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Abstract

Food availability may affect metal toxicity for aquatic organisms. In the present study, the influence of high, medium and
low densities of the algae Pseudokirchneriella subcapitata (10°, 10° and 10* cells.mL"!, respectively) on the chronic tox-
icity of chromium to the cladoceran Ceriodaphnia dubia was investigated. C. dubia was exposed to a range of chromium
concentration from 2.71 to 34.04 pug.L! and fed with algae at various densities. In another experiment, the green alga
was exposed to chromium concentrations (94 to 774 pg.L™") and supplied as food in different densities to zooplankton.
The survival and reproduction of the cladoceran were measured in these toxicity tests. The IC50 for Cr to P. subcapitata
and metal accumulated by algal cells were determined. The results of a bifactorial analysis (metal versus algal densities)
showed that metal toxicity to zooplankton was dependent on algal densities. Significant toxic effects on the reproduc-
tion and survival of C. dubia were observed at 8.73, 18.22 and 34.04 pg.L"! Cr when the test organisms were fed with
106 cells.mL" of P. subcapitata. Although the chlorophyta retain low chromium content, a decrease in the reproduction
and survival of C. dubia occurred when they were fed with high algal density contaminated with 774 pg.L™! Cr. It was
concluded that high algal density have an appreciable influence on chromium toxicity to daphnids.

Keywords: metal, chronic toxicity, food, Pseudokirchneriella subcapitata, zooplankton.

Influéncia de diferentes densidades algais sobre a toxicidade do
cromo para Ceriodaphnia dubia Richard (Crustacea, Cladocera)

Resumo

A disponibilidade de alimento pode afetar a toxicidade dos metais para os organismos aqudticos. No presente estudo,
a influéncia de alta, média e baixa densidades da alga Pseudokirchneriella subcapitata (10°, 10° ¢ 10* céls.mL"", res-
pectivamente) sobre a toxicidade cronica do cromo para o cladécero Ceriodaphnia dubia foi investigada. C. dubia foi
exposta a uma faixa de concentragdo de cromo de 2,71 a 34,04 ug.L™! e alimentada com diferentes densidades algais.
Em outro experimento, a alga foi exposta a concentragdes de cromo (94 a 774 pug.L™") e oferecida como alimento ao
cladécero em diferentes densidades. A sobrevivéncia e a reprodug@o do cladécero foram medidas nesses testes de
toxicidade. O valor da CI5S0 do cromo para P. subcapitata e a concentra¢do de metal retido pelas células algais foram
determinados. Os resultados da andlise bifatorial (metal versus densidades algais) mostraram que a toxicidade do metal
ao zooplancton foi dependente da densidade algal. Efeitos toxicos significativos na sobrevivéncia e reprodugao de C.
dubia foram observados a 8,73, 18,22 ¢ 34,04 ug.L™' Cr quando o organismo-teste foi alimentado com 10°céls.mL" de
P. subcapitata. Apesar de a alga reter pouco cromo, decréscimo na sobrevivéncia e na reproducéo de C. dubia ocorreu
quando alimentada com alta densidade algal contaminada com 774 pug.L™' Cr. Concluiu-se que alta densidade algal tem
uma considerdvel influéncia na toxicidade do cromo aos dafinideos.

Palavras-chave: metal, toxicidade cronica, alimento, Pseudokirchneriella subcapitata, zooplancton.

1. Introduction

Heavy metals are introduced into the environment
through various human activities, especially those re-
lated to industrial and agricultural processes. Chromium
salts are used extensively in metal finishing industries
such as electroplating, leather tanning, in pigments, in
fungicides and in wood preservatives. As a result of the

Braz. J. Biol., 68(2): 341-348, 2008

widespread use in numerous industrial processes, Cr is
a pollutant of air, soil and water (Cervantes et al., 2001).

In order to evaluate the risks due to the discharge
of metals into aquatic environments, tests evaluating
acute and chronic toxicity on aquatic organisms can be
performed. Zooplankton, particularly cladocerans, are
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useful for these tests, due not only to their sensitivity to
metal stress, but also to their parthenogenic life cycle en-
suring several individuals with little genetic variability
and ease to maintain under laboratory conditions (Rand
et al., 1995; Pascoe and Edwards, 1989).

In aquatic ecosystems, zooplanktons are exposed
both to metal dissolved in the water and to that in the
food chain. Munger and Hare (1997) investigated the part
played by food as a source of cadmium intoxication for
the cladoceran Ceriodaphnia dubia and they concluded
that it was an important route for the uptake of the metal
by this organism. Weltens et al. (2000) verified that parti-
cles (sand, clay, alga) contaminated with cadmium were
potentially toxic to Daphnia magna Straus, not only by
acting as a source of dissolved metal, but also because
the particle-bound fraction of Cd can become free and
available within the body of the filter-feeding organism.

The food, represented by the algae, can act as a
channel of metal contamination of cladocerans (Hook
and Fisher, 2001) or can counteract metal toxicity, due to
their ability to exude organic compounds that complex
metal (Lombardi and Vieira, 2000). In addition, the al-
gae contribute to the resistance of the organisms to toxic
substances by improving their nutritional state (Chandini,
1989). Since aquatic organisms in their natural environ-
ment have food available during toxic exposure, atten-
tion should be given to the role of food in toxicity tests
(Lanno et al., 1989).

Consideration of the many and diverse interactions
that occur between organisms and their environment
reveals that other mechanisms may also play a signifi-
cant role in the eventual fate of toxic agents and their ef-
fects within aquatic ecosystems. The reduction in metal
toxicity due to a fall in the effective concentration of the
chemical, because of its adsorption by food particles,
and the toxic effects of ingesting those contaminated
food particles, should both be taken into account. In this
light, the aim of this study was to evaluate the effects
of varying the density of the alga Pseudokirchneriella
subcapitata Korshikov, Hindak, (formerly known as
Selenastrum capricornutum Printz) on the chronic
toxicity of chromium to the cladoceran Ceriodaphnia
dubia Richard, when this organism was exposed to this
metal dissolved in water and in contaminated food (cells
of P. subcapitata). These experiments allowed testing
the hypothesis that different densities of food may affect
chromium toxicity in the case of cladoceran.

2. Materials and Methods

2.1. Culture of test organisms

Cells of P. subcapitata and neonates of C. dubia
were obtained from the cultures maintained in the
Laboratory of Ecotoxicology and Ecophysiology of
Aquatic Organisms of the Center of Water Resources
and Applied Ecology (CRHEA) of the University of Sdo
Paulo (Sao Paulo State, Brazil).

Cultures of C. dubia were maintained in a tem-
perature-controlled chamber at 22 + 2 °C with a
12:12 PM light/dark cycle, using a reconstituted wa-
ter as the culture medium (pH 7.2 to 7.6, conductivity
160 uS/cm and hardness between 42 to 48 mg.L™! of
CaCO,) (ABNT, 2005a), the medium being changed
every alternate day. The green alga P. subcapitata was
cultivated in L.C. Oligo medium, which was first auto-
claved (121 °C for 15 minutes) in 2 L Erlenmeyer flasks
containing 1 L of medium. This was inoculated with
cells to a concentration around 1 X 10* cell.mL™" and
the culture was exposed to 100 WE/m%s? in 12:12 PM
light/dark cycle, with constant aeration, at 24 = 2 °C
(ABNT, 2005b). Algal cells from exponentially-grow-
ing P. subcapitata cultures were used as food for the
zooplankton, C. dubia, which was fed every other day
with 10° cells.mL™! of the algae and a suspension of
yeast and commercial fish food (Vitdrmonio®), in ac-
cordance with the procedures laid out in the Brazilian
protocol ABNT (2005a). L.C. Oligo medium and
the reconstituted water do not have ethylenediami-
netetraacetic acid (EDTA) as component. EDTA is a
chelator which may complex metal and interfere in the
results of the toxicity tests.

2.2. Exposure of algae to metal

Cells of P. subcapitata in the exponential growth
phase were exposed for 96 hours to a range of nominal
concentrations of 0, 100, 200, 400, 800 and 1600 pg.L!
Cr. According to Hook and Fisher (2002), this is the time
necessary for cells to have a uniform metal concentration.
Test solutions used in this experiment were prepared in
volumetric flasks using a volumetric pipettes. Stock so-
lution was 2 mg.L™" of K ,Cr,0, (potassium dichromate,
Merck). The dilution water used in the preparation of the
test solutions was L.C Oligo medium. Aliquots of algal
medium with metal were colleted to measure the total
dissolved chromium at the start of the experiment.

After the exposure period, cells were centrifuged at
1500 rpm for 15 minutes (FANEM® Excelsa centrifuge,
model 206 PM), washed three times with reconstituted
water and resuspended in the zooplankton culture wa-
ter (reconstituted water). Finally, suspensions of the
cells were stored in the dark at 4 °C during the chronic
toxicity test with zooplankton (De Schamphelaere and
Jassen, 2004).

Samples (2 mL) from each test flask were taken
and fixed with Lugol’s iodine solution to determine the
cell density, by counting cells in an Improved Neubauer
Bright-Line hemocytometer under a Carl Zeiss micro-
scope, Standard model 25. The mean number of cells
produced at each concentration, after the exposure pe-
riod, was expressed as percentage growth reduction with
respect to the control. These percentages were used in the
calculation of IC50 (effective metal concentration giving
50% inhibition in algal growth after 96 hours exposure).

Dry weight of algal cells was obtained by filtering a
known volume of algal cells on a pre-weighed 0.45 wm
membrane filter (dried in 480 °C during 1 hours). Filters
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with algal cells were dried for 24 hours at 60 °C and
weighed to determine the cell mass per volume of cul-
ture. The dry weight of the algal cells was obtained by
the difference between weight before and after drying
(APHA, 1995).

2.3. Chronic toxicity test

Test solutions for the chronic toxicity tests with
cladocerans were prepared as in the experiments with
the alga and the dilution water used in these preparations
being reconstituted water. The nominal metal concen-
trations used in chronic toxicity tests with zooplankton
were 2.50, 5, 10, 20 and 40 pg.L™! of chromium. Samples
of test solutions were colleted to measure the total dis-
solved chromium in the medium at the start of toxicity
test.

In the chronic toxicity tests, 10 neonates of C. dubia
(aged less than 24 hours) were exposed in 10 separate
test vessels, to 15 mL of a certain metal concentration
and fed with one of three densities of P. subcapitata (low,
medium and high: 1 x 10*cells.mL"", 1 x 10° cells.mL"!
and 1 x 10°cells.mL"!, respectively). Cladocerans were
transferred to a freshly prepared test solution and fed
with their respective algal concentration, every other
day. A control test, without the added metal, was also
prepared. The toxicity tests lasted seven days, the period
needed for the production of the third brood, and the
number of neonates produced by each female during the
experiment and the survival rate of the females at the end
were recorded (ABNT, 2005a).

Two controls were used: a laboratory control (LC)
that contained the food concentration normally used in the
maintenance of the test organism (1 x 10°cells.mL" plus
the suspension of yeast and fish-food) and another control
(C), containing only the algae, at the density being tested.
This procedure was a way of testing the physiological
condition of the organisms being used in the tests. Chronic
toxicity tests were considered valid when a survival of
80% was observed in adult organisms corresponding to
the control laboratory, and when they produced at least
15 neonates per female (ABNT, 2005a).

In another experiment, the cladocerans were fed with
algal cells exposed to chromium. The concentrations of
metal used to contaminate P. subcapitata were close to
those that cause 50% inhibition of the growth of this algal
species (Hook and Fisher, 2001). Neonates of C. dubia
were exposed to reconstituted water and fed with three
different densities of metal-contaminated P. subcapitata
(low, medium and high: 1 x 10*cells.mL™, 1 x 10°
cells.mL™" and 1 x 10° cells.mL"', respectively) during
seven days. The toxic effects of metal-contaminated al-
gae on reproduction and survival of the C. dubia were
tested. The feeding and water-changing procedures for
this test were similar to those used when this organism
was exposed to different metal concentrations.

2.4. Metal analysis

To determine total dissolved metal at the beginning
of the experiments the samples of test solution from the
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experiments with the alga and cladoceran were filtered
through a 0.45 um membrane filter and then acidi-
fied with concentrated nitric acid (J.T. Baker) (APHA,
1995). Total dissolved metal concentrations were used
for the analysis of all the results.

At the end of the experiments with P. subcapitata,
samples were taken from each different treatment to
determine metal in both the suspended (metal accumu-
lated by algal cells) and the total dissolved fractions. To
determine the total dissolved metal samples from the
experiments were filtered through a 0.45 um membrane
filter and acidified with concentrated acid nitric. The fil-
ters, with the suspended fraction, were dried and submit-
ted to acid digestion (HNO, and H,0,) (APHA, 1995).
The analysis of metals in the algal cells was carried out
without EDTA washing, in order not to remove the met-
als adsorbed on the cell surface. The measured concen-
tration of metal in the algal cells was taken as the total
amount of metal accumulated by the cells (i.e. externally
and internally bound metal) expressed as pg Cr/mg dry
weight of algae. Analytical digestion blank was provided
using 3 clean filters according to Van Loon (1985). All
samples were analysed by graphite-furnace atomic ab-
sorption spectrometry (Varian AA 220). The detection
limit for Cr, calculated as described in Miller and Miller
(1994), was 0.81 ug.L! for Cr.

2.5. Statistical analysis

The IC50 value of chromium for the alga was de-
termined by the Trimmed Spearman-Karber method
(Hamilton et al., 1977). The algal cell density results in
the experiment with the chlorophyte were submitted to
tests for normality (Shapiro-Wilk’s test) and homogene-
ity (Bartlett’s test) of the data and then, to Dunnett’s test
(parametric) to detect significant differences between the
controls and each metal treatment.

To test the significance of the effect of algal food
densities, total dissolved metal concentrations and dif-
ferent densities of metal-contaminated alga on the sur-
vival and reproduction of C. dubia, a two-way ANOVA
was employed on the chronic test data, using the
BioEstat 2.0 program (Ayres et al., 2000). The numbers
of neonates produced by C. dubia females were sub-
mitted to tests for normality (Shapiro-Wilk’s test) and
homogeneity (Bartlett’s test) and, accordingly, to the
Dunnett’s (parametric) to detect significant differences
between the controls and each metal treatment. Tukey’s
test (parametric) was used in multiple comparisons to
detect significant differences among the reproduction
obtained in treatments with different algal densities
and metal concentrations. Fisher’s exact test was used
to distinguish significant differences in the survival of
zooplankton, between the control and the various treat-
ments, at the end of the chronic toxicity tests. The above
statistical tests were run using the Toxstat version 3.3
computer package (Gulley et al., 1993).
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3. Results

3.1. Exposure of algae to metal

Table 1 summarizes the effects of metal on the algae
and the results of metal analysis. At the start of the ex-
periments, 0, 94, 185, 381, 774 and 1425 ng.L" total dis-
solved Cr was measured in the 0, 100, 200, 400, 800 and
1600 pg.L™!' nominal concentrations, respectively. A de-
crease in the cell density of P. subcapitata was observed
with increasing concentrations of total dissolved chro-
mium. Concentrations of 774 ng.L! Cr reduced the algal
cell density to less than half that of the control (without
added metal) and dry weight fell similarly. Metal analysis
demonstrated that with increasing metal concentration,
the accumulation metal concentration also increased, but
the green alga was capable of retaining low contents of
chromium. At the end of the experiment with the alga,
it was observed that chromium was predominant in the
total dissolved fraction.

The medium value for the IC50 of Cr to P. subcapitata,
on a total of 10 tests, was 534.99 pg.L"! with lower
and upper limits of 280.51 and 789.47, respectively
(Figure 1). The coefficient of variation and the standard
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Figure 1. Values of IC50 of the chromium for

Pseudokirchneriella subcapitata.

deviation calculated for these results were 23.78% and
127.24, respectively.

3.2. Chronic toxicity test with zooplankton

3.2.1. C. dubia exposed to the chromium concentrations
and fed with algae at various densities

According to bifactorial analysis, reproduction of
C. dubia was significantly affected by the food level,
the metal concentrations, and also by their interaction
(Table 2).

At the start of the chronic toxicity tests, total dissolved
chromium concentrations measured in test media were
0 (LC and C), 2.71, 4.50, 8.73, 18.22 and 34.04 pug.L,
this corresponding to 0 (LC and C), 2.50, 5, 10, 20 and
40 pg.L™! nominal chromium concentrations, respectively.
Figure 2 showed the effects of chromium on the survival
and reproduction of C. dubia fed with different algal densi-
ties. Treatment with 34.04 pg.L™! of chromium at high and
low food concentrations affected negatively the survival of
C. dubia. Toxic effects on the reproduction of cladoceran
during exposure to 34.04 pg.L™" Cr, were observed at me-
dium and high food levels. Low reproduction of the test
organism were also seen when the females were exposed
to 8.73 and 18.22 pg.L' Cr and fed with a high density of
algal cells. The mean numbers of neonates produced by
C. dubia at high algal density and at 8.73 and 34.04 pug.L!
Cr (3.86 neonates/female and 2.00 neonates/female, re-
spectively) were significantly lower than those obtained at
medium algal density (9.44 neonates/female and 5.60 ne-
onates/female, in 8.73 and 34.04 pg.L! Cr, respectively).

3.2.2. C. dubia fed with metal-contaminated
algae at various densities

The results of bifactorial analysis demonstrated that
the survival and reproduction of C. dubia were dependent
on the interactions between food levels and metal con-
centrations to which algae cells were exposed (Table 3).

When the cells of P. subcapitata were exposed to
94.4, 184.90 and 380.8 pg.L™! Cr, chronic toxicity ef-

Table 1. Measurements of dissolved total metal, metal accumulated, cell density and dry weight in experiments with the alga

P. subcapitata and chromium. Mean values (SD).

Nominal chromium C 100 200 400 800 1600
concentrations (ug.L™")

Total dissolved chromium at start 0 94.40 184.90 380.80 774 1425
of exposure (ug.L™) (5.60) (7.50) (24.80) (3.25) (11)
Total dissolved metal after 96 0 82.84 176.79 319.20 707.80 1326
hours of exposure (ug.L™) (8.48) (26.11) (25.05) (40.49) (18.88)
Chromium accumulated by algal 0 0.03 0.04 0.11 0.27 2.13
cells (ug/mg) (0.02) (0.01) (0.02) (0.13) (0.94)
Mean cell density after 96 hours 5.83 5.07 4.83 3.97% 2.13% 0.10*
of exposure (10°cells.mL™") (1.47) (1.72) (1.45) (1.53) (1.07) (0.09)
Dry weight (mg.L™") after 96 110.73 121.5 111.87 111.23 49.57* 9.77*
hours of exposure (18.53) (29.77) (39.14) (2.62) (19.8) (2.33)

C (control) and *indicates statistically different from control (C) (Dunnett’s test, P < 0.05).
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Table 2. Results of two-way analyses of variance applied to data of survival and reproduction of C. dubia when exposed to
several dissolved chromium concentrations with different algal densities (d.f: degree of freedom; P: probability).

Parameter Source of variation d.f. P
Survival Food 2.00 2,162 NS
Metal 14.76 5,162 <0.001
Food x Metal 2.10 10,162 0.02
Reproduction Food 193.27 2,126 <0.001
Metal 14.76 5,126 <0.001
Food X Metal 5.46 10,126 <0.001
NS = not significant (P > 0.05).
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Figure 2. a) Percent of survival and b) mean number of ne-
onates of C. dubia, in chronic toxicity test for chromium,
when it was fed with various algal densities of P. subcapitata.
LC (laboratory control) and C (control). Survival: #indicates
statistically different from the control (C) (Fisher’s exact test,
P < 0.05). Reproduction: *indicates statistically different
from the control (C) (Dunnett’s test, P < 0.05) and means with
the different letters are significantly different (Test of Tukey,
P < 0.05). Error bars denote standard deviation.

fects were not observed in C. dubia fed on these cells.
Survival and reproduction of adult zooplankton was only
affected when they were fed with high algal density con-
taminated with 774 pug.L™' of metal (Figure 3).

Braz. J. Biol., 68(2): 341-348, 2008

Total dissolved chromium concentration
to which algae cells were exposed (ug.L™)
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Figure 3. a) Percent of survival and b) mean number of
neonates of C. dubia when fed with various algal densi-
ties of P. subcapitata previously exposed to chromium. LC
(laboratory control) and C (control). Survival: #indicates
statistically different from the control (C) (Fisher’s exact
test, P < 0.05). Reproduction: *Indicates statistically differ-
ent from the control (C) (Dunnett’s test, P < 0.05) and means
with the different letters are significantly different (Test of
Tukey, P < 0.05). Error bars denote standard deviation.

Considering both tests of chronic toxicity, the re-
production and survival of C. dubia were lower in metal
contaminated water with different algal densities than
those observed when C. dubia was exposed to metal
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Table 3. Results of two-way analyses of variance applied to data of survival and reproduction of C. dubia when this organism
was fed with metal-contaminated algae at various densities (d.f: degree of freedom; P: probability).

Parameter Source of variation F d.f. P
Survival Food 0.62 2,135 NS
Metal 6.48 4,135 <0.001
Food x Metal 3.37 8,135 0.002
Reproduction Food 127.47 2,105 <0.001
Metal 7.38 4,105 <0.001
Food X Metal 3.00 8,105 0.004

NS = not significant (P > 0.05).

contamination through food. At low food concentra-
tions (10*cells.mL™), in both treatments (water and food
contaminated), there was a decrease in the number of
neonates produced per female in the control at all the
chromium metal concentrations. Thus, low food density
itself caused a decrease in the rate of reproduction of the
test organism.

4. Discussion

A new approach in ecotoxicological studies has fo-
cused on the influence of food on the effects of metals
in zooplankton. Our study showed that the mean num-
bers of neonates produced by C. dubia during exposure
to 8.73 and 34.04 ug.L! Cr, in the presence of high algal
density, were significantly smaller than those obtained at
medium algal density. The analysis of the combined ef-
fects of food level and metal concentration showed that
metal toxicity was dependent on food level, this result
agrees with the independent analyses done with each
food level.

In general, cladocerans cannot tolerate an algal level
higher than 4 x 10° cells.mL"!, because such densities
can depress their rate of feeding (Nandini and Sarma,
2000). In this study, the rate of feeding of C. dubia was
not monitored, however the highest food density used
(1 x 10° cells.mL™") was less than 4 x 10° cells.mL".
Under control conditions, the reproduction of C. dubia
was observed to rise with increasing algal density sup-
plied, and it was significantly reduced by a density of
1 x 10* cells.mL! of P. subcapitata. Algal concentra-
tions of 10° cells.mL! probably occur in eutrophic en-
vironments (Kobayashi, 1992), so that studies using this
algal density would help in the understanding of metal
dynamics in polluted aquatic systems.

Metal toxicity in zooplanktons may vary with the
density of algae offered to the organisms. For example,
at low metal concentrations, an increased algal level can
enhance the resistance of the species (Sarma et al., 2000).
This effect was not observed in the present study, in which
toxic effects to C. dubia were demonstrated when it was
exposed to low metal concentrations (8.73 pg.L™' Cr)
while being fed with a high density of algae.

Algae have been reported to reduce contaminant
toxicity in ecotoxicological studies with cladocerans.
Antunes et al. (2004) observed a decrease in the chronic

toxic effect of the pesticide lindane to D. magna when
this cladoceran was exposed to a high density of
P. subcapitata (6 X 10° cells.mL™"). The presence of a
high food density (10° cells.mL" of Chlorella vulgaris
Beijerink) reduced the effects of cadmium on the repro-
duction and survival of cladocerans Moina macrocopa
Goulden and Macrothrix triserialis Brady, compared to
the results obtained with a lower algal density (Garcia
et al., 2004). Hauri and Horne (2004) showed that a large
amount of algal food reduced the availability of labile
copper to C. dubia during chronic toxicity tests, due to
the complexing of the metal by food particles. The au-
thors reached a general conclusion that a high food level
could supply additional energy for growth and reproduc-
tion and, at the same time, for specific mechanisms of
detoxification and of resistance to toxic agents.

The results of the present study are consistent with
those obtained by Gorbi et al. (2002), who observed that
the fecundity of D. magna was affected negatively by con-
centrations of 14 ng.L"! of Cr, only at high concentrations
of the alga Scenedesmus acutus Meyen. This toxic effect
was attributed to a possible absorption by the daphnids
of the metal complexes formed between the chromium
and exudates liberated by the green algae as a response
to exposure to the metal. In our study, when the females
of C. dubia were exposed to chromium at a high algal
density, they could have absorbed more metal-exudates
complexes through filtration mechanisms, and within the
body of organisms, metal may have become toxic.

In the present study, P. subcapitata removed small
amounts of chromium from the solution. Travieso et al.
(1999) also observed low removal of chromium by the
green algae S. acutus and C. vulgaris, compared to other
metals. Corradi et al. (1998) found that S. acutus pro-
duced algal exudates with greater amounts of carbohy-
drates when exposed to chromium. Algal exudates are ca-
pable of metal complexation, thus reducing its toxicity.

Although the cells of P. subcapitata only retain
a low chromium content, a decrease in the reproduc-
tion and survival of the zooplankton occurred when
the chlorophyte cells were exposed to 774 pug.L™' Cr
and supplied as food. According to Gorbi and Corradi
(1993), that metal transfer along the algae-daphnids food
chain is not efficient and suggested that chromium is ac-
cumulated by algae in chemical forms not available for
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the consumer organisms. On the other hand, algae con-
taminated with 774 ug.L™' Cr and offered to C. dubia
at high density might have released chromium back into
the medium during the chronic toxicity test. Thus, toxic
effects observed in the zooplankton could be attributed
to the metal dissolved in the medium. Unfortunately, dis-
solved chromium concentration was not monitored dur-
ing this experiment.

Food quality is at least as important as quantity,
for the fecundity, population growth and survival of
cladocerans (Kilham et al., 1997). The observed reduc-
tion of reproduction of C. dubia might result from a diet
quality effect; in other words, metal could have affected
the nutritional value of the algal cells to which they were
exposed. High chromium concentrations cause a degra-
dation of algal cell proteins, consequently lowering their
nutritional value to their consumers (Gorbi et al., 2004).

When C. dubia was exposed to high density of
food contaminated by chromium, the toxic effect were
less pronounced than those obtained when the test
organism was exposed to chromium dissolved in water
with high algal densities. The present results imply that
water was an important route of exposure to chromium
for the cladoceran and this agrees with the findings of
Barata et al. (2002), who showed that water was a major
pathway of metal uptake for D. magna, although a sub-
stantial amount of the toxic element was obtained by the
test organism from the contaminated food.

Algal cells should be considered as a factor that has
an appreciable influence on metal toxicity to cladocerans.
Ecotoxicological studies should consider the influence of
varying algal densities on the expression of metal toxicity
on daphnids. In this context, to provide more information
about the sources of metal contamination to cladocerans,
future research should analyze the final metal concen-
tration in water, food and zooplanktons in toxicity tests
with metal at different algal concentrations.
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