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WORK SCOPE(SEBRPTENDER 30,1980-SEPTEMBER 29,1381)

This phase of the research eatailed:

I. Completing the work relating to the use of C-18 Sep-Pak
aini columns for concentrating water-soluble JP-4 derived
alkylb2nzenes. This research has beena subamitted amd ac-
cepted for publication in the BULLEIIN OF EMVIRQUMENTIAL
CONTARINATION AND ZOXICOLIGY. This paper will appear in

vol. 27 no. 6 {(Deceambar), 1981,

II. Determining the solubilities of the major JpP-4 jet fuel
alkylbanzenes in vater at five differeat tesperatures and
four different salinities. This study has been completed

and a manuscript is in final stages of preparation.

III. Completing studies to deteraine the LC 50 and MATC for
tolueme in fathead minmow eabryos, 1-day posthatch proto-
larvae and 30-day old fish. This study is the basis of a
manuscript which has been completed and is iacluded as a
part of this report. It will be subaitted to BULLETIN QF
ENVIROQNBENTAL CONTAMINATION AND TOXICOLOGY.

IV. Prepariang a sanuscript describing the water-soluble
Lethal amnd No-Effect Levels of Toluene on the Fathead HNia-
nov. Analysis of these exhausts was coapleted using tech-

niques and egquipment described under pbases I and II

above. This manuscript has beem accepted for publication

in  ARCHIVES [FEOQR EUVIRONMENTAL  COMTAMINAIION AND
TOXICOLOGY, and is included as Appendix B of this report.




V. Continuing with the description of early stages of
eabryonic development in the fathead mimnow at 20 C and 25
Ce The effects of toluene exposure upon developsent are

also under imvestigation.

YI. Continuing the measurement of benzeme and toluene

metabolisma by the 12,000 x g liver superaatant.

YII. Iaitiating scanning electrom microscopy (SEA) studies

on control and toluene-exposed fathead ainnows.

I. A copy of the accepted manuscript: USE OF BREYERSE PHASE
; €=18  AIBI-COLONES FQR  CONCENTRATING  HATER-SOLUBEE
BIDROCARDONS submitted to BULLETIN OF ENVIROBNENTAL
CONTABLNATION AND TOXICOLOGY is imcluded ia Appeadix A.

o VTR N bz e =

II. The solubility of the major JP-8 jet fuel alkylbeazeass
was detersined msiag the followiag parameters:

A. Pive wvater temperatures over the range of 3C and 37C. LTy~ o 0t

B. Pour different water salinities for each of the five Jugria
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The mamsuscript in wvhich the results of this study are de-

scribed is given belowv.

SOLUBILITY OF MAJOR JP-4 JET FUEL ALKYLBENZENES IN WATER OF

DIFFERENT SALINITY AND TEMPERATURE

R.L. Puyear, K.J. Fleckenstein aad J.D. Braamer




JP-4 jet fuel is primarily kerosene, although actual com-
position varies considerably from one batch to another.
Kerosene consists of approximately 40% alkanes (by weight)
and 2% alkylbenzenes (SNYDER, et al. 1963). MORROW (1974)
has showa that the alkanes are relatively harmless in an
ayueous enviroamment. The alkylbenzenes, however, are far
mocre toxic. JP-4 used in this study included approximately
4% toluene (by volume) and 2-3% xylenes (m-, p-, aad o-xy-
lene) .

PICKERING, et al. (1966) found varyiny degrees of toxici-
ty of some alkylbenzenes depending upom water hardness, pH,
and teamperature. Jther studies have shown that any ome or
combination of these factors could influence the water-sola-
bility of various hydrocarbons (BOBRA, et al., 1979; FRIANT
and SUFFET, 1979). BOBBA, et al., (1979) reported the so-
lubility of aromatic hydrocacrbons was less ia sea water than
fresh water. MCAULLIPE (1971) found the solubility of aro-
matic hydrocarbons such as toluene and benzene decreased as
the concentration of WNaCl increased. FRIANT and SUFFBT
(1979) demonstrated that although temperature and electro-
lyte concentration influenced the solubility of the hydro-
carbons they studied, pH had no significant influence upom
solubility. In this study ve examined the effe-~ts of wvater

hardness and teaperature upon the solubility of hydrocarbogs

i.ll JP~-l.
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Fig 1. Soiubility of JP-4 Alkylbenzenes as
s Affected by Salinity and Temperature.
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Materials and Methods

The hydrocarbon standards used vere analytical grade
(Alltech Assoc.). Solvents were spectral grade (Burdick and
Jackson). The JP-4 jet fiel was obtained from the North Da-
kota Air Natiomal Guard, Fargo, N.D. Hydrocarbons were con-
centrated using mini-columuns (Sep-Pak C(-18, Waters and As-
soc.) according to procedures described previously (PUYEAR
et al, in press).

Fargo tapwater has a hardness of 80 PPM CaCO3l. Seawater
was prepared wusing Iastant Ocean(Aquariuma Systeas Inc.,
Wickliffe, OH) synthetic sea salts in tap-water. Full-
strength seawater had a specific gravity of 1.025; specific
gravity of half-stcenyth sea vater wvas 1.015; CaCO3 harduess
was 6400 and 3200 PPN respectively.

Water-soluble fractions of JP-4 were prepared by slowly
mixing 100 ul of JP-4 im 500 ml hydrocarbom-free vater for 2
hours in silanized 1 liter glass stopperedi erlenmeyer
flasks. This voluae provided concentrations of individual
vater-soluble coaponents which could readily be quantified,
but which vere still b2low their reported saturation level
in vater. This solution was then put into a separatory fua-
nel aad alloved to stamd for 2 hours. Following this, 200 nl
of the JP-4 water mixture was drawn froama the separatory
funnel and comcentrated using a C-18 Sep-Pak (PUYEAR et al,
in press)e. In those cases where the vapor phase vas saa-

pled, aixiny was done in a 24/40 standard tapered 1 liter

L e e gt
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erlenmeyer flask fitted with a 24/40 standard tapered syr-
inge needle adaptor stopper. After mixing for ¢two hours,
the vapor phase in the flask was apalyzed chromatographical-
ly. Samples were injected using a Valco 6-port valve main-
tained at rooam temperature. This injection valve was fitted
with a 250 ul sample loop. The sample loop was filled by
evacuating it to a aejative 15 pounds per syuare iach. Af-
ter duplicate <chromatographic analyses of the headspaces,
the aqueous phase was then poured into a separatory flask
and processed as described above.

Hydrocarbons were detected using a Variam 3760 jas chro-
matoyraph with a flame iomization detector. A ylass chroma-
tographic coluan (2 am i.d. by 1.8 m) was packed with 10%
1,2,3-tris (2-cyamoethoxy) propane [TCEP) on 100/200 aesh
Chromosarb PAWN (Supelco, Inc.).

Components of JP-4 vere identified by comparison with re-
tention times of standard bydrocarbons and by peak-enhance-
ment methods. The aliphatics were not baseline-resolved,
and could not be conclusively identified. Concentrations of
alkylbenzenes wvere calculated using the external standard
nethod, with a Spectra Physics SP-4000 data system. Coucea-
trations are reported in PPA by volume {(ul/l). The data
analysis was performed using Statistical Apalysis Systea
{SAS, 1979), and Duncan®'s Multiple Range vas employed for

testing significant differences in alkylbeazeme solubili-

ties. SAS/GRAPH(1981) was used for plotting data.




Besults

The 2ight alkylbenzenes present in highest comcentration

in JP-4 that have bren identified aad quantified are listed

s in Table 1 These concentrations were obtained by chromato-
graphic analysis of JP-4 in ethyl acetate. The aliphatics

appear in much higbker concentrations in JP-4, but becaise of

their low wvater-solubility and high volatility, they vere

not preseat in significant (nor reproducible) amounts in the

water-soluble portion.

TABLE 1

PERCENT OF MAJOR ALKYLBENZENES IN JP-4

g L ]
| |
| CORPOBENT PERCENT I
i {
| Toluene 7.3 i
| Ethylb2azene 0.6 |
! I Xylenes(m & p) 2.3 i
| o-xylene 1.0 |
} 3,4-ethyltoluene 0.7 i
} 2-ethyltoluene 0.2 {
| 1,2,4-trimethylbenzene 1.2 |
} 1,2,3-trimethylbenzene 0.1 ]
| |
i [
[ 8 ' ]

Benzene was not detected using the present chromato-
graphic conditions. JP-4 vas added to gthyl acetate
(2 PPN v/v) amd 1 ul chromatographed.

Maximum agueous solubility of JP-4 alkylbenzemes are
listed in Table 2 These were obtaimed by miximg JP-4 in

glass-distilled wvater at 25 C for 2 hours; thea placed in a




separatacy funnel for two hours before conceatrating with a
Sep-Pak. At lower temperatures these values should increase
sosevhat. It should be noted here that, evea in the highest
concentrations, the maximum solubility £for any single com-

pound was 30 PPM or less.

TABLE 2

MAXINUNS CONCENTRATION OF JP-4 DERIVED ALKYLBEMZENES IN
GLASS-DISTILLED WATER AT ROONM TEMPERATURE

3 R
| |
| COBPOBEBNT COBNCENTRAYION |
| |
§ Tolueae 30 i
| Ethylbanzene 3 i
} Xylenes{m & p) 6 |
| o-xylene 2 i
} 3,4-ethyltoluene 1 {
| 2-ethyltoaluene 0~3 |
I %,2,u-trimethylbenzene 1 |
] 1,2,3-trimethylbenzene 0.5 i
| l

Each walue is the meam of 4 duplicate determinations.
Values are expressed as PPM(v/V).

With a viev to investigating possible antagonistic ef-
fects of alkylbenzenes, the experinment summarized in Table 3
was performed. Starting with toluene in glass-distilled wa-
ter, anl progressing on to a mixture of 4 compounds, single
hydrocarbons were mixed in glass-distilled water for 2 houcs
and concentrated wvwith a Sep-Pak as described above. The

volumes of hydrocarbon added in these saamples were compara-

ble to the volumes in JP-4 at saturatioa level.




TABLE 3

RECOVERY OF ALKYLBENZENES FROM GLASS~DISTILLED WATER WHESN
ADDED IN VARIOUS COMBINATIONS

COBPOBENTS RECOVERED (PPH)

CONPONEETS Tol Xyl o-xyl Et-benz  Total
Tol 213 213
ToleXyl+O-xyl 106 34 37 177
fol ¢+Xyl+0-xyl 98 24 43 30 195

+Et-banz

P s Sae G GO G G gun Gun BEn e S Gem e o
L-—-———-—-————-d

Bach value is the mean of 4 duplicate determinationse.
Values are expressed as PPM(v/v). Abbreviations: Tol,
Toluene; Xyl, m & p-xylene; O-xyl, o-xylene; Et-benz,
Ethylbanzene.

Results indicate the amount of toluene recovered in the
agueous phase, when it was the only hydrocarbon present, wvas
greater than when it was preseant with other compounds. This
may account for the low solubilities for these coapounds
vhen present in JP-4. It can also be seen that the total
alkylbeazenes recovered in each of the test parameters stud-
ied vas about the same.

The compounds making up JP-4 have, in general, very low
vater solubilities. In order to establish what propaortion
of the JP-4 went into the vapor phase, samples vwere mixed in

glass stoppered erlenaeyer flasks with stoppers that allowed

the vapor phase to be sampled and analyzed chromatographi-




cally bafore the aqueous phase was concentrated. It was

found that even at lov coancentrations of JP-4 (100 PPN or
approximately 10 PPM alkylbeazenes) as much as 50% of the
toluene could not be accounted for in either the liquid or
vapor phases. Even at these low conceatratioas, an "oil
slick® Jlayer was observed between the aqueous and vaper
phase . It was comcluded that the alkylbenzemes not ac-
counted for were found in this interface. Shen larger vol-
umes of JP-4 vere added to the surface of the ajueous phase
in the flask, it did not appreciably iacrease the concentra-
tion of alkylbanzenes in either the bheadspace or agqueous
phases. The amount in the "oil slick® simply increases.

The effects of temperature and water hardmess om solubil-
ity vere investigated using glass-distilled water, tap wa-
ter, 50% seawater, and seawater. The temperatures used were
3, 14, 24, 28, and 37 cC. Although the graph (Figure 1Y)
shows a dip in solubility between 0 C and 28 C, ¢this is not
statistically significant. The unusual shape of the curves

are probably due to the non-ideal mature of the systea.

Riscussion
The parameters chosen for water quality in the solubility
tests were used to represent the range of conditions under
wvhich ajuatic organisas can normally live. The most signif-
icant effect vas due to temperature. The maximua solubility

occurs at a teaperature just above freezing, with a second

mazimum at about 28 C.




Solubility values for tolueme and the xylemes (Table 2)
are considerably below the solubilities reported by

MCAULLIPE (1966, 1971). His vwork was done with single com-

pounds, aad not with complex mixtures such as JP-U. This
may account for the reduced aqueous solubility. This was
further substantiated by the data reported in Table 3. The
total alkylbenzemae solubility was about equal, no matter
whether a single, or several components were present in the

aqueous systea.

—
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III. The Lethal Conceatration for a 50% kill (LC 50) aad a
Baxiaa Acceptable Toxic Coamceatratioa (HAZC) for toluege
wvas deterained for the folloviag developamental stages of the
fathead amimnow:

A. Embryo

B. 1-day posthatch protolarvae

C. 30-day old fish

A text 2f the manuscript and results follow:

LETHAL AYND NO-EFFECT LEVELS OF TOLUENE ON THE FATHEAD

MINNOW,

PIMERHALES PROMELAS.

E.¥. Devlin, J.D. Brammer, and R.L. Puyear

Iatrodyction
Tolueme is an aromatic hydrocarbon widely used as an ip-
dustrial solvent. It is also a major component of the water
soluble fraction of refined oils (Puyear, et al., 1981;

Solfe, 1977). Like other aromatic hydrocarbons, toluene is

Sach demudo B

4




toxic to maay aquatic srganisas (Berry and Braamer, 1977;
Balins, 1977; Dunstan, 1975; Potera, 1975; Tateam, 1975).

Most toxicity tests with toluene have been performed un-
der static conditions on post-embryonic aquatic organisas.
Little vork has been d2ne on toluene®s effect on embryomic
and early larval stages, although these stages are kaown t¢o
be more sensitive to toxic stress (Stoss and Haines, 1979;
Erast aad Neff, 1977). Early life cycle testing is helpful
in evaluating toxic effects of a compound.

The LC 50 value (lethal conceatration to 50% of the popu-
lation) is a comamonly used index of a compound?®s toxicity,
vhile the Maximuam Acceptable Toxic Concentration (MATC) is
often used as a criterion for deteramining "safe® levels of a
coapound in the environmeat (Mount aand Stephanm, 1967). This
study was designed to deterasine both the LC 50 and HATC val-
ues of toluene on the £fathead minmow, Pimephales promelas.
The 96-hour LC 50 values were determined for eabryos, 1-day
posthatch protolarvae (Snyder et al., 1977) and 30-day old

fish. The HATC value was deteramained for 30-day old minmows.

Several bioassay systems have been designed to provide
continuous or interaitteant supply of control water amnd wvater
water-toxicant mixtures to a series of exposure tanks
(Lemke, ot al., 1978; Peltiec, 1978; Defoe, 1975; Brumngs and

Mount, 1L970). These systeas typically are larger thaa mec~

essary for toxicity tests with fish eabryos aamd larvae. A




Laainnndh. £ AP

small eaclised sini-diluter system described by Benoit-a, et
al. (in press) and a larger amultichamnel toxicaat iajectar
diluter systeam described by Defoe (1975) vwere used as expo-
sure systeas during this study.

The Defoe diluter system was used for a 96-hour LC 50
test vith 30-day old fathead minnows, aad a 32-day eabryo
larval test. Twelve 5 liter glass exposure tanks were fit-
ted vith stand-pipes to maintain a water depth of 5 inmches.
The diluter board was szt to deliver a flow cate of 1 liter
every 5 mismutes to each exposure tank. This minimized the
problex of volatilizatiom of the toluene, and maintained
constant dissolved oxygen levels., Four ounce gJlass jacs
fitted vith staialess steel screean bottoms served as egy
cups durimg the eabryo-larval test. Egg cups were suspended
from a wmotorized rocker ara asseably. The geatle up apd
down motiom prorvided constant exchange of water in the egg
CupsS. The entire system was eanclosed in clear plastic, apd
saintained under negative air pressure. Filtered Lake Su-
perior vater {(pH 7.6, hardness 45 PPN eq. CaC03) maintained
at 25 C vas used as dilution water. The 96-hour LC 50 tests
of toluene on fatheal minnovs were pecrformed following pro-
cedures described by the US EPA (1975). A 32-day eabryo-
larval test was conducted to deteraine the no effect comcep-
tration of toluene on fathead sianow weight. Eabryo-larval
test procedures followed guidelines outlised by NcKia

(1977) . Toluene concentrations were deteraised with a

-15-.
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Baird-Automic model SF100 ratio recordiag spectrofluorime-
tec.

The wmini-diluter system described by Benoit, et al.,
(1981) was used to rum 96-hour LC 50 tests on embryos, V1-day
old protolarvae, and 30-day old fish. Carboa filtered Fargo
tap vater (pH 8.3, bhardness 80 PPH eq. CaC03) was used as
dilution wvater. Test procedures followed those recomaended
by US EPA (1975). Toluene comcentratioas in the exposure
tanks vere deterained using Sep-Pak C-V8 and a Varian GC
3700 (Puyear, et al., in press). The 96-hour LC 50 values
and their cohi- Zrace liaits were calculated usimg an inter-
active cu»pugit=: program developed by Hanes, et al., (1980).
This progrex ussentially follows the probit analysis de-
scribed by Finmey (1971}, except it does not reguire partial
kills. ¥alues vere considered significamtly differeat when
the 90% confidence limits about the LC 50's did not overlap

(American Public Health Association, 1976).

Besults

The 96-hour LC 50 values for the three age groups of fat-
head minmnows used in this study are given in Table §. The
raage of 96-hour LC 50 values for embryos is 55-72 ag/l.
Although this range appears large, these values are not sig-
nificantly different {(alpha=0.10). The 96-hour LC 50 values
for lL-day posthatch protolarvae have a smaller range (25-36
ng/l), and again these differences acre not significant (al-

pha=0.10). The 96-hour LC 50 values for 30-day old fathead

- 16 =
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minnov obtained from the mimni-diluter system are 26, 30, and
31 ag/l. Bone of these values are significaatly different
(alpha=0.10). The results of the 96-hour LC 50 test with
30-day olds perforsed with the Defoe diluter gave a value af
18 ag/l, which is significantly different (alpha=0.10) from

the other three values for 30-day olds.

TABLE 4
96 HOUR LC 50 VALUES OF TOLUENE ON FATHEAD MIBNOWS

30-DAY OLDS LARVAE EBBRYOS

TEST LC SO LC 50 LC 50

30 (23-42)mgsl 36 (29-44)mgsl 72 (55-107)mg/l
31 (28-48)mg/l 25 (21-29)ag/l 66 (56-78)mg/l
26 (26-33)mgsl 27 (23-32)mgsl 59 (51-68)ag/l
18 (16-20)mg/l 28 (21-34)mg/l 55 (46-66)mg/1

o AEe e S Sue Guv e S e Sem G 0y
[ R S

h———.—-—-.——.—J

Replicate 96-hour LC 50 walues of toluene for each of the
three age groups of fathead ainnows and their 90% confidence
limits.

There is no sigaificant difference (alpha=0.10) betveen
the 96-hour LC 50 values obtained with the mini-diluter for
the protolarvae and the 30-day old fish. However, values
for both the protolarvae and the 30-day old fish differ
significaatly (alpha=0.10) froa the LC 50 values for embD-
yOSa

Nean fish weight for each exposure coacentration was used

as aa index of lacval growth in the eamabryo-larval test.

- 17 -




Based on meaa weight, the estimated BATC of toluene on 30-
day o0ld fathead ainnovs resulting from this test vas found

to lie between 0 and ¢ ag/l.

Discussion

A nuaber of 96-hour LC 50 values for toluene of freshwa-
ter teleosts have been reported: 54 mg/l for the Japanese
mnedaka, 0Ogyzias latipes (Stoss and Haines, 1979), 59 ag/l
for the guppy, Roecilia reticulatus (Pickering and Hender-
son, 1966), 42 mg/l for the fathead minnow {Pickerimg and
Henderson, 1966), 23 ajs/L with goldfish, Cauassjus augatuys
(Brenniman, et al., 1976), and 13 ag/l1l for the bluegill, Le-
poais macochirus (US BPA, 1978). The LC 50 values reported
in this study are similar to those reported by other re-
searchers.

It is interestiag to note that toxicity tests performed
om 30-day old fish in this study followiag very similar pro-
cedures gave significantly different results. The variation
in results is thought to be due to differemces in diluter
systems, water quality and differiag toluene quantification
procedures. The toxicity test that gave a value of 18 mg/l
vas performed with a Defoe diluter system in the US EPA lab-
oratory, Dulath, Miamesota. The other three tests (30, 31,
26 mg/l) vere done with the mini-diluter systea at North Da-
kota State University.

Als> of interest is the significantly greater resistance

of eabryos to toluene’s toxic effects wvhen compared vwith
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protolarvae or 30-day old fish. Greater variation in the
96-hour LC 50 values for eabryos may result from stress on
the receatly vater-hardened embryos at the onset of the
test. Babryos were exposed to toluene 1-2 hours following
fertilization. It is not umusual for embryos to be more re-
sistant to toxicant stress thaa larval or adult foras (Joha~
son aad Julin., 1980). This resistance may be due to a loy-
er metabolic rate of the embryos compared with newly hatched
protolarvae or 30-day old fish. It Bmay also be the result
of toluene being seguestered ia the lipid-rich yolk, Bmaking
it unavailable for metabolisa.

Growth of fish larvae is a semsitive indicator of toxic
stress. Differential growth rates of larvae can have a
marked effect on an organisa's ability to compete in the
ecosystes (Bemoit-b et al., 1981). The 32- day eabryo-lar-
val test gave a MATC value of less tham 4 mg/l based op mean
veight. Studies are necessary to quantify the levels of to-
luene found in the eavironment to put the MATC and LC 50
values calculated in this and other studies in perspective.
Further work is also necessary to characterize sublethal ef-
fects of arosatic hydrocarbons such as toluene on teleostean

developaent.
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I¥. #ater-soluble coapoaeats of oatboard motor exhaasts was

deterained.
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While the wvater-soluble components of JP-4 were under ip- f
vestigation, a separate coasparison study vas conducted to
determine the water- soluble components of outboard motor
exhausts. This study utilized equipaent purchased by the
0SAF, as well as some of the expertise developed in the USAP
studies. A manuscript reporting the results of this coapar-
ison study is attached to this report as Appendix B. It has
] beean accepted for publication in the ARCHIVES FQR
ENVIBONMENTAL CONTAMINATION AND TOXICOLOGY. The coatribu-

tions made by the USAF have been acknowledyed.

¥~ A detailed imvestigation of fathead smimmow developmesgt
froa fertilization through 49 hours at 25 C under jporasal
coaditioas and after tolueame exposure was cosbtinued frgm
last year. The results of this imwestigatios si2 sumsarized

below:

distological Studies
Bgg production in the fatheal nminnow breeding systea de-
scribed in last year's report is at a maximum durigg the
susmer months. A series of toxicity tests were designed and
pecformed during the summer of 1981 to take advantage of the

high egg production.

All toxicity tests vere perforaed at

-22-
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23.5 #/-0.5 C in the mimi-diluter systea described in last
year®s report. Embryos were then fixed im either FAA or
Saith?s solution. Eabryos were dechorionated, washed, deh-
ydratel and embadded in periplast for serial sectioning. A
minimum of ten toluene treated and ten control embryos were
eabedded at each developaeutal stage tested (Table 5). Oge
gcoup of toluene treated and comrtrol eambryos wvere eambedded

in epon for TEM and light microscopic exaainatioa.

TABLE 5. EXPOSUBRE CONCENTRATIONS OF TOLUENE AND AGBES OF
EMBRYOS FIXED IN SHMITH'S SOLUTION OB FFA, AT EBMNDS
OF TOXICITY TESTS.

.J

— -

|Embryo age T T

| (hours) at 4§ 7 23 25 41 43 48 49 52 60 75 124
j test end

l

[}
|
]
]
|
|
|Tfoluene 1
jconc. 60 60 45 &5 45 100 45 4% 100 S50 4o 4qQ)
1 (mg/1) |
| 1
| EAA |
{Eabryo age |
] (hours) at 15 30 45 60 143 [
jtest end i
l |
jToluene Conc. i
| (mg/1) 40 21 20 S0 37,84 |
| |

4

The different age groups of eabryos (toluene treated and
controls) are curreatly being sectisoned at 8um and stained
vith Harris Hematoxylin and Mallories Triple Connective Tris-

sue stains. Methods are being developed to gquantify to-

- 23 -
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luene'’s effect on embryonic developaent in the fathead aip-

ROW¥a

Esbryouic Development seguence

Our studies have shown that excessive handling or expo-
sure to briyht lights result in iucreased activity of the
fathead minnow embryos. This increased activity has also
been ndted by other researchers (McKim, 1981). Increased
embryonic activity often results ia a premature hatch and
gives highly variable rates of eabryonic development. A
systea vas designed to observe developing eabryos that mini-
mizes the effects of handling and bright lights (Figure 2).
This systea comsists of an elevated platforam located inside
an 8 imch by 7 iach by 12 inch glass tank. A partially sub-
aerged eabryo chamber with fine aylon mesh bottom is located
on the elevated platform. A amirror is located under the
platfors to ceflect incideat light into the eabryo chamber.
The glass tank containing the egg chamber is located ia a
constant temperature water bath. Aeration is provided to
both the glass tank and surrounding comstant teaperature
bath.

Eggs are removed from breeding tiles as described ian pre-
vious reports, and placed into the embryo chambers. This is
the only mechanical disturbance of the eabryos. Bimocular
dissecting aicroscopes aounted on adjustable aras are locat-
ed directly over the eabryo chambers. The eabryos are ohbh-

secrved during developmeat using incideat rooa 1light only.

s d
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Pigure 2. SYSTEM USED FOR DETERMINING DEVELOPNENTAL
SEQUENCE OF FATHEAD MINNO®S. A) COMNSTANT
TRSPERATURE WATER BATH, B) GLASS TAMNK,

C) EBMBRYO CHAMBER, D) ELEVATED PLATFORA,
E) BIRROR, F) AIR STOMES, G) THERMOMETER.

p-——.—_.—-—-_—-.—----—-b.——-h—-q
L.—--———-—-———-—-—-—-—J

Using this systeam, hatching occurs in 100 hours at 25 C aad
in 17% hours at 20 C following fertilization.

F The sequeace of esbryonic developmeat at 20 C has also
been detersined with this systea for the first 49 hours of

4 developseat. Below is a description of this sequeaces

0.75 hours. 1-blastomere.

1.33 hours. 2-blastomeres.

1.66 hoars. U-blastoaeres.

2.0 hours. B8-blastomeres.

2.33 hours. 16-blastomeres.




2.75 hours. 32-blastoseres.

3.25 hours. 64-blastoaeres. Outernost blastomeres appear
to be arranged in a more ordecly fashion thaa those in the

interior.

3.75 hours. Iandividual blastomeres of the blastoderm can po

longer be counted because they are decreasing in size.

5.25 hours. Cleavaje coatinues. Blastomeres are becoming

saaller.

6.75 hours. High blastula. The blastula is seea as an ele-
vated cap on the yolk mass. The periblast is clearly visi-
ble extemding down from the edgye of the blastula covering a

small regioa of the yolk mass.

7.25 hours. Blastula is flattening out over the yolk mass.

7.75 hours. Continued flattening of the blastula over the

yolk mass.

8.75 hours. The indiviiual blastomeres appear very small.

Yolk has a granular appearancea.

10.25 hours. FPlat blastala.

11.00 hours. Start of epiboly. The blastoderm has migrated

1/3 of the way down the Yyolk mass. An extensive periblast

is present.
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11.75 hours. BEpiboly coatinues. Blastodera covers alaost
1/2 of the yolk mass. The gecra ring is visible as a slight~

ly elevated edge of the advancing blastoders.

12.50 hours. Bpiboly continues. Blastoderm covers 1/2 of
the yolk mass. A slight thickening has occured at one poiat

on the gera ring in the region of the eabryonic shield.

13.25 hours. Epiboly continues. Blastodera covers 1/2-5/8
of the yolk mass. The germ ring is thickened in the cegion
of the embryonic shield, and is more clearly visible as the

elevated edge of the advanciang blastodera.

14.25 hours. Epiboly continues. Blastodera covers 5/8 of

yolk mass. Germ ring has become a wide band.

15.00 hours. Epiboly continues. Blastodera covers 3/4 of
the yolk mass-. A wery thin layer of blastomeres are presept

in front of the advancing germs ring.

16.25 hours. Epiboly coatinues. Blastodera covers U4/5 of
the yolk mass. Blastoaeres are thinaing out over most of
the covered yolk mass, except in the germ rimg and embryoaic

shield.

17.25 hours. Epiboly continues. Yolk plug is protruding
slightly.

18.25 hours. Epiboly continues. Eabryonic shield has be-

come less distimct. Edges of the germ ring surroumadiag the

yolk plug are rough.




——

19.25 hours. Epiboly comtiaues. Gera ring has nat yet

closed. A definite caudal cluster of cells is pressnt at
the posterior end of tha eabryomic axis. A slight depres-

sion in the yolk mass is seen veatral to the caudal clustec.

20.25 hours. Epiboly coantinues. The gera ring has almost
closed ower the yolk plug. Onset of meurulation. A secogd
cluster of cells can nov be seen at the anterior end of the
eabryo. The anterior aand caudal clusters are connected by a
low, broad ridge of cells with a very slight medial depres-

sion.

21.00 hours. The last stage of epiboly. The yolk plug is
very ssmall, but has not been covered by the germ riag.
Cells covering the yolk mass appear to b2 migrating towvard
the embryonic axis. The anterior cluster of cells is uite

broad laterally.

21.5 hours. Yolk plug is coapletely covered by the gernm
ring. The optic anlage are present as two lateral enlarge-
ments at the anterior ead of the eabryo. Kupffer*s anlage
is present as a depression in the yolk mass just ventral to

the caudal kaob.

22.25 hours. Notochocrd is forming. Kupffer vesicle is

forming.

22.75 hours. Purther definition of the notochord and cog-

solidation of cells into the eabryonic axis.




23.25 hours. Further migratios of cells toward the

embryonic axis, although the embryo is still gquite broad.

24.25 hours. The optic amlage are forming. Kupffer vesicle
is still preseat. Notochord lies ia a slight depression ia

the yolk mass connecting the caudal aamd anterior kmobs.

24.50 hours. 1-2-somites. Somites are not clearly separat-

ed.

25.00 hours. 3-somites.

26.00 hours. S-somites. Optic vesicle primordia are pres-
ent as lateral lobas in the prosencephalan region of the

braine.

26.5 bhours. 6-7 somites. Sonmites extend laterally from the
embcyonic axis into the broad 1lateral plate amesodern. The
caudal cluster is bacoming smaller. The prosencephalon,

mesencephaloa and rhoabencephalon are faintly visible.

27.25 hourse. 7-soaites. The notochord is quite distinct.
The optic vesicles aad prosencephalon form an arrow shaped

mass of cells.

29.25 hours. 10-sonites. Invagination of the optic vesi-
cles. This invagination appears as a small slit on the lat-
eral surface of the optic vesicles. The three regions of
the brain are more distiact. Kupffer vesicle is still pres-

ent as a depression in the yolk mass ventral to the caudal
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cluster. fThe pericardium is forming as a fluid filled cavi-

ty anterior and ventral to the prosencephalon.

30.25 boors. 10-11-somites. The notochord amd soaites are
nore clearly definad. The pericardium is migrating posteri-

orly and lies wventral and lateral to the optic vesicles.

31.25 hours. 12-sonites. Optic cups are forming with the

further invagination of the optic vesicles.

13-14-soaites. The optic cups bulge laterally froam the pro-
sencephalon. The embryonic axis is becoaing well elevated

above the yolk mass. The pericardiua is enlarging.

35.25 hours. 16-17-somites. PFurther development of the op-

tic cups.

36.25 hours. Leas placode is visible as a thickening on the

lateral surface of the eye cups.

36.75 hours. Neuroaeres in the regiom of the rhoabencepha-

lon are gquite distinct.

37.25 hours. Otic placodes are forming laterally in the
posterior rchombencephalon. Kupffer vesicle has becoase
smaller. The pericacdium continues to amigrate posteriorly

aad laterally, and is located uader the proseacephalon anad

aesencephalon.




37.75 hours. 22-somites. Tail bud is liftiag off the yolk

RaSS. Otic placodes are preseat as lateral thickeaimgs af
the epilerais in the rhoabencephalom region. Olfactory pla-

codes are foraming anterior to *'e eye cups.

38.25 hours. Distinct regioas have formed within the mesen-
cephalon. The tail bud has separated further froa the yolk

RASSe

39.2% hours. There is a marked reductiom in the yolk mass.

40.25 hours. Elongation of the tail bud.

42.75 hours. 26-somites. The first twitching movemeats of
the embryo are seen in the tail bud region. The optic cap-
sule has formed. Cells of the notochord are large and dis-
tinct. A vesicle on the ventral aspect of the tail bud has
foraed. A furrovw has formed that splits the three regiops
of the braim alony the medial axis. A tramsverse furraw

separates the prosencephalon from the mesencephalon.

44.25 hours. Heart is not yet visible.

88.75 hours. 30-soaites. Somites extend well into the tail
bad. Eabryos are quite active, exhibiting swimming move-
ments within the chorion. The heart is wvisible: ventral-
posterior to the eye cups. The heart beat is weak and ir-
regul ac. Bo wvessels or blood are visible; only a few cells

are seen moving within the heart. The lens has forased.

- 31 -
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¥I. Rate of metabolisa of tolsene by 12,000 x g enzyar s

peraataat vas detersined usgiag the followiag paraseteris:

A. Rat liver has been used because of it's availabil.ity,
and because an extensive literature exists dealing with
xeaobiotic metabolism by this preparation. 1In the near
future, fathead miamow liver will be used.

B. Preliminary studies on the binding of toluene to this
aicrosomal preparation has been performed. A more coa-
plete study about bianding will be made with C14 toluepge

after the liquid sciantillation counter arrives.

Preliminary results of toluene metabolism by liver amicroso-

mal enzymes follows:

Latroduction

The aetabolic actiwity of bhepatic microsomal enzymes was
studied using the following substrates: aminopyrine, aad
toluene. A protein assay wvas used to better correlate es-
zyme activity. Bats were used im the initial tests for
three reasons: (i) extensive research iavolving hepatic
mized-function oxidases (NFO) has already been done using
laboratory rats, {(ii) rat livers are large and have mo gall
bladdecr {contaminatiom of liver microsomes by bile appareat-
ly deactivates HMFO systems), and (iii) rats are relatively
easy to maintain. The combination of these elements nake
the rat ideal for use in developing technijues reguired for

metabolic studies.
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Procedures developed using the rat vere then applied to

the fathead minmow (Pima2phales promelas). Preliminary re-
? sults were sketchy but indicated a modicum of MFO activity.
The fathead was chosen to compliment develdpmental studies

described elsewhere in the report.

A. Preparation of Hepatic Hicrosomes

Twenty-four hour food-deprived test organisas were guil-
lotined or othervise bazheaded and exsanguinated. (In the
case of P promelas care aust be taken not to ruptuce the
gall bladder and thereby contaminate the abdomimal cavity
with bile.)

Inmediately upon sacrifice the organisas were opened, and
the livers removed to a beaker of 0.154M KCl/0.1M phosphate
buffer, pd 7.4, <chillel in an ice bath. Livers were care-
fully rinsed, dried of excess fluids, and weighed. A 1210
homsogenate (liver:KCl/P24 buffer) wvas made using a Tekmar
SDT hoadgenizer or a teflon and glass Potter-Elvehjea homog-
enizer. Livers vere maintained in an ice-bath throughout to
reduce ienaturation of enzymatic proteins, especially duriag
homogenizatioa.

Homogenates were centrifuged at 0-4C and 12,000 x g for
twventy ainutes to remove whole cells, nuclei, aitochondria,
| and other cell fragments. Supernatants were saved on ice if

they vere to be used that day, or were immediately frozen if

they vere to be used the folloving day. Pellets vere dis-

carded.




B. Anilipe Hydroxylase Assay Proceduge

BEach reaction mixture contained 1.0ml of 12,000 x g su-
pernataat, 1.5al of cofactor (0.372mg ¥ADP, 2.60m3 glu—
cose-6-phosphate, 2.40mag MgCl2 in KCl/PO4 buffer), and 0.5al
of anilinme stock solution (0.14ml aniline ¢ 9.86aml phosphate
buffer, pH 7.4). This resulted in a reaction msixture with a
total wvolume of 3.0al with the following conceatratioas of
reagents: 33.3mg liver (wet weight)/ml, O0.167aM NADP,
3.33aM 5-6-P, 25.2mM HgCl2, and 25.6a8 anilime.

After the prescribed incubation time, at 37C for rat liv-
er microsomes or 30C for fish liver microsomes, in a Dubmoff
water bath, 120 oscillations per aminute, reactions vere
killed with 1.0m1 20% (w/v) trichloroacetic acid (TCl)~
Samples vere then centrifuged for five to ten minutes using
a table-top centrifuge to settle the TCA-protein precipi-
tate.

The precipitate was saved for protein concentratioa de-
tecrmination while 1.0ml of the supernatant was added to
1.0al 1% (v/v) phenol and 1.0ml Y.0M Na2C03, amd wvas iancu-
bated at room temperature for 20- 25 minutes. Absorbaaces
vere read at 630om on a Perkin-Elmer (Coleman 124) double
beam spectrophotometer aad coapared to a standard curve made

froa para-amimophenol (PAP), 0.05aM to 0.001mN.

C- Asinopyrigne Demethylase Assay Proceduge
0.5al of aminopyrine stock solution (7.0mg/al buffer) was

added to the reaction amixture instead of 0.5sl of aniline.
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The reaction mixture voluae remained the sanme, as did the

concentrations of the various reactants. The aainopyrige
concentration was 5.10aM.

Reactions were stopped at the appropriate times with
1.0al 10% (w/v) TCA and centrifuged as above. 1.5al1 of the
supernatant wvas combiped with 1.5al Nash®s reagyent B (15.0g
asaonium acetate, 0O.3ml acetic acid, 0.2ml1 acetylacetone,
and glass-distilled water to a final volume of 100ml). In-
cubations were at 60C for 8 minutes in a Dubnoff water bath,
120 oscillations per minute. After cooling to rooa tempera-
ture, absorbances were read at 472nma and coapared to a stan-

dard curve made from formaldehyde, 0.001% to 0.000125%

D- Healspace Sampling of the Volatile Arosatjc Hydrocarbqa
Tolueae
BReaction mixtures hal a total voluame of 3.1al, consisting
of 0-.7al aliguotes of taolueae stocks in water (50-200 pPHN),
2.0ml cofactor (0.372mg NADP, 2.60mag G~6-P, 2.40mg HMgCl2 in
2.0m1 0.8 phosphate buffer), and 1.0ml 12,000 x g superna-
tant ejuivalent to 100mg liver, wet weight. Beactios aix-
ture comceantrations were as follows: 32.3ag 1liver/al,
0.162aM NADP, 3.22mH8 5-6-P, 24.04mM MyCl2, and toluene at
0.0152a8, 0.0228mM, 0.0303nM, 0.0455md, or 0.0606mN.
Each reaction mixture was incubated at 37C, in the Dub-
noff water bath, in a glass scintillation vial (20ml) closed
with a customized cap fitted with a 20aa tefloan-lined rubber

septun. This assured an airtight fit yet alloved sampling




of the jaseous phase with a gas-tight syringe, or a needle
attached to a Valco six-port valve. At the end of the iacu~
bation period, the sample was cooled to the ambient teapera-
ture by iamersion in water, and ismediately sampled with a
Varian 3700 gas chromatograph (hydrogen flame ionization de-
tector) fitted with a six-foot glass coluam, 0.20mam internal
diameter, packed with 10% 1,2,3-tris(2-cyanoethoxy) propane
on 100/120 mesh Chromasorb PAW from Supelco, Inc.

After headspace sampling, the protein in each aixture was
precipitated with 131.0ml 10X (w/v) TCA, centrifuged, and
saved for protein comcentration determinatioan as in the oth-

er assays-

E. Protein Concentration Determinatjon Using Coumassie

The protein precipitate from each sample of each assay
vas redissolved in 10.0ml 0.1M KOH, a process usually re-
quiring up to twemty-four hours. After vigorous vortexing
to assure a homogeneous solution, an aliquot of this solu-
tion vas vithdrawn and diluted with an equal volume of 0. 18
KOH. Then, O.'al of this dilution was added to 5.0ml of
Coumassie stock (100mg Coumassie Blue G-fora, 50ml 95% etha-
nol, 100ml 85% (w/v) phosphoric acid, and distilled wvater to
4 fimal volume of one liter. After 24 hours, filter with a
Whatman #V filter) and vortexed. Readings were made at
595na after 5-20 nminute incubations at room teaperature.
Absorbances were compared to a standard curve made from bo-

vine serum albumin (BSA), 10-75ug per 3.1al.
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Results

In early tests, rat livers were homogemized wusing both
the Tekaar, and the teflom and glass Potter-Elvhjen homogen-
izers. It was determined that mo significant differemnces in
enzyae activity were detectable between the two methods. In
subsequent experimeats, the Tekaar was used exclusively.
Trials were also runm coaparing frozeam hepatic microsomal eg-
zyme activity to fresh microsomal emzyme activity: comparimg
the effectiveness of the cofactor as aan NADP-reducing ageat
vhen it was prepared daily as opposed to when it had been
frozen. In geither case did the freezing of reaction mix-
tucre coaponents appear to diminish significantly the enzyae
activity, as long as the storage period did mot exceed tven-
ty-four hours.

Amipopyrine demethylase activity was readily measurable
in all 2f the rats tested. It was somewhat less promouanced
in Pimephales promelas, possibly due to contaminatiom of the
sanples wvith bile. Aniline hydroxylase (AH) activity was
less measurable in the rat liver microsomses, and was not de-
tectable under present assay conditioamas in the fathead. 1Ig-
duction of hepatic amixed-function oxidases in rats via the
administration of phenobarbital, measurably increased AH ac-
tivity in the rats. No induction of pP. promaelas was at-
teapted.

Duriang preliainary headspace sampliag of enzymatic activ-

ity, it wvas found to be quite difficult to achieve accepta-
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ble reproducibility usimng gas-tight syringes for injectiag
the samples into the gas chromatograph. Accuracy iaprowed
greatly whea a Valco six-port valve vas employed in sampling
the gaseous phase of the reaction mixtare.

To Jeteramine if significant bimding of toluene with pro-
tein ia the reaction mixture was occurring without actual
metabolisa taking place, three methods of running coantrols
sere coampacred. One of these involved saaples containigg
only tolueme and wvater. The second method involved a com-
plete reaction mixture with protein that had beem heat dena-
tured at 60C for twenty minutes. The third system replaced
the cofactor with phosphate buffer. No significant differ-
ences in toluene concantratioans were foumd (Table 6). The
third sethod vas ultimately chosen for later experiments in

order to standardize the procedure.
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TABLE 6

CONPARISON OF TOLUENE-PEAK AREAS RESULYING FROBR THE SAMPLING
OF THE SASEOUS PHASES OF VARIOUS STANDARD MIXTURES IN ORDER
TO DETERNINE IF PBOTEIN-BINDING OF THE SUBSTRATE OCCURS. (1)

L 3 .
1 [
| Staadard Peak Area at 3 Concentrations of Toluene(2) |
|Mixtures (3) |
l a B o {
| ]
1 I 2170(26) 1276 (114) 360 (129) i
| ]
i II 2477 (46) 860 (136) 551(42) |
i |
JIII 2025 (139) 1127(67) 508 (30) 1
| i
l {

{1) Peak areas reportel as the mean of two samples with the
standard deviatiom in parentheses.

{2) Initial concentratiomns of Toluemne: A=60.6 ull; B=30.3 uH;

C=15.2 uM.
{3) Methods of preparing standard aixtures:
I. 0.10 al Tolueae stock (TS) + 3.0 ml vater

II. 0.10 a1 TS ¢ 2.0 mnl cofactor ¢ 1.0 al heat denatured

12,000 x g supernatant

III. 0.10 al TS ¢ 2.0 ml KCl/PO4 buffer ¢+ 1.0 ml 12,000 x g

supernatant

Initial headspace sampling of toluene disappearance was
done using a 0.0303m8 toluene reaction media. Various incu-
bation times were examined. Disappearance of toluene in the
headspace was most rapid and linear between 10 and 20 mig-
utes at 37C, with little or no metabolisa noted thereafter.

In a comparison of metabolic activities of rat liver ami-
crosomes using differeant concentrations of toluene(i.e.
0.0606m8, 0.0303m8, and 0.0152aK) the rate of metabolisa

dropped from 0.0245 nmoles/ag liver (wet weight)/minute at




the highest comcentration tested to 0.0163 nmoles/ayg liver
(vet weight)/minute at 0.0152aM concentratioas.

W#hen a rat vas isduced with phenobarbital at a rate of
100ay/kg body weight per day €for three days, the highest
rate of metabolisa, again at the 0.0606aM concentration, was
0.0328 nmoles/mg liver (wet weight)/ minute. This repre-
sented a 33.9% increase in the rate of disappearance of to-
luene froas the reaction mediua. The lovest rate of disap-
pearance occurred at the lovest conceptration tested (Table
7)- Headspace sampling has aot yet been attempted im the

fathead minnov.

TABLE 7

COMPARISON OF RATES OF LIVER MICROSOMAL ENZYAE METABOLISN OF
TOLUERE (T) I¥ CONTROL AND PHENOBARBITAL (PB) INDUCED FEMALE

RATS. (1) l
l 3 e
| i
r iInitial Control PB-Induced 1
] iT com (2) % Change |
i |
i A 0.0245 0.0328 34 |
] |
| B 0.0226 0.0290 28 |
| |
i c 0.0164 0.0195 19 |
| |
] ]
[ ¥ ]

(1) Yalues given in nmoles of toluene metabolized/mg liver
(vet weight) /minute of incubatiom time. n=3

{2) Imitial tolueae (T) conceantratioas : A=60.6 uli; B=30.3 uM;
C=15.2ull.
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¥Il. Prelininary Results froa Bork Started Using Scanaiag
Rlectron Hicroscopy (SE8) of Coatrol aand Tolmene Exposed !

Fathead Rimaows.

Studies investigating the effects of toluene upon fathead
minnov yross morphology have been initiated. Pilot studies
have focused upon gill structure. Adult ainnows were ex-

posed in a closed system for 18 hours to 30 PPN tolueame.

Coatrol minaows were placed in a similar systes, except that

toluoeae vas not added to the wvater, for the same length of

time. At the end of the 18 hour exposure period, individual
ainnows were placed in a Petri dish and decapitated. Gills
were iamediately flioded with cold 5% glutaraldehyde. Fol-

lowing their dissection, they were placed in fresh 5% glu-

taraldehyde and kept at 4 C for two hpurs. Following fix-

ation they were carried through three 15 ninute rimses in

Millonig's phosphate buffer (pH 7.4) and then dehydrated in
a gradel series of ethanol. This vas follaoved at ogce by ﬁ
critical point dryiag with 1liquid CO2 and a Samdri pvt-3
critical point iryiny apparatus. Each ¢gill vas aounted on a
specimen stub with silver paint, and coated with a thin lay-
er of gold in a Hummer 11 sputter coater. Specimens vere '

examined in a JEOL JSM-35 scanaing electron aicroscope.

Figure 3 illustrates the typical morphology of the gill as

seen in the comtrol group. Perpeadicular to the gill arch
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{A) there projects a double row of yill filameats (F). Oaly
one arch is seen in this figure. Each filament bears two
tows of flap-like secondary lamellae (L). These are seen in
higher magnification in Figure 4. There is an asysaetry to
each filament, in that the respiratory side and the bucco-
pharyngeal side are contoured differeatly.- The surface of
both the filament and the lamellae are relatively samooth
(Pigures 4 and 5). This is in contrast to a previous report
{Hinton and Walker, 1980) in which filaments vere said to be
covered with a layer of microridges, but lamellae had smooth
surfaces.

Figure 6 is a higher magnification of secondary lamellae
surfaces taken froa a minnov which had been treated with to-
lyenea Although the surface reaains relatively smooth,
there does appear to be some folding of the meabrane. Gill
filaments and their secondary lamellae after exposure to to-
Luene are also showa in Figure 7. The regularity of the
£lap-like lamellae, as well as the smoothly contoured fila-
ments, appear to bas significantly less in this minnow than
in control simnous. Again, this observation is coamsistaat
with what has previously beean reported for ainaows exposed
to high concentrations of manganaese sulfate or ferris oxide
{Hinton and Walker, 1980).

Additional vork will be done in an attempt to conficm
these observations aad obtain quantifiable data. Attentioa

will b2 focused on the differeaces, if any, seen betveen the
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respiratory aad the bucco-pharyangeal sides of the gills.
SBEB studies will be supplimented wvith TEM and light micros-

copye

HINTON, D.BE. and E.R. Walker: Water Research Institute, West
virginia University, Morganstowan, Hest Virginia. Sept.

(1981).

MILLONIG, 5. : A Modified Procedure for Lead Staining of
Thin Sections. J. Biophys. Biochea. Cytol. 11 736-739.

(1961).

V1II. Puture Research Plaas

A. Pinish research on the inter-relationship betwveen
solability of JP-4 alkylbemzenes at four differeat sa-
linities and five temperatures.

B. Complete and subait for publication data relatiang to
LC 50 and MATC for toluene in fathead minnow embryos,
i-day posthatch larvae, and 30-day old fish.

Ce CJomplete the study on early eabryonic developmeat of
fathead ainnows at 20 and 25 C. This study can be used
to determine the effect of toluene on early develop—
aent.

Do Light microscopic studies of tissue sections of
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fathead minoows in control and toluene exposed eabryos
will continue.

E. Headspace amalysis, using GC, will be used to study
the metabolisa of toluene amd other alkylbenzemes by
rat and fathead minnov liver microsomes will continae.

F. Perfect a procedure for using HPLC for measuriag
benzene amd toluene metabolism by rat and fathead min-
pow liver microsomes. C14 labeled benzene and toluege
will be used in these studies. The peaks separated on
the HPLC colums will be collected and counted in a lig-
uid sciatillation counter.

G. Scanning electron sicroscopy will be used for
studying gross morphological characteristics in coatrol

and toluene exposed fathead minnow larvae amd adults.

IX. List of Professioaal Persoaael
J.D. Brammer
R. L. Puyear
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E.W. Devlin
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Use of reverse phase C-18 aminji-columas

for concentgating sater-soluble bydrocacrboas

R. L. Puyear, K. J. Fleckeastein,
W. E. Moatz, Jr. and J. D- Bramaer

In ad>st cases water-soluble hydrocarbons are present in
such low coacentrations they camnot be detected vwithout
first being conceatrated. A variety of methods have been
developed to do this, but most are limited in that they re-
juire a fairly expeasive set-up, are technically difficult
and time-consuming to ruma, or are inefficient. As an exam-
ple, solvent extraction (ASTM: D2778-70 1979) has often been
used to determine trace asmoumts of hydrocarboms, but in this
procedure many of the volatile components are lost during
extraction. Conseguently, pucrge and trap methods are fre-
gquently used for volatile organics (GRCB & ZURCHER 1976).
Macroreticular resins such as XAD-2 or XAD-4 and pellicular
reverse phase liquid chromatography supports have also been
used ia the analysis of water-soluble hydrocarboms (JUNK, et
al., 1979, CHANG & PRITZ 1978, TATEDA €& FRITZ 1978, OGAN, et
al., 1978, SANER, et al., 1979), but these methods are ei-
ther technically difficult or limited as to their gemeral
use for differeat hydrocacboas. Some of these methods for
trace earichment were recently reviewed by DRESSLER (1979).

This study was initiated to find a rapid, siaple, yet ef-
ficient method of concentrating petroleum-derived vater-so-

luble hydrocarboas. The aliphatics and alkylbenzenes se-
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lected for study are those which are the major vatecr-soluble

coaponents of the jet fuel, JP-4.

Materials and Hethods

The hydrocarbon standards used were analytical grade
{Alltech Assoc.). Solvents were spectral grade (Burdick asd
Jackson). The JP-4 jet fuel wvas obtained from the North Da-
kota Air National Guard, Fargo, N.D. Each sini-columa
{Sep-Pak C-18, Waters & Assoc.) was a polyethylene cartridge
filled with a silica pellicular support having octadecylsi-
lane chemically boaded to the surface. These cartridges
vere designed to fit omto the ead of a syringe.

Every Sep-Pak used for conceantratioa of stamdards or JP-4
from vater was attached to a syringe and comditioned with 2
3l ethyl acetate followed by 7 al glass-distilled watecr.
The saaple wvas applied to the coluaa vwith a syringe at a
rate of about 20 ml/min. Two ml of ethyl acetate was used
to elute the sample from the Sep-Pak. These particular vol-
usmes vere empirically chosen as optimal for gquamtifiable re-
covery- Blation of the Sep-Pak with sethanol or acetoai-
trile cesulted in a large GC solvent peak wvhich masked many
of the compounds of interest. Recovery of the ethyl acetate
was enbanced by passing .5 a1l of water amd 2 Bl air through
the Sep-Pak. The eluate was then frozen to separate the
solvent and agqueous phases. The unfrozen solvent layer cog-
taining the ethyl acetate and the vater-~soluble hydrocarbogs

was then decanted and the volume measured.




Hydrocarboa-free water was prepared by passiag tap water

through a comditioned Sep-Pak. The efficiencies of the
Sep-Pak in coancentratiag the selected hydrocarbons were de-
terained by injecting a coatrolled amount of mixed standards
{Table I) iato 20 ml of hydrocarbon-free water in a glass
syciange. This sample aixture was forced through a condi-
tioned Sep-Pak. Two successive rinses of 20 ml hydrocarbog-
free wvater wvere each forced through the Sep-Pak. Bfficien-
cies were estimated from a graph of volume of hydrocarbon
recovered as a function of volume of each hydrocarbom forced
through the Sep-Pak. The slope of the line is reported as
the perceat efficiency. The same procedure was used to de-
teraine Sep-Pak efficiency for the recovery of hydrocarboas
in JP-4 (Table V).

To test the ability of this method to concentrate dilute
sasples of petroleum-derived water-soluble hydrocarboms from
water, 10 ul of JP-4 was mixed slowly in 500 al of tap vater
for 2 hours at rooam temperature. The mixture was thea al-
loved to stamd for 2 hours in a separatory funnel. 450 =l
of the agueous phase was then drawn off and put through a
conditismed Sep-Pak with a glass syringe. The hydrocarboas
retained on the Sep-Pak were eluted as described above.

Hydcocarbons were detected using a Beckman GC 45 gas
chromatograph with a £lame ionization detector. A stainless
steel chromatographic columan (2 am i.d. by 2.4 m) wvas packed
with 10% 1,2,3-tris (2-cyamoethoxy) propane (TCEP) on

1007200 mesh Chromosorb PAW {(Supelco, Inc.).
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The vater-soluble hydrocarbons from JP-4 were identified
{ by comparison with retention times of standard aixtures and
j by peak enhancement methods. Coacentrations were calculated
froa peak areas using the external standard method with a
Spectra Physics SP-4000 data system. A aixture of standards
{rable 1) was used for calibratioa and to deteraime the re-
sponse factors for each hydrocarbon used. Individual re-

sponse factors were used to convert respective peak areas to

corcentrations in PPM by volume (ul/l). For each hydrocax-

bon tested a range of concentrations was used to obtaim a

line so that the slope could be calculated over a ramge of
1-500 PP, which gave linear rtecovery. This slope aulti-

plied by 100 yielded percent recovery.

Begults
The reproducibility between individual Sep-Paks of the ]

same lot number averaged ¢S%. All values tabulated are the
average results of duplicate runs. Reproducibility of in-
jectioas aad quaantitation wvas +2.6%. The efficiency of re-
covery depended upon the total amoumt of hydrocarbon forced
onto the Sep-Pak amd mot upon concentration. The tvo dif-
ferent lots of Sep-Paks used ia this study gave average re-
covery efficiencies of hydrocarbon standards of 78% amd 63X

Tests were performed to determine the fate of the hydro-
carboms not recovered from the Sep-Pak. This wvas done by
placing six Sep-Paks in a series with a ome inch glass tub-

ing connector betweea each pair of Sep-Paks. A mixtire of
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JP-4 in water vas then forced through the series and each
one vas eluted as described previously, with ethyl acetate.
All of the alkylbenzemes recovered were iam the first two
Sep-Paks. Aliphatics, hovwever, were recovered in ssall
amounts even in the last Sep-Pak in the series. When the
sase Sep-Paks vere then eluted with hexame, the only compao-
nent which came off any of thea was toluene.

Data obtained regarding the capability of a Sep-Pak to
concentrate hydcocarbons from water is presented in Table L.
¥hen hyilrocarbons were amalyzed singly, Sep-Pak recovery ef-
ficiency was greater than wvhea amore coaplex standard hydro-
carbon or JP-4 mixtures were analyzed. The use of ethyl
acetate as a solvent for the addition of the single stap-
dards, stzadardl hydrocarbom mixture or JP-4 improwved the
ability of the Sep-Pak to coacentrate hydrocarbons from wa-
ter.

Conceantrations of JP-4 in ethyl acetate vere chosen so
that no more than 300 ul of ethyl acetate was put into the
vater to> be forced onto the Sep-Pak. #ith larger volumes of
ethyl acetate lower recovery efficiencies were noted. This
may be because the greater amount of ethyl acetate forams a
layer on top of the water. When this ethyl acetate is
forced through the Sep-Pak after the water, it may elute the
bydrocarbons retained oa the Sep-Pak. The concentratioa
raage for JP-U im vater was chosen so that the concentra-

tions of the individual major coaponeats of JP-4 were coapa-
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rable to the conceatration range for the single hydrocarboas

(¥-1500 PPN). These concentratioas vere all based on asount
of hydrocarbon of interest per 20 al of water.

An example of the capability of the Sep-Pak to cqacen-
trate 3 dilute sample of hydrocarboa from vater is deaon-
strated by the chromatogram in Figure 1. Under the chroaa-
tographic conditions used the aliphatics vwere npot vwell
resolved. The alkylbenzenes, hovever, vere vell separated

and guantitation of esach cosponent was possible.

Riscussion

Sep-Pak C-18 cartridjes from a siangle lot gave coasisteat
recovery efficiencies for the hydrocarboas iavestigated over
a range of 1-1500 PPN ia 20 ml of water (Table 1). Differ—
ent lots of Sep-Paks, howewer, gave significantly different
recovery efficiencies for the same coapound. SANER, et al.
{1979) fouad the same variation using toluene and beazeane in
vater. For samples coataining more than 1500 PPN, we foumd
that volumes less than 20 ml should be processed. On the
other hand, larger volumes of more dilute samples would give
a measurable recovery. SANER, et al. (1979) describe a
method for calculating the optimum sampling volume for ben-
zene im wvater. They observed that when large voluaes of a
dilute solution were passed through a Sep-Pak the trapping
efficiency was reduced, perhaps as a result of the high flow

rate they used for loading the Sep-Pake.

- 55 -




Y T

Detector Response

»
z
-
-4
z
-
) T |333
48

solvent

J
|

= . T
3 /f toluene
L J
~ I —=— 685 ethyl benzene l
2 5'807 iso propyl benzene 738 m- & p- 1ylene -
3 R =
I e L z
- B [ : ethyl toluene 3
=145 3
4
1319 2 ethyl toluene b4

~1477 1,2,84 tri methyl benzene

2010 1,2,3 tci- methyl benzene

Fig 1. GLC of the water-soluble fraction of JP-4 in
water. 10 yl JP-4 in 500 ml of water was
mixed for 16 hours and concentrated with a
Sep-Pak _C18. RT (.0l min), detector: FID,
5 x 10-12 A full-scale.




Data in Table 1 indicates single hydrocarbons are gener-
ally trapped more efficieatly than vhen present in a mixture
of hydrocarbons. This has been seen by nuamerous other in-
vestigators using various types of macroreticular (XAD) re-
sins aad several columa designs (JUNK, et al., 1974, STEPHBN
& SHITH 1977, CHANG & PBITZ 1978, TATEDA & PRITZ 1978, VAN
ROSSUM 5 WEBB 1978, DRESSLER 1979, SANER et al., 1979, aad
JANARDAN & SCHAEFFER 1980). Care sust be used whea applyiag
trapping efficiencies obtained from apalysis of siagle hy-
drocarbons to experimental samples in which a aixture of hy-
drocarbons is present. If the trapping efficiency used is
unrealistically high, the estimation of the concentration aof
the hydrocarbon uader study will be lower than what is actw
ally preseat in the sasmple.

Data ia Table 1 also indicates that the efficieancy of
trapping of the solutes by the Sep-Pak is iaproved by the
addition of a small amount of orgamic solvent. Several pos-
sible explamations can be advanced to explaim this result,
including: (a) the orgamic solvent increases the solubility
of the solute in water, (b) it alters the hydrophobic inter-
face between the packing material in the Sep-Pak sufficient-
ly so the saterial can interact vith the solute in vater,
(c) the solvent reduces the loss of solute on the barrel and
plunger of the syriange used to push the sample through the

Sep-Pak, or any cosbination of the above options.
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SANBR, et al., (1979) repott that the order in which ben-
zene anl toluene are concentrated froam a water sample yith a
Sep-Pak influences the trapping efficieancy of the Sep-Pak.
In a water sample coataining a auaber of componeats the on-
der in which any component is added camnot be controlled agd
therefore all components nmust be comcentrated at one time.
In the preseat study, hydrocarbon samples were added to wa-
ter either individually, ia a mixture of 14 compounds, or as
JP-4 jet fuel (Table 1). There was variability in the abil-
ity of the Sep-Pak to conceatrate aliphatics from water.
This could have been due to their rather 1low solability in
water and higher volatility. Recovery of the aliphatics in
JP-4 was greater thaa in the stamdard mixture.

Efficiency of the Sep-Pak for conceatrating alkylbeazenmes
from wvater varies. Tolueae is asre efficiently trapped wvhen
it is the only coaponent present. Ethylbenzene and m- & p-
xylene are not as efficiently trapped when they are present
indepeadently. S$hem the hydrocarbon matrix is complex, as
with JP-4, the trapping efficieacy is less tham in the less
complex mixture« The overall average efficiency of recovery
of the standard hydrocarbon mixture is somewhat greater thanm
for JP-4. There was a great difference in recovery betweea
the JP-4 added to water in ethyl acetate and JP-4 added di-
rectly to water. These observations indicate care should be
exercised vhea drawing conclusions about the efficiepcy of

XAD, Sep-Pak or other trapping matrices and that trapping
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efficiencies for single orgamic comspounds are mot eguivalent
to those foumd when multi-component aixtures are involved.

The chromatogram im Figure 1 shows that a Sep-Pak can be
used to concentrate a relatively dilute sample of JP-U mixed
vith water. Whea the Sep-Pak is to be used to concentrate
hydrocarbons from wmore dilute solutions of JP-4 im water
larger volumes of water must be processed. When larger vol-
umes of water are forceld through a Sep-Pak, evaluation aad
quantitation of data should be done with caution. SANER, et
al., (1979) report that benzene and toluene are lost from
the Sep-Pak when larye voluses (more thamn 150 mnl) of seawva-
ter are passed through the Sep-Pak.

In this wvork, a Sep-Pak has proven to be a useful toal
for conceantrating aliphatics and alkylbenzenes froa vater.
It was 5 to 10X less efficient than XAD, ;; reported by
DBESSLER {1979), for coacentrating some of the same aromat-
ics. This however is not a great reduction in eificiency
vhen the ease and conveanience of using these cartridges is
considered. The C-18 packing material used in the Sep-Pak
is rather hydrophobic. A further extension of the useful-
ness of this techamique would be to use a mimi-coluaa packed
with more polar bonded phase such as C8 or C2. These col-
usns could be used to conceatrate the more water soluble or-

ganics from vater.
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TEFE IDEPTIFICETICN AMND CUANTIFICATICI COF VRTFE-SCIUFLE
PYCFOCAFPQFS

CFNFFATEL BY TFF CFFFATION OF TVO-CYCLF CUTFCAPD MOTOFS

Edverd ltertz, Jr.1, Fetert 1. Puvyesr, 2rd Jeres L. Frerrer

Abstract. A 7.0 hecrsepower (FP) ¢rd a 10.0 EP cuvtbheoard
noter vere cperated at 2,5C0 + 200 revcluticrs-rer-rirute
(rrrm) 2rd 1,7C0 + 200 rpm respectively fer 20 mir in a
1€0 L terk of tapwater. Fxhaust hyvdrocerbers were
cericerntreted bty pessage thrcugh a C18 reverse plese
extracticr cclumn, ancd tren eluted witl eitler

ethylacetate cr acetoritrile, Cas-liquid (CIC) erd/er

high performarce liquid (FPLC) crrcratcegrapty aralvses
vere used for identificetion erd cuantificetior ¢f nine
hydreccarbons. JIdentities were corfirred for sever of H
these usirg CLC/mass spectroretry. Four additional
hydrocartons vere tentatively identified with threse
brocedﬁres. Aromatic compounds composed the majority of

the hydrocarbcens detected; only a few aliphatics vere




rreccsent &nd ttose in trece erounte.

In the U.S8. curing 1977, £C0,000 rew outtcard motors vere
purchesed, witbh & totel of eprrcxirately 7 million rotors ir
use. Averzge size of thre mctors was U4L.L brersepcwer (EP)
(U.S. Census Pureesu 1¢79). Corpered vwith cother types of
interral ccrnbtusticen engines, cutbtcard rotors ere
irefficient, releasirg sigrificert arcunts of raw frel
mixture and of fures into tre vater (Muratori 10€8; Stevert
ard Howard 10€8; Ferrer 1070; Jeckivicz erd Kuzminski 1072).
The crerical composition of gasclires vused ir outtcerd
rctors, a2s well as of other refined fuels and crude oils,
Fas been extensively studied (Foward znd Ferguson 1¢€1;
Martir and Vinters 10€3; Schwartz and Rrasceaux 10672
Snyder et al. 1¢€2; Serders and Mayrard 10€8; Coleman et al.
1073; Pazpazcva and Fankova 1975; DiCorciea et al. 1978).
Fecause there is a sutstantial zrcurnt of gasolire in the
exhausts of outbcard motors, these exheusts contain many cof
the same hydrocarbons that are found in gazsolires and oils.
Erglish et al. (1¢63) jidentified major pollutents in
exhausts as nonvolatile oils (the lubricatinrg oils in thre
fuel mixture), volatile oils (tre gezsoline in the fuel
mixture), phenocls, and lead. They did not idertify specific
bydrocartons, nor classes of hydrocerbons present. 1In an
unpublished progress report (Kuzmirnski et al. 1073) six

Fydrocarbons were identified as water-soluble corporents of




cutlteerd roter ertrusts, tut quenrtificaticp of tlecse

ccrpourds wes rot accerplished. Cschvernd (1¢79) exerired
tre terporal variations of volatile crgaric cempeourd
ccencertraticrs in ccasteal seavater frem Vireverd Scurd,
Fess. Fe fourd ttre C2_ ard C?-tenzcres were tre rcest
presistently aburdent corpcurds znrd thrat treir
cercentrations vere 2 to 1C tires bigler trar averege
irmediately after surmer veelerds ir whichk tcurist ard
recreational activities were grestest. Tris ccrrespencded to
pericds in which rotorboats were most heavily used. Studies
to cetermine the corpounds in cutbteoard meoteor exhzusts are
reecded (Jackivicz and Kuzminski 1072; Liddle and Scorgie
10€0). Eecause irformation on outbcard motor exhaust
cerposition vas leckirg, tris study focused upcn
icentificaticn ard quantificaticr of weter-scluble bydrc-

carbons in these exhausts.
Materials and Metbods
OCutboard VMotcrs

Two two-cycle outboard motors were selected for study. Ore
was a 7.0 HP 1972 single cylinder, air-ccoled motor with a
recycling system for re-ignition of unturrned crankcase
material. The other was a 10.0 HP 1954 two cylinder, water-

cooled motor wvhich exhausted crankcase residuals directly

irto the water. Poth motors used the same £0:1 gasoline:cil




frel ri>ture eré vere ir gececd cperating cenditicr. Tre pes-

cline vsed ves reguler grecde fuvel obteired lcecallv; a £C:1

tve-cycle rotor Jubricart ves vsed. !
Tects vith tre two mcteors vere run separately. Esach |

r rctor ves pleced irto a cleen stairless steel terk fillecd to

1€0 L vith tepvater erd rur for 20 mir. Tke 7.C EP rotor

ves orerated at 2,50C + 2C0 rpr for 20 mir. The 10 EF rocel

ves rvn at 1,700 + 200 rpm tecause creraticn a2t rigrer rpr's

resulted in excessive agitzticr and veter Joss fror tre

teank. Fuel consurption was measured voluretrically.
Szrple Preperation

I'zter samples were taken from tre bettom of thre terk via a
spigot ard filtration ttrough a 2 nmr VMillepore filter
follcwed by a 0.22 nm Millepore filter was started
irrediately to remove emulsified ccrpcrents. Fydrocarbons
remainirg in the aquecus phese 2fter filtrationr were
desigrated water-soluble freactions. All sarples were kept
refrigerated until zralysis, which was completed within 8 h
after collection.

WYater-soluble fractions were ccncentrated using a
column containing pellicular silica coatecd with
cctadecasilane (018, available from Vaters Associates,
Milford, MA under the tradename Sep-Pzk). Eefore use each

column was conditicned to the aquecus phazse before vse by




preeirg 1 rl of ethylecetate, followed by £ rl of distilled
veter thrcvgh tre colurn. Exhaust vater serples (LCO tc €00
rl) were tken ferced trrough tre cclurn. Fydreocerteons vere
tren eluted vith 2 ml of etbylzcetate or ecetcritrile.

Sirce solvent pezks frequertly rask uvrkncwr pegks, tre ucse
of twe solverts, each ravirg 2 different reterticn tire, vas
recessary. All solverts used were srectrzl gracde (Furcick
ard Jackson, luskegonr, VI). Durirg filtretion, a Sep-Pak
was placed in the vaccuum lire to collect voletiles vhichk
right have teen lost from the serple. These were eluted in

the same marner as the dissolved bycrccertens.
Evdrocarbon Concentration Determrinations

A Feckran Mcdel GC 45 GLC equipped vith a flare iornizaticn
detector was used for some analyses. A 24l cm stairless
steel column (2 mm I.D.) packed with 10%
1,2,3-TRIS(2-cyeroethyoxy)propene cr 100/120 Ctromoscrdb
P.A.V. (Supelco, Inc., Rellefonte, PA) wes vsed. Pertirent
operating corditions wvere N2 column = 20 cm3/min, H2 = bl
cm3/min, air = 240 cm3/min, carrier makeup = €0 cm3/min,
inlet temperature = 1702, detector temperature = 170°, and
defector line temperature = 205°. A1l anralyses vere
performed isothermally at 80° + 20, CSample injection

volumes were 0.2 ul.




An Altex NModel 222 MP FPLC ves also veced. The colunmr
(25 cm long with L, € mm I.D.) ves packed with lichkrcsord Cqg
staticrary phase cn 10 ricren support raterisl (Altex
Associates, Ferkeley, CA). The earalytical colurn wes
protected ty a guard colurmr packed with Crromesorb LC-U4
coazted withk 2 C,o staticrary prese (Johrs-Menville, lerver,
CO). A 70:320 retio of acetcnitrile and wveter at a flow rete
cf 1.5 ml/min wes used to elute the cclumr. Feeks wvere
detected with a fixed vavelergth ultraviclet detector
operated at 254 rm. Samples vere irjected ontc thre
chroratcgraphice column with a 20 ul fixed loop injectior
valve.

Deta from tcth chromatcographs were fed irto a Spectra-
Physics SF4000 data system and quantified using an exterrel
standard program. Calibration was checked daily ard
tapwater and sclvent bPlenks were run and subtractecd frem
semple concentrations. Identification of tre components was
was determired, in part, by corparison of retention times of
the unkrowns with those of known standards (Alltech
Associates, Arlirgton Heights, IL) and by peak enharcement
techniques.

To obtain molecular veights of the unknown compoﬁnds,
0.5 ul aliquots of the sample eluate were injected into a

Varian/MAT 112S double focussing magretic mass spectrometer

equipped with a Varian 3700 gas chromatogreph. A glass




hand

cclurn 274 ¢r lcrg by 2 mm I.D, vas packed vith
1,2,2-TRIS(2-cyarcetboxy)prcpare on 10€/120 P.A.V. silice.
Tte mress spectrcrmeter ard ges-licuic ckrcratcgraph vere
irterfeced vith 2 gless jet-faced separatcr.- Tre cdeta
syster erplcyved vas ar S§& 2C0 Verien Spectral Syster.

Fertirent cperatirg deta vecre: Fe cerrier = 2U on?/min,

irjectcr temperature 1£0¢, cclvrr terperature = €09,

200°, ard sererater terperature =

1]

detector temperature

1¢c0°.
Results

Figure 1 shows & gas-1liquid chromatograph of the
kydrocartons present in exbhausts from the 7.0 FP mrotor.
Crromaetcgraplks similar in patterr, btut with larger peak
areas, were obtzired from 10.0 HP mctor exhausts. Mire
differert peaks, correspondirg to rire incivicduval weter-
soluble hydrocarbons were detected using GLC. Three
additional peaks, each correspondirg to a pair of
hydrocarbons, were also detected using GLC. The
corcentration of benzene (peak not shown in Figure 1) was
determired by separate chromatograpbic aralyses of
ccncentrated exhaust hydrccarbons elufed with acetc“iﬁrile.
Identified compounds and their concentratiors are listed in

Table 1. Individual detector response factors were emplcyed

in determining concentrations for each compound.




Table 1. Vlater-sclutle lycdrocartor corcentraticrs prccduced by cperatirg 7.
outboard nmotors fer 20 rir in 160 L of tapwater

Ccrpound ~ Concentration (prm, vol:vcl)
7.0 FPe 7070 HPP

trece r-decane, r-dcceczne,

ard urknowns 7.78 +0.37 0,20 +0.28
retkylterzere 1.10 40,12 2.0t +0.C€
r-propylbenzere 0.03 +0.00C -
ethylbterzene ¢.00 +0.10 2.1¢ +0.032
1,2-diethylbenrzere and

1,l-diethylbenzene 2.27 +0.10 T.€€ +0.13
isopropylberzene C.10 +0.00 0.65 +0.02
1,2-dimethyltenzere 1.40 +0.07 .70 +0.12
1-methyl-2-ethylterzene

and 1-methyl-U- |

ethylterzere 2.48 +0.18 0.25 +0.17
1-rethyl-2-ethyltenzene 1.04 +0.04 2,70 +0.10
1,2,0-trimethylbenzene 7.88 +0.5€ 2u.24 +0.89
1,2,3~trimethylberzene 1.92 +0.03 £.04 +0.12
berzene 0.23 +0.02 7.58 +0.58
unkrowns 5.63 21.€0

€Values expressed as the mean +1 standard deviaticn of 7 GIC aralyses
Pyalues expressed as the mean +1 standard cdeviaticn of £ GLC aralyses
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Compounds

1, n~decane and n-dodecans

2. solvent

3. methylbenzens (toluene)

4. n-propylbenzene

8. ethylbenzene

9 €. 1,3= and 1,4 -dimethyibenzane
{p~ and m-~xylene)

1. Isopropyibanzene .

2 8. 1,2~ dimethyibenzens (o- xylens)

v
)
dnminnt i siractilio

9. 1-methyl-3-ethylbenzens and
1=methyl <4~ethylbenzene .
: 10, t-methyl-2~ethylbenzene
[ ] . 1,2,4-trimethylbenzene
12, 1,2,2 ~trimethylbenzene

RECORDER RESPONSE

1 (nmin

inject
Fig. 1. GLC of exhaust hydrocarbons generated by a 7.0 HP outboard motor run for 30 min at

.
~
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speed = 1 in/min at injection and changed to 16 in/h after the solvent was eluted. w
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Fycrcecerbcers ret icertified were assigred intcrrecdicte
respense factors for purpcses of auertificetion. Values
reported in Tatle 1 teke irtc acccurt the different recovery
efficiercies previcusly deterrired fer eech cerpourd (Fuyear
et al. 1081). Urkncuvrs comrprized 179 ard 22% of tre tctel
exravst hydrocartons from the 7.0 EP zré 10.0 FP rmcters,
respectively. Similer corcertratiors for the arcratic
ccrpounds were obtaired usirg EFLC.

Mass spectral analysis verified the identity of
methyltenzene (toluene), r-preopyltenzene,
1,2-direthylbenzene (c-xylene), 1-retkyl-2-ethylbenzene,
1,2,4-trimethyltenzene, 1,2,3-trirethylterzere and tenzere.
Tentative identification wes made for four otrer
bhydrocartons. 1,3-dimethylterzere (p-xylere) anrd
1,4-dimethylbenzene (o-xylene) vhich had icentical mrolecular
weights and, using cur chrcmatcograpbic procedures with 1,32-
ard 1,Ul-dimethyltenzene standards, icenticel retention
tirmes. Thus we could not determine whretter ore or toth of
trese compounds were present ir peak number € Figure 1. Ve
were able to determine the total corcentration whichk is
reported in Table 1. Peak number 9 (Figure 1) also
containred either one or toth of a pair of hydrocartons
(1-methyl-3-ethylbenzene, 1-methyl-lU-ethylbenzere) having
the same molecular weight and identical retention times.

Again, the presence of one or toth of trese compounds was

10




suggested bty ress spectrecretry. A third pecak, rurter 1 ir
Figure 1, ves trought to certair r-cdecare ard r-dodecare
tecause the retention time of tris peek ratchred thet of
cerresponding stercdarcds. The icdertity of tlre corpcurds in
peak rurter 1 cculd ret te verified bty ress srectrcretry.
Tris peek also irclucded suvbtstartisl cuerntitices of
uridertified Frycrcearters since tre velvres chtezired exceeced

tre certinred sclvbility of toth cerpcunds in veter.

Discussion

Sep-Paks previcde sutbtstantiel improverent cver semple
corcertration procedures used in previcus studies. The
columns 2lloved sarples to te ccrcentrated in mirutes rettrer
trtan hcurs and dicd not require the application of bheat or
eveporation with inert gases. Fecause of this, fewer
vclatiles were lcst than with earlier prccedures. OQOur data
indiceted trat, at least for the hydrocarbens tested, 21)
were recovered vith efficiencies rargirg frcm U€ to €0%
(rean = 62%) (Montz 1980; Puyear et al. 1081). Pecause
recoveries of these compourds were relatively equal, Sep-
Paks are versatile ir concentratirg and recovering complex
mixtures of unknovn hydrocarbons from aqueous semples.

The design of two-cycle outbecard mctors allows a wide
variety of petroleum hydrocarbons to be exhausted irto wzter

because intake and exhaust strokes are combined (Muratori




10€R).

This resultes ir irefficiert creration (Stovert erd
Feward 10€8)., 1In these mctors, the irteke end exbauvst
valves are cpen durirg overleppirg pericds of tire so tret
the fresh fvel-air rixture can ress ouf tre extzust pcecrt
vitbhcut bteirg certusted. Thus, rany of tre veter-scluble

I ydrccertons frem gesclires cre 2lsco fcund ir cuvthecard rctor
exhaust,

Nine distinct ccrpounds ir cuttcerd mctor exbazust vere
icdentified s water-scluble tvcrccartens. Fcur otrers were
tentatively identified. Of these, the arcratics were
present in highest ccrcentratiors. In corparison, refired
gesclire conmpesition is prirarily aliphatic in natvre.
Aliphatics were probably not present ir svbstartiel
quantities in exbaust vater sarples tecause of threir low
solubility in water (Shaw 1077). Ovur qualitative zralyses
have stown that the monocyclic aromatics ere presert in
highest corcentrations, and these comrpcurcds are tcexic to
biological systems (Penville and Korn 1077).

Although not fully definitive, mess spectral
fragmentation patterns appeared which vere characteristic of
oxygen contairing ccrpounds. Those hydrocarbons net
identified in Figure 1 were probably partial oxicdation
products from the combustion of outboard rotor fuels.
Partial oxicdation results in the release of ptenols,

alcohels, aldehydes, esters, ketones, end acicd derivatives

12
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(Fuzmirski et 2. 1973). Tre ctrereteprephic dete ircdicated

trese ccrpcunds vere presept ip relatively srell
cencertreticrs.

Studies on tre bticlegical effects of outtcard rctor
exhausts hteve shcvn a2 varietyv of cdeletericus effects can
occur (Jeckivicz erd Kurrircki 1072; Clark et 21. 1074).,
Trese studies have not clearly icertified specific toxic
compurcds. Ve report here specific hydrccertors ard treir
ccncertraticns of scme of tre vater-scluble corpenents of
cuvtboard meter exravsts. Additicral studies irto tre

bicleogical rcle cf trhese ceompourds are urderuay.
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