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Abstract
In this sense the objective of assessing the levels of pesticide poisoning in rural farmers of San Sebastian and take AL, 
using acetylcholinesterase enzymes Erythrocyte and plasma as biological indicator of intoxication. This is a prospective, 
transversal and descriptive variables analyzed were: year whose, sex, age group, education, location, condition, route of 
exposure. The data were acquired by collecting blood samples and socio demographic information of farmers. Was put 
as the determining factor the type of conventional and organic farming, and periods of drought and rainy. 56 volunteers 
were analyzed. The analyses were performed in the automatic biochemical Analyzer Cobas Integra 400 plus. According 
to the results of the analyses, it was the largest number of individuals with reduced values of cholinesterase, specifically 
the Group of conventional farming, the period of greatest change index was in the rainy season, where the activity 
of AChE, expressive values presented in the city of São Sebastião, with 80% result of intoxicated, in the city of the 
foot – take, 21.73% over the same period. On analysis of the AChP, São Sebastião has obtained the highest number of 
contaminated with 18.75% and 30% respectively, in the District Take Foot stood between 10 and 21.73% of reduced 
levels of cholinesterase. This sets the organic system of cultivation, as the best alternative for prevention of future 
diseases, in addition to bringing quality of life for rural workers, as well as for consumers.

Keywords: cholinesterase inhibitors, agrochemicals, diagnosis.

A acetilcolinesterase como indicativo de intoxicação por pesticidas em 
agricultores de cultivo convencional e orgânico

Resumo
Nesse sentido objetivou-se avaliar os níveis de intoxicação por agrotóxicos em agricultores rurais de São Sebastião e Pé 
Leve - AL, utilizando as enzimas acetilcolinesterase Eritrocitária e Plasmática, como indicador biológico de intoxicação. 
Trata - se de um estudo prospectivo, transversal e descritivo cujas variáveis analisadas foram: ano, sexo, faixa etária, 
escolaridade, local, circunstância, via de exposição. Os dados foram adquiridos através da coleta das amostras de 
sangue e das informações sócio demográficas dos agricultores. Foi posto como fator determinante o tipo de cultivo 
convencional e orgânico, e os períodos de estiagem e chuvoso. Foram analisados 56 voluntários. As análises foram 
realizadas no analisador automático de bioquímica Cobas Integra 400 plus. De acordo com os resultados das análises, 
percebeu-se maior número de indivíduos com valores diminuídos da colinesterase, especificamente no grupo de cultivo 
convencional, o período de maior índice de alteração foi na época chuvosa, onde a atividade da AChE, apresentou 
valores expressivos na cidade de São Sebastião, com resultado de 80% de intoxicados, na cidade do Pé – Leve, obteve‑se 
21,73% no mesmo período. Na análise da AChP, São Sebastião obteve maior número de contaminados com 18,75% 
e 30% respectivamente, já no Distrito Pé Leve ficou entre 10 e 21,73% de níveis diminuídos da colinesterase. Isso 
define o sistema orgânico de cultivo, como a melhor alternativa para prevenção de futuras patologias, além de trazer 
qualidade de vida para os trabalhadores rurais, como também para os consumidores.

Palavras-chave: inibidores da colinesterase, agroquímicos, diagnóstico.
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1. Introduction

Currently, Brazil is one of the largest food producers in 
the world and, also, one of the countries that consumes the 
most agrochemicals in the production methods of various 
agricultural crops, developing technologies that meet the 
export demands (Carvalho  et  al., 2017). Pesticides are 
chemicals marketed in order to contribute to agricultural 
production processes, mainly on a large scale, still defined 
by the Ministry of the Environment, as agents of chemical, 
physical and Biological (Brasil, 2018).

Exposure to pesticides has set a serious public health 
problem. Rural workers lack the protection and care of 
their health and basic information about the risks inherent 
in the use of pesticides. The hegemonic productive model 
is immersed in several types of vulnerabilities, such as the 
institutional characterized by the almost absence of local 
technical assistance and inefficient surveillance, which 
ultimately allow the acquisition of pesticides without 
agronomic prescription and inappropriate use of these 
products, especially those related to low schooling, which, 
among other consequences, lead to a lack of understanding 
of the recommendations prescribed in the leaflets of these 
products (Preza and Augusto, 2012).

In human health, the effects may be different, depending 
on the product characteristics and exposure time, and may 
in the long term cause neurological or immunological 
disorders, as well as cancer, either by direct exposure to 
agrotoxicity or consumption of Contaminated food with large 
quantities of these chemicals (Della Vechia et al., 2016).

According to Carneiro (2015), the analysis of samples 
collected in all 26 Brazilian states conducted by the program 
for the analysis of pesticide residues in food (FOR) under 
Anvisa, reveals that one third of the food consumed 
daily By Brazilians is contaminated by pesticides.Essa 
contaminação está intimamente ligada à utilização de 
agrotóxicos acima da quantidade de suporte do ambiente, 
de modo a serem quimicamente transformados quando 
absorvidos pelas plantas e solo, sendo ingeridos pelas 
pessoas por meio dos alimentos e também transportados 
para os corpos d’água pelas chuvas (Ismael et al., 2015). 
Pesticides, in general, are classified as highly harmful to 
the environment and impact to a greater or lesser extent 
human health (Piovezan et al., 2013).

Part of the pesticides used has the ability to disperse 
in the environment, and another part can accumulate in 
the human organism, including in breast milk. The milk 
contaminated when consumed by newborns can cause 
health problems, because they are more vulnerable to 
exposure to chemical agents present in the environment, 
due to their physiological characteristics and to feed, 
almost exclusively with the Breast milk up to six months 
of age (Carneiro et al., 2012).

Organophosphate and carbamates represent the main class 
of insecticides involved in poisoning cases. These compounds 
inactivate plasma and erythrocyte acetylcholinesterase 
enzymes, causing elevation in acetylcholine levels, leading 
to an acute cholinergic syndrome, with the emergence 

of muscarinic, nicotinic and nervous system signs and 
symptoms Central (CNS), being these manifestations 
dependent on the dose and the route of exposure involved 
in the occurrence (Yankovskaya et al., 2018).

It is believed that acute intoxication by acetylcholinesterase 
inhibiting insecticides is responsible for more deaths than 
any other class of chemicals. The intoxication resulting from 
occupational exposures in the workplace, particularly in 
farmers, is generally less severe (King and Aaron, 2015).

A valuable indicator of the relationship between exposure 
to pesticides and health problems is the determination of 
erythrocyte and plasma cholinesterase. The inhibition of 
these enzymes by organophosphorated compounds leads 
to the accumulation of acetylcholine, and the organism 
starts to present a series of undesirable manifestations 
(Pinto, 2017).

Anticholesterasic Agents act as inhibitors of the 
enzyme acetylcholinesterase, accumulating acetylcholine in 
cholinergic receptors, causing the post-synaptic cholinergic 
transmission does not cease at the appropriate time, thus 
leading to hyperstimulation (Araújo et al., 2016).

Cholesterases (ChEs) are enzymes hydrolases 
belonging to the Serinoesterases group, with specificity 
by choline esters, but are from a family that differs from 
serine‑proteases, presenting more identity with other 
esterases such as Carboxylesterases, microsomal esterase of 
rabbits, esterase-6 of Drosophyla and proteins with adhesion 
properties, among other properties, which probably lost 
the catalytic function throughout the evolution such as 
Neuroliguins, Neurotactins, Gliotactins and Thyroglobulin 
(Pezzementi and Chatonnet, 2010).

Cholesterases constitute a group of enzymes that have in 
common the property of hydrolysing esters, differentiating 
each other in relation to the substrate. The human organism 
has two types of cholesterases: acetylcholinesterase (Specific 
cholinesterase, true or erythrocyte) and pseudocholineriasis 
(plasmatic, nonspecific or serum cholestarase) (Shmitz, 
2003).

Cholinesterase activity may be increased in situations 
of hypercholesterolemia, obesity with triglycerides, 
hyperthyroidism, parkinsonism and when using 
benzodiazepines, androgens, antibiotics and insulin. It is 
diminished during pregnancy, in Hypocholesterolemia, 
in the states of malnutrition, in hepatic cirrhosis, in 
tuberculosis, rheumatoid arthritis, acute infections and 
during the use of Phenothionamines (Shmitz, 2003). Other 
drugs also lead to decreased enzymatic activity: sulfates, 
fluorides, citrate, fenotiazins, codeine and others (Andrade 
Filho et al., 2001).

The diagnosis of acetylcholinesterase inhibitor poisoning 
is typically clinical and is based on anamnesis with history 
of exposure and physical examination. The simultaneous 
presence of muscarinic and niconic symptoms strongly 
suggests exposure to these compounds and, to the suspicion, 
immediate empirical treatment is necessary (King and 
Aaron, 2015).

Within this context, the objective of this study is to 
evaluate the levels of pesticide poisoning in rural farmers 
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of São Sebastião and Pé Leve-AL, using erythrocyte 
and plasma acetylcholinesterase enzymes, as indicators 
Biological intoxication.

2. Material and Methods

The present work is part of the research evaluation of the 
action of pesticides in humans and the environment: a focus 
on the APL of Horticulture, approved by the Research Ethics 
Committee of CESMAC under CAAE: 57804316.5.0000.0039 
and Opinion Number: 1.766.735.

2.1. Type of study
This is an experimental analytical study, classified 

as quantitative regarding the approach. All selected 
individuals were asked to sign the Informed consent 
form (ICF). Subsequently, a form was applied to each 
farmer, with questions aimed at obtaining information on 
sociodemographic characteristics.

2.2. Data collection sites and biological samples
Samples of blood collection were carried out at the 

farmers’ homes and at the headquarters of the associations of 
rural farmers in São Sebastião and the District Pe Leve‑AL. 
Together with the sociodemographic information of each 
volunteer of the research.

2.3. Sample
The sample consisted of farmers of small farms of 

conventional and organic cultivation. It was understood 
as a small property that is characterized as family farming.

2.3.1. Size and sampling
It was used for the sample calculation, the number 

of farmers accredited in the farmers’ associations of the 
municipalities selected by the research. For the sample 
calculation, the following criteria were adopted: 5% confidence 
limit and confidence interval of 95%. The hypothetical 
frequency of the result factor in the population (p) was 
50%, a criterion adopted when the real frequency is not 
known. The calculation was made through the OpenEpi 
program available online.

2.4. Procedures

2.4.1. Determining the socio-demographic profile of the 
farmer

In the present study, the questionnaire allowed the 
characterization of the socio-demographic profile of the 
study population, their practices and attitudes towards 
the use of pesticides and the health conditions of this 
population. To achieve the purpose to which the instrument 
is proposed, the questionnaire was structured containing 
the following variables: Personal data: Name, age, address, 
marital status and schooling.

2.4.2. Collection of blood material
Biological samples were obtained by venous puncture of 

the peripheral blood (15mL) in vacuum tubes. The environment 
of the implementation of this procedure was the facilities 

of the health units. At the time of collection, two tubes 
were used, one with ethylene diamine tetra sceptical acid 
anticoagulant (EDTA) and the other without. After clot 
formation, the tubes without anticoagulant were centrifuged 
at 2000 rpm to obtain the serum that was separated in tubes 
of Dry tests. The transport of all samples was in isothermal 
boxes with Gelox for the research partner Laboratories. 
The laboratories were stored between 2-8 °C until they 
were subjected to the analyses.

2.4.2.1. Determination of erythrocyte cholinesterase 
levels

The blood samples were analyzed in a Test Mate Che 
cholinesterase (model 400) equipment, which enables 
rapid test for erythrocyte cholinesterase. The Test-mate 
ChE Cholinesterase Test System reagents are based 
on the Ellman method. Acetylthiocholine (AcTC) and 
Butyrilthiocholine (BuTC) are hydrolysed, respectively, 
by Erythrocyte cholinesterase (AChE), producing 
carboxylic acid and thiocholine that react with Ellman’s 
reagent (DTNB-dithiyrobenzoic acid), producing a Yellow 
staining that is measured spectrophotometrically at 450nm. 
The rate of color formation is proportional to the amount 
of cholinesterase.

The AChE reagent has a specificity above 95% due to the 
addition of a specific plasma cholinesterase inhibitor (PChE), 
the As1397 (10-(Alfadietilaminopropionil)-Fenotiaziana). 
The Test-mate ChE Photometric analyzer is calibrated in 
its manufacture and no additional calibration is required.

The measurement of cholinesterase activity is calculated 
by the photometric analyzer through the equation:

Blood U/mL =___(A/min)(assay volume mL)_______
(ε, mM-1 cm-1)(“light path” cm)(blood mL)
The determination of cholinesterase activity is then 

refined later, through the following adjustments listed to 
obtain the final cholinesterase value:

-	Reagent white adjustment-a small non-specific 
fraction (about 15%) is subtracted from the value of 
the dosed cholinesterase activity;

-	Temperature adjustment-using the temperature 
sensor in the analyzer, both measurements of the 
cholinesterase activity and the “Blank” activity of 
the reagent are normalized at 25 °C;

-	Hemoglobin adjustment – for AChE, hemoglobin 
normalization occurs according to sample volume 
and iron content; Therefore, the AChE indexes are 
more accurately expressed in U/g Hgb.

As recommended in the operating manual, a capillary 
was filled with 10µL of blood, then placed in a test tube, 
and agitated vigorously for 15 seconds. The test tube was 
gently turned to the vertical, until the capillary adhered to 
the side of the vial until the ideal time for reading. After 
the test key was triggered, it was observed for ten seconds 
to the reading message, followed by another message for 
removal of the tube, continuing again in the repetition of 
the test by tightening the testing key. After the dissolution of 
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the reagent with three drops of distilled water, it was added 
to the test tube, suffering a gentle agitation for 5 seconds. 
The capillary was aligned and the test tube inserted into 
the analyzer, and the testing key was pressed, continuing 
the assay. Were taken as reference values the expected 
values determined from normal samples from donors of 
blood bank (men and women), between 20 and 60 years 
of age (Table 1).

The decrease of cholinesterase to < 50% of normal 
indicates possible pesticide poisoning requiring removal 
of exposure and/or treatment with anticholinergic agents 
such as atropine and Pralidoxime. Suspected cases of 
poisoning can be confirmed by monitoring cholinesterase 
for a subsequent increase and level of equilibrium in the 
activity after 1-3 months of exposure. If the reference line 
values are obtained, a decrease in cholinesterase to < 70% 
of the reference line values can be interpreted as possible 
pesticide poisoning.

2.4.2.2. Determination of plasma cholinesterase levels 
(AChP)

The analyses were performed in the Automatic 
Biochemistry Analyzer COBAS INTEGRA 400 Plus. 
This equipment has as main features: be fully automated, 
with capacity to perform up to 400 tests/hour; has random 
access to exams; Integration of 4 measuring principles; 
Methodologies: End point, fixed time and kinetics; Working 
with mono or bi reagents.

Determination of plasmatic cholinesterase enzymatic 
activity in plasma samples by continuous colorimetric 

kinetic methodology. It is based on a kinetic test by the 
method with Butyrilthiocholine. The color decrease can 
be measured in wavelength between 405 and 415 nm. 
The results will be expressed in international units per liter: 
U/L. Reference range for men and women aged 40 years 
or more: 5320-12920 U/L. Reference range for women 
aged 16 to 39 years, not pregnant, who are not taking 
contraceptives Hormonal: 4260-11250 U/L. Reference 
range for women aged 18 to 41 years, pregnant or taking 
hormonal contraceptives: 3650-9120 U/L.

3. Results and Discussion
3.1. Sociodemographic variables

Analyzing the sociodemographic profile of the 
interviewees, in relation to gender (Table 2), it was observed 
that the majority of the evaluated farmers belong to the male 
sex 92.68%, in the Dist. Pé Leve-AL, and 86.6% in São 
Sebastião-AL. These findings demonstrate our sociocultural 
reality, where males are involved in agricultural activities, 
and women are responsible for performing domestic work 
(Vikkey  et  al., 2017). Corroborating the data obtained 
in our study, Ubessi et al. (2015), when evaluating the 
socio-motdemotrgáfic profile of 434 rural workers in 
the northwest region of Rio Grande do Sul, there was a 
predominio male with 91.6%. Additionally, Preza and 
Augusto (2012) also found male predominance (96.5%) 
among the 29 farmers in northeastern Brazil.

It was found that the most prevalent age group between 
the two cities was between >40 and ≤60 (60%) (Table 2) 

Table 1. Reference values for erythrocyte cholinesterase (AchE).
N Average Standard deviation Track

AChE, U/mL 40 3.68 0.47 2.77-5.57
AChE, U/g Hgb 40 27.1 2.9 21.9-37.3
N = Number of individuals.

Table 2. Sociodemographic characteristics of farmers of São Sebastião - AL and Pé Leve – AL.

Sociodemographic Variables São Sebastião-AL Distrito Pé Leve - AL
N FR (%) N FR (%)

Age 
(Years)

≤ 20 0 0 2 4.87
20 < I ≤ 40 2 13.33 17 41.46
40 < I ≤ 60 9 60 17 41.46
IS ≤ 60 4 26.66 5 12.19

Sex Male 13 86,66 38 92.68
Female 2 13.33 3 7.31

Marital 
status

Married 12 80 34 82.92
Single 2 13.33 5 12.19
Divorced 0 0 1 2.43
Widowed 1 6.66 1 2.43

Education Incomplete fundamental 10 66.66 19 46.34
Complete fundamental 1 6.66 6 14.63
Can’t read 3 20 6 14.63
Complete Higher Education 1 6.66 2 4.87
Incomplete high school - - 4 9.75
Full High School - - 4 9.75

N = Number of individuals; FR = Relative frequency. 



Alves, H.H.F. et al.

Braz. J. Biol., 2021 , vol. 81, no. 3 pp.632-641636   636/641

. In the study conducted by Vasconcelos et al. (2014), by 
characterizing the profile of 112 rural workers who use 
pesticides in coffee plantations in Minas Gerais, with respect 
to the age group, 45 (40.18%) aged between 31 and 50 years 
and 40 years (35.71%) between 18 and 30 years. Similar 
mean age was also reported by Cotton et al. (2018), in a 
survey with farmers in a community in Australia, noted that 
most of the participants in their research were male with an 
average between 45 and 64 years of age. Vasconcelos et al. 
(2014) mention that the age factor in rural workers can 
cause a serious health problem, as young people and the 
elderly are more susceptible to illness due to exposure to 
chemical agents.

As for the marital status of farmers (Table 3), the majority 
are married (as), 82.92%, in the District Pé Leve-AL and 
80% in the city of São Sebastião-AL. The workforce was 
characterized as predominantly familiar, because the other 
family members also participate in the crop cultivation 
process. Corroborating this study, Onyeisi et al. (2017), 
seeking to analyze enzymatic changes by pesticides in 
farmers in the municipality of Valença do Piauí, observed 
that the majority (73.9%), those involved were married.

Another important aspect evaluated was the level of 
education among farmers. It was seen that the low level 
of education was predominant, and 14.63% stated that 
they had attended only between the 1st and 4th grade of 
elementary school, 66.6% did not even finish elementary 
school, and of those who stated that they could not read 
20% was in São Sebastião-AL and 14.63% in Pé Leve-AL 
(Table 2). Studies conducted with rural workers in other 
regions of Brazil, corroborate the data of this research where 
Rambo (2016), in the state of Mato Grosso, found that 
78.54% of the interviewees did not complete elementary 
school, Souza (2008) identified that 71.5% do not have 
the complete fundamental, compared with the studies by 
Sangalli et al. (2014), the percentages are lower 67%, PE 
and 43.9%, MS, respectively.

The level of education is a relevant aspect, because as 
described in the study Santos et al. (2015), when analyzing 
the correlation between the level of education and the 
occurrence of poisoning in farmers in the municipality of 
Garanhuns-PE, there was a higher incidence of pesticide 
poisoning in individuals with incomplete elementary 
school, followed by 25% of illiterate individuals, in this 

sense, according to the authors, the level of education was 
a determining factor in the occurrence of intoxications.

Another important aspect is that the high number of 
producers with low schooling can possibly compromise on 
the farmer’s understanding of the product’s package leaflet 
instructions, not only in terms of its form of application, 
but also in relation to dangerousness. This information is 
made available only on the product label, which favors the 
exposure of workers to pesticides. Exposures that tend to 
increase given the lack of knowledge about instructions on 
how to use defensive, say Damalas and Eleftherohorinos 
(2011).

For Barroso and Wolff (2009), the fact that he is 
literate does not mean that the worker understands the 
information contained in the labels and/or leaflets of 
pesticides, especially because the packaging has a lot 
of technical information. The low level of education of 
the interviewees demonstrates the vulnerability of these 
individuals regarding the perception of risk and the 
understanding of the information contained in the labels 
of pesticide packaging (Preza et al., 2011).

Although in the rural environment studied, low schooling 
was found, the high rate of illiteracy and low schooling in 
Brazilian agriculture contributes, directly, to the increase 
in the number of poisoning with pesticides. This fact that 
determines a series of visual communication policies 
(such as the use of illustrations, figures, colored bands, 
etc.) in products and reports directed to this audience. 
These elements are found on product labels sold for this 
agricultural purpose, in theory to inform those people 
who do not have reading/writing skills (Damalas and 
Eleftherohorinos, 2011; Preza et al., 2011).

3.2. Laboratory analyses
The Brazilian law states that all agricultural workers 

must be submitted to periodic medical examinations with 
cholinesterase measurements, however, these are not provided 
by public health services. The exposure assessment and 
health care of family farmers in Brazil are limited by the 
informal organization of these workers and their distribution 
in approximately 4.3 million small properties (Brasil, 
2018), the constant and prolonged exposure to low doses 
of multiple pesticides, the distance to health services, the 
shortage of laboratories with available analytical capacity, 

Table 3. Plasma acetylcholinesterase activity (AChP) in conventional and organic farming farmers, Alagoas, 2017 and 2018.
AChP activity in Farmer (U/L)

1ª collection 2ª collection
Given value
MIN-MAX

Reduced
N (FR%)

Normal
N (FR%)

Given value
MIN-MAX

Reduced
N (FR%)

Normal
N (FR%)

São Sebastião 3.188,2-8982,1 3 (18.75) 13 (81.25) 4.406,2-6.990 3 (30) 7 (70)
Pé Leve 2.927,4-11.823,4 4 (10) 36 (90) 3.542,3-

8.796,3
5 (21.73) 18 (78.26)

Conventional* 2.927,4-11.823,4 7 (12.5) 49 (87.7) 3.542,3-
8.796,3

8 (24.24) 25 (75.75)

Organic - - - 5.598-11.250 0 (0) 23 (100)
N = Number of individuals; FR = Relative frequency. *Summation of the data of the conventional and organic cultivation villages.
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and the absence of an integrated intoxication reporting 
system (Buralli et al., 2018; Carneiro, 2015).

To present the results of plasma and erythrocyte activity 
values, levels and relative frequency were organized into 
tables, taking into account the types of conventional and 
organic cultivation in two periods of the year. It was 
found from the analysis of data from the 1st collection 
(Table 3), that farmers from both cities under study showed 
a considerable decrease in activity of (AChP), where the 
number of enzymatic reduction was higher in the city 
of São Sebastião-AL, with 18.75%, this percentage was 
higher compared to the Pé-leve District-AL, which obtained 
10% of intoxicated individuals in the same period; may 
indicate acute or chronic intooxytion, it is observed that 
these results were found in farmers of the conventional 
cultivation system, which may be directly linked to the 
use of pesticides.

According to Araújo et al. (2007), in the conventional 
production system, exposure to agrochemicals is not 
restricted only to direct contact with the products during 
their preparation and spraying, because farmers usually 
participate in all stages of the from transport, storage and 
utlization to the disposal of the packaging of the products.

In the study conducted by Araújo et al. (2007) when 
evaluating in an agricultural community located in Nova 
Friburgo, (RJ), to know the clinical and laboratory aspects 
of multiple exposure to pesticides in a representative sample 
of 102 farmers, of both sexes, with regard to the results, 
we can infer that the levels of cholinesterase reduction 
found were high (20%), which is related to the fact that 
44% of the workers examined reported recent exposures, 
reporting that the use of pesticides had been within seven 
days before the date of collection of blood samples for 
toxicological examination.

In the research, it was seen that, despite pesticide 
contamination, the percentage of farmers with low 
AChP activity (Table 3) was lower than individuals who 
presented normal values of the same enzyme. However, 
the producers of the organic cultivation system did not 
show a decrease in colinetherapeutic activity in any of 
the collected collections.

In the studies by Nganchamung et al. (2017), Mesquita 
Filho and Pereira (2011), Faria et al. (2009) and Stroparo 
and Braguini (2011) demonstrated a significant decrease 
in plasma cholinesterase levels, in most of the individuals 

studied, although the evaluation was composed mostly 
of men, the results corroborate the findings of this study 
Study. In the study conducted by Goethel et al. (2013), 
the smallest part of individuals are male, however, a 
significant number of these presented decreased levels 
of cholinesterase, which can be compared with the other 
studies mentioned above, which corroborate the results 
of the present study.

Since, the first collection was performed during the 
dry season, it was noticed that the amount of intoxicated 
was not high, that is, most farmers presented normal levels 
of plasma acetylcholinesterase in relation to the rainy 
season. Mattiazzi (2017), points out that the fact that the 
results are shown within normal limits can be justified 
by the low use of pesticides cholinesterase inhibitors by 
workers, or also, as also mentioned by Murakami et al. 
(2017), because blood samples were collected in a period 
in which this type of pesticide was not used.

For this age of drought, (Table 4), it was found that 
most individuals had normal Levels of AChP, highlighting 
the Pé-leve District with 90% of individuals with normal 
enzymatic activity, this result differs with that of Faria et al. 
(1999), where the majority of rural fruit-producing workers 
in the municipalities of Antônio Prado and Ipê-RS, 
presented reduced levels of AChP during the dry season, 
characterizing intoxication between October and January, 
the same authors explain that in this period due to the high 
temperatures, the body absorbs more toxins released by 
pesticides and also because applications are more intense 
at this time of year. The severity of these intoxications was 
considered mild-moderate in 80% of cases and as severe 
in 20% of the occurrences.

According to the 2nd collection (Table 3), performed 
at the rainy season, it was found that the percentage of 
intoxicated increased considerably in the city of São 
Sebastião and Pé-Leve District, to 30% and 21.73%, 
respectively, this result demonstrates that in relation to the 
dry season, there was a considerable reduction in AChP 
levels in the rainy season.

Thus, it was possible to observe that in the conventional 
cultivation system for the total number of samples collected 
in both cities, during the rainy season, the number of 
intoxicated increased, this may be related, to the fact that 
it is in this period the most intense use of pesticides, with 
the greater probability of contamination.

Table 4. Relative frequency of erythrocyte acetylcholinesterase in farmers of conventional and organic cultivation, Alagoas, 
2017 and 2018.

AChE U/Ml activity in farmer
1ª collection 2ª collection

Given value 
MIN-MAX

Reduced 
N (FR%)

Normal
N (FR%)

Given value
MIN-MAX

Reduced
N (FR%)

Normal
N (FR%)

São Sebastião 2.02-4.75 1 (6.25) 15 (93.75) 0.77-3.63 8 (80) 2 (20)
Pé Leve 3.43-4.91 - 40 (100) 0.24-4.40 5 (21.73) 18 (78.26)
Conventional* 2.02-4.91 1 (1.78) 55 (98.21) 0.24-4.40 13 (39.39) 20 (60.60)
Organic - - - 2.79-4.46 0 (0) 23 (100)
N = Number of individuals; FR = Relative frequency. *Summation of the data of the conventional and organic cultivation villages.
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According to Gomes and Barizon (2014), in Brazil 
the information on the presence of pesticides in water 
and soil is limited, evidencing a gap in information on the 
real environmental condition in our country in the face of 
excessive exposure to pesticides. A study conducted in two 
municipalities by the Federal University of Mato Grosso 
and Osvaldo Cruz Foundation on water contamination in 
the state of Mato Grosso, one of the main grain producers, 
found the presence of chemicals in rainwater and in the 
air, it demonstrated that the most worrying is that more 
than 50% of these residues are present in the rainwater, 
showing their volatilization and precipitation also for 
urban areas (Moreira et al., 2012).

According to the evaluation of erythrocyte 
acetylcholinesterase (AChE) where the test with it is more 
reliable, because this remains in the body for longer, that 
is, the determination of AChE activity is more valuable in 
case of suspected prolonged exposure, since erythrocyte 
concentrations take longer to decrease than serum AChP 
concentrations, and require more time for normalization 
after exposure to agrochemicals (Henry, 2008; Ribeiro 
and Mella, 2007). It was found in the analysis of the 1st 
collection made in conventional cultivation (Table  4), 
that only the city of São Sebastião presented intoxicated 
individuals in the dry season, with a percentage of 6.25% 
of the population of farmers studied with reduced levels 
of AChE .

According to the analysis of enzymatic activity, in 
blood samples of individuals of the Organic System, it was 
found that in the city of São Sebastião-AL there were no 
changes in the levels of erythrocyte acetylcholinesterase. 
Emphasizing that in the Pé-Leve district, also in evaluations 
made with samples collected in a dry and rainy period, no 
volunteers in the research showed a reduction in The EA.

Regarding the evaluation of erythrocyte acetylcholinesterase 
levels, in the 2nd collection, in rainy season, it was noted 
that according to (Table 4), there was a sudden increase 
in the number of intoxicated in the City of São Sebastião, 
from 6.25% to 80%, proving the action of the pesticides on 
the activity of the Enzyme AChE, reducing it significantly 
and characterizing them as anticolinetherapeutic agents. 
Results similar to those of this research were found by 
Dhananjayan et al. (2012), where working with enzymatic 
activity of rural workers, found a significant decrease in 
erythrocyte cholinesterase levels in cases of exposures to 
pesticides, observing that the lower the level of enzyme 
activity, the higher the degree of intoxications

Attention is drawn to the Pé-Leve District of which in the 
first collection at the time of drought there were no cases of 
intoxication, however in the analysis performed in the 2nd 
collection, there was a jump in the percentage of individuals 
with reduced levels of The EA, from 0 to 21.73%, the as 
the number of individuals with normal enzymatic activity 
decreases the number of infected increases, proving the 
malesman action of pesticides for such enzymes.

In studies conducted by Quandt et al. (2010), in farmers 
in North Carolina, there were – reductions in ache activity 
levels, with decreases >15% of an individual’s highest 

value, identifying and considering a reduction in activity 
significant colineteric. A recent study by Cotton  et  al. 
(2018) showed that 14.9% of the 41 farmers involved 
there was a significant reduction in AChE from exposure 
to insecticides. Vikkey et al. (2017), evaluating levels of 
poisoning in farmers in the Central Republic of Benin, 
there was a significant decrease in AChE of 60.61% of the 
population studies. Nganchamung et al. (2017). It obtained 
a reduced value of The EA of 50.0%, of the 90 farmers in 
its research, corroborating that of this research. Results 
similar to those of this research in relation to the reduction of 
AChE were obtained by Magauzi et al. (2011) in Zimbabwe 
(24.1%) and Vikkey et al. (2016) in Benin (26.82%). As it 
was presumed, the producers of the organic system who 
had blood samples collected and analyzed did not present 
negative changes in relation to TheE levels in the body. 
In the specific case of the State of Alagoas, Sousa et al. 
(2012) they mention that there is only one cooperative 
of certified organic farmers, representing about 2% of 
the crops developed in the state. For the authors, the 
adoption of alternative controls can be a viable strategy 
for the replacement of pesticides, common in horticulture. 
And consequently decrease the probability of poisoning 
by synthetic agrochemicals, used in agriculture.

For experts the solution for agriculture would be to 
merge organic methods with modern technologies used 
in traditional plantations. Some of the points emphasized 
are: crop rotation, natural pest management, agricultural 
diversification and livestock, improvements in soil condition 
from composting use, green and animal fertilization (Ciclo 
Vivo, 2016). Researchers ensure that organic farming is 
able to meet all the food needs in the world, regardless 
of climate change. They also justify this statement: 
“[…] organic farms have the potential to produce high 
yields as a result of the higher water retention capacity 
in soils grown without pesticides” (Ciclo Vivo, 2016).

Stotz (2012), in a survey of family farmers from 
Sumidouro - RJ, where most producers and family 
members are in São José de Ubá at 146 km, considers 
the conventional agriculture system positive in economic 
terms, considering as an option necessary and irrevocable 
life, despite the health risks itself. In this sense, Melo et al. 
(2012), show that organic agriculture can be the best form 
of production that guarantees health and environmental 
protection. However, this type of production has some 
obstacles, such as the scarcity of financial resources 
applied and the lack of specific knowledge that makes it 
impossible to practice this modality.

4. Conclusions

It is inferred in this study that the vast majority of the 
interviewed farmers do not have complete elementary 
education, in addition, most of them are of the genus 
Maculine with ages between 40 and 60 years, which make 
them even more vunerable to contamination by Agrotoxicity 
due to the immune system is more prone to risk.
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Thus, this study allowed collecting biological data 
on the risks of pesticide poisoning and analyzing these 
data according to the recommendations of the World 
Health Organization. In our study, it was possible to 
low schooling among farmers, which in some ways can 
influence the understanding of the leaflets and labels of 
pesticides, thus compromising handling, transportation, 
packaging and disposal of these products. We demonstrated 
high inhibition of AChE in the farmers who participated 
in this study. Routine monitoring of AChE may allow 
early recognition of frequent and continuous exposure to 
pesticides, since non-use of personal protective equipment 
is closely linked to the level of intoxication.

It is concluded that exposure to pesticides in conventional 
cultivation the chance of pesticide poisoning is higher, 
and that the organic system of cultivation, remains the 
best alternative for the prevention of future pathologies, 
besides bringing quality of life to the Rural workers, as 
well as for consumers, because caring for the environment 
is taking care of human health.
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