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Ahstract —Two 10-d wuter-only toxicity tests with radiotabeled fluoranthene were conducted with twoe species ol treshwater
amphipuds, Hyalellu antece and Diporeia sp. For HL actecd, 10-d median lethal concentraiions were 364 nmol/L aind 481 nmol/LL.
Tentative median lethal doses, determined from the regressions of body hurden of remaining live M. azfecd versus suryvival, were
5.6 and 3.6 mmel fuoranthene/kg wet weight tssue. Diporeiu appearcd o be less sensitive, hecause survival in Diporeia was
greates than 844 after 10 d exposures, Elimination rates determined for Diporeia, ranging irom 0.0011 o 0.0032/8 thal{-lives ol
726 di, were much siower than rates determined for A, ezfeco of (1125 10 0. 188/h (half-lives of 4=t hi Faster climination in #f.
wzteca may he related ta ity grearer ahility 0 metabohize fuoranthene. Far A actecd, an average of 17% af ity body burden was
present as metubolites afler 24 b of exposure 1o radiolabeled Huoranthene. as compared to 3% for Dipereia. bor Diporeia, cxposur
to various water coneentrations of flueranthene for various lengths of time resulted in declines in the conditional uptdhe clearance
rates (mil waler clearedfye wet weight fissue/h), A similar, although less dramatic trend was ohserved Tor condrgonal uptake clearianee

rates 10 H.oastec.
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INTRODUCTION

The toxicity of organic contaminants o aguatic inverle-
brates has long been employed as an important test of the
effects of chemicals released tw the environment. In particular,
Section 304A) of the Clean Water Act requires that the U.S.
Enviroamental Pratection Agency (EPA) establish water qual-
ity eriteria (WQC) for certain priotity pollutants. These cri-
teria, based on water-only toxicity tests, establish final chronic
values (FCVs), or concentrations of individual pollutants in
ambient water thal, when not exceeded, will ensurc a waler
quality sufficient to protect a specilied water use [ I]. The EPA
has also examnined a varicty of approaches for the establish-
ment of sediment quality criteria (SQC), numeric concentra-
tions of individual chemicals that are predictive of biological
effcets, Sediment quality coteria have been proposed for sev-
cral organic comaminants, including polycyclic aromatic hy-
drocarbons (PAHs), using the equilibrium partitioning (EqP)
approach [2]. The EqP approach uses the FCY determined for
waler-only exposures, to cstablish sediment organic-carbon-
normalized SQC.

A varicty of toxicakinetic models are also used to predict
the biocaccumulation and effects of organic contaminants.
These models, which were developed to mote accurately pre-
dict non-steady-state and noncquilibrium situations, depend on
the measurement of uptake clearance and climination rate con-
stants to describe the kinetics of accumulation. First-order rate
coefficient models, and especially clearance volume models,
have been used extensively in aquatic toxicology [3]. (Uptake
clearance rates are defined as the volume or mass of a source
compartment that is cleared of contaminant per mass of or-
ganism per unit time.) In addition, the critical body residue
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hypothesis [4] is presently being evaluated as a means fo in-
terpret and assess the potential texicity of compounds that are
binaccurnulated. This approach predicts that the potency of
chemicals that act by a narcolic mechanism (most nonpolar
organics) should be essentially constant for similar organisms
[5.6], and acute narcosis will oceur at body burdens of 2 to ¥
mmol/kg wet weight, In this approach, the internal body bur-
den, rather than the external water or sediment coneentration,
i« uscd as a surrogate for dose at the site of toxi action,

Far any approach or criteria to be effective, the assumptions
of the model and the data used to make predictions must con-
tinue Lo be tested and refined. Many of the approaches pre-
viously mentioned incorporate exposure and accumulation
from water as a purameter in modeling uptake of contaminants,
One goal of the present study was o measure Inportant tox-
icokanetic parameters such as condiional uptake clearance rate
and climination rate for two standard sediment toxicity test
organisms, the freshwater amphipods Hyalella aztecd and Di-
poreia sp. These cxperiments test the assumption that the rale
of uptake of contaminant is independent of the water concen-
tration and duration of exposure to the contaminant. We hy-
pothesized that exposure to & hydrophohic organic compound,
such as the PAH Auoranthene, would tesult in narcosis and a
subsequent decline in the uptake elearance rate of lueranthene.
These experiments also determine a median lethal concentra-
tion (LC5M for fluoranthene bascd on measured water con-
centrations and a wmedian lethal dose (L.D50) based on tissue
concentrations for these species. Ability to biotransform ftuor
anthene was also examined.

MATERIALS AND METHODS

Chemicals

[*C]Fluoranthene with specific activities of 45 and 55
Ci/mol was obtained from Sigma Chemical Co. (S0 Louis,
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for 24 h. Nominal concentrations of radiclabeled test salutions
were 80, 320, 630, and 1.270 nmol/L. Each beaker contained
a l-cm square of presoaked surgical gauze for substrate. After
exposure, H. azteca were transferred to unlabeled water {with
clean gaurze) and fed 1 ml of YCT per beaker. Animals were
sampled from rcplicate beakers {(# = 3) before transfer to
unlabeled water {+ — () and at approximately 1, 4, and 8 h
after transfer. Tissue concentrations werce determined by LSC
as described above. Exact times were used for calculating elim-
ingtion rates.

Diporeia were exposcd at 4°C to 300 ml of test solution
in 600-ml beakers, 20 animals per beaker, for 24 h. Nominal
concentrations were 80, 320, 630, and 1,270 nmol/L. After
exposure, animals were transferred to 600-ml beakers con-
taining 2K g wet weight Lake Michigan sediment and 400
ml of clean, filtered Lake Michigan water. Animals were sam-
pled from replicate beakers {(n = 3) before transfer to unlabeled
scdiment {¢ = (yand 1, 2, 4, 7, 10, and 14 d afier transfer. At
each timc point, animals were samplcd for tissue concentration
as described above. The rate of elimination for both species
was estimated from a linear regression of the natural fog ¢(In)
of tissuc concentration versus time.

Biotransformation

Hyalella azteca and Diporeia were exposed 1o
[**Clfluoranthene (approx. 1.5 nmol/L) in water for 24 h. Sam-
ples of H. azteca (200 mg wel weight) and Diporeia (100 mg
wet weight) were ground with a mortar and pestle and 2.5 g
anhydrous sodium sulfatc and extracted with chloroform,
methanol, and water using a modification of a lipid extraction
method | 161, adapted for the analysis of PAHs and metabolites
[17]. The extraction protocol separates nonpolar compound
from agucous melabolites, Radioactivity in duplicate subsam-
ples {1 mi) of the agueous phasc were determined by LSC.
Druplicate suhsamples (1 mi) of the organic extract were dried
and resuspended in scintillation cocktail for analysis by LSC,
The remaining organic phase was cxtracted with hexane, po-
tassium hydroxide, and dimethy! sulfoxide as previously de-
scribed [17.18] to separate parent compound from polar me-
tabolites. After extraction, an aliquot of the remaining salt and
tissue pellet was sonicated with scintillation cocktail. After
subsidence of chemiluminescence {24 h), radicactivity was
quantified by LSC. Unextractable radioactivity associated with
the tissuc pellet was presumed to reflect electrophilic primary
metabolites of fluoranthene that were covalently bound to cel-
lular macromolecules in the tissuc. An aliquol of the
[**C|fluoranthene standard stock withoul tissue was also ex-
tracted as described above 1o asscss the extraction protocol.

Accumulation with and without preexposure fo
HAuoranthene

Prior to determination of the rate of accumulation of
|*Clfluoranthene, animals were preexposed for various times
to lest water spiked with unlabeled fMluoranthene (0, 320, 630,
or 1,270 nmol/L.. nominal concentrations), with daily rencwal.
Both Diporeia (10 animals per beaker) and H. azteca (20
animals per beaker) were exposed to 200 ml of spiked water
in 400-nl beakers. During preexposure, [f. azteca were fed
cvery other day with 0.5 1nl YCT [8]. Diporeia were not fed.
After preexposure for 1, 2, 5, or 10 d, preexposure water in
cach beaker was replaced with test water containing the same
concentration of ¢cold Auoranthene as listcd above and a trace
amount of [MC|Muoranthene. Other animals were exposcd di-
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rectly to radiolabeled test water without preexposurc to mea-
sure the decline in water concentration. Radiolabeled water
from each beuker was sampled al the beginning and end of
each 6-h uptake exposurc, Animals were sampled from 1rip-
licate beakers after 1, 2. 4, and 6 h in radiolabeled test solution
in order to determine the uptake clearance rate. Four animals
were sampled from each beaker at each time point, blotted
dry, weighed, and transferred to scintillation cocktail. Samples
were sonicated for 1 min and held overnight prior to quanti-
fication by LSC. Nominal specific activitics for each stock
solution were used to calculate the concentration of total Auor-
anthene in each sample.

Modeling accumulation

Because there were substantial declines in the water con-
centration over the course of the 6-h uptake experimeuts, and
because the mass-to-volume ratio changed as animals were
removed, estimation of uptake clearance rates cmployed a
model that specifically includes a term for the decline in water
concentration. Assuming a lingar decline in water concentra-
tion over time, conditional uptake clearance rates (ml water
cleared of Huoranthenefg wet weight tissue/h) were estimated
by nonlinear regressicn to the following model:

C, = k) {LC) + (mik)I[1 — expl -k, )] — mr}

where €, = the concentration of fluoranthene in the tissue
{pmol/g wet weight), &, is the conditional uptake rate constant
(ml/g/h), &, is the rate constant for the elimination of Auor-
anthene from the tissue (h '), €2 is the concentration in the
water at t = 0, m is the slope of the decrease in the waler
concentration (pmol/ml/h), and ¢ — time ¢h). Average (SD)
percent decrease in water concentration over ¢ h was 24%
(3.8%, n = 12) Tor Diporeia, and 319 (9.7%, n — 21) for H.
azteca. Mean measured values for m {ranging from 0.048 to
44.5 pmol/ml/h), €, and CU, were used in all calculations.
Previously determined mean measured elimination rates of
0.15/h tor H. azteca and 0.0021/h for Diporeia were used in
all calculations.

Statistics

Nonlincar regression of accumulation dula was modeled
using SYSTAT for Windows, Version 5 {SYSTAT, Evanston,
IL, USA). Linecar regressions for elimination data were mod-
cled with SAS®/STAT, Version 6, 4th edition (SAS Institute,
Cary, NC, USA). Students’s ¢ lest was used when comparing
means or stopes of regression lines. Differences were consid-
cred significant when p << 0.05. Mortality data were analyzed
by the trimmed Spearman-Karber method. using Srasistical
Methods and Software for Toxicological Data Analvsis {B A,
Zajdlik, University of Waterloo, Walerloo, ON, Canada, and
M. Newman, Savannah River Ecology Lab, Aiken, SC, USA).
Confidence limits for the LD50, determined from the regres-
sion of survival versus body burden, were calculated from
formulas in Sokal and Rohlf [19].

RESULTS
Toxicity experiments

Water concentrations. In the 10-d morntality studics, water
concentrations measured al the start of the experiments were
in geucral agreement with nominal concenlrations, except for
the first Diporeia experiment (Table 1). Measured concentra-
tions for the first Diporeia experiment were unexpectedly high
and may rcpresent an error in the amount of radiclabeled com-
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Table 1. Nominal and mesn measured water concentrations, measured body burdens, percent narcosis of surviving 10-d animals. and pereent
survival in 10-d water-only toxicity tests

Experiment 1 Experiment 2
Mean (5103  Mean (SD) Mean (S Mean (512)
measured measured Mean (SD) measured measured Mcan (5D)
Nominal  water conen. 10-d body 10-d 10-d Nominal  water conen. 10-d bady 10-d

witer {nmol/L) burden % Nar- % survival waler {nmol/L) burden G survival

Organisin concn, n =5 {mmolfkg)  cosis it 5} COncn. th = 3) {mmal/kgd in =75
Diporeia 0 NI NI h 96 (4.2) 0 ND ND o2
30 326125 ND 111 97 4.5} 310 31115 29011 Q2%h 2T
630 TEL (49} NI 15 BT+ 7.6} 630 6772 4.91(1.3) e (6.5
Y50 1. 2000 (59} ND 26 9 (6.5} 950 979 {30) 50411y g1 (4.

1,270 1924 (5 ND 15 93 (3.7} 1.270 1,350 (30 6.01(1.5}) Qi (3
Hyvalella azteca 0 ND ND ~ND 98 2N 0 ND NI 99 (2.1
&0 60 13 0.5 (0.5) ND 100 (s 0 RN s 0.2 (0004 99 (2.

320 27215) 21y ND EL AR A 320 21T5) 0.3 (0.06) Lo
470 440 (15 3a0l.4} ND B0+ (18} 630 420(M Lai3n 67 (15)

630} J93 (15 50001} D d8* {14} 1.270 88013 ND 4% 4

NI = not determined.
E o gjpnificantly different from the control (p < 0.035).

pound that was added and in the nowninal specific aclivities
used to calculate total fluoranthene for that experiment. Mea-
sured concentrations of radiclabeled compounds in that cx-
periment averaged approximately 25% greater than the nom-
inal concentration; therefore, we estimate that reported mea-
surcd concentrations for the first Diporeia cxperiment may be
overestimated by approximately 25%. Before renewal, water
concentrations in the beakers declined by an average of 25.4%
per day (SD = I5.1. n = 75, experiment 2} for Diporeia and
18.1% (SD = 5.7, n = 47, experiment 1) and 17.6% (SD =
15.1, n = 61, experiment 2) for H. azteca.

Mortality. Although Diporeiu cxposed Lo (luoranthene
showed signs of narcosis (discussed below), percent survival
at day 10 was gencrally greater than 90%, and an LC50 could
not be established (Table 1). Note that in both experiments,
maximum mortality was observed in Dipareia that were ex-
poscd to intermediate water concentrations. For H. azteca,
percent survival in the first experiment ranged from 98% in
controls to 44% at the highest water concentration, 593 nmol/L
{(Table 1), In the sccond experiment, H. azreca were exposed
to higher water concentrations and 10-d survival dropped to
necar zero at the highest concentration, 880 nmol/L. Ten-day
LC50 values for £, acteca are 564 nmol/L (524—603 nmol/L,
95¢% CI) for the first experiment and 481 nmol/L (448-516
nmal/L, 95% CI} for the sccond experiment.

Narcosis. Por Diporeia, percent of remaining live animals
that were narcotized on day 10 ranged from 8% for controls
to a maximum of 26% for animals exposed to the sccond
highest water concentration (1,200 nmol/L) (Tablc 1. Maxi-
mum percent narcosis at intermediate water concentrations was
also observed at carlier time points in the first experiment.
This result agrees with the observation that maximum mor-
tality was typically observed at intermediate water concentra-
tions.

Body burdens. For II. azteca, the relationship between per-
cent survival versus tissue concentration of surviving amphi-
poeds on day 10 (taken from all water concentrations) yiclded
significant linear regressions tfor both experiments (Fig. 3. On
the basis of the relationship determined for the first cxperiment,
the estimaled tissue concentration associated with 50% mor-
tality (LD50) was 5.6 mmol/kg wet weight (2.6-9.2 mmol/kg
wet weight, 95% CD (Fig. 1b). For the second experiinent,

tissue concentrations for animals that were exposed to the
highest water concentration were not included in the regression
because nearly all animals were dead by the 10-d time point
(Table | and Fig. 1). The body burden for animals cxposed to
comparable water concentrations in the second experiment was
less than that in the first experiment (Table 1). Only a rough
estimate of 3.6 mmol/kg (0.47-7.2 mmol/kg, 95% CI} can be
established for the I.LID3{) in experiment 2.
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Fig. 1. Concentration of Auoranthene in Hvalello aziecd Ussue versus
percent survival, after 10-d water-only exposures. For experiment 1.
H = 19, representing five spoples/treatment with ane missing dala
point. For experiment 2, 1 = 9, representing three samplesitreatment,
Dashed lines represent 95% confidence intervals.
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Table 2. Elimination rate (&9) of fluoranthene atter precxposure to
various concentrations of Quoranthene (0 = 15)

WNominal
preexpo-
sure dosc k,
Orpanism (nmol/L) th 1} SE r
Dipareai 80 0.0037 (.0007 0.573
320 0.0011 0.0007 0.114
630 00042 0.0006 0.690
1.270 0.0021 0.0006 0.386
Hyalella azteca 8O 0.147 0.0204 0.838

20 0.136
630 L1883
1.270 0.128

0.0154 0.885
0.0184 0912
0.0296 0.653

Because survival of Diporeiu was generally greater than
90% at all doses (Table 1}, no regression relationship could
be cstablished for the estimation of a water-only LD350 in this
species. In experiment 2, average (SD} tissue concentrations
{n = 7 per dose) of live amphipods measured on day 10} were
2.9¢1.1),4.9(1.3), 5.0 (1.1}, to 6.0 (1.5) mmol/kg, for lowest
to highest water concentrations, respectively.

Elimination experiments

Estimated elimination rates for Diporeia ranged from
0.0011 to 0.0042/h, corresponding to half-lives of 7 to 26 d
(Tzbic 2). Elimination rates in H. azteca were much faster,
ranging from {.128 to 0.188/h, with corresponding half-lives
of 4 to 6 h. Elimination did not appear to change in a dose-
dependent manner in either species.

Biotransformation

For H. azteca, average (8D, » = 2) percent of total
[*C]Huoranthene body burden was 83.2% (0.6} parcnt com-
pound, 1.1% (0.01) polar metabolites, 8.8% ((L07) agquecus
metabolites, and 7.0% (0.5) residual or unextractable. For -
poreia. average (5D, n = 2) percent componnd in cach class
was 95.0% {(1.6) parent compound, 0.65% (0.2) polar metab-
olites, 1.3% aqueous metabolites, and 3.2% (0.4) residual. The
average (SD, # = 2) percent of the ['*C]Huoranthenc standard
associated with cach phase was 96.8% (1.1) parent compound,
1.7% (1.1) polar phase, 0.3% (0.3) aqucous phase, and 1.0%
(0.1) residual. These resulls suggest that A, azteca has a greater
ability to biotransform fluoranthene than does Diporeie.

Accumulation experiments

Accumulation of Nuoranthene was well described by the
model described in Equation 1. To cxamine the model’s pre-
dictive ability, estimated conditional uptake clearance rates
were used in Equation 1 to compare model predictions of body
burden to actual data. Comparison of actual body burdens to
modcl predictions (solid line) demonstrates rcasonable agree-
ment of the model to the data in these two typical examples
(Fig. 2).

Conditional uptake clearance rates were estimated by non-
linear regression to the model described in Equation 1, using
measured valnes for body burden, climination rate, initial water
concentration, and decreasc in water coneentration. When Di-
poreia were not preexposed, conditional uptake clearance rates
declined in a dose-dependent manner (Fig. 3). For example,
the highest uptake rate (210 ml/g/h) was mcasured for anhinals
in trace levels of fluoranthene, and the lowesl rate (59 ml/g/h)

5. Kane Driscoll et al.
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Fip. 2. Typical uptake curves for accumulation of Quoranthene trom
water, Curves represent model predicted values,

was measuted [or animals in the highest waler concentration
{1,260 nmoi/L). This result suggests that for at least 6 h (the
time over which the uptake rate was measured), exposure to
high concentrations of fluoranthene reduced the uptake clear-
ance rate in Diporeia. After 1 or 2 d of preexposure to various
concentrations of Auoranthene, uptake clearance rates for Di-
poreia appeared to be reduced in most cases (k, = 56-134
ml/g/h), in comparison to animals that were cxposed tor com-
parable times 10 waler without Quoranthene (b, = 156-158
ml/g/h) (Fig. 3). However, the reduction was not as great as
that seen when ratcs were measured without precxposure. Afler
5 or 10 d of preexposure Lo water withoul Auoranthene, con-
ditional uptake clearance rates measured in trace amounts of
radiolabeled luoranthene were generally lower (141-149
ml/g/h) than rates measured for control animals without preex-
posure (210 ml/g/h). This result suggests that conditional up-
take clearance rates were rednced in animals held for 5 to 10
d in water only, without sediment or fluoranthene. The rate
measured after 10 d of preexposure to the highest doses (4,
= 90 mi/g/h) was not as low as the rate measured for exposure
to the highest dose without preexposure (4, = 59 ml/g/h). This
result suggests that some recovery or adaptation to the com-
pound may bave occurred over the course of the 5- 10 10-d
preexposures to unlabeled Auoranthene.

When H. azreca were not preexposed, measured conditional
uptake clearance rates ranged from 284 to 439 ml/g/h and did
not appear to decline when the M. uzteca were cxposed to high
conccntrations of Huoranthcene, as was obscryved in Diporeia
(Fig. 3). After 5- or 10-d exposures Lo the highest water con-
centration (980 nmol/L), all test organisms were dead, body
burdens were not measured, and uptake rates could not be
determined. After 2, 5, or 100 d of preexposure, conditional
uptake rates calculated for the three highest concentrations
(270-980 nmol/L) ranged from 67 to 194 ml/g/h, values that
were slightly lower than rates calculated for animals that were
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Fig. 3. Uptake clearance rates (&, = ml water cleared of Auranthene/g
wet weight tissue/h) tor accumulation of radiclabeled fluoranthene.
Rates were measured over a period of 6 h, alter preexposure to various
concentrations ot unlabeled Huoranthene for various lengths of time
{} 10d). Errors hars represent 95% confidence himits of the regression
estimate.

held for comparable times in water without fluoranthene (226—
353 ml/g/h). This result suggests that long exposure to high
concentrations of Huoranthene may result in a decrease in the
water-only conditional uplake clearance rate in H. azreca.

DISCUSSION
Toxiciry and critical bodv burdens

In these expcriments, A. azteca appeared to be more sen-
sitive than Diporeia. because an average 10-d water-only LC50
could be determined for H. azteca (522 nmol/L), but survival
for Diporeia was greater than 84% even at the highest water
concentrations (Table 1). The LC50 determined for H. azreca
in these experiments is somewhat higher than previously de-
termined 10-d LC50s for Auoranthenc in this species of 221
nmol/L |20] and 299.6 nmol/L. {(B. Suedel, personal commu-
nication), and considcrably greater than the final acute value
(FAY = 166 nmaol/L) established from the geomelric mean of
acutc LCS50s determined for 13 freshwater species [21].

In contrast, H. ezteca was less sensitive than Diporeia
(based on scdiment ¢oncentration) in 28-d Auoranthene sedi-
ment exposures {22] and in comparative 28-d survival sedi-
ment bicassays with ficld-collected sediments [23]. Becausc
H. azteca is more sensitive than Diporeia on the basis of body
burdcns measured in water-only cxposurcs, we conclude that
low morlality of H. azteca in Auorantbene sediment experi-
ments [22] is duc to reduced accumulation of the compound
from the sediment exposures, rather than an overall lack of
scnsitivity Lo the compound.

The maximum measured 10-d body burden for Diporeia
in the water-only experiincut, 6.0 mmol/kg, was associated
with only 10% mortality (Table 1). This was surprising, be-
causc relaled work with Dipereia found body burdens of 2.7
mmol/kg (0.9-12.9 mmol/kg, 95% CT) (10 d) and 6.5 mmol/kg
(3.4-25.3 mmol/kg. 95% CI) (30 d) to be associated with 50%
tnortality in two scparate sediment bioassays with fluoranthene
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[22] and estimated 30-d LD50s were 6.3 mmol/kg (4.6 41,7
mmol/kg, 95% CI) and 9.4 mmolkg (7.9-54.2 mmol/kg, 95%
CT) for pyrene sediment bioassays [24] and 6.1 mmol/kg (3.7-
21.3 mmol/kg, 95% CI) for a mixture of PAHs at 26 d [25].
However, factors other than fluoranthene exposure may have
contributed to the low LDS50 of 2.7 mmol/kg in one of the
previous sediment experiments. We belicve that the population
of animals collected in December for that sediment cxperiment
probably contained more senescent animals than populations
collected for other experiments and therefore the eritical body
residue (CBR} of 2.7 nmol/kg should not be considered rep-
resentative of the typical sensitivity of Diporeia. The results
from the present experiment suggest that the critical body bur-
den is greater than 6.0 mmol/kg in this species.

Although the importance of lipid normalization for the in-
terpretation of CBRs has yet to be resolved, it has been hy-
pothesized that sequestration of a compound in storage lipid
would remove it from the site of action (membranes for nar-
cotics), and a higher lipid content might be considered pro-
tective [26-28]. Recent work found that 50% of the intraspe-
cific variation in CBR for single compounds in fathead min-
nows could be attributed to the lipid content of the individual
animals [29]. Because changes in percent lipid content or size
of the animals are hypothesized to contribute to intra- and
interspecific diffcrences in lethal body burdens, seasonal dif-
ferences in sensitivity of feld-collected Diporeia to organic
contaminants are presently being examined in water and sed-
iment bjoassays in our lab. Because lipid content of Diporeia
is known to be maximal in May to June (up 10 54% of their
ash-free dry weight) and minimal in December to March (21%
of the ash-free dry weight} [30], we can speculate that the
average body burden of 6.0 mmol/kg in the present toxicity
tests {conducted with Dipareia in mid-May) might have been
too low to produce significant mortality because of a high
seasonal lipid content. Alternatively, longer exposures (=10
d) to an internal body burden of 6.0 mmol/kg may be required
1o produce lethality in the water-only exposures, because doses
of this magnitude produced 50% 1nortality only after longer,
30-d exposures in previous sediment experiments [22]. Also
note Lhat although actual mortality was low in both water-only
toxicity tests with Diporeia, animals exposed to higher con-
ccntrations of Muoranthene exhibited acute narcosis more often
than did control animals (unpublished data and Table 1) and
were ohviously affected by the exposure.

For H. azteca, estimates of body burdens associated with
50% mortality in the water-only exposures were 5.6 mmol/kg
{2.6-9.2 mmol/kg, 95% CI) and 3.6 mmol/kg (0.47-7.2 inmol/
kg, 95% CI) for experimnents 1 and 2, respectively, These
valucs are in agreement with values of 2 to 8 mmol/kg pre-
dicted by the CBR hypothesis to be assoclated with acute
narcosis. Scasonal variation in lipid content is nol expectled
for H. agteca (which has aboul half the lipid content of Di-
poreia) because the organisms uscd in these assays were raised
in culture rather than collected froin the ficld. When comparing
the cffective dose hetween two species. the relatve lipid con-
tent may be important.

Biotransformation

Preliminary results from these cxperiments suggests that
H. azteca has a greater ability to metabolize luoranthene than
does Diporeia. After a 24-h exposure, only 83% of H. azteca’s
body burden was present as parent compound. The portion of
total body burden present as metabolites should increase over
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time, especially if the rate of elimination of metabolites is
slow, as has bcen scen in other species of aguatic invertebrates
131,32]. At present, the relative contribution of parent com-
pound and metaholites to overall loxicity is unknown and beody
burdens are presented as total fuoranthene equivalents.

As observed in other species of amphipods and crustaccans,
variation between specics in ability to metabolize organic xe-
nobiotics may be refllected in differences in sensitivity to these
compounds [31,32]. For example, another coinparative study
of two specics of amphipods found the more sensitive species
to have a greater ability to metabolize the aromatic hydrocar-
bon benzofalpyrene to potentially toxic intermediates [33]
Alternatively, ability to metabolize, if coupled with rapid clim-
ination ol parent compound and melabolites, may be protec-
tive. The overall advantages and disadvantages of the ability
1o metabolize PAHs are not yet well understood for aquatic
invertchrates.

Greater ability of A, atteca to metabolize [luoranthene
prububly contributes 1n part to the more rapid elimination rate
in this species (0.128-0.188/h), in comparison to Dipereia
{011 -0.0042/h), and respective eliminaton half-lives of 3 1o
6 h and 7 10 25 d. Higher ambient temperature and lower lipid
content in H. azreca may also contribute to its faster elimi-
nation rale in comparison to Liporeia.

Uptake clearance rates

Reduction in conditional uptake clearance rate al increased
Auoranthene concentrations and length of exposure has im-
portant implications for our understanding of the factors that
affect bicaccumulation and bioavailability. Reduction in the
uptake clearance with increasing exposure invalidales the usual
toxicokinetic models because these lerms are implicitly as-
sumed to remain constant over the course of the study. Such
changes would make predictions of bicaccumulation and
steady state impossible unless the effect on the rate coefficients
were known. The 6-h measurements made in this study arc
the firsi to attempt to decfine these potential changes.

For compounds like fuoranthene, uptake from water ap-
parently occurs from transter across the respiratory membrane
and across the chitonous exoskeleton of Diporeia |34, Similar
mechanisms of uptake from water are likely to occur in H.
azteca. In the present water-only exposures, reductions in con-
ditional uptake clearance rates are probably the result of
changes in physiology (such as narcosis) that reduce movement
through the water and rate of respiration, and thus the volume
of water encountered. The absence of a clear reduction in
conditional uptake clearance for H. azteca (Fig. 3) until sub-
stantial preexposure (2 d, more than five hait-lives and suf-
ficient time for H. actera to recach steady state) may reflect
the protective biotransformation of fluoranthene to more polar
compounds. Biotransformation would reduce the effective nar-
cotic potency of the fuoranthenc because less of the compound
will partition into membranes due o lower partition coeffi-
cients of the metabolites.

Reductions in conditional uptake clearance rate will be ¢x-
pressed as a reduction in the flux of compound into the or-
ganism, assuming 4 constant fluoranthene concentration in the
exposure medium. Similar reductions in the uptake Hux of
contaminants have been observed for cxposures in sediments.
In sediment exposures, a factor (X)) was included in the bioac-
cumulation models o account for the apparent rcduction in
bivavailubility |9]. The reduction in bioavailability was hy-
pothesized to reflect the rate at which a contaminant moves

S. Kanc Driscoll et al.

into an unavailahle pool, and to be similar to changes observed
in chemical extractability for compounds distributing hetween
reversible/slowly reversible pools within the sediment [35].
Howcver, in water-only exposures, observed declines in the
uptake clearance rates for Ddpereia at high doses of compound
arc less likely to reflect changes in the physical/chemical bio-
availability of the compound. Although physicai/chemical
changes may have a dominant effect on the bicavailability of
sediment-associated compounds, particularly when concentra-
tions in the sediments arc very low relative Lo those required
for toxic cffects [9,24], other factors may aiso contribute to
A, the paramcter used to model the reduction in the uvptake
flux into the organism. Alternative mechanisms, such as the
physiological cffects of narcotic compounds hypothesized for
water-onty exposures, could account in part for changes ob-
served in uptake kinetics in sediment exposures. Thus, the
mechanism underlying ditferences in sediment upluke rates
may include physiological changes in the organisms, as well
as differences in the chemical/physical partitioning of the com-
pound in the sediment.

CONCLUSIONS

Interspecific differences in metabolic ability and toxicoki-
netic rate coefficients may coptribuic to differences in sensi-
tivity to organic contaminants. Fyalella acteca, which docs
metabolize Huoranthene, appears to be more sensitive than
Diporeia. which does not. Measurcd water-only 10-d LD50s
for H. azteca {3.6 and 5.6 mmol Huoranthene equivalents/kg
tissue) were within the range of values predicted by the CBR
hypotheses to be associaled with acute narcosis {2-8 mmol/
kgi. The CBR is probably higher for Diporeia than for A
azteca, because little mortality was observed for Diporeia at
body burdens as high as & mmol/kg in 10-d tests. Conditional
uptake rates for Diporeia varied over time of ¢xposure and
for various concentrations of compound. Duse-dependent
changes in conditional uptlake rates may affect predictions of
stcady-state body burdens and associated toxicity based on
toxicokinetic models.
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