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Exposure to pesticides or agroecological practices: suicidal 
ideation among peasant farmers in Brazil’s semi-arid region

Abstract  Health risks faced by peasant farmers 
may vary depending on the type of agriculture 
they practice. This study examined the associ-
ation between suicide ideation and exposure to 
pesticides by comparing two groups of peasant 
farmers of both sexes living in the semi-arid re-
gion of the north of Minas Gerais, Brazil: exposed 
to pesticides and adopting agroecological practices 
without the use of pesticides. Group participants 
were selected using convenience sampling and 
data was collected using a previously validated 
questionnaire administered through face-to-face 
interviews. Bivariate analysis was performed, fol-
lowed by logistic regression. A total of 547 peasant 
farmers were interviewed (311 in the group ex-
posed to pesticides and 236 in the group adopting 
agroecological practices). Respondents from the 
group exposed to pesticides were more likely to 
report suicidal ideation (OR=2.30; 95%CI 1.16-
4.56), harmful alcohol consumption (OR=2.30; 
95%CI 1.18-4.48), and lifetime acute pesticide 
poisoning (OR=8.58; 95%CI 2.98-24.72). The 
findings suggest that agricultural practices that 
lead to chronic pesticide exposure are associated 
with a greater likelihood of suicide ideation, re-
gardless of previous episodes of acute pesticide 
poisoning or harmful alcohol consumption.
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Introduction

The health effects of pesticides are a growing con-
cern as their use increases worldwide, most em-
phatically in Brazil, which has been the world’s 
largest consumer of these products since 20081,2. 
The country reported around 40,000 cases of 
pesticide poisoning between 2007 and 2017 and 
an average of 148 deaths per year over the same 
period3. Growing evidence points to an association 
between pesticide exposure and health problems 
such as cancer4,5, endocrine disruption6,7, neuro-
logical disorders8,9, behavioral and neuropsychi-
atric changes10-12, and neurodevelopmental dis-
orders13.

Pesticide use is intertwined with the complex-
ities of life and labor relations in rural areas. In 
this regard, it is important to highlight certain dif-
ferences between different models of agricultural 
development and their respective impacts on the 
health of peasant farmers. Industrial agriculture 
and agroecological farming are at opposite poles, 
especially when it comes to their relationship 
with ecosystems14. Industrial agriculture is char-
acterized by large-scale monoculture, intensive 
pesticide use, and division of labor aimed at max-
imizing productivity, while agroecological farm-
ing takes into account biodiversity and promotes 
interaction between plants and other organisms 
to generate fertility, preserving ecosystems, guar-
anteeing livelihoods, and retaining more people 
in rural areas15. Agroecology dispenses with pes-
ticide use, and the literature has documented a 
diverse range of experiences and initiatives that 
seek to strengthen family farming16.

Studies indicate that working in agriculture 
is a risk factor for suicide17,18 and that the risk of 
death due to suicide is greater among rural 
workers living in areas with higher levels of pes-
ticide exposure19. Suicide and attempted suicide 
are usually preceded by suicide ideation, which 
is having active or passive thoughts about taking 
your own life. Studies in South Korea and China 
have reported suicide ideation prevalence rates 
of around 5%20,21. However, this issue has been 
little explored among rural populations in Bra-
zil. Influenced by a complex set of factors, suicide 
ideation is a risk factor for suicide, morbidities 
in general, and all causes of mortality22. Studies 
have indicated an association between acute pes-
ticide poisoning and psychiatric disorders23-25. 
However, there is a gap in the literature when it 
comes to the association between psychiatric dis-
orders and chronic exposure, or long-term cumu-
lative exposure to low doses of pesticides26. This 

study therefore sought to compare the frequency 
of suicide ideation between peasant farmers sub-
jected to environmental exposure to pesticides 
and those adopting agroecological practices.

Methods

We conducted a cross-sectional analytical study 
between January and March 2019 with peasant 
farmers living in the semi-arid region of the 
north of the State of Minas Gerais, Brazil. Two 
groups were selected using convenience sam-
pling: 1) farmers adopting traditional and agro-
ecological farming practices; and 2) farmers sub-
jected to environmental exposure to pesticides 
from industrial agriculture.

The selection of two groups of farmers from 
the same region and with similar historical ori-
gins was intended to ensure a sample with simi-
lar ethnic, sociodemographic, and cultural char-
acteristics, except for the agricultural practices 
adopted over the last 40 years.

Study area

The valley of the River Gorutuba is home to 
a federal irrigation project supplying water to 
monoculture production systems using industri-
al farming practices characterized by the inten-
sive use of pesticides. The peasant farmers living 
in the area encompassed by the project, imple-
mented after the completion of the Bico da Pe-
dra dam in 1979, are either employed as agricultural 
workers on the banana and other fruit plantations 
or, to a lesser extent, owners of smallholdings. 
Their homes are built within the agricultural ar-
eas and are contiguous to the plantations, mak-
ing the residents vulnerable to contamination 
from aerial spraying, which is practiced routinely 
in the region27. The water from the River Goru-
tuba is used for both agricultural and domestic 
purposes (bathing, washing clothes and dishes, 
and cooking) and flows through channels that 
cut across the region open to pesticide drift. The 
region is therefore subject to a high level of pes-
ticide exposure, including contamination of the 
soil, air, water, food, animals, and local residents.

Outside the perimeter of the irrigation proj-
ect, the region is home to traditional commu-
nities of family farmers who adopt sustainable 
agricultural and extractivist practices without the 
use of pesticides.

The underlying assumption of this study is 
that the peasant farmers living within the perim-
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eter of the irrigation project have experienced 
long-term exposure to pesticides through respi-
ratory, transdermal, and oral absorption, regard-
less of whether they work directly on the planta-
tions28,29. 

Study population

In January 2019, 755 families (1,264 people) 
were living in the area within the perimeter of 
the irrigation project, which consisted of 4,242 
hectares of banana and other fruit plantations. The 
sample included both men and women aged 18 
years and over who had been living in the region 
for over two years, regardless of whether they 
worked directly with agriculture. The study in-
cluded the 10 micro areas of the Family Health 
Strategy in the area encompassed by the irriga-
tion project. The participants were interviewed 
by local community health agents who agreed to 
collaborate with the study. People working with-
in the perimeter of the irrigation project who did 
not live within the area were excluded.

For the group adopting agroecological prac-
tices, we selected peasant farmers from four tra-
ditional communities: Comunidade do Touro, 
in Serranópolis; Comunidade Córrego Verde, in 
Grão Mogol; and Comunidade Fazenda Velha 
and Comunidade Nossa Senhora das Oliveiras, 
both in Riacho dos Machados. The participants 
were identified by the local residents’ associations 
as adopting agroecological practices and sustain-
able management of natural resources without 
pesticide use.

Peasant farmers aged 18 years and over were 
invited to participate in the study during meet-
ings held in the community to present the re-
search project. The following individuals were 
excluded: 1) those employed in a local mining 
company, given that mining activities can give 
rise to a range of health problems and thus cause 
bias; and 2) those working outside the community 
in the coffee and sugarcane harvests in the last two 
years, due to the possibility of exposure to pes-
ticides.

Official registers of the adult population 
living within the perimeter of the irrigation 
project (1,264 people) were not available. The 
participants of both groups were selected using 
convenience sampling because of the random 
distribution of households in the rural areas en-
compassed by the study. However, efforts were 
made to obtain a representative sample of the 
micro areas of the Family Health Strategy with-
in the perimeter of the irrigation project using 

the knowledge of the community health agents 
of the region. The population of the four tradi-
tional communities was estimated at 600 people, 
based on the information provided by the com-
munities. All individuals who met the inclusion 
criteria were included in this group.

Data collection instrument

The data collection instrument was devel-
oped based on previously validated instruments 
to obtain the following information: socioeco-
nomic and demographic characteristics – sex 
(male/female), age (18 to 39 years and ≥40 years), 
skin color (white and brown/black/indigenous/
yellow), marital status (living with partner and 
without partner), and level of education (literate 
and illiterate); and health characteristics – vari-
ables that may influence suicide ideation (smok-
ing, harmful alcohol consumption, and previous 
pesticide poisoning), using questions answered 
yes  or no.

Suicide ideation was assessed using the fol-
lowing contextualized question from the Brazil-
ian version of the World Health Organization’s 
(WHO) Self-Reporting Questionnaire-20 (SRQ-
20)30: “Has the thought of ending your life been 
on your mind during the last 30 days?”, answered 
yes or no. The SRQ-20 is used to assess common, 
non-psychotic mental disorders in primary care 
settings. 

Acute pesticide poisoning is an indicator of 
high levels of pesticide exposure. Lifetime acute 
pesticide poisoning was assessed using a question 
from the Paraná State Chronic Pesticide Poison-
ing Assessment Protocol30, answered yes or no.

Harmful alcohol consumption was assessed 
using the Alcohol Use Disorders Identification 
Test (AUDIT), developed by the WHO to detect 
harmful alcohol consumption in primary care 
settings. A score greater than or equal to 8 is a 
predictor of alcohol-related social and medical 
problems in both sexes31. Smoking was detected 
using questions from the Paraná State Chronic 
Pesticide Poisoning Assessment Protocol30.

Data collection  

The data were collected between January and 
March 2019 using face-to-face interviews admin-
istered by a team made up of community health 
agents and local residents previously trained to 
apply the interviews in their communities. The 
interviewers were instructed to carry out the in-
terviews in the participant’s home, where more 
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than one adult could be interviewed, at a time 
that was convenient for the respondents. Around 
5% of the questionnaires were randomly selected 
to assess the quality of information collected. No 
errors or inconsistencies were found.

Data analysis  

A descriptive analysis of the sample charac-
teristics was performed using frequency distri-
bution. Bivariate analysis was performed of the 
categorical independent variables to compare the 
two groups (peasant farmers from traditional 
communities adopting agroecological practic-
es versus peasant farmers potentially exposed 
to pesticides from industrial agriculture) using 
Pearson’s chi-squared test.

All the variables were included in the initial 
binary logistic regression model. Variables with a 
p-value of greater than 0.05 were excluded from 
the final model, except for age and sex, which 
were maintained as adjustment factors regardless 
of their statistical significance.

The data were analyzed using SPSS® version 
18.

Ethical aspects

The research project was approved by Mon-
tes Claros State University’s Research Ethics 
Committee. All respondents signed an informed 
consent form. Presentations on the health risks 
of pesticide exposure were given in the commu-
nities at the end of the data collection phase.

Results

A total of 547 people were interviewed (311 in 
the group exposed to pesticides and 236 in the 
group adopting agroecological practices). The 
socioeconomic and demographic characteris-
tics of the sample are presented in Table 1. The 
groups were similar in terms of sex and age. In 
both groups, around 40% of the respondents lived in 
households with a monthly family income of less 
than one minimum salary and more than 85% 
were brown, black, yellow, or indigenous. The 
prevalence of illiteracy and people living without 
a partner was greater in the group adopting agro-
ecological practices (Table 1).

Table 2 shows the health characteristics of 
the two groups. The prevalence of harmful al-
cohol consumption, smoking, previous pesti-
cide poisoning, and suicide ideation during the 

last 30 days was greater in the group exposed to 
pesticides. All these differences were statistical-
ly significant. Only 1.7% of the group adopting 
agroecological practices reported lifetime acute 
pesticide poisoning (before the adoption of agro-
ecological practices).

In the logistic regression model adjusted for 
age and sex, peasant farmers in the group ex-
posed to pesticides were more likely to be living 
without a partner and literate and to show harm-
ful alcohol consumption, lifetime acute pesticide 
poisoning, and suicide ideation during the last 30 
days (OR=2.30; 95%CI 1.16-4.56) (Table 3).

Discussion

The findings show that the frequency of suicide 
ideation was greater in the group exposed to pes-
ticides than in the group adopting agroecological 
practices. This association, which indicates 
chronic pesticide exposure, had not been previ-
ously reported in the country, although a study 
with agricultural workers living in areas with high 
levels of pesticide use in the highland region of 
Rio de Janeiro reported higher risk of mortality 
and hospitalization due to suicide attempts and 
that the risk of death increased with increasing 
pesticide exposure19. A study in Mato Grosso do 
Sul found that prevalence of suicide attempts 
and suicide was greater in areas with high levels of 
pesticide use than in areas with low use32, while 
an ecological study in Spain with 17,429 people 
reported higher rates of suicide and suicide at-
tempts in agricultural areas with intensive pes-
ticide use9.

A cross-sectional population-based study in 
China with 10,000 people from rural commu-
nities reported an association between pesticide 
exposure and suicide ideation during the last 
two years21, while research in the United States 
showed that occupational pesticide exposure was 
associated with increased risk of depression33. A 
study in Canada observed an increased risk for 
suicide associated with herbicide and insecticide 
spraying among a subgroup of farm operators 
who were most likely to be directly exposed to 
pesticides34.

The literature associates suicide ideation 
with episodes of acute pesticide poisoning. A 
cross-sectional study with banana workers in 
Costa Rica showed that organophosphate poi-
soned workers were more likely to have suicid-
al thoughts during the last month than workers 
without any history of acute poisoning with or-
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ganophosphates25. In South Korea, risk of suicid-
al ideation over the preceding year increased with 
the severity of acute poisoning and history of 

hospitalization for acute pesticide poisoning20. A 
study by Faria et al.17 reported an association be-
tween pesticide exposure and standardized sui-

Table 1. Socioeconomic and demographic characteristics of the peasant farmers and association with agricultural 
practices (agroecological practices versus pesticide exposure) in the semi-arid region of the north of Minas 
Gerais, 2019 (n=547) (Bivariate analysis).

Variables n (%)
Agroecology Pesticides

OR IC95% p*
Crude 95%CI

Sex

Male 232 (42.4) 92 (39.0) 140 (45.0) 1 -

Female 315 (57.6) 144 (61.0) 171 (55.0) 0.78 0.55-1.10 0.16

Age group

18 to 39 years 251 (47.0) 111 (47.0) 140 (45.0) 1 -

≥40 years 296 (53.0) 125 (53.0) 171 (55.0) 1.09 0.77-1.52 0.64

Skin color

White 48 (8.08) 26 (11.0) 22 (7.1) 1 -

Non-white 499 (91.2) 207 (87.7) 288 (92.6) 1.63 0.90-2.95 0.11

Marital status

With partner 362 (66.2) 143 (60.6) 219 (70.4) 1 -

Without partner 185 (33.8) 93 (39.4) 92 (29.6) 0.65 0.45-0.92 0.02

Level of education*

Literate 480 (89.2) 201 (85.5) 279 (92.1) 1 -

Illiterate 58 (10.8) 34 (14.5) 24 (7.9) 0.51 0.29-0.88 0.02

Family income (minimum salary)

1 or more 314 (57.4) 137 (58.1) 177 (56.9) 1 -

<1 233 (42.6) 99 (41.9) 134 (43.1) 1.05 0.74-1.48 0.79
*Variation in n=547 due to missing information

Source: Elaborated by the authors.

Table 2. Health characteristics of the peasant farmers and association with agricultural practices (agroecological 
practices versus pesticide exposure) in the semi-arid region of the north of Minas Gerais. 2019 (n=547) 
(Bivariate analysis).

Variables n (%)
Agroecology Pesticides

OR Crude 95%CI p*
n (%) n (%)

Harmful alcohol consumption

No 491 (89.8) 221 (93.6) 270 (86.8) 1 - -

Yes 56 (10.2) 15 (6.4) 41 (13.2) 2.24 1.21-4.15 0.01

Smoking*

No 467 (85.8) 209 (89.7) 258 (83.0) 1 - -

Yes 77 (14.2) 24 (10.3) 53 (17.0) 1.79 1.07-3.00 0.03

Acute pesticide poisoning

No 499 (91.2) 232 (98.3) 267 (85.9) 1 -

Yes 48 (8.8) 4 (1.7) 44 (14.1) 9.56 3.39-27.00 0.00

Suicide ideation during the last 30 days*

No 490 (90.1) 221 (94.4) 269 (86.8) 1 - -

Yes 54 (9.9) 13 (5.6) 41 (13.2) 2.59 1.35-4.96 0.00
*Variation in n=547 due to missing information.

Source: Elaborated by the authors.
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cide rates in different regions of Brazil, showing 
that the magnitude of the association was greater 
for acute pesticide poisoning.

Although our study did not assess the dos-
age of pesticide metabolites, the contamination 
of the air, water, soil, and food, and the proxim-
ity of the respondents’ homes to the plantations 
are sufficient to assume exposure1,3,5,9,27-29,35-38. 
The respondents living within the perimeter of 
the irrigation project were considered to be en-
vironmentally exposed to pesticides, regardless of 
whether they worked directly in the preparation 
or application of these products. The proximity 
to agricultural fields and the exposure to pesti-
cides were examined by a study in the Nether-
lands with participants of the Dutch PIAMA 
birth cohort study that investigated the influence 
of environmental factors on the development 
of respiratory diseases. The study observed that 
proximity of homes to fields treated with pesti-
cides was a proxy for environmental exposure to 
pesticides28.

An ecological study in Brazil showed that 
increased pesticide use was positively correlated 
with the following health indicators: acute pesti-
cide poisoning, incidence of fetal malformation, 
and childhood cancer35. A study in the State of 
Ceará found that cancer death rates were higher 
in municipalities with the predominance of ir-
rigated industrial agriculture than in those with 
the predominance of family farming29.

Previous episodes of pesticide poisoning, 
which is an indicator of exposure to high doses 
of pesticides, was reported by a significant pro-
portion of the group exposed to pesticides and 
frequency of pesticide poisoning was significant-
ly higher in this group than in the group adopt-
ing agroecological practices. The likelihood of 
previous episodes of pesticide poisoning was 
eight times greater among the group exposed to 
pesticides. 

Although the literature shows that there is an 
association between suicide ideation and acute 
pesticide poisoning, there is no robust epide-
miological evidence supporting an association 
between depression/suicide and long-term cu-
mulative exposure to pesticides26. To answer the 
question “Is chronic pesticide exposure associ-
ated with suicide ideation?”, we adjusted the 
model with other variables that may have influ-
enced the results. The results show that suicide 
ideation during the last 30 days maintained its 
association with long-term cumulative expo-
sure to pesticides, regardless of the occurrence 
of previous episodes of acute pesticide poison-

ing and other aspects, such as harmful alcohol 
consumption, level of education, and marital 
status, which also maintained their association 
with agricultural practices. These findings are 
consistent with those of a cross-sectional study 
nested within the Agricultural Health Study in 
the United States, which found an association 
between psychiatric disorders and chronic pesti-
cide exposure33.

The biological plausibility of the association 
between chronic pesticide exposure and neuro-
psychiatric disorders has been discussed by litera-
ture reviews13,18,26. A literature review of mortality 

Table 3. Characteristics associated with agricultural 
practices (agroecological practices versus pesticide 
exposure) in the semi-arid region of the north of 
Minas Gerais, 2019 (n=547) (Logistic regression 
analysis).

Variables

Peasant farmers exposed 
to pesticides/peasant 

farmers adopting 
agroecological practices

Adjusted 
Odds 
Ratio

CI95% p

Sex

Male 1 - -

Female 0.95 0.62-1.32 0.61

Age group

18 to 39 years 1 - -

≥40 years 1.01 0.69-1.48 0.95

Marital status

With partner 1 - -

Without partner 0.65 0.44-0.95 0.03

Level of education*

Literate - -

Illiterate 0.43 0.23-0.81 0.01

Harmful alcohol 
consumption

No - -

Yes 2.30 1.18-4.48 0.01

Acute pesticide 
poisoning

No - -

Yes 8.58 2.98-24.72 0.00

Suicide ideation during 
the last 30 days*

No - -

Yes 2.30 1.16-4.56 0.02
*Variation in n=547 due to missing information.

Source: Elaborated by the authors.
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and morbidity studies related to suicide among 
pesticide-exposed populations suggested that or-
ganophosphate insecticides and other highly tox-
ic pesticides are part of the causal pathway of de-
pression and psycho-emotional disorders due to 
biological plausibility18. Acute pesticide poison-
ing causes cholinergic hyperstimulation due to 
the inhibition of the enzyme acetylcholinesterase 
in the nerve synapses. With chronic poisoning, 
where doses are not high enough to cause cho-
linesterase inhibition, experimental studies have 
observed alterations in other neurotransmitter 
systems, such as the serotonergic, glutamatergic, 
noradrenergic, and dopaminergic systems26. The 
effects of chronic poisoning include neurode-
velopmental changes13, depression, increased im-
pulsivity, and other mood and behavior changes, 
which may contribute to suicide ideation and 
suicide18.

The data presented also show that the likeli-
hood of harmful alcohol consumption is great-
er in the group exposed to pesticides (OR=2.30; 
95%CI 1.18-4.48). 

Other studies have highlighted that modern 
industrial agriculture, based on monocultures 
and intensive pesticide use, has a negative impact 
on the mental health of peasant farmers14,19,32,37-39, 
especially in peripheral countries where pesticide 
use is widespread and encouraged, but poorly 
controlled and regulated1,3,18,36.

This study has some limitations. First, we 
did not use probability sampling because offi-
cial population registers were not available for 
the traditional communities. Second, we did not 
address other well-known risk factors for sui-
cide ideation/suicide, such as personal and fami-
ly history of psychiatric disorders and suicidal 

behavior, as well as health characteristics and 
stressors not related to agriculture. Furthermore, 
a direct assessment of pesticide poisoning in the 
communities was not conducted. Despite these 
limitations, this study provides some important 
findings, which should inform the debate on this 
issue and stimulate further research in the region 
on this problem.

Conclusion

Peasant farmers living within the perimeter of 
the irrigation project and therefore subject to 
long-term cumulative pesticide exposure were 
more likely to report suicide ideation during 
the last 30 days than those living in traditional 
communities adopting agroecological practices, 
regardless of the occurrence of previous episodes 
of acute pesticide poisoning.

The findings of this study investigating two 
different groups of peasant farmers both living 
in the semi-arid region of the north of Minas 
Gerais, but immersed in distinct agricultural 
models, reinforce the need for further research 
to gain a better understanding of the associa-
tion between intensive pesticide use in industrial 
agriculture and psychiatric disorders in peasant 
farmers and agricultural workers.

Multiple connections between the field of 
health and agroecology need to be better ex-
plored, by not only building and recognizing 
the importance of sustainable food systems and 
the preservation of ecosystems, but also demon-
strating the potential of sustainable practices for 
shaping new directions at the individual and col-
lective levels and providing hope for the future.
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