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Dr. Sandra Quintana Ponce Abstract: Pesticides are used to control

Higher School of Natural Sciences. pests and diseases in agricultural fields,
"*Universidad Auténoma de Guerrero™" however, these agrochemicals can cause
Chilpancingo, Guerrero, Mexico acute and chronic poisoning in farmers.
https://orcid.org/0000-0001-7184-994X An observational, cross-sectional study was

carried out on farmers, with the objective
of knowing the use and management of
pesticides in four agricultural areas of the
State of Guerrero: Huitziltepec, Chichihualco,
Quechultenango and La Ceniza and
estimating the prevalence of acute poisonings
in this population. Materials and methods: a
questionnaire of 35 questions related to the
use and management of agrochemicals was
applied to 407 farmers from the four areas.
Results: Average age 46.0£16.29 years, 32.6%
are illiterate, 89.6% did not use personal
protective equipment. The highest prevalence
of acute poisoning (61.64%) was recorded in
the community of La Ceniza. The pesticides
that caused acute poisoning were: paraquat,
furadan, esteron counter, tamaron, faena
and lannate. The most frequent symptoms
reported by farmers were: headache, nausea/
vomiting, burning skin, blurred vision and
dizziness. Conclusions: farmers used and
handled agrochemicals inappropriately. It is
recommended to train farmers in the proper
use and management of agrochemicals, as well
as in the use of alternative methods to control
agricultural diseases and pests.

Keywords: pesticides, acute poisonings, use
and management, exposed farmers.

INTRODUCTION

The use of pesticides has increased in
the last 20 years in the agricultural field
and in health campaigns for vector control
(Gonzalez-Valiente et al. 2001, Madeley 2002,
Villaamil Lepori et al. 2013).

In Mexico, around 7 million people work
in agriculture and it is estimated that 25.4%
of its population may be directly exposed to
pesticides (Valencia-Quintana et al 2023).
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The use of these agrochemicals has harmful
effects on health and environmental pollution
(Hernandez-Antonio and Hansen 2011,
Villaamil Lepori etal. 2013, Bildfell et al. 2013).
For example, glyphosate has been reported to
have harmful effects on the nervous system,
and an increased risk of autism spectrum
disorders was also found in children when
their mothers were exposed to glyphosate
during pregnancy or in their first year of life
(Sobjak et al 2017; Press Release, 2023).

Pesticides represent a serious health
problem for exposed workers (Ortiz et
al. 2013), because they cause acute and
chronic poisoning. The risk of suffering
from poisoning is greater when applicators
do not use personal protective equipment
during preparation and application (Montoro
et al. 2009). In the 1980s, the World Health
Organization (WHO, 1990) recorded one
million serious cases of unintentional
poisoning worldwide, of which 70% occurred
due to occupational exposure; and the
greatest number of acute poisonings is due to
organophosphate pesticides, carbamates and
bipyridyls (paraquat) (Cabrera and Varela
2009, Fernandez et al. 2010).

In Mexico, from 1995 to 2012, 67,711
cases of pesticide poisoning were recorded
throughout the country; The states that
presented the highest rates at the end of the
period are Colima 17.3, Nayarit 11.6, Morelos
8.7, Jalisco 8.4 and Guerrero 7.1. (SSA, 2013).

In the State of Mexico, 71.8% of poisonings
occurred, the most frequent route of exposure
was respiratory (48.5%), only 54.3% requested
medical attention when the poisoning
occurred (Hernandez-Gonzalez et al. 2007).

In the State of Guerrero, a prevalence
of acute poisoning of 23% was reported in
agricultural workers in the Tixtla Valley
and the inadequate use and management of
pesticides was observed (Cortés et al. 2008).
The Ministry of Health of this state registered
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254 cases of pesticide poisoning in 2013, until
week 34, however there is an under-reporting
of this problem (SSA, 2013).

According to the Ministry of the
Environment and Natural Resources
(SEMARNAT), in the state of Guerrero, a total
of 1,329 acute pesticide poisonings have been
registered from 2012 to 2019 (SSA, 2020);
and in 2022, an incidence rate of pesticide
poisoning of 5.73 per 100,000 inhabitants was
recorded (SSA, 2023).

The objective of this research is to
understand the use and management of
pesticides in the agricultural areas of the
communities of La Ceniza, Huitziltepec,
Chichihualco and Quechultenango and to
estimate the prevalence of acute poisoning in
farmers exposed to pesticides.

METHODOLOGY

A cross-sectional study was carried out, in
which 407 male farmers from four agricultural
areas of the State of Guerrero, Mexico,
participated. Sampling was non-probabilistic
(for convenience) and was carried out from
June to September. The sampled sites were:
La Ceniza, Huitziltepec, Chichihualco and
Quechultenango. Farmers who agreed
to participate signed a letter of informed
consent. A questionnaire was applied to
them, which contains 35 questions related
to the use and management of pesticides,
hygiene habits, safety interval, symptoms
caused by pesticides, work history, use of
personal protective equipment, among others
(Cortés et al., 2008). The inclusion criteria:
farmers who applied pesticides in the last 12
months and the exclusion criteria: temporary
applicators and farmers who had not applied
pesticides in the last 12 months. Data capture
was performed in Epi Data and statistical
analysis in Stata.
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DESCRIPTION OF THE STUDY AREA

The community of La Ceniza, Municipality
of Marquelia is located in the Costa Chica
Region of the State of Guerrero, 60 meters
above sea level (masl), has a population of
385 inhabitants (INEGI, 2010). Chichihualco
is located in the Central Region of the State
of Guerrero, west of Chilpancingo, at 1140
meters above sea level, it has a population of
10,690 inhabitants. Huitziltepec, municipality
of Eduardo Neri, is located in the Central
Region of the State of Guerrero, at 1670
meters above sea level, and has a population of
4,305 inhabitants. Quechultenango is located
southeast of Chilpancingo, capital of the State
of Guerrero, at 860 meters above sea level and
has 5,720 inhabitants (INEGI, 2012).

RESULTS

In the Community of La Ceniza, the main
crops on which pesticides were applied were:
corn (14%), chili (2%) and watermelon (2%).
82% used pesticides to control weeds. 89.6%
of farmers do not use personal protective
equipment (PPE). 5.8% (6/104) use a scarf to
cover their mouth and 1.92% (2/104) use latex
gloves. 37.5% (39/104) applied the pesticide
from 10:00 a.m. to 4:00 p.m., being the hours
of greatest risk due to the strong air currents
in that area. The average pesticide application
time was 4.93+2.10 SD, with a range of 1 to
9 hours. Farmers usually mix two or three
pesticides in the same application. 80.95%
of those who were poisoned did not go to
the doctor due to lack of financial resources
and because in some cases the poisoning was
mild. Only four intoxicated people went to the
doctor.

In the agricultural area of Chichihualco,
corn, tomatoes, sorghum and beans are mainly
grown. Generally in this area pesticides are
applied in the morning, 75% of farmers apply
them from 8:00 to 10:00. The average exposure
time was 6.35%+2.65 SD, with a range of 0.5 to
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10 hours. In this area, farmers usually mix two
pesticides in the same application.

In the agricultural area of Huitziltepec,
farmers grow corn, tomatoes, beans, pumpkins
and chili. 90% of farmers do not usually use
personal protective equipment (PPE), despite
this, they had the lowest prevalence of acute
poisoning (Table 1). The average application
time was 6.65+2.37 SD, with a range of 1 to
12 hours. Farmers mix up to four pesticides
in a single application. Most farmers (91%)
applied herbicides.

In the agricultural area of Quechultenango,
the crops planted most frequently are: corn,
beans, tomatoes, chili, cucumber, jicama
and peanuts. The pests that occurred most
frequently were: fall armyworm (Spodoptera
frugiperda. J.E. Smith), white fly (Bemisia
tabaci. Gennadius), gallina ciega (Phyllophaga
sp) and different species of weeds. The average
application time was 5.56+2.05 SD, with a
range of 1 to 11 hours. Farmers often mix
two or three pesticides in a single application.
Tamaron, furadan and paraquat are the
pesticides with which farmers in this town
have been most poisoned.

The highest prevalence of acute pesticide
poisoning (API) was recorded in the
Community of La Ceniza. The pesticide that
caused poisoning in the four sites studied was
Paraquat, among others (Table 1.)

Of the four areas studied, the farmers from
La Ceniza were the ones that reported the most
symptoms and the farmers from Huitziltepec
presented the least symptoms (Table 2).

In relation to the use and management of
pesticides in the studied areas, the majority
of applicators do not use personal protective
equipment or only use some clothing; For
the application of agrochemicals they use a
backpack pump. It was also observed that most
farmers do not respect the re-entry time to
treated crops, as indicated in the instructions
on the packaging. In the four agricultural
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Agricultural Age Age range Scholarship PJI Pesticides that caused poisonin
area Average (years) n (%) Prevalence P 8
The person Furadan, esteron, paraquat,
The ashes 409241643 | 16-80 | reading=82 (78.8%) 61.549, | lannate, folimat, defensa, tordén,
(n=104) literate=22 (21.2%) velcron 60, biofol, nudrin, coloso,
B 0 foley, arrivo, pastar.
L. The person Faena, furadan, tamaron, paraquat,
glh_li}(;g};ualco 48.66+18.36 16-88 reading=71 (68.9%) 18.45% counter, esteron, lannate, cypervel
- Illiterate=32 (31.07%) 200, disparo, karate.
Huitziltepec The person knows how
(n=100) P 49.13+14.52 15-78 to read = 50 (50%) 8.0% Faena, paraquat.
- Mlliterate = 50 (50%)
The person knows how
?Lielc(l)l(;;ltenango 44.99+ 15.87 16-80 to reIe)l d=72 (72%) 21.0% Faenz;., furadan, tamaron, paraquat,
n= lliterate = 28 (28%) counter.

Table 1. Pesticides that caused poisoning in farmers in the four areas studied.

Symptoms The ashes | Chichihualco | Huitziltepec | Quechultenango
Headache X* X X X
Nausea/vomiting X X X
Fever X

Difficulty breathing X

Burning skin X X X X
Burning in eyes X

Excessive sweating X

Blurry vision X X

Dizziness X X X
Excessive thirst X X

Body tremor X X

Table 2. Symptoms reported by farmers after applying the pesticide.

*Presence of symptoms

areas, those interviewed have knowledge of
the danger of pesticides; However, they do
not take the appropriate precautions for their
proper use and management (Table 3).
Farmers used and handled pesticides

DISCUSSION

Farmers from three agricultural areas (La
Ceniza, Chichihualco and Quechultenango),
90 to 99% did not use personal protective
equipment (PPE) when applying the pesticide,

inadequately, because they mixed pesticides,
applied against the wind, and most did not
use personal protective equipment, among
other factors (Table 3).

In the crop fields of the four agricultural
zones, after applying the pesticide, no danger
signs were placed in the areas treated with
agrochemicals. It was also observed that
farmers discard empty containers of the
pesticides used in the field.

and therefore had the highest prevalence of
acute poisoning 61.54%, 18.45% and 21.0%
respectively; Other authors such as Evaristo et
al (2022), in their research, report that 32.5%
of farmers in the southern region of Brazil do
not use PPE due to the excessive heat it causes
and 21.5% reported having suffered pesticide
poisoning. Zheng et al (2023) mention
that the use of PPE by pesticide applicators
significantly reduces exposure levels and
health problems. On the other hand, Kafle et




Variables The ashes | Chichihualco | Huitziltepec | Quechultenango
People mix pesticides

Yes (%) 61.54 39.81 29.0 31.0
No (%) 38.46 60.19 71.0 69.0
Use of PPE

Yes (only some items) (%) 7.7 1.0 10.0 23.0
No (%) 92.3 99.0 90.0 77.0
People apply pesticides

Downwind (%) 28 56.31 69.0 58.0
Against (%) 12 23.30 31.0 7.0
Both forms (%) 60 20.39 _ 35.0
Equipment used to apply the pesticide

-Backpack bomb (%) 100 99.0 100.0 99.0
-With bare hands (%) ---- 1.0 _ 1.0
People read the label

Yes (%) 21.0 42.72 27.0 35.0
No (%) 75.0 55.34 64.0 59.0
Sometimes (%) 4.0 1.94 9.0 6.0
Smoke during or after application

Yes (%) 10.58 7.8 _ 15.0
No (%) 89.42 92.2 100.0 85.0
Average time to bathe after applying pesticide (hours) 4.52+7.33 2.18+3.43 1.05+1.07 1.59+4.7
Average time to change clothes after application (hours) | 5.87+ 15.68 2.22+3.44 1.05£1.07 1.32+1.51
Average re-entry time to the crop (days) 2.85+3.10 3.48+5.04 5.68+5.42 4.57+4.86
Perception of farmers in relation to the risk of pesticide use

They are dangerous (%) 100.0 81.0 83.0 94.0
They are not dangerous (%) _ 19.0 6.0 5.0
The person does not know (%) _ _ 11.0 1.0

Table 3. Indicators of pesticide use and management in farmers in four agricultural areas of the State of

Guerrero, Mexico.

al (2021) points out that the low use of PPE
is mainly due to farmers’ lack of awareness,
availability and high cost, and the discomfort
they experience when using it due to the heat.

Of the areas studied, farmers in the
community of La Ceniza had the highest
prevalence of Acute Pesticide Intoxication
(IAP), this is possibly due to the fact that
92.3% of these farmers do not use personal
protective equipment and it is the community
where A greater variety of pesticides are used
(14 different pesticides), and the application
is also carried out against the wind (12%);
They do not respect the re-entry time to the
crop since they return to the fumigated crop
in three days on average, and 62% of farmers
mix or combine pesticides when applying
them; Therefore, the toxicity of the product
increases. Another factor that can contribute

to the high prevalence of acute poisoning in
this agricultural area is the warm climate,
which can favor exposure through the dermal
route and cause PJI. Guzmadn-Plazola et al
(2016) mention that the risk of suffering
acute poisoning from pesticides is related
to the absence of technical knowledge, lack
of training in the management and use of
agrochemicals, and little information from
commercial companies. Other authors, such
as Evaristo et al (2022), mention that people
exposed to pesticides cause changes in their
bodies and make them more vulnerable to
health problems.

In our study, the pesticides that caused
acute poisoning and that were used most
frequently were: paraquat, furadan, esteron,
counter, tamaron, faena and lannate. Other
authors such as Guzman-Plazola et al (2016)




report in their study Lannate, faena, furadan
and tamaron as the most frequent.

The farmers of Huitziltepec presented only
two symptoms and 8% of acute poisoning,
this prevalence was lower compared to the
prevalence of the other three areas studied,
this is perhaps due to the fact that the farmers
of Huitziltepec used fewer pesticides and the
average re-entry time to the cultivation was 6
days and in the other areas it was fewer days.

The majority of farmers (55-75%) in the
areas studied do not read the label before
applying the pesticide; Therefore, they are
unaware of the correct handling of the
product and the warnings specified by the
manufacturer. As mentioned by Damalas et
al (2016), agrochemical producers label the
product in which they specify the handling
and toxicity of the pesticide. Therefore, it is of
utmost importance to read the contents of the
label to make good use of the product.

Due to the poverty in which farmers in the
State of Guerrero, Mexico, are found and the
high exposure to pesticides due to improper
use and management, it is necessary for health
authorities to supervise agricultural areas
and provide medical care to the population
of farmers, and at the same time guide
them for the proper use and management
of pesticides, since they are toxic substances
that cause diseases to those who are exposed
to these agrochemicals. Garcia-Pineda and
Bravo-Vallejos (2022) mention that a low
socioeconomic level leads to a low capacity
to invest in prevention and that it could be an
important cause that contributes to the risk of
occupational and paraoccupational exposure
due to the use of pesticides.

Valencia-Quintana, et al (2023) recom-
mends promoting the use of protective mea-
sures, as well as compliance with labor regula-
tions, for the prevention of risks in agricultural
workers, which minimize the risks of exposu-
re to pesticides. However, the best solution is

to reduce the use of these pesticides as much
as possible and practice organic agriculture,
with the support of the federal government,
who would allocate a special budget for those
farmers who produce safe food, free of pesti-
cide residues.

CONCLUSIONS

Farmers in the four agricultural zones used
and handled pesticides inadequately, because
the majority do not use personal protective
equipment when preparing and applying
agrochemicals, therefore, they are at greater
risk of suffering from poisoning.

The highest prevalence of acute poisoning
occurred in workers in the agricultural area
of La Ceniza with 61.54%, and the lowest
prevalence occurred in farmers in Huitziltepec
(8%).

The pesticides that caused acute poisoning,
and that were used most frequently, were:
paraquat, furadan, esteron, counter, tamaron,
faena and lannate.

RECOMMENDATIONS

It is recommended to train farmers for the
proper use and management of agrochemicals,
as well as the use of alternative methods for
the control of agricultural pests, such as
Integrated Pest Management (IPM), with the
purpose of reducing the harmful effects on
the crop. health of the applicator, protect the
environment and achieve more sustainable
organic agriculture.
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