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Abstract: Aim: The Sinos River, a tributary of Guaíba Lake, is 200 km long from the 
headwaters to the mouth and is influenced by several sources of pollution. A study to learn 
more about conditions in this river was performed in the middle and lower reaches. The 
study evaluated the effects of sediment contamination by xenobiotics on the survival and 
reproduction of Daphnia magna. Methods: Eight sediment samples were collected per 
site from Dec/2007 to Aug/2009, as a substrate for 480 young cladocera (2-26 h old at 
the beginning of the trials) in chronic toxicity tests (21 days). For this purpose, D. magna 
individuals were exposed to sediment and M4 culture medium, at a proportion of 1:4 (v:v) 
using 50 mL beakers, kept at 20 °C  ± 2 °C in 16h light:8h dark cycles. The test organisms 
came from lots with LC50-24h = 1.04 mgK2Cr2O7  ±  0.11 mg. Percentage survival and 
reproduction were considered to define acute and/or chronic responses. Duncan (p < 0.05) 
and T (p < 0.05) Tests, ANOVA and Spearman correlation of the biological data were 
used as statistical complementation. The Spearman correlation was also applied looking 
for dependencies between the rainfall measured at the sites and the biological parameters 
but there was no evidence of correlation. The presence of acute toxicity was diagnosed for 
the sample in which survival was less than 80%, and for chronic toxicity when the mean 
number of neonates was less than 20 daphniids. Results: Reproductive delays were found 
coinciding with physical and chemical parameters, as well as the presence of metals at values 
that were not in accordance with the law. Statistical analysis suggested the predominance of 
point sources of contamination. An effect on survival was observed in 17% of the samples, 
and on reproduction in 87%. Conclusions: This study found that pollutants discharged 
into the Sinos River remain and can interfere in the equilibrium of the trophic network, 
since they increase mortality and diminish the production of offspring among the cladocera, 
representatives of the primary consumers in the food chain.
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Resumo: Objetivo: O rio dos Sinos, tributário do Lago Guaíba, percorre cerca de 200km 
desde a nascente até a foz , recebendo influência de diversas fontes poluidoras. Visando 
melhor conhecer as condições deste rio foi desenvolvido estudo nas zonas média e inferior 
avaliando os efeitos na sobrevivência e na reprodução de Daphnia magna, decorrentes da 
contaminação do sedimento por xenobióticos. Métodos: Entre dez/2007 e ago/2009 foram 
coletadas oito amostras de sedimento por site, para serem usadas como substrato para 480 
cladóceros jovens (2-26h de vida no início dos ensaios) em testes de toxicidade crônica (21 
dias). Para tanto indivíduos de D. magna foram expostos a sedimento e meio de cultivo M4, 
na proprção1:4 (v:v), utilizando béqueres de 50 mL, mantidos a 20 °C ± 2 °C em ciclos de 
16h luz: 8h escuro. Os organismos-teste originaram-se de lotes com LC50-24h = 1,04 mg 
K2Cr2O7 ± 0.11 mg. A definição de respostas agudas e/ou crônicas considerou a porcentagem 
de sobrevivência e a média reprodutiva. Como complementação estatística foram aplicados 
os testes T (p < 0,05) e Duncan (p < 0,05), ANOVA e Correlação de Spearman dos dados 
biológicos. Buscando constatar dependências entre a pluviometria dos sites e os parâmetros 
biológicos também foi aplicado o mesmo cálculo, porém não houve evidência de correlação. 
Presença de toxicidade aguda foi diagnosticada para a amostra em que a sobrevivência foi 
inferior a 80% e crônica quando a média de neonatos por ninhada foi inferior a 20 dafinídeos. 
Resultados: Foram encontrados atrasos reprodutivos coincidentes com parâmetros físicos e 
químicos e presença de metais em valores em desconformidade com a legislação. A análise 
estatística sugeriu a predominância de fontes pontuais de contaminação. Observou-se 
efeito na sobrevivência em 17% das amostras e na reprodução em 87%. Conclusões: Este 
estudo mostrou que a descarga de poluentes persiste rio dos Sinos o que pode interferir no 
equilíbrio da rede trófica, já que houve elevação da mortalidade e queda da fecundidade 
entre os organismos expostos.

Palavras-chaves: Daphnia magna, ecotoxicologia, poluição, sedimento.
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used in environmental sample bioassays. Since the 
daphniids are non-selective filterers (Weltens et al., 
2000), they ingest sediment particles containing 
toxic compounds that, even in small doses, are 
sufficient to cause damage. Thus local toxicity can 
be characterized without identifying the agent 
responsible for the problem.

The different types of industries located in 
this river valley are responsible for frequent fish 
death events in the region. Moreover, many of the 
contaminants discharged and/or their byproducts, 
such as phenol ((Kühn et al., 1989) and agricultural 
pesticides are toxic (Ren et al., 2009b). Along the 
course of this river, agricultural pesticides with 
different active principles are applied and may 
interfere in the survival and reproduction of aquatic 
biota. The main active ingredients of the pesticides 
used in the Sinos River Basin are abamectin, 
deltametrin, paraquat dichloride, diphenoconazole, 
sulphur, gliphosate, mancozeb, sulfonamide, 
trifluraline and cuprous oxide (CRQ, 2008). Other 
elements, while not toxic, indicate contamination 
and alter the ecosystem equilibrium, as in the case 
of P and N (Ballantine et al., 2009).

The main purpose of this study was to identify 
the level of environmental alteration of the sites 
sampled by looking at changes in the survival and 
reproduction of D. magna.

2. Material and Methods

This study evaluated eight sediment samples 
from six sites on the Sinos River. These sites 
were to provide domestic water supply after 
conventional treatment, primary contact recreation 
and protection of aquatic communities, according 
to Brazilian Law (CONAMA, 2005) in Class 2 
(Si56). Others were in Class 3 (Si08, Si28, Si38, 
Si44, Si48) for public supply, after conventional or 
advanced treatment, for irrigation, fishing, watering 
animals and secondary contact. The samples were 
collected between Dec/2007 and Aug/2009, and all 
the sites were located in the lower reach of Sinos 
River.

Lots (LC50 - 24h = 1.04 mg K2Cr2O7  ±  0.11 
mg) containing 25 individuals per 1000 mL with 
M4 culture medium (Elendt and Bias, 1990), 
kept under controlled lighting conditions (16h 
light daily) and 20 °C ± 2 °C (ABNT, 2009) were 
the source of the test-organisms. The Trimmed 
Spearman-Karber method was used to calculate 
sensitivity (Hamilton et al., 1977).

The sediment was used as a substrate in long 
duration tests (21 days) with Daphnia magna 

1. Introduction

The Guaíba Lake Hydrographic Basin which 
supplies water to Porto Alegre, capital of Rio 
Grande do Sul State, Brazil, is formed by five rivers, 
including the Sinos River which is influenced 
by sources of pollution along its 200 km course. 
Although this river receives raw or partly treated 
domestic and industrial wastes, it is the main source 
of water supply for the Sinos Valley River. Previous 
studies (Vargas  et  al., 2001; Terra  et  al., 2008; 
Feiden and Terra, 2009) indicate the presence of 
environmental stressors that interfere in the quality 
of the river bed and of the waters that form it.

This study evaluated the effects of contaminants 
on the river bed on Daphnia magna. Many 
substances are deposited in the sediments, including 
metals, agricultural pesticides and PAHs, that may 
be included in the fauna food through biological 
activities, chemical reactions and streamflow. When 
this species is ≥48h old it grazes the surface sediment 
layer releasing xenobiotics that are part of the river 
bottom system (Suedel et al., 1996). The level of 
response of the daphniids is conditioned to the level 
of contamination and to the time of exposure to the 
toxic substance (Ren et al., 2009a, b). Gillis et al. 
(2006) observed up to 50% reduction in the survival 
of this cladocera when exposed to the sample of 
contaminated sediment.

This study assesses changes in survival and 
especially in the reproductive activity of test-
organisms, to define the quality of Sinos River, 
which presents successive ichthyofauna death 
events.

The main pollutants in this river are domestic, 
hospital and industrial sewage, garbage, tanneries, 
agriculture, pesticides, oil refinery, sand dredging 
and navigation.

Particles that flow directly into rivers in effluents 
or are transported through the atmosphere, or also 
by runoff can be deposited on the bed or recycled 
by living beings. Reis  et  al. (2010) highlight the 
importance of these particles containing associated 
metals, because they are available to the liquid 
mass resulting from the variation of the currents 
or biological activity. According to Weltens et al. 
(2000) sediments present constant toxicity 
since they are permanent sources of xenobiotics, 
besides integrating food particles, highlighting the 
importance of the metals available for daphniids. Yu 
and Wang (2002) observed that cladocera exuviae 
are major sources of metals in the environment.

Successful trials with Daphnia magna have 
transformed the species into a test-organism widely 
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survivors per sample were expected and an average of 
≥20 neonates per brood at each point. The samples 
that presented these values were characterized as free 
of acute or chronic toxicity, respectively. Spearman 
Correlation, ANOVA (two factors), Duncan Test 
(variation in time and between the points), ANOVA 
(single factors) and T Test complemented the 
evaluation of the results. The Spearman correlation 
also evaluated the relationship among the data on 
survival, reproduction and rainfall.

The sediment was collected using a Petersen grab 
sampler. The samples were placed in a glass flask 
(1000 g), kept in a thermal box with ice during 
transport to the laboratory, and transferred to the 
refrigerator at 4 °C until they are used (Suedel et al., 
1996). The experiments were performed until a 
month after the samples were collected, using bulk 

(Clone A). Time of exposure and feeding habits are 
essential in the cladoceran response process. Work 
with sediment samples emphasizes the importance 
of time of exposure as related to the concentration 
of a toxic substance for the organism response 
(Robinson et al., 2010).

The sampling sites are named using the 
river name initials (Si) followed by the number 
of kilometers from the mouth (Figure  1). The 
geographical coordinates and sources of pollution 
at each site are shown in Table 1.

Ten young cladocera, 2-26 hours old at initial 
exposure, were exposed to each sediment sample 
(ABNT, 2009), a total of 480 individuals (80 per site, 
six assays,). The microcrustaceans were monitored 
for percentage of survival, total reproductive mean 
and per brood. During the assays at least 80% 

Figure 1. Sampling stations at Sinos Hydrographic Basin, Rio Grande do Sul, Brazil.

Table 1. Identification of the sampling sites and main sources of contamination.
Name Coordinates Characteristics and sources of pollution
Si08 S29°52’36’’W51°14’34’’ Sanitary sewage, garbage, different industrial typologies, oil refinery, navigation, 

sand dredging.
Si28 S29°47’53’’W51°11’24’’ Rice crop, tanneries, sand dredging, agricultural pesticides company.
Si38 S29°45’50’’W51°10’36’’ João Corrêa Canal. Sanitary sewage, tanneries, garbage, metallurgical companies, 

navigation, sand dredging 
Si44 S29°45’24’’W51°08’16’’ Sanitary sewage, tanneries, garbage, metallurgical companies, navigation, sand 

dredging.
Si48 S29°44’21’’W51°07’22’’ Luiz Rau Brook. Sanitary sewage, tanneries, garbage, metallurgies, various types 

of industry, navigation, sand dredging.
Si56 S29°43’50’’W51°05’00’’ Sanitary sewage, tanneries, garbage, metallurgies, several industrial typologies.

2013, vol. 25, no. 1,  p. 19-33   21



 Terra, NR. and Gonçalves, SP. Acta Limnologica Brasiliensia

same time as the sediment were considered helpful 
to interpret the responses. These parameters were 
defined according to the risk of local contamination 
due to the sources of emission.

Nitric acid (5 mL) was added in dark glass flasks 
(1000 mL) with samples of water for the dosage 
of heavy metals. Physical-chemical parameters 
followed the methodology advocated in APHA 
(2005) both for collection and for analysis. Acid 
Digestion of Samples and Determination by 
FlameAtomic Absorption Spectrophotometry were 
used to verify the presence of total heavy metals. 
Dissolved oxygen (DO) and pH assessments 
were obtained from direct readings performed 
with appropriate equipment, Oximeter and 
Potentiometer, respectively.

Heavy metals, even below the allowable limit or 
during a month when no sediment sampling was 
performed, were considered because they belong 
to the group of persistent xenobiotics. Physical-
chemical parameters were related to thedata only 
when present at values above the legally allowed 
value at the time of sediment sampling.

Rainfall indices of the period of study provided 
by Defesa Civil (Civil Defense) do Rio Grande do 
Sul were used to complement the study.

3. Results

Acute toxicity was seen in 17% of the samples, 
as shown in Figure 2. Si28 and Si48 presented 6% 
of the samples that could potentially cause the death 
of the organisms and Si38, 2% of samples with this 
characteristic. On the other hand, 87% of samples 
were seen to induce chronic effects (Figure 3), and 
in Dec/07, Feb/09 and Apr/09 all sites presented 
chronic action on the microcrustaceans. The total 
number of births per month of collection showed 
that Si48 reached the expected number of neonates 

sediment, removing the larger organisms that were 
sometimes part of the sample.

The microcrustaceans were exposed in 50 mL 
beaker, covered with laboratory film containing 
sediment and M4 (1:4; v:v) (Suedel et al., 1996; 
Terra  et  al., 2008). Sediment samples were 
aliquoted into the test-containers which were kept 
covered under refrigeration until the day before 
the exposure began, when M4 culture medium 
(pH: 7.8; hardness: 230 CaCO3/L) was placed 
over the sediment, taking care to avoid disrupting 
the upper layer of sediment. At this point, the test-
containers were taken overnight to a germinator 
to acclimate the medium. The next morning one 
microcrustacean was included per replica (10) in 
each sample. A control group submitted to the same 
conditions as the samples accompanied these assays 
with exposure only to the M4 medium. The tests 
were performed under the same temperature and 
light conditions as the original lots, but in different 
germinators to avoid contamination.

The observations occurred on Mondays, 
Wednesdays and Fridays, recording the dead 
daphniids and the neonates. At the end of the 
exposure period, the survivors that did not 
produce offspring were examined for sex. After this 
procedure the old culture medium was removed, 
new medium was introduced into the beaker, and 
the organisms were fed Desmodesmus subspicatus 
(Chodat, 1926) Hegewald and Schmidt, 2000, 
(0.7 mL; 107 cells.cm–3) algae and fermented fish 
chow complemented by biological yeast (0.1 mL) 
according to the national standard (ABNT, 2009). 
These amounts of food ensure that the nutritional 
needs of the test-organism are met until the next 
observation.

Complementary data on physical-chemical 
analyses and on metals in water sampled at the 

Figure 2. Survival comparison, mean and standard deviation in Daphnia magna exposed to Sinos River sediment 
samples, control group and expected survival from Dec/2007 to Aug/2009.
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compared to those that are closer to the headwaters, 
and on other occasions the contrary occurred.

The samples from each point compared to 
each other applying the Duncan Test showed 
homogeneity (one cluster) at Si38 among the 
months, considering the production of neonates, 
while Si44 showed two clusters (Figure  5). Si28 
separated the data into three groups, while Si08 
separated them into four and Si56 into five clusters.

If the overall production of young is considered, 
the mean number of neonates shows Si28 as the 
least fertile site (325 neonates), while Si38 had 
the greatest number of young (637 neonates). 
Figure 6 shows the total number of neonates per 

on two occasions, Si08 on one, while the other 
points were below expectations in all samplings 
(Figure 4).

When the Duncan Test was applied to compare 
the production of neonates per month of sampling, 
a difference was seen among the sites (Table  2). 
Three (June/08, Oct/08, Dec/08, Aug/09) and four 
(Aug/08, Feb/09, Apr/09) differentiated groups of 
neonates predominated, although in Dec/07 there 
were only two. The reproductive response behavior 
pattern was absent when the months of collection 
or the sites were considered using this statistical 
method. Sometimes lower neonate production was 
observed at sites close to the mouth of Sinos River 

Figure 3. Mean number of neonates produced per brood of Daphnia magna exposed to sediment samples from each site.

Figure 4. Total number of neonates per sample.

Table 2. Comparison of reproduction means between sites per month. 
Site Dec./07 June/08 Aug./08 Oct./08 Dec./08 Feb./09 Apr./09 Aug./09
Si 08 33.2a 56.4a.b 60.4b 93.1c 18.0a 55.9b.c 52.9b 85.2c

Si 28 34.0a 37.1a 14.9a 16.7a 52.9b.c 41.5b 77.3c 51.3b

Si 38 81.9b 65.7b 91.0c 94.2c 73.8c 77.3c.d 69.7c 83.0c

Si 44 73.6b 66.2b 54.8b 65.8b.c 63.9b.c 87.6d 64.3b.c 74.4b.c

Si 48 48.6a 107.1c 129.5d 57.5b 38.5a.b 8.0a 96.2d 0.0a

Si 56 45.4a 77.5b 57.9b 38.4a.b 53.0b.c 81.7c.d 0.0a 95.5c

Means followed by the same letter did not differ significantly by LSD test (p ≤ 0.05).
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compared the groups two by two and later each 
group was compared to the control, showing a 
significant difference (p < 0.05) between the control 
group and the others. The results were similar only 
for Si48 in relation to Si56 and Si08. The means 
varied from 79 neonates for Si38 to 41 for Si23, 
while the mean of the Control group reached 103 
neonates.

Table 3 shows the comparison of reproductive 
delays observed and the parameters that do not 
conform to CONAMA.

P element presented mean values and SD above 
the legal level at all sites by law at all sites (Figure 7).

To evaluate the biological results, the presence 
of metals was considered according to Brazilian law, 
for each class of water. Heavy metals were sometimes 
detected above the current Brazilian legal levels. 
These occurrences are at Si08 (June/08- Hg: 0,7 
mg.L –1), Si28 (Dec/07- Cu: 0,032 mg.L –1; Apr/08- 
Cu: 0.015 mg.L –1; June/08- Hg: 0.007 mg.L –1), 
Si38 (Feb/08- Hg: 0.0056 mg.L –1; Apr/08- Cu: 
0.016 mg.L –1), Si44 ( Dec/07- Cu: 0.068 mg.L 

–1; June/08- Fe: 5.15 mg.L –1; June/09- Cu: 0.015 
mg.L –1), Si48 (Apr/08- Cu: 0.081 mg.L –1; Aug/08- 
Cd: 0.54 mg.L –1, Cu: 0.205 mg.L –1; Dec/08- Cu: 
0.122 mg.L –1; Feb/09- Cu: 0.26 mg.L –1, Ni: 0.198 
mg.L –1; Apr/09- Cd: 0.3 mg.L –1, Cu: 0.048 mg.L 

–1, Ni: 0.137 mg.L –1; June/09- Cu: 0.032 mg.L –1, 
Ni: 0.14 mg.L –1; Aug/09- Cu: 0.126 mg.L –1, Ni: 
0.147 mg.L –1), Si56 (Dec/07- Fe: 2.36 mg.L –1, Mn: 
0.106 mg.L –1; Apr/08- Cu: 0.018 mg.L –1, Fe: 4.72 
mg.L –1, Mn: 0.169 mg.L –1, Pb:0.024 mg.L –1, Zn: 
0.23 mg.L –1; June/08- Fe: 5.17 mg.L –1; Aug/08- Fe: 
3.24 mg.L –1; Dec/08- Zn:0.134 mg.L –1; Feb/09- Fe: 
2.22 mg.L –1, Mn: 0.138 mg.L –1; Apr/09- Fe: 1.44 
mg.L –1; June/08- Fe: 1.22 mg.L –1.

site, the control group and the minimum number 
of neonates expected in environments without 
toxicity at any level.

The Spearman correlation showed an inverse 
relationship for reproduction among sites Si28 with 
Si38 and Si44 with Si48, i.e., when the number 
of neonates rose at one of the sites production 
diminished at the other. The same statistical 
calculation comparing reproduction and survival 
only showed a correlation among the data at site 
Si48. At this site (Si48) 750 females survived, 
while at the others survival varied from 640 to 760 
test-organisms. The Spearman correlation showed 
a correspondence of survival between sites Si08 
and Si44.

The single factor ANOVA showed a difference 
between the variances of the sites, considering 
the total number of neonates. The T test initially 

Figure 5. Mean number of neonates considering births in each month sampled.

Figure  6. Mean number of neonates considering all 
samplings.
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environmental quality, triggering responses in 
the flora and fauna. Cities and different types of 
industry installed along the Sinos River create 
localized organic and /or chemical pollution, 
provoking cyclic processes of death of native 
organisms, especially those situated at the top of 
the trophic chain, such as fishes, formerly plentiful 
in the region and often used to feed the riparian 
populations, but which have now become scarce.

Comparing the mortality results of D. magna 
generated in previous studies (Terra  et  al. 2008; 
Feiden and Terra, 2009) to the current study, it is 
found that the greatest pressure on survival of the 
species occurs in October, followed by February. 
In October there are usually heavy rains in Rio 
Grande do Sul, while February is characterized by 
drought. These two situations are critical for sites 
with high levels of contamination. In the first case 
(rainfall) the current is stronger and disturbs the 
river bed, besides bringing more contaminants 
into the river from contaminated soils. Lemos 
and Erdtmann (2000) found a positive correlation 
between precipitation and genotoxic effect using 
water samples from a river that is also one of those 
forming the Guaíba Basin.

Sometimes the heavy metals were found at 
values accepted by CONAMA. All the same they 
were evaluated according to the interpretation 
of reproductive changes and/or survival of the 
test-organisms because they were conservative. To 
evaluate the contribution of the metals during this 
period, the mean and standard deviation of each of 
them was calculated and sometimes mean and/or 
standard deviation values were observed above the 
levels allowed by CONAMA (Figure 8).

4. Discussion

Natural events such as precipitation and 
currents, besides anthropic contributions, affect 

Table 3. Delay in reproductive activity related to parameters that are not in conformity with Brazilian Law (CONAMA, 
2005).

Month Site Survival Reproduction Not in conformity with CONAMA
Dec./07 Si28 70 1 BR on 8th day (1N). Died after reproduction

1 RP between 11th day (9N) and 21st day (14N) 
E.coli↑, P↑, DO↓, Cu↑

Si48 90 1 BR on 8th day (3N). Died after reproduction
1RP only until 13th day

E.coli↑, DO↓, phenols↑

June/08 Si28 70 1 BR on 15th day (4N) E.coli↑, P↑, Hg↑
Si38 90 2 RP between 8th and 15th day. One died after 

reproduction
E.coli↑, P↑

Si44 100 1 BR on 13th day E.coli↑, Fe↑
Aug./08 Si08 100 1 RP between 8th and 13th day

1 RP between 8th and 15th day
Phenols↑, P↑, DO↓

Si28 30 1 BR on 8th day. Died after reproduction
1 BR on 13th day
1 BR on 15th day

P↑

Si56 100 1 BR on 17th day E.coli↑, DO↓, Phenols↑, Fe↑
Oct./08 Si28 90 2 BR on 8th day (7N, each). Single reproduction.

1 RP between 15th day (2N) and 21st day (8N)
1 BR on 17th day (4N)

Si56 100 1 RP between 8th and 13th day
1 RP between 8th and 15th day

Dec./08 Si48 70 2 BR on 13th day
1 BR on 15th day

Cyanide↑, E.coli↑, DO↓, Cu↑

Feb./09 Si38 90 1 BR on 17th day (4N)
One female did not reproduce

Si48 20 One female did not reproduce DO↓, Phenols↑, Cu↑, Ni↑
Apr./09 Si48 100 1 BR on 15th day (2N) Cyanide↑, E. coli↑, DO↓, Cu↑, Ni↑
BR = Beginning of reproduction; N = Neonate; PR = Reproductive period; T = Time of exposure. The digit that 
precedes the letters BR and N indicate the number of daphniids.

Figure 7. Means and Standard Deviations of P per site.
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Si38 showed similar responses for the production 
of neonates over time, and this may mean a 
continuous contribution of pollutants without the 
significant presence of peaks. Si44 exhibited a slight 
variation in results, while Si56 presented a greater 
diversity of responses. The diversity of results may 
be due to point and irregular discharges of effluents, 

In this study it was found that acute levels 
of toxicity persist at Si48. Positive results for 
cytotoxicity and genotoxicity had already been 
reported previously (Vargas et al., 2001; Terra et al., 
2008). According to Terra et al. (2008) between the 
years of 2001 and 2005 sediment samples from this 
site already presented acute toxicity in D. magna.

Figure 8. Means and standard deviations of the heavy metals researched in the Sinos River (Dec/07-Aug/09).
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the samples, coinciding with physical and chemical 
patterns and metals above the levels recommended 
in Brazilian law. In some episodes of reproductive 
delay, there was a high level of mortality, and a low 
level of reproduction occurred among the survivors.

At site Si08, located near the mouth, a small 
number of offspring was expected, since this site is 
impacted by pollutant discharges all along the river 
as seen in a previous study (Feiden and Terra, 2009). 
According to Terra et al. (2008) in a study performed 
in this area between 2001 and 2005, a cytotoxic 
effect was detected in water samples compatible 
with the heavy anthropic influence found at this 
site. According to Cowgill  et  al. (1986) stressed 
organisms often produce smaller broods than non-
stressed ones. The action of xenobiotics alters the 
organic functions triggering undernourishment 
processes and stress in the cladocera.

The best mean reproduction was found at 
Si38, although at this site the females delayed the 
beginning of reproduction and one did not have any 
offspring. At this site, results above the CONAMA 
standard were also found. At Si38 in Feb/09, a test-
organism stopped developing after 48 h, and did 
not lay any young. The individual was examined to 
identify the sex, and was confirmed to be female. 
A similar situation was observed in a cladoceran at 
site Si48 (Apr/09), when delayed growth occurred. 
It exhibited a 48h size on the 8th day of exposure 
and began reproduction only on the 15th day of 
exposure. Si08 and Si44 did not present acute 
toxicity, while at Si28 and Si48 this effect was 
observed in 62.5% of the samples, and at Si38 and 
Si56, 87.5%. On the other hand, chronic toxicity 
was found in all samples from Si28 and Si44, 87.5% 
in those collected at Si08 and Si56 and 75% at the 
other points (Si38 and Si48).

In the months with toxicity, metals that were 
not in conformity with the law were found at Si 
48 (Cd) and Si56 (Fe). Si38 in Dec/08 presented 
a high number of young, although 30% deaths 
occurred. Since only surviving individuals, which 
probably present higher resistance to environmental 
changes, are taken into account to calculate the 
mean reproduction per brood this situation has 
been observed in several rivers.

The mean number of neonates per test-
organism, calculated from the total production 
of young, shows Si28 as the least fertile site (41 
neonates), and this factor may be related to the local 
sources of contamination (Table 1), since the mean 
observed in the control group reached 103 neonates.

since in this reach there are several industries of 
different types, mainly tanneries.

Comparing the production of neonates among 
different sites, the Duncan Test showed different 
responses, even among the sites located close to 
each other, such as Si44 and Si48 (4km distant) 
confirming the presence of point sources of 
contamination along the river. A pattern of responses 
was found to be absent, since the generation of 
neonates fluctuated during the period, sometimes 
presenting a lower production of neonates at the 
points located close to the mouth and at other 
times a higher number of young in these regions. 
It was not, however, possible to establish a direct 
relationship between the production of neonates or 
the mortality of the test-organisms and the rainfall 
index. Both point sources of effluents such as 
artificial canals, and streams receiving effluents flow 
into the main body of the river, causing degradation 
and the fluctuation of results.

Observing the total number of births per 
month of collection, it is found that Si48 reached 
the expected number of neonate production on 
two occasions, Si08 on one, and the other points 
remained below the expected levels, independent 
of rainfall index.

Although the Duncan Test showed a variation 
of results with the prevailing formation of three 
clusters, only two occurred in Dec/07. During 
that month a cluster was formed with points Si38 
and Si44, and another cluster with all the rest. It 
can be recorded that these sites (Si38 and Si44) 
presented a lower rainfall index as compared with 
the local historical mean. No reproductive response 
patterns occurred, either when data were evaluated 
month by month or when each site was analyzed 
individually over time.

Low reproduction prevailed at Si28 (mean 
number of 325 neonates), a point which is 
contaminated mainly by inputs from rice crops, 
tanneries, sand dredging, and an agricultural 
pesticide plant. A similar response was seen in a 
previous study (Feiden and Terra, 2009), when a 
low number of offspring occurred in 79% of the 
samples. This site sometimes presented Cu above 
the CONAMA standard, and at other times it was 
detected within Brazilian legal limits. Moreover, 
pesticides with different active principles are known 
to be discharged directly or indirectly into this river 
(CRQ, 2008), and could have contributed to the 
drop in survival and to the reproduction of aquatic 
biota. At this site, delaying events were observed at 
the beginning of reproductive activity in 50% of 

2013, vol. 25, no. 1,  p. 19-33   27



 Terra, NR. and Gonçalves, SP. Acta Limnologica Brasiliensia

and on two at Si48 (0.144 mg.L–1 – Dec/08 and 
0.336 mg.L–1- Apr/09), and presented high values 
in all samples. According to CONAMA (2005), the 
value accepted for Class 3 waters should be below 
0.022 mg.L–1. Although this byproduct of industrial 
processes is not cumulative, it is toxic for aquatic 
fauna. According to David et al. (2010) cyanide has 
an asphyxiating effect interfering strongly in the 
respiratory rate and in enzyme activity.

Parameters that are not in conformity with 
CONAMA may cause effects observed in the 
reproduction and survival of the species exposed. 
The main environmental changes, which coincided 
with reproductive delays, were the presence of E. 
coli and P above the standards and DO below the 
legally advised standards, all of them related to 
anthropic contamination. P is an essential element 
for species development, but excessive amount in 
the environment suggests the presence of sources of 
contamination, such as sewers and/or agriculture.

The effects of non metallic elements may also 
trigger processes that interfere in the development of 
the microcrustaceans, as in the case of Phosphorus, 
which runs into the rivers through entrainment of 
soils that have been treated for crops. Ballantine et al. 
(2009) suggest that due to the uses of soil entrained 
into the rivers, the P content is more important than 
its physical properties. When He and Wang (2008) 
compared diets rich and poor in P, they found that 
this element speeds up the passage of the nutrients 
in the gut, leading to greater growth of the species. 
At this time it is necessary to consider that when 
the P element was present in high values, there was 
no stimulus for growth, probably due to the toxic 
elements that that come with it in the effluents 
and soils entrained, since other parameters were 
also present at least one at of the sites, with values 
above those recommended by CONAMA (2005). 
It also became clear that the delay at the beginning 
of reproductive activity does not depend on the level 
of survival of the replicas, and chronic activity is 
clearly marked even in the absence of acute action, 
through the response of the organism to constant 
pollutants, even if at low levels. Phenols and their 
byproducts are toxic for D. magna (Keen and 
Baillod, 1985; Kühn et al., 1989) and in this study 
reproductive delay is reported concomitant to the 
high phenol content.

Evaluating the results of metal analyses at each 
site, at least three types of metals were found even if 
sometimes their value was the legally recommended 
level. Since metals are conservative pollutants, they 
may accumulate constantly in the biota even at 

Correlation (p<0.05) between reproduction and 
survival was found only at Si48. At Si48 several 
events of reproductive delay were seen, besides 
females that did not lay after the foreseen exposure 
time (21 days).

When ANOVA was applied, it clearly indicated 
the environmental change that occurred in the area, 
since, comparing each point to the control group, a 
significant difference (p < 0.05) was found between 
births. The points of the river, however, presented 
some similarity, specifically related to the type of 
industry at the point sources of contamination 
than to a direct influence among them, since they 
are distant sites, because only Si48 presented some 
similarity to Si56 and Si08. This was underlined 
when the Spearman Correlation (p < 0.05) 
identified inverse responses between sites Si28 with 
Si38 and between sites Si44 with Si48, i.e., when 
the number of neonates increased at one of the sites, 
at the other the number of neonates diminished. 
No cause was found for this, and the rainfall was 
actually similar at Si28 compared to Si38 and at 
Si44 compared to Si48. It should be considered that 
both at Si28 and at Si38 precipitation was above the 
historical mean. No specific causes for this behavior 
were found among the parameters analyzed. On the 
other hand, the Spearman correlation (p < 0.5) was 
found for Si08 and Si44 when the survival data were 
compared. In common, the presence of Hg at values 
above those allowed by CONAMA was found for 
both points in June/08.

The difference between the sites was identified 
by single-factor ANOVA, considering the total 
number of neonates. The analysis of these groups 
was complemented using the T test, comparing 
them two by two and then, afterwards, each group 
to the control. This statistical tests pointed to a 
significant difference (p<0.05) between the control 
group and the others. On the other hand, the results 
for Si48 were similar to those of Si56 and Si08.

Along the Sinos River different pesticides 
are applied according to CRQ (2008), which 
provokes changes in the development of D. magna. 
Neurotoxic signals are observed in Daphnia magna 
when it is exposed to deltametrin (pyrethroid) 
(Ren  et  al., 2009b) used in the Sinos River, 
reinforcing the choice of the species to evaluate the 
area. Studies show that glyphosate, an herbicide 
used in the area of study (CRQ, 2008) is toxic for 
fish, organisms that occupy high levels in the trophic 
chain and whose food base are microcrustaceans.

Sampling was performed to evaluate cyanide on 
one occasion at site Si44 (0.050 mg.L–1- June/09) 
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reduction in size, beginning with the second brood 
of Moina monogolica Daday was observed by 
Wang et al. (2007) when there was exposure to the 
same metal. Samples of the Sinos River induced a 
delay in reproduction at Si28 and Si48 when Cu 
was present at concentrations above the legally 
recommended level.

De Schamphelaere and Janssen (2004) observed 
that responses related to the reproductive process are 
more intense than in the survival of this species due 
to the presence of Cu. In this study acute action of 
the sediment samples occurred in the presence of 
Cu at high doses at sites Si28 (Dec/07) and Si48 
(Dec/08 and Feb/09). De  Schamphelaere  et  al. 
(2007) further mentions that the ingestion rate 
of Daphnia magna exposed to Cu is inhibited and 
the metabolic cost rose in order to inhibit the stress 
caused by metal, leading to the reduction of the 
reproductive and growth processes.

The same must be said about the zinc that 
conformed with legal standards only in the Class 3 
areas (Si08, Si38, Si44 and Si48), which does not 
aim at the full conservation of the biota and accepts 
a higher value for this metal (5 mg L–1). Sometimes 
Zn exceeded legal standards (0.18 mg L–1) at Si56. 
This metal, when accumulated in the sediment, 
is easily released by grazing daphniids (Twiss 
and Campbell, 1995). In healthy quantities 
it is important for the reproductive process 
(De Schamphelaere et al., 2004), but at high doses 
it can cause reproductive problems in fauna, as seen 
by Terra and Schäfer (2000).

 Iron, another essential nutrient at high doses, 
can physiological changes besides provoking 
significant changes in the structure and function 
of lotic ecosystems. This metal was detected in all 
samples of Si44 and Si56, with a value above the 
legal level. Van Anholt et al. (2002) describe the 
presence of sublethal effects, such as the strong 
reduction of the viability of offspring, caused by 
iron in D. magna.

Vuori (1995) reported that the precipitates 
of Fe on animals may be the cause of qualitative 
and quantitative changes in the feeding behavior 
of the fauna. When Fe was at higher values than 
the CONAMA standard, it was involved in 
reproductive delays and low number of neonates, 
but it did not influence the survival of the test 
organisms. Van  Anholt  et  al. (2002) reported a 
strong reduction in offspring viability, reduced 
growth and high mortality in Daphnia magna 
when there was an excess of Fe. According to the 
same author, it is possible that it is possible that 

admissible values. Heavy metals present in the river 
varied along the course and may have interfered in 
the quality of life of the cladocera, contributing to 
the lower reproduction of the test-organisms and/
or sometimes death. Pb was a frequent finding, 
but in medium amounts and SD within legally 
recommended level for Si08, Si28 and Si44. At 
Si56 the metal was detected only in one of the 
samples, when its value was very high compared 
to the CONAMA standard, which placed the SD 
above the legally recommended level. While for 
Si56 (Class 2) the CONAMA standard required 
corresponds to 0.01 mg.L–1, at the other points the 
presence of this metal is accepted at 0.033 mg.L–1 
since, belonging to Class 3, its purpose is not the 
protection of aquatic communities.

Toxicity tests performed exposing Daphnia 
magna to Pb showed that this metal is more toxic 
to the species, compared to Cyclop spp, and that the 
toxic effect may be provoked by food or by contact 
(Offem and Ayotunde, 2008). The same authors 
suggest that 0.19 mg L–1 is potentially dangerous 
for D. magna and lethal beginning at 1.65 mg L–1. 
The Sinos River presented various events of 
contamination by Pb, sometimes exceeding the 
value the value legally recommended in Brazil, and 
at others with legally accepted values, as seen in Si44 
(Dec/07-0.033 mg.L–1, Apr/09-0.005 mg.L–1), Si08 
(Apr/08-0.006 mg.L–1), Si28 (Dec/07-0.01 mg.L–1, 
Apr/08-0.021 mg.L–1). The metal was not detected 
at Si48 and Si38.

Other metals found in this river were Cu and 
Zn, responsible for the low survival of D. magna. 
Whereas zinc presented low values with a mean and 
SD within the legally allowed range, Cu presented 
a mean value and a very high SD at Si48. Si44 and 
Si28 presented an SD above the the Brazilian legal 
level. On one occasion Si56 presented double the 
accepted limit (Apr/08-0.018 mg.L–1) with a view 
to conserving the biota. According to Gillis et al. 
(2006) sediment contaminated by Cu and Zn 
is responsible for mortality higher than 50% in 
exposure tests with D. magna ascribing the action 
to the water overlying the sediment. Delay in the 
first reproduction (12th day of exposure) was 
described by De  Schamphelaere  et  al. (2007) 
when Daphnia magna was exposed to Cu. In the 
same study the author cites the 50% reduction of 
reproduction due to this metal. Changes in the 
life cycle of the copepoda Notodiaptomus conifer 
(SARS), especially in fertility and the first egg 
sac of copepoda were recorded by Gutierrez et al. 
(2010) when they were exposed to Cu. Progressive 
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(Si44), and standard deviation (Si44 and Si56) were 
observed, above the legal level. Lasier et al. (2000) 
indicated municipal and industrial discharges as 
sources of MN releases.

Nickel presented high results only in Si48, 
when both the mean and the standard deviation 
were above the CONAMA standard. Evens et al. 
(2009) reported this metal as responsible for the 
reduction of the first brood, size of organism and 
increased mortality. Similar results were presented 
by Vandenbrouck et al. (2011) when they found 
a decrease in the number of offspring born from 
organisms exposed to Nickel. In this study Nickel 
was present in episodes of delay and absence of 
reproduction among the test organisms.

5. Conclusion

Comparing this study to previous ones, it can be 
seen that the responses of the Sinos River oscillate 
constantly. So far the quality has not recovered, 
although a growing number of companies in the 
area have adopted effluent treatment.

The chronic assays performed using Daphnia 
magna, in sediment samples from the Sinos River 
indicate that the contamination present in the Sinos 
River samples induces sub-lethal toxic effects in the 
test-organisms.
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