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Abstract

The Sinos River, in southern Brazil, is polluted by industrial discharges and untreated urban wastes. Fish genotoxicity 
biomarkers are valuable parameters for environmental risk assessment. In this study, we used the comet assay to detect 
genotoxicity due to multiple sources of pollution in the peripheral blood of a native fish species (Hyphessobrycon 
luetkenii). In addition, we analysed possible DNA damage from aluminum, lead, chromium, copper, nickel, iron and 
zinc contamination. Water samples were collected seasonally from three sampling sites and the fish were assessed 
under laboratory conditions. Water chemical analysis showed an increased level of aluminum and iron in most of 
the samples at sites 2 and 3, located in the middle and lower river course, respectively. The index of DNA damage 
assessed by the comet assay demonstrated no significant differences in different seasons or at the different sampling 
sites, while the frequency of cells with DNA damage was higher in water samples collected at sites 1 and 2 during the 
spring season. None of the metals studied seems to be associated with the increase in the frequency of cells with DNA 
damage observed during the spring season. The results of this study indicate that the Sinos River is contaminated with 
substances that are genotoxic to fish, including the waters near the river spring.

Keywords: genotoxicity, river pollution, biomarkers, metals.

Avaliação da genotoxicidade da água do rio dos  
Sinos utilizando o ensaio cometa em peixes

Resumo

O rio dos Sinos, no sul do Brasil, é poluído tanto por descargas industriais como por resíduos urbanos não tratados. Os 
biomarcadores de genotoxicidade em peixes são parâmetros valiosos para a determinação de risco ambiental. Neste 
estudo, utilizamos o ensaio cometa em sangue periférico de um peixe nativo (Hyphessobrycon luetkenii) para detectar 
a genotoxicidade devido a múltiplas fontes de poluição. Além disso, analisamos a possível influência da contaminação 
por alumínio, chumbo, cromo, cobre, níquel, ferro e zinco sobre o dano de DNA. Amostras de água foram coletadas 
sazonalmente em três pontos de coleta e os peixes foram expostos sob condições de laboratório. A análise química da 
água mostrou níveis elevados de alumínio e ferro na maioria das amostras dos pontos 2 e 3, localizados nos cursos médio 
e inferior do rio, respectivamente. O índice de dano de DNA estimado pelo ensaio cometa não demonstrou diferenças 
significativas tanto entre estações como entre pontos de coleta, enquanto que a frequência de células com dano de 
DNA apresentou valores superiores nas amostras de água coletadas durante a primavera nos pontos 1 e 2. Nenhum dos 
metais estudados parece estar associado com o aumento na frequência de células com dano de DNA observado durante 
a primavera. Os resultados deste estudo indicam que o rio dos Sinos está contaminado com substâncias genotóxicas 
para os peixes, incluindo as águas próximas à nascente do rio.

Palavras-chave: genotoxicidade, poluição de rios, biomarcadores, metais.
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results. Moreover, genotoxicity assays in fish erythrocytes 
has not been used to evaluate the genotoxic impact of 
environmental pollutants from Sinos River water. The 
present work aimed to assess the genotoxic effects in fish 
exposed to samples from the Sinos River as well as to 
evaluate DNA damage from aluminum, lead, chromium, 
copper, nickel, iron and zinc contamination.

2. Materials and Methods

2.1. Sampling sites

Three sampling sites were selected in the Sinos 
River, with different levels of chemical impact. Sampling 
site 1, located near the river spring (29° 43’ 26” S and 
50° 16’ 46’’ W, town of Caraá), was expected to be an 
uncontaminated location and was used as the reference 
site. The two impacted sites were located in the town of 
Parobé (29° 41’ 5” S and 50° 50’ 52” W, sampling site 2) 
in the middle river course and in the town of Sapucaia do 
Sul (29° 47’ 53” S and 51° 11’ 24” W, sampling site 3) in 
the lower river course. Samples were collected four times 
at each site (seasonally) from November 2007 to July 
2008, months which respectively correspond to spring 
and winter in the southern hemisphere.

2.2. Test organisms

The indigenous fish species Hyphessobrycon luetkenii 
(Boulenger, 1887) (Characidae) was selected for the 
exposure tests and the specimens were obtained from a 
local fish farm. Healthy fish were randomly divided into 
three groups of about 12 specimens and placed in a 9-L 
aquarium, with well-oxygenated, dechlorinated tap water 
at room temperature, for a 48 hours acclimatisation period; 
they were then released into aquariums with water from 
each sampling site within 4 hours after sampling. The 
exposure period was 48 hours with no food supply. 

2.3. The comet assay

After the exposure period, the comet assay was performed 
on peripheral erythrocytes, according to Tice et al. (2000). 
Slides were pre-coated with normal melting point agarose. 
A mixture of 5 µL of blood sample collected from caudal 
veins of fish with 95 µL low melting point agarose (0.7%) 
was added to the slide and immediately covered with a 
coverslip and then kept for 10 minutes in a refrigerator 
to solidify. After solidification of the gel, coverslips were 
gently removed and the slides were immersed in cold, 
freshly made lysing solution (2.5 M NaCl, 100 mM EDTA, 
10 mM Tris, pH 10.2, to which 1% Triton X-100 and 10% 
DMSO had been added) and refrigerated at 4 °C for 1-24 
hours. After the lysis, the slides were placed in a horizontal 
electrophoresis box side by side. The tank was filled with 
fresh electrophoresis buffer (300 mM NaOH, 1 mM EDTA, 
pH > 13) at 4 °C. The liquid covered the slides, which 
were then left in the solution for 20 minutes before the 
power was turned on. Electrophoresis was performed at 
25 V and 300 mA (~0.95 V/cm) for 20 minutes. The steps 
above were carried out under red light to avoid induction 

1. Introduction

The biodiversity of surface waters and freshwaters 
constitutes a valuable natural resource, in economic, 
cultural, aesthetic, scientific and educational terms. Their 
conservation and management are critical to the interests 
of all humans, nations and governments (Dudgeon et al., 
2006). In densely populated countries, most or all rivers 
will receive huge amounts of waste derived directly from 
industry, agriculture and urban settlements or indirectly 
from the atmospheric deposition of airborne emissions 
(Frenzilli et al., 2009), and hence be contaminated with 
complex, ill-defined mixtures of chemicals. Most freshwater 
organisms will be exposed, to varying degrees, to this 
contamination and little is known about whether or not 
species are adversely affected by the chemicals present 
in their environment (Sumpter, 2009).

In order to assess exposure to or effects of environmental 
pollutants on aquatic ecosystems, there is a suite of fish 
biomarkers which may be examined. Genotoxic parameters 
are currently among the most valuable fish biomarkers for 
environmental risk assessment (Oost et al., 2003). The 
analysis of DNA alterations in aquatic organisms has been 
shown to be a highly suitable method for evaluating the 
genotoxic contamination of environments, being able to 
detect exposure to low concentrations of contaminants in 
a wide range of species. The comet assay or single cell 
gel electrophoresis has found wide application as a simple 
and sensitive method for evaluating DNA damage in fish 
exposed to various xenobiotics in the aquatic environment 
(Dhawan et al., 2009; Frenzilli et al., 2009). 

Among the myriad of organic and inorganic substances 
released into aquatic ecosystems, heavy metals have received 
considerable attention due to their toxicity and potential 
to bioaccumulate at various trophic levels (Szefer et al., 
1990). When assessing genotoxicity in fish, heavy metals 
have been considered as one of the major group of elements 
inducing DNA damage (Vargas et al., 2001; Valko et al., 
2006; Barbosa et al., 2009).

In Rio Grande do Sul, Brazil’s southernmost state, 
approximately 1.2 million inhabitants and a large number 
of different types of industry (including metallurgical 
companies and tanneries) depend on the Sinos River 
basin for water supply. The Sinos River is 190 km long 
and originates at an altitude of 740 m and flows into 
Guaíba Lake, near the city of Porto Alegre, the state 
capital. In the downriver direction, the river is divided into 
upper, middle and lower courses, following a gradient of 
pollution. The Sinos River in the upper course has low 
demographic density and suffers moderate impacts from 
small amounts of agricultural waste and relatively little 
influence from domestic sewage. The middle course has 
a major impact and has a larger number of inhabitants. 
In the lower course the demographic density is high and 
the river is heavily impacted by domestic and industrial 
sewage (FEPAM, 1999).

Studies investigating the genotoxicity of water samples 
collected from the Sinos River have yielded conflicting 
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3. Results

The results of water analyses for the three sampling 
sites are shown in Table 1. The heavy metals Al, Fe and Zn 
were detected in most samples at the three sampling sites. 
The occurrence of Pb, Cr, Cu and Ni was less frequent. 
Cu was not detected at site 1, but it was present in the four 
samples from site 3 and in two samples from site 2. Cr 
was found in only one sample (site 3 in the winter). At the 
three sampling sites Pb, Cr, Cu, Ni and Zn showed lower 
concentrations than the accepted levels established by 
the Brazilian environmental legislation for Class 1 water, 
while Al and Fe contents frequently exceeded the limits 
allowed at sites 2 and 3.

The DNA damage index estimated by the comet assay 
carried out on H. luetkenii erythrocytes showed no significant 
differences between sampling sites and sampling periods 
(Table 2). Table 3 shows that the percentage of cells with 
damaged DNA was not different between sampling sites in 
the four sampling periods. However, there were significant 
differences between sampling periods at sampling sites 1 
(p = 0.04) and 2 (p = 0.0001). Spring showed higher values 
than autumn at site 1, while at site 2, Spring showed higher 
values than all the other three sampling periods.

4. Discussion

With increased concerns regarding the genotoxicity of 
pollutants, the use of sensitive bioassays may be a valuable 
tool to screen the genotoxicity of contaminated rivers. Studies 
investigating Sinos River water genotoxicity have yielded 
both positive and negative results. Vargas et al. (2001) 
found absence of mutagenic activity in the Salmonella/
microsome test and presence of genotoxic activity in 

of DNA damage. After electrophoresis, the slides were 
gently removed from the tank, and neutralising buffer 
(0.4M Tris, pH 7.5) was added to the slides dropwise three 
times, letting it sit for 5 minutes each time. The slides 
were rinsed three times with distilled water, air dried for 
at least 24 hours, and then fixed and stained with silver 
stain according to Nadin et al. (2001). 

For evaluation of DNA damage, 100 cells per individual 
were analysed under an optical microscope at 400x 
magnification. The cells were scored visually according to 
tail length into five categories, from undamaged (Type 0), 
to complete damage (Type IV) (Anderson et al., 1994). 
The extent of DNA damage was expressed as the mean 
percentage of cells with medium, high and complete 
damaged DNA, which was calculated as the sum of cells 
with damage types II, III and IV (Palus et al., 1999). From 
the arbitrary values assigned to the different categories 
(from Type 0  =  0 to Type IV  =  4), a genetic damage 
index was calculated for each fish (Pitarque et al., 1999). 
Therefore, the total score per individual ranged from 0 (all 
undamaged) to 400 (all maximally damaged).

2.4. Water chemical analysis 

Immediately after collection, water samples were 
analysed to determine the levels of aluminum, lead, 
chromium, copper, nickel, iron and zinc according to 
APHA (1998). 

2.5. Statistical analysis

Statistical analysis was performed using ANOVA, 
followed by Duncan’s multiple comparison test when 
appropriate. All analyses were carried out using the Statistical 
Package for the Social Sciences (SPSS) 15.0 for Windows, 
considering a significance level of p ≤ 0.05.

Table 1. Levels of heavy metal present in the water samples collected from the Sinos River in different sampling periods.

Legislationa
Al Pb Cr Cu Ni Fe Zn

0.1 0.01 0.05 0.009 0.025 0.3 0.18

Spring Site 1 0.02 nd nd nd 0.006 0.05 0.01

Site 2 0.56 nd nd nd 0.01 1.23 0.01

Site 3 0.48 0.01 nd 0.01 0.02 1.74 0.04

Summer Site 1 0.05 nd nd nd nd 0.08 0.01

Site 2 0.59 nd nd 0.002 nd 1.93 0.01

Site 3 0.05 nd nd 0.004 nd 1.13 0.01

Autumn Site 1 0.16 nd nd nd nd 0.10 0.01

Site 2 1.43 nd nd 0.0025 nd 1.76 0.01

Site 3 1.36 nd nd 0.0042 nd 1.96 0.02

Winter Site 1 nd nd nd nd nd 0.23 nd

Site 2 0.18 0.0015 nd nd nd 0.66 nd

Site 3 2.00 0.004 0.04 0.04 0.01 6.88 0.08
aMaximum values in mg/L allowed by Brazilian legislation – resolution 357/2005 of the National Environment Council 
(CONAMA) for Class 1 water. nd  =  Not detected by the method.
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In the present study the chemical analysis of the water 
showed presence of metals in the examined Sinos River 
water samples. The data obtained were compared with 
the values established by the Brazilian Environmental 
Standards. The results of this work indicate that the river 
receives the discharge of heavy metals rich in industrial 
effluents from the industries of the Sinos River basin. 
However, the levels of lead, chromium, copper, nickel and 
zinc were lower than the legally established concentrations 
for Class 1 water. Al and Fe exceeded the accepted limits in 
most of the water samples from sites 2 and 3. Aluminum, 
although it is not a heavy metal, was included in this work 
due to its toxicity to fish. Aluminum can lead to heavy 
loss of electrolytes, extreme gill damage and circulating 
collapse in fish (Savory and Wills, 1991)

From the two parameters of genotoxicity estimated 
by the comet assay in H. luetkenii erythrocytes, only the 
frequency of cells with higher level of DNA damage showed 
significant difference in relation to the sampling period. 
That result suggests that in the spring season, the potency 
of genotoxicans in the Sinos River was higher than in other 
sampling periods, both near the river spring (site 1) and in 
the middle river course (site 2). However, the increase in 
that parameter of genotoxicity does not seem to be related 
to differences between sampling periods regarding the 
presence or concentration of the heavy metals analysed. 
The methods used to evaluate genotoxicity in the present 
study, as well as in other studies, have the advantage of 
detecting and quantifying the genotoxic impact without 
requiring a detailed knowledge of the identity and of the 

the microscreen phage-induction assay. Moreover, Terra 
et al. (2008) and Jacociunas et al. (2010) did not observe 
genotoxic effects using the micronuclei analysis in the V79 
cell line (Chinese hamster lung) and the wing Somatic 
Mutation and Recombination Test (SMART) in Drosophila 
melanogaster, respectively.

Fishes are excellent specimens for the study of the 
mutagenic potential of contaminants present in water 
samples since they can metabolise, concentrate and 
store waterborne pollutants. They can serve as useful 
genetic models for the evaluation of pollution in aquatic 
ecosystems (Elliott et al., 1988). The comet assay has been 
used successfully to investigate the effects of genotoxic 
pollutants on the integrity of DNA (Dhawan et al., 2009; 
Frenzilli et al., 2009). Evaluation of Sinos River water 
genotoxicity using the comet assay in fish was performed 
for the first time in the present study.

As a consequence of industrial production, a large 
quantity of toxic material is released into surface waters. 
Due to the elevated concentrations of metals present in many 
types of wastewaters, metals are ubiquitous contaminants in 
aquatic ecosystems (Roche and Boge, 1996); therefore, they 
are among the most intensely studied contaminants. They 
do not only deteriorate the physicochemical equilibrium 
of the aquatic body, but they also disrupt the food web and 
bring about morphological, physiological and cytogenetic 
changes in aquatic inhabitants. Genotoxic studies on 
aquatic organisms exposed to polluted waters containing 
heavy metals have implicated DNA damage (Vargas et al., 
2001; Matsumoto et al., 2006; Yadav and Trivedi, 2009; 
Barbosa et al., 2009).

Table 2. Damage index estimated by the comet assay (mean ± standard deviation) in H. luetkenii erythrocytes exposed to 
water samples from the Sinos River.

Sampling 
site

Sampling period
p

Spring Summer Autumn Winter
Site 1 54.3 ± 26.0 (10) 58.1 ± 14.5 (12) 64.6 ± 11.3 (9) 69.5 ± 14.2 (11) 0.20

Site 2 71.7 ± 34.7 (10) 64.6 ± 7.4 (12) 60.6 ± 9.8 (13) 65.3 ± 17.9 (8) 0.61

Site 3 50.8 ± 21.9 (10) 60.8 ± 16.0 (12) 66.4 ± 16.9 (12) 62.5 ± 15.0 (11) 0.22

p 0.22 0.49 0.54 0.57

The number of fish analysed in each sample is presented between brackets. P values referring to ANOVA between sampling 
sites in the same season (last line) and between seasons at the same sampling site (last column).

Table 3. Percentage of cells of H. luetkenii with damaged DNA observed in the comet assay (%, mean ± standard deviation) 
after exposure to water samples from the Sinos River.

Sampling 
site

Sampling period
p

Spring Summer Autumn Winter
Site 1 8.1 ± 8.1a (10) 5.8 ± 4.5ab (12) 1.8 ± 4.3b (9) 2.7 ± 3.2ab (11) 0.04

Site 2 14.3 ± 13.0a (10) 2.8 ± 3.1b (12) 0.4 ± 1.1b (13) 2.4 ± 2.6b (8) 0.0001

Site 3 6.4 ± 7.1 (10) 5.7 ± 7.9 (12) 1.1 ± 1.9 (12) 2.5 ± 4.2 (11) 0.10

p 0.18 0.35 0.46 0.97

P values referring to ANOVA between sites in the same sampling period (last line) and between seasons at the same site (last 
column). Samples marked with different letters have significant difference between seasons at the same sampling site.
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models. Cell Biology and Toxicology, vol. 25, p. 5-32.
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environments. Mutation Research, vol. 681, p. 80-92.
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Monitoramento das águas superficiais do Rio dos Sinos. FEPAM/
CORSAN/DMAE.

JACOCIUNAS, LV., DIHL, RR., LEHMANN, M., REGULY, ML. 
and de ANDRADE, HH. 2010. Recombinagenic activity of water 
and sediment from Sinos River and Araçá and Garças Streams 
(Canoas, Brazil), in the Drosophila wing spot test. Science of the 
Total Environment, vol. 408, p. 571-577.

LAMBOLEZ, L., VASSEUR, P., FERRAD, JF. and GISBERT, 
T., 1994. The environmental risks of industrial waste disposal: an 
experimental approach including acute and chronic toxicity studies. 
Ecotoxicology and Environmental Safety, vol. 28, p. 317-328.

LOPEZ, LC., BASSI, M., TZICAS, E., MORETTON, J., 1998. 
Genotoxicity study of a leather tannery’s waste waters. Journal 
of the Society of Leather Technologists and Chemists, vol. 82, 
p. 159-161.

MATSUMOTO, ST., MANTOVANI, MS., MALAGUTTII, 
MIA., DIAS, AU., FONSECA, IC. and MARIN-MORALES, 
MA., 2006 Genotoxicity and mutagenicity of water contaminated 
with tannery effluents, as evaluated by the micronucleus test and 
comet assay using the fish Oreochromis niloticus and chromosome 
aberrations in onion root-tips. Genetics and Molecular Biology, 
vol. 29, p. 148-158.

MATSUMOTO, ST., MANTOVANI, MS., MALLAGUTI, MI. and 
MARIN-MORALES, MA., 2003. Investigation of the genotoxic 
potential of the waters of a river receiving tannery effluents by means 
of the in vitro comet assay. Cytologia, vol. 68, p. 395-401.

MITTEREGGER, H., SILVA, J., ARENZON, A., PORTELA, CS., 
FERREIRA, ICFS. and HENRIQUES, JAP., 2007. Evaluation of 
genotoxicity and toxicity of water and sediment samples from a 
Brazilian stream influenced by tannery industries. Chemosphere, 
vol. 67, p. 1211-1217.

physical/chemical properties of the contaminants present 
(Frenzilli et al., 2009). 

Leather processing is an important economic activity in 
the Sinos River basin. Among tannery effluent constituents, 
chromium has been accounted for the genotoxicity observed 
in streams affected by tanneries (Lopez et al., 1998; 
Chandra et al., 2004; Çavaş and Ergene-Gözükara, 2005; 
Matsumoto et al., 2003, 2006; Mitteregger et al., 2007). 
Matsumoto et al. (2006) found genotoxic effects on 
erythrocytes from fish exposed to water taken from sites 
where the total chromium concentration was 0.01 mg/L. In 
our study, the levels of chromium were below the detection 
limit, except for the winter water sample from site 3, which 
presented a chromium concentration of 0.04 mg/L. Despite 
the presence of chromium, no increase in genotoxicity 
was observed. To explain differences among studies of 
chromium-contaminated rivers, in addition to differences 
in exposure time, biomarkers and test organisms, additive, 
synergistic, or antagonistic interactions among the chemicals 
should be considered (Lambolez et al., 1994).

The findings highlighted the value of genotoxicity 
biomarkers as sensitive parameters of environmental 
pollutant contamination and their importance in the 
biomonitoring of aquatic ecosystems. It is possible that 
the changes registered by the comet assay parameter may 
be attributed to the exposure of fish to substances other 
than those metals measured in water samples. Because 
the contaminants in aquatic environments seldom occur 
as single chemicals, both the metals detected in our 
study and other classes of environmental contaminants 
are likely to induce genotoxic damage in the study area. 
White and Rasmussen (1998) present evidence to support 
the contention that despite the noteworthy genotoxicity 
of some industrial wastewaters, domestic wastewaters 
constitute a greater genotoxic hazard to aquatic systems and 
their associated biota. If we consider that most domestic 
wastewaters in the Sinos River basin receive no treatment, 
it is the domestic sources of contamination that should be 
investigated and controlled.
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