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INTRODUCTION

The ability to predict the environmental fate and effects of
pollutants in the marine environment is of utmost importance in
assessing the hazards posed by a compound's use and/or disposal.
Most commonly utilized methods to establish potential environ-
mental effects have involved an assessment with bioassays of a
compound's acute and chronic toxicity.

For compounds that have the ability to bioaccumulate, the po-
tential dangers from this process must also be determined. A "first
cut" estimate can be made by determining the partition coeffi-
cients between an organic solvent, usually n-octanol, and water. If
this coefficient exceeds 25,000, EPA requires a report of the po-
tential hazard  under the Toxic Substances Control Act!, and fur-
ther study is required. The next step is to expose some likely tar-
get animal to the suspected contaminant through food and/or
water.

Transfer by these routes is calculated as  l! a bioconcentration
factor from water = concentration in the animal/concentration in
water, and �! a dietary accumulation factor from food = concen-
tration in the animal/concentration in food. Further food chain ac-
cumulation studies are sometimes conducted in the laboratory if
the importance of the compound indicates a need. Studies, both
laboratory and field, are also performed to estimate the transfer of
the contaminant from its usual reservoir in the field  i.e., sedi-
ment! to food organisms and water. With these data, an assess-
ment can be made of the potential for a compound to accumulate
in marine organisms.
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The abov'e procedures have been developed over the past ten
years and have gained a general degree of acceptance in the disci-
pline; however, their shortcoming lies in the lack of field verifica-
tion. This is particularly true in the marine environment where
field data on many aspects of the environmental cornpartrnentali-
zation are lacking.

The introduction of Kepone  l,la,3,3a,0,5,5a,>b,6-decachloroc-
tahydro-1,3,0-metheno-ZH-cyclobuta  cd! pentalen-2-one! into the
james River estuary in Virginia has resulted in a large number of
investigations which provide in part the basis for an assessment, al-
though an after-the-fact one, of how well the predictive system
works in the marine environment.

The toxicity of Kepone to marine and estuarine life has been
studied by Bookout et al. �980!, Bourquin et al. �978!, Couch et
al. �977!, Hansen et al. �977!, Ninrno et al. �977!, Provenzano et
al. �978!, Rubinstein �979!, Schimrnel and Wilson �977!, Walsh et
al. �977!, Fisher �980!, Roberts and Bendl �932!.

Studies on bioconcentration, bioaccurnulation, depuration and
transfer have been conducted by Bahner and Oglesby {1979!, Van
Veld �980!, Drifmeyer et al. �980!, Schimmel et al. �979!>
Huggett and Bender �980!, Huggett et al. �980!, Slone and Bender
�980!.

!n addition to these investigations, various agencies of the
Commonwealth of Virginia have been conducting monitoring
studies on the river, biota, sediments and water.

METHODS

Samples of blue crabs  Callinectes ~sa idus!, oysters  Crassos-
trea ~vir inica! and two species of bottom-feeding fishes, croaker
I~M da > d 0  L« th !. *
lected between 1976 and 1980 and analyzed for Kepone residues.
Crabs were collected in the lower 10 km portion of the river, and
oysters were collected from discrete "oyster rocks" shown in Fig-
ure 1. Fish were collected withi~ the zones shown also in Figure l.

Laboratory studies have shown maximum bioconcentration fac-
tors of 7,200 for fishes  Hansen et al. 1977!. Transfer from food to
fish is estimated to be on a 1:1 basis  Bahner et al. 1977; Van Veld
1939; Stehlik 19M!. Uptake of Kepone from sediments by benthic
food organisms occurs, and concentrations reached by the organ-
isms approximate those of the sediments  UA. EPA 1978!. Esti-
rnates of the uptake of Kepone by fishes can be made by utilizing
these data and field observations on the distribution of Kepone in
the sediments, which serve as the reservoir for the aqueous phase.

Estimates of contamination levels in fishes and sediments for
the period between 1976 and 1979 were made from the monitoring
data of the Virginia State Water Control Board and the Virginia In-
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stitute of Marine Science. For the purposes of this study, we aver-
aged the surface  upper 2 cm! sediment contamination levels over
the zone in the river where the fish residue data were collected.
Results from three zones are presented. Each zone is about 10 km
long and the zones are approximately 20 km apart  Table 1!. Dis-
solved Kepone levels were predicted by utilizing a partition coeffi-
cient between sediments and water of 5,000:1  Strobel et al. 1931!.
Field data relating dissolved Kepone to sediment concentration are
limited, but studies that have measured both parameters indicate
that dissolved levels can be accurately estimated using this coeffi-
cient  Slone and Bender 1980!.

RESULTS AND DISCU55IGN

1,
2,

The predicted bioconcentration factors are too low.
The actual levels of Kepone in the water are greater than
predicted from the sediment-water partition coefficients.
There is greater accumulation through food than estimated
from laboratory studies.

3.

In the prediction, we utilized the maximum bioconcentration
factor observed for fish  i.e., 7,200 vs. a mean value of 3,500 ob-
tained from averaging the results of five different laboratory in-
vestigations!. %e believe, therefore, that the laboratory predic-
tions used were not in error, at least on the low side.

Table [. Mean Kepone in sediments  ng g '! and third quarter x for
bottom feeding fish  spot and croaker> p g g '.

Zone CZone BZone A

Seds. Fish Seds. FishYear Seds. Fish

1976 .7215 67 11.71.6

.471977 16 1.8

.36 191978 370.9

0.61979 .35 16 65

The residue levels of Kepone in fishes, predicted from labora-
tory exposures to contaminated water and food, are compared with
field data in Figure 2. Significant deviations from the predicted
values are apparent. There are several possible explanations for
these diff erences:



Two studies have measured dissolved Kepone in the lower
3ames. These investigations have shown levels of approximately 5
ng L . Predictions from sediment concentrations at these sites
indicate that the dissolved levels should have been approximately 7
ng L t. We feel confident, therefore, that actual levels of dissolv-
ed Kepone are not higher than the predictions and are, in fact, in
remarkably good agreement.

lf we are correct in our assessment of two possible explanations
for error in the predictions, the most likely explanation is an un-
derestimation in uptake through the food chain to account for the
difference between predicted and measured amounts of dissolved
Kepone.

Blue crabs bioaccurnulate Kepone mainly from their food. Up-
take from water is limited with a bioconcentration factor of only 3
 Schirnmel and Wilson 977!. Fisher  l980! determined the uptake of
Kepone by juvenile blue crabs over a 2-month period. Utilizing his
data, one can predict concentrations in crabs with the foLlowing
equation:

DAF x Cn  Wf/Wa!

The mean dietary accumulation factor derived from Fisher's
studies is 30, when one utilizes the average weight of the crabs
during his experiments. If we assume the blue crabs eat approxi-
rnately 596 of their body weight per day  the ration used in Fisher's
studies!, then we can calculate the expected residue concentration
in ~ature if we have an estimate of the level of food contarnina-
tion.

Figure 3 compares field residue data collected from l976
through 1980 with predictions based on the above equation. In this
prediction we used, as an estimate of food contamination, the
average residue level for all species of fish in the lower river. The
agreement between laboratory predictions and the field residue
data is very good for male crabs. Roberts and Leggett �980! have
shown that female crabs lose Kepone when they spawn, and since
the predictive equation did not consider this loss, one could not ex-
pect agreement for females.

Oysters bioaccumulate Kepone from both dissolved and particu-
late phases. Uptake from particulate rnatter appears to be consid-

C

where
C
DAF=
C
W

n
w
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predicted concentration in the crab
dietary accumulation factor = Ce WJCf Wf
experimental equilibrium concentratj.on in crabs
average weight of experimental crabs
experimental concentration in the food
weight of food consumed per day
concentration in natural food
average weight of crabs



Figure 2. Kepone residues in fish vs. predicted uptake.
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erably less efficient than accumulation from the dissolved phase.
Bahner et al. �977! showed bioaccurnulation factors from algae to
oysters of 0.007, while Haven and Morales-Alamo  l977! dernon-
strated bioconcentration factors from sediments between 0.06 and
0.25. Bioconcentration factors from the dissolved phase averaged
about 9,300  Bahner et al. 1977!.

Comparisons between laboratory uptake and field data for oys-
ters are hampered to a certain degree by the oysters' natural vari-
ability as a function of season  Figure 0!. However, if we norrnal-
ize the field residue data for oysters to the water temperature at
which the laboratory experiments were conducted, a reasonable fit
is obtained  Figure 5!. To construct this figure, we adjusted the
observed residue levels for oysters at the time the sediment con-
centrations were determined to those that would be expected at
14 C. The predicted line was constructed utilizing a bioconcentra-0

tion factor from the dissolved phase of 9,300.
Actual field observations of both water concentrations and oys-

ter residues were made during l979 when water temperatures ap-
proached l5 C. These values are shown on. Figure 5. Unfortunate-
ly, our ability to measure dissolved Kepone was not developed until
residues began to decline. Therefore, field confirmation is limited
to the lower portion of the curve.

In the case of Kepone, our ability to predict residue levels in
nature from laboratory data appears to be fairly good for crabs and
oysters, while predictions for fish are poor. This is true not only
for average residue predictions in migratory species but also for
resident species. This limitation presents a serious practical prob-
lem in that fisheries are closed when residue levels of Kepone are
excessive. The length of time such closures exist can of course
have serious economic and legal consequences. 1n addition, evalua-
tions of the cost versus benefit of cleanup must take into account
the predicted length of clos~re with various cleanup alternatives
including the no-action alternative. To answer questions of this
nature for fisheries, it is clear that we need to develop a better un-
derstanding of what factors determine residue levels in the field.

Our ability to make predictions from laboratory data needs to
be evaluated for other compounds; very few investigators have at-
tempted to make comparisons of the kin4 discussed in this paper.
We believe, at least for Kepone, that more attention needs to be
given to uptake from food. Dietary accumulations may vary with
the type of food consumed and/or with the actual rates of feeding
in nature.
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