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Abstract: The objective is to verify the effects of pesticides on the health of farmers 
in the southern region of Brazil, as well as the possible symptoms and cases of 
intoxication. This study has a quantitative, descriptive and exploratory approach, carried 
out in 12 agricultural locations in the municipality of Serra Catarinense. This research 
was approved by the research ethics committee and was applied through a structured 
questionnaire to 79 farmers who grow grains in the conventional cultivation system. The 
pesticide most used by farmers was glyphosate, followed by acephate. Of the individuals, 
21.5% reported that they had suffered poisoning by pesticides by the respiratory route 
(58.8%). In addition, 28% had three symptoms of intoxication, demonstrating possible 
probable cases of intoxication. And 41% of workers reported headaches as a predominant 
symptom in applications with the use of pesticides, followed by dizziness/vertigo (16%). 
Farmers who use PPE during the preparation of the pesticide spray are neither chronic 
diseases (p<0.003) nor psychological problems (p<0.000). All four individuals who had 
cancer, all also eat while applying pesticides (p<0.049). The exposure to pesticides 
causes changes in the organism of those exposed, using them more vulnerable to health 
problems.

Key words: diseases, farm workers, pesticide, poisoning.  

INTRODUCTION
The agricultural sector is of major importance 
in Brazil’s exports agenda, being accountable 
for seven of the ten most exported products by 
the country. Soybean is one of these crops, with 
an expansion of 42% in cultivated land in 2016 
alone (Castro & Lima 2016). However, there is a 
strong dependence on the use of pesticides in 
the country’s agriculture, especially in soybean 
crops (Souza et al. 2011, Hort 2016, Lemos et al. 
2018). 

The World Health Organization (WHO) 
reports that every year three to five million 
people are poisoned by pesticides in the world 
(ILO/WHO 2005). Pesticide poisonings usually 

affect farm workers, who are in direct contact 
with these chemicals (Greim et al. 2015). 

Poisonings may occur acutely or chronically 
(Amaral et al. 2016, Hort 2016). The symptoms of 
acute poisoning appear shortly after exposure, 
within 24 hours maximum (Monteiro & Carvalho 
Junior 2007, Londres 2011, Hort 2016). In chronic 
poisoning, the symptoms are more severe 
because it affects diverse systems of the human 
body and to appear after months or years, 
making medical diagnosis much more diffi cult 
and causing the various diseases (Londres 2011, 
Scardoelli et al. 2011, Abrasco 2015). Studies have 
linked cases of depression, suicide, miscarriage, 
cancer and congenital malformations, 
deformities, respiratory problems, dementia, 
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chronic diseases, genetic disorders, among 
others, to prolonged exposures to pesticides 
(Hort 2016, Meyer et al. 2007, Lee et al. 2010, 
Pereira et al. 2016).

In Brazil, in the year 2015, 11,863 farm workers 
fell ill by poisoning, and the diagnosed cause was 
the use of agricultural pesticides (Brasil 2018). 
Furthermore, in 2019 alone, 262 new pesticide 
active ingredients have been registered (MAPA 
2019), and in 2020, Brazil already has 2,700 
registrations of formulated products (MAPA 
2020). These factors represent an increased risk 
for acute and chronic poisonings. 

In Brazil, the state of Santa Catarina has a 
prominent position in the agricultural sector, 
especially in soybeans production. In 2017, the 
state consumed 12,628.37 tons of pesticides 
active ingredients, with an increase of more 
than 1,900 tons over previous years, when sales 
reached 10,645.35 (±227.28) tons on average 
(Ibama 2017). Given this picture, in 2015, the 
state was among the ten states most affected by 
pesticides toxicity, and 20% of the total number 
of poisoning cases occurred in children and 
adolescents aged 0 to 19 years (Bombardi 2017).

Considering the impact of pesticides on the 
environment and live beings, the aim of this 
study was to examine their effects on the health 
of farmers in Southern Brazil as well as possible 
symptoms and cases of poisoning. 

MATERIALS AND METHODS
This study has a quantitative, descriptive and 
exploratory design and was developed in a 
municipality located in the state of Santa 
Catarina, in the South of Brazil, with the following 
geographic coordinates: 27º 39’ 47’’S and 50º 34’ 
48’W.

According to the Instituto Brasileiro de 
Geografia e Estatística (Brazilian Institute of 
Geography and Statistics) (IBGE 2017), this 

municipality has a total agricultural area 
(temporary and permanent crops) of 3,671,469 
hectares, and soybean accounted in 2017 for 
a planted area of 1,819.485 hectares, maize 
1,200,651 hectares and beans 154.997 hectares. 
In addition, the municipality has in its territory 
part of the Sistema Aquífero Guarani (Guarani 
Aquifer System) (SAG), the second greatest water 
reservoir in the world (SEBRAE/SC 2013). 

This research was approved by the Research 
Ethics Committee of the Universidade do 
Planalto Catarinense (process no. 2.441.900). Data 
was collected with 79 farmers who grow cereals 
(soybean, maize, beans) using the conventional 
tillage system, who were selected at random, 
in 12 rural localities of the municipality. The 
participants of the research were the individuals 
who were responsible for the agricultural 
production or the property manager, aged 18 
years or over, and who agreed to participate by 
signing the Free and Informed Consent Form. 
It should be noted that the choice of farmers 
that cultivate soybean, maize and/or beans is 
due to the fact that these are the main food 
crops in the region. Data was collected through 
a questionnaire administered to the farmers at 
their homes, and the questions were read by 
the researchers and responded by the farmers. 
The semi-structured questionnaire consisted 
of open and closed questions on the farmers’ 
sociodemographic profile (age, sex, education) 
and general characteristics of the property, kind 
of crop produced, time of experience in farming 
activities; types of pesticides used; kind of 
exposure and poisonings suffered when using 
these products; exposure routes; symptoms 
after using these chemicals, among others. The 
worker who was not at their property in the third 
visit was excluded from the research. 

Data was collected from April to June, 2018, 
and each interview lasted approximately 30 
minutes. The data related to the property size 
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was converted into mini, small, medium and 
large property. To this end, it was considered 
the fiscal module standards defined by INCRA 
(2018), in which a mini landholder has less 
than one fiscal module of land; the small-sized 
property between one and four fiscal modules; 
the medium-sized property between four and 
15 fiscal modules, and the large-sized property 
more than 15 fiscal modules. In the region 
studied, one fiscal module is equivalent to 20 
hectares. 

After organizing the database, it was 
subjected to descriptive statistical procedures 
(mean value, percentage and standard deviation) 
and associated by means of the chi-square test, 
using the Statistical Package for the Social-SPSS, 
version 20.

RESULTS
With respect to gender, 92.5% of the participants 
were male and only 7.5% were female. The 
predominant educational level of these farmers 
was incomplete primary school (63%), and the 
minority was illiterate (1%). Regarding age, the 
majority (52.5%) was 41 to 60 years old, followed 
by individuals aged 18-40 years (27.5%) and, 
finally, over 60 years (20%). 

With respect to the cereal crops grown, it 
was found that 35% of the respondents produce 
soybean, 30% maize, 6.2% beans and 28.7% 
produce more than one of the crops cited. 
Concerning yields, soybean average yields are 58 
bags per hectare (±16.2); maize yields are 109.3 
bags per hectare (±47.3), and beans are 34.3 bags 
per hectare (±25.2). 

Table I shows the properties ranking 
according to the fiscal model defined by INCRA 
(2018). It can be seen that the properties 
registered as small are the majority in the 
region, representing 36.7% of the total properties 
studied (Table I). It was found a significant 

association between the kind of crop grown and 
the property size (p<0.003). Farmers who grow 
soybean often cultivate it in large properties. For 
maize and bean crops, mini farms predominate. 

With regard to the time of working in 
farming, 18.75% of the participants have worked 
up to five years in this activity; 41.2% from 6 to 20 
years; 37.5% have worked for more than 20 years 
in agriculture, and two workers did not respond.  

In addition, a significant association was 
found between the kind of crop produced and 
the time that each farmer has worked in farming 
(p<0.000). Therefore, in general, those who 
grow soybean has worked less than five years 
in farming, and those who grow maize or bean 
have worked for more than 20 years. 

The herbicide most used by farmers was 
glyphosate, which has been applied in soybean 
crops with an average volume of 581.6 liters/
ha, in maize crops with 406.7 liters/ha and in 
beans crops with 1,300 liters/ha (Table II). In 
addition to glyphosate, acephate (insecticides/
acaricides) has also been largely used, with 
average applications of 415 liters/ha/year on 
soybean crops and 400 liters/ha/year on bean 
crops (Table II). With respect to the agronomic 
category, most of the pesticides used are 
insecticides, followed by herbicides (Table II). 

In relation to pesticides sprayings, all 
farmers informed that they used only ground 

Table I. Classification of farm properties in a 
municipality in South Brazil, according to the fiscal 
modules defined by INCRA (2018). *n = number of 
farmers by type of property.

Properties 
classification n* % Hectares

Mini landholder 24 30.4 Less than 20

Small Property 29 36.7 20 to 80

Medium Property 20 25.3 80 to 300

Large Property 7 7.6 Over 300
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Table II. Identification and characterization of the pesticides most used by farmers who cultivate cereal grains in a 
southern region in Brazil, 2018.

Tradename Active ingredient

Average 
amount 
used/
year 
(L or 

Kg) in 
soybean 

Average 
amount 
used/
year

(L or Kg) 
in maize 

Average 
amount 
used/
year

(L or Kg) 
in beans 

Toxicological 
class* (GHS) 

Environmental 
class** 

Agronomic 
Category

Glyphosate

Glyphosate/
glyphosate 

ammonium salt 
glyphosate iso-

propylamine salt

581.6 406.7 1300

Vary 
according 
to active 

ingredient
(1 to 5)

III Herbicide

Fox
Trifloxystrobin

 + Prothioconazole
97.6 9 333.3 1 II Fungicide

Primóleo Atrazine - 103.5 - Not 
classified II Insecticide

Certero Triflumuron 56.7 - 40 Not 
classified III Insecticide

Belt Flubendiamide 18.6 - 30 Not 
classified III Insecticide

Gramocil***
diuron+ 

 paraquat dichloride
5.0 5 - - II Herbicide

Elatus Azoxystrobin + 
Benzovindiflupir 100 - - 4 II Fungicide

Clorim chlorimuron-ethyl - 1.8 - 5 III Herbicide

Connect Imidacloprid + beta-
cyfluthrin 170 - 150 5 II Insecticide

Acefato Acephate 415 - 400 1 III
Insecticide
Acaricide

Zap Potassium salt 
glyphosate 156.7 - - 5 III Herbicide

Mertin  Hydroxide 
phentermine 25 - 17.5 4 II Fungicide

Amistar top Azoxystrobin + 
difenoconazole - - 15 5 II Fungicide

Engeo pleno Thiamethoxam + 
lambda-cyhalothrin 100 - 10 4 I Insecticide

Basagran 480 Bentazone - 5 3 4 III Herbicide

Turbo beta-cyfluthrin 26 - 50 - II Insecticide

Sphere max Trifloxystrobin + 
cyproconazole 58 - 100 5 II Fungicide

Fastac duo
Acetamiprid + alpha-

Cypermethrin
50 - - 5 II Insecticide

Carbendazim Carbendazim 500 - - 5 III Fungicide

Sanson AZ Nicosulfuron + 
atrazine - 7 - 5 II Herbicide
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applications. Regarding the use of tractor, 42.5% 
use cabin-sealed tractors for application of these 
chemicals, 42.5% use tractor without protective 
cabin; 13.7% do not use tractors for application 
of pesticides but use instead backpack sprayers, 
and one individual did not respond. 

Regarding the use of Personal Protective 
Equipment (PPE) to mix or prepare the spray 
for use, 55% use this equipment; 32.5% do not 
use it, and 11.25% do not prepare it, and one did 
not respond. With respect to the use of PPE for 
application of these chemicals, 61.25% wear this 

Orthene Acephate 180 - - 5 II Insecticide/
Acaricide

Mancozeb CCAB 
800 WP Mancozeb - - 2 2 III

Fungicide/
Acaricide

Gramoxone*** Paraquat dichloride - - 1.7 - II Herbicide

Malathion Malathion - - 1 4 III Insecticide

Cefanol Acephate 20 - - 5 II Insecticide/
Acaricide

Select One Pack Clethodim 20 - - 5 III Herbicide

Atabron 50 EC Chlorfluazuron 20 - - 5 II Insecticide

Score Difenoconazole 30 - - 5 II Fungicide

Tordon 2,4-D-triethanolamin - 4 4 5 III Herbicide

Atrazina Atrazine - 21.2 - 5 III Herbicide

Callisto Mesotrione - 20 - Not 
classified III Herbicide

Standak Top
Pyraclostrobin + 

thiophanate-methyl 
+ fipronil

5 - - 4 II Fungicide/
IIInsecticide

Curyom
Lufenuron+
profenofos

400 - - 4 II Insecticide

Antracol Propineb 400 - 400 5 IV Fungicide

Perito Acephate - - - 4 II Insecticide

Ampligo Chlorantraniliprole + 
lambda-cyhalothrin 100 - - 4 I Insecticide

Native Trifloxystrobin + 
tebuconazole 100 - - 4 II Fungicide

Roundup Glyphosate and its 
salts 211 40 46.3 4 IIII Herbicide

Assist Mineral oil 25 25 - - IV Insecticide/
Acaricide

Tamaron - 25 - 3.8 - - Insecticide

Information extracted from the application of the questionnaire with the 79 surveyed farmers (n=79). GHS: Globally Harmonized 
System of Classification. Not classified: Product not classified by the new GHS classification. -: Product not found in the AGROFIT 
registration system of the Ministério da Agricultura, Pecuária e Abastecimento (MAPA). *Class 1 refers to Extremely Toxic; 
Class 2 refers to Highly Toxic; Class 3 refers to Moderately Toxic; Class 4 refers to Little Toxic; Class 5 refers product unlikely to 
cause damage. **Class I refers to a product highly harmful to the environment; Class II refers to a product very harmful to the 
environment; Class III refers to an environmentally-harmful product; Class IV refers to a product that is little harmful to the 
environment. ***Pesticides banned in Brazil 2020 with permission to use remaining stocks until 2021.

Table II. Continuation.
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equipment; 37.5% do not wear it, and one worker 
did not want to respond. 

Of those who reported not using PPE to 
prepare the pesticides for use or when applying 
them, justified the nonuse by saying that the 
tractor had a protective sealed cabin (37%) and, 
so, there was no need for use of any PPE unit 
because they would be protected by the closed 
cabin. Other reasons given was the excessive 
heat that this equipment cause to the body 
(46%), in addition to disregard (8%) and those 
who not even have it (9%).

In addition, there was a significant 
association between wearing PPE when mixing 
the pesticides spray and the reason for not 
wearing PPE, i.e., the highest percentage of 
farmers who do not wear PPE when preparing 
the pesticides for use also justified with reasons 
for the nonuse of this equipment (p<0.000). 
Likewise, those who do not wear PPE when 
spraying the pesticides also justified with 
reasons for not wearing it (p<0.000). 

With respect to the applications of pesticides 
by farmers, it was observed that they spend up 
to four hours/day exposed to the chemicals 
at times of intense application, and 83.7% of 
the respondents did not eat anything when 
handling these chemicals; 15% said they have 
meals during the use of pesticides, and 1.3% did 
not respond. In addition, 5% of the respondents 
smoke when handling the pesticides; 11.2% do 
not smoke during the farming activities, and 
82.5% are nonsmokers.

It was also found a significant association 
between the amount of time that the farmer 
spends spraying pesticides in the day and the 
habit of eating during applications (p<0.014), 
that is, when the farmer spends more than four 
hours to eight hours per day at the crop applying 
pesticides, he will likely eat something during 
this time. The opposite occurs when the worker 

spends less than four hours per day at the crop 
spraying chemicals. 

It was found that most of the farmers 
who cultivate two or more crops also tend to 
stay more time at the crop applying pesticides 
(p<0.039), which increases their exposure to 
the chemicals and, consequently, more risk of 
toxicity, different from farmers who grow one 
crop only, e.g., maize. 

Of 79 respondents, 21.5% informed that 
they were poisoned by pesticides, 75.9% were 
never poisoned and 2.5% did not respond. Of 
those who exhibited pesticides poisoning, 76.4% 
sought medical care; 58.8% were medicated and 
35.2% were hospitalized, and 76.5% informed 
that the mandatory notification report was never 
fulfilled. It should also be noted that of the 
individuals who were poisoned by pesticides, 
35.3% of them were poisoned by absorbing it 
through the skin, 58.8% by inhalation, and 5.9% 
by both routes. 

Relating to symptoms, 40 individuals (50.6%) 
had at least one toxicity symptom, even though 
some reported that they were never poisoned 
by pesticides or herbicides. Of these, 45.0% 
exhibited one poisoning symptom; 25.0%, two 
symptoms; 15.0%, three symptoms, and 12.5% 
more than three poisoning symptoms. Of the 
individuals who informed having suffered some 
poisoning symptom, 75.0% said that it happened 
when the pesticides was being applied (Table 
III). Those who said that they had a symptom 
after spraying the pesticides (10.2%), it occurred 
in the week of application. 

In addition, in this research, it was found a 
significant association between individuals who 
exhibited three poisoning symptoms with those 
who had suffered pesticides poisoning at least 
once in their lifetime (p<0.014).

With regard to the symptoms experienced 
by the farm workers, headache (80.0%), followed 
by dizziness (32.5%), vomiting (27.5%), nausea 
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Table III. Symptoms of pesticide poisoning reported by farmers that grow cereal grains in a southern region in 
Brazil.

Participant
Reported 

symptom(s) 

Agrochemical 
used 

Tradename 

Agrochemical used 

Active ingredient 

Procedure 
being 

performed 
when using the 
agrochemical 

Culture

Size 
of the 

property

(hectares)

Work 
situation 

of the 
participants

1
Dizziness

Headache
Tamaron --- Spraying maize 46.0

small 
landholder

2
Skin irritation/

itching

Headache 
Not informed --- Spraying

maize/
bean

2.5
mini 

landholder

3
Dizziness

Headache
Roundup Glyphosate and its salts Spraying

maize/
bean

28.0
small 

landholder

4 Headache CropStar Imidacloprid + thiodicarb Spraying
maize/

soybean
130.0

medium 
landholder

5 Skin irritation Not informed --- Not informed
maize/
bean/

soybean
24.0

small 
landholder

6

Vomiting

Dizziness

Headache

Roundup Glyphosate and its salts Spraying
maize/

soybean
76.0

small 
landholder

7

Vomiting

Nausea

Dizziness

Skin irritation 
(itching)

Headache

Not informed --- After spraying maize 2,600.00
large 

landholder

8 Headache Roundup Glyphosate and its salts Spraying
maize/
bean/

soybean
90.0

medium 
landholder

9

Nausea

Dizziness

Headache

Not informed ---
Mixing and 

spraying the 
pesticide 

maize/
soybean

200.0
medium 

landholder

10

Nausea

Dizziness

Difficult 
breathing

Headache

Tamaron/
Decis/

Gramocil

Not available in the system 

Agrofit/ Deltamethrin/ 
diuron + paraquat 

dichloride

Mixing and 
spraying the 

pesticide 
soybean 100.0

medium 
landholder

11
Skin irritation 

(itching)
Not informed --- Spraying soybean 140.0

medium 
landholder

12 Headache Roundup Glyphosate and its salts Spraying soybean 18.0
mini 

landholder

13 Headache Karate Lambda-cyhalothrin Spraying maize 37.0
small 

landholder

14 Headache Not informed --- Not informed
maize/

soybean
230.0

small 
landholder



ARYANE EVARISTO et al. PESTICIDES AND FARMERS’ HEALTH

An Acad Bras Cienc (2022) 94(2) e20211335 8 | 16 

15
Vomiting

Headache
Roundup Glyphosate and its salts

Mixing and 
spraying the 

pesticide 
soybean 80.0

small 
landholder

16 Tremors Basagran Bentazone Spraying
maize/
bean/

soybean
200.0

small 
landholder

17
Vomiting

Headache
Tamaron

Not available in the Agrofit 
system

Spraying maize 15.0
mini 

landholder

18 Nausea
Any active 
ingredient

--- Spraying maize 12.0
mini 

landholder

19 Dizziness Roundup Glyphosate and its salts Spraying soybean 30.0
small 

landholder

20

Headache

Weakness

Skin irritation 

Not informed --- Spraying soybean 72.0
small 

landholder

21

Dizziness

Headache

Stomach ache

Not informed --- Spraying maize 110.0
medium 

landholder

22 Nausea Curyom Lufenuron + profenofos Not informed
Maize/
bean

32.0
small 

landholder

23 Headache Not informed --- Not informed maize 3.0
mini 

landholder

24

Vomiting

Headache

Altered urine 
(color/amount/

smell)

Dual Gold Metal chlorine Spraying soybean 90.0
medium 

landholder

25

Nausea

Dizziness

Headache

Weakness

Curyom/Turbo
Lufenuron +profenofos/ 

Beta-cyfluthrin

Mixing and 
spraying the 

pesticide 
soybean 65.0

small 
landholder

26
Abdominal 

cramps 
Roundup Glyphosate and its salts Spraying 20.0

small 
landholder

27 Headache Not informed --- Not informed maize 10.0
mini 

landholder

28

Vomiting

Nausea

Headache

Abdominal 
cramps

Altered urine 
(color/amount/

smell)

Tingling 
sensation in a 

limb

Skin irritation

Skin color 
(paler)

Roundup/
Orthene

Glyphosate and its salts/ 
acephate

Spraying maize 2.5
mini 

landholder

Table III. Continuation.



ARYANE EVARISTO et al. PESTICIDES AND FARMERS’ HEALTH

An Acad Bras Cienc (2022) 94(2) e20211335 9 | 16 

(20.0%), and skin irritation (15.0%), were the 
symptoms most cited by these workers (Table 
III). The pesticide most cited and related to the 
symptoms, mainly headache, was glyphosate 
(Roundup). 

The farmers who grow small crops do not 
wear PPE due to the fact that they are often 
unaware of their importance, because they 
are not advised by the customer service staff 
or by the seller of pesticides about the risks 
that these products pose to their health and 
the need for protection when handling them. 
In addition, they spend fewer hours spraying 

the pesticides (up to 4 hours/day) due to the 
small size of their property, unlike those who 
grow crops in medium-sized property, who likely 
spend more than four to eight hours per day 
spraying chemicals (p≤0.004), which poses an 
increased risk of poisoning to these farmers. 

There was also a significant relation 
between the property size and the use of tractor 
with protective cabin when spraying pesticides. 
Because they can afford it, the big farmers use 
more sophisticated technologies, which would 
make them somehow more protected against 
the harmful action of pesticides and herbicides, 

29

Vomiting

Nausea

Dizziness

Headache

Curyom Lufenuron +profenofos Spraying maize 3.0
mini 

landholder

30

Vomiting

Dizziness

Headache

Weakness

Roundup Glyphosate and its salts Spraying bean 30.0
small 

landholder

31
Vomiting

Headache
Roundup Glyphosate and its salts Spraying maize 4.0

mini 
landholder

32 Headache Roundup Glyphosate and its salts Spraying 2.0
mini 

landholder

33 Headache Not informed After spraying soybean 200.0
medium 

landholder

34 Headache Tordon 2,4-D-triethanolamine Spraying maize 150
medium 

landholder

35
Decreased 

vision

Headache
Trifluralina Trifluralin Spraying maize 4.0

mini 
landholder

36
Dizziness

Insomnia
Certero/Decis Triflumuron/ Deltamethrin Spraying bean 5.0

mini 
landholder

37

Vomiting

Abdominal 
cramps 

Headache

Roundup Glyphosate and its salts After spraying soybean 70.0
small 

landholder

38
Vomiting

Headache
Roundup Glyphosate and its salts

Mixing the 
pesticide

maize 2.0
mini 

landholder

39
Dizziness

Headache
Roundup Glyphosate and its salts Spraying soybean 3.0

mini 
landholder

40 Headache Roundup Glyphosate and its salts After spraying
maize/
bean

3.5
mini 

landholder

Table III. Continuation.
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but many of them do not use PPE saying that they 
are unnecessary because of the shield provided 
by the sealed cabin. Once again, it is noticeable 
the famers’ poor knowledge about the use of 
PPE, either in family farms or large properties, 
showing that these farmers are victims of an 
oligopolist system of manufacturers and/or 
sellers of these products. Thus, a great number 
of small farmers tend not to use tractor to spray 
pesticides, but do so using a backpack sprayer, 
unlike other farmers that grow crops in medium-
sized and large properties. 

It was observed a significant relation 
between individuals who do not use tractor 
but rather a backpack sprayer for application 
of pesticides and the occurrence of respiratory 
(p≤0.002) and psychological problems (p≤0.001), 
i.e., the majority of farmers who do not use tractor 
to spray chemicals also exhibited the highest 
incidence of respiratory and psychological 
diseases. On the other hand, the highest 
percentage of farmers who said that they wear 
PPE to prepare the chemical sprays do not have 
chronic diseases (p≤0.003) nor psychological 
problems (p≤0.000), which demonstrates that the 
greater the care with individual protection the 
lower the risks of poisoning and, consequently, 
health damages. 

It should be noted that four among the 79 
individuals of this study informed having cancer, 
and all four of them also informed that they 
used to eat when they applied the pesticides, 
and there is a significant association between 
these variables (p≤0.004). 

DISCUSSION
In the present study, the predominance of male 
individuals can be explained by the hierarchical 
relationship that predominates in the rural area, 
where the gender paradigm that men are the 
family providers, those who take care of the 

land and the farming activities, was built (INCRA 
2018). A point of concern is the low educational 
level of most of the individuals investigated, 
since it may result in misunderstandings when 
reading the pesticides labels, safety guidelines 
in general and other instructions, which can be 
conducive to poisoning risks (Silva et al. 2013, 
Souza et al. 2016, Meirelles et al. 2016). It should 
be considered that those who manufacture or 
sell pesticides do not usually give the necessary 
warning and precautions that farmers should 
observe when handling these products. 

With respect to soybean cultivation in the 
region studied, it is noteworthy how recent 
this crop is in the region and how much it has 
expanded in the last years. These facts are 
in agreement with IBGE’s data, which shows 
that the area planted with soybean in the 
municipality corresponded to 1,400 hectares in 
2010, and in 2017 it jumped to 5,000 hectares 
(IBGE 2020) clearly showing an expansion of 72% 
in only seven years. Such growth was mainly due 
to the high profits that soybean offers to farmers 
compared to other cereal crops, considering that 
soybean is the main agricultural commodity that 
accounts for Brazil’ economic growth (Artuzo et 
al. 2018).

The glyphosate was the pesticide most 
commonly used, which is in agreement with 
other authors who also demonstrated that this 
product is largely consumed in Brazil (Pignati et 
al. 2017) and in North Caroline agent of multiple 
myeloma in farmers (De Roos et al. 2005). 
Furthermore, this herbicide may be harmful 
to the farmer and his family’s health and may 
cause fetal malformations (Duke & Powles 2008), 
hormonal deregulation (Cattani et al. 2014, 
Mesnage et al. 2015), liver and kidney problems 
(Zhu et al. 2012, Mesnage et al. 2017), tumors and 
cancer (Greim et al. 2015, Hort 2016, CIT/SC 2019). 

It is also worth noticing that Brazil still uses 
glyphosate, a product that has been banned in 
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some other countries due to the hazards that 
the substance poses to humans (Lermen et al. 
2018). And, if that wasn’t enough, between 2014 
and 2018 glyphosate represents about 35.5% of 
total pesticide sales, totaling 943,626.43 tons 
within a five-year period (Ibama 2020).

Besides glyphosate, acephate was also 
one of the most commonly used pesticides in 
this study, and is one of the most consumed 
insecticides in Brazil, being in the third position 
in the rank of the best-selling active ingredients 
(Abrasco 2015, IBGE 2017). It should be noted that 
in 2017 alone, more than 27 million tons of this 
active ingredient were sold in Brazil, despite the 
fact that it has already been banned in various 
countries in Europe and European Union due 
to its harmful effects to the environment and 
neurotoxicity to humans (Abrasco 2015, Hungaro 
et al. 2015). 

Insecticides and herbicides were the most 
used products. Likewise, researches carried 
out worldwide also demonstrated that these 
categories are the ones most used (Beseler et al. 
2008, Lee et al. 2010). This can be explained by the 
fact that in either in soybean or in corn and beans 
crops, pests attack practically the entire growing 
cycle, especially caterpillars, which destroy the 
plant’s photosynthesis surface, leading farmers 
to use insecticides to manage this pest. Despite 
the use intensive of herbicides and insecticides, 
it is important to highlight that there are no 
ways to monitor acute human poisoning by 
herbicides, including glyphosate. It is possible 
to measure only the intoxication caused by 
insecticides of the organophosphate and 
carbamates classes through the cholinesterase 
test, which constitutes a public health problem. 

With respect to the use of PPE, the authors 
highlight that the nonuse of sealed cabin in 
tractors and, especially the nonuse of backpack 
sprayer when applying the chemicals on the 
crops will likely cause damages to the farmers’ 

health, since they are more exposed to pesticide 
drifts and spray droplets that dissipate into the 
atmosphere after application (Casali et al. 2015, 
Pignati et al. 2017, Baesso et al. 2018, Maia et al. 
2018).

In a study conducted with 1,379 farmers in 
two municipalities in South Brazil, most of them 
wore PPE when applying pesticides, but this 
same care was not observed when they mixed 
the product, thus resulting in a higher risk of 
poisoning by respiratory route (Faria et al. 2005). 

It is expected that PPE fulfills the function 
of preventing pesticide poisoning occurrences 
in farm workers, but body coveralls, one of the 
main pieces of clothing that comprise PPE, do 
not help in one of the workers’ basic needs, 
the body thermoregulation that restores the 
normal temperature, because the heat it causes 
to the body prevents homeostasis (Faria et al. 
2005, Veiga et al. 2016). So, without homeostasis, 
the body suffers symptoms and signs such as 
headache, sweating, nausea, among others 
(Faria et al. 2005). Even wearing this protective 
equipment there are occurrences of poisoning 
cases in farm workers, giving rise to discussions 
about the real safety that PPE offers to these 
professionals (Faria et al. 2005).

In addition to PPE, the number of hours 
that a farmer spends applying pesticides 
may also be an issue of concern. The ideal is 
not to exceed five hours daily of exposure to 
pesticides, otherwise it may lead to poisoning 
onsets and health damages due to excessive 
exposure (Favera & Melo 2000). In this study, the 
fact that most of the farmers spend up to four 
hours spraying pesticides may be considered 
protective against the occurrence of signs and 
symptoms of acute toxicity.  

In Brazil, there are government agencies 
responsible for notification of pesticide 
poisoning cases, the Sistema Nacional de 
Informações Tóxico-Farmacológicas (National 
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System of Toxic-Pharmacological Information), 
which has recorded (Pignati et al. 2017, Zhu 
et al. 2012) cases of poisoning in the country 
in 2017, and 1,085 pesticide. The American 
Association of Poison Control Centers (AAPCC 
2017), Toxic Exposure Surveillance System, which 
is responsible for the notification of poisoning 
cases in the US, releases annual reports through 
55 control centers, which in 2017 alone recorded 
84,031 cases of pesticide poisoning. Although 
notification is mandatory in the country, it 
is noteworthy that underreporting can be 
considered a problem in Brazil and in the world, 
which becomes even worse when we consider 
the lack of qualified services in providing correct 
diagnosis. The workers’ unawareness of the 
signs, symptoms and risks, together with the 
non-specificity of these signs and symptoms, 
may confuse the professional with diagnosis of 
other health problems (Londres 2011, Abrasco 
2015). It should be noted that acute poisoning 
can be identified with blood tests, as long as 
they are made up to seven days after exposure, 
but are not effective for the cases of chronic 
problems (Abrasco 2015).

A greater number of reported cases can 
be observed in the US compared to Brazil, but 
it is estimated that in Brazil there are many 
nonreported cases of pesticides poisonings 
(Bochener & Souza 2008). According to the World 
Health Organization, for every case of poisoning 
recorded, other 50 cases are not. In the present 
research, of 13 farmers there were interviewed 
and who sought medical care, only three 
informed that they completed the compulsory 
notification form, evidence of the fact described 
above. Failure in reporting may occur by several 
reasons, such as lack of sufficient healthcare 
services to meet the demands of this exposed 
population, failures in diagnosis and/or reporting 
systems, poor knowledge of the healthcare 
professionals on how to complete the forms, 

among others (Werneck & Hasselmann 2005, 
Monteiro & Carvalho Junior 2007, Scardoelli et al. 
2011, Bombardi 2017). 

Regarding the symptoms of poisoning, it was 
found in this study that the largest number of 
individuals had two, three or more symptoms of 
poisoning. Two intoxication symptoms reported 
by the same rural worker after exposure to 
pesticides are considered a possible case of 
intoxication, while three or more symptoms 
are considered a probable case of intoxication 
(Faria et al. 2009). Thus, 28% of respondents 
are included in the latter case, and 25, 6% in 
cases of possible intoxication. The highest 
percentage of individuals who reported having 
three symptoms of intoxication also reported 
that they had already suffered intoxication 
by pesticides, showing that three or more 
symptoms of intoxication represent a probable 
case of intoxication (Faria et al. 2009).

In regard to headache, this was the 
symptom most reported, corroborating with 
other studies that also reported headache as 
the major symptom of poisoning when handling 
pesticides (Cerqueira et al. 2010, Lee et al. 2011, 
Kamel et al. 2005). Headache can be considered 
an alert to communicate to the Central Nervous 
System that there is something wrong, activating 
neurons specific to the pain process and the 
cardiovascular system as well (Guyton & Hall 
2006).

In this research, it was found a significant 
association between the property size and the 
use of sealed-cabin tractors to apply pesticides. 
Agriculture has grown concomitantly with 
technological development. Similar to other 
professional areas, the use of machinery in 
croplands fit this set of technologies, which 
facilitate the farmers’ work activities, improve 
yields and the quality of products (Casali 
et al. 2015, Artuzo et al. 2018, Baesso et al. 
2018). However, along with these facilities and 
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improvements, there are costs that often are 
not economically viable to small farmers, who 
usually employ less technology, e.g., backpack 
sprayers for application of chemicals, making 
them more exposed to toxicity (Maia et al. 
2018). Thus, the occurrence of health problems 
are likely to occur more frequently when the 
exposure to pesticides is higher (Lee et al. 2010, 
Hort 2016, Pereira et al. 2016).

In addition, the farmers of this study who 
wear PPE did not exhibit psychological problems 
and chronic diseases. PPE helps to mitigate the 
effects of pesticides on farm workers, but it is 
known that this equipment is not a hundred 
percent effective for the workers’ safety (Favera 
& Melo 2000, Almussa & Schmidt 2009, Cerqueira 
et al. 2010, Garrigou et al. 2011, Meirelles et al. 
2016). Studies have shown that the use of PPE 
helped diminish the number of health problems 
in exposed farm workers, although not limiting 
them. Also, the nonuse of PPE increases the 
likelihood of health damages, such as poisonings 
(Meyer et al. 2007, Faria et al. 2009, Cerqueira et 
al. 2010).

It should also be noted that there was an 
association between the occurrence of cancer 
and the habit of eating meals during pesticide 
applications. Pesticide poisoning by oral 
exposure (through the mouth or digestive tract) 
may occur with contaminated foods. In this case, 
the individual consumes small concentrations 
of pesticides, facilitating the onset of chronic 
poisoning, which, in case of prolonged exposure 
to small doses may result in health problems, 
such as cancer (Hort 2016, Meyer et al. 2007, Lee 
et al. 2010, Porto & Soares 2012, Pereira et al. 
2016, Serra et al. 2016).

In general, this research demonstrates 
that pesticides are not only harmful to the 
environmental system but also to the farmers’ 
health, causing a state of fragility, particularly 
when these workers are not aware of the dangers 

that these products pose to their health, mainly 
the risks related to their habits (eating) and 
nonuse of personal protective equipment. This 
is because we live in an era of heteronomy 
of the Brazilian agriculture in relation to the 
international market, in which the use of 
pesticides is linked to the agribusiness growth 
and the interests of the chemical industries, 
whose main goal are profits. 

Thus, it is extremely important to push the 
Brazilian Health System to operate efficiently 
and coherently with the rural environment, 
providing satisfactory and qualified services to 
this population, as well as creating legal methods 
that may reduce the use of these chemicals, to 
which farm workers are subordinated to use. It 
is also necessary qualified medical teams, with 
training and explanations on the diagnosis of 
acute toxicity cases, considering that the present 
work also found some weakness in the diagnosis 
and reporting of pesticides poisoning cases by 
the health providers in the region studied. 
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