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Abstract. Because of recent concerns regarding the ability of
acute (48-96 h) sediment toxicity tests to accurately assess the
potency of sediment-bound contaminants, effects of exposure
duration, test organism selection, and test endpoint on the ob-
served toxicity of aqueous phase copper and a copper-contami-
nated freshwater sediment were evaluated. Toxicity of sedi-
ment-bound copper was assessed by monitoring survival and
reproduction of Ceriodaphnia dubia Richard, survival of
Daphnia magna Straus and Hyalella azteca Saussure, and sur-
vival and growth of Chironomus tentans Fabricius and Pime-
phales promelas Rafinesque. Organisms were exposed in static
systems for 48 h, 96 h, 7 d, 10 d, and 14 d, which enabled
measurement of acute and chronic toxicity. Relative sensitivi-
ties of test organisms exposed to copper in water and copper-
contaminated sediment varied with test duration and test end-
point. In general, C. dubia was the most sensitive organism
tested, followed in decreasing sensitivity by D. magna, P.
promelas, H. azteca, and C. tentans. A temporal mortality
threshold was demonstrated by C. dubia and D. magna when
exposed to copper, with little mortality occurring after 96 h of
exposure. Effects of test duration on copper toxicity were most
pronounced for H. azteca and C. tentans, with mortality and
growth effects becoming increasingly sensitive with increasing
test duration. Formulated sediment served as a suitable control
and reference sediment in this study, and matched a variety of
field-collected test sediment characteristics. In tests utilizing
copper-contaminated sediments, observed responses (mortal-
ity, growth, reproduction) corresponded with overlying water
concentration of copper rather than concentration of copper in
bulk sediment or pore water.

Recent concerns regarding sediments as sources and sinks for
contaminants in aquatic systems has focused attention on our
ability to predict potential adverse effects of sediment-bound
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materials such as copper (Ankley ez al. 1993). Copper is an
essential element for organisms and is also considered a priority
pollutant by U.S. EPA (U.S. EPA 1980). Because of the wide-
spread use of copper as an algicide, aquatic herbicide, fungi-
cide, and bactericide, as well as discharges from smelting,
refining, and other copper-producing industries, copper may
accumnulate sufficiently in sediments to produce adverse effects
on aquatic organisms.

Copper occurs in particulate, colloidal, dissolved, organic,
and inorganic chemical forms (Leckie and Davis 1979). Or-
ganic ligands and pH are important factors affecting copper
speciation, as well as transport and deposition, in aquatic envi-
ronments (Lewis 1992). Divalent copper (Cu™?) is the predom-
inant oxidation state in soluble aqueous complexes. Copper is
generally more toxic at lower pH values, which is usually
attributed to a greater concentration of free copper ion (Camp-
bell and Stokes 1985). The chemical form of copper is critical
to its behavior in biological processes, its bioavailability, and
its toxicity to aquatic organisms from sediments. Sediment
characteristics that affect copper toxicity include organic car-
bon (Malueg er al. 1986), pH (Leckie and Davis 1979), and
organic ligands (Lewis 1992). Acid volatile sulfides (AVS)
have been hypothesized as a sediment characteristic regulating
copper bioavailability (Di Toro et al. 1992); however, some
studies have suggested that this situation is more complex, with
other partitioning phases operative (Ankley et al. 1993).

The ability of laboratory experiments to detect adverse ef-
fects of sediment-sorbed materials on aquatic and benthic or-
ganisms depends on several factors, including exposure dura-
tion, species selection, and test endpoints. Previous studies
conducted with contaminated field-collected sediments (Burton
et al. 1989), contaminated dredged sediments (LeBlanc and
Suprenant 1985), and sediments amended with fluoranthene
(Suedel and Rodgers 1993) found that sufficient test duration
was crucial in order to accurately assess contaminated sedi-
ments. Sensitive test endpoints are also a necessary component
of sediment toxicity tests in order to verify the toxicity of
sediments (Burton 1991) since there is a wide range of sensitiv-
ity of test endpoints to aqueous and sediment-bound contami-
nants (Ingersoll and Nelson 1990; Winner 1988). As such,
selection of appropriate test endpoints is also essential for accu-
rately assessing sediment toxicity.



Copper Toxicity to Freshwater Organisms

To further the understanding of factors that affect the toxicity
of aqueous and sediment-bound copper to common freshwater
sediment toxicity testing organisms in laboratory tests, a series
of experiments were conducted. Test species Chironomus ten-
tans Fabricius, Hyalella azteca Saussure, Daphnia magna
Straus, Ceriodaphnia dubia Richard, and Pimephales promelas
Rafinesque were used to 1) determine the relative sensitivities
of these organisms to copper in water-only exposures and a
field-collected copper-contaminated sediment; 2) determine the
duration of exposure required to elicit mortality or sublethal
biological effects (e.g., reduced growth or reproduction) by a
copper-contaminated sediment; and 3) determine if sublethal
test endpoints are more sensitive than survival of test organisms
used in this study. Test organism mortality in water-only cop-
per tests was compared with concentrations of copper in overly-
ing water, pore water, and sediment in sediment tests.

Materials and Methods

Test Organism Culture Procedures

All test organisms were cultured at the University of Mississippi Biol-
ogy Department laboratory. H. azteca culturing procedures followed
the methods of de March (1981). Amphipods used for testing were
removed from cultures and gently washed through a 1.0 mm mesh
sieve. Organisms that passed through the 1.0 mm sieve but were
retained by a 0.6 mm sieve (approximately 2-3 weeks old) were
collected and used for testing. C. tentans culture methods followed
those of Townsend et al. (1981). Midges used for testing were second
instar larvae (10 d old). D. magna and C. dubia culturing procedures
followed the methods of Peitier and Weber (1985). Hardness and
alkalinity of University of Mississippi Biological Field Station
(UMBES) water were adjusted with (0.1 g/L) NaHCO, and CaCl, to a
total hardness of 80 mg/L as CaCO, and alkalinity of 60 mg/L as
CaCO,. P. promelas culturing procedures followed the methods of
Peltier and Weber (1985). Fatheads used in testing were 2—4 d old.

Experimental Design

All experiments were conducted in incubators at 20 = 1°C undera 16 h
light/8 h dark photoperiod. Experiments were started by adding eight
H. azteca, six C. tentans, eight D. magna, or eight P. promelas to each
of four replicate beakers. Experiments with C. dubia were started by
adding one neonate to each of 10 replicate beakers per treatment.
Water-only tests were conducted in 250 ml borosilicate glass beakers
with 200 ml of UMBFS water, except for C. dubia tests, which were
conducted in 50 ml beakers with 40 ml of UMBFS water. UMBFS
Water was used as a control, except for D. magna tests, where adjusted
UMBFS pond water (see culture procedures) was used. Glass beads
(150-212 wm, Sigma Chemical Co., St. Louis, MO) were used as a
Substrate in C. tentans tests to allow for tube building and to reduce
Stress (Suedel and Rodgers 1993).

Organisms were exposed to sediments in 250 ml glass beakers, with
€ach beaker containing 40 ml of sediment and 160 m! UMBFS pond
Water, except for C. dubia tests, which were conducted in 50 ml
-akers with 8 ml of sediment and 32 ml UMBFS pond water (1:4
ment to water ratio). Formulated sediment (100%) was used as a
trol sediment in all experiments (Suedel et al. 1995; this volume).
Iment/water mixtures were allowed an overnight contact period
0t adding organisms. In all tests, feeding regimes for each organ-
Wwere as follows: D. magna and C. dubia—0.5 ml and 0.05 ml,
tively, of S. capricornutum algae daily; H. azteca—0.5 g wet
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Table 1. Water characteristics measured in water-only and sediment
experiments

Water-only Sediment
Parameter experiments experiments
Temperature 19.7-24.1 19.5-22.3
O
pH 6.9-8.0 6.7-7.8
D.O. (mg/L) 6.2-8.5 5.2-7.7
Alkalinity® 9-21 3456
(mg/L as CaCOs,)
Hardness® 6-10 8-120
(mg/L as CaCOs3)
Conductivity® 20-50 50180
(uS/cm)

*Data from D. magna tests were not included because adjusted
UMBFS pond water was used, resulting in higher values for alkalinity,
hardness, and conductivity (water-only tests: alkalinity = 68-70,
hardness = 72-80, conductivity = 280-305; sediment tests: alkalin-
ity = 67-71, hardness = 136-148, conductivity = 320-360)

wt. of leached and ground maple leaves at test initiation; C. tentans—
0.1 ml cerophyll suspension at test initiation and every other day
thereafter; P. promelas—10-20 newly hatched Artemia nauplii per
fish daily. Dissolved oxygen concentrations did not drop below 40% of
saturation in any test; therefore, aeration was not required. Water
quality parameters measured are presented in Table 1.

Sediments

Copper-contaminated sediment was collected from a creek site down-
stream from a copper smelting operation. Sediment was collected by a
grab sampler, transported on ice to the UMBFS laboratory, and stored
at 4°C until use. Total copper concentration in this sediment was
18,259 + 1,884 mg/kg (mean = S.D.). Barium and lead concentra-
tions were below analytical detection limit (<5 mg/kg). Characteristics
of this sediment were as follows: solids, 63%; organic matter, 5.5%;
cation exchange capacity, 3.91 meq/100 g; redox potential, +4 mv; pH
6.6; sand, 20%; silt, 80%; and clay, 0%. Formulated sediment was
used as a control and dilution sediment in all tests. Additional informa-
tion regarding formulated sediment preparation and use in this study is
given in Suedel et al. (1995; this volume).

Analytical Procedures

Stock solutions used for water-only tests were prepared by dissolving
reagent grade cupric sulfate (CuSO, - 5H,0) in Milli-Q (MQ) water.
Samples for water-only copper analyses were obtained from sacrificial
beakers (one replicate per concentration) at the start of each test. Water
samples were filtered through a 0.45 pm filter and acidified with
redistilled nitric acid (Aldrich Chemical Co., Milwaukee, WI) to a pH
of 1-2 before analysis. In sediment tests, after the overlying water was
sampled and removed, approximately 4.0 g subsample of wet sediment
from each sacrificial beaker (one replicate per copper concentration)
was placed (via precleaned stainless steel spatula) in an aluminum
weighing boat, dried at 80°C for 24 h, acid digested for 5 h at 100°C,
filtered (0.45 wm), and diluted to 25 ml with MQ water before analy-
sis. Pore water copper samples were extracted from the remaining
sediment (approximately 50 g wet wt.) by centrifugation at 12,000 X g
for 10 minutes. After centrifuging, pore water was removed by pipet,
filtered through a 0.45 wm filter, and acidified to pH 1-2 before
analysis.
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Table 2. LCs, values for test species exposed to copper in water-only exposures (j.g/L) vs contaminated sediment tests in overlying water (pg/L),

pore water (ug/L), and sediment (mg/kg)

Sediment tests

Water-only Overlying
Species Duration tests water Pore water Sediment
C. dubia 48 h 2.72 6.23 84.0 129.3
96 h 1.46 9.06 121.7 35.8
7d 1.16 6.56 117.9 32.0
10 d 4.18 6.56 117.9 32.0
14d 4.18 6.56 117.9 32.0
D. magna 48 h 11.3 7.25 170.0 169.7
96 h 10.1 7.96 36.8 40.3
7d 10.6 7.68 35.9 38.7
10d 9.5 7.62 35.7 38.4
14d 9.5 7.43 35.2 374
P. promelas 48 h 20.2 17.7 68.9 428
96 h 12.5 12.8 54.1 265
7d 8.2 10.1 4.7 182.9
10d 6.9 9.2 422 162.4
14 d 8.8 2.3 35.9 286
H. azteca 48 h 72.2 59.0 754 424
96 h 65.6 472 674 351
7d 52.6 42.4 638 319
10d 67.2 35.2 584 262
14d 44.1 30.5 545 247
C. tentans 48 h 529 323 5820 4522
9 h 630 57.1 135.0 1905
7d 657 49.4 106.9 1600
10d 1502 36.3 61.5 1026
i4d >1175 ND? ND ND
#No data

Copper samples of <30 wg/L were concentrated by boiling, while
copper samples of >30 pg/L were not concentrated prior to analysis.
Copper concentrations in all water and sediment samples were deter-
mined using a Buck model 200-A flame atomic absorption spectropho-
tometer. Mean (£8.D.) copper recovery in both water-only and sedi-
ment tests was 96.5 * 8.15%.

Statistical Analyses

Lethal concentrations (LCs,s) and 95% confidence intervals (C.1.) for
all tests were calculated using the moving average method of Stephan
(1977). Tests for normality and homogeneity of variance of data were
performed using Shapiro-Wilk’s test and Bartlett’s test, respectively
(Gulley er al. 1989). Analysis of variance (ANOVA) and Dunnett’s
multiple range test were used to detect differences between control and
‘treatment survival means (Guiley ez al. 1989). Bonferroni’s t-Test was
used to detect differences between control and treatment means of
growth and reproductive endpoints (Gulley er al. 1989). Regression
analysis (SAS 1989) was used to determine the magnitude of the rela-
tionships between sediment copper concentrations and pore water and

overlying water copper. The 5% alpha level was used in all statistical
tests.

Results and Discussion

Water-Only Experiments

Survival of organisms in controls in all water-only experiments
ranged from 80 to 100%. L.Cs, and NOEC values were based on

copper concentrations measured at the start of each experiment.
Copper concentrations measured at experiment termination
were, on average, 83 = 16.8% of initial copper concentrations
in all tests. As shown in Table 1, low hardness values (6-10
mg/L. as CaCO;) may have resulted in a “worst case” copper
exposure, as increasing water hardness and associated carbon-
ate alkalinity are thought to reduce the acute toxicity of copper
(USEPA 1980; Gauss et al. 1985).

In water-only experiments, C. dubia was the most sensitive
organism tested, followed in decreasing sensitivity by P.
promelas, D. magna, H. azteca, and C. tentans (Table 2). LCs,
values for C. dubia exposed to copper in water-only experi-
ments decreased through 7 d of exposure, but then slightly
increased in the longer duration tests of 10 d and 14 d. A
mortality threshold within 7 d of exposure was observed for C.
dubia exposed to aqueous copper. D. magna responded to
aqueous copper predominantly within the first 96 h of expo-
sure, resulting in a mortality threshold at 96 h. No appreciable
increase in D. magna mortality was observed after 96 h of
aqueous copper exposure. P. promelas survival decreased
through 10 d of exposure but increased slightly at 14 d. The
majority of P. promelas mortality was manifested after 7 to 10
days of exposure to aqueous copper. LCs, values for H. azteca
exposed to aqueous copper were 5 to 8 times higher than P.
promelas and D. magna LCs, values. The 10 d LCs, value
obtained in this study (67.2 wg/L) was similar to the 10 d LCs,
value reported for H. azteca by Cairns ez al. (1984) of 59 wg/L.
H. azteca did not achieve a mortality threshold through 14 d of
exposure. C. tentans LCs, values were at least 10 times greater
than the LCs, values for other species tested. C. tentans sur-

o S b e 1,
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yival in water-only copper exposures increased (rather than
decreased) through time, illustrating the ability of this organism
1o sequester copper and reduce copper toxicity.

Sediment Experiments

Control survival in all sediment experiments ranged from 85 to
100%, indicating that formulated sediment provided a suitable
substrate for all test species. LCs, and NOEC values were
based on copper concentrations at the start of each experiment
+ which were, on average, 107 = 22% of measured copper con-
centrations at test termination. The effects of the test sediment
on water quality of the UMBFS control water were apparent,
resulting in increased alkalinity, hardness, and conductivity of
| the overlying water compared to water-only experiments (Table
1), with anticipated concomitant effects on copper speciation.

Ceriodaphnia dubia

In general, C. dubia was the most sensitive organism exam-
ined, and responded to copper-contaminated sediment predom-
inantly within the first 96 h of exposure. LCs, values based on
both overlying water and pore water increased slightly in the 96
h test compared to the 48 h test, but otherwise remained con-
stant through 14 d of exposure (Table 2). Based on sediment
concentrations, LCs, values decreased ten times from the 48 h
test (129 mg/kg) to the 96 h test (36 mg/kg), but remained
relatively constant thereafter. C. dubia reproduction, expressed
as the total number of offspring per female, was less sensitive
than survival in the 7 d and 10 d tests, but was more sensitive
than survival in the 14 d test. Similar to the water-only tests,
sediment test data showed that a 96 h exposure duration was
sufficient to elicit mortality in this species when exposed to

copper.

Daphnia magna

Test duration had little effect on survival of D. magna exposed
[ to copper-contaminated sediment (Table 2). LCy, values for

overlying water were similar in all tests. LCs, values based on
l pore water and sediment copper concentrations decreased four
times from the 48 h test to the 96 h test. However, pore water
and sediment LCs, values did not decrease at 7d, 10d, or 14 d
of exposure. As in the water-only tests, D. magna achieved a
mortality threshold at 96 h of exposure. The 48 h LCs, values
for overlying water (7.25 wg/L) and sediment (170 mg/kg)
determined in this study were four times lower than 48 h LCq
values of 30 wg/L in overlying water and 681 mg/kg in sedi-
ment reported for D. magna exposed to a copper-amended
sediment (Caims ez al. 1984).

Pimephales promelas

P. promelas response to copper-contaminated sediment showed
A general decrease in survival with increasing exposure duration
\able 2). LCy, values based on overlying water and sediment
%oncentration decreased through 10 d of exposure, but in-
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creased at 14 d. LCs values based on pore water concentrations
decreased through time, from 69 p.g/L at 48 h to 36 wg/L at 14
d. P. promelas growth (expressed as dry weight) was equally
sensitive as survival in the 10 d test, but in tests of 14 d
duration, NOEC values for growth were two times greater than
for survival.

Hyalella azteca

H. azteca response to copper-contaminated sediment resulted
in decreasing survival with increasing test duration through 14
d of exposure (Table 2). No threshold for mortality was
achieved for H. azteca exposed to copper-contaminated sedi-
ment through 14 d of exposure. Test durations of at least 14 d
may be required to accurately assess the toxicity of sediment-
sorbed copper to H. azteca. The 10 d LCs, values reported in
this study of 35 wg/L in overlying water for H. azteca were
similar to 10 d LCy, values reported by Caimns et al. (1984) of
39 pg/L with copper-amended sediments. LCs, values based
on sediment copper concentrations, however, were consider-
ably different, ranging from 262 mg/kg in this study to 1,078
mg/kg by Cairns et al. (1984). The variability in LCs, values
between studies based on sediment concentrations reflects the
influence of sediment characteristics on copper bioavailability.

Chironomus tentans

C. tentans survival decreased through time when exposed to
copper-contaminated sediment (Table 2). C. tentans growth,
expressed as dry weight, was considerably more sensitive than
survival in the 10 d test (Table 3). In this study, no temporal
threshold for mortality or growth was achieved for C. tentans
exposed to copper-contaminated sediment for up to 14 d of
exposure. C. tentans survival in sediment tests decreased
through time, whereas survival in water-only tests increased
through time. Test durations of at least 10 d may be required to
accurately assess the toxicity of sediment-sorbed copper to C.
tentans. Conducting laboratory evaluations with C. tentans
with an insufficient test duration (i.e., <10 d) or insensitive
endpoint (i.e., survival) may lead to erroneously concluding
that a sediment is not toxic.

The 10 d LCsq values reported here of 36 wg/L and 1,026
mg/kg (overlying water and sediment, respectively) for C. ten-
tans exposed to a copper-contaminated sediment were similar
to 10 d LCs, values of 38 wg/L and 857 mg/kg reported for C.
tentans exposed to a copper-amended sediment (Cairns et al.
1984). Cairns et al. (1984) concluded that the route of exposure
was via the overlying water, but based this conclusion on wa-
ter-only data for H. azteca and not C. tentans data. If exposure
duration and test endpoint are properly selected (i.e., 10 d
duration or greater), C. tentans sensitivity to this copper-con-
taminated sediment approaches that of the other organisms
examined.

Sediment Experiments—Relative Sensitivities, Test
Duration, and Endpoints

Relative sensitivities of the organisms examined in this study
when exposed to a copper-contaminated sediment were depen-



B. C. Suedel et al.

Table 3. Comparison of no observed effects concentrations (NOECs) for lethal and sublethal endpoints of test organisms exposed to copper-

contaminated sediment

No observed effects concentration (NOEC)

Test Water Pore water Sediment
Organism duration Endpoint (ng Cu/L) (g Cu/L) (mg Cu/kg dry wt)
C. dubia 7d Survival 3.7 79.9 18.1
Reproduction 14.1 163 52.5
10d Survival 3.7 79.9 18.1
Reproduction 9.6 132 45.9
14d Survival 3.7 79.9 18.1
Reproduction 32 48.9 11.9
P. promelas 10d Survival 8.6 42.8 136.9
Growth (dry wt) 8.6 42.8 136.9
14d Survival 15.1 20.2 129.3
Growth (dry wt) >32 >52 >461
C. tentans 10d Survival 22.9 36.1 >>216
Growth (dry wt) <21.6 <16.3 <216

dent upon test duration and test endpoint (Table 3). Based on
copper concentrations measured in sediment, H. azteca and C.
tentans are more sensitive than P. promelas, with significant
effects on survival and growth observed for H. azteca at 193
mg/kg (14 d), for C. tenrans at 216 mg/kg (10 d), and for P.
promelas at 259 mg/kg (14 d). As in the water-only experi-
mentis, C. dubia was again the most sensitive organism based
on sediment concentrations, with adverse impacts detected at
concentrations as low as 18.1 mg/kg (Table 3).

Organism physiology plays an important role in organisms’
sensitivities to copper in sediment. Chironomid iarvae regulate
accumulation of copper, nickel, and zinc in their tissues when
exposed to these metals in sediments (Krantzberg and Stokes
1989). Metal-binding proteins (e.g., metallothioneins) act as
sinks or sequester metals such as zinc, copper, cadmium, and
mercury in organism tissues (Petering and Fowler 1986; Fowler
1987; Olsson and Haux 1986). Increased exposure to copper
resulted in increased mortality and reduced growth, with no
lower threshold observed, indicating that a minimum exposure
of 7 d to copper is required to manifest an adverse response in
C. tentans.

The effect of test duration and endpoint on test results were
species-dependent (Table 3). In general, the cladocerans, C.
dubia and D. magna, responded to the copper-contaminated
sediment within 96 h of exposure, demonstrating a mortality
threshold at 96 h of exposure. C. dubia reproduction was more
sensitive than survival only after 14 d of exposure, indicating
that at least 14 d of exposure may be required to adversely
affect reproduction. P. promelas growth in 10 and 14 d tests
was equal to or less sensitive than survival, even though tests
were started with 2-4 d old fry. H. azteca and C. tentans
survival both decreased through time, with no mortality thresh-
old being achieved through exposure for either organism. Lab-
oratory sediment tests of at least 10-14 d duration were required
to accurately assess the potency of a copper-contaminated sedi-
ment to H. azteca and C. tentans. In this study, C. tentans
growth as dry weight was more sensitive than survival.

A regression analysis was performed to evaluate the relation-
ship between copper concentrations in sediment and copper
concentrations in pore water and overlying water in sediment
tests (Figure 1). Both pore water and overlying water copper
concentrations were highly dependent on the concentration of

copper in sediment (r* = 0.94 and 0.97, respectively). For a
given sediment copper concentration, pore water concentra-
tions of copper varied up to 30 times, whereas overlying water
concentrations varied less than three times. In these experi-
ments, the relationship between copper in sediment and overly-
ing water was more predictable than the relationship between
copper in sediment and pore water. Even though highly signif-
icant r* values were obtained for the relationships between
copper concentrations measured in sediments and those mea-
sured in either overlying water or pore water, the factor of three
to 30 difference in variability for a given sediment concentra-
tion is sufficient to encompass from 100% survival to 100%
mortality for the organisms examined in this study. Thus, mea-
suring copper concentrations in sediment or pore water would
only provide presumptive evidence of sediment toxicity.

To gain some insight into the source of copper toxicity, LCs,
values from water-only tests for each organism were compared
to concentrations of copper in overlying water, pore water, and
sediment in sediment tests (Table 2). For C. dubia, D. magna,
P. promelas, and H. azteca, toxicity observed in copper-con-
taminated sediment tests was presumed to be associated with
copper in the overlying water, since copper concentrations in
overlying water in sediment tests were similar to copper con-
centrations eliciting the same responses in water-only tests. For
C. tentans, mortality corresponded with copper concentrations
in sediments rather than overlying water or pore water (Table
2). These results reflect the physiological differences as well as
differing routes of exposure between test organisms examined
in this study.

Sediment Experiments—Risk Characterization

Laboratory toxicity tests are frequently used to determine the
presence of toxicity (screening tests) and degree of toxicity
(definitive tests) of sediments. D. magna and C. dubia 96 h
tests- were suitable as screening level tests in this study due to
the immediate response of these organisms to copper exposure
in sediment and water, but did not provide information regard-
ing the degree of toxicity (Table 3). H. azteca and C. tentans
were not as sensitive to copper during 48 and 96 h tests. H.
azteca survival and C. tentans growth in 10 and 14 d tests were
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suitable for determining the degree of copper toxicity in water
and sediment tests. The 10d C. rentans growth test and the 14 d
C. dubia reproduction test were particularly useful for assessing
sediment potency because they provided a more continuous
response than mortality, which provided only a quantal, or
all-or-nothing response. The exposure-response relationship
developed from these two tests could be used to estimate to
what degree a sediment may be above or below the threshold of
toxicity.

This study provided evidence that these test species were
useful for assessing copper toxicity in sediment. The species
examined occupy different niches in aquatic systems. For ex-
ample, daphnids are generally considered water column organ-
isms, but D. magna =48 h old actively graze on sediment
surfaces. C. dubia also has been observed in this study to feed
on sediments by rapidly striking the sediment surface to sus-
pend sediment surface particles. H. azteca is an epibenthic
detritivore, which feeds on organic material on the sediment
surface and on epiphytes of rooted aquatic vegetation. C. ten-
tans, however, is a benthic infaunal organism, which during its
larval stage, constructs a case from organic material in sedi-
ment. By using several organisms that represent a variety of
niches, the likelihood of making an erroneous conclusion re-
garding sediment toxicity can be reduced. When this is not
possible, one should use caution in extrapolation of laboratory
results to field situations.

Summary

Effects of experimental conditions including exposure dura-
tion, test organism selection, and test endpoint on the observed
toxicity of aqueous phase copper and a copper- contaminated

! freshwater sediment were evaluated. Relative sensitivities of
. test organisms exposed to copper in water and copper-contami-

nated sediment varied with test duration and test endpoint. In
general, C. dubia was the most sensitive organism tested, fol-
lowed in decreasing sensitivity by D. magna, P. promelas, H.
azteca, and C. tentans. Effects of test duration on copper toxic-
ity were most pronounced for H. azteca and C. tentans, with
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£ Fig. 1. Relationship between concentra-
10 tions of copper in sediment and concentra-
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and overlying water (closed circles) in sedi-
ment tests

mortality and growth effects becoming increasingly sensitive
with increasing test duration. Formulated sediment served as a
suitable control and reference sediment in this study, matching
characteristics (except redox potential) of the test sediment.
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