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ABSTRACT

Long=term bioaccumulation studies were conducted using l4¢.
Kepong and ynlabeled Kepone to determine the significance of dietary
accumulation to final Kepone body burdens in spot {Leiostomus xanthurus)
and grass shrimp [Palaemonetes pugio). Both food {grass shrimp)
and consumer organisms were exposed t0 aquegus Kepone concentrations
of 0.04 pg/e at 23°C for 16-19 days, foliowed by a 21-28 day clearance
phase., Dietary and aqueous sources of Kepone were shown to be
additive for both species., Dietary contributions of Kepone represented
g, 18 and 38% of the total Kepone body burden in spot fed contaminated
food rations of 4, 8 and 20% mean body weiyht, respectively, At
rattons of 4 and 8%, dietary Xepone coentributions to final shrimp
body burdens were 24 and 33%, respectively, There were no significant
differences in organism size or lipid content among treatments for
gither species.

Ration size had no effect in either grganism on the uptake and
clearance rate constants estimated for dietary accumulation and
bioconcentration ty a first-crder pharmacokinetic model, Shrimp
had a slower clearance rate of Kepong than spot and, hence, a greater
bigaccumulation potential. Xepone derived from agueous exposures
to both species appeared to be cleared more slowly than residues
derived from dietary exposure., Kepone assimilation efficiencies
for spot and shrimp were 15% and 21%, respectively, for the finely
ground food source used in this study. These values are low compared
to literature data for other lipophilic chlorinated hydrotcarbons,
This indicates that grinding of the food reduced Kepone availability
to the consumer organisms, Even at these low assimilation efficiencies,
Kepone from the diet contributed significantly to final Kepone body
burdens in spot and shrimp,

An accelerated test methodology was adeguate to describe spot
bicaccumulation kinetics, especially at the larger food ration size
tested, Uptake of Kepone from contaminated artificial food was similar
to uptake from contaminated natural food,

xi



EFFECTS OF FOOD RATION SIZE ON BIOACCUMULATION
OF KEPONE BY 5PO7 gLeinstomus xanthurus} AND
GRASS SHRIMP {(Palaemonetes puaio}




INTRODUCTION

Literature Review

The release of the organochlorine pesticide Kepone {Chiordecone)
into the James River, VYirginia, has led to extensive contamination of the
water, sediments and biota of this estuarine system (Huggett and Bender,
1980). An estimated 30,000 ky of Kepone may reside in a 120-km tidal sec-
tion of the James, stretching from the source of contamination in Hopewell
to the mouth at the Chesapeake Bay. Highest concentrations of Kepane were
found at the site of the turbidity maximum in the river. This portion of
the middie estuary tends to trap both suspended sediment particles and
their associated organic detritus to which Kepone was found to absorb
(Huggett et al., 1980).

Information concerning the toxicology of Kepone was limited prior to
contamination of the James. Cope {1965) reported 24- and 96-hr Lcﬁﬂ's for

rainbow trout [S5almo gajrdneri) to be 66 and 20 ug/%, respectively. The

24- and 48-hr 10, for white mullet (Mugil curema) were 500 and 55 ug/k
and for longnose k#11ifish (Fundulus similus}, 300 and 84 ug/% {Butler,

1963). Gleason et al. {1963) reported Kepone toxicity to rabbiis, rats
and dogs while Good et al. (1965) showed cumulative effects of Kepone on
manmals. Jaeger {1976) reported that Kepone was a cumulative toxin which
may require long pericds of time to exert its effects, and that residues
of 10 wg/g in the diet caused cancer in mice and rats.

Research on the toxicity of Kepone increased following the



discovery of the contamination problem in Yirginia, Schimmel and

Wilson {1977} reported 96-hr LCgp+g for spot (Lelostomus xanthurus},

grass shrimp (Palaemonetes pugio), sheepshead minnow (Cyprinodon

variegatus) and blue crab (Callinectes sapidus} tc be 6,6, 69.5,

121 and »210 wg/t, respectively. Roberts and Fisher [1%8%) reported

96-hr LCgg+g of 17.4 ug/t for Atlantic menhaden (Brevoortia tyrannus)

and 28.8 wg/% for Atlantic siiverside (Menidia menidia). The 96«hr

LCyntg for elvers of american eel (Anguilla rostrata}, blue gill

{Lepomis macrochirus} and channel catfish (lctalurus punctatus)

were 35, 50 and 514 pg/t, respectively (Roberts and Bendl, 1982).
The pesticide caused pronounced toxic, reproductive and teratogenic

effects in life cycle tests with estuarine mysids {Mysidopsis bahia)

{Nimmo et al., 1977) and sheepshead minnows (Hansen et al., 1977).
Growth was inhibited at aquecus Kepane concentrations as low as
0,072 g/t far mysids and .08 wg/t for sheepshead minnows.
Rubinstein [(1977) found concentrations of 29.5 wg/t toxic to

Tugworms {Arenicola cristata), while Walsh et al. (1977) reported a

seven day growth ECyy of 35.0 ug/e¢ for the marine unicellular algae,

Chlorocococum sp,

Schimmel et al. {197Y) found siynificant mortalities among
juvenile blue crabs fed laboratory contaminated oysters containing
1.9 ug Kepone/g wet weight, In contrast, Fisher et al. (1983}
found no significant differences in mortality for blue crabs fed
a series of concentrations of Kepone contaminated food from two
different food sources at two different temperatures. Fisher et al,
(1983) indicated a 65-day LDgy in excess of 0.16 ug Kepone/g crab per

day. The highest food concentration tested was 2.6 wy Keponefg



foad., Mechanisms of the toxic action of Kepone on aquatic organisms
remain poorly understocd, although Desaiah and Koch (1975) have
demonstrated mitochondrial ATFase inhibition by the pesticide,
Kepone 15 also known to cause a significant decrease 1n NatK*-ATPase
in rat brains in vitro {(Desalah et al., 1980}, Recently, Kepone

was shown to be a potent neurctoxic inhibitor, which may alter
calcium dependent metabolism and calcium transport in the freshwater

fish, Saccobrancus fossilis (Bansal and Chandra, 198%).

There 15 little evidence in the Yiteraturs for metabolic
transfarmation of Kepone by aquatic organisms, Homolegs with 8 and
3 chlorines were identified in mullet {Mugil sp.} collected from
the James River [Borsettd and Roach, 1978}, It is likely, however,
that these homologs were produced either by photedegradation or
during industrial production of Xepone, In humans, Kepone 1§
metabolized to Kepone alcohol and conjugated with glucuronic
acid (Boylan et al., 1979}. Conjugation enhanced excretion by
reducing the 1ipid solubility of Kepone. Van Veld et al. (1984}
reported Kepone alcohol from bile of channe] catfish recelving
IM injections of Kepone., This conjugate represented only 1.7
parcent of the total biliary Kepone and its siynificance with
respect to elimination rates was questioned by the authors,

Bioconcentration and dietary accumulation of Kepone has been
studied for vartous estuarine organisms. Bahner et al. (1977}
found bigeoncentration factors {defined as the ratio af the concentration
of Kepone in the organism to that found in the water) for mysids,
grass shrimp, oysters, sheepshead minnows and spot averaged 13,000,

11,000, 9,000, 7,000 and 3,000, respectively. All specles obtalped



nearly equilibrated tissue concentrations within 8 to 17 days, In
studies jnvolving exposure via dietary sources, the bloaccumulation
factor {defined as the ratio of the caoncentraticon of Kepone in the
predator tp that found in the prey} for mysids fed kepone contaminated
brine shrimp was 0,53, and for spot which consumed these mysids,
0.85, The investigators concluded that the initial bioconcentration
of Kepone from water by food organisms was the dominant source of
kepone in these food chains. Depuration varied widely from species
to species. Oysters held in Kepane free water lost 35 percent of
their total body burden in 24 hr and had no detectable levels in thelr
tissues after 20 days. The crustaceans and fish took 24 to 2B days to
depurate 30 to 50 percent of the Kepone in thelr tissues.

Yan Yeld et al. {1984) used a 1st-order pharmacokinetic model similar
to that proposed by Metcalf (1977) to describe the uptake and depuration

of Kepone from a dietary source by channel catfish {lctalurus punctatus)

fingerlings, They found a dietary accumulation factor {defined as the
ratio of the concentration in the fish and the dally dietary dosage level)
of 3.0. This dietary accumulation factor is approximately 4-6 times the
bisaccumulation factors reported by Bahner et al. {1977). It is felt
that the ¥an Veld term is more useful in comparing the potential for
accumulation of dietary pesticides because the daily dietary dasage level
is a function of feeding rate in addition to food concentration, The
investigators calculated an uptake rate constant {K3j) for dietary Kepone
in channel catfish of 0,237 day-l (wet weight), and a clearance rate
constant {Ky} of 0.08 day'l.

Stehlik and Merriner {1983) examined the effects pf dietary

accumulation of Xepone by spot ranging in weight between 1.2 and



12.4 g, The investigators soaked squid for 24 hr in a acetone solution
containing Kepone, Three Kepone concentrations 1n food were examined:
3.3, 0.59 and 0.3 wpg/g. Fish were fed the 3.3 ug/g contaminated food
for 28 days and the other two concentrations of food for 56 days,
followed by a 28 day clearance phase, Fish receiving the high foond
Kepone concentration were fad a ration representing 14.5% of the
mean fish body welght per day, while fish receiving the low food
Kepone concentrations were fed a 5.9% per day ratjon, Body burdens
of Kepone increased without reaching steady state during the uptake
phase, Spot from all treatments developed muscular tetany, fractured
vertebral centra and abnermally thickerad vertebrae, Uptake rate
constants of 0.223 day=l for the 2B8-day experiment and 0.396 far the
56 day experiments were calculated by the method of Van Veld gt al.
{1984, A clearance rate constant of (,0027 day-1 was also calculated.
Roberts and Fisher {1985) examined the bioconcentration and
tlearance of Kepone from water by two marine fish spacies from two
aqueous exposure concentrations using a first-order kinet!ic model
{B1DFAC) developed by DOW Chemical Company {Blau and Agin, 1478},
In separate experiments, the astimated rate constants for uptake of

Kepone were 280 and 293 day-! for menhaden {Brevoartia tyrannus) and

102 and 238 day-1 for silversides {Menidia menidia). The clearance

rate constants were estimated to be 0.03 and 0.13 day~! for menhaden
and 0.002 and 0,01 day=l for silversides. Based on these rates of
uptake and clearance, the steady state bioconcentration factor was
estimated to 1ie between 2300 and 37%0 for menhaden and 21,700 and
60,200 for silversides.

Bahner and Oglesby {1979) compiled data for uptake and clearance



of Kepone by & variety of marine species from published sources, as
well as various studies at the U.S5. EPA, Environmental Research
Laboratory (Gulf Breeze, FL), Data were analyzed with a computerized
nenlinear statistical model. Three parameters described the shape
of the accumulation curve: C for the rapid uptake portion of the
curve, D for the clearance phase and A for the asympiotic portion
of the curve, The first two parameters are not first order rate
constants for uptake and clearance in the sense of Hamelink (1977).
The investigators report values of C for spot fillets and whole
shrimp to ve 0.304 and 0,183, respectively. Values for O for the
same organisms were 0,085 and 0.098, respectively, Uptake [K;) and
depuration (Ko} rate constants for this data for both organisms,
recalculated usiny the BLUFAC computer model described below, were
195 and 0,049 day'l, respectively, for spot and 346 and 0,044

day-l for shrimp. The values from the two models have no obvious
relationship. The critical disadvantage of the Yahner and Oylesby
model is that it treats the body burden value at the last day of
uptake as the steady state or asymptotic value. This assumption
leads to underestimates of bioccancentration for Slowly accumulated
themicals,

The ability to predict the environmental fate and effects of
pollutants in the marine environment 15 of utmost importance in
assessing hazards posed by a compound's use and disposal. Most
commonly utilized methods to establish potential environmental
effects have iInvolved an assessment of a compound's acute and
chronic toxicity., For many hydrophobic compounds, such as pesticides

and PCB's, a further potential danger arises from the ability of



grganisms to bipaccumulate these compounds to high body burdens

from very low concentrations in the environment, A "first cut"®
estimate of bicaccumulation can be abtained by determining the
partition coefficient between an organi¢ solvent, usually n-octanol,
and water,

Transfer gf the contaminant from the environment to the organism
is calculated as: 1) a bioconcentration factor {8CF) fraom water
equal to the concentration in the wrganism/concentration in the
water at steady state; and 2} a dietary accumulation factor (DAF}
equal to the concentration in the organism/dally dietary dosage
concentration per gram organism at steady state, Comparisons between
the two routes of uptake to define their relative importance can
then be made assuming the accumulation studies have been canducted
using quantitatively related residues in the food and water {Macek
et al,, 1979). Studies must also be performed to estimate the
transfer of the contaminant from its usual reservoir in the field,
i.e. segiment, to the food organisms and water. With these data
avallable, an assessment can be made of the potential for a compound
to accumulate in marine organisms,

The abave procedures for hazard assessment have been developed
over the past ten years and have gained a general degree of acceptance
{Maki and Duthie, 1978}, The major shortcoming lies in the lack
of field validation, 7This is particularly true in the estuarine
environment, where large dilution volumes and complex mixinyg processes
generally reduce the risk, and where field data on many aspects of
environmental compartmentalizatjon are lacking, Introduction of

Kepone into the James River has provided a unique opportunity for



field validation of the evaluation scheme, A large number of
investigations, a few of which were described above, provide data
to serve, in part, as a basis for assessment, although after-the-fact,
of how well the predictive system works in the estuarine environment.
Bender et al. (1984) have attempted to correlate both measured
aqueous Kepone concentrations ang those estimated from sediment-water
partition coeffictents to residues in animals in the field utilizing
faboratory derived bioconcentration and dietary accumultation factors.
They found that, in many cases, correlations were good. For example,
when laboratory derived dietary accumulation factors for male blue
crabs {Fisher et al., 1983) were applied to field populations,
adaquate predictions were obtained. Uptake by oysters alsp was
predicted quite adequately from laboratory studies. However, wide
descrepancies between laboratory predictors and field observations
were shown for some fishes, Several possible explanations were
given for these discrepancies:

1} The measured bioconcentration factors used were too low,

2] The actual concentrations of Kepone in the water are

greater than those measured or predicted from sediment-water
partition coefficients,

3} There is a greater accumulation through food than estimated
from laboratory studies.

Bender ef al. (1984} examined the validity of these explanations.
The bioconcentration factor used in their predictions was the maximum
found for fish from five different laboratory investigations (7,200).
Thus, they felt the labocratory predictor used was not 1n error, at
least on the low side. A recent study be 5lane and Bender (1980)
indicated dissolved Kepone concentrations in the lower James River

of approximately % ny/k. Predictions from sediment concentrations



at these sites indicate that dissolved levels of Kepone should have
been approximately ? ng/t, utilizing a partition cpafficient
between sediments and water of 5,000:1 (Strobel et al., 1981},
Thus, the dissolved Kepone levels used 1n thelr predictions appear
to be in remarkably good agreement with actual field Xepone concen-

trations, The authors felt that if they were correct in their

10

assessment of the first two explanations for error in their predictions,

this jeft as the most V1kely explanation an underestimate in uptake
via the food chain to account for these differences.

There are cther possible alternative explanations than those
¢ited above, These include microhabitat Kepone concentration
differences, effects of direct contact with sediment and inclusion
of sediment with ingested food, Bahner et al, (unpublished) studied
the uptake of Kepone by spot and grass shrimp and found that uptake
from water was far more important for both species than contact
with or ingestion of the sediment.

Bender and Huggett (1984) have completed a comprehensive review
of the fate and effects of Kepone in the James River., 1In this
review, they examine the above mentioned problems in predictions
more closely. They utilize a lst-order pharmacokinetic equation
{from Hamelink, 1977} to analyze field data concerning uptake of

Kepone by spot and croaker [Micropongonias undulatus). Uptake rate

constants were estimated from field data collected in 1981, while
clearance rate constants were estimated from experiments in which
contaminated spot and croaker collected from the James River were
held in the laboratory, The estimated uptake rate constants for

spot and croaker were 77U and 860 day-1, respectively, {learance
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rate constants were estimated at 0.01 day'l, for spot and 0.008
day'l for croaker. The authors then used these rate constants and
an ayueous Kepone concentration of 7 ny/t to predict body burdens
of Kepone in these species and compare them to observed data. 1t is
not surprising that there is a fairly good agreement between the
predicted and observed valuas, since the rate constants were calculated
from the field data and not from laboratory experiments. [n fact,
these uptake rate constants are approximately three times the laboratory
derived estimates for pther marine species, This s probably
because they include uptake from all sources and not just from
water, Thelr model, in fact, s simply an attempt to describe
observed values from empirical data and cannot serve as a purely
predictive tool. 1t can be used to predict future body burdens in
fish with changing environmenta) Kepone concentrations, but it
cannot be used to explain the discrepancies in predicting field
¥epone body burdens from laboratory data,

Information concerning the relative contributions from dietary
and aguegus sources of Kepone Lo an arganism's total body burden is
scarce. The most extensive study published to date concerning the
dietary accumdlation of Kepcne by fish was conducted by Bahner et
al, (1977). The investigators examined both bioconcentration and
food chain transfer of Kepone through a plankton-mysid-spot food
chain and concluded that bioconcentration cof kepone from water
¢ould overshadow dietary accumulation of the compound, Macek gt
al. (1979) cited this study as a case in point favoring their
hypothes{s that dietary accumulation of compounds is insignificant

when compared to biocencentration., The problem with this conclusion
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1s that the Bahner et al, {1977) study viclated two major tenets
which Macek et al. {1979) propose as essent{a) when comparisons
between the two routes of uptake are made: 1} spot were not allowed
to reach steady state in the dietary accumulation study, and 2)
pesticide concentrations from food and water sources were not
quantitatively related, Because of these problems, the Bahner et
al, (1977} study does not give a realistic measure of the quantitative
importance of dietary accumulation of Kepone to residues found in
spot,

Bahner {unpublished) conducted further studies into the impartance
of the two routes of Kepone uptake by spot using whole amphipods as the
dietary source, Amphipods were contaminated to various whole body
Kepone concentrations ranging from 0,2 to 2.0 ug/g through agqueous
exposures, These amphipods were then fed to spet held in either
uncontaminated water or water containing 0,03 ug/t Kepone, Results
indicated that food and water kepone residue levels were additive
and, at every food and water combination tested, dietary accumulation
was more important than bioconcentration in determining total
residue concentrations in spot. This was most clearly apparent at
high Kepone concentrations in prey, but was also evident at the
lowest concentration, in which amphipods were exposed to Kepone in
a watar concentration {0,045 pg/i) similar to the concentration
to which the fish had been exposed {0.030 wg/2). The major
problem with this study was that water and food doses were not
quantitatively related. Thus, according to Macek et al. (1479],
these findings are not ecologically relevant,

Bahner [unpublished} also investigated the relationship found
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between biomass of contaminated prey Ingested (ration size} and
final spot Kepone boady burdens. He found that spot which consumed
a greater amount of equally contaminated food accumulated greater
residues of Xepone. This dose dependence of steady state residue
concentrations obtained from dietary sources has been documented in
other studies (Macek et al., 1970; Argyle et al,, 1975; Warlen et
al., 1977), Dose dependency would be expected if dietary accumulation
can be modeled by a lst-order pharmacokinetic equation {Branson et
al., 1975; Hamelink et al., 1977; Metcalf, 1977; Bruggeman et al.,
1981}, 1f experimental feed ration size is not adeguate to maintain
fish in good condition, or does not approach ingestion rates from
the field, then an underestimate of body burdens due to dietary
accumylation could be gbtained, Recent work with methylmercury and
fresh water food chains indicates that increased ingestion rates of
fish at high temperatures can explain the increased significance of
dietary accumulation at elevated temperatures (Ribeyre et al,,
1980],

The importance of dietary and aqueous sources of xenobiotics
to an organism's final body burden is not relevant only to the
Kepone problem, Macex et al, {1977) reviewed a number of earlier
papers concerned with this issue and concluded that, except for
DDT, the major source of xenobiotics to aguatic oryanisms is through
aqueous exposure and not through dietary accumulation, The authors
found problems with many early studies due to the tendency of
investigators to use xenobiotic concentrations in food which were
not quantitatively related to concentrations in the water, Bruggeman

et al, {1984) investigated the influence of molecular size and



hydrophobicity on bicaccumulation kinetics in gquppies (Poecilia
reticulata) for a series of polychlorinated biphenyls (PCBs) in
comparison with other halogenated aromatic compounds, They concluded
that as the hydrophobicity of the compound increased, the significance
of dietary accumulation also increased. In fact, 1t was shown that
direct uptake of PCB's with a leg P greater then & {15 considerable
reduced and would never become s{gnificant under natural conditions.
Dietary accumuiation was thought to become significant for compounds
with log P of approximately 5,

Studies by Pizza and 0'Conner (1983) indicated that dietary
accumuiation of PCBs by striped bass in the Hudson River could
account for up to 83% of the contaminant in young-of-year fish,
Rubtnstein et al. {1984} determined that PCB contaminated harbor
sediments could serve as a source of that contaminant for accumulation

and dietary transfer by polychaetes (Nereis virens) and spot.

After ZU days of feeding, the dietary contribution of PCBs accounted
for 53% of the toal residue measured in spot, and the percentage
appeared to be increasing, Thus, for highly 11paphilic compounds,
11ke PCB and DDT, dietary uptake appears to be significant, as
predicted by Bruggeman et al, {1984),

It is noteworthy that the conclusions of Macek et al. {1979)
were based largely on experiments concerning the bicaccumulation of
di{2=-athylhexyl)phthalate (DEHP), 1,2,4=-trichlorobenzene {(TCB), and
the organophosphorous insecticide leptophos by the bluegill sunfish

{Lepomis macrochirus). HNone of these compounds is very hydrophobic;

the largest bioconcentration factor of the three is 183 for TCB.

Hence, one would not expect dietary accumulation of these campounds

14
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to be very great {Bruggeman et al., 1984). For hydrophobic compounds,
such as DDT and PCBs, which are persfistent in the environment and
in aguatic organisms, and are generally considered to be serious
long term hazards, dietary accumulation may be significant,

A numbker of investigators have developed models which couple
pollutant bigkinetics with an organism's bloenergetics in an effert
to predict accumulation of xengbiotics in aguatic food chains, In
general, these models are computer generated mass balance calculations
in which lst-order pharmacokinetic rate constants of uptake and
clearance are related to the bipenergetic parameters of aguatic
arganisms and actual field exposure levels, Exposure of toxic
chemicals in fopd is based on organism age, time of exposure,
concentration in the prey, feod consumption rate and predator-prey
relationships, Exposure to the toxic chemical in water s functicnally
related to respiration rate. MNorstrum et al. (1976) successfully
used such a mpdel to predict field body burdens of PCB and methylmercury

in yellow perch [Perca flavescens}. Thoman and Connolly {1985)

used their bipeneryetics based model successfully to predict PCB
concentrations in a Lake trout food chain in Lake Michigan. Connolly
and Tonelli (1984} have used a similar model to predict burdens

of Kepone in striped bass {Morpne saxatilis) over a seven-year period,

The above investigators report that, for the upper levels of
the food chain, diet appears to be the major route of contamination
for the compounds tested. Connolly and Tonelld (198%) reported
that diet accounted for 91% of the Kepone residue in striped bass
and #7-B8% of the observed concentration in white perch {ﬂgﬁgﬂg

americanal. One of the problems with these pharmacokinetic/bioenergetic
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based models is that they utilize laboratory derived bioaccumulation
data to determine rate constants, These same rate constants are
then applied to a whole range of physical and biological conditions,
The assumption that these rate constants do not change under varying
conditions, both envircnmental {temperature and salinity} and
biolagical (eryanism size, food consumption rate, food type and
concentrations, etc.), has not been tested. Until data are avallable
concerning the effects of these varying conditions on rate constants,
gquestions of the models' applicability will persist,

Objectives and Hypotheses

A number of problem areas in gur understanding of the biogacgumu-
lation and transfer of Kepone in aquatic ecosystems were tdentified
in the above review, The present study was undertaken to provide
infgrmation an some of these areas, using a crustacean {grass
shrimp) and spot food chain.

The major objectives of this study were to:

1} Determine the uptake and depuration rates for hioconcentration
and dietary accumuiation of Xepone by grass shrimp and spot;

2) Determine the effect of increased food ration size on the
dietary accumulation and bioconcentration of Kepone for
both organisms;

3} Determine the assimilation efficiency of Kepone from food for
both species and the effects of increased ration size on the
assimilation efficiency;

4] Determine the contribution of diatary Kepone to final residue
body burdens for both species and the effects of increased
ration size on this contribution;

5) Determine the applicabiiity of an accelerated test procedure
{Bransan et El‘- 1875) to determine picaccumulation kinetics
of Kepone by spot;

6) Compare the dietary accumylation of Xepane by spot from a
kepone-contaminated natural food source and an artificial
diet {Tetramin}.



Completion of these objectives will allow the testing of a
number of hypotheses, including:

1} that the addition of a dietary source of Kepone leads to
a significant increase in fipa) Kepone body burdens in
beth spot and shrimp when compared to Xepone burdens from
bioconcentration alone;

2} that increased food ration size will significantly increase

the Kepane body burden in spot and shrimp;

3} that increased food ration size will significantly increase

the dietary Kepone contribution to final spot and shrimp
bedy burdens when water exposure remains constant;

4) that there 15 a significant difference in dietary accumulation

of Kepcne from a natural versus an artificial food source;

5) that changes in contaminated ration size cause significant
changes in Kepane assimilation efficienclies in spot and
shrimp,

Definitions and Experimental Raticonal

(ne of the major problems in reviewing the xenobiotic accumulation

literature is the inconsistency in the usage of terminology, The
terminoiogy used in this paper i1s tonsistent with that cutlined by

Brungs and Mount {1978}. Bioconcentration refers to the process

whereby contaminants enter the cryganism directly through the gills

or epithelial tissue. Bioconcentration Factor {BCF) refers to the

ratio of the contaminant cencentration in the gryanism to that in
the water. Since Brungs and Mount did not present & term concerned
with uptake of xenobiotics from food, [ refer to this uptake as

dietary accumulation. A Dietary Accumulation Factor (DAF) refers

to the ratio of the concentration of contaminant in the organism to
the daily dietary dosage level (V¥an Veld et al,, 1984). The dailly
dietary dosage is the concentration in the food times the ratio of
the food weight offered to organism waight, A Bioaccumulation

Factor as used by Bahner et al,, 1977 (defined as the concentration

17



18
of Kepone in the predator/concentration in prey) {s not appropriate
to use since it does not accopunt for feeding rate. Both the BCF
and DAF are based on steady state values of contaminant 4n the

system, Bipaccumulation refers to the combined residue accumulation

from faod and water,

The experimental design of the present study follows that of
Macek et al, (1979). \Uptake of Kepone by grass Shrimp and spot
were determined by esposure to 1%C-Xepone in food and water alone,
Combined uptake from both sources was investigated using l3C-Kepane
contaminated food and unlabeled Kepone in water, All agueous
exposures were conducted using equal concentrations of Kepone in
water. The food used in all experiments was also contaminated with
l4C_Kepone at this same agueous concentration. The accumulation and
clearance of Kepone by grass shrimp and spot were modeled using a
lst-order pharmacokinetic equation, described in the materials and
methods section. Use of this equation allowed the calculation of
uptake and depuration rate constants. Application of these rate
constants to the exposure concentrations allowed for computation of
BLF and DAF values and steady state body burdens, even though the
organisms did not reach equilibrium with the source of Kepone
{Hamelink, 1977)}.

Grass shrimp were used as a prey organism for all feeding
studies for several reasons, First, they were easy to collect and
contaminate with waterborne Kepone. Second, a literature review of
spot feeding studies indicated that the major food component in the
juvenile spot diet were copepods and other small crustaceans (Parker,

1971; Sheridan and Livingston, 1979}, Preliminary feeding studies
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indicated that a ground shrimp food was readily consumed by both
spot and shrimp, Thus, this food source represented a natural food
1tem for both species,

A Kepone concentratian in water of 0.04 ug/t was used for all
aquepus exposures. Bahner et al, (1977} studied bioconcentration
of Kepone by spot and grass shrimp from concentrations in water
ranging from 0.02 to 0.04 wy/s for 21 days and found no significant
toxic effects. Tnus, the D.04 wg/t test concentration was below
a toxic level and still allowed analytical sensitivity by both
radipmetric and gas chromatographic methodalogy, The water
concentration is still yreater than the & to 7 ng/& found in the
James River because encugh Kepone had to be presented to the organisms
to allow bivaccumulation to detectable guantities,

In their uptake studies, Bahner et al. (1977) found that grass
shrimp approached steady state with an agueous Kepone concentration
of 0,023 wg/t in 10 to 20 days. Clearance studias indicated that
up to 50% of the Kepgne could be depurated in 28 days, 1t was felt
that a2 l6-day exposure period followed by & 2)-day depuration phase
would be adeguate to describe the kinetics of Kepone bicaccumulation
in the shrimp, Bahner et al. (1977] also indicated that a steady
state for Kepone in spot was approached between 14 and 23 days following
aqueous exposure, The time to one-half clearance was approximately
28 days. Therefore, a 19=-day exposure period followed by a 2B-day
clearance phase would be adequate to model Kepgne bicaccumdlation
in spot.

{ne objective of this study was to determine the effect of

different ration sizes on Kepone bioaccumuiation by spot and shrimp.



Thus, the Macek et al, [1979) experimental design was applied with
twp different ration sizes for both spot and shrimp. These experiments
are designated as: Food Ration Size vs. Kepone Accumulation-5pot
and Food Ration 5ize vs. Kepong Accumulation-Shrimp. A review of
the Viterature indicates that maintenance diets for fish vary with
many biotic and abiotic factors (Phillips, 1969; Hastings, 1963).
ASTH guidelines concerning bloconcentration testing are vague
concerning the subject of food rations to be used during tests
[ASTM, 1988). These guidelines state only that fish should he fed
a food that will support survival, growth and reproduction and that
axcess food should be removed thirty minutes after feeding, Hastings
{1969) indicated a range of maintenance diets for different species
between U,3 and 1% body weight/day based on dry food weight/wet
fish weight, Since the food in the present study was approximately
75% water, this percentage range becomes 1.7 to 4%, based on a wet
fopd weight/wet fish welght ratio. Therefore, a 4% mean body
weight ration size would be close to a maintenance diet and an 8%
ration size would allow for some shrimp and fish growth, Dietary
accumuiation of Kepone by spot from a 20% ration size also was
investigated to determine the effects of an even larger dose on
final Kepone body burdens,

kepone assimilation efficiencies for both spot and shrimp were
determined by the methods of Grodzinski et al. {1975). Assimilation
efficiencies were calculated as both the percentage of Kepone
assimilated of the total fed and the percentage assimilated of the
amount ingested. Tne former method allows for comparisons to be

made with both mass balance assimilation efficiencies from long-term
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eiperiments and computer-generated assimilation efficiencies from
these same experiments. Bruggeman et al. {19Bl) nhave reported that
the lst-prder pharmacokinetic uptake rate constant for dietary accumuy-
lation is a measure of the absorption or assimilation efficiency
of an injested compound.

Branson et al. {1975} used an accelerated test protocel to
model bioconcentration of 2,2',4,4' tetrachlorcbiphenyl by ratnbow

trout (5almo gairdneri), Accelerated test refers to the determination

of uptake and depuration kinetics using a much sharter exposure test
period than s normally used {i.e., 28 days uptake}, The authors
computed uptake and depuration rate constants and a 8CF for a S-day
exposure and ZH-day clearance phase. Usiny these data they successfully
predicted fish muscle-concentratians of the chemical obtained

during a 42-day exposure period, They felt the use of accelerated
tests coupled to pharmacokinetic bipaccumulation models could save
much time and effort in obtaining biocaccumulation estimates, A
similar accelerated test was conducted {n this study to determine
tts applicability to bioconcentration and dietary accumulation of
Kepone by Spot.

Many feeding studies in the past have used laboratory=
contaminated artificial food sources as chemical vectors to the
organism, Van Veld et al, (1984) used 14C-Kepone contaminated
catfish chow to investigate dietary accumulation kinetics in channel
catfish, Use of artificial fopd sources has led to questions
concerning the applicability of these findings to the natural
system., Huestions arise concerninyg differences in xenobiotic

assimilation efficiencies by fish from a natural, contaminated



food socurce and contaminated, artificial food. Differences in
lipid content between the two food types may also affect dietary
accumulation kinetics, To examine these questions, two different
types of food were fed to spot for 19 days. Both were contaminated
with the same concentration of Kepone, The natural fopd source was
prepared by exposing 1ive grass shrimp to 14C-Kepone contaminated
water for }6-days. The artifictal food source was tetramin fiake
food coated with a 19C-kepone contaminated corn 0il: cod liver oi}
mixture, Fish were fed the same daily dietary dose of each food so

that uptake kinetics and final Kepone body burdens could bhe compared

directly,
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MATERTALS AND METHODS

Test D[gan1sm5

The test organisms were juvenile spot {Leiostomus xanthurus}

captured by seine and non-ovigerous grass shrimp {(Palaemonetes pugic)

collected by push net. All organisms ware collected in 5anta Rosa
Sqgund, Florida, near the U.S. EPA Gulf Breeze Laboratory., All
gryanisms were acclimated to experimental conditiens in the test
apparatus for 10 to 14 days prior to start-up, The mean wet weight

af the grass shrimp was 0.092 mg (* 0,043 o, n = 60), Spot used

for the Fpod Ration Size vs, Kepone Accumuilation study had a mean

wet weight of 2.49 g (+ 0,30 o, n = 416); those used for the accelerated
tast had a mean weight of 31,90 y (¢ 0.21 o, n = 120); and those

used far the comparison between natural and artificial contaminated

food sources had a weight of 3.13 g (¢ 0.46 o, n = 40),

txposure Concentrations in Water

The 14C-Kepone used in these experiments was obtained from
Pathfinder Laboratory (St. Louis, MO}, The specific activity was
24,8 pCi/uM. Kepone was purified by TLC, using a LKbhOF Whatman
$i1ica gel plate and a 2 hexane: 1 acetone solvent system.
Scintillation counts of plate scrapings indicated 93% purity, while
4 gas chromotaosgraphy check of the purified stock indicated 95%
purity, The unlabeled kepcne, ordered from the U5, EFA Pesticides

and Industrial Chemicals Repository (Research Triangle Park (RTP), KC),
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proved 98% pure by gas chromatography, The primary 1*E-Kep0ne stock

solution was prepared in toluene/ethy) acetate (1:3) at 2 concentra-

tion of 4B84.6 ug/ml, while primary unlabeled stock was prepared
in toluene at 104.5 pg/ml. A1 waterborne Kepone exposures were

prepareg with a triethylene glycol {(TEG) carrier solvent, Aligquots

of the primary stock solutions were measured intp flasks and evaporated

almost ta dryness, then dissolved in the appropriate amount of TEG
to prepare secondary stock solutions for test exposures. A Kepone

concentration of V.04 wg/k was used for all aqueous exposures.

14C-xepone Comtaminated Food Preparation

Grass shrimp were exposed to aqueous l4;.kepone in a flow-through
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system for 16 days. Approximately 200 g of shrimp were dosed in each of

six 60 & tanks, Initial Kepone analysis showed noc detectable Kepone in

snrimp subsamples., A 15 &/hr flow rate of seawater was maintained,

14c.Kepane in TEG carrier was metered into each tank at 10 ml/day by

syringe pump, Water temperature was maintained at 23° { and a 14
hr L:10 hr D lighting cycle was maintained. 3Salinity was not
controlled, but was monitored throughout the exposure,

Four shrimp from each tank were analyzed after 0,88, 1.75,
2,50, 7.0, 14.0, 15,2 and 16.3 days of exposurg, The shrimp were
rinsed with clean water, blotted dry, weighed and frozen for later
radiometric analysis, After 156.3 days of exposure, surviving
shrimp from each tank were netted, rinsed and frozen as a group
until the Kepone concentrations could be determined and compared.
These shrimp served as the food source tn the later studies,
Statistical analysis indicated no significant difference {n shrimp

Kepone concentrations among tanks (ANQVA, o = 0.05).



The Fpod Raticon Size vs. Kepone Accumuiation=-Shrimp experiment
was conducted immediataly following the above statistical apalysis.
Since no difference in shrimp Kepone concentration was seen among
tanks, shrimp in one tank were ground and used as food for this
experiment, The Kepone concentration in this food was 0.118 pg/g
{t 0,006 o). The shrimp remaining from the ather five tanks were
later pooled into one group, ground in a blender and sampled for
final Xepone concentration. This food mixture was frozen 1n &0 g
packages for later use in the spot Kepone accumulation experiments.,
This food contained $.101 ug Keponefg {* 0.003 o). Both batches of
food were ground to achieve a more even distribution of Xepone to
the test organisms. The food was thawed in a small volume of water
(50 m1) prior to addition to the test aguaria, It was discovered
later that the two food preparations had not been ground to the
same consistency. The food fed the fish was ground to a finer

consistency than that fed the shrimp.

Experimental Protoco)

Kepone Accumulation vs Fpod Ration Size-Spot

The experimental protocol used to determine relative contributions

of Xepone to spot by bioconcentration and dietary accumulation was
that outlined by Macek et al, (1979}. Grass shrimp previously
contaminated to 0.101 pg 1‘C-Kepunefg were the dietary source of
Kepone, Frozen food was welghed, chopped and transferred to jars
containing seawater where i1t was allowed to thaw before addition to
test tanks, Bioaccumulation was determined at food rations of 4%

and 8% mean wet body weight,
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Far each ration, 52 spot were tested in each of faur treatments
to determine the quantitative importance of dietary accumulation
and bicconcentration of Kepone to whole body spot residues. The
four treatments were dosed as follows: 1) 0.04 ug/t 14C-Kepone
contaminated water + clean food to measure bioconcentration; 2}
Clean water + 14E-Kepune contaminated food to measure dietary
accumulation; 3) 0.04 uwg/t unlabeled Kepone contaminated water +
14c_Kepone contaminated food to measure contributions from each
source in a combined exposure; 4) Clean water + clean food as a
contral, These treatments will be referred to as W, F, WF and C,
respectively, with a ration size prefix. Thus, 4W indicates fish
exposed to 14c.kepone contaminated water and fed a 4% ration of
vncontaminated food,

By using both labeled and unlabeled Kepone 1n treatment three
and analytical procedures described later, it was possible to
differentiate between the two sources of Kepone, although they were
presented simultaneously. A 15 #/hr seawater flaow rate was
maintained to each B0 & ayuaria. Treatments receiving aqueous

Kepone exposure were dosed at luU ml/day by syringe pump, Actual

ration size was adjusted throughout the experiment for fish weight-gain

and fish loss due to sampling. The flow-through apparatus and
procedures were consistent with ASTM guidelines for conducting
bioconcentration tests [ASTM, 1944), The test was performed between
May and July, 1984,

Secandary uptake of 14C-XKepone excreted by the spot or leached
from the food could play a role in kepone accumulation by the fish.

Pizza and 0'Connor [1983) reported that secondary uptake of FCB by
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striped bass could account for only 1.7% of the body burden. To
monttor this possible route of uptake, a fine-mesh Witex basket,
with four fish, was installed in the 8F treatment tank, These
fish, which received clean fogd for the entire uptake phase, ware
analyzed for 13C-Kepone and compared to fish which had fed on
contaminated food during the same period.

The exposure phase of the experiment lasted 19 days, fo)lowed
by a 28-day clearance phase, In accaordance with ASTM guidelines (1984},
samples were taken during the uptake phase at geometric intervals
starting at day 0.88, Clearance samples were taken at arithmetic
intervals beginning with day 19. This resulted in a sampling
schedule of 0,88, 1.75, 3.50, 7, 14, 17.5 and 19 days for the
uptake phase and 19, 26, 33, 40 and 47 days for the depuration
phase. Four fish were collected from each test aquarium per sampling
period, when possibla,

Fish were sampled prior te feeding 50 that they were able to
purge any food from their systems, Fish were removed, rinsed,
blotted dry and killed by pithing, Wet weights and standard lengths
were recorded and the fish were frozen far later analysis. These
data allowed for the calculation of a fish condition index (K} by
the formula {(Parker, 1971}):

K = Weight x 105

Length3
All tissue Kepone concentrations were expressed as pg Keponefg
whole-body wet weight, Fish sampled at the start and at the end of
the uptake and ¢learance phases were analyzed for total lipids,

neutral lipids, glycolipids and phospholipids.
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Kepone Accumulation vs Food Ration 51ze-Shrimp

The same general experimental gdesign was used as in the spot
experiments. Because of the limited amount of radiolabeled food
available, the design involved only five treatments: 1) l4c-Kepone
contaminated water + 4% clean ration; 2) unlabeled Kepone contaminated
water + 14C-Kepone contaminated food-4% ration; 3) unlabeled Keponae
contaminated water + 14C-Kepone contaminated food-8% ration; 4)
uncontaminated water + l4C-Kepone contaminated food-4% ratlon; 5)
uncontaminated water + clean food-4% ration, These treatments will
be referred to with the same mnemonics as in the spot study. Thus,
8FW refers to shrimp fed an B% ration of contaminated food and exposed
in Kepone laden water, The contaminated food source was shrimp
containing 0.118 ug 14C—Kepane/g from the initial Kepone food
contamination. Daily food preparation was identical to that used
for spot, With this design, it was possible to compare ration size
effects in combined exposures (4FW and BFW) and also single exposure
versus combined exposure at the 4% ration size {4W and 4FuW; 4F and
4FW) .

Thirty-five grams of grass shrimp were placed in each 60 &
treatment aquarium. All flow rates and physical parameters were
the same as in the spol experiment, The experiment was conducted
between December 1983 and January 1984, A Kitex basket was placed
tn the 4F treatment to monitor secondary uptake, Shrimp in this
basket were fed ciean food and were analyzed at day 16. Dissolved
pxygen concentrations were measured inside and outside the basket
to insure adequate water exchange.

Shrimp samples were taken on days 0.88, 3.5, 7.0, 14, 15 and 16



during the uptake phase and days 7, 14 and 21 of the clearance phase.
Eight shrimp were sampled from treatments 1 and 4, Since sensitivity
of the gas chromatographic method was low, shrimp from treatments 2
and 1 were pooled inte four 0.5 g-samples for each sampling period.
At each sample period, a total of 0.5 g of grass shrimp was taken
from each treatment to keep the biomass consistent among treatments,
Shrimp from treatments 1 and 4 not used for analysis were disposed

of as solid 19C-Kepone contaminated waste, Shrimp were also sampled
for 1ipid amalysis at the start and the end of the uptake and

c¢learance phases,

Assimilation Efficiency Determinations-5Spot and Shrimp

tpot used in the assimilation studies weighed an average of
2.35 g {£+ 0,64 a, n= 60, Individual shrimp weights were not
recorded., The small) size of individual shrimp and difficulties in
weighing extremely small ration sizes necessitated using a poolad
mass of shrimp as the experimental unit in each treatment, Feeding
could then be based on the total weight of shrimp per treatment,

In effect, the assimilation efficiency of a small populatiogn of
individuals was determined.

These experiments were conducted at 23 L and ambient salinity.
One-gallon pickle jars with screened holes near the bottom were used
as test vessels, The screen allowed for water exchange but retained
organisms and their food. The jars were placed in 2 large glass
tank receiving 15 t/hr filtered seawater. A variahle level overflow
siphon in the large tank reguiated timed fiushing of the pickle
jars,

There were three different food types used in different portiecns
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of the assimilation study. The first was the finely ground food
source used in the spot ration si17e vs Xepone accumulation study,
As outlined in the food preparation study, this source was prepared
by grinding shrimp from five tanks, Individual food particle size
was very small to insure an even distribution of radiolabeled food
among the fish, The second food was the more coarsely ground type
used in the shrimp ration size vs Kepone accumulation study. The
Kepone concentrations in the two types of food preparations were
not significantiy different. A third type of food was Kepone
contaminated flake fish food. A description of this food is given
in the section concerning the compariscn of the uptzke of Xepone by
spot from a natural and artificial food source.

Several different treatments were utilized in the assimilation
efficiency experiments. Shrimp were isclated from their fecal
material and fed either a 4% ration or an 8% ration of coarsely or
finely ground food (1} {(The numbers in parentheses correspond to
experiment numbers in Tabie 6). The shrimp were sacrificed after
24 hgurs to determine the percentage of the total Kepone fed which
they had incorporated into their bodies over a 24 hr pericd.
Another group of shrimp were fed either a 4% or an 8% ration of
contaminated finely ground food followed 24 hrs later by the same
ration of clean food {(3). These shrimp were sacrificed after 48
hrs to determine if & 24 hr sampling pericd was adequate for clearance
of unassimilated Kepone contaminated food from the gut, A third
group of shrimp were allowed access to their fecal material and fed
either a 4% or an 8% ration of finely ground food (2). These

shrimp were sacrificed after 24 hr to determine if fecal reingestion



could increase assimilation efficliency.

Two static experiments were also conducted, One Titer beakers
filled with filtered seawater at 23°C were used in these static tests,
One group of beakers received shrimp and a 4% finely ground food
ratiaon for 1.5 hr (5)., Another group received the same ratton of
food with no shrimp (4}. Water (0.4 p filtered), food and shrimp
were analyzed for total Kepone. These two experiments were designed
ta investigate the partitioning of Kepane from the food to the
water (4) and to determine the amount of Kepone actually ingested
by the shrimp from the food source (5),

The spot Kepone assimilaticn experiments were similar to the
shrimp experiments in design. Data from Experiment (&) ylelded the
amgunt of Kepone ingested from food by spot at each ration size in
3 hrs, Combined with data from Experiment {7), which estimated
assimilation over 24 hr, determinations of both a Kepone assimilation
efficiency tased an amount ingested and an efficiency based on the
total amount of Kepone offered could be made. The latter efficiency
is important because it can be compared directly with the efficlency
predicted by the BIOFAC model for the lony term study. {K3 x 300 x
time - Bruggeman et al., 1981). Experiments (10) and (11} were static
experiments conducted the same way as the shrimp static experiment
{4}, Data from these two experiments yielded estimates of the
relative partitioning of Kepone from the coarsely and finely ground
food to the water,

One experiment was conducted at the 8% ration size with finely
ground food to determine the 24 hr Kepone assimilation efficiency

when spot were {sclated from their fecal material {B). Twenty-four
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hour Xepone assimilation efficiencies for spot fed a coarsely
ground foopd and an artifical food at the BX ration were alse determined
[9), A1 Xepone assimilation efficiency experiments for spot were

based on one feeding at the beginning of each test,

Accelerated Test - Spot

The applicability of an accelerated test methodology to
measurement of dietary accumulation and bloconcentration of Kepane
by spot was also tested, Three 60 & aguaria with 40 spot each were
maintained in a flow-through system at 23° C, Flow rates and physical
parameters were the same as in the long-term ration size studies.
The fish were dosed as follows: 1) uncontaminated water + 4% ration
of 14C-Kepone contaminated food {4F); 2) uncontaminated water + 8%
ration of 14C-Kepone contaminated food (8F}: 3) 0.04 ug/e unlabeled
Kepone contaminated water + 20% ration of 13C-Kepone contaminated food
{Z0WF) {three separate feedingsfday}, A1l contaminated food was from
the same sgurce as that in the long-term food only (4F, 8F) ration
size experiments (U.1U1 wg/y). Four fish were sampled from each
aquarium on day 1, 2, 3 and 4 of the uptake phase and day 5, 10, 15
and 20 of the depuration phase. Fish were analyzed for }ipids at
the start and end of the uptake and clearance phases.

Radiometric analysis of fish from the first twc tanks yielded
data to compute uptake and depuration rate constants and dietary
accumulation facters, using the BIOFAC computer model, These
values werg then comparad to the same values derived from the
tong=term food only (4F,8F) ration size study, Fish from the third
tank were analyzed by combined gas chromatographic/radiometric

methodology to determine biccencentration and dietary accumulation
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kinetics at a larger ration size, Rate constants computed by
BIOFAL from these data were compared to constants derived from the
long-term ration size experiment. The dietary accumulation at the
large ration size gave additional information on dietary contributigns

to Xepone body-burdens.

Dietary Accumulation of Kepone by Spot from Natural and
Artificial Food Sturces

The natural food source for this study was the same as that
used 1n the spot food ration vs Kepone accumulation study {0.101
ug/g). The artificial diet was a flake fish food contaminated by
the method of Yan veld et al. (1984). Seventy ut of 14¢.xepone
in tolueng/ethyl acetata (1:3) was pipetted into a concentrator tube
{concentration = 484,86 pg Kepone/wml solvent). The solvent was
replaced by a 1 me solution of a 1:1 mixture of cod Yiver oil:corn
o1l and mixed thoroughly. This soluticn was then pipetted onto
6.6 g of Tetramin contained in a foll-iined jar. The jar was then
shaken for 20 minutes and 1V 250-mg samples were taken for radiometric
anaiysis, The food averaged U.477 wg Kepone/g (* 0.002 o) on a dry-
weight basis or U,105 ug (2 0,006 o) on a wet-weight basis., The
conversion from dry weight to wet weight basis was based on earlijer
studies which showad that the shrimp food source used in the earlier
spot experiments was 7HY water,

Two test aguaria containing 20 spot each were placed in a
23° C water bath, All flow rates and physical parameters were the
same as in the earlier studies. For five days prior to the initial
exposure, the fish were fed uncontaminated food of the same type

they would receive during the exposure. Durinyg the exposure phase,
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fish in one tank were fed a 20% ration of naturally contaminated
food, while fish in the other tank were fed a 20% ration (wet-weight
basis) of contaminated artificial food, The daily rations were
delivered in three equal portions. The 20% ration was used to test
the effect of increased ration size on Kepone accumslatton by spot,
A fish basket to monitor secondary uptake was placed in each tank,

A third group of fish were fed a 20% ration of uncontaminated food
as a control.

Fish were fed for 19 days at which time the experiment was
terminated, Total Kepone per day and total ration were the same
for both tanks when expressed on a wet-weight basis. The ration
was adjusted throughout the experiment according to Fish growth and
number of fish removed for analysis. Four fish were analyzed from
each treatment on day 3.%, 7, 14, 17.5 and 19, Samples for 1ipid
analysis were collected on days 0 and 19. All samples were analyzed

for Kepone by the radiocmetric methodologies described below.

Sample Analysis

Radiometric Apalysis - Tissue

Shrimp from the ration size vs Kepone accumulation experiment
were analyzed individually., For the assimilation studies, shrimp
from each treatment jar {mean wt, = 2,0 pooled grams) were analyzed
a5 a group, Fish were analyzed individually from all the spot
experiments, Individual shrimp samples were analyzed wet, The Z-g
pooled shrimp samples and spot sampies were freeze-dried before
analysis, which aliowed for calculation of percentage moisture for

both species.
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Samples ware combusted to (O using a Packard Tri-Carbk Sample
Oxidizer. Burn time varied from 1 to 1.5 minutes, depending on
sample size. The 1“CDE was trapped in Carbosorb and mixed with
Permafluor automatically, Recovery efficiencies were 97.6% {£ 0.3
g, n = 10) for the wat shrimp samples weighing less than 200 mg and
92.0% (£ 2.8 o, n = 12) for the dry samples weighing between 200
and 1000 mg, A1l Kepone concentrations were carrected for recovery
efficiency and guench,

Samples were counted on a Beckman L 38000 liquid scintidlation
counter for 10 minutes or until a 2o error of 2% was attained,
Backgrounds for the combusted samples were 76,9 cpm at a 2¢ error
of 7.21%. The leyel of detection for these samples, at a specific
activity of 112,000 dpm/ug 14C-Kepone, was 0.00015 wg or 16.8 dpm

based on a counting efficiency af 75% [APHA, 1981).

Radiometric Analysis - Water Samples

Water samples (1 &) were extracted with twenty-five ml of
toluene, shaken for 3 minutes and allowed to stand at Jeast 1 hr,
A 5-ml subsample of the toluene layer was pipetted into 15 ml of
PCS cocktai! in a 20-m) scintillation wvial. The samples were
counted on a Beckman LS800U liquid scintillation counter. Replicate
spiked water samples indicated a recovery efficiency from this
method of 94.8% (+ 0,4 o). Mater sample background was 52.7 cpm
with a 20 error of 4,35%, At a counting efficiency of 95%, this
method had a minimum detection 1imit of 0.2 ng/L, based on a one
1i1ter sample and an o = 0,05. All aqueous Kepone concentrations

were corrected for recovery efficiency and quench,



Gas Chrovatographic Methodology - Tissue Samples

Samples of fish and shrimp from the 4WF and BWF treatments
were analyzed by combined gas chromatographic/radiometric methodology.
Mean shrimp sample weight was 0,5 g (6-8 shrimp); fish welights
ranged from 2 to 6 g wet weight, MWhele fish were homogenized to a
slurry prior to analysis.

When removed from the test system, organisms were patted dry,
weighed and frozen, Frozen samples were thawed and transferred to
centrifuge tubes, Each sample received 1G ml of extraction solvent
{1:3 toluenesethyl acetate)., The sample was allowed to solvate for
24 hr. Each sample was then homegenized in a Brinkman Polytron and
centrifuged for 15 min., The solvent was decanted to a second tube,
The homogenized tissue was washed twice more with 5 ml of extraction
solvent, Each time the sample was shaken for 2 min and c¢entrifuged
The solvent was decanted to the same tube as the first extraction,

The extract was then evaporated under nitrogen, After adding
thirty ml of petroleum ether, each tube was capped and allowed te
stand 1 hr, 1n a fume hood, 5 m) of fuming sulfuric acld was added
to each tube, The tubes were capped and shaken vigerously for 15
min on a sample rotator., The sample was centrifuged for 15 min and
the petroleum ether fraction was transferred to a third centrifuge
tube. This procedure was repeated twice more with 1U ml washings
of petroleum ether., The petroleum ether was evaporated under
nitrogen and 1,0 m1 of eluent solvent [ (1:19 acetone/benzene} was
added., The tubes were capped, shaken vigoropusly and refrigerated
until clean-up by column chramatography.

The chromatographic columns were 300 mn by 11 mm (i.d.} with

36
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teflon stopcocks, Columns were packed and rinsed with benzene,
Each contained a yiass-woo! plug, 5 g of Florisil and a 2 g anhydrous
sodfum sulfate covering. Florisil was oven-dried before use, The
sample was applied to the column and 50 ml of eluent solvent 1 was
added, Just befgre the column went dry, 70 m1 of eluent solvent 11
{1:9 methanol/toluene) was added. The eluate was cellected, evaporated,
and redissolved in an appreopriate volume of 2T methanol/toluene (2,
5 or 10 ml depending on estimated Kepone concentration)., The sample
was then ready for gas chromatographic aor radiometric analysis,

One half of the extract was counted ¥n a 20 ml scintillation
yial with 15 m) PCS scintillation cocktail, The sample was counted
for 10 min or a 2o error of 2.,0% as previously described, A portion
of the remaininy extract was analyzed on a HPSB4U GC with EC detector
(63NI) using a 5% SE-30 on Chromosarb w/AW DCMS column (1.83m x 2 mm
i.d.}). [Injection temperature was 275°C, with a P-10 flow rate of
30 ml/min,

Recoveries from spiked samples averaged 67.0% (% 5.3 o) for
labeled Kepone and 66,2% (* 10.30¢) for unlabeled Kepone for the
shrimp samples, HRecovery efficiencies for the spot samples were
Tower and more variable, averaging 51,5% {+ 13.80) for labeled
kKepane, The low recovery efficiency for the spot samples was
thought to be due to the inability of the 1ipid clean-up method
{fuming sulfuric acid) to remove the lipid interferences from these
samples, It should also be noted that the sample combustion method
was much more efficient for analysis of l14C-Kepone than the GC method.
The 1imit of detection for the gas chromatographic methed in this

combined procedure was 0,002 ug/g, while for the radiometric method



it was 0.001 ug/y, based on the smallest sample analyzed {500 mq),.
A1Y shrimp and fish Kepone concentrations were corrected for recovery

efficiency.

Gas Chromatographic Methodolegy - Water Samples

Water samples were pxtracted the same way as the radtolabeled
water samples, Column chromatography was unnecessary following the
toluene extraction. Duplicate samples containing 14C-Kepone were
analyzed by both gas chromatograzphic and radiometric methods to
compare the two methods, Radiometric analysis of these samples
gave a mean Kepone in water concentration of 0,042 ug/R (* U,002q,

n = 10}, wnile yas chromatoyraphic analysis indicated a concentration
of 0,041 ug/t (¢ 0,003 o, n = 10}, These values are not significantly
different {t-test, @ = 0,058), indicating that the methods produce

equivalent estimates of Xepone cancentration,

Lipid Analysis

Lipid samples were analyzed with & modified Bligh=Dyer method
taken in part from Kates {1972}, Samples were homogenized in a
centrifuge tube using a Brinkman Polytron. Thirty m! of extraction
solvent 1 (0.8 distilled water : 1 CHCl3 : 2 MeQH) were added with
part of the 0.8 water portion represented by the organisms' moisture,
The sampie was sonicated for 10 min and allowed to stand at least
12 hr. The mixture was then centrifuged at 1500 rpm and the sclvent
layer decanted, The sample was washed twice with 10 ml of extraction
solvent [, with each washing sonicated 5 min, centrifuged and
decanted into the same solvent tube as the original extract. The

combined extracts were then diluted with 30 ml of a 1:1 mixture of
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{ni1y and water. This solution was centrifuged and the bottom layer
of chloroform was pipetted into a round=-bottom flask through a
Whatman #1 filter containing anhydrous sodium sulfate, The solution
was concentrated by rotary evaporation at 35° C. The concentrate
was then quantitatively transferrad to a tared test tube, evaporated
to dryness, and weighed to determine tatal l1ipids.

The total liptds were redissolved in 2 ml chloroform and a
200 pi sample was removed ta determine total radioactivity. The
remaining lipid solution was chromatographed using a 1.1 cm diameter
column containing 1 g activated Ynisil {Clarkson Chemical Co,,
Williamsport, PA), Neutral lipids were eluted with 10 mz ChClj,
glycolipids with 10 ml acetone and phospholipids with 1U mg methanol,
Each lipid fraction was collected in a tared test tube, evaporated

to dryness, weighed, redissolved in ChC13 and counted for radicactivity.

Statistics

Changes in spot weight, length and condition index over the
duration of a test were analyzed by a one-way ANOVA followed by a
Duncan's Multiple Ranye test (Sokal and Rohlf, 1969), The alpha
lavel, unless otherwise stated, was 0.0h. Percentage growth was
compared with an ANOVA after arcsine transformation {arcsine of the
square root of the value)., Assimilation efficiencies, total lipid
percentages, and constituent 1ipld percentages were compared using
an ANOVA after arcsine transformation,

Effects of ration size on Kepone concentrations were evaluated
by a simple t-test for each sampling date. The alpha level was
0.0% unless otherwise stated. All statistical analyses were performed

using the statistics package developed by the SAS INstitute (3AS
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Institute, 1982,

pharmacokinetic Model

The bipaccumulation experiments in this study were designed to
determine uptake rates, clearance rates and bioconcentration/dietary
accumulation factors at steady state for spot and grass shrimp
exposed to Keperne, Accumulation of a non-metabolizable pollutant
by aquatic organisms can be adequately described by a first-order
kinetic model (Blau et al., 1975; Branscn et al., 1975; Blanchard
et al., 1977; Hameiink, 1977, Bruggeman et al., 188l; Pizza and
0'Conner, 19813},

The pharmacokinetic first order model is of the form:

dCp/at = K30 + K1ly - Kolp {1}

where:

Cp = concentration in oryganism

= daily dietary dose = C; {food wt offered/fish wt * time)

Cf = concentratton in foopd

Cw = concentration in water 1

Ky = uptake rate constant from water {(day I }

Ky = uptake rate constant from fuuT fday =)

Kp = ¢learance rate constant {day™-)

For a constant agueous concentration without dietary exposure,
the concentration jn the prganism at time (t) after the start of the

exposure can be given by:

Colt) = K - ¢, + (1 - e7kehy (2)
Kz

Likewise, for a constant food concentration without water expasure,
the concentration in the organism at time (t) can be gliven by:

o it) =Ky =g« (1 - eKeYy (3)
N

The daily dietary dose represents the total amount of food offered

the prganism while the specific uptake rate constant is a measure



of the xenobiotic assimilation efficiency from that food {Bruggeman
et al., 1981). Both equation (2} and (3) are obtained by integration
of the appropriate parts of equation {1) for food or water uptake,

A computer program called BIOFAL was developed by Dow Chemical
Company (Blau and Agin, 1978) using the above model to describe
accumuiation of pollutants by aquatic organisms, The program was
first described by Blanchard et al. {1377} who used it to model
uptake, clearance and bioconcentration of 14C-sec-buty)-4-
chlorodiphenyloxide in rainbow trout, The program yieided estimates
for uptake rate, clearance rate and 8CF similar to graphica) and
hand caiculated best-fit methods,

The program uses a nonlinear ragression method ta fit an uptake
and clearance curve to whale-body cancentration of a xenobiotic
measured pver time, B10FAC treats the data in such a way that the
effect of any lack of homogenelity in the data §s minimized and
provides, not anly the maximum likeiihood values for parameters,
but alsg estimates of the goodness-of-fit of the line to the data,
Inputs for this proyram include tissue concentration for each

individual, time of sampling, a time-weighted average exposure

concentration and the duration of exposure. QOutputs include estimates

of uptake and depuration rate constants, bioconcentration or dietary
accumulation factors, time to reach 9U% equalibrium and T1/2 for
clearance, To my khowiedge, this is the first published study
which applies this program to dietary accumulation,

Une advantage of using a first-order kinetic model is that a
steady state accumulation factor can be calculated without extending

the test until the organism actually reaches steady state, This is
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especially helpful in dealing with some of the more persistent
chemicals, such as ODT, PCB and Kepone, which take a long time to
equilibrate in organisms. In the model, the accumylation factor is
simply Ky or Ky divided by the clearance rate (Kp), as can be seen in
equations (2) and (3) above, Thus, this model has an advantage as

a predictive tool aver descriptive models such as that used by
S8ahner and Oglesby {1979}, which treats the last day of uptake as

the point of steady state. For highly bioconcentrated materials
which take a lang time to reach steady state, the fahner and

Ogiesby approach would consistently underestimate the bioconcentration
potential, unless the exposure period was leng encugh to allow the

organism to reach steady state with the contaminant,
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RESULTS

Exposure Concentrations and Physical/Chemical Conditions

There were no significant differences {n food or water concentra-
tions of Kepone among the various experiments based on an ANOVA. The
aqueous concentration ranged from 0.039 to 0.043 ug/e, while the food
concentrations ranged from 0.101 to 0.118 pg/g (Table 1).

Temperature was controlled at 23.0°C, with an actual range from
22,9 to 23.49C (Table 2), Salinity varied from 21,3 to 27.5%u0.
Oxygen concentrations were near saturation while pH ranged from 7.5
to 7.9. An ANOVA on the exposure conditions during each experiment

showed no significant difference among treatments within any experiment.

]4E-Kepnne Contaminated food Preparation

The similarity in whole body shrimp Kepane concentraticns at each
sampling time tn all six exposure tanks indicates good exposure control
{Figure 1). An ANOQVA on the last three sampliing dates jndicates no
significant differences in shrimp concentrations among tanks, Average
shrimp Kepone concentration determined by radiometric analysis of indi-
vidual shrimp at the end of exposure was 0,141 ug/q {+ 0.014 o; n = 24).
This concentration 15 higher than the concentration in the food after
it had been ground tc a fine consistency (0.101 wg/g # 0.003 o; n = 10},
Kepone concentration appeared to decrease during fooud preparation.

The uptake rate constants for Kepone for the six groups of

shrimp ranged from 221 to 378 day'] (Figure 1). In order for the
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Tank K {diy'l}
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WHOLE BODY CONCENTRATION, pg/g

1
10'2 2 273

3 276

4 260
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Figure 1. Whole body Kepone tfgncentratiun of shrimp exposed for 16
days to 0,04 yg/2 '*{~Kepone in water during the food
contamination exposure. Curves {z std.dev.) for six treat-
ments plus estimates of uptake rate constants (Kp),
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Bl1OFAC model to estimate an uptake rate constant, some Initial
estimate must be calculated for both uptake and clearance rate
constants. Initlal estimates for the clearance constant were taken
from the laong-term shrimp uptake/depuration study. The mean uptake
rate constamt calculated for the six treatments was 282 day~l (52 o),

During the exposure period, heat killed shrimp, placed in a
basket in one exposure tank, were sampled every hour for four hours
and analyzed to determine possible Kepone contamination by sarption,
No Kepone was detected in any of these shrimp (n = 16}, This indicates
that sorption of Kepone from the water by the food would not be a
1{kely source of contaminant to organisms i1n the later, long-term

exposure studies,

Kepone Accumulation vs Food Ration Size - Spot

Fish 51ze and Condition

Mean weights of spot at the start of the experiment ranged
from 2,41 to 2.55 g (Table 3). The overal) mean weight at the
start was 2.49 g (10.30 o, n = 416), Standard lengths were not
measured on day U to minimize fish handling. There were no
significant differences !n spot weights among treatments at the
start of the uptake phase. There were no significant differences
in spot weights or standard lengths among treatments at the end
of the uptake phase, At the end of the uptake phase fish were
somewhat lighter than at the start, although the difference in
weight was not statistically significant, Growth was poor, even
for controls, during the uptake phase. In all but one case, fish

fed the 8% ration size were somewhat heavier than those fed the
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gsmall ration, In every case, the BX ration group fish had a
greater weight change than the 4% ratien group.

Statistical analysis of fish samples taken at the end of the
clearance phase indicated significant differences among treatments
in fi1sh weight and standard length {a = 0.01). A Ouncan's multiple
range test indicated that the major portion of this difference was
attributable to the 4W and 8W treatments. In these treatments,
fish fed the §% ration were statistically heavier and longer than
those fed the 4% ration, Fish from the other paired treatments
were not statistically different, although welght gain was generally
yreater for fish receiving the large ratian, In addition, fish
from the 8W treatmert were statistically larger at the end of the
experiment than at the start.

Frior to combustion, 157 fish which had been exposed to
14C-kepone anly were freeze dried to determine percent moisture, An
ANDVA of arcsine transformed percent moisture data indicates that,
through day 40, there were no statistical differences between
fish fed the two ration sizes, Hy day 47, fish fed the 4%
ratton had a significantly greater percent moisture than those fed
the 8% ration, regardless of the route of Kepone exposure, Also,
there was a significant decrease in percent moisture over the
exparimental period for fish fed the large raticon., This indicates
that fish fed the 8% ration were in somewhat better health than
those receiving the 4% ration size,

The average condition {ndex at day 0.88 for fish receiving
the 4% ration was 1.76 {* 0,20 o, n = 183), while fish receiving

the 8% ration had an average index of 1.78 (£ 0.14 o, n = 186). At
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the end of the ¢learance phase, mean cond!{tion index for fish fed
the 4% and B% ration was 1.85 {t (.14 o, n = 38) and 1.BB
{t 0,14 o, n = 38)., There was np significant change 1n condition
index of fish in any tank during the experiment (i.e, - from day
0.88 to day 19 or from day 19 to 47). There was no significant
difference between condition index for fish in the various treatments
at any sampling date. These conditton index values are mot different
than that for 2 wild spot population captured prior to the test,

which had a mean condition index of 1.93 [: 0,12 o, n = 53],

Lipid Content

Spot at the start of the ration size experiment had a mean
percent total lipids of 4.2 (t 1.1 o), based on dry weight {Table
4), 0Of this total, 3.7% {t 1.9 o} were neutral lipids, 51.5%

{+ 2.6 u) were glycolipids and 45,0% (+ 1.4 o) were phospholipids,
At the end of the uptake phase, only fish from the 8W treatment had
a significantly greater percentage total lipids than at the start,
A1 spot fed an 8% ration had yreater percent lipids than those fed
2 4% ration, although this difference was not significant, There
were no statistical differences 1n percent constituent 1ipids among
treatments at the end of the uptake phase. The mean total percent
1ipid at the end of the uptake phase was 4,4 (t 0,3 o), Of

these lipids, 5.0% {+ 3.0 o) were neutral lipids, 47.6% ([t 4.9 q)
were glycolipids and 47.4% (+ 5,3 o} were phospholipids,

At the end aof the clearance phase, all spot except thase from
the 4W treatment had a significantly greater percent total lipids
than at the start of the test. The fish from the 4W treatment had

a2 greater percent total lipid than at the start, although this
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TABLE 4 (cont'd)

end clearance

tneutral

end uptake

Tphospho

*glyco

Ttotal

%glyco %phospho

tneutral

$total
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difference was not significant, There were no significant differences
in percent total lipids of spot among treatments at the end of the
¢learance phase, although 1in most cases, fish fed an 8% ration did
have greater percent total lipids. fellowing the clearance phase,
there were no significant differences in the distribution of the
constituent lipids. The mean percent total Yipid in spot at the

end of the clearance phase was 5.8 {t 0.6 o). Of this total,

3.7% {t 2.4 0) were neutral lipids, 50.8% [+ 3,1 o) were glycolipids
and 45.5% (* 3.5 g} were phospholipids.

Thesp data are in ayreement with the other fish size and
condition parameters, They indlicate a significant increase in
percent total lipld in fish in all treatments throughout the test
period. The majority of this increase appeared to occur during the
tlearance phase, Thare was alsc a general trend toward an increase
in percent total liptd in fish fed an B% ration over those fed a 4%

ration.

kepone Accumulation Data

Fish fed an 8% ration of radiolabelled food (8F) had a
significantly greater whole body XKepone concentration than those
fish fed a 4% ration (4F) {Figure 2a). This significant difference
was 5t311 apparent duriny the clearance phase. Fish fed the 8%
ration had a mean Kepone concentration aof 0.027 wg/y (t 0,004
o, n = Y] over the last three sampling periods of the uptake phase
while those fed the smaller ration averaged 0.014 uq Keponefg (t
0,004 o, n = 9), The averaye Kepong concentration was 1,9 times
greater for fish receiving the larger ration indicating an spproximate

doubling of body burden due to the doubling of contaminated ration.
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Figure 2. Whole budy Kepnne concentration of spot obtained from either
0.04 ug/e 14C-Kepone in water or 0.101 ug/g '#C-Kepone in
food during the 19-day uptake and 2B-day clearance phases:
a) contaminated food at 4 or 8% ration; b) contaminated
water at 4 ar 8% ration uncontaminated food.
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Fish fed an 8% or 41 ration of uncontaminated food and exposed
to 0,04 g/t Kepone in water (BW, 4W) accumulated Kepene to the
same concentration (Figure 2 b). The mean whole-body Kepone concentration
bicconcentrated from water for fish fed the BX ration was 0,117
pvg/g (* 0,026 o, n = 9) for the last three sampling periods of the
uptake phase, For fish fed the smaller ration, the concentration
was 0.118 ug/g (¢ 0.027 o, n = 9}, The increase in ration size alone
did npot cause a significant increase in uptake of Xepone from
water. MWhen the accumulation and clearance curves are plotied on
the same graph, the relationship between ration size and Kepone
source is clear {Figure 1),

The cambined exposure experiments [4FW, BFW) ylelded results
similar to the fopd and water single source experiments, Fish fed
an 8% ration of radiolabeled food and exposed to 0.U4 pg/& unlabeled
Kepone in water {BFW} accumulated more Kepone from the diet
{radiolabeled} than fish recelving the same aqueous exposure and
fed a 4% ration of radiolabeled food [4FW) (Figure 4), Fish fed
the 8% ration accumdlated a mean Kepone concentration of 0.025% ug/g
{+ 0,012 o, n= %) from the food, while those fed the 4% ration
accumulated 0.015 wgfg (* 0,007 a, n = 9}, The difference in Kepone
accumulation between fish fed the two ration sizes was significant
on days 19, 33 and 40 only, It is interesting to note the large
standard deviations associated with this data generated by the
combined GC/radiometric method, especlally when compared to the
values generated by the sample combustion methed used for the
independent exposure treatments (4F and BF). This indicates that

the more accurate method of analysis for radinlabeled Kepone appears
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to be sample combustion.

Gas chromatographic analysis of the above fish samples indicated
no significant differences in bioconcentrated Kepone residues
between fish fed the two different rations of contaminated food and
esiposed to aqueous Kepone (Figure 4), The mean whole-body Kepone
concentration bioconcentrated from water for fish fed the 8% ration
was 0.095 wg/g (¢ 0,036 o, n = 9}, while that for fish fed the 4%
ration was 0,119 ug/g (% 0.06% o5, n = 9}, Again, note the large
standard deviations for these samples when compared to those for
sanples analyzed by the radiometric methods (4W and BMW),

Contributions of Xepane from food and water were additive,
Kepone dietary accumulation by fish was the same reyardless of
whether it was presented alone or in combination with the aguecus
source (Figures 5 and &), Similarly, bioconcentration of Kepone by
spat from a 0.04 ug/% aqueocus exposure was the same whether
contaminated food was present or not {Figures 5 and 6), There were
no significant differences in accumulated Kepone at any sampling
perind between paired eiposures for either ration size {i,e., FH vs
F).

Since the uptake of Kepone by spot from food and water is
additive, the relative contributions from these two sources can be
talculated, The percentage contribution from food for fish fed
the 4% ration is 9,7% {t 1.2 o, n = 7){i.e., the concentration
derived from this Source divided by the total from both sources).

For the fish fed the 8% ration size the percentage contributton was
18,54 (& 3.2 o, n = 7), a significant {ncrease {alpha = (.01, arcsine

transformed data), The contribution values are hased on the faod
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and water 1ndependent exposuras, since the combustion analytical
method yields a less variable estimate of Kepane accumulation than
the GC method,

Using the BIQFAC medel, one can predict bioconcentration and
dietary accumulation factors for each af the exposure and ration
size treatments based on uptake and clearance rate constanpts (Table
5. At predicted steady state fish concentrations calculated from
these values, the percentage of the total Kepone concentration
contributed from the diet would be 9.4% at the 4% ration., For the
B% ration, this contribution would increase to 19.5%., These calculations
agree with the results based on actual data at the end of the
uptake phase, The percentage contribution from food appears to
remain relatively constant for each ration over the entire experiment
{i.,e., at each sample period}.

There s little difference in any of the BIOFAC predicted
pharmacokinetic parameter values for spot due solely to an increase
in ration size [Table 5), For example, the average dietary uptake
rate constants for fish fed the 4 and BY contaminated rations are
0.263 and 0.279 day-1, respectively. The average clearance rate
constants for the same treatments were 0,035 and 0.040 day-1,
respectively, This similarity between bicaccumulation kinetics for
the two rations is evident in the shapes of the uptake curves
{Figure 2 and figure &).

The pharmacokinetic parameters for both dietary and aqueous
exposure are similar (Table 5), The uptake rate constants from the
dietary source are difficult to compare to those from the agqueous

sgurce. The rate constant for hiocaoncentratton from water characterizes
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the uptake of a chemical by diffusicn or active transport from a
homogeneous mixture in units of parts §n water/time/parts in figh
(8lau et al., 1975; Branson et al., 1375). The uptake rate constant
for dletary accumulation characterizes the assimilation efficliency
for the ingested chemical, which integrates ingestion, digestion

and absorption rates. Thus, kg *100 {s a measure of assimilation
efficiency over a specific time period (day} {(Bruggeman et al.,
1981), The clearance rate constants are directly comparable, since
they represent chemical loss from the fish over time, regardless of
the original source. The clearance rate constants are similar for
the two routes of exposure, with a mean constant of 0,037 day-l

from dietary exposure and G.025 day'l from agueaus exposure,

There seems to be an indication that clearance is faster when

kKepone is obtained from the food., 1t s difficult to visualize
this difference when the clearance phase curves in Figure 3 and 4
are examined, Bioconcentration factors for uptake of Kepone from
water by spot averaged 7,824 [+ 1,037 o), while dietary accumulation
factors averayed 7.3 (¢ 0,5 o).

Ciearance rate constants were also calculated on a total
Kepone per fish basis rather than a concentration basis. This
method, in effect, eliminates any depuration due solely to grawth
d¢ilution, 1f growth was the only factor causing the decrease in
Kepone concentrations in fish during the clearance phase, the K»
values based on total Kepone would approach zero, The BIGFAC
predicted clearance rate constants, based on total Kepone were:
food only{4F} - 0.03] day-l; faod oniy(BF) - 0.025% day=i: water

only(4wW) - 0,023 dayl; water only(8W) - 0.015 day. These rates are
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similar to, though less than, those based on change in concentration
over time,

There were problems with the Secondary uptake experiment in
the 8F treatment, Towards the end of the experiment, it was found
that a hole had developed in the mesh basket, This allowed for
movement of contaminated food into the basket, Analysis of the
three fish from the basket after the 19 day uptake phase indicated
a mean Kepone concentration of 0,006 (* 0,001 o) ug Kepene/g
fish, This represents a secandary uptake of almost 21%, a value
that does not seem realistic when compared to other literature
values, Pizza and O'Conner {1983) reported that secondary uptake
of PCB by striped bass could account for only 1.7% of the body
burden., This findiny led to a repeat of this experiment, Results
are reported in the section concerning uptake of Kepone by spot

from natural and artificial food sources,

Kepone Accumulation ws Fopd Ration Size-Shrimp

Shrimp Weight

The mean wet weight of a subsample of grass shrimp at the start of
this experiment was 0,092 g [t 0,044 o, n = 60), Individual weights were
not recorded at the start of the experiment due to the large number of
measurements which would have heen necessary (35 g shrimp/tank; 0,052
g/shrimp; © tanks). Individual shrimp weights were recorded at each
sample period for shrimp which were to be analyrzed radiometrically.
Snrimp mean weights were recorded for pooled samples used for GC
analysis.,

There are statistical problems when comparisons are made



between individual samples and means of pooled samples, In the
present case, the varlances for the various treatments were not
homogenecus; thus parametric statist{cs were not used to compare
shrimp weights. Instead, the ngn parametric Kruskal-Wallis test
was used, There were no significant differences in shrimp welights
among treatments at the flrst sample period and at the end of the
uptake and ctearance phases. The mean wet weight of shrimp fed a
4% ration of contaminated food (4FW and 4F) was 0,102 g {+ V.018 o),
while those shrimp fed an 8% ration of contaminated food [BFM)
averaged {.110 g (* 0.023 o), Those shrimp fed uncontaminated

food (4W and 4C) weighed an average of U.106 g (& 0,013 g5},

Lipid Content

Shrimp had 5,2% (¢ 0.1 o) total lipids in their tissues at
the start of the ration size experiment (Table 4), OFf this total,
1.8% {2 0.6 o} were neutral lipids, 52,24 {2 0,8 o) were glycolipids
and 46.0% (¢ 1.2 ¢} were phospholipids. At the end of the 16 day
uptake phase, all shripp samples showed a slight increase in percent
total 1ipid to 5.7% (t 1.9 o}. Only in the case of shrimp from
treatment BFW was the increase significant. Shrimp from this
treatment had a significantly greater percent total lipid than all
pther treatments at the end of the uptake phase, There were no
significant differences in the distribution of the constituent
lipids amongy treatments after 16 days, Of the total lipids, 2.6%
{* 0,6 o) were neutral lipids, 51.0% (t 1.9 o} were glycolipids
and 46,3% (t 1.7 o) ware phosphalipids.

At the end of the clearance phase, there was an increase

in shrimp total 1ipid compared to the uptake phase, although this
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increase was not statistically significant. Shrimp from treatments
BFW and 4FW had an increased percent total Vipid aver those shrimp
at the start of the test. Shrimp fed an B% ration had greater
percent total Vipid than those fed a 4% ration, although this
difference was not significant, At the end of the clearance phase,
the mean percent total lipid in the shrimp was 6.2 (t 0.51 o). The
total 11h1ds consisted of 3.5% (f 0.4 o) neutral Vipids, 53,4%

{*r 1.0 o} glycolipids and 43.1% {* 0.2 o) phospholipids.

Kepone Accumulation Data

Due to a lack of sufficient radiolabeled food, there were no
treatments designed to study the accumulation of Kepone by shrimp
from food and water alone at the 8% ration, The 44, 4F and 4WF
ration treatments allowed for comparisons of Kepone accumulation by
shrimp from contamipated food and water sources alone and in a
combined exposure,

Graphtcally, it appears that, at the 4% ration, Kepone
accumul ation by grass shrimp from dietary and agueous SQUrCes was
similar, whether the exposures were done separately {(4F, 4W) or in
a combined treatment (4FW) [Figure 7a and b), Statistically, there
was no difference in shrimp Kepore concentration resulting from
each source, whether they were presented alone or combined with the
other source. The uptake of dietary Kepone is not influenced by

the presence of agueous Kepone, and vice versa, The two sources

are additive. This c¢an be seen when the BIOFAL predicted accumulation

curves are plotted together (Figure 8). The two lines representing
dietary accumulation from food alone and combined with the water

exposure become one ling on this plot,
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The accumulation of Kepene by grass shrimp fed the 4%
contaminated ration in combination with contaminated water exposure
(BFW) resulted in simtlarly shaped accumulation curves for the two
sources, indicating similar pharmacokinetic parameters {Figure 9},
the shrimp Kepone concentrations accumulated from the B% ration
dietary source were significantly greater than those accumulated
from the 4% ration (alpha = 0,01} {Figure 10). The mean Kepone
concentration gver the last three days of the uptake phase was 0.03U
ug/g (% 0.005 &) at the 4% ration and 0.046 uy/yg (¢ 0.003 o} at the
larger ration. This difference in concentrations was maintained
throughout the clearance phase, The concentrations accumlated
from the 83 ration were 1,6 times (¢t 0.3 o) those accumulated from
the 4% ration.

In contrast, the Kepone biocencentrated by shrimp from the agqueous
source was not significantly different for the two ration sizes
{Figure 10). The mean Kepone concentration accumulated by the
shrimp over the last three days of the uptake phase was 0.104 ug/y
it 0,01% o) at the 4% ration and 0.101 ug/g {t 0.014 o} at the B
ration. At both the 4 and B% rations, the total shrimp Kepone
concentration from both food and water was significantly greater
than the concentration due to bioconcentration alone.

The use of laheled and unlabeled Kepone in the combined
exposures allowed for a direct measure of the dietary contribution
to the total Kepone body burden. The contributian from food was
determined by dividing the concentration derived from the radiolabeled
dietary source by the total concentration determined by GC methodolaogy.

If only data for the days on which a significant difference in fish
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Kepone concentration existed between the two ration sizes were
examinad, it can be calculated that the mean dietary contribution
from the food represented 23.6% (* 1,6 o} of the total Kepone for
shrimp fed the 4% ration size, At the 8% ration size, the dietary
spurce represented 32,3% (% 3.5 o) of the tatal, This represents a
37T increase in relative dietary contribution braought on by a
doubling of contaminated food ration size, |If steady state body
burdens are cajculated using the mean BIOFAC bioconcentration and
dietary accumulation factors from Table & for each raticn, the
contribution from the 4% ration would be 21.3% and that from the 8%
ration would be 30.3%. These values agree with the values measured
throughout the experiment and indicate that relative dietary
contribution within each ration remained consistent over the
experimental period,

The pharmacokinetic parameters were similar for shrimp fed
the 4% ration eithar alone {4F, 4W) or combined with the aquegus
exposure (4FW) (Table 5), For example, the clearance rate constant

! when the shrimp were fed a 4% ration

{KZJ for Kepone was 0,017 day”
of contaminated food and held in uncontaminated water, Shrimp fed
the same contaminated food ration but dosed with Kepone contaminated
water had a clearance rate constant of (.019 day-l for the dietary
kKepone, based on the loss of the labeled compound, The parameters
for accumulation and clearance of Kepone bioconcentrated from the
water were also similar regardiess of the type of exposure (alone

vs combined}. Clearance of residues obtained from the water appeared

to be somewhat slower then those obtained from the food, but this

would result in an increase of only 11 days in time to 50% c¢learance,



Btoconcentration factars for shrimp averaged 12,803 {z 1,003 o)
at the 4% ration size while dietary accumulation factors at the
same ration size averaged 27.0 (¢ 1.4 o).

The s$ize of the food ration fed the shrimp had 1ittle effect
on the pharmacokinetic parameters [Tabhle 5). For example, the time
to 50% clearance for Kepone was 36.3 days for shrimp fed a 4%
ration of contaminated Xepone and 32,3 days for shrimp fed the B%
ration.

Shrimp from the secondary uptake exposure had no detectable
Kepone in their bodies. This {ndicates that secondary uptake of
kepgne by yrass shrimp was unimportant in determining Kepone body

burdens,

kepone Accumulation - Shrimp vs Spot

Grass shrimp accumulated significantly greater whole body
Kepone concentrations from dietary exposure than did spot, This
was apparent at both the 4% ration treatment (Figure 11) and also
the B% ration treatment {Figure 12), In contrast, there were no
statistically significant differences in Kepone bioconcentration
from aqueopus exposures between shrimp and spot at either ratien
size at the end of the respective uptake phases. Visual examination
of clearance curves (Figures 11 and 12) indicates, however, that
the clearance rate of Kepone by spot was slower than that of shrimp.

The pharmacokinetic parameters (Table 5) show that the shrimp
had a dietary accumulation uptake rate constant (Ky) which was
nearly twice that of spot. The clearance rate constant for shrimp
was one half that for spot. The ratio of upltake and clearance

rate constants yields a dietary accumulation factar for shrimp that

72



73

‘3715 UDLIBJ %y B 3P
ABIOM 4O POOS PAJBULWEIU0D 3U0d3IY 43y} )@ JO SUCEIeajuaIuC> |enba o1 pasadxa

duiays pue jods 404 (AP "p3IS F) SaA4nd aseyd aJuedeI(D pur uCllRinwnDoy || aunbpg

(SAVO ) 3NIL
06 ot 0Ot 02 o] 0
OO T DT B U DA SN T DO B BN U A B N N N

I'lHIll T

[rﬂ‘llll 1

l"lll T 1

Ol m
i
g

o &
3

- Ol .W_



74

*3Z|5 uoLjes g ue je
JIJUM JO pODy PIPULlWRIUDY Iuodsy 4Byl SO SUOLIPAIUADUOD |enba 03 pasodxd

duilys pue jods 40} (“adp ‘p1IS ¥} SIAUND aseyd Iosueaea(d pue uope|nunddy 21 anbij
{ SAVQ) 3L
05 ob 10, o2 ol 0
VT W TR U U N (N M TN W T N T TN VAN W N G O N
- O
= A
= m
"I.le
or 8
- <
SAE 8
1045 - oo} -—— -~ — -, Ol
O =~ O o-. e 7N m
llllll . - (4 u >
dWIBHS - POy} - IO llllﬁ.o.n Q.\\.\\ = -1
- ..ll'-ll. - -l A
10dS - BIOM Yoo —— . 2 B
O e S — -0 2
- 3
— ~
= )



is three times that for spot. The difference in these rate constants
means it takes shrimp almost twice as long as spot to approach a
steady state body burden,

The pharmacokinetic parameters for bioconcentration of Kepane
shaw much tess difference in the uptake rate constants between the
two species than for dietary accumulation. The relatively large
difference in clearance rate constants {s stii) apparent with
Kepong bioconcentrated from an aquegus source. As in the dietary
accumulation kinetics, these rate constants lead to a greater
bioconcentration factor for shrimp than spot and comsequently a
longer time necessary to reach steady state,

There were no significant differences in the percent tota)
lipid between shrimp and spot at the start of the tests. The
percent total lipids for spot at the start of the ration size vs
Kepone accumulation experiment was 4.2 (x 1.1 g}, while that for
shrimp was 5.2 {t 0.01 o) (Table 4}, In comparison, spot at the
start of the accelerated test averaged 5.4% (t 0.2 ¢) total lipid
while spot at the start of the natural food vys artificial food
Kepone accumulation experiment averaged 5,3% {: 0.6 o),

Statistical analysis of the constituent liptds from the two
species indicated no significant differences at the start or end of
gither test, Shrimp had siightly less neutral lipids (1.8% & 0.5 o)
than spot {3.7% * 1.9 o}, but s1ightly more glycelipids
{52.2% * 0,4 o vs B1.5% ¢+ 2.6 o) and phospholipids (46.0% £ 1.2 o vs
45.04% ¢t 1.4 o).

Shrimp at the end of the uptake period had a greater percent

total 1ipids (¥ = 5.7, ¢ = 0,7} than 4id spot {x = 4,4, o = D,8),
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although this difference was not significant, Since the
distribution of the constituent 1ipids did not vary significantly,
this indicates that the shrimp had greater total amounts of
glycolipids and phosphalipids per equal body weight than spot at
the beginning of the clearance phase, Shrimp maintained a greater

percent total jipids than $pot throughout the ¢learance phase,

Kepone Assimilation Efficiencies - Spot and Shrimp

Shrimp fed one 4% ration of finely ground, Kepone-contaminated
food had the same Kepone assimilation efficiency as shrimp fed an
8% ration (Table &, txperiment 1) (subsequent references to experiment
numbers are in reference to Table &), The mean XKepone assimilation
gfficiency for shrimp fed these two ration sizes was 21.3% (2 3.44 o,
n = 14) over the 24 hour test period. Shrimp which were analyzed 48
hrs after an initiaj feeding of contaminated food had a mean assimilation
efficiency of 21.3% (£ 2.4 o, n = 4) (Experiment 3}, The assimilation
efficiency was not significiantly different between shrimp fed the
fine food and analyzed after 24 and 48 hours, The 24 hr sampling
period appeared adequate for clearance of undigested Kepone contaminated
food fram the shrimp,

Shrimp fed an 8% ration and allowed to reingest fecal wastes
did not assimilate a significantly greater percentage of the pffered
Xepone than those isolated from fecal wastes [Experiment 2},
Shrimp fed a 4% ration and allowed to reingest fecal wastes did
assimilate a greater percentage of the Kepane offered (27,7% t
3,35 &) than those not 2llowed to reingest feces (21.8% t 2,52
al, Since the 4% ration appeared to be less than a maintenance

ration, the shrimp would probably eat whatever was available.
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In a 1.5 hour static experiment, Kepone quickly partitioned from
faod into uncontaminated seawater. Of the total Kepone put into
the system as contaminated food, only 18.8% remained in the food
after 1.5 hrs {Experiment 4}, Slightly over half the Kepone (54.56%)
partitioned into the seawater passing a 0,45 ¢ filter. In a simidar
experiment containing shrimp, contaminated food, and uncontaminated
water, 19.0% of the Xepone was found tn the shrimp after 1.5 hrs,
The water contained 44,.8% of the original Kepone, while 6,0% remained
in the food {Experiment %), This indicates that much of the Kepone
presented in the food is unavailable for ingestion due to movement
into the water phase. Alsg, most of the ingested Kepone 1s assimilated
after 24 hr,, as can be seen by the similar percentage in the
shrimp after 1.5 hrs {Experiment 5} and 24 hrs {(Experiment 1). The
"true” assimilation efficiency, when calculated as percentage Kepene
assimilated of the amount consumed, approaches 100%, The amount
consumed wias determined in Experiment & when shrimp were allowed to
fead until no visible food remained (1.5 hr),

The predicted Kepone assimilation efficiencies for shrimp
based on BIOFAC estimates of dietary uptake rate constants {Kq X
100 x time (Bruggeman et al., 1981})) are much greater than those
values computed on data from the 24-hr tests with the finely ground
food source {i.e. 48,7 vs 21.8%) [Table 7), Assimilation efficiencies
{284 hr) derived from the coarsely ground food which was used in the
shrimp ration size experiment are significantly greater than those
24-h values obtained using the finely ground food {Experiment 1).
For pxample, the measured 24-h Kepone assimilation efficiency for

shrimp fed the coarse food at a 4% ration was 37.5% (£ 0.8 o, n = 2),
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while that for shrimp fed the fine food was 21,8% (£ 2.% a, n = 7),
This difference in assimilation efficiencies dempnstrates that more
Keppne 1in the fogd 1s available to the shrimp through fngestion when
the food source {s coarsely ground,

Spot, in general, had somewhat Tower assimilation efficiencies
than shrimp. The Xepone assimilation efficiencies from the finely
ground food were the same (x = 15,0), regardless of the ration size,
nor were there significant differences in the percentage of kepone
assimilated after 3 hr [x = 15.2) and 24 hr (X = 15.0) {Experiments
6 % 7). 1n Experiment &, the spot were allowed to feed for 3 hr,
by which time no food remained in the treatment jars., Thus, it was
assumed that the amount of Kepone in thefr bodies at that time was
the amount available through ingestion, When percentages of Kepane
in the fish after 3 hr and 24 hr arg the same, it js indicative of
a "true* assimilation efficiency of 100%. Spot which were isolated
from fecal wastes did not show sfignificantly different Kepone
assimitation efficiencies than those fish allowed access to their
feca) material {Experiment 8).

Spot fed 8% rations of both contaminated artificial food and a
coarsely ground natural food did not assimilate a significantly
greater percentage of the available Kepone aver 24 hr (Experiment
9) than those fish fed a finely ground food {Table 6 and 7). The
mean Kepone assimilation efficiency of fish fed the coarsely ground
foad was greater than that of fish fed the finely ground food, but
this difference was not significant due to the larye variation in
assimitation efficiencies of individual fish.

Data from Experiments 10 and 11 indicate that partitioning



of Kepone from food to water 5 greater from small food particles
tnan iarge particles. After 3 hrs, 42.6% of the Kepone remained
in the coarsely gound food, while pnly 24.2X remained in the finely
ground food. These results are in agreemant with the shrimp data
which indicate that coarse food would result in greater Kepone
availability to an organism than finely ground food,

kepone assimilation efficiencies for both species were estimated
in three different ways (Table 7). All three estimates were similar
when the same food preparation was used as the source of dietary
kepone, The difference in the Kepone assimilation efficiencies for
the shrimp fed two different food preparations can be seen clearly.
Shrimp fed a 4% or an 8% ration of coarsely ground food had 24 hr
assimilation efficiency values much more s5imilar to values predicted
from the long term ration test than those predicted from test data

when shrimp were fed rations of finely ground fogd.

Accelerated Test - Spat

The dietary accumulation curves predicted from the 4 and B
ration size accelerated test data by the BIOFAC mopdel are similar
in appearance to the curves from the long term dietary accumulation
data {(Figure 13a and 13b}. There is a much greater degree of
varfability in the data from the accelerated test than in that from
the long term test, especially at the small ration{4F).

The pharmacokinetic parameters predicted by BIOFAC for the
accelerated test are somewhat different than those predicted for
the long term ratfon size ys Kepone accumulation test, especlally
for spot fed the small ration (Table 5). The standard deviations

for parameter estimates are much larger for data from the accelerated
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test than for data from the long term exposure, The standard
daviations given by BIOFAC are an estimate of the "goodness of fit®
of predicted curves to actual data. The large deviations for data
from the accelerated tests indicate that the predicted curve does
not fit the data very well, One of the more interesting results
from the lang term ration size experiment was the similarjty in
parameter predictions between spot fed the two different rations,

In most instances, parameters for the two rations during the
accelerated test were not similar,

Kepone accumulation curves for fish fed a 20% ration of
radiplabeled Kepone contaminated food and exposed to unlabeled
kepone in water (0.04 uwg/L} during the accelerated test are similar
to curves generated in the long term studies (Figure 14), The
combined GC/radiometric analytical methad allowed for separation of
Kepone accumulated from the food and water in this treatment,
Prarmacekinetic parameters from this accelerated test were often
similar to those from the long term tests (Table 5}, For example,
the clearance rate constant for bioconcentrated Xepone was 0,024 day-1
for the accelerated test and 0.023 day=1 for the long term test
{dFW). There were some instances where parameters did not match
very well, For example, the dietary clearance rate constant for
the A4F and 8F treatments was 0,037 day-!, while for the Z20FW accelerated
treatment it was only 0.024 day-l, As with the smaller ration size
treatments, analytical variability seems to be greater for the
accelerated tests than the long term tests. In addition, variability
is even greater when the combined GC/radiometric method is used for

the analysis,
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Spot had 5.4% (¢ 0,2 o) total 1ipids in their tissues at the
start of the accelerated test (Table 4}, Of these lipids, 4.,3%
{t 1.1 ¢) were neutral lipids, 52.5¢ (¢t 0.7 o) were glycolipids
and 43,3% {* 1.8 o) were phospholipids, Statistica) analysis of
1ipid data from this test indicates that there was no significant
difference in percent total 1ipid or percent constituent lipids at
the start and end of the 4 day uptake and 20 day clearance phases.
At the end of the clearance phase, spot from the 20 FW treatment
had a greater percent total lipid than those fish fed a 4% or an 8%
ration of contaminated food. At the end of the 4-day uptake phase,
spot in this test had a mean percent total lipid of 4.5 [z Gld o).
Of these liptds, 2.7% (% 2.5 o) were neutral lipids, 52.7%( £ 3.1 o}
were glycolipids and 44,7% [t 1.3 o) were phospholipids. At the
end of the 20-day c¢learance phase, spot had a percent total 1lipid
of 5.2 (£ 0,91 ¢}, of which 1.4% (2 0.6 o} were neutral 1{pids,
47.8% (% 4.8 o) were glycolipids and 51.3% (% 5.1 o) were phaspho-
lipids.

Dietary Accumulation of Kepone by Spot from Natural and Artificial
Food Sources

Fish Growlh

The average fish weight at the start of this experiment was
3.17 gy (20,37 o} in the natural food tank and 3,07 g {t 0,53 o)
in the artificial food tank. There was no significant difference
in fish weight between the two treatments at the start and end of
the study. Fish ctondition index values were not significant)y
different at the end of the experiment. The average condition

index for fish sampled at days 17.5 and 19 was 2.05 (%t 0.09 o,



86

n = 9) for fish fed a natural diet and 1.97 (¢ 0,21 o, n = 9) for
those fed an artificial diet.

Fish weights within each tank were not significantly different
at the start and end of the experiment. The average fish weight at
the end of the experiment was 3,34 g (t 0,48 o) 1n the natura) food
tank and 3.77 g (¢ 1.47 o) in the artificial food tank, The mean
percentage jncrease for the fish fed a natural diet was 5.62%, while
the increase was 22.7% for fish fed the artificial diet. By compartson,
at day 19 of the spot Kepone accumulation vs ration size experiment,
the average fish showed a 9% decrease 1n weight. By the end of the
¢learance phase these fish had an average percentage increase of
9.72%. These facts indicate that fish in the earlier ration size
study were fed close to a maintenance ration of food., At the 20%

ratton size, sufficient food was provided for fish growth,

Lipid Content

There was no significant difference in the percent tota}l
1ipids of fish fed the natural and the artificial food used in this
study. The percent total lipid ir the natural food (shrimp) was
5.7 [t 0.7 o), while for the artificial feed it was 6.4 (t 0.3 o)
{Table 4), There were significant differences in the percent
constituent 1ipids for the food types, The percent neutral lipid
was significantly greater in the artificial foed (4.6 & 1,0 o}
than in the natural food (2.6 t 0.6 o), Glycolipids represented a
significantly greater percent ¢f the total lipids in the artificia)
food {64.1 £ 0.9 o) than {n the natura} food (51.0 ¢ 1.9 o), while
phospholipid percentages were significantly less in the artificial

food {31.4 £ 0.2 o) than in the natural fopd (46,3 t 1,7 o),
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Spot at the start of this experiment had a mean percent total
1ipid of 5.3 (¢ 0.6 o) (Table 4), Of these lipids, 4.1% {2 0.7 o}
were neutral 1ipids, 51.5% (* 1.7 o) were glycolipids and 44,4%

{+ 1.9 o) were phospholipids. Spot fed the two different foods at
a 20% ration showed no significant difference in percent total
lipid at the end of the 19 day uptake phase, although fish fed the
natural food did have the greater percent total jipid (6.9 t 0.3

o ¥s 5,8 £ 0.9 ¢), Both food types resulted in a non significant
jncrease in percent total 1ipids in the fish following 19-days of
feeding,

The distribution of the constituent lipids in fish fed each
food type did not change over the experimental period, nor was
there a significant gifference in the constituent lipids among the
fish fed the two food types, Spot fed the natural food averaged
4,8% (2 1.3 o) neutral lipids, 50,3% (t 2.5 o) glycolipids and
44 .9% (2 1.2 o) phospholipids at the end of the study, Spot fed
the artificial diet averaged 5.5% (¢ 6.8 o) neutral lipids, 47.6%

[+ 3.9 o) glycolipids and 46.9% (* 5.6 o) phospholipids,

Kepone Dietary Accumulation

The average whole body Kepone concentration in spot at the
end of 19 days was 0.076 wufo (t 0,014 o, n = 6) for fish fed the
natural diet and 0.091 pgfg {t D.033 g, n = 6} for fish fed the
artificial diet {Figure 15}, These concentrations were not
significantiy different, Fish fed uncentaminated food accumul ated
0,003 ug Keponefq after 19 days from sSecondary uptake from the
contaminated natural food. This represants 3.3% of the Xepone

concentration accumulated by fish which fed directly on the contaminated
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food, The artificial food clogged the nitex basket in the secondary
uptake experiment in that tank on day 10. tLow dissolved oxygen
caused all four fish to dfe. Kepone concentrations in these four
fish at day 10 represented only 1.7% of the day 7 Kepone concentration
accumulated by the fish fed the contaminated artificial diet. This
indicates that secondary uptake of Xepone by spot 15 minimal.

The BIOFAC-predicted uptake rate constants are similar for
both treatments (Table %), These uptake rate constants are also
similar to those predicted from the 19-day uptake phase of the
ration size v5 Kepone accumulation study. Kepone assimilation
efficiencies (K3 X 100) for spot fed natural and artificial diets
arg similar, with the efficiency slightly higher from artificial
food [30.2 vs 23,5%) {Table 5), The other parameter estimates are
not reliable as indicated by the larye standard deviations.

There was a significant difference in Kepone concentration
tn spot on day 1% between fish fed a 2U% ration and those fed a
smaller ration in the food ration size experiment (4F,BF) (Figure
16). Data from the two lowest ration stzes show no change in
bioconcentration of Kepone from water with increased ration. Since
it has been shown earljer that the contributions of Kepone from
different sources are additive for spot, percentage contribution
from the distary source to the total Kepone body burden can be
talculated. At the 20% ration, dietary accumulation of Kepone
would represent 37,94 of the total Kepone concentration in spot at
day 19, This represents 2 doubling in percentage contribytion
over the 8% ration {18.47%) with a slightly more than doubling of

the contaminated ration,
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Distribution of 13C-Kepone in Lipid Constituents

The presence of 14C-Kepune in the variogus constituent lipids
was determined for all spot and shrimp following the uptake phase
of the food ration size vs Kepone accumulation studies, Of the
total ragigactivity recovered from the shrimp 1ipids, 8.5% (t 0,4 o)
was in the neutral lipids, BO.0% (¢ 1.7 o) was in the glycolipids
and 11,5% {* 1.9 o) was in the phospholipids. From the spot, 6.6%
{t 3.7 o) of the radioactivity recavered was in the neutral lipids,
8Y,3% {* 3,8 o} in the glycolipids and 4,1% {t 2.1 ¢} in the
phospholipids. The percentage of radicactivity recovered from the
neutral 1ipids was not different between the two species, The
percentage of radiocactivity in the glycoidpids of the spot was
significantly greater than that of the shrimp, while the percentage

in the ghospholipids was significantly yreater for the shrimp,



DISCUSSION

Keoone Assimilation Effictencies = Spot and Shrimp

In order to formulate ecologically relavent conclusions
concerning the importance of dietary accumulation of a xenobiotic to
an organism one must take into consideration not only the concentration
of the food source but also the feeding rate of the organism and
its assimilation efficiency for the specific compound., Thus, the
use of a Bioaccumulation Factor by Bahner et al. (1977) to characterize
Kepone accumulation in aguatic food chains is very misleading since
it is only based on the food concentration of the prey organism.
For this reason, a Dietary Accumulation Factor, as defined by Van
Veld et al. {1984}, was used in the present study to obtain a more
appropriate measure of the dietary accumulation of Kepone by spot
and grass shrimp. The daily dietary dose to the organism was
controlled by specific ration sizes of food having a known
concentration of Kepone,

An initial assumption in the design of this study was that, at
the ration sizes tested, the spot and shrimp would consume all the
food and thus all the Kepong offered, 1If this assumption proved to
be true, then ! would have control of the feeding rate of the
organisms and could measure its effect on dietary accumulation. In
order to verify the abgve assumption, short term ingestion efficlency

studies and 24-hr assimilation efficiency studies were undertaken,
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1t {s apparent from the results of the assimilation efficiency

studies that there were problems with my initja) assumptions
concerning ingestion efficiencies. The 24-hr Kepone assimilation
effictencies for spot (15%) and shrimp {21%) from the finely ground
food were quite low considering the lipophilic nature of Kepone.
These initial values were based on the total amount of Kepone
of fered the organism at one feeding., Lipophilic organics in food
are expected to be transferred efficienctly across the gut because
of the relatively long term of contact between food and membranes
{Spacie and Hamelink, 1485}, In contrast to my findings, Mitchell

t al, (1977) found an assimilation efficiency of 50% for DDT by

cod {Gadus morhau) from natural food, while Pizza and 0'Connor

{1983) found an assimilation efficiency of 8B5% for the PCB Aroclor

1254 by striped bass (Morone saxatilis) fed Gammarus tigrinus,

Bahner {unpublished) conducted studies of dietary accumulation of
Kepone by spot from whole amphipods which suggest an assimilation
efficiency of approximately 50%. In general, assimilation efficlency
of food itself is near BOY far carnivorous fish species ang 30% for
herbivorous species {Brett and Groves, 1979},

Results of the assimilation efficiency experiments in the
present study indicate that grinding of the food to a fine consistency
led to a decrease in Kepone availability to the organisms, In
static mass balance tests, almost twice as much Kepone remained in
the coarsely ground food than in the finely ground food after 1.5
hours, indicating rapid partitioning and/or leaching of Kepone from
the more finely ground food, Shrimp fed the coarsely ground food

assimilated almost twice as much Kepone in 24 hr as shrimp fed a



more finely ground food, Grinding of the food may have also led to
food particles too small for efficient {ngestion by the organisms,
Hastings [1963) indicated that a 4% ration of food should serve as
4 maintenance ration for many fish species, Even fish offered a
20% ration of the finely ground food ¥n the present study did not
grow a great deyree during the 19-day uptake phase, especially when
compared to fish fed a 20% ration of artificial food {5.56% mean
weight increase vs, 22.7%)., This 15 indicative of either a
nutritionally poor food scurce or the unavailability of part of the
food offered. 5ince small crustaceans are a significant component
of the natural diet of spot (Parker, 1971; Sheridon and Livingston,
1379}, the latter explanation is prabably correct.

Estimates of assimilation efficiencies ware made by three

different methods in this study. The single feeding, 24=hr method

94

was similar to that described by Grodzinski et al, {1975). Assimilation

was alse estimated by the ratic of the average amount af Kepane in
the organism at the end of uptake and the average amount fed to the
oryanisms. In addition, estimates were made utilizing thae dietary
accumulation uptake rate constant expressed in reciprocal days, as
suggested by Bruggeman et al. {198l). My data indicates that all
three methods give similar estimates of assimilatton efficiences,
with estimates from the long term tests yielding somewhat greater
values than those from the short term tests. Over a laong exposute
period oryanisms could be exposed to other routes of Kepone, such as
secondary uptake and fecal reingestiaon, which would tend to increase
apparent assimilation efficiencies when compared to short term

tests, These results give support to the idea that uptake rate
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constants are an indication of short term assimilation efficiency.
This would be true only {1f the same time interval was involved
{day-1) and only if the da¥ly dietary dose was used as the measure
of exposure.

Results of these assimilation efficiency studies alse indicate
the "true" Kepone assimilation efficlency for both spot and shrimp
is much higher than predicted by the BIUFAC model using nominal
ration sizes. By "true" assimilation efficiency, I refer to the
presentage of Kepone retained of the total amount actually ingested
(Grodzinski et al,, 1975)., In the present study, the precentage of
Kepone in the body after a short ingestion peried (1.5 hr-shrimp
and 3.0 hr-spot) did not decrease significantly after 24 hours. I[f
one uses the measure of Kepone in the body after the short ingestion
period as the amgunt of Kepone actually ingested, (i.e., ingestion
efficiency), this indicates a "true" assimilaticn efficiency of
tlose to 100%, This is more in accord with the ideas of 5Spacle and
Hamalink [1985) concerning the assimilation efficiency of lipophilic
compounds in aguatic oryanisms.

#11 these assimilation data indicate that the use of the finely
ground food may have caused a significant underestimate of Kepone
available to the organisms through dietary accumuliation, As mentioned
earlier, analysis of Bahner's (unpublished) data indicates an
assimilation efficiency of approximately 50% for spot fed whole
amphipods, Thus, input from the dietary source in the present study
may be as much as ane-third of the amount possible {f the food was
left whole, If true, dietary accumulation is more important in

determining final Kepone residue body burdens than indicated by the
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present study, as discussed later,

¥epone Accumulation vs Food Ratipn Size - Spot

Spot growth and condition data from the 4 and B% ration size
studies indicate that a 4% ration of the fine ground food did not
represent a maintenance diet, Spot fed this ration either just
retatned their initial weight or lost weight by the end of the
experiment. In contrast, spot fed an 8% ration gained weight during
the experiment, although the weight gain was not significant, This
indicates that the 8% ration was probably close to 2 maintenance
ration for these fish and this food preparation. Spot fed the 8%
ration had higher lipid content, a lower percentage moisture and a
better condition index than spot fed the small ration, indicatiny
that the fish were healthier when fed the larger ration,

Neutral lipids represented on average 4.4% of the total lipids
found in the spot in this experiment. This low percentage of neutral
1ipids suggests that the ration sizes were very close to a maintenance
diet and there was little neutral lipid sterage in the adipose tissues
of the spot., The percentage neutral lipid for spot fed a2 4% or an 8%
ration is lower than for spot fed a 20% ration of tha same food in
a later experiment {(4.4% vs 6,1%). The spot fed the 20% ration also
gained more weight over the same period as the fish fed the small
rations, Thus, at the 20% ration, fish were able to grow and store
neutral lipids,

A comparison of Kepene body-burden data from the combined food
and water exposures {4 and 8FW) and the single source exposures (4
and BF, 4 and HW) shows that the radiometric analytical method

{sampie combusticon) generates data which are much Jess variable
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than the combined GC/radiometric methods. There is much less
variahility between fish samples from the same sample period with
the former method, 3s can be seen from @ comparison aof standard
deviations shown in Figures 3 and 4 and Table b, I believe the
variability seen in the combined method is due to the fallure of
the fuming sulfuric acid 1ipld clean-up procedure to handle the
lipid load of the fish, thus resulting in much interference,

Because of this large variability, I will refer only to the
radiometric data from the single source treatments when comparing
ration size effects and contributions from dietary and aqueous
sources.

Comparison of the combined and single e&xposure actumulation
curves does show that the uptake from the two sources s additive
{Figures 5 and 6), Uptake of Kepone from & source appears to be
independent of the presence of other scurces, at Jeast for the
sources and exposure regimes tested. Macek et al, (1979} and
Spacie and Hamelink {198%) concluded that additivity is a good
assumption for most chemical residues, There may be special
situations where the two sources [food and water) compete or
interfere with each other, such as in the uptake of l4C-xepone by
bluegills (Macek et al,, 14979). These cases seem to be the exception,
As will be discussed Tater, additivity was also shown for Kepone
spurces in shrimp,

A direct link between ingestion rate (ration size} and xengbiotic
dietary accumulation s obvious from a lst-order pharmacokinetic
standpoint (Norstrum et al., 1976; Bruggeman 55_31,. 1681; Thoman

and Connolly, 1984; Cannglly and Tonelli, 1984, In the present



study a doubling of the contaminated food ration size from 4% to 8%
led to a doubling of the spot whole body Xepone concentration
following 19 days of exposure, a significant increase. Secondary
uptake of Kepone excrated by the fish or leached from the food
represented only 3.3% of the total beody burden at the 20% ration
size. The increase in body burdens with increased ration size is
in agreement with data from Bahner {(unpublished)} concerning the
effect of ration size on diatary accumulation of Kepone by spot
from whole amphipods, His data indicate that spot fed 5, 15 and
Z% amphipods (0,35 py Keponefqg) far 22 days accumulated body
burdens of 0,104, 0,226 and (.330 uafg, respectively,

In contrast to dietary accumulation, spot fed either a 4%
or an B% ration of uncontaminated food and exposed to identical
agueous Xepone concentrations for 19 days, did not accumulate
significantly different fina) Kepone body burdens, In fact, XKepone
concentrations im spot fed the 8% ration were slightly less than
those fed the 4% ration, This is interesting since fish fed the 8%
ration were significantly larger and had a greater percent tetal
lipid than the fish fed the 4% ration. This slight decrease in
Kepone concentration for the larye fish may have been related to
growth dilution, although the clearance rate constants {Table 5}
are not very different, indicating little difference in growth
dilutten, These Kepone concentration data indicate little
relationship between fish size and lipid content and are in agreement
with Bender et al. (1984), who found no relationship between size
and Kepone concentratian in fish from the fieid., The lack of

effect of ration size on aquegus Kepone btoconcentraticn indicates
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that the effect of ration size on dietary accumulation was dus to
increzsed dose at the 8% ration and not a physiclogical change in
Kepone uptake by the fish resulting from the increased ration s5ize
alane,

The increase in contaminated foopd ration size led to an increase
in dietary Kepone contribution to final residue burdens, assuming
bioconcentrated residues were independent of ration size, Qietary
contributions to whole-body burdens represented 9.7% at the 4%
ration and 1#.5% at the B% ration after 19 days of exposure,
Contribution to whole-body burdens from the dietary source at
steady state were calculated to be 9.4% and 19.5% at the 4% and B}
ration, respectively, These findinys show the importance of ration
size in dietary accumulation studies, 1f an investigater fails to
present an adequate ration to his organisms, he can underestimate
the significance of dietary accumulation of a xenobiotic. For
example, Grzenda et al, [1970) investigated dietary accumulation of

DLT by goldfish {Carassius auratus} using a feeding rate of only

3-4% fish body weight per week, At this very low feeding rate, it
is not surprising that he found limited dietary DDT accumulation
and aonly limited correlatton between percent lipid content of fish
tissues and relative distribution of DDT. These results were
probably due to fish starvation since the accumulation of DOT has
been shown to be greatly affected by 1ipid content, (Macek et al.,
1970; Findlay and defreitas, 1971; Hamelink et al., 1971; Mehendale
et al,, 1972; Ivie et al., 1974; Metcalf, 1977; Moore et al.,
1977).

The pharmacokinetic parameters calculated by BIOFAC for dietary



accumulation and bloconcentration of Kepone by spot were not affected
by ration size. Thus, the 1st-prder pharmacokinetic principle of
superposition seems to hold for dietary accumulation, This principle
states that the clearance rate constant (Kp) 1s independent of
organism body burden ([Spacie and Hamelink, 1982), The average
uptake and clearance rate constants for dietary accumulation were
0.274 day~l and 0,038 day-l, respectively, ytelding a DAF of 7.26.
The averaye uptake and clearance rate constants for bioconcentration
were 193 day~l and 0,025 day"l, leading to a BCF of 7,720.

The pharmacokineti¢ rate constants determined in this test
are in general agreement with other Jiterature values, The data
for spot exposed to U,029 wyg/i Kepone in water of Bahner gt al.
(1977}, yielded K, K, and BCF values of 202 day'l. 0.035 day'l and
5,790, respectiveiy, when reanalyzed with the BIOFAC model. Roberts
and Fisher {]1985) estimated 4 values of 280 and 293 day" for
menhaden and 102 and 288 day-l for silversides in separate aqueous
exposures to two Kepone concentrations, Clearance rate constants
(Ky) were estimated at 0.03 and 0.13 day'l for menhaden and 0.002 and
0.01 day-l for silversides, Bender and Huyyett {1984) estimated
uptake rate constants for field populations of spot and croaker to
be 770 and 860 day~l, respectively, with clearance rate constants of
0.01 and 0,008 day-l, Their uptake rate constants appear very high
and must be viewed with caution since their data {s based on Kepone
uptake from all sources,

¥an Veld et al. (1984) estimated uptake and clearance rate
constants of 0,237 day-! and 0,08 day-l, respectively, for dietary

accumylation of Kepone by catfish from an artificial food., The
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uvptake rate constant is in good agreement with the estimate from a
20% ration size of artificial food of 0.307 day-l, as determined
for spat in the present study, The estimates of Van Veld et al.
{1984) are based on a similar 1st-prder pharmacokinetic model to
the one used in the present study. Stehlik and Merriner (1983}
used the same model as Van Veld et al. {1944) to determine a mean
uptake rate constant of 0.310 day'l for spot fed squid which had
been soaked in a Kepane salution, They found 2 clearance rate
constant of only 0,0027 day'l. They related this low constant to
lack of growth of their fish during the study. F1ish at the 4%
ration in the present study grew very little, but still had a
clearance rate constant one order of magnitude higher than that
raported by Stehlik and Merriner (1983), The fish used by Stehlik
and Merriner were somewhat larger than fish in the present study,
[t is possible that differences in total }ipids or changes in
constituent Vipids could have caused the difference in rate
constants,

Clearance rate estimates after exposure to Kepone in food or
water were similar although there was a slightly lower clearance

rate of Kepone residues obtained from water than food (0.025 vs

0,037 day=1}, A relationship between route of exposure and clearance

rate has been reported for some metals in fish, especially Tead

(¥ighi, 1981) and zinc (Giesy et al,, 1980}. The different clearance

rates for residues obtained from food versus water was attributed
to either different sites of accumulation {gill vs digestive tract)
or different forms in which the metal was accumuiated (organic vs

inorganic), Little Vterature exists concerning clearance rates
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from the two routes of exposure for pesticides and gther organic
compounds. Bruggeman et al. (1984) investigated dietary and aquegus
exposure of a series of compounds in fish using a lst-order
pharmacokinetic model. Although not noted in their paper, there
segms to be a trend in the reported clearance rate constants towards
lower clearance rates after agueous exposures, especially for
1pophilic compounds. Far example, c¢learance rate constants for
male guppies were less for aqueous exposure than dietary exposure
for decachlorobiphenyl {0,002 vs 0,004 day=l}, hexachlorobiphenyl
{0.004 yvs 0,01 day'lj and tetrachlorobiphenyl {0,015 vs 0,033 day‘l}.
If a lst-order pharmacokinetic model 1s accepted to describe
bicaccumulation of naon-metabolizable xenobiotics, then one assumes
that clearance rates are the same, regardless of the source of the
compound {Blau et al., 1975; Branson et al,, 1975; Blanchard gt
al., 1977; Hamelink, 1977; Bruggeman et al., 1981; Pizza and
0'Conner, 1983)., 1n two separate studies, Bruygeman et al. (1Y81;
1984} found that clearance rate constants were inversely related to

lipid content of goldfish {Carassius auratus) and guppies (Poecilia

reticulatal. An increase of less than 3 percent total lipids caused
a siynificantly decreased clearance rate of PCBs and related aromatic
compounds by goldfish and guppies. Bruggeman et al. {1984) concluded
that clearance rate was the main factor in determining the
bicaccumulation potential of a compound, Other investigators have
also linked low clearance rates tec high bicaccumulation potential
(Neely, 1974; Macek et al., 1979; Koneman, 1980; Pizza and 0'Conner,
1983} .

In the present study, there was a trend towards greater

1uz
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percent 1ipid in fish exposed Lo agueous Kepone than in fish fed
contaminated foad, although this trend was not statistically
s{ignificant. Those fish with higher 1ipid content alsoe had lower
clearance rates than fish which consumed contaminated food, 1 do
not know whether such smal) changes in 1{pid content (0.7 to 1.B8%)
could result in these clearance rate changes, Van ¥eld et al.
{1984) Indicated a propensity for Xepone to associate with more
palar lipids. Although there was no trend evident in constituent
lipid distribution within the total 1ipid pool from fish exposed to
aqueous or dietary Kepone, an increase in total lipid content would
nevertheless result in an trncrease in the total amount of the more
poiar constituents. This could lead to lower clearance rates for
residues accumulated from the agueaus Xepone source, It is interesting
that Kepone accumulated by shrimp from the agueous source also was
cleared slower (Ky = 0.013 day'l + 0.002 o) than that accumulated
from the foad {K, = 0.019 day"1 + 0,002 o)., Since these clearance
rates for the two exposure routes were derived from the same shrimp
sanples using the combined GC/radiometric method, there could be no
difference tn lipid content,

Anpther possible explanation for the differences in clearance
rates between aguepyus and dietary accumulated Kepone may lie in the
uptake pathways from each source, Bioconcentration from water
involves partitioning across the gills directly to the bloed. Fram
this point, partitioning is possible to other grgans and tissues
prior to delivery to the liver of fish or the hepatopangreas of
shrimp {Teal, 1977). In contrast, accumulation from dietary sources

across the gut would lead more directly to the liver (via the
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hepatic portal vein) or the hepatopancreas, Differential accumulation
of various petraoleum hydrocarbon fractions in the liver and muscle
of fish has been lipked to differences in uptake pathways from food
and water (Shaw and Reldy, 1979; Teal, 1977; Mackie et al., 1974},

Van veld et 2], (1984) showed that a small amount of biotransformation
of Kepone to a Kepane aicohol did occur in the intestines and liver
of catfish, Because of the different accumulation pathways, dietary
Kepone may be more readiiy exposed to biotransformation, leading to
the slight clearance rate differences seen in the present studies.
Much of the difference seen in clearance rate constants
may simply be a function of differences in sample variability
following dietary and aqueous exposure, There appeared to be much
greater variability in Kepone concentration in samples from the
dietary exposure than those from the aqueous exposure. This is
most likely due to somewhat greater analytical variability at low
concentrations of Kepone accumulated from the dietary source, The
BE10FAC model predictions are more precise when there is less varlabdility
in organism Xepone concentrations, as would be expected, Even when
the variability between sets of data is homogenecus, the BIOFAL
program can predict different constants, For example, when a 4%
ration of contaminated food is fed to shrimp either alone (4F) or
in combination with aqueous exposure (4FW}, the BIQOFAC program
predicts curves for dietary accumulation of Kepcne which are
indistiguishable from each other {Figure B}, In contrast, the
model predicts ¢'earance rate constants from the two curves which
differ by almost 9%. The guestion then bhecomes, how much of a

diffarence in these parameters represents a meaningful difference?
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With the small sample sizes necessitated by the experimental design,
BIOFAC may not be able to predic¢t the same rate constants even from
replicate exposures, 1 believe much of the difference in these
rate constants is an artifact of the greater variability seen in
fish body burdens after dgietary exposures. Any remaining unexplained
difference in ¢learance rates for fish from the two types of exposures
is, in all Yikelinood, a function of differing accumulation routes
rathar than differences in lipid content,

The clearance rate constants based on total Xepone per fish
indicate that there is some process other than growth dilution
which {5 causing decreases in Kepone concentraticn over the depuration
phase. Most of the clearance probably is simple partitioning of
Kepone from storage sites {phospholipids) to blogd and finally to
water via the gills, plus billary and extrabildiary excretion (Van
Veld et al., 1984). There may be a small percentage of Kepone
(1.7% in channel catfish after 2 weeks; Van Veld et al., 1984}
biotransformed to Kepone alcohol and cleared by these same routes.
The fish growth data indicates that the difference in clearance
rates seen for total Kepone between the B% ration and the 4% ration
was a3 function of {ncreased spot growth at the larger ration,

The data from the 8% ration s$ize experiment indicate that
dietary accumulation of Kepone can represent approximately 20% of
the total Kepone body burden in spot exposed to quantitatively
related agqueous and dietary scurces of the pesticide, These findings
are in direct contrast to the conclusion by Macek et al, (1979}
that dietary accumulation of Kepcne in a plankton-mysid-spot food

chain would represent less than 0,2% of the final Kepone residue
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body burdens in spot. Macek et al. (1979) used this Kepone data
plus other ljterature review data and three laboratory studies as
the basis for their conclusion that dietary accumulation of xengbiotics
{n aguatic food chalns 1s instignificant when compared to direct
uptake from water, They indicated that only DDT seemed to be an
exception, due to its extremely slow clearance rate,

There are a number of problems with the Macek et al. {1979)
study and its conclusions. First, they based many of their ideas
on laboratory studies which they conducted using three compounds,
none of which had a BCF greater than 183, Most toxicologist would
agree that, for the more water soluble compounds, thera would be
1ittle total accumulation and thus little chance for dietary accumulation,
For more Vipophilic compounds there is greater potential for total
accumylation and therefore dietary accumulation {Bruggeman et al.,
1984),

A second problem apparent with the Macek et al. conclusion is
the use of the Bahner et al. (1977} study to demanstrate the
insignificance of dietary accumulation of Kepone by spot, Bahner's
study violated two of the basic tenets which Macek et al. indicated
necessary if one is to compare routes of uptake. First, the varipus
food chain components were not contaminated to steady state
gconcentrations with agueous Kepone expoSures. Second, and most
important, the various food chain components were not exposed to
the same concentrations of aqueous Kepone; mysids were not exposed
to aqueous Kepone at all, The mysid’s only scurce of Kepone was
brine shrimp which had been exposed to % ug Kepone/i water, Since

mysids have been shown to bioconcentrate Kepone 6,000-13,000 times
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{Bahner et al,, 1977), the possible input to spot from mysids was
severely underestimated. If ane recalculates the dietary contribution,
assuming a3 mysid BCF of 9,500 and a more realistic spot 8CF of
6,000, the dietary accumulation of Kepane by spot could &ccount for
almost 60% of the total Kepone body burden,

There is no reason to guestion the Macek et al, (197%)
conclusien for the vast majority of aguatic contaminants which are
water sgluble ar metabolizable, However, one canngt dismiss the
environmental importance of dletary accumulation of xenobiotics
based solely on data from more water scoluble compounds. As our
knowledge of structure/activity relationships of compounds increases,
new pasticides and herbicides will be designed which produce a
specific target effect but which can be efficiently metabolized and
excreted by non-target organisms. We have to face the fact that
many presently used industrial and agricultural compounds which
find their way to the aguatic environment are highly lipophilic and
unmetabolizable. This lipophilic character dictates that clearance
from organisms will be slow and the potential for accumulation
high, 3low clearance also means these chemicals will be persistent
environmental contaminants, as indicated by the DOT, PCE and Kepane
problems during the last few decades. Thus, although these types
of compounds represent only a small percentage of the total possible
aquatic contaminants, they are of major concern in terms of the
cverall health of the aguatic system. According to Bruggeman et
al. {1984), these more lipophilic contaminants {log P > 4,0 to 5.0)
will be accumulated through the food chain and cause long term

threats to higher prganisms, including man, {ther recent Viterature
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concerning actual bioaccumulatton studies and pharmacokinetic models
emphasize the importance of the foad chain in bicaccumulation of
more lipophilic compounds (Niimi and Cho, 1981; Borgmann and Whittle,
1983; Oliver, 1984; Thomann and Connolly, 19Bd; (liver and
Hiimi, 1985; Connolly and Tonelli, 1984},

Kepone Accumulation vs Food Ration Size - Shrimp

As in the spot experiment, a doubling of the Kepone contaminated
food ration size resulted in & statistically significant increase
in final Kepone body burdens in shrimp, Secondary uptake pf Kepone
by shrimp was insignificant over the 15 day uptake phase, In
l6-day experiments, the shrimp fed an B% ration of Kepone contaminated
food {BFW) had approximatley 1 1/2 times the whole-body Kepone
concentration from the dietary source as shrimp fed the 4% ration
{4FW). 1In contrast, Kepone bioconcentrated from equal aqueous
Kepone cancentrations did not differ significantly at the two
ration sizes, At both the 4% and B% ration s5izes, the total Kepone
cancentrations bipaccumulated from both sources was significantly
greater than bioconcentration from the agueous scurce alone, This
implies that dietary accumulation of Kepone, even from less than a
maintenance ration (4%}, results in a significant contribution to
total Kepone body burdens in shrimp,

The extent of the dietary contribution was calculated from
residues in the combined exposure treatments {(4FW and BFW), At
steady state it was estimated, using BIOFAC rate constants, that the
dietary contribution represented approximateiy 23% and 30% of the
total Kepone bicaccumulated by the shrimp fed the 4% and BX ration,

respectively. This is in agreement with the actual contributions
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measured directly after 16 days. At that time the dietary contribution,
based on actual, measured values, represented 24% and 33% of the
total Kepone at the 4 and 8% ration, respectively. These results
agree with the earlier spot data indicating a significant dietary
contribution of Kepone, even at what {s generally considered a lower
ievel of the food chain,

As with spot, Kepone accumulated from food and water are
additive. The dietary accumulation of Kepone by shrimp fed a 4%
ration of contaminated food alone {4F) or in combination with an
agueous Xepone exposure was the same. This indicates that dietary
accumulation is independent gf aqueocus exposure, at least at the
Kepone concentrations tested here., Similarly, biocconcentration of
Kepone from water was the Same whether the shrimp were exposed in
water alone (4W) or with contaminated food, The tota) Kepone
accumulated is the same, whether it is computed by adding the two
ingependent exposures (4F+dW) or by measuring directly from the
combined exposure (4FW) (Figure 8). The similarity in pharmacokinetic
parameters, especially the clearance rate constants, between combined
and independent exposure also indicate additivity (Table b).

There 15 1ittle data available concerntng the pharmacokinetics
of Kepone accumulation in grass shrimp, Bahner et al. (1977) reported
that shrimp appeared to approach steady state with 0,023 ug/¢
Xepone in water after only }0 to 20 days, These investigators
also reported a time to one-half (T 1/2) clearance of 28 days.

These data are guite different from the values determined in the
present study (T 1/2 = 50 days, time to 90% steady state = 150

days). When reanalyzed by BIUFAC, their data yielded T 1/2 clearance
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and time to steady state values of 15 and 50 days, respectively.
Clearance rate constants werg much larger than in the present study
(D.046 vs 0013 day=1), Temperature may have been partially responsible
for these differences in ¢learance, since the earlier study was
conducted at 27° C, The lack of suffictent residue data (1 pooled
sample per sample period} may have resulted in poor parameter estimates
by BIOFAC for the Bahner study. It is noteworthy that Bahner et
al. (1977) reported a BCF of 11,000 for a companion study with
grass shrimp exposed to 0.4 ug/t Kepone in water, This value
is similar to the BCFs calculated in the present study.

The ration size of contaminated food fed to the shrimp did not
have a significant effect on the uptake and clearance rate constants
governing dietary accumulation, This indicates that the pharmacokinetic
principle of superposition is walid for Kepone dietary accumulation
by shrimp, as well as spot. As in the spot experiment, there 15 a
trend towards reduced clearance rates from residues hioconcentrated
form the aqueous scurce. This does not appear to be related to
Yipig content, For each ratjon size in the combined exposure
treatments, {(4FW and BFW}, the final Kepone residue body burdens
for shrimp from both dietary and aquaous exposure were determined
from the same shrimp samples using combined gas chromatography and
radiometric methadelogy., This eliminated possible differences in
11pid content, so that the trend towards reduced clearance of resijdues
from the agueous source must be explained some other way. As discussed
in the spot experiment, the differences in clearance rates may be
attributable to differences in sample variability within treatments

or to differences in the pathways of accumulation,
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Kepone Accumulation - Shrimp vs Spot

The body burdens of Kepone in the shrimp and spot due to
bioconcentration were not significantly different at the end of the
raspective uptake phases. 1n contrast, the dietary accumulation of
Kepone at equal ration slzes led to significantly greater body
burdens in the shrimp than the spot at the end of uptake. The
higher Kepone concentraticns in shrimp were apparently a result of
greater assimilation of Kepgne from coarsely ground food compared
to the finely ground food used in the spot experiment. A comparison
af the uptake rate constants of the two species supparts this
contention, As discussed earlier, the uptake rate constant gives
an indication of the assimilation efficiency of an organism for the
compound ¥n guestion, Shrimp fed cearsely ground food at a 4%
ration had a mean uptake rate constant of {.487 day‘l, while spot
fed finely ground food had an uptake rate constant of only 0.268
day~l, These constants yield estimated assimilation efficiencies
{k3 x 100 x t) of 49 and 274 for shrimp and spot, respectively. The
same type of difference between assimilation from the two types of
faod preparations could be seen in the 24-hr assimilation efficlency
experiments, where shrimp assimilated 38 or 22% of the Kepone from
a 4% ration of coarsely or Tinely ground food, respectively,

Since clearance rate constants are assumed to be {ndependent of
exposure concentrations, they can be compared directly, The clearance
rate constants far shrimp were approximately one-half those for spot
for each exposure source, regardless of ration size., For example,
clearance rate constants from dietary accumulated residues averaged

0.019 day=! and 0.037 day=l for shrimp and spot, respectively, For
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bioconcentrated residues, clearance rate constants averaged
0.013 day=-l for shrimp and 0,025 day-l for spot.

Differences in c¢learance rate constants between the shrimp
and fish might be related to differences in Vipid content, since
shrimp had a greater Yipid content (5.7%) than spot (4.4%}, although
this difference was not significant, Total 1ipids pruobably are not
too important in determining clearance rates of Kepone, as discussed
earlier, Howeyer, it has been shawn that crustaceans generally
have a greater percentage of wax esters and cholesterols than
vertebrates (Sargent, 1976)}. Skalsky et al. {1979) revealed an
association of Xepone with high density lipoproteins and albumin in
humans, A major portion of these lipoprotetns are cholesterol
esters, Since the constituent lipid groups were not analyzed further
in the present study, it i1s impossible to determine whether differences
in 1ipid constituents could explain these clearance rate differences.

Another possible explanation far differences in species
clearance rates may lie in the ability of each species to biotransform
and eliminate specific compounds, Catfish can bictransform Kepone,
to some extent, to a more easily eliminated Kepone alcohol (Van
veld et al., 1984). Fish also have a number of routes of elimination
of Kepone, including biliary and extrabiiiary excretion into the
intestine, direct diffusion across gill surfaces and excretion
through mucus (¥an Veld et al., 1984). No information has been
repaorted on routes of Kepone excretion by grass shrimp, but it
seems plausible that the major route would be diffusion across the
gills and the general body surface. Thus, the excretion of Kepone

as parent compound and biotransformation groduct may be faster in



fish due to the many specialized excretory mechanisms they possess.
The clearance rate constants indicate that shrimp should

bicaccumulate Kepone to a greater extent than spot, even 1f both

species are presented the same type of food. Since clearance rate

constants are independent of exposure concentration, i1t should take

shrimp twice as lang to reach steady state and twice as jong for

clearance, regardless of the food type (Table 5), These data

support earlier work concerning the importance of clearance rate

constants in determining the btoaccumulation potential of xenobiotics

{Neeley, 1974, Macek et al,, 1979, Koneman, 1980; Pizza and Q'Coenner,

1983). The greater bioaccumulation potential of shrimp may, in

turn, help explain the relative insensitivity of this organism to

Kepone toxicity (96 hr LCgy = 649,% ug/t) compared to spot {96

hr LCgy = 6.6 uwg/t). The shrimp may be able to sequester Kepene

in a lipid pool and therefore reduce its potential for toxic effect,

especially in an acute exposure,

Accelerated Test - Spot

The accelerated test Kepone data for dietary accumulation yield
predictions of clearance rate constants similar to those from the
long term test, especially at the 8% ration {0,040 day'l vs 0,037
day'l, respectively)., Thare is a large difference in the predictions
of uptake rate constants between the long term angd accelerated test
methods due most likely Lo the very short uptake period for dietary
accumulation, This short period provides two possibilities for
increased variability which would probably be damped out in a long
term test, First, the 1imited number of feedings(4) could lead to

an uneven distribution of Kepone among test fish, Second, each
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feeding would {nput only a small amount of Kepone to the fish
leading to {ncreased analytical varjability in determining whole-
body residues, especlially after the first feeding. This would be
especially impartant at smail ration sizes. A much greater variability
was ohserved in measured concentrations in spot fed the 4% ratfon
size than those fed the 8% ration size {Figure 13a and b).

As mentianed earlier, the GC/radiometric analytical method
used to separate food and water Kepone accumulation in the 20% raticn
size accelerated test resulted in greater amalytical variability
then the radiometric analysis used for the long term independent
exposures, This, in all 1iklihood, explains much of the difference
in the pharmacokinetic parameters between the 20FW test and the
long term tests (4F, 8F, 20F, 4M and 8W),

The results support the use of accelerated tests to determine
bioconcentration kinetics, as propesed by Branson et al. (1975),
and dietary accumulation kinetics, The accelerated test has the
advantage of savinys in time and effort. One way to reduce the
variability during the short uptake period would be to use a high
toxicant concentration in the fopd andfor a larye ration size.
Etther method would yield high body burdens of toxicant, increasing
the measurement precision of toxicant residues, Since our long
term ration size experiments showed that the pharmacokinetics of
uptake were independent of ration size, this would be & valid way
to get the same pharmacokinetic information in a shorter time,
Also, one can use radicolabeled compounds and sample opxidation

analytical methods to reduce variabliity further,
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Dietary Accumulation of Kepone by Spot from a Natural and Artificial
Food Source

Spot were able to accumulate less Kepone from the natural food
source than from the artificial source at a 20¥% ration size, although
this difference was not significant. The assimilation efficiency
predicted by the BJOFAC model (X3 x 100 x t), was greater for the
artificial food (30%} than for the natural focd [24%) [Table 5),
This difference was also eyvident in the 24=hr assimilation efficiencles,
where spot assimilated 15% of the Kepone from the natural food and
20% from the artificial food {(Table &), The assimilation efficiency
from the artificial food is very similar to that found by ¥an Veld
et al, {1984) for catfish {24%) and Kepone, which suggests that
assimilation efficiencies for Kepone are independent of artificial
food type and fish species.

Although data obtained using finely ground food indicated
otherwise, the assimilation effictency from artificial food was
expected to be less than from a whole natural food {(Connolly and
Tonel11, 1985), [ata obtained using finely ground food in this
study may severely underestimate the assimilation efficiency from a
whole food item, as discussed earlier. For example, anmalysis of
data from Bahner [unpublished), indicates an assimilation efficiency
of approximately 50 percent for spot fed Kepone contaminated whole
amphipods, compared to the 15 percent indicated in the present
study,

The uptake rate constant estimated at the 20% ration of
natural food is in good agreement with that predicted from the 4%
and 8% ration sizes in the earlier experiment (Table 5). This

indicates that the assimilation efficiency for Kepore 14 independent
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of ration size as long as the same food is used. The rest of the
pharmacokinetic parameters must be viewed with cauticn because of
the very large standard deviations associated with them, The
BIOFAC program estimazted the clearance rate constant and all other
parameters at the 20% ration, although one can have little confidence
in the values because there were no clearance data available.

There was a significant increase in whole body concentrations
of Kepone for spot fed a 20% ration of contaminated natural food
when compared to spot fed a 4% and an B% ration of the same food
{Figure 16). Uptake phases of this experiment and the lony term
ration size experiment lasted 195 days and both tests were conducted
at 23°C. Thus, final Kepone body burdens in fish from the three
treatments are directly comparable. The fish fed the 20% ration
were somewhat laryer than those fed the 4% and 8% ration at the end
of the uptake phase (3,34 g vs 2.15 g); however, size itself does
not appear to affact Kepone caoncentration (Bender and Huggett,
1984), The fish fed the 20% ratfon size had a greater lipid content
than those fad the other two rations (20 - 6.9%; 8 - 4,7%, 4 - 4,11},
As discussed earlier, lipid content alone dpes not appear Lo cause
any significant changes in Kepone biocaccumulation, Ffor example,
fish exposed to Kepone in water and fed an B ratier of uncontaminated
food were significantly larger {2.%9} than those fed a 4% ration
{2.1g} and had a greater percentage total Tipid (5.9 vs 4,7%).
However, the fish fed the 8% ration accumulated similar concentrations
of Kepone to smaller fish, a result consistent with the findings

that size and }ipid content are not related to Kepone accumulation,
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The increased Kepone body burden for fish fed a 20% ratlon of
contaminated foed should result in a large contribution from the
dietary source if fish were exposed to aqueous and dietary sources
simultanecusly, To reach this conclusion I assumed: 1) the hody
byrdens from different Sources of Kepone are additive, as shown for
shrimp and spot , and; 2) uptake of aqueous Kepgne is {ndependent
of ration size, as shown earlier, Thus, dietary accumulation from
a 20% ration size would contribute approximately 38% of the Kepane
to final spot body burdens during simultanepus dietary {finely ground
food) and aqueouys exposure, This represents slightly more than a
doubling in Kepone contributions if the food ration size was increased
from BY to 20% and again points to the importance of ration size in

dietary accumulation tests,

Distribution of l4C-Kepone in Lipid Constituents

In this study, total 1ipid was separated into three majar
groups by column chromatography. Column extraction with CHCl,,
acetone and methanol collected neutral lipids, glycolipids and
phaspholipids, respectively, Van vVeld et al, (1984} indicated a
propensity for Kepone to accumulate in tissues rich 1n phospholipids.,
Analyses of tissues from the present study indicated that most
l4c_kepone was assaciated with the glycolipids. These results must
be viewed with caution, though. It is not certain whether the
l4¢.Kepone stayed bound to the specific 1ipids during the lipid
extraction procedure or whether it became free Kepone {in solution.
If the latter case 1s true, then this method may overestimate the
radioactivity in the glycolipid fraction. Since Kepgone is very

so0luble in acetone, the washing with acetone during the second
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column elution would remove most of the dissolved free Xepone from
the ¢olumn, thus causing a false measure of radioactivity bound to

the glycolipid fractiaon,

Application of BCF and DAF values to field Kepone exposure levels

Assimilation efficlency experiments with bath species confirmed
that dietary accumulation of Kepone was le$s when organisms were
fed finely ground food., By manipulating the inputs to BIOFAC,
estimates for the kinetic rate constants based on a greater assimilation
efficiency can be cbtained, If the original daily dietary input
dose to spot at the 8% ration treatment (8F) 15 reduced by one-third
and used as the new dose for the program, and the criginal spot
body burden data are used, BIOFAC predicts a uptake rate constant
which is approximately three times greater than the original prediction
(0.795 vs 0.265 day-1). 1n effect, the program predicts a greater
assimilation efficiency than before, one which is more in agreement
with the lipophilic nature of Kepone [Spacle and Hamelink, 1985},
Since the predicted clearance rate constants are the same regardless
of initial dose {0.037 day-l}, this results 1n a greater DAF (21 wvs
7) at the higher assimilation efficiency., This indicates a greater
contribution from the food than predicted using the poor assimilation
efficiency from the finely ground food saurce,

Another factor that most likely lead to an underestimate of
dietary accumulation by spot and sheimp was the short exposure period
used to contaminate grass shrimp which were used as the food source,
The food prepared from the opriginal 16-day aqueous Kepone exposure
averaged 0,101 wg Kepone/y ground shrimp. The BIOFAC predicted

pharmacokinetic parameters indicate that it should take grass
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shrimp approximately 160 days to reach steady state with 0,04 ug
Kepone/t water, at which time they would contain almost 0,5 ug
Kepone/q (Table 5}, Thus, there would have been a greater input of
Kepone from the food source 1f the grass shrimp which were used as
food would have been allowed to reach steady State with the agueous
Kepone,

Kepone residues in spot in the James River in 1982 averaged
0.24 ug/y whole-body wet-weight [0.15 uwg/y near the river mouth
and 0,37 ug/g near the turbidity maximum zone) (Bender and Huggett,
1984), Using a BCF and DAF of 7,000 and 7.4, respectively, far
spot and a BCF of 13,000 for shrimp, equilibrium body burdens for
spot in the James River can be predicted. Note that the DAF used
here does not take into account possible underestimates of dietary
accumulation in the experimental design, as outlined above, Aqueous
Kepone concentrations in the James average 0.007 pg/t (Slone and
Bender, 1980; Strobel et al., 1981). If an average food consumption
rate of 10% 1s uysed for spot and shrimp, bicconcentraticn and
dietary accumulation of Kepone by spot would yield body burdens of
0.049 ugfg (0.007 vg/e = 7,000 BCF} and 0.067 wg/g (0,007 wg/t
x 13,000 8CF = (9] wg/g x 10% x 7.4 DAF), respectively.

The above calculations assume that the fish fed only on shrimp
exposed to Kepgne in water, Since grass shrimp haye a DAF of
approximately 22, more Kepone would be available to spot which were
fed shrimp exposed to aqueous Kepone and contam!nated feod, For
spot fed shrimp which were allowed to accumulate Kepone from both
sgurces, the concentration at steady state due to digtary accumulation

can be astimated to be 0.215 wy/y (0.007 wg/& x 13,000 BCF = 0,091 wg/g



x 10% x 22.4 DAF = 0,204 ug/g + 0.091 wg/y from water = 0,295 pg/g
in shrimp from al) sources x 10% x 7.4 DAF = 0,215 wgfg). Since
dietary and aqueous sources are additive, this yields a predicted
field concentraticn in spat of 0.264 ug/g (0,049 + 0.215), with
dietary contributions representing approximatley B1% of the total,
Thus, even with the relatively low DAF computed faor spot {n the
present study, a good estimate of Xepone levels in the fleld is
possible, To make these calculations gne must assume that ali
organisms are at steady state with aquegus Kepone, an assumption
which may not be totally valid for slowly cleared xenobiotics.
This study indicated that agueous Xepone bioconcentraticon
from water was independent of food consumption rate. Ribeyre et
al, (1980) have shown that dietary accumulation of xenchiotics
becomes more important than bioconcentration from water at high
temperatures due simply to increased food consumption. Thus, any

differences between Keponae concentrations in spot from the field

and predicted from laboratory data could be the result of differences

in food consumption rate or food Kepone concentrations, As spot
migrate into the estuary in the spring, water temperatura and
presumably food consumption rates increase, leading to greater
inputs of Kepone to organisms, For a compound that 1s cleared
slowly, this extra dietary input ¢ould lead to high body burdens
which appear unrelated to agueous Kepone concentrations, The major
reason dietary contributions of 1i{pophilic compounds have been
underestimated in the past s the failure of investigators tp
account for feeding rates and the manner in which changes 1in these

rates affect dietary accumulation of slowly cleared compounds,
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CONCLUSLONS

1} Dietary accumulation of Xepone by spot and shrimp led te
significant increases in total Kepone body burdens in both species
in combined food and water exposures when compared to bioconcentrated
resjdues alone, Dietary contrioutions of Kepone accounted for a
maximum of 38% of the final residue body burden in spot and 33% in
shrimp.

2} An increase in contaminated fpod ration size {i.e., food
consumption) led to a significant increase in final whole body
concentrations of Xepone in both spot and shrimp. For axample, a
doubling of the ration size fed to spot caused a doubling ip final
whole body Kepone residues,

3} An increase in uncontaminated food ration size fed to
spot and shrimp exposed to Kepone in water did not cause a significant
increase in organism Kepone residue levels,

4) An increase in contaminated ration size led to a significant
increase in the contribution of dietary kepone to total Kepone
residues in both spot and shrimp.

5} Contributions of Kepone from dietary and aqueous Saurces
were additive in determining total Xepone bedy burdens in both spot
and shrimp,

6) Apparent Kepgne assimilation efficiency from the prepared
food was dependent on final food preparation, A finely ground food
source led to a low ingestion efficiency of Kepone by spot and

121



shrimp when compared to & more coarsely ground food source, When
assimilation efficiencies were based on the total amount of Kepone
fed rather than an the actual amoynt consumed, a low Apparent
assimilation efficliency resulted from this reduced ingestion
efficiency, Kepone assimilation effictiency was shown to be close
to 100% when based on the actual amount of Kepone consumed.

77 An accelerated test methodology for measuring dietary
accumuiation of Kepone by spot provided relatively accurate
predicttions of pharmacokinetic rate constants when compared to
values from long term tests,

B} Spot were able to accumulate less Kepone from a natural
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food source than from an artificial food source. This low assimilation

efficiency from the natural food source was primarily due to the
low ingestion efficiency of spot for the finely ground food, as
noted in {6) above,

9} This study shows that good predictions of Kepone residues

in James River spot can be made from labgratory derived bisaccumulatton

data only if dietary contributions of Kepone are considered.
10) The failure of past ressarchers to consider the effects
of food consumtion rates on xengbictic accumulation may be the

major reason that dietary contributions to final erganism body

burdens have been considered insignificant for 1ipiphilic compounds.



SUGGESTIGNS FOR FUTURE RESEARCH

The present study addressed the pharmacckinetic parmeters that
control the bioconcentration and dietary accumulation of Kepone by
two estuarine species and the contribution of dietary accumulation
to final body burdens. The model used to determine bioaccumulation
was a first-order pharmacokinetic equation. Two assumptions are
generally made in order to apply this model: 1} The depuration
rate constant is independent of the concentration in the organism;
2) A1l residues in the organism, regardiess of their spurce, are
assumed to be depurated at the same rate, Assumption 1 seems valid
since ration size (Kepona dose} did not appear to affect Kepone
depuration rates in either species, There was some indication that
residues accumulated from water were depurated more slowly than
residues accumplated from food., This presents a prablem in the use
of a first-order pharmacokinetic model, and is an area that needs
more study, It may be possible to use dual-label experiments
(36C1-Kepone and 1%C-Kepone), larger sample sizes and individual
liptd component analysis to understand better the clearance of
tepone accumulated from food or water.

A number of pharmacokinetic/bicenergetic modeling efforts
have been undertaken in the last decade to predict xenpbiotic
accumulation by organisms in nature. These models all depend ¢n a
simple First-order pharmacokinetic approach to explain the uptake
ang depurattion of xengbiotics by aguatic organisms, When uptake
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and depuration rate ¢onstants derived from controlled laboratory
studies are applied to field situations, there are many variables
which could affect these rate constants, More {nformation is

neeged concerning the possible effects of varying environmental
conditions {(temperature, salinity, organism size, food type, toxicant
stress, pre-exposure history, etc,) on the uptake and clearance

rate constants that govern bicaccumulation of xenobiotics., Kepone
would be a good compound to use for such studies because it s not
metabolized to any extent, thereby allowing experimental designs
that employ l4C-Kepone and radiometric methods, rather than requiring

more complex analytical chemistry,
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