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Abstract 

Agriculture residues and domestic effluents are contaminants that reach aquatic ecosystems leading to toxic effects to 
environment and human health. These contaminants impacting mainly developing countries, due to precarious treatment of 
effluents and lack of legislation in the use of pesticides. Perequê River (South of Brazil) is impacted by pesticides (mainly 
glyphosate) and domestic effluents. The aims of this study were to analyze the concentration of glyphosate in water and 
sediments of Perequê River; and to evaluate the sublethal effects of the river contamination in Astyanax altiparanae using 
biomarkers. A sampling of water, sediment and fish were carried out in Perequê River (November/2016). The samples were 
collected in two sites, site 1 (S1) that is located on agriculture area and water catchment point; and site 2 (S2) located on the area 
with a domestic effluents influence. Water and sediment samples were used to glyphosate quantification. Fish were collected 
and tissues (brain, muscle, liver) were used to biochemical and genetic biomarkers. Glyphosate were quantified in S1, which 
is impacted by agriculture. Alterations in the liver biomarkers were not observed between the sites. However, the decrease in 
the AChE activity was observed in the S2, showing that the mixture of contaminants (urban and agriculture contaminants) can 
lead to anticholinesterasic effects. The sublethal effects observed can be a threat of environmental and human health.  
Key-words: Biomarkers; Domestic effluents; Glyphosate; Perequê River.   

INTRODUCTION

Anthropogenic activities have been caused the 
contamination of aquatic ecosystems and studies that evaluate 
this contamination and their toxic effects to the environment 
are increasingly required (Vieira et al., 2017). Agriculture, is 
one of this activities that results in several negative impacts 
to the environment such as soil degradation, deforestation 
and the soil and water contamination due to the use of the 
fertilizers and pesticides (Ren et al., 2018).

The pesticides are used since the 1940s in order to control 
the pests and increase of the food production improving the 

economic status of the countries. However, studies have been 
shown that its excessive use can cause environmental and 
human health problems (Plaza et al., 2019). 

Therefore, due to the toxic effects of these substances, some 
pesticides as the DDT (organochlorine) and more currently 
the glyphosate (organophosphorus), were banned in several 
countries (Lan et al., 2019). Moreover, DDT is still used in 
Africa to control the malaria disease and the glyphosate is still 
used for agriculture in Latin America and USA (Yohannes et 
al., 2017). 

Brazil is one of the most countries that produce and use 
pesticides to control pests in agriculture; and glyphosate, 
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which is mainly used to rice, corn and soya planting has been 
showed several toxic effects such as cancer and risk to human 
health (Caldas, 2016), ovarian alteration and oxidative stress in 
mice (Ren et al., 2018); reproductive, epigenetic and behavior 
effects in fish (Smith et al., 2019). Despite the negative impacts 
caused by this chemical, there is still any Brazilian regulation 
of the maximum limits for these substances in drinking water 
or in aquatic organisms tissues.

In addition to the pesticide contamination in aquatic 
ecosystems, the indiscriminate discharge of domestic 
and industrial effluents in the water bodies, mainly seen 
in developing countries, also result in the environment 
contamination (Bueno-Krawczyk et al., 2015). These 
effluents are composed by a mixture of contaminants (e.g. 
pharmaceuticals and personal care products); and several 
studies have been reported the accumulation of these 
substances and toxic effects in aquatic organisms (Álvarez-
Muñoz et al., 2019).

 Perequê River is located in Santa Catarina South of Brazil; 
which is used for water supply and is highly impacted by the 
rice cultivation (herbicides) and surroundings settlements 
(urban domestic effluents). These negative impacts in this 
water body can cause degradation of this ecosystem and 
problems to human health (Oliveira et al., 2019).  

In order to monitor impacted environments, as Perequê 
River, ecotoxicological studies have been using biological 
models to evaluate the response of organisms to the 
contamination. Fish are a good biological model because they 
are constantly exposed to the environmental conditions and 
distributed in various trophic levels. Astyanax altiparanae 
(Garutti & Britski, 2000) Teleostei, Characidae, is a freshwater 
fish with a wide distribution in the Neotropical region; and 
presents an ecological and economic importance (Bertolucci 
et al., 2008). In addition to the biological model, the use of 
biomarkers is an advantageous tool to evaluate the sublethal 
effects in different levels of organization (Guiloski et al., 2017). 
Studies that use this approach have contributed to evaluate 
toxic effects of xenobiotics and to monitor contaminated areas 
(Vieira et al., 2017).    

Therefore, the aims of this study were to determine the 
concentration of glyphosate in water and sediment samples 
from the Perequê River; and evaluate the Astyanax altiparanae 
health using biochemical and genetic biomarkers.    

MATERIAL AND METHODS

Sampling

Water, sediment and fish samples were collected in 
Perequê river (48° 37′58″ W 27°7′42″ S) in November 2016, 
the season that correspond to the rice development, after 
the herbicide spraying period (pre-harvest application). For 
the present study, two sampling sites were chosen to collect 

of the samples. The first one “Site 1” (27° 08’44.1’’S 48 
37’25.2’’W) is located on agriculture area (rice planting) and 
water catchment point upstream of the accumulation dam; 
and the second one “Site 2” (27° 08’32.8’’48 37’01.7’’W) 
is located on the area with a domestic effluents influence, 
downstream of the accumulation dam.

The water samples were taken at a depth of 30 cm 
below the water surface and stored in dark bottles. In 
order to the preservation of the water samples, the Na2S2O3 
was added and the samples were maintained at 4°C. Sediment 
samples were collected using a dredge and they were also 
maintained at 4°C (Cetesb, 2011). Both were used for chemical 
analysis of glyphosate, which were carried out 48 h later.

Immature fish Astyanax altiparanae were collected in 
both sites (Site 1: n=17; Site 2: n=14), which were weighted 
(Site 1: 4.59±1.25; Site 2: 6.69± 2.30 ), lenghted (7.12± 0.91; 
Site 2: 8.24± 0.82), anesthetized with benzocaine (0.0001%) 
and euthanized by medullar section. Brain, muscle and liver 
samples were collected to biochemical biomarkers. All 
samples were transported to the laboratory in liquid nitrogen 
and they were kept in – 80 oC until the assays. Liver samples 
were also collected for comet assay, which were kept in 
microtubes with 1 mL of fetal bovine serum, stored on dark 
and at 4 oC until the procedure.  

Chemical analysis

Water and sediment were extracted with alkaline solution, 
filtered with a 0.22 μm nylon membrane filter and analyzed 
using high performance liquid chromatography with UV 
detection (HPLC-UV). The glyphosate analysis was carried 
out using a reverse-phase Kromasil ODS C18 column and 
a mobile phase (methanol, acetonitrile, 0.02 M phosphate 
buffer; 15:5:80 - v/v/v) (Fang et al., 2014).

The flow-rate was 1.0 ml/min and the injection volume for 
each sample was 20 μL. The quantification limits (LOQ) of 
glyphosate were 60 µg L-1 for water samples and 10 µg Kg-1 
for sediment samples. 

Biochemical Biomarkers 

Muscle and brain samples were homogenized using 
phosphate buffer at pH 7.5 and centrifuged at 12000 x g for 
20 min at 4 °C. The supernatants were used to measure the 
acetylcholinesterase activity according to Ellman et al. (1961) 
modified for microplates by Silva de Assis (1998). 

Liver samples were homogenized using phosphate buffer 
at pH 7.0 and centrifuged at 15000xg for 30 min at 4°C. The 
supernatants were collected and used to measure the superoxide 
dismutase (SOD) (Gao et al., (1998), catalase (CAT) (Aebi, 
1984), glutathione peroxidase (GPx) (Paglia and Valentine, 
1967) and glutathione S-transferase (GST) (Keen et al., 1976) 
activities in order to evaluate the antioxidant system. The 
lipoperoxidation (LPO) (Jiang et al., 1992) was also analyzed 
in the liver samples in order to evaluate the lipid damage. 
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The protein quantification was measured in muscle, brain 
and liver; and preceded all biochemical biomarkers. The total 
protein concentration was quantified using bovine serum 
albumin as a standard according the methodology proposed 
by Bradford (1976).

Genetic Biomarkers

Liver samples were also used to evaluate the comet assay. 
The tissues were homogenized with 1 mL fetal bovine serum 
according to methodology proposed by Singh et al. (1988), 
and modified by Ferraro et al. (2004).

Statistical analysis

The Levene’s homogeneity test and Shapiro Wilk 
normality test were carried out for all data. In order to evaluate 
the difference of the biomarker responses in fish between the 
site samples (S1 and S2); the Student’s t Test and Mann-
Whitney test were used.  The analysis were carried out using 
software R 3.2.2 (R Core Team 2015) and the significant level 
was p<0.05. 

RESULTS AND DISCUSSION

Glyphosate concentrations in water samples were below 
of the quantification limit (>LOQ; µg L-1) for both sampling 
sites. Glyphosate concentrations in sediment samples, as 
already reported in a previous study (see Oliveira et al., 2019), 
were found in site 1 (11,7 µg Kg-1) and the concentrations 
in site 2 were below of the quantification limit (>LOQ). 
Concentrations of glyphosate have been reported in aquatic 
environments worldwide such as Argentina (Berman et al., 
2018), United States (Tush et al., 2018), Germany (Skeff et 
al., 2018) and China (Yang et al., 2015).  In Brazil, there is not 
a legislation that determines the maximum limit of glyphosate 
in sediments and in tissues of aquatic organisms. Brazil has 
been among the top three pesticide markets in the world in 
the last 10 years (Lopes and Albuquerque, 2018); and for this 
reason it is extremely necessary to implement legislation that 
monitors and controls concentrations of pesticides in aquatic 
environments, mainly glyphosate that is one of the most used in 
agriculture. In addition, Perequê River is used to water supply 
of the Porto Belo city, Santa Catarina. Due to the pesticides 
effects also to human health as an increased cell proliferation 
(Sritana et al., 2018) and neurodevelopmental disorders (Van 
Bruggen et al., 2018); monitoring and the managements of 
these residues are required. 

In the present study, glyphosate concentrations were found 
only in sediment samples. Glyphosate is readily absorbed to 
soil and studies have also detected this compound mainly in 
sediments and in higher concentrations than water samples 
(Tush et al., 2018; Van Bruggen et al., 2018). Therefore, 
benthonic species can be more affected by this pesticide.  
Several studies have reported toxic effects in aquatic organisms 
caused by glyphosate such as neurotoxicity and cardiovascular 
toxicity in fish (Roy et al., 2016); behavior changes in 

aquatic invertebrates (Hansen and Roslev, 2016); delay of 
gametogenesis in oysters (Mottier et al., 2015); imbalances 
in the hatching dynamics of egg in zooplankton (Gutierrez 
et al., 2017) and oxidative stress in polychaeta (Tarouco et 
al., 2017). In addition, the glyphosate concentrations were 
found only in the site 1. This result was expected since the 
site 1 is a riziculture area that uses this herbicide and it can be 
more impacted. In addition, the dam in the water catchment 
point favors the glyphosate precipitation and adsorption in the 
sediment of point 1. Glyphosate can reach the site 2, but in 
lower concentrations. 

The biomarkers results showed differences between sites 
when we analyzed the AChE activity in brain and muscle 
samples. The AChE activity was lower in the site 2 (Mann-
Whitney= 33.00, p= 0.003 (brain)); (t=3.14 p= 0.004 (muscle)) 
(Figure 1). The other biochemical and genetic biomarkers 
evaluated were similar between sampling sites (Table 1).

Glyphosate is known to cause neurotoxicity, by inhibition of 
acetylcholinesterase activity in fish, invertebrate and mammal 
species (Van Bruggen et al., 2018). Acetylcholinesterase 
enzyme is responsible to breakdown acetylcholine, a 
neurotransmitter. The inhibition of this enzyme can hamper 
the transmission of the nerve impulse; causing neurotoxicity 
and in result to impact on the dynamics of ecosystems (Tan 
et al., 2018).  Studies have showed the AChE inhibition 
in different organisms’ exposure to glyphosate such as 
polychaeta (Tarouro et al., 2018); fish (Gholami-Seyedkolaei 
et al., 2013); and mussels (Sandrini et al., 2013). However, 
our results showed the lower AChE activity in fish from 
site 2, which is less impacted by agriculture and glyphosate 
concentrations was not quantified. The site 2 is an urban area 
characterized by the presence of anthropic activities such as 
settlements; industries; and sewage and wastewater disposal 
in the river. Therefore, a mixture of contaminants can be 
present in this water body and several other anticholinesterases 
agents, including glyphosate, may have caused the decrease of 
the AChE enzyme. In addition, A. altiparanae is a nektonic 
species, which is not dependent on the substrate during their 
life cycle, therefore this fish may be more affected by the 
contaminants that are available in the water column (Castro 
et al., 2004).

Other studies have been shown the higher decrease 
of AChE activity in urban areas when compared with the 
agriculture areas. They also suggested that the mixture of 
contaminants could cause more stress and impairment to the 
enzyme activity (Bueno-Krawczyk et al., 2015).

The other biomarkers results not showed differences 
between site 1 and site 2. These data suggested that the fish 
were exposure to environmental stress in both sites since 
significant differences were not found. Both sites are impacted 
by anthropic activities resulting in similar responses in enzyme 
activity as well as DNA and lipid membrane damage. Vieira 
et al. (2017), also reported similar biomarkers responses when 
compared different impacted areas. Studies also showed that 
the main biomarkers responses were found seasonally and not 
spatially (Trujillo-Jiménez et al., 2011; Bueno-Krawczyk et al., 
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2015). In the present study, the water, sediment and fish samples 
were collected in a period of lower rainfall index, and then it 
is possible that the differential dynamics of the environment 
and the different response of aquatic organisms may be mainly 
seasonal. This seasonal difference influencing the Perequê 
River was observed by Oliveira et al. (2019). This seasonality 
may be due to the pesticides application and the rainfall index.  

In summary, as the Perequê River is used for water supply, 
the contamination by glyphosate and the urban contaminants; 
and the neurotoxic effects in fish is a threat to the conservation 
of this ecosystem and to human health. 
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