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Abstract
Occupational exposure to pesticides has been identi�ed as a promoting factor for the development of cancer. Pesticides can cause intoxication in
the individuals who manipulate them, either by inhalation, ingestion, or dermal contact. Therefore, our study aimed to describe the association
between cancer and occupational exposure to pesticides from 2011 to 2020 through a bibliometric analysis. We selected 62 papers in the Scopus
database. The results indicated an exponential increase in studies in the last decade; on a geographic scale, the USA, France, India, and Brazil were
the countries that most investigated the association of cancer and pesticides among the 21 nationalities found. The main classes of pesticides
were insecticides, herbicides, and fungicides associated with intoxication and cancer. Among the most reported cancers were multiple myeloma,
bladder cancer, non-Hodgkin’s lymphoma, prostate, leukemia, and breast cancer. Although pesticides are associated with health problems, studies
involving cancer and these products are still scarce when related to global use and the demand for agricultural production on the planet.

1. Introduction
Pesticides are used in most homes, businesses, and farms to control insects, weeds, fungi, rodents, and even microbial organisms (Langley and
Mort 2012; Mostafalou and Abdollahi, 2017). These products are classi�ed into the heterogeneity of chemical formulations, including
conventional pesticides, such as herbicides, insecticides, rodenticides, plant growth regulators, miticides, nematicides, fungicides, fumigants, and
antimicrobials (EPA 2020). Globally, almost 3 billion tons of pesticides are used every year, with a budget of approximately 40 billion dollars
(Sharma et al., 2020). Although essential for agricultural productivity on the planet, pesticides are a problem for biodiversity and public health
since the presence of a xenobiotic in the environment can cause a risk to biodiversity (Gil and Pla 2001; Parker, 2017; Shrestha et al., 2018; Vale et
al., 2019; Sharma et al., 2020; Ramos et al., 2021).

Exposure to pesticides can occur mainly through inhalation or dermal contact (Cuenca et al., 2019; Godoy et al., 2019; Sharma et al., 2020; Ramos
et al., 2021). In this case, exposure can lead to acute poisoning when individuals are exposed to large amounts of xenobiotics for a short period, or
chronic when it has severe and late effects, that is, they appear months or years after exposure (Sharma et al., 2020; Ramos et al., 2021).

Thus, pesticide handlers, such as farmers dealing with transportation, delivery, cleaning of equipment, mixing, application, and spraying of
pesticides, as well as people employed in the industry producing these compounds, are occupationally exposed to considerable amounts of
pesticides, and therefore are characterized as a risk group (Damalas et al., 2016; Ye et al., 2017; Cuenca et al., 2019; Kalliora et al., 2019). This
exposure may be related to cytotoxic, genotoxic mechanisms with immunotoxicity, hormonal changes, and carcinogenesis (VoPham et al., 2017;
Kapeleka et al., 2019; Saad-Hussein et al., 2019 ). Once, because pesticides can increase the production of free radicals that induce oxidative
stress, they promote changes in the enzymatic system of elimination and depletion of cellular antioxidant reservoirs, resulting in damage to all
cellular components, including DNA, which can lead to mutation, double-strand breaks, chromosomal breaks and formation of DNA adducts (Eren
et al., 2016; Barrón-Cuenca et al., 2019; Marcelino et al., 2019).

Thus, a series of diseases can arise, such as several types of cancers (Mostafalou & Abdollahi, 2017), congenital malformations (Castilho-Cadena
et al., 2017; Rocha and Grisolia, 2018), problems in the reproductive system ( García et al., 2017; Hu et al., 2020), depression, anxiety, Parkinson’s
disease, Alzheimer’s disease and even death (Alavanja et al., 2004; Ch et al., 2019; Sharma et al., 2020).

In this context, monitoring diseases such as cancer-related to occupational exposure to pesticides is essential, especially in alerting about the
potential risks of these products to human health, aiming to mitigate this problem. Although the impact of pesticides on human health is not new,
in contrast, bibliometric studies that show the patterns and gaps in exposure to pesticides and cancer are still scarce. Therefore, this study was
designed to describe the association between cancer and occupational exposure to pesticides in the past 10 years through a bibliometric analysis.
We focus on investigations from January 2011 to December 2020, aiming to discuss variables such as (1) countries that have researched about
pesticides associated with occupational exposure; (2) types of cancer; (3) the method used for the investigations; (4) that describe the main gaps
related to studies linking cancer and pesticides and suggest future directions.

2. Material And Methods

2.1. Data and study selection
The present study was carried out in the database Scopus®, a registered trademark of Elsevier BV Scopus (www.elsevier.com), to review the
association between cancer and occupational exposure to pesticides. We used the following terms for the search: “pesticides” and “farmers,” and
“cancer.” After evaluating the papers, those classi�ed as bibliographic review, conference papers, letters or not related to the approach of the
proposed theme, and those that could not be accessed to collect necessary information were excluded. The theme was revised, covering a period
between January 2011 and December 2020. We selected studies that related the risk and development of cancer and speci�c types of the disease
associated with occupational exposure to pesticides.

2.2. Database analysis

http://www.elsevier.com/
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In each analyzed paper, we extracted the following variables: i) Year of production; ii) Place of origin (for this variable, the source of the �rst author
and its clusters); iii) Number of papers per year of publication; iv) Clusters of authors most frequently found; v) Relevant keywords and their
clusters; vi) Analysis of co-authorship and its clusters; vii) Type of cancer; vii) Type of pesticide (categorized by groups according to the purpose of
the compound); ix) Type of methodology (methodologies that had practical applicability and that were directly related to the proposed theme were
considered). We used the VOSviewer program from the University of Leiden (http://www.vosviewer.com/).

2.3. Data analysis
A correlation was performed if there was an increase in the number of publications over the past decade, in which a p-value < 0.05 was considered
signi�cant to verify the growth of scienti�c production using the software R (version 3.6.1). A map was generated in the QGIS software (version
3.14.1) to demonstrate the studies’ geographic distribution.

3. Results And Discussion

3.1. Geographical aspects of studies involving cancer and pesticides
A total of 104 articles were found; however, we selected 62 for the present study (Fig. 1). We excluded types of research other than articles and
those not available in the Scopus.

The selected papers indicated a considerable increase in the number of studies over the past decade (Fig. 2). The growth points in the literature
were mainly between the years 2017 to 2019. The low number of studies in 2020 was possibly related to the SARS-Cov-2 pandemic.

As for the geographic distribution of the research, the selected studies were published by 21 countries, in which the United States (USA) held
19.35% of the scienti�c production (n = 12), followed by France (n = 9; 14.52%), India (n = 8; 12.9%; Fig. 3) and Brazil (n = 7; 11.29%). This highlight
of the USA in the number of publications is nothing new since this country has been leading in scienti�c productivity in different areas of
knowledge (Haeffner et al., 2019). When analyzing the relationship between scienti�c production, countries, and co-authorships (Fig. 4), in the
publication clusters per year (a), scienti�c output in the United States is predominant; however, countries like India, Brazil, and Spain have more
recent publications. Besides, a consistent co-authorship relationship is evidenced between the United States and countries in Asia, Europe, and
Brazil (b).

According to the Science and Engineering Indicators report of the National Science Foundation (NSF, 2018), the United States is a world scienti�c
power, with the research of high quality and impact, but which has been losing ground due to the competitiveness of the scienti�c scenario
(Tollefson, 2018). A re�ection of this is that countries such as China, India, and Brazil have been investing in science and technology production
and have stood out regarding the number of published scienti�c papers (Klebis, 2018). It is noteworthy that the research related to pesticide use in
the USA is that the country demonstrates the consequences of these products on agricultural production since they are one of the largest
agricultural producers and users of pesticides in the world (Human Rights Watch, 2018).

In addition to the United States, Europe, Brazil, and China also stand out regarding the use of large amounts of pesticides in crops, which ends up
bringing problems to non-target organisms, including humans (Hossar et al., 2017; Paumgartten, 2020; Zheng et al., 2020). In France, a study
showed at least 408 cases of occupational exposure to insecticides (54.4%), herbicides (33.3%), and fungicides (12.2%) in a Poison Control center
from 2012 to 2016 in that country (Boucaud-Maitre et al. 2019). In another study, Tual et al. 2019 also demonstrated the use of pesticides in some
frequent crops in France and insecticides in animals, which may increase the risk of cancers such as multiple myeloma. In India, since the Green
Revolution, the intensi�cation of pesticides has brought the signi�cant long-term impact of such practices on public health and the environment
(Keswani et al., 2019). It is worth mentioning that the Indian economy is predominantly agricultural, with about 70% of the country’s population
linked to agriculture (Keswani et al., 2019). Based on this solid agricultural dependence, cancer associated with occupational exposure to
pesticides can be an eminent problem if there is no conscious use of these xenobiotics.

Finally, Brazil’s agrarian model is based on monoculture for export in which mechanized and pesticide technologies are used (Porto and Soares
2012; Rocha et al., 2019). Brazil has become a signi�cant consumer of pesticides, and in 2019, for example, the unbridled release of such
products was unprecedented, having been the largest documented by the Ministry of Agriculture since 2005. (Nascimento et al., 2020; Ramos et
al., 2021). Because it is highly dependent on the application of pesticides, it certainly attracted not only companies that lawfully marketed
pesticides but also smugglers (Sant’Ana et al., 2019), making it a big problem for management.

Because of this rampant use of pesticides, a positive correlation between poisoning and cultivated areas has recently been demonstrated
(Nascimento et al., 2020), which indicates an emerging problem in the country, mainly because the agricultural expansion requires new sites for
land use. In this study, among the main types of pesticides, the most reported implications of cancer risk and development in occupationally
exposed individuals were insecticides, herbicides, and fungicides. These �ndings agreed with Mostafalou and Abdollahi (2017) when they
indicated these pesticides’ classes followed by fumigants for their carcinogenic potential. On the other hand, the least studied pesticides were:
acaricides, rodenticides, and larvicides, which indicates a knowledge gap concerning the diversity of the types of pesticides.
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Concomitantly, it was possible to observe that the studies investigated mainly if there was direct occupational exposure (in which the worker is
occupationally exposed, directly manipulating pesticides: making storage, preparation, mixing, and application) and indirectly to pesticides (those
individuals who live in close to areas where pesticides are applied, or who have contact with occupationally exposed workers, as well as during the
process of washing clothes and objects used in the application of these products). Also, it was possible to observe that 16 (26.7%) of the
evaluated studies addressed both types of exposure.

In general, pesticides target the physiological system’s essential metabolic pathways, these chemicals being non-biodegradable and toxic (Sharma
et al., 2020). They can interact with each other in various ways according to the compound itself and the chemical family, the dose, and the target
organs, leading to multiple effects (Hernandez et al., 2017). Human exposure to pesticides can occur through different routes, including
occupations dealing with the production, transportation, delivery, and application of these products, living in places with a high content of
pesticide residues, circulation, and accumulation in the food chain (Mostafalou and Abdollahi, 2017). Due to the wide availability of liquids, solids,
and gases, these products can quickly attack various tissues, mainly by contact with the skin, inhalation, or ingestion (Ch et al., 2019; Sharma et
al., 2020).

3.2. Types of cancer and associations with pesticides
In this section, 48 types of cancers associated with pesticides were found (Fig. 5). The cancers most commonly reported in the surveys were
multiple myeloma with 4.04% (n = 8), followed by bladder cancer with 4.04% (n = 8), non-Hodgkin’s with 3.54% (n = 7) and prostate with 3.54% (n = 
7). However, it is important to note the number of studies that have an indirect association between cancer and pesticide predominant, making 33
of the studies analyzed (16.75%).

We tabulated the studies that seek to point out evidence of a direct and positive association between the risk and development of cancer with
occupational exposure to pesticides and the association with different classes of pesticides (Table 1). For this, we considered the variables: i) type
of pesticide, ii) type of cancer, iii) methodology, iv) results, and v) the authors.
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Table 1
Synthesis of case-control studies associated with occupational exposure to pesticides.

Pesticides Cancer types Exposure
evaluation

Results References

Fungicide
and
Herbicide

Non-Hodgkin's lymphoma and multiple myeloma Questionnaire ↑ Ferri et al.,
2017

- Bladder cancer Questionnaire ↑ Jackson et
al., 2017

- Acute lymphoid leukemia Questionnaire ↑ Gunier et
al., 2017

Herbicide Oral, colorectal, non-melanoma skin, esophagus, pharynx, liver, biliary, glandular,
small intestine, larynx, leukemia, lymphomas, breast, melanoma, mesothelial,
myeloma, bone, ovary, pancreas, penis, peritoneal, lung, prostate, kidney, stomach
nervous system, testis, thymus, thyroid, uterus, bladder, vulvar

Questionnaire ↑ Salerno et
al., 2016

Insecticides Bladder cancer Questionnaire,
PCR* and
chromatography

↓ Boada et
al., 2016

Fungicide,
Insecticide
and
Herbicide

  Questionnaire ↓ Jeephet et
al., 2016

- Colorectal and Leukemia Medical record
and
histopathology

↑ Salerno et
al., 2014

Insecticides Hepatocellular carcinoma   ↑ Persson et
al., 2012

Fungicide,
Insecticide
and
Herbicide

Glioma   ↓ Yiin et al.,
2012

Fungicide,
Inseticide
and
Herbicide

Lymphoma, Hodgkin's lymphoma and multiple myeloma   ↑ Zakerinia
et al., 2012

Fungicide,
Inseticide
and
Herbicide

Prostate cancer   ↑ Band et al.,
2011

Fungicide,
Inseticide
and
Herbicide

Lymphomas and myelodysplastic syndrome   ↑ Kokouva
et al., 2011

* Polymerase chain reaction

↑ There is an association between cancer and exposure to pesticides

↓ There is no association between cancer and exposure to pesticides

Mostafalou and Abdollahi (2017) observed in a review the possible role of exposure to pesticides in the incidence of diseases such as cancer,
Alzheimer’s, Parkinson’s, amyotrophic lateral sclerosis, asthma, bronchitis, infertility, congenital malformations, a de�cit of attention, hyperactivity,
autism, diabetes, and obesity. Most of the studies analyzed for the development of this review reinforce the evidence that occupational exposure
to pesticides may have contributed to an increased risk for the development of cancers in farmers (Jeephet et al., 2016; Ferriet al., 2017; Gunier et
al., 2017; Tualet al., 2019). When compared to the general population, rural workers are in a condition of greater vulnerability and susceptible to
other factors that corroborate the worsening of the oncological situation of these individuals (Salerno et al., 2014; Salerno et al., 2016; Gunier et al.,
2017; Jackson et al., 2017).

In this context, multiple myeloma, a hematopoietic malignancy of plasma cells, is one of the most common hematological cancers in men and
women (Tual et al., 2019). This type of cancer has an etiology that promotes a frequent manifestation of this disease in farmers occupationally
exposed to pesticides; the reason is still under investigation and is not very well elucidated (Ferri et al., 2017; Packard et al., 2019). Boulanger et al.
(2017) reinforced the relationship between bladder cancer and exposure to pesticides. They also draw attention to the fact that there is an
exposure-response relationship with the number of years in the profession’s exercise and that the risk could be more signi�cant in women.
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Similar results are described by other studies, which also report an increased risk for the development of non-Hodgkin’s lymphoma, prostate,
leukemia, and breast cancer (Band et al., 2011; Wagooner et al., 2011; Zakerinia et al ., 2012; Salerno et al., 2012; Salerno et al., 2016; Jackson et
al., 2017). However, it is possible to observe the �ndings’ inconsistency since there are reports that the relationship between cancer and pesticides
is not signi�cant. Boada et al. (2016) demonstrated no meaningful relationship between the risk of bladder cancer and occupational exposure to
pesticides. Besides, Jeephet et al. (2016) also showed that cholangiocarcinoma is not associated with pesticides.

It is possible to establish a relationship between the toxic levels of pesticides within the body and the response to such compounds. It is a
complex situation since it depends on several factors, such as toxicokinetics and genetics, and pesticides can induce disturbances in the
individual’s immune system, and even carcinogenesis through the increased production of reactive oxygen species, which contribute to DNA
damage, immunotoxicity lymphocytes and chromosomal aberrations (Gil and Pla 2001; Pressuti et al., 2016; Jacobsen-Pereira et al., 2020).

It should also be noted that farmers tend to be highly resistant to the use of personal protective equipment (whether due to climatic adversities or
misinformation) and could be exposed to pesticides at various stages of the production process (storage, preparation, application, and
consumption); so, there is a lack of inspection in the majority of agricultural properties and a lack of guidance on the handling and use of these
products (Salerno et al., 2016; Godoy et al., 2019; Ramos et al., 2020).

Finally, it is essential to note that the number of studies whose association between the development of cancer and pesticides is indirect and
predominant, making a total of 33 studies analyzed (16.75%). This �nding demonstrated the scarcity of studies addressing cancer and pesticides
since cancer is regularly indicated as one of the main risks to human health as a result of occupational exposure to agrochemicals and is also
associated with other comorbidities (Brust et al., 2019; Jacobsen-Pereira et al., 2020; Mongedet al., 2020). Even if this evidence is reported, the
mechanisms and techniques that elucidate and determine how this relationship occurs and why it exists are not explicit (Elebead et al., 2012; Tual
et al., 2013; Jin et al., 2017; Tarar et al., 2019; Hutter et al., 2020).

3.3. Method of investigating the association between cancer risk and development
with pesticides
The questionnaire application was frequently used in studies related to pesticides and the risk of developing cancer (Fig. 6). Therefore it is
possible to retrieve a series of evidence that enables greater clari�cation about the individual’s lifestyle, socio-economic pro�le, and social context.
Based on a diagnosis obtained with the interviewee, it is possible to decide on the best method for the population of interest. On the other hand,
traditional techniques based on biological material collection were also observed as the main investigation mechanisms. Among these
techniques, the most frequent are micronucleus test (n = 5; 5.88%), chromatography (n = 4; 4.71%), hematological (n = 4; 4.71%) and biochemical
tests (n = 4; 4.71%).

Other techniques such as acetylcholinesterase quanti�cation, comet assay and methylation pro�le, although less frequent, have also been
documented in studies involving this theme. Finally, among the methodologies used by the researchers were mainly cohort studies (n = 24;
38.71%), case-control (n = 23; 37.1%), cross-sectional (n = 9; 14.52%), longitudinal (n = 3; 4.84%), descriptive (n = 1; 1.61%) and monitoring (n = 1;
1.61%) (Rusiecki et al., 2017; Kumar et al., 2018; Joshi et al., 2019; Shearer et al., 2019; Ratna et al., 2020).

In the studies used to develop this review, it was clear that there are many reports on the scarcity of data regarding the topic of cancer and
pesticides, despite the method. As an example, Cepeda et al. (2020) warn that even though the factors that lead to cancer development are
discussed, absolute numbers of these cancers’ types and frequency are still lacking. Besides, other di�culties were also noted, for example, the
fact that when the farmer arrives home after work, he may have pesticides impregnated in his clothes, hands, shoes, tools, and other objects,
which would take other people to contaminate themselves indirectly (Zakerina et al., 2012).

Studies show that women married to farmers or who have contact with rural workers are at a greater risk of developing bladder cancer. The same
was observed for the increased frequency in the number of leukemia cases in children under �ve years of age, which was not observed a
relationship between cause and maternal or intrauterine exposure to pesticides, but due to the paternal perinatal exposure (Salerno et al., 2016;
Gunier et al., 2017; Jackson et al., 2017). These factors make it challenging to decide which test should be chosen for analysis and arrange so that
the data is reliable to the studied population’s characteristics.

Another limiting factor is when carrying out a test aimed at toxicological and genotoxic analysis; for example, often, the data found cannot be
attributed to speci�c components of a pesticide, which can potentiate different effects since farmers are usually exposed to a complex mixture of
pesticides (Ramos et al., 2021; Hutter et al., 2020). This still corroborates as one of the problems encountered during the application of
questionnaires; due to this varied exposure, almost half of the rural workers do not know which pesticides they were exposed to (Vindas et al.,
2004).

In short, it was possible to observe that the need to examine in detail the issue of overuse of pesticides and the increase in the number of cancer
cases is commonly demonstrated. More complete and comprehensive studies will contribute so that it is possible to actively intervene in raising
awareness about the correct use of these compounds, encouraging the use of personal protective equipment and that the information reaches
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these workers, in addition to the need for prevention with the realization routine periodic examinations by farmers occupationally exposed to
pesticides.

4. Final Considerations And Future Directions
In this study, we analyzed the scienti�c production related to cancer and pesticides in the last decade. Worldwide, few methods of surveillance
have been considered, which could bring awareness to individuals. In general, workers are aware of the risks that pesticides expose them to
di�cult situations, but this does not encourage to change their workplace behavior. In contrast, although they are aware of the risks associated
with pesticides, the big problem seems to be losing crops if there is variation in the methods used and the quantity to be applied.

The fear of losing crops hinders the investigation process, assistance measures, and standardization of health guidance protocols, which prevent
these farmers from becoming ill due to occupational exposure. Bearing in mind that, although the application of questionnaires is e�cient for
data interpolation, there is still a great diversity of applied methodologies. As a consequence of this, some studies indicate the relationship
between cancer risk and development with occupational exposure to pesticides, and that do not describe ways and mechanisms for this to
happen, demonstrating the knowledge gap that the scienti�c community still has on this topic, even with the gradual expansion of investments in
science and technology. Unfortunately, it becomes more challenging in Brazil to view the massive cut in funds allocated to science and the little
investment made in education in recent years.

Besides, the conventional pesticide market has strong power to convince and persuade global agriculture. While countries such as the United
States and Europeans check pesticide records available on the market every 10 and 15 years, respectively, Brazil releases these products for life. It
is worrying the relative laxity in the inspection of such a process, exempli�ed by the release of more and more compounds for consumption that
add nothing since thousands of similar formulations are available and used. This fact is aggravated by environmental and human health
problems, well described in the literature.

Therefore, the way to solve this problem can be started with health care providers. It would also be necessary for cooperative extension agents and
pesticide manufacturers to contribute to the education of workers, encouraging the use of less toxic agents and the practice of integrated pest
management, as well as carrying out new scienti�c investigations on the use of pesticides, their relation to the development of diseases in general.
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Figures

Figure 1

Flowchart of selection, inclusion and exclusion of the papers for bibliometrics involving occupational exposure to pesticides and cancer.
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Figure 2

Scienti�c production associating cancer with occupational exposure to pesticides in rural workers from 2011 to 2020.

Figure 3

Geographical aspects of scienti�c production on cancer associated with occupational exposure to pesticides. Note: The designations employed
and the presentation of the material on this map do not imply the expression of any opinion whatsoever on the part of Research Square
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries.
This map has been provided by the authors.
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Figure 4

(a) Clusters of scienti�c production per year, the cluster referring to American scienti�c production is centralized concerning the other groups, and
(b) co-authorship clusters demonstrating a close relationship between the United States, European countries, Asian countries, and Brazil.

Figure 5

Types of cancer frequently associated with the occupational use of pesticides.
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Figure 6

Methods employed in investigations that associate cancer risk and development with pesticides.
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