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SUMMARY  
 
Pesticides are constantly used to control agricultural and urban pests. However, they can contaminate watercourses 
and intoxicate aquatic organisms. The ecotoxicological effects of these contaminants can be observed in studies with 
bioindicators. This article presents a literature review on the main environmental aspects associated with pesticides 
and their toxicity to aquatic bioindicators. The search for scientific publications was carried out on the platforms 
Science Direct, Scielo, Virtual University Library and Academic Google. The information found was complemented 
with aspects related to legislation on pesticides consulted on Government platforms. The occurrence of pesticides in 
water resources has been recorded in several countries around the world, which shows the constant and inadequate 
use of these substances. This issue brings to light major challenges that involve the search for preventive and/or 
recovery measures from possible impacts on the environment, non-target organisms and human beings who are 
exposed to contamination by pesticides. The use of pesticide contamination bioindicators is essential to identify the 
effects of these substances on the environment and the sensitivity between species and different aquatic trophic 
levels. Fish constitute an excellent group of bioindicators, among them the Danio rerio (zebrafish) is the one that 
stands out in ecotoxicological studies. The most frequently observed ecotoxicological effects in fish include lethality, 
neurotoxicity, and enzymatic, biochemical, hematological and histological changes. These effects can compromise 
the survival and health of these vertebrates, interfering with the balance of aquatic environments and possibly 
impacting human health. 
 
KEYWORDS: Ecotoxicology. Fish. Toxicity. 
 
 

1 INTRODUCTION 

 

Phytosanitary products, plant protection products, or pesticides are names given to a 

group of chemical substances used to control agricultural and urban pests (PERES; MOREIRA 

2003). The use of these chemical products has become essential for the success of agricultural-

production chains aiming at increasing productivity (AMÉRICO et al., 2015). 

The use of these products in agriculture has been long described, but it was only with 

the insecticide dichlorodiphenyltrichloroethane (DDT) that in 1931 their chemical control 

effectiveness was attested, marking the beginning of the use of such substances in agriculture 

production (NUNES; RIBEIRO, 1999). 

With the Green Revolution in the 1950’s, the use of pesticides and fertilizers in 

agriculture has been intensified together with the emergence of new technologies that allowed 

productivity expansion in the fields. In that period, not only changes in traditional agricultural 

practices were observed, but also impacts on the environment and human health (MOREIRA et 

al., 2002). 

According to the latest Pesticides Commercialization Report issued by the Brazilian 

Institute for the Environment and Natural Resources (Instituto Brasileiro de Meio Ambiente e 

dos Recursos Naturais – IBAMA), the selling of formulated products containing 620,537.98 tons 

of active (chemical and biochemical) ingredients was recorded in 2019, which represented an 

increase of 12.97% in the internal sales in relation to 2018 (IBAMA, 2021a). 

The increase in consumption and use of pesticides can cause negative changes and 

impacts on the environment by the contamination of the community of living beings and 

accumulation of such substances in biotic and abiotic segments of the ecosystems (RIBAS; 

MATSUMURA, 2009). Among the main environmental compartments impacted by the 

introduction of pesticides are the aquatic ecosystems, once the occurrence of these 

contaminants in superficial and underground waters has been recorded in different countries 

(SILVA et al., 2011; TANG et al., 2013; BECKER et al., 2021; KALANTARY; BARZEGAR; JORFI, 2022).  
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According to Severo et al. (2020), water bodies close to rural areas are in general 

severely contaminated by pesticide residues, which can directly affect the equilibrium of aquatic 

ecosystems. Regarding herbicides, the main effect is observed in aquatic macrophytes, 

differently from the insecticides, whose more evident effects occur in some fish species. 

The adverse effects of pesticides can be lethal or sublethal and can reach aquatic 

organisms of different trophic levels, such as algae, microcrustaceans, molluscs, and fish species 

(AMÉRICO et al., 2015). Studies have identified behavioral, biochemical, hematological and 

histological changes provoked by the exposition of different fish species to pesticides, leading 

to damages in health and survival of these organisms (NADAN; NIMILA, 2012; AMÉRICO-

PINHEIRO et al., 2019; AMÉRICO-PINHEIRO et al., 2020). 

When consuming fish, humans are exposed to greater concentrations of these 

substances than those detected in water (SCHAFER et al., 2011). Evidences show the association 

of pesticides with increasing cancer risk, for example: stomach cancer, leukemia, and lymphoma 

(MOSTAFALOU; ABDOLLAHI, 2017). Reports reveal that pesticides can compromise the 

endocrine system, causing pulmonary discomfort and diabetes in humans (KIM; KABIR; JAHAN, 

2017; MOSTAFALOU; ABDOLLAHI, 2017). 

Fish and other organisms present in aquatic ecosystems play a useful role as pesticide 

bioindicators, thanks to their specificity to certain impacts, as countless species are 

demonstrably sensitive to certain contaminants (WASHINGTON, 1984). Thus, the use of 

bioindicators to assess environment contamination by pesticides is essential, in order to aid 

measures of identification of these substances in water, characterization of possible adverse 

effects to the biota, and proposal of strategies to recover aquatic environments. 

 

2 OBJECTIVE 

 

The objective of this article is to present a bibliographic review on the main 

environmental aspects associated with pesticides and their toxicity potential to aquatic 

bioindicators. 

 

3 METHODOLOGY 

 

The search for scientific publications on pesticides and their toxicity potential to 

bioindicators was carried out using the following research platforms: Science Direct, Scielo, 

University Virtual Libraries, and Academic Google. The information found in these platforms was 

complemented with aspects related to the Brazilian legislation on pesticides collected from 

Government platforms. 

 

4 DEVELOPMENT 

 

4.1 Pesticide general and environmental aspects 

 

Pesticides are one of the main technologies used in agriculture to protect crops from 

the harmful action of living organisms that prevent plants from growing. These commercial 
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chemical formulations contain both toxic active ingredients and inert ingredients. The toxic 

active ingredients are synthetized and carefully selected during a period of 8 to 10 years, under 

laboratory and field conditions, being toxicity their main characteristic (MACHADO et al., 2013). 

In Brazil, discussions exist concerning the adoption of the terms: plant protection 

products, phytosanitary products, pesticides, and biocides (SPADOTTO et al., 2004). Thus, Law 

7802, also known as “Pesticide Law” and dated 1989, defined the term pesticide as: 

 

a) Products and agents from physical, chemical or biological processes 

intended for use in production sectors, storage and processing of 

agriculture products, in pastures, in the protection of native forests and 

reforestation, and of other ecosystems and also urban, water, and 

industrial environments, in order to change the composition of flora or 

fauna, so as to protect them from the damaging actions of living beings 

considered harmful. 

b) Substances and products used as defoliants, desiccants, growth 

stimulators and inhibitors (BRAZIL, 1989, p. 1). 

 

The Pesticide Law, as well as other legislations, is regulated by decree and in this case, 

by Decree 4074 dated 2002. It determines the competences of the agencies in charge of 

registering such products. These agencies include the Ministry of Agriculture, Livestock and Food 

Supply (Ministério da Agricultura, Pecuária e Abastecimento – MAPA), the Brazilian Health 

Regulatory Agency (Agência Nacional de Vigilância Sanitária – ANVISA), and the Brazilian 

Institute for the Environment and Renewable Natural Resources (Instituto Brasileiro do Meio 

Ambiente e dos Recursos Naturais Renováveis – IBAMA) (BRASIL, 2002). 

According to Ribas and Matsumura (2009), these chemical substances can be classified 

as: insecticides (control of insects), fungicides (control of fungi), herbicides (control of weeds), 

defoliants (control of unwanted foliage), fumigants (control of soil bacteria), rodenticides 

(control of rodents), and acaricides (control of mites). 

The most commercialized pesticide groups are insecticides and herbicides. In 2019, the 

most commercialized pesticide formulations in Brazil were based on active ingredients such as: 

glyphosate; 2,4-dichlorophenoxyacetic acid (2,4-D); mancozeb; acephate; atrazine; 

chlorothalonil; paraquat dichloride; malathion; sulfur, and chlorpyrifos (IBAMA, 2021a). 

Regarding insecticides, the groups that stood out in relation to use and toxicity were 

organochlorine and organophosphorus compounds, carbamates, pyrethroids, and 

neonicotinoids (FIKES, 1990; SPENCER et al., 2001; TOMIZAWA; CASIDA, 2003; FLORES et al., 

2004; AMÉRICO-PINHEIRO et al., 2019; AMÉRICO-PINHEIRO et al., 2020). Regarding herbicides, 

studies involving glyphosate, 2,4-D, and atrazine are highlighted (SANTOS et al., 2015; CRUZ et 

al., 2016; RODEA-PALOMARES et al., 2015; HOU et al., 2017; TEIXEIRA et al., 2018). In this 

context, glyphosate is the most produced and applied active ingredient in the world, being 

detected in a variety of aquatic ecosystems (MARTINI et al., 2012; FARIA et al., 2021). 

Pesticides are used and applied in forests, aquatic environments, urban and industrial 

areas, agriculture and pastures, according to the recommendation of each product (RIBAS; 

MATSUMURA, 2009). After the application of a certain pesticide, physical, chemical, and 

biological processes, such as sorption, transformation, and transport, interfere in its behavior in 
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the environment, besides the interaction of these processes. Meteorological conditions, 

microorganisms present in the soil, topography, soil management, quantity of water in the 

surface are also factors that interfere in the flow and destination of pesticides in environmental 

matrices, such as soil and underground and superficial waters (EMBRAPA, 2021).  

Besides the processes that determine the pesticide environmental destination, the 

structure and properties of these contaminants can influence their displacement and flow in the 

environment (SPADOTTO et al., 2004). Pesticides not only affect organisms that live in the areas 

where they are applied, but also domestic animals, people who live nearby, workers, and 

consumers of food that may contain some kind of residue derived from these compounds 

(MACHADO et al., 2013). 

IBAMA establishes criteria that aid the rational and safe use of pesticides, in order to 

protect natural resources. Therefore, it is important to know the characteristics and 

environmental behavior of the pesticide to be registered by means of physical-chemical, 

toxicological, and ecotoxicological tests. On the basis of such information, pesticides are 

classified according to their potential for environmental hazards (potencial de periculosidade 

ambiental – PPA) in four classes that vary from I to IV, being Class I the most restrictive from the 

environmental point of view, as shown in Chart 1 (IBAMA, 2021b). 

 
Chart 1 – Classification of pesticides according to their potential for environmental hazards 

Class Potential for environmental hazards 

I Product extremely hazardous to the environment 

II Product highly hazardous to the environment 

III Product moderately hazardous to the environment 

IV Product slightly hazardous to the environment 

Source: Adapted from IBAMA (2001b) 

 

4.2 Pesticides in water resources 

 

The expansion of agricultural areas and the intensification of the use of pesticides in 
these areas promote the occurrence of pesticide residues in superficial and underground springs 
that are constantly exposed to these contaminants. These compounds can reach water 
resources by means of drainage, percolation, superficial and sub-superficial runoff, erosion, 
drift, and volatilization (SILVA et al., 2009). 

Many studies have reported the occurrence of residues of these contaminants in 
superficial and underground waters around the world, particularly in agricultural areas, thus 
compromising water quality and damaging the organisms present in these impacted 
environments (GRÜTZMACHER et al., 2008; MARSALA et al., 2020; BECKER et al., 2021). Chart 2 
lists information on pesticides detected in aquatic environmental matrices in different countries 
of the world. 
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Chart 2 – Occurrence of pesticides in water resources of several countries 

Pesticide 
Agronomic 

class 
Environmental 

matrix 
Country Reference 

Atrazine Herbicide Superficial water 

Brazil and 
Paraguay 

Becker et al. (2021) 

Spain Rodriguez-Mozaz, Alda, 
Barceló (2004) 

Carbofuran Insecticide 
Superficial water Brazil Grützmacher et al. (2008) 

Groundwater Korea Lee et al. (2019) 

Clomazone Herbicide Superficial water Brazil Grützmacher et al. (2008) 

Chlorpyrifos Insecticide 

Superficial water 
and water for 

human 
consumption  

Vietnam Wan et al. (2021) 

Fipronil Insecticide Superficial water 
Brazil Grützmacher et al. (2008) 

Vietnam Wan et al. (2021) 

Glyphosate Herbicide Superficial water Brazil Mattos et al. (2002) 

Isoprocarb Insecticide Superficial water China Chen et al. (2021) 

Propiconazole Fungicide Superficial water Malaysia Elfikrie et al. (2020) 

Simazine Herbicide Superficial water 
China Chen et al. (2021) 

Japan Tanabe et al. (2000) 

Trimetacarb Insecticide Groundwater Italy Marsala et al. (2020) 

Source: Prepared by the authors. 

 

The study of Martini et al. (2012) carried out in an agricultural area revealed the high 
potential of transport of herbicide glyphosate and insecticide carbofuran by superficial runoff, 
representing risk of contamination of superficial waters. Both herbicide glyphosate and 
insecticide carbofuran are also potential contaminants of groundwater (MARTINI et al., 2012). 

Thus, all records of the presence of pesticide residues in water resources are associated 
with high levels of industrialization, the necessity of increasing food production as population 
density increases, especially in geographic regions adjacent to the lowest parts of the water 
courses (ZAGATTO; BERTOLETTI, 2008). 

 
4.3 Ecotoxicology and pesticide bioindicators 

 

Ecotoxicology is a science that investigates the toxic effects of natural and synthetic 

compounds in living beings, including all aquatic and terrestrial communities and populations, 

and the interaction of these toxic substances with the environment (TRUHAUT, 1977). The 

toxicity of a pesticide (active ingredients of a formulation) is based on its capacity to intoxicate 

certain species or groups of species, causing damage to agricultural crops or harvested products. 

Nonetheless, these substances can be toxic to non-target organisms (MACHADO et al., 2013). 

Ecotoxicological assessment involving chemical substances can be performed via 

laboratory or field tests, using aquatic and terrestrial species. Regarding aquatic species, algae, 

microcrustaceans, and fish are the most used organisms (MANSANO; MOREIRA; ROCHA, 2013; 

CRUZ et al., 2016; AMÉRICO-PINHEIRO et al., 2020; STENSTRÖM; KREUGER; GOEDKOOP, 2021). 

The aquatic organisms used in ecotoxicological tests are considered bioindicators of 

environment contamination by pesticides. According to Arias et al. (2007), the use of 

bioindicators encompassing different trophic levels allows the identification of the level at which 

the contaminant interacts with the organisms, and which levels and species are more sensitive 

to the action of the toxic compound. 
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The species mostly used as bioindicator in ecotoxicological tests that focus on water 

quality is Danio rerio, a fish popularly known in Brazil as zebrafish. Its characteristics make this 

fish a safe model for research, as it is a small species easily kept and distributed in aquariums 

and of high fertility rate (HILL et al., 2005). D. rerio is a vertebrate increasingly used in biomedical 

research, including neurotoxicological studies, as its nervous and neurotransmitter systems are 

similar to those of humans (HORZMANN; FREEMAN, 2016).  

According to Faria et al. (2021), glyphosate concentrations present in many aquatic 

ecosystems can put fish survival in risk. These authors observed that environmentally relevant 

glyphosate concentrations lead to neurotoxic effects in D. rerio. 

Some insecticides, such as carbamates and organophosphorus compounds, are known 

to block the neuromuscular function of several organisms, that is, they act as anticholinesterase 

agents (CASIDA; BRYANT, 2017). Cholinesterases represent a group of enzymes responsible for 

the hydrolysis of carboxylic and choline esters. These enzymes are sensitive to a series of 

chemical products. Their main and most important function is to act as neurotransmitters 

(PERES; MOREIRA 2003). 

Severo et al. (2020) attested that pesticides can be transported to aquatic 

environments that are close to rural areas and can cause negative effects, such as the reduction 

in egg hatch rate and changes in heart rate and in levels of the acetylcholinesterase enzyme 

(AChE) in fish species, such as D. rerio. Both AChE and butyrylcholinesterase (BChE) are enzymes 

that exist in fish. Theoretically, glyphosate does not act as an anticholinesterase compound, but 

there are reports on AChE inhibition in fish exposed to it (MOURA et al., 2017; SANCHEZ et al., 

2017; TEIXEIRA et al., 2018).  

When AChE is blocked, an accumulation of nervous stimuli takes place in the organism, 

leading to a cholinergic hyperstimulation, which can be lethal (CALDAS, 2000). Cholinesterase 

inhibition in vertebrates can cause convulsions, unconsciousness and respiratory failure, leading 

to death. Regarding invertebrates, hyperexcitation occurs, leading to death by exhaustion 

(ČOLOVIĆ et al., 2013; CASIDA; DURKIN, 2013). For these reasons, AChE and BChE are commonly 

used as biomarkers in fish, in order to determine their exposition to pesticides. 

Besides D. rerio, other fish species are used in ecotoxicological tests with pesticides, 

such as Hyphessobrycon eques, Phallocerus caudimaculatus, Piaractus mesopotamicus (CRUZ et 

al., 2015); Cyprinus carpio (CLASEN et al., 2018; NUNES et al., 2018); Oncorhynchus mykiss 

(MCCUAIG; MARTYNIUK; MARLATT, 2020), and Oreochromis niloticus (AMÉRICO-PINHEIRO et 

al., 2020). Chart 3 list fish species used in ecotoxicological tests with pesticides and the main 

effects observed after the exposition to the contaminants. 
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Chart 3 – Fish species used in ecotoxicological tests with pesticides and observed effects 

Pesticide active 
ingredient 

Bioindicator species Ecotoxicological effects Reference 

Carbosulfan 
(insecticide) 

Rainbow trout 
(Oncorhynchus 

mykiss) 

Sublethal concentrations 
cause necrosis in liver and 

kidney 
Capkin et al. (2010) 

Glyphosate 
(herbicide) 

Hybrid sorubim 
(Pseudoplatystoma 

sp) 

Decrease in antioxidant 
activities and ascorbic acid 
levels in fish liver and brain 

Sinhorin et al. (2014) 

Atrazine 
(herbicide) 

Pacu 
(Piaractus 

mesopotamicus) 

Subchronic effects with 
changes in the gills, liver and 
in the acetylcholinestaresis 

enzyme in the brain 

Santos et al. (2015) 

Mixing of 
Cypermethrin and 

Chlorpyrifos 
(insecticides) 

Zebrafish (Danio 
rerio) and  

Carp (Cyprinus carpio) 

Acute effects such as 
increased ascorbic acid levels 

and decreased catalase 
activity  

Nunes et al. (2018) 

Imidacloprid 
(Insecticide) 

Tilapia 
(Oreochromis 

niloticus) 

Sublethal concentrations 
modify hematological 

parameters (white blood cell 
count, erythrocytes, plasma 
proteins and thrombocytes) 

Américo-Pinheiro et al. (2019) 

Carbofuran 
(insecticide) 

Tilapia 
(Oreochromis 

niloticus) 

Sublethal concentrations 
cause changes in the 

structure of the gills, necrosis 
in the liver and kidney 

Américo-Pinheiro et al. (2020) 

Source: Prepared by the authors. 

 

Despite the relatively few information available on the effects of these contaminants at 

ecological levels, mainly in sublethal concentrations and their interactions in a continuous, 

multiple exposure scenario, fish species are promising bioindicators to understand the 

environmental destination and the dynamics of pesticides in aquatic environments (PÉREZ-

PARADA et al., 2018). 

 

5 FINAL CONSIDERATIONS 

 

The occurrence of pesticides in aquatic environmental matrices in several countries 

highlights the constant and inadequate use of such substances in agricultural and urban areas. 

This issue brings to light major challenges that involve the search for preventive and/or recovery 

measures for the possible impacts on the environment, on non-target organisms, and on 

humans that are exposed to pesticides. 

The use of bioindicators to assess contamination by pesticides is essential to identify 

the effects of these substances in the environment and the sensitivity among the species and 

the different aquatic trophic levels. Fish species, such as D. rerio, constitute an excellent 

bioindicator group adopted worldwide, particularly in ecotoxicological studies. 

The ecotoxicological effects more frequently observed in the studies involving fish 

species include lethality, neurotoxicity, and enzymatic, biochemical, hematological and 

histological changes. These effects can compromise the survival and health of these vertebrates, 

interfering in the equilibrium of the aquatic environments, and possibly impacting human health 

via consumption of fish and water contaminated by pesticide residues. 
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