite d by researchers of Mississippi State University for one task

of a r s i ~irch contract for the U.S. Coast Guard (Contract title : “A
Scientific Study to Develop One or More Practical Methods for the Accurate
As sessment of an Oil Spill Cleanup ”, DOT—CG—8l—76—l476) . The objective of
th e ir task was to derive an estimate of the maximum level of oil which
C l i i  be c onsidered harmless to the marine biological community as determined
thr ough review and interpretation of the literature (see Abstract No. 187
In this volume , Brown, L.R., 1977). In the course of collecting and
screening the available literature for pertinent material , many relevant
and non-r elevant papers were accumulated on the consequences of oil spills.
These papers covered many aspects of oil spills including physical and
chemical processes , biological effects , identification of oil samples , and
ec o n o m i c  and lega l  f a c t o r s .
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Th e Coast Guard Research and Development Center decided to update and
widen the seirch for the bibliograp hy. It soon became apparent , however ,
that the scope of the references would have to be limited to publications
onl y rel 1iti ng to bio logical effects of oil spills , because of the over-
whelming amount of literature available on all aspects of oil pollution .
References on identification of spilled oils by chemical analytical tech—
0 iques are not inc lw1lc~j, because these techniques have il read y been
thoroug hi y reviewed. ‘ However , references on analyses for petroleum
hydr oclirbon s in biological tissues are reported.

Publications screened during the course of the search included
scientific journals; reference books ; government , universi ty and priva te
institution reports; conference proceedings; bibliographies , and other
literature pertaining to environmental pollution. The 1226 references
on the biological effects of oil pollution included in this volume , span
a period of time from the late 19th century to mid—1978. In most cases ,
the author ’s own abstract is reproduced where available. Because of
limitations on time and on access to libraries , this bibl iography is by
no means comp lete , however , the vast majority of per tinent references are
included. In a number of instances where a publication was not readily
available , th e reference data are cited without abstracts.

Section B of this volume presents 1120 references , most with abstracts ,
acq ui red pr ior to January 1978 and listed alphabeticall y by author . Section C
includes 106 references with abstracts which were acquired since January 1978
after Section B was completed . References presented in Section C are also
listed al phabeticall y by author.

Section D is a subject index. This is a permuted index which lists
a l p habetically the keywords and the corresponding serial number assigned
to each abstract. Thus , each group of keywords for the abstracts is listed
for all combinations in which they can be arranged . This type of index
enables rapid access to , and provides for cross—referencing of , any g iven
abstract.

Several keywords are assigned to each abstract and the keywords relate
to the following general categories:

1. Effects on Ecosystems — spill incidents; effects of cleaning ;
recolonization ; productivity ; food chain magnification .

2. Effects on Organisms — toxicity ; tainting ; behavioral effects;
ph ysiological effects.

3. Biodegradation.

4. Taxonomy .

1. BENTZ , A.P. “Oil Spill Identification ” Analytical Chemistry , Vol. 48,
No. 6, M;iv 1976.

2. BENTZ , A.P . “O i l Spill Identification and Remote Sensing ” Advances
in Chemistry Ser ies. In press.
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5. Habi ta t  types.

6. Geograp hic areas.

7. E f f e c t s  of spec i f i c  crude oils , petroleum fractions, cleaning
agents  and dispersants .

8. Anal yses for  petroleum hy drocarbons in tissues.

The authors  hope t ha t  this  bibl iography will be helpful to other
researchers by providing a convenient and rapid method for  searching through the
vast quan t i t y  of l i t e r a tu re  r e l a t ing  to the biological  e f f e c t s  of oil pollution .
Because of the rapid p r o l i f e r a t i o n  of literature in this f ie ld , we recommend
that the bibliography be updated on an annual or biennial basis.

A- 3
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1. Abbott , B. J . ,  and W . E. Gledhill (1971)

THE EXTRACELLULAR ACCUMULATION OF METABOLIC PRODUCTS BY HYDROCARBON
DEGRADING MICROORGANISMS .

Advances in Applied Microbiology, D. Pen man ( e d . ) ,  pp. 249—388

A review of the products excreted by hydrocarbon
degrading microorganisms.

2. Ackman, R. G. and D. Noble (1973)

STEAM DISTILLATION: A SIMPLE TECHNIQUE FOR RECOVERY OF PETROLEUM
HYDROCARBONS FROM TAINTED FISH.

J. Fish. Res. Bd. Can. 30 711—714

Simple steam distillation was found to be efficacious
for isolation of hydrocarbons from contaminated whitefish. Gas—
liquid chromatography on support coated open—tubular Apiezon—L
columns demonstrated that hydrocarbons recovered from the tainted
fish had a composition pattern qualitatively similar in detail
to that from a sample of diesel oil suspected as the source of
contamination.

3. Adams, H. K. (1936)

THE POLLUTION OF THE SEA AND SHORE BY OIL

Rep. Coun . Roy . Soc . Land. ,  p .27

4. Ages , A. (1971)

OIL RECONNAISSANCE IN THE MAGDALEN ISLANDS — 1970.

Bedford Institute of Oceanography, Canada, Report No. AOL 1971—8 .
23pp.

The sinking of an oil barge in the Gulf of St. Lawrence
in Sept. 1970 resulted in an oil slick approximately 20 miles long
and 10 miles wide. Before reaching the shores of Prince Edward Island,
the oil slick was driven away and subsequently broken up by a favorable
sh i f t  in the wind. However, part of the emulsified oil landed on the
western beaches of the Magdalen Islands two weeks after the accident .
Shore reconnaissance of the Magdelens indicated minor pollution
damage, the oil did not affect the eastern shores and lagoons
where scallop fisheries are an Impor tant source of income. The
high pour point of the oil is believed to have been responsible
for the sudden dispersal of the slick when it was disturbed by
the wind and waves. The pour point also facilitated beach cleaning
because the oil did not penetrate into the sand during warm weather.

B—i

-- — --. - -~~~~~-~~~- - --—~~~~~~~~..- —---.-



5. Ahearn , I). C. (l~~74).

THE SOURCE S , FATES ANI) EFFECTS OF OIL IN THE SEAS .

In: Pollution and Physiology of Marine ‘~gan~ srns . F.J. V~ rnberg and
W. B. Vernberg (eds.). Academic Press , New York pp. 247—251.

An overview of the fate and effect of oil pollution in the marine
environment.

6. Ahearn , D. C. and S. P. Meyers (1972).

THE ROLE OF FUNG I IN THE DECO~~OSI TION OF HYDROCARBONS IN THE
MARINE UNVIRONMENT .

In: Biodegredat ion of Materials Volurne 2, H. A. Walters and H. Vande Plas
(eds.). PP. 12—18.

Mixed cultures of hvdrocarbonoclastic yeasts have been seeded on the
estuarine control plots and plots enriched with crud e oil. The
survival and growth of the seeded yeasts and the development of
hydrocarbon utilizing indigenous strains is being monitored . Direct
predator species are being identified and their rate of food intake
ad multiplication are being investigated . Laboratory studies
have examined the effects of crude oils and crude oils seeded
with fung i on the survival of the coTnI~Ion Guppy , Leb istes
reticulatus. High asphalt oil proved less toxic than a less
viscous Louisiana crude. Future plans call for 1) the continuation
of f ield evaluation of use of hydrocarbonoclastic yeasts to remove
oil pollutants , 2) examination of effects of vary ing cultural
conditions on the oil—disper sant qualities of yeasts , and 3)
expansion of studies on the impact of oil on the ecology of micro
bial comxnunities.

7. Ahearn , D. C. and S. P. Meyers (eds.) (1973).

THE MICROBIAL DECREDAT 1ON OF OIL POLLUTANTS.

Louisiana State University and Agricultural and Mechanical College
Center for Wetland Resources. Sea Grant Program . Publication
LSU—SG—73—O 1. 314 pp. Conference Proceedings.

Papers are presented on the status of knowled ge concerning the
use of microorganisms in facilitating oil biodegredation . Top ics
cover hydrocarbon utilization by specific microbes , distribution
and abundance of those microbes and the pollution control and
ecological impacts of the microbial degredation in various
marine environments.

8. Ahearn , D. C. and S. P. Meyers (1976)

FUNCAL DECREDATION OF OIL IN THE MARINE ENVIRONMENT

B— 2
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In: Recent Advances in Aquatic Mycology, E.B.G. James, (ed.).
John Wiley and Sons, Hals ted Press , New York , pp. 125—133

The e f f ec ts of hydrocarbons on f ungal ecology in aquatic
regions are reviewed . Topics discussed include the breakdown of
oil in seawater , the assimilation of petroleum fractions by f ungi ,
and hydrocarbons and fungal ecology . Hydrocarbonoclastic yeasts
are widespread in the neritic environment and may occur in high
densities in surface slicks . However , the rate of degradation
and emulsification of crude oil by commonly marine occ urr ing
~‘easts main~ v strains of Rhodotorula, Debaryomyces, and members

~f the Candida lipolytica complex , is relatively slow compar ed
with yeasts from aquatic sites chronically polluted with oil.
In oil—enriched water certain indigenous yeasts are selectively
st imulated , but a sustained increase in biomass does not occur .
Hvdrocarbonoclastic molds , mainly species of Cladosporium and Cepha—
losporium , also occur in marine habitats , but their relationship
to natural slicks as cultural oil pollution is unknown . Evidence
indicates comparatively low oil—assimilating capacities by cia—
dosporia from oil—enriched sediments and water.

9. Ahearn , D. G. , and S. P. Meyers, and P. C. ~tandard (1971)

THE ROLE OF YEASTS IN THE DECOMPOSITION OF OILS IN MARINE ENVIRONMENTS .

Devs. m d .  Microbiol. 12 126—134.

Yeasts from various marine freshwater and terrestrial
environments were examined for their capacity to assimilate hydrocarbons .
Hvdrocarbonoclastic yeasts are wide—spread ; however , strains able to
assimilate hydrocarbons at levels 2% (v/v) generally are concentrated in
oil—polluted habitats. Louisiana crude oil p lus refinery and laboratory
fractions and vapors of a number of aromatic hydrocarbon globules, but cer tain
strains , ma in ly marine isola tes of Trichosporon ~~~~~ ., penetrated
and developed within the globule. Field and laboratory data sug-
gest that yeasts play a role in microbial decomposition of surface
oil depositions in the marine environment.

10. Ahokas , J. T., Pelkonen , 0. and Karki, N. T. (1975)

METABOLISM OF POLYCYCLIC HYDROCARBONS BY A HIGHLY ACTIVE AKYL
HYDROCARBON HYDROXYLASE SYSTEM IN THE LIVER OF A TROUT SPECIES.

Biocheni . Biophys , Res. Commun . 63. 635—641.

11 . Ak senova , Ye. I. and A. S. Trufanova (1971)

EFFECT OF CHLOROPHOS AND PETROLEUM PRODUCTS ON PROTOCOCCACEAE
AND BLUE—GREEN ALGAE .

Hydrobiol. J. 7,74—76.

A series of experiments were run to determine the effect of a
pesticide (chlorophos) and industrial effluent containing petroleum
prod ucts on some protococcal and blue—green algae.

B— 3
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The test, organisms were protococcal [culture of Scenedesmus
o
~~~ 1uus 

(Turp.) Kutzl and blue—green [A phanizomenon flos—aguae
(L.) Halls .] algae . The former were grown in the laboratory
wh ile the latter were taken from Don water during its “bloom ing ”.
Two series of experiments were performed with each culture (in 3
ret)lications) in 0.5—liter flasks under natural light and at a
water temperature of 20 to 250. The staff of the hydrochemical
ia i~oratorv monitored changes in the hydrochemical properties.

Chiorophos was used at concentration of .05, .1, .5, and 1.0
~~U liter and petroleum products at concentrations of .05 , .1, .5,
1.0, and 5.0 mg/liter . The control algae were observed at the
same time. The effect of these substances was judged from change
in the algal abundance and biomass and from their morphology .

Change in density of the algae in the course of a day under the in-
fluence of the various concentrations was computed from the difference
between the number of algae in the control , experimental vessels,
and expressed in percentage of control.

12. Ald rich , E. C. (1938)

A RECENT OIL POLLUTION AND ITS EFFECT ON THE WATER BIRDS IN THE
SAN FRANCISCO BAY AREA .

Bird Lore 40 ,
110—114

On March 6, 1937 , the oil tanker FRANK BUCK spilled its cargo
of oil in The Golden Gate, San Francisco Bay . Oil was washed
up on beaches for several miles north and south of the Golden
Gate. This article reports the results of a beach survey for
oiled birds made shortly after the incident.

13. Alk ire , (I . C., C.O. Becker , M. W . Cook, D. Davis and C. E. Leach (1967)

OIL SPILLAGE STUDY , LITERATURE SEARCH, AND CRITICAL EVALUATION
FOR SELECTION OF PROMISING TECHNIQUES TO CONTROL AND PREVENT DAMAGE

Battelle Memorial Institute Pacific Northwest Labs., Richland,
WashIngton. 281 pp.

A rev iew and evaluation of 761 references to the literature
on the state of technology of prevention and control of major oil
spillage on water , the restoration of the shoreface and fowl. Oper-
ational practices in shipping, offshore oil production practices ,
and transmission line safety codes are encompassed . Note is taken
th at oil spills are studied by aerial surveys includ ing spectro—
pho tomet ric , ultraviolet , infrar ed, radar and microwave imaging .
In regard to chemical treatments , it is indicated tha t all dis—
persants and emulsifiers are more or less toxic. Oil may be
confined by booms and then either burned or recovered . Technology
for reclamation of recovered oils though available is not in general
use. (Sfnha—OEIS)
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14. Allen , H. (1971).

EFFECTS OF PETROLEUM FRACTIONS ON THE EARLY DEVELOPMENT OF A
SEA URCHIN.

Mar. Pol lu t .  Bull.  2. 138—140

This report indicates that the water—soluble extracts of a number
of crude and refined oil products have little harmful effect
on fertilization but are highly toxic to developing sea—urg in
eggs.

15. Alpine Geophysical Union (1971)

OIL POLLUTION INCIDENT PLATFORM CHARLIE MAIN PASS BLOCK 41
FIELD LOUISIANA

U.S. Environmental Protection Agency, Water Quality Office ,
Washing ton, D.C. Water Pollution Control Research Series No.
15080 FTh. 136 pages.

For roughly eight weeks, wells on the Chevron Oil Co. Platform
Charlie in the Main Pass Oil Field in the Gulf of Mexico were
out of control, spewing crude oil and natural gas into the air
from the platform level. Pollution effects and control measures
taken are discussed.

16. Alyakrinskaya, I. 0. (1966)

BEHAVIOR AND FILTERING ABILITY OF THE BLACK SEA MYTILUS GALLOPROVINCIALIS
ON OIL POLLUTED WATER.

Zool, Zh. 45. 998—1003; also in Biol. Abstr. 48(l4):6494.

H. galloprovincialis can tolerate high concentrations of oil. Addition
of oil to water in the amounts of 1, 2, 5 and 10 mi/l does not
affect behavior. Concentrations exceeding 20 mi/l do affec t the
mollusc. During filtration of oil—polluted water , the mollusc
forms pseudofaeces (oil drops connected by muscus) thereby purif ying
the water to a degree. The ability of this mollusc to filter
oil—pollu ted water through its body cavity is due to the extreme
pollution resistance of the ciliated epithelium of gills and mantle.

17. Alyakrinskaya, I. 0. (1966)

EXPERIMENTAL DATA ON THE CONSUMPTION OF OXYGEN IN SEA WATER
POLLUTED WITH PETROLEUM.

Oceanology . 6 (1), 71—78

Reports extensive contamination by petroleum in Novorossiysk Bay.
The film on the water surface acts as a barrier to exchange between
the water and the atmosphere. Large concentrations reduce the
content of dissolved oxygen and increase bio—chemical oxygen

B—S
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demand and oxydiza b ilitv. In the summer clams catastrophically
high concentrations of pollution occur . Exper imental data are
t a b u l a t e d . ( S i n h a — O L I S )

18. American Institute of Biological Science (1976)

SOURCES , EFFECTS AND S I N K S  OF HYDROCARBON S IN THE AQUATIC EN—
V I R O N M U N I .  PROCEEDINGS OF THE SY~~OSIUM~ AMER ICAN UN I VERSITY
W\ SUINGLO N , D . C .  9—1 1 AUGUST 1976.

Am e r i c a n  I n s t i t u t e  of Biological  Sciences.  578 pp

This  volume is a collection of papers presented at the
symposium . The a r t i c l e s  on b io log ica l  e f f e c t s  are entered
s e p a r a te ly  in t h i s  b i b l i o g r a p h y .

19. Am e r i c a n  P e t r o l eu m  I n s t i t u t e  and Federal Wa te r  Pollution Co~ttr o1
A d m i n i s t r a t i o n  (1969)

PROCEE I) IN GS JOINT CONFERENCE ON PREVENTION AND CONTROL OF OIL
SPILL.

Am eric an Pe t ro l eum I n s t i t u t e , New York .  345 pp.

This volum e con ta ins  41 papers presented  at  the 1969 Joint
Confe rence  on P reven t ion  and Control of Oi l  Sp i l l s .  Many of these
deal w i t h  b i o l o g i c a l  e f f e c t s  of oil p o l l u t i o n .

20. A m e r i c a n  P et ro l eum I n s t i t u t e, Environmental  P ro tec t ion  Agency,
U n i t e d  S t a t e s  Coast Guard (1973)

PROCEEDINGS OF JOINT CONFERENCE ON PREVENTION AND CONTROL OF OIL
SPILLS. MARCH 13—15 1973, WASHINGTON , D . C . ,

Amer i can  Pe t ro leum I n s t i t u t e, Washington , D . C .  834 pp.

This volume contains 87 papers presented at the 1973 Joint
Conference for the Prevention and Control of Oil Spills. Seventeen
of these papers deal directly with biological effects of oil
pollution.

21. American Petroleum Institute , Environmental Protection Agency and
United States Coast Guard (1975)

1975 CONFERENCE ON PREVENTION AND CONTROL OF OIL POLLUTION.
PROCEEDINGS.  MARCH 2 5 — 2 7 ,  1975, SAN FRANCISCO, CALIFORNIA.

American Petroleum I n s t i t u t e , Wash ing ton , D.C.

Th is volume contains 92 papers presented at the 1975 Joint
Conference for the Prevention and Control of Oil Pollution
Twenty—tw o of these papers deal with biological effects of oil
pollution.
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.2. American Petroleum Institute , Env ironmental Protection Agency, and
United States Coast Guard (1977)

PROCEED INGS 1977 OIL SPILL CONFERENCE (PREVENTION, BEHAVIOR,
CoNTROL , CLEANUP) MARCH 8-10, 1977. NEW ORLEANS LOUISIANA.

American Petroleum Institute , Wash ington, D.C.

Th is volume contains 123 papers presented at the 1975 Oil
Spill Conference. Thirty—eig ht of these papers deal with spill
behavior and effects.

23. American Petroleum Institute (1977).

OIL SPILL STUDIES: STRATEGIES AND TECHNIQUES

Pro ceed ings of a Workshop at Gurney ’s Inn, Montauk , L.I.
February 24—26, 1976. American Petroleum Institute publication
number 4286

The Oil Sp i l l  Studies:  Strategies  and Techniques Workshop was
convened to organize a sununary of current techniques and suggest
sampling strategies to study the effects of oil spills on
marine and estuarine biota. It provides the marine
scientist with the collective field and analytical experience
of rese archers who par ticipated in this effort. The workshop
addressed massive petroleum releases to the marine environment.

24. American Society for the Testing of Materials (in press)

PROCEEDINGS OF CONFERENCE: CHEMICAL DISPERSANTS FOR THE CONTROL OF
OIL SPILLS

American Soeicty for the Testing of Mat~erials, 4—5 October 1977,
Williamsburg , V irgina

Twenty papers were presented at this conference covering a wide
range of topics relating to dispersant toxicity deployment , and
the ir ecological effects.

25. Amphlett , N. 3. (1968)

PETROLEUM MICROBIOLOGY ANNUAL REPORT.

Progr. appi. Chem., 51, 486

26. Andelman , J. B. and Michael J. Suess (1970)

POLYNUCLEAR AROMATIC HYDROCARBONS IN THE WATER ENVIRONMENT.

Bull. Wld. 1-11th. Org. 43/479—508.

Man y pol ynuclear aromatic hydrocarbons (PAR) are known to be car-
c inogenic to animals and probably to man. This review is concerned
with carcinogenic and non—carcinogenic PAIl in the water environ—
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ment , with emphasis on 3,4—benzpyrene (BP). Because it is ubiquitous , BP
is On e  o~ the most potent of the carcinogenic PAH and has been
wid e ly studied . Al though PAll are formed in combustion and other
high—temperature processes, there is also evidence for their en—
dogenous formation in plants, which may expla in  t h e i r  u b i q u i t y
the rein. Although the solubility of these compounds in pure water
is v~ rv low , they may be solubilized by such materials as detergents ,
or they may o therwise  occur in aqueous so lu t ion  associated w i t h
or adsorbed on to a v a r i e t y  of col loidal  m a t e r i a l s  or b io ta , and
tl ~~t t1 ’y be t r a n s p o r t e d  th roug h the water environment. A notable
e h a r e t e r i o t i c  of PAH is  the i r  s e n s i t i v i t y  to ligh t .

PAH have been found in industrial and municipal was te effluents ,
and occur  in soils , ground waters and surface waters , and their
sediments and biota. With the exception of filtration or sorption
by a c t i v a t e d  carbon , conventional  water  t rea tment  processes do
not effeciently remove them , and they have been found in domestic
wat er supplies. Because of the ubiquity of PAH in the environment ,
it is impossible to prevent completely man’s exposure to them ;
nevertheless their surveillance should be continued and their
concentrations in the environment should be reduced where practicable.

27. Anderson , A. W . (1976)

Ni\TIONAL AND INTERNATIONAL EFFORTS TO PREVENT TRAUMATIC VESSEL
SOURCE OIL POLLUTION .

U n i v e r s i t y  of Miami Law Review , 30 ( 4 ) ,  985— 105 1.

Traumatic vessel source oil pollution is defined as oil spillage
resulting from unexpec ted damage to the physicai container of the
oil. Oil pollution is extremely destructive to the marine environ-
ment since it disrupts the food chain by poisoning and smothering
al gae , plankton and intertidal organisms . It also interferes
with phytoplankton photosynthesis, reduces dissolved wa ter oxygen,
impairs recreational facilities , and has been linked w ith
genetic/carcinogenic changes in marine life and higher animals
includ ing man. The problem is magnified by the lack of uniform
cleanup sys tems , the mobility of oil slicks, the increase of
supertankers in maritime oil transportation , and conflic t ing
cons truction and equipment requirements in different countries ,
as well as conflicting laws in international and áoastal water .
The intergovernmental Maritime Consultative Organization has attemp-
ted uniform regulation of technical and economic aspects of mari-
t ime commerce. Efforts underway to regulate sea traffic include
tr aining and certification programs. Navigation technology exists
to preven t groundings and collisions including the use of
offshore deepwater ports to reduce traffic density in coas tal
zones. More international cooperation is necessary. The author
concludes that method s alread y exist to prevent traumatic oil
pollution without awaiting a technological break through .

28. Anderson , J. W. (1973)

EFFECTS OF PETROLEUM HYDROCARBONS ON THE GROWTH OF MARINE ORGANISMS.
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In: Petroleum Hydrocarbons in the Marine Environment, A.D. McIntyre
and R. J. Whi ttle (eds.) Rapp. P.—v. Reun. Cons. mt . Explor. Mer p. 17

29. Anderson , 3. W . (1973)

UPTAKE AND DEPURATION OF SPECIFIC HYDROCARBONS FROM OIL BY THE
BIVALVES RAI4GIA CUNEATA AND CRASSOSTREA VIRGINICA .

In: ~ACKGR0IJND PAPERS FOR A WORKSHOP ON INPUTS. FATES AND EFFECTS OF
PETROLEUM IN THE MARINE ENVIRONMENT. NSF OCEAN AFFAIRS BOARD,
AIRLIE, VIRGINIA, 21—25 MAY 1973.

Groups of clams and oysters were exposed to oil—water ennulsions
of four test oils for various lengths of tine . Detailed analyses
of specific hydrocarbons were conducted on control animals.
those exposed to the test oils , and those allowed to cleanse them—
.,elves after exposure. The report concludes that oil hydrocarbons
are taken up by clam and oyster tissue and that both aromatic
and saturated hydrocarbons are released from the tissues relatively
rapidly in clean water.

30. Anderson , J. W. (1975)

LABORATORY STUDIES ON THE EFFECT OF OIL ON MARINE ORGANISMS: AN OVERVIEW.

American Petroleum Institute Publication No. 4299, Wash ington, D.C.

31. Anderson , 3. W., R. C. Clark, Jr., and J. J. Stegeman (1974)

CONTAMINATION OF MARINE ORGANISMS BY PETROLEUM HYDROCARBONS .

In: Marine Bioassays, B. Cox (ed.). Marine Technology Soc iety,
Washington, D.C. p. 36—75.

This article reviews the contamination of marine organisms by
pe troleum hydrocarbons including the subjects of the characteristics
of hydrocarbons , analytical me thods , sources of contamination ,
routes of entry into the organism, levels of contamination,
uptake and release, localization in tissues and metabolism.
Conclusions as to needs and recommendations are also presented .

32. Anderson, J. W., D. B. Disit , G. S. Ward and R. S. Foster. (in press)

EFFECTS OF PETROLEUM HYDROCARBONS ON THE RATE OF HEART BEAT AND
HATCHING SUCCESS OF ESTUARINE FISH EMBRYOS .

In: Pollut ion and Physiology of Marine Organisms, A . Calabrese ,
F.P. Thruberg and F.J. Vernberg (eds.), Academic Press , New York.

33. Anderson, J. W. and J. M. Neff (1975)

ACCUMULATION AND RELEASE OF PETROLEUM HYDROCARBONS BY EDIBLE MARINE
ANIMALS.
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Lu : Recent  Advances in the A~;ses~,ment of H e a l t h  E f f e c t s  of E n v i r o n m e n t a l
P o l l u t  ion . Vol. III. Cornm i -o- ion ot t h e  European  Commun i t  ies ,
I)irectorate General  S c i e n t i f i c  and T e c h n i c a l  I n f o r m a t i o n  and I n f o r m a t i o n
Management . Luxembourg. pp .  14 ( 4 — 14 6 9 .

Oy s t e r s  wer e  exposed to c o n c e n t r a t i o n s  r each ing  400 ppm of d is per sed
fue l oil in a flow—throug h tank for 8 hr. Oysters rapidly accumulated
a w i d e  s p e c t r u m  of d i f f e r e n t  hy d r o c a r b o n s .  The mono— , di— , and t n —
methylnaptha lenes were accumulated to h i g h e r  c o n c e n t r a t i o n s  than
were the other di— and tn —aromatic hydrocarbons or individual
p a r a f f i n s .  When r e tu rned  to o i l — f r e e  seawater , o y s ter s  re leased
9O~ of the paraffins in 24 hr; naphthalenes were released to back-
ground levels in 28 d. When exposed to water—soluble fractions of
No. 2 fuel oil , clams , shrimp, and fish rapidl y acc umula ted
napthalenes in their tissues to levels 1 magnitude higher than
the exposure concentrations. Returned to oil—free seawater , they
released the napthalenes to low or undetectable levels in 6—14d.

14. A nderson , 3 . W ., J. M. N e f f , B. A. Cos, H. E. Tatum , and C. M.
F{ightower (1974)

CHARACTERISTICS OF DISPER SIONS AND WATER—SOLUBLE EXTRACTS OF CRUDE AND
REFINED OILS AND THEIR TOXICITY TO ESTUARINE CRUSTACEANS AND FISH .

Mar .  B i o l .  27/75—88.

The quantitative hydrocarbon composition and behavior in seawater of
water—soluble fractions (WSF) and oil—in—water dispersions (OWD)
of 4 oils was investigated . Two crude oils , South Louisiana
crud e and Kuwait crude , and two ref ined oils, No. 2 fuel oil and
bunker C residua l oil , were used in these investigations. The
WSFs of the crude oils had higher total oil—hydrocarbon concentra-
t ions and were richer in light aliphatics and single—ring aromatics
than were the WSFs of the refined oils. The WSFs of the refined
oils contained significantly higher concentrations of naphthalenes
than d id those of the crudes. The hydrocarbon composition of the
aqueous phase of OWDs closely resembled tha t of the parent oils.
Gentle aeration of the OWDs resulted in a loss of 80 to 90%
of the aqueous hydrocarbons in 24 h. Alkanes disappeared from
the d ispersions more rapidly than aromatics. The WSFs and OWDs
of the refined oils were considerably more toxic to the 6 test
species than were those of the crude oils. The test species can
be ranked according to increasing sensitivity to oil as follows :
Cyprinodon variegatus, Menidia beryllina, Fundulus similus,
Penaeus az tecus pos t larvae , Palaemonetes pu&io and Mys idopsis
almyra. The results of this investigation are discussed in
relat ion to the potential impacts of oil spills on the marine
estuarine environments.

35. Anderson , J.W ., Neff , J.M., Cox, B.A. , Tatem , H.E. and Highto wer ,C.M.
(1974)

THE EFFECT OF OIL ON ESTUARINE ANIMALS :TOX ICITY , UPTAKE AND
DEPARATION , RESPIRATION.
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In: Pollution and Physidogy of Marine Organisms, F.J. Vernberg and
W.B. Vernberg , (eds.) Academic Press, New York pp. 285—310.

Short—term toxicity studies, uptake and depuration studies and
physiolgical effect studies were conducted on three estuarine
spec ies (sheeps—head minnow, Cyprinodon variegatus; grass shrimp ,
Palaemonetes pugio; and brown shrimp , Panaeus aztecus) using several
petroleum crudes and distillates (South La Crude, Kuwait Crude ,
~2 fuel oil and bunker C). Water soluable fractions of the refined
oils were more toxic than the WSF ’s of the crude oils. The
majority of toxicity is associated with naphthahenes . Petroleum
hydrocarbons are rapidly accumulated with aromatics being more
rapidly accumulated and retained longer than alkanes. The patterns
of uptake & depuration are species specific . Respiratory rate
is af fec ted by hydrocarbon concentration . The response is species
dependent.

36. Anderson , R.D. (1975)

PETROLEUM HYDROCARBONS AND OYSTER RESOURCES OF GALVESTON BAY ,
TEXAS .

In: EPA Coaf. on Prey. & Contrl. of Oil Poll. pp. 541—548.

Field and laboratory studies of petroleum hydrocarbons in the tissues of
the American oys ter , Crassostrea virginica, a primary shellfish
resource in the Galveston Bay system, were conduc ted from 1971—1974.
Initial ultraviolet spectrophotometnic and gas chromatographic
analyses of tissues revealed significant amounts of oil—derived
petroleum hydrocarbons from oysters collected at Morgan ’s Point
Reef at the lower end of the Houston Ship Channel. Lower values,
when detectable , were found in oyster meats collected at natural
and artificial reefs scattered throughout the lower bay system .
Laboratory and field studies were conducted to determine uptake
and depuration of pe troleum hydrocarbons by oysters. Rapid
depuration of petrdleum hydrocarbons accumulated in field and
experimental exposures was found . In oil—free seawater, oysters
released saturated chains and most aromatic fractions rapidly with
depuration to below detectable levels (0.1 ppm) taking place within
52 days .  Transfer  of oysters  for depuration purposes shows promise
of improving the overall quality of this shellfish resource.

37. Anderson , R.D. and J.W . Anderson (1973)

UPTAKE AND DEPURATION OF PETROLEUM HYDROCARBONS BY THE AMERICAN
OYSTER , CRASSOSTREA VIRGINICA CMELIN.

Proc . Na tl. Shellfish. Assoc 64/1—2

American oysters , Crassostrea virginica Ginelin , were exposed to
oil—water emulsions of selected crude oils and petroleum fractions.
The rate of uptake and depuration of petroleum hydrocarbons was
determined by gas chromatographic and ultraviolet spectrophoto—
metric methods.
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Oysters rapidl y accumulated saturated and aromatic hydrocarbons
from oil-water mixtures. Aromatic hydrocarbons were accumulated

~o a greater extent than n—paraf t ins relative to their respective
(‘on (-entrat ions in titi exposure water. Saturated hydrocarbons were
;lccumLIla toL ! in higher amounts from crude versus petroleum fractions.
\cc,imiilat ion of oil—derived petroleum hydrocarbons was not consistent
w h o  uptake of oil by oysters was measured over a period of several
Liy~~. Follow i ng return to oil—free seawater , oysters depurated the
sit ti r a t ed chain- ; and most aromatic fractions rapidly. Depuration

nearly completed within 21 days.

t I U i ~~ Of ovst t r were exposed to oil—water mixtures then returned to
bay waters for ;hell growth stud ies. Daily average growth of exper—
imt-ntal and control populations revealed nearly uniform results.
(,rowth of oyster c o n t r o l  groups  averaged slightl y below most of the
txp i r imentals except for a slight difference In one test group.

38. Ander son , R.D. and .J.W . \nderson (1976)

OIL B [OASSAY S WITH THE AMERICAN OYSTER , CRASSOSTREA VIRGINICA (GMELIN) .

I’roc . Nat. S h e l l f i s h  A ssoc.  65 38—42 .

( ) v s t  r bioassavs were conducted to determine the relative toxicity
of four t e - t  oils and a reference toxin. The oysters (Crassostrea
virg inica) were exposed to oil—water dispersion of two crude and
two p a rtially refined petroleum hydrocarbons . The partially
refi tie d oils 2 fuel and Venezuela bunker C were found to be more
toxic than the two crude oils tested , South Louisiana and Kuwait.
Oysters demonstrated greater resistance to test oils than to the
refe rence toxin , dodecyl sodium sulfate. Valve closure by oysters
made i t  difficult to determine percent mortality data in 96—hour or
e x t e n de d  st u d i e s .  Composi t ion of test so lu t ions  is compared to
e;ilc ul at ed values of oil in water and referenced to the relative
toxicity demonstrated. Behavior and conditions of test animals
is d i s cu sse d  in relation to bioassay results.

39. Anderson , i .W ., R.C. Clark. and -J .J. Stegeman (1974)

PETROLEI ‘M HYDROCARBONS

I n: MAkI N F BIOASSAYS WORKSHOP PROCEEDINGS, sponsored by API , EPA ,
and ~1 t r i n e  Technology Society. Marine Technology Society,
Washington , 1).C. pp. 36—75.

This paper is a review of the l evels of hydrocarbons found In the
mar i n -  env i ronment and the techniqu es used to determine these levels.

40. Andrew s , A .R . and G.D. Flood ga te ( 1 9 7 4 )

~0MF~ OBSERVATI ONS ON THE INTERACTIONS OF MARINE PROTOZOA AND
CRFOE OIL RESIDUES. (1974)

Mar. Blot. :~s. 7—12
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Marine protozoa were observed to take up Kuwait crude—oil residues
in the laboratory and the field . The results suggest that the
injes t ion occurs only while the organisms are feeding on
normal food sources or on bacteria adhering to partially degraded
oil globules.

41. Anon. (1930)

ROAD TARS AND FISH LIFE - REPORT OF THE JOINT COMMITTEES ON DAMAGE
TO FISHERIES.

Surveyor , 78 , 625—626.

42. Anon. (1955)

PACIFIC SALMON INVESTIGATIONS .

Comm. Fish Rev. 17/35—36.

The possibility of polluted waters at Lutak Inlet near Haines, Alaska,
has prompted the Service’s biological laboratory at Seattle, Wash.,
to begin a limited investigation to determine the toxicity of
petroleum products to fish life. The source of the possible pollu-
tion is a group of jet—fuel and Diesel—fuel storage tanks at the
Inlet. When these tanks are flushed out some of the petroleum
products enter Inlet waters, giving rise to a need for definite
knowledge on the effect of these products on salmon and other
marine resources in the area.

Using silver salmon fingerlings as test fish, the laboratory has
tested automobile gasoline, jet—aviation fuel, Diesel—truck oik
and sludge oil. Automobile gasoline and het-aviation fuel have
proved more lethal to the fingerlings than the other two products:
surface films of automobile gasoline and jet—aviation fuel were
lethal at 5,000 and 10,000 par ts per mill ion, respectively,
and agitated solutions of the two products at 100 and 500 parts
per million. Tests with surface films of Diesel oil and sludge
oil proved lethal at 20,000 and 100,000 parts per million ,
respectively, and agitated solutions of Diesel oil at 5,000 par ts
per million. Fingerlings testing with agitated solutions of sludge
oil were greatly distressed but not killed .

43. Anon. (1968)

EXPLOITING AND POLLUTING OCEANS. -

Nature 219, 840—842

A massive attack on floating oil was launched by the British Government
after the Torrey Canyon sinking, primarily using detergents to
disperse the oil. Unfortunately , the detergent was the cause of
most of the damage to life along the coast; the oil itself had
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littl e effect apart from the destruction of sea birds. But tlier
was less damage than originall~- expected , for d e t e r g e n t s  in the sea
los~ their toxicity rap idl y. The toxicit y is almost entirel y within
the organic solvent t raction , which evaporates with in two to five
days. The act tial effect iveness of the dt tergent in emuls ifying
and dispersing the oil is doubtful. A more e f fective method would
seem to be the sprinkling of powdered natural chalk (or better still ,
a heavier , unwettable material such as silicone—treated sand) on
top of the oil to sink it. But sunken oil may foul fishing lines
or be washed ashore later; much depends on how qu ick l y b a c t e r i a
destroy the sunken oil. Only in extreme cases should the use of
detergents be considered , and only then , after mechanical remova l
has been attempted .

~~ Anon. (1968) -

LAST WORI) ON TORREY CANYON .

N a t u re .  217 , 303—304 .

A r e p o r t  on the  T o r r e y  Canyon disaster has been prepared by the
comm ittee of s c i e n t i s t s  convened by the  Chief Scientific Adviser
to the  B r i t i s h  Gove rnmen t .  The ob jec t  is to c o l le c t  t h e  lessons
learned d u r i n g  the  a f t e r m a t h  of the  T o r r e v  C a ny o n  inc  i d c n t  and to
examine  t h e  measures  to be t aken  in t he  f u t u r e .  As o u t i  m e d  in
t h e  r epor t , the  i n c i d e n t  was tackled in six parts: how to dea l
with the oil remaining in the ship, how to dispose of the oil on
the sea , how to prevent oil reaching the coastline , how to treat
beaches which mi ght become contaminated , how t o  reduce dangers
to marine life , and how to coordinate tht- efforts of other bodies
d e a l i n g  w i t h  the  t h r e a t  to w i l d l i f e .

~+ 5 .  Anon.  (1969 )

OIL LEAK IN CALIFORNIA.

Nature , 22 1/902

The offshore well in the Santa Barbara channel became uncontro llable
on January 28, 1969 , and was brought under control on February 8. The
oil released , estimated at about 1000 tons , subsequently polluted
around 30 miles of coastline . Great efforts were made by the oil
company to limit t h e  pollution by setting booms around the drilling
platform and by spraying the slick wi th water—soluble dispersant ,
but poor weather hampered the operat1~~ ,~nd much oil reached the
short . Harbors and small estuaries had been boomed , however , and
only at Santa Barbara was oil driven into the harbor by an offshore
wind . The main method of cleaning up the oil from the harbor
and beaches was by spreading straw on the oil slicks and beaches
at low tide. The oil—soaked straw was then cleared by bulldozing
and rak ing , bu t there were problems with disposal of the straw.
Exc ept for the water—soluble dispersant , utilized by the oil company ,
no chemical cleansing or dispersant materials were used .
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The group of plants and animals most affected was the seabirds ,
thousand s of  which were rescued and taken to cleaning stations .
Much of the fauna of the rocky areas were coasted with oil ,
hut did not seem greatly affected . These included limpets
(Acmaea spp , L o t t i a ) ,  barnac le -s  (P o l l i c e p e s , Balanus g landu la
and Cthalamus fissus) , mu ssels (M ytilus spp) and chitons (Macrocystis)
b e c a m e  coa t ed w i t h  oil , a l so , bu t  since the rocky areas were not
treated with toxic chemicals , cleansing was eventually accompl ished
by natural processes of oil w e a t h e r i ng  and b a c t e r i a l  d e g r a d a t i o n .

~t h .  \non. (1969)

OIL SPILL DAMAGE TO MARINE LIFE .

Oil and Gas J., March 17 , 1969 , pp. 65—68.

Dr. Wheeler J. North and assistants conducted a 1—week study of
marine life in the Santa Barbara Channel, three weeks after the
oil spill of 1969. The great kelp beds -in the channel , which are
the prime source of fish food there, were unharmed , even though
they were blackened by the oil. The small sea life living on
the kelp was also unharmed . The only observed damage was the death
of several scallops around the offshore platform where the spill
originated , and of about 500 birds. About 30% of the marine life
aro und the pla tform had been adversely a f f ec ted , but the remaining
70% was feed ing normally in the current.

~t7 . Anon . (1970)

OIL POLLUTION IN THE TAY .

Mar Po l l .  B u l l .  2(l):4—5

Abo ut 88 tons of tapped Venezuelan crude oil were spilled into the
R iver Tay in February of 1968. Damaging effects were chiefly
the loss of seabirds and fouling of amenity beaches. This paper
includes recommendations made by a conference of local authorities
and by the Technical Advisory Committee on oil pollution in the
Tay on how to handle such matters in the future.

48. Anon . (1970)

THE LONG AND SHORT OF THE OIL SPILLS.

Sc ience News 97(ll):263—264

Research conducted at Woods Hole Oceanographic Institution shows
th at effects of various petroleum fractions on marine life are deadly
and hi ghly residual. The most toxic components are the aromatic
hydrocarbons , which are the most soluble in water and are not
biodegradable. Hydrocarbons in general tend to concentrate in

fatty tissues, where they remain essentially unchanged , and are
passed up the food chain. -
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49. Anon. (1971)

MICROBES ARE ONE WAY TO CLEAN UP OIL SPILLS

E n v i r o n .  S d .  and Technol.  5 389.

C e r t a i n  n a t u r a l ly occur r ing  mixed microbia l  c u l t u r e s  w i l l  devour  some
f r a c t i o n s  of crude oil in the presence of n u t r i e n t s , accord ing  to
s: i e n ti s t s  at Flor ida  State University at Tallahassee. Bacteria
i n n o c u l a t e d  i n to  test  oil sl icks , to which n u t r i e n t  phosp h a te  and
n i t r a t e  have been added , degrade the oil and enulsify it.
The lo ig - ’ show a p re fe rence  fo r  p a r a f f i ni c  hydrocarbons , bu t  some
degradation of h igher  aromat ics  occurs also. The cultures can be
mass—pr epared , much the same as penicillin cultures , and freeze—
dr ied for storage where they can be dropped by air onto oil slicks.

50. Anon. (1972)

A GUIDE TO MARINE POLLUTION

Gordon and Breach Science Publi5hers , Lond on , 173 pp.

This book is a collection of papers presented at a seminar in
Rome , 4— 10 December 1970.

Papers presented  deal w i t h  methods of d e t e c t i o n , measurement
and m o n i t o r i n g  of po l lu tan t s .  Halogenated hydr ocarbons , petroleum ,
inorganic chemicals, organic chemicals , nutrient chemicals ,
sus pend ed sol ids and turbid ity~ rad ioactivity, and the use of biological
indicator organisms are specifically discussed and analytical
techni ques are described . The concept and design of a world monitor-
ing system is proposed for the protection and management of the
marine environment.

51. Anon. (1972)

HYDROCARBONS ARE FOUND IN CLAMS DURING ONGOING STUDIES IN
NA R RACAI4SETT BAY .

M a r i t i m e s , 16( 1): 1—2

H~-drocarbons , possibly derived from petroleum products , have been
found in sediments and clams in what were considered unpolluted
parts of Narragansett Bay. The concentration of hydrocarbons ,
var ied f rom 94 ppm of dry weight near the sewaga outfalls to 11
ppm near the mouth of the Bay. Clams f r o m  Charlestown Pond , a
coastal salt marsh generally isolated from pollution , con tained
no d e t e c t a b l e  levels of petroleum hydrocarbons .

52. Anon. (1974)

MARINE POLLUTION MONITORING (PETROLEUM)

U.S. Nat ional Bureau of Standards , Gai ther sburg ,  MD.
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Abstrac ts are presented of papers on samp ling methods and techni ques
for oil slicks, tar balls, and particulates; analytical methods
for  the  de te rmina t ion  of oil in wa te r ;  s tandards  and in ter compar iso’ i
c r i t e r i a ; samp ling arid analytical method s for oil in marine or-
ganisms and sediments; and biological assessment of oil pollution.

53. Anon. (1975)

BUG THAT GOBBLES SPILLS.

Tanker and Bulker International , 1(6): p. 16

A General E l e c t r i c  Company has created in the la bar a t o r y  a man—mad e
o r g a n i s m  designed to attack oil spills on waterways, digesting the
pe t ro l eum and conver t ing  it into  a form tha t  can be eaten by marine
l i f e .  Petroleum is a m i x t u r e  of many d i f f e r e n t  types of hydrocar-
bons , and any individual strain of oil—digesting bacteria can digest
only a few of them. Attacking oil spills with mixed strains of
bacteria also has proved unsatisfactory——because the competition
between strains of bacteria also has proved unsatisfactory——
because the competition between strains hampers their growth. This
problem has been solved by combining the genes from four different
strains of cil—digesting bacteria into a single “super—strain. ”
In laboratory  t es t s , i t  has grown at a much f a s t e r  r a t e  on crude
oil than have any of the individual strains .

54. Anon. (1976)

COUNTING THE BIRDS.

Mar. Pollut. Bull. 7, 221

This a r t ic le  reports  the resul ts  of the Beached Bird Survey run
by the Royal Society fo r  the Protection of Birds. The mortality
rate is highest during January and February. Fewer birds
are now dying as a result of oil pollution than in the late
1960 ’s.

55. Arcos , J.C.. etal (1976)

DIMETHYLNITROSA M INE-DEMETHYLASE: MOLECULAR SIZE-DEPENDEN CE OF
REPRESSION BY POLYNUCLEAR HYDROCARBONS . NONHYDROCARBON
REPRESSORS .

J.  Toxicology and Environ.  Heal th .  1 395—408 .

Studies with 58 polynuclear aromatic hydrocarbons have shown that
to repress deniethyla t ion of d ime th y ln it rosam ine (DMN ) in ra t l iver ,
the hydrocarbons must sa t i s fy  specif ic r equiremen ts of mol ecu lar
goemetry regarding size , shape, and coplanarity. Expressing
the molecular size of these planar compounds by the two—dimensiona l
area occurpied , the size for maximal repressor activitiy ranges
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be tween  about  85 and 150 A 2 . In  a d d i t i o n  t o  b e i n g  w i t h i n  the cor rec t
molecuiar size range the hydrocarbons must have an elongated—
rather than compact—molecul ar shape; circularl y shaped and/or
highly symetrical hydrocarbons , such as coronene .  t r i pheny le n ’ ,
ovalene and t e t r a ben z o n a p h t h ale n e ;  have very low a c t i v i t y  or a re
inactive , in spite of being in the optimum size range. Coplanarity
of the molecule is a critical requirement; thus , the potent
ca rc inogen , 9 , l O — d i m e t h y l — 1 , 2 — b e n z a n t l i r ac e n e , is inac t i ve  as
r ep ressor  of lM~~— dem et h y lase s y n t h e s i s .  Two e x c e p t i o n s , f l u o r a n t h e n e
and h e n z o — ( g h i ) f l u o r a n t h e s e , showed , i g ni f i c a n t  i n d u c t i o n  of DMN —
d e me th v l a s e .  The molecu la r  size distribution of hydrocarbons tha t
repress  the  DMN--deme thylas e  shows a mirror—image relationship with
respect  to the  e a r l i e r  repor ted  molecular  size r equ i r emen t  for
i n d u c t i o n  of azo dye N— demethy la se .  Compounds o the r  than hydro-
carbons also show the mirror—image relationship in the sense that
pr c g n e n o l o ne— 1 6— c a r b o n i t r i l e , a— and ~—nap h t h o f l av o n e  and Aroclor
1252 4 (known to he inducers of various mixed—function oxidases)
are strong repressors of DMN—demeth ylase. Aminoacetonitrile , a
strong inhibitor of carcinogenesis by D~~ , is also a potent
repressor of D~~ —demethylase. The enzyme is inhibited by pretrea t-
ment of the animals with cobaltous chloride , an inhibitor of the
synthesis of cvtochrome P—450. Pregneriolone—l6a2—carbonitrile
and 3—methy l—ch olanthrene , despite their similarity of action on
:~ -~;-demethylase , have different effects on azo reductase , which
is repressed by the former and induced by the latter compound .

j h . Arthur , D.R . (1968).

THE BIOLOGICAl PROBLEMS OF LITTORAL POLLUTION BY OIL AND EMULSIFIERS
- A SUMMING UP.

In: Biological Effects of Oil Pollution On The Littoral Environment.
J.D. Carthy and D.R. Arthur (eds.) Supp lement to Volume 2 of Field
Studies. Field Studies Council , Great Britian.

This paper summarizes the results of a symposium on the biological
effect of oil pollution in the littoral environment. 

- 
The author

concludes tha t there are many problems posed by oil and emulsif ier/
solvents that require immediate investigation and lists the most
urgen t  p rob lems .

57. Atema, J. (1975)

• SUBLETH AL EFFECTS OF PETROLEUM FRACTIONS ON THE BEHAVIO R OF
THE LOBSTER , HOMORUS AMERICA NUS , AND THE MUD SNAIL , NASSARIUS
OBSOLETUS.

Proc . of Es tuar ine  Research Federa t ion  M e e t i n g s .  24 pp . , 11 r e f .

S tud ie s  on sublethal effects of petroleum fractions on behavior
of H.  ainer icanus  and N.  obsoletus  are summarized in an at t e m p t
to c l a r i f y  c o n t r a d i c t o r y  resul ts  and to gain an u n d e r s t an d i n g  of the

- - 

6—18 

— -



underlying principles. There appear to be a surprising number of
similarities in the way specific petroleum fractions affect the
behavior of a curstacean arthropod and a gastropod mollusc. The
hypothesis is advanced that (1) specific hydrocarbon fractions
is specific amounts are responsible for distinct behavioral
changes; (2) these fractions are present in varying quantities
in different oils; (3) the changes in behavior are general enough
to affec t a large number of marine invertebrates in a similar
manner.

58. Atema , J , D.B. Boylan and J.H. Todd (1971).

IMPORT~.’~CE OF CHEMICAL SIGNALS IN STIMULATION OF MARINE ORGANISM
b R .

Amer. Chem . Soc. Abstr . 162nd Natl. Meeting .

Recent results of the chemotaxis research group at Woods
Hole Oceanographic Institution demonstrate the importance of
chem ical signals in st imula ting cer tain behaviors of mar ine
organisms . It is our belief that man’s pollu tion may
exert a subtle but dangerous effect on this important
communication system. Such interference could lead to
the inability of anadromous fish to find spawning grounds , to
the lack of sex stimulation of natural communities through
blockage of social recognition and to the disturbance of
other aspects of behavior in aquatic organisms . Bioassays
have been developed in order to study the effects of natural
communicants on behavior of marine organisms and the -

effec ts of specific pollutants on chemical communication
systems . The results ( Homarus americanus ) and other crustacea ,
the classification of chemical markers important in homestream
recognition by alewives ( Alosa pseudoharengus ) and the identity
of host specific substances in the symbiotic relation between
the horseshoe crab ( Liinulus polyhemus ) and the flatworm
Bdelloura cand jda ) are discussed . The effects of altered
chemical environment on these systems are considered .

59. A tema, J., S. Jacobson, J. Todd and D. Boylan (1973).

THE IMPORTANCE OF CHEMICAL SIGNALS IN STIMULATING BEHAVIOR OF
MARINE ORGANISMS : EFFECTS OF ALTERED ENVIRONMENTAL CHEMISTRY ON
ANIMAL COMMTJNICATION.

In :  B ioassay Techniques and Environmental Chemistry . Ann Arbor
Sc ience Publ ishers , Inc. pp. 177—197.

Kerosene and the- branched chain—cyclic fraction of kerosene were
found to stimulate feeding behavior in Homarus americanus. A
d ilute sea water extract of kerosene consisting primarily of henzenes
and napthalenes was found to inhibit attraction of the mud snail
Nassarius obsoletus to food extract.
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60. Atema , J. and L. Stein (1972).

SUBLETHAL EFFECTS OF CRUDE OIL ON THE BEHAVIOR OF THE AMERICAN LOBSTER.

Techn ical Repor t, Woods Hale Oceanograph ic Institution , No. 72—74.

61. At ema, Jelle and Lauren S. Stein. (1974).

EFFECTS OF CRUDE OIL ON THE FEEDING BEHAVIOUR OF THE LOBSTER
HOMARUS AMERICANUS.

E n v i r o n .  P o l l u t .  ( 6 ) .  pp.  77—86.

Small quan t i t i e s  of c ruue oil (oil seawater ratio of 1:100,000)
interfered with graphic , poss ibl y chemosensory , behav iour of the
lobster , Homarus americanus in their feeding behaviour . The period
between noticing food and going after it doubled following the
addition of oil. In contrast, the water—soluble fraction of this
same amount of crude oil did not have noticeable effects on chemosensory
and feeding behaviour . No morphological changes in odor receptors
after oil exposure were detected by light and electron microscopy .

Ch emical analyses showed tha t when wa ter was brough t in con tac t with an
oil sl ick , the original lipid concentration of the water dropped
considerably. Over a five—day period the oil degraded in seawater ,
bu t this could not be correlated with behavioural changes.

The results suggest that small quantities of whole oil mixed into
seawater contain a noxious smell to the lobster , depress ing appe tit e
and chem ical exci tab ili ty, and increasing the time taken to find food .

62. A tlas, R .M .  (1974) .

FATE AND EFFECTS OF OIL POLLUTANTS IN EXTREMELY COLD MARINE
ENVIRONMENTS.

Off ice of Naval Research Reference No. AD—769 895/4GA.

The di’covery and plans for the use of Alaska ’s nor th slope
petroleum fields have raised the question of what effects any
accidential spillages would have on the indigenous biological
populations and what the fate of the oil would be. Interactions
of microorganisms and Prudhoe crude oil in Alaskan coastal waters
were assessed . The main study site was Prudhoe Bay in Arctic
Alaska. Some work was done at Valdez, the proposed sou thern term inus
for the trans—Alaskan pipeline . Other experiments were conducted
at Umiat and Cape Simpson, where there are large natural oil seepages.

63. Atlas , R.M., et , al. (1974).

INTERACTIONS OF MICROORGANISMS AND PETROLEUM POLLUTANTS IN THE
ARCTIC.

Abstr. Ann. Meet. Am. Soc. Microbiol., 74:64.
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Microorganisms encounter oil in the Arctic from natural seepages
arid accidental spillages. The effects of such petroleum pollutants
on the natural microbial communities were determined . Incubation of
Prudhoe crude oil with water from coastal pond s along Prudhoe Bay
resulted in several changes In the microbial communities . Bacterial
populations increased by several orders of magnitude. Addition of
1.0 ml. oil/100 ml. water resulted in a comp lete disappearance of
coccoid green algae and a qualitative change from amoeboid to flag-
ellated protozoans. Other algae, includ ing blue—green and diatoms ,
appeared to be unaffected by the oil. The microbial populations
associated with a natural oil seepage at Cape Simpson were markedly
different from those of the adjacent area. The seep was almost
devo id o~ bacteria but did contain large numbers of viable fung i ,
about 10 /g. This fungal population was composed of yeasts and one
imperfect filamentous fungus, tentatively identified as Rhodotorula,
Cand ida and Mucor species. Miniature oil slicks floating in Prudhoe
Bay were subject to extensive microbial degradation under ambient
conditions. The microbial populations underly ing the slicks greatly
increased especially under nutrient—enriched slicks . Pseudomonads
showed the greatest increase , but species diversity was unaffected .

64. Atlas, R.M. (1975).

EFFECTS OF TEMPERATU RE AND CRUDE OIL COMPOSITION ON PETROLEUM
BIODEGREDATION.

Appl ied Microbiology , 30(3) :396—403.

The biodegradability of 7 different crude oils was highly dependen t
on their composition and on incubation temperature. At 20°C li ghter
oils had greater abiotic losses and were more susceptible to biode-
gradation than heavier oils. These light crude oils , however , possessed
toxic volatile components which evaporated slowly and Inhibited
microbial degradation of these oils at 10°C. Rates of oil mineral-
ization for the heavier oils were significantly lower at 20°C than
for the lighter ones. Similar relative deeradation rates were found
with a mixed microbial community, using CO2 evolution as the measure , and
with a Pseudomonas isolate from the Arctic , using 

~2 
consumption

as the measure. Paraffinic , aroma tic and asphal tic f r a cti ons
were subject to biodegradation . Some preference was shown for
paraff  ins , especially at low temperatures. Oil residues generally
had a lower relative percentage of paraffins and higher percentage
of asphaltics than fresh or weathered oil.

65. Atlas, R.M., et al. (1975).

EFFECTS OF PETROLEUM AND RELATED POLLUTANTS ON ARCTIC MICROORGANISMS.

Abstr. Annu . Meet. Am. Soc. Microbiol. 75 208.

Arct ic microorganisms were exposed to various concentrations of
crude oil, natural gas and the combustion product SO2 . Selected bacteria ,
algae, fung i and lichens and also mixed communities were examined for
effects on nitrogen fixation , photosynthesis and respiration .
Sulfur dioxide and crude oil reduced photosynthetic ac tivity , as
measured by 14C02 f ixa t ion , up to 90%, bu t natural gas had no similar
effec t. Respiration of mixed communities, aquatic and terrestrial ,
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and of isolated organisms capable of ilydrocarbon metabolism increased
when exposed to petroleum hydrocarbons . Sulfur dioxide had no effect
on the resp iratory activity of any tested microorganism. Using the
acetylene—eth ylene method greater than 90% inhibition of nitrogen
f ixation of alga e and l ichens was observ ed when cr ude oil was applied ,
less than 20% inhibition followed SO2 exposure and no inhibition was
observed .

66. Atlas , R .M. , et al ( 197 6)

EFFECTS OF PETROLEUM POLLUTANTS ON ARCTIC MICROBIAL
POPULATIONS.

Environ. Pollut., 1O(l):35—43 .

Microorganisms encounter oil in the Arctic from natural seepages
and accidental spillages . Incubation of Prudhoe crude oil with
water from coastal pond s along Prudhoe Bay re sulted i n several changes
in the microbial communities. Bacterial populations increased by
several orders of magnitude; ameoboid protozoa were replaced
by flagellated protozoa ; coccoid green algae completely disappeared ;
diatoms increased and blue—green and green f ilamen tous alga e
appeared to be unaffected . The microbial populations associated
with a natural oil seepage at Cape Simpson were markedly different
from those of the adjacent areas. The seep was devoid of iascular
plant cover and , in some areas , of bacteria. Fungi were found to
be abundant in the bacteria—free regions . Lichens flourished in
the older sections. Underly ing oil slicks experimental ly flated
in Prudhoe Bay, the baceterial population increased , in large part
attributable to oil degrading Pseudoinonads, but species diversity
appeared to be unaffected .

67. Atlas , R . M . , and R . Bartha (1972)

DEGRADATION AND MINERALIZATION OF PETROLEUM IN SEA WATER.

Biotech Bioeng. 14/297—308

Within the framework of a study on the oil biodegradation poten-
tial of the sea , the ability of a Flavobacterium sp. and Brevibac—
terium sp. to metabolize a parraffinic crude oil and a chemically
def ined hydrocarbon mixture was investigated . Major components of
the crude oil were identified by combination gas chromatography
and mass spectrometry . The rate and extent of total hydrocarbon
biodegradation was measured . In addition , CO 2 evolu t ion from the
crude oil was continuously monitored in a shaker—mounted gas
train arrangement. Degradation started after a 2 to 4 day lag
per iod , and reached its maximum within two weeks. At this time
up to 60% of the  c rude  oil and 75% of a r t i f i c i a l  seawater , were
degraded . Mineralization (conversion to CO2) was s l igh t ly lower
due to formation of products and bacterial cell material.
N—Paraff ins were preferentiall y degraded as compared to branched
chain hydrocarbons. Biodegradation of n—paraff ins in the
range of C l2 to C20 was simultaneous ; no diauxie effects were ob-
served .
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68. Atlas , R.M . and R. Bartha (1973)

ABUNDANCE , DISTRIBUTION AND OIL BIODEGRADATION POTENTIAL OF
MICROORGANISMS IN RARITAN BAY .

Environ. Pollut. 4/291—300

Using  an improved enumeration technique , the abundance of oil
d e g r a d i n g  microorganisms was monitored in Raritan Bay during a 1—
year period . The determined numbers varied from a low of 20/1
to a high of 3400/1 of surface sea water. The abundance of oil—
degr ad ing microorgan isms was posi tivel y correla ted with exis ti ng
patterns of low—level oil pollution and with the water temperature ,
but was independent of total microbial counts. All tested sea
water samples contained an adequate microbial population to cause the
extensive biodegradation of added Sweden crude oil within 18
days . The number of oil—degrading microorganisms in sea water
samples was found to be a useful and sensitive indicator of
low—leve l oil pollution that escaped routine gas chromatographic
detection.

69. Atlas , R.M. and R. Bartha (1973)

FATE AND EFFECTS OF POLLUTING PETROLEUM IN THE MARINE
ENV iRONMENT .

Residue Reviews ; Residues of Pesticides and Other Contaminants
in the Total Encironment , 49 49—85.

An estimated 5 million metric tons of oil is spilled into the
ocean yearly dur ing normal operations . The effects of chronic low—
level oil pollution on ecological equilibriums , mar ine food cha ins ,
and seafood consumed by man are also of concern. The
composition of crude oil is discussed. The fate of spilled oil is
de termined by forces such as evaporation, dissolution , emulsification ,
autoxidation and biodegradation. The crucial role of biodegradation
is described . The relative biodegradability of various
petroleum components is discussed . Methods of oil pollution
control include preventive measures, physical containment , collect ion ,
ignition , sinking, dispersion and stimulated biodegradation.

70. A tlas , R.M. and R. Bartha (1973)

STIMMULATED BIODEGREDATION OF OIL SLICKS USING OLEOPHILIC
FERTILIZERS .

Environmental Science and Technology, 7(6): 538—541

Biodegradation of polluting oil at sea is seriously limited by
the scarcity of N and P. SInce water—soluble sources of these
elements would be ineffective in the ocean, oleophilic compounds
were screened to serve as fertilizers for oil slicks. A
combination of paraffinized urea and octy ’phosphate promoted oil
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biodegrada t ion , In laboratory experiments and in field trials,
to an extent that the practical app lication of this principle to
oil cleanup appears feasible. The tested oleophilic fertilizer
supplies nutrients to hydrocarbon degrad ing microorganisms se—
lectively and , in contrast to nitrate and phosp ha te sal ts, It does
not trigger algal blooms .

71. A tlas, R.M. and E. Schof ield (1976)

RESI’ONSES OF THE LICHENS PELTIGENA APTHOSA AND CETARIA NIVALIS
AND THE ALGA NOSTOC COMMUNE TO SULFUR DIOXIDE , NATURAL GAS ,
AND CRUD E OIL IN ARCTIC ALASKA .

A st ar t e  8 , 53—60

The s e n s i t i v i t y  of the  Arc t i c  populations of the lichens
Pel t igena aphthosa and Cetaria nivalis and the alga
Nostoc commune to three  pollutants was de termined by measur ing
rates  of n i t rogen  f ixa t ion , CO 2 fixation and

~ 2 consumpt ion . S u l f u r  d ioxide was most inh ib i tory  to
carbon diox ide fixa t ion , but did not inhibit oxygen consump-
tion. Pnidhoe crude oil severely inhibited both nitrogen and carbon
d ioxide fixation. Normal gas has a much lesser effect
on the test organisms. Lichens appeared to be less sensitive to
the pollutants than were free algae.

72. I~ubert , M. and E. Miquelis (1965)

TECHNIQUES FOR STUDYING AND RESULTS OF USING A DESTRUCTIVE
PRODUCT (P.A.M.6) ON LAYERS OF FUEL OIL FLOATING ON
THE SEA .

Water Pollution Control Federation Journal 1965 pp. 319—322.

Af ter discussing the cuases and characteristics of pollution of
sea wa ter by fuel oil, the effects of such pollution on coastal
reg ions and beaches , and the impossibility of chemical treatment
to produce a harmless substance , the authors describe extensive
studies using various artificial and natural absorbant powders
to prec ipitate the surface layer of hydrocarbon on to the sea bed ,
thus avo iding carriage of pollution onshore. Exceptionally
satisfactory results were obtained only with natural marine de-
posits of the type containing quartz crystals, hyaline quartz,
mica , mica schist, hornblende, and amphibole; the process of
adsorption and precipi tation of hydrocarbon was accelerated by mix-
ing the adsorbent material with activated silica which serves
as a wetting agent. The method introduces no toxic materials into
the sea, and the precipitated material has no harmful effects
on the benthic flora, but , the products of the gradual degradation
are taken up by the benthic flora and may even provide certain
growth factors. The natural precipitant used , known as P.A .M 6
was applied satisfactorily on a large scale when water contamin-
ated with hydrocarbons had to be pumped out of a boat wrecked
In  Cannes Harbor in 1962. (Sinha—OEIS)
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73. Avolizi , R.3. and M. Nu’wayhid (1974)

EFFECTS OF CRUDE OIL AND DISPERSANTS ON BIVALVES .

Mar.  Pollut. Bull, 5 149—152

74. Badger, G.M. (1948).

THE CARCINOGENIC HYDROCARBONS: CHEMICAL CONSTITUTION AND CARCINOGENIC
ACTIVITY .

Br itish Journal of Cancer . 2 310—350.

This article reviews the chemical constitution and carcinogenic activity
of hydrocarbons.

75. Bailey , N.J.L., H.R. Krouse, C.R. Evans and M.A. Rogers (1973).

ALTERATION OF CRUDE OIL BY WATERS AND BACTERIA.

Bull. Am. Assn . Petrol. Geol., 5(7), 1276—90.

76. Baily, H.C. and R.W. Brocksen (1974)

GROWTH OF JUVENILE CHINOOK SALMAN EXPOSED TO BENZENE, A WATER
SOLUBLE COMPONENT OF CRUDE OIL.

3. Fish Res. Bd. Canada

77. Bak , R.P.M. and J.H.B.W. Elgershuizen (1976)

PATTERNS OF OIL—SEDIMENT REJECTION EN CORALS .

Marine Biology, 37 ( 2 ) :  105—113

The patterns of oil—sediment rej ection of 19 Carribean hermatyp ic
corals are identical to their pat terns of re ject ion of clean sed i-
ments. The rejection pattern is typical for coral species and
displays maximum and minimum rates dependent on the size and density
of the oil—sediment particles. A.coral ’s efficienty of rejection
cf sediment depends on the size and amount of the sediment particles.
Oil drops 0.06 mm are removed by the coral’s tissues. Physical
contact with oil—sediment particles apparently is less harmful
to corals than the toxic effects of oils. Three types of sediment
were used in the sediment—shedding experiments: sand , sand—oil
combinations, and carborundum powder.

78. Baker , J.M. (1970)

COMPARATIVE TOXICITIES OF OILS , OIL FRACTIONS , AND EMULSIFIERS.

In: The Ecological Effects of Oil Pollution on Littoral
Communities. E.B. Cowell (ed.). Inst. of Petroleum. pp. 78—87. Great Britian
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Work on s a l t — m a r s h  p l a n t s  has shown that the low—boiling fractions
of crude oil ~re the most toxic . Fresh crude oil is more toxic than weathered
oil. Further evidence f rom the  l i t e r a t u r e  is reviewed : oils vary
in t h e i r  t o x i c i t y  acco rd ing  to  the  content of low—boiling compound s,
u n s a t u r a t e d  compounds , a roma t i c s , and ac ids.  The h i g h e r  t he  c o n c e n t r a t i o n
of these c o n s t i t u e n t s , the  more  t o x i c  the o i l .

A l l  u n d i l u t e d  em u l s i l i e r s  t e ; t e d  were more toxic to plants than fresh
K u w a i t  cr u d e  o i l , h u t  none caused permanent  damage a t  con - i n t r a t i o n s
of less than  10 p e r c e n t .

79. Baker , J . M .  ( 1970 )

CROWT}1 ST I MULA l ION FOLLOWING OIL POLLUTION .

In: The Effects of O i l  Pollution on Littoral Communities. E.B. (w e ll (ed)
Inst. of Petroleum . pp. 72—77

Apparent growth stimulation of plants following oil pollution has been
observed by several people. Experimental evidence is presented
showing that in some cases there are statistically significant
increases in shoot lengths and dry weights of the salt—march grasnes
Puccinellia marit ima and Festuca rubra following oil treatment.
Investigation into the reasons for this effe ct are described :
possibilities are nutrients released from other oil—killed organisms ;
growth regulating compounds in the oil; and an increase of nitrogen
fixation. Not enough evidence is yet available for any definite
conclusions .

80 . Baker , J.M . (1970)

OIL POLLUTION IN SALT MARSH COMMUNITIES .

M a r .  Pol l .  B u l l . ,  i(2):27—28.

This repor t  out l ines  research carried out between February and December 1969
on the effects of oil pollution and cleansing methods on salt marsh
c o m m u n i t i e s  In the  area near M i l f o r d  Haven , Pembrokeshire , U.K.

81. Baker , J .M .  (1970)

SEASONAL EFFECTS OF OIL POLLUTION ON SALT MARSH VEGETATION .

Oiko s, 2 2 ( l ) : l 0 6— l 1 0 .

Salt  marsh transects near Pembroke, S.W. Wales, were experimentally
sprayed with fresh Kuwait crude oil at different t imes of year , and
recovery measured using a points frame . There was little long term
vegetative damage to most perenn ial species , bu t in the case of
the annual Suaeda mar itima damage was severe , and was further
investigated using density and dry weight measurements. Flower
densi ty measurements for Juncus gerardil, Festuca rubra, Plantago
maritima, and Spartina x townsendii, showed that marked reduction
cf flowering can occur if plants are oiled when the flower buds
are developing . Flowers, if oiled , rarely produce seeds.
Oil ing of seeds during winter may reduce germination in the spring .
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82 . Baker , J.M. 1970

THE EFFECTS OF OILS ON PLANT PHYSIOLOGY .

In: The Ecological Effects of Oil Pollution on Littoral Communities.
E.B. Cowell , (ed.) Inst. of Petroleum, pp. 88—101. Great Britan

Oils can penetrate into plants , where they travel in the intercellular
spa es and possibly also in the vascular system. Cell ~nembranes
are dam~ ied by pene tra tion of hydrocarbon molecules leading to
leakage of cell contents and oil may enter the cells.

Oils reduce transpiration rate , probably by block ing stoma ta and
intercellular spaces. This may also be the reason for the reduction
of photosynthesis which occurs, thoug h there are other pos sible
explanations , such as disruption of chlorop la st membranes and
Inhibition caused by accumulation of end—products. The effects
of oils on respiration are variable, bu t an increase of resp ir ation
rate often occurs, possibly due to mitochondrial damage resulting
in an uncoupling effect. Oils inhibit translocation , probably
by physical interference. The severity of the above effects depends
upon constituents and amount of the oil , environmental conditions ,
and spec ies of plant.

83. Baker , J.M . (1970)

THE EFFECTS OF OILS ON PLANTS.

Env iron. Poll. 1, 27—44.

Oils vary in their toxicity according to the content of low—boiling com-
pounds , unsaturated compounds, aroma tics , and acids. The higher
the concentration of these constituents, the more toxic the oil.
After penetrating in to a plan t, the oil may travel in the inter-
cellular spaces and possibly also In the vascular system . Cell
membranes are damaged by penetration of hydrocarbon molecules,
leading to leakage of cell con tents, and oil may enter the cells.
Oil s reduce transpiration rate, probably by blocking stomata and
intercellular spaces. This may also be the reason ror the reduction
of pho tosynthesis which occurs, though there are other possible
exp lanations of this——such as disruption of chlorop last membranes
and inhibition caused by accumulation of end—products. The effects
of oils on respira tion are variable , bu t an increase of resp ira t ion
rate often occurs, possibly due to mitochondrial damage resulting
in in “uncoup l ing” effec t. Oils inhibit translocation probably by
physical Interference. The severity of the above effects depends on
the cons ti tuen ts and amoun t of the oil , on the env ironmen tal cond i tions ,
and on the species of plant involved .

84. Baker, J.M. (1971)

COMPARITIVE TOXICITIES OF OILS. OIL FRACTIONS AND EMULSIFIERS .

in: The Ecological Efforts of Oil Pollution on Litteral Communities.
E.B. Cowell , (Ed.) p. 78—87. Inst. of Petroleum , Great Britian
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Work on salt—marsh plants has shown that the low—boiling fractions
of crude oil are the most toxic. Fresh crude oil is more toxic
than the weathered oil. Further evidence from literature has been
reviewed . Oils vary in their toxicity according to the content
of low boiling compounds, unsa tura ted compounds , aromatics , and
acids. The higher the fraction of these constituents , the more toxic
the oil. All undiluted emulsifiers tested were more toxic to
plants than fresh Kuwait Crude oil but none caused permanent damage
at concentrations of less than 10 percent.

85. Baker , J . M .  (1971)

EFFECTS OF CLEANING

In: The Ecological Effects of Oil Pollution on Littoral
Communities. E.B. Cowell (Ed.) Inst. of Petroleum , pp. 52—57 Great Britian

Emulsifier treatment , burning , and cutting have been experimentally inves-
t igated as possible cleaning methods for oiled salt—marsh vegetation. The
results given show that none of these methods decrease the damage due
to the oil , and they may increase it. In general it is, therefore ,
l )( s t to leave oiled salt marsh to recover naturally.

86 . Bake r , J.M . (1971)

OIL AND SALT MARSH SOIL.

In: EcoloEj.cal Effects of Oil Pollution on Littoral Communities, Institute
of Petroleum , London. E.B. Cowell (ed.) p. 62—71.

Salt—marsh soil may be affected by oil either directly, when oil penetrates
the soil, or indirectly, when oil covers Spartina shoots and ,
therefore , prevents oxygen diffusion down the plants into the mud .
Oil in the soil may have a harmf ul , a benef icial , or li tt le e f f e ct ,
depend ing on a number of factors such as volume and type of oil.
Concern ing o il on Spartlna shoots, experimental evidence is presented
which indi cates that oxygen diffusion down the plants into the
mud Is normally important in maintaining an oxidized rhizosphere , and
tha t o il on the shoo ts red uces th is di f fus ion  and may,  therefore ,
give rise to an increase of roxic reduced ions.

87. Baker , J.M . (1971)

REFINERY EFFLUENT .

In: The Ecological Eff ects of Oil Pollution on Littoral Communities, E.B. Cowell
(ed.) Institute of Petroleum , London. pp. 33—43.

Th~ effects of a continuous refinery discharge have been studied in South-
ampton Water. An area of Spartina anglica which has died over the
period 1951—70 has been mapped and reasons for death investigated .
So il pH . soil oil content , sulphides , outfall water temperature ,
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and pH in general do not reach damaging levels. Death has probably
been caused by thin oil films which become stranded on the plants
dur ing high spr ing tides , and these oil films likewise prevent re-
colonization. Soil over most of the marsh surface is not markedly toxic
and re—colon ization could probably eventually occur if the plants
were not subjected to frequent oil films . Oil content was built
up ma inly in the creeks , where the vegeta tion , if any is pre sen t,
now consists mainly of blue green algae.

88. Baker , J.M. (1971).

SUCCESSIVE SPILLAGE.

In: Ecological Effects of Oil Pollution on Littoral Communities E.B. Cowell ,
(ed.) Institute of Petroleum, London. pp 21—32.

Experimental plots in three plant communities on the N Gower coast , Glamor—
gao , have been subjected to two, four , eigh t, or twelve successive
monthly oil sprayings. In general, recovery from up to four oilings
is good , but more than this results in a rapid decline of the vege-
tation . Species vary considerably in their tolerance of successive
spillages and a tentative grouping is given. This ranges from
the very susceptible annuals Suaeda maritima and Salicornia spp.,
through grasses and rosette perennials, to the very tolerant Umbellifer
Oenanthe lachenalli.

89. Baker , J.M. (1971)

THE EFFECTS OP A SINGLE OIL SPILLAGE.

In: The Ecological Effec ts of Oil Pollution on Littoral Communities
E.B. Cowell (ed.) Institute of Petroleum , London pp 16—20

The effects of oil spillages in Milford Haven during 1968 and 1969
are described . These observations, together with evidence from
experimental oil spraying and previously published reports on
oiled salt marshes, indica te tha t a single oil sp illage does no t
cause long—term damage to marsh vegetation. Short—term effects
are death of oiled shoots, followed by new growth from plant bases.
During the recovery period there may be reduced germina t ion and
flowering, a reduced popula tion of annuals , and growth stimulation of
some species.

90. Baker. J.M. (1973)

BIOLOGICAL EFFECTS OF REFINERY EFFLUENTS

In: Proceedings 1973 Conference on Prevention and Control of Oil Pollution
API , USCG , EPA. pp. 715—724. Amer. Petrol Inst. Wash. D.C.

Field and laboratory techniques were used to study the e f fec t of
effluents on organisms and communities near discharge sites.
Generally, ecosystems differ in their capacity to receive and
degrade effluents. Speed of dispersion oil dilution are the major
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fac tors determining the amount of biological damage . Changes in
distribution and abundance of species are often very local ized and in
some cases result from behaviorial responses rather than direct
toxic e f f e c t s .

91. Baker , J . M .  and G .B .  Crapp (1974).

TOXICITY TESTS FOR PREDICTING THE ECOLOGICAL EFFECTS OF OIL AND
EMULSIFIER POLLUTION ON LITTERAL COMMUNITIES

In: Fcological Aspects of Toxicity Testing of Oils and Dispersants
L.R. Bengen and E.B. Cowell (eds.) John Ililey & Sons, New York. pp. 23—40

In th is paper an attemp t is made to correlate the results of final
tests with laboratory toxicity tests in order to be able to pred ic t  the
ecological impact of oil and exmnulsifiers on salt marshes and rocky shores.

92. Baker , J.M ., J . Jelly , and S. Reynard (1973)

THE “DONA MAR IKA” OIL SPILL

Marine Pollution Bulletin, 4 (12) : 181—182.

In Aug. 1973, 3,000 tons of gasoline was spilled in Milford Haven
(Wales) when the tanker DONA MARIKA ran aground . Since most
documented oil spills in British waters have been of crude oil,
the re was cons iderable in teres t in the damage cuased by this
spillage of a refined oil product. Informa tion is prov ided on
behav ior of gasol ine in water , biological exam ina tion of the shore , and
sublittoral effects. Pb analyses and reports from the general public.
The leakage , which lasted for several days, severely a f f ec ted the
fa una of L indsway Bay. Death of mollusks, particularly of litnpets ,
resulted f rom prolonged anes thes ia, or more usually f rom preda tion
by gulls. There does not seem to have been a significant accumu—
lation of Pb , and no obvious traces of gasoline remained on the rocks
1 wk after the accident . A large growth of seaweed is to be expected
following the death of large numbers of limpets, and within 4 wk of
the accident Enteromorpha was growing rapidly and giving the whole
bay a green appearance.

93. Baldwin , I .L .  1922.

MODIFICATION OF THE SOIL FLORA INDUCED BY APPLICATIONS OF CRUDE PETROLEUM.

Soil Science , 14:465—475

The soil flora is changed remarkably by app lications of crude petroleum .
Most types of bacteria are inhibited by the ac tion of the crude
petroleum , but some few types are very greatly stimulated by its
ac tion . Mold growth is not inhibited by the action of the crude
pe troleum .
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Ammonia production in the soil is lowered slightly by applications of
crude petroleum . The ammonia produced in the soil is probably the
result of mold growth and not bacterial action as the bacterial types favored by
the crude petroleum are not able to form ammonia from organic material.

When first applied , nitrate production in the soil is completely
inhibited by the crude petroleum . The inhibitory action lasts over
a varying period of time, depend ing upon the size of the application ,
and is fol lowed by a period of rather slow nitrification , wh ich
grad ually becomes more intense.

The data in regard to crop growth are not conclusive , but the
indications are that small applications of curde petroleum to the
soil do not injure its crop—procuding power. Larger applications
have a detrimental indluence partly beca use of their e f f e c t on the
physical condition of the soil.

It seems that crude petroleum when incorporated in soil is gradually
broken down into simpler products and the effect of its presence
is no longer apparent.

94 . Barb ier , M.D. Joly, A . Saliot and D. Tourres. 1973

HYDROCARBONS FROM SEA WATER .

Deep Sea Res. 20:305—314

D issolved hydrocarbons have been extracted by means of chloroform , f rom coas ta l
and open sea waters; after isolcation of the unsaponifiable fraction
and prepata tive thin—layer chromatogiap hy, they were analysed by
gas liquid chromatorgraphy and mass spe :trometry .

Hydrocarbons represent ca 20% of the total extracts; concentrations mg
microgram s may vary from 10 to 140 mg/l. N—Paraffins occur to an extent of
ca. 12/ from n—C 14 to n—C 37, with a maximum at n—C 27 to n—C 30;
odd carbon paraff ins are not predominant. Sea waters of different
origins (collected at depths of as much as 4500 metres) show
a similar composition in dissolved hydrocarbons; this composition
does no t d if f e r  much from the hydrocarbons usually found in algae.
A probable hypothesis is that sea—water hydrocarbons originate
f rom the m icro or macro phytoplankton. Coastal waters clearly
ind ica te pollu tion by hydrocarbons of lower molecular weight
or chlor inated hydrocarbons.

95. Barclay—Smith , P. ( 1956)

OIL POLLUTION

Bird notes, 27 , 81—83

96. Bergmann , C. 1971

BIOBLIOGRAPHY OF EFFECTS OF OIL POLLUTION ON AQUATIC ORGANISMS .

Publ . College FisherIes , University of Washington , Seattle. -
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97.  B a r n e t t , C .J .  and J .E .  Kontogiannis .  1975

THE EFFECT OF CRUDE OIL FRACTIONS ON THE SURVIVAL OF A TIDEPOOL COPEPOD ,
TICRIOPUS 

___________

Environ. Pollut., 8:45—54.

The e f f e c t  of fou r  common crude oil f r a c t i o n s  on the survival of a t idepool
copepod , Jjj~J~opus californicus, were s tudied . Four concen t r a t i ons  each
of diesel oil , kerosene , gasoline and benzene were used . Diesel oil
was the most detrimental; a concentration of 0.10 mi/l caused total
mortality within five days . The three highest concentrations of
kerosene resulted in less than 15% survival at the end of eight days.
Gasoline showed the hi ghest mortality within the first 24 h while
benzene was most lethal between the first and second days. We
conclude that the more slowly evaporating crude oil fractions present
the greatest hazard and that the survival of T. californicus is inversely
proportional to the concentration of the crude oil fraction in the
environment.

98. Barry, M.M., P.P. Yevich , and H.H. Thayer , ( 1971)

AYPICAL HYPERPLASIA IN THE SOFT—SHELLED CLAM MYA ARENARIA.

J . Inverte. Pathol. 17, 17—27

N ine hundred and for ty ~~~ ar enaria were collec ted f r om fo ur
geographic locations (Maine, Rhode Island , Maryland and California).
Histological examination of these animals showed that 354 contained
ar eas of hyperplasia. Studies are currently underway to identify
causitive factors, among which may be pollutants such as petroleum
hydrocarbons .

99 . Bar ry ,  M.M. and P.?. Yevich (1972)

INCIDENCE OF GONADAJ, CANCER IN THE QUAHOG NERCENARIA MERCENARIA.

Oncology,  26 87—96.

100. Barry, M . and P.?. Yevich (1975)

THE ECOLOGICAL , CHEMICAL AND HISTOPATHOLOGICAL EVALUATION OF AN
OIL SPILL SITE , PART III: HISTOPATHOLOCICAL STUDIES.

Mar. Poll. Bull. 6, 171—173.

In July 1971 when approximately 25/ of the clams in Long Cove,
Searsport , Main e had been killed by the March 1971 oil spill ,
collec tions of surviving clams were made for histological
examina tion. These studies were continued through 1974 and revealed
a high inc idence of gonadal tumors in clams contaminated by oil.
The area of highest oil impact correlated with the highest per-
cen t of tumors. The tumors were found to be maligant neoplasrns.
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101. Barsdate , R.J . 1972

ECOLOGIC CHANGES IN AN ARCTIC TUNDRA POND FOLLOWING EXPOSURE
TO CRUDE OIL.

S i. Alaska. Proc., Alaskan Sci. Conf ., Vol. 23:52.

‘1h~ App lication of Prudhoe Bay crude oil to a small tundra pond
i t  Barrow , Alaska , In July of 1970 was followed by a number of
physical , chemical , and biological changes. Physical effects
of the sp ii1 were minor for the most part of short duration.
Immediately following the spill the pond water temperatures
incr eased 4°C due to reduced evaporative cooling , but normal
temperatures were reestablished within three days. Low oxygen
occ urred in the wa ter under the floa ting oil , but neither major
ionic constituents nor dissolved nutrient compounds were
influenced greatly. During the 1970 season, phytoplankton
and emergen t vascular plan t produc tion appeared unaf fec ted ,
although there was massive zooplankton mortality. During the
second year (1971), the production of phytoplankton, benthic
a l gae , and vascular plants was low. Numbers of benthic animals
and the biomass of chironomid larvae were low, as was the
surv ival of crustacea presumably introduced as resting or
ear l y active stages during spring breakup. Based on preliminary
information the pond system appears in 1972 to be very similar
to the previous year.

102. Barsdate , R., et al. 1972

NATU RAL OIL SEEPS AT CAPE SIMPSON , ALASKA : AQUATIC EFFECTS .

Sd. Alaska Proc. Alaskan Sci. Conf., Vol, 23:91—95.

In ponds at the natural oil seeps of Cape Simpson, Alaska ,
ph ytoplanktr’i productivity and abundance, as well as numbers
of bac teria , were high in waters in contact with old tars
and asphalts. Both oil—free ponds and ponds containing much
fresh , low viscosity oil were substantially less productive.
The Ionic composition of the water was little influenced
by the seeps. Phytotoxicity may limit primary produc tivity
in waters in contact with relatively fresh oil , but at
l ower levels of hydrocarbon stress produc tivity is high ,
possibly because of reduced grazing pressure.

101. Bartha , R. (1976)

BIODEGREDATION OF OIL SLICKS IN THE MARINE ENVIRONMENT.

Off ice of Nava l Research Report N000l4—67—A—0115—0005.
Distributed by Defense Documentation Center , Defense Supply
Agency, Cameron Station , Alexandria , Virginia . 14 pp.
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The degradation of petroleum hydr ocarbon s by mar ine bac ter ia
was studied with the ultimate aim of using this process in the
cleanup of polluting oil. Hydrocarbon—utilizing marine bacteria
were isolated and their growth requirements and metabolic
pathways were studied. Enzymatic and regulatory mechanisms
responsible for the recalcitrance or delayed utilization of
certain hydro carbons , e.g. polynuclear aromatics and highly
branched iso-alkanes were iden t i f i ed . The abundance and
distribution of hydrocarbon degrading bacteria was measured
in New ~Jersev coastal waters. The limiting fac tors of oil
b iodeg rada t ion  in the  mar i .~e environment were studied . Apart
of the nature of the oil itself , water temperature and mineral nutrients
(N , P , Fe) were found to be the most important limiting factors.
Given favorable water tempoeratures, the ra te  of oil b iodegradat ion
can be increased by an order of magnitude of more by supp ly ing
the above mineral nutrients to a floating oil slick in oil—soluble
(oleophilic) form. This method of application prevents
n c tr i e n t  loss by d i l u t i o n  and does not tr igger algal blooms .
The patented procedure is considered to be a new cost—effective
way to cleanup oceanic oil spills.

104. Bartha , R., and R.M . Atlas. (1973)

BIODEGRADATION OF OIL IN SEAWATER: LIMITING FACTORS AND ARTIFICIAL
STIMULATION , PP.147—152.

In: The Microbial Degradation of Oil Pollutants, Ahearn and Meyers ,
(eds) Center for Wetland Resources , LSU , Baton Rouge, La., Publ .
No .  LSU—SG—73—Ol .

The limiting factors of petroleum biodegradation in seawater
were systematically evaluated . In the surveyed coastal waters,
hydroc arbon oxidizers were found to be abundant , bu t their
substrate ranges relatively restricted . Besides lowering the
biodegradation rates, low water temperatures caused long lag
periods due to retention of volatile inhibitors in curde oil.
Nitrogen and phosphorus were found to be severely limiting .
Addition of these nutrients dramatically increased oil bio—
degradation both in laboratory and in field experiments.
An oleoph ilic fertilizer formula for use on flating oil slicks
is  described .

105. Bascom , W . N .  (1975)

INSTR UMENTATION FOR MEASURING POLLUTION IN THE SEA .

I n :  M a r i n e  Munic ipa l  and Indus t r i a l  Watewater  Disposal:  Third
I n t e r n a t i o n a l Congress:  P r ep rin t s  pp.  I X — l — I X — 3 0 .

The most u se fu l  and c o s t — e f f e c t i v e  instruments for measuring,
sampling , and making  observations at sea are presented and
described . The selected ins t ruments  are designed to make
measuremen ts of the physical characteristics of the sea, -
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wa ter chemis try ,  soft bottom samp ling f ish popula tions , and
direc t observation of undersea environments. The instruments
or samplers used to quantify various pollutants in the sea
are current meters , ba thy thermograph , turbidity meter , floatable
sample r , sedimen t collec tor , mul tiple measuremen ts, microbe
sampler , mussel buoy , television and 35—nun cameras, trawls ,
ba it ed movie cameras , grab samp ler , interstitial water sampler ,
geolog ical corer , and biological box corer .

106. Battelle Memorial Institute , R ichland Washington (1967)

OIL SPILLAGE STUDY LITERATURE SEARCH AND CRITICAL EVALUATION
FOR SELECTION OF PROMISING TECHNIQUES TO CONTROL AND PREVENT
DAMAGE. Dis t r ibu ted  by NTIS.

One section of this report covers biological and ecological
effects of oil pollution on fish and shellfish , wa terfowl ,
aqua t ic  plants , and other l i f e  forms . A section on bioassay
of detergents is included .

107. Battelle Memorial Institute (1969) .

REVIEW OF THE SANTA BARBARA CHANNEL OIL POLLUTION INCIDENT :

Report  to Federal Water Pollution Control Administration and
U.S. Coast Guard , Wa ter Poll ution Control Research Series
DAST 20 ,100 pp.

108. Battelle Memorial Institute (1972).

OIL SPILL THREATY AGENTS: A COMPENDIUM.

American Petroleum I n s t i t u t e, Publication ‘d50. 238 pp.
Washing ton , D.C. -

Agents for treating oil spills on water are categorized , and
the mechanisms by which they function are classified . General
identification information is given for all agents, along with
data on chemical and physical properties, cost, availability,
app lication, effec tiveness, toxicity and spill experience.
Agen ts are listed by manufac turer , trade name and type.

109. Battelle Memorial Institute (1974).

SUMMARY REPORT ON THE EFFECTS OF OIL DISCHARGES, DOMESTIC AND
INDUSTRIAL WASTEWATERS ON THE FISHERIES OF LAKE MABACAIBO,
VENEZUELA TO CREOLE PETROLEUM CORPORATION CARACAS , VENEZUELA .

Battelle , Pacific Northwest Laboratories, Richiand , Washington .

Samples of lakewater, sediments and biota were subjected to laboratory
experiment and analysis over a period of three years, 1971—1974. The
study concludes that oil enters the lake ecosystem both by natural
seeps and incidental to oil production but that these hydrocarbons have
not caused discerable damage.
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110. Bayne , Br ian (1976)

WATCH ON MUSSELS

Mar. Pollut. Bull. 7 217—218

This article argues for an international effort to use
as a monitor of the levels of pollutants in

the marine environment .

ill. Bechtel , T.J. and B.J. Copeland (1970)

FISH SPECIES DIVERSITY INDICES AS INDICATORS OF POLLUTION IN
GALVESTON BAY , TEXAS .

Mar. Sci. Univer. Tex. 15: 103—132

Fish species diversity indices calculated from both fish weights
and numbers were found to be indicators of environmental and
pollu tion stress in Galveston Bay , Texas. Correlation of
diversity wi th percen t was te water indica tes tha t those areas
receiving the greatest amounts of effluents and toxic materials
have the lowest diversity. Sampling throughou t the system indica ted
that the fish populations could be divided into somewhat separated
communities , each struc tured as a response to environmental and
pollution stress.

112. Beer, J.V. (1968)

POST-MORTUM FINDINGS IN VILED ANKS DYING DURING ATTEMPTED
REHABILITATION .

In: The Biological Effects of Oil Pollution on Littoral Cousnunities,
J.D. Carthy and D.R. Arthur, (eds.) Supplement to Vol. 2 of
Field Studies. Field Studies Counc!l

This paper describes the motality and pathology of birds damaged
in the Torry Canyon oil spill and whose rehabilitation was being
at tempted. The pattern of mortality and pathological changes were
strongly suggestive of severe stress ai~d the presence of powerful
irritants or poisons in the gut. Mortality followed a roughly
exponential path , with chances of survival decreasing with this .

113. Beer , J.V . (1968)

THE ATTEMPTED REHABILITATION OF OILED SEA BIRDS .

Wildfowl , 19 , 120—124

114. Beery, J.V . 1970

TREATING OILED BIRD S

Mar. Poll. Bull. 1(6): 84—85
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Large numbers of oiled birds, mostly guillemots, were brought
in to the RSPCA Wild Birds ’ Hospital at Mousehole in Cornwall.
Oiled plumage was cleaned with “Treinalon B” or “Euir ly  Liquid”
followed by rinsing in warm water and drying in a stream of hot
air. “Larodan 127” proved to be an efficient cleanser but lethal
to the birds. Internal treatment consisted of dosing with a
medic inal paraffin—bismuth mixture to a meliorate the condition
of the gull. Vitamin B complex was also administered to
weakened birds. They were fed sprat and herring. Waterproof
of the plununage is slow to return. The birds need individual
attention and the success rate is inversely related to the number
of birds that have to be handled simultaneously.

115. Bellamy , D.J. 1968

THE KELP PROJECT

Triton , 12 , 16—17

116. Bellamy , D.J., P.H. Clarke, D.M. John, D . Jones, A. Whittick,
and T. Darke. 1967

EFFECTS OF POLLUTION FROM THE TORREY CANYON ON LITTORAL AND
SUBLITTORAL ECOSYSTEMS .

Nature, 216: 1170—1173

Pollution from oil and detergent deposited on the beaches of
Devon and Cornwall after the grounding of the Torrey Canyon
on March 18, 1967 , has altered the balance of littoral and
sublittoral ecosystems at two sites. This effect is most
marked on the l i t toral zone , and falls off  below the low
water mark.

117. Bellamy, D.J. and A. Whittick (1968)

PROBLEMS IN THE ASSESSMENT OF THE EFFECTS OF POLLUTION ON
INSHO RE MARINE ECOSYSTEMS DOMINATED BY ATTACHED MACROPHYTES .

In: The Biological Affects of Oil Pollution on Littoral Cot~iunities
J.D. Carthy and D.R. Arthur (eds.) Supplement to Volume 2 of
Field Studies, Field Studies Council.

This paper describes methods developed for  the stud y of the
effects of chronic and acute pollution by use of phytosocialo—
gical oil phytometric comparison of an area before and
after pollution oil comparison of polluted against non—
polluted areas. The macrophyte chosen as a phytometer was
lamm inaria hyperborea.

118. Bellan, G.L. (1974)

TOXICITY TESTING AT THE STATION MARINE D’ENDOUME

In: Ecological Aspects of Toxicity Testing of Oils and Dispersants
L.R. Beynon and E.B. Cowell (eds.) John Wiley & Sons New
York
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Th is presentation is a description of the short—term and long—
term toxicity tests developed by the Station Marine d’Endoume.

119. Bend er , M .F. (1974)

EVALUATION AND INTERPRETATION OF DIVERSITY MEASURES AS BIOLOGICAL
INDICES OF POLL UTION AND/OR ENVIRONMENTAL CHANGE IN AQUATIC
SYSTEMS , PP. 474—481.

In :  Proceedings of the Internat ional  Seminar and Exposition on Water
Resources Instrumentation, Vol. 2, Data Acquisition and Analysis.
Krizek , R.J . and E.F. Mosonyi (eds.) Ann Arbor Science Publishers.

This paper presents the evaluation and interpretation of two
diversity measures, the Shannon and evenness measures , that
can be employed as biological indices of changes in the quality
of an aquatic system. The use and misuse of such measures are
also discussed .

120. Bender , M.E., J.L. Hyland , and T.K. Duncan (1974)

EFFECT OF AN OIL SPILL ON BENT}IIC ANIMALS IN THE LOWER YORK RIVER,
VIRGINIA .

I n: NBS Spec ial Publication 409, Marine Pollution Monitoring (Petroleum),
Pr oceeding s o f a Sympos ium and Workshop held at NBS, Gaithersburg,
Maryland, May 13—17, 1974.

This article report-s the findings of field and laboratory exper-
iments designed to determine the effect of a spill of number 6
fuel oil on intertidal benthic communities of the lower York River ,
Va. The field study consisted of a series of transects in the spill
and control areas , which were sampled quarterly after the spill
by use of plex iglass corers. The effect of the spill was most
evident when comparing numbers of species . Recovery in terms of
both species richness and faunal similarity was shown two years
after the spill. The laboratory studies tested the toxicity of
water soluble fractions of Bunker C oil to seven members of the
benthic intertidal conununity. The four species which were not
a f f e c ted by accommodated oil in the laboratory also did not reveal
popula tion depressions following the oil spill in the rivers.

121. Bender , M.E., E.A . Shearls, R.P. Ayres , C.H. Hershner , and
R.J. Huggett (1977)

ECOLOGICAL EFFECTS OF EXPERIMENTAL OIL SPILLS ON EASTERN COASTAL
PLAIN ESTUARINE ECOSYSTEMS.

In: Proceedings 1977 Oil Sp ill Conference. p. 505—Amer. Petrol. Inst.
Wash. D.C.

Five segments of a mesohaline marsh located off the York River
In Virginia were physicall y isolated from the surrounding area ,
excep t for allowing subtidal flow and dosed with fresh and artifi—
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c ial l y weathered South Louisiana crude oil. The experimental
design and field site utilized in this stud y are descr ibed .
The mini—ecosystems each contained about 695 m2 of marsh.
100 in 2 of open water and 15 m2 of intertidal mud flat. In
September 1975, three barrels (5701) of each of the experimental
oils were spilled into replicate systems.

Overall , the artifically weathered oil was shown to have as great
an ecological impact on the communities as the fresh crude.
Ph ytoplank ton and fish populations all showed greater declines
following the spills in the weathered oil systems. Phytoplankton
production declined immediately after both oil spills but had
recovered to control values within seven days. Species composition
was not affected by the oils, while per iphy ton biomass , as
measured by adenosine triphosphate (ATP), incr eased af ter bo th
treatments. Marsh grass produc tion was reduced in both spill
units. Benthic animals, showing popula tion declines af ter bo th
oil sp ills , included nere id polychae tes , insect larvae and am—
phipods. Oligochaete populations decreased shortly after the
fresh crude spill , re turned to norma l wi thin 30 days , and then decl ined
again relative to the control in both treatments 11 weeks after
the spill. Mortalities of fish. Fjandulus herteroclitus, held in
live boxes were noted only in the weathered treatment systems.

122. L.R . and E.B. Cowell (eds.) (1974)

Ecological Aspects of Toxicity Testing of Oils and Dispersants.

John Wiley & Sons New York 149 p.

This volume contains the proceedings of a workshop on the toxicity
testing of oils and dispersants held at the Institute of Petroleum,
London. Papers are presented in this volunin together with
discussions. The papers deal with both laboratory and field
investigations . A final article giving a European view , written by
the editors and K.W. Wilson was produced after the workshop meeting
and summarizes some of the general conclusions.

123. Berdugo, V ., R.P. Harris and S.C. O ’Hara (1977)

THE EFFECT OF PETROLEUM HYDROCARBONS ON REPRODUCTION OF AN
ESTUARINE PLANKTONIC COPEPOD IN LABORATORY CULTURES.

Mar. Pollu t. Bull. 8:6 138—143

The effect of short—term exposure to high concentrations (ntg/l)
of water soluble fraction of aromatic heating oil on subsequen t
egg produc t ion by the estuarine copepod Eurytemora affinis
was studied in laboratory cultures to investigate possible sub—
lethal biological effects following exposure to hydrocarbon under
an oil spill. Significant reduction in subsequent length of life ,
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total number of eggs produced , mean br ood size , and ra te of
egg produc tion was observed . Exposure to naphthalene alone at
1 mg/i for 24 h produced a significant effect on total fecundity
of the females. Ingestion rates were significantly lowered .
Ex posure to low levels (10 and 50 mg/ i )  of 14C—nap h thalene
alone over 10 days produced no significant effect on feeding or
rt -production despite the high concentrations of hydrocarbon accumu—
lated .

124. Berrid ge , S.A ., R.A . Dean, and others (1968)

PROPERTIES OF PERSISTANT OILS AT SEA .

Institute of Petroleum Journal , London , 54 (539) , 300— 309.

This paper discusses the physical , chemical and biological processes
which may operate on crude oil after it has been spilled at sea.
It is suggeGted that evaporation is the major process , that biolo-
gical degr ada tion is ins ignif ican t, and that the formation of water—
in—oil emulsions will markedly affect the rates of these processes ,
and ex tent and ease of r emoval of pollution . Research into the rates
of these processes , particularly biolog ical ones , is urgentl y needed
but the design of the experiments poses many problems . (Sinha—OEIS)

125. Berry, W .0. and J.D. Branmer (1977)

TOXICITY OF WATER—SOLUBLE GASOLINE FRACTIONS TO FOURTH-INSTAR
LARVAE OF THE MOSQUITO AEDES AEGYPTI L. -

Environ. Pollut. 13 , 229—234

The toxicity of water—soluble components of gasline to laboratory—
reared fourth—instar larvae of the mosquito Ae ’ - c aegypti (L.)
was investigated . A median lethal dose (LD50) and a non—lethal
dose (NLD) were established for these larvae following a 24 hour
exposure to water—soluble fractions of ber~zene, toluen e, and
xylenes. Based on the actual amount of each component in solution ,
stat ic toxicity bioassays showed that acute toxicity of these
monoarotnatics increased in the sequence benzene, toluence ,
xylene. However , toxicity increased in the sequ ence xy lene,
benz ene, toluene when the results were examined with respect to
the amount of aromatic added to water to produce the LD50. The
importance of determining the concentrations of compounds dissolved
in water is stressed .

126. Berwald , Y. and L. Sachs . (1965)

IN VITRO TRANSFORMATION OF NORMAL CELLS TO TUMOR CELLS BY
CARCINOGENIC HYDROCARBONS.

J. Nat. Cancer. Inst. 35:641—661

The app lication of benzo (ajpyrene (BP) to normal hamster—
embryo cells in culture produced transformed cells. These
cells showed : 1) a hered itary random pattern of growth ,
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2) the ability to grow continuously in culture , 3) progressive
growth as tumors after subcutaneous inoculation into adult hamsters ,
4) a resistance to the toxic action of BP when tested at a later
stage of growth in culture. Transformed cells in culture were
obtained w i t h  the in vivo carcinogenic hydr ocarbons BP , 3—methyicho--
l an th rene  (MCA) , 7 , 12—dimethy lbenz(a )an th racene , and 10—
methy ibenz (a )an th racene, but not in un t rea ted  hanst er—embryo
cultures or with the in vivo noncarcinogenic hydrocarbons 8—
me thy lbenz( a)an thracene , chrysene and pyrene . It was shown
that carcinogenic hydrocarbons can direc tly induce in v itro
th e transformation of normal cells to tumor cells.

127. Bieri , R.d., V.C. Stamoudis, M.K. Cueman. (1977)

CHEMICAL INVESTIGATIONS OF TWO EXPERIMENTAL OIL SPILLS IN AN
ESTUARINE ECOSYSTEM

In:  Proceedings 1977 Oil Spill Conference p. 511—515. Amer. Petrol.
Ins t. Wash. D.C.

The fate of fresh and artifically weathered South Louisiana
crude oil was investigated in large—scale experimental oil spills.
The oil , originally introduced to the surface of a creek bounded
by walls of transite (but open at subtidal level to allow, communi-
cation with surrounding waters), was distributed by tidal action
over a marsh of Spartina alterniflora. Samples of surface film ,
wa ter , organic de tri tus, sediment, fish (Fundulus heteroclitus)
oyster (Crassostrea Virginica), and clam (Mercenaria mercenaria)
were collected over long periods and subjected to detailed
chemical analysis by gas chromatography and computerized low re-
solution CC—MS techniques. Results are presented for water and
Fundulus.

Maximum concentration of individual aromatic compounds found in
f ish were similar for both oils. This maximum occurred six hours
a f t e r  the spill for weathered crude and 76 hours a f t e r  the spill
for fresh crude for all aromatic compounds except naphthalene and
the methylnaphthalenes. Uptake appeared to be non—specific .
In all cases investigated , hydrocarbon concentrations in anima l
tissue reached a maximum and then decreased to levels below
measurability (<10 ppb). In the interpretation of the data , a
distinction is made between environmental residence times observed
in natural systems and the biological residence times measured In
laboratory experiments.

128. Bingham, E., A.W. Horton, and R. Tye (1965)

THE CARCINOGENIC POTENCY OF CERTAIN OILS.

Arch. Environ. Health, 10, 449—451
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129. B1 a~ kman. R .A . A .  and Mackie , P.R. (1973)

P R E L I M I N A R Y  RF SVL TS OF AN EXPERIMENT TO MEASURE THE UPTAK E
~~F N—ALKAN E HYI)ROCARBONS BY FISH.

ICES , CM 1973/L :23 Fisheries Improvement Committee , Lisbon.

130. Blaylock , l .W ., P.W. O ’ Kee fe , .J .N. Roehm and R.E. Wildung. (1.973)

1)ETERM INAT ION OF N-ALKAN E AND METHYLANAP HTHALENE COMP OUNDS IN
SHELLFISH.

In: Proc. Joint Conf. Prevent. Contr. Oil ~ p i lls , API, Washington, D.C.
pp. 173— 177.

During the course of investigations to determine the possible
toxi city of pe t ro leum to mar ine  biota , it became evident tha t
q u a n t i t a t i v e  e s t i m a t e s  of the pe t ro leum components  in water and
biota would assist in meaning ful interpretation of the results of
bioassays. However , published procedures for estimation of
n—alkanes in marine biota were largely qualitative , and even less
effort had been afforded the measurement of aromatic petroleum
res idues .  A method o r i g i n a l l y  u t i l i z e d  fo r  d e t e r m i n a t i o n  of
ploycyclic aromatic hydrocarbons in foods was therefore
adapted for  the d iges t ion  of t issue and e x t r a c t i o n  of hydrocarbons
from s h e l l f i s h  exposed to petroleum dur ing  bioassays . Tissue
extracts were partitioned into saturate and aromatic fractions by
column chromatography. Using gas—liquid chromatography, the
n—alkanes of carbon numbers l2 to 19, and the methyl substituted
n aphtha l enes  were i d e n t i f i e d  in the s a t ur a t e  and aromatic fractions ,
respectively. Both groups of compounds were quantitated by reference
to an in t e rna l  s t a n d a r d .

The procedure allowed recovery of over 70% of n—alkanes and methyl—
naphthalenes applied to the tissues prior to digestion . Minimum
det ectable levels for n—alkanes and methy lnaph thalenes were
approximately .08 to .15 and .03 to .O4Mg/g of wet tissue ,
respectively.

131. Bleakley , R.J. and P.J.S. Boaden (1974)

EFFECTS OF AN OIL SPILL REMOVER ON BEACH MEIOFAUNA.

Institute Oceanographique , Paris . Annales, 50(1): 51—58

The effec ts of an oil spill remover (80% nonyl—octyl phenol
ethylene oxide condensate; 20% methyl cyclohexanol), and of the
surfactant alone , on the meiofauna of intertidal sand were examined .
The meiofauna apparently survives the effects of diluted detergent because
of molecular adsorption by the sand gra ins , bu t concentrations >100 ppm
are toxic. Spraying of beaches contaminated by oil spills probably produ c es
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such concentrations . The meiofauna recovers very slowly because of
the persistence of detergent in the sand . The long—term effects
on the me iofa una are not i n f l uenced by the state of the tide at
the time when the detergent is applied .

132 . Bl umer , M . ( 1967)

HYI~ROCAR}IONS IN DIGESTIVE TRACT AND LIVER OF A BASKING SHARK .

S c i e n c e , N . Y. , 156 390 1

Hyd rocarbons of zoop lank ton pass through the diges t ive trac t
of the basking shark with out fractionation or structural modifica-
t i on . They are resorbed in the spiral valve and deposited
in the liver. In contrast to unsaturated fatty acids , the ole—
f i n i c  hydrocarbons are not decreased in concentra t ion.  The
hydrocarbo n assembl age in the d iges tive trac t and in the liver is
indicative of the food sources and feed ing grounds of the shark.
Sgnalene , abundan t in shark liver , occurs only in traces in
zooplank ton; phy tane , if presen t a t all , constitutes less than
0.005 percen t of the hydrocarbons of zooplankton and of shark
liver.

133. Bluiner , M . ( 1969)

OIL POLLUTION OF THE OCEAN

Oil on the  Sea. D . P .  Hoult  ( e d . )  Plenum Press , New York
pp. 5—13

Also In: WHOI Contrib. # 2336

A rev iew of oil pollu tion in the mari ne env ironmen t including
the extent of marine oil pollution , oil composition and
biolog ical effects; oil analysis and law enforcement; long
term effec ts of oil pollution ; countermeasures against large
oil spills; and a long— term outlook. 10 refs.

13-fe . Blumer , M . 1970

OIL CONTAMINATION AND THE LIVING RESOURCES OF THE SEA .

In: FAO Techn. Conf. Mar. Pollut., paper R-l , Rom e , 1—11.

Review article on the affects of oil on the biota with recommenda-
tions on the handling of spills and observat ions on the
probable impac t of pollution on the ocean as a whole. Several
references.

135. Blumer , N . ( 1971)

SCIENTIFIC ASPECTS OF THE OIL SPILL PROBLEM.

Environmen tal Affairs , i(1):54—73
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This article reviews the input and ecological impact of petroleum
hydrocarbons in the marine environment. Topics covered include
toxicity, carcinogenes is, biodegreda tion , and pers istence of
oi l .

136. Bluiner , M. Et .al (1971)

PANEL 2: PETROLEUM.

FAO Fish Rep . Supp l. 1(99) 17—36

A review of petroleum pollution in the marine environment
including : a description of petroleum; its concentration in the
environment; the use of petroleum and the extent of marine pollu-
tion ’s monitoring systems ; hydrocarb on anal ysis of water , sediments ,
and organisms; correlation of spilled oil and its source; choice
of analytical techniques; isolation of hydrocarbons ; gas
chromathography ; gel permention deromatagraphy; spectral
analysis of 6C eluates; contamination problems ; interlaboratory
calibration; automation of techniques; methods of obtaining
oil samples; hydr ocarbon analysis of b iolog ical samples;
biological monitoring ; detection and monitoring ; environmental
fate of oil ; determination of polycyclie aromatic compounds;
interaction between oil pollution and other pollutants; and a
registory of laboratories active in oil pollution research.

137. Blumer , Max (1972)

SUBMARINE SEEPS: ARE THEY A MAJOR SOURCE OF OPEN OCEAN OIL
POLLUTION?

Sc ience , 176 , 1257—1258

This ar ticl e argues tha t submarine seepage is several ord ers of
magnitude less than man ’s action in fouling the high seas and
beaches. If annual submarine seepage since the early tertiary
had averaged the present rate of oil pollution from human activity,
then the average offshore oil field would have lost to the oceans
2500 times the free flowing oil , or more than 1500 times the
total oil existing in situ before commercial offshore oil pro-
duc tion started .

138. Blumer , M., Ehrhard t, H. and Jones, J.H. (1973)

THE ENVIRONMENTAL FATE OF STRANDED CRUDE OIL.

Deep Sea Res. 20 239—60

The wea thering h istory of 2 light paraffinic crude oils which
stranded on Martha’s Vineyard , Massachuse tt s, and on Bermud a was
studied over periods of 13 1/2 and 16 mo. respectively . The
evaporative history of the oils , the microbial utilization of the
norma l alkanes , and other physical and chem ica l changes involved
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in the weathering process are described . At both locations a
considerable and environmentally impor tan t frac tion of the oil
persisted throughout the survey period . The residues are far from
being inert asphalts, they remain crude oils , modified by evapor-
ation of the lower boiling components and by par tial m icrob ial
degradation.  The environmental impact of spilled oil depends
d irec tly on the magni tude of the stand ing crop of foss il fu els
and on the reten tion dur ing wea ther ing of spec ific biolog icall y
ac tive oil components. An unanticipated degree of pers istence of
oil and of its high boiling components, even under conditions
favorable to weathering , was indicated . Wax aggregates in one
of the oils suggest that it was derived from tank washings .
A survey for wax in open ocean tar should give insight into its
sources and the effectiveness of measures to control oil pollu-
tion.

139. Blumer , M . ,  R . R .L .  Guillard and T. Chase. (1971)

HYDROCARBONS OF MARINE PHYTOPLANKTON .

Marine Biology 8, 183—189

The hydrocarbon contents of 23 species of algae (22 marine plank—
tonic) , belonging to 9 algal classes, were analyzed . The highly
unsaturated 3, 6, 9, 12, 15, l8—heneieosahexaene predominates in
the Bacillariophyceae, Dinophyceae , Cryp tophyceae, Haptophyceae
and Euglenophyceae . Rhizosolenia setigera contains n—heneicosane,
presumably derived from the hexaolef in by hydrogenation. Two
isomeric heptadecenes have been isolated : the double bond is
located in 5—position in the bluegreen alga Synechococcus bacillaris
arid in 7—position in 2 green algae. Our complete analyses are
discussed in the context of earlier data; some generalizations
appear no longer valid. Hydrocarbon analysis of marine algae
should provide a tool for the investigation of the dynamics of
the marine food chain. Knowledge now ava ilable prov ides the
background needed for distinguishing between hydrocarbons of recent
biogenic origin and hydrocarbon pollutants from fossil fuels.

140. Blumer , J .,  J.M. Hunt, J. Atema, and L. Stein (1973)

INTERACTION BETWEEN MARINE ORGANISMS AND OIL POLLUTION.

Off ice of Research and Monitoring, U.S. Environmental Protection
Agency Report No. EPA—R3—73—042.

141. Blumer , H., J.C. Robertson, J.E. Gordon, and J. Sass , (1969)

PHYTOL-DERIVED C10 DI— AND TRIOLEFINIC HYDROCARBONS IN MARINE
ZOOPLANKTON AND FISHES.

Biochemis try 8:4067—4074

Three phytol—derived olefinic hydrocarbons have been isolated
from marine zooplankton and fishes. Their structures have
been determined by ultraviolet , infrared , nuclear magnetic resonance ,
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and mass spectometr~ and by combined gas chromatograp hy and mass
spectomatry of their ozonolysis products . They are the 2, 10—
and 5, lO—d iene and the 2, 6, lO—triene analogs of pristane
(2 , 6, 10, l4— tetramethylpentadecane) . The presumed mode of
formation of these and related olefins and their fate in the
marine food chain and in marine sed iments is discussed . Because of
t he i r  r e l a t i v e  s t a b i l i t y ,  these and related olef ins and the i r  f a t e
in the marine food chain and in marine sediments is discussed .
Because o their relative stability, these and related hydr oca rbons
provide tracers for the stud y of dynamic processes in the marine
food chain. These olefins are not present in ancient sediments
and in petroleum; therefore , they are valuable markers for
the distinction between hydrocarbons derived from organisms
and from oil pollution.

142. Blumer , M ., H .L. Sanders , J.F. Grassle , and C.R. Hampson . (1971)

A SMAL L OIL SPILL .

Environment , 13 (2):2—12

On September 16, 1969 , an oil barge ran aground off Fassets Point ,
West Falmouth , in Buzzards Bay . Between 650 and 700 tons ~‘F
#2 f uel o il was sp illed into the coastal waters. Analysis of
the aftermath of this suggests that oil is much more persistent
and destructive to marine organisms and to man ’s marine f ood
resources than scientists had thought. A wide range of fish arid
invertebrates was killed immediately and washed up onshore.
Ninety—five precent of the animals recovered by t rawl ing were dead
or dy ing . Almost no animals were alive on bottom sediment and tidal
marsh samples. All visual effects of the spill were gone within
a few days , but oil remained essentially unaltered within sed iments
eight months after the spill. Oysters removed from polluted
areas and placed in clean, running water for six months still
contained fuel oil at essentially the same concentration and
of the same composition.

143. Blumer , 2. and Sass, J. (1972)

INDIGELNOUS AND PETROLEUM DERIVED HYDROCARBONS IN A POLLUTED
SEDIMENT. -

Mar. Pollut. Bull., 3, 92—94

144 . Blumer , Max and J. Sass. (1972)

OIL POLLUTION : PERSISTENCE AND DEGRADATION OF SPILLED OIL.

Sc ience. 176:1120—1122.

Tn September 1969, approx ima tel y 600 metric is of number 2
fuel oil were spilled in Buzzards Bay, Massachusetts. Two
years l ater , fuel oil hydrocarbons still persisted in the marsh
and in offshore sediments. Hydrocarbon degradation is slow,
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especially below the l edlate ‘sediment surface and appears to
proceed principally through microbial utilization of alkanes and
through partial dissolution of the lower—boiling aromatic hydro-
carbons . The boiling range of the spilled oil and the relative
abundance s of homologous hy drocarbons (for examp le , phytane
and pristane) have been well preserved . The findings are in
agreement with the known geochemical stability of hydrocarbons.
Fuel oil is an appreciable fraction of whole crude oil . This
fact suggests that oil products and crud e oils have a consider-
able environmental persistence.

145. Blumer , .J. and J. Sass (1972)

THE WEST FALMOUTH OIL SPILL .

Data  ava i l ab le  in 1971. 11. Chemis t ry . Woods H o l e  Oceanographic
I n s t i t u t i o n .  Woods Hole , Mass.  R e f .  No.  72— 19.  l27 pp

A spill of 650 ,000 to 700 ,000 1. of No. 2 fuel oil on September 16.
1969 , contaminated the coastal areas of Buzzards Bay,
Massachusetts. A chemical study aimed at a documentation of the
e f f e c t s , the  pers is tance  and the eventual  d isappearance  of t he
pollutant hydrocarbons in this area was undertaken . Chemical
data available in November 1971 is summarized .

146. Blumer , M ., J . Sass , G. Souza, H.  Sanders, F. Grassle , and G.
Hampson. (1970)

THE WEST FALMOUTH OIL SPILL.

Woods Hole Oceanograp h ic Institution . Reference 70—44, pp. 1—32

A sp ill of 650,000—700,000 liters of #2 fuel oil has contaminated the
coastal areas of Buzzards Bay, Mass. The present report summarizes
the results of our continuing chemical and biological study which
were av~i i1able at the end of May 1970, more than eight months after
the acc ident.

The effects of environmental exposure on the composition of the oil
are d iscussed ; many analytical parameters are sufficiently stable
to permi t continued correlation of the oil remaining in sediments
and organisms with the fuel oil involved in the spill.

Oil from the spill is still present in the sediments , inshore and
off shore and in the shellfish. A further spread of the pollution to
more distant offshore regions has occurred during mid—winter; as a
result , the pollution now covers a much larger area than Immediately
after the accident. The first stages of biological (presumably
bacterial) degradation of the oil are now evident especially in
the least polluted regions; however , i t has depl eted predominantly
the straight and branched chain alkanes. The more toxic aromatic
hydrocarbons are resistant; as a result the toxicity of the oil
has not been diminished .
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Where oil can be detected in the sediments there has been a
kill of animals; in the most polluted areas the kill has been
almost total. Shellfish that survived the accident have
taken up the fuel oil. The 1970 crop of shellfish is as heavily
p o l l u t e d  as was last year ’s crop. Oysters transplanted to un-
polluted water for as long as 6 months retained the oil without
change in composition of concentration.

147. Bl umer , 1 ., Sanders , H .L . , Grassle , J.F. and Elampson , G.R.
(1971)

AN OCEAN OF OIL

E n v i r o n m e n t , 13 2—12

148. Blumer , M . ,  G. Souza and J .  Sass. (1970)

HYDROCARBON POLLUTION OF EDIBLE SHELLFISH BY AN OIL SPILL.

Marine B iology,  5: 195—202.

A sp l i l  of 650 ,000 to 700 ,000 1. of No. 2 fuel oil contaminated
the coastal areas of Buzzards Bay, Massachusetts . Gas chroma-
tography demonstrates the presence oc this oil in the sediments of
the affected area. Two months after the accident , essen tia lly
unchanged oil is still being released from the sediments. The
presence of the same pollutant is demonstrated in whole oysters
Crassostrea virginica and in the adductor muscle of the scallop
Aegui pecten irradians. A presumably biochemical modification leads
to a gradual depletion of the straight chain and , to a lesser
extent , of branched chain hydrocarbons . This does not result in
de toxification , as the more toxic aromatic hydrocarbons are
retained in the organisms several months after the accident.
Scallops from an uncontaminated area contain hydrocarbons in lesser
amounts and of very different molecular weight and type distribution ;
they are accountable entirely from biological sources.

149. Boating Industry Assoc ia tion

ANALYSIS OF POLLUTION FROM MARINE ENGINES AND EFFECTS ON ENVIRONMENT .

U.S. Env ironmental Protection Agency. Grant: 1EPA R—8O1799.
71 pp.

Four pond s were subjected to outboard engine emissions at a rate
calculated to be 3 times greater than that from saturation boating
levels. Small changes in phytoplankton species variation , phyto—
plankton productivity as measured by 1

~ C fixation , chlorophy l l~
measurements , zooplank ton population dynam ics, the benthic
microinvertebrate community, and water quality, in gen era l ,
could not be ascribed to emissions effects to the exclusion of
natural stress. Gasoline hydrocarbon fractions remain in the water
column <1 d before be ing removed by evapora tion , absorption ,
or biological oxidation processes.
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150. Boehm , P.D. and J.G. Quinn. (1976)

THE EFFECT OF DiSSOLVED ORGANIC MATTER IN SEA WATER ON THE
UPTAKE OF MIXED INDIVIDUAL HYDROCARBONS AND NUMBER 2 FUEL
OiL BY A MARINE FILTER-FEEDING BIVALVE ( MERCENARIA MERCENARIA ) .

Est. & Coast. Mar. Sci., 4:93—105.

Labora tory studi es, using the marine bivalve Mercenaria mercenaria,
were performed to examine the role that naturally occurring
surfactant dissolved organic matter (DOM) plays in mediating the
prO ess of hydrocarbon uptake. The uptake of a simp le hydrocarbon
mixture consisting of an n—alkane, hexadecane and an aromatic
hydrocarbon , phenan threne was studied as was the uptake of
charcoal, results in: (1) a statistically significant increase
in the uptake of hexadecane; (2) no change in the amount of phenan—
threne taken up; and (3) a sevenfold increase in the quantity of
No. 2 fuel oil taken up by the clam. The uptake of the “saturated”
fraction of the fuel oil increased l~ times when DOM was removed
and the “aromatic” fraction increased five times. The findings
indicate that solubilization of saturated hydrocarbons by the
DOM results in -their being taken up less readily by the filter—
feeding bivalve. When this DOM is removed , these hydrocarbons
are retained more readily by the animal’s gill due to changes
in the hydrocarbons’ physical state in seawater. The increase
in the uptake of the “aromatic” fraction of fuel oil in the absence
of DOM may reflect a co—solubilization of aromatic and saturated
hydrocarbon components.

151. Boesch , D. (1973)

BIOLOGICAL EFFECTS OF CHRONIC OIL POLLUTION ON COASTAL
ECOSYSTEMS .

In: Inputs, Fates and Effects of ?etrc l.eum in the Marine
Environment. Background Information for Workshop, Ocean
Affairs Board, NSF, Airlie, Va. 21—25 May .t973

This pa .er is a review including sublethal effects on metabolism ,
sublethal effects on behavior, food chain magnification , and
biological effects of petroleum on wetlands and estuaries.

152. Boesch, D.F. (1974)

POTENTIAL EFFECTS OF OIL AND GAS DEVELOPMENT ON BENTHIC ORGAN-
I SMS .

In: Marine Environmental Implications of Offshore Oil arid
Gas Development in the Baltimore Canyon Region of the mid—
Atlantic Coast. Proceedin&s of the Estuarine Research
Federation Conference and Workshop. Estuarine Research
Federation, p. 421—430
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This paper b r i e f l y  reviews the l it e r a t u r e  on the e f f e c t s
of a c t i v i t i e s  a s soc ia t ed  w i t h  oil and gas development on h e n t h i c
organisms and o f f e r s  suggestions on the design of
baseline studies. The effects of both chronic leakage
oil acute sp illage are discussed .

153. Boesch , D .F . . C.H. Harshner and J.H. Milgram (1974)

OIL SPILLS AN !) THE MARINE ENVIRONMENT.

Ballinger Publishing Company , Cambridge , Mass. pp 114

This volume is divided into two sections , the first being
an assessment of the ecological effects of oil pollution
and the second on technological aspects of the prevention ,
control and cleanup of oil spills.

The first section attempts to evaluate the a iil a~’ - e Information
on the ecological impact of oil and to draw conclusions from
this information . It is a review intended for decision
makers. Included are a review of available research on biological
effects , ordered by biological community type; a summary of
information concerning long term effects; a discussion
of methods and how they influence results and conclusions; and an
appraisal of the present direction of research dealing with oil.

154. Boiko , E.V. (1975) 
-

ROLE OF MYTILUS EDULIS LINNE IN THE PURIFICATION OF SEA
WATER OF PETROLEUM PRODUCTS (IN EXPERIMENT).

Gidrobiologicheskii Zhurnal , 11 (2): 28—33.

Water is purified twice as fast in aquariums with M. Edulis as in
the control (without animals). About 7% of the iaitial amount of
the petroleum products remained in the aquariums 3 wk. after M.
edulis was put into it; 1.4% of the products is settled by
hy drobionts onto the bottom of the vessels, 5.6% remaIns in the
surface film , and about 2% remains in the dissolved state in the
water layer.

155. Boney, A . D .  ( 1968)
0

EXPERIMENTS WITH SOME DETERGENTS AND CERTAIN INTERTIDAL ALGAE ,
FIELD STUDIES , 2 ( SU PPL .)

In:  Th~~ Biological Effects of Oil Pollution on Littoral Communities
J.D. Car thy and D.R. Arthur (eds.) 55—72

The effec t of several brands of emulsifiers was ascertained
on several species of algae. The experiments were designed to
determine the direct effect of very concentrated solutions of
detergent in sea water and the larger term effects of very
low concentrations .
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156. Boney, A .D. 1970.

TOXICITY STUDIES WITH AN OIL-SPILL EMULSIFiER AND THE GREEN
ALGA , PRASINOCLADUS MARINUS.

J. Mar. Biol. Assn. U.K., 50:461—473

Cys t phases of the green alga Pras inocladus marinus were used in an
investigation of the toxic properties of an oil—spill emulsifier
BP 1002 , and of its solvent and surfactant fractions. Various
aspects of a rejuvena tion process (e.g. reappearance of
chl oropla st and pigments; formation of pyrenoids and starch
sheath; onset of cell division and liberation of motile cells)
were u t i l i z ed  as a means of assay in addit ion to observations on
cell v iab i l i ty. The ‘ aged ” cysts  were more tolerant of all types
of toxic agents than were the young non—motile cells. The
surfac tant fractions were more toxic when used alone, and the solvent
frac tion alone more toxic than the compounded BP 1002. The applica-
t ion of any of the toxic agents at low temperature (4°C) resulted
in a marked reduction in their effects at high concentrations
(e.g.500pp m) although rapid changes in cell condition (chloroplasts ,
pryeno ids) were observed . The toxic effect was appreciably increased with
both “aged” and “young” cells when accompanied by a lowering
in salinity. Aeration of the toxic solutions caused a significant
lowering of toxicity with both BP 1002 and the solvent fraction.
Chloroplast pigment regeneration in “recover ing” cysts was a sen-
sitive means of assaying toxic effects.

157. Boney, A .D. (1974)

AROMATIC HYDROCARBONS AND THE GROWTH OF MARINE ALGAE .

Marine Pollut ion Bullet in , 5(12) 185—186.

Aromat ic  compound s isolated from mar ine muds cause cancerous
growths in certain seaweeds. In this study a number of aromatic
hydrocarbons , including some which are not yet reported as having
carc inogenic  a c t i v i t y  have been found to s t imulate  growth
of algae .

158 . Boney, A . D .  and E .D . S .  Corner (1962)

ON THE EFFECTS OF SOME CARCINOGENIC HYDROCARBONS ON THE GROWTH
OF SPORLINGS OF MARINE RED ALGAE.

Journal of the Mar . Biol. Assoc . U.K. 42 579—85

Low concentration of various carcinogenic polycyclic aromatic
hydrocarbons cause a considerable reverse in cell produc tion when
applied to sporlings of certain marine red algae .

B— 51

________________— —~~~ -~~~- - — — —~~ - - t 

- - -...- .—~.-



Whereas law concentrations of carcinogenic derivitives
ol benzathrac ene stimulate cell production , s imilar
c o n c e n t r a t i o n s  of st r u c t u a l l y  released non—carcinogenics  in-
h i b it  i t .

The a p p l i c a b i l i t y  of t he  method as a rapid screening test  for
carcinogens is discussed .

159. Boos , C. ( 19 7 4 ) .

OIL ON THE SEA S

Bird Notes , 31, 185—188 .

160. Boswell , J .L .  (1950)

THE EFFECT OF CRUDE OIL ON OYSTERS .

T x as A&M Res. Found., Project 9 (mimeo pp. 28)

161. Bott , T.L., K. Rogeninuser and P. Thorne (1976)

EFFECT OF NO. 2 FUEL OIL , NIGERIAN CRUDE OIL AND USED CRANKCASE
OIL ON THE METABOLISM OF BENTHIC ALGAL COMMUNITIES

in: Sources, Effects and Sinks of Hydrocarb ons on the Aquatic Environment.
Proceedings of the Sumposium, American University, Washington, D.C.
9—11 August  1976.

No. 2 Fuel Oil, N iger ian Crude Oil , and used crankcase oil were
s tudied fo r  e f f e c t s  on the metabolism of benthic algal communities.
Exposure depressed net community primary productivity but degree
of effec t was dependent on the kind of oil and concentration of
exposure. Used crankcase oil became associated with the algae in
greatest amounts but No. 2 Fuel Oil exerted greatest toxicity.
Recovery of community function took place in all instances. Blue
green algal development was fostered to varying degrees.

162. Bourne , E. (1968)

THE EFFECTS OF THREE HYDROCARBONS ON FISH CELLS IN VITRO.

Ph.D. thesis, Oklahoma State University.

163. Bourne , W .R.P. (1965)

THE WEATHER , OIL AND SEABIRDS CAST ASHORE.

Seabird Bull., 1:42—45.

Proposals have been made by the RSBP and ISBP to organize a Seabird
Group for the purpose of beachcombing both to obtain evidence for the
presen t incidence of oiling , and as a source of general ornitholo—
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gical information . The following objects would be suitable for the
Group: 1) comprehensive breed ing censuses; 2) surveys of distribution
away from the breeding places ; and 3) recording stranded birds.

164 . Bourne , W .R .P .  (1967)

THE TORREY CANYON DISASTER .

Seabird Bulletin, 3, 4—11

165. Bourne , W .R .P .  (1968)

OBSERVATIONS OF AN ENCOUNTER BETWEEN BIRDS AND FLOATING OIL

Na ture 219, 632

A short note on the authors observations of the interactions
of g i i l lem o t s , gulls and kittivakes to a small oil slick. The birds
took no particul ar notice of the oil except when it was thick
and they came in contact with it , when they took avoiding ac t ion .
The guillemots avoiding action consisted of diving , wh ich the gulls
f lew o f f .

166 . Bourne , W .R .P .  (1968)

OIL POLLUTION AND BIRD POPULATIONS

In:  The Biological E f f e c t s  of Oil Pollut ion on L i t t e r a l  Cotmnunities
J .D .  Car thy  and D .R .  Ar thur  (Eds .)Supp lement to Volume 2 of Field
Studies , Field Stud ies Council , Great Britian

A review article on the impact of oil pollution on the populations
of shore and sea birds , including the resul ts of the Seabird
Groups measurement of the effec t of oil pollution , and a description
of the impact of oil on birds adaptations for  the marine  environment.

167. Bourne, W.R.P. (1969)

CHRONOLOGICAL LIST OF ORNITHOLOGICAL OIL-POLLUTION INCIDENT S

Seabird Bull., 7:3—8

This paper is composed ma inly of general statements taken from current
notes in Bird Notes and News (subsequently Bird Notes and then Birds),
and later Reports  of the Br i t i sh  Section , in te rna t ional Council
for Bird Preservation, in Europe, and from Bird Lore (subsequently
Audobon Magazine, then Audubon) in North America.

168. Bourne , W . R. p . (1970)

OIL POLLUTION AND BIRD CONSERVATION.

Biol. Conserv., 2(4):300—302
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Oil pollution has been ~ausing damage to bird populations for half—a—
centruy . Owing to increasing precauti ons that are being taken , it is not
clear that desp ite a vast increase in traffic the position is any
worse now than it was before World War II . Informa t ion on the full
scale and character of the damage is still i nadequate , however ,
and the first need is for many more data. Meanwhile it seems very
doubtful whether any bird spec ies in northern Europe is threatened
with reduc t ion in numbers on more than a loc.il scale , alth ough locally
the damage may he seveN . It is argued that the most effective
way of combating such reduc t ion is by the further control of pollution
and by conservation of the breed i ng stock to enable it to repair
the damage——rather than by the rehabilitation of oiled birds ,
as it seems doubtful whether this can ever be carried out on a
sufficient scale to influence the outcome markedly. The main
argument for rehabilitation appears to be a humanitarian one ,
for the r cl i e f  of sutfering and to avoid the unnecessary slaughter
of birds that could be saved . It is suggested that if birds are
rehabilitated , it is unsatisfactory to release them immediately,
when they have become tame and accustomed to be fed , and that the best
method of disposal for them may be not to attempt to return them
d i r - c t l y to th e wild state but to try to establish breeding populations
of tame semi—captive birds in protected situations , where they

~ i~ ht provi de useful objects for study and an ornament to the country-
side.

169. Bourne , W .R.P. (1970)

SPECIAL REVIEW - AFTER THE “TORREY CANYON” DISASTER.

I b i s , 112 120—12 5.

170. B ourne , W . R . P .  (1971)

THE THREAT OF OIL POLLUTION TO NORTH SCOTTISH SEABIRD COLONIES .

Mar.  Pol l .  Bull., Bol. 2:117—119

A report of the recent oil pollut on incident in northern Scotland in which
12 ,000 dead b i rds , mainly guillemots , were found and up to 10,000
may have died . I t  emphasizes that , wi th  the increasing likelihood
of oil pollution in this area, the seab ird commun ities will need
to be watched and protected not only during the breeding season
but  all  the  year  round .

171. Bourne , W . R . P .  (1974)

GUILLEMOTS WITH DAMAGED PRIMARY FEATHERS . 
-

Mar. Poll. Bull., Vol. 5:88—90

Increasingly since the fir st World War , there have been observa t ions of
abnormal wearing of plumage in auks. Various reasons for this have
been advanc ed , the most likely being the after—effects of oil pollution .
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172. Bourne, W.R.P., J.D. Parrack , and G.R. Potts (1967)

BIRDS KILLED IN THE TORREY CANYON DISASTER.

Nature , 215:1123—1125.

The Torrey Canyon d isaster probably killed more than 30,000 seabirds.
In a sample of 1, 223 dead b i rds  of e ight  d i f f e r e n t  species 97 percen t
were guillemots and razorbills.

173. Bourne, W.R.P . and T.R.E. Devlin , ( 1969)

BIRDS AND OIL

B irds , 2, 176—178

174. Bowman , R.E. (1978)

FOOD HABITS OF FISH AND SQUID FOUND IN THE VICINITY OF THE ARGO
MERCHAN T OIL SPILL , AUGUST 1977.

In: In the Wake of the Argo Merchant. Proceedings of a Conference and
Workshop held at the University of Rhode Island, January 11—13, 1978
Cen ter for  Ocean Management S tud ies , University of Rhode Island .

The stomach contents of 21 species of fish and squid were analyzed
to determine the potential impact of Argo Merchant oil on the fish
stocks in the Northwest Atlantic . Important prey groups found in the
stomachs of predators sampled in the region of the oil spill included
gammaridean amphipods , polychae te worms, rock crabs , and Amer ican
sand lance. The quantities and types of foods eaten by each predator
were similar to data previously collected . Gammaridean amphipods
covered with the same type of oil which was carried by the Ar~~
Merchant had previously been found in the stomachs of Atlantic cod
and l ittle skate. Although no oil was found in their stomachs,
American sand lance were found to feed on the same genera of copepods
previously noted to be contaminated with ~~~~ Merchant oil. Predator
prey relationships found in this study showed that 81 percent of
the predators represented ate gammaridean amphipods and 38 percent
of the predators species fed on American sand lance, thus establishing
two potential pathways for the oil to have been passed on to the
higher trophic levels.

175. Boyd , H. (1970)

OIL POSES URGENT PROBLEMS IN CANADA. 
-

Mar. Poll. Bull., 1 69—71

The stranding of the t anker Arrow in Chedabucto Bay, Nova Scotia ,
4 Febr uary 1970 occasioned the largest oil spill in Canadian waters
so far . By 14 February an estimated 1.5 million gallons of oil
had escaped .
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Aoce rtained Losses ol wildlife have not been ve ry  heavy , If only
because th e hay is much less frequented by wintering birds than
many o the r  p a r t s  of the  Nova Scotia coast. The best estimate of
birds killed by 14 F e b r u a r y  was 2 , 300 , p r I n c i p a l l y sea ducks ,
~ rebes , and awks . An ae r i a l  s u r v ey  on 15 February  found a lmost
‘,OOO birds in the Bay.

176 . Boyland , 1-i . (1964)

POLYCY CL IC HY I)RO CARBONS.

Brit. ~l i d. Bull. 21 : 121— 12h

The target material in which the precancerous biochemical lession occurs
may be nucl eic acid or p rot e in or even some other type of molecule.
I t  m i g h t  be the  DNA of t h e  n u c l e u s or a suppre ssor  in  the  c y t o p lasm.

‘l iree  hyporhe ses  of the  mechanism of a c t i o n  of carcinogenic poly—
c yc l i c  compounds have been d i scus sed . A l l  need f u r t h e r  i nves t i ga t i on
but  they are not necessari ly m u t u a l l y e x c l u s i v e .  Carcinogenic
comi-ound s may f o r m  complexes with nucl eic ac id and then be oxidized
so t at the  oxidation products react chemically with the bases
or o her par t  of the  m o l e c u l e .  L i k e  many hypo theses  these will be
d i f f 4 cu lt  to prove cor rec t , bu t  it m i g h t  be poss ib le  to show one or
othe r to be fa l se .

177. Boy l~~, C .L .  (1969)

OIL I OLLUTION OF THE SEA : IS THE END IN SIGHT?

Biol. Conserv. l(4):319—327

After a brief historical statement , the ch ief cause of deliberate oil
p o l l u t i o n  of the seas——the  c leaning out of oil t a n k s — — i s  examined , and
means of abolishing it are discussed . Examp les of oil discharge
following accidents are also given , and means of cleaning up the
resulting oil—slicks are considered . The effect of o i l ing  on m a r i n e
fauna is dealth with——especially the effect on individual birds.
Methods  of c leaning oil from b i r d s  are looked at , -and the
possibiliti es of the birds rehabilitation are discussed . Finally ,
the prospects of the termination of oil pollution are considered .
Special references are mad e to the T n t e r act i o n a l C o n f e r e n c e  on
Oi l  Po l lu t ion  of the Sea , held in Rome in October  1968 .

178. Branten , B . et al (1972)

TISSUE-SWELLING IN MYTILUS EDULIS L. INDUCED BY EXPOSURE TO A
N ONIAONIC SURFACE ACTIVE AGENT .

Norwegian J. Zool , 20:137—140

M y t i l u s  edulis L. collected in Gullman Fjord during the course
of one year were exposed to the surface—active agent nonylpbenol
ethoxylate. The water content of the large adductor muscle
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increased as a result of this exposure. The size of the tissue—
swelling varied as a function of the exposure— time and to concentration
ot the surfactant. The susceptibility of the common mussed to the
surfactant , measured as tissue—swelling , varied during the year.
It was less in the spawning period than in other parts of the
year . It is conc luded that the swelling of the ti.-~suu€- Is due to
some non—spec i f i c  damage to the cell membranes .

179. Brenniman, C., et all (1976)

A CONTINUOUS FLOW BIOASSAY METHOD TO EVALUATE THE EFFECTS OF OUTBOARD
MOTOR EXHAUSTS AND SELECTED AROMATIC TOXICANTS ON FISH.

Water Res., lO(2):1 65—169.

A continuous flow bioassay system was designed to measure the effec ts of
outboard motor exhaust (OME) emissions and selec ’-ed volatile and
evaporative aromatic toxicants on goldfish ( Carassius auratus ). Con-
tinuous flow bioassays were run for 24, 48 , 72 , 96 and 720h to de termine
lethal concentrations for 50% of individuals (LC—5O’ s) for  leaded
OME, non—leaded OME , toluene , xy lene , and 1,3,5—trimethylbenzene ,
the three individual compounds having been identified as significant
aromatic components of OME . The 96 h LC—50’ s for  these substances
were found to be 171, 168 , 23 , 17 and 13 ppm , respectively . The
values of 171 and 168 ppm for the two OME ’s are given in terms
of gallons of fue l  burned per million gallons of water. The
continuous flow bioassay method was demonstrated to be a more
reliable indicator of the effects of OME pollutants on aquatic
organisms than is the static bioassay method .

180. Bridie , A . L .  and J. Bog . (1971)

BIOLOGICAL DEGRADATION OF MINERAL OIL IN SEA WATER .

J. I n s t .  Petrel .  5 7 : 2 7 0 — 2 7 7 .

There are still many opinions concerning the degradation of mineral
oil in sea water and experimental evidence to test various hypotheses
is needed. Therefore  the bacterial  oxidat ion  of oil has been
investigated in a marine environment. To this end , the ra te of
oxidation of oil in actual sea water samples was measured at the
laboratory and the resul ts  were compared with those obtained on
model substrates. It was found that mineral oil is equally well
degraded biologically in sea water and in f resh  water  and that  the
rate of degradation depends mainly on the availability of nitrogen
and phosphorus—containing compounds, which elements con trol the
growth of a bacterial  population. As these compounds are indeed
presen t in sea wa ter , but in extremely low concentrations only,
i t  must be expected that  the natural  p u r i f i c a t i o n  process , in the
case of oil, will take a relatively long time, probably many months .

181. Brisby , W .L.  (1969)

OIL SLICK EFFECTS ON RINCAN ISLAND
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In: AMERICAN PETROLEUM INSTITUTE, DIVISION OF PRODUCTION, SPRING
MEETING, PACIFIC COAST P1ST1 ICT, LOS ANGELES, MAY 1969, pp. 147—150

O i l  leakage occu red  in the  v i c i n i t y  of the A t l a n t i c  R i c h f i e l d  Oil
Comp inv ’s o f f s h o r e  d r i l l i n g  is land 0.5 m i l e s  o f f  P o i n t  (‘.ordo ,
Mussel Shoals , Ventura C o u n t y .  When the  o i l  s l i c k  reached Rincon
Is land t h u - r u  was some destruction to the  b i o t a , b u t  i t  was sa id
to be minimal. The writer ’s opinion is that while the oil seepage
did kill some of the intertidal organ i sms on Rincon Island , the
destruction was nut as great as anticipated . The greatest damage to
life was found to be the result of silting and p o l l u t i o n  f rom recent
storms . (Sinha—OEIS)

182. Brockson , R.W . and H.T. Bailey . (1973)

RESPIRATORY RESP ONSE OF JUVENILE CHINNO K SALMON AND STRIPED BASS
EXPOSED TO BENZE N E , A WATER-WOLUBLE COMP ONENT OF CRUDE OIL.

In: Conference on Prevention and Control of Oil Spills. pp. 783—792.

Experiments were conducted using juvenile chinnok salmon , Oncorhynchus
t s h awy t s ch a .  and striped bass, ~lorone saxatilis. The fish were
exposed to subl ethal concentrations of tPe aromatic hydrocarbon
henzene , for periods ranging from 1—96 hours. Prior to exposure ,
and after exposure to the benzene , respiration rates of individual
fish were measured . Results show increases in respiratory rate
up to 115 percent above tha t of control fish after exposure periods
of 24 hours  f o r  s t r i p e d  bass and 48 ho irs for  chinnok salmon.
Fish exposed to henzene concentrations of 10 ppm for periods
longer than those listed exhibited a narcosis that caused a
decrease in resp iratory rate. The narcotic state induced by exposure
to benzene was shown to be reversible when the fish were placed in
freshwater and kept for periods longer than 6 days . Possible biochemical
mechanisms leading to this response are hypothesized .

183. Brode r sen , C . C . ,  S .D .  Rive , J .W .  Shor t , T .A .  Meck lenburg  and J . F.
K a r i n e n  ( 1 9 7 7 )

SENSITIVITY OF LARVAL AND ADULT ALASKAN SHRIMP AND CRAB S TO ACUTE
EXPOSURES OF THE WATER—SOLUBLE FRACTION OF COOK INLET CRUD E OIL

I n :  P roceed ings  1977 Oil Spi l ls  Conference  p.  575— 578.  Amer .  Pe t ro l
I n s t . , Was h. , P . C .

The s e n s i t i v i t y  of a d u l t  and larval Alaskan shrimp and crabs to the
w a t e r — s o l u b l e  f r a c t i o n  (WSF) of Cook I n l e t  crude oil was measured
by t e s t s  using 96—hour static bloassays at the water temperatures
t h a t  t h e se  an imals  normally encounter . Larva l  c rus taceans  were
found to d ie  more s lowly than  adults , making it necessary to measure
s e n s i t i v i t y  in t e r m s  of c o n c e n t r a t i o n s  causing moribundity (death
i m m i n e n t )  Insetad of in terms of concentrations causing death
during exposure. The cessations of all motion and reaction was
found to indi ca te moribundit y In adults , and the cessation of swimming
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was found to indicate morbundity in larvae exposed for 96 hr.
Ninety—six—hour LC50’s for moribundity for stage 1 larvae ranged
from 0.95 to 1.8 ppm depending on species , wh ile 9b—hr LC50

t s for adult s
ranged from 1.9 to 4.2 ppm oil. Sensitivities for stage 1—Vi larvae
of coonstripe shrimp ranged between 0.24 ppm and 1.9 ppm.

Larvae were more sensitive to oil than adults. The sensitivity of larvae
depended on species and developmental stage. Larvae are probably more
vulnerable than adults to oil exposure because of greater sensitivity
to oil and greater susceptibility to predation . Cold—water species
may be par ticularly vulnerable because of increased time spent as
developing larvae.

184. Brooks , M . (1975)

SOURCES, SINKS, CONCENTRATIONS AND SUB-LETHAL EFFECTS OF LIGHT
ALIPHATIC AND AROMATIC HYDROCARBONS IN THE GULF OF MEXICO.

Tech. Rep. College Station , Texas A&M University, Ref . 75—3—T .

185. Brown , D . H .  1972.

THE EFFECT OF KUI4AIT CRUDE OIL AND A SOLVENT EMULSIFIER ON THE
METABOLISM OF THE MARINE LICHERS LICHINA PYGMAEA.

Mar.  Biol .  12 ( 4 ) : 3 O 9 — 3 l 5

This article reports the effect of Kuwait crude oil and BP 1002
on the 14C fixation of a marine lichers Lichina pygmaea. The
emul s i f i e r  was more inhibitory than the oil. The inhibitory
component in the emuls i f ier  was concluded to be the s u r f a c t a n t .

186. Brown , J .E .  (1975)

DOES OIL AFFECT THE MARINE ENVIRONMENT ?

Exxon USA , 14(3), 26—31.

This popular article summarizes the results of the two—year ,
multid iscipl inary Offshore Ecology Investigation conducted
by the Gulf Universities Research Consortium in Timbalier Bay ,
Louisiana . The research effort was directed at determining the effect
of long—term offshore oil exploration and production on the marine
environment. No adverse effect was found .

187. Brown . L.R. (1977)

ESTIMATE OF MAXIMUM LEVEL OF OIL INNOCUOU S TO MARINE BIOTA AS
INFERRED FROM LITERATU RE REVIEW .

Final Task Report to U.S. Coast e ard . Report  No.  CG—D -43—77 .
Ava ilable through National Technical Information Service.
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A review of the literature determined that Acartia tonsae is
the most oil—sensitive of the organisms for which toxiicity data
are available. Nigeria crude is the most toxic of the five crude
oils tested . The TLM value is .55 mg/I. 1% of this value , or
5.5 ugh should be safe for Acartia , and therefore for all other
members of the marine ecosystem . Nearly 2000 articles were examined
for this review. 135 of the most germaine are listed as references.

188. Brown , L.R., and G.S. Pabst. (1969)

MICROBIAL DEGRADATION OF PETROLEUM IN AQUATIC AND MARINE ENVIRONMENTS.

Bacteriological Proc., 1969.

It is an established fact that oil pollutants in our natural waters
are decomposed by microorganisms , but little is known about the
products formed or their effect on aquatic or marine life.
The aerobic and anaerobic microbial degradation of an asphaltic
crude , a naphthenic crude , and a re f ined  motor oil in both
f resh  and salt water by mixed cultures was stud ied . The
disappearance of oil was more rapid under aerobic conditions and
resulted in RQ values of 0.4 to 0.6.  Changes in physical
characteristics differed for each oil and were recorded photo-
graphically. Chemical changes accompanying the microb ial utili-
zation of the oil included the production of waxy materials in
add ition to water—soluble compounds. The growth of the microorgan-
isms on the oils rendered the water unfit for fish life.

189. Brown, L.R. and R.G. Tischer (1969)

DECOMPOSITION OF PETROLEUM PRODUCTS IN OUR NATURAL WATERS .

Mississippi State TJniversity Water Resources Research Institute.
Completion Report. 41 pp.

Experimental data suggest that water—soluble products formed during
microbial decomposition of petroleum products arc harmful to fish.
Microflora caused marked physical changes in the oil under both
aerobic and anaerobic conditions. The disappearance of oil
was more rapid under aerobic conditions . A thin layer chromato—
graphic technique was developed and used to demonstrate chemical
changes that occured in the oil during microbial decomposition .
Add ition of a nitrogen source and supplemental inorganic phosphate
enhanced microbial act-ivity. The waters were toxic for fish even
after separation and removal of bacteria and oil.
(Sinha—OEIS)

190. Brown, P.E. (1959)

DESTRUCTION OF SEA BIRDS

In: Proc. I n t e rn .  Con!. Oil Poll. Se,~~ Copenhagen, 71—73
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1)1. Brown , R.G.B., l).I. Gillespie , A .R. Lock , P .A .  Pearce , and G .H .  W a t s o n .
(1u /3)

BIRD MORTALITY FRO M OIL SLICKS OFF EASTERN CANADA . FEBRU A RY-APRIL
1 970.

(
~aoa d i a n  Field—naturalist 87:225—234.

Oil slicks result ing from the “Arrow” and “Irv i ng Whale” s p i l l s  in
February IY7O resulted in the known deaths of 1,500 ducks and
seabi rds , and an est imated  to ta l  k i l l  of at least 12 , 000 b i r d s .
The species p r i n c ipally a f f e c t e d  were Oldsquaws , R e d — b r e s t u s i

- M (r~ ans (r~, , grebes, and murres in Chedabucto Bay,  Nova Sot l a ;
murres , l)ovekies , and Fulmars between the Nova Scotian coast
md Sable Island ; and Cor~~on Elders ( subspec ie s  b o r e a l i s ) ,  mur re s ,
and Black Gui l l emots  o f f  southeast Newfoundland . The b reed ing
populations to which some of these birds belonged are i d e n t i f i e d , and
the overal l  effect of this mor ta l i ty  on the species as a whole is
asses:;ed . Only the kill of borealis elders approached significance
to the p o p u l a t i o n  of t h i s  subspecies. I t  is emp hasized that  the
h a z a r d  presented by an oil sp ill depends on its position and
iming as much as on its size.

l91.A . Brown , R.S. and K . R .  Cooper (1978)

HOSTOPATHOLOGIC ANALYSIS OF ZOOPLANKTON AND BENTHIC ORGANISMS
FROM THE VICINITY OF THE ARGO MERCHANT .

In: In the Wake of the Argo Merchant, Proceedings of a Conference
and Workshqp held at the University of Rhole Is1and~~_Jan 11—13

~978 . Center for Ocean Management Studies , Un iversity of Rhode
Island , Kingston , Rhode Island .

A va ri ety of zoop lankton and benthic species were collected on
two cruise ; to the 

~~~~ 
Merchant and examined histo pathologically.

On the  f i r s t  cruise , made two months a f t e r  the spil l , some zooplankton
showed signs of external  and internal fou l ing  wi th  o i l ;  a Cancer
c r ab  was found dead wi th  a thick deposit of 

~~~~~ 
oil coa t ing  the

renunant of the gu t ;  a hermit crab was found moribund ; several
M o l i d w - ~ had mantle lesians reminicent of pearl format ion . One
mus~ u ’ I had t hese lesions adjacent to 

~~~~ 
oil on the internal shell

su r f a c e .  One s t a r f i s h  had tarballs  in the buccal cavity. In
contrast spec iments collected on the second cruise , seven months
:uf t u r the spiil , showed no signs of oil contamination.

192. Brown, S.O., and V. Van Horn. (1950)

AEROBIC AND ANAEROBIC OXIDATION OF CRUDE OILS BY MICROORGANISMS FROM
LOUTS LANA BAY-BOTTOM MUDS.

Texas A&M Res. Found., Project 9.

Anaerobic  microorganisms capable of o x i d i z i n g  crude oil were found
to be p resen t  in every one—gram sample nine out of ten 0 .1—gram
samples , eight out of ten 0.01—gram samp les , and one of ten 0.001—
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gram samp les . This indicated that the number of anaerobic oil—
oxidizing microorgani sms was on the order of 100 per gram of mud .
I t  was t ound t h a t  all of five samp les of curde o i l , each r ep resen t ing
a different oil field , were susceptible to degradation by these
m i c r o o r g a n i s m s .

193. Brown , S. u .,  e t .  i i. (H l)

l ) I - ; ( o M I’f t~~ I r  I O N  OF l ) bo;ANIc C O M P O U N D S  BY MARINE MICROORGANISMS.

Texas A&M Res. Found., Pr ojec t 9, 11 pp.

S i x t y — s i x  o rgan ic  compounds represent ing alcohols , hydroxyorgan ic
a c i d s , a l i p h a t i c  h y drocarbons , cy lco—alkanes , heterocyclic compounds ,
aromatic carboxylic acids , phenols , aromatic amines , mercaptans , and
o the r  r e l a t e d  compounds were shown to be oxid ized  by marine  micro-
organisms of the waters  of Southern  Louisiana . Th~ procedure  was
to de termine  by the Winkler method the oxygen consumed by bac ter ia
in a solut ion of the pur2 compound of sterile aged sea water when
innoculated with fresh sea water of Southern Louisiana . The
r e s u l t s  d e m o n s t r a t e  tha t  bac ter ia  are present which will destroy
a very d iverse  group of organic compounds. In all probability,
the presence of these microorganisms would prevent the acumulation
of t o x i c  b y — p r o d u c t s  due to bacterial action on hydrocarbons in
the salty or brackish waters  of Sou the rn  Louis iana .

194. Brownell , R. (1971).

WHALES , DOLPHINS AND OIL POLLUTION .

In: Bio]uj~ical and Oceanographic Survey of the Santa Barbara Oil Spill.
1969—1970. Vol. 1, p. 255. Allan Hancock Found . Sea Grant Publ.
2 . D. Straughan (ed.).

The number of gray whale strandings in 1969 did not differ significantly
from that of previous years. Six dolphins were stranded between
February and ~Iay of 1969, but only one was reported by the news media.
Cause of death was reported to be massive lung hemorrhage as a result
of the animals ’s blowhole being clogged with oil, but there was no
evidence to support this statement. The remaining f ive dolph ins
showed no externa l oil contamination.

195. Brownell , R. and B. LeBoauf. (1971)

CALIFORN IA SEA LION MORTALITY : NATURAL OR ARTIFACT.

In: B iological and Oceanographical Survey of the Santa Barbara
Oil Sp ill, 1969—1970. Vol. 1. p. 287. Allan Hancock Foundation
Sea Grant PubI. 2. D. Straughan (ed.).

The population of California Sea Lion ( Zalophus californianus ) pups was
censused on June 16, 1969. In spite of the fac t tha t 46% of the living
pups and 68% of the dead pups were oi1y, the mortality rate was only
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13% , a figure well within the  norma l l i m i t s .  If oil contamination
had a delet:erious e f f e c t  on PU~ h e a l t h , and in some way increased
the p r o b a b i l i t y  of dea th , the  e f f e c t  was unques t ionab ly ,  very smal l .

195. Br uce , H.E. 1974)

SAMPLING MAR INE ORGANISMS AND SEDIMENTS FOR HIGH PRECISION GAS
CHROMATOGRAFFIIC ANALYSIS OF AROMATIC HYDROCARBONS .

I n :  N BS Spec. Pub l .  409, Marine Pollution Monitoring (Petroleum),
Proceedings of a Symposium and Workshop held at NBS, Gaithersburg,
Maryland, May 13— 17, 1974.

This paper desc r ibes  hand co l lec t ion  methods  used to collect sedimen t
samples and i nne r—t ida l  t i d a l  organisms for analysis  of a romat ic
h y drocarbons  in the pas ts  per b i l l ing  range . The methods minimize
contaminat ion  and sample handl ing  errors .  -

197. Bryan , G.W . (1969)

THE EFFECT OF OIL-SPILL REMOVERS (DETERGENTS) ON THE GASTEROPOD
NUCELLA LAPILLtJ S ON A ROCKY SHORE AND IN THE LABORATORY .

Jour. Mar. Biol . Assn . U.K., 49:1067. -

The e f f e c t s  of o i l—spi l l  removers (de te rgen t s)  on a popula t ion  of the
dogwhelk Nucella lapillus have been studied at Porthleven in South
Cornwall , where heavy oil pollution occurred following the “Torrey
Canyon” incident in March 1967. Nucella is one of the shore
animals  which are most r es i s tan t  to “detergent” treatment , but
at Por thleven the species was wiped out in the harbor and the
major ity of animals were killed on the reef nearby .

Growing animals which recovered from the effects of the “detergent”
were later found to have developed growth disturbances in the shell.
These effects on growth were studied in the field and in the
labora tory  and appear to be an indi rec t  e f f e c t  of “detergent”
resulting from its interference with the ability of the animal
to feed and with the availability of food.

Recolonizat ion of the reef was more rap id than expected and depended
largely  on the  survival  of some very young animals in the sublittoral
zone. Probably because most of the potential predators had been wiped
out by the “detergent” these animals were able to invade the reef
in large numbers late in 1967. In fact , 2 years after the “detergent”
treatment , there was some evidence that the reef may have become
overopoulated with Nucella.

In contrast, recolonization of the outer harbour , where the species
was wiped out , was slow during the first 2 years and dependent on lateral
movements of animsls from the reef. It is concluded that if the
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“detergent” treatment of the reef had been slightly heavier , then
the  species would have been wiped out the re  as well  and would have
been slow to recover.

198. Buck , W . F . A .  and J . G .  Harr i son  ( 1 9 6 7 ) .

SOME PROLONCED EFFECTS OF OIL POLLUTION ON THE MEDWAY ESTUARY .

WAGBI Teurboah 1966—7 , 32—33

199. Bugbee , S.L. and C.M. Wattes , (1973)

THE RESPONSE OF MACROINVERTEBRATES TO GASOLINE POLLUTION IN A MOUNTAIN
STREAM .

in :  Conference on Prevention and Control of Oil Spills. 
~
.p. 725—732.

Amer.  Petrol. Inst., Wash. D.C.

The e f f e c t  of the accidental  spil lage of 5000 gallons of av i a t i on
fue l  into a mounta in  s t ream was moni tored  for  a year and re—examined
a f t e r  three  years .  Immedia te ly  a f t e r  the acc ident  a survey i n d i c a t e d
that the majority of aquatic invertebrates and about 2,500 t ish
were killed for at least two miles (3.2 kilometers) downstream from
the  sp i l l .  Gasol ine residues in the sediments prohibi ted  recoloniza-
t ion of may flies , s tonef l ies  and ce r t a in  c a d di s fl i e s  fo r  a t  leas t
six months . The mid ge Orthocladius  was the most r e s i s t en t  organism .
The reappearance of may f l y and s t o n e f l y  nymphs 12 months a f t e r  the
spill indicated a significant degree of recovery in the maero in—
vertebrate community within three years after the spill there was complete
recovery as indicated by an average diversity value of 4.00.

200. Burnett , F .L . ,  and Synd er , D.W . (1954)

BLUE CRAB AS STARVATION FOOD OF OILED AMERICAN EIDER .

Ank .  71 , 315—316

This  no te  describes b r i e f l y the e f f e c t  of the b reak ing  up of two
tankers off Monomoy Island had on the large flock of American
Eiders. More particularl y described is the finding of two
elders , each with a bluecrab stuck in the throat.

• 201 . Burns , K.A. (1976)

HYDROCARBON METABOLISM IN THE INTERTIDAL FIDDLER CRAB UCA PUGNAX

M a r i n e  Biology 36 : 5—11 .

The fiddler crab Uca pugnax was examined for its ability to metabolize
foreign hydrocarbons . The microsoma l mixed function oxidase system
was identified in U.pugnax tissues using Aldrin epoxidation rates
as the assay . Rates were slow: 96 pM Dieldrin per mg microsomal
protein per hour in the hepatopancreas , 438 pM mg~~ h~~ in the gill ,
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and 228 pM mg~~ h~~ in claw—muscle microsomes. Using standard
methods , no difference in rates could be detected between crabs
living in clean areas and those living in environments highly
contaminated with foreign hydrocarbons. In vivo rates of naphtha—
lene oxidation were measured and used to calculate a clearance
time for U. pugnax body tissues based on the aromatic hydrocarbon
content of crabs collected from an oil—polluted salt marsh.
Calculated clearance time was beyond the life span of the crab .
It is concluded tha t this minimal ability of U. pugnax to me tabolize
foreign hydrocarbons partially accounts for its sensitivity to oil
pollution in the environment.

202. Bur ns, K.A . and J.M. Teal (1971)

HYDROCARBON INCORPORATION INTO THE SALT MARSH ECOSYSTEM FROM THE
WEST FALMOUTH OIL SPILL.

Woods Hole Oceanographic Institute, Technical Repor t, Reference
No. 71—69, p. 1—24. (Unpublished manuscript).

The oil barge “Florida” ran aground just off Little Island , West
Falmou th , Massachusetts on September 16, 1969. About 175,000 gallons
of Number Two fuel oil leaked into Buzzards Bay and the adjacent Wild
Harbor Marsh.

This report presents the results of analyses done on marsh muds and
organisms collected nearly a year after the spill. We studied
the incorpora tion of polluting hydrocarbons into , and their movement
through the marsh ecosystem.

Analyses of surface muds agreed well with observations on plant
growth. The dead areas were the most heavily polluted . A deep
mud core in the dead area showed oil has penetrated to at least
70 cm.

Virtually all the marsh organisms living in the contaminated area
were affected by the oil at least to the extent that they accumulated
oil hydrocarbons in their tissues. Our data suggests that two
processes may occur as the oil passes through the marsh ecosystem.
There may be a progressive loss in the straight chain hydrocarbons
in relation to branched chain, cyclic and aromatic hydrocarbons.
There also appears to be a selection for the higher boiling frac-
tions of the contaminants higher up in the food chain.

203. Burns, K.A . and J.M. Teal. (1973).

HYDROCARBONS IN THE PELAGIC SARGASSTJM COMMUNITY.

Deep Sea Res., 20:207—211.

Pelagic Sargassum weed and associated macrofauna were analyzed for
their hydrocarbon content. All the organisms appeared contaminated
with petroleum hydrocarbons. There was no relation between the
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amount of natural , recently biosynthesized hydrocarbons in an organism
and the amount of petroleum contamination. Animals had a larger ratio
of petroleum to natural compounds than the Sar~ assum. There was no
relation between the hydrocarbon content and the animals ’ supposed
positions in the food chain.

204. Butler , M. and F. Borkes (1972)

BIOLOGICAL ASPECTS OF OIL POLLUTION IN THE MARINE ENVIRONMENT : A REVIEW .

McGill University, Montreal Marine Sciences Centre , Manuscr ip t Repor t
No. 22. 121 pp.

Origins , classifications and sources of petroleum hydrocarbons
and solvent emulsifiers are described , along with their physico—
chemical properties , behavior , toxicity and fate in the marine
environment. The effects of oil pollution on marine birds , mammals ,
f i s h , sediments , shel l f i sh, benthic inver tebra tes, algae and plankton
are reviewed and several oil spill incidents are summarized ,
incl uding TORREY CANYON, San ta Barbara , Buzzards Bay and ARROW .
The geography and pollution of the Baltic and North seas, Gulf
of St. Lawrence and Arctic Ocean are also considered .

205. Button , D.K. (1971)

BIOLOGICAL EFFECTS OF PETROLEUM IN THE MARINE ENVIRONMENT.

In: Impingement of Man on the Oceans, D.W. Hood (ed.) New York:
W iley , pp 421—29 .

Microbial oxidation of oil is probably at a steady—state with oil
input to the oceans. The oil oxidizing microorganisms operate
in the oil phase of oil in water emulsions. Efficied oxidation
requires an impact of mixing and thermal energy . Thus arctic
spills may persist.

The lower moleculer weight hydrocarbons are hazardous to organisms
in high concentrations . The cause of the toxicity is probably the
fact that freely d if f u s ible hy dropliopic species alter the high—
liquid—centered membranes functional in active transport and nerve
impulse transmissions. These species too, however , can be acted
upon microbially when not at saturation .

206. Button , D.K. (1974)

ARCTIC OIL BIODEGREDATION .

Final Repor t USCG—D—1l4—75. NITS Ad—A014 O96/26A . L+3pp .

The abund ance of microb ial hydrocarbon oxidizers is reported from
measurements in three widely dis trib uted marine systems in the
far north. Concomitant in situ organic substrate oxidation rates
measured by 14C02 collection were 0.2 to 1.6 ng/l hr from an initial
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added concentration of 1.4 micrograms/L mixed amino acids and 2
to 50 ng/hr from added dodecane solution. The solubility of
dodecane in saline medium was determined and the predictability
of h i g h  mo lecu la r  weight  a lkane s o l u b i l i t y  c o n f i r m e d . This t rue
solu t ion  was used to show t h a t  a r e l a t i v e l y  h igh  molecular
weight hydrocarbon can be co—metabolized along with another
substrate (arginine) from the dissolved phase. Dodecane derived
C O , ,  a r g i n i n e  and flutamic acid were recovered from the
dodecane , L2 c arginine medium after having been supplied to a
continuous culture of a marine hydrocarbon oxidizing isolate.
Clay sorption experiments were conducted which showed that the
catalytic role of suspended sediments was negligible. No dodecane
sorption by bentonite could be detected in a 20% saturated hydro-
carbon solution. These and other data presented support the
assumption that direct dissolved phase organic material metabolism
is a normal ubiquitous marine process having characteristics
compatible with submicrogram per liter steady state hydrocarbon
c o n c e n t r a t i o n s .

207.  Byrne , C . J .  and J.A . Calder (1977).

EFFECT OF WATER-SOLUBLE FRACTIONS OF CRUDE , REFINED AND WASTE
OIL ON THE EMBRYONIC AND LARVAL STAGES OF THE QUAHOG CLAN
MERCENARIA

M ar.  Bio l .  ( B e r l . )  4 O ( 3 ) : 2 2 5 — 2 3 2 .

The embryonic  and larval stages of the quahog clam Mercenaria
sp were exposed to the water—soluble fractions of 6 oils and
the effects on survival and growth rate of the various stages
were noted .

208. Byron , Jane \ . ,  S. Beastall, and S. Scotland (1970).

BACTERIAL DEGREDATION OF CRUDE OIL.

Mar. Pollut. Bull., 1, 25—26

209. Cabinet Office , London ( 1967)

“THE TORREY CANYON” REPORT OF THE COMMITTEE OF SCIENTISTS ON THE
SCIENTIFIC AND TECHNOLOGICAL ASPECTS OF THE TORREY CANYON DISASTER .

London , Cabine t O f f i c e , H.M. Stationery Office. 56 p.

The course of events following the grounding of the Torrey Canyon
off the coast of Cornwall is reviewed , wi th an accoun t of measures
taken to reduce and remove contamination of the beaches and
harbors by the spilled oil, and the effects of the oil ,
and tI’- ’~ detergents used to remove it , on f ish , shellfish ,
intertidal plan ts and animals , and sea birds. Based on the
experience gained , recommendations are made for dealing with similar
disasters in future to minimize pollution effects. (Sinha—OEIS)
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210. Cahnmann , H . H .  and M .  K t l r a t s L n e , (1957)

DETERMINATION OF POLYCYCLIC AROMATIC HYDROCARBONS IN OYSTERS
COLLECTED IN POLLUTED WATER.

- \ n a l .  Chem . 29: 13 12—1317.

As barnacles take up polycyclic aromatic hydrocarbons from polluted
surroundings , it was of interest to know whether o the r  marine animals
l i v i n g  in wate r  p o l l u t e d  w i t h  pe t ro l eum o i l s  or t a r s  also c o n t a i n  such
h ydrocarbons.  As an i n v e s t i g a t i o n  of ed ib le  m a r i n e  an ima l s  i s  of
particular practical interest , oysters collected in a moderatel y
p o l l u t e d  ha rbor  area were chosen fo r  the  p r e s e n t  i n ve s t i g a t i o n .
The nonsaponifiable matter obtained from an oyster extract was
fractionated in a series of chromatographic separations , and the
f r a c t i o n s  thus obtained were inves t iga ted  spec t rop h o t o m e t r i c a l l y .
The analytical procedures used are also applicable to other complex
mixtures. The spectrophotometric investigation of the chromato—
graphic fractions led to the de t ec t i on  of a number of pol ycyclic aromatic
hydrocarbons . They amounted to about 1 mg . per 1 kg.  of shucked
oyste r s .

211. Cahnmann , H. H.  and M. Kuratsune . (1956).

PAH IN OYSTERS COLLECTED IN POLLUTED WATER.

Proc. Amer. Ass. Cancer Res. .2:99

Oysters were collected in a harbor area where the water is polluted
w i t h  shi p fue l  oil and industr ia l  sewage. A methanol  ex t rac t  of
the oysters was fractionated by solvent partition between aqueons
methanol and cyclohexane . The material in the epiphase was
saponified and the nonsaponifiable material fractionated in a
se r ies  of chromatographic  separa t ions .  -

Spectrophotometric investigations of the chromatographic fractions
revealed the presence of a number of polynuclear aromatic
hydroca rbons, among them naphthalenes , phenanthrenes , pyrene ,
fluroauthene and chrysene . The amount of polynuclear aromatic
hydrocarbons found was considerably less than the amount present
in certain batches of barnacles. Nevertheless, the presence of
even small amounts of these hydrocarbons may pose a health problem
under conditions of severe pollution .

212. Cairns , .John, Jr . and Arthus Scheier. (1962).

THE EFFECTS OF TEMPERATURE AND WATER HARDNESS UPON THE TOXICITY
OF NAPTHENIC ACIDS TO THE COMMON BLUEGILL SUNFISH , LEPOMIS MACHROCHIRUS
RA F . ,  AND THE POND SNAIL PHYSA HETEROSTROPHA SAY . 

-_________

Nat. Acad . Nat. S d .  Ph i la., 353 1—1 2
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Literature dealing with the toxicity of naphtenic acids is briefly
discussed . For fish , the concentration of naphthenic acids which
-resulted in 50% survival in 96 hours was 5.79 p.p.m . in soft water
at 18°C., and 5.60 p.p .m . in soft water; 7.15 ppm in hard water at
18°C., 7.10 ppm in hard water at 30°C . For sna ils , the concentration
of naphthenic acids which resulted in 50% survival in 96 hours
was 6.60 p.p .m . in soft water at 20°C., and 15.6 p .p .m. in soft
water at 30°C.; 12.6 p .p .m. in hard water at 20°C., and 12.2
p.p .m. in hard water at 30°C.

213. Caldwell , R.S. (1976)

ACUTE AND CHRONIC TOXICITY OF SEAWATER EXTRACTS OF ALASKAN CRUDE
OIL TO ZOEAE OF THE DUNGENESS CRAB , CANCER MACISTER DANA .

In: Environmental Assessment of the Alaskan Continental Shelf.
Pr incipal Investigators Reports for the Year Ending March 1976,
Vol. 8. Effects of Contaminants, p. 345—375.

The fu l l  s t r eng th  seawater soluble fraction of Cook Inlet
crude oil is acutely toxic to first instar C. magister larvae
but no lethal or sublethal effects were found of an approximately
1/10 dilution of this fraction during a 28—day continuous exposure
period . In similar long—term exposures , 0.16 ppm naph thalene,
the highest concentration tested , is also without effect on the
larvae but 7.2 ppm benzene and possibly also 1.4 ppm benzene result
in reduced larval survival. The effects of benzene appear to be
manifested at the time of the first zoeal molt in these longterm
exposures. A comparison of the lethal concentration of benzene with
the estimated concentration of this aromatic compound in the
full strength seawater soluble fraction of crude oil suggests
that benzene may account for a major portion of the toxicity of
this fraction. Since the concentrations of many of the seawater
extractable components of crude oil may be expected to decline
rapIdly under natural environmental conditions as a result of
dilution , evapora tion, and metabolism by microorganisms , t hese
studies suggest that crude oil contaminations of seawater may
not seriously affect decapod larvae as long ;is the larvae do
not contact the oil/water interface.

214. California Fish and Game Departmen t (1969)

PROGRESS REPORT ON WILDLIFE AFFECTED BY ThE SANTA BARBARA CHANNEL
OIL SPILL.

January 28 — March 31, 1969, 8 pp.

Seven ocean aerial and four beach transects were established to
determine the effect of the 1969 Santa Barbara oil spill on wildlife .
Results of the aerial surveys indicated that bird numbers in the
affected area remained relatively stable. On the basis of the
transect data , bird losses for the 75.5 miles of beach from Pt.
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Conception to the Ventura River were estimated to he 1603
birds. Addi t i ona l  da ta  from b i r d  t r e a t me n t  cen te r s  raises the
estimated loss of birds to 3600.

~ I5 .  Campbel l , B. , E .  Kern , D. Horn (1977)

IMPACT OF OIL SPILLAGE FROM WORLD WAR II TANKER SINKINGS .

R ep o r t  N o .  MI TS G—77—4 Depar tment  of Ocean Engineering , Massachusetts
I n s t i t u t e  of Technology Cambridge , Mass.

The avai lable  da ta  on tanker  s inkings was accumulated . A computer
model was developed to estimate the tragectory of oil released
f rom each ship  sunk in the v i c in i t y  of Cape Ha t te ras . Asbury
Park , New Jersey was also investigated on the merit of substantial
documentation of spills in that area. Interv iews were conducted
to obtain first—hand information on visible effects of the oil.
Newspapers and records of marine activities were analyzed to de te rmine
environmental and other oil related effects. Results indicated
that effects of the oil spills as observed by residents of the
area under investigation, were negligible. Tn both cases, regional
wildlife and economy survived with minimal difficulty.

216. Canadian Scientific Pollution and Environmental Control Society.
(1971)

Oil Problems Investi&ation. Report of Canadian Scientific
Pollution and F.nvironmental Control Society, Vancover, B.C. 356pp.

Var ious aspects of the oil pollution problem were studied .
Ind ividual papers are ccncenred with a legal analysis of oil
pollution incidents off Canada ’s west coast , the e f f e c ts of ocean ic
and meteorological conditions on oil spill dispersal and effects
of oil and dispersants on the marine environment. The examinations
deal part icularly with meteorological and oceanic aspects of the
Pac ific Northwest and the Alaskan coast.

217. Canevari , c_ P. (1969)

TIL E ROLE OF CHEMICAL DISPERSANTS IN OIL CLEANUP .

In: Oil on the Sea, D.P. Hoult (ed.) Plenum Press, New York.
pp. 29—51.

This a r t i c l e  discusses the  use of d ispersants  including arguments
for  and a g a in s t  t h e i r  use f rom a biological  point  of view. The
arguments for the use of dispersants include the fact that it
destroys slicks which foul birds and block oxygen transport ,
and increases the rate of biodegredation . The argument against their
use is the fact that they contain toxic components and also cause
toxic petroleum components to enter the water column .
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218. C u e v i r i , ~ .l’ . and C.l’. L indb l om (1976)

‘O MU D1SSI-;NTIN ; REMARK S ON “I)ELETERIOUS EFFECTS OF COREXIT 9527
ON F E R T I L I Z A T I O N . AND DEVELOPMENT .

Mar. Pol - B u l l .  7 I _
~7—l2R

This article discu ~ st-~ the r e l e v a n c e  of Labo ra to ry  t o x i c i t y
studie s of i c hemica l  o i l  dispersant. While I onning and

~tn s i t ive means to det ermin e the more subtle ,
subletha l ~ t t e c t s  ot chern cals on marine life , two major aspects
of th e ir work -;ho Ld t : clarified . First , a concentration of
1— 10 ppm et c h e m i ca l  d i s p e r s i l i t , w h e r e i n  f e r t i l i z a t i o n  of the
sea urchin ~-g~ ~ i- , i t  l e ct e d  in t h e i r  work , does not occur in the
u s ua l  m a r i n e  env i ronmen t  w i t h  proper  use of the  d i s p e r s a n t .
Se cond , t he re is no evidence to suppo r t t h e co nc lus ion t hat  the
spe cific chemical dispersant s tud i ed by Lonning and Hagstrdm pre—
f t ’r en t i a ] l ’  r e l ea s e  ‘ t o x i c  subs t ances” f r o m  the  c rude  o i l .

219. Paparella , D.M. and P.A . LaRock (l97~ )

A RADIOISOTOPE ASSAY FOR THE QUANTIFICATION OF HYDROCARBON
B IODE C RADAT [ON POTENT TAL IN ENV I RONI-IENTAL SAMPLES.

Microbi al. Ecol. 62 2~ — 42.

220. Carlherg, S.R. (1976)

OIL AND OIL DISPERSANTS.

I n :  Second FAO/S ID A T r a i n i n g  Course on Marine Pollution in Relation
to I> rotection of Living Resources: Methods for Detection , Measurement
and Monitoring of Pollutants in the Aquatic Environmen t. United
N a t i o n s  Food and A g r i c u l t u r e  O r g a n i z a t i o n , UNIP1JB , New York.
p. 328—35.

Top ics discussed inc lude  oil pollution from ships , effects and fate
of o i l  p o l l u t i o n  a t  sea , possible  ways of d e a l i n g  w i t h  released
o i l , and b i o l o g ic a l  aspects  of oil p o l l u t i o n .  Ab out  95% of the
crude oil tonnage is now equipped with the load—on—top system
(LoT) to e l i m i n a t e  the  d i sc h a rg e  of o i ly  w - ’t e r  from the emptied
tanks. The LoT p reven t s  an estimated 1.6 million tons of oil from
r e a c h i n g  the  sea. Some c a l c u l a t i o n s  suggest  tha t  0.7 m i l l i o n
tons of oil are released Into the marine environment annually
f r o m  crude oil  c a r r i e r s .  When oil is released in to  the sea ,
a thin homogeneous slick is f ormed ; 25%—3O°/ of the substance
evaporates . The rema in ing  n o n v o l a t i l e  components are converted
into oil—in—water or water—in—oil emulsions. Most of the water—
i n — o i l  “mous se” washes ashore and forms tarry lumps. Parts
of the  o i l — i n — w a t e r  emuls ions  are d i s t r i b u t e d  as f i n e  suspens ions ,
consumed by plankton , settle on heavy particles , dissolve , or
u n d e r g o  c h e m i c a l  reac t ions  or bacterial degradation. Possibly
w a s  of dea l ing  w i t h  released oi l  Include t ak ing  no ac ti on at all
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in the open ocean , suction and skimming , absorbing and gell ing,
burning , oil sinking and dispersion. Substances in mineral oil
taken up by mar ine  organisms o f t e n  cannot be excreted and thus
may be regarded as risks for higher trophic levels in the  food chain .
Oil  and i t s  ar o m a t i c  compound s may completely  h ide  the  i d e n t i f ying
smell  of a c e r t a i n  area for  mi g r a t i n g  f i s h .  Dispens ing  agen ts  have
a deleterious effect on larval hatching and larval chemoreceptors
of fish. Oil is also able to concentrate DDT and other nonpolar
hydrocarbons (whether chlorinated or not) which are insoluble in
wate r .

221. Carr , R.H. (1919)

VEGETATIVE GROWTH IN SOILS CONTAINING CRUDE PETROLEUM .

Soil Sci., 8:67—68.

Several soybean plants  were grown in pots  conta in ing soi l  wi th
vary ing  c o n cen t r a t i o n s  of crude oi l .  Growth of p lan t s  was
a c t u a l l y  improved w i t h  small amounts of oil (0 .75%) , and r a t h e r
large amounts may be mixed wi th  the soil (4 .00%) be fo r e  t h e  soybean
plant succumbs to the oil t r ea tmen t .  This damage seems to be
due in part to the plant ’s inability to secure water rap idly
enough to meet its needs.

A small amount of oil is even desirable in nodule development,
and where the amount of oil was increased to the extent of
damaging the plant , t h e r e  was s t i l l  some nodule formation.

222. Carvell , F. and M. Tadlock (1971)

It s Not Too Late. Macmillan Company, Glencoe Press, Beverly Hills ,
C a l i f o r n i a  327 pp.

The historical roots , nature , and scope of the current ecological
cris is are examined , and changes that have occurred in the
env ironment are considered. The economics of pollut ion is
d iscussed along with the need for establishing ecological priorities .
S p e c i f i c  instances of environmental deterioration , such as the
Santa Barbara  oil spi l l , are analyzed , along w i t h  the population
explosion, land conservation, and the exploitation of water
resources. The ways In which environmental problems can be
attacked are examined.

223. Center for Ocean Management Studies (1978)

In: iN THE WAKE OF ARGO MERCHANT CONFERENCE AND 1~Q1~±~iU~)F HELD AT
UNIVERSITY OF RHODE ISLAND JAN 11—13, 1978, Pi~oc -: h - ! I N L s .

Center for Ocean Management Stud ies , tn .v crsity of Rhode
Island , Kinsgtown , Rhod e Island .
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In : These proceed ings combine 23 papers and the results of
three  workshops on physical , chemical and biological
aspects of the effects of the Argo Merchant sp ill.

224. Cerame—Vivas , N . (1969)

THE WRECK OF THE OCEAN EAGLE.

Sea Frontier , 15(4): 224—231.

Back ground in fo rmat ion , in ecological damage report , and a review
of cleanup procedures involved in ti e wreck of the tanker Ocean
Ea~~ie near San Juan. No data are included .

225.  C e r n i gl i a , C .E .  (1975)

OXIDATION AND ASSIM1L~TION OF WfDROCARBONS BY MICROORGANISMS
ISOLATED FROM TILE MARINE ENVIRONMENT .

North Car. S ta t e  U n i v . ,  Raleigh , Ph.D. Thesis, 65.

Results suggest that the major group of organisms that grew
on paraffin ic hydrocarbons in the littoral areas of North
Carolina were the mycobacteria and related organisms . Fewer
fungi were isolated but these were more effective in mineralizing
hydrocarbons and crude oil. Isolates that grew well on hydrocarbons
were of the genera Cunnin&hamella, Penicillium, Aspergillus ,
Cephalasporium , and ans Penicillium. Growth rates were affected
by incubation temperature , and growth was better on NH4C1 than on
NaNO3, with 0.25 mg/mi N being sufficient for mineralization of
crude oil.

22F . Cernig l ia , C.E. and J.J. Perry . (1973)

CRUDE OIL DEGRADATION BY MICROORGANISMS ISOLATED FROM THE MARINE
1- NVIRONMENT.

Z. au g. Mikrobiol. 13:299—306.

The utilization of crude oil by microorganisms isolated from marine
environments was investigated . Enrichment procedures for iso—
l ating crude oil degrading organisms were carried out using
samples of mud collected among the estuaries and along the coast
of N o r t h  Carol ina . The basal med ium was seawater supplemented
with nitrogen and phosphate. The fung i isolated under these condi-
t ions utilized crude oil more effectively than did the bacteria
and several oil utilizing fungi were isolated in pure culture.
Among the fungi selected were strains of Cunninghamella eleguns;
As~ ergll1us versicolor, Cephalosporium acremonium and a Pencillium
~~~~~~. These fungi utilized a wide variety of hydrocarbon substrates
as a source of carbon and energy . A ll grew on a mineral salts
medium with no requirement for seawater .

B—73

., , —~~~~—-—- —  

—--—---— — ______________- -



The amount of crude o~~l util~~ eu by growing fungi was determined .
The r e su l t s  suggested that  of the fung i isolated C. elegans and
the Penic i ll ium ~~~~~~. were most e f f e c t i v e  in degrading crude
o i l .  When p a r a f f i n  base crude oil was added to the seawater
basal salts medium (O.2~ v/v) and innoculated with C. elegans ver
9O~ of the  oil was assimilated a f t e r  5 days growth .  Less than
one—half of this amount of asphalt base crude oil was assimilated
a f t e r  5 days growth. Less than one—half of this amount of asphal t
base crude oil was utilized . The optimum temperature for growth
of f u n g i  tha t  u t i l i z e d  crude oil d i f f e r e d  but all grew at
temperatures between 15 and 24°C. Significant growth of the fung i
on crude  oil did not occur unless the seawater was supplemented
with a source of nitrogen and phosphorus. The results of this
s tudy  suggested tha t fung i can effective ly assimilate crude oil
and t h a t  p a r a f f i n  base crude is more readily degraded than the
asp hal t  base crude oil.

227. Chadwick, H . K .  (1960) .

TOXICITY OF TRICON OIL SPILL ERADICATOR TO STRIPED BASS (ROCCUS
SAXATILLIS) .

California Fish and Game , 46:371—312.

Tricon Oil Spill Erad icator is a commercial product designed
to emulsif y oil spilled on water . The manufac ture r  lists the
composition as 20 percent petroleum sulfonate , 5 percent fatty
acid esters , 10 percent polyethylene giycol ether , 63 percen t
petroleum solvents, and 2 percen t alcohol.

The use of Tricon Oil Spill Eradicator has been proposed in water of
the San Francisco Bay area. Since these waters are inhabited
by striped bass, the California Department of Fish and Game con-
ducted bloassays in early 1957, in order to determine this
erad icator ’s toxicity to this species.

Five striped bass were placed in each of eight aquaria containing
7,500 ml of a mixture of water taken from the San Joaquin R~ver
at Antioch and various amounts of oil spill eradicator . For a
control , five bass were placed in a ninth aquarium with 7,500
ml. of river water . The bass used ranged from 2.7 to 4.3 inches
and averaged 3.4 inches in fork  length. Air was bubbled slowly
through the water in all aquaria; water temperature was maintained
at approximately 65 degrees F.

These results show clearly that Tricon Oil Spill Eradica tor is
is toxic to striped bass at low concentrations . It is probable
that lethal concentrations would occur at least locally, if the
eradicator were used to treat oil spills.

2~ 8. Chan , E.L. (1977)

OIL POLLUTION AND TROPICAL LITTORAL COMMUNITIES : BIOLOGICAL
FFECTS OF THE 1975 FLORIDA KEYS OIL SPILL.
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In:  Proceedings 1977 Oil Spill Conference .  p.  539—542.
Amer. Petrol. Inst. Wash., D.C.

This study reports biological effects of the July 1975 oil
spill in the Florida Keys for a one—year period. Floating seagrass
served as a natural sorbent for oil and stranded in the intertidal
zone. A soluble component of oil, or possibly an organic
c leaning solvent, leaching from this debris , was probabl y
responsible fo r  a mass mor t a l i t y  of subtidal echinoderms on the
rocky platform. Several crab species were eliminated from the
rock y shores , mangrove fringes, and Bat is marsh communities
for several months . Subtidal pearl oysters ( Pinctada radia ta  )
from the grass flat community suffered extensive mortalities ,
also attributable to a soluble component of oil. Red
mangrove ( Rh izophora mangle ) seedlings on the fringe and in the
mangrove swamp , sustaining greater than 50% oiling of their
leaves were killed . Dwarf black mangreves ( Avicennia nitida )
with greater than 50% oiling of pneumatophores also died , as did
some where the substrate remained oiled one year later .
Elevated temperatures, exceeding lethal limits for many
i n t e r t i da l  organisms were observed in oil—covered substrates.
Oil persisted in the substrate of rocky shores and mangrove—
marsh areas for  at least one year a f t e r  the spill .

229. Chan , C. (1972)

A STUDY OF THE EFFECTS OF THE SAN FRANCISCO OIL SPILL ON MARINE
ORGANISMS. PART I.

College of Man n, Kentfield , California 94904.

The San Francisco oil spill occured on January 18, 1971,
when two Standard Oil vessels collided under the Golden Gate
Bridge, releasing 840,000 gallons of Bunker C fuel. This oil
was washed up on intertidal shores of the area. This report
describes the impact of this oil on Duxberry Reef as
de termined by transects made before and after the spill.
Recovery of the area since the spill is also debated .

230. Chan, G.L. (1973)

A STUDY OF THE EFFECTS OF THE SAN FRANCISCO OIL SPILL ON MARINE
ORGANISMS . PP 741—782.

In: Proceedings, Joint Conferences on Prevention and Control
of Oil Spills, American Petroleum Institute, Washington, D.C.

The San Francisco oil spill of 18 January 1971 covered areas
that which had been extensively studied by transects. Com-
para tive transects and laboratory observations determined that
mar ine organisms died from being smothered by the oil , with
certain species such as acorn barnacles and limpets suffering
the  highest  m o r t al it i e s .  Comparison of pre—o il and post—oil
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transect counts showed there was a significant decrease
in mar ine l i f e  a f t e r  the oil spill on the r e e f .  Marine snails
su f f e r ed  less mor ta l i ty  than sessile organisms . The normally
large populations of str iped shore crabs was missing f rom the
rocky crevices. Marine algal blooms were observed in ce r t a in
locali t ies. By December 1971, the condit ion of the area is one
of apparent good hea l th ;  the recruitment of some marine animals
appear to be approaching norma l levels. The oil has most l y
disappeared .

231. Chan , G .L.  (1975)

A STUDY OF THE EFFECTS OF THE SAN FRANCIS~ O OIL SPILL ON
MARINE LIFE . PART II: RECRUITMENT .

In: Conference on Prevention and Control of Oil Pollution.
pp. 457—462.  Amer. Petrol  I n s t. ,  Wash . ,  D .C .

A stud y of marine organisms on in te r t ida l  t ransects
encompassed the central theme of observing the e f f e c t s
of the San Francis~~ Bunker C oil spill of January 18 , 1971.
From a comparison of pre—oil  and post—oil  t ransect  data  wi th
computation of 95% confidence intervals  for  populat ion means ,
it was estimated tha t  4 . 2  to 7 . 5  mi l l ion  marine inver tebra tes,
ch ief ly barnacles , were smothered by the oil .  In subsequent
observations f rom 1972 to 1974 , the sample counts of
inver tebra tes  had returned to , and in some cases surpassed ,
pre—oi l  t ransect  levels. No l ingering e f f e c t s  of the oil
spill have been noted in any of the marine species .

232. Chan , G .L .  (1977)

THE FIVE—YEAR RECRUITMENT OF MARINE LIFE AFTER THE 1971
(SAN FRANCISCO OIL SPILL).

In: Proceedings 1977 Oil Spill Conference.  pp.  543— 545.
Amer . Pet ro l .  I n s t.,  Wash. D . C .

On January 18, 1971, two Standard Oil tankers collided under-
neath the Golden Gate Bridge, releasing about 840,000
gallons of Bunker C fuel. An estimated 4.2 million to 7.5
mill ion in ter t idal  invertebrates, chiefly barnacles , were smothered
by the oil . Five—year observations of marine l if e  recruitment
following the spill indicate tha t population densities of
some marine species have significantly increased in the San
Francisco Bay area intertidal zones at Sausalito and Duxbury Reef.
With  some fluctuations , the barnacles Balanus glandula and
Chthamalus dalli have increased from July 1971 to May 1976 —

from 93 to 189 barnacles per dm 2 at Sausalito and from nine to
34 per dm2 at Dusbury Reef. The large bed of mussels.,
My tilus californianus, showed a steady rise from 5.9/m2
in April 1971 to 14.01dm 2 in July 1976. The density of
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mobile organisms, such as limpets, snails, crabs, and star-
f ish , all show cyclical variations ; some show an overall increase.
The litnpets , Collisella ~~~~~~~~~~~ which suffered high mortality
during the spill have increased threefold over pre—oil
counts.

In 1975, some significantly low sample means were recorded for
barnacles in Sausalito and for 18 composite species at
Duxbury Reef , prol lbly due to natural ecological forces. The
f ive—year  recruitmant (1971—76) , however , shows no evidence
of lasting detrimental effects of Bunker C oil on the
populations of marine life within the transect sites.

233. Chasse, C., M.T.H. Halos and Y. Perrot (1967).

OUTLTNE OF A BALANCE OF BIOLOGICAL LOSSES CAUSED BY THE
FUEL Oii -  FROM THE TORREY CANYON ON THE TREGOR SEABOARD .

Penn Ar Bed 6 (50), 107—112.

The effect of oil pollution from the Torrey Canyon on fisheries
along the coast of Brittany was estimated . For a 50—kin
stretch of coast, and a depth down to 15 m, it was estimated that
100,000 tons of algae and 35,000 tons of fish were destroyed ,
representing a loss of 10 mil, kcal with a potential value of
5.4 m u ,  f rancs .  (Sinha—Oeis)

234. Chia, F. (1970).

REPRODUCTION OF ARCTIC MAR INE INVERTEBRATES.

Mar. Poll. Bull., l(5):78—79.

In temperate waters, biological damage caused by even a major
oil spill seems to be relatively short—lived . Although
the consequences of a spill may be locally catastrophic ,
the oil is eventually eroded, dispersed and biologically degraded ,
and the area recolonized by a flora and fauna. For the most part
this recolonization is by the settlement of planktonic
larvae and other dispersive phases in the life histories of marine
organisms. Several features of the reproductive biology
of Arctic marine invertebrates suggests that recovery of an
area from oil pollution is likely to be a much lengthier process
in high latitudes.

235. Chia , F.S. (1971).

DIESEL OIL SPILL AT ANACORTES.

Mar.  Poll. Bul l . ,  2 ( 7 ) :  105—106 .

A preliminary report on a study of the damage to intertidal
invertebrates. Of the forty eight species collected , most
were severely affected by the oil.
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236 . Ch ia , Fu—Shiang (1973).

KILLING OF MARINE LARVAE BY DIESEL OIL.

Marine Pollution Bulletin 4(2):29—30

Labora tory observations are given on the effect of
Texaco No. 2 diesel oil on 14 species of 5 phyla of pelagic larvae:
Echinodermata  (Pisaster  ochraceous, Luidia fo l i a ta,  Crossaster
papposus. Dendraster exercutricus), Mollusca (Acmaea scutum,
Haminoea virescens,  Melibe leonina, Katharina tunicata,
Crassostrea  gigas) ,  Annelida (Nereis vexillosa, N.  brant i ,
Serpula v e r m i c u la n i s) ,  Arthroposa (Balanus car iosus),  and Uro —
chordata  (Bolt en ia  velosa) . All larvae died at d i f f e r e n t
dura t ions  ( f r o m  3 to 72 hr)  a f t e r  being placed in 0 .5%
oiled seawater , except Crossaster which survived 8 d.
Symptoms of contact with oil are acute contractions of the gut ,
asynchroniza t ion  and sluggish beat of cilia or setae , and occa-
sional violent movement of the body . Species specificity
in terms of survival may be related to larval size .

237 . Chipman , W . A .  and P . S .  G a l s t of f .  (1949)

EFFECTS OF OIL MIXED WITH CARBONIZED SAND ON AQUATIC
ANIMALS.

U.S. Fish and Wildlife Service, Special Scientific Rept.
No. 1, 50.

Crude oil , Diesel oil , and Navy Grade Special fuel  oil added to
sea water  are  toxic to the hydrozoan Tubularia crocea; barnacle,
Balanus balanoides; embryos of the toadfish , Opsanus tau ;
and the eastern oy ster , Ostrea ~ 4 j n i~~~. The one experiment
performed wi th  the hard shell clam , Venus mercenaria, failed
to show toxicity, probably from insufficient concentration of
oil used . The toxic i ty  of these oils is apparent whether they are
present as oil slicks on the surface of the water or are held
on the bottom bound to carbonized sand . Strongly toxic fractions
obtained by shaking crude oil and Diesel oil with sea water and
separating the two phases show that the toxic effect is due to a
substance or substances leached by water.

The tox ic i ty  of crude oil to toadfish embryos was found to
increase wi th  concentrat ion;  the relat ionship may be approximately
expressed by an equat ion y = axc, where ~ is survival time ,
x is concentration, and a and c are constants. The presence
in water of crude oil and Diesel oil mixed with carbonized
sand and of extracts of these oils interferes with the pumping
mecham isms of the gills of oysters and reduces the rate
of fil tration of water . Continued exposure of oysters
to sea water flowing at a slow rate over a mixture of crude oil
aad carbonized sand results in a marked reduction in the amount
of water pumped by oysters and in a decrease in the number of
hours tha t the oysters remain open .
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238. Cimberg, R., S. Mann , D. Straughan (1973).

A REINVESTIGATION OF SOUTHERN CALIFORNIA ROCKY INTERTIDAL
BEACHES THREE AND DNE -HALF YEARS AFTER THE 1969 SANTA
BARBARA OIL SPILL: A PRELIMINARY REPORT. PP. 697-702.

In :  Proceedings, Jo in t  Conference on Prevent ion and Cont ro l
of Oil Spills. American Petroleum Institute, Washington, DC.

Ten rocky intertidal beaches in southern California , which
were surveyed for a 12—month period following the 1969 Santa Bar-
bara oil spill , were reinvestigated in June and July of
1972 . Data f rom th i s  1972 survey as well as data collected
during the same months on the same beaches in 1969 and 1970
were analyzed by forming beach groupings using cluster
analysis .  This anal ysis indicates that  sand movement and sub-
strate stability are the two most important factors affecting
the presence of marine organisms on these beaches during this
per od. Overall, the effect of the 1969 Santa Barbara oil spill
on the presence and abundance of rocky intertidal organisms
was less important than other environmental factors. Most
m o r t a l i t i e s  reported were localized in t ide pools and high
intertidal areas.

239. Clark. R.B. (1968).

OIL POLLUTION AND THE CONSERVATION OF SEABIRDS.

In: Proceedings of the International Conference on Oil
Pollution of the Sea, Rome, pp. 76—112.

240. Clark , R .B .  (1970) .

OILED SEABIRD RE SEARCH UNIT.

Mar. Poll.  Bull .,  i ( 2) : 2 2 . —24 .

Following the wreck of the Torrey Canyon, the (UX) Ad-
visory Conunittees on Oil Poll’ttion of the Sea established
a small research unit in the deoartment of zoology of
the University of Newcastle. Research has been carried out on
the waterproofing abilities of bird plumage. A second research
uni t  was established in Newcastle upon Tyne on 1 January
1970. The most urgent task is to devise suitable methods of
cleaning oiled birds without dest-~..oying the water—repellency of the
plumage. Also studied , will be treatment of oiled birds with
enr iched foods and drugs, thre~.tment of acute enteritis
following the ingestion of oil, and fate of rehabilitated
birds in breed ing colonies in th~ Fam e Islands and elsewhere.

241. Clark, R.B. (1971).

OIL POLLUTION AND ITS BIOLOGICAL CONSEQUENCES .
A REVIEW OF CURRENT SCIENTIFIC LITERATURE .
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Prepared for Great Barrier Reef Petroleum Drilling Royal
Commissions, 111 p.

242. Clark , R .B .  (1971).

THE BIOLOGICAL CONSEQUENCES OF OIL POLLUTION OF THE SEA ,
PP. 53—73.

In :  Water  Po l lu t ion  as a World Problem. Th~ Legal,
S c i e n t i f i c  and Poli t ical  Aspects.

A review covering the e f f e c t s  of oil pollut ion on sea—
birds , commercial f isheries and coastal f lora and fauna .
Topics also covered are: treatment of oil pollution;
special problems of the arctic , oil pollution as a public
health hazzard , and international conventions and control
measures .

243. Clark, R.B. (1971).

CHANGING SUCCESS OF COASTAL SPORT FISHING .

Man. Pollut. Bull., 2 153—156.

244. Clark, R.B. (1973).

IMPACT OF ACUTE AND CHRONIC OIL POLLUTION ON SEABIRDS.

In: Inputs, Fates and Effects of Petroleum in the Marine
Environment. Background Information for the Workshop,
Ocean Affairs Board, NSF, Airlie, Va. 21—25 May 1973.

This paper is a review of the mortality of seabirds
as based on beach surveys. It discusses both chronic
spillage and large spill incidents. Estimates of the
impact of these mortalities is the bird populations
have made. The use of dispersants is discussed as a
favorable method of reducing bird losses. Treatment
of oiled birds and methods of seabird conservation are
also covered.

245. Clark , R.B. and K.G. Gregory. (1971).

FEATHER-WETTING IN CLEANED BIRDS .

Mar. Poll. Bull., 2(5):78—79.

At present, the limiting factor in the rehabilitation of
oiled seabirds is the immediate loss of water—repellancy
from the plumage following cleaning, and so far no cleaning
method is generally accepted as overcoming this problem . The
characteristic watertight plumage of seabirds is
dependen t on the water—repellency of constituent feathers ,
and this is a function of structural and surface properties.
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Oiling and cleaning may reduce the apparent contact angle or im-
pair directional water—shedding by individual feathers or
render the normally hydrophobic porous structure water—
wettable. Plumage—wetting in cleaned birds may therefore be caused
by the absorption of water by individual hydrophil ic
feathers, or it m~ y be the result of penetration by
water between hydr~ phobic feathers exhibiting an impaired
water—shedding ability or a lowered apparent contact angle.

246. Clark, R.C. (1973).

BIOLOGICAL FATES OF PETROLEUM HYDROCARBONS IN AQUATIC MACROORGANISMS .

In: Inputs, Fates, and Effects of Petroleum in the Marine Environment.
Background information for the Workshop, Ocean Affairs Board, Airlie,
Virginia 21—25 May 1973. VOL. I & II..

The major objectives of the workshop were to provide an opportunity
for experts from the national and international academic , industrial ,
and governmental communities working with petroleum in the ocean
to accomplish the following goals:

Quantify more precisely the inputs of petroleum to the marine
environment.

Compare different analytical techniques, both chemical ~~~ biological ,
and establish reliability criteria for these techniques.

Develop more specific knowledge about the fates of petroleum in the
ocean , caused by such processes as weathering, dispers ion , biodegra-
dation, and biological uptake.

Evaluate effects of high—level, catastrophic spills on coastlines and
coastal biota, low—leve effects on marine resources and effects
on human health.

Forty—four papers are included in the 2 volumes. A report of
the findings of the workshop was prepared and published separately
by the National Academy of Sciences. (See entry no. in the bibliography.)

Revia.

247. Clark, R.C. (1974).

METHODS FOR ESTABLISHING LEVELS OF PETROLEUM CONTAMINATION IN
ORGANISMS AND SEDIMENT AS RELATED TO MARINE POLLUTION MONITORING .

In: Marine Pollution Monitoring (Petroleum) Proceedings of a
Symposium. National Bureau of Standards Special Publication No. 409
p. 189—194

A concise review and comparison of techniques for extraction , iden ti f i ca tion
and quantification of hydrocarbons in organisms and sediment.
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248. Clark , R.C. Jr. (1976).

IMPACT OF THE TRANSPORTATION OF PETROLEUM UN THE WATLRS OF THE NORTHE A STE RA
PACIFIC OCEAN .

U. S. N a t l .  Ma r .  F i sh .  Serv.  Mar .  F ish .  Rev. 38 20 — 2 6 .

249. Clark , R . C . ,  J r . ,  et al. (1973) .

INTERAGENCY INVESTIGATIONS OF A PERSISTENT OIL SPILL ON THE WASHINGTON
COAST, PP. 793—808.

In: Proceedings, Joint Conference on the Prevention and Control of
Oil Spills. American Petroleum Jnstitu te , Washington, DC.

An interagency team of biologists , chemists , oceanographers and
engineers  has been inves t iga t ing  the l o n g— t e r m  e f f e c t s  of oil spilled
by the grounding of the  t roopsh ip  GENERAL M.C. MEIGS January 6, 1972,
on an ocean coast i n t e r t i d a l  communi ty  of p l an t s  and animals .  Oil
has continuously been released f rom the 440 , 000 l i t e r s  of Navy
Special Fuel Oil carried by the vessel. The team assessed biological
damage by making (1) surveys of abundance and physiological cond ition
of animals , (2) qualitative evaluation of obvious damage to plar~ s,
and (3) measurements of the hydrocarbon uptake in both plants id
animals. A series of sites , forming a vertical profile of the
rocky shelf  area f rom the upper in te r t ida l  zone to the lowest low t ide
level in Wreck Cove , have been s tudied.

This report  describes the prel iminary f indings  of the f i r s t  ten months
(J ’nuary—Oct ober , 1972) of the invest igat i -in .  Abnormal and dead sea
urchins  ( St rongy locen t ro tus  purpuratus  ) indicated that this species
was affected . Loss of fronds and bleached thalli not evident in
control areas were observed in the plant  con~n u n i t y  in the immediate
vicinity of the hulk. Petroleum hydrocarbons were taken up in the
interLidal community . The normal paraffin hydrocarbon patterns and
conten over the range n—C 14H30 to n-.C37H76 of healthy—appearing
goose barnacles ( Mi tel~~i polytnerus ) ,  crabs ( Hemigrapsus nudus )
and an alga ( Fucus gardneri ) display the same basic charaLteristics
as the fuel which had been lost from the GENERAL M.C. NEIGS .

250. Clark, R.C., and M . Blumer . (1967).

DISTRIBUTION OF N-PARAFFINS IN MARINE ORGANISMS AND SEDIMENTS.

Limnol. Oceanogr . 12—79—87.

Twelve species of benthic algae from the northeast coast of the Jnited
States , three species of planktonic algae grown in the labortory ,
a pelag ic alga, a sample of mixed phy toplankton and zooplankton,
and a recent marine sediment were analyzed for their normal paraffin
distribution from C14H30 to C32H66.

Normal paraff ins occurred in all samples. Benthic and planktonic algae
and the mixed plankton sample exhibited only a slight odd—carbon
predom inance. All algae showed a major maximum at n—C 15H32
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or n—C 33H ~~
. In dl the’o t itures . the algae and the plankton

d iffered ~~om recent marine s~’d iments . This suggests that the normal
paraffins of recent marine sedim ents ire largely der ived from sources
other than t he organ i sms ctuJ ie~d.

Differences in the hydrocarbon distribution patters of various classes
of benthic alg~~ may he o taxonomic value. Pristane occurs in several
benthi e and planktoni ~i1gae ; ph \ t l n e , if presi ri t , occurs at a concen—
tr atic’i too low to be detected by the rn~ t hod us d .

251. Clark , R.C. and J.S . Finley (1973).

TECHNIQUES FOR ANALYSIS  OF PARAFFIN HYDROCARBONS AND FOR INT ERP RETATION
OF DATA TO ASSESS OIL SPILL EFFECTS IN AQUATIC ORGANISMS .

In : Prevention and C o n t r o l  of Oil Sp ills, Proceed ings of Joint
Conference,  Wash inEt on ,  D . C .  March 13—15, 1973. p.  161—172.

Norma l p a r a f f i n  hydrocarbons are one of the major  groups of compounds
in crude oil and pe t ro leum products .  Since these compounds can be
readily separated from aquat ic  organisms using solvent extraction and
l iquid—sol id  chromatography and i den t i f i ed  by gas—l iqu id  chromatography,
the norma l p a r a f f i n s  can serve as indicators  of petroleum pollut ion in
the aquat ic  environment. I t  is necessary,  however , to d i f f e r e n t i a t e
between na tu ra l  (or biogenic) hydrocarbons and those assimilated by
the organisms from pollut ion sources by comparing the na tura l  hydrocarbon
conten t  and pa t t e rn  of organisms from areas of pollution with those
of organisms from pollut ion sources by comparing the natural  hydrocarbon
content and pattern of organisms from areas of pollution with those
or organisms from re la t ively “unpolluted” areas. The paper suggests
techniques for  obtaining and analyzing petroleum hydrocarbon data which
can lead to a standard method for detecting and following the biological
uptake of oil by living organisms from the aquatic environment.

252. C l a r k , R .C .  and Finley , 5. (1973) .

PARAFFIN HYDROCARBON PATTERNS IN PETROLEUM—POLLUTED MUSSELS.

Mar.  P o l l u t .  B u l l . ,  4 17. — 17 6

By applying modern analytical chemistry techniques to the problem of
oil pollution in the marine environment, ~t is possible to de tec t  very
low levels ( 5ppb) individual n—paraffins n—C14H30 to n—C37H76) of
paraffin hydrocarbons in intertidal marine organisms and to use these
compound s with suitable baseline information for estimating the quantity
of petroleum pollution uptake in the organisms . Under condi t ions  of
moderate to major oil pollut ion, th is  technique  provides a calculat ion
of residual paraffin hydrocarbon pattern in exposed organisms which can

compared to the pollutant hydrocarbon pattern. For low—level persistent
pollu tion, the use of paraffin hydrocarbon patterns and content can often
provide an indication of petroleum uptake but , in cases where the pollutant
Is low in paraffin hydrocarbons (lubricating oils , some crude oi ls, etc.)
or where the rate of bacterial degradation is equivalent to the pollutant
input , differen t techniques of analysis are required .
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253. Clark , R.C., Jr., and J.S. Finley (1974)

ANALYTICAL TECHNIQUES FOR ISOLATING AND QUANTIFYING PETROLEUM PARAFFIN
HAZARDOUS IN MARINE ORGANISMS .

In: NBS Special Publ icat ion 409 ,, ~larine Pol lut ion Moni tor ing  ( P e t r o l e u m ) ,
Proceedings of a Symposium and Workshop hold at NBS , Gai thersburg ,
Maryland, May 13— 17, 1974. National Bureau of S tandards .  pp.  209—212.

This paper describes anylitical techniques to quantif y n—paraff ins in marine
organisms and argues f or the technique as a moni tor ing  procedure .  The method
involves benzene—methanol solvent extract ion, silical gen—alumina colum n
chromatography , and l inear programmed—temperature  gas chromatography . The
procedure can isolate and identif y individual n — p a r a f f i n  h ydrocarbons at
the nanogram ( lO— 9g)  lead over the molecular range from 14 to 37 carbon
atoms will approximately 75% reproductibility.

254. Clark, R.C., Jr. and J .S .  Finley.  (1975) .

UPTAKE AND LOSS OF PETROLEUM HYDROCARBONS BY THE MUSSEL , MYTILUS
EDTJLIS, IN LABORATORY EXPERIMENTS.

U . S .  National  Ma~~ine Fish Serv. Fish. Serv . Fish. Bull .  Vol.
73 : 508—515.

Petroleum paraff in hydrocarbons from No. 2 and No. S fuel
oils were r ap id ly  incorporated into the mussel , My t i l u s  edulis ,
in a labora tory  system tha t  simulated tides. The mussels were
exposed to levels of petroleum hydrocarbons from a surface  slick
similar to those encountered in the environment a f t e r  an oil
spill. Afte r  14 days in clean seawater , the mussels had lost most
of the hydrocarbons from the fuel  oils , however , detectable  traces
of the No. 2 fuel oil still remained after 35 days . Preliminary
resul ts  from these laboratory studies confirm previous studies of
pollutant uptake and loss following actual oil spills.

255. Clark, R.C. Jr., J.S. Finley and B.G. Patton. (1975) .

Long—term chemical and biological e f f e c t s  of a pers is tent  oil spill
following the grounding of the Genral M.C. Meigs.

In: Conference on Prevention and Control  of Oil Pol lut ion.
pp. 479—488. Amer . Petrol. Inst., Wash., D.C.

Petroleum hydrocarbon uptake patterns and observations of plant and
animal populations of an intertidal community exposed continually
since January 1972 to small quan t i t i e s  of a Navy Spec ial Fuel Oil
residue from the grounded unmanned troopship General M . C .  Meigs
were obtained by an interagencY team of oceanographers , biologists,
chemists and engineers. Although the tar—ball—like character of
the released oil served to limit its coverage, specific members of the
intertidal community showed effects of the persistence of the spill.
This repor t describes the long—term observations and analyses made
since the grounding of the 622—foot military transport on a rich and
produc tive intertidal regime.
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256. Clendonming , K .A .  (1959) .

THE EFFECTS OF WASTE DISCHARGE ON KELP, FUEL OIL.

Univ .  C a l i f .  In s t .  j ar .  Resources , 59 4—1 2 .

257. Clendenning, K.A. and North , W .J. (1960).

THE EFFECTS OF WASTES ON THE GIANT KELP MACROCYSTICS PYRIFERA. pp. 82-91

In: Waste Disposal in the Marina Environment. Pergamon , N.Y.

258. Clarke , C .H .D . ,  Gabrielson , H . ,  Kessel , B . ,  Robertson , W .B.,
Wallace , G .J .  and Cahalabe , V .H .  (1965) .

REPORT OF THE CO~ 1ITTEE ON BIRD PROTECTION , 1964.

Auk , 82 , 477—491.

This general report includes a paragraph on “Oil and Sea Biros.”
Most of this paragraph is devoted to the description of a large
sp ill in the Dry Torcugas and the act ive fea ther  to protect  colonies
of sooty and noddy terns.

259. Cobet, A . B .  and H .E .  Guard . (1973) .

EFFECTS OF A BUNKER FUEL ON THE BEACH BACTERIAL FLORA .

In: Conference on Prevention and Control of Oil Spills., pp.
815—820. Amer .  Petrol .  In s t .

Studies at four sampling locations on three beaches in the San
Francisco area affected by oil from an 840,00 gallon spill of
Chevron bunker fuel have shown that the size of the bacterial population
and distribution of bacterial genera within the beach was unaffected
by the petroleum hydrocarbons remaining in the beach sand after
completion of the cleanup operation. Only 15 percent of the beach
bac teria were affected by a v.~riety of petroleum components including
the pentane soluble fraction of the bunker fuel.

260. Cohen, Y.A. Nissenbann , and R. Eisher (1977).

EFFECTS OF IRANIAN CRUDE OIL ON THE RED SEA OCTOCORAL HETEROXENIA
fuscebcens.

Enciron. Pollut. 12 173—185

Acute toxicity and sublethal effects of Iranian crude oil on
colonies of the Red Sea octocoral Heteroxenja fuscescens were
studied under continuous flow assay conditions . Static toxicity
bioassays conducted in 31. jars at 41% salinity and 22 degrees C
showed tha t 12 vol/ i  crude oil to seawater was toxic to 50%
of the test colonies In 96 hours. Surviving colonies were adversely
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affect ed. Tank tests in large, deep containers and flowing seawater
demons t ra ted  a dep th  pro tec t ion  e f f e c t .  Gas chromatographic
analysis of hy drocarbon composition of coral exposal to h igh
sub—letha l  levels of c rude  oil showed tha t pe t ro leum derived hy dro—
c~.rbons were incorpora ted  into the t issues.

261. Cole , H. A . ,  editor (1975).

Petro leum and the Cont inental  Shelf  of Nor th—West  Europe ,  Vol. 2.
Environmental P r o t e c t i o n .  Applied Science Publ ishers , London. l2~~~pp .

This volume consists  of th i r teen  papers presented at a conference
organized jointly by the Geological Society of London , the Institute
of Geolog ical Sciences , the I n s t i t u t e  of Petroleum and the
Petr oleum Exploration Society of Great Britian. The papers are
mainly  reviews , inc luding  general reviews of the  biological
effects of oil pollution.

262. RR . Colwell (1974).

MICROORGANISMS OF THE OUTER CONTINENTAL SHELF.

In: Marine Environmental Implications of Offshore Oil and Gas
Development in the  Bal t imore  Canyon Region of the Mid—At lan t i c
Coast. Proceedings of Estuarine Research Foundation Federat ion
Outer Continental Shelf Conference and Workshop .  Es tuar ins
Research Federat ion.  p. 259—264 .

This a r t ic le  discusses the e f f e c t  of po l lu tan t s  on microbial
populations particularly with reguard to biodegredation of
hy drocarbon po l lu tan t s .  The work cited was pr imari ly  done in
Chesapeake Bay .

263. Colwell, R.R., J.D. Walker, and J.D. Nelson. (1972) .

MICROBIAL ECOLOGY AND THE PROBLEM OF PETROLEUM DEGRADATION
IN CHESAPEAKE BAY .

In: The Microbial Degradation of Oil Pollutants. pp. 185—197.

Petroleum degradation in the marine environment is one of the many
processes e f f e c ted by microorganisms. Control of this process
will  be achieved only through an unders tanding of microbI al  ecology .
Informat ion  obtained on the ecology of mercury—metabol iz ing bacteria
in Chesapeake Bay has provided interesting comparisons with the
pet ro leum—degrading  microbial  populat ions . Petroleum degradat ion
s t u d i e s  are  being done to obta in  a seasonal incidence, as well as
species distribution of petroleum—degrading microorganisms in
Chesapeake Bay. From analysis of water and sediments collected
a t  two s t a t i o n s  in Chesapeake Bay it was found tha t  the concentra—
t ion of pe t ro leum in an oil pollu ted site in Baltimore Harbor
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w~ s ca ‘ive times greater than in Lastern Bay. The numbers o~
p~ tr~~ic Lrn—degrading microorganisms , measured by direct and
replica h ating, in the water and sediment samples wer rt1 a~~
~~~~‘ the c~

)
~centration of oil in each sample. Total yields

~ ‘rol eLn degrading microorganisms grown on an oil substr i ’

~ ‘ter :Or those organisms expo~~.d to oil in the natur ~1 L~i .  flOCfl
M ‘~~rgan 1~~ms iso~ .ited f rom water  and sedimen t samp les col ed
in imoce Harbor grew on substrates representati ve of ~
al~ p , .i~~ rr~4t i c and retractorv hydrocar5o~is. From a 

- ses
o f spe ~~ di~- tri~wt ion , ~t was observed tha t a hydroc
u ti li z i~~~ ,.1n~ Ls . L i a d o e p o r i u m  res inae , and a c t i n ~ r’r c
predomin~ ‘meI~g the hydrocarbon—utilizin g isolate M. i e r ~~h i  ~l
legradatio~ pe~ role~~ in Chesapeake Bay appear ~ m&-d i .ited by
the au tcc hc c ni~~rehia1 f l o ra .  The o b j e c t i v  work  in
process is t e  -~~iine ~~ t h e r  a seasona l flu c ~ i e n  fri the
petroleum—degra L’~ icro~~Lira occurs in the B

264. Conder , P.J. ( l 9o8~~,

TO CLEAN OR KILL .

Birds , 2 5 6 .

265. Connel , P.W . (1971).

KEROSENE TAINTING IN AUSTRAL I~ V L L T .

Mar. Poll. Bull. , 2:l88— i~~i).

This a r t ic le  is a pr e l i m in  :eport t h e  hemical  composition
of substancea caus ing  a ke ’ . . .ne_ ~~j ke~~~. 4 n r  i~~~ rnuiLe~~. These
substances are kerosene—iS in compos ~fr ~nd hay originate from
similar substances iso l t rom rivet ments.

~, p.
266. Conney , A .H., et al. 8).

SUBSTRATE—INDUCED ~HESIS AND OTHER FROFER - . (~ BENZPYRENE
HYDROXYLASE IN RA IVER.

J. Biol. Chein .8:753—766.

The enzyma hydroxylation of 3.4—benzpyrerie (BP) ‘
~~~~~~ - rt ified

rat live mogenates has been describeci . ti ~is b ;nzp ~~~~‘

hydrox is heat— and trypsin—labile , is local ized ‘
~~

some nd requires reduced t n —  and diphosphopyridin $ ‘

(IF and DPNH) and oxygen are 8—hydroxy—BP , lO—hydro ~~~
a nidentif led compound which is probably the metab elk

by We iger t and Mott ram . and more polar un iden ti f ~d
.11 quantities of BP—5 , 8—quinone , BP—5 , 19—quinone , and

~hvdroxy — BP were also formed .
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was ca five times greater than in Eastern Bay. The numbers of
petroleum—degrading microorganisms, measured by direct and
replica plating, in the water and sediment samples were related
to the concentration of oil in each sample. Total yields of
petroleum—degrading microorganisms grown on an oil substrate were
greater for those organisms exposed to oil in the natural environment.
Microorganisms isolated from water and sediment samples collected
in Baltimore Harbor grew on substrates representative of the
aliphatic , aromatic and refractory hydrocarbons. From analyses
of species distribution , it was observed that a hydrocarbon—
utilizing fungus, Cladoeporium resinae, and actinomycetes were
predominant among the hydrocarbon—utilizing isolates. Microbial
degradation of petroleum in Chesapeake Bay appears to be mediated by
the autochthonous microbial flora. The objective of work in
process is to determine whether a seasonal fluctuation in the
petroleum—degrading microflora occurs in the Bay .

264. Conder , P.J. (1968).

TO CLEAN OR KILL.

Birds, 2 56.

265. Connel, P.W. (1971).

KEROSENE TAINTING IN AUSTRALIAN MULLET.

Mar. Poll. Bull., 2:188—190.

This article is a preliminary report on the chemical composition
of substances causing a kerosene—like taint in mullet. These
substances are kerosene—like in composition and may originate from
similar substances isolated from river sediments.

266. Conney, A.H., et a).. (1958).

SUBSTRATE—INDUCED SYNTHESIS AND OTHER PROPERTIES OF BENZPYRENE
HYDROXYLASE IN RAT LIVER.

J. Biol. Chem. 228:753—766.

The enzymatic hydroxylation of 3,4—benzpyrene (BP) by fortified
rat liver homogenates has been described . This benzpyrene
hydroxylase is heat— and trypsin—labile, is localized in the micro—
somes, and requires reduced t n —  and diphos~hopyridine nucleotide
(TPNH and DPN}1) and oxygen are 8—hydroxy—BP , lO—hydroxy—BP ,
and unidentified compound which is probably the metabolite designated
as F by Weigert and Mottram, and more polar unidentified metabolites.
Small quantities of BP—5 , 8—quinone , BP—5, 19—quinone, and 5,8—
dihydroxy—BP were also formed .
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The intraperitoneal injection of .1 to . mg. of BP or of certain
other polycyclic aromatic hydrocarbons into weanling male rats
caused a rapid increase in the hepatic benzpyrene hydroxylase
activity to about five to ten times the control value by 24
hours. Several experimental approaches indicated that the increase
in activity was the result of induced enzyme synthesis. In particular ,
the response to the BP could be prevented by the administration of
ethinine . The effect of ethionine was nullified by the simultaneous
administration of methionine.

267. Connor, M.S. and R.W. Howarth (1977).

POTENTIAL EFFECTS OF OIL PRODUCTION ON GEORGES BANK COMMUNITIES:

A Review of the Draft Environmental Impact Statement for Outer
Continental Shelf Oil and Gas Lease Sale No. 42. WHOI—77—l .
50 pp.

The biological communities of Georges Bank and their interaction
with the proposed development of oil resources there were studied
in fall 1976. Several major failings were found with the draft
environment statement (DES) for Outer Continental Shelf lease
sale no. 42, and it was considered an insufficient and overly
optimistic analysis of the possible environmental effects of
offshore oil exploitation. Oil from spills — small and large —
and oil from chronic discharges may have a serious impact on
the fish and other organisms of Georges Bank. The DES lacks a view
of the integrative nature of biological communities . Chronic oil
pollution associated with oil exploitation on Georges Bank may
affect benthic communities in more subtle ways, e.g., changing
the relative composition of the species in a given community.
This has important ramifications for the fisheries. Most of the
commercially important fish of Georges Bank are bottom feeders,
and a change in the bottom cotmnunity structure may well change
the abundances of the different species of fish. Fish larvae
are not distributed evenly in a body of water, but rather in
patches. Low sublethal concentrations of oil shift the com-
position of the phytoplankton from larger forms such as diatoms
to tiny microflagellates. The Bureau of Land Management ’s
analysis of the time needed for recovery — weeks or months —
following a spill is considered excessively optimistic . Recovery
apparently is considered to coincide with any repopulation by
organisms. There were also inadequate assessments of the possible
impacts of oil exploitation on endangered species and on coastal
environments, particularly the wetlands. For most of the discussion
on oil spill impacts on the environment, the DES uses pipeline, not
tanker, data for frequencies and sizes of spills.

268. Conover, R.J. (1971).

SOME RELATIONS BETWEEN ZOOPLANKTON AND BUNKER C OIL IN
CHEDABUCTO BAY FOLLOWING THE WRECK OF THE TANKER ARROW.

J. Fish. Res. Board Can. 28:1327—1330.
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Zooplankton ingested small particles of oil that were found
dispersed throughout the water column in Chedabucto Bay following
the wreck of the tanker Arrow. As much as 10% of the bunker C in
the water column was associated with zooplankton and their feces
contained up to 7% bunker C. The oil had no apparent effect on
the organisms. In addition to the particulate oil which was exported
from the bay by hydrodynamic processes, perhaps 20% more was
sedimented to the bottom as zooplankton feces.

269. Cook, J.W., W. Carruthers and D.L. Woodhouse. (1958).

CARCINOGENICITY OF MINERAL OIL FRACTION.

Brit. Med. Bull. 14:132—135.

This report discussed the separation and characterization
of the carcinogenic fractions of Kuwait, Lagunillas and Okiahome
crude oils.

270. Cook, J.W., W. Carruthers, and D.L. Woodhouse. (1958).

CARCENOGENICITY OF MINERAL OIL.

Nature 213: 691—92.

271. Cooley, J.F. (1977)

OIL INHIBITS REPRODUCTION IN TESTS ON MUSSELS.

Maritimes 21 12—14.

Experiments were performed to study the effects of No. 2
home heating oil on a simplified predator—prey system consisting
of the blue mussel (Mytilus edulis) and the common starfish
(asterias forbesi). Observations were made of the individual
species as well as the two—species system. These observations
included: amount of time the mussel spent filtering food,
time of reaction of mechanical stimulus, sexual conditions,
production of byssal threads by mussels, movement of starfish,
weight loss, and predation. Several functions of mussels were
af fec ted by the water—accomodated fraction of the No. 2 oil including
respiration, feeding, response time, reproduction and byssal thread
production. Little effectual was noted on the starfish.

272. Cooper, L. (1968).

SCIENTIFIC CONSEQUENCES OF THE WRECK OF THE TORREY CANYON.

Helgolander Wise. Meer., 17:340—355.
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Field studies were made at sea and on the polluted shores, as
well as laboratory studies of the detergents employed to disperse
the oil. The drift of the oil established by direct observation
at sea, was found to be directly ahead of the area where the oil
was predicted to be would have been of more value than the blanket
survey of a limited area close to the coast, and strong surface
currents should be added vectorially to the calculated wind—
drift when known. The French treated the oil with 3,000 tons of
craie de Champagne with 1% sodium stearate, and most of the treated
patches observed were pink. This color was due to the flagellate
Noctiluca miliaris, which may have engulfed the dispersed oil on
the chalk phagotrophically .

273. Copeland , B.J. and Troy C. Dorris. (1962).

PHOTOSYNTHETIC PRODUCTIVITY IN OIL REFINERY EFFLUENT HOLDING
PONDS.

J. WPCF. 34.1104—1111.

A study was made to estimate the primary productivity due to
algal photosynthesis in the effluent holding ponds of two oil
refineries.

The productivity estimates were made from diurnal changes in oxygen
concentrations.

Linear regression of gross primary producitivity and community
respiration on holding time showed a progressive decrease in both
productivity and respiration as the water traveled from pond
to pond .

Gross primary productivity decreased from 23.38 to 14.20
g o2/day/sq m at refinery A and from 21.66 to 7.50 g o2/day sq ut
at refinery B.

Community respiration exceeded gross primary productivity
at every sampling station.

The gross primary productivity and community respiration values
approached each other near the end of the pond system, indicating
that stabilization was being attained.

Efficiency of the algae to convert solar radiation to
carbohydrates was estimated to be 1.0 to 3.60 percent.

274. Copeland , B. and T. Dorris. (1964).

COMMUNITY METABOLISM IN ECOSYSTEMS RECEIVING OIL REFINERY
EFFLUENTS.

Limnol. and Oceanog., 9(3): 431—447
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The diurnal curve method was used to investigate community metabolism
in two oil refinery effluent holding pond systems. Photosynthetic
productivity and community respiration, addition of oxygen from
the atmosphere, and the effects of light and temperature were
studied . Average community respiration was highest in late fall
and lowest in early spring. Photosynthetic productivity was higher
in spring and fall than in summer and lowest in winter. There
was no photosynthetic productivity at Refinery A during Winter
Community metabolism in the holding ponds was higher than
in most natural communities and lower than in sewage oxidation
ponds. Diffusion of oxygen from the atmosphere was a major
contributor of oxygen to the system during winter and in the
first few ponds of the series. Efficiency of the algae in converting
solar energy to chemical energy was greatest during fall and
spring when sunlight was more nearly optimal, and lowest in winter
when sunlight was below optimal . Algae in oil refinery effluent
are less efficient than algae in sewage communities or natural
climax communities. The direct effect of temperature on the
bioactlvity of the oil refinery effluent community was small.
The community was moving forward a production respiration (P/R)
ratio of about unity at the end of holding time.

275. Corner , E.D.S. (1975).

THE FATE OF FOSSIL FUEL HYDROCARBONS IN MARINE ANIMALS.

Proc. Roy. Soc. Land. Ser. B. 189 391—413.

Certain hydrocarbons presenting crude oil have been detected
in several marine animal species as well as algae and sediments.
The importance of pollution as a source of these hydrocarbons is
briefly considered , as is evidence for their biosynthesis in
marine organisms.

The problem of whether these compounds, particularly
the polycyclic aromatic hydrocarbons are transferred through the
marine food web is considered in the light of recent evidence
for their uptake and release by various marine animals; and the
question of whether they are excretal unclugal or as metabolites
is discussed in the context of the many studies that have been
made of their fate in mammals.

276. Corner, E.D.S., CC. Kilvinaton and S.C.M. O’Hara. (1973).

QUALITATIVE STUDIES ON THE MATABOLISM OF NAPHTHALENE IN
MAJ.A SQUINADO (SPIDER CRAB).

J. Mar. Biol. Ass. U.K., 53:819—832.

Extraction methods , paper chromatography , enzyme hydrolysis
and spectrophotofluorometry have been used in identifying
unchanged naphthalene, an acid—decomposable precursor of naphthalene ,
1,2—dihy dro—1,2—dihydroxynaphthalene , a glucoside of this compound ,
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l—naphthyl sulphate, and l—naphthyl glucoside in the urine of
Maia squinado (Herbst) dosed with the aromatic hydrocarbon
naphthalene. In addition, l—nap hthylmercapturlc acid has been
detected in the urine after acidification. l—Nap hthol, l—naphthyl
glucoside and l—naphthyl sulphate have been identified in the
urine of Maiadosed with 1—naphthol.

277. Corner, E.D.S., R.D. Harris, C.C. Kllurtgton and S.C.M. O ’Hara

SHORT-TERN EXPERIMENTS ON THE FATE OF NAPHTALENE IN CALANUS.

J. Mar. Biol. Ass. U.K., 56:121—133.

Adult female Calanus helgolandicus Claus immersed for 24 h in sea-
water solutions of (l—l4C) naphthalene accumulated a detectable
quantity (3.6 pg/animal) from concentrations as low as 0.10
yg/ l .

Feeding experiments using barnacle nauplii or diatoms as foods
showed that the dietary route of entry was more important quanti-
tatively than direct uptake from solution in that in order to ensure
that the same quantity of radioactivity in the animals was attained
by the two routes the level of hydrocarbon in solution had always
to be far greater than that present as particulate food . Rele-
vant to these observations was the further finding that after
napthalene had been accumulated directly from solution in sea
water depuration was rapid and only a small fraction, less than 5%
of the original radioactivity could be detected after 10 days:
by contrast, when the hydrocarbon was taken up by way of the food
depuration was much slower, so that at the end of 10 days about a
third of the original level or radioactivity still remained in the
animals. Short—term experiments in which Calanus were fed on
labelled diets for 24 h under bacteria—free conditions showed
that at the end of this period over 90% of the radioactivity in
the animals was present as unchanged naphthalene. However, more
than two thirds of that released by the animals was in some form
other than the hydrocarbon, a finding consistent with the view that
Calanug is able to metabolize it.

278. Corner, E.D.S., Harris, R.P., Whittle, K.J. an~I Mackie, P.R.
(1976)

HYDROCARBONS IN MARINE ZOOPLANKTON AND FISH :

In: E f f e c t s  of Pollutants on Aquatic Organisms Lockwood , A . P . M .
Vol. 2 , pp. 71—105. Society for Experimental Biology Seminar
Series, Cambridge: Cambridge University Press. -

This paper reviews the background to studies in short—term
and long—term effects of petroleum hydrocarbons, the former being
principally concerned with toxicity, tainting and behavioral
responses, and the latter with uptake, metabolism and release
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or possible accumulation. The paper Is divided into two parts ,
the t irst section being mainly concerned with zooplankton ,
and the second with fish.

279. Corner , E.D.S., A.J. Southward , and B.C. Southward . (1968).

TOXiCITY OF OIL-SPILL REMOVERS (DETERGENTS) TO MARINE LIFE:
AN ASSESSMENT USING THE INTERTIDAL BARNACLE, ELMINIUS MODESTUS.

1~ Mar. Biol. Assn. U.K., 48:29.

The oil—spill removers HP 1002, Gamlen, Slipclean and Dasic have
been tested for toxicity using the barnacle Elminius modestus
Darwin. All four substances were more toxic than the laboratory
detergent Teepol—L , and Kuwait crude oil. BP 1002 was the most toxic
of the oil—sp ill removers, and Dasic the least, but all were
poisonous at concentrations between 2 and 10 ppm .

Most of the toxicity of BP 1002 was provided by the “Kerosene
extrac t” (“Kex”) used as an organic solvent; the solvent “Shelso l R”
used in the preparation of Dasic, was also highly toxic. Suspensions
of these solvents in sea water soon lose toxicity , however , because
of evaporation. The surfactant component of BP 1002, although of
lower toxicity (25 ppm) is likely to be more persistent.

Low concentrations of BP 1002 (0.5 and 1.0 ppm) inhibit the
development of larvae while 3 ppm slows down the swimming activity
of cyprids and prevents their settlement. Sensitivity to the
poison varies with stage of development; the adults are far more
resistant than the nauplii, being killed by 100 ppm of HP 1002,
but 5 and 10 ppm slow down cirral activity.

Possible modes of action of the poisons are discussed and
conclusions made about their future use.

280. Coughlan, J. and J.F. Spencer (1967).

MILFORD HAVEN:EFFECTS OF OIL SPILLAGES ON ECOLOGICAL SURVEY.
CENT RAL ELECTRICITY RESEARCH LABORATORY , REPORT RD/L/N 23/67
(mimeo , pp8.)

281. Cowell , E.B. (1969).

THE EFFECTS OF OIL POLLUTION ON SALT MARSH COMMUNITIES IN PEMBROKESHIRE
AND CORNWALL.

J. Appl. Ecol. 6:133—142.

Salt—marsh associations are damaged by oil pollution , especially those
dominated by Spartina townsendii and Pucclnellia maritima . The damage
is most severe when oil reaches the shore soon after It is spilled and
is less severe when the oil has been at sea for some days. The
lesser severity of damage in Cornwall, compared to that in Milford
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Haven, may be due partly to the length of time the oil was at sea
before stranding . The time of year when spillage occurs possibly
a f f ec t s  the severity of damage. Surfactants  severely a f f ec t  some
salt—marsh plants. Repeated contamination is likely to have in-
creasingly serious effects if changes in the microflora of the salt—
marsh muds lead to increasingly anaerobic conditions. Chronic oil
pollution has been shown to cause the death of plan ts in salt marshes
at Fawley . The e f f e c t s  could cause major changes in erosion and
deposition patterns , leading to serious conservation prob lems . Even
though no cleaning had been done , no oil or e f fec ts  of pollution
could be seen in te marshes in Cornwall except in small isolated
areas , 3 months after the oil was brought In by the tide on 26 March.

282. Cowell , E.B.  (1971) .

CHRONIC OIL POLLUTION CAUS ED BY REFINERY EFFLUENT S , PP. 380-381.

In: Water Pollution by Oil. P. Hepple, Institute of Petroleum, London.

Chronic damage can result from the continued presence of low levels
of pollutant in the environment where refinery effluent waters
are discharged . Reocvery will not occur unless the source of pollution
is removed .

At Southampton Wate r , Spa rt ina contaminated by ef f luent  water has been
killed out and there has been almost total ecosystem collapse. Twelve
successive monthly sprayings of Kuwait crude oil have killed all
plants in a Puccinellia maritima dominated turf at Weobley Castle
and Spartina townsendii at Crofty . Sprayings in the upper salt
marsh turf at Llanrhidian have eliminated all species except the
Umbell ifer  Oenanthe lachenalii. Oysters were killed by “bleed—water”
from the Lake Barre oilfield in Louisiana.

Present results suggest that if oil levels in outfalls cannot be
lowered to 10 ppm or less, then damage could be minimized by
resiting discharge pipes in ar eas of deeper water and greater tidal
dispersion.

283. Cowell , E.B.  (1971) .

SOME EFFECTS OF OIL POLLUTION IN MILFORD HAVE , UNITED KINGDOM .

In: Conference on Prevention and Control of Oil Spills. pp. 429—436.

Research on the biological effects of oil pollution and detergent
cleaning operations within the port of Milford Haven is described .
Observations made on accidental spillages, experimental field spillages
and laboratory investigations confirm that both salt marsh communities
and rocky shores do normally recover from oil pollution accidents
but that shore cleaning with emulsifiers can do serious damage if
misused , although recovery follows. The effects of some new emulsiflers
which are up to 1000X less toxic are discussed.
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Chronic pol lu t ion  damage from r e f i n e r y  discharges has been i d e n t i f i e d  both
in M i l f o r d  Haven and elsewhere , but i t  has been shown tha t  these
e f f e c t s  are eliminated if the o u t f a l l  pipes are located o f f s h o r e
in loca t ions  of good dispersion and cu r ren t s .

Long—term surveys reveal no widespread long—term damage to the fauna
and f l o r a  of M i l f o r d  Haven a t t r i bu t ab l e  to the development of the oil
po r t .

284. Cowell , E . B .  ( e d . )  (1971)

The Ecological E f f e c t s  of Oil Follut* on on L i t t e r a l  Communit ies .  Appl ied
Science publishers  Ltd .  Essex , England , 248 pp.

This collection of papers deals primarily with the impact of several
spills along the English and Welsh coast on the l i t t o r a l  communities.
Papers cover the e f f e c t s  on several huf i tabs  including the saltmarsh ,
rocky shor~ and mud f l a t s .  The papers were presented at an in ternat ional
conference organized by the Ins t i tute  of Petroleum , 30 November 1970.

285. Cowell , E.B. and J.M. Baker. (1969).

RECOVERY OF A SALT MARSH IN PEMBROKESHIRE , SOUTH-WEST WALES , FROM
POLLUTION BY CRUDE OIL .

Biol .  Conserv. 1:291—295.

Bentlass Salt Marsh , near Pembroke , south—west Wales , was polluted by
Kuwait crude oil in January 1967. Frequency data taken in June
1966 , and June 1968 , show that some species were more a f f e c t e d  than
others by the oil. In June 1967, Suaeda maritima, Salicornia spp.,
Halimione portulacoides, and filamentous green algae, showed the
greatest reduction of frequency, while Aster tripolium, Cochlearia
s p p .,  Triglochin maritima, Puccinellia marit ima, Juncus gerardi,
Limoaium humile, and Spart ina townsendii, showed some reduction .
At this  time frequencies of Festuca rubra, Plantago maritima ,
Armeria maritima, Aetemisia maritima, Glaux maritima, and Sper—
gularia spp., were not significantly lower than the pre—spill levels.
By June 1968 most of the species which were affected in 1967 showed
some recovery, the exception being Triglochin maritima, the ill—
effec t of which had increased . The species with the greatest coverage ,
Festuca rubra in the upper marsh , Puccinellia maritima in the mid—
marsh , and Spartina townsendii in the lower marsh , had all recovered
more or less completely by June 1968.

286. Cowell , E.B., J.M. Baker, and G.3. Crapp (1972).

THE BIOLOGICAL EFFECTS OF OIL POLLUTION AND OIL-CLEANING MATERIALS
ON LITTORAL COMMUNITIES, INCLUDING SALT MARSHES .

In: Marine Pollution and Sea Life, M. Ruive (ed.). FAO , Fishing
News (Books) Ltd . London . pp. 359—364.
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This paper reports research done at Milford Haven , south—west Wales ,
on the effects of oil and dispersants on salt—marsh and rocky
shore communities. In addition to accidental spills , oil was
sprayed on selected site to determine the effect of both one—time
and chronic spillage on these communities. 23 references .

287. Cox, B.A. and J.W. Anderson . (1973).

SOME EFFECTS OF #2 FIJEL OIL ON THE BROWN SHRIMP PENAENS AZTECUS.

Amer . Aool. 13:abstract number 262, p 1308

Sensitivity of brown shrimp of three sizes groups to water soluble
fractions of Number 2 fuel oil was tested . WSF’s were determined by
infrared spectrophotometry . Postlarvae were the least sensitive .
Up take and depuration of WSF by two size groups of shrimp were tested .
Tissue and water concentrations of diaromatics were measured by
ultraviolet spectrophotometry. Maximum uptake occurred within the
first hour of exposure. Deparation began during the 20 hour exposure
period . The larger shrimp absorbed more hydrocarbon but depurated it
more rapidly . Moulting frequency and growth rate were not affected .

288. Cox, B.A., J.W. Anderson , .T.C. Parker. (1975).

AN EXPERIMENTAL OIL SPILL: THE DISTRIBUTION OF AROMATIC HYDROCARBONS
IN THE WATER , SEDIMENT, AND ANIMAL TISSUES WITHIN A SHRIMP POND.

In: Conference on Prevention and Control of Oil Pollution. pp. 607—612.
Amer . Petrol. Inst., Wash., D.C.

A common practice in the inariculture of shrimp on the Texas coast
is the application of fuel oil on the surface of the pond . This
thin oil layer serves to eliminate large aquatic insects which are
predators of the small juvenile shrimp . Ordinarily, a common diesel
fuel is used and it is removed from the pond after one day ’s treatment.
In this experimental spill study, a high aromatic (38%) #2 fuel
oil was utilized in higher quantity than normal and the residue was
not removed . Mot talities of juvenile shrimp ( Penaeus setiferus )
and other invertebrates associated with the pond were recorded
over a period of 96 hours following the oil treatment. A peak in the
level of mortality occurred 48 hours after the spill , coinciding
with the peak in the concentration of naphthalenes (naphthalene ,
methylnaphthalenes in the tissues of caged and free swimming
organisms occurred at the point (48 hours) at which the concentration
of naphthalenes in the sedimdnt reached a peak approximately 12 days
af ter the maximum peak in the tissues and water .

While the pond water and sediments studied contained measureable levels
of naphthalenes, the shrimp and clams ( Rangia cuneata ) were shown
to release a major portion of accumulated naphthalenes by day 96.
Oysters and sediment measured at this same time interval showed
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levels between 3 and 6 parts per million (ppm) total naphthalenes.
Shrimp , clams, and oysters taken to the laboratory 38 days after the
spill released naphthalene~ to background or near background levels.
The data compiled in this study were compared to the findings of
various field and laboratory investigations.

289. Craf ts, A.S., and H.G. Reiber. (1948).

HERBICIDAL PROPERTIES OF OILS.

Hilgardia . 18:77—156.

The tests on the relation of toxicity to boiling range have shown
that two types of toxicity——acute and chronic——are caused by oils.
Starting with the light fractions, acute toxicity increases with
increased boiling temperature through the three light fractions of
gasoline and reaches a maximum in the fourth fraction that boils
between 330° and 420°F, but is practically equaled by the second
fraction, boiling between 3900 and 425°F.

Chronic toxicity begins to show up in the third stove—oil fraction
and increases with increasing boiling temperature through fractions
2, 3, and 4 of Diesel oil. U.S. no. 1 fuel oil is high in chronic
toxicity ; but its high viscosity interferes with penetration , so
that a mixture of 1 part with 3 parts of kerosene makes a more
toxic material. -

The refined fractions kerosene, odorless kerosene, and mineral seal
oil are devoid of acute toxicity. All, however, show a certain
degree of chronic toxicity, particularly against grasses. Mineral
seal oil, the heaviest, was toxic to mixed weeds, grass, corrots ,
and flax by the seventh day of the test and more so as time went
on. None of the natural or synthetic fractions tested was entirely
free of phytocidal effect.

290. Craig , R.E. and J.A. Adams (1967).

CROMARTY FIRTH.

Scotland Marine Laboratory , Aberdeen. 20 p.

The Cromarty Firth, a deep—water harbor between the Tay and the
Orkneys, was surveyed to determine the degree of pollution and circu-
lation of fresh and tidal waters within the estuary. A large grain
distillery and an oil depot are the main sources of pollution.
Salinity , oxygen and BOD were determined and water movement was
measured with a direct—reading current meter and with a fluorimeter
after discharge of Rhodamine B dye. Biological samples were collected
and lists of organisms found are presented in appendices. The
present degree of pollution, although causing some nuisance from
smell and discoloration, is not a hazard to fish . (Sinha—0B15)
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291 . Crapp , G.B. (1971)

CHRONIC OIL POLLUTION .

In: Lco~ogJca1 Effects of Oil Pollution on Littoral Communities,
Inst. of Petroleum , London , E.B. Cowell , ed.

I’opulations of l impets and barnacles were studied at an effluent
discharge pipe of an oil refinery. A series of six transects
were established around a particular outfall. These transects
were surveyed using an abundance scale. Some deleterions influence
was affecting these populations during the period of study and the
norma l refinery effluent is implicated . Persistant discharge of
oil in very low concentrations appears to have damaged the fauna
and flora of the shore adjacent to the outfall. Very young individuals
are the most severely affected .

292. Crapp, G .B. (1971).

FIELD EXPERIMENTS WITH OIL AND EMULSIFIERS.

In: The Ecological Effects of Oil Pollution on Littoral Communities
E.B . Cowell (ed.)

A descr iption is given of two emp irical investigations undertaken to
determine the relative effects of oil and emulsifiers , in the field .
Experimental oiling of rocky shores was found not to damage the
flora and fauna, except where the application of thick atmospheric
residue brought about a physical dislodgement of per iwinkles and
topshells. The application of emulsifier caused substantial mor-
talities in many species , but its most damaging consequences
stemmed from the development of an algal fores t following the de-
struction of limpets and mussels. The ultimate effects of the
emulsifier tt ~atment were, therefore , much greater than is apparent
from an assessment of mortalities alone.

293. Crapp , G.B., et. al (1971).

INVESTIGATIONS ON SANDY AND MUDDY SHORES .

In: The Ecological Effects of Oil Pollution on Littoral Communities,
E.B. Cowell , Ed. pp. 208—216. Great Britian .

This paper describes preliminary investigations into the effects
of oil pollution on the flora and fauna of intertidal sediments in
M ilford Have . The report is confined to a survey of the macrofauna
of th e intertidal and to reported inc idents of tainting of seafoods
in the area. Description of planned research are included.

294 . Crap p, G.B. (1971).

LABORATORY EXPERIMENTS WITH EMULSIFIERS.

In: The Ecological Effects of Oil Pollution on Litteral Communities.
E.B. Cowell (ed). pp. 129—149, Grea t Britian.
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A description is given of a comparative test of the tolerances of
various species to different emulsifiers. Batches of 50 were
exposed to various concentrations of BP 1002 in sea water for one
hour . This was followed by washing and placing in sea water.
This water was changed after one hour and thereafter at 12—hour
intervals. The recovery was assessed on a “three—value” scale .
Results of statistical analysis of recovery rates have been presented .

295 . Crapp , C.B. (l?7l).

MONITORING THE ROCKY SHORE.

In: The Ecological Effeccs of Oil Pollution on Littoral Communities
G.B. Cowell (ed.) p. 102—113. Great Britian .

Studies of Milford Haven during the earliest stages of industrialization
have proved valuable in giving a basic account of marine ecology
and in providing pre—pollution data in the event of an oil spillage.
Description has been given of a re—survey of 22 of Milford Haven
transects covered in earlier studies to determine whether any
changes can be detected which are attributable to the industrialization
of the Haven. The results show no general impoverishment of the
litto ral fauna and flora of Milford Haven in the first decade of
its development as an oil port. The methods used have demonstrated
a marked change in the barnacle population, attributable to clitnati.c
deterioration; a decline in the abundance of the top—shell Mondonta
lineata , possibly attributable to climatic deterioration ; and an
inexplicable decline in the numbers of Littorina saxatilis tenebrosa.

295. Crapp, G.B. (1971).

MONITORING THE ROCKY SHORE.

In: The Ecological Effects of Oil Pollution on Littoral Communities
E.B. Cowell (ed.) p. 102—113. Great Britian.

Studies of Milford Haven during the earliest stages of industrilization
have proved valuable in giving a basic account of narine ecology
and In providing pre—pollu tion data in the event of an oil spillage.
Description has been given of a re—survey of 22 of Milford Haven
transects covered in earlier studies to determine whether any
changes can be detected which are attributable to the industrilization
of the Haven. The results show no general impoverishment of the
littoral fauna and flora of Milford Haven in the first decade of
Its development as an oil port. The methods used have demonstrated
a marked change in the barnacle populations, attributable to
climatic deterioration; a decline in the abundance of the top—shell
Mondonta lineata, possibly attributable to climatic deterioration ;
and an i nexplicable decline in the numbers of Littorina saxatilis
tenebrosa.

296. Crapp, G.B. (1971).

THE BIOLOGICAL CONSEQUENCES OF EMULSIFIER CLEANSING.
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In: The Ecological Effects of Oil Pollution on Littoral Communities.
E.B. Cowell (ed.) pp. 150—168. Great Britian.

A discussion has been given of the consequences of the use of solvent
etnulsifiers after certain oil spillages. Observations made on these
polluted shores have been related ot the results of the laboratory
and field experiments. The following oil spillages, have been
discussed : CHRYSSI P. GOULANDRIS spillage (January, 1967). Gulf
refinery spillage (November , 1968). FINA NOVEGE spillage (November , 1967).
TORREY CANYON spillage (March, 1967).

297. Crapp, G.B. (1971).

THE ECOLOGICAL EFFECTS OF STRANDED OIL.

In: The Ecological Effects of Oil Pollution on Littoral Communities,
E.B. Cowell (eds). pp. 181—186. Great Britian .

A description is given of laboratory experiments with oil to
investigate the ways in which oil could affect the shore. Littoral
organisms may be affected by oil in two ways: They may be poisoned
(chemical effects), or they may be smothered or impeded mechanically
(physical effects). Only the lighter fractions of crude oil were
found to be toxic to inter—tidal animals. The shore is only likely
to be extensively damaged by spillage of light oils, and perhaps
crude oils, which are stranded in large quantities very soon after
being released . The presistent fractions of oil are not chemically
toxic , but can affect the animals by adhering to them and disturbing
their behavioral activities.

298. Crapp, G.B. (1971).

THE EFFECTS OF OIL POLLUTION AND EMULSIFIER CLEANSING ON LITTORAL
ANIMALS AND PLANTS.

In: Field Studies Council, Oil Pollution Research Uni t ,  Oriel ton
Field Centre, annual report.  pp. 7—13.

The ecological effects of emulsifier cleansing and standard oil were
studied Attempts to produce less toxic oil dispersants have so
far only produced 1 compound suitable for beach cleaning , BP 1100.
It is still sufficiently damaging to kill large numbers of more
susceptible species when used heavily. Crude and fuel oils are not
very toxic to organisms of the rocky shore, but lighter fractions
can be very much more damaging. Effluents containing a low concen-
tration of oils may cause ecological damage if persistently discharged
at the same point , and this should be considered when outfall pipes
are designed .

299. Crocker , A.S., et al. (1974).

THE EFFECT OF A CRUDE OIL ON INTESTINAL ABSORPTION IN DUCKLINGS
( ANAS PLATYRHYNCHOS ).

Environ. Pollut., 7:165—177.
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The rates at which water and Na+ are transported across the intestinal
mucosa increase when ducklings are transferred from freshwater to
a diet contaning hypertonic saline drinking water (60% standard
seawater equivalent; 264 mM NaCl, 6 inN KC1) . These increments in
mucosal transfer rates seem to be essential for the successful
adaptation of ducklings to hypertonic saline drinking solution.
Ducklings given a single oral dose of a crude oil (0.2 ml) at the
start of maintenance on hypertonic saline did not develop the character-
istic increases in tnucosal water and Na+ transfer rates observed
in control ducklings 1 and 4 days later. In addition, high mucosal
transfer rates which had been developed in ducklings fed hypertonic
saline for 3 days were abolished 24 h after the oral administration
of 0.2 ml crude oil. Although concentrations of 5 ppm and 20 ppm
commercial dispersant in drinking water had no effect on either
freshwater— or saline—maintained ducklings, the presence of 12.5—

-50.0 ppm dispersed crude oil in this solution prevented the development
of high mucosal transfer rates in the ducklings given hypertonic
saline drinking water.

Neither whole nor dispersed crude oil affected the basal musocal
transfer rate8 of freshwater—maintained ducklings. High mucosal water
and Na transfer rates are considered necessary to sustain the net
uptake of ingested water and electrolytes from the gut of ducklings
adapted to hypertonic saline. A diminution of the mucosal transfer
rates in seawater—adapated ducklings, through the action of ingested
crude oil, may therefore limit the amount of free water available
to the organism. Although the high mortality among oil—contaminated
seabirds may be due to a variety of pathological conditions, it is
postulated that dehydration resulting from impairment of mucosal
transfer mechanisms may be an important factor contributing to their
death.

300. Crocker, A.D., et al. (1975).

THE EFFECT OF SEVERAL CRUDE OILS AND SOME PETROLEUM FRACTIONS ON
INTESTINAL ABSORPTION IN DUCKLINGS ( ANAS PLATYRNYNCHOS ).

Environ. Physiol. Biochem., 5 :92—106. 
-

Ducklings given hypertonic saline drinking water show significant
increases in the rates of Na+ and water transfer across the
intestinal mucosa. These increased rates of transfer are maintained
as long as the birds are fed hypertonic saline. Oral r~fministration
of a single small dose of crude oil had no effect on t..a basal
rate of mucosal transfer in freshwater—maintained ducklings but
the adaptive response of the mucosa is suppressed in birds given
hypertonic saline. When crude oils from eight different geographical
locations were tested , the degree of inhibition varied between them;
the greatest and smallest degrees of inhibition being observed
following administration of Kuwait and North Slope, Alaska, crude
oils, respectively.

The effects of distillation fractions derived from two chemically
different crude oils were also examined. The volume of each
distillation fraction administered corresponded to its relative
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abundance in the crude oil from which it was derived . The inhibitory
effect was not associated exclusively with the same distillation
fract ions from each oil. A highly naph thenic crude oil from the
San Joaquin Valley , California , showed the greatest inhibitory
activity in the least abundant (2%) , low boiling point ( 245°C)
fract ion and the least inhibitory activity in the highest boiling
point ( 4820C) most abundant (47%) fraction . In contrast , a
highly paraff inic crude oil from Paradox Basin , Utah , showed
the greatest inhibitory effect with the highest boiling point
fract ion and a minimal effect with the lowest boiling point fraction ;
the relative abundances of these two fractions ; the relative
abundances of these two fractions in the crude oil represented
27 and 28%, respectively .

301. Crutchfield , J .A. (1968).

EFFECTS OF MINERAL AND PETROLEUM EXTRACTION ON LIVING RESOURCES OF
CONTINENTAL SHELF WATER.

In: Proc. 21st Annual Session, Gulf and Carribbean Fisheries Institute,
Univ. of Miami, pp. 20—36.

The first section of this paper summarizes current information on actual
and potential production of fish and shellfish from each of the major
segments of the continental shelf adjacent to the United States. The
second deals with the types of conflict that may arise between fishermen
and those exploring for or producing oil or minerals from the shelf.
The final section evaluates in qualitative terms some of the indirect
effects stemming from expanded petroleum and mineral activity in offshore
waters that may be of real benefit to the producers of seafood .

302. Cullinane, J.P. and P.M. Whelan (1976).

EFFECTS OF OIL ON BEACHES IN WEST CORK, IRELAND.

Marine Pollution Bulletin 7(4): 72—73.

This note describes the effects of the influx of approximately 6000
gallons of congealed oil, probably ballast, onto three beaches in
West Cork. The damage described is due primarily to the mechanical
effec ts of encrusting oil.

303. Cundell , A.M. and R.W. Traxler (1973).

MICROBIAL DEGREDATION OF PETROLEUM AT LOW TEMPERATURE.

Marine Pollution Bulletin, 4(8): 125—127.

Bacteria were isolated from littoral sediments collected in Chadabucto
Bay, Nova Scotia , and from oil—contaminated soil adjacent to a natural
oil seep at Cape Simpson, Alaska. Data are presented on the range of
hydrocarbon u t i l i z a t i o n  and growth temperature of 2 bacteria (Arthrobacter
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and Psedomonas), which suggest that bacteria existing in these environments
play a significant role in the biodegradation of pollutant hydrocarbons ..
The combination of high pressure and low temperatures may mean that
petroleum hydrocarbons reaching deep—sea sediments will remain essentially
unchanged .

304. Cundell, A.M. and R.R. Young (1975).

HINDGUT MICROFLORA FROM OIL-POLLUTED SOFT-SHELL CLANS .

Marine Pollution Bulletin 6 (9) :  134—135.

The natural microflora resident in the hindgut of the soft—shell clam

~~~ arenaria appear to have no role in the biodegradation of petroleum
hydrocarbons in oil—polluted estuarine sediments.

305. Currie , A. (1974).

OIL POLLUTION IN THE CROMARTY FIRTH.

Mar , Poll. Bull.  5:118—119.

Cromarty Firth on the northeast coast of Scotland is an area of interna-
tional importance to wildfowl, and the whole area has been designated a
“Site of Special Scientific importance” by the Nature Conservancy Council.
There are proposals to establish National Nature Reserves in two bays in
the Firth. The area has also become a centre of activity for the oil
industry exploiting the North Sea oilfield . Repeated oil spillages are
threatening the conservation value of the area and unless strong measures
are taken to reduce and treat oil pollution from all sources, there could
be enormous damage to wildlife.

306. Currier , H.B. and S.A. Peoples (1954).

PHYTOTOXICITY OF HYDROCARBONS.

Hilgardia 23 155—73.

307. Dagley, S. (1971). 
-

CATABOLISM OF AROMATIC COMPOUNDS BY MICRO—ORGANISMS.

In: Advances in Microbial Physiology. A.H. Rose and J.F. Wilkinson,
(eds.) Academic Press, London and New York. 6:1—46.

A review of the metabolism of aromatic compounds by microorganisms.

308. Dalby, D.H. (1968).

SOME FACTORS CONTROLLING PLANT GROWTH IN THE INTERTIDAL ENVIRONMENT .

In: The Biological Effects of Oil Pollution on Littoral Coi~~unities,
Field Stud ies, 2 (Suppi.), p. 31—37.
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This study concludes that the biological consequences of an oil spill
must vary vastly according to the position in the annual tide cycle and
the nature of the shore, quite apart from such matters as the quantity
and type of oil involved , and whether or not emulsifier was used in its
removal.

309. Dames and Moore (1975).

ENVIRONMENTAL ANALYSIS OF A LOUISIANA OFFSHORE OIL PORT.

Prepared for LOOP, Inc., New Orleans, Louisiana. Two volumes.

Volume One of this report describes the proposed offshore oil port
installation and the present environmental baseline, while Volume
Two deals with the probable impact of the construction and operation
of the oil port on the environment of the Louisiana Contintal Shelf.

310. Davavin, l.A ., Mironov, G.O. and Tsimbal, I.M. (1975).

INFLUENCE OF OIL ON NUCLEIC ACIDS OF ALGAE.

Mar. Pollut. Bull. 6,13—15.

Studies on the effect of oil on DNA and RNA of some Black Sea algae
(Ulva , Grateloupia, Polysiphonia) suggest that it inhibits biosynthesis
of these compounds and modifies the degree of polymerization of
deoxyribonucleic acids.

311. Davenport, J. (1973).

A COMPARISON OF THE EFFECTS OF OIL, B.P. 1100 AND OLEOPHILIC FLUFF UPON
THE PORCELAIN CRAB, PORCELLANA PLATYCHELES.

Chemosphere No. 1. pp. 3—6.

It would seem that the oleophilic ‘fluff’ is a relatively innocuous
substance. For any given concentration, it is no more detrimental to
porcelain crabs than the detergent B.P. 1100 which itself is much less
toxic than many of the detergents used upon oil spills in the past.
At high concentrations the ‘fluff’ appears to be less detrimental than
B.P. 1100.

Much more important is the cause of death in ‘fluff’/seawa ter mixtures.
It would seem that ‘fluff ’ killed the crabs by strictly mechanical
effects, either by blocking the nephropores so that urine release was
impaired , thus producing the observed swelling, or by blocking the
branchial chambers and producing the suffocation. These mechanical
effects were potentiated by the presence of crude- oil, probably because
the oil made the ‘fluff’ sticky so that the chances of the crabs being
able to repel the ‘fluf f ’  by producing water currents in the oral
region were reduced .
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312. Davies, J.A. and D.E. Hughes (1968).

THE BIOCHEMISTRY AND MICROBIOLOGY OF CRUDE OIL DEGREDATION.

In: The Biological Effec ts of Oil Pollution on Littoral Communities
-J.D . Carthy and D.R. Arthur , (eds). Supplement to Volume 2 of Field
Studies. Field Studies Council.

This paper is a short review of (1) the action of bacteria on
components of oil, (2) the action of bacteria on crude oil, and (3)
the environmental factors affecting the metabolism of oil by
bacteria.

313. Davis, C.C. (1972).

THE EFFECTS OF POLLUTANTS ON THE REPRODUCTION OF MARINE ORGANISMS.

In: Marine Pollution and Sea Life, M. Ruivo, (ed), FAO, Fishing News
(Books) Ltd . London, pp. 305—311.

This article reviews the known effects of several marine pollutants on
reproduction of marine organisms. Included is a short section on oil
and detergent.

314. Davis, J.B. (1956).

MICROBIAL DECOMPOSITION OF HYDROCARBONS.

m d .  Eng. Chem ., 48, 1444—1448.

Microbiologists have found that hydrocarbons are utilized by certain
bacteria, actinomycetes, filamentous fungi, and yeasts, although they
are generally not so readily decomposed as are carbohydrates, proteins,
or lipids. Gaseous aliphatic—hydrocarbons are decomposed by bacteria
(Methanomonas and Mycohacterium) actinomycetes (Streptomycetes
and Nocardia), and filamentous fungi of the class Phycomycetes. Pseudo—
monas species, Micobacterium, Nocardia, and filamentous fungi degrade
liquid and particularly solid aliphatic hydrocarbons. Cyclic hydro-
carbons are apparently less susceptible to microbial degradation.
Although Desulfovibrio desulfuricans seems capable of both cyclic and
paraffinic hydrocarbons. However, definite proof of this has yet to be
established. In all probability , decomposition of a crude oil cannot
be carried out by a single microorganism.

315. Davis, J.B., (1967).

PETROLEUM MICROBIOLOGY.

Elsevier, Amsterdam.

316. Davis, J.E. and S.S. Anderson (1976).

EFFECTS OF OIL POLLUTION ON BREEDING (REY SEALS.

Marine Pollution Bulletin, 7(6):115—118.

B— lOS

— - — —
~~.q -‘ —~~~~~~ - — - ,-

~~
7-— - —

~
___________________________ -



Oil stranded on the shore in Pembrokeshire, West Wales in September 1974
coincided with the start of the Grey Seal breeding season there
Observations were made on the effect the oil had on newborn pups and
their mothers. Behavior of oiled seals did not appear to differ from
that of normal seals. Peak weights of oiled pups were significantly
lower than those for unoiled pups, but this may have been due to
cleaning observations, veterinary inspection and visiting observers.
There was no difference between the mortality of oiled and unoiled
pups on the beaches.

317. Davis, S.J. and Gibbs, C.F. (1975).

THE EFFECT OF WEATHERING ON A CRUDE OIL RESIDUE EXPOSED AT SEA.

Water Res. 9(3):275—286.

Kuwait crude oil residues have been exposed to weathering at
sea (Langstone Harbour , Portsmouth) for 2 yr. in the form of a water—
in—oil emulsion (“chocolate mousse”) in a floating layer about 1.4 cm
thick. One batch of oil was exposed in a tank open to tidal flushing
below the water line and a second batch was exposed in a closed tank.
A number of chemical and physical properties of the oil were measured
at intervals as were the concentrations of mineral nutrients and
bacterial numbers in the sea water . Asphaltenes , specific gravity and
viscosity all increased , as did the “polar” fraction from liquid chro-
matography. The n—alkanes decreased to about half the original levels
in the open tank but were little altered in the closed tank. The
constancy of vanadium and nickel concentrations suggest that no net
loss of oil occurred, the substantial changes in properties deriving
from chemical modification (probably oxidation and polymerization)
of oil components rather than mineralization (conversion to carbon
dioxide and water) of some components leaving a residue of altered
composition. It was not determined which of several processes pre-
dominated in causing these changes, but it is thought likely that
in this thick layer of mousse auto—oxidation predominated over
biodegradation.

318. Davis, S.J., C.F. Gibbs, and K.B. Pugh (1977).

QUANTITATIVE STUDIES ON MARINE BIODEGREDATION OF OIL, III.
COMPARISON OF DIFFERENT CRUDE OIL RESIDUES AND EFFECTS OF SEA
WATE R SOURCE .

Environ. Pollut. 13 203—216.

319. Day, J.H. (1972).

EFFECT OF WAFRA OIL SPILL.

Mar. Poll. Bull. 3:164—165.

The tanker WAFRA grounded 8 ion, east of Cape Aguihas , South Africa ,
on 27 February 1972 and lost about 15,000 tons of oil. At high water
the llmpets and barnacles seemed unaffected , but crabs were nearly
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eliminated . At low tide the limpet Patella cochlear was badly
affected but P. lon&icosta was only slightly affected . In general, sea
urchins, octopus, alikreukels, perelemoen, and rock lobsters were
badly affected , but mussels, red baits , and barnacles showed little
damage.

320. Day, J.H. (1972).

OIL POLLUTION IN SOUTH AFRICAN SEAS.

S. Afr. J. Sd ., 68:130—131.

The WAFRA grounded about 8 Ion east of Cape Agulhas on February 7, 1971.
Large tanks ripped ooen, and about 15,000 tons of crude oil were
spilled . Animals which could close their shells (mussels, etc.)
seemed little affected , but soft—bodied animals such as Octopus,
Haliotus, Turbo, and echinoderms were killed . The effect on fish
was not investigated , but some fish catches reportedly had to be
dumped due to tainted flesh. The oil slicks did not reach the
penguin colonies and these were saved. There was no study of
mortality among birds, marine ‘n~mcnals, or marine flora.

321. Day, J.H., P. Cook, P. Zoutendyk, and R. Simons. (1971).

THE EFFECT OF OIL POLLUTION FROM THE TANKER “WAFRA” ON THE MARINE
FAUNA OF THE CAPE ACULHAS AREA.

Zool. Afr. 6:209—210.

This review covers a description of the wreck and an overview of the
ecology of rocky shores in the Cape Agulhas area. The effect of
oil pollution on these rocky shores is then described , with brief
notes on the effect of oiling on sandy beaches and offshore fishes.

322. Dennington , V.N., J.J. George, and C.H.E. Wyborn (1975).

THE EFFECTS OF OILS ON GROWTH OF FRESHWATER PHYTOPLANKTON .

Environ. Pollut., Vol. 8:233—237.

Experiments investigating the effects of oils on pure cultures of
freshwater algae show that Euglena gracilis Klebs will grow in cul-
tures containing up to 10% diesel and lubricating oils, whereas the
growth of Scenedeamus quadricauda (Turpin) Brebisson is reduced by
lubricating oil and halted by the presence of diesel oil. It is
suggested that oils may affect photosynthetic metabolism in
sensitive spec ies.

323. Deshimaru, 0. (1971).

STUDIES ON THE POLLUTION OF FISH MEAT BY MINERAL OILS.
I. DEPOSITION OF CRUDE OIL IN FISH MEAT AND ITS DETECTION.

Bull. Jap. Soc. Sci. Fish., 37(4):297—301.
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Yellow tail, Serb ia quingueradiata was reared in sea water experimentally
polluted with crude oil and its deposition in the meat was studied .
Testing a piece of meat in the mouth an obvious or slight oily smell
was perceived in fish reared in sea water with crude oil in the range of
50 ppm for 5 days or 10 ppm for 13 days.

By feeding fish with a diet containing crude oil of about 1%, a slight
smell was perceived in the meat after 8 days ’ culture.

Collecting the vapor from the sample meat by the Head Space method , the
resulting Gas—chromatogram was almost identical with the crude oil
assayed.

324. DeVries, A.L. (1976).

THE PHYSIOLOGICAL EFFECT OF ACUTE AND CHRONIC EXPOSURE TO HYDROCARBONS
OF PETROLEUM ON THE NEAR SHORE FISHES OF THE BERING SEA.

In: Environmental Assessment of the Alaskan Continental Shelf. Principal
Investigators’ Reports for the Year Ending March 1976. Vol 8. Effects
of Contaminants, p. 1—14.

Toxicity data for exposure to water soluble hydrocarbons on a few
Bering Sea fishes are presented . The temperature of exposure appears
to have profound effect. At low temperatures the hydrocarbons appear
to be less toxic. Baseline measurements of oxygen consumption both at
the orgainsmal and tissue level reveal that the Bering Sea fishes are
similar to other cold water fished in regards to their physiology.
Studies of the levels of freezing resistance in sculpin indicated that
it is a seasonal phenomonen. The time course of the appearance and
disappearance of freezing resistance indicate that this system will
be a good model for studying the effect of naphthalene on antifreeze
synthesis.

325. DeWitt, F.A., Jr. and P. Melvin (1975).

OIL SPILL AND OIL POLLUTION REPORTS, NOVEMBER 1974 — FEBRUARY 1975.

U.S. Environmental Protection Agency . Publication EPA/67O/2—75—044,
271 pp.

The second quarterly compilation of oil spill events and oil pollution
report summaries includes summaries of oil spill events, summaries and
bibliographic literature citations, summaries of current research proj-
ects, and patent summaries.

326. DeWitt, F.A., Jr, and P. Melvin (1975).

OIL SPILL AND OIL POLLUTION REPORTS, FEBRUARY 1975 - APRIL 1975.

EPA/670/2—75/059. Available from GPO 246 p.

This report is the third quarterly compilation of oil spill events
and oil pollution report summaries. Presented in the report are :
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(a) su~~aries of oil spill events; (b) sui aries and bibliographic
literature citations ; (c) summaries of current research projects;
and (d) patent summaries.

327. Diaz—Piferrer , M. (1962).

TUE EFFECTS OF AN OIL SPILL ON THE SHORE OF GUANICA , PUERTO RICO.
(ABSTRACT)

Association of Island Marine Laboratories, 4th meeting , Curacao,
12—13.

328. D ickman, M. (1971).

PRELIMINARY NOTES IN CHANGES IN ALGAL PRIMARY PRODUCTIVITY FOLLOWING
EXPOSURE TO CRUDE OIL IN THE CANADIAN ARCTIC .

Can. F ie ld—nat .  85:249—251 .

Mackenzie Valley Crude oil which had been exposed for 2 months to
natural arctic sunmmr conditions was added to bottles containing
algae taken from a marsh near Inuvik , N.W.T. Carbon 14 primary
product iv i ty  was ten times lower in the oil treated samples
(0.59 4- 0.30 mgC/m3/hr.) than in the untreated control samples
(5.12 ± 1.2 mgC/m3/hr.) after a four hour incubation period .

Small flagellates such as Cryptomonas spp. and Chlamydomanas
spp . comprised nearly 80% of the primary producers in the Inuvik
marsh samples.

Some implications of the significance of these preliminary findings
are discussed in view of the proposed 800 mile Mackenzie Valley
Pipeline route.

329. Dicks, B. (1973).

SOME EFFECTS OF KUWAIT CRUDE OIL IN THE LIMPET, PATELLA VULGATA.

Environmental Pollution , 5, 219—229.

A simple toxicity test for . l iu tan t s  associated wi th  the oil
industry using the limpet, Patella vulgata, is described . This
test with an organism of considerable importance to the ecological
balance of the rocky shore takes into account some of the criteria
likely to be of importance to mortality in natural populations
after an oil spillage. As such, it allows some prediction of the
ecological effects of an oil spill on the shore.

Natural rhythm in activity is shown to affect the susceptibility
of the limpet population to crude oil, greatest toxic effects
occurring during times of greatest activity. A circadian rhythm
is demonstrated in the activity of the limpet. There appears to
be no difference in the toxicity of crude oil to large and small
specimens.
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330. Dieter , M.P. (1976).

THE EFFECTS OF PETROLEUM HYDROCARBONS ON AQUATIC BIRDS.

In: Sources, Effects and Sinks of Hydrocarbons in the Aquatic
Env ironment. Proceedings of the Symposium, American Universi~y~
Washington, D.C. 9—11 August 1976.

Petroleum hydrocarbons have been positively identified in avion
tissue and their structures confirmed using gas chromatography!
mass spectrometry. Crude oil in microliter amounts cause
close—related mortatlities in incubating eggs. Future research
will examine the effects of sublethal amounts of oil ingested by
mallards. Food chain studies with invertebrates and mallards
are also being conducted .

331. DiSalvo , L.H. and H.E. Guard (1975).

HYDRO CARBONS ASSOCIATED WITH SUSPENDED PARTICULATE MATTER IN
SAN FRANCISCO BAY WATERS .

EPA Conf. on Prey. & Contr. of Oil Pollution. pp. 169—173.
Amer. Petrol. Inst., Wash., D.C.

Suspended sediments were obtained at seven stations in San
Francisco Bay during the summer of 1974 using a double settling
tube device termed the “bio—sampler.” One tube of the device
passively collected suspended sediments which settled from
ambient waters at the sampling sites. The top of the second tube
contained bay mussels (Mytilus edulis) as biological agents for the active
entrapment and deposition of suspended particulates occurring
in the water. Presence of the mussels in the sampler was, in
most cases, indispensable for collection of sufficient amounts
of material for analysis over one—week sampling periods.

A thin—layer chromatographic method was employed for analysis
of total alkane and total aromatic hydrocarbons in recovered
sediments. The sediments were found to contain 190—6188 ppm
dry weight of total hydrocarbons, with alkane—aromatic ratios
varying from 1.1 to 5.1. Water separated from recovered
sediments after shaking contained from 15 to 450 ug per liter
total hydrocarbons. Filtration of these water samples through
0.45 Millipore filters had little or no effect on their
hydrocarbon concentration . -

Calculations based on minimum possible values suggested that
13.5 or more metric tons of presumably pollutant hydrocarbons
were present in association with suspended particulate matter in
the bay system at any given time during the sampling period .

Previously published information on bay circulation suggested that
suspended particulates , and thus pollutant hydrocarbons, may
be accumulated in ths shoal areas of the eastern bay margins.
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332. DiSalvo , L.H., H.E. Guard , L. Hunter, and A.B. Cobet (1973).

HYDROCARBONS OF SUSPECTED POLLUTANT ORICIN IN AQUATIC ORGANISMS
OF SAN FRANCISCO BAY : METHODS AND PRELIMINARY RESULTS.

In: The Microbial Degredation of Oil Pollutants. Louisiana
State University Center for Wetland Resources, LSU—SG—73—Ol.

Investigation into fate and effects of petroleum—derived
hydrocarbons was initiated by analyzing the hydrocarbon content
of selected Pay animals to determine if this served as an
indicator of chronic hydrocarbon pollution in Bay food chains.
Init ial results have been obtained using solvent extracts of
sponge, mussel , and crab tissues. Closely related animals
were obtained from relatively clean waters along the northern
California coast to provide “unpolluted” control extracts for
comparison. To date , it has been shown that Bay organisms have a
significantly higher content of hydrocarbons than the clean water organisms.
Methods tested included gas chromatography (CC), thin layer chromatography
(TLC), fluorescence spectrometry, and high pressure liquid chromato-
graphy (HPLC). Comparative results between the different
methods suggest thin hayer chromatography to be the method of choice.

333. DiSalvo, L.H. Guard , H.E. and Hunter , L. (1975).

TISSUE HYDROCARBON BURDEN OF MUSSELS AS POTENTIAL MONITOR OF
ENVIRONMENTAL HYDROCARBON INSULT .

Env. Sci. Technol., 9, 247—251.

A simplified method for the analysis of total tissue hydrocarbon
burden was used to measure hydrocarbon concentration in the
mussels Mytilus edulis al N. Californicas as an indicator of
chronic hydrocarbon insult. Mussels transfered from clean water
to polluted water stations took up hydrocarbons. When replaced in
clean water their hydrocarbon content approaches clean—water baselines .
Mussels tcansfered from polluted water to clean water lost a minor
fraction of their hydrocarbon burden over a 10 week period .
When replaced in polluted waters of origin, the mussels showed
a tendency to return to their original hydrocarbon content.

334. Dixit, D. and J.W. Anderson (1977).

DISTRIBUTION OF NAPHTHALENES WITHIN EXPOSED FUNDULUS SIMILUS AND
CORRELATIONS WITH STRESS BEHAVIOR.

In: Proceed ings 1977 Oil Spill Conference. p. 633—636.Ainer.
Petrol. Inst., Wash., D.C.

Fundulus similus was exposed to naphthalene via oral administration ,
and naphthalene plus alkylnaphthalenes in water. The distribution
of these compounds within the organs and tissues of the fish was
monitored with time. Turn—over times for these compounds were
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rela ti ve ly  rap id , particularly in the case of naphthalene
administered orally. Accumulation within di~toxification (liver)
and storage (gall bladder) was expected , but accumulation
and reten t i on in the brain were higher than anticipated .
St ress—produced behavioral abnormalities may correspond to
the content of naphthalenes in the brain and other tissues of
the nervous system .

335. Dixon , T.J. and T.R. Dixon (1971).

THE PANTHER AFFAIR.

Mar. Poll. Bull., 2(7):1O7—lO8.

An exp lanation is put forward for the light seabird casualties that
occurred after the severe shore oil pollution .

336. Dixon , T.J. and T.R. Dixon (1976).

OLYMPIC ALLIANCE OIL SPILLAGE.

Marine Pollution Bulletin , 7(5):86—9O.

The collision of HMS Achilles and the Olympic Alliance in the
Dover Straits in Nov . 1975 produced an oil spill of 2,000—3,000
tons of light crude oil which formed a slick 11.3 km long and
1.6 km wide; 10,000 add itional tons of oil were lost while the
tanker was en route to port. Offshore and inshore oil dispersing
activities were conducted by 10 vessels. Despite considerable
success in dispersing large quantities of the oil with the
emulsifier BP llOOX , the English coastline was heavily polluted.
Sandy, low--energy beaches with shallow profiles near Folkestone
were extensively covered by a wide band of oil ranging from 100
to 250 m in width whereas narrow bands (3 in in width but 15—30 cm
deep were characteristic of high—energy shingle beaches with
steeper profiles near Dover and Deal. The rocky foreshores
between Dover and Folkestone were severely polluted ; many of
the larger rock pools were filled with oil. The cost for oil
clearance opera tions was f65 ,000. Precise numbers of beached
b irds are unknown, but auks were most frequently recorded .
The cormorant population was particular ly affec ted . Most of
the d iv ing b i rds  and ~he floating debris were completely covered
with a uniform layer of oil. Many birds apparently cleaned
themselves and were not harmed . There was also oil damage
to local inshore fishery equipment. The risk for further
coastal pollution remains high , as there are several faults
with the traffic separation scheme. The scheme is advisory,
not compulsory , and the size draft , and number cf ships using
the Dover Strait have exceeded design estimates.

337. Donahue, W.H., R.T. Wang, M. Welch , and J.A.C. Nicol (1977).

EFFECTS OF WATER-SOLUBLE COMPONENTS OF PETROLEUM OILS AND
AROMATIC HYDROCARBONS ON BARNACLE LARVAE .
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Environ. Pollut. 13 187—202.

The effects of the water—soluble fractions of petroleum oils and
of solutions of aroniatics on embryos and nauplii of barnacles
were investigated . Observations were made on development ,
and hatching of embryos, and the activity, phototaxis , and
survival of larvae. Acute experiments (1 h duration) were
carried out in glass tubes illuminated from above , and larvae
remaining on the bottom were separated froni those actively
swimming . Concentrations at which half the larvae occurred in
the bottom fraction were determined . Relative toxicities are
given. Embryonic development and larval activity were adversely
affected by No. 2 fuel oil at a concentration of 3 ppm and larval
activity by naphthalene at the same level.

338. Dorris, T.C., W. Gould , and C.R. Jenkins (1959).

TOXICITY BIOASSAY OF OIL REFINERY EFFLUENTS IN OKLAHOMA.

In: Trans. 2nd Sein. Biol. Prob. Water Poll., R.A. Taft San. Eng .
Ccnter , Cincinnati , Ohio, Tech. Rep. W60—3 :276—285.

A series of toxicity bioassays were performed upon refinery
effluents throughout Oklahoma, utilizing fathead minnows
(Pimephales promelas) as the test animals. It was found
that toxicity rather than oxygen demand was the most important
effect of oil refinery effluent on receiving streams . All
untreated final effluents and most pro~ ess effluents tested
were found to be toxic , with TLm4B values of about 15%. The
only nontoxic process effluents found were those from cooling
towers , and these were toxic if the towers had been treated
with chlorine. Even with dilution from cooling tower blow—
down , final effluents before treatment were always toxic.
Several cases were observed wherein the immediate oxygen de-
mand was satisfied , yet the effluents were still toxic.

339. Doudoroff , P., et al. (1951).

BIOASSAY METHODS FOR THE EVALUATION OF ACUTE TOXICITY OF INDUSTRIAL
WASTES TO FISH.

Sewage m d .  Waste. 23:1380—1397.

This paper completely outlines the various bioassay methods
for determining acute toxicity of industrial wastes to fish
by describing all steps In choice and preparation of test
animals, selec tion and preparation of test water (diluent),
experimental conditions and procedures, and reporting , inter-
preting, and use of bioassay results.

340. Dow, R.L. (1975).

REDUCED GROWTH AND SURVIVAL OF CLANS TRANSPLANTED TO AN OIL SPILL SITE.

Mar. Pollut. Bull., 6 124.
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341. Dow , R .L. and J.W . Hurst Jr. (1975).

THE ECOLOGIAL , CHEMICAL AND HISTOPATHOLOGICAL EVALUATION OF AN
OIL SPILL SITE , PART I: ECOLOGICAL STUDIES.

Mar. Poll. Bull. 6 164—166.

An oil spill into Long Cove , Searsport Maine, began on 16 March and
lasted until at least 30 June 1971. It resulted in immediate and
continuing soft clam mortalities which , based on before and after
b iolog ical surveys , had by August 1974 exceeded 85% of the estimated
50 million market size clams occupying the area .

342. Dugan , P.R. (1972).

BIOCHEMICAL ECOLOGY OF WATER POLLUTION.

Plenum Press , New York. 155 pp.

Chap ter 8 of this volume discusses biodegredation of hydrocarbons
includ ing substrate selection by bac teria , metabolic pathways ,
enzyme systems , oil breakdown products.

343. Dunn, B.P. (1976).

TECHNIQUES FOR DETERMINATION OF BENZO (A) PYRENE IN MARINE ORGANISMS
AND SEDIMENTS. -

Env . Sci. Technol. 10 1018—1021.

Rap id , economical , and reliable procedures are developed for the
measurement of the carcinogen benzo(a)pyrene in small marine tissue
and sediment samples. These involve alkaline digestion of samples,
column chromatography on Florisil , DMSO extraction , s?para tion of
polycycl ic aromatic hydrocarbons by thin layer chromatography,
and measurement of benze(a)pyrene by fluorimetry. Recoveries of
compound are measured for each sample by use of radioactive benzo
(a)pyrene as an internal standard . The procedures, which have a
sensitivity of 0.1 ug/kg and a precision of 6% appear more than
adequate for application in routine monitoring programs for
polycyclic aroma tic hydrocarbons carcinogens in the marine
environment.

344. Dunn, B.P. and A.F. Stich (1975).

THE USE OF ACCUMULATOR ORGANISMS IN A MONITORING SYSTEM FOR CHEMICAL
CARCINOGENS IN COASTAL WATERS.

In: Proc. Thirteenth Pacific Science Congress, 1 20.
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The extent of contamination of marine organisms and sediments by
carcinogenic and mutagenic polycyclic aromatic hydrocarbons (PAM )
was examined by isotope dilution and gas chromatographic techniques.
The degree of contamination of mussels (Mytilus edulis and M. cali—
fornianus) by benzo(a)pyrene (B(a)P) is correlated closely with
the degree of human activity near the sampling site. Mussels
from uninhabited areas show contamination ranging from 0.0 to 0.2
pg/kg wet wt; from the outer Vancouver harbor , 2—4 pg/kg ; from
a poorly flushed inlet with light industry, 30—60 pg/kg ; and from
marinas and wharf areas <60 pg/kg. Comparable levels were found
in other organisms. Elevated levels of B(a)P were present in
sediments near a sewage outfall. Motorboat marinas and creosoted
wharf structures appear to represent major sources of PAM in the
marine environment. Edible mussels growing on creosoted pilings
show B(a)P levels <214 pg/kg, far in excess of the standard for
smoked foods of 1 pg/kg recently adopted by the Federal Republic
of Germany . The measurement of B(a)P in mussels, which are
ubiquitous and easy to sample, may be useful in a large—scale
screening program for carcinogens in the marine environment.
The feasibility of applying this procedure on a global basis is
discussed .

345. Dunn, B.P. and H.F. Stich (1975).

THE USE OF MUSSELS IN ESTIMATING BENZO(A)PYRENE CONTAMINATION OF THE
MARINE ENVIRONMENT .

Proc . Soc. Exptl. Biol. Med . 150 49—51.

Mussels from various parts of the coast , inlet , and harbor
were analyzed for Benzo(a)pyrene. The mussels from the coast
were lowest in B(a)P while those near a marina were highest.
These results argue against biogenic origin of the B(a)P.
Mussels may represent a simple indicator for the degree of
contamination of the marine environment by polycyclic aromatic
hydrocarbons .

346. Dunn , B.P. and H.F. Stich (1976).

MONITORING PROCEDURES FOR CHEMICAL CARCINOGENS IN COASTAL WATERS.

J. Fish. Res. Bd. Can 33 2040—2046.

Sampling proceedures and analytical techniques have been developed
for evaluating the contamination of coastal waters by polycycl ic
aromatic hydrocarbon carcinogens . The procedures involve extraction
and purification of hydrocarbon fractions from marine sediments or
organisms, and determination of compounds by thin—layer chromatography
and fluorimetry, or gas chromatography . Initial results from mussels
in Vancouver harbor indicate a seasonal variation of benzopyrene,
a high incidence of this carcinogen in mussels near sewage outfalls
and near cresoted pilings.
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347. Dunn, B.P. and H.F. Stich (1976).

RELEASE OF THE CARCINOGEN BENZO(A)PYRENE FROM ENVIRONMENTALLY
CONTAMINATED MUSSELS.

Bull. Env. Contam. Toxicol., 15 398—401.

348. Dunn , Bruce P. and David R. Young (1976).

BASELINE LEVELS OF BENZO(A)PYRENE IN SOUTHERN CALIFORNIA MUSSELS.

Mar. Pollut. Bull 7 231—734.

Marine mussels accumulate the carcinogen benzo(a)pyrene from
contam inated environments. Baseline studies in California
indicate that levels of the carcinogen in mussles are at or
near zero,  except in areas of human activity. This finding
runs counter to previous suggestions that benzo(a)pyrene is
widely d istributed in marine organisms .

349. Dunning, A. and Major, C.W. (1974).

THE EFFECTS OF COLD SEAWATER EXTRACTS OF OIL FRACTIONS UPON
THE BLUE MUSSEL, MYTILUS EDULIS.

In: Pollution and Physiology of Marine Organisms. (F.J.
Vernberg and W.B. Vernberg, eds.) pp. 349—366, New York:
Academic Press.

350. Dunstan, W .M., L.P. Atkinson, and J. Natoli (1975).

STIMULATION AND INHIBITION OF PHYTOPLANKTON GROWTH BY LOW
MOLECULAR WEIGHT HYDROCARBONS . -

Marine Biology, 3l(4):305—31O. 
-

Experiments on 4 phylogentically different phytoplankton species
exposed in culture to a range of concentration of benzene, toluene,
and xylene showed a variety of growth responses for marine
microalgae. The phytoplankton studied were Amphidinium carterae,
Skeletonema costatum, Cricosphaera carterae, and Dunaliella
tertiolecta. The degree of influence of the aromatic hydrocarbons ,
all components of fuel oils and crude oils, varied with concentra-
tion, compound , and species. Stimulation of growth in D. tertiolecta
resulted from low microgram per liter concentrations of all
3 compounds. S. costatum showed no growth enhancement , whereas
C. carterae and A. carterae had intermediate reactions . Closed
culture vessels were necessary to retain the volatile hydro-
carbons. The species—specif ic stimulation of low concentrations
was shown further in experiments with mixtures of No. 2 fuel oil.
The volatile fraction was most biologically reactive , being the
source of growth enhancement at low levels and a major growth
inhibitor at high concentrations . A significant environmental
effec t of oil on marine primary production could be the growth
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s t imulat ion of part icular species by low molecular wt aromat ic
compounds, producing an alteration of the natural phytoplankton
community strucutre and its trophic relationships.

351. Duursma, E.K. and M. Marchand (1974).

ASPECTS OF ORGANIC MARINE POLLUTION.

Oceanography and Marine Biology; An Annual Review, No. 12:315—431.

World production and quantities of organic pollution, and organic
chemistry and seawater are discussed. Specific classes of pollutants
covered separately and in detail include pesticides, particularly
organochlorine insecticides; herbicides; polychlorinated biphenyls;
oil and hydrocarbons; sewage; detergents; wastes from wood processing
industries; cyanides; and other organic pollutants. Each class of
pollutant is discussed from the standpoints of chemical analysis,
includ ing preferred sampling, exLractive, concentrative, instrumental,
and classical wet methods; world distribution; associated biogeochemical
phenomena; and the effects on phytoplankton, zooplankton , other
invertebrates, fish, and birds. An extensive bibliography is given.

352. Eagles, D. (1964).

OIL POLLUTION - A NEAR DISASTER FOR THE GREATER SNOW GOOSE.

Canadian Audubon Nag., 1964 (2).

353. Ebeling, A.W., F.A. DeWitt , W. Werner, and G.M. Cailliet (1970).

SANTA BARBARA OIL SPILL: FISHES.

In: Santa Barbara Oil Symposium, Holmes, R.W. and F.A. DeWitt
(editors). Santa Barbara, December 16—18, 1970. University of
California.

354. E1-irhardt, M. (1972).

PETROLEUM HYDROCARBONS IN OYSTERS FROM GALVESTON BAY .

Environ. Poll., 3 257—271.

Oysters from a location in Galveston Bay, Texas, were analyzed for
petroleuin--derrived hydrocarbons. The lipids and hydrocarbons were
Soxhlet—extracted with benzene/methanol and then partitioned into
n—pentane . Hydrocarbons were separated from the lipids by column
chromatography on a bed of silica gel covered by alumina; both
absorbents were deactivated to prevent the formation of artifacts
from sensitive- components of the lipid f rac t ion .  Preparat ive TLC
on activated silica gel then resolved the column effluent into
aliphatic , mono— , di— , and tn —aromatic hydrocarbons . Individual
compounds and compound types were identified from their gas
chromatographic retention indices, mass spectra and UV spectra.
The severe oil contamination of the oysters is evident , the concen-
tration distribution of the aliphatic hydrocarbons is similar to
the distribution found in a crude oil, and alicyclic and aromatic
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hydrocarbons are encountered at higher concentrations than in
uncontaminated oysters.

355. Ehrhard t, Manfred , and .Jurgen Heinemann (1974).

HYDROCARBONS IN BLUE MUSSELS FROM THE KIEL BIGHT.

In: Contributed Papers, Marine Pollution Monitoring Symposium and
Workshop . Nat ional Bureau of Standards , Gaithersburg, MD.
May 13—17 , 1974, pp. 221—225.

Mussels exchange hydrocarbons with the surrounding water
which contains a relatively constant if not rising concentration
of fossil hydrocarbons in addition to recent biogenic hydro-
carbons whose concentrations vary seasonally.

Mussels are able to degrade recen t biogenic hydrocarbons
which they ingest with their food and take up from the water ,
but are much less efficient in degrading cyclic saturated and
aromatic hydrocarbons originating from fossil fuels.

Some time near the start of the experiment the mussels were
exposed to oil pollution. Subsequently, they exchange
saturated and olefinic hydrocarbons much more rapidly with
the water than cyclic and aromatic hydrocarbons .

356. Ehrhard t , M. and J. Heinemann (1975).

HYDROCARBONS IN BLUE MUSSELS FROM THE KIEL BIGHT.

Env. Poll. 9(4):263—282. Also in: NBS Special Publication 409
Marine Pollution Monitoring (Petroleum), Proceedin~gs of a

~~~~~siuin_and Workship held at NBS, Gaithersburg, Maryland,
May 13—17, 1974. 

-

Blue mussels (Mytilus Edulis) from a location east of the
entrance to the Kiel Fjord have been analyzed for recent
biogenic and petroleum—derived hydrocarbons . The freeze—
dr ied animals were Soxhlet—extracted with n—pentane.
Hydrocarbon fractions were obtained by column chromatography
on a bed of silica gel covered by alumina. In addition, this
procedure separated the hydrocarbon fractions from the lipids.
Both adsorbants were deactivated to prevent the formation of
artifacts from sensitive components of the lipid fraction.
IR— and UV—spectroscopy were used to monitor the composition
of frac tions eluted from the column. Preparative TLC on
activated silica gel resolved the column effluents into
al iphatic , o l e fin ic , mono— and d i—  + tn —aromatic hydrocarbons .
Some Individua l components and compound types were identified
from their gas chromatographic retention indices, UV—spectra,
and mass—spectra.
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The composi t ion of hydrocarbons extracted from the mussels
depended upon the time of sampling. Mussels sampled after
the spring phytoplankton bloom contained hydrocarbons pre-
sumably der ived from phy toplankton over a background of
hydrocarbons whose composition is indicative of fossil origin.
Mussels sampled in January, before the spring phytoplankton
bloom , contained very little recent biogenic hydrocarbons. The
a l t e red  composi t ion of extracted hydrocarbons may be explained
by the following assumption:

(I) aliphatic and olefinic hydrocarbons are metabolised within
the mussels , but the animals lack the ability to degrade
aromat ics ;  ~ind/or

(ii) the blue mussels exchange hydrocarbons with the surrounding
water which carries a permanent burden of aromatics, but whose
content of aliphatic and olefinic hydrocarbons varies.

357. Eisler , R. (1973).

LATENT EFFECTS OF IRANIAN CRUDE OIL AND A CHEMICAL OIL DISPERSANT
ON RED SEA MOLLUSCS.

Israel Journal of Zoology, 22:97—105.

Predation rate of the gastropod drill , Drupa granulata, on
the mussel , Mytilus variabilis, was measured over a period
of 28 days after adults from both species had been immersed
for 168 h in seawater solutions containing high sub—lethal
concentrations (10 ml/liter) of Iranian crude oil. Predation
rate was three times higher in controls than in the group
where both predator and prey had been exposed initially ;
intermediate values were determined among groups where only
one species had been treated initially. Fecundity of drills,
as evidenced by number of egg cases deposited , was directly
related to mussel consumption. In a similar study with a
chemical oil dispersant, exposure to high (0.003 ml/liter)
sublethal levels for 168 h did not affect markedly the rate
at which mussels were destroyed and consumed during post—
treatment. However, the fecundity of untreated drills feeding
on un t rea ted  mussels (controls)  was 3 to 10 times greater than
among groups in which one or both species had been exposed
initiall y to dispersant. Except for mussels consumed by drills,
there were no deaths during the post—treatment period in
either study, and all organisms appeared normal.

358 . EJ.sler , R.  (1975) .

ACUTE TOXICITIES OF CRUDE OILS AND OIL-DISPERSANT MIXTURES
TO RED SEA FISHES AND INVERTEBRATES.

Israel J. of Zool. 24(l—2):16—27.
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Crude oil from fields in the Persian Gulf and in the Sinai plus
a chemical oil dispersant were tested , using static bi~assay
procedures , for toxicity to adults or juveniles of ten marine
species: Heteroxenia fuscescens, a soft coral; Nerita forskali
and Drupa granulata, gastropod mulluscs; ~y~~l~s variabilis, a
mussel; Acanthopleura haddoni, a chiton (mollusc); Echinometra
mathaei, sea urchin; Calcinus latens, a hermit crab; Palaemon
pacif icus, a shrimp ; Paru~eneus barbeninus, goatfish; and
Siganus rivulatus, rabbitfish. Concentrations fatal to 50% of
individual test species in 168 hours, LC—50 (168 h), ranged
from 0.74 to more than 30.0 mi/liter for Persian Gulf crmde,
from 14.5 to more than 30.0 ml/liter for Sinai crude, and from
0.006 to 0.064 ml/liter for the dispersant. In general, fishes
and crustaceans were the most sensitive groups assayed and molluscs
the most resistant. LC—5O (168 h) values for oil—dispersant
mixtures  of 10 parts oil to 1 part dispersant (v/v) for selected
species raaged from 0.047 to 0.152 nil/lIter which appears to
reflect the biocidal properties of the dispersant. Some ind ivi-
duals that survived immersion in high concentrations of the
test compounds for 168 h were adversely affected during treat-
ment and afterwards.

359. Eisler , R. (1975).

TOXIC, SUBLETHAL, AND LATENT EFFECTS OF PETROLEUM ON RED SEA
MACROFAUNA.

In: Proceed ings of Conference on Prevention and Control  of
Oil Pollution. pp. 535— 540.

This report studies the e f f e c t s  of crudes and a chemical oil
counteractant on survival, metabolism , and behavior of
representative species of Red Sea macrofauna under controlled
environmental conditions. Specifically, it examines the
action of crude oil from fields in Iran and in the Sinai , a
chemical oil dispersant, and oil dispersant mixtures on -

juveniles or Adults of octocorals, crustaceans, molluscs,
echinoderms, and teleosts. The choice of bioassay methodology
on response parameters, especially survival, is significant.
A comparison of toxicity values derived from tests in large
(1,500 1), deep (2.0 m) tanks under conditions on continuous
flow with those performed in small (3 1) jars under static
conditions demonstrated that most assay species were up to
30 times more resistant to almost all toxicants in large
tanks. Tank tests also demonstrated a protective eLfect
with increasing depth : organisms confined 110 to 1.8 m from
the surface exhibited higher survival than those held at
shallower depths.  Sublethal and la tent  e f f e c t s  of oils and
dispersants on Red Sea biota were reviewed and included
reduction in feeding rate and egg case deposition of pre-
datory gastropods , interference with substrate attachment by
mussels, liver enlargement and lowered blood hematocrit
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values in f ishes , and bioaccumulation of crude oils in
octocorals. These and other data presented herein suggest
that introduction of petroleum into Red Sea ecosystems
may disrup t established feeding—predator patterns , repro-
ductive processes, defense mechanisms, and conceivably other
systems , and it would constitute a potential threat to
population stability .

360. Eisler , R. and G.W.  Kiasil (1975).

TOXICITIES OF CRUDE OILS AND OIL-DISPERSANT TEXTURES TO
JUVENILE RABBITFISH, SIGAHUS RIVULATUS.

Trans. Am. Fish.  Soc . l04 (3 ) :57 l—578 .

Toxicities were determined for two crude oils, one from the
Persian Gulf (Iran) and one from the Sinai Peninsula (Gulf
of Suez) , to rabbitfish , Siganus rivulatus, an economically
important species of teleost from the Red Sea. Also tested
for toxicity were ST 5, a chemical oil dispersant , and oil—
ST 5 mixutres in the ratio 10:1 vol/vol. Static tests con-
ducted in small (3—liter) jars at 41% salinity and 23°C
produced LC50 (168 h) values of 0.74 mi/liter for Iranian
crude , 14.5 mi/liter for Sinai crude, and 0.010 ml/iiter for
ST—5; LC50 values for oil—ST 5 mixtures reflected bioc idal
propert ies  of ST 5 alone. Iranian oil became less toxic wi th
increasing time in seawater over a period of 168 hours; the
reverse was observed £ or Sinai crude. ST 5 exhibited a
dramatic reduction in lethality after 2 hours in the assay
medium. The most toxic component tested of Iranian crude was
the lowest—boiling fraction; with Sinai crude it was the
highest—boiling fraction; with ST 5 the volatile surfactant
component accounted for almost all deaths. Liver enlargement
in rabbitfish was linked with exposure to oil as was lowered
blood hemotocrit. Rabbitfish survival at a given petrochemical
concentration was highest at intermediate salinities of
30—50% in the salinity range tested of 20 to 60%. Rabbitfish
were more resistant to crudes and oil—dispersant mixtures in
continuous flow bioassays conducted in large tanks than in
static jar bioassays. Tank tests also suggested that mortalities
were higher among toxicant—stressed fish confined 0.2 to 1.0
meters from the surface than among fish held 1.0 to 1.8 meters from
the surface.

361. Eisler , E . ,  G.W. Kissil , and Y. Cohen (1974) .

RECENT STUDIES ON BIOLOGICAL EFFECTS OF CRUDE OILS AND OIL-
DISPERSANT MIXTU RE S TO RED SEA MACROFAUNA .

Environ. Monitor . Ser. No. EPA—600/4—74—004, 156—179.
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Because v i r t u a l l y  n o t h i n g  was known regarding the influence
of crude oil or chemical oil counterac tants on local coral
reef ecosystems , the Hebrew University in 1972 initiated
a continuing series of investigations in this subject
area . This  account summarizes progress during the first
vcar of laboratory studies. Specifically, we report on
acute toxicity to representative species of marine
macrofauna of two common grades of crude oils (which
together comprise more than 80% of all crude oil unloaded
at  E l a t ) , a ch emica l  oil  dispersant used extensively
in  N o r t h e r n  I s rae l , and mix tu res  of oil and dispersant
at r e a l i s t i c  app l i c a t i o n  levels. Bioassays were conducted
under s ta t i c  as well as continuous flow conditions .
Depth—toxicity interactions were evaluated using deep
(2.0 m) tanks . Sublethal and latent effects of crudes
and oil—dispesant mixtures of physiology , metabolism,
and behavior were invest igated as were s h o r t — t e r m
degradation and bloaccumulation of oil. -

362. Elgershuizen , J. and H . DeKruijf (1976).

TOXICITY OF CRUDE OILS AND DISPERSANT TO THE STONY CORAL
MADRACIS MIRABILIS.

Marine Pollution Bulletin 7(2):22—25.

The toxicity of various crude oils to Madracis rnirabilis
was tes ted  by exposing colonies to various concentrations
of o i ls .  P r a c t i c a l l y  all colonies exposed to solutions
obtained from oil on the surface recovered . Oils mixed
w ith seawater are more toxic than solutions from oils
put on top of seawater. A dispersant mixed with
~~-~ w~iter was initially slightly more toxic than the oils
hut recovery was poor , ind icating more permanent damage.

363. E lm h u r s t , R.  ( 1 9 2 2 ) .

INVESTIGATION ON THE EFFECTS OF OIL-TANKER DISCHARGES.

Ann. Rep . Scottish . Mar. Biol. Assoc., 1922, 8—9.

364 . Engelhard t , F.R. , J.R. Gerac i , and T.G. Smi th (1977).

UPTAKE AND CLEARANCE OF PETROLEUM HYDROCARBON IN THE
RINGED SEAL, PHOCA HISPIDA.

Journa l of the Fisheries Research Board of Canada,
34 1143—1147.

Ringed se;ils, Phoca hisp ida, showed rap id absorp-
tion of hydrocarbons from Norman Wells crude oil into
bod y t issues and f l u i d s  when exposed by both immersion
and Injestion . Relatively low but significant levels
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were found in tissue, blood , and plasma. Levels in
b i le and urine were high, indicating these to be routes
of excretion .

Th5. English , J.N., et. al. (1963).

POLLUTIONAL EFFECTS OF OUTBOARD MOTOR EXHAUST - FIELD
STUDIES.

J. Water Poll. Contr. Fed. 35:1121—1132.

A preliminary study, conduc ted in the laboratory with
tanks of water , showed that outboard motor exhausts
damage the quality of water in a variety of ways. The
most noticeable damaging effec ts were unpleasant taste and odor
in the water and offflavoring of fish flesh.

Polluting effects after a short intense period of motor operation were
de termined in the laboratory investigation. The effects of natural
p u r i f i c a t i o n  by biological degradation or loss of volatile pollutional
mater ia l s  to the atmosphere such as would occur to some degree in an
actual situation were not studied . The findings of a field study
in which these factors were considered are presented here.

366 . Envi ronmenta l  P ro tec t ion  Agency (1973) .

OIL SPILL , LONG ISLAND SOUND MARCH 21, 1972 , ENVIRONMENTAL EFFECTS.

Final Report U.S. Government Printing Office , Washington, D.C., Order
No. 001. Contract No. 68—01—0044.

T h i s  stud y examines the e f f e c t  of a sp ill of number 2 fuel oil on the
uenthic conmiunities of Niantic Bay on the northern shore of Long Island
Sound . Stations were analyzed for density and diversity of species.
Sediments and selected biota were analyzed for fuel oil by gas chromatography.
Only the mid—bay station was contaminated , which may have caused the loss of
amphipods. The hermit crab , Pagurus may also be senitive to the o i l .
Concentration of the pollutant in its tissues appears to make it a good
i n d i c a t o r  for  low levels of residual oil.

3h7. Environmental Protection Agency, Washington, D.C. (1973).

WASTE OIL STUDY (PRELIMINARY REPORT TO THE CONGRESS).

Ava ilable from the Nationa l Technical Information Service as PB—253—332 .

The Federal Wate r  Po l lu t ion  Control  Act Amendments of 1972 required
that w~thfn six months after the enactment of the Amendments the
Administrator of the Environmental Protection Agency deliver to
Congress a p re l iminary  report on the problem of the disposal of
waste oils and their effec t on the environment. Due to the
limited t ime available for preparation of the report , and the
relative lack of existing data at the time of the report , long—
term ecological effects were not included . The report deals with
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the quantities of waste oil generated in the United States and its
routes of entry into the environment; the present methods of
collec tion and disposal; the short—term biological effects of
waste oil; and the economic and legal aspects of a waste oil
policy. Topics for further study are identified , and a framework
fo r research establ ished , based on a number of working princ iples,
which include studying waste oil disposal as a component of a
total environmental policy; changing the mix of environmental
disposal modes; studying the effects of federal regulations such
as depletion allowances which discourage waste oil recovery
operations ; and forcing those who create the problem to bear the
cost of reducing environmental damage. 26 ref.

368. Erickson, R.C. (1962). -

EFFECTS OF OIL POLLUTION ON MIGRATORY BIRDS.

In: Trans. of Seminar on Biol. Problems Water Pollution, 3, 177—181 .

369. Erickson, R.C. (1963).

OIL POLLUTION AND MIGRATORY BIRDS.

Atlan tic Naturalist , 18, 5—14.

370. Ernst, V.V., J.M. Neff and J.W. Anderson (1977).

THE EFFECTS OF THE WATER-SOLUBLE FRACTIONS OF NO. 2 FUEL OIL ON T}IE
EARLY DEVELOPMENT OF TIlE ESTUARINE FISH , FUNDULUS GRANDIS BAIRD
AND GIRARD .

Environmental Pollution 14 25—35.

Embryos of Fundulus Grandis were exposed continuously to 12.5, 25
and 50% dilutions of the water—soluble fraction (WSF) of No. 2
fue l  oil , corresponding to aqueous petroleum hydrocarbon con-
centrations of 1.1 , 2~ 2 and 4~ 4 ppm , respec tively, and aqueous
naphthalenes concentrations of 0.56, 1.07 and 1.26 ppm , respectively.
At different t imes during development, embryos were examined histo-
logicall y and compared with unexposed controls. Embryos exposed
to 12.5% WSF generally hatched earlier than the controls and most
were normal. Some of those exposed to 25% WSF had pathological
liver , kidney , lens and epithelial tissues while others appeared
normal. None of the embryos exposed to 50% WSF hatched and all
had pathological tissues.

371. Estuarine Research Foundation (1974).

MARINE ENVIRONMENTAL IMPLICATIONS OF OFFSHORE OIL AND GAS DEVELOPMENT
IN THE BALTIMORE CANYON REGION OF THE MID—ATLANTIC COAST. PROCEEDINGS

OF ESTUAR INE RESEARCH FEDREATION OUTER CONTINENTAL SHELF CONFERENCE
AND WORKSHOP.

Estuarine Research Foundation. 504 pp.

This volume contains , among other presentations , twenty papers on
physical , chemical , geological, and biological oceanography with an

B—124

— -.~~: 
- - —- —

,,—lt~ ..,,~~~



emphasis on the e f f e c t s  of oil pollution.

372. Evans, D.R. and S.D. Rice (1974).

EFFECTS OF OIL ON MARINE ECOSYSTEMS : A REVIEW FOR ADMINISTRATORS AND
POLICY MAKERS.

F i shery Bull. , U.S., 72(3):625—638 .

A broad selection of recent literature on the effects of oil on
marine ecosystems is reviewed . The focus is on studies on crude oil ,
and the results are discussed with the purpose of providing a summary
of findings that will be a useful reference for administrators and
policy makers involved in decisions concerning petroleum developments
and related ac ..ivities. The characteristics of crude oil and factors
modifying its impact on the marine environment are discussed . Most
research on he toxicity of oil has dealt with acute effects and data
on long— term impacts at the community level are inconclusive . It is
concluded that chronic low—level pollution is potentially more damaging
to ecosystems than isolated catastrophic spills. Decision makers are
forced to rely on interpretative judgments rather than conclusive data .

373. Evans, W. (1970).

THALASSOTRECHIJS BARBARAE (HORN ) AND THE SANTA BARBARA OIL SPILL
(COL EOPTERA : CARABIDAE) .

Pan—Pac Entomol., 46(4) :233—237.

A dist inct  animal association of the high littoral zones , the crevice
fauna, is probably more susceptible to oil than any other animal
association of the marine littoral. The crevices harbor a wide
variety of animals, many of which use the crevices as protection
against wave action, predation, or dessication; whereas others
feed on detritus and plankton stranded when the tide recedes.
Still others emerge at night at low tide and scavenge or prey on
crustaceans and insects associated with the algae of this zone.
To this last group belongs Thalassotrechus barbarae (Horn), a carabid
beetle distr ibuted on the Pacific coast from northern California to
central Baya California. Because of these beetles’ feeding habits,
they are more likely to come into contact with oil. They could
receive a dose by walking through it or through contamination of
their food supply, but the oil would probably be fatal in either case.

A survey of T. barbarae populations was made from June 1969 through
mid—August 1969, along that part of the California coast affected
by the Santa Barbara oil spill. Thalassotrechus barbarae was not
found in Refugio Beach, El Capitan Beach, Carpinteria, or Ventura.
Since all of these localities were subject to heavy or moderate
deposits of oil it is very probable that populations of T. barbarae
which quite likely existed in these areas before , were killed by
the oil along with  other members of the high littoral crevice
community.
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374. Gi~ntry , R. i l i r l  W .B. McA l1 ister (1976).

PHYSIOLOGICAL IMPACT OF OIL ON PINNEPEDS.

In: Environmental A~ sessmr-nt of the Alaskan Continental Shelf.
Principal Investigators ’ R~~~o r t s  for the Year Ending March 1976.
V o l . 8 Effects of Contaminants, p. 15—23 .

Laboratory physiological measurements (metabolic rates and hea t
flux) are applied to tho field problem of pinnipeds and otters
encountering an oil spill. Direct iiieasurements of diving
behavior in unrestrained animals at sea are also made. The
rationale for these two approaches is that for fur bearers oil
fouling is likely to directly effect the insulative properties
of the fur whi ’h will result in altered metabolic costs and
i.~paired diving performance. In non—fur bearers different
effects are anticipated.

375. Farrington , John W . (1973) .

ANALYTICAL TECHNIQUES FOR THE DETERMINATION OF PETROLEUM IN
MARINE ORGANISMS.

Woods Hole Oceanographic Inst. A D—7 66 792 NTIS. pp. 1—24 .

The composition of hydrocarbons in petroleum and the composition
of hyd rocarbons isolated from marine organisms are discussed with
the purpose of selecting the best analytical techniques for the
quantification of petroleum contamination in marine organisms.
Analytical techniques d iscussed include col umn, thin layer , and
h igh pressure li quid chromatography; I.R., U.V. and IJ.V.—
fluorescence spectrometry; gas chromatography ; mass spectrometry ;
and combinations of the preceeding .

375A . Farrington , J .W . (1974).

SOME PROBLEMS ASSOCIATED WITH THE COLLECTION OF MARINE SAMPLES
AND ANALYSIS OF HYDROCARBONS .

In : Proceedings of Marine Environmental Implications of Offshore
Dr illing in the Eastern Gulf Mexico. R.E. Smith (ed.) State University
System of Florida , Institute of Oceanography.

The collection of marine samples for the purpose of hydrocarbon
ana lysis mus t be undertaken with extreme care to avoid contamin-
ation during the sampling operation. Similarly, appropria te
controls should be carried through the extraction and analysis
procedures to Insure that hydrocarbons are not introduced into the
samples from the ship ’s atmosphere , the laboratory atmosphere ,
or from solvents and reagents. Intercalibration procedures
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are essential. Detection of petroleum hydrocarbons in the
presence of recently biosynthesized hydrocarbons is discussed .
The need for closely spaced sampling stations in some areas to
provide baseline data is illustrated by results of analyses of
saturated hydrocarbons in surface sediments from the New York
Bight area and the continental shelf to the E.

176. Farrington , J.W . and G.C. Medeiros (1975).

EVALUATION OF SOME METHODS OF ANLYSIS FOR PETROLEUM HYDROCARBONS
IN MARINE ORGANISMS.

In: 1975 Conference on Prevention and Control of Oil Pollution
Proceedings. Sponsored by American Petroleum Institute,
Environmental Protection Agency, and U.S. Coast Guard , American
Petroleum Institute , Washington, D.C. pp. 115—121.

Soxhlet extraction , homogenization with Na2So4 in a Virtis
homogenizer , and KO1-l—methanol digestion methods of extracting
hydrocarbons from marine organisms have been tested and com-
pared using subsamples of a clam (Mercenaria mercenaria) homoge-
nate. The amounts of hydrocarbons were determined gravimetrically
and the composition was partially characterized by gas chromatog-
raphy . There was a statistically significant difference between the
results of the Virtis vs. Soxhiet and Soxhlet vs. digestion methods.
However , in practice the difference is small and would be apparent
only if large numbers of replicate measurements were made.

The concentration of hydrocarbons in clams from three locations,
a polluted harbor area, a less polluted bay area, and a relatively
clean bay have been determined . The composition was partially
characterized by gas chromatography .

Subsamples of clam homogenate spiked with 10 ppm API No. 2 fue l
oil have been analyzed . Only 5 to 6 ppm of the spike were
detected . Gas chromatographic analysis indicated that the lower
molecular weight components of the spike were lost. The gas
chromatographic passive tagging parameters were altered from
those of the API No. 2 fuel oil by interference from hydrocarbons

~ilready present in the clams prior to spiking.

377. Firrington , J.W. and J.G. Quinn (1973).

PETROLEUM HYDROCARBONS IN NARRAGANSETT BAY .

I. Survey of Hydrocarbons In Sediments and Clams (Mercenaria mercenaria).
Estuarine Coastal Mar. Sc i. 1:71—79.

Analyses of hydrocarbons In surface sed iments from eight stations
and in clams (M. mercenaria ) from three stations in Narrangansett Bay
show that both contain a very complex mixture of hydrocarbons which
is not present in clams from Charlestown Pond , a rela tIvely unpolluted
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coastal pond . This complex mixture of hydrocarbons is present in
crude oils and fuel  oils , and it is not a l ikely product of recent
biosyn thes is by marine orgainsms. This suggests that the sediments
and clams from the areas sampled in Narrangansett Bay are contaminated
by pe troleum hydrocarbons. Sewage effluents and small oil spills are
the most probable sources of the petroleum hydrocarbons.

378. Farrington , J.W ., 
~.M. Teal, J.G. Quinn, P.L. Parker, J.K. Winters,

T.L. Wade, and K. Burns (1974).

ANALYSIS OF HYDROCARBONS IN MARINE ORGANISMS : RESULTS OF IDOE INTER-
CALIBRATION EXERCISES.

In: NBS Special Publication 4,~~~ Marine Pollution Monitoring (Petroleum),
Proceedings of a Symposium and Workshop held at NBS, Gaithersburg,
Mary land, May 13—17, 1974. National Bureau of Standards.  pp.  163—166.

Four participating laboratories analyzed a tuna meal sample provided
as a work intercaribration standard by the National Bureau of Standards.
The methods of analysis were not specified . The results are given and
show fair agreement between laboratories. The authors argue for further
intercalibration exercises.

379. Farrington , J.W. , J.M . Teal, J.B. Quinn, T. Wade , and K. Burns (1973).

INTERCALIBRATION OF ANALYSES OF RECENTLY BIOSYNTHESIZED HYDROCARBONS
AND PETROLEUM HYDROCARBONS IN MARINE LIPIDS.

Bull. Environ, Contain. Toxicol. 10:129—136.

CC columns do not completely resolve all of the hydrocarbons present in
petroleum . The result  is tha t the elution from the CC column of many
overlapping and/or superimposed peaks with a wide boiling range which
collectively produce a detector signal designated as an unresolved
complex signal. Since this unresolved complex mixture signal is a
charac te r i s t i c  of CC ’s of crude oils, fuel oils, and lubricating oils,
the authors use the presence or absence of this signal in the hydro-
carbon gas chromatograms as an initial screening criterion for the
presence or absence of petroleum contamination in marine samples.
The presence of a homologous series with peaks in the CC ’s is used as
supplemental  evidence for  the presence of petroleum contamination
only when reliable information is available concerning the recently
biosynthesized hydrocarbons normally present in the samp le type in
ques t ion . The presence of petroleum contaminat ion  would be confirmed
by f u r t h e r  analyses.

380. Fasoli, U. (1973).

A PROPOSAL FOR THE APPLICATIONS OF MONOD ’S MATHEMATICAl MODEL TO
BIODEGREDATION OF MINERAL OIL IN NATURAL WATERS.

Water  Research;  7 ( 3 ) : 4 O 9 — 4 18 .

B— 128

TT ’ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



A number of processes are responsible for the gradual lowering of
the concentration of mineral oil in an oil and water mixture . Two
mechanisms are primarily involved , usually i~ association with
each other: evaporation and biodegradation. Monod ’s model was
considered in the interpretation of mineral oil biodegradation .
The role of evaporation and reoxygenation in the overall process
of oil removal was examined by comparison with the biological
process. The effec t of the possible onset of anaerobic phenomena
was also considered . Evaporation is of great importance even in
the case of perfec tly still water. When mixing takes place, it
may be the primary factor. Biodegradation is always involved in
the natural elimination of mineral oil. Monod ’s model gives a
good approximation for the forecasting of its course, provided it
is recognized that certain oil components, which are in fact
oxi~~- zed much more slowly, must be treated as nonbiodegradable.
As far as 02 levels are concerned , anaerobic conditions arise when
initial hydrocarbon levels are around 20 ppm, except when - the water
is already markedly O2—deficient and all forms of aeration are
excluded .

381. Fauchald , K. (1971) .

THE BENTHIC FAUNA IN THE SANTA BARBARA CHANNEL FOLLOWING THE
JANUARY 1969 OIL SPILL.

In: Biological and Oceanographic Survey of The Santa Barbara
Oil Spill 1969—1970. Vol 1, compiled by D. Straughan, pp. 61—116.
Allan Hancock Foundation, University of Southern California.

382. Feder, H.M., M. Cheek, P. Flanagan, S.C. Jewitt, and M.H. Johnson (1976).

THE SEDIMENT ENVIRONMENT OF PORT VALDEZ, ALASKA: THE EFFECT OF OIL
ON THIS ECOSYSTEM .

Environmental Protection Agency, Ecological Research Series, Report
EPA 600/3—76—086. Available from National Technical Information
Service, Springfield , VA. 322 pp.

The Port Valdez intertidal sediment system was studied for three
years. Physical, geological, geochemical, hydrocarbon, and biological
features were examined. Sediments were poorly sorted gravels to
plastic clays, and had low amounts of organic matter . Bacterial
numbers varied from site to site, and decreased in numbers with dep th.
Meiofauna consisted primarily of nematodes and harpacticoid copepods.
Most meiofaunal species were restricted to the upper three centimeters
throughout the year. Meiofaunal densities were typically highest in
sununer and lowest in winter. Reproductive activities of copepods
tended to be seasonal with only one species reproducing throughout
the year. Bacterial populations were unaffected by single applications.
I t  is concluded tha t oil is removed rapidly by tidal action. Three
species of copepods exposed to oil in the field s igni f icant ly
increased in density in experimentally oiled plots. Uptake and release
of add ~d oil by intertidal sediments and the clam (Macoma balthica)
were examined in the field. Petroleum was not detectable two months
after application to sediments.
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383. Federal Water Pollution Controll Administration (1968).

OIL AND HAZARDOUS MATERIALS-EMERGENCY PROCEDURES IN THE WATER ENVIRONMENT.

FWPCA Report. CWR—1O—l. 137 pp.

Basic information is provided on the characteristics and effects of
pollutants , and procedures to be followed in the event of significant
releases to water of oil or other hazardous materials. Some general
information is given on the effects of spills on aquatic life and
important water uses. Pollution control measures, health hazard data,
and first aid procedures are listed for each pollutant. (Sinha—OEIS)

384. Feldman , M.H. (1970).

THE 50-MILE BALLAST-OIL DUMPING PROHIBITED ZONE OFF ALASKA , RECONSIDERED
IN THE LIGHT OF AVAILABLE DATA GLEANED FROM SIGNIFICANT INCIDENTS.

Pac ific Northwest Water Laboratory Working Paper 77. Seattle , Washington.

A review of oil spill incidents in temperate , tropical , and arctic zones
with a discussion of their relevance to potential incidents in Alaskan
waters.

385. Feldman , M.H. (1973).

PETROLEUM WEATHERING: SOME PATHWAYS, FATE, AND DISPOSITION ON MARINE WATERS.

Ecological Research Series EPA 660/3—73—013. 27 pp.

Three mechanisms of oil pollution weathering on marine waters are
discussed . Photolysis , interac tions with trace materials , and
sedimentation with particulate materials are considered competitive
to other fates—of—petroleum mechanisms, and have possible ecological
importance. Generation of carcinogenics from close molecular precursors
is probable .

386. Field Studies Council (1971).

FIELD STUDIES COUNCIL, OIL POLLUTION RESEARCH UNIT, ORIELTON FIELD
CENTRE, ANNUAL REPORT. pp 46.

The effec ts of oil pollution and oil—spill emulsifiers on littoral
organisms are discussed . Toxicity of the emulsifiers BP 1002 and
BP 1100 to cockles (Cerastoderina edule) and polychaetes (Arenicola
mar ina  and Nerine spp.), and the effects of BP 1002 on the meta-
bolism of crabs (Carcinus maenas and Cancer pagurus) are reported .
Biological observations made after the Thuntank 6 oil spill are
ou t l i ned . E f f e c t s  of crude oil, oil fractions and produc ts on the
prawn Leander squilla are also discussed .
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387. F i n n e r t y ,  W . R . ,  e t .  al. (1973) .

MICROBES AND PETROLEUM : PERSPECTIVES AND I1~fl’LICATIONS , pp. 105-126 .

In: The Microbial Degradation of Oil Pollutants, Ahearn and Meyers,
(eds.)  Center for Wetland Resources , LSU , Baton Rouge, La., Publ. No.
LSU—SG—73—O1 .

An ultra—structure study of Ac inetobacter sp. grown on paraffinic
and olefinic hydrocarbons demonstrated cytoplasmic sequestering of
hydrocarbons. Induced membrane synthesis was additionally demon-
strated as a result of hydrocarbon metabolism. Increased cellular
and extracellular lipid synthesis was qualitatively and quantitatively
documented during hydrocarbon metabolism. These studies serve to
emphasize our lack of detailed knowledge concerning the consequences
which may arise from this relationship.

388. Floodgate, G.D. (1971).

THE BIODEGRADATION OF OIL.

Marine Pollution Bulletin 2:143

A laboratory model of the marine environment is being constructed
to investigate and assess the importance of the biodegradation of
oil on the beach and at sea . Ef fec t  of water content of various
crude oils in contact with sea water, as well as the bacteriology,
biochemistry , and chemistry of the degradation process, is be ing
investigated .

389. Flood gate , G.D.  (1972) .

BIODEGRADATION OF HYDROCARBONS IN THE SEA , pp. 153-172.

In: R. Mitchell, (ed.) Water Pollution Microbio~~g.~~ Wiley—Interscience ,
New York.

A reveiw of the subject covering the origin of oil and hydrocarbons in
the sea; the breakdown of oils and hydrocarbons including nonbiological
microbiological, and biochemical factors, growth requirements, and
the extent of breakdown.

390. Floodgate , G.D.  (1973) .

A THRENODY CONCERNING THE BIODEGRADATION OF OIL IN NATURAL WATERS
pp. 17—24.

In: Ahearn and Meyers, (eds.) The Microbial Degradation of Oil
Pol lu t an t s .  Center for Wetland Resources , LSU, Baton Rouge, La.,
Pubi.  No. LSU—SG—73— Ol .
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The term “microbial degradation of oil in the marine environment”
means the degradation of a complex and variable mixture of hundreds
of substrates  by unknown mixed populations of microorganisms
in an errat ical ly changing medium. Biodegradation is not the onl y
means whereby the oil is changed chemically . Other processes,
such as evaporation , solubil izat ion, photo—oxidat ion and possibly
other abiological mechanisms, operate at the same time. The task
of untangling the skein of events is formidable and bold general-
izations are clearly ill advised . An attemp t is made in this
paper to examine the limitations of some of the methods in use to
study this problem , and the difficulties of interpreting the data
once they have benn obtained .

391. Fong, W.C. (1976).

UPTAKE AND RETENTION OF KUWAIT CRUDE OIL AND ITS EFFECTS ON OXYGEN
UPTAKE BY THE SOFT-SHELL CLAM , MYA ARENARIA.

J. Fish. Res. Bd. Can. 33 2774—2780.

Mya arenaria were exposed to sea water to which crude oil had been
added . The gills of this clam are capable of removing finely d ispersal
oil globules of 1—30 micrometer diameter . Clams exposed to seawater
concentrations of 90—350 ppm for 10 days at 18°C accumulated oil in
their tissues. Concentrations incorporated are directly related to
the lipid content of the tissues. The respiratory rate was increased
in small clams after prolonged exposure to relatively high oil con-
centrations and high temperatures.

392. Food and Agriculture Organization of the U.N., Department of Fishery
Resources Div (1970) .

REPORT OF THE SEMINAR ON METHODS OF DETECTION, MEASUREMENT AND MONITORING
OF POLLUTANT S IN THE MARINE ENVIRONMENT.

In: FAO Fisheries Report No. 99. Suppl. 1,126 pp .

A special session of the FAO Technical Conference on Marine Pollution
was conducted on Methods of Detection, Me isurement and Monitoring of
Pol lu tants .  This seminar was orgainzed into panels dealing with
specific groups of pol lu tants :  Halongenated hydrocarbons , petroleum ,
inorganic chemicals , organic chemicals, nutrient chemicals, suspended
solids and turbidity, and radioactivity . Another panel was concerned
with the use of marine organisms to assess contamination levels; and
the final group discussed the establishment of baseline and monitoring
systems . The revised and amended version of the seminar report is
set forth.

393. Food and Agriculture Organization (1971).

REPORT OF THE FAO TECHNICAL CONFERENCE ON MARINE POLLUTION AND ITS
EFFECTS ON LIVING RESOURCES MD FISHING FISHERY.
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Fishery Resources Division, Department of Fisheries, Food and
Agrigulture Organization, United Nations. 191 pp.

The scope of the FAO Technical Conference on Marine Pollution and
its Effects was broad and included , in principle, the consideration
of all types of pollutants, from whatever source , in all sea areas ,
including estuaries. The Conference was organized in sections
covering the following subjects: Marine pollution today ; behavior
and fate of pollutants; effects on the biology and life cycle of
marine organisms; ecosystem modifications; technical aspects of
pollut ion control;  pollution e f f ec t s  on qual i ty of marine products
and fishing ; and scientific basis for international legislative
controls. The revised and amended version of the d r a f t  report and
general conclusions of the Conference, as well as abstracts of
papers are included .

394. Food and Agriculture Organization, U.N. (1973).

DIRECTORY OF EXPERTS ON MARINE POLLUTION.

FAO Fisheries Technical Paper 99 (Rev. 1) Research Information Section ,
Fishery Resources Division, Department of Fisheries, Food and
Agriculture Organizations, United Nations.

Names of experts in activities throughout the world in the field
of marine and brackish water pollution are presented. Contents
include an alphabetical list of scientists in which each name is
preceded by a 4—digit number designating the affiliation ; a list
of institutions and their addresses, in geographic order and
classified by FAO area code, each followed by the names of staff
engaged in pollution work; and a subject index listing staff by
their field of experience.

395. Food and Agriculture Organization, U.N. (1974).

DIRECTORY OF INSTITUTIONS ENGAGED IN POLLUTION INVESTIGATIONS:
CONTAMINANTS IN AQUATIC ORGANISMS.

FAO Fisheries Circular 325. 49 pp.

The addresses of 233 institutions in 48 countries are presented .
Institutions are classifeid according to their activity with
marine species, with freshwater species, or with both; the
app lication of these activities to research programs , to monitoring
programs, or to both is indicated . The geographical areas of
interest to each inst i tut ion are given; the communities or species
of organisms being investigated are classified in each case as
plankton, benthos, interstitial fauna, microorganisms, marine
mammals, pelagic, demersal, or aquatic species of commercial
interest; and categories of contaminants being ana lyzed are
classified.

396. Food and Agriculture Organization, United Nations (1976).

SECOND FAO/SIDA TRAINING COURSE ON MARINE POLLUTION IN RELATION TO
PROTECTION OF LIVING RESOURCES: METHODS OF DETECTION, MEASUREMENT
AND MONITORING OF POLLUTANTS IN THE AQUATIC ENVIRONMENT .
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U n i t e d  Nat ions  Food and AGriculture ‘)rganization , UNIPUB, New York.
113 p.

Topics discussed include primary production and nutrients in
seawater , redox measurements in na tu ra l  waters and sediments ,
methods for chemical analysis of water , oil and oil dispersants,
chemical analyses of a sea area polluted by mineral oil , ecological
e f f e c t s  of marine pol lu tants, acute pol lut ion problems a f f e c t i n g
fisheries in estuaries and coastal waters, toxicity testing at
Kristineberg Zoolog ical S tation , toxicity testing in a continuous
f low system , moni tor ing  of aquatic pollution , and bioassay methods
used by the research laboratory at the Swedish National Environmental
Protection Board .

397. Forns. J .M. (1974).

MID-ATLANTIC ZOOPLANKTON : AN OVERVIEW WITH CONSIDERATION OF POTENTIAL
IMPACTS BY OFFSHORE OIL EXPLOITATION .

In :  M a r i n ~ Envi ronmenta l  Impl icat ions  of O f f s h o e Oil and Gas
Development in the Baltimore Canyon Region of the Mid—Atlantic
Coast. Proceedings of the Estuar ine  Research Federation Conference
and Work~~ c.~~ Esruarine Research Federation p. 277—290.

This  a r t i c l e  b r i e f l y  reviews research on the abundance and composition
of 300 p lank ton  in the  Mid—At lan t i c  Bight  and reported effects of
petroleum on marine zooplankton .

398. Forns, J.M. (1977).

THE EFFECTS OF CRUDE OIL ON LARVAE OF LOBSTER HOMARUS AMERICAN S.

In: Proceedings 1977 Oil Spill Conference. p. 596—573. Amer . Petrol.
In s t . ,  W a s h . ,  D .C .

The effec ts of API reference South Louisiana crude oil upon four
larval stages of American lobster (Homarus americanus) were deter-
mined in a flow—through system. Tests were conducted with naturally
hatched animals in ind ividual test chambers as well as in mass
culture systems in an operating state lobster hatchery . Experimental
flow— through crude oil exposure concentrations were 0.1 and 1.0 ppm ,
administered as a strongly—agitated emulsion—like mix to ambient
temperature seawater ranging from 150 — 20°C. Oil exposure residence
times ranged from 0.8—5.6 minutes depending on the test. Exposed
animals were monitored six times daily for feeding behavioral
charac te r i s t i cs, mobi l i ty ,  molting success , growth and development
t imes to reach the fourth larval stage. Pigmentation analysis
was performed on individual larvae by photomicroscopy , and hydro-
carbon analyses were also conducted thereon. Post—larval development
through the eighth stage was investigated . Statistical comparisons
were made among different control animals and between control and
oil—exposed larvae.

399. Fossato, V.U. (1975).

ELIMINATION OF HYDROCARBONS BY MUSSELS.

Mar. Poll. Bull. 6:7 l 0.
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Mussels collected from hydrocarbon polluted areas of the Lagoon of
Venice were t ransfer red  to the re la t ive ly  unpolluted port entrance of
Malamocco. Hydrocarbon elimination was quite rapid in the first
10—15 days but then slow and incomplete: 12% of the i n i t i a l  content
persisted in the tissues for 8 weeks. Elimination of hydro ’arbons
was almost independent of water temperature between 7.5—26.0°C but
v i r t u a l l y  ceased in one lot when the temperature abruptly dropped
from about 11°C to 4.5—6.0°C . The biological half—life of hydro-
carbons in the mussels was calculated to be a little over 3 1/2
days , but this relates only to the initial rapid phase of elimination .

400. Fossato, V.U., et al. (1976).

HY DROCARBON UPTAKE AND LOSS BY THE MUSSEL MYTILUS EDULI S.

Mar.  Biol. 36(3):243—25l.

Th e dynamics of accumulation and elimination of hydrocarbons by the
blue mussel Mytilus edulis were studied in a continuous—flow system.
Mussels were exposed for  as long as 41 days to 200—400 u g/ l  of
diesel  fue l  absorbed on kaolin particles . Hydrocarbons were
accumulated in the tissues in excess of 1000 t imes the exposure
levels. Upon te rminat ion  of dosing , the mussels exhibited a r a the r
rap id loss of hydrocarbons for  the f i r s t  15 to 20 days (biological
h a l f — l i f e  = 2 .7  to 3.5 days ) .  Subsequently ,  however , elimination
was reduced to a minimum and a considerable f r ac t i on  of the hy dro-
carbons could be recovered from the tissues after as long as 32 days
of depuration. The mussels exhibited definite signs of physiological
stress due to chronic exposure to diesel fuel, although recovery
was rapid upon terminat ion of dosing . I t  is concluded that mussels
could be utilized as a test organism for monitoring long—term
hydrocarbon pollution in marine waters. The implications for the
mussel culture industry are discussed .

401. Fossato , V.U.  and E. Siviero (1974) . 
-

OIL POLLUTION MONITORING IN THE LAGOON OF VENICE USING THE
MUSSEL MYTILUS GALLOPROVINCIALIS.

Marine Biology , 25(l):l—6.

Gas chromatographic  analyses of N. galloprovincialis from different
areas of the Lagoon of Venice show that  these organisms contain
a complex mixture of hydrocarbons attributable to fuel oil contamination .
The measured amounts normally range from 0.8 to 8.7 mg/ 100 g wet
wt , but  values up to 22.0  mg/ lOO g have been recorded . The level
of aliphatic hydrocarbons in mussels is related to the distance
from pollution sources and to the degree of exchange between the
sea and the area sampled. On the basis of this relationship between
overall hydrocarbon pollution load and the level of contamination
of N . galloprovincialis this bivalve might be effectively utilized
as a self—integrating monitoring index of oil pollution in the
waters of the lagoon.
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402. Foster , J.W. (1962).

BACTERIAL OXI~ ATION OF HYDROCARBONS.

In :  ~~ y~~~~~ses , 0. Hayaish , 0. ( e d . ) ,  Academic Press, NY. 241—271.

A review of the oxidat ion of various classes of hydrocarbons by
bacteria under aerobic and anaerobic conditions .

403. Foster , J .W .  (1962) .

HYDROCARBONS AS SUBSTRATES FOR MICROORGANISMS .

Ant. V. Leewenhoek 28 241—274.

404. Foster , M., N. Neushul and R. Zingmark. (1971).

THE SANTA BARBARA OIL SPILL. PART 2. INITIAL EFFECTS ON INTERTIDAL
AND KELP BED ORGANISMS.

Environ. Pollut. 2:115—134.

The initial effects of the Santa Barbara oil spill on intertidal and
kelp bed organisms were studied . Based on earlier surveys , the
greatest negative biological change at a sample station after the
spill was the loss of 16 plant species. However , losses in
species were correlated in most cases with sand movement , and may
have been related to the severe storms which occurred between and
during the oil spill. Although gross species changes were not
correlated with oil dosage, severe damage occurred in intertidal
surf  grass and barnacle populations as a result of the oil pollution .
Potential long—term biological effects of the continuing pollution
are discussed .

405. Frakenfeld , J.W., J.J. Elliott, R.E. Bentley and B.H.  Sleight , I I I  (1975).

TOXIC EFFECTS OF OIL DISCHARGED FROM SHIPS.

Final Report to U.S. Coast Guard , Report No. CG—D—l6—76. Available
through National Technical Information Service.

This study was conducted to determine the proportions of six petroleum
products which are dispersed and dissolved in water under specified
conditions and the toxic effects of both the dissolved and the
dispersed—plus—dissolved fractions on selected test organisms.
The oils employed included Kuwait crud e, West Texas crude , Marine
diesel, Navy distillate and Navy Special fuel oils , and a 9250
lubricating oil. The test organisms employed were the fathead minnow
( Pimephales ), mimxnichog ( Fundulus ) and the brine shrimp
( Artemia ) .  E f f e c t s  of time , temperature and salinity were investigated .
The observed toxicity of each oil depended on (1) its inherent toxicity
(ppm o i l ) ,  (2) the solubil i ty of the oil , and (3) its dispersability .
LC 50 ’s ranged from a few ppm to a few hundred ppm.
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-+ 06 . F r i e d e , J .,  P.  Guire , R . K .  Gholson , E. Cand y and A .F .  Gand v , J r .  (1972)

ASSESSMENT OF BIODEGR~~ATION POTENTIAL FOR CONTROLLING OIL SPILLS .

F inal Report to U.S. Coast Guard . Report No. 4110.1/3.1.

This  repor t  reviews past and current research work on blodegredation
~~f marine oil spills to determine the prac t ical feasibility of
controll ing oi l spills and residues by biodegredation. The
r i - v i e w  has been confined to sc ient i f ic  books and p e r i o d i c a l s .  The
literature review extends to June 1, 1972.

407. F r i e n d l y ,  A. ( 1970) .

SPECIAL DANGER SEEN IN ARCTIC POLLUTION .

Washington Post , 64 , June 6 , 1970.

The Arc t ic  fauna are fa r  more susceptible to oil pol lut ion than creatures
of more tempera te  zones , because a rc t i c  mar ine  i n v e r t e b r a t e s  are
inclined to have late sexua l ma tu r i t y  and slow ra te  of growth.
Most significant , however, is the pattern of the small A r c t i c
organisms to produce a small number of eggs, and for these to be
brooded by the parents rather than , as with other types , left to drift
by the millions in the chance that enough will survive to perpetuate
the spec ies. Thus, reconstitution of a colony that has suffered
loss must be from what remains of the breeding stock, and a major
pollution inc ident which de8troys a community of t h i s  kind e l imina tes
not only the adults but also the stock of larvae. Replacement from
adjacent areas will be slow, and re—establishment of the community
will require  many more years than in communities in temperate waters.
Also , the microbial degradation of oil proceed s very slowl y at low
temperatures (of water)  so tha t the toxic e f f e c t s  of spilled oil
may pers ist  for a very long t ime .

408. Fromm , P.O. (1965).

PHYSIOLOGICAL CONSIDERATIONS IN STUDIES OF THE ACTION OF POLLUTANTS
ON AQUATIC AN IMALS , PP 316—319.

In :  Biological Problems in Water Pollution, C.M. Tarzwell, (ed.) U.S.
Public Health Service, Cincinnati.

409. Frye, J. (1974).

OIL SUPERSHIPS AND THE OCEANS.

Oceans, Nov. 1, 1974.

This article reviews the literature on the potential impac t of
superships and superports on the marine ecosystem.
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10. F u c lk , K . W . ,  H . W . Armstrong , and J.M. Neff (1977).

UPTAK E OF NAPHT HALENES BY THE CLAM RANGIA CUNEATA IN THE VICINITY
OF AN OIL SEPARATOR PLATFORM IN TRINITY BAY , TEXAS .

I n :  I’ r uc d ir igs  1977 Oil  Spi l l  Conference .  p. 637— 640 Amer. Pe t ro l .
Inst., Wash., D.C.

In three separate experiments , the clam , Rangia cuneata was exposed
under - m d  near an oil separator platform in Trinity Bay, Texas
for perlo (Is of approximately 100 days. The greatest naphthalenes
uptake was in those clams exposed beneath the platform . Clams
exposed at distances of 150— 1,000 m from the platform showed
littl& or no uptake of naphthalenes. In clams returned to the
1m b  and allowed to depurate , most of the accumula ted naphthalenes
we rm- relcased , though detectable levels remained in some of
th e cLim~ after -~7 days. There was good correlation between the
rates of naphthalenes uptake by the clams and naphthalenes levels
in the sediments at the different stations. However , clams analyzed
by gas chromatographic techniques showed high levels of weathered
hyd rocarbons suggesting that the sediments are a source of hydro-
carbons accumulated by the clams . The results are discussed in
relation to the physical features of Trinity Bay which is a very
shallow , semi—enclosed body of water with a high suspended sediment
load .

411. C a i s t o f f , P . S .  1936) .

OIL I’OLLI’TION IN COASTAL WATERS.

I n :  N o r t h  A m e r i c a n  W i l d l i f e  Confe rence  Proc . ,  1:550—555.

O i l  p l aced  on a c] ean-~~at e r  s u r f a c e  has a tendency to spread out un t i l  it
form s a monomolecular layer. The presence of other contaminating
- ; t m h s t a n c c s  w h i c h  l ower the  s u r f a c e  tension may interfere with this
pro ( ess, resulting in stoppage of the spreading and formation of
fl mtl ng th icker films , recognizable by bright bands of color.
There exists a definite relation between the thickness of the film and
th e mm tc~t of oil dumped . A (-or.clusion has been drawn that oil
rn -m v he d i - ~ t i m rged into surface waters at the rate of 10 gallons
per hour per square mile without causing visible pollution , provid ing the
d i s t r i b u t i o n  is u n i f o r m  over the entire area; but the disappearance
of i l f r o m  the  s u r f a c e  does not mean that the pollutant has been
eliminated . Its effects may still persist , even when no traces of
O h  ar visibl e on t he  s u r f a c e .

O il may affect mar i ne life in various ways——by forming film that
inhibits ~ msA uus exchange ; by coating the bodies of animals; by direct
t x ic -i~ tI on of water—soluble fractions ; by repelling migratory
an i mals , and by Interfering with thm~ n~’tura1 food chain of the sea.
The wat-r— soluble frac t ions affect t : -ir- feeding mechanisms
of mol1us~ s, i t  ta~ k the  nervous  sy s t en .  and respiratory system of
f i s h , and i n t e r f e r e  w i t h  the normal food cycles , as well as imparting
an o i l y  f l a v o r  t o  si mfood . Fur the rmore , oil coming  from o f f s h o r e
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wells is usually complexed with brine or “bleed waters” loaded
with poisonous hydrogen sulfide. Experiments on oysters and
Nitzschia show that even though this bleed water is less toxic than
oil , i t  exerts  similar e f f e c t s  on marine life.

412. Galtsoff , P . S . ,  H.F. Prytherch , R.O. Smith and V. Koehring , (1935).

EFFECTS OF CRUDE OIL POLLUTION ON OYSTERS IN LOUISANA WATERS .

Bull. Bureau Fish., Wash., 18, 143—210.

413. Canning , B. and U.  Bi l l ing  (1974) .

EFFECTS ON COMMUN ITY METABOLISM OF OIL ANT) CHEMICALLY DISPERSED
OIL ON BALTIC BLADDER WRACK , FUCIJS VESICULOSUS.

In:  Ecological Aspects of Toxicity Testing of Oils and Dispersants
L.R. Benyon and B.B. Cowelt (eds.) John Wiley 6 Sons New York pp. 53—67

In this study, the algal metabolism was monitored by analyses of
dissolved oxygen. The results are correlated with concentrations of
oils and dispersed oil. Fucus reacts with oily and emulsifiers
by increasing its respiration. Emulsified oil reduces net pro-
ductivity much more drastically than oil alone.

414. Gardiner , A.C . (1927).

THE EFFECT OF AGUEOUS EXTRACTS OF TAR ON DEVELOPING TROUT OVA
AND ON ALEVINS .

Fish. Inves t . ,  Land . ,  ser . 1, 3 p. 14

415. Gardner , G.R .  (1972) .

CHEMICALLY INDUCED LESIONS IN ESTIJARINE OR MARINE TELEOSTS .

In:  Proceedings, Symposium on Fish Pathology.
Armed Forces Institute of Pathology, Washington, DC, p. 657—693.

It was found that the Texas—Louisiana crude oil and the saltwater soluble
and insoluble fractions induced lesions in the olfactory organs of
the marine teleost Menidia menidia. Whole crude oil promoted
hyperplasia of the olfactory systenacular, or supporting epithelium .

416. Gardner , C., et al. (1974).

THE MICROSCOPIC PERILS OF MARINE POLLUTION .

Underwater Naturalist, 8:15—19.

A descr ip t ion  of pathological  e f f e c t s  of petroleum HC’ s and heavy metals  in
his tophysiology .
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417. Gardner , G.R., et al. (1975).

MORPHOLOGICAL ANOMALIES TN ADULT OYSTER , SCALLOP AND ATLANTIC
SILVERSIDES EXPOSED TO WASTE MOTOR OIL.

In: Conference on Prevention and Control of Oil Pollution,
pp. 473—477. Amer. Petrol. Inst., Wash. D.C.

Waste motor oil concentrations of 20 ppm and higher induced lesions in
the vascular systems of Atlantic silversides and oyster. These
lesions were associated with the pseudobranch , the heart , and the
arterial system of the Atlantic silversides , and the branchial
efferent vein of the oyster . Lesions occurred in the gastro—intestinal
trac t of oyster , the gill and kidney of scallon , and the mantle
of both species. Based on these preliminary exposures , the scallop,
of the three species tested , demonstrated the highest sensitivity to the
toxic effects of 20 ppm waste motor oil, or higher , for periods up to
60 days. The LC50 (96 hr) value for waste motor oil and adult
A tlantic silversides was 1,7000 ppm. Acute toxicity values were
not determined for the oyster or scallop .

418. Gatell ier , C . R . ,  et .  al . (1973) .

EXPERIMENTAL ECOSYSTEM S TO MEASURE FATE OF OIL SPILLS DISPERSED
BY SURFACE ACTIVE PRODUCTS

In: Proceedings, Joint Conference on Prevention and Control of Oil
Sp ills. American Petroleum Institute , Washington , D.C. 497—504.

Using small “ecosystems” isolated by plastic bags, the degredation
of oil was followed using various combination of dispersants and
add itives. It was found that dispersant plus sources of P and
H greatly increased the rate of degredation of crude oil.

419. Gelboin, H.V. (1969).

A MICROSOME-DEPENT)ENT BILDING OF BENZ(A)PYRENE TO DNA .

Cancer Res. 29:1272—1276.

Benzo(a)pyrene— H incubated in the presence of rat liver microsomes
with calf thymus DNA binds covalently to the DNA . The reaction requires
reduced nicotinamide adenine dinucleotide phosphate and is greater
when the mjcrosomes are obtained from rats pretreated with polycyclic
hydrocarbons . The bind ing is due to the formation of unknown metabelite(s)
which then may bind to the DNA in the absence of microsomes.

420. George, J.D. (1970).

MORTALITY AT SOUTHEND.

Mar. Poll. Bull , l(9):l3l
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This article reports the biological effects of the oil pollution
resulting from the 27 July 1970 spillage of 400 ,000 kg of oil into
the Thames Estuary and from the ensuing cleanup operation. The oil
was treated with dispersing fluids at the scene of the spillage.
Beaches onto which the oil drifted were treated either with dispersant
or fresh water and dLspersant.

Two days after the spill the clean—up areas were examined . Where
oil had been left untreated it had hardened to a tar—like consistency.
Seaweeds such as Ulva lactuca, Enteromorpha intestimalis, and Fucus
vesiculosus on the portions of the seawall spayed with dispersant
had been damaged . Many dead Balanus balanoides, Litorina sp and
Carcinas maenas were found among the weed .

Muddy sand flats i.n the immediate vicinity of the beaches were
severely affected by freshwater/dispersant run—off. Drifts of
dead and dying animals were apparent. Polychaetes form most of
the biomass in this region and thousands of adul t and juvenile
Arenicola marina, Neanthos virens and Nerine foliosa were found on
the surface of the sand . Smaller number of Nephtys hombergi
and Eteone longa were discovered . Molluscan casualities in
this region included Cerastoderma edule, Mytilus edulis and winkles.
Dead specimens of Carcinus tnaenas were evident everywhere.

The influence of the cleaning fluids did not extend more than 100 m.
seaward .

421. George, J.D. (1970).

SUB—LETHAL EFFECTS ON LIVING ORGANISMS .

Mar. Poll. Bull., 1:107—109.

In September , 1960, a spillage of approximately 200 ,000 kg of fuel
oil occurred from the marine terminal at the Esso •cefinery at
Fawley, Southampton, England . Some of this oil floated across
Southampton Water and heavily polluted mud flats at the entrance
to the River Hamble. Large populations of two common intertidal
polychaetes Cirratulus cirratus (Muller) and Cirriformia tentaculata
(Montagu) were under investigation on the mud flats at this time, and
it was thus possible to observe at first hand the effects of the oil
on these populations . It became apparent that the sub—lethal effects
of pollutants merit further investigation .

422. Gerac i, J.R. and T.C. Smith (1976).

DIRECT AND INDIRECT EFFECTS OF OIL ON RINGED SEALS (PHOCA HISPIDA)
OF THE BEAUFORT SEA.

1 . Fish. Res. Bd., Can. 33 1976—1984.

Six seals immersed In Norman Wells crude oil in pens in the Arc t ic
for 24 hours suffered only transient eye problems and minor kidney
and possibly l iver le5ions ; no permanent damage was observed . In
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laboratory experiments three seals died within 71 minutes after
oil was introduced into their pool. Hematologic and blood chemical
stud ies indicate that death was caused by oil superimposed on the
stress of captivity. Six 3—4 week old wild white coat harp seal
pups were coated with crude oil. No deleter ious effects were observed .
Five captive ringed—seals were subjected to a commulative dosage of
crude oil fed with the i r  f i sh  food . No s ign i f i can t  lesions or
behavioral changes were noted .

423. ~~orge , M . (1971).

OIL POLLUTION OF MARINE ORGANISMS .

N a t u r e , 192(4808):l209.

The surround ing flora and fauna were examined and observed after the
oil spill in Milford Haven. It was found that even when the surface
of the water is covered by a thick layer of oil, only a very thin
film of oil is deposited on littoral communities (animals and plant)
as i t  recedes. It was later observed that the amount of oil in the
area occupied by the limpets ( Patella vul gata ) was much reduced
and that residual patches of oil in the area bore the characteristic
marks of limpet radulas.  I t  appeared likely that  these mollusks were
continuing to browse over the nearby barnacles and rocks, inadvertently
taking in oil in the process. Since there was no decrease in the limpet
population , it seemed probable that the oil was non—toxic , and was
being passed through the alimentary canal and voided with the normal
fecal material. Six months later , all traces of oil had been removed
from the area inhabited by the limpets.

During recent years, industrial emulsifiers have been used to clean up
such rocky areas after oil spills, but their use has been followed
by a severe mortality among intertidal organisms. It is suggested
thac in view of the fact that oil films are removed fairly quickly
from rockly shores by natural means, it is both wasteful and unnecessary
to use emulsifiers on such shores.

424 . George , J . D .  (1971).

THE EFFECTS OF POLLUTION BY OIL AND OIL—DISPERSANTS ON THE COMMON
INTERTIDAL POLYCHAETES CIRRIFORMIA TENTACULATA AND CIRRATULUS CIRRATUS.

J. Appl. Ecol., 8:411—420.

Observations were made in the field and in the laboratory on the effects
of the 1960 oil spill at Fawley, England on two species of intertidal
cirratul id polychaetes. Spawning , growth , and mortality of Cirratulus
cirratus, and Cirriformia tentaculata were unaffected by the oil.
Both species were killed by relatively low levels of Essolvene
and BP 1002 d ispersants, al though C. cirratus was more tolerant.
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The dispersant Corexit 7664 was much less toxic to both species, but
all three dispersants prevented gamete formation in C. cirratus at concentra-
tions approaching the lethal level.

425. Geraci , J .R .  and T.G. Smith (1976).

BEHAVIOR AND PATHOPHYSIOLOGY OF SEALS EXPOSED TO CRUDE OIL.

In: Sources, Effects, and Sinks of Hydrocarbons in the Aquatic Environment:
Proceedings of the symposium, America University, Washington D.C.
9—11 August 1976. p. 448.

Ringed seals, Phoca hispida and harp seals, Phoca groenland ica were
exposed to oil both in the field and in the laboratory . They were either
placed into crude—oil—covered water, brush—coated with oil , or
given oil by mouth. Twenty—four hour surface exposure to light
crude oil was damaging only to the eyes of healthy seals, whereas
stressed seals died within 71 minutes of exposure. Oil in quantities
reasonably expected to be Ingested during an oil spill was not irreversibly
harmful. Evidence is presented to show that the consequences of
an oil spill ultimately depend on the season of spill, produc tivity
of the area, and the variable health status of a seal population .

426.  Clam , C—S , H . S .  Chan and G.S. Neff (1976).

DISTRIBUTION OF N—Pa ’~raf Ins IN SELECTED MARINE BENTHIC ORGANISMS .

Bullet in of Enviorninental Contamination and Toxicology , 16(1), 37—43.

Gas chromatography was used to quantitate the hydrocarbons present
in organisms (squid, shrimp, and fish) collected from various sites.
All of the organisms had high concentrations of the C—15 and C—l7
N—parraf ins of the C—31 compound or both. Shrimp and wenchmen
samples appeared to exhibit the least intraspecies and seasonal
variation relative to their distribution of n—parrafins. The rise
of overall distirbution in addition to the odd/even rations of
hydrocarbons for baseline monitoring of hydrocarbon content was
recommended .

427. Gibbs, C.F. (1972).

A NEW APPROACH TO THE MEASUREMENT OF RATE OF OXIDATION OF CRUDE OIL
IN SEAWATER SYSTEMS.

Chemosphere, Pergamon Press. 3:119—124.

The apparatus described , in conjunction with Winkler titration , allows
measurement of bio—oxidation of crude oil in seawater. Using
unenriched seawater the rate observed is very low, nitrogen and/or
phosphorus nutrients are shown to be important. The next problem
to be approached is the maintenance of nutrient levels approximately
representative of those in the natural environment.
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428. Gibbs, C.F. (1975).

QUANTITATIVE STUDIES ON MARINE BIODEGRADATION OF OIL I. NUTRIENT
LIMITATION AT 14° C.

Proc . R. Soc . Lond . B. 188:61—82.

A method for measuring oxygen uptake due to oil b iodegradation for
a long period , in a semi—closed system , with continuous nutrient
replenishment is described . The rate and extend of degradation of
Kuwait crude residues in the absence of high nutrient concentrations
at 14°C was measured , and related to the supply and uptake of
inorganic nutrients. The rate controlling factor was the rate of
replenishment of ni trogen as n i t r a t e  or ammonia . Approximatel y
26% (based on oxygen uptake) or 44% (based on oil recovery) of
the oil was degraded , the difference probably being due to the produc t ion
of soluble organic compounds. Some properties of the recovered
oil were measured. The residues after partial degradation were of
sufficient density to sink in seawater. It appears that at 14° C, approximately
4 umolavailable nitrogen is required per milligram of oil oxidized
(based on oxygen consumption). The capacity of sea water to degrade oil
in the natural environment is tentatively discussed .

429. Gibbs, C.F., K.B. Pugh & A.R. Andrews (1975).

QUANTITATIVE STUDIES ON MARINE BIODEGREDATION OF OIL II. EFFECT OF TEMPERATURE .

Proc . R. Sec . Lond., B , 188 83—94.

430. Gibson, R. (1966).

OIL POLLUTION AND ITS EFFECT ON BIRDS IN SOUTH-EAST KENT.

Seabird Bulletin , 2, 66—69

431. Giles, L.A. and Livingston , J. (1960).

OIL POLLUTION OF THE SEAS. 
-

Trans. No. Amer. Wildl. Conf ., 25 297—303.

432. G i l f i llan , E .S .  (1973) .

EFFECTS OF SEAWATER EXTRACTS OF CRUDE OIL ON CARBON BUDGETS IN TWO
SPECIES OF MUSSELS, PP. 691—695.

In: Proceed ings, Joint Conference on Prevention and control of Oil
Spills. American Petroleum Institute , Washington , D.C.
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Effec ts of crude oil and salinity stress on the metabolism of 2
common filter feeding animals ( Mytilus edulis and Modiolus demissus)
have been investigated. Carbon budgets have been calculated fo r
each species under a variety of combinations of oil content and
salinity. Both reduced salinity and crude oil tend to decrease the
net carbon balance for each species; stresses from each source were
add itive in their effects on experimental animals. Although similar
responses to oil were shown by each species, Mytilus appeared to be
somewhat more resistant to oil than Mod iolus.

433. Gilfillan , E.S. (1975).

DECREASE OF NET CARBON FLUX IN TWO SPECIES OF MUSSELS CAUSED BY
EXTRACTS OF CRUDE OIL .

Mar. Biol. (Berl.), 29:53—57.

E f f e c t s  of crude oil and salinity stress on the metabolism of two common
filter—feeding animals ( Mytilus edulis and Modiolus demissus ) have been
investigated . Carbon budgets have been calculated for each species
under a variety of combinations of oil content and salinity .
Both reduced salinity and the presence of crude oil tend to decrease
the net carbon flux for each species; stresses from each source
interacted in their effects on experimental animals. Although similar
responses to oil were shown by each species , Mytilus edulis appeared to be
slightly more resistant to oil than Modiolus demissus.

434. Gilfillian, E.S., D. Mayo, S. Hanson, D. Donovan, and L.C. Jiang ,
(1976). -

REDUCTION IN CARBON FLUX IN MYA ARENARIA CAUSED BY A SPILL OF NO. 6
FUEL OIL.

Mar. Biol. 37:115—123.

Rates of respiratory assimilation and filtration have been determined
on a monthly basis for two populations of ~ arenaria in Casco
Bay, Maine, one of which was heavily oiled by a spill of No. 6
fuel oil. Monthly estimates of carbon flow have been calculated
from these data. The same general trends were seen in each population;
small negative carbon flow in winter, large negative carbon flow
in the spring ; large positive carbon flow during summer . However,
the oiled population gained carbon at only 50% of the rate seen in
the unoiled population. This difference results from the uptake
of hydrocarbons by the oiled population.

435. Gill, C., Booker, F., and Soper, T. (1967).

THE WRECK OF THE TORREY CANYON.

David and Charles, Newton Abbot.

B— 145 

- 7

- - - - - . - a . ..
_

- - . - - - -



436. Glude , J.B. (1972).

INFORMATION REQUIREMENTS FOR RATIONAL DECISION IN CONTROL OF COASTAL
AND ESTUARINE OIL POLLUTION.

In: Marine Pollution and Sea Life, M. Ruivo (ed.), Food and
Agr iculture Organization , United Nations, Fishing News (Books) Ltd .
pp. 622—624 .

This article proposes the pr.eparation of a resource atlas of the
coastline of the United States with charts and tables describing
water movements and the results of research on the biological effects
of various petroleum products and chemical and physical oil control
materials upon important aquatic species and their environment.

437 . Goethe , F. (1968) .

THE EFFECTS OF OIL POLLUTION ON POPULATIONS OF MARINE AND COASTAL BIRDS.

Helgolander wiss. Meeresunters., 17:370—374.

Oil pollution of the sea, especially damage of oil tankers, may cause
severe effects on populations of sea and coastal birds , especially as far as
bird aggregations in winter quarters or breeding places are concerned .

Examples of oil pollution effects on birds are given and the most severely
affec ted species of European waters quoted .

438. Goldacre , R . J .  (1968).

EFFECTS OF DETERGENTS AND OILS ON THE CELL MEMBRANE .

In: The Biological Effects of Oil Pollution on Littoral Communities
Supplement to Volume 2, Field Studies. J.D. Carthy and D.R. Arthur ,
(eds.) Field Studies Council.

This paper reports the effects of various pure substances found in
crude oil and in eznmulsifiers on the plasma membrane of the amoeba
( Amoeba proteus ). The method used was microscopic observations
of Amoeba in hanging drop preparations while the chemicals were
administered . Volatile substances at first increased , then
decreased the sensitivity of the Amoeba, then, at high concentrations ,
carried the rapid increase in area of the cell membrane. A
continuous series of these films peeled off the inner surfaces.
Non—volatile , insoluble oils had little effect. Anionic detergents
caused removal of the cell membrane while cationic detergents
caused “toughening” of the membrane and eventual coagulation of the
cytoplasm.

439. Goldberg, E. (ed.) (1972)

MARINE POLLUTION MONITORING STRATEGIES FOR A NATIONAL PROGRAM.
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In: Deliberations of a Workshop Held At Santa Catalina Marine Biological
Laboratory of the University of Southern California, Allan Hancock
Foundation, October 25—28, 1972. Sponsored by the National Oceanic
and Atmospheric Administration of the U.S. Department of Commerce.

This volume outlines procedures of sampling and analysis that could
be used to monitor the levels of pol lutants , including petroleum,
in the marine environment.

440. Goldberg, E . D .  (1975) .

THE MUSSEL WATCH. A FIRST STEP IN GLOBAL MARINE MONITORING.

Mar. Pollut. Bull., 6 111.

This short article proposes a monitoring system using mussels (Mytilus).
Speciments from 100 coastal and open ocean sites would be analyzed
annually for concentrations of halogenated hydrocarbons , transuranics,
heavy metals , and petroleum. Mussels appear valuable as monitors
of hydrocarbon pollution since they rapidly take up both saturates
and aromatics  from their environs and store them with l i t t l e  breakdown .

441. Goldberg, E . D .  (1976) .

The Health of the Oceans.

Unesco Press, UNIPUB, New York. 172 pp.

Various aspects of marine pollution are explored . Oceanic and societal
time scales and marine pollution dynamics are described . The role of
halogenated hydrocarbons , radioactivity, heavy metals , petroleum
hydrocarbons, and litter in ocean pollution is discussed . Predictive
modes and monitoring strategies are presented. Short time—scale problems
of the coastal ocean, long time—scale problems of the open ocean,
strategies of diagnosis and treatment, and the use of. mussels and
barnacles as sentinel organisms for measuring pollution also are
described .

442.  Gooding , R .M .  (1971) .

OIL POLLUTION ON WAKE ISLAND FROM THE TANKE R R .C.  STONER .

U.S. Dept. Commerce, Natl. Mar. Fish. Serv., Spec. Sci. Rep. Fish., 636.

On September 6 , 1967 , the tanker R.C. Stoner foundered on the reef
of f  the harbor entrance at Wake Island . During the following 10 days
the vessel ’s cargo of over 22,000 kliters (6 million gal) of high
octane aviation gasoline, aviation jet fuel, aviation turbine fuel,
diesel oil, and bunker C black oil was spilled along the southern
coast of the island.
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A shore and underwater survey of the contaminated coastline showed
tha t  an estimated 2 , 500 kg of inshore reef f i shes  were k i l l ed  and
stranded on the shore. Numerous other fish and invertebrates were
probably killed . Evidence is cited which indicates that most of the kill
occurred on the shallow reef flat and the author speculates on the
lethal e f f e c t  of the various fuels.

443. Gordon , D.C , ~t al .  (1976) .

FATE OF CRUDE OIL SPILLED ON SEAWATER CONTAINED IN OUTDOOR TANKS .

Environ.  S d .  Technol. lO(6) : 58O—585.

The fate of crude oil spilled on seawater was studied in outdoor
tanks. Concentrations of oil in the surface film , water column,
and sed iment were monitored for as long as three months by fluorescence
spectroscopy . About half of the spilled oil formed tar  balls or was
stranded on the walls of the tank . I t  is est imated tha t less than
57 of the oil entered the water column and -sediments. The concentration
of oil in the water column was as high as 2—3 mg/l dur ing the first few
days.  Oil could s t i l l  be detected in the seawater (about 30 ug/l) and sed iment
(about 10 ug/g wet sediment) after three months. The concentrations
observed were in the same range as reported in polluted environments
and are potentially deleterious to some marine organisms .

444. Gordon , D .C .  & N . J .  Prouse (1973) .

THE EFFECTS OF THREE OILS ON MARINE PHYTOPLANKTON PHOTOSYNThESIS.

Mar. Biol. 22, 329—333.

The effec t of three oils (Venezuelan crude, No. 2 fuel , and No. 6
fuel) on the photosynthesis of natural phytoplankton communities from
Bedford Basin, Nova Scotia (Canada) and the Northwest Atlantic Ocean
between Halifax and Bermuda were examined using a radiocarbon method .
The 3 oils can inhibit photosynthesis , and the degree of inhibition
depends upon oil type and concentrat ion.  The No.  2 fue l  oil was
the most toxic. Under certain conditions , l ow concentrations of
Venezuelan crude oil can st imulate  photosynthesis. On the basis
of these results , it is concluded that present levels of oil con-
tamination In Bedford Basin could be inhibiting photosynthesis
by a few percent, while present levels In open ocean water have
no apparent  deleterious e f f e c t  on pho tosyn thes i s .

445. Gowanloch , J .N .  (1935) .

POLLUTION BY OIL IN RELATION TO OYSTERS.

Trans. Amer. Fish. Soc., 65:293—296.
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Oy sters were dying in great numbers near recently drilled oil wells.
No spat ial  re la t ionship existed between the Intensity of damage to
an oyster bed and the distance of that bed from an oil development.
I t  was determined that the mortalities occurred as a result of the
discharge of “salt brine” from the drilling platforms into the sea .
This salt water comes to the surface from “salt dome” oil wells
under the sea, and Is in intimate contac t with the crude oil.
Separation procedures were carried out in the surface between ejecting
the brine , but oil remained complexed with it in amounts sufficient
to induce oyster mortality .

446. Graham , R . J .  (1963) .

LON ;-TERM TOXICITY OF OIL REFINERY EFFLUENTS .

PhD. Thesis, State Univ. Oklahoma.

447. Granino , A. and C. Joergenson (1975).

EFFECTS ON FERTILIZATION AND DEVELOPMENT OF THE COMMON MUSSEL
MYTILUS EDULIS AFTER LONG-TERM EXPOSURE TO A NONIONIC SURFACTANT .

Marine  Biology 3 3 ( l ) : l 7 — 2 0 .

Mussels were exposed to low—level concentrations (0 . 5 — 1 . 5  ppm) of
tallow alcohol decaethyleneglycolether for 5 mo. Upon maturation
at the end of this period , spawning ab lity was examined . Fertilization
occurred at low—level concentrations (0.1—2.0 ppm) of the surfac tant
and was most successful for gametes from the long—term controls and
the highest long—term concentration (1.5 ppm). Inhibited or delayed
larval development was observed, related to the concentration
gradient of the short—term exposures. Gametes from mussels
exposed long—term to the surfactant were more sensitive than those
from the long—term control. -

448. Granmo , A. and S. Kollberg,  (1976) .

UPTAKE PATHWAY S AND ELIMINATION OF A NONIONIC SURFACTANT IN COD
( GADUS MORR}[UA L. )

Water  Research , 10 (3) : 189—194.

Cod were caught in the Gullma r Fjord , Sweden , acclimated at labora tory
coaditions , and starved for 1 wk preceding the experiment.  A f t e r
exposure to nonylphenol ethoxylate (NP 10 EO) in stagnant water , the
f ish were dissected and samples taken of gill  f i l amen t s , blood
from the dorsal aorta , liver , kidney , gall bladder and urine for
analysis. The 5—part  investigation revealed tha t rapid uptake occurs
a f t e r  exposure to 5 ppm at 110 C and wi th in  5 mm all tissues except
the gall baldder contain appreciable amounts of NP 10 EO. The highest
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concentration within 5 mm (10 times that of the ambient water)
was in the gills. After 30—mm exposure, NP 10 EO starts to show
up in the gall bladder , and , after 8 hr. stable conditions are
reached wi th  a concentra t ion level of 4,000 ppm. The total surfactant
accumulates in the gall bladder , and the lack of elimi nati on and
high concentration present indicate that no further transport
or turnover  takes place. If the samples from the different tissues
are compare(., the uptake of NP 10 EO between S mm and 8 hr of exposure
shows a 1,000— fold increase in the gall baldder , a 10—fold increase
in the liver , and a 2—fold increase in the gills. Temperature increases
cause a faster rate of uptake in all tissues. The gills and blood
show the highest elimination rate after transfer to clear seawat.r.

449. Grant, C.W. and C.E. ZoBell , (1942).

“Ox idation of hydrocarbons by marine bacteria.”

Proc . Soc . Exper. Biol. and Med . 51:266—267 .

Bacteria in a raw sea water extrac t were found to attack a broad
range of hydrocarbons , including crude oil and gasoline. It appears
that aliphatic hydrocarbons are attacked more read ily than cyclic
or aromatic hydrocarbons , and long chains are more susceptible to
bacterial oxidation than hydrocarbons of small molecular weight.
Several species of Proatrinomyces, Pseudomonas and Mycobacterium
were isolated by enrichment culture from the sea water medium.

450. Grant , E .M .  (1970) .

NOTES ON AN EXPERIMENT UPON THE EFFECT OF CRUDE OIL ON LIVE CORALS.

Fish. Notes Dept. Prim. m d . ,  Brisbane, 1 1—13.

451. Green, D.R., C. Bawden, W.J. Cretney , C.S. Wong (1974).

THE ALERT BAY OIL SPILL : A ONE-YEAR STUDY OF THE RECOVERY OF A
CONTAMINATED BAY .

P a c i f i c  Mar ine  Science Repor t , 74—9.  46 pp.

I n Jan. 1973, the freighter Ir ish Stardust spilled roughly 200
tons of heavy fuel oil into Broug hton Strait. One of the more contaminated
bays , code—named Reserved Bay , was s u f f i c i e n t l y  isolated so that  it
could be l e f t  undisturbed for  scientific study. Natural degradation of heavy
fue l  oil was studied on 5 visits during the year to - obtain chemical
samp les , observe the physical fate of the oil, and follow its
ecological e f f e c t s .  Onl y those species in direct contact
w i t h  oil  were ha rmful ly  a f f e c t e d , pa r t i cu l a r ly  l impets and periwinkles,
and perhaps isopods , rockweed , and marshgrass.  No spec ies was
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completely elimina ted and indications are that recolonization is
o c c u r r i n g . No permanent effects are apparent on the biological
communi ty .  The phys ical action of the wind , wave s, and tide appeared
to have little effect on the oil in the semiexposed location.
The major mechanism for altering the chemistry of the oil was the
act ion  of bac te r ia , which  took 1 yr to degrade the p a r a f f i n  p o r t i o n
of the  oil , leaving a th in  aspha l t l ike  covering on the rock and
gravel of the beach. The coating , appearing more susceptible to physical
weathering than the oil , was gradually disappearing . The beach was
St i l l  po l lu ted  1 yr  a f t e r  spillage, with 9O %— 95 % of the oil removed
by natural processes.

452. Green , Kath erine A. (1974).

THE EFFECTS OF PETROLEUM HYDROCARBONS ON ORGANISMS OF THE CONTINENT AL
SHELF.

The B io log i s t .  Vol . 56 , No. 4. pp. 165— 179.

This article gives an overview of the effec ts of petroleum hydrocarbons
on organisms in the continental shelf.

453.  Greenwood , J . J . D .  (1970) .

OILED SEABIRDS IN EAST SCOTLAND.

Mar. Poll. Bull., 1(3):35—36.

Sl igh t ly more than 8000 birds were destroyed or found dead as a result of
oil pollution from 6 January to 4 February , 1970. More than 30 species were
a f f e c t e d  to some degree.  Among some 2000 accurately ident i f ied  from
the Tay region, the most common were eider (36%), guillemot (23%)
razorbills (15%), and common scoter (11%).

454. Greenwood , J.J.D., R.J. Donally, C.J. Feare, H.J. Gordon and C. Waterston .
(1971) . -

A MASSIVE WRECK OF OILED BIRDS: NORTHEAST BRITIAN, WINTER 1970.

Sco t t i sh  Birds  6 :235—2 50.

Counts of beached birds in northeast England and east Scotland in the
period 1 January to 15 February 1970 were collated . Of the 12,856 birds ,
12,400 were probably killed by oil. Oil was obvious on nearly all
the swimming seabirds, on most of the other wildfowl and on half of
the aerial seabirds but on few of the waders. It was found in the
gut of many apparent ly unoiled birds.  Ducks tended to have f resher
oil on them than auks. We conclude tha t heavy fuel oil, perhaps
from more than one source, was discharged off the east coast , probably
la te  in December. I t  was brought ashore by southe:isterl y winds , along
with the seabirds it had affected .
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. 55. Gr . nwoo d , J . J . D .  and J .P . F .  Keddie .  (1968) .

BIRD S KILLED BY OIL IN THE TA? ESTUARY , MARCH ANI) APRIL , 1968.

Scot .  B i r d s , 5 : 189—196.

An account  is given of the methods used to count affected birds during
the oil pollution of the Tay }-~~t uary that occurred at the end of
February 1468.

The to t a l  of b i r d s  found dead , destroyed , or taken into care was
1368 , most ot them being Elders. The diving birds were affected
to an cxtent out of propor tion to their numbers.

The to tal mortality of the Eiders was probably about 2000——though it may
have been up to four t imes as high. This represents approximately 7% of the
British population and repetition of the incident could have serious
effects on the size of that population.

456. Gregory, K.G. (1970).

OILED BIRDS IN HOLLAND .

Mar. Poll. Bull. 2(2):23

On 29 December 1970 12,000 tons of oil polluted the waterways of
the Biesbosds, Netherlands, oiling considerable numbers of wildfowl.
Many of these were treated at a local bird—cleaning organization.
Here a new mixture containing a biologically “sof t” non—ionic
det ergent was used to remove part of the oil. Any remaining on
the feathers could be rinsed away later as a stable emulsion in
water. While it is to be hoped that non—ionic detergents will leave
the plumage in ~ non—wettable  condition , prelim inary tests with
single  fea thers  indicate that this will not be the case. Water—
soluble ionic de tergents may be neutralized by certain organic
amines , and the possib ility of rendering feathers hydrop hobic in
this way Is be ing  investigated.

457.  C rice , G . D . ,  G . R .  Harvey , V .T .  Bewen (1972) .

THE COLLECTION AND PRESERVATION OF OPEN OCEAN MARINE ORGANISMS
FOR POLLUTANT ANALYSIS.

Bul l .  Environ.  Contam. lox . 7 125—132 -

This paper describes the sources of contamination that beset samp l ing
for pollu tants and the procedures adopted to avoid contamination .
Data are also presented that  we believe confirm that the procedures
described are successful solutions to the problems posed .

458. G r i f f I n , Lynn and J .A .  Calder ( 1 9 7 7 ) .

TOXIC EFFECT OF WATER-SOLUBLE FRACTIONS OF CRUDE, REFINED, AND
WEATHERED OILS ON THE GROWTH OF A MARINE BACTERIUM .

Appl .  Env i ron .  Microbiol.  33 (5 ) : 1O92— l0 9 6
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The water—soluble fractions of 3 crude and 2 refined uil.s reduced
the growth rate and maximum cell density of the marine bacterium
Serratia marinorubra grown in batch culture. The w ithering of a
crude and a refined oil was simulated in the labora :ory. The
water—soluble fractions remaining from this ~rocess were more toxic
to S. mar inorubra  than  were the parent unwe~~:aer d oils. Increases
in the magnitude of toxic effect of 3—30 times were observed as
a func t ion of increasing the concentration in the c u l t u r e s .  Toxicity
d id  not co r re l a t e  w i t h  the concentration of total water—soluble
f r ac t ion  or of a romat ic  hydrocarbons in the water—soluble fraction.
Affected cultures did not exhibit a residual toxicity after being
back—innoculated into control media .

459. G r i f f i t h , D. de C. (1970) .

TOXICITY OF CRUDE OIL AND DETERGENT S TO TWO SPECIES OF EDIBLE
MOLLUSCS UNDER ARTIFICIAL TEST CONDITIONS .

FAO Tech . C o n f .  Mar. Po l l u t . ,  Rome, pap . E—l6. Also In: Marine
Pollution and Sea Life, M. Ruive (ad.) FHO Fishing News (B ooks)
Ltd. London p. 224—229.

Litto r ina  and Myt i lus  were exposed to a control led tidal regime
w i t h  a slick of oil or oil and dispersant. Arabiri Light crude oil was
used with a wide variety of disp~ersants. Experiments were done
at three temperatures and mortality over time was measured . No
toxic effects were seen among the animals exposed to crude oil
w i t h o u t  d ispersants .  Toxic e f f e c t s  were seen wi th  dispersants.

460. Griner , L.A. And R. Herdman. (1970).

EFFECTS OF OIL POLLUTION ON WATERFOWL : A STUDY OF SALVAGE METHODS.

Water Pollution Control Research Series 15080 EBZ, 12/ 70 , December 1970.
35 p.  EPA—WQO Program 15080 EBZ 12/70 .

A study was made of salvage methods for waterfowl subjected to oil
pollution . Mallard ducks were the primary test species used . Aspects
of the pathology of some of the waterfowl species Involved in the
Santa Barbara oil slicks were also investigated .

Al though some refined petroleum products contain toxic compounds ,
the Santa Barbara crude used as a test  oil in this study produced no
apparent  ill e f f e c t s .

Polycomp lex A—l l  was found to be a rapid and effective cleansing
agent for the removal of oil from bird plumage. Oil on bird plumage
a l t e r s  fea thers  s t r u c t u r e s  by replacing the small air pockets
between barbules of the feathers, thereby decreasing buoyancy
and insulation. R emoval of oil from down f e a t h e r s  is more d i f f ic u l t
than from the  contour fea thers .
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Ducks and geese are more amenable to treatment and post—t reatment
care than are the more aquatic fowls , so -h as grebes , loons , auks and
m u r r e s .  C o n f i n e m e n t  t imes should be as br i e f  as p o s s i b l e , as the
i n c i d e n c e  of my c o t i c  and othe r in f e ct i o u s  d i seases  i n c r e a s e s  under
long per iods  of close c o n f i ne m e n t .

461. G r i t z , R .L .  and D . C .  Shaw (1977)

A COMPARI~~)N OF METHODS FOR HYDROCARBON ANALYSIS OF MARI~~I- 1 BIOTA .

B u l l .  Env i ron .  Contam.  & Tox. 17 408—4 15.

As a p r e l i m i n a r y  to measurements  of h y d r oca r b o n s  in  m a r i n e  b i o t a
of Alaska w a t e r s , we c a rr i ~ed out a com~) ar i s on  of several p r o c e d u r e s
of hy drocarbon a n a l y s i s .  Var ious  methods  are descr ibed  and
compared . We j udge  tha t 24 hour s a p o n i f i c a t i o n  and column cnroma—
tography  on p a r t i a l l y  de act i v a t e d  columns c o, .s ti t u te  the  best
procedure  tes ted .

462.  Grose , ~ .L . and J .S .  Mat t son  ( e d s . )  ( 1 9 7 7 ) .

THE AR GO MERCHAN T OIL SPiLL: A PRELIMINARY S C I E N T I F I C  REPORT.

Na t iona l  Oceanic and Atmosp her ic  A d m i n i s t r a t i o n .

This volume represents available results from the investigations
carried out by the many groups involved in the initial assessment
of the  impact  of the “Argo Merchant ” spi l l .  Included are f i she r i e s
i n v e s t i g a t i o n s, p a r t i c u l a r l y  of p l ank ton , seabi rd  observat ions ,
observations of mar ine  mammals , littoral zone and near coastal
zone survey, and preliminary surveys of the impact of the spill
on fishing activities. Appendix VIII is published separately as a
Summary tact Sheet.

463. Cruger , E.H. Jr., M .M. Wekell , P . T .  Numoto , and D.R. Cradd ock (1977)

INDUCTION OF HEPATIC-ARY L HYDROCARBON 1{YDROXYLASE IN SALMO N EXPOSED
TO PETROLEUM DISSOLVE D IN SEAWATER AND TO PETROLEUM AND POLYCHLORINATED
BIPHENYL S SEPARATE AND TOGETHER IN FOOD.

Bull. Environ. Contam. and Toxical. Vol. 17 p. 512—520.

Hep3tic Ary l Hydrocarbon Hydroxylase (AHH) is induced in coho
salmon exposed to 1 ppm PCB ’ s in the d i e t ;  however , comparable
experiments with 1 ppm of Prudhoe Bay crude oil did not significantly
alt er the AHH activities. These findings suggest that in aquatic
food—chains containing both petroleum hydrocarbons and PCB ’s, the
latter compounds may exert ~ p redominan t  i n f l u e n c e  on the  i n d u c t i o n
of the hepatic AHH enzyme system . Desp ite the lack of induction
of hepatic AHH with I ppm Prudhoe Bay (-rude oil in the diet , young
coho salmon exposed to 150 ppb (0.l5ppm) of a seawater-soluble
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fraction for 6 days exhibited a significant induction of this enzym e
system . Thus, crude oil components of relatively high water
solubility (e.g. methylated naphthalenes and polyakylat d benzenes)
may be more effective than high molecular weight insoluble components
in inducing AHH.

-~h6 . (uard , H.E. and A.B. Cobet. (1973).

THE FATE OF A BUNKER FUEL IN BEACH SAND, pp. 827—834.

In :  Proceeding s, Join t  Confe rence  on Prevention and Control of Oil
Sp i l l s .  American Pe t ro leum I n s t i t u t e , Washing ton , DC.

The dispersed oil concentrations in sand from 3 San Francisco area beaches
have been measured over a 143 day per iod fol lowing an 840 , 000 gallon
bunker  fuel  spi l l  in San Francisco Bay.  The dispersed o i l  remaining
w i t h i n  the  beaches after cleanup was extensively weathered while
v i s ib l e  oil globules exhibited only minor weathering . Elevated
l eve ls  of ch lo ro fo rm—ext rac t ab l e  mater ia l  were observed at  2
sampling locations following the spill. The background levels
of ch lo ro fo rm—ext rac tab le  ma te r i a l s  determined from log—normal
d i s t r i b ut ~ion ana lysis were tenfold higher on bay beaches than on
ocean beaches.  Laboratory experiments indicated that in a beach system
evapora t ion , dissolut ion, and microbial deg rada t ion  combine to remove
th e lower molecular weight fractions of bunker fuel. A major effect
of the beach is to disperse the oil. This dispersal has been shown to
greatl y enhance the effec t of dissolution on the composition of
hunker fuel. While the effect of exposure to water on the composition
of a bunker fue l  slick is minimal, significant amounts of the lower
ends of bunker fue l  (which is highly dispersed)  in a sand column
are removed by dissolution.

~.65. Guard , H.E., L . Hunter and L.H.D. Salvo (1975).

IU E N T L F I C A T I O N  AND POTENTIAL BIOLOGICAL EFFECTS OF THE MAJOR COMPONENTS
I N THE SEA WATER EXTRACT OF A BUNKER FUEL .

BuLl . Environ. Contamination and Toxicology. 14(4):395—400.

Report on the composition of the seawater extract of a bur ker fuel
s i m i l a r  to t h a t  spilled in San Francisco Bay , 1971 , Inc luQing
some observations on its effect upon a crab species, Pachygrapsus
C rassi pes.

466. Gudin , C. and K.W .A. Chater (1977).

ISOLATION OF TRICHODER NA HARZIANUM (RIFAI ) CROWING ON FERRIC
HYDROXIDE M~ 1) IMPREGNATED WITH GAS OIL.

Env ironmental Pollution 14 1—4 .

In  n o r t h e r n  France , gas o i l — i m p r e g n a t e d  f e r r ic  hydroxide mud was
found t o  support fungal frowth. The fungus was identified by the
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Comino r .wealth Mycological  I n s t i t u t e, Kew , w i t h  whom a r e f e r e n c e
culture has been registered .

T:xperiments indicated that its growth resulted from the biodegradation
of the gas oil.

It is believed that, in this unusual s i ti a t i o n , contamina t ing  hy dro-
carbons may be removed from the environment by microbial activity.

467.  Guert in , D . L .  and H .W .  Gerarde.  ( 1959) .

TOXICOLOGICAL STUDIES ON HYDROCARBONS.

Arch .  Ind . Health , A . M . A .  2 0 : 2 6 2 — 2 6 5 .

An ultraviolet spectrophotometric method has been described for the
quan t i t a t i ve  determinat ion of benzene and alk y lbenzenes in blood .
The procedure involves hemolysis of the samp le and subsequent  ext ract ion
of the hydrocarbon with cyclohexane . The ultraviolet absorption
spectrum of the cyclohexane solution is recorded , and the concentration
of aromatic is determined by reference to previously prepared
calibration curves. The method has been applied to the determination
of a number of alkylbenzenes and kerosene , used in a sys temat ic
stud y of the rates of absorption and elimination of these types
of hydrocarbons from the blood stream of experimental  animals.
This work will be described in a future publication .

468 . Gunkel , W. (1968) . -

BACTERIOLOGICAL INVESTIGATIONS OF OIL-POLLUTED SEDIMENTS FROM THE
CORNISH COAST FOLLOWING THE TORREY CANYON DISASTER.

In: Biological E f f e c t s  of Oil Pollution on Li t tora l  Communi t ies ,
Supplement to Volume 2 Field Studies, J.D. Carthy and D.R. Arthur , (eds.)
Field Studies Council.

Samples were taken from oiled beaches three months after the Torrey
Canyon accident .  The samples were analyzed for oil—decomposing
bacteria by p lacement on hydrocarbon subs t ra tes  and observing the
bacterial populations by turbidity. All twenty three samples taken
proved to contain high numbers of oil decompos ing bac ter ia and
pro teolytic bacteria, even those taken in areas where there was
extensive use of emulsifiers.

469. Gunkel, W. 1973.

DISTRIBUTION AND ABUNDANCE OF OIL—OXIDIZING BACTERIA IN THE NORTH SEA.
PP. 127—140.

In: The Microbial Degradation of Oil Pollutants. Ahearn and Meyers ,
(eds.)  Center for Wetland Resources, LSU, Baton Rouge, La., Publ.
No. LSU—SG—73—Ol .
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Investigations include distribution of oil—oxidizing (and total
heterotrophic bacteria) in the waters, surface films, sediments and
beac ti sands of the North Sea in the vicinity of Helgoland and in the
River Elbe estuary. Microbial concentrations in unpolluted samples ,
as great as lO~ per liter of sediment , are reported .

470. Gunkel, W . (1973).

SOME REFLECTIONS ON THE BIODEGREDATION OF MINE RAL OILS IN THE
MARINE ENVIRONMENT.

Inpu t s ,  Fates, and E f f e c t s  of Petroleum in the Marine Environment.
Background information for the Workshop, Oc-~an Affairs Board,
NSF, 21—25 May 1973 Airlie, Va. National Science Foundation .

Discussion of the difficulties in studying microbial degredation of oil.

471. Gunnerson , C . G .  and G. Peter (1976).

THE “METULA” OIL SPILL . U.S. DEPT. OF COMMERCE, NOAA SPECIAL REPORT.
42 p.

Available from Superintendent of Documents, U.S. Government
Printing Office , Washington, D.C. 20402

In August 1974 the supertanker “Metula” ran aground in the
St ra i t  of Magellan and spilled over 50 ,000 tons of light Arabian
crude oil. The spill was not contained and the oil was carried
over large segments of beaches and tidal marshes of Tierra del
Fuego and deep in to  the estuaries of the area . This report summarizes
the findings of a team of scientists from the United States and
Chile who investigated the environmental damage in August 1974
and January 1975. Future research needs are also described . Append ix
B contains abstracts  of the reports on the “Metula ” oil spill.
Complete texts of these reports are on microfiche and are included
wi th  th is  repor t .

472.  Gutsell , J .S.  (1921) .

DANGER TO FISHERIES FROM OIL AND TAR POLLUTION OF WATERS .

Rep. U . S .  Connniss. Fish. (1921) App. 7, 8 p.

473.  Hadley , A.H.  (1930) .

OIL POLLUTION AND SEABIRD FATALITIES .

Bird Lore , 32 , 241—243.

474. Hadley , D. (1977).

INTRA- AND INTER-SPECIFIC VARIABILITY IN TOLERANCE OF SOUTHERN CALIFORNIA
LITTORINA PLAN AXIS AND LITTORINA SCUTULATA TO PETROLEUM.

Env ironmental Research.
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~75 . Hags trom , Bernd t E. and Sunniva Lonning (1977)

THE EFFECTS OF ESSO COREXIT 9527 ON THE FERTILIZING CAPACITY OF

S P ERMATAZOA.

M a r i n e  P o l l u t i o n  B u l l e t i n  8:6 1 36—138

The water—soluble oil dispersant Esso Corexit 9527 has earlier been found
to interfere , even in low concentrations , with fertilization and
development. Further studies of the effect on sea urchin spermatozoa
demonstrate that Corexit 9527 exhibits detrimental biological effects
in concentrations down to 0.0003 ppm .

476. Ilaistead , B .W. (1972). 
- -

TOXICITY OF MARINE ORGANISMS CAUSED BY POLLUTANTS.

In: Miirjne Pollution and Sea Life , M. Ruiva (ed.) Food and Agriculture
Organization , United Nations , Fishing News (Books) Ltd. pp. 584—594

This paper discusses how chemicals affect the quality of marine
products and possibly thereby human health. Several pollutan ts
are discussed with a short section on petroleum .

477. Mann , R.W . Jr. (1974).

VLCC “METULA” OIL SPILL.

Repo r t to U.S. Coast  Gu ard , Texas A&M University. (NTIS).

T h i s  r epor t  summar izes  the history and environmental impact of the
grounding of the VLCC “Metula ”, August 1974, on Satellite Patch Shoal
i n  the  S t r a i t  of Mage l l an , Ch i l e .

478. Mann , R.W . Jr. (1975).

FOLLOW-UP F I E L D  SURVEY OF THE OIL POLLUTION FROM THE TANKER “METULA”.

F i n a l  R e p o r t  U S C G — D - - l 6 6— 7 5 .  59 pp. NTIS AD—A0l7 100I9GA .

The team found t h a t  over 128 k i lometers  or 80 miles of beach have
ev idence  of MET ULA o i l  impac t .  I t  is the au thor ’s jud gement tha t a
majority of the oil which came shore in August and September
I s  s t i l l  a shore .  This would amount to some 20 , 000 tons of o i l .
This o il will c o n t i n u e  to erode, leach into the water or be
flushed from the estuaries and will be a chronic source of
pollution for a long time to come . There appears to be substantial
r)iological impact of the intertidal marine life , but the effec t
on oth er marine organisms is hard to determine . The oil spill
is s t i l l  h a v i n g  a detrimental effect on mar ine  wate r fowl
and will Continue to do so as long as unstablized oil or mousse
is located at the top of the  beach zone and in es tuarine  areas and
a -~ l ong as contaminated mussels are used as a food source.
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479. Mann , R.W. Jr. (1977).

FATE OF OIL FROM THE SUPERTANKER METULA .

In: 1977 Oil Sp ill Conference Proceedings p. 465—468, API Pub. 4284,
Amer .  Pe t ro l .  I n s t . ,  Wash. D.C.

Th supe r tanke r  Metula  ran aground Augus t  9, 1974 in the S t r a i t
of Magellan spilling a total of 51,500 tons of light Arabian
crude oil and 2,000 tons of Bunker C fuel oil. This article reports
the observation of the author on the fate of the oil 5 months and
17 months after the sp ill with regard to the marine life in the beach and
intertidal zone and the weathering of the oil and physical changes
in the impacted ecological systems .

The magnitude of the Metula spill coupled with the absence of any
cleanup activity has made the spill serve a valuble role as a test
system for observing recovery from a major spill in a cool climate.

480. Mann , R.W., Jr., and t.1.P. James (1974).

A SURVEY OF THE ECONOMIC AND ENVIRONMENTAL ASPECTS OF AN ONSHORE
DEEPWATER PORT AT GALVESTON , TEXAS, PART II: ENVIRONMENTAL
CONSIDERATIONS .

Texas A&M University Sea Grant Publication TAMU—SG—74—2l4.. 5lpp .

The development of a deep draf t port for the Galveston area is a
project with broad implications for the environment. A framework
was established for a comprehensive environmental study which should
be undertaken in the early stages of planning for the proposed port.
An environmental assessment matrix was followed which identified
the project activities such as construction , operation , and maintenance
for the offshore , Galveston Bay entrance , and terminal areas,
as compared with environmental elements such as physical, chemical,
geological , b iolog ical , and cultural features. Major environmental
issues included effects on the Galveston Bay — Gulf interchange ,
removal of the established bottom in the offshore area , dredged
material disposal , sediment transport changes , better oil spill
control and containment in the harbor area, and the exponential
increase in environmental change with the increasing depth of the pro—
ec t .

481 . Hardy, J.P.L. (1967).

SEA POLLUTIONS BY HYDROCARBONS AND ITS BIOLOGICAL CONSEQUENCES .

Penn Ar Bed , 6(50), 123—128.

Rev iews the sources of oil pollution of the sea and indicates the
exten t of such pollution throughout the world , includ ing certain
European coasts which suffer from chronic pollution. The effects
of oil pollution are discussed , including lowering of the surface
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tens ion of the water , inhibition of gas exchange, and toxic i ty  to
a lgae , marine organisms , and sea b i rds .  (Sinh a— OE I S)

4 82.  Hard y ,  R . ,  P . R .  M a c k i e , K .J .  W h i t t l e  and A .D .  M c i n t y r e  (1974) .

DISCRIMINATION IN TUE ASSIMILATION OF N—ALKANES IN FISH.

N at u r e , London , 252 577—8.

Kuwait crude oil was fed to cod ( Gadus ). After six months
feeding, the tissues were analyzed for hydrocarbon control. There
were marked differences between oiled and contro l groups though
‘he hydrocarbon pattern in the oiled group did not resemble that  of
Kuwait crude. The apparent discrimination indicated by the liver
analyses in the presence of a specific alkane array in the
diet demonstrates that it is unlikely that a simple comparison
of t issue analyses w i t h  those of extraneous hy drocarbon source wi l l
s u f f i c e  to i den t i f y the source of the tissue alkanes.

483. I-larger , J.R.E. and D. Straughan. (1972).

BIOLOGY OF SEA MUSSELS ( MYTILUS CALIFORNIANUS (CONRAD) AND M.
EI)IJLIS (LINN.)) BEFORE AND AFTER THE SANTA BARBARA OIL SPILL (1969).

W a t e r , A i r , and Soil P o l l u t .  Vol .  1:381—388.

E f f e c t s  of the 1969 Santa Barbara oil spill on sea mussels were Investigated
by c o m p a r i n g  biomass charac te r i s t ics  of mussel populat ions  in po l lu ted
and clean areas be fo re , dur in g  and a f t e r  the discharge . Animals
in exposed areas were not significantly lightet in body weight than
those in clean areas . Likewise no deleterious eff ect in the form of
lower ed bod y weights could be detected in mussels from polluted
areas in three successive years subsequent to the oil spill. It is
noted that the sp ill in question occurred at a time of minimal
growth  on the par t  of the sea mussels involved and that an adverse
response might have resulted if the oil had washed ashore during a
period of heightened growth. The technique employed makes reference
o n l y  to l i v ing  organisms , the re fo re  no coimnent is made wi th  respect
to incurred mortality patterns .

484. Hargrave , B.T. and C.P. Newcombe. (1973).

CRAWLING AND RESPIRATION AS INDICES OF SUBLETHAL EFFECTS OF OIL AND A
DISPERSANT ON AN INTERTIDAL SNAIL LIT1ORINA LITTOREA.

J. Fish. Res. Bd. Can., 30:i789—l792.

Crawling and respiration rates of the snail Littorina littorea are Increased
in the presence of Bunker C oil and decreased with brief exposure

low toxicity dispersan t (Corexit 8666) in sea water  a t  20C . The
a d d i t i o n  of the dispersant  to an oil: seawater mixture also decreases
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both crawl ing and respiration . Behavioral traits, such as crawl ing, and
ph ysiolog ical indices, such as respiration, may be sensitive measures
of subletha l effects of pollutants on organisms .

486. Harris , R.P., V. Berdugo , E.D.S. Corner, C.C. Kilvington , and
S . C . M .  O ’Rar a (1977)

FACTORS AFFECTING THE RETENTION OF A PETROLEUM HYDROCARBON BY MARINE
COPEPODS.

In:  Fate and E f f e c t s  of Petroleum Hydrocarbons and Organisms In Marine
Ecosystems and Organisms. New York: Pergamon Press

14C—l—Naphthalene was used as a model compound to study the retention
of an aromatic hydrocarbon by marine planktonic copepods dur ing  24—
hour exposure experiments. Seven species were investigated , including
representat ive es tuar ine, ner i t ic  and oceanic forms . Naph thalene
concentrations varied from 0 .2  to 1000 ji g/ I , a range including those
that might occur temporarily under an oil spill.

Signi f icant  positive correlat ions were demonstrated be tween
naphthalene retention and copepod size measured as dry weight and
total lipid content; but a negative correlation was observed with
temperature, and retention was diminished in animals starved for
progressively longer periods. Amounts of the hydrocarbon absorbed
on the surfaces  of the animals appeared to be only a small fract ion
of the totals accumulated .

Supplementing the quantity of 1-4C--l—naphthalene in solution with a
reia tively small amount as suspended food led to a marked increase
in radioac tivity in the animals. In addition , studies on the
f a t e  of naphthalene ingested by male and f emale Calanus he l&oland icus
during feed ing for  24 hr on a plant  diet  showed that , compared wi th
bulk const i tuents  of normal foodstuffs, the hydrocarbon was more
readily assimilated . About half the assimilated fraction was
released in soluble form during feeding , ei ther  as unchanged hydro-
carbon or metabolites , and the other half re~ained . There was
no evidence that the size of the portion retained varied with the
sex of the animal.

Upon transfer of the animals to clean seawater follow ing exposure
exponential depuration was observed , but in the case of ~~~~ temora
aff inis radioac tivity accumulated by naup lius I was still de-
tectable In the resultant adults 34 days later .

487. Harris , R.P., V. Berdugo, S.C.M. O’Hara, and E.D.S. Corny r , (1q77)

ACCUMU LATION OF 1-4C— 1—NAPHT HALENE BY AN EST 1JARINE AND AN OCEANIC
COPEPOD DURING LONG-TE thi EXPOSURE TO LOW-LEVEL CONCENTRATIONS .

Liar. Biol. 42 187—195.
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Accumulation of the bi—cyc lic aromatic hydrocarbon 14 C—l—nap hthalene
in adult female Calanus helgolandicus and adult female Eurytemora
a f f i n i s  i.n s i  water concentrations of hydrocarbon ranging from
.2 to 492 ug/l was studied during exposure periods of up to 15
d - i v s  i s  part of an investigation of the possible effects on marine
zooplankton of persistant exposure to low levels of petrol eum hydrocar—
boris

488. Harrison , L.H. (ed.) (1975).

B IOIN I)ICATORS OF POLLUTION (A BIBLIOGRAPHY WITH ABSTRACTS).

N ,itlona l Technical Service , Spring field , Va. 124 pp. NTIS/PS—75/796.

The bibliograp hy includes reports that discuss the use of micro—
organisms , animals , plants , and fishes to detect air and water pollution.
It includes 119 references.

489. Harrison , E.A. (1976).

THE BIOLOGICAL EFFECTS OF OIL SPILLS (A BIBLIOGRAPHY WITH ABSTRACTS).

NTIS/PS—76—0033/l, 147 pp.

This bibliography contains 142 selected abstracts of Government—
sponsored research reports on all aspects of biological and ecological
effects of oil spills in salt and fresh water . The effects on
microorganisms , plants, and animals are covered along with research
on the residues and metabolic products of various oil components .
(Th is updated b ibliograp hy conta ins supersedes NTIS/PS—75/l18
and contains 35 new entries.)

See also en try #488

490. Harrison , J.G. (1967).

OIL POLLUTION FIASCO ON THE MEDWAY ESTUARY .

Birds , 1 134—131

491. Hartung, R. (1963).

INGESTION OF OIL BY WATERFOWL .

Papers of the Mich igan Academy of Science , Ar ts, and Letters.
48: 49—55.

When ducks come into contact with pollu ting oils, in all probability
some of this oil is ingested . It has been determined that the
ingestion of a sufficiently high dose of a certain cutting oil
w ill result in reduction of mobility. The available evidence
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in di - ates t h a t  some oils can have toxic eftects upon waterfowl ,
and may under certain circumstances be a definite factor in waterfowl
mortaliti e s. The toxicological effects of ingested oils on waterfowl ,
however , d i-f inite ly bear further investigation.

4~ 2. Ifartii ng, R. (1965).

SMMI- EFFECTS OF OILING ON REPRODUCTION OF I)UCKS .

J. W ildi. Mgmt. 24:872-874.

A t t .r  ingestion of 2 gm/kg of a relatively nontoxic lubricating oil , one
ma l l a rd ( A n as ~) l a t y rh yn chos  ) and two I’ekins stopped laying for
about 2 weeks . Very small quantities of oil coated on mallard eggs
r -dii ced their hatchability to 21 percen t  compared to 80 percent found
for unoiled mallard eggs. Experimentall y oiled mallards continued
incubating their clutches , but their eggs did not hatch even though
they co ntinued incubation for longer than normal per iods.

491. Hartung, R . (1965).

- () Mt- EFFECTS OF OILS ON WATERFOWL .

Diss. Abstr., 25 , 6866.

494. Ilartung, R . (1967).

ENERGY METABOLISM IN OIL COVERED DUCKS.

J. W ildl. Mgmt. 31:798—804.

The metabolic rates of ducks covered with known quantities of oils
were measured indirectl y by de termining total quantities of exhaled
c arbon dioxide. Metabolic rates increased linearly with decreasing
ambient temperatures. Regression analyses of the metabolic rate——
t emperature plots made it possible to assess the heat conductivities
of norma l and oiled duck plumages . A dose—response curve could be
-s t ablished for the effects of oiling on the estimated heat conduc t ivity.
The lower lethal temperature for oiled and normal ducks could not
he determined and was less than —26°C. Mortalities at those temperatures
appear to be delayed until fat reserves are used up. The usual
reduction in food intake by oiled ducks in conjunction with sharp l y
increased metabolic rates can result in an “accelerated starvation ” .
Recovery toward normal metabolic rates after oiling was observed .

695. Hartung, R. and C.S. Hunt. (1966).

T O X I C I T Y  ~F SOME OILS TO WATERFOWL.

.1. W !ldl . Mgmt., 30:564—570.

A niimher of industrial oils were tested for their toxic effects on
waterfowl. All oils were able to cause li pid pneumon ia, gastroint estinal.
irr i tation , fatty l ivers , and adrena l cortical hyperplasia when fed to
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ducks in single doses by stomach tube. Feeding of a cutting oil and a
diesel oil also resulted in acinar atrophy of the pancreas. The
d iesel oil and a fuel oil produced toxic nephrosis in a number of
animals. Feeding the cutting oil produced a definite inhibition
of cholinesterase activity while the diesel oil depressed cholinesterase
activity only slightly. Approximate LD50 values were determined for
a number of oils under different environmental conditions. Gross
examination of a series of 41 ducks which had been killed by oil
poll ution in the wild showed , at autopsy, changes similar to those
encountered in the experimentally fed ducks . It was concluded tha t the
toxicity of polluting oils is a definite factor in the observed
mortalities due to oil pollution.

49 6. Harvey , G.R . and J.M. Teal. (1970).

PCB AND HYDROCARBON CONTAMINATION OF PLANKTON BY NETS.

Bull. Environ. Contam . Toxicol. 9:287—290.

Report on the contribution of nylon plankton tow—nets to the level of
hydrocarbon and PCB in the samples taken.

497. Hay, K.G. (1974).

OIL AND THE SEA . THE ECOLOGICAL IMPLICATIONS OF A CONTROVERSIAL INVASION .

Marine Technology Society. Journal, 8(1):l9—20.

An in—depth study by the API on the fate and effects of oil spills
de termined that biological damage to an ecosystem depends on the type
of oil spilled , biota of the area, the dose of oil , the phys iography
of the area , the season, wea ther cond itions , previous exposure to
other pollutants , and treatment of the sp ill. Oil may be assimilated
by mar ine organisms , such as shellfish , shrimp and fin fish with the
effects dependen t on the par ticular species, its stage of growth
and amount and kind of oil . Brine shrimp absorbed and purged aromatic
hydrocarbons in a matter of hours. No metabolization of the oil fractions
occurred. Fish metabolized these hydrocarbons and excreted the
by—pr oducts in their urine. Oysters depurated the hydrocarbons
within a few days when returned to an oil—free environment. No
of! sp ill has resulted in any permanent damage to the environment.
In mos t spills , biological recovery is achieved within a few generations
Involving 1 yr.

498. Hawkes, A.L . (1961).

A REVIEW OF THE NATURE AND EXTEN T OF DAMAGE CAUSED BY OIL POLLUTION
AT SEA.

Trans. North Am. Wildl. Conf. 26:343—355.
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The princ ipal source of oil pollution of the sea is shipp ing . Oil
i s  spread from ships when taking on fuel , pump ing bilges, and wash ing
t anks . Much oil is also lost through leaking hulls. Ship casualti es
such as groundings cause the most damaging spills of oil. Oil
drilling and natural seepage are two less significant causes of oil
pollution of the sea.

Some of the potential hazards and consequences of oil pollution are
fire , poisoning of animal l i f e , upsetting of oceanic food chains ,
mechanica l fouling of animals, pollution of beach and resort areas,
fouling of boats , tainting of fin fish and shellfish , interference
with naviga t ion , damage from some removal techniques , degradation
of oceanic waters as a source of industrial and domestic water
supply, and repellent effects on marine fauna.

Financ ial losses as a consequence of marine oil pollut ion stem from
los s of valuable natural resources, loss of revenue to resort areas,
loss of time and revenue for cleaning operations on commercial
fishing gear , loss to sources responsible for the pollut ion, cos ts
to local and state governments for cleaning shorelines and property ,
costs of investigations , costs of prosecution . Intangible losses
may be even greater than those mentioned .

499. Heidelberger , Charles. (1970).

STUDIES ON THE CELLULAR AND MOLECULAR MECHANISM OF HYDROCARBON
CARCINOGENESIS.

Europ.  J .  Cancer . 6:161—172.

The author  has reviewed his research carried out over the past 20 years
concerned wi th the cellular mechanisms of hydrocarbon carcinogenesis.
The in te rac t ion  of labeled carciongenic hydrocarbons wi th  the DNA , RNA ,
and protein of mouse skin has been studied at various times after
top ical application , and the results correlated with the carcinogenic
process. A quantitative system, employing cells derived from C3H
mouse ventral  prostate, has been developed for  obta in ing  mal ignant
t r a n s f o r m a t i o n  in v i t ro  wi th  carcinogenic hy drocarbons . A mechanism
involving the selection of preexisting malignant cells by the
carc inogen  has been ruled out wi th  this system .

500. H c i t z , James R . ,  et al . (1974) .

THE ACUTE EFFECTS OF EMPIRE MIX CRUDE OIL ON ENZYMES IN OYSTERS ,
Sh RIMP AND MULLET.

In: Pollut ion and Physiology of Marine Organisms. pp. 311—328.

This s t u d y  i n d i c a te s  tha t  acute  oil exposures to aquatic animals have
few effects on the enzymes studied . The enzyme changes seen in the
oyster may represent a compensation response which often occurs
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when animals are exposed to toxicants. Based on this study, other
enzymes might serve as more sensitive indicators of oil exposure ,
such ~is those Involved in f;ittv acid metabo l i sm and/or  d e t o x i f i c a t i o n .

~ itli inlormation roin an expanded stud y a more comp lete understanding
of the  im p ~o t of oil on marine organisms will be possible.

‘~O 1 . H e l l~~h u st , i .A .  , B. Hanna , R . C .  Shentl i , M .  Gerg is , and T .C .  1- lutchinson
( 19 7 5)

i:x~-~ R1MLN ~ AI. CR UI ) l -  011. SPILLS ON A SMALL SUBARCTIC LAKE IN THE
MACKENZIE V,\1 Lt- i , N .W. F.: EFFECTS ON PHYTOPLANKTON , PERIPHYTON ,
-\ND \TTACHEE) AQUATIC VEGETATION .

In: ‘n t  0 r 4 - n  e on Prevention and Control of Oil Pollution.
pp. 509— 51t ., Amer. It-t ro l . Inst.

~1 - r i m e n t a l  c r u d e  o i l  s p i l l s  were mad e in 3—rn 2 cy l inders  in open
water , and in submerged moss , horsetail , and sedge communities of
-~ small subarctic lake in the ‘~iackenzie Valley , near Norman Wells ,

~~~~ Studies were made of the effects of crude oil on phytoplankton ,
p er  ip li’ -ton , and attached macrophytes in terms of population composition ,
seasonal succession , and biomass. The presence of crude oil (15 liters m 2)
iid flO significant effects on phytoplankton composition or abundance
throug hout the growth season but had a marked inhibitory effect
on most members of the periphyton. One notable exception to this
o b s e r v a t i o n  was a c o n s i d e r a b l e  growth s t imula t ion  of the b lue—green
al ga O s c i l l a t o r i a  an g u s t i s s i m a .

L a b o r a t o ry  s t ud i e s  on the  e f f e c t s  of aqueous crude oil extracts
on g r o w t h  and p h o t o s y n t h e s i s  of algal cultures isolated from the
lake  showed s t r o n g  i n h i b i t i o n  under most combinat ions  of l ight  and
temperature. The inhibition of both growth and photosynthesis
appeared minima l when the algae were grown under opt imal  condi t ions
of l i g h t  and temperature. The effects decreased with time in open
c u l t u r e  sys tems , i . e .  when evaporat ion was f r e e l y  allowed.

Crude o i l  caused an immed ia t e  r e d u c t i o n  in ch lorophyl l  con ten t  of
macrophytes upon contac t , and significant decreases in biomass
were e v i d e n t  in f o l l o w — u p  s tud ies  of exper imenta l  oil spil ls  in
macroph y t e  c om m u n i t i e s .

502. Hepp ie , P. (ed.) (1971).

WATER POLLUTION BY OIL .

P r o c e e d i n g s  of a Seminar  Sponsored b y I n s t i t u t e  of Water Pollution
Control. Institute of Petroleum , and World Health Organization. Institute
of Petroleum Engineers . 399 pp.

Problems of pet roleum and water pollution control are discussed at
length. Various major oil spills i t sea , the ir effects and clean—up
method s utilized are inc l uded . Oil pollution control for inland
wate rs , refineries , p ipelines , storage units , industry, sewers
and treatment plant s Is also discussed .
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503. Hershner , C. and K. Moo re (1977)

EFFECTS OF THE CHESAPEAKE BAY OIL ON SALT MARSHES OF THE LOWER BAY .

In: l’roceedings 1977 Oil Spill Conference. p. 529—533. Amer. Petrol.
Inst., Wash., D.C.

A study to determine the effects of the Chesapeake Bay oil spill of
February 1976 , and of the subsequent cleanup operations was conducted
on the e as t e r n  shore of the Bay. The p r i m a r y  o b j e c t i v e  was to assess
the biological impac t on the marshes at the population level.
Populations of intertidal mussels , Mod iolus demissus, and oysters ,
Cr assostrea virginica, showed no significant short—term effects.
The popoulation of the snail , Littorina irrorata, was significantly
reduced , but appears to be recovering well. The dominant marsh
grass Sp a r t i n a  a l t e r n i f l o r a  showed increased net produc t iv i ty  as
measured by stand ing crop, increased density, decreased mean heigh t ,
and increased flowering success. Hypotheses to explain these
observations are discussed. The impac t of the spill on the marshes
is thought to have been minimized by virtue of the relatively low
toxicity of the oil , the time of year the spill occurred , and
the comparativel y high energy environment of the shoreline .
(VIMS contribu tion number 718)

504. Hertz , H.S., S.N. Chester , W.E. May, B.H. Gump , D.P. Enagonlo ,
and S.P. Cram (1974).

METHODS FOR TRACE ORGANIC ANALYSIS IN SEDIMENTS AND MARINE ORGANISMS .

In: NBS Special Publication 409, Marine Pollution Monitoring
(Petroleum ). Proceedings of a Symposium and Workshop Held at
NBS , Gaithersburg , Maryland, May 13—17, 1974. National Bureau
of htandards . pp. 197—199.

Analytical methods are described for the determination in the parts
per billion range, of aromatic hydrocarbons in sed iment and
organism samples from Prince William Sound , Alaska. The method
involves headspace sampling by a s t ream of pur i f ied nitrogen and
trapping on a TENAX pre—column in preparation for gas chromato-
graphy . This outgassing and trapping technique has the advantages
of minimal sample handling; being a closed system; efficient
s e p a r a t i o n  and concen t r a t i on  of c o n s t i t u e n t s ;  the f ac t  tha t only
water is added to the sample; the sample ending up in a form free
of solvents , and the fact that even reasonably non—v olatile hydro-
carbons can be outgassed .

505. Hertz , H.S., W.E. May, S.N. Chester , and B.H. Gump (1976).

PETROLEUM ANALYSIS: METHODOLOGY FOR QUANTITATIVE AND QUALITATIVE
ASSESSMENT OF OIL SPILL.

}-~n v lr o n n ie n ta l  Science and Technology,  lO ( 9 ) : 90 0 — 9 13 .
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An integrated chromatographic technique for petroleum analysis
compa t ib le  w i t h  long—term s tudies  of o i l  sp ills was p r e s e n t e d .
Dynamic headspace sampling and the comp lementary analytical
techni ques of gas chromatography and coupled—column li quid chroma-
tography were utilized for quantitation of petroleum—containing
samples. (15 chromatograph y—mass spectrometry was employed
for identification of individual components in these samples.
Analytical data obtained from a major oil spill were presented and
d iscussed.

) O F ) . Hester , F.J. (1976).

LABORATORY BIOLOGICAL STUDIES: MAKING THEM APPROPRIATU FOR PREDICT I Nb
THE EFFECTS OF OFFSHORE OIL AN !) GAS PRODUCTION .

In:  Eig h th  Annual O f f s h o r e  ‘! clinology Conference: 1976 Proceed ings:
Bol 2. pp. 37—44.

The worldwide problem of assessing the env i ronmenta l  impact  of o i l
and gas exploration by laboratory studies is examined . W idely
referenced papers used in environmental impact reports are reviewed
in light of more recent studies for app licability to the oceanic
environment. Conclusions based on the older methods  and s tudies
should be revised. Some potential effects may be less likely to
occur than previously indicated . Acute  t o x i c i t y  studies and sublethal
e f f e c t s  s tudies  are d iscussed.  The r e s p o n s i b i l i t i e s  of l abora tory
sc ien t i s t s  to make their  work app rop r i a t e  for predicting environmental
e f f e c t s  a re  discussed with respec t to proper me thodo logy , s t u d y  des ign ,
o b j e c t i v i t y ,  peer review , and accessibility. Researchers should
avoid second—hand references , use review papers cautiously,
report objectively , identify speculation , and use recent references.

507 . Heyerdahl . T.

ATLANTIC OCEAN POLLUTION AND BIOTA OBSERVED BY THE “ RA ’ EXPEDITIONS.

B iol. Conserv., 3(3):164—167.

On two voyages v i r t u a l l y  across the Atlantic Ocean in papyrus
r a f t — s h i p s  in 1969 and 1970 , su r face  pol lu t ion  was observed f r o m
very close quarters. Visible pollution was recorded during six
days of the eight weeks’ sailing in 1969 and on forty of the first
f o r t y — t h r e e  days of sa i l ing  in 1970 , a l t hough  th e  remainder of t h a t
voyage was in r e l a t i v e l y clean w a t e r .  The p o l l u t i o n  was ma inl y
in the  form of f l o a t i n g  a s p h a l t — l i k e  m a t e r i a l , mos t ly  in t i n y
lumps but somet imes up to f i s t  s ize , thoug h o the r  forms were also
observed . The older lumps were often beset with living barnacles
and algae , while quantities of dead coelenterates were in some p1a~ es
observed floating among them . Continued indiscriminate use of the
world ’s oceans as a dumping ground f o r  d u r a b l e  human waste  s e & I n s
likely to have very  serious and perhaps i r r e v e r s i b l e  e f f e c t s
oti their p r o d u c t i v i t y .
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508. Hidu , H. (1965).

EFFECTS OF SYNTHETIC SURFACTANTS ON THE LARVAE OF CLANS ( M. MERCENARIA )
AND OYSTERS ( C. VIRGINICA ).

J. Wat. Poll. Control Fed., 37: 262—270.

The results of these experiments on the e f f e c t  of eight synthetic
surfactive agents on clam and oyster larvae indicate the following :

1. Development of f e r t i l i z ed  eggs and growth and survival of
fu l l y—formed  veliger larvae of clams and oysters was reduced by
concentrations of su r factan t s  between 0.01 and 5.00 mg/ i  of active
ingredient , depending on the surfactant used . The mean concentra-
tion producing such a reduction was 1.23 mg/i;

2. The cationic surfactants , lauryl pyridinium chloride (C—2)
and a quarternary atnmonium compound (C—i), were the most toxic .
The mean of the minimum concentrations causing a significant
reduction in development of fertilized eggs and survival and
growth of veliger larvae was 0.30 mg/i. The range of minimum test
concentrations causing these reductions was 0.01 to 1.00 mg/l;

3. The anionic surfactants , three alkyl aryl sulfonates (AAS—l ,
AAS—2 , and AA S—3) and one alkyl su l fa te  ( A S — i ) ,  were intermediate
in toxici ty .  The mean minimum concentration causing a reduction
in growth and survival was 1.15 mg/i and the range was 0.14 to 3.00
mg / 1;

4. The nonionic surfactants, two aikyl polyether alcohols (N—i
and N—2) , were least toxic . The mean minimum concentra t ion causing
a reduction in growth and survival was 2.33 mg/i and the range was
1.00 to 5.00 mg/l ;

5. Clam larvae were less sensitive to sur fac tan ts  than were oyster
larvae. The mean minimum concentration for all detergents required
to reduce significantly growth and survival of clam larvae was 1.44 mg/i,
wn i l e  that  fo r  oyster larvae was 1.02 mg/ i ;

6. Reduction in the rate of growth of larvae of clams and oysters
occurred at lower concentrations, in most cases , than those required
to produce mortality . In acute toxicity tests development of
fertilized eggs was always halted at lower surfactant concentrations
than those producing mortality of fully—formed veliger larvae
within 48 hr; and

7. Concentrations of su r fac tan t  detrimental  to clam and oyster larvae
may be reached in certain commercial shellfish habitats. This study
should be augmented by de terminat ion  of surfactant levels encountered
over shellfish beds. Bioassay methods could be “sed to determine
possible modification of the effect of these compounds by the
widely variant ecological factors found in nature.
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509. Hnat iuk , J. (1976).

RESULTS OF AN ENVIRONMENTAL RESEARCH PROGRAM IN THE CANADIAN BEAUFORT
SEA .

In: hth Annual Offshore Technology Conferenc e: 1976 Proceed ings:
Vol. 1: Offshore Technology Conference, 1976. pp. 221—234.

The results of a multi—million dollar environmental research program
consisting of 33 wildlife , biologi’al, oceanographic , meteorolog ical ,
sea ice , and oil clean—up studies related to the southern Beaufort
Sea are presented. The studies were designed to provide ecological
baselines , a better understanding of the physical environment , knowled ge
related to the consequences of a possible oil spill, and means of
oil clean—up in ice—infested water. Seasonal offshore drilling
in the sea from a floating vessel was approved in princip le and
scheduled to begin during the open water period of 1976. The results
of the studies will be used to recommend operating constraints to
safeguard the environment and minimize any adverse impact. A
unique feature of the program was its joint government—industre
nature. Government agencies coordinated the program with funding ,
management , and scientific input from oil industry personnel.
The 2—yr program was completed by the end of 1975, and repor ts
become available in early 1976. The hostile environment , research
scope, research methods , and study results are provided . An important
phase of the program is public interface to inform northern
natives, governmen t, and those with environmental concerns about
the program and study results. -

510. Hodson, R.E., F. Azom, and R.F. Lee (1977).

EFFECTS OF FOUR OILS ON MARINE BACTERIAL POPULATIONS: CONTROLLED
ECOSYSTEM POLLUTION EXPERIMENT.

Bull. Mar . Sci. 27 119—126. Also available from National Technical
Information Service. PB—270 146/45L.

The effec ts of four oils (Louisiana crude , Kuwait crude , No 2,
and Bunker C) on heterotrophic uptake and mineralization of
D—glucose—l4C by 1 mictogram — filterable microbial populations
were examined in a controlled ecosystem pollution experiment
in Saanich Inlet, British Columbia, Canada . The four oils inhibited
D—glucose uptake and mineralization ; the degree of inhibition was
dependen t on oil type and concentration. The two processed oils
were more toxic than the crude oils tested . Low concentrations
of Bunker C stimulated bacterial metabolism . Oil tolerance acquisition
was not observed . Data suggest that concentrations of these oils
in seawater above 300 micrograms/i can significantly inhibit marine
bacterial activity.

511. Hoehn , R.C., J.R. Stauff er, M.T. Masnik and C.H. Hocutt. (1974).

RELATIONSHIPS BETWEEN SEDIMENT OIL CONCENTRATIONS AND THE MACROINVER-
TEBRATES PRESENT IN SMALL STREAM FOLLOWING AN OIL SPILL .

Environmental Letters. 7(4) :345—352.
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A study was conducted to assess the effects of an oil sp ill on the
macro—invertebrate popoulations in a small creek in Virginia.
Sed iments were extracted with hexane, and the residue -oncentrat ions
were correlated with the numbers and diversities of macroinvertebrates
collected downstream of the spill. Based on the available data ,
it was concluded that the effect of the oil spill was a toxic one
rather than one of rendering the sed iments unsuitable for coloni:’ation .

512. Holcomb , R .W. (1969).

OIL IN THE ECOSYSTEM.

Science 166:204—206.

Review article discussing inputs and fates of oil , primarily in the
marine environment , and describing the effects of oil on the Biota .

513. Holme , N .A. 1969.

EFFECTS OF “TORREY CANYON” POLLUTION ON MARINE LIFE , PP. 1—3.

In: Oil on the Sea
D.P. Hoult (ed.). Plenum Press., 3 p.

The “Torrey Canyon” stranded on the Seven Stones Reef off of Lands
End on March 18, 1967. Initially ,  about 30,000 tons of oil escaped
and drifted up the English Channel to Guernsey and the north coast
of France. During the next week, some 20,000 tons escaped and
polluted the west Cornish coast. On March 26, the ship broke her
back and released 50,000 tons which drifted south into Biscay.
The wreck was bombed on March 28—30, the remaining 20,000 tons being
either burned or released into the sea.

Off the Cornish coast, the oil was sprayed with detergents, chiefly
BP 1002. Emulsification was for the most part incomplete, and the
toxic detergent killed many limpe ts, resulting in a great increase
of the green weed on which the limpets browse. There were no effects
on plankton or fisheries. The oil itself was lethal to seabirds ,
but  kil led shore animals and plants only when thick enough to smo ther
them.

Because of the important shore shellfisheries, the French did not
use de tergen ts, but relied instead upon mechanical methods of cleaning
up using straw. Natural chalk (CaCO3) with an additive of stearic
acid to make it oleophilic and hydrophobic , was used to disperse
or sink the oil. There was no evidence that the sunken oil later
fouled fish ing gear , or was washed up on the beach.

514. Holmes , R.W. 1969.

THE SANTA BARBARA OIL SPILL , PP. 15—27.

In: D.P. Hoult , Ed. Oil on the Sea , Plenum Press , New York.
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A descr ip t ion  if given of the blowout at Union Oil Platform A starting January
28, 1969, including a review of the actions taken to clean the
spill and an overview of the damage caused to the biota.

The animals suffering the most were the bird s, particularly the
diving species . The survival rate of treated birds was only 10 to 12%.
A number of large mammals and their young were reported dead , but
causes of death could not be positively established in most cases.
Surveys of zooplankton, fish eggs, and fish larvae indicated litt le
damage to these populations . In Goleta Bay, which was not as heavily
contaminated as many local areas, entire plant and animal communities
were killed by a layer of encrusting oil some 2 cm thick. No
recolonization of either plants or animals in these particular areas
was observed by the author. Although oil was trapped in massive
quantities in the kelp beds, it did not seem to cause appreciable
damage.

Floating oil affects the coupling between the winds and the sea
sur f a c e , prevents evaporation, inhibits gaseous exchange between
the atmosphere and the sea, changes the albedo of the sea surface ,
and modifies the quality and amount of solar radiation penetrating
the sea surface.

515. Horn, M.H., J. Teal, and R. Backus. (1970).

PETROLEUM LUMPS ON THE SURFACE OF THE SEA.

Science, l68;245—246.

Lumps of crude oil residue floating on the sea surface have been observed
widely. Samples were taken with surface—skimming nets in the Mediterranean
Sea and eastern North Atlantic Ocean; their displacement volumes
were as large as 0.5 ml/m2. An isopod , Idotea metallica, appears
to be associated with the lumps, and a barnacle, Lepas pectinata,
grows upon them. Lumps were found in stomachs of Scomberesox saurus, a surface—
feeding fish important in ocean food webs. Films on the lumps,
presumably consisting mostly of bacteria, consumed oxygen at the
rate of 4 mm3/hr/cm2 of lump surface. Chemical analysis suggested
that certain lumps had been at large for only a few weeks ; data from
barnacle size and growth rate suggested that other lumps were at
least 2 months old .

516. Horowitz, A., D. Gutnick, and E. Rosenberg (1975).

SEQUENTIAL GROWTH OF BACTERIA ON CRUDE OIL.

Appl ied Microbiology , 3O (l):lO—19.

Using a sequential enrichment culture technique , 3 bac terial strains
capable of degrading crude oil in seawater were isolated in pure
cult ure , UP—2 , UP—3 and UP—4 . Strain UP—2 had a strong preference
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for oil and oil degradation products as substrates for growth , converted
66% of the oil into a form no longer extractable by organic solvents ,
quantitatively degraded the paraffinic fraction , (gas chroma tographic
anal ys i s) ,  emulsified the oil during exponential growth , and produced
l.6xl03 cells/mb of oil. After exhausitve growth of UP—2 on crude
oil , the residual oil supported the growth of IIP—3 and UP—4 but
not a previously isolated oil—degrading bacterium , RAG—l . Strainns
UP—2 , UP—3 and UP—4 grew on RAG—l degraded oil (specifically depleted
of n—alkanes). The growth of UP—3 and UP—4 on UP—2 and RAG—i
degraded oil produced new paraffinic compounds. When the 4 strains
were grown together in a mixed culture or sequentially , there was
>75% oil conversion. By plating on selective med ia, growth of the
individual strains was measured kineticaliy in the reconstituted
mixed culture, revealing competition for common growth substances
(UP—2 and RAG—i), enhanced die—off (UP—2) , and stabilization (UP—4 )
during the stat ionary phase.

517. Houldson, F. (1952).

OIL AND THE CALIFORNIA MURRE.

Audubon Mag., 54, 118—121.

518. Hoult , D . P .  (ed . )  (1969) .

Oil on the Sea: Symposium on the Scientific and Engineering Aspec ts
of Oil Pollution of the Sea, Proceedin.~~~

MIT and WHOI, co—sponsors. Plenum Press. 114 pages.

These proceedings are composed of nine articles on the control and
effects of oil pollution. Four of these deal with biological effects
and are listed separately in this bibliography.

519. Howe, C. and S. Ottway (1971).

SOME EFFECTS OF CRUDE OIL, OIL FRACTIONS , AND PRODUCTS ON TILE PROWN
LEANDER SQIJILLA.

In: Field Studies Council, Oil Pollution Research Unit, Orieiton
Field Centre, Annual Report. pp. 22—28.

The effec ts of oil films on L. squilla were investigated , in par ticular
the factors of oil type, thickness of oil film, and the relative
importance of direct toxicity and physical effects, such as interference
with 02 diffusions. Mortality of prawns kept in water under oil
films is attributable to both physical effects , including reduc tion
of gas exchange and subsequent 02 depletion, and chemical toxic
effects. The order of toxicity of different oil fractions varies considerably,
gasoline being the most toxic. A variation in physical smothering
effects of different oils and a variation in the amount of toxic
water soluble f rac t ions  was noted .
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520. Hufford , G.L. (1971).

THE BIOLOGICAL RESPONSE TO OIL IN THE MARINE ENVIRONMENT , A REVIEW .

Coast Guard Project No. 714141/003 Background Report. pp. 1—23.

A review of the literature indicates little is known about the short
and long term fate and behavior of oil in the marine environment.
Studies on the biological responses to oil have yielded ambiguous
results. A recommended stud y to investigate biological responses
to oil and its fractions in the marine environment is developed .

521. Hui aefeld , G.B. (1966).

OIL POLLUTION IN SURFACE WATERS CAUSED BY THE OPERATION OF OUTBOARD
MOTORS .

Deutsche Gewaesserkundliche Mitteilungen 10, 57—59. (in German)

The contents including the results of investigations carried out
at the Federal Institute of Hydrology , in Koblenz , Germany , have
been published and were also presented at the 21st International Congress
for Navigation in Stockholm , in 1965. The factors affecting water
quality in rivers, lakes, and streams caused by oil , petroleum products ,
and water—soluble substances from outboard motors are discussed
and measures introduced to prevent and control oil pollution of surface
waters are summarized . (Sinha—OEIS)

522. Hunt , G.S. (1961).

WATERFOWL LOSSES ON THE LOWER DETROIT RIVER DUE TO OIL POLLUTION .

Ct. Lakes Res. Divn., Inst. Sci. Tech. Univ. Michigan , Publ. No. 7.

523. Hunt , G.S. and Ewing , H.E. (1953).

INDUSTRIAL POLLUTION AND MICHIGAN WATERFOWL .

Trans. No. Amer. Wildl. Conf. 18 360—368 .

524. Hunt , P.G., F.J. Deneke, F.R. Kcutz , and R.P. Murrman (1973).

TERRESTRIAL OIL SPILLS IN ALASKA : ENVIRONMENTAL EFFECTS AND RECOVERY .

conference on Prevention and Control of Oil Spills. pp. 733—740.

Damage and natural recovery of terrestrial ecosystems affected by
refined petroleum spills along tlie Haines to Fairbanks military
pipeline in Alaska were investigated . Since the 20 cm—diameter ,
1007—km—long pipel ine was opened in 1956, there have been 40 reported
ruptures along it. Mosses and trees were comp letely killed , and
vegetation is now sparse in the drier portions of the spill areas .
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Some new vegetation is growing in drainage pethways. Through
labora tory studies on the rates of microbial respiration in Fairbanks
silt containing 15 percen t Prudhoe cr ude , it has been determined
that microbial activity is increased by inoculation with mixed—
culture oil—degrading microorganisnis, increased pH , and phosphorus
add itions . Microbial activity also responds positively to ni trog en
addi tion after an initial negative response. The negative response
varied with treatments , and was not caused by either ammonia or
nitrite toxicity. These observations were tested in the field
along the pipeline where nitrogen and phosphor us fe r ti l ize rs were
appl ied in several rate combinations to small plots in a selected
automo tive gasoline spill area . In addition, the plots were seeded
with a commercial grass mixture. The objective of this experiment
was to determine if microbial degradation of the fuel and revegetatiori
could be enhanced by the addition of fertilizer . There was a
positive response in terms of microbial activity and p lant growth
in the treated plots. It has not been determined at this point if
the increase in vegetation response was solely a fertilizer response
or related to the increased rate of petroleum degradation.

525. Hunt , P.C., F.R. Koutz, R.P. Murrmann and T.G. Martin (1973).

MICROBIAL DECREDATION OF PETROLEUM IN CONTINENTAL SHELF SEDIMENTS.

U.S. Cold Regions Research and Engineering Laboratory, Hanover , H.H.
Spec ial Report 196. 20 pp.

Degradation of petroleum wastes in surficial sediments undAr aerobic
conditions was verified . It is estimated that under low 0 conditions
several hundred years would be required for complete degradation.
The rate of degradation of petroleum wastes in continental shelf
sediments would be very slow under the low 02 conditions created by
the high 02 demand of the wastes.

526. Hunter , L., H.E. Guard and L.H. DiSalvo . (1974).

DETERMINATION OF HYDROCARBONS IN MARINE ORGANISMS AND SEDIMENTS BY
THIN LAYER CHROMATOGRAPHY.

In: NBS Spec. Publ. 409, Marine Pollution Monitoring (Petroleum),
Proceedings of a Symposium and Workshop held at NBS, Gaithersburg,
Maryland. pp. 213—216.

Article details a TLC method used to determine the total  hydrocarbon
burden of organisms and sediments.

527. Hurst, J.W. (1955).

OIL POLLUTION OF SHELLFISH.

Maine Dept. Sea and Shore Fisher ies.
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528. Hutchinson, T.C. and W . Freedman. (1975).

EFFECTS OF EXPERIMENTAL CRUDE OIL SPILLS ON TAIGA AND TUND RA VEGETATION OF
THE CANAD IAN ARCTIC .

In: Conference on Prevention and Control of Oil Pollution. pp. 517—526 .
Amer. Petrol. Inst. Wash. , D.C.

Summer and winter crude oil spills were made on tundra and taiga
sites in arctic Canada . The short— and long—term effects of these
spills were recorded over a 3—year period . Spills were made by
even surface spraying and by high intensity point spills. The
vegetation present prior to such spills was carefully recorded .
All surface spills had a devastating effect on above—ground vegetation.
Species d id , however , differ markedly in both their ability to survive
an oil spill and their ability to recover. Many species , especially
linchens, mosses and liverworts, were killed outright. Some woody
and dwarf shrubs were able to ç~roduce new, heal thy shoots within a
few weeks of initial defoliation. The reduced production of storage
material, as a result of foliage (and photosynthetic) loss , caused
markedly increased plant losses by winter—killing factors. Flowering
and reproduction were severely reduced , even in the third summer
following a spill. Winter spills had significally less effect
than summer spills. Permafrost was little affected , desp ite
changes in the site energy budgets. Damage appeared greater in
exposed taiga sites than on the tundra. Some species , such as
black spruce, died throughout a 3—year period , emphasizing the
necessi ty for long— term studies for accurate assessment.

529. Hyland , J.L., P.F. Rogerson, and G.R. Gardner (1977).

A CONTINUOUS FLOW BIOASSAY SYSTEM FOR THE EXPOSURE OF MARINE
ORGANISMS TO OIL.

In: Proceedings 1977 Oil Spill Conference p. 547—550, Amer . Petrol.
Inst. , Wash. , D.C.

A continuous flow—through bioassay system is described for exposing
marine test organisms and their various life stages to oil. T1.e
appara tus consists of two orincipal stages — one for  admin is ter ing
the water—accommodated fractions of oil (WAF) and the second
for administering “whole” oil fractions (WF), including the soluble
as well as nonsoluble fractions. The oil—contaminated effluent
from the system first passes through a chamber to skim off separated
oil and finally through a filter which lowers the oil concentration
to below one part per million (1 ppm). Shor t—term lethal and chronic
sublethal bioassays of several months duration were conducted in
the system and are summarized briefly herein. Biological effects
observed during bioassays have ranged from lethal toxicity at oil
concentrations of approximately 10 parts per million (ppm) to sublethal
behavioral modifications at approximately 10 parts per billion (ppb).
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530. Hyland , J.L. and E.D. Schneidcr (1976).

PETROLEUM HYDROCARBONS AND THEIR EFFECTS ON MARINE ORGANISMS ,
POPULATIONS, COMMUNITIES AND ECOSYSTEMS.

In: SourcesL Effec ts and Sinks of Hydrocarbons in the Aquatic Environment.
Proceedings of the Symposium, American University~ Washington D.C.,
9—11 August 1976.

Analysis of available data from bioassays conducted on adult stages
of a wide variety of marine organisms reveals lethal effects from
soluble fractions of petroleum and petroleum produc ts in the 1 to 100
part per million range. However , for the more sensitive larval and
juvenile life stages lethal effects from oil may occur at lower levels ,
0.1 to 1 ppm . Sublethal responses, regardless of life stage ,
indicate that oil will adversely impact certain ecologically
and commercially important species in the low part per billion range ,
i.e., 1 to 10 ppb.

531. Idler , D.R. (1972)

EFFECTS OF POLLUTANTS ON QUALITY OF MARINE PRODUCTS AND EFFECTS
ON FISHING.

Mar. Poll. and Sea Life. Fac . pp. 535— 541 .

This review paper is primarily concerned with tainting , undesirable
modification of texture or colour, induced infestation of microbio-
logical organisms, parasites and toxicity of fish, and their by-
prod ucts, such as FPC, due to pollutants. The topics discussed
may be divided into three major categories: (1) intoxicants; (2) micro-
biological contaminants; and (3) substances altering the flavour ,
odour, texture, or colour of fisheries products.

532. Idoniboye—Obu. B. (1977).

RECORDING BIOELECTRIC ACTION POTENTIALS OF MARINE DECAPOD CRUSTACEA
BY REMOTE ELECTRODES : A BIOASSAY PROCEDURE FOR MONITORING HYDROCARBON
POLLUTION .

Environ. Poliut. 12 159—166. -

A method using electrodes on aquatic animals without injury to the
animals for purposes of yielding bioelectric action potentials
was developed. The method was applied to record gross muscle action
poetnt ia ls  in crustaceans in f resh water and distilled water , where
obl i te ra t ing  e f fec t s  of ions in seawater were not interferring .
However, it was found that, provided the bioelectric generator
on experimental  animal was active and po~ erfu] enough , readable
action potentials could be picked up by suitable non—polarizing
elec trodes, even in seawater . Motor behavior of mechanically
unimpeded animals was suggested for use as a bioindicator to determine
lethal concentrations of water—soluble hydrocarbons and oil pollutants.
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533. Idoniboye—Obu , B . (1977).

BIOELECTRIC ACTION POTENTIALS OF PROCA~~ARUS ACUTUS ACUTL’S
(GIRRARD) IN SERIALLY DILUTED SOLUTIONS OF SELECTED C6 HYDROCARBONS
IN WATER.

Environmental Pollution , 14 (1), pp 1—24 .

Gross muscle action potentials and spontaneous nerve action potentials
from moving animals inside experimental chambers or aquaria cont~lining
a sufficient depth of water can be recorded by means of remote
electrodes. The myogenic biopotentials generally overshadow the
neurogenic ones , particularly when the muscles contract vigorously as
in voluntary movements and during escape activities. Both neurogenic
and mvogenic biopotentials diminish progressively under the in f l uence
of metabolically deleterious stresses (such as the effects of some
water—soluble petroleum hydrocarbons) or vary spontaneously and directly
according to the degree of normal activity or quiescence of the
test organism .

The pr inc iple of record ing the complex action potentials from both
neurogenic and myogenic sources by remote electrodes in water
is explored in a bioassay assessing the external concentrations of
selected water—soluble poetroleum hydrocarbons . These petroleum
hydrocarbons could bring about the ultimate cessation of impulse
generation and propagation in short term exposures. Long before the
harsh threshold of the “death response” itself is reached ,- a progressive
diminution or irregularity of the biopotentials can indicate proximity to
the point of no return. This is particularly so in the locomotor
system , which begins to function less and less effec tively in decapod
Crustacea , commonly known as very active animals.

It is suggested that lethal thresholds of water pollution can be
established in a systematic manner using selected test organisms ,
espec ially those of commercial impor tance, by such electrophysiological
methods , with minimum destruction of experimental animals. The
technique can be adap ted or refined for use in regulatory labora tor ies
and similar establishments , particularly in developing countries
with few environmental ind ices or water quality criteria , to build
up data that would justif y at least interim regulatory limits for
selected water—soluble pollutants.

534. Igna tiades, L. and T. Bacacos—Kontos. (1970).

ECOLOGY OF FOULING ORGANISMS IN A POLLUTED AREA .

Nature , 225:293—294.

Large numbers of oysters and cockles have been killed by crude or fuel
oil in certain beds along the French and English Coasts. But it
has been demonstra ted tha t oysters are very toleran t of crude oil
overlayering the water or periodically sprayed on the oysters. The
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work reported here was carried out to stud y the attachment and growth
of fouling organisms in a very polluted area of Pireus Port.
The most important fouling organisms were Bugula sinp lex , Hydroides
norvegica, Ciona intestenalis, Ralanus amphitrite, and Mvtilus edulis.

Results indicate tha t the fouling organisms can resist the toxicity
of the oil—polluted water. The existence of a great amount of suspended
nud also did not seem to affect the filtering mechanism of the filter—
feed ing organisms . Measurement of underwater light pentration showed
that the green and blue lights were absorbed much more strong ly
in the area under study than in the non—polluted area outside the
port. Because the strong light repels the attachment of certain
fouling organisms, it seems reasonable to assume tha t the poor light
conditions caused largely by the suspended mud were favorable for
the attachment and development of the fouling organisms.

535. Ignatiades , L. and N. Mimicos (1977)

ECOLOGICAL RESPONSES OF PHYTOPLANKTON ON CHRONIC OIL POLLUTION .

Environ. Pollut. 13 p109—117.

The composition of phytoplankton in an inshore environment constantly
polluted by petroleum hydrocarbons was followed over an annual
cycle. The d iatoms, dinoflagellates, micro flagellates, coccolitho—
phores , silicoflagellates , blue—greens and others seemed to resist
the toxicity of oil at the recorded concentrations . Special attention
was paid to species composition, dominance, diversity and succession of
diatoms and dinoflagellates. The results are compared with data
obtained from onn—polluted environments and the relationships are
d iscussed .

536. Interstate Electronics Corp. (1973).

DIRECTORY OF PERSONNEL IN OCEAN WASTE DISPOSAL AND RELATED ENVIRONMENTAL
SCIENCE FIELDS.

Interstate Electronics Corporation , Oceanics Division. Report 446OC1543.
70 pp.

Names, addresses and affiliations are presented for personnel
involved in ocean waste disposal and related environmental fields.

537. I rwin .  W . H .  1965.

FIFTY—SEVEN SPECIES OF FISH IN OIL-REFINERY WASTE BIOASSAY .

In:  Trans.  135th N. Amer. Wildl.  & Natl. Resources Couf., 89—99.

Fifty—seven kinds of fish were studied to determine their use as
bioassay animals and their relative resistance to oil refinery
effluents. Seven papers , published and in press , der ived from the
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study are summarized . Accepted bioassay methods were used ; the effluent
was taken directly at active refineries; and the fish wert~ ~ath ered
from sixteen states. Variations in resistance and adaptability existed
between both the kinds of fish and the individuals of a species.

The metabolic rates of individuals and species concerning oxygen ,
temperature and/or food requirements are limiting factors for some .
Resistance rankings of fish; statistical treatments , quality items
needed in specimens ; behavior and life history; and suggestions
for bioassay procedure are presented . The 24—hour median toluranc e
limits appeared to be as accurate as longer tests for the acute
toxicity bioassay measurements when using oil refinery effluents.

538. Isakson, J.S., J .M. Ston e, J. Vagners , G.A . Erickson , J.F. Kruger ,
and R.F. Corbett (1975).

COMPARISON OF ECOLOGICAL IMPACTS OF POSTULATED OIL SPILLS AT SELECTED
ALASKAN LOCATIONS. VOLUHES I and II.

Final Report to U.S. Coast Guard Report No. CG—D—155—75.

A ranking of potential environmental impact for spills of crude
oil, diesel—2 , bunker C, and gasoline in amounts ranging from 100
to 50 ,000 barrels was made for 17 sites in Alaska. Spills were
assumed to disperse from inertial , viscous , surface tension, wind ,
and current forces . Most probable wind and current conditions were
utilized . Sites were characterized in terms of eight species
habitats. Most probable cases were evaluated . A rating system
was devised to characterize the impact based upon estimated species
abundance , impor tance of species, and the impact of oil on such species
over short  and long term. Data gaps are noted and f u t u r e  studies
recommended . Vol. I contains int roduct ion , summary me thodo logy ,
evaluation , and appendices. Vol. II contains detailed results.

539. Jackivicz, T.P., Jr. and L.N. Kuzminski. (1973).

THE EFFECTS OF THE INTERACTION OF OUTBOARD MOTORES WITH THE AQUATIC
ENVIRONMENT--A REVIEW .

Environ. Res. 6:436—454.

The effects of the compounds associated with outboard motor subsurface
exhausts on water quality and aquatic biota are reviewed . The
problems affilia ted with water quality may include the formation of
undesirable tastes and odors and the appearance of oily substances.
It has been demostrated that outboard motor exhaust water can
exhibit a toxic effect in sufficiently high concentrations to fathead
minnows and bluegills, taints the flesh of various fish , and may affec t
the reproduc tion of fish.

A discussion of the current research related to the effects of outboard
motors on the aquatic environment is presented . Recommendations are
given for future research to broaden the understanding of the interaction
of outboard motors with the aquatic environment.
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540. Jacobson , S. and D. Boylan (1971).

INTERFERENCE WITH CHEMOTAXIS IN A MARINE SNAIL , ~ASSARIUS OBSOLETU,~~
BY SEAWATER SOLUBLE COMPONENTS OF KEROSENE .

American Zoologist ll(4):694.

N . obsoletus exhibits positive rheotaxis in the presence of dilute
extracts of oysters or scallops. In a Y—choice chamber the majority
in a group of 10 snails entered the arm containing food extracts.
In the presence of 0.1 ppb of the seawater soluble p~irt of
kerosene the a t t rac t ion to oyster extract was reduced to a level
not s i gn i f i can t ly  d i f f e r e n t  from the seaawater cont ro l  group
( p < O . S ) .  Kerosene seawater extract  at 0.2 but not 0.4 ppb also
s i g n i f i c a n t l y  reduced a t t r ac t i on  to scallop homogenate (p<0.51 . There
was no d i f f e r e n c e  in behavior between snails exposed to kerosene
extrac t or seawater only. Components similar to those in kerosene
extract mostly benzenes and naphthalenes , are found in seawater
extracts of light and c rude oils. Dilute oil pollutants may affect
populations of marine organisms through disruption of chemically
mediated behavior patterns .

541. Jacobson , S.M. and D.B. Boylan . (1973).

EFFECT OF SEAWATER SOLUBLE FRACTION OF KEROSENE ON CHEMOTAXIS
IN A MARINE SNAIL, NASSARIUS OBSOLETUS.

Nature 241: 213—215.

Specimens of the marine snail Nassarius obsol& tus were exposed to
kerosene extracts in two experiments, each with a different
attractant , in order to observe the effect of these extracts on
the response of the snails to stimuli. The attractant used in
experiment I was extrac t of the oyster Crassostrea virginica,
and the behavior of the snails exposed to the kerosene extracts
did not differ significantly from the behavior of those in the control
group. Experiment II utilized homogenized adduc tor muscle from the
scallop Aequlpecten irridians as the attractant , and the response
of the snails was signficantly lessened .

542. James, M.C. (1926).

REPORT OF U.S. BUREAU OF FISHERIES : PRELIMINARY INVESTIGATION ON
THE EFFECT OF OIL POLLUTION ON MARINE PELAGIC EGGS .

In: Oil Pollution of Navigable Waters (Inter—depar tmental Committee,
Washington). App. 6, pp 85—92.

543. Jamison, D.W. (1975).

A REGIONAL OIL IMPACT STUDY IN PUGET SOUND STATE OF WASHINGTON .

In: Pacif ic Science Association: Thirteenth Pacific Science
Congress: Record of proceedings, vol. lVancouver, B.C., Can. :
University of British Columbia. p. 38. (abstract only).

B— 181 

- — --—-. — - —_-— _  — —



Since June i974 , the .-. o shin gton  D e p a r t m e n t  of Eco logy Las b eon
conducting a multidisciplinar y regional cinalysis of the impact
of oil contamination on Nashington ’s Significan t B’ological Resources.
Economists and marine biologists arc ~crkfng together to deveI~~p
mon i t a ry  values  for :smrcrc i a l ly  and r e c re at i o na l lv  im p o r t a n t
organisms and their food items (Significant BioLogical Resources).
These data will he used to evaluate oil import routes , terminals ,
and sites for oil refineries and ~ill permit reasonable assessment
of d nma~ e resulting from an oil spill. Field studies are pres~-~~ttv
entered in the North Puget Sound region just S of the Canadian—U .S.

Lorder. (enernlized habitat types have been inventoried in the area.
Representative ~xamp les of each habitat type have been chosen  to
study in detail. The seasonal distribution and abundance ~f the
Si gnificant Bioto~~ical Resources as well a~ other sampled org :lnisms
are documented . St- andardized sampling methods are cirp loved to e ns u r e
comparabilit Y of data between investigators. -\ unique c o m p u t e r
based literature review s\-stem has been employed to develop
species , habitat and oil impact fac t sheets. tne program design is
such that the data can be used for analysis of any type of marine
oriented man—nature impact assessment.

544. Jenkins, C.R. (1965).

A STUDY OF SO~~ TOXIC COMPONENT S IN OIL REFINERY EFFLUEN t .

D iss. A b s t r .  26 , 1837.

545. Jensen , A .C. (1974).

SPORT FISHERIES AND OFFSHORE OIL.

New York .  Fish . Game J .  2 1 ( 2 ) : 10 5 — l l 6 .

The possibility of exp loratory and production drilling for petroleum
on the Continental Shelf off the Northeast Coast of the United
States has aroused the concern of sportfishermen from New York
and neighboring states. This paper discusses the marine sportfisherv
resources in the area in relation to the suspected petroleum reserves.

546 . Jigami , Y. et al. (1975).

THE DEGRADATION OF ISOPROPYLBENZENE AND ISOBUTYLBENZENE BY
PSEUDOMONAS SF.

Agr icultural and Biological chemistry. 39(9):1781—1788.

To clar ify biodegradation pathways of isoalkyl substituted aromatic
hydrocarbons , oxidation products of isopropylbenzene and isobutvibenzene
by Ps. de smol yt ica 5449B1 and Ps. convexa S1O7BT were examined.

Oxidation products from isopropvlbenzene were determined to be
3— isopropvl—catechol and (+)—2—hydroxy—7—me thyl— 6—oxoctanoic
;ie ld . Isobutylbenzene was also oxidized to 3—isobuty] catechol
and (+)—2—hydr oxy— S—mi th yl—6—oxononanoic acid by the same str itns .
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From these results , the existence of an unknown reductive step
in the degradation of these isoalkyl substituted aromatic hydrocarbons
and the initial oxidation of these aromatic hydrocarbons by the
strains were made clear. The degradation pathways of Isopropylbenzene
and isobuty l benzene by these strains were discussed.

547. Jobson , A. , F.D. Cook and D.W.S. Westlake. (1972).

MICROBIAL UTILIZATION OF CRUDE OIL.

Applied Microbiology, Vol. 23, No. 6. pp. 1082—1089.

The utilization of two crude oil samples of different quality
at 4 and 300 C has been studied by using pure and mixed bacterial
cultures obtained by enrichment procedures. Growth , emulsification,
and utilization occurred readily at both temperatures. The crude
oil residue is increased in specific gravity and readily sediments
out os solution. A comparison of the chemical analysis of the
oils by liquid and gas—liquid chromatographic procedures before and
after growth showed that the n—saturate fraction had been preferentially
used . Some utilization of the aromatic fraction also occurred .
Enrichments obtained with a high—quality crude oil were not as
effective in utilizing a lower quality crude oil as sole carbon
source as a population enriched on the low—quality crude oil.

548. Joensen, A .H. (1973).

DANISH SEABIRD DISASTERS IN 1972.

Mar . Poll. Bull., Vol. 4:117—118.

In recent years the Danish Game Biology Station has studied casualties
to seabirds from oil pollution. 1972 was a particularly disastrous
year and preliminary information on the events are given here. Very
large losses of seabirds have been caused by quite small spillages of
oil.

549. Johannes, R.E. (1972).

CORAL REEFS AND POLLUTION.

In: Marine Pollution and Sea Life, M. Ruive (ed.). FHO , Fishing News
(Books) Ltd . London. pp. 364—375.

This paper reviews the known effects of various marine
pollutants , including oil, on coral reef communities.

550. Johannes, R.E., J. Maragos, and S.L. Coles. (1972).

OIL DAMAGES CORALS EXPOSED TO AIR.

Mar. Poll. Bull., 3:29—30.

It was often assumed that the tropical marine environments with its
rich diversity of species is difficult to harm by pollution. Corals
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provide an important habitat for many creatu~.cs and are now exposed
to oil pollution as never before. Experimental evidence that some
reef—building corals can be seriously damaged if coated with oil
is presented . Corals of Eniwetok Atoll were studied . Floating
oil killed coral tissue if it adhered when the corals were exposed
to air.

551. Johnson, C.S. and A.R. Halliwell (1976).

ENVIRONMENTAL CONSIDERATION IN THE DESIGN OF BALLAST WATER
OUTFALL S.

In :  E 1~ hth Annual Offshore Technology Conference: 1976 Proceedings
Vol 1,, pp . 235—245. Houston, Tx.

The developmen t of the Occidental Group ’s North Sea Piper Field
involves the operation of an oil—loading terminal, with associated
tanker deballasting problems , itt the environmentally upspoiled
Orkn ey Islands, Scotland . The nature of the effluent and receiving
waters were thoroughly studied to achieve minimal upset to a finely
balanced marine ecosystem. The multidisciplinary approach which
led to system design, environmental appraisal , and the compre-
hensive monitoring program are described .

552. Johnson, T.C. (1971).

NATURAL OIL SEEPS IN OR NEAR THE MARINE ENVIRONMENT: A LITERATURE
SURVEY .

USCG Background Repor t. 35 pp.

A literature survey was conducted to determine where naturally
occurring oil seeps have been reported to be injecting oil into the
sea. The purpose of this was to locate natural laboratories where
fate and behavior studies on oil in the marine environment might
be conducted . Emphasis was placed upon seeps in the northern
half of the Western Hemisphere. Results of these studies will contribute
to the establishment of a logical marine pollution monitoring program
by the U.S. Coast Guard . Of the locations determined , those which
are most likely to be useful for planned Coast Guard studies are :
Near Barter Island . Alaska ; southern California; western Newfound-
land and in the Gulf of Paria west of Trinidad .

553. Johnston, R. (1970).

DECOMPOSITION OF CRUDE OIL RESIDUES IN SAND COLUMNS.

J. Mar. Blol. Assn. U.K., 5O(40):925—937.

Rates of oxygen uptake have been measured at a range of depths
in sand columns (a) without oil, (b) heavily oiled , and (c) lightly
oiled . Oxygen change in presence of oil indliates the response
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of the microbial population and provides an estimate of the rate of
biological degradation of the crude oil. Breakdown is dominated
by oxygen availability but nutrients contribute as auxiliary oxygen
sources. Oxygen removal indicates initial rates of oxidation of
oil at 10°C ranging from 0.09 g oil m 2 day —l for heavily dosed
sand to 0.04 g oil m 2 day —l for lightly dosed sand. These
rates are applicable over periods of several months , thereafter
the remaining oil, about 90%. decays immeasurably slowly .

554. Jones, D.F. and R. Howe. (1968).

MICROBIOLOGICAL OXIDATION OF LONG-CHAIN ALIPHATIC COMPOUNDS.

J. Chem. Soc. (c)280l—2808.

The yeast Torulopsis gropengiesseri converts long—chain alkanes into
glycolipids which incorporate oxidised derivatives of the alkanes.
Comparison of the lipid constituents of glycolipids derived from
C12—C 24 alkanes, a variety of oxygenated alkane derivatives and a
series of methylbeta —alkoxypropionates has indicated that the major
pathway of alkane metabolism involves the formation of alkan—l—
ols which are subsequently dehydrogenated to the corresponding
alkanoic acids. These acids are metabolised, either by Beta—oxidation ,
or by hydroxylation to give omega—hydroxy—acids (and subsequently
omegadicarboxylic acids) and by a stereospecific hydroxylation ,
omega—i—hydroxyacids. The oxidised alkanoic acids are protected from
further degradation by incorporation into glycolipids. The
chain—length of an alkanoic acid determines (1) whether Beta oxidation
or hydroxylation is the predominant reaction , and (ii) whether
hydroxylation takes place mainly at the omega- or the omega—l position .
Both omega— and omega—i hydroxylations of alkanoic acids are most efficient
when the site of hydroxylation and the carboxy—group are separated
by a chain of fourteen methylene groups. It is proposed that these
hydroxylations may be brought about by a single enzyme. A minor
pathway of alkane metabolism involves the formation of alkan—2—oils
which are incorporated into glycolipids and not oxidatively metabolised .
Fermentations of long chain alk—l—enes yield glycolipids which
Incorporate omega—l—hydroxy—acids, omega—hydroxy--acids, and omega—dicarboxylic
acids which are derived from the alk—l—enes both with and without loss
of a carbon atom.

555. Jones, J.G. (1968).

METHODS OF STUDYING THE EFFECTS AND METABOLISM OF HYDROCARBONS IN
NATU RAL ENVIRONMENTS.

In: Biological Effects of Oil Pollution on Littoral Communities,
Supplement to Volume 2, D. Carthy and D.R. Arthur , (eds.) Field
Studies. Field Studies Council.
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This paper is a summary of the results of a study to determine the
modes of biosynthesis of naturally accuring hydrocarbons and the
rates at which these hydrocarbons are metabolized by the indigenous
mjcroflora. The work was carried out in the terrestrial environment
and concludes that it is possible to determine small differences in the
microflora of a sample which has a higher level of naturally occurring
hydrocarbons. rt should therefore be possible to follow the effects
of crude oil on certain ecosystems. Possible methods to accomplish
th is source of crude oil through an ecosystem are offered.

556. Jones , J G .  and M.A . Edington, (1968).

AN ECOLOGICAL SURVEY OF HYDROCARBON OXIDIZING MICROO RGANISMS .

J. Gen. Microbiol. 52:381—390.

An ecological survey of the niicroflora of an upland moorland soil and
the underlying shale was made over a 2—year period . Samples were
taken at different depths of about 5, 20 and 40 cm in the soil,
and from the underlying shale band in a cave system nearby , and the
average total counts of bacteria and fungi were 35 x i~ 6, 3x10

6

and 1 x i06 per g dry wt respectively. Hydrocarbon—oxidizing organisms
occurre in all the samples. The numbers and activity of these organisms
were determined in a variety of ways and finally expressed as a
function of the total population of each sample. A significan tly
higher propor tion of the population of the 20 CM. soil sample
was able to utilize hydrocarbons as sole energy and carbon source,
than of any of the other samples. When hydrocarbons were added
there was a stimulation in respiration of all samples. Maximum
stimulation of respiration occurred in the 20 cm. soil sample.
The Eh of the 20 cm. soil sample was lower than in any other
sample , it also contained a higher level of lipid and hydrocarbons .
It Is suggested tha t the higher level of hydrocarbon oxidation in the
20 cm. soil sample is due to the accumulation of hydrocarbons
with a resulting adaptation of the microbial populations. More
organisms were able to oxidize the longer chain n—aliphatic hydrocarbons
than the short chain n—aiipha tics, aromatic and alicyclic hydro-
carbons. A list of the genera , Includ ing fungi, responsible for the
oxidation of each hydrocarbon is given: the fungi play an important role
in the hydrocarbon—oxidizing activity of each sample.

557. Jones , L.G., C.T. Mitchell , E.K. Anderson and W.J. North. (1969).

JUST HOW SERIOUS WAS THE SANTA BARBARA OIL SPILL?

Ocean Industry, June 53—56.

On January 28, the fourth well being drilled by Peter Bawden Drilling
Co. for the Union oil group (Union, Gulf , Mobil and Texaco) from
Pla tform A in Block 402 of California ’s Santa Barbara Channel started
kicking as the drill pipe was being tripped out of the hole. With
the blowout preventers closed around the drill pipe , the crew
attempted to stab the Kell y into the drill pipe , and when this
failed——because of danger to the crew——2 ,300 ft of drill pipe
was dropped into the hol the preventers closed off the well.
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Soon it became apparent that the lower zone was pressuring a shallow
sand that apparently outcropped or in some other way communicated
directly with the ocean bottom. Oil started seeping to the surface.

Knowledgable enginners estimated the leakage at 500 barrels per day
and over the 10—day period of the leak this amounted to approximately
236,000 gallons or about 5600 bbb.

This event received a great deal of publicity (some accurate——
some inaccurate) and emotions were stirred deeply. The claims of
damage to marine life and property varied so greatly that Ocean Industry
delayed publication of related details until a more scientific
assessment could be made.

Here is the first such report.

558. Jones, P.H. (1970).

EFFECT OF “HAMILTON TRADER ” OIL ON BIRD S IN THE IRISH SEA IN MAY 1969.

British Birds. 63:97—110.

Just before dawn on 30th April 1969 the tanker Hamilton Trader was
damaged in a collision with a German coaster near the Bar light vessel
in Liverpool Bay. About 700 tons of heavy fuel oil were spilled
into the sea. This incident provided an opportunity to trace
the fate of the oil, and birds which encountered it,
as it drifted in the Irish Sea for two weeks before coming ashore in
Cumberland . Liaison was maintained between a wide range of institutions
and individuals, and this report collates the ornithological information
to present a fairly full picture of the course of the incident.

559. Juge, S. (1971).

A STUDY OF THE BACTERIAL POPULATIONS OF BOTTOM SEDIMENTS IN THE SANTA
BARBARA CHANNEL AFTER THE OIL SPILL.

In: Biological and Oceanographical Survey of the Santa Barbara
Oil Spill 1969 — 1970. Vol. 1, p. 179. Allan Hancock Found. Sea
Grant Publ. #2. D. Straughan (ed.).

Box core samples were taken monthly from nine stations which
extended from an area 1.1 miles off Rincon Point (Station 1)
to Station 9 situated in the Santa Barbara Basin. Ten grams of
sediment was removed from each sampi€~ for bacteriological examination ,
and the remainder of each sample was frozt~: for future chromatographic
analysis for the presence of oil.

Results of plate counts for Stations 1 and 2 differ from those
obtained in an earlier study by the author (.Juge , unpubl. diss.)
In that higher counts obtained at 60°C were present on distilled
water medium , and at 18°C significantly higher counts were obtained
on sea water medium. Results for Station 3 agreed with those
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of the earlier study, with plates of sea water medium incubated at
60°C producing the highest counts. Plate counts from samples taken
at Stations 4,5,6,7 and 9 were in the same range and varied very
little. Only one sample was taken at Station 8. The tabulated
rcport of the results obtained by gas—liquid chromatography analysis
of the samples supports the suitability of this method for the
determination of small quantities of hydrocarbons in marine bottom
sediments.

560. Kalsi , S.S. (1974).

OIL IN NEPTUNE ’s KINGDOM : PROBLEMS AND RESPONSES TO CONTAIN
ENVIRONMENTAL DEGREDATION OF THE OCEANS BY OIL POLLUTION .

Env ironmental Affa irs, 3(1) :79—108.

The international framework for limiting and preventing oil pollution
is inadequate. The dire consequences of upsetting the  marine
ecosystem through gradual pollution urgentl y demand action. At
the present level of organization in international society,
threats to the ocean environment can be reduced by expanding
contiguous zone jurisdictions for a temporary transitional period
during which international agreements can be negotiated. Expanding
contiguous zones for pollution control would hasten international
concern on the issue. In the long run, all del iberate discharges
of oil should be prohibited. Coastal states will have to accelerate
the construction of waste oil and ballast water reception facilities
and press for segregated ballast tankers.

561. Kanter , R. (1974).

SUSCEPTIBILITY TO CRUDE OIL WITH RESPECT TO SIZE, SEASON AND
GEOGRAPHIC LOCATION IN MYTILUS CALIFORNICUS (BIVALVIA) .

University of Southern California Sea Grant Program. USC—356—4—74.

Mussels from Pismo Beach , Coal Oil Point , Pales Verd es, and Santa
Cataline Island, California were exposed to Santa Barbara Crude
oil under laboratory conditions . Mussels died faster and in higher
numbers at higher concentrations of oil in water. Larger animals
showed higher mortalities than smaller ones. The two most susceptible
populations were from Pismo Beach and South Catalina Island .
Each population had different months of high~ st mortalities.

562. Kanter , R. and D. Straughan. (1971).

EFFECTS OF EXPOSURE TO OIL ON MYTILUS CALIFORNIANUS from different
locali ties.

In: Proceedings, Joint Conference on the Prevention and Control
of Oil Spills, pp. 485—488. API/EPAIUSCG .
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The results of the first two of a series of experiments in a study
to determine if organisms exposed to natural oil seepage have a higher
tolerance to a spill of similar crude oil than organisms that have
not been exposed to natural  oi]. seepage are presented . Mytilus
californianus from different localities along the California coast
were exposed to varying crude oil concentrations in the laboratory .
The data shows a higher to lerance to oil in M. californianus
from a natural oil seep area than in M. californianus from non—oil
seep areas. There is also a different tolerance to oil between
M. californianus from different non—oil seep areas.

563. Kantor , H. and R. Flerwig (1977).

MICROBIAL RESPONSES AFTER TWO EXPERIMENTAL OIL SPILLS IN AN EASTERN
COASTAL PLAIN ESTUARINE ECOSYSTEM.

Pro ceed ings 1977 Oil Spill Conference. p. 517—522. Amer. Petrol.
Inst. Wash., D.C.

Three large transite—sided enclosures, constructed in a tidal salt
marsh in southeastern Virginia, were utilized to evaluate the effects
of crude oil spillage on selected microbial populations. Unweathered
Louisiana crude oil was spilled in one enclosure , ar t i f ica l ly
weathered South Louisiana crude in another, and the third served
as a control. Each enclosure was constructed so as to allow
unhampered exchange with tidal flow on the tidal creek side.

Heterotrop hic bacteria and fungi, chitinolytic, cellulytic and petroleum—
degrading bacterial populations from the tidal creek, and sediments in
Intertidal , mid— and back—marsh zones were enumerated at selected
intervals following the oil spills. Dom inant petroleum—degrading
and heterotrophic bacterial isolates were selected for taxonomic
grouping .

Within several days following the spills, the levels of petroleum—
degrad ing bacteria rose by several orders of magnitude relative
to the control enclosure. This differential has been maintained for
approximately one year . Plots of the ratio of oil—degrading to
heterotrophlc bacteria reveal enhancement of the petroleum degrading
component of the heterotrophic population. Mean levels of
chitinol ytic , cellul ytic , heterotrophic bacteria and fungi were not
s t a t i s t i c a l l y  d i f f e rent In the oil and control enclosures. The
potentia l significance of these observations is discussed .

Sf,4. Karimen , J.F. and Rice , S.D. (1974).

EFFECTS OF PRUDHOE BAY CRUDE ON t4)LTING TANNER CRABS CHIONOECETES
BA I RD I.

Mar. Fish. Rev . 36(7):31 37.

Pr emolt  and postmolt juvenile male crabs from Alaska waters were
exposed to Prudhoe Bay crude oil in static bioassays in the laboratory .
Crabs in both stages were susceptible to crude oil. The estimated
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48—hr median tolerance l imits  values were O. 6 ml oil/l . IH gh

doses of oil caused mortality. Molting success decreased with
increasing expos ure of crabs to oil , and newly—molted crabs
autotomized limbs during exposure to oil. Oil spilled in A 1:i -; k ;mn

waters would harm the Tanner Carh resources.

565. K a r r i c k , N . L . ,  R . C .  Clark , J r .  and R . R .  M i t su ok a  (l~i 2 ).

Sumposium on Oil Pol lu t ion,  The Env iromn~~~~~~~ d P’i~ & t S ’ i i t i d.
2 3 — 2 4  February 1972, Ol ymp ic H o t e l ,  S ea t t l e ,  W a s h i nj~to o .

Sponsored by EPA , NOAA , and Washington  S t a t e  D e p a r t m e n t  of  [~ o 1t-g . “

The proceedings of t h i s  symposium c o n t a i n  n i n e  p a p er s  m l  t h r t .  : - I e I
d i scuss ions .

566. Kasymov , A . G .  (1970) .

INDUSTRY AND THE PRODUCTIVITY OF THE CASPIAN SEA .

Mar .  Poll .  B u l l . ,  l ( 7 ) : 1 0 0— l 0 3 .

The growing problem of the po l lu t ion  of the Casp ian  Sea has re e n t l y
aroused much conern in the USSR for  i t  seems t ’  be lead i i i g  to a
ca t a s t rophe. A chain reaction is being set  up w h i c h  w i l l  have
consequences tha t are d i f f i c u l t  to p r e d i c t.  Poisonous i n d u s t r i 1 1
waste  has a disastrous effect on fish spawn and young; i t  r u i n s
spawning and f a t t e n i n g  grounds , r e s t r i c t s  m i g r a t i o n , causes sickness
in f i s h  and hinders f i sh ing .  I t  also reduces the reserves of  t he  f i s h i n g
industry and lowers the qual i ty  of the f i s h .  I n  p o l l u t e d  w a t e r s
the biological  equ i l ib r ium is destroyed , and w i t h  i t  th e  s e l f — p u r i f i c r i t i o n
processes which rely on the activities of bacteria , al gae and protozoa .

If  po l lu t ion  of the western part of the middle and southern Caspian
Sea continues as It is now, the sea can be expected to be transformed
into a dead sea, not only unsuitable for habitation by fish and other
food animals , but also for the needs of technology .

567. Kasymov, A.G. and A.D. Aliev (1973).

EXPERIMENTAL STUDY OF THE EFFECT OF OIL ON SOME REPRESENTATIVES
OF BENTHOS IN THE CASPIAN SEA.

Water , Air and Soil Pollution , 2(2):235—245.

Experimental studies of the influence of crude oil on the bottom
fauna of the Caspian Sea were carried out in 1970—71 at Artern
Island 86 km from Baku , USSR. The species were , in the order of
decreasing sensitivity, Chironomus albid usCerastoderna
Iamarcki and Nais elinguis > Neresis diversicolor, Prygohydrob ia
dubia , and Abra ovata. Under high concentrations of oil 3—5
mg/l the animals initially did not change weight and then t hey
lost weight and perished . In a weak solution of oil (1 mg/I) a
speed up in normal evolution , growth , and reproduction took place.
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568. Kasymov , A.G. and S.I. Granovskiy. (1972).

THE EFFECT OF PETROLEUM ON BOTTOM ANIMALS IN THE CASPIAN SEA.

Hydrobiol., 8:85—88.

Five species of marine invertebrates were exposed to concentrations
of oi l  varying from 0. 1 to 20.0 mg/ l  in seawater. These organisms ,
which are important food sources for commerc ial fish in the Caspian
Sea , were Nereis di versicolor (comb. ) ,  Cerastoderma
Iemarcki Reeve My tilas ter linea tus Gm., Abra Ovata Phil, and
Pont ogammarus maeoticus Sow. The petroleum came from the oil fields
of Neftyanyee Kamm i , Artemovskoye and Bulla—Duvaninskoye.

Oil from the Bulla—Duvaninskoye appeared to be the most toxic .
The most sensi t ive  and most resistant organisms were Nereis
Diversicolor and Mytilaster lineatus respectively.

569. Katz , L.M. (1973).

THE EFFECTS OF WATER SOLUBLE FRACTIONS OF CRUDE OIL ON LARVAE OF
THE DECAPOD CRUSTACEAN NEOPANOPE TEXANA (SAYI).

F:nviron. Pollut. 5 199—204.

The effec t of a wate r—extract , made from artificial seawater polluted
with crude oil at a concentration of 10 mI/litre, was tested on the
survival of larvae of the decapod crustacean Neopanope texana
to the megalopal stage, under laboratory conditions. High mortality
occurred in zoea exposed from the day of hatching . There were
indications that the pollutant had a retarding effect on the inoulting
process. It is suggested that more rigorous studies be conducted
to determine fully the effects of oil pollution on these organisms.

570. Kauss , P.B. and T.C. Hutchinson . (1975).

THE EFFECTS OF WATER-SOLUBLE PETROLEUM COMPONENTS ON THE GROWTH
OF CHLOREI LA VULGARIS BEIJERINCK.

Env iron. Pollut. (9):l57—l73.

The effects of the water—soluble components of pet roleum on a selected
alga l test species. Chlorella vulgarishave been investigated under
controlled laboratory conditions. Aqueous extracts of seven different
crude oils and one refined product exhibited marked differences
in to x i c i t y  to Chlorella, resul t ing in a 5% to 41% reduction of
cell numbers during the first 48 h. However, this toxicity was
only of a short—term nature , apparently resulting in a lag phase
pr io r  to the onset of growth.  Work wi th  oil extracts  allowed
to evaporate for 0, 24 , 48 or 120 h prior to their inoculation
with algae, suggests tha t the observed toxicity of oil extracts
is due to highly volatile compounds which are largely lost from
the culture flasks during the first 24 h. Lower concentrations
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of benzene , toluene , o—xylene and naphtha lene  resu l ted  in a
growth inhibit ion similar to that  cuased by crude oil. Higher
concentrations caused total inhibition of growth. The growth ra te
of cells was normal once the lag phase had ended .

A sign i f i can t  s t imulat ion of growth was observed w i t h  three of the
oil extracts after their toxic compounds had evaporated . It is not
known at present  if this  s t imulat ion is a r e f l e c t i o n  of an ac tua l
a b i l i t y  to ut i l ize cer~ a in hydrocarbo ns he tero troph ically from the
extract. Other possible interpretations are discussed.

571. Kauss , P . B . ,  T .C .  Hutchinson and M. G r i f fi t h s .  ( 1972 ) .

FIELD AND LABORATORY STUDIES ON THE EFFECTS OF CRUD E OIL SPILLS
ON PHYTOP LANKTON.

Proc . In s t .  Environ . Sd ., 18 :22—26 .

In the f ield species d i f f er quite markedly in their response to
an oil spiii. Some were inhibited but others were ac tua l ly s t imulated ,
whils t  a third group showed no e f f e c t .  In the laboratory,  aqueous
ex t rac t s  of 7 crude oils showed inhib i tory  e f f e c t s  to a test species
but differed amongst themselves in degree of toxicity. This toxicity appeared to
be reduced by volatilization of the toxic components. Marked decreases
in pH were noted in d i lu te  media in the presence of oil ex t r ac t s .
These pH changes were themselves s u f f i c i e n t  to cause a considerable
suppression of algal growth.  However , when pH changes were
a r t i f i c i a l ly eliminated the aqueous extracts of oil still had toxic
propert ies .  Tests wi th  benzene , toluene and xylene showed these three
water—soluble crude oil components to have toxic properties and that
toxicity increased along this methylation series. Cells were
generally able to resume growth when the toxic fac to r
was removed . Possible reasons for these results are discussed .

572. Kauss , P . ,  T .C.  Hutchinson , C. Sota , J. Hellebus t , and M. G r i f f i t hs
(1973) .

THE TOXICITY OF CRUDE OIL AND ITS COMPONENTS TO FRESHWATER ALGAE .

In:  Conference on Prevent ion and Control  of Oil Spills.
pp. 703— 714. Amer. Pe t ro l .  I n s t . ,  Wash . ,  D . C .

Field and laboratory experiments were conducted to determine the
toxicity of crude oil to freshwater algae. In the field , experiments
were continued for a two year period and changes in the abundance
and species composition of phytop lankton tabulated . Species were
fo und to d i f f e r  markedly in the ir response to an oil spill —

varying f rom considerable suppression of growth to stimulation .

In the laboratory, the effects of aqueous extracts of seven crude
oils on a selected test species, Chlorella vulgaris, were determined .
Marked differences in toxicity, as indicated by reduced growth ,
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were found to exist between oils. Work with oils extracts of
different ages suggests that the short—term toxicity of oils is due
to the rapid loss of volatile compounds. Differences in the toxicity is
selected aromatic components of crude oils——benzene, toluene, o—xylene
and naphthalene——were observed and are believed to relate to an
increase in methylation. Aqueous crude oil and naphthalene depressed
the i4C—NaHCO3 uptake (i.e. photoL athesis) of Chlaui~domanas angulosa.
1-4C— naphthalene was rapidly taken up by Chlamydomonas cells. However ,
release of this compound was much slower , and , in unwashed cells
seemingly dependent upon cell division.

Possible mechanisms of crude oil toxicity are discussed .

573. Keizer , P .D.  (1975).

THE EFFECTIVENESS AND TOXICITY OF THE OIL DISPERSANT , OILSPERSE
43 , IN LARGE OUTDOOR TANKS .

Surveillance Report EPA—5—AR—75—8.

One L of Venezuelan Guanipa crude oil was added to a holding
tank containing surface water from Bedford Basin, Nova Scotia,
and lL of oil plus lL of Oi lspere 43 dispersant were added
simultaneously to a 2nd tank. Use of the dispersant increased
the dispersion of the crude oil. The resulting mixture was more
homogeneous and the oil slick was less viscous than in the oil tank.
The dispersant retarded formation of a surface crust. A weathered
crude oil plus dispersant mixture with an oil concentration of
250 u/L was lethal to 50% of the bioassay test organisms, green sea
urchins, within 4 d. No mortalities occurred among urchins exposed
to the crude oil treatment. Use of “low—toxicity” dispersants on
cr ude oil spilled in an inshore marine area could produce oil
and dispersant concentrations lethal to the green sea urchin
population.

574. Kempf , T., D. Ludenmanri and W. Pflaum ( 1967) .

POLLUTION OF WATERS BY MOTORIZED OPERATIONS, ESPECIALLY BY OUTBOARD
MOTORS.

Wasse r , Bode n , and Luf th ygien Schr . Reihe , Ver . 20 48.

Details are given of extensive investigations into the polluting
effects of underwater exhausts from outboard motors and
mine ra l oils , carried out under the auspices of the Bundestninisterium
fu r  Gesundheitswesen , Germany . Tabulated and graphical data from
field and laboratory experiments show the damage to fish and other
aquat ic  organisms caused by motor and diesel oils , pet rol and
other organic solvents and their immiscibility with water. The
ecological differentiation of microorganisms, such as diatoms and
rotatoria , showed that  oil—tanker accidents , liberating diesel oil,
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resulted in either total destruction of aquatic organisms or reduction
o f  some species , but in certain favorable locations some species
survived while others were able to tolerate the oil—water emulsion ,
resulting in only a small reduction In numbers , considered over
the  per iod  of the  a nual  cyc le .  ( S i n h a — O E I S )

575. Ket chum , Bostwick (1973).

O I L  IN THE MARINE ENVIRONMENT .

I n :  ~~~~~~ Fa t e s  and E f f e c t s  of P e t r o l e u m  in the Mar ine  Environment.
Bac

~&round 
Information for the Worksho p,  Oce an A f f a i r s Board,

~SK , A iriie, Va. 21—25 May 1973.

This review paper covers sources of oil pollution , biological effects
of petrole um hydrocarbons , persistance of oil in the ocean , the
toxicit y of oil , corrective measures and recommendations .

576. Kator , H . (1973 ) .

THE UTILIZATION OF CRUDE OIL HYDROCARBONS BY MIXED CULTURES
OF MARINE BACTERIA .

In: The Microbial Degradation of Oil Pollutants. Louisiana
State University Publication No. LUS-56—73—Ol , Baton Rouge .
pp. 47—65.

Marine bacteria degraded hydrocarbons in crude oils in an enriched
seawater medium. Normal and branched paraffins were preferentially
utilized . Utilization rates were inversely rela ted to chain length.

577. K insev , D.W. (1973).

SMALL—SCAL E EXPERIMENTS TO DETERMINE THE EFFECTS OF CRUDE OIL FIL!IS
)N GAS EXCHANGE OVE R THE CORAL BACK-REEF AT HERON ISLAND .

Environ. Poilut., 4:167—182.

A field fenc ing techni que has proved satisfactory in maintaining
an isolated , hut biologically—acceptable , environment around natural
r e e f  outcrops. A single fenced outcrop with negligible surface
exposure was used for four nighttime exr.~ rimpnts . One of these was a
ontrol and the others used surface—flc -it ng films of Moonie crude

oil. The control experiment was on a night of almost comp lete
calm , but the others were on nights of vary ing tempera ture and wind
conditions. Various parameters of community respiration were monitored ,
both inside and outside the fence over the 4—5 hr period of slack
water occurring with the low—tide. The following points were
indicated: (1) Films as thin as 0.1 mm caused considerable
calmin g of the water surface; (2) under conditions of light wind ,
films of 0.1 mm and 0.7 mm nomina l thickness caused no significant
interf erence with oxygen and carbon dioxide transfer through
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the water surface other than that associated directly with the calming

~f f e c t .  Respi rat ion of the reef community remained normal;
(3)  a 0.1 mm f i l m  of the heavier residual oil  l e f t  a f t e r  prolonged
exposure of the “ f resh ” crude may have given some slight  i n t e r f e r e n c e
with gas transfer but it is more probable that this effec t was an
artefact of temperature; (4) no toxicity effects or abnormal
behavior patterns were observed over the time periods used ;
(5) more information is required on the effects of dead calm
weather , h igher tempera tures , thicker and more viscous oil films ,
and longer periods of exposure.

578. Kinney, P.J., 1).K. Button , D.M. Schell (1969).

KINETICS OF DISSIPATION AND BIODEGREDATION OF CRUDE OIL IN
ALASKA ’S COOK INLET .

I n :  Proceedings  Jo in t  Conference on Prevention and Control of
O i l  S p i l l s .  A P I . ,  FWPCA , Amer. Pe t ro l .  I n s t . ,  Wash . ,  D .C .

The r e s u l t s  of a s tudy  to q u a n t i t a t i v e l y  def ine  the magni tude
of oil pollution problems in Alaska’s Cook Inlet are reported .
Ph ys ical dissipation and biodegration rates were determined and
combined with estimates of hydrocarbon inp ut ra tes to assess the
fate of oil in Cook Inlet. The question of accumulation of crude
oil components within the Inlet is considered from the above results
and by d i r ec t  ana lys i s .  Resul ts  indicate that  hydrocarbon accuniula—
tion is less than our present l imits of detect ion.  Cook Inlet f lush ing
is 90 per cent  complete in 10 months . Experimental results  show
that unsupplemented Cook Inlet water effectively degrades Cook
Inlet crude , that this biodegradation is essentially complete in
the order of a few months, and that the biodegration capacity of
Cook Inlet is large. Thus biodegration i~ more impor tan t than p hys ical
f l ushing in remov ing hydrocarbon pollutants from Cook Inlet.
The methods and results are discussed in terms of their applicability
to o ther  areas .

579. K i t t r e d g e , James S. (1973).

THE EFFECTS OF CRUDE OIL POLLUTION ON THE BEHAVIOR OF MARINE
INVERTEBRATES.

N a t i o n a l  Technical In fo rmat ion  Service. U . S .  Dep t .  of Commerce.
AD—762 047. pp. 1—12.

A s tudy  of oil pollution has revealed that the wa ter sol uble componen t
of the oil is potentially the most dangerous to the marine biota . This
water soluble material apparently destroys the sensitive neuronal
dendri tes of the chemoreceptor organs. Since most marine organisms
depend primarily on chemoreception for the location of food , a
suitable niche or sexual partners , disruption of this function would
limit severely the survival of the species.
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Suppl emen tary observa tions on “cryp tic odors ” suggests that this
natural mechanism of protection may provide a model for insect
repe l len ts .

580. K i t t r e d g e , J .S.  (1975) .

EFFECTS OF CRUDE OIL ON MARINE INVERTEBRATES.

NTIS AD—AO17—921/8W0

Labora tory studies ind ica te tha t the al iphatic hydrocarbon compo unds
are not harmful to adult crabs. The monoaromatic hydrocarbons
can inhibit behavior that is dependent on chemoreception , but
the effect is transient. The polyaromatic hydrocarbon compounds
are the po tentially dangerous component of oil pollution. Since
crustacea and many other species of marine organisms depend on
chemoreception not only for loca ting food sources , bu t also fo r
detec t ing predators , f ind ing  sexual partners  and for locating a
sui table niche , inhibi t ion of chemoreception by sublethal  amounts
of hydrocarbon pollution may drastically l imit the produc t iv i ty  of a
marine habitat.

581. Kittredge , J.F., F.T. Takahaski, and F.O. Sarinana. (1974).

BIOASSAYS INDICATIVE OF SOME SUBLETHAL EFFECTS OF OIL POLLUTION .

In:  Proceedings, Marine Technological Society,  Washington D . C . ,
Sept. 23—25 1974 . pp. 891—897.

This article reports an investigation of the effects of the water—
soluble componen ts of crude oils on chemically triggered behav ior
responses of crabs . The two bioassays consisted of (1) the behavior
of male crabs when exposed to the sex pheronone and (2) the
typical rapid lateral movements of the mouth pa rts  when presented
wi th  2o ul of 3 mM taurine. Both responses arc~ inhibi ted by
water—soluble components of crude oi. Sensitivity was not recovered
for 3 to 11 days. Monoaromatics act as anesthetics while naphtha—
lenes and alkylnapthalenes produce persistent  inhibi t ion. Nap ha—
thalene at 1 ppb was inhibitory . The effects of naphthalene on
oyster gill cilia was also studied . 1 ppm has irritant activity
accelerating cilia that sweep mucous across the surface of the
gills and decreasing the activity of the cilia that pump water
th rough the gills. This system is being developed into a bioassay
technique for  hydrocarbon pollution.

582. Klein , S., R. Cooper , and D. Jenkins (1976).

JP—4 AND JP-9 FUEL TOXICITY STUDIES USING FRESH WATER FISH AND
AUFWtJCHS, ANNUAL REPORT.
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Aerospace Medical Research Laboratory, Wright—Patterson Air Force
Base, Ohio , Report AHRL TR—76—50. Available through National
Technical Information Service, Springfield , Virginia. 60 pp.

This report contains the results of research efforts concerned
wi th  defining the ef fects  of potential environmental contamination
resulting from the use of certain Air Force materials on fresh
water fish and aufwuchs. Materials evaluated include RJ—4,
RJ—5 , Methylcyclohexane, JP—9 and JP—4. Techniques for exposing
organisms to those substances are discussed and the results
of such exposures are presented .

583. Knieper , L.H. and D.D. Culley , Jr. (1975).

THE EFFECTS OF CRUDE OIL ON THE PALATABILITY OF MARINE CRUSTACEANS.

Prog . Fish—Culturist. 37(l):9—l4.

Brown shrimp ( Penaeus aztecus ), white shrimp ( P. setiferus ) .

and crabs ( Callinectes sap idus ) were maintained in water to which
was added varying concentra tions of crude oil from 2 offshore
Louisiana wells. Threshold concentrations, at which an oily taste
in cooked specimens was detected , were 49—160 ppm for the shrimp;
d i f f e rences were noted between species and between oil sources.
Shrimp exposed to oil and then maintained in clean water had an oily
tas te a f te r  1 wk. Threshold values for the crabs were 620—1,250 ppm .

584. Knowles, R. and C. Wishart (1977).

NITROGEN FIXATION IN ARCTIC MARINE SEDIMENTS: EFFECTS OF OIL AND
HYDROCARBON FRACTIONS.

Environ. Pollut. 13 p. 133—149.

Nitrogen fixation (acetylene reduction) was measured in grab and core
samples of sediments from the Beaufort Sea and Eskimo Lakes, Northwest
Territories, Canada. Very low rates (about mg N/square meter/year)
were detected in untreated sediments. Activity was stimulated by
the addition of glucose, sucrose, lactose, mannitol, and malate
bu t much less so by acetate; negligible activity was supported
by N-acetyglucosamine. There was no consistent e f fec t  of the
presence or absence of oxygen. Nitrogen f ixat ion potentials in
glucose—supplemented sediment samples showed large variation between
stations , between samples from the same station and between depths
within single cores down to 18 cm. Weathered Norman V3ils crude
oil , hexance, decane, dodecane, and hexadecane had no ~ffect on
nitrogen fixation or carbon dioxide evolution. There was no evidence
of the utilization of any of the hydrocarbons tested during periods
of over 30 days under experimental conditions.

585. Koe, B.K. and L. Zechmeister. (1952.)

ISOLATION OF CARCINOGENIC AND OTHER POLYCYCLIC HYDROCARBONS FROM
BARNACLES.

Arch.  Biochem. Bioph ys . ,  41 :396—403.
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From the fleshy peduncle of the goose barnacle ( Mite i l a  po lymerus ),
collec ted on the Southern California coast , small amounts of the
following compounds were isolated in crystalline form: chrysene;
f l u o r a n t h e n e ;  l , 2—benzpery lene ; coronene ; and a mixture of 3,4—
and l , 2—ben zpyrenes .  This  i nd ica te s  tha t the prev ious ly  repor ted
occur rence  of polycyclic aromat ic  h ydrocarbons in the tha tched  barnacle
(Shimkin , et al , 1951) does not represent  an except ional  instance.
The habitat of the goose barnacles was about 40 miles from that of
the thatched barnacles. It is probable that other similar marine
ma terials occurring along the California coast would yield analogous
results. Since anthracene and phenanth rene  were isolated from the
tha tched  barnacles , but  were absent in the goose barnacles , either
the composition of the marine detritus ingested by the two batches
of an imals was d if f e r e n t, or identical supplies were subjected to
d ifferent alterations by the two species of barnacles.

586. Komagata , K., T. Nakase, and N. Katsuya . (1964).

ASSIMILATION OF HYDROCARBONS BY YEASTS II. DETERMINATION OF HYDRO-
CARBON—ASSIMILATING YEASTS.

J. Gen Appl. Microbiol. lO(4):323—33l.

Of 56 strains of hydrocarbon— utilizers , 49 were isola ted from
var ious sources and the remaining 7 supp lied from type culture
collections. The present paper describes the taxonomical studies
on these yeasts.

587. Kontogiannis, J.E. and C.J. Barnett. (1973).

THE EFFECT OF OIL POLLUTION ON SURVIVAL OF THE TIDAL POOL COPEPOD ,
TIGRIOPUS CALIFORNICUS. Environ. Pollut., 4:69—79.

A stud y of the effec t of simulated oil pollution on Tigriopus
cali fo rn icus  indicated tha t  a 1.5 mm thick layer of crude oil on
the water surface caused the death of all animal s within three
days , while a sim ilar layer of mineral oil resul ted in comple te
mortality in five days . When oxygen was added to the water containing
cr ude oil , total mortality was delayed by two days . Approxima tely
100% mortality was extended to seven days when crude oil was enclosed
in a d ialys is membrane bag immersed in the wa ter and oxygen was
supp lied . When mineral oil was used and air provided , the animals
survived as well as the controls.  I t  was concluded that death
resul ted because the oil acts as a barrier to oxygen transfer between
ai r  and wa ter , and because it contains substances toxic to Tigriopus.

588. Koons, C.B., C.D. McAuliffe and F.T. Weiss (1976).

ENVIRONMENTAL ASPECTS OF PRODUCED WATERS FROM OIL AND GAS EXTRACTION
OPERATIONS IN OFFSHO RE AND COASTAL WATERS .

In: Eighth Annual Offshore Technology Conference: 1976 Proceedings:
Vol. I. p. 247—257. Houston , Tx.
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The c o n s t i t uen t s  of produced waters and their effects on offshore
and coastal marine environments are reviewed . The composition ,
inputs , tates , and eftects of petroleum hydrocarbons and inorganic
components in produced waters arc described . Considerable
l i b oratorv and field data are presented . Toxic components are in
low concentrations in produced waters. Natural forces , such as
dilution and evaporation , and chemical and biological reactions
rapidly reduce the concentration of any toxic components in the
produced waters to levels not harmful to the marine environment
and biot a . Field data from Timbalier Bay , Louisiana , and Texas
bays and estuaries show that continuous low—level discharge of
produced waters has little to no detrimental effects on the marine
environment or biota.

589. Korring~i , P. (1968).

BIOLOGICAL CONSEQUENCES OF MARINE POLLUTION WITH SPECIAL REFERENCE
TO THE NORTH SEA FISHERIES .

Helgolander wiss. Meeresunters. 17:126—140.

Fish are not usually killed by petrochemical waste products , but
these chemicals (phenols and related products in particular)
frequent ly lead to development of an unp leasan t flavor in f ish and
shellfish. As long as the oil floats, the hazards fo’ fish and fish
food a r e  limited , hut when emuls ified , direct contact is feasible.
Often the emulsif ying agents are far more poisonous to marine organisms
than the  o i l  i t s e l f .  The French , in avoid ing  such chemicals altogether
afte r the Torrey Car~y~~ incident , obtained excellent results using
“craie de Chempagne”, chalk mixed with 1% of a stearate , which ev identl y
furthers microbial oxidation of the oil.

590. Korringa , P. (1973).

THE IMPORTANCE OF OIL POLLUTION IN THE NORTH SEA .

In: j~ puts~ Fates and Effects of Petroleum in the A~u-it ic Environment.
Background Information for the Workshop Ocean Affairs Board, NSF.
A irlie, Va. 21—25 May 1973.

The author concludes tha t although a great deal of oil enters the
North Sea, only organisms frequenting the air—sea interfere ,
such as birds , are adversely affected . There is no evidence of
harm to fish stocks , though extensive use of dispersants may
cause such harm by causing the majority of the oil to enter the
water col umn .

591. KuhI , H . and H. Mann . (1967).

DIE TOXIZITAT VERSCHIEDENER OKBEKA1.~ FUNGSMITTEL FUR SEE-UND
SUBUASSERTIERE. (THE TOXICITY OF VARIOUS OIL-.COIJNTERACTING AGENTS
FOR SEA- AND FRESHWATER ANIMALS.)

He lgo , Wiss. Merresunters., 16:321—327.

Tanker  acciden ts a t sea have led to the examination of the toxic
effects on organisms of 14 oil—emulsif ying agents both in fresh—
and sea—water .  The lethal limits of the substances examined were
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between 0. 001 and 0.1 m l/ l .  For an appraisa l of these values
i t  is important to know that some substances cause different reactions
in fresh—water and sea—water. Crude oil mixtures (Iraq—Crude—Oil)
have sim ila r lethal limits. A layer of crude oil alone on the surface

the water is less detrimental than a mixture of crude oil and
e m u l s i f y i n g  agents. On the par t  of the fisheries considerable
o b j e c t i o n s  should be raised agai nst the use of such agents. In
cases ot soilage of beaches , harbours , and industrial plants , it
must be dec ided whether damages to the local flora and fauna can he
ac~ epted or not.

592. Kuhnhold , W.W. (1969).

hl-;R EINFLUSS WASSERLOSLICHER BESTANDTEILE VON ROHOLEN IJND
ROHOLFRAKTIONEN AUF DIE ENTWICKLUNC VON HERINGSBRUT . (THE
INFLUENCE OF WATER-SOLUBLE COMPOUNDS OF CRUDE OILS AND THEIR FRACTIONS
ON THE ONTO(;ENETIC DEVELOPMENT OF HERRING FRY ( CLUPEA HARENGUS L . )  )

Ber. dt. wiss . Kommn Meeresforsch., 20:165—171.

Fert ilized eggs and yolk sac larvae of the autumn spawning herr ing
from Fehmarn were kept in jars under a film of crude oil or one

t its fractions (crude oil of Venezuela , L ibya , Ira n and 7 f r actions
from light benzene to residue oil). The amount of oil or fraction
per li tre was 20 ml and 1 ml. The rates of mortality and hatching
were determined . The lethal influence of different quantities
of crude oil and their fractions on larvae was observed and gradual
changes of swimming activity were noted . Oils of different
or igin differ in their toxicity. Crude oil of Libya seemed to be
less harmful than the two others. The influence of the fractions
seemed to decrease with increasing boiling points , whereas th is
phenomenon was partly inverted when the fraction had been emulsified .

593. Kuhnhold , W .W. (1969).

EFFECT OF WATER SOLUBLE SUBSTANCES OF CRUDE OIL ON EGGS AND LARVAE
OF COD AND HERRING .

Copenhagen, International Council for the Exp loration of the
hea , Fisheries Improvement Committee (CM 1969/E17). 15 p.

594 . Kuhnhold , W.W. (1973).

THE INFLUENCE OF CRUDE OILS ON FISH FRY.

In: Marine Pollution and Sea Life. Fishing News (Books) Ltd .
London pp. 315—317.

Cod eggs of different stages and young larvae of cod ( Gadus
merrhua ) herr ing ( Cl upea harengus ) and plaice ( Pleuronectes platessa)
were contaminated with dissolved and dispersed crude oil of different
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or igins and character . Larvae are most susceptible at the critical
pha se of beginning feeding. Observed influences can vary widely
depend ing on the type of crude oil spilled . “Na tural” oil d ispersions
obtained without chemicals gradually lose their toxicity .
Dispersions stabilized with dispersants keep on increaseing their
delete r ious effect for days. Larvae do not seem to be able to avoid
oil contaminated water as the chemoreceptors are probably blocs ~d
or destroyed . If larvae remains in oil dispersions they have little
chance of survival.

595. Kuhnhold , W.W . (1978).

EFFECTS OF WATER—SOLUBLE FRACTION (WSF) OF A BUNKER C OIL ON COD
EGGS AND LARVAE .

In: In the Wake of the Argo Merchant Proceedings of a Conference
and Workshop held at the University of Rhode Island, January 11—13, 1977.Center for C
K ings ton , Rhode Island .

One—half , 3, and 7 day old eggs and 2,4, and 8 day old larvae
were exposed to the water soluble fraction of Bunker C oil in static
tests. The initial concentrations of the test med ium were 10,
100, and 600 ppb of total CCI4 extractable  hydrocarbons (IR) . The
hatching success of viable larvae and the difference in 50% survival
time between control and treated larvae was measured . In the same
tests the heart beat rates of the treated embryos were measured , and a
comparison between observed beat rate reduction and viable hatch is
drawn . An attempt is made to extrapolate laboratory f i ndings to
field conditions , which existed at the time of the 

~~~ 
Merchant

spill.

596. Kuhnhold , W.W. (in press).

THE EFFECT OF MINERAL OILS ON THE DEVELOPMENT OF EGGS AND LARVAE
OF MARINE SPECIES.

In: Proceedings of ICES — Workshop : Petroleum Hydrocarbons in
the Marine Environment.

597. National Academy of Sciences , Ocean Affairs Board , ( 1973) .

BACKGROUND PAPERS FOR A WORKSHOP ON INPUTS, NOTES , AND EFFECTS
OF PETROLEUM IN THE MARINE ENVIRONMENT . 2 VOLS .

National Academy of Sciences, Washington, D.C. 836 pp.

Numerous aspects of petroleum in marine environments are discussed
in papers collected as reference information for experts working
with  pet roleum in the ocean. Subject areas include inputs of
petroleum to the marine environment; chemical and biological
analytical techniques; the fates of petroleum in the ocean caused
by such processes as weathering, dispersion, biodegradation and
biological uptake; and effects on coastlines, coastal biota ,
marine resources, and human health.
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598. Lacaze , J.C. (1974).

ECOTOXICOLOGY OF CRUDE OILS AND THE USE OF EXPERIMFNIAL MAR JN F .
ECOSYSTEMS .

Mar. Poll. Bull., Vol. 5:153—156.

Ecotoxicological investigations are generally undertak en in the
laboratory on some constituents of ecosystems . The complementary
synthetic aspect , comprising the analysis of the overall effect
of a pollutant on an ecosystem , also falls within the framewo r~
of the science of pollution. The present stud y deals with the

effects of a crude Kuwait oil on the primary prod uction ol experimental
ecosystems .

599. Lacaze, J.C. and 0. Villedon de Naide (1976) .

INFLUENCE OF ILLUMINATION ON PHYTOTOXICITY OF CRUDE OIL.

Marine Pollution Bulletin , 7 ( 4 ) : 7 3 76 .

This report deals with the effect of illumination on the toxicity
of Kuwait crude oil to the microalgae ( Phaeadacty lurn tricornutum
as measured by primary produc t ion. The toxicit y of extracts made
from a crude is about two to three times greater when the latter
is previously subjected to illumination of sufficient intensity
and duration. The incorporation of a chemical dispersant (Corexit 8666)
magnifies this phenomenon. In the case of a weathered crude oil
mixed in equal parts with the dispersant , illumina t ion raises the
toxicity of the extracts by a factor of abou t 30.

600. Lake, J.L. and C. Hershner (1977).

PETROLEUM SJJLFER—CONTAIN INC COMPOUNDS AND AROMAT IC HYDROCARBONS
IN THE MARINE MOLLUSKS MODIOLUS DFMISSUS AND CR P~SSOSTREA
VIRGINICA.

In:  Proceedings 1977 Oil Sp ill Conference. p. 627—632. Amer. Petrol.
I n s t .  Wash. D . C .

The in situ recovery of the mussel Mod iolus dernissus and the oyster
Crassostrea virginica from successive small experimental dosings
of No. 2 fuel oil was examined to determine the retention and
release of petroleum hydrocarbons and petro—sulfur compounds from
these marine mollusks. Extracts were obtained from the organisms
over a four—month recovery period , and were analyzed by flame
ionization detection (FID) and flame photometric detection (FPD)
gas chroma tography and gas chroma tograph y—mass spec trometry
(GCMS). Results showed a large majority of the p e t r o l e u m  compound s
that were present in these organ i sms after two weeks of recovery
were lost by the 15th week. Both mollusks showed an enrichment of
aromatic (releative to saturated) hydrocarbons during the f i r s t
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portion of recovery . As the recovery t ime lengthened , the aromatics
were lost more rap idly than the saturates. Mussels showed relative
increases  i. n some individual  aromatic hydrocarbons during the recovery
period . The oysters , however , appeared to non—selectivel y depurate
th e ar o m a t i c  hydrocarbons. The higher molecular weight petro—sulfur
compounds were retained for the longest t ime periods. Dur ing the
study period these compounds appeared to be lost from the mollusks
it rates similar to those observed for the aromatic hydrocarbons.

odi . Landner , L . (1975).

OI L S P I L L  PROTECTION IN THE BALTIC SEA .

~at t- r Pollution Control Federation. Journal , 47(4):796—809.

Prt-se nt problems regarding the direct effects and treatment of
oil spills are discussed , and legislative restrictions for water
pollution contro l in Swedish waters are outlined . Responsibilities
of an oil spill research group consisting of the Swedish Coast
Guard , the National Environmental Protection Board , the Swedish
Petroleum Institute , and the Water and Air Pollution Research
Laboratory are discussed . Research on environmental effects of
oil spills includes the determination of the acute toxicity of
d ii terent oil dispersants , stud ies on composi te e f fec ts of oil
spills on faunal communities In the l i t tora l  zone of the Baltic
Sea , studies on transformation and decomposition of an oil spill
as a result of microbial activity, and the development of analytical
p rocedures for oil analysis.

h02. Lane , F.W. , A.D. Bauer , H.F. Fisher , and P.N. Harding. (1926).

EFFECT OF OIL POLLUTION ON MARINE AND WILDLIFE .

0 - p t .  P.S. Comm . Fish. App. 5(995):l7l—l8l.

An early review of the input and impact of oil on the environment ,
particularly on fish , shellfish and fowl .

~~I ) 3 .  LaRo che , G. (1974).

VALUE OF OIL POLLUTION MONITORING IN MARINE ORGANISMS .

In: NBS Special Publication 409, Marine Pollution Monitorin g
(Petroleum 1 Proceedings of a Sympos ium and Worksh op H~ ld at NBS,
Ga ithersburg, Maryland, May 13—17, 1974.

Nati onal Bureau of Standards. pp. 249—250.

This a r t i c l e  is an analysis  ot the oil pollution monitoring
program and a proposal tha t the emphasis of the program should
concentrate on determining the precise nature of produc ts which
are biologicall y damaging and how much can be tolerated by a v iable
environment.
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604. LaRoche , C., R. Eisler and G.M. Tarzwell. (1970.)

BIOASSAY PROCEDURE S FOR OIL AND OIL DISPERSANT TOXICITY EVALUATION .

J. Water Pollut. Control Fed., 42(ll):1982—l989.

Laboratory procedures are listed for the determination of relative
96—hr toxicities of crude oils, oil—spill removers, and oil—
dispersant mixtures to representative cyprinodontiform teleosts ,
polychaete annelids , and decapod crustaceans . Salient features
of the me thod include the use of disposable glassware, a syn the tic
seawater formulation, high—speed recip rocating shakers , controlled
aera tion , and DSS as a reference toxicant. The method may be used
to test any produc t for toxicity to appropriate organisms in media
of any salinity.

605. Lasday , A.H. and E.W. Mertens (1976).

FATE AND EFFECTS OF OIL ON MARINE LIFE: PROGRESS REPORT ON RESEARCH
SPONSORED BY THE AMERICAN PETROLEUM INSTITUTE.

In: Eigh th Annual Offshore  Technology Conferen ce: 1975 Proceedings:
Bol. I., pp. 275—283. Houston , Tx.

Principal topics discussed are the uptake and depuration of hydro-
carbons by marine animals and the weathering and dissipation of
spilled crude oil. Temporary exposure of a marine organism to oil
does not result in permanent contamination. Since the oil is released ,
it cannot be concentrated by moving up the food chain to ultimately
become a health hazard to man. As the composition of a spilled
oil changes rapidly with time, toxicity is reduced due to evapor ation
of the most toxic compounds. Thus, the residues of oil af ter an o f f sho r e
platform mishap become relatively iner t before they reach the mos t
biologically sensitive shoreline area.

606. Latiff , S.A. (1969) .

PRELIMINARY RESULTS OF THE EXPERIMENTS ON THE TOXICITY OF OIL
COUNTERACTING AGENT (ESSO COREXIT 7664). WITH AND WITHOUT IRAQ
CRUD E OIL , FOR SELECTED MEMBERS OF MARINE PLANKTON.

Arch . Fishereiwiss., 29(2—3): 182—185.

1. Corexit was less toxic than Oil—Ex , Anti—Oil TS 5, Sillarit , Vecom
B 24 , Struktol J 502, PS 777 , Ganilen, Elimax , Slix , Peroklean
and Moltokiar.

2. The addi tion of crude oil as in the case of Sillarit or Struktol
J 502 reinforced the toxicity of Corexit.

3. The lethal limits of corexit for P. pileus, spionid larvae and young
Crangon crangon withou t Irag crude oil were 0.667, 0.889 and
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1.600 ml/l sea water respectively; the corresponding f igures af ter
the add ition of crude oil were brought down to 0.222, 0 . 2 2 2
and 0.364 mi/i sea water respectively.

607. LeBoeuf , B. (1971) .

OIL CONTAMINATION AND ELEPHANT SEAL MORTALITY : A “NEGATIVE ”
FINDING .

In: Biological and Oceanographical Survey of the Santa Barbara
Channel Oil Spill, 1969—1970, Vol. 1. pp. 277—281. Allan Hancock
Foundation Sea Grant Pubi. 2. D. Straughan , ( ed . )

When cr ude oil from the Santa Barbara Channel oil sp ill washed up on an
elephant seal rookery jus t before March 17 , 1969 , over 100 pups
were oiled. The National Park Service requested an investigation ,
the results of which indicated that the oil caused neither sickness
nor mortality. This paper presents additional data which suppor t
the conclusion that oil fouling had no deleterious effect on the
heal th  of elephant seal pups.

608 . Lee , R .F .  ( 1975) .

FATE OF PETROLEUM HYDROCARBONS IN MARINE ZOOPLANKTON .

In: Conf. on Prevention and Control of Oil Pollution. pp. 549—553.
Amer. Petrol. Inst., Wash ., D.C.

Several groups of zooplanktoa from the coasts of California , British
Col umbia , and in the Arc tic, including copepods , euphausids,
amphipods, crab zoea , ctenophores, and jellyfish rapidly to?k up
3H—benzpyrene , 1-

~ C—benzpyrene , 
3H—m ethylcholanthrene, and

naphthalene from seawater solution . These hydrocarbons were meta-
bolized to various hydroxylated and more polar metabolites by
cr ustaceans bu t no t by ctenophores or jellyfish. Up to 22xl0 4
mg of benzpyrene was ingested by the temperate water copepod Calanus
plumchrus, and transfer of this copepod to fresh seawater resulted
in the discharge of most benzpyrene with less than 1 x lO~~ g remaining
after 17 days. When depuration was continued beyond 17 days, no
further hydrocarbon loss was observed. Calanus hyperboreus
from the Arctic took up to 11 x l0~~ ug of 3H—benzpyrene and a
28—day depuration experiment still showed the presence of benzpyrene
In the copepod although again less than 1 x 10—5 ng .

609. Lee, R . F .  (1976) .

METABOLISM OF PETROLEUM HYDROCARBONS IN MARINE SEDIMENTS.

In: Sources, Effects and Sinks of Hydrocarb ons in the Aquatic
Environment. Proceedings of the Symposium, America University,
Washington D.C. Aug. 9—11 , 1976 p. 333—344.

The degradation of petroleum hydrocarbons in aqua tic sedimen ts
result from the interaction of microfauna, meiofauna and macrofauna .
Populat io ns of hydrocarbon degrad i ng microbes are high in areas
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of pe t ro leum input , r e su l t i ng  in a rapid  degradat ion of the
alkanes with slower attack on isoalkanes , cycloalkanes and aromatic
hydrocarbons. In the process of feeding , the interstitial community
(meiofauna), and the benthic macrofauna expose deeper sediments to
the  wate r—sediment  i n t e r f ace  where there is more microbial  ac t iv i ty .
The polychae te worms tak e up hydrocarbons  f r om the sed iment and have
an active enzym e system in the lower portion of their intestine
which metabolizes these compounds. Hydroca rbons on resuspended
sediments are recycled by passage through filter feeding bivalves.
Bacteria and animals metabolize aromatic hydrocarbons by different
mechanisms with bacteria procuding cis—diols while animals degrade
them to trans—diols. Since bacteria use hydrocarbons as a
carbon source there is ring cleavage of the diols with eventual
degrada t ion  to carbon d ioxide .  Animals excrete the diols or
their conjugated products.

610. Lee, R.F. (1977).

FATE OF PETROLEUM COMPONENTS IN ESTUARINE WATERS OF THE
SOUTHEASTERN UNITED STATES .

Proceed ings 1977 O il Spill Conference. p. 611—616. Amer. Petrol.
Inst., Wash., D.C.

Rad iolabeled hydrocarbons and phenols were added to water samp les
f r om the Sk idaway and Coop er R ivers , two estuarine rivers on the
U.S. South Atlantic coast. The adsorp tion of hydrocarbons to par ticles
and microbia l  degradat ion  of d i f f e r e n t  petroleum components were
the processes studied . Alkanes, low molecular weight aromatics
(benze ne , toluene , naphthalene and methylnap hthalene) and phenols
were rapidly degraded to ~

-4CO2. Low degradation rates were
observed for the higher weigh t pol ycy clic aroma tic hydrocarbons ,
fluorene , an thracene , benz(a)anthracene and benz(a)pyrene, and
from 12 to 70% of these hydrocarbons wer e absorbed to suspended
p a r t i c l e s  in the water . Radioautogra~ hs of par t ic les  a f t e r
the add ition of 3H—benz (a)pyrene and ~H—hexadecane to the water
samples indicated the hydrocarbons associated with detrital
particles. This detritus was composed of a mixture of clay , organic
matter , plankton remains and living microbes . One area of the
Cooper R iver had v isible oil sl icks and the degrada tion ra tes
of added hep tadecane  (20 ug/l), naphthalene (3Oug/l) and methylnaphtha—
lene (30 ugh ) were 0.4, 2.8 and 1.1 ug/l/day , respec tively. In
contrast , at a downstream site , where there were no visible
s l icks , the  d e g r a d a t i o n  r a t e  of these same hydrocarbons were 0.1 ,
0.7 and 0.1 ug/l/day, respectively. Estuarine water had much higher
hydrocarbon degradation rates than offshore and Gulf Stream waters.

611. Lee , R . F . ,  R. Sauerheber , and A.A. Benson. (1972).

PETROLEUM HYDROCARBONS : UPTAKE AND DISCHARGE BY THE MARINE
MUSSEL , MYTILUS EDULIS.

Science , 177 : 344—346.
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The common mar ine mussel My t ilus edul is has been observed to r op idly
take up mineral oil , (1-4C)heptadecane , l,2,3,4— tetrahydronaphthalene ,
( ‘4 C ) t o l u e n e , (~~

4C )n a p h th a l e n e , and (3H) 3, 4—ben z opyr en e  f r  -~~~ seawater
so lu t i on . This  species of mussel  d id  not me tabo l i ze  any of these
compounds , and t r a n s f e r  of the mussel to f re s h  seawater , a f te r  exposure
to the hydrocarbon in solutic ri . resul ted in the d1~ charg c ~f mos t
of the  hy drocarbon , a l t hough  significant amoun t~; remained
(between 1 and 400 micrograms per mussel). The nontoxic paraffinic
hydrocarbons mineral oil and heptadecane were taken up (10 milligrams
per mussel) to a much greater extent than the aromatic hydrocarbons
(2 to 20 micrograms per mussel.)

612. Lee , R . F . ,  and A . A .  Benson ( 19 7 3 ) .

FATES OF PETROLE UM IN THE SEA : BIOLOGICAL ASPECTS .

In: Inputs, Fates, and Effects of Petroleum the Marine Environment.
Backg~round Information for the Workshop, Ocean Affairs Board,
NSF. A irlie Va., 21—25 May 1973.
This repor t summarizes various studies on the uptake , metabolism
and d ischarge of hydrocarbons by selected species of phytoplankton ,
zoop lankton , fish , and invertebrates using radioactive hydrocarbons .

613. Lee , R . F . , R . Sauerheber and (.H. Dobbs. (1972).

UPTAKE , METABOLISM AND DISCHARGE OF POLYCYCLIC AROMATIC
HYDROCARBONS BY MARINE FISH.

Mar. Biol., 17 :201—208 .

The uptake , metabolism and discharge of two polycyclic aroma t ic
hydr ocar bons , 14C—naph thalene and -‘H—3 ,4—benzopyrene , were studied
i n 3 spec ies o f mar ine f ish (mudsucker or sand goby , Gill ich thys
mirabi lis; sculpin , Oligocottus maculosus; sand dab ,
Citharichthjrs stigmaeus). The path of hydrocarbons through
the fish included entrance through the gills , metabolism by the
l iver , transfer of hydrocarbons and their metabolites to the bile ,
and , f ina l l y,  excretion. The gall bladder was a major storage
site of labeled hydrocarbons and their metaboiires. The major
produc t of 3H—3 ,4—benzopyrene metabolism was tentatively identified

~s 7 ,8—d ihydro—7 ,8—dihydroxy benzopyrene. The 14C—naphthalene was
metabol ized to l ,2—dihydro—l ,2—dihydroxynaph thalene after 24 h
exposure. The urine appeared to be the major avenue for discharge
of labeled hyd rocarbon from the body. Our laboratory results
indicated tha t certain polycyclic aroma tic hydr ocarb ons were rap idly
taken up from seawater by the above fish , bu t detoxification mechan-
i sms existed for efficient removal of these compounds from their body
t issues.

614. Lee , W . Y .  ( 1977 ) .

SOME LABORATORY CULTURED CRUSTACEAN S FOR MARINE POLLUTION STUDIES.

Marine Pol lu ti on Bulle tin , 8(1l):58—59.
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This article describes culture techniques for the planktonic
copepod Arcatia tonsa, the isopod Sphaeroma quadridentatum
and the amphipod Amphithoe valida for their use in toxicity studies.
Preliminary results are given for experiments on the toxicity of
the water soluble fraction of fuel oils.

615. lee , W.Y . & .J.A.C. Nicoi (1977).

THE EFFECTS OF THE WATER SOLUBLE FRACTIONS OF NO. 2 FUEL OIL ON
THE SURVIVAL ANT ) BEHAVIOR OF COASTAL AND OCEANIC ZOOPLANKTON

Environ. Pollut (12) p. 279.

Ac ute effects of water—soluble fractions (WSF) of No . 2 fuel oil
on both c3astal and oceanic zooplankton were studied and their LC50
for various exposure times (1 to 72h) compared . Coastal zooplankton
seemed to be more resistan t to the WSF than oceanic zooplankton.
This d if fe rence  was pr obably caus ed ma inl y by the d iss imilar spec ies
composition of the two zooplankton populations under investigation . The
evidence from this study indicates that, on a species or taxon
bas is, there are some spec ies in coas tal wa ters more vulnerable
to oils than among oceanic zooplankton and it is strong ly recommend ed
that further studies of the tolerance of both populations to various
petroleum hydrocarbons be carried out at the same time .

A vital staining method was used to distinguish the dead from the
immobile forms. Expected variations both in the curves of mortality
compared with time and in the curves of mortality compared with
concentration of oil are explained and a possible method to decrease
variability is suggested .

Change of behavior of coastal zooplankton due to the WSF of No. 2
fuel oil was also abserved during the first hour of exposure.

616. Lef , W.Y., M.F. Welch and J.A.C. Nicol (1977).

SURV I VAL OF TWO SPECIES OF AMPHIPODS IN AQUEOUS EXTRACTS OF PETROL EUM
OILS.

Mar. Poll. Bull. 8(4) 92—94.

Aqueous extracts of two petroleum oils , No. 2 fuel oil and Southern
Louisiana crude , were tested on two amphipods , Granmarus Inucronatus
and Arnphi thoe valida, for survival. The oils were toxic at
concentrations of 0.8 ppm (fuel oil) and 2.4 ppm (S. Louisiana crude).
Mortalities increased with the concentration and length of exposure.
Few or no young were produced at these and higher concen trations .
(br eed ing adul ts were decreasing rap idl y in numbers). The atnphipods
are more sensitive to aqueous extracts of these oils than are
ben th ic polychae tes and shr i mp, for which data are available.

617. Lehman , E .J .  ( 1975) .

THE BIOLOGICAL EFFECTS OF OIL SPILLS (A BIBLIOGRAPh Y WITH ABSTRACTS).

Nat ional Te chnical Inf orma t ion Service , Springf ie ld , Va.
NTIS/PS/ 118.
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This  b ib l iog raphy is co~~p sed of 107 selected abs t rac ts  of Government—
sponsored research reports. Includes effects on microorganisms , plants ,
and animals along with research on residues and metabolic products
of various oil components.

618. Lembaga Minyak Dan Gas Bum i (1974).

COASTAL ZONE POLLUTION IN INDONESIA WITH EMPHASIS ON OiL . A
RECONNAISSANCE SURVEY .

National Technical Information Service , Spring f ield , VA . 186 p.

In 1972 and 1973 the LEMIGAS Study Group on Pollution (SGP) and
the Smithsonian Institution jointly undertook a survey on marine
pollution by oil in Indonesia. This document contains a review
of existing knowled ge concerning oil pollution in tropical waters ,
a survey of Indonesian marine resources vulnerable to oil pollution ,
and a review of the presen t status of oil pollution based largely
upon field interviews and visits to various installation on and offshore.
It seems that pollution by oil in offshore waters is not yet a
serious problem in Indonesia. The Indonesian fish catch statistics
reviewed do not prove or disprove the adverse impac t of oil pollution
on high seas fisheries. ‘Tambaks ” or brackish water fish pond s
are the most important coastal resources , in terms of present and
potential value, that could be adversely a f f e cted by oil pollution.
Other form s of pollu tion ar e also of immedia te concern such as
industrial effluents and organochlorine insecticides in agricultural
run—off. Domestic waste waters may also be causing problems.
Knowledge of coral reef ecosystems and of the manner in which they
are affected by oil pollution is insufficient ‘.o permit conclusions .
Tourism and recreation in the Kepulauan Seribu are adversely affected
by beach oil poll ution , apparently originating from ship traffic .
Rel iable information on marine pollution levels and marine resources ,
based on sc-ientific research , surveys and sta tis tical da ta
collection , does no t presen tly exist. Coastal water pollution
is not presently monitored except for visual observations . (Sinha OEIS)

619. Lemmety inen , R.  (1966) .

JXTEOLJYN VESILINN UI LLE AIHEIJTTANI STA TUHOISTA ITAI€REN ALUEELA.
(DAMAGE TO WATERFOWL IN THE BALTIC AREA CAUSED BY WASTE OIL.)

Suomen Riista. 19:63—71.

Oil containers of tankers are often cleaned at sea. This leaves
millions of tons of waste oil at sea each year, which has a considerable
c o n t a m i n a t i n g  e f f e c t .

The most easily observable harmful effects of oil are those to waterfowl.
It Is estimated that hundreds of thousands , if no t millions , are
destroyed this way every year.
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Oil damage reduces the waterfowl populations . The number of long—
tailed ducks migrating through Finland in 1958—60 was one tenth
of what it had been in 1937—40. A decrease in the numbers of
velvet  scoters  ( Melan i t ta  fusca  ) has also been noted in Sweden .

Oil  damage in Finland is less because the e f f e c t  of the Gotland
dumping area does not spread as f a r  as Finland . Moreover , the
number of waterfowl wintering in Finland is small. The greatest
o i l  damage to wa te r fowl  occurred in 1949 , 1951 and 1955. The
g rea t e s t  ca t a s t rophe in Finland was in January 1955 in Southern Aland .
I t  is es t imated that  qu i t e  10 , 000 birds were ki l led.  From 1959
to 1965 , according to the archives of the Game Research I n s t i t u t e,
la rge  numbers (several  hundred individuals) of oil—damaged birds
have been found only three  t imes. Other  observations made in
the 1960’s have been limited to some random , sl igh tly oil—damaged
individuals probably arriving from the southern Baltic .

620. LePemp, Xavier , Jean—Claude Lacaze and Olivier Villedon de Naide
(1976).

TOXICITY OF CRUDE OIL TO PRIMARY PHYTOPLANKTONIC PRODUCTION IN
RANCE ESTUARY : EFFECT OF TEMPERATURE AND PERIOD OF CONTACT.

Bull. Mus. Nati. Hist. Nat. Ecol. Gen. 32, 107—110. (French with
Eng l ish Summary)

The toxicity of a crude oil to phytop lankton rises with temperature
in the case of a biocenose—extrac t contact time of 24 hrs. By
reducing the exposure time to 4 h, the toxicity is reduced to
1/7 and is no longer dependent on temperature.

621. LePetit , J. and M.H. Barthelemy (1968).

LES HYDROC ARBURE S EN MER: LE PROBLEME DE L ’EPURATION DES ZONES
LITTORALES PAR LOS MICROORCANISMES.

Annales de l ’ Ins titut e Pas teur , 114(2) , 149—158.

A q u a l i t a t i v e  and q u a n t i t a t i v e  analys is  of the gas—oil degradation
by m icroorganisms in coastal sea—area was carried out. Fast disappearance
of gas—oil compounds occurs when the microorganisms are supplied
with sources of nitrogen and phosphorus. It is noted that interesting
resu l t s  are observed in the presence of inorganic compounds such as

- PO4H(NH 4) 2 or more comp lex substances such as sewages. (In French ,
English Summary).

622. LePetit , J. , M .H. N ’guyen and S. Tagger. (1977).

DATA ON THE ECOLOGY OF A LITTORAL MARINE ZONE RECEIVING OIL REFINERY
WASTES .

Environ . Pollu t. l3(l):4l—56. (French wi th English Summary).
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Physical and chemical conditions in the effluent area are not
f a v o r a b l e  to phytoplanktonic  populat ion equ i l i b r ium , but  seem to
be so for  hydrocarbon degradation by bacteria.

623 . L e P e t i t , J . ,  M.H. N ’Cuyen and L. Deveze,

ETUD E DE L ’TNTERVENT IA DE LEVURE S DAN S LA BlO-DEGRADATION EN MER
DES HYDROCARBONS (STUDY OF THE INTERVENTION OF YEASTS IN THE BIO-
DEGRADATION OF HYDROCARBONS IN THE SEA) .

Ann. I n s t .  Pas te~~~~ 118(5 ) : 70 9—72 0 .

The occurence of yeasts involved in biodegradation of accidental
hy drocarbon sl icks has been studied in two l i t t o ra l  marine  areas
near Marseille , one of which was directly affected by oil refinery
e f f l u e n t s  and the second f r ee  from all  po l lu t i on .

The s tudies  made during a year have revealed profound d i f f e r e n c e s
between the two areas.  Seven species have been isolated by the i r
ability to grow on gas oil. One species ( Candida gu i l l e rmondil
var . membranoefac iens ) was temporarily present in the non—affected
area . In the polluted area , two spec ies ( Cand ida tropical is
and Cand ida lipoly tica ) presen t in d istil lery overflow , were
permanent and thrce other  species C Tarulopsis da t t i l a,  Torulopsis
famata and Candida famata ) were temporary .

The conc lusions are that a very limited number of spec ies —

particularly in areas free from permanent pollution —— were able to
metabolize hydrocarbon fractions. It does not seem that under natural
conditions , yeasts play an important part in hydrocarbon el iminat ion
in the sea.

624 . Leppakosk i, E. (1973).

EFFECTS OF AN OIL SPILL IN THE NORTHERN BALTIC.

Marine Pollution Bulletin , 4(6):93—94. 
-

O il poll ut ion from the tanker “Palva” which ran aground in Finnish
waters in 1969 provides an example of the hazards of oil sp ills in
cold waters. The “Palva” incident and its aftermath were studied
by Finnish biologists and same of their find ings are ‘eported .
The chief casualties were eider ducks, but long—term effects
appear small. From 23% to 33% (2,400—3,000 birds) d ied in 1969.
Th e rock y, steep topography of the area affects the spreading of
oil and cleansing operations . The presence of ice can inhibit oil
spreading but makes damage prevention measures impossible.

625. Levy, E . M .  (1972) .

EVIDENCE FOR THE RECOVERY OF THE WATERS OFF THE EAST COAST OF NOVA
SCOTIA FROM THE EFFECTS OF A MAJOR OIL SPILL .

Water , A ir and So il Pollu tion , i(2):l44—l48.
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A quantitative chemical investigation of Western North Atlantic
waters a year after a spill of approximately 16,000 metr ic tons of
Bunker C fuel  oil by the oil tanker Arrow in Chedabucto Bay ,
Nova Scotia is reported . The background levels of resid ual oi ls
in the Western North Atlantic off the east coa~ t of Nova Scotia
decrea sed from approx ima tely 6 to about 2 ugl

626. Lewis , H.F. (1942).

DESTRUCTION OF WATERFOWL BY OIL .

Wilson B u l l . ,  54 , 217.

627 .  Lew is, J .B .  (1971) .

EFFECT OF CRUDE OIL AND AN OIL SPILL DISPERSANT ON REEF CORALS ,

Mar. Poll. Bull., 2(4):59.

This report  describes the results of laboratory experiments showing
th e effect of crude oil and an oil—spill detergent upon four
common species of Carribbean corals.

628. Lichatowich , J.A., P.W. O’Keefe, J.A. Strand and W.L. Templeton.
(1973) .

DEVELOPMENT OF METHODOLOGY AND APPARATUS FOR THE BIOASSAY OF OIL.

In: Conference on Prevention and Control of Oil Spills
pp. 659—666. Amer. Petrol. Inst., Wash., D.C.

Bioassay of pe troleum or its componen ts presen ts technical
problems not encountered in testing of soluble and less volatile
mater ia ls .  The l itera ture  includes numerous accounts of toxici ty
for both crude and refined oil. In most instances, the indices of
toxicity are based on metered inflow. Few such studies, however , cons ider
the concentrations of oil in the water column to which the test
organisms is exposed .

Essentially oil and water form a two—phase system . Even on a
con tinuous flow basis , oil cannot be maintained as homogeneous oil—
water mixture within a bioassay test system. Homogenization
techniques produce a totally artificial environment dissimilar
to natural conditions characterized by a slick of floating oil.
Fur thermore , since subsurface oil concentrations may represent a
small fraction of the metere,i inflow, currently applied indices of
toxic i ty  based on metered inflow may be erroneous.

This presentation summarizes techniques that may be applied in the
bioassay of oil and other non—miscible materials. Special attention
is directed to the above problems. Bioassay procedures are described
that are conducted In flow—through tanks equipped with gravity oil
metering systems and static mixers to equilibrate diluent water .
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Oil concentrations measured at different depths are utilized to
calculate the mean level of exposure of the test organisms
in the water column. Habitat preference and behavior of the test
organism during bioassay were assessed in relationship to toxicity.

629. Linden , 0. (1975) .

ACUTE EFFECTS OF OIL AND OIL/D ISPERSAN T MIXTURE ON LAR VAE OF BALTIC
HERRING.

Ainbio:J. Human Environ., Res. Manage., 4(3):l30—l33.

This report describes the acute effects of a crude oil and a mixture
of the same oil and two commonly used oil spill dispersants on newly
hatched larvae of Baltic spring—spawning herring Clupea harengus
membras L. The results of this investigation show that herring
larvae are 50—100 times more sensitive to an oil dispersion that
is ob tained by adding a dispersant to the oil, than to a “na tural ”
oil dispersion without a dispersant. It is also shown that the
acute toxicity of a self—dispersed crude oil decreases considerably
in 24 and 72 hours , but if the oil is dispersed by a dispersant ,
the high toxicity remains almost unchanged in the same time.

630. Linden, 0. (1976).

EFFECTS OF OIL ON THE AMPHIPOD GAMMARUS OCEANICUS.

Environ. Poll. 10:239—250.

The effec ts of a number of oils (one crude and two ref ined products)
were tested under various conditions on larvae and adults of the
amphipod Gammarus oceanicus. Acute toxicity tests were performed ,
as well as long—term bloassays. Larvae were found to be several
hundred times more sensitive to the oils than the adults during
acute exposure. A number of sublethal effects appeared during long—
term bioassays . The adults showed impaired swimming performance,
decreased tendency to precopulate , impaired light reaction and
decreased production of larvae. Decreased growth was found among
larvae during chronic exposure to crude oil. Delayed mortality
occurred among adults after a short—term exposure to crude oil
with a long recovery period .

631. Lonning , S. (1977).

THE SEA URCH IN EGG AS A TESTING OBJECT IN OIL POLLUTION STUDIES .

In: Petroleum Hydrocarbons in the Marine Environment.
K.D.  McIntyre and K. Whittle (Eds), Rapp. P.—v. Reun. Cons. m t .
Explor. Mer. 171, 186—188.

632. Lockwood , A.P.M.  (editor)( 1976) .

Effects of Pollutants on Aquatic Organisms Vol 10 193 pp.

Cambridge University Press
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The papers included in this volume were presented at a seminar
a rranged under the ausp ices of the I’K Society for Experimental
Biology at  Liverpool in Apr 11 , 1975 , and cover t o p i c s  such as the
pathways and rates of uptake , detoxification and releas& from the
body of f o r e ign  s u b s t a n c e s , e f f e c t s  of toxins  on sp e c i f i c  ph y s i o l o g i c a l
systems and adaptations of organisms to chronic low levels of pollu-
tants. ~1ost of the major marine pollutants are covered .

h33. Lonning, S. and B.S. Hagstrom . (1975).

THE EFFECTS OF CRUDE OILS AND DISPERSANT COREXIT 8666 ON SEA
URCHIN GAMETES AND EMBRYOS.

N orw .  J . Zool, 23:121—130.

Kuwa it and Eko f isk crud e oil s, with and without Corexit 8666 were
adminis tered to sea urchin  gametes and embryos , both f o r  shor t  and
longer term exposures. Noted tha t  the t e s t  subs tances  had a moderate
e f f e c t  on f e r t i l i z a t i o n  and early development ;  more h a r m f u l  e f f e c ts
during further differentiation . Ultramicrograp hs showed tha t corexit
8606 b rought  about  an increase and an agg rega t ion  of oil drop le t s
within the cells.

634 . Lonning ,  S. and B .E .  Hagstrom . (1975) .

THE EFFECTS OF OIL DISPERSANTS ON THE CELL IN FERTILIZATION AND
DEVELOPMENT.

N orw . J .  Z o o l . ,  2 3 ( 2 ) : l 3 l— 1 3 4 .

Repor t  on the effect of nine different oil disperisants on the
fer tilization and development of sea urchin and fish eggs.
Observed inh ib it ion , pathologies, cytolysis.

635. Lonning, S. and B.E. Hagsstrom , (1976) .

DELETERIOUS EFFECTS OF COREXIT 9527 ON FERTILIZATION AND DEVELOPMENT .

Mar. Pollut. Bull., 7 124—127.

The effec t of the water soluble oil dispersant Corexit 9527
was tested on larvae from several species of sea urchins and
marine fishes. Severe effects in fertiliza tion and development
were regis tered of ten resul t ing in pa thological larvae and rap id
cytolysis. The combination of Corexit 9527 with oil was found to be
even more dangerous to the embryo than Corexit or oil alone.

636. Ludemann , D. (1968) .

GEWASSERVERSCHMUTZUNG DURCH AUSSENBORD-MORTOREN UND DEREN
WIRKUNG AUF FAUNA UND FLORA . (WATER POLLUTiON THROUGH OUTBOARD
MOTORS AND THEIR EFFECT UPON FAUNA AND FLORA.)

Helgolander wiss. Meeresunters, 17:356—369.

B — 2 l 4

—~~ —
• - 

• • ; ~~ ‘ ~~~~~~



Tests were conducted in tanks and ponds to determine the effect
of outboard motor operation on fish and fish food organisms .
During pond tests, f ish turned ou t to be sensi tive ind ica tors
for the degree of water pollution because accumula tion of combustion
products in the water can be tested very quickly in terms of
fish flesh flavour . Experiments in aquariums containing a
concent ra t ion  of 1:2000 demonstrated that  de t r imenta l  changes in
f lavour  of the f i sh  disappeared a f t e r  some days exposure to clean
fresh water . The pond experiments further revealed a significant
reduction in the number of certain microorganisms . After termination
of t e s t s , the chemical and biological conditions improved wi th in
a few weeks.

637. Ludwig, H.F. and L.G. Rich (1962).

THE OCCURANCE , EFFECTS AND FATE OF OIL POLLUTING THE SEA .

Intern. Conf. Water Poll. Res., London.

638. Ludvik , J., et al. (1968).

ULTRASTRUCTURAL CHANGES IN THE YEAST CANDIDA LIPOLYTICA CAUSED
BY PENETRATION OF HYDROCARBONS INTO THE CELL.

Experientia , 24(10) 1066—1068.

Report on the differences in ultra—structure between yeast raised
on glucose and yeast raised on hydrocarbon. Found the yeast
raised on hydrocarbon had thickened cell membrane with more inva—
gina tions ; more endoplasmic reticul ium, more fat vacuoles, more
r ibosomes , more mitochondria, and fewer glycogen granules.

639. Ludzack , F . L . ,  and D. Kinkead . (1956).

PERSISTENCE OF OILY WASTES IN POLLUTED WATER UNDER AEROBIC
CONDITIONS.

Ind. Eng. Chem . 48:263—267.

Th is work repor ts the ef fec t of common variables rela ted to stream
pollution on the rate of oil destruction by microorganisms.
Organ isms capable of biochemical des truc tion of oily was te in
water (except for a trace of stable and odorous material) are
abundant in nature. Oxidation of oil was not observed at low
temperatures ; at summer water temperatures the half—life
of the oil was approximately one week. Biological stabilization
was assoc iated with the sedimentation of oil emulsions, and
f reque nt reseeding was necessary to maintain biological
activity. This work Is a guide to understanding the behavior
of streams tha t are polluted with oily wastes, the nature of oil
de composition , and i ts effects on water quality.

640 . Lund , E.J. (1957).

CRUDE OIL ON THE OYSTER.

Pubi. Inst. Mar.  Sd .  Univ. Tex. 4:328—341.
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The capacity of an oyster to clear turbid sea water suspensions
was used as a physiological index of the sensitivity of the
oyster to crude oil, bleed wa ter , and the soluble fraction of oil.
The threshold concentration of bleedwater in seawater was between
3 and 6” . Soluble fraction , obtained by countercurrent had no
e f f e c t  at 6% concentra t ion. N~ effect could be o f f e r e d  w i t h  w a t . r
in contac t with crude oil.

641.  Ly t l e , J . S .  (1975) .

FATE AND EFFECTS OF CRUDE OIL ON AN ESTUARINE POND .

In:  Conference on Prevent ion  and Control  of Oil  P o l l u t i o n .
pp .  595—600. ,  Amer. Pet ro l .  In s t . ,  W a s h . ,  D . C .

Crude oil spilled in an estuarine marine environment caused
short—term , acute effects on salt marsh plants. Drastic changes
in both diversity and numbers in the fish population were
observed immediately a f t e r  the spill.  Ini t ia l ly zooplank—
ton populations dropped , accompanied by phytoplankton  blooms . As
the oil dissipated , the zoop lankton population increased rapidly.
Long— term effects on fauna and flora were being studied . Migration
of the oil via benthic animals and tidal percolations was observed
as much as 42 cm beneath the sediment surface. The sediments
acted as an organic sink preserving the crude oil. Gas chromato—

~raphic analyses of sediment core sections indicate slow degradation
of the crude oil with loss only of the lower molecular weight
hydrocarbons after twelve months.

642. Lysyj , I.; et. al. (1972). 
-

MULTICOMPONENT PATTERN RECOGNITION AND DIFFE RENTIATION METHOD .

Anal. Chem., 44:2385—2387.

Describes a method of d i f f e r en t iating between hydrocarbon
f r a c t i o n s  from petroleum oils and organic ma tter derived f r om
b iomass , in natural waters. Specific patterns for outboard motor
oil and dried algae were obtained pyrographically and identified by
peaks. Mixtures of oil and algae suspensions in water were analyzed
mathematically to determine proportions of each.

643. Macadam , S. (1866) .

ON THE POISONOUS NATURE OF CRUDE PARAFFIN OIL AND THE PRODUCT
OF ITS RECTIFICATION UPON FISH.

Rep. Brit. Ass. Adv . Sci., 36 41—43.
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h 4 4  M~n key, 
) . and W. HarrIson (1973).

OIL .\N l) IIL CANAD LAN ENVIRONMENT .

Institute ot Environmental Sciences and Engineering , Un lv€ r -~Ity
‘ t Fura ’ito. 149 pp.

In  t h i s  c o l le ct i o n  of papers , oil spills are discussed in terms of
cont  ingencY p l a n n i n g ,  super tanker  ports , containment , cleanup,
weathering and di5solution. The eff ct of spills on diff erent
marine , inland water and terrestria ’ environments of Canada ,
inc l u d i n g  a r c t i c  areas , is also described . Other topics Include
w a t e r  in o i l  emuls ions , microbial motification of crude oils ,
d i s t r i b u t i o n  •ui d f a t e  et m a r i n e  hy dr o-  irbons , and t ransportation of
c rude o il .

hs5 . Mackie , P .R. , A.S .  M c C i I l  and R. Hardy . (1972).

DIESEL OIL (ONTAMINATION OF BROWN TROUT ( SAL~~ TRUTTA L. ) .

i nviron. Pollut., 3:~~— l6.

H y drocarbons chemica l ly  i d e n t i c a l  to those pres* TI t In diesel fue l
oil have been isolated t rom trout caught eleven days after a spillage
of diesel fuel oil had occurred in their environment. Both
the t ish a f t e r  cooking and the hydrocarbon fraction isolated t ron
the uncooked fish were found to smell and taste in a manner
reminiscent of the fuel oil.

b46. Mackie , P . R . , K.J. Whittle and R. Hardy (1974).

HYDROCARBONS IN THE MARINE ENVIRONMENT I. N-ALKANES IN  THE
FIRTH OF CLYDE.

Estuarine and Coastal Marine Science 2,159—374.

Water , surface film , sediment , plankton and f ish f rom the
Firth of Clyde have been examined to determine the amount and
d i s t r i b u t i o n  of hydrocarbons . All  samples conta ined  hy drocarbons
although at very low levels. The distribution of n— alkanes
was of two types : first , a relativel y smooth increase from
C18 to C26 then a decrease to C33 for wate r , p l a n k t o n  and
fish muscle; second , a strong odd carbon number predom i nance In
the range C25—C33 for the sediment, benthos and fish liver samples.
No evidence was found for accretion of hydrocarbons at higher
levels of the food chain. It was not possible ti determine
unequivocally whether the hydrocarbons present in the samples
were biogenic or non—biogertic .

647. Mackin , •J.G . (1950).

A COMPARISON OF THE EFFECTS OF APPLICATION OF CRUD E PETROLE UM
TO MARSH PLANTS AND TO OYSTERS .

Project 9 Report. Texas MM Research Foundation.
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t~48. Mackin , J .G.  ( 1950) .

REPORT ON A STUDY OF THE EFFECTS OF APPLICATION OF CRUDE
PETROLEU M ON SALTGRASS , DIST I CHL I S SPICATA ( L . )  Greene .

Projec t 9 Report , Texas A&M Research Foundation.

i-i .~.9. Mackin , J.G. (1973).

A REVIEW OF SIGNIFICANT PAPERS ON EFFECTS OF OIL SPILLS AND
OIL FIELD BRINE DISCHARGES ON MARINE BIOTIC -~Ot~11JNITIES.

~cxas  A&M Research Foundation Project 737.

~i50. MAckin , J ., and S. Hop kins . (1961) .

STUDIES ON OYSTERS IN RELATION TO THE OIL INDUSTRY .

P u b i .  Inst. Mar. Sci. )‘niv. of Texas, 7:1—131.

Field and 1a 1-’oratory studies and examination of historical
records v:re .ade in the tidal waters of Louisiana to determine
the  poss ib l€- role of operat ions of o i l  companies on m o r t a l i t y  of
commerc ial oys te rs , Crassostrea virg inica .  Hy d r o c a r b o n  c o n t e n t
of sed iment was measured but could not  be connec ted  with mortal-
ities. Laboratory tests indicated tha t lethal levels of petr oleum
were h i g her  than could üccur  on oyster  beds. Field
e x p e r i m e n t s  indicated no ill e f f e c t s  to oys ters  in  spi l ls , w i t h
the  exception of smo thering . I t  is concluded t ha t  t he  r epor ted
mortalities of oysters are due to temperature and salinity
rath er than oil field operation.

eSi . Mackin , J. and A. Spa rks. (1961).

A STUDY OF THE EFFECTS ON OYSTERS OF CRUDE OIL LOSS
FROM A WILD WELL .

P u b l .  I n s t .  Mar .  Sd .,  7 : 2 3 0 — 2 h 1 .

An oil wel l  w e n t  out of con t ro l , caught fire , and spi lled
oil for two weeks in the lou isiana marshes in 1956. A series
of stations was established with oyster trays and growth
panels at varying distances. Measurements were made in the ensu—
Ing two years.

Mort alities of oysters in the area were primarily associated with
incidence of infec t ion by the f u n g u s  D ermocys t id lu in  marinum
typical of Louisiana and were not related to dist ance from the
well. Disease incidence , oy ster set , growth , associated
organisms on the  r e e f s , and oy s t e r  c o n d i t i o n s  w er e  usua l  f o r
!h e Louisiana area and apparentl y not a f f e c t e d  by the spillage .
Oily t a ste in ster meats could not lie id e n t i f i e d  a f t e r  two
mon ths .
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652. MacLeod , W.D., D.W. Brown and R.G. Jenkins (1976).

A PILOT STUDY ON THE DESIGN OF A PETROLEUM HYD ROCARBON BASELINE
INVESTIGATION FOR NORTHERN PUGET SOUN D AND STRAIT OF JUAN DE FUCA.
NOAA Technica l  Memorandum ERL MESA-8.

This report presents the results of a pilot stud y and offers
recommendations for a first year Petroleum Hydr ocarbon Baseline
I n v e s t i g a t i o n .  The pilot study has demonstrated that methodology
exists to detect and measure a number of hydrocarbons in sediments ,
mussels and a snail (Thais lameldasa). Appendices identif y critical
intertidal sites for further study and recommends analytical procedure s
best suited to the particular environment.

653. MacIcod , W . D. , J r . ,  M . L’yeda , L . C .  Thomas , and D.W. Brown (1978).

HYDROCARBON PATTERNS IN SOME MARINE SIOTA AND SEDIMENTS FOLLOWING
THE ARGO MERCHANT SPILL .

In: in the Wake of the Argo Merchant. Proceedings of a Conference
and Workshop held  at the University of Rhode Island Jan 11—1 3, 1978.
Center for Ocean Managemen t Studies , University of Rhode Island ,
Kingst own , Rhode Is land .

Over 60 samp les of b io ta  and sed iment were ana lyzed  by glass c a p i l l a r y
gas ch romatography and mass spectroscopv to compare the pattern
of 2. major alkanes and 18—21 major arenes with the corresponding
cargo pattern. Of 37 samples of biota analyzed onl y th ree  samp les
of f i s h  s tomach conten ts  gave alkane distribution patterns resembling

Merchant cargo patterns . Results of 25 sediment samples were
at variance with published preliminary ultraviolet fluorescence data ;
only one s.diment alkane pattern marginally resembled the cargo alkane
patte rn. Sample arene patterns did not relate well to the cargo
arene pattern.

654. Mals , K.F. (1969).

PELAGIC FISH SURVEY OF THE SANTA BARBARA OIL SPILL .

Calif. Dept. of Fish and Game , Cruise Report 69A4. February 18, 1969. 4pp .

This survey could detect no ill effect of the oil leak on the pelagic
f ishes in the affected area at this time .

~55. Malins. D.C., W.L. Reichert and W .T. Roubal (1976).

IDENTIFICATION OF MAJOR PROCESSES IN BIOTRANSFORMATIONS OF PETROI EI11
HYDPOCARBONS AND TRACE METALS.

In: Environmental Assessment of the Alaskan Continental Shelf.
Principa l InvestiAators’ Reports for the Year End~~ g March 1976.
Vol. R. Effects of Contaminants pp. 139—153.
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The objectives of this  research uni t  were the i d e n t i f i c a t i o n  and
evaluation of cer tain physiological and biological effects of petroleum
hydrocarbons on salmon , f l a t f i s h , and spotted shrimp and t he i r
larvae. Also included were studies on the effects of trace metals
on salmon and flatfish . The effects of petroleum hydrocarbons
were evaluated in terms of uptake and depurat ion studies in which
h ydrocarbons were administered by diet  as well as by exposure to
water—soluble fractions via immersion. In both  the hydrocarbon
and trace metal studies , chemical and physiological parameters will
be correlated with data obtained by microscopic techniques . To
da te , emphasis of this research unit has been largely on the establishment
and s tandardiza t ion  of experimental  techniques and protocols .
(Sinha OEIS)

656.  Ma im s , D . C .  and M . E .  S tansby ( 1976) .

ASSESSMENT OF AVAILABLE LITERATURE ON EFFECTS OF OIL POLLUTION
ON BIOTA IN ARCTIC AND SUBARCTIC WATERS .

In : Environmental Assessment of the Alaskan Continental Shelf,
Principal Inves t igators’  Reports for the Year Ending March 1976.
Vol. 8. E f f e c t s  of Contaminants,  p. 155—320.

L i t e r a t u r e  is being reviewed backwards f rom the present  time to
as f a r  back as anyth ing  can be found . While a f ew references
are found dating back as much as 50 years, a preponderance of the
material has been published during the last 10 years , much of it
during the past three or four years. This information is being
developed both  in the form of extensive bibliographic re ference
lists , tabulated under 20 subject headings, and by preparat ion of a
series of c r i t ica l  reviews prepared by s c i e n t i f i c  specia l is ts
from the information gleaned from available reports compiled in
the bibl iography .  Included in this  report is a l i s t i ng  of
re fe rences  in rough draf t form of over 150 pages.

657.  Mat ins , D. ( ed . )  ( 19 7 7 ) .

EFFECTS OF PETROLEUM ON ARCTIC AND SUBARCTIC MARINE ENVIRONHENTS
ANI ) ORGANISMS.

2 Vo l umes. Academic Press.

Volume One of this series describes the na tu re  and f a t e  of
pe t ro leum in the a rc t i c  and subarc t ic  environment , while  Volume
Two covers the  biological e f f e c t s  of petroleum in these environments .

Volume I Contents :

Petroleum : Properties and Analyses in Biotic and Abiotic Systems .

Inputs , Transport Mechanisms, and Observed Concentrations of
Pe t ro leum in the Marine Environment.
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Al terations in Petroleum Resulting from Physico—Chemical and
Microbiological Factors.

Volume II Contents:

Acute Toxic Effects of Petroleum on Arctic and Subarctic Marine
Organisms.

Marine Fish and Invertebrate Diseases, Host Disease Resistance ,
and Pathological Effects of Petroleum.

Metabolism of Petroleum Hydrocarbons: Ac-~umu1ation and
Biotransformation in Marine Organisms .

Sublethal Biological Effects of Petroleum Hydrocarbon
Exposures: Bacteria, Algae, and Invertebrates.

Sublethal Biological Effects of Petroleum Hydrocarbon
Exposures: Fish.

Effec ts of Petr. leum on Ecosystems.

Biological Effects of Petroleum on Marine Birds.

Consequences of Oil Fouling on Marine Mannals.

E f f e c t s  of Oil Spills in Arct ic  and Subart ic  Environments .

658. Mann, H. (1965).

EFFECTS ON THE FLAVOUR OF FISHE S BY OILS AND PHENOLS.

In: Commission Internationale paur 1’Exploration Scientific
de Ia Mer Mediterranee, Monaco, April 1964. pp. 371—374.

The author reviews information on the product ion of undesirable
flavors in fish by exposure to polluting materials in water ,
particularly phenolic compounds, tar derivatives, and mineral oils,
and the enhancement of these flavors by the simultaneous presence
of synthetic detergents. (Sinha—OEIS)

659. Mann, H. (1969).

GESCHMACKSBEEINFLUSSUNGEN BEt FISCREN . (OFF—TASTE OF FISH) .

Fette , Seifen, Anstrlchmittel, 71:1021—1024.

A series of substances are present in water which are taken up
by fish, resulting in an unpleasant off—taste. Natural influences
are the ones due to aqueous flora (seaweed). Certain feeds like
maize also cause off—taste. Especially phenolic substances and
oils are responsible for unpleasant taste. These substances
are deposited in the fatty parts of the fish, especially in the inter-
nal organs. The substances impairing taste and smell are taken
up mainly through gill and skin, and possibly also with feed .
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The depos i t i on  of phenols and oils and t h e i r  adverse e f f e c t  on the
taste is intensified by the pr esence of detergents in water.

660. Manwell , C. and C.M.A. Baker (1967).

A STUDY OF DETERGENT POLLUTION BY MOLECULA R METHODS : STARCH
GEL ELECTROPHORESIS OF A VARIETY OF ENZYMES AND OTHER PROTEINS.

J. Mar. Biol. Ass. U.K. 47 659—675 .

Tissues f rom several mar ine  species were t r ea t ed  w i t h  a 1%
so l u t i o n  of BP 1002. The e x t r a c t s  were submi t t ed  to ve r t i ca l  s ta rch—
gel elec t rophores i s  in order to measure both the  e f f e c t  of the de te rgent
in f a c i l i t a t i n g  the  breakdown of cel lular  s t r u c t u r e  and the i r revers ib le
e f f e c t  on a c t i v a t i o n  or i n h i b i t i o n  of var ious  enzymes and other
proteins . The proteins include dehydrogenases , esterases , hemog lobins,
plasma p ro te ins , egg pro te ins  and ph y c o e r y t h r i n .  Detergents
increase extractability of proteins from cells. Hemoglobin of
some species is rendered insoluble .  Cer ta in  enzymes , eg. some
es terases  and amylases , are ac t i va t ed .

661. Mark , H.B. , Jr., T.C. Yu , J.S. Mattson & R.L. Kolpack. (1972).

INFRARED ESTIMATION OF OIL CONTENT IN SEDIMENTS IN PRESENCE OF
BIOLOGICAL MATTER.

Env iron. S d .  & Technol. 6:833—4.

The c rude  oil conten t of marine  sediments  was determined by IR
spec t romet ry  from t ’ie magni tude  of 2925 cm~~- (—C H 2 — s t r e t c h i n g  band)
absorbance.  Biological  ma te r i a l s  also absorb at 2925 cm~~ and have
a w e l l — d e f i n e d  absorbance band at 1650 cm -1 (the—NH—band character istic
of p r o t e i n s)  whereas , crude oils do not  exhibi t  an amide !
The relative contributions of oil and organic material of rLcent
biologica l  o r ig in  in mar ine  sediments were determined from measurements
of these two absorbance bands , and a cor rec t ion  applied which
enables the  ca lcula t ion of the oil con ten t  in the presence of these
biological materials.

6~ 2. Marshall , H.G. (1974).

‘FJYTOPLANKTON STUDIES TN THE COASTAL WATERS BETWEEN CAPE HATTERNS
AND THE GUL F OF MAINE .

In : Marine Environmental Implications of Offshore Oil and Gas
Development in the Baltimore Canyon Region of the Mid—Atlantic
Coast .  Proceedings  of Estuarine Research Federation Outer
Continental Shelf Conference and Workshop

This article reviews studies on the populations of marine phyto—
p l a n k t o n  on the  A t l a n t i c  coast  and the  reasons fo r  f l u c t u a t ion s
in these populations. Also reviewed is the literature on the
e f f e c t s  of pe t ro leum on mar ine  p h y t o p l a n k t on .
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663. Marsland , D. (1933).

TIlE SITE OF NARCOSIS IN A CELL: THE ACTION OF A SERIES OF
PARAFFIN OILS ON AMOEBA DUBIA.

J .  Cel l .  Comp . Physiol , 4 , 9—33.

Higher p a r a f f i n  oils gives narcot ic  e f f e c t s  when introduced into
the pro toplasm by m icroinjec tion techn ique , but not with simple
immersion. Their usual inertness is attributed to insolubility.

Par r a f  ins a t tached to the cell membrane by “capping ” produced
narcosis  more rap idly than when microinjected . It  is concluded
that  narcosis is a cell membrane phenomenon .

664 . Marumo , R.  and K. Katnada (1973) .

OIL GLOBULES AND THEIR ATTACHED ORGANISMS IN THE EAST CHINA SEA
AND KUROSHIO A REA .

Nippon Kaiyo Gakkai—Shi 29(4): 155— 158.

In May 1971 , along 125 °E in the East  China Sea and the Kuroshio
area , oil globules were widely distributed in the surface
waters, especially the upper 4 m. The highest value, 11 mg/rn3

wet wt, was obtained at the surface layer of Station No. 3
(28°N). Blue—green algae ( Trichodesmlum thiebautii and T.
erythraeutn ), pennate diatoms (e.g. Nitzschia closterium ), stony
corals, bryozoans, barnacles ( Lepas !~~ 

). and copepods a ttached
to oil globules. Morphological descriptions of 2 species of
Trichodesmiuin are given.

665. Massachuset ts  I n s t i t u t e  of Technology ( 1977) .

OIL SPILLS: PROBLEMS AND OPPORTUNITIES .

MIT/Marine Industry Collegium Opportunity Brief #9. MITSG 77—17.

In th is  brief , the events occurring d u r i n g  the grounding and
breakup of the liberian tanker 

~~~ 2 Merchant in December
1976 are used to illustrate the size and types of problems
of responding to accidental oil spills. The 

~~~~ 
Merchant

inc ident provides a framework for looking at the research ,
technology and instrumentation needs of the future .

667. Masters , M.J., et. al. (1970).

MYXOTROPHIC GROWTH OF ALGAE ON HYDROCARBON SUBSTRATES.

In: Developments in Industrial Microbiology, Vol. 12. Symposium,
K ingston, R.I. August 1970. Murray, E.D. (ed.) p. 418, Am. Inst.
Biol .  Sci. Washington , D.C.  pp.  77— 86.Ain . I n s t .  Biol. Sev . Washington ,
D .C .  pp.  77—86 .
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Enrichment techniques were applied in an attemp t to select
al gae able to use hydrocarbons . Seven clones were isolated in
pure culture of which three ( Scenedesmus guadricanda and two isolates
of Scenedesmus brevj canda ) showed improved growth in a medium
containing n—heptadecane . Marked inhibition resulted with the
addi t ion  of alkanes wi th  14 carbon atoms or less. No he t e ro t roph ic
capabi l i ty  was observed .

668. Matthews, J. E. and L.H. Meyers (1976).

ACUTE TOXIC EFFECTS OF PETROLEUM REFINERY WASTE WATERS ON REDAR
SUNFISH.

EPA Environmental Protection Technology Series Report EPA 600/
2—76—241 , October 1976. 55 p.

Static bioassays of 24 hours ’ duration were performed on samples of
wastewaters provided by 22 domestic petroleum refiners. These
wastewaters represent three types of water discharges prevalent to
this industry. Bioassays were performed using redar sunfish
( Lepomis microlophus ) as test organisms. Twenty—four hour 50
percent tolerance limits (TL5O) of the various wastewaters are
compared with results of chemical analyses performed during the
same study. Toxicity varied considerably both between refineries
and for waste streams from within a single refinery. Results
of these analyses and observed behavioral symptoms of distressed
fish revealed that ammonia, sulf ides, and phenolics , along or in
combination , were major contributors to toxicity exerted in most
samples. Three refineries had samples which were more toxic than
ant ic ipated based on results  of chemical analysis, indicat ing
the presence of other toxic compound s in unknown quan t i t i e s ;  e .g .
various hydrocarbons .

669. Maynard, H.G., C.D. Gebelein, and A. Zsolnay (1977).

THE EFFECTS OF PELAGIC HYDROCARBONS ON THE ROCKY INTERTIDAL FLORA
AND FAUNA OF BERMUDA .

Proceedings 1977 Oil Spill Conference. p. 499—503. Amer .
Pe t ro l .  I n s t .,  Wash . D . C .

Over the past decade, the islands of Bermuda have been exposed
to an increasing in f l ux  of f loat ing pelagic hydrocarbons (“tar balls”).
Large quan t i t i e s  of the pelagic tar become stranded on the rocks
in the in ter t ida l  zone . Tar coverage on the rocks is controlled by
the slope of the shore , with the maximum amount accumulating on
gent ly  slop ing or f l a t  shores . The tar is deposited a lmost
exclusively in the splasy zone , and , therefore , the onl y animals
direc tly affected by the attached tar are those who inhabit
and/or feed in this zone. Chemical analyses show that the
snails, Nodilittorina tuberculatus and Tectarius muricatus, which
live in the splash zone , have the highest  hydrocarbon content in
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body tissue of all animals analyzed . In contrast , all animals
sampled from immediately adjacent tide pools contained no petrogenic
hy drocarbons.

The most abundant life in the intertidal zone is concentrated below
this splash zone area of tar accumulation. With few exceptions , the
animals from this zone have demonstrated low or zero levels of
petrogenic hydrocarbons in the body tissue. The presence of tar
on the rocks does not appear to adversely affect reproductive potential ,
size frequency or abundance of the animals in this intertidal
region below the splash zone. The microscopic and macroscopic
algae produce very large amounts of biogenic hydrocarbon material.
In addit ion, however , some algal samples from sites of heavy tar
accumulation contained high levels of petrogenic hydrocarbons.

670. Mayo, D.W., C.G. Cogger and D.J. Donovan (1975).

THE ECOLOGICAL CHEMICAL AND HISTOPATHALOGICAL EVALUATION OF AN OIL
SPILL SITE, PART II: CHEMICAL STUDIES.

Mar. Poll. Bull. 6 p. 166—171.

The oil f rom the March 1971 spill in Long Cove, Searsport , Maine ,
was identified with the aid of adjacent tank farm samples to
be No. 2, fuel oil mixed with JP5 jet fuel. Sediment sample
obtained from animal collection sites were analyzed by gas chromato—
graphic procedures and were found to contain significant quantities
of petroleum hydrocarbons.

671. Mazmanidi, N.D. and G.I. Kovaleva (1973).

EXPERIMENTAL DATA ON THE EFFECT OF OIL ON SOME CHEMICAL
PROPERTIES OF SEA WATER.

Oceanology 12(5) :684—689.

Experimental data are presented on the effect of various concentra-
tions of oil and dissolved oil products on some hydrochemical character-
istics of seawater . As the temperature rises and the amount of oil
increases, the content of oil products in the aqueous solution
increases. However, processes of abiogenic and biological degrada-
tion of dissolved oil products also intensify with increasing tempera-
ture. The dissolution of oil leads to an increase in the content of
carbon dioxide and organic substances, and , in the absence of
aeration, the amount of DO decreases sharply. A t high temperatures ,
these processes take place more intensely. High oil concentrations
have a more depressing e f f e c t  on the water mic ro f lo ra , w i t h  cor r es—
pond ing changes of SOD.

672. McAuliffe, C.D. A.E. Smalley, R.D. Groover, W.M. Welsh, W.S. Pichie , and
G B .  Jones. (1975) .

CHEVRON MAIN PASS BLOCK 41 OIL SPILL: CHEMICAL AND BIOLOGICAL
INVESTIGAT IONS.
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In:  Proc. Joint  Conf. on Prevent ion  and Control  of Oil Spills.
pp.  55 5— ~ 66. Amer.  Pe t ro l .  I n s t .  Was h . ,  D . C .

During a three—week period in 1970 an est imated 65 , 000 barrels of
34° API g rav i ty  crude oil were discharged from the Chevron
Main Pass Block 4lC Platform , 11 miles  east of the Miss issipp i
River Delta. Two thousand barrels of chemical dispersants were
sprayed on the p l a t f o r m  and surrounding water surface.

It is estimated that between 25—30% of the oil evaporated during
the f i r s t  24 hours , 10—20% was recovered from the water sur face ,
less than 1% dissolved , and less than 1% of the oil was iden t i f i ed  in
sediments  w i t h i n  a 5—mile  radius of the p la t fo rm . The remaining
o i l  e m u l s i f i e d  and dispersed to unde tec tab le  levels , biodegraded ,
or pho toox id ized .

The h ighest  measured concentra t ions  in water at the p l a t f o rm
and at 1 mile were: oil—in—water emulsion , 70 to 1 ppm; dissolved
hydrocarbons , 0.2 to 0.001 ppm; dispersant 1—3 to unmeasurable
( < 0 . 2  ppm) .

Total e x t r a c t a b l e  organic  m a t t e r  was highest  in sediments near
the Mississippi River Delta and in the inland bays.

Sp illed oil, identified in bottom sediments by gas chroma tography ,
showed rapid weathering after 1 week to 1 month and at the end of
1 year was reduced to a few percent of the amount after the spill.
Spilled oil was not found in the sediment below 1.5 inches.

Over 550 species of benthic organisms were identified in 233
ben th ic samp les. The number of species and number of individuals of
benthic organisms showed low values in some samples near the platform.
However , seasonal variations, bottom sediment type , and possibly
other environmen tal parameters made it impossible to determine
whether these locations had been affected by the sçilled oil.

There was no correlation of number of species, number of ind ividuals ,
or other biological parameters with the hydro carbon conten t of the
sed iments for samples from within a 10—mile radius of the platform .
This lack of correlation suggests lack of significan t effec t of
oil on benthic organisms .

Extensive trawl samples showed no alteration in the annual life
cycle of commerc ially important shirmp . Blue crabs were observed
throughout the area, and the number of species of fish collected
were comparable to a prior survey.

673. McCauley, R.N. (1966).

BIOLOGICAL EFFECTS OF OIL POLLUTION IN A RIVER.

Limnol .  Oceanogr . ,  11:475—486.
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Phys ical , chemical and biological cond itions in the water and sediments
of Muddy River , Massachusetts , were observed from autumn 1961 through summer
1963 to determine the effects of oil pollution on biological activity.
Samples from above, in, and below the polluted area were collected
and analyzed .

The heavy bunker oil pollutant formed a thin partial film on the surface
of the water tha t partially excluded the oxygen from the water but
not sufficiently to destroy developing plankton. Low biochemical
oxygen demand correlated with consistently high concentrations of
oil in the sludge in the polluted region indicating slow decomposition
of the oil by microorganisms .

The oil was markedly toxic to the plankton and to the macrofauna of
the sediments.  The following plankters tolerated the po l l u t i on  even
during periods of highest oil concentration: Lyngbya, Oscillatoria,
Ankistrodesmus, Chlamydomonas, Closterium, Gonium, Scenedesmus,
Asterionella, Cyclotella, Fragilaria, Meridion, Navicula,
Tabell.aria, Euglena, Trachclomonas, Vorticella, Asplanchna,
Keratella, Polyarthra, Cyclops and Nemata types.
In the sediments, Gammarus, Agrion nymphs, and Dugesia were unable
to tolerate conditions in the region of oil pollution while
Tubifex, Tendipes larvae, Nemata, and Hirundinea types were tolerant
and remained .

674. McCormick, J.M. & P.T. Quinn (1975)

PHYTOPLANKTON DIVERSITY AND CHLOROPHYLL-A IN A POLLUTED ESTUARY .

Mar.  Po l lu t .  Bull .  6 105—6. 
-

675. McGinnis , D . R .  (1971) .

OBSERVATIONS ON THE ZOOPLANKTON OF THE EASTERN SANTA BARBARA
CHANNEL FROM MAY 1969 TO MARCH 1970.

In: Biological and Oceanographical Survey of the Santa Barbara
Channel Oil Spill 1969—1970. Vol. 1, compiled by, 0. Straughan ,
pp. 49—59. Allan Hancock Foundation , University of Southern
California.

676. McIntyre , A .D. (1976).

ECOLOGICAL AFFECTS OF MARINE POLLUTANTS.

In: Second FAO/SIDA Training Course on Marine Pollution in
Rela t ion  to Protect ion of Living Resources: Methods For
Detection, Measurement and Monitoring of Pollutants in the Aquatic
Environment. United Nations , Food and Agriculture Organization .
UNIPUB, New York, p. 47—55.

Topics discussed include entry of pollutants into the biota and the
effects of pollutants as determined from field and experimental
studies. Three types of substances can be considered regarding
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entry to the biota : those normally present at low concentrations
in the sea and taken up by marine organisms at transfer rates
propor t ional  to the environmental concentrations , without any
threshold ; those substances such as N ,P, and Si whose concentra-
tions vary from month to month so that a trophic level such as the
p r i m a r y  producers  w i l l  have evolved a range of species adapated
to the range of concentrat ions and a threshold response might  be
expected ; and artificially produced substances like DDT, not
naturally present in the sea and for which only experimental tests
can show the nature  of the t r ans fe r  f rom environment to organisms .
E n t r y  of pol lu tants  into the biosphere may occur at any trophic
level but is probably most efficient in the transfer from water to
microorganisms . There is a tendency for persistent substances to
accumula te  and be concentra ted in the higher irop hic levels
of the food chain. Two ways in which pollutant effects can be
demonstrated include f ie ld  observations, which mus t usually involve
long time series of data, and experimental studies on single species
or interacting populations over long periods. Topics considered under
f ie ld  studies are the observation of the gross effects of pollution ,
the detect ion of subtle e f f e c t s  such as populat ion f l uc tua t i ons  and
variat ions, and the evaluation of eutrophication. Topics discussed
under experimental studies include short—term toxicity experiments ,
experiments with natural water on individual species , food chain
experiments , and parent—offspring experiments.

677.  McKee , H . C .  and D . S .  Tarazi  (1974) .

DEVELOPMENT OF SAMPLE PREPARATION METHODS FOR AN ALYSIS OF MARINE
ORGANISMS.

Ecological Research Series EPA—660 /3 —74—026.  filpp.

Laboratory methods were developed for processing, extracting ,
purifying , concentrating and measuring specific organic
pollutants found in marine organisms. They provide new techniques for
m easuring organic contaminants in water to establish monitoring
procedures , identify sources of contamination, evaluate methods
of treatment , or for other uses in water quality management. They
are more spec i f ic  than conventional water quality parameters, such
as BOD , since individual compounds can be measured . Quantitative
measurement of many organic contaminants is possible from
0 .2  to 0.5 ppm in a 5—g sample. Compounds tested included
sa tu ra t ed  hydrocarbons to C 22 aromatics to C9, alcohols to
C7 amines to C6 glycols to C6 unsaturated hydrocarbons to
C10 and various ketones , phenols , es ters , heterocyclic compounds.
ac ids , sulfides, amines and chlorinated hydrocarbons . With
most of these recoveries of 70%—9O% were obtained .

678. McLusky, D., D. Bryant , M. Elliott , M. Teare and C . M o f f a t
(1976).

INTERTIDAL FAUNA OF THE INDUSTRIALIZED FORTH ESTUARY .

Marine Pollution Bulletin 7(3) 48—52.
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The principal effect of pollution in the Firth of Forth on
the Scottish east coast is observed in the lifeless areas
adjacent to petrochemical discharge pipes and in other areas of
the upper Forth exhibiting a general reduction in the
number of species. The upper Forth survives as a biological
habitat despite the large pollution input; this is due to the
diluting effect of inf loving, clean seawater at each side. The
principal threat to the biological habitat remains various reclama-
tion proposals to remove large areas of mnudflats. If care is taken
in the selection of such areas, if they are small, and if adequate
treated discharges for industry are installed , wildlife and
industry could coexist in the upper Forth.

679. McManus, D.A. and D.W. Connell. (1972).

TOXICITY OF THE OIL DISPERSANT, COREXIT 7664, TO CERTAIN
AUSTRALIAN MARINE ANIMALS.

Search, 3:222—224.

The present study was initiated to determine the short—term
toxicity of an oil dispersant (Corexit 7664) on four species of
subtropical marine animals: Centropogon australis, (fortesque
f ish) ; Ambassis marlanus, (perchiet) ; Diogenes sp. ,  (hermit crab) ;
and Paleomonetes sp. ,  ( shrimp) . These present laboratory experiments
indicate that comparatively high concentrations of the sur factan t
are needed to induce mortalities in the test species. In field
applications concentrations of the surfactant finally attained
in a reated aquatic area will depend on such physical factors as
depth of water, mixing caused by wave action, the quantity used and
the frequency of application. In a complex natural population the
stage of development and condition of an animal as well as environmental
factors may have a considerable influence on the exhibited toxicity.
Also, in a spill situation, the surfactant can be expected to be mixed
with refined or crude petroleum products which may have a marked
effect on the exhibited toxicity. In this present examination
no attempu has been made to observe long—term sublethal effects
which may be of particular importance. However, it was noted that
the test animals in almost all concentrations exhibited a greatly
reduced mobility and reaction to stimuli compared with the control
animals.

680. Mechalas , B . J . ,  T . J .  Meyers and R.L.  Kolpack. (1973).

MICROBIAL DECOMPOSITION PATTERNS USING CRUDE OIL .

In: The Microbial Degradation of Oil Pollutants. Louisiana
State University and Agricultural and Mechanical College.
Center for Wetland Resources, Sea Grant Program Report LSU—
SG—73—Ol pp. 67—79.
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A mixed culture of m icroorganisms, acclimated to decomposition
of crude oU , was used in a series of incubation experiments
to de termine the sequence of microb ial degradation in a
Santa Barbara, Californ ia, crude oil. The molecular weight
distribution of the crude oil was: C1 to C1O, 29%; C10 to
C30, 52%; and greater than C30, 1 97. At least 15%, by weight ,
of this oil was composed of n—alkanes , or straight chain paraffins .
Gas chromatograms of the stock crude oil were characterized by
( i n  order of prominence) , an envelope of n — p a r a f f i n s , six
highly  resolved isoprenoid hydrocarbons , and more than a
hundred smaller peaks t h a t  were p a r t i a l l y  resolved above the
base envelope.  M i c r o b i a l  degradat ion  of the crude oil is i n i t i a l ly
cha rac te r i zed  by a rap id  d isappearance  of the n — p a r a f f i n  envelope .
Th is degradation starts with the low molecular weight components
and progresses toward the higher molecular weight compounds.
The isoprenoids are also progressively reduced simultaneously with
the reduction of the paraffins. In addition , the base envelope
and fine fingerprint region subsequently undergo degradation and the
base envelope become progressively skewed toward the higher
molecular weight end of the chromatogram . B iodegradation of
the Santa Barbara crude oil by a mixed microbia l  populat.ion was
in i t i a t ed  simultaneously on all components , but  the sequent ia l
patterns of decomposition were affected by rate differences .
Chroma tograms of na tura l ly  weathered oils col lec ted  f r o m  southern
Cal i fo rn ia  bec~ hes are remarkably s imilar  to chromatograms of
oil samples which i~ive undergone extensive microbial decomposition
in the laboratory .

681. Medei res , G .C .  and J .W.  Far r ing ton  (1974 ) .

IDOE—5 INTERCALIBRATION SAMPLE: RESULTS OF ANALYSIS AFTER
SIXTEEN MONTHS STORAGE.

In : NBS Spec ial Publication 409, Marine Pollution

Moni to r ing  (Pe t ro leum) ,  Proceedings of a Symposium and
Workshop held at NBS, Gaithersburg, Maryland, May 13—17,
1974 .  pp. 167—169.

This article reports the feasibility of preparing and
storing lipid extracts for at least sixteen months.
A cod l iver  l ip id  e x t r a c t  was spiked with 371.8 mg of a dis-
tillate cut of South Louisiana crude per gram of lipid in
January 1972. The sample was stored under N2 at 0°C
in the dark in a glass bottle with a Tef lon—lined cap. In
February 1974, lipid concen trations of each subsample
were determined and aliquots were saponfied . Non—saponi-
fiable lipids were extracted in pentane and the hydrocarbons
quantitated by gas chromatography . The results of these
analyses and those obtained 18 months earlier are in agreement.
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t)82. Menzel , D.W. (1977).

SUMMARY OF EXPERIMENTAL RESULTS : CONTROLLED ECOSYSTEM EXPERIMENTS .

Bulletin of Marine Science , 27(l),l42—l45.

The f irst effects of pollutants in controlled ecosystem pollution
environments appear to be universal. There is a short term
response of bacterial populations which may be measured by changes
in ~ie- terotrophic potential , oils and metals first impact phyto—
plankton by causing a rapid decline in moat centrate diatoms . The
sensitivit y of zooplankton to metals leading to mortality is
a d irect function of the size of the organisms . The rate to which
copper  was removed f rom solut ion was d i r e c t l y  re la ted  to the leve l
of primary production.

683. Mertens , E.W. (1973).

A LITERATURE REVIEW OF THE BIOLOGICAL IMPACT OF OIL SPILLS IN MARINE
WATER .

In: Inpu t, Fates, and Effects of Petroleum in the Aquatic Environment.
Background Information for the Workshop . Ocean Affairs Board, NSS
Airlie, Va. 21—25 May 1973.

The author reviews the reports of several spill incidents and
concludes that oil does little lasting damage to the various
environments. Bioassay methods are reviewed and it is concluded
that there is little standarization and that the results do not
seem to be appl icable  to the f ie ld . The lack of occurance of sub-
l et h a l  e f f e c t s  in the f ie ld  is also noted .

684. M & r t e n s , E . W .  (1974) .

AN OVERVIEW OF THE PETROLEUM INDUSTRIES MARINE ENV IRONMENTAL
RESEARCH.

Proceedings of Marine Environmental Implications of Offshore Drilling
in the Eastern Gulf of Mexico. R.E. Smith (ed.) Institute of
Oceanography, Sta te University System of Florida , St. Petersburg,
Flor ida .

The eff orts of the petroleum industry to study the fate and the
b iological effects of oil spilled in the marine environment are
d iscussed . Research work supported by the API , esçecially the program
t h a t  is under  the  sponsorsh ip  of the Fate of Oil Task Force, is
described. This program includes investigations of oil and phy—
toplankton , development of new bioassay techni ques , development
of imp roved chem ical analysi s for oil , effec ts of oil on oysters ,
f a r e  of o i l  in  the water  environment , and spi l l  surveys.

SR’ . ‘~+ r t e n s , E . W .  ( 1 9 7 6 ) .

THE IMPA CT OF OIL ON MARINE LIFE: A SUMMARY OF FIELD STUDIES.
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I n :  Sou~~~~~- ,  LI t k c t s  and Sink s oI l l ; d r o a r b o n -  in  the  Aquat ic
En i r n i m i t  

- 
I’ roc dJ~~~~ o~ the - - njcchin , Americ an U n i v e r s i t y ,

W-ts hj n~ ton D . t : . ~~~ ~~jj~~ 1976.

rxte n-,ive f ield s t u d i e s  on the e f f e c t s  of c h r o n i c  low l e ve l  exposure
of oil to m a r i n e  I i  I c  i i ’ . been c o n d u c t  d it Santa Barbara; l ake
M r t ( i I n o , ~ ch ~~i t ;  rr ia i , I O U  in f L i e r  ‘ - : ; S ~~~~~~~~ 4 . ~~~

the G u l f  o f M x  c v .  No measurab le  & f f i c  ts have been observed on
-uch indic a t o r - 01 t l j n - i l t h  f t h e  loca 1 ma r i n e  - ‘mm init i e s a-~
flupi l i tion 1ev~ ls oi various or gan  sm~~; spec  icS diver s it ; ; arid
s i ze , g r o w t h  r a t , or r ep r o d u c i b i l i ty  of v a r i o u s  or g an i sm s .

- reo v~-r , there is no vilcnc of adv -r s  e f f e c t s  such as abnorma l
g rowths  and biomagnification 1 p e t r o l e u m  r a c t i o n s  in the  food
c h a i n .

~Rh . M e v & r h o f f , R . D .  ( 1q 15 )

ACUTE TOXICITY OF R E N / E N E , A COMPONENT OF CRUDE O I L , TO J U V E N I L E
STRIPED BASS ( MORONE SAXAT 1LIS ) .

1 . F i sh .  Res .  Bd. (-anada 30 1864—1866.

The a c u t e  t o x i c i ty  of benzene , a m a j o r  c o n s t i t u e n t  in crude oil of
v o l a t i l e  a r o m at i c  compounds , to 1.5 plus or minus  0 . 5  gram juvenile
striped bass (Morone saxatilis) was studied in a continuous flow
laboratory bioassay system. At 17.4°C and 29ppt salinity , the letha l
threshold concentration and the 96—h LC5O for benzene were 10.9
microliters/liter. The 957 confidence interval was 10.9 plus or
m i n u s  0 . 2  m i c r ol i t e r s/ l i t e r  and the probit line slope , S” , was
1 .1. Possible toxic mechanisms were discussed .

~87. Meyers , S .F .  and Ahearn , D .C .  (1970) .

MYCOLOGICAL DEGREDATION OF PETROLE UM PRODUCTS IN MARINE ENVIRONMENTS.

FAO tech.  conf . mar . P o l l u t . ,  Rome , pap. E — 2 5 .  Also in: Mar ine
Po l lu t i on  and Sea L i f e ,  M . Ruivo ( ed .)  FAO , Fish ing News (Books) Ltd .
London.  pp.  481—48 5 .

This paper descr ibes  s tudies  done along the Louis iana coast to
de termine  ( 1) the hy drocarbonoclas t ic  a b i l i ty  of yeas t  and y e a s t — l i k e
fung i  f rom a broad range of environments  and ( 2 )  th~ response of t h e
dominan t  m i c o t a  of the  marshland b iosphere  to sudden i n t r u s i on  of
o i l  via spi l ls .

688. M ichae l , A .D., C . R .  Van Raa lt e , and L .S .  Brown . ( 1 9 7 5 ) .

L o n g — t e r m  e f f e c t s  of an oil spill at West Falmouth , M a s s a c h u s e t t s .

In :  Confe rence  on Prevent ion and Control of O i l  Pollution. pp. 57 l— ~~~2 .
Amer . P et r o l .  I n s t .  Vas h. D . C .
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A small spill of No . 2 fuel oil occurred near Wild Harbor , Massachusetts ,
In September 1969. The benth ic  fauna 1 the Wild Harbor Marsh , boat
basin . and o f f s h o r e  area  wab sampled through the fourth and fi fth
years after the spill (1973,1974). Sed iment samples were analyzed
tot the presence of petroleum hyd rocarbons . Gas chromatocraphy
produced evidence of hy drocarbons  t y p i c a l  f wt- ath &-red f u e l oi1 in
the  sediments  of the  marsh , boat , basin , and two o f f s h o r e  s t a t i o n s .
The n u m b er ;  of benthic species at the offshore stations and the m ar s~
were s l i g h t l y ,  but s i g n i f i c a n t l y ,  lower t han those t ound a t  c o n t r o l
stations . Population densities were s imi la r  to  c o n t r o l  a reas  f o r
the offshore stations but not ir, t he case of the marsh. The boa t
bas in  was s t i l l  heavi ly  if fected . Some stations were charal t rized by
th e presence of opportunistic species. The recovery  process in terms
of the total benthos has leveled off , but there was evidence for
further recovery during the course of the study.

689. Micks, D.W., G. Chambers , J. Jennings, and A. Rehmet. ( 1 9 6 7 ) .

MOSQUITO CONTROL AGENTS DERIVED FROM PETROLEUM HYDROCARBONS .
I .  LABORATORY EFFECTIVENESS.

J . Econ. Entomol. 60:426—429.

One hundred ten hydrocarbons derived from petroleum were evaluated
agains t the eggs , larvae and pupae of the southern  house mosqu i to ,
Culex pipiens quinquefasciatus Say . (=C. Fatigans (Wiedemann)),
and the yellow—fever mosquito , Aedes aegypti (L.) using 6 different
test proced ures. Of the test materials , ~6 ranged f rom 2 to 8
times as effect ive as the no. 2 diesel fuel standard against larvae ,
25 produced 100% mortality in C. facigans pupae when app lied at
the rate of 5 gallons per acre , 20 exhibited a greater residual
e1fect than the standard and 25 were faster acting than the control.

The test materials were generally more effective against the aquatic
stages of C.~~~ quinquefasciatus than those of A. aegypti. The
2 test procedures involving the water surface app l ication of oils
to containers of larvae and pupae were found to be the most satisfactor y
for routine evaluat ion of the materials.

690. Miget , R . J .  1973.

BACTERIAL SEEDING TO ENHANCE BIODEGRADATION OF OIL SLICKS.

In: The Microbial Degradation of oil Pollutants. Center for Wetland
Resources , LSU , Baton Rouge , La., Publ. No. LSU—SG—73—Ol . Ahearn and
Meyers , (eds.), pp 291—309.

Evaluations have been made to determ ine the feasib ili ty of adding
selec ted hydrocarbon—oxidizing bacteria and required nutrient salts
to an oil slick to enhance biodegradation of the polluting hydrocar—
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on .  F i t  - a C t i v e  mixed c u l t u re s  were i s o l a t e d .  C u l t u r e  c h a r a c t e r i s t —
ic s  i n c l u d i n g  c e l l  m or p h o l o g y ,  t em p e r a t u r e  t o l or a n c e , and r es i s t ance

~o chemic a l dicp-rsa nt s~~~-re d e t e r m i n e d .  B i o d e g r a d a t i o n  of adsorbed
vs. :ion—adsorb d o i l was compa r ed , and media  for  mass c u l t i v a t i o n  of
urc~i r (  i s m - ;  w a ,  dcv i op& d

Si m u l a t e d  f ield , or t a n k , expe r imen t s  showed the e f f e c t i v e n e s s  of
microbial — ceding varied more w ith the type and quantit y of crude
o il u~~~d than with such t ic tor~ as inoculum densit y or n u t r i e n t  s a l t
c o n c e n t r a t i o n .  I n i t i a l  to.—hr losses were generall y t w i c e  as l a rge  in
h a c t  r i a l  s~ .d~-d t anks  r e l a t i v e  to un i n o c u l at e d  c o n t r o l s .  Biological
)xvgen Demand and T o t a l  t r ~ ani e  Carbon an al ’.’ses of t ank  wa te r
i n d i c a t e d  l i t t l e  m~- t a b f l i c  produc t p o l l u t i o n  of the w a t e r .

~ I .  M i l t i k ou sk v , S.A . (1970 ) .

THE INFLUEN ;E OF P O L L U t I O N  ON PEU\OIC LARVAE OF BOTTOM INVERTEBRATES
I N  M A R I N E  N EARS H ORE AND ESTAL’RLNE WA TERS .

M a r i n e  Biolo gy 6 : 3 0 — 3 5 6 .

Review article on e f f e c t  1 v a r i o u s  p o l l u t a n t s  on the  larvae of
henthic invertebrates.

‘~97. M i l e s , H .D. , M . J .  Coign and L.R. Brown ( 1 9 7 5 ) .

THE ESTIMATION OF TIlE ANOU NT OF EMPIRE M I X  CRUDE OIL I N  MULLET ,
SHRIMP , .\Nh OYSTERS BY L I Q U I D  CHROMATOGRAP HY .

In :  P roceed ings  1975 C o n f e r e n c e on P reven t ion  and C o n t r o l  of
O i l _ P o l l u t i o n .  EPA , API , [SCG. ,  Amer . Petrol. I n s t . ,  W a s h . ,  D . C .

This  paper  presents  a method for  r a p i d l y e s t ima t ing  the  amount of
ii taken up by small (0 .1  g) samp les of s p e c i f i c  t i s sues  f r o m

mullet , shrimp, and oysters that have been sub jec ted  to exposure to
E m p i r e  M i x  c rude  oil under  con t ro l l ed  l abora to ry  c o n d i t i o n s .  The
r e s u l t s  obtained by u t i l i z i n g  the li quid  chromatographic  (LC) method
d e s c r i b e d  in t h i s  paper ire compared to r e s u l t s  o b t a i n e d  u s i n g  conven-
t ional  gas c h r o m a t o g rap h i c  (CC) t e c h n i ques .  This comparison demon—
; t r a t e s  that e i t h e r  method is val id  fo r  r e l a t i v e l y  l a r g e  samp les of
t i s s u e  f rom m i l l e t , sh r imp , or o y s t e r s .  Da t a  f r o m  r o u t i n e  bioassay
exp r i m en t s  have shown tha t SOP of the samp les of s h r i m p  t i s s u e , 23%
of the  m u l l e t  t i s s u e  s a m p l e s , and -4~~~ of the  oyster tissue samples
showed the  p r e s c I l c  of oil on l y  by the LC methods .  F u r t h e r , t h i s
LC m e t h o d  fo r  e s t i m a t i n g  oi l  in  these  organisms affords a greater
amoun t  of r e p l i c a t i o ns  f o r  1 given q u a n t i t y  of b i o l o g i c a l  m a t e r i a l
and a f f o r d s  the o p p o r t u n i t y  t o  conduc t m u l t i p l e  ana lyses  on a g iven
tissue .

~~~ ~i1es , D.H., M . J .  Coi3n , and L . R .  Brown ( 1 9 7 7 ) .

A L l f t 1D CHROMATOGoAI IIIC FLUORESCENCE TECHNIOU1 ; FOR ESTIMATING CRUDE
(11. ~N WATER , SEDIMENT ANT ) BIOLOGICAL MATERIAL .

I n :  r~~ - - i i n ~~- 1 977 O i l  Sj~il1__Conference. \-e r. Petrol. I n s t . ,
Wash .  .c .
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This paper presents a method for the rapid detection of crude oil
in the  presence of l a rge  amounts of biological  mate ria l .  The method
involves the use of high pressure liquid chromatography with chloroform
as the solvent , an exc itation wavelength of 403 mm . and an emission
wavelength in the range of 418 mm . Of the f i v e  crude oils employed
in this Investigation . Saud i Arabian crude oil was the least responsive to
the above t echn ique  and vet is st i l l  de t ec t ab l e  in quan t i t i e s  of less
t h a n  1 ; ig

Reproducibility studies indicated that the percent error of repetitive
injection of Saud i Arabian crude oil samples was l.3Z. Repetitive
injections of spiked shrimp samples gave a percent error of 3.7%. This
is excellent reproducibility for residue—type samples which undergo
a number of manipulations during workup . Thus, this method is selective ,
sensitive , reproduc ible , and affords a rap id analysis.

694.  M i g e t , R . J . ,  Oppenheimer , C . H .  Kator , H . I . ,  and LaRock , P.A. (1969).

MICROBIAL DEGRF.DATION OF NORMAL PARAFFIN HYDROCARBONS IN CRUDE OILS.

In: Proc. Joint Conf. on Prevention and Control of Oil Spills.
American Petroleum Institute , Wash., D.C., p 327.

Experiments designed to measure the oxidation and degradation of
cr ud e oils by natur ally occurring marine microorganisms are presently
being conducted . Fifty active oil degrading cultures have been
isolated in enriched seawater containing crude oil. Oil degradation
has been determined with gas chromatography , wet combustion , and
by measurement of surface tension. Normal paraffin hydrocarbons
t hrough C—26 are degraded by two different groups of microorganisms—
those growing in the oil phase only and those growing in the aqueous phase.
Emulsification of the crude oil through production of surfactants
was observed in many of the enriched cultures. Microbial degradation
of 35 to 55 per cent of oxidizable crude oil occurred within 60
hours.

hfl . Mills , E.R. (1972.)

TOXICITY OF VARIOUS OFF-SHORE CRUDE OILS AND DISPERSANTS TO MARINE
AND ESTUARINE SHRIMP .

In: Proceedings of Annual Southeastern Association of Fish and
Game Commissioners Conference, 25:642—650.

The acute effects of four crude oils and two oil spill removers on
four species of marine shrimp ( Penaeus setiferus, P. aztecus,
Palaemonetes  ~~~~~~~~~~~~~~~~~~~~~ and P. pugio ) were determined . Resu l t s  of
48—h o~.i r bioassays showed that distinc t ive differences in toxicity
exf~~ted between crude oils from differen t areas with all shrimp
test ed. The oil spill removers were much more toxic than the
crude oils. Addition of the oil spill removers to all crude oils
at reconnnended application ratios increased the toxicity of both the
c rude  o i l s  and the c i i  s p i l l  removers , ind ica t ing  a synergis t ic
effect. The Palaemonetes species appeared more tolerant to all toxicants.
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Fvid ~-n ind ica tes  t h a t  the  most  se r ious  e f f e c t s  of oil p o l l u t i o n
would be noted in the shallower a r e - I s  where  high concentrations of
toxic compounds may build up.

~~~ M iltin , I. . (ed.) (l976

BIOLOGICAL EFFECTS OF o I L  POLLUT T I N  OF WA lER.

i)istirbuted by ‘atiunal Aeronautics and Space Administr ation.
R I  bi io gr ip hy No.

Th is b ibl iograp hy was pr epar ed by North Carolina Science and
Technology Research C ater for dissemination under the ausp ices
of the National A e r u n a u t i c s  and Space Administration.

0 9 7 •  Minchew , C . D .  arid J . D .  Y a r b r o u g h  ( 1 9 7 7) .

THE OCCURRENCE OF F iN  ROT T N  ~-IT ;LLE T ( ~rUGII. CEPHALUS ) ASSOCIATED
WITH CRUDE OIL CONTA~I i N A T l O N  OF AN E STU A R I N E  P O N D — E C O S Y S T E M .

Journal  of Fish. B io logy ,  10 319—323 .

Empire  Mix crude oil ( 4 . 0 — 5 . 0  ppm) was i n t roduced  i n t o  two
s tua r ine  pond—ecosystems equipped with tidal simulation and stocked

with mullet , shr imp , and oysters. Six to eight days following the
spill all mullet examined f rom the  t rea ted  ponds had vary ing degrees
of f i n  rot on one or more f ins . The fin erosion involved primaril y
the caudal , pec tora l  and pelvic fins with tD e  caudal  f i n  the most
severel y damaged . The damage to the f i n s  v ar i e d  f r o m  a s l ight
discolorat ion w i t h  no v is ib le  f r a y i n g  to comp 1et ~ eros ion  of a l l
the fin elements. A gram negative rod tentativ& l y identified as
V U r i~~~~~. is considered the primary pathogen responsible for the

í a  r o s  ion . The infection was primaril y e x ter n a l as i n d i c a t e d
by k idney  cu l tu res  of the a f f e c t e d  f i s h .  The cou r se  of the infection
was documented over a 56—day period fo l lowing  the oil spill. The
high incidence of f i n  rot  which o c c u r r e d  in  t h e  cs t uar i n e  pond—
ecosystems did not occur dur ing  numerous a c u t e  exposures  of m u l l e t
to crude  oil in the laboratory .

698. M i n i s t r y  of I) efense , Great  B r i t i a n  ( 1973) .

THE FATE OF OIL AT SEA.

Great Britian Ministr y of Defense , Defense -~~search Information
Centre , O r p i n g t o n .  R e p o r t  DRIC — BR—3583 0 .  61 pp.

1 li e effects of natural, forces such as wind , w ov e  motion , currents ,
temper ature and other physic al , chemical , and biological fac tors
on movement , dispersal , and ob struction of treated and untreated oil at
sea and in the in t e r t i d a l,  zone were s t u d i e d . The behav ior  of oil
from the point of discharge and subsequent  movement o r  cons ide red .
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These include physical effects (spreading, evaporation , emulsification ,
and dissolution) and photochemical and biolog ical factors causing
degradation.

699. M i n t e r , K.W . (1965).

STANDING CROP AND COMM1JNITY STRUCTURE OF PLANKTON IN OIL REFINERY
EFFLUENT HOLDING PONDS.

Diss. Abstr. 26, 1840.

700. Mironov , O.G. (1968).

HYDROCARBON POLLUTION OF THE SEA AND ITS INFLUENCE ON MARINE
ORGANISMS .

Helgolander W i ss, Meeresunters , 17:335—339 .

Marine  oil pollut ion is becoming a major problem . The amount of
pollution by oil and oil produc ts may be expected to increase in
the near f u t u r e  due to (a) the  increase in number of sea go lnE  ships ,
Includ ing the tanker fleet , (b) the use of shelf zones for oil
d r i l l i n g, (c) poor in te rna t iona l  legislative measures to prevent
oil pol lut ion in the open seas.

Hydrocarbon produc ts, especially oils, exert detrimental effects on
the  hyponeuston (organismic community near the water surface),
eggs and larvae of fishes, e.g., the plaice ( Rhombus maeoticus )
phyto— and zooplankton , nectonic organisms, including adult fishes
(via direct damage or by causing them to emigrate), and a variety
of benthic organisms.

In general, eggs and larval stages of marine organisms seem to be
more sensitive than their adult counterparts.

There is great need for long—term studies employing sublethal criteria .

Marine birds are killed by the thousand and hundred—thousands per
year due to oil pollution.

Hydrocarbon pollution represents a new, unfavorable , ecological
fac tor which may lead to permanent changes in the biological
structure of the oceans and coastal waters , and which finally may
reduce their productivity.

701. Mironov , O . G .  (1969).

BLACK SEA MICROORGANISMS CI ‘ LNG ON HYDROCARBONS .

MIcrobiol ., 38(4) :608—610.

Microorganisms capable of growing on petroleum hydrocarbons
and petroleum products as a sole source of carbon and energy
were isolated from Black Sea water. The microorganisms belong
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to t he genera: ba ct erium , PseudoLocterium , Pseudomonas, Vibrio ,
Achrornob acter , Miciococcus , Bacillus , ~~~~±ll!~

m and S a r c i n a .
‘Ibis sugges t s  p a r t i c i p a t i o n  of t h i s  g roup  of m ic roo rgan i sms  in

h sell —pur i f  I cat  ion of pe t ro l eum pr o du c t s  frr) m sea w a t e r .

70?. Mironov , 0 .0 . (l~~o0H .

EFFECT OF O J I .  I ’Ol. LT J ’I ON I PON SOME REPRESENTATIVES OF THE BLACK
SEA ZOO P LAN KT ON .

Zool . Z h .  , 48: 98 0— 9 84.

R e ; o r t  on the t o x i c i t y  of Malgokek oil , m i n e r a l  o i l , and black
o i l  at c o n c e n t r a t i o n s  of .1 to .001 m l /l  upon A c a r t i a ,
U t r o o l o n u s , e i i i 1 I i~~, Centr opa ~~~~ and O it h o n a . Found
- 0 - c l e r a L d loa t h r i te at .001 m i / l  and a t  .1 m I / l ;  a ll  o rgan i sms
li ed  w i t h i n  t he  f i r s t  d a y .

703. M i r o n o v , 0 .0. ( 1969) .

SELF—PURIFICATION OF SEAWATER FROM CONTAMINATION BY PETROLEUM
PRODUCTS.

i l r o h i 1 .  / ,l~ .,  5(4):47—Sl.

P e t r o l e u m — o x i d i z i n g  m i c r o o r g a n i s m s  and o r d i n a r y  marine h e t e r o t r o p h i c
b a c t e r i a  we r e  grown in s e a w ai e r  and in pep tone  water , and
were  observed . I t  was found t h a t  microorganisms capable  of u t i l i z i n g
hy d r o c a r b o n s  as the i r  only source of carbon and energy c o n s t i t u t e
an i n s i g n i f i c a n t  p o r t i o n  of the to ta l  number of h e t e r o t r o phs
i n  s e a w a t e r .  They are more sens i t ive  to t e m p e r a t u r e  and can u t i l i z e
ot  h o e r  sources of  - a rb o n ;  members of the genera Pseudomonas,

seu d o b a c t e r i u m , B a c t e r i u m  and V ib r io  grew wel l  on a whole  series
of o rgan ic  compounds , and usual ly  more rap id ly  than on h yd roca rbons .
P h y s i c a l  and chemica l  f a c t o r s  play a dominant  role  ir. the i n it i a l
stage of degradation as regards changes that occur in the surface
contamination , as indicated by data on the quantity of dissolved
oxygen .

704 . M i r o n o v , 0 .0. (1969) .

THE D [VL L OPM ENT OF SOMF; BLACK SEA FISHES IN SEA WATER POLLUTED
BY PLTRO1 l : T ’M PRODUCTS . ( IN  RUSSIAN) .

Voprosy T k h t i o l o g i i , 9 ( 6 ) : 9 19 — 9 2 2 .

A s t u d y  has been made of the  deve lopmen t  of the  f e r t i l i z e d  eggs
of Engraulis encrasicholus ponticus Alex., Seorpaena porcus L.
and C r e n u l a b r u s  t i n c a  I.. in sea wa te r  c o n t a i n i n g  0 .1  — 0.001
m l / l i t e r  of pe t ro l eum , solar  oil and black o i l .  The d i f f e r e n t  species ’
s en s i t i v i ty  to the p e t r o l e u m  produc t s  emp loyed has been c l a r i f i e d .
A h a r m f u l  effect of the substances  se lected ( d e a t h  of the  o r gan i s m)
was c l e a r l y  t r aced  to a c o n c e n t r a t i o n  of 0.001 m l / l i t e r .  I t  is
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suggested t h a t  l ower c o n c e n t r a t i o ns  of pe t ro l eum , solar  o i l and black
o i l  w i l l  also be found  t o  be toxic fo r  the h y d r o b i o n t s  concerned . The
consequences of such intoxication may not be revealed in t he  d i r e c t
d ea t h  of t he  eggs or prelarvae , but at later stages in development or
in  f u t u r e  g e n e r a t i o n s .

705.  ~1i r onov , 0 .0 . (1970 ) .

ON THE ROLE OF MICROORGANISMS GROWING ON OIL IN PURIFICATION AND
AS AN I N I ) I C A T I O N  OF OIL POLLUTION IN THE SEA.

Okeanologija , 10 520—7

70e . Mironov , O .G. (1970).

TIL E EFFECT OF OIL POLLUTION ON THE FLORA AND FAUNA OF THE BLACK
SEA .

FAQ Tech. C o n f .  Mar .  P o l l u t . ,  Rome . Paper E — 9 2 .  (also in Mironove
( 19 7 2 ) )

707. Mironov , 0.0. (1972).

EFFECT OF OIL POLLUTION ON FLORA AND FAUNA OF THE BLACK SEA .

In :  M a r i n e  P o l l u t i o n  and Sea L i f e .  M. Ruivo , ( e d . )
F i s h i n g  News (Books) Ltd. London . pp 222—224.

This irti.cle reviews the results of the authors determina t ion of
t h e  s e n s i t i v i ty  of a wide va r ie ty  of Black Sea organisms to crude
o i l  and d iese l  o i l .  16 r e fe rences .

708 . M i r e n o v , 0 .G . ,  L . H .  K i r y u k h i n a , M . I .  Kucherenko , and E . P .  Tarkhova ,
(1975) .

Haukova dumka : Kiev , USSR pp. 143

The self purification of the waters and bottom sediments of the
coas ta l  zone of the  Soviet  shores of the Black Sea (USSR) f rom pe t ro leum
is d iscussed . Data  on the numbers , spec ies compos iti on , distribution
and biochemical characteristics of petroleum—oxidizing bacteria
are  p re sen ted  and the  phys iochem ical proper ties and processes of
the  t r a n s f o r m a t i o n  of organic substances from the marine
b o t t o m  sediments  are analyzed . The capaci ty  of th i s  marine area
for  s e l f  p u r i f i c a t i o n  is evaluated.

7L ) D . M i r o n o v , 0.~~. ,  and L.A. Lanskaya. 1968.

THE C A T A C I T Y  OF SURVIVAL IN SEAWATER POLLUTED WITH OIL PRODUCTS
IN HERENT IN SOME MARINE PLANK TONIC AND BENTHOPLANKTONIC ALGAE.

E t .  Z h u r n .  5 3 :6 6 l — 6 h 9 .
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The da t a  are g iven on the  e f f e c t of d i f f e r e n t  c o n c e n t r a t i o n s  of
b lack  oil and kerosene f rom 10.0 ml/ 1  t o  0.000 1 mI/i on some
marine planktonic and bentho—planktonic algae collected from the
Atlantic Ocean , Black Sea , Red Sea and Mediterranean Sea . The data
are  i n d i c a t i v e  of grea t d i f f e r e n c e s  in the s e n s i t i v i t y  of d i f f e r e n t

— spec ies to the  p o l l u t i o n  of sea wate r  w i t h  oi l  p r o d u c t s , the l e t h a l
concentrations of black oil and kerosene fo r  the most  r e s i s t e n t
species concentrations of black oil and kerosene for the most resistant specie s
xe&e d ing by several thousand t imes those fo r  the most  s e n s i t i v e

species. On the basis of the da ta  obta ined , i t  is assumed t h a t  t h e r e
are some genera l pr inc ip les  governing the e f f e c t of the w a t e r
p o l l u t i o n  w i t h  oil products  on microscopic algae. These principles
appear to be , common to different seas and oceans.

7 10. N i r o n o v , 0.0 . and L . A .  Lanskaya ( 1 9 6 9 ) .

GROWTH OF MARINE MICROSCOPIC ALGAE IN SEAWATER CONTAMINATED
WITH HYDROCARBONS.

Biologiva M orya , 17 31—8. ( In  Russian) .

711 . ‘lironov , 0.0. and T .L .  Shcheka~ ’orina (1976) .

HYDROCARBONS IN MARINE ORGMi~ SMS.

Gidrobia l  Zh. 12(6) 5— 15. (Russian wi th  Engl ish summ.)

N a t u r a l  oil pe t ro leum hydrocarbons  are d i f f e r e n t i a t e d  in
organisms by IR , GLC , and mass spectrome~ rv . Criteria are
çresentcd for differentiating between hydrocarbons accumulated
due to b iosynthes is  and due to p o l l u t i o n .  The examples of oil
h ydrocarbons absorpt ion and d i s t r i b u t i o n  in m a r i n e  b iota  and
p o s s i b i l i t i e s  of biological moni to r ing  of oil pol lu t ion  are
analyzed .

7 12. M i t c h e l l , R.  ( 1 9 7 4 ) .

THE EFFECTS OF POLLUTANTS ON MARINE MICROBIAL PROCESSES:
A FIELD STUDY.

Government Repor ts  Announcements , 7 4 ( 2 6 ) : 14 8 — l 4 9  (Abstrac t o n l y ) .

R e s u l t s  are presented of a f ie ld  s tudy of Red Sen corals.
Concentra t ions  of crude oil , Cu , and avai lable  organic  m a t t e r ,
i n s u f f i ci e n t  to k i l l  the coral  d i r e c t l y ,  upse t  the microbio logica l
balance on the coral s u r f a c e .  The p o l l u t a n t s  s t i m u l a t e d  excess ive
mucus production by the coral. Bacteria were attracted
to the mucus and grew on it. Three factors associated with
bacterial growth were responsible for the death of the coral
colon ies: oxygen dep leti on , chemical toxins , and
b a c t e r i a l  p r ed a t o r s .
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713. Mitchell , C.T., E.K. Anderson , L.G. Jones and W.J. North (1969).

ECOLOGICAL EFFECTS OF OIL SPILLAGE IN THE SEA.

In: Water Pollution Control Federation 42nd Annual Conference
held October 5—10, 1969, Dallas, Texas, 10 pp. (preprint)

Ecological consequences following oil spillage vary with oceanogra-
phic conditions, character of the liberated substance, and nature
of any cleanup activities that may follow. A spillage of diesel
fuel in a small cove on the open coast of Mexico in 1957 produ ced
definable changes for a distance of about five miles. The recent
spillage of crude oil in the Santa Barbara Channel affected
certain b ird species profoundly but did not initially cause
significant mortalities among intertidal and shallow subtidal
organisms. After several weeks of exposure, however , losses
appeared among certain att ”hed species such as barnacles and mussels.
Various criteria for assessing ecological consequences are describ-
ed and findings of field observations after the two spillages
are explained in terms of literature on biological effec ts
of exposure to oil. (Sinha—OEIS)

714. Mitchell , C.T., E.A. Anderson. L.J. Jones, and W.J. North. (1970).

WHAT OIL DOES TO ECOLOGY .

J. Water Pollut. Control. Fed . 42(5, part l):8l2—818.

Ecological consequences following oil spillages range from
m ild disturbances to catastrophes. Effects in any instance ar e
influenced by amount and character of the spillage, organisms
involved , and many physical variables such as wind , currents ,
and sunshine. Some of the important factors
affecting oil spillages and offer suggestions for assessing ecolo-
gical damage are discussed .

Unlike many of the products man liberates into the environment , crude
o i l  is a na tu r a l l y  occurr ing substance.  From time to time i t  appears
on the earth ’s surface by natural processes of exudation. Along
the California coast there are many natural seepages. These
seepages do not disperse large amounts of oil compared to some
of the human accidents that liberate petroleum . Nevertheless the
seepages are not totally negligible. The presence of oil in the
biosphere may have encouraged evolution of microorganisms capable
of utilizing the carbon and other elements in oil. The widespread
occurence of such microorganisms act in preventing accumulation of
oil on the earth’s surface. In assessing ecological effects we
mist remember that oil spillages do not necessarily introduc e a
permanent or totally foreign pollutant into natural communities.

715. Mitchell , R. and I. Chet. (1975).

BACTERIAL ATTACK OF CORALS IN POLLUTED SEAWATER .

Microbiol. Ecology. 2(3):227—233.
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Coral he od s ot  the genus P I a t i ~~v~~~ exposed to low concentrations
of c r u d e  o i l , co; op r sulfate , p o t a s s i u m  p h o s p h a t e , or dex t rose
were k i l l e d  In periods f 5 to 10 days in aquarium studies. The
chemic als s t i m u l a t e d  the  p r o d u c t i o n  of l a r g e  q u a n t i t i e s  of mucus
b y  th e corals. In aquaria treated w i t h  a n t i b i o t i c s  to p r e v e n t
microbial growth , Pl at~ g~~ a survived the presence of these
c h e m i c al s  in  the w a t e r , i n d i c a t i n g  a role  of  t h e  m i c r o flo r a  in  the
death of the  c o r a l s .  Ev idence was o b t a i n e d  i m p l i c a t i n g  p r e d a t o r y
bact eria , Desulfov ibrio and B~~~g i a t o a , in the  d e s t r u c t i o n  of t he
s t re s sed  cora l c o l o n i e s .

7 1h . M itc he l l , R . ,  S. Togel and I .  C het .  ( 1 9 7 2 ) .

BACTERIAL CHEMORECEPTION : AN IMPORTAN T ECOLOGICAL PHENOMENON
i N H I B I T E D  BY HYDROCARBONS.

Water Reg. , 6 : 1 13 7 — 1 1 4 0 .

M t il e marine bacteria h~ ve b e n  shown to displa y chemorec eption.
They are attracted to a wide range of organic compounds. The
response is highl y specific fo r  each m i c r o o r g a n i s m . Chemore e p t i o n
is  also involved in the biodegradation of phy t o p i a n k t o n  and e n t e r i c
bacteria by b a c t e r i a l  p r e d a t o r s .  This  a b i l i t y  of b a c t e r i a  to d e t e t
living and n o n — l i v i n g  s u b s t r a t e s  is t o t a l ly i n h i b i t e d  by hy d r o c a r b o n s .
The eco logica l  imp l i c a t i o n s  of t h i s  t y p e  of s u b l e t h a l  e f f e c t  on
the  s e l f — p u r i f y i n g  c a p a c i ty  of the  sea and on the  behav io r  of m a r i n e
animals is discussed .

717 . Moff itt , J . and R.T. Orr. (1938).

R E C E N I DISASTROUS EFFECTS OF OIL POLLUTI ON ON BIRDS IN THE SAN
FRANCISCO BAY REGION.

California Fish and Came , 24:239—~ 44.

Oil pollution of coastal waters conti guous to San Francisco Bay, the
r e s ul t  of a shipwrecked oil tanker , presented  unusual hazards to
t he  a v i f a u n a  of the a reas  a f f e c t e d  d u r i n g  March  and A p r i l , 1937.
P o l l u t i o n  extended a long 55 mi les  of coast line , centering at the
Golden Ga te  and r each ing  f rom 15 to 20 m i l e s  out  to sea. I t s  e f f e c t s
we r e  f e l t  not  o n ly  by species of b i r d s  o~ coi rring along the  open
coast but also by those forms inhibiting sha l low bays.

Among the  o f f s h o r e  species  of birds , California murres suffered most
and the incident may have inflicted disastrous losses among proxima l
n e s t i n g  c o l o n i e s .  Sco te rs  and w e st e r n  gr & bec were species  nex t  in
order a f f e c t e d . O f f s h o r e  r a n g i n g  fo rms  such as n t ur r e le ts , a n k l e t s
shearwarers and p e t r e i s  were a p p a r e n t l y  spared be o -a ojs e the oil
d i d  not  e x t e n d  s u f f i c i e n tl y  f a r  f rom shore to embrace  t h e i r  h a b i t a t s .
In t h e  q u i e t  bays , wes t e rn  grebes , wh i t e — w i n g e d  s c o ter s , ruddy
ducks , cared grebes and r e d — t h r o a t e d  looms s u f f e r e d  most  in the
ord er named .
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Although several kinds of gulls were commonly observed in both
habitats , so few were found incapacitated by oil that it was concluded
that these birds escaped largely by reason of their feeding and resting
h a b i t s .

718 . Mohatmnad , M — B . M .  ( 1 9 7 4 ) .

EFFECT OF CHRONIC OIL POLLUTION ON A POLYCHEATE.

Marine Pollution Bulletin , 5 (2):21—24.

The tube—building polychaete Pomatoleios kraussii is an important
fouling organism in the Arabian Gulf. Stud ies have been made of
i t s  growth  and surviva l on plates immersed in the water  at two
sites at Kuwait , one subject to frequent small spillages at an
oil t e rmina l , the o the r  f r ee  from oil po l lu t i on .  The temporal
sequ ence  and d iversi ty of other encrusting organisms has also been
documented at the same sites. P. Kraussii survival decreases as
the area coated with oil increases.

719. Motmnaerts — B il l ie t , F. (1972) .

GROWT H AND TOXICITY TESTS ON THE MARINE NAN O—PLA N KTONIC ALGA E
PI ATYMONAS TERTETRATHELE (G.S .  WEST) IN THE PRESENCE OF CRUD E
OIL AND ENULSIF IERS .

Environ. Pollut., 4:261—282.

Cultures of Platymonas with above 50 ppm of emulsifier with an
aromatic solvent exhibited a very long lag phase. Diminished growth
r a t e s  were observed for  all the products tested . Mixtures of oil
and e m u l s i f i e r  showed a toxici ty close to that  of the mix tu re ’s
concentration of emulsifier. Fine structure modifications were
in v e s t i g a t e d  and possible ecological e f f e c t s  are discussed .

720. Monaghan , P.H. and C.B. Koons (1975).

RESEARCH NEEDED TO DETERMINE CHRONIC EFFECTS OF OIL ON THE MARINE
I NV t RONMENT.

M a r i n e  P o l l u t i o n  Bu l l e t i n , 6(10) , 157— 159.

Th is repor t outlines the conclusions of a panel of knowledgeable
sc ient i sts which met in Houston , Texas on Nov. 4—6, 1974 with
regard to (1) research needs for identif ying and measuring possible
chronic effects of oil on the marine environment and (2) highlight
p r i o r i t y  work required  if only l imited fund s were ava i l ab le .  I t
was agreed tha t high priori ty should be given to an ecosystem approach
Involv ing multidisciplinar y studies.

7 I .  Moor e , S .F .  (1973) .

TOWARDS A MODEL OF THE EFFECTS OF OIL ON MARINE ORGANISMS .
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In :  Ij~j2 tes , and_ E f fe c t s  of l e t r o l e i n  in t A gu at i c
Env i ronmen t ,  Back ground I n f o r m a t io n  or  t h e  Workshop, Ocean
A f f ai rs Board , NSF , A i r l i e,  Va. 2 l — 2 j M~~ ’ l ~~7 3 .

This  paper summar i ze s  a model  of the e f f e c t s  ot  p e t r o l e u m
on m a r i n e  ecosystems . The e f f e c t s  covered ar e  t o x i c i t y ,  s u b l e t h a l
e f f e c t s , t a i n t i n g  i n c o r p o r a t i o n  of pol ycycl ic  a r o m a t i c  h y d r o car b o n s ,
c o l t  ing of organisms , and h ab i t al  changes ind e ed by sp illed oil.
These i t e c t s  a re  r e l a t e d  to the  so lub l e  a r o m a t i c  h y d r o c a r b o n
J o r i v i t i v e s  ( SAD ) conta ined  in v a r i o u s  p e t r o l e u m  p r o d u c t s , and
the s e n s i t i v i t y  of va r ious  classes of organisms to SAD .

722 .  M oore , S.F. and Dwver , R.L. (1974).

EFFECTS OF OIL ON MARINE ORGANISMS : A CRITICAL ASSESSMENT OF
PUBLISHED DATA .

Nater Res., 8 819—827.

E f f e c t s  of o i l  on m a r i n e  o rgan isms  are categorized as: (1) direct
lethal toxicity; (2) sub—lethal disruption of physiological!
behavioral activit ies ; (3) offects of dir e ct citing ; (4) incorporation
of hydrocarbons; and (5) alteration of ti c i t a t , e s p e c i a l ly
s u b s t r a t e  c h a r a c t e r .  Occur rence  of on or more of Ill -ce e f f e c t s
depends  on the  c o m p o s i t i o n  of oil to which organ i sms -Ire exposed.
W e a t h e r  i ng  p rocesses  s i g n i f i c a n t ly  a l t e r  t h e  compos i t  ion of s p i l l e d
o i l , r e s u l t i n g  in wide  v a r i a t i o n s  in b iolog ical e f f e c t s .  A set

f o i l  f r a c t i o n s , d i s t i n g u i s h ed  by b o i l i n g  p o i n t  range  an d h v d r o —
carbon  type , p rov ide  a convenient basis f o r  i n c l u d i n g  t h e  i m p o r t - t n t
chemica l  a s p e c t s  of the impact problem . A dult marine organism s
may e x h i b i t  l e t h a l  toxic  effect s f r o m  exposures  to 1—100 ppm
soluble aroma t ic deriva r i v  hydrocarbons (SAD) . Sub—l eth a l
o f t  ect s m ay he c a u s e d  b y SAD - o n c e n t r a t  ions in t h e  range
10— 100 ppb.  O i l  exposed to the atmosp here tor 1—2 days loses
s o l u b l e  f r a c t i o n s  and n o n — t o x i c  e f f e c t s , h a b i t a t  a l t e r a t i o n  and

o at  ing , become i m p o r t a n t  e f f e c t s .  [ f f e c t s  of s rd. sp i l l s  ar ~
r e v i e w e d  in l i g h t  ot th e above considerations.

723. Moo re , S. F. , C. P . Ch i r l i n , G .J . Puce ia , h .  I .  S c l o r i d e r  ( 1 9 74 )

P o l [N r I A L  BIOLOGICAL EFFECTS OF HY POTHETIC A L I l L  DISCHAR GES I N  THE
ATLANTIC COAST AN t) GULF OF ALASK A .

M a ss a c h u s e t t s  I n s t i t u t e  0 l e c h n o lo g y  Sea ~r a n t  R e p o r t  7 , _ l o t , 121 p a .

T h i s  r e p o r t  is an t n t  l’,s ls  of the  p r i m a r y  b i o l o g i c a l  e f f e c t s  ct
p o t e n t i a l  o i l  d i  s c h i r g e s  r e s u l t i n g  from a : p o t  h e t i c a l  o i l  pr Os j ay
a c t i v i t y  on the  A t l a n t i c f \ l a u k a n  O u t e r  c o n t i n e n t a l  ch~~l f .
Q u a l i t a t i v e  p r e d i c t i o n s  i r e  a t t e m p t e d  w h i c h  ar t  rough raer of
nags  it u d e  e s t i m a te s  of p h y s i c a l  , c h e m i c a l  a n T  b i l og i c a l  changes
likely to occur due to  o i l  r e l e as e  i n t o  t i e  m a r i n e  e n v i r o n m e n t .
The s t u d . c o n s i st s  of ( 1) an e n v i r o n m e n t a l  i n v e n t o ry , ( )  su m m ar y
of response and t e n s i t  i v i t v  of I n d i v i d u a l  o r g a n i s m s  to  p e t r o l e - im
(3)  m a I d s  of  p o p u l a t i o n / c o m m u n i ty  leve l  responses  t o i l , m o d
(3 )  a s se s sm en t  of p o t e n t  ia l  i f  f c et s  t o t  spec i t  ic o i l  d [sc h a rg e -
associa ted w i t h  h v p o t l i e t ical  )CS p e t  r I eum d ev e l o p m e n t

N m m m & ro iis r & f r i n c e s .
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724. Moore , S.F. and B.P. Schrader . (1975).

ECOLOGICAL ANALYSIS OF HYPOTHETICAL OIL SPILLS OCCURRING IN THE
NEARSHORE WATERS OF LONG ISLAND, NEW YORK.

In: 218t Annual Inst. Env. S d . ,  Mt. Prospect , 111., 1:55—63.

This paper describes the results of a stud y to investigate the
potential ecological effects of oil spills which could occur in
the nearshore waters of Long Island , New York. Such spills are
envisioned as possible due to both proposed offshore petroleum
developments and trans—shipment activities in nearshore
waters. The results form par t of the information base which can
assist the Nassau—S~ f folk Counties Regional Planning Board to plan
utilization of Long Island ’s coastal zone. The objectives of the
s tudy  were t w o — f o l d :  1) to develop est imates of biological
effec ts of hypoth tlcal crude oil spills which are as specific
as possible given the existing data , and 2) to lay out the
framework for this analysis so that such an analysis may later be
done for other events not specifically treated herein , and so
that further research needs are defined .

725. Morozov, N.y., R.B. Petrova and G.N. Petrov . (1969).

THE ROLE OF HIGHER WATER PLANTS IN THE SELF-PURIFICATION OF
OIL-POLLUTED RIVERS .

Hydrobio l .  J. 5 ( 4 ) : 3 7 — 4 2 .

The role of higher water plants in the disposal of an oil film
is demonstrated in the paper . It is established that the
bacterial self—purification of oil—polluted river water is
accelerated when water plants are present. It is noted that oil
is conducive to plant growth.

726. Morozov , N .y. and A.V. Torpishcheva (1973).

MICROORGANISMS OXIDIZING PETROLEUM AND PETROLEUM PRODUCTS IN THE
PRE SENCE OF HIGHER AQUATIC PLANTS (in Russian) .

Gidrobiol. Zh. 9 p. 66—73.

The pr esence of macrophytes promotes an increase of the number
of oil—oxid izing bacteria and doubles and triples the bacterial
decomposition of oil. A determination of the species composition
of bacteria participating l’i the breakdown of oil and its products
in water in the presence of higher aquatic plants showed that the
qualitative composition is represented by the genera Bacillus,
Bacterium, Achromobacter,Pseudomonas, Chromobacterium, Micrococcus,
Sarcina and Planosarcina. In experiments with plants the 1st
3 genera dominated quantitatively: Bacillus and Bacterium accounted
for 69% in the experiment with Scirpus lacustris, Bacillus foy
71% with Typha an&ustifolia and Achromobacter for 90% with Typha
latifolia . The bacteria accompanying Sc. lacustris demonstrated
maximum act ivity with respect to the oxidation of hydrocarbons .
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7 2 7 .  Mor r i s , R . J .  ( 1973 ) .

I ItTAKE AND DISCHARGE OF PETROLEUM HYD ROCARBONS BY BARNACLES.

Mar .  P o l l .  Bul l . , Vo l .  4 :107—109 .

The hydrocarbon content of barnacles living on tarballs has been
compared with the hydroca rbon composition of the tarballs. Wh ile
t he re  is some c o n t a m i n a t i o n  of the barnacles  there  is no evidence
c f  gross p o l l u t i o n  and the  analyses suggest tha t oil hydrocarbons
ar c  a s s i m i l a t e d  and then discharged , unmetabolized quite rap idly.

728.  Mor r i s , R . J .  ( 1 9 7 4 ) .

L I P I D  C0~tPOS I TI ON OF SURFACE FILMS AND ZOOPLANKTON FROM THE EASTERN
MEDITERRANEAN .

~dar. P o l l .  Bu l l .  Vol .  5:105— 109.

Repor t  on a l ip id  ana lys i s  of natural surface films and zooplanktori .
Found pe t ro l eum h ydrocarbons  in the sur fa ce layer and high levels
of non—natural hyd rocarbons in the lipids of some near—surface zooplankton .

729 .  Morrow , J . E .  ( 1 9 7 3 ) .

OIL-IN DUCED MORTALITIES IN JUVENILE COHO AND SOCKEYE SALMON .

J. of Marine Research , 3l(3):l35—l43.

Advanced par r  of coho slamon ( Oncorh ynchus  k i s u t c h  ) and sockeye
salmon ( 0. nerka  ) were exposed in laboratory tanks to oil poured
on the surface of artificial seawater in amounts ranging from 500 to
3500 ppm equivalent , at water temperatures of 3

0
, 8°, and 13°C . Statis-

ticall y significant increases in the mortality rates over control
an imals  were observed at all oil  concen t r a t i ons  and at all t e m p e r a t u r e s .
The mortality rates appeared to be directly related to oil concen-
tration and inversely to temperature. Oil that had been exposed
to air for 30 days did not produce mortality that was significantly
g r e a t e r  than  tha t  of the control groups. Stress behavior under the
i n f l u e n c e  of oi l  is described .

730. Morrow , J . E .  ( 1 9 7 4 ) .

EFFECTS OF CRUDE OIL AND SO~~ OF ITS CO~~ ONENT S ON YOUNG COHO AND
SOCKEYE SALMDN .

( ) f f i c e  of Research  and Deve lopment .  U SEPA , Wash ing ton , DC EPA—660 /
3— 7 3— 0 18.  pp.  37 .

~oung coho and sockeye salmon , acclimiated to 30 0/00 s a l i nI t y , were
exposed in v a r i o u s  ways to different amounts of crude oil from the
Prudhoe Bay f i e ld . Oil poured on the surface of the water in 95
l i t e r  (25 g a l l o n )  a q u a r i a  produced s i g n i f i c a n t  m o r t a l i t i e s  when the
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oil concentration was 500 ppm or greater. Fish dipped into a cr ude
o il f i lm, or with a drop of oil placed directly on each gill ,
showed no significant mortalities. The same was true of fish force—
fed crude oil at 1 g per 100 g body weight. Oil that had been exposed
to air for 30 days produced no significant mortalities.

Among oil  components tested fo r  toxic ity on coho salmon , al iphatic
compounds were not  l e t h a l .  Mono—cyc l i c  a romat ics  were gen erally toxic ,
the degree of toxicity increasing with the degree of unsaturation .

It is suggested that the toxicity of these substances is brought about
thro ugh alteration of cell membrane permeability, espe cially in the
gills. This results in a rapid increase of mono—valent ions in the
blood and probably  also i n t e r f e r e s  wi th  C02—HCO3 regulation

731 . Morrow , J.E . , R . L .  Gritz and M.P. Kir~-on. (1975) .

EFFECTS OF SOME COMPONENTS OF CRUDE OIL ON YOUNG COHO SALMON .

Copeia. 2:326—331.

Among oil components tested for toxicity to young coho salmon ,
aliphatic compounds produced no significant mortalities. Mono—
cyclic aromatics were generally toxic , the degree of toxicity increasing
with the degrae of unsaturation. It is suggested that the toxicity
of these subst.inces is brought about through alteration of cell
membrane p e r m e a b i l i t y ,  especially in the g i l ls .  This resul ts  in a
rapid increase in the  concen t r a t ion  of monovalent ions in the
bir~od and probably also interferes with CO2HCO3 regulation .

732 Morton , B. ( 1 9 7 5 ) .

POLLUTION OF HONG KONG ’S COMMERCIAL OYSTER BEDS.

Mar .  Pol l .  B u l l . ,  6 117— 122 .

733. M o r t o n , Br ian  and R . S . S .  Wa (1977).

THE TOXIC EFFECTS OF HYDROCARBONS UPON THE NAUPLIAR AND ADULT STAGES
OF BALJ\NUS (CRUSTACEA : CIRRIPEDIA)

M a r .  P o l l u t .  B u l l .  8 p. 232—236.

The effect of kerosene and BP 1002 upon the naupliar arid adult stages
ot Balanus amphitrite an~phitr ite and Balanus variegatus variegatus
has been studied . The percentage non—motility and actual mortality
of the naup liar larvae and the adults of both species has been
gener all y shown to be a function of the dosage and treatment t ime
of these two hydrocarbons. Both barnacles (nauplii and adults) have
a similar susceptibility to the hydrocarbons tested , the na upl il
being killed at lower concentrations than the adults. Cirral activity
of the adults was significantly reduced when the barnacles were
treated with 10 and 100 ppm BP 1002.
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Preliminary experiments have also been performed to compare  the
tox icity ot BP 1002 and kerosene with that of ‘ Bukomkleen ” and
“Chernkleen ’ . It was found that BP 1002 was the most toxic. to these
barnacles wit h a lower and similar toxicity found for Cliernkleen and
Bukomkleen. The toxicity of kerosene is comparativel y low .

7 3 4 .  M o - t e r t , Noel ( 19 7 4 ) .

S UP E R S H I P . Alfred A. Knope , ~h w  York. 332 i ’ .

Th is  book is an accoun t of the  o p e r a t i o n  and impac t of the supertanker .s.
Included are accounts of the impact of supertanker disasters on the
marine  ccosy~~t *~m.

735 . Motohiro , T. (1962).

STUDIES ON THE PETROLEUM ODOUR I N  CANNED CHUM SALMON .

Bull. F a c .  F i s h e r i e - , H o k k u i d o  U n i v . ,  IQ, 2 — 6 5 .

736. Motohiro , R. and Z. I - ,e~~ i ( 19 7 6 ) .

EFFECTS OF WATER POLLUTED BY OIL ON AQUATIC ANIMALS: II. H-PARAFFINS.
AROMATIC HYDROCARBONS ANT ) CRUDE OIL CONCENTRATION ON TAINT IN
SCALLOP (PECTEN YESSOENSIS)

Hokkaido Daigaku , Supporo , . t p a n . Sui sangakubu , H ak o d a t e .  Hokka ido
Da igaka Suisangakuhu Kenkyu Iho 26(4) 367—371.

An organol &pt ic examination of taint in scallop adductor muscle
indicated that \—paraffins are less important in causing taint than
are crude oil , xylene , toluene , and mixtures of hydrocarbons which
cause the taint in concentrations of 0.1—0.2 mg/g. At 0.3 mg/g,
N - T e t r a d e e a n e  and/o r  ‘T—hexad ecane do not cause t ’ie t a i n t .

737 . M o t o h i r o , T. and H.  I noue.  ( 1 9 7 3 ) .

N-PARAFF IN S IN POLLUTEI) FISH BY CRUDE OIL FROM ‘JULIANA ’ WRECK .

Bull. Fac. Fisheries , Hokkaido Univ. 23 204—8.

~amples of salmon , mulle t and black se a bream were obtained from
pol lu ted  water  a f t e r  the  wreck of the  shi p lu l i ana  to detect n—par affins
as a measure of cr ude oil con tamina t ion .  Gas c h r o m a t o g r a p h i c
ana lys i s  of t issue from mul le t  and black sea bream revealed q u a l i t a t i v e
similarity consisting of 9 peaks, of which 8 were I d e n t i c a l  wi th
those of C13—C 20 n—paraffins . Little hydrocarbon was found in t h e
muscle from salmon.

738. Motoh iro , T. and Z. Iseya (1976).

EFFECTS OF WATER POLLUTED BY OIL ON AQUATIC AN IMALS : I I I  PRETREATMENT
IN DETECTION OF N-PARAFFINS IN MAR1NE SEDIMENTS BY GAS CHROMOTOGRAPHY .
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hokkaido Da igaku, Supporo , Japan. Suisangakubu , Hakodabe. Hokkaido
Daigaku Suisangukubu Kenkyu Iho, 26(4) 372—380.

Preliminary treatments of marine sed iments to detect n—paraffins by
GC analysis are most successful using petroleum ether and benzene~
90:10 (vol/vol) as the solvent for column chromatography separation
and n—hexane and benzene=95:5 (vol/vol) for TLC . With pretreatment ,
n— paraffins below C 13 tend to disappear  due to evaporation losses.

739. Moulder , D.S. and K. Varley . (1971).

A BIBLIOGRAP HY ON MARINE AND ESTUARINE OIL POLLUTION .

Plymouth: Publ. Laboratory Marine Biology Assoc., U.K.

References to almost 1100 papers on marine and estuarine oil pollution
published over the past 100 years are contained in this bibliography.
The references are arranged by subj ec t in 15 ma in sec t ions including :
Oil pollution sources , properties , and detection; analysis and
identification ; biological effects; methods of containment and treatment:
and reports on major oil spills .

740. Mulkins—Phillips , G.J. and J.E. Stewart (1973).

DISTRIBUTION OF HYDROCARBON—UTILIZING BACTERIA IN NORTHWESTERN ATLANTIC

WATERS AND COASTAL SEDIMENTS.

In: Inpu ts, Fates, and Effects of Petroleum in the Marine Environment.
Back ground in fo rmat ion  for  the Workshop, Ocean Affairs Board, NSF,
A irlie, Va., 21—25 May 1973.

The most probable number method was used in this study to determine
what fraction of the total population of microorganisms could utilize
hydrocarbons as a sole carbon source in the Northwestern Atlantic
marine areas. Hydrocarbon utilizing bacteria are ubiquitous in
Northwestern Atlantic coastline sediments and in adjacent waters.

741. Mulkins— Phi l l ips , G.J. and J.E. Stewart (1974).

DISTRIBUTION OF HYDROCARBON-UTILIZING BACTERIA IN NORTHWESTERN ATLANTIC

WATERS AND COASTAL SEDIMENTS .

Can. J. Microbiol . 20:955—962.

An extensive survey was carried out to aid in understanding the role
of indigenous microorganisms in the removal of oil from Northwestern Atlantic
temperate to arctic marine environments. The presence of hydrocarbon—
utilizing microorganisms was demonstrated in sediments and adjacent
waters taken from Bermuda, Canadian Northwest Atlantic and Eastern
Canadian Arctic marine shorelines. In addition, surface—water
samples (5 m depth) taken at 11 different stations along a transact
between Halifax and Bermuda , with one exception , showed the presence
of significant numbers of hydrocarbon—utilizing microorganisms .
The hydrocarbon—utilizing bacteria present included Nocardia, Pseudomonas,

B—-249



Flavobacter, V ibrio and Achromobacter species. The frac tion of
the total heterotrophic bacteria represented by the hydrocarbon
u t i l i z e r s  ranged up to 100% depending upon the area ’s prev ious his tory
of oil sp i l lage;  the bulk  of the values were less than 10%. The
f req uency of spec if ic hydrocarbon u t i l i z a t i o n  in decreas ing order
was hexadecene— i, prisrane , hexadecane , dibenzothiophrene , anthracene ,
and decalin. The location , numbers , variety and broad capacity
of the microbial hydrocarbon utilizers illustrate their ubiquity and
i n d i c a te  the microbial potential for removal or conversion of oil in the
env i ronm en t s  examined .

742. Mulkins—Phi llips , G.J. and J.E. Stewart. (1974).

EFFECT OF ENVIRONMENTAL PARA~~ TERS ON BACTERIAL DEGRADATION OF BUNKER
C OIL , CRUDE OILS AND HYDROCARBONS.

App l. M i c r o .  2 8 : 9 15 — 9 2 2 .

Mixed microbial cultures , prev iously enriched on Bunker C fuel oil ,
grew on and degraded Bunker C fuel oil at temperatures ranging from
5 to 28°C . At 15°C , 41 to 85% of the benzen e soluble  comgonents
of Bunker C disappeared after incubation for 7 days; at 5 C the values
ranged from 21 to 52% after 14 days of incubation. A Nocard ia sp.
isola ted from a culture enriched on Bunker C oil grew on Venez uelan
crude  oi l .  Bunker C hexadecane and a hydrocarbon m ix ture at
temperat ures of 5 and 15°C . The 10°C decr ease in t empera ture  resul ted
in an average 22 fold decrease in generation time of the bacteria.
Gas li quid  chromatographic  measurements of Venezuelan  and Arabian
crude oi ls  which had been incubated wi th  the Nocard ia  sp showed
significant degradation of the n—alkane portion and the chromatographicall y
unresolved components of the oils. The concentration of elemental
n i t rogen  requi red  to bring about the disappearance of 1 mg of hexadecane
by the Nocardia  sp. was 0.5 mg. The resu l t s  conf i rm suggestons  that
the rate of natural biodegradation of oil in marine temperate—to—
polar zones is probably l imi ted  by low tempera tu res and phosphorus
concent r ~~~ions , but  suggest that  the concen t ra t ions  of n i t rogen
occurr ing na turally ar e probably not r a t e — l i m i t i n g  f a c t o r s .

743 .  Murphy , J .F. and R.W. Stone. (1955).

THE BACTERIAL DISSIMILATION OF NA.PHTHALENE
Canadian Journal of Microbiology . 1:579—588.

Data are presented indicating that the major pathway for the oxidation
of naphthalene by a strain of Pseudomonas occurs via salicylic acid ,
which is further oxidized through catechol to 8—ketoadipic acid .
On the basis of growth , simultaneous adaptation , and cell—free extract
experiments , the following compounds are regarded as unlikely
in te rmedia tes  in naphthalene  d i s s i m i l a t i o n: l , 4—nap h thoqu inone ,
‘- naphthol , ~-naphtho1 , l,3—dihydroxynaphthalene , 2,3—d ihydroxynaphthalene ,
l,5-dih ydroxynap hthalene , ph.aol , trans— o—h ydroxyc lnnamic acid ,
and phthalic acid . Evidence was found that a second pathway of
naphthalene oxidation produces 1 ,2—nap hrheq uinone. 1 ,2—d ihydroxy-.
naph thoquinone. The k,2—n aphthoquinone was not further metabolized
and was found to he responsible for the characteristic brown to
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reddish orange color of the culture medium . Oirtmission of FeCl 2 and
f rom the  basal  med ium p reven ted  the  f o r m a t i o n  of s a l i c y l i c  a c i d

h u t  d i d  not interfere with the production of k,2—naphthoquinon e .

7 ~4. Murp htv , L A . ( l~~7 1)

[NVI i -PINM[NTA !.  EFFECTS OF OIL POLLUTION .

Journa l of Sanir:~ry Engineering , Division Proceedings of the American
Society of Ci vil Engineers , 8221 , 361—371 .

74 5 .  Must on &n , N . and P.  T u l k k i  ( 19 6 9 ) .

TIl E ‘PALVA ’ OIL TANKER DISASTER IN THE FINNISH SW ARCHIPELAGO . IV .
-;O I TuN FA t N A I N  THE OIL POLLUTED AREA .

Aqua . Fenn i ca .  137—141.

Th e c u r r e n t s  i n  the  area of the Kokar archipelago are strong as
can be determined by the bottom quality, the vegetation and the
c & ) f l s i S t e n c V  of the bottom fauna . The actual soft bottom species
ore r e u t r i - t e d  to sheltered placed between islands and to the
deepest opets in the area. The oil from MT PALVA has settled onto
t h e b o t t o m o f t h ~ Koka r archipelago waters to such a small extent
that its o ft ect u cannot he seen in the benthos. This was noted
on the basis of benthos samples taken both three months after the
a c c i d e n t  and d u r i n g  t h e  f o l l owing  summer . The number  of species ,
t h e  biomass and the composition of the species in the area may be
considered norma l for the Archipelago Sea . Traces of the crude
oil were found in sediments In the summer of 1969.

746. M y e r s , E . P .  and C.G. Gunnerson (1976). -

HYDROCARBONS IN THE OCEAN .

MESA Spec ial R epo r~~, U.S. Dept. of Commerce.

~-Ieasu r em en t s  of hy drocarbons in ocean waters throughout the world
;Irt presen ted  to supply baseline information . The data indicate
that most surface and near—surface waters have from 1 to 10 parts
per billion total hydrocarbons . Both biogenic and petroleum hydrocarbons
appear  to be u b i q u i t o u s , w i t h  some indicat ions  of more pe t ro leum
hydrocarbons in astal waters and shipping lanes. A short section
is i n c l u d e d  on the fate of petroleum hydrocarbons in marine organisms
m d  its reported effect.

747. M~ rehof f , R.D. (1 )75) .

ACUTE TOXICITY OF BENZENE , A COMPONENT OF CRUDE OIL , TO JUVENILE
STRIPEI) BASS ( MORONE SAXATILIS ).

1 . F i s h .  Res. Bd. Can. 32(10): 1864—1866.
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The a c u te  t o x i c i t y  of b c n -~e r i t -  t o  I . ~ + O . S — p  j u v e n i l e  s t r i p e d  bass
( Morone s ax a t i l i s  ) was studied in a c e n t  inuous flow laboratory
bioassay sys tem.  At 17.4 C and 29 ppt  s a l i n it y , the  l e t h a l t h r e s h o l d
concentration and the 96—h LC5O for benzene were l0.9~~1/1 iter. The
95~ conf idence in te rva l  was 10.9± 0.2~~1/ 1itcr and the probit line
slope , “ S” , was 1.1. Possible  t o x i c  mechan i sms  are discussed .

748. Nadeau , R.J. and T.H. Roush (1973).

A SALT MARSH MICROCOSM : AN EXPERIMENTAL UNIT FOR MARINE POLLUTION
STUDIES.

Proceedings Joint Conference for the Prevention and Control of Oil
Spills. API , EWPCA , USCG . p. 671—683. Amer. P et r o l .  I n s t . , Was~i. D . C .

Present day bioassay procedures ore inadequate to assess impac t -

of a po l lu tan t  upon the environment. Using a single species tested
under rigid laboratory conditions does not produce ecologically
relevant information.

A salt marsh microcosm was established and monitored to assess
i t s  a p p l i c a b i l i t y  as a water pollution research tool toward determining
the impac t of oil spills upon coastal salt marshes. Growth of the
major grass species was a measure of similarity between a nearby
native salt marsh and the microcosm . No significant differences
in growth were observed in low ( Spa r t i na  a l t er n i f l o ra  )
and high marsh (Spar tina patens and Dis t ichlis ~picata) species
during most of the growing season .

Gas chromotography , ultraviolet and fluroescent spectrop hotomet rv
were  used to moni tor  the f a t e  of oil released into one side of
the microcosm . High boiling range hydr ocarbons probably  of b iogen ic
origin , interfered with quantification by ultraviolet and fluorescent
spectroscopy, but could be separated by gas chromatography for
q u a l i t a t i v e  examinat ion.

Salt marsh microcosms can be eas ily used for stud ying the fate and
effects of pollutants through a program of careful observation and
monitoring .

749. Nadeau , R . J .  and E .T .  Berggnist  ( 1 9 7 7 ) .

EFFECTS OF THE MARCH 18, 1973 OIL SPILL NEAR CABO ROJO , PUERTO RICO
ON TROPICAL MARINE COMMUNITIES .

In :  Proceedings 1977 O il Spill Conference. p. 535—538. Amer. Petrol.
I n s t . ,  Wash.  D .C .

During the early morning hours of Mar ch 18 , 1973 t h e  Greek t a n k e r ,
Zoe Colocotronis  spilled 37 , 000 barrels  of Venezuelan crude  oil
into the coastal waters of southern Puerto Rico. About 24,000
bbl of oil washed ashore at  Cabo , Rojo , con tamina t ing  sandy beaches ,
turtle grass, and rocky shore communities.
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W ithin 48 hours following the spill , dead and moribund invertebra tes ,
representing sever ii d i s t i n c t phyla were be ing deposi ted along the
beach and i n t e r t i d a l  zone. Popula t ion  analysis  of the a f f e c t e d
mangrove prop roo t and s u b l i t t o r a l  t u r t l e  grass ( Thalassia ) communities
revealed marked increases within certain affected population. In
one a rea  (1.0 hectare) the red ( Rhizophora mangle ) and black
( A v i c i n n L a  n i t i t a  ) mangrove trees have defoliated and died during
the three years following the spill. Analysis of the sediments
in th i s  area indicates significant levels of pe troleum hydr ocarbon
residues were present  as of January 1976.

750. Nadeau, R.J. and T.H. Roush (1972).

BIOLOGICAL EFFECTS OF OIL POLLUTION . SELECTED BIBLIOGRAPHY II.

Envi ronmenta l  P ro tec t ion  A gency. Available through NTIS.

This bibliography contains references on the biological effects of
oil including general  aspects , specif ic  spill  incidents , general
effec ts , carcinogenic effec ts , microbial utilizations , and the
e f f e c t s  on birds , f i sh , she l l f i sh, marine and f reshwater  invertebrates ,
plants , and dissolved oxygen.

751. ~age1l , B., M. Notini and 0. Crahn . (1974).

TOXICITY OF FOUR OIL DISPERSANTS TO SOME ANIMALS FROM THE SEA .

Mar .  Biol .  (Ben . ) ,  2 8 ; 2 3 7 — 2 4 3 .

Four oil d i spersan ts  of in te res t  for  practical  use in the Bal tic  Sea
were tested as regards toxic i ty  to animals from the littoral zone
of the same area. The dispersants tested were Corexit 7664 , Berol
TL—l88 , Berol TL—198, all waterbase dispersants , and BP 1100—X ,
an oil—base dispersant. Two species of fish, two species of bivalves
and two species of c rus taceans  were tested . S igni f ican t  d i ff e r e n c e s
in toxicity were found between the water—based dispersants above 1700
ppm. Below this  concen t ra t ion  there  were no si:nificant differences .
The dispersants contain similar surfactants in similar concentrations ,
but differ with respect to types and amount of solvent. Differences
in toxicity to different animal types were found between the water—base
dispersants and the oil—base dispersants. The toxicity of Corexit 7664
was (96 h LC5O approximate values): fish , 1000 ppm ; bivalves ,
2000 ppm; crus taceans , 10,000 ppm . The toxicity order was strikingly
reversed for BP llOO—X: crustaceans , 150 ppm; bivalves, 2000 ppm ;
f ish , 10,000 ppm . This difference in toxicity for different animal
types is suggested to be connected mainly to differences in the chemical
cha rac t e r  of the outer layer of the body surface of the animal.

752. Na tional Academy of Sciences (1975).

ASSESSING POTENTIAL OCEAN POLLUTANTS.
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A Repor t  of the Study Panel on Assessing Po ten t i a l  Ocean Po l lu t an t s
to the  Ocean A f f a i r s  Board. Commission on Na tu ra l  Resources, National
Research Council. National Academy of Sciences , Washington , D.C. 185 pp.

This volume contains a review of the sources and biological effects
of a r o m a t i c  h ydrocarbons .

753.  N a t i o n a l  Academy of Sciences , (1975) .

I n :  P e t r o l e u m  in The Marine  Environment.  Workshop on Inputs ,  Fates,
and the  E f f e c t s  of P e t r o l e u m  in the Mar ine  Envi ronment ,  A i r l i e
House, Airli e, Virginia May 21— 25 1973.

N a t i o n a l  Academy of Sciences , Washington D .C .  pp.  107.

This volume represents the results of a workshop on the inputs ,
chemical and biological fates and biological effects of petroleum
in the marine environment. A section on analytical methods is
included .

734. National Oceanic and Atmospheric Administration (1977).

ENVIRONMENTAL ASSESSMENT OF THE ALASKAN CONTINENTAL SHELF.

Environmental Research Laboratories , National Oceanic and Atmospheric
Administration , U.S. Depar tment of Commerce. 14 Volumes with 2
annual summar ies and a March 1977 Executive Summary.

These volumes con t a in  an assessment  of the envi ronment  of the
Alaskan O u t e r  Cont inen ta l  Shelf , p a r t i c u l a r ly the areas of
proposed petroleum production leases. Numerous studies are included
on the b io logica l  effect of oil pollution.

755. N a t i o n a l  Pe t ro leum Council C o m m i t t e e  on Ocean Pe t ro l eum Resources ,
Legal Group ( 1 9 7 5 ) .

PROTECTION OF THE MARINE ENVIRONMENT .

N a t u r a l  Resources Lawyer , 8 (3) : 5 1 1—543 .

Sources of ocean petroleum pollutants , in millions of barrels !
day and f r a c t i o n s  of the  to ta l , arc es t imated as follows : land—
based a c t i v i t i e s, 6 7 ( 5 4 % ) ;  all vessel activities , 43 (35%);
n a t u r a l  seeps , 1 2( 1 07) ;  and o f f s h o r e  product ion , 2(1%) . LOT
procedures , segregated bal las t  des ign , and the Oil Record Book
are discussed as measures to reduce discharges from vessels. The
minimization of accidental and operationa l discharges from offshore
oi l  e x p l o r a t i o n  and production a c t i v i t i e s  is reviewed . The cleanup
of oil spills and the environmental impact of pe troleum on the
marine environment are surveyed. The structure , administration ,
and accomplishments of IMCO are examined in connection with the
set ting of safety and pollution standards for vessels. The roles
of TOVALOP and CRISTAL in the reimbursement of pollu tion damage
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and cleanup expenses are delineated . The action plan of the
Mar ine Environment Protection Committee is summarized in tabular
fo rm ; an exp lana t ion  of the required ac t ion , previous work ,
and the initial course of action is given for each subject.

/56. Nationa l Science Foundation (1972).

BASELINE STUDIES OF POLLUTANTS IN THE MARINE ENVIRONMENT
AND RESEARCH RECOMMENDATIONS: THE IDOE BASELINE CONFERENCE ,
M i v  .~- .—26 ,__19 7 2 , New York, 1972.

Off ice for the International Decade of Ocean Exploration.

T h i s  volume r e su l t i ng  f rom a three—day workshop in May 1972 con ta ins
an app ra i sa l  of man ’s impact upon the marine environment. Well—
documented , man—induced changes in the composition of seawater ,
of its p lants and animals and of its sediments are summarized.
One chapter  is devoted to petroleum.

757 . Nationa l Security Industrial Association (1975) .

REPORT ON THE RELATIONSHIP BETWEEN THE OFFSHORE PETROLEUM
INDUSTRIES AND THE U . S .  GOVERNMENT .

Petroleum Panel , Ocean Science and Technology Advisory Committee ,
Na tional Security Industrial Association , Washington, D.C . 25 pp.

Th is paper includes recommendations as to which research topics
most critically require exploration in order to unders tand the
e f f e c t  of oil on the mar ine  environment .

758. N e f f , J . M . , J . W .  Anderson. (1973).

UPTAKE AND DEPURATION OF PETROLEUM HYDROCARBONS IN TIlE ESTUARINE
CLAM RAJ’JGIA CUNEATA.

Proc . Nati. S h e l l f i s h .  A s s o c . ,  6 4 : 6 — 7 .

Clams , Rang ia cuneata, were exposed to oil—in—water dispersions and
w a t e r — c o l u b l e  f r ac t ions  of #2 fuel oil and South Louisiana crude
oil or to sea water solutions of specific aromatic petroleum
hy drocarbons . The rate  of uptake of oil hydrocarbons by the t issues
during exposure and rate of depuration when the clams were returned
to o i l — f r e e  sea water was determined by gas chromatographic and
ultraviolet spectrophotometric techniques. 

S

Cl ams rapidly accumulate oil—deri~’c~d n—paraff ins and aromatic
hy drocarbons f rom oil in water  dispersions and solutions . Aromatic
h y drocarbons  are accumulated to a greater extent than n—paraffins
relative to their respective concentrations in the exposure water.
The alk ylna ph tha lenes , 2 meth y lna phthalene and d imethylanaphtha—
lenes were the hydrocarbons accumulated to the greatest extent
f r o m  the o i l — i n — w a t e r  d ispers ions . Following re tu rn  of the clams
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to oil—fr ee sea water depuratlon of all classes of oil hydrocarbons
was very rap id , thoug h d t p uration rate was dependent on the hvdro—
carbon type. N-paraffins were depurated most rap id ly  followed
by napthalene and alkvnaphthalenes . Alkyl benzenes and polycycl ic
aromat i (-s appear to be depurrited most slowly. Depuration is essen-
t ially complete within 1—2 weeks after exposure to oil.

759. Ne ff , J. and .1 .W. Anderson. (1975)

APCP~1l’1AT l ON , RELEASE AND DISTRIBUTION OF BENZOPYRENE—C 1-4

IN THE CLAM RAN GIA CUNEATA.

In: Conference on P r e v e n t i o n  and Control of Oil Sp i l l s,  pp.  4 6 9 — 4 7 1 .

Groups of estuanine clams , Rangia cuneata , were exposed for 24
hours  to syn th~~t ic  seawater conta in ing I: solution 0.0305 ppm
benzo~ pyrene~C

’4. In two experimental exposures , average total
concentrations of benzoupyrene (BAP) in the clam tissues were 7.2
ppm and 5.7 ppm , approximately 200 t imes above the a m b i e n t  level .
The majority of the radioactivity was localized in the viscera
which contains the digestive system , gonads , and heart. The other
tissues analyzed , the mantle , gills , and adductor muscle , and foot ,
each contained 3— 16% of the r ad ioac t i v i t y. When returned to
isotope—free seawater , t~ e clams immediately began to release
the accumulated BAP . After 30 days only 0.07 ppm BAP remained in
the t i ssues .  BAP could not be detected (limits of detection ,
0.01 ppm) in clams maintained in isotope — free seawater for
58 days. During depuration , the distribution of r a d i o a c t i v i t y
in the tissues remained relatively constant. The viscera contained
most of the activity at all sampling times.

760. Neff , J.M. and ~J.W. Anderson. (1975).

ULTRAVIOLET SPECTROPHOTOMETRIC METHOD FOR DETERMINATION OF
NAPFITI-IA LENE AND ALKYLNAPHT HALENES IN TISSUES OF OIL-CONTAMINATED
MARINE ANIMALS.

Bull. Environ. Contamination and Toxicology . l4(l):l22—l28.

The ultraviolet spectrophotometric technique described in this paper
has been used in the loboratory for the paat year in studies of
the accumulation and retention of petroleum hydrocarbons by several
species of marine invertebrates and fish. As little as 0.1
ppm of naphthalene and alkylnaphthalenes have been detected in tissues
without difficulty. The detection limitr in seawater are in the
range of .01 to .05 ppm.

761. Neff , J.M. and J.W. Anderson , 7.A. Cox, R.B. Laughlin , Jr. ,
S.S. Rossi , and H.E. Tatem. (1976).

EFFECTS’ OF PETROLEUM ON SURVIVAL , RESPIRATION AND GROWTH OF MARINE
ANIMALS .
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In: Sources, Effects & Sinks of Hydrocarbons in the Aquatic
Environmen t. Proceedings of the Symposium, American University,
Washin&ton , D.C.  9—11 August 1976 p. 516—539.

Petroleum products vary tremendously in their toxicities to
marine animals. The relative toxicity of an oil is, in mos t cases ,
d irectly correlated to its content of aromatic hydrocarbons .
The most toxic aroneatics are the phenanthrenes . There is a wide
interspecies variation in the sensitivity of marine animals to
pe t ro leum.  Es tuar ine  and ben th ic species are of ten, but not always ,
more tol •rant than oceanic species. Larvae and juveniles are often ,
but not always, more sensitive than the adults. Both resp ira tion
and earl y growth and development of marine animals are a f f e c t e d
by exposure to sublethal concentrations of oils. These sublethal
responses are var iable and in mos t cases are rapidly revers ible
when the animals are returned to oil—free sea water .

762. Neff , J.M., B.A. Cox, D. Dixit and J.W. Anderson (1976).

ACCUMULATION AND RELEASE OF PETROLEUM-DERIVED AROMATIC HYDROCAR-
BONS BY FOUR SPECIES OF MARINE ANIMALS.

Mar ine Biology, 38(3):279—289.

When exposed to oil—contaminated seawater , mar ine animals accumula te
a variety of petroleum hydrocarbons in their tissues. Generally,
the aromatic hydrocarbons are accumulated to a greater extent and
are retained longer than the alkanes. The following species were
tested : Rangia cuneata, Crassostrea virginica, Fundulus similus,
and Penaeus aztecus. In all species tested , accumulation of aromatic
hydrocarbons appears to be dependent primarily on a partitioning
of the hydrocarbons between the exposure water and the tissue
lipids. Binding of hydrocarbons to tissue lipids is by hydrophobic
interactions and not by covalent bonding . Bioaccumulation factors
(tissue:water concentration ratio) increase in proportion to the
increase in mol wt of the aromatic hydrocarbons. When returned to
oil—free seawater , marine animals rapidly release the accumulated
hydrocarbons from their tissues. Release rates are species—dependent.
Shrimp and f ish, which can metabolize aromatic hydrocarbons , release
them more rapidly than clams and oysters, which apparently lack the
detoxifying enzymes. Release of hydrocarbons to background or
undetectable levels requires from 2 to 60 d. The high mol w t

• aromatic hydrocarbons are released more slowly than the low mol
wt hydrocarbons .

763. Nelson—Smith , A. (1967).

OIL , EMtJLSIFIERS AND MARINE LIFE.

J. Devon Trust Nat. Conserv., July (suppl.), 29—33.

764. Nelson—Sm ith , A. (1968).

A CLASSIFIED BIBLIOGRA PHY OF OIL POLLUTION.
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In: Biolo&ical Effects of Oil Pollution on the Littoral
Communi ty .  Supplement  to  Volum e 2 , -1 .D .  Carthy and D.R. Arthur ,
( e d s . ) .  F i e l d  S t u d i e s  Council , U . K.

A bibliography of some 800 entries , 420 of w h i c h  r e f e r  to the
biological ctfects of oil pollution or cleans i ng techniques.

765. Ne1 son—~ mi t h , A .  ( 1968) .

BIOLOGICAL CONSEQUENCES OF OIL POLLUTION ANT) SHORE CLEANSING.

In: The Biological Effects of Oil Pollution on Littoral
Co m m u n i t i e s .  Supplement  to Volume 2o f Field Studies, J.D. Carth y
and D.R. Arthur , (eds.). FIeld Stud ies Council , U.K.

The 1957 ~~~pjco M n r u incident in Baja California , the Torrev
Canyon incident , and several incidents in the Milford Haven oil
p o r t  are compared with regard to their impact on the littoral
orrm~uni tv

76~~. Nelson—Smith , A. (1968).

THE EFFECTS OF OIL POLLUTION AND EMULSIFIER CLEANSING ON SHORE
L I F E  I~ SOUTH—WEST BRITIAN.

J . Appi. Ecol. 5:97—107.

In considering the effects of oil pollution on British shores ,
it is also necessary to consider the effect of the emulsifier cleansing
which in recent years has inevitably followed it. The reported
toxicities of crude oil , emulsifiers and their active constituents
are briefly reviewed . Of three major oil sp ills in M i l f o r d  Haven ,
one in 1962 provided evidence of a marked increase in algal cover
f o l l o w i n g  heavy l impet m o r t a l i t i e s. The most recent , in January
1967 , poll uted shores on which the distribution and abundance
of common plants and animals was well known, so that the immediate
effects could be accuratel y determined . Effects similar in
nature but greater in extent were recorded in Cornwall following
the wreck of the Torrey Canyon in March 1967. Many of the
mechan isms which protect shore animals from natural environmental
extreme s are ineffective against s tranded oil, wh ilst emulsifiers
tend to make it an even greater biological danger.

767. Nel,on—Smith , A. (1969).

MICRO—RESPIROMETRY ANT) EMULSIFIER TOXICITY :

F i e l d  S t u d i e s  Council  O i l  Po l lu t ion  Research U n i t , Ann . Rep.
1969 , U.K.

768. Nelson—Sm ith , A. (1970).

THE PROBLEM OF OIL POLLUTION OF THE SEA .

Adv. M ar. Biol., 8:215—306 .
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A review of ~arine oil pollution including sources , properties of
petro leum , ef fects of oil pollution , and removal of spill oil.

769. Nelson—Smi th , A. (1971).

BIOLOGICAL (SONSEQUENCES OF OIL POLLUTION AND SHORE CLEANSINC.

In: The Ecological  E f f e c t s  of Oil Pollution on Littoral
Communities. E.B. Cowell , (ed.) Institute of Petroleum ,
London pp. 73—80.

770.  N e l s o n — S m i t h , A.  ( 1971).

EFFECTS OF O L L  UN MARINE PLANTS AND ANIMALS.
PP. 273—280

In: Water Pollution by Oil. Institute of Petroleum , London.

Crude petroleum and other heavy oils differ from most substances
that pollute aquatic environments in that they are largely
insoluble and form coherent masses that float on the surface or
become stranded on shore. Damage can thus be caused at a considerable
d i s t a n c e  f rom t h e i r  point  of release. Freshly sp i l t  crude o i l
is chemically toxic; with time its residue has a greatly reduced
tox icity but can still cause undesirable mechanical effects.
Me chanical damage and toxic effects of oil in the field are de-
scribed along with the biological effects of clean—up.

771 . Nelson—Smith , A. (1972) .

EFFECTS OF THE OIL INDUSTRY ON SHORE LIFE IN ESTUARINES.

R. Soc. Lond . Proc., Series B, Vol. 180, pp. 487—496.

(‘rude petroleum and products refined from it may be spilt
at any point from well up rivers to far out at sea. Crude
oil s are moderatel y toxic; some products may be very harm f ul , but
heavy fuel oils are almost inert. Toxic fractions are removed by
weatherIng, but oils spilt around tanker—terminals in estuaries reach
the shore very soon after release. In Milford Haven , sp illages
average some 50 tons per year , - about 0.0001% of the volume handled.
O il which la s not been emulsified rarely penetrates mud or sand
but is trapped on salt—marsh vegetation; annuals and shrubby
perennia is are badly affected , although other perennials recover
w e l l .  On rock y shores , grazong molluscs may be killed , espec iall y
if aromatic—based emulsifiers are used to remove the oil. This
permits the widespread growth of seaweeds , with repercussions on
rher shore life. Repeated sou ls may gradually eliminate some

gastropods. Chronic pollution by oil in low concentrations can
gravely damage salt—marsh and produces detectable effects on rocky
shores. Speed is essential in dealing with a spillage ; the most effective
t reatment is dIspersal with emulsifiers and this is best done
before the slick becomes stranded. Oiled shores should be left alone
whenever possible; mechanical removal is preferable to spraying.
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772. Nelson—Smith , A. (1973) .

OIL POLLUTION AND MARINE ECOLOGY.

Plenum Press , New York , 260 p.

Rev iew of the inputs , fate , and effects of petroleum and disper—
sants in the marine environment. Extensive bibliograp hy.

773.  N eushul , N .  (1970) .

EFFECTS OF POLLUTION ON POPULATIONS OF INTERTIDAL AND
SUBTIDAL ORGANISMS .

Paper presented at: Santa Barbara Oil~ ~~~osium, Santa
Barbara, December 17, 1970, p. 165—172.

The author partici pated in 3 pollution studies on the California
coast .  The f i r s t  deal t  w i t h  the  e f f e c t s  of discharged wastes on
kelp, the second with the effects of an oil pollution incident;
both of these stud ies were sponsored by the State Water Quality Control
Board.  The third study deal t with the amounts and distribution of
of oil and the initial effects of the Santa Barbara Oil Spill
(1970). The results of each of these and related studies
are discussed and the implications of this overview are considered .

7 7 4 .  New England N a t u r a l  Resources Center (1975) .

GEORGES BANK CONFERENCE: MARINE ENVIRONMENTAL ASSESSMENT NEEDS
ON THE GEORGES BANK RELATED TO PETROLEUM EXPLORATION AND DEVELOPMRNT.
PROCEEDINGS OF A CONFERENCE AND WO RKSHOP AT BENTLEY COLLEGE,
WALTHAM, MASSACHUSETTS , 20 — 22 May 1975.

A projec t of the New Eng land Na tu ra l Resources Cen te r .
Sponsored by the Bureau of Land Management , U.S. Department of the
I n t e r i o r .  187 pp.

The purpose of this conference was to assess the state of knowledge
in the Georges Bank area of the Nor th  A t l a n t i c  O u t e r  Continental
Shelf and provide recommendations for baseline and monitoring
research efforts -in that area . The findings of workshops in biolo-
gical , chemical, geolog ical , and physical oceanography are reported
as well as transcrip ts of plenary sessions.

775.  Nicholson , N . (1972) .

THE SANTA BARBARA OIL SPILL IN PERSPECTIVE.

Cal i f . Coop. Ocean. Fish. Invest. Rep. , 16:130—149.

This repor t describes long—term trends in the littoral community
of the Southern California coast , pr imarily in terms of the algae;
and also describes the observed effects of crude oil. It concludes
that there is a developing ins tability of associa tion of macroalga e
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poss ibly due to altered air and water chemistry since the turn
of the century. The observed effects of crude oil was primarily
mechan ica l .  I t  is noted that chronic presence of oil (Coal Oil
Point) in the intertidal zone produces a beach with fewer plant species ,
hut those that can tolerate or evade the e f f e c t s  of crude oil
are  h ighly  abundant .

776. N icholson , N. and R.L. Cimberg. (1971).

THE SANTA BARBARA OIL SPILLS OF 1969: A POST-SPILL SURVEY OF THE
ROCKY INTERTIDAL , PP. 325—400.

In: BIOLOGICAL AND OCEANOGRAPHICAL SURVEY OF THE SANTA
BARBARA CHANNEL OIL SPILLS, 1969—1970. D. Straughan , (ed.)
Allen Hancock Foundation, Univ. of Southern California, Los Angeles .

This report of a survey of the Southern California intertidal
from a 13 month period concludes that changes in the
Intertidal canal by the oil spills are difficult to distinguish
from those caused by other factors. A baseline survey however ,
was established for this coast oil for the channel islands.
A decline was noted in macro algae species in comparison to a survey
conducted ten years previous to the present survey .

777. Nicol , J.A.C., W.H. Donahue, R.T. Wang, arid K. Winters (1977).

(:uEM rJ:M, COMPOSITION AND EFFECTS OF WATER EXTRACTS OF PETROLEUM
ON EGGS OF THE SAND—DOLLAR MELITTA ~~ INQUIESSPERFORATA.

Mar. Biol. (Berl.) ~O 309—316.

Sperm and eggs of sand dollars. Melitta j~~ nouiesperforata
(L.-ske) , were subjected to two petroleum oils , and effects
determined. The oils chosen were Kuwait crude and No. 2
f uel oil , supplied by the American Petroleum Institute. Wate” —
soluble extracts (WSF) from oil—sea water mixes were prepared
and the major aromatic components in the WSF of the fuel
oil were identified . WSF of No. 2 fuel oil depressed respiration ,
mobility of sperm, interfered with fertilization and cleavage
and retarded larvel development. The effects were detectable
at dilutions of 4S 5~ and less (about 0.6 ppm of WSF). Kuwait
crude was much less toxic. There was no effect on water
permeability of the egg membrane . Results are compared with
similar studies on other marine organisms .

778. North , W.J. (1973).

POSITION PAPER ON EFFECTS OF ACUTE OIL SPILLS .

In : Inputs, Fates and Effects of Petroleum In the A~~~~tic
Environment, Background Information for the Worksh2.~~ Ocean
Affa irs Board, NSF. Airlie , May 1973.
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The author review s several spill incidents and notes  that there
is little reported long term damage to impacted ecosystems . He
then presents more specific information on the Tampico
Uaru spill in Baja California , concluding that ecological change
Inc to oil spillage may re juire very long recovery periods sinc e
the area alter 15 ~‘ears is still in the process of recovering .

779. N rth , W.J., N. Henshal and K.A. Clendemning . (1964).

SUCCESSIVE BIOLOGICAL cIIAN ;ES OBSERVED IN A MARINE COVE EXPOSED
TO A LARGE SPILLAGE OF MINERAL OIL.

l ot .  Comm. Sci. Expl. Me ’dit. Sea , pp 335—354 .

This  ae~~ic1e r epo r t s  the biological  consequences of the oil
poliu~ ioa r e s u l t i n g  f rom the  ‘larch 29 , 1957 wreck of the
“Tampico Maru ’ in a small cove on the coast of Baja  C a l i f .  The
o il escaped over a per iod of e i g h t  months  as the tanker  broke
up. The tanker and its subsequent wreckage drastically
changed the surf patt ern in the cove, as well as flood ing
the cove with oil. -~-ome of the biological changes caused by the
w r e c k  persist seven vear~ a f t e r  the event.  Most of the d ra s t i c
mortality seems to be associated wi th  the oil i t s e l f , in as much
as (1) many animals were found dead outside e)f the cove where
surf remained normal (2 )  spray zone appeared norma l w h i l e
w a t e r  zones were  devas ta ted , (3) An tIi cp1~~ir~~~~leura , an invertebrate

~tiow n to be resistant to the effects of oil , remained
abundant. (4). laboratory results indicates that .1% oil
emulsions in seawater adversely affected kelp photosynthesis
and t l i ~- ability of urchins to grasp substrates and (5) emulsions
of at least five concentrations were prevalent at the site.

780. Nuzzi , R . 1973.

EFFECTS OF WATER SOLUBLE EXTRACTS OF OIL ON PHYTOPL4~NKTON.

In: Conference on Prevention and Control of Oil Spills. pp.
‘)9—l~i4. Amer. Petrol. Inst., Wash., D.C.

This paper presents evidence indicating that soluble
c o nst i t u e n t s  of N o .  2 f u e l  oil are toxic to phy toplankton
c u l t u r e d  ax on i c a l l y  and a l s o  ex e r t  an e f f e c t  on n a t u r a l
p i y t o p l an k t o n  popu la t i ons .

781. Ocean A t fairs Board , N,-itional Academy of Sciences (1973).

BACKCROt’NI) PAPERS FOR ,\ WORKSHOP ON INPUTS , FATES AND
EFFECTS OF PETROLEU M I N THE MARINE EN7IRONMENT.

~o lu n e s I and II. OSB , NAS .

These volumes are composed of background papers for the
conference. The articles on biological effects of oil
pollution are entered ‘; ‘iarately in this bibliography .
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7-~2 . Oc eanograp hic Commission of Washington (1974).

A (; )Ml ENI ) I U M OF CURRENT ENVIRON 1’~~NTAL STUDIES ON PUGET

~t ) l J NI )  AND NORTHWEST ESTIJARINE WATERS.

P a c i f i c  N o r t h w e s t  4ea. 370 pp.

This reference tool is a d e s c r i p t i v e  record of 1974 marine
research conducted in Puget Sound , Washington coastal waters ,
and related estuaries. Over 250 studies are comprehensively
summarized . Arranged in fourteen major research categories , these

~~~ J summaries are also indexed by investigator , subject ,
geographical area , and both sponsoring and performing organization.
Marine science disciplines treated include such areas as:
Physical , Chemical , and B i ological Oceanography; Fisheries—Pollution
and Water Quality ; Marine Bio—systems and Ecology; Engineering and
Technology; (oa.stal Zone Management. Provides the user with the
knowl ed ge of who is doing what research , where , when and for
whom.

783. O ’Conno r , R . ( 1967) . -

THE TORREY CANYON . A CENSUS OF BREEDING AUKS IN CORNWALL.

Seabird Bulletin , 4 , 38—45.

784. Oda , A . (1969).

LABORATORY EVALUATION OF CHEMICAL OIL DISPERSANTS.

In: Proc. Joint Conference on the Prevention and Control
of O i l  Sp i l l s .

( A P I / E P A / U S C G ) ,  New York , N Y . pp.  193—197. Amer .  Pe t ro l .
I n s t . ,  Wash . , D . C .

This paper describes some of the methods which can be used to
(valuate chemical oil dispersants in order to obtain some pre—
l im inary data related to their effectiveness as dispersants and
problems  tha t may result from their use. Most of the techniques
are quite simple and can be done fairly rapid ly in the laboratory.
Some of these  were borrowed f rom the s tandard  procedures employed
in water and waste water treatment practices and include jar
te~ ts , bioassays , oxygen uptake measuremen ts , and threshold odor
determinations . Data received from these tests may be of some
value in situations where a selection of a suitable dispersant
m j~,t be made on the basis of only limited knowledge and experience.

785. Odham , (;. (1971) .

CLEANING AND REHABILITATION OF OILED SEABIRDS.

In: Proc . Joint Conf. on Prevention and Control of Oil

~j ifls, 1971. (API/EPA/USCG ) pp. 453—456. Amer. Petrol.
Inst., Wash. D.C.

B— 26 ~



When deterg ents are used to wash oiled seabirds , the natural feather
wax is removed , as the solubility and emulsify ing properties of
the contaminating oil and feather wax are almost identical.
I)ue to the importance of wax in maintaining water repellency and
heat insulation , no seabird can be returned to its natural
environment until the wax has been replaced in one way or
another. Attempts at accomplishing this with various synthetic
“unit waxes” have been made , but were unsatisfactory; overdoses
were given, resulting in a plumage with the same properties as
the original oiled plumage. To overcome this problem , a
new cleaning agent was formulated: Larodan 127, which consists
of a crystalline dispersion of hydrophilic li p id crystals in
water with unit wax embedded in the crystal matrix .

786. Ogata , N. and Y. Miva ke (1973) .

IDENTIFLC~TION OF SUBSTANCES IN PETROLEUM CAUSING OBJECTIONABLE
ODOUR iN FISLI.

Water Research , 7(10): 1493—1504.

Seawater , industrial wastes , and fish and eels kept in the
sea or industrial waste for a certain period were analyzed
to identify substances causing an offensive odor in fish from
the  sea ad jacen t  to petroleum and petrochemical industries .
Gas chroma tography , UV and IR absorption spectra , and the
mass spectrum were employed . Toluene imparts the offensive
odor to fish near Mizushima , ~Japan. Aromatic hydrocarbons
(benzene and o— , m— , and p—xylene) other than toluene
and some aliphatic hydrocarbons ar e also probable substances
that impart an offensive odor to fish. Gasoline rich in olefine
imparts offensive odor to fish more than gasoline rich
in paraffin or naphthene.

787. Ogata, N. and T. Ogura . (1976).

PETROLEUM COMPONENTS AND OBJECTIONABLE MALODOROUS
SU BSTAN C E S IN FISH FLESH POLLUTED BY BOILER FUEL OIL.

Wa ter Res. 10(5): 407—412.

Green fish (Girella punctata ) and eel (Angulla rostrata)
were reared i.n two types of artificially oil—polluted test
d ilutions for the purpose of measuring the petroleum
substances infiltrating the flesh. One test dilution
contained untreated mineral oil and the other te at dilution
contained r sidue minera l oil alter chemical treatment.
Vapors from fish flesh samples were analyzed by gas
chromatograph y. Unsaturated aliphatic hydrocarbons and some aromatic
hydrocarbons were revealed as sources of the repugnant odor.

B— 264

- — --~ —
-~~~~



788. Ogata, M., Y. Mivake, S. Kina, K. Matsunaga and M . Imanaka
(1977)

TRANSFER TO FISH OF PETROLEUM PARAFFINS AND ORGANIC
SU LFUR COMPOUNDS.

Water Research , 11 p. 333—338.

In a s tud y of the uptake  of petroleum products  by f i sh ,
laboratory tests followed by gas chromatography demonstrated
absorp tion of pa ra ff  ins , organic sulfur compounds and
hydrocarbons by eels after exposure to Arabian Light Crude
oil. Analysis of eel flesh indica ted straight and branched
chain paraff ins in the Cl3 , Cl4 and Cl5 groups but no chromatographic
peaks indicating n—alkanes. Paraffin Cl3—C15 groups increased
with duration of rearing time in eel flesh. The results
indicated that organic sulfur compounds having relatively
low boiling points in oil—contaminated water can transfer
to eel flesh and will increase with length of exposure.
Aromatic hydrocarbons were also present in oil treated eels , the
concentration ratios descending in the order of toluene
m—oip—xylene o—xy lene and benzene. An obnoxious odor was detected
in eels exposed to petroleum for 1, 3, 7 and 15 days.
This experiment demonstrated that crude oil organic sulfur
compounds t ransfer  from water to fish and therefore organic
su l fu r  compounds in fish may be used as an indicator o~ oil
pollution.

789. Ogren, L. and J. Pearce. (1968).

OIL POLLUTION - A THREAT TO MARINE RESOURCES AND RECREATION .

Underwater Naturalist, 5(2) :6 .  S

The authors were called to San Juan, Puerto Rico, on March 7 ,
1968, to assess the damage caused by the sinking of the tanker
Ocean Eagle. Only limited amounts of detergents were used , and
the damage ti pelagic and bottom—dwelling fish seemed to be
slight.

Heavy coatings of oil can directly interfere with the respiration of
many intertidal organisms. Large areas heavily polluted by oil
tend to become anaerobic; often as the result of activity of in-
creased numbers of bacteria which can feed on the oil.
Petroleum products may also be directly toxic to both marine flora
and fauna. Where oil covering is heavy or tarry , various animal
species may starve. Aquatic birds are especially suceptible
to oil pol lut ion as they may be killed or have their  f l ight
inhibited by surprisingly small amounts of oil.

Topograohical and geological features of coastlines may be
altered by heavy oil pollution. Many beaches are rendered useless
F or recreation by oily residues. Residues may foul fishing lines,
nets , boa t hulls , and other marine gear .
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The use of emuls i f i e r s  to disperse the oil ac tua l ly causes
more problems than it solves, as these emulsifiers may be
l e tha l  to mar ine  organisms in concent ra t ions  small as .01
ppm. Cleanup methods by mechanica l  means are more des i rable
bio logica l ly , bu t  are f r e q u e n t l y  i n e f f i c i e n t  and co s t l y .

79 4 .  Oguri , M. and R. K a n t e r .  (1971) .

PRIMARY PRODUCTIVITY IN THE SANTA BARBARA C HANNEL.
pp.  17—48.

In:  Biological and Oceanograp hical Survey of the  Santa
Barbara Channel Oil Spill. D. Straughan , (ed.). Allan
Hancock Foundation , University of Southern California .

The p r o d u c t i v i t y  of the Santa Barbara Basin is the resul t  of a number
of f a c t o r s .  Pa t te rns  of seasonal enrichment of the waters  and the
resultant increase in population of phytoplankton and their
p r o d u c t i v i ty  rely upon currents  for  d i s t r i b u ti o n .  The cu r ren t s
also i n t e r a c t  with shores , producing upwelling and current.~
and eddies t ha t  can resu l t  in holding a popu la t ion  in f e r t i l e  areas .

There is no conclusive evidence from this study of any major effec t
on phytoplankton that can be attributed directly to the
presence of oil in the environment. The use of d ispersants,
however , may resul t  in marked reductions in product iv i ty . The
longevi ty  of any such e f f e c t  would depend on the cur ren t s  and ra te
of d i l u t i on , as well as the type and quan t i t y  of the d i spersants .

791. Ol ivieri, R., et al. (1976).

MICROBIAL DEGRADATION OF OIL SPILLS ENHANCED BY A SLOW—RELEASE
FERTILIZER.

Appl .  Env. Mic rob ia l . ,  3 l ( 5 ) : 6 2 9 — 6 3 4 .

The improved cleanup of marine  oil spills by s t imula t ing  biodegradation
th rough  the use of a slow—release f e r t i l i z e r  is reported . A p a r a f f i n —
supported f e r t i l i z e r  containing MgNH 4PO4 as act ive ingredient  was
developed and evaluated in laboratory and field experiments using
quantitative infrared spectrometry and chromatographic techniques.
The biodegradat ion of Sarir crude oil in the sea was considerably
enhanced by p a r a f f i n — s u p p o r t e d  f e r t i l i z e r .  A f t e r  21 days 63% had
disappeared as compared to 40% in the control area .

792.  Olla , B . L .  and C. Same t (1974) .

BEHAVIOR OF MARINE ORGANISMS AS A MEASURE OF PETROLEUM CONTANINATION .

In :  Marine Environmental  Imp lications of O f f s h o r e  Oil and Gas
Development in the Baltimore Canyon Region of the Mid—Atlantic
Coast .  Proceeding s of the  Estuar ine Research Federation Confe rence
and Workshop. Estuarine Research Federation , p. 437—450.
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This a r t i c l e  reviews the l i t e ra tu re  on the behavioral  e f f e c t s  of
p ot ro leum pol lu t ion  wi th  an emphasis on using behavior as a bioassay
of oil con tamina t ion .  Subjec ts  covered include behavior as
a measure of s t ress , reproduc t ion , feeding , a c t i v i ty  and spontaneous
movement , rh y thms  of a c t i v i ty , migrat ion , schooling , aggression
and p reda t ion .

793. O ’Ne ill , T.B. (1973) .

BI ODEC RE DAT I ON OF OIL IN SEAWATER FOR MARINE POLLUTION CONTROL .

U . S .  Naval Civil  Engineer ing  Labora to ry ,  Port Hueneme , Calif .
Annual  Repor t  3. 17 pp.  ( R e f .  Order No. HD — 7 6 3—342) .

Hydrocarbonoclas t ic  microorganisms were isolated from local
beaches and secured from the American Type Culture Collection .
The ability of pure and mixed cultures to degrade marine diesel ,
Bunker C fuel , and cr ude oil was investigated . Mixed cultures are
much more active than pure cultures. The additions of organic enrich-
ment (e.g. yeast extract), inorganic salts (nitrates and phosphates),
and aeration were highly beneficial.

Also see: O ’Ne i l l , T .B.  (1977) “The Biodegradation of Oil in Seawater
fo r  Naval Pol lu t ion  Control” . U . S .  Naval Civil Engineering
Laboratory ,  Port  Hereneme , C a l i f .  July 1977 .  92 p. Available f rom
National Technical Information Service. AD—A042 375/6SL .

794 . Onuf , C . P .  ( 1973) .

AN ANALYSIS OF THE MAIN SCIENTIFIC PAPERS DEALING WITH LONG—TERN ,
LOW—LEVEL EFFECTS OF OIL POLLUTION .

In:  I n p u t ,  Fates,  and Effects of Petroleum in the Aquatic Environment.
Background Informat ion  fo r  the Workshop . Ocean A f f a i r s  Board ,
N . S . F . ,  A i r l i e,  VA. 21— 25 May 1973.

Papers on field studies of oil f ield s , f ield studies of r e f inery
wastes , f ie ld s tudies  of natural  seeps and laboratory studies of
sublethal e f f e c t s  are discussed . It  is concluded that demonstrable
e f f e c t s  of chronic pol lut ion are of ten  associated with concentra tions
tha t approach acutely toxic levels, that off—shore oil production
areas apparen t ly  have little impact on the biota , that no respec table
f i e ld  experi-nents  on estuarines have been repor ted , and that ref iner ies
ar e likely to cause biological damage , but prediction of its
seriousness is impossible.

795. Onuf , C.?. (1973).

THE BIOLOGICAL AND ECOLOGICAL EFFECTS OF OIL POLLUTION IN TROPICAL
WATERS, AN ANNOTATED BIBLIOGR APHY.

National Technical Information Service PB—248—899.
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The bibliography contains 112 re fe rences  to biological and ecological
e f f e c t s  of oil pol lu t ion in t ropica l  waters  with some involving
ef fec ts in colder , high altitude waters. Formal annotations are
supp lemented by comments made by the compiler .

796. Oppe nhe imer , C.H. , W . Gunkel, and G. Gassmann (1977).

MICROORGANISMS AND HYDROCARBONS IN THE NORTH SEA DURING JULY-AUGUST
1975 .

In: Proceedings 1977 Oil  Spill Conference.  p.  593—609. Amer.
Petrol. Inst., Wash., D.C.

The 1975— 1976 Nor th  Sea Oil Ecology Inves t iga t ion  is designed to
~ietermine the dynamics of oil pollution in the North Sea and to
serve as a baseline study at the start of the rather extensive oil
exploitation of the seabed of the North Sea. In designing
the experiment , particular attention has been paid to the
1974—1975 research e f f o r t  of the Gulf Universit ies Research Consor-
tium directed towards determining the effect , if any , of o f f s h ore oil
exploitation in Louisiana on the area ’s ecology . As a result ,
bo th projec ts address the di stribution of hydrocarbons and the ir
possible concentration in the water , sediment , and l iving organisms ,
and the determination of the rates of degradat ion and e ff e c t  of
hydrocarbons on the food web . Preliminary analyses and s tudy of
cruise data taken in the Nor th Sea during July—A ugust 1975 indicates
that there appears to be a tendency for higher numbers of microorganisms
to be associated with the most active oil field , “Ekofsk” ; there
is also some indication of mucrobial response to o u t f l o w  from the
Elbe River . The uniform low levels of hydrocarbons in the sed iments
suggest that microorganisms are active as shown by ratios of
higher hydrocarbon bacteria to heterotrophs in the “Ekofsk” area .

797.  Orton , J .H.  (1925) .

POSSIBLE EFFECTS ON MARINE ORGANISMS OF OIL DISCHARGED AT SEA.

Nature , London, 15:910—911.

An early paper which supports the view that oil is of no ecological
consequence.

798. O ’Sullivan , A .J. and A.J. Richardson. (1967).

THE TORREY CANYON DISASTER AND INTERTIDAL MARINE LIFE.

N at u r e , 214:448—452 and 541—542.

On March 18, 1967 , the tanker Torrey Canyon ran aground on he Seven
Stones reef off Land ’s End . A t least 60,000 tons of crude oil has
since been released . In mopping up, large quantities of detergent
have been used to emulsify the oil. The effects of the oil and
detergent on the inter t idal  marine l i f e  have been examined at two
areas of the Cornish coast. The report paints a dismal picture.
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799. Ottway , S. (1971).

THE COMPARATIVE TOXICITIES OF CRUD E OILS.

In: The Ecological Effec ts of Oil Pol lut ion on L i t t o r a l  Conmiunities.
E.B. Cowell , (ed) pp. 172—180.

A descr ipt ion is given of preliminary work to i nves t iga t e  the re la t ive
toxicities of different crude oils and to establish any correlations
between tox ic i ty  and physical or chemical proper t ies  of the oils.
Toxicity was found to vary with temperature , but not in a consistent
way for all oils. As a general rule, toxicities of oils with a high
percent distillate boiling below 149°C are  lower at the hi ghest
temperature. No clear—cut correlations of toxicity with chemical
composition data are immediately apparent , although certai~ tendenc ies
are Indicated . Crude oils were found to vary in the light they transmit.

800 . Ottway , S .M .  (1971) .

THE “THUNTANK 6” Spill.

In: Field Studies Council,  Oil Pollut ion ResQarch Uni t ,  Oriel ton
Field Centre,  Annual Repor t  1971.

The e f f e c t  of the oil sp ill created by the grounding of Thuntarik 6
was examined . Very little biological damage occurred , this being
a t t r ibu ted  to the e f f ic iency  and success of emulsif y ing operat ions .
Where oil did come ashore it was treated with low toxicity emulsifier
or removed mechanically. The mos t noticeable biological effec ts
were the mor ta l i t ies  of Patella vulgata and of gan ar id crus tacea
in rock pools. Some algae were observed to be turning white. No
great changes in abundance of any of the dominant intertidal fauna
or flora were apparent.

801. Pancirov, R.J. and R.A. Brown (1975). 
-

ANALYTICAL METHODS FOR POLYNIJCLEAR AROMATIC HYDROCARBONS IN
CRUDE OILS, HEATING OILS, AND MARINE TISSUES . pp. 103—113.

In: Proceedings 1975 Conference on Prevention and Control of
Oil Pollution. American Petroleum Ins t i tu te, Washington , D . C .

This paper pr imarily covers the first phase of a project to
demonstrate analytical methods in their ability to measure
individual polynuclear aromatic hydrocarbons in typical petroleum
oils and marine animal tissues. The study of petroleum
oils is complete as described herein. Work on marine tissues is
in its initial s tage as an analytical method and is shown to be capable
of measuring benz(a)anthracene and benzo(a)pyrene when added to
clams at the 5 parts per billion (ppb) level. Evaluation of results
indicate a detec tability of 1 ppb .
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802. Paradis , M. and R.C. Ac~ m a n .  (1975) .

DIFFERENTIATION BETWEEN NAT U RA L HYDROC ARBONS AND LOW LEVEL DIESEL
OIL CONTAMINATI ON I N  COOKED LOBSTER MEAT .

J .  Fish Res . B d . ,  C a n . ,  3 2 ( 2 ) : 3 l 6 — 3 2 0 .

A combin- it ion of total lipid extraction , column chromatography
and tempera tu re—programmed gas chromatography was requi red  to de-
monstrate disputed low level diesel oil contamination in oked
lobster meat. A spec ific diesel oil contaminant was indicated but
identifiable components were not greatly in excess of the same
compounds which were also found to be a normal background in
organo lep tically accep table canned lcbs ter mea t.

803. Parker , B.L. and J.D. Brammer (1975).

EFFECTS OF CHRONIC OIL CONTAMINATION ON AQUATIC DIPTERAN S . A
STATE OF THE ART REPORT . -

Government Reports Announc ements 7 5(2):l17

A literature search was conducted to prepare a state—of—the—art
review and to determine research needs on petroleum pollution in
aquatic environments. Oil contamination of marine and freshwater
habitats was reviewed . Sources of petroleum pollution in Lake
Champlain were stressed . The biological  (toxic , behavioral and
physiological) effects of oil contamination on marine and aquatic
organisms were examined with emphasis on aquatic stages of mosquitoes .
Fluroescence spectrophotometry, mass spec trometr y ,  and gas chroma-
tography were discussed as methods useful in detection of
petroleum fractions in water . GLC was the most widely used method
for  bo th qualitative and quantitative analysis.

804. Parker , C.A. (1971) .

THE EFFECT OF SOME CHEMICAL AND BIOLOGICAL FACTORS ON THE DEGRADATION
OF CRUDE OIL AT SEA , pp. ‘37— 244.

In:  P. Hepple , ( ed . )  Water ‘ol lut ion by Oil. I n s t i t u t e  of Petroleum,
London.

This paper outlines some possible routes by which crude oil at
sea may be degraded and desr~ribes some experiments designed to
investigate three of these routes , namely, solubil ity and dispers ion,
consumpt ion by zooplankto~i and photochemical oxidation.

805. Parker , P.L. (1974).

EFFECTS OF POLLUTANTS ON MARINE ORGANISMS.

Nationa l Science Foundation . Reproduced by NTIS. 45 pp.
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This volume summarizes the deliberations of a workshop meeting
of The Effec ts of Pollutants on Marine Organisms Program . Research
focused on determining sublethal  e f f e c t s  of low levels of chemical
pollutants , including petroleum. Hydrocarbons are broken down
into low and high molecular we ig h t s .  Ex tens ive  bibl iog.

806 . Parker , P . L . ,  J . D .  Brammer, ~~~~~ Whalon , and W . O .  Berry (1976) .

CHRONIC OIL CONTAMINATION AND AQUATIC ORGANISMS ~ 1TH EMPHASIS ON
DIPTERA : STATUS AND BIBLIOGRAPHY .

W a t .  Resour .  B u l l . ,  La. , 12 291—305.

807. I ’ ar k e r , P . L . ,  K.  Win t e r s , C. Van Baalen , J .C .  Ba t te rson  and R . S .
Sca lon  (1976) .

PETROLEUM POLLUTION : CHEMICAL CHARACTERISTICS AND BIOLOGIC AL
EFFECTS .

In: Sources, Effects and Sinks of Hydrocarbons in the Aquatic
Environment. Proceedings of the Symposium American University
Wash ington D.C. 9—11 August 1976.

Water  soluble f r ac t ions  of four crude oils were prepared . The
rates of solution and mixing for various components of this fraction
were measured . The ef fec ts of isolated components were tes ted
on microalgae. Biologically active fractions were isolated which
a f f e c t growth ra te  of the algae. Hydrocarbon acted of the waters ,
sediment and b iota  of the South Texas Outer Continental Shelf
were measured . Little petroleum derived hydrocarbons were
found with the exception of neuston , which contained pelagictar .

808 . P a r r a ck , J .D .  ( 1967 ) .

NOTES ON THE TREATMENT AND REHABILITATION OF OILED SEABIRDS.

Seab ird Bulleti’ , 3, 18.

809. Par rack , J . D .  (1967) .

THE WRECK OF OILED BIRD S IN THE NORTH—EAST EARLY IN 1966.

Seabird Bulletin , 3, 12—16 .

810. Parslow , J.S.F. (1967).

CHANGING STATUS AMONG BREEDING BIRD S IN BRITAIN & IRELAND .

Br. Birds 60(2—46):l77—202.

Decreased numbers in many colonies of guillemots in the U.
K. from 193~ to 1945 are thought to be due to excessive oil
pollu tion at sea during World War II. Many thousands of
guillemo~ s are killed by oil pollut ion each year , and this
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is probabl y the main cause of their decline in the south of
England . Oil pollution may be to blame for decreased numbers of
puffins at some colonies also.

811. Payne, J.F. (1976) .

FIET D EVALUATION OF BENZOPYRENE HYDROXLYASE INDUCTION AS A
MON tOR FOR MARINE PETROLEUM POLLUTION.

Science , 191(4230) :945—946.

Fish from petroleum—contaminated sites in the marine environment
have elevated levels of benzopyrene hydroxylase activity
in liver and gill tissue . This sublethal response appears to be
a pract ical  biological monitor for  marine petroleum pollution.

812. Payne , J .F .  (1977) .

MIXED FUNCTION OXIDASES IN MARINE ORGANISMS IN RELATION TO PETROLEUM
HYDROCARBON METABOLISM AND DETECTION .

Mar. Poll. Bull. 8 pp. 112-116.

Several phyla from the coastal Northwest Atlantic were investigated
for mixed function oxidases. Enzyme activity was related to
hydrocarbon metabolism and detection in the marine er-~ironment.
The major oxidase considered was aryl hydrycarbon hydrobylase
(AHH). A}IH was not detectable in some marine organisms ; enzyme
act iv i ty  may be related to phy logeny . The ability to respond to
pollutant hydrocarbons by Al-UI induction is not a universal
response fo r  organisms possessing AHH . There was some subs tra te
specif ically in the MPO induced by petroleum in fish. Several
MFO activities were examined but only AHH appeared as a useful
enzyme monitor for petroleum . No invertebrate so far examined
for MFO can be considered a useful monitoring species.

813. Payne , J .F .  and W.R. Penrose. (1975).

INDUCTION OF ARYL HYDROCARBON (BENzO(ALP HA ) PYRENE) HYDROXYLASE IN FISH
BY PETROLEUM.

Bull. Environ. Contamination and Toxicology . 14(1):ll2-ll6.

The existence of inducible aryl hydrocarbon hydroxylases (AHH) in

• f ish may provide a convenient means of assess ing prev ious exposur e
to petroleum or other products  containing polycyclic aromatic h y dro—

5 

carbons. Brown t rout  were collected from a lake on the Avalon
Peninsula of Newfoundland that appeared to be unpolluted , and fr om
a lake in the city of Saint John ’s which is considered to be
pol luted by oil and other contaminants.  Capelin were collected
at the seashore. S ign i f i can t  increases in the spec i fi c  activity
of liver AH1-1 were observed with 17 d in t rou t  and capelin.
Specific activities of liver AHH of trout from clean and “pollu ted”
lakes were significantly different , indicating that environmental

B—272

5— ~~~~~~~~~

~i~1 5- 
S .



factors are reflected in the enzyme levels. Whether these
f ac to r s  consist of , or include , oil contaminat ion  is d i f f i c u l t
to prove in f ie ld measurements.  The fish from the “polluted”
lake had a strong and d i s t i nc t l y  o i l y  tas te .  The f luo rescence
extractable from the sediments was much greater in the ‘polluted” than
in the control lake, and the pattern of blue fluorescence was dis-
tributed unevenly over the length of the thin— l~ ver chromatograms ,
similar to chromatogram s of whole crude oil. The clean pond
sed iments yielded a weak blue , narrow band near the solvent
f r o n t .  All sed iment ex t r ac t s  showed a band of orange f luorescence
at the origin which was not present in crude oil.

814. Pearce , J .B .  (1974) .

BENTHIC ASSEMELACES IN THE DEEPER CONTINENTAL SHELF WATERS OF THE
MIDDLE ATLANTIC BIGHT .

In: Marine Environmental Implications of Offshore Oil and Gas
Development in the Baltimore Canyon Region of the Mid—Atlantic
Coast. Proceedings of the Estuarine Research F, Ieration Conference
and Workshop . Estuar ine Research Federation . ~j7~ 3lS.

This ar t icle  reports  the resul ts  of those cruises to examine
the benthos of the continental shelf waters outside the
New York Bight apex. Impact of petroleum on the benthos
is discussed .

815. Pearson, J.D. (1976).

SUBLETHAL EFFECTS — EFFECTS ON SEA CRASS.

In: Environmental Assessment of the Alaskan Continental Shelf.
Principal Investigators’ Reports for  the Year Ending March 1976,
Vol. 8. Effects of Contaminants p. 377—389.

This study is directed at evaluating the e f f e c t s  of selected
petroleum hydrocarbons (dodecane , toluene and naptha1ene) on ra tes
of photosynthesis in Zostera marina. Since Z. marina is a major
contributor to primary production in many ecological niches along
the Alaskan coas tline , it is imperative to understand what possible
effects of plant exposure to low—levels of the more water soluble
and toxic components of petroleum . Deleteriow~ effects on sea—
grass could disrup t whole food chain. (Sinha DEIS)

816. Peltier , J.C .,  W. DuPont and J .P .  DuPon t .  (1976) .

BIOECOLOGICAL CONSEQUENCES OF AN ACCIDENTAL OIL SPILL ON ROCKY
SHORES OF THE NORMANDY COAST: RESULTS ONE YEAR Al-TER OIL POLLUTION
ON NOV . 26th 1974.

C.R. Seluces SOC BIOL FIL l70(2):422—448 (French with English
summary).
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Along shores where detergents wer€ not used , mussels have progres-
sively excreted the hydrocarbons accumulated in their bodies; the other
fixed animals show no change. Along the shores where the detergents
were used , their spread had noxious consequences , with modifications
of fixed species colonizing the rocks .

817. Percy , J.A. (1976).

RESPONSES OF ARCTIC MARINE CRUSTAC EANS TO CRUDE OIL AND OIL—TAINTED
FOOD .

Environ. Pollut., lO (2):155—l62.

The responses of several a r c t i c  marine c rus taceans  to oil  masses
and oil— tainted food have been investiga ed . None of the species
were attracted to crude oil. Axnphipods tended to avoid oil
masses; however , the response was s i gn i f i can t ly  diminished if the
oil was weathered or if the animals were pre—exposed to light crude
oil emulsions . Untainted food was preferentially selected over
oi l—ta in ted  f o o d .  In cont ras t , an isopod was general ly  n e u tr a l
to the presence of oil masses and consumed oil—tainted food as
readi ly  as un ta in t ed  mate r ia l .

818. Pe rcy ,  J .A .  ( 1977) .

RESPONSES OF ARCTIC MARINE BENT HIC CRUSTACEANS TO SEDIMENTS
CONTAMINATED WITH CRUDE OIL .

Environ. Pollut. 13(1) 1—10.

The responses of several a r c t i c  marine benthic  crustaceans to
sediments experimentally contaminated with crude oil were examined .
The amphipod Onisimus affinus overwhelmingly selected clear rather
than oil contaminated sediments. The response was most pronounced
at low concentrations and the ability to discriminate was abolished
at  the  h ighes t  concen t ra t ions . Weather ing  of the oil one week
reduced the avoidance response.

8l9~ ~1’rcy, J.A. and T.C. Mullin . (1975).

EFFECTS JF CRUD E OILS ON ARCTIC MARINE INVERTEBRATES.

Beaufort Se~ P r c i ect Technical Report  No.  11.
Lniironment 2anada , V ic toria BC 167 pp.

820. } rcv , J .A, and T.C. Mullin (1977).

EFFECTS OF CRUDE OIL ON THE LOCOMOTO RY ACTIVITY OF ARCTIC MARINE
I N VERTEBRATES .

Mar. ~‘~ 1lut. Bull. 8 35—40.

The -tfec ts ot exposure to seawater dispersions of northern crude
oi ls  on the  locomotory a c t i v i t y  of two A r c t i c  marine inver tebra tes ,
th e amphipod Onisimus affinis and the coelenterate Palitholus
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c i r r a t t u s  havL - been examined . Low concentrations of oil signif~ cant iv
i m p a i r  a c t l v i t -  in both species. The ecological implica tions of
such s u b l e t h a l  e f f e c t s  max’ be impor tan t .

~~~~ P e r k i n s , F . J .  (1968) .

THE TOXICITY OF OIL EMT2LSIFIERS TO SOME INSHORE FAUNA.

In: The Biological Effects of Oil PollutIon on Littor al C5 5~mm un it i e s .

J .D .  C a r ’h :  and fl .R .  A r t h u r  ( e d s . )  81—90.

LC 50 ’s were  d e t e r m i n e d  for  t N t  e f f e c t  of several  e m ul s i f i e r s
on seve ra l  species of l i t t o r a l  i nve r t ebra t e s .  I t  is concluded
t h a t  oil  e m u l s i f ie r s  c u r r e n t l y  in use are extremel y toxic and may ro-
duce lOO~ mortalit y at concentrations as low as 10 ppm sustained
for 96 hours. The tolerence varied with organism , season and
c o n d it  ion -, .

822.  Pe rk ins , E .J .  (1970) .

~ )ME EFFECTS OF “DETERGENT S” IN THE MARINE ENVIRONMENT.

Chem. m d .  1:14—22.

Detergents have a considerable toxicity , ranging from less
than  1 ppm to more than 1000 ppm. Three species of mollusks
( L i t t o r i n a  saxa t i l i s,  Littorina littorea, and Nucella lapillus )

were exposed to 25% BP 1002 in sea water , while L. littorea
and Nuce ll a wer e subjec ted to similar mix tures of Das ic “Slickgone”
and “Tarsolvent” . An experiment with Bucinnum undatum was performed
wi th  “ Slickgone” and “Tarsolvent” , a f t e r  which all animals were
placed in live boxes and placed offshore on 3 May 1968. Where possible ,
the organisms were checked once a week , fo r  a period of 22 weeks .
Al l  th ree  de te rgen ts  induced decreased growth rates  and increased
m o r t a l i t y  ra tes .

823. Perkins , E.J. (1972).

SOME PROBLEM S OF MARINE TOXICITY STUDIES ,

Mar. Pollut. Bull. 3 13—14.

524. Perkins , E.J. , E. Gr ibbon, and J.W.M. Logan (1973).

OIL DISPERSANT TOXICITY.

Mar ine  Pol lu t ion  B u l l e t i n , 4 ( 6 ) : 9 0 — 9 3 .

Toxic i ty  t e s t s  using a wide va r ie ty  of shore animals reveal
t h a t  the l a t e s t  generat ion of dispersants have low toxicity . The
new formula t ions  tested were B? ilOOX and Shell Dispersant LT.
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Resul t s  of tes ts  are compared to t o x i c i ty  of early generation oil
n t i l s i ft e r s .  When mixed wi th  crud e oil , the new e m u l s if i e r s  are

less toxic than the older types . N induced l o n g — t e r m  e f f e c t s  on
growth  or m o r t a l i t y  of t rea ted  animals were noted .

825.  Pe te r s , A . F .  ( e d . )  ( 1 9 7 4 ) .

IMPACT OF OFFSHORE OIL OPERATIONS.

App lied Science Publ ishers  for  the I n s t i t u te  of P e t r o l e u m . 205 p p .

This book contains the e ight  main papers given at a conference , organis~ LI
by ‘he Institute of Petroleum , on “The Impact of Offshore Oil
Operat ions . ” The discussion following each paper is given in full.
Cons iderable attention is paid to the causes , prevention and
amelioration of pollution .

826. Peterson , R.T .  ( 1 9 4 2 ) .

BIRD S AND FLOATING OIL .

Audubon Mag. 44 , 217 — 2 2 5

This a r t ic le  reviews reports  of des t ruc t ion  of seabirds by oil
slicks , par t icu la r ly  in conjunction with WWII tanker sinkings.
Methods of t reatment  are described .

827. Petrocell i , S . R . ,  J.W. And erson, W.M . Sackett , B.J. Presley
and C.S. Giam. (1974).

RESULTS OF RESEARCH INTO THE EFFECTS OF SUBLETHAL CONCENTRATIONS
OF SELECTED COMPOUNDS ON THE PHYSIOLOGICAL RESPONSE OF MARINE AND
ESTUARINE ORGANISMS.

Progress report to IDOE Pollutant Effects Meeting in Sidney,
B.C., Canada.

This report is a summary of research comp leted or in progress under
the Biological Effec ts Program (BEP) of the Office of the IDOE
of NSF . It includes a review of data and conclusions described in
earlier progress reports  as well as details of new studies.

828 . Pierce , R .H . ,  J r . ,  A . M .  Cundell and R . A .  Traxler (1975) .

PERSISTENCE AND BIODEGRADATION OF SPILLED RESIDUAL FUEL OIL ON
AN ESTUARINE BEACH.

App l. Micro. 29(5):646—652.

The enrichment of hydrocarbon degrad ing bacteria and the persistence
of pe troleum hydrocarbons on an es tuar ine  beach after a spill of
residual fuel oil on 11 April 1973 in Upper N-irragansett Bay ,
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R . I .  was investigated. A rapid enrichment occurred dur ing  days
4 to 16 af ter the oil sp ill and a s ign i f i can t  populat ion of hydrocarbon—
Jegrading bacteria was maintained in the beach sand for  at least
a year .  The concent ra t ion  of petroleum hydrocarbons in the mid—
tide area decl ined rapidly dur ing the bac terial enr ichment per iod ,
remained f airly constant throughout the summer , and then declined
to a low concentration after 1 year. An increased concentration
of branched and cyclic alipha tic hydrocarbons in the low— tide
sediment 128 days after the spill suggested a migration of hydrocarbons
dur ing the summer. Hydrocarbon biodegradation was apparent during
the winter months at a rate of less than 1 ug of hydrocarbon per
g of dry sediment per day.

829. Pilpel, N. (1968).

THE NATURAL FATE OF OIL ON THE SEA.

Endeavour, 27( 10) :11—13.

Although millions of tons of oil have been spilt on to the sea
in the last half—century , the surface of the ocean still remains
relatively clean, for certain natural processes occur which cause
the disappearance of the oil. These include evaporation , the
formation of emulsions , sinking , auto—oxidation , and oxidation by
micro—organisms . The last is probably the most effective ,
and destroys oil at the rate of some hundreds of grams per cubic
metre of contaminated ocean per year . In this article an account
is given of the sources of oil pollution, the steps that are being
taken to reduce it, and the manner in which it is dispersed and
destroyed by natural agencies.

830. Polak, R., A. Filion, S. Fortier , K. Cooper , and J. Lanier (1978).

OBSERVATIONS ON ARGO MERCHANT OIL IN ZOOPLANKTON OF NANTUCKET
SHOALS .

In: In the Wake of the Argo Merchant. Proceed ings of a Conference
Held at the Univers i ty  of Rhode Island. January 11—13, 1978.
Center for Ocean Management Studies , University of Rhode Island ,
Kingston , Rhode Island .

Zooplankton samples taken in February and July 1977 on Nantucke t
Shoals following the ~~~~ Merchant oil spill were examined micro-
scopically, then hexane extracts were analyzed by synchronous
scanning spectrofluorometry. At fourteen of twenty—two sites in
February, the hexane extracts contained ~~~~ Merchant oil.
Microscopic examination indicated t l oi1_liket~ m a t e r i a l  present in
the in tes t ine  and on the cuticle.

831. Polikarpov , G .G . ,  V . N .  Yegorov , V . N .  tvanov , A . V .  Tokareva
and l.A. Feleppov. (1971).

OIL AREAS AS AN ECOLOGICAL NICHE.

Priroda 11 (translated by N. Precoda). Pollut. Abstr. 3:72—5TC—0451.
Sd. Biblog . p. TC—84.
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The ecological significance of the final stages of “evolution” of
oil transformed into discrete clumps is discussed. Oil aggregates
in the central part of the Atlantic Ocean are described and the
quantitative distribution and properties of the biotope are ~-“nsidered .

832 . Poliso is , G., A. Tessier , P.G.C. Campbell , and J.P. \ illerteuve.
(1 975 ) .

DEGRADAT ION OF PHENOLIC COMP OUND S DOWNSTREAM FROM -\ PETROLE UM R E F I N E R Y
COMPLEX .

J.  Fish.  Res .  Board t a n .  32 :2 125—2131.

Measurements  downst ream from r e f i n e r y  o u t f a l l s  in the region of
M o n t r e a l  Eas t  have shown tha t , under f a v o r a b l e  t e m p e r a t u r e
condi t ions , the  c oncen t r a t i on  of phenolic substances in the r iver
water  r ap id ly  d iminishes  w i t h  d is tance  from the r e f i n e r i e s .  Mass
balance ca lcu la t ions  at d i f f e r e n t  t ransverse  sect ions show tha t th is
decrease in concentration cannot be attributed to dilution only.
L a b o r a t o r y  exper iments  pe r fo rmed  on r iver  water  samp les d e m o n s t r a t e
the effects of water temperature and sterilization on the rate of
phenol breakdown . Results support the idea tha t biodegradation
is responsible for the self—purification of phenolics in the St.
Lawrence River.

833. Poljakova , J.N . (1962) .

DISTRIBUHON OF HYDROCARBON OXIDIZING MICROORGANISMS IN I~ATER OF
NEVA BAY . (in Russian).

Mikrobiol ., 31: 1016—1081.

Microorganisms ox idizing hydrocarbons contained in polluting oil
are common in Neva Bay and were found at all sampling points.

The greatest numbers of hydrocarbon—oxidizing microflora are
found in the shipping regions of Neva Bay.

The numbers of hydrocarbon—ox idizing bacteria increase in the sur~-
per iod and reach a maximum in July—A ugust. This is presunabiv ~
the optimum temperature conditions for bacteria in the watet
the heavy shipping traffic at this time .

Hydrocarbon—oxidizing microorganisms are most abundant i:~
surface layer of water , in direc t contac t with the oil

Rod—shaped forms of the genera Pseudomonas and ~‘vcoh a
the leading role in the ox ida t i on  of oil p r o d i s.

The presence of large numbers of m ic ro organ i sr r s x i
hydrocarbons ind icates a high rate of bacteri al ~- -

the water.
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834. Ponat, A. (1975).

INVESTIGATIONS ON THE INFLUENCE OF CRUDE OIL ON SURVIVAL AND
OXYGEN CONSUMPTION OF IDOTEA BALTICA AND GAI 1MARU S SALINUS

Kieler Meeresforshungen 31 26—31.

The influence of crude oil from Venezuela, Libya and Iran was ob-
served with respect to Idotea baltica and Gammarns salinus.
Prior to the measurements, the animals were spread out on sand
and exposed to a 0.1 mm layer of crude oil for four hours. After this
period they were transferred back to seawater of 15% salinity at
15°C. The mean time of survival for G. salinus varied between one
and two days. I. baltica showed greater resistance. Oxygen consump-
tion of G. salinus was reduced by Iran crude oil to 40% of the normal
value and to 70% of the normal value in Idotea.

835. Portmann , J.E. (1972).

RESULTS OF ACUTE TOXICITY TESTS WITH MARINE ORGANISMS USING A
STANDARD METHOD.

In: Marine Pollution and Sea Life, M. Ruivo (ed.)
FAO , Fishing News (Books) LTD, London. pp. 212—217.

A standard static bioassay using Cragon and Cardium is usual to
measure 48 hr. LCSO for a variety of toxins, including oil dispersants .

836. Portmarin , J.E. (1972).

TOXICITY-TESTING WITH PARTICULAR REFERENCE TO OIL-REMOVING
MATERIALS AND HEAVY ETALS.

In: Marine Pollution and Sea Life, FAO, Fishing News (Books)
Ltd. London. pp. 217—221.

This article discusses the problems involved with toxicity—
testing . A small section on tainting is included . Several
references.

837. Portmann , J.E. (ed.)(1976)

MANUAL OF METHODS IN AQUATIC ENVIRONMENT RESEARCH.

Pt. 2 Guidelines for the Use of Biological Accumulations
in Marine Pollution Monitoring. FAO Fisheries Technical Paper
FIRL/T 150. 84 pp.

This volume is a collection of documents which deal with the role of
biological accumulators in monitoring progra:is, monitoring of
radionuclides , monitoring of trace elements other than radionuclides,
monitoring of petroleum hydrocarbons, monitoring of chlorinated
hydrocarbons , miscellaneous substances, a pilot study on monitoring
bioaccumulation in marine organisms, and analytical considerations.
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A Matrix Table is included which was a corporate effort and intended
as a quick means of indicating which organism might be suitable
for mcnitoring a particular contaminant.

838. Portmann, i.E., and P.M. Connor. (1968).

THE TOXICITY OF SEVERAL OIL-SPILL REMOVERS TO SOME SPECIES OF FISH
AND SHELLFISH.

Mar. Biol., 1:322—329.

The toxicity of 12 solvent emulsifiers was examined , using 4
marine species of shellfish. Using 2 of these test species the
toxicities of 3 solvent emulsifiers were examined in more detail ,
particular attention being paid to the time of exposure at different
concentrations required to cause death. The effect of crude oil
mixed with those 3 mater ials was also examined . Details are also
given of some preliminary experiments with solvent emulsifiers
on larvae of the shore crab ( Carcinus maenas ) and the brown
shrimp ( Crangon cran~gon ).

839. Potter , i. (1973).

DISASTER BY OIL. OIL SPILLS: WHY THEY HAPPEN ; WHAT THEY DO;
AND HOW WE CAN END THEM.

Macmillan Company , New York. 307 pp.

Oceanic spills are examined as to how they occur, what damage they
cause, and how they can be ended. Detailed accounts of the
following specific oil spill disasters are given: the S.S. Torrey
Canyon stranding, the S.S. Ocean Eagle disaster, the M.S. General
Colocotronis stranding, and the Santa Barbara Channel drilling platform
blow out.

840. Powell, N.A., C.S. Sayce, and D.F. Tufts, (1970).

HYPERPLASIA IN AN ESTUARINE BRYOZOAN ATTRIBUTAL TO COAL TAR DERIVATIVES.

J. Fish. Res. Board Can., 27(ll):2095—2096.

Report on the result of placing colonies of Schizoporella unicornis
in close proximity to coal tar derivatives in an estuary : noted
hyperplasia of ovicells. There is a possibility that the organism
can be used is a qualitative, perhaps even a quantitative indicator
of oil pollution in coastal areas.

841. Powers, K.D. and T. Rumago (1978).

EFFECT OF ARGO MERCHANT OIL ON BIRD POPULATIONS OFF THE NEW ENGLAND
COAST. 15 DECEMBER 1976 THROUGH JANUARY 1977.
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In: In the Wake of the Argo Merchant. Proceedings of a Conference
and Workshop Held at the University of Rhode Island. Januari
11—13, 1978. Center For Ocean Management Studies, University of
Rhode Island, Kindston, Rhode Island .

Bird observations were made in the vicinity of the ~~~~ Merchant
spill site from 15—24 December 1976. 1120 birds of 13 species were
sighted , almost 92% of which were gulls. Approximately half the
gulls were visibly oiled . From 20 December 1976 to 24 January 1977,
68 live and 107 dead oiled b irds were collected from the beaches
of Nantucket and Martha’s Vineyard . These birds were mostly
alcids (47%), gulls (29%), and loorta (19%). Results from bird
observations made at sea during January 1977 indicated greater
numbers of birds on the periphery and outside of the affected
area, but larger proportions of visibly oiled birds totaled
birds counted within the oil slick area. Data indicate that the
.~~Z2 

Merchant spill probably had minimal effects on coastal and
marine bird populations off the New England coast.

842. Pratt , S. (1978).

INTERACTIONS BETWEEN PETROLEUM AND BENTHIC FAUNA AT THE ARGO
MERCHANT SPILL SITE.

In: In the Wake of the Argo Merchant. ProceedinRa of a Conference
and workshop Held at the University of Rhode Island_, January 11—13,
1978. Center for Ocean Management Studies, University of Rhode
Island, Kingston, Rhode Island.

Funding was provided for collection and archiving of quantitative
benthic grab samples from the spill site. Observations during
collection and preliminary examination of nine samples from three
stations indicate the form of petroleum In sediments and potential
for interaction with organisms. Petroleum was found as particles
less than 1 nun in diameter both adhering to coarse sands and free
in interstitial spaces. No decrease in density or diversity of
the limited interstitial fauna was detectable. Interstitial
harpacticold copepods and polychaetes had petroleum in their guts.
Larger burrowing amphipod~ had petroleum adhering to appendages.

843. Pritchard , P.11. and T.J. Starr (1972).

MICROBIAL DEGREDATION OF OIL IN CONTINUOUS CULTURE .

In: Workshop: Microbial Degredation of Oil Pollutants, Dec. 4—6 ,
Atlanta, Georgia. pp. 7—20.

With the exception of a few nuclear powered vessels, contemporary
naval forces depend upon oil as their source of energy . Occasional
carelessness, accidents, and routine cleaning of fuel tanks cause
oil pollution. This effort will be devoted to obtaining a better
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understanding of how biological degradation of oil takes place
and may give an insight into how this process may be artifically
increased . The principal investigator will study (1) the rates of
crude oil degradation by bacteria, (2) the effects of environmental
parameters on these rates, (3) the mechanisms by which bacteria
oxidize and modify crude oil, and (4) the chemical and toxicological
properties of the metabolic and products of crude oil decompositon.
Degradation rates of octane appear to be a function of the bacterial
species employed and the flow rate of the continuous culture system .
Using a bacterial isolate from batch culture , octane disappeared
from a chemostat at a rate of 0.39 mg/day . If the flow rate was
doubled with the same isolate, the degradation rate tripled .

844. Prokop, J.F. (1950).

REPORT ON A STUDY OF MICROBIAL DECOMPOSITION OF CRUDE OIL.

Texas A&M Research Foundation, Project 9.

The oxidation of a number oF hydrocarbons has been reported by many
observers, Organisms capable of oxidizing hydrocarbons are wide-
spread in nature. Sea water containing (NH4)2 HPO4, and enriched
with crude oil, provides a medium favorable for the physiological
ac t ivities of hydrocarbon oxidizing microorganisms. Inoculating
selective media by the minimum dilution method provides a satisfactory
method for determining the population of hydrocarbon oxidizing
microorganisms in an Inoculum . Modification of physical appearance,
microbial multiplication , reduction of pH, oxygen consumption in
manometers and glass—stoppered bottles , and methylene blue decolor—
ization may be employed to demonstrate that hydrocarbons are oxidized
by microorganisms.

In environments where conditions are favorable for the development
of hydrocarbon oxidizers large quantities of hydrocarbons may be
oxidized to CO2 and H2O.

845. Prouse , N.J. and D.C. Gordon , Jr. 0974).

THE EFFECTS OF THREE OILS ON THE GROWTH OF THE DINOFLAGELLATE
DUNALIELLA TERTIOLUCTA AND THE DIATOM FRAGILARIA SP. IN AXENIC
BATCH CULTURES.

International Council for the Exploration of the Sea, C.M.
1974/2:41. 6 pp.

846. Prouse , H.J. and D.C. Gordan , Jr. (1976).

INTERACTIONS BETWEEN DEPOSIT FEEDING POLYCHEATE ARENICOLA MARINA
AND OILED SEDIMENT.

In: Sources, Effects , and Sinks of Hydrocarbons in the Aquatic
Environment , Proceed ings of the Symposium, American University,
W.3shfngton, D.C. 9—11 Au&ust 1976.
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The deposit feeding polychaete Arenicola marina can be a
sensitive indicator of the effects of oil pollution on
marine ecosystems. Concentrations of oil in both water
and sediment commonly occurring in spill situations
can force worms to surface or stop feeding activity.
Lower concentrations can reduce the rate of cast production
and presumably feeding. Oil concentrations in casts
are substantially lower than in unworked sediment indicating
that the working activity of Arenicola can be an important
factor in the weathering of oil in sediment. These results
are preliminary and are being expanded with further
experiments.

847. Prouse, H.J., D.C. Gordon, Jr., and PD. Keizer (1976).

THE EFFECTS OF LOW CONCENTRATIONS OF OIL ACCOMMODATED IN SEA WATER
ON THE GROWTH OF UNIALGAL MARINE PHYTOPLANKTON CULTURES.

J. Fish. Res. Bol. Carta. 33 810—818.

Effects of Venezuelan crude, Kuwait crude, and No. 2 fuel oils were
investigated . The oil concentrations used were 1 mg/l. Minor
stimulation or inhibition of growth was apparent but in only 2
experiments was the growth of oji—contamined cultures statistically
different from controls (in both cases, stimulation). Extrapolation
of the results to the natural environment is complicated by several
factors , including the variability in organism response and
the variability in the concentration and composition of oil during
the experiments. Oil concentrations encountered in polluted seawater
can affect the growth of phytoplankton, but the effects are minor
and short—lived .

848. Pulich , W.M., Jr., K. Winters, and C. Van Baalen. (1974).

THE EFFECT OF A NO. 2 FUEL OIL AND TWO CRUDE OILS ON THE GROWTH
AND PHOTOSYNTHESIS OF MICROALGAZ.

Mar. Biol, 28, 87—94.

The water soluble fractions of No. 2 fuel oil, Southern Louisiana
crude , and Kuwait crude are toxic in varying degrees to represen-
tative types of micro algae: two blue—green algae, a diatom ,
two green algae and a dinoflagellate. Lethality, growth and
photosynthesis were measured. The toxic activity is mainly
localized in med ium and higher boiling fractions.

849. Raitcheva , V. and 0. Zlatarev. (1970).

CHRONIC EFFECT OF PETROLEUM DERIVATIVES ON ENZYME CONSTELLATIONS.

m d .  Med . Surg., 39(8):345—346.

Tanker fleet employees having contact with petroleum products
were studied as to the toxic effects of such derivatives . A
selected enzyme constelistion was chosen for study. The
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changes observed may serve as diagnostic criteria of damage
from contact with such products.

850. Ramamur thy, V.D. (1974).

OIL TANKER DISASTER IN NORTH -WEST COAST OF INDIA .

Curt. Sci. (Bangalore), 43:293—294.

A report on the release of 18,000 tons of L.D.O. (black oil)
off  Porbandar Coas t , and the resultant ef fec ts on marine life ,
following the break—up of the tanker Cosmos Pioneer on
18th June, 1973.

851. Ramseiser, R.O., G.S. Gantecheff , L. Colby (1973).

OIL SPILL AT DECEPTION BAY, HUDSON STRAIT.

Canada. Inland Waters Branch. Scientific Series No. 29. 61 pp.

Approximately 427,000 gal of Arctic diesel oil and gasoline were
spilled over permafrost and sea ice at Deception Bay, Quebec ,
when a tank farm was destroyed by a slush avalanche. The cause
and extent of the spill, characteristics of the avalanche, physiography
and geology of the area, and affected areas; the behavior of the oil
on ice, in the tidal—crack system , and on land ; biological observations
of the marine and terrestrial environments; chemical observations;
daily observations of oil distribution; the oil budget; prevention ,
containment, and cleanup of oil spills; and post—operation activities
are reported . The spreading and dispersion mechanisms and the
general behavior of oil in ice—infested waters are fundamentally
different than oil in ice—free water . The procedures currently
used to prevent , monitor, detect , contain and clean up oil spills
in the open seas could be adapted for use in ice—infested waters.
Greater care should be taken in site selection for structures in
the Arctic since many phenomena occurring in remote regions are
not well understood . Fucus and Mytilus were the intertidal species
most affected by the spill and its aftermath , and both were apparently
harmed more by heat from the burning of oil from the sea ice than
from the oil. An estimated 50% of certain inshore subtidal bivalves
(17% of the total biota) and 5% of the polychaete fauna could have
died from the effects of the oil.

852. Ranwell, D.S. (1968).

EXTENT OF DAMAGE TO COASTAL HABITATS DUE TO THE TORREY CANYON
INCIDENT.

In: The Bio1o~gjcal Effects of Oil Pollution on Littoral Communities.
Supplement to Vol. 2 of Field Studies, J.D. Carthy and D.R.
Arthur , (eds.). Field Studies Council, U.K.
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The full range of oil—contaminated habitats was inspected from the
air and on the ground in Cornwall, and on the ground in Brittany.
This paper describes dimensions of oil pollution on the two
coastlines, the extent of damage to coastal habitats (and their
flora in particular), due to oil and decontamination activities,
and draws conclusions from the available information.

853. Ranwell, D.S. (1968).

LICHEN MORTALITY DUE TO TORREY CANYON OIL AND DECONTAMINATION
MEASURES.

Lichenolog ist , 4, 55—56.

854. Ranwell, D.S. and D. Hewett (1964).

OIL POLLUTION IN POOLE HARBOUR AND ITS EFFECTS ON BIRDS.

Bird Notes, 31, 192—197.

855. Rashid, M.A. (1974).

DEGRADATION OF BUNKER C OIL UNDER DIFFERENT COASTAL ENVIRONMENTS
OF CHEDABUCTO BAY , NOVA SCOTIA.

Estuarine and Coastal Marine Science. 2:137—144.

The results given in this paper tend to indicate that the extent
of degradation of spilled oil in marine areas depends in a large
measure upon the environmental conditions of coastal areas. The
degradation is rapid in the high energy environment but is rela-
tively slow in protected areas. Bacterial as well as oxidative
processes appear to alter the composition of oil.

Oils exposed to high energy shoreline environments lose n—alkanes
more rapidly. This loss is probably due to bacterial degradation
because no other known physical or chemical process can account
for this. With weathering the saturated and aromatic hydrocarbons
decrease with a corresponding increase in the non—hydrocarbons ,
particularly in resins and NSO compounds. These changes which are
possibly due to microbial and oxidative degradation processes
are prominent in the oils of high energy environment . The rates
of degradation of saturated and aromatic fractions appear to be
the same.

856. Reeve, M.R., C.D. Grice, V.R. Gibson, M.A. Walter , K. Darcy,
and T. Ikeda, (1976).

A CONTROLLED ENVIRONMENTAL POLLUTION EXPERIMENT (CEPEX) AND ITS
USEFULNESS IN THE STUDY OF LARGER MAR INE ZOOPLANKTON UNDER TOXIC
STRESS.

In: Effects of Pollutants on Aquatic Organisms, A.P.M. Lochwood
(ed.), Vol. 2 pp. 145—162. Society for Experimental Biology Seminar
Series. Cambridge : Cambridge University Press.
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857 . Rechni tzer , A . B .  and C. Limbaugh (1956) .

AN OCEANOGRAPHIC AND ECOLOGICAL INVESTIGATION OF THE AREA SURROUNDING
THE UNION OIL COMPANY SANTA MARIA REFINERY OUTFALL, OSO FLACO,
CALIFORNIA.

Univ . Calif. Inst. Mar. Resources , 56—5, 1—46.

858. Reimer , A.A. (1975) .

EFFECTS OF CRUDE OIL ON CORALS.

Mar. Poll. Bull. 6(3):39—43.

Corals are key members of the tropical reef communities , by providing
h a b i t a t  for  other  organisms and entering impor tant l y into the
overall metabolism of the reef community. Concern has been expressed
several t imes at  the  collapse of the c o m m u n i t y  tha t  would resu l t
fr om damage to corals by oil pollution . So far relatively few
experimental studies of the susceptibility of coral to oil have been
c a r r i e d  out. In this study four  Panamanian cora l species have been
exposed to marine diesel and bunker oil. These may cause delayed
de a t h , bu t  probably more impor tan t ly  i n t e r f e r e  wi th  feeding and
mt t a b o lj s m  at  sub—le tha l  concen t ra t ions .

859. Reimer , A . A .  (1975) .

EFFECTS OF CRUDE OIL ON THE FEEDING BEHAVIOR OF THE ZOANTHID
PALYTHOA VARIABILIS.

E n v i r o n .  Ph y s i o l .  and Biochem . 5 ( 4 ) 2 5 8 — 2 6 5 .

Oi ls  and solut ions at  1O~~ M of naturally occurring amino acids,
proline analogs and the tripeptide glutathione were imbibed by
1—m m2 pieces of Whatman no. 4 filter paper and offered to polyps
by dropping one over a group of tentacles. Several oil—water
mixtures were prepared by placing oil over the surface in a
250—nil finger bowl and bubbling air through it for 30 mm to produce
a suspension of fine oil droplets in which a group of experimental
poiyps was placed . The effect of a 30—m m exposure to oil was
studied by placing polyps in a dry dish and pouring oils over
them; polyps were submerged in the oil for 30 m m .  P. variabilis
has a well—coordinated , stereotyped feeding response similar to
that described for other zoanthids. The feeding reaction can be
elicited by the heterocyclic amino acid proline and by some of
its analogs. The addition of an OH group or of a glycy l group
annuls the activity of the proline molecule. Substitutions or
additions to the imino group do not alter the effectivity of the
activator. The size of the ring can be altered within certain
limits without affecting the activity of the molecule. Feeding
reactions culminating with ingestion can be elicited by Marine
Diesel and Bunker—C oils. Exposure to oil affects the ability
of polyps to discriminate between inert and chemically active
particles for 3 to 5 d; responses to proline are not altered
for ( 3d following the exposure but become slower and are present
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in fewer polyps after that period . Oil is retained in the
coelenteron for several days following exposure and is
period ically released in the form of tiny droplets.

860. Reisfeld , A. ,  E. Rosenberg, and D. Gutnick (1972).

MICROBIAL DEGRADATION OF CRUDE OIL: FACTORS AFFECTING THE DISPERSION
IN S EAWATER BY MIXED AND PURE CULTURES.

Ap p lied Microbiology, 24(3) :363—368 .

By means of the enrichment culture technique , a mixed population
of microorganisms was obtained which catalyzed the dispersion of
crude oil in supplemented seawater. From this enrichment culture ,
8 pure cultures were isolated and studied; only 1 of which , RAG—l
tentatively characterized as a member of the genus Arthrobacter,
brought about significant dispersions of crude oil. The o ther 7
isolates gave rise to colonies on supplemented oil agar , bu t were
neither able to disperse oil nor to stimulate the dispersion catalyzed
by RAG—l. The dispersion of crude oil by either RAG—l or the enrichment
culture was absolutely dependent on exogenous sources of N and P
and comple tely inhibi ted by io—2 M azide. The increase in cell
number of RAG—l was directly proportional to the concentration of
crude oil added to the medium over the range 0.05—1.0 mg/nil.
Within this linear region, 1.0 mg of crude oil yielded 9 x 10 cells and
approximately 65% of the oil was converted into a nonbenzene
extrac table form . Accompanying the emulsification , but neither
necessary or sufficient for oil dispersion, was a decrease in the
pH from 7.6 to 5.0. When seawater was supplemented with 0.029
dipotassium phosphate and 3.8 m M ammonium suffate and inoculated
with RAG—i , oil dispersion occurred with 1 d. This dispersion
could also be brought about by the supernatant following separation
of the cells from the medium or a hexadecane medium within 60 m m .

861. Reish, D.J. (1965).

THE EFFECT OF OIL REFINERY WASTES ON BENTHIC MARINE ANIMALS IN
LOS ANGELES HARBOR, CALIFORNIA.

Symposium Commission Internationale exploration scientifique
Mer. Mediterranee , Monaco, 1964 , 355—361.

862. Reish , D.J. (1972).

MARINE AND ESTUARINE POLLUTION.

Water Pollution Control Federation Journal , 44(6):12l8—l226

The 1971 litera ture on marine and estuarine pollution is reviewed.
Monitor ing and surveys of physical and biological characteristics
of polluted areas , oil pollu tion, indica tor organisms , bloassays ,
malformations , mocroorganisms and water movements are discussed .
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The effects on organisms of wastewater effluents and the concantrations
and metabolism of pollutants by various animals and algae were also
stud ied.

863. Renunert , H. (1970).

INFLUENCE OF INDUSTRIAL EFFLUENTS ON ARTHROPODS OF THE MARINE
SITPRALITTORAL ZONE. (in German , Engl. Summary).

()ecolog ia , 5: 158—164.

Limosina brachys toma can be reared even when the food and subs tratum
(dry leaves of U r J~ca or almost any other plant) are moistened
with 15% NaCl p.a. or with 15% NaC1 plus KC1. Orchestia lives about
three weeks if kept on a substratum moistened with a solution of
15% NaC1 (Food : Fucus).

H2S04, on the other hand , is fa tal espec ially, for Orchestia.

Burning oil gives off pollutants into the surrounding water. These
pollutants are fatal for all the animals studied even at very low
concentrations . But in air (not in water) these pollutants disappear
within one week and the substratum may be colonized again.

Cr ude oil which has floa ted in the sea for a long time is no t any
longer poisonous to the animals studied . It does not hinder rapid
propaga tion of all species. Larvae of the flies and——to a lesser
extent——of the amphipodes rummage in their substratum and disperse
a big piece of old crude oil into f ine par ts throughout the petri
d ish.

864. Renzoni, A. (1973) .

INFLUENCE OF CRUDE OIL, DERIVATIVES AND DISPERSANTS ON LARVAE.

Mar. Poll. Bull., Vol. 4:9—13.

The effect of a mixture of oil and emulsifiers on marine life
was investigated and toxicity levels were established . Gametes ,
develop ing eggs and larvae of oysters ( Crassos trea angulata
and C. gigas ) and mussels ( Mytilus galloprovincialis ) were used
in studies in which they were exposed to 3 crude oils, 3 der iva tives
and 1 d ispersant (Corexit 8666). The various types of hydrocarbons
examined showed no toxicity toward developing eggs, embryos or
larvae of all 3 species of bivalves examined excep t a t a final
concentration of 1 0/00, where decreased fertilization occurs.
Significant toxicity is evident in the altered fertilizing capacity
of the sperm .

865. Renzoni, A. (1975) .

TOXICITY OF THREE OILS TO BIVALVE GAMETES AND LARVAE .

Mar ine Pollution Bulletin , 6(8):l26—128.
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Water soluble extracts of three crude oils, Kuwait , Nigerian
and Prudehoe Bay have been tested using the sperm and eggs of
two marine bivalves. Fertilization is depressed and developmental
abnormalities sometimes appear after exposure to these toxins.
The sperma tozoa , in par ticular , tre very sensitive to the
water—soluble fractions of these oils. Nigerian crude is
particularly toxic .

866. Revelle, R., et. al. (1971).

OCEAN POLLUTION BY PETROLEUM HYDROCARBONS ,

In: Man’s Impact on Terrestrial and Oceanic Ecosystems, W.H. Matthews,
F.E. Smith , and E.D. Goldberg, MIT Press, Cambridge , Massachusetts ,
pp 297—318.

A review of inputs , consequences and removal of oil in the marine
environment.

867. Rice, S.D. (1973).

TOXICITY AND AVOIDANCE TESTS WITH PRUDHOE BAY OIL AND PINK SALMON
FRY

In: Proceedings, Joint Conference on the Prevention and Control
of Oil Spills. American Petroleum Institute , Wash ington, D.C.,
pp 667—670.

With the potential of oil pollution harming Alaska ’s marine resources ,
experiments were conducted at the National Marine Fisheries Service,
Auke Bay Fisheries Laboratory to determine the concentrations of
Prudhoe Bay crude oil that are ac~.itely toxic to pink salmon
fry in fresh water and seawater and also the concentrations of this
oil that the fry would avoid . Observed 96—hr ThM values were 88
mg/liter in seawater in August. Among fry held in seawa ter , older
fry were more suscep tible to oil toxicity than younger fry and older
fry were also more sensitive in their detection and avoidance of
oil; older fry in seawater avoided oil concentrations as low as
1.6 mg oil/liter water . The avoidance of oil by salmon fry was
quite apparent and suggests that there is potential for oil pollution
to change their migration behavior .

868. Rice , S.D. and J.F. Karinen (1976).

ACUTE AND CHRONIC TOXICITY , UPTAKE, AND DEPURATION AND SUBLETHAL
METABOLIC RESPONSE OF ALASKAN MARINE ORGANISMS TO PETROLEUM
HYDROCARBONS.

In: Environmental Assessment of the Alaskan Continental Shelf.
Principal Investigators’ Reports for the Year Ending March 1976,
Vol. 8. Effects of Contaminents, p. 25—47.

This study was designed to determine the acute and chronic toxicity
of crude oil and its component fractions on physiological and
behavioral mechanisms of selected arctic and subarctic organisms
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and to determine recovery rates of selected organisms in laboratory
and field studies. Temperature has little effect on toxicity,
so that data g€nerated at 12 deg. C can be extrapolated Lo colder
climates. Oil exposures stimulate metabolism in fish , rather than
depress metabolism , as in crabs. (Sinha OE1S)

869. Rice , S.D., D.A. Moles and J.W. Short (1975).

THE EFFECT OF PRUDHOE BAY CRUDE OIL ON SURVIVAL AND GROWTH OF EGGS ,
A L EVI NS , AND FRY OF PINK SALMON ( ONCORHYNCHUS GORBUSCRA ) .

In: Conference on Prevention and Control of Oil Pollution. pp. 503—507 .
Amer. Petrol Inst.

Standard 96—hour bioassays with ‘total” oil solutions in fresh water
and seawater determined differences in sensitivity of the developing
life stages of pink salmon ( 9 j ~~~

j
~~~ 

gorbuscha ). Eggs were
the most resistant and emergent fry (yolk sac absorbed) the
most sensitive to acute 4—day exposures. In fresh water , the
96—hour median tolerance limit (TLm) of fry was 0.4 ml oil/liter
mi xed mechanically (12 ppm as measured in subsurface wa ter by
infrared spectrophotometry) . In seawater , it was 0.04 ml oil/
liter mixed mechanically (6 ppm as measured in subsurface water by
infrared spectrophotometry).

Three life stages of alevins were exposed to 10—day sublethal
exposures of the water—soluble fraction to determine what doses might
affect growth. Growth was affected most severely in alevins exposed
during later developmental stages. Decreased growth was observed
in fry after 10—day exposures at the lowest dose tested — 0.075
ml oil/liter mixed by water agitation (0.73 ppm in subsurface water
by infrared spectrophotometry—less than 10% of the 96—hour TL~ 

limit for that
life stage).

in f r esh wa ter , susceptibility of early life history stages of pink
salmon t o  oil pollution is great at the time of emergence (completion
of yolk absorption). Susceptibility is even greater in seawater after
fry migration.

870. R ice , S.D. and J.M. Short , (1976) .

ACUTE TOXICITY OF COOK INLET CRUDE OIL AND NO. 2 FUEL OIL TO SEVERAL
ALASKAN MARINE SPECIES .

In : Symposium on Sources, Effects and Sinks of Hydrocarbons in
the Aquatic EnvLronmeri t,~~\ug. 9—11, 1976. Proceedings of the
Symposium, American University, Washington, D.C. 9—11 August 1976.

96—hour stat ic bioassays were performed on 27 different vertebrates
and invertebrates of Alaskan Marine species using the water—soluble
fraction of Cook Inlet crude oil and Number 2 fuel oil. The
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two different oils were about equally toxic . Fish were consistently
more sensitive. Intertidal invertebrates were the most resistant.
Alaskan marine species may be slightly more sensitive than similar
spec ies in other regions . Howeve r , this sensitivity may be due to
the greater persistance of hydrocarbons at lower temperatures.

871. R ice , S.D., R.E . Thomas, and J.W. Short (1976).

EFFECT OF PETROLEUM HYDROCARBONS ON BREATHIN G AND COUGHING RATES
AND HYDROCARBON UPTAKE-DEPURATION IN PINK SALMON DRY .

In: Environmental Assessment of the Alaskan Continental Shelf.
Princ ipal Investigators’ Reports for the Year Ending March 1976,
Vol. 8. Effects of Contaminants , pp. 88—118.

Pink salmon fry, Oncorhynchus gorbuscha, were exposed to the
water—soluble fraction of Cook inlet and Prudhoe Bay crude oils ,
and No . 2 fuel oil. During 22 h exposures , breathing and coughing
rates initially increased as the dose increased but then decreased
after several hours. Breathing and coughing rates increased signi—
ficantlv during exposures to oil concentrationc as low as 30~
of the 96 h median tolerance limit as determined by ultraviole t
spectroscopy . It is speculated that the increased resp iration
rate reflects an increased energy demand for enzyme synthesis.
Chronic exposure requiring elevated energy demands may be detrimental
to the survival of a population.

872. R ichards , A. G . ( 1941) .

DIFFERENTIATION BETWEEN TOXIC AND SUFFOCATING EFFECTS OF PETROLEUM
OILS ON LARVAE OF THE HOUSE MOSQUITO . ( Culex p~pf ens ).

Trans. Amer. Entomol. Soc. 67 161—196.

873. Richardson , F. (1956) .

SEABIRD S AFFECTED BY THE FREIGHTER ‘SEAGATE ’ .

Murrelet , 37 , 20—22.

874. Robertson , B., et. al. (1973).

HYDROCARBON BIODEGRADATION IN ALASKAN WATERS

In: The Microbial Degradation of Oil Pollutants. Ahearn and ‘levers ,
(eds.) Center for Wetland Resources , Ba ton Rouge , La. , Publ.
No. LSU—SG—73—Ol . pp 171—184.

Popu la t ions of hydrocarbon—ox idizing organisms were of the order
of 1/cc in Alaska ’s Cook Inlet and Por t Valdez , less in the Arc ti c
ft& an. Distribution decreased witi, salinity In Cook Inlet and with
depth in Port Valdez. In situ oxidation of ~

-4fl-dodecane (91 ug/liter)
started within hours and proceeded at a rate of 1 ug/liter—day.
Storage of Cook Inlet crude oil for four years in sea water at 10°C
e f f e c te d removal of most visible components. Mixing had a major
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e f f & ~ t on oil slick stability. Th e solubilization process was
little affected by added silt , a major component of many Alaskan
estuaries. Isolated organisms had unique preferences for various
components of kerosene and emulsified crude oil , and responded in a
norma l way  to incubation temperature , E a 14.5 to 16 kcal/mole.

~ wne eftec ts of crude oil inhibition are discussed . Calculations
show that motility , particularly in combination with chemotaxis ,
is necessary f or rap id slick inoculations.

87~~. Robichaux , T.J. and u.N . Mvrick. (1972).

CHEMICAL ENHANCEMENT OF THE BIODEGRADATION OF CRUDE OIL POLLUTANTS .

J. Petrol. Technol. Vol. 24:16—20.

Biodegredation of oil can be enhanced by emulsifying the oil and
seeding i t  w i t h  hydrocarbon—degrading  microorganisms .

876 . Roger , E.  (1965) .

CONTRIBUTION TO THE STUDY OF THE POLLUTION OF MUSSELS BY PETROLEUM
PRODUCTS.

In: Commission Internationale pour l’Exploration Scientific de la
Mer Mediterranee , Monaco , Apr i l  1964. p. 367—369.

A f t e r  enumerat ing the sources , types and po l lu t ing  cha rac t e r i s t i c s
of various petroleum products discharged into sea water and rivers,
the author discusses the conditions under which these products
cause pol lu t ion  of mussels , the nature of the damage caused , the
removal of petroleum products by self—purification and methods for
pr eventing this type of pollution.

877. Roland , J .V . ,  G . E .  Moore and M.A. Bellanco (1977).

THE CHESAPEAKE BAY OIL SPILL - FEBRUARY 2 , 1976: A CASE HISTORY .

In:  Proceedings 1977 Oil  Spi l l  Conference.  p. 523— 527.  Amer. P e t r o l .
I n s t . ,  Wash. D . C .

On February  2 , 1976 , one of the worst oil spills in recent history
occurred in the  lower Chesapeake Bay . Approximately 250 ,000 gallons
of N o .  6 oil were discharged into  the bay a f t e r  a barge , the  STC— 1OJ
sank in a storm near the mouth of the Potomac River .  The oil con-
tam inated extensive beach and marsh areas on both sides of the
bay. Cleanup opera tions lasted almost a month and the cost
approached $400 ,000. The U . S .  Coast Guard es t imated  tha t 167 , 000
gallons of oil were recovered by c leanup crews . The remaining oil
is believed to be widely d ispersed over large areas of the bay—
possibly tied up in fringe marsh grass , buried under sand on the
beaches or carried out into the Atlantic Ocean . The heavily—
contaminated  f r i n g e  marsh grasses were cut , leaving the root systems
I n t a c t , in order to p r o t e c t  the f r ag i l e  marsh areas.  An overall  
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assessment of the environmental damages caused by the spill is almost
comple te .  E s t i m a t e s  of the number of wa te r fowl  killed range f rom
20 ,000 to 50 ,000 bi rds .  Damage to s h e l l f i s h  and other  a q u a t i c
resources is s t i l l  under stud y.  P re l imina ry  repor ts  ind ica te
tha t  damages to the environment may not he as severe as i n i t i a l ly
expected .

878. Rosenberg,  D . M .  and A . P .  Wiens . (1976) .

COMMUNITY AND SPECIES RESPONSES OF CHIRONOMIDAE (DIPTERA ) TO
CONTAMINATION OF FRESHWATERS BY CRUDE OIL AND PETROLEUM PRODUCTS
WITH SPECIAL REFERENCE TO THE TRAIL RIVER , NORTHWEST TERRITORIES .

J. F i sh .  Research Bd. Can. 33 1955—1963.

On oiled and unoiled a r t i f i c i a l  substrates  in the Trai l  River ,
Nor thwes t  Ter r i to r ies, communities of chironomidae were d i f f e r e n t
dur ing  open—water  periods but were similar over winter. Ten species
of Chironomidae showed a posi t ive response to the presence of
oil , 9 species showed a negative response and 10 species were
apparently unaffected . 11 species of Chironomidae showing e i ther
posi t ive or negative responses to contamination by oil or petroleum
produc ts  were evaluated for their potential to indicate oil con-
tamination of freshwater ecosystem . Three criter ia were used :
taxonomic soundness , wide distribution and numbers in the community.
Cr icotopus  b i c i n c t u g  and C. veripes would fulfill this role .

879. Rosenberg, D.~ I . ,  A . P .  Wiens , and O.A. Swether (1977)

RESPONSES TO CRUDE OIL CONTAMINATION BY CRICOTOPUS BICINCTUS AND
C. MACKENZIENS I S (DIPTE RA:CHIRONOMIDA E ) IN THE FORT SIMPSON AREA ,
NORTHWEST TERRITORIES.

J .  Fish.  Res.  Bd.  Can. 34 254—26 1.

C. bicinctus and C. mackenziensis,  two common mid ges in the Fort
S impson area , NWT were examined for changes resulting from exper imental
field exposure to Norman Wells crude oil. Larvae of both species
were always present in higher numbers on oiled than unoiled a r t i f i c i a l
subs t ra tes  but numbers of C. b ic inctus  increased more qu ickl y than
C. mackenziensis in response to the oil.

880. Rosenthal , H.  and W. Cunkel (1967) .

EFFECT OF CRUD E OIL-EMULSIFIER MIXTURES ON MARINE FISH FP -( AND
THEIR FOOD ANiMALS .

Helgolander W issenschaftliche Meersuntersuchungen , 16(4),  315—320.

Repor ts tests of the effects of crude oil—emulsifier mixtures
on the larvae of Clupea harengus and Agonus cataphractus L.
Lethal concentrations were determined. Crude oil along did not cause
damage to herring larvae during the four day observation period .
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881. Rossi , S.S. (1977).

BIOAVAILABILITY OF PETROLEUM HYDROCARBONS FROM WATER , SEDIMENTS
AND DETRITUS TO THE MA RINE ANN EL ID NEANT F {ES ARENACEODENTAT A .

In :  Proceedings 1977 Oil  Spil l  Conference.  p.  621—625.  Amer. Pe t ro l .
I n st . ,  Wash.  D . C .

Cptake , retention , metabolism and depuration of diaromatic hydro-
c arbons by the polychaete. Nean thes arenaceodentata, were examined
in experiments utilizing seawater solutions and sed iments contaminated
w i t h  e i t h e r  No.  2 fue l  oil wa te r—solub le  f r ac t ions  or radio —
labelled naphthalenes. Polychaetes rapidly accumulate 1-4C—n aphthalene
(magnification factor 4OX) from solution during short—term exposure
(24 hr). Worms slowly released hydrocarbons accumula ted during
acute exposure d own to undetectable levels (<0.05 ppm) within
300 hours a f t e r  r e t u r n  to clean seawater.  14C—naphthalene accumulated
f i o m  so lu t ion  was metabolized by polychaetes and associated
m i c r o flo r a  apparen t ly  play no role in uptake , release or metabolism.
Analyses  of worms held for  28 days in c l a y — s i l t  sediments a r t i f i c a l l y
contaminated wi th  No. 2 fue l  oil (9ii g total  nap h tha lenes/g  wet
sediment) indicate  tha t nap hthalenes were not accumulated by worms at
t issue concent ra t ions  above 0.1 ppm . Pol ychaetes likewise fai led to
accumula te  14C— met h y lnaphthalene /g  dry detritus) for 16 consecutive
days . These data suggest that  petroleum hydrocarbons bound to sediment
pa r t i c l e s  or pa r t i cu l a t e  organic matter are less available to marine
worms than those in solution .

882. Rossi , S . S . ,  et al .  (1976) .

TOXICITY OF WATER-SOLUBLE FRACTIONS OF FOUR
TEST OILS FOR THE POLYCHAETOUS ANNELIDS , NEANTHES ARENACEODENTATA
AND CAFI TELLA CAPITATA.

Environ. Poll., 10:9—17.

The t o x i c i t y  of wa te r—solub le  f rac t ions  of two refined and two
crude oils to two species of laboratory—reared polychae tes was
determined . The two refined oils (No. 2 fuel oil and bunker “C”
residual oil) proved most toxic to both species. South Louisiana
crude oil was less toxic than either of the refined oils , ye t more
toxic than Kuwait crude oil.

The higher concentrations of toxic diaromatic compounds (naphthalenes)
found in refined oils probably accounted for major differences between
the toxic ity of refined versus crude oils. Capitella capitata
was slightly more sensitive to three of the four oils than was
Neanthes arenaceodentata. Both spec ies appear to be quite similar
to fish and crustaceans in their sensitivity to these four oils.
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883. Rossi , S.S. and J.W. Anderson (1976).

TOXICITY OF WATER-SOLUBLE FRACTIONS OF NO. 2 FUEL OIL AND SOUTH
LOUISIAN A CRUD E OIL TO SELECTED STAGES IN THE LIFE HISTORY OF THE
POLYCHACTE , NEANTHES ARENACEODENTATA.

Bull, of Environ . Contamin. and Toxicol., 16(1). pp. 18—24.

The results of bloassays concerning the toxicity of petroleum
hydrocarbons (PHC ’s) on 4 juvenile and 2 adult stages of Neanthes
arenaceodentata indicated that significant differences in sensitivity
exist among life stages. Young stages of N. arenaceodentata
exhibited a high tolerance of PHC ’s. 20 ref.

~~~~~~~~ Rossi , S.S. and J.W. Anderson (1977).

ACCUMU LATION AND RELEASE OF FUEL—OIL DERIVED DIAROMATIC HYDROCARBONS
BY THE POLYCHEATE NEANTHES ARENACHEODENTATA.

Marine Biology 39 51—55.

Male and gravid female Neanthes were experimentally expose~1 to a
sublethal concentra tion of #2 fuel oil seaw~~er extract for 24
hours. Within 1 hour both sexes had incorporated in equal portions
mos t of the d iaroma t ic hydrocarbons eventually accumulated . When
returned to hydrocarbon—free seawater, male worms slowly released
naphthalenes down to undetec table level. Gravid females retained
essentially all of the accumulated naphthalenes until egg release,
with subsequent dramatic decrease. Zygote and trochophore larvae
contained 18 ppm naphthalene . As trochophore larvae developed
into 18—segment juveniles, nap hthalene concentration dropped
to near undetec table levels. The 32 segme~1t worms were free of
naphthalenes.

885. Rossi, S.S. and J.W. Anderson (1977).

EFFECT OF NO. 2 FUEL OIL AND SOUTH LOUISIANA CRUDE OIL WATER—
SOLUBLE FRACTIONS ON HEMOGLOBIN COMPENSATION AND HYPOXIA TOLERANCE
IN THE POLYCHAETOUS ANNELID , NEANTHES ARENACEODENTATA (MOORE).

Marine Science Communications, 13 117—131.

Exposure to sublethal concentrations of No. 2 fuel oil water—
soluble fractions (WSFs) did not affect the ability of Neanthes
arenaceodentata to increase its body hemoglobin content in response
to hypoxia . Similar treatment using water—soluble fractions of
South Louisiana crude oil likewise indicated little disruption of
compensatory ability. Reduced dissolved oxygen (DO) concentrations
did not significantly alter the toxicity of No. 2 Fuel Oil WSFs to
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N . a r e u , i c e o d e ’n t a t , i .  l o w  I ) .  ) e o n ( - l t  r a t  ions m a r k e d l y i n c r e a s e d
t h e  t o x i c i t y  I So . I i .  c r u d e  oil  WSF s , p r o d u c i n g  a s y ner g i s t  h e

~ I ect  . R e s u l t s  w or e  d e f i n e d  r t la t  i ye  t o  t h e  c o n c e n t r a t i o n  of
n t p h t h i a l t n & . s  and I ~ d i s solved  hy drocarbons  in e x p e r i m e n t a l
m c d i i .  P o s s i b l e  o t t e c t s  of petroleum hydrocarbons on the
r c ~~o i r a t o r y  ph y s i o l o g y  of marine infauna were briefl y considered .

M M l i . Ro~~si , 5 .5 . ,  J . W . And er son  and ~~S. Ward ( 1 9 7 6 ) .

I u X I C I T Y  OF wATER—soLl’Bl .h : FRACT I ONS OF FOUR TEST OILS FOR THE
l’ t)l.YCHEA Il iNS -\NNL I .I DS , NEANTIIES ARI-:NACEODENTATA AND CAP I TELLA

A I’ [IA A

Envir onment ii I~ol Lut ion , 10: ~
— 17.

rIR toxicity I vt t -r— soluhle frac t ions of two ret m e d  and two crude
o i ls  to two spec ics of l a b o r a t o r y — r o a r e d  p o ly c h a et e s  was d e t er m i n e d .
two refined oi l s ( N o . 2 ful l oil and hunker C residua l oil)
proved most toxic to both species. So ut h  Louisian a crude oil was
less toxic than e ither at  the refined oils , v e t  marl toxic than
Kuwait crude oil. T ht h igher  c o n c e n t r a t i o n s  of t o x i c  d i a r o m a t i c
compound s (naphtha l nls ) found in refined oils probabl y a c c o u n t i s i
b r  major di l f c r t nces between the toxicity of refined v e r su s
crude oils. ( I j i t i I s  ~~U ) i t a t a  was s l i g h t l y  more s e n s i t i v e  t o  t h r e e
or the four o f  Is rhi,ui was N anthes areriaceodentata, Both s p ec i e s

l p ; ) c , i r  ~~ he s i m i l a r  to f i s h  and c ru s t aceans  in  t h e i r  s e n s i t i v i t y
to these f o u r  o i l s .

887. R ouha l , W .T. and T . K .  C o l l i e r . ( 1 9 7 5 ) .

Si’IN— LABEL INC TECHN IQUE FOR STUDYIN; MODE OF ACTION OF PETROLEUM
I I Y I ) RO CA R BON S ON MARINE ORGANISMS .

U . S. N a t l .  M a r .  Fish Strv. Fish. Bull. , 73:2~ 9—3O5.

Sp i n — l a b e l i n g  s t u d i e s  of m e m b r a n e — c o n t a m i n a n t  i n t e r a c t i o n  are being
conducted  b y b i o c h e m i s t s  a t  the N o r t h w e s t  F i s h e r ie s  C e n t e r  i n
Slat ti e , W i s h  i i i g t o n .  I h o  a i m  ol t h ie se  s t u d i e s  is  to ga in  a b e t t e r
u n d e r s t a n d i n g  of t he  mode of a c t i o n  of hy drocarbon  c o n t a m i n a n t s  at
t he  mo lecu l a r  level .  B as i c sp in—labeling theory together with
e x p e r i m e n t a l  r e s u l t s  are presented  and d iscussed . S p i n — l a b e l i n g
ho lds  g r e a t  promise  not o n l y  f o r  env i ronmen ta l  s t u d i e s  bu t  also
f o r  d rug  r e sea rch , tox ico logy  and pharmacology as w e l l .

888. Roubal , W . T . ,  D.H. Boree , T.K. Collier , S. I .  S t r a n a h a n .  ( 1 9 7 7 ) .

FLOW-THROUGH SYSTEM FOR CHRONIC EXPOSURE OF AQUATIC ORGANISMS TO
SEAWATER-SOLUBLE HYDROCARBONS FROM CRUDE OIL:  CONSTRUCTION ANt)
APPLICATIONS.

In :  P r o c ee d i n j~s 1 9 7 7 011 Still  C o n f e r e n c e .  p. 5 5 1 — 5 5 5 .  Amer .  P e t r o l .
In s t . ,  W a s h . ,  I).C.
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Flow—through systems circumvent problems associated with static systems
for exposing aquatic organisms to water—soluble hydrocarbons by
prov iding an uninterrupted supply of water—soluble fraction with
minimal compositional variations. Moreover , there is little
accumulation of deleterious excretory products. Yet the design of
a flow—through system for crud e petroleum poses practical problems .
All exposed surfaces of equ ipmen t become coated with thick oily
residues , whIch, if ignored , result in changes in water flow rates
and in levels o f soluble hydroc arbons .

To ci rc umvent such problems , a modular sys tem was buil t which
can be adjusted to compensate for oil accumulation . Analyals of
the water—soluble fraction prepared from Prudhoe Bay crude oil
showed it to contain primarily low molecular weight aromatic
compounds as follows (average concentration , ppm): henzene, 0.26
toluene, 2.45; total xylenes , 1.73; C3— and C4—substituted
benzenes, 0.26; naph thalene, 0.01, 1—me thyl naphthalene ,
0.02; 2—methyl naphthalene , 0.02; C2—substituted naphthalenes,
0.05; and C3—substituted naphthalenes , 0.03. Hydrocarbon analysis
of muscle tissue from coho salmon exposed to a water—soluble
fraction for 5 weeks is presented .

888—A . Royal Society of London (1972).

A DISCUSSION ON FRESHWATER AND ESTUARINE STUDIES OF THE EFFECTS
OF INDUSTRY .

Series B, 18O (1061):363—536. Royal Society of London Proceedings , Series B.

The effects of the changes in the character of inland and estuarine
waters brought about by industrial activity are considered . Among
the topics discussed are artific ial radioactivity in estuarine systems ,
pollution in Southampton Water , effects of paper mill wastes on
the marine benthic environment, effects of the oil industry on shore
life in estuaries , effects of warm water discharges on marine life,
and mathematical models for water quality estuaries.

889. Ruel, M., S.L. Ross , E. Nagy , J.B. Sprague (1973).

GUIDELINES ON THE USE AND ACCEPTABILITY OF OIL SPILL DISPERSANTS .

Environmental Protec tion Service Report Series EPS l—EE—72—1. Envir-
onmental Emergency Branch , Canada . 60 pp.

The foundation of Environment Canada Guidelines on the Use and
Acceptability of 011 Spill Dispersants is presented . A standard
list of dispersartts will be prepared on the basis of these guidelines.
Only dispersants satisfying the acceptability criteria shall be
allowed for use and , except In the case of extreme emergency ,
only with the express permission of Environment Canada or delegated
provincial authorities. The use of dispersants is also subject
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to the requirements of the provinces concerned . Uses are limited
to  well specified spill situations and a detailed report on each
use is required . Dispersants must contain no highly toxic compounds ,
must satisfy toxicity and biodegradability specifications , must
be reasonably effective under conditions of use, m d  must be
appl ied  in a recommended manner. Procedures for having a dispersant
p laced on the  s tandard  l i s t  are presented along w ith labeling
r equ i r emen t s  and recommended methods for  determining toxicity,
b i o d e g r a d a b i l i t y  and e f f e c t i v e n e s s .

890. Ruivo , Mar io  ( e d . )  ( 1 9 7 2 ) .

M A R I N E  POLLUTION AND SEA LIFE.

F . A . O .  F i s h i n g  News (Books) LTD 624 p.

This  volum e contains  edi ted  c o n t r i b u t i o n s  and summaries  of d i s cuss ions
a t  the  FAO Technical  Conference on Living Resources and Fishing ,
organized  by the Department of Fisheries , Fishery Resourc es Div is ion ,
of FAO and held at FAO Head quar te rs  in Rome from 9 to 18 December
1970. Ind ividual articles cr1 biological  e f f e c t s  of oi l  pollution
i r e  entered separately in this bibliography.

891. Rushton , W . and E. Jee . (1928).

FUEL OIL AND AQUATIC LIFE.

Salmon and Trout  Magaz ine .  31:89—94 .

The g ill fibers and mouths of yearling trout were painted w ith fuel
oil w i t h o u t  causing apparent damage to the fish. Oys ters expos ed
to the removal of one valve were th ickly smeared w i t h  fue l  oil ,
bu t  on immersion , in water , for a few seconds, the whole coating
was found to leave the surface of the animal and rise to the top
of the w a t e r .  A caddis f l y  larva succumbed w i t h i n  3 days .
Freshwater  snails , however , survived fo r  four days and seemed
unharmed .

892. Rutzler , K. and W. Sterrer. (1970).

OIL POLLUTION : DAMAGE OBSERVED IN TROPICAL COMMUNITIES ALONG THE
ATLANTIC SEABORD OF PANAMA .

Bioscience , 20 : 2 2 2 — 2 2 4 .

On 13 December 1968 , the 3400—ton t anke r  S .S.  W i t w a t e r  r u p t u r e d  on
i t s  way to the A t l a n t ic  en t rance  of the Panama Canal .  Near l y 20
thousand ba r re l s  of diesel oil and Bunker C were released and driven
by s t rong o f f s h o r e  winds toward the Gale ta  Is land coast l ine . Use
of detergents was avoided , and the Smithsonian Tropical Research
Institute Staff reduced the threat to marine life by burning and
pumping off the oil.
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.-\ s p r ay  of mixed seawater  and oil covered trees and shrubs in the
s u p r a l i t t o r al  zone to a he ight  of 2 me te r s , k i l l i n g  many of them .
Su p r a l i t t o r a l  sp ray  pools and upper tnesolittorai tide pools were covered
by :m l ay er  of oil up t o  2 cm th ick , and were found to be devoid

l b  l i f e .  The lower mesol ittoral and infral ittoral zones were only
t e m p o r a r i l y  a f f e c t e d ;  the waves began to erode the oil as soon
is they had discharged it. The reefs seemed to be the least affected
communities of all. The sandy beaches looked clean at first
glance , but were completely permeated with oil beneath a newly
deposited clean upper layer. The meiofauna population of this
ecosy stem was dramatically reduced . The mangroves suffered the
mos t , their roots being coated with oil. The fiddler crab population
( l~~~~ sp.  ) ot the mangrove area was greatly reduced . The intertidal
miga l c o m m u n i t y  on the stilt roots and its inhabitating microfauna
were nearl y eliminated in all exposed areas as were the sedentary
animals of this zone. Young sea turtles ( Caretta sp. ) were
oh~ erved dead and dying . A number of oil—smeared herons and one
d y ing  c o r m o r a n t  were observed .

59 1. Sabo , D . J . ,  et a l .  (1975) .

PETRO I I:t N HYDROCARBON POLLUT1ON AND HEPATIC LIPOGENESIS IN TIlE MARINE
FISH FIJNDULUS HETEROCLITUS.

Fed . P r o c .  34 :U0.

H e p a t i c  l i pogenesis f rom glucose—i—C 14, glucose—6 — D 14 and a c e t a t e — l
—C 14 in l iver sl ices obtained from f ie ld  populations of Fundulus
l i v ing  in oil contaminated waters  was compared to tho~ e taken f rom
an uncontaminated control area . Livers from contam i nated fish

v n th e s i z e d  approximately six times more lipid from glucose—
l—C 1~ when compared to control animals. The reverse was observed
when glucose—6—C~~ was the substrate. Acetate—l—C 14 was metabolized
equally in both groups. Liver glucose—6—phospha te dehydrogenase
act ivitv was elevated in homogenates from contaminated fish.
El ectron microscopis examination of livers from contaminated
f ish demonstrated proliferation of the rough endoplasmic reticulum ,
decreased glycogen and lipid stores , and an increase in free ribosomes.
The results suggest that in Fundulus environmental petroleum hydrocarbons
s t i m u l a t e  l i p o l y s i s  through aerobic glycoysis, depress anaerobic
g l y co l y s is  mm d increase u t i l i z a t i on  of energy s tores .

894. Sa c k et t , W .M.  and J . M .  Brooks (1974) .

USE OF l.OW-MOLECU 1.AR -WE ICHT HYDROCARBON CONCENTRATIONS AS INDICATORS
OF MARINE POLLUTION .

I n :  NBS Spec ia l  Pub l i ca t ion  409, Marine Po l lu t ion  Monitor ing
(P e t r o l e u m ) ,  Proceedings  of a S~~~posium and Workshop Held at
NBS , G a I th e r sb u r ,~~ Maryland , May 13— 17, 1974.
Nationa l Bureau of Standards.

Dissolved low—molecular—weight hydrocarbon concentrations in surface
wat. r have been determined for several throusand miles of cruise
t r m c i < s in the Gulf of Mexico for the period 1971—1974. Large areas

8—299

- — — — 
_ _ _ _ _ _ _ _  —



)t coastal water offshore Texas and Louisiana have up to six orders
of magnitud e higher concentrations of low—molecular—weig ht hydrocarbons
than open ocean surface water . These high levels are probably
petroleum—derived and due to offshore petroleum production operations .
The obse rved high levels of C1 to C3 hydrocarbons do not seem to be
de t r imen ta l  to marine l i f e  but may be indicators of more toxic
petroleum components.

895. Sage , B . L .  (1968) .

POLLUTION — COST TO WILDLIFE.

Pet ro leum Review , Apri l , 1968: 123— 124 .

This a r t i c l e  describes some of the findings reported at a symposium
on marine oil pollution. Experiments are briefly described of the effects of
oils and emuls i f ie rs  on amoeba. Insoluble substances had little
e f f e c t .  More volatile fractions caused insensitivity to external
stimuli followed by a dramatic change in the appearance of the cell.
Recovery canno t take place when high concentrations are involved .
Anionic emulsifiers caused bursting and removal of the cell
membrane. Cationic types act in lower concentrations and “fix”
the membrane and then the whole cell. Non—ionic emulsifiers
act  s imilar ly  but a t  higher concentrations .

Some s tudies on microbiol .  degredation of crude oil are also
described . It is concluded that microbial degredation of oil at
sea depend s on tempera ture , pressure, and oxygenation; first
degr aded ar e the al ipha tic , olefinic , and naphthenic compounds.
Lit tle is known on the degradation of heterocyclic compounds.

896. St. Amant , L.S. (1970).

BIOLOGICAL EFFECTS OF PETROLEUM EXPLORATION AND PRODUCTION IN
COASTAL LOUISIANA.

In: Santa Barbara Oil Symposium, Santa Barbara, December 16—18, 1970.
Holmes , R.W. and F.A. DeWatt , (eds.). University of California.

897. St. Amant, L.S.  (1973) .

SOME CONSIDERATIONS OF THE CHRONIC EFFECTS OF PETROLEUM IN THE
MARINE ENVIRONMENT.

In: Iqput s, Fates and Effects of Petroleum in the Marine Environment.
Ba ckground Information for the Workshop, Ocean Affairs Board,
NSF, Airl ie, Va 21—25 May 1973.

This paper reviews the effects of chronic pollution , par t icularly
with regard to the oil production along the Louisiana coast. It
is concluded that marine ecosystems are quite resilient since the
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high rate of chronic pollution along the coast is accompanied by
high produc tion of marine life. The most critical studies on
the effects of this pollution would have to address themselves to
the generative capacity and energy flow of the system rather than
temporary mortalities. These studies have not yet been done.

898. Sanders, H.L., Grassle , J.F. And Hampson . G.R. (1972).

THE WEST FALMONTH OIL SPILL . I. BIOLOGY .

Tech. Rep t. WHOI —72—20 , April 1972. Woods Hole, MA:
Woods Hole Oceanogr. Inst.

The continuing biological effects of the West Falmonth Oil Spill
are documented from the inception of the study in Sept 1969 to
Nov. 1971.

899. Sanders, H. (1973).

SOME BIOLOGICAL EFFECTS RELATED TO THE WEST FALMOUTH OIL SPILL.

In: Inputs, Fates, and Effects of Petroleum in the Aquatic Environment.
BackEround Information for the Workshop. Ocean Affairs Board,
NSF. Airlie, Va. 21—25 May 1973.

Benthic sampling stations were established after the Number 2 fuel
oil spill at West Fulinonth . The samples were examined for species
composition and oil concentration. The author concludes that
the species and density patterns for the polycheates , gastropods,
bivalves and ampeliscid amphipods follow transposal and spatial
stress gradients induced in the concentration and relative degreda tion
of the #2 fuel oil spilled. Superimposed on these gradients are
perturbations initiated by aperiodic infusions of less degraded
fuel oil at different stations in the sampling area and a breed ing
season for much of the benthos that is primarily restricted to the
summer months.

900. Sanders, M.K. (1970).

ANOTHER OIL SPILL AT SANTA BARBARA.

Mar. Poll. Bull., l(2):l8—l9.

An increase in the steady leakage of ten barrels per day around
Union Oil Company ’s Platform A in the Santa Barbara Channel was noted
by platform workers on Sunday, 14 December 1969. By Tuesday a
slick of brown crude oil covered an area of 5 by 10 miles. The
Union Oil Company ascertained that the oil was coming from a split
in the pipeline which transports the oil from the platform to the
shore. None of the automatic safety devices worked , so the leak
was halted manually, and the pipeline repaired by Sunday 21, December .
In the meantime, some 1000 barrels of oil had escaped into the sea.
Dispersants were used to break up the slick. Environmental damage,
as usual, was heaviest to birds.
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901 . Sawy er , T.K. ( 1978) .

MICROSCOPIC OBSERVATIONS ON VERTEBRATES AND IN VERTEBRATES COLLECTED
NEAR THE ARGO MERCHANT OIL SPILL .

In: In the Wake of the Argo Merchant. Proceedings of a Conference
and Workshop Held at the Unive r s i t y  of Rhode Island, January 11—13,
1978. Center for Ocean Management Studies , University of Rhode
Island , K ingston , Rhode Island .

Biota  co l lec ted  at the 
~ig~ 

Merchan t  spill site were preserved at
sea and sent  to the NMFS L a b o r a t o r y ,  Oxford , Md for histological
examination . Specific lesions caused by spilled oil were not apparent
in any of the animals examined . Some ~~~~~~~~~ larvae had oc u lar
les ions , malformations or lack of pigmentation of th~ eye. Several
winter flounder and alewives had edematous gills and deteched
ep ithelium. The olfactory epitheliurn of several yellowtail
flounder appeared to be hyperp lastic . Mollusks showed us micro—
scopically reservable effects of the oil spill. Hermit crabs had
an abundance of large g ranu locy t ic  hemocytes , but  the normal
state is not known . The hermit crabs also had large , sessile,
ciliated protozoans on the external surfaces of antennae, wh ich
may indicate the absence of oil.

902. Scarratt , D.J. and V. Zitko. (1972).

BUNKER C OIL IN SEDIMENTS AND BENTHIC ANIMALS FROM SHALLOW DEPTHS
I N  CHEDABUCTO BAY , NOVA SCOTIA.

1. Fish Res. Board Can., 29:1347—1350.

Soft sed iments showed considerable fluctuations in Bunker C oil
contcnt but little evidence of diminution of Bunker C concentration
in the 26 months following the wreck of the tanker Arrow. Coarse
sed iment samples and most henthic species showed maximum oil
concentrations abou t 1 year after the wreck and some reduc tion
since then . Herbivorous or browsing species had higher oil content
than carnivorous or omnivorous species. There is evidence from fluor-
escence emission spectra tha t some carnivorous or omnivorous species
are  able to ass imi la te  and pa r t ly  metabo l ize  Bunker C oil , but  no
ev idence tha t Bunker C or its fluorescent deriva tives and fractions
were being concentra ted in higher par t s  of the food chain .

903. Scheier , A. and D. Gominger (1976) .

A PRELIMINARY STUDY OF THE TOXIC EFFECTS OF IRRADIATED VS. NON-
IRRADIATED WATER-SOLUBLE FRACTIONS OF NO. 2 FUEL OIL.

Bull, of Environ . Contamin. and Toxicology . 16(5), p. 595—603.

The toxic effects of the water soluble fraction of No. 2 fuel
oil on a number of test organisms was presented . Exposure to ultra
v iolet light was found to increase toxicity of the pollutant .
The test species investigated were the grass shrimp , sheephead
minnow, mumm ichog, channel catfish and the bluegill sunfish.
8 r e f .
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) O - ~~. Schertk, J.E. (1975).

EFFECTS OF OUTBOARD MARINE ENGINE EXHAUST ON THE AQUATIC ENVIRONMENT .

Pro ;ress in Water Techno’ogy , 7(5458), p 675—676.

W ith respect to the pollutional effec t of outboard engines no acute
eff ect on biological communities was observed . Species abundance ,
richness and population similarity of phytoplankton populations
in both the leaded and non—leaded fuel test lakes were not affected .
Analys is o f zoop lank ton and periphyton data showed no effects due to
2—cycle outboard motor emmission. No marked changes in fish behavior
or populations were observed . With leaded fuel increased lead
levels in the water column and sediment were indicated in addition
to increased hydrocarbon levels. 17 ref.

905. Schramm , W. ( 1 9 7 2 ) .

INVESTIGATIONS ON THE INFLUENCE OF OIL POLLUTION ON MARINE ALGAE . 1.
THE EFFECT OF CRUDE OIL FILMS ON THE CO 2 AND GAS EXCHANGE OUTSIDE
THE WATER.

‘bar. Biol. (Ben .), l~~:l89—l98 (in German)

CO 2 uptake  was measured in marine algae coated wi th  various
th icknesses of various types of crude oil. CO2 uptake was
found to be depressed to varying degrees in emersed plants.
Exposed plants were able to photosynthesize longer than controls.
The author concludes that there are two ef fec ts which probably
interfere with gas exchange: (1) lowering of diffusion rates by
the oil film and (2) total effects of crude oil components.

1)06. Schultz , D. and L.B. Tebo , Jr. (1975).

BOONE CREEK OIL SPILL .

In : Conference on Prevention and Control of Oil Pollution.
pp .  583—588. Amer.  Pe t ro l .  I n s t . ,  Wash . D . C .

During the months of March through Sep tember 1972 , a biological
s u rvey was conduc ted on the effec ts of a 7 ,000—gallon diesel
fuel spill into Boone Creek, a small stream near ~;alem, Sou th
Caro l ina .  Boone Creek empties into Lake Keowee , an impoundment
on the Keowee River .

Macroinvertebrate organisms , periphyton and fish were collected ,
preserved , identified and enumerated . Sediment samples were taken
fo r  h ydrocarbon analysis.

Oil was observed in the creek during the entire six—month study period .

L o c at i o n s  downstream from the oil spill generally contained reduced
numbers and types of organisms.
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An estimated 90% of the fish commun i ty was killed during the initial
oil spill.

Per iphyton growth , dominated by diatoms , increased at locations
downstream from the oil spill during May and June.

Ar.alysis of substrate sediment samples reveal d hydrocarbons still
precent in Boone C r e e k  and Lake Keowee 13 months after thl spill
occurred .

907. Schwa rt~~, J .R. et al. (1975).

DEEP-hEA BACTERIA GROWTH AND UTILIZATION OF HYDROCARBONS AT AMBIENT
ANI) IN SITU TEMPERATURE AND PRESSURE .

Can . J. Microbiol. 2l:682—~ 37.

A mixed culture of bacteria was obtained from the sediment—water
interface of a core sample taken off the coast of Florida at a
depth of 4940m. The mixed culture was found capable of utilizing
n—hexadecane as a sole carbon source for growth at the in
situ temperature (4°C) and pressure (500 atm). The rate of uti1i~ at ion
under deep—ocean conditions was found to be much slower than the
rate observed at ambient pressure (1 atm) and low temperature
(4°c).

908 . Seadock , Incorporated (1974).

ENVIRONMENTAL REPORT.

Seadock , Inc. 2 Volumes.

This volume describes a proposed deepwater port installation and
assesses it~ probable impact on the Texas offshore environment.

909. Seki , H. (1973).

SILICA GEL MEDIUM FOR ENUM E RATION OF PETROLEU MLYTIC MICROORGANISMS
IN THE MARINE ENVIRONMENT.

App l .  M i c r o .  26:318—320.

A silica gel med ium was developed for the enumeration of petroleumlvtic
microorganisms in the marthe environment. The medium was satisfactorily
used for the investigation of the vettical distribution of bacteria
in seawater from the surface to 1,000 m depth of western north
Pacific central water as well as the nenitic region of Japan.

910. Seki, H . (1976).

METHOD FOR ESTIMATING THE DECOMPOSITION OF HEXADECANE EN THE MARINE
ENV I RONMENT.

Appl ied and Environmental Microbiology , 31(3):439—441.
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Water samples from Tokyo Bay were collected during July and Aug .
1974. Following addiL ion of O.5b-1 Ci. of l 14C hexadecane , a 20—
ml por tion of each sample was incubated in the dark at 25°C—30°C.
The quantity of hexadecane oxidized by microorganisms was es timated
by quantitating radioactive carbon dioxide (1-4CO2) trapped in
ethanolamime following acidification . Subsamples of each surface
sample were incubated in test tubes of various diameters to examine the
ef fe ct of the surfac e area of the hexadecane f ilm and its proximity
to the microorganisms on the rate of hexadecane decomposition .
Within several minutes of initial incubation , ~

-4CO 2 was liberated
in appreciable amounts , and the ra te of oxidation was linear in
15 hr for every sample. Surface area of the incubation vessel
signif icantly affec ted hexadecane oxidation. The rate of hexadecane
decomposition was 0.l—1.3ug/h/1 of seawater at the surface layer
in the polluted gyre of the inner part of the bay. A similar
horizontal distribution pattern was found for the density of
hexadecane—decomposing bacteria .

911. Sharp, J .M. and J.W. Tyson (1975).

THE OFFSHORE ECOLOGY INVESTIGATION .

In: Offshore Technology Conference: Seventh Annual: Proceedings:
Vol. III. pp. 499—504. Houston , Tx .

Biological , chemical and physical experiments were conduc ted by
the OEI to assess the environmental—ecological impact of petroleum
drilling and production off the Louisiana coast. Eight synoptic
field sampling and data collec ting exercises were completed in
Timbalier Bay, Louisiana and offshore to a 100—ft depth . Comparisons
are made between the shallow water bay system and the adjoining
nearshore shelf region and platform locations experiencing prolonged
intensive production and nearby and distant control locations
experiencing no drilling or production . Seventy—nine percent of
the investigations demonstrated no harmful or beneficial impact;
21% required further interpretation but did not exhibit harmful
impact. Beach—dwelling animals apparently have not been harmed
by dr i l l ing  and production activities and commercial fish catches
experienced an increase in total  harvest.  No harmful impact
on the environment f rom production or dril l ing has been demonstrated .

912. Shaw , D . C . ,  A .J .  Paul , L . M .  Cheek , and H.M .  Feder (1976) .

MACOMA BALTICA: AN INDICATOR OF OIL POLLUTION.

Marine Pollution Bul le t in  7 ( 2 ) :29— 3l .

In an experiment designed to simulate stranding of an oil slick
on a mu d f la t , a s i gn i f i c an t  increase in mor ta l i ty  of this species
was found to accompany increasing concentra tion of pe troleum
in sediment and increasing duration of exposure.
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~) l 3 .  Shaw , D.G., /\ .J. Paul and E.R. Smith (1977).

RESPONSES OF THE CLAM MACOMA BALTHICA TO PRUDHOE BAY CRUDE OIL .

In :  1977 Oil Sp i l l  Conference Proceedings p. 493—494. Amer.
Petrol. I n s t . , W a s h . ,  D.C.

The responses of the bivalve mollusk Macoma balthica to crude oil
have been studied under laboratory conditions designed to simulate
the strand ing of oil on intertidal sediments in which this animal
resides . The relationship of dry tissue weight to shell length ,
an indirect indicator of general health and fitness , was not significantly
altered by exposure to oil at a level which did result in significant
mortalities. This suggests that death is caused by a metabolically
specific mode of poisoning rather than by a general weakening of the
animal. In a second experiment , animals were subjected to two
temporaril y separated oiling events. Neither in mortalities nor
in gas chromatographic ana lysis of tissues for hydrocarbons were
cumulative effects observed . It was also found that a previously—
reported tendency of M. baithica to burrow to the sediment surface
in  the presence of oil increases with decreasing depth of available
sediment. We suggest tha t this behavior may be used as a convenient
indicator of oil pollution.

914 . Shelford , V .E. (1917).

AN EXPERIMENTAL STUDY OF THE EFFECTS OF GAS WASTE UPON FISHES , WITH
SPECIAL REFERENCE TO STREAM POLLUTION .

Bull. Ill. State Lab. Nat. Hist. 11:381—412.

Illuminating gas , gas liquor , and thirty—one out of thirty—four
representa tives of the chief groups of compounds found in gas and
gas—l iquor are very toxic to fishes. From one to fFteen hundred
parts per million are fatal to an orange spotted sunfish in one
hour .

As a rule the smaller fishes are more readily affected than the larger ,
down to the smallest fry studied ; the minimum amount of the various
substances required to kill fishes mus t be established by using
the most sensitive stages which are probably the smallest fry .

Fishes usually reac t positively to the compounds and mixtures
studied; i.e. enter the polluted water from the pure water readily
and turn back into the polluted water when pure water is
encountered. The danger to fishes is increased greatl y t h e r e b y .
Fishes of ten develop a “prefer ence ” for the polluted water after a
number of trials of both kinds.

On account of the extreme toxicity of gases such as CO and
eth y lene , and of benzene and other volatile matter , wate r which has
been in contact with gases should not be introduced into streams .
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Va rious types of manufacturing and by—produc t recovering plants,
while they remove different substances do not leave a harmless
residue; on account of the fact that the very toxic substances
such as carbon monoxide , benzene and naphthalene differ widely
in their properties , residues from all such plants will be almost
cer ta in  to be toxic.

The results thus far obtained may throw some light on the poisonous
effect of the various compounds from the pharmaceutical
stand point , and may be of assistance in the matter of standardization
of drugs with fishes.

915. Shelton , R.G.J. (1969) .

DISPERSANT TOXICITY TEST PROCEDURES.

In: Proc. Joint Conference on the Prevention and Control of
O il Sp ills. (API/EPA/USCG) , pp. 187—191. Amer . Petrol. Ins t .
Wash ., D.C.

The toxicity of chemicals used to disperse oil is considered
on the basis of British experience and in relation to effects on
fisheries and marine life. It is concluded that although toxic
dispersants may be of value in treating oil at sea, they should
not be used in large quantities in shallow coastal water , over shellf ish
beds or f ish nursery grounds , or in estuaries. When oil comes ashore
the problem should be reduced by mechanical means and chemical
methods used only o~ high—amenity beaches.

Toxicity—testing procedures for dispersants have so far been based
upon the de termination of LC50 values in static-water aerated tanks at
15°C over a 48—hour period , but a continuous—flow apparatus is being
devised . Test animals regularly used are Pandalus montagui,
Crangon crangon, Carcinus maenas and Cardium edule, but the fish
Solea solea and Limanda limanda and the lobs ter Homarus gammarus
are now be ing included .

A large number of commerc ially available dispersants have been tested
and also some experimental formulations. Some recently—developed
materials for use at sea have low toxicities but are of little value
for trea ting oil which has come ashore. Tainting by oil and dispersants
may affect fisheries by adding unwanted flavours to fish and shellfish
and so affecting marketability over several weeks.

In this paper the investigation of the toxicity of chemicals used
to disperse oil at sea and on the shore is discussed in relat ion to
the general problem of the effects on fisheries and marine life
of oil and the methods used to deal with oil spills .

916. Shel ton , R.G.J. (1971).

EFFECTS OF OIL AND OIL DISPERSANT S ON THE MARINE ENVIRONMENT .

Proc . Royal Soc., Ser. B., 177(1048):4l1—422.
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The main types of oil which pollute the sea are descr ibed and
the effects of weathering on the physical properties and toxicity
of spilt oil are considered. The biological consequences of oil
pollution are discussed and particular consideration is given to
the effects on the marine environment and on commercial fisheries
of the various methods which have been used in the treatment of
oil spills. Current research on oil pollution top ics is br iefly
reviewed and a number of unresolved problems are examined wi th
suggestions for possible future research.

917. Shelton , T.B. and J.V. Hunter . (1975).

ANAEROBIC DECOMPOSITION OF OIL IN BOTTOM SEDIMENTS.

Water Pollution Control Federation. Journal 47(9):2256—2270.

A significant portion of oil pollutants discharged into receiving waters
is incorporated into bottom sediment in which decomposition takes
place under anaerobic conditions . Natural sediments containing
oil pollutants were placed in a draw—and—fill experimental system ,
and the decomposition process was followed for 30 wk under anaerobic
conditions with high sulfa te levels in the overlying waters. Oils
were lost from sediments with time and were lost more rapidly than
other organic matter present. There was a steady release of
organic C with time. The sediments consolidated under their
own wt. There was no observable change in the benzene extrac t
(aromatic compounds) with time, and func tional group analysis
indicated an increased loss of oxy—compounds.

918. Sherma n , K . and D. Busch (1978).

THE ARGO MERCHANT SPILL AND THE FISHERIES.

In: In the Wake of the Argo Merchant. Proceedings of a Conference
and Workshop held at the University of Rh ode Island, January
11—13, 1978. Center for Ocean Manage~ enr Studies , University of
Rhode Island , Kings ton , Rhode Island .

Al though there has been evidence of oil contamination in fish ,
shellfish, ichthyoplank ton and zoop lank ton populations in the area
of the spill , the impac t of oil spilled from the ~~~~ Merchant
on f i sh  stocks has not been ca tos t rophic .

p 919. Shih , H . H .  (1971).

A LITERATURE SURVEY OF OCEAN POLLUTION .

Report  No. 7 1—6. I n s t i t u t e  of Ocean Science and Engineering.
Catholic University of America. Washington, D.C. 116 pp..

A survey of past studies on the problems of ocean pollution
is presented and research areas in which there are notable deficiencies
in knowledge are identified . Available literature , documented
as well as unpublished , pertaining to all phases of ocean pollution
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were surveyed . A general description of ocean pollution in the world
is given. The chief pollutants , including oil spills, waste disposal ,
radioactive wastes, thermal discharges , chemical cargos, and man ’s
ac tivi ties , and the sources of these pollutants are discussed . The
effects and the control of various types of ocean pollutants and a
list of terminology, of ten encountered in fields related to ocean
pollution, are given.

920. Shimkin , M . ,  et al .  (1951) .

AN INSTANCE OF THE OCCURRENCE OF CARCINOGENIC SUBSTANCES IN CERTAIN
BARNACLES .

Science, 113:650—651.

Extracts obtained from the thatched barnacle ( Tetraclita squamosa
rubescens ) showed indica tions of the presence of polycyclic aromatic
hydrocarbons in chromatography and in their extinction curves
(crystals in hexane solution). Carbon and hydrogen content ,
as well as molecular weight , correspond to calculated values
for benzpyrenes. Spectroscopy indicated the presence of 3,4—benzpyrene in
the crystalline mixture. The material was dissolved in tricaprylin ,
5 mg/ml. The solution was then injected subcutaneously in to
12 C3H mice, 0.5 mg in 0.1 ml; and into 12 more C3H mice , 0.25 tug
in 0.05 ml. Within 36 weeks, four mice from the first group and
two from the second had developed tumors of the spindle—cell
sarcoma type , with local invasion of areolar and muscular tissue,
at the injection sites. Examination of these tumors and comparison
of results with those from previous work confirmed the presence of
3,4—benzpyrene, a polycyclic aromatic hydrocarbon and known carcinogen.
Since this type of chemical is not a normal metabolic product of
barnacles, the 3,4—benzpyrene must have reached the barnacles
accidentally, possibly from a ship or submarine oil well, or from
the wooden pilings where the barnacles were collected , which had
received a surface coating of creosote some 10 years earlier.

921. Shindler , D.B., B.F. Scott and D.B. Carlisle (1975).

EFFECT OF CRUDE OIL ON POPULATIONS OF BACTERIA AND ALGAE IN ARTIFI-
CIAL PONDS SUBJECT TO WINTER WEATHER AND ICE FORMATIONS.

Verh~ndlungen Internationale Vereinigung fur Theoretische and Angewante
Limnologie , 19 2138—2144.

Field and experimental studies in Ottawa, Canada under winter ice
conditions indicated that oil added to water greatly affected
microorganisms present. After oil from a spill enters the lake
waters an initial selection of one or a few bacterial types takes
place , followed by a development of greater diversity . The
initial bacteria are similar or closely related to types reported
to degrade crude oil. Ponds remained aerobic the following summer
and supported strictly aerobic bacteria such as Azobacter.
Bacterial populations indicated an accelerated rate of eutrophication .
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~J2 . Ship ton , J., J. H. Last , K . E .  M u r r a y ,  and G.L. Vale. (1970).

STUDIES ON A KEROSENE—LIKE TAINT I N  MI l LE T ( M U L I I .  CEPHALUS ) .
I I .  CH~~11CAL NATURE OF THE VOLATILE CONSTI TUENTS.

• J . S d .  Food Agric. 21:433—436.

The c o m p o s i t i o n  of a vo1.~t i l e  ex t rac t f rom mullet ( Mugil c’ep halus  )

) oSsessing  a kerosene ” taint has been shown by gas ch romatography
and spectra l analyses to be very similar , qualitativel y and
quantitativel y , to tha t of a commerc ial sample of kerosene .

923. Sidhu , G .S., L .I. Vale , J . Shipton and K.E. Murray (1970).

A KEROSENE—I-IKE TAINT IN MULLET (MUGIL CE PHAL U S) .

In: Marine Pollution and Sea Life , M . Ruivo (ed.) pp. 546—50.
Fishing News (Books) Ltd , London.

A u s t r a l i a n  mullet with a kerosene—like taint were examined by
gas liquid chromatography , combined gas chromatography—mass
spectrometry , and infra—red and proton magnetic resonance spectrometry.
The results clearl y establish the qualitative identity of the tainted
mullet oil and a commercial kerosene . Radioactive tracer experiments
indicate that taints from water can be picked up through gills
of fish in a few hours .

Y 24 . S impson , A.C . (1968).

OIL , EML’LSIFIERS AND COMMERCIAL SHELLFISH.

Suppl . to Vol. 2 of Field Studies , Field Studies Council , London ,
9 1 — 9 8 .

O i l alone will no t harm cr ustaceans or sub—littoral molluscs , and is
most unlikely to harm intertidal molluscs; it can , however ,
ause serious tainting if it comes into contact with the shells of

commercially valuable intertidal molluscs. Tainting by ingestion
of drop lets of oil can happen but is likely to be rare. Oil spills
s h o u l d  be kep t  out of estuaries in which intertidal mollusc beds
occur , by the use of physical protection such as tha t provided by
booms .

In v iew of the very  high t o x i c i t y  of the c u r r e n t l y  used solvent!
emulsiflers , care should be exercised in their use where shellfish
(and other marine fauna requiring protection) occur .

Each situation of oil-spill has to be treated on its merits , and
where important shellfisheries occur the soivent/emulsifiers should
only be used when it Is evident that local hydrographic conditions
will disperse the quantities to be applied , without risk of harm
to the fisheries.
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925. Simpson , A.C.  (1968).

THE TORREY CANYON DISASTER AND FISHERIES .

M m .  Agric . Fish Food Lab. Leaf 1., 18 (pp .E+ 3).

~ 2h . Sinha , E. (ed.) (1970).

COASTAL/ESTUARINE POLLUTION, AN ANNOTATED BIBLIOGRAPHY.

Ocean Engineering Information Service , La Jolla , California.

This bibliograp hy contains 631 abstracts of literature on detection ,
identification , and analysis of parameters of pollution and
pollutants; sources of pollution , coastal and estuarine processes;
effects of pollution; water quality management and waste heat
utilization. A bibliography of bibliographies , separate identifi-
cation of these books, patents and detailed subject and author
indexes are included . Sources include journals, symposia , govern-
ment reports , institutional studies, and industrial contract
reports. It covers the period 1965—1970.

927. Sinha , E. (1971). -

METHODS, MODELS, AND INSTRUMENTS FOR STUDIES OF AQUATIC POLLUTION:
AN ANNOTATED BIBLIOGRAPHY.

Ocean Engineering Information Series Vol 5. Ocean Engineering
Information Service, La Jolla, California. 32 pp.

Over 200 abstracts of literature providing substantial scientific
and technical information on methods, models and instruments
used in studies of aquatic pollution and means of abatement are
included . These deal with the detection , identification and
measurement of the parameters of pollution , biotic constituents ,
detergents and nutrients , pesticides , oil, metals, and non-
metallic toxicants . Various aspects of water quality management
are encompassed .

928. Smail , J., et al. (1972).

NOTES ON BIRDS KILLED IN THE 1971 SAN FRANCISCO OIL SPILL.

Cali f. Birds , 3:25—32.

On 18 January 1971 two tankers collided in the mouth of San
Francisco Bay and 840,000 gallons of bunker C fuel oil were spilled .
Tides and currents quickly moved most of the oil out of the Bay ,
and in the following several days it spread 17 km out into the
Pacific Ocean and along the coast from Drake’s Bay on the Point
Reyes National Seashore southward almost to Point Ano Nuevo. The
oil thus covered a sizable portion of one of the most important
wintering areas for aquatic birds on the west coast of North
America .
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This paper summarizes bird mortality resulting t rom the oil
and presen ts info r ma ti on ga ined f rom inspec ting over 1100
bird carcasses.

929. Smith , A.N. (1968).

EFFECTS OF OIL POLLUTION AND EMULSIFIER CLEANING ON SHORE LIFE
IN SOUTH—WEST BRITIAN .

Journal of Applied Ecology 5, 97—107 .

This paper discusses the effects on shore life of various episodes
of oil pollution , followed by tr eatment with emulsifier , which have
occurred off southwest Britian between 1960, when the Esso Portsmouth
caught fire and released its cargo of crude oil at Milford Haven ,
and 1967, when the Torrey Canyon struck a reef off Land ’s End .
The reported t ox i c i t i e s  of crude oil , emulsi f iers, and thei r  a c t i v e
constituents , are reviewed and , based on a range of observations ,
common littoral plants and animals are placed in a rough order
of suscep t ib i l i ty  to oil and etuuls i f ie rs .

930. Smith , J . E .  (1970) .

TORREY CANYON, POLLUTION AND MARINE LIFE, REPORT BY THE PLYMOUTH
LABORATORY OF THE MARINE BIOLOGICAL ASSOCIATION OF THE UNITED
KINGDON .

Cambridge University Press. 196 pp.

This repor t is based on a ten week survey and analysis by the
sc ientific staff of the Plymouth Laboratory of some biological
consequences resulting from the release of 117,000 tons of
crude oil from the “Torrey ç~~yon

”. It includes a description of the
properties of oil and detergents , the results of sea and shore
surveys, the offshore spread and toxic effects of detergents
sprayed on shores, the results of toxicity experiments , and a
summary of the lessons learned .

931. Smith , R.L., J.G. Pearson, and J.A. Cameron (1976).

ACUTE EFFECTS — PACIFIC HERRING ROE IN THE GULF OF ALASKA .

-In: Environmental Assessment of the Alaskan Continental Shelf.
Principal Investigators Reports for the Year Ending March
1976. Volume 8. Effects of Contaminants, p. 325—343.

The objective of this study is to delineate the toxicity of
soluble components of crude oil under simulated natural conditions .
Toxicity is measured in terms of hatching success and gross morpholo-
gical abnormalities . Herring spawn in a habitat which is particularly
susceptible to the influence of crude oil. Many of the roe are
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deposited in the intertidal , the larger usually being deposited
highest on the beach. Since the larger eggs normally produce the
larvae with the greatest chance of reaching adulthood , the presence
of o i l  on the water  and on the beach will select against the highest
quality of eggs in particular and will cause in increased mortality
in general. Spills or seepage during the three to four week
reproductive period could have signit Icant impact on egg and
larval mortalit y . These mortality rates are already high In nature.
Development activities could have a major Impact on the herring
fishery in Alaska .

932. Smithsonian Institution (1974).

UNITED NATIONS ENVIRONMENT PROGRAM: DIRECTORY OF NATIONAL
AND INTERNATIONAL POLLUTION MONITORING PROGRAMS. VOLS. 1 T 03.

Smithsonian Institution , Center For Short—Lived Phenomena .

Pre l iminary  r e su l t s  of a w o r l d w i d e  survey of long—term mon i toring
ac tivities that measure any of 25 selected pollutants and water
quality indicators are documented. Information on 17 international
environmental monitor ing prog rams involv ing 136 participating
countries is presented . Data on 807 national or regiona l pollution
monitoring programs that currently operate in 81 countries are listed .
The purpose of each program , how the programs are administered , and
the pollutants monitored are given. Information is provided on
the physical medium monitored (including air , soil , marine water ,
fresh water , drinking water , plants , animals , food , and man)
the geographical areas covered .

934. Smithsonian Institution Science Informat ion Exchange (1971).

ENVIRONMENTAL POLLUTION: A GUIDE TO CURRENT RESEARCH.

CCM Information Corporation , New York. 855 pp.

The Science Information Exchange receives, organizes , and
disseminates information about research in progress in the life ,
physical, and social sciences. Its mission is to assist the planning
and managmenet of research activities supported by Government
and non—Government agencies and institutions . It helps program
directors and administrators to avoid unwarranted duplication. In
a f i r s t  a t tempt  to provice a mean ing fu l  look at the shape , complex i ty
and direction of current and recent research, abstracts of projects
are provided and divided into broad subjec t areas: Ecological systems ;
physical sciences applied to pollution; effects of pollution;
air and wa ter pollution; and cuases of pollution . A subject index ,
research index , and suppor ting agency index are included .

935. Snow, N.B. and B.F. Scott (1975).

THE EFFECT AND FATE OF CRUDE OiL SPILT ON TWO ARCTIC LAKES.

In: Proceedings Joint Conference for the Prevention and Control
of Oil Spills. p. 527—534. Amer . Petrol. Inst. Wash . D.C.
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Two lakes in the Mackenzie Delta were partitioned and oil was
s p i l t  on a p a r t i t i o n e d  sec t ion .  The oiled and non—oi led
sectons are compared with regard to zoobenthos , surface
orgins , phyoid and chemical parameters and the degredation
of the oils.

p 36. S o ik k e l i , M. and V i r t a n e n , J .  ( 1 9 7 2 ) .

THE “PALVA ’ OIL TANKER DISASTER IN THE F I N N I S H  SOU 1HEASTERN
ARCHIPELAGO . II. EFFECTS OF OIL POLLUTION ON THE EIDER
(SOMATERIA MOLLISSIMA) POPULATION ON THE ARCHIPELAGOS OF K6KAR AND
FOGLO , SOUTHWESTERN FINLAND.

“Aqua F~-nnica
’ J.~-172 , 122—1 28.

(437~ SelL, Giorg io (1971).

HYDROcARBON-OXIDIZING BACTERIA AND THEIR POSSIBLE USE AS CONTROLLING
A ([NTS OF OIL POLLUT LOS IN THE o(:EAN .

U.S. Of t ice of Naval Research , Washington , D.C. Technical
Report . 1. 2-~ pp.

o rganisms which can digest petroleum hydrocarbons in a saline
environment were studied m d  the conditions under which the
biolog i il process of oil degradation can be enhanced for degra—
dat ion of large oil spills were investigated . Among the
strains tested , three were effective hydrocarbon oxiders
Corynebacterium , Arthrobacter and Achromohacter.

938. S o l i , C. ( 1 9 7 2 ) .

HyI)Ro (:ARBON—oxlDIzINc BACTERIA AND THEIR POSSIBLE USE AS CONTROLLING
AG ENT S OF OIL POLLUTION IN THE OCEAN .

U.S. Office of Nava l Research. Technica i Report ~o. 2.19 pp.

S&-ye ral ~trains of bacteria , isolated from marine environments ,
were characterized for their hydrocarbon oxidizing abilities using
gas chromatograp hy and a complex synthetic mixture of hydrocarbons.
Attempts were made at a broad classification of these organisms on
the basis of their behavior towards normal paraffins , isoparaffins ,
cvcloparaffins , and aromatics present in crude oils. All strains
except one digested normal paraffins and some oxidized all 3
isoparaffins in the mixtur e as well as cycloparaffins and aromatics.
Altho ugh a vari ety of bacteria can oxidize hydr oca rb ons a t random ,
it may be possible to recognize  a r u d i m e n t a l  p a t t e r n  I t  t h e i r
oxidative abilities ar viewed in terms of groups of hydrocarbons
rather than ind ividual compounds. The -i tion of combined strains
on the synthetic hydrocarbon mixtur e was studied; no particular
benefit could be derived as compared to the use of single strings.
A preliminary stud y was also made of the effec t of undegraded and
degraded crude oil on different species of marine phytop lankton.
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When oil was in direc t contac t with the cells, a poisonous effect
was evident; when oil was not in direct contact , d ifferent organisms
manifested different sensitivities to it. Diatoms were more
susceptible than dinoglagellates .

939. Soil , C. and E.M. Bens, (1973).

SELECTIVE SUBSTRATE UTILIZATION BY MARINE HYDROCARBONOCLASTIC
BACTERIA.

Biotech. Bioeng . 15:285—297 .

Several s trains of bac teria , isolated from marine environments ,
were characterized for their hydrocarbon oxidizing abilities using
a complex synthetic mixture of hydrocarbons. Attempts were made at
a broad classification of these organisms on the basis of their
behavior towards four majcr groups of hydr ocarbons , normal paraff ins ,
iso—paraffins , cyclo—paraffins , and aromat ics , known to be present
in crude oils. Although bacteria appear to be able to oxidize
hydrocarbons at random , th is study has shown that it may be
possible to recognize a rud imental pattern if we view their
ox idative abilities in terms of groups of hydrocarbons rather than
individual compounds. A study of the action of combined strains
on the synthetic hydrocarbon mixture was performed . It was
found that no particular benefit could be derived as compared to the
use of single strains.

940. Sorensen , J. and M . Demers (1973).

COASTAL ZONE BIBLIOGRAPHY : CITATIONS TO DOCUMENTS ON PLANNING ,
RESOURCES MANAGEMENT AND IMPACT ASSESSMENT.

IMR Technical Report IMR TR—43. Institute of Marine Resources ,
University of California. La Jolla . 131 pp.

A computer—automated bibliography was developed to assess the
environmental and socioeconomic impacts of coastal development
and resource use . The references document actual occurrence and
research reports on each of the potential impacts.

941. Soto , C. , J.A. Hellebust , and T.C. Hutchinson (1974).

THE EFFECTS OF AQUEOUS EXTRACTS OF CRUDE OIL AND NAPHTHALENE ON THE
PHYSIOLOGY AND MORPHOLOGY OF A FRESHWATER GREEN ALGAE.

In: Proceedings of the 19th congress of the International
Associat ion of Theoretical and Applied Limnolo~y, Winn ipeg,
Canada.

942. Soto , C., J.A. Hellebust , T.C. Hutchinson and T. Sawa.
(1975).

EFFECT OF NAPHTHALENE AND AQUEOUS CRUDE OIL EXTRACTS ON THE
GREEN FLAGELLATE HLAMYDOMONAS ANCULOSA. I. GROWTH.

Can. J. Rot. Vol. 53:109—117.
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Report on the effects of aqueous crude oil extracts and
nap hthalene on the Chlamydomonas angulosa grown in open and closed
systems . In the open system , with a saturated solution of
naph thalene, 61% of the cells were killed initially. The generation
t ime of the survivors was the same as the controls . Naphthalene
in a closed system killed a higher percentage of cells but a shorter
generation time was observed when growth resumed . A prolonged
lag phase was observed when growth resumed . A prolonged lag
phase was characteris tic of all naphthalene treatments.

The effects of aqueous extracts of crude oils was tested using
d ifferent crude oils, fr esh and aged ex trac ts , and open
and closed systems. The extracts were all inhibitory but the effects
were less severe than with naphthalene . Possible implications
are discussed.

943. Soto , C., J.A. Hellebust and T.C. Hutchinson (1975).

EFFECT OF NAPHTHALENE AND AQUEOUS CRUDE OIL EXTRACTS ON THE GREEN
FLAGELLATE CHLANYDOMONAS ANGULOSA. II PHOTOSYNTHESIS AND THE
UPTAKE AND RELEASE OF NAPTHALENE .

Can. J. Bot. Vol. 53:118—126.

Rate of photosynthesis , mortality, and generation time measured
for Chlamydoxnonas in open and closed sys tems containing
napthalene or aqueous extracts of various crudes . Both
napthalene and the extracts were inhibitory , the naphthalene
more so.

944. Spencer , E .F. , Jr., R.J. Ringwood , and R.M. Brennan (1975).

THE STATE OF LOUISIANA SUPERPORT AUTHORITY ENVIRONMENTAL
PROTECTION PLAN - OIL AND OYSTERS .

Water Resources Bulletin , ll(4):836—847.

In 1972 Louisiana created the Deep Draft Harbor and Terminal
Authority to plan , promo te, and develop a deepwater crude oil terminal.
The author ity was charged to develop an environmental protection
plan to preserve the unique coas tal marshland while permitting
industrial and economic growth. The current status of the superport
projec t and the development of the environmental protection plan
are descr ibed .

945. Spooner , ‘t.F. (1967).

BIOLOGICAL EFFECTS OF THE TORREY CANYON DISASTER.

J . Devon Trust Nat. Conserv . July (suppl.) 25—26.
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946. Spooner , M.F. (1968).

PRELIMINARY WORK ON COMPARATIVE TOXICITIES OF SOME OIL
SPILL DISPERSANTS AN!) A FEW TESTS WITH OIL AN1) COREXIT.

Pl ymouth , Marine Biological Association of the United
Kingdom.

947. Spooner , M . 1969.

SOME ECOLOGICAL EFFECTS OF MARINE OIL POLLUTION .

In: Proceedings of Joint Conference on Prevention and
Control of Oil Sp ills. (API/EPA/USCC), New York , NY.
Amer . Petrol. list. Wash. D.C. pp. 313—316.

Oil at sea af’ -cts chiefly species associated with the surface;
damage at sea by oil and dispersants after Torrey Canyon
were not as bad as expected .

Slicks some t imes d isappear naturally, how apar t f r om ph ys ical ac tions
may this  be taking place? Bacteria can, under experimental conditions
very favorable to their growth , assist in dispersal , sinking and
decomposition of oil, and zooplankton can ingest oil drop le ts,
but are these factors of significance at sea?

On shores after Torrey Canyon , far more damage was done by excess
detergent than by oil. Repopulation is following the expected
sequence , most affected shores being still abnormal. Observations
on oil left untreated in Cornwall, at Eleuthera and on the Devon
coast show slow removal by various natural means, including the
browsing action of fauna.

Toxic detergents can affect the sublittoral zone, including species
of economic importance. Areas liable to repeated pollution, such
as es tuar ies and sal t marshes , require special care. The use
of newer dispersants of low toxicity is desirable here and on
shores.

948. Spooner , M. (1970) .

OIL SPILL IN TARUT BAY , SAUDI ARABIA.

Mar. Poll. Bull., 1:166—167.

During a storm on the night of 20 April , 1970, a pipeline
broke on land near the northwest shore of Tarut Bay in Saudi
Arabia , and some 100,000 barrels of Arabian light crude oil
flowed into the bay. Slicks were dispersed with Corexit 7664
before escaping from the bay into the open Persian Gulf. The
ef fec ts on var ious forms of marine fauna immediately after the
spill, a few days after the spill, and three to four weeks fol lowing
the spii.1 are discussed .
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949. Spooner , M. and C.J. Corkett (1974).

A METHOD FOR TESTING THE TOXICITY OF SUSPENDED OIL DROPLETS ON
PLANKTONIC COPEPODS USED AT PLYMOUTH .

In: Ecological Aspects of Toxicity Test ing of Oils and
Dispersants. L.R. Beynon and E.B. Cowell (ed.) John Wiley &
Sons New York pp. 69—74.

The method described here enables an even dispersion of oil drop lets
to be centinuously available by using vessels undergoing slow inversion
on a wheel. Faecal pellet counts were used as a measure of activity,
and the effects seen at the concentrations and times of exposure chosen
were usuall y sublethal , surv ivors show ing good rec overy of f eed ing
rates. The toxic effects of the oil may be operative in two ways ,
as solute~ or actually injested as droplets. Either of these may
have a narcotic ~-ff ect and possibly other consequences.

950. Spooner , M.F. and G.M. Spooner , (1968).

THE PROBLEM OF OIL SPILLS AT SEA , ILLUSTRATED BY THE STRANDING OF THE
GENERAL COLOCOTRONIS.

Mar. Biol . Ass. Plymouth , England.

951. Spratt , J.D. (1970).

PELAGIC FISH SURVEY OF SANTA BARBARA OIL SPILL . CALIFORNIA DEPT.
OF FISH AND GAME , MARINE RESOURCES OPERATIONS.

State Fisheries Laboratory , Term inal Island , Cruise Report , No.
70—A—2 , 4 pp., Mar ch 5 , 1970.

This paper reports the results of the third and last cruise in a
series of survey cruises designed to determine the effect of the
1969 San ta Barbara Channel oil leak on the pelagic fishes of the
a rea .

A to tal of 88 miles of acoustic search was conducted . Nine northern
anchovy ( Engraulis mordax ) and 2 r o c k f i s h  ( Sebastes  sp.
schools were detected by echo scattcr; the individual groups of
fish here were too small to consider as schools , Sonar detected
4 northern anchovy and 1 unidentified schools.

Nearly all northern anchovy schools located were in the area between
Santa Barbara and Port Hueneme on the mainland side of the channel.
The largest concentration of fish was found just south of Santa
Barbara. School sizes were in general very small or composed of
continuous scatter. No northern anchovy schools of commercial s i c
were found .

The previous oil spiii surveys found an unusual abundance of northern
anchov ies in this area. The smaller number of anchovy schools
recorded  d u r i n g  th i s  c ru i se  compares  f avorab l y w i t h  the  number
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prev iously found on 12 regular pelagic fish surveys in this area
since 1965. The diversification of species found and their
apparent normal cond ition suggests that to date the 1969 oil spill
has had no deleterious effect on the pelagic fishes in the Santa
Barbara Channel.

952. Stainken, D.M. (1975) .

PRELIMINARY OBSERVATIONS ON THE MODE OF ACCUMULATION OF #2 FUEL
OIL BY THE SOFT SHELL CLAM, MYA ARENARIA.

In: Conference on Prevention and Control of Oil Spills.
pp. 463—468. Amer. Petrol. Inst., Wash. , D.C.

Chem ical analysis has shown that various components of oils can
accumulate within marine invertebrates . Several mechanisms by
which this may occur have been conjectured . This paper offers
exper imental verification of a mechanism by which a commercially
important bivalve , ~~~ arenaria, can accumulate oil within its
tissues. The paper also documents the behav ioral response of
Mv a arenaria and deleterious ecological side effects resulting
from oil accumulation .

Young ~~~ (25—35 mm) were exposed to #2 fuel oil and an oil soluble
dye (O il Red 0) which were ultrasonicall y emulsified in water .
The concentrations tested were 50 ppm , 100 ppm and 150 ppm .
Exposures were done in both natural and artificial seawater at 4°C
and 22°C. Exposure periods ranged from 3 hours to 4 days.

Macroscopic observations were performed to determine the effects
of the dyed oil contacting the gill surfaces and the means by which
the oil was either ingested or ejected . Definite patterns of response
to the dyed oil were established. Essentially, the clams treat
oil micelles and globules as food or detritus particles . The smallest
oil micelles are passed by ciliary currents directly to the stomach.
Larger globules are bound by mucus secretated by the gill ctenidia.
Gas chromatography and mass spectrometry confirmed the binding of
oil—mucus . The oil—mucus is ingested or rejected by means of the
clam ciliary pathways. Implications of the oil—mucus mechanism
and the ejection of this mucus into the environment are discussed .

953. Stainken, D.M. (1976).

A DESCRIPTIVE EVALUATION OF THE EFFECTS OF NO. 2 FUEL OIL ON THE
TISSUES OF THE SOFT SHELL CLAN, MYA ARENARIA.

Bull. Environ. Contam. and Tox. 16 730—738.

The sof t shell c lam, Mya arenaria, was exposed to emulsions of
No. 2 fuel oil having concentrations of 10, 50, and 100 ppm for 28
days to simulate contact with winter oil spills. No radical tissue
aberrations were observed at any oil concentration . At 100 ppm.
some edema of the pallial muscle was observed . Leukocytes were observed
in the pallial blood sinuses , under the mantle epithelium and within
the anterior adductor muscle . The intestine , style sac, and
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d iverticula appeared very vacuolar . At 50 ppm , the effec ts were
less marked except in the diverticula and intestine . The clams
exposed to 10 ppm showed some reduction in size of diverticula ,
and the diverticula , stomach and intestine were vacuolated in
appearance. The vacuolization appeared in all clams and seemed to
result from the laboratory environment. However , this effect
was exacerbated in the oil exposed clams compared to controls.
Cellular glycogen content was depleted and a reduction in cellular
cytoplasm was observed , mos t maredly in clams exposed to 100
ppm oil , but also in clams exposed to 50 ppm . This may be a
result of reduced feeding .

954. Stainken , D.M. (1976) .

THE EFFECT OF A NO. 2 FUEL OIL AND SOUTH LOUISIANA CRUDE OIL ON THE
BEHAVIOR OF THE SOFT SHELL CLAN, MYA ARENARIA. L.

Bull. Environ. Contam. and Tax. 16 724—29.

The sublethal effects of No. 2 fuel oil and a South Louisiana
crude oil on the soft shell clam , ~~~ arenaria, were studied in
tests conducted at 4 and 14°C, to simulate winter oil—spill conditions .
At oil concentrations of 50 ppm , mucus was given off through
the pedal opening and siphon . Higher oil concentrations resulted in
poportionally higher mucus secre tion, although cr ude oil effec ts
were never as severe as the effect of fuel oil. Both oils depressed
muscular contraction . At concentrations greater than 100 ppm , the
pedal opening musculature became totally relaxed and did not contract.
The adductor muscles also lost the ability to contract rapidly.
These responses were enhanced at 14°C compared to 4°C. The response
of clams to phenol was slightly differen t with less mucus secretion .
Muscles remained at one length , turg id, and lost their irritability .
The energy dra ins imposed on the clam by mucus produc tion and
exp ulsion and resulting disrup tion of normal feeding mechanisms
occurred at oil concentrations far below the LC5O.

955. Stebb ings, R. (1970) .

RECOVERY OF SALT MARSH IN BRITTANY 16 MONTHS AFTER HEAVY POLLUTION
BY OIL .

Environ . Poll., l(2):l63—l67.

Two visits separated by sixteen months were made to salt marshes
and a shingle spit in Brittany , where oil was s tranded in the spr ing
of 1968 , to assess macrochanges in floral composition and the overall
eff ects of heavy contamination by weathered oil. Most salt marsh
plan t species survived all but the heaviest contamination . Oil
appeared to prevent gaseous interchange between soil and sir ,
y ie lding reducing condit ions which led to chlorotic symp toms in
plants. As the oil was rapidly denatured , salt marshes can be
important for retaining oil during this process and preventing
pollution elsewhere.
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95h . Steed , D.L. and B.J. Copeland . (1967).

METABOLIC RESPONSES OF SOME ESTUARINE ORGANISMS TO AN INDUSTRIAL
EFFLUENT .

Contr. mar. Sci. Univ. Tex . 12:143—159.

Th e oxygen consumption rates of several species of estuarine organisms
were measured in various concentrations of a petrochemical company
effluent. Test solutions used were of concentrations less than
the TLm value , as determined by the toxicity bioassay method . It
was learned that both short term and chronic exposure exert stress
conditions causing orgar1isms to experience changes in metabolic
requirements. A cypical response was a decreased metabolic
rate in low concentrations arid an increased rate upon prolonged exposure
or in concentrations approaching the Urn value . However , responses
may vary with the type effluent used , length of exposure and
with the particular species under study.

These data were interpreted with respect to the ecological
requirements of individual organisms and entire populations . It
is apparent that populations may experience gross deleterious
e f f e c ts, w ithout apparent “fish kills”, under what may normally
be interpreted to be “safe” pollution levels.

957. Stegeman, J.J. (1974).

HYDROCARBONS IN SHELLFISH CHRONIU’LLY EXPOSED TO LOW LEVELS OF FUEL
OIL.

In : Pollut ion and Physiology of Marine Organisms, F.J. Vernberg
(ed.). pp. 329—348.

Crassostrea virg inica was used as the experimental organism in a
flow—through acquaculture system to determine the level to which
pe troleum hydrocarbons are acc umulated , the dura tion of hydrocarbon
residence in the organism and the composition of the hydrocarbon
mixture in the water and , subsequently in the organism .

958. Stegeman, J.J. and D.J. Sabo (1974).

UPTAKE AND RELEASE OF PETROLEUM HYDROCARBONS BY SOME MARINE ORGANISMS
AND SOME METABOLIC IMPLICATIONS.

In: Mar ine Environmental Implications of Offsh ore Oil and Gas
Development in the Baltimore Canyon Region of the Mid—Atlantic
Coast. ProceediriRs of the Estuarine Research Federation Conference
and Workshop . Estuarine Research Federation , p. 339—350.

This repor t briefly summarizes some of the information available
concerning the contamination of marine animals by petroleum hydro-
carbons and poetntial metabolic effects of such contamina tion.
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Acute effects appear to be membrane relaxed whereas chronic
effects would include this as well as other metabolic alterations .
Chronically contaminated organisms exhibit alterations in metabolic
rates and pathways and changes in structural integrety of cells
wh ich appear to be long lasting.

959. Stegeman , J.J. and D.J. Sabo (1976).

ASPECTS OF THE EFFECTS OF PETROLEUM HYDROCARBONS ON INTERMEDIARY
METABOLISM AND XENOBIOTIC METABOLISM IN MARINE FISH.

In: Sources, Effects and Sinks of Hydrocarbons in the Aquatic
Environment. Proceed ings of the Symposium, American University,
Washington, D.C. 9—11 August 1976.

Aspec ts of normal intermediary me tabolism and xenob iotic metabolism
are considered in relation to low levels of petroleum contamination.
Petroleum hydrocarbons appear to be associated with altered patterns
of lipid metabolism , characterized by a net decline in lipogenes is ,
in hepatic tissue of Fundulus heteroclitus or Stenotomus versicolor
contaminated either in the environment or experimentally at less
than 200 ppb. There also is an association between environmental
contamination and low lipogenes is rates in gill , muscle and brain
in F. heteroclitus. Various properties of cytochrome P—450 mixed—
f unc tion ox idases in f ish, including EPR characteristics , indicate
a basic similarity with the system in mammals. Treatment of
teleost fish with 3—methylcholanthrene or 5 ,6—benzoflavone results
in induction of mixed—function oxidase activity. Evidence exists
suggesting induction of mixed—function oxidases occurs in fish
environmentally contaminated by pe troleum , although in at leas t
some cases the appearance of increased activity can be ascribed
to factors other than induction.

960. Stegeman, J.J. and J.M~ Teal. (1973).

ACCUMULATION, RELEASE AND RETENTION OF PETROLEUM HYDROCARBONS BY THE
OYSTER CRASSOSTREA VIRGINICA.

Mar. Biol., 22:37—44.

Two Crassostrea virginica populations , differing in fa t content ,
were experimentally exposed to a complex petroleum—hydrocarbon
fraction. The hydrocarbons in this mixture were accumulated by both
groups of oys ters , and their lipid content, as well as the concentra tion
of hydrocarbon in the water , were found to affect the rate and extent
of accumulation. Hydrocarbons accumulated were rapidly, although
incompletely, discharged when the oysters were transferred to an
uncontaminated system . Amounts of hydrocarbons discharged and amounts
retained after discharge are probably related to the level of contamination.
The data can be interpreted as indicating that equilibration and occurrence
of multiple compartments where hydrocarbons can reside are factors
involved in the uptake and retention of non—biogenic hydrocarbons
by oysters. The petroleum hydrocarbons contained in the oysters
differed from the contaminating oil by displaying a greater aromatic
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content. In addition , gas—liquid chromatograins of aliphat ic fractions
of the hydrocarbons in the oys ters rapidly showed a degraded
appearance; the possibility that the oysters themselves are modif ying
the oil cannot be excluded .

961. Ste inhardt , R.A. , H. Morita and E.S. Hodgson. (1966).

MODE OF ACTION OF STRAIGHT CLAIN HYDROCARBONS ON PRIMARY CHEMORECEPTORS
OF THE BLOWFLY , PHORIMEA REGINA.

J. cell comp . Physiol., 67 , 53—62.

962. Stirl ing , Hadrian P. (1977).

EFFECTS OF A SPILL OF MARINE DIESEL OIL ON THE ROCKY SHORE FAUNA
OF LANMA ISLAND,

Hong Kong,  Environ. Pollut. (12) pp. 93—117.

The acute toxic and long—term ecological effects of marine diesel
oil on common littoral fauna were studied at three rocky shores on
Lamma Island, Hong Kong, which were contaminated to different
degrees. Acute mortality of gastropods was greatest at the moderately
contaminated site where oil—dispersant chemicals were applied to
f loa ting slicks nearby , but long—term disturbances were most
significant at the heavily oiled site where dispersants were not
used . Animals were collected on the oiled beaches and taken to the
labora tory, where their recovery in clean seawater was studied .
This indicated that bivalve—molluscs and the gastropods Monodonta
labio and Thais clavigera were the most sensitive and Clypeomorus
humilis and Planaxis sulcatus the least. Field observations of
acute mortality were consistent with this order of species sen-
sitivity. The greatest population reduction was observed in
Monodonta labio and Nerita albicilla which were eliminated for at
least 13 months from the site receiving the most oil. Species
resistant to oil in recovery experiments did not show significant
long— term reductions.

963. Stoermer , F.C. and A. Vinsjansen (1976).

MICROBIAL DEGREDATION OF EKOFISK OIL IN SEAWATER BY SACCHAROMYCOPSIS
LIPOLYTICA.

Amb io., 5(3):l41—142.

The yeast was grown in 1.01 of seawater containing 10 mg potassium
monohydrogen phosphate, 1.0 g ammonium sulfate, awl 5 ml of oil in
a shaker working at 120 strokes/mm at 20°C and 8 C. These 2
temperatures were chosen because the average temperature in the North
Sea basin S o 610 long. During winter is approximately 6°C. In
summer , the average temperature in the same area is 14°C. The
pH was held constant at 8.1 by the automatic addition of NaOH.
Every 2nd day , 5—mi samples were removed and analyzed by gas
chromatography . The acid production , or NaOH consumption, was
plotted . After 5 d at 20°C, the curve flattened out for 24 hr after
which 10 ml NaOH was consumed in 24 hr. From then on, only a
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negligible amount of acid was produced . At 8°C , the ac id
prod uction started very slowly after 6 d , and became exponen t Ial 4 d
lIt ter. Its doubling time was 38 hr , or almost twice as long as at
20°C . Without external pH control at 20°C, the p H dropped to
3.7 in 3 d, then slowly increased to 4.0 after 4 d. The main
hydrocarbon oxidation occurred simultaneously with the decrease in
pH . In all experiments , the normal alkanes with intermediate chain
lengths were metabolizec first , and the branched ones last. At
the end of the experiments , the biodegraded sample was dispersed .

9Ie~+ .  Stoll , D.R. and R.R.L. Guillard (1974).

SYNERGISTIC EFFECT OF NAI’HTHALENE TOXICITY AND PHOSPHATE DEFICIENCY
IN  A MARIN f-~ DIATOM.

In: Abstra~~~~ 37th Annual Meeting, American Society of Limnolqgy
and Oceanography.

5. Stone , J. H . and J. Michael Robbins (1973).

LOUISIANA SUPERPORT STUDIES. REPORT 3. RECOMMENDATIONS FOR THE
ENVIRONMENTAL PROTECTION PLAN.

(;u nter for Wetland Resources , Louisiana State University, Baton
Rouge. 530 pp.

This volume - inventories environmental resources of coastal and
o f fshore Louisiana , describes probable impac t of the construction
of an of f sho re  por t , and makes recommendations for the environmental
protection plan.

966. Straughan, A. (1972).

SANTA BARBARA OIL SPILL -— INTERTIDAL AND SUBTIDAL SURVEYS .

Cal if. Coop. Oceanic Fish. Invest. Rep., 16:122—124 .

There was some initial damage to certain algae and a surf grass
on the Channel Islands , but later surveys revealed that these
plants had recovered . The invertebrates generally appeared to have
remained healthy and viable. Our surveys indicated that all the fish
observed were free from oil , and showed no signs of starvation due
to oil on the plants and animals in their food chain.

Species diversity appeared to have remained the same as before the oil
leak. During our diving survey, we found no indication tha t there
had been any modification in the number of species present.

967. Strand , J.A. , W.L. Templeton , J.A. Lichatowich and C.W. Apts. (1971).

DEVELOPMENT OF TOXICITY TEST PROCEDURES FOR MARINE PHYTOPLANKTON .

In : Proceedings of a Joint Conference on Prevention and Control
of 011 Sp ills. pp. 279—286. Washington , American Petroleum Institute.
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Recommended bioassay procedures are presented that can be routinely
app l ied to evaluate the relative toxicity of oil , chemical dispersants ,
and oil—dispersant mixtures to 1) naturally occurring populations of
phytop lankton , and 2) representative marine phytoplankters grown in
pure culture . The me thods presented , in general , represent 1) app lication
of techniques routinely employed in the measurement of marine primary
produc t ivity , and 2) application of the Inhibitory Toxicity Test , a
tentative method devised by the American Society for Testing and
Materials to evaluate acute toxicity of industrial wastes to diatoms.

968. Straughan , Dale, (1969).

THE SANTA BARBARA STUDY .

In: Proceed ings Joint Conference on Prevention and Control of
O il Sp ills. p. 309—311. Amer. Petrol. Inst., Wash. D.C.

This paper gives an outline of the unique problems associated
with determining the effects of the oil spill in the Santa
Barbara channel and the general outline of biological s tudies
assoc iated with the sp ill.

969. Straughan, D. (1970).

SANTA BARBARA OIL POLLUTION PROJECT.

Mar. Poll. Bull., 1(4) 61—62.

This article i_s a 12—month progress report of the research programme
instituted by the Allan Hancock Foundation in January 1969 when
an offshore oil well ruptured 10.6 km from Santa Barbara , California .
The field sampling programme under the contrac t from Western Oil
and Gas Association is now complete.

970. Straughan , D. (ed.) (1971).

BIOLOGICAL AND OCEANOCRA1~HICAL SURVEY OF THE SANTk BARBARA CHANNEL
OIL SPILL 1969—1970. VOL. 1. BIOLOGY AND BACTERIOLOGY 426 p.

Allan Hancock Foundation, University of Southern California .

This volume is “a compendium of the findings of all persons working
either directly within the project or on the problem ” of research
on the environmental impac t of the Santa Barbara blowout of
January 1969.

971. Straughan , D. (1971).

BREEDING AND LARVAL SETTLEMENT OF CERTAIN INTERTIDAL INVERTEBRATES
IN THE SANTA BARBARA CHANNEL FOLLOWING POLLUTION BY OIL.

In: Biological and Oceanographical Survey of the Santa Barbara
Oil Spill 1969—70. Vol. 1, 223—244, Allan Hancock Foundat ion , Sea
Grant Puhi. 2, D. Straughan (ed.).
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In the seden tary species , no reduc tion in breed ing due to oil
pollution was found in two sessile barnacles , Chthamalus fissus
and Balanus glandula, but , contrary to preliminary reports ,
breed ing rate was reduced in the stalked barnacle , Poll icipes
polymerus, and the mussel , Mytilus californianus. THe latter two
species occur in lower intertidal areas than the former , and were
exposed to l iquid petroleum for longer periods than upper intertidal
species. Hence , these species were probably more exposed to the
chemical effects of oil pollution than upper intertidal species ,
while the upper intertidal species were exposed mainly to the physical
effects. However , as long as only a small fraction of the entire
population of these species is exposed to oil pollution , the spec ies
as a whole are not endangered by it.

972. Straughan , D. (1971).

THE INFLUENCE OF OIL AND DETERGENTS ON RECOLONIZATION IN THE UPPER
INTERTIDAL ZONE.

In: Proc. Joint Conf. on Prevention and Control of Oil Spills,
pp . 437—440. API/EPA/USCG. Amer. Petrol. Inst., WasL ., D.C.

Recolonization of asbestos fouling plates treated variously with
oil and detergents is dependent on the season of the year . The
presence of oil favors Chthamalus fissus but retards algal settlement.

973. Straughan, D. (1971).

OIL POLLUTION AND SEA BIRDS.

I n : B iolog ica l and Oceanograp hical Survey of the Santa Barbara
Channel  O i l Sp ill 1969—70, Vol. 1, p. 307. Allan Hancock
Foundation. Sea Grant Publ. 2, D. Straughan (ed.).

An es timated loss of 3600 birds , exclud ing those which perished at sea
and failed to dr if t ashore , can be attributed to the oil sp ill up
until March 31, 1969. Swimming species , such as loons, grebes , and
cormorants , had the highest mortality. In contras t, few gulls,
terns , or shore species died even though abundant groups were
seen in the area .

974. Straughan , D. (1971) .

OIL POLLUTION AND WILDLIFE AND FISHERIES IN THE SANTA BARBARA CHANNEL .

In: Trefethen , James B. (ed.). Transac tions of the 36th North
American Wildlife and Natural Resources Conference Symposium.
VII. p. 534. Wildlife Management Institute , Washington, DC pp.
219—229.

A survey of the effects of the Santa Barbara Channel oil spill on
marine animals. Avian populations remained relatively stable ,
most birds seemingly avoiding oil—fouled areas. Swimming birds
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suffered the highest mortality rate , whereas coas tal spec i es had a muc h
lower rate and aerial species the lowest. Marine mammals apparently
suffered no ill effects from the spill. There were few changes in
fish populations and spec i es diversity was maintained . Th ere
were no reports of tainted fish , rrustac€ans , or cep halopods
after the sp ill.

975. Str aughan. D. (1971).

WHAT HAS BEEN THE EFFECT OF THE SPILL ON THE ECOLOGY IN THE SANTA
BARBARA CHANNEL?

In: Biological and Oceanograj~~ical Survey of the Santa Barbara
O il Spill 1969—1970. D. Straughan (ed.)., Vol. 1 , B iology and
Bacteriology, Allan Hancock Foundation , Univ . of S. Calif. pp.
401—426.

This study has shown significant mortality in bird populations ,
in populations of the intertidal barnacle Chthamalus fissus,
in the mar ine grass Phyllospad ix torreyl and the marine alga
Ilesperophycus harveyanus. Mortality in other areas can be
attributed to other sources or possibly to a combination of oil
and other sources. Recolonization commenced in the intertidal
areas within seven weeks of the spill. As of November , 1970 ,
most intertidal areas now have a normal” population of intertidal
invertebrates. Sublethal effects include a reduction in breeding
in Pollicipes polymerus in localized areas.

976. Straughan , D. (1972).

FACTORS CAUSING ENVIRONMENTAL CHANGES AFTER AN OIL SPILL.

J. Pet. Tech. 2 4 ( 3 )  250—254.

Nine factors that individually and in combination result in the
recording of different spills are discussed. The biological damage
caused by an oil sp ill is governed by a combination of several
t ietors including : the type of oil spilled , the dose of oil ,
the ph ysiography of the area , the weather conditions at the time
of the spill , the biota of the area, the season of the
spill , previous exposure of the area to oil , exposure to other
pollutants , and the treatment of the spill. With this highly complex
situation , it is impossible to predict , excep t in a general way ,
the impact of an oil spill.

977. Straughan , D. (1972).

BIOLOGICAL EFFECTS OF OIL POLLUTION IN THE SANTA BARBARA CHANNEL .

In: Mar. Pollut. and Sea Life., Ruivo (ed.), p 355—359. London , Fish ing
News Books , for FAO .
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This iaper gives t he  results of a stud y of effects of an oil pollution
incid ent In June 19c9 in the Santa Barbara Channel. The study lasted
12 months in order Lo determine initial and the long—lasting
ef fects of the contamination by oil. The recuperative capacity of
the location wi s also ascertained .

The blowout occurred in an area of naturally occurring leakages ,
during a t Ime of abnormally intense rainfall and the intervention
eel man. Ihese facts are taken into account in the interpretation
of t h e  d i t t . Thre e principal conclusions were obtained :

1 . It is difficult to demonstrate that the contamination of petroleum
causes harm in the location .
2. The harm suffered by the flora and fa una was not as grea t as
believed at first.
3. The l o c a t i o n  is r e t u r n i n g  to normalcy.

978. Straug han , D. (1976).

EFFECTS OF NATURAL CHRONIC EXPOSURE TO PETROLEUM HYDROCARBONS
ON SIZE AND REPRODUCTION IN MYTILUS CA LIFOR N ICUS CONRAD .

In : I~roceedings Symposium on Pollution and Physiology of Marine
Org~anisms, Milford, Connecticut November 3—6 , 1975.

979. Straughan , 0. (1976) .

SUBLETHAL EFFECTS OF NATURAL CHRONIC EXPOSURE TO PETROLEUM IN THE
M A R I N E  ENVIRONMENT .

American Petroleum Institute Publication No. 4280, Washington l).C.

980. Straughan , D. (1977) .

THE SUBLETHAL EFFECTS OF NATURAL CHRONIC EXPOSURE TO PETROLEUM
ON MARINE INVERTEBRATES. 

-

In: Proce edings 1977 O il Spill Conference. p. 563—568. Amer.
Petrol. Inst. Wash. D.C.

Comparative field studies were conducted in an area of natural chronic
exposure to petroleum (Coal Oil Point) and at control sites between
1972 and 1974. Studies of the larger (mesh 2 mm) benthic infaunal
invertebrates in shallow water (20—35 m) revealed organisms living
in sediments with total CC14 extrac tables higher than 10,000
mg/l at Coal Oil Point. These sed iments contained petroleum
hydrocarbons were generally less than 100 mg/l.

Petrol eum hydr ocarbons were recorded in tissues of abalone ,
mussels, and stalked barnacles from Coal Oil Point , although
it is notable that all detected petroleum hydrocarbons were in the
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viscera and not in the foot of abalone . f)ata obtained in the-se
studies did le t reveal a signiticant change in reproduction , growth ,
or distribution tha t could be related to presence of petr leum in
the tissues. However , there was a decrease in reproduction in
stalked barnacles due t o  a “black body” effect of surrounding tar.
There was no evidence e e l malformations in organisms living in the
art- a of natura l chronic exposure to petroleum . Petroleum hydrocarbons
levels were higher in sediment md mussel tissues from ;il Oil
Point than t rom the area around two producing oil rigs in the
Santa Barbara Channel.

981. Straughan , I). and B.C. Abbott (1971).

OIL S P I L L S :  THE SANTA BARBARA OIL SPILL: ECOLOGICAL CHANGES AND
NATU RAL OIL LEAKS .

In: Biological and Oceanographica l Survey of the Santa Barbara
Channel Oil Spill 1969—1 970. Vol I. Biology and Bacterio l,~~~~
D. Stranghan (ed.) Allan Hancock Foundation , University of Southern
California. pp. 257—262. Also in Water Pollution ~~ Oil ,
p. Hepple ed.

Research on the Santa Barbara oil spill of January 1969 shows
that: the oil did not cause as much damage as initially predicted ;
the area is recovering ; and the factors that caused mortality and
other changes in the biota are difficult to determine under field
conditions . The reasons for the occurrence of the above include:
Composition of the oil: time lag between release of the oil and
arrival of oil onshore; presence of natural seeps in the area over
a long period ; and heavy rain .~nd subsequent flooding .

982. Straughan, 0. and D.M. Lawrence. (1975).

INVESTIGATION OF OVICELL HYPERPLASIA IN BRYOZOAN S CHRONICALLY
EXPOSED TO NATURAL OIL SEEPAGE.

Water , Air and Soil Pollution. 5(l):39—46.

Systemic collection and examination of bryozoans from surfac e,
subsurface and benthic kelp fronds in an area chronically exposed
to natural oil seepage revealed no instances of ovicell hyperplasia.
Reasons ar e presented to explain the contrast between these findings
and repor ted ovicell hyperplasia in other species exposed to
creosote and petroleum hydrocarbons.

983. Strom, A.D., I.P. Danilevskaya, I.F. Tikhonruk , M.D. Vasilenko ,
and V.V . Vitli , Nskaya (1974).

THE ROLE OF PROTOZOA IN BIOLOGICAL PURIFICATION OF OIL INDUSTRY
SEWAGE ( 1N RUSSIAN )

Gidrobiol Zh. 10 49—54.

An op timal technological system was developed for alkylphenol
prod uction waste purification . A relat ionship was found be tween
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the quality of the purified water and the number and variety
of protozoa. The experimental data were mathematically processed
to establish optimal parameters for the purification process.

98—e . Strawins ki , R.J ., and R .W. Stone . (1943).

THE UTILIZAT ION OF HYDROCARBONS BY BACTERIA.

3. Bacteriol. ,

Mixed culturc~ of microorganisms , capable of utilizing pure
hydrocarbons , were obtained from the soil by the use of an
enrichment medium containing mineral salts and hydrocarbon as the
Sole source cf carbon. N itrogen in the form of (NH4)2S04, a
temperature of 28°C, and a plentiful supply of air were favorable
for the utilization of the hydroc arbons.

The microorganisms are motile gram—negative rods which form white ,
iridescent , or yellowish colonies on nutrient agar . Plate counts
were made on nutrient agar , pH 7 , after 11 consecutive transfers
in the hydrocarbon medium . The Counts were interpreted as indicative
of the relative utilization of the hydrocarbons by bacteria .

Cetine , nap hthalene , m d  bipheny l were the most rap idly attacked
of 18 compounds studied , with counts ranging from one to one and
one half billion microorganisms per ml. of solution. N—octane ,
alpha— methyl naphthalene , tetralin and t—butyl benzene were also
attacked. Iso—octane , 1— and 2—occenes , decal in, n—butyl benzene and
iso—but -i benzene were utilized to some extent , show ing counts of
30 to 100 million bacteria per ml. Attempts to develop cultures
capable of growing on benzene and toluene were unsuccessful.

185. Struhsaker , Jeannette W . et  al .  (1974)

EFFECTS OF BENZENE (A WATER-SOLUBLE CO~~ONENT OF CRUDE OIL) ON
EGGS ANT) LARVAE OF PACIFIC HERRINC AND NORTHERN ANCHOVY .

In: Pollution and Physiology of Marine Organisms. F.J. Vernberg (Ed.)
p. 253—284.

This paper presents the results of preliminar y experiments testing
le thal and sublethal concentrations of benzene on eggs and larvae of

he T’ a~~ific herring and northern anchovy . Developing embryos were
exposed -i t two stages to contrast their sensitivity to benzene :
(1) eggs a few hours after spawning and fertilization and (2)
larvae a few hours before or after completion of yolk absorption .
P:iram€~t ers measured include percent mortality, percent abnorma l
1-e rva c , types of abnormalities , length of larvae and growth ,
yolk ut ilization , feed ing and respiration.

986. Struhsaker , J.W. (1977).

E l-J- CTS OF BENZENE (A TOXIC CO1~~ONENT OF PETROLEUM) UN SPAWNING
PACIFIC HERRING . CLUPEA HARENGUS PALLASI,

F i s h .  Bu l l .  75 p. 43—50.
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Female Pacific herring were exposed to low (ppb) lev els of
benzene for 48 h just prior to their spawning . A significant
reduction occured in survival of ovarian eggs and resultant
embryos and larvae through yolk absorption. Exposure to benzene
also induced premature spawning and resulted in aberrant swimming
behavior and disequilibrium in adults of bo th  sexes. The maximum
accumulatijon of l4C labeled benzene and/or metabolites in ovarian
eggs was greater than in later eggs and larval stages as measured
in other experiments.

987. Suess , M .J. (1972).

POLYNUCLEAR AROMATIC HYDROCARBON POLLUTION OF THE MARINE ENVIRONMENT .

In : Marine Pollution and Sea Life, M. Ruivo (ed.) FAO , Fishing
News (Books) Ltd . London. pp. 568—570.

This article breifly reviews the sources, effec ts and fa te of
polv rtuclear aromatic hydrocarbons in the marine environment.
Several references .

988 . Suess , M.J. (1973). -

POLYNUCLEAR AROMATIC HYDROCARBON POLLUTION OF THE MARiNE ENVIRONMENT .

In: Inputs, Fates, and Effects of Petroleum in the Aquatic
Environment. Background Information for the Workshop . Ocean
Affa irs Board, NSF. Airlie , Va. 21—25, May 1973.

This paper briefly reviews the presence and effect of polynuclear
aromatic hydrocarbons , particularly benzopyrene in the marine en-
vironment. It concludes that many polymuclear aromatics , especial ly
benzopyrene , are carcnogeinic , tha t endogenous synthesis by flora
is the major source in the open sea, supplemen ted by pollution ; that
adsorption into minerals may be a major mechanism of distribution ;
and that degredation will depend on depth of water , solar radiation ,
amb ient temperature and dissolved oxygen . Food serves as one of
the more important carriers of these compounds into the human body,
though currently the consumption of carcinogen—containing seafood
is probabl y not dangerous.

989 . Sull ivan, C.E. (1971).

A CO~WARATIVE STUDY OF THE EFFECTS OF EMULSIFIERS BP 1002 BP 1100
ON THREE MUD AND SAND SPECIES .

In: Ecological Effects of Oil Pollution on Littoral Communities.
E.B. Cowell , (ed.). pp. 14—21.

Toxicity tests ~c~re performed for a comparative study of 2
emulsifiers B? 1002 and the more recently developed BP 1100
on 3 mud and sand species; the cockle Cerastoderma edule; the lugworm
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Arenicola marina; and Nerine spp . The emulsifiers proved toxic
to all 3 species , although the suscep tability did vary. Mortality
due to BP 1002 was relatively h igh , especially in the case of the
polychaete worms. Under some conditions it was seen that gradation
from 100% survival to lOO~ mortality was very abrupt. BP 1100
proves to be less toxic to the inhabitants of the intertidal zone
than BP 1002.

990. Sull ivan, J.B. (1974) .

MARINE POLLUTION BY CARCINOGENIC HYDROCARBONS.

In: NBS Special Publication 409, Marine Pollution Monitoring
(Petroleum ), Proceedings of a Symposium and Workshop Held at
NBS, Gaithersburg, Maryland, M~iy l3—l~~~j974. National BUreau of
Standards.

This article briefly reviews the input of polycyclic aromatic
hydrocarbons into the marine environment and its level in
seafoods.

991. Surber , E.W. (1971) .

THE EFFECT OF OUTBOARD MOTOR EXHAUST WASTES ON FISH AND THEIR
ENVIRONMENT.

J. Wash. Acad. S d .  16:120—123.

Bluegill sunfish were placed in liveboxes and sampled at two—week
intervals in (1) a lake where much water skiing occurred , (2)
in a pond where outboard motors with low—p itched propellors were
opera t ed by pro jec t personnel , and (3) in a control pond where outboard
motors were not operated. The fish were fried in vegetable oil and
cracker meal at a temperature of 3700F(l88°C) or baked in aluminum
r oil before being tasted by a taste panel of 12 members. The tainting of
f ish occurred at a level of about 2.6 gal outboard motor fuel!
acre—ft of water or 8 gal fuel/million gal water , and a daily
fuel—use rate of 0.17 gal,’million gal water (0.055 gal/acre—ft).
Threshold odor , carbon chloroform ex trac tables and chlor ine demand showed
significant increases in the motor lake and motor pond through the
season of outboard motor operation. All water samples from the motor
lake and motor pond contained less than 10 ugh of lead determined
by polarograph.

992. Swader, F.H. (1975).

PERSISTANCE AND EFFECTS OF LIGHT OIL IN SOIL .

In: Conference on Prevention and Control of Oil Pollution
pp . 589—594. Amer. Petrol. Inst . Wash., D.C.
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Field plots were established in areas contaminated with flood—
borne oil. Field crops were used as indicator crops , the yeilds
being compared with published estimated yields for the same area
and soil resource. Soil samp les were analyzed annually to determine
the quantities of oil remaining in the soil. Greenhouse experiments
were also conducted to determine a threshold level of economic
damage and the res idual effec ts of such applications.

Oil penetration was approximately 24”. The initial level of
oil contamination was .2Z by weight, but spectacular in appearance.
Shallow roo ted crops were less susceptible to damage by residual
oil. Some residual effect was noted one year after contamination.
Light fuel oils may affect crop growth at low applicatioii rates.

993. Swedmark, M. (1974).

TOXICITY TESTING AT KRISTINEBERG ZOOLOGICAL STATION .

In: Ecological Aspects of Toxicity Testing of Oils and Dispersants.
(ed. L.R. Benzon and E.B. Cowell) John Wiley & Sons New York
pp. 41—51.

This presentation descr ibes the methods used by the Kris ’ineberg
Zoological Station (1) to determine the relative toxicities of oils and
dispersants in standard form required by industry and government
bodies, and (2) to provide predictions of the ecological conse-
quences of pollution in marine environments.

994. Swedmark, M., B. Braaten, E. Emanuelsson and A. Granmo.

BIOLOGICAL EFFECTS OF SURFACE ACTIVE AGENTS ON MARINE ANIMALS .

Mar. Biol., 9:183—201.

The biological effects of 5 surface active agents (the anionic
ABS , LAS and LES 3 EO and the nonionic NP 10 EO and TAE 10 EO)
on marine f ishes , crustaceans and bivalves have been tested in
continuous—flow systems. Concentrations from 100 to 0.5 ppm
were normally used . Fishes were found to be more susceptible
(96 hr LC 50 range: 0.8 to 6.5 ppm) than bivalves (96 hr LC 50
range: 5 to ‘ 100 ppm) while crustaceans were considerably more resistant
(96 hr LC 50 range: 25 to > 100 ppm). Within each of these 3
sys tematic groups , more active species were found to be more
sensitive than less active species. Developmental stages were also
more sensitive than adults. The resistance of crustaceans to
surfac tants decreased immediately after moulting. The most toxic
agen t for fishes and decapods was the “soft” anionic LAS , and for
bivalves and barnacles the “hard” nonionic NP 10 EO. Ability to
recover normal behaviour after exposure decreases with increasing
concentra tion and time, and ceases earlier in anionic than in nonionic
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surtactants. The first reaction to the surfactants is increased
activity (avoidance reaction of mobile species), followed success ively
by inactivation , immobilization and death. Nonionic surfactants
affect the equilibrium in fishes. Sublethal effects appear as
Impaired locomotory activity and breathing rate in fishes and
crustaceans , impaired byssus activity and shell closure In Mytilus
edulis, burrowing in Cardium edule, Astarte ~~~~~~~~ and Astarte
sulcata. Siphon retraction is affected in ~~~ arenaria and
Cardium edulei, as is also the response to food of the Leander
spp.

U95. Swedmark , ‘1. B.A. Graruno and S.O. Kollberg. (1973).

EFFECTS OF OIL DISPERSANTS AND OIL EMULSION ON MARINE ANIMALS .

W a t e r Res., 7:1649—1672.

The toxicities to marine animals of nine oil dispersants , three oil
emulsions with Corexit and of a dispersion of Oman crude oil , have
been studied in continuous flow aquarium systems at 96—h exposures
followed by a recovery period in clean seawater. New types of
d ispersants were found to be less toxic than older types and oil
emulsions more toxic than dispersants alone or crude oil alone .
Fishes and bivalves were found most sensitive. Crustaceans were
the most resistant to dispersants but very susceptible to oil
emulsions. The tolerance of different species was found to be related
to their mode of life , more active species being more susceptible.
Delayed mortality of bivalves increased their susceptibility
if the recovery period was included . Effects on locomotory
behavior of fishes and crustaceans , breathing rate of fish , valve—
closur e of bivalves and byssal thread format ion of common mussels
have been demonstrated for both dispersants and oil emulsions . The
general sequence of such effects was: increased activity; successively
impaired activity; immobilization ; and death . Recovery is good for
fish and crustaceans but poor for bivalves due to the delayed effects.
Ecolog ical consequences of dispersants and oil pollution in the marine
environment are discussed.

996. Tagatz, M.E. (1961).

REDUCED OXY G EN TOLERANCE AND TOXICITY OF PETROLEUM PRODUCTS
TO JUVENILE AMERICAN SHAD.

Chesapeake Sd ., 2:65—71.

Experiments were conducted on juvenile American shad , Alosa
sapidissima, to indicate tolerance to reduced oxygen ,
tox icity of petroleum products , and toxicity of petroleum
pr oduc ts w ith accompany ing low d issolved oxygen. All
mortalities in reduced oxygen tests occurred at dissolved oxygen
values of less than 2 ppm with lethal concentrations vary ing with the
rat e of reduction. No mortalities occurred when dissolved oxygen
was maintained between 2 and 4 ppm. TLm (median tolerance limit)
values were determined for gasoline, diesel fuel oil , and bunker
oil for 24— and 48—hour per iods. Gasoline was the most toxic ,
fuel oil somewhat less toxic , and bunker oil least toxic. The
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lethality of petroleum products to shad was found to increase when
accompan ied by low dissolved oxygen.

997. Tagger , S., L. Deveze, J. LePetit. (1976).

THE CONDITIONS FOR BIODEGREDATION OF PETROLEUM HYDROCARBONS AT SEA.

Mar. Pollut. Bull. 7:9 172—174.

The hydrocarbon degradation potential of seawater appears higher
in zones chronically polluted by these materials ; they are
characterized by an abundant bacterial development. The salinity
of the effluent from a refinery and also its hydrocarbon content
are factors affecting the speed of degredation.

998. Takahashi , F.T. and J.S. Kittredge. (1973).

SUBLETHAL EFFECTS OF THE WATER SOLUBLE COMPONENT OF OIL:
CHEMICAL COMMUNICATION IN THE MARINE ENVIRONMENT.

In: The Microbial Degradation of Oil Pollutants. D.C. Rhearn and
S.P. Meyer , (eds.) Center for Wetlands Resources, Louisiana State
Un iversity , Baton Rouge.

Crude oil and petroleum products contain water soluble components
that are potent inhibitors of chemoreceptors in marine organisms .
Since many species rely on chemoreception for location of food and
sexual partners , disruption of chemoreception in the marine environ-
ment by oil spills can have profound effects on survival and repro-
duction. These effects on species survival will not be revealed
in the usual toxicity (LD) studies of pollutants.

999. To rzwell , C.M . (1967).

CRUDE OIL AND PETROLEUM PRODUCTS. pp. 108—119.

In: Interim Repor t on Water Quality Requirements for Fishes, Other
Acluatic Life and Wildlife. Nat. Tech. Advisory Ctee., Washington .

1000. Tarzwell , C.~t. 1969.

STANDARD METHODS FOR DETERMINATION OF RELATIVE TOXICITY OF OIL
DISPERSANTS AND MIXTURES OF DISPERSANTS AND VARIOUS OIL TO
AQUATIC ORGANISMS.

Proc. Joint Conference on the Prevention and Control of Oil
Spills. (API/EPA/USCG) , New York , NY pp. 179—186. Amer.
Petr ol. Inst. Wash. D.C.

It is the policy of the Federal Water Pollution Control Administration
of the t~.S. Department of the Interior that the relative toxicity
o f all chemic al d ispersants, both alone and in combination with oil,
will be determined prior to their use for the dispersion of oil
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spills , arid the cleaning of beaches and shore installations . Data
on the relative toxicity of these materials alone——and when mixed
w ith oil——provide the basis for the effective selection of those
mater ials least toxic to aquatic life and for recommending or
prohibiting their use.

The Department takes the position that it is the responsibility
ol the manufacturer of such products to provide for their product
alone and in oil mixture accurate tolerance limit values based on
standard short—term bioassays with designated test organisms . The
standard bioassay procedure used will be the one recommended
by the FWPCA. This procedure is solely for the purpose of providing
data which will indicate relative toxicity of dispersants and oil
dispersant mixtures. These standard tests do not indicate the long—
term toxicit y of these materials to aquatic organisms , safe levels
for the aquatic biota or for humans , nor do they constitute
- c i i  endorsement of any material by the FWPCA.

1001. Tarzwell , C.M. (1971).

TOXICITY OF OIL AND OIL DISPERSANT MIXTURES TO AQUATIC LIFE.

In: Water Pollution by Oil. Institute of Petroleum , London.
P. ll (pp le , (ed.) pp 263—272

C h e m i c a l s  used for  the dispersion of oil spills are much more
toxic than the oil. The dispersant—oil mixtures are more toxic than
the dispersant alone , and many—f old more toxic than the crude oil.
In instances where it is necessary to disperse oil spills by the
use of chemicals , the least toxic and most effective dispersants
should be used . Relative toxicities of the various dispersants
should be determined by means of standardized short—term static
b i i.cssays.

Field inv’~~t Igations and short—term toxicity studies have demonstrated
that crude and refined petroleum oils and by—products are detrimental
in a number of ways to aquatic organisms and their environment.
Wh ih .  many surveys and studies have been made to determine the
ln at ion , nature , and extent of damage and the acute toxicity of
crude and other petroleum oils in the aquatic environment , data
ire entirely lacking on the concentrations of these materials
in the aquatic environment which are not harmful with b -ag—term
or continuous exposure. Studies should be made to determine the
uptake and concentration of pe troleum hydrocarbons by mar ine organisms
and to evaluate the extent of their incorporation into tissue and
possible harmful effects.

1002. Tatem , H.E. and J.W. Anderson. (1973).

THE TOXICITY OF FOUR O ILS TO PALAEMONETES PUGIO (HOLTHUIS) IN
RELATION TO UPTAKE OF SPECIFIC PETROLEUM HYDROCARBONS.

Am. Zoul . , 1 3:1307—1308 .

The effects of water—soluble frac t ions (WSFs) of Southern Louisiana
(So . I; .), KuwaIt , #2 Fuel and Bunker C oils on Palaemonetes were

test e d. Bloassays were performed to determine the toxicitjes of
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the oils and prov ide information for sublethal experiments.
WSFs were prepared by mixing a 10% solution of oil on water  for  20
hours and the water phases were analyzed by i n f r a r e d  spec t ropho to—
metry . The 48—hour Urn values at 21°C showed that the crude oils
(So. La., 16.8 ppm; Kuwait , 10.2 ppm) were less toxic than refined
(11 2 Fuel , 5.5 ppm) or residual oil (B unker C , 3.43 ppm). Palaemone tes
were found to be more sensitive to So. La. WSF at higher temperatures
(48—hour Tim , 15.9 ppm at 24°C; 10.7 ppm at 32°C). Tests were
conducted using some specific hydrocarbons found in oil. The
48—hour TLm values were: benzene , 33.0 ppm; phenol , 20.0 ppm ;
naphthalene , (N), 2.35 ppm ; methylnaph thalene (MN), 1.00 ppm ;
and d ime thylnaph tha lene  (DMN) , 0.70 ppm .

In uptake  and depuration experiments , it was found that  hy drocarbons
were concentrated in the tissues of grass shrimp exposed to WSFs.
However , when Palaemonetes survive in i t ia l  exposure , depura t ion
occurred. Animals exposed to 2.6. ppm WSF of #2 fuel (0.038 ppm
DMN) for  six hours contained 2 . 0 7  ppm DMN , while the DMN water
concentration was 0.020 ppm . After 24 hours exposure in the
same solution the tissues contained only 0.32 ppm DMN (82% decrease)-,
while the DMN water concentration was 0.013 ppm . After 435 hours
in clean, filtered sea water , grass shrimp contained 0.196 ppm
DMN. Therefor e, the more toxic oils contained higher proportions
of N, MN, and DMN which are rapidly ac cumulated by Palaemonetes
yet are readily released if the initial exposure is not lethal.

1002—A. Taylor , T.L., J.F. Karinen and H.M. Feder (1976).

RESPONSE OF THE CLAM , MACOMA BALTHICA ( LINNAEUS ), EXPOSED TO
PRUDEHOE BAY CRUDE OIL AS UNMIXED OIL, WATER-SOLUBLE FRACTION ,
AND SEDIMENT-ADSORBED FRACTION IN THE LABORATORY .

In: Environmenta l  Assessment of the Alaskan Cont inenta l  Shelf .
Pr inc i pal Inves t iga tors’  Reports for the Year Ending March 1976.
Volume 8. Effects of Contaminants, p. 48—87.

The small clam , Maconia bal thica (Linnaeus , 1758) , occurs throughout
the coastal  area of Alaska in the upper 4— 8 cm of in ter t ida l  m u d f l a t s .
Because it is both a deposit and suspension feeder , 11, ba].thica
is potentially susceptable to oil slicks layered on the mud and
to water—soluble  or sed iment—adsorbed f rac t ions  of crude o i l .
Oil  adsorbed on sediment and allowed to settle over buried M.
balthica stimulated movement to the surface. The proportion
of clams that moved to the surface increased as the depth of oil—
contaminated sediment increased . In tests many of the clams
recovered from exposure, but in nature they might have fallen to
predator s of adverse environmental conditions . Data on the response
of M . ba l thica  to oil can be used in the evaluation of the organisms
as an indicator  of the e f f e c t of oil in the sediment environment .

1003. Teal , J . M .  (1976) .

HYDROCARBON UPTAKE BY DEEP SEA BENT}IOS .

In:  Sources, E f f e c t s  and Sinks of Hydrocarbons in the Aquatic
Environment.  Proceedings of the Symposium American University,
Washington D.C. Aug . 9—11, 1976 p. 358—365.
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F’ reliminary results are presented of analyses of sed iment and
benthic animals collected from 5500 m to 5800 m depth on the
Nares Abyssal Pl ain. The animals collected include
holothurians , and the rattail (Nematonurus). The sediment hydrocarbons
appear to have come f rom plants growing either on or near land .
The petroleum evidence found in one hobothurian and a galatheid
probably arrived on the bottom as a tarball. Animals selectivel y
absorb hydrocarbons from their environment.

1004. Teal , J.M . and J.J. Stegeman (1973).

ACCUMULATION , RELEASE AND RETENTI ON OF PETROLEUM HY I)R OCARBONS
BY THE OYSTER CRASS O STREA VIRG INICA.

I n :  in p u t s ,  Fates  and Effects of Petroleum in the Marine
Environment. Background Information for the Workshop, Ocean
Aff airs Board, NSP, Airlie , Va . 21—25 May 1973 ..

The lip id content of oysters , as well as the concentration of petroleum
hydrocarbons in t h e  water column , affec t the rate and extent of
accumulation of those hydrocarbons . The hydrocarbons were rapidl y
but incompletely d ischarged when the oysters were p laced in uncon—
c o n t a m i n a t e d  wa te r .  Amounts discharged and retained ar e probably
r e l a t e d  to the level of con tamina t ion .  E q u i l i b r a t i o n  and the
occurance of multiple compartments are major factors in the
uptake and accumulation of petroleum hydrocarbons. The Oysters
themselves may modify the oil.

1005. Templeton ,- W.L. (1971).

ECOLOGICAL EFFECTS OF OIL POLLUTION.

J. Water Pollut. Control F e d . ,  43:1081—1088 .

Th is paper is made up of short descriptions of fifty—six articles ,
with a complete bibliographical entry for each , on the follow ing
subjects related to oil pollution:

Nature and Scope of the Problem , Toxicity to Aquatic Organisms ,
Fate and Behavior of Oil , Field Studies , Effec ts on Birds ,
Biologica l  Degrada t ion .

1 006. Templeton , W.L . (1972).

ECOLOGICAL EFFECTS OF OIL POLLUTION .

-J ournal Water Pollution Control Federation , 44:1129—1134.

A survey  of 1971 l i t e r a t u r e  is presented . T o x i c i t y  of oil and
d ispersants to aquatic organisms , and the fa te and behavior
of oil  are discussed . The impact of various specific oil spills
and c leanup me thods on vege tation and animals, particularly
on b i r d s , were inves t iga ted . The possible use of biological
degradation was also considered.
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1007. Temple ton , W .L., E.A. Sutton , R.M. Bean , R.C. Anett , H.J. Moore
( 1975) .

OIL POLLUTION STUDIES ON LAKE MARACAIBO , VENEZUELA.

In: Conference on Prevention and Con t ro l of O i l  P o l l u t i o n .
pp .  489—496.  Amer .  P e t rol .  Inst. Wash. D.C.

The r e s u l t s  of a 2—year  s t udy  on the impact of oil d i s c h a r g e s
on the  f i s h e r y  resources of Lake Maracaibo , Venezuela , are presented .
Tlit lake system is descr ibed , toge ther  w i t h  relevant  wa te r  q u a l i t y ,
h y d r o g r a p h i c , ecological , and fishery resources data. Sources
of o t h e r  types of pollution , domestic and industrial , are descr ibed
and t h e i r  p o t e n t i a l  impact  on the system are discussed . Analys is
of e n v i r o n m e n t a l  samp1es-~— w a t e r , sed iments , and biota——showed
low concent ra t ions  of oil in lake water  and no de tec tab le  accumula t ion
of p e t r o l e u m — d e r i v e d  h ydrocarbons in muscle t i ssue  of selected
commercia l  species .  The occurrence of b i t uminous  mate r i a l s  in the
sed iments , p a r t i c u l a r l y  in the oil product ion  area , suggests t ha t
the n a t u r a l  processes of v o l a t i l i z a t i o n, b iodegrada t ion , and sedi-
mentation are the major mechanisms for the removal of oil from the
s u r f a c e  wa te r s .  L a b o r a t o r y  s tudies  on the t o x i c i t y  of oil indica te
t h a t  r e l a t i v e l y  high concent ra t ions  of oil are required to cause
m o r t a l i t y .  E x t r a c t i o n  of oil wi th  the lake water , however , indica ted
t h a t  concen t r a t i ons  of t o t a l  light  aromat ic  f r ac t i ons  were toxic
in the parts per million range. The rapid loss , in a few hours,
Of l i g h t  hydrocarbons  from surface films of oil to the atmosphere
was shown to reduce the  toxicity to organisms significantly.
Examination of the limited fisheries data available does not suggest
that the resources are being depleted . However , considera tion of the
p o t e n t i a l  impact of nonpet ro leum wastes indicates  that  they are
c o n t r i b u t i n g  to the  degradat ion  of the water qua l i ty  which , if
unchr ~cked , may subsequen t l y reduce the biological  resources of the lake .

1008. Tendron , C. ( 1968) .

CONTAMINATION OF MARINE FLORA AND FAUNA BY OIL , AND THE BIOLOGICAL
CONSEQUENCES OF THE “TORREY CANYON” ACCIDENT

In :  Proc. Int .  Con f. O i l  Poll. of the  Sea, Rome, Oct. 7—9 ,  1968.
J. B a r c l a y — S m i t h , ( e d .)  pp.  114—121.

Birds especially suffer as a consequence of the spread of a thin
f i l m  of oil on the surface. In the natural state , a bird ’s fea thers
are an efficient protection against loss of heat and provide
resistance to cold in the atmosphere or during long immersion in
water at temperatures near 0°C. But if the feathers are covered with
oil the protective qualities are seriously diminished and the
temperature of a bird which has lost its insulating cover falls
r a p i d l y  in contac t  w i t h  the water , and the b i rd  dies of hypothermia.
Observations suggest tha t f i s h  are inclined to desert contaminated
areas and go to cleaner spots. On the seacoast the ac t ion  of oil
is more obvious on f i s h  f r y ,  causing a decrease in the numbers
of ce r t a in  species.  I n  tidal areas natural mollusc beds become
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p o l l u t e d  and can  no longer be used as a source of food ; these molluscs
have been found to contain traces of 3,4—benzopyrene, a known
carc inogen .  U n d e r  conditions of extremel y intense oil pollution ,
t he re  is  a general impoverishment in the f l o r a  w i t h  a prominance
of - e r t dn  algae , the Phaeophyceae .

Crude oil in i t s e l f  is not toxic in small quantities , nor is it
directly corrosive , as after a certain time , both its volatile-
components and the phenols and cresols disappear. It does not
contain 3,4—benzopyrene. Yet its physical effects are definite ,
depending upon the  accumula t ion  of oil p r o d u ct s .  The a c t i o n
of d c ± t e r p e - n t s  is quite different , concentrations of as little as
1 ppm having a toxic e f f e c t  on f i s h , crustacea and molluscs.  The
ad d i n g  of d e t e r g e n t s  to oil also inh ib i t s  any bacterial degradation
which might normally take place. These detergents are generally
class i f ied in ionic , anionic and cationic types , and the last ,
being particularl y toxic , should be entirely prohibited .

1009. Thacher , P .S .  and N. Meith—Aucin (1977).

THE OCEANS HEALTH A~ l) PROGNOSIS.

In :  Ocean Yearbook 1 97 7 .  Un ive r s i ty  of Chicago Press.

This review covers the pollutants which have been introducted into
the  oceans , t h e i r  observed levels , p red i c t ed  increase and e f f e c t s
on marine life. Also considered are the international policies
devised to cocenter the threa t to the oceans h e a l t h .

1010. Thomas , M.L.H. (1973) .

EFFECTS OF BUNKER C OIL ON INTERTIDAL AND LAGOONAL BIOTA IN
CHEDABUCTO BAY , NOVA SCOTIA.

J.  Fish .  Res .  Board Can. 30:83—90.

In February 1970 , a la rge  sp ill of Bunker C oil oc cu rred in
Chedabucto Bay , Nova Sco t i a .  The i n c i d e n t  was of p a r ti c u l a r  i n t e r e s t
since large spills of this type of oil had not previously been studied .
Further interest was added by the unusually cold t’emperatures and
by the  nonuse of de t e rgen t s  in cleanup . The e f f e c t s  of the oil
on i n t e r t i d a l  and lagoonal biota have been followed since the
accident. Many rocky shores and lagoons were heavily oiled .
On exposed shores , oil has decreased steadily since oil stopped
coming ashore in mi d—1970 and by Augus t 1971 only small amounts
remained . In sheltered areas , p a r t i c u l a r l y  lagoons , heavy oil
contamination remains . The summer remobilisation and subsequent
redeposition of oil added a chronic aspec t to the pollution.
I n i t i a l  e f f e c t s  of oil involved minor smothering of fauna and tearing
loose of algae . Longer term effects involved extensive mortalities
of Fucus sp iral is on rocky shores and 

~~~ 
arenar ia and Spar t ina

alterniflora in lagoons . Other biota were not visably affected.
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In all three affected species , mortalities took place either con-
tinuously or only in the second year of pollution. Causes of death
are  unknown . It  is recommended that in all in te r t ida l  areas very
heavy oi l  depos i t s  should be mechanically removed and the remainder
of the  oil l e f t  to na tura l  degradation.

l O l l .  Thoma s , R . E .  and S .D.  Rice (1975) .

INCREASED OPERCULAR RATES OF PINK SALMON ( ONCORI-IYNCHU S CORHUSCHA )
FRY AFTER EXPOSURE TO THE WATER SOLUBLE FRACTION OF PRUDEHOE BAY
CRUD E OIL .

Journal  of the Fisheries Research Board of Canada , 32 2221—2224 .

The opercular rates of pink salmon (Oncorhynchus gorbuscha) f ry
were measured during 24—h exposure to sublethal concentrations
of the water—soluble  f rac t ion  of Prudhoe Bay crude oil. Opercular
rates increased significantly for  as long as 9 and 12 h a f t e r
exposure to watersoluble fractions prepared from oil—water solutions-
of 2 .83  and 3.46 ppm. The increases in rates appears to be a
sui table  method for  detecting sublethal physiological effects of
stress , because the observed changes occurred at approxima tely
207 of the 96 h—LC5 O .

1012. Thompson, Harold C. J r . ,  R . N .  Farragut and M . H .  Thompson ( 1 9 7 7) .

RELATIONSHIP OF SCARLET PRAWN S ( PLESIOPENAEUS EDWARD IANU S )
TO A BENT HIC OIL DEPOSIT OFF THE NORTH-WEST COAST. OF ARUBA ,
DUTCH WEST INDIES.

Env i ron. Pol lu t .  13 239—253.

Catch data resu l t ing  from sampling e f f o r t s  o f f  the north—west  coas t
of Aruba , Dutch West Indies , demonstrated a greater catch rate  of
crustacea in areas where benthic oily material was collected as
compared to adjacent areas where there was no oil.

Scarle t prawns ( Plesiopenaeus edwardsianus ) were three times
more abundant  in the areas where banthic oil was found . They contained no
isoprenoid hydrocarbons of the type common to most biological material
or the type common to petroleum . However , they did contain an unusual.
n — p a r a f f i n  hydrocarbon series (n— C 22 ,  n— C 25, n—C 28, n—C 31, n—C 34 )
and in the areas where the benthic oily material was collected
the prawns contained much greater quantities of the five n—paraffins
given in the above sequence.

A probable exp lanation fo r  the greater abundance of crustacea in
the area a f f e c t e d  by the oily mater ia l  is discussed.

The accumulation and metabolism of hydrocarbons by marine organisms
and how these processes relate to scarlet prawns are also
discussed.
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1013. Thompson , S. and C.  Eglington. (1976).

THE PRESENCE OF POLLUTANT HYDROCARBONS IN ESTUARINE EPIPELIC
DIATOM POPULATIONS.

E s t u a r i n e  and Coasta l  M ar ine  Sc ience .  4 ( 4 ) : 4 l 7 — 4 2 5 .

R e p o r t  on the  presence of a complex mixture of aliphatic hydro—
carbons in the o rgan i c  ext racts  of three  populat ions  of Severn
Estuar y epipelic diatoms . Capillary gas chromatography and com-
puterized gas chromatography/mass—spectrometry indicate that these
aliphatic hydrocarbons distributions are similar to the
ehar ,icteristic crude oil—type aliphatic hydrocarbon distributions
found in Severn Estuary sediments. Crud~ oil— type polynuclear
a r o m a t i c  hyd roca rbons  found in the sed iment were absent  in the
d i a t o m s . The possible routes  of s e l ec t ive  incorpora t ion  of p o l l u t a n t
hyd rocarbons in to  epipelic diatoms , and the environmental significance
of t h i s  process , are discussed .

1014. Thurberg , F.P. and E. Gould (1978).

SOME PHYSIOLOGICAL EFFECTS OF THE ARGO MERCHANT OIL SPILL ON SEVERAI.~
MARINE TELEOSTS AND BIVALVE MOLLUSES.

I n :  In  the Wake of the Argo Merchant. Proceedings of a Conference
and Workshop held at  the Un ive r s i t y  of Rhode Island, Jan. 11—13
1978. Center  for  Ocean Management Studies , U n i v e r s i t y  of Rhode
is land , K i n g s t o n , Rhode Is land .

A v a r i e t y  of fish and bivalve mollusks were obtained during
two research cruises subsequent to the 

~~~~ 
Merchant  oil sp i l l .

The plasma ions and osmolality of the fish blood were tested .
There did appear to be a disruption of plasma ions in winter
f lounder and yellow tail flounder. Yellow tail serum osmolalitv was sig-
nificantly l owered . The bivalves were examined for tissue respiration
serum ions , and respiratory enzymes. Scallops ( Placopecten
and horse mussels ( Modiolus ) col lected du r ing  the f i r s t  cruise
exhibited depressed gill—tissue oxygen consumption . Serum sodium
and calcium levels of scallops varied from those of controls .
In scallop muscle , malic dehydrogenase activity and lactate oxidation
were significantly lowered though pyruvate reduction remained the
same . These observat ions  on enzyme activity repression suggest
a poss ible  weakening of the ab i l i t y  to s h i f t  to anerobiosis.

1015. T i c e h u r st , N . F. (1938) .

OILED BIRDS RESORTING TO FRESH WATER.

B r i t .  B i r d s ,  11 , 354—35 5 .

1016. T i s s i e r , M . and J . L .  Oudin .  (1973) .

CHARACTERISTICS OF NATURALLY OCCURRING AND POLLUTANT HYDROCARBONS
IN MARINE SE !) IMEN TS.
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Joint Conference on Prevention and Control of
O i l  S2 111s. Amer ic an  Pe t ro leum Institute , Washington , D.C ., pp .
2 0 5 — 2 1 4 .

Hydroc arbons spi l led on the sea may,  naturally or by sinking agent ,
settle on the sea bed and pollute marine muds which are the
substratum of the benthic fauna  and f l o r a . They may be absorbed
by these organisms which are the  basis of the  n u t r i t i o n  fo r  a
la rge  par t  of the a q u a t i c  fauna . Thus , hydrocarbon pollutants
will enter by this way in the marine food chain and raise the problem
of long—term toxicity. Therefore , it is important to measure
the  q u a n t i t y  of hydroca rbons  in the marine sediments in order  to
know the level of p o l l u t i o n .  We must , however , be able to make
the  d i s t i n c t i o n  between indigenous hydrocarbons and c rude—oi l
der ived hy drocarbons. Both contain , n and iso—alkanes and aromatics ,
but their quantity, the percentage of each type of compound and
the d i s t r i b u t i o n  of some spec i f i c  molecu 1es are o f t en  very p a r t i c u l a r .
A detailed analysis of the chloroform extract of the sediment by
chromatography , mass spectrometry and U.V. f luroescence can d i s c r i m i n a t e
between u n p o l l u t e d  and polluter! sediments even in the case of low
level  p o l l u t i o n .  The samples which hav e been analysed , were
col lected on the French coast of the Eng l i sh  channel in Normand ie
and in the  Se ine  Bay. The unpol lu ted  samples conta in  a h igher
percen tage  of heavy products (resins and asphaltenes), as well as
a more important odd carbon dominance in the n—alkanes distribution
than in polluted samples. The aromatic fraction of the indigenous
hydrocarbons is mainly composed of polycyclic ar omatic hydroca rbons
withou t alkyl chains whereas polluted samples show many types of
alkvl— aromatics.

1017. T i t t l e y ,  Ian ( 1 9 7 2 ) .

THE KENT COAST IN 1971 .

~1arine Pollution Bulletin 3(9):135—138.

Dur ing  the  f i r s t  4 months  of 1971 a series of mar i t ime  acc iden t s
resul ted in the  subjection of 100 km of Kent coas t l ine  to continual
heavy bouts  of pollution by oil and detergent. These events
are summarized in tabular form toget her with other less widely
repor ted  instances of o il pollution occurr ing dur ing the same
year .  Methods  and o r g a n i z a t i o n  fo r  clearing oil slicks are noted .
The e f f e c t s  on marine algae and plants , f ish , and birds are
reviewed .

1018. Tokuda , H. (1977).

FUNDAMENTAL STUDIES ON THE INFLUENCE OF OIL POLLUTION UPON MARINE
ORGANISMS . I .  LETHAL CONCENTRATIONS OF OIL-SPILL EMULSIFIERS FOR
SOMI- MARINE PHYTOPLANKTON . ( IN  JAP ANESE)

Bu l l .  Japan.  Soc. of Scientific Fish. 43 97—102.
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lethal conc entrations ~~t 84 oil—sp ill emulsif iers for mar ine
phytopla nkton we -ri- dete rmined by c u l t u r e - e x per i m e r . t s  in 1971 ,
1q73 , 1q74 and 1975. Among 3 species of ~1e-’top lankto n used ,
Skeletoneina cos t a tum was the  most s e n s i t i v e .  The t o x i c i t y  of t h e
o i l — s p i l l  e m u l s i f i e r s  reduced  year a f t e r  year due to improvemen t  in
their components .

1019. Tokuda , H. (1977 ) .

FUN J ) A N UN TAI .  SFUPIES ON ‘flu . INI~LU1-~NCF~ OF OIL POLLUTION U PON
~ A R l ~~l 1 OSCANISMS — I I .  LETHAL Co NCENTRATIONS OF OIL—SPILL
EMULSIFIER C OF ’fl ONEN T S FOR M A R i N E  PHYTOPLANKTON. (IN JAPANESE) .

B u l l .  l a p i n .  Soc . S c i e n t i f i c  F i s h .  43 103— 106.

The l e t h a l  c o n c e n t r a t i o n s  of solvents and n o n — i o n i c  s u r f a c t a n t s  used
as oil spill emulsifiers were determined for two species of
m a r i n e  p hv t o p l a n k t o n  b y c u l t u r e  expe r imen t s .  Skeletonema c u s t a t u n
was ten t imes more sens it  ive than Nitschia closterium to most of the
samples.  The t o x i c i t y  of p e t r o l e u m  solvents  was dependent on their
a r o m a t i c  con ten t . . The s u r f a c t a n t s  w i t h  h yd rophob ic  groups such as
a l ky l  phenol  and s ec on d a ry  alcohol were h igh l y t o x i c .  The es te r
type  s u r fa c t a n t s  were less toxic than the e ther  type ones . Also ,
there  is some re la t ion  between the t o x i c i t y  and the HLB of non—
ionic s u r f a c tan t s .

1020. Tokuda , H.  ( 1 9 7 7 ) .

EI’NDAM EN TAL STUI)IES ON THE INFLUENCE OF OIL POLLUTT ON UPON MARIN E
oRo ;AN I SMs — I I I , EFFECTS OF OIL SPILL EMULSIFIER S AND SURFAC l ’ANT S

ON THE GROWT H OF PORPHYRA—J .AVER. ( IN JAPANESE) .

B u l l e t i n  of the Japanese Society of Scientific Fisheries , 43 587—593.

The inhibitory effects of oil—spill emulsifiers (6 products)
and non—ionic surfactants (4 produc ts) on the growth of a layer ,
Porp hyra y~~,oensis, were investigated by cul’ure experiments.
One oil spill emulsifier composed of n—paraffin and ester—type
non—ionic surfactants was so low in toxicity that its 1 ppm s o l u t i o n
suppor ted  a layer  growth r a t e  nearly similar to tha t  of t he  con t ro l ,
and even i t s  100 ppm solution exhibited a growth r a t e  h igher  than
50% of the con t ro l .  Polyoxyethy lene (20 mole) sorbitan trioleate ,
an ester—type surfac tant , was the least toxic of the surfactants
t e s t ed  and a l lowed  the layer  to grow even a t  the  c o n c e n t r a t i o n
of 100 ppm , wh i l e  p o lyoxye thylene  (5 mole)  nonyl i pheno l e t h e r  was
the most toxic of the ether—type surfactants used and the layer
was killed within P4 hours in its 10 ppm solution . The absorption
spectrum of the layer frond was not affected by a 20 hour immersion
in a 1000 ppm solution of either polyoxyethylene (2 mole) olevi
e the r  or po lyoxye thy l ene (20 mole)  so rb i t an  t r i o l e a t e .  Changes
In the ce l lu lar  appearance of the layer induced by immersion
in surfactant solutions prepared at various concentration were
also studied by means of microscopy.
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1020—A . Traxler , R.W. (1973) .

BACTERIAL DEGRADATION OF PETROLEUM MATERIALS IN LOW TEMPERATURE
MARINE ENV iRONMENTS , PP. 163—170.

In: The Microbial Degradation of Oil Pollutants. Center for Wetland
Resources , LSU , Baton Rouge , La., Publ. No. LSU—SG—73—Ol.
Ahearn  and Meyers ( e d s . )

Forty—nine hydrocarbon—utilizing species oil bacteria were isolated
at 16 to 17°C from Chedabucto Bay, and 72 from Narragansett Bay at
2.5 to 5°C. Sediments w er e  a better source of organisms than water
column samples. Data indicate that aromatic hydrocarbon—utilizers
-ire capable of growth on aliphatic hydr ocarb ons , but that the
majority of the bacteria isolated on aliphat ic or mixed substrates
u t i l i z e  alipha t i c  but  not a romat ic  hydrocarbons . F u r t h e r , the
hydren-arbon profile data show that marine bacteria exist which can
utilize aliphatic straight and branched chain hydrocarbons , cyclic
hydrocarbons , and aromatic hydrocarbons in the psychrophilic
temperature range. Growth rates were found to be inversely
proportional to temperature level.

1021. Ukeles , R.  (1963) .

THE EFFECT OF SURFACE ACTIVE AGENTS ON THE GROWTH OF MARINE PHYTO-
PLANKTON .

3. Protozool., 10 (suppl.), 10.

1022. U.S. Coast Guard (1976).

FINAL ENVIRONMENTAL IMPACT STATEMENT LOOP DEEPWATER PORT LICENSE
APPLICATION . 4 VOLUMES.

Department of Transportation , Coas t Guard , Deepwater Ports Project ,
Off ice of Mar ine Environment and Sys tems , Wash ington, D.C.

These volumes describe the probable impac t on the Louisiana
o f f s h o r e  envi ronment  of the const ruct ion of an o f f s h o r e  oil p o r t .

102 3. P .S. Coast Guard (1976~~.

FINAL ENVIRONMENTAL IMPACT STATEMENT , SEADOCK DEEPWATER PORT LICENSE
APPLICATION. 4 VOLS.

Departm€mt of T r a n s p o r t a t i o n , U . S .  Coast Guard , Deepwater Por t s
Projec t , Office of Marine Environment and Systems , Wash ington ,
D.C.

These volumes assess the environment , describe the nature of a
proposed dee pwa ter por t, and evaluate the probable impact of such
in offshore oil port on the environmen t of the Texas continental
shelf.
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1024 . United States Congress (1975) .

EFFECTS OF MAN ’S ACTIVITIES ON THE MARINE ENVIRONMENT .

U . S .  Congress , Senate , Comm i t t ee  on Commerce , N — i t i o n a l  Ocean
Pol icy  S t u d y ,  94 th  Congress , 1st session. Government Printing
O f f i c e .  135 pp .

S u b j e c t s  covered include an o v e r al l  assessment of man ’s in f luence
on the oceans; a c t i v i t i e s  g~ ne ra t ing  marine p o l l u t i o n , such as
s h i p p i n g , ocean dumping , munic ipa l  d ischarges  and waste hea t
d i sposa l ;  and specific marine pollutants , e.g. , petroleum , chlorinated
hy droca rbons , heavy metals  and municipal wastes. The necessity
of chemical , phys ica l  and biological baselines f or monitoring marine
po l lu t i on  is emphas ized .  Some u n i l a t e r a l, b i la te ra l  and m u l t i l a t e r a l
a c t i v i t i e s  fo r  cont ro l l ing  ocean pollution on the national
and i n t e r n a t i o n a l  levels are reviewed ; UN act i v i t i s  are
summar ized , inc lud ing  the Oi l  Po l lu t ion  Convent ion of 1954 and the
Geneva Convention of 1958. Acts  passed or proposed by the U . S .
Congress fo r  ~o n t r o l l i n g  ocean po l lu t ion  f rom 1899 to the  p re sen t
are discussed . The technology of pollution abatement is considered
fo r  chrortic  and acc identa l  sources.  Appendixes  are included on
h a r m f u l  subs tances  in the sea , and in te rna t iona l  organiza t ions,
conferences , and conventions rn mar ine  p o l l u t i o n .

1025. U n i t e d  S t a t e s  Congress (1975) .

OIL TRANSPORTATION BY TANKERS : AN ANALYSIS OF MARINE POLLUT ION
AND SAFETY MEASURES.

Congre -~s of the Un i t e d  S ta tes , O f f i c e  of Technology Assessment .
U . S .  Government  P r i n t i n g  O f f i c e , Washington , D . C .  288 pp.

This  repor t includes description of the ecological impac t of
major  tanker spi l ls  and a synopsis of the amounts , sources ,
and e f f e c t s  of oil po l lu t ion  from tankers .

1026. U . S .  Dep t .  of the  I n t e r i o r  ( 1 9 7 3 ) .

ESTUAR INE POLLUTION: A BIBLIOGRAPHY.

Water  Resources In fo rma t ion Center , U . S .  Dept. of the Interior .
B i b l i o g r a p h y  Series WRSI C 73—205.  506 pp.

The i n f o r m a t i o n  bases fo r  the bibliography comprise  only
Selected Water Resources Abstracts (SWRA) . The collection is
compr ised of a s ignificant descrip tor index , a bibliography w ith
abstracts , an author index , and a comprehensive index. The
data  base had 50 ,631 abs trac ts cover ing SWRA t h r o u g h  Dec . 15 , 1972.

1027. U . S .  D e p t .  of the I n t e r i o r  (1973) .

OIL SPILLAGE: A BIBLIOGRAPHY , Vol.  1.

Water  Resources Scient ific Informat ion Cen ter , Bibliography Ser ies
WRSI C 73—207 .  390 pp.
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The information bases for the bibliography comprise only Selected
Water Resources Abstracts (SWRA). The collection is comprised
of a significant descriptor index, a bibliography wit ! abstracts ,
a comprehens ive index , and an author index. The data base
had 53 , 230 a b s t r a c t s  covering SWRA through Feb . 15 , 1973.

1028. U.S. Naval Biomedical Research Laboratory (1973).

FATE OF HYDROCARBONS IN BEACH SAND .

O f f i c e  of Naval Research Reference Number AD—758 740.

The fate of the petroleum hydrocarbons f rom Chevron bunker f uel
was s tudied in na tu ra l  beaches , sand—conta in ing lysimeters , and
laboratory experiments . The importance of various physical ,
chemical and biological processes for the dispersal and degradation
of spil led bunker fuel  was evaluated . Studies at 4 sampling
locations on 3 beaches in the San Francisco area a f f e c ted by oil f r om an
840 ,000 gal sp i l l  of Chevron bunker fuel showed that the size of
the bacter ial population and distribution of bacterial genera within
the beach was unaffected by the petroleum hyc~rocarbons remaining
i~ the beach sand after completion of the cleanup operation. A
correlation between the background oil concentration and the
bact erial population is suggested . The importance of bacterial
degrada ion of the oil entrained within a beach was s tudied wi th
lysimeters  implanted in a beach to contr ol erosion.

1029. U . S .  Depar tment  of the Navy,  O f f i c e  of Naval Research (1975).

PROGRESS ABSTRACTS. MICROBIOLOGY PROGRAM .

Off ice of Naval Research . Washing ton, D.C.

This report contains abstracts of on—going research with the
Off ice of Naval Resea rch Microbiology Project. Included are
nine abstracts of projec ts on oil pollution abatement involving
biodegredation as a means of abatement , and use of bacteria
as a bioindicator of pollution.

1030. Vaas , K.F. (1971) .

OIL RAVAGES THE BIESBOSCH.

Na r .  Poll .  B u l l . ,  2 ( 4 ) : 5 l — 5 2 .

The Biesbosch is a large f reshwater  tidal area in Holland
near  the mouths of the Rhine and Meuse rivers , collectively
referred to as Holland ’s Diep—Har ingvl ie t .  On the 27th of
December , 1970 , one of the four  o iltanks of the Elec tric Power
S t a t i o n  on the Southern bank of the river Meuse burs t and spilled
near l y 16 , 000 tons of crude oil into the Meuse. Ice blocked
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the samiler creeks of the Biesbosch during the first few
d ay s , hu t  hig her t empera tu re s  l a te r  melted th i s  ice so t h a t
the oil became more mobile , and large parts of the Biesbosch were
polluted. ~lanv of the 10,000 geese that usually overw inter in the
Biesbosch were k i l l e d . E f f o r t s  were made to remove te oi l  bo th  by
m e c h a n i c a l  means and b y burn ing .

1031. V a l e , O.L. , et  i i .  (1970) .

S I U D I E S  ON ,\ K E ROSENE—LIKE TAINT I N MULLET ( MUG IL CEPHALUS ) .
1. ( : I - :Nl - ;RAI .  NATURE OF ThE TAINT .

1. Sc i .  E d .  A p r i c . ,  21 :433—436.

A taint resumbling kerosene is sometimes present in mullet
N~~ i1 cej h ;i Iu~ ) caught near Brisbane , Australia . It is

not thought to be the same as the “petroleum” taint sometimes found
in cod and salmon which  is caused b y the thermal decomposi t ion of
dimeth yl—B—propiotheti n to dimethyl suiphide. The “kerosene”
taint is removed from the body tissue of mullet by solvent extraction
end is assoc iated w i t h  the h ydrocarbon f r a c t i o n  of the extract.

T a i n t e d  f i s h  d i f f e r  f rom un t a in t ed  fish  in tha t  they have f a t —
infiltrated l ivers , a higher lipid content in fillets and a
diff erent f.i~ ty acid composition of both fillets and livers.

1032. Vanderhorst , ~J .R. , R . M .  Bean , L . J .  Moore , P.  Wilk inson , C . I .
Gib~~ n , and ~1.W. Blaylock. (1977).

EFFECTS OF A CONTINUOUS LOW-LEVEL NO . 2. FUEL DISPERSION ON LABORATORY-
HELD INTERTIDAL COLONIES.

In:  P roceed ings  1977 Oil Spill  Conference. p. 557—561 . Amer . Pe t ro l .
I n s t . ,  W a s h . ,  D . C .

Mar ine  i n t e r t i d a l  colonies on concrete substrates were exposed for
s ix  months  to 0.1 and 0 .6  mg/I  No. 2 fue l oil (API Ref. Oil III ,
38% a r o m a t i c s ) .  A cont inuous supp l y of the fue l  oil dispersion
was prepared by a mixing—separation apparatus , and nonfloating
m a t e r i a l  was used as the con taminan t .  Moni to r ing  of No. 2 fue l
was b y IR an a l y s i s  of CC 14 extracts. Supp lementary analyses were
p e r f o r m e d  b y gas chromatography , hel ium p a r t i t i o n i n g  gas chroma-
tog raphy  and mass s p e c t r o m e t r y .

C o l o n i e s  were obta ined  by straitified random sampling from an initial
500 f i e l d — c o l o n i z e d  br icks . Field co lon iza t ion  t ime was nine
months. Replicates of treatment concentrations and controls were
studied under constant continuous photoperiod. I n i t i a l  colonies
consisted of approximately 83 species of intertidal plants and animals.

Effect s were  measured by comparison of species diversity, relative
abundance , numbers of species , and ind ividual fr equenc y of occurrence
patt e rns . Species diver sity was significantly lower in treated
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vE rsus control colonies as was the total number of species . Relative
abundance was not significantly affected . Individua l species
f requency of occurrence was significantly reduced in treated
colonies ;  this wa s especial ly so for  amp hi pods and decapods.
Si gnificant differences were not revealed for any biological parameter
between the two t r ea tmen t  concentrations , although data from
infrared analysis indicated the two concentrations were , in
f a c t , d i f f e r e n t .

1033. V . in de r h o r s t , J . R . ,  C . I .  Gibson , and L . J .  Moore ( 19 7 6 ) .

THE ROLE OF DISPERSION IN FUEL OIL BIOASSAY .

Bull, of Environ. Contamin. and Toxicol. 15(1), pp. 93—100 .

Mortal ity of coon stripe shrimp ( Pandalus uanae ) was invest igated
in flowing water aquarium systems receiving measured “sp ills”
of f ue l  o i l  with differing methods of seawater delivery and
a n a l y t i c a l  charac te r iza t ion .  The results  ob tained presented a
data base fo r  discuss ion of the influence of seawa ter delivery
methods and dispersion of bioassay systems . The measur ing of
aqueous phase concentrat ions of No. 2 fuel oil and the mortality
of shrimp when three different methods of oi l—seawater  contact  were
used were discussed .

1034 . Vanderhors t , J .R . ,  C . I .  Gibson and L . J .  Moore (1976) .

TOXICITY OF NO. 2 FUEL OIL TO COON STRIPE SHRIMP.

Marine Pollution Bulletin , 7(6):l06—107.

Bioassay of a No. 2 fuel oil dispersion with shrimp in a
continuous flow system using measured waterborne oil as the indicator
of oil concentrations reveals a treatment more definable than those
previous ly  described in terms of volume ra t ios  and produces lower
le tha l  concentra t ions. Shrimp 96—h LC50 was 0.8 mg/ l  in this  study
as compared to values from 1.5 to 50 mg/I reported for other methods.
Mean concentrations in tests do not give significant differences
in concentration with respect to day of the test or spatial dis-
tr ibution in the exposure tanks.

1035. Vanderhorst , J.R. , C.I. Gibson , L.J. Moore and P. Wilkinson (1977).

CONTINUOUS-FLOW APPARATUS FOR USE IN PETROLEUM BIOASSAY .

Bull .  Envi ron .  Contam . & Tox. 17 577— 584.

This paper describes a system built for long—term bioassay of
dispersal pe troleum der ivative, with small amounts of insoluble
materjal, in stable seawater conditions. The system was tested
using No. 2 fuel oil. A discussion of the problems encountered
and possible application of the system to crude oil is included .
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1036. Van der Linden, A.C ., and G.J.E. Thijsse . (1965).

THE MECHANISMS OF MICROBIAL OXIDATIONS OF PETROLEUM HYDROCARBONS .

Adv . Enzymol. 27:469.—546.

A review of the metabolic pathways of bacterial degredation
of petroleum hydrocarbons .

1037. Vandermenlen , J .H .  (1975 ) .

1970 ARROW BUNKER C IN 1974: RE-ENTRY OF STRANDED BUNKER C OIL FROM
A LOW-ENERGY BEACH INTO THE MARINE ENVIRONMENT. -

In: Pacific Science Association: Thirteenth Pacific Science
Co ngress: Record of proceedings, Vol. 1. Vancouver , B.C. Can .:
University of British Columbia , pp. 85—86. (Abstract only).

Tidal and beach interstitial water , selected marine invertebrates
and a lg ae f rom Ched abuc to Bay wer e analyzed by fluorescence spectro—
scopy . Bunker C levels in the t idal  water  column varied f rom
Y0 -g/l over the tar  deposi t  to l . O u g / l  offshore. In interstitial
water , they ranged from 2Oug/l (low tide line) to 400 gm/l in
sediments near or underlying the tar deposits (high tide mark.)
Mva arenaria showed a similar gradient , rang ing from 5.8ug/g
(wet wt) at low tide to 14.2ug/g at midtide. High levels persisted
even af ter 60 d in oil—free circulating seawater. No con tamina t ion
by Bunker C was detected in the cocm~ot’. mussel. Significant levels
of Bunker C were measured in the rooted eelgrass Zostera marina ,
hut not in the attached kelp Fucus sp. In a low energy bea ch ,
the main route of tidal removal of stranded oil deposit appears to
be via the beach sediments , where residence time is extremely long .
The burrowing and rooted organisms , such as M. arenaria and
Z. marina, are subjected continuously to high levels of petroleum
h y drocarbons .

1038. Vandermeulen , J .H .  and T .P .  Ahern ( 1 9 7 6 ) .

EFFECT OF PETROLEUM HYDROCARBONS ON ALGAL PHYSIOLOGY : REVIEW AND
PROGRESS REPORT .

In: Effec ts of Pollutants on Aquatic Organisms, A.P .M Lockwood
(ed.) Cambrid ge University Press pp. 107—125.

This pape r rev iews the general physiological effects on unicellular
algae of whole crude oils , distilla te fractions , and some indiv idual
constituents. Also considered in some detail are the experimental
problems associated with hydrocarbons and the errors in interpretation
resulting from these problems . Finally, the ef fec ts of one spec i fic
oil constituent , naphthalene , on the stability of the algal
pho tosynthetic machinery and on ATP production are discussed .
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1039.Vandermeulen , J.H. , P.D. Keizer and W.R. Penrose (1977)

PERSISTANCE OF NON-ALKANE COMPONENTS OF BUNKER C OIL IN BEACH SEDIMENTS
OF CHEDABACTO BAY , AND LACK OF THEIR METABOLISM BY MULLUSCS.

1977 O il Spill Conference Proceedings. p. 469—473.

Analysis of cores from a continuously oiled beach shows that
seven—year old stranded Bunker C fuel oil re—entering the beach
substrate is rapidly degrad ed. This weathering occurs throughout
the top  15 cms of the beach sediments .  The a romat ic  and
cyclo—alkane components , however , appear resistant and unaltered .
Thus the beach sed iments act  as e f f e c t i v e  n—alkane f i l t e r s, but
simultaneously become enriched with aromatic hydrocarbons.

Bivalves from these oiled sediments , and from other non—oiled
areas were assayed for their ability to degrade aromatic hydro-
ca rbons , and for their ability to respond to oil exposure by induced
elevated levels of aryl hydrocarbon hydro~ylase (AHH). Both
non—oiled ~ arenaria, Mytilus edulis and Ostrea edulis esposed
to aquenous extracts of Kuwait crude and a Bunker C fuel oil
and M . arenaria and M. edulis from Arrow Bunker C oiled sediments
lacked the AHH system , as shown by their inabi l i ty  to hydroxy late
benzo(a)pyrene or demethylate l4C—imipramine .

Discussion is centered on the implications of this me tabolic
inability to degrade aromatic hydrocarbons in bivalves residing
in aromatic enriched sediments.

1040. Vaughan , B . E .  (1973) .

EFFECT OF OIL AND CHEMICALLY DISPERSED OIL ON SELECTED BIOTA -

A LABORATORY STUDY .

Bettelle Pacific Northwest Laboratories. America Petroleum
Institute Publication No. 4191. American Petroleum Institute ,
Washington , D.C.

1041. Venezia, L.D. and V.U. Fossato (1977).

CHARACTERISTICS OF SUSPENSIONS OF KUWAIT OIL AND COREXIT 7664
AND THEIR SHORT AND LONG TERM EFFECTS ON TISBE BIJLBISETOSA
(COPEPODS: HARPACTICOIDA).

Mar. Biol., 42 , pp . 233—237.

A technique for preparing seawater suspensions of Kuwait oil and
Corexit was developed . The resulting hydrocarbon concentrations were
analyzed by gas—chromatography and spectrofluorotnetric methods and
the stability of the suspensions with time was determined . It
was established that the suspensions have an effective stability
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f rom Days 3 to 15 — e fter preparation , since in this period the
concentra t ion remained within a relatively narrow range. Adult f ema le
T isbe h u lb i se t o s a  appeared to he q u i t e  t o l e ran t  of th is  type of
hydrocarbon syspension, in short—term experiments , especiall y
considering that the concentrations used in the bioassays were
about 200 tim e s hi gher than those measured in a relatively
poll uted ar ea of the lagoon of Venice. Long—term effects on number
of eggs p r o d u c e d , number of naup lil and ha t ch ing  success fo r  females
of the third and fourth generations , subjec t to continuous exposure ,
w ere  n e g l i g i b l e  compared w i t h  cont ro ls .  18 r e f .

1042.  V er m e e r , Ke e s  ( 1 9 7 6 ) .

COLONIAL AIJKS ANt) ElDERS AS POTENTIAL INDICATORS OF POLLUTION .

Mar. Pollur . Bull. 7:9 165—167.

Ooloni ;t l  auk ( A l c L d )  populations can be used as indicators  of the
effects of oil pollution on the seabirds of Canada ’s coastal
zones. Of approximately 11 milli on breeding colonial alcids
in Canada and in adjacent West Greenland waters , 87% are murrs.
Common Eiders may serve as the best indicators of the effects of
oil pollution in Canada ’s wes tern Ar ctic where colonial alc ids
a r e -  s c a rc e .

1043. V i- rm e-v r , K.  and R.  Vermeer .  (1975) .

OIL THR EAT TO BIRDS ON THE CANADIAN WEST COAST.

Canad . Fie ld  N a t u r a l i s t , 89 278—298.

1044. Vermeer , K . and ANweiler , G. ( 1 9 7 5 ) .

OIL THREAT TO Aol ATIC BIRD S ALONG THE YUKON COAST.

Wilson Bull., 87 467—480.

1045. Vermeer , R. and K. Vermeer (1974).

OIL POl I r H O N  OF BIRDS: AN ABSTRACTED BIBLIOGRAPHY .

Canad ia n W i ldl i fe Serv ice , Pesticide Section , Manuscript Report
29:1—68 .

1046. Vernberg, F.J. et . al (ed.) (1977).

P I I Y S I O L O ; I C A L  RESPONSES OF MARINE BIOTA TO POLLUTANTS SYMPOSIUM.

Academic Press , New York , N.Y. 4t,2 p.

Topics concern the influence of pe troleum produc ts , heavy
m et ; il ; , pestic ides and polychlorinated bipheny ls on the physiology
of marine organisms . Information is included on functional
mechanisms involved in the response to pollutants either acting
s ingly or synergistically with other pollutants and/or norma l
env ironmental factors.
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1047. Vernberg, F. John and Winona B. Vernberg (eds.) (1974).

POLLUTION AND PHYSIOLOGY OF MARINE ORGANISMS.

Academic Press, New York 492 pp.

‘apers presented at a symposium on the effects of poll ut ion
on the physiological  ecology of estuarine and coastal water
organisms . The section on oil and dispersants includes papers
by Ahearn; Strahsaker , et. al; Anderson et. al; i~eitz et al;
Stegeman; Dunning and Major; and Roubal , listed separa tely in
th is  b ib l iography .

1048. Voyko , Y .V. and Y .M. Pe t rev  (1975) .

ROLE OF MUSSELS MYTILUS EDULIS IN REMOVAL OF PETROLEUM PRODUCTS
FROM SEAWATER (UNDER EXPERIMENTAL CONDITIONS ).

Hydrob iological Journal 11 19—24.

Mussels contribute to the removal of petroleum oils from
seawater because of their  capacity to f i l t e r  water  and excrete
pseudofeces which occlude particles of the oil. In tanks
with mussels , the water was purified twice as fast as in control
tanks. Af ter 3 weeks only 7% of the ini tial amount of petroleum
oil remained in the tanks. Of this amount about 1.4% was deposited
on the bottom of the tank, 5.6% remained in the surface film , and
0.2% was s t i l l  dissolved .

1049. Walker , J .D . ,  et al .  (1974) .

EFFECTS OF PETROLEUM ON ESTUARINE BACTERIA.

Mar. Poll .  Bu l l . ,  5:186—189.

The e f f e c t s  of petroleum on the natural microb ial flora of a given
environment , that  is , on the bacter ia , yeasts , f i lamentous f u n g i ,
and achiorophy llous algae , have largely been ignored . This paper
represents the first recorded investigation of the impact of pe troleum
on ecologically important groups of bacteria .

1050. Walker , J . D . ,  et. al. (1975).

BACTERIAL DEGRADATION OF MOTOR OIL .

J. Water Poll. Control Federation. 47(8): 2058—2066.

Oil discharged with the affluent of wastewater treatment plants
will be susceptible to nicrobial degredation . In the natura l
environment , microorgan i sms present in the wa ter column will
most probably degrade more oil than will the microbial population
present in sediment samples collected at the same site.

1051. Walker , J.D.; et, al. (1975).

EFFECTS OF POORLY META~OLIZED HYDROCARBONS ON SUBSTRATE OXIDATION
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J. Appi. Bac teriol., 39:189—195.

Twelv e hydrocarb ons which s ingly support no growth or little
growth of Cladosporiuxn resinae were exam ined for their eff ects
on utilization of four substrates which do support growth of the
fungus. Of the 48 combinations of an oxidizable substrate with a
pot ential hydrocarbon substrate , 8 combinations supported
increased oxygen comsumption above the level obtained with the
oxidizable substrate alone . There was no evidence of co—oxidation
of the potential co—substrates toluene of p—xylene ; the ir effects
on inc reas ing  02—up t ake  appear to be due to permeability changes.
W i t h  hexadecari e alone , the r a t i o  hexadecane oxidized to CO 2;
hexadecane taken up by cells was 9 7 : 3 .  A d d i t i o n  of p—xylene or
toluene decreased tha t ratio slightly to 96:4 and 89:11, respec t ively.
These high ratios of hydroc arbon ox idized to hydrocarbo n take n up
may be advan tageous during degrada tion of petroleum in the natural
environment , since petroleum components could be degraded without
forma tion of a large biomass.

1053. Walker , J . D . ,  H . F .  Aus t in  and R . R .  Colwell  (197 5) .

UTILIZATION OF MIXED HYDROCARBONS SUBSTRATE BY PETROLEUM -
DEGRADING MICROORGANISMS .

General and Applied Microbiology. 21 pp . 27—29.

This report describes the first comparative stud y of petrol eum—
degrad ing yeas ts , fungi and bacteria and their abili ty to degr ade
to m ixed hydrocarbon substrate. The mixed hydrocarbon substrate
emp loyed contained aliphatic , alicyclic , aromatic and polynuclear
aromatic hydrocarbons . Most of the bacteria and all of the yeasts
and fungi were isolated from Chesapeake Bay. Normal alkanes were
found to be less susceptible to degradation by bacteria and yeasts
as the carbon chain length of the hydrocarbon increased from 10
to 20. Results obtained for some of the fung i showed that there was
little correlation between chain length of normal alkane and suscep-
t ibility to biodegradation. Cumane, naphthalene , phenanthrene ,
pristane , I ,2—henzenthracene , pr istane , l,2—benzen thracene ,
perylene and pyr ene were found to be degraded by microorganisms .
In general the patterns observed for hydrocarbon utilization were
similar for the bacteria , yeasts and fungi. However , the utilization
of hydrocarbons by individual isolates varied significantly. Such
information may prove useful in assessing the hydrocarbon—degrading
potential of microorganisms.

1054. Walker , J . D . ,  J .J .  Calomiris , T .L .  Herber t , R . R .  Colwell (1976) .

PETROLEUM HYDROCARBONS: DEGRADATION AND GROWTH POTENTIAL FOR
ATLANTIC OCEAN SEDIMENT BACTERIA.

Mar ine Biology. 34(l):l—7.
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Water , ~-~d iment and microorganisms were sampled at stations along
a trac~~line in the A t l a n t i c  Ocean off the North Carolina coast at
depths  of 9 to 5 ,000 m . Selec ted chemical and physical parameters
were measured . At 3 at the stations , microorganisms isolated from
sediment  were examined f o r  a b i l i t y  to degrade a number of petroleum
hydrocarbons . Medi a made up with seawater or salts solution supp le-
mented with nitrate and phosphate were employed in the degradation
studies; significant growth and hydrocarbon degradation were
observed . Bac t e r i a  f r o m  s e d i m e n t  samples c o l l i c  ted a t  a dep th  of
5,000 m showed greater growth and hydrocarbon degradation when
c u l t u r e d  in  a seawater  medium than  in media made up w i t h  sa l t s
solution. Growth of bacteria in sed iment samples collected at 2
stations was suppressed in seawater medium when a 1% (Vol/Vol)
mixture ot 19 different petroleum hydr oc;irbons was added . The
hydrocarbon mixture was useful in det -rmining the hydrocarbon—degrading
potential of microorganisms isolated from the ocean environment.

1055. Walker , J .D., I . Cofone , Jr. and J.J. Cooney (1973).

MICROBIAL PETROLEUM DEGRADATION : THE ROLE OF CLADOSPORIUM
RESINAE.

In: Conference on Prevention and Control of Oil Spills. pp. 821—826.
Amer. Petrol. Inst. Wash. D.C.

Cladosporium resinae is probably the most prevalent hydrocarbon—
utilizing fungus. It has been isolated in freshwater and marine
environments. It utilizes aliphatic and aromatic hydrocarbons , as
well as alcohols and acids. Growth on aliphatic hydrocarbons is
sl ow, and yields are lower than for cells cultured on acids.
However , degradation of hydrocarbons is not slow, since most of the
hydrocarbon is mineralized (converted to CO2) and not assimilated
to ce l lu la r  carbon.  Growth of the fungus  was not supported by organo—
p hosphorus— , ch lor ina ted  hydrocarbon-- , or na tu ra l  pest icides
as sole carbon source. However , the fungus was resistant to or stimulated
by high concentrations (20,000 ppm) of these pesticides when
cultured on hydrocarbons. This suggests that high concentrations
of pesticides occurring in oil slicks would not inhibit oil degra-
dat ion by Cladosporium resinae. Cells oxidize aldehydes , al though
they did not grow on them. Release of 14CO 2 f rom D—glucose — l— 14C
labeled cells was not greater in the presence of hydrocarbons
than under endogenous conditions , indicat ing that  intermed iate
and long—cha in hydrocarbons are oxidized and do not stimulate
endogenous respiration. Comparison of hydrocarbon oxidation
by whole cells and cell—free preparations revealed the presence
of an efficient cell—free oxidizing system. The pathway of hydrocarbon
oxida t ion has been repor ted for hydrocarbon—u tilizing bacteria
arid yeasts but not for fungi. Temperature , pH and co—enzyme
requirements were determined for the oxidation of hydrocarbons by
C. resinae. Isolation of intermediates and results of experiments
util izing electron transport inhibitors support the conclusion that
i n  C. resinae alkanes are  oxidized to t he i r  homologous alcohol ,
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aldehyde and acid. The range of hydrocarbon substrates degraded
by constitutive enzymes of Cladosporium resinae coupled with the
a b i l i t y  to degrade hydrocarbons in the presence of high concentra—
t ions of pes t i c ides  suggests  that  C . resinae may be one of the most
impor t an t  microorganisms capable of degrading o i l  in the n a t u r a l
environment .

1056. Walker , J . D .  and R.  Colwell .  (1973) .

MICROBIAL ECOLOGY OF PETROLEUM UTILIZATION IN CHESAPEAKE BAY .

In :  Conference  on Prevent ion and Contro l  of Oi l  Sp i l ls .
pp.  68~ — 69 O.  Amer . P e t r o l .  I n s t . ,  Was h .  D . C .

Anal ys i s  of water  and sediments  collected at two s t a ti o n s  in
Chesapeake Bay demonstrated four to f ive times the concentration of
petroleum in an oil pollution site in Baltimore Harbor compared with
the station in Eastern Bay which served as a control. The numbers
of petroleum—degrading microorganisms , measured by direct and replica
p l a t i n g , in the wa te r  and sediment samples were related to the
c o n c e n t r a t i o n  of oi l  in each samp le. Total  y ie lds  of pe t ro l eum—
degrading microorganisms grown on an oil substrate were greater for
those organisms exposed to oil in the natural environment.
Microorgan i sms isolated from an oil—contaminated environment produced
cell y ields unde r “natural” cond itions , i.e., laboratory simulation
of growth conditions in the natural environment , wh ich equaled the
y ields i f  micr oorganisms which had not been previously expos ed to
oil and were grown under optimum conditions . Microorganisms
i so l a t ed  f rom water  and sediment samples collected in Bal t imore
Harbor  grew on subs t ra tes  representa t ive  of the aliphatic , aromatic
and r e f r a c t o r y  hydrocarbons .  The h yd r o c a r b o n — u t i l i z i n g  fungus ,
(ladosjsirLurn resinae and act inomycetes  were p redominan t  among the
ly lr oca rl )ri—utilizing isolates . Microbial degradation of petroleum
In  Chesapeake Bay appears  to be mediated by the autochthonous
microbial flora , the seasonal incidence of which is presently
under study:

1057. Walker , J . D . ,  and R . R .  Colwell.  (1973) .

PETROL i:l M DEGRAD ATION : ECOLOGICAL ROLE OF MARINE MICROORGANISMS .

A h s t r . _ A n n u .  Meet .  Am. Soc. M i c r o b i o l . ,  73 :33.

Anal ysis  of w a t e r  and sed iments collected in Chesapeake Bay demon-
strated four to five t imes the concentration of petroleum in an
oil polluted site in Baltimore Harbor , compared with Eastern Bay.
The numbers of petroleum—degrading microorganisms were related to
concentration of oil in water and sediment samples . Total yields
of pe troleum—degrading microorganisms grown on oil were greater for
organisms exposed to oil in the natura environment. Microorganisms
Isolated from an oil—contaminated environment produced cell
yields under “natural” cond it ions , i. e., l a b o r a t o r y  s imu la t i on  of
the natural environment , which equalle l yields of microorganisms
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grown under optimum conditions. Microorganisms from Baltimore
Harbor water and sediment grew on substrates representative of
carbons. Cladosporium resinae and Actinomyces spp. were predominant
among the hyd rocarbon—utilizing isolates . These microorganisms were
also isolated from Baltimore Harbor samples on media containing
naphthalene and other refractory hydrocarbons.

1058. Walker , J.D. and R.R. Colwell. (1975).

A STUDY OF THE BIODEGRADATION OF A SOUTH LOUISIANA CRU I)E OIL
EMPLOYING COMPUTERIZED MASS SPECTROMETRY .

In: Conference on Prevention and Control of Oil  P o l l u t i o n .
pp.  601—606.

Inocula from oil—contaminated Colgate Creek and oil—free Eastern
Bay sediment  produced similar growth on a South Louisiana c rude  o i l .
The Colgate Creek inoculum was found to conta in  a wider variety of
bacterial genera and to produce greater degradation of South
Louisiana crude oil than the Eastern Bay sed iment inocula. The
resin fraction of the crude oil increased during growth and weathering.
A ll of the hydrocarbon classes of the crude o i l  were susceptible
to degradat ion  by microorganisms present in the Col ga te  Creek
inoculum , but not by those in the Eastern Bay samples.

1059 . Wa l ker , J.D. and R.R. Coiwell. (1975).

SOME EFFECTS OF PETROLEUM ON ESTUARINE AND MARINE MICROORGANISMS .

Can. J. Microbiol. 21:305—313.

Degradation of mixed hydrocarbon substrate in a system compris ing
water from an environment relatively free of oil and sed iment inoculum
from an oil—contaminated site was significantly greater than when
sediment from the non—oil—contaminated environment served as
inoculum . Mixed hydrocarbon substrate , however , was observed to
have a limiting effect on the growth of antochthonous bacteria from
the non—oil--contaminated estuariiie source. Growth and cell yield
were similarly reduced when marine sed iment bacteria were cultured
in seawa ter supplemented with mixed hydrocarbon substrate. The
addition of a South Louisiana crude oil or a No. 2 fuel oil to water
and sed iment collected f rom a marsh area o f Chesap eake Bay showed no
llmLt ing effects on growth of the total heterotrophic microbial
flora when examined over a 28—day period . However , results of
these studies indicate that the effects of petroleum on microorganisms
should be examined carefully under conditions closely approximating
those in  s i t u .

1060. Walker , 3.D. and R.R. Coiwell. (1976).

MEASURING THE POTENTIAL ACTIVITY OF HYDROCARBON-DEGRADING BACTERIA.

Appl . Env. M icro., 31(2):189—197.

( l4C) hydrocarbons were utilized as a means of estimating the hydro—
carbon—degrading potential of bacteria in estuarint and marine

env i ronments. Evaporation of the hydrocarbons must be considered
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in e s t i m a t e s  of ox ida t ion .  Amount of m i n e r a l i z a t i o n  of ( 14C)
hexadecane can be equated with the total number of petr oleum -
degrading bacteria and the percentage of the total heterotrophic
population , which they represent. Mineralization activity was found
to be related to the activit y of the bacterial populations during
in situ i n c u b a t i o n .  Rates of mineralization were observed , as
t o l l o w s , f o r  ( 1 - e l)  hexadecane ‘(l4C) naphthalene -, (14C) to luer i e
(I-el) Cvclohexane. Increased rates of up t ake  and miner~~1iza t ion  werc
observed for bacteria in samples collected from an oil—polluted harbor
compared with samples f r o m  a r e l a t i v e ly u n p o l l u t e d , s h e l l f i s h — h a r v e s t i n g
area , e . g .  t u r n o v er  t imes of 15 and 60 m m f o r  these areas , r e s p e c t i v e l y ,
u s i n g  ( 1 ’4 C) hexadecane .

1iiEi l. Walker , J . C .  and R . R .  Colwell .  ( 1 9 7 6 ) .

ENUMERATION OF PETROLEUM—DEGRADING MICROORGANISMS .

AppI. Env. M icro . 3l(2):l98—2O7.

A variety of factors , including concentration of oil , antibiotics ,
dyes and inoculum washes , were examined to determine their effec t
on the total counts of microorganisms on oil—containing media.
The media found to be best for enumerating petroleum—degrading
microorganisms contained 0.5% (vol/vol) oil arid 0.003 ’ phenol
red , with Fungizone added for isolating bacteria and strepto rnvcin
and tetr-ic\-clin~- added for isolating yeasts and fungi. Washing the
inoculum did not improve recovery of petroleum degraders. Specially ,
silica gel—oil medium and a yeast medium are reconunended for
enumeration of petroleum—degrading bacteria and yeasts and fungi ,
r e s p e c t i v e l y .  I t  is suggested  t h a t  counts  of pe t ro leum degrader s
he expressed as percentage of the to ta l  p o p u l a t i o n  r a t h e r  than
t o t a l  numbers of p e t r o l e u m  degraders per se. Incubation t e m p e r a t u r e
and presence of oil was found to influence the numbers of petroleum—
degrading microorganisms at a given sampling site.

1062. Walker , J .D .  & R . R .  Coiwel l  ( 1 9 7 7 ) .

ROLE OF ANr OCUTHONOUS BACTERIA IN THE REMOVAL OF SPiLLED OIL
FROM SEDIMENT .

E n v i r o n .  P o l l u t .  ( 1 2 ) .

The c o n c e n t r a t i o n  of oil in the sediment  of Colga te  Creek in B a l t i m o r e ’
Harbor of Chesapeake Bay increased s i g n i f ic a n t l y  a f t e r  acc identa l
oil s p i l l s .  A month  a f t e r  a spil l  the concent ra t ion  of oil in
sed iment diminished by ca. 75%. Biodegredatlon of petroleum
hydrocarbons can be considered to contribute to the large decrease
in benzene—extractable material in sediment samples collected
after oil spills.

1063. Walker , J.D., R.R. Coiwell and L. Petrakis (1975).

BACTERIAL DEGREDATION OF MOTOR OIL.

Water Pollution Control Federation Journal , 47(8):2058—2066.
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Two stations in Chesapeake Bay we-re sampled to obtain microorganisms
capable of degrading motor oil. Bacterial degredation of
motor oil was examined by using sediment samples from oil—free
and oil—contaminated environments as inocula . Inoculated cultures
were incubated under conditions optimizing growth and , in parallel
experiments , conditions simulating the natural environment. Cell
yields and the extent of degradation of the motor oil were measured.
The inocula from oil—contaminated environments produced gr eater
growth on motor oil under simulated natural conditions than did
inocula from oil—free environments cultures under optimum conditions .
The extent of biodegradation ranged from 62% to 79% under optimum
cond i t i ons  and f rom 40% to 57Z under s imula ted  n a t u r a l  condi t ions .

1064. Walker , J .D., R.R. Colwell and L. Petockis (1975).

BIODEGREDATION OF PETROLEUM BY CHESAPEAKE BAY SEDIMENT BACTERIA .

Can. J. M icrobiol . 22:423—428 .

1065. Walker , J.D. , R.R. Colwell and L. Petrakis (1975.).

DEGREDATION OF PETROLEUM BY AN ALGA , PROTOTHECA ZOPFIL.

Applied Microbiology 30(1) pp. 79—81.

Prototheca zop fti is an achlorophyllous alga which degrades oil.
I t  has been found to degrade 10 and 4O~ of a motor  oil and crude
oil , r e s p e c t i v e l y ,  when tested under a p p r o p r i a t e  condi t ions .
Degrada t ion  of the  crude oil observed in this  s t u d y  compares well
with the amount of degradation accomplished by bacteria , P. zopfii
was found to degrade a greater percentage of the aromatic hydroca rbons
in motor oil than of the sa tura ted hydrocarbons  and a grea ter
percentage of saturated hydrocarbons in crude oil than of aromatic
hy drocarbons. Resins and asphaltenes were produced during degradation
of motor  o i l , whereas these f r ac t ions  in crude o i l  were degraded .
P. zip fii did not demonstrate preferential utilization of low
homologues of cycloalkanes and aromatics as has been observed with
bacteria.

1066. Walker , J.D. , R.R. Colwell , Z. Vaituzis , S.A. Meyer (1975).

PETROLEUM-DEGRADING ACHLOROPHYLLOUS ALGA PROTO THECA ZOPFI I.

Na ture 254(5499) :423—424.

The organism was l ound in Colgate Creek , an oil—contaminated site
In Baltimore Harbor, and was isola ted in ax enic c ultu re on s ilica
gel oil medium. The organism degraded Louisiana crude oil when grown
f o r  30 d in an e s t u ar in e  salt  so lu t ion  overlaid w i t h  the  o i l .
The utiliiation of specific hydrocarbons in a 17—component mixed
substrate on 1 4—d incubation is tabulated . This is the first
report of oil degradation by an algal species.

1067. Walker , J.D., P.A. Seesman , T.L. Herber t and R.R. Colwell (1976).

PETROLEUM HYDROCARBONS: DEGRADATION AND GROWTH POTENTIAL OF DEEP-SEA
SEDIMENT BACTERIA.
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Environ. Pollut., 1O(2):89—99.

Marine sediment bacteria were found to be capable of utilising a
m ixture of 19 petroleum hydrocarbons , referr ed to as mixed hydro-
carbon substrate (MHS). Autoclaving and the addition of sediment
inoculum were found to change the concentration of inorganic
nutrients (P04, NO3 and NH4) in seawater. The concentration of
inorganic nutrients affected growth of sed iment bacteria and their
u t il is a t i o n  of MHS .

1068. Walker , J.D., P . A .  Seesman and R . R .  Colwell .  ( 1975) .

EFFECT OF SOUTH LOUISIANA CRUDE OIL AND NO. 2 FUEL OIL ON GROWTH
OF HETEROTROPHIC MICROORGANISMS , INCLUDING PROTEOLYTIC , LIPOLYTIC ,
CHITINOLYTIC AND CELLULOLYTIC BACTERIA.

Environ. Pollut . Vol. 9:13—33.

Muddy C reek , a sub—estuary of the Rhode River in Chesapeake Bay ,
w~i,’ examined to determine the susceptibility of the autochthonous
microorganisms to South Louisiana crude oil and No. 2 fuel oil.
Muddy Creek sed iment was found to be free of contaminating oil.
Crude oil and fuel oil induced little noticeable effec t on the
yeast and fungi populations , whereas the crude oil was found to support
growth of bacteria and the fuel oil to limit such bacterial growth .
Normalizing the values with reference to the control cultures
revealed that both the crude and fuel oils were toxic for the
bac t e r i a .  The crude oil showed grea te r  t o x i c i t y .

11 069. Walsh , J. (1968).

POLLUT ION: THE WAKE OF THE TORREY CANYON .

Sc ienc e, 160:167—169.

Except for serious effects on some species of seabirds , the oil
spilled in the Torn-v Canyon disaster was not lethal to flora and fauna .
But detergents used to disperse the oil proved to be highly toxic ,
expecially to in tertidal life such as limpets and barnacles.
These d ispersing agents are a mixture of a surfactant , an organic
solvent , and a t tabilizer. Solvent enabling the surfac tant to mix
wi th the oil conta in a high proportion of aromatic hydrocarbons ; the
higher this propor tion, the more effec t ive is the emulsi f ier , and
the h igher  is i t s  t o x i c i t y  to f lo ra  and fauna . In France , however ,
the use of detergents was avoided , the French choosing to rely upon
waves , tides , and bac terial degradation. Powdered chalk was sown
upon a large slick in the Bay of Biscay in order to bind the oil into
pa r t i c l e s , which sank to the b o t t o m .

1070. Wa ng , R .T .  and J . A . C .  Nicol  ( 1 9 7 7 ) .

EFFECTS OF FUEL OIL ON SEA CATFISH: FEEDING ACTIVITY AND CARI)1AC
RESPONSES.

Bull, of Env iron. C ntamin . and Toxicol., 18(2),pp 170—17(- .
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The effects c-f No. 2 fuel oil on survival, feed ing behavior and hear t
rate of sea catfish (An us felis) were investigated . The LCSO
for 96 h was 0.14 mill. Prior to death there was much damage
to surface tissue. A t  0.038 mi/i , feeding responses of cat—
fishes deteriorated and the fish could not retain their food .
Several minutes after adding fuel oil the heart rate slowed .
Threshold was at 0.01 mi/l; at 0.1 mi/i bradycardia was
pronounced and behavior of some f i sh  was a f f e c t e d . 20 r e f .

1071. Wardley—Smith , J. ( e d . ) ( l 9 7 6 ) .

THE CONTROL OF OIL POLLUTION ON THE SEA AND INLAND WATERS. THE
EFFECTS OF OIL SPILLS ON THE MARINE ENVIRONHENT AND METHODS
OF DEALING WITH THEN.

Graham and Tro tman, London. 251 pp.

This volume contains papers dealing generally with the control
and effects of oil pollution . The first section treats the sources
of oil pollution , bac ter ial degredation and environmental effec t
of oil and chemical agents.

1072. Warner , J .S.  ( 1974) .

QUANTITATIVE DETERMINATION OF HYDROCARBONS IN MARINE ORGANISMS .

In: NBS Special Publication 409, Marine Pollut ion Monitor ing
(Petroleum),  Proceed ings of a Symposium and Workshop held at
NBS, Gaithersburg, Maryland, May 13—17, 1974. Nationa l Bureau of
Standards. pp. 195—196.

This article describes a method for analysis of marine organisms
for individual hydrocarbon components. The advantage of the method
is the fac t that relatively large numbers of samples may be
analyzed . The procedure involves aqueous caustic digestion ,
ether extraction , silica—gel chroms - graphy and gas chromatography .

1073. Warner , J .S.  (1975) .

DETERMINATION - IF ~5LFUR-CONTAINING PETROLEUM COMPONENTS IN MARINE
SAMPLES.

In: 1975 Conference on Prevention and Control of Oil Pol lut ion
Proceedings. American Petroleum Institute , Washing ton, D.C.
pp. 97— 101.

Sulfur—conta ining petroleum components such as benzothiophene,
d~benzo thiophene, naphthobenzothiophene and their alkyl
derivatives are obtained along with aromatic hydrocarbons during the
determination of hydrocarbons in marine samples. By using a
sulfur—specific flame photometric detector in gas chroniatographic
analysis , the sulfur—containing components are determined separately
from the aromatic hydrocarbons. Individual sulfur—containing
components aro identified by retention times and mass spectrometry .
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I t  is shown t ha t  the f i n g e r p r i n t  of s u l f u r — c o n t a i n i n g  components
can be more definitive of an oil source than the corresponding
hydrocarbon fingerprint. It is also shown that sulfur—containing
components can be preferentially concentrated in the marine environ-
ment . The techniques described have been used to identif y and
quan t i t a t e  individual  s u l f u r — c o n t a i n i n g  compound s in marine  t issue
and sediment samples.

1074.  Warner , J .S .  (1976) .

DETERMINATION OF ALIPHATIC AND AROMATIC HYDROCARBONS IN MARINE
ORGANISMS .

Analytical Chemistry . 48(3) :578—583.

A simple and sensitive procedure is described that is suitable
for determ ining aliphatic and aromatic hydrocarbons in large numbers
of samples of marine organisms. The procedure involves aqueous
caustic digestion , ether extraction , silica gel chromatography and
gas chromatography . Recoveries greater than 70% were obtained
from organisms that contained petroleum components at levels if .1
to 10 mg/g. Many of the aromatic hydrocarbons were identified by
chemical ionization mass spectrometry. The method is applicable
to a wide va r ie ty  of organisms .

1075. Wa tson, J.A . , J.P. Smith , L.C. Ehrsam , R.H. Parker , W.C. Blanton ,
D.E. Solomon , and C.J. Blanton. (1971).

BIOLOGICAL ASSESSMENT OF A DIESEL SPILL, ANACORTES , WASHINGTON .

Final repor t , pr epared by Texas Instruments for U.S. Environmental
Protec t ion  Agency,  Washington , D . C .

A survey to assess the biological damage resul t ing from the 26
Apr il 1971 diesel spill at Anacortes , Washing ton, was conducted
between May 9 and May 12, 1971. Analyses of samples of hydrocarbon
content  using gas chromatography clearly indicate diesel contaminat ion
of sediments and wa ter in the high—impac t areas. The evidence for
environmental damage are both visual (oozing of oil from intertidal
sediments) as revealed by photographs and verbal documentation and
circumstantial as revealed by the detailed analysis of the faunal
data collected during this study . Several conunon intertidal invertebrates
(chitons, large limpets , large and small pelecypods , and large
gastropods) and one fish (the conunon stickleback) were completely
absent from the high— impac t areas , although they were often collected
or observed in 1958 and 1966 in the same region and locally
reported to be cotnuion before the spill. The control area on
Orcas Island was the richest of all regions sampled . Diversity indices
illustrated that the lowest diversities were obtainted from the
areas of largest visible amounts of oil.

1076. Weber , C . I . ,  (1973) .

BIOLOGICAL FIELD AND LABORATORY METHODS FOR MEASURING THE QUAL ITY
OF SURFACE WATERS AND EFFLUENTS .
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U . S .  Env i ronmen ta l  Pro tec t ion  Agency Publ ica t ion  EPA—670 / 4—73— O Ol .
187 pp.

A manual was developed to provide pollution biologists with the most
recent methods for measuring the effects of environmental con-
taminants on freshwater and marine organisms in field and laboratory
studies which are carried out to establish water quality criteris
for the recognized benelicial uses of water and to monitor surface
water q u a l i t y .

1077. Weiss , F .T .  (1974) .

FATE OF SPILLED OILS .

In: Marine Environmental Implications of Of f sho re  Oil and Gas
Development in the Baltimore Canyon Region of the Mid—Atlantic
coast. Proceedings of Estuarine Research Federation Outer
Continental Shelf Conference and Worksh qp. Es tuarine Resear ch
Federation. p. 185—197.

This paper reviews the literature on the fate of spilled oil
including microbial degredation , biochemical uptake metabolism ,
and discharge of oil and accumulation of oil in the food web .

1078. Wells , P . G .  (1972) .

INFLUENCE OF VENEZUELAN CRUDE OIL ON LOBSTER LARVAE .

Mar. Poll. Bull., Vol. 3:105—106 .

Emulsions of crude oil are lethal  to larvae of the American lobster
at concentrations of 100 ppm and appear to have sublethal effects
at concentrations down to 1 ppm.

1079. Wells , P . G .  and .J .B . Sprague . (1976) .

EFFECTS OF CRUDE OIL ON AMERICAN LOBSTER LARVAE IN THE LABORATORY .

J. Fish Res. Bd. Can . ,  33(7) : l604—l6 14 .

Four—day LC5Os for Venezuelan Tia Juana crude oil were 0.86 mg/ l i t e r
for first—stage larvae of the American lobster ( Homarus aniericanus )
and 4 . 9  mg/ l i t e r  for  third— and four th—stage  larvae. The 30—day
LC5O was 0.14 mg/li ter for larvae starting the test in their first
stage. The threshold for retardation of larval development was
about the same as the 30—day LC5O. Decreased food consumption was
demonstrated at 0.19 mg/liter. More “intermediate” larvae developed in
oil exposures but no threshold was estimated . The ratio of “safe”
to acutely lethal concentrations was about 0.03.

Oil concentrations decreased during exposures; stated values
could be multiplied by 0.59 to arrive at conventional average
exposures. Stirring and ultrasonic vibration for 30 mm dispersed
averages of 7.4 and 18% of added oil. This and other techniques
apparen tly d ispersed similar components since toxicities were the same
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when based on measured concentrations. Aged dispersions were also
equally toxic on a measured basis. Particles larger than 1.2 u made up
84—96% of the dispersed oil and were about one—third as toxic as
smaller particles and dissolved oil. For the reference toxicant
DSS , the 4—day LC5O was 0.72 mg/liter for first—stage larvae
indicating that lobster larvae are sensitive . Post—larval lobsters
dug significantly more burrows when the substrate contained oil but
did not avoid oiled subs trate nor was grow th or survival affec ted
for substrates containing up to 1740 mg/liter of oil.

1080. Wertenbaker , W. (1974) .

ANATOMY OF AN OIL SPILL.

Marine Technology Society. Journal, 8(3):i6—28.

The grounding of a barge on rocks in Buzzards Bay , near West
Falmouth Harbor , on Sept. 15, 1969 resulted in a spill of 650—700
tons of No. 2 fuel oil. The travel of the resulting slick with time
and varying weather is noted ; visible effects on shore areas are
correlated with ki~ 1s of flora and fauna. A decline in animal
population of 2x10 to 2 individuals/rn2 was recorded in some areas ;
in some cases the effects on shore life were devastating where no
visible pollution occurred . The long—term monitoring of the pollution
and its effects on the marine community is delineated; biological
damage was prominent after 2 yr. The relative ineffectiveness
of all present means of dealing with oil after a spill is evident.
The proposed equipment of tankers with separate ballast tanks
and double bottoms to reduce pollution is discussed .

1081. Westree, Barbara (1977).

BIOLOGICAL CRITERIA FOR THE SELECTION OF CLEANUP TECHNIQUES IN
SALT MARSHES.

Proceedings 1977 Oil Spill Conference p. 231—235.

During the removal of oil spills in salt marshes, intensive application
of manpower and/or equipment may result in physical abuse and
injury to the salt marsh f ar in excess of that caused by the o il
itself. Physical characteristics of a salt marsh dictate the
distribution and behavior of oil in the marsh. The salt marshes
of the United S tates were grouped into ca tegories based on their
physical characteristics. The biological features of each marsh
category most sensitive to oil contamination and state—of—the—art
cleanup technology were identified . Types and degrees of ef fec t
of oils were similarly categorized . Techniques for cleanup were
compared to the behavior of uncontained oil in the marsh ~nd the
potential for damage evaluated . Degrees of damage were c mpared
and least damaging cleanup strategies selected .
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1082. W harfe , J .R .  (1975) .

A STUDY OF THE INTERTIDAL MACROFAUNA AROUND THE BP REFINERY
(KENT) LIMITED.

Environ. Pollut., 9:1—12.

A study of the species composition and seasonal quantitative estimates
of the mud flat fauna of the lower Medway estuary revealed the
comple te absence of bivalves and a reduc tion in the number of -

annelids, particularly Nereis diversicolor and the tubificid
Peloscolex benedeni, around the foreshore of the BP Refinery
(Kent) Limited .

Cores taken for particle size analysis , oil content, organic matter ,
redox potential and free sulphide ion levels show the extent of the
effects to be restricted to an area approximately 1 1/2 km in either
direction from the refinery outfall. Possible causes of the effects
shown are discussed.

1083. Whelan, Thomas; John 1. Ishmael, W.S. Bishop (1976).

LONG-TERM CHEMICAL EFFECTS OF PETROLEUM IN SOUTH LOUISIANA WETLANDS .
-1. ORGANIC CARBON IN SEDIMENT S AND WATERS .

Mar. Pollut. Bull. 7:8 150—155.

The chemical ef fec ts of chronic pe troleum input into a shallow
water marsh were examined by measuring hydrocarbon levels and
dissolved organic carbon content of sediments associated with two
active oil fields in South Louisiana . Annual levels of total
organic carbon in the surface waters of the oil fields were higher
by 1 mg C/i in the salt marsh and 5 mg C/i in the fresh marsh
than the respective control sites. Average dissolved organic
carbon concentrations in the intetstitial waters of cores taken
within the oil field environments were 105% higher than
the control in the salt marsh and 43% higher than the control in
the fresh marsh. Significantly lower ratios of C17 to pris tane occured
in both oil field sediments; however , average odd—even predominance
values were not indicative of petroleum contaminated sediments.
The results indicate that microbial processes are responsible for
dissolution of petroleum into dissolved organic carbon and that
dissolved organic carbon concentrations may be a more significant
measure of chronic petroleum input.

1084. White, P .T .  (1971).

BAREHANDED BATTLE TO CLEANSE THE BAY.

National Geographic Mag., l39(6):866—8l1.

The Oregon Standard and Arizona Standard crashed near the
Golden Gate Bridge in San Francisco Bay at 1:42 a.m. ,
January 18, 1971. A total of 840,000 gallons of Bunker C oil was
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spilled into the Bay from the Oregon Standard. Barges , boa ts,
and Army helicop ters dropped tons of s traw onto the oil to soak it
up, and the straw was re trieved by barge—borne cranes , men with
pitchforks in boats , and an army of volunteers on the beaches.

The t ide coated mollusks with oil on Agate Beach , choking
them. Many birds were affec ted . Half were western grebes , one
fifth were scoters , and the rest included 27 other species. Rescused
birds were ba thed in m ineral oil and dr ied in a flour and corn
meal mixture , then force—fed a mixture of water , f ish , antibiotics
and vi tamin B1 by syringe.  Even so , a survival ra te  of only three
to five per cent was predicted . Some birds were taken to a special
tre..~cment center at a Universi ty  of California warehouse in Richmond
where they enjoyed a much higher survival rate of 31.9%.

1085. Wiebe, A.H. (1935).

THE EFFECTS OF CRUDE OIL ON FRESH WATER FISH.

Trans. Amer. Fish Soc., 65:324—350.

The e f f e c t  of crude oil upon several species of fish was investigated .
This invettigation confirms the mechanical action of crude oil.
It has also been shown that crude oil contains a water soluble
frac tion which is very toxic to fish. The toxic properties of the
water—soluble fraction of crude oil can be eliminated under exper-
imental conditions by mechanical aeration. It follows from these
experiments that the promiscuous discharge of crude oil and other
waste oils into our natural bodies of water is detrimental to fish
life and should be prohibited .

1086. W ihlm, J.L. and T.C. Dorris. (1966).

SPECIES DIVERSITY OF BENTHIC MACROINVERTEBRATES IN A STREAM
RECEIVING DOMESTIC AND OIL REFINING EFFLUENT .

Am. Midl. Nat., 76:427—449.

A study was made of phys nchemical conditions and benthic macro—
inver tebrate community structu re in a stream rece iving domes tic and
oil refinery effluents. Mea~-ures derived from information theory,
diversity per individual and redundancy, were found to be more
prec ise measures of stream conc~itions as reflected by benthic
macroinver tebrate populations than traditional methods.

1087. Wilber , C . G .  (1973?)

THE BIOLOGICAL ASPECTS OF EATER POLLUTION.

Charles C. Thomas, Springfiela~ Ill .

Chapter  6 of this volume reviews the biological e f f e c t s  of oil
pol lut ion.
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1088. Wildish , D.J .  (1974) .

LETHAL RESPONSE BY ATLANTIC SALMON PARR TO SOME POLYOXYETHYLAT ED
CATIONIC AND NONIONIC SURFACTANTS .

Water Research , 8(7 ) :433  437.

Lethal response of Atlantic salmon parr , as 96—hr LD5O, is semilo—
garithmically rela ted to the number of moles of ethylene oxide
in the polymethylateal surfactant. Evidence is presented which
suggests that polymethy lated esters with 18—20 moles of ethylene
oxide are partially detoxified in the animal , resulting in changes
in lethal response. Possible physiological explanations for the
relationship between polyoxyethylene chain length and lethality
involve uptake rates and attainment of a concentration of surfactant
at the unknown active site.

1089. Wilson , D . P .  (1968) .

LONG-TERM EFFECTS OF LOW CONCENTRATIONS OF AN OIL—SPILL REMOVER
(“DETERGENT”): STUDIES WITH THE LARVAE OF SABELLARIA SPINULOSA.

J. Mar. Biol. Ass. U.K. 48:177—186.

The “detergent BP 1002 at concentrations of 1 ppm was detected
immedia tely by the larvae of Sabelleria spinulosa which were
intensely irritated by it. In loosely covered vessels, allowing
the solvent fraction to evaporate, larvae seemed at first to
recover bu t died several seeks later , the control larvae remaining
active and normal. The surfactant and stabilzer fractions at
concentrations of 2.5 ppm killed the larvae within a day or
two .

1090. Wilson , D.P .  (1969).

TEMPORARY ADSORPTION ON A SUBSTRATE OF AN OIL SPILL REMOVER
(DETERGENT): TESTS WITH LARVAE OF SABELLARIA SPINULOSA.

J. Mar . Biol. Assn. ,  U . K . ,  48 :183—186.

Sand was soaked for 90 mm in sea water containing the “detergent”
BP 1002 in concentrations of 1000 and 100 ppm (mg/ i)  and then
thoroughly washed. Larvae crawling on it soon afterwards were
damaged , but the toxic effect disappeared after some days.

1091. Wilson , K.W.  (1970) .

THE TOXICITY OF OIL-SPILL DISPERSANTS TO THE EMBRYOS AND LARVAE
OF SOME MARINE FISH .

In: FAO Tech. Conf. Mar. Pollut., Rome, Italy. Paper E—45.
Also in: Marine Pollution and Sea Life. M. Ruivo (ed.), FAO , Fishing
News (Books) Ltd . London. pp. 318—322.
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Larvae of herr ing ( Clupea ), piichard ( Sard ina ) ,  Plaice
( Pleuronectes ) ,  Sole ( Solea ), Lemon sole ( Microstomus )
and haddock ( Melanogranunus ) were exposed to various concentrations
of BP100Z oil dispersant. Toxicity, delayed effec ts and behavioral
changes were monitored .

1092. Wilson , K.W. (1974).

TOXICITY TESTING FOR RANKING OILS AND OIL DISPERSANTS.

In: Ecological Aspects of Toxicity Testing of Oils and Dispersants ,
L.R. Benyen and E.B. Coweil, (ed.). John Wiley & Sons. New York.
pp.  11—22.

This account describes some of the factors to be considered in
establishing a standard technique of toxicity testing for  rank ing
oil dispersants .

1093. Wilson , K . W .  (1976) .

EFFECTS OF OIL DISPERSANTS IN TF~E DEVELOPING EMBRYOS OF MARINE FISH .

Marine Biol. 36:259—268.

The effec ts of oil dispers tants BP1002 , Finasoi E~ K and Corexit
7664 on the development of herring , Clupea hareng~~ L., plaice ,
Pleuronec tes platessa L. and sole, Solea solea (L.) have been
s tudied.  Treatment of developing embryos for  100 h with BP 1002
and Finasol ESK gave rise to abnormalities in cell division and
differen tiation, to reductions in heart—rate , eye pigmen ta tion ,
growth rate and hatching success above concentrations of 10 parts/106.
Larvae with abnormal flexures of the spine, which prevented them
from feeding successfully , resulted from exposure to 5 parts/b 6.
Treatment of the embryos with dispersants throughout the period from
fertilization to hatching (15 to 20 days) produced similar abnor-
malities at slightly lower concentrations. Corexit did not produce
any demonstrable deleterious effects on embryos exposed to concen-
trations up to 5000 parts/b 6, the highest tested .

1094. Winters, K., J.C. Batterson and C. Van Baalen, (1977).

PHENALEN-l-ONE : OCCURENCE IN A FUEL OIL AN!) TOXICITY TO MICROALGAE .

Environmental Science and Technology, Vol. 11(3) p. 270—272.

Phenalen—l—one was isolated and characterized from the water soluble
fraction of a No. 2 fuel oil. Phenahen—1—one had two very different
effec ts on the growth of microalgae. With blue—green algae there
was an abrup t toxic ity, independent of wavelength , at 5 ppm. With
blue green algae toxicity was strongly wavelength dependent . In
white light 250 ppb was lethal; with the same lamp screened by a
sharp—cu t yellow filter (530 nxn) growth rate was not affected
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until the concentration reached 10 ppm . The growth inhibition
of a dilution by phenalen—l—one was also wavelength dependent ,
but the concentration required was some twenty fold that
for green algae.

1095. Winters , K., R.O ’Donnell , J.C. Batterton and C. Van Baalen ( 1 9 7 6 ) .

WATER-SOLUBLE COMPONENTS OF 4 FUEL OILS - CHEMICAL CHARACTERIZATION
ANT) EFFECTS ON GROWTH OF MICROALGAE.

Mar . Biol. 36(3):269—277.

Approximately 50% of the compounds in the water solubles from ~+

fuel oils were identified via gas chromatograph y and mass spectrometrv .
In add ition to the well—described types of compounds (n a p h t ha le n e s , benzenes )
expected in water—soluble extracts , we have found phen ols , an i l ines ,
and indoles. Of these classes of compounds methyl , dimethy l and
trimethyl derivatives are present in relatively high concentrations .
The water solubles from the 4 fuel oils showed considerabl y
d i f f e r e n t  i nh ib i to ry  e f f e c t s  to growth of 6 microal gae , 2 b l u e — g r e e n s ,
2 greens and 2 diatoms . Two of the fue l—oi l  e x t r a c t s , Baytown and
Montana were lethal to blue—green algae. This was in part traceable
to their content of p—toluidine which was found to be toxic to
Agmene-llum quadrup licatum , Strain PR—6 , lug in the algal lawn—pad
assay and lOOug/ l in liquid culture . The water—soluble fraction
from New Jersey fuel oil was lethal to the 2 green algae , wi th lesser
effects on the 2 blue—greens . The 2 estuarine diatoms used as test
organisms were not greatly inh ibi ted by Baytown , Montana or New
Jersey fuel—oil water—soluble extracts. However , earlier
work with an American Petroleum Institute fuel oil and the diatom
Thallassiosira  pseudonana (3H) showed that  3H was a very sensitive
organism . Water solubles from the Baton Rouge fuel oil were almost
wi thou t  e f f e c t  on the growth  of all 6 microalgae . On the o ther  hand ,
with water solubles from toxic fuel oils such as Baytown or New
Jersey the data clearly suggest that their potenti2 l for environmental
damage is high, either through selective or enrichment effects
on natural populations or through a lowering of total primary production .

1096. Winters , K. and P.L. Parker (1972).

NATURAL AND MANMADE HYDROCARBONS IN THE OCEANS .

Proceedings Gordon Conference  on Chemical Oceanography .  New London ,
New Hampsh ire , 25 pp.

The presence of petroleum—derived organic matter in the Gulf of
Mexico and other selected locations was investigated by measur ing
the abundance of paraff ins in marine materials. Normal paraffin
concentrations were higher in waters over the shelf than in the open
ocean . Plankton were useful petroleum pollution indicators ,
espec ially in cases where single species could be collec ted at
several locations. Higher organisms from the open sea did not appear
to be hi ghly polluted with petroleum . Transporting samples was
a severe problem.
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1097. Woodir i , S . A . ,  et al .  ( 1972) .

EFFECT OF DIESEL OIL SPILL ON INVERTEBRATES.

Mar. Poll. Bull., Vol. 3:139—143.

Transect  surveys demons t ra te  the in i t i a l  m o r t a l i t y  f rom diesel oil
spill of the fa una of a cobble beach , followed by major recolonization
of oil sensitive species with planktonic larvae within six months .
Spectropho tometric analysis shows apparent persistence of the oil in
bo th the sed iment and animal tissues.

1098. Wormald , Ann P . (1976) .

EFFECTS OF A SPILL OF MARINE DIESEL OIL ON THE MEIOFAUNA OF A SANDY
BEACH AT PICNIC BAY , HONG KONG .

Environ. Poilut. 11:117—129.

The meiofauna of l i t to ra l  sandy beaches in Picnic Bay , Hong Kong ,
was almost to ta l ly  des troyed within four days of pollution by a
heavy marine diesel oil in November 1973, and recovery was monitor ed
over the fol lowing 14 months . A few nematodes reappeared wi th in
one month of the sp ill but harpact icoids did not re turn  in any
numbers f o r  8 months , by which t ime the oil content had decreased
by 50% . Apparen t ly  normal populations were •es tablished by Sep tember
1974 , the lower shore support ing much larger numbers than the s teeper ,
coarser and dr ier  upper shore. By January 1975 Picnic Bay suppor ted
larger meiofauna communities than an u n a f f e c t e d  shore , although
numbers are lower than reported elsewhere at these lattitudes.

1099. Wragg , L.E. (1954) .

EFFECT OF DDT AND OIL ON M 1JSKRATS.

Can. Field N a t .  68:11— 13.

Fuel oil has a pers is tent  and cumulative wet t ing  e f f e c t  on muskra t s .
The resul ts  of these tes ts  suggest that  the oil in which DDT is
sprayed on marshes in which muskrats are living is likely to have a
more dele terious effec t on the animals than the DDT.

1100. Wright , A. (1976).

THE USE OF RECOVERY AS A CRITERIA FOR TOXICITY .

Bulletin of Environmental Contamination and Toxicology, Vol. 15,
No. 6 , p .  7 4 7 — 7 4 9 .

State II nauplii of the barnacle Elminius modestus were exposed to
various nonionic , anionic and cat ionic surfactants to determine
the 30 m m .  EC5O’s producing immobility. On the basis of these
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t es t s , the re la t ive  tox ic it i e s  of the d i f f e r e n t  decy i s u r f a c t a n t s
wou ld be in descending orde r , nonionic greater than anionic greater
than ca t ion ic . In order to simulate envi ronmenta l  condi t ions  in which
concentrations of toxins would fluctuate and allow for recovery of
the organism , nauplii were exposed to equitoxic concentrations
of the decv l  s u r f a ct a n t s  ~or thirty minutes and then placed in
aerated sterile sea water. Observat ions of the condition of the
naup l i i  for  up to 48 hours showed lowest recovery from exposure
to cationic surfactants , followed by anionic and nonionic . This
sequence is the complete reverse of that determined on the basis
of the 30 m m .

1101. Vright , P. (1971).

HIGH POLLUTI ON TOLL OF SHETLAND SEAB IRDS.

London Times , 3 , June 7 , 1971.

‘~orta1ity from oil pollution in seabirds
’ breeding colonies off the

Shetland Islands may have been as high as 10,000. Most of the
harm occ ur red around Bressay Island , in one of the most important
breed ing grounds for almos t every spec ies of northern European
seabird. The source of the oil is not known , bu t i t  pr obabl y came
from fishing vessels or their supply ship .

1102. Yarbrough , J.D. , J.R. Heitz, and J . E .  Chambers (1976).

PHYSIOLOGICAL EFFECTS OF CRUDE OIL EXPOSURE iN STRIPED MULLET ,
MUGIL CEPHALUS.

L i f e  Sciences 19 755—760.

Juvenile mullet  ( Mug il cephalus ) were exposed to a surface
slick of Empire Mix crude oil for  a three week period in a simulated
es tua r ine  ecosystem. Liver weight to body weigh t ra tios were
increased in the mullet from the oil—treated ponds when compared
to those from the control ponds. Activities of alkaline phosphatase ,
which were elevated in gill and muscle of oil—treated mullet , and beta
—glucuronidase , which was elevated in the muscle of oil—treated
mullet , may be related to the degree of stress the animals were
exper iencing. Malic dehydrogenase , which was depressed in the
l ivers and elevated in the muscle of oil—treated organisms, indicate
changes in aerobic metabolism in response to the stress of crude
oil exposure. Muscle acetylcholinesterase was not affected by oil
exposure.

1103. Yee, J.E. (ed.) (1967).

OIL POLLUTION OF MARINE WATERS.

U . S .  Depar tment of the In t e r io r , Department  Library ,  Washington
D.C. Bibliography No. 5. 27 pp.
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This bibliography contains 253 selected references from the literature
written on oil pollution from 1950 to 1967. THe b ib l i og raphy  has
been arranged in broad subject categories. An author index is
appended .

1104. Z a j i c , J . E . ,  B . Suppiisson , and B.  Volesky ( l97 -~+ ) .

BACTERIAL DEGRADATION AND EMULSIFICATION OF NO. 6 FUEL OIL .

Environmental  Science and Technology , 8(7):664—668.

Bacter ia l  cultures were isolated from sewage which removed almost
completely the paraffinic components from Grade 6 fuel oil (Bunker
C oil) . Of the major components in fue l oil , only the s a t u r a t e
fr a c t i o n  decreases during b iodegradat ion.  These microbes prod uce
a very ac t ive  emulsif ying agent  fo r  Grade 6 f ue l  oi l .  This e m u l s i f i e r
is synthesized from the p ar a f f i ni c  components  in the fuel oil.
Oil globules are 3—l6u s ize .  This emuls i f i e r  appears  to be a
high—molecular—wt polysaccharide. Low temperatures and high salt
levels tend to inhibit the emulsification process , although emulsification
does occur . It would appear that the major emulsification process
involved in a massive oil spill is a t t r i b u t e d  to microbial  emuls i f i ca t ion.

1105. Zechm eister , L. and B.K. Koe. (1952).

THE ISOLATION OF CARCINOGENIC AND OTHER POLYCYCLIC AROMATTC HYDRO-
CARBONS FROM BARNACLES.

Arch.  Biochem. B iophys . ,  35:1—11.

By chromatographic  resolut ion of certain barnacle extracts ( Tetraclita
squamosa rubescens ) several c rys t a l l i ne  f r a c t ions , all in tense ly
fiuroescent , were ob tained con taining an thracene , phenanthrene ,
chrysene , f luoranthene , l,l2—benzperylene , and 3,4—benzpyrene . The
latter fraction showed a strong carcinogenic effect in mice. The
compounds mentioned do not represent normal metabolic products
of the barnacles studied but probably originate from tarry materials
f loat ing along the Southern  Cal i fornia  coast .

1106. Zitko , V. (1971) .

DETERMINATION OF RESIDUAL FUEL OIL CONTAMINATION OF AQUATIC
ANIMALS.

Bulb. Environ. Contam . and Tox . ,  5 :559—564 .

Chromatography and spectroscopy have been used to identif y and measure
crude oil and petroleum products in water . Crude oil and petroleum
prod ucts cause unpleasant tainting of fish and shellfish , but only
a few papers describe the determination of these materials in aquatic
animals. This paper describes a simple spectrofluorometric method
for the quantitative determination of heavy residual fuel oil
(Bunker C) in aquatic animals.
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1107. Z i tko , V .  and S . N .  Tibbo.  (1971) .

FISH KILL CAUSED BY AN INTER 1~~DIATE OIL FROM COKE OV E N S .

Bull .  Environ . Contam . Toxicol. 6 ( l ) : 2 ~~— 2 5 .

Intermediate oil from coke ovens was identified as the causative
agent in a large kill of her r ing  ( Clupea harengus ) in N~ r t h  Sy dney
Harbour , Nova Scotia . The d i s t r i bu t i on  of oil in the tissues indicates
that the oil was taken up primarily through the body surface.

1108. Zitko , V. (1975) .

AROMATIC HYDROCARBONS IN .-\QUATIC FAUNA.

Bull .  Env. Contam . & Tocicol . ,  l4 ( 5 ) : 6 2 l — 6 3l .

A rapid method for  screening of aquatic fauna for  the presence
of polynucbear aromatic hydrocarbons is described . The mixture
L~f hydrocarbons is separated from l ipids by column chromatography
on alumina , character ized and quant i ta ted  by f luoromet ry  wi th  p’--rene
as a f luorescence s tandard.  The method can be used to detect
contamination of aquatic fauna by crude oil, fuel oils , and
creosote oil. The detection of crude , Bunker C , and creoso te
oil in the described method is approximately 100, 50 and 100
microgram/gram lipid , respect ively .  Pol ynuclear aromatic hydro-
carbons of these oils were not detectable in samples of fish and
seals. Creosote oil in concentrations ranging from 202 to 3254
micrograms/gram lipid was detected in the samples of shellfish.

1109. Zobeli, C.E. (1946) .

ACTION OF MICROORGANISMS ON HYDROCARBONS.

Bacteriology Review, 10 pp. 1—49.

This review article covers mineral requirements of hydrocarbon
oxidizers, effec t of oxygen tension, effec t of organic matter ,
tempera ture requirements , dispers ion of hydrocarbons in culture
media, cr iteria of hydrocarbon utilization, oxidation products ,
kinds of hydrocarbons attached , occurence of hydrocarbon oxidizers
in nature , microbial modification of oil, modification of petroleum
produc ts , ac tion on rubber hydrocarbons , activities of hydrocarbon
oxidizers in the so il, microorganisms as indicators of oil deposits,
bacter ios ta t ic  hydrocarbons and der ivat ives .

1110. ZoBeib , C.E. (1950).

ASSIMILATION OF HYDROCARBONS BY MICROORUAN VMS.

Adv. Enzyinol., 10:443—486.
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A review of the subject including a description of experimental
methods ;  the occurence of hydrocarbon—oxidiz ing  organisms ; the
act ion of hydroc arbons on microorganisms ; microbial  oxida t ion  of
gaseous hydrocarbons; the relative oxidizabilitv of different
classes of hyd rocarbons ; the action of microorganisms on hydro-
carbon derivatives; the products of hydrocarbon oxidation;
microbial modification of petroleum and its products; microbial
decomposition of rubber hydrocarbons ; assimilation of hydrocarbons
by animals; and the production of hydrocarbons by microorganisms .

1111. ZoBell , C . E .  ( 1962) .

OIL POLLUTION [N THE SEA .

Jour . WPCF , 3-~+ ( 3 ) :2 5 9 — 2 6 0 .

The oil pollution problem is worldwide. Boat harbors , bays , beach es ,
and estuaries and even the open set. in some places are polluted
with various kinds of oily substances , ranging from thin liquid
films to large lumps of tarry solids. Mineral oils predominate .
Sources of oil polluting the sea include: ships using their cargo
or fuel tanks for carrying oil and carrying salt water alternately;
wash waters, wrecks , bilge wa ter , and accidental spills; discharge
fr om engines during normal operation ; submarine seepage; and terres-
tr ial drainage.

Oil in the sea immobil izes water fowl by penetrating to the skin,
thus  d isplacing air in the f ea the r s  and destroy ing the i r  na tu ra l
insulation and buoyancy . Health and marketability of shellfish
may be a f f e c ted , but only in highly localized areas does the
well—being or food supply of fish appear to be affected . Seaweeds
and phytoplankton are also injured . Oils have a relatively high
oxygen demand, which may result in oxygen depletion of the water .

The movement , mod ification and persistence of oil at sea are
influenced by many fac tors , including the presence or absence of
mocroorganisms . In general , emulsif ied materials , oils absorbed
on solids , and thin films of oil are much more susceptible to
aut oxidat ion  and microbial decomposition than are thick layers or
lenses of oil , and vii tually all types are susceptible to microbial
oxidat ion . Microbia l  oxidation is most rapid when the HC molecule
is in i n t i m a t e  contact  wi th  waters , and at temps , ranging fr om 15
to 35°C. An average of one—th i rd  of the HC may be converted
into bac ter ial cells .

1112. Zohell , C.  (1964) .

THE OCCURRANCE, EFFECTS AND FATE OF OIL POLLUTING THE SEA.

Adv. Water P o b l u t .  Res.  3 , 85— 109.

1113. Zobe l l , C . E .  (1969).

MICROB IAL MODIFICATION OF CRUDE OIL IN THE SEA .
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In: Proceeding s of a Joint Conference on Prevention and Control
of Oil Spills, pp. 317—336 , American Petroleum Institute , Wash,
D.C.

Virtually all kinds of hydrocarbons and crude oils from many fields
are susceptible to microbial oxidation. More than a hundred species
of bacteria , yeasts , and fungi are able to oxidize hydrocarbons.
Each species is limited in the kinds of hydrocarbons it can attack.
Each species is also limited by the temperature , salinity , surface
tension , pH, oxygen tension, and other environmental conditions
at which it is biochemically active. Environmental conditions
also affect the rate of microbial reproduction and oil oxidation.
Enrichment cultures , consisting of several different species
growing under optima l conditions , tend to convert crude oils
and refinery products mainly to carbon dioxide and microbial biomass.
From 10 to 90 per cent of the carbon may be converted into microbial
biomass.

Oil—oxidizing bacteria are most abundant in coastal waters and
mud where oil pollution is chronic . Such bacteria are extremely
scarce in the open sea. In unpulluted waters the ratio of oil
oxidizers to the total bacterial population in marine environments
ranges from 1:100 to 1:10,000. In chronically oil—polluted coastal
areas from 5 to 50 per cen t of the bacteria may be able to oxidize
one or more kinds of hydrocarbons. In such areas, bacteria in well—
oxygenated waters might oxidize oil at rates ranging from 0.02
to 2 grams per square meter per day at 200 to 30°C.

1114. ZoBell, C.E. (1971).

SOURCES AND BIODEGRADATION OF CARCINOGENIC HYDROCARBONS.

Proceecjin~s of Joint Conf. on Prey. & Contr. of Oil Spills, pp.
441—451, American Petroleum Institute, Washington, D.C.

Carcinogenic hydrocarbons (CHC) are widely distributed in air , soil ,
marine mud , water , oils (vegetable as well as mineral), and other
materials. Most organisms appear to contain little or no CHC,
but from 1 to more than 1,000 ug/kg has been detected in certain
plants and animals. A major source of CRC is the combustion or
pyrolysis of carbonaceous materials, including fossil fuels, organic
refuse , forest fires , etc. Airborne , liquid , or solid pollutants
tend to find their way into soil, streamsnl lakes and the sea .
Pertinent to the problem of oil spills is the quantity of CRC con-
tributed by such spills as compared with that from aerial transport ,
terrestrial drainage, biosysthesis of CRC and other sources.

Evidence is presented for the synthesis of carcinogenic hydrocarbons
by various species of bacteria , algae, and higher plants. Although
some may be retained by their tissues, a good many animals metabolize
various carcinogenic hydrocarbons and excrete the oxidation products.
In most aquatic environments as well as in moist aerobic soil,
bacteria bring about the degradation of CHC.
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1115. ZoBell , C.E., C.W. Grant and H.F. Haas. (1943).

MAR INE MICROORGANISMS WHICH OXIDIZE PETROLEUM HYDROCARBONS .

Bul l .  Amer. Assoc . Petrol. Geol. 27(9):1l75—l193.

Bacteria are found in the sea which are capable of utilizing petroleum
ether , gasoline , kerosene, lubricating oils, crude oils, petrolatum ,
paraffine wax, mineral oil, methane, pentane, hexane, decane ,
trimethylpentane , tetratriacontane, benzene, xylene, toluene,
cyclohexane, anthrocene, naphthalene, and other hydrocarbons.
Sea water from the euphotic zone contains 10 to 1,000 hydrocarbon
oxidizing bacter ia per liter , and 100 to 100,000 such bacteria have
been found per gram of recent marine sediments. All samples
of sediments regardless of distance from land , water depth , or
core depth have shown the presence of hydrocarbon—oxidizing bacteria.
Most of the bacteria oxidize hydrocarbons only in the presence of
free oxygen although some of them can utilize nitrate as a hydro-
gen acceptor . Possibly some of them can activate sulphate as a
hydrogen acceptor. Hydrogen sulphide in concentrations exceeding
0.0001 mol per liter inhibits the bacterial oxidation of petroleum
hydrocarbons.

Within certain limits long—chain hydrocarbons are oxidized more readily
than those of smaller molecular weight and aliphatic compounds are
more susceptible to bacterial oxidation than cyclic or aromatic
hydrocarbons. Compounds with unsaturated bonds are attacked nior’
readily than saturated compounds. Carbon dioxide, methane, organic
acids, and bacterial protoplasm are among the products resulting
from the bacterial utilization of petroleum hydrocarbons. Species
of Proactinamyces, Actinomyces, Pseudomonas, Micromonospora,
Mycobacterium and possibly other genera of marine
microorganisms are able to oxidize hydrocarbons.

Although the reaction will take place in an aqueous system, the
presence of sand, silt, diatomaceous earth and other inert adsorbents
accelerates the bacterial oxidation of hydrocarbons. Samples of
crude oil added to marine sediments are radpidly destroyed under
aerobic conditions. The activity of hydrocarbon—oxidizing bacteria ,
which appear to be widespread in occurrence, may account for the
failure of certain workers to find petroleum hydrocarbons in sediment
samples. Similarly such bacteria might prevent the accumulation of
detec table quantities of hydrocarbons in experiments with ‘nixed
cultures designed to demonstrate the transformation of organic matter
into hydrocarbons. Our work suggests that one might expect to
find oil accumulating in recent sediments or in experimental material
only if conditions are inimical to the activity of hydrocarbon—
oxidizing bacteria.

1116. ZoBell , C.E. and J.F. Prokop. (1966).

MICROBIAL OXIDATION OF MINERAL OILS IN THE BARATARIA BAY BOTTOM
DEPOSITS.

Z. Au g. Mikrobiol. 6:143—162.
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It was observed that mixed microf iota from Barataria Bay mud
brought about the reduction of sulfate and also the gradual destruc-
tion of mineral oil under strictly anaerobic conditions. Only
a small percentage of the enrichment and pure cultures of sulfate—
reducing bacteria studied were active in mineral media enriched with
mineral oil as the sole source of energy.

1116—A. Zobova, H.A., L.G. Solenova, R.D. Mazmanidi, and A.P. I1’nitskiy
(1976)

ACCUMULATION OF BENZ (A) PYRENE BY SOME BLACK SEA ORGANISMS UNDER
EXPERIMENTAL CONDITIONS .

Oceanology, 16(3) :259—261.

The mussel Mytilus galloprovincialis, the whiting Odontogadus
merlangus, and the pickera]. Spicara smaris were exposed to this
carcinogen at about 0.01 and O.lu g/l of seawater for 96 hr. The
mussels but not the fish accumulated the compound . The gall
bladder was the principal site of accumulation of benz(a)pyrene and
its metabolites.

1117. Zoutendyk, P. (1972) .

OIL POLLUTION OF THE CAPE INFANTA COASTLINE .

Zool. A f t . ,  7:533—536 .

Observations on oil pollution over the past 24 years have been made
along the Cape Infanta coastline. Although no shipping disasters
have occurred in the area, the oil cover of the rocks has increased
markedly in places, with signs of affecting the intertidal fauna.
It is concluded that the cumulative pollution by oil under present
conditions may in time produce results similar to those encountered
a f t e r  large oil spills.

1118. Zsolnay . A. (1973) .

HYDROCARBON AND CHLOROPHYLL: A CORRELATION IN THE UPWELLINC REGION
OFF WEST AFRICA.

Deep Sea Res. 20:923—925.

A significant linear correlation (r 0.63,<<0.O0l) between the non—
aromatic hydrocarbons and the chlorophyll—a content in the euphotic
zone of the water off West Africa existed between 4 March and
10 March 1972. This showed that the hydrocarbons present were the
result of phytoplankton activity. The line of the estimating equation
tended to go through the origin, indicating that the hydrocarbons
in the euphotic zone were not due to a pollution source.
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1119. Zsolnay , A. (1974).

HYDROCARBON CONTENT AND CHLOROPHYL L CORRELATION IN THE WATERS BETWEEN
NOVA SCOTIA AND THE GULF STREAM .

Proceedings Symp. at Gaithersburg, MD May 13—17, 1974. U.S. Dept.
of Commerce ,Nationa l Bu. Standards. Spec. Publ .  No. 409. pp 255—256 .

Samp les were taken on the CSS Dawson during a cruise and chlorophyll
content of phytoplankton was determined . Results show that
hydrocarbon content decreases greatly as the chlorophyll concen-
trations become high. This indicates a feedback mechanism between
amount of phytoplankton and concentration of hydrocarbon material.
These studies indicate that a casual relationship exists between
the h ydrocarbon and chlorophyll concentrations in the euphotic
zones.

1120. Zsolnay, A. (1973) .

THE RELATIVE DISTRtBUTION OF NON-AROMATIC HYDROCARBONS IN THE BALTIC
IN SEPTEMBER 1971.

Marine Chemistry , i(2):l27—136.

The relative distribution of the total nonaromatic (saturated
and olefinic) hydrocarbons and of the total saturated hydro-
carbons was determined for the central Baltic in Sept. 1971.
Only a 1—1. sample was required . The hydrocarbons were removed with
liquid—liquid extraction, purified with liquid chromatography,
and then determined by a micro—adsorption detector. Since hydro-
carbons in nature are a complicated mixture, it was impossible to
determine their absolute concentration. The results give the
concentration in respect to a standard , consisting of water
extracted from the Kiel Bight. The hydrocarbons originated largely
in situ at the sediment—water interface, presumably synthesized by
anaerobic bacteria . Low hydrocarbon values appeared in regions that
would favor the presence of aerobic bacteria.

B-3 78

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~



1121. Albers , P.H. (1977)

EFFECTS OF EXTERNAL APPLICATIONS OF FUEL OIL ON HATCHABILITY
OF MALLARD EGGS.

In:  Fate  and E f f e c t s  of Petroleum Hydrocarbons in Marine
Ecosystems and Organisms, D.A. Wolfe  ( E d . ) ,  Pergamon Press ,
N.Y., 1977. pp 158—163 (12 r e f s . )

An experiment was performed to determine the toxici ty  of oil
to incuba t ing  eggs. Number 2 fuel  oil , a mixture of 9 paraffin
compounds , and propy lene glycol were applied to the surface  of
a r t i f i c i a l ly incubated mallard (Arias platyrhynchos) eggs .
Seven groups of 50 eggs each were treated with 1, 5 , 10 , 20 , and 50
ul of f u e l  oil , SO ul of the p a r a f f i n  mixturc , and 50 ul of
propy lene glycol. Fifty untreated eggs served as a control.
Microliter syringes were used to apply the liquid around the
air cell end of the egg on the 8th day of incubation. Embryonic
m o r t a l i t y  was s ign i f i can t ly greater (P !. 0.01) in all
oil trea ted groups and the paraffin mixture group than in the
con trol group. Most of the embryonic mortality for the oiled
eggs occurred within 72 hours of treatment. Hatching and
post—hatching (4 weeks) weights of the ducklings in all
treatment groups were not significantly different (P 0.01)
from the control. Thus, the transfer of even small quantities
of oil to the egg surface is sufficient to reduce hatchability.

1122. Albers , P . H .  and R.C. Szavo (1977)

EFFECTS OF EXTERNAL APPLICATIONS OF NO. 2 FUEL OIL ON COMMON
EIDER EGGS

In: Fate and Effects of Petroleum Hydrocarbons in Marine
Organisms and Ecosystems, D.A. Wolfe, Ed., Pergammon Press ,
p. 164—167, 1977. 4 tab , 13 ref.

Because eggs of marine birds may be exposed to oil adhering to
t h e  f ea the r s  of adul t  birds , a study was undertaken to
dv termine the effects of oil contamination . Two hunderd common
eider eggs were divided into four experimental sets of 50 each.
Two sets were treated with No. 2 fuel oil in amounts of 5
microli ters to 20 microliters of propylene glycol , a neutral
blocking agent . The fourth set served as a control. Hatching
success was 96 percent for the eggs treated with 20 microliters
propylene glycol , 96 percent for the controls and 92 percent
fo r the eggs t reated with 5 micro li ters  oil hatched . Onl y 69
perce nt of the eggs treated with  20 microliters of oil survived
a significant reductiDn in hatchability (P 0.05). Mean
Hatching weights for all sets were statistically equal. Thus,
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oi l  po l lu t ion  may s i g n i f i c a n t ly increase embryonic m o r t a l i t y
in marine birds.

1123. Albers , P .H .  and R.C. Szaro (1978)

EFFECTS OF NO. 2 FUEL OIL ON COMMON EIDER EGGS .

Mar ine  Pollut .  Bull . ,  Vol. 9 No. 5, pp 138—139, May 1978.

An oil spil l  near a breeding colony could result in the t r ans fe r
of oil from the plumage and feet of incubating birds to their eggs.
Micro l i t r e  amounts of No. 2 fue l  oil were applied ex terna l ly to
common eider eggs in an island breeding colony in Maine . Clutches
of egg s treated with 20 ul of fuel oil had s ign i f icant ly greater
embryonic mor t a l i t y  than the control clutches when they were examined
7 days after treatment. The results are similar to those of an
earlier study of artificially incubated common eider eggs and indicate
that nest site conditions do not affect embryotoxicity of No. 2
fuel oil.

1124. Alexander , M . M . ,  P .  Longabucco , D.M. Ph i l l ips  (1978)

THE ECOLOGI CAL IMPACT OP BUNKE R C OIL ON FISH AND WILDLIFE
IN ST. LAWRENCE RIVER MARSHES

In:  Proceedings of Conference on Assessment of Ecological
Impacts of Oil Spills, Keystone, Col. ,  14—17 Jun 1978.

The marshes in the bays of the St. Lawrence River were impacted
to varying degrees wi th  No. 6 bunker oil f rom the NEPCO 140
barge on June 23, 1976. The clean—up process began- immediately but
it was abundantly evident that the fish and wildlife had suffered
extensive losses.

A fol low—up investigation , funded  by EPA , is now enter ing its
second year . This study includes the total economic and social
impact as well as the ecological impact of the oil on fish and
wildlife in the marsh areas. The current report covers the findings
of the first year’s investigation of the ecological impact of the
oil on the fish and wildlife in the marsh ecosystem . It includes
both biolog ical and chemical analyses.

The objectives of the study are: (1) to determine the relative
abundance and diversity of various groups of biota on comparable
oiled and unolled marshes. (2) To determine the presence , movement
and concentration in the food web of polynuclear aromatic hydrocarbon
compounds and their potential for influencing fish and wildlife
populations .

Seven similar cattail marsh areas were selected for study. Two
of these areas were heavily oiled , two moderately oiled , two
slightly oiled and one unoiled . Because the thick number 6 bunker
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oi l  onl y penetra ted a few meters  in to  the dense vege tation at the
marsh edge , the investigation was centered on the marsh—bay interface.
The greatest attention was given to (a) those species having a small
home range (benthos and frogs) and (b) the young of species with
greater mobility that had not yet moved (fish , ducks and muskrats).
A wide varie ty of known sampling and mark ing techni ques were used in
determining diversity and abundance.

Samples for  chem ical analys is were taken at var ious times from the
study sites . These included bottom mud , cattail roo ts, ca ttail tops ,
tissues of young ducklings and muskrats, young frogs , young fish and
petroleum residual in the environment. All equipment and containers
were washed with cyclohexane. Samples were frozen and shipped by
air to the analytical laboratory . The presence and the amounts of
polynuclear aroma tic s wer e de termined by high pr essure liqu id
chromatography . The peaks were identified through the use of a
mass spectrometer .

The impact of the oil on the fish and wildlife of the marsh
communi ty  seems to be more sub tle than ou twardl y apparent. There
appears to be a slight drop in species d iversity
on the more heavily oiled areas.

F r fish species the major documented difference involved the
juvenile large mouth bass which were rare or absent in the more
heavily oiled areas. No noticeable differences in amphibians or
retiles were recorded . However, precise measurements were not possible
due to a lack of adequate sampling methods.

The unoiled or slightly oiled areas tended to have the greater
waterfowl populations . However , all areas supported ducks and some
of the heavily oiled areas were quite productive . Little measurable
difference in the mammal populations could be attributed to the level
of oil impact.

The impacted edge of cattail stands grew taller and more rapidly than the
un impacted cattails. However , the impacted stands did not produce
floral heads , whereas unimpacted stands were in full bloom .

The chemical analyses indicted the presence and some accumulation
of some polynuclear arotnatics in the food chain . However, the
separation of normal biological compounds from petroleum derived
compounds was not always clear .

The lack of prior base—line data from the specific marshes in this study makes
it difficult to draw precise conclusion’s. Based on this first year ’s
study, it appears possible that the long range impact of number 6
bunker oil on fish and wildlife in the St. Lawrence River marshes
may be of the same general magnitude as that found to be present
between two similar marshes along the River with their individual
ecological variabilities.
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1125: Anderson , J.M. (1977)

RESPONSES TO SUBLETHA L LEVELS OF PETROLEU M HYDROCARBONS: ARE THEY
SENSITIVE INDICATORS AND DO THEY CORRELATE WITH TISSUE CONCENTRATION

In: Fate and Effects of Petroleum Hydr ocarb ons in Mar ine Org an isms
and Ecosystems. D.A. Wolfe , (Ed.), Pergammon Press , p. 95—114 , 1977.12
fig, 2 tab , 63 ref.

A reivew of recent literature on the suble thal  e f f e c t s  of various
hydrocarbon pollutants was presented . Numerous technical problems
encountered  in l abora tory  anal yses were addressed.  Considerable
emphasis was placed on the  d i f f i c u l t y  of i n t e r — s t u d y comparisons
due to vary ing  exper imenta l  designs .

1126. Anderson , J . W . ,  L . J .  Moore , J . N .  Blaylock , D.L .  Woodruf f , and
S.L .  Kiesser (1977)

BIOAVAILABILITY OF SEDIMENT—SORBED NAPHTHALENES TO THE SIPUNCULID
WORM , PHASCOLOSOMA AGASSIZII

In :  Fate and E f f e c t s  of Petroleum Hydrocarbons in Marine Organisms
and Ecosystem. D .A .  Wol fe , ( E d . ) ,  Pergammon Press , p .  276—285 ,
1977. 2 f i g,  4 tab , 11 r e f .

The peanut worm was exposed to petroleum hydrocarbons from Prudhoe
Bay crude (PBC) oil .  Uptake and release of nap hthalene  and alky l—
naph tha lenes  were compared for worms exposed to hydrocarbons in solution ,
oil on the sur face  of sediments and oil mixed in sediment. Sipunculids
exposed for  24 hr to a wa te r—solub le  f r ac t i on  of PBC contained from
2 to 10 times the concentrat ion of naphthalenes in i t i a l ly in the
w a t e r .  Depuration of naphthalenes  was rapid when worms were transferred
to c lean water and/or sediment . A f t e r  two weeks of depurat ion , both water—
and sediment—exposed worms released napthalenes  to background
levels. From these r e s u l t s  it does not appear that  s ign i f i can t
b ioaccumula t ion  of naphthalenes  occurs from hydrocarbon f r a c t i o n s
bound to sediment .

1127. Anom (1977)

CONTAMINATION SHORT-LIVED FOLLOWING NORTHEAST SPILL

P e t r o l e u m  Eng ineer , Vol. 49 , No. 6, June 1977 , pp. 11—12 .

M a t e r i a l  submit ted  by many organizations on the effects of the
December 1976 oil sp i l l  o f f  the coast of Massachusetts was compiled
and analyzed by NOAA ’s Environmental Data Service. Number 6 fuel
oil did not enter the water column,but tended to form large pancakes ,
and oil detected in the water column was lightweight cutter stock.
No oil contamination greater than 250 ppb was observed , and no oil
was observed on the ocean floor beneath the spiil. Spilled oil
contaminated zooplankton components of the oceanic food web near
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t he  wreck.  Pol lock eggs co l l ec ted  near the spi l l  were contaminated ,
w i t h  a h igh  p r o p o r t i o n  of dead , mor ibund , and deformed embryos ,
and sand la nce larvae appeared impa cted by oil contamination with the
sp i l l  zone . The economic impact of the oil sp i l l  cannot be assessed
f u l l y  w i t h o u t  a d d i t i o n a l  s tud y .

1128. Arhelger , S.D., B . R .  Rober tson , and D . K .  Bu t ton  (1977)

ARCTIC HYDROCARBON BIODEGRADATION

In: Fate and Effects of Petroleum Hydrocarbons in Marine Organisms
and Ecosystems. D.A. Wolfe , E d . ,  Pergaminon Press , p. 270—275 , 1977.2
f ig, 4 tab , 16 ref.

Supp lemented sterile sea water was inoculated with small samp le
volumes of raw sea water and exmined for oil related microbial activity.
A ubiqu itous Alaskan water microbial popula tion of 10 to the 3rd powe r
to 10 to the 5th power/l was indicated . Population estimates were based
on the smallest sample volume that , when diluted into a supp lemen tal
sea water medium , produced cultures that would generate colonies on
agar plates , became turbid , f ormed ATP , or disrup ted added oil slicks .

1129. Atlas , R.M. (1977)

STUDIES ON PETROLEUM BIODEGRADATION IN THE ARCTIC

In: Fate and Effects of Petroleum Hydrocarbons -in Marine Organisms
and Ecosystems. D.A. Wolfe , Ed., Perga mmon Press , p. 261—269 , 1977.1
fig. 6 tab , 6 ref

Micr oorganisms capable of bi odegrading petroleum were fo und to be widely
d istributed in the Beaufort and Chukchi Seas , but to constitute only a
low percentage of the ind igenous heterotrophic microbial populations.
Concen tra t ion of hy drocarbon ut il izing microorganisms were lower in ice
than in water of sediment . Hydro carb on b iodegrada tion po ten tial was
also l ower in ice than in water of sediments. Rates of biodegradation
were found to be limited by temperature and concentrations of available
nitrogen and phosphorus. Residual oil had similar percentages of
hydrocarbon classes as fresh oil; biodegradation of all oil component
classes , including paraffinic and aromatic fractions , apparently pr oceeded
at similar rates.

1130. Ayers , R.W. (1978)

EFFECTS OF THE BARGE STC-lol SPILL ON SHALLOW WATER INVERTEBRATES OF
LOWE R CHESAPEAK E BAY

In :  Proceedings of Confer, on Assessment of Ecolog ical Impacts  of O~ l
S p i l l s,  Keystone ,  Col ., 14—1 7 June 1978.

On February 2, 1976 approx ima tely 250 ,000 gallons of #6 fue l oil were
d ischarges into lower Chesapeake Bay after ~he barge STC—lol sank in a
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storm near the mouth of the Potomac River. The oil spread over beaches
and marsh areas on both eas tern  and western shores of the bay . The
eastern shore was the most severely affected with hundreds of miles of
marsh and beach shoreline coated with thick , tar—like oil. A clean—up
effort netted appr~ ximately 167,000 gallons of oil from intertidal areas
by scraping beaches and harvesting marsh vegetation. Oil was left on
the fragile marsh surfaces and inaccessible subtidal substrates .

Forty stations were sampled along ten transects perpendicular to the
shoreline on both eastern and western shores of the Chesapeake Bay .
Because there were no background or pre—spill data on benthjc populations
in the affected areas , samples were collected from oiled and non—oiled
sites with comparable environments. Substrate samples were collected
using grab core devices from intertidal and subtidal environments.
Macroinvertebrate populations were quantitatively examined and sediment
part icle size analyses were conducted at each station .

Normal analysis of the intertidal stations resulted in two major clusters ,
the tidal creek stations and the fringing marsh stations. Only one
station exhibited signs of adverse effect which could have been caused
by the oil. Inverse analysis revealed an assemblage of organisms typ ical
of intertidal areas. The three subtidal depths were analysed in a similar
manner. Particular attention was paid to station clusters or populations
assemblages which might have resulted from the spilled oil. The results
indicated that invertebrate assemblages occured according to the area
sampled . The types arid numbers of organisms varied as one moved from
shallow sand to eelgrass beds or deeper sandy substrates. No effects
attribu table to the oil spill could be detected at the subtidal stations.

The shoreline invertebrate populations appeared to have escaped any
catastrophic damage as a result of the February 1976 oil spill. One
heavily oiled marsh area was slow to recover but in general any
ecological damage from this oil spill was short—term and of a low
magnitude.

1131. Batterton , J.C., K. Winters , and C. Van Baalen (1977)

TOXICITY OF CRUDE OILS AND FUEL OILS PRESENTED DIRECTLY TO MICROALGAE

Journal of Ph ycology. Report No. 13, 1977. International Seaweed
Symposium , Phycological Soc. of America and Internat. Phycological Soc .

Crude oils were much less inhibitory than fuel oils to the growth of a
green alga , a blue—green alga and a diatom . Baton Rouge and New Jersey
fuel oil samples were toxic , but the Montana fuel oil was nontoxic.
Heating (90 deg—llO deg C) detoxified the fuel oils. Chemical analyses
of the nontoxic and toxic fuel oils before and after heating were
compared to determine what compounds might be involved . Classes of
aromatic compounds not accountable for the toxicity of whole fuel oils
included naphthalenes , methylnaph thalenes , dibenzothiop henes ,
phenan threnes , and compounds with volatilities greater than
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methylnaphthalenes. The accumulated chemical data suggests tha t
the toxicity of these fuel oils is due to the less water—soluble
compounds in the higher boiling aromatic fraction. Earli er work
with water soluble fract.. .~ns of these fuel oils showed reversed
toxicity patterns to growth due to other types of compounds.

1132. Beynon , L.R. and E.B. Cowell (1974)

ECOLOGICAL ASPECTS OF THE TOXICITY TESTING OF OILS AN TI) DISPERSANTS

Applied Science Publishers , Ltd., Essex , England . 149 pp. (Book)

CONTENTS: 1. Introduction . 2. Oils &nd dispersants: chemical
considerations . 3. Toxicity testing for ranking oils and oil
dispersants. 4. Toxicity tests for predicting the ecological
effects of oil and emulsifier pollution on littoral communities.
5. Toxicity testing at Kristineberg Zoological Station . 6. Effects
on community metabolism of oil and chemically dispersed oil on
Baltic bladder wrack , Fucus vesiculosus. 7. Toxicity testing
at the Station Marine d’Endoume . 8. A method for testing the
toxicity of suspended oil droplets on planktonic copepods used at
Pl ymouth. 9. Toxicity t•esting at the Biologische Anstalt , Helgoland ,
West Germany . 10. A critical examination of presen t practice. 11.
The toxicity testing of oils and dispersants: a European view .

1133. Bleri , R.FI., and Stamoudis (1977)

THE FATE OF PETROLEUM HYDROCARBONS FROM A NO. 2 FUEL OIL SPILL
IN A SEMINATURAL ESTUARINE ENVIRONMENT

In: Fate and Effects of Petroleum Hydrocarbons in Marine Organisms
and Ecosystems. D.A. Wolfe , (Ed.), Pergammon Pr ess , p. 332—344 , 1977.2
f ig, 4 tab , 24 ref.

Oysters , Crassostrea virginica, and clams , Mercenaria mercenaria,
were exposed to sur face  sp ills of No. 2 fuel oil in an estuarine area
under seininatural conditions . The results showed that accomodated
petroleum hydrocarbons in water reach their maximum concentration
a few hours af ter the sp ills and then d isperse very rapidl y. Most
hydrocarbons were below detection 25 hours after the spills. In
oys ters , while substantial hydrocarbon concentrations were present
within 6 hours after the spill , uptake continued in some cases past
100 hours for both branched aliphatic and aromatic hydrocarbons , and
appeared to be related to molecular weight. Clams acquired hydro-
carbons at much lower concentrations than oysters .

1134. Bir chard , E.C., C. Greene , A. Telf ord , and S.A.M. Conover (1978)

ASSESS MENT OF THE ECOLOGICAL EFFECTS OF AN OIL SPILL IN Af OFFSHORE
SUB-ARCTIC ENVIRONMENT
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In: Proceedings of Confer, on Assessment of Ecological Impacts of Oil
Sp ills Ke~ tone, Col., 14—17 June 1978.

The waters of the eastern Canadian arctic and sub—arctic , specificall y
Baffin Bay, Davis Strait and Labrador Sea hold the potential for s~ me
of the largest , but as yet undiscovered , oil and gas formations
remaining in Canada. A large portion of the offshore waters have
been leased to petro eum companies by the canadian Government and
extens ive seismic operations have been carried out with results
similar to the geological formations found in the Nerth Sea. On the
Greenland si-Ic , in Danish waters , offshore exploration has been in
pr )cress now for a number of years.

Since 1976 a program of field studies and investi gations have been
undertaken for the southern portion of the Davis Strait and nearb y
waters to gather data that will assist in designing the technology
of a drilling system and which will be used to assess the ecological
imp lications of drilling in the area , with primary concern for the
effect of ar-i underwater blowout. Limited historical information was
available for the flora and fauna of the area from earlier scientific
expeditions and from the diaries of voyagers , wha le r s , and sea1~~~-.
Data collection in this recent program has been carried out by
shipboard surveys and samp ling, aer ia l surveys , and shorebased ground
surveys. Information was obtained on microbiota , phytop lankton ,
zoop lankton , zoobenthos , fish (eggs, larvae & adult), marine mammals
and birds. Representative shoreline sites along the  south—east coast
of Baffin Island were systematically sampled for biological productivity.

In addition , the collection of physical and chemical oceanograp h ic data ,
along with meteorological and climatological data , was complied to
prepare a series of fate of oil sceanaries for various oil spill blowouts.
Based on these scenarios (i.e. the worst—case situation) the probable
ecological effects were identified using the baseline information collected
in the f ield pr ogram s, and effects were ranked as to major , moderate or
minor impact.

Th is classification system , based on the ability of the resident population
or species to return to their former n .~m t ers and distribution following a
spill , was used in the overall asseosinent process to identif y the major
ecol ogic al risks involv ed In all owing drilling to go ahead . More specifically,
the classification assisted in setting priorities for contingency p l ann ing
with respect to identif y ing sensitive areas and species that would require
maximum protection in the event of an oil spill.

1135. Bl us , L.J., S.M.  Wiemeyer , J.A. Kerwin , R . C .  S tend ell , J.M. Ohlendorf ,
and L.F. St icke l (1975)

IMPACT OF ESTUARINE POLLUTION ON BIRDS

In: Estuarine Pollution Control and Assessment, Proc. of a Conference,
V nl . 1 pp. 57—71 , (numerous refs.)
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Pollution of estuaries affects bird populations Indirectl y throug h changes
in habitat and food supply. The mul ti—factor pollution of Chesapeake Bay
has resulted in diminution of submerged aquatic p lants and consequent change
in food habits of t he  canvashack duck . Although dred gespoil operations can
improve wild life habitat , they often result in its demise.

Pollution of estuaries also affects birds directl y, through chemical
toxi cation , which may result in outri ght mortality or in reproductive
impairment. Lead from industrial sources and roadways enters the estuaries
and is accumulated in tissues of birds. Lead pellets deposited in
est .aries as a result of hunting are consumed by ducks with sufficient
frequency to result in large annual die—offs from lead poisoning. Fish in
certain areas , usually near industrial sources , may contain levels of
mercury high enough to be hazardous to birds that consume them . Other
heavy metals are present in estuarine birds , hut their significance is
poorl y known . Oil exerts lethal or sublethal effects on birds by oiling
their feathers , oiling eggs and young by contaminated parents , and by
ingestion of oil—contaminated food . Organochiorine chemicals , of both
agricultura .l and industrial origin , travel through the food chains and
reach harmful levels in susceptible species of birds in certain estuarine
ecosystems. Both outright mortality and reproductive impairment have
occurred.

1136. Boehm , P.D. and Quinn , J.C. (1977)

HYDROCARBONS : IN SEDIMENTS AND BENTHIC ORGANISMS FROM A DREDGE SPOIL
DISPOSAL SITE IN RHODE ISLAND SOUND

EPA — 600/3—77—092 , Nov 1977 , Env ironmental Research Laboratory . Office of
Research and Development , U.S. Environmental Protection Agency, Narragansett ,
Rhode Island .

The hydrocarbon contents of surface sediments , sediment cores and ocean
quahogs ( Arctica islandica ) from Rhode Island Sound have been determined.
Hydrocarbon concentrations in surface sediments normally range from 1.0
to 56.1 ug/g, l a rg ely dependent on sediment type and sedimentation rates.
However , concentrations up to 301 ug/g are observed in surface samp les
from a dredge spoil deposit located in the stud y area. Based on (1)
qualitative and quantitative hydrocarbon distributions in the sediments ,
(2) the hydrocarbon to organic carbon ratio , and (3) the ratio of the
concentration of a prominent cycloalkene compound to organic carbon ,
the  normal  hy drocarbon geochemis t ry  of the  region i s  d e f i n e d . Using
these c~~lteria , the effect of the dredge spoil deposit (containing 5 to
20 X 10 met r ic  tons o f hy drocarbons) is seen to be insignificant
beyond 2 km from the disposal site.

Hyd rocarbon contents of the ocean quanog do not reflect the sediment
distributions qualitatively of quantitativel y. Throughout the stud y
area the clam s’ hy drocarbon contents vary by a factor of 2.5 (2.6 to
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6. 4 g /g  we t )  whi le  the sediment  c o n c e n t r a t i o n s  vary b y two orders of
magnitude. The hydr ocarbon assemblage in the cl ams exhibi ts a lower
boiling point distribution than that in the sediments.

Key components of the surface sedimencs are two cycloalkene compounds
of molecul ar we ight 344 and 348. Their concentration covaries very
significantl y with the organic carbon content of the sediment. A major
component of Arctlca is another related cycloalkene of molecular weig ht
342. This compound is not present in the sediment.

A sediment core from the area shows a decreasing concentration of hydro-
carbons and a decreasing percentage of unresolved components (UCM) with
increasing depth. It is proposed that the rapid increase in the quantity
of the UCM observed at a certain depth within the sediment , can serve as
a chemical marker in the recent sedimentary record. This marker corresponds
to the onset of the industrial revolution and the increased usage of
petroleum products.

1137. Burns , K.A. and J.L. Smith (1977)

DISTRIBUTION OF PETROLEUM HYDROCARBONS IN WESTERNPORT BAY (AUSTRALIA):
RESULTS OF CHRONIC LOW LEVEL INPUTS

In: Fate and Effects of Petroleum Hydrocarbons in Marine Ecosystems
and Organisms, D.A. Wolfe (Ed.), Pergamon Press , N.Y., 1977
pp 442—453 (many refs.)

A stud y of hydrocarbons in Westernport Bay was undertaken to assess
the impact of the chronic low level input associated with man ’s use
of the environment even in the absence of major oil spills.. Aims
of this project are (1) to measure amount of backgro und hydrocarbon
pollution associated with present land development , (2) to identify
sources and levels of inputs , (3) to meas ure hy drc-carbon accumulation
from chron ic inpu t, (4) to gain a detailed picture of the p a r t i t i o n i n g
of hydrocarbons in this environment which includes measurements
of hydrocarbons in the water column , sed iments and selected organisms ,
and (5) to assess the impact of chronic petroleum discharge on the
structure and productivity of the ecosystem .

Anal ys is of sol id samples included solven t ex tra ction , saponification ,
column chromatography to separate saturated from unsaturated fractions
and determination by gas chromatographic , f l uorescen ce and gravimetric
methods. Seawater hydrocarbons were abosrbed on mixed resin columns ,
elu ted wi th solven ts and analyzed sim ilarly to solid samples.

The mussel , Mytilus edulis , was the major indicator species used to
es tab l i sh  problem areas and probable sources of pe t ro leum input .
Two major  sources of pollution were identified , r e f ine ry  and other
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i n d u s t r i a l  o u t f a l l s, and boat ing ac t iv i t i e s .  Other possible sources
are domestic disposal operations. Pollution levels varied from no
d e t e c t a b l e  pe t ro leum hydrocarbons to amounts close to sa tu ra t ion
levels of body lip ids in mussels (29 mg/g lipid ) .

The discussion includes means of relating amounts found in
indicator species to levels of input , and implications on the toxicity
to various components of the ecosystem .

1138. Busdosh , M., K.W. Dobra, A. Horowitz , S.E. Neff , and R.M. A tlas (1978)

POTENTIAL LONC-TERM EFFECTS OF PRUDHOE BAY CRUDE OIL IN ARCTIC SEDIMENTS
ON INDIGENOUS BENTHIC INVERTEBRATE COMMUNITIES.

In: Proceedings of Confer. on Assessment of Ecological Impacts of Oil Spills,
Keystone, Col., 14—17 June 1978

Laboratory and field experiments were performed to determi ie the potential
toxic ity of Prudhoe Bay crude oil to indigenous Arctic benthic invertebrates.
Toxicity was measured as mortality and as sublethal behavioral changes in
f eeding, movement and burrowing activities. When sediment was contaminated
with f resh Prudhoe Bay crude oil , burrowing activity of the amphopod
Boeckos imus (= On isimus) a f f inis was reduced for a one mon th per iod , during
which the oil underwent weathering changes . These changes in the oil were
determined by gas—liquid chromatography . Exposure to weathered oil did not
inhibit burrowing activity. Given a choice , in laboratory studies with oil
contaminated or uncontaminated sediment , the amphipods selectively burrowed
into the uncontaminated sediment . Exposure in experimental chambers to
sediment contaminated with fresh oil also resulted in decreased movement and
feed ing activity during the month that the oil underwent initial weathering .
Mortality rates were low for amphipods exposed to sediment contaminated with
fresh or weathered oil. Behavioral changes in feeding and movement appear
to be temporary and associated with the light hydtocarbons present in fresh
crude oil.

In situ contamination of Arctic sediment with fresh Prudhoe Bay crude oil ,
during late Spring, resulted in initial mortality of benthic invertebrates.
Rec olon izat ion of oil contaminated sed imen t was moni tored for approxima tely
one year. Amounts of residual oil were quantified using spectrofluorometic
methods. Recolonization began within two weeks of oil contamination . The
ben th i c  community recolonizing oil  contaminated areas was s ign i f i catn ly
d i f f e rent in species composition from that in unolied reference areas .
Isopods did not appear to be attracted or repelled by the oil. Depending
on the species, polychaetes were either attrac ‘d or repelled by the oil.
Ainphipods avoided recolonizing oil contaminated areas. The preference for
burrowing in unoiled substrate shown in the laboratory studies appears to
be reflected in the avoidance of oil contaminated sediment in the in situ
Arctic henthic community studies.
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1139 . Caidwel l , R.S., E.M. Caldarone and M.H. Mallon (1977)

EFFECTS OF A SEAWATER-SOLUBLE FRACTION OF COOK INLET CRUDE OIL AND ITS MAJOR
AROMATIC COMPONENTS ON LARVAL STAGES OF THE DIJNGENESS CRAB , CANCER MAGISTER
DAN A

in: Fate and Effects of Petroleum Hydrocarbons in Marine Ecosystems and

~~g~nisms , D.A. Wolfe (Ed.). Pergamon Press , N.Y., 1977 , pp 210—220 (13 refs.)

Larva l  stages of the Dungeness crab , Cancer magis te r  Dana , were exposed
continuously to dilutions of Cook Inlet crude oil water—soluble fraction
(WSF) of seawater solutions of naphthalene or benzene for periods lasting
up to 60 days. Effects on survival , duration of larval development and
size were employed as indicators of toxic effects. The lowest concentration
of the WSF at which toxic effects were seen was 4.0% of the full strength
WSF (0.004 9 mg/i as naphthalene or 0.22 mg/l as total dissolved aromatics).
The lowes t concen tra tion a t which toxic e f f ects were observed with naph thalene
was 0.13 mg/i and with benzene was 1.1 mg/i.

The concentration of aromatic hydrocarbons in the WSF were inversely related
to the degree of alkyla tion in each of the benzene and naph thalene fam ilies ,
but the acute toxicity of the 12 compounds was directly related to the degree
of alkyl substitution. In addition , naph thalene and its derivatives were
more toxic than benzene and its derivatives , but less concentrated
approximatel y equally to the acute toxicity of the WSF. The collective toxicit~
of these compounds tes ted ind ividually accounted for only 8.45% of the WSF
acute toxicity. Since benzene contributed a greater fraction of the WSF
toxicity in the chronic experiments (approximately 30%) it is suggested that
the toxicity of this compound may involve a different mechanism in long term
exposures than in acute tests.

1140. Carr , R.S., and Re ish , D.J. (1977)

THE EFFECT OF PETROLEUM HYDROCARBONS ON THE SURVIVAL AND LIFE HISTORY OF
POLYCHAETOUS ANNELIDS.

In: Fate and Effects of Petroleum Hydrocarbons in Marine Organisms and
Ecosystems. D.A. Wolfe , (Ed.), Pergammon Press , p. 168—173 , 1977.5 tab ,
11 ref.

The toxicity of seawater—so1”~de frac tions of No. 2 fuel oil and South
Louisiana crude oil to five species of pol ycha etous annelids was
determined . The results of these 28—day bioassays indicate a wide
v a r i a b i l i t y  in sens i t iv i ty  among the species tested with the two oils.
The water soluble fractions of No. 2 fuel oil were more toxic to all
species tested tha n South Louisiana crude oil . The effects of Petro-
chemicals on reproduction were measured for some species. Using the
number of o f f s p r i n g  produced as a measure of e f f e c t , a s ign i f i can t
suppress ion  in reproduct ion  was noted at some concentrations of fuel
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oil. However , a reproductive stimulation was observed for one species
exposed.

11 41. Dali , K., G.E. O’Ficks , B. Owman , C. Rahame , and L.E. Wis (1978)

EFFECT OF OILS ON TEXTURE AND TASTE

Mar. Poll. Bull., Vol. 9, pp 95—97.

The toxicity of hydrocarbons is so variable that generalizations have
negative value , but whether toxic or not the mere presence of oils
generall y taints living cells because of the oleophillic properties of
certain organelies , and many thereby mod i f y food chains . Assuming that
benef it would accrue from more experimentation in this neglected field ,
a test programme has established and evaluated both the direct effects
and the organoleptic consequences of a range of product oils on two
common species which contribute much to food chains of coastal
biocoenososes. These are (1) the coastal anacanthinid teleost
Melanograminus aegelfinus (Haddock) and (2) the ubiquitous tuberosuir
Supralittoral Phanerogram Solanum (potato).

1142 . Dieter , M.P. (1977)

ACUTE AND CHRONIC STUDIES WITH WATERFOWL EXPOSED TO PETROLEUM HYDROCARBONS.

In: Prog. Rev. Proceedings of — Environ. Effects of Energy Related Activites
on Marine/Estuarine Ecosystems. Interagency Energy—Environ . Res and Develop .
Prog. Rept., C. Hall and W. Preston (Eds.), Wash., D.C., Oct 1977 , pp 35—42 ,
(4 refs).

The research program at Patuxent wildlife Research Center has been
eval ua t ing the b iological e f f e c ts of petorluem hydrocarbons on al l
stages of the waterfowl life cycle . This studies include : (1) the
hatchability of eggs exposed to oils; (2) the development of ducklings
fed oil from the day of hatch; and (3) reproduction in adult waterfowl
fed oil. The third study is complemen ted b y ano ther where adul t
waterfowl were fed a chemically def ined mixture representative of
the concentration and type of aromatic compounds present in oil. In
addition , experiments have been initiated to evaluate biological
responses to petroleum hydrocarbons incorporated via the food chain .
Analy tical development is proceeding in concert with all of these
biological s tudies .

1143. Dow , R.L. (1978)

SIZE-SELECTIVE MORTALITIES OF CLAMS IN AN OIL SPILL SITE

Mar. Pollu t. Bull., Vol. 9, No. 2, Feb 1978 , pp 45—48. (2 refs.)
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Mixed No . 2 fuel oil and JP5 jet fuel , fo l low ing an o i l spill in to
Long Cove , Searsport , Maine , U.S.A., in March 1971 became
concentrated locall y at levels up to more than 250 ppm in in ter ti dal
sediments  f rom 15 to 2 5 cm below the s u r f a c e  and c o n t i n u e d  u n t i l
1976 to k i l l  successive year class j uveni le  clams . As in normal
growth behavior  t h ey  bu r rowed  down th roug h r ed i s t r i bu t ed  overl y ing
clean sediments into the oil concentration beneath.

1144 . Eastin , W.G. and D.J. Hoffman (1978)

BIOLOGICAL EFFECTS OF PETROLE UN ON AQUATIC BIRDS

In: Proceedings of Confer, on Assessment of Ecological Impacts of Oil
Sp ills, Keystone, Col., 14—17 Jun 1978

The objectives of these studies included the following assessments: (1)
the hatchability and embryonic development of eggs exposed to oil , (2)
the  development of duckl ings  fed oil f rom the time of ha tch ing , (3) the
effects of oil ingention on adult waterfowl including reproduction , and
(4) the accumulation of petroleum hydrocarbons incorporated via the food
chain.

Incubation studies in the laboratory and in the field have revealed that
av ian  embryos of var ious species are extremely sensi t ive to egg o i l ing.
Ex te rna l  a p p l i c a t i o n  of 1—20 ul of South Louisiana crude oil on days 3 or
8 of artificially incubated eggs resulted in high mortality that w~s dose
related with some teratogenic effects. Oils tested included Bunker ‘C ’
and No. 2 fuel oil , South Louisiana , Kuwait, and Prudh oe Bay Alaska crude
oil. Similar egg oiling studies with common eiders ( Semateria moilissima ),
great black—backed gu l l s  ( Larvus marinus ), sandwich terr~s ( Thalasseus
sandv icensis ), Louisiana herons ( Hydranassa tricolor ), and laugh ing gulls
( Larus atricilla ) demonstrated the same magnitude of toxicity. Field
studies with nest incubated eggs and experiments with weathered oil also
resulted in considerable embryonic mortality. Additional studies
conducted wi th  d i f f e r e n t  classes and mix tures  of aromatic  h ydrocarbons
in pe troleum ind ica te tha t the presence of te tracyclic aroma tic hydr oc arb ons
is a contributing factor.

Toxic e f f e c t s  in mal lards  fed 0 . 2 5  percent South Louisiana crude oil f rom
ha tch ing  to 8 weeks of age included biochemical changes indicative of
kidney and l iver pa tho logy , and higher concentrations of oil (2.50 to 5.00
percent) resutled in stunting with little development of flight feathers ,
enlarged livers , and r ed uced spleen weights. The biochemical responses in
adult mallards fed 0.25 or 2.5 percent South Louisiana crude oil were not
as intense as in ducklings but egg production declined in hens fed 2.5
percent  o i l .  Liver  func t i on  t es t s  in mallard drakes fed a mixture of
aromatic compounds found in South Louisiana crude oil suggested they adapted
by enhancing the clearance rate of the toxicants.

1145. Engelhardt , F .R .  (1978)

PETROLEUM HYDROCARBONS IN ARCTIC RINGED SEALS, PHOCA HISPIDA, FOLLOWING
EXPERIMENTAL OIL EXPOSURE

C— 14

_

1~ ‘ -  ~~~ 
,*J -~



In: Proceedings of Confer. on Assessment of Ecological Impacts of
Oil Spills , Keystone, Col., 14—17 Jun 1978

Ri nged seals were exposed to petroleum hydrocarbons by oil immersion
and Ingestion , the study was carried out under  a r c t i c  condi t ions , using
exper imental oil spills and oil contaminated food . A Norman Wells crude
oi l  was sp iked wi th  H—E—Be n ze n e and C— 14—Nap h tha lene . Analyses of seal
t issues and bod y f l u ids  f or labelled frac t ion , as well as total petroleum
hy drocarbon  concent ra t ion , showed a s i g n i f i c a n t  t issue uptake . High
levels in bile and urine indicate these to be routes of excretion . An
i nduc t ion  of d e t o x i f i c a t i o n  was noted w i th in  two days of exposure . The
uptake  and d i s t r i b u t i o n  of hydrocarbons is discussed in r e l a t ion  to
ecol ogical implica tion of ringed seal cont am ina t ion , as well as to
pathologica l  and endocrinological t o x i c i t y  e f f e c t s .

1146. Engelhardt , F . R . ,  J .R .  Geraci and T.G .  Smith (1977)

UPTAKE AND CLEARANCE OF PETROLEUM HYDROCARBONS IN THE RINGED SEAL ,
PHOCA HISPIDA.

J. Fish. Res. Bd. Can., 34(8):1143—ll47.

Ringed seals , Phoca hisp ida, showed rap id absorption of hydrocarbons
from Norma l Wells crude oil into bod y tissues and f lu ids  when exposed
by both immersion and ingestion . Relat ively low but s ign i f ican t  levels
were found in tissue , blook, and plasma . Levels in bile and urine
were hig h indicat ing these to be routes of excretion .

1147. Evans, R., and Hester , F.J. (1977)

OUTER CONTINENTAL SHELF DEVELOPMENT IN THE SANTA BARBARA CHANNEL : LACK
OF DETECTABLE IMPACT ON FISHERIES

In: Proceedings of 9th Annual Offshore Technology Conference, held in
Houston, TX, May 2—5, 1977, Vol. 1 (of 4), p 261—267 , OTC 2756, 1977.1
f i g, 4 tab , 11 ref.

The spor t and commercial f i sh  catch in the Santa Barbara Channel over a
20 year period was exami ned in an a t tempt  to detect possible changes
in catch that might be associated with OCS activity in the area

• during that same period . Such changes were not found , indica ting
that the effects of OCS activities were non—existent , or minor compared
to natural changes in the ocean climate or to fishing pressure on
the resources themselves.

1148. Fries, C.R. and M.R. Tripp ( 1977)

CYTOLOGICAL DAMAGE IN MERCENAR IA MERCENARIA EXPOSED TO PHENOL

In :  Fate and E f f e c t s  of Petroleum Hydroca rbons in Marine Ecosystems
and Organisms, D.A. Wolfe (Ed.), Pergammon Press, N.Y., 1977. pp 174—181
(12 refs.)

c— 15

• - - - - —•~ -.- - - •- - -- — —

‘
-
~~ •~ .s .



Adult clams were exposed to various concentrations (1 , 10, 100, 1000,
l00~ O , 25000 , 50000 p a r t s  per b i l l i o n)  of phenol In a r t i f i c i a l  seawater
25 / oo ) f or 24 hou r s .  Cont ro l  a n i m a l s  were p laced in artificial
seawater  o n ly .  G i l l s , gu t , d iges t i ve  gland and blood ~el1s (hemocy te s )
were damaged . Basophi l i c  t i s sue  s t a i n i n g  was evident  at the lower
c o n c e n t r a t i o n s  of pheno l ;  modera te  necros is  and sl o u g hin g  of c i l i a t e d
e p hit h e l i a l  layers  were seen at h i g h e r  c o n c e n t r a t i o n s .  Blood sinuses were
diste nded and contained prec ipatated hemo lymph. In the gill , onl y the
chitinous supporting rods remained at 50000 PPB pheno l .

Electron microscopy also shows damage to epithelial cells. Cell and
n u c l e a r  membranes remain i n t a c t  at low c o n c e n t r a t i o n s ;  i n t r a c e l l u l a r
o r g a n e l l e s  ( l ysosomes , m i t o c h o n d r i a , e t c .)  are in var ious  s tages  of
d i s i n t e g r a t i o n .  At 10000 PPB ce l l  membranes r u p t u r e .  Hemocytes
show ex tens ive  i n t r a c e l l u l a r  damage; ~i t  1000 PPB and above o n ly  the
hvaline cells remain intact.

11 49. Fucik , K.W., and Nef f , J.M. (1977)

EFFECTS OF TEMPERATURE AND SALINITY OF NAPHTHALENES UPTAKE IN THE
TEMPER A TU RE CLAN , RANCIA CUNEAT A AND THE BOREAL CLAM , PROTOTACA STAMINEA.

In: Fate and Effects of Petroleum Hydrocarb ons in Marine Organ isms
and Ecosystems, D.A. Wolfe , (Ed.) Pergammon Press , p. 305—312 , 1977. 4
f i g ,  2 tab , 22 r e f .

Both species were exposed to a 25% WSF (water soluble fraction) of
Southern  Louis iana crude oi l  for three days under varying temperature
and salinity regimes. In three uptake experiments , the greatest
n a pth a l e n e s  c o n c e n t r a t i o n s  were measured in those c lams exposed at
the  lowest t e m p e r a t u r e s .  Statistical analysis confirmed that napthalenes
uptake in the different temperature—salinity groups in each experiment
was significantly different. Temperature was shown tr have the greatest
effect on this difference . Temperature and salinity had no effect on the
release of naph tha l enes  in e i t he r  R. cuneata or P. s tamlnea.

1150 . G ibson , D.T. (1976)

THE MICROBIAL DEGRADATION OF AR OMATIC PETROLEUM PRODUCTS

O f f i c e  of Naval  Research Cont ract  N 0001 4—76—C—0 102 , Un iv .  of Texas at
Austin , Annual Report , June 30 , 1976.

The biodegradation of ortho—xlene by a species of Nocardia is initiated
by nuclear oxida tion to form 3,4—dime thylcatechol. The latter compound
is appa ren t l y formed f rom c i s—3 , 4—d imethy l— 3 , 5—cyc lohexad ien—l , 2—diol ( cis—o
xvlene dih ydrodiol). Enzymatic fission of 3,4—ditnethylcatecho l produces
an acid , 2—hyd roxy— 5—meth yl—6—ox ohepta—2 ,4—dienoic acid , tha t  undergoes
spectral changes at acid and alkaline pH. Further metabolism of the
ring—fission product occurs by a hydrolytic reaction that forms acetic
and 2— oxohex—4—enoic acids. Enzymatic hydra tion of the latter compound
to  g ive  4—hy d r o x y— 2 — o x o h e x a n o a t e  is followed by an aldolase reaction that
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produces  p y r u v a c e  and propionaldehyde . The pa thway proposed fo r  the
hiodegration of o—xvlene is analogous to those reported for the degrada-
tion of a number of aromatic compounds.

C o m m e r c i a l  samples  of 2— , 3— and 4—chlorobi phyny l contain umpurities that
c lu s e  lag per iods  in the  g r o w t h  of B e i j e r i n c kia  on s u c c i n a t e .  P u r i f i e d
preparations of these compounds also Inhibited the initiation of growth of
this organism but not to the same e x t e n t .  Pre l iminary observa t ions  suggest
that inhibition may be associated with the ease of oxidation of the
mono chl rinated biphenvl isomers.

1 151 .  (‘,ibson , P.T. (1977)

BIODEGRADAT I ON OF AROMATIC PETROLEUM HYDROCARBONS

I n :  Fa te  and E f f e c t s  of Pe t ro leum H ydrocarbons  in Marine Organisms
and Ecosys tems.  D . A .  W o l f e .  ( E d . ) ,  Pergammon Press , p 36—46 , 19 7 7 . 7
fig, 4 tab , 54 ref.

An ov e rv iew of t he  d e g r a d a t i o n  pa thways  of aromatic h ydrocarbons  by
prokarvotic and eukaryotic organisms was presented . Tables listing
m o n o c y c l i c  and po lycvcl i c  a romat ic  compounds that  are oxidized by
bacteria and the specific organ i sm responsible were provided . The
paucity of information on the biodegradation of the aromatic hydro-
carbons present in crude oil was also discussed .

1152. Gordon and Breach (1972)

A flUIDE TO MARINE POLLUTION

Food and A g r i c u l t u r e  Organ iza t ion ,  U . N . ,  New york ,  109 pp

Ecological effects of marine pollutants; problems o’ fisheries in
estuaries and coastal waters; methods for chemical analysis of
water; toxicity testing in a continuous flow system; oil and oil
di spersants.

1153. Gruger , E . H . ,  Rob l s c h , P . A . ,  and Wekel l , M.M. (1977)

EFFECTS OF CHLORINATED BIPHENYLS AND PETROLEUM HYDROCARBONS ON THE
ACTIVITY OF HEPATIC ARYL HYDROCARBON HYDROX YLASE OF COHO SALMON
(ONCORHYNCHUS KISUTCH) AND CHINOOK SALMON (0. TSHAWYTSCHA)

In: Fate and Effects of Petroleum Hydrocarbons in Mar ine Organisms
and Ecosystems. D.A. Wolfe , (Ed.), Pergammon Press , p. 323—331 , 1977.4
t ab , 31 r e f .

S a l t w a t e r — a d a p t e d  coho and chinook salmon were fed two mixtures of test
compounds: one composed of chiorobiphenyls and the other of pe t ro leum
hydrocarbons . Induction of aryl hydrocarbon (benzo(a)pyrene) hydroxylase
activit y occurred in hepatic microsomes from coho salmon within the
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firs t two weeks of hydrocarbon exposure. This induction was potentiated
by the prese nce of chl orobipheny ls; however , no effec t on enzyme acitivty
was found w i t h  chiorobiphenyls alone . The results indicate that
chlo rob i pheny ls ac t  s y n e r g i s t i c a l l y  w i t h  hydrocarbons  to induce the
enzyme system in coho salmon . In chinook salmon , the activity of ary l
hydrocarbon  hydroxy lase  in hepat ic  microsomes was depressed by the
chlorobiphenyls and hydrocarbons , administered both separately and
together. It was concluded that chlorobipheny ls In marine environments
may alter the activity of hydroxy lases regulating the accumulation and
discharge of petroleum hydrocarbons in organisms .

1154.  Har r I s , R . P . ,  V .  Berdugo , E . D . S .  Corner , C . C .  K i l v i n g t o n , and S . C . M .  O ’ Hara
( 19 7 7 )

FACTORS AFFECTING THE RETENTION OF A PETROLEUM HYDROCARBON BY MARINE
PLANTONIC COPEPODS

I n :  Fa t e  and U f f e c t s  of Pe troleum Hydro carbons in Marine Organisms and
Ecosys tems.  D . A .  W o l f e , ( E d ) .  Pergammon Press , p .  286—304 , 1977 .6  f i g ,
7 tab , 29 ref.

14C—l—Naph thalene was used as a model compound to study the retention
of an a romat ic  hydrocarbon by marine p lanktonic  copepods dur ing  24—hour
exposure experiments. Seven species were investigated , Including
represen ta t ive  es tuar ine , ne r i t i c  and oceanic forms . S i g n i f i c a n t
pos i t ive  co r r e l a t i ons  were demonstrated between naphthalene r e t e n t i o n
and copepod size measure as dry weight and total lip id content; but
a negative correlation was observed with temperature; and retention
wag d imin ished  in animals starved for progressively longer periods.
Amounts of the hydrocarbon absorbed on the surfaces of the animals
appeared to be only a small fract ion of the totals accumulated .

1155. Hayes, M.O. , J. Michel , and P.J. Brown (1977)

VULNERABILITY OF COASTAL ENVIRONMENTS OF LOWE R COOK INLET , ALASKA TO
OIL S°ILL IMPACT .

Proceedings of the 4th International Conference on Port and Ocean Engineering
under Arctic conditions (POAC 77) ,  Newfoundland Memorial U n i v e r s i ty ,
Canada , September 26—30 , 1977.

The coastal  waters  of lower Cook Inle t , Alaska , like many arc t ic areas ,
will undergo exploratory petroleum drilling in the near future . In
preparation for the increased po ten t ia l  for  oil spills , a f ield stud y of
the coastal morphology and sediments , wi th emphas is on the behavior of
spilled oil , was conducted in June 1976. A t o t a l  of 1216 km of shore l ine
was classified into erosional (45%), neu t r a l  (38%) and depos i t iona l  ( 17%)
types , which were further divided into 16 subclasses on the basis of
smal l—sca le  morpholog ical f e a tu r e s .  This classification was used in
c o n j u n c t i o n  w i t h  a v u l n e r a b i l i t y  index of p o t e n t i a l  oil spi l l  damage ,
developed through s tudy  of two major oil spills , to predict the longevity
of oil in the d ifferent coastal environments of the inlet. On a scale
from 1—10, 45% of the shoreline was given low values of 1—4 , which means
tha t oil would be dispersed by natural processes within less than six
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m o n t h s  a f t e r  a spill  on these coasts. Values from 4—6 were assigned to
13.4% of the shoreline , where oil residence time may be up to one year .
A 6—10 rat ing was assigned to 41.5% of the shoreline , where oil contamina-
t ion may remain for periods of from two to ten years , or possibly more
should no major clean—up procedures be Initiated . We propose that the
use of this type of vulnerability indexing , in conjunction with a biolo-
gical susceptibility index and oil spill trajectory models , would
pr ovide a rational basis for decision making concerning the location
of on—and off—shore oil facilities and the design of oil spill
contingency plans.

1156. Hawkes, J.W. (1977)

THE EFFECTS OF PETROLEUM HYDROCARBON EXPOSURE ON THE STRUCTURE OF FISH
TISSUES

In: Fate and Effects of Petroleum Hydrocarbons in Marine Organisms and
Ecosystems. D.A. Wolfe , (Ed.) Pergaminon Press , p. 115—128 , 1977.15 fig,
1 tab , 36 ref.

Literature on the sublethal effects of pe troleum hydrocarbons at
cellular and subcellular levels in fish was reviewed . New data
presented dealt with the effects of crude oil on several species of
f ish. The electron microscope was used extensively to demons tra te
altera tions In tissue structure due to the exposure to the water
soluble fraction of crude oil.

1157. HO , C.L. and 1-1. Karim (1978)

IMPACT OF ADSORBED PETROLEUM HYDROCARBONS ON MARINE ORGANISMS

In: Marine Pollution Bulletin , Vol . 9, Number 6/Ju ne 1978 , pp 156—162.

Adsorp t ions of South Louisiana crude oil from seawater by clays ,
non—clay minerals and sediments were conducted in the laboratory .
Effec t of sediment—adsorbed and water dispersed crude oil on adult
oysters were investigated in aquaria. Hydrocarbons in oyster
t issues and surrounding water were identif led by gas chromatography .
Field specimens from an area of a new oil spill and an area five
months after an oil spill were also analysed . Evidence of secondary
chemical effect of aged oil in sediments on oyster mortality is presented .
Oil coa ted asbes tos sur faces  severely reduced recruitment of sedentary
larv al organisms.

1158. Hodgins , H.O., W.D. Gronlund , J.L. Mighell , J.W. Hawkes, and
P.A. Roblsch (1977)

EFFECT OF CRUDE OIL ON TROUT REPRODU CTION

In: Fate and Effects of Petroleum Hydrocarbons in Marine Ecosystems
and Organisms, D.A. Wolfe (Ed.), Pergamon Press, N.Y., 1977 , pp 143—150
(18 refs.)
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Prudhoe Bay crude oil was incorporated into the diet (1 g oil/kg food)
of adult rainbow trout during sexual maturation to assess the effects of
long—term petroleum exposure on salmonid fish reproductive success.
Parallel control fish received identical rations , except without
add ed petroleum . When the fish reached maturity, six to seven months
after initiation of petrole um exposure , a total of 31 test and 10
control crosses were made. Mean survival through hatching was
86~’ and 90% for test and control eggs , respectivel y; the difference
was non—significant (P = 0.10). Test and control males were virtually
identical in fertility. Mean survival from hatching to swim—up f r y
stage of development was 76% for test and 91% for control fish;
again the difference was not significant (P = 0.10). In addition ,
no cross morphological or histolog ical abnormalities were observed
in offspring of petroleum—fed fish. The results of these studies
were , theref ore , that there was no significant impairment of
reproductive success detected from this type of dietary exposure
to petroleum.

1159. Holt , S., S. Rabalias , N. Rabalias , J.S. Holland , and S. Cornelius
( 1978)

EFFECTS OF AN OIL SPILL ON SALT MARSHES AT HARBOR ISLAND , TEXA S

In: Proceedings of Confer, on Assessment of Ecological Impacts of
Oil Spills , Keystone, Col., 14—17 June 1978.

On October 13 , 1976 , an American Petrofina Company pipeline ruptures ,
dump ing about 377 barrels of crude oil into the cordgrass ( ~p~ rtina
alterniflora ) and black mangrove ( Aviconnia germinans ) marshes
at Harbor Island in Redfish Bay near Port Aransas , Texas . The
Corpus Christi Oil Spill Control Association made several trips to

• the area using a variety of oil removal techniques including : suction
trucks , absorbant pads , cl ipp ing and burning vegetation , and substrate
removal. A biological and chemical survey was begun the day following
the sp ill. A single stud y site (4 stations ranging f r om above mean h igh
tid e to below mean low tide) was selected to monitor the benthos.
Observation survey was begun the day fol lowing the spii1. A
single study site (4 stations ranging from above mean high tide to
below mean low tide) was selected to monitor the benthos. Observation
surveys of marsh vegetation were made on periodic trips to the area.
Particular attention was paid to monitoring various types
of clean—up procedures (including no cleanup of some areas) and
various concentrations of oil coverage.

~p~ rt ina which was burned showed reduced standing crop in the next
growing  season compared to burned but unoiled Spartina.

The effects on the benthos were not as devastating as seen in other
inshore oil spills but reduced infaunal density and changes in species
composition , such as relativel y high dens it y of Cap itella capitar a
f o l l o w ing the sp i11 , indica ted some adverse effects on the benthos.
Black mangrove showed short—term (2—4 weeks) adverse effects in loss of

C- 20

- — . - -. — - — -- . -a-.- .s— — —_
~

F ’ -  -



oil coated leaves and seeds but long—term (nine months) adverse effects
were neg ligible except where they had been burned. Spartina suffered
substantial long—term damage in both “clea n~ d ” and uncleaned areas.

Following a moderate sized spill of crude oil into a Gulf coast
Spart ina—mangrove marsh there were only m inor immediate toxic effects
but substantial long term “smothering ” effects were seen .

1160. Hsiao , S.I.C., D. W. Kittle , and M.G. Fov (1978)

EFFECTS OF CRUDE OILS AND THE OIL DISPERSANT COREXIT ON PRIMARY
PRODUCTION OF ARCTIC MARINE PHYTOPLANKTON AND SEAWEED

Environ . Pollut. (l5)(1978)

Effects of crude oil and Corexit on pr imary product ion  of a r c t i c  marine
phytop lankton were studied in situ. The production rate varied with
types and concentrations of crude oil , me thod of preparation of
oil—seawater mixtures , environmental conditions and species composit ion
of each sample tested . In samples with the same species composition ,
inhibition of prod uc t ion generall y increased wi th increasing oil
concentration . The crude oil—Corexit mixtures were more toxic than
crude oil or Corexit alone .

In situ primary production of the seaweeds , Laminaria saccharine (L.)
Lamouro ux and Ph y llop hora truncata (P.) Newroth et Tay lor , was significantly
inh ibited by all types and concentrations of oil tested .

1161. Jackim , E. and C. Lake (1977)

POLYN U CLEAR AROMATIC HYDROCARBONS IN ESTUARINE AND NEARSHORE
ENVIRONMENTS.

In: Abstracts, The Fourth Biennial Internat. Estuarine Res. Confer ,,
Estuar. Res. Feder., Mt. Pocono, PA, Oct. 2—5 , 1977.

Polynuclea r  aromatic  hydrocarbons (PNAH ) are widel y distr ibuted in
t h e  marine  envi ronment .  Researchers have found PNAHs in sediment and
water samples throughout the world ’s coastal regions. Though the
b iosynthesis of PNAHs is certainly possible , recent research indicates
the major source of PNAHs is likely to be combustion products. Since
the high molecular weight fraction of oil is very resistant to degradation
in estuar ine waters , oil could be a significant source of PNAHs i.n oil—
polluted areas. PNAHs occur in higher concentrations in marine animals
than in terrestrial organisms. Levels in marine organisms range from
traces to over 2000 ug/kg (dry weight) and are dependent on ambient
levels and organism species. Since most carcinogenic hydrocarbons arise
as a result of mans activity it is not surprising that animal levels
differ greatl y depending upon location . Filter feeding animals and bottom
dwel l e r s  have h igher concen trations of PNAs than other feeding types and
pelagic fish.
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There is a controversy concerning thQ rate of depuration of benzprene
and other PNA ’s in shellfish. Most s tud ies  Indica te  a shor t  b io log ica l
half li fe (1—5 weeks). Other studies with naturall y exposed field
animals indicate a slow turnover approaching the life span of the animal.

1162. Karinen , J.F., and Tay lor , T.L .  (1977)

RESPONSE OF THE CLAN , MACOMA BALTHICA (LINNAEuS) , EXPOSED TO PRUDHOE
BAY (:URDE OIL AS U~ . lXFD OIL , WATER—SOLUBLE FRACTION , AND OIL-CONTAMINATED
SEDIMENT IN THE LABORATORY .

In: Fate and Effects of Petroleum Hydrocarbons in Marine Organisms and
Ecosystems. D.A . Wolfe , (Ed.), Pergammon Press , p 229—237 , 1977.3 fig. 1 ,
tab , 19 ref.

This clam will likely be subjected to oil slicks layered on the mud and to
water—soluble fractions (WSF) of crude oil or oil—contaminated sediment.
Gentle settling of crude oil over clam beds had neglible effects on clams
observed for 2 months. Water—soluble and oil—treated sedminet (OTS)
fractions of Prudhoe Bay crude oil inhibited burrowing and caused clams
to move to the sediment surface. Although short—term exposures of clams
to the WSF of crude oil and OTS caused few deaths , be },iv ioral responses
of clams to oil may be of great importance to their survival in the
natural environment.

1163. Kiceniuk , J .W . , W.R . Penrose and W.R . Squires (1978)

OIL DISPERSANTS CAUSE 3RADYCARD IA IN A MARINE FISH

N-it. Poll ut . B u l l .  Vol .  9 , No. 2, Feb 1978 , pp 42—45 (13 refs.)

The symptoms of detergent poisoning have been observed to be similar
to those of asphyxic hypoxia (Marchettl , 1965) . If h ypox ia is in any
way involved in the toxicity of detergents the sublethal ph ysiolog ical
effects of the detergents in oil dispersants would be expected to be
similar to the effect of hypoxia alone . When sub jec t ed  to hypoxia
f i s h  decrease the i r  hear t  ra te  and inc~~rease the v e n t i l a t i o n  volume
(Holeton & Randall , 1967; But ler and Tay lor , 1975; Randal l , 1966).
Hear t  r a t e  in f i sh  is precisely control led and compensated (Kiceniuk , 1975;
Kiceniuk and Jones , in press). This study was undertaken to determine
(a) whether heart rate of a marine fish is affected by oil dispersan ts
and if so , (b) what components of oil dispersants are effective in
produc ing  the response , and (c)  at what r e la t ive  concentrations?

1164. King, K . I . , Mix , M.C., Riley, R . T . , S ch a f f e r , R.L., and Trenholm , S.R.

CHEMICAL CARCINOGENS IN THE MARINE ENVIRONMENT BENZO(A)PYRENE IN
ECONOMICALLY IMPORTANT BIVALVE MOLLUSKS FROM OREGON ESTUARIES

In: Fate and Effects of Petro leum H ydroca rbons  I n Mar ine  Orga ni sms
and Ecosystems. D.A. Wolfe , (Ed.), Pergammon Press , p. 421—431 , 1977 .6
f ig, 2 tab , 32 ref.
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Lev els of car cinoge nic pol ycv cllc aromatic hydrocarbons present in
b iv alve mollusks from Oregon ’s estuaries were studied . Because of many
unique features In their life history and biology, indi geno us shel l f ish
were found to be use fu l  fo r  monitoring the marine environment .
1)e tec tah l e  levels of benzo (a)pyrene were found in commercially impor t an t

~he 11f ish  f rom 38 of 44 samp ling sites in five Oregon Bays.

1165. Koons , C.B. , and We iss , F.T. (1977)

EFFECTS OF PRODUCED WATERS ON THE MARINE ENVIRONMENT

In : Oceans ‘77’ ,  Pr oceed ings o f 3rd Annual Conf erence held in
Los An&eles, CA on October 17—19, 1977, Vol 2, p 4OB—l—4OB—lO , 1977 .1
f i g , 4 tab , 41 r e f .

Detailed data on the composition of produced waters are now more
comp le tel y available, especially for inorganic ions. A review of
these data and their significance leads to the conclusion that toxic
components  are present in very low cc~ncentra t ion s  in produced waters
if at all. Natural forces such as dilution , evaporation , photooxidation
and b iolog ical reac tions rap idly reduce the concentration of any
hydrocarbon or organic toxic components in the produced waters to
levels not harmful to the marine environment and biota.

1166. Kooyman , G.L., R.W. Davis and M.A. Castellini (1977)

THERMAL CONDUCTANCE OF IMMERSED PINNIPED AND SEA OTTER PELTS BEFORE AND
AFTER OILING WITH PRUDHOE BAY CRUDE

In:  Fate and E f f e c t s  of Petroleum Hydrocarbons in Marine Organisms and
Ecosystems. D .A .  Wolfe , (Ed . ) , Pergammon Press , p. 151—157 , 1977.1 fig,
3 tab , 13 ref.

Thermal conductance (C) of the sea otter and several species of pinniped
pel ts was determined during immersion , af ter oil ing,  and a f t e r  c lean ing .
Most affected by oiling was the sea otter pup ln which (C) was doubled .
Least a f f e c t e d  was the sea lion in which no change in (C) occurred .
Washing s l i gh t ly  reduced (C) of the adul t  o t t e r  and fu r  seal . The r esu l t s
indicated that even a light oiling would have marked detrimental effects
on the therrnoregulatory abilities of otters and fur seal at sea. The
thermal effects of oiling on other adult pinnipeds while at sea would be
sl ight.

1167. Kopperdahl , F., C. Hazel and N.  Morgan (1975)

OIL SPILLS IN CALIFORNIA AND EFFECTS OF CLEANUP AGENTS

Water Resources Control Bd., No. 56, Jan., 106 pp. 26 Ref.

The objective of this study was to provide technical data that could
he used to evalute the extent of oil spillage and use of oil spill
cleanup agents in California; the relationship between the accumulation
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of petroleum residues in fish and the use of dispersant—type ~il spill
cleanup agents; and the time required for weathering and biological
removal of oil residues on exposed surfaces at intertidal depths.
Tainting of fish flesh by petroleum products was investigated by
organoleptic and gas chromatograph y methods. Experiments on the
weathering of oils and recolonization of p lant and anima l life on
oil—coated surfaces were designed to determine feasible methods to

evaluate the t ime required for oil—polluted shores to cleanse
themselves by natural pr ocess.

1168. Kravbill , H.F., C.J. Dawe , J.C. Harshbarger and R.G. Tardiff (Eds.) 1977

AQI’ATIC POLLUTANTS AND BIOLOGIC EFFECTS WITH EMPHASIS ON NEOPLASIA

New York Academy of Sciences Conference Proceedings, Sep t. 27—29, 1976, 604 pp.
ISBN : 0—89072—044—4

The objectives of the conference were to put into perspective the
various concentrations of pollutants in the water supply of countries that
are influenced by industrial and geographical patterns. Furthermore ,
the effect of such contaminants was evaluated in various biological
systems , with particular emphasis on neop lastic disease. The
potential public health hazard was evaluated within the framework of
current methodology and information resources , with a broad spectrum
of inorganic organic and radiological contaminates covered . Includes
some papers on biologic effects of oil pollution .

116 9. Krebs , C.T. and K.A. Burns (1977)

LONG TERM EFFECTS OF AN OIL SPILL ON POPULATIONS OF THE SALT—MARSH
CRAB UCA PUGNAX.

Science , l97(4302):484—487.

A spill of fue l oil at West Falmouth , Massachusetts , in 1969 ,
contaminated contiguous salt marshes with up to 6,000 micrograms
of oil per gram (PPM) of wet mud and affected local populations
of 1ca pugnax. Directl y rel ated to high—sediment oil content were
reduced crab density, reduced ratio of females to males , reduced j uven ile
settle ment , heavy overwinter mortality, incorpora tion of oil in to
bod y t issues , behavioral disorders such as locomotor impairment , and
abnormal burrow construction . Concentrations of weathered fuel oil
greater than 1,000 ppm were directly toxic to adults , while  those
of 100 to 200 ppm were toxic to juveniles. Cumulative effects
occurred at lower concentrations. Recovery of the marsh from this
relativel y small oil spill is still incomplete after 7 years.

1170. Kuhnhold , W.W,, D.E. Euerich , J. Lake , and J.J. Stegeman (1978)

1 cN (;-IERM EFFECTS OF LOW CONCENTRATIONS OF THE WATER-ACCOMMODATED
FRACTION OF NO. 2 FUEL OIL ON REPORDUCTION IN WINTER FLOUNDER

In : Proceedings of (onfer, on Assessment of Ecological Impacts of
Oil Sp ill s ,  Keystone , Col., 14—17 June 1978.
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The impact  of t he  water—accomodat ed f r a c t i o n  of No. 2 fue l  oil on
reproduction of winter flounder was investigated by measuring percent
egg fert ilization , total hatch , 24 hour viable hatch , duration of
ha tch ing per iod , incidence of abnormalities during embryogenises , and
larval  growth and survival.

To determ ine when impact ocurrs , the var iab1es were assessed for eggs
and larvae exposed during the following stages.

1) egg incubation only
2) fertilization and egg incuba tion
3) adult gonad maturation and fertilization and incubation

4) adult gonad maturation only

Observation of larval growth and survival for several weeks were con-
ducted onl y af ter phase 4.).

To assess stress of the exposed adult fish , series of individuals
were examined for uptake of hydrocarbons into eggs , and for
biochem ical and histolocical changes in the liver .

A flow—through system was employed to maintain the nominal oil
concentrations of 10 and 100 ppb total Cd

4 
extracts.

Ad ult fish were exposed in circular containers of 400 1, eggs were
exposed in 250 ml beakers at flow—through as well. Incubation of
eggs and rearing of larvae for growth rate and survival after
exposure (phase 4.) were conducted in 30 1 aquar ia .

Expressed as reduc tion in the hatching success of viable larvae the
impact of the water—accomodated fraction (WAF) of No. 2 fuel oil is
only sign if ican t at the 100 pp b level , and only if the exposure
period includes the embryo stage. The influence of paren tal exposure
only shows higher mortality of the larvae only after several weeks .
This late e f f e c t  can not be deducted from the biochemical pattern
in the exposed adul ts .

1171. Lanier , J . J .  and M. Light  (1978)

CILIATES AS BIOINDICATORS OF OIL POLLUTION

In: Proceedings of the Conference on Assessment of Ecological Impacts
of O il Spil ls,  Keystone, Col. ,  14—17 June 1978 Coord . By Amer . Inst.
of Biol. Sd., Keystone Lodge ,

Oil up take , toxicity, and community diversity experiments were
conducted with members of the marine microfaunal community , primarily
ciliate protozoa , in order to explore the possibility of using these
organisms as biological indicators of oil pollution . Euplotes
diadaleos ingests approximately 1 ng/min of emulsified crude oil
over a three hour period . The 90 hr LC5O of crude oil to Euplotes
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is 1.7 ppm . The toxicity of crude oil is directly correlated with the
log of the oil concentration between 0 and 74 ppm with one interesting
excep tion: the population of Euplotes increases dramatically at 8 ppm .
In f ield exper imen ts, population , spec ies number , and community
diversity were monitored in artificial substrates in saltwater ponds
experimentally treated with various crude oils. The oil descended
through the water column and accumulated in the substrates as droplets
bound to detritus and inorganic particles. The rate of descent is
directly correlated with the salinity of the pond . Population and
spec ies number of the microfaunal community increased over pre—sp ill
levels during the 21 days monitored except in the pond oiled with
Nigerian crude oil.

1172. Laughl in , R.B. , and Nef f , J.M. (1977)

INTERACTIVE EFFECTS OF TEMP ERATURE , SALINITY SHOCK AND CHRONIC EXPOSURE
TO NO. 2 FUEL OIL ON SURVIVAL , DEVELOPMENT RATE AND RESPIRATION OF
THE HORSESHOE CRAB , LIMULUS POLYPHEMU S

In: Fate and Effects of Petroleum Hydr ocarbons in Mar ine Orga nisms
and Ecosystems. D.A. Wolfe , (Ed.), Pergammon Press , p 182—191 ,
1977. 4 fig, 2 tab , 17 ref.

Eggs and the first three instars of the horshoe carb were exposed to
water—soluble fractions (WSF) of No. 2 fuel oil. Survival of larvae
decreased with decreasing temperature and increasing WSF concentration .
The significance of difrerences in growth and development rates were
diff icult to determine because of high variability in these traits.
These app ear to be the leas t sens it ive indica tors of pe troleum hydrocarbon
stress. The respiration rate of oil—exposed animals was significantly
higher than that of controls at nearly all salinity/temperature
combinations. The interaction of salinity and WSF exposure on
resp ira tory ra te was highly significant. The data suggest that the
abil ity to adapt to new environmental conditions rather than maintenance
of any give equilibrium metabolic state is an important  parameter  to
consider when eva lua t ing  the impact of pe t ro leum on es tuar ine
organisms.

1173. Lawle - , C.C., B.J. Fiorito , J.P. Holmes , J.C. Laseter , and R.S. Szaro
(1978)

QUANTIFICATION OF PETROLEUM HYDROCARBONS IN SELECTED TISSUES OF MALE
MALLARD DUCKLINGS CHRONICALLY EXPOSED TO SOUTH LOUISIANA CRUDE OIL

In: Proceedings of Confer, on Assessment of Ecological Impacts of
O i l Sp ills, Keystone, Col ., 14—17 June 1978

Rep l icate hydr ocarb on anal yses of selected tissues from oil—dosed
m a l l - i r d  duckl ings were performed . Gas chromatography and combined
cas chromatography and mass spectroscopy, utilizing high resolution
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glass capi l lary  columns , were used to identif y and quantitate accumu-
la ted oil hydrocarbons . Liver , kidney , brain , and abdominal fa t
t issues from male and female ducklings fed 0; 250; 2,500 ; 25 ,000; 50,000
ppm of South Louisiana Crude Oil in dry feed for six weeks were analyzed .
Our da ta , to date , indicate that more saturated than aromatic petroleum
hydrocarbons accumulate in each tissue type. The fat accumulated more
oil hydrocarbons than any of the other tissues analyzed . For examp le ,
abdominal f a t  exposed to 50 , 000 ppm oi l—laced feed accumulated 412 ppm
wet weight of saturated petroleum hydrocarbon compared to 8 ppm by
the liver, which contained more oil—derived saturated hydrocarbons than
either the kidney or brain. The concentration of accumulated pe troleum
hyd rocarbons increased with increased oil dosage .

Individual  petroleum hydrocarbons were present in the pp h range in the
liver , kidnoy , and brain , and in the ppm range in the abdominal fat.
Petroleum derived isoprenoid alkanes accumulated in the oil—dosed
tissues to a greater extent than the normal alkanes. This suggests
that the normal alkanes were metabolized at a greater rate than the
branched—chain alkanes. Naphthalene , bo th me thylnap h thalenes , and
various di— and t r ime thy ln aptha lenes  were de tec ted  in each o i l—dosed
tissue type. The data obtained in this study are correlated with
repor ted  p hysiological  e f f e c t s  of oil on the liver , kidney , and brain.
Dif fe rences  between the accumulated petroleum h ydrocarbons in tissues
of chronicall y and acu tely oil—exposed ducks are discussed .

1174. Lee, R. (1978)

SHORT—TERM EFFECTS OF OIL ON PLANKTON IN CONTROLLED ECOSYSTEM ENCLOSURES

In:  Proceedings of Confer ,  on Assessment of Ecological Impacts of
Oil ~pills, Keystone, Col., 14—17 June 1978

A number of experiments at the controlled ecosystem pollution
experiment (CEPEX) in Saanich Inlet , Canada, have involved additions
of crude and fuel oils to controlled ecosystem enclosures (ca. 2m
d iame ter and l5m deep — 60 ,000 liters).

The first effects observed were decreases in large phytoplankton
cells with increases in small—celled phytoplankters , increases In
standing stock of bacteria and decreases in number of otenophores.
The bacteria and small phytop lank ton cells may have served as f ood
for microzooplankton, particularly protozoans , whose numbers increased
markedly a few days after oil addition . The large bacterial population
which included petroleum degrading species resulted in rapid utiliza-
tion of nitrogen and phosphorus in the oil treated enclosures.

Af ter three summers of adding oil , we conclude that it is difficult
to predict the effects of oil on a mixed ph ytop lank ton  popula t ion .
During the first summer a low concentration of fuel oil (approximately
10 ug liter of non—volatile hydrocarbons) caused a slight decrease in
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dia toms and -i stimulation of microflage llite growth , particularly
Chrysochromulina kappa. The second summer the population of the dominant
d ia tom in the water , Ceratualina bergonii , declined dramaticall y after
f u e l  oi l  addi t ion (approx imate ly  40 u g / l i t e r ) .  The f l a g e l l a t e ,
Chrysochromulina kappa became the dominant phytoplankter. The third
summer diatoms , mainl y Chaetoceros  cha ins  (20—50 u )  were d o m i n a n t  in the
water. Fuel oil addition (100 ug/liter) resulted in smaller Chaetoceros
(less than 5 u) chains but no stimulation of mic-roflagellates. The water
in spring and early summer in Saanich inlet is rich in nutrients due to
upwelling and has a phytoplankton population characterized by large
d iatom chains, often species of Chaetoceros. Mid—summer water is stratified
with resulting nutrient stress and diatoms are unimportant in the
phytoplankton. instead dinoflagellates and microflage llated are the
dominant phytoplankters. Our results indicate fuel oil has a greater effect
on the mid—summer phytop lankton community than on the upwelled community
of spr ing . High concentra tions of crude oil were required to produce the
effects observed with fuel oil. Because of the rap id lo ss o f a l l  petroleum
components from the water we believe the observed effecte are of short
term , probably less than 30 days , in these temperate waters.

1175. Lee, R.F. (1977)

ACCUMULATION AND TURNOVER OF PETROLEUM HYDROCARBONS IN MARINE ORGANISMS

In: Fate and Effects of Petroleum Hydrocarbons in Marine Organisms and
Ecosystems. D,A, Wolfe , (Ed.), Pergammon Press , p 60—70 , 1977.3 tab ,
61 ref.

This review deals with the uptake , storage and discharge  of pe t ro leum
hydrocarbons by marine organisms under laboratory and field conditions.
Organ isms collected from oil spill and chronically polluted areas were
anal yzed . Special a t t e n t i o n  was d i r ec ted  toward the ability of animals
to depura te  the i r  hydrocarbons accumulated a f t e r  exposure to o i l .
Organisms stud ied were : benthic algae ; zooplankton ; benthic crustaceans;
benthic worms; bivalves; and fish. Bivalves received emphasis because
of the extensive amount of laboratory and field studies on their
accumulation of petroleum .

1176. Lee, W.Y., K. Winters and J.A.C. Nicol (1978)

THE BIOLOGICAL EFFECTS OF THE WATER-SOLUBLE FRACTIONS OF A NO. 2 FUEL OIL
ON THE PLANKTONIC SHRIMP , LUCIFER FAXON I

Environ . Pollut. (l5)(l978)

The biological effec ts of water—soluble fractions (WSFs) of a No. 2
fuel (heating) oil on the planktonic shrimp , Lucifer faxoni, were
investigated .

Biological parame ters used to assess toxic ity were surv ival , resp ira t ion ,
feeding rate and degree of activity. In the survival and feeding studies
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two experiments were carried out , on e wi th f r e sh l y prepared WSF (Exp . 1),
the  o ther  w i t h  WSF exposed to a i r  for  48 h (Exp . 2) before  the animals were
introduced . Based on survival data for fourteen days exposure , critical
levels of toxicities in Exp . 1 were about 0.2 ppm , wh ile in Exp 2 they
were around 2 ppm . A s imi l a r  t rend was found in s tudies  of feed ing and
degree of activity . Unexposed extracts (Exp . 1) were more toxic and the
e f f e c t  on f e e d i n g  was immediate  and ir revers ib le ;  exposed WSF was less
toxic , the effect on feeding was delayed and reversible.

The chemical composition of fresh WSF and of WSF exposed to air from
6h to 5 days was determined . Alkyl benzenes , indans , and naph thalenes
were rapidly lost from the exposed solution , with only negl igible
conc entrations remaining after 24 h. In contrast , certain non—hydrocarbon
compounds such as alkyl anilines, phenols , and indoles were generally
present even after 5 days at greater than 50% of their initial
concentration.

The biological and chemical data appear to indicate that the higher
toxicity of fresh WSF to L. faxoni was due to volatile aromatic
hydrocarbons. It seems that the toxicity of oil spills could be
markedly less than some laboratory results suggest because there is
reduced tox icity following weathering by evaporation .

Respiration rates of L. faxoni during an 8 h exposure to freshly
prepared WSF rose with increasing concentrations up to 30% of WSF ,
then fell with further increases of concentration of WSF .

1177. Lopez , S.M. (1978)

ECOLOGICAL SIGNIFICANCE OF PETROLEUM SPILLAGE IN PUERTO RICO

In: Proceed ings of Confer. on Assessment of Ecological Impacts of
O il Sp ills, Keystone, Col., 14—17 June 1978

In order to develop an approach that can aid in assessing the impacts
of oil spills a typical Puerto Rican coastal environment is viewed
in terms of i-t s major marine ecosystems : coral reefs , sea grass
beds , mangrove forests , and benthos of soft bottom estuaries . Case
studies of oil spills in Puerto Rico have involved comparison of
abundance and diversity of organisms and species in spill areas
versus carefully—matched , similar environs in no—spill areas. The
relative vulnerability of these ecosystems was demonstrated . Coral
r ee f s  are least impacted owing to their  s u b — t i d a l  na ture  and hi gh
energy si tua t ion . Beds of the sea grass Thalassia testadinum
exhibit relatively minor , short—term effects. This comparative
approach has shown , however , that oil coating of fringing stands
of the red mangrove Rhizophora mangle and the associated i n t e r t i da l
communi t i e s  of the i r  prop roots impairs  p roduc t iv i ty  and destroys
the a t tached organisms. Oil becomes trapped and may not be retrieved
or cleaned from the mangrove forest. Analysis by GC/IR of extracts
from sediments within the mangal have shown the abundance and persistence
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of pe t ro l eum hydrocarbons in c o r r e l a t i o n  w i t h  t he  absence of benthic
organisms four years after an oil spill.

In assessing the long—term , chron ic effects in this approach we further
propose to determine the biological availability ot potentially
hazardous  pe trol eum hy drocarbons to dwellers of the mangrove
ecosystem : mangrove oyster ( Crassos t rea  rh izop hora ) ,  the mud
clam ( Lucina pectinata ) and species of mullet (Mugil). Biological
tissues are assayed by GC/MS and the source and transfer mechanism
of the compounds that are found are determined through controlled
exposure of clean organisms to the various components of the ecosystem .
Concur ren t ly ,  the h i s topa thology  of a f f e c t e d  t i ssues  would  be s t u d ie d
to assess impact on the health of the organism and the significance
to the human consumer.

Previous studies of oil spil ls in Puer to  Rico are reivewed and up to
date results of on—going research are discussed in the paper.

1178. MacKay, D . W.  (1976)

ASPECTS OF MARINE POLLUTION CONTROL (1976 )

E f f l uent and Wat~’r Treatment Journal , Vol. 10, No . N 16 , Oct. 1976 ,
pp. 511—514.

Criteria for marine pollution control must take into account the physi cal ,
ch emical, and biological condition , uses , and d ilu t ing capac ity of
rece iv ing  wa te r s .  Fundamental  d i f f e r e n c e s  between freshwater and
mar ine  s i tua t ions  must be considered . While  coastal wate rs  and , to a
more limited extent , estuaries have a considerable capacity for absorbing
p o l l u t a n t s  w i t h o u t  detriment to the environment , the capacity varies
with circumstances. Consideration should he given to the interaction
between effluents from different outfalls and inputs from the sources
such as rivers , adjacent marine areas , and the atmosphere. Pollutants
entering the sea dissolved or suspended in fresh water are subject to
considerable alterations and may change their nature entirely, become
locked away in the sediments of the inner estuary, interact with other
p o l l u t a n t s  and become harmless , or 2 or more r e l a t i v ely harmless compounds
may combine to become toxic . Because the possibilitites are endless ,
moni to r ing  waters  and biota  is an immense t a s k .  The q u a l i f i c a t i o n s  fo r
survey personnel are discussed . The survey vessel needed for marine
pollu tion survey work is described in detail.

1179. Malins , D.C. (1977)

BIOTRANSFORMATION OF PETROLEUM HYDROCARBONS IN MARINE ORGANISMS
INDIGENOUS TO THE ARCTIC AND SUBARCTIC

In: Fate and Effects of Petroleum Hydrocarbons in Marine Organisms
and Ecosystems. D.A .  Wol f e , ( E d . ) ,  Pergammon Press , p 4 7 — 5 9 , 1 9 7 7 . 3
f i g ,  6 tab , 45 r e f .
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The metabolism of the aromatic hydrocarbon fraction of petroleum by
m a r i n e  organisms was eva lua ted . It was p o i n t e d  out t h a t  s tud ies  on the
effects of petroleum on marine organisms have centered on the parent
hydrocarbons rather than the potentiall y toxic metabo lites.
The biochemical pathwav~- used by various p lankton , invertebrates and
ish to metabolize aromatic h-’drocarbons were discussed . Particular

emphas i s  wa~ d i r ec ted  toward m e t a b ol i t e  a l t e r a t i o n s  of enzyme systems ,
t i s sue  locat ions  of v a r i o u s  m e t a b o l i t i e s , and p o s s i b l e  mu tagen i c
act Iv ity.

1180. M Au liffe , D.C. (1977)

DISPERSAL AND ALTERATION OF OIL DISCHARGED ON A WATER SURFACE

In: Fate and Effects of Petroleum Hydro -arbons in Marine Organisms
and Ecosystems.  D . A .  Wol fe , (Ed.), Pergammon Press , p 19—35 , 1977 .2 fig,
3 tab , 98 ref.

The fate of oil discharged to a water surface was reviewed . The
ph ysical , chemical , and biolog ical a l t e r a t i o n s  it subsequentl y undergoes
were discussed in reference to methods for minimizing the adverse
environmental consequences. The use of chemical dispersants to
produce  o i l — w a t e r  emuls ions , which d i l u t e  and degrade more rap idl y
than a slick , was presented as a promising method to  lessen the
effects of oil spills.

1 81. McDermott , D. and C.A. Alexander (1977)

CHEMICAL STUDIES OF OFFSHORE OIL PLATFORMS

In :  Southern  Ca l i fo rn i a  Coastal Water Research Project Annual Report
for the Year Ended 30 June 1976, p 129—135 , 1977,1 f ig, 5 tab , 2 ref.

As part of the effort to determine if drilling and oil production
opera t ions  had an e f f e c t  on organisms found ar~ound two oi l  p l a t f o r m s ,
chemical analyses of the nearby sediments and of the tissues of
several marine animals found in the area were made . Levels of copper ,
zinc , hexane extractable materials , and volatile solids in sediments
around the oil p l a t f o r m s  were sim ilar to average coas tal background
levels and were well below levels observed in sediments contaminated
by mun icipal wastewater outfalls. The petroleum hydrocarbon cont ent
of all sediment samples collected was higher than values observed in
areas with no natural seeps. The gas chromatographic fingerprints
for all samples were ind icative of highl y wea thered oil , indica ting
no recent contamination of the sediments. No statisticall y signifi-
cant differences in metals were observed for yellow rock crabs collected
from the oil platforms and control sites and no detectable amount of
petr oleum hydrocarbons were observed in any of the animals analyzed .
(Si nga — OEIS)
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1182. Mecklenburg, T .A . ,  S.D. Rice , and J.F. Karinen (1977)

MOLTING AND SURVIVAL OF KING CRAB ( PARALITHODES CAMTSCHATICA ) AND
(‘DONSTRIPE SHRIMP ( PANDALUS HYDINOTUS) LARVAE EXPOSED TO COOK INLET
CRUDE OIL WATER—SOLUBLE FRACTION

In: Fate and Effects of Petroleum Hydrocarbons in Marine Ecosystmes
and Organisms, D.A. Wolfe (Ed.), Pergamon Press , N.Y. , 1977
p. 221—228 (25 refs.)

l arvae of coonstripe shrimp and king crab were exposed to solutions
of the water—soluble fraction (WSF) of Cook Inlet crude oil in a
series of bioassays on intermolt stages I and II and the molt period
f rom stage I to stage II. Molting larvae were more sensitive than
molting king crab larvae. When molting larvae were expos ed to hig h
concentrations of the WSF (1.15—1.87 ppm total hydroc arbo ns) for  as
l ittle as 6 hr , molting success was reduced by 10—30% and some deaths
occurred . When larvae were exposed to these high concentrations for
14 hr of longer , molting declined 90—10 0% and the larvae usua l ly
died . The lowest concne t ra t ions  tes ted  (0 . 15— 0.55  ppm total hydr o—
arbons) did not inhibit molting at the  length of exposure , but

many larvae died ~i~f L  r mol t ing . Median l e tha l  c o n c e n t r a t i o n s  (LC5O ’s)
based on 144 hr of ~bservation for molting coonstripe shrimp and
120 hr for molting king crab were much lower than the 96—hr LC5O’s ,
showing that the standard 96—hr LC5O is not always sufficient for
determining acute oil toxicity. Although the LC5O’s for intermolt
larvae are higher than levels of petroleum hyd rocarbons reported
for chronic and spill situations , some of the LC5O’s for molting
l a r v a e  exposed 24 hr and longer are s i m i l a r  to or below these
environmental levels. Comparisons of sensitivity to oil between
d i f f e r e n t  c rus t acean  species or l i f e  s tages  should be based on
animals tested in the same stage of the molt cycle , such as
intermolt.

1183. Michael , A.D. (1977)

THE EFFECTS OF PETROLE U M HYDROCARBONS ON MARINE POPULATIONS AND
(1)~4~’fl ~N IT I ES

In:  Fa te and E f f ec ts o f Pe tro leum Hydr ocarbo ns in Marine Organ isms
and Ecosystems. D.A. Wolfe , ( E d . ) , Pergammon Press , p. 129—137 , 1977.1
tab , 33 ref.

L i t e r a t u r e  on t h e  e f f e c t s  of oi l  s p i l l s  on p l ank ton , i nve r t eb ra t e s ,
f i s h , birds and mammals was summarized . Several recent studies on
m a r i n e  popula t ions  were d i s cus sed  in order  to i l l u s t r a t e  the
short—comings of many investigations. The need for more detailed
analyses of how these populations are altered or eliminated by acute
and chronic exposure to oil was emphasized .
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1184. Michael , A .D. and B. Brown (1978)

EFFECTS OF LABORATORY PROCEDURE ON FUEL OIL TOXICITY

Environ. Pollut. (15)(1978), pp 277—287 , 21 refs.

Labora to ry  t e s t ing  of No.  2 f u e l  oil t o x i c i t y  to the  amp hipod
Neohaus to r ius  schmi tz i  in a r t i’i c i al  sea water  demons t r a t ed
that each of several experimental factors produced significant
variation in test results. Variables examined were : presence of
substrate (sand), concentration of oil (0.05 or 0.025 ml/litre),
stirring rate , age of the oil/water mixutre , evaporation and
t e m p e r a t u r e .

11 85. Milan , C.S., and T. Whelan III (1978)

ACCUMULATION OF PETROLEUM HYDROCARBONS IN A SALT MARSH ECOSYSTEM
EXPOSED TO STEADY STATE OIL INPUT

In: Proceedings of Confer, on Assessment of Ecological Impacts of
Oil Sp ills , Keystone , Col., 14—17 June 1978

The d i s t r i b u t i o n  of pe t ro leum d e r i v e d  hy drocarbons  was s tud ied  in
var ious trophic levels of a salt marsh ecosystem exposed to a
stead y—state petroleum input. This information is used in deriving
a mechanism of petroleum t r a n s f e r  and removal throug h an ecosys tem
f ol lowing an oil sp ill which occurred or extended into the estuarine
environment. The study area was an active oil field in south
Louisiana which has been producing petroleum for 30 years. Two
uncontamina ted  control sites were chosen fo r  comparison which bordered the
f r i n g e s  of the oil f ie ld  and represented the  extreme envi ronmenta l  cond i t i ons
(t e m p e r a t u r e  and s a l i n i t y )  which could occur  th roughout  the year w i t h i n  the
oil field.

H’~drocarbons were extracted from tissue using NaOH digestion followed
by ethyl ether par titioning of the total lipid fraction . Silica gel—alumina
chromatograph y was used to isolate the hydrocarbons and separate the
alip hatic from the aromatic fraction . Alkane concentrations were quantified
by gas chromatography. Semi—quantitative determination of the aromatic
fraction was made by fluorescence spectroscopy.

The r e s u l t s  indicated tha t  exposed vege ta t ion  ( Sp a r t i n a  a l t e r n a f l o r a  )
in the  o i l  f i e l d  con ta ined  up to 20 times greater hydrocarbon
concentrations (enrichment f a c t o r s )  than vege ta t ion  in the  cont ro l  areas .
Near—bottom waters , sessile benthic organisms , mob ile benthic organisms
and free—swimming detritus feeders contained hydrocarbon enrichment
factors of 40, 4, 3, and 2 , respectivel y. Near—surface waters and
f r e e — s w i m m i n g  res ident  organisms conta ined  no appreciable  hydrocarbon
e n r i c h m e n t .
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Based upon these da ta , a mechan i sm of t r a n s f e r  and removal of pe t ro leum
hydrocarbons is proposed which is initiated by adsorption of floating
oi l  by exposed subae r i a l  v e g e t a t i o n . Oi l—laden  d e t r i t u s , formed
during seasona l p lant growth and death , is transferred to the water
column and eventuall y incorporated into the sediment. This process
also aids in removing dissolved and suspended oil which does not reach
the vegetation. High enrichment of hydrocarbons in the sediment and
low enrichment in the  water column were reflected by enrichment factors
in the benthic and water column residents , respectivel y.

Estuarine sediments act as a sink for oil , henc e caus ing enha n ced
enrichment of petroleum in benthic organisms.

1186. Mix , M . C . , R.T. Riley , K.I. King , S.R. Trenhoim and R.L. Schaffer
( 1977 )

CHEMICAL CARCINOGENS IN THE MARINE ENVIRONMENT BENZO(A)PYRENE IN
ECONOMICALLY IMPORATNT BIVALVE MOLLUSKS FROM OREGON ESTUARIES

In: Fate and Effects of Petroleum Hydrocarbons in Marine Ecosystems
and Organisms, D.A. Wolfe (Ed.), Pergamon Press , N.Y., 1977
pp 421—431 (32 refs.)

We have recently begun to study levels of car cinogenic polycyclic
aromatic hydrocarbons that are present in bivalve mollusks from
Orego n ’s estuaries. Because of many unique features in their life
h istory and biology , ind igenous shel l f ish are useful  f or mon itor ing
the marine environment . In this paper , we desc ribe benzo (a )pyrene
(BAP) level s in economicall y — impor tant shel l f ish popula t ions f r om
several sites in five Oregon bays. We have assayed BAP levels in
clams ( Tresus capax, Saxidomus giganteus, Mya arenaria ), mussels
( Mytilus edulis) and oysters ( Crassostrea g igas ) f rom T illamook ,
Netarts , Yaq uina , Alsea and Coos Bays. Detectable levels of BAP
were present in bivalves f rom 38 of the 44 samp ling s i tes .  High
levels (g rea te r  than 15 n g/ g )  were present in mussels col lected f rom
the Newport  bay f ron t  in Yaquina Bay and from a marina in Tillamook
Bay. Significant levels (greater than 5 ng/g) were present in
M. arenaria collected from an area adjacent to the shipping docks
in Coos Bay.

1187. Motohlro , T. and Z. Iseya (1976)

EFFECTS OF WATER POLLUTED BY OIL ON AQUATIC AN IMALS. IV. QUANTITATIVE
DETER MINATION OF C — C 24 N—PARAFFINS IN MARINE SEDIMENTS AND SCALLOPS( PECTEN YESSOENS I~ ) .

Bul l .  Fac . Fish . Hokkaido U n i v . ,  27 ( 3 / 4 ) : 1 9 l — l 9 6 .

A stud y was made to de termine  whether  gas chroma tography for
quantitative detection was applicalbe to n—paraffins , and to det ermine
whether the C14 

— C24 fl—paraffin concentrations could be detected
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q u a n t i t a t i ve l y in mar ine  sed iments .  A comparison of the  c o n c e n t r a t i o n s
of n—paraffin composition from C14 to C24 in marine sediments and in
scallops was also made.

Concentrations of n—paraffins in unknown samples were determined by
calculating the areas of the chromatograms and by referring to the
standard curve. The area of each peak on the chromatogram has given
good cor re la t ion  w i t h  the concent ra t ion  of n — p a r a f f i n  so the s t andard
curve could be used for the quantitative determination of n—paraffin
concentrations. n—Paraffins from C1~ 

to C24 Were contained in the
marine sediments which were collected from the fishing ground of
scallops and a similar chromatogram pattern was also obtained from
the sample of scallops.

llM8. Odu , C.T.I. (1978)

THE EFFECT OF NUTRIENT APPLICATION AND AERATION ON OIL DEGRADATION
IN SOIL

Env iron. Pollut. (l5)(l978)

Oil i)e gradation was determined in oil—polluted (1 or 2 ml of l ight
Nigerian crude/2O g soil , equivalent to 5 and 10% pollution) soils
treated with (NH

4
)
2
S0
4 

and with nutrient elements with and without
enhanced a e r a t i on .  There was no s i g n i f i c a n t  d i f f e r e n c e  in oil
deg rada t ion  in soils with and wi thou t  enhanced ae ra t ion , nor in
soils treated with and without (NH

4
) SO and/or nutrients after 4

weeks incubation . After 12 weeks , oh ~egradation was significantly
higher (p = 0.05) in the (NH

4
)
2

SO, and nutrient treated soils
in comparison to the untreated soils, and in soils with enhanced
aera tion in compar ison to the und istrubed soil , at the 5% oil
pollution level.

Warburg respirometer studies showed more oxygen consumption (significant
at p O.05)  in the pol lu ted  soils compared with the unpo l lu ted  soIls .
In oil—polluted soils oxygen consumption was depressed significantly
(p 0.05) by the  add i t ion  of (NH 4

)
2 S04 ,  but  was enhanced s i g n i f i c a n t l y

(p 0 .05)  b y the add i t ion  of (NH 4
)

2
SO h and n u t r i e n t  e lements .  The

re sp i r a to ry  quo t i en t  (RQ) was reduced from 0.81 in unpol lu ted  soils
to 0.62 in oil—polluted soils.

1189. Odu , C.T.I. (1978)

FERMENTAT I ON CHARACTERISTICS AND BIOCHEMICAL REACTION S OF SOME ORGANISM S
I SOLATED FROM OIL-POLLUTED SEAS

Environ . Pollut. (15)(l978), pp 271—276 , 7 refs.

Biochemical tes ts  were car r ied  out w i th  microorganisms isolated
from soil soaked with oil for over three years in the oil—producing
Ogoni area , and from an oil—saturated teak plantation soil at Ibadan ,
remote from o i l — p r o d u c i n g  areas.  Both  soils contained b a c ter i a , f u n g i
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and yeast capable of attacking petroleum hydrocarb ons. On the basis of
morphology and colour of colonies and fermentation characteristics , six
and five different types of bacteria respectively were isolated from
th e Ogoni and Ibadan soils , and two yeast and nine fungal isolates were
obtained f r o m  b o t h  soils. A ll the organisms isolated were capable of
gr vth in a petroleum hydrocarbon medium and five and two respective ly
of the isolats from the Ogoni and Ihadan soils were capable of growth
in a nitrogen-fr ee medium . (Dept. of Agronomy , Univ . of Ibadan , Ibadan ,

~ig& r ii )

1HO . O ’N~- i 1l , T.B. (1977)

BIODEGRADATION OF OIL IN SEAWATER FOR NAVAL POLLUTION CONTROL

Naval Construction Battalion Cntr ., Final Rept. , June 1977, 8 pp,
4 ref .

The report describes the isolation and utilization of pure and mixed
microbial cultures for experiments on the biodegradation of crude oil
Bunker C fuel and marine diesel. Many microbial species were found
that had hvdrocarbonoc lastic activity. When pure culteres were
combined In mixtures the activity was much greater , 91% oxidation in
seven days , than the activity of any one of the component species ~ien
used in a pure culture.

ll9l. O’Suli~ van , A.J. (1978)

THE AMOCO CAI)IZ OIL SPILL

Marine Poliut. Bull. , Vol., No. 5, May 1978, pp 123—128

This report gives a preliminary account of the events surrounding
the wreck of the Amoco Cadiz on the Britanny coast in March 1978
which caused the most massive oil pollution on record .

Th e Amoco Cad iz was carrying 120 ,000 tons of light Iranian crude
oi l and 100 ,000 tons of l igh t Arabian cr ude as well  as the rema ins
of her own fuel oil when she grounded on the coast of Brittany on
17 March. She lost most , if not all this oil by 30 March , maki ng
this the largest oil spillage ever recorded .

Some 200 km of the coastline of Brittany, Including areas of outstanding
ecologic a l and b iogeograph l cal in teres t , and whose landscape , f l o r a  and
fauna are a major basis for the economy of the region , are affected.
M,i~ h oil still remains on the shore and at sea , and the situation
continues to change daily.

This paper can therefore be no more than a preliminary account of
events . It Is based on the author ’s observations extending ofver
one week from 24 March to 1 April , and on d iscuss ions w it h colleagues
at the Marine Biological Station at Roscoff.
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At this stage long—term biological effects cannot be predict ed with
certaint y , and these must remain the subject of later work and
observat ions .

1192 . Percy , J.A. (1977)

EFFECTS OF DISPERSED CRUDE OIL UPON THE RESPIRATORY METABOLISM OF
AN ARCTIC MARINE AMPH IPOD , ONISIMIJS— (BOEKISIMUS) AFFINIS

In: Fate and Effects of Petroleum Hydrocarbons in Marine Ecosystems
and Organisms, D.A. Wolfe (Ed.), Pergamon Press , N.?., 197] pp 192—200
(14 refs.)

Short—term lethality is an unsuitable criterion for assessing the
ecological effects of pollutants. A variety of sublethal physiolog ical
effects may impair an organism ’s abili ty to function normally and lead
to a reduction or elimination of sensitive populations in a polluted
area. The effects of exposure to sublethal concentrations of dispersed
crude oils upon the respiratory metabolism of a marine amphipod have
been examined . At low oil concentrations metabolism is significantl y
depressed but with increasing concentration a reversal of the response
occurs. A possible explanation for this complex response is presented.
The effects of other factors , such as oil type, presence of dispersants ,
nutritional State of the animals and weathering of the oil , upon the
metabolic response are also considered .

1193. Platt , H.M. (1978)

ASSESSMENT OF THE MACROBENTI-IOS IN AN ANTARCTIC ENVIRONMENT FOLLOWING
RECENT POLLUTION ABATEMENT

In: Marine Pollution Bulletin , Vol. 9, Number 6/June 1978, pp 149—153

Quantative population data for -~hallow Antarctic soft—bottom
communi t ies  in King Edward Cove , South Georgia indicate that
altho ugh once grossly polluted by organic effluent and fuel oil
from a whaling station , the fauna recovered within some eigh t years
aft er contamination ceased . The results are discussed Li relation
to comparable studies in other polar and temperate areas .

1194. Quinn , J.G. and T.L. Wade (1974)

HYDROCARBON ANALYSES OF IDOE INTERCALIBRATION SAMPLES OF COD LIVER OIL
AND TUNA MEAL.

Graduate School of Oceanography Marine Memorandum Series No. 23, Univ.
of Rhode Island . 7 pp , (6 refs)

A cod liver oil intercalibration sample , sp iked with South Louisiana
Crud e Oil , and an In tercal ib ra t ion  sample of tuna meal were anal yzed
for hydrocarbons as part of the baseline studies of pollu tants in
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the marine environment sponsored by the Nat iona l  Science Foundation ’s
O f f i c e  for  the In te rna t ion a l Decade of Ocean Exploration . This report
describes the s apon i f i ca t i on / ex t r ac t i on  procedures , th in  layer
chromatographic  techniques , and gas chromatographic  screening  method
used in the hydrocarbon analyses and discusses the results of these
measurements.

1195. Reish , D.J., T .J. Kauwl ing, and A.J. Mearns (1976)

MARINE AND ESTUARINE POLLUTION

Journ. of Water Pollut . Control Feder., Vol. 48, No. 6, Jun 1976 ,
pp 1439—1459 , 243 refs.

The 1974 and 1975 literature on marine and estuarine pollution is
reviewed . Discusses bioindicators , pol itical , economic and environmental
aspects of oil pollution and biological effects of oil spiils .

1196. Rice , S . D . ,  J.N. Short, and J.F. Karinen (1977)

COMPARATIVE OIL TOXICITY AND COMPARATIVE ANIMAL SENSITIVITY

In: Fate and Effects of Petroleum Hydrocarbons in Mar ine Organisms
and Ecosystems. D.A. Wolfe , (Ed.), Pergammon Press , p. 78—94, 1977.1
fig, 3 tab , 48 ref.

This review covered studies dealing with the ability of crude and re-
fined oils to kill marine animals. Literature was summarized on the
subjects of: (1) the behavior of oil in water; (2) the methodology
problems assoicated with bioassay ; (3) the comparative toxicity of
oil water mixtures , oils and components of oils; and (4) the
comparative sensitivity of different life stages and species.

1197. Roesijad i, G., D.L. Woodruff and J.W. Anderson (1978)

BIOAVAILABILITY OF NAPHTAHLENES FROM MARINE SEDIMENTS ARTIFICIALLY
CONTAMINATED WITH PRUDHOE BAY CRUD E OIL

Environ . Pollut. (15)(1978)

Uptake of naphthalenes from sand and detritus contaminated with Prudhoe
Bay crude oil was examined in the detritivorous clam Macoma thguinata.
Concentrations of naphthalenes were dete~~ ined by ultraviolet spectro—
photometry and the use of radiolabelled C—2—methylnaphthalene.
Exposure of M. inguinata to contaminatd sediments indicated that uptake
of naphthalenes as a result of consumption of sediment was insignificant .
However , naphthalenes which were released from sediment to the surrounding
water were available for uptake by the clams . Our results were consistent
with the results of other studies which examined bioavai lability of
nap hthalenes from oil—contaminated sediments.

1198. Rossi , S . S . ,  G.W.  Romme l , and A . A .  Benson ( 1978)

HYDROCARBONS IN BENTHIC INVERTEBRA ’”ES FROM THE SOUTHERN CALIFORNIA BIGHT
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In: Proceedings of Confer. on Assessment of Ecological Impacts of Oil
Spills, Keystone, Cd., 14—17 June 1978

1199. Rossi , S.S. and J.W. Anderson (1977)

EFFECT OF NO. 2 FUEL OIL AND SOUTH LOUISIANA CRUDE OIL WATER-SOLUBLE
FRA CTIONS ON HEMOGLOBIN COMPENSATION AND HYPOXIA TOLERANCE IN THE
POLYC}IAETOUS ANN EL ID , NEANTHES ARENACEODENTATA (MOORE)

M a r i n e  Science Communications, 3 ( 2 ) : l l 7 —l 3 l , 1977.

Exposure to suble thal  concnetrat ions of No. 2 Fuel Oil water—soluble
frictions (WSFs) did not affect the ability of N. arenaceodentata to
increase its body Rb content in response to hypoxia. Similar treat-
ment using water—soluble fractions of South Louisiana crude oil like-
wise indicated little disruption of compensatory ability . Reduced DO
concentrations did not slgnificnatly alter the toxicity of No. 2 Fuel
Oil WSFs to N. a renaceodenta ta .  Low DO concentrat ions  markedly
increased the  toxicity of South Louisiana crude oil WSFs , producing a
synerg i s t i c  e f f e c t .  Resul t s  were def ined relat ive to the concentrat ion
of naphthalenes and total dissolved hydrocarbons in experimental media.
Poss ible e f f e c ts of petroleum hydrocarbons on the resp iratory physiology
of marine infauna were briefly considered .

1200. Sanders , H.L. (1977)

PATTERNS IN THE AFTERMATH OF THE WEST FLAMOIJTH OIL SPILL .

In: Ab stracts, The Fourth Biennial Internat. Estuarine Res. Confer.
•Estuar. Res. Feder ., Mt. Pocono, PA, Oct 2—5, 1977.

Long—term studies of the responses of macrobenthos to the West Flamouth
oil spiLl indicate the importance of understanding the life histories
and population dynamics of constituent species. The most heavily
contaminated bottoms remained severely oiled for at least 57 months.
Af ter i n i t i a l  ann ih ila tion of the ben thos , the oppor tunisi tic Cap ite l l a

~~~ itata explosively increased . Subsequsently,  animal dens it ies
fl ucturated drastically,  there were rap id and dramatic species changes
and diversity remained low. Intermediatley oiled bottoms showed an initial
marked depression in densi ty of be nthos , bu t dens it y and d iversi ty
dramatically increased almost one year after the spill. Densities
later fluctuated and faunal changes were rapid and successional rather
than seasonal.

Diversity and density patterns for marginally oil ed bo tt oms d isplayed
considerably less temporal and spatial variability and the fauna was
much more homogeneous throug hout the  en t i re  samp ling period . The
communities were in equilibrum ra ther  than in successional change .

1201 . Schul tz , D. M . and J.G. Quinn (1977)

SUSPENDED MATERIAL IN NARRAGANSETT BAY : FATTY ACID AND HYDROCARBON
COMPOSITION.
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Organic Geochemistry,  P ergamon Press , Ct. Britain , pp 27—36 , (numerous
r e f s . )

Suspended material collected at various stations in Narragansett Bay
was analyzed for fatty acids and hydrocarbons. The qualitative and
quantitative distributions of these compounds indicated that the
influence of sewage and other pollutnats was greatest in the river
areas. Based on concentrations of polyunsaturated fatty acids , the
highest denstities of phy top lankton were interpreted to occur at
the mid and lower Bay stations , and the percentage of phytop l ankton in
suspended material was estimated from the concentration of heneicosa—
hexaene. The concentrations of fatty acids and hydrocarbons in the
suspended material decreased from the river stat ions to the mid and
lower Bay stations , closel y f o l lowing  a simi l a r  trend observ ed in
the sediment . Possible sources of the suspended material and the
influence of these sources on this material in various areas of the Bay
ere d iscussed , and attempts are made to interrelate the suspended
mater ial , resuspended sediment , phytoplankton , and sewage e f f l uen t
with chemical and biochemical diagenetic changes.

1202. Scott , B.F. and D.B. Shindler (1978)

IMPACT OF CRUDE OIL ON PLANKTONIC FRES FLW ATER ECOSYSTEMS

In :  Proceedings of Confer ,  on Assessment of Ecological  Impacts  of
Oil Sp ills, Keystone, Col., 14—17 June 1978

A series of f ive  control led  oil  spills were carried out in artificial
inground freshwater ponds to ascertain the effect of a crude oil
stress on the microorganisms in the water column . Samples were
takers every two weeks from the oiled ponds and from untreated control ponds
f o r  enumerat ion and i den t i f i c a t i on  of bac te r ia , ph y t op l a n k t o n ,
protozoa and zooplankton , and for chemica l  anal ysis of the  water ,
inc luding pH , ROD , d issolved oxygen , alkalinity, total organic
carbon , nitrogen total phosphorus as well as other factors. In addition ,
samp les of the oil were anal yzed by gas—li quid chromatography as the
exper iments  progressed .  Al l  exper iments  ~ ere in i t i a t ed  by adding a
sing le dose of crude oil to individual  ponds dur ing  the Canadian
win te r  seasons (January or F e b r u a r y ) .  Observat ions and samp ling were
continued until at least the following autumn . Four experiments involved
the addi t ion  of crude oil to the water under the 50 cm thick snow and
ice cover (two experiments using 9OL Normal Wells crude , one using
45L Normal Wells crude , and one using 9OL Pembina crude oil).
A f i f t h  experiment involved a spill  of 540L Normal Wells  crude oil on top
of the snow and ice cover of a pond . The amounts of oil added in the
under—ice experiments were either 0.05 or 0.1% of the  f l u i d  volume of
the ponds , the surface spill was about 1% of the fluid volume of the
ponds, the surface spill was about 1% of the fluid volume of the ponds ,
the surface spill was about 1% of the fluid volume of the ponds , the
surface spill was about 1% of the fluid volume .
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The major biological effects of the oil became obvious , beg inning in
ear ly spring, during and after the ice had melted . Only small changes
in the numbers and distribution of the phy top lankton , zooplankton and
bac te r i a  were observed in the oiled ponds dur ing the month or so a f t e r
the spills , while a thick ice and snow cover remained. As the ambient
t e m p e r a t u r e  increased and the water became warmer during the spring,
zooplankton populations in the oiled ponds decreased markedl y while
he t e ro t roph ic  bacter ia  increased ; the  extent  of these changes
corre la ted  wi th  the amount of oil ini t ia l ly added to each pond .
For instance , by mid—summer , in the ponds treated with 90L
Pembina or Norman Wells oil , zooplankers which were numerous in
the control  pond were reduced by 50 — 100% , while heterotrophic
bac te r ia  were 10—fold more numerous than in the control pond .

Anal yses of the oil f l o a t i n g  on the surface of the water and in the ponds ’
sediments at the end of the experiments indicated that some fractions of
the  oil had been par t ia l ly  degraded .

The general f indings  of this s tudy are in agreemen t wit h studies on
experimental oil spills in small lakes and in other experimental ponds.
chlorophyl l  measurements in the oiled ponds were several—fold higher than
in the control ponds, perhaps partly because of the absence of large
zooplankton populations which could consume algae. The species distribution
of phytoplankton in each pond was latered by the type and amount of oil
added . In the summer (July through Augus t ) the phy top lankton populations
in the ponds treated with Norman Wells oil and in the control ponds were
either dominated by or contained a large number of Chiorophyta of various
genera along with some Cyanophyta and lower numbers of many other algae .
In the pond where the Pembina oil was used , a unique summer bloom of
Zoomastigophera, a class of protozoa, occurred . The summer water quality
measurements reflected the biological status of the oiled ponds ; dissolved
oxygen , alkalinity and pH were lowest and BUD , tota l  organic carbon and
ch lorophyl l  a , highest in the ponds containing the most oil.
The results indicate t1~ t the biota , including bac teria , al gae , and
zooplankton , are g rea t ly  a f f e c t e d  by the  presence of crude oil .  Moreover ,
the modulation of the effects by the climatic conditions appear particular ly
significant. The results reflect the impact of oil ott pcocesses occurring
in the water column of ponds or shallow lakes and appear also to be pertinent
to probable effects of oil in quiescent embaynients of larger , more complex
lakes.

1203. Sharpley, J.M. and A.M. Kaplan (Eds.) 1976

PROCEEDINGS OF THE 3RD INTERNATIONAL BIODEGRADATION SYMPOSIUM.

Applied Science Publishers , Ltd., Essex, England, 1138 pp.

This volume, the third in the series, contains 108 papers presented at
the 3rd International Biodegradation Symposium, held at the University
of Rhode Island , USA , in Agusut 1975, and arranged under the auspices
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of the Biodeterioration Society.

The programme of the symposium was developed so as to cover maj or top ics
in biodegradation and biodeterioration and each session was arranged by
a recognised leader in the particular field .

Includes 21 papers on me tabolism of hydrocarb ons, o i ls , fuels  and
lubricants.

1204 . Soule , D.F., C.R .  Feldme th , M.K. Wicksten, J.K. Dawson and M . Oguri
(1978)

BIOLOGICAL IMPACTS OF THE SANSINENA OIL SPILL .

In: Proceedings of Confer, on Assessment of Ecolog ical Impacts of
Oil Spills, Keystone, Col., 14—17 June 1978.

W a t e r  column organism s , which are good indications of short term stress ,
have been monitored for some five years in the outer Los Angeles Harbor
by the Environmental Projects of the University of Southern California
when the tanker Sansinena exploded on December 17, 1976. Primary pro—
ductivitv measurements and zoop lankton sampl es had been taken on
December 8 at a station beside the blast site. Within days after the
accident , samp les were again taken in the area , and the samp ling was
cont inued on a monthly basis thereafter.

Stud ies in the area had also included mon thly measurements of physical
parameters such as temperature , sal ini ty ,  dissolved oxygen , pH , and some
turbidity through the water column as well as nutrients and some sediment
chemistry and grain size analysis. Biota studied monthly included
mi crob ials , phytoplankton productivity, chl orophy lls and assimilation
ra t ios , zooplankton species and numbers , merop lank ton—foul ing  fauna and
sea birds. Benthic organisms were samriles quarterly and f i sh  trawl were occasi ona
made.

The objec t ives  of the present study were to document the initial impact on
the water column biota , and to determine the nature and rate of recovery in
the area.

Phytoplankton productivity is measured by the 
14
C method of inoculating

water samples in paired light and dark glass stoppered bottles; these are
incubated in a standard light source box (Doty box) with circulatinc’
ambient tempera ture  sea water. Samples are filtered and counte~J in
a low background Geiger counter . Pigments are determined by filtering
sea water samples on HA Millepore filters. These are fixed with MgSO

4and placed in a th ssicator until extraction into 90% acetone and peak
absorbances are measured in a spec trophotometer .

Zooplankton are collected by surface horizontal tows , depending upon the
space available at a given station , using a 253u mesh 1/2 meter conical
ny lon net with a flow meter attached . Settling volumes are
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measured , species identif ied , and numbers per cubic meter calculated .

1205. Spies, R.B., P.H. Davis, and D.H. Stuermer (1978)

THE INFAUN AL BENTHOS OF PETROLEUM CONTAMINATED SEDIMENTS : A COMMUNITY
STUDY OF A NATURAL OIL SEEP

In: Proceed ings of Confer. on Assessment of Ecolog ical Impac ts of Oil
Sp ills, Keystone, Col., 14—17 June 1978.

The ben th ic  fauna  of a na tural submarine o il seep in the San ta Barbara
Channel is being studied in order to better understand the effects of
chronical ly contaminated coastal sediments. Community and popul at ion
change s of the infaunal  macrobenthos of the Isla Vista Oil Seep are
being compared to a nearby area similarly situated . Samples have been
collec ted every 8 weeks for 2 years. The seep sediments support a
well—developed and diverse infauna representative of the Northria—
Tellina assemblage , which is common to shallow areas of the mainland
shelf of southern California . Relative to the comparison station the
seep sed imen ts are enr iched in numbers of ind iv iduals and species but
these differences occur in such a way that Shannon—Weaver Diversity
(H ’) is abou t the same for each area and through time. Rank correlation
anal ysis of common species suggests the same basic species composition
for each area. A majority of species populations have higher densities
in the seep sedimen ts wi th par ticularly large d i f f e rences  seen for some
depos it feeders , such as oli gochaete worms. However , biomass of
pol ychaete  worms , the predominate group , Is not significantly higher.
Fluctuations in numbers of individuals species and polychae te biomass
are correlated In the two areas , with maximum values in the Spring—
Summ er and minimum values in the Fall—Winter periods. Concordance
among ranks of the ten most common species from the study period at
each s t a t ion  indicates that short—term persistence stability is lover
at the oil seep . This may be due to greater larval settling and possibly
grea te r  predat ion  at the oil seep. A hypothesis for trophic enrichment
by petroleum degrading microbes and mats of the sulfide—oxidizing
Begg iatoa is presented . The toxicity of the oil and the role that
a d a p t a t i o n  p lays in allowing a diverse community to exist in these
sed iments is discussed . Our findings suggest that moderate trophic
enrichment of deposit feeding communities occurs without change.

1206 . Sta inken, D. (1977)

THE ACCUMULATION AND DEPURATION OF NO. 2 FUEL OIL BY THE SOFF SHELL
CLAM , MYA ARENARIA L.

In: Fate and Effects of Petroleum Hydrocarbons in Marine Organisms
and Ecosystems. D.A. Wolfe, (Ed.), Pergammon Press , p. 313—322 , 1977
.5 f I g ,  2 tab , 29 r e f .

Young soft shell clams were exposed to subacute concentrations of
No. 2 fuel oil—in—water emulsions under simulated winter (4C)

C—4 3

- -- r - - - - - - 

— - - - -- — - .  —~~~~~-



s p i l l  c o n d i t i o n s .  A p a t t e r n  of a c c u n u l a t i o n  and discharge of
petroleum -onst ituen ts , an experimental depuration t ime and a
potential transport mechanism of aromatic compounds from the fuel
oil to the clams were experimentall y determined . Clams accumulated
the greatest amount of hydrocarbons within one week after the
initial exposure. The accumulated hydrocarbons decreased each week
as the hydrocarbon content of the water decreased . The d e p u r a t io n
period was determined when the c lams  were t r a n s f e r r e d  to an
uncontaminated system for 14 days subsequent to the 28 day oil
exposure.

1207 . Steele , J . L. ( 10 7 7 )  -

EFFECTS OF CERTAIN PETROLEUM PRODUCTS ON REPRODUCTION AND GROWTH OF
ZYGOTES AND J I T E N I L E  STAGES OF THE ALGA FUCUS EDENTATUS DE LA PYL

In :  Fa te  and E f f e c t s  of P e t r o l e u m  Hy d roca rbons  in Mar ine  Organisms
and Ecosys tems .  D . A .  Wo lfe , ( E d . ) ,  Pergammon Press , p. 138—1 42 ,
1 9 7 7 . 3  t ab , 12 r e f .

A method has been devised to  u t i l i z e  e a s i ly  o b t a i n a b l e  eggs of Fucus
as a b i o a s s ay .  The e f f e c t s  of va r ious  p e t r o l e u m  products  on growth and
ear l y development  of t h e  zy g o t e  has be en s t u d i e s .  A crude oil had much
less e f t e  t on Fucus growth than did No . 2 f u e l  o i l  or two j e t  f u e l s .
When exposure occured  i m m e d i a t e l y  p r i o r  to  and d u r i n g  release of
gametes , no germination or g r o w t h  occu r r ed  w i t h  any of the  oil types ,
even at the lowest concentrat ion used .

1208. Stein , R.J., E.R. Cundlach , and M.d . Hayes (1978)

THE URQUI OLA OIL SPILL (5/12/76): OBSERVATIONS OF BIOLOGICAL DAMAGE
ALONG THE SPANISH COAST

In: Proceedings of Confer. on Assessment of Ecological Impacts of Oil
Sp i l l s ,  K eys tone ,  Col . ,  1 4 — 1 7  Tune 1978.

A mass ive  oi l  s p i l l  r e s u l t e d  f r o m  the  g rounding  tnd subsequent  explosion
of the  s u p e r t a n k e r  t r g u i o l a  on 12 May 1976 at te en t rance  to La Coruna
ha rbo r  in n o r t h w e s t  S p a i n .  A t o t a l  of 99—100 . 300 tons of Persian Gulf
crude o i l  was lost , of which approximatel y 2 —3O ,000 tons washed onto
215  kin of s h o r e l i n e .  Over 2000 tons  of d i sr~~rsan ts were appl ied around
the  wreck site. Detailed observations of oil impact  were made at 32
s t a t i o n s  f rom 17 M ay to  10 ~Tune 1976. An additional 4 areas were
ana ly zed  in d e t a i l  f rom 4 -10  June to determine spill effects on the
henthic communit y . At each l o c a l i ty , two r e p l i c a t e  samp les (30 x 30 x 25 cm
quadrants) were collected from 5 or more sites. Benthic macrofauna (greater
than 0.8 cm) were counted and measured to determine species diversity,
d istribution and abundance. unfortunately, pre—sp ill benthic population
data were not available.

Biological damage was visibl y apparent along sheltered rocky coas ts ,
some fine—sand beaches , mar shes and tidal flats. In sheltered rocky
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areas near the wreck site , ex t reme ly heavy oil accumulations smothered
a l l  I n t e r t i d a l  l i f e .  In o the r  are as , l impets lost firm con t ac t  w i t h
the  s u b s t r a t e  and were easily peeled off. Small fish appeared
disoriented . On f i n e — s a n d  beaches , thousands of dead amphipods
were found a long  the  h igh t ide  swash line . Detailed stud y of a shel t ered
f ine—sand  t i d a l  f l a t  showed population mortality of 70% for the ed ib l e
cockle ( Cerastoderma edule ) and 10—30% for three other clan species.
Comparison of class size of killed cockles shows no relationship, indicating
death caused by a phys ica l , not phys io log ica l , disturbance. Clogging
of the respriatorv apparatus Is suggested. At another location , mobile
crabs ( Carcinus maenas ) seemed to suffer no ill effects. Marsh grasses
( Sp~ rtina and Juncus ) showed partial recovery (green shoots) 3 weeks
aft er heavy oiling . High energy rocky areas showed little sign of oil
Impact.

1209. Straughan , D. (1977)

BIOLOGICAL SURVEY OF INTERT ICAL AREAS IN THE STRAITS OF MAGELLEN IN
JANUARY 1975 , FIVE MONTHS AFTER THE METtTLA OIL SPILL

In :  Fa te  and E f f e c t s  of Pet roleum Hydrocarbons in Marine Organisms
and Ecosystems. D.A. Wolfe , (Ed.) Pergamnon Press, p. 247—260, 1977.2
fig, 7 tab , 23 ref .

Field sampling was conducted in areas in the Straits of Magellen that
were oiled and unoiled by oil spilled from the tanker Metula in
August 1974. Marsh plants had started to grow through oil in the
oiled areas. High levels of pe troleum hydr ocarbons were r ecorded in
mussels in the oiled areas. The presence of byrsus threads alone
suggested recent loss of mussels in part of the heavil y oiled area.
The Kuwait  c rude  oil spi l led in the S t r a i t s  of Magellen is s imi la r
to that spilled from the Torrey Canyon . In both instances there was
large scale mousse formation . It Is suggested that it Is this
physical impact tha t Is the most significant factor and not the cold
water conditions.

1210. Szaro, R.C. (1977)

EFFECTS OF PETROLEUM ON BIRD S

In: Trans. of the 42nd North American Wildlife and Natur. Res.
Conf. , 1977. Wildlife Management Inst., Wash., D.C. pp 374—381.
(many refs.)

The chronic effects of oil polluti on on aquatic biru are not well
known . Our preliminary studies Indicate that oil ingestion is probab ly
not a major cause of seabird mortality. Oil ingestion may affect the
ph ys io log ica l  and reproductive condition of seabirds. Moreover , a
substantial number of seablrd eggs may be destroyed each year b y oil
contamination . Such laboratory studies now need to be extended to
the field. Further laboratory studies are needed to measure the
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accumulation and persistence of oil in tissues and to interpret the
s i g n i f i c a n c e  of oil residues in tissues.

12 1 1 .  Szaro , R . C .  and P . H .  A ibe r s  ( 1 9 7 7 )

EFFECTS OF EXTERNAL APPLICATIONS OF NO. 2 FUEL OIL ON CO1~’tON EIDER EGGS

In :  Fa te  ari d E f f e c t s  of P e t r o l e u m  Hydrocarbons  In Marine Ecosystems
and Organ i sms, D . A .  W o l f e  ( E d . ) ,  Pergamon Press , N . Y . ,  pp 164—167 ,
( 13 r e f s .)

Because eggs of marine birds may be exposed to o i l  adher ing  to the
f e a t h e r s  of a d u l t  b i r d s , a s tud y was unde r t aken  to d e t e r m i n e  the  e f f e c t s
of o i l  c o n t a m i n a t i o n .  Two hundred common e ider  eggs ( Somater ia
m o l l i s s i m a  ) were divided in to  fou r  exper imen ta l  sets of 50 each .
Two sets were treated with No. 2 fuel oil In amounts  of 5 ul and 20 u l ;
a t h i r d  wi th  20 ul of propy lene gl ycol , a neu t r a l  b lock ing  agent . The
f o u r t h  set served as a con t ro l .  Hatching success was 96 pe rcen t  fo r
the eggs treated with 20 ul propy lene gl ycol , 96 percent for the
controls , and 92 per cent for the eggs treated with 5 ul oil hat hed .
Onl y 69 percent of the eggs treated with 20 ul of oil survived: a
significant reduction in hatchability (P is less than 0.05). Mean
hatching weights for all sets were statistically equal. Thus , oil
p o l l u t i o n  may s i g n i f i c a n t ly increase embryonic m o r t a l i t y  in m a r i n e
birds.

1212. Tatem , H .E . (1977)

ACCUMU LATION OF NAPHTHALENES BY GRASS SHRIMP : EFFECTS ON RESPIRATION ,
HATCHING AND LARUAL GROWT H

in: Fate and Effects of Petroleum Hydrocarbons in Mar ine Organisms
and Ecosystems.  D . A .  Wol fe , (Ed.) Pergammon Press , p 201—209 , 1977.4
fig, 25 ref.

Estuarine grass shrimp, Palaemonetes pugio, were exposed in artificial
seawater  to pe t ro leum hydrocarbons f rom a No.  2 fuel oil. Exposure
wate r  and organisms were sampled per iod ical ly for naphthalene concentrations.
N a p h t h a le n e  levels in the  exposure solution decreased rapidl y wh ile
c o n c e n t r a t i o n s  In the shrimp t i ssue increased dramat ica l ly. After 6 hr ,
t issue levels of methylnaph thalene were 150 times greater than water
l eve ls .  Depurat ion of hydrocarbons was rapid and began during the exposure
per iod; however , complete depuration did not occur . Respiratory rates
were transiently depressed following exposure. Naphthalenes were also
denonstated to suppress larval hatching success and larval growth. A
single 72—hour exposure of gravid female shrimp to PH (1.44 ppm) has
a detrimental effect on larval hatching . Control females released an
average of 45 larvae compared to 9 larvae for exposed females .  A
concentration of 0.72 ppm PH did not have a significant effect on
l a r v a l  h a t c h i n g .  Grass shr imp larvae con t inuousl y exp osed to PH
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(0.85 0.52 ppm ) weigh ted significantly less than contro l animals
after 12 days. Removal of larvae to clean seawater resulted in
accelerated growth. Exposure of adult grass shrimp to sublethal
levels of PH or naphthalenes Initially resulted in increased activity
and disoriented swlnnning patterns. Animals which survived exposures
seemed to recover comp l e t e ly  when placed in uncontaminated seawater.

1213 . Tay lor , T.L. and J.F. Kar inen (1977)

RESPONSE OF THE CLAM , MACOMA BALTHICA (LINNA EUS),  EXPOSED TO PRUDHOE
BAY CRfl,E OIL AS ~N1~11XED OIL , WATER-SOLUBLE FRACTION , AND OIL—CONTAMINATED
SEDIMENT IN THE LABORATORY

I n :  Fate  and E f f e c t s  of Pe t ro leum Hy drocarbons  in Mar ine  Ecosystems
and Or~ anismg, D .A .  Wolfe (Ed.), Pergamon Pr ess , N.Y ., 19 7 7 .  pp 2 2 9 — 2 3 7

The small clam , Macoma balthica (Linnaeus 1758) ,  will likely be sub-
j ec t ed  to oil s l icks layered on the mud and to w a t e r — s o l u b l e  fractions
of crude oil or oil—contaminated sediment . Groups of adul t clams in or
on their natural sediment were exposed In f l o w — t h r o u g h  aquaria  at
7 —12 C to various concen t ra t ions  of i ’rudhoe Bay crude oil layered on
the  mud s u r f a c e , the wa te r—so lub l e  f r a c t i o n  (WSF) of the crude oil , and
oil—treated sediment (OTS).

Gentle settling of crude oil over clam beds had negligible ef f ec ts on
clams observed for 2 months. Water—soluble arid oil—treated sediment
f r ac t i ons  of Prudhoe Bay crude oil Inh ib i t ed  burr owing and caused clams
to move to the sed iment surface. Responses were directl y propor tional
to concentrations of the WSF or amount of OTS. The 1—hr and 72—hr
e f f e c t i v e  median concentra t ions  of the WSF for the responses of
burrowing by unburied clams and sur fac ing  by buried clams were 0.234
and 0.367 ppm naphthalene equivalents respective ly. The interpolated
arno~ nt  of OTS needed for  a 50% sur fac ing response w i t h i n  24 hr  was 0 .67  g OTS

A l t h o u g h  shor t—term exposures of clams to the  WSF of crude oil and OTS
caused few deaths , behavioral responses of clams to oil  may be
of great importance to their survival in the natural environment. In
these laboratory tests, many of the clams recovered , but in nature clans
th at come to the sediment surface may be eaten by predators or die from
exposure.

1214 . Teal , J.M. (1977)

FOOD CHAIN TRANSFER OF HYDROCARBONS

In :  Fate and E f f e c t s  of Petroleum Hy drocarbons In Marine Organisms
and Ecosystems. D . A .  Wolfe , (E d . ) ,  Pergamnion Press , p 71—77 , 1977.36
r e f .

Routes for the uptake of petroleum hydrocarbons by aquatic organisms
other than foodweb magnification were examined . The pathway emphasized
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was that of foodweb transf .’r. Methods of pollutant transport considered
included : transport by mi grating or surface—feeding fish; sinking of
materials such as t ir - p articl e s; and hydrocarbon concentration in fecal
p e l l e t s .

12 15 .  Thoma s , M . L .  ( 1 9 7 7 )

lON ; TERN B I O L O G I C A L  EFFECTS OF B U N K E R  C OIL IN THE INTERTIDAL ZONE

In :  Fa te  and E f f e c t s  of Pe t ro leum Hy d roca rbons  in M a r i n e  Ecosystems
and Organ i sms, D . A .  W o l f e  ( E d . ) ,  Pergamon Press , N . Y . ,  1977 pp 238—245
( 2 0  r e f s . )

In F e b r u a r y ,  1970 a l a r g e  s p i l l  of Bunker  C oi l  occurred  in Chedabuc to
Bay,  N ov a Ucot Ia , Canad a when the t a n k e r  “Arrow ” g rounded .  Oil from
the  t a n k e r  has persisted f o r  over  six y ear s  on rocks  and in i n t e r t i da l
sed iments  on the  shores  of the bay. D u r i n g  t h i s  per iod  m o r t a l i t i e s
of common species  in a l l  m a j o r  c o m m u n i t i e s  on bo th  exposed and she l te red
shores  have o c c u r r e d . On rocky shores , the dominant fucoid algae suffered
heavy initial mortalities which were more severe at high tidal levels.
R e c o l o n i z a t i o n  has proceeded f rom l o w e r  to h i g her levels  bu t  has not
yet  o c c u r r e d  in t h e  h i g h  t i d e  zone. Delayed recolonization appears to
he related to long te rm t o x i c i ty .  In  salt—marsh and sheltered lagoonal
communities , the dominant grass , salt marsh cord grass , suftered
heavy m o r t a l i t y  d e l ay e d  one year from the initi al sp ill , rec ove ry
commenced two years later and is  p roce ed ing  s t e a d i l y .  S o f t — s h e l l  clams
in lagoona l sediments have shown persisten t mortalities proportional to
o i l  c o n t e n t  of s ed imen t s .  Th i s  p a t t e r n  appears  to be a r e su l t  of d i rec t
tox icity , environmental change caused by oil and sub—lethal metabolic
effects.

1216. Tokuda , H. (1977)

FUNDAMENTAL ST1DTFS ON THE INFLUENCE OF OIL P O L L U T I O N  UPON MARINE
ORGANISMS - III. EFFECTS OF OIL—SPILL EMI LSIFIERS AND SURFACTANTS
ON THE GROWT H OF PORPHY RA— 1.AVER

B u l l .  Japan Soc. S c i e n t .  F i s h . ,  4 3 ( 5 ) : 5 8 7 — 5 9 3 . ( I n  Japanese; Eng l ish
ab s t r a c t . )

I n h i b i t o ry  e f f e c t s  of o i l — s p i l l  e m ul s i f i e r s  (6 p r o d u c t s )  and non—
ionic  su r f a t a n t s  (4 pr oducts) on the growth of a layer , Porp hyra
yezoensis, were inve sti gated by culture experiments. One oil—sp ill
emulsifier composed of n—paraffin and ester—type non—Ionic surfactants
was so low in toxicity that Its 1 ppm solution supported a layer
growth rate nearly similar to that of the control; its 100 ppm
s o l u t i o n  e x h i b i t e d  a g r o w t h  r a t e  h ighe r  than  507 of the c o n t r o l .
Pol y o x y e t h y l en e  (20 m o l e )  so r h i t a n  t r i o l e i t e , an e s t e r — t y p e  s u r f a c t a n t ,
was the least ~u x f c  of the surfactan~ c te sted and allowed the layer to
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grow even at 100 ppm , while polvoxyeth ylene (5 mole) nony lphen l ether
wag the most toxic of the ether—type surfactants used and the Liver
was killed within 24 hours in 10 ppm solution . The absorption
s p e c t r u m  of the l ayer frond was not affected by a 20—hour immersion in
a 1, 000 ppm s o l u t i o n  of e i t h e r  p o l y o x y e t h yl e n e  (2 mo le )  ol y l  ether
or p o l vo x v e t hv l en e  (20 mole )  so rb i t an  t r i o l e a te .  Changes in  c e l l u l a r
appearance  of the layer induced by immersion in surfactant solutions
p r e p a r e d  at  va r ious  concentrations were also studied by optical
m i c r o s c o py .

1217 .  Tr a x l e r , R . W .  (1978)

PETROLEUM DEGRADATION IN LOW TEMPERATURE MARINE AND ESTUARINE
ENVIRONMENTS .

l’niv. of Rhode Island Dept. of Plant Pathology—Entomology Final Report
to  O f f i c e  of Nava l Research ,  Cont rac t  N0001 4—76—C— 01 38 ,  1 Jan. 1978.

Hy d r o c a r b o n  u t i l i z i n g  b a c t e r i a  were i so la ted  f r o m  several low tempera-
t u r e  w a t e r  arid sediments and were found to represent 15 d i f f e r e n t  genera .
A l l i so l a t ed  were p s y c h r o t ol er a n t  and h ad QlO val ues rang ing f rom
1.3— 2 .4 and metabolized representative aromatic , naphthenic and aliphotic
h y d r o c a r b o n s .  In s i t u  degrada t ion  rates  were d e m o n s t r a t e d  to be much
lower than  laboratory rates and were on the  order  of m a g n i t u d e  of ngs
of substrate per day. The sediment microbial populations in an oiled
beach were shown to select for hydrocarbon metabolizing organisms and
th is selection correlated with degradation of hydrocarbons in the
sediments . Hydrocarbon metabolizing microorganisms contain inclusions
not present in the game organisms grown on peptone . The inclusions
are identified as hydrocarbon oxidation products and are not pooled
hydrocarbon.

1218. lJ.S. Coast Guard (1978)

WORKING WITH ORGANIC SOLVENTS

Safety and Health Review, March 1978. Dept . of Transportation , U .S.
Coast Guard , pp 4—6. (Reprint from Lifeline, Industrial Hygiene
Dept.)

A short article on safety which reviews organic solvents and their
use. Recommends health and safety procedures to minimize the risk
of injury and illness related to occupational exposures to organic
so lven t s .  Chemical  group ings r ev iewed inc lude  ali p h a t i c  h ’;dr oc arho ns ,
aromatic hydrocarbons , halog ena ted hydrocarbons , and alcohols.

121 4. Vanderhorst , ~J.R ., J.W. Anderson , P. Wilkinson , and D . L .  Woodr u f f
(1978)

ESTIMAT I ON OF EFFECTS FROM OIL ON INTERTI D AL POPULATIONS: EXPERIMENTAL
PERTURBAT I ON VERSUS NATURAL VARIATION

In :  Proceedings of Confe r ,  on Assessment of Ecological  Impacts  of
Oil Sp ill s , Keystone Col., 14 —1 7  June 1978 .
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F :xpe r i n n  t s in c- v ing  o i l  — sp I k e !  sed i rants in  t r a y s  p l aced  in the
l ower Intert i Jo 1 zone have a d em o n o i  r a t e d  u t i l i ty  in ac- -o ssmi rit of
( r i le o i l  r e t en  i o n  by sed I - n t  s and o i l  u p t a k e  and th p u r a t  i on  b y
s i l  - c t  -d o r g a n  i so~ - i re  goa l  of t he  pr sent  s t u dy  was to e v a l u a t e
U -t a ob tain ed on recruit ru -’ t of organisms to control and oil—treated
t r a y s t o  elu cidate possibl y subt le effects and provide quantitative

~r i t e r i ; i  1-j r ris e in design of future experiments.

Sed im etit prepri r~ t ion rn. thods and exper i rra n tal approach have been
previous! ‘- described. In g e n er a l  he approach involved three
i n s t a l l a t  i n s  of 1~ fiher ,~lass trays each in the  l ower intertidal
a l i g n  Zone of S e q u i n  Ray , U i s h i n g t o n .  I-or each installation , control and
o i l — t r e a t e d  t r ay s  wi re used. P r e t r e a t m e n t  of sediment involved
sieving to increase h o m o r ’e n e t v  and a freezing—thawing regime to
nsur€ the absence of 1 lyIng organisms. Samp ling ‘- e r  a o n e — y e a r

peri’ r? involved removal of randomly seI~o ted c o re s  which extended
f r om ‘he  sediment surface to the bottom of the trays . Statistical
evaluation ~f 1- i t a  on anima l occurrence and abundance used parametric
and nonparametric tests.

A total or 42 species of animals we r e Identified from the experimental
trays. In some cases ( Mv~~ jla tumida and Psep hidia lordi ), it was
poss ible to identif” juvenile and mature cohorts. For some of the
paranc~ ers , it was observed that mean magnitude was less in oil—treated
as compare ! to control trays (e.g., abundance of juvenile M. tumida
27 7 less in t r e a t e d ) .  The data p r e s e n t e d  s p e c i fy  the pr Uobil i ty that
the ohuerved effects are , in fact , non zero (alpha = probability of a
Tv; e I error), and the probability that real cifect s do not exceed the
observed magnitude (beta — probabilit y of Type II error). The stud y
partition s the observed variation in occurrence and abundance (where
appropriate) into sources associated with samp ling t ime , cores ,
exp erimental trays , and treatment with oil.

Re- u~ of confounding f:ic ’:nrs (salinit’: , temperature , other pollutants) ,
- v a l u a t i o n  of e l 1 ects in f i e l d  s t u d i e s  is d i f f i c u l t  or o f t e n  i mp o s s i b l e .
The f i e l d  e x p e r i m e n t , as here  desc ribed , e l i m i n a te d  or greatly reduces
t h e  i n f l ue n c e  of o ’u t cunding factors. The primary ut ili t y of the data
here present ed is in the identi t ication of critical var iabilit y factors
in t h e  r e c r u i t m e n t  of m a r i n e  henthic organisms in the Puget Sound region .
The data provide a q u a n t i t a t i v e  basis for selection of sample size
in terms of cores , and o f t r a y  s iz e . The approach pre - ;cn ted i s  a p p r o p r i a t e

r use In the  iva lu i t ion of other parameters in experimental f i e l d
studios of o i l pollution effects.

122 0. ‘:~~~ r r - e u l e n , J.U . and T.C . Hemsworth (1977)

.ALTERE1) GRAZING PATTERNS I N  A COPEPOD /AL GA ECOSYSTEM BY LOW LEVEL
- 

NA PI U itA; I-;N } EXPOSURE

J n t e r n a t .  L)unc.__for the x loratjon of t h e  Sea , U.N . 1 9  7 7 / U :  70
l ’ I a n k t o n  C o m m i t t e e .  ( B e d f o r d  I n s t .  of O - ean ogr . , D a r t m o u t h , N . S, )
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The predat or—prey balance in an experimental copepod/alga ecosystem
( Calanus finnarchicus and Monochrysis lutheri ) is significantly
disrupted by small amounts  of n a p hth a l e n e .

Algal mortality due to copepod predation was significantl y higher
in the presence of 0.5 and 1.0 ppm naphthalene than in control
popu la t ions  of algae and copepods w i t h o u t  naph t h a l e n e , or con ta in ing
only al gae and naphthalene . This increased predation pressure in
t he  presence of naphtha lene  is a f u n c t i o n  of both n a p ht h a le n e
concentration and of exposure time.

Dinoflagellate motility is significantly and predictabl y disrupted
by 0.1, 0.5 and 1.0 ppm naphthalene. The breakdown of normal algal
m o t i l i t y  is a direct function of naphthalene concentration and of
exposure time .

Al te ra t ion  fo the predator—prey balance between C. finmarchicus and
M. lutheri is due to the breakdown of algal motility , and the
d i f f e r e n t i a l  suscep t ib i l i t y  of the copepod and the alga to the
pollutnat.

Th e no tion of an “Ecological LI~50
1’ for pollutants is considered .

1221. Weller , C. and D.W . Nor ton  (1977)

OIL IN THE ARCTIC: 2 . ThE OUTER CONTINENTAL SHELF ENVIRONMENTAL
ASSESSMENT PROGRAM

1223. Whipp le , J.A ., T. G. Yocom , D.R. Smart , and M. Cohen (1978)

EFFECTS OF CHRONIC CONCENTRATIONS OF THE WATER-SOLUBLE FRACTION OF
COOK INLET CRUDE OIL ON SPAWNING STAGES OF ADULT STARRY FLOUNDER

in: Proceedings of Confer, on Assessment of Ecolog ical Impacts of
Oil Sp i l ls ,  Keystone,  Co] ., 14— 17 June 1978.

One of the more impor tan t  quest ions  remaining in s tudies  of the effect
of petroleum hydrocarbons on marine organisms Is the potential effect
at chr onically low exposures.  Cons tan t  chronic  inpu t  f rom p o i n t
sources , such as in es tuar ies, may ult imatel y be o f greater impor tance
than that of catastrophic oil spills. Emphasis in these s tud ies
should h e p laced on the most critical or sensitive life history stage .
With this in view , our research has concentrated on effects during egg ,
embryo and larval stages. We have observed , that the effects of
pollutant stress are more severe at any stage if the organisms are’
also stressed by environmental extremes or are in poor “condition ” from
inadequate nutrition. On this basis, we hypothesized that the organism
at t ime of spawning may be the most  s ens i t ive  to toxic  pe t ro l eum
hydrocarbons .  The ob jec t ive  of t h i s  stud y was to de termine  the e f f e c t
of part per billion concentrations of the water—soluble fraction (WSF)
of crude oil on adult flounder and littleneck clams when epxosed prior

C— S i

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- — - i



-~r ri n e , and to determine subsequent effects on their eggs and
I - t r y  -

‘ . ~~ l t e , ~.H . ind L .F .  S t i c k e l  ( l t 7 5 )

~T ~ It-’ )U n1 :N 1 .-\l S ON ,~A’1’ERl: )Wl. REPRODUCT I ON AND SURVIVAL

itt : -r r a n s . ot  t nt- First lnter.ra t. W i t e r f o w l  ~vmpos., St. Lous, MO,
F~ h, H - , pp.  1 - —1 42 , ( 7  pp of r e f s .)

Residues ot organo chl rin c’ pesticides , P C B ’ g , heavy metals , and
ether toxic chemicals ire ubiquitous in the biosphere and are
c ’mm nlv found in tissues and eggs of wild birds. This paper
ri-v iew s resc-arch on the effects of these chemicals , with particular
reference to waterfowl .

Oil sp ills havc’ killed man , waterfowl as a result of oil ed feathers
and t h e  intake of oil and more indirect phv si o lott ica l effects have
been shown experimentall y .

Pollutants may affect waterfow l indir ec tl y by chang ing the habitat
and directly as a result o t intake of toxic substances. They are
unlikely to have been directl y limiting factors in populations
of such species as mallards. Their inv ol-em en t with problems of
other species , including eanvasbacks ( A v t h v a  valisineria ) and
r’rergansers has still to be explored .

1225. Witharn , R. (1978)

DOES A PROBLEM EXIST RELATIVE TO SF~1ALL SEA TURTLES AND OIL SPILLS?

In: Proceedings of C o n f e r .  _on_ Assessmen t of Ecolog ical Impacts of
Oil Sp ills, Keystone , Col., ‘14—17 June  1978.

A green turtle was tagged and released by me at Cape Flor ida ,
Dade County , Florida on 21 January 1976. When released , the turtle
had a carapace length of 10.2 cm. It was found dead on the beach
i t Hutchinson Island , Martin County , Florida on 9 February 1976.
There was tar in its mouth. A small untagged green turtle , carapace
length 7 . 5  cm , was found on shore at Hutchinson Island during
mid— fl -tober of 1976. It was covered with oil. The turtle was taken
to an aquarium , where it was cle ar ed of external oil. This turtle at
fir st refused to eat , n t  a lter being force fed , it d id beg in to o t t

limited amounts of food . However , it never regained its strength
and it died on ~ November 1976.

A j uvenile green turtle was found upside down and disoriented in the
surf  a t  M e r r i t t  I s land N at i o n a l  W i l d l i f e  R e f u g e . The t u r t l e  has ta r
In Its mouth. A f t e r  the  turtle w i n  taken to t he  laborator y , the tar
was removed and the  t u r t l e  s u b s e q u e n t ly  recovered . K lee rekope r  and
Bennett (unpublished research sponsored by API) reported behavioral
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changes in juvenile green turtles that were exposed to Louisiana
crude oil solutes. One of their turtles exhibited positive
response to the point  source of the solutes .

While the evidence is meager , these data suggest that a problem may
exIst via—a--vis small sea turtles and oil spills.

1226. Wolfe , D.A. (Ed.) (1976)

FATE AND EFFECTS OF PETROLEUM HYDROCARBONS IN MARINE ORGANISMS AND
ECU SY ST F,MS

In: Pr oceedings of a Symposium Nov. 10—12, 1976, Seattle, Wash.
D.A. Wolfe and others (Eds.) Pergamon Press, I .D. ~fO2l6l3—7

This volume presents most of the papers which were presented November
10—12 , 1976 at an international symposium by the same title , held at
the Olympic Hotel in Seattle , Washington . The Symposium cons isted of
t h r e e  h a l f — d a y  p lenary sessions of invited papers and three half days
of concurrent sessions for contributed papers describing original
research results. On the final afternoon , a Panel was convened to
d iscuss  f u t u r e  research p r io r i t i e s  in this  f i e l d .  The Symposium
was sponsored by the National Oceanic and Atmospheric Administration
and the Environmental  Pro tec t ion  Agency to provide a vehicle for
documenting the current status of research on the fates and effects
of pe t ro leum in marine environments , and fo r  iden t i f y ing areas s t i l l
in need of future research.
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SUBJECT iNDEX

THE SUBJECT INDEX IS A PERMUTED INDEX THAT LISTS ALP H A B E T I C A L L Y  THE
K E Y W O R D S A N D  T H E C O R R E S POND I NG SE R I A L  N U M B E R  A S S I G N E D  TO E A C H  A B S T R A C T
IN SECTI ON 0 (1—1 1 2 0 ) AND IN S ECTION C (1 1 21 — 122 6 ) .

0590 A BALONE ;  SUBLETHAL EFFECTS ; CHRONIC EXPOSURE ; COAL 011 POINT . CALIF. ;
SEDI M EN TS; BE NTHI C I N — F A U N A ;  M USSEL ; BAR N A C L E

0653 A B N O R M A L  GROW TH S ; F IELDS STUD iES ; CHRONIC POLLUTION )
SA N T A  B A R B A R A  SPILL ; LAKE M A R A C A I B O .  VENE ZUELA ; BERMUDA ;
T I M B A L I E R  BAY . L A . ; P O P U L A T I O N  LEVELS ; DIVERSITY ; SIZE ; GR OW TH RATE ;
REPRODUCTION ; B I O M A G N I F I C A T I O N

O~ S5 A B N O R M A L I T I E S ; B E NZE N E ; HER R ING ; ANCHOVY; EGGS ; L A R V A E ;  TOXICITY ;
GRO W TH ;  R E S P I R A T I O N ;  FEEDING

0568 A DR A ;  CRUDE OIL ; T O X I C I T Y ;  C A S P IA N  SEA ; CER A ST ODER M A ; CHANCE;
P ONT OG A MN A R U S

056 ? A B R A ;  CA S P I A N SE A ; B E N T H O S; CR U DE O I L ; G R O W T H ; R E P R O D U C T I O N ;
C H I R O N O M U S ; CERA STOD E R IiA ; NAI S ; NERE IS ; P Y R G O H Y D R O B IA

0072 AB SOR BA P $ TS ; T O X I C I T Y ;  BE N TH IC FLORA ; S IODE GRA D ATI ON J FUEL OIL
1 1 1 3 ABSORBENTS ; B I O D E G R A D A T I O N ;  B A C T E R I A ;  SUBSTRATE; DIS T R I B U T I O N ;

H Y D R O G E N  A C C E P T O R
0610 A B SORPT i ON TO PA RT i CLE S ; RA D I O ACTIV E TR *CER S ,1 E STUARIES ;

PETROLEUM COMPONENTS ; M I C R O B I A L  DEGRADATION
0052 ABSTRACTS ; COLLECTION OF ABSTRACTS ; SAMPLING METHODS ;

A N A L Y T I C AL TECHN i Q UES ; B I O L O G I C A L  ASSESSMENT
006$ ABUNDANCE ; D I S T R IB U T I O N ; B I O I N D I C A T O R I  ENUMERATION ;

CRUDE OI L —  SW EDEN ; TEM PERATURE; LEVEL OF O iL ; MICROORG A NISMS;
B I O D E G R A D A T I ON ; R A R I T A N  BAY N ,J . ;  GAS CH R OMATOGRAPHY

0102 AB U N D A N C E ;  ARCTIC; PH YTOPL A N K TON ; PRODUCTIVITY ; OIL SEEP ; BACTERIA;
A L A SKA ; CAPE S IMPSON ; NATURAL OIL SEEP ; PHYTOPL A N K TON P R O D U C T I V I T Y ;
B A C T E R I  A

O2~~I AB U N D A N C E ;  CHRONIC POLLUTION ; L IMPET S; BARNACLES; REF!NEIY EFFLUENT ;
T R A N  SE C IS

0465 A B U N D A N C E ;  BIODEGRADATION ; BACTE R IA ; D I S T RIBUTION;
O I L - O X I D I Z i N G  BACTERIA ; N ORTH SEA ; WATE R ; SEDIM ENT

O IB ? A C A R T I A ; T O X I C I T Y ;  ECOSYSTEM iMPACT ; HYPOTHETICAL; R E V I E W ;
N I G E R I A N  C R U D E

0702 AC A R T I A ;  ZOOP LANK TON ; T O X I C I T Y ;  BLACK SEA ; CRUDE OIL ; M I N E R A L  OIL ;
P A R A C A L A N U S ;  P E N I L L I A ;  CE N TROP A GE S ; OI THO I4A

O~ 52 ~t.C U flU LAT E ; OIL ; UP TAKE ; RAT E OF ENTRY ; NYA AR EN AR IA ; M UCUS BINDING;
DROPLET S; OIL DYE

027$ AC C U M U L A T I O N ;  HYDROCARBONS ; ZOOP LANK TON ; FISH ; TOXICITY; T A I N T IN G ;
B EHAVIOR ; UPTAKE ; M E T A B O L I S M ;  D E P U R A T I O N

04B7 A C C U M U L A T I O N ;  MA P H TN A LE N E ; COPEPOD ; R A D I O A C T I V E ;  LONG TERN EXPOSUR E
LOW LEVEL C O N C E N T R A T I O N S ; M A R I N E  ZOOP IAHK TON ; PERSISTENT EXPOSURE ;
U P T A K E /D E P U R A T I O N ; CALANUS ; E U R Y T E N O R A

0400 AC C U M U L A T I O N ;  MY T ILUS ; UPT A K E ;  D E PURAT ION ;
H Y D R O C A R B ON C O N T E N T A N A L Y S i S ; P H Y S I O L O G I C A L  S T R E S S ;
BIOLOG I CAL M O N I T O R ; MUSSELS

1116 A C C U M U L A T I O N ;  BIODEGRADATION ; BACTERIA; SEDIMENTS; R A R A T A R I A  S A Y ;
A N A E R O B I C ; •EN Z (A )PYRENE ; MYTILUS; W H I T I N G ;  PICKEREL

0344 AC C U M U L A T O R  O R G A N I S M S ;  M O N I T O R I N G ; C A RCINOGENS ; MUSSELS; N YT ILUS ;
PO L YCYCL IC A R O M A T I C  HYDROCARBONS ; BEN ZOPY PEN E

1102 A C E TYLCNOLI N ESTERA SE ; MULLET ; E M P I R E  N I X  CRUDE ; PHSI OLOGI CA I. EFFECT ;
L I V E R  WEI GHT ; A L K A L I N E  PH O SPMAT A 8E ; B— C L U C U R O N ID A S E ;
NA L I C  DEHYDROCEN A SE ; A E R O B I C  METABOL I SM
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053? A C M R O M O B A C T E R ;  C O R Y N E B A C T E R I U M ;  A R T N R O B A C T E R ;  R A T E  E N H A N C E M E N T ;
H Y D R O C A R B O H - O X ID I Z I N G  B A C T E R I A

0563 ACID  P R O D U C T I O N ;  B I O D E G R A D A T I O N ; YEAST; GAS C H R O M A T O G R A P H Y ;
T E M P E R A T U R E ; SU B S T R A T E  SELECTION

030? A C I N E T O B A C T E R ;  B A C T E R I A L  D E G R A D A T I O N ; ULT R AST IUCTU R E; SEQUESTERING
0314 A C T IN O M Y C E T E S ; D E G R A D A T I O N ; B A C T E R I A ;  F I L A M E N T O U S  FUNGI; YEAST;

PH YC On Y CE TE S
0532 A C T I V I T Y ;  HYDROCARBONS ; S I O I N D I C A T O R ;  B I O E L E C T R I C  A C T I O N  POTENTIALS;

R E M O T E  E L E C T R O D E S ; C R U S T A C E A N S
OS~~4 A C T I V I T Y :  S U R F A C T A NT S ; F I SH ; C R U S T A C E A N S ; B I V A L V E S ;  T O X I C I T Y ;

BEHA VI O R ;  D EVELOPMENT ; BYSSUS THREAD ; N O U L T IN C
0553 A C T I V I T Y; D I SP E R S A N T S ; EM U L S I O N S ; T O X I C I T Y ; SUB L E T H A L  E F F E C T S ;

M O T I L I T Y ;  B I V A L V E S ;  CR USTACE A H S ; FISH; B E H A V I O R ;  OIL E M U L S I O N ;
C O N T I N U O U S  FLO W ; LOC ON OT IO

0868 ACUTE ; T O X I C I T Y ;  C H R O N I C ;  CRUDE OIL; COMPONENT; PHYSIOLOGY; B E H A V I O R ;
AR CTIC & S U B A R C T I C  ORGANISMS; T E M P E R A T U R E ; M E T A B O L I S M

0117 ACUTE P O L L U T I O N ;  C H R O N I C  POLLUTION; P N Y T O N E T R I C ;  PHYTOSOC IALO C Y ;
D I V E R S I T Y

0285 ACUTE  T O X I C I T Y ;  PLANTS; CRUDE OIL F R A C T I O N S ; T E R R E S T R I A L ;
C H R O N I C  T O X I C I T Y

0650 A D D I T I V E S ;  B A C T E R I A L  D E G R A D A T I O N ;  SLICK—SEEDING; ENHANCEMENT;
M I C R O B I AL S E E D I N G ;  BOO ; T O T A L  O R G A N I C  C A R B O N ;  N U T R I E N T  S A L T

0733 ADULT ; 8P1002 ; KEROSENE; CHE MK LE E N; BA R N A C L E ;  BA LAHU S ; N A U P L I U S ;
T O X I C I T Y ; C I R R A L  A C T I V I T Y

0685 AEDES ; PETROLEUM F R A C T I O N S ; NOS QIJ ITO S; TOXIC i TY ; CULEX ; EGGS; L A R V A E ;
PUP A E

0123 AE D ES A E G YPT I ; GASOLINE F R A C T I O N S ;  TOLUENE ; XYL EN E J BE N ZENE ;
T O X I C I T Y ;  M O S Q U I T O  L A R V A E ;  MAT ER SOLUBLE F R A C T I O N S

0753 AE R A T I O N ; B I O D E G R A D A T I O N ;  RATES; MIXED CULTURE ; O R G A N I C  E N R I C H M E N T ;
I N OR G A N I C  S A L T S

0013 AERIAL SURVEYS; WATERFOWL RESTO RATION ; TOXIC ITY ; R E V IE W — O I L  SPILLS ;
DISPERANTS AND E M U L S I F IE R S

0188 A E R O B I C ;  D E G R A D A T I O N ;  B A C T E R I A ;  ANAEROBIC; PHYSIC AL CNA N C E ;
C H E M I C A L  C H A N C E

0152 AEROBIC; B A C T E R I A ;  SEDIMENTS ; L O U I S I A N A  BAY ; O X I D A T I O N ;  A N A E R O B I C
0402 AER O B I C ;  D E G R A D A T I O N ;  O X I D A T I O N ;  HYDROC ARBONS ; B A C T E R I A ;  A N A E R O B I C
1102 A E R O B I C  M E T A B O L I S M ; MULLET; E M P I R E  M I X  CRUDE ; PH S IOL OCI CA L EFFECT;

L I V E R  W E I G H T ;  A L K A L I N E  PNOS PNA TAS E ; B— G L U C U R O H ID A S E ;
M A L I C  DE HYDROCENASE ; A CET Y LC HQL I NESTE RA$E

I ll ?  A F R I C A N  COAST; CHRONIC; I N T E R T ID A L
0315 AGE ; P ETROLEUM LUM PS; ASSOCIAT ED B I O T A ;  TAR BALLS;

O X Y G E N  C O N S U M P T I O N
086? AGE ; PINK SALMON ; CRUDE OIL; TOXICITY; AVOIDANCE ; J U V E N I L E ;

M I G R A T I O N . CHEM O R E C E P T IO N
0880 A C ONUS; H E R R I N G ;  T O X I C I T Y
0550 A I R  EXPOSURE; CORAL; T O X I C I T Y :  OIL ; E N I W E T O K  ATOLL
0*02 AL A S K A ;  A R C T I C ;  PH YT OP LANKTO * 4 ; PR O D U C T I V I T Y ;  O i L SEEP; ABU NDANCE;

BA C T E R I A ; C A P E  S I M P S O N ;  N A T U R A L  O I L  S E E P ; P H Y T O P L A N K T O N  P R O D U C T I V I T Y ;
B A C T E R I A

0103 AL A SKA ; SHRIMP; COON-STRIPE SHRIMP ; KIN G  CRABS ; COOK INLET CRUDE ;
T O X I C I T Y ; BIOASSAY; S T A T I C ;  W A T E R  SOLUBLE F R A C T I O N

0538 ALAS K A ;  H Y P O T H E T I C A L  SPILLS; COMPUTER MODELING
0578 ALAS K A ;  COOK INLET ; CRUDE OI L
0?S4 A L A S K A
0070 ALAS K A ; TO X I C I T Y ;  COOK INLET CRUDE ; BIOASSAY; STATIC; FISH ;
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INVERTEBRATES
0531 A L A SK A ;  P A C I F I C  H E R R I N G ;  T O X I C I T Y ; R O E ; H A T C H I N G  S U C C E S S ;

MBR PN O L OCI C *L A NO M OL IE S ; HERRING; CRUDE OI L
0874 A L A S K A ; B I O D E G R A D A T I O N ; T E M P E R A T U R E ; S A L I N I T Y ; M O R T A L I T Y ;  C H E M O T A X I S ;

COS K I N L E T ; V A L D E Z
1002A ALASK A ; M A C O M A ;  M UD FLATS; B E H A V I O R — B U R R O W I N G
11 55 A L A S K A ; COA ST A L  E N V I R ON M E N T ;  H Y P O T H E T I C A L S P I L L S ; COOK I N L E T ;

V U L N E R A B I L I T Y  INDEX
1152 AL A S K A ;  CRUDE OIL ; CRAB ; SHR I MP ; EM B R YOG E NES IS; GROWTH; COOK INLET
121 3 A L A S K A ; C L A N ; M A C O M A ; P R U D H O E  BAY C R U D E  O I L ; B U R R O W I N G ;

B E H A V I O R A L  E F F E C T S
0062 ALASKA -PIUDHOE SAY; ARCTIC; M I C R O O R G A N I S M S ;  PRUDHOE BAY; VALD E Z;

U M I A T I  NATURAL SEEPA GES ; CAPE SIMPSON
0101 AL A SKA— BARLO W ; CRUDE OIL ; POND ; ARCTIC ; PHYSIC A L PARAMETERS;

PHYTOPL *N K TON; VASCULAR PLANTS ; CHIROHO MI D; AQUATIC;
PRUDNOE CRUDE OIL ; ARCTIC -TUNDRA; SENTH IC ORGANISMS ; PLANKTON

0504 AL A SKA — P R .  W I L L IA M  SOUND ; HYDR OCARBON CONTENT AN A L Y S I S ;
GAS C H R O M A T O G R A P H Y

0066 *L *SKA—PRU D HOE BAY ; PROTOZOA ; ALGAE; FUNGI; PLANTS; LICHENS;
P S E U D O N O N A S ;  A R C T I C ; M I C R O O R G A N I S M S ; PR U D H O E  C R U D E  O I L ;
NATURAL OIL SEEPAGE; CAPE SIMPSON

0063 A LAIKA — PR U OH O E SAY ; MI C R O B I A L  POPULATIONS; PRO TO ZOANS ;
BLUE GREEN ALGAE ; DIATOMS; DE GRADATION; YEAST; SPECIES DIV E R S I T Y ;
GREEN ALGAE ; NATURAL SEEPAGE; PRUDH OE CRUDE OIL; ARCTIC;
CAPE S I M P S O N ; N U T R I E N T  E N R I C M M E N T

1042 ALC I DS ; B I R D S ; I N D I C A T O R  S P E C I E S ;  AU K S ; M U I R S ;  E l DERS
045 1 AL ERT SA Y .  CANADA ;  IR ISH ST AR DUST — A L E R T  B A Y  1~~?3t RECOVERY;

I IOD EC RAD A T IOM ; NE RVY FUEL OIL
0414 A L (V I N S  W AT ER SOLUBLE FRACT ION ; T R O U T ;  OVA
OS~ 5 A L E V I N S ;  CRUDE OIL ;  SALMON ;  ONC OIH YHCHUS ;  EGGS;  FRY ; T O X I C I T Y ;

CR OW TN
0058 ALEWIVES ; CN ENO TAXI S ; LOBSTER S : HORSESHOE CRA B ; FLA TWO R N ; KEROSE N E
O~ OI ALEWIVES; ARGO MERCHANT SPILL; H ISTO PATH O LOG Y; A~IMOD YT E$ ;

FLOUNDER (WI HT E R IYELL OV TAI L ) ; CRA BS (HER NI T ); H Y P E R P L A S I A ;  EDEMA ;
HEMOCYTES ; CILIATES

1066 ALGA ; CHESAPEAKE BAY ; B A L T I M O R E  HARBOR ; BI O D E G R A D A T I O N ;  PROT O TN ECA
0115 A L G A E ;  K E L P
0065 ALG A E ; PHOTOSYNTHESIS; R E S P I R A T I O N ;  NITROGEN F I X A T I O N ;  B A C T E R I A ;

FUN GI; ARCTIC; CRUDE OIL ; NATUR A L  GAS; M I C R O O R G A N I S M S
0066 ALGAE ;  P R O T O Z O A ;  FUNG I; PLANTS ;  L I C H E N S ;  PS E UDO M ONAS ;  A R C T I C ;

M ICROORGANISMS ; PRUD NOE CRUD E O I L ;  NATURAL  OIL  SEEPAGE ;
A LAS K A-P R UDHO E SAY ; CAPE SIMPSON

0157 ALGAE ;  A R O M A T I C  HYDROCARBONS ; BENZ PYREN E ;  TUMOR L IKE G R O W T H S ;
C A R C  I N O G E N I S  IS

0156 AL GAE; PRA8 INOLADUS ; EM ULSI FI E R S; BP 1002; TOXIC ITY ; TEMPERATURE
0155 ALGAE ; DETERGENTS ; INTERTIDAL; SHORT TERM EFFECTS; LONG TERM EFFECTS;

L I T T O R I AL C O M M U N I T Y
0250 AL GAE ; PA RA F F I MS ; ZOOP LANK TON ; PH YTOPLAN E TON ; SED IMENT ; PR IST A NE ;

SIOCENIC ; PETROLEUM
0322 ALGAE; GROWTH ; EUG LENA : SCENEOESMUS : LUU ZCA T INC OILS ; DIESEL OIL ;

PHOTOSYNTHE TIC N ETASOLI SM
032$ ALGAE ; AR CTIC; P R I M A R Y  PRODUCTIVITY; M A C K E N Z I E  V A L L E Y  CRUDE OIL ;

$PECIE 8 COMPOSITION
0310 ALGAE ; NUCLEIC ACIDS
0572 AL GAE ; FRESH WATER; C H LO R ELL A VULCA R IS ; TOXICITY; GROWTH;
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PHOTOSY NTHESIS ; B E N Z E H F ; X Y L E N E ; TOL .UEHE ; N A P T H A L E N E
0667 A LGAE; N Y X O T R O P H I C  GRO W TH ; H Y D R O C A R B O N S ;  SCE NE DES M NS ; D E G R A D A T I O N
064 2 A L G A E ; B I O C E N I C  VS P E T R O L E U M H Y D R O C A R B O N S ; PY R O G R A P H I C S;

O U T B O A R D  M O T O R  O I L
0710 A LG A E ; P E T R O L E U M ; T O X I C I T Y ; G R O W T H
0719 A L G A E ;  P L A T Y M O H A S ;  T O X I C I T Y ;  G R O W T H  RATES ; F I N E  S T R U C T U R E ;

NA N O  P L A N K T O N ;  C R U D E  OIL ; E M U L S I F I E R
0665 ALGAE ; P E L A G I C  H Y D R O C A R B O N S ;  TAR B A L L S ;  R O C K Y  IN T E R T ID f l L ;  F L O R A ;

F A U N A ;  B E R M U D A ;  SPLASH ZONE; H O D I L I T T O R I H A ;  T E CTAR IUS ;
H Y D R O C A R B O N  A N A L Y S I S

0847 AL GAE; M A R I N E ; P H Y T O P L A H K T O N ; C R UDE OIL ; FUEL OIL 52 ; GROWTH RATES
0945 AL G A E ;  OIL; D I N O F L A G E L L A T E ;  D U N A L I E L L A ;  D I A T O M ;  F R A G I L A R I A ;

A X E N I C  CULTURES ; G R O W T H  RATES
0921 ALG A E ;  OIL; B A C T E R I A ;  O T T A W A ; ICE
0905 ALGAE; CRUDE OIL ; P HOTOSYNTHESIS ; D I F F U S I O N  RATES
1008 ALG A E ;  B I R D S ;  FISH; T A I N T I N G ;  M O L L U S C S ;  B E N Z O P Y R E N E ; T O X I C I T Y :

T O R R E Y C A N Y O N  S P I L L
1065 A L G A E ;  P R O T O T H E C A ;  SUBSTRATE SELECTION ; B I O D E G R A D A T I O N
1 020 AL G A E ;  E M U L S I F I E R S ;  B I O A S S A Y ;  T O X I C I T Y ;  G R O W T H ;  P O P U L A T I O N ;  TISSUES ;

LA y ER ; P O R P H Y R A
1039 A L G A E ;  P H Y S I O L O G Y ;  H Y D R O C A R B O N S  P E T R O L E U M ;  R E V I E W ;  N A P H T N A L E N E ;

P H O T O S Y N T H E S I S; A lP ; C R U D E  O I L ; D I S T I L L A T E  F R A C T I O N S
0966 ALG A E ;  SANTA B A R B A R A  SPILL; I N T E R T I D A L ; S U B T I D A L ; SURVEY; D I V E R S I T Y ;

P L A N TS ; I N V E R T E B R A T E S ; C H A N N E L  I S
0975 ALGAE; SANTA B A R B A R A  SPILL; BIRDS; I N V E R T E B R A T E S ;  M O R T A L I T I E S ;

R E C O L O N I Z A T I O N ;  S U B L E T H A L  EFFECTS; P H Y L L O S P A D I X ;  C H I HA N A L U S ;
POLL IC I PES . H E SPEROP HYC US

1094 ALGAE; FUEL OIL *2 ; T O X I C I T Y ;  P HEHA LE $-1 -O NE ; W A V E L E N G T H  DEPENDENT;
AL G A E - B L U E  GREEN ; ALGAE -GREEN; DIATOMS

1 131 A L G A E ;  N I C R O F L O R A ;  P H Y T O P L A N K T O N ;  CRUDE OIL ; FUEL OIL ; T O X I C I T Y :
NA P H T H A L E N E ;  P H E N A H T H R E H E ;  A R O M A T I C S ;  A L G A E - G R E E N ;  A L G A E - B L U E  GREEN;
D I A T O M S ; G R O W T H

11 60 A L G A E ;  D I SPE R SA H TS; C O R E X I T ;  CRUDE OIL ; A R C T I C ;  P N Y T O P L A N K T O N ;
P R O D U C T I V I T Y

1220 AlGAE : COP E PODS ; C A L A H U S ;  M O N O C H R Y S I S ;  N A PHTH A LEHE;
BE H A V I O R A L  EFFECTS; M O T I L I T Y

1207 A L G A E ;  FUCUS; CRUDE OIL; FUEL OIL *2 ; JET FUEL
12 15 ALG A E; FUEL oil ; BUNKER C; CHED AB UCTO BAY ; N O V A  SCOTIA; AR R O W  SPILL;

L O N G  T E R N  E F F E C T S ; C O R D G R A S S ; M A R S H ; T O X I C I T Y
1 2 16 A L G A E ; A L G A E ; P O R P H Y R A ;  D I S P E R S A N T S ; G R O W T H ; T O X I C I T Y
1175 A L G A E ;  C RUDE OI L ;  ZOOPL A N K TO H ; C R U S T A C E A N S ;  POL Y CHAET E S; MO LLUSCS ;

FISH ; U P T A K E ;  R E T E N T I O N ;  D E P U R A T I O N ;  R E V I E W ;  B ENTHIC O R G A N I SM S
1094 A L G A E  —GREEN; FUEL OIL *2; ALGAE: T O X I C I T Y ;  P H E N A L E N — 1 — O N E ;

W A V E L E N G T H  DEPENDENT; A L G A E - B L U E  GR E EN ; D I A T O M S
1 * 31 A L G A E - B L U E  GREEN; N I C R O F L O R A ;  P H Y T O P L A N K T O N ; ALGAE; CRUDE OI L ;

FUEL OIL ; T O X I C I T Y ;  N A P H T H A L E N E ;  PHEH A HTHRE N E ; A RONATICS ;
ALGAE-GREEN ; D I A T O M S ; G R OWTH

1094 A L G A E — B L U E  GREEN; FUEL OIL *2; ALGAE ; TOXICITY; P H E N A L E H — 1 — O N E ;
W A V E L E N G T H  DEPENDENT ; ALGAE -GREEN; D I A T O M S

1131 A L G A E — G R E E N ;  N I C R O F L O R A ;  P H Y T O P L A N K T O H ; A LGAE; CRUDE OIL; FUEL OIL;
T O X I C I T Y ; N A P N T H A L E N E ; P H E N A N T H R E N E ;  A R O M A T I C S ;  A L G A E - B L U E  GREEN;
D I A T O M S ; G R O W T H

0071 A L G A E - W A S T O C ;  A R C T I C ;  L I C H E N S ;  R E S P I R A T I O N ;  PHOT OSYNTHESIS;
N I T R O G E N  F I X A T I O N ; PR U D H OE C R U D E  O I L

01 6* A L G A L  BLUE GREEN; FUEL O ILO2 ; N I G E R I A N  CRUD E; C R A N K C A S E  OIL;
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B E N T H I C  ALG A L C O M M U N I T I E S ; P R I M A R Y  P R O D U C T I V I T Y ;  T O X I C I T Y ; R E C O V E R Y
0274 A L G A L  P R O D U C T I V I T Y ; EFFLUENT ; REFINERY HOLD I NG PONDS ;

CO MMU N I TY M E T A B O L I S M ; S E A S O N A L ; R E S P I R A T I O N ; L I G H T ;  T E M P E R A T U R E
0184 A L I P H A T I C ;  A R O M A T I C ;  SUB-LETHAL EFFECTS
0500 A L I P H A T Z C ;  CRU DE OIL ; CRUSTACEA ; B E H A V I O R )  FEEDING;

P OL YA R O M A T I C  H Y D R O C A R B ONS ; C H E M O R E C E P T I O N
0730 A L I P H A T I C ;  SALMON; TOXICITY; CRUDE OIL ; PR UDHO E BAY ; ARO N ATICS;

CELL M E M B R A N E  PERMEABILI TY
1 074 A L I P N A T I C ;  A R O M A T I C ;  D E T E R M I N A T I O N  TECHNI QUES ; M A R I N E  ORGANISMS ;

ETHER E X T R A C T I O N ; SIL I C A  GEL CHROMATOGRA PHY; GAS CHROMATOGRAPHY:
MASS S P E C T R O M E T R Y

1 218 A L I P H A T I C  H Y D R O C A R B O N S ;  ORGAN IC SOLVENTS ; HUMAN EFFECTS;
A R O M A T I C  H Y D R O C A R B O N S

0731 A LIP HATICS ; SA LMON ; TOXICITY; CRUDE OIL : A ROMATICS;
C E L L  ME M BR A NE P E R M E A B I L I T Y

1 1 3 3  A L I P H A T I C S ;  FU EL OIL ; CRASBOSTRE A ; QU A NO C ; ESTUA R IN E ; N E R C E N A R I A ;
C L A M S :  OYSTERS; U P T A K E ;  R E T E N T I O N ;  D E P U R A T I O N

1102 A L K A L I N E  PHOSPHATASE ; MUL LET ; EMP IRE M I X  CRUDE ; P HS IOLO CI CAL EFFECT ;
LI VER W E I G H T ;  B - C L U C U R O N I D A S E ; M A L I C  DEHYDROGENASE )
AEROBIC M E T A B O L I S M ;  A CE TY LC H OL !NESTER A SE

0482 ALKANES ; FISH ; A S S I M I L A T I O N ;  D I S C R I M I N A T I O N ;  COD ;
H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S

0554 AL K ANE S ; YEAST ; O X I D A T I O N ;  TORUL O PS I S ; M ETABOLIC PATHWAYS ;
GL YCOL IPIDS

0467 AL KYLBE N Z E N E S ;  TOXICO LOGY ; U L T R A V I O L E T  SPECTROPHOT N E TRY; BEN ZE HE ;
BLOOD: KEROSEN E

0760 A L K Y L N A P H T H A L E N E ; NA P H TN A L E N E ;  CONTENT ANALYSIS;
U L T R A V I O L E T  SPE CTROPH O TOM (TRY; TECHNIQUES ; TISSUES; SEAWATER

0996 AL OSA ; SHAD ; T O X I C I T Y ; PETROLEUM PRODUCTS ; D ISSOLVED OXYGEN ;
S Y H E R G I S M ;  G A S O L I N E ;  FUEL O I L ;  BUNKER OIL

0675 A N BASSIS ; DISPERSANTS ; TOXICITY ; FISH; SHRIMP; COR E X I T ;  S U B — T R O P I C A L ;
CENTROPOGO M ; DIOGENES ; PA LE ON ONOTES

0019 AMER INST 810 S d . ; SYMPOS I UM ; SOURCES . EFFECTS. AND SINKS ;
H Y D R O C A R B O N S

0021 AMER  PETROL. INST. ; C O N F E R E N C E ;  P R E V E N T I O N  AND CONTROL ;
O I L  S P I L L  C O N F E R E N C E 157 5

0020 AMER PETROL. INST. ; CONFERENCE ; PREVENTION AND CONTR OL ;
O I L  S P I L L  C O N F E R E N C E  1973

0019 AM E R  PETROL INST. ; CONFERENCE ; PREVENTION AND CONTROL;
O I L  S P I L L  C O N F E R E N C E  1969

0022 AMER  PETROL. INST. ; CONFERENCE ; PREVENTION AND CONTROL ;
O I L  S P I L L  C O N F E R E N C E  15??

0501 A N N O D Y TES ; A R G O  M E R C H A N T S P I L L ; N I S T O P A T N O L O C Y ;
F LO UNDER (W I N T E R L Y E L L O W T A I L ) ;  A L E W I V E S ;  C RA B S (HERMIT ); H Y P E R P L A S I A ;
EDEM A ; N E NOCYTES; C I L I A T E S

0053 A M M O N I A  P R O D U C T I O N ; B I O D E G R A D A T I O N ;  CRUDE OIL ; M I T R I F I C A T I O N ;
M I C R O O R G A N I S M S

1 191 A M O C O  CA DIZ SP I LL S B R I T T A N Y  F R A N C E ;  CRUDE OILS — I R A N I A N  & A R A B I A N
0438 AMOE B A ; DETERGENTS ; OIL FRACTIONS ; CELL M E M B R A N E
0663 A M O E B A ;  N A R C O S I S ;  P A R A F F I N  OILS; SITE OF ACTION
0895 AMOEBA ; CEL L M EM BR A NES ; OIL; EMUL S IF IER S ; NARCOSIS ; CYTOLOGY;

D E G R A D A T I O N ;  B A C T E R I A L
0350 A M P H I D I N I U N ; P HYTOPL A NKTON ; SK ELETOMEMA ; CR ICO SPNA ER A ; D U N A L I A L L A ;

B E N Z E N E ;  T OLUENE ; X Y L E H E ; FUEL O ! L S 2 ;  G R O W T H
1 12 7 A M P N IO X U S ;  AR GO M ERCHANT SPILL ) FUEL OIL ’ EMBRYOG ENE STS;
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H A T C H I N G  SUCCESS ; M O R P H O L O G Y ;  POLLOC K ; C E P H A L A C H O R D A T A
0430 A M P H I P O D ; TOX ICITY ; B E H A V I O R ; L A R V A E ; G A M M A R U S ;  F E C U N D I T Y
0834 A M PH I POD ; CRUDE OIL ; lOOTE R ; GA NMA RUS; LONGEVITY; ISO POD ;

O X Y G E N  C O N S U M P T I O N
0818 A M P H I P O D ;  C R U S T A C E A :  B E HA V ~~CR ; CRUDE OIL ; S E D I M E N T S ;  O N I S IM U S ;

A V O I D A N C E ; W E A T H E R I N G
0820 A M P N I P O D ; A R C T I C ; C R U D E  O I L ; ~O E L E N T E R A T E ; L O C O M O T O R Y  A C T I V I T Y ;

S U B L E T H A L  E F F E C T S ; O H I S I N U S ; H A L I T H O L U S
0863 A M P H I P O D E S ; S U P R A L I T T O R A L ; A R T H R O P O D S ; L I M O S I N A ; OR C H E S T I A ;

E F F L U E N T S ; T O X I C I T Y ; C R U D E  O I L ; F L I E S
0 1 2 1 A M P H I P O D S ;  SALT MARSH ; Y ORK R I V E R ;  ISOLATED ECOSYSTEM ;

SOUTH LA. C R U D E ;  W E A T H E R E D  OIL ;  P H Y T O P L A I 4 K T O N :  FISH; P E R I P H Y T O N ;  A TP;
M A R S H  CRASS ; BEN TH IC FAUNA ; POLYCH A ETES; INSECT L A R V A E ; O L I G O C H A E T E

0366 A M PHIP O DS; FUEL OIL S2 ; H IA N T I C  BAY. CT. ; B E NTN IC C O M M U N I T I E S ;
4ER M I T  CRABS; H Y D R O C A R B O N  CONTE NT AN A L Y S I S ;  GAS C H R O M A T O C R A P H Y

0416 AMPHIPODS ; T O X I C I T Y ;  FUEL OIL *2; CRUDE ; B R E E D I N G ;
W ATER SOLUBLE F R A C T I O N

0842 A M P H I P O D S ;  ARGO M E R C H A N T  SPILL; BE N TH I C  F A U N A ;  SPECIES D I V E R S I T Y ;
P O P U L A T I O N  DENSITY: IN T E R T I D A L  F A U N A :  H A R P A C T I C O I D  COPE PODS;
PO LYCH AET ES

0817 A M P H I P O O S ;  ARCTIC; CRUST A CEA ; ISO PODS; BEHAVIOR; A T T R A C T I O N ;
R E P U L S I O N ; T A I N T I N G ; CR U DE O I L

1184 A M P H I P O D S ;  FUEL OIL $2; TOXICITY; TEMPERATURE; W E A T H E R I N G
1192 AM PHI PO DS; O N I S I M U S ,  RESPIRATION; TOXICITY; DISP E RSANTS ;

P HY S I O L O G I C A L E F F E C T S
0614 AM PH ITH O E ; T O X I C I T Y ;  A R C A T I A :  S P H A E R O M A ;  FUEL OIL;

W A T E R  SOL UBLE F R A C T I O N
1139 AMPHOP O D; A R C T I C ;  BE N TNI C INVERTEBR A TES ; B E H A V I O R A L  EFFECT S ;

M O R T A L I TY ; I S O P O D S
0235 A NA CORTES ; DIESEL OIL ;  I N T E R T I D A L ; I N V E R T E B R A T E S ;  M O R T A L I T I E S
1075 A N A C O R T E S ; T R A N S E C T S ; H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S ;

D I V E R S I T Y  IH ID ICE S ; GAS cHRONA r OGRA P HY ; INTERTIDAL INV ER TEIRATE S
0192 A N A E R O B I C ;  B A C T E R I A ;  SEDIMENTS; L O U I S I A N A  BAY ; O X I D A T I O N ;  A E R O B I C
0198 A N A E R O B I C ;  D E G R A D A T I O N ;  B A C T E R I A ;  A E R O B I C ;  PHYSICAL CHANCE ;

C H E M I C A L  C H A N G E
0402 A N A E R O B I C ;  D E G R A D A T I O N ;  O X I D A T I O N ;  HYDROCARBONS; B A C T E R I A ;  A E R O B I C
111 6 A N A E R O B I C ;  B I O D E G R A D A T I O N ;  B A C T E R I A ;  SEDIMENTS; B A R A T A R I A  B A Y ;

B E N Z ( A ) P Y R E N E ;  A C C U M U L A T I O N ;  M Y T I L U S J W H I T I N G ;  PI CKEREL
1014 A N A E R O B I O S I S ; A R G O  M E R C H A N T  S P I L L ; W I N T E R  F L O U N D E R ;

YELL O W  TAIL FLOUNDER; M OD IOLUS ; P L A C O P E C TE N ;  R E S P I R A T O R Y  ENZYM E S ;
M A L I C  D E H Y D R O G E N A S E ; Q S M O L A L I T Y ;  P Y R U V A T E  R EDUC T I O N

0136 AN A L Y S I S ;  R E V I E W )  P E T R O L E U M ;  I D E N T I F I C A T I O N : M O N I T O R I N G
1 185 A N A L Y S I S  FOR H Y D R O C A R B O N ;  M A R S H ;  ECOSYSTEM ; PETROLEUM HYDROCARBON;

L O U I S I A N A; CORDCRAS S; ESTUARIES
0039 ANA L Y S I S  F O R  H Y D R O C A R B O N S ; R E V I E W ; H Y D R O C A R B O N  L E V E L S
0036 A N A L Y S i S  FOR HYDROCARBONS; OYSTERS; UPTA K E AND D E PURAT ION;

G A L V E S T O N  BAY . TEXAS ; A N A L Y T I C A L  METHODS (UV ,CC ); C RA SSOSTRE A ;
G U L F OF M E X I C O

0037 A N A L Y S I S  FOR H Y D R O C A R B O N S ;  OYSTERS; UPTAKE AND D E P U R A T I O N ;  G R O W T H ;
C R AS SOS Y R ER

0141 A N A L Y S I S  FOR H Y D R O C A R B O N S ;  TRACER S ; PHYTOL ; Z U O P L A N K T O N ;  FISH;
OLEFINS ; FOOD CHAIN ; B I O G E N I C  VS. P E T R O L E U M

1 * 5 7 A N A L Y S i S  FOR H Y D R O C A R B O N S ; SOUTH L OU i S IA NA C R U D E  O i L; OYSTERS;
C R A S S O S T R E A ; M O R T A L I T Y ; GAS C H R O M A T O G R A P H Y

1124 A N A L Y S I S  FOR H Y D R O C A R B O N S ;  F ISH ; FUEL OIL ; B U N K E R  C; DUCKS; M U S K R A T S :

— - —



CATTAILS ; ST. LA W R E N C E  RIVER; MARSHES
1177 A N A L Y S I S  FOR H Y D R O CA R BO NS ; P U E R T O  R I C O ; O IL  SP I L L S ; EC OS Y S T E M ;

M A N G R O V E ;  C O R A L  R E E F S ;  E S T U A R I E S ; M U L L E T ; O Y S T E R ; C L A M ;
HISTOP A THOLO GY ; REVIEW

1194 ANALYSIS FOR N Y D RO CAR B ONS ; THIN LAYER C H R O M A T O G R A P H Y ;
GAS CHR OMAT O G R A P H Y

118 1 A NAL YS I S  FOR H Y D R O C AR B O N S ; C O N T I N E N T A L  S H E L F ; C R A B S ; U P T A K E ;
C A L I F O R N I A ; O F F S H O R E  P L A T F O R M S

1187 A N A L Y S I S  FOR H Y D R O C A R B O N S ;  SCALLOPS ; PECTEH ; P A R A F F I N S ;
GAS C H R O M A T O G R A P H Y

1173 ANALYSIS FOR HYDROCARBONS; DUCKS; MALLARDS ; HAPHTHALEH E J
PHYSIOLOGICAL EFFECTS ; SOUTH LOU I S I A N A  CRUDE OIL

0002 A N A L Y S I S  F O R  P E T R O L E U M  H Y D R O C A R B O N S; F I S H ; T A I N T I N G ; W H I T E F I S H
12 02 A N A L Y S I S  FOR P E T R O L E U M H Y D R O C A R B O N S ;

NORM A N  WELLS I PE N BINA C R U D E - O I L ;  ASSESSMENT OF SPILLS ;
M I C R O O R G A N I S M S )  BACTERIA ; PROTOZOA ; PH Y TOPLANKT O N J ZO O PLA NK TON;
C A N A D A

0 130 ANALYSIS FOR PHC ’S; H Y D R O C A R B O N ;  N — A L K A N E ; M E T H Y L A N A P H T H A L E H E ;
SHELLFISH ; COLUMN C H R O M A T O G R A P H Y ; G A S — L I Q U I D  C H R O M A T O G R A P H Y

0094 AN A L Y S I S •O F  H Y D R O C A R B O N S ;  H Y D R O C A R B O N S  IN S E A W A T E R
0051 ANALYSIS OF HYDROCARBONS; CLAMS ; NA R R A G A N S E T T  BAY -~

CHARL E STOV H POND R I .
0801 A N A L Y T I C A L  M E T H O D S ; P O L Y N U C L E A R  A R O M A T I C  H Y D R O C A R B O N S ;

P E T R O L E U M  OILS ; M A R I N E  T ISSUES: BE H Z (A)A H T HRA CE NE ; BE NZO(A )PY R ENE
0036 ANALYTICAL METHODS (UV .CC); OYSTERS; UPTAKE AND D E P U R A T I O N :

GA L V E S T O N  B A Y ,  T E X A S ; A N A L Y S I S  F O R H Y D R O C A R B O N S ; C R A S S O S T R E A ;
GULF OF M E X I C O

0052 A N A L Y T I C A L  TECHNIQUES; COLLECTION OF ABSTRACTS ; ABSTRACTS;
S A M P L I N G  METHODS; B I O L O G I C A L  ASSESSMENT

0526 AN A L Y T I C A L  TECHNI QUES ; HYDROCARBONS; CONTENT A N A L Y S I S ;
THIN LAYER CHROMATOGRAPHY; SEDIMENTS

0753 AN A L Y T I C A L  TECHNI QUES ; R EVIEW WORKS H OP -I INPUTS ; B I O L O G I C A L  EFFECTS
0330 ANA8 ; DUCKS; M A L L A R D S ;  CRUDE OIL; INGESTION ; EGGS; EM B R Y L I T O X I C I T Y
0295 A N AS; BIRDS; M A L L A R D S ;  CRUDE OIL; P HYSIOLOGY; D E H Y D R A T I O N ;

MUCO SAL TRANSFER RATE ; DISPERSANTS; INTESTINAL ABSORPTION
0300 AW A S; OIL; MALLARDS; PHYSIOLOGY ; INTESTINAL ABSORPTION;

NUCOSAL TRANSFER R A T E S )  CRUDE O ILS )  B O I L I N G  F R A C T I O N S
0551 ANCHOVY; SANTA B A R B A R A  SPILL; FISH; POPULATION; D I V E R S I T Y ;  PELAGIC;

R O C k F I S H; E C H O  S O U N D I N G
O~ $5 ANCH OVY ; BEHZENE ; HERRING; EGGS ; LA R V A E ;  TO XICITY; A B N O R M A L I T I E S ;

G R O W T H )  R E S P I R A T I O N - I  FEEDING
0594 ANER O B I C  B A C T E R I A ;  SEDIMENT; NI T R O G E N  F I X A T I O N ; A R C T I C - I  B A C T E R I A ;

PETROLEUM FRACTIONS ; BEAUFO RT SEA ; ESKIMO LAKES NWT
091? AN E R O B I C  C O N D I T I O N S ;  B I O D E G R A D A T I O N ;  SED IMENTS
07*? ANGULLA ; TAINTING; GREEN FISH; EEL ) FUEL OIL - B O I L E R ;

C O N T E N T  A N A L Y S I S ; C I R E L L A
07 70 AN I M A L S ;  REVIEW; OIL; M A R I N E ; PLANTS
0236 A H N E L ID A .l DIESEL FUEL ; PE L A G I C  LARVAE ; E N C N IN O D E R M A T A ; A R T H R O P O D A ;

T O X I C I T Y ; SYMPTOMS
09*4 AN MEL IDS ; FUEL OIL $2; NA PHT HA L E HE ; POLYCHAETE ; NEANTH E S;

UPTAKE IDEPUR A T ION ; DEVELOPMENT; MALE; FEMALE; EGGS ; L A R V A E
11 93 A N T A R C T I C ;  MACRO BE NTHOS ; ASSESSMENT; FUEL OIL; BENTHI C ECOLOGY
0775 A N T H O P L E U R A ;  T A N P I C O  M A R U  SPILL ; C H R O N I C ;  SURF CONDITIONS;

M O R T A L I T I E S ; SUCCESSION; R E C O V E R Y ;  B A J A .  CALIF.; KELP;
PHOTOSYNTHESIS
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10 6 1 A N T I B I O T I C S ;  B I O D E G R A D A T I O N ;  M I C R O O R G A N I S M S ; E N U M E R A T I O N ;
CO N C E N T R AT I O N ; I H O C U L U M W A S H E S

0011 A P H A H I Z O M E H O N ;  P E T R O L E U M  PRODUCT S; BLUE G R E E N  A L G A E ;  S C E H E D E S M U S ;
GR OWTH ; M O R P H O L O G Y :  P R O T O C O C C A L  AL G A E

0101 A Q ’JATZ C; CR UDE O I L ;  POND: A R C T I C ;  P H YSICAL P A R A M E T E R S ;  P H Y T O P L A N K T O N ;
V A S C U L A R  PLANTS; C H I R O N O M I D ;  P RUDH O E CRUDE OI L ;  A R C T I C  - T U N D R A ;
A L A S K A -  B A R L O W ;  8EN THIC O R G A N I S M S ;  P L A N K T O N

0803 A Q U A T I C ;  LAKE C H A M P L A I N ;  M O S Q U I T O S
0408 A Q U A T I C  A N I M A L S ;  P H Y SIO LOGY ; P O L L U T A N T S
l 1 O ~ ~4 Q U A T I C  A N I M A L S ; T A I N T I N G ;  H Y D R O C A R B O N  COHTE N T : S P E C T R O F L U O R O M E T R Y ;

B U N K E R  C
0999 A Q U A T I C  L I FE & W I L D L I F E ;  C RUDE OIL ; P E T R O L E U M  PRODUCTS ; W A T E R  Q UALITY ;

F I S H
0096 A Q U A T I C  O R G A N I S M S :  B I B L I O G R A P H Y -  OIL P O L L U T I O N  EFFECTS
0 6 3 2  A Q U A T I C  O R G A N I S M S ;  C O L L E C T I O N  OF P A P E R S ;  P O L L U T A N T S ;  P H Y S I O L O G Y
0806 A Q U A T I C  O R G A N I S M S ;  C H R ONIC C O N T A M I N A T I O N ;  D I P T E R A ;  FLIES;

B I B L I O G R A P H Y
0471 A R A B i A N  LI GH T CRUDE ; MET I JL A SPILL ; STRAIT OF M A G E L L A N ;

E C O S Y S T E M  I M P A C T
0799 A R A B I A N  L I G H T  C R U D E  O I L ;  F I S H ;  P A R I F F I N S ;  GAS C H R O M A T O G R A P H Y ;  EELS;

T A I N T I N G ; O R G A N I C  S U L F U R
0614 A R C A T I A ; T O X I C I T Y ; S P H A E R O M A ; A M P H I T H O E  F U E L  O I L ;

WA TER S O L U B L E  F R A C T I O N
0063 A R C T I C ;  M I C R O B I A L  P O P U L A T I O N S ;  P R O T O Z O A H S ; B L U E  G R E E N  A L G A E ;  D I A T O M S ;

D E G R A D A T I O N ; Y E A S T ;  S P E C I E S  D I V E R S I T Y ; G R E E N  A L G A E ;  N A T U R A L  S EEPAGE ;
PRUD HOE CRUDE OIL; A L A S K A - P R U D H O E  BAY ;  CAP E SIMPSON ;
N U T R I E N T  E N R I C H M E N T  

-

0071 A R C T I C ;  LICHENS ; A L G A E — N A S T O C ;  R E S P I R A T I O N ;  PHOTOSYNTHESIS;
N I T R O G E N  F I X A T I O N ;  P PU D HO E CRUDE OIL

00 65 A R C T I C ;  P H O T O S Y H T f E S I S ;  R E S P I R A T I O N ;  N I T R O G E N  F I X A T I O N ;  B A C T E R I A ;
ALGAE ; FUNGI ; CRUDE O I L ; N A T U R A L  GAS ; M I C R O O R G A N I S M S

0062 A R C T I C ;  M I C R O O R G A N I S M S ;  PRUDH OE BAY: VALDEZ : U M IA T ;  N A T U R A L  SEEPA CES;
A L A S K A  — P R U D H O E  BAY ; CAPE SIMPSON

010 1 A R C T I C ;  C R U D E  OIL; POND ; P H Y S I C A L  P A R A M E T E R S ;  P H Y T O P L A N K T O H ;
V A S C U L A R  P L A N T S ;  C H I R O I 4 O M I D ; A Q U A T I C ;  P R U D H O E  C R U D E  OIL;
ARCTIC -T UNDRA; A L A S K A -  B A R L O W ;  B E NT H IC O R G A N I S M S ;  P L A N K T O N

0066 ARCT I C ;  PROTOZOA; ALGAE; F U N G I :  PLANTS ; LICH ENS; PSEUDO M ONAS;
M I C RO OR G A N I S M S ; P R U D H O E  C R U D E  O I L ; N A T U R A L  O I L  S E E P A G E ;
A L A S K A - P R IJDH OE B A Y ;  CAPE S I M P S O N

0102 A R C T I C ;  PH’(TQ P L A H K T O H ;  P R O D U C T IV I T Y ;  O I L  SE E P ; AB U N D A N C E ;  B A C T E R I A ;
A L A S K A ;  CAPE SIMPSON ; N A T U R A L  OIL SEEP ; P H Y T O P L A N X T O N  P R O D U C T I V I T Y :
B A C T E R I A

0234 A R C T I C ;  I N V E R T E B R A T E S ;  R E P R O D U C T I O N ; R E C O V E R Y ;  R E C O L O N I Z A T I O N
0206 A R C T I C ;  B I O D E C P A D A T I O N ; R A D I O A C T I V E  T R A C E R :  G E O G R A P H I C  D I S T R I B U T I O N ;

E F F E C T  OF C L A Y  P A R T I C L E S  ON R A T E ; E N U M E R A T I O N ;  R A T E ;  D I S S O L V E D  PHASE
0242 A R C T I C ; R E V I E W ;  B I O L O G I C A L  C O N S E Q U E N C E S ;  B I R D S ;  C O M M E R C I A L  F I S H E R I E S ;

C O A S T A L  F L O R A  A N D  F A U N A ; P U B L I C  H E A L T H
0328 A R C T I C ;  A L G A E ; P R I M A R Y  P R O D U C T I V I T Y ;  M A C K E N Z I E  V A L L E Y  C R U D E  O I L ;

S P E C I E S  C O M P O S I T I O N
0407 A R C T I C ;  I N V E R T E B R A T E S ;  R E C R U I T M E N T ;  B R O O D I N G ;  M I C R O B I A L  D E G R A D A T I O N ;

T E M P E R A T U R E ; R E C O L O N I Z A T I O N
0501 A R C T I C ;  P H Y T O P L A N K T O N ; PHOTOSYNTHESIS; G R O W T H ;  P L A N T S ;

C O M M U N I T Y  E F F E C T S ;  PE R IP H Y T O N ;  P O P U L A T I O N  C O M P O S I T I O N ;
S E A S O N A L  S U C C E S S I O N ;  M A C K E H Z IE  V A L L E Y  N W T

0584 A R C T I C ;  S E D I M E N T ;  N I T R O G E N  F I X A T I O N ;  B A C T E R I A ;  A N E R O R I C  B A C T E R I A ;

b-B

-
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P E T R O L E U M  F R A C T I O N S ;  BEAUFORT SEA ; ESKIMO LAKES HWY
0528 A R C T I C ;  T E R R E S T R I A L  PLANTS ; T A I C A ;  TU NDRA
0509 A R C T I C ;  O F F S H O R E  P R O D U C T I O N ;  B E A U F O R T  SEA; H Y P O T H E T I C A L  SPILL
0609 A R C T I C ;  Z O OP LANK TO N ; BENZP Y RE N E ; UPTAKE; D E PU R A TIO N ; P A C I F I C  COAST ;

A R O M A T I C  H Y D R O C A R B O N S ;  N A P T H A L E N E ;  R A D I O A C T I V E  TRACERS ; C A L A W U S
0524 A R C T I C ;  T E R R E S T R I A L  PLANTS; M I C R O B I A L  D E G R A D A T I O N ;  E N H A N C E M E N T
0656 A R C T I C ;  B I B L I O G R A P H Y ;  S U B A R C T I C ;  R E V I E W
0657 A R C T I C ;  s..R CT E C ; S U B A R C T i C
0820 A R C T I C ;  CRUDE OIL ; AMPH I POD; COEL E NTERATE ; L O COMOT OR Y A C T I V I T Y ;

S U B L E T H A L  E F F E C T S ;  O N I S IM U S ;  HA LI THOLUS
0819 A R C T I C ;  CRUDE OIL; M A R I N E ;  INVERTEBRATES; B EA U FOR T SEA
0817 A R C T I C ;  CR U STA CE A ; ISOPODS ; AM PHI PO DS I BEHAVIOR ; ATTRACTION;

REPULSI ON ; T A I N T I N G ; CRUDE OIL
0935 A R C T I C ;  CRUDE OIL ; LAK E S ; M A CKENZIE DELTA ; WATER COLUMN ; SEDIMENTS;

ZOOBE N THOS : DEGR A D A T I O N
1160 ARCTIC ; D I S P E R S A N T S ;  CORE XI T; CRUDE O IL ; P HY TO P LAW K TON ; PR O D U C T I V I T Y ;

A L G A E
114 5 A R C T I C ;  N O R M A L  W E L L S  CRUDE OIL ; SEALS; RINGED SEALS; B ENZENE I

N A P H T H A L E N E ; P A T H O L O G I C A L  EFFECTS; UPTAKE & INGESTION
11 39 AR C T I C ; B E N T H I C  I N V E R T E B R A T E S ;  A M P H O P O D ; B E H A V I O R A L  E F F E C T S ;

M OR T A L I T Y ; I S O P O D S
1128 A R C T I C ;  B I O D E G R A D A T I O N ;  M I C R O O R G A N I S M S
1136 A R C T I C ;  Q U AN O G ~ CYCL OALKA N ES ; CONTINENTAL SHELF ; CLAMS ; RHODE ISLAND
1129 A R C T i C ;  B I O D E G R A D A T I O N ;  MI CROOG AN I SMS ; TEMP ERATURE ; NUTRIENTS;

O XYGEN R E Q U I R E M E N T S ;  CRUDE OIL ; A R O M A T I C S ;  PA R A FFINS ; B EAUFO R T SEA;
C H U K C N I  SEA

1134 A R C T I C ;  SUB A R C T I C ;  8A FF IN BAY ; DAV IS STRAIT ; LA BR A DOR SEA ;
AS SESSMENT OF SPILLS ; PHY TO PLA NK TO HJ ZOOPLANETON; ZO OB EN THOS ; F ISH;
M A M M A L S ; B I R D S

1 179 A R C T I C ;  PETROLEUM HYDROCARBONS ; N UTA CE N ES IS ; PLANKTON; FISH;
M E T A B O L I S M

122 1 ARCTIC ; C ONTINENTAL SHELVES ; ASSESS MENT OF SPIL L S ; REVIEW;
P O T E N T I A L  O I L  S P I L L S

0868 ARCTIC I SUBARCTIC ORGANISMS ; TOX ICITY ; A CUTE - I CHRONIC ; CRUDE OIL ;
CO MPONENT; PHYSIOLOGY: B EHAVIOR; TEM PER A TURE ; METABOLISM

0*01 ARCTIC -TUNDRA ; CRUDE OIL ; POND ; ARCTIC ; PHYSICAL PARAMETERS ;
PHYTOPLA N ETON ; V A S C U L A R  PLANTS: CH IRON OM ID ; AQUATIC ;
P RUDHO E C R U D E  OIL; A L A S K A —  BARLOW; B ENTH IC O R G A N I S M S ;  PLAN K TON

0846 ARE N I C O IA ;  PO LYCHAET E ; BEHAVIOR ) FEEDING; WEATHE R i N G
0174 ARGO MERCHANT ; FISHERIES ; FOOD CHAIN
02 2 3 A R G O M E R C H A N T  S P I L L ; S Y M P O S I U M
0191A AR G O M E R C H A N T  SPILL ; HI STOLOGY ; LESIONS ; PEAR L FO R M A T I O N ;  CANCER ;

M O D I O L U S ;  2 0 0 P L A H K T O N
0462 ARGO MERC HA N T SPILL
0665 ARG O  M E R C H A N T  SPILL ; RESE ARCH NEEDS
0653 ARG O  M E R C H A N T  SPILL; H Y D R O C A R B O N  CONTENT AN A L Y S I S ;

GLASS C A P I L L A R Y  GAS C H R O M A T O G R A P H Y
0841 ARGO M ERCHANT SPILL; BIRDS
0830 ARGO MERCHANT SPILL ; ZO OP L RN KTON
0842 ARGO M E R C H A N T  SPILL ; BE N THIC FA UNA; SPECIES DIVERSITY ;

P O P U L A T I O N  D E N S Y T ! ;  I N T E R T I D A L  FAUNA ; H A R P A C T I C O I D  COP EPODS ;
P4L YC NAETE S ; A N PH1POD S

0918 ARGO M E R C H A N T  SPILL ; FISHERIES ; N A NTUCKET SHOALS
O~ 01 ARGO MERCHANT SPILL ; H I STOPATHOLOGY; ANM OD YTES ;

FLOUNDE R (W I N T E R IY E L L OW T A IL ) ;  ALEWIVES ; CRA SS (HERMIT) : NY PER PLA S IA.I
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EDEMA ; HEMOC Y TES ; C I L I A T E S
1 014 ARGO M E R C H A N T  SPILL ; W I N T E R  F L O U N D E R ;  Y E L L O W  TA I L  F L O U N D E R  M O D I O L U S ;

P L A C O P E C T E N ; R E S P I R A T O R Y  E N Z Y M E S ; M A L I C  D E H Y D R O G E N A S E ; O S M O L A L I T Y ;
P Y R U V A T E  R E D U C T I O N ; A N R E R O B I O S I S

1127 A R G O  M E R C H A N T  S P I L L ;  F U E L  O I L ; E M B R Y O G E N E S I S ; HA T C H I N G SU C C E S S ;
M O R P H O L O G Y ;  POLLOC K ; C E P H A L A C H O R D A T A ;  A M P H I O X U S

0184 A R O M A T I C ;  A L I P H A T I C ;  SUB-LETHAL EFFECTS
1074 A R O M A T I C ;  A L I P H A T I C ;  D E T E R M I N A T I O N  TECHNI Q UES; M A R I N E  O R G A N I S M S ;

ETHER E X T R A C T I O N ;  S I L I C A  GEL C H R O M A T O G R A P H Y ;  GAS C H R O M A T O G R A P H Y ;
M A SS S P E C T R O M E T R Y

030? A R O M A T I C  COMPOUNDS; D E C R A D A T ’O H ;  B A C T E R I A
1151 A R O M A T I C  N C ’ 5 ; B IO D E G R A D A T I  N ; C R U D E  OIL; B A C T E R I A
11 39 A R O M A T I C  N C ’S ; CRUDE OIL; CR~~I; C A N C E R )  M A P H T H A L E N E ; BEN ZENE ;

T O X I C I T Y ; R E P R O D U C T I O N  I D E V E L O P M E N T
1109 A R O M A T I C  H Y D R O C A R B O N ;  P O L Y C Y C L I C  A R O M A T I C  N C ’S ; CONTENT A N A L Y S I S ;

B U N K E R  C; CREOSOTE; SEALS ; FISH ; SHELLFISH ; P A W :  F L U O R O M E T R Y ;
FUE L . O I L

0201 A R O M A T I C  H Y D R O C A R B O N  C O N T E N T ;  H Y D R O C A R B O N  C O N T E N T ;  M E T A B O L I S M ;
FIDDLER CRAB; tWA; OX i DATION; C L E A R A N C E

0049 A R O M A T I C  H Y D R O C A R B O N S ; T O X I C I T Y ;  FOOD C H A I N ;  F A T T Y  TISSUES
0157 A R O M A T I C  H Y D R O C A R B O N S ; A L G A E ; SENZPYREN E ; TUMOR L I K E  G ROWTHS;

C A R C IN O G E N I S I S
0458 A R O M A T I C  H Y D R O C A R B O N S ;  CRUDE O IL ; R E F I N E D  OIL ; T O X I C I T Y ;  B A C T E R I A ;

W A T E R  SOLUBLE FR A C T I O N ; W E A T H E R I N G ;  G R O W T H  RATE ;
M A X I M U I M  CELL DENSITY

0600 A R O M A T I C  H Y D R OCARBONS; PETRO SU LFAR C O M P O U N D S ;  M O D I O L U S ;  C R A S S O S T R E A ;
R E T E N T I O N ; F L A M E  I O~~I Z A T I O H D E T E C T I O N ; F L A M E  P H OT O M E T R I C  D E T E C T I O N ;
GAS C H R O M A T O G R A P H Y ; GAS C H R O M A T O G R A P H Y — M A S S  S P E C T R O M E T R Y

0608 A R O M A T I C  H Y D R O C A R B O N S ;  ZO O P L A N K T O N ;  BE NZPYR E NE; U P T A K E ;  D E P U R A T I O N ;
P A C I F I C  COAST ; A R C T I C S  N A P T H A L E N E ;  R A D I O A C T I V E  TRACERS; C A L A N U S

0611 A R O M A T I C  H Y D R O C A R B O N S ;  MYTILUS ; CONTENT A N A L Y S I S ;  UPTAKE; D E P U R A T I O N ;
R E T E N T I O N ; MUSSEL: R A D I O A C T I V E  TRACERS; P A R A F F I H S

0786 A R O M A T I C  H Y D R O C A R B O N S ;  T A I N T I N G ; J A P ANESE COAST; FISH; EELS;
GAS C H R O M A T O G R A P H Y ; IR A B S O R P T I O N ;  UV A B S O R P T I O N ;  MASS SPECTRUM;
TOLUENE ; MIZ U S H I M A .  J A P A N ;  GASOLINE

1 154 A R O M A T I C  H Y D R O C A R B O N S ;  Z O O P L A N K T O H ; C O P E P O D S ; HA P H T H A L E N E :
PHYSIOLOGICAL EFFECT S; RETENTION; DEVELOPMENT

1 196 A R O M A T I C  H Y DROCARBONS ; B ENZOPYRE NE: CLANS ; MUSSELS; OYSTERS; OREGON;
E S TU A R I N E ; U P T A K E ; C A R C I N O G E NS; M O L L U S C S

1 21 8 A R O M A T I C  H Y D R O C A R B O N S ; O R G A N I C  SO L V E N T S ; HU M A N E F F E C T S ;
A L I P H A T I C  H Y D R O C A R B O N S

115 0 A R O M A T I C  PETROLEU M PRODUCTS; 8 1 O D E G R A D A T IO N ;  X YL EN E ; MIC R 0O RANI S PI S ;
B A C T E R I A ; N O C A R D I A

012 ? A R O M A T I C S ; S A L T M A R S H ; E ST U A R Y ; Y O R K  R I V E R ; SO U TH L A  C R U D E ;
H Y D R O C A R B O N A N A L Y S I S ;  C ONTROLLED ECOSYSTEM; FU N D U L U S ;
GAS CHRO M A T O G R A P H Y ;  G C- M S

0356 A R O N A T I C S ;  N Y T I L U S : CONTENT A N A L Y S I S ;  M E T A B O L I S M ;  P E T R O L E U M ;
R I O G E N I C ; MUSSELS; KI EL BIGHT. W .  G ERMANY

0355 A R O M A T I C S ;  N YTILUS; MUSSELS; UPTAK E ; D E P U R A T I O H ;  B I O C E N I C ;  P E T R O L E U M ;
K I E L  B I G H T

0419 A R O M A T I C S ;  B E HZ (A)PV RE N E; DNA B I N D I N G ;  PO LCYCLIC
05 46 A R O M A T I C S ;  B A C T E R I A L  D E G R A D A T I O N ;  PSEUD O MONAS; M E T A B 3 L I C  P A T H W A Y S
0736 A R O M A T I C 5 ;  T A I N T I N G ;  SCA LLOPS ; P A R A F F IN S ;  C R U D E  OIL
0730 A R O M A T I C S ;  SALMON; T O X I C I T Y ;  CRUD E 011 ; PRUDH OE BAY ; A L I P H A T I C ;

CELL M E M B R A N E  P E R M E A B I L I T Y
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0731 A R O N A T I C S ;  S A L M O N ;  T O X I C I T Y ; C R U D E  O I L ; ~L I P H A T I C S ;
C E L L  M E M B R A N E  P E R M E A B I L I T Y

0761 A R O M A T I C S ;  TOXIC I TY; PHE HATH RENES ; ESTU A RIH E ; B E NTH IC ; O C E A N I C ;
L A R V A E ; JU V ENILES; RESPIRATION ; GROWTH ; SUBLETHAL

1039 A R O M A T I C S ;  C Y C L O - A L K A N E ; SED I M E N T S ;  B UN K ER C; BEACH S E D I M E N T S ;
CNEDASU CTO BAY . NOVA SCOTIA ; ARROW SPILL; M E T A B O L I S M ;  M O L L U S C S ;  M Y A ;
O STREA ; M YT ILU S: A RY L HYDROCARBON HYDROXYL A SE ; B E N ZOPYRE M E ;
R A D I O A C T I V E  TRA C ER

112 9 A R O M A T IC S ;  BI ODE CRA DAT IOI4 ; N ICROO CAN ISM S : ARCTIC ; TEMPERATURE;
NUTRIENTS ; OXY G EN R E Q U I R E M E N T S ;  CRUDE OIL ; P A R A F F I N S ;  B E A U F O R T  SEA ;
CHU K CH I SEA

1131 A R O M A T I C 8; M I C R O F L O R A ; P H Y T O P L A H K T 0N ; A L G A E ; C R U D E  O I L ; F U E L  O I L ;
TOXICI TY: HAPHTHALE HE ; PHEHANTHRE N E : A L G A E — G R E E N ;  A L G A E - B L U E  GREEN;
DIATO M S ; GROW T H

114 2 A!O M A TICSJ DUCKS; HA T C H A B I L I T Y S  GROWTH ; EFFECTS OH O R G A N I S M S ;
REPRODUCTION & DEVEL OPMENT

0191 A R R O W  SP I LL ; BIRDS ; M O R T A L I T I E S ;  i R V I N G  W H A L E  SPILL; NOV A  SCOTIA ;
SPECIES ENDANGERMENT ; NEWFOUNDLAND

0175 A R R O W  SPILL ; BIRDS ; M O R T A L I T I E S ;  CHE DABUCT O BAY. NOVA SCOTIA
O2$8 AR R O W  SPILL; ?OOPL AN KTON ; H Y D R O C A R B O N  CONTENT ; C H E D A B U C T O  BAY ;

BUNKER C; OIL INGESTION ; SEDIMENTATION ; FECES
0625 A R R O W S P I L L ;  WE~ TER N NORTH A T L A N T I C ;  CHEDA B U CTO B A Y . N O V R  SCOTIA;

BUNKER C ; R ECOVERY
0855 A R R O W  SPILL ; OIL ; D E G R A D A T I O N ;  B I O D E G R A D A T I O N ;  E N V I R O N M E N T A L  FACTORS ;

ENERGY ; BACTERIA ; BUNKER C ; CHEDA B UCTO BAY
10 37 ARRO W  SPILL; CHEDA BUCTO BA Y .NOVA SCOTIA ; BUNKER C;

FLUO RESCENC E SPECTR OSCOPY; M YA ; KELP ; HY D R O C A R B O N  CON T~~NT A N A L Y S I S
2039 AR R O W  SPILL ; A RO M A T ICS; CYCLO-AL K A H E ; SEDIMENTS; BUNKER C;

BEACH SEDIMENTS ; CHEDABUCT O BAY . NOVA SCOTIA ; METABOLISM ; MOLLUSCS;
M Y M ; O STR EA ; M Y TI L U S ; ARYL HYDROCARBON HYDROXYLASE ; 8EN ZOPYR ENE ;
R A D I O A C T I V E  TRACER

1010 ARR O W  SPILL ; CHEDEBL ’CTO BAY . NOVA SCOTIA; BU N KER C ; M O R T A L I T I E S ;
INTERTIDAL; M INTER ; CHRONIC POLLUTION; FUCUS ; N YA; S P A R T I M A

1 2 15 A R R O W  S P I L L ; F U E L  O I L ;  B U N K E R  C ;  C H E D A B U C T O  BAY ; N O VA S C O T I A ;
LON G TERN EFFECTS ; CORDCRA SS ; MARSH ; ALG A E ; TOX ICITY

040$ AR TE M IA ; TOXICITY; FUNDULUS ; P IMEPHAL E S ; K U W A I T ;  WEST TEXAS;
NARINE DIESEL; FUEL OIL; LUBE OIL

0303 A R TH R O IACT E R ; CHE D AB U CTO BAY . NOVA SCOTIA; CAPE SIMPSON . A L A S K A ;
N A T U R A L  SEEP ; P S E U D O M O N A S ; T E M P E R A T U R E

0937 RR THRO B A C T E R ;  C O R Y N E B A C T E R I U M ;  A C H R O N O B A C T E R ;  RATE E N H A N C E M E N T ;
HYDROCAR B O N - O X I D I Z I N G  B A C T E R I A

08~ O #RTHROR *C TER; BIODEGRADATION ; DISPERSION ; B A C T E R I A
0236 AR T H RQP )D A ; DIESEL FUEL; P E L A G I C  L A R V A E ;  E N C H I N O D E R M A T A ;  A N N E L I D A ;

TOXICITY; SYMPTOMS
0863 AR T HR OP OD S; S U P R A L I T T O R A L ;  L I N O S I N A ;  O RC H EST IA; EFFLUENTS; T O X I C I T Y ;

CR UDE OIL; FLIES ; AM PH IPODES
0972 A R T I F I C A L  SUBSTRATE; OIL; DETERGENT ; R E C O L O N I Z A T I O N ; SETTLE MENT
0879 A RTI FICAL SUBSTRATES: CRUDE OIL; P4IDC ES; CRICOTOPUS;

FORT SIM PSON , NWT , CANADA ; FIELD EXPERIMENTS; L A R V A E
1012 A R U B A  VEST INDIES; P R A W N S , SCARLET; PL ESIOPE HAEUS ;

BE NT HIC OIL DEPEISIT ; A T T R A C T I O N ; HYDROCARBON CONTENT A N A L Y S I S ;
BACTERIA ; CHEMICAL ATTRACTIONS; METABOLISM

0010 A R YL HYDROCARBON HYDR O XYLASE ; M E T A B O L I S M S  P OLYCYCLIC H Y D R O C A R B O N S ;
E N Z Y M E  S Y S T E M ;  T R O U T

0813 A RY L  H Y D R O C A R B O N  NYDRO X Y LAS E ; B E NZ OPYNE N E ; N Y D R O X Y L A S E  I N D U C T I O N ;
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FISH ; POLYCYCLIC A R O M A T I C  HYDROXYLASE ; BROWN TROUT ; N E W F O U N D L A N D ;
T A I N T I N G ;  T H I N — L A Y E R  C H R O M A T O G R A P H Y

0812 A R Y L  H Y D R O C A RB ON H Y D R O X Y L A S E ; M I X E D  F U N C T I O N  O X I D A S E S ;
PETROLE UM H Y D R O C A R B O N ;  M E T A B O L I S M ;  D ETECTION ; M O N I T O R S ;
I N V E R T E B R A T E S ;  F I S H

1 039 A R Y L  H Y D R O C A R B O N  H Y D R O X Y L A S E ;  A R O M A T I C S :  C Y C L O - A L K A N E  SF~~I M E N T S ;
BUNKER C ; BEACH SEDIMENTS ; CHE DA B UCTO BAY . NOVA SCOTIA; ARR O W  SPILL ;
MET AB O Li SM ; M OLLUSCS ; M YR ; OSTREA; NY TILUS ; BENZ O PYRENE ;
R A D I O A C T I V E  T R A C E R

1153 ARYL H Y D R O C A R B O N  H Y D R O X Y L A S E ;  S A L M O N ;  COHO; B EN Z OPYRE N E;
P H Y S I O L O G I C A L  E F F E C T S ; C Y T O L O G I C A L

0046 A SS E S S M E N T ; S A N T A  B A R B A R A  S P I L L ; C O M M U N I T Y  S U R V E Y ;  K E L P ; S C A L L O P S ;
B I R D S

1193 ASSESSMENT ; A N T A R C T I C ;  N ACROB ENT H OS ; FUEL OIL; BENTHIC ECOLOGY
1209 ASSESSMENT OF SPILL ; N ETUL A SPILL ; STRAITS OF M A G E L L A N ;  MUSSELS;

K U W A I T  C R U D E  O I L
1130 ASS E SS M E N T  OF SP I L L S ; F U E L  O I L ; C H E S A P E A K E  BAY ; I N V E R T E B R A T E S ;

BARGE  STC— 1O 1
12 34 ASSESSMENT OF SPILLS; ARCTIC) SUB ARCTIC ; B A F F I N  BAY S DAVIS STRAIT;

L A B R A D O R  SEA ; P H Y T O P L A N K T O N ; Z O O P I A N K T O N ; Z O O B E N T N O S :  F I S H; M A M M A L S ;
B I R D S

1139 AS SE S S M E N T  OF S P I L L S; C A P I T E L L A ; C O R D G R A S S ; N A N G R O V E S ; C R U D E  O I L ;
MARSH; TEXAS; GULF OF MEXICO

1 21 3 ASSESSMENT OF SPILLS; CRUDE OIL ; SEDIMENTS ; WASHINGTON ;
INTERTIDAL ZONE; UPTAKE I DEPU RA T ION ; BE N THIC O RGANISMS ; PUCET SOUND;
RECRUI TMEN T

1 204 ASSESS M ENT OF SPILLS; LOS ANGELES H A R B O R ;  S A N S I N E A  SP ILL ;
P R O D U C T i V I T Y ; ZOO P LAH K TO N ; BIRDS ; BENTHIC O R G A N I S M S ;  FISH;
PH YT OPL AN U ON

1221 A S S E S S M E N T  OF SP I L L S ; A R C T I C ; C O N T I N E N T A L  SH E L V E S; R E V I E W ;
POT E NTIAL OIL SPILLS

1202 ASSESSMENT OF SPILLS; N O R M A N  WELLS & F E M B I N A  CRUDE OIL )
M I C R O O R G A N I S M S ;  B A C T E R I A ;  PROTOZOA ; PHYT O PLA N KTON ; ZOOP LANKTON;
A N A L Y S I S  FOR PETROLEUM HYDROCARBONS ; C A N A D A

1222 ASSESSMENT OF SPILLS; E STERO BAY ; CONTINGENCY PLANNING ;
POTENTIAL OIL SPILLS; BIOLOGICAL BASELINE

0023 ASSESSMENT TECHNI Q UES R E V I E W ;  ECOLOGICAL IMPACT ; WORKSHOP;
OIL SPILL STRATEGIES AND TECHNI QUE S

0225 A S S I M I L A T I O N ;  D E G R A D A T I O N ;  B A C T E R I A ;  FUNGI ; TEMPERATURE; O X I D A T I O N
0492 A S S I M I L A T I O N ;  FISH; A L K A N E S ;  D I S C R I M I N A T I O N ; COD;

HYDROCARBON CONTENT AN A LYSIS
0515 A S S O C I A T E D  BIO T A ;  PETROLEUM LUMPS; TAR BALLS ; A GE ;

OXYGEN CONSUMPTION
0831 A S S O C I A T E D  OR G A N I S M S ; T A R  B A L L S
0775 ASSOCIATION I N S T A B I L I T Y ;  LITTORAL ; M A C R O A L C A E ;  CHRONIC EFFE CTS ;

COAL OIL POINT ; SANTA B A R B A R A  SPILL
1 1 10 A S S U N L A T I O N ; D E G R A D A T I O N ; B A C T E R I A ; M E T H O D S ; R E L A T I V E  O X I D I Z A B I L I T Y
0271 A ST E RIS ; WATER A C C O M O D A T E D  F R A C T I O N ;  M Y T IL U S S  MUSSELS ; STARFISH ;

R E S P I R A T I O N ; F E E D I N G ; R E P R O D U C T I O N ; B Y S S A L  T H R E A D  P R O D U C T I O N ;
FUEL OIL 02

0723 ATLANTIC COAST: HYPOTHETICAL SPILLS; GULF OF A L A S K A ;
ECOL O G I C A L  I M P A C T

0662 ATLANTIC COAST; PHYT O PL A N K TON; REVIEW
1 054 ATLANTIC COAST; B I O D E G R A D A T I O N ;  SEDIMENTS ; NORT H C A R O L I N A
012 1 AT P : SALT MARSH: YORK R I V E R ;  ISOLATED ECOSYSTEM ; SOUTH LA. CRUD E;
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W E A T H E R E D  O I L ; P N Y T O P L A N K T O M ; F I S H ; P E R I P H Y T O N ; M A R S H  G R A S S ;
B ENTHIC FAUNA ; PO L Y C H A E T E S ; INSECT LARVAE ; AMPHIP ODS ; O LIG O CHAET E

1038 A T P ; A L G A E ; P H Y S IO L OG Y ; H Y D R O C A R B O N S  P E T R O L E U M ; R E V I E W ; H A P H T H A L E N E I
PH OTOSYNTHESIS; CRUDE OIL ; DISTILLATE F R A C T I O N S

0664 ATTACHED O R G A N I S M S : EAST CHINA SEA ; KU R OS HI O; TAR BALLS;
BLUE GREEN ALGAE ; PENN A TE DIATOMS ; STONY CORALS ; BRYOZOANS;
B A R N A C L E S ; COPEPODS

081? A T T R A C T I O N ;  ARCTIC; CRU STACE A ; ZSO POD S ; RM P)4 !PODS ; B EHAVIOR ;
R E P U L S I ON ; T A I N T I N G ; C R U D E  O I L

0914 A T T R A C T I O N ;  H Y D R O C A R B O N S ;  GAS WASTES; FISH; TOXICITY ; BEHAVIOR ;
SUNFISH (ORANGE-SPOTTED>

1012 A T T R A C T I O N ;  P R A W N S .  SCARLET ; PLESIO PE I4AEU S ; BENTHIC OIL DEPOSIT;
A R U B A  WEST INDIES ; H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S ;  BA CTERIA ;
C H E M I C A L  A T T R A C T I O N S ;  METABOLISM

0582 A U F V U C N S  (S U R F A C E  GROWTH ); T O X I C I T Y ;  FRESH WATER FISH ; JP4 FUEL;
J PS F U EL

0336 AU K S ; OLYMPIC A L L I A N C E - D O V E I  ST RA ITS 29?!; B IRD M ORTALiTY; CORMORANT ;
OIL SPILL I NCIDENT ; E N G L A N D

0703 A UKS ; TORREY CANYON ; BIRDS ; C O R N W A L L . ENGLAND
1042 A UKS ; B I R D S ;  A I C I D S ;  IN D I C A t O R  SPEC IES ; M U IRS ; ElDERS
0265 A U S T R A L I A ;  M UL L E T ;  T A J u T I N G :  K E R OSEWE ; R I V E R  SEDIMENTS
1031 A U S T R A I I A S  T * INT sC ; M U L L E T ;  $IJCIL; KE ROSENE ; H I STOP A THO LO G Y ;

CONTE NT a N * L V S I S
113 ? A U S T R A L I a ;  UPT AK E ; R1! E~~T T O N  D E P U R A T I O N ;  GAS ~ i R O $ A T O C R A P H Y ;

N Y T I L I J O ;  M USS E L ; E F F E C T  ON E C O S Y S T E M S  S I O I N D I C A T O R S J  TOXICITY
03 17 A U T O  O X I D A T I O N  D (.NADATIO M C R UDE OIL ; SEA WATER ; B A C T E R I A ;

V € AT ME R I N G
O~~2B ~~ ‘ O P S 1 E $ ~ B I R D S  ~O l T a L 2 T T f S ,  ~~*w  FP*~~~!*CO SA Y ; FUEL O I L — B U N K E R  C
0029 A V O I D A N C E  C 1 U S T A C I A  ItM* 101 CILJDE GI L ; S E D I M E N T S ;  4MPNI PO D ;

ONIS INII S ~ ; * T N 1 B L N 6
O Sh’ A V O I DANCE P y w ,  SA~~w O w  ~PV B( OIL T 5 N I C I ’~~; J U V E N I L E ;  M I G R A T I O N ;

A GE ; W E M O P E C I P T I B a
0 845  A % f N I C  cvt.~’ i.rs III •t~~a• •i.IFL.CE t L*TE ; DUNI LZ ELLA ; D I A T O M )

~R A G I L A R I A .  .~~O V V w  P0,51
1102 •-GL i ~~~IOwI O m $ t .  ~~~~~~~~ .e w l i  i iBE ‘d S Z O L O C I C A L  EFFECT ;

L I V E P W i I G N T .  s~~i~~& l  ~~~~ 1P . a! A 9 E  Nas it D EN YDRO GE N ASE ;
A E R O B I C  • f ’ASO.I $ P , 1 V~ s $ L ? N 5 5 ’ f 1 0 5 t

0055 SAC~~E I I A  IIOGIGIaDl ;Jw P a ’ ’ ~ w C l t A S i  IV G E N E T I C  M A N I P U L A T O R S
0075 IAC~~E IIA. S 1O O tC Pao s~~fOw
0102 SRC~~F I 1 A  *ø ’’C . P W ’ v T O P L A N , ’ 3 ~ PI O D u C T I V I T Y ;  OIL SEEP ; A B U N D A N C E ;

A L A S kA .  CO PE SIM P SON NA Y JIAt SIP, REP. P N Y T O P L A N K T O N  P R O D U C T I V I T Y
0065 BA CT EIIA ; P W O T O S ~~~? s t S I $ .  I (SP~~P A T f O w . N 1 ’ P O G I W  F I X A T i O N ; ALGAE ;

F U N G I ;  A I C T I C ~ (SUBS ,j M a’Upa L  GmS~ N IC S001G ANI SM S
0067 B A C T E R I A ;  OE~~Ia O A V I I N  C w P O w ( w T  P i s c E i i M C s ;  GA S C H R O M A T O G R A P H Y ;

M A S S  S P E C  • S A T E  AND ( s T E N T  C 12 P R O D U C T I O N ;
P R E F F P E W T I A L  D i C S A O A T l o N  u I s F l O L I Z * ’ T O N J  P A M A F F I N N I C  CRUDE O I L ;
SI  O D E C IB D A T I O N

0104 B A C T E R I A ;  T E M P E S O T U R I ; M I T I O C E N ; P H O S P H O R U S ;  L I M I T I N G  FA C T O t S ;
B100ECRADAT ION

0007 B A C T E R I A :  S I O O ( C R A D A T I O M ,  N C R005GANI $N $ H Y D R O C A R B O N  U T I L I Z I N G
0102 B A C T E R I A ;  A R C T I C :  P H Y T O P L A N E T O N ; P R O D U C T IV I T Y ;  OIL SEE P; A B UNDANCE;

A L A S k A ;  CA PE SIMP SON ; N AT UR A L  OIL SEE P ; P NYTO P LA N KTO N P R O D U C T I V I T Y
028 0 B A C T E R I A ;  O X I D A T I O N ;  S E A W A T E R ;  L I M I T I N G  FACTORS ; N ITROGEN;

P H O S P H O R U S
0219 B A C T E R i A ;  R A D I O A C T I V E  L A B E L I N G ;  H Y D R O C A R B O N S
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0144 B A C T E R I A ;  D E G R A D A T I O N ; SEDIMENTS ; PE RSISTA N CE ;
WEST F A L M O U T H  OIL SPILL ; BUZZARD BAY

0226 B A C T E R I A ;  D E G R A D A T I O N ; FU N G I ;  T E M P E R A T U R E
0193 B A C T E R I A ;  B I O D E G R A D A T I O N ;  PETROLEUM F R A C T I O N S ;  M A R I N E
0192 B A C T E R I A ;  SEDIMENTS ; L O U I S IA N A  BAY ; O X ID A T I O N ;  A E R O B IC ; A N A E R O B I C
0205 B A C T E R I A ;  D E G R A D A T I O N ; FUN G I ;  E M U L S I O N S ;  TOXICITY; T A I N T I N G
0225 B A C T E R I A ; D E G R A D A T I U N ; FU N G I ;  T E M P E R A T U RE ; O X I D A T I O N ; A S S I M I L A T I O N
0208 BAC T E R I A ;  CRUDE OIL ; D E G R A D A T I O N
0108 BACTE R I A ;  D E G R A D A T I O N ; A EROBIC ; A N A E R O B I C ;  PHYSICAL CHANGE ;

C H E M I C A L  C H A N G E
030? BAC T E R I A ;  A R O M A T I C  COMPOUNDS ; D F ” R A D A T I O N
0259 BA C T E R I A ;  BUNKER C; SAN FRANCISCO ; P O P U L ATIONS ; D I V E R S I T Y ;  BEA CHES
031? BA C T E R I A ;  D E G R A D A T I O N ;  CRUDE OIL ; SEA WATER ; AUTO O X I D A T I O N ;

W E A T H E R  I N C
0312 BACT E R I A ;  R E V I E W ;  B I O D E G R A D A T I O N ;  FRACTIONS; CRUDE O IL ;

E N V I R O N M E N T A L  F A C T O R S
0314 BACTE R I A ;  D E G R A D A T I O N ;  A C T I N O M Y C E T E S ;  F I L A M E N T O U S  FUNGI; YEAST;

P H Y C ON Y CE TE S
0402 B A C T E R I A ;  D E G R A D A T I O N )  OXIDATION; HYDROCARBONS; AEROBIC; A N A E R O B I C
0449 B A C T E R I A ;  B I O D E G R A D A T I O N ;  SEAWATER; OXIDATION; H Y D R O C A R B O N S
0468 BA C T E R I A ;  O I L - D E G R A D I N G ;  POPULATIONS; TORR E Y CANYON ; FIELD STUDY;

E M U L S I F I E R S ; BEACHES
0458 BA C T E R I A )  C R U D E  OIL; REFINED OIL: T O X I C I T Y ;  WATER SOLUBLE F R A C T I O N ;

A R O M A T I C  HYDROCARBONS ; WEA T H E R I N G ;  GROWTH RATE;
M A X I M U I N  CELL DENSITY

0469 BAC T E R I A ;  B I O D E G R A D A T I O N ;  DISTRIBUTION; O I L — O X I D I Z I N G  B A C T E R I A ;
NORTH SEA ; ABUNDANCE; WATER; SEDIMENT

0622 BACTERIA; REFINERY WASTES; B I O D E G R A D A T I O N ; PHY TO PLA NK TON
0563 B A C T E R I A ; S A L T  M A R S H ; E S T U A R Y ; Y O R K  R I V E R ; F U N G I ; LOU I S I A N A  C R U D E ;

SEDIMENTS ; PETROLEUM D E G R A D I N G
0504 B A C T E R I A ;  S E D I M E N T ; N I T R O G E N  F I X A T I O N ; A R C T I C ; A N E R O B I C  B A C T E R I A ;

P E T R O L E U M  F R A C T I O N S ; B E A U F O R T  S E A ;  E S K I M O  L A K E S  H W T
0609 BACTERIA; M A R I N E  SEDIMENT; M E T A B O L I S M ;  M I C R O F A U N A ;  M E IO F A U H A ;

M A C R O F A U H A ; D E G R A D A T I O N ; P O L Y C N A E T E  W O R M S; B I V A L V E S ; E X C R E T I O N
0510 B A C T E R I A ;  CRUDE OIL; FUEL OIL 02: BUNKER C; M E T A B O L I S M ;  IN H I B I T I O N ;

R A D I O A C T I V E  TRACER ; CONTROLLED ECOSYSTEM
0516 B A C T E R I A ;  B I O D E G R A D A T I O N ;  SUBSTRATE SELECTION; SUCCESSION
0716 B A C T E R I A ;  C H E M O R E C E P T I O N ; IN H I B I T I O N ; H Y D R O C A R B O N S
0708 BA C T E R I A ;  P U R I F I C A T I O N ;  BLACK SEA ; D E G R A D A T I O N ;  W A T E R ;  S E D I M E N T S
0703 BA C T E R I A ;  D E G R A D A T I O N
0726 BA C T E R I A ;  D E G R A D A T I O N ; M ACROPHYTES; SPECIES C O M P O S I T I O N

• 0725 B A C T E R I A ;  CORAL; P L A T I G Y R A ;  STRESS; CRUDE OIL; MUCUS P R O D U C T I O N ;
D E S U L F O V I B R I O ;  B E C G IA T O A

0694 BA C T E R I A ;  D E G R A D A T I O N ;  P A R A F F I N ;  CRUDE OIL; GAS C H R O M A T O G R A P H Y ;
E M U L S I F I C A T I ON

0705 BA C T E R I A ;  D E G R A D A T I O N ;  INDICATORS
0701 B A C T E R I A ;  BLACK SEA; DEGRADATION; S E L F - P U R I F I C A T I O N
0741 B A C T E R I A ;  D E G R A D A T I O N ; D I S T R I B U T I O N ;  NO RTHWEST A T L A N T I C ;

C O A S T A L  S E D I M E N T S
0844 BACTER I A ;  D E G R A D A T I O N ; O X I D A T I O N
0828 BA C T E R I A ;  D E G R A D A T I O N ;  ESTUARY; BEACH: FUEL OI L ; E N R I C H M E N T ;  RATE;

N A R R A C A N S E T  BAY ; H Y D R O C A R B O N  C O N C E N T R A T I O N ;  SEDIMENTS; M I C R A T I C ’ N
0833 BAC T E R I A ;  B I O D E G R A D A T I O N )  M I C R O O R G A N I S M S  O X I D I Z I N G  HC ’S;

D I S T R I B U T I O N ; NEV A INLET . RUSSIA ; SEASONAL D I S T R I B U T I O N
0855 BA C T E R I A ;  OIL; D E G R A D A T I O N ;  B I O D E G R A D A T I O N ;  E N V I R O N M E N T A L  FACTORS;
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ENERGY ; BUNKER C ; CHEDA BUCT O BAY ; ARROW SPILL
0796 BACTERIA; H Y D R O C A R B O N  ANALYSIS ; SEDIMENTS; NORTH SEA S S E A W A T E R ;

P E L A G I C  TAR
0843 B A C T E R I A ;  B I O D E G R A D A T I O N ;  RATES ; ME C H A N I S M ;

T O X I C I T Y  OF M E T A B O L I C  A N D  P R O D U C T S ;  F L O W  R A T E  I N  C H E M O S T A T
0860 BACTERIA ; BIO DEGRADATION ; DISPERSION ; A R T H R O B A C T E R
0947 B A C T E R I A ;  T O R R E Y  C A N Y O N  SP I L L ; D E G R A D A T I O N ; Z O O P L A N K T O N ; L I T T O R A L ;

SU B L I T T O R A L ; C L E A N  U P
0939 BACTER I A ;  D E G R A D A T I O N ; SE L E C T I V I T Y
0910 BACTERIA; B I O D E G R A D A T I O N ;  HEX ADECAHE ; R A D I O A C T I V E  TRACER ; TOKYO BAY ;

W A T E R  C O L U M N
0875 B A C T E R I A ; B I O D E G R A D A T I O N ; M I C R O O R G A N I S M S ; E N H A N C E M E N T ;

E M U L S I F I C A T I ON ; SEEDING
0921 BACTERIA; O IL ; ALGAE ) O T T A W A ;  ICE
1 059 BAC T E R I A ;  B I O D E G R A D A T I O N ;  L I M I T I N G  EFFECTS; SOUTH L O U I S I A N A  CRUDE;

F U E L  O I L  S 2
0984 B A C T E R I A ; D E G R A D A T I O N ; SO I L
1050 BACTERIA; DEGRADATION; MOTOR O IL ; TREATMENT EFFLUENT ; DISTRIBUTION ;

W A T E R  C OLUMN; S E D I M E N T S
1049 B A C T E R I A ;  ESTUARIES; TOXICITY
1053 B A C T E R I A ;  M I C R O O R G A N I S M S ;  YEAST; F U N G I ;  C H E S A P E A K E  BAY;

SUBSTRATE SELECTION
1052 B A C T E R I A ;  D E G R A D A T I O N ; G R O W T H  P O T E N T I A L ;  S E D I M E N T S ;  N O R T H  A T L A N T I C
10 56 B A C T E R I A ; D E G R A D A T I O N ; F U N G U S ; C L A D O S P O R I U M ; W A T E R ;  S E D I M E N T S ;

C H E S A P E A K E  BA Y; H Y D R O C A R B O N  C O N C E N T R A T I O N
I O 2 O A  BACTERIA ; DEGRADATION ; LOW TEMPERATURE
1062 B A C T E R I A ;  B I O D E G R A D A T I O N ;  SEDIMENTS ;  CHESAPEAKE BAY
1036 BA C T E R I A ; D E G R A D A T I O N ; M E T A B O L I C  P A T H W A Y S
0997 BACTERIA ; POT ENTIAL ; SEAWATER ; CH RONIC POLLUTION ; D E G R A D A T I O N ;

P E T R O L E U M  H Y D R O C A R B O N S ; S A L I N I T Y
1012 BACTER I A ;  PR A W N S . SCARLET; PLES IOP EHAE US ; BENTH IC OIL DEPOSIT ;

A R U B A  WEST INDIES : A T T R A C T I O N ; H Y D R O C A R B O N  CONTENT A N A L Y S I S ;
C H E M I C A L  A T T R A C T I O N S ;  M E T A B O L I S M

1064 B A C T E R I A ;  D E G R A D A T I O N ; SEDIMENTS; CHESAPEAKE BAY
1029 BACTERIA; B I ODEGRADATION; M I C R O O R G A N I S M S
1120 BACTERI A; HYDROCARBON CONTENT ANA L Y S I S ;  BALTIC SEA
1 109 B A C T E R I A ;  D E G R A D A T I O N ; RE V I E W
1068 BACTERIA ; SUSCEPTIBILITY; FUH GI TOXICITY ; ESTUARY ;

SOUTH L O U I S I A N A  CRUDE OIL; FUEL OIL *2 ; CH ESAPEAKE BAY; G R O W T H
1 1 1 1 B A C T E R I A ; R E V I E W ; M A R I N E  O I L  P O L L U T I O N ; I N P U T S ;  F A T E S ; D E G R A D A T I O N
106 ? B A C T E R I A ; D E G R A D A T I O N ; S E D I M E N T S ; D E E P  SEA ; IN O R G A N I C  N U T R I E N T S ;

G R O W T H  P O T E N T I A L
11 16 BACTERIA ; B I O D E G R A D A T I O N ;  SEDIMENTS ; SA R A T A R IA  BAY ; A N A E R O B I C ;

B E N Z I A ) P Y R E N E J  A C C U M U L A T I O N ;  M Y T I L U S ;  W H I T I N G ; P ICKEREL
11 5 0 B A C T E R I A ;  B I O D E G R A D A T I O N ;  A R O M A T I C  PETROLEUM PRODUCTS ; X YLE NE ;

M I C R O O R A H I S M S ; NO C A R D I A
1104 BACTERIA ; B I O D E G R A D A T I O N ;  BU NKER C; E M U L S I F I C A T I O N
1 2 1 4  BACTERIA ; C A R C IN O C E M E S I S ;  HYD ROCARBONS ; INPUT; M E T A B O L I S M :  SYNTHESIS;

D E G R A D A T I O N
1 1 1 5  B A C T E R I A ;  B I O D E G R A D A T I O N ;  SUBSTRATE; D I S T R I B U T I O N ;  HYDROGEN ACC E P T O R ;

A B S O R B E N T S
11 13 B A C T E R I A ;  CRUDE O I L ;  D E G R A D A T I O N ;  Y E A S T ; F U N G I ; S U B S T R A T E ;

D I S T R I B U T I O N
1 1 1 0  B A C T E R I A )  D E G R A D A T I O N ;  METHODS: R E L A T I V E  O X I D I Z A B I L I T Y ;  A S S U M L A T I O N
1 25 1 B A C T E R I A :  B I O D E G R A D A T I O N )  CRUDE OIL ; A R O M A T I C  N C ’ S
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1202 B A C T E R I A ;  N O R M A N  W E L L S  I P E N B I N A  C R U D E  O I L ;  A S SESSMENT OF S P I L L S ;
M I C R O O R G A N I s M S ;  PROTOZOA ; P H Y T O P L A N K T O N ; ZOO P L A N K T O N ;
A N A L Y S I S  F OR P E T R O L E U M  H Y D R O C A R B O N S ; C A N A D A

1 189 B A C T E R I A ;  M I C R O O R G A N I S M S ;  F U NGI; YEASTS ; B I O D E G R A D A T I O N ;  C R U D E  O I L ;
H I G E R I  A

0103 B A C T E R I A  - H Y D R O C A R B O N  U T I L I Z I N G : B I O D E G R A D A T I O N ;  M E T A B O L I C  PATHWAYS ;
N E W J E R S E Y C OA S T ; T E M P E R A T U R E ; N U T R I E N T  M I N E R A L S

0382 B A C T E R I A  P O P U L A T I O N S ;  PORT V A L L E Y .  A L A S K A ;  I N T E R T I D A L ; SEDIMENT ;
M E I O F A U N A ; COPEP O DS ; N A C O M A  B A L T H I C A

0389 B A C T E R I A L ;  R E V I E W ;  INPUT ; D E G R A D A T I O N ;  N O N — B I O L O G I C A L ; B I O C H E M I C A L
0428 B A C T E R I A L ;  D E G R A D A T I O N ;  OXY GEN UPTAKE ; N U T R I E N T  L I M I T A T I O N S ;  R ESIDUE
0390 B A C T E R I A L ;  D E G R A D A T I O N ;  CRUD E OIL ; M A R I N E  E N V I R O N M E N T ;

H O N - B I O L O G I C A L
0429 B A C T ,R I A L ;  D E G R A D A T I O N ;  T E M P E R A T U R E
089~ B A C T E R I A L ;  CELL M E M B R A N E S ;  AMOEBA ; OIL ; EM U LS I F IE RS ; NARCOSIS;

C Y T O L O G Y ;  D E G R A D A T I O N
0263 B A C T E R I A L  D E G R A D A T I O N ;  FUNGUS; SEASONAL F L U C T U A T I O N ;

SPECIES D I S T R I B U T I O N ;  CH ESAPEAKE BAY
038? B A C T E R I A L  D E G R A D A T I O N ;  ACINETOBACTER ; U L T R A S T R U C T U R E ;  SEQUESTERING
0576 BAC T E R I A L  D E G R A D A T I O N ; C R U DE O I L ; C H A I N  L E N G T H ; E N R I C H M E N T
0546 B A C T E R I A L  D E G R A D A T I O N ;  P S E U D O N O N A S ;  A R O M A T I C S ;  M E T A B O L I C  P A T H W A Y S
054? B A C T E R I A L D E G R A D A T i ON ; B A C T E R I A L  D E G R A D A T I O N ; C R U D E  O I L
0690 B A C T E R I A L  D E G R A D A T I O N ;  SLICK-SEEDING ; ADDITIVES; ENHANCEMENT;

M I C R OB i AL S E E D I N G ; BO O ; T O T A L  O R G A N I C  C A R B O N ; N U T R I E N T  S A L T
0725 B A C T E R I A L  D E G R A D A T I O N ; PLANTS . A Q U A T I C ;  RI VERS ; GROWTH ENHANCEMENT
0743 B A C T E R I A L  D E G R A D A T I O N ;  N A P H I H A L E N E ;  P SE U D OM OM AS ; METABOLIC P A T H W A Y
0909 B A C T E R I A L  D E G R A D A T I O N ;  S I L I C A  GEL ; VERTICAL D I S T R I B U T I O N ;

M I C R O O R G A N I S M S
0907 B A C T E R I A L  D E C R E D A T I O N ; T E M P E R A T U R E ;  P R E S S U R E ; R A T E ; F L O R I D A
1028 B A C T E R I A L  P O P U L A T I O N  ID IVERSITY ; B UNKER C ; SANDY BEACH: DISPERSION ;

D E G R A D A T I O N ; SAN FRANCISCO; SAN FRANCISCO SP ILL
0559 B A C T E R I A L  P O P U L A T I O N S ;  SA N TA B A R B A R A  S P I L L ; S E D I M E N T S ;

H YDROCARBON ANALYSIS; GAS L I Q U I D  C H R O M A T O G R A P H Y
0682 BA C T E R I A L  P OPU L A T I O N S; C O N T R O L L E D  E C O S Y S T E M ; P H Y T O P L A N K T O N ;

C E N T R A T E  D I A T O M S ; ZO O P L A N K T O N
0970 B A C T E R I O L O G Y ; S A N T A  B A R B A R A  S P I L L ; B I O L O G Y
1134 B A F F I N  BAY; A R C T I C ;  SUB ARCTIC; D A V I S  STRAIT; L A B R A D O R  SEA;

ASSESSMENT OF SPILLS; PHYTOPLAN KI ON ; ZOOPLAN K TON ; ZOOBENT H OS ; FISH ;
M A M M A L S; B I R D S

0778 B A J A .  C A L I F . ;  R E V I E W ;  S PILL INCIDENTS: LONG TERM IMPACT ;
T A M P I C O  M A R U  S P I L L

0779 B A J A .  C A L I F . ;  TAMPI C O N A R U  SPiLL ; CHRONIC ; SURF CONDITIONS ;
M O R T A L I T I E S ;  SUCCESSION; R E C O V E R Y ;  A N T H O P L E U R A ; KELP ; P H O T O S Y N T H E S I S

0232 B A L A N U S ;  SAW F R A N C I S C O  SPILL; R E C R U I T M E N T ;  B U N K E R  C ; B A R N A C L E S ;
C H T N A M A L U S ;  MUSSEL; M Y T I L U S :  LIMPETS ; C O L L I S E L L A

0733 B A L A N U S ;  8P 1002 ; KEROSENE; C H EM KI EEN ; B A R N A C L E ;  ADULT; N A U P L IU S ;
TOX i C I T Y ;  C I R R A L  A C T I V I T Y

0971 B A L A N U S ;  S I N T A  B A R B A R A  SPILL; BREEDI N C RATES; B A R N A C L E ;  MUSSELS;
C H I H A M A L U S ;  P O L L I C I P E S :  MYTILUS; I N T E R T I D A L

0619 B A L T I C ;  BIRDS ; W ASTE OIL; M O R T A L I T I E S
0601 B A L T I C  SEA; R E V I E W
0624 BA L T I C  SEA; EIDER DUCKS ; M O R T A L I T Y ;  F I N L A N D  COAST; PALV A  1969
0751 B A L T I C  SEA; T O X I C I T Y ;  I N T E R T I D A L ;  L I T T O R A L  ZONE; COREXIT; BEROL ;

B P I.IOO ; W A T E R  BASE; O IL BASE: SOLVENT
1 12 0 B A L T I C  SEA; N Y D R O C A R B O ~4 CONTENT A N A L Y S I S ;  B A C T E R I A
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0152 B A L T I M O R E  C A N Y O N - M I D  A T L A N T I C ;  C H R O N I C  L E A K A G E ; S P I L L S ;
8 E N T H I C  O R G A N I S M S

1066 B A L T I M O R E  H A R B O R ;  C H E S A P E A K E  BAY ; B I O D E G R A D A T I O N ;  A L G A ;  P ROTOTHECA
1 1 16 B A R A T A R I A  B A Y ;  B I O D E G R A D A T I O N ;  B A C T E R I A ;  SEDIMENTS; A N A E R O B I C ;

B E NZ(A ) PY RE N E ;  A C C U M U L A T I O N ;  M Y T I L U S ;  W H I T I N C ;  P I C K E R E L
1 13 0 B A R G E  S T C — 1 O 1 ;  FUEL O I L ;  C H E S A P E A K E  BAY; INVERTEBRATES ;

A SSESS M E N T  OF S P I L L S
0 7 3 3 B A R N A C L E ;  B P IO O 2 ; K EROSENE ; CHE N KLEEN ; B A L A N U S ;  A D U L T ;  N A U P L I U S ;

T O X I C I T Y ;  C I R R A L  A C T I V I T Y
0980 B A R N A C L E ;  S U B L E T H A L  EFFECTS ; CHRONIC EXPOSURE;

COAL O I L  P O I N T .  C A L I F  ; SEDIMENTS ; B ENT HI C I N — F A U N A ;  A B A L O N E ;  MUSSEL
0971 B A R N A C L E ;  SANTA  B A R B A R A  S P I L L ’  BR E EDING RATES; MUSSELS; C H T H A M A L U S ;

B A L A H U S ;  P O L L I C I P E S ;  M Y T I L U S ;  I N T E R T I D A L
0045 B A R N A C L E S ;  S A N T A  B A R B A R A  S P I L L ;  C L E A N U P ;  C O M M U N I T Y  SURVEY ; BIRDS;

L I M P E T S ; MUSSEL ; C HI TO N S ; I N T E R T I D A L  O R G A N I S M S
0232 B A R N A C l E S ;  SAN F R A N C I S C O  S P I L L ;  R E C R U I T M E N T ;  B U N K E R  C; B A L A N J S ;

C H T H A M A L U S; MUSSEL; M Y T I L U S ;  L IMPETS; C O L L I S E L L A
0291 B A R N A C L E S ;  C H R O N I C  P O L L U T I O N ;  LIMPETS; R E F I N E R Y  EFFLUENT ; TRANSE CTS ;

A B U N D A N C E
0279 BA RN A C L E S; T O X I C I T Y ; B E H A V I O R ; L A R V A E ; D E T E R G E N T S ; B P I O O 2; D A S I C :

E L M I H I N S ; S O L V E N T ;  S U R F A C T A N T
0337 B A R N A C L E S ;  PE (R O LEU M ; TO X I C I T Y ;  L A R V A E ;  DEVELOPMENT; PHOTOTAXIS
0295 B A R N A C L E S ;  M I L F O R D  HAVEN. B R I T A I N ;  ROCKY SHORE; OIL PORT;

TOP SHELL (NONDO N TA) ; L I T T O R I N A
0404 BA R N A C L E S ;  SANTA B A R B A R A ;  I N T E R T I D A L ;  C O M M U N I T I E S ;  SURF GRASS
0585 B A R N A C L E S ;  C ARCINOG ENS ; CONTENT AN A LYSIS; BENZ PYR E N E S
0727 B A R N A C L E S ; T A R  B A L L; C O N T E N T  A N A L Y S I S ; M E T A B O L I S M ; U P T A K E ;

D E P U R A T  I O N
0664 B A R N A C L E S ;  EAST CHINA SEA ) KUR O S H1O ; TAR BA LLS ; ATTACHED ORGAN I SMS ;

B L U E  G R E E N  A L G A E ; P E N N A T E  D I A T O M S ; S T O N Y  C O R A L S ; B R Y O Z O A N S ; C O P E P O D S
0920 BA R N A C L E S ;  T E T R A C L I T A ;  CARCINO G ENSIS ; BENZ(A )PYRENE
1100 B A R N A C L E S ;  T O X I C I T Y ;  R E C O V E R Y ;  SURFACTANT S ; N A P J PL II ; E L M I N IU S
1105 BARNACLES ; CARCINOGENS ; CONT ENT A N A LYSiS ; TETR A CLITA S BEN ZOPY RENE
0348 BASELINE ; B E H ZO (A )PY R ENE ; CARCINOGENS ; SOUTHERN C A L I F O R N I A ;  MU SSELS;

N Y T I L U S ; B I O G E N I C
0652 BA S E L I N E  IN V E S T I G A T I O N ;  PETROLEUM HYDROCARBONS ; PUGET SOUND ;

SEDIMENTS ; MUSSELS; SNAILS ; T HAIS ; I N T E R T I D A L
1095 BATON ROUGE ; M I C R O A L C A E ;  W A T E R  SOLUBLE FRA C T I O N ;

H Y D R O C A R B O N  A N A L Y S I S ; GAS C H R O M A T O G R A P H Y ; MAS S S P E C T R O M E T R Y ; B A Y T O W N ;
Mfl PITAHA; HEW J E R S E Y

1095 B A Y T O W N ;  M I C R O A L G A E ;  WA T E R  SOLUBLE F R A C T I O N ;  H Y D R O C A R B O N  ANALYSIS ;
GAS CHRO M A T O G R A P H Y ;  MASS SPECTRO M ET R Y ; MONTANA ; BATON ROUGE ;
HEW JERSEY

0828 BEACH: D E G R A D A T I O N ;  B A C T E R I A ;  ESTUARY ; FUEL OIL ; E N R I C H M E N T ;  RAT E ;
N A R R A C A M S E T  B A Y ;  H Y D R O C A R B O N  C O N C E N T R A T I O N ;  S E D I M E N TS ; M I G R A T I O N

1039 BEACH SEDIMENTS ; A R O M A T I C S ;  CYCLO-ALKA H E ; SEDIMENTS; BUNKER C;
CNED A B U CT O BAY , NO V A  SCOTIA; A R R O W  SPILL ; M E T A B O L I S M ;  MOL LUSCS ; MYA ;
OSTREA ; M Y T I L U S ;  A W YL H Y D R O C A R B O N  HY DR O XYLASE S BENZOPYRE N E ;
R A D I O A C T I V E  TRACER

0054 BEACH SURVEY; BIRDS; M O R T A L I T I E S
0244 BEACH SURVEYS ; B IRDS; M O R T A L I T I E S ;  POPULATION ; CHRONIC SPILLAGE )

T R E A T M E N T ; D I S P E R S A N T S
0454 BEACHED BIRDS COUNTS; BIRDS ; M O R T A L I T I E S ;  ENGLAND /SCOTLAND
0302 BEACHES; WEST CORK . IRELAND; M E C H A N I C A L  D A M A G E
O2 5~ BEACHES ; B A C T E R I A ;  BUNKER C ; SAN FRANC I SCO; POPULATIONS; D I V E R S I T Y
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0479 BEACHES ; M E T U L A  SPILL ; S T R A I T  OF M A G E L L A N ; E S T U ARIES
0468 BEACHES ; B A C T E R I A ;  O I L — D E G R A D I N G ;  POPULATIONS; TOR R E Y  C A N Y O N ;

F I E L D  S T U D Y ; E M U L S I F I E R S
0509 BEAUFORT SEA ; OFFSHORE P R O D U C T I O N ;  A R C T I C )  HYPOTH ETICAL SPILL
0584 BEAUF O RT SEA ; SEDIM ENT ; N ITROGEN F I X A T I O N :  A R C T I C ;  B A C T E R I A ;

A H E R OB I C  B A C T E R i A ; P E T R O L E U M  F R A C T I O N S ; E S K I M O  L A K E S  N W T
0819 BE AI J FOR T SEA ; CR UDE OIL ; ARCTIC ; M A R I N E ;  I N V E R T EBRATES
1129 B EA UFOR T SEA ; B I O D E G R A D A T I O N ; M I C R O O G A N I SM S ;  ARCTIC ) TEMPER A TURE;

NUTRIENTS ; OXYGEN R E Q UIREMENTS ; CRUDE OIL ; A R O M A T I C S ;  PA R A F F IN S ;
C H I J K C H I S E A

0573 B E D F O R D  B A S I N  N O V A  S C O T I A ; T O X I C I T Y ; G R E E N  SEA U R C H I N ;
V E N E Z U E L A N  CRUDE OIL; OIL SPERSE

0444 BEDFORD BASIN. NOV A  SCOTIA; PH YT O PL A N K TOP4 ; PHOT OSYNTHESIS ;
NORTH WESTERN A T L A N T I C ;  V E N E Z U E L A N  CRUDE; FUEL O IL *2 ; FUEL 0110 6

0373 B E E T L E ; I N S E C T S ; P O P U L A T I O N  S U R V E Y ; S A N T A  B A R B A R A ; C R E V I C E  F A U N A ;
L I T T O R A L ; THALA S S O T R E C H U S

0715 BECC I A T C A ;  CORAL ; PLATICYRA ; B A C T E R I A :  STRESS ; CRUDE OIL;
M U CU S P R O D U C T I O N ; D E S U L F O V I B R I O

0016 B E H A V I O R ; M U S S E L ; F I L T E R I N G  A B I L I T Y ; B L A C K  SEA ; T O L E R A N C E
0090 BE H A V I O R ; E C O S Y S T E M S ; W A L E S ; R E F I N E R Y  E F F L U E N T S
0057 B E H A V i O R ; LOB STERS ; SN A I L ,N A S S R R I U S
0200 BEHAVIOR ; BIRDS; E lDERS
0165 BEHAVIOR ; BIRDS ; CULLS; CU ILLI MO TS ; K I T T I W A K E S
015 1 B E H A V I O R ;  C H R O N I C  OIL P O L L U T I O N ;  COAS TAL ECOSYSTEM;

SUBLETHAL E FFECTS; METABO L ISM ; FOOD CHAIN M A G N I F I C A T I O N ;  WETLANDS;
E S T U A R I E S

0279 BE H A V I O R ; B A R N A C L E S ;  T OXICITY; L A R V A E ;  DETERGENTS ; BP 1 002: OA S IC~
E L M I H I N S ; S O L V E N T ; S U R F A C T A P 4 T

02 78 B E H A V I O R ;  H Y D R O C A R B O N S ; Z O O P L A H K T O H ; F I S H ; T O X I C I T Y ; T A I N T I N G ;
UPTAKE ; M E T A B O L I S M ;  DEPURATION ; A C C U M U L A T I O N

0316 B E H A V I O R ;  GREY SEALS ; P E M B R O K E S H IR E  WEST WALES ; G R O W T H ;  M O R T A L I T Y
0361 BEHAVIOR ; CRUDE O IL; RED SEA; H A C R O F A U N A ;  T O X I C I T Y ;  DEPTH:

SUBLETHAL EFFECTS ; PHYSIOLOGY; M E T A B O L I S M ; D I S P E R S A N T
0422 BEHAVIOR ; CRUDE OIL; SEALS; PA T H O L O G I C A L  EFFECTS; C O A T I N G ;  I M M E R S I O N ;

INGESTION
0580 BEHAVIOR ; CRUDE OIL; CRUSTAC E A ; FEEDING; P O L Y A R O M A T Z C  H Y DROCARBONS;

A L I P H A T I C ; CHE H ORECEPT ION
0579 BEHAVIOR ; CRUDE OIL ; INVERTEBRATES; CHEM ORECEPT ION
0615 B E H A V I O R ;  WATER SOLUBLE FR A C T I O N ;  FUEL OIL *2 ; ZO O PLA HK TO N COASTAL ;

Z O O P L A N K T O N  O C E A N I C ; T O X I C I T Y
0581 BE H A V I O R ;  CRABS; OYST ERS; CHE MO RECEPT ION ; SUBLETHAL EFFECTS;

NA PTHALENE ;  B I O A S S A Y
057? B E H A V I O R ; R E E F  C O M M U N I T Y ; R E S P I R A T I O N ;  C A L M I NG E F F E C T S ; GAS E X C H A N G E ;

FIELD F E N C I N G  TECHNIQUES ; CRUDE OIL; TOXI X CTY ;
HERON IS. GREAT B A R R I E R  REEF A U S T R A L I A

0533 BE H A V I O R ; BIOASSAY; B IOELECTRIC ACTION POTENTIALS: P R O C A M B A R U S ;
HY D.~ OC A RB OH S

0629 B E H A V I O R ;  BIOASSAY; METHODOLOGY; T O X I C I T Y
O~ 3O BEHAV IO R AM PH IPO D ; TOXiCITY; L A R V A E ;  CA M N A R U S ; FECUNDITY
0846 BE H A V I O R ; POLYCH A ETE; A R E N I C O L A ;  FEEDING; W E A T H E R I N G
0817 BEHAVIOR ; ARCTIC; CRU $ TACEA ; ISO POD S; AMP HI PODS ; A T T R A C T I O N ;

REPULSION ; T A I N T I N G ; CRUDE OIL
0818 BEHA V I O R ; C R U S TA CEA; CRUDE OIL; SEDIMENTS ; A M P H I P O D ;  O N ISI PI US ;

A V O I D A N C E ; W E A T H E R I N G
0913 BE H A V I O R ; CL A M ;  M A C O M A ;  PR UD HO E BAY CRUDE OI L ; H Y D R O C A R B O N  A N A L Y S I S ;
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GA S C H R O M A T O G R A P H Y ; B U R R O W I N G
0868 B E H A V I O R : T O X I C I T Y ; A CU TE ; C H R O N I C ; CR U DE O I L ; C O M P O N E N T ; P H Y S I O L O G Y ;

A R C T I C  I S U B A R C T I C  O R G A N I S M S ;  T E M P E R A T U R E ; M E T A B O L I S M
0904 BEHAVIOR: OUTBOARD ENGINE  EXHAUST ; SPECIES ABUNDANCE; D I V E R S I T Y ;

PM YTOPL A N KT QN; ZOOPL A N K TON ; PER I PHY TON; FISH; POPULATION
0914 B E H A V I O R ;  HY DROCARBONS ; GAS WASTES ; F ISH ; T OX I C I T Y ;  A T T R A C T I O N ;

SUNF ISH ( O R A N G E - S P O T T E D )
0986 BEHAVIOR : BEN ZEN E ; HERRING ; CULPEA ; S P A W N I N G ;  O V A R I A N  EGGS; EMBRYOS;

LA RVAE ; RAD IO A C T I V E  TRACER
0995 B E H A V I OR ; D I S P E R S A N T S ; E M U L S I O N S ;  T O X I C I T Y ; S U B L E T H A L  E F F E C T S ;

A C T I V I T Y ;  M O T I L I T Y ;  B I V A L V E S ;  C R U S T A C E A N S ; F I S H ; O I L  E M U L S I O N ;
CONTIN UOUS FLO W ; LOCOMOTION

O~ 94 BEHAVIOR ; SURFACTANTS ; FISH; CRUSTACEANS; B I V A L V E S ;  T O X I C I T Y ;
DEVELOPMENT ; A C T I V I T Y ;  BYSS U S THREAD ; M OULT IN G

1162 BEHAVIOR ; CLA N S ; C RUDE OIL ; M O R T A L I T Y
1079 BEHAVIOR ; LOBSTER ; NO M A R US ; LARV A E ;  TOX ICITY; GROWTH;

VENEZUELA CR UDE OIL; FOOD CONSUMPTION; DISPERSIONS
11 69 BEHAVIOR ; CRABS; WEST FA LNOUT N SPILL ; MORTALIT Y ;  UPTAKE; B U R R O W I N G ;

T O X I C I T Y ; FUEL OIL; CRAB-SALT MARSH; MASS .
0061 BEHAVIOR AND FEEDING; LO O STER; CHEMOSENSORS ; CRUDE OIL
1002A B E H A V I O R - B U R R O W I N G ; NACO N A ; ALASKA; HUD FLATS
1 091 B E H A V I O R A L  CHANCES ; DISPERSANT; TOXICITY; FISH ; L A R V A E ;  HERRING ;

PIL CHAP D ;  PLA ICE ; SOLE ;  LE MON SOLE ; HADDOCK ;  B P I O O 2 ;  DELAYED E F F E C T S ;
E M B R Y O L O G Y

1139 B E H A V I O R A L  EFFECTS ; A RCTIC; BENTH IC INVERTEBRATES; AMPH O P OD ;
MORTAL I TY ; ISO POD S

1212 B E H A V I O R A L  EFFEC TS ; SHR IMP ; L A RV A L  GR OVTH ; UPTA KE ; D E PU RATI0N ;
FU EL O I L  *2; HATCHIN G SUCCESS

1220 BEHAVIORAL  EFFECTS ; COPEP O DS ; CA LANUS ;  A L GAE ;  NON O CH RY S IS ;
N A P N T H A L E N E I M O T I L I T Y

1213 BEHAVIORAL EFFECTS; CLAM; M ACO N A ; PRUDH O E BAY CRUDE O IL ; A L A S K A ;
B U R R O W I N G

0792 BEH A V I O R A L  EFFECTS OF OIL POLLUTION; REVIEW
0668 BEHA V I O R A L  SYMPTOMS; PETROLEU M REFINERY EFFLUENT; SUW F I SH .REDE A R ;

L EPOM IS ;  T O X I C I T Y ;  FRESH W A T E R  F I S H
0761 BE N TH IC; TOXICITY ; AROMAT ICS ; PHENATHRENE S; ESTUAR INE ; OCEANIC;

LARVAE ; JUVE N I L E S ;  R E S P I R A T I O N ;  G R O W T H ;  SU BLETHAL
1086 BEN TH IC; STREAM; M A C R O I N V E R T E 8 RA T E S ;  OIL REFINERY EFFLU ENT ;

DIVERSITY INDICES
01 61 B ENTHI C ALGAL COM M UNITIES ; FUEL 011*2 ; N I G E R IA N  CRUDE ; C R A N K C A S E  OIL ;

P R I M A R Y  P R O D U C T I V i T Y ;  T O X I C I T Y ;  RECOVERY; ALGAL BLUE GREEN
0120 BEN THIC N IHALS ; TOXICITY ; INTERTIDAL; DIVERSITY; RECOVERY;

YORK R I V ER ; BUNKER C ; FUEL 01 L06
0366 BEN T H I C  C O M M U N I T I E S ;  FUEL 01 L02 ;  N I A N T I C  B A Y .  C T . ;  A M P H I P O D S ;

HERMIT  C R A B S ;  HYDROCARBON CONTENT ANALYS IS;  GAS C H R O M A T O G R A P H Y
1193 BE N THIC ECOLOGY; A N T A R C T I C ;  MACROBENTHOS ; ASSES SMENT ; F U E L  O I L
0 12 1 BENTHIC FAUNA ; SALT MARSH ; YORK R I V E R ;  ISOLATED ECOSYSTEM;

SOUTH L A .  CRUDE ;  W E A T H ERED OIL ; PHYTOPLP NK TOW; FISH ; PE R I PNYTO N : ATP;
MA RSH CRASS ; POLYC HA ( TE $ ;  INSEC T LARVAE ; AM PH I PODS ;  O L I G O C HA E T E

0391 BE N TH IC FA UNA S S ANTA B A R B A R A
0688 B E N T H I C  F A U N A ; FUEL 01L 12; WEST FA LMO UTH . W I L D  HARBOR . MASS. ;

SEDIMENTS ; HYD R OCARBON CONTENT; O P P O R T I N U S T I C  SPECIES; RECOVERY ;
GAS CHROMATOGRAPHY ;  DIVERSITY ; POPULATIONS

0*42 •EN THIC FAUNA ; ARGO M E R C H A N T  SPILL; SPEC IES DIVERSITY ;
POPULATION DENSITY ; I N T E R T I D A L  FAUNA ; H A R P A C T I C O I D  CO PEPODS;
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P O L Y C H A E T E S ;  A P I P H I P O D S
0745 B E N T H I C  F A U N A :  P A L V A  OIL S P I L L  IN C I D E N T ;  D I V E R S I T Y ;  B I O M A S S ;

P O P U L A T  I O N S
1 205 B E N T H I C  F A U N A ;  S A N T A  B A R B A R A  C HANNEL C A L I F O R N I A ;  N A T U R A L  O I L  SEEPS ;

ISLA VIST A OIL SEEP ; POLYC HA ETES ; B IO M A S S ;  T O X I C I T Y
0072 BENT H IC FLORA ; TO X ICITY; ABSORBANTS; B I O D E G R A D A T I O N ;  FUEL O IL
0980 B ENT H I C  I N — F A U N A ;  S UBLETHAL EFFEC TS; C H R O N I C  EXPOSURE ;

COAL OIL POINT. CALIF . : SEDIMENTS ; ABALONE ; M U SSEL ) B A R N A C L E
0691 B E N T H I C  I N V E R T E B R A T E S ;  PELAGIC L A R V A E ;  T O XICITY ; E S T U A R I N E
1138 B E M T H I C  I N V E R T EBRATES ; ARCTIC; A M PHO PO D; B E H A V i O R A L  EFFECTS ;

M O R T A L I T Y ; I S O P O D S
11 98 BE M T H 1 C  I N V E R T E B R A T E S ;  PETROLEUM H Y D R O C A R B O N S ;  C A L I F O R N I A
1 208 8EM T HI C M A C R O F A U N A ;  U R Q U I O L A  SPILL ; SPAIN; P E R S I A N  GULF CRUDE OIL;

FISH ; S P A R T E N A ;  T O X I C I T Y
0861 B E N T H I C  M A R I N E  A N I M A L S ;  REFINERY EF FLUENT; LOS ANGELES HAR B O R
0149 B E N T H I C  M I C R O I N V E R T E B R A T E  C O M M U N I T Y ;  O U T B O A R D  E N G I N E  E M M I S S I O N S ;

PH YTOPL AN XT ON ; SPECIES D I V E R S I T Y ;  F I X A T I O N ;  CHLOROPHYLL ;
Z O O P L A N K T ON P O P U L A T I O N  D Y N A M I C S ; G A S O L I N E

1012 BENT HI C OIL DEPOSIT ; PRAWNS . SCARLET ; PLES IO PE HA EU S ;
A R U B A  W E S T  I N D I E S ; A T T R A C T I O N ; H Y D R O C A R B O N  C O N TE N T A NALY S I S ;
B A C T E R I A ; C H E M I C A L  A T T R A C T i O N S ;  M E T A B O L I S M

0101 B E N T H I C  O R G A N I S M S ;  CRUDE OIL ; POND; ARCTIC; PHYSICAL P A R A M E T E R S ;
P H Y T O P L A N K T O N ;  V A S C U L A R  PL A N T S ;  C H I R O N O M I D ;  A Q U A T I C ;
PRUD H OE C R U D E  OIL ; ARCTIC — T U N D R A ;  A L A S K A —  B A R L O W ;  P L A N K T O N

0152 BE N THIC O R G A N I S M S :  CHRONIC L E A K A G E ;  SP I LLS ;
BA L T I M O R E  C A N Y O N — M I D  A T L A N T I C

0672 BENT H I C  O R G A N I S M S ;  OFFSHORE D R I L L I N G ;  SPILL INCIDENT;
MISS I SSIPP I DELTA ; WATER COLUMN ; SEDIMENT ; W E A T H E R I N G ;
MI GRATES IN SEDIMENTS; D I V E R S I T Y ;  POP ULATIONS ; SHRIMP; BLUE CRABS

11 61 B E H T N I C  O R G A N i S M S ;  POL YH UCL EA R A R O M A T I C  HYDROCARBONS ; ESTU A RIHE ;
UPTAKE; RETENTION ; DEPURATION ; SHELLFISH; B ENZOPYREN E

1175 B E N T H I C  O R G A N I S M S ; C R U D E  O I L ; A L G A E ; Z O O P L A N K T O N ;  C R U S T A C E A N S ;
P O L Y C H A E T E S ; M O L L U S C S ;  FISH; U P T A K E ;  R E T E N T I O N ;  D E P U R A T I O N ;  R E V I E W

1219 B E N T H I C  O R G A N I S M S ;  CRUDE OIL; SED!M ENT S WASHINGTON ; INTERTI DAL ZONE ;
U P T A K E I D E P U R A T ! O N ; A S S E S S M E N T  OF S P I L L S ; P U G E T  S O U N D ; R E C R U I T M E N T

12 04 BE N T H I C  O R G A N I S M S ;  LOS ANGELES HARBOR ; SANS I NEA SPILL ; P R O D U C T I V I T Y :
ZO O P L A N K T O N ; A SSESSMENT OF S P I L L S ;  BIRDS ; F ISH ; P H YTOPLANKTON

0902 BE N T H I C  SPECIES; H Y D R O C A R B O N  C O N C E N T R A T I O N ;  FLUORESCENCE A N A L Y S I S ;
SEDIMENTS ; FOOD CHAIN C O N C E N T R A T I O N ;  C N E D A B U C T O  BAY ;
FUEL OIL — B U N K E R  C ; NOVA SCOTIA

0709 BENTNO P LA NK T OHIC ALGAE; TOXICITY; BLACK OIL; KEROSENE ;
M A R I N E  P L A N K T O N I C  A L G A E

0567 BEP4 THOS; CASP IAN SEA; CRUDE OIL; GROWTH; REPRODUCTION ; CN!R ON ON US ;
C E R A S T O D E R M A ;  HAIS; NERE IS ; P Y R G O H Y D R O B I A ;  ABRA

0814  B E N T H O S ;  C O N T I N E N T A L  SH ELF ; HEW YORK B I G H T
0899 BEN T IIOS ; VEST F A L M O U T H  SPILL; FUEL OIL *2; SPECIES D I V E R S I T Y
0801 BE H Z (A )AN THRACE H E; PO LYHUCLEAR A R O M A T I C  H Y D R O C A R B O N S ;

A N A L Y T I C A L  M E T H O D S ; PETROLEUM OILS; M A R I N E  TISSUES ; B ENZO (A )PYRE NE
0419 B EHZ (A )PYR EHE ; CHA BIND I NG ; P OLC Y CLIC ; A R O M A T I C S
0613 BENZ( A) PYR ENE ; FISH; N A PTHA 1E NE ; R A D I O A C T I V E  TRACER; UPTAKE;

M E T A B O L I S M ;  ‘)ISCNA R GE ; SCULP IN; OLIGOCO T TUS ; GO B Y; GI L II CHTHYS ;
SAND DAB ; C I T H A R Z C N T H Y S

075 9 B E H Z ( A ) P Y R E N E ; U P T A K E ;  D E P U R A T I O N ;  D I S T R I B U T I O N ;  R A D I O  A S S A Y ;  R A N G I A ;
C L A M S

0920 BE H Z 1A PY REH E ; BA R N A C L E S ;  TETR A C L ITA ; C A R C I N O G E N S I S
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0990 B E N Z ( A ) P Y R E N E ; P A N ; BP ; C A R C I N G E N I C ;
P O L Y C Y C L I C  A R O M A T I C  H Y D R O C A R B O N S

1 11 6 DEMZ (A )PY R ENE ; V I O D E C R A D A T I O K ;  BACTER IA; SEDIMENTS ; B R R A T R R I P BAY ;
A N A E R O B I C ; A C C U M U L A T I O N ; M Y T I L U S ; W H I T I N G ; P I C K E R E L

0076 BEt4 ZENE ; SALMON-CH I NOOK ; GRO W TH
0192 SEN Z EM E ; SALMON . C H I N O O K ;  STRIPED BA SS ; RE S P I R A T O R Y  RATES; NARCOSIS;

O NCO IH YNC N US ; MO RONE
0213 BENZEHE ; T O X I C I T Y ;  COOK INLET CRUDE O I L :  W A T E R  SOLUBLE F R A C T I O N
0 12 5  BE NZ EN E ;  G A S O L I N E  F R A C T I O N S ;  TOLUENE ; X YL E HE : T O X I C I T Y ;

M O S Q U I T O  L A R V A E ;  A ED E S AE G YPT I ; W A T E R  SOLUBLE FRACTIONS
0350 BE h Z E N E ; P H Y T O P L A N K T O N ; A M P H I D I N I U M ; S K E L E T O N E M A ; C R I C O S P H A E R A ;

D U M A L I A L L A ; TOLUENE ; X Y LENE ; FUEL O I LS2 J GROWTH
0467 B ENZEN E ; TOXICOLOGY ; U L T R A V I O L E T  SPE CTROP HQT N ETRY I ALKYLB E N ZEN E S ;

BLOOD ; KEROSENE
05 72 B E N Z E N E ; F R E SH W A T E R ; C H L O R E L L A  V U L G A R I S ; A L G A E ; T O X I C I T Y ; G R O W T H ;

P H O T O S Y N T H E S I S ; X Y L E N E ; TOL U E N E ;  N A P T H A L E N E
0571 BENZEN E ; P H Y T O P L A N X T O H ;  CRUDE OIL ; FIELD EXPERIMENT ; IN HIBITED ;

STI M U L A T I O N ; LA B O R A T O R Y  SIU JIES ; TOX ICITY ; PH; FRA CTiONS ; XY L ENE ;
TO LU ENE

0686 BE I 4 ZE N E ; T O X I C I T Y ; S T R I P E D  B A S S ;  C O N T I N U O U S  FLO W
0747 SEN ZEWE ; T O X I C I T Y ;  STRIPED BASS ; N O RONE; J U V E N I L E S
1002 B E N Z E N E ;  S H R I M P ; T O X i C I T Y ; C O N T E N T  A N A L Y S I S ; D E P U R A T I O W ;  C R U D E  O I L ;

FUEL OIL *2; BUNKER C ; PA LAE M O N E TES ; TEMPERATURE ; PHENOL:
NA PH T H A L E  NE

0985 B EN ZENE; M E R R IN G ; ANCHOVY ; EGGS ; L A R V A E ;  TOXICITY ; A IH ORMA LIT IES ;
G1O~ 7M ; R E S P I R A T I O N ; F E E D I N G

0986 IENUN (; IEN ZEN ( J HERRING; CULPEA; S P A W N I N G ; O V A R I A N  EGGS ; EMBRYOS;
L AR V A E ; B E H A V I O R ; R A D I O A C T I V E  TRACER

114 5 UE NZE N E ; NORM A L  WELLS CRUDE OIL; SEALS; ARCTIC ; R I N G E D  SEALS ;
W A P N TM A L EHE ; P A T H O L O G I C A L  E F F E C T S ; U P T A K E  I I N G E S T I O N

113 9 R EN ZEN E ; CRUDE OIL; CRA B ; CANCER ; W A P H T H A L E N E ;  A R O M A T I C  HG’ S;
T O X I C I T Y ;  R E P R O D U C T I O N  I D E V E L O P M E N T

117 6 B EMZE HE ; FUEL OILS 2; ZD OPL A NKTON SHR I MP ; R E S P I R A T I O N ;  TOXICITY;
F E E D I N G  S E N A V I O R ; M O B I L I T Y ; NAPHTHALENE ; PHENOL

0348 B EH ZO (A )P Y R EN E ; CARCINOGENS; sOUrHER N C A L I F O R N I A ;  MUSSELS; M YT ILUS ;
B A S E L I N E ;  S I O C ENI C

0347 B ENZ 0 (A )PYRENE; MUSSELS ; MYT ILUS ; RELEASE
0346 SENZ O (A )PY R EN E ; M YTILUS ; M O N I T O R I N G ;  MUSSELS; C A R C I N O G E N ;

V A N C O U V E R  HARBOR ; CREOSOTED
0343 SEN ZO (A )PY R EN E ; CARCINOGENS; M O N I T O R I N G ;  D E T E R M I N A T I O N  TECHNI QUES;

T iSSUES; SEDIMENT; POLYCYCLIC A ROM *T ICS. T H I N — L A Y E R
0345 •EN ZO (A )PYRENE ; CARCINOGENS; MUSSELS; MO N I T O R ;  NYT ILUS
0801 B EN ZO (A )PY R E N E; P O L Y N U C L E A R  A R O M A T I C  H Y D R OCARBONS;

A N A L Y T I C A L  M E T H O D S ;  PETROLEUM OI LS ; M A R I N E  TISSUES;
S E N Z ( A  ) A N T N R A C ENE

0344 •EN ZOPYRE N E ; ACC U M U L A T O R  O R G A N I S M S ;  MO N I T O R I NG ; C A R C I N O G E N S ;  MUSSELS;
M YT ILUS; POLYCYCL IC A R O M A T I C  H Y DROCARBONS

0923 BEM ZOPYR EN E ; N Y D R O X Y L A S E  I N D U C T I O N ;  FISH;
PO L Y C Y C L I C  A R O M A T I C  H Y D R O X Y L A S E ; AR Y L H Y D R O C A R B O N  H Y O R O X Y L A S E ;
BR O W N  TRO UT ; N E W F O U N D L A N D ;  T A I N T I N G ;  T H I N — L A Y E R  C H R O M A T O G R A P H Y

09*1 IEN ZOPYRENE ; P O L M U C L E A R  A R O M A T I C  HYDROCARBONS ; CA RCIHO C ENS I S ;
SYM YN EBI S ; DISTRIBUTION ; DEGR A D A T I O N

1039 SEN ZO PY R E N E ; AR O M A T I C S :  C Y C L O — A L K A N E ; SEDIMENTS; BUNKER C;
BEACH SEDIMENTS; CHE D A BUC TO BAY. NOVA SCOT iA ; A RRO W SPILL;
M E T A B O L I S M ;  MOLLUSCS; M YA ; OST RE A; M Y T I L U S ;
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~ 1YL H Y D R O C A R B O N  H Y D R O X Y L A S E ;  R A D I O A C T I V E  T R A C E R
100$ B EM Z O P Y R E N E ;  S1RD S ; FISH ; T A I N T I N G ;  M O L L U S C S ;  A L G A E ; T O X I C I T Y ;

TOI PEY CANYO N  SPILL
1 1 6 1 S E M Z O P Y R E N E ; P O L Y N U C L E A R  A R OM A T I C  HY D R O C A R B O N S ; E S T U A R I N E ; U P T A K E ;

RETE NT I O N ;  D E P U R A T I O N ;  SE N THIC O R G A N I S M S ;  SHELLFISH
12 53 B E N Z O P Y R E N E ; SALMON ; COH O ; P H Y S I O L O G I C A L  EFFECTS ;

A R Y L  H Y D R O C A R B O N  H Y D I O X Y L A S E ;  C Y T O L O G I C A L
1105 B EM ZO P Y R E N E ; BARNACLES ; C A R C I N O G E N S ;  CONTENT ANALYSIS ; T E T R A C L I T A
11 64 BEN ZOPY REN E ; M OLLUSCS; B iV A L V E S ;  ESTUARIES; OREGON;

P O L Y C Y C L I C  A R O N A T I C S ;  C A R C I N O G E N S
1186 8E M ZOPYR EN E ; CLAMS: MUSSELS ; OYSTERS ; OREGON ; ESTU A RINE ; UPT AK E ;

AR O M A T I C  H Y D R O C A R B O N S ; C A R C I N O G E N S ;  MOLLUSCS
0811 B E N Z O P Y R E N E  N Y D R O X Y L A S E ; F I S H ; B I O I N D I C A T O R ; S U B L E T HAL R E S P ONSE ;

ENZ YMES ; M ONIT O R
0026 B E N Z P Y RE NE ; P O L Y N U C L E A R  A R O M A T I C  H Y D R O C A R B O N S ;  C A R C I N O G E N S ;

8 I O C E N E S 1 S
0157 BENZPY I(NE ; A L G A E ;  A R O M A T I C  N Y D R O C A R B O N I ; T U M O R  L I K E  G R O W T H S ;

C A R C I N O G E N I S  IS
0266 BE N ZP Y R ENE ; M E T A B O L I S M ;  E $ZYNE I N D U C T I O N
0601 IENZPYREWE ; ZOO PL ANK TS N ; UPTAKE; D E P U R A T I O W ;  PA C I F I C  COAST; A R C T I C ;

A R O M A T I C  W YD IOC AIB ON S ; N A P T N A L I N E ;  R A D I O A C T I V E  TRACERS ; C A L A N U S
0555 R E N Z P Y I E N I I ; I A I N A C L E S ; CA I C I N O G E N S ; C O N T E N T  A N A L Y S I S
0324 BERING SEA ; FISHES ; TOXICITY ; TEM PER A TU R E
0118 B E R M U D A ; C R U D E  O I L ; F A T E ; W E A T H E R ;  N I C I O S IA L  D E G R A D A T I O N ;

S I O L O G I C A L L Y  A C T I V E  F R A C T I O N S ; M A R T HA ’S  V I N E Y A R D
0655 B E R M U D A ;  FIELDS STUDIES; CHRONIC P O L L U T I O N ;  SA N T A  B A R B A R A  SPILL)

LAKE M A P A C A I S O .  VENEZU E LA ; T I M S A L I E R  S A Y ,  LA ; P O P U L A T I O N  LEVELS;
D I V E R S I T Y ; SIZE; G R O W T H  RATE; R E P R O D U C T I O N ;  A S N O R M A L  GROWTHS;
S I  O N A G N  iF I C A T I  ON

0669 BERMUDA; PELAGIC NYD R OC ARI O N S; TAR SALLS ; R OCKY I N T E R T I D A L ; FLORA ;
F A U N A ;  SPLASH ZONE ; N O D I L I T T O P I N A ;  Y E C T A R I U S ;  H Y D R O C A R B O N  ANA LYSIS ;
A L G A E

0751 B E R O L ;  T O X I C I T Y ;  I N T E R T I D A L ;  BALTIC SEA; L I T T O R A L  2551 ; C O I E M I T ;
B P I100 ; W A T E R  SA SE ; O I L USE ; S O L V E N T

093 2 B I B L I O G R A P H I E S ; D I R E C T O R Y; P O L L U T I O N  M O N I TO R I N G
0488 b I B L I O G R A P H Y ; B 1 O [ N D I C A T O R S
0489 BI B L I O G R A P H Y ;  BIBL I OGRAPHY
0536 B I B L I O G R A P H Y ;  D I R E C T O R Y - O C E A N  W ASTE DISPOSAL
0b 1 7  B I B L I O G R A P H Y
0656 B I B L I O G R A P H Y ;  A R C T I C ;  S U B M R C T I C ;  R E V I E W
0696 B I b L I O G R A P H Y
0806 B I B L I O G R A P H Y ; C H R O N I C  C O N T A M I N A T I O N ;  A Q U A T I C  O R G A N I S M S ;  D I P T E R A ;

FL I E S
0739 B i B L I O G R A P H Y ;  M A R I N E ;  (STU ARINE ; OIL P O L L U T i O N
0795 B I B L I O G R A P H Y ;  T R O P I C S
0926 B I B L I O G R A P H Y ;  C O A S T A L  / E S T U A R I H E  P O L L U T I O N
0940 B I B L I O G R A P H Y ;  C O A S T A L  D E V E L O P M E N T
1026 8 I B L I O C R A P H Y ; E S T U A R I N E  P O L L U T I O N
1027 B I B L I O G R A PHY ; B I B L I OGR A P H Y ; O I L  S P I L L A C E
104 5 B I B L I O G R A P H Y ; B I R D S ; O I L  P O L L U T I O N  OF B I R D S
100 5 B I B L I O G R A P H Y ; R E V I E W; O I L  P O L L U T i O N ; T O X I C I T Y; F A T E  I B E H A V Z O R  OF O I L ;

BIRDS ; B I O D E G R A D A T I O N ; F I E L D  S T U D I E S
1103 B I B L I O G R A P H Y ;  OIL P O L L U T I O N  1950-67
O~ 34 B I B L I O G R A P H Y  — D I R E C T O R Y ;  P O L L U T I O N
0096 B I B L I O G R A P H Y —  OIL. P O L L U T I O N  EFFECTS: A Q U A T I C  O R G A N I S M S
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0927 BIBLIOGRAPHY—A Q UATIC POLLUTION
0764 BIBLIOGRAPHY-OIL POLLUTiON
0325 B IBLO G RAPHY; SUMMARIES
0326 SI BLOCR A PHY ; 9 I B L O C R A P H Y ;  REVIEW ; SUMMARIES
1030 BI E SBU $C H T I D A L  AREA ; OI L  SPILL INCIDENT ; B IRDS—GEESE ; M O R T A L I T Y ;

HOLL A ND ; CRUDE OIL
0359 B I O A C C U H U L A T I O N ;  CRUDE OIL; DETERGENT ; OCTOCORALS; CRUSTACEANS;

MOLL USCS ; E C H IN O D E R M S ;  FISH ; TOXIC ITY ; SUBLETHAL ;
DE VELOP M ENTAL STA GES; RED SEA ; FEEDING RATE ; PHY SIOLOGY ;
LI V E R  E N L A R G E M E N T :  HEMAT O CR I T

0039 BIOASSAY ; OYSTERS ; CRUDE OIL ; REF INED OILS ; CRASSOSTREA ; FUEL OIL $2;
BUN KER C ; SOUTH LA.  CRUDE: K U W A I T  CRUDE

0193 B i O A S S A Y ;  A L A S K A ; SHRIMP ; C OON—STRIPE SHRIMP ; K I N G  CRABS;
CO OK INLET CRUDE; TOX I C I T Y ;  STATIC; WATER SOLUBLE F R A C T I O N

0339 BIOASSAY ; TO X I C I T Y :  EFFLUENT INDUSTRIAL WASTE ; BI O A S S A Y  TECHNIQUES
0533 BIOASSAY; BEH A ViO R ; BIOE LE C TRXC ACTION POTENTIALS; PROC A MBAR U S ;

HY D R O C A R B ON S
0529 BIOASSAY; C O N T I N U O U S  FLOW; TOXICITY; SUBLE THAL EFFECTS;

W A TER SOL U B L E  F R A C T I O N ; W H O L E  O I L  FR A C T I O N ; M I N N O W ; F L O U N D E R ; S H R I M P ;
SCALLOP ; QUAHOG ; MUSSEL; MUD SNAIL

0530 BIOASSAY; BIOASSAY; SOLUBLE F R A C T I O N ;  T O X I C I T Y ;  L A R V A E ;  J U V E N I L E ;
SUBLETHAL EFFECTS

0581 B I O A S S A Y ;  CRABS ; OY STERS; CHEN ORECEPT ION ; SUBLETHAL EFFECTS ;
N A P T H A L E N E ; B E H A V I O R

053? BIOASSAY ; FISH; TOXICITY; OIL—REFINERY EFFLUENT; METABOLIC RATES;
CO M P A R I S I ON OF SPE C I E S ;  F R E S H  W A T E R

0604 B I O A SSAY ; O I L ; D I S P E I S A N T S ; T O X I C I T Y ;  M E T H O D O L O G Y
0628 B IOASSAY; METHODOLOGY; BEHAVIOR; TOXICITY
0794 BIOASS A Y ;  D I S P E R S A N T S ;  E V A L U A T I O N ;  EFF E CT IV N E S S ; TOXICITY ; SOD;

T H R E S H O L D  O D O R
0748 BIOASSAY ; SALT MARSH; MICROCOSM ; GAS C H R O M A T O G R A P H Y ;

SPECTROPHO TONETR ’f ; ULTRAVIOLET; FLUORE SENT
091 5 B I O A S S A Y ; D I S P E R S A H T S; TO X I C I T Y ; T A I N T I N G ; F I S H E R I E S ;

TEST I NG PROCEDURES; STATIC; FLOW THROUGH
0889 BIOASSAY ; FLOW THROUGH; METHODOLOGY; SALMON
0870 BIOASSAY ; TOXICITY; COOK INLET CRUDE; STATIC; FISH; INVERTEBRATES;

A L A SKA
1020 BiOASSAY ; A L G A E ;  E M U L S I F I E R S ; T O X I C I T Y )  GROWTH; P O P U L A T I O N ;  TISSUES;

LA VER ; PORPHYRA
1034 B IOASSAY ; FUEL OIL *2; COON STRIPE SHRIMP ; TOXICITY
1035 BIOASSAY ; BIOASSAY ) CONTINUOUS FLOW ; PETROLEUM: TECHNI QUE ;

MET HODOLOG Y ; FUEL OIL *2
1196 BIOASSAY ; T O X I C I T Y :  R E V I E W ;  CRUDE OIL ; M O R T A L I T Y ;  G R O W T H  STAGES
0106 BIOASSAY OF DETERGENTS; R E V I E W — B I O L O G I C A L  E C OLOGICAL EFFECTS
0339 BIOASSAY TECHNI QU ES ; BIOASSAY; TOXICITY ; EFFLUEMT INDUSTRIAL WASTE
0683 BIOAS SAYS ; R E V I E W ;  SPILL  INC I DENTS ;  SUBLETHAL  EFFECTS
0389 BIOC H E M IC A L ; R E V I E W ;  INPUT; D E G R A D A T I O N ;  N O N - B I O L O G I C A L )  B A C T E R I A L
0017 B I O C H E M I C A L  OXYGEN D E M A N D ;  N OVOROSSIYSK B A Y .R U S S I A ;  O X Y G E N - D I S S O L V E D
0889 BIODEGRADABILITY; DISPERSANTS; TOXIC iTY
0103 BIODEGRADATION ; M ETABOLIC PATHWAYS; NEW JERSEY COAST; TEMPERAT URE ;

NU TRIENT M I N E R A L S ;  BACTERIA -HYDROCARBON UTILIZING
0064 B I O D E G R A D A T I O N ;  CRUDE OIL; SUBSTRATE C O M P O S I T I O N ;  T E M P E R A T U R E
0093 B I O D E G R A D A T I O N :  CRUDE OIL ; M ITR I F ICATION ; A MMONIA PRODUCTION;

H I C R O O R C A N I  SNS
0008 B I O D E G R A D A T I O N ;  YEAST; MOLDS; FUN CA L ECOLOGY ; UPTAKE
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0007 B I O D E G R A D A T I O N ;  M I C P O O P G A b 4 I S M S  H Y D R O C A R B O N  U T I L I Z I N G ;  B A C T E R I A
D O s ) B I O D E G R A D A T 1 O M ;  R E V I E W - O I L  P O L L U T I O N ; C O N T R O L  OF O I L  P O L L U T I O N ;

F A T E  A W l E F F E C T S
0072 B I O D E G R A D A T I O N ; T O X I C I T Y ; A S S O R B A N T S ; B E N T H I C  F L O R A ; F U E L  O I L
0033 B I O D E G P A D A T I O $ ;  B A C T E R I A ;  R A T E  I N C R E A S E  BY G E N E T I C  M A N I P U L A T O R S
OO6~ B I O D E G R A D A T I O N ; D E G R A D A T I O N ;  C O M P O N E N T  PREFERENCE ;

G M S  C H R O M A T O G R A P H Y ;  M A S S  SPEC ; R A TE AN D  EXTENT; CO2 P R O D U C T I O N ;
P R E F E R E N T I A L  D E GR AD ATION; MINERALIZATION ; PA RAFF INMI C CRUDE o n ;
B A C T E R I A

0049 BIODE G R A D A T I O N ;  CLEANUP ; H )JTR IEN T ADDITION
00 68 B I O D E G R A D A T i O N ;  A B U N D A N C E ;  D I S T R I B U r I O H ;  R I Q I N D I C A T O R ;  E N J N E R A T I O M ;

CRUDE OIL- SWEDEN ; T EMPERA TURE; LEVEL OF OIL; M I C R O O R G A N I S M S ;
R A R I T A N  B A Y  N J ; G A S  C H R O M A T O G R A P H Y

0075 BIODEGRADATION ; BA CTERI A
0009 BIODEGRADATION ; YEAST ; LOUISIANA CRUDE ; TRICHOSPORO N
0070 BIODEGRADATION ; NUTR I~~H T S ; O L E O P H I L I C  F E R T I L I Z E R ;

CLEANUP OF OIL SLICKS
0006 B IO D E C I A I A T I O N ;  YEAST ; GUPPY ; L O U I S I A N A  C R U D E  O I L ;  F U N G I
0104 B I O D E G R A D A T I O N :  B A C T E R I A ;  T E M P E R A T U R E ;  N I T Q O C E H ;  PHOSPHORUS ;

LI M ITING FACTORS
0149 BIODEGRADATION ; SED IMENTS ; OYSTERS ; SCALLOPS: TOXICITY ;

CONTENT ANALYSIS ; WE ST FA LM OUTH OIL SPILL ; •UZZAR D BAY;
G A S  C H R O M A T O G R A P H Y

0189 BIODEGRADATION ; METABOLIC PRODUCTS ; TOXICITY TO FISH ;
N UTRIE N TS _ NI T RO G EN AND PHOSPHATE

01 24 B I O D E G R A D A T i ON
021? B I O D E G R A D A T I O N ;  D I S P E R S A N T S ;  T O X I C I T Y ;  BIRDS ; O X Y G E N  T R A N S P O R T
0206 BI O D E G R A D A T I O N ;  AR CTIC; RADIOACTIVE TRACER ; GEOGRAPHIC DISTRIBUTION ;

E FFECT OF CLAY PA RTICLES ON RA TE ; EN UMERATION ; RATE ; DISSOLVED PHASE
0193 BIODEGRADATION; PETROLEUM FRACTIONS; BACTERIA ; MARINE
0304 BIODEGRADATION ; SOFT-SHELL CLAM ; NYA; M IC R OFLO RA
0262 B i O D E G R A D A T I O N ; M I C R O O R G A N I S M S ; C H E S A P E A K E  B A Y
0312 BIODEG RA DATION; REVIEW; BACTERIA; FRACTIONS; CRUDE OIL ;

E N V I R O N M E N T A L  FACTORS
0342 B I O D E G R A D A T I O N ; R E V I E W
0385 B I O D E G R A D A T I O N
0470 B I O D E G R A D A T I O N
0451 B I O D E G R A D A T I O N ;  IR ISH STA R DUST - ALERT BA Y 1973; AL E R T  BA Y . C A N A D A ;

R E C O V E R Y ; H E A V Y  F U E L  O I L
0449 BIODEGRADATION; BACTERIA; SEAWATER: OXIDAT ION ; HYDROCARBO N S
0418 B I O D E G R A D A T I O N ; CR U D E  O I L ;  D I S P E R S A N T S ; E C O S Y S TE M S
0390 BIODEGRADATION; RATE; OXYGEN LEVEL; MONOD ’S MODEL
0406 BIODEGRADATION ; REVIEW
046. BIODEGRADATION; GAS OIL; FUNGUS
0469 B I O D E G R A D A T I O N :  BACTERIA; DISTR iBUTION; OIL-OXIDIZING BACTERIA;

N O R T H  SEA ; A B U N D A N C E ;  WATER ; SEDIMENT
0622 B I O D E G R A D A T I O N ; R E F I N E R Y  W A S T E S; B A C T E R I A ; P H Y T O P L A N K T O N
0516 BIODEGRADAT ION; BACTERIA; SUBSTRATE SELECTION; SUCCESSION
0621 BIODEG RA DA T iON; RATE ENHANCEMENT; NITROGEN; PHOSPHORUS
0671 BIODEGR A DATIO N ; RATE; TEMPERATURE ; OXYGEN A V A I L I L I T Y ;  SOD
0695 B I O D E G R A D A T I O N ; D I S P E R S A L
O7~~I BIODEG RADAT iON; ENHA NCE M ENT; FERTILIZER
0943 B I O D E G R A D A T I O N ;  RATES; B A C T E R I A ;  M E C H A N I S M ;

T O X I CITY OF METABOLIC AND PRODUCTS; FLOW RATE IN CHE MO STA T
0*33 •100 E CR *DA T ZON ; OI L ;  DEGRA DA T IDN. ENVIRONMENTAL FACTORS; ENE R GY;
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B A C T E R I A ; B U N K E R  C ; C H E D A B U C T O  B A Y ;  A R R O W  SPILL
0740 B I O D E G R A D A T I O N ; M I C R O O R G A N I S M S ;  D I S T R I B U T I O N ;  N O R T H W E S T E R N  A T L A N T I C
0833 B I O D E G R A D A T I O N ; M I C R O O R G A N I S M S  O X I D I Z I N G  NC ’S ; D I S T R I B U T I O N ;

H EV A  I N L E 1~ R U S S i A .  S E A S O N A L  D I S T R I B U T I O N ;  B A C T E R I A
0832 B I O D E G R A D A T I O N ;  P H E N O L ; R E F I N E R Y  E F F L U E N T ;  ST. L A W R E N C E  R i V E R
0793 B I O D E G R A D A T I O N ;  RAT ES ; M I X E D  C U L T U R E ) O R G A N I C  E N R I C H M E N T ;

I N O R G A N I C  S A L T S ; A E R A T I O N
O~~1 7 B I O D E G R A D A T I O N ;  A W E R O B I C  C O N D I T I O N S ;  SE D I M E N T S
0910 B I O D E G R A D A T I O N ;  H E X A D E C A N E ; R A D I O A C T I V E  T R A C E R ;  TOKYO BAY ;

W A T E R  C O L U M N ; B A C T E R i A
0874 8 I O D E G R A D ~~T I ON ;  A L A S K A ; T E M P E R A T U R E ;  SA L I N I T Y :  M O R T A L I T Y ;  C H E N O T A X I S ;

COOK INLET ; V A L D E Z
08 75 R I O D E G R A D A T I O N J  B I O D E G R A D A T I O N :  M I C R O O R G A N I S M S ; B A C T E R I A ;

ENHANCEMENT ’ E M U L S I F I C A T I O N : SEEDING
0860 B i O D E G R A D A T I O N ;  DISPERS I ON ) A R T H R O B A C T E R ;  B A C T E R I A
1 029 BIODEGRADATION ; BACTERIA ; MICROORGANISMS
1065 B I O D E G R A D A T I O N ; A L G A E ; PR O TO T H E C R ; S UB S T R A T E  S E L E C T I O N
1061 BIODEGRADATION; MICROORGANISMS ; ENUMERATION; CONCENTRATION;

A N T I B I O T I C S ; I H O C U L U M  W A S H E S
0963 B I O D E G R A D A T I O N ; Y E AST ; GAS C H R O M A T O G R A P H Y ; T E M P E R A T U R E ;

A CID PRODUCTION; SUBSTRATE SELECTION
1062 B I O D E G R A D A T I O N ; B A C T E R I A ; S E D I M E N T S ; C H E S A P E A K E  B A Y
1060 B I O D E G R A D A T I O N ;  POT ENTIAL ; M A R I N E ; RAD I OMETRY; H E X A D E C A H E
1059 B I O D E G R A D A T I O N ;  B A C T E R I A ;  L I M I T I N G  EFFECTS ; SOUTH L O U I S I A N A  CRUDE ;

FUEL O I L  $ 2
1054 B I O D E G R A D A T I O N ;  S E D I M E N T S ;  A T L A N T I C  COAS T; NORTH C A R O L I N A
1005 BIODEG R A D A T I O N ;  REVIEW; OIL POLLUTION ; TOXICITY ;

F A T E  I B E H A V I O R  OF O I L ; B I R D S ; F I E L D  S T U D I E S ;  B I B L I O G R A P H Y
1063 BIODEGRADATION ; MOTOR OIL; CHESAPEAKE BAY ; SEDIMENTS
1129 BIODEGRADATION ; HI C R OOCANISMS ; ARCTIC ; TEMPERATURE ; NUTRIENTS;

OX YGEN R E Q U I R E M E N T S ;  CRUDE OIL ; A R O M A T I C S ;  P A R A F F I N S ;  B EA I JF D RT SEA;
C H U K C H I  SEA

1 I 1 ~ B iODEGRADATiON ; BACTERIA ; SEDIMENTS ; BA RA TA R IA BAY ) ANAEROBIC;
BE N Z CA )PY R E H E ;  A C C U M U L A T I O N ;  M Y T I L U S ;  W H I T I N G ;  PICKEREL

1 1 5 1 B I O D E G R A D A T I O N ;  CRUDE OIL; A R O M A T I C  N C ’ 5 ; BA C T E R i A
1104 BIODEGRADATION; B U N K E R  C ; E M U L S I F I C A T I O N ;  B A C T E R IA
1066 BIODEGRADATION; CHESAPEAKE BAY ; BA LTIMORE HARBOR ; A LGA ; PROTOTNECA
1130 BIODEGRADATION ; AROMATIC PETROLEUM PRODUCTS ; XYLE NE ; MICROOR A N ISMS;

B A C T E R I A ; M O C A R D I A
1129 BIODEGRADATION ; ARCTIC , MICR OORGANISMS
1 1 1 5  B I O D E G R A D A T I O N :  B A C T E R I A ;  SUBSTRATE ) D I S T R I B U T I O N ;  HYDR OGEN AC C E P T O R ;

A B S O R B E N T S
1199 B IODECRADATIOM; MICROORGANISMS; BACTERIA ; FUNG I ; YEASTS ; CRUD E OIL ;

N I G E R I A
1190 BIODEGRADATION ; BIODEGRADATION ; BUNKER C; MARINE DIESEL;

MICROORGANISMS; CRUDE OIL
1203 B I O D E G R A D A T I O N ; S Y M P O S I A ;  O I L S
1174 BIODEGRADATION; ESTUARIES ; C A N A D A ;  SA E N I C H  I N L E T ;  C R U D E  OIL ;

FUEL O IL ; P H Y T O P L A N X T O N ;  CEPEX; D I A T O M S
119 8 B I O D E G R A D A T I O N ;  CRUDE O I L - N I G E R I A N ;  N U T R I ENTS ; OXYGEN C O N S U M P T I O N
11 90 B I O D E G R A D A T i O N ;  DIS PERS A NTS I CRUDE OIL
1217  B I O D E G R A D A T I O N ;  T E M P E R A T U R E ;  ESTUARIES ; M I C R O O R G A N I S M S
1 16? BIODEGRADATION ; CALIFORNIA; TAINTING ; PETROLEUM; CLEANING AGENTS;

‘ AS  C H R O M A T O G R A P H Y ; O R C A N O L E P T I C
0525 B I O D E G R A D A T I O N  R A T E )  SE D ; M E N TS I C O N T I N E N T A L  SHELF S E D I M E N T S ;
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OXYGEN AVAILABILITY
033.3 BIQ ELECTRIC ACTION POTENTIALS ; BIOASSAY ; B EHAVIOR ; PRO CA M BARUS ;

H Y D R O C A R B O N S
0532 BIO ELECT R IC ACTION POTENTIALS ; HYDRO CARBO N S ; BIO IHDI CA TOR ;

REMOTE ELECTRODES ; CRUSTACEANS ; A C T I V I T Y
002 6 B I O G E N E S IS ;  P O L Y M U C L E A R  A R O M A T I C  H~~DROC AR 8ONS ; CARCINOGENS;

BE HZ PY R EN E
0356 B I O G E N I C ;  M Y T I L U S ; C O N T E N T  A N A L Y S I S ; ME TA B O L I S M ; P E T R O L E UM ; M US S E L S~

KIEL BIGHT , W . GER MANY ; ARO MA T ICS
0250 B IOCEN IC; PA RA FFINS : ALGAE ; ZOOPLAN KTON ; PHYTOPL AN KTON; SEDIMENT;

PR ISTANE ; PETROLEUM
0335 BIO GENI C; MYT ILUS ; MUSSELS ; UPTAKE; DEPURATION ; PETROLEUM ; AROMAT I C

K I E L  B I G H T
0349 BIOGENIC ; BENZO (A )PYRENE; CARCINOGE N S; SOUTHERN CAL IFOR sIA ; MUSSELS

M YT ILUS; BASELINE
0377 B I O C E N I C ; H Y D R O C A R B O N ; C O N T E N T  A N A L Y S I S ; S E D I M E N T S ; M E R C E M A R I A ;

CLAMS: NA RRA CANSET BAY ; PETROLEUM
0642 BIOCENIC VS PETROLEUM HYDROCARBONS ; PYR OCRAPH ICS; OUTBOAR D MOTOR DII

A L G A E
0139 BIOGENIC VS. PETROLEUM ; HYDROCARBONS ; CONTENT ANALYSIS;

MARINE PHYTO PLANKT ON ; TRACER ; FO&D CHAIN
0141 B IOGENI C VS. PETROLEUM ; TRACE RS ; PHYTOL ; ZOOPL AN KTO H ; FISH ;

A N A L Y S I S  FOR H Y D R O C A R B O N S ; O L E F I N S ; FOOD C H A I N
1119 BIOGEHIC VS. PETROLEUM: HYDROCAR BONS ; CHLOROPHYLL-A CORRELATION WIT I

PHYT O PLA N KTO N; W EST A F R I C A
O?I 1 B IOGENIC VS. PETROLEUM NC ’S ; HYDROCARBON ; CONTENT ANALYSIS; IR ; CLC

MASS SPECTRONETRY ; MONITORING
0661 BIOGEHIC VS. PETROLEUM H Y D R O C A R B O N S ;  I N F R A — R E D  SPE CTROMETRY ;

C R U D E  O I L ; S E D I M E N T S
0802 BIOCEN IC YS.PETROLEUM WYDROCARBON ; DIESEL OIL; LOBSTER;

CHRONAIO .CRAPMY
0068 BIOIN DICA TOR ; ABUN DANCE ; DISTRiBUT iON; ENUMERAT iON ;

CRUDE OIL— SWEDEN ; TEMPERATURE; LEVEL OF OIL; M I C R O O R G A N I S M S ;
B I O D E G R A D A T I O N ; R A R I T A N  BAY N . J . ;  GAS C H R O M A T O G R A P H Y

0110 BIO IND ICAT OR ; MYTILUS ; MUSSELS
0532 B I O I N D I C A T O R ;  H Y D R O C A R B O N S ;  B I O E L E C T R I C  A C T I O N  P O T E N T I A L S ;

REMOTE ELECTRODES ; CRUSTACEANS ; A C T I V I T Y
0811 B I ’ IHD IC A TOR ; FISH; BEN ZO PYRE N E H Y D R O X Y L A S E ;  SUBLETHAL RESPONSE;

E N Z Y M E S ;  M O N I T O R
0488 B IO I HD I C A T O R S ; BI B L I O G R A P H Y
0978 BIOIN D ICA TOR S ; OIL POLLUTION ; CNI RO ND M IDAE ; FRESH WATER;

TRAIL RIVER , NW T , C A N A D A ; FRESHWATER ; M ID G E S
0912 B IO I N D I C A T O R $ ; CLAMS; M A C O M A  BALTICA ; MUD FLATS; CRUDE OIL
1137 BIOIND ICATORS ; AUSTRALIA; UPTAKE ) RETENTION; DEPURATION;

GAS C H R O M A T O G R A P H Y ; M YT ILUS ; MUSSEL; EFFECT OH ECOSYSTEM; TOX ICIT
11 25 BI O I N D 1 C A T O R S ;  R E V I E W ;  SUBLETHAL EFFECTS; T O X I C I T Y ;  UPTAKE;

RETENTION ; DE PU RA T IO H; METHODS OF DETECTION OF NC’S IN OR GANISM
1 195 BIOIND ICATORS ; REVIEW; POLLUTION; ESTUA RI E ; MARINE; OIL POLLUTION
1171 B I O IN O I C A T O R S ;  PROTOZOA; C I L IA T E S ;  LUPLOT E S; SAUDI A R A B I A N  CRUDE;

EMPIRE M IX CRUDE ; M I C R O F A U N A ;  C O M M U N I T Y  D I V E R S I T Y  EXPERIM ENTS
0750 BIOLOGICAL
0052 B I O L O G I C A L  ASSESSMENT; COLLECTION OF ABSTRACTS; ABSTR ACTS:

S A M P L I N G  METHODS ; A N A L Y T I C A L  TECHN IQUES
1222 B I O L O G I C A L  BASELINE; ESTERO BAY; ASSESSMENT OF SPILLS;

CONTINGENCY PLANNING; POTENTIAL OIL SPILLS
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0242 BIO L O G I C A L  CONSE QUENCES ; REV IEW ; B IRDS ; C O M M E R C I A L  FISHERIES ;
C O A S T A L  F L O R A  A N D  F A U N A ; A R C T I C ; P UB L I C  H E A L T H

0769 BIOLO G I C A L  CONSE QUENCES ; R E V I E W ;  OI L POLLUTION ; SHORE C L E A N I N G
0133 B I O L O G I C A L  E F F E C T S ; M A R I N E  E N V I R O N M E N T ;  R EVIEW
0134 BIOLOGICAL EFFECTS ; REVIEW ARTICLE; OIL C O N T A M I N A T I O N
0575 BIOLOGICAL EFFECTS ; REVIEW ; SOURCES; PERS I STANCE ; TOXICITY
0512 BIOLOGICAL EFFECTS ; REVIEW ARTICLE; INPUT ; FATE
0721 B I O LO 6 I CAL  EFFECTS ; MODEL ;  TOXICITY ; SUB L E THAL EFFECTS; TAINTING;

PO LYCYCLIC  A RO MATIC  HY DR OCAR I U NS ;  C O A T I N G ;
SOLUBLE A R O M A T I C  HYDROCARBON DER IVITIES

0753 BIOLOGICAL EFFECTS ; REV iEW WORKSHOP; INPUTS ; A N A L Y T I C A L  TECHNI QUES
0772 BIOLOGICAL EFFECTS ; REVIEW ; INPUT ; FATE; CLEANUP ; OIL; DISPERSANTS
0945 BIOLOGICAL EFFECTS ; TORREY CANYON SPILL
1076 BIOLOGICAL EFFECTS ; PROCEDURES M A N U A L
1087 B IOLOGICAL EFFECTS OF OIL  POLLUTION ; R E V I E W
0244 B I O L O G I C A L  FATES ;  R E V I E W ;  M A C R O O R G A N I S M S
0119 BIOLOGICAL INDIC A TORS ; DIVERSITY IND ICIES ; S 4A NNON D I V E R S I T Y  INDEX ;

EVENNESS  I N D E X
0111 BIOLOGICAL INDICATORS ; SPECIES DIVERSITY IND IC IE S ; FI SN ;

GA LVESTON BAY TEX A S
0400 BIOLO G I C A L  MONITOR ; MYT ILUS; UPTAKE; DEPURATIO N ;

HYDROCARBON CONTENT A N A L Y S I S ;  P H Y S I O L O G I C A L  ST RESS )  MUSSELS;
A C C U M U L A T  ION

0520 BIOLOGICAL RESPONSES; REVIEW
01 05 B I O L O G I C A L  S A M P L E R S ;  M O N I T O R I M ~ I N S T R U M E N T S ; S A M P L E R S ;

SEDIMENT SA MPLERS; WATER SAM PLERS
O~ 68 BIO LOGICAL SURVEY ;  SANTA B A R B A R A  SPILL
0138 BIOLOGICALLY ACTI V E FRACTIONS; CRUDE OIL; FATE; WEATHER;

M I C R O B I A L  DEGRAD A TION ; MARTHA’S VINEYARD ; B ERMUDA
0970 BIOLOGY ; SANTA B A R B A R A  SPILL ; BACTER IOL C GY
0683 BIOMAGNIFI CA T ION ; FiELD S STUDIES; CHRON IC POLLUTION ;

S A N T A  B A R B A R A  SPILL ) LA K E M A R A C A I B O ,  VENEZUELA ;  BERMUDA ;
T IMB A L IER BAY , LA. ; POPULATION LEVELS ; DIVERSITY; SIZE ; GROW T H  RATE ;
REPRO DUCTION ;  ABNORMAL GROWTHS

0745 B IOM ASS ; PALVA OIL SPILL IN C I DENT; BENTH IC FAUNA; DIVERSITY;
POPULAT IONS

1205 BI OM A SS ; SANTA B A R B A R A  CHANNEL C A L I F O R N I A ;  NATURAL OIL SEEPS;
IS LA V I S T A  OIL SEEP ; BENT HIC FAUNA ;  P O L Y C H A E T E S ;  T O X I C I T Y

0273 B IOSYNTH ESIS;  POLYCYCL IC  A R O M A T I C  HYDROCARBONS ; M ETABOLISM ;  UPTAKE ;
FOOD WEB T R A N S F E R

0555 BIOSYNTHESIS; HYDROCARBONS ; M I C R O F L O R A ; B R E A K D O W N ;  METHODS;
M ETABOLISM:  TERRESTRIAL

090? B IOTA ; WATER SOLUBLE F R A C T I O N S ;  CRUDE OIL; N ICRO A LC A EJ GROWTH RATE ;
HY DROCARBON ANALYSIS ;  SEDIMENTS ; W A T E R S ;
SO UTH T E X A S  O U T T ER C O N T IN E N T A L SH EL F

100? B IOTA ; LAKE M A R A C A I B O ,  VENEZUELA; FISHERIES) SEDIMENTS; WAT ER ;
H Y D R O C A R B O N  CONTENT A N A L Y S I S ; T O X I C I T Y

0336 BIRD M O R T A L I T Y ;  OLYMPIC A L L I A N C E — D O V E R  STRAITS 1975 ; CORMOR ANT ; AUKS ,
OIL  SPILL INCIDENT ;  ENGLAND

1 084 BIRD TREATMENT ; SAN F R A N C I S C O  SPILL ; BIRDS; M O R T A L I T I E S
0095 BIRDS ; O IL POLLUTION
0113 BIRDS ;  R E H A B I L I T A T I O N
0 112 BIRDS ;  T ORR EY CANYO N : R E H A B I L I T * T Z O N  AND CLEANING ;

P A T H O L O G I C A L E FFE CT S
0114 BIR DS; R E H A B I L I T A T I O N
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0047 B I R D S ; T R Y  R I V E R ; V E N E Z U E L A N  C R U D E  O I L
0012 BIRDS ; SPILLS ; SAN FRANCISCO BAY ; FRANK BUCK - TANKER SPILL (193?);

WEST COAST U.S.
0054 BIRDS ; MORTALITIES: BEACH SURVEY
0045 BIRDS ; SANTA B A R B A R A  S P I L L ; C L E A N U P ; C O M M U N I T Y  S U R V E Y ;  L I M P E T S ;

B A R N A C L E S ; M U S S E L ; C H I T O N S ; I N T E R T I D A L  O R G A N I S M S
0046 B I R D S ; S A N T A  B A R B A R A  S P I L L ; C O M M U N I T Y  S U R V E Y ;  K E L P ; S C A L L O P S ;

AS SE S S M E N T
0240 BIRDS ; CLEANING; FEATHER WETTING; EHTE RITIS; REHABILITATION
0190 B I R D S ;  M O R T A L I T I E S
0172 BIRDS ; TORR EY CANYON ; M O R T A L I T I E S ;  GUILLEM O TS ; R A Z O R B IL L S
02 1 ? B I R D S ; D 1 S P E R S A N T S ; TOXICiTY; BIODEGRADATION: OXYGEN TRAN SPORT
02 14 B I R D S ; M O R T A L I T Y ; S A N T A  B A R B A R A
0244 BIRDS; M O R T A L I T I E S ;  BEACH SURVEYS; P O P U L A T I O N ;  C H R O N I C  SPILLAGE ;

TREA TMENT ; DISPERSANTS
0191 BIRDS; MORTALITIES ; ARROW SPILL; IRVIN G WHALE SPILL; NOVA SCOTIA;

SPECIES ENDANGERMENT ; NEWFOUNDLAND
0165 BIRDS; GULLS; GU ILL INOTS ; K ITT IWAKES ; BEHAVIOR
0245 B I R D S ; C L E A N I N G ; F E A T H E R  W E T T I N G
015~ B I R D S
0198 BIRDS
0175 BIRDS ; A R R O W  SPILL; MORTALITIES; CH E DA BUCT O BAY , NOVA SCOTIA
0170 BIRDS ; MO RTALITIES ; C O N S E R V A T I O N ;  C UILLE HO TS
0239 B I R D S ;  C O N S E R V A TION
0166 BIRDS ; OIL ; EFFECT ; RE V I E W ;  M O R T A L I T I E S ;  PHYSIOLOGY
0163 BIRDS; OIL ; BREEDING: DISTRIBUTION ; STRAND INGS ; W EATHER
0200 B I R D S ; E l DERS ; B E H A V I O R
0 1?? BIRD S; RE V I E W ;  PHY SIOLOGY ; R E H A B I L I T A T I O N ; M A R I N E  F A U N A
016 ? B I R D S ; M O R T A L I T I E S ; R E V I E W
0173 BIRDS
0169 B I R D S ; T O R R E Y  CA N Y O N ; M O R T A L I T Y
0168 BiRDS; M O R T A L I T i E S ; SPECIES ENDANGERMENT ; CONSE RVATION ;

R E H A B I L I T A T I O N
0242 BIRDS; R E V I E W ; B I O L O G I C A L  CONSE QUENCES ; C O M M E R C I A L  FISHERIES:

COASTAL FLORA AND F A U N A ; ARCT IC ; PUBLIC HEALTH
0264 BIRDS; CLEANING
0335 B I R D S ;  PANTHER S P I L L ;  M O R T A L I T Y
0258 B I R D S ; T E R N S :  D R Y  T O R T U C A S ; T E R N S
0352 BIRDS; SNOW GEESE
0305 BIRDS; NORTH SEA OIL; C R O M A R T Y  F IRT I4 ,SCOTL AH D
0299 BIRDS: M A L L A R D S ;  C R U D E  OIL ; PHY SIOLOGY ; A N AS ; DEHYDRATION;

M UCOSAL TRANSFER RATE ; D I SPERSANTS ) INTESTINAL ABSORPTION
0456 BIRDS) O IL; C L E A N I N G ;  NETHERLANDS ; FEATHER WETTING
0491 BIRDS; OIL; INGEST ION ; NOBILITY; T O X I C O L O G I C A L  EFFECTS ; DUCKS
0454 BIRDS; MORTALITIES; ENGLAND / SCOTLAND ; BEACHED BIR DS COUNTS
0437 BIRDS; POPULATIONS; MIGRATION; WINTER QUARTERS ; BREEDING
0473 BIRDS; FATALITIES
0460 BIRDS; OIL; C L E A N I N G ;  PA THOLOGY: SANTA B A R B A R A  CRUDE ;

PO L YCO M PLEX A— I t
04~~2 BIRDS ; OIL; DUCKS; R E P R O D U C T I O N ;  INGESTION ; HATCHA BI LITY ; C O A T I N G
O4~ 5 BIRDS; OIL ; DUCKS: iN G ESTiON; TOX i C I TY ; PHYSIOLOGICAL EFFECTS ;

H I  S T O P A T N O L O G Y
0455 BIRDS; M O R T A L I T Y ;  TAY ESTUARY ~ S C O T L A N D ; E l D E R S
0490 BIRDS; M E D W A Y  ESTUARY ; OIL SPILL IN C I D E N T
0430 BIRDS ; KENT; OIL POLLUTION
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0453 BIRDS ; MORTA LITIES ; TAY ESTUARY , SCOTLAND
0369 BIRDS ; M I G R A T I O N ;  OIL POLLUTION
0368 B I R D S ; M I G R A T I O N ; O I L  P O L L U T I O N
0619 BIRDS ; BALT I C ; WASTE OIL ; M O R T A L I T I E S
05 27 B I R D S ;  C A L I F O R N I A  M U R R E
0548 B I R D S ;  M O R T A L I T I E S ; DENMARK
0514 BIRDS ; SANTA B A R B A R A  SPiLL ; CLEANUP; ECOLOGICAL IMPACTS;

LITTORAL COMMUNITIES ; KELP BEDS
0513 BIRDS; TORREY CANYON ; DETERGENT ; L IMPETS : PLANKTON: FISHERIES ;

CRA IE DE CHAMPAGNE
0558 BIRDS; HAMILTON TRADER SPILL ; IRISH SEA
0700 BIRDS ; R E V I E W - O I L  POLLUTION ; LARVAE ; SUBLETHAL EFFECTS; PRODUCTIVITY;

FISH; PH Y TOPLANKTON ; ZO OPLA NK TON ; EGGS ; PLAICE
071? BIRDS ; MORTALITIES; SAN FRANC ISCO SPILL -193?: WATERFO W L ; CULLS
0626 BIRDS; MORTAL I TIES
0783 BIRDS; TORREY CANYON ; A UKS ; C O R N W A L L . ENGLAND
0808 BIRDS ; TR EATMENT
0854 BIRDS ; ENGLAND ; OIL POLLUTION
O?13 BIRDS ; CLEANING ; LR RO DA N 127; FEATHER WAX
0841 BIRDS; ARGO MERCHANT SPILL
0809 BIRDS; MORTALITY
0826 BIRDS; OIL; TREATMENT ; WW 2 TANKER S INKIN G S
0910 BIRDS ; BR EEDING COLONIES: O IL ; WORLD W A R  2 OIL POLLUTION ; CU ILLEMOTS ;

PUFF INS
0873 B IRDS ;  M O R T A L I T I E S
0900 BIRDS ; S A N T A  B A R B A R A  SPILL ;  OIL SPILL INCi DENT ; CLEANUP
0934 BIRDS; F I NLAND ;  PAL V A ; EIDER ; S O M A T E R I A
0892 B IRDS ; P A N A M A ;  5 .3 . W I T W A T E R  SPILL ; TROPICS ; INTERTIDAL;

TERRESTRIAL PLANTS ; LITTORAL ; M A N G R O V E ;  REEF ; M E I O FA U N A ;  SEA TURTLES ;
DIESEL OIL ; B UNKER C

0928 BIRDS; M ORTALITiES: SAN FRANCISCO RA Y: AUTOPSIES ; FUEL OIL-BUNKER C
087? B I R D S ;  C H E S A P E A K E  B A Y ;  SPILL I N C I D E N T ;  FUEL OIL  B 6 ;

E N V I R O N M E N T A L  ASSESSMENT; MORTALITIES ; SHELL FISHER I ES ; MARSH GRASS
0973 BIRDS; M O R T A L I T I E S ;  SANTA B A R B A R A  SPILL
1005 BIRDS; RE V i E W ; OIL POLLUTION; TOXIC i TY ; FAT E &BEHA VIO R OF OIL ;

BIODE G RA DATION ; FIELD STUDIES ; B IBL IOGRAPHY
1 01? BIRDS ; KENT . ENG LAND ; M A R I N E  ALGAE PLANTS ; FISH
1044 BIRDS; YUKON
0975 BIRDS ; SANTA B A R B A R A  SPILL ; INVERTEBRATES ) A LGAE ; MORTA LITIES )

R E C O L O N I Z A T I O N ;  SUBLETHAL EFFECTS ;  P H Y L L O S P A D IX ;  C HTHA NALUS ;
POLL ICIPEB .  HESPER O PHY CUS

1 042 BIRDS ; A LC IDS ; I N D I C A T O R  SPECIES ; AIJ K S; M UR R S; E lDERS
0974 BIRDS ; SANTA BARBARA SPilL ; SURV EY ; MARINE M A M M A L S ;  DIVERSIT Y ;

FISHERIES ; TAINTING
1 015 BIRDS
1 043 BIRDS ; C A N A D A ) P A C I F I C
1 009 BIRDS ; FISH ; TA i N T I N G ; MOLLUSCS ; B EN ZO PY R EM E ; A LCAE ; T OX I C I T Y ;

T O R R E Y  C A N Y O N  SPILL
10 45 B IRDS ; B IB L I O G R A P H Y ;  OIL POLLUT ION OF BIRD S
1135 BIRDS ; E STU A R INE ; DUCKS ; FISH; CHESAPEAKE BAY; HATCHING SUCCESS;

T O X I C I T Y
1134 BIRDS; A R C T I C )  SUB ARCTIC; BAFF IN BAY ; DAVIS STRAIT ; LAB R A D O R  SEA ;

ASSESS M EN T OF SPILLS; PHYTOPLA N K ION ; ZOOPLANK ION; ZOOBENTHOS ; FISH;
M A M M A L S

1144 BIRDS:  HATCHING SUCCESS ;  EMBRYONIC DEVELOPMENT ;  E lDERS ;  CUI. KS,
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M A L L A R D S ; P A T H O L O G I C A L  EFFECTS ; FUEL OIL ; CRUDE OIL
1O 6~ BIRDS ; TORREY C A N Y O N  SPILL ; TOXICITY; DETERGENTS; INTERTIDAL; CHALK
1 084 B IRDS ; SAN FRANCISCO SPILL ; MORTALITIES; BIRD TREATMENT
11 01 BIRDS ; M O R T A L I T Y ;  SHETL A N D I S . .  B R I T A I N ;  OIL
1204 B IRDS ;  LOS ANGELES HARBOR ;  S A N S I N E A  SPI LL ; P R O D U C T I V I T Y ;  ZOOPL A NET O N ;

A SSESSMENT OF SPILLS; BENTHIC ORGANIS M S ; FISH ; PHY TO PL *NK TON
1183 BIRDS ; PLANKTON ; iNVERTEBRATES ; M A M M A L S :  TOXICITY ; REVIEW ;

PETROLEU M H Y D R O C A R B O N S ;  ECOSYSTEM
1210 BIRDS ; EGGS ; OIL ; INGESTION
1030 BIRDS-GEESE ) B IESROSC N TIDAL AREA ; OIL SPILL INCIDENT; M O R T A L I T Y ;

H O L L A N D ; C R U D E  O I L
0073 BIVALVES ; CRU DE OIL; D ISPERSA N TS
0609 BIVALVES ; M A R INE SEDIM ENT; METABOLISM; NICROFAU H A ; ME I O FAU HA;

M A C R O F A U N A ;  DEGRADATION; POLYCHAETE WORMS ; BACTERIA; EXCRETION
0865 BIVALV E S ;  TOXICITY; SPERMATOZOA ; FERTILIZATION;

DEVELOPMENTAL A B N O R M A L I T I E S ; PRUDHQE BAY CRUDE ; K U W A I T  CRUDE;
N I G E R I A N  C R U D E

0864 BIVALVES; DISPERSANT ; SHELLFISH ; LARVAE; SPERMATOZOA; TOXICITY;
OYSTERS ; CRASSOSTRE A; MUSSEL; FERTILIZATION; DEVELOPMENT

0962 B I V A L V E S ; T O X I C I T Y ; L O N G  T E R N  E F F E C T S ;  I N T E R T I D A L ; G A S T R O P O D S ;
DIESEL FUEL. M A R I N E ; ROCKY SHORE; FAUNA ; L A M M A  IS.; HONG KONG;
D ISPERS AN TS ; RECOVERY

0~ 94 BIVALVES; SURFACTA N TS; FISH; CRUSTACEANS; TOXICITY; BEHAVIOR;
DEVELOPMENT; ACTIVITY ; BYSSUS TNREA D ; M OULT INC

0995 BIVALVES; D ISPERSANTS ; EMULS I ONS; TOXICITY; SUB LETHAL EFFECTS ;
A C T I V I T Y ;  M O T I L I T Y ;  C RUSTACEANS ; FISK ;  B E H A V I O R ;  BIL EMULSION ;
CONTINUOUS FLOW; LOCOMOTION

1164 BIVALVES ; BENZOPYREHE; MOLLUSCS; ESTUARIES; OREGON;
POLYCYCLIC AROMATICS : CARC I NOGENS

0228 BLACK M A N G R O V E ;  LITTORAL COMMUNITIES; FLORIDA KEYS; ROCKY PLATF ORM ;
M A N G R O V E  FRINGE; SEA GRASS FLATS; M A N G R O V E  SWAMP ; CRUSTACEANS;
ECHI N ODE RNS; RED MA N G R O V E ;  PEARL OYSTER

0704 BLACK OIL; TOXICITY; FISH; DEVELOPMENT) PETROL E UM; EU C RAULIS ;
SCORPAEN A ; CRENILABRUS; SOLAR OIL

0709 BLACK OIL; TOXICITY; KEROSENE; M A R I N E  PL ANK TONI C ALGAE;
B E P 4T H O P L A N K T O N I C  ALGAE

0016 BLA C K  SEA; MUSSEL; BEHAVIOR) FILTERING ABILITY; TOLERANCE
0708 BLACK SEA ; PU R I F I C A T i O N ;  DEGRADATION ; WATER ; SEDIMENTS; BA C T E R I A
0706 BLACK SEA; OIL POLLUTION; FLORA; FAUNA
0702 BLACK SEA ; ZO OPLANKTON; TOXICITY; CRUDE OIL; M I N E R A L  OIL; A C A R T I A ;

P A R A C A L A N U S ;  PEN ILLIA; CEHTROPACES ; O ITN ONA
070? BLACK SEA; OiL POLLUTION; FLORA ; FAUNA; CRUDE OIL) D IESEL OIL
0701 BLACK SEA ; BACTERIA; DEGRADATION; SELF-PURIFICATION
0737 BLACK SEA BREAM; PARAFFINS; FISH; CRUDE OIL ; JUL I A MA WRECK ; S ALMON)

MULLET; GAS CHROMATOGRAPHY
0411 BLEED WATER ; REV I E W ;  S P R E A D I N G  OF OIL; GASEOUS EXCH ANGE; TOXICITY;

TAINTING; OYSTERS ; DIATOMS ; OFFSH ORE DRILLING
0640 BLEED W A TER ; OYSTERS: F iLTERiNG RATE : CRUDE 0111

W A T E R S O L U B L E F R A C T I O N
04 67 B L O O D ; T O X I C O L O G Y ; U L T R A V I O L E T  S P E C T R O P H O T M E T R Y ;  B E N Z E H E ;

A L KYLBENZEN ES;  KEROSENE
0961 B L O W F L Y ;  C H E N ORECEPT I ON
0583 B L U E  C R A B ;  CRUDE O I L ;  P A L A T A B I L I T Y ;  BROWN SHRIMP ; T A I N T I N G ;

L O U I S IA N A  CRUDE OIL
0672 BLUE C R A B S ; O~~F9HORE DRILLING; SPILL INCIDENT; MISSIS SIP PI DELTA;
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WATER COL UMN; SEDIMENT; WEATHERING ; M IGRATES IN SEDIMENTS ; DIVERSITY;
P O P U L A T IONS ;  SHR i MP ; B E N T H I C  O R G A N I S M S

0848 BLUE GREEN; CRUDE OIL ; SOUTH LOUISIANA  CRUDE ; K U W A I T  CRUDE :
FUE l . 011.12; GROWTH RATE; PHOTOSYNTHESIS ; P I I C R O A L C A E — T O X I C I T Y ;  D I A T O M ;
D I N O F L A C E L L A T E

0063 BLUE G R E E N  A LGAE ; M I C R O B I A L  P O P U L A T I O N S ;  PROTO ZOA N S ; D I A T O M S )
D E G R A D A T I O N ; YEAST; SPECI E S D I V E R S I T Y ;  G R E E N  A L G A E ;  N A T U R A L  S E E P A G E ;
P RUD I4OE CRUDE OIL; ARCTIC; ALAS KA- PRUDH O€ BA Y; CAPE SIM PSON ;
N U T R I E N T  E NRICHMENT

0011 BLUE GREEN ALGAE ; PETROLEUM PRODUCTS ;  A P NA NI 2OM EN O N SC E HEDES M US ;
GNOWIH; MORPHOLOGY; PRO TOC O CCAL ALGAE

0664 BLUE GREEN A L GAE ; EAST CHINA SEA; KURO S H IO ; TAR BALLS;
A T T A C H E D  O R G A N I S M S ; P E N N A T E  D I A T O M S ; S T O N Y  C O R A L S ;  B R Y O 2 O A N S ;
B A R N A C L E S ;  COPEPODS

0903 BLU E G I L L ;  TOXICITY; FUEL O IL—8 2 ; SHR IMP (GRAS S ) ; M I N N O W ;  M U M M I C H O C ;
CA l F ISH CHANNEL )

0991 B L U E G I L L ;  O UTBOARD MOTOR EXHAUST W A S T E ;  FISH; T A I N T I N G ;  LEAD
0212 BL U E G I L L  SUNF I SH; N A P N T N E H C A C I D ; T O X I C I T Y ; P O N D  S N A I L ;

W A T E R  H A R DN E S S . ; TEMPERATURE
0539 BLUE GI LL8; OUTBOARD MOTORS; TAINTING ; TOXICITY; FISH:

FI SH REPRODUCTION; FATHEAD M I N N O W S
0690 800; BACTERIAL D E G R A D A T I O N ;  S L I C K ~~SEED I NC ; A D D I T I V E S ; E N H A N C E M E N T ;

M I C R O B I A L  SEEDING ; TOTAL O R G A N I C  CARBON; N U T R I E N T  SALT
0671 SOD; B I O D E G R A D A T I O N ;  RATE; TEMPERATURE ; OXYGEN A V A I L I L I T Y
0673 SOD ; BUNK E R C ; RIVER; MUDDY R I V E R .  MASS.; P L A N K T O N ;  T O X I C I T Y ;

M A C R O F A U N A ;  HEW E N G L A N D
0784 ODD ) D IS P E R S A N T S ;  E V A L U A T I O N ; EF FE CT IVN E SS; TOXICITY; BIOASSAY;

T H R E S H O LD O D O R
0483 BODY W EIGHT ; W Y T I L U S ;  S A N T A  B A R B A R A  SPILL ; G R O W T H
0799 BOILING FRACTION ; CRUDE OIL: TOX ICITY; INTERTID A L ORGANISMS;

L I G H T  TRANS M I S S I O N ;  TEMPERATURE
0300 BO ILI N G FRACTIONS; OIL ; MALLARDS; PHYS I OL OGY; INTEST INAL AB SORPTION ;

A N A S ;  N UCOS A L TRANSF ER R A T E S ;  CRUDE OILS
0906 BOONE CREEK OIL  SPILL ;  FISH; PERIPHYTON; SEDIMENTS; STREAM ;

DIESEL FUE L ;  M A C R O I N V E R T E B R A T E S ;  HYDROCARBON A N A L Y S I S ;
S O U T H  CAROL I NA

0990 BP ; PAN ; CARt N CENI C; PO LYCYCL IC A R O M A T I C  HYDROCARBONS;
BEN Z (A )PYR ENE

0156 BP 1002; ALGAE; PR AS INOLADUS ; EN ULSIF IERS ; TOXICITY; TEMPERA TURE
01 85 BP 1002; K U W A I T  ~RUDE; SUR FACT AN T ; LICHENS; L I CH IN A; CA R B O N  F I X A T I O N ;

E M U L S I F I ER
0294 BP IOO2 ; TOXICITY ; D ISPERSANTS ; RECOVERY ASSESSMENT
0279 BP IOO 2 ; BARNACLES; TOXICITY; BEHAVIOR; LARVAE; DETERGENTS; DA S IC;

E L M I N I N S ;  SOL ”EHT ; SURFA C T A N T
0386 8P1002 ; EMULS IPE RS; LITTORAL ORGANISMS ; S P II O D ; COC KLES; PO LY CHA ETE ;

P R A W N
0424 BP1002 ; OIL; D SPERSA N TS; TOXIC ITY; POLYC N A E TE ; GAM ETE F O R M A T I O N ;

SP A W N I N G ;  G R O W T H ;  M O R T A L I T Y ;  C I R R A T U L U S  C I R R I F O R M I A ;  C O R E X I T ;
E S $01 YE NE

0733 BP IOO2 ; KEROSENE; C IIEM K IEEN ; BARNACLE; BA LANU S ADULT) NA U P L I U S ;
T O X I C I T Y ; C IR R A L  A C T I V I T Y

0660 BP IOO 2 ) DETERGENTS ; EL E CTROPHORES IS ; ENZYMES; PROT EINS
0822 BP IO O 2 ; L I T T O R IN A ;  NUC E LLA; B U C I N N U M ;  DETERGENTS ; GROWTH; M O R T A L I T Y ;

T A RS DL V LIl T
0989 8P1002 ; TOXICITY .; DI SPER SANTS; SP IIOO; COC KL E— CER A S TOD E RM A ;
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L U CWORM -ARENI COLA ; N ERI N E
1090 B P I OO2 ; D E T E R G E N T ; SA B E L L A R I A ; L A R V A E  T O X I C I T Y :

S U B S T R A T E  A B S O R P T I O N
1093 BP IOO2 ; FISH ; SOLE ; PLAICE ; HERRING; LARVAE; DETERGENT;

D E V E L O P M E N T A L  A B N O M A L I T I E S ; F I N A S O L ; C O R E X I T
1091 8P 100 2 ; D I S P E R SA N T ;  T O X I C I T Y ;  FISH; L A R V A E ;  H E R R I NG ; P I L C H A R D ;

P L A I C E ;  S O L E ; L E M ON S O L E ; HA D D O C K; D E L A Y E D  E F F E C T S ; E M B R Y O L O G Y ;
B E H A V I O R A L  C H A N C ES

11 63 BP IOO2 ; DISP ERSAN TS ; CU N WER ; HYPOXIA: RESPIRATION: COREX IT ;
TRITON X— 100; SODIUM LAUR Y L SULPHATE

0311 BP II QO; OLE O PH IL IC FLUFF’ ; DETERGENT ; OIL ; TOXICITY ; PORC ELAIN CRAB ;
M E C H AN I SM OF A C T I O N

0298 R P ! I O O ; L I T T O R A L  C O M M U N I T I E S; E M U L S I F I E R S ; C H R O N I C  E F F L E U N T
0386 B P IIO O ; EN ULSIFERS ; LITTORAL ORGANISMS ; BPIOO2; COCKLES ; POLYC MA ETE ;

P R A W N
0751 BP IIOO ; TOXICITY ; iN T E R T I D A L ; BALTIC SEA ; LITTORAL ZONE ; COREX IT;

B E R O L ; W A T E R  B A S E ; O I L  B A S E ; SO L V E NT
0989 Bp 1i0o ; TOXICITY ; DISPERSANTS ; BPIO O2 ; C0CK~~ .-CERAST OD ERHA ;

L U G W O R N — A R E N I C O L A : N E R I N E
0824 B P I I O O X ; D I S P E R S A N TS ; S H E L L  D I S P E R SA N T  LT ; F A U N A
0535 B R E A K D O W N ;  H Y D R O C A R B O N S ;  M ICR O FLORA ; METHODS; BIOSYNTHESIS;

M E T A B O L I S M ; T E R R E S T R I A L
0163 BREEDING; BIRDS ; OIL ; DISTRIBUTION; STRA HD IHCSJ WEATHER
0437 BREEDING ; BIR DS ; POPULATIONS; MIGRATION: W IN TER QUARTERS
0616 BREEDING; TOXICITY: FUEL OIL *2; CRUDE; A PIPHI PODS;

WATER SOLUBLE FRACT ION
0810 B R E E D I N G  C O L O N I E S ; B I R D S ; O I L ;  W O R L D  W A R  2 O I L  P O L L U T I O N ;  C U I L L E M O T S

P U F F  I N S
0971 B R E E D I N G  R A T E S ;  SANTA BARBARA SPILL ; BA RNACLE ; MUSSELS ; CNTHA HALUS ;

BALA H US; POLLICIPES ; HYT ILUS ; INTERTIDAL
0649 BRINE ; REVIEW ; OIL SPILLS; MARINE BIOTA
0929 BRI TA IN; LITTORAL COMMUN ITY ; TOX ICITY ; CRUDE OIL ; EMULSIFIER ;

MILFORD HAVEN; ESSO PORTSMOUTH SPII.1 ; TORRF. Y CANYON SPILL; LANDS END
0233 BRITTANY; TORREY CANYON SPILL ; FI SHERIES
0852 BRITTANY ; TORREY CANYON ; COASTAL HABITATS ; PLANTS ; EM ULSIF IERS ;

C O R N W A L L
0955 BRITTANY: SALT MARSH; PLANTS ; WEA THERED OIL ; DEGRADATION ;

G A S  E X C H A N G E ; R E T E N T I O N ; T O R R E ?  C A N Y O N
1191 BRITTANY FRANCE; AM QCO CA DIZ SPILL ; CRUDE OILS —IRANIAN I AR f.BIA N
0407 BROODING : ARCTIC: INVERTEBRATES; RECRUITMENT: MICROB IAL DEGRADATION ;

TEMPERATURE ; RECOLONIZATION
0583 BROWN SHRIMP; CRUDE OIL; PALATABILITY ; BLUE CRAB : TAINTING;

LO U I S I A N A  CRUDE OIL
0838 BROWN SHRIMP ; DETERGENTS ; TOXICITY ; SHORE CRAB: CARCINUS ; CRA G O N ;

L A R V A E ;  FISH
0035 B R O W N  S H R 1 M P ~ P A N A E U S ; E S T U A R I H E  A N I M A L S ; U P T A K E  A N D  D E P U R A T I O N ;

T O X I C I T Y ; R E S P I R A T I O N ;  SOUTH LA. CRUDE ; K U W A I T  CRUDE ; FUEL OIL *2 ;
BUNKER C ; M I N N O W ; GRASS S H R IM P .P A L A E M O N T E S ;  WATER SOLUBLE F R A C T I O N ;
OIL WATER DISPERSION; NA PHTHALENES

0813 B R O W N  TROUT; B ENZOP Y RENE; HYDROXYLASE INDUCTION; FISH :
PO L Y C Y C LI C A R O M A T I C  HYDRO X Y LA SE ; A R YL H Y D R O C A R B O N  N Y D R O X Y L A S E :
N E W F O U N D L A N D ; T A I N T I N G ;  T H I N — L A Y E R  C H R O M A T O G R A P H Y

0840 BRY O ZOA ; N YPER P L A S I A :  SCHIZOPORELLA ; CARCINOGENS ; OY ICELLS;
IN D ICA T IR

0664 B RYOZOANS; EAST CHINA SEA ; K U R OS NI O ; TAR BALLS; ATTACHED ORGAN I SMS:

D- 32

—--—--—-------.---—. -~~ . - — — . . -
~~~- - - - ,



BI.UE GREEN AL G A E ; P E N N A T E  D I A T O M S ; STONY CORALS ; B A R N A C L E S ;  COPEPODS
0982 B R Y O Z O A N S ; H Y P E R P L A S I A ;  O V I C E L L ; C H R O N I C  E X P O S URE ; N A T U R A L  S E E P A G E
0822 BUCINNU M ; LITTORI NA ; NUCELL A ; DETERGENTS ; GROWTH: MORTALITY: BPIOO2 ;

TARS OLVENT
0120 BUNKER C: TOXICITY ; BENTHIC ANIMALS; IN TERTIDAL ; D I V E R S I T Y ;  R E C O V E R Y ;

YORK RIVER ; FUEL 011*6
0038 BUNKER C; OYSTERS ; CRUDE OIL ; REFINED OILS ; CRASSOSTREA : BIOASSAY ;

FUEL OIL *2; SOUTH LA. CRUDE ; KUWAIT CRUDE
0034 BUNKER C~ W A T E R  SOL UBLE F R A C T I O N ; O I L  I N  W A T E R  D I S P E R S I O N ;

CRUSTACEANS ; FISH; TOXICITY ; ESTUARI NE ; SOUTH LA. CRUDE;
K U W A I T  CRUDE ; FUEL OIL *2 : CYPR I N ODO N ; M E N I D IA ;  FUNDULUS ; PENA EUS ;
PALEOH ONETES ; M YSIDOPSIS

0035 BUNKER C ; E S T U A R I N E  A N I M A L S ;  UPTAKE AND D EPURAT IO N ; TOXICITY ;
R E S P I R A T I O N ; SOUTH LA. C R U D E :  K U W A I T  CRUDE; FUEL OIL *2 : M I N N O W :
GRASS S H R I N P . PA L A E $O H T E S ; B ROWN SHR IM P .PANA EUS;
WATER SO1UBL~ FRA CTI ON ; OIL WATER DiSPERS i ON; NAPHTHALENES

0232 B UN K E R  C:  SAN F R A N C I S C O  SPILL ; RECRUITMENT; BARNACLES; BA L A N U S ;
CHTHAMA LUS ; MUSSEL ; NYTILUS ; LIMPETS; COL ..ISELLA

02 31 B U N K E R  C; S A N  F R A N C I S C O S P I L L ; I N V E R T E B R A T E S ; C O M M U N I T I E S ;
SMOTHERING ; RECRUITMENT ; INTERTIDAL; R E C O V E R Y ; T R A N S E C T S

0268 BUNKER C; A R R O W  SPILL ; ZOOPL A H K TON ; HYDRO C A R B O N  CONTENT ;
CHEDA BUCTO BAY ; OIL INGESTION ; SF~~IHEN TATIO N ; FECES

0259 BUNKER C; BAC TERI A SAN F R A N C I C ~.O ; P O P U L A T I O N S ; D I V E R S I T Y ;  B E A C H E S
0484 BUNKER C ; L I T T O R IN A ;  SUBLETHAL EFFECTS; DISPERSANT; R E S P I R A T I O N ;

C O R E X I T  C R A W L I N G  R A T E S
0463 BUNKER C ;  W A T E R  SOLUBLE FRAC T I O N ;  CRAB : SAN F R A N C I S C O  B A Y ;

P A CH YC R AP SU S
0464 BUNKER C: SEDIMENTS ; SAN FRANCISCO; DISPERS I ON ; DISSOLUTION;

W E A T H E R I N G ;  M I C R O B I A L  DEGRADATION ; SAND COLUMN D I S T R I B U T I O N
0595 BUNKER C; TOXICITY ; EGGS ; LAR VAE ; COD; WATER SOLUBLE FRACTION ;

HATCHING SUCCESS
0510 BUNKER C; BACTERIA ; CR UDE OIL ; FUEL OIL *2 ; METABOLISM: INHIBITION;

R A D I O A C T I V E  TRACER; CONTROLLED ECO SY STE tI
0623 BUNKER C ; W ESTERN NORTH ATLANTIC ; CH ED A BUC TO BA Y. NOVA SCOTIA ;

ARROW SPILL : RECOVERY
0673 BUNKER C; RIVER ; MUDDY R IVER. MASS. ; BOD; PLANKTON; TOXICITY;

M A C R O F A U N A ;  NEW E N G L A N D
0742 BUNKER C; DEGRADA T I O N ;  TEMPERATURE: N O C A R D I A ;  RATE LIMITING FACTORS
0855 BUNKER C; OIL ; DEGRADATION ; B IODEGRADATION ; ENVIRONMENTAL FACTORS ;

ENERGY ;  B A C T E R I A ;  C H E D A B U C T O  B A Y ;  A R R O W  S P I L L
0858 B U N K E R  C ; C R U D E  O I L )  CORAL ; PAN A MA ;  D iESEL MA R i NE ;  T O X I C I T Y . ;

METABOLISM; FEEDING
0882 BUNKER C ; TO X I C I T Y ;  POLYC HA ETES; CRUDE; NA P H THA LE N E ; FUEL OIL *2 ;

WATER SOLUBLE FRACTION; NEANTHES ; C A P I T E L L A ;  SOUTH L O U I S I A N A  CRUDE;
K U W A I T

0892 BUNKER C ; P A N A M A ;  S.S. W I T W A T E R  SPILL; TROPICS; INTERTIDAL;
IERRESTRIAL PLANTS; LITTORAL; M A N G R O V E ;  REEF; M E I O F A U N A :  SEA TURTLES ;
BIRDS ; DIESEL OIL

0996 BUNKER G i K U W A I T  CRUDE ; SOUTH LOU I SIANA CRUDE ; FUEL OIL B 2;
TOXI C I T Y ; WAT ER SOLUBLE FRACTION ; NAPHTHALE N E ; HEA NTHES ; CAP ITELLA

0859 BUN K E R  C ; FEEDING BEHAVIOR ; COELENTERATA ; D I S C R I M I N A T I O N ; RETENTION;
PALYTHOA; CHEMOREC E PT IOH : M A R I N E  DIESEL

10 02 BUNKER C ; SHRIMP ; TOXICITY; CONTENT ANALYSIS ; DEPURATIO M ; CRUDE OIL :
FUEL OIL *2; PALAEMONETES ; TEMPERATURE ; B E N ZEN E ; PHENOL : N AP N T HALENE

103 7 BUNKER C; A R R O W  SPILL ; CHEDABUCTO BAY N OVA S C O T I A ;

D—33



F L U O R E S C E N C E  SPECTROSCOPY; MYA; KELP; H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S
1039 BU N K E R  C ; A R O N A T I C S ;  C Y C L O — A L K A N E .  SEDIMENTS: BE ACH SEDIMENTS ;

CHEDABUCTO BAY , NOVA SCOTIA ; ARR O W  SPILL ; META IOLIS H ; MOLLUSCS ; MY A ;
O S T R E A ;  NY T I L U S ;  AR YL HYDROCARBO N NY D RON YL A SE ;  • E NZOPY R ENE ;
R A D I O A C T I V E  TRACER

2 028 BUNKER C ; SANDY BEACH ; DISPERSION ; DEGRADATION; SAN FRANCISCO;
S A N  FRANCISCO SPILL ; BA C T E R I A L  POPULATION &DI V ER S I TY

10 10 B U N K E R  C ; C H E D E B U C T O  BA Y. NO V A  SCOTIA ; M O R T A L I T I E S :  I N T E R T I D A L ;
ARROW SPILL; WINTER ; CHRONIC POLLUTION: FUCUS ; MYA ; SPA RTI NA

1104 BUNKER C; BIODEGRADAT ION ; EMULSIFICATION; BACTERIA
1124 BUNKER C; FISH; FUEL OIL; DUCKS; MUSKRATS; CATTAI LS;

A N A L Y S I S  FOR HYDROCARBONS: ST. L A W R E N C E  R I V E R ; MARSHES
1106 BUNKER C: TAINT I N G ;  H Y D R O C A R B O N  CONTENT; AQUATIC A N I M A L S ;

S P EC TRO FL UO R O H ET R V
1108 BUNKER C; A R O M A T I C  HYDROCARBON; PO LYCYCLIC A R O M A T I C  N C ’S;

CONTENT ANALYSIS ; CREOSOTE; SEALS; FISH ; SHELLFISH; PAH ; F L U O R O N E T R Y ;
FUEL OIL

121 5 B U N K E R  C ; F U E L  O I L ; C N E O A B U C T O  B A Y ; N O V A  SCOT A ; A R R O W  S P I L L ;
LONG TERM EFFECTS ; CORDG RASS ; MARSH; ALGAE; TOXICITY

1 190 BU N K E R  C ; B I O D E G R A D A T I O N ;  M A R I N E  DIESEL; M I C R O O R G A N I S M S :  CRUDE OIL
0996 BUNKER OIL; SHAD; AL O SA ; TOXICITY; PETROLEUM PRODUCTS ;

DISSOLVED OXYGEN ; SYNERGISM; GASOLINE; FUEL OIL
0913 B U R R O W I N G ;  CLAN; M A C O M A ; PR U DH OE BAY CRUDE OIL; HYDROCARBON ANALYSIS;

GAS C H R O M A T O G R A P H Y ;  BEHAVIOR
11 43 BURROWING; SOFT-SHELL CLAM: FUEL OIL ; UPTAKE; RETENT ION:  D E P U R A T I O N ;

M O R T A L I T Y ; S E A R S P O R T — M A I N E
221 3 B U R R O W I N G ;  CLAM; M A C D M A ;  PRUDHOE BAY CRUDE OIL; ALASKA:

B E H A V I O R A L  E F F E C T S
116 9 BU R R O W I N G ;  CRABS ; W EST FALNOUTH SPILL; MORTALITY; UPTAKE; BE H A V I O R ;

TOXICITY; FUEL OIL ; C R A B —SALT MARSH; MASS .
0144 BUZZARD BAY; D E G R A D A T I O N ;  BACTERIA; SEDIMENTS; PER S ISTAN CE ;

WEST F A L N O U T H  O I L  S P I L L
0t45 BUZZARD BAY; WEST FA LM O UTH O I L  SP i LL ;  R E C O V E R Y ;

H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S
0148 BUZZARD BAY; SEDIMENTS; OYSTERS; SCALLOPS; B I O D E G R A D A T I O N ;  TOXICITY;

CONTENT ANALYSIS: WEST FA LN OUTH OIL SPILL ; GAS C~1lO MAT OG R AP N Y
0146 BUZZARD BAY; WEST FAL MO UTH SPILL; WEATHERING; IDENTIFICATION ;

H Y D R O C A R B O N  CONTENT ; SEDIMENTS; DEGRADATION; SHELLF I SH ; OY STERS
0271 BYSSAL THREAD PRODUCTION; WATER ACCO M ODATE D FRACTION; N YTILUS ;

MUSSELS:  S T A R F I S H ;  A S T E R I S ;  R E S P I R A T I O N ; FEED ING ;  R E P R O D U C T I O N ;
FU EL O IL  *2

0994 BYSSUS THREAD ; SURF A CTANTS; FISH; CRUSTACEANS ; BIVALVES; TOXICITY;
B E H A V I O R ; DEVELOPMENT; A C T I V I T Y ;  M O U L T IN G

0891 CADDIS FLY; FUEL OIL ; TROUT; OYSTER; SNAILS
0277 CALANUS ; COPEP OD; UPTAKE; DEPURATION : N APH T HA LENE ; METABOLISM :

FOOD WEB ; W A T ER SOLUBLE FRACTION; DIETARY ROUTE OF ENTR Y;
R A D I O A C T I V E  TRACERS

0486 CA LANUS; RETENTION : COPEPOD ; Z O O P L A N K T O N ;  E U R Y T E M O R A ;  UPTAKE:
D E P U R A T  I O N

049? CAL A N U S ;  N A P H T N A L E N E ;  A C C U M U L A T I O N ;  COP EPOD : R A D I O A C T I V E ;
LONG TERM EXPOSURE: LO U LEVEL CONCENTRATIO NS ; M A R I N E  ZOOPLAN K TO N ;
PERSISTENT EXPOSURE; UPTAKE/DEPURAT ION ; E U R Y T E M O R A

0608 C A L A N U S ;  Z O O P L A N K T O N ;  BE HZP Y RE H E ;  UPTAKE ;  D E P U R A T I O N ;  P A C I F I C  C O A S T ;
ARCT IC; A R O M A T I C  H Y D R O C A R B O N S ; NAPTHA LENE ; R A D I O A C T I V E  T R A C E R S

12 20 C A L A N U S ;  COPEPODS ;  A L G A E ;  M O N O C H R Y S I S ;  NAPHT HAL E NEJ
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B E H A V I O R A L  EFFECTS: M O T I L I T Y
1147 CALIFORNIA: OUTER CON TINENTAL SHELF ; SANTA B A R B A R A  CHANNEL ;

F I SHER I ES
116? CALIFORNIA; TAINTING ; PETROLEUM ; CLEANING AGENTS ; GAS CHROMATOGRAPHY ;

ORGAHOLEPT IC ; BIODEGRADATION
1198 CALIFORN iA ; BENTHIC INVERTEBRATES .; P E T R O L E U M  H Y D R O C A R B O N S
1181 CAL I FORNIA ; CONTINENTAL SHELF ; CRABS; UPTAKE ; OFFSHORE P L A T F O R M S ;

A N A L Y S I S  FOR HYDROCARBONS
010? C A L I F O R N I A  C O A S T ;  SANTA B A R B A R A  S P I L L ; R E V I E W
0561 CALIFORNIA COAST ; MUSSELS: SANTA B A R B A R A  CRUDE ; TOXICITY
051? CAL IFORNIA MURRE ; BIRDS
057? C A L M I N G  EFFECTS ; REEF COMMUNITY : RESPIRAT ION ;  GA S E X C H A N G E ;

FIELD FENCING TECNNIQ UES ; CRUDE OIL; TOX IXCTY ; BEHAVIOR;
HERON IS. GREAT BARRIER REEF AUSTRALIA

0004 CAN A D A ;  GULF OF ST. LAW R ENCE ; MA G DALE N IS.; LITTORAL C O M M U N I T Y
0644 CANADA ; COLLECTION OF PAPERS
1043 CANADA; BIRDS ; PACIFIC
1174 CANADA; ESTUARIES; SAENI CH INLET; CRUDE OIL; FUEL OIL;

BIOD EGRADATION ; PNYTOPLANKTO N ; CEPEX ; DIATO M S
12 02 CANADA ) NORMAN WELLS & PEN BI N A CRUDE OIL; ASSESSMENT OF SPILLS;

M I C R O O R G A N I S M S ; BACTERIA ; PROTOZOA ; PHYTOPL A HK TON ; ZO OPLAN K TON;
ANALYSIS FOR PETROLEUM HYDROCARBONS

0100 CANCER ; NERCENA RIA ; CLAMS; TUMORS; NEOPLASM ; HISTOPATHOLOGY ;
SEARSPORT .NA !NE

OLSIA CANCER; AR GO MERCHANT SPILL; HISTOLOGY; LESIONS : PEARL F O R M A T I O N :
MODIOLUS ; ZOOPLANK TON

1139 CANCER ; CRUDE OIL; CRAB; NA PNTHAL ENE; BENZENE; AROMATIC NC’S;
TOXICITY; REPRODUCTION & DEVELOPMENT

0638 CANDIDA ; YEAST; ULTRASTRUCTURE
0623 CANCIDA; YEAST, NARSEILLE~ FRANCE ; TORULOPSIS
0063 CAPE SIMPSON; MICROBIAL POPULATIONS; PROTOZOANS ; BLUE GREEN ALGAE:

DIATOMS ; DEGRADATION: YEAST; SPECIES DIVERSITY; GREEN ALGAE ;
NATURAL SEEPAGE: PRUDNOE CRUDE OIL.; ARCTIC; ALAS KA-P RUDHOE BAY;
N U T R I E N T  E N R I C H M E N T

0062 CAPE SIMPSON; ARCTIC; MICROORGANISMS ; PRUDHOE BAY ; VALDE Z; UMIA T;
N A T U R A L  SEEPACES ; ALASKA -PRUD NO E BAY

0066 CAPE S IMPo ON; PROTOZOA ;  ALGAE ;  FUNGI . ;  P L A N T S :  LICHENS ; PSEUD O MONAS ;
ARCTIC ; MICROORGA H ISM S ; PRUDNO ( CRUDE OI L ; N A T U R A L  OIL SEEPAGE;
AL A SK A —P R U D HOE BAY

0102 CAPE SIMPSON; ARCTIC ; PHY TOPL A N E TON ; PRODUCT IVITY; OIL SEEP;
ABUNDANCE ; BACTERIA ; ALASKA; NATURAL OIL SEEP;
PNY TO PLA NK TON P R O D U C T I V I T Y ;  B A C T E R I A

0303 CAPE SIMPSON , AL A SKA ; CHEDA BUC TO BAY , NOVA SCOTIA; NATURAL SEEP ;
A RTHROB A CTER : PSEU D OM ON A S ; TEM PERATURE

0882 CAP I TELLA ; TOXICITY; POLYC HAET E 8 ; CRUDE: NAP H THAL E NE ; BUNKER C ;
FUEL OIL .2; W ATER SOL UBLE FRACTION; N EANTHES ; SOUTH L O U I S I A N A  CRUDE:
K U W A I T

0896 CAPITELLA ; K U W A I T  CRUDE : SOUTH L O U I S I A N A  CRUDE; FUE L OIL S 2;
BUNKER C ; TOXICITY; WATER SOLUBLE FRACTION: NA PH THALE HE: NEA N THES

1139 CAP I TELLA ; COROGRASS ; MANCRO VE S ; CRUDE OIL; MARSH; TEXAS;
GU LF OF M E X I C O . ;  A SSESSMENT OF S P I L L S

1200 CA P I T ELLA ;  WEST FA L M O UTN OIL SP ILL ;  MASS. ; MACR OBENTHOS; POPULATI ON ;
POPULATION D Y N A M I C S

0179 CA RASS INS ; TO X ICITY: OUTBOARD MOTOR EXHAUST ; GOLDFISH ;
CONTINUOUS FLOW BIOASSAY; TOLU ENE; XYLENE ; TR IN ETHYLBENZ EN E
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0433 CARBON BUDGET: MYTILUS ; ~OD IO LUS ; SALINITY ; CRUD E OIL ; STRESS ;
R E S I S T A N C E ; M U S S E L S

0432 CARBON BUDGETS ; MYT ILUS : MODIOLUS; CRUDE OIL; SALINITY; RESISTANCE ;
M U S S E L S

0185 CARBON FIXATION: KUWAIT CRUDE ; SUR FACTAI4 T : BP 1002; LICHENS: L ICH INA:
E N U L S I  F I E R

0434 CARBON FLUX ; MY A; FUEL OIL*6; CASCO BAY MAINE ;
TAMA NO-CASCO BAY MAINE 1972

0990 CA RCINCENIC; PAN ; BP; POLYCYCLIC AROMATIC HYDROCARBONS:
8EHZ (A )PYRENE

0346 CA R C I N O G E N ;  M Y T I L U S ;  M O N I T O R I N G ; MUSSELS; BE N Z O C A )P Y R E N E ;
VANCOUVER HARBOR ; CREOSOTED

11 14 CARCINOGENESIS ; HYDROCARBONS ; INPUT; M E T A B O L I S M ;  SYNTHESIS;
D E G R A D A T I O N ; B A C T E R I A

0074 CAR C I N O G E N I C  ACTIVITY: C A R C I N O G E N I C  H Y D R O C A R B O N S ;
CHEMICAL CO M P O S I T I O N

0074 C A R C I N O G E N I C  H Y D R O C A R B O N S ;  C H E M I C A L  C O M P O S I T I O N ;
C A R C I N O G E N I C  A C T I V I T Y

0385 C A R C I N O G E N I C S
0099 C A R C I N O C E N I S I S ; M E R C E N A R I A ; C L A N
0098 CAR C IN O G E H I S I S ;  HYPERPL A SIA ; CLANS ; H ISTOPAT N ~ L0CY ; M Y A
0158 C A R C I N O G E N I S I S ;  P O L Y C Y C L I C  A R O M A T I C  H Y D R O C A R B O N S ;  RED ALGAE
0128 CARC IN 0CENI SIS
0176 C A R C I N O C E N I S I S ;  P O L Y C Y C L I C  H Y D R O C A R B O N S
0126 CARCINOCENIS I S; EMBR Y O CELLS
0157 C A R C I N O G E N I S I S ; A L G A E ; A R O M A T I C  H Y D R O C A R B O N S ; B E N Z P Y R E N E ;

T U M O R  L I K E  G R O W T H S
0499 CA RCIH OGEN ISIS; HYDROCARBONS ; CELLULAR MECHANISM ; REVIEW;

M O L E C U L A R  M E C H A N I S M
0026 CARCINOGENS ; POLY HUCLEA R AROMATIC HYDROCARBONS ; BEHZPYREHE ;

B I O G E N E S I S
0343 CARCINOGENS ; BENZO (A )PYRENE ; MONITORING ; DETERMINATION TECHNI QUES ;

TISSUES; SEDIME ;IT; POLYCYCLIC AROP IAT ICS ; THIN—LAYER
0345 CARCINOGENS ; BEN Z O(A)PYR ENE ; MUS SELS ; M O N I T O R ;  M Y T I L U S
0349 CARCINOGENS; B EN ZO (A )PYRENE ; SOUTHERN C A L I F O R N I A ;  MUSSELS; M Y T I L U S ;

BASELINE ; BIOGEHIC
0270 CARCINOGENS
0344 C A R C I N O G E N S ; A C C U M U L A T O R  O R G A N I S M S ; M O N I T O R I N G ;  MUSSELS; N Y T I L U S ;

POL Y CYCL IC AR O M ATIC H Y D R O C A R B O N S ;  8E N ZO PY RENE
0269 CARCINOGENS ; CRUDE OIL
0585 CARCINOGENS ; BARNACLES; CONTENT ANA LYSIS; BEN ZPYREHES
0840 CARCINOGENS; NYPERPLASIA ; BRV OZOA: SCHIZOPORELLA ; OVICELLS;

I N D I C A T O R
11 05 CARCINOGENS ; BARNACLES ; CONTENT ANALYSIS ; TETRA CLITA; BEN ZOPYRENE
11 64 CARCINOGENS; BENZOPVR ENE; MOLLUSCS; BIVALVES ; ESTUARIES ; OREGON ;

POLYCYCLIC ARO NA T !CS
1186 CARCINOGENS ; BEH ZOPVRE NE; CLAMS ; MUSSELS; OYSTERS; OREGON; ESTUAR INE ;

U P T A K E ; A R O M A T I C  H Y D R O C A R B O N S ;  M O L L U S C S
0920 CA RCINOCENSIS; BARNACLES: TETRACLIT A ; BEHZC A )PYRENE
0988 CARC INOCE N SIS; POLHUCLEA R AROMATIC H Y D R O C A R B O N S ;  BENZOPYRE N E;

S Y N T H E S I S ; D I S T R I B U T I O N ; D E G R A D A T I O N
0987 CA RCINOCENSIS; POLYHUCLER A R O M A T I C  H Y D R O C A R B O N S
0838 CA R C I N U S ;  DETERGENTS; T O X I C I T Y :  SHORE CRAB: BROWN SHRIMP ; CRA G ON ;

L A R V A E ; FISH
0835 CA R D I U N :  TOXICITY; O I L  D I S P E R S A N T S ; C R A C O N
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0434 C A S C O  B A Y  M A I N E ; M Y A ; C A R B O N  F L U X ; ~UEL GILB 6;
TAM A H O—CASCO BAY MAINE 1972

0568 CASPI AN SEA ; CRUDE OIL: TOXICI TY; CERAST O DERMA; CHANGE; ABRA;
P0 NT OG A MM AR U S

0367 C A S P I A N  SEA ; BENT H OS: CRUDE OIL ) GROWTH ; R E P R O D U C T I O N ;  C HI R 0H OM US ;
C E R A S T O D E R N A ; P4415 ; H E R E I S ; P Y R G O H Y D R O B I A ; A B R A

0566 CA S P IA N  SEA ; P R O D U C T I V I T Y ;  GENERAL POLLUTION
1070 C A T F I S H ;  F U EL O I L  12; T O X I C I T Y ; F E E D I N G  B E H A V I O R ; H E A R T  R A T E
0903 CAT FISHCCNANNEL ); TOXIC ITY.; FUEL OIL—U ; SNRIN PCCRASS ) MINNOW;

NUMMICHOG ; BLUEGILL
1124 CA TTAILS ; F ISH ; FUEL OIL ; BUNKER C ; DUCKS ; M U S K R A T S ;

ANALYSIS FOR HYDROCARBONS ; ST. LA W kEN CE RIVER ;  MARSHES
0083 CELL D A M A G E ; PHOTOSYNTHESIS ; TRAWS IOCAT ION; PLANT T O X I C I T Y ;

PETROLEUM COMPONENTS ; RESPIRATION AND TRANSPIRATION
0958 CELL INTE GRITY ; UPTAKE ; MEMBRANE DAMAGE; METABOLIC P A T H W A Y S ;

E N Z Y M E  I N D U C T I O N
0438 C E L L  M E M B R A N E ; D E T E R G E N T S ;  O I L  F R A C T I O N S ; A M O E B A
0082 CELL MEMBRANE P E R M E A B I L I T Y ;  T R A N S P I R A T I O N ; TRAN S L O CA T I O N :

PLANT PHY SIOLOGY; PHOTOSYNTHESIS AND RESPIRATION: CELLULAR DAMAGE ;
O I L  P O L L U T I O N

0731 CELL M E M B R A N E  P E R M E A B I L I T Y ;  SALMON; TOXICITY; CRUDE OIL; A L I P HAT ICS;
A R O M A T  ICS

0730 CELL M E M B R A N E  PERMEABILITY ; SALMON ; TOXICITY; C R U D E  O I L ; P R U D H D E  B A Y ;
A L I P P$A T I C ;  A R O N A T I C S

0895 CELL MEMBRANES ; AMO EBA ; OIL; EMULS IFIERS ; NARCOSIS ; CYTOLOGY ;
DEGRADATION ; BACTERIAL

0082 CELLULAR DAMAGE; T R A N S P I R A T I O N ;  TRANS L OCATIO N ;
CELL MEMBRANE P E R M E A B I L I T Y ;  PLANT P H Y S I O L O G Y ;
PHOTOSYNTHESIS AND RESPIRATION ; OIL POLLUTION

0499 CELLULAR M E C H A N I S M :  HYDROCARBONS; CARCIN O GE K ISIS : R E V I E W ;
MOLECULAR ME C H A N I S M

0682 CENTRATE DIATOMS; CONTROLLED ECOSYSTEM ; BACTERIAL POPULATIO N S ;
PHYTOPLAN KTON ; ZOOPLANKTOH

0132 CENTROPAC ES ; HYDROCARBONS; SHARK ,BASK ING ; METABOLISM
0702 CENTRO PAGES ; ZOOPLANKTON ; TOX ICITY ; BLACK SEA ; CRUDE OIL ;

MINERAL OIL ; AC A RT IA ; PAR A CALANUS : PEN ILL IA ; G I TNONA
0679 CENTROP O C ON; DISPERSANTS ; TOXIC I T Y ;  FISH: SHRIMP : COREX I T ;

S U B — TROPICAL; DIOGENES ; PALEOMONOTES ; AMBASSIS
1174 CEPEX; ESTUARIES; CANADA ; SAEN ICH INLET ; CRUDE OIL: FUEL OIL:

B I O D E G R A D A T I O N ; PNY TOP LANKTO H ; D I A T O M S
11 2? C E PN A L A C N O R D A IA ;  ARG O M E R C H A N T  SP iLL ; FUEL OiL; EMB RY O CE HES 1S ;

H A T C H I N G  SUCCESS ; MORPHOLOGY ;  POLLOCK ;  A N PH IOXU S
056? CERASTO D E R M A ;  CASP I AN SEA ; BENTHOS ; CRUDE OIL; GROWTH;  R E P R O D U C T I O N ;

C HI RONOMUS ; NAI S ; NERE IS.; PYRGOHYDROBIA : A B R A
0568 CERASTO DE RNA ; CRUDE OIL; TOXICITY ; CASPIAN SEA; CHANGE; A B RA;

P 0 N T 06 A NM AR U S
0576 CHAIN LENGTH; CRUDE OIL; BACTERIAL DEGRADATION ; ENRICHME NT
1069 CHALK; TORREY CANYON SPILL ; B IRDS ; TOXICITY; DET ERGENTS ; I N T E R T I D A L
0568 CHANGE; C R U D E  OIL ; TOXICITY ; CASPIAN SEA ; C E R A S T O D E R M A ;  ASRA;

P ONT 06 A P I M A R  U S
0966 CHANNEL IS. : SANTA B A R B A R A  SPILL ; INTERTIDAL ; SUBTID A L ; SURVEY;

D I V E R S I T Y ; PLANTS ; ALGAE ; INVERTEBRATES
0051 CHARLE STOWN POND R.I . ;  CLAMS ; NARRAGANSETT BAY;

A N A L Y S IS OF H Y D R O C A R B O N S
0268 CHEDABUCTO BAY ; ARR OW SPILL ; ZO O P IANKT OH ; H Y D R O C A R B O N  CONTENT;
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B U N K E R  C; O I L  INGESTION ; SEDIMENTATION ; FECES
0855 CHED AB UCTO BAY ; OIL; DEGRADATION; B IODEGRADATION;

E N V I R O N M E N T A L  FACTORS ; ENERGY ; B A C T E R I A ;  BUNKER C ; A R R O W  SP ILL
0902 CHEDABUCTO BAY ; HYDROCARBON CONCENTRATION ; FLUORESCENCE ANALYSIS ;

SEDIMENTS ; BENTH IC SPECIES ; FOOD CHAIN CONCENTRATION ;
FUEL OIL -BUNKER C; NOVA SCOTIA

121 5 CHEDAB UCTO BAY: FUEL OIL ; BUNKER C; NOVA SCOTIA ; ARRO W SPILL:
LONG TERM EFFECTS ; CORDGRASS ; MARSH: ALGAE ; TOXICITY

0175 CHEDABUCTO BAY . NOVA SCOTIA ; BIRDS; ARROW SPILL; MORTALITIES
0303 CHEDABUCTO BAY . NOVA SCOTIA ; CAPE SIMPSON , A LASKA: NATURAL SEEP;

ART HROBA C TER ; PSEUDO M ONA S ; TEMPERATURE
1039 CHEDABUCT O BAY . NOVA SCOTIA; ARO MATICS ; CYCLO—ALKANE; SEDIMENTS;

BUNKER C ; BEACH SEDIMENTS ; A R R O W  SPILL ; M E T A B O L I S M ;  MOLLUSCS; M Y A;
O S T R E A ;  M Y T I L U S ;  ARYL  H Y D R O C A R B O N  H Y D R O X Y L A S E; B E NZ O P Y R E N E ;
R A D I O A C T I V E  T R A C E R

IO2OA CHEDABUCTO 8AY. NOVA SCOTIA ; BACTERIA ; DEGRAL~ TION ; LOW TE!~FERATURE
0625 C H E D A B U C T O  BAY. NOVA SCOTIA ) WESTERN NORTH ATLANTIC; ARROW SPILL;

B U N K E R  C ; R E C O V E R Y
103? CHEDABUCTO BA Y .NO VA SCOTIA; ARROW SPILL; BUNKER C;

FLUORESCENCE S P E C T R U S C O P Y ;  NY A :  K E L P ; H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S
1010 CHEDEBUCT 0 BAY , NOVA SCOTIA; BUNKER C; MORTALITIES: INTERTIDAL ;

A R R O W  SPILL ; WINTER ; C H R O N I C  POLLUTION ; FUCUS: MYA; S P A R T I N A
1012 CHEMICAL ATTRACTIONS; P R A W N S , SCARLET ; PLESIOP ENAEUS;

B ENTHIC OIL DEPOSIT; ARUBA WEST INDIES: AT T R A C T I O N ;
H Y D R O C A R B O N  CONTENT ANALYSIS; BACTERIA ; METABOLISM

0189 CHEMICAL CHANCE; DEGRADATION; BACT ERIA ; A EROBIC; ANAEROBIC;
P H Y S I C A L  C H A N C E

0074 CHEMICAL COMPOSITION; CARCINOGENIC HYDROCARBONS;
CA R C I N O G E N I C  A C T I V I T Y

0059 CHEMICAL SIGNALS; SHA IL. HA SSAR IUS ; LOBSTERS ; KEROSENE
O? 33 CHEMKLEEH : BP IOO2; KEROSENE; BARNA CLE ; BA LA N US . ADULT ; N A U P L I U S ;

T O X I C I T Y ; C I R R A L  A C T I V I T Y
0581 CHEMORECEPT ION; CRABS; OYSTERS: SUBLETHAL EFFECTS ; HAPTHA LENE;

B E H A V I O R ; B I O A S S A Y
0594 CHEMORECEPTIO N ; CRUDE OIL; FISH FRY; DISPERSAHTS ; COO ; QAOU S;

HERRING; CLUPEA : TOXICITY ; EMBRYOLOGY
0579 CHEMORECEPTIO M ; CRUDE OIL; INVERTEBRATES; BEHAVIOR
0580 C H E M O R E C E P T I O N; C R U D E  O I L ; C R U S T A C E A ;  B E H A V I O R ; F E E D I N G ;

POLYAR OMA TIC HYDR OCARBONS: AL IPHATIC
0541 CHEMORECEPTION ; NA SSAR IUS ; CHENOTAXIS; KEROSENE ;

WATER SOLUBLE FRACTION
0716 C H E N O R E C E P T I O N ;  B A C T E R I A ;  I N H I B I T I O N ;  H Y D R O C A R B O N S
0859 CHEMORECEPTION; FEEDING BEHAVIOR; COELEN TERATA ; DI SCRIMIN A TION;

RETENTION ; PALYT I4OA; MARINE DIESEL; BUNKER C
0867 CHEMORECEPTION; PINK SALMON; CRUDE OIL; TOXICITY; AVOIDANCE;

J U V E N I L E ;  M I G R A T I O N ; A G E
0961 CHEM O RECEPTION: BLOWFLY
0998 CHEMORECEPTION ; CRUDE OIL ; PRODUCERS: SUBLETHAL EFFECTS;

WATER SOLUBLE FRACTION ; INHIBITORS
0061 CNEMOSENS ORS ; LOBSTER; BEHAVIOR AND FEEDING ; CRUDE OIL
0059 CHEMOTAXIS; LOBSTERS: ALEWIVES; HORSESHOE CRAB; FLATWORM; KEROSENE
0541 C H E M O T A X I S ;  N A S S A R I U S ; KEROSENE ; WAT ER SOLUBLE F R A C T I O N ;

C N E M O R E C E P T  I O N
0540 CHEMOTAX IS; NASSARIUS (MARINE SNAIL ); KEROSENE
0B74 CHENOTAXIS; B I O D E G R A D A T I O N ;  A L A S K A ;  TEMPERATURE; S A L I N I T Y ;  M O R T A L I T Y ;
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COOK INLET; VALO EZ
02 63 C H E SA P E A K E  B A Y ; B A C T E R I A L  D E G R A D A T I O N ; F U N G U S ; SE A S O N A L  F L U C T U A T I O N;

SPECIES D I S T R I B U T I O N
0262 CHESAPEAKE BAY ; BIODEGRADATION ; M ICROORG A NISMS
0303 CHESAPEAKE BAY ; OIL SPILL INCIDENT ; SALT MARSH : POPULATIONS; MUSSEL ;

O Y S T E R S ;  S N A I L ;  M A R S H  G R A S S
0877 CHESAPEAKE BAY ; SPILL INCIDENT; FUEL OIL B 6;

ENVIRO N M E N T A L  ASSESSMENT ; BIRDS; M O R T A L I T I E S : SHELL FISHERIES ;
M A R S H  C R A S S

1063 CHESAPEAKE BAY ; BIODEGRADATION ; MOTOR OIL ; SEDIMENTS
1066 C H E S A P E A K E  B A Y ; B A L T I M O R E  H A R B O R ; B I O D E G R A D A T I O N ; A L G A ; P R O T O T H E C A
1057 C H E S A P E A K E  BAY ; D E G R A D A T I O N ; W A T E R ;  S E D I M E N T S ;  C L A D O S P O R I U M
1053 CHESAPEAKE BAY; M I C R O O R G A N I S M S ;  YEAST ; B A C T E R I A :  FUNGI:

S U B S T R A T E  S E L E C T I O N
1 056 CHESAPEAKE BAY; D E G R A D A T I O N ;  BA CTERIA: FUNGUS ; C L A D O S P O R IU N ;  WATER:

S E D I M E N T S ;  H Y D R O C A R B O N  C O N C E N T R A T I ON
1062 CHESAPEAKE BAY; BACTERIA ; BIODEGRADATION ; SEDIMENTS
1064 CHESAPEAKE BAY; DEGRADATION: BACTERIA; SEDIMENTS
1135 CHESAPEAKE BAY; ESTUARIHE ; BIRDS: DUCKS ; FISH; HATCHING SUCCESS;

T O X I C I T Y
1130 CHESAPEAKE BAY: FUEL OIL; INVERTEBRATES ; AS SESSMENT OF SPILLS ;

BARGE STC-1O1
1068 C H E S A P E A K E  BAY ; B A C T E R I A ;  S U S C E P T I B I L I T Y ; FUNGI; TOXICITY; ESTUARY:

SOUTH L O U I S I A N A  CRUDE OIL ;  FU EL OIL 12; G R O W T H
0015 CHEVRON OIL PLATFORM; OIL SPILL INCIDENT ; GULF OF MEXICO ;

OFFSHORE WELLS
0564 CH IONOECETES; PRUD HO E CRUDE: CRABS ; MO L T IN ~
0101 CH IROHOMID ; CRUDE OIL; POND: ARCTIC : PHYSICAL P A R A M E T E R S ;

PHYTOPL A NKTQN; V A S C U L A R  PLANTS ; A Q U A T I C ;  PRUDHOE CRUDE OIL:
ARCTIC — T U N D R A ; A L A S K A —  BAR L O W ;  BE P4 THI C O R G A N I S M S ;  P L A N K T O N

0878 CHIRONO N IDAE ; OIL POLLUTION; BIO IND ICA TORS ; FRESH WATER;
T R A I L  R I V E R .  H W T .  C A N A D A ; F R E S H W A T E R ; M I D G E S

0567 CH IR O N O M U S :  CASP AN SEA ; BEHTHOS; CRUDE O L ;  GROWTH; R E P R O D U C T I O N ;
CERASTODERMA ; N a Is ; HEREIS; PYR G O H Y D R O B IA :  A B R A

0358 CHITON; MACR OFA UNA ; RED SEA ; TOXICITY ; CRUD E OIL; DISPERSANT ; CO RA L.
HETEROXENIA : CA STROPODS ; MUSSELS; SEA U R C H I N ;  H E R M I T  CRAB; S HRI ~~C O A T F I S H ; R A B B I T F I S H

0045 CH ITONS ; SANTA B A R B A R A  SPILL ; CLEANUP; C O M M U N I T Y  SURVEY; B I R D S
L IMPETS ; BARNACLES ; M USSEL ; INTERTIDAL O R G A N I S M S

0943 CHL A$ YDOM OM AS ; NAPTHALENE; WATER SOLUBLE FRACTION; PH0TOS~~N TM€ ~
GREEN ALGAE ; UPTAKE ; DEPURAT IOH

0942 CHLAMYDO NONAS s CRUDE OIL; NA PTHALE NE; WATER SOLUBLE F R A L T I O ~
TOXICITY; GROWTH

0570 CH IORELLA; CRUDE O IL; GROWTH RATES; WATER SOLUBLE F R A C T ;~~ .
TOXICITY; STIMULATION

0572 C H L O R E L L A  V U L G A R I S ; F R E S H  W A T E R ;  A L G A E ; T O X I C I T Y ; C l O W T ~
PHOTOSY N THESIS ; BEN ZENE ; X Y LENE ; TOLUE N E; N A P T H A L I N I

0149 CHLOROPHYLL; OUTBOARD E N G I N E  E NM IS S IONS ; P H Y T O P L A N ~~’~- b
SPECIES D I V E R S I T Y ; FIXATION; ZOO PL A NKTO N P O P U L A ’ ’
BE P4TH IC M I C R O I N V E R T E B R A T E  C O M M U N I T Y ;  G A S O L I N E

1119 CHLOROPHYLL ; HYDROCARBON; FEED BACK: WESTERN A T i ø ~~
0674 CHL O R O P H Y L L — A ;  P P4 YTOPL #NKT Q H ; D I V E R S I T Y ;  E S T U A R Y
11 1 8 C HLOROPHYLL—A CORRELATION WITH; H Y D R O C A R B 0 ~’4s ,.

~~ 
-

B I O G E H I C  VS. PETROLEUM ; WEST A F R I C A
0802 CHROMATOGRAPHY; BYO CENIC VS .PETROLEUM HY DRr ~~ -
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L O B S T E R
1016 C H R O M A T O G R A P H Y ;  S E D I M E N T S ;  H Y D R O C A R B O N  A N A L Y S I S ;  MASS S P E C T R O M E T R Y ;

UV FLUORESCENCE ;  PETROLEUM
0375 C H R U M 4 T O C R A P H Y — C O L U M N  C A S E  TH IN  LAY E R P E T R O L E u M ;  H Y D R O C A R 2 O H ;

CONTENT A N A L Y S I S ; MARINE ORGANISMS ; SPECTR OMETRY ; UV ; IR
1010 C H R O N I C  P O L L U T I O N ; CHE D E B UCT O BAY , NOVA S C O T I A ;  BUNKER C ;

MORT A L I T I E S ; I N T E R T I D A L ; A RROW SPILL ;  W I N T E R ;  FUCUS ; NY 4; S PA R T I N A
0249 CHRONIC ; GENERAL M C .  M EICS SPILL ; SURVEYS; HYDROCARBON CONTENT;

IN TERTIDAL ; WA SH INGTON COAST ; FUEL OIL-NAVY SPECIAL ; SEA URCHINS ;
ST RO HG Y 10 CEN TR US

0281 CHRONIC; SALT MARSH ; SPART INA; PUCC INELLA; WEATHERING; RECOVERY;
C O R N W A L L

0771 CHRONIC ; ESTIJ A RINES ; OIL POLLUT ION ; SPILLS ; SALT MARSH ;  ROCKY SHORE ;
E PIU L S I F I E R S ; CLE A NING

0779 CHRONIC ; TAM PICO MARU SPILL ; SURF COND ITIONS; MORTALITIES;
SUCCESSION ; RECOVERY; BAJA , CALIF. ; A N THOPLEURA ; KELP;
PHOTOSYNTHESIS

0869 C H R O N I C ; T O X I C I T Y ; ACUTE ; C R UDE OIL ; C O M P O N E N T ;  PHYSIOLOG Y; B E H A V I O R ;
A R C T I C  & SU B A R C T I C OR G A N I S M S ; T EMPERATURE ; M E T A B O L I S M

2 11 7 CHRONIC ; AFRICAN COAS T; INTERTIDAL
1223 CHRONIC CONCENTRATIONS ; COOK INLET CRUDE OIL ; FLOUNDER ; FISH; CLAMS ;

EGGS ; LA P V A E ; HI~~TOPA THOL 0CY ; MORTALITY
08O~ CHRONIC CONTAMINATION ; AQUATIC ORGANISMS) DIPTERA ; FLIES;

8181 IOCRAP HY
0720 CHRONIC EFFECTS; PROPOSED RESEARCH NEEDS
0775 CHRONIC EFFECTS; LITTORAL; PIAC ROAL GAE ; ASSOCIATION INSTABILITY ;

COAL OIL POINT; SANTA BARBARA SPILL
0849 CHRONIC EFFECTS; HUMAN; ENZYME C O N S T E L L A T I O N
0298 CHRONIC EFFLEUNT; LITTORAL COMMUNITIES ; EMULS IFIERS ; BPI100
0283 CHRONIC  EXPOSURE ; NI LFORD HAVEN ; S A L T  MARSH ; R O C K Y  SHORE ;  R E C O V E R Y ;

DETERGENTS ; EMULS IFIERS
0957 CHRONIC EXPOSURE; OYSTER ; PHSIOLOC ICA I EFFECTS ) RETENTION ;

DE PURA TION; CRASSOSTREA
0982 CHRONIC EXPOSURE ;  B~ YOZOAM S ; HYPERPL A SZA ; OV ICELL ; NATUR AL SEEPAGE
0980 CHRONIC EXPOSURE ) SUBLETHAL EFFECTS; COAL OIL POINT , CALIF.;

SEDIMENTS; BENTHIC IN-FAUNA ; A BALONE ; MUSSEL ; BARNA CLE
0978 CHRONIC EXPOSURE ; NYTILUS; sIZE ; REPRODUCTION
0979 CHRONIC EXPOSURE ; SUBLETHAL EFFECTS
015 2 CHRONIC L EA K A G E ;  SPILLS ; BENTH IC O R G A N I S M S ;

B A L T I M O R E  C A N Y O N - M I D  A T L A N T I C
0 151 CHRONIC OIL P O L L U T I O N ;  C O A S T A L  E C O S Y S T E M ;  SUBL ETHAL EFFECTS ;

ME TABOLISM ; BEHAVIOR; FOOD CHAIN MAGNIFICATION : WETLANDS ; ESTUARIES
011? C H R O N I C  POLLUT ION; ACUTE P O L L U T I O N ;  P H Y T O M E T R I C ;  P H Y T O S O C I A L O C Y ;

DIVERSITY
0291 CHRONIC POLLUTION; LINPETS : BARNACLES ) REFINERY EFFLUENT ; TRANSECTS ;

AS UN DAN CE
0282 CHRONIC POLLUTION ; REVIEW; SALT MARSH; REFINERY EFFLUENT ; RECOVERY ;

S PART INA ; PUCC IHELL IA ; OEHAH THE
0685 CHRONIC POLLUTION; FIELDS STUDIES; SANTA BARBARA SPILL;

LAKE MARA C AI 8O~ VEHE ZUELA ; BERMUDA ; T IMB ALIER BAY . LA.;
POPULATION LEVELS ; DIVERSITY; SIZE ; GROW TH RATE ; REPRODUCTION ;
ASN ORNA L GROWTHS ; BIOM AG HI F ICAT ION

0718 CHRONIC POLLUTION; OIL PORT; POMA TOLE IOSI GROWTH ; TOXICITY : KUWA IT;
DIV ER SIT Y ; SUCCESSION

0794 CHRONIC POLLUTION; REVIEW; FIELD STUDIES ; OFFSHORE PRODUCTION;

D-40

— — .~~~~ ———-~--—--~.-— -- - _w—— — , ~~,.

• ~~~~~~ ‘~~~~•



REFINERIES ; ESTUARIES ; SUBLETHAL EFFECTS ; NATURAL SEEPS
089? CHRONIC POLLUTION ; LOUISIANA ; COASTAL OIL PRODUCTION ; TOXI CITY ;

TAINTING
099? CHRONIC POLLUTIO N; POTENTIAL ; SEAWATER ; DEGRADATION ; BACTERIA;

PETROLEU M HYDROCARBONS ; SALINITY
0244 CHRONIC SPILLAGE : BIRDS ; MORTALITIES: BEACH SURVEYS; POPULATION ;

TREATMENT ; DISPERSANTS
0216 CHRONIC SPILLAGE ; ROCKY SHORE; SALT MARSH ; OIL PORT;

EXPERIMENTAL SPILLS
0588 CHRONIC SPILLAGE ; OFFSHORE PRODUCTION ; PRODUCED WATERS ;

TINBA LIER BAY LA. ; TEXAS BAYS
0209 CHRONIC TOXICITY ; PLANTS ; CRUDE OIL FRACTIONS: TERRESTRIAL ;

ACUTE TOXICITY
0296 CHRYSSI P. GOULANDR IS SPILLAGE ; DISPERSANTS; TOXICITY;

FINA NOVAGE SPILLAGE ; TORREY CANYON SPILL; GULF REFINERY SPILL
0232 CHTNANALUS ; SAN FRANCISCO SPILL ; RECRUITMENT; BUNKER C; BA RNACLES;

B ALA N US ; NUSSEU MYT ILUS ; LINPE TS; COLLISELLA
O~ 75 CHTNAMA LUS ; SANTA BARBARA SP I LL ; BIRDS ; INVERTEBRATES ; AL GA E ;

MORTALITIES ; RECOLONIZATION ; SUBLETHAL EFFECTS ; PHYLLOSPADIX:
POLLICIPES; HESPEROPHYCUS

0971 CHIMA MALUS ; SANTA BARBARA SPILL; BREEDING RATES; BARNACLE; MUSSELS ;
BALANUS ; POLLICIPES ; MYTILUS ; INTERTIDAL

1 129 CHUKCH I SEA; BIO DEGRADATION ; M ICROO GAN ISM S ; ARCTIC; TEMPERATURE ;
NUTRIENTS ; OXYGEN REQUIREMENTS ; CRUDE OIL; A ROMA TICS ; PA RAFF INS ;
BEAUFORT SEA

0901 CIL IATES ; ARGO MERCHANT SPILL; HISTOPATHOLOCY : ANNODYTES ;
FLOUNDER (‘dINTERtYELLOWTA IL ) : ALEWIVES; CRAB$(HERMIT) : HYPERPLAS IA ;
EDEMA ; HENOCYTES

1171 CILIATES I SIO IND ICATORS ; PROTOZOA ; EUPLOTES ; SAUDI ARABIAN CRUDE;
EMPIRE MIX CRUDE ; M ICROFA UNA: COMMUNITY DIVERSITY EXPERIMENTS

0733 C IRRAL ACTIV ITY : BPIOO2 : KEROSENE ; CHENKLEEN; BARNAC LE ; BA LANUS ;
A DUL T; NAUPLIUS ; T O X I C I T Y

0424 CIPRATULUS : OIL ; DISPERSAHTS ; TOXI C ITY POLYCHAE TE ; GAMETE FORMATION )
SPAWNING ; GROWTH ; MORTALITY; CIRR IFORM IA ; BPIOO2 ; COREXIT; ESSOLVENE

0421 CIRRATUL US ; SUBLETHAL EFFECTS ; INTERT IDAL ; POLVCHAETE ;
SOU TH HAM PTON , EN GLAND ; C I R R IFORM IA

0424 CIRR IFO RN IA ; OIL ; DISPERSANTS ; TOXICIT Y; POLYCHAETE
GAMETE FORMATION ; SPAWNING ; GROWTH ; MORTALITY: CIRRA TULUS; 8P1002;
COREX IT ; ESSOLVENE

0421 CIRR IFORNIA.’ SUBLETHAL EFFECTS; INTERTIDAL; POLYCHAETE I
SOUTH HAMPTON , ENGLAND ; CIRRATULU S

0613 CJTHARI CNTH YS .3 FISN; NAPTNAL E$E3 BENZ(A)PYNENE J RADIOACTIVE TRACER;
UPTAKE : METABOLISM ; DISCHARGE ; SCULP IN ; OL ICOCOTT US ; GORY ;
GILLICNTHY S; 5*110 DAB

105? CLADOSPOR IUM : DEGRADATION ; WATER; SEDIMENTS ; CHESAPEAKE BA Y
103S CLADOSPOR1U$; DEGRADATION ; FUNGUS ; OXIDIZING SYSTEM ;

PATHWAYS—METABOLIC ; PESTICIDES; RADIOACTIVE TRACER EXPERIMENTS
2051 C LADOS PO RZ U$:  DEGRADATION ;  OXYGEN CONSUMPTION ) COOX IDA TION TOLUEHE ;

NYLENE : HEXADECANE
1056 CLA DOSP O RZ U N :  DEGRAD A T iON ;  BACTER IA ;  FUNGUS; W A T E R ;  SEDIMENTS ;

CHESAPEAKE BAY : HYDROCARBON CONCENTRATION
0099 cLAN; CARCINOCENZSIS; NERCENAR IA
0341 CLAN; OIL; MORTALITY; SEARSPORT MAINE; NYA
0410 CLAN: RAN C IRI N4PNTHALENESJ TRINITY RAY , TEXA S;

OIL SEPARATOR PLATFORM ; UPTAKE ; DEPURAT ION ; SEDIMENTS:
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H Y D R O C A R B O N  A N A L Y S I S ; GAS C H R O M A T O G R A P H Y
0508 C L A M ;  C RASSO S TREA ;  OYSTER; M ERCE HAR IA: SURFA CTANT; LARVAE;

DEVELOPMENT ; GROWTH ; SURVIVAL ; TOXICITY
0913 CLAM ; PIACOMA; PRUDHOE BAY CRUDE OIL; HYDROCARBON ANALYSIS;

GAS CHROMATOGRAPHY ; BEHAVIOR ; BURROWIN G
11 77 CLAM ; PUERTO RICO: OIL SPILLS; ECOSYSTEM; MANGROVE; CORAL REEFS ;

ESTUARIES ; ANALYSIS FOR HYDROCARBONS ; MULLET; OYSTER; HISTOPATHOLOCY;
REVIEW

1206 CLAM ; M YA; FUEL OIL 12; UPTAKE ; RETENTION ; DEPURATIO N
1213 CLAM ;  MACO MA : PRUDHOE BAY CRUDE OIL ; ALASKA: BURROWING;

BEHAVIORAL EFFECTS
1 149 CLAM -8OREAL J TEMPERATURE ; SALINITY: NAPHT HALENE; CLAMS;

SOUTHERH LOUISIANA CRUDE OIL: UPTAKE I DEPURATION ; CLAM-TEMPERATURE
1149 CLAM-TEMPERATURE ; TEMPERATURE; SALIN ITY; NAPHT HALENE; CLAMS;

SOUTHERN LOUISIANA CRUDE OIL: UPTAKE I DEPURA TION ; CLAN—BOREAL
0098 CLAMS; NYPERPLASIA ; HISTOPATHOLOGY; MYA ; CARCINOGEN ISIS
0100 CLANS; MERCENARIA; CANCER ; TUMORS; NEOPLASM ; N ISTOPATHOLOGY ;

SEARSPORT ,M*INE
0051 CLANS; NARRAGANSETT SAY ; CHARLEST OWPI POND R I.;

ANALYSIS OF HYDROCARBONS
0029 CLAMS: UPTAKE AND DEPURATION ; PETROLEUM HYDROCARBONS ) OYSTERS
0150 CLANS ;  NERCE NA R IA ; DISSOLVED ORGANIC NATTER(DOM ); FILTER-FEEDING ;

UPTAKE ; FUEL 01102
0340 CLAMS ; GROWTH; SURVIVAL
0288 CLAN S; HYDROCARBO N CONCENTRATIONS ; NAPNTHALEHE . SHRIMP; OYSTERS :

SEDIMENT ; FUEL 01L12; DEPURATION
0377 CLANS ; HY DROCARBON ; CONTENT ANALYSIS; SEDIMENTS; M ERCENAR IA ;

NARRA CAWSET BAY ; PETROLEUM ; BIOGENIC
0758 CLANS ; UPTAKE : DEPURATION: CONTENT ANALYSIS; CRUDE OIL; FUEL OIL 02;

SOLUBLE FRACTIONS; GAS CHROMATOGRAPHY
0759 CLAMS: BENZ (A)PYRENE ; UPTAKE ; DEPURAT ION; DISTRIBUTION; RADIO ASSAY;

RANG IA
0912 CLANS ; BIOINOICA TORS ; MAC ONA BALT ICA : MUD FLATS: CRUDE OIL
1162 CLAMS; CRUDE OIL ; BEHAVIOR ; MORTALITY
1 136 CLAMS: ARCTIC; QUANOC ; CYCLOALKANES; CONTINENTAL SHELF; RHODE ISLAND
1149 CLANS ; TEMPERATURE ; SALINITY; NAPHTHALENE ;

SOUTHERN LOUISIANA CRUDE OIL ; UPTAKE I DEPURATION ; CLAM-BOREAL;
CLAM—TEMPERATURE

1133 CLAMS: FUEL OIL ; CRAS SOSTREA ; OURHOG ; ESTUAR INE: AL IPHATI CS ;
MERCE NAR IA ; OYSTERS ; UPTAKE; RETENTION; DEPURATION

1 149 CLAMS ; QUAHOCS ; PHENOL ; TOXICITY; METHODOLOGY;
HISTOPATHOLOG ICAL EFFECTS; CYTOLOGY

11 97 CLAMS ; PRUDHOE BAY CRUDE OIL; NA PHTHALENE ; MACO MA; UPTAKE; SEDIMENTS
1 186 CLAMS ; BEN ZOPVRENE : MUSSELS; OYSTERS; OREGON ; ESTUA RIN E ; UPTAKE ;

A R O M A T I C  HYDROCARBONS ; C A R C I N O G E N S ; MOLLUSCS
1223 CLANS; COOK INLET CRUDE OIL: FLOUNDER ; FISH; CHRONIC CONCENTRATIONS;

EGGS ; LARVAE; HISTOPATHOLOCY; MORTALITY
0947 CLEAN UP: TORREY CANYON SPILL; DEGRADATION; ZOOPLANKTON; BACTERIA;

LITTORAL ; SUBLITTORAL
0924 CLEAN UP PROCEDURES; OIL; SIIEL .LFISH TOXICITY ; DETERGENTS; TAINTING
0420 CLEAN-UP : DISPERSANTS ; MORTA LITIES ; INTERTIDAL ;

THAMES ESTUARY . ENGLAND
1081 CLEAN— UP ; SAL T MARSHES ; SENSITIVITY TO OIL; SENSITIVITY TO CLEAN-UP
0245 CLEANING : BIRDS; FEATHER WETT ING
0240 CLEANING ; BIRDS; FEATHER WETTIN G : EHTER ITIS; REHABILITATION
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0264 CLEANING ; BIRDS
0456 CLEANING ) OIL; BIRDS: NETHERLANDS ; FEATHER WETTING
0460 CLEANING: OIL: BIRDS: PATHOLOGY ; SANTA BARBARA CRUDE )

POLYCOMPLEX A— Il
0771 CLEANING ; ESTUARINES ; OIL POLLUTION ; SPILLS ; CHRONIC: SALT MARSH ;

ROCKY SHORE; EMULSIFIERS
0785 CLEANING ; BINDS; LARODAN 127: FEATHER WAX
116? CLEANING AGENTS; CALIFORNIA: TAINTING: PETROLEUM ; GAS CHROMATOGRAPHY ;

ORGANOLEPT IC ; BIODEGRADATION
1152 CLEANING ACENTS/DISPERSANTS; ECOLOGICAL ; ORGANISMS ; FISHERIES;

ESTUARIHE ; COASTAL ; TOXICITY; METHODOLOGY ; PETROLEUM FRACTION
0080 CLEANING OF CRUDE OIL SPILL; SALT MARSH: WALES : NILFORD HAVEN )

PEMBROKESHIRE
0045 CLEANUP ; SANTA BARB*R* srILL ; COMMUNITY SURVEY ) BIRDS ) LIMPETS)

BARH *CL ES~ NUSSEL; C.HITOHS ; INTERTIDAL ORGANISMS
0049 CLEANUP ; BIODEGRADATION ; NurRIENT ADDITION
0514 CLEANUP: SANTA BARBARA SPILL ; ECOLOGICAL IMPACTS ; BIRDS;

LITTORAL COMMUNITIES: KELP BEDS
0789 CLEANUP ) OCEAN EAGLE SPILL; PUERTO RICO ; ECOLOGICAL IMPACT; OVERVIEW
0772 CLEANUP; REVIEW; INPUT FATE ; BIOLOGICAL EFFECTS; OIL: DISPERSANTS
0900 CLEANUP ; SANTA BARBARA SPILL ; OIL SPILL INC IDENT: BIRDS
0109 CLEANUP AGENTS; DISPERSANTS; TOXICITY OF DISPERSANTS
0085 CLEANUP METHODS : SALT MARSH VEGETATION ; RECOVERY
0070 CLEANUP OF OIL SLICKS; BIODEGRADATION; NUTRIENTS ;

OLEOPHILIC FERTILIZER
0043 CLEANUP OF Oil. SPILLS; TORREY CANYON ; SINKING OIL ) DETERGENTS
0201 CLEARANCE: HYDROCARBON CONTENT; METABOLISM:

AROMATIC HYDROCARBON CONTENT; FIDDLER CRAB; UCA; OXIDATION
0364 CLEARANCE ; RINGED SEAL; NORMAN WELLS CRUDE OIL ; UPTAKE; DISTRIBUTION
0777 CLEAVAGE ) SAND DOLLAR ; KUWAIT CRUDE ) FUEL OIL *2:

WATER SOLUBLE EXTRACTS) SPERM; EGG; RESPIRATION: MOBILITY OF SPERM ;
FERTILIZATION; LARVAL DEVELOPMENT

0594 CLUPEA : CRUDE OIL; FISH FRY: DISPERSANTS ) COD; GADUS ; HERRING;
TOXICITY) EMBRYOLOGY: CHEMORECEPTION

11 07 CLUPEA ; COKE OIL ; HERRING; MORTALITY: ROUTE OF UPTAKE; NOVA SCOTIA
0238 CLUSTER ANALYSIS; SANTA BARBARA ; INTERTIDAL ) COMMUNITY
0067 C02 PRODUCTION; DEGRADATION; COMPONENT PREFERENCE;

GAS CHROMATOGRAPHY; MASS SPEC .) RATE AND EXTENT;
PREFERENTIAL DEGRADATION ; MINERALIZATION) PARA FFINN IC CRUDE OIL:
BACTERIA; BIODEGRADATION

0775 COAL OIL POINT: LITTORAL: MAC ROALGA E : ASSOCIATION INSTABILITY:
CHRONIC EFFECTS) SANTA BARBARA SPILL

0980 COAL OIL POINT . CALIF.; SUBLETHAL EFFECTS; CHRONIC EXPOSURE;
SEDIMENTS; BENTHIC IN— FAUNA; ABALONE ; MUSSEL; BARNACL E

1152 COASTAL; ECOLOGICAL; ORGANISMS: FISHERIES; ESTUAR INE ; TOXICITY ;
METHODOLOGY ; PETROLEUM FRACTION ; CLEANING ACENTS/DISPERSANTS

1178 COASTAL ) ESTUAR INE : MONITORING; SPILLS
0926 COASTAL /ESTUARIHE POLLUTION : BIBLIOGRAPHY
O~~4O COASTAL DEVELOPMENT; BIBLIOGRAPHY
0151 COASTAL EcOSYSTEM; CHRONIC OIL POLLUTION) SUBLETHAL EFFECTS;

METABOLISM; BEHAVIOR; FOOD CHAIN MAGNIFICATION ; WETLAND S; ESTUARIES
2155 COASTAL ENVIRONMENT ; ALASKA ; HYPOTHETICAL SPILLS ; COOK INLET;

VULNE RABILITY INDEX
0242 COASTAL FLORA AND FAUNA; REVIEW; BIOLOGICAL CONSEOUENCES; BIRDS )

COMMERCIAL FISHERIES: ARCTIC; PUBLIC HEALTH
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0852 COASTAL HABITATS ; TORREY CANYON ; PLANTS ; EMULSIFIERS ; CORNWALL ;
BRITTANY

089? COASTAL OIL PRODUCTION ; CHRONIC POLLUTION ; LOUISIANA; TOXICITY;
T A I N T I N G

0741 COASTAL SEDIMENTS ; DEGRADATION ; BACTERIA ; DISTRIBUTION ;
NORTHWEST ATLANTIC

0422 COATING; CRUDE OIL ; SEALS ; BEHAVIOR; PATHOLOGICAL EFFECTS ; IMM ERSION ;
INGESTION

0494 COATING; OIL ; DUCKS ; METABOLISM ; TEMPERATURE; HEAT CONDUCTIVITY
0492 COATING; OIL ; BIRDS ; DUCKS; REPRODUCTION; INGESTION; HATC HABI LITY
0721 COATING; MODEL ; B IOLOGICAL EFFECTS ; TOXICITY; SUBLETHAL EFFECTS:

TAINTING ; POLYCYCL IC AROMATIC HYDROCARBONS ;
SOLUBLE AROMATIC HYDROCARBON DERIVITIES

1097 COBBLE BEACH ; TRANSECT ; INvERTEBRATES ; HYDROCARBON ANALYSIS; TISSUES;
SEDIMENT ; RECOLONIZATION ; SPECTROPHOTONETRY

0989 COCKLE-CERASTODERMA; TOXICITY ; DISPERSANTS ; BPIOO2) BPIIOO;
LU CW OR M—ARE N !COLA ; HER IME

0386 COCKLES; ENULSIFERS; LITTORAL ORGANISMS ; BP I OO2; BPIIOO; POLYCHAETE ;
PRAWN

0448 COD ; SWEDEN; NONYPHENIL ETNOXYLATE ; UPTAKE AND DEPURA TION
PHYSIOLOGICAL

0482 COD ; FISH; A SSIMILATION ; ALKAHES ; DISCRIMINATION ;
HYDROCARBON CONTENT ANALYSIS

0593 COD ; WATER SOLUBLE FRACTION ; HERRING ; EGGS; LARVAE
0595 COO ; TOXICITY; EGGS: LARVAE ; BUNKER C; WATER SOLUBLE FRACTION ;

HATCHING SUCCESS
0594 COD ; CRUDE OIL; FISH FRY; DISPERSANTS ; CR009: HERRING ; CLUPEA ;

TOXICITY; EMBRYOLOGY ; C H E NORECEPT IOH
0959 COELENTERATA ; FEEDING BEHAVIOR ; DISCRIMINATION ; RETENTION; PALYTHOA I

CHENORECEPT IOH ; MARINE DIESEL; BUNKER C
0820 COELEHTERATE ARCTIC; CRUDE OIL ; ANPH IPOD LOCOMOTORY ACTIVITY ;

SUBLETHAL EFFECTS ; ON ISINI S ; HAL ITHOLUS
1153 COHO; SALMON; BEHZOPYREHE : PHYSIOLOGICAL EFFECTS;

ARYL HYDROCARBON HYDROXYLASE ; CYTOLOGICAL
110? COKE OIL; HERRING; MORTALITY ; ROUTE OF UPTAKE ; CLUPEA ; NOVA SCOTIA
0196 COLLECTING METHODS ; HYDROCARBON CONTENT ANALYSIS
0052 COLLECTION OF ABSTRACTS: ABSTRACTS ; SAMPLING METHODS )

ANALYTICAL TECHN IQUES; BIOLOGICAL ASSESSMENT
0284 COLLECTION OF PAPERS ; LITTORAL COMMUNITIES
0396 COLLECTION OF PAPERS; REVIEW
0644 COLLECTION OF PAPERS; CANADA
0632 COLLECTION OF PAPERS ; POLLUTANTS ) AQUATIC ORGANISMS ; PHYSIOLOGY
0232 COLLISELLA ; SAN FRANCISCO SPILL; RECRU ITMENT: BUNKER C; BA RNACLES;

SALANUS ; CNTHAMALUS ; MUSSEL ; MYT ILUS I LINPETS
0950 COLOCOTIONIS
0130 COLUMN CHROMATOGRAPHY: HYDROCARBON) ANALYSIS FOR PNC’S; N-A LKANE ;

METHYLANAP NTHA LENE ; SHELLFISH; CAB—L IQUID CHROMATOGRAPHY
0354 COLUMN CHROMATOGRAPHY ; OYSTERS; CRA SSOSTREA HYDROCARBON CONTENT;

GALVESTON BAY; TLC ; MASS SPECTA; UV SPECTRA
0253 COLUMN CHROMATOGRAPHY ; N-PARAFF INS; GAS CHROMATOGRAPHY
0461 COLUMN CHROMATOGRAPHY; HYDROCARBON ANALYSIS; CONTENT ANALYSIS;

METHODS COMPARS ION
0242 COMMERCIAL FISHERIES: REVIEW ; BIOLOGICAL CONSEQUENCES; BIRDS:

COASTAL FLORA AND FAUNA; ARCTIC: PUBLIC HEALTH
0116 COMMUNITIES ; TORREY CANYON ; LITTORAL ; SUB— LITTORAL
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0230 COMMUNITIES ; SAN FRANCISCO SPILL; TRANSECTS ; INTERTIDAL;
MACROINVERTEBR A TES ; RECRUITMENT ; RECJVERY

0153 COMMUNITIES ; ECOLOGICAL EFFECTS: REVIEW; LONG TERM EFFECTS;
EFFECTS OF CLEANING ; PREVENTION

0231 COMMUN ITIES ) SAN FRANCISCO SPILL ; INVERTEBRATES ; SMOTHERING;
RECRUITMENT : INTERTIDAL ; RECOVERY; BUNKER C TRANSECTS

0255 COMMUNITIES ; HYDROCARBON UPTAKE ; INTERTIDAL ; WASHINGTON STATE;
FUEL OIL—NAVY SPECIAL ; GENERAL M .C. NEIGS SPILL

0404 COMMUNITIES ; SANTA BARBARA; INTERTIDAL ; SURF CRASS; BARNACLES
O$I~ COMMUNITIES ; ROCKY SHORES; DETERGENTS; NORMANDY , FRANCE; RECOVERY;

MUSSELS; DEPURATION
023$ COMMUNITY : SANTA BARBARA ; INTERTIDAL ; CLUSTER ANALYSIS
0766 COMMUNITY CHANGE ; M ILFORD HAVEN . VALES : TORREY CANYON ; TOXIC ITIES ;

LITTORAL ; SOUTH—WEST BRITAIN
0776 COMMUNITY CHANCES ; INVERTEBRATES; MA CROA LCAE ; SANTA BARBARA SPILL
1171 COMMUNITY D I V E R S I T Y  EX PERIMENTS ; B IO I N D IC A T O R S ;  PROTOZOA ;  C I L I A T E S ;

EUPLOTES: SAUD I ARABIAN CRUDE ; EMPIRE NIX CRUDE: MICROFAUN A
0501 COMMUNITY EFFECTS; PHYTOPLANKTON; PHOTOSYNTHESIS ; GROWTH ; PLANTS;

ARCTIC; PER IPNYTON ; POPULATION COMPOSITION ; SEASONAL SUCCESSION:
MACKENZIE VALLEY NWT

0274 COMMUNITY METABOL ISM ; EFFLUENT: REFINERY HOLDING PONDS; SEASONAL ;
ALGAL PRODUCTIVITY ; RESPIRATION ; LIGHT ; TEMPERATURE

O69~ COMMUNITY STRUCTURE ; STANDING CROP: PLANKTON : REFINERY EFFLUENT ;
HOLDING PONDS

0045 COMMUNITY SURVEY ; SANTA BARBAR A SPILL: CLEANUP ; BIRDS ; LINPETS;
BARNACLES ; MUSSEL; CHITONS ; INTERTIDAL ORGANISMS

00*5 COMMUNITY SURVEY: RECOVERY ; TOLERANCE; SALT MARSH PLANTS;
SUCCESSIVE QILINGS; GLAMORGAN.VALES

0046 COMMUNITY SURVEY; SANTA BARBARA SPILL) KELP; SCALLOPS; ASSESSMENT:
BIRDS

053? COM PARI SION OF SPECIES: FISH ; TOXICITY ; OIL-REFINERY EFFLUENT ;
METABOLIC RATES ; BIOASSAY; FRESH WATER

0*69 COMPONENT; TOXICITY: ACUTE ; CHRONIC ) CRUDE OIL; PHYSIOLOGY: BEHAVIOR ;
ARCTIC & SUBARCTIC ORGANISMS; TEMPERATURE ; METABOLISM

0067 COMPONENT PREFERENCE ; DEGRADATION; GAS CHROMA TOGRAPHY ; MASS SPEC.;
RATE AND EXTENT; C02 PRODUCTION ; PREFERENTIAL DEGRADATION;
MINERALIZATION ; PARAFF INN IC CRUDE OIL; BACTERIA: BIODEGRADATION

0535 COMPOSITION : PHYTOPLAWETON ; DIVERSITY
053$ COMPUTER MODELING ; HYPOTHETICAL SPILLS: ALASKA
1061 CONCENTRATION ; BIODEGRADATION; MICROORGANISMS; ENUMERAT iON ;

ANTIBIOTICS: INOCULUN WASHES
0019 CONFERENCE: PREVENTION AND CONTROL ; AMER. PETROL . INST.;

OIL SPILL CONFERENCE 1969
0020 CONFERENCE ; CONFERENCE: PREVENTION AND CONTROL ; AMER. PETROL. INST.:

OIL SPILL CONFERENC E l~~?3
0022 CONFERENCE ; PREVENTION AND CONTROL; AMER. PETROL . INST.;

OIL SPILL CONFERENCE 1977
0024 CONFERENCE ; DISPEPSANT: TOXICITY; ECOLOGICAL EFFECTS
0021 CONFERENCE ; PREVENTION AND CONTROL : AMER. PETROL . INST.;

OIL SPILL CONFERENCE 1975
0261 CONFERENCE: REVIEW
0*90 CONFERENCE PROCEDINGS; OIL POLLUTION EFFECTS
0*25 CONFERENCE PROCEEDINGS ; OFFSHORE OIL OPERATIONS;

ENVIRONMENTAL IMPAC T
039? CONFERENCE/WORKSHOP
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0170 CONSERVATION ; BIRDS ; MORTALITIES ; GU ILLEMOTS
0239 CONSERVATION ; BIRDS
0168 CONSERVATION ; BIRDS; MORTA LITIES ; SPECIES ENDANGERMENT ;

REHABILITATION
0044 CONTAINMENT AND CLEANUP OF OIL ; TORREY CANYON SPILL
0457 CONTAMINATION ; SAMPL INC TECHNIQUES
O4~ 6 CONTAMINATION ; PLANKTON ; SAMPLING METHODS ; NYLON NETS
0202 CONTENT ANALYSIS: SALT MARSH ECOSYSTEM ; FOOD CHAIN CONCENTRATION:

VEST FALMOUTH .MASS ; FUEL OIL *2: HYDROCARBON CONTENT
0148 CONTEhT ANALYSIS: SEDIMENTS ; OYSTERS ; SCALLOPS ; BIOD ICRA DA TION;

TOXICITY ; VEST FALNOUTH OIL SPILL ; BUZZARD S A Y ;  GAS CHROMATOGRAPHY
0139 CONTENT ANALYSIS ; HYDROCARBONS ; MARINE PNYTOPLANKTON

BIOGEN IC VS. PETROLEUM; TRACER ; FOOD CHAIN
0356 CONTENT ANALYSIS ; MYT ILUS; METABOL ISM; PETROLEUM ; BIOCENIC ; MUSSELS;

KIEL BIGHT. V . GERMANY: A RONAT ICS
0375 CONTENT ANALYSIS ; PETROLEUM ) HYDROCARION: MA RINE ORGANISMS ;

CHROMATOGRAPHY—COLUMN CAS .THIN LAYER ; SPECTRONETRY; UV ; IN
03?? CONTENT ANALYSIS ; HYDROCARBON ; SEDIMENTS; NERCENA R1A: CLANS;

NARIACANSET BAY ) PETROLEUM ; BIOGENIC
O4~~i CONTENT ANALYSIS ) HYDROCARBON ANALYSIS ; METHODS CON PAR SION ;

COLUNN CHROMATOGRAPHY
O39~ CONTENT ANALYSIS; HYDROCARBONS ) DEPURATION ; TEMPERATURE ) MUSSELS;

MYTILUS ; LAGOON OF VENICE. ITALY
0611 CONTENT ANALYSIS ; NYTILUS; UPTAKE ; DEPURAT ION ; RETENTION ; MUSSEL;

RADIOACTIVE TRACERS; AROMAT !C HYDROCARBONS; PARAFFINS
0526 CONTENT ANALYSIS; HYDROCARBONS; THIN LAYER CHROMATOCI*PNY; SEDIMENTS ;

ANALYTICAL TECHNIQUES
0595 CONTENT ANALYSIS ; BARNACLES; CARCINOGENS: •ENZPYIENES
0711 CONTENT ANALYSIS; HYDROCARBON; BIOCENIC VS. PETROLEUM NC’S; Ii; CLC ;

MASS SPECTROMETRY ; MONITOR I NG
0727 CONTENT ANALYSIS; BARNACLES; TAR BALL ) NET*BOLISN ; UPTAKE;

DEPURAT ION
O?S7 CONTENT ANALYSIS; TAINTING ; GREEN FISH) EEL ; FUEL OIL- BOi LER;

GIRELLA; ANGULLA
0738 CONTENT ANALYSIS ; CLAMS ; UPTAKE ; DEPURATION ; CRUDE OIL ; FUEL OIL 02;

SOLUBLE FRACTIONS ; GAS CHROMATOGRAPHY
0760 CONTENT ANALYSIS ; NAPNTHAL ENE ; ALKYLN*PNTHALENE

ULTRAV I OLET SPECTIOPHOTOMETRY; TECHN IQUES ; TISSUES; SEAWATER
1002 CONTENT ANALYSIS: SHRIMP; TOXICITY; DE PURATION; CRUDE OIL;

FUEL OIL 52; BUNKER C; PA LAENONETES ; TEMPERATURE: •ENZENE ; PHENOL;
N A PH THA LE NE

1031 CONTENT ANALYSIS ; TAINTING ; MULLET; NUGIL; KEROSENE ; NISTOPATHOLOGY;
AUSTRALIA

1105 CONTENT ANALYSIS ; AROMATIC HYDROCARBON ; POLYCYCL IC AROMATIC HC’S;
BUNKER C; CREOSOTE; SEALS; FISH; SHELLFISH: PAN; FLUOROMETRY;
FUEL OIL

1105 CONTENT ANALYSIS; BARNACLES) CARCINOGENS: TETRACL ITA ; SENZOPYRENE
1073 CONTENT ANALYSIS; SULFUR CONTAINING PETROLEUM COMPONENTS;

FLAME PHOTOMETRIC DETECTOR
0452 CONTINENTAL SHELF: REVIEW; EFFECTS; ORGANISMS
0814 CONTINENTAL SHELF; BENTHOS; NEW YORK BIGHT
1 136 CONTINENTAL SHELF; ARCTIC; QUAHOC ; CYCLOALKANES ; CLAMS: RHODE ISLAND
list CONTINENTAL SHELF: CRASS; UPTAKE; CALIFORNIA; OFFSHORE PLATFORMS;

ANALYSIS FOR HYDROCARSONS
0525 CONTINENTAL SHELF SEDIMENTS; BIODEGRADATION RATE ) SEDIMENTS;
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OXYGEN AVAILABILITY
1221 CONTINENTAL SHELVES; ARCTIC ; ASSESSMENT OF SPILLS: REVIEW ;

POTENTIAL OIL SPILLS
0301 CONTINENTIAL SHELF ; REVIEW ; FISH; OFFSHORE PRODUCTION ; SHELLFISH
1222 CONTINGENCY PLANN1NG ; ESTERO SPY; ASSESSMENT OF SPILLS;

POTENTIAL OIL SPILLS ; BIOLOGICAL BASELINE
0529 CONTINUOUS FLOW; BIOASSAY; TOXICITY) SUBLETHAL EFFECTS;

WATER SOLUILE FRACTION ; WHOLE OIL FRACTION; MiNNOW : FLOUNDER; SHRIMP)
SCALLOP; QUAHOG ; MUSSEL; MUD SNAIL

0656 CONTINUOUS FLOW ; TOXICITY: BENZEHE; STRIPED BASS
0995 CONTINUOUS FLOW; DISPERSANT$ EMULSIONS: TOXICITY; SUBLETHAL EFFECTS:

ACTIVITY : MOTILITY: BIVALVES) CRUSTACEANS ; FISH) BEHAVIOR;
OIL EMULSION ; LOCOMOTION

1035 CONTINUOUS FLOW) BIOASSAY ; PETROLEUM ; TECHNIQUE; METHODOLOGY ;
FUEL OIL 02

0179 CONTINUOUS FLOW BIOASSAY ) TOXICITY; OUTBOARD MOTOR EXHAUST; GOLDFISH;
CARASS INS ; TOL~JENE; XYLENE ; TR!METHYLBENZENE

OO6~ CONTROL OF OIL POLLUTION; BIODEGRADATION; REVIEW -OIL POLLUTION;
FATE AND EFFECTS

0127 CONTROLLED ECOSYSTEM; SALT MARSH ; ESTUARY: YORK RIVER ;
SOUTH LA . CRUDE; HYDROCARBON ANALYSIS ; FUNDULUS; RIOMATICS;
GAS CHROMATOGRAPHY; GC—N 8

0330 CONTROLLED ECOSYSTEM; BACTERIA: CRUDE OIL; FUEL OIL 02; BUNKER C;
METABOLISM; INHIBITION; RADIOACTIVE TRACER

0692 CONTROLLED ECOSYSTEM: BACTERIAL POPULATIONS ; PHYTOPLANKTON ;
CEMTR*TE DIATOMS : ZOOPLANE TON

0*56 CONTROLLED ECOSYSTEM) ZOOPLANKYON
0051 CONTROLLED SPILLS) RECOVERY ) SHAEDA ; JUNCUS ; FESTUCA: PLANTAGE

SPARTIHA ; SALT MARSH: PENSROKE .WALES ; KUWA iT CRUDE OIL;
FLOWER ING PLANTS ; SEED PRODUCTION AND GERMINATION

057$ COOK INLET; ALASKA; CRUDE OIL
0974 COOK INLET: BIODEGRADATION ) ALASKA; TEMPERATURE; SALINITY: MORTALITY:

CHENOTAXIS: VRLDEZ
115 3 COOK INLET; COASTAL ENVIRONMENT ) ALASKA ) HYPOTHETICAL SPILLS;

VULNERABILITY INDEX
11 82 COOK INLET; CRUDE OIL; CRAB: SHRIMP; ALASKA ; ENBRYOGENESIS; GROWTH
0153 COOK INLET CRUDE ; ALASKA ) SHRIMP) COON-STRIPE SHRIMP) KING CRASS:

TOXICITY: BIOASSAY ; STATIC; WATER SOLUBLE FRACTION
0870 COOK INLET CRUDE; TOXICITY; BIOASSAY ; STATIC; FISH: INVERTEBRATES;

A LAS KR
0811 COOK INLET CRUDE ; SALMON, PINK; PRUDHOE BAY CRUDE; FUEL 011*2;

WATER SOLUSLE FRACTION; RESPIRATION; COUGHING) UPTAKE I DEPURATION
0213 COOK INLET CRUDE OIL; TOXICITY; WATER SOLUBLE FRACTION; BENZENE
1223 COOK INLET CRUDE OIL) FLOUNDER; FISH ; CLAMS ; CHRONIC CONCENTRATIONS;

EGGS : LARVAE; HI$TOPATHOLOGY MORTAL ITY
1033 COON STRIPE SHRIMP ) TOXICITY; FUEL OIL 02; PROCEDURES
1034 COON STRIPE SHRIMP ; BIOASSAY) FUEL OIL 12; TOXICITY
0193 COON-STRIPE SHRIMP ) ALASKA; SHRIMP: KING CRASS ; COOK INLET CRUDE:

TOXICITY; SIO*SSAY STATIC; WATER SOLUSLE FRACTION
1031 COOXIOATZON J DEGRADATION ; CLADOSPORZUM ; OXYGEN CONSUMPTION; TOLUENE :

XYLENE ; HEXADECANE
0097 COPEPOD; TOXICITY; CRUDE OIL FRACTIONS ; GASOLINE ) KEROSENE )

TICRIODUS
0*23 CDPEPOD; REPRODUCTION ; MAPHTHALENE,J EURYTEMORA ) EGG PRODUCTION;

HEATING OIL ; WATER SOLUBLE FRACTION
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027? COPEPOD ; UPTAKE ; DEPURA TION : NA PHTHALENE ; METABOLISM: CALANUS ;
FOOD WEB ; WATER SOLUBLE FRACTION ; DIETARY ROUTE OF ENTRY:
RADIOACTIVE TRACERS

0486 COPEPOD ; RETENTION; ZOOPLANKT ON ; CALANUS; EURYTEM ORA ; UPTAKE:
DEPURAT ION

048? COPEPOD ; NAPUT HA LENE ; ACCUMULATION; RADIOACTIVE; LONG TERM EXPOSURE ;
LOW LEVEL CONCENTRATIONS ; MARINE ZOOPLANETON ; PERSISTENT EXPOSURE;
UPTAKE/DEPURATION ; CALANUS ; EURYTENORA

0587 COPEPOD; OXYGEN TRANSFER ; TOXICITY; T1GR IOPUS
1041 COPEPOD; KUWAIT CRUDE OIL ; SUSPENSION ; COREXIT 7664;

GAS CHROMATOGRAPHY ; SPECTROFLUOROMETRY; TOXICITY; LONG-TERM EFFECTS;
REPRODUCTION ;  EGG PRODUCTION ; HATCHING SUCCESS

0382 COP E PODS ; PORT V A L L E Y .  A L A S K A ;  INTERTIDAL ; SEDIMENT ;
BACTERIA POPULATIO NS; NE JOFAUN A ; NACO NA BA LT HI CA

0664 COPEPODS ; EAST CH INA SEA ; KUR O SH IO; TAR BALLS; ATTACHED ORGANISMS ;
BLUE GR E EN A LCAE ; PEHP4~~TE D IATO MS ; S1ONY CORALS; BRYO ZOANS ;
B A R N A C L E S

0949 CO PEPODS ; T O X I C I T Y  TEST ING ; SUBLETHAL EFFECTS ; T ECHN IOVE ; D R O P L E T S ;
NARCO S IS

1132 COPEPODS ; T O X I C I T Y ;  PETROLEUM F R A C T I O N / C L E A N I N G  AGENT ;  FUC US ;
E F F E C T  ON O R G A N I S M S

1154 COPEPO DS; ZO O PLA NKTON ,  NAP NT NR LENE ;  A R O M A T I C  HYDROCARBONS ;
PHYSI O LOG ICAL EF FE~~T 9 ;  RET E N T I O N ;  DEVELOPM E NT

1220 COPEPODS; CALANUS ; ALGAE ;  IIOHOC IIRYSIS ; NA PHT HAL ENE
BEHAVIORAL EFFECTS ; MOT ILITY

007? CORAL: FEEDING BEHAVIOR ; OIL—SEDIME N T PARTICLES
0358 CORAl ; MA CROFA UNA ; RED SEA ; TOXICITY; CRUDE Oil; DISPERSAN T;

H ETER O XEN IA; GAS IROPOD S ; MUSS ELS ; CHITON; SEA URCHIN; HERMIT CRAB;
SHRIMP ; G O A T F I S H ; RA B B I T F I S H

0430 CORAL; CRUDE O I L
0550 CORAL ; TOXICITY: AIR EXPOSURE ; OIL ; ENIWETOK ATOLL
062? C O R A L ;  CRUDE OIL ;  D ETERGENT ;  T O X I C I T Y
0715 C O R A L ;  P L A T I C Y R A ; B A C T E R I A ;  STRESS ;  CRUDE OIL; MUCUS PRODUCTION )

DESULFOV IBR IO ; BE CG IA TOA
0858 C O R A L ;  CRUDE O IL ;  P A N A M A ;  DIES EL MARINE ;  BUNKER C ;  T O X I C I T Y ;

M E T A B O L I S M ; FEEDING
0549 CORAL REEF COMMUNITY ; O IL
06 18 CORAL REEF COMMUNITY ;  INDONESIA ;  FISHERIES ;  OFFSHORE PRODUCTION ;

REVIEW
1177 CORAL REEFS ; PUERTO RICO ; OIL SPILLS; ECOSYSTEM: MANGROVE ; ESTUARIES;

ANALYSIS FOR HYDROCARBONS: MULLET; OYSTER ; CLAN; HISTOP A THOLOCY ;
REVIEW

0260 C O R A L S ;  CRUDE OI L: TOXICITY ; HETEROXE NIA ; RED SEA; SUBLETHAL EFFECTS;
DEPTH PROTECTION EFFECTS ; HYDROCARBON CONTENT ANALYSIS

0712 CORALS; RED SEA; CRUDE OIL; M ICROORC A N ISMS ; MUCUS PRODUCTION
1139 CORDC RA SS; CA PITEL LA; HANCROVES ; CRUDE OIL; MARSH; TEXAS;

GULF OF M E X I C O ;  A S S E S S M E N T  OF SPILLS
1215 CORDGRA SS ; FUEL OIL ; BUNKER C ; CHEDAB UCTO BAY ; NOVA SCOTIA;

A R R O W  SPILL ; LONG TERM E F F E C T S ;  MARSH ;  ALGAE ; T O X I C I T Y
1*85 CORDCRA SS ; MARSH; ECOSYSTEM; PETROLEUM HYDROCARBON; LOUISIANA:

ANALYSIS FOR HYDROCARBON ; ESTUARIES
0218 COREX IT; DISPERSANTS: OIL ; FISH; SEA URCHINS ; FERTILIZATION;

DEVELOPMENT: TOXICITY
0424 COREXIT ; OIL) D I S P E R S A N T S ;  T O X I C I T Y ;  P O L Y C H A E T E ;  GAMETE FORMATION;

S P A W N I N G ;  GROWTH ; MORT ALITY: C IRRATULUS ; C IRRIFORNIA; SPIOO2;
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E S S O LV E N E
0484 C O REXIT ; L II TOR IP4A ; SUBLETHAL EFFECTS ; BUNKER C; D1SPERS A NT ;

RESP I RATION ; CRAWLING RATES
0606 COREX IT ; DETERGENT; TOXICITY; PLANKTON; CRANCON
0679 COREXIT ; DISPERSAN TS ; TOXICITY ; FISH; SHRIMP ; SUB—TROPICAL ;

CENTROPOC ON ; DIOGENES; PALEONONOTES ; AMB A SS IS
0635 COREX IT; OIL ; DISPERSAN TS; SEA URCHIN; FISH; ECCS; EMBRYO ;

F ER T II I Z A T I OH; D E V E L O PMENT
0633 COREX II ; EMBRYOLOGY ; SEA URCHIN ; OIL ; DISPERSANTS ; ULTRASTRUCTURE
0751 COREXIT ; TOXICITY ; INTERTIDAL; BALTIC SEA; LITTORAL ZONE ; BEROL ;

R P I I O O ; W A T E R  BASE ; OIL BASE ; SOLVENT
094S C O R E X I T ; D I S P E R S A N T S ; O I L ;  T O X I C I T Y
1093 COREX IT ; FISH ; SOLE; PLAICE ; HERRING ; LARVAE ; DETERGENT ;

D E V E L O P M E N T A L  A8N O N A L IT I E S ; BP i UO2 ; F I NASOL
1160 COREX IT ; DISPERSANTS ; CRUDE OIL ; ARCTIC; PHYTOPLAHKTO N; PRODUCTIVITY;

A L G A E
1 163 COREXI T; DISPERSANTS ; CUNNER ; HYPOXIA ; RESPIRATION ; BPIOO2;

TRITON X— IOO ; SODIUM LAURYL SULPHATE
1041 COREX IT 7664; KUWAIT CRUDE OIL ; SUSPENSION: GAS CHROMATOGRAPHY ;

SPECTROFLUORO PIETRY; COPEPOD; TOXICITY; LONG — TER M EFFECTS ;
R E P R O D U C T I O N; ECG P R O D U C T I O N ; H A T C H I N G  SUCCESS

0599 COREX IT 8666; TOXICITY; KUWAIT CRUDE; PHYTOPLAN KTON ;
PHAEODACTYL UM TRI CO RN IJTUM ; PRIMARY PRODUCTION ; ILLUMINATION

0475 COREX IT 9327; DISPERSANTS ; SEA URCHIN ; FERTILIZATION
0948 COREXIT-7 664; OIL SPILL IN ICI DENT ; PERS IAN GULF; DISPERSANTS;

MARINE FAUNA ; TA RUT BAY. SAUDI ARABIA
0336 CORMORA N T; OLYMPIC ALL IANCE—DOVER STRA I TS 1975; BIRD MORTALITY ; AUKS ;

OIL SPILL INCIDENT ; ENGLAND
0281 CORNWALL; SALT MARSH; SPARTINA ; PUCC INELLA ; CHRONIC; WEATHERING :

R E C O V E R Y
0852 C O R N W A L L ;  T O R R E Y  C A N Y O N ;  C O A S T A L  H A B I T A T S ; P L A N T S ; ENULSIF IERS ;

B R I T T A N Y
0798 CORNWALL , ENGLAND ; TORREY CANYON SPILL ; OIL ; DETERGENT; INTERTID AL
0783 CORN WALL . ENGLAND; TORREY CANYON; BIRDS; AUKS
0937 CORYHEBACTERIU N ; A RTH ROBACT ER ; A CHROMOB ACT ER ; RATE ENHANCEMENT;

HYDROCARBON-OXIDIZING BACTERIA
0850 COSMOS PIONEER; INDIA; OIL SPILL INCIDENT ; ECOLOGICA L IMPA CT
0871 COUGHING; SALMON 1 PINK; PRUDHOE BAY CRUDE ; COOK INLET CRUDE;

F UEL 01L02; WAT ER SOLUBL E FRACTION ; RESPIRATION: UPTAKE & DEPUR A TION
0505 COUPLED—COLUMN LIQUID CHROMATOGRAPHY ; HYDROCARBONS CONTENT ANALYSIS;

DYNAMIC HEAD SPACE SAMPLING ; GAS CHROMATOGR A PHY ; MASS SPECTRONETRY
0332 CRAB; HYDROCARBON CONTENT ANALYSIS; GAS CHROMATOGRAPHY;

THIN LAYER CHROMATOGRAPHY ; HIGH PRESSURE LIQUID CHROMATOGRAPHY;
SAN FRANCISCO BAY; SPONGE; MUSSEL

0465 CRAB; BUNKER C; WATER SOLUBLE FRACTION; SAN FRANCISCO SAY;
PACHYCRAPSUS

1 139 CRAB ; CRUDE OIL ; CANCER ; NAPH TH A LE N E ; 8ENZ EHE; A R O M A T I C  HG ’S;
TOXICITY : REPRODUCTION & DEVELOPMENT

1* 82 CRAB; CRUDE OIL; SHRIMP ; ALAS KA ; EMBRYOGENESIS; GROWTH; COOK INLET
11 69 CRAB-SAL T MARSH; CRABS) WEST FALMOUTH SPILL ; MORTALITY; UPTAKE;

BEHAVIOR ; BURROWING ; TOXICITY; FUEL 011; MASS.
0564 CRABS; PRUDHOE CRUDE; CHIONOECETES ; MOLTING
0581 CRABS; OYSTERS; CHEMORECEPT ION; SUBLETHAL EFFECTS; NA PTHALE HE ;

BEH AVIOR; BIOASSAY
1181 C R A B S ;  CONT INENTAL SHELF ; UPTAKE ;  C A L I F O R N I A ;  OFFSHORE P L A T F O R M S :
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A N A L Y S I S  FOR H Y D R O C A R B O N S
1169 C R A B S ;  WEST FALMO UTH SPILL;  M O R T A L I T Y ;  UPTAKE ;  B E H A V I O R ;  B U R R O W I N G ;

T O X I C I T Y ;  FUEL OIL ;  C R A B — S A L T  MARSH ;  MASS .
0901 CRABS ( HERMI T ); ARGO MERCHANT SPILL; HISTOPATHOLOCY; AM PI ODYTES;

FLOUNDER V I H T E R L Y E L I O W T A I L ) ;  A L E W I V E S ;  H Y P E R P L A S I A ;  E D E M A ;
H E M O C Y T ES; C I L I A T E S

0838 CRAGOH ; D E T E R G E N T S ;  T O X I C I T Y ;  SHORE CRAB ;  C A R C IHUS; BROWN SHRIMP ;
L A R V A E ; F I S H

0835 C R A G O M ;  T O X I C I T Y ;  OIL D I S P E R S A N T S ;  C A R D I U M
0272 C R A I E  DE C H A M P A G N E ;  TORREY C A N Y O N  SPILL ;  W O C T I L U C A
0513 CRAI E DE CHAMPAGNE ; TORREY CANYON; DETERGENT; L IMPETS; PLAN K TON;

F I S H E R I E S ;  B IRDS
0606 CRA N G OH ;  DETERGEN T ;  T O X I C I T Y ;  PLANKTON ; C O R E X I T
0161 C R A N K C A S E  OIL ;  FUEL CR 02; NIGERIAN CRUDE ; BENTH IC A L G A L  C O M M U N I T I E S ;

PRIMARY PRODUCTIVITY ; TOXICITY ; RECOVERY ; ALGAL BLUE CREEH
0038 C R A S S O S T R E A ;  O Y S T E R S ;  CRUDE OIL ;  REFINED O I L S ;  B I O A S S A Y ;  FUEL O IL  02 ;

BUNKER C; SO UTH LA. CRUDE; KUWAIT CRUDE
0036 CRASS OSTREA ; OYSTERS; UPTAKE AND DEPURATIO N ;  G A L V E S T O N  B A Y ,  T E X A S ;

A N A L Y T I C A L  METHODS (UY .CC ); ANALYSIS FOR HYDROCARBONS ;
GULF OF M E X I C O

0037 C R A S S O S T R E A ;  O Y S T E R S ;  U P T A K E  AND D E P U R A T I O N ;  G R O W T H ;
A H A L Y S I S  FOR HYD R OCH R B U N S

0160 CRASSOSTREA ; OYSTERS; CRUDE OIL
0354 C R A S S O S T R E A ;  O Y S T E R S ;  HYDROCARBON CON TENT ;  G A L V E S T O N  BAY ;

COLUMN CHROMATOGRAPHY ; T L C ;  MASS S P E C T A ;  UV SPECTRA
0412 C R A S S O S T R E A ;  O Y S T E R S ;  CRU DE OIL ;  IOUI SA NA
0600 CRA SSOSTREA ; P E T R O  SU LFAR COMPOUNDS: AROMATIC HYDROCARBONS: MODIOLUS ;

RETENTION; FLAME IONIZATION DETECTION ; FLAME PHOTOMETRIC DETECTION;
GAS CHR OMATOGRAPHY ; GAS CHRO MATOGRAPHY—MASS SPECTRO NETRY

0508 CRASSOSTR EA; OYSTER; MERCEN A R IA ; CLAM ; SURFACTANT ; LARVAE ;
DEVELOPMENT ; G R O W T H ; S U R V IV A L ; T O X I C I T Y

065 1 C R A S S O S T R E A ;  O Y S T E R ;  L O U I S I A N A ;  OIL  SPILL ;  M O R T A L I T Y ;  G R O W T H ;  SET ;
DISEASE INC I DENCE; TAINTING

0650 C R A S S O S T R EA ;  O Y S T E R S ;  M O R T A L I T I E S ;  S E D I M E N T  H Y D R O C A R B O N S ;
D R I L L I N G  O P E R A T I O N S ;  T E M P E R A T U R E ;  S A L I N I T Y

0762 C R A S S O S T R E A ;  UPTAKE I D E P U R A T I O N ;  RA N G I A ;  FIJHDULUS ; PENA EU S
0957 C R A S S O S T REA ;  O Y S T E R ;  CHRONIC EXPOSURE ;  P H S I O L O G I C A L  EFFECTS ;

R E T E N T I O N ; D E P U R A T I O N
0864 CRASSOSTREA; DISPERSANT: SHELLFISH ; LARVAE; SPERMATOZOA ; TOXICITY ;

BIVALVES; OY STERS; MUSSEL; FERTILIZATION; DEVELOPME~.T
1004 C R A S S O S T R E A ;  OYSTER ; UPTAKE ; RETENTION ; DEPURAT ION ;

PETROLEUM HYDROCARBONS
0960 CRA SSOSTREA; OYSTER; UPTAKE: RETENTION ; DEPURAT ION;

PETROLEUM FRACT IONS ; LIPIDS; FAT CONTENT; METABOLISM
1133 CRA SSO STREA ; FUEL OIL; QUA HOG; ESTUAR INE; ALIPHAT ICS; N ERCE NA RI A ;

CLANS; OYSTERS ; UPTAKE; RETENTION; DEP IJRA TION
1*5 7 CRASSOSTRE A ; SOUTH LOUISIANA CRUDE OIL ; OYSTERS;

ANALYSIS FOR HYDROCARBONS ; MORTALITY; GAS CHROMATOGR APHY
0484 CRAWLING RATES; LITTORINA; SUBLETHAL EFFECTS ; BUNKER C; DISPERSANT;

RESPIRATION ; COREXIT
0704 CREHILA BRUS ; TOXICIT Y ; FISH; DEVELOPMENT; PETROLEUM ; EUGRAU LIS ;

SCORPA EHA ; BLACK OIL; SOLAR OIL
1108 CREOSOTE ; AROMATIC HYDROCARBON; POLYCYCL IC ARO MA TIC HG’S ;

CONTENT ANALYSIS ; BUNKER C; SEALS; FISH ; SHELLFISH) PAH; FLUOROMETR Y ;
FUEL OIL
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0346 C R E O S O T E D ;  MYT I LUS ; M O N I T O R I N G ;  MUSSELS; BENZO (A )PYREHE; CARCINOGEN ;
VANCOUVER HARBOR

0373 CREVICE FAUNA; INSECTS; POPULATION SURVEY ; SANTA B A R B A R A ;  L I T T O R A L ;
BEETLE ; T H A L A S S O T R E C H U S

O35~J CRICO$ PNAERA: PHYTOPLANK TON ; AM PHI DIHIUM ; SKELETOHENA ; DUNA L IALLA ;
BENZ ENE ; T OL UENE ; XYLENE ; FUEL O I L S 2; GROWTH

0879 C R I C O T O P U S ;  CRUDE OIL ; M I DGES ;  FORT SIMPSON , HWT . CANADA ;
FIELD EXPERI M ENTS ; LA RVAE ; A RT I F I C A L  SUBSTRATES

0722 C R I T I C A L  R E V I E W ;  OIL;  MARINE O R G A N I S M S
0290 C R O M A R T Y  F I R T H . S C O T L A N D ; OIL DEPOT
0305 CROMA R TY FIRTH .$COTLAND; BIRDS ; NORTH SEA OIL
0207 CRUDE ; M ER CEN A RIA ; TOXICITY ; EMBRYOS; LARVAE; WATER SOLUBLE FRACTION;

REFINED ;  W A S T E ; G R O W T H
0616 CRUDE; TOXICITY; FUEL OIL .2; AMPHIPODS ; BREEDING;

WATER SOLUBLE FRACT ION
0643 CRUDE; PARAFFIN; FISH
0882 CRUDE ; TOX ICITY ; POLYCHAETES ; NA PHTHALENE ; BUNKER Ci FUEL OIL 02:

W ATER SOLUBLE FRACTION; WEANTHES ; CRPITELLR ; SOUTH LOU iSIANA CRUDE ;
K U W A I T

0101 CRUDE OIL ; POND; ARCTIC; PHYSICAL PARAMETERS; PHYTOPLANKTON ;
VA SCULAR PLANTS; CH IROHOM ID ; AQUATIC; PRUDHOE CRUDE OIL:
ARCTIC —T UNDRA; ALASKA— BARLOW; BENTHIC ORGANISMS ; PLANKTON

0O~ 5 CRUDE OIL; PHOTOSYNTHESIS; RESPIRATION; NITROGEN FIXATION ; BA CTERIA ;
A LGAE ;  FUNG I; A R C T I C ; NATURAL G A S ;  M I C R O O R G A N I S M S

0078 CRUDE O IL ;  SALT MARSH PLANTS ; T O X IC I T I E S ;  EM ULSIFIERS
0061 CRUDE OIL; LOBSTER; CHENOSEHSOR S; BEHAVIOR AND FEEDING
0073 CRUDE OIL ;  D I S P E R S A N T S ;  BIV ALVES
0064  CRUDE OIL; BIODEGRADATION; SUBSTRATE COMPOSITION ; TEMPERATURE
0093 CRUDE OIL ; BIODEGRADATION; N ITR IFICATION; AMMONIA PRODUCTION:

M I C R O O R G A N I S M S
0038 CRUDE OIL; OYSTERS ) REF INED OILS ;  C RA SSOST R EA ;  B I O A S S A Y ;  FUEL OIL 12:

BUNKER C; SOUTH LA. CRUDE; KUWAIT CRUDE
0060 CRUDE OIL; LOBSTER; SUBLETHAL EFFECTS
0237 CRUDE OIL; SINKING AGENTS: TOXICITY) TOAD FISH; SHELLFISH ;

F I L T R A T I O N  R A T E
0138 CRUDE OIL ; FATE; WEATHER; MICROBIAL DEGRADATION;

BIOLOGICALLY ACTIVE FRACTIONS ; MARTHA’S V INEYARD: BERMUDA
0208 CRUDE OI L; D E G R A D A T I O N ;  BACTERIA
0160 CRUDE OIL ; OYSTERS ; C R A S S O S T R E A
0359 CRUDE OIL; DETERGENT; OCTOCORALS; CRUSTACEANS; MOLLUSCS ) ECH INODERNS

FI SH; TOXICITY; SUBLETHAL; DEVELOPMENTAL STAGES; RED SEA ;
FEEDING RATE ; PHYSIOLOGY; B IOA CCUMULAT IOH ; LIVER ENLARGEMENT;
HEPIATOCRI T

0317 CRUDE OIL; DEGRA DATION ; SEA WATER; AUTO OXI DATION ; BA CTERIA;
WEATHER INC

0361 CRUDE OIL; RED SEA; NACROFAUHA ; TOXICITY ) DEPTH; SUBLETHAL EFFECTS;
PHYSIOLOGY ; METABOLISM; BEHAVIOR; DISPERSAHT

0323 CRUDE OIL; TAINTING; FISH; YELLOWTAI L ; VAP OR ANALYSIS; SERIOLA;
GAS CHROMATOGRAPHY

0357 CRUDE OIL ; D R U P A  CRA MULATA; NYTILUSI PREDATION RATE ; FECUNDITY;
SUBLETHAL ; MUSSELS; RED SEA; DISPER SAN T

0269 CRUDE OIL; CARCINOGENS
0299 CRUDE OIL; BIRDS; MALLARDS; PHYSIOLOGY ; ANAS; DEHYDRA TION )

N UCOSAL TRANSFER RATE; DISPERSANTS; INTESTINAL ABSORPTION
0330 CRUDE OIL; DUCKS; MALLARDS; ANAS : INGESTION; EGGS; EMBRYOTC XI C ITY
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0260 CRUDE OIL ; TOXICITY ; CORALS ; NETER OXE HIA ; RED SEA ; SUBLETHAL EFFECTS:
DEPTH P R O T E C T I O N  E F F E C T S ; H Y D R O C A R B O N  CONTENT A N A L Y S I S

0362 CRUDE OIL ; DISPERSA NT ; TOXICITY ; STONY CORAL
0359 CRUDE OIL ; NACROFAUN A ; RED SEA; TOXICITY; DISPERSANT; CORAL;

H E T E R O X E N I A ; G A S T R O P O D S ; MUSSELS ; CHITON ; SEA URCHIN ; HERMIT CRAB ;
SHRIMP ; GO A T F ISH ; R A B B I T F I SH

0312 CRUDE OIL ; REVIEW ; BIODEGRADATION; BACTERIA; FRACTIONS;
E N V I R O N M E N T A L  F A C T O R S

0360 CRUDE OIL ;  T O X I C I T Y ;  R A B B I T  FISH; DEPTH ;  S ICANUS ;  D I S P E R S A N T ;
S T A T I C  A S S A Y ;  FLOW THROUGH A S S A Y ;  SAL I N I T Y

0390 CRUDE O IL ;  D E G R A D A T I O N ;  MARINE E N V I R O N M E N T ;  B A C T E R I A L ;
NON—B I CLOG I CAL

0391 CRUDE OIL ; HYD ROCARBON ; UPTAKE ; M YA; RESPIRATION; LIQUID CONTENT;
SOFT SHELL CLAM

0412 CRUDE OIL; OYSTERS; CRA SSOSTREA; LO UI SANA
0433 CRUDE OIL ; MY T I L US ; MODIOL US ; C A R B O N  BUDGET ; S A L I N I T Y ; STRESS ;

R E S I S T A N C E ; MU SSELS
0415 CRUDE OIL ; LESIONS ; H ISTOPATHOLOCY ; FISH; M E NI D 1A ; HYPERPLAS IA
0458 C RUDE OIL ; REFINED O IL ; TO X I C I T Y ; B A C T E R I A ; WATER SOLUBLE F R A C T I O N ;

A R O M A T I C  HYDR O CARB O NS; W E A T H E R I N G ;  GRO W T H RATE ;
M A X I M U I M  CELL D E N S I T Y

0372 CRUDE O IL; R E V I E W ;  MARINE ECOSYSTEMS ; T O X I C I T Y ;  LONG TERM EFFECTS
0427 CRUDE OIL ; O X I D A T I O N ; N UTRIENTS
0450 CRUDE OIL ;  CORAL
0418 CRUDE OIL ;  D IS P E R S A NT S ;  B I O D E G R A D A T I O N ; E C O S Y S T E M S
0422 CR U DE OIL ; SEALS ; B E H A V I O R ; P A T H O L O G I C A L  EFFECTS ;  C O A T I N G ; IMMERSION ;

INGESTION
0432 CRUDE OIL ;  M Y T I L U S ; MOD IOLUS ; C A R B O N  BUDGETS ; S A L I N I T Y ; R E S I S T A N C E ;

MUSSELS
0591 CRUDE OIL ;  T O X I C I T Y ;  EN ULS I F I ERS ;  FRESH W A T E R ;  S A L T  W A T E R
0578 CRUD E OIL ; COOK INLET ;  A L A S K A
0583 CRUDE OIL; PALATABILITY; BROWN SHRIMP; BLUE CRAB ; TAINTING ;

LOUIS IANA CRUDE OIL
0592 CRUDE O IL ;  PETROLEUM F R A C T I O N S ;  HERRING ;  H A T C H I N G ;  DEV ELOPMENT ;

T O X I C I T Y ; E M U L S I F I C A T I O N
0547 CRUDE OIL; BACTERIAL DEGRADATION
0576 CRUDE O IL ;  B A C T E R I A L  DEG R A D A T I O N ;  CHAIN LENGTH ; ENRICHMENT
0594 CRUD E OIL ;  FISH FRY ;  D I S P E R S A N T S ;  COD ;  GADUS ;  HERRING ; C L U P EA ;

T O X I C I T Y ;  E M B R Y O L O G Y ;  CHEMOREC EPT IO N
0598 CRUDE OIL; ECOTOX ICOLOCY ; PRIMARY PRODUCTION; EXPERIMENTAL ECOSYSTEM
0510 CRUDE O IL ;  B A C T E R I A ;  FUEL OIL *2 ;  BUNKE R C; M E T A B O L I S M ;  INH IB IT ION ;

RADIOACTIVE TRACER ; CONTROLLED ECOSYSTEM
0571 CRUDE O IL ;  P H Y T O P L A N K T O W ;  F IELD E X P E R I M E N T ;  INHIBITED ; S T I M U L A T I O N ;

LABORATORY STUDIES ; TOXICITY ; PH; FRACTIONS ; BENZENE; XYLENE ;
TO LU EKE

0568 CRUDE OIL ;  T O X I C I T Y ;  C A S P I A N  SEA ;  C E R A S T O D E R NA ; C H A N C E ;  A B RA ;
PU NT OG A MM ARUS

0580 CRUDE O I L ;  C R U S T A C E A ;  B E H A V I O R ;  FE EDING ; P O L Y A R O M A T I C  HYDROCARBONS ;
ALIPHATIC ; CHEMO RECE PTIOP4

0500 CRUDE O IL ;  EN Z Y M E S ;  O Y S T E R S ;  SHRIMP ;  MULLET
0620 CRUD E O IL ;  P H Y T O P L A N K T O N ;  T E M P E R A T U R E ;  T O X I C I T Y
0570 CRUD E OIL ;  C H L O R E L L A ;  G R O W T H  R A T E S ;  W A T E R  SOLUBLE F R A C T I O N S ;

T O X I C I T Y ;  S T I M U L A T I O N
056? CRUDE OIL ;  C A S P IA N  SEA;  BE NTHO S ;  G R O W T H ;  REPRODUC TION ; CHIRONOMUS ;

CER AS TODER PIA : NAI S : NEREIS ; PYRGOHY DROBIA; ABRA
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0579 CRUDE OIL ;  INV E R T E B R A T E S ;  B E H A V I O R ;  CHE N ORECEPTION
0577 CRUDE O IL ;  REEF C O M M U N I T Y ;  R E S P I R A T I O N ; CALMING EFFECTS ;

G A S  E X C H A N G E ;  FIELD FENCING TECHNI Q UES ;  T O X I X C T Y ;  BEHAVIOR ;
HERON IS .  GR EAT B A R R I E R  REEF A U S T R A L I A

0553 CRUDE oil; SAND ;  M I C R O B I A L  D E G R A D A T I O N ;  OXYGEN AV A I L A B I L I T Y ;  DEPTH
0640 CRUDE O IL ;  O Y S T E R S ;  F ILTERING R A T E ;  BLEED W A T E R ;

WA TER SOLUBLE F R A C T I O N
0712 CRUDE OIL;  CORALS ;  RED SEA ;  M I C R O O R G A N I S M S ;  MUCUS PRODUCTION
0680 CRUDE OIL ; D E G R A D A T I O N ;  S A N T A  B A R B A R A ;  W E A T H E R I N G ;

SEQUENCE OF DEGRADATION ; GAS CHROMATOGRAPHY
0661 CRUDE OIL ;  8 IOGE N IC  V S .  PE TROLEUM HYDROCARBONS ;

I NFRA-RED SP E C T R O M E T R Y ;  SEDIMENTS
0719 CRUDE O I L ;  ALGAE ; P L A T Y M O NA S ; T O X I C I T Y ;  GROWTH RATES ;  FINE STRUCTURE ;

NAH O PLANKTON ; EMULSIFIER
0715 CRUDE O I L ;  C O R A L ;  P L A T I C Y R A ;  B A C T E R I A ;  STRESS ;  MUCUS PRODUCTION ;

DESUL F OV IB R IO ;  B E G G I A T O A
0629 CRUDE OIL ; T O X I C I T Y ;  D I S P E R S A N T S ;  L A R V A E ;  HERRING ;  CULPEA
0627 CRUDE OIL ; DETERGENT; CORAL ; TOXICITY
0731 CRUDE OIL ; SALMON ; TOXICITY ; ALIPHATICS: AROMA TICS ;

CELL ME MBR A NE PERME AB I L I T Y
0641 CRUDE OIL ; ESTUARIES ; HYDROCARBON CONCENTRATIONS ; SEDIMENTS;

Z O O P L A N K T O H ;  P HY T O P L A H K T O H ; S A L T  MARSH PLANTS ; DIVERSITY;
P O P U L A T I O N S ; FISH;  M I G R A T I O N ;  GAS C H R O M A T O G R A P H Y ;  D E G R A D A T I O N

0694 CRUD E O IL ;  DE G RA DA TION ;  B A C T E R I A ;  PARAFFIN ; GA S C H R O M A T O G R A P H Y ;
EM ULS I F  IC A T  ION

0695 CRUDE OIL ; SHRIMP ; TOXICITY ; DETERGENTS ; PALEOMOHETES ; PENAEUS
0647 CR UDE OIL ; SALT GRASS ; OYSTER
0707 CRUDE OIL ; OIL POLLUTION; FLORA ; FAUNA ; BLACK SEA) DIESEL OIL
0702 CRUDE OIL; ZOOPLANKTOH ; TOXICITY ; BLACK SEA ; MINE RAL OIL ; AC A RTI A ;

PARAC ALA HUS ; PENI LLIA ; CEHTROPAGES ; OITHONA
073? CRUDE OIL ; PARAFF INS ; FISH ; JU L IANA WRECK ; SALMON ; MULLET;

BLACK SEA BREAM: GAS CHR OMA TOGRAPHY
0648 CRUDE OIL ; SALT GRASS ; DISTICHL IS
0730 CRUDE OIL; SALMON; TOXICITY ; PRUDHOE BAY ; AL IPHAT IC ; A ROMATICS ;

CELL MEMBRANE PERMEABILITY
0736 CRUDE OIL ; TA INTING ; SCALLOPS ; ARO NAT ICS; PARAFFI N S
0817 CRUDE OIL ; A R C T I C ; C R U S T A C E A ;  ISO PODS ;  AMPH I PODS ;  BEHAVIOR ;

AT T R A C T I O N ; REPULSION ; T A I N T I N G
0758 CRUDE OIL ; CLAMS ; UPTAK E ; DEPURATION ; CONTENT ANALYSIS; FUEL OIL *2;

SOLUBLE F R A C T I O N S ;  GAS CHROMATOGRAPHY
0847 CRUDE OIL; ALGAE ; MARINE; PHYTOPLA HKTON ; FUEL OIL .2; GROW TH RATES
080? CRUDE OIL; WATER SOLUBLE FRACTIONS ) NI CR OAL GA E; GROWTH RATE ;

HYDROCARBON ANALYSIS ; SEDIMENTS; WATERS; B IOTA;
SO UTH TEXAS OUTTER CONTINENTAL SHELF

0820 CRUDE OIL; ARCTIC; ANPH IPOD; COELENTERATE ; LOCONOTORY ACTIVITY;
SUBLETHAL EFFECTS ; ONISIMUS ; HALITHOLUS

0834 CRUDE OIL; IDOTEA ; CAMMARUS; LONGEVITY ; AMPH IPOD ; ISOPOD ;
OXYGEN CONSUMPTION

0804 CRUDE OIL; DEGRADATION; MARINE ENVIRONMENT; ZOOPLANKTON
PHOTOCHE M ICAL OXIDATION ; SOLUB IL ITY; DISPERSION

0799 CRUDE OIL; TOXICITY; INTERTIDAL ORGANISMS ; LIGHT TRANSMISSION;
TEMPERATURE ; BOILING FRACTION

0829 CRUDE O I L .  A R C T I C ;  MARINE ;  1NVERT EB RAT ES ;  BEA UFORT SEA
0848 CRUDE OIL; SOUTH LOUISIANA CRUDE; KUWAIT CRUDE; FUEL 01L12 ;

GROWTH RATE ; PHOTOSYNTHESIS; M ICROA LCA E—TOX IC ITY; BLUE GREEN) DIATOM;
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Di HOFIAGEL LATE
0818 CR U DE OIL ; C R U S T A C E A ;  B E H A V I O R ; S EDIMENTS ; A MP HI PO D ;  ONIS I M US ;

AVOIDANCE; WEATHERING
0942 CRUDE OIL ; HA PTHALENE ; WATER SOLUBLE FRACTION; CHLAMYD OMO HA S ;

TOXICITY ; GROWTH
0879 CRUDE OIL ; MI DGES; CRICOTOPUS ; FORT SIMPSON , HWT . CANADA ;

FIELD EXPERIMENT S; LARVAE; ART IFICA L SUBSTRATES
0863 CRUDE OIL ; SUPRALITT O RAL; A RTHRO POD S ; L IMOS INA ; ORCHESTIA ; EFFLUENTS;

TOXICITY ; FLIES; AMPHIPODES
0929 CRUDE OIL ; BRITAIN; LITTORAL COMMUNITY: TOXICITY ; EMULSIFIER ;

M ILF O RD HAVEN ; ESSO PORTSMOUTH SPILL ; TORREY CANYON SPILL; LANDS END
0932 CRUDE OIL; PACIFIC HERRING ; TOXICITY; ROE; HATCHING SUCCESS;

MORPHOLOGICAL ANOMOLIES; HERRING ; ALASKA
0935 CRUDE OIL ; LAKES ; ARCTIC ; MACKENZIE DELTA; WATER COLUMN; SEDIMENTS;

ZOOBENTHOS ; DEGRADATION
0858 CRUDE OIL; CORAL; PANAMA; DIESEL MARINE; BUNKER C; TOXICITY;

METABOLISM ; FEEDING
0930 CR UDE OIL ; TORREY CANYON SPILL ; T O X I C I T Y ; SEA COMMUNIT IES ;

SNORE COMM UNITIES; DETERGENT
0905 CR U DE OIL ; PH O T O S Y N T H E S I S ; ALGAE ; DIFFUSION RATES
0869 CRUDE OIL ; SALMON; OHCORHYNCHUS ; EGGS; ALEVINS ; FRY; TOXIC ITY ;

GROWTH
0912 CRUDE OIL; B IOIN D ICA TORS ; CLAMS; MAC OMA BAL TICA: MUD FLATS
0 8 6 7  CRUDE OIL; PINK SALMON; TOXICITY; AVOIDANCE; JUVENILE; M IGRATION ;

ACE ; CHEHORECEPT ION
0941 LRUD E OIL; WATER SOLUBLE FRACTION; NA PHTHALE HE ; GREEN ALGAE;

PHYSIOLOGY ; MORPHOLOGY; FRESHWATER
0868 CRUDE OIL; TOXICITY; ACUTE; CHRONIC ; COMPONENT; PHYSIOLOGY; BEHAVIOR;

ARCTIC & SUBARCTIC ORGANISMS; TEMPERATURE ; METABOLISM
0999 CRUDE OIL; PRODUCERS; CHENORE CEPT ION ; SUBLETHAL EFFECTS;

WATER SOL UBLE FRACTION; INHIBITORS
1002 CRUDE OIL; SHRIMP; TOXICITY; CONTENT ANALYSIS; DEPURAT IOH ;

FUEL OIL *2; BUNKER C ; PA LAEMONETES ; TEMPERA TURE; BENZENE; PHENOL ;
NA PH T N A LE NE

1038 CRUDE OIL; ALGAE; PHYSIOLO GY ; HYDROCARBONS PETROLEUM; REVIEW ;
NA PHTNALE NE ; PHOTOSYNTHESIS; A lP; DISTILLATE FRACTIONS

1 030 CRUDE OIL; BIESBOSCH TIDA L AREA ; OIL SPILL INCIDENT; BIRDS—GEESE;
MORTALIT Y; HOLLAND

0999 CRUDE OIL; PETROLEUM PRODUCTS; WATER QUALITY; FISH;
AQUATIC LIFE &WILDLIFE

1 159 CRUDE OIL; C A P I T E L L A ; COR DCRA SS ; MANCRO V ES ; MARSH ; TE~~AS;GULF OF M E X I C O ;  ASSESSMENT OF SP ILLS
1131 CRUDE OIL ;  MIC ROFLO RA ;  P HY T O P L A H K T O H : A L G A E ;  FUEL OIL ;  T O X I C I T Y ;

NAPHT NA LENE ; PHENANTNRE HE ; ARO NAT ICS; ALGAE—GREEN; ALGAE —BLUE GREEN ;
D I A T O M S ; G R O W T H

1140 CRUD E OIL;  FUEL OIL ;  POLYCH A ETES ;  T O X I C I T Y ;
REPRODUCTIOH & DEVELOPMENT

1085 CRUDE OIL; FISH; TOXICITY; WAT ER SOLUBLE FRACTION
115 1 CRUDE OIL; BIODEGRADATION; AROMATIC NC’ 5; BACTERIA
11 29 CRUDE OIL ;  B I O D E G R A D A T I O N )  M I C R O O C A N IS M S ;  A R C T I C ;  T E M P E R A T U R E ;

NUTRIENTS ; OXYGEN REQUIREMENTS) ARO NATICS ; PARAF FINS ; BEAUFORT SEA;
CNUKCH I SEA

1160 CRUDE OIL ; DISPERSAHTS; COREXIT; ARCTIC; PHYTOPLANKTON : PRODUCTIVITY;
ALGAE

1144 CRUDE OIL; BIRDS; HATCHING SUCCESS; EMBRYONIC DEVELOPMENT ; ElDERS;
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GULKS) MALLARDS ; PATHOLOGICAL EFFECTS ; FUEL OIL
1162 CRUDE OIL; CLAMS ; BEHAVIOR ; MORTAL ITY
1 113 CRUDE OIL; DEGRADATION ; BACTERIA ; YEAST; FUNGI: SUBSTRATE;

D I S T R I B U T I O N
11~~3 CRUD E OIL; CRAB:  CANCER ;  NAPHTN A LENE ; BENZ ENE; A R O M A T I C  NC ’ S ;

TOXICITY ; REPRODUCTION & DEVELOPMENT
1136 CRUDE OIL; FISHES; HISTOPATHOLOG ICAL EFFECTS: TOXICITY
1174 CRUDE oil ; ESTUARIES; CANADA; SAENICH INLET; FUEL OIL ;

B I O D E G R A D A T I O N ; PHYTOPL A N KT ON ; CEPEX ; D IATOMS
1180 CRUDE OIL; BIODEGRADATION; DISPERSANTS
1 189 CRUDE OIL ; MIC ROORGANISMS; eACTER IA FUNGI ; YEASTS; BIODEGRADATION;

N I G E R I A
120? CRUDE OIL; ALGAE ; FUCUS ; FUEL OIL *2; JET FUEL
1175 CRUDE OIL; ALGAE; ZOOPLANKTONS CRUSTACEANS: POLYCHRETES; MOLLUSCS;

FISH ; UPTAKE; RETENTION; DEPURATION: REVIEW; BENTHIC ORGANISMS
1219 CRUDE OIL; SEDIMENTS; WA SHINGTON; INTERTIDAL ZONE;

UPTAKE I DEPURA T IOH ; ASSESSMENT OF SPILLS ; BENTHIC ORGANISMS ;
PUGET SOUND ; RECRUITMENT

1190 CRUDE OIL; BIODEGRADATION ; BUNKER C; MARINE DIESEL; MICROORG A NISMS
1182 CRUDE OIL; CRAB; SHRIMP ; ALASKA ; EMBRYOGENESIS ; GROWTH; COOK INLET
1196 CRUDE OIL; TOXICITY; REVIEW; BIOASSAY; MORTALITY; GROWTH STAGES
0097 CRUDE OIL FRACTIONS; COPEPOD ; TOXICITY ; GASOLINE ; KEROSENE ;

TICR1ODUS
0289 CRUDE OIL FRACTIONS; PLANTS; TERRESTRIAL ) CHRONIC TOXICITY;

ACUTE TOXICITY
0068 CRUDE OIL— SWEDEN; ABUNDANCE; DISTRIBUTION; BIOIHD ICATOR;

ENUMERATION; TEMPERATURE; LEVEL OF OIL ; MICROORGANISMS;
BIODEGRADATION ; RARITAN BAY N.J. ; GAS CHROMATOGRAPHY

0459 CRUDE OIL — ARABIAN LIGHT; TOXICITY; L ITTORINA ; MYT ILUS : TIDL CYCLE;
TEMPERATURE

1 188 CRUDE OIL-NIGERIAN; BIODEGRADATION; NUTRIENTS: OXYGEN CONSUMPTION
0300 CRUDE OILS: OIL; MALLARDS; PHYSIOLOGY; INTESTINAL ABSORPTION; ANAS ;

MUCOSAL TRANSFER RATES; BOILING FRACTIONS -

0318 CRUDE OILS; DEGRADATION; RESPIROMETRY ; SEA WATER SOURCES ; NITROGEN
1191 CRUDE OILS —IRANIAN & ARABIAN; AMOCO CADI Z SPILL; BRITTANY FRANCE
0580 CRIJ STACE A ; CRUDE OIL; BEHAVIOR; FEEDING; POLYAR OMATIC HYDROCARBONS;

AL IPHAT IC ; CHEMORECEPT IOH
0817 C R U S T A C E A ; A R C T I C ; ISO PODS ; AMPH I PODS ;  BEHAVIOR ; A T T R A C T I O N ;

REPULSION ; TAINTING ; CRUDE OIL
0818 CRUSTACEA ; CRUSTACEA; BEHAVIOR; CRUDE OIL; SEDIMENTS; AM PHIPOD;

ONISINUS; AVOIDANCE ; WEATHERING
0034 CRUSTACEANS ; WATER SOLUBLE FRACTION; OIL IN WATER DISPERSION; FISH ;

TOXICITY: ESTUARIHE ; SOUTH LA. CRUDE; KUWAIT CRUDE; FUEL OIL *2;
BUNKER C: CYPRINODON ; MEHIDIA ; FUNDULUS; PENAEUS : PALEOMONETES;
MYS IDOPS IS

022$ CRUSTACEANS ; LITTORAL COMMUNITIES ; FLORIDA KEYS~ ROCKY PLATFORM ;
MANGROVE FRINGE; SEA GRASS FLATS; MANGROVE SWAMP; ECHIHODER PIS:
RED MANGROVE ) PEARL OYSTER ; BLACK MANGROVE

0359 CRUSTACEANS; CRUDE OIL; DETERGENT; OCTOCORALS ; MOLLUSCS; ECHINODERMS;
FISN; TOXICITY ; SUBLETHAL; DEVELOPMENTAL STAGES: RED SEA ;
FEEDING RATE ; PHYSIOLOGY ; BIOA CCUNUL A T ION : LIVER ENLARGEMENT ;
HEMATOCR I T

0532 CRUSTACEANS : HYDROCARBONS; B IOIHD ICA TOR;
BIOELECTRIC ACTION POTENTIALS ; REMOTE ELECTRODES: ACTIVITY

0995 CRUSTACEANS ; DISPERSANTS ; EMULSIONS; TOXICITY) SUBLETHAL EFFECTS;
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A C T I V I T Y ;  M O T I L I T Y ;  B I V A L V E S : FISH;  B E H A V I O R ; OIL EMULSION ;
C O N T I N UOUS FLOW ; L O C O M O T I O N

0994 CRUSTACEANS ; SURFACTANTS ; FISH; BIVALVES; TOXICITY; BEHAVIOR;
DEVELOPMENT ; A C T I V I T Y ; BYSSUS THREAD ; MOULTIHG

1175 CRUSTACEANS ; CRUDE OIL ; ALGAE ; ZOOPLA NKTO H ; POLYCHA ETES ; MOLLUSCS;
FISH ; UPTAKE ; RETENTION ; DEPURATION; REVIEW; RENTHIC ORGANISMS

0689 CULEX ; PETROLEUM FRACTIONS ; MOS QUITOS; TOX ICITY ; AEDES ; EGGS; LARV A E;
PUPAE

0872 CULEX ; MOSQUITO; SUFFOCATION ; TOXICITY
0629 CULPEA ; TOXICITY; CRUDE OIL; DISPERSAN TS; LARVAE; HERRING
0986 CULPEA ; BENZENE ; HERRING; SPAWNING; OVARIAN EGGS; EMBRYOS; LARVAE;

BEHAVIOR ; RADIOACTIVE TRACER
1163 CUN NER ; DISPERSA NTS ; HYPOXIA; RESPIRATION ; COREXIT ; BP1002;

TRITON X— 100; SODIUM LAURYL SULPHATE
1039 CYCL O— 4LKA NE ; A ROMATICS ; SEDIMENTS; BUNKER C; BEACH SEDIMENTS;

C HEDA SUCTO BA Y S NOVA SCOTIA ; A RROW SPILL; METABOLISM ; MOLLUSCS; MYA ;
OSTRE A , MYT ILUS ; ARYL HYDROCARBON HYDR 0XYL~ 3E ; BENZOPYRE N E ;
R A D I O A C T I V E  TRACER

11 36 CYCLOA LKAN ES ; ARCTIC ; QUA HOC ; CONTINENTAL SHELF; CLAMS ; RHODE ISLAND
0034 CYPR I NOD O N; W A T E R  SOL UBLE F R A C T I O N ; OIL IN W A T E R  D ISPERSION ;

CRUSTACEANS ; FISH; TOXICITY ; ESTUAR INE ; SOUTH LA. CRUDE ;
K UWAIT CRUDE; FUEL OIL *2; BUNKER C; MEN ID IA; FUNDULUS ; PENAEUS ;
PALEOMONETES ; MYSIDOPSIS

1153 CYTOLOGICAL ; SALMON ; COHO . BEHZOPYREHE ; PHYSIOLOGICAL EFFECTS ;
ARYL HYDROCARBON HYDROXYL A SE

1168 CYTOLOGICAL EFFECT ; TOX IC EFFECTS; PETROLEUM
0162 CYTOLOGICAL EFFECTS ; FISH CELLS IN VITRO ; HYDROCARBONS
0895 CYTOLOGY ; CELL MEMBRANES ; AMOE BA ; OIL ; EMULSIFIERS ; NARCOSIS ;

D E G R A D A T I O N ; B A C T E R I A L
1 149 CYTOLOGY; QUAHOGS; PHENOL; TOXICITY ; METHODOLOGY ;

H I S T O P A T H O L O G I C A L  EFFECTS ; CLANS
0499 D A M A G E ; R E V I E W ; OIL POLLUTION ; INPUT
0279 DAS IC ; BARNAC LES ; TOXIC ITY ; BEHAVIOR ; LARVAE ; DETERGENTS ; BPIOO2 ;

ELN IN INS ; SOLVENT ; SURFACTANT
11 34 DAVIS STRAIT; AR C~~IC ; SUB A R C T I C ; BA F F I N  BAY ; LABRADOR SEA ;

A S S E S S M E N T  OF SP ILLS ; P HYTOPLAN KTON ; Z OO PLAN KT ON ; ZOOBEN TH O S ; FIS H;
MA MMALS ; BIRDS

1099 DOT ; M USKRATS ; W E T T I N G ; OIL ; MARSH SPRAY
0851 DECEPTION BAY QUEBEC; OIL SPILL INCIDENT; DIESEL OIL; GASOLINE;

M Y T I L U S ; FUCUS
106? DEEP SEA; DEGRADATION ; BACTERIA; SEDIMENTS; INORGANIC NUTRIENTS ;

GR OW TH POTENTI A L
0909 DEEP W A T E R  PORT ; T E X A S ; SEADOCK ; ENVIRONMENTAL  I M P A C T
10 22 DEEP W A T E R  PORT ; L O U I S I A N A ;  LOOP
10 23 DEEP W A T E R  PORT ; T E X A S  CONTINENTAL SHELF ; SEADOCK
0944 DEEP WATER PORTS; ENVIRONMENTAL PROTECTION PLAN ; LOU ISIANA
1003 DEEP—SEA BENTHOS; HYDROCARBON CONTENT ANALYSIS; RATT A IL; NEMATONURUS ;

~4 0L0THUR!HXS
0480 DEE PWAT ER PORT; GALVESTON TEXAS ; ENVIRONMENTAL IMPACT
006? DE G RADATIO N ; COMPONE N T PREFERENCE; GAS CHROMATOGRAPHY; MASS SPEC. ;

RAT E A N D EXTENT ; C02 PF )DUCTIOM PR EFEPE N T IAL DEGR A DATION ;
MINERALIZATION ; PARAF FINH IC CRUDE OIL ; BACTERIA ; BIODEGRADATION

0063 DEGRADATION; MICROBIAL POPULATIONS: PROTO2 OAN S ; BLUE GREEN ALGAE;
DIATOMS ; YEAST; SPECIES DIVERSITY; GREEN ALGAE; NATURAL SEEPAGE;
PR IJDHOE CRUDE OIL ; ARCTIC: A LAS KA -PRU DHOE BAY) CAPE SIMPSON;
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NUTRIENT ENR ICHMENT
0001 DEGRADATION ; HYDROCARBON ; REVIEW
O 2 2~ D E G R A D A T I O N ;  B A C T E R I A ;  FUNGI ;  TEMPERATURE
0146 DEGRADATION ; WEST FALNOUTH SP ILL; WEATHERING ; IDENTIFICATION ;

HYDROCARBON CONTENT ; SE DIMENTS ; SHELLF ISH; OYSTERS; BUZZARD BAY
0)89 DEGRADATION ; BACT ERIA ; A EROBIC ; ANAEROBIC; PHYSICAL CHANGE;

CHEMICAL CHANGE
0 1 4 4  D E G R A D A T I O N ;  B A C T E R I A ;  SEDIMENTS ;  P E RSI ST AN C E ;

~EST FMLM O U TH OIL SPILL ; BUZZARD BAY
0205 D E G R A D A T I O N ; B A C T E R I A ;  F U N G I ;  EMULSIONS ;  TOX I C I T Y ;  T A I N T I N G
0209 DE G R A D A T I O N ; CRUDE OIL ; BACTERIA
0225 D E G R A D A T I O N ;  B A C T E R I A ;  FUNGI ;  T E M P E R A T U R E ;  O X I D A T I O N ;  A S S I M I L A T I O N
031 7 DEGRADATION ; CRUDE OIL ; SEA WATER; AUTO OXIDATION ; BACTERIA ;

W E A T H E R I N G
0314 DEGRADATION ; BACTERIA ; ACTINONYCETES; FILAMENTOUS FUNGI; YEAST;

PNYCO ?IYCETES
030?  D E G R A D A T I O N ;  A R O M A T I C  COMPOUNDS ; B A C T E R Z A
03 18 D E G R A D A T I O N ;  R E S P I R O M E T R Y ;  CRUDE O ILS )  SEA W A T E R  SOURC ES; NITROGEN
0365 DEGRADATION ; OUTBOARD OPERATION ; TAINTING ; WEATHERING ; VOLATILITY
0429 D E G R A D A T I O N ;  B A C T E R I A L ;  T EMPERATUR E
0389 DEGRADATION ; REVIEW ; INPUT ; HON—BIOLOGICAL; BACTERIAL ; BIOCHEMICAL
0428 DEGRADATION ; BACTERIAL; OXYGEN UPTAKE ; NUTRI ENT LIMITATIONS ; RESIDUE
0402 D E G R A D A T I O N ; O X I D A T I O N ; HY DROCARB O NS ; BACTER iA ; A EROBIC ; AN AEROBIC
0390 DEGRADATION ; CRUDE OIL ; MARINE ENVIRONMENT; BACTERIAL ;

NON-BIOLOGICAL
0586 DEGRADATION ; YEAST ; TAXONOMY; HYDROCARBONS
0609 DE G R A D A T I O N ; M ARINE SED IMENT ; M E T A B O L I S M ; MICROFAUNA;  NE IOFA U NA ;

MACR O FAUNA; POIYCHAETE WORMS; BIVALVES ; BACTERIA: EXCRETION
0641 DEGRADATION ; ESTUARIES; HYDROCARBON CONCENTRATIONS ; SEDiMENTS;

ZOOPL A NKT ON ; PHYTO PLAP4K TON ; CRUDE OIL ; SALT MARSH PLANTS; DIVERSITY;
POP ULATIONS ; FISH; MIGRATION ; GAS CHROMA TOGRAPHY

0680 DEGRADATION ; CRUDE OIL ; SANTA BARBARA: WEA THERING ;
SE Q UENC E OF D E G R A D A T I O N ;  GAS C H R O M A T O G R A P H Y

0701 DEGRADATION ; BACTERIA ; BLACK SEA; SELF-PURIFICATION
066? DEGRADATION ; ALGAE ; MYXO TROPHIC GROWTH ; HYDROCARBONS ; SCENEDE$MNS
0708 DEGRADATION ; PURIFICATION ; BLACK SEA ; WATER: SEDIMENTS; BACTERIA
0705 DEGRADATION ; BACTERIA ; INDICATORS
0703 DEGRADATION ; BACTERIA
069? DEGRADATION ; PETROLEUM; FUNG I
0694 DEGRADATION ; BACTERIA ; PARAFFIN ; CRUDE OIL ; GAS CHROMATOGR A PHY ;

EMULSIFICATION
0726 D E G R A D A T I O N ; B A C T E R I A ;  M A C R O P HY T ES ;  SPECIES COMPOSIT ION
0639 DEGRADATION: STREAMS ; OXIDATION ; SEDIMENTATION ; OILY WASTE ;

TEMPERATURE ; EMULSION
0844 DEGRADATION ; BACTERIA; OXIDATION
0855 DEGRADATIO N ; OIL; BIODEGRADATION ; ENVIRONMENTAL FACTORS ; ENERGY ;

BACTERIA ; BUNKER C~ CHE DA BUCT O BAY ; ARRO W SPILL
0804 DEGRADATION ; CRUDE OIL: MARINE ENVIRONMENT ; ZOOPLANKTON ;

PHOTOCH EMICA L OXIDATION ; SOLU BIL ITY; DISPERSION
0742 DEGRADATION ; TEMPERATURE; BUNKER C; MOCARD IA ; RATE LIMITING FACTORS
0028 DEGRADATION ; BACTERIA; ESTUARY; BEACH ; FUEL OIL; ENRICHMENT; RATE;

HARRACANSET BAY) HYDROCARBON CONCENTRATION ; SEDIMENTS; MIGRATION
0741 DEGRADATION ) BACTERIA; DISTRIBUTION; NORTHWEST ATLANTIC:

COASTAL SEDIMENTS
0829 DEGRADATION ; REVIEW; INPUT; FATE
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0895 DE G RADATION ; CELL M EMBRANES ; AMOEBA ; OIL ; EMULS IFIERS ; NARCOSIS ;
CYTOLOGY ; BACTERIAL

094? DEGRADATION; TORREY CANYON SPILL ; ZOOPL A N KrON ; BACTERIA ; LITTORAL ;
SUBLITTORAL ; CLEAN UP

0939 DEGRADATION ; BACTERIA ; SELECTIVITY
0955 DEGRADATION ; SAL T MARSH ; PLANTS ; WEATHERED OIL ; GAS E4 CHANCE ;

RETENT iON ; BRITTANY; TORREY CANYON
0935 DEGRADATION; CRUDE OIL ; LAKES ; ARCTIC; MACKENZIE DELTA ; WATER COLUMN ;

SEDIMEN TS; ZOOBENTHOS
1051 DEGRADATION; CLADOSPOR IUM ; OXYGEN CONSUMPTION ; COOX I DATION ; TOLUENE ;

XYIENE ; HEXADECANE
0997 DEGRADATION ; POTENTIAL ; SEAWATER ; CHRONIC POLLUTION ; BA CTERIA ;

PETROLEUM HYDROCARBONS ; SALINITY
1 056 DEGRADATION; BACTERIA; FUNGUS; CLAD O SPORIUM; WATER ; SED IMENTS ;

CHESAPEAKE BAY. HYDR OCARBON CONCENTRATION
0988 DEGRADATION; POLN UCLE A R AROMATIC HYDROCARBONS ; BENZOPYREHE ;

CARCINOGENS is; SYNTHESIS; DI STP .IBUT ION
0984 DEGRADATION; BACTERIA; SOIL
1059 DEGRADATION ; SOUTH LOUISIANA CRUDE; MASS SPECTRONETRY
103? DEGRADATION; WATER; SEDIMENTS; CHESAPEAKE BAY ; CLAD O SPOR IUM
1064 DEGRADATION; BACTERIA; SEDIMENTS; CHESAPEAKE SAY
1032 D E G R A D A T I O N ; G R O W T H  P O T E N T I A L ; B A C T E R I A ; S E D I M E N T S ; NORT H A TL A N T I C
1 020A DEGRADATION ; BACTERIA; LOW TEMPERATLRE
1030 D E G R A D A T I O N ; B A C T E R I A ; MOTOR OIL ; TREATMENT EFFLUENT ; D I S T R I B U T I O N ;

W A T E R  COLUMN ; SEDIMENTS
1036 DEGRADATION ; BACTERIA; METABOLIC PATHWAYS
10 55 D E G R A D A T I ON ; F UNGUS ; C L A D O S P O R I U M ; O X I D I Z I N G  S Y S T E M ;

PATHWAYS-METABOL I C; PESTICIDES; RADIOACTIVE TRACER EXPERIMENTS
1028 DEGRADATION ; BUNKER C; SANDY BEACH; DISPERSION; SAN FRANC ISCO;

S A N  F R A N C I S C O  SPILL ; B A C T E R I A L  P O P U L A T I O N  I D I V E R S I T Y
1110 DEG RADATION; BACTERIA; METHODS; RELATIVE OXI D IZA8I L ITY ; ASSU M LATION
106? DEGRADATION; BACTERIA; SEDIMENTS) DEEP SEA ; INORGANIC NUTRIENTS;

G R O W T H  POT ENTIAL
1109 D E G R A D A T I O N ; B A C T E R I A ;  R E V I E W
1114 D E G R A D A T I O N ; C A R C I N O C E H E S I S ; HYDROCARBONS ; INPUT ; M E T A B O L I S M ;

SYNTHESIS; BACTERIA
1 111 DEGRADATION ; REVIEW; MARINE OIL POLLUTION ; INPUTS; FATES ; BACTERIA
1113 D E G R A D A T I O N ;  CRUDE OIL ;  B A C T E R I A ; Y EAS T; FUNGI ; S U B S T R A T E ;

D I S T R I B U T I O N
0299 DEHYDRATION ; BIRDS ; MALLARDS; CRUDE OIL ;  P H Y S I O L O G Y ;  A N A S ;

.M UCOSA L TRANSFER RATE ; DISPERSANTS; INTESTINAL ABSORPTION
1091 DELAYED EFFECTS; DISPERSANT ; TOXICITY; FISH; LARVAE ; HERRING:

PILCHA RD ; PLAICE; SOLE; LEMON SOLE ; HADDOCK; BPIOO2; EMBRYOLOGY;
BEHAVIORAL CHANGES

0548 DENMARK ; BIRDS ; M O R T A L I T I E S
0659 DEPOSITION; FISH; TAINTING ; SEAWEED; PHENOLS; OILS; DETERGENT S
036 1  DEPTH ;  CRUDE OIL ;  RED SEA ;  MA CRO FA UNA:  T O X I C I T Y )  SU BLETHAL EFFECTS ;

PHYSIOLOGY ; METABOLISM; BEHAVIOR; DISPERSAHT 
-

0360 DEPTH; TOXICITY; RABBIT FISH; CRUDE OIL; SIGAHUS; DISPERSA NT;
S T A T I C  A S S A Y ;  FLOW THROUGH A S S A Y ;  SAL IN ITY

0553 DEPTH; CRUDE OIL; SAND; M ICROBIAL DEGRADATION: OXYGEN AVAILABILITY
0260 DEPTH PROTECTION EFFECTS; CRUDE O IL ; TOX ICITY ; CORALS ; HETER O XENIA;

RED SEA ; SUBLETHAL EFFECTS; HYDROCARBON CONTENT ANALYSIS
0288 DEP (JRAT IQN; HYDROCARBON CONCENTRATIONS: NAPHT HA LENE ; SHRIMP; CLAMS;

OYSTERS ; SEDIMENT ; FUEL 011*2
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0333 DEP URA TI ON ; MUS SELS ; MY T ILU S ; HYDROCARBON CONTENT ;  MONITOR ; UPTAKE
0287 D E P U R A T I O N ;  FUEL OILI2 ; SHRIMP ;  UPTAKE ; MOUTHLY G R O W T H
0335 DEP URATION;  MYTILUS ; MUS SELS;  UP T A K E ;  B IOGENIC ;  PETROLEUM ; A R O M A T I C S ;

K I E L  B I G H T
0279 DEPURAT ION; HYDROCARBONS; ZOOPLANKTON; FISH; TOXICITY: TA INT ING ;

BEH AVIOR; UPTAKE; METABOLISM: ACCUMULATION
0234 DEPURA TION : MYTILUS; UPTAKE ; MUSSELS ; HYDROCARBON CONTENT; PA RAFFINS ;

PETROLEUM ; TIDES
0277 DEPURATIO N : COPEPOD; UPTAKE ; NAPNTHALENE; METABOLISM; CALANUS ;

FOOD WEB ; WATER SOLUBLE FRACTION; DIETARY ROUTE OF ENTRY;
R A D I O A C T I V E  T R A C E R S

0410 DEPURAT ION ; CLAM; RANGIA; NAPHTHALENES TRINITY BAY , TEXAS ;
OIL SEPARATOR PLATFORM; UPTAKE; SEDIMENTS ; HYDROCARBON ANALYSIS ;
G A S  C H R O M A T O G R A P H Y

0486 DEPURATION; RETENTION ; COPEPOD . ZOOPLANKTON ; CALANUS ; EURYTEMOR A ;
UPTAKE

0399 DEPURATION; HYDROCARBO N S; CONTENT ANALYSIS ; TEMPERATURE ; MUSSELS ;
MYTILUS ; LA GOON OF VENICE . ITALY

0400 DEPLJRAT ION ;  MYTILUS ; UPTAKE ; HYDROCARBON CONTENT A N A L Y S I S ;
PH Y S I O L O G I C A L  STRESS ; BIOLOGICAL MONITOR;  MUSSELS ; ACCUMULATION

0612 DEPURATIOM; METABOLISM; UPTAKE; RADIOACTIVE TRACERS; REVIEW
0611 DEPURAT ION; MYTILUS CONTENT ANALYSIS ; UPTAKE ; RETENTION ; MUSSEL ;

RADI OA C T I V E  TRACERS ; AROMATIC  HYDROCARBONS ;  PA RA FFINS
0608 DEPURATION; ZOOPL*$KTON; BENZPYRENE UPTAKE ; PACIFIC COAST: ARCTIC ;

AROMATIC HYDROCARBONS ; NAPTHALENE; RADIOACTIVE TRACERS; CALANUS
0727 DEPURA1 ION; BARNACLES ; TAR BALL ; CONTENT ANALYSIS; METABOLISM;

U P T A K E
0816 DEPURRTION; COMMUNITIES ; ROCKY SHORES; DETERGENTS; NORMAN DY1 FRANCE;

R E C O V E R Y ; MUSSELS
0758 DEPURA TION; CLAMS; UPTAKE; CONTENT ANALYSIS; CRUDE OIL ; FUEL OIL *2;

SOLUBLE FRACTIONS ; GAS CHROMATOGRAPHY
O?5~ DEPIJR*TION; BENZC* PYRENE; UPTAKE : DZSTRZBUTION; RADIO ASSAY; RANG IA;

C L A N S
0881 DEPURATION : POLYCHAETE; NEANTHE~~; RADIOACTIVE TRACER EXPERIMENT:

UPTAKE ; RETENTION; METABOLISM ; WATER SOLUBLE FRACTION; WATER;
SEDIMENT ; DETRITUS

095? DEPURA T1ON; OYSTER : CHRONIC EXPOSURE; PHSIOLOGICAL EFFECTS ;
RETENTION ; CRA SSOSTREA

0943 DEPURAT ION: NAP THAL ENE ; WATER SOLUBLE FRACTION ; CHLAM Y DOMONAS ;
PHOTOSYNTHESIS ; GREEN ALGAE) UPTAKE

1004 DEPURAT1ON OYSTER; CRAS SOSTREA UPTAKE; RETENTION)
P E T R O L E U M  H Y D R O C A R B O N S

1002 DEPURA TION ; SHRIMP ; TOXICITY ; CONTENT ANALYSIS; CRUDE OIL;
FUEL OIL *2; BUNKER C; PALAE NONET ESI TEMPERATURE ; BENZENE; PHENOL)
HA PH THA LE NE

0960 DEPURA TIQN ; OYSTER; CRASSOSTREA; UPTAKE; RETENTION;
PETROLEUM FRACTIONS; LIPIDS ; FAT CONTENT ; NETADDLISM

1161 DEPURATIOM ; POLYNUCLEAR AROMATIC HYDROCARBONS: ESTUAR INE ; UPTAKE;
RETENTION ; BENTHIC ORGANISMS) SHELLFISH; BENZOPYRENE

11 33 DEPURATION: FUEL OIL; CRA SSOSTREA QUAHOC ; ESTUA RINE A L IPNATICS ;
NERCENARIA ; CLAMS; OYSTERS ; UPTAKE ) RETENTION

1125 DEPURATION ; REVIEB ; SUBLETHAL EFFECTS; TOXICITY; UPTAKE) RETENTION )
METHODS OF DETECTION OF HC’S IN ORGANISM ; B IO IN DICA TORS

11 3? DEPURA T1ON : AUSTRALIA; UPTAK~~J RETENTION ) GAS CHROMATOGRAPHY:
NYTILU 8: $V$S!L; EFFECT ON ECOSYSTEM: BIOIND ICATORS; TOXICITY
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1143 DE PURA TION ; SOFT—SHELL CLA M ; FUEL OI L;  U P T A K E ;  R E T E N T I O N ; B U R R O W I N G ;
MORTALITY; SEARSPORT-MA IHE

1212 D E P U R A T I O N :  S H R I M P ; L A R V A L G R O W T H ; U P T A K E ; F UEL O I L  S2 ;
HATCHING SUCCESS ; BEHA VIORAL EFFECTS

1175 DE PURATION ; CRUDE OIL ; A LGAE ; ZOOPLANKT ON ; CRUSTACEANS; POLYCH A ETES;
MOLLUSCS ; FISH ; UPTAKE ; RET ENTION ; REVIEW ; SENTHIC ORGANISMS

1 206 DEPURA TION ; CLAM ; MYA ; FUEL OIL *2 ;  UPTAKE; RETENTION
071 5 DESULFOY IB RI O ; CORAL ; PLATICYRA ; BACTERIA ; STRESS; CRUDE OIL;

MU CUS PRODUCTION ; B E C G I A TOA
0812 DETECTION ; M IXED FUNCTION OX IDASE S ; AR Y L HYDROCARBON HYDR OXYLASE ;

PETROLEUM HYDROCARBON; METABOLISM ; M ONITORS ; INVERTEBRATES ; FISH
022? DETERGENT ; TOXICITY: STRIPED BASS ; TRICON OIL SPILL ERADICATOR ;

RU CC US
0359 DETERGENT ; CRUDE OIL ; OCTOCOR A LS ; CRUSTACEANS ; MOLLUSCS; ECH INODERMS ;

FISH; TOXICITY; SUBLETHAL; DEVELOPMENTAL STAGES ; RED SEA ;
FEEDING RATE; PHYSIOLOGY; 8 IOA CCU M ULA T IO N ; LIVER ENLARGEMENT;
HE IIATOC RI  T

0313 DETERGENT; OIL; REPRODUCTION
0311 DETERGENT ; OLEOPHILIC FLUFF ; OIL ; T O X I C I T Y ; P O R C E L A I N  CRAB ;

~ECM 4N 1 SM OF ACTION ; BP 1IO O
0513 DETERGENT; TORREY CANYON ; L INPETS ; PLANKTON; FISHERIES ; BIRDS ;

C RA IE DE CHAMPAGNE
0606 DETERGENT ; TOXICITY ; PLANKTON ; COREX IT ; CRANCON
062? DETERGENT; CRUDE OIL; CORAL: TOXICITY
0798 DETERGENT ; TORREY CANYON SPILL; OIL ; INTERTIDAL; CORNWALL , ENGLAND
0930 DETERCENT ; TORREY CANYON SPILL ; T O X I C I T Y ; SEA COMMUNIT IES ;

SHORE COMMUNITIES; CRUDE OIL
0972 DETERGENT ; OIL; RECOLONIZATION ) SETTLEMENT ; ART IFIC A L SUBSTRATE
1090 DETERGENT ; BPIOQ2: SAB E LLARI A ; LARVAE ; TOX ICITY ;

SUBSTRATE A B S O R P T I O N
1093 DETERGENT ; FISH; SOLE ; PLAICE ; HERR ING ; LARVAE ;

DEVELOPMENTAL A BNOMALITIES ; BPIOO2 ; FINA SOL ; COREXIT
1089 DETERGENT ; LONG TERM EFFECTS ;  L A RV AE ; SA RELLE R IA ; TO X I C I T Y
0043 D E T E R G E N T S ;  TO RRE Y CANYON ;  S I N K I N G  O I L ;  CLEANUP OF OIL SPILLS
0155 DETERGENTS; ALGAE; INTERTIDAL ; SHORT TERM EFFECTS ; LONG TERM EFFECTS;

LITTOR I AL COMMUNITY
019? DETERGENTS; NUCELL A LAP ILLPJS ; RESISTANCE ; MORTALITY;

POP U L A T I O N RECOVERY ; RE C O L O N I Z A T I O N ; ROCKY SHORE ; L I T T O R A L
0233 DETERGENTS; MILFORD HAVEN; SALT MARSH; ROCKY SHORE; RECOVERY ;

E MI JISIFIER$ ; CHRONIC EXPOSURE
0279 DETERGENTS; BARNACLES; TOXICITY; BEHAVIOR ; LARVAE; BPIOO2; DASIC;

ELN IH INS ; SOLVENT; SURFACTANT
043$ DETERGENTS; OIL FRACTIONS; CELL MEMBRANE ; AM OEBA
0659 DETERGENTS; FISH; TAINTING ; SEAWEED; PHENOLS; OILS; DEPOSITION
0695 DETERCENTS ; SHRIMP ; TOXICITY; CRUDE OIL; PALEOMONETES : PENAE US
0660 DETERGENTS; 8P1002; ELECTROPNORES1S; ENZYMES; PROTEiNS
0838 DETERGENTS; TOXICITY; SHORE CRAB; CARCINUS; BROWN SHR I MP ; CRA CON;

LARVAE ; FISH
0822 DETERGENTS: L ITTORIN A ; HUCELLA; BUCINNUM; GROWTH; MORTALITY ; 9P1002;

TA AS OL YEN T
0816 DETERGENTS; COMMUNIT IES; ROCKY SHORES ; NORMANDY . FRANCE; RECOVERY;

M U S S E L S ; D E P U R A T I O N
0763 DETERGENTS; REVIE W ; MARINE LIFE
0924 DETERGENTS; OIL; SHELLFISH; TOXICITY: CLEAN UP PROCEDURES; TAINTING
1021 DETERGENTS; PNYTOPL ANK TOH ; GROWTH
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1069 DETER G ENTS ; T O RREY C A N Y O N  SPILL ; BI R DS ; T O X I C I T Y ;  I N T E R T I D A L ;  CHALK
0343 DE TERMINATION TECHNI QUES ; BEN Zb (A )PYRENE; CARCINOGENS; MONITORING;

TISSUES ; SEDIMENT ; POLYCYCLIC A R O MAT ICS ; THIN—LAYER
1074 DETERMINA TION TECHNI Q UES ; AL I PHATIC ; AROMATIC; MARINE ORGANISMS;

ETHER EXTRACTION ; SILICA GEL CHRO M ATOGRAPHY; GAS CHROMATOGRAPHY ;
M ASS S P E C T R O M E T R Y

OBS 1 DETRITUS ; POLYCHA ETE ; NEANTHES: RADIOACTI VE TRACER EXPERIMENT;
UP TAKE ; R E T E N T I O N; M E T A B OL iSM ; DEP UR A T Z ON :  W A T E R  SOLUBLE F R A C T I O N ;
W ATER ; SEDIMENT

0522 DETROIT RIVER ; WAT ERFOWL
0014 D E V E L O P M E N T ; WATER SOL UBLE F R A C T I O N ; SEA URCHIN ; F E R T I L I Z A T I O N ; EGGS
0218 DEVELOPMENT ; DISPE R SANTS ; OIL ; FISH; SEA URCHINS; FERTILIZATION:

T O X I C I T Y ; C O R E X I T
0337 DEVELOPMENT ; P ETROLEUM ; T O X I C I T Y ; BARNACLES ; L A R V A E ; P H O T O T A X I S
0370 DEVELOPMENT ; FUNDULUS ; FUEL OIL*2; WATER SOLUBLE FRACTION; HATCHING;

H ISTOP A T H OLOC Y
0592 DEVELOPMENT ; CRUDE O IL ; PETROLEUM FRACTIO NS; HERRING; HATCHING ;

T O X 1 C I  TY ; EM ULSI F I C A T I O N
0508 DEVELOPMENT ; C R A S S O S T R E A ; OYSTER ; MER C E N A R I A ;  CLAM ; SURFACTANT ;

LARVAE ; GROWTH ; S U R V I V A L ; T O X I C I T Y
0596 DE V ELOPMENT ; EGGS ; L A R V A E
0634 DEVELOPMENT: DISPERSANTS: EGGS ; SEA URCHIN; FISH; FERTILIZA T ION
0704 DEVELOPMENT ; TOXICITY ; FISH; PETROLEUM ; EUGRAULI S; SCORPA ENA ;

CREN ILABRUS ; BLACK OIL ; SOLAR OIL
0635 DEVELOPMENT ; OIL; DISPERSANTS; COREXIT: SEA URCHIN; FISH : EGGS;

EMBRYO; FERTILIZATION
0884 DEVELOPMENT ; FUEL OIL .2; NA PHTHALEHE; AN NELIDS; POLYCHAETE ;

MEANTHES ; UPTAKE &DEPURAT ION; MALE ; FEMALE ; EGGS) LARVAE
0864 DEVELOPMENT ; DISPERSANT ; SHELLFISH; LARVAE ; SPERMATOZOA; TOXICITY;

BIVALVES ; OYSTERS; CRASSOSTREA ; MUSSEL ; FERTILIZATION
0994 DEVELOPMENT ; SURFACTANTS ; FISH; CRUSTACEANS ; BIVALVES: TOXICITY ;

BEHAVIOR: ACTIVITY: BYSSUS THREAD ; NOULT1HC
1154 DEVELOPMENT ; ZOOPIAHKTON ; COPEPODS; HA PHTHAL ENE I

AROMATIC HYDROCARBONS ; PHYSIOLOGICAL EFFECTS ; RETENTION
1093 DEVELOP M ENTAL A B N O NA L I T I E S ; FISH ; SOLE ; P L A I C E ;  HERRING ; L A R V A E ;

DETERGENT ; BP I OO2 ; FINASOL ; C O R E X I T
0865 DEVELOPMENTAL ABNORMALITIES ; BIVALVES; TOXICITY; SPERMATOZOA;

FERTILIZATION ; PRUDHOE BAY CRUDE; KUWAIT CRUDE; NIGERIAN CRUDE
0359 DEVELOPMENTAL STAGES ; CRUDE OIL ; DETERGENT ) OCTOCORALS; CRUSTACEANS ;

MOLLUSCS: ECNINOOERNS ; FISH: TOXICiTY; SUBLETHAL : RED SEA;
FEEDING R A T E ; PHYSIOLOGY ; B IO A C C U M U L A T I O N ; L IVER ENLARGEMENT ;
HEMAT OCRI T

0845 DIATOM ; OIL ; ALGAE ; DIHOFIAGELLATE; DUHALIELL A ; FRAGI LAR IA ;
AXEMIC CULTURES ; GROWTH RATES

0848 DIATOM ; CRUDE OIL; SOUTH LOUISIANA CRUDE; KUWAIT CRUDE; FUEL 01L12;
GROWTH RATE ; PHOTOSYNTHESIS; NI CRO A LCAE-TOXICITY; BLUE GREEN:
D I N O F L A G E L L A T E

0964 DiA TOM : NAPNTHALEHE: TOXICITY; PHOSPHORUS : SYNERGISM
0063 DIATOMS; MICROBIAL POPULATIONS; PROTOZOANS ; BLUE GREEN ALGAE;

DEGRADATION ; YEAST: SPECIES DIVERSITY ) GREEN ALGAE ; NATURAL SEEPAGE;
PRUDNOE CRUDE OIL; ARCTIC; ALASKA -PRUDHOE BAY; CAPE SIMPSON;
NUTRIENT ENRICHMENT

0411 DIATOMS ) REVIEW ; SPREADING OF 011: GASEOUS EXCHANGE ; TOXICITY;
TAINTING ; OYSTERS; BLEED WATER; OFFSHORE DRILLING

093$ DIATOMS; SUBSTRATE SELECTION; TOXICITY OF END PRODUCTS;
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D INOFLAG ELLATES
1013 DIA TOMS ; ESTUARI NE ; GAS CHROMATOGRAPHY ; SELECTIVE ABSORPTION
1094 DIATOMS ; FUEL OIL 12; ALGAE ; TOXICITY; PHENALEH- 1-ONE;

W A V E L ENGTH DEPENDENT ; ALGAE -BLUE GREEN; ALGAE -GREEN
113 1 DIATOMS ; M ICROFLORA ; PHYTOPIANKTOH; ALGAE ; CRUDE OIL: FUEL OIL;

TOXICITY ; NA PNTHA LENE ; PHEHANTHRENE; A ROMATICS ; ALGAE-GREEN;
ALGAE-BLUE GREEN; GROWTH

1174 DIATOMS ; ESTUARIES; CANADA ; SAEHLCH INLET ; CRUDE OIL ; FUEL OIL ;
BIODEGRADATION ; PHYTOPLANKTON ; CEPEX

0236 DIESEL FUEL ; PELAGIC LARVAE ; ENCHINODERM A TA ; ANNELIDA; ARTHR O PODA;
T O X I C I T Y ;  S Y M P T O M S

0645 DIESEL FUEL ; TROUT; TAINTING ; SALMON
0906 DIESEL FUEL; FISH; PERIPHYTON; SEDIMENTS: STREAM ;

BOONE CREEK OIL SPILL ; MAC RO INVERTEBRATE S ; HYDROCARBON ANALYSIS;
SOUTH CAROL INA

0962 DIESEL FUEL . MARINE ; TOXICITY; LONG TERM EFFECTS ; INTERTIDAL;
GASTROPODS ; BIVALVES ; ROCKY SHORE; FAUNA; LANMA IS.; HONG KONG;
DISPERSANTS ; RECO VERY

0858 DIESEL MARINE ; CRUDE OIL ; CORAL ; PANAMA; BUNKER C; TOXICITY;
METABOLISM ; FEEDING

0235 DIESEL OIL; ANAC ORTES ; INTERTIDAL ; INVERTEBRATES; MORTALITIES
0322 DIESEL OIL ; A LGAE ; GROWTH ; EUGLENA ; SCENEDESNUS ; LUBRICATING OILS ;

P H O T O S Y N T H E T I C  M E T A B O L I S M
0707 DIESEL OIL ; OIL POLLUTION ; FLORA; FAUNA ; BLACK SEA; CRUDE OIL
0851 DIESEL OIL ; OIL SPILL INCIDENT ; DECEPTION BAY QUEBEC ; GASOLINE ;

M Y T I L U S ;  FUC US
0802 DIESEL OIL; BIOGENIC VS .PETROLEUN HYDROCARBON: LOBSTER;

C H R O M A T O G R A P H Y
0892 DIESEL OIL ; PANAMA; 5.9. W ITWATER SPILL; TROPICS; INTERTIDAL ;

TERRESTRIAL PLANTS ; LITTORAL; MANGROVE; REEF ; M E IOFA UNA; SEA TURTLES;
BIRDS; BUNKER C

1098 DIESEL SPILL; HONG KONG ; ME IOFA UNA ; SANDY BEACHES; INTERT iDAL;
NEMA TODES ; HARPACTICOID COPEPODS

027? DIETARY ROUTE OF ENTRY; COPEPOD; UPTAKE; DEPURAT ION ; NAPHTH A LEHE ;
METABOLISM ; LALAH US ; FOOD WEB; WATER SOLUBLE FRACTION;
R A D I O A C T I V E  T R A C E R S

0905 DIFFUSION RATES; CRUDE OIL; PHOTOSYNTHESIS; ALGAE
0055 DIMETHYLN ITROSAN IHE -DENETHYLA SE; POLYHUCLEAR AROMATIC HYDROCARBONS;

METABOLISM ; ENZYME REPRESSION
0848 DINOFLA GELLATE; CRUDE 1. . e ~)UTH LOUISIANA CRUDE ; KUWAIT CRUDE ;

FUEL OILI2 ; GROWTH RATE a PHOTOSYNTHESIS: MICROAL CAE — TOXIC ITY ;
B L U E  G R E E N ; D I A T O M

0845 DINOFLA GELLA TE; OIL ; ALGAE; DUNAL IELLA ; DIATOM ; FRA GT LA R IA ;
A X E M I C  C U L T U R E S ; G R O W T H  R A T E S

0938 DINOFLA GELLATES; SUBSTRATE SELECTION : TOXICITY OF END PRODUCTS;
D I ATOMS

0679 DIOGENES; DISPERSANTS; TOXICITY; FISH; SHRIMP: COREXIT ; SUB-TROPICAL;
CENTROPOCON : PALEOMONOTES ; AM BASSIS

0806 DIPTERA ; CHRONIC CONTAMINATION: AQUATIC ORGANISMS; FLiES ;
BIBLIOGRAPHY

0395 DIRECTORY; POLLUTION RESEARCHERS
0782 D I R E C T O R Y
O~ 32 DIRECTORY ; BIBLIOGRAPHIES: POLLUTION MONITORING
0536 DIRECTORY-OCEAN WASTE DISPOSAL; BIBLIOGRAPHY
O3~ 4 DIRECTORY—POLLUTION RESEARCHES
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0613 D I S C H A R G E ;  FISH; NA PTH A LENEJ BEHZ( A ) PYREHE ;  R A D I O A C T I V E  T R A C E R ;
UP TAKE ; M E T A B O L I S M ; SCU LPIN ; OL IG O COTT U S COBY ; C I L L I C H T H Y S ;
SAND DAB : CITHAR ’ICHTHYS

0482 DISCRIMINATION ; FISH; ASSIMILATION ; ALKAKES : Coo;
HYDROCARBON CONTENT ANALYSIS

0859 DISCRIMINATION ; FEEDING BEHAVIOR ; COELENTERATA; RETENTION ; PALYTHOA :
CHEMORECEPTI O N ; MARINE DIESEL ; BUNKER C

0651 DISEASE INCIDENCE ; OYSTER ; CRASS O STREA ) LOUISIANA; OIL SPILL;
MORTALITY ; GROWTH: SET; TAINTING

0013 DISPERAHTS AND EMULS IFIERS ; WATERFOWL RESTORATION ; TOXICITY ;
REVIEW—OIL SPILLS; AERIAL SURVEYS

0698 DISPERSAL ; B I O D E G R A D A T I O N
0024 DISPERSANT ; CO NFERENCE ; T O X I C I T Y ;  ECOL OGICAL EFFECTS
0362 DISPERSANT : CRUDE OIL; TOXICITY ; STONY CORAL
035? DISPERSANT; DRUPA GRANULATA ; NYTILUS ; PREDATION RATE ; FECUNDITY:

SUBLETHAL ; CRUDE OIL ; MUSSELS ; RED SEA
0361 DISPERS AN T ; CR UDE OIL ; RED SEA ; MACROF A UNA ; T O X I C I T Y ; DEPTH ;

SUBLETHAL EFFECTS; PHYSIOLOGY ; METABOLISM ; BEHAVIOR
0358 DISPERSA NT ; NACR OFAUNA ; RED SEA ;  T O X I C I T Y ;  CRUDE OIL; CORAL ;

HETEROXEN IA ; CASTROPODS ; MUSSELS ; CHITOK ; SEA URCHIN ; HERMIT CRAB )
SHRIMP ; COA TFISH RABB ITFISH -

0360 DISPERSANT : TOXICITY; RABBIT FISH; CRUDE OIL; DEPTH ; SICANUS;
STATIC ASSAY; FLOW THROUGH ASSAY ; SALINITY

0484 DISPERSANT; LITTORINA ; SUBLETHAL EFFECTS; BUNKER C; RESPIRATION :
COREX IT ; CRAWLING RATES

0864 DISPERSANT; SHELLFISH ; LARVAE; SPERMATOZOA; TOXICITY; BIVALVES;
OYSTERS ; CRA SSOSTREA ; MUSSEL; FERTILIZATION; DEVELOPMENT

1091 D ISPER SANT ;  T O X I C I T Y ; FISH; LARVAE ; HERRING ; PILCHARD ;  PLAICE ; SOLE ;
LEMON SOLE ; HADDOCK ; BP 1002; DELAYE D EFFECTS ;  EMBRYOLOGY ;
BEHAVIORAL CHANGES

0108 DISPERSANTS; TOXICITY OF DISPERSANTS ; CLEANUP AGENTS
0119 DISPEPS A NTS ; T O X I C I T Y ;  OIL
0073 D ISPERSA HT S; CRUDE OIL ; B I V A L V E S
0217 DISPERSAHTS ; TOXICITY ; BIODEGRADATION: BIRDS ; OXYGEN TRANSPORT
0244 DISPERSANTS; BIRDS ; MORTALITIES ; BEACH SURVEYS ; POPULATION ;

CHRONIC SPILLAGE ;  T R E A T M E N T
0218 DISPERSANTS; OIL; FISH; SEA URCHINS; FERTILIZATION; DEVELOPMENT;

T O X I C I T Y ; C O R E X I T
0299 DISPERSANTS; BIRDS ; MALLARDS; CRUDE OIL ; PHYSIOLOGY ; ANAS ;

DEHYDRATION ; MUCOSAL TRANSFER RATE ; INTESTINAL ABSORPTION
0294 DISPERSANTS ; TOXICITY: BPIOO2; RECOVERY ASSESSMENT
0296 DISPERSANTS ; CHRYSSI P. GOULANDR IS SPILLAGE ; TOXICITY:

FIHA MOVA GE SPILLAGE ; TORREY CANYON SPILL ; GULF REF INERY SPILL
0420 DISPERSAN TS ; CLEAN-UP ; MORTALITIES ; INTERTIDAL ;

THAMES ESTUARY , ENGLAND
0424 DISPERSANTS ; OIL; TOXICITY; POLYCHA ETE; GAMETE FORMATION; SPAWNING;

GROWTH ; MORTA LITY ; CIRRATULUS ; CIRRIFORMI A ; BP I OO2; COREXIT ;
E S S O L V E N E  .

0475 DISPERSANT S; COREXIT 9527: SEA URCHIN; FERTILIZATION
0418 DJSPERS*NT8 ; CRUDE OIL; BIODEGRADATION : ECOSYSTEMS
0590 DISPERSAHTSJ REVIEW; NORTH SEA; FISH STOCKS; TAINTING
0604 DISPERSANT S; OIL; TOXICITY; METHODOLOGY; BIOASSAY
0594 DISPERSANT S; CRUDE OIL; FISH FRY) COD; GADUS; HERRING ) CLUPEA;

TOXI cITY ; EMBRYOLOGY ) CNEMORECEPTION
0634 DISPERSANTS ; EGGS) SEA URCHIN; FISH; FERTILIZATION; DEVELOPMENT
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0635 DISPERS A HTS ; OIL; COREXIT; SEA URCHIN ; FISH ; EGGS; EMBRYO;
F E R T I L I Z A T I O N ;  DEVELOPMENT

0629 DISPERSANTS; TOXICiTY ; CRUDE O IL; LARVAE; HERRING; CULPEA
0679 DISPERSA NTS ; TOXICITY; FISH; SHRIMP ; COREXIT ; SUB—TROPICAL ;

C E N TROPOGON ; DI OGE N ES; PALE OMOH O TES ; A M B A S S I S
0633 DISPER SANTS ; EMBRYOLOGY; SEA URCH IN ; OIL; COREXIT; ULTR A STRUCTURE
0772 DISPERSA N TS; REVIEW ; INPUT ; FATE; BIOLOGICAL EFFECTS; CLEANUP ; OIL
0784 DISPERSANTS ; EVALU A TION ; E F F E C T IV NESS ; T O X I C I T Y ; B I O A S S A Y ; BUD ;

T HRESHOLD ODOR
0790 D!SPERSANTS; SANTA B A R B A R A  SPILL ; PRODUCTIV ITY ; PHYTOPLANK TON; OIL
0824 DISPERSANTS ; BP IIOOX ; SHELL DISPERSAHT LT; FAUN A
0946 DISPERSANTS; COREXIT ; OIL ; TOXICITY
0915 DISPERSANTS; TOXICITY ; T A I N T I N G ; FISHERIES ; TESTING PROCEDURES ;

STATIC ; FLOW THROUGH ; BIOASSAY
0889 DISPERSANTS; TOXICITY; BIODEGRADABILI TY
0916 DISPERSANTS ; REVIEW ; TYPES OF OILS; WEATHERING ; TOXICITY; FISHERIES ;

MA RINE ENVIR ONMENT
0948 DISPERS A NTS ; OIL SPILL IN IC IDENT; PERSIAN GULF; MARINE FAUNA ;

C OREX I T— 7664; TARUT BAY. SAUD I ARABIA
0989 DISPERSA NTS ; TOXICITY ; DP1002; BPI100 ; COC K LE—CERASTODER MA ;

LUGWORM— A R (N ICOLA ; NERI HE
1 000 DISPE R SANTS , TOXICITY; METHODOLOGY
1001 D I S P E R S A N T S ; D I S P E R S A N T S ; T O X I C I T Y ; S T A T I C  B I O A S S A Y ; S T A N D A R D I Z A T I O N
0995 DI SP ERSANT S; EM U LSIONS ; T O X I C I T Y ; SUBLETHAL EF FECTS ; A C T I V I T Y ;

MOTIL ITY; BIVALVES ; CRUSTACEANS ; FISH; BEHAVIOR; OIL EMULSION;
CONTINUOUS FLOW ; LOCOMOTION

0993 DI SPER SA NTS ; T O X I C I T Y; O IL ; METHODOLOGY
0962 D I S P E R S A N T 5 ; T O X I C I T Y ; LONG TERM EFFECTS ; IN T E R T I D A L ; G4S T R O P O D S ;

BIVALVES ; DIESEL FUEL, MARINE ; ROCKY SHORE; FAUNA; LAMM A IS.;
HONG KONG ; RECOVERY

1 16 3 CII SPERSANTS ; CUNNER ; HYPOXIA ; R E S P I R A T I O N ;  COREXIT ; 8PIOO2 ;
TRITON X— 100; SODIUM LAURYL SULPHATE

1160 D I S P E R S A N T S ;  C O R E X I T .  CRUDE O IL ;  A R C T I C ; P H Y T O P L A N K T O N ; P R O D U C T I V I T Y ;
A L G A E

1 092 DISPERSANTS ; TOXICITY; METHODOLOGY
1 192 DISPERSANTS ; AMPHIPODS; ON ISIMUS; RESPIRATION; TOXICITY ;

PHYSIOLOGICAL EFFECTS
1180 C ’ISPERSA NTS ; BIODEGRADATION ; CRUDE OIL
1216 DISPERSANT $; ALGAE; PORPHYRA; GROWTH ; TOXICITY
1 040 DISPERSED OIL; OIL; TOXICITY; EFFECTS; MARINE BIOTA
0464 D I S P E R S I O N ; SEDIMENTS ; SAN F R A N C I S C O ; D I S S O LUT ION ; W E A T H E R I N G;

M ICR O B I A L  DEGRAD A TI ON ; B UNKE R C; SA N D COLU MN D I S T R I B UTION
0804 DiSPERSION; CRUDE OIL; DEGRADATION; MARINE ENVIRONMENT; ZOOPLAHKTOH ;

PHOTOCHEMI CA L OXIDATION; SOLUBILITY
0860 DISPERSION; BIODEGRADATION; ART HRO BA CT ER; BACTERIA
1032 DISPERSION; FUEL OILS?; INTERTIDA l COLONIES ; SPECIES DIVERSITY;

R [LA1I ~~E A B U H D A H C F ;  ;4UMBE R S OF S PECIES ;
I N D I V i D U A L  FKE QUE$t Y OCCURANC E PAHERN S

1028 DISPERSIO N ; BUNKER C; SANDY BEACH; D E G R A D A T I O N ; SAN FRANCISCO;
SAN FRANCISCO SPILL; B A C T E R I A L  P O P U L A T iO N  IDIV ERSI TY

1079 DISPERSIONS; LOBSTER ; HOMARUS; LARVAE ’ ; TOXIC ITY ; BEHAVIOR ; GROWTH ;
VENEZUELA CRUDE O I L ;  FOOD CONSUM PTION

023? DISPOSAL ; KELP; EFFLUENT; MACROCYSTIS
0464 DISSOLUTION ; SEDIMENTS; SAN FRAN CISCO ; DISPERSION; WEATHERING ;

MIC R O B I A L  D E G R A D A T ION ;  BUNKER C; SAND COLUMN DISTRIBUTION
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0885 D I S S O L V E D  HYDROCA RBON S ; F U E l  011 4 2 ;  WAT ER SOLUB lE FRACTION;

~ E A M~~HFS; P O L Y C H A F 1 E ; H E M O G L O B I N ;  HYP 0Xi~~; SOUIH L O U I S IA N A  CRUDE ;
DISSOLVED O X Y G E N ;  T O X i C I T Y ;  S Y N E R G I S M ; NA PHT H~~L E N E S ;  R E S P I R A T I O N

1 083 DISSO iV ED O R G A N I C  C A R B O N ;  SAI l MARSH ; SEDIMENTS;
M I C R O B I A L  D E G R A D A T I O N ; M E T H B O L I SM

01: 50 DISSOL VED OR GA NIC MATTER (DOM ); C L A N S ;  IIERC E P4AR IA; F I L T E R - F E E ~~IHG ;

UPT HKE ; FUEL 0 1 14 2
0885 DISSOLVED OXYGEN ; FUEL OIL I 2; WATER SOLUBLE FRACTION; NEA N THES ;

PO L Y C H A E I E ;  H E M O G L O B I N ; H Y POXIA ; SOUTH L O U I S I A N A  CRUDE ; T O X I C I T Y ;
SYNERGISM; NA P H T HA L E H E S ;  DISSOLVED HYDROCARBONS; R E S P I R A T I O N

0996 DISSOL VED OXYGEN ; SHAD ; A LOSA ; T O X I C I T Y ;  PETROLEUM PRODUCTS;
SY N E R G I S M ;  G A S O L I N E ; FU E L  oi l ; BUNKER OIL

0206 DISSOLVED PHASE ; ARC TIC ; BIODEGRADA T ION ; R A D I O A C T I V E  TRACER ;
G E O G R A P H I C  D I S T R I B U T I O N ; EF FECT OF C L A Y  PARTICL E ’S ON RAT E~
ENU P l ER~~T I 0 P4 ; R A T E

0401 DISTANCE ’ FROM POLLUTION SOURCE ’; MUSSEL; M YT TL U S ;
L A G O O N  OF V E N I C E , I T A L Y 5  HYDROCARBON CONTENT A” #LYS IS ;
GAS C H R O M A T O G R A P H Y ;  EXCHANGE W I T H  SEA

0648 DISTLCHLTS ; CRUDE OIL; SAL T CRASS
1038 D I S T I L L A T E  FRACTIONS ; A L G A E ; PHYSIOLOGY; HYDROCARBONS PETROLEUM;

R E V I E W ;  NA P H T N A L F H E ; PHOTOSYNTHESIS ; ATP; CRUDE OIL
1 1: 41 D I S 1 I L LA T E S ;  T A I N T I N G ;  HADDO CK ; P O T A T O ;  VASC U LA R PLANTS
0068 DISTRIBUTION ; ABUNDANCE ’; R I U IN D IC A T O R ;  ENUMERATION ;

CRUDE OIL— SWE DEN ; TEM PERATURE ; LEV EL OF O IL ; M ICROOR GAN ISMS ;
BIODE G R A D A T I O N ;  R A R I T A N  BAY N . J . ;  GAS CHROMATOGRAPHY

0163 DISTRIBUTION ; BIRDS ; OIL ; BREED I NC ; S T R A H D I H G S ; W E A T H E R
0364 DI S TR IBUT ION ; RINGED SEAL ; NORMAN WELLS CRUDE OIL ; UPTAKE; CLEARANCE
0469 DIST R I B U T I O N ;  B I O D E G R A D A T I O N ; B A C T E R I A ;  O I L — O X I D I Z I N G  B A C T E R I A ;

NORTH SEA ; ABUNDANCE; WATER ; SEDIMENT
0746 DTsTR :BHTION ; HYDROCARBON ANALYSIS ; FATE I EFFECT
0740 DISTRIBUTION; B I O D E G R A D A T I O N ; M I C R O O R G A N I S M S ;  NORTHWESTERN A T L A N T I C
0759 DISTRIBUTION; BEHZ( A ) PYRE N E ;  U P T A K E ;  D E P U R A T  ION ; R A D I O  A S S A Y ;  RANG IA ;

C L A M S
0 7 4 1 :  D I S T R I B U T I O N ;  DEGRADATION ;  B A C T E R I A ;  N O R T H W E S T  A T L A N T I C ;

C O A S T A L  S E D I M E N T S
0833 DISTRIBUTION; BIODEGRADATION ; M I C R O O R G A N I S M S  OXIDIZING NC ’S ;

N EVA I N L E T ,  RUSSIA; SEA SONAL D I S T R I B U T I O N ; BA C T E R I A
1050 DISTRIBUTION; DEGRADAT ION ; BACTERIA ; MOTOR OIL ; TREATMENT EFFLUENT ;

WA TER COLUMN ; SED IMENTS
0988 DISTRIBUTION ; PO LMUCL EA R 4RONATI C HYDROCARBONS ; BENZ O PYR EN E ;

CA RCIHOGE N S IS ; SYNTHESIS ; DECRADAT ION
11 1: 3 D i S T R I B U T I O N ;  CRUDE OIL ; D E G R A D A T I O N ; B A C T E R I A ;  YEAST; FUNGI ;

S U B S T R A T E
1 1 1 5  D I S TRIBUTION ; BIODEGRADATION; B A C T E R I A ;  SUBSTRATE; HYDROGEN ACCEPTOR;

A B S O R B E  NT S
0334 D I S T R I B U T I O N  IN BODY; HA PHTHA IEHE ; FUHDUIUS ; STRESS BEHAV I O R
0117 DIv ERSITY; CHRONIC POLLUTION; ACUTE POLLUTION; PNYTONETR IC;

P H Y T O S U C I  A L O G Y
0120 DiVERSITY ; TOXICITY ; BEHTHIC A N I M A L S ;  INTERTIDAL ; RECOVERY;

YORK RIVER ; BUNKER C; FUEL 01106
0259 DIVERSITY; B A C T E R I A ;  BUNKER C; SAN FRANCISCO; PO PULA TIO H S ; BEACHES
0511 DIVERSITY; STREAM V I R G I N I A :  SEDIMENT ; MACPO INVERT E BRATES ;

P O P U LA T  IO NS
0535 DIVERSITY ; PHYTO PLANK TON ; COMPOSITION
0688 DIVERSITY; FUEL 01102; WEST FA L MOUTH ~ W I LD H A R B O R ,  M A S S . ;
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8ENT HI C FA UNA ; SEDIMENTS; HYDROCARBON CONTENT ; O PPORTII4I JSTI C SPECIES ;
RECOVERY ; GAS CHROMA T OGRAPH Y ; POPUL A TIO N S

0672 DIVERSITY; OFFSHORE DRILLING ; SPILL INCIDENT ; M ISSISSIPPI DELTA ;
WATER COLUMN ; SEDIMENT ; W E A T H E R I N G ;  M I G R A T E S  IN S E D I M E N T S ;
POPULATIONS ; SHR I MP ; BLUE CRABS ; BENTHIC ORGANISMS

0674 DIVERSITY; PHY TOP LAN KTON ; ESTUARY ; CHLOROPHYLL—A
0678 D I V E R S I T Y ; I N T E R T I D A L  F A U N A ; R E F I N E R Y  E F F L U E N T
0685 DIVERSITY; FIELDS STUDIES; CHRONIC POLLUTION ; SANTA B A R B A R A  SPILL;

L A K E  M A R A C A I B O ~ VENEZUELA; BERMUDA ; T IM BA L I E R  BAY , L A . ;
POPULATION LEVELS; SIZE ; GROWTH RATE; REPRODUCTION; AB N O R M A L  GROWTHS ;
81 OMAC H IF ICA T I ON

0718 DIVERSItY; CHRONIC POLLUTION ; OIL PORT; POMA TOLE ZOS ; GROWTH;
T O X I C I T Y ; K U W A I T ; S U C C E S S I O N

0641 DIVERSITY; ESTUARIES; HYDROCARBON CONCENTRATIONS ; SEDIMENTS ;
Z O O P I A N K T O N ; P H Y T O P L A H K T O H ; C R U D E  O I L ; S A L T  M A R S H  P L A N T S ;
FOPULATIONS ; FISH; M I G R A T I O N ; GAS CHROMATOGRAPHY; D E G R A D A T I O N

0745 D I V E R S i T Y ;  PA LVA OIL SPILL INCIDENT ; BENTHIC FAUNA ; SIOMRSS;
P O PU L A T I O N S

0904 DIVERSITY; OUTBOARD ENG I NE EXHAUST; SPECIES ABUNDANCE; PHYTOPL ANK TO H ;
ZOOPLA N K TDN ; PERJ PHYTON; FISH; BEHAVIOR; POPULATION

0951 DIVERSITY; SANTA BARBARA SPILL; FISH; POPULAT ION; PELAGIC; ANCHOVY ;
RO C K F I SH ;  ECHO SOUNDING

O96~ D I V E R S I T Y ; S A N T A  B A R B A R A  S P I L L ; I N T E R T I D A L ; S U B T I D A L ; S U R V E Y ; P L A N T S ;
A L G A E ;  I N V E R T E B R A T E S ;  CHANNEL I S .

0974 DIVERSITY; SANTA B A R B A R A  SPILL; S U R V E Y ;  B IRDS ;  MARINE M A M M A L S ;
F I S H E R I E S ; T A I N T I N G

0199 D I V E R S I T Y  I N D E X ;  S T R E A M S ; P I A C R U I H V E R T E B R R T E S ; G A S O L I N E ;  O R T H O C L A D I U S ;
R E C O V E R Y

1086 DIVERSITY INDICES ; STREAM; BENTHIC ; MA CROI NVERTEBRATES ;
O I L  R E F I N E R Y  E F F L U E N T

0119 DIVERSITY IHOICIES; BIOLOGICAL INDICATORS ; SHANNON DIVERSITY INDEX ;
EVENNESS INDEX

1075 DIVERSITY IWI DICES ; ANACORTES ; TRANSECTS;
HYDROCARBON CONTENT ANALYSIS ; GAS CHROMATOGRAPHY;
INTERTID A L INVERTEBRATES

0374 D I V I N G  B E H A V I O R ; S E A L S ;  O T T E R S ;  M E T A B O L I C  R A T E ;  HEAT FLUX
0419 DNA BINDING ; BENZ(A)PYREHE; POLCYCLIC; AROMA T ICS
0815 000ECAHE ; SEA GRASS; PHOTOSYNTHESIS; TOLUENE ; NA PHTHA LEHE
0194 D O L P H I N S ; W H A L E S ; M O R T A L I T I E S
0092 DONNA MA R IKA — SPILL 1973; LIMPETS; GASOLINE; NARCOT I ZAT ION;

M ILFORD HA VEN ,WA L E S
0267 DRAFT  E N V I R O N M E N T  S T A T E M E N T ;  GEORGES BANK ; R E V I E W
0650 D R I L L I N G  O P E R A T I O N S ;  O Y S T E R S ; C R A S S O S T R E A ; M O R T A L I T I E S ;

SEDIMENT HYDROCARB ONS; TEMPERATURE; SALINITY
0952 D R O P L E T S ; O I L ; U P T A K E ; ACC UM U L A T E ; R A T E  OF E N T R Y ; N YA A R E N A R I A ;

MUCUS BINDING ; OIL DYE
0949 DROPLETS ; T O X I C I T Y  T E S T I N G ;  SUBLETHAL EFFECTS: CO PEPODS; TECHNI QUE;

N A R C O S I S
0357 DRUPA GR ANUL A TA J MYTILUS; PREDATION RATE; FECUND I TY ; SUBLETHAL;

C R U D E  O I L ; M U S S E L S ;  R E D  SEA;  D ISPERS A NT
0258 DRY TORTUCAS; TERNS; BIRDS; TERNS
0330 DUCKS; MALLARDS; ANAS ; CRUDE OIL; INGESTION; EGGS; EMBRYOTOXIC ITY
0495 DUCKS; OIL; BIRDS; INCEST IOH ; TOXICITY; PHYSIOLOGICAL EFFECTS ;

H I S T O P A T H O L O C Y
0491 DUCKS ; BIRDS; OIL; INGESTION ; MOB ILITY; TOXICOLOGICAL EFFECTS
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0492 DUCK S ; O I L ; B I R D S ; R E P R O DU CT I ON ; I N G E S T I O N ; H A T C H A B I L I T Y ; C O A T I N G
0494 DUCKS; OIL; COATING; METABOL I SM ; TEMPERATURE; HEAT CONDUCTIVITY
1135 DUCKS; ESTUA RIHE ; BIRDS; FISH; CHESAPEAKE BAY; HATCHINC SUCCESS;

T O X I C I T Y
1 1 1 2  DUCKS; HATCH A B ILITY; GROWTH; A ROMATICS ; EFFECTS ON ORGANISMS;

R E P R OD U C T I O N  & D E V E L O P M E N T
1124 DUCKS; FISH; FUEL OIL; BUNKER C; MUSKRATS ; CATTA ILS;

ANALYSIS FOR HYDROCARBONS; ST. LAWRENCE RIVER; MARSHES
1173 DUCKS; MALLARDS ; ANALYSIS FOR HYDROCARBONS; NAP N THA LENE ;

PHYSIOLOGICAL EFFECTS; SOUTH LOU iSIANA CRUDE OI L
1211 DUCKS; FUEL OIL 02 ;  EIDER ; EGGS ; HATCHING SUCCESS; GROWTH
0350 DUM A L I A L L A ;  PHYTOPLANK TON ; AM PHIDIHIU M ; SKELETONEMA; CR ICO SPHAERA;

B E H Z E N E ; TO L U E H E ; X Y L E N E ; F U E L  0110 2 ;  G R O W T H
0845 D LJ N A L I E L L A ; O I L ; A L G A E ; D I N O F L A G E L L A T E ; D I A T O M ; FRAGILARI A ;

A X E M I C  CU L T U R E S ; GR OW TH R A T E S
0505 D Y N A M I C  HEAD SPACE SAMPLING ;  HYDROCARBONS CONTENT A N A L Y S I S ;

G A S  C H R O M A T O G R A P H Y ;  COUPLED—COLUMN L IQUID C H R O M A T O G R A P H Y ;
MASS S P E C T R O M E T R Y

0664 E A S T  C H I N A  S E A ;  K U R O S N I O ; T A R  BAL LS; A T T A C H E D  O R G A N I S M S ;
BLUE GREEN ALGAE ; PENNATE DIATOMS; STONY CORALS; BRYOZOANS ;
BARNACLES ; COPEPODS

0228 ECH INODERNS ; LITTORAL COMMUNITIES; FLORIDA KEYS; ROCKY PLATFORM;
MANGROVE FRINGE ; SEA CRASS FLATS; MANGROVE SWAMP; CRUSTP’ EANS ;
RED MANGROVE ; PEARL OYSTER; BLACK MANGROVE

0359 ECH INODERNS ; CRUDE OIL; DETERGENT: OCTOCO RALS ; CRUSTACEANS ; MOLLUSCS ;
FISH ; TOXICITY; SUBLETHAL ; DEVELOPMENTAL STAGES; RED SEA ;
FEEDING RATE ; PHYSIOLOGY; B IOA CCUMULATIOM; LIVER ENLARGEMENT;
H E M A T O C R I  I

0951 ECHO SOUNDING ; SANTA BARBARA SPILL; FISH; POPULATION; DIVERSITY;
PELAGIC; ANCHOVY ; ROCKF ISH

1152 ECOLOGICAL; ORGANISMS ; FISHERIES; ESTUAR INE ; C 0ASTA L I TOXICITY ;
METHODOLOGY; PETROLEUM FRACTION; CLEANING AGENTS /DISPERSANT S

0241 ECOLOGICAL CONSEQUENCES; REVIEW
0224 ECOLOGICAL DAMAGE; OCEAN EAGLE SPILL ; PUERTO RICO
0557 ECOLOGICAL DAMAGE; SANTA BARB ARA SPILL
0024 ECOLOGICAL EFFECTS: CONFERENCE; DISPERSANT : TOXICITY
0027 ECOLOGICAL EFFECTS; REVIEW; TRAUMAT IC OIL POLLUTION ; VESSEL SOURCE
0153 ECOLOGICAL EFFECTS ; REV IEW ; COMMUNITIES; LONG TERM EFFECTS;

EFFECTS OF CLEAN I NG ; PREVENTION
1006 ECOLOGICAL EFFECTS ; REVIEW; OIL; OIL DISPERSANTS
0023 E C O L O G I C A L  I M P A C T ;  ASSESSM ENT TECHNIQUES R E V I E W ;  WORKSHOP ;

OIL SPILL STRATE G IES AND TECHN IQUES
0543 ECOLOG ICAL  I M P A C T ;  PUGET SOUND
0723 ECOLOGICAL IMPACT; HYPOTHETICAL SPILLS; ATLANTIC COAST;

G U L F  OF A L A S K A
0714 ECOLOGICAL IMPACT : OIL POLLUTION; NATURAL SEEPAGES I OVERVIEW
0789 ECOLOGICAL IMPACT; OCEAN EAGLE SPILL; P U E R T O  R I C O ;  CLE A NUP ; OVERVIEW
0850 ECO L O G I C A L  IMPACT ;  INDIA;  OIL SPILL INCIDENT ;  COSMOS PIONEER
0797 ECOLOG ICAL IM PACT ;  TANKER D ISCHARGES
1080 ECO LOGICAL  IMPACT ;  VEST FAL MO UTH OIL SPILL 1969;

WEST FALMOUTH . MASS.: FUEL OIL 02; RECOV ERY
0091 ECOLOGICAL IMPACTS; SALT MARSHES; ROCKY SHORES; OIL; EN ULS IFIERS;

T O X I C I T Y
0514 ECOLOGICAL IMPACTS; SANTA BARBARA SPILL; CLEANUP ; BIRDS ;

LITTORAL COMMUNITIES ; KELP BEDS
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0774 ECOLOGICAL IMPACTS : OFFSHORE PRODUCTION ; GEORGES BANK ; MO N ITORING
0280 E C O L O G I C A L  SU R V E Y S ; O I L  S P I L L S; M I L F O R D  H A V E N
0911 ECOLOGY ; OFFSHOR E PRODUCTION ; LO UISIANA COAST ; TIMB ALIER BAY ;

E N V I R O N M E N T A L  I M P A C T
0215 EC O N O M Y ; T A N K E R  S I N K I N G S ; VU 2 ; W I L D L I F E
0977 E C O SY S T E M ; S A N T A  B A R B A R A  S P I L L ; R E C U P E R A T I V E  C A P A C I T Y
1177 ECOSYSTEM ; PUERTO RICO ; OIL SPILLS; MANGROVE; CORAL REEFS; ESTUARIES ;

AN A L Y S I S  FOR H YD R O C A R B O N S ; MU L L E T ; O Y S T E R ; C L A M ; H I S T O P A T H O L O G Y ;
REVIEW

11 85 ECOSYSTEM; MARSH ; PETROLEUM HYDROCARBON ; LOUISIANA ;
ANALYSIS FOR HYDROCARBON ; CORD GRA SS ; ESTUARIES

1183 ECOSYSTEM ; PLANKTON ; INVERTEBRATES ; BIRDS; MAM MALS ; TOXICITY ; REVIEW ;
P E T R O L E U M  H Y D R O C A R B O N S

018? ECOSYSTEM IMPACT ; TOXICITY ; ACART IA ; HYPOTH ETICAL ; REVIEW;
N I G E R I A N  C R U D E

0471 E C O S Y S T E M  I M P A C T ; M E T U L A  S P I L L ; S T R A I T  OF M A G E L L A N ;
ARABIAN LIGHT CRUDE

0895 E C O S Y S T E M  I M P A C T ; O F F S H O R E  D R I L L I N G ; L O U I S I A N A
0976 E C O S Y S T E M  I M P A C T ; F A C T O R S  A F F E C T I N G  D E G R E E  OF I M P A C T
0090 E COSY ST E M S ; B E H A V I O R ; W A L E S ; R E F I N E R Y  E F F L U E N T S
0418 ECOSYSTEMS; CRUDE OIL ; DISPERSA HTS ; BIODEGRADATION
085? ECOSYSTEMS ; REFINERY EFFLUENT: SOUTHERN CALIFORNIA
0598 ECOTOX ICOLO GY; PRIMARY PRODUCTION ; CRUDE OIL ; EXPERIMENT AL ECOSYSTEM
0901 EDEMA; ARGO MERCHANT SPILL; HISTOPAT NOLOCY ; AMM ODYTES;

FL OUNDER (VI NTER IYELLOVTAI L> ; AL EWIVES ; CRABS (HERMIT ); N YPERPLASIA ;
HE MOC YTES : C I L I A T E S

0953 EDEMA; FUEL 01L12; SOFT SHELL CLAM ; M YA; EMULSION:
TISSUE ABERRATIONS ; WISTOP A THQLOGY; VA C UO LAT IOH; CLYCOCEN

0787 EEL ; TAINTING ; GREEN FrsH; FUEL OIL—BOILER ; CONTENT ANALYSIS;
C IRELLA ; #NGULLA

0788 EELS; FISH; PA RI FFINS ; GAS CHROMATOGRAPHY ; ARABIAN LIGHT CRUDE OIL ;
TAINTING ; ORGANIC SULFUR

0786 EELS; TAINTING; JA PANESE COAST; FISH ; GAS CHR OMA TOGRAPH Y ;
IR ABSORPTION ; UV ABSORPTION ; MASS SPECTRUM ; TOLUEHE~
M IZUSHIMA . JAPAN ; AROMATIC HYDROCARBONS ; GASOLINE

0166 EFFECT; BIRDS ; OIL; REVIEW; MORTALITIES ; PHYSIOLOGY
0206 EFFECT OF CLAY PARTICLES ON RATE: ARCTIC ; BIOD EGRADATION ;

RADIOACTIVE TRACER ; GEOGRAPHIC DISTRIBUTION ; EHUM ERATIO N ; RATE ;
D I S S O L V E D  P H A S E

1137 EFFECT ON ECOSYSTEM; AUSTRALIA; UPTAKE ; RETENTION ; DEPURA TION:
G A S  C H R O M A T O G R A P H Y ;  MY T I LIJS; MUSSEL ;  B I O I N D I C A T O R S ;  T O X I C I T Y

1132 EFFECT ON ORGANISMS; TOXICITY; PETROLEUM FRACTION/CLEANING AGENT ;
F UCU S ; C O P E P O D S

0784 EFFECT IVNESS; DISPERSANTS; EVALUATION; TOXICITY; BIOASSAY; DOD;
THRESHOLD ODOR

0030 EFFECTS; REVIEW; LABORATORY STUDIES: MARINE ORGANISMS
0452 EFFECTS; REVIEW; CONTINENTAL SHELF; ORGANISMS
0363 E F F E C T S ;  OIL  TANKER D ISCHARGES
0637 EFFECTS; REVIEW; OCCURENCE; FATE
1040 EFFECTS; OIL; DISPERSED OIL: TOXICITY ; MARINE B IOTA
1112 EFFECTS; REVIEW; INPUTS; FATES
0153 EFFECTS OF CLEANING; ECOLOGICAL EFFECTS; REVIEW; COMMUNITIES ;

L O N G  T E R M  E F F E C T S ; P R E V E N T I O N
0292 EFFECTS ON INTERT IDAL COMMUNITIES; EMULSIF IERS ; OIL;

FIELD EXPERIMENTS ; EXPERIMENTAL SPILLS ; ROCKY SHORE
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1009 EFFECTS OH MARINE L IFE;  R E V I E W ;  P O L L U T A N T S
2142 E F F E C T S  ON O R G A N I SMS ; DU CK S ;  H A T C H A B I L I T Y ; G R O W T H ; A R O N A T I C S ;

REPR ODUCTION & DEVELOPMENT
1146 EFFECTS ON ORGANISMS ; RINGED SEALS; NOR MAL WELLS CRUDE OIL ;

UPTAKE &EXCRET ION ; SEALS
0274 E F F L UE N T ; RE FiN ER Y HO L D I N G  PONDS ; CO MM U N I T Y  ME T A B O L I S M ;  SEA SO N A L ;

ALGAL PRODUCTIVITY ; RESPIRATION ; LIGHT: TEMPERATURE
0257 EFFLUENT ; KELP ; NACROCYSTIS; DISPOSAL
0339 EFFLUENT INDUSTRIAL WAS TE; BIOASSAY ; TOXICITY ; BIOASSAY TECHNIQUES
0956 EFFLUENT , REF INERY ; SUBLETHAL EFFECTS; METABOLIC RATE ;

OXYGEN CONSUMPTION RATE ; ESTUARY
0863 EFFLUENTS: SUPRAL ITTORA L ; ART HROPODS ; LIM O SINA ; ORCHESTIA ; TOX ICITY ;

C R U D E  O I L ;  F L I E S ; A M P H I P O D E S
0631 EGG ; SEA U R C H I N ; T O X I C I T Y ; M E T H O D O L O G Y
077? EGG ; S A N D  D O L L A R ; K UW A I T  C R U D E ; F U E L  O I L  02; W A T E R  SO L U B L E  E X T R A C T S ;

S P E R M ; R E S P I R A T I O N ; M O B I L I T Y  OF S P E R M ; F E R T I L I Z A T I O N ;  C L E A V A G E ;
LARVAL DEVELOPMEN T

0123 EGG PRODUCTION ; COPEPOD ; REPRODUCTION; NAPHTHA LENE ; EURYTEMORA;
HEATING OIL ; WAT ER SOL UBLE FRACTION

1041 EGG PRODUCTION ; KUWAIT CRUDE OIL ; SUSPENSION ; COREXIT 7664;
GAS CHROMATOG RAPHY ; SPECTROFLUOROP$ETRY; COPEPOD; TOXICITY;
L ONG—TERM EFFECTS ; REPRODUCTION ; HATCHING SUCCESS

0014 EGGS ; WATER SOLUBLE FRACTION ; SEA URCHIN ; FERTILIZATION ; DEVELOPMENT
0330 EGGS ; DUCKS ; MALLARDS ; ANA S ; CRUDE OIL ; INGESTION; EMBR YOTOX IC ITY
0595 EGGS ; TOXICITY ; LARVAE ; COD: BUNKER C; WATER SOLUBLE FRACTION ;

H A T C H I N G  S U C C E S S
0593 EGGS ; WATER SOLUBLE FRACTION ; COD ; HERRING: LARVAE
0596 EGGS ; DEVELOPMENT ; LARVAE
0635 EGGS ; OIL ; DISPERSANTS ; COREX IT; SEA URCHIN ; FISH; EMBRYO ;

F E R T I L I Z A T I O N ; D E V E L O P M E N T
0700 EGGS ; REVIEW-OIL POLLUTION ; LARVAE ; SUBLETHAL EFFECTS ; PRODUCTIVITY ;

FI SH; PHYTOPLANKTON ; ZOOPLAHKTON; BIRDS; PLAICE
0634 EGGS ; DISPERSANTS ; SEA URCHIN ; FISH; FERTILI!ATION ; DEVELOPMENT
0689 EGGS ; PETROLEUM FRACTIONS ; MOSQUITOS ; TOXICITY; CULEX ; AEDES; LARVAE ;

P U P A E
0869 EGGS; CRUDE OIL; SALMON ; ONCORNYNCNUS; ALEV INS ; FRY; TOXICITY;

G R O W T H
0884 EGGS ; FUEL OIL $2; NA PHTHALENE; ANNELI DS; POLYCHAETE ; NEANTHES;

UPTAKE &DEPURAT IOH ; DEVELOPMENT ; MA LE ; FEMALE; LARVAE
09B5 EGGS; BENZENE : HERRING ; ANCHOVY ; LARVAE; TOXICITY ; A BNORMALITIES;

GROWTH ; RESPIRATION; FEEDING
1170 EGGS ; FUEL OIL ; FLOUNDER; REPRODUCT ION ; HATCHING SUCCESS ; GROWTH ;

LARVAE ; HISTOPA THOLOGY
1223 EGGS; COOK INLET CRUDE OIL; FLOUNDER ; FISH; CLAMS:

CHRONIC CONCENTRATIONS ; LARVAE; NISTOPATNOLOCY ; MORTALITY
1211 EGGS ; FUEL OIL 02; EIDER ; HATCHING SUCCESS; GROWTH ; DUCKS
1210 EGGS; BIRDS ; OIL ; INGESTION
1224 EGGS; WATERFOWL; OIL SPILLS ; REPRODUC TION ; REV IEW I MALLAR DS
0936 EIDER; BIRDS; FINLAND; PALVA ; SOMATERI A
1122 EIDER ; ~OXI C 1TY ; REPRODUCTIVE GROWTH; HATCHING SUCCESS; FUEL OIL
1211 EIDER; FUEL OIL 02; EGGS: HATCHING SUCCESS; GROWTH ; DUCKS
0624 EIDER DUCKS; MORTALITY; BALTIC SEA; FINLAND COAST ; PA LVA 1969
1123 EIDER DUCKS ; TOXICITY; PHYSIOLOGICAL EFFECTS: HATCHING SUCCESS;

F U E L  O I L
0200 ElDERS ; BIRDS : BEHAVIOR
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0455 E l D E R S ; B I R D S ; M O R T A L I T Y ; T A Y E S T U A R Y , S C O T L A N D
1042 ElDERS ; BIRDS ; ALC IDS; INDICATOR SPECIES; AUK S; MURRS
1144 ElDERS ;  B IRDS ;  H A T C H I N G  SUCCESS ;  EMBRYO NIC DEVELOPMENT ;  C ULKS ;

MALLARDS ;  P A T H O L O G I C A L  EF FECTS ;  FUEL OIL:  CRUDE OIL
0660 ELECTROPH ORES IS ; DETERGENTS ; BPIOO2 ; ENZYHES; PROTEINS
0279 ELMININS ; BARNACLES; TOXICITY; BEHAVIOR; LARVAE; DETERGENTS; BPIOO2;

DASIC ; SOLVENT; SURFACTA N T
1100 ELMINIUS ; T O X I C I T Y ;  R E C O V E R Y ;  SURF A CTAHTS ;  BARNACLES ;  NA UPL I I
0635 EMBRYO; OIL ; DISPERSANTS ; COREXIT ; SEA URCHIN ; FISH; EGGS;

FERTILIZATION ; DEVELOPMENT
0126 EMBRYO CELLS ; CARCINOCENISIS
1127 EMBRYOGENESIS ; ARGO MERCHANT SPILL; FUEL OIL ; HATCHING SUCCESS ;

M O R P H O L O G Y ; P O L L O C K ; C E P H A L A C H O R D A T A ; A M P H I O X U S
1182 EMBRYOGENESIS ; CRUDE OIL ; CRAB; SHRIMP ; ALASKA; GROWTH; COOK INLET
1172 EMBRYOGENSIS; FUEL OIL $2; SYNERGISTIC EFFECTS; TEMPERATURE ;

SALINITY ; RESPIRATION ; HORSESHOE CRAB: LIMULUS
0594 EMBRYOLOGY; CRUDE OIL ; FISH FRY ; DISPERSA NTS ; COD ; GADLIS ; HERRIN G ;

CLUPEA ; TOXICITY; CHEHORECEPTIr JN
0633 EMBRYOLOGY ; SEA URCHIN; OIL; DISPERSANTS; COREX IT ; ULTRASTRUCTURE
1091 E MBR YO L O G Y ; D I S P E R S A H T ; T O X I C I T Y ; F ISH ; L A R V A E ; H E R R I N G ; P I L C H A R D ;

PLAICE ; SOLE; LEMON SOLE; HADDOCK; BPIOO2; DELAYED EFFECTS;
BEHAVIOR AL CHANCES

1144 EMBRYONIC DEVELOPMENT ; BIRDS; HATCHING SUCCESS; ElDERS ; GULKS ;
MALLARDS ; PATHOLOGICAL EFFECTS; FUEL OIL; CRUDE OIL

0207 EMBRYOS; MERCEN A RIA; TOXICITY; LARVAE ; WATER SOLUBLE FRACTION; CRUDE;
REFINED ; WASTE; GROWTH

0986 EMBRYOS; BENZEHE ; HERRING; CULPEA ; SPAWNING; OVARIAN EGGS; LARVAE;
BEHAVIOR; RA DIOACTIVE TRACER

0330 E M B R Y O T O X I C I T Y ;  DUCKS ; MALLARDS ;  AN A S ;  CRUDE OIL ;  INGEST ION ;  EGGS
069? EMP I RE M I X  C R U D E ; M U L L E T ; E S T U A R Y ; F I N  R O T
1102 EMP I RE MIX CRUDE; MULLET; PHSIOLOGICAL EFFECT; LIVER WEIGHT;

ALKALINE PHOSPHATASE ; 8—GLUCURONIDASE; MA LIC DEHYDROCEN A SE;
A E R O B I C  M E T A B O L I S M ; A C E T Y L C H O L I P I E S T E R A S E  -

1171 EMPIRE M IX CRUDE; OTOIND ICATORS; PROTOZOA ; CIL IATES ; EUPLOTES ;
SAUDI ARABIAN CRUDE ; M ICROFAUN A ; COMMUNITY DIVERSITY EXPERIMENTS

0386 EMULSIFERS ; LITTORAL ORGANISMS; BPIOO2; BP IIOO ; COCKLES; POLYCHAETE ;
P R A W N

0592 E M UL S I F I C A T I O N ; C R U D E  O I L ; P E T R O L E U M  F R A C T I O N S ;  H E R R I N G ; H A T C H I N G ;
D E V E L O P M E N T ; T O X I C I T Y

0694 EMULSIF ICATION; DEGRADATION; BACTERIA; PARAFFIN; CRUDE OIL;
GAS C H R O M A T O G R A P H Y

0875 EMULSIFICATION; BIODEGRADATION; MICROORGANISMS ; BACTERIA;
ENHANCEMENT ; SEEDING

1104 EMULSIFICATION; BIODEGRADATION; BUNKER C; BACTERIA
0185 EM U L S I F I E R ; K U W A I T  C R U D E ; S U R F A C T A N T ;  BP 100 2 ; L I C H E N S ;  L I C H I N A ;

C A R B O N  FI X A T IO N
0719 EMULSIFIER; ALGAE; PLATYNONAS; TOXICITY; GROWTH RATES ;

FINE STR UCTURE ; NAHO PLANKTON; CRUDE OIL
O? 67 EMULSIFIER ; M ICRORESPIROMETRY; TOXICITY
0821 EMULSIFIER; TOXICITY; LITTORAL; INVERTEBRATES
0929 EMULSIFIER ; BRITAIN: LITTORAL COMMUNITY; TOXICITY; CRUDE OIL;

N ILFORD HAVEN; ESSO PORTSMOUTH SPILL ; TORREY CANYON SPILL; LANDS END
1019 EMULSIFIER; PHYTOPLA NKTON; TOXICITY; SKELETONMEA; NITSCHI A
0084 EMULS IFIERS ; SALT MARSH PLANTS; TOXICITY; KUWAIT CRUDE
0078 EMULS IFIERS ; SALT MARSH PLANTS; TOX ICITIES ; CRUDE OIL
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0091 EMULSIFIERS; SALT MARSHES; ROCKY SHORES; OIL ; ECOLOG ICAL IMPACTS ;
T O X I C I T Y

0056 EHULSIFIERS; REVIEW-OIL POLLU 1ION ; LITTORAL ENVIRONMENT
0156 ENULSIFIERS; ALGAE; PRASINOLADUS ; BP 1002; TOXICITY ; TEMPERATURE
0283 EMULS IFIERS; MILFORD HAVEN; SALT MARSH ; ROCKY SHORE ; RECOVERY ;

DETERGENTS ; CHRONIC EXPOSURE
0298 EMULSIFIERS; LITTORAL COMMUNITIES; BP IIOO ; CHRONIC EFFLEUNT
0292 ENULSIF IERS ; OIL; EFFECTS OH INTERTIDAL COMMUNITIES;

FIELD EXPERIMENT S; EXPERIMENTAL SPILLS; ROCKY SHORE
0413 EMULSIFIERS; OIL; FUCUS PLANTS ; PHOTOSYNTHESIS; NET PRODUCTIVITY:

N E T A B O L  I S M
0423 ENULSIFIERS ; NILFORD HAVEN S WALES; INTERTIDAL; LIMPETS
0469 ENULSIFIERS; BACTERIA; OIL—DEGRADING; POPULATIONS; TORREY CANYON;

F I E L D  STUDY ; B E A C H E S
0591 EMULSIFIERS ; CRUDE OIL : TOXICITY; FRESH WATER; SALT WATER
0589 E M U L S I F I E R S ; F I S H E R I E S ; T A I N T I N G
0771 ENULSIFIERS ; ESTUARINES ; OIL POLLUTION ; SPILLS ; CHRONIC ; SALT MARSH;

R O C K Y  S H O R E ; C L E A N I N G
0852 ENULSIFIERS ; TORRE Y CANYON; COASTAL HABITATS; PLANTS; CORNWALL ;

B R I T T A N Y
0895 EMULSIFIERS; CELL MEMBRANES; AMOEBA: OIL; NARCOSIS; CYTOLOGY;

D E G R A D A T I O N ; B A C T E R I A L
1020 EMULSIF IERS; ALGAE ; BIOASSAY; TOXICITY; GROWTH; POPULATION ; TISSUES;

L A Y E R ; P O R P N Y R A
1 018 ENULSIFIERS ; PHYTOPLANKTON ; TOXICiTY ; SKELETONEMA
0398 EMULSION; SOUTH LA .CRUDE; LOBSTER ; LARVAE ; FLOW THROUGH SYSTEM;

FEEDING; MOULTING ; PIGMENTATION ; HYDROCARBON ANALYSIS
0639 EMULSION ; DEGRADATION ; STREAMS ; OXIDATION; SEDIMENTATION : OILY WASTE ;

T E M P E R A T U R E
0953 EMULSION ; FUEL 01112; SOFT SHELL CLAM; MYA I TISSUE ABERRATIONS;

H I S T O P A T H O L O C Y ; E D E M A ; V A C U O L A T I O N ; C L Y C O C E N
0205 EM UL S I O N S ; D E G R A D A T I O N ; B A C T E R I A ;  F U N G I ;  T O X I C I T Y ; T A I N T I N G
0995 EMULSIONS ; DISPERSANTS ; TOXICITY ; SUBLETHAL EFFECTS ; A CTIVITY ;

MOTILITY ; BIVALVES; CRUSTACEANS; FISH; BE IAV IOR ; OIL EMULSION;
C O N T I N U O U S  F L O W ; L O C O M O T I O N

1079 EMULSIONS ; LOBSTER; TOXICITY ; SUBLETHAL EFFECTS; LARVAE
0236 ENCIIINO DERNATA; DIESEL FUEL; PELAGIC LARVAE ; ANNEL IDA ; ARTHROPODA;

TOXICITY; SYMPTOMS
0855 ENERGY ; OIL ; DEGRADATION ; BIODEGRADATION ; ENVIRONMENTAL FACTORS ;

BACTERIA ; BUNKER C; CHEDABUCTO BAY : ARROW SPILL
0336 ENGlAND ; OLYMP IC ALLIANCE-DOVER STRAITS 1975; BIRD MORTALITY ;

CORMORANT ; AUKS ; OIL SPILL INCIDENT
0854 E N G L A N D ; B I R D S ; O I L  P O L L U T I O N
0454 E N G L A N D / S C O T L A N D ;  BIR DS; M O R T A L I T I E S ;  BEACHED BIRDS COUNTS
0524 ENHANCEMENT; ARCTIC; TERRESTRIAL PLANTS ; MICROBIAL DEGRADATION
0690 ENHANCEMENT ; BACTERIAL DEGRADATION; SLICK-SEEDING; ADDITIVES;

MICROBIAL SEEDING; BOO ; TOTAL ORGANIC CARBON ; NUTRIENT SALT
0791 ENHANCEMENT; R100ECRADATION: FERTILIZER
0875 ENHANCEMENT; BIODEGRADATION: MICROORGANISMS; BACTERIA;

EMULSIFICATION; SEEDING
0550 EHIVETOK ATOLL; CORAL ; TOXICITY; AIR EXPOSURE; OIL
0576 ENRICHMENT; CRUDE OIL; BACTERIAL DEGRADATION; CHAIN LENGTH
0828 ENRICHMENT; DEGRADATION ; BACTERIA; ESTUARY; BEACH; FUEL OIL; RATE;

HARRA GAN SET BAY ; HYDROCARBON CONCENTRATION; SEDIMENTS : MIGRATI ON
0240 ENTERITIS ; BIRDS ; CLEANING; FEATHER WETTING; REHABILITATION
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0068 ENUMERATION ; ABUNDANCE; D I STRIBUTIO N ; .BIOINDI CAT O R ;
CRUDE OIL— SWEDEN ; TEMPERATURE; LEVEL OF OIL; MICROORGANISMS;
BI ODEGRADATION ; RARITAN BAY H J.; GAS CHROMATOGRAPHY

0206 E NUM E R A T I O N ; A R C T I C ; B I O D E G R A D A T I O N ;  R A D I O A C T I V E  T R A C E R ;
GEOGRAPHIC DISTRIBUTION ; EFFECT OF CLAY PARTICLES OH RATE; RATE;
D I S S O L V E D  P H A S E

1 061 ENUMERATION ; B IODEGRADATION ; MI CROORGANISMS ; CONCENTRATION ;
ANTIBIOTICS : INOCUL UM WASHES

0744 ENV IROME N TA L EFFECTS ; RECOVERY; OIL . POLLUTION
08?? ENV I R ONM E N T A L  A SSE S S M E N T ; C H E S A P E A K E  B A Y ; S P I L L  I N C I D E N T ;

F U E L  O I L  S 6; B I R D S ; M O R T A L I T I E S ; S H E L L  F I SH E R I E S; M A R S H  C R A S S
0312 ENVIRONMENTAL FACTORS ; REVIEW; BIODEGRADATION; BACTERIA; FRACTIONS ;

C R UDE O I L
0855 E N V I R O N M E N T A L  F A C T O R S ;  O I L ; D E G R A D A T I O N ; BI O D E G R A D A T I O N ; E N E R G Y ;

8 A C T E R I A ;  BUNKER C; C H E DA B U C T O  B A Y ;  A R R O W  SPILL
0480 E N V I R O NM E N T A L  I M P A CT ; G A L V E S T O N  T E X A S ; D E E P W A T E R  P O R T
0825 E NV I R O N M E N T A L  I M P A CT ; O F F SH O R E  O I L  O P E R A T I O N S;

CON F E R E N C E  P R O CE E D I N G S
0755 ENVIRONMENTAL IMPACT ; SURVEY OR REVIEW—PETROL. P O L L U T A N T S
0908 E N V I R ON M E N T A L  IM PA C T ; T E X A S ; DEEP W A T E R  P O R T ; SE A D O C K
0911 E N V I R O N M E N T A L  I M P A C T ; O F F S H O R E  P R O D U C T I O N ; L O U I S I A N A  C O A S T ;

T I M B A L I E R  B A Y ;  E C O L O G Y
0944 ENVIRONMENTAL PROTECTION PLAN ; DEEP WATER PORTS; LOUIS IANA
0849 E N Z Y M E  C O N S T E L L A T I O N ; H U M A N ; C H R O N I C  E F F E C T S
O2~~6 ENZYME INDUCTION; BEHZPYRENE ; M ETABOLISM
0055 E N Z Y M E  R E P R E SS I O N ; P O L Y N U C L E A R A R O M A T I C  H Y D R O C A R B O N S ; M E T A B O L I S M ;

DIMETHYLNITROSAMINE -DEMETHYLASE
00 10 ENZYME S Y S T E M ;  M E T A B O L I S M; P O L Y C Y C L I C  H Y D R O C A R B O N S ;

A R YL H Y D R O C A R B O N  H Y D R O X Y L A S E ; T R O U T
0463 ENZYMES; FISH PHYSIOLOGY ; FISH BEHAVIOR ; TOX ICITY ; SALM ON ;

S O L U B L E  H Y D R O C A R B O N S ; PR UD H O E  B A Y  C R U D E  O I L
0500 ENZYMES ; CRUDE OIL; OYSTERS ; SHRIMP; MULLET
081! ENZYMES ; FISH ; B IOINDICATOR ; BENZOPYRENE HYDROXYLASE ;

SU B L E T H A L  R E S P O N S E ; M O N I T O R
0958 E N Z Y ME I N D U C T I ON; UP T A K E ; M E M B R A N E  DA M A G E ; M E T A B O L I C  P A T H W A Y S ;

C E L L  I N T E G R I TY
0660 ENZYHES; DETERGENTS; 8P1002; ELECTR O PHORESIS ; PROTEINS
0584 ESKIMO LAKES NWT; SEDIMENT; NITROGEN FIXATION ; ARCTIC; BACTERIA:

A N E R O B I C  B A C T E R I A; P E T R O L E U M F R A C T I O N S ; B E A U F O R T  SEA
0929 ESSO PORTSMOUTH SPILL ; BRITAIN ; LITTORAL COMMUNITY ; TOXICITY;

CRUDE OIL ; EMULSIFIER; MILFORD HAVEN; TORREY CANYON SPILL ; LAN DS END
0424 ESSOLVENE ; OIL; DISPERSANTS ; TOXICITY; POLYCHA E TE ; GAMETE FORMATION ;

S P A W N I N G ; GR OW T H ; M O R T A L I T Y ;  C I R R A T U L U S ;  C I R R I F O R M I R ;  8P 1002;
C O R E X I  T

12~ 2 E S T E R O  BA Y; A S S E S S M E N T  OF S P I L L S ; C O N T I N G E N C Y  P L A N N I N G ;
P O T E N T I A L  OIL  SP ILLS ;  B I O L O G I C A L  B A S E L I N E

0151 ESTUARIES; CHRONIC OIL POLLUTION; COASTAL ECOSYSTEM;
SUBLETHAL EFFECTS; METABOLISM ; BEHAVIOR ; FOOD CHAIN MAGNIFICATION;
W E T L A N D S

0479 ESTUARIES; NETULA SPILL ; STRAIT OF MAGELLAN; BEACHES
0610 E S T U A R I E S ; R A D I O A C T I V E  T R A C E R S ; A B S O R P T I O N  TO P A R T I C L E S ;

PETROLEUM COMPONENTS ; MICROBIAL DEGRADATION
0641 ESTUARIES ; HYDROCARBON CONCENTRATIONS; SEDIMEHTS; ZOOPLA HKTON ;

PHYTOPLA NKTO N ; CRUDE OIL; SALT MARSH PLANTS ; DIV ERSITY ; POPULATIONS ;
F I S H ; M I G R A T I O N ; GAS C H R O M A T O G R A P H Y ; D E G R A D A T I O N
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~?94 ESTUARIES ; CHRONIC POLLUTION ; REV IEW -F IELD STUDIES ;
OFFSHORE PRODUCTION ; REFINERIES ; SUBLETHAL EFFECTS; NATURAL SEEPS

OR SSA E S T U A R I E S ; R E V I E W
1049 ESTUARIES ; BACTERIA ; TOXICITY
1174 E S T U A R I E S ; C A N A D A ; S A E N I C H  I N L E T ; CR UDE O I L ; F UEL O IL ;

8I0 I~ECR A DA T I0H ; PH YT OP LA N K TO ~4; CEPEX ; DIATOMS
1177 ESTUARIES ; PUERTO RICO ; OIL SPILLS ; ECOSYSTEM ; MAN G ROVE ; CORAL REEFS;

ANALYSIS FOP HYDROCARBONS : MULLET; OYSTER; CLAM; H ISTOPATHOLOGY;
REVIEW

121? E S T U A R I E S ; B I O D E G R A D A T I O N ; T E M P E R A T U R E ; M I C R O O R G A N I S M S
1164 EST UA R I E S ; B E N Z O P Y R E N E ; M O L L U S C S ; B I V A L V E S ; O R E G O N ;

P OLYC Y CLIC A R O N A T ICS ; CARCINOGENS
1195 ESTUARIES ; MARSH; ECOSYSTEM ; PETROLEUM HYDROCARBON ; LOUISIANA ;

H WAL Y S IS FO~ HYD P0CAP BO~1 .~ C O R D O P A S S
0034 ESTUARI N E ; WAT ER SOLUBLE FRACTION ; OIL IN WAT ER DISPERSION ;

CR UST I~CEAHS ~ FISH ; TOXICI T Y ; SOUTH L A .  CRUDE; KUWAIT CRUDE;
FUEL OIL 52 ; BUNKER C ; CYPR IH00 0M ; M E N I D IA ;  FJH DULUS ; PENPEUS ;
PALEOM OHETES ; M YSIDOPSIS

0691 ES T UARINE; PELAGIC LARVAE; BENTHIC INVERTEBRATES; TOXICITY
0761 E ST L IA R I N E ; T O X I C I T Y ; A R O M A T I C S ; P H E N A T H R E N E S ;  B E N T H I C ; O C E A N I C ;

LA R VAE ; JUV ENILES ; RESP iRATION ; GROWTH; SUBLETHAL
0739 ESTUAR INE ; BIBLIOGRAPHY: MARINE ; OIL POLLUTION
1013 ESTUARI M E ; DIATOMS ; GAS CHRO MATOGRAP H Y: SELECTIVE ABSORPTION
1133 ESTUA RI .ME ; FUEL OIL; CRASSOSTREA; QUAHOG; ALIPHATICS; MER EWAR IA ;

C L A M S ; O Y S T E R S ; U P T A K E ; RE T E N T I O N ; D E P U P A T I O N
1135 E S T U A R I N E : B I R D S ; D UCKS ; F I SH ; C H E S A P E A K E  B A Y ; H A T C H I N G  S U C C E S S ;

T O X I C I T Y
1161 E S T U A R I N E ; POL YM UC L E A R  A R O M A T I C  H Y D R O C A R B ONS ; U P T A K E ; R E T E N T I O N ;

DEP UR A T ION ; BEM TH IC ORGANISMS ; SHELLFISH; BEN?OPY RENE
1152 ESTUAR ZNE ; ECOLOGICAL ; ORGANISMS: FISHERIES; COASTAL; TOXICITY ;

METHO DOLOGY; PETROLEUM FRACTION ; CLEANING AGENTS/DISPER SANTS
1186 EST UA R I N E ;  BE N ZO PY R E N E ; C L A M S ; M U SSELS ; O Y S T E R S ; O R E G O N ; UP T A K E ;

AROMATIC HYDROCARBONS ; CARCINOGENS; MOLLUSCS
1178 ESTUAR IHE; COASTAL; ~1 O N I T O R I N G ; S P I L L S
1195 E S T U A R I N E ; R E V I E W ; P O L L U T I O N ; B I O I N D I C A T O R S ; M A R I N E ; O IL P O L L U T I ON
0035 E ST U A R I N E  A N I M A L S ;  U P T A K E  A N D  DEP U R A T I O N ; T O X I C I T Y ; R E S P I R A T I O N ;

S O U T H  LA CR UDE ; K U W A I T  C R U D E ; F U E L  O I L  52 ; B U N K E R  C ; M I N N O W ;
G R A S S  S H R I M P~~PA LA EMONTES ; BROWN SHR INP ,PA HAE US ;
W A T E R  SOL UB L E  F R A C T I O N ; O I L  W A T E R  D I S P E R S I ON ; N A P H T H A L E H E S

0827 ESTUARINE ORGANISMS; SUBLETHAL EFFECTS; MARINE ORGANISMS ;
P HY S I O L UG I C A L RE SP O N S E

10 26 E S T U A R I N E  P O L L U T I O N ; B I B L I O G R A P H Y
0771 ESTUAR IMES; OIL POLLUTION; SPILLS; CHRONIC; SALT MARSH; ROCKY SHORE;

EMULS IF IERS ; CLEANING
0127 ESTUARY; SALT MARSH; YORK RIVER; SOUTH LA. CRUDE ;

H Y D R O C A R B O N  A N A L Y S I S ; C O N T R O L L E D  E C O S Y S T E M ; F U N D U L U S ; A R O M A T I C S ;
GAS CHROMATOGRAPHY; GC-MS

0563 ESTUARY; SALT MARSH; YORK RIVER ; BACTERIA ; FUNGI; LOUISIANA CRUDE;
SED IMENT S , PETROLEUM DEGRADING

0674 ESTUARY; PHYTOPL AH KTON ; DIVERSITY; CHLOROPHYLL—A
0697 ESTUARY; MULLET; EMPIRE MIX CRUDE ; FIN ROT
0928 ESTUARY; DEGRADATION; BACTERIA; BEACH; FUEL OIL; ENRICHMENT; RATE;

NAR PAGA N SET SAY: HYDROCARBON CONCENTRATION ; SED IMENTS ; MI GRATION
0956 ESTUARY; EFFLUENT , REFINERY; SUBLETHAL EFFECTS ; METABOLIC RATE;

O X Y G E N  C O N S U M P T I O N R A T E
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1082 ESTUARY; MUD FLAT FAUNA ; REFINERY EFFLUENT ; MED W AY ESTUARY ;
KENT . ENGLAND

1068 ESTUARY; BACTERIA; SUSCEPTIBILITY ; FUNGI; TOXICITY ;
SOUTH LOUISIANA CRUDE OIL ; FUEL OIL *2; CHESAPEAKE BAY ; GROWTH

1074 ETHER EXTRACTION; AL I PHATIC ; AROMAT IC; DETERMINATION TECH N IQ UES;
MARINE ORGANISMS; SILICA GEL CHROMATOGRAPHY; GAS CHROMATOGRAPHY;
M A SS S P E C T R O M E T R Y

0322 EUGLEN A ; ALGAE; GROWTH ; SCENEDESMUS ; LUBRICATING OILS ; DIESEL OIL ;
P H O T O S Y N T H E T I C  M E T A B O L I S M

0704 EUGRAULIS; TOXICITY; FISH ; DEVELOPMENT; PETROLEUM; SCO RPAENA ;
C R E H I L A B R U S ; B L A C K  O I L ; S O L A R  O I L

0040 E UP L O T E S ; K UW A I T  CR UDE ; P R O T O Z O A N  C I L I A T E S ; UR O N E M A ; N E MA T O D E ;
I N G E S T I O N

1171 EUPLOTES ; SIO IND ICA TO RS ; PROTOZOA ; C ILIATES ; SAUDI A R A B I A N  CRUDE;
EMPIRE MIX CRUDE ; MI CROFAU NA ; COMMUNITY D I V E R S I T Y  EXPERIMENTS

0123 EURYTENORA; COPEPOD; REPRODUCTION ; MA PN THA LEN E ; EGG PRODU T IO N ;
H E A T I N G  O IL ; W A T E R  SOL UBLE F R A C T I O N

0487 EURYTEMORA; NAPNTHALEN E ; ACCUMULATION; COPEP0D ; R A D I O A C T I V E ;
LONG TERM EXPOSURE ; LOW LEVEL CONCENTRATIONS; MARINE ZOD PLANKTON ;
PERSISTENT EXPOSURE; UPTAKE/DEPURAT ION ; CA LANUS

0486 EURYTEM ORA; RETENTION; COPEPOD; ZOOP L.ANKTON ; CAL A NUS; UPTAKE;
D E P U R A T  I O N

0784 EVALUATION; DISPERSANTS; EFFECT IVNES S; TOXICITY; BIOASSAY; ROD;
THRESHOLD O D O R

0119 EVENNESS INDEX; BIOLOGICAL iNDICATORS; DIVERSITY IH D IC IES;
S H A N NON D I V E R S I T Y  I N D E X

0401 EXCHANGE WITH SEA ; MUSSEL; MYTILUS; LAGOON OF VENICE , ITAL Y ;
H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S ; GA S C H R O M A T O G R A P H Y ;
D I S T A N C E  FR O M P O L L U T I O N  S O U R C E

0276 EXCRETION; SP I DER CRAB; NA PHTHA LENE; METABOLISM; MAI A
0609 EXCRETION; MARINE SEDIMENT ; METABOLISM; MICROFAUNA; M EIOF 4UNA ;

NA CROFAUHA : DEGRADATION; POLYCHA ETE WORMS ; BIVALVES; BACTERIA
0598 E X P E R I M E N T A L  E C O S Y S T E M ; E C O T O X I C O L O C Y ; P R I M A R Y  P R O D U C T I O N ; C R U D E  O I L
0292 EXPERIMENTAL SPILLS; EMULSIFIERS; OIL;

EFFECTS OH INTERTIDAL COMMUNITIES: FIELD EXPERIMENTS ; ROCKY SHORE
0296 E X P E R I M E N T A L  S P I L L S ; R O C K Y  S H O R E ; S A L T  M A R S H ; C H R O N I C  S P I L L A G E ;

O I L  P O R T
O3?6 EXTRACTION TECHNIQUES; HYDROCARBON CONTENT; GAS CHROMATOGRAPHY
0976 F A C T O R S  A F F E C T I N G  D E C R E E  OF I M P A C T ; E C O S Y S T E M  I M P A C T
0960 FAT CONTENT; OYSTER; CRASSOSTREA; UPTAKE ; RETENTION; DEPURATION ;

PETROLEUM F R A C T I O N S ;  L IP IDS;  METABOL ISM
0473 FATALITIES; BIRDS
0138 FATE; CRUDE OIL; WEATHER; MICROBIAL DEGRADATION;

BIOLOGICALLY ACTIVE FRACTIONS ; HARTHA ’S VINEYARD ; BER M UDA
0512 FATE; REVIEW ARTICLE; INPUT; BIOLOGI CAL EFFECTS
0637 F A T E ; R E V I E W ; O C C U R E N C E ; E F F E C T S
0772 F A T E ; R E V I E W ; I N P U T ; B I O L O G I C A L  E F F E C T S ;  C L E A N U P ; O I L ;  D I S P E R S A N TS
0829 F A T E ; R E V I E W ; I N P U T ; D E G R A D A T I O N
0746 FATE & EFFECT; HYDROCARBON ANALYSiS; DISTR IBUTZON
1226 FATE & EFFECTS . SYMPOSIUM; PETROLEUM HY DROCARBONS ; MAR INE ORGANISMS
1005 FATE IBEHAV IOR OF OIL; REVIEW; OIL POLLUTION ; TOXICITY; BIRDS;

B IODEGRADATION ; FIELD STUDIES : BI B LIOGRAPHY
0005 FATE AND EFFECTS; REVIEW
0069 FATE AND EFFECTS: BIODEGRADATION; REVIEW—OI L POLLUTION:

C O N T R O L  OF O I L  P O L L U T I O N
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0497 FATE AND EFFECTS; RE V I E W ;  OIL SPILLS
1O?~ F A T E  OF S P I L L E D  O I L ; R E V I E W
l i l t  FATES ; REViE W ; MAR I NE OIL POLLUTION ; INPUTS ; DEGRADATION; BACTERIA
1112 FATES; REV iEW ; INPUTS ; EFFECTS
0533 FATHEAD MINNOWS; OUTBOARD MOTORS ; TAINTING; TOXICITY; FISH;

F I SH R E P R O D UC T I O N ;  B L U E G I L L S
0048 FATTY TISSUES; TOXICITY: FOOD CHAIN; A ROM A TIC HYDROCARBONS
0669 FAUNA ; PELAGIC HYDROCARBONS; TAR BALLS; ROCKY iNTERTIDAL ; FLORA;

BERMUDA; SPLASH ZONE; NOD ILITTOR INA; TECTA RIUS ; HYDROCARBON ANALYSIS;
A L G A E

0707 FAUNA ; OIL POLLUTION ; FLORA; BLACK SEA ; CRUDE OIL ; DIESEL OiL
0706 F A U N A ; O I L  P O L L U T I O N ; F L O R A ; B L A C K  SEA
0824 FAUNA ; DISPERSANTS ; BP 1IOOX ; SHELL DISPERSANT LT
0962 FAUNA ; TOXICITY ; LONG TERM EFFECTS ; INTERTIDAL ; GASTROPODS ; BIVALVES ;

DIESEL FUEL . MARINE ; ROCKY SHORE; LAMMA IS.; HONG KONG ; DISPERSANTS ;
R E C O V E R Y

0795 F E A T HE R  W AX ; B I R D S ; C L E A N I N G ; L A R O D A N  1 27
0240 FEATHER WETTING ; B IRDS ; CLEANING ; ENTERIT IS ; REHABILITATION
0245 F E AT H E R  W E T T I N G ; B I R D S ;  C L E A N I N G
0456 FEA THER VETTING; OIL ; BIRDS ; CLEANING: NETHERLANDS
0268 FECES ; ARROW SPILL ; ZOOPLANKTON ; HYDROCARBON CONTENT; CHE DABUCT O BAY ;

BUNKER C~ O I L  I N G E S T I O N ; SE D I M E N T A T I O N
0357 F EC U N D I T Y; D R U P A  C R A N U L A T A ; N Y T I L U S ;  P R E D A T I O N  R A T E ;  S UB L E T H A L ;

CRUDE OIL : MUSSE LS; RED SEA; DISPERSANT
0630 F E C U N D I T Y; AM P H I P O D ; T O X I C i T Y ;  B E H A V i O R ;  L A R V A E ;  G A N M A R U S
11 19 FEED RACK ; HYDROCARBON ; CNLOROPHYLL ; WESTERN ATLANTIC
0271 FEEDING ; WATER ACC OM ODA TED FRACTION; MYT ILt JS ; MUSSELS; STARFISH ;

ASTER I S; RE SPIRATION ; REPRODUCTION; RYSSAL THREAD PRODUCTION;
F UEL OIL *2

0398 FEEDING ; SOUTH LA CRUDE ; LOBSTER; LARVAE; FLOW THROUGH SYSTEM ;
EMULSION; MOULT INC; PIGMENTATION; HYDROCARBON ANALYS IS

0580 FEEDING; CRUDE OIL ; CRUSTACEA ; BEHAVIOR; POLYAROMATIC HYDROCARBONS ;
AL IPHAT IC ; CHEMORECEPT ION

084; FEEDING; POLYCHAETE; ARENI COLA ; BEHAVIOR; WEATHERING
0859 FEEDING; CRUDE OIL ; CORAL ; PANAMA ; DIESEL MARINE; BUNKER C: TOXICITY;

N E T A B O L  I S M
0985 FEEDIN G ; BENZENE ; HERRING; ANCHOVY; EGGS; LARVAE ; TOXICITY;

A B N O R MAL I T I E S ; G R O W T H ; R E S P I R A T I O N
0077 FEEDING BEHAV iOR ; CORAL ; OIL-SEDI MENT PARTICLES
0859 FEEDING BEHAV iOR ; COELENTERATA; DISCRIMINATION ; RETENTION; PALYTHOA ;

C H E N O R E C E P T IO W : M A R I N E  D I E S E L ; B UN K E R  C
1070 FEEDING BEHAVIOR; FUEL OIL 52; CATFISH; TOXICITY; HEART RATE
1176 FEEDING BEHAVIOR ; FUEL OILS 2; ZOOPLANKTON; SHRIMP ) RESPIRATION ;

TOXICITY ; MOBILITY ; NA PNTNA LENE ; RENZEN (: PHENOL
0359 FEEDING RATE ; CRUDE OIL ; DETERGENT; OCTOC ORA LS ; CRUSTACEANS;

MOLLUSCS; ECHINODERMS; FISH; TOXICITY; SUBLETHAL;
DEVELOPMENTAL STAGES ; RED SEA ; PHYSIOLOGY: OIOA CCU M ULA T ION ;
L I V ER E N L A R G E M E N T ; HE PI A T O C R I T

0894 FEMALE; FUEL OIL *2; HAP H THALE N E ; ANNELIDS; POLYCHAETE; NEANTHES;
UPTAKE &DEPURA TION ; DEVELOPMENT; MALE; EGGS; LARVAE

0014 FERTILIZATION ; WATER SOLUBLE FRACTION; SEA URCHIN; DEVE LOPMENT ; EGGS
02F8 FERTILIZATION ; DISPERSANIS; OIL; FISH; SEA URCHINS; DEVELOPMENT ;

T O X I C I T Y ; C O R I X I T
0447 FERTILIZATION ; SURFA CTAN I; MUSSELS: LARVAE DEVELOPMENT
0475 FERTIL I ZATiON; DISPERSANTS; COREXIT 9527; SEA URCHIN
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0635 FERTILIZATION ; OIL; DISPERSA N TS; COREXIT ; SEA URCHIN ; FISH; EGGS;
EMB RYO ; DEV ELOP M ENT

0634 FERTILIZATION ; DISPERSANTS ; EGGS; SEA URCHIN; FISH; DEVELOPMENT
0777 FERTILIZATION ; SAND DOLLAR ; KUWAIT CRUDE; FUEL OIL *2;

W A T E R  S O L U B L E  E X T R A C T S ; SP E R M ; E G G ;  R E S P I R A T I O N; M O B I L I T Y OF S P E R M ;
C L E A V A G E ; L A R V A L  DE VE L O PM E N T

0964 FERTILIZATION ; DISPERSA HT ; SHELLFISH ; LARVAE ; SPERMATOZOA ; TOXI CITY ;
B I V A L V ES ; O YS T E R S ; C R A SSO S T R E A ; M U S S E L ; DE V E L O P M E N T

0865 F E R T I L i Z A T I O N ; B I V A L V E S ; T O X I C I T Y ;  S P E R M A T O Z O A ;
D E V E L O P M E N T A L A B N O R M A L I T I E S ; P R U D H O E  BAY C R U D E ; K U W A I T  C R U D E ;
N I G E R I A N  C R U D E

11 59 FERTILIZATION ; TROUT ; HATCHING SUCCESS ; REPRODUCTION & DEVELOPMENT;
H I S T O P A T H O L O G I C A L  E F F E C T S ; M O R P H O L O G Y

0791 F E R T I L I Z E R ; B I OD E G R A D A T I O N ; E N H A N C E M E N T
0031 F E S T U C A ;  R E C O V E R Y ;  C O N T R O L L E D  S P I L L S ;  S H A E D A ;  J ’ JNCUS ; P L A N T A G E ;

SPART INA; SALT MARSH: PE PIBROK E .WALES ; K UWAI T  CRUDE OIL ;
FLO~ ER IHG PLAN TS~ SEED PRODUCTION AND G E R M I N A T I O N

0201 FIDDLER CRAB ; HYDROCARBON CONTENT ; M ETABOLISM ;
AROMATIC HYDROCARBON CONTENT: UCA ; OXIDATION ; CLEARANCE

0992 FIELD CROPS; PLANTS; TERRESTRIAL ; PERS ISTANCE; SOIL
0571 F I E L D  E X P E R I M E N T ; P H Y T O P L A H K T O N ; C R U D E  O I L ; I N H I B I T E D ; S T I M U L A T I O N ;

L A B O R A T O R Y  S T U D I E S ; T O X I C I T Y ;  PH ; F R A C T I O N S ; B E N Z E N E ; X Y L E N E ;
T O L U E N E

0292 F I E L D  E X P E R I M E N T S ; E M U L S I F I E R S ; O I L ;
E F F E C T S  ON I N T E R T I D A L  C O M M U N I T I E S ;  E X P E R I M E N T A L  S P I L L S ;  R O C K Y  SH O R E

0879 FIELD EXPERIMENTS; CRUDE OIL; MIDGES ; CRICOTOPUS
FORT SIM PSON . HWT . CANADA ; LARVAE ; ARTIF ICAL SUBSTRATES

0577 FIELD FENCING TECHNI QUES; REEF COMMUNITY ; RESPIRATION;
CALMI N G EFFECTS; GAS EXCHANGE; CRUDE OIL ; TOXIX CTY ; BEH A VIOR ;
HERON IS. GREAT BARRIER REEF AUSTRALIA

0969 F I E L D  S A M P L I N G ; S A N T A  B A R B A R A  S P I L L ; P R O G R E S S  R E P O R T
0794 F I E L D  S T U D I E S ; C H R O N I C  P O L L U T I O N ;  R E V I E W ; O F F S H O R E  P R O D U C T I O N ;

REFINERIES ; ESTUARiES; SUBLETHAL EFFECTS ; NATURA L SEEPS
1005 F I E L D  S T U D I E S ; R E V I E W ; O I L  P O L L U T I O N ; T O X I C I T Y ;

F A TE I B E H A V I O R  OF O I L ; B I R D S ; B I O D E G R A D A T I O N ; B I B L I O G R A P H Y
0468 FIELD STUDY; BACTERIA ; OIL-DEGRADING ; POPULATIONS ; TORREY CANYON ;

EMULSIF IERS ; BEACHES
0185 F I E L D S  S T U D I E S ; C H R O N I C  P O L L U T I O N ; S A N T A  B A R B A R A  S P I L L ;

LA KE M A RACAI BO. VENEZUELA ; BERMUDA ; TIM BALIER BAY , LA. ;
POPULATION LEVELS ; DiVERSITY; SIZE; GROWTH RATE; REPRODUCTION;
A B N O R M A L  G R O W T H S ; R I O N A G N I F I C A T I O N

0314 F ILAM ENT O US FUNGI; DEGRADATION; BACTERIA; ACT 1NOM YCETES; YEAST;
PH YC ON YCE YES

0130 FILTER-FEEDING; CLAMS ; MERCENARIA; DISSOLVED ORGANIC NATTER (DON );
UPTAKE; FUEL OIL*2

1048 FIL T ERING ; MUSSEL; NYTILUS ; PSEUDOFECES ; PUR IFICATION
0016 FILTERING ABILITY; MUSSEL; BEHAVIOR; BLACK SEA; TOLERANCE
0640 FILTERING RATE; OYSTERS ; BLEED WATER; CRUDE OIL;

WATER SOLUBLE FRACTION
O2~~7 FILTR ATION RATE; SINKINC AGENTS; TOXICITY ; CRUDE OIL ; TOAD FISH ;

S H E L L E I SN
0697 FIN ROT; MULLET; ESTUARY; EMPIRE MIX CRUDE
O29~ FINA NOVA G E SPILLAGE; DISPERSANTS; CHRYSS I P GO ULA N DRIS SPILLAGE;

TOXICITY; TORREY CANYON SPILL ; GULF REFINERY SPILL
1093 FINASOL; FISH; SOLE; PLAICE; HERRING ; LARVAE; DETERGENT;
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D E V E L OP M E N T A L  A BN OM A L I T I E S ; 8P 100 2 ; C O R E X I T
0719 FIN E STRUCTURE ; ALGAE ; PLATYNONAS ; TOXICITY ; GROWTH RATES;

HAN D PLANKTON ; CRUD E O IL ; EMULSIFIER
0936 FINLAND ; BIRDS; PA LVA ; EIDER; SOMAT ERIA
0624 FINLAND COAST ; EIDER DUCKS; MORTALITY; BALTIC SEA; PALVA 1969
064 FIRT H OF CLYDE ., SCOTLAND ; H -A L KANES HYDROCARBON CONTENT ANALYSIS ;

PLANKTON: FISH; FOOD CHAIN MAGNIFICATIO N
0121 FISH ; SALT MARSH ; YORK RIVER : ISOLATE D ECOSYSTEM ; SOUTH LA. CRUDE ;

W EATHERED OIL; PHYT OP LANK TON ; PER IPHYTON; ATP ; MARSH CR4SS;
B E N T H I C  F A U N A ; P O L Y CN A E T E S ; i N S E C T  L A R V A E ; A M P H I P O D S ;  O L I G O C H A E T E

0002 FISH ; TAINTING ; WHITEFISH; ANALYSIS FOR PETROLEUM HYDROCARBONS
0 1 1 1  FISH ; B IOLOGICAL INDICATORS: SPECIES DIVERSITY INDIC 1ES;

GA L V ESTO N SAY TEXAS
0041 FISH ; ROAD OIL
0034 FISH; WATER SOLUBLE FRACTION ; OIL IN WATER DISPERSION ; CRUSTACEANS ;

TOXICITY ; EST IJARINE . SOUTH LA CRUDE ; KUWAIT CRUDE ; FUEL OIL *2;
BUNKER C; CYPRINODO N ; PI ENI DIA . FUN DULUS ; PENAE US ; PALEOMONET ES;
M Y S I D O P S I S

0033 FISH ; UPTAK E AND DEPURATION ; SHRIM F ; MOLLUSKS; FUEL OIL ;
P4A P H T H A L E N E S

0218 FISH ; DISPERSANTS ; OIL ; SEA URCHINS ; FERTILIZATION; DEVELOPMENT;
TOXICITY ; COREXIT

0141 FISH; TRACERS ; PHYTOL ; ZOO PLANKT OH ; ANALYSIS FOR HYDROCARBONS ;
OLEF INS ; FOOD CHAIN; BIO G ENIC VS. PETROLEUM

0129 FISH ; UPTAK E ; N-A L KANE
0301 FISH; REVIEW ; OFFSHORE PRODUCTION ; SHELLFISH ; CO HTINE PIT IA L SHELF
02 78 F I S H ; H Y D R O C A R B O N S ; Z O O P L A N K T O H ; T O X I C I T Y ;  T A I N T I N G ; B E H A V i OR ;

U P T A K E ; M E T A B O L I S M ; D E P U R A T I O N ; A C C U M U L A T I O N
0359 FISH ; CRUDE OIL ; DETERGENT; OC IOCORALS ; CRUSTACEANS ; NOLL~JSC S ;

ECHI NODERMS ; TOXICITY ; SUBLETHAL ; DEVELOPMENTAL STAGES ; RED SEA ;
FEEDING RA TE; PHYSIOLOGY; B IOA CCLS M ULAT ION; LIVER ENLARGEMENT;
H E M A T O C R I  T

0353 FiSH; SANTA BA RBARA
0323 F I S H ; T A I N T I N G ; Y E L L O W T A I L ; C R U D E  O I L ;  V A P O R  A N A L Y S I S ; S E R I O L A ;

GAS CHROMATOGRAPHY
0442 FISH; P . C STONER ; REEF COMMUNITY: WAKE IS.
0415 FISH; CRUDE OIL; LESIONS ; HISTOPATHOLOGY: MENIDIA: HYPERPLASI A
0482 FiSH; ASSIMILATION ; A LKANES ; DISCRIMINATION ; COD ;

HY DR OC A R B O N C O N T E N T  A N A L Y S I S
0426 FISH ; HYDROCARBON CONTENT ANALYSIS ; GAS CHROMATOGRAPHY ; P4RA FFINS ;

SQ UID ; SHRI MP
0539 FISH; OUTBOARD MOTORS; TAINTING ; TOXICITY ; FISH REPRODUCTION;

B L UE G I L L S ~ FA THEAD MINNOWS
053? FISH; TOXICITY; OIL-REFINERY EFFLUENT; METABOLIC RATES;

C OMPARISION OF SPECIES; BIOASSAY; FRESH WATER
0602 F I S H ; I N P U T ; S H E L L F I S H ; FOWL
0531 FISH; TAINTING; MICROBIAL INFESTATION; REVIEW
0613 FISH; NA PTHA LEN E ; BENZ(A )PYRENE ; RAD iOA CTIVE TRACER; UPTAKE;

METABOLISM; DISCHARGE; SCULPIN; OLICOCOTTUS ; GO8Y ; CXLLIC H THYS;
SAND DAB ; CIT HARI C HTHYS

0704 FISH; TOXICITY; DEVELOPMENT; PETROLEUM ; EUCRAUL IS; SCORPAEN A ;
CREN ILA BRUS ; BLACK OIL; SOLAR OIL

0654 FISH; SANTA BARBARA SPILL; POPULATION; PELAGIC
0659 FISH; TAINTING; SEAWEED ; PHENOLS; OILS; DEPOSITION; DETER~ E N T S
0641 FISH; ESTUARIES ; HYDROCARBON CONCENTRATIONS : SED I MENTS: ZOOPLAPIKTOH;
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PHYTOPL A NKTO N; CRUDE OIL ; SALT MARSH PLANTS ; DIV ERSITY; POPULATIONS ;
MIGRATION ; GAS CHROMATOGRAPHY ; DEGRADATION

0635 FISH ; OIL ; DISPERSA N TS ; CORE XI T ; SEA URCHIN ; EGGS ; EMBRYO ;
FERTILIZATION ; DEVELOPMENT

0679 FISH ; DISPERSANTS ; TOXICITY; SHRIMP. COREX IT; SUB- TROPICAL ;
CENTROP OCON ; DIOGENES ; PALEOMONOTES : AMBASSIS

0646 FISH; N-AL KAN E S ; HYDROCARBON CONTENT ANA LYSIS ; PLANKTON ;
F IR T H OF CLYDE , SCOTLAND; FOOD CHAIN M A G N I F I C A T I O N

0735 FISH; TAINTING ; SALHOH .CHU PI
0700 FISH: REVIEW-OIL POLLUTiON ; LARVAE; SUBLETHAL EFFECTS ; PRODUCTIVITY;

P H Y T O P L A N K T O H ; Z O O P L A N K T O N; E G G S ; B I R D S ; PL A I C E
0634 FISH; DISPERSANTS; EL.GS; SEA URCHIN; FERTILIZATION; DEVELOPMENT
0643 FISH ; PARAFFIN; CRL.i~
0658 F I S H ;  T A I N T I N G ; O I L ;  P H E N O L
0737 F I S H ; P A R A F F I N S ; C R U D E  O I L ; J U L I A N A  W R E C K ; S A L M O N ; M U L L E T ;

B L A C K  SEA B R E A M ; GA S C H R O M A T O G R A P H Y
0811 FISH; B IO IMD IC PTOR; BENZOPYRENE HYD ROXYLASE; SUBLETHAL RESPONSE;

E N Z Y M E S ; M O N I T O R
0786 FISH; TAINTING : JAPANESE COAST; EELS; GAS CHROMATOGRAPHY;

IR ABSORPTION; UV ABSORPTION; MASS SPECTRUM; TOLUENE;
M I ZUSHIMA , JAPAN ; AROMATIC HYDROCARBONS; GASOLINE

0813 F I S H ; B E N Z O P Y R E H E ; H Y D R O X Y L A S E  I N D U C T I O N ;
P O L Y C Y C L I C  A R O M A T I C  I4Y D R O X Y L A S E ; A R Y L  H Y D R O C A R B O N  H Y D R O X Y L A S E ;
BROWN TRO UT; NEWFOUNDLAND; TAINTING; THIN-LAYER CHROMATOGRAPHY

0788 F I S H ; P A R I F F I N S; G A S  C H R O M A T O G R A P H Y ; E E L S ; A R A B I A N  L I G H T  C R U D E  O I L ;
T A I N T I N G ; O R G A N I C  S U L F U R

0812 F I S H ; M I X E D  F U N C T I O N  O X I D A S E S ; A R Y L  H Y D R O C A R B O N  H Y D R O X Y L A S E ;
P E T R O L E U M  H Y D R O C A R B O N ;  M E T A B O L I S M ; D E T E C T I O N ; M O N I T O R S ;
IN VERTEBRATES

0838 F I S H ; D E T E R G E N T S ; T O X I C I T Y ; S H O R E  C R A B ; C A R C I H U S ; B R O W N  S H R I M P ;
C R A C O N ; L A R V A E

0904 FISH; OUTBOARD ENG I NE EXHAUST; SPECIES ABUNDANCE: DIVERSITY ;
P H Y T O P L A H K T O N ; Z O O P L A N K T ON ; P E R I P H Y T O N ; B E H A V I O R ; P O P U L A T I O N

0893 FISH; FUNDULUS; LIVER; IIPOGEI4ESIS; RADIOACTIVE TRACERS;
ULTRASTRUCTURE ; METABOLIC PATHWAYS; GLYCOLYSIS

0914 FISH; HYDROCARBONS ; GAS WASTES: TOXICITY : BEHAVIOR; ATTRACTION;
SUNFISH (ORANGE-SPOTTED)

0951 FISH; SANTA BARBARA SPILL; POPULATION: DIVERSITY; PELAGIC; ANCHOVY;
R O C K F I S H ; E C H O  S O U N D I N G

0906 FISH; PERIPHYTO N ; SEDIMENTS; STREAM; DIESEL FUEL;
B O O N E  C R E E K  O I L  S P I L L ; M A C R O I N V E R T E B R A T E S ; H Y D R O C A R B O N  A N A L Y S I S ;
S O U T H  C A R O L I N A

0870 FISH ; TOXICITY; COOK INLET CRUDE; BIOASSAY; STATIC; INVERTEBRATES;
A L A S K A

O9~ 4 FISH: SURFACTANTS; CRUSTACEANS; BIVALVES; TOXICITY; BEHAVIOR;
DEVELOPMENT ; ACTIVITY ; BYSSUS THREAD ; MOULTINC

O9~~1 FiSH ; OUTBOARD MOTOR EXHAUST WASTE ; BLUEGILL ; TAI NTING ; LEAD
0999 FISH; CRUDE OIL; PETROLEUM PRODUCTS; WATER Q UALITY;

A Q UATIC LIFE &WI LDL IFE
101? FISH; KENT , ENGLAND; MARINE ALGA E PLANTS ; BIRDS
1008 FISH; BIRDS; TAINTING ; MOLLUSCS; BEHZOPYREHE; ALGAE ; TOXICITY;

TORREY CANYON SPILL
0995 FISH; DISPERSANTS ; EMULSIONS ; TOXICITY; SUBLETHAL EFFECTS; ACTIVITY;

MOTILITY ; BIVALVES; CRUSTACEAN S; BEHAVIOR ; OIL EMULSION;
CONTINUOUS FLOW ; LOCOMOTION
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1134 F I S H ; A R C T I C :  SUB A R C T I C ; B A F F I N  B A Y ; D A V I S  S T R A I T ; L A B R A D O R  SEA ;
A SSESSMENT OF SPILLS; PHYTOPLANKT OH ; ZOOPLA NKTON; ZOOBENTHOS;
MAMMALS; BIRDS

1 1 2 4  F I S H;  FUEL O I L ;  BUNKER C ;  D U C K S ;  M U S K R A T S ;  C A T T A I L S ;
ANALYSIS FOR HYDROCARBONS ; ST. LAWRENCE RIVER; MARSHES

1091 FISH ; DI SPERSA NT ; TOXIC ITY ; LARV A E ; HERRING ; PILCHARD ; PLA ICE; SOLE;
LEMON S O L E :  H A D D O C K :  B P I O O 2 ;  D E L A Y E D  E F F E C T S ;  E M B R Y O L O G Y ;
B E H A V I O R A L  C H A N G E S

1133 F I S H;  E S T I JA R L H E ;  B I R D S :  D U C K S ;  C H E S A P E A K E  B A Y ;  H A T C H I N G  S U C C E S S :
T O X I C I T Y

1109 FISH: AROMATIC HYDROCARBON; POLYCYCLIC AROMATIC NC ’S;
C O N T E N T  A N A L Y S IS ; B U N K E R  C ; C R E O S O T E ; S E A L S ; S H E L L F I S H ; P A N ;
FL U O R O N E T R Y :  F U E L  O I L

1 093 FISH; SOLE; PLH ICE; HERRING; LARVAE; DETERGENT;
DEVEL OPMENTAL AB N OMALITIES; B PIOO2; FINASOL , COREXIT

1085 FISH; CRUDE OIL ; TOXICITY ; WAT ER SOLUBLE FRACTION
1223 FISH ; COOK INLET CRUDE OIL ; FLOUNDER ; CLAMS: CHRONIC CON CENTRATIONS ;

EGGS; LARVAE ; HISTOPATHOLOGY ; MORTALITY
1179 FISH ; PETROLEUM HYDROCARBONS; MUTA GENESIS; PLANKTON; ARCTIC;

M E T A B O L  I S M
1204 F I S H ; LOS A N G E L E S  H A R B O R ; S A H S I N E A  S P I L L ; P R O D U C T I V I T Y ; Z O O P L A N K T O N ;

ASSESSMENT OF SPILLS: BIRDS ; BENTHIC ORGANISMS; PHYTOPLAN KTON
1 208 FISH; URQUIOLA SPILL; SPAIN; PERSIAN GULF CRUDE OIL ;

B E N T H I C  N AC R O F A L J N A ; S P A R T I N A ;  T O X I C I T Y
1175 FISH; CRUDE OIL; ALGAE; ZOOPLANKTON: CRUSTACEANS: POLYCHAE TES;

MO L L U S C S ; U P T A K E ; R E T E N T I O N ; DEP UR A T I O N ;  R E V I E W ; B E N T H I C  O R G A N I S M S
0463 FISH BEHAVIOR ; FISH PHYSIOLOGY; TOXICITY: SALMON; ENZYMES;

SOLUBLE HYDROCARBONS ; PRUDHOE BAY CRUDE OIL
0112 FISH CELLS IN VITRO; CYTOLOGICAL EFFECTS; HYDROCARBON S
0032 FISH EMBRYOS; HEART BEAT; HATCHING SUCCESS
0594 FISH FRY: CRUDE OIL; DISPERSAHTS; COD; GADUS; HERRING; CLJPE A;

T O X I C I T Y; E M B R Y O L OGY ; C H E N O R E C E P T I O N
0463 FISH PHYSIOLOGY; FISH BEHAVIOR; TOXICITY; SALMON; ENZYMES;

S O L U B L E  H Y D R OC A R B O N S ; P R U D H O E  B A Y  C R U D E  G I L
0539 FISH REPRODUCTION; OUTBOARD MOTORS: TAINTING; TOXICITY; FISH;

BLUEGILLS ; FATHEAD M INNOWS
0590 FISK STOCKS; REVIEW; NORTH SEA; D ISPERSANTS ; TAINTING
0320 FISH TAINTING ; WAFRA SPILL; INTERTIDAL ; SOUTH AFRICA;

iNTERT IDAL INVERTEBRATES
0636 F I S H  T A I N T I N G ; O U T B O A R D  M O T O R  O P E R A T iO N ; P U C R O O R G AN I SM P O P U L A T I O N S
0109 FISHERIES ; OFFSHORE PRODUCTION; VENEZUELA ; LAKE M A R A C A I B O ;

N A T U R A L  SEEPS
0233 FISHERIES ; TORREY CAHYOH S~~I L L ; B R I T T A N Y
0174 FISHERIES; ARGO MERCHANT; FOOD CHAIN
0472 FISHERIES ; OIL POLLUTION
0513 FISHERIES ; TORREY CANYON ; DETERGENT ; LIMPETS ; PLANKTON; BIRDS;

CRALE bE CHAMPAGNE
0589 FISHERIES ; TA INTING; ENULS IFIERS
0618 FISHERIES ; INDONESIA ; CORAL REEF COMMUNI TY; OFFSHORE PROD UCTION;

R E V I E W
0918 FISHERIES ; AR GO MERCHANT SPILL; NA NTUCK ET SHOALS
0925 F ISHERIES ;  T O R R E I CANYON SPILL
0915 F ISHERIES ;  D I S P E R S A NT S ;  T O X I C I T Y ;  T A I N T I N G ;  T E S T I N G  PROCEDUR ES ;

STATIC ; FLOW THROUGH: BIOASSAY
0916 F P 3 H E R I E S ;  RE V I E W ;  TYPES OF O I L S :  W E A T H E R I N G ;  T O X I C I T Y :  D I S P E R S A N T S ;
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M A R I N E  EN V I R O N M E N T
0974 FISHERIES ; SANTA BARBARA SPILL; SURVEY ; BIRDS ; MA RINE MAMMALS ;

DI VERSITY ; TA INTING
100? FISHERIES ; LAKE MARACAIB O. VENEZUELA ; SEDIMENTS; WATER; B IOTA ;

H Y D R O C A R B O N C O N T E N T  A N A L YS I S ; T O X I C I T Y  
-

1152 FISHERIES ; ECOLOGICAL ; ORGANISMS; ESTUAR INE; COASTAL ; TOXI CITY ;
M E T H O D O L O G Y ;  PETROLEUM F R A C T I O N ;  CLEANING A G E N T S / D I S P E R S A N T S

1147 FISHERIES ; OUTER CONTINENTAL SHELF; SANTA BARB A RA - CH A NNEL ;
C A L l  F O R N I  A

0324 F I SHES ; B E R I N G  SEA ; T O X I C I T Y; T E M P E R A T U R E
1 156 FISHES; HISTOPATHOLOG ICAL EFFECTS ; CRUDE OIL; TOXICITY
0149 F I X A T I O N ; O U T B O A R D  E N G I N E  E M M I S S I O N S ; P H Y T O P L A H K T O H ;

SPECIES DIVEPSITY ; CHLOROPHYLL ; ZOOPLAN KTON POPULATION DYNAMICS ;
B E N T H I C  M I C R O I H V E R T E B R A T E  C O M M U N I T Y ; G A S O L I N E

0600 F L A M E  I O N I Z A T I O N  D E T E C T I O N ; P E T R O  S U L F A R  C O M P O U N D S ;
A R O M A T I C  HYDROCARBONS; M O DIOLUS ; CRASSOSTREA ; RETENTION ;

- F L A M E  P H O T O M E T R I C  D E T E C T I O N ; GAS C H R O M A T O G R A P H Y ;
GAS CHROMATOGRAPHY-MASS SPECTROMETRY

0600 F L A M E  P H O T O M E T R I C  D E T E C T I O N ; P E T R O  SUL F A R C O M P O UN D S ;
A R O M A T I C  H Y D R O CA R B O N S ; MOD I OL US ; C R A SSO S T R E A ; R E T E N T I ON;
F L A M E I O N I Z A T I O N  D E T E C T I O N ; GAS C H R O M A T O G R A P H Y ;
GAS CHROMATOGRAPHY-MASS SPECTROMETRY

1073 FLAME PHOTOMETRIC DETECTOR; SULFUR CONTAINING PETROLEUM COM PONENTS;
C O N T E N T  A N A L Y S I S

0655 FLATFIS H ; PHS IOLO GI CAL EFFECTS ; SALM ON ; SPOTTED SHRIMP ;
UPTAKE AND DEPURA TION ; HISTOPAT HOLOCY

0058 F L A T W O R M ; C H E M O T A X I S ; L O B S T E R S ; A L E W I V E S ; H O R SE S H O E  C R A B ; K E R O S E N E
0906 FLIES; CHRONIC CONTAMINATION; A Q UATIC ORGANIS M S ; DIPTERA ;

B I B L I O G R A P H Y
0863 F L I E S :  S U P R A L I T T O R A L ; A R T H R O P O D S ; L I H O S I N A  O R C H E S T I A :  E F F L U E N T S ;

T O X I C I T Y ; C R U D E  O I L ; A M P H I P O D E S
0669 F L O R A ; P E L A G I C  H Y D R O C A R B O N S ; T A R  B A L L S ; R O C K Y  I N T E R T I D A L ; F A U N A ;

BERMUDA ; SPLASH ZONE ; N O DILITTOR INA TECTAR I US ; HY DROCARBON ANALYSIS:
A L G A E

0707 F L O R A ; O I L  P O L L U T I O N ; F A U N A ; B L A C K  SEA ; CR U DE O I L ; D I E S E L  O I L
0706 F L O R A ; O I L  P O L L U T I O N ; F A U N A ; B L A C K  SEA
090? F L O R I D A ; B A C T E R I A L  D E G R E D A T I O H ; T E M P E R A T U R E ; P R E S S U R E ; R A T E
1225 FLORIDA; TURTLES; OIL SPILL; TAR
0229 FLORIDA KEYS; LITTORAL COMMUNITIES; ROCKY PLATFORM ; MANGROVE FRINGE:

SEA GRASS FLATS; MANGROVE SWAMP ; CRUSTACEANS ; ECHIHODER N S;
R E D  M A N G R O V E ; P E A R L  O Y S T E R ; B L A C K  M A N G R O V E

0529 F L O U N D E R ; B I O A S S A Y ; C O N T I N U O U S  F L O W ; T O X I C I T Y ; S U B L E T H A L  E F F E C T S ;
WATER SOLUBLE FRACTI ON; WHOLE OIL FRACTION ; MINNOW; SHRIMP; SCALLOP ;
Q U A H O G ;  MUSSEL ;  MUD S N A I L

1 223 FLOUNDER; COOK INLET CRUDE OIL; FISH; CLAMS; CHRONIC CONCENTRATIONS:
EGGS ; LARVAE; H ISTO PA THOL O GY ; MORTALITY

1170 FLOUNDER; FUEL OIL; REPRODUCTION; HATCHING SUCCESS; GROWTH; EGGS;
LARVAE ; H ISTOPATHOL O GY

0901 FLOUNDER (VINTER&YELLOWTA IL); ARGO MERCHANT SPILL; HISTOP A THOLOGY;
AMM ODYTES; ALEWIVES; CRA BS(HERM IT); HYPERPLASIA EDEMA ; HEMOCYTES;
CILIATES

0843 FLOW RATE IN CHE NOSTAT ; BIODEGRADATION; RATES ; BACTERIA; M E C H A N I S M ;
T O X I C I T Y  OF M E T A B O L I C  A N D  P R O D U C T S

0888 FL O W T H R O U G H ; B I O A S S A Y ; M E T H O D O L O G Y ; S A L M ON
0915 FLOW THROUGH; DISPERSANTS; TOXICITY; TAINTING ; FISHERIES;
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T E S T I N G  PR O C E D U R E S ; S T A T I C ;  B I O A S S A Y
C~~ b 1  F ’.’)V T H R O U G H  4554Y T0~~IC I T Y ; RA B B I T  FISH; CRUDE OIL; DEPTH; S IGANUS;

D I S P E R S A N T ; S T A T I C  ASSAY ; S A L I N I T Y
0 3 3 9  ~LOV T H R O U G H  SY STEM ; SOUTH LA CRUDE ; LOBSTER; LA R V A E ;  EMULSIO N ;

F E E D I N G .  MO ULT U3 C ; P I G M E N T A T I O N ;  HYDROCARBON A N A L Y S I S

~O 6! h OV E R I N G  P LAHT S ; RECO V ER Y ; CONTROLLED SPILLS ; SHAEDA ; .JUHCUS ;
FE S T U C A ,  PLA N T A G E ;  S P A R T I H A ;  SALT MARSH ; PEMBR O KE ,WA LES ;

~- U W A l T  CRUDE OIL ; SEED PRODUCTION AND G E R M I N A T I O N
0902 FLUORESCENCE A N A L Y S I S ;  HYDROCARBON CONCENTRATION ; SED IM EN TS ;

B E NTH I C  S P E C I E S ; F O O D  CH A I N  C O N C E N T R A T I O N ; C H E D A B U C T O  B A Y ;
FUEL O I L  - B U N K E R  C; N O V A  S C O T I A

0 4 4 3  ~ LU O R ES C EN C E SPECTROSCOPY ; OIL SPILL. EXPERIMENTAL ;
H Y D R O C A R B O N  A N A L Y S I S ;  WATER COLUMN ; SEDIM ENT ; TAR BALLS

1 0 3~ FL U O R E S C E N C E  SPECT R O S C O P Y ;  A R R O W  SPILL ; CHE DABUCTO BA Y .NOVA SCOTIA;
BUNKER C. W Y A ; KELP . H Y D R O C A R B O N  CONTENT ANALYSIS

.3’49 ~LUORESE N T : B I O A S S A Y ; SALT MARSH ; MICROCOSM ; GAS CHR OMA TO~~RAPH Y ;
SPECTROPHOTOMETRY ; U L T R A V I O L E T

~lO 8 FLUO~~O M E T R Y ; A R O~IA T IC H Y D R O C A R B O N ;  P O L Y C Y C L I C  A R O M A T I C  N C ’S;

~O N T E~’1T A N A L Y S I S ;  BUNKER C; CREOSOTE ; SEALS; FISH; SHELLFISH; PAN;
F U E L  O I L

0)48 FOOD CHAIN ; T O X I C I T Y ;  A R O M A T I C  HYDROCARBONS ; FATTY TISSUES
C 1 4 1  ~ CCC C H A I N ; T RA C E R S ;  PHYTOL; ZOO PLAH K TON ; FISH ;

ANA ~ YS IS FOR HYI~PO fARRflHS; Ot FFIN ~~; BIfl G FNI C VS. PE TR OLEUM
O ; 3 ~’ 10CC’ CH A I N  H Y D R O C A R P O N S ;  CON TENT A N A l YSIS ; M A R I N E  PHY TUP IAN KION ;

P 1~~t~E U ! ~ . - S  Pr T i ’ ü i E U~~, I R A C E R
C T T 4  F IT f l C ’  CP~~I H ~ A R G O  M E R C H A N T ;  F I S H E R I E S
0F~ ’S FO f ~C’ C H A I N ;  R E V I E W
u~’..

()5 F O O D  C H A I N  A C C U M U L A T I O N ; U P T A K E  AND D E P U R A T I O N ;  T O X I C I T Y ;
O f f S H O R E  P P O D U C 1 IO I 4

r.~~ i:? ro o r C H A I N  C O N C E N T R A T I O N ;  SALT MA RS H ECOSYSTEM ; CONTENT A N A l Y S I S ;
‘
~ 

-Jt u i .~~~ S S ;  F U E L  O I L  .2; HYD R o CA RBO N CON ENT

~~~~~~~~~ 

FO OD C H A I N  C O N C E N T R A T I O N ;  H Y D R O C A R B O N  C O N C F H I R A T I O N ;
F L l J O~~FSCF N rE A N A L Y s I S ;  S E D I r f H 1 ~~; B E N T H I C  S PECIES ; L H E D A P U C T O  BAY ;
F U E l  01 1 - R U N K E P  C; HOV ~ S C O I 1 A

0 1 3 1  f O O D  C H A I N  M A G N 1 F I C A 1 I O N ;  C H R ONIC OIL P O L L U T I O N ;  COAS TAL ECOSYSTEM:
SUF 4 L ETHA ( E F F E C T S .  M E T A R O I I S M ;  B E H A V I O R ; W E T L A N D S ;  E S T U A R I E S

f~~4~ FOOD C H A I N  M A G N I F IC A T I O N ;  N -ALKANE S; HYDROCARBO N C O N T E N T  ANAl YSIS;
P 1 A N ~~T O N ;  F I S H : F I R 1 H  OF C L Y D E .  S C O T L A N D

;~~~~‘ F O O D C H A I N S ;  PET ROLEUM HYDROCARBONS; OIL S P I L L S

~flT” 10CC CO H SUM P~~IOH : L O B S T E R ;  HOMARU S ; L A R V A E ;  T O X I C I T Y ;  BFH4V IOR ;
G R O W T H ; V E N E Z U E L A  CRUDE O I L ;  DI SPERSIONS

? 7 T  1~~~D W E P ;  C O P E P O D ;  U P T A K E ;  D E P U P A T I O N ;  N A P H T H A L E N E ;  M E T A P O L  I S M ;
CH LAN ’J S ; W A l E R  SOLU Bl E F R M C T I O H ; D I E T A R Y  P O O l E  (‘F EN T R Y ;
P~~! f l O A C T 1 V F  T ks . ,C f  PS

i.~~’T F O O D  VIP TPANS ~~E P -  P C I ” C Y C L I C  A R O M A T I C  H YDROCARBONS: M E T A B O L I S M ;
U P l A K E ; B I O ~, ( N IH i  ~~S

U~3 7~ F O R T  S I N P ’~’TH , H W T , C A N A D A ;  CRUDE o i l ;  M I D C E S ;  CRICOT O PL IS ;
F I E L D  E~~PF~.’I M ~~N 1 S ;  L~-~k.’A E ;  A R 1 L F I C A E  S U B S 1 R A 1 E S

060: FOWL ; I N P U T :  F ISP SH~~L L F  IS P
O~~!2 FR A C T I O N S ;  R E V I E W ;  B I O D E G R A D A T I O N ;  B A C T E R I A ;  CRUDE O I L ;

E N V I  R i N M E N T A L  F A C T O R ’
u . ’i f k A C ; I O M S :  P H Y T O P L A H K 1 O H ;  CRUDE O I L ;  F I E L D  E X P E R I M E N T ;  I N H I B I T E D ;

S f l M U L A 1 I O N :  L A B O R A T O R Y  S T U D I E S ;  T O X I C I T Y ;  PH; B E N 2 E N E ; X Y L E H E ;
I O L U E H E

J 9 4 ~~ I P A C I L A P I A ;  O I L ;  A L C A E ;  D IN OFL A C ELIA T E ; O U P4A L IE LL A ; DI ATOM ;

I ~~~~ ~



A X E M I C  C U L T U R E S; G R O W T H  R A T E S
0012 FRAH1 ( BUCK — TANKER SPILL (1937); SPILLS ; BIR DS ; SAW FRANC I SCO BA Y ;

WEST COAST U.S
O~,?2 FRESH WATER; CH LO RELI A VUL GAR I S ; A LGAE ; T O X I C I T Y ;  G R O W T H ;

PHOTOSYNTHESIS ; BEH ZEN F ; XY L FN E ; T O L U E H E ;  N A P T H A L E H F
0591 FRESH WATER ; CRUDE OIL ; T OXICITY; EM ULSIFIERS; SA L T  WA T ER
0537 FRESH WA T ER; FISH : TOXICITY ; OIL—REFINER Y EFFLUENT ; ME TAB )L IC P A T E S ;

C O MP A R I S I O N  OF SPE C I E S ; B I O A S S A Y
0879 FRESH WATER; 011 POLLUTION; BIOIP4 D ICA T ORS ; CH IRONO P II DA E ;

TR A IL RIVER , HW T . CA NADA ; FR E S H W A T E R ;  MIDGES
058? FRESH WATE R FISH ; TOXICITY; AUFW UCH S (SURFACE GROWTH); JP4 FUEL ;

J P5 F U E L
0669 FRESH WATER FISH ; PETROLEUM REFINERY EFFLUEN T; SUN FISH.REOEAR:

LEPO N IS; BEHAVIORAL cYM PTOM S ; T O X I C I T Y
0941 IRESHWAT ER ; WATER SOLUBLE FRACTION ; CRUDE OIL;  NAPHT HA LEN E ;

G R E E N  A L G A E ; PHY S I O L O G Y ; M O R P H O L O G Y
0879 FRESHWATER ; OIL POLLUTION; BIOINOI CAT O RS ; C HI RO H O MI DAE ; FRESH WATER ;

T R A I L  RIVER . N W T , CANADA ; MIDGES
0869 FRY; CRUDE OIL; SALMON: OHC 0RHY HCHU S ; EGGS ; ALEVINS ; TOXICITY ;

GR OW T H
0413 FUCUS; OIL; EMU L S IFIERS; PLANTS; PHOTOSYNTHESIS; NET PROD U C T I V I T Y ;

M E T A B O L  I S M
0851 FUCUS ; OIL SPILL IN CIDENT; DECEPTION BAY QUEBEC; DIESEL OIL;

GASOLINE; MYTILUS
1010 FOCUS; CHEDERUCTO BAY , NOVA SCOTIA ; BUNKER C; M O R T A L I T IE S ;

INTERTIDAL ; ARROW SPILL; WINTER ; CHR ONIC POLL U TION ; MYA; S P A R T I N A
1132 FUCUS; TOXICITY ; PETROLEUM FRACT ION /CLEANING AGENT ; COPEP O DS ;

E F F E C T  ON O R G A N I S M S
1207 FOCUS; ALGAE; CRUDE 011; FUEL OIL S2 JET FUEL
0033 FUEL OIL; UPTA KE AND DEP URA TIDN ; SHRIMP; FISH ; MOLLUSKS;

N A P H  TN A LE N E S
0072 FUEL OIL; TOXICITY; ABSORB A NTS; BENTH IC FLORA ; BIODEGRADATION
0256 FUEL OIL; KELP; WASTE DISCHARGE
0405 FUEL OIL; TOXICITY; FUNDULUS ; PIM EPHA LE S ; A R T E M IA ;  KUWAIT;

WEST TEX AS; M A R 1 H E  D IESE L: LUBE O IL
0614 FUEL OIL; TOXICITY; ARCATIA; SPHAER ’3MA ; AM PH ITH O E;

WATER SOLUBLE FRACTION
0829 FU E L  O I L ;  D E G R A D A T I ON ; B A C T E R I A ; E S T U A R Y ; B E A C H ; E N R I C H M E N T ; R A T E ;

NA RRA GAN SET BAY; HYDROCARBON C O N C E N T R A T I O N ;  SEDIMENTS; M I G R A T I O N
0891 FUEL O I L ; T R O U T ; C A D D I S  F L Y ; O Y S T E R ; S N A I L S
0996 F UEl O I L ; S H A D ; A L O S A ; T O X I C I T Y ; P E T R O L E U M  P R O D U C T S ;

D I S S O L V E D  O X Y G E N ; SY N E R G I S M ; G A S O L I N E ;  B U N K E R  O I L
1131 FUEL OIL; M ICR O FLORA ; PHYTOP I.ANKTOH; ALGAE; CRUDE OIL; TO X ICITY;

NA PHTf4A LENE ; PHENAN THRENE; ARO PIAT ICS; ALGAE-GREEN; A LGAE-BLUE GREEN ;
DIATOM S; GROWTH

~l3O FUEL Oil ; CHESAPEAKE BAY; INVERTEBRATES; ASSESSMENT OF SPILLS;
B ARGE S IC-tO l

1144 F U E L  O I L ; B I R D S ; H A T C H I N G  S U C C E S S ; E M B R Y O N I C  D E V EL O P M E N T ; E l D E R S;
G IJIKS; MALLARDS; PATHOLOGICAL EFFECTS; CRUDE OI L

1 1 2 7  FUEL O I L ; A RGO MERCHANT SPILL ; EMB RYOCEN ESIS ; HA TCHIN G SUCCESS;
MORPHOLOGY; POILOCK ; CEPHA LA CHORDATA ; AMPHIO X U S

~122 FUEL 011; EIDER: TOX ICIT Y ; REPROD UCTIVE GROWTH ; HATCHING SUCCESS
1143 FUEL OIL; SOFT—SHELL CLAM; UPTAK E ; R ETENTION ; DEPURA T ION; BURROWING;

MORTALITY; SEARSPORT — MA INE
11 2 1 F UEL O I L ; M A L L A R D ; TOX i C I T Y ; P H Y S 1 O L O C I C A L E F F E C T S ; H A T C H I N C  SUC CE SS ;
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PA RAF FIP4 S ; GROWTH
113 3 FUEL OIL; CRA SSOS TRE A.: Q UA HOG ; E STU A R INE; AL I P H A T I C S ;  M E R C E H A R I A

CLA MS ; OYSTERS ; U P TA KE; RETENTIO N ; DEPUR A T ION
1108 FUEL OIL; A R O M A T I C  HYDROCARBON; P O I Y C Y C L IC  A R O M A T I C  NC ’S;

CONTENT ANALYSIS; BUNKER C; CREOSOTE; SEALS; FISH ; SHELLFISH; PA H ;
FL UO R O M E I R Y

1123 FUEL 011; EIDER DUCKS; TOXICITY PHYSIOLOGICAL EFFECTS ;
H A T C H I N G  S U C C E S S

1124 FUEL 011 ; FISH; BUNKER C; DUCKS ; MUSKRATS; C A T T A I L S J
ANAL YSIS FOR HYDROCARBONS; ST. LAWRENCE RIVER ; MARSHES

1140 FUEL OIL; CRUDE OIL; POLYCHA ETES; TOXICITY;
R E P R O D U C T i ON t D E V E L O P M E N T

116 a FUEL OIL ; CRABS: WEST FAL PIOUTH SPILL; MORTALITY ; UPTAKE ; SEH4VIOR
BURROWING ; TOX ICITY; C RAB—SALT MARSH; MASS.

1174 FUEL OIL; ESTUARIES; CAN A DA; SAEHICH INLET; CRUDE OIL ;
BI ODE G RADATION; PHYTOPLAN KTON; CEPEX; DIATOMS

1193 FUEL OIL ; ANTARCTIC ; MA C~~O B E N T N O S ; A S S E S S M E N T ; B E N T H I C  E C O L O G Y
1215  FUEL OIL; BUNKER C; CHEDA BUCT O BAY; NOVA SCOTIA; ARROW SPILL;

LONG TERM EFFEC TS; CO RD GRA SS; MARSH; ALGAE; TOXICITY
11 7 0 FUEL OIL; FLOUNDER ; REPRODUCTION; HATCHING SUCCESS; GROWTH ; EGGS;

LA R VA E ; H IST O PAT HOL OC Y
0985 F U E L  O I L  I 2; W A T E R  S O L U B L E  F R A C T I O N ; N E A N T H E S; P O L Y C H A E T E ;

HEMOGLOBIN; HYPOXIA; ~3OUTH L O U I S IA N A  CRUDE ;  D I S S O L V E D  O X Y G E N ;
TOXICITY ; SYNERGISM ; NAPHTH ALE N ES ; DISSOLVED HYDROCARBONS ;
R E S P I R A T I O N

0886 FUEL Oil I 2; KUWAIT CRUDE ; SOUTH LOU IS1A NA CRUDE ; BUNKER C ;
TOX I CITY ; WAT ER SOLUBLE FRACTION; NAPHTNALE N E; NEANT HES ; CA P ZTELL A

059 FUEL OIL * 2; BACTERIA ; BIODEGRADATION; LIMITING EFFECTS ;
SOUTH LOU IS iANA CRUDE

0877  FUEL OIL  I 6; CHESAPEAKE BAY ; SPILL INCIDENT;
ENVIRON M ENT A L AS SESSMENT; BIRDS : MORTALITIES; SHELL FISHER IES;
M A R S H  C R A S S

0034 FUEL OIL 12; WATER SOLUBLE FRAC T ION; OIL IN WATER DISPERSION ;
CRU STACEANS ; FISH; TOXICITY; ESTUARI HE; SOUTH LA. CRUDE;
KU W AIT CRUDE; RUNK EI? C; CYPRIPI000N ; MEN ID IA ; FUN DUL IJS ; PENA EIJS ;
P 4L E O P I O H E T E S ; M Y S I D O P S I S

0035 FUEL OIL *2: ESTUAR THE AN IMALS ; ~J P T A K E  A N D  D E P U R A f l O N ;  TO X I C I T Y ;
R E S P I R A T I O N ; S O U T H  LA . CRUDE; 1~UW AIT CRUDE ; BUNKER C; MI NNOW ;
CRASS SHR ]M P ,PALAE PIOHTES ; BROWN SNR !MP .PANA EUS;
W ATER SOLUBLE FRACTION; OIL WATER DISPERS ION; HAP HTHA LENE S

0038 FUEL OIL $2; OYSTERS; CRUDE OIL; REFINE D OILS ; G RAS SOSTRE ~~; BIOASSAY;
BUN KER C; SOUTH LA CRUDE; KUWA i T CRUDE

0142 FUEL OIL *2; WEST FALNOUTH SPILL; PERS ISTAN CE ; MORTALITIES; OYSTERS
0202 FUEL OIL $2; SALT MARSH ECOSYSTE M ; CONTENT A NALYSIS ;

FOOD CHAIN C ONCENTRAT ION. WES T FALM OI JTN ,MA SS; HY DRO CA RB~I H  C O N T E N T
0271 FUEL OIL $2; WATER A CCOM O DATE D FRACTION ; M YTILU S ; MUSSELS; STARFISH;

AS IERIS ; RESPIRATION; FEEDING ; REPRODUCTION;
S Y S S A L  T H R E A D  P R O D U C T I O N

0 6 1 5  FUEL OIL *2; WATER SOLUBLE FRACTION ; ZOOPL4NKTON COASTAL ;
ZO OPL A N KTON OC EAP4I C ; T OX I C V Y ;  BEH A V I O R

0616 FUEL O IL *2; TOXICITY; CRUDE ; RMP HI PODS; BREEDING;
W A T E R  S O L U B L E  F R A C T I O N

0510 FUEL OIL *2; BACTERIA ; CRUDE OIL: BUNKER C; METABOLISM; INHIBITION;
RADIOACTIVE TRACER ; COP4TROLLE’) ECOSYSTEM

0847 FUEL OIL *2; ALGAE ; MARINE ; PHY OPLA NK TON ; CRUDE OIL; GROW TH RATES
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075 9 FUEL OIL *2; CLAMS ; UPTAKE ; DEPUR A TION ; CONTENT ANALYSIS ; CRUDE OIL ;
SOLUBLE F R A C T I O N S ; GAS C H R O M A T O G R A P H Y

O?7~ FUEL OIL $2 ; SAND DOLLAR: K U W A I T  CRUDE; WATER  SOLUBLE EXTRACTS ;
SPER M ; EGG: R E S P I R A T I O N ;  M O B I L I T Y  OF SPERM ; F E R T I L I Z A T I O N ;  CLEAVAGE;
L A R V A L  DE~~~LUP!l EH

0780 FUEL OIL $2; W A T E R  SO L U B L E F R A C T I O N ; PH Y T O P L A N K T O N ; T O X I C I T Y
0899 FUEL OIL *2; WEST FALMOUTH SPILL ; SENTHOS ; SPECIES DIVERS I T Y
0982 FUEL OIL $2; TO X I C I T Y ;  PO LYCHA ETES ; CRUDE; NA PHT HALE N E; BUNKER C;

~ATER SOLUBLE F R A C T I O N ;  NEAN THES ; C A P I T E L L A ;  SOUTH L O U I S I A N A  CRUDE ;
K U W A I T

0884 FUEL OIL *2 ; HA P H T HA L E N E :  A N HEL IDS ; PC LYCHAETE ; NEA N THE S ;
UPTAKE tOIPUR A T I O N ;  D EV E L O P M E N T ;  M A L E ;  FEMALE ; EGGS ; LARV A E

0954 FUEL O IL *2; SOUTH L O U I S I A N A  CRUDE ; SOFT SHELL CLAM ; M YA;
TEMPERATURE ; SUB LETHAL EFFECTS: MUCUS PRODUCTION ; MUSCLE CONTR A CTI OPI

0883 FUEL OIL *2; TOXICITY; WATER SOLUBLE FIIACT ION ; POLYCHAE TE ; NEANTHOS ;
LARVAE

10 02 FUEL OIL $2; SHRIMP; T O X I C I T Y ;  CONTENT ANALYSIS; DEPURATION;
CR UDE OIL; BUNKER C; PALA EPI ONET ES; TEMPERA TURE ; BENZENE ; PHENOL ;
HA PH THA LE NE

1035  FUEL OIL *2; B I O A S S A Y ;  CO PITIHUOUS FLOW ; PETROLEUM; TECHN IQU E ;
ME T H 0 0 0 L U G Y

1 034 FUEL OIL *2; BIOASSAY ; COON STRIPE SHRIMP ; TOXICITY
1033 FUEL OIL $2; COON STRIPE SHRIMP ; T O X I C I T Y ;  PROCEDURES
1090 FUEL OIL 02; WEST FAL MOUTH OI L SPILL 1969; WEST FALMOU T4~ M A S S

E C O L O G I C A L  IMP A CT; RECOVERY
1068 FUEL OIL 82; B A C T E R I A ;  SUSCEPTIBILITY; FUN GI; T O X I C I T Y ;  ESTUAR Y ;

SOUTH LO UIS iAN A CRUDE OIL; CHESAPEAKE BAY ; GROWTH
1070 FUEL OIL *2; CATFISH ; TOXICITY ; FEEDING B EHAVIOR ; HEART RA TE
1094 FUEL OIL *2; ALGAE; T O X I C I T Y ;  P H E N A L E N — 1 — O N E ;  WA VELEN GTH DEPENDENT ;

AL GAE-BLUE GREEN; ALGAE -GREEN; DIATOMS
1207 FUEL OIL *2; ALG A E ;  FUCUS ; CRUDE OIL ; JET FUEL
1184 FUEL OIL *2 ; T O X I C I T Y ;  A M PH IPO D S; ‘EMP ERA T U RE . W E A T H E R I N G
1212 FUEL OIL *2; SHRIMP ; L A R V A L  CROWTN; UPTAKE ; D E P U R A T I O N ;

H A T C H I N G  SU C C E S S ; B E H A V I O R A L  E F F E C T S
121 1 FUEL OIL *2; EIDER: EGGS; HATCHING SUCCESS- ; GROW TH; DUCKS
1199 FUEL OIL *2; SOUTH LOU I S I A N A  CRUDE OIL ; PO LYC HA E TE ; HYPOXIA ;

H E M O G L O B I N  C O M P E N S A T I O N
1 2 06  FUEL OIL  *2 ;  CLAM ; MY A ; UPTAKE; RETENTION ; DEPURATI ON
1 172 FUEL OIL $2; SYNERGISTIC EFFECTS; TEMPERATURE; SALINITY;

E M B R Y O G E N S I S ;  R E S P I R A T I O N ;  HORSESHOE C R A B ;  L IMULUS
0902 FUEL OIL —BUNKER C; HYDROCARBON CONCENTRATION;

FL UO R E S C E N C E  AN A L Y S I S ; S E D I M E N TS ; B E N T H I C  SP E C I E S ;
FOOD CHAIN CON CENTRATION ; CHED’~8U C T O  B A Y ; N O V A  S C O T I A

1176 FUEL 011* 2; ZOOPLA N KTOH ; SHRIMP ; RESPIRATION ; TOXICITY;
FEEDING B E H A V I O R ;  M O B I L I T Y ; N A PH T HA L E H E ;  BEHZENE; PHENOL

0150 FUEL 011*2; CLAMS; MERCEH A R IA; DISSOLVED ORGANIC MA TTER ( D3M );
FILTER-FEEDING; UPTAKE

0161 FUEL OIL*2 ; N I G E R I A N  CRUDE; C R A N K C A S E  O I L ; B E N T H I C  A L G A L  C O M M U N I T I E S ;
PRIMARY PRODUCTIVITY ; TOXICITY; RECOVERY; ALGAL BLUE GREEN

0287 FUEL O IL *2 ; SHRIMP ; UPTAKE; DEPU RA T IOH MOU IHLY GROWTH
0288 FUEL 011*2; HYDROCARBON CONCENTRATIONS ; NAPH IHALEHE; SHRIMP; CLAMS ;

OYSTERS ; SEDIMENT; DEPURATION
0353 FUEL O IL*2 ; PNYT O PLA NKTO I4 ; A M P H I D I W I U M ;  SKELETONEP IA ; CR IC3SP HAER A;

DUNALIALLA ; BENZENE ; TOLUENE ; XYLENE ; GROWTH
0366 FUEL 01112; NIA N T IC BAY , CT ; B:~HT HIC CO M MUNIT IES :  A M P H I P O DS ;
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H E R M I T  CRABS; H Y D R O C A R B O N  CONTENT A N A L Y S I S ;  GAS C H R O M A T O G R A P H Y
J444 FUEL 011*2 ; PH Y T O P L A N K T O N ;  PHOTOS YNTHESIS ;

BEDFORD BA S I N ,  NOVA S C O T IA ;  NORTH WESTERN A T L A N T I C ;  VENE ZUELAN CRUDE ;
FUEL O I L * 6

0373 FUEL 011*2 ; FUN DULUS ; WAT ER SOLUBLE FRACTION ; HATCHIN G ; DEVELOPMENT;
H ISTO PAT HO LOCY

0670 FUEL 011*2; OIL ;  JPS FUEL ; GAS CHROMATOGRAPHY ; SEDIMENTS;
S E A R S P 0 ~~T SPILL

0689 FUEL 011*2; W EST FA LMOUTH , WILD HA RBOR , MASS ; BENTHIC FAUNA;
SEDIMENTS; HYDROCARBON CONTENT ; OPPO R T INU 3T IC SPECIES ; PECOVE R Y;
GA S C H R 0 M A T O G R .~PNY; D I V E R S I T Y ;  POPULATIONS

0848 FUEL OI L I2 ; CRUDE O I L ;  SOUTH LO U I S I A N A  CRUDE ; KUWAIT CRUDE ;
GROWTH RATE ; PHOTOSYNTHESIS ; M I C R O A L GA E - TO X IC IT Y ;  BLUE GREEN ; D I A T O M ;
D I N O F L A G E L L A T E

0871 FUEL OILI2; SALMON , PINK ~ PRUDHOE BAY CRUDE; COOK INLET CRUDE ;
W A T E R  SOLUBLE F R A C T I O N ;  RESPIRATION ; CO UC IIIP C; UPTAKE & D E P UR A T I O N

0953 FUEL O IL I2 ; SOFT SHELL CLAM ; MY A ; EMULSION ; TISSUE A B E R R A T I O N S ;
HI STOPATHOLOG Y ; EDEMA; VACUOLAT ION ; GLYCOGE .~

1032 FUEL 011*2; DISPERSION ; INTERTIDAL COLONIES; SPECIES DIVERSITY;
R E L A T I V E  A B U N D A N C E ;  N U M B E R S  OF S P E C I E S ;
I N D i V I D U A L  F R E Q U E N C Y  O C C U R A N C E  P A T T E R N S

0120 FUEL 011*6 ;  T O X I C I T Y ;  B E N T H I C  A N I M A L S ;  I N T E R T I D A L ;  D I V E R S I T Y ;
RECOVERY ; Y O R K  R I V E R ;  BUNKER C

0444 FUEL 01116; PHYTO PLAN KrOH PHOTOSYNTHESIS;
BEDF ORD BASIN , NOVA SCOTIA ; NORTH WESTERN AT L A N T I C ;  VENEZUELAN CRUDE ;
FUEL 011*2

0434 FUEL 01116; MYA ; CARBON FLUX; CASCO BAY MAINE ;
TAMANO -- CASCO BAY MAINE 1972

0903 FUEL 011—12 ; TOXICITY; SHRIMP (CRASS ); M I N N O W ;  MUMM ICHO G ;
CA T F ISH CHANNEL); BLUEGI LI

0287 FUEL O I L — B O I L E R ;  T A I N T I N G ;  GREEN FISK; EEL; CONTENT ANALYSIS;
G IR E L L A ;  ANGULLA

092-~ FUEL OIL-BUNKER C ; BIRDS; MORTA LITIES : SAN FRANC I SCO BA ?; AUTOPSIES
0255 FUEL O I L — N A V Y  SPECIAL; HYDROCARBON UPTAKE; COMM U N I T I E S ;  INTERTIDAL ;

W A S H I N G T O N  STATE ; GENERAL M C .  ME ICS SPILL
0249 FUEL O I L - N A V Y  SPECIAL; GENERAL M C .  MEICS SPILL; CHRONIC; SURVEYS;

HYDROCARBON CONTENT; INTERTIDAL ; W A S H I N G T O N  COAST; SEA U R C H I N S ;
STRONG Y L C CE H 1 R US

0034 FUN DULUS ; W A T E R  SOLUBLE FRACTION; OIL IN WATER DISPERSION;
CRUSTACEANS; FISH ; TOXICITY; ESTUARINE; SOUTH LA. CRUDE;
K U W A I T  CRUDE; FUEL OIL *2 ; BUNKER C; CYPR IP4OD ON: M E H I D I A ;  PENAFU S ;
PALEOM ON E TES MY~ 1’TW S ~5

u1 2 7 FU~lDUL U S; SALT MARSH; ESTUARY; YORK RIVER; SOUTH LA. CRUDE ;
HYDROC A RB ON A K A L Y ’T S ;  CONTROLLED ECOSYSTEM .: A R O M A T IC S ;
GAS C H R O M A T O G R A P H ( ~ &.C—H S

0134 FU~4DULUS ; NA PHTHA LE P4E ; D I S T R I B U T I O N  IN BODY; STRESS B E H A V I O R
0455 FUN DULU S ; T O X I C I T Y ;  PINEPHALES; A R T E M I A ;  K U W A I T ;  WEST TEXAS ;

MARINE DIESEL; FUEL OIL; LUBE OIL
0370 FUN DULUS ; FUEL 011*2; WATER SOLUBLE FR A C T I O N ;  H A T C H I N G ;  DEVELOPMENT;

HI S T O P A T H O L O G Y
; .‘ L 1U~4DULUS; UPTAKE &DEPURA TION; RA N G IA ;  CRASSOSTREA ; PENA EUS
UU~~3 FUN DULUS ; FISH; L IV E R ;  LIPOGENESIS; R A D I O A C T I V E  TRACERS;

U L T RA S T R U C T U R E ; M E T A B O L I C  P A T H W A Y S ;  G L Y C O L Y S I S
0959 FUN DULUS ; M E T A B O L I S M :  I N T E R M E D I A R Y  METABOLISM;

X( NOBIOTIC M E T A B O L I S M S :  L I POGE NI S IS ; STENOTONUS;
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MIXED -FUNCTIO N OXIDA SES
0008 F U N G A L  E C O L O G Y ; YEAST ; MOLDS ; B I O D E G R A D A T I O N ;  UPTAKE
0065 FUN GI ; PHOTOSYNTHESIS ; RESPIRATION; NITROGEN FIXATION;  BA- T E R I A ;

ALGAE ; ARCTIC ; CRUDE OIL ; NAT URAL GAS ; MICROORGANISMS
0006 F UN C I : B I OD E G R A D A T I O N ; Y E A S T ; G U P P Y ; L O U I S I A N A  C R U D E  O I L
0066 FUNGI; PROTOZOA ; ALGAE ; PLANTS ; LICHENS ; PSEUDOMONAS ; A R C T I C ;

M I C R O O R G A N I S M S ; P R U D H O E  C R U D E  O I L ;  N A T U R A L  O I L  S E E P A G E ;
ALAS KA— PRUDHO E BAY ; CAPE SIMPSON

0225 FUN GI ; DEGRADATION ; BACTERIA; TEMPERATURE ; OXIDATION ; A S S I M I L A T I O N
0226 FUNGI ; DEGRADATION ; BACTERIA ; TEMPERATURE
0205 F U N G I :  D E G R A D A T I O N ; B A C T E R I A ; E M U L S I O N S ; T O X I C I T Y ; T A I N T I N G
0563 FUNGI ; SALT MARSH ; ESTUARY ; YORK RIVER ; BA CTERIA; LOUISIANA CRUDE ;

SEDIMENTS; PETROLEUM D EO P A D IN C
0687 FUNGI; DEGRADATION; PETROLEUM
1053 FUNGI; MICROORGANISMS ; YEAST; BACTERIA; CHESAPEAKE BAY;

S U B S T R A T E  S E L E C T I ON
1068 FUNGI ; BACTERIA ; SUSCEPTIBILITY; TOXICITY; ESTUARY ;

SOUTH LOUIS IANA CRUDE OIL ;  FUEL OIL *2; CHESAPEAKE BAY; GROWTH
111 3 FUNGI; CRUDE OIL; DEGRADATION; BACTERIA; YEAST; SUBSTRATE ;

D I S T R I B U T I O N
1189 FUNGI; MICROORGANISMS; BACTERIA; YEASTS; BIODEGRADATION; CRUDE OIL;

N I G E R I A
0263 FUNGUS ; BACTERIAL DECRADAT ION; SEASONAL FLUCTUATION;

SPECIES DISTRIBUTION; CHESAPEAKE BAY
0466 FUNCUS ; GAS OIL; BIODEGRADATION
1055 FUNGUS ; DEGRADATION; CLA DOSPOR IUN ; OXIDIZING SYSTEM;

PATHWAYS—METABOLIC; PESTICIDES ; RADIOACTIVE TRACER EXP ERIMENTS
1056 FUNGUS ; DEGRADATION; BACTERIA; CLADO SPORHJM ; WATER ; SEDIMENTS;

CHESAPEAKE BAY; HYDROCARBON C O N C E N T R A T I O N  V

0367 FUTURE STUDY RECOMMENDATIONS; WAST E OIL ; SHORT TERM IMPACT
0594 GADUS; CRUDE OIL ; FISH FRY; DISPERSANTS ; COO ; HERRINC ; CL (IPEA ;

T O X I C I T Y ;  E M B R Y O L O G Y ;  CHEMORECEPT ION
0354 G A L V E S T O N  B A Y ;  OYST ERS ; C R A S S O S T R E A ;  H Y D R O C A R B O N  C O N T E N T ;

C O L U M N  C H R O M A T O G R A P H Y ; TLC ; MASS SPECTA; UV SPECTRA
0111 GALVESTON BAY TEXAS; BIOLOGICAL INDICA TORS;

S P E C I E S  D I V E R S I T Y  I N D I C I E S ; F I S H
0036 GALVESTON 8AY~ TEXAS ; OYSTERS; UPTAKE AND DEPUR A TIO N ;

A N A L Y T I C A L  METHODS (UV ~~CC) ; ANALYSIS FOR HYDROCARBONS; C RA S S O S T R EA ;
G U L F  OF M E X I C O

0480 GALVESTON TEXA S; DEEPWA TER PORT; ENVIRONMENTAL IMPACT
0424 GAMETE FORMATION ; OIL; DISPERSANTS; TOXICITY ; POLYCH A ETE; SPAWNING;

G R O W T H ;  M O R T A L I T Y ;  C IRR ATULUS ; C I R R I F O R M I A ;  BP IOO2 ; COREX IT ;
ES SOLVE NE

0630 CA MNA RUS; AN PNIPOD J TOXICITY; BEHAVIOR; LARVAE; FECUNDITY
0834 GAM MARUS ; CRUDE OIL ; IDOTEA; LONGEVITY; A M PHIP O D; ISOFOD ;

O X Y G E N  C O N S U M P T I O N
0067 GAS CHROMATOGRAPHY; DEGRAD ATION; COMPONENT PREFERENCE; MASS SPEC.;

RATE AND EXTENT ; C02 PRODUCTION; PREFERENTIAL DEGRADATION;
MIN E R A L I Z A T I O N ; PARAF FINN IC CRUDE O IL ; BACTERIA ; B100 EGRADA TIO P4

0068 GAS CHROMATOGRAPHY; ABUNDANC E ; DISTRIB UTION ; B I Q I N O I C A T O R ;
E NU PI ERAI I O N ; CRUDE O I L -  SW EDEN ;  T E M P E R A T U R E ;  LEVEL  OF O I L ;
MIC ROORGAN I S M S ; B I O D E G R A D A T I O N ;  R A R I T A N  B A Y  N . J .

0127 GAS CHROMATOGRAPHY; SALT M A R S H ;  E S T U A R Y ;  YORK RIVER ; SOUTH LA . C R UD E ;
H Y D R O C A R BON A N A L Y S I S ;  C O N T R O L L E D  E C O S Y S T E M ;  FUNDULUS ;  A R O M A T I C S ;
CC—M S
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0148 GAS CHROMATOGRAPHY ; SEDIMENTS ; OYSTERS; SCALLOPS ; B I O D E G R A D A T I O N ;
T O X I C I T Y ; C O N T E N T  A N A L Y S I S ; W EST FA L M O U T H  O I L  S P I L L ; B U Z Z A R D  B AY

0323 GAS CHROMATOGRAPHY ; TAINTING ; FISH; Y ELLOWTA IL ; CRUDE OIL ;
V A P O R  A N A L Y S I S ;  SERIOLA

0253 GAS CHROMATO GRAPHY; H—P A RA FF INS ; COLUMN CHROMATOGRAPHY
0332 GAS CHROMATOGRAPHY ; HYDROCARBON CONTENT ANALYSIS ;

T H IN  L A Y E R  CH R OM A T O G R A P H Y ; H I G H  PRESSURE LIQUI D C HROMATOGRAPHY ;
S A N  F R A N C I S CO BAY ; S P O N G E ; MU S S E L ; C R A B

0410 GAS CHROMATOGRAPHY; CLAM ; RAN GI A ; HAPHT HALENE S; TRINITY 8AY~ TEXAS;
OIL SEPARATOR PLATFORM; U P T A K E ;  DEP URA T ION ; SEDIMENTS ;
HYDROCARBON ANALYSIS

0366 GAS CHROMATOGRAPHY; FUEL OILS2; H IANTIC BAY , CT. ;
BENTHIC COMMUNITIES; AM PHIPODS ; HERMIT CRABS ;
HYDROCARBON CONTENT ANALYSIS

0376 CAS CHROMATOGRAPHY ; HYDROCARBON CONTENT ; EXTRACTION TECHNI QUES
0379 GAS CHROMA TOGRAPHY : HYDROCARBON ANALYSIS ;

PETR OLEU M VS. BIOSYNTHES IZED NC ’ S
0426 GA~ CHROMATOGRAPHY ; HYD7OCARBON CONTENT ANALYSIS ; PARA FFIPU ; ; SQUID;

SHRIMP ; FISH
0401 GAS CHROMAT O GRAPHY ; MUSSEL; MYT ILUS ; LAGOON OF VEN ICE .ITA L Y ;

H Y D R O C A R I J CN C O N T E N T  A N A L Y S I S ; D I S T A N C E  FROM POLLUTION SQJRC E ;
EXCHANGE WI TH SEA

0505 GA S C H R O M A T O G R A P H Y ; H Y D R O C A R B O N S  C O N T E N T  A N A L Y S I S ;
DYNAM iC HEAD SPACE SAMPLING ; COUPLED-COLUMN LI Q UID CHROMATOGRAPHY ;
M A S S  S P E C T R O M E T R Y

0504 GA S C H R O M A T O G R A P H Y ; H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S;
ALASKA-PR . WILLIAM SOUND

0600 GAS CHROMATOGR A PHY; PETRO SULFAR COMPOUNDS ; AROM A T I C  HYDROCARBONS;
MO D I IJLLJS ;  C R A S S O S T R E A ;  R E T E N T I O N ;  FLAME I O N I Z A T I O N  D E T E C T I O N ;
FLAME PHOT (’NETRIC DETECTION; GAS CHROMATOGRAPHY-MASS SPECTROMET R ’~

0670 GAS C H R O M A T O G R A P H Y ;  O I L ; F U E L  011 12 ; J P 5 F U E L ; S E D I M E N T S ;
S E A R S P O R T  SPILL

0688 GAS CHROMATOGRAPHY; FUEL 01LS23 WEST FALMOUTH . ~ ILD H ARBOR . MASS.;
BENTHIC FAUNA; SEDIMENTS; HYDROCARBON CONTENT ; OPPORT INUSTIC SPECIES ;
RECOVERY; DIVERSITY; POPULATIONS

0694 GAS CHROMATOGRAPHY; DEGRADATION; B A C T E R I A ;  PARAFFIN; CRUDE OIL ;
E M U L S I F I C A T I O N

0738 GAS CHROMATOGRAPHY; N--PARA FF INS ; SEDIMEN TS ; SOLVENT
0680 GAS C H R O M A T O G R A P H Y ; D E G R A D A T I O N ; C R U D E  O I L ; S A N T A B A R B AR A ;

WE ATHERING ;  SEQUENCE OF D E G R A D A T I O N
0641 GAS CHROMATOGRAPHY; ESTUARIES; HYDROCARBON CONCENTRATIONS; SEDIMENTS;

ZOOPLANKTON ; PHYTOP LAN KTON ; CRUDE OIL ; SALT MARSH PLANTS ; D I V E R S I T Y ;
POPULATIONS ; FISH; MIGRATION ; DEGRADATION

0737 GAS CHROMATOGRAPHY; PARAFF INS; FISH; CRUDE OIL ; J U L I A H A  WR EC I~;
SALMON; MULLET; BLACK SEA BREAM

0681 GAS CH R O M A T O G R A P H Y ; H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S
0692 GAS CHROMATOGRAPHY; HYDROCARBON CON TENT ANAL Y S I S ;  MULLET; SHRIMP

O Y S T E R ; L I Q U I D  C H R O M A T OG R A P H Y
0 7 8 8  GAS CHROMATOGRAPHY; FISH; PARIFFINS; EELS; ARA B I A N  LIGHT CRUDE OIL;

TAI NT I’ JG ; ORGANIC SULFUR
0748 GAS CHROMATOGRAPHY; BIOASSAY; SALT MARSH ; MICROCOSM ;

SP E C T R O P H O T O M E T R Y ;  U L T R A V I O L E T :  FLU OR ESENT
O?B 6 GAS CHROMATOGRAPHY: TAINTING ; JAPANESE COAST; FISH: EELS;

IR ABSORPTION; UV ABSO R PTION ; MASS SPECTRUM; TOLUENE ;
N IZUSHIMA , JAPA N ; AROMATIC HYDROCARBONS ; GASOL I NE
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07 5 9  G~~ C H R O M A T O G R A P H Y ;  CLAMS ; UPTAKE ; DEPURATION ; CONTENT A N A L Y S I S ;
CRUDE O I L S  FUEL OIL *2; SOLUBLE F R A C T I O N S

Ofl3 GA S C H R O M A T O G R A P H Y ;  C L A M ;  M A C O M A ;  PRUONQE BAY CRUDE O i L ;
H Y D R O C A R B O N  A N A L Y S I S ;  B EHAVIOR ; B U R R O W I N G

G~322 GAS C H R O M A T O G R A P H Y ;  KEROSENE ; M U L LET ; T A I N T I N G ;  MU GIL
1013 GAS C H K O M A T O G R A P H Y ; E S T U A R I HE ;  DIATOMS; SELECTIVE ABSORPTIO N
09b3 GAS C H R O M A T O G R A P H Y ;  B I O D E G R A D A T I O N ;  YEAS T; TEMPERATURE ;

A CI D PRO DUCT 1OH ; SUBSTRATE SELECTION
1041 GAS CHR O M A T O G R A P H Y ;  K U W A I T  CRUDE OIL ; SUSPENSION ; CO R E X I T  7664;

SPE CT ROF L UOR 0PlETR~~; COPEPOD : T O X I C I T Y :  LOHG-~~E R N  E F F E C T S ;
R E P R O D U C T I O N ;  EGG P R O D U C T I O N ; H A T C H I N G  SUCCESS

11 5 7 GA S C H R O M A T O G R A P H Y ;  SOUTH L O U I S I A N A  CRUDE OI L ;  OYSTERS ; CRASSOS TR EA ;
A N A L Y S I S  FOR HYDROCARBONS; M O R T A L I T Y

1074 G~~ C H R O M A T O G R A P H Y ; A L I P H A T I C ;  A R O M A T I C ;  D E T E R M I N A T I O N  T E C H N I Q U E S ;
M A R I N E  OR GA NISMS; ETHER EXTRACTION; SILICA GEL CHROM ATO RA PHY ;
MASS SPECT RO METRY

10 72 G A S  C H R O M A T O G R A P H Y ;  H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S ;  S i L i C A  G E L ;
TISSUE E X T P 4 C T T O P 4

1075 GAS CHROMATOGRAPHY ; A N A C O R T E S ;  TRANS ECTS ;
H Y D R O C A R B O N  CONTENT A H A L Y S I S ; D I V E R S I T Y  I~ 4 I D I C E S ;
I N T E R T I DA L  I N V E R T E B R A T E S

1095  G A S  C H R O M A T O G R A P H Y ;  M I C R O A L C A E ;  W A T E R  SOLUBLE F R A C T I O N ;
H Y D R O C A R B O N  A N A L Y S I S ;  MA S S  S P E C T R O M E T R ’ f : B A Y T O W N :  M O N T A ~4 A ;
B A T O N  ROUGE ; NEW J E R S E Y

1 1 3 7  G A S  C H R O M A T O G R A P H Y ;  A U S T R A L I A ;  U P T A K E ;  R E T E N T I O N ;  D E P U R A T I O N ;
M Y T ILUS; MUSSEL; EFFECT ON ECOSYSTEM; B IO IND ICATORS ; TOXICITY

j i b ;’ G~~S C H R O M A T O G R A P H Y ;  C A L I F O R N I A ;  T A I N T I N G ;  PETROLEUM; CLEANIN G AGENTS ;
O R G A N O L E P T I C ;  B I O D E G R A D A T I O N

1 1 87  G A S  C H R O M A T O G R A P H Y ;  S C A L L O P S ;  P E C T E N ;  PA RA F F I H S ;
A N A L Y S I S  FOR H Y D R O C A R B O N S

1 1 9 4  G A S  C H R O M A T O G R A P H Y ;  T H I N  L A Y E R  C H R O M A T O G R A P HY ;
A N A L Y S I S  FOR H Y D R O C A R B O N S

0 ’ ) 2 3  G A S  C H R O M A T O G R A P H Y —  M A S S  S P E C T R O S C O P Y ;  T A I N T I N G :  M U L L E T ;  M U G I L ;
K E R O S E N E ;  G A S  L I G U I D  C H R O M A T O G R A P H Y ;  INFRA RED S P E C T R O S C O P Y ;
R A D I O A C T I V E  TRACERS; UPTAKE; PROTON MA G N E T I C  RESONANCE SPECTROSCOPY

0600 GHS C H ROM A TOGRAPHY-MASS SPECTR O ME T RY; PETRO SUL FAR COMPOUNDS ;
A R O M A T I C  H Y D R O C A R B O N S ; M O DIOLUS ; C R A S S O S T R EA ;  RETENTION ;
FLAME I O N I Z A T I O N  DETECTION; FLAME PHOTOM ETRIC DETECT 1ON ;
G A S  C H R O M A T O G R A P H Y

0577 GA S E X C H A N G E ;  REEF C O M M U N I T Y ;  R E S P I R A T I O N ;  C A L M I N G  EFFECTS ;
FIELD FENCING TECHNIQUES; CRUDE OIL ; TOXI N CTY ; BEHAVIOR ;
H E R O N  IS GREAT B A R R I E R  REEF A U S T R A L I A

0955 CR5 EXCHANGE; SALT MARSH; PLANT S ; WEATHERED OIL ; D E G R A D A T I O N ;
R E T E N T I O N ;  B R I T T A N Y ; TORREY CANYON

0923 GAS L I C U I D  C H R O MA T O G R A P H Y ;  T A I N T I N G ;  MULLET; M U G IL; KEROSENE;
G A S  C H R O M A T O G R A P H Y- M A S S  S P E C T R O S C O P Y ;  I M F R A  RED S P E C T R 3 S C O P Y ;
R A D I O A C T I V E  T R A C E R S ;  UPT AK E ;  PROTON MA GNETIC RESONA NCE sPECTROSCO PY

0251 GA S LI QUID C H R O M A T O G R A P H Y ;  P A R A F F I N S ;  L I Q U I D - S O L I D  C H R O M A T O G R A P H Y ;
TECH NI 0 liES

G55 -~ G.45 LI QUID C H R O M A T O G k A P H Y ;  SAN T A  B A R B A R A  SPILL;
B A C T E R I A L  P O P U L A T I O N S :  S E D I M E N T S ;  H Y D R O C A R B O N  A N A L Y S I S

U4 6 ~ Ci.~S O I L ;  B IO U E l . k A U ,~T I O N ;  ~ UHGUS
0 9 1 4  GAS WASTES: HYDROCARBONS; FISH; TO X I C I T Y ;  B EHAVIOR: A T T R A C T I O N ;

S U N F I S H  ( O R A N G E - S P O T T E D )
0130  G A S - L I Q U I D  C H R O M A T O G R A P H Y ;  H Y D R O C A R B O N ;  A N A L Y S I S  FOR P H C ’ S ;  N - A L K A H E ;
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M E T H Y L A N A P H T H A L E N E ;  SHELLF ISH ; COLUMN CHROMATOGRAPHY
1 J 4 1 1  G ASEOUS E X C H A N G E ; R E V I E W ;  SPREADING OF OIL; T O X I C I T Y ;  T A I N T I N G ;

OYSTERS; DIATOMS ; BLEED WATER; OFFSHORE D R I L L I N G
C0~~2 G A S O L I N E ; DONNA M A R I K A  - SPILL 1973 ; LIMPETS; NA R C O T I Z i~T IOH ;

M I L F O R D  HA VEN . WALES
OO~~7 G A S O L I N E ;  COPEPOD; T O X I C I T Y ;  CRUDE OIL F R A C T I O N S ;  KEROSENE ;

T i GR 100 05
0 1 4 9  G A S O L I N E ; O U T B O A R D  ENGINE E M M I S S I O N S ;  P H Y T O P L A H K T O N ;

S P E C I E S  D I V E R S I T Y ;  F I X A T I O N ;  CHLOROPHYLL ;
ZOQP LAN KTON POPULATION DYNAMICS ; BEN THIC N I C R O I N V E R T E B R A T E  C O M M U N I T Y

j ;~~~~i G A S O L I N E ;  STREAMS; MAC RO INVERTE 8RA TE S ; ORTH OCLAD IUS; RECOVERY;
D I V E R S I T Y  INDEX

O~~66 GASOLINE; TAINTING ; JAPANESE COAST ; FISH; EELS; GAS CHROMATOGRAPHY ;
IR A BSORPTION ; UV ABSORPTION ; MASS SPECTRUM; TOLUEHE;
MIZ U SHIMA . JAPAN; A ROM~~T I C  H Y D R O C A R B O N S

U~~5 l G A S O L I N E ;  OIL SPILL INC I DENT ; DECEPTION BAY Q1-EBEC DIESEL oil ;
M Y T I L U S ;  FUCUS

09 9’ G A S O L I N E ; SHAD; A LOSA ; TOXICITY ; PETROLEUM PRODUCTS ;
DISSOLVED OXYGEN ; SYNERGISM ; FUEL OIL; BUNKER OIL

0125 G A S O L I N E  F R A C T I O N S ; TOLUEHE ; XYLENE ; BEHZENE; TOXICITY;
MOS Q UITO LARVAE; AEDES AECYPTI: WATER SOLUBLE FRACTIONS

0358 GASTROPODS ; PIA CR OFAUHA ; RED SEA ; TOXICITY; CRUDE OIL: D ISPER SANT ;
CORAL ; HETEROXENIA ; MUS SELS ; CHITON ; SEA URCHIN; HERMIT CRAB; S H R I M P ;
G O A T F L S H; R A B B I T F I S H

0962 CA STRO PO DS; TOXICITY; LONG TERM EFFECTS ; INTERTIDAL; B I V A L V E S ;
DIESEL FUELS MARINE ; ROCKY SHORE ; FAUNA; L A M M A  IS .; HONG KON G ;
D I  S P E R S A N T S ;  R E C O V E R Y

u 12 ? GC -M5 ; SALT MARSH; ESTUARY; YORK R I V E R ;  SOUTH LA. CRUDE ;
HYDROC A RBON ANALYSIS; CONTROLLED ECOSYSTEM; FUHDULUS ; A R ONAT ICS;
G A S  C H R O M A T O G R A P H Y

‘~~~~i G E N E R A L  P1 C. M E I G S  S P I L L ; C H R O N I C ; S U R V E Y S ;  H Y D R O C A R B O N  C O N T E N T ;
I N T E R T I D A L :  WASHIN G TON COAST ; FUEL OIL—NAY ’! SPECIAL ; SEA URCHINS ;
S I RU HG V LO CE N TR U S

0255 CEt4 ERAL M C .  MElDS SPILL; HYDROCARBON UPTAKE ; COMMUNITIES ;
IN T E R T I D A L ;  WASHINGTON STATE; FUEL O I L — N A V Y  SPECIAL

056 .., G E H E R A L  P O L L U T I O N ;  C A S P I A N  S E A ;  P R O D U C T I V I T Y
1 206 G E O G R A P H I C  DISTRIBUTION ; A R C T I C ;  B I O D E G R A D A T I O N ;  R A D I O A C T I V E  TRACER ;

E F F E C T  OF C L A Y  P A R T I C L E S  ON R A T E ;  E N U M E R A T I O N ;  R A T E ;  D I S S O L V E D  P H A S E
02€. ? GEORGES BANK; R E V I E W ;  DRAFT ENVIRONMENT STATEMENT
0774 G E O R G E S  B A N K ;  E C O L O G I C A L  I M P A C T S ;  O F F S H O R E  P R O D U C T I O N ;  M O N I T O R I N G
0~~i 3 G I L L I C H IH Y S ;  FISH; NA PTHA LEHE; BEHZ (A)PYREHE; R A D I O A C T I V E  TRACER ;

UPTAKE; M E T A B O L I S M ;  D I S C H A R G E ;  SCULPI W ; O L IG O C O T T U S ; COB Y ; SAND DAB;
C I T H A R I C H T H Y S

u ?8? G I R E L L A ;  T A I N T I N G ;  GREEN FISH; EEL; FUEL OIL—B O I L E R ;
CONTENT ANALYSIS ; AN G ULLA

0089 GL A MO R G A N , W A L E S ;  RECOVERY; TOLERANCE; COMMUNITY SURVEY;
SALT MARSH PLANTS; SUCCESSIVE O I L I N G S

0653 GLASS C A P I L L A R Y  GAS C H R O M A T O G R A P H Y ;  A R G O  M E R C HAN T S P I L L ;
HYDROC ARBON CONTENT ANALYSIS

0 7 1 1  G L C ;  HYDROCARBO N ; CONTENT ANALYSIS; BIOGENIC VS PETROLEUM HG’ S; IR ;
MA S S  S P E C T R O M E T R Y ;  M O N I T O R I N G

I o L Y C O G E N  ; FUEL 011*2 ; S O F T  SHELL C L A M ;  M Y A ; EMU LSION ;
TISS UE ABERRATIONS; HISTOP A TNOLOGY; EDEMA; VACUOLATION

‘15 54 G LYCOL I PI D S; YEAST: OXIDATION; TORULOPS IS; METABOLIC PATH W AYS;
AL KANE S
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0893 GLYCOLYSIS ; FISH ; FUPIDULUS ; LIVER ; L I P O G E N E S IS ;  R A D 1 O A C T I ~~E T~~.~C E~~S;
U L T R A S T R U C T U R E ; M E T A B O L I C  P A T H W A Y S

0359 G O A T F I S H ;  M A C R O F A U N A ;  RED SEA ; T O X I C I T Y ;  CRUDE OIL ; D I S P E A SA N T ;
CORa4 L ; H E T E R O X E H I A ;  GASTROPODS ; MU SSELS ; C H I TO N ~ SEA UR H I N ;
H E R M I T  C R A B ;  S H RIMP; R A B B I T F I S H

O~~1~ GO 8~ FISH; N A P T H A L E H E ;  BENZ A)PYRE N E ; R A D I O A C T I V E  T R A C E R ;  U PT C~ .E
M E T A B O L I S M ;  D I S C H A R G E ; SCULPIN; O L I G O C O T T U S ;  G I L L I C H T H Y S ;  SAND r ’A B;
C I  T H A R  I C H T H Y S

0 1 ?~ GOLDFISH ; T O < I C I T Y ; O U T B O A R D  MOTOR EXHAUST ; C O H T I N U O U S  FL OW B I O A S S A Y ;
C i~RAS SINS ; TO L U E N E ;  XYLE H E; TR IMETHY IBE P4ZEN E

0600 C RA M M A R U S ;  P A T E L L A ;  R O C K Y  SHORE
0035 GRAS S  S H R I M P . P A L A E M O N T E S ;  ESTUARINE A N I M A L S ; U P T A K E  AND D E P U R A T I O N ;

T O X I C I T Y ;  RESP IRAT!0P4 ; S O U T H  LA C R U D E ;  P U W A I T  C R U D E ;  F J E L  O I L  *2 ;
BUNKER C; M I N N O W ;  B R O W N  SH R I M P ,P A N A E U S ;  W A T E R  SOLUBLE F~~R C T I O H :
OIL WATER D I S P E R S i O N ; N A P H T HA L E H E S

006 .3 G R E E N  A L G A E ;  M I C R O B I A L  P O P U L A T I O N S ;  PROTOZOA PIS; BLUE GRE E”I A L G A E ;
D I A T O M S ;  D E G R A D A T I O N ; YEAST; SPECIES DI V E R S I T Y ;  N A T U R A L  SEEPAGE;
PRUDHOE CRUDE O I L ;  A R C T I C ; A LA SKA-P R UDH O E BAY; CAPE S I M P S O N ;
N U T R I E N T  EHR ICHPIENT

0 9 4 1  G R E E N  A L G A E ;  W A T E R  S O L U B L E  F R A C T I O N ;  C R U D E  O I L ;  H A P H T H A L E ~~E;
P H Y S I O L O G Y ;  M O R P H O L O G Y ;  F R E S H W A T E R

O94~ G R E E N  A L G A E ;  HA P T H A L E H E ;  ~IA T E R  S O L U B L E  F R A C T I O N ;  C H L 4 M Y D O M O N A S ;
PHOTOSYNTHESIS : U P T A K E ;  D E P U R A T I O N

0787 GREEN FISH~ T A I N T I N G ; EEL; FUEL O I L — B O I L E R ;  CONTENT A N A L Y S I S ;
G I R E L L A ;  A H G ULLA

057 3 GREEN SEA URCHIN ; T O X I C I T Y ;  VENEZUELAN CRUDE OI L ;
B E D F O R D  B A S I N  NOVA SCO T IA ; OIL SPERSE

3.316 GREY SEALS ; PEMBR O KESH IRE WEST WALES; B E H A V I O R ;  GROWTH; M 3RT~s L I T Y
~).j 7 G R O W T H ;  SA L N O H — C H I H O O K ;  BENZEHE
QQ 37 G R O W T H ;  OYSTERS; UPTAKE AND DEPURATIO W ; C R A S S O S T R E A ;

A N A L Y S I S  FOR HYDROCARBONS
‘:311 G ROWTH; PE 1ROLEUM PRODUCTS; BLUE GREEN A L G A E ;  A PH A H I ZO M E N 3 N ;

SCENEDESMUS . MORPHOLOGY; PRO TOCOCC A L ALGAE
0028 GROW TH; PETROLEUM HYDROCARBONS; M A R I N E  ORGANISM S
0207 GROW TH; NERCE NARI A ; T O X ICITY; EMBRYOS ; LA R V A E ;

~IH TE R SOLUBLE F~~~CT I 0N CRUDE ; REFI ll ED; URS TE
t !14O CP0’~ 1H; CLA MS ; SLIDY I VA L
0 3 22 C P O !~ T H ;  AL GAE : E U G L C H A ;  E~’E [ ~F~~ ’U S ;  L~ I B R i C A T I N G  O I L S ;  D I E S E L  O I L ;

PHOTOSYNTHETIC M E TI~B O L  I S M
O~~1; CR0~~Tll ; GREY SEALS; PEPIBR OK ESHI RE “EST ‘~ALES; B E H A V I O R ;  M )R TA L IT Y
0350 G R O W T H  PHY TOP L RH KT ON ; PM P H I  0 T N  T U M  ; ~P F L E T 3 N E M A ;  CP ICOS PH~~ERA

D U P I A L IA L L A ;  B E N Z E H E ;  TO I .U E NE ;  X Y L E N E ; FUEL O I L* 2
0~~24 GR~~W T H .: O I L ;  D T C P E R S A N T S ;  T O X I C I T Y ;  P O L Y C H A E T E ;  G A M E T E  F0 M A T I O N ;

S P A W N I N G ;  M O R T A L I T Y ;  C ! P P A T U L U S ;  C I R R I F O P M I A :  8 P 1 0 02  C 3 R E Y I T ;
E S SO LV £ NE

0 4 8 3  G P O I d T H ;  M Y T T L U S ;  S A N T A  B A R B A R A  S P I L L ;  B O D Y  W E I G H T
05c~7 C~~J ’~T H ;  C A S P I . ~N S E A ;  ~E H T H O S ;  C R U D E  O I L ;  R E P I ? O D - J C T ! O H ;  C l 1 I P O ~l OM U~~;

C1P~.ST0DtP~~.~ N- .IS ; ~ r~~[J5 ; FY AH’c5 c ,FI- , ~ r~PA
0508 GP~~UTH ; CRAS SO S T R E A ;  OYSTER; M E R C E N A R I A ;  C L A M ;  SUR~~A C T A N T ; L A R V A E ;

C C V E L O PM E N T ;  S U R V I V A L ;  T O X I C I T Y
0501 GROWTH; PHYT O PLANK ION ; PHOTOSYNTHESIS; PLANTS; C O M M U N I T Y  E F F E C T S ;

- ,PCT IC ; PERI P P4YTO N P0PUL~~T iOH ‘:OM PO;I T ION: SE .1S0H’~L ‘SU -C E S S ION;
M A C K E N Z I E  V A L L E Y  HW T

0572 GR O W T H :  FRESH W A T E R ;  C H L O R E ILA  V f J L G A R I S ;  A L G i ~E ; T O X I C I T Y ;
P H O T O S Y N T H E S I S ;  B F H Z E H E ;  X Y L E H E ; T O L U F t I F ;  N A ° T H A L E H E
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0713 G R O W T H ;  C H R O N I C  P O L L U T I O N ;  O I L  P O R T ;  PONA T O LE I0S; T O X I C I T I ;  i.U~~~ IT ;
o V ER S I TY ; SU CC E S S I OH

0651 G R O W T H ;  OYSTER ; C R A S S D S T R E A ;  L O U I S I A N A ;  OIL SPILL; M O R T A L I T Y ;  SET;
0~~SEAGE I V ; ~~~~~5~~~ T - ,THT ING

0710 GRO W TH ; A LGAE ; PETR 3L EUM ; T O X I C I T Y
0761 GROW TH; TOXICITY; A R O M A T I C S ;  PHEHQTHR EHES ; E S T U A P I N E ;  B E N T H I C ;

OCEANIC ; LA R V A E ;  J U V E N I L E S ;  R E S P T R A T I O ~4 ; U B L E T H A L
0822 CRO~~TH ; l I T T 3 R i 4~~; H U C E L L~~; BUCINHUN ; D E T E R G E N T S ;  M O R T A L I T Y  BP 1002;

T AP SO LVENT
O~~4~ G R O W T H ;  CRUDE OIL: NAPT HA LE N E ; WATER SOLUBLE FR~~C T I  O~l ; CII I .~MYDO’1ON ~~3

T O X I C I T Y
086 - 3  G R O W T ~l; CRUDE O I L ;  S A L M O N ;  O N C O R H Y N C H U S ;  E G G S ;  A L E V I M S ;  F R Y ;

T O X I C I T Y
1 0 2 1  G R O W T H ;  D E T E R O E r I T S ;  P H Y T O P L A N K T O N
0 185 G R O W T H ;  BEP~,7 E H E ;  H E R R I M G ;  A N C H O V Y ;  E G G S ;  L A R V A E ;  T O X I C I T Y ;

~ B H O R M A L :  T I E S ;  RES P I R A  T I  OH ;  FEED INC
1 020 CRI’4TH ; ALGAE ; ZMULS IF IERS ; BIOASSAY; TOXICITY; POPULATIO N ; TISSUES;

L A y E R  POPPH ~~RA
1 1 2 1  G R O W T H ;  M A L L A R D ;  T O X I C I T Y ;  P H Y S I O L O G I C A L  E F F E C T S ;  FUEL O I L ;

H A T C H ING S ’ i C C E S S ; P A P A F F I N S
1 1 4 2  GROWTH ; DUCX : H A T C N A B IL I T Y ;  A R O M A T I C S ;  E F F E C T S  ON O R G A N I S M S ;

P E P R O D I VJ C T O H I~ D E V E L I P M C N T
i 0 7 9  G R O W T H ;  L O B S T E R ;  H O M A R U S ;  L A R V A E ;  T O X I C i T Y ;  B E H A V I O R ;

VENE zuELA CRUDE O1 L~ FOOD CON SUMPT ION ; DISPERSIONS
1131 GROWTH ; M I CROFLORA; PHY TOPLA HKTDN ; A L G A E ;  CRUDE O I L ;  FUEL O I L ;

T O X I C I T Y ;  H A P N T H A L E H E ; P H E N A N T H R E N E ;  A R O M A T IC S ;  A L G A E - C ~~E E P 4 ;
ALGAE-BLUE GREEN; DIATOMS

1O.~3 GROWTH ; BA C TER I’~ ; SU SC E P T I B I L I T Y ; FUN G I ; T O X I C I T Y ;  ESTUARY ;
SOUTH LOUISIANA CRUDE OIL; FUEL OIL  *2 ;  C H E S A P E A K E  B A Y

12 1~ GROWT H ;  A L G A E ;  PO R PHYRA ; D I S P E R S A N T S ;  T O X I C I T Y
1170 G R O W T H ;  FUEL OIL; FLOUNDER; REPRODUCTION; H A T C H I N G  SUCCES ; EGGS ;

L~~PVA E ; H ISTOP4 THOLOC Y
1182 GROWTH ; CRUDE OIL ;  CRAB; SHRIMP ; A L A S K A ;  E lIBR YO G E H ESIS; C-b k INLET
12 11 GROWTH; FUEL OIL *2 ; EIDER; EGGS ; HATCHING SUCCESS ; DUCKS
0725 GROWTH ENHANCEMENT; PLANTS , AOU AT I C; BACTERIAL DEGRADATION ; R I V E R S
:052 GROWTH POTENTIAL ; D E G R A D A T I O N ; B A C T E R I A ;  SEDIMEN TS; NORTH A T L A N T I C
1 O 7  GROWTH POTENTIAL ; D E G R A D A T I O N ;  BA C T E R I A ;  SEDIMEN TS ; DEEP 5EA ;

I N O R G A N I C  N UTRIENTS
0453 GROW TH RATE ; CRUDE OIL ; R E F I N E D  O I L ;  T O X I C i T Y ;  B A C T E R I A ;

VA ER SOLUBLE F R A C T I ON A R O M A T I C  H Y DROCA P8~~NS ; W E A T H E R I N G ;
M A X IM U I M  CELL DENSITY

0685 GRO W TH RATE; FIELDS STUDIES; CHRONIC P O L L U T I O N ;  SANTA B A R B A R A  S P I L L ;
LAI .E M A R A C A I B O ,  VENEZUELA ; B E R M U D A ;  T I M B A L I E R  BAY , LA
POPULATION LEVELS; D I V E R S I T Y ; SIZE ; REPRODUCTION ; A B N O R M A L  G R nW T H S ;

03 48 GR JWTH RATE; CRUDE OIL; SOUTH L O U I S I A N A  CRUDE; K U W A I T  CRUD E ;
FUEL OIL I2 ; PHOTOSYNTHESIS; M I C R O A L C A E - T O > , I C IT Y ;  BLUE GREE N ; D I A T O M ;
O I NO F L A G E L L A T E

080? GROWTH RATE: WA TER SOLUBLE F R A C T I O N S ; CRUDE O i l; M I C R O A L C~~E
A Y D R Q C ’ R B O N  A N A L Y S I S ;  S E D I M E N T S ;  W A T E R S ;  8 10 14;

‘ ‘TH ‘E<AS OU TE R S7H T~~H E P ~I 1 At  C I~rLF
O5.’O G R O W T H  RATES; CRUDE OIL ; C H L O R E L L A ;  W A T E R  S O L U B L E  F R A C T I O ~lS ;

T O X I C I T Y ;  S T I M U L A T I  Oil
0719 GROWTH RATES ; A LGAE.; PIATYM ONA S ; T O .7 C I T Y ;  F INE STRUC TURE;

NAN O P L A N K T O N ; CRUDE O I L ;  E M U L S I F I E R

0 - 9 1
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FA - T F S  O I L ;  A L G 4 E  C I N O F L A G E L L 4 T E :  O t I N A L I E L L A ;  D I A T O M ;

~~~~~1~~- .RIu. ~~ E M I C  C’U~~~JPES
4 ~~~~~~~~~~~ P~i T E S ; A L G A E ;  M 4~~ I H F  P H Y r O P L ~~

(
~ , T O H ;  C R U DE U I L ;  FU I L  O I L  *2

- :- 57 P ~ T C ,  ; BACTERIA ; i)E~~A;)AT 1OI~; )Y TEMPERATURE
-; ~ ‘ O U ~~~i GES; T o X ; c : T ~~; R E V I E V  C R:j ~~~E O I L ;  B I O A S S A Y ;  M O R T A L I T Y

V - -  ~~~~~~~~~~~~~~ •~~~p~~~ -~~Q~ 2
~~L~ 1 A R S I I , S H L T  ~1A P S H  G R A 3 E~

1, 1 c ~ ~ L S c~ ; ~ 71’E 7 70 CU
t 1’ G L J ; ; L F I O T S ;  B PDS ; ~1 )PT

,
~L i T I E . S , C O N S E R V A T I O N

- : i  r u I i~~ F M f l T s ;  PL W 9 C F ;  iIE~4R NG
~~~~ j ’ l L E M O ~~S ;  I O P P E Y  C A N O N :  B I R D S ;  M O R T A L I T I E S ;  P A Z O R B I L L S

V .~~~~~~~ j ~ J L L L t 1 O T S ;  B I R D S ;  8RI .ID I N G  C O L O N I E S ;  O I L ;  W O R L D  W A R  2 O IL  P O L L U T I O N ;
F I N S

; V~~~~~~~~ C J I L L I . I O T S ;  B I R D S ;  GULLS ~‘I T T T W A K E S  B E H A V I O R

~72I’ GULF UI A L A S K A  H Y F O 7 H E~~ICAL SPIL LS ; A T L A N T I C  COAST;

~ (JL !~J L  X ~~~~ L : ~C T
)33à G U L F OF ~E~~I C O ;  OS’ S~~E R S ; U P T A K E  A N D  D E P U R A T I O N ;  G A L V E S T O N  B A Y ,  T E X A S :

A~lAt. Y ’ I C A L  IE’HO DS (UV GC~~: A N A L Y S S FUR H Y D R O C A R B O N S ;  5PA S SOS TP E~
3 :~~ ~J LF OF 1E~~iC U O I L  S P I L L  INC DE~~T ;  O F F S H O R E  W E L L S ;

C H E V R O N  O IL PL~~T F O R M

~~~4 SUL K 0- ‘E~~1CO LO W M O L E C U L A R  W E I G H T  H Y D PO A PBO.’IS;
I j F 1 5H OPE PPOL’U IO h T O C I C ] T Y

J~~ ,i~~F OF ~.E~~I C O ;  P A P A F F I N S ,  P IV A H t T O H
‘ 5 1  G U L F  OF M E X I C O ;  C A P I T E L L A ;  C O R D G R A S S ;  M A N G R O V E S ;  C R U D E  O I L ;  M A R S H ;

~~~~
f .  

~~~~~~~~~~~~~~~~~~~ O F c. P ! L LS

~ O O 4  GULF  OF S T  L A W P E N C E :  ~ A G D A L E H  IS L I T T O R A L  C O I P 1 U H I T Y ;  C~~H A D A

~~~~ G U L F  R E F T ’ 4 E R ~ S P I L L ;  D I S P E R ’ 3 A N I S ;  C LI R Y S S I  P G O J L A H D R T S  S’ILI. A G E ;
0 ” I C I T Y :  ~~~~~ ~ O ’ ~’ G E  S’~ !I.~~ A G E  T~~~~P E Y  IN N Y O N  SP ILL

-44 ~ Ui~~ ~~; B I R [ , S ;  H A T C H I N G  S U C C E S S ;  E M B R Y O N I C  D EV E L -) P M E N T ~ E l D E R S ;

~ A 1 1 A P D S :  P A T H O L O C I C A L  E F F E C T S ;  FUEL O I L ;  C P J 3 E  O I L
0165  G U L L S ;  B I R D S ;  G U I L L I M O T S ;  K I T T I W A K E S ;  B E H A V I O R
‘ ) 7 1 7  C U L L S ;  B 1 P D S ;  M O R T A L I T I E S ;  S A N  F R A N C I S C O  S P I L I - 1 9 3 7 ;  W A T E P F U W L
) ‘ O S  G u P P Y :  B I O D E S P A D A T T O N ;  Y E A S T ;  L O ’ J I S T A N A  C R U D E  O I L ;  F U N G I
1 3 5 1  H~1 D O C K ,  D I S P E R S A N T ;  T O X I C I T Y ;  F I S H ;  L A R V A E ; H E R R I N G :  P IL H A R D ;

P L A I C E ;  S O L E -  L E P I O 4  S O L E  B P I O O 2 ;  D E LA ~~Et E F F E C T S  E M B R Y O L O G Y ;

~[ ~~~~ O R A L  
C N A N C E S

~~~~~~~~~~~~~~~ T~~T~4 T I ~~~ ; L I S T I L L A T E S ;  ~ O T A T Q ;  V A S C U L A R  P L A N T S
0 0 2 5  H~,i. I~~H O L t J S ;  A R C T I C ;  C R U D E  O I L ;  A M P H I P O D ;  C O E L E N T E R A T E ;

LO 1. O P I O T I P ’ A C T I V I ’ Y ;  S U B L E T H A L  E F F E C T S ,  O N I S I M U S

~55~ ~~~~~~~~~~~ ‘PADEP S P i L L ;  B I R D S ; I R I S H  SEA
2 4 2 5 ~~~~~ S E A L S ;  P I N C E D  S E A L S ;  P H O C 4 ;  S T R E S S ;  I N G E S T I O N
0~~4) Hr~PF ,~C~~I C O D C O P F P O D S  A R G O  PI EP I,HAHT S P I L L ;  P E H T H I C  F A U N A ;

S P E C I E S  D ’ I E R S I T ? -  P O P U L A T I O N  D E N S I T Y :  I N T E R T I D A L  F A U N A :  P O L Y C H A F T E S ;
.~~ ;‘ i’~ :I J E S

. 5 ) 3  -‘ .~~P A C T I C O I D  C OPEP003; ~O~lG K ON G; D IESEL SPILL ; M E IO FA U PIi ;
S A p i r v B E A C H E S ;  I N T E P T  I L’A L ;  PIEMA TO DES

.V’ J V I~~~C l A 3 I L I T Y ;  O I L ;  B I R D S ;  D U C K S ;  R E P R O D U C T i O N ;  I N G E S T I O N ;  C O A T I N G
~~~~~ H~~Y C H 4 G I L I T Y ;  D U C K S ;  G R O W T H ;  A R O M A T I C S ;  EFFEC T S ON O R G A N I S M S ;

E E PP O D U C T  I O N  & C E  ~F LO P IL NI
137 1) H A T C : 4 1 1 4 G ;  ~ t l4 DT J L U S ;  FUE L O I L * 2 ;  ~ A 1 E R  S O L U B L E  F R A C T  I O N ;  ~ E V E L O P M F N T ;

I S T OF~’ T H O L O G Y
~~~~~~~~~ N.4 E C l 4 I N ~, ; C R U D E  O I L ;  Pt T P O I . E U M  F R A C T I O N S ;  ‘ IFPRL’4 0 ; D E V E L O P M E N T ;

T : d ; C I T Y ;  L I I U L S I F I C H T  I O N
i 072 H A T C H I N G  S u C C E S S ;  FISH E M B R Y O S ;  H E A R T  BEAT
3 3 5  H A T C H I N G  SUCCESS; T O X I C I T Y ; EGG S; L A R V A E ;  COD; BUNKER C;

~ TEP OU L UPLE r PA 5 T T O N
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.5 31 H A T C H I N G  SUCCESS ; P A C I F I C  H E R R I N G ; T O X I C I T Y ;  ROE ;
M O R P H U L c G I C A L  A M O IIO L I ES ; HE R RI P4 G CRUDE OIL; A L A S K A

1 0 4 1  H A T C ’ U N G  S U C C E S S ;  K U W A I T  C R U D E  O I L ;  S U S P E N S I O N ;  C O R E X I T  75~~4 ;

GA S  C H R O M A T O G R A P H Y ;  S P E C T R O F L U O R OM E T R Y ;  COPEPOD ; T O X I S I T Y ;
L O N G - T E R M  E F F E C T S ;  REPRODUCTION ; EGG PRODUCTION

1122 H A T C H I N G  S U C C E S S ;  E I D E R ;  T O X I C I T Y ;  R E P R O D U C T I V E  G R O W T H ;  F U EL OIL
1 1 4 4  H A ’ C H I N G  S u C C E S S ;  B I R D S  E M B R Y O N I C  D E V E L O P M E N T ;  E l D E R S ;  G U L K S ;

M A L L A R D S ; P A T H O L O G I C A L  EFFECTS ; FUEL OIL ;  CRUDE OIL
1 1 2 1  H A T C H I N G  SUCCESS; iALLARD ; T O X I C I T Y ;  P H Y S I O L O C I I U A L  EFFECTS ; FUEL OIL;

P~~~~H F F I N ~
, G R O W T H

1 1 3 5  H A T C H I N G  S U C C E S S ;  E S T U A R I H E ;  B I R D S ;  D U C K S ;  F I S H;  C H E S A P E A K E  B A Y ;
T O ~~L C I T Y

1 1 2 7  H A T C H I N G  SUCC E S S ;  A R G O  M E R C H A N T  S P I L L ;  FUEL O I L ;  E M B R Y O C E N E S I  5;
M O R P H O L O G Y ;  P O L L O C K ;  C E P H A L A C H O R D A T A : A M P H I O X U S

1 1 5 3  H A T C H I N G  S U C C E S S ;  T R O U T ;  F E R T I L I Z A T I O N ;  R E P R O D U C T I O N  & D E V E L O P M E N T ;
HI S T D P A T H O L O G I  C A L  E F F E C T S ;  M O R P H O L O G Y

1 1 2 3  H A T C H I N G  S U C C E S S ;  E I D E R  D U C K S ;  T O X I C I T Y ;  P H Y S I O L O G I C A L  E F F E C T S ;
FUEL O I L

1 2 1 2  H A T C H I N G  S u C C E S S ; S H R I M P ;  L A R V A L  G R O W T H ;  U P T A K E ;  D E P U R A T I O N ;

~ LIEL O I L  *2 ;  B E H A V I O R A L  E F F E C T S
1 1 7 0  H A T C H I N G  S U C C E S S ;  FUEL O I L ;  F L O U N D E R ;  R E P R O D U C T I O N ;  G R O W T H ;  E G G S ;

L A R V A E ;  H I S T O P A T H O L O G Y
1211 H A T C H I N G  S U C C E S S ; FUEL O IL  *2 ;  E l D E R ;  E G G S ;  G R O W T H ;  D U C K S
0 0 7 ?  H E A R T  B E A T ;  FISH EMBRYOS; HATCH I N G  SUCCESS
107 1) H E A R T  R A T E ;  FUEL O I L  *2 ;  C A T F I S H ;  T O X I C I T Y ;  FEEDING B E H A V I O R
V 4 9 4  H E A T  C O N D U C T I V I T Y ;  O I L ;  D U C K S ;  C O A T I N G ;  M E T A B O L I S M ;  T E N P E R A T U R F
0 3 7 4  H C A T  F L U X ;  S E A L S ;  O T T E R S ;  M E T A B O L I C  RA T E ; D I V I N G  B E H A V I O R
0123 H E A T I N G  OIL ; COPEPOD ; REPRODUCTION ; HAP HTHA LENE ; EURYTE M ORA ;

E G G  P R O D U C T I O N ;  W A T E R  S O L U B L E  F R A C T I O N
0451 H E A V Y  FUEL O IL; IRISH S TA RD u VIST — ALERT BAY 1973; ALERT BAY , CA N A D A ’

R E C O V E R Y ,  B I O D E G RAD A T ION
0254 H E M A T O C R 1 T ;  CRUDE OIL; DETERGENT; OCTOCORALS; CRUSTACEANS; M OLLUSCS;

ECH INODER Pu S; FISH; T O X I C I T Y ;  SUBLETHAL; DEVELOPMENTAL STAGES;
RED SEA; FEEDING RATE; PHYSIOLOGY; B IOA C C U M U L A T IO N ;
LI V E R  E N L A R G E M E N T

O -s O I H EM OCYT E S; ARGO MERCHANT SPILL; HISTOPAT H OLOGY; A M MODYTES;
FLOUNDER (WIPIT E R& YELLO W TAI L); A L E W I V E S ;  C RA BS (H E RM IT ); H Y P E R P L A S I A ;
E D E M A ;  C I L I A T E S

U035 H E M O G L O B I N ;  FUEL OIL * 2; WATER SOLUBLE F R A C T I O N ;  HEAN TH LS ;
PO LYC HA E TE ; HY~~O X I A ; SOUTH L O U I S I A N A  CRUDE; DISSOLVED OXYGE N ;
T O X I C I T Y ; SYNERGISM; NA PHTHAL EN ES; DISSOLVED HYDROCARBO N S;
RESPIRATION

;j,~ H E M O G L O B I N  C O MPENSATION ; FUEL OIL *2; SOUTH L O U I S I A N A  CRU DE OIL;
POLYCHAETE; HYPOXIA

0 3 5 9  H E R M I T  C R A B ;  M A C Q O FA U N A ;  RED SEA; T O X I C I T Y ;  CRUDE OIL; DI PERS~~NT;
5ORAL ; H E T E R O X E N I A ;  GASTROPODS; MUSSELS; CHITON; SEA IJR H I N ;  SHRIMP;
G O A T F I S H ;  R A B B I T F I S H

O3~~ H E R M I T  CRABS ; FUEL OIL *2 ; M I A N T I C  BAY S CT ; BEN THIC C O M M U N I T I E S ;
AMPHIPODS ; HYDROCARBON CONTENT A N A L Y S I S ;  GAS CHROMATOGRAPHY

(3.5 77 HERON 1.~ GREAT BARRIER REEF A U S T R A L I A ;  REEF C O M M U N I T Y ;  R E S P I R A T I O N :
C A L M I N G  EFFECTS; GAS EXCHANG E ; FIELD FENCING TECHNIQUES; CRUDE OIL;
TO X I X C T Y ; B E H A V I O R

0 3 f l  H E R R I N G ;  W A T E R  S O L U B L E  F R A C T i O N ;  COD ; E G G S ;  L A R V A E
0594 HE R R I N G ;  CRUDE O I L 1  FISH FRY; DISPERSANTS; COD; CADUS ; C L J P E A ;

T O X I C I T Y ;  E M B R Y O L O G Y ;  C H E M O R E C E P T I O N
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0592 H E R R I N G ; C R U D E  O I L ; P E T R O L E U M  F R A C T I O N S ; H AT C H I N G ; DE V E L O P M E N T ;
TOXICITY; E~~U 4 S I F ! C A T I O N  V

0629 HERRING ; TOXICITY ; CRUDE OIL ; D I S P E R S A N T S ; L A R V A E ;  C U L P E A
0880 H E R R I N G ;  A G O X U S ;  T O X i C I T Y
0931 HERRING; PACIFIC HERRING; Toxi ciTY ; ROE ; HATCHING SUCCESS;

MORPHOLOGICAL AN OM OL IES; CRUDE OIl., ; ALASKA
0986 HERRING ; BENZEHE ; CULPEA ; SPAWNING ; OVARIAN EGGS; EMBRYOS; LA R V A E ;

B E H A V IO R ;  RA D I O A C T I V E  TRACER
0985 HERRING; BEHZEHE; ANCHOVY; EGGS ; LARV A E ; T O X I C I T Y ;  A B N O R M A L I T I E S ;

GROWTH ; RESPIRATION ; FEEDING
1093 HERRING ; FISH ; SOLE ; PLAICE ; LARVAE ; DETERGENT;

DEVELOPMENTAL ABP4 OMAL IT IE S; BPIOO2; FINASOL; COREXIT
1 10? HERRING ; COKE OIL; MORTALITY; ROUTE OF UPTAKE; CLU PEA ; NOVA SCOTIA
1 091 HERRING; DISPER SA P4T; TOXICITY; FISH; LARVAE; P ILCH A R D ; PL~~ICE; S O L E ;

LEMON SOLE ; HADDOCK; SP1-002; DELAYED EFFECTS ; EMBRYOLOGY;
B E H A V I O R A L  C H A N G E S

0975 HESP ERO PNYC IJ$ ; S A N T A  B A R B A R A  S P I L L ; B I R D S ; I N V E R T E B R A T E S ; A L GA E ;
MORTALITIES ; RECOLONI ZATION; SUBLETHAL EFFECTS; PHYLLOSP A D 1X ;
C H T H A M A L U S ; P O L L I C I P E S

035S H E T E R O K E P 4 I A ;  M A C R O F A U H A ;  RED SEA ; T O X I C I T Y ;  CRUDE O I L ;  D I 3 P E R S A N T ;
C O R A L ; G A S T R O P ODS ; M U S S E L S; C H I T O N ; SEA U R C H I N ; H E R M I T  C R AB ; S H R I M P ;
QO A TF ISH ; RA BB ITF ISH

0260 HETERUXENI A ; CRUDE OIL; TOXICITY ; CORALS; RED SEA; SUBLETHAL EFFECTS;
DEPTH PROTECTION EFFECTS ; HYDROCARBON CONTENT ANALYSIS

0910 HEXADECANE; BIODEGRADAT ION ; RADIOACTIVE TRACER; TOKYO BAY;
W A T E R  C O L U M N ; B A C T E R I A

1 051 HEXADECANE; DEGRADATION; CLADOSP ORIU M ; OXYGEN C O N S U M P T I O N ;
ZOOXIDAT ION; TOLUENE ; XYLENE

1060 HEXADEC A NE; BIODEGRADATION ; POTENTIAL; MAR iNE ; RADIOMETRY
0332 4IIGH PRESSURE LIQUID CHROMATOGRAPHY; HYDROC A RBON CONTENT ANALYSIS;

GAS CHROMATOGRAPHY ; THIN LAYER CHROMATOGRAPHY; SAN FRA N CISCO BAY;
SPONGE ; MUSSEL ; CRA B

0S93 HIGH PRESSURE LI QUID CHROMATO GRAPHY ; HYD ROCARBON ANALYSIS TECHNIQUES
0191A H I S T O L O G Y ;  A R G O  M E R C H A N T  S P I L L ; L E S I O N S ;  P E A R L  F O R M A T I O N ; C A N C E R ;

M O D I O L U S ; Z O O P L A N K T O N
1148 H ISTOPA T I4OL OG ICA L EFFECTS; QUAH OGS; PHENOL ; TOXICITY; METHODO LOGY ;

CYTOLOGY ; CLAMS
115~ HISTOPATHOLO G ICA L EFFECTS ; FISHES; CRUDE OIL; TOXICITY
1 159 H ISTOPAT HOL OG ICA L EFFECTS; TROUT ; HATCHING SUCCESS ; FERTILIZATION;

REPRODUCTION I, DEVELOPMENT;  MO RPHOLOGY
0100  HISTOPATHOLOGY; ME R CENAR IA; CLAMS; CANCER; TUMORS; HEOPLASP I ;

SEARSPORT , MA ZNE
0098 H I S T O P A T M O L O G Y ; H Y P E R P L A S I A ; C L A M S ; M Y A ; C A R C I H O G E N I S I S
0417 HI$TOPA T I4OLOGY; OYSTER; SCALLOP; SILVERSIDES ; MOTOR OIL; LESIONS
0415 HISTOPATHOLOGY; CRUDE OIL; LESIONS; FISH; M E N I D IA ;  H Y P E R P L A S I A
0495 M I S T O P A T H O L O G Y ; O I L ;  B I R D S ;  D U C K S ;  I N G E S T I O N ;  T O X I C I T Y ;

PHYS i O L O G I C A L  E F F E C T S
0370 H ISTOPATHOL O GY ; FIJHDI JLIJS; FUEL O IL *2; WATER SOLUBLE FRACTION;

HA TCHING; DEVELOPMENT
06.55 HISTOPATH OLOGY , PHS IOLO GI CAL EFFECTS; SALMON; FLATF ISH;

SPOTTED SHRIMP; UPTAKE AND DEP IJRAT ION
0901 I4 I S T O P A T N O L O G Y ; A R G O  M E R C H A N T  S P I L L ; A P f M O D Y T E S ;

FLOUNDER CW INTER&Y E LLQW TAIL) ; ALEWIVES; CRABS(H ERM IT ); HYP ERP LA SIA ;
EDEMA; HEPIOCYTE S; CILIATES

O9~~3 HISTOPATHOLOGY ; FUEL OIL~~2; SOFT SHELL CLAM ; MYA; EIIU LS IOH ;
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T ISSUE ABERRATIONS ; EDEMA ; VA C IJOLA T ION ; GLYCO GEN
1031 H I S T O P A T H O L O G Y ;  TAINTING; MULLET ; M UGIL ; KEROSENE ; CONTENT ANALYSIS ;

~ US1 PA L IA
1170 H IS TOPA THOLO C Y ; FUEL OIL ; FLOUNDER; REPRODUCTION; HATCHING SUCCESS ;

G R O W T H ; E G G S ; L A R V A E
117? HISTOPATH O LOGY ; PUERTO RICO; OIL SPILLS ; ECOSYSTEM ; M ANGR DV E ;

CORAL REEFS ; ESTUARIES ; ANALYSIS FOR HYDROCARBONS ; MULLET ; OYSTER ;
CLAM; REVIEW

1223 H ISTOPA THOLO GY ; COOK Ii4LET CRUDE OIL; FLOUNDER; FISH ; CLAMS;
CHR ONIC CO $CENTRATI ONS ; EGGS ; LA R V AE; MORTALITY

0416 N I S T O P H Y S 1O L O G Y ; H Y D R O C A R B O N S
O.~99 HOLDING PONDS: STANDING CROP ; COMMUNITY STRUCTURE; PLANKTON ;

REFINERY E FFLUENT
1030 HOLLAND; BIESSOSCH TIDAL AREA ; OIL SPILL INCIDENT ; BIRDS-GEESE;

MORTA i . . IT Y ; G RUD E O I L
1003 HOLOTHURIA PI S; HYDROCARBON CONTENT ANALYSIS ; DEEP-SEA BENTHOS ;

R A T T A I L ;  N EMA TONURUS
1079 HO ’IARUS ; LOBSTER ; LA R V A E ; TOXICITY; B E H A V I O R ; G R O W T H ;

VEN EZUELA CRUDE OIL ; WOOD CONSUM PTION ; DISPERSIONS
0732 HONG KONG; OYSTERS ; OIL
0962 HONG KONG; T~~C I C 1TY ; LONG TERM EFFECT ’J; IN TERTIDAL ; GA STR O PODS;

B I V A L V ES: DIESEL FUEL. MARINE ; ROCKY SHORE; FAUNA; LAMMA IS.;
D IS P E R S A N T S ; RECOV ERY -

1099 HONG KONG ; DIESEL SPILL; ME 1OFAUNA ; SANDY BEACHES ; INTERTIDAL ;
NEM ATODES; HARP A CTICOID COPEPODS

0059 HO R S E S H O E CR A B ; CH E P I O T A X I S ; L O B S T E R S ;  A L E W I V E S ; F L A T W O R M ; K E R O S E N E
1172 HORSESHOE CRAB; FUEL OIL 12; S Y N E R G I S T I C  E F F E C T S ;  T E M P E R A T U R E ;

SA L IN I T Y; E M B R Y O G E N S I S ; RE SP I R A T I O N ; L I M UL US
0 8 4 9  HUMA N ; E N Z Y M E  C O N S T EL LA T 1 OH ; C H R O N I C  E F F E C T S
1219 H U M A N  EFFECTS; ORGANIC SOLVENTS; ARO M A T I C  HYDROCARBONS;

A L I P HA T I C  H Y D R OC A R B ONS
0001 H Y D R O C A R B O N ;  R E V I E W ;  DEG R A D A T I O N  -

.

0130 HYDROCARBON; ANALYSIS FOR Pu4C’S; H-ALKANE ; METHYLANAPH IHA LENE ;
SHELLFI SH; COLU MN CHROMATOGRAPHY; GAS—LIQUID CHROMATOGR A PHY

0331 HYDROC A RBON , SUSPENDED SEDIMENT ; MYTILUS EDUL IS
037? HYDROCA R BON; CONTENT ANALYSIS; SEDIMENTS; ME RC EP4A R IA; CLAMS;

I 4 A R P A G A N S E T  BA Y ; PET R OLEUM; B IO G E N I C
0391 H Y D R O C A R B O N ;  CRUDE OIL ;  UPTAKE ;  M YA; RESPIRATION; LI Q UID CONTENT;

SOFT S H E L L  C L A M
0375 HYDROC A RBON ; PETROLEUM ; CONTEN T A NALYSIS; MARINE ORGANISM S ;

C H R O M A T O G p A P HY — C O L U N N  G A S . T H I N  L A Y E R ;  SPECTRO ME TRY ; UY; IR
0711 HYDROCAR BON ; CONTENT ANALYSIS; BIOCEH IC VS. PETROLEUM HG’S; IR; GLC;

M A S 5  S P E C T P O M E T R Y ;  M O N I T O R I N G
1119 HYDROCARBON ; CHLOROPHYLL ; FEED BACK; WESTERN ATLANTIC
0127 HYDROCARBON A NALYSIS ; SALT MAR SH ; ESTUARY ; YORK RIVER ;

SO UTH LA . CRUDE ; CONTROLLED ECOSYSTEM; FIJNDVLUS; AR OMAT ICS;
G A S  C H R O M A T O G R A P H Y :  CC- M S

0461 HYDROCARBO N ANALYSIS ; CONTENT A NALYSIS; METt400S COM PA RSIO N;
COLUMN CHROMATOGRAPHY

0443 HYDROCAR RON ANALYSIS ; OI L SPILL . EXPERIMENTAL; WATER COLUMN;
SED iMENT ; FLUORESCENCE SPECTROSCOPY ; TAR BALLS

0398 HYDROCARBON ANALYSIS ; SOUTH LA.CR UDE ; LOBSTER; LARVAE ;
FLOW THROUGH SYSTEM ; EMULSION; FEEDING; MOUI.TING; P I G M E N T A T I O N

0379 H Y D R O C A R B O N  A NA L Y S I S :  G A S  C H R O M A T O G R A P H Y ;
P E T R O L E U M  VS . B I O S Y N T H E S I Z E D  NC ’S
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0410 HYDROCARBON A N A L Y S i S ; CLPPf ; R A N G I A ;  NAPHT HA LENE S ; TRINITY RAY . T E X A S ;
OIL SEPARATOR P L A T F O R M ;  UPTAKE; DEPUR A T IOP 4; SEDIMENTS;
G A S  C H R O M A T O G R A P H Y

0559 H YDROCARBON ANALYSIS ; SANTA B A R B A R A  SPILL; B A C T E R I A L  PDPULAT ION S ;
SE D I ME N T S ; GAS L I QU I D  C H R O M A T O G R A P H Y

06b9 HYDROCA R B O N  A N A L Y S I S ;  P E L A G I C  HYDROCARBONS ; TAR BALLS;
ROCKY INTERT I DAL ; FLORA ; F A U N A ;  BERMUDA; SPLASH ZONE; N O D I L I T T O R I H A ;
T E C T A R I U S ;  ALGAE

0749 HYDROCARBON ANALYSIS ; PUERTO RICO ; ZOE CO LOCUTR OH IS;
V E N E Z U E L E N  CR U DE ; MANGROVE PROP COMMUNITY ; TURTLE CRASS COMMUNITY ;
SEDIMENTS ; TROPICAL

07 36 HYDROCA R B O N  ANALYSIS ; BA C T E R I A ;  SEDIMENTS; HÜRTH SEA ; SEAWATER ;
P E L A G I C  T A R

0807 HYDROCARBON ANALYSIS: WATER SOLUBLE FRACTIONS; CRUDE OIL; M I C R O A L G A E ;
GROWTH RATE ; SED IMEN TS~ WATERS ; BIO TA;
SOUTH TEXAS OUTTER CONTINENTAL SHELF

0746 HYDROCARBON A N A L Y S I S ;  FATE & EFFECT ; D I S T R I B U T I O N
0913 HYDROCARBON ANALYSIS; CLAM ; MA C O M A ;  PRUDIIOE BAY CRUDE OIL ;

GAS CHROMATOGRAPHY ; B E H A V I O R ;  BURROWING
0906 H YD ROCARBON A N A L Y S I S ;  FISH; PER IPHYTOH ; SEDIM EN TS ; STR EAM ;

D I E S E L  F U EL ; B O O N E  C R E E K  O I L  S P I L L ; M A C R O I N V E R T E B R A T E S ;
SOUT H CAROLINA

1016 HY D R O C A R B ON A N A L Y S I S ; S E D I M E N T S ; C H R OM A T O G R A P H Y ; M A S S S P E C T R O N E T R Y ;
UV F L U O R E S C E N C E ; PE TR O L E U M

109? HYDROCARBON ANALYSIS; TRANSECT; IN VERTEBR A TES ; TISSUES; SEDIMENT ;
R E C O L O N I Z A T I O N ;  COBBLE BEACH; SPECTRO PHOTOMETRY

1O 9~ HY DROCARBON ANALYSIS ; MI CRO A L GAE ; WATER SOLUBLE FRACTION ;
GAS CHROMATOGRAPHY; MASS SPECTROMETRY ; BAYTOW N ; M O N T A N A ;  BATON ROUGE;
N E W J E R S E Y

0693 HYDROCARBON ANALYSIS TECHN IQUES; HIGH PRESSURE LIQUID CHROMATOGRAPHY
0728 HYDROCARBON CONCENTRATION; LIPIDS ; SURFACE FILMS ; ZOO PLANKTON
0828 HYDROCARBON CONCE N TRATION ; D EGRADATION ; BA CTER IA ; ESTUARY ; BEACH ;

FUEL OIL; ENRICHMENT ; RATE; HARRACANSET BAY ; SEDIMENTS ; M I G R A T I O N
0902 H Y D R O C A R B ON C O N C E N T R A T I O N ; F L U O R E SC E N C E  A N A L Y S I S ; S E D I M E N TS ;

BENTHIC SPECIES; FOOD CHAIN CONCENTRATION ; CHEDABUCTO BAY;
FUEL OIL —BUNkER C; NOVA SCOTIA

1056 HYDROCARBON CONCE PI r RAT IO N ; DEGRADATION ; B A C T E R I A ;  FUNGUS ;
CLA DOSPORIU M ; W A T E R ;  SEDIMENTS; CNE SAP EAK E BAY

0288 HYDROCARBON CONCENTRATIONS; HAPHTHA LENE ; SHRIMP ; CLAMS ; OYSTERS ;
SEDIM ENT ; FUEL OIL *2 ; D EPUR A T ION

0641 HYDROCARBON CONCENTRAT IONS; ESTUARIES: SEO1PIENTS; ZOOPLAHK TON ;
P H Y T O P L A N K T O N; CR UDE O I L ; S A L T  M A R S H  P L A N T S ; D I VER S I T Y ; P OP U L A T I O N S ;
F I S H ; M IGRATION: GAS CHROMATOGRAPHY; DEGRA DAT iON

0203 HY DROCARBON CONTENT ; SARGASSUN COMMUNITY
0202 HYDROCARBON CONTENT; SALT MARSH ECOSYSTEM; CONTENT ANALYS IS;

FOOD CHAIN CONCENTRATION; WEST FALMOUTH ,HASS; FUEL OIL *2
0201 HYDROCARBON CONTENT; METABOL I SM ; AROMATIC HYDROCARBON CONTENT;

FIDDLER CRAB U C A ;  O X I D A T I O N ; C L E A R A N C E
0146 HYDROCARBON CONTENT; WEST FALMOUTH SPILL; WEATHERING; IDEN TIFICATIO N :

S E D I ME N T S ; D E G R A D A T I O N ; S H E L L F I SH ;  O Y S T E R S ; B U Z Z A R D  B A Y
0249 HYDROCARBON CONTENT; GENERAL M C .  ME IGS SPILL; CHRONIC ; S~J R V E Y S ;

INTERTIDAL ; WA SHINGTON COAST; FUEL OI L — N A V Y  SPECIAL ; SEA URCHINS;
S T RO HG YLO CE N TR US

0247 HYDROCARBON CONTENT; ORGANISMS; SEDIMENT; TECHNIQUES
0354 HYDROCARBON CONTENT; OYSTERS ; CRASS O STREA ; GALVESTON BAY ;
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COLUMN CHROMATOGRAPHY ; TIC; MASS SPECTA ; UV SPECTRA
0254 HYDROCA R B O N  CONTENT ; MYTILUS; UPTAKE; DEPURA T ION; MUSSELS; PARA FFINS;

PETROLE UM ; TIDES
0252  H Y D R O C A R B O N  CONTENT ; PA RAFF IM S; PETROLEUM ; MUSSELS; IIYTILUS
0268 HYDROCARBON CON TENT; ARRO W SPILL; ZOO PLRNKTON; CHEDABUCT O BAY ;

BUNKER C; O IL  INGESTION ;  S E D I M E N T A T I O N ;  FECES
0333 HYDROCARBON CONTENT ; MUSSELS I PIYTILUS; MON ITOR; UPTAKEJ DEPURATION
0376 HYDROCARBON CONTENT ; EXTRACTION TECHNIQUES ; GAS CHROMATOGRAPHY
0688 HYDROCARBON CONTENT ; FUEL OIL*2 ; WEST FALPIOUTH. WILD HARBOR . MASS . ;

B E N T H I C  F A U N A ;  SEDIMENTS ; OPPORT IP4UST IC SPECIES ; RECOVERY ;
G A S  C H R O M A T O G R A P H Y ;  D I V E R S I T Y ; P O P U L A T I O N S

1106 HYDROCARBON CONTENT ; TAINTING; AQUATIC ANIMALS; SPECTRDFL 1JOROHETRY ;
B U N K E R  C

01 96 HYDROCARB ON CONTENT ANAL YSIS; COLLECTING METHODS
0145 HYDROCARBON CONTENT ANALYSIS ; WEST FALPIOUTH OIL SPILL : RECOVERY:

BUZZARD BAY
0332 HYDROCARBON CONTENT ANALYSIS ; GAS CHROMATOGRAPHY ;

T H I N  LAYER CHROMATOGRAPHY ; HIGH PRESSURE LIQUID CHROMATOGRAPHY ;
SAN FRANCISCO BAY ; SPONGE; MUSSEL; CRAB

0260 HYD R OCARBON CONTENT ANALYSIS ; CRUDE OIL ; TOXICITY; C O R A L S ;
HETEROXENIA ; RED SEA: SUBLETHAL EFFECTS ; DEPTH PROTECTION EFFECTS

0439 HYDROCARBON CONTENT ANALYSIS ; SAMPLING AND ANALYTICAL METHODS
0482 HY D R O C A R B O N  C O N T E N T  A N A L Y S I S ; F ISH ; A S S I M I L A T I ON ; A L K A N E S ;

D I S C R I M I N A T I O N ;  COD
0400 HYDROCARBON CONTENT ANALYSIS ; NYT ILUS; UPTAKE; DEPURA TION ;

PHYSIOLOGICAL STRESS ; BIOLOGICAL MONITOR; MUSSELS ; ACCUMULATION
0375A HYDROCARBON CONTENT ANALYSIS ; TECHNI QUES
0 3 7 9  H Y D R O C A R B O N  C O N T E N T  A NAL Y S I S ; I N T E R C A L I B R A T I O P 4 E X E R C I S E S
0426 HYDROCARBON CONTENT ANALYSIS ; GAS CHROMATOGRAPHY; PARA F FINS ; SQUID ;

SHRIMP ; FISH
0401 HYDROCARBON CONTENT ANALYSIS ; MUSSEL: IIYTILUS;

LAGOON OF VEN I CE .ITALY ; GAS CHROMATOGRAPHY;
DISTANCE FROM POLL UTION SOURCE ; EXCHANG E WITH SEA

0366 HYDROCARBON CONTENT ANALYSIS; FUEL OIL*2; NIA N TI C BAY , C T V ;

SENTHIC COMMUNITIES ; AMP HI PODS ; HERMIT CRABS ; GAS CHROMATOGRAPHY
0504 HYDROCARBON CONTENT ANALYSIS; ALASKA—PR . WILLIAM SOUND;

GAS CHROMATOGRAPHY
0681 HYDROCARBON CONTENT ANALYSIS ; GAS CHROMATOGRAPHY
06?? HYDROCARBON CONTENT ANALYSIS; TECHNIQUES
0645 HYDROCARBON CONTENT ANALYSIS; H-A LKAN E S ; PLANKTON; FISH;

FIRTH OF CLYDE . SCOTLAND; FOOD CHAIN M A G N I F I C A T I O N
0692 HYDROCARBON CONTENT ANALYSIS; MULLET; SHRIMP; OYSTER;

LIQUID CHROMATOGRAPHY ; GAS CHROMATOGRAPHY
0653 HYDROCAR BON CONTENT ANALYSIS; ARGO MERCHANT SPILL;

G L A S S C A P I L L A R Y  GAS C H R O M A T O G R A P H Y
100? HYDROCARBON CONTENT ANALYS IS ; LAKE MA RA CAIB O . VENEZUELA; FISHERIES;

S E D I M E N T S ; W A T E R ; B I O T A ;  T O X I C I T Y
1022 HYDROCARBON CONTENT A N A L Y S I S ;  PRAWNS , SCARLET; PLESIOPENAEUS ;

BENTH IC OIL DEPOSIT ; ARUBA WEST INDIES; ATTRACTION; BACTERIA ;
CHEMICAL  A T T R A C T I O N S ;  META BOL iS M

1003 HYDROCARBON CONTENT ANALYSIS; DEEP-SEA BENTHOS ; RATTA IL; NEMA TONURUS;
H 0 LU TN UR I ANS

1037 HYDROCARBON CONTENT ANALYSIS; ARROW SPILL;
CHEDABUCTO BAY. NOVA SCOT IA ; BUNKER C ;  FLUORESCENCE S P E C T R O S C O P Y ;  MY A ;
K E L P
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1120 H Y D R OC A R B O N  C O N T E N T  A N A L Y S I S ; B A L T I C  S E A ; B A C T E R I A
1072 H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S ; GAS C H R O M A T O G R A P H Y ; S I L I C A  G E L ;

T I S S U E  E X T R A C T I O N
1075 H Y D R O C A R B O N  CONTENT A N A L Y S I S ;  A H A C O R T E S ;  T R A N S E C T S ;

DIVERSITY IHID ICES ; GAS CHROMATOGRAPHY ; I N T E R T I D A L  INVERTEBRATES
0039 HYDROCARBON LEVELS ; REVIEW ; ANALYS IS FOR HYDROCi~RB O NS
0235 HYDROCARBON UPTAKE ; COMMUNITIES ; INTERTIDAL ; WASHINGTON STATE ;

FUEL O I L — N A V Y  SPECIAL ; GENERAL N C .  NEIGS SPILL
055o HYDROCARBON UTILIZATION ; M ICRO FLORA; SOIL
0937 H Y D R O C A R B O N - O X I D I Z I  NC B A C T E R I A ; C O R Y N E B A C T E R  I U N ; A R T H R O A A C T E R ;

A C H R O M O BA C T E R ; RATE ENHANCEMENT
0018 HYDROCARBONS; SYMPOSIUM; SOURCES , EFFECTS , AND SINKS;

AMER . INST . B I O . S C IV
0 139 H Y D R O C A R B O N S ; C O N T E N T A N A L Y S I S; M A R I NE P H Y T O P L A N K T O H ;

BIOGENIC VS. PETROLEUM; TRACER ; FOOD CHAIN
0132 HYDROCARBONS; SHARK .BASK IHG ; METABOLISM; CEHTRO PA GES
0219 HYDROCARBONS; RADIOACTIVE LABEL ING; BACTERIA
0162 H Y D R OC A R B ON S ; C Y T O L O G I C A L E F F E C TS ; F I S H  C E L L S IN  V I T R O
0278 H Y D R O C A R B O N S ;  Z O O P L A P 4 K T O N ;  FISH ; T O X I C I T Y ;  T A I N T I N G ;  B E H A V I O R ;

U P T A K E ; M E T A B O L I S M ; D E P U R A T I O N ; A C C U M U L A T I O N
0306 HYDROCARBONS; PHYTOTOXICITY
0403 HY DROCARBONS ;  M I C R O O R G A N I S M S ;  S U B S T R A T E S
0399 HYDROCARBONS; CONTENT ANALYSIS; DEPURAT ION ; TEMPERATURE; MUSSELS ;

NYT ILUS ; LAGOON OF VEHICE , ITALY
0416 HYDROCARBONS; HISTOPHYSIOLOGY
0449 H Y D R O C A R B O N S ;  B I O D E G R A D A T I O N ; B A C T E R I A ;  S E A W A T E R ;  O X I D A T I O H
0402 HYDROCARBONS; DEGRADATION; OXIDATION ; BACTERIA ; AEROBIC; ANAEROBIC
0555 HYDROCARBONS; M ICROFLORA; BREAKDOWN; METHODS; BIOSYNTHESIS;

METABOLISM ; TERRESTRIAL
0326 HY D R O C A R B O N S ;  C O N T E N T AN A L Y S I S ; T H I N  L A Y E R  C H R O M A T O GR A P H Y ; S E D I M E N TS ;

A N A L Y T I C A L  TECHNIQUES
0499 HYDROCARBONS; CARCINOGEN ISIS ; CELLULAR MECHANISM; REVIEW;

M O L E C U L A R M E C H A N I S M  -

0586 H Y D R O C A R B O N S ; Y E A S T ; T A X O N O M Y ; D E G R A D A T I O N
0532 HYDROCARBONS; B I O INDICATOR; B IOELECTR IC ACTION POTENTIALS;

REMOTE E L E C T R O D E S ;  C R U S T A C E A N S ;  A C T I V I T Y
0533 HYDROCARBONS ; BIOASSAY ; BEHAVIOR ; B IO ELECTR IC ACTION POTENTIALS ;

PR OC AM B AR US
0716 H YD R O C A R B O N S ; B A C T E R I A; C H E M O R E C E P T I O N ; I N H I B I T I O N
06 6 7 H Y D R O C A R B O N S ;  A L G A E ;  M Y X O T R O P H I C  G R O W T H ;  S CENEDESMNS ;  D E G R A D A T I O N
0887  H Y D R O C A R B O N S ;  S P I N - L A B E L I N G ;  MOL ECULAR A C T I O N ;  MEMBRANE I N T E R A C T I O N
0914 HYDROCARBONS; GAS WASTES; FISH; TOXICITY; BEHAVIOR; ATTRACTION;

SUNFISH (ORANGE-SPOTTED>
11 1 8 HYDROCARBONS; CHLOROPHYLL-A CORRE LATION WITH: PHYTOP LANK TON ;

BIOGEN IC VS. PETROLEU M; WEST AFRICA
111 4 HYDROCARBONS; CAR C INOGENES I S ; INPUT ; M ETABOLISM ; SYNTHESIS ;

D E G R A D A T I O N ; B A C T E R I A
1201 H YD R O C A R B O N S ; N A R R A G A N S E T T  B A Y ; P H Y T O P L A H K T O N
1165 HYDROCARBONS; TOXICITY; ORGANISMS
0505 H Y D R O C A R B O N S  C O N T E N T  A N A L Y S I S ; D Y N A M IC  H E A D  S P A C E  SA M P L I NG ;

GAS CHROMATOGRAPHY ; COUPLED-COLUMN LIQUID CHROMATOGRAPHY;
MASS SP E C T R O M E T R Y

0094 H Y D R O C A R B O N S  I N  S E A W A T E R ; A N A L Y S I S  OF H YD R O C A R B O N S
1 038 HYDROCARBONS PETROLEUM: ALGAE; PHY SIOLOGY ; REVIEW ; NA PHTHA LE NE ;

PHOTOSYNTHESIS ; ATP ; CRUDE OIL; DIST ILLATE FRACTIONS
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1115 HYDROGEN ACCEPTOR ; BIODEGRADATION ; B A C T E R I A ;  S U B S T R A T E ;  D I S T R I B U T I O N ;
A B S O R B E N T S

0813 NYDROXYLAS E INDUCTION ; RENZOPYRE NE ; FISH;
P O L Y C Y C L I C  A R O M A T I C H Y D R OX Y LA SE; A R Y L  HY D R O C A R B O N H Y D R O X YL AS E ;
B ROWN TROUT; NEWFOUNDLAND ; TAINT ING ; THIN-LAYER CHROM A TOGRAPHY

0098 NYPERPLASIA ; CLAM S ; HISTOPA THOL OCY; MYA ; CA RC IHOC ENI SIS
0415 H YP E R P L A S I A ; C RUDE O I L ; LE SI O N S ; H I S T O P A T H O L O C Y ; F I S H ; M E N I D I A
0840 H Y P E R PL A S I A ; B R Y O Z O A ; SC H I Z O P O R E L L A; C A R C I N O G E N S ; O V I C E L LS ;

I N D I C A T O R
0901 H Y P E R P L A S I A ; A R G O  M E R C H A N T  S P I L L ; H I S T O P A T H O L O G f ; A N M O D V I E S ;

FLOUNDER (WI NTER &Y E LLO W TA IL ) ; A LEWIVES; CRABS (HERN IT ; EDEMA;
HEMOCYT ES; C IL IR IE S

0982 H Y P E R P L A S I A ;  B R Y O Z O A N S ;  O Y I C E L L ;  C H R O N I C  EXP OSURE ; N A T U R A L  S E E P A G E
1166 HYPOTHERMIA ;  SEALS ; PINHI PEDS ;  PQUDHOE BAY CRUDE OIL
0187 H Y P O T H E T I C A L ; T O X I C I T Y ; A C A R T I A ;  E C O S Y S T E M  I M P A C T ;  R E V I E W ;

N IG E R I A N C R U D E
0509 H Y P O T H E T I C A L  S P I L L ; O F F S H O RE P R O D U C T I O N ; A R C T I C ; B E A U F O R T  SEA
0538 H Y P O T H E T I C A L  S P I L L S ; A L A S K A ;  C O M P U T E R  M O D E L I NG
0723 H Y P O T H E T I C A L  S P I L L S; A T L A N T I C  C OA S T ; G U L F  O F A L A SKA ;

E C O L O G I C A L  I M P A C T
1155 H Y P O T H E T I C A L  SP I L L S ;  C O A S T A L  E N V I R O N M E N T ;  A L A S K A ;  C OO K I N L E T ;

VULNERABIL I T Y  INDEX
0885 H Y P O X I A ;  FUEL OIL I 2; W A T E R  SOLUBLE F R A C T I O N ;  NEANTH ES ;  P O L Y C H A E T E ;

H E M O G L O B I N ;  S O U T H  L O U I S I A N A  C R U DE ; D I S S O L V E D  O X Y G E N ;  T O X I C I T Y ;
SYNERG ISM ; NAPHT HALEN ES ; DiSSOLVED H Y D R O C A R B O N S ;  RESP iRA TION

1163 H Y P O X I A ;  D ISPERSA NTS ;  CUN NE R; R E S P I R A T I O N ;  C O R E X I T ;  B P I O O 2 ;
TRITON X— 100; SODIUM LA URYL SULPHATE

1199 HYPOXIA; FUEL OIL *2; SOUTH L O U I S I A N A  CRUDE O IL ;  P O I Y C H A ET E ;
HEM O CLOBIN COMPENSATION

0921 I C E ; O I L ; B A C T E R I A ; A L G A E ;  O T T A W A  -

0136 IDENTIFICATION; REVIEW; PETROLEUM ; ANALYSIS; MONITORING
0146 IDENTIFICATION; WEST FALMOUTH SPILL; WEATHERING; HYDROCARBON CONTENT;

S E D I M E N T S ; D E G RA D A T I O N ; S H E L L F I SH ; OY ST E R S ; B U Z Z A R D  BA Y
0874 IDOTEA; CRUDE OIL; GAMMAR U S; LONGEVITY; AMPHIPOD ; ISOPOD;

O X Y G E N  C O N S U M P T I O N
0599 IL l UMINA TION ;  T O X I C I T Y ;  K U W A I T  CRUDE ; C O R E X I T  8666 ;  P H Y T O P L A N K T O N;

P H A E O D A C T Y L U M  T R I C O R H U T U M ; P R I M A R Y  P R O D U C T I O N
0422 I M M E R S I O N ;  CRUDE O I L ;  SEALS ; BEHAVIOR; PATHOLOGICAL EFFECTS; COATING;

INGEST ION
0850 INDIA ; OIL SPILL INCIDENT; ECOLOGICAL IMPA CT; COSMOS PIONEER
0840 I N D I C A T O R ;  H Y P E R P L A S IA ;  B R Y O Z O A ;  S C H I Z O P O R E L L A ;  C A R C I P 4O C E H S ;

• OV ICELLS
1042 I N D I C A T O R  SPECIES ;  BIRDS ; A L C I D S ;  A UKS ; MURR S ; ElDERS
0705 I N D I C A T O R S ; B A C T E R I A ; D E G R A D A T I O N
1032 INDIVIDUAL FREQUENCY OCCURANCE PATTERNS; FUEL 011*2; DISPERSION;

I N T E R T I D A L  COL O N I E S ; SP E C I E S  D I V E R S I T Y ;  R E L A T I V E  A B U N D A N C E ;
N U M B E R S  OF S P E C I E S

0618  I N D O N E S I A ;  F ISHERIES ;  CORAL REEF C O M M U N I T Y ;  OFFSHORE P R O D U C T I O N ;
REVIEW

0923 INFRA RED SPECTROSCOPY; TAINTING; MULLET; PIUCIL; KEROSENE;
GAS L ICU ID CHROMATOGRAPHY ; GAS CHROMATOGRAPHY— MASS SPECTROSCOPY;
R A D I O A C T I V E  T R A C E R S ; U P T A K E ; P R O T O N  M A~ HETI C RESONANCE SP ECVTRO SCO PY

0661 IN FRA—RED SP€CT ROM ETRY ; B IO GE N IC VS. P E T R O L E UM H~’D R O C A RB OM S ;
CRUDE OIL ; SEDIMENTS

0040 INGESTION ; KUWAIT CRUDE; PROTOZOAN d I lA T E S ;  EUPIOTES ;  URONE PIA ;
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N E N A I O D E
C33~ I N G E S T I O N ;  DUCKS ; M A L L A R D S ;  ANAS; CRUDE O I L ;  EGGS; EM B R Y O T O X I C I T Y
C425 I N G E S T I O N ;  RINGED SEALS; PHO CA; HARP SEALS; STRESS
O4~~ ;HCEST IOM ; O IL; BIRDS; DUCKS ; T O X I C I T Y ;  PHYSIOLOGICAL EFFECTS ;

H I S T O P A T H O L O G Y
O4~~2 I N G E S T I O N ;  O I L ;  BIRDS ; DUCKS ; R E P R O D U C T I O N ;  HA T C H A 8 IL I T Y ;  COATING

~14 91 ;NG ES T ION ; BIRDS ; OIL; M O B I L I T Y ;  T O X I C O L O G I C A L  EFFECTS ; DUCKS
0422 INGESTION ; CRUDE OIL ; SEALS; BEHAVIOR; P A T H O L O G I C A L  EFFECTS; COATING ;

I MM E R’3 ION
121 0  r H G E S T I 0 H ;  B i R D S ;  E G G S ;  O I L
0571 INHIBITED ; r ’HYT O PLANKT ON; CRUDE OIL: FIELD EXPERIMENT ; S T I M U L A T I O N ;

L A B O R A ~~C~~Y STUDIES ; T O X I C I T Y ;  PH; F R A C T I O N S ;  B E NZEHE ;  X Y L E H E~
T O L U E I ~E

O~~iO I N H I B I T I O N ;  B A C T E R I A ;  CRUDE OIL ; FUEL OIL $2; BUNKER C ; METABOL I SM ;
R~~D;O~~C T i V E  T RACER ; C O N T R O L L E D  ECOSYSTEM

O 7 1~ I N H I B I T I O N :  B A C T E R I A :  C H E P I O R E C E P T I O N ;  H Y D R O C A R B O N S
0999 INHI B I T O R S ;  CRUDE OI L ;  PRODUCERS ; CHEMOREC E PTION ; SUBLETHAL EFFECTS;

W A T E R  SOLUBLE F R A C T I O N
1061 IN O CULU M WASHES ; B I O D E G R A D A T I O N ;  M I C R O O R G A N I S M S ;  ENUMERATION ;

C O N C E N T R A T I O N ;  A N T I S !  O T I C S
1 0 6 ’  I N O R G A N I C  N U T R I E N T S ;  D E C R A D A T I O N ;  BA C T E R I A ; S E D I M E N T S ; D E E P  SE A ;

G R O W T H  P O T E N T I A L
O~’93 I N O R G A N I C  SALTS; BIODEGRADATION ; RATES ; M IXED CULTURE ;

ORGANIC ENRICHMENT ; AERATION
0389 INPUT; REVIEW; DEGRADATION; HON—B I OLOGICAL ; BACTERIAL; BIOCHE M ICAL
0512 INPUT; REVIEW ARTIC LE; FATE ; BIOLOGICAL EFFECTS
04°8 INPUT; REVIEW ; OIL POLLUTION ; D A M A G E
0602 INPUT; FISH; SHELLFISH; FOWL
0829 INPUT ; R E V I E W ;  FATE; DEGRADATION
0772 INPUT: R E V I E W ;  FATE ; B I O L O G I C A L  EFFECTS ; CLEANUP ; OI L ; DISPERSANTS
1114 INPUT; CA RCINOGEN E S IS ; HYDROCARBONS; M E T A B O L I S M ;  SYNTHESIS ;

D E G R A D A T I O N ; B A C T E R I A
0753 INPUTS ; R E V I E W  WORKSHOP ; B I O L O G I C A L  EFFECTS ; A N A L Y T I C A L  TECHNI QUES
1 1 1 1  INPUTS; R E V I E W ;  M A R I N E  OIL POLL U T IOH; FAT ES ; D E G R A D A T I O N ;  B A C T E R I A
1 1 1 2  INPUTS ; REVIE W ; EFFECTS ; FATES
0781 INPUTS , FAT EFFECTS; WORKSHOP ; PETROLEUM
0121 INSECT LARVAE ; SAL T MARSH; YORK R I V E R ;  ISOLATED ECOSYSTEM ;

SOUTH IA. CRUDE ; WEATHERED OIL ; PH Y T O P L A N K T O H ;  FISH ; PER I PHYTON ; A TP;
MARSH GRASS ; BEN THIC FAUNA ; POLYC HA ET ES ; AM PHIPODS; O L IG O C H A E T E

0373 INSECTS; POPULATION SURVEY; SANTA B A R B A R A ;  C REVICE FAUNA ; LITTORAL ;
BE E T L E ; T H A L A S S O T R E C H U S

0379 I N T E R C A L I B R A T I O N  E X E R C I S E S ; H YD R O C A R B O N  C O N T E N T  A N A L Y S I S
09~~q I N T E R M E D I A R Y  METABOLISM: M E T A B O L I S M ;  X E HOB IO T IC METABOLISMS;

LIP O GE HISI S ; FUNDULUS ; STENOTO N US; MIXED -FUNCT ION O X I D A S E S
0474 INTERSPECIFIC V A R I A B IL I T Y ;  INTRA SPECIF IC V A R I A B I L I T Y :  L I T T OR INA
0120 I N T E R T I D A L ;  TOXICITY; BEN THIC A N I M A L S ;  D I V E R S I T Y ;  RECOVERY;

YORK RIVER ; BUNKER C; FUEL 01116
0230 INTERTIDAL; SAN FRANCISCO SPILL; TRANSECTS; COMMUNITIES;

MACRO ! NVERTEBR A T ES; RECRUITMENT; RECOVERY
0231 INTERTIDAL; SAN FRANCISCO SPILL; INVERTEBRATES; COMMUNITIES:

SMOT HERING; RECRUITMENT; RECOVERY: BUNKER C; TRANSECTS
0235 INTERTIDAL; DIESEL OIL; A HACORTES ; INVE R TEBR A TES ; MORTALITIES
0238 INTE R T I D A L ;  SANTA BARBARA; COMMUNITY; CLUSTER ANALYSIS
0249 INTERTIDAL; GENERAL M C. M E l d S  SPILL; CHRONI C ; SURVEYS ;

HYDROCA RBON CONTEN T ; WASHINGTON COAST ; FUEL OI L—NAVY SPECIAL ;
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S E A  U R C H I N S ; S T R O N C Y L O C r H T R U S
0155 INTERTIDAL ; DETERGENTS; ALGAE; SHORT TERM EFFECTS ; LONG TERM EFFECTS ;

LI T T O R  1 AL C OMPI U HI T V
0319 INTERTIDAL ; WA FR A SPILL ; SOUTH A F R I C A
0309 I N T E R T I D A L ;  PLANTS ; TIDAL CYCLE ; SHORE TYPE
0320  I N T E R T I D A L ;  W A F R A  S P I L L;  FISH T A I N T I N G ; S O U T H  A F R I C A ;

I H TE R T IDA L I N V E R T E B R A T E S
02 93  I N T E R T I D A L ;  M I L F O R D  H A V E M , B R I T A I N ;  S E D I M E N T S ;  MA C R O F A U NA ;

S A N D Y  AND MUDDY S H O R E S ;  T A I N T I N G
0255 I N T E R T I D A L ;  H Y D R O C A R B O N  U P T A K E ; C O M M UN I T i ES ; W A S H I N G T O N  S T A T E ;

FUEL O I L — N A V Y  SPECIAL ; GENERAL N C .  MEl d S S P I L L
0423 I N T E R T I D A L ;  M ILFORD HAV EH~ WALES ; L IMPETS ; EMULSIFIERS
0404 INTERTIDAL; SANTA BARBARA ; COMMUNITIES ; SURF GRASS; BARNACLES
0 4 2 0  INTERTIDAL; DISPERSA NTS ; CLEAN—UP ; MOR TALITIES ;

TH AMES ESTUARY . EN GLAND
0421 I N T E R T I D A L ;  SUBLETHAL EFFECTS ; POLYCHA ETE ; SOUTH HAMPTON . ENGLAND;

C I  R R A T L ’ L U S ;  CI PR 1 F O R T M  I A
0382 INTERTIDAL ; PORT VALLEY . ALASKA ; SEDIMENT ; BACTERIA POPULATIONS ;

MEIOF A UN A ; COPEPODS ; MA C OMA BA ITH ICA
0652 IHTERT IDAL ; PETROLEUM HYDROCARBONS ; BASELINE INVESTIGATION;

P U C E T  S O U N D ; S E D I M E N T S ; MU SSELS ; SNA i LS ; T H A I S
0773 I N T E R T I D A L ;  SA N TA B A R B A R A ;  K E L P ; S U B T I D A L ; O V E R V I E W
0751 INTERTIDAL ; TOXICITY ; BALTIC SEA: LITTORAL ZONE; COREXIT; BEROL ;

BP 1IOO ; W A T E R  BASE ; OIL BASE; SOLVENT
0 7 9 9  I N T E R T I D A L ;  TORREY CANYON SPILL ; OIL ; DETERGENT ; CORNWALL , ENGLAND
0892 INTERTIDAL; PANAMA; 5 5 .  W I T W A T E R  S P I L L ; T R O P I C S ; T E R R E S T R I A L  P L A N TS ;

L I T T O R A L ; M A N G R O V E ; R E E F ; M E I O F A U N A ; SEA T U R T L E S ; B I R D S ;  D I E S E L  O I L ;
BU NK ER C

0962 INTERTIDAL; TOXICITY; LONG TERM EFFECTS ; GASTROPODS ; BIVALVES;
D IESEL FUEL . MAR I NE ; ROCKY SHORE; FAUNA; LAM MA IS. ; H O N G  K O N G;
D I S P E R S A H ~~~’ R ECOV ERV

1010 I N T E R T I D A L ;  CHEDE8UCTO BAY . NOVA SCOTIA ; BUNKER C; MORTAL ITIES ;
ARROW SPILL ; W I N T E R ; C H R O N I C  P O L L U T I O N ; F U C U S ; M YA ; S P A R T I P 4A

O9~~ IN T E R T I D A L ;  SANTA BARBARA S P I L L ;  SU8TIDAL ; SURVEY ; DIVERSITY: PLANTS ;
A L G A E ;  I N V E R T E B R A T E S ;  CHANNEL I S .

0971 INTERTIDAL; SANTA BARBARA SPILL ; BREEDING RATES; BARNACLE ; MUSSELS ;
C HTHAMA LUS ; B A L A N U S ;  POLL IC IPES; MYTILUS

1099 INTERTIDAL; HONG KONG ; DIESEL SPILL; ME IOFAUNA; SANDY BEACHES ;
N E N A T O D E S ; H A R P A C T I C O I D  C O P E P O D S

1 1 1 7  I NTERTIDAL ; A F R I C A N  COAST ; CHRONIC
1069 I N T E R T I D A L ; T O R R E Y  CA N Y O N  S P I L L ; B I R D S ; T O X I C I T Y ;  D E T E R G E N T S ; C H A L K
1032 I N T E R T I D A L  C O L O N I E S ;  FUEL OIL$2 ; DISPERSION ; SPECIES DIVERSITY ;

REL A T I V E  ABUNDANCE; NUMBERS OF SPECIES ;
I N D I V I D U A L  F R EQ UENC ~ O C C U R A N C E  P A T T E R N S

0181 INTERTIDAL COMMUNITY: RINCON I SV .CAL I F ; OFFSHORE PRODUCTION
0678 INTERTIDAL FAUNA ; DIVERSITY: REFINERY EFFLUENT
0842 INTERTIDAL FAUNA; ARGO MERCHANT SPILL ; BENTNIC FAUNA ;

SPE Ci ES D I V E R S I T Y ; P O P U L A T I ON D E N S I T Y ; N A R P A C T I C O I D  C O P E P O D S ;
POLYCNA ETES ; AM PHIPODS

032 1 I N T E R T I D A L  I N V E R T E B R A T E S ;  SOUTH A F R I C A
0320 IN T E R T I D A L  INVERTEBRATES ; WAFRA SPILL ; INTERTID A L ; FISH TAINTING ;

S O U T H  AFR iCA
1075 I N T E R T I D A L  I N V E R T E B R A T E S ;  A N A C O R T E S ;  T R A N S E C T S ;

HYDROCARBON CONTENT ANALYSIS ; DIVERSITY IHID ICES ; GAS CHROMATOGRAPHY
0045 INTERTIDAL ORGANISMS ; SANTA BARBARA SPILL; CLEANUP; COMM UNITY SURVEY ;
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BIRDS ; LIMPETS ; BARNACLES ; MUSSEL ; CHITONS
0799 INTERTIDAL ORGANISMS ; CRUDE OIL ; TOX ICITY ; LIGHT TRA NS M IS ION;

TEMPERATURE; B O I L I N G  FRACTION
1219 I N T E R T I D A L  Z O N E ;  CRUDE O I L ;  S E D I M E N T S ;  W A S H I N G T O N ;

UPT AKE I DEPURAT IOH ; ASSESSMENT OF SPILLS; BEN THIC ORGA N ISM S;
PUGET SOUND ; R E C R U I T M E N T

0299 INTESTINAL ABSORPTION ; BIRDS ; MALLARDS ; CRUDE O I L ;  P H V S I O . . O G Y ;  A N A S ;
DEHYDRA TION ; MUCOSAL TRANSFER RATE ; DISPERSANTS

0300 INTESTINAL ABSORPTION ; OIL; MALLARDS ; PHYSIOLOGY ; AH AS;
M U C O S A L  T R A N S F E R  R A T ~~S ;  CRUDE 0 ! L S ;  B O I L I N G  F R A C T I O N S

0474 I N T R A S P E C I F I C  V A R I A B I L I T Y ; I N T E R S P E C I F I C  V A R I A B I L I T Y ; L I T T O R I N A
0234 INVERTEBRATES ; ARCTIC ; REPRODUCTION; RECOVERY; RECOLONIZATION
0235 I N V E R T E B R A T E S ; D I E S E L  O I L ; A N A C O R T E S; I N T E R T I D A L ; M O R T A L I T I E S
0231 I N V E R T E B R A T E S ; S A N  F R A N C I S C O  S P I L L ; C O M M U N I T I E S ; S M O T H E R I N G ;

RECR UITMENT; INTERTIDAL; RECOVERY ; BUNKER Ci TRANSECTS
0407 INVERTEBRATES ; A R C T I C ;  RECRUITMENT ; BROODING ; M I C R O B I A L  D E G R A D A T I O N ;

TEMPERATURE ; RECOLONIZATION
0 9  INVERTEBRATES; CRUDE OIL; B EHAVIOR ; CHEM ORECEPTIO N
O81~ IN VERTEBRATES ; CRUDE OIL; ARCTIC ; MARINE ; BEAUF ORT SEA
0812 INVERTEBRATES; MIXED FUNCTION OXIDASES ; A RYL HYDROCARBON HYDROXYLASE ;

PETROLEUM HYDROCARBON; METABOLISM; DETECTION; MONITORS; FISH
0821 INVERTEBRATES ; TOXICITY ; EMULSIFIER ; LITTORA L
0775 INVERTEBRATES; M A C R O A L G A E ;  COMMUNITY CHANGES; SANTA B A R B A R A  SPILL
0870 INVERTEBRATES; TOXICITY; COOK INLET CRUDE; BIOASSAY; STATIC ; FISH;

A L A S K A
0975 I NV E R T E B R A T E S ; SA N T A  B A R B A R A  S P I L L ; B I R D S ; A L G A E ; M O R T A L I T I E S;

RECOLONIZATION ; SUBLETHAL EFFECTS; PHYLLOSPADIX ; CN THA MA LU S;
P O L L I C I P E S ; HE SP E R O P H Y C U S

0966 I N V E R T E B R A T E S ; S A N T A  B A R B A R A  SPILL ;  I N T E R T I D A L ;  S U S T I D A L ;  S U R V E Y ;
DIVERSITY ; PLANTS; ALGAE; CHANNEL IS.

1097 I N V E R T E B R A T E S ; T R A N S E C T ; H Y D R O C A R B O N  A N A L Y S I S ; T I S S U E S ;  S E D I M E N T ;
R E C O L O N I Z A T I O N ; COBBLE BEACH; SPECTROPHOTOMETRY

1130 INVERTEBRATES ; FUEL OIL; CHESAPEAKE BAY; ASSESSMENT OF SPILLS;
BARGE STC- 1O i

1183 INVERTEBRATES ; PLANKTON; BIRDS; MAMMALS; TOXICITY; REVIEW;
P E T R O L E U M  H Y D R O C A R B ON S ; E C O S Y S T E M

0375 IR ; PETROLEUM ; HYDROCARBON; CONTENT ANALYSIS ; MA RI N E ORGANISMS;
C H R O M A T O G R A P H Y — C O L U M N  GAS ,TH IH LAYER; SPECTROM ETRY; UV

071 1 IR ; HYDROCARBON ; CONTENT ANALYSIS; BIOGEHIC VS. PETROLEUM HC’S ; GLC ;
MASS SPECTROMETRY ; MONITORING

0786 IR ABSORPTION; TAINTING; JAPANESE COAST; FISH; EELS;
G A S  C H R O M A T O G R A P H Y ; LI V A B S O R P T I O N ; M A S S SPE C T R U M ;  T O L U E N E ;
M IZUSH I NA . JAPAN ; AROMATIC HYDROCARBONS ; GA SOL I NE

0558 IRISH SEA; BIRDS; HAMILTON TRADER SPILL
043 1 I R I S H  S T A R D U S T  — A L E R T  BAY 1973; ALERT BAY , CANADA; RECOVERY;

BIODEGRADAT ION ; HEAVY FUEL OIL
0191 IRVING WHALE SPILL; BIRDS; MORTALITIES; ARROW SPILL ; NOVA SCOTIA;

SPEC IES END ANGERME N T; NEWFOU N DLA ND
1203 ISLA VISTA OIL SEEP; SANTA BARBARA CHANNEL CALIFORNIA;

N A T U R A L  O I L  S E E P S ; B E N T H I C  F A U N A ;  P O L Y C H A E T E S ; B I O M A SS ; T O X I C I T Y
0121 ISOLATED ECOSYSTEM; SAL T MARSH; YORK RIVER; SOUTH LA. CRUDE;

WEATHER ED OIL ; PNYTOPLAHK TOH; FISH ; PER IPHYTON; A TP , MARSH GRASS;
BEN THIC FAUNA ; POLYCHAETES; INSECT LARVAE ; AMPHIPODS; OL IGOCHAETE

0834 ISOPOD; CRUDE OIL; IDOTEA ; GAMMARUS; LON G EVITY; AMPHIPOD;
OXYGEN CONSUMPTION
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0817 ISOPOOS; ARCT IC ; CRUSTACE A ; AM PHIPODS; BEHAVIOR ; ATTRACTION ;
REP ULSION; TAINTING ; CRUDE OIL

1 I39 ISOPODS ; ARCTIC; BENTHIC INVERTEBRATES ; AM PHO POD ; BEHAVIORAL EFFECTS;
M O R T A L I T Y

0786 JAPANESE COAST; TAINTING; FISH; EELS ; GAS CHROMATOGRAPHY;
IR ABSORPTION ; UV A BSORPTION ; MASS SPECTRUM ; TOLUENE;
M I Z U S H I M A , JA PAN ; A R O M A T I C  HYD R O C A R B O N S ; GA SOL I NE

1207 JET  FUEL ; A L G A E ;  FUCUS; CRUDE OIL;  FUEL OIL *2
0582 JP4 FUEL; TOXICITY ; FRESH WATER FISH ; AUF WI JCHS (SURFACE GROWTH);

J P 5 F U E L
0582 JP5 FUEL ; TOXICITY; FRESH WATER FISH ; A UFV UCHS (SURFACE GROWTH);

J P 4 F U E L
0670 JPS FUEL ; OIL; FUEL 01L12; GAS CHROMATO GRAPHY; SEDIMENTS ;

S E A R S P O R T  S P I L L
0737 J U I I A N A  W R E C K ;  P A R A F F I N S ; F I S H ; C R U D E  O I L ; SAL M ON ; M U L L E T ;

B L A C K  SEA B R E A M ; GAS C H R OM A T O G R A P H Y
0081 JUI4CUS ; RECOVERY; CONTROLLED SPILLS; SHAEDA ; FESTIJCA ; PLANTAC E ;

SPART IN A ; SALT MARSH ; PEPtSROKE .WA LES; KUWAIT CRUDE OIL;
F L O W E R I N G  PLANTS; SEED PRODUCTION AND GERMINATION

0330 J UV E N I L E ; B I O A S S A Y ; SOL U BLE F R A C T I O N ; T O X I C I T Y ; L A R V A E ;
S U B L E T H A L  E F F E C T S

0729 JUVENILE; TOXICITY; SALMON; OIL; TEMPERATURE; STRESS BEHA ’IIOR ;
WEATHERING

0867 J U V E N I L E ;  P I N K  S A L M O N ; C R U D E  O I L ; T O X I C I T Y ; A V O I D A N C E ; M I G R A T I O N ;
AGE ; CHEMORECEPT ION

0747 JU V E N I L E S ; T O X I C I T Y ; S T R I P E D  B A S S ; M O R O N E ; B E N Z E N E
0761  J U V E N I L E S ;  T O X I C I T Y ;  A R O N A T I C S ;  PHENATHRE H E S ;  E S T U A R I N E ;  B E N T H I C ;

OCEANIC ; LARVAE: RESPIRATION; GROWTH ; SUBLETHAL
0045 K E L P ; S A N T A  B A R B A R A  S P I L L ; C O M M U N I TY S U R V E Y ; S C A L L O P S ; A S S E S S M E W T ;

B I R D S
0115 KELP ; ALGAE
0256 KELP ; WASTE DISCHARGE; FUEL OIL
02 57 K E L P ; K E L P ; E F F L U E N T ; N A C R O C Y ST I S ; D I S P O S A L
0773 KELP ; SANTA BARBARA; INTERTIDAL; SUBT IDAL ; OVERVIEW
0779 K E L P ; T A N P I C O  M A R U  S P I L L ; C H R O N I C ; S U R F  C O N D I T I O N S ; M O R T A L I T I E S ;

SUCCESSION ; RECOVERY ; BA JA . CALIF.; ANTHOPLEURA; PHOTOSYNTHESIS
1037 KELP; ARROW SPILL; CHEDABUCTO BA Y .HOVA SCOTIA; BUNKER C;

FLUORESCENCE SPECTROSCOPY ; MYA ; HYDROCARBON CONTENT ANALYS IS
0314 KELP BEDS ; SANTA BARBARA SPILL; CLEANUP; ECOLOGICAL IMPACTS; BIRDS ;

L I T T O R A L  C O M M U N I T I E S
0430 K E N T ; B I R D S ; O I L  P O L L U T I O N
1017 KENT . ENGLAND; MARINE ALGAE PLANTS; FISH ; BIRDS
1082 KENT . ENGLAND ; ESTUARY; MUD FLAT FAUNA; REFINERY EFFLUENT ;

ME DWA Y ESTUARY
0058 K E R O SENE ; C H E M O T A X I S ; L O B S T E R S ; A L E W I V E S ; H O R S E S H O E  C R A B ; F L A T W O R M
0059 KEROSENE; CHEMICAL SIGNALS; SWAIL.NA SSA R IU S ; LOBSTERS
0097 KEROSENE ; COPEPOD ; TOXICITY; CRUDE OIL FRACTIONS ; GASOLINE ;

T I C R  100 US
0265 KEROSENE ; MULLET; TAINTING ; A USTRALIA; RIVER SEDIMENTS
0467 KEROSENE ; TOXICOLOGY; ULTRAVIOL ET SPECTROPHOT M ETRY ; BEHZENE;

A L K Y L B E N Z E N E S ; BLOOD
0341 KEROSENE ; NASSA RI US ; CHEMOTAX IS ; WATER SOLUBLE FRACT ION ;

CHENORECEPT ION
0540 KEROSENE ; NA SSA RIUS ‘ MARINE SNAIL> ; CHENOTAXIS
0733 KEROSENE ; BPIOO2 ; CHENKLEEN ; BARNACLE ; BALA NUS ;  ADULT; NAUPLIUS ;

0— 1 03

- --_i-- V , V V . - ., . - - - - -
~~~~~~~ 

,
~~ 

—5— — -._- —. - -



T O X I C I T Y ;  C I R R A L  A C T I V I T Y
0 ’ 09  K E R O S E N E ; T O X I C I T Y ;  BLACK OIL ; M A R I N E  PLAN KT ON IC ALGAE ;

B E N T H O P L A N K T O N I C  A L G A E
0922 KEROSENE; MULLET ; T A I N T I N G ;  GAS C H R O M A T O G R A P H Y ;  PIUGIL
0922 KEROSENE ; TAI N T I N G ; MULLET; MUC h ; GAS L IGU ID CHROMATOGRAPHY;

GAS C H R O M A T O G R A P H Y -  MASS SPECTRGSCOP Y ; INF R A RED SPECTR3S COPY ;
R A D I O A C T I V E  TRACERS ; UPTAKE ; PROTON MAGNETIC RESONANCE SPECTROSCOPY

1031 KEROSENE ; T A I N T I N G ;  MULLET ; MUG IL; H ISTO PA T HOLOGY ; CONTENT ANALYSIS ;
A U S T R A L  I A

0355 K IEL BIGHT ; M Y T I L U S ;  MUSSELS; UPTAKE; DEPURATIO N ; B IOGE NI ;
PETROLEUM; AROMATICS

0356 KIEL BIGHT , W . GERMANY ; MYTILUS; CONTENT ANALYSIS ; METABOLISM;
PETROLEUM ; B IOCE HI C ; MUSSELS ; A R O M A T I C S

0183 KIN G CRABS ; A L A S K A ;  SHRIMP ; CJ O N—ST RI PE SHRIMP ; COOK INLET CRUDE ;
T O X I C I T Y ; B I O A S S A Y  S TA T I C ;  W A T E R  SOLUBLE F R A C T I O N

0165 K I T T I W A K E S ; BIRDS; GULLS ; GUILL IP IOTS; B EHA VIOR
0664 KUROS HIO; EAST CHINA SEA; TAR BALLS; ATTACHED ORGANISMS ;

BL U E G R E E N A L G A E ; P E N N A T E  D I A T O M S ;  S T O N Y  C O R A L S ;  B R Y O Z O A N S ;
B A R N A C L E S ; C O P E P O D S

0405  K U W A I T ;  T O X I C I T Y ;  FUN DULUS ;  P I M E P H A L E S ;  A R T E M I A ;  WEST  TEXAS ;
M A R I N E  D I E S E L ; F U E L  O I L ; L U BE O I L

0719 KU W A I T ;  CHRONIC POLLUTION; OIL PORT ; PONATOLE IOS; GROWTH; TOXICITY ;
D I V E R S I T Y ; S UC C E S S I ON

0882 K U W A I T ;  T O X I C I T Y ;  POLYCHAETES ; CRUDE ; N A P H T HA LE N E; BUNKER C;
FUEL OIL *2; WATER SOLUBLE FRACTION; HEANTHES ; CAPITELLA ;
S O U T H  L O U I S i A N A  C R U D E

0035 K U W A I T  CRUDE; ESTUARIHE ANIMALS; UPTAKE AND DEP URA T ION; TOXICITY ;
R E S P I R A T I O N ;  SOUTH LA CRUDE; FUEL OIL  *2; BUNKER C ; M INNOW ;
GRASS SNR IM P ,PM L A EMO N TES ; BROWN S H R I M P . PA P I A E U S ;
WATER SOLUBLE FRACT I O N ;  OIL WATE R  DI SPERSION; NA PHTHA LENES

0038 K U W A I T  CRUDE; OYSTERS; CRUDE O I L ; REFINED OILS ; CRASSOSTREA ;
BI OASSAY ; FUEL OIL *2; BUNKER C; SOUTH LA . CRUDE

0040 K U W A I T  CR UD E ; P R O T O Z O A N  C I L I A T E S; E U P L O T E S ; UR O N E M A ; N E M A T O D E ;
I N G E S T  ION

0084 K U W A I T  CRUDE; SALT MARSH PLANTS; TOXICITY; EMULSIFIERS
0034 K UW A I T  CR UDE ; W A T E R  SOL U BLE F R A C T I ON ; O I L  IN W A T E R  DISPERSION;

C R U S T A C E A N S ;  F ISH ;  T O X I C I T Y ;  E S T U A R I N E; SOUTH L A .  CRUDE ;  FUEL OIL *2 ;
BUNKER C ; C Y PR INODON ; M E H I D IA ;  FUNDULUS ; PENAEUS; PALE OMO P4ETES ;
MYSI DOPSI S

0185 K U W A I T  CRUDE; SURFACT A NT; BP 1002 : LICHENS ; LICHINA ; CARBON FI X A T I O N ;
E M U L S I  F I E R

0599 KUW A I T  CRUDE; TOXICITY; COREXIT 8666; PH?TOPLANKTON ;
PHAE O DA C T Y L U M  TR ICORH U TU II ; P R I M A R Y  PRODUCTION; I L L U M I N A T I O N

0843 K U W A I T  CRUDE; CRUDE OIL; SOUTH LOUI SIANA CRUDE ; FUEL OIL*2;
GROWTH RATE; PHOTOSYNTHESIS; M I C R O A L C A E — T O X IC IT Y ;  BLUE GREEN; D I A T O M ;
D I  N O F L A G E L L A T E

0777 KU W A I T  CRUDE; SAND DOLLAR; FUEL OIL *2; WATER SOLUBLE EXTRACTS ;
SPERM ; EGG ; RESPIRATION ; MOBILITY OF SPERM; FERT iLIZATI O N ;  CLEAVAGE;
L A R V A L  D E V E L O P M E N T

0886 KU W A I T  CRUDE; SOUTH LO U I S I A N A  CRUDE; FUEL OIL * 2; BUNKER C;
TOXICITY; WATER SOL UBLE FRACTION; NA PHTHALENE ; NEANTHES; CAPITELLA

0865 K UW A I T  C R U D E ; B I V A L V E S; T O X I C I T Y ; S P E R M A T O Z O A ; F E R T  I L I Z A T I  O H ;
DEVELOPME NTAL ABNORMALITIES; PRUDHOE BAY CRUDE ; NIGERIAN CRUDE

0081 K U W A I T  CRUDE O I L ;  R E C O V E R Y ;  C O N T R O L L E D  SPILLS ; SHA EDA ; JUN CUS;
FESTUC A; PLA N TACE; SPARTINA ; SALT MARSH ; PEM BRO KE.W AL E S;
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F L O W E R I N G  P L A ~4TS; SEED ~ R O D U C T I O H  A N D  G E R M I N A T I O N
1341 ~ U4 A 1 T  CRUDE O I L ;  SusPEN SION ; C O R E X 1 T  7664; GAS CH R 0MAT O G RA PH ’~;

S P E C T R O F L U O R O M E IR Y ;  COPEPOD; T O X I C i T Y ;  L O N G — T E R M  EFFECTS ;
R E P R O D U C T I O N ; E G G  P R O D U C T I O N ; H A T C H I N G  S U C C E S S

1 2 0 9 ~.UW A 1 T  CRUDE O I L ;  NETULA SPILL ; STRAITS OF M A G E L L A N ;
A SSESSMENT OF SPILL ; MUSSELS

0030 L A8 O~~AT O R Y STUDIES ; R E V I E W ; M A R I N E  O R G A N I S M S ;  EFFECTS
0 5 7 1  L A B O R A T O R Y  STUDIES ; PHYTOPL A NKTON CRUDE OIL; FIELD EXPERIMENT;

INHIBITED ; STIMULATION ; TOXICITY ; PH; FRACTION S ; BEH ZENEJ XYLENE ;
TO LU EHE

1134 LA B R A D O R  SEA; A R C T I C ;  SUB AR CTIC ; BAFFIN BAY ; DAVIS STRAIT ;
A SSESSMENT OF SPILLS; PHYTOPL A N K TO N ; ZOOP LAN K TON ; ZOOBENTHOS ; FISH ;
M A M M A L S ; BIRDS

0399 LAGOON OF V E N I C E .  ITALY ; HYDRO CARBONS ; CONTENT ANALYSIS ; DEPURAT ION ;
TEMPE RA TURE ; MUSSELS; MYTILUS

0401 LAGOON OF V E N I C E , I T A L Y ;  MUSSEL ; NYTILUS ;
H Y D R O C A R B O N  CONTE NT ANALYSIS ; GAS CHROMATOGRAPHY ;
DI S T A ’4CE FROM POLLUTION SOURCE ; E~~CHAHGE W I T H  SEA

0803 L A N E  C H A M P L A I N ;  A Q U A T I C ;  PIOSQUITOS
0109  L A K E  M A R A C A I B O ;  O F F S H O R E  P R O D U C T I O N ;  F I S H E R I E S ;  V E N E Z U E L A ;

N A T U R A L  SEEPS
0685 L A K E  M A R A C A I B O .  VENEZUELA; FIELDS STUDIES ; CHRONIC POLLUTION ;

SANTA BARBARA SPILL ; BERMUDA; TIM BA L IE R BAY . LA. ; POPULATION LEVELS;
DI VERSITY ; SIZE ; GROWTH RATE ; REPRODUCTION; ABNORMAL GROWTHS;
81 O M A G N  IF  IC A TI  ON

1007 L A K E  M A R A C A I B O , V E N E Z U E L A ;  F ISHERIES ;  S E D I M E N T S ;  W A T E R ;  B I O T A ;
HYDROCARBON C O N T E N T  ANALYSIS; TOXICITY

Q 9 3 5  L A K E S ;  C R U D E  O I L ;  A R C T I C :  M A C K E N Z I E  D E L T A ;  W A T E R  C O L U M N ;  S E D I M E N T S ;
ZOOBEHTHOS ; DEGRADATION

0962 LA ~ MA IS - ; TOXICITY ; LONG TERM EFFECTS ; IN TERr I DA L; CASTROPODS;
8 IV A L V E S ; DIESEL FUEL , M A R I N E ;  ROCKY SHORE ; FAUNA ; HONG KONG ;
DISPERSAH TS; RECOVERY

0929 LANDS END. BRITAIN; LITTORAL COMMUNITY; 1O X ICITY; CRUDE OIL ;
E MULSIFIER ; NI LFORD HAVEN; ESSO PORTSMOUTH SPILL ;
T O R R E Y  C A N Y O N  S P I L L

078 5 L A R O D A W  127; BIRDS; CLEANING ; FEATHER WAX
020? LA R V A E ; MER C E N A R IA ;  TOXICITY; EMBRYOS; WATER SOLUBLE FRACTION ; CRUDE ;

REFINED ; WASTE; GROWTH
0337 L A R V A E ; PETROLEUM ; TOXICITY; BARNACLES; DEVELOPMENT ; PHOTOTAXIS
0279 L A R V A E ;  BARNACLES; T O X I C I T Y ;  BEHAVIOR; DETERGENTS; 8P1002; DASIC ;

E L M I N I N S ;  SOLVENT ; SURFAC TANT
0398 LA R V A E ; SOUTH LA.CRU DE ; LOBSTER; FLOW THROUGH SYSTEM; EMULSION ;

FEEDING ; M O U L T I N G ;  P I G M E N T A T I O N ;  HYDROCARBON ANALYSIS
0593 LARVAE ; WATER SOLUBLE FRACTION; COD ; HERRING; EGGS
0508 LAR V A E : CRA SSOSTREA; OYSTER; N E R C E N A R I A ; CLAM; SURFACTANT ;

DEVELOP MENT; GRO W T H; SURVIVAL ; TOXICITY
C5 96 L A R V A E ; D E V E L O P M E N T ;  EGGS
0569 LARVAE ; MUD CRAB; TOXICITY; MO ULTING
0595 LA R V A E ;  TOXICITY ; EGGS ; COD; BUNKER C; WATER SOLUBLE FRACTION;

H ATCHING SUCCESS
0530 L A R V A E ; B I O A S S A Y ; SOL UB L E  F R A C T I O N ; T O X I C I T Y ; J U V E N I L E ;

S U B L E T H A L  E F F E C T S
O’BS Li4RVA E ; PETROLEUM FRACTIONS; MOS QUITOS; TOXICITY ; CULEX ; A EDES; EGGS ;

P U P A E
0700 L A R V A E ; R E V I E W - O I L  PO L L U T I O N ;  S U B L E T H A L  E F F E C T S ;  P R O D U C T I V I T Y ;  F I S H ;

0—105

- -— - - - - . .  — W

—V V V —,,--. 
V



P HY T O P L A N K T O N ; ZOOPL ANK TON; EGGS; BIRDS; PLAICE
0630  L A R V A E ;  A M P H I P O D ;  T O X I C I T Y ;  B E H A V I O R ;  G A M M A R U S ;  F E C U N D I T Y
06 2 9  L A R V A E ; T O X I C I T Y ;  CR u DE OIL ; D ISPER SANTS; H E R R I ’~G ; CULPEA
0 8 3 8  L A R V A E ; D E T E R G E N T S ;  T O X I C I T Y ;  S H O R E  C R A B ;  C A R C I H U S ;  B R O W N  S H R I M P ;

C RA C O N ; F I S H
0 7 6 1  L 4 R V A E ;  T O X I C I T Y ;  A R O M A T I C S ;  P H E N A T H R E N E S ;  E S T U A R I H E ;  B E H T H I C ;

O C E A N I C ;  J U V E N I L E S ;  R E S P I R A T I O N ;  G R O W T H ;  S U B L E T H A L
0883  L A R V A E ; T O X I C I T Y ;  W A T E R  SOLUBLE F R A C T I O N ;  FUEL O I L  $ 2 ;  P O L Y C H A E T E ;

MEAN TH U S
0 8 6 4  L A R V A E ;  D I S P E R S A N T ;  S H E L L F I S H ;  S P E R M A T O Z O A ;  T O X I C I T Y ;  B I V A L V E S ;

O Y S T E R S ;  C R A S S O S T R E A ;  MUSSEL ;  F E R T L L I Z A T 1 O N ;  D E V E L O P M E N T
0879 L A R V A E ;  CRUDE OIL; M IDCES ; C R IC O T O P U S ;  FORT SIMPSON . HWT , C A N A D A ;

F I E L D  E X P E R I M E N T S; A R T I F I C A L  S U B S T R A T E S
0884 LAR V A E ; FUEL OIL *2; NAPH IHALENE ; ANNELIDS; P O L Y C H A E T E ;  HEANTHES;

UPTAKE L D E P U R A T IO H ; DEVELOPMENT ; M A L E ;  FEMALE: EGGS
0986 L A R V A E ; BE NZEHE ;  H E R R I N G ;  C U L P E A ;  S P A W N I N G ;  O V A R I A N  E G G S ;  E M B R Y O S ;

B E H AV I O R ; R A D I O A C T I V E T R A C E R
0985 LARVAE ; BENZ ENE ; HERRING; ANCHOVY; EGGS; TOXICITY; A HP4 OR M 4L IT IE S;

GROWTH ; R E S P I R A T I O N ;  FEED ING
1093 L A R V A E ; FISH; SOLE; P L A I C E ;  H E R R I N G ;  DETERGENT ;

DEVELOPMENTAL A B H O N A L I T I E S ; BP IOO2; F I H A S O L ;  C O R E X I T
10?9 L A R V A E ;  LOBSTER; HOMARUS; T O X I C I T Y ; B E H A V I O R ;  G ROWTH ;

VENEZUELA CR UDE OIL; FOOD CONSUMPTION; DISPERSIONS
1089 LARVAE ; LONG TERM EFFECTS; DITERGE N T; S A B E L L E R I A ;  TOXICIT Y
1078  L A R V A E ; L O B S T E R :  T O X I C I T Y :  S U B L E T H A L  E FFECTS; E M U L S I O N S
10 91 L A R V A E ;  D I S P E R SA N T ;  T O X I C I T Y ;  FISH ; H E R R I X ~~; PILCH A R C - P L A I C E ;  SOLE ;

LEMON SOLE: HADDOC K; B P IOO2; DELAYED EFFECTS; E M B R Y O L O G Y ;
B E H A V I O R A L  C H A N C E S

1090 LARVAE; 8P1002; DETERGENT; S A B E L L A R I A ;  T O X I C I T Y ;
SUBSTRATE A B S O R P T I O N

1170 LA RV A E ; FUEL OIL; FLOUNDER; REPRODUCTION ; ~“~TC Nl N G  SUCCESS; GROWTH;
E G G S ; H I S T O P A T H O L O CY

1223 L A R V A E ; COOK INLET CRUDE OIL ; FLO UND R ; F I S H ;  CL~~MS;
CHRONIC C O N C E N T R A T I O N S ; EGGS ; P 4 I S T O P A T H O L O G Y ;  M O R T A L I T Y

0447 LA R V A E  D E V E L O P M E N T ;  S U R F A C T A N T ;  M USSELS ; r F R T I L I Z A T I O H
077? LARVAL D EVELOPMENT ; SAND DOLL~49; K U W A I T  LK UD E. FUEL O I L  *2;

WATER SOLUBLE EXTRACTS: SPE RM; EGG; R E S P I R A T I O N ;  N O B I L I T Y  OF S P E F ’ ~ :
PERT h I ZAT ION ; C LE H YAGE

1212  L A R V A L  G R O W T H ;  S H R I M P ; U P T A K E ;  D E P U R A T I O N ;  FU EL  O I L  ~ 2 ;
HATCH ING SUCCESS; BEHAV I ORAL E F F E C T S

1020 LAVER; ALGAE; EMULSIFIERS; BIOASSAY ; T O X I C I T Y ;  GROWTH; PO P ULATION ;
T I SS UES ; P O R P H Y R A

0991 LEAD ; OUTBOARD MOTOR EXHAUST W A S T E ;  FISH ; B L U E G I L L ;  T A I N T I N G
1091 LEMON SOLE ; D ISPERSANT; T O X I C I T Y ;  ~ 1SH ; L A R ~~AE ; H E R R I N G ;  P I L C H A R D ;

P L A I C E ;  SOLE ; HADDOCK; BP IOO2 ; DELAYED EFFECTS; E M B R Y O L O G Y ;
B E H AV I O R A L  C H A N G E S

0669 LEPO M IS; PETROLEUM R E F I N E R Y  EFFLUENT; S U H F IS H .R E D E A R ;
B E H A V I O R A L  SYMPTOMS; T O X I C I T Y ; FRESH WAT E R  FISH

01 9 1A LESIONS ; ARGO MERCHANT SPILL; H I STOLOGY; PEARL F O R M A T I O N ; C A N C E R ;
MODIOLUS; ZOO PLAHKTON

0415 LESIONS ; CRUDE OIL;  H I S T O PA T H O L O G Y ;  FISH; M E N I D I A ;  H Y P E R P L A S I A
0417 LESIONS; OYSTER; SCALLOP; S ILVERS IDES ; MOTOR OIL; H I S T O P A T H O L O C Y
0068 LEVEL OF OIL; ABUNDANCE; D I S T R I B U T I O N ;  B IO INDIC A T O R ; E N U M E R A T I O N ;

CRUDE O I L —  S W E D E N ;  T E M P E R A T U R E ;  M I C R O O R G A N I S M S ;  B I O D E G R A D A T I O N ;
R A R I T A N  B A Y  N .J. ; GAS CHROMATOGRAPHY
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u853 L I C H E N;  T U R k E Y  C A N Y O N
0066 LICHENS; PROTOZOA; ALGAE ; FUNGI; PLANTS; PSEU DOP IONAS; ARCTIC;

M I C R O O R G A N I S M S ;  PRUDHOE CRUDE OIL; NATURAL OIL SEEPAGE;
A LA SKA—P RUD H O E BAY ; C A PE SIMPSON

0071 LICHENS: ARCTIC ; A L GA E— HA STOC ; RESPIRATION; PHOTOSY N THESIS;
NITROGEN FIX A T I O N ;  PRUDHOE CRUDE OIL

0185 LICHENS; KUWAIT CRUDE ; SURFACT AN T; BP 1002; L 1C HIN A; CARBON F I X A T I O N ;
EM ULS I F IER

01 85 L I C H I N A ;  K U W A I T  CRUDE; SURFA CTA HT ; BP 1002; LICHENS; CARB ON F I X A T I O N ;
E M U L S I F  h ER

0274 L I G H T ;  E F F L U E N T ;  R E F I N E R Y  H O L D I N G  P O N D S ;  C O M M U N I T Y  M E T A B O L I S M ;
SEASONAL ; A L GA L  PRODUCTIVITY ; R E SPIRATION; TEMPERATURE

0534 LIGHT A BSORPTION ; TOLERANCE
0799 LIGHT TRANSMISSION ; CRUDE OIL ; TOXICITY; INTERTIDAL O R G A N i S M S ;

T E M P E R A T U R E ;  B O I L I N G  F R A C T I O N
1059 LIMIT IN G  EFFECTS; BACTERIA; BIODEGRADATION; SOUTH LOU I S I A N A  CRUDE;

FUEL OIL * 2
0104 L I M I T I N G  FACTORS ; B A C T E R I A ;  TEMPERATURE; NITROGEN; PHOSPHORUS ;

B I O D E G R A D A T I O N
0180 LI M I T I N G  FACTORS; BACTERIA; O X I D A T I O N ;  SEAWATER; NITROGEN;

PHOSPHORUS
0 8 6 3  L I M O S I HA ;  SUPRA L ITTORAL ; AR THROPOD S ; ORCHESTI A ; EFFLUENTS ; TOXI r .IT 1 ;

CRUDE OIL ; FLIES; AMPHIPODES
0329 LIMPET; TOXICITY
0092 LIMPETS; DONNA MA R IK A  — SPILL 1973; GASOLINE; N A R C O T I 2 A T I O H ;

M ILFORD H A V E N V .- W A L E S
0045 LIPIPETS; SANTA B A R B A R A  SPILL; CLEANUP; COMMUNITY SURVEY; BIRDS ;

BARNACLES ; MUSSEL ; CHITOM S ; INTERT i DAL ORGANISMS
0232 LIM PET S ; SAN FRANCISCO SPILL ; R E C R U I T M E N T ;  BUNKER C; B A R N A C L E S ;

B A L A N U S ;  CHT HAIIA LUS ; MUSSEL; MYT ILUS; COLL ISELLA
0291 L IM PET~~; CHRONIC POLLUTION ; BARNACLES : REFINER? EFFLUENT; TRANSECTS;

A B U N D A N C E
0423 LI MPETS; M ILFORD HAVEN , WALES; INTERTI DAL ; EMULSIFIERS
0517 LIMPETS ; TORREY CANYON; DETERGENT; PLANKTON ; FISHERIES ; BIRDS;

C R A I E  DE C H A M P A G N E
1172 LIM ULUS; FUEL OIL *2; SYNERGISTIC EFFECTS; TEMPERATURE; SA L I N I T Y ;

EMBRYOCEM SIS ; RESPIRATION; HORSESHOE CRAB
0728  L I P I D S ;  S U H F A C E  F I L M S ;  Z O O P L A t 4 K T O H ;  H Y D R O C A R B O N  C O N C E N T R A T I O N
0960 LIP I D S ;  OYSTER; CRASSOSTREA; UPTAKE: RETENTION; DEPURATIO N ;

P E T R O L E U M  F RA C T I O N S : F A T  C O N T E N T ;  M E T A B O L I S M
0893 L I POGENESIS; FISH; FUNDULUS; LIVER; R A D I O A C T I V E  T R A C E R S ;

U L T R A S T R U C T U R E ;  M E T A B O L I C  PATHWAYS; GLYCOLYSIS
0959 LIrO G EHISI S ; M ETA BOLiSM ; IN TERMEDIA RY METABOLISM;

X E N O B I O T IC  METABOLISMS; FUN DULUS; STENOTOMUS;
MIXED -FUNCTION OX IDASES

0692 LIQUID CHROMATOGRAPHY; HYDROCARBON CONTENT ANALYSIS; MULLE T ;  SHRIMP ;
OYSTER ; GAS CHROMATOGRAPHY

0391 LI QUID CONTENT; CRUDE 0 1 ’  HYDROCARB ON ; UPTAKE; MY A ;  R E S P I R A T I O N ;
SOF T S H E L L  C L A M

025 1 L I Q U I D — S O L I D  C H R O M A T O G R A P H Y ;  PA R A FF IN S ; GAS LIQU ID CHROMATOG RAPHY;
TEC HNIQUES

0116 L I T T O R A L ; T O R R E Y  C A N Y O N ; SUB- L I T T O R A L ;  C O M M U N I T I E S
0197 LIT T O R A L ; DETERGENTS; NUCELLA LAPILLUS; RESI STA~l C E ;  M O R T A L I T Y ;

P O P U LA T I O N  RECOVERY ; R E C O L O N i Z A T I O N ;  RO CKY SH;RE
0297 LITTOR A L ; TOXIC ITY
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O~~T3 ~ h T r i P A L : I N S E C T S ;  P O P U L u~T I O H  ~ U R V E i ;  S A N T A  B A R B A R A ;  C R E V I C E  F A U N A ;

? E E T L ~T ~~~ H V , V~~~T P F i U U .

O8~~i L I T T O R A L ; T O X I C I T Y ;  E M U L S I F I E R ;  IN V E R T E B R A T E S
O7~.. L I T T O R A L ; P1 IL FO R D HAVEN . WA L E S ;  tOR ~~E ’  C HNI O N ; T O X I C I T I E S ;

C l ~~U U~~T~ C~~A N.E T ’ U J T H  U C C T  C R I T A I N
07T5 L I T ~~OP~~L 

M 4 P O A L P A C  AS~~O C T A T I O H  I N S T A B I L I T Y ; C H R O N I C  E F E C T S ;
CO AL O I L  P O I N T ; S~~lT A B~~P 8A R A  S P I L L

C ’ ? 2 L I T ~~O~~A L ;  P A N A M A ;  5 3  J ;~~~ 4 T E R  S P I L L ;  T R O P I C S ;  I N T E R T I D A L ;
T E R R E S T R I A L  P L A N T S ;  M A N G R O V E ;  R E E F ;  M E I O F A U N A ;  SEA TURTLES ; B I R D S ;
r I F S E L  O I L ;  PIJ H~~E R  C

0 : 4 ?  L I T T O R A L ;  T O R R E Y  C~~H~~ON SP I L L;  D E G R A D A T I O N ;  Z O O P L A N K T O N ;  B A C T E R I A ;
SUN V T~iP~~ ; L L F ~~~ UP

0 2 2 0  L I T T O R A L  C0~~~U N I T I E S ;  F L O R I D A  K E Y S ;  R O C K Y  P L A T F ) R M ;  M A N G R O V E  F R I N G E ;
S E A  G ’ A S S  FLu TS : M A N G R O V E  SWAM P ; C R U S T A C E A N S ;  E C H h M O D E R M S ;

~ED M A N G R O V E ;  PEARL OYSTE R ; B L A C K  M A N G R O V E
02~~4 L I T T O R A L  C O M M U N I T I E S ;  C O L L E C T I O N  OF PA PERS
O2~~ L I T T O R A L  COM M U N I T I E S ;  EM U L S I F I E R S ;  B P I100 ; C H R O N I C  E F F L E I VHT
0514 L I T r O R A . COIIM U NI T I ES ; SA N T A  BA R B A R A  SPILL ; CLEANUP ;

E C O L O G I C A L  I M P A C T S ;  B I R D S ;  KELP BEDS
0004 L I T T O R A L  CO M M U N I T Y ;  GULF OF ST LAW ~~EH CE ; M . r ~DA L E H  IS ; C A N A D A
0~~~5 L T ~~O PAL C O M M U N I T Y ;  T A M P I C O  MA R U  SPILL ; T O R R E Y  C A N Y O N  SPILL;

M I L F O R D  H A V E N  VALES ; O I L ;  SHORE C L E A N I N G
O~~29 L : TT O R A L  C O M M U N I T Y ;  B R I T A I N ;  T OXICITY; CRUDE O I L ;  E M U L S I F I E R ;

1 LF0 0 H A V E N ;  ES~~0 ~ O~~T S M O U T H  S P I L L ; T fl~~R E Y  - A N Y O H  SPILL; LA NDS END
0056 L I T T O R A L  ENVIRONMENT ; R E V I E W — O I L  POLLUTION ; E P1UL SI FIER S
0336 L I T T O R A L  O R G A N I S M S ;  EM ULSIFER S ; BP1002; BP1100 ; COC KLES; POLYCHAETE;

~
OTSI L I T ’~~PA1 ZONE; T O X I C I T Y ; I N T E R T I D A L ;  B A L T I C  SEA; C O R E X I T ;  BEROL ;

B P 1I OO ; W A T E R  BASE ; OIL BASE; S O L V E N T
(155 L I T T O R I A L  C O M M U N I T Y :  D ETERGENTS ; A L G A E ; I N T E R T I D A L ;

~. 1~~O rV T TE R M EF~~ECTS L O N G  T E R M  E F F E C T - ;  -

029 5  L I T T O P I N A ;  M I L F O R D  H A V E N  B R I T A I N ;  R O C K Y  S H O R E ;  O IL  P O R T ;  B A R N A C L E S ;
T O P  S H E L L  ~.. M ONDONT A )

0474 L I T T O P I M A ;  I N T E R S P E C I F I C  V A R I A B I L I T Y ;  I N T R A S P E C I F I C  V A R I A B I L I T Y
O 4 5 ~ L i T T O P 1 N ~~; T O X I C I T Y :  CRUDE O I L — A R A B I A N  L I G H T ;  M Y T I L U S ;  T I O L  C Y C L E ;

t E tiP EQ AT IJ RE
0484 L I T T O R I N A ;  SUBLETHAL EFFECTS ; BUNKER C; D I S P E R S AN T ; R E S P I PA T I O N ;

C O P E X I T ; C R A W L I N G  R A T E S
O~~22 L I T T O P I N A ;  t 4 U C E L L A  BUCIP4N UM ; D ETE R GENTS; G R O W T H ;  M O R T A L I T Y :  8P1002;

T ~ RSOL V E N T
0 8 9 3  L I V E R ;  F I S H ;  F IJND ULUS;  L I P O C E N E S I S ;  R A D I O A C T I V E  T R A C E R S ;

U L T P A S T R L I C T U R E :  M F T A B O L I C  P A T H W A Y S ;  C L Y C O L Y S I S
O~~5~ L I — E R  E N L A R G E M E N T ;  CRUDE O I L ;  D E T E R G E N T ;  O C T O C O R A L S ;  C R U S T A C F A ~1S;

l r - L L U S C S ;  E C H IN O D E P M S ; F I S H ;  T O X I C I T ” :  St JBLET -t .~L ;
D E V E L O P M E N T A L  S T A G E S ;  RED S E A ;  F E E D I N G  R A T E ;  P H Y S I O L O G Y ;
8 I O A C C U M U L A T  ION;  H E N A T O C R I  T

1 1 3 2 L ! . ’EP ~ E l C H T  M U L L E T ;  E M P I R E  M I X  C R U D E ; P I 4 S I O L O G I C A L  ‘T F~~E C T ;
A L ‘~~LI NE P H O S P H A T A S E ;  B C L U C U P O N  I O M S E ;  H A L  IC D EH D R O G E N A S E ;
..fl~~~p ’ ’  ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

0220  L O A D  OH TOP S Y S T E M ; P E V I E W
0 0 6 1  L O B S T E R ;  C H E N O S E N S O R S ;  B E H A V I O R  A N D  F E E D I N G ; C R U D E  O I L

T6 ’ l  L O E S T E R !  S U B L E T H A L  E F F E C T S ;  CRUDE O IL
O3~~ L O B S T E R ;  SOUTH LA CRU DE; L A R V A E ;  FLOW THROUGH SYSTEM ; E MULSION;

~ E E D I N C ;  M O U L T I N G ;  P I G M E N T A T I O N ;  H Y D R O C A R B O N  A N A L Y S I S
0 3 0 2  L O B S T E R ;  B I O C E N I C  V S . P E T P O L E U M  H Y D R O C A R B O N ;  D I E S E L  O I L ;
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F H P0 MAT OC RA P NY
: O~~~V) L O 8 S T E R -  I 4 O M A R U S V L~~P V A E , T O X I C I T Y ;  B E H A V I O R ;  G R O W T H ;

V E N E Z U E L A  C °UDE O I L ;  FO UD CO~~S U M r T I O N ;  D I , I f f r ’ I O HS
:r ~~~3 L O B S T E R ;  T O X I C I T Y ;  SU B L E T H A L  EFFECTS; L A R V A E ;  E M U L S I O N S
( 0 5 3  L O B S T E R S ;  C H E M O T A X I S ; A L E ;~ 1~~ES; HOR S E S H O E  C R A B ;  F L A T W O R M ;  K E R O S E N E

~O57 tP ~~ST ERS ; S N A I L ,N A S S P ~~TU~~; B E H A V I O R
O0~~9 LO 8 ST E RS; C H E M I C A L  SIGNALS; SHA I L ,H A S S A R I U S ;  KEROSENE
fl~~15 L O C O M O T I O N :  D ISPERSANTS; E M U L S I O N S ;  T O X I C I T Y ;  SUBLETHAL EFFECTS;

A C T I V I T Y :  M O T I L I T Y ;  B IV A L V E S ;  CRUST A CEA N S ; F i S H ;  B E H A V I O R ;
O I L  E M U LSION ; CONTINUOUS FLO W

0320 L O C O N O T O PY  A C T I V I T Y ;  A R C T I C ;  CRUDE OIL ; A M P H I P O D ;  CO E LE N TERA TE ;
SUBLETH A L E F F E C T S ;  ONIS IMUS ; HA L ITH O LUS

0724 LONG is , N . Y ; O I L  SPI L L ; P R E D I C T I O N
4 4 A  LON G T E R M .. T O X I C I T Y ;  R E F I N E R Y  E F F L U E N T S

0 0 3 4  L O N G  T E R M  E F F E C T S ;  S A L T  M A R S H  P L A M T S ;  M I L F O R D  H A V E N . W A LES ;
S H O R T  TERM EFF ECTS

0 15 3  LO NG T E R M  E F F E C T S ;  E C O L O G I C A L  E F F E C T S : R E V I E W ;  C O M M U N I T I E S ;
E F F E C T S  OF C l E A N I N G ; ~R E V E W T I O H

0 1 8 6  L O N G  T E R M  E F F E C T S ;  T I M B A L I E R  B A Y . L A ; OFFSHORE P R O D U C T I O N ;  S U M MA R Y
3155 L3’4 G TERM EFFECTS; DETERGENTS; ALGAE ; INTERTIDAL; SHORT TERM EFFECTS;

L ITT OR I AL C O M M U N I T Y
0372 LONG TERM EFFECTS; REV I E W ; MA RINE E C O S Y S T E M S ;  CRUDE O IL ;  T O X I C I T Y
0962 LO N G TERM EFFECTS; TOXICI T Y ;  INTERT I DAL; GASTROP O DS; BIVALVES;

D I E S E L  FUE L . MAR I NE ; R OC KY SH O R E ; F A U N A ; L A M M A  IS ; H O N G  K O N G;
DI SP E RSAN TS; RECOVER Y

1089 LON G T E R M E FF E C T S ; L A R V A E ; D E T E R G E N T ;  S A B E L L E R I A ;  T O X I C I T Y
1215 L ON G T E R M  E F F E C T S ; F U E L  O I L ;  B U N K E R  C ; CH E D A B U C T O  R A Y ; N OV A  SCO T I A ;

A R R O W  SPILL; CV R D G P A S S ;  MARSH; ALGAE; TOXICITY

~497 LONG TERN EXPOSURE; NAP N THALENE; ACCUMULATION; COPEPOD; RAD I O A C T I V E ;
LOW LEVEL C O N C E N T R A T I O N S ;  M A R I N E  ZOQPL A N K TOH ; PERSISTE NT EXPOSURE ;
IJ P ’ AV E / DEP U RAT ION; CALANUS ; E U R Y T E M O R A

1)773 LO N G TERM IMPACT; R E V I E W ;  BA JA ~ C A L I F  ; SP IL L  I N C I D E N T S :.
T~.M F I C O  M A R U  SPILL

0131 L O N G - T E R M  EFFECTS; OIL SPILL REMOVER ; SURFACTA N T; ME IOFAU NA ;
RE CO V E R Y

1041 L O N G - T E R M  EFFECTS; K U W A I T  CRUDE OIL; SUSPENSION ; CORE XI T 7664;
GA S C H R O M A T O G R A P H Y ;  S PE CTROFLUORO M ETRY ; COPEPOD; T O X I C I T Y ;
R E P R O D U C T I O N :  EGG PRODUCTION; HATCHING SUCCESS

08:4 3N C E V I T Y ;  CRUDE OIL; IDOTEA ; CAM MA RUS ; AMPHIPOD ; IS OPOD ;
O X Y G E N  C O N S U M P T I  OH

:022 LU 4JP; L O U I S I A N A ;  DEEP W A T E R  PORT

~~~~ LOS A NG E LES HARBOR ; REFINERY EFFLUENT ; BEN THIC M A R I N E  A N I M A L S
2j 4 LOS A N G E L E S  HARBOR ; SA N S INEA SPILL ; PRODUCTIVITY: ZOOPLAHKTOtI ;

AS~~ESS M EHT OF SPILLS ; BIRDS: BENTH IC ORGANISMS ; FISH; PHY TO PLA HK TON
0412 L O U I S A M A ;  OYSTERS; CRA SSO STREA ; CRUDE OIL
030 9  L O U I S I A N A : O F F S H O R E  OIL  PORT
0~.51 L O U I S I A N A ;  OYSTER; CRA SS OSTREA; OIL SPILL ; MORTA LITY ; GROWTH ; SET;

o:Sr~~-;F IN~~T r E N ; E T H I N T I N G
0944 L O U I S I A N A ;  E N V I R O N M E N T A L  PROTECTION PLAN ; DEEP WATER PORTS
08 37  LOU I S I A N A ;  CHRONIC POLLUTION ; COASTAL OIL PRODUCTION ; TOXICIT ’

TM INTl HG
O99~ LO U I S I A NA ; ECOSYSTEM IM PACT ; OFFSHO RE DRILLING
0965  L O U I S I A N A ;  OIL  P O R T S
1022 L O U I S i A N A ;  DEEP WATE R PORT ; LOOP
113 5 LO I J ISIAP4 A ; MARSH ; ECOSYSTEM ; PETROLEUM HYDROCARBON ;
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V V V V

A N A L Y S I S  FOR HYD R O C A R B O N ;  CORD CRASS; ESTUARIES
01 92 L O U I S I A N A  BAY ; B A C T E R I A ;  SF LIIPI EH TS 3 O X I D A T I O N ;  A E R O B I C ;  A H A E R O B I C
0911 L O U I S I A N A  C O A S T ;  O F F S H O R E  P R O D U C T I O N ;  T I M B A L I E P  B A Y ;  E C O L ) G Y ;

E N V I R O N M E N T A L  IMPACT
0 0 0 3  L O U I S I A N A  C R U D E ;  Y E A S T ;  B I O D E G R A D A T I O N ;  T R 1 C H O S P O R O N
0563  L O U I S I A N A  C R U D E ;  S A L T  MA R S H ;  E S T U A R Y ;  Y O R K  R I V E R ;  B A C T E R I A ;  ? U N G I ;

SEC- :I1ENTS ; PErRDLE ,J N D E G RA D I N G
0006  L O U I S I A N A  CRUDE O I L ;  B I O D E G R A D A T I O N ;  YEAST; GUPPY ; FUNGI
0583 L O U I S I A N A  CRUDE OIL ; CRUDE OIL ;  P A L A T A B ~~~ I T Y ; B R O W N  S H R I M P ;

BLUE C R A B ;  T A I N T I N G
0 4 8 ?  L O W  LEVEL CONCENTRATIONS ; NA PHTHALE N E ; AC C U M U L A T IO N ;  COPEPOD;

R A D I O A C T I V E ;  LONG T E R M  E X P O S U R E ;  MA R I N E  Z O O P L A N K T O H ;
P E R S I S T E N T  E X P O S U R E ;  U P T A K E / D E P U R A T I O N ;  C A L A N U S ;  E I J R Y T E M O R A

0:394 LOW MOLECULAR WEIGHT H Y DROCARBONS ; OFFSHORE PRODUCTION ;
G U L F  OF M E X I C O ; T O X I C I T Y

!O2 0~ L O W  T E M P E R A T U R E .  BACTERIA; DEGRADATION; LOW TEMPERATURE
0 4 0 5  LUBE O I L ;  T O X I C I T Y ;  FUN DULUS ; PIMEPHALES ; A R T E N I A ;  K U W A I T ;

WEST TEXAS; M A R I N E  D I E SEL; FUEL OIL
0322 L U B R I C A T I N G  OILS; ALGAE ; GROWTH; E U G L E N A ;  SCENEDESM US ; DIESEL OIL ;

P H O T O S Y N T H E T I C  M E T A B O L I S M
0989  L U G M O R M - A R E M I C O L A ;  T O X I C I T Y ;  D I S P E R S A N T S ;  B P I O O 2 ;  B P I I O O ;

C O C K L E — C E R A S T O D E R P I A .  N E R I N E
0935 MA C K E N Z I E  DELTA ; CRUDE OIL; LAKES ; A R C T I C ;  WATER COLUMN: SEDIMENTS ;

ZOOBEP4THOS; DEGRADATION
032 3 M ACK ENZIE VALLEY CRUDE OIL; A R C T I C ;  A L G A E ;  P R I M A R Y  P R O D U C T I V I T Y ;

S P E C I E S  C O M P O S I T I O N
050! M A C K E N Z I E  VALLE Y HWT ; PHY TO PLAN KT O I4; PHOTOSYNTHESIS ; GROWT H ; PLANTS ;

SOMM U P4I TY EFFECTS: A R C T I C :  PEP IPHYT ON ; P O P U L A T IO N  C O M P O S I T I O N ;
SEA SONAL SUCCESS ION

0913  M A C O M A ;  C L A M ;  PRU DHOE B A Y  CRUDE O I L ;  H Y D R O C A R B O N  A N A L Y S I S ;
GAS CHROMATOGRAPHY ; BEHAVIOR; B URROW ING

1 0 02 A  ? 1 A S O M A ;  A L A S K A ;  MUD F L A T S ;  B E H A V I O R - B U R R O W I N G  -

.

1197  M A C D M A ; PRUDHDE BAY CRUDE O I L ;  NA P H T H A L E N E ;  C L A M S ;  U P T A K E ;  S E D I M E N T S
1213 M A C D M A ;  CLAM; PR’IDHOE BAY CRUDE OIL ;  A L A S K A ;  B U R R O W I N G ;

B E H A V I O R A L E F F E C T S
0322 MA C D M A  8A LTH ICA; PORT V A L L E Y ,  A L A S K A ;  I N T E R T I D A L ;  SEDIMENT;

B A C T E R I A  POPULATIONS ; M E IO FA UHA ; COPEPODS
0 9 1 2  M A C D M A  B A L T I C A ;  B I O I P I D I C A T O R S ;  C L A M S ;  MUD F L A T S ;  CRUDE O IL
0775 M A C P O A L G A E ;  L ITTORAL; A S S O C I A T I O N  I N S T A B I L I T Y ;  CHRONIC EFFECTS ;

COAL OIL POINT; SANTA BARBARA SPILL
0776 M A : R O A L G A E ;  I N V E F V T E B R R T E S ;  C O M M U N I T Y  CHANGES ; SANTA B A R B A R A  SPILL
1200 MA CR OR ENTHOS; WEST FALM OUT H OIL SPILL; MASS ; C A P I T E L L A ;  P O P ’ J L A T  I O N ;

P O P U L A T I O N  D Y N A M I C S
1 19 3  P I A C R O B E NT H O S ;  A N T A R C T I C ;  A S S E S S M E N T ;  r IJEL O I L ;  8 E N T H I C  E C ) L O G Y
0 2 5 ?  M A C R O C Y S T I S ;  KELP ;  E F F L U E NT ;  D I S P O S A L
0361 M A C R O F A U NA ;  CRUDE OIL ;  RED SEA ; T O X I C I T Y ;  DEPTH; SUBLETHAL EFFECTS;

P H Y S I O L O G Y ;  M E T A B O L I S M ;  D E H A V I O P ;  D I S P E R S A N T
0 2 9 3  N A C R O F A U N A ;  M I L F O R D  H A V E H . B R IT A I H .  I N r E R T I D A L ;  S E D I M E N T S ;

SANDY AND MUDDY SHORES ; TA I N T I N G
0358 M A C P O F A U H A ;  RED S E A :  T O X I C I T Y ;  CRUDE O I L ;  D I S P E R S A N T ;  C O R A L ;

N E T E R O X E N I 4 ;  C A S T R O P O D S ;  M U S S E L S ;  C H I T O N ;  SEA U R C H I N ;  H E R M I T  C R A B ;
S H R I M P ; G O A T F I S H ; R A B B I T F I SH

0609 M A C P O F A L J N A ;  M A R I N E  S E D I M E N T ;  M E T A B O L I S M ; N I C R O F A U N A ; ME IO ~~AUN A ;
D E G R A D A T I O N ;  PO LYCHA ETE WORMS ; B I V A L V E S ;  B A C T E R I A ;  E X C R E T I O N

067 3  P I A C R O F A U N A ;  BUNKER C; R I V E R ;  MUDDY R I V E R .  P I A S . ;  BUD; P L A N K T O N ;
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TOXICITY; NEW ENGLAND
0199 MACROINV ERT EBRAT ES ; STREAMS ; GASOL iNE ; ORTHOCLAD IUS; RECOV ERY ;

D I V E R S I T Y  INDEX
0230 M A C R O I H V E R T E 8 R A T E S ;  SA N  F R A N C I S C O  S P I L L;  T R A N S E C T S ;  C O M M U N I T I E S ;

I N T E R T I D A L ; R ECRUITMENT: RECOVERY
0511 M4 CR OINV ER TE~ R~~TES ; STREAM . V I R G I N I A ;  SEDIMENT; DIVERSITY ;

P O PUL A T I O NS -

O9OS M A C R O I P 4 V E R T E B R A T E S ;  FISH; PERIPHYTON ; SEDIMENTS; STREAM ; DIESEL FUEL ;
BOONE CREEK OIL SPILL; HYDROCARBON A N A L Y S I S ;  SOUTH C A R O L I N A

1086 MA C R O IN V E R T E B R A T E S ;  STREAM; BEN THIC; OIL REFINERY EFFLUENT;
D I V E R S I T Y  I N D I C E S

0246 MA CRO ORG AH ISM S; REVIEW; BIOLOGICAL FATES
0726 MACRO HYTES ; DE G R A D A T I O N ;  B A C T E R I A ;  SPECIES COMPOSITION
0004 MA C DALEN IS. ; GULF OF ST LAWRENCE; LITTORAL COMMUNITY ; CAN A D A
O2 7. M A IA ;  SPIDER C R A B ;  NAPHTH A LENE ;  M E T A B O L I S M ;  E X C R E T I O N
0884 MALE ; FUEL O iL 12; HA PNTHALEHE; A HHEL IDS; POLYCHA ETE ; NEA N THES;

UPTAKE &DEPUR A T ION; D E V E L O P M E N T ; FEMALE; EGGS; L A R V A E
1014 M AL IC DEHYD RO CENA SE; ARGO MERCHA N T SPILL: WINTER FLOUNDER;

YELL OW TAIL FLOUNDER: MODIOLUS ; PLACOPECTEN; RESPIRATORY ENZYMES;
O SM O LALITY; PYRUVATE REDUCTION ; A NA ER O B IOSI S

1102  I j A L I C  DE P4 Y D R O G E N A SE ; M U L L E T ;  E M P I R E  M I X  C R U D E ; P H S I O L O G I C A L  E F F E C T ;
LIVER WEIGHT ; A L K A L I N E  PHOSPHA TASE ; B—CL U CURO HI DA SE ;
A E R O B I C  I I E T A B O L I  SM ; A C E T Y L C H O L I  N E S T E R A S E

112 1 MALLARD: TOXIC iTY; PHYSIOLOGICAL EFFECTS; FUEL OIL; HATCHING SUCCESS ;
P A R A F F I N S ; G R O W T H  -

0300 M A L L A R D S ;  O I L ;  P H Y S I O L O G Y ;  I N T E S T I N A L  A B S O R P T I O N ;  A N A S ;
M UCOSAL TRANSFER R A T E S ;  CRUDE OILS; BOILING FRACTIONS

0299  M A L L A R D S ; B I R D S ;  C R U D E  O I L ; P H Y S I O L O G Y; A N A S; DE H Y D R A T I O N;
MUCOSAL TRAN SFER RATE; DISPERSANTS; INTESTINAL ABSORPTION

0330 MALLARDS; DUCKS; A NA S ; CRUDE OIL; INGESTION ; EGGS; E M B R Y O T O X I C I T Y
1144 MA P_ L ARDS ; BIRDS ; HATC HING SUCCESS; EMBRYONIC DEVELOPMENT ; El DERS ;

GUIKS; PATHOLOGICAL EFFECTS; FUEL OIL; CRUDE OIL
1 2 24 M A L L A R D S ; W A T E R F O W L ; O I L  S P I L L S ; R E P R O D U C T I O N ; R E V I E W ; E G G S
1173 MAl LARDS; DUCKS: ANALYSIS FOR HYDROCARBONS; NA PHTHA LENE;

PHYSIOLOGICAL EFFECTS; SOUTH L O U I S I A N A  CRUDE OIL
1 134 MAMMALS; ARCTIC; SUB ARCTIC; BAFFI N BAY; DAVIS STRAIT; LABRADOR SEA;

A S S E S S M E N T  OF SP ILLS ;  P H Y T O P L A P 4 K T O N ;  Z O O P L A N K T O N ;  Z O O B E N T H O S ;  F ISH ;
B I R D S

1183 MAMMALS; PLANKTON ; INVERTEBRATES: BIRDS; TOXICITY: REVIEW;
PETROLEUM HYDROCA RBONS; ECOSYSTEM

0892 MANGROVE : PA NA M A; S.S . WI TWA TER SPILL: TROPICS ; INTERTIDAL:
T E R R E S T R I A L  P L A N T S ; L I T T O R A L ; R E E F ;  M E I O F A UNA ; SEA TURTLES: BIRDS;
DIESEL OIL ;  BUNKER C

117? MANGROVE ; PUERTO RICO; OIL SPILLS; ECOSYSTEM; CORAL REEFS; ESTU A RIES;
A N A L Y S I S  FOR H Y D R O C A R B O N S ;  MULLET ;  O Y S T E R ;  C L A M ;  H I S T O P A T H O L O G Y ;
R E V I E W  

-
0228 MANGROVE FRINGE; LITTORAL COMMUNITIES; FLORIDA KEYS: ROCKY PLATFORM;

S E A  GRASS FLATS ; MAN G ROVE SWAMP ; CRUSTACEANS ; ECHIN ODER N S ;
RED MANGR O V E ; PEARL OYSTER ; BLA CK MA N G R O V E

0749 MAN CROVE PROP COMMU N ITY; PUERTO RICO; ZOE COL OCUTR ON IS ;
VENEZUELEN CRUDE ; TURTLE GRASS COMMUNITY; SEDIMENTS;
H Y D R OC A R B O N  A N A L Y S I S ; T R O P I C A L

0228 MANGROV E  SWAMP ; LITTO RAL COMMUNITIES; FLORIDA K E Y S ;  R O C K Y  P L A T F O R M ;
M A N G R O V E  FRINGE ;  SEA C R A S S  F L A T S :  C R U S T A C E A N S ;  E C H I H O D E R M S ;
RUt MAP:CPOYE ; PEARL OYSTER; BLACr MANGROVE
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1 1 5 ~ M A’~G p 0V E S ; C A P I T E L L A ;  CO~~”~GRASS ; CRU DE Ofl MAR - SN ; TEXAS ;
GULF OF M E X I C O ;  ASSE SSMENT OF SPILLS

O1~~3 M A R I N E :  B I O D E G R A D A T I O N ;  P E T R O L E U M  F R A C T I O N S ;  B A C T E R I A
07b8 M A R I N E ;  OIL P OLLUTION: REVIEW
094 7 M A R I N E ; A L G A E ;  PHYTOPL AN KT ON ; CRUDE OIL; FUEL OIL 12; GROWTH RATES
0819 M A R I N E ;  CRUDE OIL ;  A R C T I C ;  I N V E R T E B R A T E S ;  B E A U F O R T  SEA

~j739 M A R I N E ;  B I B L I O G R A P H Y ;  EST UA R INE ~ O I L  P O L L U T I O N
0770 M A R i N E :  R E V I E W . : O I L ;  P L A N T S ;  A N I M A L S
1040 M A R I N E ;  B I O D E G R A D A T I O N ;  PO TENTIAL ; R A D I O M E T R Y ;  H EX A D E C A H E

~195 M A R I N E ; R E V I E W P O L L U T I O N ;  B 1 O I N D I C A T O R S  E STU A R INE ; OIL P O L L U T I O N
101 7 M A R I N E  A L G A E  PLANTS ; KENT , E N G LAND; FISH; BIRDS
O~~49 M A R I N E  BIOTA; REVIEW; OIL SPILLS; BRINE
0805 M A R I N E  B I O T A ;  SUBLETHAL EFFECTS
l04~ M A R I N E  B I O T A ; O i L ;  DISPERSED OIL: T O X I C I T Y ;  E F F E C T S
0405 M A R I N E  DIESEL ; T O X I C I T Y ;  FUN DULUS ; P IMEPH ALES ; A R T E M I A ;  K U W A I T ;

WEST TEXAS ; FUEL OIL ; LUBE OIL
0359 M A R I N E  DIESEL; FEEDING B E H A V I O R ;  COEL E NTERATA; D I S C R I M I N A T I O N ;

R E T E N T I O N ; P A L Y T H O A ; C H E M O R E C E P T I O H ; B U N K E R  C
2 190 M A R i N E  DIESEL ; B I O D E G R A D A T I O N ;  BUNKER C; M I C R O O R G A N I S M S ;  CRUDE OIL
0372 M A R I N E  ECOSYSTEMS ; REVI E W ;  CRU DE OIL; TOXICITY; LONG TERM EFFECTS
0147 M A R I N E  E N V I R O N M E N T ;  REVIEW
013 3 M A R I N E  E N V l R O N M E N T ;  B I O L O G I C A L  EFFECTS; R E V I E W
03 90 M A R I N E  E N V I R O N M E N T ;  D E G R A D A T I O N ;  CRUDE OIL; B A C T E R I A L ; V

NON— S I OLOCI CAL
0804 MAR I N E  ENVIRONMENT; CRUDE OIL; DEGRADATION; ZOOPLA NKTON ;

P H O T O C H E M I CA L  O X I D A T I O N ;  SO L U B I L I T Y ;  DISPERSION
0916 M A R I N E  E N V i R O N M E N T ;  R E V I E W ;  TYPES OF OILS; W E A T H E R I N G ;  TOXICITY ;

F I S H E R I E S ;  0 ISPERSANTS
0966 M A R I N E  E N V I R O N M E N T ;  OIL POLLUTION; REVIEW
0177 MARINE FAUNA ; REVIEW; BIRDS; PHYSIOLOGY; R E H A B I L I T A T I O N
0948 MA R I N E  F A U N A ;  OIL SPILL IN IC I DENT; PERSIAN GULF; D IS PERSAM TS ;

COREX IT— 7 664 ; TA RUT BAY . SAUDI A R A B I A
0?b3 M A R I N E  LIFE; R E V I E W ;  DETERGENTS
0974 M A R I N E  M A M M A L S ;  SANTA B A R B A R A  SPILL; SURVEY; BIRDS; DIVERSITY;

FISHERIES; TAINTING
0135 M A R I N E  OIL POLLUTION; R E V I E W
l i l t  M A R I N E  OIL POLLUTION; R E V I E W ;  INPUTS; FATES; D E G R A D A T I O N ;  B A C T E R I A
0028 M A R I N E  ORGANISMS; PETROLEUM HYDROCARBONS; GROWTH
0030 MAR I N E  O R GANISMS; R E V I E W ;  L A B O R A T O R Y  STUDIES ; EFFECTS
0375 MA R I N E  ORGANISMS; PETROLEU M ; HYDROCARBON; CONTE N T A N A L Y S I 3 ;

C H R O M A T O G R A P H Y — C O L U M N  GAS .TH IN LAYER; SPECTROMETRY ; UV; IR
0722 MARINE ORGANISMS; C R I T I C A L  R E V I E W ; OIL
0827 M A R I N E  ORGANISMS ; SUBLETHAL EFFECTS; P H Y S I O L O G I C A L  RESPONSE;

E S T U A R I N E  O R G A N I S M S
1 074 MA R I N E  ORGANISMS; A L !PHAT IC; A R O M A T I C ;  D E T E R M IN A T I O N  TECHNIOUE S

ETHER E X T R A C T I O N ;  S I L I C A  GEL C H R O M A T O G R A P H Y ;  GAS C H R O M A T O G R A P H Y ;
M A S S  S P E C T R O M E T R Y

122 4 M A R I N E  O R G A N I S M S ;  SYMPOSIUM; PETROLEUM HYDROCARBONS; FATE & EFFECTS
0542 MA R I N E  PELO G IC EGGS
0139 MA RINE PI4YTO PLAMW TOH ; HYDROCARBONS; CONTENT ANALYSIS ;

B I O G E N I C  V3 . PETROLEUM; TRACER; FOOD CHAIN
0709 M A R I N E  P L A M K T O N IC  A L G A E ;  T O X I C I T Y ; B L A C K  OIL ; KEROSENE;

8 E N T H O P LM H K TO N IC  ALG A E
1024 M A R I N E  POLLUTION ; R E V I E W
0.09 M A R i N E  SE DiMENT; M ETABOL ISM ; M Z C R O F A U N A ;  PPE IO FAUNA; PPACR DFAUNA;
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D E G R A D A T I O N ;  P O L Y C H A E T E  WORMS ; B IVALVES; BACTERIA ; EXCRETION
0801 M A R I N E  TISSUES ; POLYNUCLEAR A R O M A T I C  HYDROCARBONS;

ANAL Y T I C A L  METHODS ; PETROLEUM OILS; BENZ (A )AH THRACE NE ;
BENZO ( A )PYRENE

048? M A R I N E  ZOOPLAI4K TOP4 ; NAP HT HA LE H E ; ACCUMULATION ; COPEPOD; R A D I O A C T I V E ;
LON G TERM EXPOSURE ; LOW LEVEL CONCENTRATIONS ; PERSISTENT EXPOSURE;
U P T A K E / DE P U R A T  ION ; CA LA N US ; EUR Y TEM ORA

0623 M A R S E I L L E .  FRANCE ; YEAST ; CANDIDA ; TORULO PSIS
1159 MARSH ; CA P I T E L L A  CORDCRASS ; MA NC ROVES CRUDE OIL; TEXAS;

G U L F  OF M E X I C O ; A S S E S S M E N T  OF S P I L L S
1 1 8 -5 MARSH; ECOSYSTEM ; PETROLEUM HYDROCARBON ; LOUISIANA;

ANALYSIS FOR HYDROCARBON ; CORDGRA SS : ESTUARIES
1215 MARSH ; FUEL OIL ; 8UNKER C; CNEDABUCTO BAY ; NOVA SCOTIA; ARROW SPILL ;

L O N G T E R M  E F F E C T S; C O RD G R AS S; AL GAE ; T O X I C I T Y
0121 MARSH CRASS ; SALT MARSH; YORK RIVER; ISOLATED ECOSYSTEM ;

SOUT H LA CRUDE ; WEATHERED OIL; PHYTOPLAP4K TON; FISH ; PERIPHYTON ; A TP;
BEP4THIC FAUNA ; POLYC NAETES ; INSECT LARVAE ; AMPHIPODS; OL IGOCHAE TE

0503 MARSH GRASS ; CHESAP EAKE BAY ; OIL SPILL INCIDE N T; SALT MARSH ;
POPULATIONS ; MUSSEL; JYSTERS; SNAIL

0877  M A R S H  G R A S S ;  C H E S A P E A K E  B A Y ;  S P I L L I N C I D E N T ; F U E L  O I L  I 6;
EN V I R O N M E N T A L  ASSESSMENT ; BIRDS ; MORTALITIES; SHELL FISHERIES

109 9 MARSH SPRAY; MUSKRATS; WETTING ; OIL ; DDT
1 124 MARSHES ; FISH ; FUEL OIL; BUNKER C ;  DUCKS ;  M U S K R A T S ;  C A T T A I L S ;

A NALYSIS FOR HYDROCARBONS; ST. LAWRENCE RIVER
0138 MARTHA’S VINEYARD ; CRUDE OIL ; FATE; WEATHER; MICROBIAL DEGRADATION;

B I OLO G I C A L L Y  A C T I V E  F R A C T I O NS ; B E R M U D A
0067 MASS SPEC.; D E G R A D A T I O N ;  COMPONENT PREFERENCE ; GAS CH R O M A T O G R A P H Y ;

R A TE AN D E X T E N T; CO 2 P R O D U C T I O N ; P R E F E R E N T I A L  D E G R A D A T I O N ;
M I N E R A L I Z A T I O N ; P A R A F F I P 4 N I C  CRUDE OIL ; BA CTERIA ; B IODEGRADATION

0354 MASS SPECTA ; OYSTERS; CRASSOSTRE A ; HYDROCARBON COHTENT ;
GALVESTON BAY; COLUMN CHROMATOGRAPHY ; TIC; UV SPECTRA

0505 MASS S P E C T R O M E T R Y ;  HYDROCARBONS CONT ENT A NA LY S I S ;
D Y N A M I C  H E A D  S P A C E  S A M P L I N G ; GAS C H R O M A T O G R A P H Y ;
COUPLED—COLUMN LIQ UID CHROMA TOGRAPHY

0 7 1 1  M A S S  S P E C T R O M E T R Y ;  H Y D R O C A R B O N ;  C O N T E NT  A N A L Y S I S ;
BIOGENIC VS. PETROLEUM NC ’S ; ZR; GLC ; MON ITORING

1016 MASS SPECTRO METRY; SEDIMENTS; HYDROCARBON ANALYSIS: CHROMATOGRAPHY ;
UV F L U O R E S C E N C E ;  P E T R O L E U M

1058 MASS SPECTRO PjETRY ; DEGRADATION; SOUTH LOUISI A N A  CRUDE
1074 MASS SPECTROM ETRY; AL I PHAT IC; A R O M A T I C ;  D E T E R M I N A T I O N  TECHNI QUES ;

M A R I N E  O R GANISMS ; ETHER EXTRACTION; S I L I C A  GEL CHROMATOGRAPHY ;
G A S  C H R O M A T O G R A P H Y

lOSS ASS SPECTROMETRY; M Z C R O A L C A E :  WATER SOLUBLE FRACTION ;
H YDROCARBON ANALYSIS; GAS CHROMATOGRAPHY: BA YrOWN ; MONTANA;
BATON ROUGE : NEW JERSEY

0786 M AS S S P E C T R UM ; T A I N T I N G ; J AP A N E S E  C O A S T ; F I S H ; E E L S ;
GAS C H R O M A T O G R A P H Y ;  IR ABSORPTION; UV ABSORPTION ; TOLUENE ;
MIZUS HIMA . JAPAN; AROMATIC HYDROCARBONS ; GASOLINE

1200 MASS. : WEST FALMOUTH OIL SPILL; MACRO BEN THO S : CA PITELL A ; POPULATION;
P O P U L A T I O N  D Y N A M I C S

1169 M A S S . ; C R A B S ;  WEST FA1M OUTH SPILL; MORTALITY; UPTAKE ; BEHAVIOR;
B U R R O W I N G ;  T O X I C I T Y ;  FUEL OIL ;  C R A B — S A L T  MARSH

0458 PPAX IM UIM CELL DENSITY: CRUDE OIL; REFINED OIL ; TOXICITY ; BACTERIA;
W A T E R  SOLUBLE FRACTION; A R O M A T I C  HYDROCARBONS ; W EATHERING ;
G R O W T H  R A T E
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0302 M E C H A N I C A L  D A M A G E ;  W E S T  CORK ~ I R E L A N D :  B E A C H E S
0843 MECHANISM ; BIO DEGRADATION ; RA TES ; BACTERIA ;

TOXICITY OF METABOLIC AND PRODUCTS ; FLOW RATE IN CHE M Q STAT
0311 M E C H A N I S M  OF ACTION ; OLEO PHILIC FLU FFS ; DETERGENT ; OIL ; T O X I C I T Y ;

PORCELAIN CRAB ; BP1100
0490 M EDWA Y ESTUARY; BIRDS ; OIL SPILL INCIDE N T
1082 M E D W A Y  E S T U A R Y ; E S T U A RY ; M U D  F L A T  FA UNA ; R E F I N E R Y  E F F L U E N T ;

KENT , ENGLAND
0131 M E I O F A U H A ;  OIL SPILL  R E M O V E R ;  S U R F A C T A N T ;  R E C O V E R Y ;

LONG— TERM EFFECTS
0382  P I E 1 O FA U N A ;  PORT V A L L E Y .  A L A S K A ;  I N T E R T i DA L ;  S E D I M E NT ;

BACTERIA POPULATIONS ; CO PEPODS; MAC ONA BA LT H ICA
0609 ME IO F A U N A ;  M A R I N E  SED IMENT ; M ETABOLISM ; MI CROFAU NA; M A C R O F A U H A ;

D E G R A D A T I O N ;  P O L Y C H A E T E  WORMS ; B I V A L V E S ;  B A C T E R I A ;  E X C R E T I O N
0892 P I ET O F A U HA ;  P A N A M A ;  S 5 W ITWA TER SPILL; TROPICS: INTERTIDAL ;

T E R R E S T R I A L  P L A N T S ;  L I T T O R A L ;  M A N G R O V E ;  REEF ;  SEA T U R T L E S ;  B I R D S ;
D I E S E L  O I L ; BU N K E R  C

1099 M E I O FA U N A ;  HONG KONG; DIESEL SPILL; SANDY BEACHES ; INTERTIDAL ;
NE MATODES; H A R P A C T IC O ID  COPEPODS

0958 MEMBRANE DAMAGE; UPTAKE ; METABOLIC P A T H W A Y S ;  E N Z Y N E  I N D U C T I O N ;
C E L L  I N T E G R I T Y

0887 MEMBRANE INTERA CTION ; SPIN-LABELING ; HYDROCARBONS ; MOLECULAR A C T I O N
0034 MENIDIA ; WATER SOLUBLE FRACTION; OIL IN WATER DISPERSION ;

CRUSTACEANS; FISH; TOXICITY; ESTUA R IHE ; SOUTH LA CRUDE ;
KUWAIT CRUDE; FUEL OIL 12: BUNKER Ci CYPR 1 N000N; FUN DUL tJS ; PENA EUS;
P A L E O M O H E T E S ;  MY S I D O P S I S

0415 ME H I D I A ;  CRUDE OIL S LESIONS; HISTOPATHOLOGY ; FISH ; H( PERPLASI A
0099 ME R C E HA R I A ; C A RCINOGEN ISIS; CLAN
0100 MERC E N A R IA ;  M E R C E NA R I A ; CLAMS; CANCER; TUMORS ; NEOPLA SM ;

HISTO PATHOLO CY; SEA RSPORT .MAINE
020? ME R C E H A R IA ;  TOXICITY; EMBRYOS: LA R V A E ;  WATER SOLUBLE F R A C T I O N ;  CRUDE;

R E F I N E D ; WA STE ; G R O W T H
0150 MERCEN A R IA; CLAMS; DISSOLVED ORGANIC MA TTER (DOM ); FIl TER-FEE DIN G ;

UPTAKE ; FUEL 011*2
0377 MERCEN A R IA ; HYDROCARBON; CONTENT ANALYSIS; SEDIMENTS; CLA ~1S;

N A R R A C A N S E T  B A Y ; P E T R O L E U M ; 8 I O G E N I C
0508 M ERCE H ARI A ; CRASSOSTR EA; OYSTER; CLAM; SURF A CTA N T; LARVAE;

D E V E L O P M E N T ;  G R O W T H ; SUR V I V A L ; T O X I C I T Y
1133 M E R C E N A R L A ;  FUEL OIL ; CRASSOSTREA. QUA HOG ; ESTUARIHE ; A L I PHA T IC S ;

CLAMS; OY STERS ; UPTAKE; RETENTION; DEPURAT ION
0743 METABOLIC PATHWAY; BACTERIAL DEGRADATION; HAPHTHALEN E ; PSEU DOMO IIA S
0103 METABOLIC PATHWAYS; BIODEGRADATION; NEW JERSEY COAST; TEN °ERATURE ;

NUTRIENT MI N E R A L S ; B A C TERIA — H Y D R O C A R B O N  UTILIZ !NG
0554 METAB O L I C  PATHWA YS ; YEAST; O X I D A T I O N ;  TORULOPS IS; A LKAHES;

G L Y C O L I P I D S
0546 M E T A B O L I C  P A T H W A Y S ; B A C T E R I A L  D E G R A D A T I O N ; P S E U D O M O N A S ; A R O MA T I C S
0958 METABOLIC PATHWAYS; UPTAKE; MEMBRANE D A M A G E ;  EHZYNE IHDUCT IOH;

CELL INTEGRITY
0893 ME T A B O L I C  PATHWAYS ; FISH; FUN DULUS; L I V E R ;  L IPOGE HESIS;

RADIOACTIVE TRACERS ; ULTR4S TRUCTURE ; GLYCOLYS IS
1036 METABOLIC PATHWAYS; DEGRADATION ; BACT ERIA
0189 ME T A B O L I C  PRODUCTS ; B I O D E G R A D A T I O N ;  T O X I C I T Y  TO FISH;

NUTRIENT S-NITROGEN AND PHOSPHATE
0374 MET A B O L I C  RATE; SEALS ; OTTERS: HEAT FLUX; DIVING BEHAVIOR
0956 METABOLIC RATE; EFFLUENT , REFINERY; SUBLETHAL EFFECTS;
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O X Y G E N CO NS U M P T I O N  R A T E ; E S T U A R Y
0 5 3 7  M E T A B O L I C  R A T E S ;  F I S H;  T O X I C I T Y ;  O I L - R E F I N E R Y  E F F L U E N T ;

COMPAR I SION OF SPECIES ; BIOASSAY ; FRESH WATER
0055 M E TABOLIS M ; POLYNUCLEAR AROMATIC HYDROCARBONS ;

DI MET HYLN ITR O SAM I NE -DEMETHYLASE ; ENZYME REP RES S 1 ON
0010 M E T A B O L I S M ;  POLYCYCLIC HYDROCARBONS; ENZYME SYSTEM ;

ARYL HYDROCARBON HYDROXYLASE ; TROUT
O ’Ol M E T A B O L I S M ; H YDROCARBON CONTENT ; A R O M A T I C  HYDROCARBON CONTENT ;

F I D D L E R  CRAB; UCA; OXIDATION; CLEARANCE
0 151 M E T A B O L I S M ;  C H R O N I C  OIL  POLLUT ION; C O A S T A L  E C O S Y S T E M ;

S U B L E T H A L  E F F E C T S ;  BEHAVIOR ; FOOD CHAIN M A G N I F I C A T I O N ; W ETLANDS ;
E S T U A R I ES

0132 METABOLISM; HYDROCARBONS; SHAR K, BASK IHG; CENTROPA CES
0356 MET A B O L I S M ; M YTILUS ; CONTENT A NALYSIS ; PETROLEUM; B IOG E N I C ;  M USSELS ;

K I E L  B I G H T .  W G E R M A N Y ;  A R O M A T I C S
0361 METABOLISM; CRUDE OIL; RED S E A ; M A C R O F A U N A ;  TOXICITY; DEPTH ;

SU B L E T H A L E F F E C T S ; P H Y S I O L O G Y ;  B E H A V I O R ; D I S P E R S A N T
0277 METABOLISM: COPEPOD; UPTAKE; DE PURATION; NA PHTHA LEX E ; CALANUS;

FOOD WEB ; WATER SOLUBLE FRACTION; DIETARY ROUTE OF ENTRY;
R A D I O A C T I V E  T R A C E R S

0276 M E T A B O L i S M ;  SPIDER C R A B ;  H A P H T H A L E N E ;  M A I A ;  E X C R E T I O N
0266 M E T A B O L I S M ; B E H Z P Y R E N E ; E N Z Y M E I N D U C T I O N
0278 METABOLISM; HYDROCARBONS; ZOOPLAN KTON ; FISH; TOXICITY ; T A I N T I N G ;

B E H A V I O R ; U P T A K E ; D E P U R A T I O N ; A C C U M U L A T I O N
0275 METABOL ISM; POLYCYCL IC AROMATIC HYDROCARBONS; UPTAKE :

~-~~OD WEB TRANSFER; BIOSYNTHESIS
0494 METABOLISM; OIL ; DUCKS; COAT ING ; TEMPERATURE; HEAT CON D U C T I V I T Y
0413 META B O L I S M ;  OIL; EM ULS IF IERS; FUCUS; PLANTS; PHOTOSYNTHESIS;

N ET P R O D U C T I V I T Y
0612 METABOLISM; UPTAKE; DEPURATION; RADIOACTIVE TRACERS; REVIEW
0613 METABOLISM; FISH ; NA PTHALENE ; BENZ(A )PYREHE ; RADIOACTIVE TRACER;

U P T A K E ; D I S C H A R G E ; S C U L P I N ; O L I G O C O T T U S ; G O B Y ; G I L L I C H T I4YS ; SAND DAB;
C I  T H A R  I C H T H Y S

0555 METABOLISM; HYDROCARBONS; II1CROFLORA; BREAKDOWN; METHODS;
B I O S Y N T H E S I S ; T E R R E S T R I A L

OSlO METABOLISM; BACTERIA; CRUDE OIL; FUEL OIL *2; BUNKER C ; I N H I B I T I O N :
R A D I O A C T I V E  T R A C E R ;  C O N T R O L L E D  E C O S Y S T E M

0609 METABOLISM; MARINE SEDIMENT; MTCRO FAUNA ; ME I OFAUNA ; HACR 0FAI JHA ;
DE GR AD A T I O N; P O L Y C H A F T E  W O R MS ; B I V A L V E S ; B A C T E R I A ; E X C R E T I O N

0 7 2 7  M E T A B O L I S M ;  B A R NA C L E S ;  TAR BALL ;  C O N T E N T  A N A L Y S I S ;  U P T A K E ;
D E P U R A T  I O N

0812 METABOLISM ; MIXED FUNCTION OXIDASES; ARYL HYDROCARBON HYDROXYLASE;
P E T R O L E U M  H Y D R O C A R B O N ; D E T E C T I O N ; M O N I T O R S ; I N V E R T E B R A T E S ; F I S H

0881 METABOLISM; POLYCHA ETE : HEANTHES ; RADIOACTIVE TRACER EXPERIMENT;
UPTAKE ;  R E T E N T I O N ;  D E P U R A T I O H ;  W A T E R  SOLUBLE F R A C T I O N ; W A T E R ;
S E D I M E N T ; D E T R I T U S

0868 N~~T A B O L I S M ; T O X I C I T Y ;  A C U T E ;  CHRON IC; CRUDE OIL ; COMPONENT;
PHYSIOLOGY ; BEHAVIOR; ARCTIC & SUBARCTIC ORGANISMS; TEMPERATURE

0959 METABOLISM; INTER M EDI A RY METABOLISM; X ENOB IOT IC METABOLISMS;
LIPO CE N IS IS; FUNDULUS; STENOTOMUS ; MIXED —FUNCTION OXIDASES

0958 METABOLISM ; CRUDE OIL; CORAL ; PANAMA; DIESEL MARINE ; BUNKER C;
TOXICITY ; FEEDING

1 012 METABOLISM; PRAWNS . SCARLET; PLES IOPENAEUS; BENTH IC OIL DEPOSIT;
ARUBA WEST INDIES; ATTRACT iON ; HYDROCARBON CONTENT ANALYSIS;
B A C T E R I A ; C H E M I C A L  A T T R A C T I ONS

D— 115

V 
— —- — — ____________—- —.  — -

— V V f ’  , q ~~~,



1039 METABOLISM ; AR OM A T I C S ;  CYCLO -ALKA N E; SEDIMENTS ; BUNKER C;
B E A C H  S E D I M E N T S :  C H E D A B U C T O  B A Y .  N O V A  S C O T I A ;  A R R O W  S P I L L;  M O L L U S C S ;
M YA ;  O S T R EA ; M YT ILUS ; ARYL H YDROCARBON H Y D R O X Y L A S E ;  BENZ OPYRFNE ;
R A D I O A C 1  IV F 1 R A f’.E~

O~’6~’ M E T A B O L I S M ;  O Y S T E R ;  C R A S S O S T R E A ;  U P T A K E ;  R E T E N T I O N ;  D F P U R A T I O 1 4 ;
P E T R O L EUM F R A C T I O P 4 S . ; t l P I ( ~ ’ ; P A T  r O N I F H T

10 83 M E 1~- 8 O L 1 S M ;  S A L T  MARSH: S E D I M E N T S ;  DISSO L V E D O R G A N I C  CARBON ;
M I P O S T A L D E G R A D A T ION

1 1 1 4 M E T A B O L I S M ;  C A R C IN O C E N E S I S ;  HYDROCARBONS; INPUT; SYNTHESIS;
D E ( . R H D A T  I O N ;  B A C T E R I A

: i 7~ M E T A B O L I S M ;  P E T R O L E U M  HY D R O C A R B O N S ;  N U T A C E H E S I S ;  P L A N K T O N ;  F I S H ;
A R C I  IC

0 6 0 4  M E T H O D O L O G Y ;  O I L ;  D I S P E R S A N T S ;  T O X I C I I Y ;  B I O A S S A Y
0 6 3 1 M E T H O D u ’ Q G ; ~ i~A U R ~~~ 1N ;  Ft. ’ . ;  II) - 1 1 - I 1 Y
06?~ IETH000ICCY ; BIOASSAY ; BEHAVIOR ; TOX ICITY
O8l~ ~F H O D O 1 O C Y ;  T O X I C I T Y  T E S T I N G ;  T A I N T I N G
O 8R ~ M E T H O D O L O G Y ;  B I O A S S A Y ;  F L O W  T H R O U G H ;  S A L M O N
09f l  M E T H O D O L O G Y ;  T O X I C I T Y ;  O I L ;  D I S P F R ~~A N T S
03~ T M E T H O D O L O G Y ;  B I O A S S A Y ;  CONTINUOUS FLOW; PETROLEUM; TECHNI QUE;

FUE L O I L  *2
1000 M E T H O D O L O G Y ;  D I S P E R S A H T S ;  T O X I C I T Y

~1~~2 M E T H O D O L O G Y ;  E C O L O G I C A L ; O R G A N I S M S ;  F I S H E R I E S ;  E S T U A R I N E ;  C O A S T A L ;
T O X : C I T T ;  P E 1 R O L E U ~ F R A C 1 I O N ;  LL E A~~I N T  AG N 1 S . & I S P E R s A N T S

:00.? M E T H O D O L O G Y ;  T O X I C I T Y ;  D I S P F R S A H T S

~14 B  M E T H O D O L O G Y ;  Q U A H O C S ;  PHE NOL ; T O X I C I T Y ;  H J S T O P A T H O L O C I C A L  E F F E C T S ;
C Y T O L O G Y ;  C L A M S

O5~~ M E T H O D S ;  H Y D R O C A R B O N S ; M I C R O F L O R A ; B R E A K D O W N ;  B I O S Y N T H E S I S ;
M E 1A B U L  I S M ;  T E R R E S T R I A L

1 1 1 0  M E T H O D S ;  D E G R A D A T I O N ;  B A C T E R I A ;  R E L A T I V E  O X I D I ? A B I L I T Y ;  A S S U M L A T I O N
0461 METHODS CO N P A R S I O N ;  H Y D R O C A R B O N  A N A L Y S I S ;  C O N T E N T  A N A L Y S I S ;

C O L U M N  C H R O M A T O G R A P H Y
; 1 5  M E T H O D S  OF D E T E C T I O N  OF H C ’ S  IN O R G A N I S M ;  R E V I E W ;  S U B L E T H A L  E F F E C T S ;

T O X I C I T Y ;  U P T A K E :  R E T E N T I O N ;  D E P U R A T I O N ; B I O I N D I C A T O R S
1 1 2 ~ M E T H O D S  OF D E T E C T I O N  OF HC ’S IN O R G A N I S M ;  N A P H T H A L E N € ; UPTAKE ;

SI PUNC LJ L I D WORM; S P E C T R O P H O T O M E T R Y ; PH A SC O L O S O MA ;
P R U D H O E  B A Y  C R U D E  O I L

0130 M E T H Y L A N A P H T H A L E H E ;  H Y D R O C A R B O N ;  A N A L Y S I S  FOR P~~C ’S; N — A L K A N E :
SH E L L F I S H ;  COLUMN C H R O M A I O G RA P H Y ;  G A S — L I g U 1 D  CHRO M A TOGR A PHY

C~~~1 N E T U L A  S P I L L ;  S T R A I T  OF M A G E L L A N ;  A R A B I A N  L I G H T  C R U D E ;
ECOSYSTEM I M P A C T

O4’~ M E T U L A  S P I L L ; S T R A I T  OF M A G E L L A N
0478 METUL F4 S P I L L ;  M E T U L A  SPILL
0479 M E T U L A  S PILL; M E T U L A  SPILL; S T R A I T  OF M A G E L L A N ;  BEACHES ; FST UAP IFS
1209  M E T U L A  S P I L L ;  S T R A I T S  OF P I A C E L L A H ;  A S S E S S M E N T  OF S P I L L ;  M ’ J S S E L S ;

K U W A I T  CPUDF O IL
0~~27. M I C H I G A N ;  W A T E R F O W L
0 8 0 7  M I C R O A L G A E ;  W A T E R  S O L U B L E  F R A C T I O N S ;  C R U D E  O I L ;  G R O W T H  R A T E ;

H Y D R O C A R B O N  A N A L Y S I S ;  S E D I M E N T S ;  W A T E R S ;  B I O T A ;
S O U T H  T E X A S  O U T I E R  C O N T I N E N T A L  S H E L F  -

1 O ? ~ M I C R O A L G A F ;  W A T E R  S O L U B L E  F R A C T I O N ;  H Y D R O C A R B O N  A N A L Y S I S ;
GAS C H R O M A T O G R A P H Y ; MASS S P E C T R O M E T R Y ;  BA Y IOW N ; M O N T A N A ;  BATON ROUGE;
N E W  J E R S E Y

0848 M I C R O A L C A E — T O X I C I T Y ;  CRUDE OIL; SOUTH L O U I S I A N A  CRUDE; K U W A I T  CRUDE;
FUEL 011*2; G RO W T H  R A T E ;  PHOTOSYNTHESIS; BLUE G R E E N ;  D I A T O M ;
DI P40F 1 ‘iCE IL It

0 — I l  6

— —  - - — — — —  — - —‘a—-- - — —- — - _ _~___V~VV ~ ~
__ W r ~~

_._ — 
‘•

~~~~~~ 
—

V - V~~ - ~~~ -I” ~ “t*.~
-. . V



0610 M I C R O B I A L  D E G R A D A T I O N ;  RA D I O A C T I V E  TRACERS; ESTUARIES;
A B S O R P T I O N  TO PAR I IC IES ; PETROLEUM COMPONEN TS

01 38 M I C R O B I A L  D E G R A D A T I O N ;  CRUDE OIL; FATE ; WEATHER ;
B I O L O G I C A L L Y  A C T I V E  F R A C T I O N S ;  M A R T H A ’ S  V I N E Y A R D ;  B E R M U D A

0407 M I C R O B I A L  D E G R A D A T I O N ;  A R C T I C ;  INVERTEBRATES . RECRUITMENT ; BROODING;
T E M P E R A T U R E ; R E C O L O N I Z A T I O N

0464 MICROBIAL DEGRADATION ; SEDIMENTS; SAN FRANC I SCO; DISP ERSION ;
DISSOLUTION; W E R T H E R1N G ; BUNKER C; SAND COLUMN DISTRIBUTION

O5~~T M I C R O B I A L  D E G R A D A T I O N ;  CRUDE OIL ; SAND ; OXYGEN A V A I L A B I L I T Y ;  DEPTH
0524 M I C R O B I A L  D E G R A D A T IO N ;  A RCTIC; TERRESTRIAL PLANTS; ENHANCEMENT
1083 M I C R O B I A L  D E G R A D A T I O N ;  SAL T MARSH ; SEDIMENTS;

D ISSOLVE D O R G A N I C  CA R SON; M E T A B O L I S M
O5~ - 1  M I C R O B I A L  I N F E S T A T I O N ;  F ISH ;  T A I N T I N G ;  R E V I E W
0063 M I C R O B I A L  POPULATIONS ; PROTO ZOAN S ; BLUE GREEN ALGAE ; D IATOMS ;

D E G R A D A T I O N ;  Y E A S T ;  S P E C I E S  D I V E R S I T Y ;  GREEN A L G A E ;  N A T U R A L  S E E P A G E ;
PR UD H O E CRUDE O I L ;  A R C T I C ;  A L A S K A — P R U D H O E  BA Y ;  CAPE S I M P S O N ;
N U T R I E N T  E~IR  I C H ? I E H T

0690 N ICROBIAL SEED IP4G ; B A C T E R I A L  DEGRADAT I ON ; S L I C K — S E E D I N G ;  A D D I T I V E S ;
E N H A N C E M E N T ;  BOD ; TOTAL  ORGANIC CARBON; NUTRIENT SALT

0025 MIC R O B I O L O G Y ;  PETROLEUM
0748 MI C R O C O S M ;  B I O A S S A Y ;  SALT MARSH ; GAS CHROMATOGRAPHY ;

SPECT ROP HOT ON E TRY; U L T R A V I O L E T ;  FLUORESEN T
0609 N I C R O F A U NA ;  M A R I N E  SEDIMENT ; METABOLISM; N E IOFA UNA; M A C R O F A U N A ;

D E G R A D A T I O N ; P O L Y C H A E T E  W O R M S ;  B I V A L V E S ;  B A C T E R I A ; E X C R E T I ON
1171 M I C R O FA U N A ;  B IOIN D I CAT OR S ; PR OT OZOA ~ d IlATES ; EU PLOTE c ;

SA U D I  A R A B I I ~N C R U D E ;  EIIPIRE M I X  C R U D E .
C O M M U N I T Y  D I V ERSI TY EXPERIMENTS

0304  M I C R O F L O R A ;  S O F T — S H E L L  C L A M ;  MY A ;  B I O D E G R A D A T I O N
0556 MICRO F LORA; HYDROCARBON UTILIZATION ; SOIL
055~ N I C R O F L O R A ; H Y D R O C A R B O N S; B R E A K D O W N ; M E T H O D S ; B I O SY N T H E S I S;

M E T A B O L I S M ; T E R R E S T R I A L
11 3 1  M I C R O F L O R A ; PH Y TOPLAH KTON ; ALGAE; CRUDE OIL ; FUEL OIL ; TO X IC ITY ;

NA PH THALE N E ; PHENANTHRENE; A R O M A T I CS A L CA E -G R EEH. ALGAE—BLUE GREEN ;
D I A T O M S ;  G R O W T H  -

:12 9 MI CR OC’ CAMI SM S ; B I O D E G R A D A T I O N ;  AR C T I C ; T E M PE R A T U R E ; N U T R I E N T S ;
O XYCEN RE Q UIREMENTS ; CRUDE OIL ; AROMATICS; PARAFF INS; BEAUFORT SEA;
CHUKCH I SEA

1150 M I C R O O R A N I S M S ; B I O D E G R A D A T I O N ;  A R O M A T I C  PETROLEUM PRODUCTS ; X Y LENE ;
B A C T E R I A ;  N O C A R D I A

0636 M I C R O O R G A N I S M  POPULATIONS ; OUTBOARD MOTOR OPERATION ; FISH TA INTING
0068 MICROORGANISMS; ABUNDANCE; DISTRIBUTION; BIO IN D I CATOR; ENUM E RATION ;

CRUDE OIL-  SWED E~4 ; TEMPERA TURE ; LEVEL OF O IL ;  B IO D E G R A D 4 T IO W ;
R A R I T A N  BA Y N J . ; O HS LHROHA TUGRHPHY

0093 MICROORGANISMS; BIODEGRADATION; CRUDE OIL ; N I T R L F I C A T I O N ;
A M M O N I A  P R O D U C T I O N

0065 MICROORGANISMS; PROTOZOA ; ALGAE; FUNGI ; PLANTS; L I C H E N S ;  P S E U D O N O N A S ;
A R C T I C ;  PRUDHOE CRUDE OIL ; NATURAL OIL SEEPAGE; AL A S KA -PR IJ DN OE BAY;
C A P E  SI M P SON

0065 MICROORGAN i SM S: PHOTOSYNTHESIS; RESPIRATION; NITROGEN FIXATION;
BACTERIA ; ALGAE; FUNGI; ARCTIC; CRUDE OIL ; NATURAL GAS

0062 MICROORGANISMS; ARCTIC; PRUDHOE BAY; YALD EZ ; UMIAT; NATURAL SEEPAGES;
A L A S KA  —PRUDHOE BAY; CAPE SIMPSON

0262 M ICROORGAN i SM S; BIODEGRADATION; CHESAPEAKE BAY
0403 MICROORGANISMS; HYDROCARBONS ; SUBSTRATES
0712 M I C R O O R G A N I S M S ;  CORALS; RED SEA; CRUDE OIL; MUCUS PRODUCTION

D— I i?

- 

P 
-. -

~~ 

- -

~~~~~~~ 

--

- - - - - - V — — V . .~~: -
~~~~~



0740 M I C R O O R G A N I S M S ;  B I O D E G R A D A T I O N ;  D I S T R I B U T I O N ;  NORTHWESTER N A T L A N T I C
0909 M I C R O O R G A N I S M S ; B A C T E R IA L  D E G R A D A T I O N :  S I L I C A  GEL ;

VERT ICA L D I S T R I B U T I O N
0875 M I C R O O R G A N I S M S ;  B I O D E G R A D A T I O N ;  B A C T E R I A ;  E N H A N C E M E N T ;

E M U L S I F I C A T I O N ; SEED I HG
1061 M I C R O O R G A N I S M S ;  B I O D E G R A D A T I O N ; E H UM E R A T I O H ;  C O N C E N T R A T I O N ;

A N T I B I O T I C S ; I N O C U L U M  W A S H E S
105 3 M I C R O O R G A N I S M S ;  YEAST; B A C T E R I A ;  F U N G I ;  C H E S A P EA K E  RAY ;

S U B S T R A T E  S E L E C T I O N
1029 M I C R O O R G A N I S M S ;  B I O D E G R A D A T I O N ;  B A C T E R I A
1 1 2 9  M I C R O O R G A N I S M S ;  A R C T I C ;  B I O D E G R A D A T I O N
1189 M I C R O O R G A N I S M S ;  B A C T E R I A ;  FUNGI ; YEASTS; B I O D E G R A D A T I O N ;  CRUDE O I L ;

H I CE RI A
11 9] M I C R O O R G A N I S M S ;  B I O D E G R A D A T IO N ;  BUNKER C; M A R I N E  DIESEL: RUDE OIL
1217 M I C R O O R G A N I S M S ;  B I O D E G R A D A T I O N ;  TEMPERATURE ; ESTUARIES
1202 M I C R O O R G A N I S M S ; NO RMAN WELLS & PEMB IN A CRUDE OIL ;

ASSESSMENT OF SPILLS ; B A C T E R I A ;  PROTOZOA: PHYTO PLAN K TON ; ZO O P LA H K T O N ;
A N A L Y S I S  FOR PETROLEUM H Y D R O C A R B O N S ;  CAN HDA

000 7  M I C R O O R G A N I S M S  H Y D R O C A R B O N  U T I L I Z I N G ;  B I O D E G R A D A T I O N ;  B A C T E R I A
0833 M I C R O O R G A N I S M S  O X I D I Z I N G  N C ’ S ;  B I O D E G R A D A T I O N ;  D I S T R I B U T I - ) N ;

NEVA INLET. R U SSIA ; cEASOI4A L D I S T R I 8 I f T i O ~4 :  R A C ~~E P~~
0767 PII CR O R E SP IRO M ETRY; EMULSIFIER; TOXICITY
039?  M I D - A T L A N T I C  B I G H T ;  Z O O P L A N K T O N
087? FUDGES ; CRUDE OIL ; CRICOTOPUS ; FORT SIMPSON. NW T . C A N A D A ;

FIELD E X P E R I M E N T S ;  L A R V A E ;  A R T I F I C A L  SUBSTRATES
0879 FUDGES; OIL POLLUTION; BIO IP4DICA TORS; C H IPOH OM I DA E ; FRESH W A T E R ;

T R A I L  R I V E R .  N W T .  C A N A D A ;  FRESHWATER
0672 MIGRATES IN SEDIMENTS; OFFSHORE D R I L L I N G ;  SPILL INCIDENT;

MISSISSIPPI DELTA; WATER COLUMN; SEDIMENT ; W E A T H E R I N G ;  D iV E R S I T Y :
POPULATIONS ; SHRIMP ; BLUE CRA BS; BENT HI C OR G A N I S M S

0369 MI G R A T I O N ;  BIRDS; OIL POLLUTION
0368 M I G R A T I O N ;  BIRDS; OIL POLLUTION
0437 M I G R A T I O N ;  BIRDS ; POPULATIONS; WINTER QUARTERS; B R E E D I N G
0 4 1  M I G R A T I O N ;  ESTUARIES; HYDROCARBON CONCENTRATIONS ; SED I MENTS;

ZOOPLAHKTON ; PHYTOPL AH KTON; CRUDE OIL ; SALT MARSH PLANTS ; D I V E R S I T Y ;
POPULATIONS ; FISH ; GAS CHROMATOGRAPHY; DEGRADATION

0829 M I G R A T I O N ;  D EGRADATION; BACTERIA; ESTUARY ; BEACH; FUEL OIL;
E N R I C H M E N T ;  RATE ; F4APRA GA N S ET BAY ; HYDROCARBO N C O N C E N T R A T I O N .
S E D I M E N T S

0867 M I G R A T I O N ;  PINK SALMON: CRUDE OIL; T O X I C I T Y ;  A V O I D A N C E ;  J JV E N I L E ;
A GE; CHEM ORECEPT ION

0080 M I L F O R D  H A V E N ;  S A L T  M A R S H ;  C L E A N I N G  OF CRUDE OIL SPILL ; WA LES ;
P E M B R O K E S H I R E

0~~8O MILFORD HAVEN ; E C O L O G I C A L  SURVEYS ; OIL SPILLS
0283 M ILFORD HAVEN; SALT MARSH; ROCKY SHORE ; RECOVERY; DETERGE N TS;

E M U L S I F IE R S ;  CHRONIC EXPO SURE
0929 M I L F ’ O R D  H A V E N ;  B R I T A I N ;  L I T T O R A L  C O M M U N I T Y ;  T O X I C I T Y ;  C R U D E  O I L ;

EMULSIF IER; ESSO PORTSMOUTH SPILL; TORREY CANYON SPILL; LANDS END
0295 MILFORD HAVEN . BR I T A I N ;  ROCKY SHORE; OIL PORT; B A R N A C L E S ;

T O P  S H E L L  (M 0 N D O N T A ~~; L I T T O R I N A
0423 M ILFORD HAVEN , WALES ; INTERTIDAL; L IMPETS ; EII UL SIF IERS
0765 PIILFORD HAVEN , WALES; TAMP lCD MA RU SPILL; TORRE Y CAN YON SPILL;

L I T T O R A L  C O M M U N I T Y ;  O I L ;  SHORE CL E A N I N G
0766 M ILFORD H A V E N .  W A L E S ;  M I L F O R D  H A V E N ,  W A L E S ;  T O R R E Y  C A N Y O N ;

T O X I C I T IES; C O M M U N I T Y  C H A N G E ;  L I T T O R A L ;  S O U T H - W E S T  B R I T A I N
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02 93 MILFORD HA Y E N ,B R I TA I N ;  INTERTIDAL ; SEDIMENTS; M A C R O F A U N A ;
S A N D Y  A N D  M U D D Y  S H O R E S ; T A I N T I N G

0092 PIILFORD HA V E N ,WA L E S; DONNA M A R I K A  — SPILL 1973; LI PIPETS; G A S O L I N E ;
NARCOTIZATION

0089 MIL FORD HAVEN .VALES ; SALT MARSH PLAMTS ; SHORT TERM EFFECTS ;
LONG TERM EFFECTS

0702 MI N E R A L  OIL ; ZOOPLA N K TON ; TOXICITY ; BLACK SEA ; CRUDE OIL; A C A R T I A ;
PARACALANUS ; PEHILLIA; CEN TROPAGES ; OITHON A

OO~~7 MI N E R A L I Z A T I O N ; DEGRADATION; COMPONENT PREFERENCE ;
GAS CHROMATOGRAPHY; MASS SPEC .; RATE AND E X T E N T ;  C02 P R O D U C T I O N ;
P R E F E R E N T I A L  DEOR g OA T I O N ;  PA P . A F F I H N I C  CRU DE OIL; BA C T E R I A ;
B I O D E G R A D A T I O N

0035 MINNOW ; ESTUARI N E A N I M A L S ; UPTAKE AND DEPURAT ION ; TOXICITY ;
R E S P I R A T I O N ;  S O U T H  L A .  CRUDE ;  K U W A I T  CR IJDE ; FUEL OIL  *2 ;  BUNKER C ;
GRASS SHRI N P ,PA LA EM ONTES; BROWN SHR INP. PA NAE U S;
WATER SOLUBLE FRACTION; OIL W A T E R  DISPERSION ; NAPH THALEMES

0529 MINNOW ; BIOASSAY; CONTINUOUS FLOW ; TOXICITY; SUBLETHAL EFFECTS;
WATER SOLUBLE FRACTION; WHOLE OIL FRACTION; FLOUNDER ; SHRIMP;
SCALLOP ; QUAHOG ; MUSSEL; MUD SNAIL

0903 MINNOW;  T O X I C I T Y ;  FUEL OIL- 12 ; SHRIMP (GRA SS) ; M UMM ICHOG ;
CA TF ISN (CHANHEL ); BLUEGILL

0339 MINNOWS; TOXICITY ; OIL REFINERY EFFLUENT ; OXYGEN DEMAND ; P I M E P H A L E S
0s72 MISSISSIPPI DELTA ; OFFSHORE DRILLING ; SPILL INCIDENT ; WATER CO LUMN ;

SEDIMENT ; WEATH E R I N G ; M I G R A T E S  IN SEDIMENTS ; D IVERSiTY; POPULATIONS ;
SHRIMP ; BLUE CRABS ; BEH TNI C O~ G A N I S M S

0959 MIX E D  -FUNCTION O X I D A S E S ; M E T A B O L I S M ; I N T E R M E D I A R Y  M E T A B O L I S M ;
XE NOB IOT IC METABOLISMS; L IPOGE N ISIS I FUNDULUS; STENOTOMUS

0 7 9 3  M i X E D  C U L T U RE ; B I O D E G R A D A T I ON ; R A T E S ; O R G A N I C  E N R I C H M E N T ;
I N O R G A N I C  S A L T S ; A E R A T I O N

0812 MIXED FUNCTION OXIDASES ; ARYL HYDROCARBON HYDROXYLASE;
PETROLE UM HYDROCARBON; METABOLISM; DETECTION; MONITORS;
I N V E R T E B R A T E S ; F I S H

0 7 6 6  M I Z U S H I P I A , J AP AN ; T A I N T I N G ; J A P A N E S E  C O A S T ; F I S H ; E E L S ;
GAS C H R O M A T O G R A P H Y ;  IR A B S O R P T I O N ;  U V A B S O R P T I O N ; M A S S  S P E C T R U M ;
TOLUENE ;  A R O M A T I C  H Y D R O C A R B O N S ;  G A S O L I N E

0491 NO B ILi TY ; B I R D S ;  O I L ; I N G E S T I O N ; T O X I C O L O G I C A L  E F F E C T S ; D UCKS
I17’o MOBILITY ; FUEL OIL I 2; ZOOPLANKTON; SHRIMP; RESPIRATION; TOXICITY;

FEEDING B E H A V I O R : NA PHT HALENE ; BE N2 EN E ;  PHENOL
0777 MOBILITY OF SPERM ; SAND DOLLAR ; K U W A I T  CRUDE ; FUEL OIL *2;

W A T E R  SOLU B LE E X T R A C T S ;  SPERM ; EGG ; RESPIRATION ; FERTILIZATI ON;
CLEAVAGE ; LARVAL DEVELOPMEN T

0721 MODEL ; B I O L O G I C A L  EFFECTS; T O X I C I T Y ;  SUBLETHAL EFFECTS ; T A I N T I N G ;
PQLYCY CL IC A R O M A T I C  HYDROCARBONS; COATING ;
SOLUBLE AROMATIC HYDROCARBON DER IVITIES

01 91A PIODIOLUS ; ARGO MERCHANT SPILL; HISTOLOGY; LESIONS ; PEARL FORMATION ;
C ANCER ; ZOOPLAHKTON

0432 M O D I O L I J S ; M Y T I L U S ; C A R B O N  B U D G E TS ; CRUDE OIL; S A L I N I T Y ;  R E S I S T A N C E ;
M U S S E L S

0433 MOD IOLUS ; M Y T I L U S I  CARBON BUDGET;  S A L I N I T Y ;  CRUDE OIL ; STRESS;
R E S I S T A N C E ;  MUSSELS

0600 M O D I O L U S ;  PETRO SUL FAR COMPOUNDS ; A RO MAT iC HYDROCARBONS ; CRA SSOSTRE A ;
RETENTI ON; FLAME IONIZATION DETECTION; FLAME PHOTOMETRIC DETECTION ;
GAS CHROMATOGRAPHY ; GAS CHROMATOGRAPHY—MASS SPECTROMETRY

1014 MODIOLUS I ARGO MERCHANT SPILL; WINTER FLOUNDER; YELLOW TAIL FLOUNDER;
PLA COPECT EN ; RESPIRATORY ENZYMES ; NAL IC DEH YOROGE NA SE ; OSH OL A L ITY ;
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P Y R U V A T E  R E D U C T I O N ;  4 N A E R O B I O S I S
02 21 M O D U L E  D E V E L O P M E N T ;  P L A N T S ;  T O X I C I T Y ;  S O Y B E A N ;  S T Z P $ U L A T I I ) 4
000 5  r.QL DS ; Y E A S T ;  F U H G A L  ECOLOGY ; B I O D E G R A D A T I O N ;  UPTAKE
0887 M O L E C U L A R  A C T I O N ; S P I N - L A B E L I N G ;  H Y D R O C A R B O N S ;  MEM8R ~~NE I N T E P I ~C T I O ~
04~~ M O L E C U L A R  M E C H A N I S M ;  H Y D R O C A R B O N S ; CA R C I H O G E N I S I S ;

C E L L U L A R  M E C H A N I S M ; R EVIEW
0359 M O L L U S C S ;  C R U D E  O I L ;  D E T E R G E N T ;  O C T O C O R A L S ;  C R U S T A C E A N S ;  E C H I H O ~. ERI~;;

F I S H ;  T O X I C t T Y ;  SUBLETHAL; DEVELOPMENTAL STAGES ; RED SEA ;
F E E D I N G  R A T E ;  PHYSIOLOGY; B IOA CC UPT ULA T IOH. L i V E R  E N L A R G E M E N T ;
H E P I A T O C R I  T

1 0 3 ?  MOLLUSCS ; A R O M A T I C S ;  C Y C L O - A L KA N E ;  SEDIMENTS ; BUNKER C ;

B E A C H  S E D I M E N T S ;  C H E D A B U C T O  B A Y .  N O V A  S C O T I A ;  A R R O W  S P I L L;
M E T A B O L I S M ;  M Y A ;  O S T R E A ;  M Y T I L U S  A R Y L  H Y D R O C A R B O N  H Y D P C X Y L A S E ;
B E H Z O P Y P E N E ;  R H O Z O A C T I V E  T R A C E R

1009 MOLLUSCS; BIRDS ; FISH ; T A IN T I N G ; BENZ OPY RENE ; ALGAE ; T O X I C I T Y ;
T O R R E Y  C A N Y O N  S P I L L

11 86 MOLLUSCS ; BEXZO PYRENE ; CLAM S; MUSSELS; OYSTERS ; ORE G O N ;  E T U A R I N E ;
U P T A K E ;  A R O M A T I C  H Y D R O C A R B O N S ;  C A R C I N O G E N S

1 175  M O L L U S C S ;  CRUDE O I L ;  A L G A E ;  Z O O P L A P 4 K T D H ;  C R U S T A C E A N S ;  P O L Y C H A E T E S ;
F I S H ;  U P T A K E; R E T E N T I O N ;  D E P U R A T I O P 4 ; R E V I E W ;  B E N T H I C  O R I~4 N I S M S

1114 MOLLUSCS ; BEP4ZOPYRENE ; B I V A L V E S ;  ESTUARIES; 0RE~~OH ;
PO LYCYCLIC A RONA TICS ; CARC I NOGENS

0 0 3 3  M O L L U S K S ; U P T A K E  A ND D E P I J R A T I O N ;  S H R I M P ;  F I S H ;  F UEL  O I L ;
HA PH T H A L E H E S

0564  M O L T I N G ;  P R U D H O E  C R U D E ;  C R A B S ;  C H I O H O E C E T E S
0333 MONITOR ; MUSSELS; MY TILUS ; HYDROCARBON C’~~~ T E N T V  U P T A K E ;  D E P U R A T I O N
0345 M O N I T O R ;  BEHZO (A )PYRENE ; C A R C I N O G E N S ;  MU SSELS ; M Y T I L U S
0811 M O N I T O R ;  FISH; BIO IN D I CA T O R ;  B ENZOP YREN E H Y D R O X Y L A S E :

S U B L E T H A L  R E S P O N S E ;  E N Z Y M E S
0iTh M O N I T O R I N G ;  R E V i EW ;  PETROLEUM ; A H A L ? S I S ;  I D E N T I F I C A T I O N
0343 MON I T O R I N G ;  BENZO (A PVREN E ; C A R C I N O G E N S ;  D E T E R M I N A T I O N  TEC H$~1QU ES ;

TISSUES; SEDIMENT ; POLYCYCLIC A R O M A T I C S ;  T H I N - L A Y E R
0344 N O N 1 T O R I N G ;  A C C U M U L A T O R  O R G A N I S M S ; C A R C I N O G E N S ;  M U S S E L S ;  M Y T I I U S ;

POLYCYCLIC AR0 ”~~
T
~~C H Y ~~P 0 C A P E O ~4~ EENZO P THE

O34~ M O N I T O R I N G ;  M Y T I L U S ;  M U S S E L S ;  B E H Z O ( A ) P Y R E N E ;  C A R C I N O G E N .
VA N CO U V ER H A R B O R ; C R E O S O T E D

0440 M O N I T O R I N G ;  MUSSELS
0551 M O N I T O R I N G ;  OIL PORT; ORKNEY IS. , SCOTLAND
0 7 1 1  M O N I T O R I N G ;  H Y D R O C A R B O N ;  C O N T E N T  A N A L Y S I S ;

BI O G E F4I C VS PETROLEUM NC ’S ; IR . GLC ; MAS S SP~~C T R F ~E T R Y
0774 MONITORING; E C O L O G I C A L  IMPACTS; OFFSHORE PRODIJ C TI ON : GEQ R ’ES B.~NK
0837 M O N I T O R I N G ;  P E T R O L E U M  H Y D R O C A R B O N S ;  U P T A K E
i 1~~9 M O N I T O R I N G ;  COASTAL; ESTUARIP4 E ; SPILLS
0 105  M O N I T O R I N G  I N S T R U M E N T S ;  S A M P L E R S ;  B I O L O G I C A L  S A M P L E R S ;

SEDIMENT SAMPLERS; WATER SAMPLERS
0822 MONITORS; MIXED FUNCTION OX IDASES; A~~YL HYDROCARBON HYDR OXYL A SE ;

P E T R O L E U M  H Y D R O C A R B O N  M E T A B O L I S M  D E T E C T I O N ;  I N V E R T E B R A T E S . F I S H
1220 M O H O C H R Y S I S ;  C O P E P O D S ;  C A L A N U S ;  A L G A E ;  N A P H T H A L E N E ;

B E H A V I O R A L  E F F E C T F  M O ~~IL IV !V Y
0380 P I O N O D ’  S M O D E L ;  B I O D E G R A D A T I O N ;  R A T E ;  O X Y G E N  L E V E L
1095 M O N T A N A ;  M I C R O A L G A E ;  WATER SOLUBLE FR .~CT IOH ; HYDROCARBON A N A L Y S I S ;

G A S  C H R O M A T O G R A P H Y ;  M A S S  S P E C T R O M E T R Y ;  B A Y T O W M ;  B A T O N  R O U G E ;
N E W  J E R S E Y

0182 PIORONE; SALMON . CHINOOK; STRIPED BASS; BEH ZEWE ; RESPIRATORY RATE S ;
N A R C O S I S ; ONCO RHYNCHUS
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07 47 MO RON E ; TOXICITY; STRIPE~. BASS ; BEHZENE ; JUVENILES
0931 M O R P H O L O G I C A L  A N O M O L I E S ;  P A C I F I C  HERRING ; T O X I C I T Y ;  ROE;

H A T C H I N G  S U C C E S S ;  H E R R I N G ;  CRUDE O I L ;  A L A S K A
0 0 1 1  M O R P H O L O G Y ;  P E T R O L E U M  P R O D U C T S ;  B L U E  G R E E N  A L G A E ;  A P H A N I Z O M E N O N ;

SCENEDESM US ; GROWTH; PROTOCO CCAL ALGAE
0941 MORPHOLOGY ; WA T E R  SOLUBLE F R A C T I O N ;  CRUDE OIL ; HAP A THALEN E ;

GREEN AL G A E ;  PHYSIOLOGY ; FRESHWATER
112 7 MORPHOLOGY ; ARGO MERCHANT SPILL ; FUEL OIL ; EMBRYO CENESIS ;

HATCHING SUCCESS ; POILOCK ; CEP NA LA CH O R DA TA ; AM PHIOXUS
1159 MORPHOLOGY ; TROUT ; HATCHING SUCCESS; FERTILI ZA TION ;

REPRODUCTION & DEVELOPMENT ; H ISTOPA THOLOCICAL EFFECTS
0054 MORTALITIES ; BIRDS ; BEACH SURVEY
0244 MO R T A L I T I E S ;  BIRDS ; BEACH SURVEYS; POPULATION; CHRONIC SPILLAGE ;

TREATMENT; D ISPERSANT S
01 91 M O R T A L I T I E S ;  BIRDS; A R R O W  SPILL ; IRVI N G WHALE SPILL; NOVA SCOTIA;

SPECIES ENDANGERMENT ; NEWFOUNDLAND
0235 M O R T A L I T I E S ;  DIESEL OIL; A NACORTES; INTERTIDAL ; INVERTEBR A TES
01 68 M O R T A L I T I E S ;  BIRDS; SPECIES ENDANGERMENT ; CON SERVATION ;

REHAB IL h A T  ION
01 72 M O R T A L I T I E S ;  TORREY CANYON; B IRDS ; GUILLENOTS ; RAZOR BI LLS
01 42 M O R T A L I T I E S ;  WEST FALMOUTH SPILL . FUEL OIL *2; PERSISTANCE ; OYSTERS
0166 M O R T A L I T I E S ; BIRDS ; OIL ; EFFECT; REVIEW; PHYSIOLOGY
0170 MORT A L I T I E S ; BIRDS ; CONSERVATION ; GUILLEMOTS
0190  M O R T A L I T I E S ;  B I R D S
0167 M O R T A L I T I E S ;  BIRDS ; REVIEW
0175 M O R T A L I T I E S ;  BIRDS ; A R R O W  SPILL; CHEDABUCTO BAY , NOVA SCOTIA
0194 MO R T A L I T I E S ;  WHALES; DOLPHINS
0420 M O R T A L I T I E S ;  DISPERSAHTS ; CLEAN—UP; INTERTIDAL;

THA M E S ESTUARY , ENGLAND
0453 M O R T A L I T I E S ;  BIRDS ; lAY ESTUARY , SCOTLAND
0445 MORTALITIES; OYSTERS ; OFFSHORE OIL WELLS ; SALT— BRINE
0454 MORTALITIES ; BIRDS; ENGLAND/SCOTLAND ; BEACHED BIRDS COUNTS
0548 M O R T A L I T I E S ; B I R D S ; D E N M A R K
0619 MO R T A L I T I E S ;  BALTIC; BIRDS; WASTE OIL
0717 M O R T A L I T I E S ; BIRDS; SAN FRANCISCO SPILL- 1937 ; WA TERFOW L ; GULLS
0650 MORTALITIES ; OYSTERS ; CRASSOSTRE A ; SEDIMENT HYDROCARBONS;

D R I L L I N G  O P E R A T I O N S ; T E M P E R A T UR E ; S A L I N I T Y
0626 MOR T A L I T I E S ;  BIRDS
0779 MORTALITIES ; TAMPICO MARU SPILL ; CHRONIC; SURF CONDITIONS ;

S U C C E S S I O N ;  R E C O V E R Y ;  BA JA , CALIF . ; ANI HOPL EURA ;  KELP ;
P H O T O S Y N T H E S  IS

0877 M O R T A L I T I E S ; CHESAP EAKE BAY ; SPILL INCIDENT ; FUEL OIL * 6;
E N V I R O N M E N T A L  ASSESSMENT; BIRDS; SHELL FISHERIES ; MA RSH GRASS

0873 M O R T A L I T I ES; BIRDS
0928 MORTALITIES; BIRDS ; SAN FRANC i SCO BAY ; A U T O P S i E S ;  FUEL O I L — B U N K E R  C
1010 M O R T A L I T I E S ;  CHEDEBUCTO BAY , NOVA SCOTIA ; BUNKER C; I NT E R T I D A L ;

A R R O W  SP I L L ; W I N T E R ; C H R O N I C  P O L L U T I O N ; F U C U S  NYR ; S P A R T I N A
0973 M O R T A L I T I E S ;  BIRDS; SANTA BARBARA SPILL
0975 M O R T A L I T I E S ;  S A N T A  B A R B A R A  S P I L L ; B I R D S ; I N V E R T E B R A T E S ; A L G A E ;

RECOLONIZATION ; SUBLETHAL EFFECTS; PHYLLOSPA DIX; CM TNAMA LUS ;
PO LL ICIPES ; HESPER O PHY CUS

1084 MORTAlITIES ; SAN F R A N C I S C O  SPILL ; BIRDS ; BIRD TREATME N T
0087 MO R T A L I T Y ;  REFINERY EFFLUENT; SPARTINA
0169 M O R T A L I T Y ;  TORREY CANYON ; BI~~DS
0214 M O R T A L I T Y ; BIRDS ; SANTA BARBARA
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0195 MORTALITY; SEA LIONS ; ZALOPHUS; SANTA B A R B A R A
0197 M O R T A L I T Y ; D E T E R G E N TS ; NU C E L L A  L A P I L L U S ; R E S I S T A N C E ;

POPULATION RECOVERY; RECOLONIZATION ; ROCKY SNORE ; L I T T O R A L
0316 M O R T A L I T Y ;  GREY SEALS ;  P E M B R O K E S H I R E  W E S T  WALES ; B E H A V I O R ;  G R O W T H
0341 MORTALITY; OIL ; CLAM ; SEARSPORT M A I N E ;  MYA
0335 MORTALITY; PANTHER SPILL; BIRDS
0455 MORTALITY; BIRDS; TAY ESTUARY . SCOTLAND ; ElDERS
0424 MORTA L I T Y ;  OIL ; DISPERSANTS ; TOXICITY; POLYCHAETE; GAMETE F O R M A T I O N ;

SPAWNING ; GROWTH ; C IRRA T IJLUS ; C I R R I F O R M I A ;  6P1002; CORE XI T;
ES SO I V E NE

0651 MORTALITY; OYSTER; CRASSOSTREA; L O U I S I A N A ;  OIL SPILL ; GROW TH; SET;
D I S E A S E  I N C I D E N C E . : T A I N T I N G

0624 M O R T A L I T Y ;  EIDER DUCKS ;  BA L T I C  SEA ;  F INLAND C O A S T ;  P A L V A  1969
0822  M O R T A L I T Y ;  L I T T O R I N A ;  N U C E L L A ;  B U C I N N U M ;  D E T E R G E N T S ;  G R O W T H ;  S F 1 0 0 2 ;

I A R S OL V E N T
0809 MORTA L I T Y ;  BIRDS
0874 MORTALITY ; BIODEGRADATION; A L A S K A ;  TEMPERATURE ; S A L I N I T Y ;  C H E M O T A X I S ;

COOK INLET; VALDEZ
1030 MORTALITY; BIESBOSCH TIDAL A R E A ;  OIL SPILL INCIDENT; BIRDS—GEESE;

HOLLAND; CRUDE OIL
1162 MORTALITY; CLAMS ; CRUDE OIL; BEHAVIOR
1101 MORTALITY; BIRDS; SHETLAND IS. . B R I T A I N ;  OIL
1107 M O R T A L I T Y ;  COKE OIL; HERRING; ROUTE OF UPTAKE; CLUPEA ; NOVA SCOTIA
115? MORTALITY; SOUTH LOUISIANA CRUDE OIL ; OYSTERS ; CRASSOSTREA;

A N A L Y S I S  FOR HYDROCARBONS; GAS CHROMATOGRAPHY
1143 MORTALITY; SOFT-SHELL CLAM; FUEL OIL; UPTAKE; RETENTION; DE P U R A T I O N ;

BURROWING ; SEARSPORT— MA INE
1138 M O R T A L I T Y ;  A R C T I C ;  B E NT H I C  I N V E R T E B R A T E S ;  A M P H O P O D ;

B E H A V I O R A L  E F F E C T S ; I S O P O D S
1169 MORTALITY; CRABS; WEST FALMO I J T H SPILL; UPTAKE ; B E H A V I O R ;  8URR0~~I N G ;

TOXICITY; FUEL OIL; CRAB-SALT MARSH ; MASS .
1196 MORTALITY; TOXICITY; REVIEW; CRUDE OIL; BIOASSA Y ; GROWTH ;Tc~GE-;
122 3 MORTALITY; COOK INLET CRUDE OIL; FLOUN DER; FISH; CLAMS ;

CHRONIC C O N C E N T R A T I O N S ;  EGGS ;  L A R V A E ;  H I S T O P A T H O L O G Y
0872 MOS QUITO; CULEX; SUFFOCATION; TOXICITY
0125 MOS QUITO L A R V A E ;  GASOLINE FRACTIONS ; TOLUENE ; XYL ENE ; BEN ZENE;

T O X I C I T Y ;  A EDES A EGYPT I; W A T E R  SOLUBLE F R A C T I O N S
0689 MOS QUITOS; PETROLEUM FRACTIONS ; TOXICITY; CULEX ; AEDES ; EGGS ; L A R V A E ;

PUPAE
0803 HO SQUITOS; A QUATIC; LAKE C H A M P L A I N
0995 MOTILITY; DISPERSANTS ; EMULSIONS; TOXICITY; SUBLETHAL EFFECTS;

ACTI V I T Y ;  BIVALVES; CRUSTACEANS; FISH; BEHAVIOR; OIL EMULSION;
C O N T I N U O U S  F L O W ; L O C O M O T I O N

1220 MO T I L iT Y ; COPEPODS; CALA N U S ; ALGAE; HOHOCHRYS IS; P4APHTHA LENE ;
B E H A V I O R A L  E F F E C T S

0417 MOTOR OIL ; OYSTER; SCALLOP; SILVERSI DES; LESIONS; H ISTOPA TH0LO GY
1063 MOTOR OIL; B I O D E G R A D A T I O N ;  CHESAPEAKE BAY; SEDIMENTS
1050 M O T O R  O I L ;  D E G R A D A T I O N ;  B A C T E R I A ;  T R E A T M E N T  EFFLUENT:  D I S T R I B U T I O N ;

WATER COLUMN; S E D I M E N T S
0398 MOULT ING ; SOUTH LA CRUDE; LOBSTER ; LARVAE ; FLOW THROUGH SYSTEM ;

E M U L S I O N ; F E E D I N G ; P I G M E N T A T I O N ; H Y D R O C A R B O N  A N A L Y S I S
u569 MO ULT INC ; MUD CRAB; LARVAE ; TOXICITY
O’934 MOULT ING ; SURFACTANTS; FISH ; CRUSTACEANS; BIVALVES; T O X I C I T Y ;

B E H A V I O R ;  DEVELOPMENT; A C T I V I T Y ;  BYSSUS THREAD
U28 7 MO IJTH L Y GROWTH ; FUEL 011*2; SHRIMP ; UPTAKE ; DEPURAT ION
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11 8 5 L O U I S I A N A ;  MA RSH ; ECOSYSTEM ; PETROLEUM HYDROCARBON ;
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0299 MUC O SAL. TRANSFER RATE ; BIRDS ; MALLARDS ; CRUDE OIL; PHYSIOLOGY; A N A S;
D E H Y D R A T I ON ;  D I S P E R S A N T S ;  I N T E ST I N AL AB SO R P T I ON

0300 M UCOSAL TRANSFER RATES ; OIL~ M A L L A R D S ; P H Y S I OL OGY ;
INTEST INAL ABSORPTI ON; ANA S ; CRUDE OILS ; BOIL ING FRACTIONS

0952 M U C U S B I N D I N G; O I L ; U PT A K E ; A CC U M U L A T E ;  R A T E  O F E N T R Y ;  M Y A  A R E N A R I A ;
DR OP L E T S ; O I L  D Y E

0715 MUCUS PRODUCTION; CORAL; PLA TIGYRA ; BACTERIA; STRESS; CRUDE OIL;
DESULFOV IBR IO ; BEGC IATOA

0712 MUCUS PRODUCTION ; CORALS ; RED SEA ; CRUDE OIL; MICROORGANISMS
0954 MUCUS PRODUCTION ; FUEL OIL *2; SOUTH LOUISIANA CRUDE ;

SOFT SHELL CLAM ; MYA ; TEMPERATURE ; SUBLETHAL EFFECTS ;
M U S C L E  C O N T R A C T I O N

0569 MUD CRAB; LARVAE; TOXICITY; MOULT ING
1082 MUD FLAT FAUNA: ESTUARY ; REFINERY EFFLUENT ; M E DWAY ESTUARY;

KENT . ENGLAND
0912 MUD FLATS; BIOINDI CA TO RS; CLAMS ; MACO MA BALTICA ; CRUDE OIL
IOO 2A MUD FLATS; MA CONA; ALASKA; BEHAVIOR-BURROWING
0529 MUD SNAIL; BIOASSAY ; CONTINUOUS FLOW ; TOXICITY; SUBLETHAL EFFECTS ;

W A T E R  SOLUBLE F R A C T I O N ;  WHOLE O I L  F R A C T ION ;  M I N N O W ;  FLOUNDER ;  SHRI M P ;
SCALLOP ; QUAHOC ; MUSSEL

0673 MUDDY R IV E R ,  M A S S . ; BUNKER C ; R I V E R ;  B O D ; P L A N K T O N ; T O X I C I TY ;
M A C R O F A U N A ; HEW E N G L A N D

0922 NUCIL; KEROSENE ; MULLET; TAINTING; GAS CHROMATOGRAPHY
0923 MUG IL; TAINTING; MULLET; KEROSENE; GAS LIGUID CHROMATOGRAPHY;

G AS CHROMATO GRAPHY— MASS SPECTROSCOPY ; IN FRA RED SPECTROSCOPY;
R A D I O A C T I V E  T R A C E R S; U P T A K E ; P R O T O N M A G N E T I C RE SO N A N C E  SPE C TRO SC O PY

1031 M U G I L ;  T A I N T I N G ;  M U L L E T ;  K E R O SE N E ; H I ST O P A T H O L O G Y ; CO N T E N T  A N A L Y S I S ;
A U S T R A L I A

0265 MULLET; TAINTING; KEROSENE; AUSTRALIA; RIVER SEDIMENTS
0500 M U L L E T ;  CRUDE OIL ;  ENZYMES ;  O Y S T E R S ;  S H R I M P
073? MULLET; PA RAFF IHS ; FISH ; CRUDE OIL; JULIA HA WRECK; SALMON;

B L A C K SEA B R E A M ; GAS CHR OM A T O G R A P H Y
0697 MULLET; ESTUA RY; EMPIRE M iX CRUDE ; FIN ROT
0692 MULLET; HYDROCARBON CONTENT ANALYSIS ; SHRIMP: OYSTER;

LIQ U ID CHROMATOGRAPHY ; GAS CHROMATOGRAPHY
0922 MULLET; KEROSENE ; TAINTING; GAS CHROMATOGRAPHY; MU GIL
0923 MULLET; TAINTING; M UGIL; KEROSENE; GAS LIGUID CHROMATOGRA PHY;

G AS CHROMATOGRAPHY— MASS SPECTRO SCOPY; IN FRA RED SPECTR O SCOPY;
R A D I O A C T I V E  T R A C E R S; U P T A K E ; PR O T O N M A G N E T I C  R E S O N A N C E  S P E C T R O S C O P Y

1031 MULLET; TAINTING; MU G IL; KEROSENE ; HISTOPA THOLO GY ; CONTENT ANAL Y SIS;
A U S T R A L  IA

1102 MULLET; EMPIRE MIX CRUDE; PHS IOLQ G ICA L EFFECT; LIVER WEIGHT;
A L K A L I N E  PHOSPHAT A SE: 8— GLUCURONIDASE ; MA LI C DEHYDRO G ENAS E;
A E R O B I C  M E T A B O L I S M ; A C E T Y L C H O L I N E S T E R A S E

1177 MULLET; PUER 1O RICO; OIL SPILLS; ECOSYSTEM; MANGROVE; CORA L REEFS;
ESTUARIES; ANALYSIS FOR HYDROCARBON S; OYSTER; CLAM; NISTOPATHOLOGY ;
REVIEW

0903 M UM MICHOG; TOXICITY; FUEL OIL—U: SHR IPIP(GRAS S ); MINNOW;
CATF ISH (CH PNNEL ); BLUEGILL

1042 MURR S: BIRDS; ALC IDS; INDICATOR SPECIES; AUKS; ElDERS
0954 MUSCLE CONTRACTION; FUEL OIL .2; SOUTH LOUISIANA CRUDE ;

S O FT SH ELL C L A M ; M Y A ; T E M P E R A T U R E ; S U B L E T H A L  E F F E C T S ;
MUCUS PRODUC TION

1124 MUSKRATS; FISH; FUEL OIL; BUNKER C; DUCKS; CA TTAIL S ;
A N A L Y S I S  FOR HYDROCARBONS ;  ST. LAWRENCE RIVER ; MARSHES
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: 0 59  M USi R~~T S ;  W E T T I N G ;  O I L ;  M.,RS H S P R A Y ;  D O T
0 0 4 5  M U S S E L ;  S A N T A  B A R 8 A R A  S P I L L ;  C L E A N U P ; C O M M U N I T Y  S U R V E Y ;  B I R D S ;

L I M P E T S ;  B A R N A C L E S ;  C H I T O N S ;  I N T E R T I D A L  O R G A N I S M S
O31~ MUSSEL ; B E H A V I O R ;  F I L T E R I N G  A B I L I T Y ;  B LACK SEA ; TO LERANCE
0 179  M U S S E L ;  NY T I L U S ;  S U R F A C T A N T ;  P H Y S I O L O I C A L  E F F E C T ;  T I S S U E  S W E L L I N G ;

S E A S O N R L  V A R I A T I O N ;  N O R W A Y
0154 MUSSEL ; MYTILUS ; UPTAKE
0 2 3 2  M U S S E L ;  SA M  F R A N C I S C O  S P I L L ;  R E C R U I T M E N T ;  BUNKER C; B A R N A C L E S ;

S A L A H U S ;  C H T H A M A L U S ; M Y T I L U S ;  L I M P E T S ;  C O L L I S E L L A
0 3 3 2  M U S S E L ;  H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S ;  G A S  C H R O M A T O G R A P H Y ;

THI N LA Y E R  C H R O M A T O G R A P H Y ;  HIGH PRESSURE LI QUID C H R O M A T O G R A P H Y ;
SAN F R A N C I S C O  BAY ; SPONGE; CRA B

0401 MUSSEL; M Y T IL U S ;  L A G O O N  OF V E N IC E , I TA L Y ;
H Y D R O C A R B O N  CONTENT A N A L Y S I S ;  GAS C H R O M A T O G R A P H Y ;
D I S T A N C E  FROM P OLLUTION SOURCE . EXCHA NGE W I T H  SEA

0 5 2 9  M U S S E L ;  B I O A S S A Y ;  C O N T I N U O U S  F L O W ;  T O X I C I T Y ;  S U B L E T H A L  E F F E C T S ;
W A T E R  S O L U B L E  F R A C T I O N ;  W H O L E  O I L  F R A C T I O N ;  M I N N O W ;  F L O J N D E R ;  S H R I M P ;
SCALLOP; Q UAHOG; MIJ D SNAIL

0503 MUSSEL; CHESAPEAKE BAY; OIL SF1 IL INCI DENT ; SALT M A R S H ;  P 3 PULAT IONS;
OYSTERS; SNAI L ; MARSH GRASS

0611 MUSSEL; MYTILUS; CONTENT A N A L Y S I S ;  U P T A K E ;  D E P U R A T I O N ;  R E T E N T I O N ;
R A D I O A C T I V E  TRACERS; A R O M A T I C  H Y D R O C A R B O N S ;  PA RA F F I N S

0 8 6 4  M U S S E L ;  D I S P E R S A H T ;  S H E L L F I S H ;  L A R V A E ;  S P E R M A T O Z O A ;  T O X I C I T Y ;
B I V A L V E S ;  OYSTERS ; C RA S S O S T R E A ;  F E R T I L I Z A T I O N ;  DEVELOPMENT

0) 8 0  M U S S E L ;  S U B L E T HA L  E F F E C T S ;  C H R O N I C  E X P O S U R E ;  C O A L  O IL  P O I N T .  C A L I F . ;
S E D I M E N T S ;  8 E H T H I C  I N - F A U N A ;  A B A L O N E ;  BA R N H C L E

1043  M U S S E L ;  M Y T I L U S ;  F I L T E R I N G ;  P S E U D O F E C E S ;  P U R I F I C A T I O N
113 7 MUSSEL; A U S T R A L I A ;  UPTAKE; R E T E N T I O N ;  O E P U R A T I O~4; GAS C H R O M A T O G R A P H Y ;

M Y T I L U S ; EFFECT OH ECOSYSTEM; B I O I N D I C A T O R S ;  T O X I C I T Y
0 1 1 0  M U S S E L S ;  M Y T I L U S ;  B I O I N D I C A T O R
0357 M U S S E L S ;  D R U P A  C R A W U L A T A ;  M Y T I L U S ;  P R E D A T I O N  R A T E ;  F E C U N D I T Y ;

S U B L E T H A L ;  CRUD E O I L ;  RED S E A ;  D I S P E P S A N T
0 3 4 5  M U S S E L S ; B E N Z O ( A ) PY R E N E ;  C A R C I N O G E N S ;  M O N I T O R ;  M YT I L t I S
0355 M U S S E L S ;  M Y T I L U S ;  U P T A K E ;  D E P U R A T I O H ;  B I O G E N I C ;  P E T R O L E U M ;  A R O M A T I C S ;

K I E L  B I G H T
0 2 7 1  M U S S E L S :  W A T E R  A C C O I I O D A T E D  F R A C T I O N ;  M Y T I L U S ;  S T A R F I S H ;  A S T E R I S ;

RE $P1 P~~TIOr4 F E EDING: R E P R O D U C T IO N BYSSA L THREA D PRODU T IOH ;
FUEL O I L  *2

034 7 ~ U9 S E L S ;  P E N Z O ( A ) PY R E N E ;  M Y T I L U S ;  R E L E A S E
0 14 3  M U S S E L S ;  B E N Z O ( A ) P Y R E N E : ~ A R C T t 4 O G E H S J  S O U T H E R N  C A L I F O R N I A ;  M Y T I L U S ;

B A S E L I N E :  B I O G E N I C
0 3 4 6  M U S S E L S ;  P IY T I L U S ;  M O N I T O R I N G ;  B E NZ O A ) P Y R E N E ;  C A R C I N O G E N ;

V A N C O U V E R  H A R B O R ;  C R E O S O T E D
0333 M USSELS: M Y T IL U S  H Y D R O C A R B O N  CONTENT: M O N I T O R ;  UP TAV .E ; D EPURA T ION
0344 MUSS ELS ; A C C U M U L A T O R  O R G A N I S M S ;  M O N I T O R I N G ;  CAR C I NO GENS ; M Y T ILUS ;

L C Y C L ! C  üM.~’T f l  H :  RO~ 2~~~~ 8EH70PY~~ENE
034-) M U~~’~ELS : MY T IL U S
~l~~~~~~2 M JSS ELS; H Y D R O C A R B O N  CONTENT; PA P V A F F  IPIS ; P E T R O L E U M ;  PIYTIL U S
0 3 5 3  M U S S E L S ;  M A C R O F A U N A ;  RED SEA; T O X I C I T Y ;  C R ;J D E  O I L ;  D I S P E R S A N T ;  C O R A L ;

~CT~~RO~~~ 1 I H ;  C A S T R O E O D C ;  r H I T O ~V4 -C EA  UPC.fl N -4 R M I T  C R H B ;  S H R I M P ;
C O A T F I  S N ;  P A S S  I T F  I S H

0.-~~ 4 ~‘ U 3 S E L S ;  M Y T I L U S ;  U P I A K E ;  D E P I I P . AT I O I I ; H Y D R O C A R B O N  C O N T E N T ;  P A R A F F I N S ;
PETROLEUM ; T I~,E3

03~~-. M USSELS; M Y T I L U S ;  CON TENT A N A L Y S I S ;  M E T A B O L I S M ;  PETROLEUM; RIOG E H IC;

~ IEL B I G H T .  W 0EPM4~~V A P O M 4 T i C~.
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0440 MUSSELS ; M O N 1 T O R I N G
O7~~ MUSSELS ; H Y DROCARBONS ; CON TENT A N A L Y S I S ;  DE P U R A T IO N ;  T E M P E R A T U R E ;

M Y T IL U S ;  L A G O O N  OF ~‘EH iCE . ITALY
0447 M US S ELS ; S U R F A C T A N T :  F E R T I L I Z A T I O N ;  L A R V A E  DEVELOPMENT
0432 MUSSELS ; M YTILUS ; PIOD IOLUS ; CARBON BUDGETS: CRUDE OIL ; S A L I N I T Y ;

RES I STANCE
0433 MUSSELS ; MYTI LL IS; MO DIOLUS ; CARBON BUDGET ; SA L I N I T Y ;  CRUDE OIL;

S T R E S S ; R E S I S T A N C E
0400 MU ELS ; M YT ILUS ; UPTAKE ; DE P U R A T I O N ;  HYDROCARBON CONTENT A N A L Y S I S ;

P H Y S I O L O G I C A L STRESS: B I O L O G I C A L  M O N I T O R ;  A C C U M U L A T I O N
0 5 6 1  M U S S E L S ;  C A L I F O R N I A  C O A S T ;  S A N T A  B A R B A R A  CRUDE ; T O X I C I T Y
0652  M U S S E L S ;  P E T R O L E U M  H Y D R O C A R B O N S  B A S E L I N E  I N V E S T I G A T I O N ;  PU CE T SOUND ;

SEDIMENTS; SNAILS; THA IS ; INTERTIDAL
0216 MUSSELS ; COMMUNITIES; ROCKY SHORES DETERGENTS ; NORMANDY . FRANCE;

RFCO ’-/E PY ; IV EP I IR A T ION
0 8 ’ 6  M U S S E L S
0971 MUSSELS ; SANTA B A R B A R A  SPILL ; BREEDING RATES; BARNACLE; CHTHANALUS ;

B A L A N U S ;  P0LL IC IPES; 1IYT ILUS ; INTERT IDA L
1209 MUSSELS ; IIETULA SPILL; S T R A I T S  OF M A G E L L A N ;  A S S E S S M E N T  OF SP i LL ;

K U W A I T  CRUDE OIL
2186 M ;JSSELS; BENZOPYRENE ; CLAMS; OYSTERS ; OREGON ; ESTUARINE; UPTAKE;

A R O M A T I C  H y D R O C A R B O N S ;  C A R C I N O G E N S ;  M O L L U S C S
1179 P1UTA GENES 1S; PETROLEUM HYDROCARBO N S ; PLANKTON ; FISH; AR C T I C ;

M E T A BOL I S M
0098 MY A ;  HYPE R PLAS IA ; CLAMS ; I4ISTOPA THOLOGY ; CARCI NO CENI SIS
00 41 P1V A ;  OIL ; CLA M ;  MORTALITY ; SEARSPORT MA I N E
0304 N YA ; SOFT-SHELL CLAM ; M IC R O F L O R A ;  BIODEGRADATION
039 1 MY A ; CRUDE O I L ;  HY D R O C A R B O N ;  U P T A K E ;  R E S P I R A T I O N ;  L I Q U I D  C O N T E N T ;

S O F T  S H E L L  C L A M
0434 PIYA ;  CARBON FLUX ; FUEL OIL*6 ; CASCO BA Y M A I N E ;

TA N A N O - C A S C O  BAY MAI NE 1972
0954 M Y A :  FUEL OIL *2; SOUTH L O U I S I A N A  CRUDE ; SOFT SHELL CLAM;

TEMPERATURE ; SUBLETHAL EFFECTS; MUCUS P R O D u C T I O N ;  MUSCLE CONTRACTI ON
0953 N YA ; FUEL O ILt2; SOFT SHELL CLAM; EMULSION ; TISSUE ABERRATIONS ;

H I S ~~OPA TH O LO CY EDEMA; V A C U O L A T I O N ;  GL YCO GEN
1037 PIYA ; A R R O W  SPILL; CHEDABUCTO BA Y S N O V A  SCOTIA ; BUNKER C;

FLUORESCENCE SPECTROSCOPY ; KELP ; HYDROCARBON CONTENT ANA LYSIS
1039 MYA ; A ROMAT ICS ; CYCLO— A LKANE ; SEDIMENTS; BUNKER C; BEACH SEDIMENTS;

CHEDABUCTO BA Y. NOVA SCOTIA ; ARROW SPILL ; METABOLISM; MOLLUSCS;
OSTREA; MYTILUS ; ARYL HYDROCARBON HYDROXYLASE ; BENZO PYREHE ;
R A D I O A C T I V E  T R A C E R

1010 NYA ; CHEDEBUCTO BA Y . NOVA SCOTIA; BUNKER C; MORTALITIES; INTERTIDAL :
A R R O W  SPILL; W INTER C H R O N I C  POLLUTION; FUCUS; SPART INA

1206 M YM; CLAM; FUEL OIL *2; UPTAKE; RETENTION ; DEPURA T ON
0952 MYA A R E NA R IA ;  OIL; UPTAKE; ACCUMULATE; RATE OF ENT ~~Y ; MUCUS BINDING ;

DROPLETS; OIL DYE
0034 MYS IDOPS IS; W A T E R  SOLUBLE F R A C T ION; OIL IN WATER DISPERSION ;

C R U S T A C E A N S ;  F ISH;  T O X I C I T Y ;  ESTUA RIN E ; SOUTH LA. CRUDE ;
K U W A I T  CRUDE ; FUEL OIL *2; BUNKER C : CYPRIN000N ; M E N I D I A ;  FUNDULUS ;
P E N A EUS ; P A L E O M O N E T E S

0110 MV T ILU S ; MUSSELS; BIQI N DIC A TOR
02 32 M Y T I L U S ; S A N  FRANCiSCO SPILL; RECRUITMENT ; BUNKER C ; BARNACLES ;

BA LANIJ S; CH IHAMALU S; MUSSEL: L IMP ETS; COLLISELLA
0178 M YT ILUS ; MUSSEL ; SURFACTA N T; PHYSIOLO ICAL EFFECT ; TISSUE SWELLING ;

SEASONAL V A R I A T I O N ;  NORWAY
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0154 M YTILUS ; MUSSEL; UPTAKE
0349  M Y T I L U S ;  B E N Z O ( A ) P Y R E H E ; C A R C I N O G E N S ;  S O U T H E R N  C A L I F O R N I A ;  M U S S E L S ;

BASELINE ; 8IOGENIC
0355 M YTILUS ; MUSSELS ; UPTAKE: DE PURAT ION ; B IOGEN IC; PETROLEUM ; A R O M A T I C S ;

K I E L  B I G H T
0252 M Y T ILUS ; HYDROCARBON CONTENT ; P A RA F ~~INS; PETROLEUM; MUSSE . S
0345  M Y T I L U S ;  B E H Z O ( 4 ) PY R E P 4 E ;  C A R C I N O G E N S ;  M U S S E L S ;  M O N I T O R
0 3 4 4  M Y T I L U S ;  A C C U M U L A T O R  O R G A N I S M S ;  M O N I T O R I N G ;  C A R C I N O G E N S ;  M U S S E L S ;

P O L Y C Y C L I C  A R O M A T I C  H Y D R O C A R B O r I S ;  B E H Z O P Y R E N E
0 3 4 9  P IY T I L U S ;  M U S S E L S
0 3 4 . ;  M Y T I L U S ;  M O N I T O R I N G ;  M U S S E L S ;  B E H ? 0 ( A ) P Y R E N E ;  C A R C I N O G E N ;

k~A 4 C O U ~JER H A R B O R ;  CREOSOTED
035? MYTILUS; DRUPA G R A N U L A T A ;  PREDA ION RATE; FECUNDITY; SUBLETHAL;

CRUDE OIL; MUSSELS; RED SEA ; ~ I S P E R S A N T
0333 M YTILUS; MUSSELS; HYDROCARBON C )NTENT : M O N I T O R ;  UPTAKE; DEPIIR A T I O H
0347 MYTILUS ; BENZO (A> PYRE I4E ; MUSSELS; RELEASE
0271 M YT IL U S ; WATER A C C O M O DA T E D  F R A C T I O N ;  M USSELS ; S T A R F I S H ;  A S T E R I S ;

RESPIRATION ; FEEDING; R E P R O DU C T I O N ;  BYSSAL THREAD P R O D U C T I O N ;
FUEL OIL *2

0356 P1YTILUS; CONTENT ANALYSIS; METABOLISM; PETROLEUM; B I O G E H I C ;  MUSSELS;
KIEL BIGHT . V G E R M A N Y ;  A R O M A T I C S

0254 MYT ILUS; UPTAKE; DEPURAT ION ; MUSSELS; HY . R O C A R B O N  CONTENT ; P 4RA FF INS;
P E T R O L E U M ; T I D E S

0399 IIYTILUS; HYDROCARBONS; CONTENT ANALYSIS; DEPURA T IOH ; T E M P E R A T U R E ;
MUSSELS; LAGOON OF VENICE , ITALY

0401 MYTILUS; MUSSEL; LAGOON OF VEH ICE .ITAL Y;
H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S ;  G A S  C H R O M A T O G R A P H Y ;
DISTANCE FROM POLLUTION SOURCE; EXCHANGE WITH SEA

0400 P1YT ILUS; UPTAKE; DEPURATION; HYDROCARBON CONTENT ANALYSIS ;
P H Y S I O L O G I C A L  S T R E S S ;  B I O L O G I C A L  M O N I T O R ;  M U S S E L S ;  A C C U M U L A T I O N

0459 PIYTILUS; TOXICITY; CRUDE O I L - A R A B I A N  LIGHT; L ITTORI HA ; TIOL CYCLE;
T E M P E R A T U R E

0433 MYTILUS ; MODI OLUS; CARBON BUDGET; SA LINITY; CRUDE OIL; STRESS;
R E S I S T A N C E ;  MUSSELS

0432 MYTILUS; MODIOL &JS; CARBON BUDGETS; CRUDE OIL; SA LIN ITY; RES ISTANCE;
M U S S E L S

0483 MYT ILUS; SANTA B A R B A R A  SPILL : GROWTH; BODY WEIGHT
0562 MYT 1LUS; TOLERANCE; NATURAL OIL SEEPS
0611 MYTI LUS; CONTENT ANALYSIS; UPTAKE ; DEPURATION; RETENTION ; MUSSEL;

~ A E~T O A C T I V E  T R A C E R S ;  A R O M A T I C  H Y D R O C A R B O N S ;  PA P A F F I N S
0831 MYTILUS; OIL SPILL INCIDENT; DECEPTION BAY QU EBEC ;  DIESEL O I L ;

G A S O L I N E ; F U C U S
1039 MYTILUS; AROM A T ICS ; CYCLO-AIK A HE; SEDIMENTS; BUNKER C;

BEACH SEDIMENTS; CHEDABUCT O BAY. NOVA SCOTIA; ARROW SPILL ;
ME TABOL ISM ; MOLLUSCS ; M YA; OSTREA ; ARYL H Y D R O C A R B O N  H Y D R O X Y L A S E ;
B!HZOPYRENE ; RA D I O A C T I V E  TRACER

1048 MY TILU S; MUSSEL; FILTERING ; PSEUDOFECES; PURIFICATION
0978 iIYIILUS; CHRONIC EXPOSURE; SI2E ; REPRODUCTION
0971 MYT ILUS ; SANTA B A R B A R A  SPILL; BREEDING RATES; BA R N A C L E ;  MUSSELS;

CH IHAMALUS ; BA LA N US ; POLL ICIPES : INTERTIDAL
113? MYTILUS; AUSTRALIA ; UPTAKE; RETENTION; DEP IJRA TION;

GAS C H R O M A T O G R A P H Y ;  MUSSEL; EFFECT ON ECOSYSTEM ; B I D I N D I C A T O R S ;
T O X I C I T Y

1 1 16 NYT ILUS; BIODEGRADATIO N ; BACT ERIA ; SEDIMENTS; B A R A T A R I A  BAY ;
A N A E R O B I C ;  PEN? (A)PYRENE ; ACCU M U L A T I O N ;  WHITI N G; PICKEREL
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0331 MYTILUS EDUL IS ; HY DROCARBON ; SUSPENDED SEDIMENT
0667 M Y X O T R OPHIC G R O W T H ;  A L G A E ;  H Y D R O C A R B O N S ;  S C E N E D E S M H S ;  D E G R A D A T I O N
0130 N -A L K A H E ;  HY DROCARBON ; ANALYSIS FOR P110’S; M ETH YLA NAP H THALEHE ;

SHELLFISH ; COLUMN C H R O M A T O G R A P H Y :  G A S — L I QUID C H R O M A T O G R A P H Y
0123 P4 - A L K A H E ;  UPTAKE; FISH
0646 H -A LKAN ES ; HYDROCARBON CONTENT A N A L Y S I S ;  P L A N K T O N ;  FISH;

F1P’H OF CLYDE .  SCOTLAND ; FOOD C H A I N  M A G N I F I C A T I O N
0253 N- PARA FF INS ; COLUMN CHROMATOGRAPHY ; GAS CHROMATOGRAPHY
0738 N-PA RA FFINS ; GAS CHROMATOGRAPHY ; SEDIMENTS ; SOLVENT
056? NAIS; CASP IA H SEA; BENTHOS ; CRUDE OIL ; GROWTH ; REPRODUCTI ON;

C H I R O N O N U S ;  C E R A S T O D E R M A ;  HEREIS ; PYRGOH Y DROBIA; A B RA
0719 HAN D PLANKTON : ALGAE; PLATYMONAS ; TOXICITY: GROWTH RATES ;

FINE STRUCTURE ; CRUDE OIL : EMULSIFIER
0918 NANTUCKET SHOALS ; ARGO MERCHANT SPILL; FISHERIES
0123 NA PHTHA LENE ; COPEPOD ; REPRODUCTION: EURYTEMORA ; EGG P R O D U C T I O N ;

HEATING OIL; WATER SOLUBLE FRACTION
0289 HAPHTHALE HE ; HYDROCARBON CONCENTRATIONS ; SHRIMP: CLAMS ; OYSTERS ;

SEDIMENT ; FUEL OIL*2; DEPURAT ION
0334 N A P H T H A L E N E ; F U N D U L U S ; D I S T R I B U T I O N  I N  B O D Y ;  S T R E S S  B E H A V I O R
027 ?  N A P H T H A L E H E ; C O P E P O D ; U P T A K E ; D E P U R A T I O N ; M E T A B O L I S M ;  C A L A N U S ;

FOOD WEB; WATER SOLUBLE FRACTION ; DIETARY ROUTE OF ENTRY;
R A D I O A C T I V E  T R A C E R S

0276 HAPHTHALEHE ; SPIDER CRA B ;  METABOLISM; M A I A ;  EXCRETION
048? N A P H T H A L E H E ; A C C U M U L A T I O N ; CO PEPOD ; RA D I O A C T I V E ;  LONG TERM EXPOSURE;

LOW LEVEL CONCENTRATIONS ; MARINE ZOOPLANK TON ; PERSISTENT EXPOSURE ;
UPTAKE /DEPURA TION ; CALANUS; EURYTE M ORA

0815 HAPHT HALENE ; SEA GRASS; PHOTOSYNTHESIS; DODECA HE ; TOLUEHE
0743 NA P H T H A L E H E ;  B A C T E R I A L  D E G R A D A T I O N ;  PSEUDO M O MAS ;  M E T A B O L I C  P A T H W A Y
0760 P 1 A P H T H A L E H E ; A L K Y L H A P H T H A L E N E ; C O N T E N T  A N A L Y S I S ;

ULTRAVIOLET SPECTROPH QTO IiETRY ; TECHNIQUES; TISSUES; SEAWATER
0882 PIAPHT HALEIIE ; T O X I C I T Y ;  P O L Y C HA E T E S ;  CRUDE ; BUNKER C; FUEL OIL *2;

WATER SOLUBLE FRACTION ; HEANTI4 ES J C AP 1T E LLA ; SOUTH L O U I S I A N A  CRUDE;
KU WA IT

0941 NA P HT HAI EN E; W A T E R  ~O LUB LE F R A C T I O N ;  CRUDE O IL ;  GREEN A L G A E ;
P H Y S I O L O G Y ;  MORPHOL ’)CY ; F R E S H W A T ER

0886 NAP HT HA LEHE ; K U W A I T  CR~JDE ; SOUTH LOUISIANA CRUDE ; FUEL OIL I 2;
BUNK ER C; T O X I C I T Y ;  ~3A T ER SOLUBLE F R A C T I O N ;  N E A N T H E S ;  C A P I T E L L A

0884 HAPHTHA LENE ; FUEL OIL *2; AN N EL IDS ;  POLYCHAETE ; NEANTHES;
UPTAKE LDE PLJRA T ION ; DEVELOPMENT ; MALE ; FEMALE ; EGGS ; LARVAE

1002 NAPHT HALEP4E ; SHRIMP; TOXICITY; CONTENT ANALYSIS; DEPURAT IOH;
CRUDE OIL; FUEL OIL ‘2; BUNKER C; PALAEPION ETE S ; TEMPERATURE; BENZENE ;
P H E N O L

~O38 ~4APHT HALEN E ; ALGAE ; PHYSIOLOGY; HYDROCARBONS PETROLEUM ; REVIEW:
P H O T O S Y N T H E S I S ; ATi’; CRUDE OIL ; DISTILLATE FRA CTIONS

0964 NA PHTHA LENE; TOXICITY; PHOSPHORUS ; SYNERGISM ; DIATOM
1145 N A P N T N A L E N E ; N O R M A L  W E L~~S CRUDE O iL ; SEALS; ARCT iC; RINGED S E A L S ;

BEHZE PI E ; PATHOLOGICAL EFFECTS; UPTAKE & INGESTION
1139 NA PHTHA LENE ; CRUDE OIL ; CRAB ; CANCER; BEHZENE ; AROMATIC HG’S;

T O X I C I T Y ;  REPRO DUCTION & D E V E L O P M E N T
1149 NA PHTHALENE ; TEMPERATURE ; SALINITY ; CLAMS ;

SOUTHERN LOUISIANA CRUDE OIL ; UPTAKE S DE PURA T ION ; C L A N— B O R E A L ;
CLAN—TEMPERATURE

1154 N A P N T H A L E N E ; Z O O P L A H K T O N ; C O P E P O D S ; A R O M A T I C  H Y D R O C A R B O N S ;
PHYSIOLOGICAL EFFECTS; RETENTI ON ; DEVELOPMENT

1 131 HAPHTH AL ENE M ICROFLORA ; PHYTOPLANK TON ; ALGAE; CRUDE OIL; FUEL OIL;
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T O X I C I T Y ; P N E NA H T H R E N E ;  A R O M A T I C S ;  A L G A E - G R E E N ;  A L G A E - B L U E  G R E E N ;
D I A T O M S ;  G R O W T H

11 2 N A P H T H A L E N E ;  METHO DS OF DETECTIO N JF NC ’S IN O R G A N I S M ;  UPTAKE;
SI PU P4C UL ID W O R M ;  S PECTR O PHO TO MET IY ; P HA S C O L O S O M A ;
PRU DHUE B HY CRUDE OIL

117 3 NAP H T HA L E N E ; DUCK S ; MALLARDS; A N A L Y S I S  FOR HYDROCARBONS;

~HY SIOL O G ICAL EFFECTS ; SOUTH L O U I S I A N A  CRUDE OIL
1220 NA PHTHA LE NE ; COPEPODS ; CALA N US; A L G A E ; MO HOCHRY SI S;

B E H A V I O R A L  EFFECTS ; M O T I L I T Y
117 .6 N A P H T H A L E N E ;  FUEL O IL I 2; ZOOPLANKION; SHRIMP; R E S P I R A T I O N ;  T O X I C I T Y ;

FEEDING BEHAVIOR ; M OBILITY ; BEHZEHE ; PHENOL
11 97 HA P H T HA LENE ; PRUDHOE BAY CRUDE OIL ; CLAMS ; M A C O M A ;  UPTAKE ; SEDIMENTS
0033  N A P H I H A L E N E S ;  U P T A K E  AND D E P U R A T I O N ;  S H R I M P ;  F I S H;  M O L L U S K S ;

F U E L  O I L
0035 NA PHTHALENE S ; ES TUARINE A N IM A L S ;  U P T A K E  AND D E P J R A T I O N ;  T O X I C I T Y ;

R E S P I R A T I O N ; SOUTH LA. CRUDE ; K U W A I T  CRUDE ; FUEL OIL *2; BUNKER C;
M I N N O W  G RASS SHRIMP PA LAEPION TE S ; BRO WN SHPIM P .PAHAEU S ;
WATER SOLUBLE FRACTION ; OIL WATER DISPERSION

0410 NA PHTHALE HES; CLAM ; RA N G I A ;  TRINITY BA Y , TEXAS ;
O IL SEPARATOR PLATFORM ; UPTAKE; DEPURA TION ; SEDIMENTS;
H Y D R O C A R B O N  A N A L Y S I S ; GAS C H R O M A T O G R A P H Y

0885 HA P H T H A L E N E S ;  FUEL OIL I 2; WATER SOLUBLE F R A C T I O N ;  NEAN THES ;
POLYCH A ETE: HEMOGLOBIN : H Y P O X I A ;  SOUTH L O U I S I A N A  CRUDE ;
DISSOLVED OXYGEN ; TOXICITY ; SYNERGISM; DISSOLVED HYDROC A RBONS;
R E S P  I R A  T I O N

0212 HA PHTHEH IC ACID; TOXICITY ; BLUEGILL SUNFISH ; POND SNAIL;
W A T E R  HARDH€SS ~ T E M P E R A T U R E

0613 NA PTHA LEN E; FISH; BEHZ (A)PYREHE ; R A D I O A C T I V E  TRACER ; UPTAKE ;
METABOLISM ; D ISCHARGE ; SCULPI W ; OLIGOCOT TUS ; GOBY ; G ILL ICHTH Y S ;
SAND DAB; CITHA RI C H T H Y S

0572 NA PTHALENE; FRESH WATER; CHL OR ELL A V U L G A R I S ;  A L G A E ;  T O X I C I T Y ;  G R O W T H ;
PHOTOSYNTHESIS; BEHZEHE; XYLEHE ; TOLUEHE

0581 NAP THALENE; CRABS; OYSTERS; CHEMORECEPT ION ; SUBLETHAL EFFECTS ;
B E H A V I O R ;  B I O A S S A Y

0609 P4APTHALE NE; ZOOPLAN KTON ; BEN ZPYRENE; UPTAKE; DEPURA TION ;
PA C i F I C  COAST; ARCTIC; A R O M A T I C  HYDROCARBONS; RA D I O A C T I V E  TRACERS;
C A LA N U S

0942 HA PTHA LE NE ; CRUDE OIL; WATER SOLUBLE FR A C T I O N ;  CH LAMY DO PIO HA S ;
T O X I C I T Y ;  G R O W T H

0943 HA PTHA LE P4E; NA PTHA LENE; WATER SOLUBLE F R A C T I O N ;  C H LA M Y D O M O N A S ;
PHOTOSYNTHESIS; GREEN ALGAE; UPTAKE; DEPUR A T ION

0182 NARCOSIS; SALMON , CHINOOK; STRIPED BASS; BENZENE ; RESPIRATORY RATES;
ONCORHYNCH 1JS ; MORDNE

0663 NAR C O S I S ;  A M O E B A ;  P A R A F F I N  OILS; SITE OF ACT ION
0895 NARCOSIS; CELL M E M B R A N E S ;  AMOEBA ; O IL; E PIULSIF IERS; CYTOL -3GY;

D E G R A D A T I O N ;  BACTERIAL
0949 NA RCOSIS; TOXICITY TESTING ; SUBLETHAL EFFECTS; COPEPODS ; TECHN IQUE ;

DROPLETS
0092 NAR C O T I Z A T I O N ;  DONNA M A R I K A  - SPILL 1973; LIMPETS ; GASOLINE;

M I L F O R D  HAVEN .VALES
037? N A R R A G A N S E T  BAY; HYDROCARBON ; CONTENT ANALYSIS; SEDIMENTS;

M E R C E H A R I A ;  CLAMS. PETROLEUM; B IO G E N I C
0828 NAR R A G A N S E T  BAY; D E G R A D A T I O N ;  B A C T E R I A ;  ESTUARY ; BEACH; FUEL OIL ;

E N R I C H M E N T ;  R A T E ; H Y D R O C A R B O N  C O N C E N T R A T I O N ;  S E D I M E N T S ;  M I G R A T I O N
0051 N A R R A G A N S E T T  B A Y ;  CLAMS ; C H A P L E S T O W N  POND R I .;
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A N A L Y S I S  OF H Y D R O C A R B O N S
1201 N A R R A G A N S E T T  B A Y ;  P H Y T O P L A N K T O N ;  H Y D R O C A R B O N S
1O 2 O A  N A R R A C A N S E T T  B A Y ,  R . I  .~~ BACTERIA~ DEGRADATIONJ LOW TEMPERATLRE
0 5 4 1  MA SSARIUS ; CHEMOT A X IS; KEROSENE; WATER SOLUBLE FRACTION ;

C H E M O R E C E P T  I O N
0540 NASSARI U S (MARINE SNAIL ) ; CHENOTAX IS ; KEROSENE
0065 NAT U R A L  GAS ; PHOTOSYNTHESIS; RESPIRATION ; N ITROGEN FIXATION ;

BACTERIA ; A LGAE ; FUNGI ; ARCTIC; CRUDE OIL ; MICROORGANISMS
0102 N A T U R A L  OIL SEEP ; A R C T I C ;  PHYTOPLAN KTO N ; PRODUCTIVITY; OIL SEEP;

A B U N D A N C E ;  B A C T E R i A ;  A L A S K A ;  CAPE SIMPSON ;
PHY TOPL A N KT OH PRODUCTIVITY ; BACTERIA

0066 N A T U R A L  OIL SEEPAGE ; PROTOZOA ; ALGAE; FUNGI; PLANTS; LICHENS;
P S E U D O M O H A S ;  A R C T I C ;  M IC~~O O R G A N 1 S M S ;  PRU DHO E CRUDE O I L ;
A LA SKA -PRUD HOE BAY ; CAPE SIMPSON

0562 N A T U R A L  O I L  S E E P S ; M Y T I L U S ; T O L E R A N C E
1205 NATURA L  OIL SEEPS; SANTA BARB A RA CHANNEL CA LIF O RHIA ;

I S L A  V I S T A  O I L  S E E P ; B E N T H I C  F A U N A ; P O L Y C H A E T E S ; B I O M A S S ; T O X I C I T Y
0303 NATURAL SEEP; CHEDA BUCTO BA Y , NOVA SCOTIA ; CAPE SIMPSON. ALASKA ;

A R T N R O B A C T E R ;  PSEUDO M ONAS ;  T E M P E R A T U R E
0063 N A T U R A L  S E E P A G E ; M I C R O B I A L  P O P U L A T I O N S ; P~~~fO Z O A N S ; BL UE G R E E N  A L G A E ;

DIATOMS ; DEGRADATION; YEAST ; SPECIES DIVERSITY; GREEN ALGAE;
PRUDHOE CRUDE OIL; ARCTIC; ALAS KA -P RUDHOE BAY: CAPE SIMPSON ;
N U T R I E N T  E N R I C H M E N T

0982 NATURAL SEEPAGE; BRYOZOA PS ; HYPERP LAS IA: OVICELL ; CHRONIC EXPOSURE
0062 NATURAL SEEPAGES ; A RCTIC: MICROORGANISMS ; PRUDHOF BAY ; YA LDEZ; UM IAT ;

ALASKA —PRUD HOE BAY ; CAPE SIMPSON
0714 N A T U R A L  S E E P A C E S ; OIL POLLUTION ;  E C O L O G I C A L  I M P A C T ;  O V E R V I E W
0109 NATURAL SEEPS; OFFSHORE PRODUCTION ; FISHERIES ; VENEZUELA ;

L A K E  M A R A C A I B O
0 137 N A T U R A L  SE EPS
0552 NATURAL SEEPS ; REVIEW
0794 NATURAL SEEPS; CHRONIC POLLUTION ; REVIEW ; FIELD STUDIES;

O F F S H O R E  P R O D U C T I O N ; RE F I N E R I E S ; E S T U A R I E S ; S U B L E T H A L  E F F E C T S
0981 N A T U R A L  S E E P S ; S A N T A  B A R B A R A ; S A N T A  BARBARA CHANNEL SPILL 1969
1100 N A U P L I I ; T O X I C I T Y ;  R E C O V E R Y ;  S U R F A C T A N T S ;  B A R N A C L E S ;  E L M I N I U S
0733 N A U P L I U S; B P I O O 2; K E R O S E N E ;  C H E N K L E E N ; B A R N A C L E ;  B A L A N US ; A D U LT ;

T O X I C I T Y ;  C I R R A L  A C T I V I T Y
0885 NEAN THES ; FUEL OIL I 2; WATER SOLUBLE FRACTION ; POLYCHA ETE ;

HEMOGLOBIN ; HYPOXIA; SOUTH LOUISIANA CRUDE ; DISSOLVED OXYGEN;
T O X I C I T Y ; S Y N E R G I S M ; N A P H T H A L E N E S ; D I S S O L V E D  H Y D R O C A R B O N S ;
RE S P  I R A T I O N

0986 N E A PI T H E S ; K UW A I T  C R U D E ; S O U T H  L O U I S I A N A  CRUDE ;  FUEL OIL * 2 ;
BUNKER C ; TOXICITY ; WATER SOLUBLE FRACTION ; NA PHTHALEN E ; CA PITELLA

0884 P4EAP4 THES; FUEL OIL 02; NAP HT HALE NE; ANPIELIDS ; POLYCHAETE ;
UPTAKE &DEPURAT ION ; DEVELOPMENT ; M A L E ;  FEMALE; EGGS ; LARVA E

0881 NEAPI THE S ; POLYCHA ETE; RADIOACTIVE TRACER EXPERIMENT ; UPTAKE ;
RETENTION: M ETABOLIS M ; DEPURA T ION ; WATER SOLUBLE FRACTION; WATER;
S E D I M E N T ;  D E T R I T U S

0882 NEAN THES; TOXICITY; POLYCHAETE$ ; CRUDE : NA PHTHALENE; BUNKER C;
FUEL 011 *2; WA TER SOLUBLE FRACTI0N~ CAP ITELLA;
SOUTH L O U i S i A N A  CRUDE; K U W A I T

0883 NEANT HO5 ; TOXICITY ; WATER SOLUBLE FRACTION ; FUEL OIL 02; POLYCN A ETE ;
L A R V A E

0040 N E M A T O D E ;  K UW A I T  CR UDE ; P R O T O Z O A N  C I L I A T E S ; E U P L O T E S ;  UR O N E M A ;
I N C E S T  ION

D- 129

- —~~~~ —.- ~V_ V ~ __ -V.—--

- --~~~~ —~~~~~~~ - -~~~~~~~~ V - - 
- V



1098 N E P I A T O D E S ;  HON G K O N G ;  D I E S E L  S P I L L;  M E I O F A U N A ;  S A N D Y  B E A C 4 E S ;
1HTERT IDAL ; H A R P A C T I C O I D  COPEPODS

1003 N E MA T O N U R U S ; H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S ;  D E E P - S E A  B E N T H O S ;  R A T T A I L ;
H O L O T H U R I  APIS

0100 NEOPLAS M ; M E R C E W A R ZA ;  CLAMS; CANCER ;  TUMORS ; N I S T O P A T H O L O I Y ;
SEAR SPORT ,NAIN E

056?  t 4 E R E I S ;  C A S P I A H  S E A ;  B E N T H O S ;  C R U D E  O IL ;  G R O W T H ;  R E P R O D U C T I O N ;
CH IROMOMUS ; CERASTODERM A ; HA I S ; P Y R G O H Y D R O B I A ;  A B RA

0989 P4ER IHE ; TOXICITY ; DISPERS4NTS ; BP1002; BP ItO O ; C’)C K L E - C E R A S T O D E R M A ;
LUCW ORN- A REN ICOLA

04 13  NET P R O D U C T I V I T Y ;  O I L ;  EM ’ J L S I F I E R S ;  FUCUS ;  P L A N T S ;  P H O T O S Y N T H E S I S ;
METABOLiS M

0456 NETHERLANDS ; OIL ; BIRDS ; CLEANING ; FEATHER W E TTING
0833 NEVA INLET. RUSSIA ; B I O D E G R A D A T I O N ;  M I C R O O R G A N I S M S  O X I D I Z I N G  N C’ S ;

DISTRIBUTION; SEASONAL DISTRIBUTION ; BACTERIA
0673 NEW ENGLAND ; BUNKER C; RIVER; MUDDY RIVER. MASS. ; BOD ; PLAN KTO N ;

T O X I C I T Y ;  M A C R O F A U H A
1095 NEW JERSEY; M I C R O A L G A E ; WATER SOLUBLE FRACTION ; H Y D R O C A R B O N  A N A L Y S I S ;

G A S  C H R O M A T O G R A P H Y ;  MASS S P E C T R O M E T R Y ;  B A Y T O W N ;  M O N T A N A ;  B A T O N  R O U G E
0103 HEW JERSEY COAST; BI O D E G R A D A T I O N ;  M ETA BOLIC P A T H W A Y S ; TEM~~E R A TU~~E;

NUTRIENT MINERALS ; BA CTERIA —HYDROCARBON UTILIZING
0814 NEW YORK BIGHT ; BENTHOS ; CONTINENTAL SHELF
0191 NEW FOUNDLAND: BIRDS; MORTALITIES; ARROW SPILL ; IRVING WHALE SPILL;

NOVA SCOTIA; SPECIES ENDANGERMENT
0813 N EWFOUNDLAND ;  BEHZOP Y REHE ;  H Y D R O X Y L A S E  INDUCTION ;  F I S H ;

P O L Y C Y C L I C  A R O M A T I C  H Y D R O X Y L A S E ; A R Y L  H YD R O C A R B O N  H Y D R O X Y L A S E ;
BROWN TROUT: TAINTING; THIN-LAYER CHROMATOGRAPHY

0366 H IA N T I C  B A Y .  C T :  FUEL OILI2; BEN TH IC COMMUNITIES ; A M P H I P O D S ;
HERMIT CRABS ; HYDROCARBON CONTENT ANALYSIS ; GAS C H R O M A T O G R A P H Y

1189 NI G E R I A :  MICROORGANISMS ; B ACTERIA ; FUNGI; YEASTS; BI O D E G R A D A T I O N ;
C R U D E  O I L

0161 N I G E R iA N  CRUDE ; FUEL OILI2; CRANKCASE OIL ; BENTHIC ALGA L C O M M U N I T I E S ;
PRIMARY PRODUCTIVITY ; TOXICITY; RECOVERY ; ALGAL BLUE GREEN

018? N I G E R I A N  C R U D E ;  T O X I C I T Y ;  A C A R T I A ;  E C O S Y S T E M  i M PA C T ;  H Y P O T H E T I C A L ;
R E V I E W

0865 NI G E R I A N  CRUDE; BIVALVES; TOXICITY; SPERMATOZOA ; F E R T I L I Z A T I O N ;
D E V E L O P M E N T A L  A B N O R M A L i T I E S ; P R U D H O E  B A Y  C R U D E ;  K UW A I T  C R U D E

0093 NI TR I F ICA TION ; BIODEGRAD A TION ; CRUDE OIL; AMMONIA PRODUCTION;
M I C R O O R G A N I S M S

0104 NITROGEN; BACTERIA; TEMPERATURE; PHOSPHORUS : LIMITING FACTORS;
B I O D E G R A D A T I O N

0180 NITROGEN; BACTERIA; OXiDATION ; SEAWATER; LIMITING FACTORS;
P H O S P H O R U S

0318 NITROGEN; D E G R A D A T I O N ;  RE SPIRO PIETRY; CRUDE OILS; SEA WATER SOURCES
0621 N I T R O G E N :  B I O D E G R A D A T I O N ; R A T E  E N H A N C E M E N T ; P H O S P H O R U S
0065 N I T R O G E N  F I X A T I O N ;  P H O T O S Y N T H E S I S ;  R E S P I R A T I O N ;  B A C T E R I A ;  A L G A E ;

FUNGI ;  A R C T I C ;  CRUDE O I L ;  N A T U R A L  G A S ;  M I C R O O R G A N I S M S
0071 NITROGEN FIXATION; ARCTIC; LICHENS; A LCA E --NASTOC ; R E S P I R A T I O N ;

P H O T O S Y N T H E S I S ; P R U D H O E  C R U D E  O I L
0584 N ITROGEN FIXATION; SEDIMENT; ARCTIC; BA C T E R i A ;  AW E R O 8I C BA CTERIA;

PETROLEUM FRAC TiONS ; BEA U FORT SEA; ESKIMO LAKES NWT
1019 N I T S C H I A ;  P H Y T O P L A N K T O N ;  T O X I C I T Y ;  E M U L S i F I E R ;  S K E L E T O H P 1 EA
0742 N O CA RDI A; DEGRADATION ; TEMPERATURE; BUNKER C; RATE LI M ITI N G FACTORS
1150 N Q C A R D I A :  B I O D E G R A D A T I O N ;  A R O M A T I C  P E T R O L E U M  P R O D U C T S ;  XYLENE ;

M I C R O O R A N I S M S ;  B A C T E R I A
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0272 N O C T I L U C A ;  T ORREY C A N Y O N  SPILL ;  C R A I E  DE C H A M P A G N E
066ff N O D I L I T T O R I N A ; P E L A G I C  H Y D R O C A R B O NS ; TAR B A L L S ; R O C K Y  IN TE R T I D A L ;

FLORA: FAUNA; BERMUDA; SPLASH ZONE; TECTARIUS ; HYDROCARBON ANALYSIS;
ALGAE

0389 N O N - B I O L O G I C A L ;  R E V I E W ;  INPUT; D E G R A D A T I O N ;  B A C T E R I A L ; B I O C H E M i C A L
0390 HO N—BIOLOGICAL; D E G R A D A T I O N ;  CRUDE O IL ;  MARINE  E N V I R O N M E N T ;

BACTERIAL
0448 NO M YPHEN IL ETHO X YLATE ; COD ; SWEDEN ; UPTAKE AND DEPURATIO N ;

P H Y S I O L OG I C A L
1146 N O R M A L  W E L L S  C R U D E  O I L ; R I N G E D  S E A L S ; E F F E C T S  ON O R G A N I S M S ;

UPTAKE LEXCRET IOH ; SEALS
1145 N O R M A L  W E L L S  C R U D E  O I L ; S E A L S ; A R C T I C ;  R I N G E D  S E A L S ; b E H Z E H E ;

M A P H T H A L E H E ; P A T H O L O G I C A L  E F F E C T S ;  U P T A K E  & I N G E S T I O N
1202 N O R M A N  W E L L S  I PEM BI NA CRUDE OIL ;  ASSESSMENT OF S P I L L S ;

MICROORGANISMS; BACTERIA; PROTOZOA; PHYTO PLANKTOH ; ZOO PLAH K TON;
ANALYSIS FOR PETROLEUM HYDROCARBONS ; CANAD A

0364 NORMAN WELLS CRUDE OIL : RINGED SEAL; UPTAKE; DISTRIBUTION; CLEARANCE
0816 NOR MANDY. FRANCE; COMMUNIT IES ; ROCKY SNORES; DETERGENTS; RECOVERY;

M USSELS: DEPURAT ION
1052 N O R T H  A T L A N T I C ; D E G R A D A T I O N ;  G R O W T H  P O T E N T I A L ; B A C T E R I A ; S E D I M E N T S
1054 NORTH C A R O L I N A ;  B IODEGRADAT ION; SEDIMENTS ; A T L A N T I C  C O A S T
0469 NORTH SEA ; BIODEGRADAT ION ; BACTERIA: DISTRIBUTION;

O IL-OXIDIZ IHG BACTERIA: ABUNDANCE; WATER: SEDIMENT
0590 NORTH SEA; REVIEW; FISH STOCKS; DISPERSANTS; TAINTING
0796 NORTH SEA; BACTERIA; HYDROCARBON ANALYSIS : SEDiMENTS; SEAWATER;

P E L A G I C  TAR
0305 NORTH SEA OIL; BIRDS ; CROMARTY FIRTH .SCOTLAHD
0444 NORTH WESTERN ATLANTIC ; PHYTOPLANK TON ; PHOTOSYNTHESIS;

BEDFORD BASIN. NOV A SCOTIA; VENEZUEL AN CRUDE ; FUEL 011*2; FUEL DIL*6
0545 N O R T H E A S T  U S ; OFF S H O R E  O I L ; SP O RT F I S H E R I E S
0248 NORTHEASTERN PACIFIC OCEAN
0741 N O R T H W E S T  A T L A N T I C ;  D E G R A D A T I O N ;  B A C T E R I A ;  D IST R I B U I I O N ;

C O A S T A L  S E D I M E N T S
0740 N O R T H W E S T E R N  A T L A N T I C ; B I O D E G R A D A T I O N ; M I C R O O R G A N I S M S ; D I S T R I B U T I O N
0178 NORWAY ; MUSSEL; MYTILUS ; SURFACT A NT; PHYSI OLOICA L EFFECT;

T I SSUE SW E L L I N G ; S E A S O N A L  V A R I A T I O N
0191 N O V A  S C O T I A ; B I R D S ;  M O R T A L I T I E S ; A R R O W  S P I L L ; IRVING WHA LE SPILL ;

SPECIES ENDANGERMENT ; NEWFOUNDLAND
0902 N O V A  S C O T I A ;  H Y D R O C A R B O N  C O N C E N T R A T I O N ; FLUORESCENCE A N A L Y S I S ;

S EDIMENTS ;  BENTH IC SPECIES; FOOD CHAIN CONCENTRATION; CHEDABUCTO BAY;
FUEL OIL —BUNKER C

110? NOVA S C O T I A ;  COKE OIL ;  HERRING ; MORTALITY; ROUTE OF UPTAKE ; CLUPEA
1215 N O V A  S C O T I A ;  F U E L  O I L ; B U N K E R  C ;  C H E D A B U C T O  B A Y ; A R R O W  S P I L L ;

L O N G  T E R M  E F F E C T S ; C O R D G R A S S ;  M A R S H ;  A L G A E ; T O X I C I T Y
0017 NOVO ROSS IYSK BAY .RUSSIA: BIOCHEMICAL OXYGEN DEMAND; OXYGEN-DI SSOLVED
0822 NUCELLA; LITTORI NA ; BUCINNUM ; DETERGENTS; GROWTH ; MORTALITY; 8P1002;

T A RS DL V E N T
0197 NUC ELLA LAPILLUS ; DETERGENTS ; RESISTANCE ; MORTALITY;

POPULATION RECOVERY; RECOLONI ZATION: ROCKY SHORE ; LITTORAL
0310 NUC LEIC ACIDS ; ALGAE
1032 NUMBERS OF SPECIES ; FUEL OIL*2 : DISPERSION ; INTERTIDAL C O L O N I E S ;

S P E C I E S D I V E R S I T Y : R E L A T I V E  A B U N D A N C E ;
IND IV IDUAL FREQUENC Y OCCURANC E PATTERNS

0049 NUTRIENT ADDIT ION: B I O D E G R A D A T I O N ; CLEANUP
0063 NUTRIENT ENRICHMENT; MICROBIAL POPULATIONS; PROTOZOANS ;
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BLUE GREEN A L G A E ;  D IATCI S: D E G R A D A T I O N ;  YEAST; SPECIES D I V E R S I T Y ;

C R E E N  A L G A E ;  N A T U R A L  S E E P A G E ;  P R U D H O E  C R U D E  O I L ;  A R C T I C ;
A L A S K A — P R U D H O E  BAY ; CAPE SIMPSON

0 4 2 8  N U T R I E N T  L I M I T A T I O N S ;  D E G R A D A T I O N ;  B A C T E R I A L ;  O X Y G E N  U P T A K E ;  R E S i D U E
0 1 0 3  N U T R I E N T  M I N E R A L S ;  B I O D E G R A D A T I O N ; M E T A B O L I C  P A T H W A Y S ;

MEW JERSEY COAST ; T E M P E R A T U R E ;  B A C T E R I A  - H Y D R O C A R B O N  U T I L I Z I N G
O 6 - ~O ~U T R ! E H T  S A L T ;  B A C T E R I A L  D E G R A D A T I O N ;  S L I C K — S E E D I N G ;  A D D I T I V E S ;

E N H A N C E M E N T ; M I C R O B I A L  SEEDING ; BOD; TOTAL O R G A N I C  CARB O N
OO~~O N U T R I E N T S ;  B I O D E G R A D A T I O N ;  O L E O P H I L I C  F E R T i L I Z E R ;

C L E A N U P  OF O IL  S L I C K S
0427 N UTR IEN T S ;  O X I D A T i O N ;  CRUDE OIL
1129 N U T R I E N T S ;  B I O D E G R A D A T I O N ;  M I C R O O GA H I S M S ;  A R C T I C ;  T EMPERATURE;

O X Y G E N  RE Q~J IREM EN TS ; CRUDE OIL ; A R O M A T I C S ;  P A R A F F IN S ;  BEAUFORT SEA;
C H U KC H I  SEA

1 1 8 8  N U T R I E N T S ;  B I O D E G R A D A T I O N ;  C R U D E  O I L — N I G E R I A N ;  O X Y G E N  C O N S U M P T I O N
018 9 N U T R I E N T S — N I T R O G E N  AND PHOSPHATE ; B I O D E G R A D A T I O N ;  M E T A B O L I C  PRODUCTS;

T O X I C I T Y  TO FISH
0496 NYLON NETS; PLANKTON; SAMPLING METHODS ; C O N T A M I N A T I O N
063? OC C URE N CE ; REVIEW; EFFECTS; FATE
0224 OCEAN EAGLE SPILL; ECOLOGICAL DAMAGE ; PUERTO RICO
0783 OCEAN EAGLE SPILL ; PUERTO R ICO; E C O L O G I C A L  IMPACT ; CLEAN U~~; O V E R V I E W
0761 O C E A N I  C; T O X I C I T Y ;  A R O M A T I  CS; PH ENA THRE H ES ; ESTUARINE ; BEN THI C ;

L A R V A E ;  JUVENILES; R E S P I R A T I O N ;  GROWTH ; SUBLETHAL
G 3 5 9  O C T O C O R A L S ;  C R U D E  O I L ;  D E T E R G E N T ;  C R U S T A C E A N S ;  M O L L U S C S ;  E C H I N O D E R M S ;

FISH ; TOXICITY ; SUBLETHAL; DEVELOPMENTAL STAGES ; RED SEA ;
FEEDING RAT E ;  PHY SIOLOGY ; BI OA CCUM {’LAT ION ; LIVER E N L A R G E M E N T ;
H E M A T O C R I  T

0282 DEMA HTHE ; R E V I E W ;  CHR ONIC POLLUTION ; SALT MARSH ; REFIN ERY EFFLUENT ;
R E C O V E R Y ; S P A R T I N A ; P U C C I N E L L I A

0545 0FF SHORE OIL ; SPORT FISHERIES ; NORTHEAST U .S.
0411 OFFSHORE D R I L L I N G ;  R E V I E W ; S PREADING OF OIL; GASEOUS EXCH A NGE ;

T O~< l C I T Y ;  T A I N T I N G ;  O Y S T E R S ;  D I A T O M S ;  BLEED W A T E R
06 7 2  O~~F S H O R E  D R I L L I N G ;  SP ILL  I N C I D E N T ;  M I S S I S S I P P I  D E L T A ;  W A T E R  C O L U M N ;

S E D I M E N T ;  W E A T H E R I N G ;  M I G R A T E S  IN S E D I M E N T S ;  D I V E R S I T Y ;  P O P U L A T I O N S ;
SHRIMP ; BLUE CRAB S ; BENTHIC ORGANISMS

0994 OFFSHORE D R I L L I N G ;  ECOSYSTEM IMPACT ; L O U I S I A N A
0825 OF~~SHORE OIL O P E R A T I O N S ;  E N V I R O N M E N T A L  IMPACT ;

CONFERENCE PROCEEDI PIGS
0309  O F F S H O R E  OIL  P O R T ;  L O U I S I A N A
0 4 4 5  O F F S H O R E  OIL  W E L L S ;  O Y S T E R S ;  M O R T A L I T I E S ;  S A L T — B R I N E
1 18 1  O F F S H O R E  P L A T F O R M S ;  C O N T I N E N T A L  S H E L F ;  C R A B S ;  U P T A K E ;  C A L I F O R N I A ;

A N A L Y S I S  FOR H Y D R O C A R B O N S
0109 O F F S H O R E  P R O D U C T I O N ;  F I S H E R I E S ; V E N E Z U E L A ;  LAKE M A R A C A I B O

N A T U R A L  S E E P S
0181  O F F S H O R E  P R O D U C T I O N ;  R I N C O N  1S . . C M L I F ;  I N T E R T I D A L  C O M M U N I T Y
0:86 OFFSHORE PRODUCTION; TIMB AL IER BA Y .LA.; LONG TERM EFFECTS ; SUMMA RY
0301 OFFSHORE PRODUCTION; R E V I E W ;  FISH ; SHELLFISH ; CO NT INE P4 T IA L SHELF
0509 OFFSHORE P R O D U C T I O N ;  A R C T I C ;  BEAUFORT S E A ;  H Y P O T H E T I C A L  S P I L L
0605 OFFSHORE PRODUCTION; UPTAKE AND DEP U RA T IO’4 ; T O X I C I T Y ;

FOOD C H A I N  A C C U M U L A T I O N
0588 O F F S H O R E  P R O D U C T I O N ;  P R O D U C E D  W A T E R S ;  C H R O N I C  S P I L L A G E ;

T I M BA L I E R  B A Y  LA ; T E X A S  B A Y S
0618 O F F S H O R E  P R O D U C T I O N ;  INDONESIA; FISHERIES; CORAL REEF COMMUNITY;

R E V I E W
0 7 9 4  O F F S H O R E  P R O D U C T I O N ;  C H R O N I C  P O L L U T I O N ;  R E V I E W ;  F IELD  S T U D I E S ;
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R E F I N E R ES ; E STUARIES ; UBLETHA L EFFEC TS; NATURAL SEEPS
.0 7 7 4  O F F S H O R E  P P O D U C T I O 1 4 ; E C O L O G I C A L  I M P A C T S ;  G E O R G E S  BANK ;  M O N I T O R I N G
0911 OFFSHORE PRODUCTION ; L O U I S I A N A  COAST; T INBA I IE R BAY ; ECOLOGY ;

E N V I R O N M E N T A L  I M P A C T
0 8 9 4  0F~~S HO RE P R O D U C T I O N ;  L O W  M O L E C U L A R  W E I G H T  H Y D R O C A R B O N S ;

GULF OF M E X I C O ; T O X I C I T Y
0015 OFFSHORE WELLS ; OIL S P I L L  IN C I D E NT; GULF OF MEXICO;

CHEVRO N OIL P L A T F O R M
0118 OIL ; T O X I C I T Y ;  DISPERSA N TS
0091 OIL; SALT MARSHES ; ROCKY SHORES ; E M U L S I F 1 E R S ;  ECOLOGICAL I M P A C T S ;

T O X I C I T Y
0163 OIL; BIRDS; BREEDING ; DISTRIBUTION; STRAND INGS; WEATHER
0166 OIL ; BIRDS; E F F E C T ;  R E V I E W ;  M O R T A L I T I E S ;  PHYSIOLOGY
0218 OIL; DISPE R SANT S ; FISH; SEA URCHINS; FERTILIZATION: DEVELOPMENT ;

T O X I C I T Y ;  CO REXIT
03 41 O I L ;  C L A M ;  M O R T A L I T Y ;  SEA RSPORT M A I N E ;  MYA
0292 O I L ;  E M U L S I F I E R S ;  E F F E C T S  OH I N T E R T I D A L  C O M M U N I T I E S ;

F I E L D  E X P E R I M E N T S ;  E X P E R I M E N T A L  SPILLS ; ROCKY SHORE
0311 O I L ;  O L EO P H I L I C  ~FL UFF ; D E T E R G E N T ; T O X I C I T Y ; PO R C E L A I N  C R A B ;

M E C H A N I S M  OF A C T I O N ;  B P I I O O
0313 O I L ;  D E T E R G E N T ;  REPRODUCTION
0300 011: MA L L A R D S ;  PHYSIOLOGY; INTESTINA L A B S O R P T I O N : ANAS ;

MUC O SA L TRANSFER RATES; CRUDE OILS ; B O I L I N G  FRACTIONS
0460 OIL; BIRDS ; CLEANING; PATHOLOGY ; SANTA BARB A RA CRUDE;

POL YC O M P L E X  4— 11
04 13 OIL ; E M U L S IF IE R S ;  FUCh S; PLANTS ; PHOTOSYNTHESIS; NET PRODUCTIVITY;

M E T A B O L  ISM
0494 O IL ;  DUCKS; C O A T I N G ;  METABOLISM ; TEMPERATURE; HEAT CONDUCTIVITY
0424 OIL; DISPERSANTS ; TOXICITY; POLYCI4AET E ; GAM ETE FORMATION ; SPAWNI NG ;

GROWTH; M O R T A L I T Y ;  C IR R A T U L U S ;  C I R R I F O R M I A ;  8P1002; COREXIT;
ESSOLVE P4E

049? OI L ;  BIRDS; DUCKS; REPRODUCTION; INGESTION ; HATCHA BI L ITY ; COATING
0495 O IL; BIRDS; DUCKS; INGESTION ; T OXICITY ; PHYSIOLOGICAL EFFECTS ;

HI S T O P A T H O L O G Y
0456 O IL ; B i RDS ; C L E A N I N G ; NETHERLAND S; F EATHER V E T T I N G
0493 OIL ; W A T E R F OWL ; TOXICOLOGY
0491 OIL; BIRDS ; INGESTION ; MOBILITY ; TOXICOLOGICAL EFFECTS ; DUCKS
0O 4  O iL; D ISPERSA N T S ; T O X I C I T Y ;  METHODOLOGY ; BIOASSAY
0550 O I L ;  C O R A L ;  T O X I C I T Y ;  A I R  E X P O S U R E ;  E N I V E T O K  A T O L L
0549 OIL ; C ORAL REEF COMMUNITY
0670 OIL; FUEL OILS 2 ; JP5 FUEL ; GAS CHROMATOGRAPHY ; SEbIMENTS ;

S E A R S P O R T  S P I L L
0633 OIL; E M B R Y O L O G Y ;  SEA URCHIN; DISPERSANTS ; COR EX IT ; ULTR A STRUCTURE
0720 OIL; TOXICITY ; SALMO N ; TEMPERATURE ; J U V E N I L E ;  STRESS BEHAVIOR ;

W E A T H E R  INC
0732 O IL ;  OYSTERS: HONG KONG
0659 OIL; T A I N T I N G ;  PHENOL ; FISH
0535 OIL;  DISPERSAN TS; CORE XI T; SEA URCHIN: FISH ; EGGS; EMBRYO ;

F E R T I L I Z A T I O N ;  DEVELOPMENT
0722  O I L ;  C R I T I C A L  R E V I E W ;  M A R I N E  O R G A N I S M S
0910 OIL ; BIRDS ; BREEDING COLONIES ; WORLD VAR 2 OIL POLLUTION ; GU ILLEM OTS ;

P U F F  I N S
0790 OIL ; S A N T A  B A R B A R A  SPILL ; PROD UC T I V I T Y ;  P H Y T O P L A N K T O H ;  D I S P E R S A N T S
0799 OIL; TORREV CANYON SPILL ; DETERC ENT ; INTERTID A L : CORNWALL , ENGLAND
0845 OIL ; A L G A E ;  D I N O F L A G E L L A T E ;  D U N A L I E L L A :  D IATOM ; F R A G I L A R I A ;
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A X E M I C  CULTURES ; GROWTH RA TES
0 8 2 6  O I L ;  B I R D S ;  T R E A T M E N T ;  W W 2  T A N K E R  S I N K I N G S
0855 O I L ;  D E G R A D A T I O N ;  B I O D E G R A D A T I O N ;  E N V I R O N M E N T A L  F A C T O R S ;  E N E R G Y ;

B A C T E R I A ;  BUNKER C; CHEDAB UCTO BAY; ARROW SPILL
0 7 7 7  O I L ;  R E V I E W ;  I N P U T ;  FA T E ;  B I O L O G I C A L  E F F E C T S ;  C L E A N U P ; D I 3 P E R S A N T S
0770  O I L ;  R E V I E W : M A R I N E ;  P L A N T S ;  A N I M A L S
0765  O I L ;  T A N P I C O  M A R U  S P I L L ;  T O R R E Y  C A N Y O N  S P I L L ;  M I L F O R D  H A V E H ~ W A L E S ;

L I T T O R A L  C O M M U N I T Y ; SHORE CL E A N I N G
0895 O I L ;  C E L L  M E M B R A N E S ;  A M O E B A :  E M U L S I F I E R S ;  N A R C O S I S ;  C Y T O L O G Y ;

D E G R A D A T I O N ; B A C T E R I A L
0946 OIL; D ISPERSANTS; COREXIT ; T O X I C I T Y
0921 O iL ; B A C T E R I A ;  A L G A E ;  O T T A W A ;  ICE
0924 OIL ; SHELLFISH ; T O X I C I T Y ;  DETERGENTS ; CLEAN UP PROCEDURES ; T A I N T I N G
0952  O I L ;  U P T A K E ;  ACCUMULATE; RATE OF ENTRY ; M YA A R E N A R IA ;  MUCUS B I N D I N G ;

DROPLETS ; OI L  DIE
0 9 7 2  O I L ;  D E T E R G E N T ;  R E C O L O N I Z A T I O N ;  S E T T L E M E N T ;  A R T I F I C A L  S U B S T R A T E
1040 OIL; DISPERSED OIL; TOXICITY; EFFECTS ; M A R I N E  B I O T A
1006 OIL;  REVIEW; ECOLOGICAL EFFECTS ; OIL DISPERSA N TS
0993 OIL ; T O X I C I T Y ;  D ISPERSANTS ; METHODOLOGY
0983 OIL; PROTOZOA; OIL SEWAGE TRE A T M E N T
1101 O I L ;  B I R D S ;  M O R T A L I T Y ;  S H E T L A N D  I S .,  B R I T A I N
1099 O I L ;  M U S K R A T S ;  W E T T I N G ;  M A R S H  S P R A Y ;  D O T
1210  O I L ;  B I R D S ;  E G G S ;  I N G E S T I O N  

-

0751 OIL BASE; T O X I C I T Y ;  I N T E R T I D A L ;  B A L T I C  S E A ;  L I T T O R A L  Z O N E ;  C O R E X I T ;
BER OL; BP IIOO ; W ATER BASE ; SOLVENT

0 1 3 4  OIL C O N T A M I N A T I O N :  R E V I E W  A R T I C L E ;  B I O L O G I C A L  E F F E C T S
0290 OIL DEPOT; CRO NA RTY FIRTH ,SCOTLA N D
0835 OIL DI SPERSAN TS; TOXI C I TV ; CARD TUM : CRAGO N
1006 OIL DISPERSAH TS; RE V I E W ;  E C O L O G I C A L  EFFECTS; OIL
0952 CII. DYE:  O I L ;  U P T A K E ;  A C C U M U L A T E ;  RA T E  OF E N T R Y ;  M Y A  A R E N A R I A ;

MUCUS B I N D I N G ;  D R O P L E T S
0995 OIL EMULSION; DISPERSANTS; EMULSIONS; TOXICITY; SUBLETHAL EFFECTS ;

A C T I V I T Y ;  M O T I L I T Y ;  B I V A L V E S ;  CRUSTACEANS ; FISH; B E H A V I O R ;
C O N T I N U O U S  FLOW ; L O C O M O T I O N

0438 OIL FRACTIONS; DETERGENTS; CELL M E M B R A N E ;  A M OEBA
0034 OIL IN W A T E R  DISPERSION; W A T E R  SOLUBLE F R A C T I O N ; CRUSTACEANS; FISH ;

T O XICITY; ESTUAR I HE ; SOUTH LA . CRUDE ; KU W A I T  CRUDE; FUEL OIL ~2;
BUNKER C; CYPR IN 000N ; M E N I D I A ;  FUNDULUS ; PENAEUS; P AL E O M O N E T E S ;
MYSIDOPSIS

0268 OIL INGESTION ; A R R O W  SPILL; ZOOPLAN KTON; HYDROCARBON CONTENT ;
CHEDA BUCTO BAY; BUNKER C ; SED I M E N T A T I O N ;  FECES

0082 OIL P O L L U T I O N ; T R A N S P I R A T I O N ;  T R A H S L O C A T I O N ;
CELL MEMBRANE P E R M E A B I L I T Y ; PLANT PHYSIOLOGY;
PHOTOSYNTHESIS AND RESPIRA T ION ; CELLULAR DAMAGE

0095 OIL POLLUTION; BIRDS
0431 OIL POLLUTION; REVIEW
0431) OIL POLLUTION; BIRDS; KENT
0368 OIL POLLUTION; BIRDS; M I G R A T I O N
0369 OIL POLLUTION; BIRDS; M I G R A T I O N
0472 OIL POLLUTION ; FISHERIES
0498 OIL POLLUTION; REVIEW; INPUT: DAMA G E
0707 OIL POLLUTION ; FLORA; F A U N A ;  BLACK SEA; CRUDE OIL; DIESEL OIL
0706 OIL POLLUTION ; FLORA; FAUNA; BLACK SEA
0714 OIL POLLUTION; N A T U R A L  SEEPA GES; ECOLOGICAL IMPA CT; O V E R V I E W
0768 OIL POLLUTION; MARINE; REVIEW
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0771 OIL POLLUTION; ESTUAR INES; SPILLS ; CHRONIC ; SALT M A R S H ;  ROCKY SHORE ;
EM ULS IF ZERS; CLEANING

0744 OIL POLLUTION ; RECOVERY ; ENYIR OMENTAL EFFECTS
0739 OIL POLLUTION; BIBLIOGRAPHY; MARINE ; ESTUARI H E
0854 OIL POLLUTION ; BIRDS; ENGLAND
0769 OIL POLLUTION ; REVIEW ; SHORE CLEANING ; BIOLOGICAL CONSEQUENCES
0878 OIL POLLUTION; B IO IMDI CA TO RS : CH IR O NO MI DAE ; FRESH WATER ;

TR AIL RIVER , NWT , CANADA ; FRESHWATER; MIDGES
O86~ OIL POLLUTION; MAR I NE E N V I R O N M E N T ;  REVIEW
1005 OIL POLLUTION; REVIE W ; TOXICITY; FATE &BEHAVIO R OF OIL; BIRDS;

B I O D E G R A D A T I O N ;  FIELD STUDIES; BIBLIO GRAPHY
1195 OIL POLLUTION ; REVIEW; POLLUTION ; BIO IHD ICA TORS ; ESTUARI HE ; M A R I N E
1103 OIL POLLUTION 1950-67; BIBLIO GRAPHY
0890 OIL POLLUTION EFFECTS; CONFERENCE PROCED IHCS
0003 OIL POLLUTION MARINE
1045 OIL POLLUTION OF BiRDS; BIRDS ; BIBLIOGRAPHY
0286 OIL PORT; ROCKY SHORE; SALT MARSH; CHRONIC SPILLAGE;

E X P E R I M E N T A L  SPILLS
0295 OIL PORT; NILFORD HAVEN , BRITAIN; ROCKY SHORE; BARNACLES;

TOP SHELL (MONDONTA ); L ITTOR INA
0551 OIL PORT ; ORKNEY IS., SCOTLAND ; MO NIT O R I N G
0719 OIL PORT; CHRONIC POLLUTION: POMATOLE [OS; GROWTH ; T0XICIT (; KUWA IT;

DIVERSITY; SUCCESSION
0965 OIL PORTS; LOUISIANA
0338 OIL REFINERY EFFLUENT; TOXICITY; OXYGEN DEMAND; MINNO W S ;  P IMEPHALES
1086 OIL REFINERY EFFLUENT; STREAM; BENTH IC; MACROINVERTEBRATES;

DIVERSITY INDICES
0102 OIL SEEP ; A R C T I C ; P HY T O P L A N K T O N ; P R O D U C T I V I T Y ;  AB UN DAN CE ; B A C T E R I A ;

ALASKA; CAPE SIMPSON; NATURAL OIL SEEP; PHY TO PLA N K TON PRODUCTIVITY;
B A C T E R I A

0410 OIL SEPARATOR PLATFORM; CLAM ; R A N G I A ;  NA PHTHALE HES;
TRINITY BAY , TEXAS; UPTAKE; DEPURATION ; SEDIMENTS;
HYDROCARBON ANALYSIS; GAS CHRO MATOGR A PHY

0983 OIL S E W A G E  T R E A T M E N T ;  O IL ;  P R O T O Z O A
0573 OIL SPERSE; TOXICITY; GREEN SEA URCHIN; VENEZUELAN CRUDE OIL;

BEDFORD BASIN NOVA SCOT iA
0327 OIL SPILL; PUERTO RICO; GUA HI CA
0724 OIL SPILL; LONG IS., N.Y.: PREDICTION
0651 OIL SPILL; OYSTER; CRASSO STREA; LOUISIANA; MORTALITY; GROWTH; SET;

DISEASE INC I DENCE ; TAINTING
1225 OIL SPILL ; TURTLES ; F L O R I D A ; TAR
0019 OIL SPILL CONFERENCE 1969; CONFERENCE; PREVEN TTON AND CONTROL;

AMER . PETROL. INST.
0020 OIL SPILL CONFERENCE 1973; CONFERENCE; PREVENTION AND C O N T R O L ;

AMER . PETROL. INST.
0021 OIL SPILL CONFERENCE 1975; CONFERENCE; PREVENTION AND CONTROL;

AMER . PETROL. INST .
0022 OIL  SPILL C ONFERENCE 197 ? ; C O NFERENCE ;  P R EV E N T I O N  AND C O N T R O L ;

AMER . PETROL. INST .
0015 OIL SPILL INCIDENT ; GULF OF MEXICO; OFFSHORE WELLS;

CHEVRON OIL PLATFORM
0336 OIL SPILL INCIDENT; OLYMP IC ALLIANCE—DOVER STRAITS 1975:

BIRD MORTALITY ; CORMORANT; AUKS ; ENGLAND
0490 OIL SPILL INCIDENT; BIRDS; M ED MAY ESTUARY
0503 OIL SPILL INC I DENT; CHESAPEAKE BAY; SALT MARSH; POPULATIONS ; lI SSEL;
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OYSTERS ; SNAIL ; MARSH (~RAS S
0851 OIL SPILL INCIDENT ; DECEPTION BAY QUEBEC; DIESEL O IL; GASOLI NE;

MY T ILUS; FUCUS
0850 OIL SPILL INC I DENT ; INDIA; ECOLOGICAL IMPACT ; COSMOS PIONEER
0900 OIL SPILL INCIDENT ; SAN TA BARBAR A SPILL ; BIRDS; CLEANUP
1 030 OIL SPILL INC I DENT ; BIESBOSCH TIDAL AREA ; BIRDS—GEESE ; M ORTALITY;

HOLLAND ; CRUDE O IL
0384 OIL SPILL INC I DENTS ; REV IEW
0948 OIL SPILL IN IC IDEN T ; PERSIAN GULF; DISPERSA NTS; MARINE FA~iNA ;

CO REX IT—? 664; TARUT BAY , SAUD I A R ABIA
0131 OIL SPILL REMOVER ; SUR FACTANT; MEZOFAUNA; RECOVERY;

LONG—TERM EFFECTS
002 3 OIL SPILL STRATEGIES AND TECHN IQUES; ECOLOGICAL IMPACT;

ASSESSMENT TECHNI QUES REVIEW ; WORKSHOP
0443 OIL SPILL S EXPERIMENTAL ; HYDROCARBON ANALYSIS ; WATER COLUMN ;

SED iMENT; FLUORESCENCE SPECTROSCOP’( ; TAR BALLS
1027 OIL SPILLACE; B IBL IOCRAPH Y
0280 OIL SPILLS; ECOLOGICAL SURVEYS ; N ILFORD HAVEN
049? OIL SPILLS; REVIEW ; FATE AND EFFECTS
0649 OIL SPILLS; REVIEW; BRINE ; MARINE B IOTA
0919 OIL SPILLS; REVIEW-OCEAN POLLUTION
1177 OIL SPILLS ; PUERTO RICO; ECOSYSTEM ; MANGROVE; CORAL REEFS; ESTUARIES;

ANALYS i S FOR HYDROCARBONS ; MULLET ; OYSTER; CLAM; HISTOP A THOLOGY;
R E V I E W

1214 OIL SPILLS; PETROLEUM HYDROCARBONS ; FOOD CHAINS
1224 OIL SPILLS; WATERFOWL ; REPRODUCTION ; REVIEW ; MA LLARDS ; EGGS
0363 OIL TANKER DISCHARGES; EFFECTS
0035 OIL WATER DISPERSION; ESTUARIHE ANIMALS ; UPTAKE AND DEPUR A TION ;

TOXICITY ; RESPIRATION; SOUTH LA. CRUDE ; KUWAIT CRUDE ; FUEL OIL *2;
BUNKER C ; M INNOW; GRASS SHRIM P .PA LA EMONTES ; BROWN SHR IMP .PRNA EUS ;
WATER SOLUBLE FRACTION; NAPHTHALENES

04S8 OIL-DEGRADING ; BACTERIA; POPULATIONS; TORREY CANYON ; FIELD STUDY;
EM U LSIF I ERS ; BEACHES

0469 OIL-OXIDIZING BACTERIA; BIODEGRADATION ; BACTERIA ; DISTRIBUTION ;
N ORTH SEA; ABUNDANCE; WATER; SEDIMENT

0537 OIL-REFINERY EFFLUENT; FISH; TOXICITY; METABOLIC RATES;
COMPAR ISION OF SPECIES; BIOASSAY; FRESH WATER

0077 OIL-SEDIMENT PARTICLES; CORAL; FEEDING BEHAVIOR
0659 OILS; FISH; TAINTING; SEAWEED; PHENOLS; DEPOSITION; DETERGENTS
1203 OILS; SYMPOSIA; BIODEGRADATION
0639 OILY WASTE ; DEGRADATION; STREAMS; OXIDATION; SEDIMENTATION;

TEMPERATURE; EMULSION
0702 O ITH ONA; ZOOPLANKTON; TOXICITY; BLACK SEA; CRUDE OIL; MINERAL OIL;

ACARTIA; PA RACALANUS ; PENILLIA; CENTRO PACES
0141 OLEFIN S; TRACERS; PHYTOL; ZOOPLRNKTOH; FISH;

ANALYSIS FOR HYDROCARBONS ; FOOD CHAIN; BI OGEN IC VS. PETROLEUM
0311 OLEOPH IL IC NFLUFF ; DETERGENT; OIL ; TOXICITY; PORCELAIN CRAB;

MECHANISM OF ACTION ; BPI100
0070 OLE O PH IL IC FERTILIZER; B ICDE GRA DAT ION ; NUTR I ENTS;

CLEANUP OF OIL SLICKS
0121 OL IGOCH A ETE ; SALT MARSH; YORK RIVER; ISOLATED ECOSYSTEM;

SOUTH LA. CRUDE ; WEATHERED OIL ; PHYT OPLA NK TON ; FISH ; PERIPHYTON; ATP;
MARSH GRASS ; BENTH IC FAUNA : POLYC HAETES; INSECT LARVAE ; AMPHI PODS

0613 OL IGOCOTT LJ S; FISH; NA PTHAL EHE ; BENZ(A)PYRENE ; RADIOACTIVE TRAC ER ;
UPTAKE ; META BOLISM; DISCHARGE; SCULPIN; GOBY; GILLICHTHYS ; SAND DAB;
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C I T H A R I C N T H Y S
0336 OLYMPIC ALLIANCE—DOVER STRAITS 1975: BIRD MORTALITY; CORMORANT ; AU KS ;

O i L SPILL INCIDENT ; ENCLA ND
~)182 ONCOP HYN CHUS ; SALMON. CHINOOK; STRIPED BASS ; BENZENE;

R E S P I R A T O R Y  RATES ; H~ RC O S I S ; MORONE
0869 ONCORNYNCHUS ; CRUDE oil ; SALMON; EGGS; ALEV INS $ FRY; TOXICITY ;

GROWTH
0818 ONIS INUS ; CRUSTACEA; BEHAVIOR; CRUDE OIL; SEDIMENTS; A NPNZPOD ;

AVOIDANCE ; WEATHE RING
0920 ONISIMUS ; AR CTIC ; CRUDE OIL; AMPHIPOD ; COEL EP4 TERAT E ;

LOCOMOTORY ACTIVITY ; SUBLETHAL EFFECTS ; HALITNOLUS
1192 ON ISINUS ; AMPHIPODS ; RESPIRATION; TOXICITY; DISPERSANTS;

PHYSIOLOGICAL EFFECTS
0688 OPPORT INUSTIC SPECIES ; FUEL OIL$2 ; WEST FALNOUTH . WILD HA R BOR S MASS.;

BENTHIC FAUNA ; SEDIMENTS ; HYDROCARBON CONTENT ; RECOVERY;
GAS CHROMATOGRAPHY ; DIVERS I TY : POPULATIONS

0863 ORCHESTIA ; SUPRA LITTORAL ; A RTHROPODS ; LIMOS INA ; EFFLUENTS ; TOXICITY;
CRUDE OIL ; FLIES ; AM PHIPO DES

1164 OREC ON ; ~EHZOPYRENE ; MOLLUSCS ; BIVALVES: ESTUARIES:
P O L Y C Y C L I C  A R O M A T I C S ; CARC INOGENS

1186 OREGON ; BENZOPYRENE : CLAMS ; MUSSELS; OYSTERS ; ESTUAR INE; UPTAKE ;
A ROMAT1 C HYDROCARBONS ; CARCINOGENS; MOLLUSCS

0793 ORGANIC ENRICHMENT ; BIODEGRADATION ; RATES ; M IXED CULTURE ;
INOR GANIC SALTS ; AERATION

1218 ORGANIC SOLVENTS ; HUMAN EFFECTS; AR OMATIC HYDROCARBONS ;
AL IPHATIC HYDROCARBONS

0785 ORGANIC SULFUR; FISH; PAR IFF INS ; GAS CHROMATOGRAPHY ; EELS:
ARABIAN LIGHT CRUDE OIL ; TAINTING

0247 ORGANISMS ; HYDROCARBON CONTENT; SEDIMENT ; TECHNIQUES
0452 ORGANISMS; REVIEW; EFFECTS ; CONTINENTAL SHELF
1152 ORGANISMS : ECOLOGICAL ; FISHERIES; ESTUARINE ; COASTAL; TOXICITY:

METHODOLOGY ; PETROLEUM FRACTION ; CLEANING AGENTS/DISPERSANTS
1165 ORGA NISMS; HYDROCARBONS ; TOXICITY
1167 ORGAHOLEPTIC; CA LIFORN IA; TAINTING; PETROLEUM; CLEANING AGENTS ;

GAS CHROMATOGRAPHY; BIODEGRADATION
0551 ORKNEY IS. , SCOTLAND; OIL PORT; MON ITOR ING
0199 ORTHOCLADIUS; STREAMS ; NACRO INVERTEBRATES ; GASOL I NE ; RECOVERY ;

DIVERSITY INDEX
1014 OSNOLALITY ; ARGO MERCHANT SP ILL ; WINTER FLOUNDER;

YELLOW TA IL FLOUNDER ; MOD IO LUS ; PLACOPECTEN ;  R ESPIRATORY ENZYMES ;
MAL IC  DEHY DROC E NA S E; PYR UVA TE REDUCTION ; A N RERO B IO SI S

1039 OST REA ;  A R O M A T I C S ;  C Y C L O — A L K A N E ; SEDIMENTS ;  BUNKER C;
B EACH S E D I M E N T S :  C H E D A B U C T O  B A Y ,  NOVA S C O T I A ;  ARROW SPILL
M ETABOLISM ;  MOLLUSCS ; MY A ;  MYTILUS ;  ARYL HYDROCARBON HYDROXYLASE ;
B EHZOPY REH( ; R A D I O A C T I V E  TRACER

09 21 O T T A W A ;  OIL ;  B A C T E R I A ;  ALGAE ; ICE
0374 OTT ERS; SEALS ; M E T A B O L I C  R A T E ;  HEAT FLUX; DIVING BEHAVIOR
0 149 OUT BOARD ENGINE ENMISSIONS ; PNYTOPL A NK T ON a SPECIES D I V E R S I T Y ;

F IXAT ION ;  CHLOROPHYLL ; Z O O P LA W KT O N  POPULATION DYNAMICS ;
BENTH IC M IC R O I N V E R T E B RA T E  COMMUNITY;  GASOLINE

0904 OUTBOARD ENGINE EXHAUST;  SPE CIES ABUNDANCE ; D I V E R S I T Y :  PHYTOPL A NKTON ;
ZOOPL A NKTO N ; PERIPHYTON ;  FISH; BEHAVIOR ; POPULATION

0 179 OUTBOARD MOTOR EXHAUST ;  T O X I C I T Y ;  GOLDFISH ; CONTINUOUS FLOW B I O A S S A Y :
C A R A S S I N 8 ; TOLUENE ; XYL EN( ; T RIMET NYL BE NZ EN E

0574 OUTBOARD MOTOR EXHAUST
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052 1 OUTBOARD MOTOR EXHAU S T
0991 OUTBOARD MOTOR EXHAUST WASTE ; FISH; BLUEGILL; TAINTING; LEAD
0642 OUTBOARD MOTOR OIL;  B IOCEN IC VS PETROLEUM H Y D R O C A R B O N S ; P ? R O G R A P H I C S ;

ALGAE
0636 O U T B O A R D  MOTOR O P E R A T I O N ; FISH T A I N T I N G ;  M I C R O O R G A N I S M  P O P U L A T I O N S
0539 O U T B O A R D  MOTORS ; T A I N T I N G ; T O X I C I T Y ; FISH;  FISH R E P R O D U C T I O N ;

BLUECILLS ; FATHEAD MINNOWS
0365 OUTBOARD O P E R A T I O N ; T A I N T I N G ; D E G R A D A T I O N ; WEATHERING ; V O L A T I L I T Y
1147 O U T E R  CONTINENTAL SHELF ; SANTA BARBARA CHANNEL ; F ISHERIES;

C A L I F O R N I A
04 14 O V A ;  W A T E R  SOLUBL E F R A C T I O N ;  TROUT;  ALEV I NS
0986 O V A R I A N  EGGS ; BENZENE ; HERRING ; CULPEA ;  SPAWNING ; EMBRYOS ;  L A R V A E ;

BEHAV IOR; R A D I O A C T I V E  TRACER
0714 O V E R V I E W ;  OIL POLLUTION ; NATURAL SEEPAC ES; ECOLOGICAL  IMPA CT
0773 OVERV IEW ; SANTA B A R B A R A ;  KELP; INTERTIDAL ;  SUBT IDAL
0789 O V E R V I E W ;  OCEAN EAGLE SPILL;  PUERTO R ICO ;  E C O L O G I C A L  I M P A C T ;  CLEANUP
0982 O V I C E L L ;  BRYOZOA N S ; HYPERP L A S IA ;  CHRONIC EXP OSURE ; NA TURAL SEEPAGE
0840 O V I C E L L S ;  H Y P E R P L A S I A ;  BRYO ZO R; S C H IZ O P O R E L L A ;  C A R C I N O G E N S ;

I N D I C A T O R
0192 O X I D A T I O N ;  B A C T E R I A ;  SEDIMENTS ; LOUISIA NA B A Y :  A E R O B I C ;  A N A E R O B I C
0180 OXI D A T I O N ;  B A C T E R I A ;  S E A W A T E R ;  L IMIT ING F A C T O R S ;  N ITROGEN ;

PHOSPHORUS
0201 O X I D A T I O N ;  HYDROCARBON CONTENT ; METABOLISM ;

A R O M A T IC HYDROCARBON CONTENT ;  FIDDLER C R A B ;  UCA ;  C L E A R A N C E
0225 O X I D A T ION; DEGRADATION ;  B A C T E R I A ;  FUNGI ; TEMPER A TURE ;  A S S I M I L A T I O N
0402 O X I D A T I O N ;  DE G R A D A T I O N ;  HYDROCARBONS ;  BACTERIA ;  A E R O B I C ;  A N A E R O B I C
0427 O X I D A T ION; CRUDE OIL;  NUTRIENTS
0449 O X I D A T I O N ;  B IODEGRADATION ;  B A C T E R I A ;  S E A W A T E R ;  H Y D R O C A R B O N S
0554 O X I D A T I O N ;  Y E A S T ;  TORUL O PS IS ;  METABOLIC  P A T H W A Y S ;  A L KA N E S ;

G L Y C OL IP I D S
0639 OXIDATION; DEGRADATION; STREAMS ; SEDIMENTATION; OILY WASTE;

TEMPERATURE ; EMULSION
0844 OXIDATION; DEGRADATION; BACTERIA
1055 OXIDIZING SYSTEM; DEGRADATION; FUNGUS; CLADOSPORIU M ;

PATHWAYS—METABOLIC; PESTICIDES ; RADIOACTIVE TRACER EXPERIMENTS
0553 OXYGEN AVAILABILITY; CRUDE OIL; SAND ; MICROBIAL DEGRADATI O N; DEPTH
0525 OXYGEN AVAILABILITY; BIODEGRADATION RATE; SEDIMENTS;

CONTINENTAL SHELF SEDIMENTS
0671 OXYGEN AVA IL ILITY : BIODEGRADATION ; RATE; TEMPERATURE; BUD
0515 OXYGEN CONSUMPTION ; PETROLEUM LUMPS ; ASSOCIATED BIOTA : TAR BALLS ;

A G E
0834 OXYGEN CONSUMPTION ; CRUDE OIL ; l OOTE R ;  GA M M ARUS ; L O N G E V I T Y ; A M P H I P O D ;

ISO POD
1051 OXYGEN CONSUMPTION; DEGRADATION ; CLADOSPOR IUM ; COOXI DATION; TOLUEHE ;

XYLENE ; HEXADECA HE
11 88 OXYGEN CONSUMPTION; BIODEGRADATION; CRUDE OIL—NIG ERIAN ; NUTRIENTS
0956 OXYGEN CONSUMPTION RATE; EFFLUENT . REF INERY ; SUBLETHAL EFFECTS;

METABOLIC  RATE ;  ESTUARY
0338 OXYGEN DEMAND; TOXICITY; OIL REFINERY EFFLUENT; MINNOWS: PIM EPHALES
0086 OXYGEN DIFFUS I ON ; SAL T MARSH SOIL: SPARTINA
0380 OXYGEN LEVEL; BIODEGRADATION ; RATE; MONOD ’S MODEL
1129 OXYGEN REQUIREMENTS: BIO DEGRADATION: MICROOCAH ISMS; ARCTIC;

TEMPERATURE; NUTRIENTS ; CRUDE OIL; A ROMA TI CS ; PARA FF IP4 S;
BEAUFORT SEA ; CHUKCHI SEA

058? OXYGEN TRANSFER; COPEPOD ; TOXICITY ; TIGRIOPUS
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0217 OX YGEN TRANSPORT; DISPERSANTS ; TOXICITY ; BIODEGRADATION; BIRDS
0428 OXYGEN UPTAKE; DEGRADATION; BACTERIAL ; NUTR IENT LIMITATIONS ; RESIDUE
0017 OXYGEN—DISSOLVED; NOVOROSSIYSK BAY ,RUSS IA ; BIOCHE M ICAL OXYGEN DEMAND
0417 OYSTER ; SCALLOP ; SILVERSIDES ; MOTOR OIL ; LESIONS; HISTOP A THOLOGY
0508 OYSTER ;  C R A S S Q S T R E A ;  MERCENARIA ;  CLAM ;  SURF A CTAHT ;  L A R V A E ;

DEVELOPMENT ;  GROWTH ;  S U R V I V A L ; T O X I C I T Y
065 1 O Y S T E R ;  CR 4S SOST R EA ;  LOUIS IANA ; OIL SPILL; M O R T A L I T Y ;  G R O W T H ;  SET ;

DISEASE INC I DENCE; TAINTING
0647 OYSTER ; CRUDE OIL; SALT CRASS
069 2 O Y S T E R ;  HYDROCARBON CONTENT ANALYSIS ; MULLET: SHRIMP ;

LIQU ID CHROMATOGRAPHY ;  GAS CHROMATOGRAPHY
0891 OYSTER ;  FUEL OI L; TROUT ;  CADD IS  FLY ; SNAILS
095? OYSTER; CHRONIC EXPOSURE; PHSIOLOGICRL EFFECTS ; RETENTION ;

DEPIJRAT ION ; CRASSOSTREA
0960 OYSTER ; CRAS SOSTREA ; UPTAKE: RETENTION ; DEPURATION ;

PETROLEUM FRACTIONS ;  LIPIDS; FAT CONT ENT; METABOLISM
1004 OYSTER; CRASSOSTREA; UPTAKE; RETENTION ; DEPURATION ;

P E T R O L E UM H Y D R O C A R B O N S
1177 OYSTER ;  PUERTO RiCO ; OIL SPiLLS; ECOSYSTE M ; MANGROVE ; CORAL REEFS;

ESTUAR IES; ANALYSIS FOR HYDROCARBONS ;  MULLET ; CLAM ; H I S T O P A T H O L O G Y ;
REVIEW

0038 OYSTERS ;  CRUDE OIL; R EFINED OILS; CRASSOSTRE A ;  B IOASSAY ;  FUEL OIL *2 ;
BUNKER C; SOUTH L A .  CRUDE ; K U W A I T  CRUDE

0029 OYSTERS; UPTAKE AND DEPURATIO N ; PETROLEUM HYDROCARBONS ;  CLAMS
0036 OYSTERS ;  UPTAK E AND DEPURAT IO N; GALVESTON BAY ,  TEXAS:

A N A L Y T I C A L  METHODS ( UV~ G C ) ;  ANALYS IS FOR HYDROCARBONS:  C R A S S O S T R E A ;
GULF OF M E X I C O

0037 OYST ERS; OYSTERS ;  UPTAKE AND DEPUR A T ION ;  GROWTH ;  C R A S S O S T R EA ;
ANALYSIS FOR HYDROCARBONS

0149 OYSTERS ;  SEDIMENTS: SCA LLOPS ; B IODEGRADATION ;  T O X I C I T Y ;
CONTEN T A N A L Y S I S ;  WEST FAL NOUTH OIL SPILL ; BUZZARD BAY ;
G A S  C H R O M A T O G RA P H Y

0160 OYSTERS ;  CRASSO STREA ;  CRUDE OIL
0211 OYSTERS ;  POL YNUCLE A R A R O M A T I C  HYDROCARBONS
0142 O Y S T E R S ;  WEST FA LNOUTH SPILL ; FUEL OIL *2 ; PERS ISTANCE ;  M O R T A L I T I E S
0210 OYSTERS ;  PO LYNUCLEUR AROMATIC HYDROCARBON CONTENT
0146 OYSTERS ;  W EST FAL MOUTH SPILL ; WEATHERING ;  IDENT IF ICAT ION ;

HYDROCARBON CON TENT ;  SEDIMENTS ;  DEGRADATION ;  SHELLFISH ; BUZZARD BAY
0354 OYSTERS;  CRRSSO 8TR EA ; HYDROCARBON CONTENT ;  GALVESTON BAY ;

COLUMN CHROMA TOGRAPHY:  TLC ; MASS SPECTA ; UV SPECTRA
028$ OYSTERS:  HYDROCARBON CONCENTRATIONS:  NAPHTH A LENE ; SHRIMP ; CLAMS ;

SEDIMENT ; FUEL OIL I2s DEPU RAT ION
0411 O Y S T E R S ;  REV IEW ;  SPREADING OF OIL ; GASEOUS EXCHANGE ;  T O X I C I T Y :

T A I N TING ; D I A T O M S ;  BLEED W A T E R ;  OFFSHORE DRILLING
0412 OYST ERS; OYSTERS ;  C R A S S O S T R E A ;  CRUDE OIL; LOU ISA NA
0445 OYST ERS; M O R T A L I T I E S :  OFFSHORE OIL WELLS ; SALT—BRINE
0591 OYSTERS ;  CRABS ;  CHEMORECEPT IO N ; SUBLETHAL EFFECTS ;  HA PTHA LE H E J

BEHAV IOR; B I O A S S A Y
0500 O Y S T E RS; CRUDE OIL; ENZYMES ;  SHRIMP ; MULLET
0503 OYSTE RS; CHESAPEAKE B A Y ;  OIL SPILL INCIDENT ;  S A L T  MARSH ;  POPULATIONS;

MUSSEL ; SNAIL; MARSH GRASS
0732 OYSTERS; HONG KONG ; OIL
0640 OYSTERS ;  FILTERING RATE ; BLEED WATER ;  CRUDE OIL:

W A T E R  SOLUBLE FRACTION
0650 OYST ERS; CRASSOSTREA ;  M O R T A L I T I E S ;  SED IMENT HYDROCARBONS :
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D R I L L I N G  O P E R A T I O N S ; T E M P E R A T U R E ; S A L I N I T Y
0864 OYSTERS ; DISPERSA N T ; SHELLFISH ; LARVAE ; SPERMATOZOA ; TOXICITY;

B I V A L V E S ; C R A S S O S T R E A ; MUSSEL ; F E R T I L I Z A T I O N ; D E V E L O P M E NT
1 15? OYSTERS ; SOUTH LOUISIANA CRU DE OIL; CRA SSOSTREA ;

A N A L Y S I S  FOR H Y D R O C A R B O N S ; M O R T A L I T Y ; GAS C H R O M A T O G R A P H Y
1 133 OYSTERS ; FUEL OIL ; CRASS OSTREA ; QUA HOC ; ESTUARI N E; AL I FHATICS;

MERCENAR IA ; CLAMS ; UPTAKE; RETENTION; DEPURATIO N
1 1 86 OYSTERS ; BEN ZOPYRENE ; CLAMS ; MUSSELS ; OREGON ; ESTUAR INE ; UPTAKE ;

A R O M A T I C  HYDROCARBONS ; CARCINOGENS ; MOLLUSCS
t~465 PAC H Y GRA P SL J S ; BUNKER C: WATER SOLUBLE FRACTION; CRA B;

SAN FRANCISCO BAY
iu4 3  P A C I F I C;  BIRDS ; CAN A DA
0608 PACIFIC COAST; ZQQPLANK TOH ; BENZPYRENE ; UPTA KE; DEPURAT ION ; ARCTIC;

A R O M A T I C  HYDR O CARBON S; HA PT HA L E N E ; R A D I O A C T I V E  TRACERS ; C A L A N U S
0931 PACIFIC HERRING ; TOXICITY ; ROE; HATCHING SUCCESS;

M O R P H O L O G I C A L  A NO NO LIES ; HERRING ; CR U DE OIL ; A L A S K A
0216 PACIFIC NV AND A LASK A COAST ; SYMPOSIUM
0990 PA N; B?; CARCINCENIC ; POLYCYCLIC AROMATIC HYDROCARBONS ;

BEHZ (A )PYRENE
11 08 PAN ; AROMATIC HYDROCARBON ; POLYCYCLIC AROMATIC NC ’S ;

CO NTENT ANALYSIS ; BUNKER C; CREOSOTE; SEALS; FISH; SHELLFISH;
FLUORO NETRY ; FUEL OIL

1002 PA LAE NONETES ; SHRIMP ; TOXICITY; CONTENT ANALYSIS; DEPURAT ION;
CRUDE OIL ; FUEL OIL *2; BUNKER C; TEMPERATURE; BEHZENE ; PHENOL;
t4M PH TI4 A LENE

0583 P A L A T A B I L I T Y ; CRUDE OIL ; B R O W N  SHRI M P ; BL UE CRAB ; T A I N T I N G ;
L O U I S I A N A  CRUDE OIL

0034 PA LEO PIONETES; WATER SOLUBLE FRACTION ; OIL IN WATER DISPERSION ;
CRUST A CEANS ; FISH; TOXICITY ; ESTUAR INE ; SOUTH LA . CRUDE ;
K U W A I T  CRUDE; FUEL OIL *2; BUNKER C; CYPRINODON; M ENID IA ; FUNDULUS ;
PENA EUS ; MY S I DO P S I S

0695 PA L EOMONETES ; SHRIMP ; T O X I C I T Y ; CRUDE OIL ; DET E R GENTS ; P E HAE U S
0679 PA L E O M O H O T E S ; D I S P E R S A N T S ; T O X I C I T Y ; FISH ; SHRIMP ; C O R E X I T ;

SUB-TROPICAL ; CENTROPOGON; DIOGENES ; AM BASSIS
0936 PA LVA ; BIRDS; FINLAND ; EIDER; SO PINTERIA
U c 2 4  P A L V A  1969; EIDER DUCKS ; M O R T A L I T Y ; B A L T I C  SEA ; FI NLA ND C O A S T
0745 P A L V A OIL SPILL  INCIDENT ; BEHIHIC FAUNA ; D I V E R S I T Y ; BIOP IA SS;

P O P U L A T I O N S
0859 PA LYTHO ? ; FEEDING BEHAVIOR; COELE N TERATA ; D ISCRIMINATION ; RETENTION ;

C H E M O R E C E P T L O H ; MARINE DIESEL ; BUNKER C
0892 PA N AM A; S.S. W ITWA TER SPILL; TROPICS; INTERTIDAL; TERRESTRIAL PLANTS ;

LITTORAL ; MANGROVE; REEF ; M EIOFA U HA ; SEA TURTLES; BIRDS ; DIESEL OIL ;
B U NKER C

U85~ PMN~~MA ; CR UDE OIL; CORAL; DIESEL MARINE ; BUNKER C; TOXICIT Y ;
M E T A B O L I S M ; FEEDING

0335 PA~’4THER SPI LL ; BIRDS ; MORTALITY
0702 PA RHC A LAN US ; ZOOPLA HKTON; TOXICITY; BLACK SEA ; CRUDE OIL;

MINERAL OIL; A C A RTI A; PENI L LIA; CENTROPAG ES; Q ITHOHA
0-~94 PARAFFIN; DEGRADATION ; BACTERIA; CRUDE OIL; GAS CHROMATOGRAPHY;

EMIJLSI F IC~~T ION
064.3 PAR A FFIN; CR~’DE ; FISH
0663 PARAFFIN OILS; AMOEBA ; NARCOSIS; SITE OF ACTION
0067 PARAFFINN IC CRUDE OIL; DEGRADATION; COMPONENT PREFERENCE;

GAS CHROMATOGRAPHY ; MASS S P E C . ;  RATE AND EXTENT ; C02 PRODUCTION ;
PREFERENTIAL DEGRADATION ; MINERALIZATION: BACTER IA ; BIODEGRADATION
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0254 PA PAFF IN S ; 1IYT ILUS ; UPTAKE ; DEPURATI ON ) MUSSELS ; HYDR OCAR BON CONTENT ;
PE TROLEUM; T!DES

1~252 P A R A FFI N S ; HY D R O C A R BO N CO NTENT ;  PETRO L E UM ; MU SSELS;  M Y T I L U S
O2~~0 P4QA FF It4 S ; A LGAE ; ZOOPL A NKTON ; PHYTO PLANKTOH SEDIMENT; PRISTANE;

B IO G ENI C ; PETROLEUM
o~ 5t r .~~.~rrI4 S . ~~P~~~F~~t4s; LI QU ID-SOLID CHROMATOGRAPHY ;

~ ~~ CH p fl MA !t~~pA p HY; TECH ’~T Q ~J ES
0426 PA RA FFINS; HYDROCARBON CONTENT ANALYSIS ; GAS CHROMATOGRAPHY; SQUID;

k A I M P ;  F I S H
(
~~11 P ARA FFINS ; MYT ILU S ; CON TENT ANALYSIS ; UPTAKE; DEPURAT IOH ; RETENTION;

M USSEL ; RADIOACTIVE TRACERS ; AR OMATIC HYDROCARBONS

~7:7 PAR A FF IM S; FISH; CRUDE OIL ; J ULI A HA W RECK ; SALMON ; MULLET ;
BL ACK SEA BREAM ; GAS CHROMATOGRAPHY

073-i PARA FF INS ; TAINTING; SCALLOPS; A ROMATICS; CRUDE OIL
1 1 21 PA R A FFI M S ; MALLARD ; TOXICITY; PHYSIOLOGICAL EFFECTS ; FUEL OIL ;

HA TCH ING SUCCESS; GROW TH
11 29 PA RA FFINS ; BIODEGRADATION ; M ICROOG A NIS M S ; ARCTIC; TEMPERATURE;

‘Ii iT P1 E~~ T~ O~’ .~G EN P E P U I P E M E N T S ;  CRUDE ~~~~ AR ONA TICS ; BEAUFORT SEA;
C HUK C H I SEA

1 096 PA RA FF INS; GULF OF MEXICO ; PLANKTON
1187 PAR A FF IN S ; S C A L L O P S ; PECTEN ; GAS C H R O M A T O G R A P H Y ;

A N A L Y S I S  FOR HYDROC A RBONS
0789 PAR I FFINS ; FISH ; GA S CHROMATOGRAPHY ; EELS; ARABIAN LIGHT CRUDE OIL ;

T M I N T l  PIG . O RGANIC SULFUR
0800 PA T E L L A ; GRA M PIARUS ; ROCKY SHORE
011 2 P A T H O L O G I C A L  EFFECTS ; BIRDS;  TORREY CANYON ;

REHABILIT ATION AND CLEANING
0422 PA THOLOGICAL EFFECTS ; CRUDE OI L ; SEALS ; BEHAVIOR ; COATING ; IMM ERSION ;

I N G E S T I O N
1 145 PATHOLOGICAL EFFECTS; NORMAL WELLS CRUDE OIL ; SEALS ; ARCTIC ;

RI NGED SEALS. BEH2ENE ; MAPH IHALEN E ; UPTAKE * INGESTION
1144 PATHOLOGICAL EFFECTS; BIRDS ; HATCHING SUCCESS ; EMBRYONIC DEVELOPMENT;

E l DERS ; GULKS : M A L L A R D S ; FUEL OIL ; CRUDE 01’
0460 PATHOLOGY ; OIL ; BIRDS ; CLEANING ; SANTA BARBARA CRUDE ;

POLYC OMPLEX A- Il
1055 PATHWAYS-METABOLIC ; DEGRADATION ; FUNGUS ; CLADOSPORIU M ;

OXIDIZING SYSTEM PESTICIDES; RADIOACTIVE TRACER EXPERIMENTS
l)1 91, A PEARL FORMATION; ARGO MERCHANT SPILL ; HISTOLOGY; LESIONS ; CAN CER ;

l O (  I OL US Z O O P L A H k ” ON
0228 PEARL OYSTER; LITTORAL COMMUNITIES; FLORIDA KEYS ; ROCKY PLATFORM;

M ANGROVE FRINGE; SEA GRASS FLATS; MANGROVE SWAMP; CRUSTACEANS ;
E CWT NO DERM S ; RED M A N G R O V E ;  BLACK MANGROVE

‘187 PECTEN .: SCALLOPS ’ PA PA FF INS ; GAS CHROMATOGRAPHY:
A N A L Y S I S  FOR H Y D R O C A R B O N S

0554 PELAGIC; SANTA B A R B A R A  SPILL ; F ISH ;  POPULATION
0951 PELAGIC; S A N T A  B A R B A R A  SPILL ; F ISH ;  POPULATION ;  D I V E R S I T Y ;  ANCHOVY ;

R f l C K F I S H ;  ECHO SOUNDING
0669 PELAGIC HYDROCARBONS; TAR BALLS; ROCKY INTERTIDAL; FLORA; FAUNA;

BERM UDA ; SPLASH ZONE; WO D ILITTO R INA ; TECTARI US ; HYDROCARBON ANALYSIS;
A L G A E

0234 P E L A G I C  L A R V A E ;  D IESEL  FUEL; E N C H I N O D E R M A T A ;  ANNELIDA : A R T H R O P O D A ;
TOXI CITY ; SYMPTOMS

Q4~~j PELAGIC LARVAE; BENTNIC INVERTEBRATES; TOXIC ITY; ESTUAR INE
0796 P E L A G I C  TAR ; B A C T E R I A ;  HYDROCARBON A N A L Y S I S ;  SEDIMENTS:  NORTH SEA ;

S E A W A TER
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0081 PEMO ROK E ,WA L E S ; RECOVERY ; CONTROLLED SPILLS ; SHA EDA; J UNC J S ; FE STUC A ;
PLAN T AC E; S PAR T INA; SALT MARSH; V U W A I T CRUD E OIL ; FL OW E ?ING PLANTS;
SEED PRODUCTIO N AND GERMINATION

0080 PE PI BROKESH I RE ; S A L T  MARSH ;  C L E A N I N G  OF CRUDE OIL SPILL ; W A L E S
M I L F O R O  H A V E N

0316 PEM B ROKESHIRE W EST WALES ; GREY SEALS ; B E H A V I O R ; G R O W T H ; M3R T A L I T Y
0034 PEHAE US ; W A T E R  SOLUBLE F R A C T I ON ; OIL IN W A T E R  D I S P E R S I O N ;

CR USTACEANS ; FISH ; TOXICITY ; E S TUA R INE; SOUTH LA. CRUDE;
K UWAIT CRUDE ; FUEL OIL *2; BUNKER C; CYPRIH000N ; M€N ID I# ; FUN DULU S ;
P A L E O V O N E T E S ;  M Y S I D O P S I S

0695 PENAE IJS; SHRIMP: TOXICITY ; CRUDE OIL ; DETERGENTS; PALEOMO HETES
0762 PEHAE US ; U P T A K E  I DEPUR A TIO N ; RA H G I A ; C R A S S O S T R E A ; FUNDULUS
0702 PEM ILL IA ; ZOOPLA HKTOH ; TOXIC i TY ; BLACK SEA; CRUDE OIL; MINERAL OIL ;

A C A R T I A ; P A R A C A L A H US ; C E N T R O P A G E S ; O I T N O N A
0664 PEN N ATE D I A T O M S ; EAST CHINA SEA ; KUROSH I O ; TAR BALLS :

ATTACHED ORGANISMS ; BLUE GREEN ALGAE ; STONY CORALS; PRY 32OAH S ;
B A RNACLES ; COPEPODS

0121 PER’ PHYTON; SALT MA RSH; YORK RIVER; ISOLATED ECOSYSTEM;
SOUTH LA. CR UDE; WEATHERED OIL; PHYTOPLAHKTON; FISH; AT ?;
MARSH GRASS; BEN TH IC FAUNA; POLYC HAE TES ; INSECT LARVAE; AM PH IPODS;
QL IGOCH A ETE

05 01 P E R I P H Y T O N ; P H Y T O P L A N K T O H ; P H O T O S Y N T H E S I S ;  G R O W T H ; P L A N T S ;
COMM UNI TY EFFECTS; ARCTIC: POPULATIO N COMPOSITION;
SEASONAL SUCCESSION ; MACKENZIE VALLEY HW T

0904 PERIPHYT ON ; OUTBOARD ENCINE EXHAUST; SPECIES AB UNDANCE; DIVERSITY;
PHYTOPLA NKT OH ; ZOOPLANKTON ; FISH; BEHAVIOR; PO PULATION

0906 PERIPHYTON; FISH ; SEDIMENTS; STREAM; DIESEL FUEL;
BOONE CREEK OIL SPILL ; MA CRO INVERTEBRATES; HYDROCARBON ANALYSIS;
SOUTH CAR OLINA

0948 P E R S I A N  GULF ; OIL SPILL IN IC IDENT ; D I S P E R S A N T S ; MARINE FAUNA ;
COREX IT—? 664; TARUT BAY , SAUD I ARAB IA

1208 PERSIAN GULF CRUDE OIL; URQU IOLA SPILL; SPAIN; BENTHIC PIA C ROFAUNA;
FISH ; SPART INA : TOXICITY

0144 PERSISTANCE ; DEGRADATION; BACTERIA; SEDIMENTS;
W ES T F A L M O U T H  OIL SPILL ; B U Z Z A R D  BAY

0142 PERSISTA NCE; WEST FALMOUTH SPILL; FUEL OIL *2: MORTALITIES ; OYSTERS
0575 PERSISTANCE ; REVIEW; SOURCES ; BIOLOGICAL EFFECTS; TOXICITY
0992 PERS!STANCE ; PLANTS ; TERRESTRIAL; SOIL; FIELD CROPS
0487 P E R S I S T E N T  EXPOSURE ; NA PHTH A LENE ;  A C C U M U L A T I O N ; COPEP O D ; R A D I O A C T IVE ;

L ONG TERM EXPOSURE ; LOW LEVEL CONCEN TRATIONS : MARINE ZOOPLAN KTOH;
UP TAK E /DEPU RAT IOI; CAL AII US; EUR~~T E M O R A

1055 PESTICIDES; DEGRADATION ; FUNGUS ; CIADOSPOR IUM; OXIDIZING SYSTEM;
PATHWAYS—METABOLIC ; RADIOACTIVE TRACER EXPERIMENTS

0600 P E T R O  SULFAR COMPOUNDS ; A R O M A T I C  HYDROCARBONS ; MODIOLUS ; C R A S S O S T R E A ;
RETENTION; FLAME IONI ZATI ON DETECTION; FLAME PHOTOMETRIC DETECTION;
GAS CHR OMATOGRAPHY; GAS CHROMATOGRAPHY-MASS SPECTROMETRY

0025 PETROLEUM; MICROBIOLOGY
0136 PETROLEUM; REVIEW; ANALYSIS; IDENTIFICATION; MONITORING
03 55 P E T R O L E U M ;  MYTILU S ; MUSSELS ;  UPTAKE ;  D E P U R A T I O N ;  B I O G E N I C :  A R O M A T I C S ;

KIEL BIGHT
0252 P E T R O L E U M ;  H Y D R O C A R B O N  CONTENT ;  PA RAFF INS ; MUSSELS ;  MYTIL t I S
0254 PETROLEUM; MYTILUS ; IJPTAV.E ; DEPURATION ; MUSSELS; HYDROCARBON CONTENT;

PARAFF INS ; T IDES
0356 PE TROLEUM ;  MYT I L US ; CONTENT A N A L Y S I S ;  M E T A B O L I S M ;  B I O C E N I C ;  M U S S E L S ;

KIEL BIGHT , W GERMANY; A ROMATICS
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0337 PETROLEUM ; TOXICITY ; BARNACLES; LARV A E ; DEVELOPMENT; PHOTOTAXI S
0250 P ET RO LE UM; PARAFF I NS ; A LGAE ; ZOOP LANK T ON; P H Y T O P L A H K T O N ; SEDIMENT ;

PRISTANE ; BIOGEHIC
0375 PETROLEUM; HYDROCARBON ; CONTENT ANALYSIS ; MARINE ORGANISMS;

CH ROMATOGRAPHY—COLU M N CA S,THIH LAYER ; SPECTROMETRY; uY ; IR
0377 PETR OLEUM ; HYDROC A RBON ; CONTENT A N A L Y S I S ;  SEDIMENTS ; MER CE N A R IA ;

CLA M S ; NA R R A G A M S E T  BA Y ; BIOCEH IC
0704 PETROLEUM ;  T O X I C I T Y ; FISH; DEVELOPMENT ;  EUG RAUL IS ;  S C O R P A E H A ;

CRENILABRUS ; BLACK OIL ; SOLAR OIL
0710 PETROLEUM; ALGAE; TOXICITY; GROWTH
0687 PETROLEUM; DEGRADATION; FUNG I
0781 PETROLEUM : WORKSHOP; INPUTS, FAT EFFECTS
1016 PETROLE UM ; SEDIMENTS ; HYDR OCARBON ANALYSIS ; CHR O M A T O G R A P H Y ;

MASS SPECTROMEIRY ; UV FLUORESCENCE
1035 PETROLEUM ; B I O A S S A Y ;  CONTINUOUS FLOW ; T ECHNIQUE ; METHODOLOGY ;

FUEL OIL *2
1168 PETROLEUM; TOXIC EFFECTS; CYTOLOGICAL EFFECT
1167 PETROLEUM; CALIFORNIA; TAINTING ; CLEANING AGENTS : GAS CHROMATOGRAPHY ;

ORCANOLEPTIC; BIODEGRADATION
009.3 PETROLEUM COMPONENTS; PHOTOSYNTHESIS; TRANSLOCAT ION ; PLANT TOXICITY;

CELL DAMAGE ; RESPIRATION AND TRANSPIRATION
0610 PETROLEUM COMPONENTS; RADIOACTIVE TRACERS; ESTUARIES;

A BSORPTION TO PARTICLES; MICROBIAL DEGRADATION
0563 PETROLEUM DEGRADING; SALT MARSH; ESTUARY; YORK RIVER; PACTERIA ;

FUNGI; LOUISIANA CRUDE ; SEDIMENTS
1152 PETROLEUM FRACTION ; ECOLOGICAL ; OR GANISMS ; FISHERIES ; ESTU A R I NE ;

C O A S T A L ;  T O X I C I T Y ;  METHODOLOGY ;  CLEANING A G E H T S / D I S P E R S A N T S
1132 PETROLEUM FRACTION/CLEANING AGENT ; TOXICITY ; FUCUS; COPEPODS ;

EFFECT ON O R G A N I S M S
0193 PETROLEUM FRACTIONS ;  B IODEGRADA TION ; BACTERIA ;  MARINE
0584 PETROLEUM FRACTIONS; SEDIMENT; NITROGEN FIXATION ; ARCTIC; BACTERIA;

ANEROBIC BACTERIA ; BEAUFORT SEA ; ESKIMO LAKES NWT
0592 PETROLEUM FRACTIONS; CRUDE OIL; HERRING; HATCHING; DEVELOPMENT;

TOXICITY; EMULSIFICATION
0689 PETROLEUM FRACTIONS; $OSOUITOS; TOXICITY; CULEX; AEDES ; EGGS: LARVAE ;

P U P A E
0940 PETROLEUM FRACTIONS ;  OYSTER ;  CRASSOST REA ; UPTAKE ; R E T E N T I O N ;

DEPIJRA TIOH ; LIPIDS; FAT CONTENT ; METABOLISM
0812 PETROLEUM HY DROCARBON ;  MIXED FUNCTION O X I D A S E S ;

ARYL HYDROCARBON HYDROXYLASE ; METABOLISM; DETECTION ; MONITORS;
INVERTEBRATES ; FISH

1185 PETROLEUM HYDROCARBON ; MARSH ; ECOSYSTEM; LOUISIANA;
ANALYSIS FOR HYDROCARBON; CORDGRA$S ; ESTUARIES

0031 PETROLEUM HYDROCARBON CONTAMINATION; REVIEW
0029 PETROLEUM HYDROCARBONS; UPTAKE AND DEPURAT ION; CLAMS; OYSTERS
0028 PETROLEUM HYD ROCARBONS ; GROWTH;  MARINE ORGANISMS
0652 PETROLEUM HYDROCARBONS ; BAS ELINE I N V E S T I G A T I O N ;  PUGET SOUND ;

SEDIMENTS ;  MUSS ELS; SNAILS ; T H A I S ;  INTERTIDAL
0837 PETROLEUM HYDROCARBONS; MONITORING: UPTAKE
0997 PETROLEUM HYDROCARBONS; POTENTIAL ; SEAWATER; CHRONIC POLL UTION;

D E G R A D A T ION ; B A C T E R I A ;  SAL IN ITY
1004 PETROL EUM H Y D R O C A R B O N S :  O Y S T E R ;  C R A S S O S T R E A ;  U P T A K E ;  R E T E N T I O N ;

DEPUR A T ION
1179 PETROLEUM HYDROCARBONS; MUTAGENESIS ; PLANKTON; FISH ; ARCTIC;

METABOLISM
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1 1 8 3  PETROLEUM HYDROCARBONS ; PLANKTON ; INVERTEBRATES; BIRDS ; M A M M A L S ;
T O X I C I T Y :  REV IEW ; E C O S Y S T E M

12 14  P E T R O L E U M  H Y D R O C A R B O N S ;  FOOD C H A I N S ;  O I L  S P I L L S
11 99 PETROLEUM HYDROCARBONS ; BENTH IC INVERTEBRATES; CALIFORNIA
1226 P E T R O L E U M  H Y D R O C A R B O N S ; S Y M P O S I U M ; MARINE O R G A N I S M S ; FATE I EFFECTS
0515 PETROLEUM LUMPS ; A SSOC iATED BIOTA ; TAR BALLS; AGE ;

fl~~YGEH CON SUMPTION
0315 PETROLEUM MICROBIOLOGY
0801 PETROLEUM OILS ; POLY NUCLEAR A R O M A T I C  HYDROCARBONS ;

A N A L Y T I C A L  M ETHODS ; M A R I N E  TISSUES; BENZ (A)4NTHRACENE ;
BEHZO ( A )PYRENE

0042 PETROLEUM PRODUCTS ; TOX i CITY STUDIES ; SLUDGE OIL ; REFINED OILS ;
S I L V E R  SALMO N F I N G E R L I N G S

0011 PETROLEUM PRODUCTS ; BLUE GREEN ALGAE; A PHAN IZONENON ; SCENEDESM US;
GROWTH ; MORPHO LOGY ; PROTOCOCCAL ALGAE

0999 PETROLEUM PRODUCTS ; CRUDE OIL ; WAT ER QUALITY ; FISH;
A Q U A T I C  LIFE &W ILDL IFE

0996 PETROLEUM PRODUCTS ; SHAD ; ALOS A ; TOXI CITY ; DISSOLVED OXYGEN ;
SYNERGISM ; GASOLINE ; FUEL OIL; BUNKER OIL

0648 PETROLEUM REFINERY EFFLUENT ; SUNF ISH ,REDEAR; LEPOIIIS;
BEHAVIORAL SYMPTOMS ; TOXICITY ; FRESH WATER FISH

0379 PETROLEUM VS BIOSYNTHESIZED HC ’S; GAS CHROMATOGRAPHY ;
HYDROCARBON A NALYSIS

0143 PETROLEUM VS. INDIGENOUS HYDROCARBONS ; SEDIMENTS
0571 PH; PHYTOPLANKTON; CRUDE OIL ; FIELD EXPERIMENT; INHIBITED;

S T I M U L A T I O N ; L A B O R A T O R Y  STUDIES:  T O X I C I T Y ; FRA CTIONS ; BE HZE N E ;
NYLENE ; TOLUEHE

0599 P H A E O D A C T Y L UN T R I C O R H U T U M ; T O X I C I T Y ; K U W A I T  CRUDE ; C OREX IT  8666;
PHY T O PL A N K T O N ; P R I M A R Y  PR O D U C T I O N ; ILL UM I N A T I O N

11 2~ P HA SCOL O SO MA; NA PHTHA LEN E; METHODS OF DETECTION OF NC ’S IN ORGANISM ;
U P T A K E ; SI P UP 4C U LID W O R M ; S P E C T R O P H O T O M E T R Y ; PRUDH OE BAY CRUDE OI L

1 094 PHENALEN- 1-ON E; FUEL OIL *2; ALGAE: TOXICITY; WAVELENGTH DEPENDENT;
A L G A E — B L U E  GREEN; ALGAE —GREEN; DIATOMS

1131 PHENA PI THRENE; MICROFLORA; PHYTOPLAHKTON ; ALGAE ; CRUDE OIL; FUEL OIL;
TOXICITY ; NA PI4THA LEHE ; AROMATICS; ALGAE-GREEN ; ALGAE-BLUE GREEN;
D I A T O M S ; G R O W T H

0761 PHENATHRE HES; TOXICITY; AROMATICS; ESTUAR INE; BEN THIC ; OCEANIC;
L A RV AE ;  J U V E N I L E S ; RESPIRA T ION ; G R O W T H ; SUBLETHAL

Q; 59 F~’EH 0L; TAINTING ; OIL; FISH
0932 PHENOL ; BIODEGRADATION: REFINERY EFFLUENT ; ST. LAWRENCE RIVER
1002 PHENOL ; SHRIMP; TOXICITY; CONTENT ANALYSIS ; DE PIJRAT ION; CRUDE OIL ;

FUEL OIL *2; BUNKER C ; FA LA EM ONE T E S; TEM PERATURE; BENZENE;
N A PH THA LE NE

1149 P H E N O L ;  Q U A H O G S ;  T O X I C I T Y ;  M E T H O D O L O G Y ;  H I S T O P A T H O L O G I C A L  E F F E C T S ;
CYTOLOGY ; CLAMS

1176 PHENOL ; FUEL O 1L I 2; ZOOPLANKT ON ; SHRIMP; RESPIRATION; TOXICITY;
FEEDIN G B E H A V I O R ; M O B I L I T Y ; NAPHTHA LE N E ; BENZENE

0659 PHENOLS; FISH; TAINTING; SEAWEED: OILS; DEPOSITION; DETERGENTS
0425 PHOCA; RINGED SEALS; HARP SEALS; STRESS; INGESTION
0104 PHOSPHORUS; BACTERIA; TEMPERATURE ; NITROGEN; LIMITIN G FACTORS ;

BIODEGRADATION
0180 PHOSPHORUS; BACTERIA; OXIDATION ; SEAWATER; LIMITIN G FACTORS ;

‘I I T R OGEN
0421 PHOSPHORUS; BIODEGRADATION ; R A T E  ENHANC EMENT ;  NITROGEN
0964 PHOSPHORUS ;  HA P HTH A LENE;  T O X I C I T Y ;  S Y N E R G I S M ;  D I A T O M
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0804 PH OTOCHE MI CAL OXIDATION; CRUDE OIL ; DEGRADATION ; MARINE ENViRONMENT;
ZO OPLA H KTOH ; SOLUBILITY ; DISPERSION

0083 PHOTOSYNTHESIS ; TRA NSLOCATION; PLANT TOXICITY; CELL DAMAGE;
PE TROLEU M C 2M POHE N TS: RE S P I R A T I O N  AND TRA N SPIRATION

0065 PHOTOSYNTHESIS ; RESPIRATION ; N ITROGEN FIXATION ; BACTERIA; ALGAE;
FUNGI; ARCTIC: CRUDE OIL; NATURAL GAS ; MICROORGANISMS

0071 PHOTOSYNTHESIS ; ARCTIC ; LICHENS ; AL CA E -NA STOC ; RESPIRATION ;
NITROGEN FIXATION ; PRUDHOE CRUDE OIL

0273 PHOTOSYNTHESIS ; REFINERY EFFLUENT; RESPIRATION
0444 PHOTOSYNTH ESIS ; PHYTO PLA HKTON; BEDFORD BAS IN 1 NOVA SCOTIA;

NORTH WESTERN ATLANTI C ; VENEZUELAN CRUDE ; FUEL OILI2; FUEL 011*6
0413 PHOTOSYNTHESIS: OIL ; EMULSIF IERS; FUCUS; PLANTS; NET PRODUCTIVITY;

M E T A B O L  I S M
0572 PHOTOSYNTHESIS: FRESH WATER ; CHLORELLA VU IGARIS ; ALGAE; TOXICITY;

GRO W TH ; BENZEHE; XYLENE ; TOLUENE : NAPT HALENE
0501 PHOTOSYNTHESIS ; PNYTOPLAN KTOM ; GROWTH; PLANTS; COMMUNITY EFFECTS:

ARCTI C  ~EP IPHYT0N ; POPULATION COMPOSITION ; SEASONAL SUCCESSION ;
MHCKEN 2IE VALLEY NWT

0779 PHOTOSYNTHESIS ; TAMP ICO MARU SPILL ; CHRONIC ; SURF CONDITIONS ;
MORTALITIES; SUCCESSION; RECOVERY; BA J A1 CALIF.; A N THOPLEURA; KELP

0815 P H O T O S Y N T H E S I S ;  SEA G R A S S ;  DODEC A NE ;  TOLUE N E; NA P HTH A LEH E
0948 PHOTOSYNTHESIS ; CRUDE OIL ; SOUTH LOUISIANA CRUDE; KUWAIT CRUDE;

F UEL O ILA 2; GROWTH RATE; M ICRDALG AE —TOXIC I TY ; BLUE GREEN; DIATOM ;
DI N O F L A G E L L A T E

0943 PHOTOSYNTHESIS ; NA PTHALEHE ; WAT ER SOLUBLE FRACTION ; CHLA MYDO M O P4A S ;
G R E E N  A L G A E ; U P T A K E ; D E P U R A T I O H

0905 PH O T O S Y N T H E S I S ; CR UDE O I L ; A L G A E ; D I F F U S I O N  R A T E S
1038 P HO T O S Y N T H E S I S ; A L G A E ; P H Y S I O L O G Y ;  H Y D R O C A R B O N S  P E T R O L E U M ; R E V I E W ;

M A P H T H A L E N E ; A T P ; C R U D E  O I L ; D I S T I L L A T E  FR A C T I O N S
0082 P HO TO SY N T H E S I S  A N D  R E S P I R A T I O N ; T R A N S P I R A T I O N ;  T R A N S L O C A T I O N ;

C E L L  M E M B R A N E  P E R M E A B I L I T Y ; P L A N T  P H Y S I O L O G Y ; CELLULAR DAMAGE ;
O I L  P O L L U T I O N

0322 P H O T O S Y N T H E T I C  M E T A B O L I S M ; A L G A E ;  G R O W T H ; E U G L E N A ; S C E N E D E S M U S ;
LUBRICATING OILS ; DIESEL OIL

033? PHOTOTAXIS ; PETROLEUM ; TOX ICITY; BARNACLES ; LARYAE; DEVELOPMENT
110 2 P H S I O L O G I C A L  EFFECT ;  MULLET ; EMPIRE MIX CRUDE ; L IVER W E I G H T ;

A L K A L i N E PHOSPHAT A SE ;  8— G L U C U R O N I D A S E ;  MALIC  DEHYDROGEH A SE ;
AEROBIC METABOLISM; A CETYLCHOL INESTE RA SE

0655 PH S I O L O C I C A L  E F F E C T S ; S A L M O N ; F L A T F I S H ; S P O T T E D  S H R I M P ;
UPTAKE AND DEP URAT ION ; HISTOPATHOLOGY

0957 PHS I OLOC ICAL EFFECTS ; OYSTER; CHRONIC EXPOSURE; RETENTION;
DEPURATION ; CRASSOSTREA

0314 PHYCOM YCETES ; DEGRA DATION ; BACTERIA; ACTIHONYCETES :

~ TLAM E P4TOUS FUNGI; YEAST
0975 P H Y L L O S P A D I X ; S A N T A  B A R B A R A  S P I L L ; B I R D S ;  I N V E R T E B R A T E S ;  A L G A E ;

M O R T A L I T I E S ; R E C O L O N I Z A T I O N ; S U B L E T H A L  E F F E C T S ; C H T H A M A L U S ;
POLL ICIPES ;  HESPEROPHYCUS

0188 P H Y S I C A L  CHANGE ;  D E G R A D A T I O N ; B A C T E R I A ;  A E R O B I C ;  A N A E R O B I C ;
CHEM ICAL CHANGE

0101 PHYSICAL PARAMETERS ; CRUDE OIL ; POND; ARCTI C; PHYTOPLA NKTON ;
V A S C U L A R  PLAN TS ;  C N I R O N O M I D ;  A Q U A T I C ;  PRUDNOE CRUDE OIL;
ARCTIC -TUN DRA ; A LASV A- BARLOW ; BEN THIC ORGANISMS ; PLANKTON

0448 PHYSIOLOGICAL ; COD ; SWEDEN; NONYPHENIL ETHOXYLATE ;
UPTAKE AND DEPURATIO N

Q495 PHYSIOLOGICAL EFFECTS; OIL; BIRDS ; DUCKS; INGESTIO N ; TOXICITY;
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H I S T O P A T H O L O G Y
104? P H Y S I O L O G I C A L  E F F E C T S
1 046 PHYSIOLOGICAL EFFECTS; SYNERGISM
1 123 PHYSIOLOGICAL EFFECTS ; EIDER DUCKS; TOXICITY; HATCHING SUCCESS;

F U E L  O I L
11 54 PH Y S I O L O G I C A L  E F F E C T S ; Z O O P L A N K T O N ; C O P E P O D S ; N A P H T H A L E H E ;

A R O M A T I C  H Y D R O C A R B O N S ; R E T E N T I O N ; D E V E L O P M E N T
1153 PHYSIOLOGICAL EFFECTS; SALMON ; COHO ; BENZOPYRENE;

A R Y L  H Y D R O C A R B O N H Y D R O X Y L A S E ; C Y T O L O G I C A L
1121 PHYSIOLOGICAL EFFECTS; MALLARD ; TOXICITY ; FUEL OI L ; HATCHIN G SUCCESS ;

PA RAFFINS ; GROWTH
1192 PHYSIOLOGICAL EFFECTS; AM PHIP O DS ; OH ISINUS ; RESP IRATION ; T OXICITY ;

DI SPERS AN TS
1173 PHYSIOLOGICAL EFFECTS; DUCKS; MALLARDS ; ANALY SIS FOR HYDROCARBONS ;

H A P H T I 4A L E H E ; SO U T H L O U I S I A N A  C R U D E  O I L
082? P HY S I O L O G I C A L  R E S P O N S E ; S U B L E T H A L  E F F E C T S ; M A R I N E  O R G A N I S M S ;

E ST U A R I N E  O R G A N I SMS
0400 °NYS IOLO G ICAL STRESS; NYTIL IJS ; UPTAKE ; DEPURAT ION;

HYD ROCARBON CONTENT ANALYSIS; BIOLOGICAL MONITOR; MUSSELS:
A C C U M U L A T I O N

0177 PHYSIOLOGY; REVIEW; BIRDS; REHABILiTATION ; MARINE FAUNA
0166 PHYSIOLOGY; BIRDS; OIL; EFFECT; REVIEW ; M ORTALITIES
0300 P H Y S I O L O G Y ; O I L ;  M A L L A R D S ; I N T E S T I N A L  A B S O R P T I O N ; AHAS ;

M U C O S A L  T R A N S F E R  R A T E S ; C R U D E  O I L S ; B O I L I N G  F R A C T I O N S
0361 PHYSIOLOGY; CRUDE OIL; RED SEA; MACROF AIJN A ; TOXICITY; DEPTH;

SUBLETHAL EFFECTS : METABOL ISM ;  B E H A V I O R ;  D I S P E R S A N T
0299 PHYSIOLOGY; BIRDS ; MALLARDS; CRUDE OIL; AlIA S; DEHYDRATIO N ;

MUCOSAL TRANSFER RATE; DISPERSANTS INTESTINAL ABSORPTION
0359 P HY S I O L O G Y ; C R U D E  O I L ; D E T E R G E N T ; O C T O C O R A L S ; C R U S T A C E A N S ; M O L L U S C S ;

E C H I N O D E R M S ; F I SH ; T O X I C I T Y ; S U B L E T H A L ; DE V E L O P M E N T A L  ST A GES ;
RED SEA ; FEEDING RATE; B IOA CCUP IULAT IOH ; L IVER EHLA RCE M EH T ;
H E M A T O C R I T

0408 P H Y S I O L O G Y ;  A Q U A T I C  A N I M A L S ;  P O L L U T A N T S
0632 PHYSIOLOGY; COLLECTION OF PAPERS; POLLUTANTS ; A Q UATIC ORGANISMS
0941 PHYSIOLOGY; WATER SOLUBLE FRACTION; CRUDE OIL; NA PHTHALE HE;

G R E E N  A L G A E ; M O R P H O L O G Y ; F R E S H W A T E R
0868 PHYSIOLOGY; TOXICITY; ACUTE; CHRONIC ; CRUDE OIL; COMPONENT; B EHAVIOR;

ARCTIC & SUBARCTIC ORGANISMS ; TEMPERATURE; METABOLISM
1039 P H Y S I O L O G Y ;  A L G A E ;  H Y D R O CA R B O N S  P E T R O L E UM ; R E V I E W ; K A P H T H A L E W E ;

P H O T O S Y N T H E S I S ; A T P ; C R U D E  O I L ; D I S T I L L A T E  F R A C T I O N S
0178 PHYS IOLO ICAL EFFECT: MUSSEL; M UTILUS ; SURFACT AN T ; TISSUE SWELLING;

S E A S O N A L  V A R I A T I O N ; N O R W A Y
01 41 PHYTOL ; TRACERS; 200PLAHKTON ; FISH; ANALYSIS FOR HYDROCARBONS;

OLEF IHS ; FOOD CHAIN; B IOCEN IC VS. P E T R O L E U M
0117 P N Y T O M E T R I C ; C H R O N I C  P O L L U T I O N ;  A C U T E  P O L L U T I O N ; P H Y T O S O C I A L O C Y ;

D I V E R S I T Y
0101 PHYTOPLANKTON ; CRUDE OIL; POND; ARCTIC; PHYSICAL PARAMETERS;

V A S C U L A R  PLANTS ; CH IRONO M ID; A Q UATIC; PRUDHOE CRUDE OIL;
A R C T I C  —TUNDRA ;  A L A S K A -  BARLOW ;  BE NTHIC O R G A N I S M S :  PLANKTON

0102 P H Y I O P L A N K T O N ; A R C T I C ; P R O D U C T I V I T Y ;  O I L  S E E P ; A B U N D A N C E ; B A C T E R I A ;
A LASKA ; CAPE SIMPSON; NATURA L OIL SEEP; PHYTOPLA’~(TON PROD UCTIVITY;
B A C T E R IA

0121 PHY TO PLANKTON ; SALT MARSH; YORK RIVER; ISOLATED ECOSYSTEM;
SOUTH LA . CRUDE; WEATHERED OIL; FISH ; PER I PHYTON; A TP: MARSH GRASS;
B E N T H I C  F A U N A ;  P O L Y C H A E T E S ; I N S E C T  L A R V A E ; A M P H I P O D S ; O L I C O C H A E T E
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0149 P H Y T O P L A N K T O N ; O U T B O A R D  E N G I N E  E M M I S S I O H S~ S P E C I E S D I V E R S I T Y ;
FIXATION; CHLOROPHYLL; ZOOP LAH K TGI POPULATION DYNAMICS;
B E H T H I C  M I C R O I N V E R T E B R A T E  C O M M U N I T Y ; G A S O L I N E

0250 PHYTOPL A NKTON ; PARAFF INS ; ALGAE ; ZOOPLAN KTON ; SEDIME N T ; PR ISTA NE ;
B I OC E N I C ; P E T R OL E U M

0350 PH?TOPLRXKTOH ; AMP H IDIHIUM ; SKELETOHEMA; CR ICOS PHAERA ; DUNA L IALLA ;
B E N Z E N E ; T O L U E N E ; X Y L E H E ; F UEL O I L I 2; G R O W T H

0444 PHYTOPLA NKTON ; PHOTOSYNTHESIS ; BEDFORD BA S IN1 NOVA SCOTIA;
NO RT H W E S T E R N  A TL A N T I C ; V E N E Z UE L A N  C RU DE ; F U EL O I L~~2; FUEL O IL*6

0535 PHYTOPLANKTOH ; COMPOSITION ; DIVERSITY
0501 PHY T O P L A N K T O H ; P H O T O S Y N T H E S I S ; G R O W T H ;  P L A N T S ; C O M M U N I T Y  E F F E C T S ;

ARCTIC ; PERIPHYTON; POPULATION COMPOSITION; SEASONAL SUCCESSION;
M A C K E N Z I E  V A L L E Y  N W T

0571 PHYTOP LANKTON ; CRUDE OIL; FIELD EXPERIMENT; INHIBITED ; STIMULATION;
LABORATORY STUDIE S; TOXI CITY ; PH; FRACTIONS; BENZEHE; X Y LENE;
TO LU ENE

0620 PHYTOPLANKTON ; CRUDE OIL; TEMPERATURE; TOXICITY
0599 PHYTOPLA NKTON ; TOXICITY; KUWAIT CRUDE; COREXIT 8666;

PHAEODACTYLUM TRICOR NUTUM ; PRIMARY PRODUCTION; IILU IaHATI O N
0541 PIIYTOPLAHKTON ; ESTUA RIES; HYDROCARBON CON CENT RRT IOI~S; ~E~~i M E N T S ;

ZOOPLANKTON ; CRUDE OIL ; SALT MARSH PLANTS; DIVERS ;TY ; POPULATIONS;
F I S H ; M I G R A T I O N ; GAS C H R O M A T O G R A P H Y ; D E G R A D A T I O N

0700 PHYTOPLANKTO N ; REVIEW—OIL POLLUTION; LARVAE; SUBLETHAL EFFECTS;
PRODUCTIVITY ; FiSH; ZOOPLAH KTOM ; EGGS; BIRDS ; PLAICE

0622 PHYTOP LANç TOH ; REFINERY WASTES; BIODE GRADATIO N ; BACTERIA
0662 P HY T O P L A H K T ON ; R E V I E W ;  A T L A N T I C  C O A S T
0674 PHYTOPLANKTOH ; DIVERSITY; ESTUARY ; CHLOROPHYLL-A
0682 P H Y T O P L A N K T O N ; C O N T R O L L E D  E C O S Y S T E M ; B A C T E R I A L  P O P U L A T I O N S ;

CEN TR ATE DIATOMS ; ZOOPLAHKTO N
0780 PHYTO PLANK TON ; MATER SOLUBLE FRACTION; FUEL OIL *2; TOX ICITY
094? PHYTCPLAN KTON ; ALGAE; MARINE; CRUDE OIL; FUEL OIL *2; GROW TH RATES
0790 PHYTO PLANK TOH ; SANTA BARBARA SPILL; PRODUCTIVITY; OIL: OI SPERSAHTS
0904 P N Y T OP L A N K T O N ; O UT B O A R D  E N G I N E  E X H A U S T ; S P E C I E S  A B U N D A N C E ; D I V E R S I T Y ;

ZOOPLA HKTOH ; PER IPHYTON; FISH ; BEHAVIOR ; POPULATION
1021 PHYTOPLAH K TON ; DET ERGENTS ;  GROWTH
1018 P H Y T O P L A N K T O N ; E M U L S I F I E R S ;  T O X I C I T Y ;  S K E L E T ON E H A
096? P H Y T O P L A H K T O N ; T O X I C I T Y
1019 PHYTO PLANKTON; TOXICITY; EMULSiFIER; SKELETO NMEA; HI TSCHI A
1134 P H Y T O P L A H K T O H ; A R C T I C ; SUB A R~~T~~C ; B A F F I N  B A Y ;  D A V i S S T R A i T ;

L A B R A D O R  S E A ;  ASSESSMENT O F SPILLS;  Z O O P L # N KT O H ;  Z O O B E N T H O S ;  F ISH;
MAMMALS ; BIRDS

111 8 PHYTOPLANKTON ; HYDROCARBONS; CHLOROPHYLL-A CORRELATION WITH;
BIOGEHIC VS. PETROLEUM; WEST AFRICA

113 1 PHYTOPLA N KTO H ; MI CROFLORA; AL G A E ;  CRUDE OIL; FUEL OIL; T O X I C I T i ’;
NA PHT HALEHE ; PNENANTHRE HE ; A ROMA TICS ; ALGAE—GREEN; ALGAE-BLUE GREEN;
D I A T O M S; G R O W T H

1 160 PHYTOPLAH KTON; DISPERSAN TS ; COREXIT ; CRUDE OIL ; ARCTIC; PRODUCTIVITY;
ALGAE

1201 PHYTOPLAN KTO N ; N A R R A G A N S E T T  B A Y ;  H Y D R O C A R B O N S
1174 PHYTOPLANkTON; ESTUARIES; CANADA; SAEH ICH INLET ; CRUDE OIL; rUEL O I L ;

BIODEGRADATION ; CEPEX ; DIATOMS
12 04 PIIYTOPLANKTON ; LOS ANGELES HARBOR: SANS INEA SPILL; PRODUCTIVITY;

Z O OPL ANK TON ; A S SESSMENT OF SPILLS ;  BIRDS;  BENTH IC ORGANISMS ; F i S H
1202 PHYTOPLANKTON ; NORMAN WELLS I PEM B INA CRUDE OIL ;

ASSESSMENT OF SPILLS; MI CRO OR CAN ISM S : BACTERIA; PROTOZOA ;
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ZOOPLANKTO N ; A N A L Y S I S  FOR PETROLEUM HYDROCARBON S; CAN A D A
0102 PH ?TOP LA NKT ON P R O D U C T I V I T Y ;  A R C T I C ;  PHYTO PLA N K TON ; PRODUCTIVITY:

O I L  SEEP ; A BUNDANCE ; BA C T E R I A ;  A L A S K A ;  CAPE SIMPSON ;

N A T U R A L  OIL SEEP; BACTERIA
011? PH Y T O S O C I A L O C Y ;  CHRONIC POLLUTIO N ; ACUTE POLLUTION ; PHYTOMETRIC ;

D I VE RS I TV
030b P H Y T C I O X I C I T Y ;  HY DROCARBONS
1 1 10  PiCKEREL ; B IODEGRADATION ; BACTERIA ; SEDIMENTS; BARAT A R IA BAY;

A N A E R O B I C ;  BEN Z(A )PYREHE ; ACCU M ULATION ; M YTILUS ; WH ITIN G
0399 P I G M E N T A T I O N ;  SOUTH LA.CRUDE ; LOBSTER; LARVAE; FLOW THROUGH SYSTEM;

EMULSION; FEEDING ; MOU LT IHG ; HYDROCARBON ANALYSIS
1 091 P IL C H A R D ;  D ISPERSA N T; TOXICITY; FISH; LARVAE; HERRING; P’AI CE ; SOLE ;

- 
LEMON SOLE ; HADDOCK ; BP IOO2; DELAYED EFFECTS ; EMBRY OLOGY:
B E H A V I O R A L  CHANGES

0339 P IMEPHALES ; TOXICITY ; OIL REFINERY EFFLUENT ; OXYGEN DEMAND ; MI N N O W S
0 4 0 5  P I M E P H A L E S ;  T O X I C I T Y ;  FU H DUL US ;  A R T E M !  A ;  K U W A I T ;  WEST  T E X A S ;

M A R I N E  DIESEL; FUEL OIL ; LUBE OIL
086? PINK SALMON; CRUDE OIL ; T O X IC I T Y ;  A V O I D A N C E ;  JUVENILE; M I G R A T I O N :

AGE:  CHEM ORECEPTI ON
116 PIHHI PEDS; SEALS; HYPOTHERMIA ; PRUDHOE BA Y CRUDE OIL
1014 PLACOPECTEN; ARGO MERCHANT SPILL ; W~~HTER FLOUNDER ;

YELLOW TAIL FLOUNDER ; MODIOLUS ; RESPIRATORY ENZYMES;
M A L I C  DEHYDROGENASE ; O SMOLALITY ; PYRUVATE REDUCTION; A HA EROB IOS IS

0700 P LA I C E ;  R E V I E W — O I L  POLLUTION; LA R V A E ;  SUBLETHAL EFFECTS ;
P R O D U C T I V I T Y ; FiSH ; PHYTOPLANK TON ; ZOOPLANKTDN ; EGGS; BIRDS

1 093 PLAICE; FISH; SOLE; HERRING; LARVAE ; DETERGENT;
DEVE LOPMENTAL A BH OMALI T IES ; BP IOO2 ; FINA SOL ; COREXIT

10 91 P L A I C E ;  DISPERSAHT; TOXICITY; FISH ; LARVAE; HERRING; PILC ’4ARD ; SOLE ;
LEMON SOLE ; HADDOCK ; BP1002; DELAYED EFFECTS ; EMBRYOLOGY;
B E H A V I O R A L  C HANCES

0101 PLANKTON ; CRUDE OIL ; POND; A R C T I C ;  PHYSICAL PARAMETERS;
PHYTO PLANKT OH ; VASCULAR PLANTS; CH IRONOM ID; A Q UATIC ;
PRUOHOE CRUDE OIL; A R C T I C  -TUNDRA; A L A S K A -  BARLOW ; BENT H IC ORGANISMS

0496 PLANKTON ; SAMPLING METHODS; C O N T A M I N A T I O N ;  NYLON NETS
0513 PLANKTON; TORREY CANYON; DETERGENT; LIMPETS ; FISHERI ES ; BIRDS;

C R A I E  DE CHAMPAGNE
0606 PLANKTON; DETERGENT; TOXICITY; CORE X IT CRANGO N
0646 PLANKTO N ; H —A L K A N E S ;  HYDROCARBON CONTENT ANALYSIS; FISH;

FIRTH OF CLYDE , SCOTLAND; FOOD CHAIN M A G N I F I C A T I O N
0S 99 PLANKTON; STANDING CROP: COMMUNITY STRUCTURE; REFINERY EFFLUENT;

HOLDING PONDS
0673 PLANKTON; BUNKER C; RIVER; MUDDY R IVER 1 MASS.; BOD ; TOXIC iTY ;

M A C R O F A U H A :  HEW ENGLAND
1O~~6 PLA N K T O N ;  GULF OF MEXI C O ;  PARAFFIHS
1 183 P L ANKTON; INV ERTEBRATES ; BIRDS; M A M M A L S ;  TOX ICITY: REVIEW ;

PETROLEUM HYDROCARBONS; ECOSYSTEM
1179 P L ANKTON; PETROLEUM HYDROCARBONS; PIUTAGEHES IS; FISH; A R C T I C ;

METABOLISM
0082 PLAN T PHYSIOLOGY; T R A N S P I R A T I O N ;  TRA NSL O CAT IOH .

CELL MEMBRANE PERMEABILITY; PHOTOSYNTHESIS AND RESPIRATION;
CELLULAR DAMAGE; OIL POLLUTION

0083 PLANT TOXICITY; PHOTOSYNTHESIS; T R A N S L O C A T I O N ; CELL DAM A G E ;
PETROLEUM COMPONENTS; RESPIRATION AND TRANSPIRATION

0081 PLA NTA GE ; RECOVERY ; CONTROLLED SPILLS; SHAEDA ; JUN CUS ; FES TUCA;
SPA R TI NA ; SALT MARSH ; PEMBRO K E ,W AL ES ; K U W A I T  CRUDE OIL;
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FLOWERING PLANTS; SEED PRODUCTION AND GERMINATION
00~~ PLAN TS; PROTOZOA; ALGAE ; FUNGI ; L I CHENS ; PSE UDOM O NA S ; A RC T I C ;

M I C R O O R G A N I S M S ; PRIJDHOE CRUDE OIL ; NATURAL OIL SEEPAGE ;

A LA SKA -PRU D HOE BAY ; CAPE SIMPSON
022 1 PLANTS ; TOXICITY ; SOYBEAN; MODULE DEVELOPMENT ; STIMULATION
0289 PLANTS ; CRUDE OIL FRACTIONS ; TERRESTRIAL ; CHRONIC TOXICITY ;

ACUTE TOXICITY
0308 PLANTS: INTERTIDAL ; TIDA L CYCLE ; SHORE TYPE
0295 P L A N T S ; SALT MAR SH; T OLE RAN CE ; R E C O V E R Y ; SO U TH WE ST W A L E S
0413 PLANTS; OIL ; EMULSIFIERS ; ~tj c us ; PHOTOSYNTHESIS; NET PRODUCTIVITY ;

META BO L ISM
0501 PLANTS; PHYTOPLA NKTOH ; PHOTOSYNTHESIS; GROWTH; COM MUN ITY EFFECTS ;

ARCTIC; PERIPHYTON; POPULATION COMPOSI TION; SEASONAL SUCCESSION ;
M A CKENZIE  V A L L E Y  HWT

0770 PLANTS; REVIEW ; OIL ; MAR INE ; ANIMALS
0852 PLANTS ; TORREY CANYON ; COASTAL HABITATS ; EMULSIFIERS; CORNWALL;

BR IT TAN ?
0955 PLANTS; SALT MARSH ; WEATHERED OIL ; DEGRADATION ; GAS EXCHANGE;

R ETENTION ;  B R I T T A N Y ; TORREY CANYON
0966 PLANTS ; SANTA BARBARA SPILL ; INTERTIDAL; SUBTIDAL; SURVEY; DIVERSITY ;

ALGAE ; INVERTEBRATES ; CHANNEL IS.
0992 PLANTS. : T E R R E S T R I A L ;  PERS ISTA NCE ;  SOIL; FIELD CROPS
0725 P L A N T S 1  A Q U A T I C ;  B A C T E R I A L  D E G R A D A T I O N ; RIVERS; GROWTH ENHANCEMENT
0 7 15  P LA T I C Y R A ; CO R A L ; B A C T E R I A ; STRESS ;  CRUDE OIL;  MUCUS PRODUCTION ;

O E SU L F U V L B R I O ;  BE GGIA TOA
0719 PLA TYMOM AS ; ALGAE; TOXICITY ; GROW TH RATES ; FINE STRUCTURE;

HAN D P LA N K T O N ;  CHUDE oi l ; EM L ILflFIER
1 0 12  PLF STO PENAEU S ; PRAWNS I SCARLET; BENT HIC OIL DEPOSIT ;

A R U BA W E S T INDIE S; A T T R A CT I O N ;  HYDR O C A RBON C O N T E N T  A N A LY S I S ;
B A C T E R I A ; C H E M I C A L  A T T R A C T I O N S ; M E T A B O L I S M

0171 PLUMAGE ; GUILLEMOTS; WEA RIN G
0419 POLCYC IIC; BFNZ(A)PYRENE ; DNA BINDI NG ; AROPIAT ICS
0971 P O L L I C I P E S ;  S A N T A  BARBARA SPILL ; BREEDING RATES;  BARNACLE ; MUSSELS ;

CHIH AMAL US ; BALANUS ; MYTILUS; INTERTIDAL
0975 PO II ICIPES; SANTA BARBARA SPILL; BIRDS ; INVER TEBRATES; ALGAE ;

MOR 1 A L I T I E S ; RE CO LON IZ A 1 ION ; SUBLET HAL E F F E C TS ;  P H Y L L O S P A D I X ;
CHTHAP IAL L IS; HESPEROP HYCUS

11 2? POL LO CK; ARGO MERCHA N T SPILL; FUEL OIL; EMBRYOCENE SIS ;
HAT CH IHG SUCC~~~s; M UHp ’HULOtI Y ; t. .EPHA LA CN UK DAIA ; AM PHIOXUS

0409 POLLUTANTS; A QUATIC ANIMALS; PHYSIOLOGY
0632 POLLUTANTS; COLLECTION OF PAPERS; A Q UATIC ORGANISMS; PHYSIOLOGY
1009 POLLUTANTS; REVI EW ; EFFECTS ON MARINE LIFE
0934 POLLU T ION; BIBLIOGRAPHY —DIRECTORY
11 95 POLLUTION; REVIEW; BID IN DICAT O RS; ESTUAR INE ; MARINE ; OI L POLLUTION
0932 POLLUTION MONITORING; DIRECTORY; BIBLIOGRAPHIES
0395 POLLUTION RESEARCHERS; DIRECTORY
0988 POLNUCLEAR A R O M A T I C  H Y D R O C A R B O N S ;  BENZOPYREH E; CARC I NOG E NSI S ;

SYNTH (Si~~; DTS TRIB ’.ITIDN ; DEC PADAIIO H
0580 POL YARO MA TIC HYDROCARBONS; CRUDE OIL; CRUSTACE A BEHAVIOR; FEEDING ;

AL IPHAT IC ; C H E M O R E C E P T  ION
0424 POLYCHA ETE; OIL; DISPER SA NTS; TOXICITY; GAMETE FORMATION ; SPAWNING ;

GROWTH ; MORTALITY; C IRRATU LUS ; C IRR I FOR MI A ; BP I OO2 : COREX IT ;
£ S S O L V E  NE

0386 POL YC HAE T E ; EMULS IFERS; LITTORAL ORGANISMS; BPIOO2; BP IIOO; COCKLES ;
PRA W N
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0421 POLYCH A E TE : SUBLETHAL EFFECTS ; INTERTIDAL ; SOUTH HAMPTON , EN GLAND ;
CI R R A T U L U S ; CI RP I FORM IA

0846 POLYCHA ETE ; ARE NI COLA; BEHAVIOR ; FEEDING; W EATHERIN G
0881 POLYC HAETE ; M EA NT4E S ; RAD IOACTIV E TRACER EXPERIMENT ; UPTAKE;

RE IENT ION ; MET ABOLISM ; DEPURAT ION ; WAT ER SOLUBLE F R A C T I D N ;  W A T E R ;
SEDIMENT ; DETRITUS

0883 PDLYCHA ETE ; TOXI CITY ; WATER SOLUBLE FRACTION ; FUEL 011 .2; N EANTH O S ;
L A R V A E

0885 POL Y CHA E TE; FUEL O’L a 2; WATER SOLUBLE FRACTION; NE A NIH E S ;
HEMOGLOBIN; HYPOXIA ; SOU FH LOUISIANA CRUDE ; DISSOLVED OX YGEN;
T O X I C I T Y ; S Y N E R G I S M ; NA P H T H A L E H E S ;  D I S S O L V E D  H Y D R O C A R B O N S ;
RESPIRATION

0884 POLYC HAETE ; FUEL OIL *2; NA PHTHALEH E; AN HELIDS; HEANTHES;
UPTAKE &DEPURAT IOH ; DEVELOPMENT; MALE; FEMALE; EGGS; LA R V A E

1199 POLYCHA ETE; FUEL OIL *2; SOUTH LO U IS IA HA CRUDE OIL; HYPOXIA;
HEMOGLOBIN CON PEHSA T IOH

0609 POLYCHA ETE WORMS; MARINE SEDIMENT; METABOLISM; M ICROF A U N A; NEI OFAUNA;
MA CROFAU NA ; DEGRADATION ; BIVALVES; BACTERIA; EXCRETION

0121 POLY CHA ET ES ; SALT MARSH; YORK RIVER; ISOLATED ECOSYSTEM;
SOUTH LA. CRUDE; WEATHERED OIL; PHYTOPL AN K ION; FISH; PER IPH YTOH ; A TP;
MARSH CRASS ; B E H T H IC  F A U N A ;  I NSE C T  L A R V A E ; A II PH I PO DS ; O L I G O C H A E T E

0842 P O L Y C H A E T E S ; AR G O M ER CHA N T SP ILL ; B E N T H I C  F AU NA ; SP E C I E S  D I V E R S I T Y ;
P O P U L A T I O N  D E N S I T Y ; I N T E R T I D A L  FAUNA ; H A R P A C T I C O I D  COPEP O DS;
A PI PH IPODS

0892 POLYCH*ETES; TOXICITY; CRUDE; NRPHTHALENE ; BUNKER C; FUEL OIL 12;
W A T E R  SOL UBLE F R A C T I ON ; N E A N T H E S ;  C A P I T E L LA ; SOUTH L OU I S I A N A  CRUDE;
K U W A I T

1141) POLYCHAE TES ; FUEL OIL; CRUDE OIL; TOXICITY;
REPRODUCTION & DEVELOPMENT

1 1 75 POLYCHA ETES; CRUDE OIL ; ALGAE; ZOOPLANKTON; CRUSTACEANS; MOLLUSCS;
FISH ; U P T A K E ; R E T E N T I O N ; D E P U R A T I O N ; R E V I E W ;  B E N T H I C  O R G A N I S M S

1205 PO L Y C N A E T E S ; SANTA BARBARA CHANNEL C A L I F O R N I A ; NATURAL OIL SEEPS ;
I S LA  V I S T A  O IL  SEEP ;  B E N T H I C  FAUNA ;  B I O M A S S ; T O X I L I T Y

0460 POLYCOMPLEX A- I l ;  O IL; BIRDS; CLEANING ; PATHOLOGY;
S A N T A  B A R B A R A  CRUDE

1 109 PO LYCYCLIC AROMATIC HG’S; AROMATIC HYDROCARBON; CONTENT A~!A L Y S I S ;
B UNKER C; CREOSOTE; SEALS; FISH; SHELLFISH; PAN; FLUORO M ETRY;
FUEL O IL

0158 P O L Y C Y C L I C  A R O M A T I C  H Y D R O C A R B O N S ; CARC INOCE NI SIS ; RED A L G A E
0275 P O L Y C Y C L I C  A R O M A T I C  HYDROCARB ONS ; M E T A B O L I S M ; UPTAKE ;

FOOD W EB T R A N S F E R ;  B I O S Y N T H E S !S
0344 POL~~C Y C L I C  A R O M A T I C  H Y D R O C A R B O N S ; A C C U M U L A T O R  O R G A N I S M S ; M O N I T O R I N G ;

CARCINOGENS ; MUSSELS ; M Y T I L US ; B E H Z O P Y R E N E
0721 POLYCYCL IC AROMATIC HYDROCARBONS; MODEL; BIOLOGICAL EFFECTS;

T O X I C I T Y ;  SUBLETHAL E F F E C T S ;  T A I N T I N G ;  C O A T I N C ;
SOLUBLE A R O M A T I C  H Y D R O C A R B O N  D E R IV I T I E . ,

0990 POLYCYCL IC AROMATIC HYDROCARBONS ; PAN ; BP; CARC IN GEH IC;
BENZ (A )PYREHE

0833 POLYCYCL IC AROMATIC HYDROXYLAS E ; BEN ZOPYRE NE ; HYDROXYLASE IN DUCTION;
FISH ; ARYL HYDROCARBON HYDROXYL A SE ; BROWN TROUT; NEWFOUNDL A ND ;
TA INT I HG; THIN-LAYER CHROMATOGRAPHY

0343 POLYCYCL IC ARO NA T ICS ; BEHZO( A )PYRENE; CARCINO GEN S ; MO NITORING ;
DETERMINATION TECHN I QUES; TISSUES; SEDIMENT : THIN—LAYER

1 164 POLYCYCLIC ARO MAT ICS ; BENZOPYRENE ; MOLLUSCS ; BIVALVES; ESTUARIES;
OREGON ; CARCINOGENS
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0010 PDLYCYCLIC HYDROCARBONS; METABOLISM ; ENZYME SYSTEM ;
ARYL HYDROCARBON HYDROXYLAS E ; TROUT

0176 POLYCYCLIC HYDROCARBONS; CA RC INO G EHI SIS
0055 POLYN UCL EAR AROMATIC HYDROCARBONS ; M ETABOLISM ;

DIMET HY INI TROSA M IPfE — DENETHYLASE ; ENZYME REPRESSION
0026 POLY NU CLEAR AR OM A T I C  HYDR O CARB ONS ; C A R C I N O G E N S ; B ENZPYR EME ;

BIOGENE S IS
0211 POLYNUCLE A R A R O M A T I C  HYDROCARBONS ; OYSTERS
0801 POLYNUCLEA R AROMATIC HYDROCARBONS ; ANALYTICAL METHODS ;

PETROLEUM OILS ; MARINE TiSSUES; BEHZ (A )A HTHRACENE ; BEN ZO (A )PYREHE
1161 POLYHUCLEAR AROMATIC HYDROCARBONS ; ESTUARI NE; UPTAKE; RETENTION;

D E P U R A T I O N ;  BENTH I C  O R G A N I S M S ;  SH ELLFISH; BENZ OPYRE N E
0987 POLYNUCLER A R O M A T I C  HY DROCARBONS ;  C A R C I N O G E N S I S
0210 POLYHUCLEUR AROMATIC HYDROCARBON CONTENT ; OYSTERS
0718 POMAT OL EIO S ; CHRONIC POLLUTION ; OIL PORT; GROWTH; TOXICITY; KUWAIT;

DIVERSITY ; SUCCESSION
0101 POND; CRUDE OIL ; ARCTIC; PHYSICAL PARAMETERS; PHYTOPLAN KTON ;

VASCULAR PLANTS ; C H IRO HOMI D ; AQUATIC ; PRUDHOE CRUDE OIL;
A R C T I C  — T U N D R A ;  A L A S K A —  B A R L O W ;  BENT HI C ORGANISM S; PLAN KTON

0212 POND SNAIL; NAP HTHEN IC ACID; TOXICITY: BLUEGILL SUNFISH;
WATER HARDNESS ; TEMPERATURE

0568 PONTOGAMNARUS; CRUDE OIL; TOXIC ITY; CA SPIAN SEA; CERA STODERMA ;
CHANCE ; ABRA

0244 POPULAT ION ;  B IRDS; M O R T A L I T I E S ;  BEACH S U R V E Y S ;  CHRONIC S P I L L A G E ;
TREATMENT ; DISPERSAN TS

0654 POPULATION ; S A N T A  B A R B A R A  SPILL ; FISH ; PELAGIC
0904 P O P U L A T I O N ;  OUTBOARD ENGINE EXHAUST ;  SPECIES ABUNDANCE ;  D I V E R S I T Y ;

PHYTOPLAN KT QN; ZOOPLANKTOH; PERIPHYTON; FISh BEHAVIOR
0951 POPU LATION ;  SANTA BARBARA SPILL ; FISH; D I V E R S I T Y ;  P E L A G I C ;  A N C H O V Y ;

ROCKFLSH ;  ECHO SOUND ING
1020 POPU LATION ;  A L G A E :  ENULSIF IERS; B I O A S S A Y ;  T O X I C I T Y ;  G R O W T H ;  T I S S U E S ;

LAYER ; PORPNYRA
1200 POPUlATION; WEST FALMOUTH OIL SPILL ; MASS. ; MACRO BENTHOS ; CAPITELLA;

PO P U L A T I O H  DYNAM ICS
0501 POPULATION COMPOSITION ;  PHYT OPLR NKIO N; PHOTOSYNTHESIS ;  G R O W T H ;

PLANTS; COMMUNITY EFFECTS; ARCTIC ; PERIPHYTON; SEASONAL SUCCESSION;
MACKENZIE VALLEY HWT

0842 POPULATION DENSITY; ARGO MERCHANT SPILL ; BENTH IC FAUNA;
SPECIES DIVERSITY ; INTERT IDAL FA UNA; NA RP A CTICO ID COPEPODS ;
POLYCHAETES ; AM PHIPODS

1200 POPULATION DYNAMICS ; WEST FALNOUTH OIL SPILL; MASS. ; MACR OB ENTHOS;
CA PITELLA ; POPI’_ A TIOH

0685 POPULATION LEVELS ; FIELDS STUDIES ; CHRONIC POLLUTION ;
SANTA BARBARA SPILL; LAKE NARACA IBO . VENEZUELA ; BERMUDA;
T IM BALIE R BAY, LA. ; DIVERSITY; SIZE; (~ROW TH RATE; REPRODUCTION ;
ABNORMA L GROW THS ; BI O NA GNIFI CATT O H

0197 POPULATION RECOVERY; DETERGENTS ; NUCELLA LA PILLUS ; RESISTANCE;
MORTAL I TY ; RECOLONIZATION; ROCKY SHORE; LITTORAL

0373 POPULATION SURVEY; INSECTS; SANTA BARBARA; CREVICE FAUNA; LITTORAL ;
BEETLE ; THALASSOTRECHUS

0259 POPULATIONS ; BACTERIA; BUNKER C; SAN FRANCISCO; DIVERSITY; BEACHES
0468 POPULATIONS ; B A C T E R I A ;  O I L — D E G R A D I N G ; TORREY CANYON ; FIELD STUDY;

ENULSIFIERS ; BEACHES
043? POPULATIONS ; BIRDS ; M ICRATION ; WINTER QUARTERS; BREEDING
0503 POPULATIONS ; CHESAPEAKE BAY: OIL SPILL INCIDENT; SALT MARSH ; MUSSEL ;
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OYSTERS ; S N A I L ;  MARSH GRASS
05 1 1  POPULATIONS; STRE A M , V I R G I N I A ;  SEDIMENT; DIVERSITY;

M HCRO L NV ERT EBRA TE S
0672 POPULATIONS ; OFFSHORE D R I L L I N G ;  SPILL INCIDENT ; MISSISSIPPI DELTA;

W ATER COLUMN ; SEDIM ENT ; WEATHERING ; MIGRATES IN SEDIMENTS; DIVERSITY;
SHRIM P; BLUE CRA BS ; BEN THIC ORGANISMS

0641 POPULATIONS ; ESTUARIES ; HYDROCARBON CONCENTRATIONS ; SEDIMENTS ;
ZOOPLANKTO N ; PHYTOPLA NK TOH ; CRUDE OIL; SALT MA RSH PLANTS ; D I V E R S I T Y ;
FISH; M! GRHTIO N ; GAS CHROMATOGRAPHY ; D EGRADATIO N

0689 POPULATIONS ; FUEL OILI2 ; WEST FA LMOU TH~ W I L D  HAR B 0R~ MASS
BENTHIC FA UNA ; SEDIMENTS; HYDROCARBON CONTENT ; OPPORTIN US TIC SPECIES ;
RECOVER Y; GAS CHROMATOGRA PHY; DIVERSITY

0745 POPULATIONS ; PA LVA OIL SPILL INCIDENT ; BENTHIC FAUNA; DIVERSITY;
81 OMASS

0311 PORCELAIN CRAB ; OLE O PHILIC FLUFFS ; DETERGENT ; OIL ; T O X I C I T Y ;
MECHAN I SM OF ACTION ; BP1100

1 020 PORPHYR A ; ALGAE ; EPIULS IFIERS ; BIOASSAY; TOXICITY; GROWTH; POPULATION;
TISSUES; LAVER

121 6 PORPHYRA; ALGAE; DISPERSANTS; GROWTH ; TOXICITY
0382 PORT VALLEY S ALASKA ; INTERTIDAL ; SEDIMENT ; BACTERIA POPULATIONS ;

ME IOF A U NA : COPEPODS; MACDMA BAIT HICA
1141 POTATO ; TAINTING ; D I ST ILLATES ; HAD DOCK ; VASCULAR PLANTS
0997 POTENTIAL ; SEAWATER ; CHRONIC POLLUTION ; DEGRADATION ; BACTER IA ;

PETROLEUM HYDROCARBONS; SALINITY
1060 P O T E N T I A L ; B I O D E G R A D A T I O N ; MARINE ; R A D I O M E T R Y ; H EXA DECANE
1 221 POTENTIAL OIL SPILLS; ARCTIC; CO N TINE N TAL SHELVES ;

ASSES SMENT OF SPILLS ; REVIEW
1 222 POTENTIAL OIL SPILLS ; ESTERO BAY ; ASSESSMENT OF SPILLS;

C O N T I N G E N C Y  PLANNING ; B I O L O G I C A L BASEL INE
0156 PRA SIHOLADUS ; ALGAE; EMULS IFIERS ; BP 1002; TOXICITY; TEMPERATURE
0386 PRAW N; EM IJLS IFERS; LITTORAL ORGANISMS ; OP IOO2; BP IIOO ; COCKLES ;

POL Y C HA E T E
0519 PRAWN; TOXICITY
1 012 PRAW NS ~ SCARLET ; PLESIOPEN A EUS ; BEHT H IC OIL DEPOSIT ;

ARUBA WEST INDIES; ATTRACTION; HYDROCARBON CONTENT ANALYSIS ;
B A C T E R I A; C HE M I C A L  A T T R A C T I O N S ; METABOL IS M

635 PREDATION RATE; DRUPA GRANULATA ; MYTILUS FECUNDITY ; SUBLETHAL;
CRUDE OIL ; MUSSELS; RED SEA; DISPERSA NT

0724 PREDICTION; LONG IS. , N.Y.; OIL SPILL
0067 P R E F E R E N T I A L  D E G R A D A T I O N ;  D E G R A D A T I O N ; COMPONENT PREFERENCE ;

GA S CHROMATOGRAPHY; MASS SPEC.; RATE AND EXTENT; CO2 PRODUCTION ;
MINERALIZ A TION ; PMPAF FI I4 N IC CRU DE OIL; BACTERIA; BIODEG RA DATION

C— 3O~ PRESSURE; BA C T E R I A L  DE G REDATION; TEMPERATURE; RATE; FLORI DA
0153 PREVENTION; ECOLOGICA L EFFECTS ; REVIEW ; COMMUNITIES;

LONG TERM EFFECTS ; EFFECTS OF CLEANING
0022 PREVENTION AND CONTROL; CONFERENC E ; AMER. PETROL . INST.:

O I L  SPILL C 0NFERE~1 E  19~~7
0021 PREVENTION AND CONTRO L ; CONFERENC E ; AMER. PETROL . INST. ;

OI L SPILL CONFERENCE 19?5
0019 PREVENTION AND CONTROL; CONFERENCE; AMER. PETROL . INST. ;

OIL SPILL CONFERENCE 1969
0020 PREVENTION AND CONTROL; CONFERENCE; AMER. PETROL . INST. ;

OIL SPILL CONFERENCE 1 973
05 99 PRIMARY PRODUCTION ; ECOTOXICOLOGY; CRUDE OIL; EXPERIMENTAL ECOSYSTEM
0599 PRIMARY PRODUCTION; TOXICITY; KUWAIT CRUDE; COREXIT 8666;
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P HY T O P L A N K TO N; PH A E OD AC T YLUM TR I C O R N U T U M ; I L L U M I N A T I O N
0161  P R I M A R Y  P R O D U C T I V I T Y ;  FUEL O I L S2 ; NIGERIAN CRUDE ; C R A N K C A S E  OIL ;

BEN TNIC ALGA L COMMUNITIES ; TOXICITY; RECOVERY; ALGAL BLUE GREEN
Q328 PR I M A R Y  PRODUCTIVITY ; ARCTIC ; ALGAE; MACKENZIE VALLEY CRUDE OIL;

S P E C I E S  C OM P O S I T I O N
0250 FRIST A NE ; PAR A FFINS ; ALGAE; ZOOPLANKTON ; PHYTOPLANKTON ; SEDIMENT;

8 I O G E H I C ; P E T R O L E UM
0533 PROC A MBARUS ; BIOASSAY ; BEHAVIOR ; BIOELECTR IC ACTION POTENTIALS;

H Y D R O C A R B O N S
0823 PROCEDURES ; TO X I C I T Y
1033 PROCEDURES ; COON STRIPE SHRIMP ; TOXICITY ; FUEL OIL 52
1076 PROCEDURES MANUAL ; BI OLOGICAL EFFECTS
05 89 PRODUCED W A T E R S ; OFFSHORE PRODUCTION ; CHRONIC SP ILLAGE ;

TIMBALIER BAY LA. ; TEXAS BAYS
0998 PRODUCERS ; CRUDE OIL ; CHENORECEP TION ; SUBLETHAL EFFECTS;

W A TER SOLUBLE F R A C T I O N ; INH IB ITORS
0102 PRODUCTIVITY ; ARCTIC; PHYTOPLANKTON; OIL SEEP; ABUNDANCE ; BACTERIA ;

A LASK A ; CAPE SIMPSON ; NATURAL OIL SEEP; PNY TOPLANKTON PRODUCTIVITY ;
B A CTE R IA

0566 PROD UC T I V I T Y ; C A S P I A N SEA ; GENERAL POLLUTION
0700 PRODUCTIVITY ; REVIEW—OIL POLLUTION ; LARVAE ; SUBLETHAL EFFECTS; FISH;

PHYTOPLANKTON ; ZOOPLANKTON ; EGGS; BIRDS; PLAICE
0790 PRODUCTIVITY ; SANTA BARBARA SPILL ; PHYTOPLANKT ON ; OIL ; DISPERSANTS
1160 PRODUCTIVITY ; DISPERSAN T5 ; COREX IT ; CRUDE OIL; ARCTIC; PHYTOPLANKTOH;

ALG A E
1 2 04 PROD UC T I V I T Y ; LOS ANGELES HARBOR ; SANS IHEA SPILL ; Z O O P L A N K T O N ;

A S S E S S M E N T  OF SPILLS; BIRDS ;  BENTHIC ORGANISMS ; FISH; P NY T O P L A H K T ON
0969 PROGRESS REPORT ; SANTA BARBARA SPILL ; FIELD SAMPLING
0436 PROPOSED RESEARCH NEEDS
0720 PROPOSED RESEARCH NEEDS ; C H R O N I C  EFFECTS
0660 PROTEINS ; DETERGENTS ; BP1002 ; ELECTROPNORESIS ENZYMES
0011 PROTOCOCC A L ALGAE ; PETROLEUM PRODUCTS ; BLUE GREEN ALGAE ;

A PHAN IZOMENON ; SCEHEDESMUS ; GROWTH; MORPHOLOGY
0923 PROTON MAGNETIC RESONANCE SPECTROSCOPY . TAINTING ; MULLET; HUGIL;

KEROSENE ; GAS LIGUID CHROMATOGRAPHY ;
GAS CHROMATOGRAPHY— MASS SP ECTROSCOPY ;  INFRA RED S P E C T R O S C O P Y ;
RADIOACTIVE TRACERS ; UPTAKE

1065 PRO TOTH ECA ; ALGAE; SUBSTRATE SELECTION ; B IODEGRADATION
1066 P R O T O T H E C A ; CHES AP F A K E B A Y ;  B A L T I M O R E  HARBOR ;  B I O D E G R A D A T I O N ;  ALGA
0066 PROTOZOA ; A LGAE ; FUNGI; PLANTS ; LICHENS ; PSEUDOMONA S; ARCTIC;

MICROORGANISMS ; PRUDHOE CRUDE OIL; NATURAL OIL SEEPAGE ;
AL A S KA—PRU DHOE BAY ; CAPE SIMPSON

0983 PROTOZOA; OIL; OIL SEWAGE TREATMENT
12 02 PROTOZOA ; NORMAN WELLS & PEMB INA CRUDE OIL ; ASSESSMENT OF SPILLS;

MICROORGANISMS ; BACTER IA ; PHYTOPLANK TON ; ZOOPLANKTON ;
ANALYSIS FOR PETROLEUM HYDROCARBONS ; CANADA

11 7 1 PROTOZOA ; BIO !ND ICATOR S ; C ILIATES ; EUPLOTES ; SAUDI ARABIAN CRUDE;
EMPIRE MIX CRUDE ; M IC ROF A UNA ; COMMUN I TY DIVERSITY EXPERIMENTS

0040 PROTOZOAN C ILIATES ; KU WAIT CRUDE; EUPLOTES; URONEMA ; NEMATODE ;
INGESTION

0063 PROTOZOANS; MICROBIAL POPULATIONS ; BLUE GREEN ALGAE; DIATOMS;
DEGRADATION ; YEAST: SPECIES DIVERSITY; GREEN ALGAE; NATURAL SEEPAGE;
PR IJDHOE CRUDE O IL; ARCTIC; A LA SKA— PRUDNO E BAY ; CAPE SIMPSON;
NUTRIENT ENRICHMENT

0062 PRUDNOE BAY ; ARCTIC; MICROORGANISMS; VALDEZ; UNIAT; NATURAL SEEPACES;

D— 153

- .
~• 

- — ‘- ...—‘. -—— — - - r - — — —. - .-—— -- fl - — .

4-’. .~~~~~~~ - . ..



ALASKA —PR UDHOE BAY ; CAPE SIMPSON
0730 PRUDHOE BAY ; SALMON; TOXICITY; CRUDE OIL; A LIPHATIC ; AROMATICS ;

CE LL M E M B R A N E  P E R M E A B I L I T Y
0871 PRUDHOE BAY CRUDE ; SALMON. PINK ; C OOK INLET CRUDE ; FUEL OILS2 ;

WATER SOL UBLE FRACTION ; RESPIRAT ION ; COUGHING; UPTAKE & DEPURATION
0865 PRUDHOE BAY CRUDE ; BIVALVES ; TOXICITY ; SPERMATOZOA ; FERTILIZATION ;

DEVELOPMENTAL ABNORMALITIES ; KUWAIT CRUDE ; N IG ER IAN CRUDE
0463 PRUOHOE BAY CRUDE OIL ; FISH PHYSIOLOGY: F1SH BEHAV IOR ; TOXICITY;

SALMON ; ENZYMES ; SOLUBLE HYDROCARBONS
0913 PRUDHOE BAY CRUDE OIL ; CLAM ; MACO MA ; H Y D R O C A R B O N  A N A L Y S I S ;

GAS C H R O M A T O G R A P H Y ;  B E H A V I O R ;  BURROWING
1011 PRUDHOE BAY CRUDE OIL ; SALMON ; WAT ER SOLUBLE FRACTION ;

RESPIRATORY RATE ; STRESS
1126 PRUDHOE BAY CRUDE OIL ; NAPI4T HA LEHE ;

METHODS OF DETECTION OF NC’S IN ORGANI SM ; UPTAKE; SI PIJ NC U L ID WORM;
S P E C T R O P H O T OMETRY ; PHA SCOLO SOM A

1166 PRUDHOE BAY CRUDE OIL ; SEALS ; PINNIPEDS ; HYPOTHERM IA
1 197 PRUDHOE BAY CRUDE OIL ; NAPHTHALE NE; CLAMS; MACOMA; UPTAKE; SEDIMENTS
1213 PRUDHOE BAY CRUDE OIL ; CLAM ; MACOMA ; A L A S K A ; B UR R O W I N G ;

B E H A V I O R A L  E F F E C T S
0564 PRUDHUE CRUDE; CRABS; CHIOHOECETES; MOLTING
0066 PRUDHUE CRUDE OIL ; PROTOZOA; ALGAE ; FUNGI ; PLANTS ; LICHENS ;

PSEUDOMONA S ; ARCTIC; MICROORGAN I SMS; NATURAL OIL SEEPAGE ;
ALAS KA -PRUDHOE BAY ; CAPE SIMPSON

0101 PRUDHUE CRUDE OIL: CRUDE OIL; POND; ARCTIC ; PHYSICAL PARAMETERS ;
PHYTOPLANKTON ; VASCULAR PLANTS; CHIRONOM ID; A QUATIC; ARCTIC — T U N D R A ;
ALASKA— BARLOW ; BENTHIC ORGANISMS ; PLANKTON

0071 PRUDHUE CRUDE OIL ; AR CTIC ; LICHENS; ALGAE—NASTOC ; RESPIRATION ;
PHOTOSYNTHESIS; NITROGEN FIXAT iON

0063 PRUDHOE CRUDE OIL ;  M I C R O B I A L  POPULATIONS ;  P R O T O Z O A P 4 S ;
BLUE GREEN ALGAE ; DIATOMS ; DEGRA DATION ; YEAST ; SPECIES DIVERSITY;
GREEN ALGAE ; NATURAL SEEPAGE; ARCTIC ; A LA SKA—PRUDHOE BAY ;
CAPE S I M P S O N ; N U T R I E N T  E N R I C H M E N T

1048 PSEUDOFECES; MUSSEL ; MYT ILUS ; FILTERING ; PURIFICATION
0743 PSEUDOMOMAS ; BACTERIAL DEGRADATION; HA PHTHALE NE ; METABOLIC PATHWAY
0066 PSEUDOMONA S ; PROTOZOA ; ALGAE ; FUNGI; PLANTS ; LICrIENS ; ARCTIC ;

MICROORGANISMS ; PRUDHOE CRUDE OIL; NATURAL OIL SEEPAGE ;
A LA SKA-PR UDHtIE BA Y; CAPE SIMPSON

0303 PSEUDONONAS ; CHEDABUCTO BAY , NOVA SCOTIA; CAPE SIM PSON . ALASKA;
NATURAL SEEP ; A RTHRO8A CTER ; TEMPERATURE

0546 PSEUDOMONAS; BACTERIAL DEGRADATION; ARO MATICS ; METABOLIC PATHWAYS
1O2OA PS’I’CHRO PHIL IC~ BACTE RIA~ DEGRAfl~TION ; LOW TEMPERA11JRE
0242 PUBLIC HEALTH ; REVIEW: BIOLOGICAL CONSEQUENCES ; BIRDS ;

COMMERCIAL FI SHERIES; COASTAL FLORA AND FAUNA ; ARCTIC
0281 PUCCINELL A ; SALT MARSH; SPA RTINA ; CHRONIC ; WEATHERING ; RECOVERY;

C O R N W A L L
0282 PUCCINELLIA; REVIEW ; CHRONIC POLLUTION; SALT MARSH ;

REFINERY EFFLUENT ; RECOVERY; SPARTINA; OENANTHE
0224 PUERTO RICO; OCEAN EAGLE SPILL; ECOLOGICAL DAMAGE
032? P U E R T O  R I C O ; O I L  S P I L L ; G U A N I C A
0749 PUERTO RiCO; ZOE COLOCUTRON IS ; VENEZUELEN CRUDE;

MANGROVE PROP COMMUNITY ; TURTLE GRASS COMMUNITY; SEDIMENTS;
HYDROCARBON ANALYSIS; TROPICAL

0789 PUERTO RICO; OCEAN EAGLE SPILL; ECOLOGICAL IMPACT; CLEANUP ; OVERVIEW
1177 PUERTO RICO; OIL SPILLS; ECOSYSTEM; MANGROVE; CORAL REEFS; ESTUARIES;
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A N A L Y S I S  FOR HYDROCARBONS ; MULLET ; O Y S T E R ;  CLAM ; H I S T O P A TH O L O G Y ;
R E V I E W

0810 PU FFINS ; BIRDS ; BRE EDING COLONIES ; OIL ; W O R L D  VA R 2 OIL  PO LL U T I O N ;
GU I L L E N O T S

0565 PUGET SOUND ; SYMPOSIUM
0543 PUGET SOUND ; ECOLOGICAL  IMPACT
0652 PUCET SOUND ; PETROLEUM H Y D R O C A R B O N S ;  BASELINE I N V E S T I G A T I O N ;

SEDIMENTS ; MUSSELS ; SNAILS; THA IS ; INTERTIDAL
1219 PUCET SOUND ; CRUDE OIL; SEDIMENTS ; WASHIN GTON ; INTERTIDAL ZONE ;

UPTAKE I DEPURAT ION ; ASSESSMENT OF SPILLS ; BENTHIC ORGA N ISMS ;
R E C R U I  T M E N T

0689 PUPAE ; PETROLEUM FRACTIONS ; NOSQUITOS ; TOXICITY; CULEX ; AEDE S ; EGGS ;
LARVAE

0708 PURIFICATION ; BLACK SEA ; DEGRADATION ; WATER ; SEDIMENTS ; BACTERIA
1048 PURIFICATION; MUSSEL; MYTILUS; FILTERING ; PSEUDOFECES
0567 PYRGOHYDR OB I R ; C A S P I A N  SEA ; BENTHOS ; CRUD E OIL ;  GROWTH ; REPRODUCTION ;

CH IRONOMIJ S ; C E R A S T O D E R M A ;  NA IS ; NERE IS; ABRA
0642 PYROCRAPN ICS; BIOGEN IC VS PETROLEUM HYDROCARBONS; OUTBOARD MOTOR OIL ;

A LGAE
1014 P Y R U V A T E  REDUCTION ; ARGO MERCHANT SPILL; WINTER FLOUNDER ;

YELLOW TAIL FLOUNDER ; MODIOLUS; PLACOPECTEN; RESPIRATORY ENZYMES;
MA LIC DEHYDROGENASE ; OSNOLALITY ; AN A ER OBI OS IS

0529 QUAHOC ; BIOASSAY; CONTINUOUS FLOW : TOXICITY; SUBLETHAL EFFECTS ;
WATER SOLUBLE FRACTION; WHOLE OIL FRACTION: MINNOW; FLOUNDER ; SHRIMP;
SCALLOP ; MUSSEL ; MUD SNAIL

1136 QUAHO C ; ARCTIC ; CYCLOALKA HES; CONTINENTAL SHELF ; CLAMS ; RHODE ISLAND
1133 QUAHOG; FUEL OIL; CRASSOSTREA ; ESTUAR INE; AL IPHATICS; MER C ENARIA;

CLANS; OYSTERS; UPTAKE ; RETENTION; DEPURATION
1148 QUAHOGS ; PHENOL; TOXICITY; METHODOLOGY; HISTOPATHOLOGICAL EFFECTS;

C Y T O L O G Y ; CLAMS
0442 R.C. STONER ; REEF COMMUNITY; FISH ; WAKE IS.
0360 RABBIT FISH ; TOXICITY; CRUDE OIL; DEPTH; SICAHUS ; DISPERSAN T;

STATIC ASSAY ; FLOW THROUGH ASSAY; SALINITY
0358 RABBIT FISH; MA CROFA UHA ; RED SEA; TOXICITY ; CRUDE OIL ; DIS PERSAN T;

CORAL ; HETEROXENIA; CASTROPODS; MUSSELS; CHITON; SEA URCHIN;
HERMIT CRAB; SHRIMP; COATFIS H

0759 RADIO ASSAY; BENZ (A )PYREHE ; UPTAKE ; DEPURATION ; DISTR IBUT IOh ; R A N G I A ;
C L A N S

048? RADIOACTIVE ; NAPHTHALENE; ACCUMULATION ; COPEPOD; LONG TERM EXPOSURE;
LOW LEVEL CONCENTRATIONS; MARINE ZOOPLANKTOH ; PERSISTENT EXPOSURE;
UPTAKE /DEPURAT ION; CALAHUS ; EURYTENORA

0219 RADIOACTIVE LABELING; BACTERIA; HYDROCARBONS
0206 RADIOACTIVE TRACER ; ARCTIC; BIODEGRADATION; GEOGRAP H IC DISTRIBUTION;

EFFECT OF CLAY PARTICLES ON RATE; ENUMERATION ; RATE ; DISSOLVED PHASE
0510 RADIOACTIVE TRACER ; BACTERIA; CRUDE OIL ; FUEL OIL 52; BUNKER C;

METABOLISM ; INHIBITION; CONTROLLED ECOSYSTEM
0613 RADIOACTIVE TRACER ; FISH; WA PTHALENEJ BENZ( A )PYRENE ; UPTAKE;

METABOLIS M ; DISCHARGE; SCULPIN ; OLICOCOTTUS ; COBY; G ILLTCHT HY S ;
SAND DAB; CITHARZC HTHYS

0910 RADIOACTIVE TRACER ; BIODEGRADATION; HEXADECANE ; TOKYO BAY;
WATER COLUMN; BACTERIA

1039 RAD I OACTIVE TRACER ; ARO NATICS; CYCLO—A LKANE ; SEDIMENTS; BUNKER C;
BEACH SEDIMENTS; CHEDABUCTO BAY . NOVA SCOTIA ; ARROW SPILL;
METABOLISM: MOLLUSCS; MYA ; OSTREA; MYTILUS;
A RYL HYDROCARBON HYDROXYLASE ; BENZOPYRENE
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098o R A D I O A C T I V E  TRACER ; BENZENE ; HERRING ; CULPEA; SPAWNING; O V A R I A N  EGGS ;
EMBRYOS ; LAR VAE ; BEHAV IOR

0881 RA D IO A C T I V E  T R A C E R  EX PERIME NT; P O LY C H A E T E ; H EANTHES ; UPTAKE ;
RETE NTION ; METABOLISM ; DEPURAT ION ; WATER SOLUBLE FRACTION ; WATER ;
SEDIMENT ; DE TRITUS

1 055 RAD I O A C T I V E  TRACER EX PERIMENTS; DEGRADATION ; FUNGUS ; CLAD O SPORIUM;
O XIDIZING SYSTEM ; PATHWAYS-METABOLIC; PESTICIDES

02~~? RADIOACTIVE TRACERS ; COPEPOD ; UPTAKE; DEPURATION; HAPHTHALE N E;
METABOLISM ; CALANUS ; FOOD WEB; WATER SOLUBLE FRACTION;
DIET A RY ROUTE OF ENTR Y

0 1 1  RADIOACTIVE TRACERS ; MYTILUS; CONTENT ANALYSIS; UPTAKE; DEPURAT ION ;
R E T E N T I O N ; MUSSEL ; A R O M A T I C  HYDROCARBONS ; PAR A FFI NS

0 6 0 9  R A D I O A C T I V E  TRACERS ; ZOO PLANKTO H ; BEN ZPYREHE ; UPTAKE; DEPURATION;
PACIFIC C OAST; ARCTIC ; AROMATIC HYDROCARBONS ; NAPT HALE N E ; CALAHUS

O~~12 R A D I O A C T I V E T R A C E R S ; M E T A B O L I SM ; UPTAKE ; DEP UR A T I O N ; R E V I E W
0610 R ND IOACT IV E TRACERS ; ESTUARIES ; ABSORPT ION TO PARTICLES ;

PETROLEUM C O M P O N E N T S ;  M I C R O B I A L  D E G R A D A T I O N
c893 RA D I O A C T I V E  TRACERS ; FISH; FUNDULUS ; LIVER ; LIPOCEHESIS ;

ULTR A STRUCTURE ; METABOLIC PATHWAYS ; GLYCOLYSIS
0923 RADIOACTIVE TRACERS ; TAI NTING ; MULLET; MUGIL; KEROSENE;

GAS LIGU ID CHROMATOGRAPHY ; GAS CHROMATOGRAPHY— MASS SPECTROSCOPY ;
INFR A RED S P E C T R O SC O P Y ; U P T A K E ;
PROTON MAGNETIC RESON ANCE SPECTRO SCOPY

lO b O RA DIOMETRY; BiODEGRADATION; POTENTIAL ; MARINE; HEXADECANE
0410 RA H GIA; CLAM ; HA PHTHA LENES; TRINITY BAY . TEXAS ;

OIL S E P A R A T O R  PLATFORM ; UPTAKE ; D E P U R A T I O N ; S E D I M E N T S ;
H Y D R O C A R B O N  ANAL Y SIS ; GAS C H R O M A T O G R A P H Y

0759 RA HGI A; BENZ (A )PYRENE; UPTAKE; DEPURAT IO N ; DISTRIBUTION ; RADIO ASSAY ;
CLANS

0762 RA N G I A ;  UPTAKE IDEPURATION ; CRASSOSTREA ; FUNDUL US ; PENAEU S
0069 RARITAN BAY N .J . ;  ABUNDANCE ; DISTRIBUTION ; B IOIN DICATOR ; ENUMERATION;

CR UDE O I L —  S W EDE N; TEMP ERAT URE ; LEV E L O F OIL ; M I C R O O R G A N I SMS ;
BIODEGRADATION ; GAS CHROM ATOGRAPHY

0206 RA t E ;  ARCTIC ; BIODEGRADATION; R A D I O A C T I V E  TRACER ;
GEOGRAPHIC DISTRIB UTION ; EFFECT OF CLAY PARTICLES ON RA TE;
ENUMERATIO N ; DISSOLVED PHASE

0380 RATE; BIODEGRADATION ; OXYGEN LEVEL ; N0NOD’S MODEL
0 7 1  R A T E ;  B I O D E G R A D A T I O N ;  T E M P E R A T U R E ;  O X Y G EN A V A I L I L I T Y ;  BOD
0828 RArE; DEGRADATION; BACTERIA; ESTUARY; BEACH; FUEL OIL ; ENR iCHMENT ;

MARRACA N SET BAY; HYDROCARBON CONCENTRATION; SEDIMENTS ; ~ I G R A T I O H
0907 RATE; BACTERIAL DEG REDATION; TEMPERATURE; PRESSURE; FLO R ID A
006? F~~TL AND EXTENT; DEGRADATION ; COMPONENT PREFERENCE;

G AS CHROMATOGRAPHY ; MA SS SPEC ; C02 PRODUCTION;
PREFERENTI AL DEGRADATION ; M !P4EQA L !ZA T ION; P A R A F F I N N I C  CRUDE OIL;
B A C T E R I A ; B IO DE C RA DA T IO H

0~~2 1  RATE EN HANCEMENT; BIODEGRADATION ; NITROGEN; PHOSPHORUS
093? RATE ENHANCEMENT; CORYNEBACTER IUM ; A RTN R OBACTER ; A CHRO M O BA CTER;

HYDROCARBON-OX ID I ZINC BACTERIA
Qrj~~~ R~~TE INC REASE BY GENETIC MANIPULATORS ; BACTERIA; BIODEGRADATION
0742 RA TE LIMITING FACTORS ; DEGRADATION; TEMPERATURE; BUNKER C; NOC A RDIA
0952 PA T E OF ENTRY; OIL; UPTAKE; ACCUMULATE; MYA ARE N ARIA; MUCUS BINDING;

DROPLETS ; OIL DYE
0843 RATES; B IODEGRADATION; BACTERIA; MECHANISM;

TOXICITY OF METABOLIC AND PRODUCTS ; FLOW RATE IN CHEMOSTA T
0793 RA T E S ; B IO DEGRADATION ; MIXED CULTURE; ORGANIC ENRICHMENT;
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INO RGANIC  S A L T S ; A E R A T I O N
100.3 R A T T A I L ;  HY DROCARBON CONTENT ANALYSIS ; DEEP-SEA BENTHOS ; W EMATONURUS ;

HO LU THUR t A N S
0 1 7 2  RA Z O R B I L L S ;  T O R R E Y  C A N Y O N ;  B I R D S ;  M O R T A L I T I E S ;  G U I L L E M O T S
0197 RE~~OLO NI ZATI0P4 ; DETERGENTS; W UCELLA LAPILLUS ; RESISTANCE ; MORTALITY;

POPULATION RECOVERY ; ROCKY SHORE; LITTORAL
O2~34 RE C OLONIZATION ; ARCTIC; INVERT EBRATES REPRODUCTION ; RECOVERY
0407 RECOLONIZATION ; ARCTIC ; INVERTEBRATES; RECRUITMENT; BROODING;

M ICROBIAL DE G RADAT I Os; TEMPERATURE
0972 R E C O L O N I Z A T I O N ;  OIL ; DETERGEN T ; SETTLEMENT ; A R T I F I C A L  SUBSTRATE
0975 RECO LONI ZATIO N ; SANTA BA RBARA SPILL ; BIRDS ; INVERTEBRATES ; A LGAE ;

M O R T A L I T I E S ; S UBLETH A L EFFECTS ; P H Y L L O S P A D IX ; CHTH A MA LUS ; P O L L I C I P E S ;
HESPEROPHYCIJS

1 09’? RECOLONIZATION ; TRANSECT; INVERT EBRATES; HYDROCARBON ANALYSIS ;
TISSUES; SEDIMENT; COBBLE BEACH ; SPECTROPHOTOMETRY

075? RECOMMENDED AREAS OF RESEARC H; REVIEW—OFFSHORE PETROL . INDUS.
0081 R E C O V E R Y ;  C O N T R O L L E D  SPILLS ;  SH R EDA ;  JUNCUS ;  F E S T U C A ;  P L A N T A G E ;

S P A R T I HA ;  SALT  MARSH ;  PE M B ROK E.V ALES ;  KUWA IT CRUDE OIL;
FLO WERING PLANTS ; SEED PRODUCTION AND GERMINATION

0088 RECOVERY ; TOLERANCE ; COMMUNITY SURVEY ; SALT MARSH PLANTS ;
SUCCESS iVE O IL INGS ; GLAMO RCA N .VALES

0120 RECOVERY ; TOXI CITY ; BENTHIC ANIMALS ; INTERTIDAL ; DIVERSITY ;
YORK RIVER ; BUNKER C; FUEL OILI6

0085 R E C O V E R Y ; CLEAN U P METHODS ; SA LT M A RSH V E G E T A T I O N
0231 RECOVERY ; SAN FRANCISCO SPILL ; INVERTEBRATES ; COMMUNITIES;

SMOTHERING ; RECRUIT MENT ; INTERTIDAL ; BUNKER C. TRANSECTS
0234 RECOVERY; ARCTIC; INVERTEBRATES ; REPRODUCTION ; RE COLONIZATION
0230  RECOVERY ; SAN FRANCISCO SPILL ; TRAN SECTS ; COMMUNITIES ; INTERTIDAL ;

PIA CRO!HYERTEBRA TES; RECRUITMENT
0145 RECOVERY; WEST FALMOUTH OIL SPILL ; BUZZARD BAY ;

HYDROCARBON CONTENT ANALYSIS
0199 R E C O V E R Y ; S T R E A M S ; MACR O IH V E R T E B R A T E S ; GASOLINE ; O R T H O C L A D I U S ;

D I V E R S I T Y  INDEX
0161 RECOVERY ; FUEL 011*2; NI GERIAN CRUDE ; CRANKCASE OIL ;

B ENTH IC  A LGAL COMM UN I T I E S ; PRIMARY P R O D U C T I V I T Y ; T O X I C I T Y ;
A LGAL BLUE GREEN

0229 RECOVERY; SAN FRANCISCO SPILL ; ROCKY INTERTIDAL ; TRANSECTS
0131 RECOVERY; OIL SPILL REMOVER: SURFACTAHT ; ME I OFA UHA ;

LONG—TER M EFFECTS
0282 RECOVERY ; REVIEW ; CHRONIC POLLUTION ; SALT MARSH; REFINERY EFFLUENT;

SPART IHA ; PUCCINELL IA; OENAN THE
028 1 R E C O V E R Y ;  S A L T  MARSH ;  S P A R T I N A ;  PUCCINELLA ;  CHRON IC; W E A T H E R I N G ;

CO R N W A L L
0285 R E C O V E R Y ;  SAL T MARSH ; PLANTS ; TOLERANCE ; SOUTH WEST W A L E S
0283 RECOVERY ; MILFORD HAVEN ; SALT MARSH; ROCKY SHORE ; DETERGENTS ;

EMULSIF IERS ; CHR ONIC EXPOSURE
0451 RECOVERY; IRISH STA RDUST - ALERT BAY 1973; ALERT BAY , CA NADA ;

B I O D E G R A D A T I O N ; HEAVY FUEL OIL
0688 R E C O V E R Y ;  F U E L  OILI2 ; WEST FA L MO UTH .  W I L D  HARBOR , M A S S . ;

8 E N T H I C  F A U N A ;  S E D I M E N T S ;  H Y D R O C A R B O N  C O N T E N T ;  O P P O R T I N U S T I C  SPECIES ;
GAS C H R O M A T O G R A P H Y ;  D I V E R S I T Y ;  POPU L A T I O N S

06 25 R E C O V E R Y ;  W E S T E R N  N ORTH ATLANTIC; CHEDABUCTO BA Y ,NOVA SCOTIA ;
ARROW SPILL; BUNKER C

0816 RECOVERY; COMMUNIT IES; ROCKY SHORES; DETERGENTS; NORMANDY . FRANCE;
MUSSELS; DEPURATION
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0744 R E C O V E R Y ; EP4V I R O M E N T A L  EFFECTS ; O I L  P O L L U T I O N
07 79 RECOVERY; TAMPICO MARU SPILL ; CHRONIC; SURF CONDITIONS; MORTALITIES;

SUCCESSION ; BAJA . CALIF. ; A NTHOPLEURA; KELP ; PHOTOSYNTHESIS
0962 R E C O V E R Y ; T O X I C I T Y ; LONG TERN E F F E C T S ; INTER T IDAL ; C A S T R O POD S ;

BIVAL VES ; DIESEL FUEL . MAR I NE ; ROCKY SHORE; FAUNA; LAMMA IS.;
HONG KONG ; DISPER SAN TS

1100  R E C O V E R Y ;  T O X I C I T Y ;  S U R F A C T A N T S ;  B A R N A C L E S ;  N A U P LI I ;  E L M I N I U S
1080 R E C O V E R Y ;  V E S T  FA L M O U T H  O IL  S P I L L  1969 ;  W E S T  FA L M O U T H .  M A S S

FUEL O IL  *2 ;  E C O L O G I C A L  I M P A C T
(2 9 4  R E C O V E R Y  A S S E S S M E N T ;  T O X I C I T Y ;  D I S P E R S A N T S ;  8 P 1 0 02
023 1  R EC R U I  T M E NT ;  S A N  F R A H C I  SCO S P I L L;  I N V E R T E B R A T E S ;  COM PI UN I T I E S ;

S M O T H E R I N G ;  I N T E R T I D A L ;  R E C O V E R Y ;  BliNKER C ;  T R A N S E C T S
0232 R E C R U I T M E N T ;  SAN F R A N C I S C O  S P I L L ;  BUNKER C; B A R N A C L E S ;  B A L A N U S ;

C H T H A M A L U S ;  MUSSEL ;  M Y T I L U S ;  L I M P E T S ;  C O L L I S E L L A
0230 RECRUITMENT; SAN FRANCISCO SPILL; TRANSECTS; COMMUNITIES; INTERTIDAL;

M A C R O I N V E R T E B R A T E S ;  R E C O V E R Y
0 4 0 ?  ~ E C R U I T N E N T ;  A R C T I C ;  I NV E R T E B R A T E S ;  B R O O D I N G ;  M I C R O B I A L  D E G R A D A T I O N ;

T E M P E R A T U R E ;  R E C O L O N I  Z A T  ION
1219 R E C R U I T M E N T ;  CRUDE O IL ;  S E D I M E N T S ;  W A S H I N G T O N ;  I N T E R T I D A L  Z O N E ;

U P T A K E  & D E P U R A T I O N ;  A S S E S S M E N T  OF S P I L L S;  B E N T H I C  O R G A N I S M S ;
PUGET SOUND

0977 R E C U P E R A T I V E  C A P A C I T Y ;  S A N T A  B A R B A R A  SPILL ;  E C O S Y S T E M
0158 RED A L G A E ; CA R C INOGEN IS IS ; PO L Y C Y C L I C  A R O M A T I C  H Y D R O C A R B O N S
02 28 RED MANGROVE ; L I T T O R A L  C O M M U N I T I E S ;  F L O R I D A  K E Y S ;  R O C K Y  P L A T F O R M ;

M A N G R O V E  F R i N G E ;  SEA C R A S S  F L A T S .  MA~I G R O V E  S W A M P  C R J O T ~~C E A H S ;
E C H I N O D E R I I S ;  P E A R L  O Y S T E R ;  BLsC K M A N G R O V E

f~359 RED S E A ;  N A C R O F A U H A ;  T O X I C I T Y ;  CRUDE O I L ;  D I S P E R S A N T ;  C O R A L ;
H E T E R O X E N I A ;  G H S T R 0 P O D S ;  M U S S E L S ;  C H I T O H ;  SEA U R C H I N ;  H E R M I T  C R A B ;
S H R I N P ;  C O A T F I S H ;  R A B B I T F I S H

0157 RED S E A ;  DRUPA C R A N L I L A T A ;  M Y T I L U S ;  P R E D A T I O N  R A T E ;  F E C U N D I T Y ;
S U B L E T H A L ;  CRUDE O I L ;  MU ’ S E L S ;  S PE~~SA N T

0361 RED SEA; CRUDE OIL; MA CROFAUNA; TOXICITY; DEPTH; SUBLETHAL EFFECTS;
P H Y S I O L O G Y ;  M E T A B O L I S M ;  B E H A V I O R ;  D I S P E R S A P 4 T

0260 RED SEA ; CRUDE OIL ; T O X I C I T Y ; CORALS ; HETER O XEN IA ; SUBLET HAL EFFE C T S;
O C P T H  P R O T E C T ~’ O H  E F F E C T S  H Y D R O C H ~~BON C O N T E N T  A N A L Y S I S

0339 RED SEA; CRUDE O I L ;  D E T E R G E N T ;  O C T O C O R A L S ;  C R U S T A C E A N S ;  M O L L U S C S ;
E C H I H O D E R N S ;  F I S H ;  T O X I C I T Y ;  S U B L E T H A L ;  D E V E L ) P M E N T A L  S T A G E S ;
F E E D I N G  R A T E  P H Y S I O L O G Y :  B I O A C C U M U L A I I O N ;  LI~~ER E N L A R G F M E H T ;
H E M A T O C R I T

0712 RED SEA;  C O R A L S ;  CRUDE O I L ;  M I C R O O R G A N I S M S ;  MUCUS P R O D U C T I O N
0892 R E E F ;  P A N A M A ;  S S  W I T W A T E R  S P I L L;  T R O P I C S ;  I N T E R T I D A L ;

~Epp E c T P I~ F L A ~iTS: L ITTOP~~L . M A N GR OV E ; M E IOF 4UNA; SEA TURTLES;
B I R D S ; DIESEL ‘ ‘ ‘ BUNKER C

04 4 2  PEEF C O M M U N I T Y ;  R . t  ~~ O N ER ;  F I S H ;  W A K E  I S .
0577 REEF CO UN ITY; RESPIRATION; CALMING EFFECTS; GAS EXCHA N GE ;

FIELD FENCING TECHM1O UE S ; CRUDE OIL; T OX IX C T Y ;  B E H A V I O R ;
HERON I S .  G R E A T  B A R R I E R  REEF A U 3 T R A L I A

0 2 0 ?  ~ ENNED; M E R C E N A R IA ;  T O X I C I T Y ;  E M B R Y O S ; L A R V A E ;
-~A T E P  S O L U B L E  F R A C T I O N :  CRUD E !jJ AS TE ; GROWTH

0458 REFINED OIL; CRUDE OIL; TOXICITY; BACTERIA; WATER SOLUBLE FRACTIO N ;
A RO M A T I C  H Y DROCARBONS ; WEATH E RING: GRO W TH RATE;
M A X I M U I M  CELL D E N S I T Y

0 0 4 2  R E F I N E D  O I L S ;  T O X I C I T Y  S T U D I E S ;  SLUDGE O I L ;
I LV E P  S A L M O N  F I N G E R L I N G S ;  P E T R O L E U M  P R O D U C T S

0033 R E F I N E D  OILS; OYSTERS ; CRUDE OIL; CRASSOSTREA; BIOASSAY; FUEL OIL *2;
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BUNKER C ;  S O U T H  LA C R U D E ;  K U W A I T  CRUDE
0794 REFINERIES; CHRONIC POLLUTION; REVIEW ; FIELD STUDIES ;

OF FSHORE PR O D U C T I O N ; E S T U A R I E S ;  SUBLETHA L EFFECTS; HA T t J RA L SEEPS
0087 REFINERY EFFLUENT; SPART INA; MORTALITY
02 31 R E F I N E R Y  EFFLUENT ; CHR O N IC POLLUTION ; LIM PETS ; B A R N A C L E S ;  TRAN SECTS ;

~IRUP4DAHC E
0282 REFINERY EFFLUENT; REVIEW; CHRONIC POLLUTION ; SALT MA RSH ; R E C O V E R Y ;

S P A P T I  HA PJJC C IHELL IA ;  O E M A N T H E
0 2 7 3  R E F I N E R Y  E F F L U E N T ;  P H O T O S Y N T H E S I S ;  R E S P I R A T I O N
0 5 4 4  R E F I N E R Y  EFFLUENT ;  T O X I C I T Y
0673  R E F I N E R Y  EFFLUENT;  D I V E R S I T Y ;  I N T E R T I D A L  FAUNA
0699  R E F I N E R Y  E F F L U E N T ;  S T A N D I N G  C R O P ;  C O M M U N I T Y  S T R U C T U R E ;  P L A N K T O N ;

H O L D I N G  PONDS
0832 REFINERY EFFLUENT; PHENOL; BIODEGRADATION; ST. LAWRENCE RIVER
0861 R E F I N E R Y  EFFLUENT ;  BENTHIC  M A R I N E  A N I M A L S ;  LOS A N G E L E S  H A R B O R
085? REFI N ERY EFFLUENT; ECOSYSTEMS; SOUTHERN CA L I F O R N I A
1082 REFINERY EFFLUENT ; ESTUARY; MUD FLAT FAUNA ; M EDWAY ESTUARY ;

KENT, ENGLAND
0090 REFINERY EFFLUENTS; BEHAVIOR ; ECOSYSTEMS ; WALES
0 4 46  PE~~’ N E RY  EFFLUENTS ; T O X I C I T Y ;  LONG TERM
0274 R E F i N E R Y  HOLDING PONDS ;  EFFLUENT ;  C O M M U N i T Y  M E T A B O L I S M ;  S E A S O N A L ;

A L G A L  P R O D U C T I V I T Y ;  R E S P I R A T I O N ; L I G H T ;  T E M P E R A T U R E
0622 R E F I N E R Y  W A S T E S; BIODE G R A D A T I O N ; B A C T E R I A ;  P H Y T O P L A H K T O N
0114 R E H A B I L I T A T I O N ;  BIRDS
0 113 R E H A B I L I T A T I O N ;  BIRDS
0 16 8 R E H A B I L I T A T I O N ;  B I R D S ;  M O R T A L I T I E S ;  SPECIES E N D A N G E R M E N T ;

C O N S E R V A T  ION
0240  R E H A B I L I T A T I O N ;  B I R D S ;  C L E A N I N G ;  F E A T H E R  W E T T I N G ;  E N T E R I T I S
017?  R E H A B I L I T A T I O N ;  R E V I E W ;  B I R D S;  PHYSIOLOGY ; MARINE FAUNA
0 112  R E H A B I L I T A T I O N  AND C L E A N I N G ;  B I R D S ;  T O R R E Y  C A N Y O N ;

P A T H O L O G I C A L  E F F E C T S
1032 RELATIVE ABUNDANCE ; FUEL OJL*2; DISPERSION ; I N T E R T I D A L  C O L O N I E S ;

5 P E L I E S  DIV ERSITY ; HHPIRERS QF SPECIES;
T~~~ I VIDi JA L ~ R E 0 ~J EN I’ ,’ O C C U R A N C E  P A T T E R N S

1110 R E L A T I V E  O X I D I ZA B I L I T Y ;  D E G R A D A T I O N ;  B A C T E R I A ;  METHODS ; A S SUML A TIOH
0 3 4 7  R E L E A S E ;  BE N ZO (A ) P Y R E N E ;  MUSSELS ;  MYT I LUS
0532 R E M O T E  E L E C T R O D E S ;  H Y D R O C A R B O N S ; B I O I N D I C A T O R ;

B I O E L E C T P I C  A C T I O N  P O T E N T I A L S ;  C R U S T A C E A N S ;  A C T I V I T Y
0234  R E P R O D U C T I O N ;  ARCTiC ; IN VERTEBRATES; RECOVERY: RECOLONIZATION
0 1 2 3  PE~~R O D U C T I O N ;  C O P E P O D ;  HA P H T H A L E N E ;  EURYTE M ORA ; EGG PRODUCTION;

H E A T I N G  O I L ;  W A T E R  SOLUBLE F R A C T I O N
0313 R E P R O D U C T I O N ; OIL ; DETERGENT
02 71 R E P R O D U C T I O N ; W A T E R  A C C O M O D A T E D  F R A C T I ON; M Y T I L U S ; MUSSELS ; S T A R F I S H ;

A STERIS; RESPIRATION ; FEEDING; BYSSAL THREAD PRODUCTION; FUEL OI L *2
0492 REPRODUCTION; OIL; BIRDS : DUCKS; iNGESTION; HATCHA BI LITY; COATING
0567 REPROD UC T I O N ; C A S P I A N  SEA ; B E NTHOS ; CRUDE O I L ;  G R O W T H ; C H I R O N OMUS ;

C E R A S T O D E R M A ; NAI S ; NEREI S; PYRGOH YDRO B IA ; AS RA
0685 REPRODUCTION; FIELDS STUDIES ; CHRONIC POLLUTION; SANTA BARBARA SPILL;

LAKE M A RACAIB O , VENEZUELA ; BERMUDA; T IMBALIER BAY. LA.
POPULATION LEVELS; DIVERSITY; SIZE ; GROWTH RATE; ABNORMAL GROWTHS;
BIOM 4C N I F I C A T I O N

0978 REPRODUCTION; CHRONIC EXPOSURE; MYT ILUS; SIZE
1041 REPRODUCTION; KUWAIT CRUDE OIL; SUSPENSION; COREXIT 7664;

GAS C H R O MA T O G R A P H Y; S PE C T R O F L UO R O M E T R Y ; C O P E P O D ; T O X I C I T Y ;
L ONG-TERM Er FECTS; EGG PRODUCTION; HATCHING SUCCESS
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1224 REPRODUCTION ; WATERFO W L ; O IL SPILLS; REV ~~EW ; M A L L A R D S ;  EG~IS
1 1 7 0 R E P R O D U C T I O N ;  FUEL OIL; FLOUNDER; HATCHI N G SUCCESS ; GROWTH ; EGGS ;

L A R V A E ;  H I S T O P A T H O L O C Y
:40 RE P R O D U C T I O N  & DEVELOPMENT ; FUEL O I L ;  CRUDE OIL; POLY CHAETES ;

T O X I C I T Y
1 15 3 R E P R O D U C T I O N  & DE V E L O P M E N T ;  TROUT; H A T C H I N G  SUCCESS ; F E R T I L I Z A T I O N ;

N I S T O P A T H O L O G I C A L  EFFECTS ; MORPHOLOGY
1: 42 REPRODUCTION & DEVELOPMENT ; DUCKS ; HA T C H A B I L I T Y ;  GROWTH; 4ROPIA T ICS :

E F F E C T S  OH O R G A N I S M S
1139 R E P R O D U C T I O N  & DEVELO P M E N T ;  CRUDE OIL; CRAB; C A N C E R ;  N A P H T H A L E N E ;

BENZENE ; A R O M A T I C  NC ’S; T O X I C I T Y
1122 REPRODUCTIVE GROWTH ; EIDER; TOXICITY; HATCHING SUCCESS ; F’JEL OIL
0817 REPULSION ; A R C T I C ;  CRUSTACEA; ISOPODS; AM PN IPODS; B E H A V I O R ;

~~~T R A C T I O H ; T A I N T I N G ; CRUO E O IL
G o b S  R E S E A R C H  N E E D S ;  A R G O  M E R C H A N T  S P I L L
0428 RE S i D U E ;  D E G R A D A T I O N ;  B A C T E R i A L ;  OXYGEN UPTAKE; N U T R I E N T  L I M I T A T I O N S
01 97 RE S I S T A N C E ;  DETERGENTS ; NUCELLA LAPILLUS ; M O R T A L I T Y ;

POP IJ L A T I O N  R E COVERY ; R E C O L O N I Z A T I O N ;  ROCKY SHORE ; L I T T O R A L
0433 RESIS T A N C E ;  N YTILUS ; MODIOLUS ; CARBON BUDGET; S A L I N I T Y ;  CRUDE OIL ;

STRESS; MUSSELS
0432 RE S I S T A N C E ;  MYTILUS; NOD IOLUS ; CAR BON BUDGETS ; CRUD E OIL ; S A L I N I T Y ;

M U S S E L S
0035 R E S P I R A T I O N ; E S T U A R I N E  A N I M A L S ;  UPTAKE AND DEPURA TIO P4 ; T O X I C I T Y ;

SOUTH LA CRUDE ; K U W A I T  CR u DE ; FUEL OIL *2; BUNKER C; M I N N O W ;
G R A S S  SHRIM P~~PA L A E M O N T E S ; BROWN S H R T M P , P A N A E U S ;

~A T E R  S O L U B L E  F R A C T I O N ;  O I L  W A T E R  D I S P E R S i O N ;  HA P HT H A L E I I E S
0 0 7 1  R E S P I R A T I O N ;  A R C T I C ;  L ICHENS ; A L G 4 E - I 4 A S T O C ;  P H O T O S Y N T H E S I S ;

N I T R O G E N F I X A T I O N ; PR U DHOE CRUDE OIL
0065 R E S P I R A T I O N ;  PHOTOSYNTHESIS; NITROGEN F I X A T I O N ;  BACTERIA; ALGAE ;

FUNGI ; A R C T I C ;  CRUDE OIL; N A T U R A L  GAS; M I C R O O R G A N I S M S
0274 R E S P I R A T I O N ;  EFFLUENT ; REFINERY HOLDING PONDS ; COMMUNITY M E T A B O L I cM ;

SEASONAL; A L G A L  PRODUCTIVITY ; LIGHT; TEMPERATURE
0273 R E S P I R A T I O N ;  REFINERY EFFLUENT ; PHOTOSYNTHESIS
O~1 ’I R E S P I R A T I O N ; WATER A C C O M O C A T E D  F R A C T I O N ;  NY T ILUS ; MUSSELS ; STA RF . ;

A S T E R I S ; FEEDING ; REPRODUCTION; BYSSAL THREAD PRODUCTION;
FUEL OIL *2

0391 R E S P I R A T I O N ;  CRUDE OIL; HYDROCARBON; u P T A K E ;  M YA ;  LIQUID CONTENT;
S O F T  SHELL C L A M

0484 RESPIRATION; L I T T O R I N A :  SUBLETHAL EFFECTS ; BUNKER C; D I SPER SANT ;
C O R E X I T ; C R A W L I N G  R A T E S

05 77 R E S P I R A T I O N ;  REEF COMMUNITY ; CALMING EFFECTS; GAS EXCHANGE ;
FIE LD FENCING TECHNI QUES ; CRUDE OIL ; TOX IXC IY ; B E H A V I O R ;
HERON IS. GREAT B A R R I E R  REEF A U S T R A L I A

0761 R E S P I R A T I O N ;  T O X I C I T Y ;  A R O N A T IC S ;  PH ENATHRE N ES ; ESTU4RIME ; BEN TH IC;
O C E A N I C ; L A R V A E ;  JIJVE IflLE S : G R OW T H :  SUBLETHAL

0777 RE S P I R A T I O N ;  SAND DOLLAR; K U W A I T  CRUDE; FUEL OIL *2;
WATER SOLUBLE EXTRACTS; SPERM; EGG; MOBILITY OF SPERM ; F E R T I L I Z A T I O N ;
CLEAVAGE; LARVAL DE VELOPMENT

0871 R E S P I R A T I O N ;  SALMON , PINK; PRUDHOE BAY CRUDE; COOK INLET CRUDE ;
FUEL OI L I2; WATER SOLUBLE FRACTION; COUGHING; UPTAKE & D E P U R A T I O W

0S35 RES P I R A T I O N ; FUEL OIL * 2; WATER SOLUBLE F R A C T I O N ;  NEANTHES;

~ O L Y C H A E T E ;  H E M O G L O B I N ;  H Y P O X I A ;  SOUTH L O U I S I A N A CRUDE ;
D I S S O L V E D  O X Y G E N ;  T O X I C I T Y ;  S Y N E R G I S M ;  N A P H T H A L E N E S ;
D I S S O L V E D  H Y D R O C A R B O N S

0 985 R E S P I R A T I O N ;  BEHZ EN E ; HERRING ; A N C H O V Y ; EGGS ; L A R V A E ; T O X I C I T Y ;
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A B N O RMA L I T I E S ; GROWTH ; FEEDING
1 1 7 ~ R E S P I R A T I O N ;  FUEL O IL * 2 ; ZOO PLANKTON ; SHRIMP ; TOXICITY;

~EEC I NG B E H A V I O R ;  M O B I L I T Y ;  N A P H T HA L E N E ;  BENZENE; PHENOL
11 63 R E S P I R A T I O N ;  DISPERSA N TS; CUNNER; HYPOXIA; COREXI T; 8P1002;

TR ITON X~~1OO ; SODIUM LAU RYL SULPHATE
1 1 7 2 R E S P I R A T I O N ; FUEL OIL *2; SYNERGISTIC EFFECTS ; TEMPERATURE; S A L I N I T Y ;

ENB RYO GEHS IS ; HORSESHOE CRAB ; LIMULUS
1192 R E S P I R A T i O N ; AM PH IPODS; ON IS IMUS ; TOXIC ITY; DISPERSANTS;

P H Y S I O L O G I C A L  EFFECTS
0083 R E S P I R A T I O N  AND T R A N S P I R A T I O N ;  PHOTOSYNTHESIS; TRANSL OCA T ION ;

PLANT TOXICITY; CELL DAMAGE; PETROLEUM COMPONENTS
101 4 RE S P I R A T O R Y  ENZYMES; ARGO MERCHANT SPILL; WINTER FLOUNDER ;

YELLOW TAIL FL O u N D E R ; MOD IOLUS ; PLACOPECTEN ; MA L IC DEHYDROG EHASE ;
O S N O L A L  I T Y ;  P ? R U V A T E  REDIJC T ION ;  A N A E R O B  I OS IS

1011 R E S P I R A T O R Y  RATE ; SALMON ; PRUDHOE BAY CRUDE OIL ;
W A T E R  SOLUBLE F R A C T I ON ; S T R E S S

0182 RESPIRATORY RATES ; SALMON . CHINOOK ; STRIPED BASS; BENZENE ; NARCOSIS;
0’4C CRH’~’NCH 1JS , MO RON E

0319 RESP IROM ETRY ; DEGRADATION ; CRUDE OILS; SEA WA~ ER SOURCES ; N ITROGEN
04B6 RETENTION ; COPEPOD ; ZOOPLANKION ; CALAHUS; EURYTEM O RA ; UPTA KE ;

DEPURAT ION
0600 R E T E N T I O N ; P ETRO SULF A R COMPO UNDS ; A R O M A T I C  H Y D R O C A R B O N S ;  MO D I O L U S;

C RASSOSTREA ; FLAME iONIZATION DETECTION ; FLAME PHOTOMETRIC DETECTION ;
G AS CHROMATOGRAPHY ; GAS CHROMATOGRAPHY-MASS SPECTROMETRY

0611 RETENTION ; MYT ILUS ; CONTENT ANALY SIS ; UPTAKE; DEPURA TION ; MUSSEL ;
R A D I O A C T I V E  TRACERS; A R O M A T I C  HYDROCARBONS; P A R A F F I N S

0881 RETENTION ; POLYCHAET E ; NEANTHES ; RADIOACTIVE TRACER EXPERIMENT ;
UPTAKE ; META BC L ISM ; DEP URAT IOM ; WATER SOLUBLE FRACTION; WATER ;
SEDIMENT ; DETRITUS

0559 RETENTION ; FEEDING BEHAVIOR ; COELENTERATA; DISCRIMINATION ; PA LYT I4OA ;
CHE PIORECEPT ION . MARINE DIESEL ; BUNKER C

0955 R E T E N T I O N ;  SALT MARSH; PLANTS ; WEATHERED OIL; DEGRADA TION;
GAS EXCHANGE ; B R ITTANY ; TORREY CANYON

O~~5? RETENTION ; OYSTER ; CHRON IC EXPOSURE; PHSIOLOCI CA L EFFECTS;
DEPUR A T ION ; CRA SSOSTREA

0960 RETENTION ; OYSTER; CRA SSOSTREA ; UPTAKE; DEPURAT ION ;
PE TR OLEUM F R A C T I O N S ; LIPIDS ; FAT C O N T E N T ;  M E T A B O L I S M

1 004 RETENTION; OYSTER; CRASS O STREA ; UPTAKE ; DEPUR A T ION ;
PETROLEUM H Y DROCARBONS

1154 RETENTION ; ZOOPL4NKTOH ; COPEPODS; NA PHTHALENE ; A R O M A T I C  H Y DROCARBONS;
DH Y S IO L O C I CA L  EFFECTS ; DE”ELO PN ENT

116 1 RETENTION; POLYN UCLEA R AROMATIC HYDROCARBONS ; ESTUAR INE ; UPTAKE ;
DEPL’PRTION ; BEN THIC ORGANISMS; SHELLFISH; BEH ZOPYRENE

IU7 RETENTION ; AUSTRALIA; UPTAKE ; DEPURAT ION ; GAS CHROMATOGRAPHY ;
MY T IL U S ; MU SSEL ; EFFECT ON E C O S Y S T E M ; BIOI P4D I C A T O R S ; T O X I C I T Y

112 5 RETENTION ; REVIEW ; SUBLETHAL EFFECTS ; TOXiCITY; UPTAKE; DEPURAT ION;
METHODS OF DETECTION OF NC ’S IN ORGANISM ; B IQ INDICATORS

1143 RETENTION ; SOFT-SHELL CLAM ; FUEL OIL; UPTA KE; DEPURA TIO N ; BURROWING ;
MORTALITY ; SEARSPORT— NA INE

1133 RETENT iON; FUEL OIL; CRA SSOSTREA; QUAHOC ; ESTUARINE ; ALIP HA TICS;
MERCENAR IA ; CLAMS; OYSTERS; UPTAKE ; DEPURA TION

12 06 RETENTION; CLAM ; MY A ; FUEL OIL *2; UPTAKE ; DEPURAT ION
1 175 RETENTION ; CRUDE OIL ; ALGAE ; ZOOPLAN KTON: CRUSTACEANS ; POLYCHAE TES ;

MOLLUSCS ; FISH; UPTAKE ; DEPURATION ; REVIEW; BENTHIC ORG A NISMS
0001 REVIEW ;  HYDROCARBON; DEGRADATION
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0039 REV I E W ;  HYDROCARBON LEVELS; ANALYSIS FOR H Y D R O C A R B O N S
0027 REVIEW ; ECOLOGICAL EFFECTS ; TRA UMATIC OIL POLLUTION; VESSEL SOURCE
0030 REVIEW ; LABORATORY STUDIES ; MARINE ORGANISMS; EFFECTS
0031 R E V I E W ; P E T R O L E U M  HYDR O CARBON C O N T A M I N A T I O N
0005 REVIEW ; FATE AND EFFECTS
0107 REVIEW; SANTA BARBARA SPILL; CALIFORNIA COAST
0167 REVIEW ; BIRDS ; MORTALITIES
0147 REViEW ; MARINE ENVIRONMENT
0204 REVIEW
0177 R E V I E W ; BI RDS ; PHYSI O LOGY ; R E H A B I L I T A T I O N ; MARINE FAUNA
0187 R E V I E W ; T O X I C I T Y ; A C A R T I A ; E C O S Y S T E M  I M PACT ; H Y P O T H E T I C A L ;

N I G E R I A N  CRUDE
0241 REVIEW; ECOLOGICAL CONSEQUENCES
0153 REVIEW ; ECOLOGICAL EFFECTS; COMMUNITIES; LONG TERM EFFECTS;

EFFECTS OF CLEANING ; PREVENTION
0246 REVIEW ; BIOLOGICAL FATES; MACRO O RGA N ISMS
0135 REVIEW; MARINE OIL POLLUTION
0140 REVIEW
0166 REV IEW ; BIRDS ; OIL ; EFFECT ; M O R T A L I T I E S ; PHYSIOL O GY
0222 REVIEW
0136 REVIEW ; PETROLEUM; ANALYSIS; IDENTIFICATION ; MONITORING
0242 REVIEW; BIOLOGICAL CONSEQUENCES; BIRDS; COMMERCIAL FISHERIE S ;

COA STAL FLORA AND FAUNA ; ARCTIC; PUBLIC HEALTH
0220 REVIEW ; LOAD ON TOP SYSTEM
0133 REVIEW ; MA RINE ENV I RONMENT; BIOLOGICAL EFFECTS
035 1 R E V I E W
0312 R E V I E W ; B I O D E G R A D A T I O N ; B A C T E R I A ; F R A C T I O N S ; CRUDE OIL ;

ENVIRONMENTAL FACTORS
026? REVIEW; GEORGES BANK; DRAFT ENVIRONMENT STATEMENT
0301 RE V I E W ;  FISH ; OFFSHORE PRODUCTION ; SHELLFISH; CONT IN ENTI A L SHELF
02 61 R E V I E W ; CONFERENCE
0342 REVIEW; BIODEGRADATION
0326 REVIEW; BIBLOGRAPHY; SUMMARIES
0282 R E V I E W ; CHRONI C POLLUTION ;  S A L T  MARSH ; REFINERY EFFLUENT ; R E C O V E R Y ;

SPA R T INA; PUCCIHELL IA; OEHAN THE -

0394 REVIEW; OIL SPILL INCIDENTS
0409 REVIEW
0431 REVIE W ; OIL POLLUTION
0411 REVIEW ; SPREADING OF OIL; GASEOUS EXCHANGE; TOXICITY; TAINTING ;

OYSTERS , DIATOMS ; BLEED WATER ; OFFSHORE DRILLING

• 0396 REVIEW ; COLLECTION OF PAPERS
0481 REVIEW
0452 R E V I E W ; EFFECTS;  CONTINENTAL SHELF ; ORGANISMS
0406 REVIEW; BIODEGRADATION
0476 REVIEW
0441 REVIEW
0372 REVIEW; MARINE ECOSYSTEMS; CRUDE OIL ; TOXICITY ; LONG TERM EFFECTS
0389 REVIEW; INPUT; DEGRADATION; HON- BIOLOGICAL; BACTERIAL ; BIOCHEMICA L
0498 R E V I E W ; OIL POLLUTION;  INPUT; DAMA GE
0618 REVIEW; INDONESIA; FISHERIES; CORAL REEF COMMUNITY ;

OFFSHORE PRODUCTION
0590 REVIEW; NORTH SEA; FISH STOCKS; DISPERSANTS ; TAINTING
0531 REVIEW; FISH; TAINTING; MICROBI AL INFESTATION
0552 REVIEW; NATURAL SEEPS
0560 R E V I E W
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0612 REVIEW ; METABOLISM ; UPTAKE ; DEPURA TION ; RADIOACTIVE TRACERS
0601 REV I EW ; BA LTIC SEA
0575 RE V IEW ; SO UR CES; B I O L O G I C A L  EFFECTS ;  PERSI STANCE ; T O X I C I T Y
0520 REVIEW; BIOLOGICAL RESPONSES
O 5 O~ R E V I E W
O4~~ R E V I E W; HYDROCARBONS ;  CARCIN OG ENISIS ; CELLULAR ME CHANISM ;

M OLECULAR MECHANISM
0497 R E V I E W ; OIL SPILLS ; FATE AND EFFECTS
0656 REVIEW; BIBLIOGRAPHY; ARCTIC ; SUBARCTIC
0676 REVIEW; FOOD CHAIN
0713 R E V I E W
0662 REVIEW; PHYTOPLAHKTON ; ATLANTIC COAST
063? REVIE W ; OCCURENCE ; EFFECTS : FATE
0734 R E V I E W ;  SPECIFIC SPILLS
0683 REVIEW; SPILL INCIDENTS; BIOASSAYS; SUBLETHAL EFFECTS
0649 REVIEW; OIL SPILLS; BRINE; MARINE BIOTA
0752 R E V I E W
0792 REVIEW; BEHAV iORAL EFFECTS OF OIL POLLUTION
0770 R E V I E W ;  O IL ;  MARINE ; PLANTS ; ANIMALS
O7~ 4 REVIEW; CHRONIC POLLUTION; FIELD STUDIES; OFFSHORE PRODUCTION;

REFINERIES ; ESTUARIES ; SUBLETHAL EFFECTS: NATURAL SEEPS
0829 REVIEW; INPUT; FATE; DEGRADATION
0763 REVIEW; DETERGENTS; MARINE LIFE
0769 REVIEW ; OIL POLLUTION ; SHORE CLEANING; BIOLOGICAL. CONSEQUENCES
0768 R E V I E W ;  OIL POLLUTION ; MARINE
0772 R E V I E W ; INPUT; F A T E ;  B IOLOGICAL EFFECTS ;  CLEAN UP; OIL ;  DI SPERS A HTS
0778 REVIEW; BAJA, CALIF.; SPILL INCIDENTS; LONG TERM IMPACT;

TAMP ICO NARU SPILL
0862 REVIEW
OSBSA REVIEW; ESTUARIES
0806 REVIEW ; OIL POLLUTION; MARINE ENVIRONMENT
0916 REVIEW; TYPES OF OILS; WEATHERING; TOXICI IY; FISHERIES; DISPERSAP4TS;

MARINE ENVI RONMENT
1025 REVIEW; SPILL INCIDENTS
1038 REVIEW ; ALGAE ; PHYSIOLOGY; HYDROCARBONS PETROLEUM; NAPHTHALENE ;

PHOTOSYNTHESIS; ATP ; CRUDE OIL; DISTILLATE FRACTIONS
1006 REVIEW; ECOLOGICAL EFFECTS; OIL; OIL DISPERSANTS
1009 REVIEW; EFFECTS ON MARINE LIFE; POLLUTANTS
1005 REVIEW; OIL POLLUTION ; TOXICITY ; FATE IBEHAV IOR OF OIL; BIRD S ;

BIODEGRADAT ION ; FIELD STUDIES; BIBLIOGRAPHY
1024 R E V I E W ; M A R I N E  P O L L U T I O N
1071 REVIEW
111 1 REVIEW; MARINE OIL POLLUTION ; INPUTS; FATES; DEGRADATION; BACT ERIA
108? REVIEW; BIOLOGICAL EFFECTS OF OIL POLLUTION
1125 REVIEW ; SUBLETHAL EFFECTS; TOXICITY ; UPTAKE; RETENTION; DEPURAT ION ;

METHODS OF DETECTION OF NC ’S IN ORGANISM ; B IOIN DICA TOR S
11 12 REVIEW ; INPUTS; EFFECTS : FATES
1109 REVIEW ; DEGRADATION; BACTERIA
1077 REVIEW; FATE OF SPILLED OIL
1195 REV I EW ; POLLUTION ; IIOIN DICA TORS ; ESTUARIHE ; MARINE ; OIL POLLUTION
1221 REVIEW; ARCTIC; CONTINENTAL SHELVES; ASSESSMENT OF SPILLS;

P O T E N T I A L  O I L  SP I LLS
1183 REV I EW; PLANKTON; INVERTEBRATES; BIRDS; MAMMALS; TOXICITY :

PETROLEUM HYDROCARBONS; ECOSYSTEM
1177 REVIEW; PUERTO RICO; OIL SPILLS; ECOSYSTEM; MANGROVE; CORA L REEFS ;
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E S T U A R I E S ;  A NALYSIS FOR HYDROCAR BONS; MULLET: OYSTER ; CLAM ;

NI S T O P A T H O L O G Y
11% RE V I E W ;  TOXICITY ; CRUDE OIL; BIOASSAY ; M O R T A L I T Y ;  GROWTH STAGES

1224 R E V I E W ; W A T E R F O W L ;  OIL SPILLS; REPRODUCTION ; MALLARDS ; E C S
1175 R E V I E W ;  CRUDE OIL ; A L G A E ;  ZOOPLAHK TOH ; CRUSTACEANS ; POLYCHAETES ;

M OtLUSCS ; FISH; UPTAKE ; RETENTION ; DEPURATZOH ; BENTHIC ORGA N ISMS
0 1 3 4  REVIEW ARTICLE ; BiOLOGICAL EFFECTS ; OIL CONTA M INATION -

051 2 R E V I E W  A R T I C L E ;  INPUT ; FATE : BIOLOGICAL EFFECTS
0383  R E V I E W  OF B I O L O G I C A L  E F F E C T S
0 7 5 3  R E V I E W  W O R K S H O P ;  INPUTS ; B I O L O G I C A L  E F F E C T S ;  A N A L Y T I C A L  T E C H N I Q U E S
O~~O6 R E V I E W -B I O L O G I C A L  ECOLOGICAL EFFECTS; BIOASSAY OF D E T E R G E N T S
0~~84 REV IEW-FATE& 9 IOLOG ICAL EFFECTS
0919 R E V I E W - O C E A N  POLLUTION ; OIL SPILLS
0757 R E V I E W — O F F S H O R E  P E T R O L .  I N D U S . ;  R E C O M M E N D E D  A R E A S  OF R E S E A R C H
0056 RE V I E W - O I L  POLLUTION; LITTORAL ENVIRONME NT; EMULSIFIERS
0069 R E V I E W - O I L  POLLUTION; BIODEGRADATI O N ; CONTROL OF OIL POLLUTION;

FATE AND EFFECTS
0700 RE V I E W -OIL POLLUTION ; L A R V A E ;  SUBLETHAL EFFECTS; PRODUCTIVITY; FISH ;

FHYTOPLAM KTON ; ZOO PLANK TON ; EGGS; BIRDS ; PLAICE
0013 R E V I E W - O I L  SPILLS ; WATERFOWL RESTORATION ; TOXICITY ; AERIAL SURVEYS ;

DISPERA N TS AND EMULSIFIERS
0839 R E V I E W — O I L  SP I LLS; SHIPS
1.13o RHODE ISLAN D: AR C T I C ;  QUA HOC ; CYCLOALKANES ; CONTINENTAL SHELF ; CLANS
0181 RINCON IS. ,CA LIF ; OFFSHORE PRODUCTION ; INTERTIDAL COMM UNiTY
0364 RINGED SEAL ; NORMAN WELLS CRUDE OIL ; UPTAKE ; DISTRIB UTION ; CLEARANCE
0425 RINGED SEALS; PHOCA ; HARP SEALS ; STRESS ; INGESTION
11 45 RINGED SEALS; NORMAL WELLS CRUDE OIL ; SEALS ; ARCTIC ; BENZEHE;

HAPHTHALEHE ; PATHOLOGICAL EFFECTS ; UPTAKE & INGESTION
1146 RINGED SEALS; RINGED SEALS ; NORMAL WELLS CRUDE OIL ;

EFFECTS ON ORGANISMS ; UPTAKE &EXCRETI ON : SEALS
0 6 7 3  R I V E R ;  BUNKER C; MUDDY RiVER . MASS .; BOD; PLANKTON; TOXICITY;

M A C R O r A U H A ;  NEW ENGL A ND
0265 RIV E R  SEDIMENTS ; MULLET ; T A I N T I N G ;  KEROSENE; AUSTRALIA
0725 RIVERS; PLANTS . A QUATIC; BACTERIAL DEGRADATION ; GROWTH EN HANCEMENT
0041 ROAD OIL; FISH
0227 ROCCUS; TOXICITY; DETERGENT ; STRIPED BASS ;

TRICO N OIL SPILL E R A D I C A T O R
0951 ROC K FISH; SAN TA BARBARA SPILL ; FISH; POPULATION ; DIVERSITY; PELAGIC;

A N C H O V Y ;  ECHO S O U N D I N G
0229 ROC ’c Y INTERTIDAL ; SAN FRANCISCO SPILL; TRANSECTS; RECOVERY
0669 ROCKY INTERTIDAL ; P E L A G I C  HYDROCARBONS ; TAR BALLS; FLORA; FAUNA;

BERMUDA; SPLASH ZONE ; NOD ILIT TORINA ; TECTA RIUS ; HYDROCARBON ANALYSIS;
A L G A E

0229 ROCKY PLA T F O R M ;  LITTORAL COMMUNITIES; FLORIDA KEYS; MANGROVE FRINGE;
SEA GRASS FLATS; MANGROVE SWAMP ; CRUSTACEANS ; ECH INODERMS ;
RED MANGROVE; PEARL OYSTER ; BLACK MANGROVE

0197 ROCKY SHORE ; DETERGENTS: NUCELLA LAPILLUS ; RESISTANCE; MORTALITY;
POPULATION RECOVERY; RECOLONIZATION ; LITTORAL

0295 ROCK Y SHORE ; N ILFORD HAVEN , BR I T A I N ;  OIL PORT; BARNACLES;
TOP SHELL (PIONDONTA) ; L ITTORI NA

0286 ROCkY SHORE: SALT MARSH ; CHRONIC SPILLAGE ; OIL PORT ;
EX PER IMENTAL SPILLS

0292 ROCKY SHORE; EMULSIF IER S; OIL; EFFECTS ON INTERTIDAL COMMUNITIES;
FIELD EXPERIMENTS; EXPERIMENTAL SPILLS

0283 ROC KY SHORE; N ILFORD HAVEN; SAL T MARSH ; RECOVERY; DETERGENTS :
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EMULSIFIERS : CHRONIC EXPOSURE
0800 ROC kY SHORE ; PATELLA ; GRA MNA RUS
0771 ROCKY SNORE ; ESTUARINES ; OIL POLLUTION; SPILLS; CHRONIC ; SALT MARSH ;

EMULSIF IERS ; CL EANING
0962 ROCKY SHORE ; TOXICITY: LONG TERM EFFECTS ; INTERTIDAL: GASTROPODS ;

BIVAL VES ; DIESEL FUEL . MAR INE ; FAUNA ; LAN NA is. ; HONG KONG ;
DISPERSANTS; RECOVERY

0091 ROCKY SHORES ; SALT MARSHES ; OIL; ENULS IFIERS; ECOLOGICAL iMPACTS ;
T O X I C I T Y

0B1~ ROCKY SHORES: COMMUNITIES ; DETERGENTS ; NORMANDY. FRANCE; RECOVERY;
MUSSELS ; DEPURA TION

0931 ROE ; PACIFIC HERRING; TOXIC ITY ; HATCH ING SUCCESS;
MORPH O LO G ICAL AH OMOLIE S ; HERRING ; CRUDE OIL ; A L A S K A

1107 ROUTE OF UPTAKE: COKE OIL ; HERRING ; MORTALITY; CLUPEA ; NOVA SCOTiA
0892 S.S. WITUATER SPILL ; PANAMA; TROPICS; INTERT IDAL ; TERRESTRIAL PLANTS ;

LITT ORAL ; MAN GROVE ; REEF; ME IOFAU NA; SEA TURTLES; BIRDS ; DiESEL OIL ;
BUNKER C

1 090 SABELLAR IA ; BP1002 ; DETERGENT ; LARVAE ; TOXICITY ;
S U B S T R A T E  A B S O R P T I O N

1089 SABELL ERIA ; LONG TERM EFFECTS ; LARVAE ; DETERGENT ; TOXICITY
1174 SAEN ICH INLET ; ESTUARIES ; CANADA; CRUDE OIL; FUEL OIL;

BIODEGRADATION ; PHYTO PLANKTO N ; CEPEX ; DIATOMS
0360 SALINITY ; TOXICITY ; RABBIT FISH; CRUDE OIL; DEPTH; SIGANUS;

DI SPERSANT ; STATIC ASSAY : FLOW THROUGH ASSAY
0432 SALINITY ; MYT ILUS; MOD IOLUS; CARBON BUDGETS; CRUDE OIL; RESISTANCE ;

MUSSELS
0433 SALINITY ; MYTILUS; NODIOLUS; CARBON BIJDGET; CRUDE OIL; STRESS;

RESISTANCE ; MUSSELS
0650 SALINITY ; OYSTERS ; CRA SSOSTREA ; MORT A LIT iES: SEDIMENT HYDROCARBONS ;

DR iLLING OPERATIONS ; TEMPERATURE
0874 SALINITY ; BIODEGRADATION ; A LASKA ; TEMPERATURE; MO RTAL I TY : CHEMOTAXIS ;

COOK INLET;  V A L D E Z
099? SALINITY ; POT ENTIAL ; SEAWATER: CHRONIC POLLUTION ) DEGRADATION;

BACTERIA ; PETROLEUM HYDROCARBONS
1149 S A L I N I T Y ;  TEMPERATURE ;  NAPHT HA LEHE ;  CLANS ;

SOUTHERN LOUISIANA CRUDE OIL; UPTAKE I DEPURAT ION ; CLA N—B OREAL;
CLAN— TEMPERATURE

1172 SALINITY; FUEL OIL 02 ; SYNERGISTIC EFFECTS: TEMPERATURE ;
EMBRYOGENSIS ; RESPIRATION ; HORSESHOE CRAB ; LIMULUS

0463 SALMON : FISH PHYSIOLOGY ; FISH BEHAVIOR ; TOXICITY ; ENZYMES:
SOLUBLE HYDROCARBONS; PRUDHOE BAY CRUDE OIL

0737 SALMON ; PARAFFINS ; FISH ; CRUD E OIL ; JULIANA WRECK; MULLET ;
BLACK SEA BREAM ; GAS CHROMATOGRAPHY

0731 SALMON ; TOX ICITY ; CRUDE OIL ; AL IPHATIC S ; A ROM A T ICS ;
CELL MEMBRANE PERMEABILITY

0729 SALMON ; TOXICITY ; OIL ; TEMPERATURE ; JUVENIL E ; STRESS BEHAVIOR ;
WEATHER INC

0645 SALMON ; TROUT; TAINTING ; DIESEL FUEL
0655 SALMON ; PHSIOLOC ICA L EFFECTS; FLA TFI SH ; SPOTTED SHRIMP:

UPTAKE AND DEPURAT ION ; H ISTOPA THOLOCY
0730 SALMON ; TOXICITY ; CRUDE OIL; PRUDHOE BAY ; A L I PNAT IC I ARO MA TICS:

CELL MEMBRANE PERMEABILITY
0888 SALMON ; BIOASSAY; FLOW THROUGN METHODOLOGY
0849 SALMON ; CRUDE OIL; ONCORHYNCHUS ; EGGS ; A LEV INS; FRY; TOXICITY;

G R O W T H
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1 011 SALMON ; PRUDHOE BAY CRUDE OIL; WATER SOLUBLE FRA CTION ;
R E S P I R A T O R Y  R A T E ; STRESS

1153 SALMON ; COHO ; BENZOPYRENE; PHYSIOLOGICAL EFFECTS ;
ARYL HYDROCARBON HYDROXYLA SE; CYTOLOGICAL

1088 SALMON ; TOXIC ITY ; SURFACTANTS
0182 SALMON , CHINOOK; STRIPED BASS; BENZENE ; RESPIRATORY RATES ; NARCOSIS ;

ONCORHY PICHUS ; NORONE
0871 SALNON~ PINK ; PRUOHOE BAY CRUDE ; COOK INLET CRUDE ; FUEL 01L02;

W A T E R  SOL UBLE F R A C T I O N ;  R E S P I R A T I O N : C O U C H I N G :  UPTAKE & D E P U R A T I O N
0735 SALNO H ,C HUM ; T A INT ING ; FISH
O 0 7~ S A L M O N — C H I N O O K ;  BEHZE NF; GROW TH
0 6 4 ?  SAL T GRASS ; CRUDE 011; O Y S T E R
0648 SALT  C R A S S ;  CRUDE O I L ;  D I S T ICHLIS
0081 SAL T MARSH ;  R E C O V E R Y ;  C O N T R O L L E D  S P I L L S ;  S HAED A ;  J IJNCUS ; F E S T U C A ;

P L A N T A C E ;  SPA R IINA ; PEM BROK E,WAI E S ; K U W A I T  CR UDE O I L ;
FLOWERING P L A N T S ;  SEED PRODUC TION AND G E R M I N A T I O N

0080 SAl T MARSH ; cLEAN ING OF CRUDE OIL SPILL ;  W A L E S ;  M ILFORD HA VEN;
P E M B R O K E S H I R E

0121 SAL T MARSH ; YORK RIVER ; ISOLATED ECOSYSTEM; SOUTH IA. CRUDE;
WEATHERED OIL; PH YT O PLAN KT O P4; FISH : PER 1PHYTOM: A lP ; MARSH CRA SS;
BENTH IC FA UNA; POLYCH A ETES: INSECT LARVAE ; AMPHIPODS; O LIC OC HAE T E

0079 SA L T MARSH ;  C R O W T H  S T I M U L A T I O N ; S A L T  MARS H CR ASSE S
0127 SAL T MARSH; ESTUARY; YORK R IVER ; SOUTH LA . CRUDE ;

H Y D R O C A RBON A N A L Y SI S; CON T R O L L E D  E CO S Y S T E M : FU ND U L U S ; AR 0M A I I C S ;
GAS CHROMATOGRAPHY; CC—M S

0281 SALT MARSH ; SPART INA; PUCC INEL LA; CHRONIC; WEATHERING ; RECOVERY;
C O R N W A L L

(‘282 SAL T MARSH ;  R E V I E W ;  CHRONIC P O L L U T I O N ;  REFINERY EFFLU EN T ; RECOVERY;
S P A R T I H A ; PUC C I N E L L I A ; O E NA NTHE

0283 SAL T M A R S H ;  M I LFO RD H AV E N ;  R O C K Y  SHORE ; R E C O V E R Y ;  D E T E R G E N T S ;
E H U L S I F I E R S ;  C H R O N I C  EXPOSURE

0285 SAL I  M A R S H ;  P L A N T S ;  T O L E R A N C E ;  R E C O V E R Y ;  SOUTH W E S T  W A L E S
0286 SAIl  MARSH ;  R O C K Y  SHORE ; CHRONIC S P I L L A G E ; OIL P O R T ;

E X P E R I M E N T A L  S P I L L S
05~~2 SAL T MARSH; ESTUARY; YORK RIVER ; B A C T E R I A ;  FUNGI; L O U I S I A N A  CRUD E;

SED iM ENTS ; PETROLEUM DEGRADING
0503 SAL T MARSH: CHESAPEAKE BAY: OIL SPILL INCIDENT; POPULATIONS: MUSSEL:

O Y S T E R S ;  SN AIL ; MARSH GRASS
0771 SPI T MARSH; ESTUARINES; OIL POLLUTION; SPILLS; CHRONI C ; ROCKY SHORE ;

EN U L S IFIERS ; CLEANING
0748 SAL T MARSH; BIOASSAY: MICROCOSM; GAS CHROMATOGRAPHY;

SP E C T R O P H O T O M E  TRY ; Ut T R A Y ! O LE T I FL UO R E S E N T
0955 SAL T MARSH; PLANTS; WEATHERED OIL; DEGRADATION; GAS EXCHANGE ;

R ETENTION; BRITTANY ; TORR EY CANYON
1 083 SALT MARSH; SEDIMENTS; DISSOLVED ORGANIC CARBON;

MICROB I AL DEGRADATION ; METABOLISM
02 02 SAL T MARSH E C O S Y S T E M ; CONTENT A N A L Y S I S ; FOOD C H A I N  C O N C E N T R A T I O N ;

WEST FA LMOUTH ,NASS; FUEL OIL 02; HYDROCARBON CONTENT
0079 S A L T  M A R S H  GRASSES ; S A L T  M A R S H ; G R O W T H  S T I M U L A T I O N
0089 SALT MARSH PLANTS; NILFORD HAVEN .WAIES; SHORT TERN EFFECTS ;

L O N G  T E R M  E F F E C T S
0084 SAL T MARSH P L A N T S ;  T O X I C I T Y ;  EM ULSIF IERS ;  K U W A I T  CRUDE
0088 SAL T MARSH PLANTS ; RECOVERY; TOLERANCE ; COMMUNI TY SURVEY;

SUCCESSIVE OIL INGS ; G LA PIO RCA N,WALE S
0078 SALT MARSH PLANTS; TOX ICIT IES; EM ULSI FIERS ; CRUDE OIL
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0641  SAL T MARSH PLANTS ; ESTUARIES ; HY DROCARBON C O N C E N T R A T I O N S ; S E D I M E N T S ;
Z O O P L A M K T O N ;  P H Y T O P L A N K T O H ; CRUDE O I L ;  DIVERSITY; POPULAfl OHS; FISN;
MI GR A T I O N ; GAS CHR OMA T O G R A P H Y ; DEGR A D A T I O N

0086 SAL T MARSH SOIL : SPART IHA; OXYGEN DIFFUSION
0085 SALT MARSH VEGETATION ; CLEANUP METHODS; RECOVERY
0091 SALT MA RSHES ; ROCKY SHORES ; OIL ; EMUL SI FIERS ; ECOLOGICAL IMPACTS ;

T O X I C I T Y
1081 S A L T  MARSHES : C L E A N — U P ;  S E N S I T I V I T Y  TO O I L ;  S E N S I T I V I T Y  TO C L E A N - U P
0591 SALT WATER; CRUDE OIL; TOXICITY; EIIULSIF IERS : FRESH WATER
0445 SALT—BRINE; OYSTERS ; MORTALITIES; OFFSHORE OIL WELLS
0105 SAMPLERS; MONITORING INSTRUMENTS : B IOLOGICAL SAMPLERS;

SEDIMENT SAMPLERS ; W A T E R  SAMPLERS
0439 SAMPLING AND ANALYTICAL METHODS ; HYDROCARBON CONTENT ANALYSIS
0052 S A M P L I N G  METHODS ;  C O L L E C T I O N  OF A B S T R A C T S ; A B S T R A C T S ;

ANALYTICAL TECH N IQUES ; BIOLOGICAL A SSESSMENT
0496 SAMPLING METHODS ; PLANKTON ;  C O N T A M I N A T I O N ; NYLON NETS
0457 SAMPLING TECHNIQUES; CONTAMINATION
0465 SAN F R A N C I S C O  BAY ; B UNKER C ; W A T E R  SOL UBLE F R A C T I O N; CRAB ;

P A CNY G RA PSUS
0259 SAN FRANCISCO: BACTERIA; BUNKER C; POPULATIONS; DIV ERSITY ; BEACHES
0464 SAN FRANCISCO ; SEDIMENTS; DISPERSION : DISSOLUTION; WEATHERING ;

MICR OB iAL DEGRADATION ; BUNKER C; SAND C O L U M N  D I S T R I B U T I O N
1028 SAN FRANCISCO: BUNKER C; SANDY BEACH; DISPERSION: DEGRADATION;

SAM FRANC ISCO SP I LL ; BACTERIAL POPULATION IDIVER SI TY
0012 SAN FRANCISCO BA Y; SPILLS; BIRDS: FRANK BUCK — TANKER SPILL (1937);

WEST COAST U.S.
0332 SAN F R A N C I SCO BAY ; H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S :  GAS C H R O M A T O G R A P H Y ;

T H I N  L A Y E R  C H R O M A T O G R A P H Y ;  HIGH PRESSURE L I Q U I D  C H R O M A T O G R A P H Y ;
SPONGE ; MUS SEL ; CRAB

0928 SAN FRANCISCO BAY; BIRDS; MORTALITIES: AUTOPSIES; FUEL OiL-BUNKER C
0232 SAN FRANCISCO SPILL; RECRUITME NT; BUNKER C; BARNACLES; BA LA NUS;

CHT NAMA LUS ; MUSSEL; MYT ILUS; L IMPETS; CO~ L 1 SE L LA
0230 SAM FRANCISCO SPILL; TRANSECTS; COMMUNITIES; IN TERTIDAL;

MACR O INVE RTEBR A TES ; RECRUITMENT; RECOVERY
0229 SAN FRANCISCO SPILL; ROCKY INTERTIDAL; TRANSECTS ; RECOVER Y
0231 SAN FRANCISCO SPILL; INVERTEBRATES; COMM UNITIES ; SMOTHERING;

RECRUITMENT ; INTERT IDAL ; RECOVERY ; BUNKER C; TRANSECTS
1028 SAN FRANCISCO SPILL ; BUNKER C; SANDY BEACH; DISPERSION ; DEGRADATION;

SAN FRANCISCO ; BACTERIAL POPULATION &DIYERSITY
1084 SAN FRANCISCO SPILL; BIRDS ; MORTALITIES; BIRD TREATMENT
0717 SAN FRANCISCO SPILL—1937; BIRDS ; MORTALITIES; WAT ERFOWL ; GULLS
0553 SAND; CRUDE OIL; MICROBIAL DEGRADATION ; OXYGEN A V A I L A B I L I T Y ;  DEPTH
0464 SAND COLUMN DISTRIBUTION; SEDIMENTS; SAN FRANCISCO; DISPERSION;

DISSOLUTION : WEATHERING ; MICROBIA L DEGRADATION; BUNKER C
0613 SAND DAB ; FISH; NA PTNAL ENE J BENZ (A )PYREPIE; RADIOACTIVE TRACER;

UPTAKE ; METABOLISM; DISCHARGE ; SCULPIN; OLICOCOTTUS ; 008Y;
GILLICHTHYS ; CITHAR ICHTNYS

0777 SAND DOLLAR ; KUWA IT CRUDE: FUEL OIL 02; WATER SOLUBLE EXTRACTS;
SPERM; EGG ; RESP I RATION ; MOBILITY OF SPERM; FERT IL IZA T ION J CLEAVAGE;
L A R V A L  D E V E L O P M E N T

0293 SANDY AND MUDDY SHORES; M ILFORD HAVE N. BR ITAI N ; INT ERTIDAL; SEDIMENTS;
MACRO FAUNA; TAINTING

10 28 SANDY BEACH ; BUNKER C; DISPERSION ; D E G R A D A T I O N ; SAN FRANCISCO ;
SAM FRANCISCO SPILL ) BACTERIAL POPULATION IDIV ERSITY

1098 SANDY IEACMES ; HONG KONG; DIESEL SPILL ; METOFAUN A; IN TERTIDAL ;
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H E M A T O C i E S ;  H A R P A C T I C O I D  COPEPODS
1204 SA N S I N E A  ~P I L L  LOS A N G E L E S  HARBOR ~ P R O D U C T I V I T Y ;  Z O O P L A N K T O H ;

A SSESSMENT OF SPILLS ; B IRDS ; BE P1T H IC O R G A N I S M S ;  F I S H ;  PM Y T O PLAHkTON
0.~3~’ SA NTA BA R B A RA ;  INTERTIDAL ; COMMUNITY ; CLUSTER ANALYSIS
O I 9 ~ SAN TA B A R B A R A ;  SEA LIONS: M O R T A L I T Y ;  ZA LOPHUS
0214 S A N T A  B A R B A R A ;  B IRDS ;  M O R T A L I T Y
0353 S A N T A  B A R B A R A ;  FISH
0404 SANTA B A R B A R A ;  I N T E R T I D A L ;  C O M M U N I T I E S ;  SURF G R A S S ;  B A R N A C L E S
03 7 3  SAN TA BA RB A R A ; INSECTS ; POPULATI O N SURVEY ; C R E V I C E  FAUNA ; L I T T O R AL ;

BEETLE ; T H A L A S S O T R E C H U S
0381 S A N T A  B A R B A R A ; BE NTHIC FAUNA
O 6 8~3 S A N T A  B A R B A R A ;  D E G R A D A T I O N ; CRUDE O IL ;  W E A T H E R I N G ;

SEQUENCE OF D E G R A D A T I O N ;  G A S  C H R O M A T O G R A P H Y
0777 SANTA BA R B A R A ;  K ELP ; INTERTIDAL ; SUBTIDAL ; OVERVIEW
0981 S A N T A  B A R B A R A ;  N A T U R A L  SEEPS ;  S A N T A  B A R B A R A  CHANN EL S P I L L  1969
1147 SANTA BARBARA CHANNEL ; O UTER C O N T I N E N T A L  SHELF; F ISHERIES ;

C A L  I FORNI A
1205 S A N T A  B A R B A R A  CHANNEL C A L I F O R N I A ;  NATURAL OIL  SEEPS ;

IS LA V I S T A  OIL SEEP ; BENT NIC FA UNA ;  POLYCH A ET E S; B 1 O MA S S ; T O X I C I T Y
C9 81  S A N T A  B A R B A R A  CHANNEL SPILL  1969;  S A N T A  B A R B A R A ;  NATURAL SEEPS
0460  S A N T A  B A R B A R A  CRUDE ; O IL ;  B IRDS ;  CLEANING ;  P A T H O L O G Y ;

POLYCO M PLEX A—I l
0561 SANTA BARBARA CRUDE ; MUSSELS; CAL I F O R N IA  COAST ; TOXICITY
0 1 0 7  S A N T A  B A R B A R A  SPILL;  R E V I E W ;  CA LIFO RN IA C O A S T
004; SAN TA BARBARA SPILL; COMMUNITY SURVEY; KELP; SCALLOPS ; ASS ESSMENT ;

B I ROS
0045 S A N T A  B A R B A R A  SP ILL ;  CLEANUP ; C O M M U N I T Y  SURVEY ; B IRDS ;  L I N P E T S :

BA R N A C LES~ MUSSEL ;  C H I TO NS ; IN T E R T I D A L  O R G A N I S M S
0483 SANTA BARBARA SPILL ; MYT ILUS ; GROWTH; BODY WEIGHT
0559 S A N T A  B A R B A R A  SPILL ; B A C T E R I A L  PO PUL A T I O N S ; SEDIMENTS ;

H Y D R O C ~~R 8ON AN A LYS I S ; GAS LI Q UID CHRO M ATOGRAPHY
0514 SANTA BARBARA SPILL ; CLEANUP: ECOLOGICAL IMPACTS: BIRDS ;

L I T T O R A L CO M M U N I T I E S ;  KELP BEDS
055 7  S A N T A  B A R B A R A  SPILL ;  E C O L O G I C A L  DAMAGE
0654 SANTA BARBARA SPILL; FISH; POPULATION; PELAGIC
0675 S A N T A  B A R B A R A  SPILL ;  Z O O P L A N K T O H
0685 S A N T A  B A R B A R A  S P I L L ;  F IELDS S T U D I E S ;  C H R O N I C  P O L L U T I O N ;

LAKE PIARAC A IBO . VENEZUELA ; BERMUDA; TIM BA L 1ER BA Y S LA. ;
POPULATION LEVELS ; DIVERSITY ; SIZE; GROWTH RATE .: REPRODUCTION;
A B N O R M A L  C R 0 W T H ~~; B I O M A G H I F  IC A T  ION

0790 SANTA BARBARA SPILL; PRODUCTIVITY; PHYTOPLAH KTON ; Oi l ; DISPERSANTS
0775 S A N T A  B A R B A R A  SPILL ; L I T T O R A L ; M A C R O A L G A E ; A S S O C I A T I O N I N S T A B I L I T Y ;

CHRONIC  E F F E C T S ; COAL OIL POINT
077; SANTA BARBARA SPILL; INVERTEBRATES; MACR OA LGAE ; COMMUNITY CHANGES
0900 SANTA BARBARA SPILL: OIL SPILL INCIDENT; BIRDS; CLEANUP
0951 S A N T A  B A R B A R A  SP ILL ;  F ISH;  P O P U L A T I O N ;  D I V E R S I T Y ;  P E L A G I C ;  A N C H O V Y ;

RO C K F I S H ; ECHO SOUNDING
0973 S A N T A  B A R B A R A  SPILL ; BIRDS ; M O R T A L I T I E S
096 SANTA BARBARA SPILL; INTERTIDAL ; SUBTIDAL ; SURVEY; DIVERSITY; PLA, :~ :,

ALGAE ; INVERTEBRATES ; CHANNEL IS.
0977 SANTA BARBARA SPILL; ECOSYSTEM; RECUPERATIVE CAPA CITY
0968 S A N T A  B A R B A R A  SP ILL; B I O L O G I C A L  SURVEY
097 1 S A N T A  B A R B A R A  SPILL:  BRE EDING R A T E S ;  BARNACLE;  MUS SELS ;  C N T H A M A L U S ;

BALANUS ; POLLICIP ES ; MYTILUS; INTERTIDAL
0975 SANTA BARBARA SPILL; BIRDS; INVERTEBRATES; ALGAE; MORTA LITIES ;
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RECOLONIZ ATION ; SUBLETHAL EFFECTS ; PHYILOSPAD IX ) CHTHANA LUS ;
POL .L IC IPES ; HESPEROPNYCUS

0970 SANTA BA RBARA SPILL ; BIOLOGY; BACTERIOLOGY
0969 SANTA BARB A R A  SPILL ; FIELD SAMPLING ; PROGRESS REPORT
0974 SANTA BARBARA SPILL; SURVEY ; BIRDS ; MA R I N E  MAMMALS; DIVERSITY;

FISHERIES ; TAINTING
0203 SA RCA SSUM C O M M U N I T Y ; H Y D R O C A R B O N  CONTENT
1 3 7 1  SA UDI ARABIAN CRUDE ; B IO IN DI CA TORS ; PROTOZOA; C ILIATES; EUPLOTES;

E M PIRE MIX CR U DE ; M I C R O F A U HA ; C OMM UNITY D I V E R S I T Y  EXPERIMENT S
0417 SCALLOP ; OYSTER; SILVERSIDES; MOTOR OIL ; LESIONS ; HISTO PATHOLOGY
0529 SCALLOP: BIOASSAY ; CONTINUOUS FLOW; TOXICITY ; SUBLETHAL EFFECTS ;

W ATER SOLUBLE FRACTION ; WHOLE OIL FRACTION ; M INNO W ; FLOUNDER ; SHRIMP;
QUAHOG ; MUSSEL ; MUD SNAIL

0046 SCALLOPS; SANTA BARBARA SPILL ; COMMUNITY SURVEY; KELP ; ASSESSMENT;
B I R D S

0148 SC*LLOPS ; SED IMENTS ; OYSTERS ; BIODEGRADATION ; TOXICITY ;
CONTENT ANALYSIS ; WEST FA LMOUTH OIL SPILL ; BUZZARD BAY ;
GAS CHROMATOGRAPHY

0736 SCALLOPS ; T A I N T I N G ; A R O M A T I C S ; PA RA FFINS ; CRUDE OIL
1187 S C A L L O P S ;  PECT EN; PARAFF INS ;  GAS C H R O M A T O G R A P H Y ;

A N A L Y S I S  FOR H Y D R O C A R B O N S
0667 SCENEDESNNS ; ALGAE ; MYXOTROPHIC GROWTH ; HYDROCARBONS ; DEGRADATION
0011 SCEHEDESNUS ; PETROLEUM PRODUCTS ; BLUE GREEN ALGAE; A PHAN IZOMEHON :

GROWTH ; MO RPHOLOGY ; PROTOCOCCA L ALGAE
0322 SCENEDESNUS ; A LGAE ; GROWTH ; EUCLEHA ; LUBRICATI N G OILS: DIESEL OIL:

PHOTOSYNTHETIC METABOLISM
0840 SCHI ZOPORELLA ; HYP ERP LAS IA ; BRYO ZOA ; CARCINOGENS ; OV ICELL S ;

I N D I C A T O R
0704 SCORPA ENA ; TOXICITY ; FISH; DEVELOPMENT ; PETROLEUM ; EUGRA UL IS ;

CRENILA BRUS ; BLACK OIL ; SOLAR OIL
06 13 SCULPIN ; F ISH; HAPT$AL E NE ;  B E N Z (A ) P Y R E N E ;  R A D I O A C T I V E  T R A C E R ;  U P T A K E :

METABOLISM; DISCHARGE; OLIGOCOTTUS : COBY ; GILLICHTHYS ; SAND DAB:
CITHA R ICHTHYS

0930 SEA COMMUNITIES; TORREY CANYON SPILL ; TOXICITY; SHORE COMMUNITIES;
CRUDE OIL; DETERGENT

0815 SEA GRASS; PHOTOSYNTHESIS ; CODECANE ; TOLUENE ; NA PNTNALENE
0228 SEA GRASS FLATS ; LITTORAL COMMUNITIES ; FLORIDA KEYS ; ROCK ? PLATFORM;

MANGROVE FRINGE; MANGROVE SWAMP ; CRUSTACEANS ; ECHINODERMS ;
RED MANGROVE ; PEARL OYSTER ; BLACK MANGROVE

0195 SEA LIONS ; MORTALITY ; ZALOPHUS ; SANTA BARBARA
0892 SEA TURTLES ; PANAMA ; S.S. WI TWATER SPILL ; TROPICS; INTERTIDAL ;

TERRESTRIAL PLANTS: LITTORAL ; MANGROVE ; REEF ) NEIOFAUHA ; BIRDS;
DIESEL OIL; BUNKER C

0014 SEA URCHIN ; WATER SOLUBLE FRACTION ; FERTILIZATION ; DEVELOPMENT ; EGGS
0359 SEA URCHIN ; MACRO FAUNA ; RED SEA ; TOXICITY ; CRUDE OIL ; DISPERSANT;

CORAL ; HETEROXE N IA ; CASTROPODS ; MUSSELS ; CN ITOH; HERMIT CRAB; SHRIMP;
COATF ISH; RAB BI TF ISH

0475 SEA URCHIN ; DISPERSANTS ; COREXIT p527; FERTILIZATION
0635 SEA URCHIN ; OIL; DISPERSANTS ; COREX IT ; FISH ; EGGS ; EMBRYO;

FERTILIZATION ; DEVELOPMENT
0633 SEA URCH IN; EMBRYOLOGY : OIL : DISPERSANTS.~ COREX IT ; ULTRA STRUCTURE
0634 SEA URCHIN; DISPERSANTS ; EGGS ; FISH; FERTILIZATION ; DEVELOPMENT
06 31 SEA URCHIN; EGG ; TOXICITY ; METHO DOLOGY
0218 SEA URCH INS ; DIS PERS* NTS ;  O IL;  FISH; F E R T I L I Z A T I O N ;  DEVELOPMENT ;

TOXIC ITY; COREX IT
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0249 SEA URCHINS ; GENERAL M C .  MEIGS SPILL ; CHRONIC ; SURVEYS ;
HYDROCARBON CONTENT ; I N T E R T I D A L ; W A S H I N G T O N  CO A ST ;
FUEL O I L — N A V Y  SPECIAL ; S T R O N G Y L O C E N T R U S

0317  SEA W A T E R ;  D E G R A D A T I O N ;  CRUDE O IL ;  A U T O  O X I D A T I O N ;  B A C T E R I A ;
W E A T H E R  I N C

0319 SEA WATER SOURCES ; DEGRADATION ; RESP IROMETRY ; CRUDE OILS ; N ITROGEN
0908 S E A D O C K ;  TEXAS ; DEEP WATER PORT; ENVIRONMENTAL IMPACT
1023 SEA DO CK ; TEXAS CONTINENTAL SHELF ; DEEP WATER PORT
0607 SEA L S ELEPHAN T
0422 SEALS ; CRUDE OIL; BEHAVIOR ; PATHOLOGICAL EFFECTS ; COATING; IMMERSION;

INGESTION
0374 S E A L S ;  O T T E R S : M E T A B O L I C  RATE ; HEAT FLUX; DIVING BEH A VIOR
1 146 SEALS; RINGED SEALS ; NORMAL WELLS CRUDE OIL; EFFECTS ON O R CANIS M S;

U PTA KE &EXCRET ION
1108 SEALS ; AROMATIC HYDROCARBON; POLYCYCLIC AROMATIC NC’S;

CONTENT ANAL YSIS; BUNKER C; CREOSOTE; FISH; SHELLFISH; PAH:
F LUOROMETRY ; FUEL OIL

11 45 SEALS: NORMAL WELLS CRUDE OIL; ARCTIC; RINGED SEALS; BEN ZENE ;
NA PH THALEN E ; PATHOLO G ICAL EFFECTS ; UP TAK E & I N G E S T I O N

1166 SEALS ; PINNIPEDS ; HYPOTHERMIA; PRUDHOE BAY CRUDE OIL
0341 SEAR SPORT MAINE; OIL; CLAM ; MORTALITY: MYR
0670 SEARSPORT SPILL; OIL; FUEL OIL$2; 4P5 FUEL; GAS CHROMATOGRAPHY;

S E D I M E N T S
0100 SEARSP 0RT~ M A t N E ; M E R C E NA R IA ; CLAMS ; CANCER ; TUMORS ; HEO PLA S M ;

H I  S T O P A T H O L O C Y
1143 S E A R S P O R T — M A I H E ;  S O F T — S H E L L  C L A M ;  FUEL OIL ;  U P T A K E ;  R E T E N T I O N ;

DEPU RAT ION ; BURROWING ; MORTALITY
0274 SEASONAL ; EFFLUENT; REFINERY HOLDING PONDS; COMMUNITY M ETABOLISM ;

ALGAL PRODUCTIVITY ; RESPIRATION ; LIGHT; TEMPERATURE
0833 SEASOHAL DISTRIBUTION ; BIODEGRADATION; MICROORGANISMS OX IDIZING HC ’S;

DISTRIBUTION ; NEVA INLET , RUSSIA ; BACTERIA
0263 SEASONAL FLUCTUATION; BACTERIAL DEGRADATION ; FUNGUS;

SPECIES DISTRIBUTION ; CHESAPEAKE SAY
0501 SEASONAL SUCCESSION; PNYTO PLAN KTOH ; PHOTOSYNTHESIS ; GROWTH; PLANTS;

C O M M U N I T Y  EFFECTS ;  A R C T I C ;  P E R I P H Y T O N ;  P O P U L A T I O N  C O M P O S I T I O N ;
M A C K E N Z I E  V A L L E Y  NW T

0179 SEASONAL VARIATION ; MUSSEL ; MYTILUS; SURFACTANT ; PHYS IOLOIC A L EFFECT;
TISSUE SWELLING ; NORWAY

0180 S E A W A T E R ; B A C T E R I A ;  O X I D A T I O N ; L I M I T I N G  F A C T O R S ; N I T R O G E N :
PHOSPHORUS

0449 SEAWATER; BIODE GRADATION ; BACTERIA ; OXIDATION; HYDROCARBONS
0796 S E A W A T E R ; B A C T E R I A ;  HYDROCARBON A N A L Y S I S ; S EDIMENTS ; NORTH SEA ;

P E L A G I C  TAR
0760 S E A W A T E R ; NAPH T HA L EH E ; ALKYLN A P NTHALENE ; CONTENT A N A L Y S I S ;

ULTRAVIOLET SPECTROPHO TOMETRY ; TECHNIQUES; TISSUES
0997 SEAWATER; POTENTIAL; CHRONIC POLLUTION; DE GRADATION ; BACTERIA ;

PETROLEUM HYDR OCARBONS; SALINITY
0659 S E A W E E D ; F I S H ; T A I N T I N G :  P H E N O L S ; O I L S :  D E P O S I T I O N ; D E T E R G E N T S
0247 SEDIMENT; HYDROCARBON CONTENT; ORGANISMS; TECHN IQUES
0250 SEDIMENT; PARAFF IN S; ALGAE; ZOOPLAH KTON; PHYTOPLANKTON; PRISTANE;

BIOCENIC ; PETROLEUM
0343 SEDIMENT: BENZO (A)PYRENE: CARCINOGENS; MONITORING;

DETERMINATION TECHNIQUES ; TISSUES; POLYCYC LIC AROMATICS; THIN-LAYER
0288 SEDIMENT ; HYDROCARBON CONC ENTRATIONS; NA PHTHALE HE ; SHRIMP; CLANS;

OYSTERS; FUEL 01L12; DEPURATION
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0469 SEDIMENT; BIODEGRADATION; BACTERIA ; b ISTR IBUT IOH ;
O IL-OXIDIZING BACTERIA ; NORTH SEA; AB UNDANCE ; WATER

0382 SEDIME N T ; POR T V A L L E Y , A L A S K A ; INTERTIDAL ; B A C T E R I A  POP UL A T I O NS ;
PIEI O FAUNA ; COPEPODS : MACOMA BA LTH ICA

0443 SEDIMENT; OIL SPILL, EXPERIMENTAL ; HYDROCARBON ANALYSIS;
W A T E R  COLUMN ; FL UORESCENCE SPECTR O SCOPY ; T AR B A LLS

05 11 SEDIMENT; STlEAM~ V I RG I N IA ;  D I V E R S I T Y ; NA C R O I N V E R T E B R A T E S ;
POP U LAT IONS

0584 SEDIMENT ; N ITROGEN FIXATION; ARCTIC ; BACTERIA ; A N EROB IC BACTERIA:
PETROLEUM FRACTIONS; BEAUFORT SEA; ESKIMO LAKES NWT

0672 SEDIMENT ; OFFSHORE DRILLING ; SPILL INCIDENT ; M I S S I S S I P P I  DELTA ;
WATER COL UMN ; WEATHERING; MIGRATES IN SEDIMENTS; DIVERSITY;
POPULATIONS : SHRIMP ; BLUE CRABS; BENTHIC ORGANISMS

0881 SEDIMENT ; POLYCHAETE ; NEANTHES; RADIOACTIVE TRACER EXPERIMENT ;
UPTAKE ; RETENTION; METAB ’~ ISM ; DEPURATIO N ; W A T E R  SOLUBLE F R A C T I O N ;
WATER ; DETR I TUS

1 097 SEDIMENT; TRANSECT; INVERTEBRATES ; HYDROCARBON ANALYSIS; TISSUES;
RECOLONIZATION ; COBBLE BEACH; SPECTROPHOTOMETRY

0650 SEDIMENT HYDROCARBONS ; OYSTERS ; CRASSO STRE A ; M O R T A L I T I E S ;
DRILLING OPERATIONS TEMPERATURE; SALINIT Y

0105 SEDIMENT SAMPLERS; MONITORING INSTRUMENTS; SAMPLERS;
BIOLOGICAL SAMPLERS ; WATER SAMPLERS

1020A SEDIMENT V S .WATE R COLUMN ; BACTERIA ; DEGRAIYz~TIO N ; LG.’~ TEI1’ERAT1J~E
0268 SED iMENT A T iON ; AR ROW SP iLL; ZOOPLANKTON ; HYDROCARBON CONTENT;

CHEDABUCTO BAY ; BUNKER C; OIL INGESTION ; FECES
0639 $EO IMENTATIO$ ; DEGRADATION ; STREAMS; OXIDATION; OILY WASTE;

TEMPERATURE ; EMULSION
0143 SEDIMENTS ; PETROLEUM VS. INDiGENOUS HYDROCARBONS
0148 SEDIMENTS ; OYSTERS ; SCALLOPS ; BIODEGRADATION; TOXICITY:

CONTENT ANALYSIS ; WEST FA LMOUTH OIL SPILL ; BUZZARD BAY;
GAS CHROMATOGR A PHY

0192 SED I MENTS; BACTERIA; LOUISIANA BAY; OXID A TIO N ; A EROBIC; ANAEROB IC
0144 SEDIMENTS; DEGRADATION; BACTERIA; PERS ISTANC E ;

WEST FALMOUTH OIL SPILL; BUZZARD SAY
0146 SEDIMENTS; WEST FA LNOUT H SPILL; WEATHERING : IDENTIFICATION;

HYDROCARBON CONTENT; DEGRADATION; SHELLFISH; OYSTERS; BUZZARD BAY
0293 S E D I M E N T S ;  MILFORD HAVEN~ BR ITAIN ; INTERTIDAL: MACROFAUHA ;

SANDY AND MUDDY SHORES; TAINTING
0377 SEDIMENTS ; HYDROCARBON; CONTENT ANALYSIS: MERCENA I~IA ; CLAMS;

N AR RAGA N SET BAY ; PETROLEUM ; BIOGENI C
0410 SEDIMENTS; CLAM ; RAN CIA; NA PHTNALENES; TRINITY BAY . TEXAS ;

OIL SEPARATOR PLATFORM ; UPTAKE ; DEPURA TION; HYDROCARBON ANALYSI S ;
GAS C H R O M A T O G R A P H Y

0464 SEDIMENTS; SAN FRANCISCO; DISPERSION ; DISSOLUTION; WEATHERING ;
MICROB IAL DEGRADATION ; BUNKER C; SAND COLUMN DISTRI BUTION

0559 SEDIMENTS ; SANTA BARBARA SPILL; BACTERIAL POPULATIONS;
HYDROCARBON ANALYSIS ; GAS LIQUID CHROMATOGRAPHY

0563 SED IMENTS ; SALT MARSH ; ESTUARY ; YORK RIVER; BACTERIA; FUN OI ;
LOUISIANA CRUDE ; PETROLEUM DEGRADING

0525 SEDIMENTS ; BIODEGRADATION RATE ; CONTINENTAL SHELF SEDIMENTS;
OXYGEN AVAILABILITY

0526 SEDIMENTS ; HYDROCARBONS; CONTENT ANALYSIS ; THIN LAYER CHR 3MATO GRAP HY;
ANALYTICAL TECHNI QUES

0661 SEDIMENTS ; RIO CEN IC VS PETROLEUM HYDROCARBONS;
INFRA-RED SPECTROMITRY ; CRUDE OIL
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07 3 8  S E D I M E N T S ;  N - P A R A F F I N S ;  GAS C H R O M A T O G R A P H Y ;  SOLVENT
0~~52 SEDIMENTS ; PETROLEUM HYDROCA RBONS ; BASELINE I N V E S T I G A T I O N ;

PUGET SOUND ;  MUSSELS ;  S N A I L S ;  T H A I S ;  I N T E R T I D A L
0 7 0 8  SEDIMENTS: P U R I F I C A T I O N ;  BLACK SEA ; DEGRADATION ; WATER: 8~~C T E R I A
0688 SED I MENTS ; FUEL OILI2 ; WEST FALMOUT H~ W I L D  HAR 8O R~ M A S S

B E N T H I C  F A U N A ;  H Y D R O C A R B O N  C O N T E N T ;  O P P O R T I N U S T I C  S P E C I E S ;  R E C O V E R Y ;
GAS CHROMATOGR A PHY ; DIVERSITY ; POPULATIONS

05 41 SEDIMENTS ; E STUARIES ; H Y D R O C A R B O N  CONCENTRA TIONS ; ZOOPLAHK TOH ;
PHYTO PLAP4K TON ; CRUDE OIL; SALT MARSH PLANTS ; DIVERSITY ; POPULATIONS ;
F ISH ;  M I G R A T I O N : GAS C H R O M A T O G R A P H Y ;  D E G R A D A T I O N

0 7 0  S E D I M E N T S ;  O I L;  FUEL 01 L02 ;  .JP5 FUEL; GAS CHROMA TOGRAPHY ;
S E A R S P O R T  SP ILL

080? SEDIMENTS ; WA TER SOLUBLE FRACTIONS ; CRUDE OIL ; M IC R O A L G A E ;
GROWTH RATE ; HYDROCARBON ANALYSIS: WATERS ; BIOTA ;
SOUTH TEXAS OUTTER CONTINENTAL SHELF

6829 SEDIM ENTS; DEGRADATION ; BACTERIA; ESTUARY; BEACH; FUEL OIL;
E NRICHMENT; RATE: NARRACANSET BAY ; HYDROCARBON CONCENTR A TION .
N I CR A T ION

0 7 4 9  S E D I M E N T S ;  P U E R T O  R I C O ;  ZOE COLOCU TROH IS; VEHEZUELEN CRUDE ;
M A N G R O V E  PROP C O M M U N I T Y ;  T U R T L E  G R A S S  C O P I M IJ H IT Y ;
H Y D R O C A R B O N A N A L Y S I S ; T R O P I C A L

0818 SEDIMENTS ; CRUST A CEA ; B E H A V I O R ;  CRUDE OIL; AMPH I POD; ONI S 1MUS ;
A V O I D A N C E ; W E A T H E R I N G

0796 SED IMENTS ; BACTER IA ; HYDRO CARBON A N A L Y S I S ; NORTH SEA ; SE A W A TER ;
P E L A G I C  TAR

0-335 S E D I M E N T S ;  CRUDE OIL ; L AKES ; A R C T I C ; M A C K E N Z I E  DELTA ; WATER COLUM N ;
ZOOBENTHOS: DEGRADATION

0902 SED IM E N T S ;  H Y D R O C A R B O N  C O N C E N T R A T I O N ;  FLUORESCENCE A N A L Y S I S ;
BENTHIC SPECIES ; FOOD CHAIN CONCENTRATION ; CHEDA BUCTO BA Y ;
FUEL OIL —B UNKER C; NOVA SCOTIA

0906 SEDIMENTS ; FISH; PER IPHYTON ; STREAM ; DIESEL FUEL ;
BOONE CREEK OIL SP iLL ; MACRO IN V ERTEBRATES; HYDROCARBON ANALYSIS;
S O U T H  C A R O L I N A  -

0917 SEDIMENTS ; BIODEGRADATION ; AN ER O8 IC CONDITIONS
1 016 - SEDIMENTS; HYDROCARBON ANALYS IS ; CHROMATOGRAPHY ; MASS SPEC TROMETR Y ;

UV F L U O R E S C E N C E :  PETROL EUM
1062 SE D I M E N T S ; B A C T E R I A ; B I O D E G R A D A T I O N ; C H E S A P E A K E  BAY
1 050 SEDIMENTS; DEGRADATION: BA C T E R I A ;  MOTOR OIL ; TREATMENT EFrLIJENT ;

DISTRIBUTION ; WATER COLUMN
1054 SEDIMENT S; B I O D E G R A D A T I O N ; A T L A N T I C  COAST ; NORTH C A R O L I N A
1052 SEDIMENTS: DEGRADATION: GROW TH POTENTIAL ; BA CTERIA ; NORTH A T L A N T I C
0960 SEDIMENTS; SUBLETHAL EFFECTS; CHRONIC EXPOSURE ;

COAL OiL POINT , CA L IF.; BENTH IC IN—FAUNA ; ABAL ONE ; MUSSEL ; BARNA CLE
1 056 SEDIMENTS; DEGRADATION; BACTERIA; FUNGUS; CLA DO S PORIUM ; WATER ;

C H E S A P E A K E  B A Y ;  H Y D R O C A R B O N  C O N C E N T R A T I O N
1057 S E D I M E N T S ;  D E G R A D A T I O N :  W A T E R ;  CHESAPEAKE B A Y ;  CLADOSP0 R I~JM
1039 S E D I M E N T S ;  A R O M A T I C S ;  C Y C L O - A L K A H E ;  BUN KER C ;  BEACH S E D I M E N T S ;

CHED ABUCTO BAY , NOVA SCOTIA ; ARROW SPILL ; METABOLISM ; MOLLUSCS: MY4;
O S T R E A ; N Y T I L U S ; ARY L HYDROCARBON H Y D R O X Y L A S E ; BENZOPYR EWE:
R A D I O A C T I V E  T R A C E R

1064 SEDIMENTS; DEGRADATION; BACTERIA; CHESAPEAKE BAY
1007 SEDIMENTS; LAKE NA RACAI BO. VENEZUELA; FISHERIES ; WATER ; B IOTA;

H Y D R O C A R B O N  C O N T E N T A N A L Y S I S ; T O X I C I T Y
1063 SEDIMENTS; BIO DE CR A DA T ION; MOTOR OIL; CHESAPEAKE BA Y
1 3 1 6  SEDIMENTS; BIODEGRADATION; BACTERIA; SARAT A RIA BAY; A N A E R O B I C ;
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BENZ A )PYRENE; A C C U M U L A T I O N ; MYTILUS ; W H I T I N G ;  PICKEREL
1067 SEDIMENTS ; DEGRA DA T ION ; BA CTERIA; DEE P SEA ; I NO R G A N I C  N U T R I E N T S :

G R O W T H  P O T E N T I A L
1083 SED I M E N T S ;  SALT MARSH ; DISSOLVED O R G A N I C  CARBON ;

M I C R O B I A L  D E G R A D A T I O N ;  METABOLISM
1219 SEDIMENTS ; CRUDE OIL ; WA SHINGTON ; I N T E R T I D A L  ZONE;

UPTAKE & DEPURAT ION ; ASSESSMENT OF SPILLS; BEP4THIC ORGANISMS;
PUCET SOUND; RECRUITMENT

1197 S E DIMENTS ; PRUDHOE BAY CRUDE OIL: HAP N TNALEKE ; CLAMS ; M A C O M A ;  UPTAK E
0081 SEED PRODUCTION AND G E R M I N A T I O N ;  RECOVERY; CON TROLLED SPILLS: SHA EDA ;

JUNCUS; FESTUCA ; PLANTA GE ; SPART IHA; SALT MARSH ; PEH BROKE.WA LES ;
K U W A I T  CRUDE OIL ; FLOWERING PLANTS

0875 SEE D I N G ;  B I O D E G R A DA T I O~1; M I C R O O R G A N I S M S ;  B A C T E R IA ;  ENHANCEMENT ;
E M U L S I F I C A T I O N

1013 SELECTIVE ABSORPTION ; ESTUAR Z NE ; DIATOMS ; GAS CHROMATOGRAPHY
09-39 S E L E C T I V I T Y ;  D E G R A D A T I O N ;  BACTERIA
0 7 0 1  S E L F — P U R I F I C A T I O N ;  B A C T E R I A ;  BLACK S E A ;  D E G R A D A T I O N
1 081 S E N S I T I V I T Y  TO CLEAN—U P ; S A L T  MARSHES;  CLEAN—UP;  S E N S I T I V I T Y  TO OIL
1081 SENSITIVITY TO OIL ; SALT MARSHES ; CLEAN—UP ; SENSITIVITY TO CLEAN -UP
0680 SEQ UENCE OF D E G R A D A T I O N ;  DEGRADATION; CRUDE OIL; SANTA B A R B A R A ;

W E A T H E R I N G :  GAS CHROMATOGRAPHY
03 8? S E Q U E S T E R I N G ;  BA C T E R iA L  D E G R A D A T I O N ;  A C I H E T O B A C T E R ;  U L T R A S T R U C T U R E
0323  SER IOLA ;  T A I N T I N G ;  FISH; Y E L L O W T A I L ;  CRUDE O IL ;  VAPOR A N A L Y S I S ;

G A S  C H R O M A T O G R A P H Y
0651 S E t ;  O Y S T E R ;  C R A S S O S T R EA ;  L O U I S I A N A ;  OIL  SPILL; M O R T A L I T Y ;  G R O W T H ;

D I S E A S E  I N C I D E N C E ;  T A I N T I N G
0972 SETTLEMENT ; O IL ; DETERGENT ; RECOLONIZATION; ART IFICAL SUBSTRATE
0996 SHAD ; ALOSA; TOXICITY ; PETROLEUM PRODUCTS; DISSOLVED OXYGEN;

SYNERGISM ; GASOLINE ; FUEL OIL; BUNKER OIL
0081  S H A E D A ;  R E C O V E R Y ;  C O N T R O L L E D  SPILLS;  JU NCU S ;  F E S T U C A ;  P L A NT A G E ;

S P A R T I N A ;  S A L T  M A R S H ;  P E M B R O K E . W A L E S ;  K U W A I T  CRUDE O I L ;
FLOWERiNG PLANTS ; SEED PRODUCTION AND GER M INATION

0119 S H A N N O N  D I V E R S I T Y  INDEX ;  B I O L O G I C A L  I N D I C A T O R S ;  D I V E R S I T Y  I N D I C I E S ;
E V E N N E S S  INDEX

0 132  S I 4 A R K . B A S K L N G ; H Y D R O C A R B O N S ;  M E T A B O L I S M ;  C E NT R O P A C E S
0824 SHELL DISPERSANT LT : DISPERSAN TS; BP 1IOOX ; FAUNA
087 7 SHELL FISHERIES ; CHESAPEAKE BAY ; SPILL I N C I D E N T ;  FUEL OIL * 6;

E N V I R O N M E N T A L  A S S E S S M E N T ;  B i R D S ;  M O R T A L Z T I E S ; MARSH C R A S S
U !4o  S H E L L F I S H ;  WEST F A L N O U T H  SPILL ;  W E A T H E R I N G ;  I D E N T I F I C A T I O N ;

H Y D R O C A R B O N  C O N T E N T ;  SED I M E N T S :  D E G R A D A T I  ON ; O Y S T E R S ;  BUZZARD BAY
0130  S H E L L F I S H :  H Y D R O C A R B O N :  A N A L Y S I S  FOR P H C ’ S ;  N -A L K A N E ;

M E T HY L A N A P H T H A L ENE ; COLUMN CHROMATOGRAPHY ; CAS-LI Q U ID CHROMATOGRAPHY
0 2 3 7  S H E L L F I S H ;  S I N K I N G  A G E N T S ;  T O X I C I T Y ;  CRUDE O IL;  T OAD F I S H ;

F I L T R A T I O N  R A T E
0301 SHELLFISH ; R E V i EW ;  FISH; OFFSHORE PRODUCTION ;  C O N T I N E N T I A L  SHELF
0602 SHELLFISH ; INPUT ; FISH; FOWL
0527 SHELLFISH
0924 SHELLFISH ; OIL ; T O X I C I T Y ;  DETERGENTS; CLEAN UP PROCEDURES; TAINTING
0864 SHELLFISH ; DISPERSANT ; LARVAE; SPERMATOZOA; TOXICITY ; BIVALVES ;

OYSTERS ; CRASSOSTRE A; MUSSEL; FERTILIZATION; DEVELOPMENT
1161 S H E L L F I S H ;  P O L Y N U C L E A R  A R O M A T I C  H Y D R O C A R B O N S ;  ESTUA RIN E ;  UPTAKE ;

RE TENTION ; DEPU RAIION ; BENTN !C ORGAN I SMS; BENZOPYREHE
1 108 SHELLFISH ; AROMATIC HYDROCAR BON ; POLYCYCLIC AROMATIC NC ’S ;

CONTE NT ANALYSIS ; BUNKER C; CREOSOTE; SEALS; FISH; PAH ; FLUOROME TRY;
FUEL OiL
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1101  S H E T L A N D  IS . . B R I T A I N ;  B I R D S ;  H O R T 4 L I T Y  OIL
08 39 S H I P~.,; R E V I E W — O I L  SPILLS
07b9 SHORE C L E A N I N G ;  R E V I E W ;  O IL  P O L L U T I O N :  B I O L O G I C A L  C O N S E Q U E N C E S
0?b5 SHORE CLEA NING ; TAM PICO MA RU SPILL ; TORREY CANYON SPILL;

M I L F O R D  HAVEN , WALES: LITTORAL COMMUNITY ; OIL
0930 SHORE C O M M U N I T I E S ;  TORREY CANYON SPILL ; T O X I C I T Y ;  SEA CO M1IU HIT IES ;

CRUDE OIL; DETERGENT
0839 SHORE CRAB ; DETERGENTS ; T O X I C I T Y ;  CA RC 1H U S: BROWN SHRIMP ; C R A G O N ;

L kRV A E ; FISH
0308 SHORE TYPE ; INTERTID A L: PLANTS ; T IDAL CYCLE
0089  S H O R T  TERM E F F E C T S ;  S A L T  M A R S H  P L A P I T S ;  M I LFO RD H A V E N .  W A L E S ;

LONG TERM EFFECTS
Ui55 sHO RT TERM EFFECTS; DETERGENTS ; ALGAE: I N T E R T I D A L ;  LONG TERM EFFECTS ;

Li TTOR I~~L C O M M U N I T Y
0 3 6 7  S H O R T  T E R M  I M P A C T ;  W A S T E  O I L ;  F U T U R E  S T U D Y  R E C O M M E N D A T I O N S
0033 SHRIMP; UPTAKE AND DEPURATIO N ; FISH ; MOLLUSKS; FUEL OIL ;

N~4PHTHA LENE S
0 1 8 3  S H R I M P ;  A L A S K A ;  C O O N — S T R I P E  S H R I M P ;  K I N G  C R A B S ;  C O O K  I N L E T  C R U D E ;

T O X I C I T Y ;  B I O A S S A Y ; STATIC ; WATER SOLUBLE F R A C T I O N
0358 SHRIMP; M A C R O F A U N A ;  RED SEA; T O X I C I T Y ;  CRUDE OIL; DISPERS~~NT ; C O R A L ;

N E T E R O X E H I A ;  GASTROP O DS; MUSSELS; CHITON : SEA URCHIN; HE R M I T  C R A B ;
GOATFISH ; RA B B I T F  ISH

0287 SHRIMP; FUEL 01L12; UPTAKE; D E P U R A T I O N ;  MOUTHLY GROWTH
0289 SHR I MP ; HYDROCARBON CONCENTRATIONS; NA PHTHALE NE ; CLAMS; OYSTERS ;

SEDIMENT; FUEL OIL*2 ; DE PURAT ION
O 4 2~ SH RI MP; H Y D R O C A R B O N  CONTENT A N A L Y S I S ;  GAS C H R O M A T O G R A P H Y ; PA R A F F I N S ;

S O U I D ;  F I S H
0500 SHRIMP; CRUDE OIL; EN ZYMES; O’~STERS ; MULLET
0529 SHR I M P ;  B I0MSSA ~~; CONT INUOUS FLOW ; T O X I C I T Y ;  SUBLETHAL EFFECTS ;

.~~TER SOLUBLE F R A C T I O N ;  WHOLE OIL F R A C T I O N ;  M I N N O W ; FLO !J P4D ER;
SC A LLOP; Qt JAHOG : MUSSEL; MUD SNA IL

06 92 SHRIMP ; H Y D R O C A R B O N  CONTENT A N A L Y S I S ;  MULLET; OYSTER;
L I Q U I D  C H R O M A T O G R A P H Y ;  GAS C H R O M A T O G R A P H Y

U~~72 SHRiMP ; OFFSHORE D R I L L I N G ;  SPiLL INCIDENT; MISSISSIPPI DELTA;

~I H T E R  cOLuM N ; SEDIMENT; W E A T H E R I N G ;  M I G R A T E S  IN S EDIMENTS : D I V E R S I T Y ;
POPULATIONS: BLUE CRABS ; BENTH IC O R G A N I S M S

O27 -~ SHR I MP; D I S P E R S A N T S ;  T O X I C I T Y ; FISH; C O R E X I T ;  S U B - T R O P I C A L ;
E~’TROPOGOH ; DIOGENES; PALEOMOHOTES ; A M B A S S I S

0695 SHRIMP .; T O XICITY; CRUDE OIL; DETERGENTS; PALEOMO NETES; PENA E IJS
1002 SHR iM P; TOXICITY; CONTENT AN ALYSIS ; DEP URA T IOPI . CRUDE OIL;

FUEL OIL *2 ; BUNKER C : P A L A E W O N E T E S ;  TEMPERA T U RE; PENZENE ; PHENOL;
HA PH T N A LE NE

1 1 9 2  ~ HRTPI P ; CRUDE OIL; CRAB; A L A S K A ; E M B R V O G E N E S I S ;  G R O W T H ;  0 3 0 K  I N LET
12 12  SHR i MP ; L A R V A L  G R O W T H ;  U P T A K E ; D E P U RA T I O N ;  FUEL OIL #2 ;

~4 H T C 1 ~ HG ~I J 7 C C 3 S  ; R E H . 4 V 1  OR,4 L ~ F F C C T S
1 1 7 6  9 H R I M P ; FUEL O I L *  2 ;  ZOOP I A # K T O N ;  R E S P I R A T I O N ;  O X I C I T Y ;

r F0 D I ’~G 8E N~~V I O D  P i O O I L I T  ~ 4 P H T H A L F H E , B E N Z E N E ;  P H E N O .
O~~O3 S I I R I M P ( G R A S S ) ;  T O X I C I T Y :  FUEL O IL - *2 ; M I N N O W ;  M U M M I C H O G ;

C~~TF ISH CHANHEL ); BLUEGI LL
O~~6O S I G ’ ~NUS ;  T O X I C I T Y ;  R A B B I T  F I S h ;  CP IJ D E O I L ;  D E P T H ;  D I S P E P S A N T ;

S T A T I C  A S S A Y ;  F L O W  T H R O U G H  A S S .~Y ;  S A L I N I T Y
O~~O9 S I L I C A  GEL ; B A C T E R I A L  D E G R A D A T I O N ;  V E R T I C A L  D I S T R I B U T I O N ;

MI C R O O R G A N I  5115
1072 S I L 1 C ~ GEL ;  H Y D R O C A R B O N  C O N T E N T  A N A L Y S i S ;  G A S  C H R O M A T O G R A P H Y ;

T I S S U E  E X T P ~i C T i O N

D- 17 4

- -- - - - - -,.--- .-— _ r -~~~~~~~~~~ — -

• 
~~~~~~~~~ -



r

1074 SI L I C A  GEL CHROMATOGRAPHY; A L I P H A T I C ;  A R O M A T I C ;
D E T E R M I N A T I O N  TECHNI QUES ; M A R I N E  O R G A N I S M S ;  ETHER E X T R A C T I O N ;

•~~~3 C~4 R O M A T O G R A P H Y  M A S S  S P E C T R O M E T R Y
0042 SILVER SALMON FINGERLINGS; TOXICITY STUDIES ; SLJDGE OIL;

R E F I N E D  O I L S ;  P E T R O L E U M  P R O D U C T S
0417 SILVEPS IDES; OYSTER; SCALLOP ; M OTOR OIL ; LE SIONS ; H I S T O P A T H O L O G Y
023? S I N K I N G  AGENTS; T O X I C I T Y ;  CRUDE OIL; TOAD FISH; SHELLFISH ;

F I L T R A T I O N  R A T E
0 0 4 3  S I N K I N G  O I L ;  T O R R E Y  C A NY O N ; D E T E R G E N T S ;  CLEANUP OF OI L SPILLS
1126 SIPUN CULID WORM; NA PHTHA LENE ;

METHODS OF DETECTION OF HO ’S IN O R G A N I S M ;  UPTAKE; S P E C T R O PH O T O M E T R Y ;
PHASCO LO SOMA ; PRUDHUE BAY CRUDE OIL

0663 SITE OF A C T I O N ;  A M O E B A ;  NARCOSIS ; P A R A F F I N  OILS
0685 SIZE ; FIELDS STUDIES; CHRONIC POLLUTION ; SANTA B A R B A R A  SPILL ;

L AKE M A P A C ~~I BO~ V E H E 2U ELA ~ BERMU D9 ; T I N R A L I E P  BAY . L A . ;
P O P U L A T I O N  LEVELS; DIVERSITY; GROWTH RATE; R E P R O D U C T I O N ;
A SHORP IA L  G R O W T H S ; S I O M A G N I I  IC~~T I  ON

0979 SIZE; CHRONIC EXPOSURE: MYTILUS ; R E P R O D U C T I O N
0350 SKELETO N EMA; PHY TOPLAH KT ON; A M P H I D I N I U M ;  C R I C C S P H A E R A ;  D U N A L IA L L A ;

BEN ZENE; TOLUENE ; XYLENE ; FUEL O IL # 2 ; GROWTH
1019 SKELET ON EMA ; EMU LS IFIERS; PHYTDPLA $KTOH ; TO X I C I T Y
1019 SKELETON M EA; PHYTOPLA NKTON ; T O X I C I T Y ;  E M U L S I F IE R ;  N I T S C H I A
0690 SLICK-SEED ING; BACTERIAL D E G R A D A T I O N ; A D D ITIVES: ENHANCEMENT;

III C ROBIA L SEEDING ROD; TOTA L. O R G A N i C  CARR O H : NUTRIENT SALT
0042 SLUDGE OIL; TOXICITY STUDIES ; REFINED OILS;

SILVER SALMON F I N G E R L I N G S ;  PETROLEUM PRODUCTS
0231 SMOTHERING; SAN FRANCISCO SPILL; INVERTEBRATES; MM UHI T IES;

RECRUITMENT; INTERTIDAL ; R ECOVERY ; BUNKER C; T1.~N S E C T S
0503 SNAIL ; CHESAPEAKE BAY ; OIL SPILL INCIDENT; SALT MARSH; P O P U L A T I O N S ;

MUSSEL; OYSTERS; MARSH CRASS
0057 SP4A~~L ,NASSAR IUS; LOBSTERS ; B EHAVIOR
0059 SHAI L .NA SSA R IUS ; C HEMICAL SIGNALS ; LOBSTERS ; KEROSENE
0652 SNAILS; PETROLEUM HYDROCARBONS; BASELINE INVESTIGATION; PUCET SOUND;

S E D I M E N T S ; MUSSEL S; T H A I S ; I N T E R T I D A L
0891 SNAILS; FUEL OIL;  TROUT ; CA D D IS FLY ; OYSTER
0352 SNOW GEESE; BIRDS
1163 SODIUM LAURYL SULPHATE; DISPERSAN TS ; C I JN NER; H YPOXIA; R E S P I R A T I O N ;

COREX IT ; BP1002; TRITON X-I OO
0391 SOFT SHELL CLAM ; CRUDE O I L ;  H YDROCARBON ; UPTAKE ; M YA ; R E S P I R A T I O N ;

L I QU I D  C O N T E N T
0953 SOFT SHELL CLAM .; FUEL 011*2 ; PIYA ;  EM ULSION ; TISSUE ABERRATIONS;

HIST OPA THOLOGY: EDEMA; VACUOL A T ION ; GLYCOGE N
0954 SOFT SHELL CLAM; FUEL OIL *2; SOUTH L O U I S I A N A  CRUDE ; M Y A ;

TEMPERA TURE; SUBLETHAL EFFECTS ; MUCUS P R O D U C T IO N ;  MUSCLE C O N T R A C T I O N
0304 SOFT-SHELL CLAM ; MYA ; M I C R O F L O R A ;  B I O D E G R A D A T I O N
114.3 SOFT-SHELL CLAM; FUEL OIL ; UPTAKE ; RETENTION; DEPU R A T IO N ;  B U R R O W I N G ;

M O R T A L I T Y ;  S E A R S P O R T - P I A I N E
0556 S O I L ;  M I C R O F L O R A ;  H Y D R O C A R B O N  U T I L I Z A T ION
0984 S O I L ;  D E G R A D A T I O N ;  B A C T E R I A
0992 SOIL; PLANTS ; TE R RESTRIAL; PERS ISTA NCE ; FIELD CROPS
0704 SOLAR OIL ; TOXICITY ; FISH; DEVELOPMENT; PETROLEUM; EUCRAULIS;

S C O P P A E N A ; C R E N I L A B R U S ; BLACK O I L
1093 SOLE ;  FISH ;  P L A I C E ;  H E R R I N G ;  L A R V A E ;  DETERG E N T ;

DE VELOPMENTAL A BM OM A LITIES ; B P I O O 2 ;  F I NA S O L ;  C O R E X I T
1091 SOLE ; DISPER SANT ; TOXICITY; FISH; LARVAE: H E R R I N G ;  PI L O HAR D ; PL AICE ;

0-175
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L E M O N  S O L E ;  H A D D O C K ;  B P I O O 2 ;  D E L A Y E D  E F F E C T S ;  E M B R ? 0 L O G ~~;

~EH~~V I O R A L  r H A N C E S
~~~~E3.4 CO L U B I I I T Y ;  CRUDE O I L ;  D E G R A D A T I O N ;  M A R I N E  E N V I R O N M E N T ;  Z O O P L A N k T O N ;

~h O T O C H E M I C A L  O X I D A T I O N ; ’  D I S P E R S I O N
(1721 SO L U B L E  A P O M A T  IC H V D R O r A P~~OH D F R I V I T I E S ;  MO DE t ; R I O L O G  IC~~ . F~ F E C T S ;

I E. F ~it ~ F F ~ f T S ‘A I UT I U G

~ O L Y C Y C L I C  A R O M A T I C  H Y D R O C A R B O N S ;  CO~~T I N G
C~~3O S O L L I B L E  F RA C ~~t ON ; B I O A S S A Y ;  T O X I C I T Y ;  L A R V A E ;  J U V E N I L E ;

S U B L E T H A L E F F E C T S
0753 S O L U B L E  F R A C T I O N S ;  C L A M S ;  U PTAKE; D E P U R A T I O N ;  CONTENT A N k L Y S I S ,

CRUDE OIL ; FUE L OIL 12; GAS C H R O M A T O G R A P H Y
14b 3  S O L U B L E H Y D R O C A R B O N S ;  F I S H  P H Y S I O L O G Y ;  F ISH B E H A V I O R ;  T O X I C I T Y ;

S ’- I~~~ S~~ ENZ ’~MES cR LJI ’HO E BA Y CRU DE O I L

~2 7 9  S O L ’ E H T ;  B A R N A C L E S ;  T O X I C I T Y ;  B E H A V I O R ;  L A R V A E ;  D E T E R G E N T S ;  B~~L O O 2 ~
D~~C i C ; E L M IN I H S ;  S U R F A C T A N T

0739 SOL V E N T ;  N -PAPA FF I NS ; GAS C H R O M A T O G R A P H Y ;  SEDI M EN TS
O~~5l S O L V E N T ;  T O X I C I T Y ;  I N T E R T I D A L ;  B A L T I C  SEA ; L I T T O R A L  ZONE ; C O R E X I T ;

BEROL ; B P I I O O ;  WATER BASE ; OIL BASE
O 9 3 ~ S O P 1 A T E R I A ;  B I R D S ;  F I N L A N D ;  P A L V A ;  E I D E R
3~~S5 SOURCES ; R E V I E W ;  B I O L O G I C A L  EFFECTS ; PERS ISTANCE ; T O X I C I T Y
00 19 SOURCES . EFFECTS . AND SINKS ; SYMPOSIUM; HYDROCARBONS;

~ ME R INST . 810 SC!
0 3 2 1  S O U T H  A F R I C A ;  I N T E R T I D A L  I N V E R T E B R A T E S
3320 SOUTH AFRI C A ; W AF RA SPILL ; INTERT i DAL; FiSH TAINTING .

I H T E P T  I DA L I N V E P T E B R A T  ES
031) SOUTH A F R I C A ; W AFR A SPILL; I N T E R T I D A L
O~~06 SOUTH C A R O L I N A ;  FISH ; PERIPHYTON ; SEDIMENTS: STREAM; DIESEL FUEL ;

BOON E CREEK OIL SPILL; P1ACR0 r N~~EPTE8R 4TES ; HYO R OCA RB0N A N A L Y S I S
0421 SOU’H HAMPTON , EN G L A N D ;  SUBLETHAL EFFECTS.: I N T E R T I D A L ;  POL Y CHAETE ;

~p p A T U L ? Y S  C I P P I F C R ~1 T A
0 0 3 4  S O U T H  LA C R U D E ;  W A T E R  S O L U B L E  F R A C T I O N ;  O I L  IN W A T E R  O ! S ~~E R S I O N ;

C R U S TA C E M H S ; FISH ; T O X I C I T Y ;  E S T U A R IN E ;  K U W A I T  CRUDE; FJEL OIL *2;
BUN K ER C ;  CY P P I N 0 0 0 H ;  M E N T O I A ;  F U N D U L U S ;  P E H A E U S ;  P A L E O M O N E ’ E S ;
MY S I  DO P S I  S

0 1 2 1  S O U T H  LA C R U D E ;  S A L T  M A R S H ;  ~C RK R I V E R ;  I S O L A T E D  E C O S Y S T E M ;
W E A T H E R E D  O I L ;  PH ?TOPLA HK TO N ; FISH; PE RI PHY TOH ; A TP : MA ~~S H G R A S S ;
R E N T H IC  F A U N A ;  P O LV C H A E TE S ; INSECT LA R V A E ;  AM~~H IPODS ; 0_ I G O C H A E T E

003’3 SOUTH LA CRUDE; OYSTERS; CRUDE OI L ; REFINED OILS ; C RA S S O S T R E A ;
BIOASSA Y; FUEL OIL *2; BUNKER C ; K U W A I T  CRUDE

0035 SOUTH LA . CRUDE; ESTUARINE A N I M A L S ;  UPTAKE AND D E P U R A T I O N :  T O X I C I T Y ;
R E S P I R A T I O N ; K U W A I T  CRUDE; FUEL OIL *2; BUNKER C: M I N N O W ;
GRASS SHPIM P PAIA EM ON’ E S; BROWN SH RTM P PA HA EUS;
MATER SOLUBLE FRAC TION; OIL W A T E R  DISPERSION ; NA P H TH A L E H E S

0 1 2~ SOUTH LA CRUDE; SALT MARSH ; ESTUARY; YORK R I V E R ;
W Y P P O C A R B O N  A N A L Y S !S ; C ONT RO L1~~D ECOSYSTEM ; F JN DULUS ; A P O M A T I C S ;
‘;~~C C$ R 0 M A T C C . R~,PH~’; CL MS

0399 S O u T H  LR • CRUDE ; L O B S T E R ;  L A R V A E ; F L O W  T H R O ” G H  S Y S T E M ;  E M U L S i O N ;
F E E D I N G ;  M O U L T I N C ;  P I G M E N T A T I O N ; H Y D R O C ARBON A N A L Y S I S

5 343 SOUTH L O U I S I A N A  CRUDE ; CRUDE OIL: K U W A I T  CRUDE ; FUEL O IL I2;
GROWTH RATE ; PHOTOSYN THESIS ; M I C R O A L G A E - T O X I C 1 T Y ;  BLUE S P E E N ;  D I A T O M ;
0 I N O F L A C E L L A T E

0836 SOUTH L O U I S IA N A  CRUDE; K U W A I T  CRUDE; FUEL OIL S 2 ;  BUNKER C ;
T O X I C I T Y ;  W A T E R  S O L U B L E  F R A C T I O N ;  H A P H T H A L E H E ;  N E A N T H E S ;  C A P I T E L L A

0 3 3 5  S O U T H  L O U I S I A N A  CRUDE ; FUEL OIL I 2; WATER SOLUBLE FRACT I)H ;
NEAN THE S ; POLYC I4AET E ; H E M O G L O B i N . ’ H Y P O X I A ;  D I S S O L V E D  O X Y G E N ;
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~O X 1 C i T Y ;  SYNER GISM ; NAP HIH ALE H ES; DISSOLVED HYDROCARBONS ;
R E S P I R A T I O N

~
_ 3
~ ~~~~~~ L O U I S I A N A  CRUDE ; T O X I C I T Y ;  PO LYC HAETES; CRUDE ; NA P H T H A L E N E ;

B l iNKE R c : FUEL 011 *2; MA T E R  SOLUBLE FRA C T I O N ;  HEANTHES ; CA P I T E L L A ;

r. U~ ~ I
3~~54 SO UTH L O U I S I A N A  CRUDE ; Fu EL OIL *2; SOFT SHELL CLAM ; M YA ;

~1NPE9A TUR E ; SUBLETHAL EFFECTS ; MUCUS PRODUCTION; MUSCLE CON TRACTION
t 053 C O J T H  L O U I S I A N A  CRUDE ; D E G R A D A T I O N ;  MASS SPECTROMETRY
i 059 SOU TH L O U I S I A N A  CRUDE. B A C T E R I A ;  B I O D E G R A D A T I O N ;  L I M i T I N G  EFFECTS ;

FUEL O I L  * 2
1 1 5 7  S O U T H  L O U I S I A N A  CRUDE OIL; OYSTERS; CRA SSOSTREA ;

~ N A L Y S I E  FOR H Y D R O C A R B O N S ;  M O R T A L I T Y ;  G A S  C H R O M A T O G R A P H Y
l O b S  SOUTH L O U I S I A N A  CRUDE OIL ; B ACTERIA; SUSCEPTIBILITY; FUNGI; T O X I C I T Y ;

ES TUARY; FUEL OIL *2; CHESA PEA KE BAY ; GROW TH
11 9) SO UT H  L O U I S I A N A  CRUDE OIL ; FUEL OIL *2; POL YCHA ETE HYPOXIA ;

~4ENO G L O B !  N C O MPENSATION
117 3  SOUTH L O U I S I A N A  CRUDE OIL ; DUCKS; MALLARDS;

AN f l I Y S I S  FOR H Y D R O C A R B O N S ;  NAP H THAL ENE ; P H Y S I O L O G I C A L  EFFECTS
0907 SOUT. L TEXAS OUTTER CONTINENTAL SHELF; WA TER SOLUBLE FRACTIONS ;

C~~UDE OIL ; M I C R U A L C A E ; GROWTH RATE ; HY DROCARBON ANALYSIS; SEDIMENTS;
.h4 T E RS’. E;UT~

0285 SOU TH WEST WA LES ; SALT MARSH; PLANTS ; TOLERANCE: RECOVERY
0765 SOUTH-WEST B R I T A I N ;  MI LFORD HAVEN , WALES; T ORREY CANYON; TOX IC ITIES;

C O M M U N i T Y  CHANGE ; L I T T O R A L
3343 SOU HERN C A L I F O R N I A ;  BENZO (A IPYRENE; CARCINOGENS; MUSSELS ; MYTI LU S ;

BA S E L I N E ; B IO G E N I C
0957 SO UT HERN C A L I F O R N I A ; REFINERY EFFLUENT ; ECOSYSTEMS
1:4? TOL/ THERN L O U i S iA N A  CRUDE OIL; TE M PERATURE ;  S A L I N I T Y ;  NA P H T H A L E N E ;

SL A M S ; UPTAKE t DE PURA T ION ; C L A M — B O R E A L ;  C L A M — T E M P E R A T U R E
0221 S C v B E A N ; PL :thTS; TOXICITY: MODULE DEVELOPMENT ; STIMULATION
:203 SP A I N ;  UR Q~J IO LA SPILL ;  PERSIAN GULF CRUDE O IL ;  B E N T H I C  M A C R O F A U NA ;

FIS~4 ; S PA R T IH A ;  TOX ICITY
00 31 S 7A R T IN A ;  R E C O V E R Y ;  CON TROLLED SPILLS; S HAEDA ;  JUNCUS ; F E S T U C A ;

P L A N TA C E ; SALT MARSH: PEMBRO KE WA LES ; K U W A I T  CRUDE OIL;
FLOW ERING PLANTS ; SEED PRODUCTION AND GERMINATION

008., SP I4R T INA ; SALT MARSH SOIL; OXYGEN DIFFUSION
0087 S P A R T I NA ;  REFINERY EFFLUENT ; MOR TALITY
0281 S PA R T I N A ;  SALT MARSH; P U C C I NE L L A ;  CHRONIC; WEATHERING ; R ECOVERY;

C O R N W A L L
C~~~S ~PA R T I N A ;  R E V I E W ;  CHRON IC POLLUT ION ; SALT MARSH ; REFINERY EFFLUENT ;

R E C O V E R Y ;  P U C C I N E L L IA ;  O E N A N T H E
:02’) IPART INA ; CHEDERUCTO BAY . NOVA SCOTIA ; BUNKER C; MORTALITIES ;

I N T E R T I D A L ; A R R O W  SPILL; W I N T E R ;  CHRON IC POLLUTION; FOCUS ; MYA
1208 S PA R T I N A :  URD UI O LA SPILL ; SPAIN; PERSIAN GULF CRUDE O ZL;

PE N TH IC M A C R O F A U N A ; FISH; TOXICITY
O~~24 CP-4 W 141H0 ; O I L ;  DISPERSA N TS ; TOXICITY ; POLYC HAETE ; GAMETE FORMATION ;

S~~OWT H ; M O R T A L I T Y ;  C IPRATULUS ; C I R R I F O R M I A ;  8P1002; COREXIT;
E S SQL V NE

O98~ S PAW’4ING ; BEN2ENE ; HERRIN G ; CIJLPEA ; OVARIAN EGGS ; EMBRYOS ; LARVAE ;
B E H H V IO P. ; R A D I O A C T I V E  TRACER

O~~O 4 SPEC IES A B U N D A N C E ;  OUTBOARD ENC INE E X H A U S T :  DIVERSITY ; PHYTOPL A N KTOH ;
ZOQP LANK TOI4; PER IPHYT ON ; FISH ; BEHAVIOR ; POPULATION

0323 SPECIES C O M P O S I T I O N ;  A R C T I C ; ALGAE ; PRIMARY PRODUCTIVITY:
M u..C~ E~l2 IE V A L L E Y  CRUDE OIL

0726 SPECIES COMPOSITION ; DEGRADATION ; BA CTER IA J MA CROPHYTES

D- 1??
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0263 SPECIES DISTRIBUTION ; BACTERIAL D E G R A D A T I O N ;  FUN GUS;
SEASONAL FLUCTUATION ; CHESAPEAKE BAY

0063 SPECIES DIVERSITY ; M I C R O B I A L  POPULATIONS: PROTOZOANS;
BLUE GREEN ALGAE ; DIATOMS; DECRADATI OH; YEAST; GREEN A L G A E ;
NA T U R A L  S E E P A G E ;  PRUDHOE CRUDE OIL ; A R C T I C ;  A LA SKA -PRUDHOE BAY ;
C A P E  S I M P S O N ;  NUTRIENT E N R I C H M E N T

0149 S P E C I E S  D I V E R S I T Y ;  O U T B O A R D  ENGINE E M M I S S I O N S ;  P H Y T O P L A N K T O N ;
F iX A T I O N ;  CHLOROPHYLL; ZOOPLAH KT OH P O P U L A T I O N  D Y N A M I C S ;
BENT H IC M I C R O I N V E R T E B R A T E  COMMUNITY ; GASOLINE

0842 SPECIES DIVERSITY ; ARGO MERCHANT SPILL ; 8ENTH IC FAUNA;
POPULATION DENSITY; INTERTI D A L  FAUNA ; H A R P A C T I C O ID  COPEPODS;
POLYCHAETES; AMPHIPODS

0899 SPECIES DIVERSITY; WEST FALMOUTH SPILL ; BENTHOS ; FUEL OIL *2
1332 SPECIES DIVERSITY ; FUEL OIL *2; DISPERSION; INTERTIDAL COLONIES;

R E L A T I V E  ABUNDANCE ;  NUMBERS OF S P E C I E S ;
IN D IV I D U A L  ~ PEO UEN CY OCCURANCE PATTERNS

011 1 SPECIES DIVERSITY IN D IC IES; BIOLOGICAL INDICATORS; FISH;
G A L V E S T O N  RA Y  T E X A S

0191 5PEC IE S ENDANGERMENT ; BIRDS ; M O RTALITIES; A R R O W  SPILL;
IRVING WHALE SPILL; NOVA SCOTIA ; N EWFOUNDLAND

0169 SPECIES ENDANGERMENT; BIRDS; MO R T A L I T I E S ;  CONSERVATION;
R E H A B I L I T A T I O N

0 7 3 4  S P E C I F I C  S P I L L S ;  R E V I E W
104 1 S P E C T R O F L U O R O N E T R Y ;  K U W A I T  CRUDE OIL; SUSPENSION; COREXIT 7664 ;

GAS CHROMATOGRAPHY ; COPEPOD; TOXICITY; LONG— TERM EFFECTS ;
R E P R O D U C T I O N ;  EGG PRODUCTION ; HA T C H I N G  SUCCESS

i10~, SPECTROFLUOROMETRY; TAINTING ; HYDROCARBON CONTENT; A QUATIC ANIMALS ;
BUNKER C

0375 S P E C T R O N E T R Y ;  P E T R O L E U M ;  H Y D R O C A R B O N ;  C O N T E N T  A N A L Y S I S ;
MARINE ORGANISMS; CHROMATOGRAPHY—COLUMN GAS .THIN LAYER; Liv; IR

0 7 4 8  S P E C T R O P H O T O M E T R Y ;  B I O A S S A Y :  S A L T  M A R S H ;  M I C R O C O S M ;
G A S  C H R O M A T O G R A P H Y ;  U L T R A V I O L E T ;  FL IJORESENT

109? SPECTRO PHOTOMETRY; TRANSECT: I N V E R T E B R A T ES; H Y D R O C A R B O N  A N A LY S I S ;
TISSUES; SEDIMENT; RECOLONIZATION; COBBLE BEACH

1126 S P E C T R O P H O T O ! I E T R Y ;  NA P HT HALENE ;
ME THODS OF DETECTION OF HC’S IN O R G A N I S M ;  U P T A K E ;  S I P U N C U L I D  W O R M ;
P H A S C O L O S O P I A ;  PR UD HO E BAY CRUDE OIL

077? SPERM ; SAND DOLLAR; KUWAIT CRUDE: FUEL OIL *2;
MATER SOLUBLE EXTRACTS; EGG; RESPIRATION ; M O B ILITY OF SPERM;

~E R T I L I Z A T I O P 4 ; CL E A V A G E ;  L A R V A L  DEVELOPMENT
0865 SPERMATOZOA; BIVALVES; TOXICITY; FERTILIZATION;

D E V E L O P M E N T A L  A B N O R M A L I T I E S ;  PRUDHOE BAY CRUDE ; K U W A I T  C R UDE ;
N I G E R I A N  CRUDE

0864 S P E R M A T O Z O A ; D I S P E R S A N T ;  SHELLFISH ; L A R V A E ; T O X I C I T Y ; B I V A L V E S ;
O Y S T E R S ;  C R A S S O S T R E A ;  MUSSEL;  F E R T I L I Z A T I O N ;  D E V E L O P M E N T

0614 SPHA E R O M A ;  TOXICITY; A R C A T I A ;  AM PHITHOE; FUEL OIL;
WATER SOLUBLE FRACTION

0276 SPIDER CRAB ; NAPHTHAL ENE ; METABOLISM ; MAI A ; EXCRETION
0672 SPILL  INCIDENT;  OFFSHORE DRILL IN G ;  M I S S I S S I P P I  DELTA; WATER COLUMN;

SEDIMENT ; W EATHERING; M IGRATES IN SEDIMENTS; DIVERSITY; P O P U L A T I O N S ;
SHR iMP ; BLUE CRABS; 8ENTHIC ORGANISMS

097 7 S P I L L  INC IDENT;  CHESAP EAKE BAY ; FUEL OIL 5 6;
ENVIRONMENTAL ASSESSMENT; BIR DS ; MO RTALITIES ; SHELL FISHERIES;
MARSH GRASS

0683 SPILL INCIDENTS; REVIEW; B IOA SSA YS ; SUBLE THAL EFFECTS
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0779 SPILL INCIDENTS ; R E V I E W ;  B A J A ,  CALIF ; LONG TERM IMPACT ;
T A M P I C O  MARU SPILL

1025 SPILL INCIDENTS ; REVIEW
0012 S P I L L S ;  B IRDS ;  SAN F R A N C I S C O  B A Y ;  FRANK BUCK - TANKER SPILL ( 1 9 3 7) ;

W E S T  C O A S T  U . S .
01 52 SPILLS: CHRONIC LEAKAGE ; BENTH IC ORGANISMS ;

BALTIMORE CANYON—MID ATLANTIC
0771 SPILLS; ESTUA R INES ; OIL POLLUTION; CHRONIC ; SALT MARSH ; ROCKY SHORE ;

E M ULS I F IERS ; CLEA N ING
1178 SP ILLS ;  C O A S T A L ;  ESTUAR INE ; M O N I T O R I N G
088? S P I N - L A B E L I N G ; H Y D R O C A R B O N S ;  MOLECULAR A C T I O N ;  MEMBRANE I N T E R A C T I O N
0669 SPLASH ZONE ; PELAGIC HYDROCARBONS ; TAR BALLS; ROCKY INTERTIDAL;

FL ORA; FAUNA; BERMUDA: NODILITTORIHA; TECT A R IL JS;
H Y D R O C A R B O N  A N A L Y S I S : A L G A E

0332 SPONGE ; HYDROCARBON CONTENT ANALYSIS; GAS CHROMATOGRAPHY ;
THIN LAYER C H R O M A T O G R A P H Y ;  HIGH PRESSURE L IQUID C H R O M A T O G R A P H Y ;
SAN FRANCISCO B A Y ;  MUSSEL ; CRAB

0545 SPORT FISHERIES ; OFF SHORE OIL ; NORTHEAST U.S.
0243 SPORT FISHING
0655 SPOTTED SHRIMP; PHSIO IOGICAL EFFECTS; SALMON; FLATFISH;

UPTAKE AND DEPURAT ION ; HISTOPA THOLOGY
0411 SPREADING OF OIL; REVIEW; GASE OUS ~XCH 4NG E ; T O X I C I T Y ;  T A I N T I N G ;

OYSTERS ; DIATOMS ; BLEED WATER; OFFSHORE DRILLING
0426 SQUID; HYDROCARBON CONTENT A NALYS iS; GAS CHROMATOGRAPHY ; P A R A F F I N S ;

SHRIMP ; FISH
0832 ST. LAWRENCE RIVER ; PHENOL ; BIODEGRADATION; REFINERY EFFLUENT
1124 ST . LAW RENCE RIVER ; FISH; FUEL OIL; BUNKER C; DUCKS; MUSKRATS;

C A T T A I L S ;  A N A L Y S I S  FOR H Y D R O C A R B O N S ;  MARSHES
1001 S T A N D A R D I Z A T I O N ; DISPERSA NT S ; T O X I C I T Y ;  S T A T I C  B I O A S S A Y
0699 S T A N D I N G  CROP ; C O M M U N I T Y  S T R U C T U R E ;  PLANK TON ;  REFINERY EFFLUENT ;

HOLDING POH DS
02 71 STARFISH ; W A T E R  A C C O M O D A T E D  F R A C T I ON ; M Y T I L U S ; MUSSELS ;  A S T E R I S ;

RE SP I R A T I ON; FEEDING ; REPRODUCTIO N; BYSS A L  THREAD P R O D U C T I O N ;
FUEL OIL *2

0183 STATIC; ALASKA; SHRIMP; COON—STRIPE SHRIMP ; KING CRABS;
COOK INLET CRUDE ; TOXICITY; BIOASSAY; WATER SOLUBLE FRACTION

09 15 S T A T I C ; D ISPERSANTS ; T O X I C I T Y ; T A I N T I N G ; FISHERIES;
TESTING PROCEDURES ; FLOW THROUGH; BIOASSAY

0870 STATIC; TOXICITY; COOK INLET CRUDE; BIOASSAY; FISH; INVERTEBRATES;
A L A S K A

0360 S T A T I C  A S S A Y ;  T O X I C I T Y ;  R A B B I T  FISH; CRUDE OIL ;  DEPTH : S I G A P 4 U S ;
O I S P E R S A N T ;  FLOW THROUGH A S S A Y ;  S A L I N I T Y

100 1 S T A T I C  B I O A S S A Y ;  D I S P E R S A N T S ;  T O X I C I T Y ;  S T A N D A R D I Z A T I O N
0959 S T E N O T O M U S ;  M E T A B O L I S M ;  I N T E R M E D I A R Y  M E T A B O L I S M ;

XENO BIOTIC METABOLISMS; LIPOGE H IS IS ; FIJHOULUS ;
MIXED —FUNCT ION OX IDA SES

0221 STiM ULATION ; PLANTS ; TOXICITY; SOYBEAN ; MODULE DEVELOPMENT
0571 STIMULATION ; PHYTOPLANKTQN ; CRUDE OIL ; FIELD EXPERIMENT; INHIBITED;

LABORATORY STUDIES; TO XI C IT Yu PH; FRACTION S ; BEN ZENE ; NYLENE;
TO LU EWE

0570 STiMULA TION ; CRUDE OIL ; CNLOREL LA; GROWTH RATES;
WATER SOLUBLE FRACTIONS ; TOXICITY

0362 STONY CORAL ; CRUDE OIL; D I S P E R S A N T ; T O X I C I T Y
065 4 S T O N Y  CO RAL S u  EAST CHINA SEA ;  KUROS HI O ; TAR B A L L S ;

ATTACHED ORGANISMS ; BLUE GREEN ALGAE ; PEWNATE DIATOMS ; 8RYO ZOANS ;
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B A R N A C L E S ;  C O P E P O D S
0 4 7 1  S T R A I T  OF M A G E L L A N ;  M ETUL A SPILL : ARAB IAN L I G H T  C R U D E ;

E C O S Y S T E M  I M P A C T
047? STRAIT OF MAGELLAN ; METULA SPILL
0479 STRAIT OF MAGELLAN ; NETULA SPILL ; BEACHES; ESTUARIES
1 209 STRAITS OF MAGELLAN ; M ETULA SPILL; ASSESSMENT OF SPILL ; MUSSELS;

K U W A i T  CRUDE OIL
0163 STRA N DIN GS ; BIRDS ; OIL; BREEDING ; D I S T R I B U T I O N ;  WEATHER
090, STREAM ; FISH; PER IPHYTON ; SEDIMENTS ; DIESEL FUEL;

BOON E CREEK OIL SPILL ; MA CRO INV ERTE8RATES; HYDROCARBON A N A L Y S I S ;
S O U T H  C A R O L I N A

1086  STREAM ; BENT H IC ; MACRO INVERTEBR A TES; OIL REFINERY EFFLUENT ;
DIVERSITY INDICES

0511 STR EAMS VIRGINIA ; SEDIMENT ; DIVERSITY; MACROIHVERTEBRATES
POPU LAT IONS

0139 S T R E A M S ;  M A C R O I N V E R T E B R A T E S ;  G A S O L I N E ;  O R T H O C L A D I U S ;  R E C O V E R Y ;
D I V E R S I T Y  INDEX

0531 STREAMS; DEGRADATION ; OXIDATION; SEDIMENTAT iON; OILY WASTE ;
T E M P E R A T U R E ;  EMULSION

0425 S T R E S S ;  R INGED SEALS ;  P HOCA ;  HARP SEALS ;  IN G ESTION
0433  S T R E S S ; NY T I L U S ;  MODIO L US ;  CARBON BUDGET ; S A L I N I T Y ;  CRUDE O I L ;

R E S I S T A N C E ; M U S S E L S
0715 STRESS; CORAL ; PLA T IGY RA ; BACTERIA ; CRUDE OIL ; MUCUS PRODUCTION;

OESUL FOV !BRIO: REGCIA TOA
10 11 S T R E S S ; SALMO N; PRUDH O E BA Y CRUDE OIL ; W A T E R  SOL UBLE F R A C T I O N ;

R E S P I R A T O R Y  RATE
0334 STRESS BEHAV IOR ; NA PN THALEN E: FUNDULUS: DISTRIBUTION IN BODY
0729 S T R E S S  B E H A V I O R ; T O X I C I T Y ; SALMON ; OIL ; TEMPERATURE ; JUVENILE ;

WEATHER INC
0227 STRIPED BASS; TOXICITY ; DETERGENT; TRICON OIL SPILL ERADICATOR;

R O C C U S
0182 STRIPED BASS ; SALMON , CHINOOK ; BENZEt4E; RESPIRATORY RATES ; NARCOSIS;

O N C O R H Y N C H I J S ;  MO ROHE
0686 S T R I P E D  BASS ;  T O X I C I T Y ; BEHZEHE ; C ONTIN UOUS FLOW
074? S T R I P E D  BASS ;  T O X I C I T Y ; MORO HE ; BEHZE N E ; J U V E N I L E S
0249 STRON G YLOCE HT RUS; GENERAL M.C. ME IGS SPILL ; CHRONIC; SURVEYS;

H Y D R O C A R B O N  C O N T E N T ;  I N T E R T I D A L ; W A S H I N G T O N  C O A S T ;
FUEL OIL—NAVY SPECIAL ; SEA URCHINS

1134 SUB ARCTIC; ARCTIC; 8AFF IN BAY ; DAV IS STRAIT ; LABRADOR SEA ;
ASSESSMENT OF SPILLS ; PHYTOPLANKTO N ; ZOOPLA HKTO H; ZOOBEMTHOS: FISH;
MAMMALS ; BIRDS

0116 SUB- LITTORAL ; TORREY CANYON ; L ITTORAL: COMMUNITIES
0184 SUB-LETHAL EFFECTS : ALIPHATIC ; AROMATIC
0579 SUB-TROPICAL; DISPERSANTS; TOXICITY; FISH ; SHRIMP: CORE X IT ;

C E N T R O P O C O N ; DIOGEN E S ; P A L E O M O N O T E S ; A PIB A S S I S
0657 SUBARCTIC; ARCTIC
0654 SUBARCTIC; BIBLIOGRAPHY ; ARCTIC; REVIEW
0359 S U B L E T H A L ;  CRUD E OIL ;  DETERGENT ;  O C T O C O R A L S ;  C R U S T A C E A N S ; M O L L U S C S ;

ECI4INO DERMS ; FISH; TOXICITY; DEVELOPMENTAL STAGES ; RED SEA ;
FEEDING RATE ; PHYSIOLOGY ; BI OACCU M UL A T ION ; LIVER ENLARGEMENT;
H E M A T O C R I  I

0357 SUBLETHAL; DRUPA CRA HU LA TA ; MYTILUS: PREDATION RATE; FECUNDITY;
CRUDE OIL ; MUSSELS; RED SEA; DISPERSANT

0761  SUBLETHA L; TOXICITY ; AROHAT ICS: PHENA THRENES; ESTUARINE; BENTHIC;
OCEANIC ; LARVAE ; JUVENILES; RESPIRATION ; GROWTH
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0060 SUBLETHAL EFFECTS; LOBSTER: CRUDE OIL
0 151 SUBLETHAL E F F E C T S ;  CH RON IC OIL POLLUTION ; C O A S T A L  E C O S Y S T E M;

METABOLISM ; BEHAVIOR ; FOOD CHAIN MAGNIFICATION: WETLANDS ; E S T U A R I E S
0260 S U B L E T H A L  E F F E C T S ;  CRUDE O IL ;  T O X I C I T Y ;  C O R A L S ;  H E T E R O X E N I A ;  RED S E A ;

DEPTH PROTECTION EFFECTS: HYDRO CARBON CONTENT ANALYSIS
0361 SUBLETHAL EFFECTS ; CRUDE OIL; RED SEA ; MA CROFAUNA; TOXICITY ; DEPTH;

PHYSIOLOGY ; M E T A B O L I S M ;  B E H A V I O R ;  DISPERSA NT
0484 SUBLETHAL EFFECTS ; LITTOR INA ; BUNKER C; DISPERSANT ; RESPIRATiON :

COREX IT: CRAWLIN G RATES
0421 SUBLETHAL EFFECTS; INTERTIDAL; POLYCHAETE ; SOUTH HAMPTON , ENGLAND;

C IRRA TULUS ; C IRRI FOR MIA
0530 SUBLETHAL EFFECTS; BIOASSAY; SOLUBLE FRACTION ; TOXICITY; LARVAE:

JUVENILE
0581 SUBLETHAL EFFECTS: CRABS ; OYSTERS: CHEMOREC EPTZON ; NA PTNA LENE ;

BEHAVIOR: BIOASSAY
0529 SUBLETHAL EFFECTS ; BIOAS SAY: CONTINUOUS FLOW ; TOXICITY ;

WATER SOLUBLE FRACTION ; WHOLE OIL FRACTION ; M INNOW ; FLOUNDER; SHRIMP;
SCALLOP ; QUAH OG ; MUSSEL ; MUD SNAIL

0721 SUBLETHAL EFFECTS ; MODEL ; B IOLOGICAL EFFECTS ; TOXICITY ; TAINTING;
POLYCYCL IC AROMATIC HYDROCARBONS ; COATING ;
SOLUBLE AROMATIC HYDROCARBON DER IVITIES

0$8.3 SUBLETHAL EFFECTS: REVIEW ; SPILL INCIDENTS; BIOA SSAYS
0700 SUBLETHAL  EFFECTS;  R E V I E W - O I L  POLLUTION ;  L A R V A E :  P R O D U C T I V I T Y ; FISH:

PHVTOPLANK TON: ZOOPLANKTO H ; EGGS: BIRDS ; PLAICE
0927 SUBLETHAL EFFECTS ; MARINE ORGANISMS; PHYSIOLOGICAL RESPONSE;

E S T U A R I N E  O R G A N I S M S
0820 SUBLETHAL EFFECTS ; AR CTIC: CRUDE OIL ; AMPHIPOD ; COELENTERATE :

LOCOMOTORY ACTIVITY ; ONISIMUS ; HALITNOLUS
0905 SUBLETHA L EFFECTS ;  MARINE B IOTA
0794 SUBLETHAL EFFECTS ; CHRONIC POLLUTION : REVIEW: FIELD STUDIES ;

OFFSHORE PRODUCTION ; REFINERIES ; ESTUARIES ; NATURAL SEEPS
0956 SUBL ETHAL EFFECTS ;  EFFLUENT , REF IHERY ;  METABOLIC RATE ;

O X Y G E N  C O N S U M P T I O N  R A T E ; E S T U A R Y
0954 SUBLETHAL EFFECTS ; FUEL OIL 52 ; SOUTH LOUISIANA CRUDE ;

SOFT SHELL C L A W ; MYA ; T EMPERATURE ;  MUCUS PRODUCTION ;
M U S C L E  C O N T R A C T I O N

O94~ SUBLETHAL EFFECTS : TOXICITY TESTING; COPEPODS ; TECHNIQUE ; DROPLETS ;
NARCOSIS

0975 SUBLETHAL EFFECTS ; SANTA BARBARA SPILL ; BIRDS; INVERTEBRATES; ALGAE;
MORTALITIES ; RECOLONIZATION ; PHYLLOSPAD IX ; CHTHAMALUS; POLLICIPES ;
NE SP ERO PH YC U S

0980 SU B L E T hA L  EFFECTS: CHRONIC EXPOSURE: COAL OiL POINT ,  CAL IF . ;
SEDIMENTS ; BENTHI C IN-FAUNA ; ABALONE : MUSSEL ; BARNACLE

0995 SUBLETHAL EFFECTS: DISPERSANTS ; EMULSIONS: TOX IC TY; ACTIVITY ;
MOTIL ITY; BIVALVES ; CRUSTACEANS ; FISH; BEHAVIOR; OIL EMULSION ;
CONTINUOUS FLOW; LOCOMOTION

0979 SU BLETHAL E F F E C T S ;  CHRONIC EXPOSURE
O~~98 SUBLETHAL EFFECTS ; CRUDE OIL ; PRODUCERS ; CHEMORECEPTION ;

WATER SOLUBLE FRACTIOH 2 INHIBITORS
1078 SUBLETHAL EFFECTS ; LOBSTER; TOXICITY; LARVAE; EMULSIONS
1125 SUBLETHA L EFFECTS: REVIEW ; TOXICITY ; UPTAKE ; RETENTION ; DEPURA TION ;

METHODS OF DETECTION OF HG ’S IN ORGANISM ; B IO IHD ICATO R S
0811 SUBLETHAL RESPONSE ; FISH; BIOI N D ICA TOR : BENZOPYRENE HYDROXYL A SE ;

ENZYMES ; MONITOR
0947 SUBLITTORAL ; TORREY CANYON SPILL; DEGRADATION; ZOOPLANKTON : BACTERIA;
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L I T T O R A L ;  CLEAN UP
1 115 SUBSTRATE; BIODEGRADATION ; BA CTERIA ; DISTRIBUTION ; HYDROGEN ACCEPTOR ;

A B S O R B E N T S
1 1 1 3  SUBSTRATE; CRUDE OIL ; DEGRADATION ; BACTERIA; YEAST; FUNGI ;

0 1 ST RI ION
1090 S U B S T R A T E  A B S O R P T I O N ;  B P IO O 2; DETERGENT ; S A B E L L A R I A ; L A R V A E ;

T O X I C I T Y
0064 S U B S T R A T E  C O M P O S I T I O N ; B I O D E G R A D A T I O N ;  CRUDE OIL;  TEMPERATURE
0516 SUBSTRATE SELECTION ; B I O D E G R A D A T I O N ; B A C T E R I A ; S U C C E S S I O N
0938 SUBSTRATE SELECTION ; TOXICITY OF END PRODUCTS; DIATOMS ;

DI NO F L AG E L L A T E S
1053 S UB S T R A T E  S E L E C T I O N ; M I C R O O R G A N I S M S ; Y E A S T ; B A C T E R I A :  F U H C I ;

C H E S A P E A K E  BAY
0963 S U B S T R A T E  S E L E C T I O N ;  B I O D E G R A D A T I O N ;  Y E A S T ;  GAS C H R O M A T O G R A P H Y ;

TEMPERATURE ; A C I D  PRODUCTION
1065 S U B S T R A T E  S E L E C T I O N ;  A L G A E ;  P R O T O T H E C A ; B I O D E G R A D A T I O N
0403 S U B S T R A T E S ;  H Y D R O C A R B O N S ;  M I C R O O R G A N I S M S
0773 SUBTIDAL ; SANTA BARBARA ; KELP; INTERTIDAL; OVERVIEW
0966 SU BT IDAL ; S A N T A  BARBARA SPILL; INTERTIDAL ; SURVEY; DIVERSITY; PLANTS;

ALGAE: INVERTEBRATES: CHANNEL IS.
0516 SUCCESSION; BIODEGRADATION; BACTERIA; SUBSTRATE SELECTION
0718 S U C C E S S I O N ; CHRONIC  POLLUTION ; OIL PORT ;  P O MA T O L E IO S ;  G R O W T H ;

TOXICITY ; KUWAIT: DIVERSITY
0779 SUCC ESSION ; T A M P I C O  NARU SPILL;  CHRONIC:  SURF CONDIT IONS ;

MORTALITIES ; RECOVERY; BAJA , CALIF.; ANT HOPLEUR A ; KELP ;
P H O T O S Y N T H E S I S  

-
0688 S U C C E S S I V E  O I L I N G S ; R E C O V E R Y ; T O L E R A N C E ; C O M M U N I T Y  S U R V E Y ;

SALT  MARSH PLANTS ;  C LA M O R C A N , W A L ES
0872 SUFFOCATION ; MOSQUITO; CULEX; T O X I C I T Y
1073 SULFUR C O N T A I N I N G  PETROLEUM COMPONENTS ; FLAME PHOTOMETRIC  D E T E C T O R ;

C O N T E N T  A N A L Y S I S
0326 SUMMARIES; BIBL OGRAPHY; REVIEW
0325 SUMMARIES; BIBLO CRAPHY
0186 SUMM A R Y ;  T I MBALIER BA Y ,LA.; OFFSHORE PRODUCTION: LONG TERM EFFECTS
0914 SUNFISH (ORANGE—SPOTTED); HYDROCARBOHS I GAS W A S T E S ; FISH ; T O X I C i TY ;

B E H A V I O R ; A T T R A C T I O N
066 8  S U N F I S H 1 R E D EA R ;  P E T R O L E U M  REFINERY EFFLUENT:  L E P O M I S ;

BEHAVIORAL SYMPTOMS ; TOXICITY: FRESH WATER FISH
0863 SUPRA LITTORAL ; AR THROPODS; LIMOSINA: ORCHESTIA; EFFLUENTS; TOXICITY:

C R U D E  O I L ; F L I E S ; A M P H I P O D E S
0779 SURF C O N D I T I O N S ;  T A M P I C O  MARU SPILL;  C H R O N I C ;  M O R T A L I T I E S :

SUCCESSI ON; RECOVERY: BAJA , CALIF.; ANTH O PLEURA; KELP ;
PHOTOSYNTHESIS

0404 SURr G R A S S : S A N T A  B A R B A R A :  I NT E R T I D A L :  C O M M U N I T I E S ;  B A R N A C L E S
0728 SURFACE FILMS : LIPIDS; ZOOPLANK TOH ; HYDROCARBON CON CENTRATION
0185 S U R F A C T A H T ;  K U W A I T  CRUDE: BP 1002; LICHENS: L ICH IHA ; CARB ON FIXAT ION ;

E PUJLSIF IER
0131 S U R F A C T A N T ;  O IL  SPILL R E M O V E R :  M E IO F A U N A ;  R E C O V E R Y :

L O N G — T E R M  EFFECTS
0179 SURFA CTAH T: MUSSEL ; MYTILUS: PHYS IOLOICAL EFFECT ; TISSUE ~W E L L I W G ;

SEASONAL VARIATION; NORWAY
02 79 S U R F A C T A N T ;  e A R NA C L E s ;  T O X I C I T Y ;  B E H A V I O R :  L A R V A E :  D E T E R G E N T S ;

BPIOO2 ; DA SIC; ELMIN INS; SOLVENT
0447 SURFA CTANT; MUSSELS; FERTILIZATION; LARVAE DEVELOPMENT
0509 S U R F A C T A N T :  C R A S S O S T R E A ;  OYS TER ;  M E R C E N A R IA ;  C L A M ;  L A R V A E ;
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DEVELOPMENT: GROWTH: SURVIVAL ; TOXICITY
0994 SUR F A C T A N T S ; FISH ; CRUSTACEANS ; B I V A L V E S ; T O X I C I T Y ;  B E H A V I O R ;

DEVELOPMENT ; ACT IVITY ; 8YSSUS THREAD ; MOULT INC
1088 SURFACTA HTS ; TOXICITY ; SALMON
11 00 SURFACTA N TS; TOXICITY; RECOVERY; BARNACLES: NA UPL II ; ELMIMIUS
0966 SURVEY: SANTA BARBARA SPILL; INTERTIDAL ; SUBT IDAL ; DIVERSITY ; PLANTS:

A L G A E ;  I N V E R T E B R A T E S ;  CHANNEL I S .
0974 S U R V E Y ;  S A N T A  B A R B A R A  SPILL;  B I R D S;  MARINE MAMMALS ; DIVER S I TY ;

FISHERIES ; TAINTING
0755 SURVEY OR REVIEW-PETROL . POLLUTANTS: ENVIRONMENTAL IMPACT
0249 SURVEYS; GENERAL M.C. MEI GS SPILL : CHRONIC; HYDROCARBON CONTENT;

INTERTIDAL ; WASHINGT ON COAST ; FUEL OIL—NAVY SPECIAL ; SEA URCHINS ;
ST RO HCY 10 CEN TR US

0340 SURVIVAL ; CLAMS; GROWTH
0509 S U R V I V A L : C RA SSOSTRE A ; OYSTER ; M E RCE NA R IA ;  CLAM: SURFA CTANT ; LARVAE ;

DEVELOPMENT ; GROWTH ; T O X I C I T Y
1069 SUSCEPTIBILITY; BACTERIA; FUNGI ; TOXICITY ; ESTUARY ;

SOUTH LOUISIANA CRUDE OIL : FUEL OIL 82; CHESAPEAKE BAY ; GROWTH
0331 SUSPENDED SEDIMENT ; HYDROCARBON ; NYTILUS EDULIS
1041 SUSP ENSION ; K U W A I T  CRUDE OIL;  C O R EX IT  7664 ,  GAS C H R O M A T O G R A P H Y ;

SPECTRO FLUO ROME TRY; COPEPOD; TOXICITY ; LONG-TERM EFFECTS ;
REPRODUCTION; FCC PRODUCTION; HATCHING SUCCESS

0448 SW EDE N ; COD ; NONYPH ENIL E T H O X Y L A T E ;  UPTAKE AND DEPU RAT ION ;
PHYSIOLOGICAL

1203 SYMPOSIA; BIODEGRADATION; OILS
0018 SYMPOSIUM; SOURCES , EFFECTS, AND SINKS ; HYDROCA RBONS;

AMER. INS1. BIO SCI.
0216 SYMPOSIUM; PACIFIC NV AND A LASK A COAST
0223 SYMPOSIUM ;  ARGO MERCHANT SPILL
037 1 S Y M P O S I U M
0393 SYMPOSIUM
0392 SYMPOSIUM
0518 SYMPOSIUM
0502 SY MPOSIUM
0565 SYMPOSIUM; PUGET SOUND
1226 SYMPOS IUM; PETROLEUM HYDROCARBONS ;  MAR INE ORGANISMS ; FAT E t EFFECTS
0050 SYM POSIUM—MAR I NE POLLUTION
0236 SYMPTOMS ; DIESEL FUEL ; PELAGIC LARVAE ; ENCH INOD ERMAT A ; ANN E LID A;

A R IHROPODA ; TOXICITY
0885 SYNERGISM; FUEL OIL I 2; WATER SOLUBLE FRACTION; NEANTHES;

POLYC HA FTE ; HEMOGLOBIN; HYPOXI A ; SOUTH LOU ISIANA CRUDE ;
DISSOLV ED OXY t E H ;  TOXIC iT Y ; Ha PHTHA LENE~~; DISSOLV ED HYDROCARBON ! ’
R E S P I R A I L O N

0964 SYNERGISM; NA PHTHRLENE ; TOXICITY; PHOSPHORUS; DIATOM
0996 SYNERGiSM ; SHAD; ALOS A ; TOXICITY: PETROLEUM PRODUCTS;

DISSOLVED OXYGEN ; GASOLINE ; FUEL OIL; BUNKER OIL
1046 S YNERGISM ;  P H Y S I O L O G I C A L  EFFECTS
1172 SYNERGISTIC EFFECTS; FUEL OIL 82; TEMPERATURE ; SA LI HII Y ;

EMBRYOCE NSI S; RESPIR A T IOW ; HORSESHOE CRAB ; L IMULUS
0988 SYNTHESIS ; POLNUC LEA R AROMATIC HYDROCARBONS : BEN ZOPYRENE ;

CARCINOGE N S IS ; DISTRIBUTION: DEGRADATION -

1 1 1 4  SYNTHESIS; CARC INOCE HE SIS ; HYDROCARBONS ; INPUT; METABOLISM;
DEGRADATION ; BACTERIA

0528 TA ICA ; A RCTIC ; TERRESTRIAL PLANTS: TUNDRA
0002 TAINTI N G ;  FISH ; WNI TE F ISN; ANALYSIS FOR PETROLEUM HYDROCARBONS
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e C’ T A I N T I H G ; D E G RA DATION ; B A C T E R I A ;  FUNGI ; EMULSIONS; TO X I C I T Y
1 7 ~ T A I N T I N G ;  H Y D R O C A R B O N S ;  Z O O P L A N K T O N ;  F I S H ;  T O X I C I T Y ;  B E H A V I O R ;

U P T A K E ;  M E T A B O L I S M ;  D E P U R A T I O N ;  ACCUMULATION
1~~ -~ T A I N T I N G ;  M U L L E T ;  K E R O S E N E ;  A U S T R A L I A :  R I V E R  S E D I M E N T S
1~~2~ T A I N T I N G ; F I S H ;  Y E L L O W T A I L ;  CRUDE OIL ; VAPOR A N A L Y S I S ;  S E R I O L A ;

G A S  C H R O M A T O G R A P H Y
1 9 3  T A I N T I N G ; N I L F O R D  H A V E N , R R I T A I N ;  I N T E R T I D A L ; S E D I M E N T S ;  M A C R O F A U N A ;

SAND Y AND M U D DY  S H O R E S
03E v Tc~IHT IN G ; OUTBOARD OP E R A T I O N ;  D E C R A D A T I O N ;  W E A T H E R I N G ; V O L A T I L I T Y
04 1 1  T A IN T I N G ; R EVIEW ; SPREADING OF OIL; GASEOUS EXCHANGE ; T O X I C I T Y :

OYSTERS ; DIATOMS ; BLEED W A T E R :  OFFSHORE D R I L L I N G
1q 3 1 T A I N T I N G ;  FISH; M I C R O B I A L  I N F E S T A T I O N ;  R E V I E W
0590 TA I N T I N G ; R E V I E W ;  NORTH SEA ; IISH STOCKS ; DISPER SANTS
0389 T A I N T I N G ;  F ISHERIES ; EM UL SIF IERS
0~~C3 T A T N T I N G ;  CRUDE OIL; P A L A T A B I L I T Y ;  B R O W N  S H R I M P ;  BLUE C R A B ;

L O U I S I A N A  C R U D E  OIL
(~~~~~) T A I N T I N G ; O U T B O A R D  M O T O R S ;  T O X I C I T Y ;  F ISH;  F I S H  R E P R O D U C T I O N ;

B L U E C I L L S ;  F A T H E A D  M I N N O W S
0 E 5 ’3 T A I N T I N G ;  FISH; SEAWEED ; PHENOLS ; O ILS ; DEPOSITION; DETERGENTS
C€~~I T A E N T I~lG; OYSTER; CRA SSOSTREA ; L O U I S IA N A ;  OIL SPILL; M O R T A L I T Y ;

GROWTH ; SET ; DISEASE INCIDENCE
G~~58 TAIN T I N G ; OIL; PHENOL ; FISH
I i?2l T A I N T I N G ; M O D E L ;  B I O L O G I C A L  E F F E C T S ;  T O X I C I T Y :  S U B L E T H A L  F F F E C T S ;

P O L Y C Y C L I C  A R O M A T I C  HYDROC MR BOH S ; C O A T I N G ;
S O L U B L E  A R O M A T I C  H Y D R O C A R B O N  D E R I V I T I E S

0.45 T A I N T I N G ;  TROUT; S A L M 0 ~I; D I E S E L  FUEL
0 7 3~ T A I N T I N G ; S C A L L O P S ;  A R O P I A T I C S ;  PA R A F F I N S ;  CRUDE O IL
C ? 3 5  T A I N T I N G ;  F I S H;  S A L M O N , C H U N
0788  T A I N T I N G ; F I S H ;  PA R I F F I P 4 S ;  G A S  C H R O M A T O G R A P H Y ;  E E L S ;

A R A B I A N  L I G H T  CRUDE O I L ; O R G A N I C  SULFUR
0 8 1 3  T A I N T I N G ; B EH ZOPYRENE ; NY D R O X Y L A S E  INDIJ CT ION FISH;

POLYCYCL IC A R O M A T I C  HYDR OX YLASE ; ARYL HYDROC A RBON HYDRO X YLASE ;
BROWN TROUT ; NEWFOUNDLAND ; THIN-LAYER CHROMATOGRAPHY

081? TA I N T I N G ;  AR CTIC; CRU S TACEA ; ISOPODS; AMPHIPODS; BEHAVIOR;
A~~T R A C T 1 O N ;  R E P U L S I O N ;  CRUDE O IL

0786 T A I N T I N G ;  JAPANESE COAST; FISH ; EELS; GAS C H R O M A T O G R A P H Y ;
IR A B S O R P T I O N ;  UV A B S O R P T I O N ;  M A S S  SP E C T R U M ; T O L U E H E ;
M I Z U S H I NA ~ JAPAN ; AROM ATIC HYDROCARBONS ; GASOLINE

0787 T A I N T I N G ;  TAINTING ; GREEN FISH ; EEL ; FUEL O I L — B O I L E R ;
CONTENT ANALYSIS ; G I R E L L A ;  A N CULLA

083~ T A I N T I N G ;  TOXI CITY TESTING ; M ETHODOLOGY
0923 TAINTING ; MULLET; PIUG IL ; KEROSENE ; GAS L ICUID CHROMATOGRAPHY;

G AS CHROMATOGRAPHY- MASS SPECTROSCOPY ; IN FRA RED SPECTR 3SCOPY ;
R A D I O A C T I V E  T R A C E R S ;  U P T A K E ;  P R O T O N  M A G N E T I C  R E S O N A N C E  S P E C T R O S C O P Y

0922 T A I N T I N G ;  KEROSENE ; M U L L E T ;  GAS C H R O M A T O G R A P H Y :  MUGIL
0 9 2 4  T A I N T I N G ; O I L ;  S H E L L F I S H ;  T O X I C I T Y ;  D E T E R G E N T S ;  C L E A N  UP P RO C ED U RES
0 9 9 7  T A I N T I N G :  C H R O N I C  P O L L U T I O N ;  L G U I S I A NA ; C O A S T A L  O IL  P R O D U C T I O N :

T O X I C I T Y
0915 TAINTING ; DISPERSANTS ; TOXICITY; FISHERIES; TESTING PROCEDURES;

STATIC ; FLOW THROUGH ; BIOASSAY
1068 TAINTING; BIRDS ; FISH; MOLLUSCS; BENZOPY REN E; ALGAE ; TOXICITY;

TORRE Y CANYON SPILL
09’4 T A I N T ING ; S A N T A  BARBARA SPILL; SURVEY; BIRDS; MARINE MAMMALS;

DI VERSITY ; F ISHERIE S
0991 T A I N T I N G ; O U T B O A R D  MOTOR E X H A U S T  W A S T E ; FIS H; BL U E C I L L ; L E A D
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103 1 T A I N T I N G ; M U L L E T ;  M UC IL ; KEROSENE ; H ISTOPATHOLOCY ; CONTENT ANALYSIS;
A U S T R A L  IA

1 1 4 1  T A I N T I N G ; D I S T I L L A T E S ;  H A D D O C K ;  P O T A T O ;  V A S C U L A R  P L A N T S
1 106 TAINTING ; HY DROCARBON CONTENT ; A Q UATIC ANIMALS ; SPECTROFLUOR OMETRY ;

B U N K E R  C
1 16 7  T A I N T I N G ; C A L I F O R N I A ;  P E T R O L E U M ; C L E A N I N G  AGENTS ; GAS CHR OMATOGRAPHY;

O R CA N O L E P T I C ; B I O D E G R A D A T I O N
0434 TA MANO—C A SCO BAY MAINE 1972; MYA ; CAR BON FLUX ; FUEL O IL I6 ;

CA SCO BAY M A I N E
0779 T A M P I C O  MARU SPILL ; CHRONIC ; SURF CONDITIONS: MORTALITIES:

SUCCESSION ; RECOVERY ; BAJA , CALIF .; ANTHOPLEURA ; KELP;
PHOTOS Y NTHESIS

0765  T A M P I C O  PIARU SP ILL;  TORREY C A N Y O N  SP ILL :  M ILFORD H A V E N ,  W A L E S ;
L I T T O R A L  C O M M U N I T Y ;  O IL;  SHORE CLEAN ING

0778 T A M P I C O  MARU SPI LL; R E V I E W ;  B A J A .  C A L I F . :  SPILL INCIDENTS:
LONG TERM IMPACT

0797 T A N K E R  D I S C H A R G E S ; E C O L O G I C A L  IMPACT
02 13 T A N K E R  S I N K I N G S ;  W V 2 ; W I L D L I F E ; ECONOMY
1223 T A R ;  T U R T L E S ;  F L O R I D A ;  OIL SPILL
0727 TAR BALL ; BARNACLES ; CONTENT ANALYSIS: METABOLISM; UPTAKE;

D E P U R A T  I O N
0 4 4 3  TAR B A L L S ;  OIL SPILL , EXPERIMENTAL ; HYDROCARBON ANALYSIS ;

WATER COLUMN; SEDIMENT ; FLUORESCENCE SPECTROSCOPY
0507 TAR BALLS
0515 TAR BALLS ; PETROLEUM LUMPS ; ASSOCIATED B IOTA ; ACE;

O X Y G E N  CONSU MP T I O N
0664 TAR BALLS; EAST CH I NA SEA ; KUROSHIO ; ATTACHED ORGANISMS ;

BLUE GREEN ALGAE ; PENHA TE DIATOMS; STONY CORALS; BRYOZO AN S ;
BARNACLES ; COPEPOD S

0669 ~AR BALLS ; P E L A G I C  HYDROCARBONS ;  ROCKY I N T E R T I D A L ; FLORA ; FA U NA;
BERMUDA ; SPLASH ZONE; HODILITTORINA; TECTAR IUS ; HYDROCARBON ANALYSIS;
A L G A E

0831 TAR B A L L S ;  A S S O C I A T E D  O R G A N I S M S
0822 TA RSOLVENT: L ITT ORI NA ; NUCELLA ; BUC INNUM; DETERGENTS ; GROWTH ;

MORTALITY: BPIOO2
0948 TARUT BAY , SAUDI A R A B I A ;  OIL SPILL INICIDENT; PERSIAN GULF ;

DISPERSANTS: MAR I NE FAUNA ; COREXIT—?6~~4
0586 TAXONOMY; YEAST: DEGRADATION ; HYDROCARBONS
0453 T A Y  ESTUARY, SCOTLAND ; BIRDS: MORTALITIES
0455 TAY ESTUARY . SCOTLAND; BIRDS ; MORTALITY ; ElDERS
0047 T A Y  R I V E R ;  B IRDS ;  VENEZUELAN CRUDE OIL
0949 TECHNI QUE ; TOXICITY TESTING ; SUBLETHAL EFFECTS ; COPEPODS ; DROPLETS ;

NARCOSIS
1035 TECHNIQUE; BIOASSAY; CONTINUOUS FLOW ; PETROLEUM ; METHODOLO GY ;

FUEL OIL 52
0247 TECHNI QUES; HYDROCARBON CONTENT ; ORGAN I SMS; SEDIMENT
0251 TECHNI QUES ; PARA FFINS ; LIQUID—SOLID CHROMATOGRAPHY;

GAS LIQUID CHROMATOGRAPHY
0375A TECHNI QUES ; HYDROCARBON CONTENT ANALYSIS
0677 TECHNI QUES ; HYDROCARBON CONTENT ANALYSIS
0760 TECHNI QUES ; NAPNTHAL (NE ; A LKYLNA PNTHA LENE J CONTENT ANALYSIS ;

ULTRAV I OLET SPECTROPHOTONETRY ; TISSUES: SEAWATER
0669 TECTA N IUS ; PELAGIC HYDROCARBONS ; TAR BALLS: ROCKY INTERTIDAL; FLORA;

FAUNA; BERM UDA ; SPLASH ZONE; NODILITTOR INA; HYDROCAR BON ANALYSIS;
A L G A E
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0068 T E M P E R A T U R E ;  A B U N D A N C E ;  D I S T R I B U T I O N ;  B I O I P 4 D I C A T O R ;  E N U M E R A T I O N ;
CRUDE O I L —  S W E D E N ;  L E V E L  OF OIL ; M ICROORGANISMS ; B I O D E G R A D A T I O N ;
R A R I T A N  BAY N J. ; GAS C H R O M A T O G R A P H Y

O ’ 0 3  T E M P E R A T U R E ;  B I O D E G R A D A T I O N : M E T A B O L I C  P A T H W A Y S ;  NEW J E R S E Y  C O A S T ;
N UTRIENT MINERALS ; BACTERIA -HYDROCARBON UTILIZING

0064 T E M P E R A T U R E ;  B I O D E G R A D A T I O N ;  CRUDE OIL ;  S U B S T R A T E  C O M P O S I T I O N
0104 T E M P E R A T U R E ;  B A C T E R I A ;  N I T R O G E N ;  P HOSPHORUS : L I M I T I N G  F A C T O R S ;

B I O D E C R A D A T T D H
0223 T E M P E R A T U R E ;  DE G R A D A T I O N ;  B A C T E R I A ;  FUNGI ; O X I D A T I O N ;  A S S I M I L A T I O N
0226 TEMPERATURE ; DEGRADATION; BACTERIA ; FUNGI
0212 T E M P E R A T U R E ;  NA P H T H E N I C  A C I D ;  T O X I C I T Y ;  BLUEGILL SUNFISH ; POND S N A I L ;

W A T E R  HARDNESS
0156  T E M P E R A T U R E ;  A L G A E ; P R A S I N O L A D U S ;  E M U I S I F I E R S :  BP 1002;  T O X I C I T Y
0274 TEMPERATURE; EFFLUENT; REFINERY HOLDING PONDS; COMMUNITY METABOLISM:

SEASONAL; ALGAL PRODUCTIVITY: RESPIRATION ; LIGHT
0303 TEM PERATURE ; CHEDABUCTO BAY . NOVA S C O T I A ;  CAPE S I M P S O N ,  A L A S K A ;

N A T U R A L  SEEP ; A R T H R O 8A C T E R ;  PSE000MONA S
0 32 4  T E M P E R A T U R E ;  F I S H E S ;  BERING SEA ; T O X I C I T Y
0 4 5 9  T E M P E R A T U R E ;  T O X I C I T Y ;  CRUDE O I L — A R A B I A N  L I G H T ;  L I T T O R I N A ;  MY T I L U S ;

T I O L  C Y C L E
0494 T E M P E R A T U R E ; OIL ; DUCKS ; C O A T I N G ; M E T A B O L I S M ; HEAT C O N D U C T I V I T Y
0 4 2 9  T E M P E R A T U R E ;  D E G R A D A T I O N ;  B A C T E R I A L
0 4 0 7  T E M P E R A T U R E ;  A R C T I C ;  INVERTEB R A T E S ;  R E C R U I T M E N T ;  B R O O D I N G :

M I C R O B I A L  D E G R A D A T I O N :  RECOLO NI Z A T I O N
0399 T E M P E R A T URE ; H Y D R O C A R B O N S ; CONTENT A N A L Y S I S ; D E P U R A T I O N ; MUS SELS:

P IYT I LUS ;  LAGOON OF VENICE , ITALY
0620 T E M P E R A T U R E ;  P HY T O P L A N KT O H ; CRUDE OIL ;  T O X I C I T Y
0639 TEMPERATURE; DEGRADATION; STREAMS; OXIDATION ; SEDIMENTATION;

O I L Y  W A S T E :  E M U L S I O N
0671 TEMPERATURE ; B I O D E G R A D A T I O N ; RATE ; O X Y G E N  A V A I L I L I T Y ; SO D
0650 TEMPERATURE; OYSTERS; CRASSOSTREA: MORTALITIES;

S E D I M E N T  HY D R O C A R B J H S ;  DRILL ING O P E R A T I O N S ;  S A L I N I T Y
0729 T E M P E R A T U R E ;  T O X I C I T Y ;  S A L M O N ;  O IL ;  J U V E N I L E ;  STRESS B E H A V I O R ;

W E A T H E R  INC
0799 T E M P E R A T U R E ; CRUDE OIL ;  T O X I C I T Y ;  INTERTIDAL  O R G A N I S M S ;

LIGHT TRANSMISSION; BOILING FRACTION
0742 TEMPERATURE; DECR A DATIO N ; BUNKER C; NOCA R D I A ;  RATE L I M I T I N G  FACTORS
0869  T E M P E R A T U R E ;  T O X I C I T Y ;  A C U T E ;  C H R O N I C ;  CRUDE O I L ;  C O M P O N E ? I T ;

P H Y S I O L O G Y ; B E N A V I O R ; A R C T I C  I S U B A R C T I C  O R G A N I S M S ; ME TA B O L I S M
0907 TEMPERATURE; BACTERIAL DEGREDAT ION ; PRESSURE; RATE; FLORIDA
0874 T EM PERA I URE ; B I O D E G R A D A T I O N ; A L A S K A ; S A L I N I T Y ; M O R T A L I T Y; C HEMO T A X I S ;

COOK INLET ;  V A L D E Z
0954 T E M P E R A T U R E ;  FUEL OIL  $ 2 ;  SOUTH L O U I S I A N A  CRUDE;  SOFT SHELL C L A M ;

M Y A ; S U B L E T H A L  EFFECTS; MUCUS PRODUCTION; MUSCLE C O N T R A C T I O N
1002 T E M P E R A T U R E ;  S H R I M P ;  T O X I C I T Y ;  CONTENT A N A L Y S I S :  D E P U R A T I O N ;

CRUDE OIL ;  FUEL OIL $2 ;  BUNKER C ; PALAEM ONETES; BEHZENE : PHENO L ;
N A PH TN A LE NE

0963 TEMPERATURE; BIODEGRADATIO N ; YEAST ; GAS CHROMATOGRAPHY;
A C I D  P R O D U C T I O N : SUBSTRATE SELECT ION

1 O 2O A T E M P E R A T U R E  BACTERIA ~ DEGRADATION~~ Lc7.~l TE!4’ERATLFE
1129 TEMPERATURE; BIODEGRADATI ON ; M ICRO OC AN I SMS; ARCTIC; NUTRIENTS;

OXYGEN REQ UIREMENTS; CRUDE OIL: A RONATIC S ; PARAFFINS ; BEA UFORT SEA;
CHUKCH I SEA

11 * 9 TEMPERATURE; SALINITY; NA PHTHALENE ; CLAMS ;
SOUTHERN LOU ISI ANA CRUDE OIL; UPTAKE I DEPURAT ION ; C L A M - B O R E A L ;
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CLAM—TEMPERATU RE
1 172 TEMPERATURE; FUEL OIL $2; SYNERGISTIC EFFECTS; SALINITY;

E N I RY O C E N S I S ;  R E S P I R A T I O N ;  HORSESHOE C R A B ;  L I M ULUS
1114 TEM PERA TURE ; FUEL OIL $2; TOXICITY ; AM PHIPODS; W EATH ER IN
1217 TEM PERATURE ; BIODE GRADATION ; ESTUARIES ; MICR OORGANISMS
0231 TERMS; DRY TORTUCAS; BIRDS
0251 TERMS ;  DRY TO ITULAS ;  BIRDS
02 S9 T E R R E S T R I A L ; P L A N T S ;  CRUDE O IL  FRA CT IONS ; C HRO N IC T O X I C I T Y:

AC UTE T O X I C I T Y
0555 TERRESTRIAL ; HYDROCARBONS; MI CROFLORA; BREAKDOWN; METHODS:

BIOSYNTHESIS; METABOL I SM
0992 TERRESTRIAL ; PLANTS; PERSIST ANCE: SOIL: FIELD CROPS
0524 TERRE STRIAL  PLANTS ; AR C T I C ;  M I C R O B I A L D E G R A D A T I O N ; EN HA N CEMEN T
0528 TERRESTRIAL PLANTS; ARCTIC; TA IGA; TUNDRA
0892 TERRESTRIAL  P L A N T S ;  PANAMA; S.S. W ITWA TE R SPILL; TROPICS; INTERTIDAL ;

LITTORAL: MANGROVE ; REEF ; M E IO FAUNA ; SEA TURTL ES ; BIRDS ; DIESEL OIL ;
B U N K E R  C

0915 TESTING PROCEDURES; DISPERSANTS; TOXICITY; TAINTING; FISHERIES:
S T A T I C ; F LOW THRO UGH ; BIO A SSAY

0920 TETRA CLITA ; BARNACLES; CAR C INOCENSIS; BENZ (A )PYRENE
110 5 T E T R A C L I T A ; BARNACLES ; CARCINOGENS ; CONTENT A N A L Y S I S ; B E NZOPYR EN E
O~ O8 TEXAS; DEEP WATER PORT; SEADOCK; ENVIRONMENTAL IMPACT
1159 TEXAS ; CAP ITELLA; CORDCRASS ; MAN CROVES ; CRUDE OIL ; MARSH ;

GULF OF MEXiCO ; ASSESSMENT OF SPILLS
05$! TEXAS BAYS; OFFSHORE PRODUCTION ; PRODUCED WATERS; CHRONIC SPILLA GE;

T IMIA LI ER SAY LA.
1 023 TEXAS CONTINENTAL SHELF; DEEP WATER PORT: SEADOCK
0652 T H A IS ; PETROLE UM H Y D R O C A R B O N S ;  BASELINE I N V E S T I G A T I O N ; PUGET SOUND ;

SEDIMENTS; MUSSELS ; SNAILS ; INTERTIDAL
0373 THR LA S S OT RE CNUS;  INSECTS ; POPULAT ION S U R V E Y ;  S A N T A  BARBARA ;

CREVICE FAUNA; LITTORAL; BEETLE
0420 THAMES ESTUARY, ENGLAND; DISPERSANTS; CLEAN—UP ; MORTALITIES;

INTERTID AL
0332 THIN LAYER CHROMATOGRAPHY; HYDROCARBON CONTENT ANALYSIS;

GAS C H R O M A T O G R A P H Y ; HIGH PRESSURE LI QUID C H R O M A T O G R A P H Y ;
SAN FRANCISCO BAY; SPONGE; MUSSEL; CRAB

0526  THIN L A Y E R  C H R O M A T O G R A P H Y :  H Y D R O C A R B O N S ;  C O N T E N T  A N A L Y S I S ;  S E D I M E N T S ;
ANALYTICAL TECHNIQUES

1194 T H IN LAYER C H R O M A T O G R A P H Y ;  GAS C H R O M A T O G R A P H Y ;
A N A L Y S I S  FOR HYDROCARBONS

0343 THIN—LAYER; BEMZO(A)PYRENE J CARCINOGENS; MONITORING;
DETER M INAT ION TECHNIQUES; TISSUES : SEDIMENT: POLYCYCL IC A RONAT IC S

0813 THIN—LAYER CHROMATOGRAPHY; 8~~NZOPYRENE ; HY DROXYLASE INDUCTION ; FISH;
P O L Y C Y C L I C  A R O M A T I C  HY D R O X Y LA S E ; ARY L H Y D R O C A R B O N  H Y D R O X Y L A S E ;
BROWN TROUT ; NEWFOUNDLAND; TAINTING

0784 THRESHOLD ODOR; DISPERSANTS; EVALUATION; EFFECT IVNESS; TOXICITY;
BIOASSAY: BOO

0308 TIDAL CYCLE; INTERTIDAL ; PLANTS; SHORE TYPE
0254 TIDES; NYTILU S; UPTAKE; DE PURAT ION ; MUSSELS; HYDROCARBON CONTENT;

PARAFFINS ; PETROLEUM
0459 TIOL CYCLE ; TOXICITY; CRUD E OIL—ARABIAN LIGHT: L ITTOR INA ; NYTILUS :

TE M P ER ATU R E
009? TIGIIOBUS; COPEPOD . TOXICITY; CRUDE OIL FRACTIONS; GASOLINE;

K E R O S E N E
OSS? T I CRI OP U S ; COPEPO B ; OXYGEN TRA N S F E R ;  T O X I C I T Y

0- 1$?



0911 T IM B A L I E R  BAY ; OFFSHORE PRODUCTION ; L O U I S I A N A  COAST ; ECOLOGY ;
E N V I R O N M E N T A L  I M P A C T

0589 TIM SA LIER BAY LA. ; OFFSHORE PRODUCT ION ; PRODUCED WATERS ;
C H R O N I C  S P I L L A G E ; T E X A S  B A Y S

0685 T I M B A L I E R  BAY . LA . ; FIELDS STUDIES; CHRONIC POLLUTION ;
S A N T A  BA R B A R A  SPILL;  LAKE M A R A C A I B O .  VENE Z UELA ;  BER M UD A ;

P O P U L A T I O N  L E V E L S ;  D I V E R S I T Y ; S I Z E ; G R O W T H  R A T E ; REPROD U C T I O N ;
A B N O R M A L  G R O W T H S ; B I O M A G N I  F I C A T  ION

018o TIM BAL IER BAY ,LA. ; OFFSHORE PRODUCTION ; LONG TERM EFFECTS ; SUMMARY
0953 TISSUE ABERRATIONS; FUEL 01L12; SOFT SHELL CLAM; PIYA; EMULSION;

HISTOPATHOLOCY ; EDEMA ; VA C U O L A T IO N ;  CLYCOGEH
1072 T I S S U E  E X T R A C T I O N ;  H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S :  GA S C H R O M A T O G R A P H Y ;

S I L I C A  GEL
0178 TISSUE SWELLING ; MUSSEL ; NYT ILUS ; SURFA C TAHT ; PHYSIOLOICAL EFFECT ;

SEASONAL V A R I A T I O N ;  N O R W A Y
0343 TISSUES: BENZO (A )PYRENE ; CARCINOGENS ; M O N I T O R I N G ;

D E T E R M I N A T I O N  TECHNI QUES ; SEDIMENT ; POLYCYCL IC A R O M A T I C S ;  T H I N — L A Y E R
0760 TISSUES; NAPHTHALENE ; A LKYLNA PHTHALENE ; CONTENT ANALYSIS ;

ULTRAVIOLET SPECTROPHOTOME TRY ; TECHNI QUES; SEAWATER
1020 T I S S U E S ;  A L G A E ;  E M U L S I F I E R S ;  B I O A S S A Y ;  T O X I C I T Y :  G R O W T H ;  P O P U L A T I O N ;

L A Y E R ; P O R P NY R A
109? T I SS UES ; TRAN SECT ; I N V E R T E B R A T E S ; H Y D R O C A R B O N  A N A L Y S I S ; SEDI M ENT ;

RECOLONIZATION ; COBBLE BEACH; SPECTROPHOT OMETRY
0354 TLC ; O Y S T E R S ;  C R A S S O S T R E A ; HYDROC A RBON C O N T E W T ; G A L V E S T O N  BAY ;

COLUMN CHROMATOGRAPHY ; MASS SPECTA ; UV SPECTRA
0237 lOAD FISH; SINKING AGENTS ; TOXICITY ; CRUDE OIL; SHELLFISH;

F I L T R A T I O N  R A T E
0910 T O K Y O  B A Y ;  B I O D E G R A D A T I O N ;  H E X A D E C A N E ;  R A D I O A C T I V E  T R A C E R :

W A TER COL UMN ; BA C T E R I A
0088 T O L E R A N C E ;  R E C O V E R Y ;  C O M M U N I T Y  S U R V E Y ;  S A L T  MARSH P L A N T S ;

SUCCESSIVE O IL INGS ; GLAMO RCA N .WALES
0016 TOLERANCE; MUSSEL; BEHAVIOR: FILTERING ABILITY ; BLACK SEA
0285 TOLERANCE; SALT MARSH ; PLANTS ; RECOVERY ; SOUTH WEST WALES
05 34 TOLERANCE ; LIGHT A B S O R P T I O N
0603 T O L E R A N C E ; T O X I C I T Y
0562 T O L E R A N C E ;  MY T I L U S ;  N A T U R A L  OIL SEEPS
0125 T O L U E N E ;  G A S O L I N E  F R A C T I O N S ;  X Y L E H E ;  B E H Z E H E ;  T O X I C I T Y ;

MO SQUITO LARVAE; AEDES A EGYPTI ; WATER SOLUBLE FRACTIONS
0179 TOLUENE; TOXICITY: OUTBOARD MOTOR EXHAUST ; GOL DFISH ;

CONTINUOUS FLOW BIOASSAY ; CARA SSINS ; XYL EHE; TR IMETHYLBENZENE
0350 T O LUEN E;  P N Y T O P LA N K T O N ;  A M P N I D I N I U M ;  S K E L E T O N E M A ;  C R I C O S P N A E R A ;

DUNALIALL A ; BENZEHE ; XYLEHE; FUEL OILI2: GROWTH
0571 TOLUENE; PHYT O PLANK TON ; CRUDE OIL ; FIELD EXPERIMENT ; I N H I B I T E D :

STIMULATION ; LABORATORY STUDIES ; TOXICITY: PH; FRACTION S ; BEHZENE :
X V  LE NE

0572 TOLUENE; FRESH WATER; CHLORELL A V ULC A RIS; ALGAE: TOXICITY ; GROWTH;
PH OTOSYNTHESIS; BEN ZENE ; XYLENE ; NA PTHA LENE

0815 TOLUEN E ; SEA GRASS; PHOTOSYNTHESIS; DODECAHE ; HA PHTNALE N E
0786 TOLUENE ; TAINTING; JAPANESE COAST: FISH; EELS ; GAS CHROMATOGRAPHY;

IR ABSORPTION ; UY ABSORPTION; MASS SPECTRUM ; MI ZUSHIMA . JAP A N ;
A R O M A T I C  H Y D R O C A R B O N S :  G A S O L I N E

105 1 TOLU ENE; D E G R A D A T I O N ;  C L A D O S P O R I U M ;  O X Y C E H  C O N S U M P T I O N :  C O O X I D A T I O N ;
XYLENE ; NEXA DECANE

0295 TOP SHELL (MON DOHTA) ; MILFORD HAVEN. BRITAIN; ROCKY SHORE; OIL PORT:
BARNACLES ; LITTORINA
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0112 TO RREY C A N Y O N ; BIRDS ; R E H A B I L I T P T Z O N  A ND CLEANING ;
P A T H O L O GICAL  E F F E C T S

0043 TORREY CANYON ; SINKING OIL ; DETERGENTS; CLEANUP OF OIL SPILLS
0116 T O R R E Y  C A N Y O N ;  L I T T O R A L ; SUB- L I T T O R A L ; C O M M U N I T I E S
0172 T O R R E Y  C A N Y O N ;  B I R D S;  M O R T A L I T I E S ;  G U I L L E M O T S :  R A Z O R B I L L S
0164  T ORREY CANYON
0209 T0RREY CANYON
0169 T O R R E Y  C A N Y O N ;  B IRDS ;  M O R T A L I T Y
O4~~8 T O R R E Y  CANYON ; BACTERIA: OIL—DEGRADING ; POPULATIONS ; FIELD STUDY;

EMULSIFIERS ; BEACHES
0513 TORREY CANYON ; DETERGENT ; LIMPETS PLANKTON; FISHERIES ; BIRDS ;

C R A I E  DE CHAMPAGNE
0852 TORREY CANYON ; COASTAL HABITATS ; PLANTS ; ENULS IFIERS; CORNWALL:

B R I T T A N Y
0853 T O R R E ~’ C A N Y O N ; LICHEN
0766 TORREY CANYON ; NILFORD HAVEN , WALES ; TOXIC ITIES; COMMUNITY CHANCE;

L I T T O R A L; S O U T H — W E S T  B R I T A I N
0783  T O R R E Y  C A N Y O N ; BIRDS ; A U K S ;  C O R N W A L L ,  ENGLAND
0955 T O R R E Y  C A N Y O N ;  S A L T  MARSH ;  P L A N T S ;  W E A T H E R E D  OIL ; D EGRAD AT ION ;

GAS EXCH ANGE ; RETENTION ; BRITTANY
0925 T O R R E Y  C A N Y O N  SP iLL ;  FISHER IES
0044 TORREY CANYON SPILL ; CONTAINMENT AND CLEANUP OF OIL
0233 TORREY CANYON SPILL ; FISHERIES ; BRITTANY
0296 T0RREY CAN YON SPILL ; DISPERSANTS ; CHRYSSI P. CO ULAN DRIS SPILLAGE ;

TOXICITY ; FINA NOVA G E SPILLAGE: GULF REFINERY SPILL
0272 TO RREY C ANYO N SPILL ; N O C T Z L U C A ; CR A Z E  DE CHA M PAG N E
0435 TORRE Y CANYON SPILL
0765 TORREY CANYON SPILL ; TAMPI CO MA RU SPILL ; MIL FORD HAVEN. WALES;

LITTORAL COMMUNITY: OIL ; SHORE CLEANING
0798 T O R R E Y  CANYON SPILL ; OIL ; DETERGENT: INTERTIDAL ; CORNW A LL , ENGLAND
0947 TORREY CANYON SPiLL ;  DEGRAD A T ION ;  ZO O PL* N KTO N ;  B A C T E R I A ;  L I T T O R A L ;

S U B L I T T O R A L ; CLEAN UP
0945 T O R R E Y  C A N Y O N  SPILL ; B I O L O G I C A L  EFFECTS
0929 TORREY CANYON SPILL ; BR ITAIN ; LITTORAL COMMU N ITY: TOXICIT Y;

CR UDE OIL ; EMULSIFIER ; M ILF ORD HAVEN ; ESSO PORTSMOUTH SPILL;
LANDS END

0930 T O R R E Y  C A N Y O N  SPILL ;  TORREY CANYON SPI LL; T O X I C 1 T Y :  SEA C O M M U N I T I E S ;
SHORE C O M M U N I T I E S ;  CRUDE OIL ;  DETERG ENT

1008 TORREY CANYON SPILL ; BIRDS; FISH: T~.INTIHC ; MOLLUSCS; BEHZOPYREHE;
ALGAE; TOXICITY

1069 T O R R E Y  CANYON SPILL; BIRDS ; TOX iCITY ; DETERGENTS ; INTERTID A L ; CNALP ~
0554 TORULOPSIS ; YEAST ; OXIDATION ; METABOLIC PATHWAYS ; A L KAHES ;

G L Y C O L I P I D S
0623 T O R U L O P S I S ;  Y E A S T : M A R S E I L L E ,  F R A N C E ;  C A N D I DA
0690 T O T A L  ORGANIC  CARBON ; BACTERIAL DEGRADATION ; SLICK—SEEDING :

A DDITIVES; ENHANCEMENT ; MiCROBIAL SEED iNG ; 800; NUTRIENT SALT
1168 TOX IC EFFECTS ; CYTOLOGICAL EFFECT ; PETROLEUM
0078 T O X I C I T I E S ; SALT  MARSH PLANTS ; EM ULS I F I ERS ;  CRUDE OIL
0756 TOX IC IT IES ; M IL FORD HAVEN , WALES: TORREY CANYON ; COMMUNITY CHANGE;

LITTORAL; SOUTH—WEST BRITAIN
0097 TOXICITY ; COPEPOD : CRUDE OiL FRACTIONS ; GASOLINE ; KEROSENE ;

TI CR IODUS
0118 T O X I C I T Y ;  O I L ;  D I S P E R S A H T S
0048 TOXICITY: FOOD CHAIN ; A R O M A T I C  HYDROCAR BONS; FATTY TISSUES
00 13  TOXICITY: WATERFOWL RESTORATION ; REVIEW-OIL SPILLS ; AER IAL SURVEYS :
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D I S P E R A H T S  AND E M L L S I F I E R S
0034 TOXICITY ; WATER SOLUBLE FRACTION ; OIL IN WATER DISPERSION ;

C R U S T A C E A N S ;  F I S H ;  E S T U A R I H E ;  S O U T H  L A .  C R U D E :  K U W A I T  C R U D E ;
FUEL OIL  $2 ;  BUNKER C ; CYPR IHODOH ; M E H I D IA ;  FUNDULUS ; PEHAEUS ;
P A L E O M O N E T E S ; NY S I D O P S I S

0035 TOX I C I T Y ;  ESTUARINE A N I M A L S ;  UPTAKE AND DEPURAT ION; R E S P I RA T I O N ;
SOUTH LA CRUDE: K U W A I T  CRUDE ; FUEL OIL $2: BUNKER C; M I N N O W ;
CRASS SHR IMP ,PALAEMOMTES ; BROWN SHR IM P .PANAEUS;
W A T E R  SOLUBLE FRACTION ; OIL W A T E R  DISPERSION; NAP HT HALE HES

0091  T O X I C I T Y ;  SAL T M A R S H E S ;  ROCKY SHORES ;  O IL ;  E M U L S I F I E R S ;
ECOLOGICAL IMPACTS

0024  T O X I C I T Y ;  C O N F E R E N C E ;  D I S P E R S A H T ;  E C O L O G I C A L  E F F E C T S
0072 TOXICITY ; A BSOR BANTS ; BEN THIC FLORA; B I O D E G R A D A T I O N ;  FUEL OIL
0120 TOXICITY ; BEN THIC A NIMALS ; INTERTID A L; DIVERSITY; RECOVER Y ;

YORK R I V E R ; BUNKER C; FUEL OIL*6
0122 TOXICITY ; WORKSHOP PROCEEDINGS
0084 TO X I C I T Y ;  SALT MARSH PLANTS ; EMULSIFIERS ; K U W A I t  CRUDE
0227 TOXICITY ; DETERGENT ; STRIPED BASS ; TRIC ON OI L  SPILL E R A D I C A T O R ;

ROCCUS
0156 TOX ICITY: ALGAE; PRAS IHOLADUS; EN ULS IFIERS ; BP 1002; TEMPERATURE
0125 T O X I C I T Y ;  GASOLINE FRACTIONS; TOLUEHE: XYLEHE; BEHZENE;

MOS QUITO LARVAE; AEDES AEGYPTI ; WATER SOLUBLE FRACTIONS
0218 TOXICITY; DISPERSANTS ; OIL; FISH; SEA URCHINS; FERT I L I Z A T I O N ;

DEVELO PMENT; COREXIT
0161 T O X I C I T Y ;  FUEL O ZLO2; N I G E R I A N  CR UDE; C R A N K C A S E  OIL ;

8EHTHIC ALGAL COMMUNITIES; PRIMARY PRODUCTIVITY ; RECOVERY;
A L G A L  BLUE GREEN

0212 TOXICITY; HAP HT HENIC ACID; BLUEGILL SUNFISH; POND SNAIL;
W A T E R  HARDNESS ; T E M P E R A T U R E

0205 TOXICITY; D E G R A D A T I O N ; BACTERIA; FUNGI; EMULSIONS; TAINTING
0221 TO X I C I T Y ; P L A N T S ; S O Y B E A N ; MODULE D E V E L O P M E N T ; S T I M U L A T I O N
0148 TOXICITY; SEDIMENTS; OYSTERS; SCALLOPS; B I O D E G R A D A T I O N ;

CONTENT ANALYSIS ; WEST FALPIOUTH OIL SPILL ; BUZZARD BAY ;
G A S  C H R O M A T O G R A P H Y

0183 TOXICITY; A L A S K A ;  SHRIMP; COON—STRIPE SHRIMP; K I N G  CRABS ;
COOK INLET CRUDE ; B I O A S S A Y ;  STATIC; WATER SOLUBLE FRACTION

020? TOXICITY; MERCEHARIA; EMBRYOS; LARVAE; WATER SOLUBLE FRAC T I O N ;  CRUDE;
R E F I N E D ;  WASTE; GROWTH

018? TOXICITY; ACARTI A : ECOSYSTEM IMPACT; HYPOTHETICA L ; REVIEW ;
N I G E R I A N  CRUDE

021? TOXICITY; DISPERSA NTS; BIODEGRADATION; BIRDS; OXYGEN TRANSPORT
023?  T O X I C I T Y ; SINKING AGENTS; CRUDE OIL; TOAD FISH; SHELLFISH ;

F I L T R A T I O N  R A T E
0213 T OX I C I T Y ; C OOK INLET CRUDE O I L ;  W A T E R  SOLUBLE F R A C T I O N ;  BENZEN E
0179  T O X I C I T Y ;  O U T B O A R D  MOTOR E X H A U S T ;  G O L D F I S H ;  C O N T I N U O U S  FLOW B I O A S S A Y :

CARAS SINS; TOLUENE: XYLE P4E ; TRIM ETHYLBENZEN E
O2~~6 T O X I C I T Y ; DIESEL F UEL ; P E L A G I C  L A R V A E ; E H C H I N O D E R M A T A ; A N~4E L I D A ;

A R T H R O P O D A ; S Y M P T O M S
0260 T O X I C I T Y ; C R U D E  O I L ; C O R A L S; H E T E R O X E N I A :  R E D  SEA ; SU B L E T H A L  E F F E C T S :

DEPTH PROTEC TION EFFECTS ; HYDROCARBON CONT ENT ANALYSIS
0362 T O X I C I T Y ;  CRUDE OIL ; D I S P E R S A N T ; S T O N Y  CORAL
0359 T O X I C I T Y ;  CRUDE O IL ;  D E T E R G E N T ;  O C T O C O R A L S : C R U S T A C E A N S ;  M O L L U S C S ;

ECH INODER MS: FISH; SUBLETHAL; DEVELOPMENTAL STAGES; RED SEA;
FEEDING RATE ; PHYSIOLOGY; B IOACCU M UL A T ION; LIVER E N L A R G E M E N T ;
H E M A T O C R I  I
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0311 TOXICITY; OLEO PHILIC FLUFF ; DETE RGENT ; OIL ; PORCELA IN CRAB ;
MECHA N ISM OF ACTION ; BPZ100

0329 T O X I C I T Y ; LIMPET
0278 TOXICITY ; HYDROCARBONS: ZOOPLANKTON : FISH ; TAINTING ; B EHAVIOR;

UP T A K E ; M E T A B O L I S M ; D E P U R A T I O N ; ACC UM U L A T I O N
0279 TOXICITY ; BARNACLES ; BEHAVIOR ; LARVAE: DETERGENTS ; BP1002; DA SIC ;

ELMIN IMS ; S O L V E N T ;  SUR F A C T A H T
0358 TOXICITY; MAC R OFAUN A: RED SEA ; CRUDE OIL ; DISPERSANT ; CORAL;

METER OXENIA: CA STROPODS ; MUSSELS; CHIT ON ; SEA URCHIN; HERMIT CRAB;
SHRIMP ; GOATFISH ; RABBITFISH

029? TOXICITY; LITTORAL
0337 TO X I C I T Y ; PETROLEUM ; B A R N A C L E S ; L A R V A E ; D E V E L O P M E N T ;  P H O T O T A X I S
0294 TOXICITY; DISPERSA NTS; BPIOO2 ; RECOVERY ASSESSMENT
0361 TOXICITY: CRUDE OIL ; RED S E A :  MA C R O F A U M A ;  DEPTH ;  SUBLETHAL E F F E C T S ;

P H Y S I O L O G Y ; M ETABOLISM ; BEHAVIOR ; D I S P E R S A N T
0360 T O X I C I TY ; R A B B I T  FI SH ; CR UDE OIL ; DEPTH;  S I C A N US; D I S P E R S A N T ;

STATIC ASSAY ; FL OW THROUGH ASSAY; SALINITY
0296 TOXICITY ; DISPERSANTS; CHRYSS I P. GOULANDRIS SPILLAGE;

FIN A NOVA GE SPILLAGE; TORREY CANYON SPILL; GULF REFINERY SPILL
0324 T O X I C I T Y ; FISHE S; BERING SEA;  T E M P E R A T U R E
0339 T O X I C I T Y ;  B I O A S S A Y ;  EFFLUENT I N D U S T R I A L  W A S T E ;  B I O A S S A Y  T E C H N I Q U E S
0338 TOXICITY; OIL REFINERY EFFLUENT: OXYGEN DEMAND; MINNO W S ;  PIMEPHALES
0458 TOXICITY; CRUDE OIL ;  REFINED OIL ;  B A C T E R I A ;  W A T E R  SOLUBLE F R A C T I O N ;

A R O M A T I C  HYDROCARBONS ; W E A T H E R I N G ;  G ROWTH RATE ;
M A X I M U I M  C E L L  D E N S I T Y

0424 TOXICITY; OIL ; DISPERSAN TS; POLYCHAETE; GAM E 1E FORMATION ; SPAWN I NG ;
G R O W T H ;  M O R T A L I T Y ;  C 1 R R A T U L U S ;  C I R R I F O R M I A ;  BP1002 ;  C O R E X I T ;
ES SOLVE NE

0372 T OX I C I T Y ; R E V I E W ; MARINE E C O S Y S T E M S ; C R UDE OIL ; LONG TERM E FF ECT S
0411 TOXICITY; REVIEW; SPREADING OF OIL; GASEOUS EXCHANGE; TAINTIN G:

O Y STERS ; D I A T O M S ; BLEED W A T E R ; OFFSHORE D R I L L I N G
0446 TOXICITY ; LONG TERM ; REFINERY EFFLUENTS
0495 TOXICITY; OIL ; B IRDS; DUCKS: INGESTION; PHYSIOLOGICAL EFFECTS;

HI S T O P A T H O L O G Y
04 63 T O X I C I T Y ; FISH P H Y S I O L O G Y ; FISH B E H A V I O R ; SALMON ; ENZYMES ;

SOLUBLE HYDROCARBONS: PRUOHOE BAY CRUDE OIL
0459 TOXICITY; CRUDE O I L — A R A B I A N  LIGHT; L I T T O R I N A ;  N YTILUS; TIOL CYCLE;

T E M P E R A T U R E
0405 TOXICITY; FUNDULUS ; PIMEP HALES : ARTEMIA; KUWAIT; WEST TEXAS;

MA RINE DI ESEL; FUEL O IL ;  LUBE OIL
0569 TOXICITY; MUD CRAB ; LARVAE ; MOULTIN C
0582 T O X I C I T Y ;  FRESH W A T E R  FISH; AU FWUCHS (SURFACE GROWTH); JP4 FUEL ;

J P5  FUEL
0537 TOXICITY ; FISH; OI L-REFINERY EFFLUENT ; METABOLIC RATES;

C O M P A R IS I O N  OF SPECIES ; BIOASSAY ; FRESH W A T E R
0508 T O X Z C I T Y ;  C R A S S O S T R E A ;  O Y S T E R ;  M E R C E N A R Z A ;  C L A M :  S U R F A C T A P 4 T ;  L A R V A E ;

DEVELOPMENT ; GROWTH; SURVIVAL
0614 TOXICITY ; A RCA TIA: S PHA ERO MA; AMPH ITHOE ; FUEL OIL;

W A T E R  SOLU B LE F R A C T I O N
0573 TOXICITY ; GREEN SEA URCHIN; VENEZUELAN CRUDE OIL;

BEDFORD B A S I N  NOVA S C O T I A ; OIL SPERSE
0570 TOXICITY ; CRUDE OIL ; CHLOPELL A ; GROWTH RATES:

WA T ER SOLUBLE FRACTIONS ; S TIMUL A TION
0575 TOXICITY ; REVIEW ; SOURCES; BIOLOGICAL EFFECTS ; PERS ISTANCE
0506 TOXICITY ; DETERGENT ; PLANKTON; COREXIT: CRAN CON
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0~~~5 T O X I C I T Y ;  W A T E R  SOLUBLE F R A C T I O N ;  FUEL OIL 82; ZOOPLANK TO !1 COASTAL ;

ZflO PL~~NKT0H O C E A N I C :  B E H A v r 0R
0 5 7 ?  T O X I C I T Y ~ F R E S H  W A T E R ;  C H L O R E L L A  V U L G A R I S ;  ALGAE ; GROWTH;

~
;
~oT T H E ; ~~ : SE E H E ;  ~ Y L E H E ; T O L U E H E ;  H A P T H A L E N E

0~~02 ~ 0.~~~C ! T Y :  C R U D E  O I L ;  P E T R O L E U M  F R A C T I O N S ;  ~1 EP R H G;  HA T CH H G ;
D[YE L0P~lE~’4T ; EM UL S1 F I C i- ~T I O N

06 0 4 T O X I C I T Y ;  O IL; D JSPERS AH TS ; METHODOLO G Y; B I O A S S A Y
3 5 : )  T O X I C I T Y ;  P R A W N
C5~~1 T O X I C I T .;  ~tU SSELS ; C A L I F O R N I A  COA ST ; SA NT A B A R B A R A  CRUDE
0 5 3 9  T O X i C I T Y ;  O U T B O A R D  M O T O R S ;  T A I N T I N G ;  F I S H ;  F I S H  R E P R O D U C T I O N ;

E L U E G I L L S ;  F A T H E A D  M I N N O W S
0530  T O X I C I T Y ;  B I O A S S A Y ;  S O L U B L E  F R A C T I O N ;  L A R V A E ;  J U V E N I L E ;

SUBLETH A L EFFECTS
05~~; ~ OX C I T Y ;  C R U D E  O I L ;  C A S P I A N  S E A ;  C E R A S T O D E R M A ;  C H A N G E ;  A 8 RA ;

PD NT DC ANN A R U S
059 1 T O X I C I T Y ;  CRU DE O I L ;  EM ULSIFIERS ; FRESH W A T E R ;  SALT W A T E R
0 5 9 5  ~ 0 X i C I T Y ;  E G G S ;  L A R V A E; C O D ;  BUNKER C; W A TE R SOLUBLE F R A C T I O N :

~IA T C H I N G  SUCCESS
0 5 4 4  T O X I C I T Y :  REFINERY EFFLUENT
0 5 7 1  T O X I C I T Y ;  PHY TO PIAH K T O H ; CR U DE O I L ;  FIELD E X P E R I M E N T ;  INHIBITED;

S T I M U L A T I O N ; L A B O R A T O R Y  STUDIES ; PH; FRACTIONS ; BEN ZEHE ; X Y L E H E ;
TO L U E~4E

0594 T O X i C I T Y ;  CRUDE OIL ; F ISH FRY ; D IS PER SANTS ; COD; CADUS; HERRING ;
CLUPEA ; EMB RYOLOGY ; CHENO RECEPT ION

0605 T O X I C I T Y ;  UPTAKE AND DEP U RATIO N ; OFFSHORE PRODUCTION ;
FOOD C H A I N  A C C U M U L A T I O N

0 6 1 6  O X I C I T Y ;  FUEL OIL *2; CRUDE ; A M PHIPODS ; BREEDING ;

~~ T E R  SOLUBLE F R A C T I O N
0603 T O X I C I T Y ;  TOLERANCE
0620 TO X I C I T Y ;  PHY TOP LAN K T ON ; CRUDE O IL ; TEMPERATURE
0539 T O X I C I T Y ;  K U W A I T  CRUDE ; C OREXIT 8666; PHYTOP LANK TON ;

PHA E 0 DA C T Y L U M  TRICOR H UTUM ; P R I M A R Y  P R O D U C T I O N ;  I L L U M I N A T I O N
0529 TO X I C I T Y ;  BIOASSAY ; CO N T INUOUS FLOW; SUBLETHAL EFFECTS ;

W A T E R  SOLUBLE FRACTION ; WHOLE OI L  F R A C T I O N ;  M I N N O W :  FLO’ JHD ER; SHRIMP;
SCALLOP; QUAHOC; MUSSEL; MUD SNAIL

0550 T O X I C I T Y ;  C ORAL; A I R  EXPOSURE; OIL; EH IW ETOK ATOLL
0587 TO X I C I T Y ;  COPEPOD; OXYGEN TRANSFER; T IGR IOPUS
0704 T O X I c I T Y ;  FISH: DEVELOPMENT; PETROLEUN ; E U G RAULIS; SCORPA ENA;

CREH ILABRUS ; BLACK OIL; SOLAR OIL
0630 TO X I C I T Y ;  AMPHIPOD ; B E H A V I O R ;  LARVAE; CAMIIARUS; FECUNDITY
0731 TOXICITY; SALMON; CRUDE OIL; AL IPHAT ICS; ARON A T ICS;

C E L L  ~1 E M B R A N E  P E R M E A B I L I T Y
0631  T O X I C I T Y ;  SEA U R C H I N ;  E G G ;  M E T H O D O L O G Y
0709 T O X I C I T Y ;  BLACK OIL; KEROSENE; M A R I N E  PLA NKT ONI C A LGAE ;

B EN T H O P L A N K T O N I C  ALGAE
0~~’9 TOXICITY; DISPERSAN TS ; FISH; SHRIMP; CORE X I T ;  S U B — T R O P I C A L ;

CENTROPOCON ; DIOGENES; PALEOM O N OTES; AP IBA SS IS
0730 T O X I C I T Y ;  SALMON; CRUDE OIL: PRUDHOE BAY; A L I P H A T I C ;  A R O M A T I C S ;

CELL M E M B R A N E  PERMEABILITY
0718 TO X I C I T Y ;  CHRONIC POLLUTION; OIL PORT; POMATOLE IOS; GROW TH; K U W A I T ;

D!~ •’ER Si Ty; SUCCESSION
0 72 9  T O X I C I T Y ;  S A L M O N ;  OIL ; TEMPERATURE ; JUVENILE ; S T R E S S  BEHAV i OR ;

W E A T H E R  INC
0673 TOX I C I T Y ;  BUNKER C; RIVER ; MUDDY RIVER . MASS ; ROD; PLANKTON;

MA CROFAUN A ; HEW ENGLAND
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0702 T O X I C I T Y ;  ZOO PLANK TON; BLACK SEA ; CR UDE OIL ; MINER A L OIL ; A C A R T I A ;
P A R H C A L A N U S ;  P E H I L L IA ;  C E N T R O P A G E S ;  O IT N O N A

0609 TO~~T C I T Y ;  P E T R O L E U M  FRACTIONS ; MOSQU ITOS; CULEX ; AEDES ; EGGS; LARVAE;
PUPAE

0719 T O X I C I T Y ;  A L G A E ;  PLAT Y N O NAS ; GROW TH RATES; FINE STRUCTURE;
N A N O  P L A N K T O N ;  C R U D E  O I L ;  E M U L S I F I E R

0691 TOX 1 C I TY ; PELAGIC LARVAE; BEN IN IC INVERTEBRATES: ESTUARINE
0710 T O X I C I T Y ;  A L G A E ;  PETROLEUM ; GROWTH
06b3 T O X I C I T Y ; PETROLEUM REFINERY EFFLUENT I SUNFISH~~REDEAR ; LEPOMI S ;

B E H A V IO R A L  SYMPTOMS ; FRESH WATER FISH
0628 T O X I C I T Y; BIOASSAY ; M ETHODOLOG Y; BEHA V iOR
0695 T O X I C I T Y ;  SHRIMP ; CRU DE O IL ;  D E T E R G E N T S ;  PA LEOM ONETES ; PEN A E U S
0o96 TOXICITY ; BEN ZENE ; STRIPED BASS ; CONTINUOUS FLOW
0 6 2 7  T O X I C I T Y ;  CRUDE O I L ;  D E T E R G E N T ;  C O R A L
0721 T O X I C I T Y ;  M ODEL ; B I O L O G I C A L  EFFECTS; SUBLETHAL EFFECTS; T A I N T I N G ;

P O L Y C Y C L I C  A R O M A T I C  HYDROCARBONS ; COATING ;
SOLUBLE  A R O M A T I C  H Y D R O C A R B O N  D E R IV IT I E S

0 7 3 3  T O X I C I T Y ;  B P I O O 2 ;  KEROSENE ; CHE NKLEEN ; B A R N A C L E ;  BALAN US ; ADULT;
HAUPL !US; C IR R A L  ACTIVITY

06 29  T O X I C I T Y ;  CRUDE O IL ; D I S P E R S A H T S ; L A R V A E ; HERRING ; CULPEA
0799 TOXICITY ; CRUDE OIL ; INTERTIDAL ORGANIS MS; LIGHT TRANSMISSION;

TEMPERATURE ; BOILING F R A C T I O N
0823 TOX I C I T Y ;  PROCEDURES
0780 TOXIC iTY: WATER SOLUBLE FRACTION: FUEL OIL *2; P H Y T O P L A N K T O N
076? TO X I C I T Y ;  MI CRORESP IROMETRY ; EM ULSI FIER
0838 TO X I C I T Y ;  DETERGENTS ; SHORE CRAB ; CAR CINUS ; BROWN SHR I MP ; CRAGON;

L A R V A E ; FISH
0821 T O X I C I T Y ;  EMULSIFIER; LITTORAL ; INVERTEBRATES
0784 T OX I C I T Y; D I S P E R S A H T S ; E VA LU A T I O N ; E F F E C T I V N E S S ; BIOA SSAY ; RO D ;

THRESHOLD ODOR
0751 TO X I C I T Y ;  INTERTIDAL ; BALTIC SEA: LITTORAL ZONE: COREXI T ; BEROL;

B P 1IO O ; WATER BASE; 011 BASE ; SOLV ENT
0761 T O X I C I T Y ;  A R O M A T I C S ;  PHENATHRENES ; ESTUARIN E ; BEN THIC; OCEANIC;

L A R V A E ; J U V E N I L E S ;  RESPIRATION ; GROWTH ; SUBLETHAL
0835 TO X I C I T Y ;  OIL DISPERSA NTS; CA RDIUM ; CRAGON
0747 TO X I C I T Y ;  STRIPED BASS; MORONE ; BENZENE ; JUVENILES
0924 TO X I C I T Y ;  OIL: SHELLFISH; DETERGENTS: CLEAN UP PROCEDURES: T A I N T I N G
0865 TOXICITY; BIVALVES; SPERMA TOZOA FERTILIZATION ;

DEVELOPMENTAL ABNORMALITIES; PRUDHOE BAY CRUDE ; KUW AIT  CRUDE:
N I G E R I A N  CR U DE

0839 TO X ICITY: DISPERSANTS ; B IODEGRADABILITY
0942 TOXICITY ; CRUDE OIL ; HAPTHALEHE ; WATER SOLUBLE FRACTION;

CH LANY DOMONAS ; GROWTH
0916 T O X I C I T Y ;  R EVIEW ; TYPES OF OILS ; WEATHERING ; FISHERIES; DISPERSANTS;

M A R I N E  E N V I R O N M E N T
0869 TOX I C I T Y ;  CRUDE OIL; SALMON; ONCORHYNCHUS ; EGGS; ~LEV IHS ; FRY;

G R O W T H
0915 TO X I C I T Y ;  DISPERSA NTS ; TAINTING ; FISHERIES; TESTING PROCEDURES ;

STATIC; FLOW THROUGH: BIOASSAY
0872 TOX I C I T Y ;  MOS QUITO ; CULEX ; SUFFOCATION
0870 TOXIC I T Y ;  COOK INLET CRUDE ; B IOASSAY ; STATIC ; FISH; INVERTE BRA TES;

A L A S K A
0930 T O X I C I T Y ;  TORR EY C A N Y O N  SPILL; SEA COMMUNITIES ; SHORE COM M UNITIES;

CRUDE OIL ; DETERGENT
0897 TOXICiTY: CHRONIC POLLUTION ; LOUISIANA ; COASTAL OIL PRODUCTION;
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TA I N T I N C
0946 TOXICITY ; DISPERSANTS; COREXIT: OIL
0883 TOXICITY: WATER SOLUBLE FRACTION ; FUEL OIL *2: POLYCHAETE ; HEAN THOS ;

L A R V A E
0931 TOXICITY ; PACIFIC HERRING ; ROE; HAT CHING SUCCESS ;

MORPHOLOGICAL ANOMO LI ES ; HERRING ; CRUDE OIL ; ALASKA
0882 TOXICITY; POLYCHA ETES ; CRUDE ; NA PHTHALEHE ; BUNKER C; FUEL OIL *2;

WATER SOLUBLE F R A C T I O N ;  HEAN THES; CA P I T E L L A ;  SOUTH L O U I S I A N A  CRUDE ;
K U W A I T

0903 TOXICITY; FUEL OIL- *2 ; SHRIMP (GRASS); MINNO W ;  MUMMICHOG:
C A T F I S H ( C H A N N E L) ;  BLUEGiLL

0885 T O X I C I T Y ;  FUEL OIL * 2; WATER SOLUBLE F R A C T I O N ;  H E A N T H E S ;  P O L Y C H A E T E ;
HEMOGLOBIN: HYPOXIA ; SOUTH LOUI S I A N A  CRUDE; DISSOLVED OXYGEN;
Sy NERGISM; NA PHTHALE N ES ; DISSOLVED HYDROCARBONS: RESPIR A TION

0863 TOXICITY; SUPRAL ITTORAL ; A RTHROPODS; LINOSINA; ORCHESTIA; EFFLUENTS;
CRUDE OIL ; FLIES ; AMPHIP ODEC

0868 TOXICITY; ACUTE; CHRONIC; CRUL.t OIL; COMPONENT; PHYSIOLOGY; B E H A V I O R ;
A R C T I C  & SUBARCTIC ORGANISMS ; TEMPERATURE ; METABOLISM

0880 T O X I C I T Y ; HERRING ; ACONUS
0894 T O X I C I T Y ;  LOW MOLECULAR W E I G H T  HYDROCARBONS ; OFFSHORE PRODUCTION;

GULF OF M E X I C O
0867 T O X I C i T Y ;  PINK SALMON ; CRUDE OIL ; A V O I D A N C E ; JUVENILE ; M I G R A T I O N ;

A G E ;  CH E M O R E C E P T I O N
0864 TOXICiTY; DISPERSANT; SHELLFISH; LARVAE; SPERMATOZOA ; BIVALVES ;

OYSTERS; CRASSO STREA; MUSSEL; ~E R T I L I Z A T I O W ;  D E V E L O P M E N T
0929 TOXICITY ; B R I T A I N ;  LITTORAL COMMUNITY; CRUDE OIL; EMUL SIFIER ;

M ILF ORD HAVEN ; ESS0 PORTSMOUTH SPILL ; TORREY CANYON SPILL; LANDS END
0858 TOXICITY; CRUDE OIL; CORAL ; PANAMA; DIESEL MARINE ; BUNKER C ;

METABOLISM; FEED-I NC
0986 TOXICiTY: KUWAIT CRUDE; SOUTH LOUISIANA CRUDE; FUEL OI L 0 2;

BUNKE R C; WATER SOLUBLE FRACTION: NA PHTHA LENE; NEA NT HES ; CAPITELL A
0914 TOXICITY; HYDROCARBONS; GAS WASTES; FISH ; BEH *V 1DR; ATTRACTION:

SUNFISH (ORANGE-SPOTTED )
1013 TOX i C i T Y ;  EMULS I F I ERS ; P H Y T O P L A N K T O H ; SKELETONE MA
1009 TOXICITY; BIRDS; FISH; TAINTING; MOLLUSCS; BEHZOPYRENE: ALGAE;

TORREY CAN YON SPILL
1041 TOXICITY; K U W A I T  CRUDE OIL; SUSPENSION; CO REXIT 7664;

GAS CHROMATOGRAPHY ; SPECTROFLU OROPI ETRY: COPEPOD ; LONG-TERM EFFECT S ;
REPRODUCTION ; EGG PRODUCTION: HATCHING SUCCESS

1033 TOXICITY; COON STRIPE SHRIMP ; FUEL OIL *2; PROCEDURES
0995 TOXICITY; DISPERSANTS; EMULSIONS: SUBLETHAL EFFECTS ; A C T i V I T Y ;

MOTILITY ; BIVALVES; CRUSTACEANS; FISH; B E H A V I O R ;  OIL EMULSION;
CONTINUOUS FLOW: LOCOMOTION

0993 TOXICITY; 011; DISPERSANTS; METHOD OLOGY
0964 TOXICITY: NAPH IHALENE ; PHOSPHORUS ; SYNERGISM ; DIATOM
1001 TOXICITY; DISPERSANTS; STATIC BIOA SSAY; STANDARDIZATION
1019 TOXICITY; PHYTOPLANKTON ; EMULSiFiE R ; SKELETONNEA ; NIT SCN1A
0996 TOXICITY; SHAD; ALOSA; PETROLEUM PRODUCTS ; DISSOLVED OXYGEN;

SYNERGISM; GASOLINE; FUEL OIL; BUNKER OIL
1002 TOXICITY; SHRIMP; CONTENT ANALYSIS; DEPURA TION; CRUDE OIL ;

FUEL OIL *2; BUNKER C ; PALA EMO N E IES : TEMPERATURE ; BEN ZENE; PHENOL;
N A P14 THA LE HE

0962 TOXICITY ; LONG TERM EFFECTS; INTERT IDAL: GASTROPODS; BIVALVES;
DIESEL FUEL , MARINE ; ROCKY SNORE; FAUNA; LA M M A  IS. ; HONG KONG ;
DISPERSANTS ; RECOVERY
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096 7 T O X I C I T Y ;  P H Y T O P L A N K T O N
1007 T O X I C I T Y ;  L A K E  M A R A C A I B O .  V E N E Z U E L A  F I S H E R I E S ; S E D I M E N T S ; W A T E R ;

S I O T A ; H Y D R O C A R B O N  C O N T E N T  A NA L Y S I S
0989 TOXICITY; DISPERSANTS ; BP1002; BP1IOO ; COC KLE-C ERASTODERM A ;

L WG VO R M-A R E NI COL A ; NERINE
1040 TOXIC i TY; OIL; DISPERSED OIL; EFFECTS ; MARINE BIOTA
1049 TOXICITY; BACTERIA; ESTUARIES
1020 TOXICiTY ; ALGAE; EMULSIFIERS ; BIOASSAY ; GROWTH ; POPULATION ; TISSUES ;

LAYER ; PORPHYRA
0985 TOXICITY; BENZEME ; HERRING ; ANCHOVY ; EGGS ; LARVA E ; ABNORMA LITIES ;

GROWTH; RESPIRATION; FEEDING
1034 T OX I C I T Y ;  B I O A S S A Y ; F U E L  O I L  02; C O O N  S T R I P E  SHR I MP
O9~ 4 T OX I C I T Y ; S U R F A C T A N T S ; F I SH ; C R U S T A C E A N S ; B I V A L V E S ; B E H A VI O R ;

DEVELOPMENT ; ACTIVITY ; BYSSUS THREA D ; MOULT IP4G
1005 TOXICITY; REVIEW: OIL POLLUTION ; FATE &BEHAY IOR OF OIL ; BIRDS ;

B I OD E G R A D A T I O N ; F I E L D  STU D I E S ; B I B L I O G R A P H Y
1000 T OX I C I T Y ; D I S P E R SA N T S ;  M E T H O D O L O G Y
1156 TOXICITY; FISHES; N ISTOPA TNOLOCICAL EFFECTS; CRUDE OIL
1090 T O X I C I T Y ; B P I O O 2 ; D E T E R G E N T ; S A B E L L A R I A ; L A R V A E ;

SUBSTRATE ABSORPTION
1092 T O X I C I T Y ; D I S P E R S A N T S ; M E T H O D O L O G Y
1131 TOXICITY ; MI CROFLORA ; PPIYTO PLAN KTON ; ALGAE; CRUDE OIL; FUEL OIL;

NAP HTHALENE : PHENAN THREME; A R OMATICS ; A L G A E - G R E E N ; ALGAE—BLUE GREEN;
DIATOM S ; GROVTH

1137 TOXICITY ; AUSTRALIA; UPTAKE; RETENTION ; DEPURATION ;
GAS CH ROMA TO GRA PHY ; MYTILUS: MUSSEL: EFFECT OH ECOSYSTEM:
BIQI ND ICATORS

1135 TOXICITY; ESTUARIHE; BIRDS ; DUCKS: FISH; CHESAPEAKE BAY;
MATCHING SUCCESS

1069 TOXICITY; TORREY CANYON SPILL; BIRDS ; DETERGENTS; INTERTIDAL; CHALK
1125 TOXICITY; REVIEW ; SUBLETHAL EFFECTS: UPTAKE; RETENTION; DEPURA TION ;

METHODS OF DETECTION OF HG’S IN OR GANISM ; ‘~I 0I N D I C A T O R S
1089 TOXICITY ; LONG TERM EFFECTS; LA RVA E; DETERGENT; SABELLE R IA
1122 TOXICITY; EIDER; REPRODUCTIVE GROWTH; HATCHING SUCCESS; FUEL OIL
1152 TOXICITY; ECOLO G ICAL; ORGANISMS; FISHERIES; ESTtJA RINE ; COASTAL;

METHODOLOGY : PETROLEUM FRACTI ON; CLEANING AGENTS/DISPERS ANTS
1139 TOXICITY ; CRUDE OIL; CRAB; CANCER; NAPHTNALENE; BENZENE;

A ROMATIC NC’S ; REPRODUCTION & DEVELOPMENT
1079 TOXICITY; LOBSTER; HOMARUS ; LA RVAE; BEHAVIOR; GROWTH;

VENEZUEL A CRUDE O IL; FOOD CONSUMPTION ; DISPERSIONS

• 1132 T O X I C I T Y ;  PETROLEUM FRACTION/CLEANING AGENT ; FUCUS; COPEPODS:
EFFECT ON ORGANISMS

1078 T O X I C I T Y :  LOBSTER ;  SUBLETHAL EFFECTS ;  L A R V A E ;  E M U L S I O N S
1094 TOXICITY ; FUEL OIL *2; ALGAE ; PHEMALEN- I-ONE ; WAVELENGTH DEPENDENT;

AL GAE-BLUE GREEN; A L G A E  —GREEN; DIATO M S
1140 TOXICITY: FUEL OIL; CRUDE OIL; POLYCNAETES;

REPRODUCTION & DEVELOPMENT
1O~~I T O X I C I T Y ;  D ISPERS AN T ; FISH ; L A R V A E ;  HERRING ; P ILCH A R D ; PLAICE; SOLE;

LEM ON SOLE ; HADDOCK ; 1P 1002; DELAYED EFFECTS ; EM BRYOLOGY;
B E H A V I O R A L  CHANCES

1005 TOXICITY ; CRUDE OIL; FISH; WATER SOLUBLE FRACTION
1121 TOXICITY ; MALLARD; PHYS I OLOGICAL EFFECTS; FUEL OIL; HATCHING SUCCESS;

PARAFF I NS ; GROWTH
1070 TOXICITY: FUEL O I L  02; CATFISH; FEED ING B EHAV i OR ; HEART RATE
106$ TOX ICITY ; BA CTERI A ; SUSCEPTIBILITY; FUNGI; ESTUARY;
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SOUTH LOUISIAN A CRUDE OIL: FUEL OIL 52: CHESAPEAKE BAY; GROWTH
11 00 TOXICITY ; RECOVERY ; SURFA CTA NTS ; BAR NACLES ; NAUP LI I ; ELN INI US
1089 TOXI C I T Y ;  SALMON; SURFACTANTS
11 43 TOXICITY ; QUAN OGS ; PHENOL; METHODOLOGY; H ISTO PATHOLOCIC A L EFFECTS;

C Y T O L O G Y ; C L A M S
11 23 TOXICITY ; EIDER DUCKS ; PHYS IOLOGICAL EFFECTS; HATCHING SUCCESS ;

FUEL O I L
11 96 TOXICITY ; REVIEW ; CRUDE OIL: BIOASSAY: MORTALITY ; GROWTH STAGES
1165 TOXICITY ; HYDROCARBONS ; ORCAN ZSNS
1192 TOXICiTY ; AMPHIPODS; ON ISIMUS; RESPIRATION; DISPERSANTS;

PHYSIOLOGICAL EFFECTS
1176 TOXICITY ; FUEL OILS 2; ZOOPLANKTON; SHRIMP: RESPIRATION;

FEEDI NG BEHAVIOR ; MOBILITY: HA PHTHA LENE ; BENZENE; PHENOL
1216 TOXICITY ; A LGAE ; PORPHYRA; DISPERSANTS ; GROWTH
11 84 TOXICITY; FUEL OIL 02; AMPH IPODS ; TEMPERATURE: WEATHERING
1 215 TOXICITY; FUEL OIL ; BUNKER C; CHEDA BUCTO BAY; NOVA SCOTIA ;

A R R O W SP I L L ; L ONG T E R M  E F F E C T S ;  C O R O G R A S S ; M A R S H ; A L G A E
1183 T O X I C I T Y ;  P L A N K T O N ;  I N V E R T E B R A T E S ;  B I R D S ;  M A M M A L S ;  R E V I E W :

PE TR O L E U M  H Y D R O C A RB ON S ;  E C O S Y S T E M
1208 TOXICITY ; URQUI OLA SPILL;  SPAIN ;  P E R S I A N  GULF CRUDE OIL ;

BENTN !C MACROFA U NA ; FISH; SPA RT IHA
1169 TOXICITY ; CRABS: WEST FALNOUTH SPILL; MORTALITY; UPTAKE; BEHAVIOR;

BURROWING ; FUEL OIL ; CRAB—SALT MARSH ; MASS.
1 205 TOXICITY: SANTA BARBARA CHANNEL CALIFORN IA ; NATURAL OIL SEEPS;

ISLA V I S T A  OIL SEEP ; BEHTHIC FAUNA ; POLYCHAETES ; BZOMASS
0109 TOXICITY OF DISPERSANTS ; DISPERSANTS; CLEANUP AGENTS
0938 TOXICITY OF END PRODUCTS; SUBSTRATE SELECTION: DIATOMS ;

DI HOFLAGELLATES
0843 TOXICITY OF M ETABOLIC AND PRODUCTS: BIODEGRADATION ; RATES; BA CTE R1A ;

M E C H A N I S M ; F L O W  R A T E  I N  C H E N O S T A T
0042 TOXICITY STUDIES; SLUDGE OIL ; REFINED OILS ;

SILVER SALMON FINGERLINGS ;  PETROLEUM PRODUCTS
0836 TOXICITY TESTING ; METHODOLOGY: TAINTING
0949 T O X I C I TY TESTING ; SUBLETHAL EFFECTS: COPEPODS ; TECHNIQUE ; DROPLETS;

N A R C O S I S
0189 TOXICITY TO FISH; BIODEGRADATION: METABOLIC PRODUCTS;

9UTR IENT S-P4I TROGEN AND PHOSPHA TE
0491 TOXICOLOGICAL EFFECTS ; BIRDS ; OIL; INGESTION; MOBILITY; DUCKS
0493 T O X I C O L O G Y ;  OIL : W A T E R F O W L
046? TOXICOLOGY: ULTRAVIOLET SPECTROPH OTNETRY ; 8ENZEHE; ALKYLBENZENES:

BLOOD ; KEROSENE
057? TOXIX CTY; REEF COMMUNITY; RESPIRATION; CALMING EFFECTS: GAS EXCHANGE :

FIELD FENCING TECHNI Q UES ;  CRUDE OIL ; B E H A V I O R ;
H E R O N  IS. GREAT BARR IER REEF AUSTRALIA

0 139 T R A C E R ;  HY D R O C A R B O N S ;  CONTENT A N A L Y S I S ;  MARINE P H Y T O P L A N K T O N ;
RIOGENIC VS. PETROLEUM ; FOOD CHAIN

0141 TRACERS; PHYTOL ; ZOOPLA HKTON ; FISH; ANALYSIS FOR HYDROCARBONS;
OLEFINS; FOOD CHAIN ; BIOGENIC VS. PETROLEUM

0878 TRAIL RIVER , NW T , CANADA; OIL POLLUTION; BICINDICATORS; CNI R ONOM IDA E ;
FRESH WATER ; FRESHWATER; MIDGES

109? TRANSECT; INVERTEIRATES ; HYDROCARBON ANALYSIS; TISSUES ; SEDIMENT;
RECOLONIZATION; COBBLE BEACH; SPECTROPHOTOMETRY

0229 T R A N S E C T S ;  SAN F R A N C I S C O  SPILL; ROCKY INTERTIDAL ; RECOVERY
0231 TRANSECTS; SAN FRANCISCO SPILL; INVERTEBRATES; COMMUNITIES ;

SMOTHERING ; RECRUITMENT ; INTERTIDAL ; RECOVERY ; BUNKER C
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0~~10 T RA H ECTS ; SAN FRANCISCO SPILL; COMMUNITIES ; I N T E R T I D A L ;
!1~~C R 0 I N V E R T E B R A T E S .: R E C R U I T M E N T ;  RECOVERY

0291 TRANSECTS ; CHRONIC POLLUTION ; LIM PETS ; BARNACLES: REF IHER ( EFFLUENT ;
ABUNDANCE

1075 TRANSECTS ; ANACORTES; HYDROCARBON CONTENT ANALYSIS ;
DIVERSITY INIDICES ; GAS CHROMATOGRAPHY: INTERTIDAL INVERTEBRATES

0082 T R A N S L O C A T I O N ;  T R ANSPIRATION; CELL MEMBRANE PERMEABILITY ;
PLANT PHYSIOLOGY ; PHOTOSYNTHESIS AND RESPiRA TION; CELLULAR DAMAGE ;

O I L  P O L L U T I O N
0083 TRA NSLOC A TIO N ; PHOTOSYNTHESIS ; PLANT TOXICITY: CELL DAMAGE ;

PETROLEUM COMPONENTS ; RESP I RATION AND TRANSPIRATION
0082 TRA NSPIRATION; TRA N SLOCATI ON ; CELL ME M BRANE PERM EABILITY;

PLANT PHYSIOLOGY; PHOTOSYNTHESIS AND RESPIRA TION; CELLULAR DAMAGE ;

O I L  P O L L U T I O N
002 7 T R A U M A T I C  OIL POLLUTION ; R E V I E W ;  EC O L O G I C A L  E F F E C T S; V E S S E L  SO UR CE
0244  T R E A T M E N T ;  BIRDS ; MO RTALITIES; BEACH SURVEYS ; POPULATION;

C H R O N I C  S P I L L AG E ; D I S PE R SA N T S
0808 TREATMENT ; BIRDS
08 26 T R E A T M E N T ;  BIRDS ; OIL; UW2 TANKER SINK I NGS
1050 T R E A T M E N T  EFFLUENT ; D E G R A D A T I O N ;  B A C T E R I A ;  MOTOR OIL: D I S T R I B U T I O N ;

W. ~TER C O L U M N ;  S E D I M E N T S
0009 TR ICHOSPORON ; YEAST; LOUISIANA CRUDE ; BIODEGRADATION
0227 T R I C O N  OIL SPILL E R A D I C A T O R ;  TOXICITY; DETERGENT; STRIPED BASS ;

P0 CC US
01~~~ T R I M E T H Y L B E N Z E N E ; T O X I C I T Y ;  O U T B O A R D  M O T O R  E X H A U S T ;  G O L D F I S H ;

C O N T I M U O U S  ~ LOU B1 OASSA Y ; CAR AS S I NS ; TOLUENE ; XYLEN E
0410 TRINITY BA Y S TEXAS ; CLAM ; RANGIA ; NAP H TNALE HES

OIL SEPARATOR PLA TFORM ; UPTAKE ; DEPURATION ; SEDIMENTS ;
H YDROCARBON ANALYSIS; GAS CHROMATOGRAPHY

I 1~~3 T R I T O N  x - I O O ;  DISPERSA N TS ; CUNNER ; HYPOXIA ; RESPIRATION: COREX IT ;
B P IOO2 ; SODIUM LAURYL SULPHATE

0749 TROP IC 4L~ PUERTO RICO; ZOE COLOCUTRONIS ; VENEZUELEN CRUDE ;
M A N G R O V E  PROP C O M M U N I T Y ; TUR TLE GRASS C O M M U N I T Y ;  SEDIMENTS ;
HY D R O C A R B O N  A N A L Y S i S

0795 TROPICS; BIBL I OGRAPHY
0892 TROPICS; PANAMA; S .S. W ITWATER SPILL ; INTERTIDA L ; TERR ESTRIAL PLANTS ;

LITTOR AL ; MANGROVE ; REEF ; ME IO FA UNA ; SEA TURTLES ; BIRDS ; DtESE L OIL ;
B U N K E R  C

0010 TROUT : ~1E TA 8OL ISM : POLYCYCLIC HYDROCARBONS; ENZYME SYSTEM;
A RYL HYDROCARBON HYDROXYLASE

0414 TROUT ; dATER SOLUBLE FRACTION; OVA; ALE VI NS
0645 TROUT ; TAINTING: SALMON; DIESEL FUEL
08~~1 TROUT ; FUEL OIL; CADDIS FLY ; OYSTER ; SNAILS
1159 TROUT ; HATCHING SUCCESS; FERTILIZATION ; REPRODUCTION I DEVELOPMENT ;

H ISTO PAT HOLOG I CAL EFFECTS ; MORPHOLOGY
0157 TUMOR LIKE GROWTHS : ALGAE ; A R O M A T I C  HYDROCARBONS ; BEHZPYRENE ;

C A R C I N O G E N I S I S
0100 TUMORS ; M ERCENARI A ; CLAMS ; CANCER ; NEOPLAS N ; HI STOPATHOLO GY ;

S E A R SP O R T  M A I N E
0528 TUNDRA ; ARCTIC ; TERRESTRIAL PLANTS; TAICA
0749 TURTLE GRASS COMMUNITY: PUERTO RICO; ZOE COLOCUTRONIS ;

VENEZ UELEN CRUDE ; MANGROVE PROP COMMUNITY ; SEDIMENTS ;
H Y D R O C A R B O N  A N A L Y S I S ; T R O P I C A L

1225 TURTL ES; FLORIDA ; OIL SPILL: TAR
0916 TYPES OF OILS; REVIEW; WEATHERING : TOXICITY ; ~ISNER IES : DISPE RSA NTS ;
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V.

M A R I N E  ENVIRONMENT
0201 UCA ; HYDROCARBON CONTENT ; M ETABOLISM ; A R O M A T I C  HYDROCARBO N CONTENT ;

FIDDLER CRAB: O X I D A T I O N ;  CLEARANCE
0 3 8 ?  ( J L T R A S T R U C T U R E  B A C T E R I  At. D E G R A D A T  I O N ;  AC I N E T O B A C T E R ;  S E O J E S T E R I N G
0638 U L T R A S T R U C T U R E ;  Y E A S T ;  C A N D I D A
0633 U L T R A S T R U C T U R E ;  E M B R Y O L O G Y ;  SEA U R C H I N ;  O I L ;  D I S P E R S A N T S ;  C O R E X I T
0 8 9 3  U L T R A S T R U C T U R E ;  FISH; FUNDULUS ; LIVER; LIPOGENESIS;

RADIOAC TIVE TRACERS; METABOLIC PATHWAYS ; GLYC O LYSIS
0 7 4 8  U L T R A V I O L E T ;  B I O A S S A Y ;  S A L T  M A R S H ;  M I C R O C O S M ;  G A S  C H R O M A T O G R A P H Y ;

SPECTROPH OTOMETRY ; FLUURESE P4T
046? U L T R A V I O L E T  SPECTRO PHO TMETRY ~ TOXICOLOGY ; BENZEP4E ; A L K YL B E N ZEN ES ;

BLOOD ;  KEROSENE
O ?bO U L T R A V I O L E T  S P E C T R O P H O T O M E T R Y : NA P H T H A L E N E ;  A L K ’ ( L N A P H T H A L E H E ;

CONTENT ANALYSIS ; TECHNI QUES; TISSUES; SEA W A T E R
0062 U M I A T ;  A R C T I C ;  M I C R O O R G A N I S M S ;  PRUDHOE BAY ; VA LDEZ ; N A T U R A L  SEEPAGES;

ALASKA -PRUDHOE BAY; CAPE SIMPSON
0009 UPTAKE : Y E A S T ;  M O L D S ;  FUNGAL E C O L O G Y ;  B I O D E G R A D A T I O N
0129 UPTAKE; N- A L KAH E ; FISH
0154 U P T A K E ; MUSSEL; M YTILUS
015 0 UPT A K E ;  CLAMS; M E R C E H A R I A ;  DISSOLVED ORGANIC KATTER (DON );

FILTER-FEEDING; FUEL O ILB2
0 2 7 ?  U P T A K E ;  COPEPOD ;  D E P U R A T I O N ;  NAPHTH A LE H E ;  M E T A B O L I S M ;  CA LA H U S ;

FOOD W EB; dA TER SOLUBLE FRACTION; DIETARY ROUTE OF ENTRY;
R A D I O A C T I V E  T R A C E R S

0355 UPTAKE ; MY TILUS ; MUSSELS ; D E P U R A T I O N ;  BIO GEN IC ; PETROLEU M ; A R O M A T I C S ;
K I E L  B I G H T

0287 UPTAKE ; FUEL O IL S 2; SHRIMP ; DEPURATION ; MOUT HLY GROWTH
0254 UPTA KE; MYTILUS; DEPURATIO N ; MUSSELS ; HYDROCARBON CONTENT ; PA R A F F I H S ;

PETROLEUM ; TIDES
0 2 7 9  U P T A K E ;  H Y D R O C A R B O N S :  Z O O P L A H K T O N ; F I S H ; T O X I C I T Y ; T A I N T I N G ;

B E H A V I O R ;  M E T A B O L I S M ;  D E P U R A T I O N ;  A C C U M U L A T I O N
0333 liP AK E~ MUSSELS; MY T I L U S ;  H Y D R O C A R B O N  C O N T E N T ;  M O N I T O R :  D E P U R A T I O N
0275 UPTAKE; POLYCYCLIC AROMAT IC HYDROCARBONS ; METABOLISM ;

F O O D  W E B  T R A N S F E R ; B I O S Y N T H E S I S
0391 UPTAKE ; CRUDE OIL; HYDROCARBON; M YA ; RESPIRATION; LI Q UID CONTENT ;

S O F T  S H E L L  C L A M
0486 UPTAKE; RETENTION ; COPEPOD; ZOOPLAHKTOH ; CALANUS; EURYTEM O RA;

D E P U R A T  I O N
0400 U P T A KE ; PI Y T I L U S ; D E P U R A T I O N :  H Y D R O C A R B O N  C O N T E N T  A N A L Y S I S ;

P HYSIO L OGICAL STRESS: BIOLOGICAL MONITOR; MUSSELS: ACCU M ULAT ION
0364 UPTAKE; RINGED SEAL; NORMAN WELLS CRUDE OIL; DISTRIBUTION; CLEARANCE
0410 U P T A K E ;  CLAM ;  R A N G I A ;  NAPHTHALENES ; TR INITY BAY , TEXAS:

OIL S E P A R A T O R  P L A T F O R M ;  D E P U R A T I O N ; SEDIMENTS ; HYDROCARBON A N A L Y S I S ;
G A S  C H R O M A T O G R A P H Y

OS !? UPTAKE ; METABOLISM; DEPURA T IOH; RADIOACTIVE TRACERS: REVIEW
0608 UPTAKE; ZOO PLANKTON ; BEN ZPYRENE ; DE PURATIO N: PACIFIC COAST; A R C T I C ;

A R O M A T I C  H Y D R O C A R B O N S ; H A P T H A L E N ~~: RADIOACTIVE TRACERS ; CA LA HUS
0611 UPTAKE; MYT ILU 5: CONTENT A NALYSIS; DEPURA TION: RETENTION; MUSSEL;

RADIOACTIVE TRACERS ; AROMATIC HYDROCARBONS; PARA FFINS
0613 U P T A K E ;  F ISH;  N A P T H A L E N E ;  BEH Z (A ) P Y R E N E ;  R A D I O A C T I V E  T R A C E R ;

METABOLI SM; DISCHARGE ; SCULPIN; OLIGOCOTTUS; COBY: G ILL ICHTH Y S;
S A N D  D A B ; C I T H A R I C H T H Y S

0727 UPTAKE; BARNACLES; TAR BALL; CONTENT ANALYSIS; METABOLISM;
D E P U R A T  I O N

083? U P T A K E ;  M O N I T O R I N G : PETROLEUM H Y D R O C A R B O N S
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0758 UPTAKE ; CLAMS ; DEPUR A TION; CONTENT ANALYSIS; CRUDE OIL; F~JEL OIL .2;
SO L U B L E  F R A C T I O N S ; GA S CHR O M A T O G R A P H Y

0759 UPTAKE; 8ENZ(A )PYRENE; DEPURATEON; DISTR IBUTION; RADIO ASSAY ; RA P 4CIR ;
C L A M S

0952 U P T A K E ; O I L ; ACC UM U L A T E ; R A T E  OF E N T R Y ; M Y A  A R E H A R i A ; MU CU S B I N D I N G ;
D R O P L E T S : O I L  D Y E

0923 UPTAKE; TAINTING ; MULLET: MUGIL ; KEROSENE ; GAS LIGUID C H R O M A T O G R A P H Y ;
GAS C H R O M A T O G R A P H Y -  MASS S P E C T R O S C O P Y ;  IN FRA RED S P E C T R O S C O P Y ;
RA D I O A C T I V E  T R A C E R S ; PR O TON MAG N E T I C  R E S O N A N CE SP E C T R OS~~OPY

0943 UPTA KE; HAP THALEHE; WATER SOLUBLE FRACTION; CHLAH YDO HOHA S ;
P H O T O S Y N T H E S I S ; G R E E N  A L G A E ; D E P U R A T I O N

0958 UPTAKE ; MEMBRANE DAMAGE; METABOLIC PATHWAYS ; ENZYNE INDUCTION ;
C E L L  I N T E G R I T Y

0881 UPTAKE; POLYCHAETE; NEANTHES : RAD I OACTIVE TRACER EXPERIMENT;
R E T E N T I O N ; M E T A B O L I S M ; D E P U R A T I O H ; W A T E R  S O L U B L E  F R A C T I O N ; W A T E R ;
S E D I M E N T ; D E T R I T U S

1004 U P T A K E ;  O Y S T E R : C R A S S O S T R E A ;  R E T E N T I O N ;  D E P U R A T I O N ;
PETROLEUM H Y D R O C A R B O N S

0960 U P T A K E ; O Y S T E R ;  C R A S S O S T R E A : R E T E N T I O N ; D E P U R A T I O N ;
P E T R O L E UM F R A C T I O N S ; L I P I D S ; F A T  C O N T E N T ; M E T A B O L I S M

1 125 UPTAKE; REVIEW; SUBLETHAL EFFECTS; TOXICITY; RETENTION; DEPUR ATI0H ;
METHODS OF DETECTION OF NC ’S IH ORGANISM ; BIO IN DICATORS

11 61 UPTAKE; POLYNUCLEAR AROMATIC HYDROCARBONS ; ESTUARINE: RETENTION:
DEP URATIOH; BENTHIC ORGANISMS; SHELLFISH: BENZOPYREHE

1143 UPTAKE ; SOFT-SHELL CLAM ; FUEL OIL; RETENTION: DEPURA T IOH ; BURROWI NC:
MORTALITY ; SEARSPORT-M AI HE

113 7 UPTAKE ; AUSTRALI A : RETENTION ; DEPURA T IOH; GAS CHROMATOGRAPHY;
M Y T I L U S ; M U S S E L :  E F F E C T  OH E C O S Y S T E M ; B I O I N D I C A T O R S ; T O X I C I T Y

1126 U P T A K E ;  NA PHTH A LE N E ;  METHODS OF DETE CTION OF NC’S IN ORGANISM;
SIPUNCUL I D  W O R M ;  S P E C T R O P H O T O M E T R Y ;  P H A S C O L O S O M A :
PR UD HO E BAY CRUDE OIL -

1133 UPTAKE ; FUEL OIL; CRASSO STREA ; QUA HOC; EST’JARINE ; ALIPHA TICS ;
M E R C E H A R I A ;  C L A M S ;  O Y S T E R S ;  R E T E N T I O N ;  D E P U R A T I O N

1212 U P T A K E ; S H R I M P ; L A R V A L  G R O W T H ; D E P U R A T I O N ; F U E L  O I L  52;
HATCHING SUCCESS; BEHAVIORAL EFFECTS

1197 UPTAKE ; PRUDHOE BAY CRUDE OIL; NAPHTHA LENE ; CLAMS; MA COMA; SEDiMENTS
1181 U P T A K E ; C O N T I N E N T A L  S H E L F ; C R A B S ; C A L I F O R N I A :  O F F S H O R E  P L A T F O R M S ;

A N A L Y S I S  FOR H Y D R O C A R B O N S
1206 U P T A K E ;  CLAM : MYA:  FUEL OIL *2; RETENTION ; DEPURATION
1169 U P T A K E ;  CRABS ; WEST FALMOUTH SPILL; MORTALITY ; BEHAVIO R ; BURROWING :

TOXICITY ; FUEL OIL ; CRAB—SALT MARSH: MASS .
1186 UPTAKE; BENZOPYRENE ; CLAMS; MUSSELS; OYSTERS; OREGON: ESTUAR INE ;

AROMATIC HYDROCARBONS; CARCINOGENS ; MOLLUSCS
1175 UPTAKE ;  CRUDE OIL ; ALGAE; ZOOPLANKTON ; CRUSTACEANS; POLYCHAET ES ;

MOLLUSCS; FISH ; RE TEH IIOH; DE P U R A I ION ;  R E V I E W ;  B E N I H I C  ORGANISMS
0871 UPTAKE I. DE PURA IION ; SALMON , PINK ; PRUDHOE BAY CRUDE;

COOK INLET CRUDE ; F UEL 011.2: WATER SOLUBLE FRACTION; R E S P I R O 1 I O N ;
C O U C H I N G

1149 UPTAKE I DEPtIRAT ION ; TEMPERATURE ; SALINITY ; NA PHT HALFN E; CLAMS;
SO U T H E R N  LO U I S I A N A  C R U D E  O I L ;  C LA M -B O REAL ; C LA M - 1 EM P E R A 1 U R E

1219 UPTAKE I DEPURATION ; CRUDE OIL ; SEDIMENTS ; WASHI N GTON;
IN T ERTIDAL ZONE ; ASSESSM ENT OF SPILLS; BEN TH IC ORGAN ISMS:
P U C E I  SOUND ; REC R U I1N(N 1

1145 UPTA KE $ INGESTION ; NORMAL W ELLS CRUDE OIL: SEAtS; AR CTIC ;
R I N C E D  SE A L S ; B E N 2 E N E ; N A P H I H A L E H E ; P A T H O L O G I C A L  E~~F E C 1S
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0?~~’ U P T A K E  I D E P U R A T I O N ;  R A N C I A ;  C R A S S O S T R E A ;  F U N D U L U S ;  P I I4AF US
0884 U PTi ~ICF I D E P U R A T I O H ;  F U EL O I L  * 2 ;  N A P H T H A L E N F ;  A N P 4 F L I D S ;  P O L Y C H A F T E ;

N E A N T H E S ;  D E V E L O P M E N T ;  M A t E ;  F E M A L E ;  E G G S ;  L A R V A E
; i 4 ~ U P T A K E  I E X C R E T I O N ;  R I N G E D  S E A L S ;  N O R M A L  W E L L S  CRUDE O I L ;

E F F E C T S  ON O R G A N I S M S ; S E A l  S
0U2~ U P T A K E  A N D  D E P U R A T  I O N ;  P E T R O L  FUM H Y D R O C A R B O N S ;  CL A P I S ;  O Y S T E R S
0I7~~5 U P 7 A K E  AND D E P U R A T I O N ;  E S T U A R I H E  A N I M A L S ;  T O X I C I T Y ;  R E S P I R A T I O N ;

SO U IH L A .  C R U DE: K U W A I 1 CRUDE ; FUEL OI L *2; BUNK E R C ; M I N N O W ;
G R A S S  S H R IM P .PA LA E M O N T E S ;  BROWN SHRUI P ,PANAEUS ;
W A T E R  S O L U B L E  F R A C 1 J O N ; O I L  WA1 ~~K D I S P F k j I O H ;  N A P H T H A L E~~E S

003 ? U P T A K E A N D  D E P U R A T I O N .: OY STE RS; G R O W T H ;  C R A S S O S T R E A :
-iN M L Y S I S  F liP HY D&1I CAPEU 1HS

003 3 U P T A K E  AND D E P U RA I I O P 4 ; SHRIMP ; FISH ; M O L L U S K S ;  FU E L  O I L ;
NH PH T H A L E  NE S

0 O 3~ U P T A K E  AND D E P U RA T I O N ;  OYSTERS ; G A L V E S T O N  B A Y S  T E X A S ;
A N A L Y 1 I C A L  N~~1HO Ds ( U V , C C ) ;  A M A L Y b I S  ~~~ H Y 0 R ’ ) C A k H O H S ;  C R A S S O S T R F A ;
G U L F  C F M E~~ I C 0

0448 U P TA K E  AND DE PUR A T IOPI ; COD; SWE DEN ; N O U Y P H E H I L  ETH0~< Y L A r E ;
PHYS lOt OG IC A L

050 5 U P T A K E  AND D E P U R A T I O N ;  T O X I C I T Y ;  O F F S H O R E  P R O D U C T I O N ;
FOoD C H A I N  ~CCU MU L I4Tl0U

~~~ 5S U P T A K E  AND D F P U R A T I O H ; P H S J O L O G I C A L  EFFECTS ; S A L M O N ;  F L A T F I S H ;
S P O I l E D  SHR iMP; H I S ) U P A T H O L U L Y

0 4 8 7  UPT A K E / D E P U R A T I O N ;  N A P H T H A L E N E ;  A C C U M U L A T I O N ;  CO PE POD ; R A D I O A C T I V E ;
LONG T E R M  E X P O S U R E ;  L O W  L E V E L  C O N C E H T R A T J O N S ;  M A R I N E  2 0 0 P L A H K I O H ;
P E R S I S I E N T  E X P O S U R E ; C A L A N U S ;  E U R Y I E M O R A

0 0 4 0  U P O N E M A ;  K U W A I T  C R U D E ;  P R O T O Z O A N  C I L I A T E S ;  E U P L O T E S ;  N E M A T O D E ;
I NGE ST I OH

1 0 ~ U~~’)UlOt. A SPILL ; S P A I N ;  PE R S I A N  COLE CRUDE O I L ;  B E N T H I C  PIA C RO FAU HA ;
F 1 S ~~; S PA P T I N ; ;  T O X 1 C ! T ~

0 3 T ~ u v ;  P E T R O L E U M ;  H Y D R O C A R B O N ;  C O N T E N T  A N A L Y S I S ;  M A R I N E  O R G A N I S M S ;
C H R O M A T O G R A P H Y - C O L U M N  (.AS,THIN L A Y E R ;  SPECTR ON ETR Y ; IR

0786 UV A B S O R P T I O N ; TA I N T I N G ; JA PAHES E COAST: FISH; EELS;
G A S  C H R O M A T O G R A P H Y ;  1R A B S O R P T I O N ;  M A S S  S P E C T R U M ;  T O L U E N E ;
M I Z U S H I M A . J A P A N  A R O M A T I C  H Y D F o i .~R B O N S ;  G A S O L I N E

:c i ;  UV F L U O R E S C E N C E ;  S E D I M E N T S ;  H Y D R O C A R B O N  A N A L Y S I S ;  C H R O M A T O G R A P H Y ;
M A S S  S P E C T R O M E T R Y ;  P E T R O L E U M

0 154 UV S P E C T R A ;  O Y S T E R S ;  C R A S S O S T R E A ;  H Y D R O C A R B O N  C O N T E N T ;  G A L V E S T O N  B A Y ;
C O L U M N  C H R O M A T O G R A P H Y ;  T I C ;  M A S S  S P E C T A

(,
~~~~

7 VA C L c OIA T IOPI ; FUEL 011*2; SOFT SHELL C L A M ;  PIVA ; EPI IILS IOH:
T I S S U E  A B E P R A T I O N S ;  H I S I O P A T H O L O G Y ;  E D E M A ;  C L Y C O G E N

00~- . v A L D E Z ; A R C T I C ;  M I C R O O R G A N I S M S ;  PRIIDHOE BAY; U M I A T ;  N A T U R A L  S E E P A G E S ;
A t  ~~ Kfi — P R I f t H O F  S A Y ;  C A F E  S I M P S O N

0 8 7 4  V A L D E ? ;  B I O D E G R A D A T I O N ;  A L A S K A ;  T E M P E R A T U R E ; S A L I N I T Y ;  M O R T A L I T Y ;
C H E P I O T A X I S ;  COO K I.~4L E T

~ V~~~COUyER H A R B O R ;  MYT ILUS: MO P4 I TOR ING: MUSSELS; BENZO ( A )P?REHE:
CA R C IN O G E N ; C REOSOTED

(i323 V A P O R  A N A L Y S I S ;  T A I N T I N G ;  FISH ; Y E L L O W T A I L ;  CRUDE OIL ;  S E R IO L A :
GH & C H R O P 1 H I O G R A P H Y

0 1 0 1  V A S C U L A R  P L A N T S ;  C R U D E  O I L ; P O N D ; A R C T I C ; P H Y S I C A L  P A R A M E T E R S ;
P H Y T O P L A H K T O N ;  C H I R O N O M I D ; A Q U A T I C ;  PRUDHOE CRUDE O I L ;
A R C T I C  — T U N D R A ;  A L A S K A —  B A R LO W ; B E H T HI C O R G A N I S M S ; P L A N K T O N

1 1 4 1  V A S C U L A R  PLANTS; T A I N T I N G ;  D I S T I L L A T E S ;  HADDOCK ; POTATO
0109 VE N EZUELA; OFFSHORE P R O D U C T I O N ; FISH [RIES; L A K E  M A R A C A I B O ;

N A T U R A L  C E E P C
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1079 VE~4 [ZUELA CRUDE OIL ; LOBSTER ; HOP IARUS; LA R V A E ;  T O X I C I T Y ;  B E H A V I O R ;

GRO W T H ;  ‘000 C O N S U M P T I O N ;  D I SPERSIONS
u 4 4 4  V E N E Z U E L A N  CRUDE ; P H Y T O P L A H K T O H ; PHOTOSYNTHESIS;

B E D F O R D  BA S I N ,  NOV H S C O T 1 ~~; H O R E H  WESTERN ATL A N T I C :  FUEL O!L*2;

~UEL O IL *b
6L47 V E N E Z U E L A N  CRUDE O I L ;  TA ? R I V E R ;  BIRDS

~1 5 3  V E ~1 F Z U E L A H  CRUDE O I L ;  T O X I C I T Y ;  GREEN SEA URCHIN;
S E L f  ~~~ B u S  IN N I J V i i  S C O T I A ;  O I L  S P E R S E

074 V EP4EZ U E LEN CRUDE ; PUERTO R I C O ;  ZOE COLOCUTRO N IS:
M A N G R O V E  P R O P  C O M M U N I T Y :  T U R T L E  GRASS C O M M U N I T Y ;  S E D I M E N T S ;
H Y D R O C A R B O N  A N A L Y S I S :  T R O P I C A L

~~~~ ~EP T I C A 1  D I S T R I B U T I O N ;  BACTERIAL DEGRADA TION; S I LICA GEL;
MI C R O O PCkN’ ~M5

0C27 VESSEL SOURCE ; R E V I E W ;  E C O L O G I C A L  EFFECTS; T R A U M A T I C  OIL P O L L U T I O N
0365 V O L A T I L I T Y ;  O U T B O A R D  O P E R A T I O N ;  TA I N T I N G ;  DE G R A DA I I O N ;  W E A T H E R I N G
; i ~~s V U L N E R A B IL I T Y  INDEX ; COA STAL E N V I R O N M E N T ;  A L A S K A ;

H Y P O T H E T I C A L  SPILLS; C OOK INLET
0 3 2 0  W A F R A  S P I L L ;  I N T E R T I D A L ; F I S H  T A I N T I N G ;  S O U T H  A F R I C A ;

I N T E R T i D A L  I N V E R T E B R A T E S
031? W A F R A  SPILL; I N T E R T I D A L ; SOUTH A F R I C A
0442 W A V E  IS ; R C STONER; REEF C O M M U N I T Y ;  FISH
0080 WA L E S ;  SALT M A R S H ;  CLEANING OF CRUDE OIL SPILL ; PIILFORD H A V E N ;

P EM B R O K E S H I  RE
00~~0 W A L E S ;  B E H A V I O R ;  ECOSYSTEMS ; REFINERY EFFLUENTS
1 2 1 9  W A S H I N G T O N ;  CRUDE OIL; SEDIMENTS ; INTE RT I DAL ZONE ;

U P T A K E  I D E P U R A T I O N ;  A SSESSMENT OF SPILLS ; BEN THIC O R G A N I S M S ;
P U G E T  SOU ND P E C F U I  T~~E NT

C2 4~’ W A S H I N G T O N  C OA ST ; G E N E R A L  M C .  P I E I C S  S P I L L ;  C H R O N I C ;  S U R V E Y S ;
HYDROCARBON C O N T E N T ;  I N T E R T I D A L ; FUEL O I L - N A V Y  SPECIAL; SEA URCHINS ;
STRON C YLOCEN TRUS

0 2 5 ~ W A S H I N G T O N  S T A T E ;  H Y D R O C A R B O N  U P T A K E ; C O M M U N I T I E S ;  I N T E R T I D A L ;
F U E L  0 * 1 — N A V Y  S P E C I A L ; G E N E R A L  M . C .  M E I C S  S P i L L

0207 W A S T E ;  M E R C E N A R I A ;  TOXICITY ; EMBRYOS ; L A R V A E ;  WATER SOLUBLE F R A C T I O N ;
CR UDE; REFINED ; GROWTH

‘.2~~6 WASTE DISCHARGE; KELP; FUEL OIL
0387 W A S T E  O I L ;  SHORT TERM I M P A C T ;  FUTURE STUDY RECOMMEND A TIONS
0 6 1~ W ASTE OIL: BA L T I C ;  BIRDS; M O R T A L I T I E S
Q4~~8 W A T E R ;  B I O D E G R A D A T I O N ;  B A C T E R I A ;  DISTRIBUTION ;

OIL — O X I D I Z I N G  B A C T E R I A ;  NORTH SEA ; ABUNDANCE; SEDIMENT
0708 W A T E R ; P U R I F I C A T I O N ;  BLACK SEA; D E G R A D A T I O N ;  S E D I M E N T S ;  B A C T E R I A
0881 WATFR ; POL ?CHAETE; NEANTHES; R A D I O A C T I V E  TRACER EXPERIMENT ; U PTAKE;

R E T E N T I O N ; M E T A B O L I S M ;  D E P U R A T I O N ;  WA T E R  SOLUBLE F R A C T I O N ;  SEDIMENT;
D E T R I T U S

iO S ., W A T E R ;  D E G R A D A T I O N ;  BACTERIA ; FUNGUS ; CLAD O SPOR IUM ; SEDIMENTS;
CH E SA P E A K E  BAY ; HYDROCA RBON C O N C E N T R A T I O N

100? W A T E R ;  LAKE M A R A C A I B O , VENEZUELA ; FISHERIES; SEDIMENTS: BIOTA ;
HYDROCAR B ON CONTENT A N A L Y S I S ; T O X I C I T Y

1O~~? W A T E R ;  D E G R A D A T I O N ;  SEDIMENTS; CHESAPEAKE BAY ; CLAD O SPORI UM
0 2 7 1  W A T E R  A CCOM O DA T E D F R A C T I O N ;  N YT ILUS ; MUSSELS: STARFISH ; ASTER IS:

R E S P I R A T I O N ;  FEEDING; REPRODUCTION ; BYSSAL THREAD PRODUCTION ;
FUEL OI l. *Z

07 51 W A T E R  BASE :  T O X i C I T Y ;  I N T E R T I D A L :  B A L T i C  SEA ;  L I T T O R A L  ZONE ; C O R E X J T ;
BEROL : BPII OO ; OIL BASE; SOLVENT

0443 WATER COLUMN ; O IL SPILL , EXP ERIMENTAL ; HYDROCARBON ANALYSIS ;
SEDIMENT ; FL UORESCENCE SPECTROSCOPY ; TAR BALLS

0—201
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0 6 7 2  W A T E R  C O L U M N ;  O F F S H O R E  D R I L L I N G ;  S P I L L  I N C I D E NT ;  M I S S I S S I P P I  D E L T A ;
S E D I M E N T ;  W E A T H E R I N G ;  M I G R A T E S  IN S E D I M E N T S ;  D I V E R S I T Y  P O P U L A T I O N S ;
SHRIMP ; BLUE CRABS ; BEN THIC O R G A N I S M S

0935  W A T E R  C O L U M N ;  CRUDE O I L ;  L A K E S ;  A R C T I C ;  M A C K E N Z I E  D E L T A ;  S E D I M E N T S :
2 O O 8 E H T H u S ~ D E C R H D ~~~i O N

0 9 1)  W A T E R  C O L U M N ;  B I O D E G R A D A T I O N ; H E X A D E C A H E ;  R A D I O A C T I V E  T R A C E R ;
T O K Y O  B A Y ; B A C T E R I A

1050 W A T E R  C O L U M N ;  D E G R A D A T I O N ;  B A C T E R I A ;  M O T O R  O I L ;  T R E A T M E N T  E F F L U E N T ;
D I S T R I B U T I O N ; SED IM EHTS

0 2 1 2  W A T E R  H A R D N E S S ;  N A P H T H E N I C  A C I D ;  T O X I C I T Y ;  B L U E G I L L  S U N F I S H ;
POND S N A I L ;  T E M P E R A T U R E

09 99 W A T E R  Q U A L I T Y ;  CRUDE OIL; PETROLEUM PRODUCTS; FISH;
A Q U A T I C  L I F E  I W I L D L 1 F E

0105 WA T E R  SAMPLERS; M O N I T O R I N G  INSTRUMENTS; SAMPLER S ;
B I O L O G I C A L  SAMPLERS; SEDIMENT SAMPLERS

077? WA TER SOLUBLE EXTRACTS: SAND DOLLAR; KUWAIT CRUDE; FUEL OIL *2;
S P E R M ;  E G G ;  R E S P I R A T I O N ;  M O B I L I T Y  OF SPERM ;  F E R T I L I Z A T I O N ;  C L E A V A G E ;
L A R V A L  DEVELOPMENT

00 35 W A T E R  SOLUBLE F R A C T I O N ;  ESTUARI HE A N I M A L S ;  UPTAKE AND D E P U R A T I O N ;
T O X I C I T Y ; R E S P I R A T I O N ;  SOUTH LA. CRUDE; K U W A I T  CRUDE; FUEL OIL *2;
BUNKER C ; M I N N O W ;  GRASS SHR INP~~P A LA E M O N T E S ;  BROWN SH RIM P ,PAHA E U S ;
O I L  W A T E R  DISPERSION; NA PH THA L EN E S

0034 WA T E R  SOLUBLE F R A C T I O N ;  OIL IN WATER DISPERSION ; C R U S T A C E A N S ;  FISH ;
T O X I C I T Y ;  E S T U A R I H E ;  SOUTH LA. CRUDE; K U W A I T  CRUDE ; FUEL OIL *2;
BUNKER C; C Y P R I N O D O N ;  M E N I D 1A ;  F U H D IJ L U S ;  P E H A E U S ;  P A L E O M O P 4 E T E S ;
M Y S I  DO PS I  S

001 4 W A T E R  SOLUBLE F R A C T I O N ;  SEA URCHIN ;  F E R T I L I Z A T I O N ;  D E V E L O P M E N T ;  EGGS
02 0 ?  W A T E R  SOLUBLE F R A C T I O N ;  M E R C E N A R I A ;  T O X I C I T Y ;  E M B R Y O S ; LA ~’ V A E ;  C R U D E ;

REFINED; WASTE ; GROWTH
0122 W A T E R  SOLUBLE F R A C 1 I O N ; COPEPOD; REP R O D U C T I O N ;  NA PHTH A LE P4E ;

E U R Y T E P I O R A ;  EGG P R O D U C T I O N ;  H E A T I N G  O I L
0 2 1 3  W A T E R  S O L U B L E  F R A C T I O N ;  T O X I C I T Y ;  COOK INLET  C R U D E  O I L ;  B E H Z E H E
0183 ‘ d A T E R  SOLUBLE F R A C T I O N ;  A L A S K A ;  SHRIMP ; C O O N — S T R I P E  SHRIMP ;

K I N G  C R A B S ;  COOK I N L E T  C R U D E ;  T O X I C I  T V ;  B I O A S S A Y ;  S T A T  IC
027?  W A T E R  SOLUBLE F R A C T I O N : C O P E P O D ;  U P T A K E ;  D E P U R A T I O N ;  H A P H T H A L E N E ;

M E T A B O L I S M ;  C A L A N U S ;  F O O D  W E B ;  D I E T A R Y  R O U T E  OF E N T R Y ;
R A D I O A C T I V E  T R A C E R S

0370  W A T E R  S O L U B L E  F R A C T I O N ;  FUNDULUS;  FUEL O I L* 2 ;  H A T C H I N G ;  D E V E L O P M E N T ;
H I S T O P A T H O L O G Y

0414 W A T E R  SOLUBLE FRA C T I O N ;  TROUT; OVA; ALEV INS
0 4 6 5  ‘ d A T E R  SOLUBLE F R A C T I O N ;  BUNKER C; C R A B ;  SAN F R A N C I S C O  B A Y ;

P A C H Y G R A P S U S
0459 W A T E R  SOLUBLE F R A C T I O N ; CRUDE O IL; REFINED O I L ;  T O X I C I T Y ;  B A C T E R I A ;

A R O M A T I C  HYDROCARBONS; W E A T H E R I N G ; GROWTH RATE;
M A X I M U I M  CELL DENSITY

0 5 4 1  W A T E R  SOLUBLE F R A C T I O N ;  H A S S A R I U S ;  C H E M O T A X I S ;  K E R O S E N E ;
C H E M O R E C E P T I  ON

0~~I5 W A T E R  SOLUBLE F R A C T I O N ; FUEL OIL *2; ZOOPL A N K TO N COASTAL ;
Z O O P L A N K T ON O C E A N I C ;  T O X I C I T Y ;  B E H A V I O R

0529  W A T E R  SOLUBLE F R A C T I O N ;  B I O A S S A Y ;  C O N T I N U O U S  F L O W ;  T O X I C I T Y ;
SUBLETHAL EFFECTS; WHOLE OI L FRACTION ; MINNOW; FLOUND ER: SHRIMP ;
S C A L L O P ;  Q UAHO C ;  MUSSEL ;  MUD SNAIL

0595 WATER SOLUBLE FRACTION; TOXI CITY ; EGGS: LARVAE; COD; BUNKER C;
H A T C H I N G  SUCC ESS

0593 W A T E R  SOLUBLE F R A C T I O N ;  COD; HERRING ; EGGS ; L A R V A E
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0 6 1 4  W A T E R  SOLUBLE F R A C T I O N ;  T O X I C I T Y ;  A R C A T I A ;  S P H A E R O M A ;  A M P 4 I T H O E ;
F U E L  O I L

061~ W A T E R  SOLUBLE F R A C T I O N ; T O X I C I T Y ;  FUEL OIL *2; CRUDE ; A M P H I P O D S ;
B R E E D I N G

0640  W A T E R  SOLUBLE F R A C T I O N ;  O Y S T E R S ;  F I L T E R I N G  R A T E ;  BLEED W A T E R ;
C R U D E  O I L

0780 WA T E R  SOLUBLE FRACTION ; FUEL OIL *2; PHYTO PLANK TON; T O X I C I T Y
0871 W A T E R  SOLUBLE F R A C T I O N ;  S A L M O N , P I N K ;  PRUDHOE B A Y  C R U D E ;

COOK INLET CRUDE ; FUEL 011*2; R ESP I R A T I O N ;  COUGHING ;
UPTAKE & DEPURAT ION

0883 WATER SOLUBLE FRACTION; TOXICITY; FUEL OIL *2; POLYCH A ETE ; N E A N T H O S ;
L A R V A E

0881 W A T E R  SOLUBLE FRACTION; POLYCHAETE; NEANTHES;
R A D I O A C T I V E  ~RA CE R EXPERIMENT; UPTAKE; RETENTION ; M E T A B O L I S M ;
D E P U R A T I O N ; W A T E R ; S E D I M E N T ;  D E T R I T U S

094.3 WATER SOLUBLE FRACTION ; NAPTHALEHE; CHLAMYD OMONA S ; PHOTOSYNTHESIS;
G R E E N  AL GA E ; U P T A K E ; D E P U R A T I O N

0885 WATER SOLUBLE FRACTION; FUEL OIL * 2; NEANTHES ; PO LYCH A ETE ;
HEMOGLOBIN; HYPOXIA; SOUTH LOUISIANA CRUDE; DISSOLVED OXYGEN;
T O X I C I T Y ;  S Y N E R G I S M ;  H A P H T H A L E H E S ;  D I S S O L V E D  H Y D R O C A R B O N S ;
R E S P I R A T I O N

0942 WATER SOLUBLE FRh CT ION: CRUDE OIL ; NAPTHALE HE ; CHLAH YD O1IONA S ;
TOXICITY; GROWTH

0882 WATER SOLUBLE FRACTION; TOXICITY; POLYCHAETES; CRUDE; NA PN THA LEN E;
BUNKER C; FUEL OIL *2; NEANTH ES ; CAP ITELLA ; SOUTH LO U I S IA N A  CRUDE ;
K U W A I T

09 41 W A T E R  SOLUBLE FRACTION; CRUDE OIL ; NAP H THALEHE; GREEN ALGAE;
P H Y S I O L O G Y ;  M O R P H O L O G Y ;  F R E S H W A T E R

0886 W A T E R  SOLUBLE F R A C T I O N ;  K U W A I T  CRUDE;  SOUTH L O U I S I A N A  CRUDE ;
F UEL OIL * 2; BUNKER C; TOXICITY; HA PHTHA LE HE; NEAN THES; CAPITELLA

0998 WATER SOLUBLE F R A C T I O N ;  CRUDE O IL;  P R O D U C E R S ;  C H E M O R E C E P T I O N ;
S U B L E T H A L  E F F E C T S ;  I N H I B I T O R S

1011 W A T E R  SOLUBLE F R A C T I O N ;  SALMON ; PRUDH OE BAY CRUDE O IL ;
RESPIRATORY RATE; STRESS

1085 W A T E R  SOLUBLE F R A C T I O N ;  CRUDE OIL : FISH;  T O X I C I T Y
1095 W A T E R  SOLUBLE F R A C T I O N ;  M I C R O A L C A E ;  H Y D R O C A R B O N  A N A L Y S I S ;

G A S  C H R O M A T O G R A P H Y ;  M A S S  S P E C T R O N E T R Y ;  B A Y T O W N ;  M O N T A N A ;  B A T O N  R O U G E ;
N E W  J E R S E Y

012 5  ‘ d A T E R  SOLUBLE F R A C T I O N S ; G A S O L I N E  F R A C T I O N S ; TOLUENE ;  X Y L E H E ;
BE NZ ENE; TOXICITY ; MOS QUITO L A R V A E ;  AEDES AEGYPTI

0570 W A T E R  SOLUBLE F R A C T I O N S ; CRUDE O IL ;  C H L O R E L L A ;  G R O W T H  R A T E S ;
T O X I C I T Y ; ST I P I U L A T T O N

080? WATER SOLUBLE FRACTIONS; CRUDE OIL; IIICROAL GA E ; GROWTH RA T E ;
HYDROCARBO N ANALYSIS: SEDIMENTS: WAT ERS ; B I O T A ;
S O U T H T E X A S  OU T T E R  C O N T I N E N T A L  S H E L F

0493 W A T E R F O W L ; O I L ; T O X I C O L O G Y
0522 W A T E R F O W L ;  D E T R O I T  R I V E R
0523 W A T E R F O W L ; W A T E R F O W L ;  M I CH I G A N
0717 WATERFO W L; BIRDS; MORTALITIES; SAN FRANCISCO SP ILL—1 937; GULLS
1224 WATERFOWL; OIL SPILLS; REPRODUCTION; REVIEW; MA LLARDS: EGGS
0013 WATERFOWL RESTORATL.4 ; TOXICITY; REVIEW-OIL SPILLS; A E R I A L  SURVEYS;

D I S P E R A N T S  A N D  E M U L S I F I E R S
080? WATERS: WATER SOLUBLE FRACTIONS ; CRUDE 0111 M I C R O A L CAE; GR OWTH RATE ;

HYDROCARBON ANALYSIS ; SEDIMENTS; BIOT A ;
SOUTH T E X A S  O U T T ER C O N T I N E N T A L  SHELF

0 — 2 0 3
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1 O ~~4 W A Q E L E N G T H  D E P E N D E N T ;  FUEL O I L  *2 ;  A L G A E ;  T O X I C I T Y ;  P H E H A L E H — 1 — O H E ;
A L G A E -  BLUE G R E E i ~ ; A L G u E  - - G R E E N ;  C I  A T O M S

0171 W E A R I N G ; PLUMAGE ; GUILLEMOTS
01~~3 W E A T H E R ;  BIRDS ; OIL ; BR EEDING ; DI STR I 8U T ION; STRAND ING S
0138 W E A T H E R ;  CRUDE O I L ;  FATE; M I C R O B I A L  D E G R A D A T I O N ;

B I O L O G I C A L L Y  A C T I V E  F R A C T I O N S ; M A R T H A ’S  V I N E Y A R D ;  BERMU DA
0121 WEATHERED O I L ;  SALT MARSH ; YORK R I V E R ;  ISOLATED ECOSYSTEM;

SOUTH LA. CRUDE ; PHYTOPLA N KTON ; FISH; PERIPHY TON; A T P M A R S H  GRASS;
B E N T H ! C  F A U N A ;  PO L Y C H A E T E S ;  INSECT LA R V A E ;  At1~~H I P O D S ;  O L I C O C H A E T F

0 ) 5 5  W E A T H E R E D  O I L ;  S A L T  M A R S H ;  P L A N T S ;  D E G R A D A T I O H ;  GAS E X C H A N G E ;
R E T E N T I O N ; B R I T T A N Y ;  TOR PEY CAI~’YOPl

0146 W E A T H E R I N G ; WEST F A LM O U T H  S P ILL ; I D E N T I F I C A T I O N ;  HYDROC A R SON CONTENT ;
SEDIMENTS; D E G R A D A T I O N ;  SHELLFISH ; OYSTERS : BliZZA RD BAY

0 3 1 7  W E A T H E R I N G ;  D E G R A D A T I O N ;  C R U D E  O I L ;  SEA W A T E R ;  A U T O  O X I D A T I O N ;
B A C T E R I A

5281 W E A T H E R I N G ; SALT M A R S H ;  S P A R T I N A ;  P U C C I N E L L A ;  CHRO N IC: RECOVER ? ;
CO RN W A L L

O4~~4 W E A T H E R I N G ;  S E D I M E N T S ;  S A N  F R A N C I S C O ;  D I S P E R S I O N ;  D I S S O L U T I O N ;
M I C R O B I A L  D E G R A D A T I O N ;  BUNKER C ; SAND COLUMN D I S T R I B U T I O N

O4 ~~S W E A T H E R I N G ;  C R U D E  O IL;  R E F I N E D  O I L ;  T O X I C I T Y ;  B A C T E R I A ;
W A T E R  SOLUBLE FRACTION; A R O M A T I C  HYDROCARBONS ; GROWTH RA TE ;
M A X I P I U I M  CELL DENSITY

03 65 W E A T H E R I N G ;  O U T B O A R D  O P E R A T I O N ;  T A I N T I N G ;  D E G R A D A T I O N :  V O L A T I L I T Y
£ 6 7 2  W E A T H E R I N G ;  O F F S H O R E  D R I L L I N G ;  SPILL I N C I D E N T ;  M I S S I S S I P P I  D E L T A ;

W A T E R  C O L U M N ;  S E D I M E N T ;  M I G R A T E S  IN S E D I M E N T S ;  D I V E R S I T Y ;
POPULATIONS; SHRIMP ; BLUE CRABS ; BEN THIC O R G A N I S M S

0680 W E A T H E R I N G ;  D E G R A D A T I O N ;  CRUDE OIL ; SA NTA B A R B A R A ;
S E Q U E N C E  OF D E G R A D A T I O N ;  G A S  C H R O M A T O G R A P H Y

0 7 2 9  W E A T H E R I N G ;  T O X I C I T Y ;  SALMON ; OIL; TEMPERATURE; JUVENILE;
S T R E S S  B E H A V I O R

0818 W E A T H E R I N G ;  CRUSTACEA ; B E H A V I O R ;  CRUDE OIL; SEDIMENTS ; A M PH IPOD ;
ON IS IPIUS; A V O I D A N C E

0:3 4~ W E A T H E R I N G ;  POLY CHAETE ; A R E H I C O L A ;  B E H A V I O R ;  FEEDING
0 9 1 ~ W E A T H E R I N G ;  R E V I E W ;  T Y P E S  OF OILS; TOXICIT Y ; FISHERIES; DISPERSA N TS;

M A R I N E  E N V I R O N M E N T
1 1 8 4  W E A T H E R I N G ;  FUEL O I L  *2; T O X I C I T Y ;  A M P H I P O D S ;  T E M P E R A T U R E
1 1 1 8  WEST A F R I C A ;  HYDROCARBONS ; C H L O R O P H Y L L — A  C O R R E L A T I O N  WITH;

P NY T O P L A N K T O N ;  8 ! O G E N I C  V S .  PETROLEUM
001 2 W E S T  C O A S T  U . S . ;  S P I L L S ;  BIRDS; S A N  F R A N C I S C O  B A Y ;

F R A N K  BUCK — TANKER SPILL (1937)
0302 WEST CORK , IRELAND ; M E C H A N I C A L  DAMAGE; BEACHES
0 1 4 5  W E S T  FA L M O U T H  OIL  S P I L L ;  R E C O V E R Y ;  B U Z Z A R D  B A? ;

H Y D R O C A R B O N  CONTENT A N A L Y S I S
0 1 4 4  W E S T  F A L M O U T H  O IL  S P I L L ;  D E G R A D A T I O N ;  B A C T E R I A ;  S E D I M E N T S ;

PERS ISTANCE ; BUZZARD BAY
0149 WEST FALMOUTH OIL SPILL; SEDIMENTS ; OYSTERS ; SCALLOPS ;

B I O D E G R A D A T I O N ; T O X I C I T Y ;  C O N T E N T  A N A L Y S I S :  B U Z Z A R D  B A Y ;
GAS C H R O M A T O G R A P H Y

0 2 9 ~ WEST FA LM OUTH OIL SPILL
1200 WEST FALMOUTH OIL SPILL ; MASS . ; M A C ROB EHTH O S : CA P I T E L L A :  POPULATION:

P O P U L A T I O N  D Y N A M I C S
1080 W E S T  FA L M O U T H  O I L  SP ILL  1969 :  W E S T  F A L M O U T H ,  M A S S  ; F U E L  O I L  *2 ;

E C O L O G I C A L  IMPACT ; RECOVERY
0142 WEST FALP IOUTH SPILL; FUEL OIL *2 ; PE R SISTA NCE: M O R T A L I T I E S ;  OYSTERS
01 46 WEST FA LPIOUTH SPILL; WEATHERING; I D E N T I F I CA T I O N ;  HYDROCARBON CONTENT;
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S E D I M E N T S ;  D E G R A D A T I O N ;  SHELLF ISH ;  O Y S T E R S ;  BUZZA R D BAY
0399 WEST FA LP IOUTH SPILL ; BENTHOS ; FUEL OIL *2 ;  S P E C I E S  D I V E R S I T Y
1169 WEST FA LMOUTH SPILL ; CRABS ; MORTALIT Y: UPTAKE ; B E H A V I O R ;  B U R R O W IN G ;

T O X I C I T Y ;  FUEL O I L ;  C R A B - S A L T  M A R S H ;  MASS .
1080 W E S T  F A L M O U T H .  M A S S . ; WEST FALM OUTH OIL SPILL 1,6,; FUEL OIL  *2:

E C O L O G I C A L  IMPACT ; RECOVERY
0689 WEST FALMO UTH . WILD HARB 0R~ MASS.; FUEL OIL*2; BENTHIC FAUNA;

SEDIMENTS ; HYDROCARBON CONTENT ; OPPORTINUSTIC SPECIES ; RE COVERY ;

GAS CHROMATOGRAPHY: DIVERSITY ; POPULATIONS
02 0 2  WEST FA LMO UTH ,MA SS ; SALT MARSH ECOSYSTEM ; CONTENT ANALYSIS ;

FOOD CHAIN CONCENTRATION: FUEL OIL .2; HYDROCARBON CONTENT
0405 WEST TEXAS ; TO X I C I T Y ;  FUNDULUS ; PIMEPHA LES ; A RTEMIA ; K U W A I T ;

M A R I N E  DIESEL ; FUEL OIL ; LUBE OI L
1 1 1 9 WESTERN A T L A N T I C ;  HYDROCARBON ; CHLOROPHYLL ; FEED BACK
0625 WESTERN NORTH A T L A N T I C ;  CNEDA BUC TO BAY ,NOVA SCOTIA ; A R R O W  SPILL ;

BUNKER C; R E C O V E R Y
0151 WETLANDS ; CHRONIC OiL POLLUTiON ; COASTAL ECOSYSTEM ;

S U B L E T H A L  E F F E C T S ;  M E T A B O L I S M ;  B E H A V I O R ;  FOOD CHAIN M A G N I F I C A T I O N ;
E S T U A R  I ES

1099 WE l T ING; MUSKRATS: OIL ; MARSH SPRAY; DOT
0194 WHALES; DOLPHINS ; MORTA LITIES
0 0 0 2  W H IT E F I S H ;  FISH; T A I N T I N G ;  A N A L Y S I S  FOR PETROLEUM H Y D R O C A R B O N S
111 6 WHITING ; BI ODEGRADATION ; BACTERIA; SEDIMENTS: BARATAR IA BAY ;

ANAEROBIC; BENZ (A )PYRENE ; ACCUMULAT ION; MYTILUS; PICKEREL
0529 W H O L E  O IL  F R A C T I O N ;  B I O A S S A Y ;  CONTINUOUS F L O W ;  T O X I C I T Y ;

SU B L E T H A L  E F F E C T S; W A T E R  S O L U B L E  F R A C T I O N ; M I M N OW ; FLO UN D E R ;  SH R I M P ;
SCALLOP ; QUAHOG ; MUSSEL; MUD SNAIL

0215 W I L D L I F E ;  T A N K E R  S I N K I N G S ;  W V 2 ; E C O N O M Y
1010 W I N T E R ;  CHEDE B UCTO BAY ,  NOVA S C O T I A :  BUNKER C; M O R T A L I T I E S ;

I N T E R T I D A L ;  A R R O W  SPILL ;  CHRO M IC  P O L L U T I O N ;  FUCU S ;  M’l’A ;  S P 4 R T I N A
1014 WINTER FLOUNDER; ARGO MERCHANT SPILL ; YELLOW TAIL FLOUNDER; MODI O LUS;

P L A C OP E C T E N; R E S P I R A T O R Y  E N Z Y M E S ;  N A L I C  D E H Y D R O G E N A S E ; O S N O L A L I TY;
PYRUVATE REDUCTION; A NAER OBIO SIS

0437 WINTER QUARTERS; BIRDS; POPULATIONS; MIGRATION; BREEDING
0023 WORKSHOP: ECOLOGICAL I M P A C T ;  ASSESSMENT TECH NIQUES R E V I E W ;

OIL  SPILL S T R A T E G I E S  AND T E C H N I Q U E S
078! WORKSHOP ; INPUTS~ FAT EFFECTS; PETROLEUM-
0122  W O R K S H O P  PROCEEDINGS : T O X I C I T Y
0756 WORKSHOP-POLLUTANTS
0810 WORLD WAR 2 OIL POLLUTION; BIRDS; BREEDING COLONIES; OIL; GUILLEMOTS;

• PUFFINS
0215 WV 2; TANKER SINKINGS ; WILDL I FE ; ECONOMY
0826 WW 2 TANKER S IPI K IN GS; BIRDS; OIL; TREATMENT
0959 X E N O B IO T IC  METABOLISMS; METABOLISM; INTERMED IARY METABOLI SM ;

L I P O G E N I S I S ;  FUNDULUS ;  S T E N O T O M U S ;  M I X E D  — F U N C T I O N  O X I D A S E S
0 125 X Y L E N E ;  GASOLINE F R A C T I O N S ;  TOLU ENE: BENZENE ;  T O X I C I T Y ;

M O S Q U I T O  L A R V A E ;  AEDES A E G Y P T I ;  W A T E R  SOLUBLE F R A C T I O N S
0 1 7 9  X Y L E N E ;  T O X I C I T Y ;  O U T B O A R D  M O T O R  E X H A U S T ;  G O L D F I S H ;

C O NT I N U O U S  FLOW B I O A S S A Y : C A R A S S I N S ;  TOLUENE;  T R I M E T H Y L B E N Z E N E
0350 XYLENE ; PHY TOPLA NK TON ; AM P H I D I N I U M ;  SKELETONEMA; CR ICOSPHA EPA;

OUN ALIALL A : BENZENE ; TOLUENE: FUEL OILI2 ; GROWTH
0571 X Y L E N E ;  P H Y T O P L A N K T O N I  CRUDE OIL ; FIELD EXPERIMENT: INHIBITED;

STIMULATION ; LABORATORY STUDIES; TOXICITY: PHI FRACTIONS; BENZ ENE;
T O L U E H E

0572 X YL ENE ; FRESH W A T E R ; CH L O R E L L A  V U L G A R I S ; ALG A E ; T O X I C I T Y :  G R O W T H ;
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PHOTOSYNTHESIS; BENZENE ; TOLUEN E ; NAPTHALENE
1051 X Y L E N E ; D E G R A D A T I O N ;  C L A D O S P O R I U P I ; O X Y G E N  C O N S U M P T I O N ;  C O O X I D A T I 0 P 4 ;

T O L U E N E;  H E X A D E C A H E
1150 XYLE N E ; B I O D E G R A D A T I O N ;  A R O M A T I C  PETROLEUM P R O D U C T S ;  M I C R ’ J O R A N I S M S ;

BACTERIA ; N OCA RD IA
0008 Y E A S T ;  MOLDS ;  FU NGAL E C O L O G Y ;  B I O D E G R A D A T I O N ;  U P T A K E
0063 YEAST; MICROBIAL POPULATIONS ; PROTOZOANS; BLUE GREEN ALGAE ; D IATOMS;

D E G R A D A T I O N ;  S P E C i E S  D I V E R S I T Y : GREEN A L G A E ;  N A T U R A L  S E E P A G E ;
PRUDHOE CRUDE OIL; ARCTIC ; A L A SKA—PRUDHOE BAY ; CAPE SIMF ’SOPI ;
N U T R I E N T  E N R I C H M E N T

0006 YEAST; B I O D E G R A D A T I O N ; GUPPY ; LOUIS IANA CRUDE OIL; FUNGI
0009 YEAST; LOUISIANA CRUDE; BIODEGRADATION ; TRICHOSPORON
0314 Y E A S T ;  D E G R A D A T I O N ;  B A C T E R I A ;  A C T I N O M Y C E T E S ;  F I L A M E N T O U S  FUNGI;

P H Y C O M Y C E T E S
0586 YEAST: rAXOHOM Y ; DEGRA DATION; HYDROCARBONS
0554 Y E A S T ;  O X I D A T I O N ; T O R U L O P S IS ;  M E T A B O L I C  P A T H W A Y S ;  A L K A H E S ;

G L Y C O L  I P I  DS
0638 Y E A S T ;  U L T R A S T R U C T U R E ;  C A N D I D A  

-

0623 Y E A S T ;  M A R S E I L L E S  FRANCE ;  CA N D I D A ; T O R U L O P S I S
0963 YEAST ; BI O D E G R A D A T I O N ;  GAS CHROMATOGRAPHY; TEMPERATURE;

ACID PRODUCTION; SUBSTRATE SELECTION
1053 Y E A S T ;  M I C R O O R G A N I S M S ;  B A C T E R I A ;  FUNGI : C H E S A P E A K E  B A Y ;

SUBSTRATE SELECTION
1113 Y E A S T ;  CRUDE OIL;  D E G R A D A T I O N ;  B A C T E R I A ;  FUNGI ;  S U B S T R A T E ;

D I S T R I B U T I O N
1189 YEASTS; MI C R O O R G A N I S M S ;  BACTERIA; FUNGI; BIODE G RADATION; CRUDE OIL;

N I G E R I A
1014 YELLOW TAIL FLOUNDER; ARGO MERCHANT SPILL ; WINTER FLOUNDER; MODIOLUS;

PLACOPECTE N ; RESPIRATORY ENZYMES; MALIC DENYDRO GENA SE; OSMOLALITY;
PYRUVATE REDUCTION; ANAERO BI O SI S

0323 YELLOWTAIL; T A I N T I N G ;  FISH; CRUDE OIL; VAPOR ANALYSIS; SER IO LA;
G A S  C H R O M A T O G R A P H Y

0120 YORK RIVER; TOXICITY; SENTHIC AN IM A L S ;  INTERTIDAL; DIVERSITY;
R E C O V E R Y ; B U N K E R  C ; F U E L  O I L I 6

012 1 YORK R I V E R ;  S A L T  MARSH;  ISOLATED E C O S Y S T E M ;  SOUTH LA CRUDE ;
WEATHERED OIL; PHYTOPLAHKTON; FISH; PERIPHYTO PI ; A TP; MARSH GRAS S ;
BENTH IC FAUNA ;  P O L Y C H A E T E S ;  INSECT L A R V A E ; A MPH IPODS; OL IGOCHA ETE

012 ? YORK R I V E R ;  S A L T  MARSH ;  E S T U A R Y ;  SOUTH L A .  CRUDE ;
H Y D R O C A R B O N  A N A L Y S I S ;  CONTROLLED E C O S Y S T E M ;  FU NDULUS ; A R O M A T I C S ;
GAS C H R O M A T O G R A P H Y ;  G C — N S

0563 YORK RIVER; SALT MARSH; ESTUARY; BACTERIA; FUNGI ; L O U I S I A N A  CRUDE;
SEDIMENTS ; PETROLEUM DEGRADING

1044 Y U K O N ;  B I R D S
019 5 Z A L O P H U S ;  SEA L I O N S ; M O R T A L I T Y ;  S A N T A  B A R B A R A
0749 Z OE C O L O C UT R O N I S ; P U E R T O  R I C O ; V EP 4E Z U E L E N  CR UDE ;

M A N G R O V E  P R O P  C O M M U N I T Y ; T U R T L E  G R A S S  C O M M U N I T Y ;  S E D I M E N T S ;
HYDROCARBON ANALYSIS; TROPICAL

0935 ZOOBENTHOS: CRUDE OIL; LAKES: A R C T I C ;  MACKENZIE DELTA ; WATER COLUM N ;
SE D I M E N T S ;  D E G R A D A T I O N

1134 ZOOBENTHOS: A R C T I C ;  SUB A R C T I C : BA F F I N  B A Y ;  D A V I S  S T R A I T ;
LABRADOR SEA ; ASSESSMENT OF SPILLS ; PHYTO PLANK TON ; ZOOPLA N~~TOk; FISH;
M A M M A L S ;  B IRDS

014 1 Z O O P LA N K T O N ;  T R A C E R S ;  PH’,’TOL ; FI S H;  A N A L Y S I S  FOR H Y D R O C A R B O N S ;
OLE FINS ; FOOD CHAIN; BIOGENIC VS PETROLEUM

019 1R ZOO PL RHK T ON ;  ARGO MERCHANT SPILL ; HISTOLOGY; LESIONS;
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PEARL F O R M A T I O N ;  CANC ER; M O D I O L U S
0268 ZOOPLANK TOH; ARROW SPILL ; HYDROCAR BON CONTENT ; CHEDABUCT O BAY ;

BUNKER C; OIL  INGESTION; SEDIMENTATION; FECES
0250 ZOQ PLA NKTON ; PA RA FFINS: A L G A E ;  P H Y T O P L A N K T O N ;  S E D I M E N T ;  P R I S T A N E ;

R I O G E N I C ;  PETROLEUM
027 5 Z O O P L A N K T O M ;  H Y D R O C A R B O N S ;  FISH ; T O X I C I T Y ;  T A I N T I N G ; B E H A V I O R ;

UPTA KE ; METABOLISM; DEPU RA TION; ACCUMULATION
04*4 ZOO PLAN KION ; RETENTION: COPEPOD ; CA LANUS; EURYTEMORA: UPTAKE ;

D E P U R A T  I O N
0397  Z O O P L A N K T O N ;  M I D - A T L A N T I C  BIGHT
06 08 Z O O P L A N K T O R ;  BEHZPY RENE ; UPTAKE ; DEPURAT IO N ;  P A C I F I C  C O A S T : A R C T I C ;

A R O M A T I C  H Y D R O C A R B O N S ; NAPTH A LENE ;  R A D I O A C T I V E  T R A C E R S ;  C A L A N U S
0728 ZOQPLANK TON ; LIPIDS; SURFACE FILMS: HYDROCARBON CONCENTRATION
0700 ZOOPLAN LTON ; REVIEW—OIL POLLUTION ; LARVAE : SUBLETHAL EFFECTS:

P R O D U C T I V I T Y ;  FISH; PNY T O PLA N KT O N ;  EGGS ;  B I R D S ;  P L A I C E
0702 Z OO P L A N K T ON ; T O X I C I T Y ; B L A C K  SEA ; C R U D E  O I L ; M I N E R A L  O I L ; A C A R T I A ;

PARACALANUS; PENILL IA; CENTROPA GES; OIT HONA
0682 Z OOP L A N K TO P 4; C O N T R O L L E D  E C O S Y ST EM ; BA C T E R I A L  PO P U L A T I O NS ;

P NY T O P L A M K T O N ;  C E M T R A T E  D I A T O M S
0675 Z O O P L A N K T O N ;  SANTA BARBARA SPILL
0641 Z O O P L A M E T O N ; E S T U A R I E S ; H Y D R O C A R B O N  C O N C E N T R A T I O N S ;  SE D I M E N T S ;

P HY T O P L A H K T O N ;  CRUDE OIL ;  SALT MARSH PLANTS ;  D I V E R S I T Y ;  P O P U L A T I O N S ;
FISH; M I G R A T I O N ; GAS C H R O M A T O G R A P H Y :  D E G R A D A T I O N

0504 ZOO PLANK ION ;  CRUDE OIL ;  DEGRADATION ;  MARINE ENVIRONMENT ;
P H O T O C H E M I C A L  O X I D A T I O N ;  S O L U B I L I T Y ;  D I S P E R S I O N

0530 Z O U P L A N K T O N ;  A R G O  MERCHANT SPILL
0904 Z O O P L A N K T ON ; O UT B O A R D  E N G I N E  E X H A U ST ; S P E C I E S AB UN D A N C E ;  D I V E R S I T Y ;

P M Y T O P L A N K T O N ; P E R I P H Y T O N ; F I S H ; B E H A V I O R ; P O P U L A T I O N
0947 ZOOPLANKTON; TORREY CANYON SPILL; DEGRADATION ; BACTERIA: LITTORAL;

S U B L I T T O R A L ; C L E A N  UP
0856 Z O O P L A N K T O N ;  CONTROLLED ECOSYSTEM
1154 ZOOPL*NKTOP4 ; COPEPODS; HAP HTHALINE : AROMATIC ~iYDROC ARBO HS ;

P H Y S I O L O G I C A L  E F F E C T S ; R E T E N T I O N ; D E V E L O P M E N T
1134 ZOOPLANKI ON ; ARCTIC; SUB ARCTIC; BA FFIH BAY: DAV i S STRAIT;

LA B RADOR SEA ; ASSESSMENT OF SPILLS; PHYTOPLANKTON ; ZOOBENTHOS : FISH;
M A M M A L S ; B I R D S

1175 Z O O P L A H K T O H ; CRUDE O I L ;  A L G A E ;  C R U S T A C E A N S ;  P O L Y C H A E T E S ;  M O L L U S C S ;
FISH ; UPTAKE; RETENTION; DEPURATION; REVIEW: BENTH IC ORGANISMS

1204 ZOOPLA NK TON; LOS ANGELES HARBOR; SANS INEA SPILL; PRODUCTIVITY;
ASSESSMENT OF SPILLS; BIRDS; BENTHIC ORGANISMS; FISH; PHYTO PLANKTO N

1202 ZOOPLANK TON ; NOR MAN WELLS I PEMBINA CRUDE O IL ;  ASSESSMENT OF SPILLS;
M I C R O O R G A N i SMS ; B A C T E R I A ; P R O T O Z O A ; P H Y T O P L A N K T O N ;
ANALYSIS FOR PETROLEUM HYDROCARBONS ; CANADA

1176 Z O O P L A N K T O N ;  FUEL O I L S  2 : SHRIMP;  R E S P I R A T I O N ;  T O X I C I T Y ;
FEEDING BEHAVIOR ; MOBILITY; NAP HTHALENE ; BEHZEHE: PHENOL

O~~15 ZOOPLANKTON COASTAL; WATER SOLUBLE FRACTION; FUEL OIL $2;
ZOOPLANK TON OCEANIC ; TOXICITY ; BEHAVIOR

0415 ZOOP LANKTON OCEANIC; WATER SOLUBLE FRACTION ; FUEL OIL *2;
ZOOPLANK TOH COASTAL ; TOXICITY; BEHAVIOR

Ol 4~ ZOO PLAN KTON POPULATION DYNAMICS ; OUTBOARD ENG INE EMM ISSIO N S ;
PNYTOP LA MK TO H ; SPECIES DIVERSITY; FIXATION; CHLOROPHYLL ;
BENTNIC M ICROI NV ER TES RATE CO M M U N I T Y ; GASOLINE

* UI. GOVE~~ NMINT P~~INT IN~~ O P F I C~ I~~ 7~ — SOO-~~33/ a 6 I

D—207

TTI .~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--


