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NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no 1iability
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.

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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INTRODUCTION

The supertanker AMOCO CADIZ grounded on the coast of Brittany, France
in March 1978, spilling 220,000 tons of crude oil over some 200 kilometers
of coastline. This was the largest oil pollution incident ever recorded,
and the resulting eco-catastrophe forceably brought attention to the need
for information to assess accurately the environmental damage wrought by
such a massive spill. The AMOCO CADIZ spiil was only one of a series of
major oil spills in recent years, such as the ARGO MERCHANT, METULA, and
TORREY CANYON supertanker groundings and the Santa Barbara blowout.

During the Conference on Assessment of Ecological Impacts of 0il Spills
held in June 1978 at Keystone, Colorado, much attention was given to the
impending "0il Spill Liability Fund and Compensation Act of 1978" (S.2900,
95th Congress, 2d Session), also known as the "superfund" legislation. This
Act is a Bill to provide for compensation for damages and cleanup costs
caused by discharges of oil and hazardous substances, to establish a liability
fund, 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
0il or a hazardous substance; and (b) the costs of Federal or State efforts in
the restoration, rehabilitation, or replacement or acquiring the equivalent
of any natural resources injured, destroyed, or lost as a result of any discharge
of oil or a hazardous substance. In order to obtain an accurate monetary
estaimate of the resulting ecological damage, it will be necessary to know which
organisms in an impacted area have been affected adversely.

There is an enormous and constantly increasing volume of literature relating
to field and 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
assess to the maze of information available, and should be a valuable
reference tool for oil pollution researchers, environmental scientists,
federal, state and municipal planners, administrators and other decision
makers.

The nucleus of this bibliography was a collection of literature
accumulated by researchers of Mississippi State University for one task
of a research contract for the U.S. Coast Guard (Contract title: "A
Scientific Study to Develop One or More Practical Methods for the Accurate
Assessment of an 0il Spill Cleanup", DOT-CG-81-76-1476). The objective of
their task was to derive an estimate of the maximum level of oil which
can be considered harmless to the marine biological community as determined
through review and interpretation of the literature (see Abstract No. 187
in this volume, Brown, L.R., 1977). 1In the course of collecting and
screening the available literature for pertinent material, many relevant
and non-relevant papers were accumulated on the consequences of oil spills.
These papers covered many aspects of o0il spills including physical and
chemical processes, biological effects, identification of oil samples, and
economic and legal factors.
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The Coast Guard Research and Development Center decided to update and
widen the search for the bibliography. It soon became apparent, however,
that the scope of the references would have to be limited to publications
only relating to biological 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-
niques are not invlu?uq, because these techniques have already been
thoroughly reviewed. °~ However, references on analyses for petroleum
hydrocarbons in biological tissues are reported.

Publications screened during the course of the search included
scientific journals; reference books; government, university and private
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. 1In most cases,
the author's own abstract is reproduced where available. Because of
limitations on time and on access to libraries, this bibliography is by
no means complete, however, the vast majority of pertinent references are
included. 1In a number of instances where a publication was not readily
available, the reference data are cited without abstracts.

Section B of this volume presents 1120 references, most with abstracts,

acquired prior to January 1978 and listed alphabetically 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 alphabetically by author.

Section D is a subject index. This is a permuted index which lists
alphabetically 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 given
abstract.

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

R Effects on Ecosystems - spill incidents; effects of cleaning;
recolonization; productivity; food chain magnification.

o Effects on Organisms - toxicity; tainting; behavioral effects;
physiological effects.

3. Biodegradation.

4. Taxonomy.

1. BENTZ, A.P. "0il Spill Identification'" Analytical Chemistry, Vol. 48,
No. 6, May 1976.

2. BENTZ, A.P., "0il Spill Identification and Remote Sensing' Advances
in Chemistry Series. In press.
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Sie Habitat types.
6. Geographic areas.

& Effects of gpecific crude oils, petroleum fractions, cleaning
agents and dispersants.

8. Analyses for petroleum hydrocarbons in tissues.

The authors hope that this bibliography will be helpful to other
researchers by providing a convenient and rapid method for searching through the
vast quantity of literature relating to the biological effects of oil pollution.
Because of the rapid proliferation of literature in this field, we recommend
that the bibliography be updated on an annual or biennial basis.




1. Abbott, B. J., and W. E. Gledhill (1971)
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THE EXTRACELLULAR ACCUMULATION OF METABOLIC PRODUCTS BY HYDROCARBON
DEGRADING MICROORGANISMS.

—

Advances in Applied Microbiology, D. Perlman (ed.), 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 J
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 1

fish had a composition pattern qualitatively similar in detail i
to that from a sample of diesel oil suspected as the source of
contamination. i

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) 1

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
shift 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 important 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.
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Ahearn, D. G. (1974).
THE SOURCES, FATES AND EFFECTS OF OIL IN THE SEAS.

In: Pollution and Physiology of Marine ‘‘rganisms. F.J. Vernberg and
W. B. Vernberg (eds.). Academic Press, New York pp. 247-251.

An overview of the fate and effect of 0il pollution in the marine
environment.
Ahearn, D. G. and S. P. Meyers (1972).

THE ROLE OF FUNGI IN THE DECOMPOSITION OF HYDROCARBONS IN THE
MARINE ENVIRONMENT.

In: Biodegredation of Materials Volume 2, H. A. Walters and H. Vande Plas
(eds.). pp. 12-18.

Mixed cultures of hydrocarbonoclastic yeasts have been seeded on the
estuarine control plots and plots enriched with crude 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 fungi on the survival of the common Guppy, Lebistes

reticulatus. High asphalt oil proved less toxic than a less

viscous Louisiana crude. Future plans call for 1) the continuation
of field evaluation of use of hydrocarbonoclastic yeasts to remove
0il pollutants, 2) examination of effects of varying cultural
conditions on the oil-dispersant qualities of yeasts, and 3)
expansion of studies on the impact of o0il on the ecology of micro
bial communities.

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

THE MICROBIAL DEGREDATION OF OIL POLLUTANTS.

Louisiana State University and Agricultural and Mechanical College
Center for Wetland Resources. Sea Grant Program. Publication
LSU-SG-73-01. 314 pp. Conference Proceedings.

Papers are presented on the status of knowledge concerning the
use of microorganisms in facilitating oil biodegredation. Topics
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.

Ahearn, D. G. and S. P. Meyers (1976)

FUNGAL DEGREDATION OF OIL IN THE MARINE ENVIRONMENT

B-2




In: Recent Advances in Aquatic Mycoclogy, E.B.G. James, (ed.).
John Wiley and Sons, Halsted Press, New York, pp. 125-133

The effects of hydrocarbons on fungal ecology in aquatic

regions are reviewed. Topics discussed include the breakdown of
0il in seawater, the assimilation of petroleum fractions by fungi,
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 occurring
veasts mainly strains of Rhodotorula, Debaryomyces, and members

of the Candida lipolytica complex, is relatively slow compared
with yeasts from aquatic sites chronically polluted with oil.

In oil-enriched water certain indigenous yeasts are selectively
stimulated, 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 cla-
dosporia from oil-enriched sediments and water.

Ahearn, D. G., and S. P. Meyers, and P. G. Standard (1971)
THE ROLE OF YEASTS IN THE DECOMPOSITION OF OILS IN MARINE ENVIRONMENTS.
Devs. Ind. Microbiol. 12 126-134.

Yeasts from various marine freshwater and terrestrial

environments were examined for their capacity to assimilate hydrocarbons.
Hydrocarbonoclastic 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 plus refinery and laboratory
fractions and vapors of a number of aromatic hydrocarbon globules, but certain
strains, mainly marine isolates of Trichosporon sp., penetrated

and developed within the globule. Field and laboratory data sug-

gest that yeasts play a role in microbial decomposition of surface

0il depositions in the marine environment.

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

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

Biochem. Biophys, Res. Commun. 63. 635-641.
Aksenova, 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
products on some protococcal and blue-green algae.
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The test organisms were protococcal [culture of Scenedesmus
obliquus (Turp.) Kutz] and blue-green [Aphanizomenon flos-aquae
(L.) Ralfs.] algae. The former were grown in the laboratory
while the latter were taken from Don water during its "blooming'.
Two series of experiments were performed with each culture (in 3
replications) in 0.5-liter flasks under natural light and at a
water temperature of 20 to 25°. The staff of the hydrochemical
laboratory monitored changes in the hydrochemical properties.

Chlorophos was used at concentration of .05, .1, .5, and 1.0
mg/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 differe
between the number of algae in the control, experimental vessels,
and expressed in percentage of control.

Aldrich, E« €. (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 0il in The Golden Gate, San Francisco Bay. O0il 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.

Alkire, G. C., C.0. Becker, M. W. Cook, D. Davis and C. E. Leach (1

OTIL 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 review 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
that oil spills are studied by aerial surveys including spectro-
photometric, ultraviolet, infrared, radar and microwave imaging.

In regard to chemical treatments, it is indicated that all dis-
persants and emulsifiers are more or less toxic. 0il may be
confined by booms and then either burned or recovered. Technology

for reclamation of recovered oils though available is not in genera
use. (Sinha-OEIS)
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15.

16.

17.

Allen, H. (1971).

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

Mar. Pollut. Bull. 2. 138-140

This report indicates that the water-soluble extracts of a number
of crude and refined oil products have little harmiul effect

on fertilization but are highly toxic to developing sea-urgin
eggs.

Alpine Geophysical Union (1971)

OIL POLLUTION INCIDENT PLATFORM CHARLIE MAIN PASS BLOCK 41
FIELD LOUISIANA

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

For roughly eight weeks, wells on the Chevron 0il Co. Platform
Charlie in the Main Pass 0il 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.

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(14):6494.

M. galloprovincialis can tolerate high concentrations of oil. Addition
of 0il to water in the amounts of 1, 2, 5 and 10 ml/1 does not
affect behavior. Concentrations exceeding 20 ml/1 do affect the

- mollusc. During filtration of oil-polluted water, the mollusc

forms pseudofaeces (oil drops connected by muscus) thereby purifying
the water to a degree. The ability of this mollusc to filter
oil-polluted water through its body cavity is due to the extreme
pollution resistance of the ciliated epithelium of gills and mantle.

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




18.

19

20.

P43 1%

demand and oxydizability. In the summer clams catastrophically
high concentrations of pollution occur. Experimental data are
tabulated. (Sinha-OEILS)

American Institute of Biological Science (1976)
SOURCES, EFFECTS AND SINKS OF HYDROCARBONS IN THE AQUATIC EN-

VIRONMENT. PROCEEDINGS OF THE SYMPOSIUM, AMERICAN UNIVERSITY
WASHINGTON, D.C. 9-11 AUGUST 1976.

American Institute of Biological Sciences. 578 pp

This volume is a collection of papers presented at the
symposium. The articles on biological effects are entered
separately in this bibliography.

American Petroleum Institute and Federal Water Pollution Control
Administration (1969)

PROCEEDINGS JOINT CONFERENCE ON PREVENTION AND CONTROL OF OIL
SPILL.

American Petroleum Institute, New York. 345 pp.

This volume contains 41 papers presented at the 1969 Joint
Conference on Prevention and Control of Oil Spills. Many of these
deal with biological effects of oil pollution.

American Petroleum Institute, Environmental Protection Agency,
United States Coast Guard (1973)

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

American Petroleum Institute, Washington, D.C. 834 pp.

This volume contains 87 papers presented at the 1973 Joint
Conference for the Prevention and Control of 0il Spills. Seventeen
of these papers deal directly with biological effects of oil
pollution.

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

1975 CONFERENCE ON PREVENTION AND CONTROL OF OIL POLLUTION.
PROCEEDINGS. MARCH 25-27, 1975, SAN FRANCISCO, CALIFORNIA.

American Petroleum Institute, Washington, D.C.

This volume contains 92 papers presented at the 1975 Joint
Conference for the Prevention and Control of 0il Pollution
Twenty-two of these papers deal with biological effects of oil
pollution.
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American Petroleum Institute, Environmental Protection Agency, and
United States Coast Guard (1977)

PROCEEDINGS 1977 OIL SPILL CONFERENCE (PREVENTION, BEHAVIOR,
CONTROL, CLEANUP) MARCH 8-10, 1977. NEW ORLEANS LOUISIANA.

American Petroleum Institute, Washington, D.C.

This volume contains 123 pépers presented at the 1975 0il

Spill Conference. Thirty-eight of these papers deal with spill
behavior and effects.

American Petroleum Institute (1977).

OIL SPILL STUDIES: STRATEGIES AND TECHNIQUES

Proceedings of a Workshop at Gurney's Inn, Montauk, L.I.
February 24-26, 1976. American Petroleum Institute publication
number 4286

The 0il Spill Studies: Strategies and Techniques Workshop was
convened to organize a summary 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 researchers who participated in this effort. The workshop
addressed massive petroleum releases to the marine environment.

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 Materials, 4-5 October 1977,
Williamsburg, Virgina

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

Amphlett, M. J. (1968)

PETROLEUM MICROBIOLOGY ANNUAL REPORT.

Progr. appl. Chem., 51, 486

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

POLYNUCLEAR AROMATIC HYDROCARBONS IN THE WATER ENVIRONMENT.

Bull. Wld. Hlth. Org. 43/479-508.

Many polynuclear aromatic hydrocarbons (PAH) are known to be car-

cinogenic to animals and probably to man. This review is concerned
with carcinogenic and non-carcinogenic PAH in the water environ-
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ment, with emphasis on 3,4-benzpyrene (BP). Because it is ubiquitous, BP
is one of the most potent of the carcinogenic PAH and has been
widely studied. Although PAH are formed in combustion and other
high-temperature processes, there is also evidence for their en-
dogenous formation in plants, which may explain their ubiquity
therein. Although the solubility of these compounds in pure water

is very low, they may be solubilized by such materials as detergents,
or they may otherwise occur in aqueous solution associated with

or adsorbed on to a variety of colloidal materials or biota, and
thereby be transported through the water environment. A notable
characteristic of PAH is their sensitivity to light.

PAH have been found in industrial and municipal waste effluents,

and occur in soils, ground waters and surface waters, and their
sediments and biota. With the exception of filtration or sorption

by activated carbon, conventional water treatment processes do

not effeciently remove them, and they have been found in domestic
water 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.

Anderson, A. W. (1976)

NATIONAL AND INTERNATIONAL EFFORTS TO PREVENT TRAUMATIC VESSEL
SOURCE OIL POLLUTION.

University of Miami Law Review, 30 (4), 985-1051.

Traumatic vessel source oil pollution is defined as oil spillage
resulting from unexpected damage to the physical container of the
oil. O0il pollution is extremely destructive to the marine environ-
ment since it disrupts the food chain by poisoning and smothering
algae, plankton and intertidal organisms. It also interferes

with phytoplankton photosynthesis, reduces dissolved water oxygen,
impairs recreational facilities, and has been linked with
genetic/carcinogenic changes in marine life and higher animals
including man. The problem is magnified by the lack of uniform
cleanup systems, the mobility of o0il slicks, the increase of
supertankers in maritime oil transportation, and conflicting
construction and equipment requirements in different countries,

as well as conflicting laws in international and coastal water.
The intergovernmental Maritime Consultative Organization has attemp-
ted uniform regulation of technical and economic aspects of mari-
time commerce. Efforts underway to regulate sea traffic include
training and certification programs. Navigation technology exists
to prevent groundings and collisions including the use of

offshore deepwater ports to reduce traffic density in coastal
zones. More international cooperation is necessary. The author
concludes that methods already exist to prevent traumatic oil
pollution without awaiting a technological break through.

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. Whittle (eds.) Rapp. P.-v. Reun. Cons. int. Explor. Mer p. 17

Anderson, J. W. (1973)

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

In: P
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 time. Detailed analyses
of specific hydrocarbons were conducted on control animals.

those exposed to the test oils, and those allowed to cleanse them-
selves 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.

Anderson, J. W. (1975)

LABORATORY STUDIES ON THE EFFECT OF OIL ON MARINE ORGANISMS: AN OVERVIEW.
American Petroleum Institute Publication No. 4299, Washington, D.C.
Anderson, J. 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 Society,
Washington, D.C. p. 36-75.

This article reviews the contamination of marine organisms by
petroleum hydrocarbons including the subjects of the characteristics
of hydrocarbons, analytical methods, 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.

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

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

ACCUMULATION AND RELEASE OF PETROLEUM HYDROCARBONS BY EDIBLE MARINE
ANIMALS.
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In: Recent Advances in the Assessment of Health Effects of Environmental
Pollution. Vol. III. Commission of the European Communities,

Directorate General Scientific and Technical [nformation and Information
Management. Luxembourg. pp. 1461-1469.

Ovsters were exposed to concentrations reaching 400 ppm of dispersed
fuel oil in a flow-through tank for 8 hr. Oysters rapidly accumulated
a wide spectrum of different hydrocarbons. The mono-, di-, and tri-
methylnapthalenes were accumulated to higher concentrations than
were the other di- and tri-aromatic hydrocarbons or individual
paraffins. When returned to oil-free seawater, oysters released

907 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 rapidly accumulated
napthalenes in their tissues to levels 1 magnitude Eigher than

the exposure concentrations. Returned to oil~free seawater, they
released the napthalenes to low or undetectable levels in 6-14d.

34. Anderson, J. W., J. M. Neff, B. A. Cos, H. E. Tatum, and G. M.
Hightower (1974)

CHARACTERISTICS OF DISPERSIONS AND WATER-SOLUBLE EXTRACTS OF CRUDE AND
REFINED OILS AND THEIR TOXICITY TO ESTUARINE CRUSTACEANS AND FISH.

Mar. Bilol. 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

crude and Kuwait crude, and two refined oils, No. 2 fuel oil and
bunker C residual oil, were used in these investigations. The
WSFs of the crude oils had higher total oil-hydrocarbon concentra-
tions and were richer in light aliphatics and single-ring aromatics
than were the WSFs of the refined oils. The WSFs of the refined
0oils contained significantly higher concentrations of naphthalenes
than did those of the crudes. The hydrocarbon composition of the
aqueous phase of OWDs closely resembled that 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 dispersions 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 aztecus post larvae, Palaemonetes pugio and Mysidopsis
almyra. The results of this investigation are discussed in
relation 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 Hightower,G.M.
(1974)

THE EFFECT OF OIL ON ESTUARINE ANIMALS:TOXICITY, 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
species (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
0ils 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 affected by hydrocarbon concentration. The response is species
dependent.

Anderson, R.D. (1975)

PETROLEUM HYDROCARBONS AND OYSTER RESOURCES OF GALVESTON BAY,
TEXAS.

In: EPA Conf. on Prev. & Contrl. of 0il Poll. pp. 541-548.

Field and laboratory studies of petroleum hydrocarbons in the tissues of
the American oyster, Crassostrea virginica, a primary shellfish
resource in the Galveston Bay system, were conducted from 1971-1974.
Initial ultraviolet spectrophotometric 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 petroleum hydrocarbons by oysters. Rapid
depuration of petroleum 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.

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

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

Proc. Natl. Shellfish. Assoc 64/1-2

American oysters, Crassostrea virginica Gmelin, 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 rapidly accumulated saturated and aromatic hydrocarbons

from oil-water mixtures. Aromatic hydrocarbons were accumulated

to a greater extent than n-paraffins relative to their respective
concentrations in the exposure water. Saturated hydrocarbons were
accumulated in higher amounts from crude versus petroleum fractions.
Accumulation of oil-derived petroleum hydrocarbons was not consistent
when uptake of oil by oysters was measured over a period of several
days. Following return to oil-free seawater, oysters depurated the
saturated chains and most aromatic fractions rapidly. Depuration

was nearly completed within 21 days.

Groups of oysters were exposed to oil-water mixtures then returned to
bay waters for shell growth studies. Daily average growth of exper-
imental and control populations revealed nearly uniform results.
Growth of oyster control groups averaged slightly below most of the
experimentals except for a slight difference in one test group.

Anderson, R.D. and J.W. Anderson (1976)

OIL BIOASSAYS WITH THE AMERICAN OYSTER, CRASSOSTREA VIRGINICA (GMELIN).

Proc. Nat. Shellfish Assoc. 65 38-42.

Oyster bioassays were conducted to determine the relative toxicity
of four test oils and a reference toxin. The oysters (Crassostrea
virginica) were exposed to oil-water dispersion of two crude and
two partially refined petroleum hydrocarbons. The partially
refined 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
reference toxin, dodecyl sodium sulfate. Valve closure by oysters
made it difficult to determine percent mortality data in 96-hour or
extended studies. Composition of test solutions is compared to
calculated values of 0il in water and referenced to the relative
toxicity demonstrated. Behavior and conditions of test animals

is discussed in relation to bioassay results.

Anderson, J.W., R.C. Clark. and J.J. Stegeman (1974)
PETROLEUM HYDROCARBONS
In: MARINE BIOASSAYS WORKSHOP PROCEEDINGS, sponsored by API, EPA,

and Marine Technology Society. Marine Technology Society,
Washington, D.C. pp. 36-75.

This paper is a review of the levels of hydrocarbons found in the
marine environment and the techniques used to determine these levels.

Andrews, A.R. and G.D. Floodgate (1974)

SOME OBSERVATIONS ON THE INTERACTIONS OF MARINE PROTOZOA AND
CRUDE OIL RESIDUES. (1974)

Mar. Biol. 25, 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
injestion occurs only while the organisms are feeding on

normal food sources or on bacteria adhering to partially degraded
oil globules.

Anon. (1930)

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

Surveyor, 78, 625-626.

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 parts per million, respectively,

and agitated solutions of the two products at 100 and 500 parts
per million. Tests with surface films of Diesel oil and sludge
0il proved lethal at 20,000 and 100,000 parts per million,
respectively, and agitated solutions of Diesel oil at 5,000 parts
per million. Fingerlings testing with agitated solutions of sludge
0il were greatly distressed but not killed.

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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little effect apart from the destruction of sea birds. But there
was less damage than originally expected, for detergents in the sea
lose their toxicity rapidly. The toxicity is almost entirely within
the organic solvent fraction, which evaporates within two to five
days. The actual effectiveness of the detergent in emulsifying

and dispersing the oil is doubtful. A more effective 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 quickly bacteria
destroy the sunken oil. Only in extreme cases should the use of
detergents be considered, and only then, after mechanical removal
has been attempted.

Anon. (1968)
LAST WORD ON TORREY CANYON.

Nature. 217, 303-304.

A report on the Torrey Canyon disaster has been prepared by the
committee of scientists convened by the Chief Scientific Adviser
to the British Government. The object is to collect the lessons
learned during the aftermath of the Torrey Canyon incident and to
examine the measures to be taken in the future. As outlined in
the report, the incident was tackled in six parts: how to deal
with the oil remaining in the ship, how to dispose of the o0il on
the sea, how to prevent oil reaching the coastline, how to treat
beaches which might become contaminated, how to reduce dangers

to marine life, and how to coordinate the efforts of other bodies
dealing with the threat to wildlife.

Anon. (1969)
OIL LEAK IN CALIFORNIA.
Nature, 221/902

The offshore well in the Santa Barbara channel became uncontrollable
on January 28, 1969, and was brought under control on February 8. The
0il released, estimated at about 1000 tons, subsequently polluted
around 30 miles of coastline. Great efforts were made by the oil
company to limit the pollution by setting booms around the drilling
platform and by spraying the slick with water-soluble dispersant,

but poor weather hampered the operaticc* «nd much oil reached the
shore. 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 raking, but there were problems with disposal of the straw.
Except for the water-soluble dispersant, utilized by the oil company,
no chemical cleansing or dispersant materials were used.




The group of plants and animals most affected was the seabirds, ;
thousands of which were rescued and taken to cleaning stations. 1
Much of the fauna of the rocky areas were coasted with oil, 1
but did not seem greatly affected. These included limpets

(Acmaea spp, Lottia), barnacles (Pollicepes, Balanus glandula

and Cthalamus fissus), mussels (Mytilus spp) and chitons (Macrocystis)
became coated with oil, also, but since the rocky areas were not
treated with toxic chemicals, cleansing was eventually accomplished

bv natural processes of o0il weathering and bacterial degradation.

Anon. (1969)
OIL SPILL DAMAGE TO MARINE LIFE. ;
0il and Gas J., March 17, 1969, pp. 65-68.

Dr. Wheeler J. North and assistants conducted a l-week study of
marine life in the Santa Barbara Channel, three weeks after the i
0il 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 1
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 307 of the marine life
around the platform had been adversely affected, but the remaining 4
707 was feeding normally in the current.

Anon. (1970) |
OIL POLLUTION IN THE TAY.
Mar Poll. Bull. 2(1):4-5

About 88 tons of tapped Venezuelan crude oil were spilled into the
River 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 o0il pollution in the
Tay on how to handle such matters in the future.

Anon. (1970)
THE LONG AND SHORT OF THE OIL SPILLS.
Science News 97(11):263-264

Research conducted at Woods Hole Oceanographic Institution shows

that effects of various petroleum fractions on marine life are deadly
and highly 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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Anon. (1971)
MICROBES ARE ONE WAY TO CLEAN UP OIL SPILLS
Environ. Sci. and Technol. 5 389.

Certain naturally occurring mixed microbial cultures will devour some
fractions of crude oil in the presence of nutrients, according to
scientists at Florida State University at Tallahassee. Bacteria
innoculated into test oil slicks, to which nutrient phosphate and
nitrate have been added, degrade the oil and enulsify it.

The bugs show a preference for paraffinic hydrocarbons, but some
degradation of higher aromatics occurs also. The cultures can be
mass—-prepared, much the same as penicillin cultures, and freeze-
dried for storage where they can be dropped by air onto oil slicks.

Anon. (1972)

A GUIDE TO MARINE POLLUTION

Gordon and Breach Science Publishers, London, 173 pp.

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

Papers presented deal with methods of detection, measurement

and monitoring of pollutants. Halogenated hydrocarbons, petroleum,
inorganic chemicals, organic chemicals, nutrient chemicals,

suspended solids and turbidity, radioactivity, and the use of biological
indicator organisms are specifically discussed and analytical

techniques are described. The concept and design of a world monitor-
ing system is proposed for the protection and management of the

marine environment.

Anon. (1972)

HYDROCARBONS ARE FOUND IN CLAMS DURING ONGOING STUDIES IN
NARRAGANSETT BAY.

Maritimes, 16(1): 1-2

Hydrocarbons, 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,
varied from 94 ppm of dry weight near the sewaga outfalls to 11
ppm near the mouth of the Bay. Clams from Charlestown Pond, a
coastal salt marsh generally isolated from pollution, contained
no detectable levels of petrcleum hydrocarbons.

Anon. (1974)

MARINE POLLUTION MONITORING (PETROLEUM)

U.S. National Bureau of Standards, Gaithersburg, MD.
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Abstracts are presented of papers on sampling methods and techniques
for oil slicks, tar balls, and particulates; analytical methods

for the determination of oil in water; standards and intercomparison
criteria; sampling and analytical methods for oil in marine or-
ganisms and sediments; and biological assessment of oil pollution.

Anon. (1975)
BUG THAT GOBBLES SPILLS.
Tanker and Bulker International, 1(6): p. 16

A General Electric Company has created in the laboratory a man-made
organism designed to attack oil spills on waterways, digesting the
petroleum and converting it into a form that can be eaten by marine
life. Petroleum is a mixture of many different 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 tests, it has grown at a much faster rate on crude
0oil than have any of the individual strains.

Anon. (1976)
COUNTING THE BIRDS.
Mar. Pollut. Bull. 7, 221

This article reports the results of the Beached Bird Survey run
by the Royal Society for 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.

Arcos, J.C., et al (1976)

DIMETHYLNITROSAMINE-DEMETHYLASE: MOLECULAR SIZE-DEPENDENCE OF
REPRESSION BY POLYNUCLEAR HYDROCARBONS. NONHYDROCARBON
REPRESSORS.

J. Toxicology and Environ. Health. 1 395-408.

Studies with 58 polynuclear aromatic hydrocarbons have shown that
to repress demethylation of dimethylnitrosamine (DMN) in rat liver,

the hydrocarbons must satisfy specific requirements of molecular
goemetry regarding size, shape, and coplanarity. Expressing

the molecular size of these planar compounds by the two-dimensional
area occurpied, the size for maximal repressor activitiy ranges
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between about 85 and 150 Az. In addition to being within the correct
molecuiar size range the hydrocarbons must have an elongated-
rather than compact-molecular shape; circularly shaped and/or
highly symetrical hydrocarbons, such as coronene, triphenylene,
ovalene and tetrabenzonaphthalene; have very low activity or are
inactive, in spite of being in the optimum size range. Coplanarity
of the molecule is a critical requirement; thus, the potent
carcinogen, 9, 10-dimethyl-1,2-benzanthracene, is inactive as
repressor of DMN-demethylase synthesis. Two exceptions, fluoranthene
and benzo-(ghi)fluoranthese, showed significant induction of DMN-
demethylase. The molecular size distribution of hydrocarbons that
repress the DMN-demethylase shows a mirror-image relationship with
respect to the earlier reported molecular size requirement for
induction of azo dye N-demethylase. Compounds other than hydro-
carbons also show the mirror-image relationship in the sense that
pregnenolone-l6-carbonitrile, a- and E-naphthoflavone and Aroclor
12524 (known to be inducers of various mixed-function oxidases)

are strong repressors of DMN-demethylase. Aminoacetonitrile, a
strong inhibitor of carcinogenesis by DMN, is also a potent
repressor of DMN-demethylase. The enzyme is inhibited by pretreat-
ment of the animals with cobaltous chloride, an inhibitor of the
svnthesis of cytochrome P-450. Pregnenolone-l6a2-carbonitrile

and 3-methyl-cholanthrene, despite their similarity of action on
DMN-demethylase, have different effects on azo reductase, which

is repressed by the former and induced by the latter compound.

Arthur, D.R. (1968).

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

In: Biological Effects of 0il Pollution On The Littoral Environment.
J.D. Carthy and D.R. Arthur (eds.) Supplement 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 that there are many problems posed by 0il and emulsifier/
solvents that require immediate investigation and lists the most
urgent problems.

Atema, J. (1975)
SUBLETHAL EFFECTS OF PETROLEUM FRACTIONS ON THE BEHAVIOR OF

THE LOBSTER, HOMORUS AMERICANUS, AND THE MUD SNAIL, NASSARIUS
OBSOLETUS.

Proc. of Estuarine Research Federation Meetings. 24 pp., 11 ref.

Studies on sublethal effects of petroleum fractions on behavior
of H. americanus and N. obsoletus are summarized in an attempt
to clarify contradictory results and to gain an understanding of the
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59.

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 affect a large number of marine invertebrates in a similar
manner.

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

IMPORTANCE OF CHEMICAL SIGNALS IN STIMULATION OF MARINE ORGANISM
BEHAVIOR.

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

Recent results of the chemotaxis research group at Woods
Hole Oceanographic Institution demonstrate the importance of
chemical signals in stimulating certain behaviors of marine
organisms. It is our belief that man's pollution 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

effects 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 ( Limulus polyhemus ) and the flatworm
Bdelloura candida ) are discussed. The effects of altered

chemical environment on these systems are considered.
Atema, 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
ANTMAL COMMUNICATION.

In: Bioassay Techniques and Environmental Chemistry. Ann Arbor
Science Publishers, Inc. pp. 177-197.

Kerosene and the branched chain-cyclic fraction of kerosene were
found to stimulate feeding behavior in Homarus americanus. A

dilute sea water extract of kerosene consisting primarily of benzenes
and napthalenes was found to inhibit attraction of the mud snail
Nassarius obsoletus to food extract.
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Atema, J. and L. Stein (1972).

SUBLETHAL EFFECTS OF CRUDE OIL ON THE BEHAVIOR OF THE AMERICAN LOBSTER.
Technical Report, Woods Hale Oceanographic Institution, No. 72-74.
Atema, Jelle and Lauren S. Stein. (1974).

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

Environ. Pollut. (6). pp. 77-86.

Small quantities of crude oil (oil seawater ratio of 1:100,000)
interfered with graphic, possibly chemosensory, behaviour 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 o0il 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.

Chemical analyses showed that when water was brought in contact with an
0oil slick, the original lipid concentration of the water dropped
considerably. Over a five~day period the oil degraded in seawater,

but this could not be correlated with behavioural changes.

The results suggest that small quantities of whole o0il mixed into
seawater contain a noxious smell to the lobster, depressing appetite
and chemical excitability, and increasing the time taken to find food.

Atlas, R.M. (1974).

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

Of fice of Naval Research Reference No. AD-769 895/4GA.

The discovery and plans for the use of Alaska's north 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 o0il 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 southern terminus
for the trans-Alaskan pipeline. Other experiments were conducted

at Umiat and Cape Simpson, where there are large natural oil seepages.

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

and accidental spillages. The effects of such petroleum pollutants
on the natural microbial communities were determined. Incubation of
Prudhoe crude oil with water from coastal ponds along Prudhoe Bay
resulted in several changes in the microbial communities. Bacterial
populations increased by several orders of magnitude. Addition of
1.0 ml. 0i1/100 ml. water resulted in a complete disappearance of
coccoid green algae and a qualitative change from amoeboid to flag-
ellated protozoans. Other algae, including 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
devoid og bacteria but did contain large numbers of viable fungi,
about 10 /g. This fungal population was composed of yeasts and one
imperfect filamentous fungus, tentatively identified as Rhodotorula,
Candida and Mucor species. Miniature oil slicks floating in Prudhoe
Bay were subject to extensive microbial degradation under ambient
conditions. The microbial populations underlying the slicks greatly
increased especially under nutrient-enriched slicks. Pseudomonads
showed the greatest increase, but species diversity was unaffected.

Atlas, R.M. (1975).

EFFECTS OF TEMPERATURE AND CRUDE OIL COMPOSITION ON PETROLEUM
BIODEGREDATION.

Applied Microbiology, 30(3):396-403.

The biodegradability of 7 different crude oils was highly dependent

on their composition and on incubation temperature. At 20°C lighter
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 derradation rates were found
with a mixed microbial community, using CO; evolution as the measure, and
with a Pseudomonas isolate from the Arctic, using 0 consumption

as the measure. Paraffinic, aromatic and asphaltic fractions

were subject to biodegradation. Some preference was shown for
paraffins, especially at low temperatures. O0il 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.

Arctic microorganisms were exposed to various concentrations of

crude oll, natural gas and the combustion product S05. Selected bacteria,
algae, fungi and lichens and also mixed communities were examined for
effects on nitrogen fixation, photosynthesis and respiration.

Sulfur dioxide and crude oil reduced photosynthetic activity, as

measured by 14C0y fixation, up to 90%, but natural gas had no similar
effect. Respiration of mixed communities, aquatic and terrestrial,
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and of isolated organisms capable of uiydrocarbon metabolism increased
when exposed to petroleum hydrocarbons. Sulfur dioxide had no effect
on the respiratory activity of any tested microorganism. Using the
acetylene-ethylene method greater than 907 inhibition of nitrogen
fixation of algae and lichens was observed when crude oil was applied,
less than 207 inhibition followed SOy exposure and no inhibition was
observed.

Atlas, R.M., et al (1976)
EFFECTS OF PETROLEUM POLLUTANTS ON ARCTIC MICROBIAL
POPULATIONS.

Environ. Pollut., 10(1):35-43.

Microorganisms encounter oil in the Arctic from natural seepages

and accidental spillages. Incubation of Prudhoe crude oil with
water from coastal ponds along Prudhoe Bay resulted in 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 filamentous algae
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 vascular
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. Underlying oil slicks experimentally flated

in Prudhoe Bay, the baceterial population increased, in large part
attributable to oil degrading Pseudomonads, but species diversity
appeared to be unaffected.

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
defined 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, COp evolution from the
crude oil was continuously monitored in a shaker-mounted gas

train arrangement. Degradation started after a 2 to 4 day lag
period, and reached its maximum within two weeks. At this time

up to 60% of the crude oil and 75% of artificial seawater, were
degraded. Mineralization (conversion to CO2) was slightly lower
due to formation of products and bacterial cell material.
N-Paraffins were preferentially degraded as compared to branched
chain hydrocarbons. Biodegradation of n-paraffins in the

range of C12 to C20 was simultaneous; no diauxie effects were ob-
served. :
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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
degrading 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-
degrading microorganisms was positively correlated with existing
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-level o0il pollution that escaped routine gas chromatographic
detection.

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

FATE AND EFFECTS OF POLLUTING PETROLEUM IN THE MARINE
ENVIRONMENT.

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 during normal operations. The effects of chronic low-
level oil pollution on ecological equilibriums, marine food chains,
and seafood consumed by man are also of concern. The

composition of crude oil is discussed. The fate of spilled oil is
determined 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 o0il pollution

control include preventive measures, physical containment, collection,
ignition, sinking, dispersion and stimulated biodegradation.

Atlas, 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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biodegradation, in laboratory experiments and in field trials,

to an extent that the practical application of this principle to
0il cleanup appears feasible. The tested oleophilic fertilizer
supplies nutrients to hydrocarbon degrading microorganisms se-
lectively and, in contrast to nitrate and phosphate salts, it does
not trigger algal blooms.

Atlas, R.M. and E. Schofield (1976)

RESPONSES OF THE LICHENS PELTIGENA APTHOSA AND CETARIA NIVALIS
AND THE ALGA NOSTOC COMMUNE TO SULFUR DIOXIDE, NATURAL GAS,
AND CRUDE OIL IN ARCTIC ALASKA.

Astarte 8, 53-60

The sensitivity of the Arctic populations of the lichens
Peltigena aphthosa and Cetaria nivalis and the alga

Nostoc commune to three pollutants was determined by measuring

rates of nitrogen fixation, CO, fixation and

0y consumption. Sulfur dioxide was most inhibitory to

carbon dioxide fixation, but did not inhibit oxygen consump-

tion. Prudhoe crude oil severely inhibited both nitrogen and carbon
dioxide 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.

Aubert, 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.

After discussing the cuases and characteristics of pollution of
sea water by fuel oil, the effects of such pollution on coastal
regions 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 precipitate the surface layer of hydrocarbon on to the sea bed,
thus avoiding 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 precipitation 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 previde 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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Avolizi, R.J. and M. Nuwayhid (1974)

EFFECTS OF CRUDE OIL AND DISPERSANTS ON BIVALVES.
Mar. Pollut. Bull, 5 149-152

Badger, G.M. (1948).

THE CARCINOGENIC HYDROCARBONS: CHEMICAL CONSTITUTION AND CARCINOGENIC
ACTIVITY.

British Journal of Cancer. 2 310-350.

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

Bailey, N.J.L., H.R. Krouse, C.R. Evans and M.A. Rogers (1973).
ALTT.RATION OF CRUDE OIL BY WATERS AND BACTERIA.

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

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

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

J. Fish Res. Bd. Canada

Bak, R.P.M. and J.H.B.W. Elgershuizen (1976)
PATTERNS OF OIL-SEDIMENT REJECTION IN CORALS.
Marine Biology, 37 (2): 105-113

The patterns of oil-sediment rejection of 19 Carribean hermatypic
corals are identical to their patterns of rejection of clean sedi-
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.
0il 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.

Baker, J.M. (1970)
COMPARATIVE TOXICITIES OF OILS, OIL FRACTIONS, AND EMULSIFIERS.

In: The Ecological Effects of 0il Pollution on Littoral
Communities. E.B. Cowell (ed.). Inst. of Petroleum. pp. 78-87. 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 weathered
oil. Further evidence from the literature is reviewed: oils vary

in their toxicity according to the content of low-boiling compounds,
unsaturated compounds, aromatics, and acids. The higher the concentration

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.

Baker, J.M. (1970)

GROWTH STIMULATION FOLLOWING OIL POLLUTION.

In: The Effects of 0il Pollution on Littoral Communities. E.B. Cowell (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 grasses
Puccinellia maritima and Festuca rubra following oil treatment.
Investigation into the reasons for this effect 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.

Baker, J.M. (1970)
OIL POLLUTION IN SALT MARSH COMMUNITIES.
Mar. Poll. Bull., 1(2):27-28.

This report outlines research carried out between February and December 1969
on the effects of oil pollution and cleansing methods on salt marsh
communities in the area near Milford Haven, Pembrokeshire, U.K.

Baker, J.M. (1970)
SEASONAL EFFECTS OF OIL POLLUTION ON SALT MARSH VEGETATION.
Oikos, 22(1):106-110.

Salt marsh transects near Pembroke, S.W. Wales, were éxperimentally
sprayed with fresh Kuwait crude oil at different times of year, and
recovery measured using a points frame. There was little long term
vegetative damage to most perennial species, but in the case of

the annual Suaeda maritima damage was severe, and was further
investigated using density and dry weight measurements. Flower
density measurements for Juncus gerardii, Festuca rubra, Plantago
maritima, and Spartina x townsendii, showed that marked reduction
of flowering can occur if plants are oiled when the flower buds

are developing. Flowers, if oiled, rarely produce seeds.

Oiling of seeds during winter may reduce germination in the spring.
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Baker, J.M. 1970
THE EFFECTS OF OILS ON PLANT PHYSIOLOGY.

In: The Ecological Effects of 0il Pollution on Littoral Communities.
E.B. Cowell, (ed.) Inst. of Petroleum, pp. 88-10l. Great Britan

0ils can penetrate into plants, where they travel in the intercellular
spaces and possibly also in the vascular system. Cell membranes

are damaged by penetration of hydrocarbon molecules leading to

leakage of cell contents and oil may enter the cells.

0ils reduce transpiration rate, probably by blocking stomata and
intercellular spaces. This may also be the reason for the reduction
of photosynthesis which occurs, though there are other possible
explanations, such as disruption of chloroplast membranes and
inhibition caused by accumulation of end-products. The effects

of oils on respiration are variable, but an increase of respiration
rate often occurs, possibly due to mitochondrial damage resulting

in an uncoupling effect. O0ils inhibit translocation, probably

by physical interference. The severity of the above effects depends
upon constituents and amount of the oil, environmental conditions,
and species of plant.

Baker, J.M. (1970)
THE EFFECTS OF OILS ON PLANTS.
Environ. Poll. 1, 27-44.

0Oils vary in their toxicity according to the content of low-boiling com-
pounds, unsaturated compounds, aromatics, and acids. The higher

the concentration of these constituents, the more toxic the oil.

After penetrating into a plant, 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 contents, and oil may enter the cells.

0ils reduce transpiration rate, probably by blocking stomata and
intercellular spaces. This may also be the reason for the reduction

of photosynthesis which occurs, though there are other possible
explanations of this--such as disruption of chloroplast membranes

and inhibition caused by accumulation of end-products. The effects

of oils on respiration are variable, but an increase of respiration
rate often occurs, possibly due to mitochondrial damage resulting

in an "uncoupling'" effect. O0ils inhibit translocation probably by
physical interference. The severity of the above effects depends on
the constituents and amount of the 0il, on the environmmental conditions,
and on the species of plant involved.

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, unsaturated 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.

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-

tigated as possible cleaning methods for oiled salt-marsh vegetation.
results given show that none of these methods decrease the damage due
to the oil, and they may increase it. 1In general it is, therefore,
best to leave oiled salt marsh to recover naturally.

Baker, J.M. (1971)

OIL AND SALT MARSH SOIL.

In: Ecological Effects of 0il 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.
0il in the soil may have a harmful, a beneficial, or little effect,
depending on a number of factors such as volume and type of oil.
Concerning oil on Spartina shoots, experimental evidence is presented
which indicates that oxygen diffusion down the plants into the

mud is normally important in maintaining an oxidized rhizosphere, and
that oil on the shoots reduces this diffusion and may, therefore,
give rise to an increase of roxic reduced ions.

Baker, J.M. (1971)

REFINERY EFFLUENT.

In: The Ecological Effects of 0il Pollution on Littoral Communities, E.B.

(ed.) Institute of Petroleum, London. pp. 33-43.

The 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.
Soil 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

during high spring tides, and these oil films likewise prevent re-
colonization. Soil over most of the marsh surface is not markedly toxic
and re-colonization could probably eventually occur if the plants

were not subjected to frequent oil films. Oil content was built

up mainly in the creeks, where the vegetation, if any is present,

now consists mainly of blue green algae.

Baker, J.M. (1971).
SUCCESSIVE SPILLAGE.

In: Ecological Effects of 0il 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-
gan, have been subjected to two, four, eight, 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.

Baker, J.M. (1971)
THE EFFECTS OF A SINGLE OIL SPILLAGE.

In: The Ecological Effects of 0il 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, indicate that a single oil spillage does not
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 germination and
flowering, a reduced population of annuals, and growth stimulation of
some species.

Baker. J.M. (1973)
BIOLOGICAL EFFECTS OF REFINERY EFFLUENTS

In: Proceedings 1973 Conference on Prevention and Control of 0il Pollution
API, USCG, EPA. pp. 715-724. Amer. Petrol Inst. Wash. D.C.

Field and laboratory techniques were used to study the effect 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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factors determining the amount of biological damage. Changes in
distribution and abundance of species are often very localized and in
some cases result from behaviorial responses rather than direct

toxic effects.

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

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

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

In this paper an attempt is made to correlate the results of final
tests with laboratory toxicity tests in order to be able to predict the
ecological impact of oil and emmulsifiers on salt marshes and rocky shores.

Baker, J.M., J. Jelly, and S. Reynard (1973)
THE "DONA MARIKA'" 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,

there was considerable interest in the damage cuased by this

spillage of a refined oil product. Information is provided on
behavior of gasoline in water, biological examination of the shore, and
sublittoral effects. Pb analyses and reports from the general public.
The leakage, which lasted for several days, severely affected the
fauna of Lindsway Bay. Death of mollusks, particularly of limpets,
resulted from prolonged anesthesia, or more usually from predation

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.

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 applications of crude petroleum.
Most types of bacteria are inhibited by the action of the crude

petroleum, but some few types are very greatly stimulated by its

action. Mold growth is not inhibited by the action of the crude
petroleum.
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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, depending upon the size of the application,
and is followed by a period of rather slow nitrification, which
gradually 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 because of their effect 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.

Barbier, M.D. Joly, A. Saliot and D. Tourres. 1973
HYDROCARBONS FROM SEA WATER.
Deep Sea Res. 20:305-314

Dissolved hydrocarbons have been extracted by means of chloroform, from coastal
and open. sea waters; after isolcation of the unsaponifiable fraction

and prepatative thin-layer chromatography, they were analysed by

gas liquid chromatorgraphy and mass spectrometry.

Hydrocarbons represent ca 207% of the total extracts; concentrations mg=
micrograms may vary from 10 to 140 mg/l. N-Paraffins occur to an extent of
ca. 12% from n-C14 to n-C3;, with a maximum at n-C,; to n-C3p;

odd carbon paraffins 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 not differ much from the hydrocarbons usually found in algae.

A probable hypothesis is that sea-water hydrocarbons originate

from the micro or macro phytoplankton. Coastal waters clearly

indicate pollution by hydrocarbons of lower molecular weight

or chlorinated hydrocarbons.

Barclay-Smith, P. (1956)

OIL POLLUTION

Bird notes, 27, 81-83

Bergmann, G. 1971

BIOBLIOGRAPHY OF EFFECTS OF OIL POLLUTION ON AQUATIC ORGANISMS.

Publ. College Fisheries, University of Washington, Seattle. .
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Barnett, C.J. and J.E. Kontogiannis. 1975

THE EFFECT OF CRUDE OIL FRACTIONS ON THE SURVIVAL OF A TIDEPOOL COPEPOD,
TIGRIOPUS CALIFORNICUS.

Environ. Pollut., 8:45-54.

The effect of four common crude oil fractions on the survival of a tidepool
copepod, Tigriopus californicus, were studied. Four concentrations each
of diesel o0il, kerosene, gasoline and benzene were used. Diesel oil

was the most detrimental; a concentration of 0.10 ml/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 highest 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.

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

Nine hundred and forty Mya arenaria were collected from four
geographic locations (Maine, Rhode Island, Maryland and California).
Histological examination of these animals showed that 354 contained
areas of hyperplasia. Studies are currently underway to identify
causitive factors, among which may be pollutants such as petroleum
hydrocarbons.

Barry, M.M. and P.P. Yevich (1972)

INCIDENCE OF GONADAJL CANCER IN THE QUAHOG MERCENARIA MERCENARIA.

Oncology, 26 87-96.
Barry, M. and P.P. Yevich (1975)

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

Mar. Poll. Bull. 6, 171-173.

In July 1971 when approximately 257 of the clams in Long Cove,
Searsport, Maine had been killed by the March 1971 oil spill,
collections of surviving clams were made for histological
examination. These studies were continued through 1974 and revealed
a high incidence of gonadal tumors in clams contaminated by oil.

The area of highest oil impact correlated with the highest per-

cent of tumors. The tumors were found to be maligant neoplasms.
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Barsdate, R.J. 1972

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

Sci. Alaska. Proe., Alaskan Sci. Conf., Vol. 23:52.

The Application of Prudhoe Bay crude oil to a small tundra pond
at Barrow, Alaska, in July of 1970 was followed by a number of
physical, chemical, and biological changes. Physical effects
of the spill were minor for the most part of short duration.
Immediately following the spill the pond water temperatures
increased 4°C due to reduced evaporative cooling, but normal
temperatures were reestablished within three days. Low oxygen
occurred in the water under the floating o0il, but neither major
ionic constituents nor dissolved nutrient compounds were
influenced greatly. During the 1970 season, phytoplankton

and emergent vascular plant production appeared unaffected,
although there was massive zooplankton mortality. During the
second year (1971), the production of phytoplankton, benthic
algae, and vascular plants was low. Numbers of benthic animals
and the biomass of chironomid larvae were low, as was the
survival of crustacea presumably introduced as resting or

early active stages during spring breakup. Based on preliminary
information the pond system appears in 1972 to be very similar
to the previous year.

Barsdate, R., et al. 1972
NATURAL OIL SEEPS AT CAPE SIMPSON, ALASKA: AQUATIC EFFECTS.

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

In ponds at the natural oil seeps of Cape Simpson, Alaska,
phytoplankton productivity and abundance, as well as numbers
of bacteria, 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 productivity
in waters in contact with relatively fresh oil, but at

lower levels of hydrocarbon stress productivity is high,
possibly because of reduced grazing pressure.

Bartha, R. (1976)
BIODEGREDATION OF OIL SLICKS IN THE MARINE ENVIRONMENT.
Office of Naval Research Report N00014-67-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 hydrocarbons by marine bacteria

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 hydrocarbons, e.g. polynuclear aromatics and highly
branched iso-alkanes were identified. The abundance and
distribution of hydrocarbon degrading bacteria was measured

in New Jersey coastal waters. The limiting factors of oil
biodegradation in the mariie 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 rate of oil biodegradation
can be increased by an order of magnitude of more by supplying

the above mineral nutrients to a floating oil slick in oil-soluble
(oleophilic) form. This method of application prevents

nutrient loss by dilution and does not trigger 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 0il Pollutants, Ahearn and Meyers,
(eds) Center for Wetland Resources, LSU, Baton Rouge, La., Publ.
No. LSU-SG-73-01.

The limiting factors of petroleum biodegradation in seawater
were systematically evaluated. In the surveyed coastal waters,
hydrocarbon oxidizers were found to be abundant, but 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 oleophilic fertilizer formula for use on flating oil slicks
is described.

105. Bascom, W.N. (1975)
INSTRUMENTATION FOR MEASURING POLLUTION IN THE SEA.

In: Marine Municipal and Industrial Watewater Disposal: Third
International Congress: Preprints pp. IX-1-IX-30.

The most useful and cost~effective instruments for measuring,
sampling, and making observations at sea are presented and
described. The selected instruments are designed to make
measurements of the physical characteristics of the sea,
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water chemistry, soft bottom sampling fish populations, and
direct observation of undersea environments. The instruments

or samplers used to quantify various pollutants in the sea

are current meters, bathythermograph, turbidity meter, floatable
sampler, sediment collector, multiple measurements, microbe
sampler, mussel buoy, television and 35-mm cameras, trawls,
baited movie cameras, grab sampler, interstitial water sampler,
geological corer, and biological box corer.

106. Battelle Memorial Institute, Richland Washington (1967)
OIL SPILLAGE STUDY LITERATURE SEARCH AND CRITICAL EVALUATION

FOR SELECTION OF PROMISING TECHNIQUES TO CONTROL AND PREVENT
DAMAGE. Distributed by NTIS.

One section of this report covers biological and ecological
effects of 0il pollution on fish and shellfish, waterfowl,
.aquatic plants, and other life 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, Water Pollution Control Research Series
DAST 20,100 pp.

108. Battelle Memorial Institute (1972).
OIL SPILL THREATY AGENTS: A COMPENDIUM.

American Petroleum Institute, Publication 4150. 238 pp.
Washington, 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,
application, effectiveness, toxicity and spill experience.
Agents are listed by manufacturer, 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 MARACAIBO,
VENEZUELA TO CREOLE PETROLEUM CORPORATION CARACAS, VENEZUELA.

Battelle, Pacific Northwest Laboratories, Richland, 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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Bayne, Brian (1976)
WATCH ON MUSSELS
Mar. Pollut. Bull. 7 217-218

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

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
pollution stress in Galveston Bay, Texas. Correlation of

diversity with percent waste water indicates that those areas
receiving the greatest amounts of effluents and toxic materials
have the lowest diversity. Sampling throughout the system indicated
that the fish populations could be divided into somewhat separated
communities, each structured as a response to environmental and
pollution stress.

Beer, J.V. (1968)

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

In: The Biological Effects of 0il Pollution on Littoral Communities,
J.D. Carthy and D.R. Arthur, (eds.) Supplement to Vol. 2 of
Field Studies. Field Studies Council

This paper describes the motality and pathology of birds damaged
in the Torry Canyon oil spill and whose rehabilitation was being
attempted. The pattern of mortality and pathological changes were
strongly suggestive of severe stress and the presence of powerful
irritants or poisons in the gut. Mortality followed a roughly
exponential path, with chances of survival decreasing with this.
Beer, J.V. (1968)

THE ATTEMPTED REHABILITATION OF OILED SEA BIRDS.

Wildfowl, 19, 120-124

Beery, J.V. 1970

TREATING OILED BIRDS

Mar. Poll. Bull. 1(6): 84-85

B-36




EES.

116.

117.

1 118.

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 "Tremalon B" or "Euirly 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
medicinal 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 plummage 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.

Bellamy, D.J. 1968
THE KELP PROJECT
Triton, 12, 16-17

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 littoral zone, and falls off below the low
water mark.

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

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

In: The Biological Affects of 0il Pollution on Littoral Communities
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 study 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
lamminaria hyperborea.

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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This presentation is a description of the short-term and long-
term toxicity tests developed by the Station Marine d'Endoume.

Bender, M.F. (1974)

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

In: Proceedings of the International 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.

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

EFFECT OF AN OIL SPILL ON BENTHIC ANIMALS IN THE LOWER YORK RIVER,
VIRGINIA.

In: NBS Special Publication 409, Marine Pollution Monitoring (Petroleum),
Proceedings of a Symposium and Workshop held at NBS, Gaithersburg,

Maryland, May 13-17, 1974.

This article reports the findings of field and laboratory exper-
iments designed to determine the effect of a spill of number 6

fuel 0il 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 plexiglass 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 0il to seven members of the
benthic intertidal community. The four species which were not
affected by accommodated oil in the laboratory also did not reveal
population depressions following the oil spill in the rivers.

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 0il Spill Conference. p. 505-Amer. Petrol. Inst.
Wash. D.C.

Five segments of a mesohaline marsh located off the York River
in Virginia were physically isolated from the surrounding area,
except for allowing subtidal flow and dosed with fresh and artifi-
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cially weathered South Louisiana crude oil. The experimental
design and field site utilized in this study are described.

The mini-ecosystems each contained about 695 m“ of marsh.

100 m? of open water and 15 m? of intertidal mud flat. 1In
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.
Phytoplankton 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 periphyton biomass, as

measured by adenosine triphosphate (ATP), increased after both
treatments. Marsh grass production was reduced in both spill
units. Benthic animals, showing population declines after both

0il spills, included nereid polychaetes, insect larvae and am-
phipods. Oligochaete populations decreased shortly after the

fresh crude spill, returned to normal within 30 days, and then declined
again relative to the control in both treatments 11 weeks after

the spill. Mortalities of fish. Fundulus herteroclitus, held in
live boxes were noted only in the weathered treatment systems.

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 volumn 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.

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. Pollut. Bull. 8:6 138-143

The effect of short-term exposure to high concentrations (mg/l)

of water soluble fraction of aromatic heating oil on subsequent
egg production 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 brood size, and rate of

egg production was observed. Exposure to naphthalene alone at

1 mg/1l for 24 h produced a significant effect on total fecundity

of the females. Ingestion rates were significantly lowered.
Exposure to low levels (10 and 50 mg/1) of l4C-naphthalene

alone over 10 days produced no significant effect on feeding or
reproduction despite the high concentrations of hydrocarbon accumu-
lated.

Berridge, 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 suggested that evaporation is the major process, that biolo-
gical degradation is insignificant, and that the formation of water-
in-oil emulsions will markedly affect the rates of these processes,
and extent and ease of removal of pollution. Research into the rates
of these processes, particularly biological ones, is urgently needed
but the design of the experiments poses many problems. (Sinha-OEIS)

Berry, W.0. and J.D. Brammer (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 Aedes aegypti (L.)

was investigated. A median lethal dose (LDgp) and a non-lethal
dose (NLD) were established for these larvae following a 24 hour
exposure to water-soluble fractions of benzene, toluene, and
xylenes. Based on the actual amount of each component in solution,
static toxicity bioassays showed that acute toxicity of these
monoaromatics increased in the sequence benzene, toluence,

xylene. However, toxicity increased in the sequence xylene,
benzene, toluene when the results were examined with respect to

the amount of aromatic added to water to produce the LD-n. The
importance of determining the concentrations of compounds dissolved
in water is stressed.

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 application of benzo[a]pyrene (BP) to normal hamster-

embryo cells in culture produced transformed cells. These
cells showed: 1) a hereditary 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 with the in vivo carcinogenic hydrocarbons BP, 3-methylcho-~
lanthrene (MCA), 7, 12-dimethylbenz(a)anthracene, and 10-
methylbenz(a)anthracene, but not in untreated hanster-embryo
cultures or with the in vivo noncarcinogenic hydrocarbons 8-
methylbenz(a)anthracene, chrysene and pyrene. It was shown

that carcinogenic hydrocarbons can directly induce in vitro

the transformation of normal cells to tumor cells.

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

CHEMICAL INVESTIGATIONS OF TWO EXPERIMENTAL OIL SPILLS IN AN
ESTUARINE ECOSYSTEM

In: Proceedings 1977 0il Spill Conference p. 511-515. Amer. Petrol.
Inst, 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,
water, organic detritus, 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 GC-MS techniques. Results are presented for water and

Fundulus.

Maximum concentration of individual aromatic compounds found in
fish were similar for both oils. This maximum occurred six hours
after the spill for weathered crude and 76 hours after 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 animal
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.

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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Blackman. R.A.A. and Mackie, P.R. (1973)

PRELIMINARY RESULTS OF AN EXPERIMENT TO MEASURE THE UPTAKE
OF N-ALKANE HYDROCARBONS BY FISH.

ICES, CM 1973/E:23 Fisheries Improvement Committee, Lisbon.
Blaylock, J.W., P.W. O'Keefe, J.N. Roehm and R.E. Wildung. (1973)

DETERMINATION OF N-ALKANE AND METHYLANAPHTHALENE COMPOUNDS IN
SHELLFISH.

In: Proc. Joint Conf. Prevent. Contr. 0il Spills, API, Washington, D.C.
pp. 173-177.

During the course of investigations to determine the possible
toxicity of petroleum to marine biota, it became evident that
quantitative estimates of the petroleum components in water and
biota would assist in meaningful 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
residues. A method ariginally utilized for determination of
ploycyclic aromatic hydrocarbons in foods was therefore

adapted for the digestion of tissue and extraction of hydrocarbons
from shellfish exposed to petroleum during bioassays. Tissue
extracts were partitioned into saturate and aromatic fractions by
column chromatography. Using gas-liquid chromatography, the
n-alkanes of carbon numbers 12 to 19, and the methyl substituted
naphthalenes were identified in the saturate and aromatic fractions,
respectively. Both groups of compounds were quantitated by reference
to an internal standard.

The procedure allowed recovery of over 70% of n-alkanes and methyl-
naphthalenes applied to the tissues prior to digestion. Minimum
detectable levels for n-alkanes and methylnaphthalenes were
approximately .08 to .15 and .03 to .04Mg/g of wet tissue,
respectively.

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 effects of an oil spill remover (807 nonyl-octyl phenol

ethylene oxide condensate; 207 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 grains, but concentrations >100 ppm
are toxic. Spraying of beaches contaminated by oil spills probably produces
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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 meiofauna are not influenced by the state of the tide at

the time when the detergent is applied.

Blumer, M. (1967)
HYDROCARBONS IN DIGESTIVE TRACT AND LIVER OF A BASKING SHARK.
Science, N.Y., 156 390-1

Hydrocarbons of zooplankton pass through the digestive tract

of the basking shark without fractionation or structural modifica-
tion. They are resorbed in the spiral valve and deposited

in the liver. In contrast to unsaturated fatty acids, the ole-
finic hydrocarbons are not decreased in concentration. The
hydrocarbon assemblage in the digestive tract and in the liver is
indicative of the food sources and feeding grounds of the shark.
Sgnalene, abundant in shark liver, occurs only in traces in
zooplankton; phytane, if present at all, constitutes less than
0.005 percent of the hydrocarbons of zooplankton and of shark
liver.

Blumer, M. (1969)
OIL POLLUTION OF THE OCEAN

0il on the Sea. D.P. Hoult (ed.) Plenum Press, New York
PP. 5-13

Also In: WHOI Contrib. # 2336

A review of o0il pollution in the marine environment including
the extent of marine oil pollution, o0il composition and
biological effects; oil analysis and law enforcement; long
term effects of 0il pollution; countermeasures against large
0il spills; and a long-term outlook. 10 refs.

. Blumer, M. 1970

OIL CONTAMINATION AND THE LIVING RESOURCES OF THE SEA.

In: FAO Techn. Conf. Mar. Pollut., paper R-1, Rome, 1-11.

Review article on the affects of 0il on the biota with recommenda-
tions on the handling of spills and observations on the

probable impact of pollution on the ocean as a whole. Several
references.

Blumer, M. (1971)
SCIENTIFIC ASPECTS OF THE OIL SPILL PROBLEM.

Environmental Affairs, 1(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, carcinogenesis, biodegredation, and persistence of

oil.

Blumer, M. Et.al (1971)

PANEL 2: PETROLEUM.

FAO Fish Rep. Suppl. 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; hydrocarbon analysis of water, sediments,
and organisms; correlation of spilled o0il 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

0il samples; hydrocarbon analysis of biological 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.

Blumer, Max (1972)

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

Science, 176, 1257-1258

This article argues that submarine seepage is several orders 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-
duction started.

Blumer, M., Ehrhardt, M. and Jones, J.H. (1973)

THE ENVIRONMENTAL FATE OF STRANDED CRUDE OIL.

Deep Sea Res. 20 239-60

The weathering history of 2 light paraffinic crude oils which
stranded on Martha's Vineyard, Massachusetts, and on Bermuda was
studied over periods of 13 1/2 and 16 mo. respectively. The

evaporative history of the oils, the microbial utilization of the
normal alkanes, and other physical and chemical changes involved

B~44

ey oy




139.

140.

141.

in the weathering process are described. At both locations a
considerable and environmentally important fraction 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 partial microbial
degradation. The environmental impact of spilled oil depends
directly on the magnitude of the standing crop of fossil fuels
and on the retention during weathering of specific biologically
active oil components. An unanticipated degree of persistence of
0il 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.

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, 18-heneieosahexaene predominates in
the Bacillariophyceae, Dinophyceae, Cryptophyceae, Haptophyceae

and Euglenophyceae. Rhizosolenia setigera contains n-heneicosane,
presumably derived from the hexaolefin by hydrogenation. Two
isomeric heptadecenes have been isolated: the double bond is
located in 5-position in the bluegreen alga Synechococcus bacillaris
and 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 available provides the
background needed for distinguishing between hydrocarbons of recent
biogenic origin and hydrocarbon pollutants from fossil fuels.

Blumer, J., J.M. Hunt, J. Atema, and L. Stein (1973)
INTERACTION BETWEEN MARINE ORGANISMS AND OIL POLLUTION.

Office of Research and Monitoring, U.S. Environmental Protection
Agency Report No. EPA-R3-73-042.

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

PHYTOL-DERIVED C;q DI- AND TRIOLEFINIC HYDROCARBONS IN MARINE
ZOOPLANKTON AND FISHES.

Biochemistry 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 spectometry and by combined gas chromatography and mass
spectomatry of their ozonolysis products. They are the 2, 10-

and 5, 10-diene and the 2, 6, 10-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 sediments is discussed. Because of
their relative stability, these and related olefins and their fate
in the marine food chain and in marine sediments is discussed.
Because of their relative stability, these and related hydrocarbons
provide tracers for the study 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 G.R. Hampson. (1971)
A SMALL. OT1. 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 of

#2 fuel oil was spilled 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 food
resources than scientists had thought. A wide range of fish and
invertebrates was killed immediately and washed up onshore.
Ninety-five precent of the animals recovered by trawling were dead
or dying. 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 sediments
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, J. and Sass, J. (1972)

INDIGEINOUS 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.
Science. 176:1120-1122,
In September 1969, approximately 600 metric ns of number 2
fuel oil were spilled in Buzzards Bay, Massachusetts. Two

years later, fuel oil hydrocarbons still persisted in the marsh
and in offshore sediments. Hydrocarbon degradation is slow,
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especially below the immediate 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
abundances of homologous hydrocarbons (for example, phytane

and pristane) have been well preserved. The findings are in
agreement with the known geochemical stabiiity of hydrocarbons.
Fuel o0il is an appreciable fraction of whole crude oil. This
fact suggests that oil products and crude oils have a consider-
able environmental persistence.

Blumer, J. and J. Sass (1972)
THE WEST FALMOUTH OIL SPILL.

Data available in 1971. TI. Chemistry. Woods Hole Oceanographic
Institution. Woods Hole, Mass. Ref. No. 72-19. 127pp.

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
effects, the persistance and the eventual disappearance of the
pollutant hydrocarbons in this area was undertaken. Chemical

data available in November 1971 is summarized.

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

THE WEST FALMOUTH OIL SPILL.
Woods Hole Oceanographic Institution. Reference 70-44, pp. 1-32

A spill 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 available at the end of May 1970, more than eight months after
the accident.

The effects of envirommental exposure on the composition of the oil
are discussed; many analytical parameters are sufficiently stable
to permit continued correlation of the oil remaining in sediments
and organisms with the fuel oil involved in the spill.

0il from the spill is still present in the sediments, inshore and
offshore 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, it has depleted 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 0il 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
polluted 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.

Blumer, J., Sanders, H.L., Grassle, J.F. and Hampson, G.R.
(1971)

AN OCEAN OF OIL

Environment, 13 2-12

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

HYDROCARBON POLLUTION OF EDIBLE SHELLFISH BY AN OIL SPILL.

Marine Biology, 5:195-202.

A spill of 650,000 to 700,000 1. of No. 2 fuel o0il contaminated
the coastal areas of Buzzards Bay, Massachusetts. Gas chroma-
tography demonstrates the presence of this o0il in the sediments of
the affected area. Two months after the accident, essentially
unchanged o0il 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

Aequipecten 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
detoxification, 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.

Boating Industry Association
ANALYSIS OF POLLUTION FROM MARINE ENGINES AND EFFECTS ON ENVIRONMENT.

U.S. Environmmental Protection Agency. Grant: 1EPA R-801799.
71 ppe

Four ponds 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 LLTs fixation, chlorophyll,
measurements, zooplankton population dynamics, the benthic
microinvertebrate community, and water quality, in general,

could not be ascribed to emissions effects to the exclusion of
natural stress. Gasoline hydrocarbon fractions remain in the water
column <1 d before being removed by evaporation, absorption,

or biological oxidation processes.
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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.

Laboratory studies, using the marine bivalve Mercenaria mercenaria,
were performed to examine the role that naturally occurring
surfactant dissolved organic matter (DOM) plays in mediating the
process of hydrocarbon uptake. The uptake of a simple hydrocarbon
mixture consisting of an n-alkane, hexadecane and an aromatic
hydrocarbon, phenanthrene 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 17 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.

Boesch, D. (1973)

BIOLOGICAL EFFECTS OF CHRONIC OIL POLLUTION ON COASTAL
ECOSYSTEMS.

In: Inputs, Fates and Effects of Petrcleum in :he Marine
Environment. Background Information for Workshop, Ocean

Affairs Board, NSF, Airlie, Va. 21-25 May 1973

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.

Boesch, D.F. (1974)

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

In: Marine Environmental Implications of Offshore 0il and
Gas Development in the Baltimore Canyon Region of the mid-
Atlantic Coast. Proceedings of the Estuarine Research
Federation Conference and Workshop. Estuarine Research
Federation, p. 421-430
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This paper briefly reviews the literature on the effects

of activities associated with oil and gas development on benthic
organisms and offers suggestions on the design of

baseline studies. The effects of both chronic leakage

0il acute spillage are discussed.

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

OIL SPILLS AND 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 ailahi e information
on the ecological impact of o0il 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.

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; 1.47% of the products is settled by

hydrobionts onto the bottom of the vessels, 5.67 remains in the

surface film, and about 27 remains in the dissolved state in the
water layer.

Boney, A.D. (1968)

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

In: The Biological Effects of 0il Pollution on Littoral Communities
J.D. Carthy and D.R. Arthur (eds.) 55-72

The effect 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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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

Cyst phases of the green alga Prasinocladus 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 rejuvenation process (e.g. reappearance of

chloroplast and pigments; formation of pyrenoids and starch

sheath; onset of cell division and liberation of motile cells)

were utilized as a means of assay in addition to observations on

cell viability. The "aged" cysts were more tolerant of all types

of toxic agents than were the young non-motile cells. The

surfactant fractions were more toxic when used alone, and the solvent
fraction alone more toxic than the compounded BP 1002. The applica-
tion of any of the toxic agents at low temperature (4°C) resulted

in a marked reduction in their effects at high concentrations
(e.g.500ppm) although rapid changes in cell condition (chloroplasts,
pryenoids) 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 "recovering' cysts was a sen-
sitive means of assaying toxic effects.

Boney, A.D. (1974)

AROMATIC HYDROCARBONS AND THE GROWTH OF MARINE ALGAE.

Marine Pollution Bulletin, 5(12) 185-186.

Aromatic compounds isolated from marine muds cause cancerous
growths in certain seaweeds. In this study a number of aromatic
hydrocarbons, including some which are not yet reported as having
carcinogenic activity have been found to stimulate growth

of algae.

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 production when
applied to sporlings of certain marine red algae.

B-51

S e —————



159

160.

161.

162.

163.

Whereas law concentrations of carcinogenic derivitives

of benzathracene stimulate cell production, similar
concentrations of structually released non-carcinogenics in-
hibit it.

The applicability of the method as a rapid screening test for
carcinogens is discussed.

Boos, G. (1974).

OIL ON THE SEAS

Bird Notes, 31, 185-188.

Boswell, J.L. (1950)

THE EFFECT OF CRUDE OIL ON OYSTERS.

Texas A&M Res. Found., Project 9 (mimeo pp. 28)
Bott, T.L., K. Rogenmuser 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 Hydrocarbons on the Aquatic Environment.

Proceedings of the Sumposium, American University, Washington, D.C.

9-11 August 1976.

No. 2 Fuel 0Oil, Nigerian Crude 0Oil, and used crankcase oil were
studied for effects on the metabolism of benthic algal communities.
Exposure depressed net community primary productivity but degree
of effect was dependent on the kind of o0il and concentration of
exposure. Used crankcase oil became associated with the algae in
greatest amounts but No. 2 Fuel 0il exerted greatest toxicity.
Recovery of community function took place in all instances. Blue
green algal development was fostered to varying degrees.

Bourne, E. (1968)

THE EFFECTS OF THREE HYDROCARBONS ON FISH CELLS IN VITRO.

Ph.D. thesis, Oklahoma State University.

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
present 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 breeding censuses; 2) surveys of distribution
away from the breeding places; and 3) recording stranded birds.
Bourne, W.R.P. (1967)

THE TORREY CANYON DISASTER.

Seabird Bulletin, 3, 4-11

Bourne, W.R.P. (1968)

OBSERVATIONS OF AN ENCOUNTER BETWEEN BIRDS AND FLOATING OIL

Nature 219, 632

A short note on the authors observations of the interactions

of guillemots, gulls and kittiwakes to a small oil slick. The birds
took no particular notice of the oil except when it was thick

and they came in contact with it, when they took avoiding action.
The guillemots avoiding action consisted of diving, which the gulls
flew off.

Bourne, W.R.P. (1968)

OIL POLLUTION AND BIRD POPULATIONS

In: The Biological Effects of Oil Pollution on Litteral Communities

J.D. Carthy and D.R. Arthur (Eds.)Supplement to Volume 2 of Field
Studies, Field Studies Council, Great Britian

A review article on the impact of o0il pollution on the populations
of shore and sea birds, including the results of the Seabird

Groups measurement of the effect of oil pollution, and a description
of the impact of oil on birds adaptations for the marine environment.

Bourne, W.R.P. (1969)

CHRONOLOGICAL LIST OF ORNITHOLOGICAL OIL-POLLUTION INCIDENTS

Seabird Bull., 7:3-8

This paper is composed mainly of general statements taken from current
notes in Bird Notes and News (subsequently Bird Notes and then Birds),
and later Reports of the British Section, International Council

for Bird Preservation, in Europe, and from Bird Lore (subsequently
Audobon Magazine, then Audubon) in North America.

Bourne, W. R. P. (1970)
OIL POLLUTION AND BIRD CONSERVATION.

Biol. Conserv., 2(4):300-302
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0il pollution has been causing damage to bird populations for half-a-
centruy. Owing to increasing precautions that are being taken, it is not
clear that despite a vast increase in traffic the position is any
worse now than it was before World War I1. Information on the full
scale and character of the damage is still inadequate, however,

and the first need is for many more data. Meanwhile it seems very
doubtful whether any bird species in northern Europe is threatened
with reduction in numbers on more than a local scale, although locally
the damage may be severe. It is argued that the most effective

way of combating such reduction is by the further control of pollution
and by conservation of the breeding 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 relief of suffering 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
directly to the wild state but to try to establish breeding populations
of tame semi-~captive birds in protected situations, where they

might provide useful objects for study and an ornament to the country-
side.

Bourne, W.R.P. (1970)

SPECIAL REVIEW - AFTER THE '"TORREY CANYON'" DISASTER.

Ibis, 112 120-125.

Bourne, W.R.P. (1971)

THE THREAT OF OIL POLLUTION TO NORTH SCOTTISH SEABIRD COLONIES.

Mar. Poll, Bull., Bol. 2:117=119

A report of the recent oil pollution incident in northern Scotland in which
12,000 dead birds, mainly guillemots, were found and up to 10,000

may have died. It emphasizes that, with the increasing likelihood

of 0il pollution in this area, the seabird communities will need

to be watched and protected not only during the breeding season

but all the year round.

Bourne, W.R.P. (1974)

GUILLEMOTS WITH DAMAGED PRIMARY FEATHERS.

Mar. Poll. Bull., Vol. 5:88-90

Increasingly since the first World War, there have been observations of

abnormal wearing of plumage in auks. Various reasons for this have
been advanced, the most likely being the after-effects of oil pollution.
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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 disaster probably killed more than 30,000 seabirds.
In a sample of 1,223 dead birds of eight different species 97 percent
were guillemots and razorbills.

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

BIRDS AND OIL

Birds, 2, 176-178

Bowman, R.E. (1978)

FOOD HABITS OF FISH AND SQUID FOUND IN THE VICINITY OF THE ARGO

MERCHANT 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

Center for Ocean Management Studies, 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, polychaete worms, rock crabs, and American
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 Argo
Merchant had previously been found in the stomachs of Atlantic cod

and little 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 Argo 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.

Boyd, H. (1970)

OIL POSES URGENT PROBLEMS IN CANADA.

Mar. Poll. Bull., 1 69-71

The stranding of the tanker Arrow in Chedabucto Bay, Nova Scotia,

4 February 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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Ascertained losses of wildlife have not been very heavy, if only
because the bay is much less frequented by wintering birds than
many other parts of the Nova Scotia coast. The best estimate of
birds killed by 14 February was 2,300, principally sea ducks,
grebes, and awks. An aerial survey on 15 February found almost
2,000 birds in the Bay.

176. Boyland, E. (1964)
POLYCYCLIC HYDROCARBONS.
Brit. Med. Bull. 21:121-126

The target material in which the precancerous biochemical lession occurs
may be nucleic acid or protein or even some other type of molecule.
It might be the DNA of the nucleus or a suppressor in the cytoplasm.

Three hyporheses of the mechanism of action of car:inogenic poly-
cyclic compounds have been discussed. All need further investigation
but they are not necessarily mutually exclusive. Carcinogenic
compounds may form complexes with nucleic acid and then be oxidized
so that the oxidation products react chemically with the bases

or o'her part of the melecule. Like many hypotheses these will be
difficult to prove correct, but it might be possible to show one or
other to be false.

177. Boyle, C.L. (1969)
OIL POLLUTION OF THE SEA: IS THE END IN SIGHT?
Biol. Conserv. 1(4):319-327

After a brief historical statement, the chief cause of deliberate oil
pollution of the seas--the cleaning out of oil tanks--is examined, and
means of abolishing it are discussed. Examples of oil discharge
following accidents are also given, and means of cleaning up the
resulting oil-slicks are considered. The effect of oiling on marine
fauna is dealth with--especially the effect on individual birds.
Methods of cleaning oil from birds are looked at, .and the
possibilities of the birds rehabilitation are discussed. Finally,
the prospects of the termination of oil pollution are considered.
Special references are made to the Interactional Conference on

0il Pollution 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
NONIAONIC SURFACE ACTIVE AGENT.

Norwegian J. Zool, 20:137-140

Mytilus edulis L. collected in Gullman Fjord during the course
of one year were exposed to the surface-active agent nonylphenol
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
of 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 concluded that the swelling of the tissue is due to

some non-specific damage to the cell membranes.

Brenniman, G., et all (1976)

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

Water Res., 10(2):165-169.

A continuous flow bioassay system was designed to measure the effects of
outboard motor exhaust (OME) emissions and selected volatile and
evaporative aromatic toxicants on goldfish ( Carassius auratus ). Con-
tinuous flow bioassays were run for 24, 48, 72, 96 and 720h to determine
lethal concentrations for 50% of individuals (LC-50's) for leaded

OME, non-leaded OME, toluene, xylene, 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 fuel 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.

Bridie, A.L. and J. Bos. (1971)
BIOLOGICAL DEGRADATION OF MINERAL OIL IN SEA WATER.
J. Inst. Petrecl. 57:270-277.

There are still many opinions concerning the degradation of mineral
0il in sea water and experimental evidence to test various hypotheses
is needed. Therefore the bacterial oxidation of oil has been
investigated in a marine environment. To this end, the rate of
oxidation of o0il in actual sea water samples was measured at the
laboratory and the results were compared with those obtained on
model substrates. It was found that mineral oil is equally well
degraded biologically in sea water and in fresh water and that the
rate of degradation depends mainly on the availability of nitrogen
and phosphorus—containing compounds, which elements control the
growth of a bacterial population. As these compounds are indeed
present in sea water, but in extremely low concentrations only,

it must be expected that the natural purification process, in the
case of oil, will take a relatively long time, probably many months.

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 DISTRICT, LOS ANGELES, MAY 1969, pp. 147-150

0il leakage occured in the vicinity of the Atlantic Richfield 0il
Company's of fshore drilling island 0.5 miles off Point Gordo,

Mussel Shoals, Ventura County. When the o0il slick reached Rincon
Island there was some destruction to the biota, but it was said

to be minimal. The writer's opinion is that while the oil seepage
did kill some of the intertidal organisms on Rincon Island, the
destruction was not as great as anticipated. The greatest damage to
life was found to be the result of silting and pollution from recent
storms. (Sinha-0EIS)

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

RESPIRATORY RESPONSE OF JUVENILE CHINNOK SALMON AND STRIPED BASS
EXPOSED TO BENZENE, A WATER-WOLUBLE COMPONENT OF CRUDE OIL.

In: Conference on Prevention and Control of 0il Spills. pp. 783-792.

Experiments were conducted using juvenile chinnok salmon, Oncorhynchus
tshawytscha, and striped bass, Morone saxatilis. The fish were
exposed to sublethal concentrations of the aromatic hydrocarbon
benzene, 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 that of control fish after exposure periods

of 24 hours for striped bass and 48 hours for chinnok salmon.

Fish exposed to benzene concentrations of 10 ppm for periods

longer than those listed exhibited a narcosis that caused a

decrease in respiratory 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.

Brodersen, C.C., S.D. Rive, J.W. Short, T.A. Mecklenburg and J.F.
Karinen (1977)

SENSITIVITY OF LARVAL AND ADULT ALASKAN SHRIMP AND CRABS TO ACUTE
EXPOSURES OF THE WATER-SOLUBLE FRACTION OF COOK INLET CRUDE OIL

In: Proceedings 1977 0il Spills Conference p. 575-578. Amer. Petrol
Inst., Wash., D.C.

The sensitivity of adult and larval Alaskan shrimp and crabs to the
water-soluble fraction (WSF) of Cook Inlet crude oil was measured

by tests using 96-hour static bioassays at the water temperatures

that these animals normally encounter. Larval crustaceans were

found to die more slowly than adults, making it necessary to measure
sensitivity in terms of concentrations causing moribundity (death
imminent) insetad of in terms of concentrations causing death

during exposure. The cessations of all motion and reaction was

found to indicate moribundity 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 LCSO's for moribundity for stage 1 larvae ranged

from 0.95 to 1.8 ppm depending on species, while 96-hr LCgn's for adults
ranged from 1.9 to 4.2 ppm oil. Sensitivities for stage %—Vl 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 particularly 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 EFFECY OF KUWAIT CRUDE OIL AND A SOLVENT EMULSIFIER ON THE
METABOLISM OF THE MARINE LICHERS LICHINA PYGMAEA.

Mar. Biol. 12(4):309-315

This article reports the effect of Kuwait crude oil and BP 1002
on the 14C fixation of a marine lichers Lichina pygmaea. The
emulsifier was more inhibitory than the oil. The inhibitory
component in the emulsifier was concluded to be the surfactant.

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,
multidisciplinary 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 INNOCUOUS TO MARINE BIOTA AS
INFERRED FROM LITERATURE REVIEW.

Final Task Report to U.S. Coast uuard. Report No. CG-D-43-77.
Available 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/l. 1% of this value, or

5.5 ug/l 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.

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 refined motor oil in both

fresh and salt water by mixed cultures was studied. 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 microbial utili-
zation of the oil included the production of waxy materials in
addition to water-soluble compounds. The growth of the microorgan-
isms on the oils rendered the water unfit for fish life.

Brown, L.R. and R.G. Tischer (1969)
DECOMPOSITION OF PETROLEUM PRODUCTS IN OUR NATURAL WATERS.

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

Experimental data suggest that water-soluble products formed during
microbial decomposition of petroleum products are 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 o0il during microbial decomposition.
Addition of a nitrogen source and supplemental inorganic phosphate
enhanced microbial activity. The waters were toxic for fish even
after separation and removal of bacteria and oil.

(Sinha~OEIS)

Brown, P.E. (1959)
DESTRUCTION OF SEA BIRDS

In: Proc. Intern. Conf. 0il Poll. Sea, Copenhagen, 71-73
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191. Brown, R.G.B., D.I. Gillespie, A.R. Lock, P.A. Pearce, and G.H. Watson.
(1973)

BIRD MORTALITY FROM OIL SLICKS OFF EASTERN CANADA. FEBRUARY-APRIL
1970.

Canadian Field-naturalist 87:225-234.

0il slicks resulting from the "Arrow'" and "Irving Whale'" spills in
February 1970 resulted in the known deaths of 1,500 ducks and
seabirds, and an estimated total kill of at least 12,000 birds.
The species principally affected were Oldsquaws, Red-brested

. Mergansers, grebes, and murres in Chedabucto Bay, Nova Sotia;
murres, Dovekies, and Fulmars between the Nova Scotian coast
and Sable Island; and Common Eiders (subspecies borealis), murres,
and Black Guillemots off southeast Newfoundland. The breeding
populations to which some of these birds belonged are identified, and
the overall effect of this mortality on the species as a whole is
assessed. Only the kill of borealis eiders approached significance
to the population of this subspecies. It is emphasized that the
hazard presented by an oil spill depends on its position and
timing as much as on its size.

191.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 Workshop held at the University of Rhole Island, Jan 11-13
1978. Center for Ocean Management Studies, University of Rhode
Island, Kingston, Rhode Island.

A variety of zooplankton and benthic species were collected on

two cruises to the Argo Merchant and examined histo pathologically.
On the first cruise, made two months after the spill, some zooplankton
showed signs of external and internal fouling with oil; a Cancer
crab was found dead with a thick deposit of Argo oil coating the
remmant of the gut; a hermit crab was found moribund; several
Modidus had mantle lesians reminicent of pearl formation. One
mussel had these lesions adjacent to Argo oil on the internal shell
surface. One starfish had tarballs in the buccal cavity. In
contrast speciments collected on the second cruise, seven months
after the spill, showed no signs of oil contamination.

192. Brown, S.0., and V. Van Horn. (1950)

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

Texas A&M Res. Found., Project 9.
Anaerobic microorganisms capable of oxidizing crude oil were found

to be present in every one-gram sample nine out of ten O.l-gram
samples, eight out of ten 0.0l-gram samples, and one of ten 0.001-
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gram samples. This indicated that the number of anaerobic oil-
oxidizing microorganisms was on the order of 100 per gram of mud.

It was found that all of five samples of curde oil, each representing
a different oil field, were susceptible to degradation by these
microorganisms.

Brown, S.0., et. al. (1951)

DECOMPOSITION OF ORGANIC COMPOUNDS BY MARINE MICROORGANISMS.

Texas A&M Res. Found., Project 9, 11 pp.

Sixty-six organic compounds representing alcohols, hydroxyorganic
acids, aliphatic hydrocarbons, cylco—-alkanes, heterocyclic compounds,
aromatic carboxylic acids, phenols, aromatic amines, mercaptans, and
other related compounds were shown to be oxidized by marine micro-
organisms of the waters of Southern Louisiana. The procedure was

to determine by the Winkler method the oxygen consumed by bacteria
in a solution of the pure compound of sterile aged sea water when
innoculated with fresh sea water of Southern Louisiana. The

results demonstrate that bacteria are present which will destroy

a very diverse group of organic compounds. In all probability,

the presence of these microorganisms would prevent the acumulation
of toxic by-products due to bacterial action on hydrocarbons in

the salty or brackish waters of Southern Louisiana.

Brownell, R. (1971).
WHALES, DOLPHINS AND OIL POLLUTION.
In: Biological and Oceanographic Survey of the Santa Barbara 0il 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 May 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 five dolphins

showed no external oil contamination.

Brownell, R. and B. LeBoauf. (1971)
CALIFORNIA SEA LION MORTALITY: NATURAL OR ARTIFACT.
In: Biological and Oceanographical Survey of the Santa Barbara

0il Spill, 1969-1970. Vol. 1. p. 287. Allan Hancock Foundation
Sea Grant Publ. 2. D. Straughan (ed.).

The population of California Sea Lion ( Zalophus californianus ) pups was
censused on June 16, 1969. In spite of the fact that 467 of the living
pups and 687 of the dead pups were oily, the mortality rate was only
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13%, a figure well within the normal limits. If oil contamination
had a deleterious effect on pup health, and in some way increased
the probability of death, the effect was unquestionably, very small.

196. Bruce, H.E. (1974)

SAMPLING MARINE ORGANISMS AND SEDIMENTS FOR HIGH PRECISION GAS
CHROMATOGRAPHIC ANALYSIS OF AROMATIC HYDROCARBONS.

In: NBS Spec. Publ. 409, Marine Pollution Monitoring (Petroleum),
Proceedings of a Symposium and Workshop held at NBS, Gaithersburg,
Maryland, May 13-17, 1974.

This paper describes hand collection methods used to collect sediment
samples and inner-tidal tidal organisms for analysis of aromatic
hydrocarbons in the pasts per billing range. The methods minimize
contamination and sample handling errors. -

197. Bryan, G.W. (1969)

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

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

The effects of oil-spill removers (detergents) on a population 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 resistant to "detergent' treatment, but

at Porthleven the species was wiped out in the harbor and the
majority 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
laboratory and appear to be an indirect effect of "detergent"
resulting from its interference with the ability of the animal

to feed and with the availability of food.

Recolonization of the reef was more rapid 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 there as well and would have
been slow to recover.

Buck, W.F.A. and J.G. Harrison (1967).

SOME PROLONGED EFFECTS OF OIL POLLUTION ON THE MEDWAY ESTUARY.
WAGBI Teurboah 1966-7, 32-33

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 0il Spills. pp. 725-732.
Amer. Petrel. Inst., Wash. D.C.

The effect of the accidental spillage of 5000 gallons of aviation
fuel into a mountain stream was monitored for a year and re-examined
after three years. Immediately after the accident a survey indicated
that the majority of aquatic invertebrates and about 2,500 fish

were killed for at least two miles (3.2 kilometers) downstream from
the spill. Gasoline residues in the sediments prohibited recoloniza-
tion of mayflies, stoneflies and certain caddisflies for at least

six months. The midge Orthocladius was the most resistent organism.
The reappearance of mayfly and stonefly nymphs 12 months after the
spill indicated a significant degree of recovery in the maeroin-~
vertebrate community within three years after the spill there was complete
recovery as indicated by an average diversity value of 4.00.

Burnett, F.L., and Synder, D.W. (1954)

BLUE CRAB AS STARVATION FOOD OF OILED AMERICAN EIDER.

Ank. 71, 315-316

This note describes briefly the effect of the breaking up of two
tankers off Monomoy Island had on the large flock of American
Eiders. More particularly described is the finding of two
eiders, each with a bluecrab stuck in the throat.

Burns, K.A. (1976)

HYDROCARBON METABOLISM IN THE INTERTIDAL FIDDLER CRAB UCA PUGNAX

Marine Biology 36:5~11.

The fiddler crab Uca pugnax was examined for its ability to metabolize
foreign hydrocarbons. The microsomal 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'1 b in the gill,
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and 228 pM mg_l h"l 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 that this minimal ability of U. pugnax to metabolize
foreign hydrocarbons partially accounts for its sensitivity to oil
pollution in the environment.

202. Burns, 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 Repcrt, Reference
No. 71-69, p. 1-24. (Unpublished manuscript).

The oil barge "Florida" ran aground just off Little Island, West
Falmouth, 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 incorporation 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
0il 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 SARGASSUM 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 Sargassum. There was no
relation between the hydrocarbon content and the animals' supposed
positions in the food chain.

Butler, M. and F. Borkes (1972)
BIOLOGICAL ASPECTS OF OIL POLLUTION IN THE MARINE ENVIRONMENT: A REVIEW.

McGill University, Montreal Marine Sciences Centre, Manuscript Report
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 o0il pollution on marine birds, mammals,
fish, sediments, shellfish, benthic invertebrates, algae and plankton
are reviewed and several oil spill incidents are summarized,
including TORREY CANYON, Santa 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.

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:
Wiley, 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 diffusible hydropliopic 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.

Button, D.K. (1974)

ARCTIC OIL BIODEGREDATION.

Final Report USCG-D-114-75. NITS Ad-A014 096/26A. 43pp.

The abundance of microbial hydrocarbon oxidizers is reported from
measurements in three widely distributed marine systems in the

far north. Concomitant in situ organic substrate oxidation rates
measured by 1“COZ 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 high molecular weight alkane solubility confirmed. This true
solution was used to show that a relatively high molecular

weight hydrocarbon can be co-metabolized along with another
substrate (arginine) from the dissolved phase. Dodecane derived
€0y, arginine and flutamic acid were recovered from the lac-
dodecane, ““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
concentrations.

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 CLAM
MERCENARIA SP.

Mar. Biol. (Berl.) 40(3):225-232.

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. Byrom, Jane A., 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, Cabinet Office, H.M. Stationery Office. 56 p.

The course of events following the grounding of the Torrey Canyon
off the coast of Cornwall is reviewed, with an account of measures
taken to reduce and remove contamination of the beaches and

harbors by the spilled oil, and the effects of the oil,

and tho detergents used to remove it, on fish, shellfish,

intertidal plants 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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Cahnmann, H.H. and M. Kuratsune, (1957)

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

Anal. Chem. 29:1312-1317.

As barnacles take up polycyclic aromatic hydrocarbons from polluted
surroundings, it was of interest to know whether other marine animals
living in water polluted with petroleum oils or tars also contain such
hydrocarbons. As an investigation of edible marine animals is of
particular practical interest, oysters collected in a moderately
polluted harbor area were chosen for the present investigation.

The nonsaponifiable matter obtained from an oyster extract was
fractionated in a series of chromatographic separations, and the
fractions thus obtained were investigated spectrophotometrically.

The analytical procedures used are also applicable to other complex
mixtures. The spectrophotometric investigation of the chromato-
graphic fractions led to the detection of a number of polycyclic aromatic
hydrocarbons. They amounted to about 1 mg. per 1 kg. of shucked
oysters.

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
with ship fuel oil and industrial sewage. A methanol extract 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
series of chromatographic separations. 3

Spectrophotometric investigations of the chromatographic fractions
revealed the presence of a number of polynuclear aromatic
hydrocarbons, 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.

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
RAF., AND THE POND SNAIL PHYSA HETEROSTROPHA SAY.

Nat. Acad. Nat. Sci. Phila., 353 1-12
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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 snails, the concentration

of naphthenic acids which resulted in 507% 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.

Caldwell, R.S. (1976)

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

In: Environmental Assessment of the Alaskan Continental Shelf.
Principal Investigators Reports for the Year Ending March 1976,

Vol. 8. Effects of Contaminants, p. 345-375.

The full strength seawater soluble fraction of Cook Inlet

crude oil is acutely toxic to first instar C. magister larvae

but no lethal or sublethal effects were fcund of an approximately
1/10 dilution of this fraction during a 28-day continuous exposure
period. In similar long-term exposures, 0.16 ppm naphthalene,

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, evaporation, and metabolism by microorganisms, these
studies suggest that crude oil contaminations of seawater may

not seriously affect decapod larvae as long as the larvae do

not contact the oil/water interface.

California Fish and Game Department (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 be 1603
birds. Additional data from bird treatment centers raises the
estimated loss of birds to 3600.

Campbell, B., E. Kern, D. Horn (1977)
IMPACT OF OIL SPILLAGE FROM WORLD WAR II TANKER SINKINGS.

Report No. MITSG-77-4 Department of Ocean Engineering, Massachusetts
Institute of Technology Cambridge, Mass.

The available data on tanker sinkings was accumulated. A computer
model was developed to estimate the tragectory of oil released

from each ship sunk in the vicinity of Cape Hatteras. Asbury

Park, New Jersey was also investigated on the merit of substantial
documentation of spills in that area. Interviews were conducted

to obtain first-hand information on visible effects of the oil.
Newspapers and records of marine activities were analyzed to determine
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. In both cases, regional
wildlife and economy survived with minimal difficulty.

Canadian Scientific Pollution and Environmental Control Society.
(1971)

0il Problems Investigation. Report of Canadian Scientific
Pollution and Environmental Control Society, Vancover, B.C. 356pp.

Various aspects of the o0il pollution problem were studied.
Individual papers are ccncenred with a legal analysis of oil
pollution incidents off Canada's west coast, the effects of oceanic
and meteorological conditions on oil spill dispersal and effects

of 0il and dispersants on the marine environment. The examinations
deal particularly with meteorological and oceanic aspects of the
Pacific Northwest and the Alaskan coast.

Canevari, G.P. (1969)
THE ROLE OF CHEMICAL DISPERSANTS IN OIL CLEANUP.

In: O0il on the Sea, D.P., Hoult (ed.) Plenum Press, New York.
pp. 29-51.

This article discusses the use of dispersants including arguments

for and against their use from 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.

B-70

)
e % Jo gl e r-_‘-l.‘; sy

i §



218.

219,

220.

Canevari, G.P. and G.P. Lindblom (1976)

SOME DISSENTING REMARKS ON "DELETERIOUS EFFECTS OF COREXIT 9527
ON FERTILIZATION. AND DEVELOPMENT.

Mar. Pol. Bull, 7 127-128

This article discusses the relevance of laboratory toxicity
studies of a chemical oil dispersant. While Lonning and
Hagstrom use a sensitive means to determine the more subtle,
sublethal effects of chemicals on marine life, two major aspects
of their work should be clarified. First, a concentration of
1-10 ppm of chemical dispersant, wherein fertilization of the
sea urchin egg was affected in their work, does not occur in the
usual marine environment with proper use of the dispersant.
Second, there is no evidence to support the conclusion that the
specific chemical dispersants studied by Lénning and Hagstrdm pre-
ferentially release '"toxic substances" from the crude oil.

Caparella, D.M. and P.A. LaRock (1975)

A RADIOISOTOPE ASSAY FOR THE QUANTIFICATION OF HYDROCARBON
BIODEGRADATION POTENTIAL IN ENVIRONMENTAL SAMPLES.

Microbial. Ecol. 62 28-42.
Carlberg, S.R. (1976)
OIL AND OIL DISPERSANTS.

In: Second FAO/SIDA Training Course on Marine Pollution in Relation
to Protection 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. 328-35.

Topics discussed include oil pollution from ships, effects and fate
of oil pollution at sea, possible ways of dealing with released
0oil, and biological aspects of o0il pollution. About 95% of the
crude oil tonnage is now equipped with the load-on-top system
(LoT) to eliminate the discharge of oily water from the emptied
tanks. The LoT prevents an estimated 1.6 million tons of oil from
reaching the sea. Some calculations suggest that 0.7 million

tons of oil are released into the marine environment annually

from crude oil carriers. When oil is released into the sea,

a thin homogeneous slick is formed; 257-30% of the substance
evaporates. The remaining nonvolatile components are converted
into oil-in-water or water-in-oil emulsions. Most of the water-
in-0il "mousse'" washes ashore and forms tarry lumps. Parts

of the oil-in-water emulsions are distributed as fine suspensions,
consumed by plankton, settle on heavy particles, dissolve, or
undergo chemical reactions or bacterial degradation. Possibly
ways of dealing with released oil include taking no action at all
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in the open ocean, suction and skimming, absorbing and gelling,
burning, oil sinking and dispersion. Substances in mineral oil

taken up by marine organisms often cannot be excreted and thus

may be regarded as risks for higher trophic levels in the food chain.
0il and its aromatic compounds may completely hide the identifying
smell of a certain area for migrating fish. Dispensing agents have

a deleterious effect on larval hatching and larval chemoreceptors

of fish. 0il is also able to concentrate DDT and other nonpolar
hydrocarbons (whether chlorinated or not) which are insoluble in
water.

Carr, R.H. (1919)
VEGETATIVE GROWTH IN SOILS CONTAINING CRUDE PETROLEUM.
Soil Sci., 8:67-68.

Several soybean plants were grown in pots containing soil with
varying concentrations of crude oil. Growth of plants was

actually improved with smail amounts of oil (0.75%), and rather
large amounts may be mixed with the soil (4.00%) before the soybean
plant succumbs to the oil treatment. This damage seems to be

due in part to the plant's inability to secure water rapidly

enough to meet its needs.

A small amount of o0il is even desirable in nodule development,
and where the amount of o0il was increased to the extent of
damaging the plant, there was still some nodule formation.

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

Its Not Too Late. Macmillan Company, Glencoe Press, Beverly Hills,
California 327 pp.

The historical roots, nature, and scope of the current ecological
crisis are examined, and changes that have occurred in the
environment are considered. The economics of pollution is

discussed along with the need for establishing ecological priorities.
Specific instances of environmental deterioration, such as the

Santa Barbara oil spill, are analyzed, along with 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: F
UNIVERSITY OF RHODE ISLAND JAN 11-13, 1978, PROCEEDINGS.

Center for Ocean Management Studies, University of Rhode
Island, Kinsgtown, Rhode Island.
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In: These proceedings combine 23 papers and the results of
three workshops on physical, chemical and biological
aspects of the effects of the Argo Merchant spill.

Cerame-Vivas, M. (1969)
THE WRECK OF THE OCEAN EAGLE.
Sea Frontier, 15(4): 224-231.

Background information, an ecological damage report, and a review
of cleanup procedures involved in the wreck of the tanker Ocean
Eagle near San Juan. No data are included.

Cerniglia, C.E. (1975)

OXIDATION AND ASSIMLILATION OF HYDROCARBONS BY MICROORGANISMS
ISOLATED FROM THE MARINE ENVIRONMENT.

North Car. State Univ., Raleigh, Ph.D. Thesis, 65.

Results suggest that the major group of organisms that grew

on paraffinic 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 Cunninghamella, Penicillium, Aspergillus,
Cephalasporium, and ans Penicillium. Growth rates were affected

by incubation temperature, and growth was better on NH4Cl than on
NaNO4, with 0.25 mg/ml N being sufficient for mineralization of
crude oil.

Cerniglia, C.E. and J.J. Perry. (1973)

CRUDE OIL DEGRADATION BY MICROORGANISMS ISOLATED FROM THE MARINE
ENVIRONMENT.

Z. allg. Mikrobiol. 13:299-306.

The utilization of crude oil by microorganisms isolated from marine
environments was investigated. Enrichment procedures for iso-
lating crude oil degrading organisms were carried out using

samples of mud collected among the estuaries and along the coast

of North Carolina. The basal medium was seawater supplemented

with nitrogen and phosphate. The fungi isolated under these condi-
tions 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;
Aspergillus versicolor, Cephalosporium acremonium and a Pencillium
sp. These fungi utilized a wide variety of hydrocarbon substrates
as a source of carbon and energy. All grew on a mineral salts
medium with no requirement for seawater.
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The amount of crude oil utilized by growing fungi was determined.
The results suggested that of the fungi isolated C.elegans and

the Penicillium sp. were most effective in degrading crude

0il. When paraffin base crude o0il was added to the seawater

basal salts medium (0.2% v/v) and innoculated with C. elegans ver
907 of the oil was assimilated after 5 days growth. Less than
one-half of this amount of asphalt base crude oil was assimilated
after 5 days growth. Less than one-half of this amount of asphalt
base crude oil was utilized. The optimum temperature for growth
of fungi that utilized crude oil differed but all grew at
temperatures between 15 and 25°¢C. Significant growth of the fungi
on crude 0il did not occur unless the seawater was supplemented
with a source of nitrogen and phosphorus. The results of this
study suggested that fungi can effectively assimilate crude oil
and that paraffin base crude is more readily degraded than the
asphalt base crude oil.

Chadwick, H.K. (1960).

TOXICITY OF TRICON OIL SPILL ERADICATOR TO STRIPED BASS (ROCCUS

SAXATILLIS).

California Fish and Game, 46:371-372,

Tricon 0il Spill Eradicator is a commercial product designed
to emulsify oil spilled on water. The manufacturer lists the
composition as 20 percent petroleum sulfonate, 5 percent fatty
acid esters, 10 percent polyethylene glycol ether, 63 percent
petroleum solvents, and 2 percent alcohol.

The use of Tricon 0il 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 bioassays in early 1957, in order to determine this
eradicator'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 River

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 0il Spill Eradicator 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.

- Chan, E.L. (1977)

)ILL. POLLUTION AND TROPICAL LITTORAL COMMUNITIES: BIOLOGICAL
EFFECTS OF THE 1975 FLORIDA KEYS OIL SPILL.
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In: Proceedings 1977 0il 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 o0il and stranded in the intertidal
zone. A soluble component of oil, or possibly an organic

cleaning solvent, leaching from this debris, was probably
responsible for a mass mortality of subtidal echinoderms on the
rocky platform. Several crab species were eliminated from the
rocky shores, mangrove fringes, and Batis marsh communities

for several months. Subtidal pearl oysters ( Pinctada radiata )
from the grass flat community suffered extensive mortalities,

also attributable to a soluble component of oil. Red

mangrove ( Rhizophora mangle ) seedlings on the fringe and in the
mangrove swamp, sustaining greater than 507 oiling of their

leaves were killed. Dwarf black mangrcves ( Avicennia nitida )
with greater than 507% oiling of pneumatophores also died, as did
some where the substrate remained oiled one year later.

Elevated temperatures, exceeding lethal limits for many

intertidal organisms were observed in oil-covered substrates.

0il persisted in the substrate of rocky shores and mangrove-
marsh areas for at least one year after the spill.

Chan, G. (1972)

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

College of Marin, Kentfield, California 94904.

The San Francisco o0il 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 o0il on Duxberry Reef as
determined by transects made before and after the spill.
Recovery of the area since the spill is also debated.

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 0il 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-
parative transects and laboratory observations determined that
marine organisms died from being smothered by the oil, with
certain species such as acorn barnacles and limpets suffering
the highest mortalities. Comparison of pre-oil and post-oil
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transect counts showed there was a significant decrease

in marine life after the oil spill on the reef. Marine snails
suffered less mortality than sessile organisms. The normally
large populations of striped shore crabs was missing from the
rocky crevices. Marine algal blooms were observed in certain
localities. By December 1971, the condition of the area is one
of apparent good health; the recruitment of some marine animals
appear to be approaching normal levels. The oil has mostly
disappeared.

Chan, G.L. (1975)

A STUDY OF THE EFFECTS OF THE 3AN FRANCISCO OIL SPILL ON
MARINE LIFE. PART II: RECRUITMENT.

In: Conference on Prevention and Control of 0il Pollution.
pp. 457-462. Amer. Petrol Inst., Wash., D.C.

A study of marine organisms on intertidal transects
encompassed the central theme of observing the effects

of the San Francisco Bunker C oil spill of January 18, 1971.
From a comparison of pre-oil and post-oil transect data with
computation of 95% confidence intervals for population means,
it was estimated that 4.2 to 7.5 million marine invertebrates,
chiefly barnacles, were smothered by the oil. In subsequent
observations from 1972 to 1974, the sample counts of
invertebrates had returned to, and in some cases surpassed,
pre-oil transect levels. No lingering effects of the oil
spill have been noted in any of the marine species.

Chan, G.L. (1977)

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

In: Proceedings 1977 0il Spill Conference. pp. 543-545.
Amer. Petrol. Inst., Wash. D.C.

On January 18, 1971, two Standard 0il tankers collided under-
neath the Golden Gate Bridge, releasing about 840,000

gallons of Bunker C fuel. An egtimated 4.2 million to 7.5
million intertidal invertebrates, chiefly barnacles, were smothered
by the oil. Five-year observations of marine life recruitment
following the spill indicate that 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“ at Sausalito and from nine to

34 per dm? at Dusbury Reef. The large bed of mussels.,

Mytilus californianus, showed a steady rise from 5.9/m2

in April 1971 to 14.01dm? in July 1976. The density of
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mobile organisms, such as limpets, snails, crabs, and star-

fish, all show cyclical variations; some show an overall increase.
The limpets, Collisella spp., 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, probably due to natural ecological forces. The
five-year recruitment (1971-76), however, shows no evidence

of lasting detrimental effects of Bunker C o0il on the
populations of marine life within the transect sites.

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

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

Penn Ar Bed 6 (50), 107-112.

The effect of o0il pollution from the Torrey Canyon on fisheries
along the coast of Brittany was estimated. For a 50-km

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 mil. francs. (Sinha-Oeis)

Chia, F. (1970).
REPRODUCTION OF ARCTIC MARINE INVERTEBRATES.
Mar. Poll. Bull,, 1(5):78-=79.

In temperate waters, biological damage caused by even a major

0il 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.

Chia, ¥.5. (1971).

DIESEL OIL SPILL AT ANACORTES.

Mar. Poll. Bull., 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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Chia, Fu-Shiang (1973).
KILLING OF MARINE LARVAE BY DIESEL OIL.
Marine Pollution Bulletin 4(2):29-30

Laboratory 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 foliata, Crossaster
papposus, Dendraster exercutricus), Mollusca (Acmaea scutum,

Haminoea virescens, Melibe leonina, Katharina tunicata,
Crassostrea gigas), Annelida (Nereis vexillosa, N. branti,
Serpula vermicularis), Arthroposa (Balanus cariosus), and Uro-
chordata (Boltenia velosa). All larvae died at different
durations (from 3 to 72 hr) after being placed in 0.5%

oiled seawater, except Crossaster which survived 8 d.

Symptoms of contact with oil are acute contractions of the gut,
asynchronization 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.

Chipman, W.A. and P.S. Galstoff. (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 o0il, 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 oyster, Ostrea virginica. The one experiment
performed with the hard shell clam, Venus mercenaria, failed

to show toxicity, probably from insufficient concentration of
0il used. The toxicity of these oils is apparent whether they a
present as oil slicks on the surface of the water or are held

re

on the bottom bound to carbonized sand. Strongly toxic fractions

obtained by shaking crude oil and Diesel o0il with sea water and
separating the two phases show that the toxic effect is due to a
substance or substances leached by water.

The toxicity of crude oil to toadfish embryos was found to
increase with concentration; the relationship may be approximate
expressed by an equation y = ax®, where y is survival time,

X is concentration, and a and ¢ are constants. The presence

in water of crude oil and Diesel o0il mixed with carbonized

sand and of extracts of these oils interferes with the pumping
mechanisms of the gills of oysters and reduces the rate

of filtration of water. Continued exposure of oysters

to sea water flowing at a slow rate over a mixture of crude oil
and carbonized sand results in a marked reduction in the amount
of water pumped by oysters and in a decrease in the number of
hours that the oysters remain open.
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Cimberg, R., S. Mann, D. Straughan (1973).

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

In: Proceedings, Joint Conference on Prevention and Control
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 from this 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 analysis 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 iod. 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
mortalities reported were localized in tide pools and high
intertidal areas.

Clark. R.B. (1968).
OIL POLLUTION AND THE CONSERVATION OF SEABIRDS.

In: Proceedings of the International Conference on 0il
Pollution of the Sea, Rome, pp. 76-112.

Clark, R.B. (1970).
OILED SEABIRD RESEARCH UNIT.

Mar. Poll. Bull., 1(2):22.-24.

Following the wreck of the Torrey Canyon, the (UK) Ad-

visory Committees on Oil Pollution of the Sea established

a small research unit in the devartment of zoology of

the University of Newcastle. Research has been carried out on
the waterproofing abilities of bird plumage. A second research
unit was established in Newcastle upon Tyne on 1 January

1970. The most urgent task is to devise suitable methods of
cleaning oiled birds without destioying the water-repellency of the
plumage. Also studied, will be treatment of oiled birds with
enriched foods and drugs, threatment of acute enteritis
following the ingestion of cil, and fate of rehabilitated

birds in breeding colonies in the Farne Islands and elsewhere.

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. 53~13.

In: Water Pollution as a World Problem. The Legal,
Scientific and Political Aspects.

A review covering the effects of oil pollution on sea-
birds, commercial fisheries and coastal flora 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.
Mar. Pellut. Bull., 2 153-156.
244, €lark, 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

dependent on the water-repellency of constituent feathers,
and this is a function of structural and surface properties.
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0iling 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 hydrophilic

feathers, or it mey be the result of penetration by

water between hydrophobic feathers exhibiting an impaired
water-shedding ability or a lowered apparent contact angle.

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 z2ud 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, dispersion, biodegra-
dation, and biological uptake.

Evaluate effects of high-level, catastrophic spills on coastlines and
coastal biota, low-level 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.
Clark, R.€. (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, identification
and quantification of hydrocarbons in organisms and sediment.
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Clark, R.C. Jr. (1976).

IMPACT OF THE TRANSPORTATION OF PETROLEUM ON THE WATERS OF THE NORTHEASTERN
PACIFIC OCEAN.

U.S. Natl. Mar. Fish. Serv. Mar. Fish. Rev. 38 20-26.
€lark, R.C., Jr., 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
0il Spills. American Petroleum Institute, Washington, DC.

An interagency team of biologists, chemists, oceanographers and
engineers has been investigating the long-term effects of oil spilled
by the grounding of the troopship GENERAL M.C. MEIGS January 6, 1972,
on an ocean coast intertidal community of plants and animals. O0il
has continuously been released from the 440,000 liters of Navy
Special Fuel 0il carried by the vessel. The team assessed biological
damage by making (1) surveys of abundance and physiological condition
of animals, (2) qualitative evaluation of obvious damage to plants,
and (3) measurements of the hydrocarbon uptake in both plants - nd
animals. A series of sites, forming a vertical profile of the

rocky shelf area from the upper intertidal zone to the lowest low tide
level in Wreck Cove, have been studied.

This report describes the preliminary findings of the first ten months
(January~October, 1972) of the investigation. Abnormal and dead sea
urchins ( Strongylocentrotus purpuratus ) indicated that this species
was affected. Loss of fronds and bleached thalli not evident in
control areas were observed in the plant community in the immediate
vicinity of the hulk. Petroleum hydrocarbons were taken up in the
intertidal community. The normal paraffin hydrocarbon patterns and
content over the range n-Cy,H3g to n-C37H76 of healthy-appearing
goose barnacles ( Mitella polymerus ), crabs ( Hemigrapsus nudus )
and an alga ( Fucus gardneri ) display the same basic characteristics
as the fuel which had been lost from the GENERAL M.C. MEIGS.

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 United
States, three species of planktonic algae grown in the labortory,

a pelagic alga, a sample of mixed phytoplankton and zooplankton,

and a recent marine sediment were analyzed for their normal paraffin
distribution from Cjy4H35 to C32He6.

Normal paraffins occurred in all samples. Benthic and planktonic algae
and the mixed plankton sample exhibited only a slight odd-carbon
predominance. All algae showed a major maximum at n-CjsHj,
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or n-C3OH 2 In all these features, the algae and the plankton
differed ?rom recent marine sediments. This suggests that the normal
paraffins of recent marine sediments are largely derived from sources
other than the organisms studied.

Differences in the hydrocarbon distribution patters of various classes
of benthic algae may be of taxonomic value. Pristane occurs in several
benthic and planktonic algae; phytane, if present, occurs at a concen-
tration too low to be detected by the method used.

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

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

In: Prevention and Control of 0il Spills, Proceedings of Joint
Conference, Washington, D.C. March 13-15, 1973. p. 161-172.

Normal paraffin hydrocarbons are one of the major groups of compounds

in crude oil and petroleum products. Since these compounds can be
readily separated from aquatic organisms using solvent extraction and
liquid-solid chromatography and identified by gas-liquid chromatography,
the normal paraffins can serve as indicators of petroleum pollution in
the aquatic enviromment. It is necessary, however, to differentiate
between natural (or biogenic) hydrocarbons and those assimilated by

the organisms from pollution sources by comparing the natural hydrocarbon
content and pattern of organisms from areas of pollution with those

of organisms from pollution sources by comparing the natural hydrocarbon
content and pattern of organisms from areas of pollution with those

or organisms from relatively "unpolluted' areas. The paper suggests
techniquee for obtaining and analyzing petroleum hydrocarbon data which
can lead to a standard method for detecting and following the biological
uptake of o0il by living organisms from the aquatic environment.

Clark, R.C. and Finley, S. (1973).
PARAFFIN HYDROCARBON PATTERNS IN PETROLEUM-POLLUTED MUSSELS.
Mar., Pollut. Bull., i 172-176

By applying modern analytical chemistry techniques to the problem of
0il pollution in the marine environment, it is possible to detect very
low levels ( 5ppb) individual n-paraffins n-Cy,H3; to n-CyyH;4) of
paraffin hydrocarbons in intertidal marine organisms and to use these
compounds with suitable baseline information for estimating the quantity
of petroleum pollution uptake in the organisms. Under conditions of
moderate to major oil pollution, this technique provides a calculation
of residual paraffin hydrocarbon pattern in exposed organisms which can

> compared to the pollutant hydrocarbon pattern. For low-level persistent
pollution, 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 oils, etc.)
or where the rate of bacterial degradation is equivalent to the pollutant
input, different techniques of analysis are required.
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Clark, R.C., Jr., and J.S. Finley (1974)

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

In: NBS Special Publication 409,, Marine Pollution Monitoring (Petroleum),
Proceedings of a Symposium and Workshop hold at NBS, Gaithersburg,
Maryland, May 13-17, 1974. National Bureau of Standards. pp. 209-212.

This paper describes anylitical techniques to quantify n-paraffins in marine
organisms and argues for the technique as a monitoring procedure. The method
involves benzene-methanol solvent extraction, silical gen-alumina column
chromatography, and linear programmed-temperature gas chromatography. The
procedure can isolate and identify individual n-paraffin hydrocarbons at

the nanogram (10-9g) lead over the molecular range from 14 to 37 carbon

atoms will approximately 757 reproductibility.

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

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

U.S. National Marine Fish Serv. Fish. Serv. Fish. Bull. Vol.
73:508-515.

Petroleum paraffin hydrocarbons from No. 2 and No. 5 fuel

oils were rapidly incorporated into the mussel, Mytilus edulis,

in a laboratory system that simulated tides. The mussels were
exposed to levels of petroleum hydrocarbons from a surface slick
similar to those encountered in the environment after an oil
spill. After 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
results from these laboratory studies confirm previous studies of
pollutant uptake and loss following actual oil spills.

€lark, R.€. Jr., J.S. Finley and B.G. Patton. (1975).

Long-term chemical and biological effects of a persistent oil spill
following the grounding of the Genral M.C. Meigs.

In: Conference on Prevention and Control of Oil Pollution.
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 quantities of a Navy Special Fuel 0il
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 o0il served to limit its coverage, specific members of the
intertidal community showed effects of the persistence of the spill.
This report describes the long-term observations and analyses made
since the grounding of the 622-foot military transport on a rich and
productive intertidal regime.
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260.

. Clendonming, K.A. (1959).

THE EFFECTS OF WASTE DISCHARGE ON KELP, FUEL OIL.
Univ. Calif. Inst. Mar. Resources, 59 4-12.
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.

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

REPORT OF THE COMMITTEE ON BIRD PROTECTION, 1964.

Auk, 82, 477-491.

This general report includes a paragraph on '"0il and Sea Birds."
Most of this paragraph is devoted to the description of a large
spill in the Dry Tortugas and the active feather to protect colonies
of sooty and noddy terns.

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 0il Spills., pp.
815-820. Amer. Petrol. Inst.

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
bacteria were affected by a variety of petroleum components including
the pentane soluble fraction of the bunker fuel.

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 Heteroxenia fuscescens were
studied under continuous flow assay conditions. Static toxicity
bioassays conducted in 31. jars at 417% salinity and 22 degrees C
showed that 12 vol/l crude oil to seawater was toxic to 50%

of the test colonies in 96 hours. Surviving colonies were adversely
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affected. Tank tests in large, deep containers and flowing seawater
demonstrated a depth protection effect. Gas chromatographic
analysis of hydrocarbon composition of coral exposal to high
sub-lethal levels of crude oil showed that petroleum derived hydro-
carbons were incorporated into the tissues.

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

Petroleum and the Continental Shelf of North-West Europe, Vol. 2.

Environmental Protection. Applied Science Publishers, London. 126pp.

This volume consists of thirteen papers presented at a conference
organized jointly by the Geological Society of London, the Institute
of Geological Sciences, the Institute of Petroleum and the

Petroleum Exploration Society of Great Britian. The papers are
mainly reviews, including general reviews of the biological

effects of o0il pollution.

RR. Colwell (1974).
MICROORGANISMS OF THE OUTER CONTINENTAL SHELF.

In: Marine Environmental Implications of Offshore 0il and Gas
Development in the Baltimore Canyon Region of the Mid-Atlantic

Coast. Proceedings of Estuarine Research Foundation Federation

Outer Continental Shelf Conference and Workshop. Estuarins
Research Federation. p. 259-264.

This article discusses the effect of pollutants on microbial
populations particularly with reguard to biodegredation of
hydrocarbon pollutants. The work cited was primarily done in
Chesapeake Bay.

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

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

In: The Microbial Degradation of 0il Pollutants. pp. 185-197.

Petroleum degradation in the marine environment is one of the many
processes effected by microorganisms. Control of this process

will be achieved only through an understanding of microbial ecology.
Information obtained on the ecology of mercury-metabolizing bacteria
in Chesapeake Bay has provided interesting comparisons with the
petroleum-degrading microbial populations. Petroleum degradation
studies are being done to obtain a seasonal incidence, as well as
species distribution of petroleum-degrading microorganisms in
Chesapeake Bay. From analysis of water and sediments collected

at two stations in Chesapeake Bay it was found that the concentra-
tion of petroleum in an o0il polluted site in Baltimore Harbor
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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.

Conder, P.J. (1968).

TO CLEAN OR KILL.

Birds, 2 56.

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.

Conney, A.H., et al. (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 tri- and diphosphopyridine nucleotide
(TPNH and DPNH) and oxygen are 8-hydroxy-BP, 10-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 0il and Gas Lease Sale No. 42. WHOI-77-1.
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 envirommental effects of
offshore o0il exploitation. O0il 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 community 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 0il 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.

B-88




269.

270.

2715

272.

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 organiams. 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.

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 Oklahome
crude oils.

Cook, J.W., W. Carruthers, and D.L. Woodhouse. (1958).
CARCENOGENICITY OF MINERAL OIL.

Nature 213: 691-92.

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 reacticn of mechanical stimulus, sexual conditions,
production of byssal threads by mussels, movement of starfish,
weight loss, and predation. Several functions of mussels were
affected 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.

Cooper, L. (1968).

SCIENTIFIC CONSEQUENCES OF THE WRECK OF THE TORREY CANYON.

Helgolander Wiss. 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

P 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 oz/day/sq m at refinery A and from 21.66 to 7.50 g o2/day sq m
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
biocactivity 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.

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.

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

QUALITATIVE STUDIES ON THE MATABOLISM OF NAPHTHALENE IN
MAIA 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-dihydro~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-naphthylmercapturic acid has been
detected in the urine after acidification. 1-Naphthol, l-naphthyl
glucoside and l-naphthyl sulphate have been identified in the
urine of Maiadosed with l-naphthol.

Corner, E.D.S., R.D. Harris, C.C. Kilungton and S.C.M. O'Hara
SHORT-TERM 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-14c) naphthalene accumulated a detectable

quantity (3.6 pg/animal) from concentrations as low as 0.10
yg/1.

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 radiocactivity 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

Calanus is able to metabolize it.

Corner, E.D.S., Harris, R.P., Whittle, K.J. and Mackie, P.R.
(1976)

HYDROCARBONS IN MARINE ZOOPLANKTON AND FISH:
In: Effects 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 first section being mainly concerned with zooplankton,
and the second with fish.

Corner, E.D.S., A.J. Southward, and E.C. Southward. (1968).

TOXICITY OF OIL-SPILL REMOVERS (DETERGENTS) TO MARINE LIFE:
AN ASSESSMENT USING THE INTERTIDAL BARNACLE, ELMINIUS MODESTUS.

J. Mar. Biol. Assn. U.K., 48:29.

The oil-spill removers BP 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-I, and Kuwait crude oil. BP 1002 was the most toxic
of the oil-spill 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
extract" ("Kex'") used as an organic solvent; the solvent '"Shelsol 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 BP 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.

Coughlan, J. and J.F. Spencer (1967).

MILFORD HAVEN:EFFECTS OF OIL SPILLAGES ON ECOLOGICAL SURVEY.
CENTRAL ELECTRICITY RESEARCH LABORATORY, REPORT RD/L/N 23/67
(mimeo, pp8.)

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 Puccinellia 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
affects the severity of damage. Surfactants severely affect 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 plants in salt marshes
at Fawley. The effects could cause major changes in erosion and
deposition patterns, leading to serious conservation problems. Even
though no cleaning had been done, no oil or effects 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.

Cowell, E.B. (1971).

CHRONIC OIL POLLUTION CAUSED BY REFINERY EFFLUENTS, 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 Water, Spartina contaminated by effluent 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
Umbellifer 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 areas of deeper water and greater tidal
dispersion.

Cowell, E.B. (1971).

SOME EFFECTS OF OIL POLLUTION IN MILFORD HAVE, UNITED KINGDOM.

In: Conference on Prevention and Control of 0il Spills. pp. 429-436.

Research on the biological effects of o0il pollution and detergent
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