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Abstract

The Corumbataí River drains an economically important area which is mainly represented by the municipalities of 
Piracicaba and Rio Claro. In view of the impacts caused by the discharge of industrial waste and domestic sewage 
into the Piracicaba River, the Corumbataí has become increasingly significant as a source of water for the municipal-
ity of Piracicaba. However, chemical, physical, and microbiological analyses carried out prior to the present study 
had already indicated a decline in the quality of the Corumbataí waters. This study aimed to assess, through water 
and sediment samples, both acute and chronic toxicity to Daphnia magna and Daphnia similis, and to analyze acid-
volatile sulfide (AVS) and simultaneously extracted metal (SEM) in the sediment. Resulting data were intended to be 
a contribution to future projects for the management and recuperation of this system. To that aim, water and sediment 
were collected at seven Corumbataí sampling stations in November 2003 and March 2004. Acute toxicity to D.  similis 
was detected in water and sediment samples from the Piracicaba station, located at the mouth of the Corumbataí 
River. Chronic toxicity was identified in the water or sediment samples of all stations, with the exception of Analândia 
Montante (upstream), at the head of the river. This was found to affect survival, growth, and fecundity of the test-
organisms. The AVS and SEM analyses showed the bioavailability of the metals, thus explaining toxicity found in 
bioassaying samples of water and sediment. The use of two test-organism species made it possible to obtain a better 
assessment of the condition of both water and sediment samples of the Corumbataí River.
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Avaliação ecotoxicológica da água e do sedimento do rio Corumbataí, SP

Resumo

O rio Corumbataí drena uma área de importância econômica representada principalmente pelos municípios de 
Piracicaba e Rio Claro. Face aos impactos causados pelos lançamentos de efluentes industriais e domésticos no rio 
Piracicaba, o rio Corumbataí assumiu importância para o abastecimento do município de Piracicaba. Entretanto, análi-
ses químicas, físicas e microbiológicas realizadas no rio Corumbataí anteriormente a este estudo, indicaram a queda da 
qualidade de suas águas. Os objetivos deste estudo foram a avaliação da toxicidade aguda e da toxicidade crônica das 
amostras de água e sedimento, para Daphnia magna e Daphnia similis, e a análise do sulfeto volatilizável por acidifi-
cação (SVA) e dos metais simultaneamente extraídos do sedimento (MSE), no sentido de fornecer dados que possam 
contribuir com projetos futuros de manejo e recuperação desse sistema. Para tanto, água e sedimento provenientes 
de sete estações de coleta do rio Corumbataí foram coletados em novembro de 2003 e março de 2004. Foi detectada 
toxicidade aguda para D. similis das amostras de água e sedimento da estação Piracicaba, na foz do rio Corumbataí. A 
toxicidade crônica foi identificada na água ou no sedimento de todas as estações de coleta, exceto Analândia Montante 
(nascente do rio), influenciando a sobrevivência, crescimento e fecundidade dos organismos-teste. As análises do 
SVA e MSE revelaram a biodisponibilidade dos metais, explicando a toxicidade das amostras de água e de sedimento 
encontrada nos bioensaios. A adoção de duas espécies de organismos-teste possibilitou uma melhor avaliação dos 
compartimentos amostrados.

Palavras-chave: toxicidade, sedimento, rio Corumbataí, metais.
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other life-cycle stages of the organism. Given that toxic 
activity is affected by biological diversity, two species 
were used as test-organisms: Daphnia magna Straus and 
Daphnia  similis Straus. D. magna species is USEPA-
recommended (2002), whereas in Brazil D. similis 
has been used by CETESB in toxicity tests since 1986 
(CETESB, 1987).

Sulfide and metal concentrations in the sediments 
can be used to predict metal bioavailability and toxic-
ity in samples. According to Di Toro et al. (1992), sedi-
ment sulfides easily combine with bivalent metal ions, 
thus forming insoluble precipitates. Analyses of acid-
volatile sulfide (AVS) and simultaneously extracted met-
als (SEM) indicate metal bioavailability when the metal/
sulfide ratio is greater than one. Investigations about the 
usefulness of the acid extraction of the sulfide and the 
simultaneously extracted metals have confirmed the pre-
diction of toxicity of the sample when the metal/sulfide 
ratio exceeds one; inversely, non-toxic samples are ob-
served when there is excess of sulfide (see Hansen et al., 
1996). In this study, analyses of molar concentrations of 
sulfide and metals in sediment were carried out in order 
to observe metal bioavailability in the system and its ef-
fects in toxicity tests.

The contribution of this study is the confirma-
tion of the existence of pollutants in the system of the 
Corumbataí River. Although these pollutants have al-
ready been observed by other researchers (Palma-Silva, 
1999; Salati, 1996), the present study adds the ecotoxi-
cological assessment of this river’s water and sediment. 
The importance of this assessment is the determination 
of the sample’s toxicity to the biotic systems, and not 
only of its chemical composition. These conclusions 
agree with those of Adams (1995), who affirmed that 
neither physical nor chemical analyses can measure tox-
icity, but only predict it. In addition, the results of this 
study indicate the presence of bioavailable metals as one 
of the possible causes of the toxicity observed.

2. Material and Methods

2.1. Samplings

Two samplings of water and sediment were done 
at seven points located up-and downstream from sew-
age discharge areas in four municipalities (Figure 1). 
Each point was designated by municipality and posi-
tion initials - upstream (u) or downstream (d) rela-
tive to sewage discharge area: Analândia (Au and 
Ad), Corumbataí (Cu e Cd), Rio Claro (RCu e RCd), 
and Piracicaba (Pira, in the mouth of the Corumbataí 
River). Samplings occurred in November 2003 and 
March 2004. Sediments were collected using a long-
handled perforated stainless steel container, following 
which each sample was placed in a plastic bag, which 
was then sealed. Superficial water was collected using 
a stainless steel container and stored in polyethylene 
flasks. Water and sediment were stored at 4 °C until 
initiating ecotoxicological assays. 

1. Introduction

The Corumbataí River basin, which drains an area 
of 1,679 km , is located in São Paulo State, Brazil, 
between latitude 22° 05’-22° 30’ S, and longitude 
47° 30’-47° 50’ W. The river itself, which is located 
on the northeastern edge of the Paraná Sedimentary 
Basin in a cuesta zone of São Paulo State’s Peripheral 
Depression, drains an area of economic and industrial 
growth with a population estimated at 550,871 (IBGE, 
2001). The Corumbataí runs through the municipalities 
of Analândia, Corumbataí, and Rio Claro, and flows into 
the Piracicaba River. Together with the basins of the riv-
ers Atibaia and Jaguari, the Corumbataí River basin is 
part of the Piracicaba River basin. Physical, chemical, 
and microbiological monitored parameters have demon-
strated the reduction in water and sediment quality relat-
ed to the high raw sewage remaining discharge (SEMA, 
2005). According to the Environmental Sanitation 
Technology Company (CETESB), the municipalities to-
gether generate approximately 44 tons of BOD per day, 
of which only 10.9 tons are treated. Throughout the river 
course, industrial activity is concentrated in Rio Claro, 
and is represented by chemical, metallurgical, electronic, 
food, and beverage industries. At the mouth of the river, 
it is represented by sugar and alcohol production activi-
ties. Even though industrial waste has been reduced, the 
remaining daily discharge still corresponds to that pro-
duced by a population of 244,000 inhabitants (Salati, 
1996). The occurrence of mineral resources favors clay 
and sand mining, the excavations cause alterations in 
the river, and there is lack of adequate management to 
reduce the impacts (Palma-Silva, 1999). Studies have 
demonstrated the influence of laminar erosion in the re-
lation between dissolved phosphate in the river’s water 
and the use of fertilizers by regional sugar and alcohol 
industries (Conceição and Bonotto, 2000). Other studies 
carried out in the Corumbataí River indicate runoff as 
the source of compounds released in limestone mining 
or associated with sugarcane cultivation (see Conceição 
and Bonotto, 2004).

Sediment is a dynamic component of a hydrographic 
basin, and creates habitats favorable to biodiversity; but 
it also acts as a source of contamination through the re-
lease of compounds into the water, which justifies the 
investigation of its toxicity. Toxicity tests are fundamen-
tal when one seeks the protection of the organisms in the 
ecosystems. In the case of the Corumbataí River, sedi-
ment toxicity at a sampling point was previously identi-
fied by Costa and Espíndola (2002). In the present study, 
toxicity tests were carried out in order to identify water 
and sediment toxicity in samples taken from seven sam-
pling points in the Corumbataí River.

Studies of elutriate toxicity have demonstrated that 
this exposure route must also be investigated (Liß and 
Ahlf, 1997). In the present work, acute and chronic 
toxicity tests were conducted, taking into account that 
concentrations which are not toxic within 48 hours can 
be so within a longer exposure period, thus acting on 
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et al. (1993) and was carried out in the Environmental 
Biogeochemistry Laboratory of UFSCAR’s Chemistry 
Department. Quantification of Cu, Zn, Cr, Cd, and Pb 
metals was done in the Analytical Chemistry Laboratory 
of the Center for Nuclear Energy in Agriculture (CENA) 
of the University of São Paulo, and employed induc-
tively coupled plasma atomic emission spectrometry, 
as well as graphite-furnace atomic absorption spec-
trometry.

2.5. Sensitivity tests

Sensitivity tests were made in accordance with 
ABNT norms (2003b, NBR 13373) to evaluate test-
organism physiological conditions, using potassium di-
chromate as the reference substance. Median effective 
concentration (EC50) was calculated by the Trimmed 
Spearman-Karber method (Hamilton et al., 1977).

2.6. Acute toxicity tests on water samples

Duration of acute toxicity tests was 48 hours. 
Culture water served as the control. Immobile organisms 
were counted at the conclusion of the ecotoxicological 
assays. The organisms were first exposed to undiluted 
water from the sampling points. Five neonates that were 
at most 48 hours old were used, and three replicas were 
made.

2.2. Culture and ecotoxicological assays

Organism culture and ecotoxicological assay pro-
cedures followed the norms established by ABNT, the 
Brazilian Association for Technical Norms (2003b, 
NBR 13373). Cultures were kept in the Ecotoxicology 
and Culture Laboratory of the Ecology and Evolutionary 
Biology Department of the Federal University of São 
Carlos (UFSCAR). Measurements of pH and hardness 
were made during the ecotoxicological assays, and at 
their end. The following criteria were adopted for assess-
ing acute toxicity: toxic samples were defined as those 
which caused immobility of 40% or above of test-organ-
isms; non-toxic samples indicated immobility not ex-
ceeding 10%; immobility rates ranging between 10 -40% 
indicate samples with signs of toxicity. 

2.3. Statistical analysis

To evaluate organism reaction both in samples and 
the control, the Tukey (parametric) and Kruskall-Wallis 
(nonparametric) tests were applied at a 5% probability 
level, using the software SAS 6.11.

2.4. Acid-volatile sulfide and simultaneously extracted 
metals 

 The procedure used in the acid extraction of the 
sulfide and metals from the sediment followed Allen 
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Figure 1. Corumbataí River from headwaters until the mouth of the Piracicaba River; sampling points ( O ).



Jardim, GM., Armas, ED. and Monteiro, RTR. 

Braz. J. Biol., 68(1): 51-59, 200854

greatest Zn and Cr concentrations (Figures 3 and 4) in re-
lation to sulfite. In March, Cu and Ad locations presented 
the highest Cu and Zn concentrations, respectively. The 
highest chromium content were found in Pira and RCd 
stations, while Cd and Pb concentrations were higher 
in RCd (Figures 5 and 6). The sediment contamination 
by metals is indicated by the results presented here, a 
fact that is confirmed by high metal concentration data 
obtained by CETESB (2003, 2004, and 2005) in the 
Corumbataí River water analyses. 

The sampling points proved toxic to D. magna and 
D. similis. Both water and sediment samples from Pira 
station demonstrated toxicity in all experiments made. 
In sensitivity tests, the lesser EC50 value for D. similis 
demonstrates this organism’s greater sensitivity when 
compared with that of D. magna (Table 2). 

Table 3 indicates signs of acute toxicity in water 
samples for D. magna and D. similis and toxicity at Pira 
station to D. similis. In the chronic toxicity tests with 
water samples, D. similis proved more sensitive than 
D. magna. 

Acute toxicity of the sediment of November 2003 
was also detected in Pira station to D. similis (Table 4), 
causing an immobility rate of 100%, while in the next 

2.7. Acute toxicity tests on sediment samples

 A ratio of 1:4 sediment/dilution water was used in the 
acute toxicity tests, following Burton and MacPherson 
(1995). After 24 hours five organisms were placed in the 
container, and three replicas were made. Culture water 
was used as the control. In the experiment with elutriate 
the same sediment/water ratio was used, and after being 
agitated for 24 hours, the supernatant was used in the 
toxicity tests, following SETAC (1993). Toxicity tests 
lasted 48 hours. 

2.8. Chronic toxicity tests on sediment samples

 The ratio of sediment to dilution water used was the 
same as that used for acute toxicity tests. One neonate 
was introduced into each container, and 10 replicas were 
made. The toxicity test was ended as soon as 60% of 
the control organisms produced the third brood of young, 
following Burton and MacPherson (1995). The contain-
ers were kept at approximately 23 °C, with a 12 hours 
photoperiod. Neonates and adult immobile organisms 
were counted every two days. Neonates were removed, 
water was changed, and remaining organisms were fed 
daily. At the conclusion of the experiment, the organisms 
were measured with a Wild stereomicroscope. 

2.9. Chronic toxicity tests on water samples

 Ecotoxicological assays on water samples followed 
the same methodology as that used for chronic toxicity 
on sediment. Due to problems with the samples, the test 
was interrupted after seven days.

3. Results

In Table 1, the concentrations of acid-volatile sulfide 
and simultaneously extracted metals are expressed in 
µmol/g of dried sediment. They indicate metal excess in 
the metal/sulfide ratio and also toxicity prediction, thus 
showing RCu and Pira as the most contaminated loca-
tions, with the potential for causing reductions in sur-
vival, fecundity, and growth of the test-organisms. They 
also show a less endangered location, Au. In November, 
Cu station presented the greatest Cu concentrations 
(Figure 2) in relation to sulfite. RCu station presented the 

Table 1. Whole metal and sulfide concentrations and metal/sulfide (Me/S) ratio found in November (Nov) and March (Mar) 
sediment samples, and predictions yielded by ecotoxicological assessments. Au: Analândia upstream; Ad: Analândia down-
stream; Cu: Corumbataí upstream; Cd: Corumbataí downstream; RCu: Rio Claro upstream; RCd: Rio Claro downstream, and 
Pira: Piracicaba.

Sampling points Σ metals (µmol.g–1) Sulfide (µmol.g–1) Metal/sulfide Toxicity  
predictionNov Mar Nov Mar Nov Mar

Au 0.114 0.042 0.03 0.03 3.8 1.4 Toxic

Ad 0.115 0.197 0.02 0.02 5.7 9.8 Toxic

Cu 0.05 0.128 0.01 0.02 5.0 6.4 Toxic

Cd 0.04 0.075 0.02 0.02 2.0 3.7 Toxic

RCu 0.35 0.076 0.03 0.02 11.6 3.8 Toxic

RCd 0.1 0.088 0.05 0.02 2.0 4.4 Toxic

Pira 0.52 0.285 0.25 0.02 2.1 14.2 Toxic
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Figure 2. Cu/sulfide ratio per gram of dry sediment; sam-
ples from points along the Corumbataí River, Brazil, in 
 November 2003 and March 2004.
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sampling there were signs of toxicity in most of the sam-
pling points to D. magna.

In ecotoxicological assays on elutriate, immobility 
of D. similis was greater than that observed in whole sed-
iment; in addition, the ecotoxicological assays showed 
a greater number of locations with signs of toxicity. To 
D. magna all points excepting Au presented toxicity 
signs. Results are shown in Table 5.

Chronic toxicity in the sediments from Ad, RCu, 
RCd, and Pira stations was proven, with D. similis 
presenting a greater rate of immobility than D. magna 
(Table 6). Chronic effects on growth and fecundity were 
observed in all sampling points, except Cu, thus sug-
gesting that the sediment in these locations is potentially 
toxic to these test-organisms. Comparisons with the con-
trol shown in Table 7 indicate that sensitivity to sediment 
samples was greater in D. similis than in D. magna.

3.1. Chemical and physical variables

 Hardness detected in the samples indicated low salts 
content, and no great modification was observed during 
the toxicity tests. The lowest pH found was 7.1, consid-
ered normal in continental waters (Esteves, 1998). 

4. Discussion

 Microcrustaceans of the Daphnia genus are fre-
quently used in assays testing acute and chronic toxicity, 
due to their sensitivity to many aquatic contaminants and 
easy maintenance in laboratory cultures. Daphnids ingest 
sediment and are consumed by numerous fish species. For 
ecotoxicological assays in very hard waters, D. magna is 
especially recommended. In Brazil, CETESB has intro-
duced the use of D. similis as test-organism in ecotoxi-
cological assays, whose procedures have already been 
standardized (ABNT, 2003a, NBR 12713). 

Since sensitivity varies according to the toxic agent and 
environmental conditions, use of more than one species 
may be helpful in ecotoxicological assays. For example, 

Figure 3. Zn/sulfide ratio per gram of dry sediment; sam-
ples from points along the Corumbataí River, Brazil, in 
 November 2003 and March 2004.
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Figure 4. Cr/sulfide ratio per gram of dry sediment; samples 
from points along the Corumbataí River, Brazil, in Novem-
ber 2003 and March 2004.
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Figure 5. Cd/sulfide ratio per gram of dry sediment; sam-
ples from points along the Corumbataí River, Brazil, in 
 November 2003 and March 2004.
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Figure 6. Pb/sulfide ratio per gram of dry sediment; sam-
ples from points along the Corumbataí River, Brazil, in 
 November 2003 and March 2004.
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Table 4. Immobility percentages of D. magna and D. similis in ecotoxicological assessment of acute toxicity of sediment from 
sampling points in the Corumbataí River in November (Nov) and March (Mar); pH and water hardness at the conclusion of 
the assays. 

Sampling points D. magna D. similis
Immobility

 (%)
Hardness
 mg.L–1

 CaCO3

 pH Immobility
 (% )

Hardness
 mg.L–1

 CaCO3

 pH

Nov Mar  Nov Nov Mar Nov Mar Nov Mar Nov Mar
Control  0 6.7  204 8.1 8.0  0 0  44 74 7.6 7.3
Au  0 6.7  180 7.8 8.1  0 0  44 - 7.6 7.5
Ad  0 20  193 8.2 7.9  0 0  44 80 7.6 7.2
Cu 13.3 6.7  170 8.1 8.0  0 0  44 56 7.6 7.3
Cd  0 33.4  210 7.8 7.9 13.3 13.3  44 72 7.6 7.6
RCu 13.3 33.4  195 7.4 7.8  0 13.3  44 56 7.6 6.9
RCd  6.6 20  183 7.8 7.9 6.7 6.7  44 48 7.6 7.0
Pira 13.3 26.7  210 8.2 8.0 100 13.3  44 54 7.6 7.0

Table 2. Values of EC50 and confidence limit of monthly sensitivity tests using potassium dichromate of D. magna and 
D. similis. 

Date D. magna D. similis
EC50 (mg.L–1 ) Confidence limit (mg.L–1) EC50 (mg.L–1) Confidence limit (mg.L–1)

November 0.20 0.17-0.24 0.03 0.02-0.04

March 0.14 0.11-0.18 0.04 0.04-0.06

Table 3. Immobility percentage of D. magna and D. similis in ecotoxicological assays of chronic and acute toxicity of water 
from sampling points in the Corumbataí River in November; pH and water hardness at the conclusion of the assays; Ac: acute 
and Chr: chronic.

Sampling
points

D. magna D. similis

Immobility
(%)

Hardness
mg.L–1

CaCO3

pH Immobility
(%)

Hardness
mg.L–1

CaCO3

pH

 Ac Chr  Ac Chr Ac Chr  Ac  Chr Ac Chr Ac Chr
Control  0 0 193  186 7.9 8.4  0 0 48 74 7.5 7.8

Au  0 10  16  22 7.3 7.2 13.3  10 22 18 7.4 7.5

Ad  26.6  10  79  79 7.5 7.5 26.6  40 80 78 7.3 7.3

Cu  0 10  49  53 7.2 7.8 13.3  30 48 49 7.4 7.3

Cd  6.6  0  92 86 7.4  7.5  20  40 89 89 7.5 7.5

RCu  13.3 -  36  - 8.1 - 13.3 - 31 - 7.5 -

RCd  0 -  27  - 7.2 - 0 - 26 - 7.5 -

Pira  0 0  44 42 7.6 7.4 40 - 43 - 7.5 -

we observed that, in spite of the results obtained in testing 
sensitivity to potassium dichromate, D. magna presented a 
sensitivity which was either equal to or greater than that of 
D. similis in certain samples. Indeed, in toxicity tests with 
metals, Buratini et al. (2004) have found a great correla-
tion between the EC50 values for both species.

The Pira sampling site, which is located near the 
mouth of the river and has high concentration of in-
dustries, presented the worst conditions of water and 
sediment quality in the tests for acute toxicity to D. 
similis in November. The water samplings collected 

in November produced chronic effects in the majority 
of places where signs of acute toxicity were detected, 
indicating the presence of toxic agents whose action 
was accentuated by prolonged periods of exposure. 
The most degraded sediments, which were collected in 
March, resulted in more numerous incidents of chronic 
toxicity, causing high immobility and significant size 
and fecundity alterations. The effects on fecundity were 
more evident in the three sampling stations which are 
nearest to the mouth of the river. Therefore, the toxic-
ity that was observed points towards anthropic impacts 
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Table 5. Immobility percentages of D. magna and D. similis in ecotoxicological assessment of acute toxicity of elutriate in 
March from sampling points in the Corumbataí River; pH and water hardness at the conclusion of the assays. 

Sampling points  D. magna D. similis

Immobility 
 (%) 

 pH  Immobility 
 (%) 

 Hardness 
 mg.L–1  
CaCO3

pH

Control  0  7.5  6.6 49 7.8

Au  0  7.6  0 24 7.5

Ad  13.3  7.5  13.3 30 7.3

Cu  13.3  7.7  0 42 7.3

Cd  20  7.3  26.6 40 7.2

RCu  26.6  7.5  26.6 45 7.6

RCd  20  7.5  20 36 7.4

Pira  20  7.4  20 28 7.2

Table 6. Immobility percentages of D. magna and D. similis in ecotoxicological assessment of chronic toxicity of sediment in 
November (Nov) and March (Mar) from sampling points in the Corumbataí River; pH and water hardness at the conclusion 
of the assays. 

Sampling
points

D. magna D. similis

Immobility
(%)

Hardness
mg.L–1

CaCO3

pH Immobility
(%)

Hardness
mg.L–1

CaCO3

pH

Nov Mar  Nov Mar Nov Mar  Nov Mar Nov Mar Nov Mar

Control 0 0 178 162 7.9 8.1 0 10 44 38 7.4 7.5

Au 30 20 180 134 8.2 8.0 20 30 44 42 7.4 7.5

Ad 10 30 188 128 8.1 8.1 30 50 44 36 7.4 7.2

Cu 10 0 166 133 8.2 8.1 20 10 44 46 7.4 7.4

Cd 0 20 160 114 8.2 8.1 20 20 44 44 7.4 7.5

RCu 0 60 156 159 8.0 8.0 40 50 44 38 7.4 7.6

RCd 20 30 184 160 8.0 8.0 10 60 44 50 7.4 7.4

Pira 0 30 158  - 8.1 8.0 - 70 - 56  - 7.5

Table 7. Fecundity and mean body size ± standard deviation of D. magna and D. similis in ecotoxicological assessment of 
chronic toxicity of sediment from sampling points in the Corumbataí River in November (Nov) and March (Mar). 

Sampling points D. magna
D.similis

D. similis

Num. of
neonates

Mean size
 (mm)

Num. of
neonatos

 Mean size
 (mm)

Nov Mar  Nov  Mar Nov Mar  Nov  Mar

Control 159  111 1.87 ± 0.001 2.09 ± 0.17 327 232 1.39 ± 0.14 1.86 ± 0.08

Au 277  80 1.79 ± 0.07 1.89 ± 0.04 214 104 1.35 ± 0.11 1.76 ± 0.09

Ad 185  75 1.69 ± 0.28 1.86 ± 0.16 106 65 1.19 ± 0.04 1.69 ± 0.09

Cu 225  94 1.81 ± 0.16 1.9 ± 0.18 184 182 1.32 ± 0.08 1.82 ± 0.09

Cd 211 126 1.88 ± 0.24 1.85 ± 0.14 245 97 1.32 ± 0.07 1.71 ± 0.15

RCu 147  31 1.87 ± 0.18 1.59 ± 0.09 128 38 1.20 ± 0.04 1.56 ± 0.05

RCd 240  53 1.76 ± 0.11 1.79 ± 0.06 264 31 1.38 ± 0.06 1.61 ± 0.12

Pira 194  50 1.78 ± 1.75 1.78 ± 0.094  - 82  - 1.66 ± 0.05
Values in bold indicate a statistically significant difference between the samples and the control.
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caused not only by raw sewage but also industrial waste 
discharged into the river.

Literature data on D. magna’s sensitivity to copper 
and to chrome show EC50 values varying from 0.11 
to 1.1 µmol.L–1 and from 0.38 to 6.7 µmol.L–1, respec-
tively (Bulus Rossini and Ronco, 1996); D. magna’s fe-
cundity is reduced at 1.26 µmol.L–1 of copper (Winner 
and Farrell, 1976). The chronic effects of copper on 
the growth of D. magna’s body have been observed at 
0.4 µmol.L–1 (Koivisto et al., 1992). To copper sulphide, 
zinc sulphide and potassium dichromate, the EC50 
values for  D.  similis were, respectively, 3.3 µmol.L–1, 
37.2 µmol.L–1 and 4.5 µmol.L–1; the EC50 of potassium 
dichromate for D. magna was 3.7 µmol.L–1 (Buratini 
et al., 2004). Lead chronic toxicity for D. magna is 
found in the range of 0.05 µmol.L–1 to 0.2 µmol.L–1 
(Borgman et al., 1978), while acute toxicity is observed 
at 2.17 µmol.L–1 (Biesinger and Christensen, 1972). In re-
lation to cadmium, EC50 for D. magna is 0.11 µmol.L–1 
(USEPA, 2001); D. magna’s fecundity is affected at 
0.001 µmol.L–1 of cadmium (Biesinger and Christensen, 
1972). Such data demonstrate that the quantities of bioa-
vailable metals found in the sediments of the Corumbataí 
River would be enough to cause acute and chronic toxic-
ity to   D.  similis and D. magna.

The sediment was more damaging than the water to 
the test organisms. Developed to evaluate sediment ef-
fects on water quality (Ingersoll, 1995), the ecotoxico-
logical assays with elutriate done in this work confirmed 
the toxic potential of the river’s sediment, thus indicating 
contaminant release.

The metal bioavailability found in the AVS and SEM 
analyses of every sampling site coincides with the toxic-
ity found in the samples. These metals are used in min-
ing, foundries, and in food processing, paper, and textile 
industries (all of which can be easily found in the areas 
nearby sampling stations RCu, RCd and Pira), accumu-
late in the sediment and may be released into the water 
(Forstner, 1983). Acid conditions in the area studied were 
observed by other authors (see Lara et al, 2001), and can 
result in considerable ecological damage, for pH reduc-
tion favors metal solubility, thus turning complex ions 
into free ions, which are generally more toxic to aquatic 
organisms (Jorgensen, 1993). As for physical and chemi-
cal variables, the samples’ low degree of hardness con-
firmed the activity of metal, since its toxicity is reduced 
in harder waters (Rattner and Health, 1995).

The present results indicate the sediments of the 
Corumbataí River as a route followed by the pollutants. 
In order to broaden this river component assessment, it 
is recommended that further studies are conducted, and, 
thus, provide the basis for implementing recuperation 
projects in the area.
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