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Abstract

Paper aims: This study aims to identify the occupational risks to which workers in the agricultural sector are exposed
during the development of their activities on rural properties.

Originality: This study’s originality lies in filling a gap in identifying the main risks to which workers in the agricultural
sector are exposed. The study identifies which risks they are exposed to in the literature.

Research method: A systematic review of the literature over the last five years (2017-2021) revealed 56 articles that
identified at least one occupational risk to workers in the agricultural sector.

Main findings: The bibliometric analysis indicated that the studies are divided into agricultural (33.9%) and animal (66.1%)
production. Thus, the content analysis indicated that the most frequent agricultural production risk is the chemical risk
due to the high use of pesticides and in animal production is the biological risk due to workers’ contact with animals. 1t
should be noted that the leading cause identified in these studies is the lack of personal safety equipment and training.

Implications for theory and practice: The implications include advancing theoretical and practical knowledge concern
decision-making regarding new work safety practices for professionals involved in the agricultural sector.
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1. Introduction

Despite being one of the essential sectors globally regarding food supply, employment, and income generation,
even with significant progress in agricultural technology, work in the agricultural sector is associated with a series
of occupational risks (Omolayo et al., 2021; Lermen et al., 2022; Sharma et al., 2023). This sector is considered
the most dangerous to work in terms of the high prevalence of work-related illnesses, as well as severe accident
and mortality rates (Nguyen et al., 2018; Takala et al., 2024; Matos et al., 2024).

The activities carried out on rural properties expose workers to various health risks. These risks involve excessive
physical and mental exhaustion to perform the work, such as exposure to imminent dangers. Agricultural labor
is physically demanding, exposing workers to severe injuries in their work, such as cuts to limbs, scraping and
blistering of the skin, amounts in the veins, fingers, or toes, permanent loss of any part of the body, and different
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musculoskeletal disorders for repetitive work (Rose & Allen-Spies, 2023; Schettino et al., 2021; National Safety
Council, 2015).

In the agricultural sector, we can find agricultural production and animal production. Agricultural production
is one of the most dangerous industries in many countries, according to the International Labour Office (2015).
In addition, rural workers are exposed daily to intense sunlight, chemical and biological hazards and perform
various repetitive tasks at work (Liu et al., 2023; Stupina et al., 2021). In the same way, animal production is
also one of the activities that involve the most significant occupational risks to the health of the worker: risks
that expose the worker daily to physical and mental exhaustion, exposure to physical threats, biological and
chemical hazards, which can negatively affect worker health (Freidl et al., 2017).

The agricultural sector is one of the most dangerous businesses in the world (Lermen et al., 2023b), along
with construction and mining. 1t can be estimated that more than 1.3 billion agricultural workers die every
year worldwide, and a significant number of them are seriously injured or contract an occupational disease.
Exposure to pesticides and other chemicals and agricultural machinery accidents are the two leading causes of
death, injury, and illness in the industry (Gizlenci & Aybek, 2021).

The International Labor Office estimates that more than 1.3 billion agricultural workers worldwide, 60% in
developing countries, and at least 170,000 agricultural workers are killed each year (International Labour Office,
2015)—a fatality rate estimated global rate of 13.07 per 100,000 equivalent full-time workers. According to the
1LO, the yearly mortality rate of two million can be attributed to human activity and is therefore preventable,
rendering these fatalities both avoidable and potentially eliminable. In addition, international estimates indicate
that rural workers are twice as likely to die on the job than workers in other work sectors (International Labour
Office, 2019).

Walker et al. (2024) reports that agriculture is a dangerous sector, with evidence indicating a disproportionate
burden among workers. This study identified 3,745 agriculture-related injuries and illnesses treated in 1llinois
hospitals between 2018 and 2021. Patients sustained injuries through different mechanisms, particularly
involving animals and sharp instruments. Despite its economic advantage, the agricultural industry is harmful
to the neurological health of its employees.

Continuous exposure to noisy machinery (tractors, harvesters, and irrigation equipment) and heat stress
increases workers’ susceptibility to progressive hearing loss. Due to a lack of labor and personal protective
equipment, many workers are exposed to low-frequency sounds for long periods, resulting in tinnitus, headaches,
and, eventually, hearing loss (Tharwani et al., 2024). McNamara et al. (2024) state in their study that agricultural
production, focusing on dairy farms, has high workplace occupational injury.

Tharwani et al. (2024) state that in Pakistan, the agricultural industry is most associated with neurological
disorders due to exposure to harmful substances in pesticides and other heavy metals. This happens because
most rural residents are farmers, and a large part of the country’s GDP is generated by agriculture. Therefore,
this is a common occupation, putting the population at greater risk. Furthermore, considering the toxicity of
lead in the water supply, it is undoubtedly a significant contributor to the development of neurological deficits
among workers.

When addressing safety in the context of agriculture, there are review studies that focus on identifying
disorders that affect workers in tropical countries (Rainbird & O’Neill, 1995), in human-robot interactions
(Benos et al., 2021), use of PPE in risk prevention (Garrigou et al., 2020); biological and chemical risks of urban
agriculture (Buscaroli et al., 2021) and safety in industry 4.0 (Aiello et al., 2022). On the other hand, studies were
carried out on animals aimed at Canadian cattle feed factories (Rhouma et al., 2021) and the risks of animal
production intensification (Gilbert et al., 2021). Therefore, the importance of a broad review study that evaluates
mechanical, chemical, biological, and ergonomic risks for agriculture and animal production are highlighted.
Given this context, this study aims to identify the occupational risks to which workers in the agricultural sector
are exposed when developing their activities on rural properties.

2. Materials and methods

Systematic Literature Review (SLR) was used to manage the diversity of available knowledge and allow
researchers to assess cutting-edge knowledge and specify research questions. SLR enhances the legitimacy of
the results, generating a comprehensive evidence base. Assessments are generally conducted using an iterative
cycle of defined keywords, searching the literature, and analyzing (Rousseau et al., 2008; Kuakoski et al., 2024;
Ramos Cordeiro et al., 2024). To carry out the study, the method was structured in three stages suggested by
Denyer & Tranfield (2009): (i) data collection, (ii) bibliometric analysis, and (iii) content analysis.
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2.1. Data collection

In step (i), the following, in the Web of Science and Scopus databases, a string was used to search information
related to the agricultural sector (agriculture and animal activities) and safety risks: ((Labor* OR employee* OR
ergonomic* OR “occupational health” OR “workplace safet*” OR health* OR risk*) AND (animal OR livestock OR
fishing OR farm OR agriculture*)). Using a five-year temporal sample (2017-2021), the search was performed
in the Web of Science and Scopus databases based on the PRISMA method proposed by Moher et al. (2009).
In the Web of Science database, searches were performed by title, and in the Scopus database, searches were
performed by article title, abstract, and keywords. The string resulted in 1,236 documents identified in the Web
of Science database and 385 articles identified in Scopus. These databases cover many journals from different
areas with relevant impacts. The 1621 articles identified were entered into the Mendeley® reference management
software for analysis. Figure 1 presents the PRISMA methodology for selecting the sample of analyzed articles.

g Records identified through
g database searching in SLR
; n=1621)
Records after duplicates Records excluded
removed (n=60)
(m=1561)
i_' 3
§ Records excluded by book
Records sareened chapter and conferences
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(.= 150) title. abstract and key-words
g (n=2916)
= ” d luded b li
2 Full text articles for eligibility Fippoucs sRchioed By Toncing
= full-text articles
= (n=56) (n = 94)
: 3
12 Studies included in qualitative
2 synthesis
E (n=7356)

Figure 1. PRISMA method for sample selection.
Source: Moher et al. (2009).

Four reductions were carried out in the document sample to select the articles. The first reduction excluded
60 articles due to duplication. In the second, 495 papers from books and conferences were excluded. The third
reduction was performed by reading titles, abstracts, and keywords, excluding 916 articles for being out of scope.
The fourth and final reduction dealt with reading full manuscripts, with 94 articles excluded because they were
out of scope or were literature reviews. A sample of 56 documents was carried out, being evaluated regarding
the occupational risks addressed, types of injuries, causes of injuries, solutions applied, and future studies.

2.2. Bibliometric analysis

The R bibliometrix package (K-Synth Srl, 2024) is an algorithm written in the R language that provides
tools for quantitative research in bibliometrics. The R Language is an open-source environment and ecosystem.
The bibliometrix package can collect data from the main scientific databases, namely Scopus and the Web of

Production, 34, €20230042, 2024 | DOI: 10.1590/0103-6513.20230042 3/18



........

Science. Interested readers can find a tutorial available at the Software website (K-Synth Srl, 2024). To process
bibliometric data through the bibliometrix package, it is necessary to download the database in the Bibtex format.

Various functions can be used in the descriptive analysis of the datasets. The biblioAnalysis
function calculates the main bibliometric measures. After creating an object using the biblioAnalysis
function [results <- biblioAnalysis (M, sep = “;”)], it is possible to portray the results using the plot function
and highlight aspects such as annual production, average citation per year, main authors, and most productive
countries. Furthermore, the biblioNetwork function generates graphs of the co-citation networks, cooperation
between authors and keywords, to visualize information retrieved from the database. The bibliometrix package
also allows the study of conceptual structure through multiple correspondence analysis (MCA) to identify work
that expresses concepts. This analysis is performed through the conceptual structure-function, which produces
clusters that can be interpreted in terms of the proximity of the term.

A number of the bibliometrix packages of the R software were used in several study areas (Aria & Cuccurullo,
2017; Rodriguez-Soler et al., 2020). During the bibliometric analysis, information was collected regarding the year
of publication, country of the sample authors, country cooperation, researchers’ cooperation, topics, materials
studied, and their relationship with the areas in the agricultural sector.

Correspondence Analysis aims to represent the conceptual structure of a framework using word co-occurrence.
The words can be replaced by authors’ keywords, keywords plus, and terms extracted from titles or abstracts,
as presented in this paper (Javid et al., 2019).

This section created clusters based on the dendrogram to elucidate academics’ and practitioners’ understanding
of this research. This methodology is usually used for grouping keywords and similar studies (Aria & Cuccurullo,
2017; Rodriguez-Soler et al., 2020), and it uses a graphic representation to help divide information from related
areas.

2.3. Content analysis

Content analysis (/) followed the steps proposed by Elo & Kyngids (2008) and employed by other authors
(Graciano et al., 2022, 2023; Lermen et al., 2023a): open coding, categorization, and abstraction. Through these
steps, we sought to identify relevant information through a deductive process during coding in the communities
studied. This information was analyzed in two ways: bibliometric analysis and content analysis of empirical
studies for each community. Finally, the abstraction step supported the discussions between the authors of the
sample for each community.

The results section arranged studies related to animal and agriculture production. Then, the analysis focused
on studies investigating the occupational risks to which these workers are exposed daily in farm activities.
Research trends and gaps in studies were also identified and analyzed, which are presented as opportunities
for future studies.

3. Results and discussion

This section presents the bibliometric analysis and, later, the content analysis of the 56 selected articles
based on the results.

3.1. Bibliometric analysis

Figure 2 presents the studies’ annual production related to the content of this review, as well as the journal,
country, and authors with the highest number of publications. 1t is noted that the production of studies related to
occupational risks has increased from 2017 to 2020, as shown in Figure 2a. Most studies originate in the United
States, followed by France and the Netherlands (Figure 2c). The number of publications is not concentrated
in a large amount in just one journal; however, among those with the highest frequency of publications in
the area in which this study is concentrated are Environmental Research (impact 8.3) and Occupational and
Environmental Medicine (impact 4.9), as shown in Figure 2b.

Figure 1d shows that many authors started publishing in 2017, with two authors with a significant production
volume and citation, namely Smit Lam and Heederik D (two articles). Figure 2e presents the number of publications
by countries represented in the sample, with the USA leading with 325 articles, China with 81, and Australia
with 78. France, India, the UK, and ltaly each appear with over 17 articles in the sample. Figure 3 shows the
dendrogram groups of the citations, revealing two main clusters.

Production, 34, €20230042, 2024 | DOI: 10.1590/0103-6513.20230042 4/18



........

a) Annual Scientific Production b) Number of Articles per Journal
Articles Ne
120 ENVIRONMENTAL HEALTH: A...
100 EMERGING INFECTIDUS...
EM] OPEN
80 ATMOSPHERIC POLLUTION...

60

e
—T—
AQUACULTURE ASIA-PAOQIFIC — —————————
—_—
———
———

ACTATROPICA

40 AMERICAN JOURNAL OF...

OCCUPATIONAL AND...

20 ENVIRONMENTAL RESEARCH

0 NATIOMAL JOURNAL OF...
2016 2018 2020 2022 0 05 1 15 2 25

¢) Most Frequent Author’s affiliation d) Production of authors with more articles
Country over time

Top-Authors' Production over the Time

N2 of Citation i z

SERRALEONE
NEW ZELAND
JAPAN
IRELAND
SWEDEN
ITALY
AUSTRALIA
FRANCE ————

USA e

Author

=]
=
(=]
[a]
=
w
=
Iy
(=)

€) Country Scientific Production

—— - e

N Dacumans

| EZ

-

| B

. L}

| K = /}

Figure 2. Annual production, journals, authors, and countries with the most publications.

In general, these two clusters characterize the two application activities. The blue color represents the
citations predominantly associated with agricultural activities, and the red color represents the citations with
animal production. Figure 4 distinguishes the most frequent words for each of these two clusters.

Note that in the agriculture cluster, represented by the blue color, the words most frequently are agricultural
worker, adult, occupation exposure, and risk factor. In the animal cluster, characterized by red, the terms most
frequently are animals, major clinical study, middle-aged, female, male, and controlled study. Two distinct clusters
have emerged from the data analysis in the bibliometric study focusing on occupational risks in agricultural and
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Figure 4. Most founded words for each cluster (blue: agricultural production, red: animal production).
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livestock safety. The agriculture-related cluster prominently features terms such as “agriculture,” “farmers,” and
“risks,” indicative of a concentrated effort toward identifying and evaluating hazards faced by agricultural laborers.

Additionally, terms like “water” and “food” suggest exploring risks associated with water usage and food
production within the agricultural context. Conversely, the animal production cluster highlights terms such
as “health,” “occupational,” and “exposure,” signalling a specific interest in worker health and exposure to
occupation-related hazards within the livestock industry. Furthermore, including “workers” and “studies”
underscores a concern for the workforce in this sector and previous research contributions on the subject matter.
These findings delineate distinct research emphases and implications for future investigations into occupational
safety within agricultural and livestock domains.

Subsequently, Correspondence Analysis map analysis was applied as a method to identify joint keywords in
response to unnoticed (hidden) keywords, according to the conceptual structure map in Figure 5. The parameters
applied in the Correspondence Analysis (Figure 5) included multi-match analysis, with the analysis field being the
keywords of the records, with automatic grouping. Figure 4 demonstrates the variability between the correlated
keywords, seeking to find the latent factors that create similarity in the data records. This statistical method can
identify the smallest number of underlying variables out of many observed variables. Correspondence Analysis
derives two keyword rankings.

I
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Figure 5. Conceptual structure map.

The blue classification represents the keywords of studies that present agricultural activities, such as agricultural
workers, occupational health, occupational accidents, and workplaces. The variety in red designates more specific
keywords of studies with animal production, such as animal production, bovine, animals, controlled studies,
middle-aged, and major clinical studies, among others.

Upon examination of Figure 5, it becomes apparent that distinct clusters have emerged, each representing a
unique thematic focus within the realm of occupational risks in agricultural and livestock settings. Hypothesizing
the formation of these clusters necessitates a nuanced understanding of the interplay between key terms.
For instance, within the agricultural domain, terms such as “accidents,” “occupational health,” “occupational
exposure,” and “farmers” suggest a direct association with the labor-intensive activities inherent to farming,
potentially indicative of a predominantly family-based employment structure characterized by familial ties to
the land and the inherent risks involved. Including “adolescents” underscores the potential vulnerability of
younger workers in agricultural settings, further highlighting the familial nature of employment in this sector.

Conversely, the animal production cluster presents a different thematic orientation. Terms such as “livestock,”
“animals,” and “bovine” suggest a focus on animal husbandry and management practices. The presence of
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descriptors such as “female,” “aged,” and “adult” may point towards a more systematic approach to livestock
management, potentially indicative of a salaried employment framework with specialized roles and responsibilities.
Additionally, “clinical study” and “public health” suggest a heightened emphasis on health and safety protocols
within the livestock industry, further supporting a formalized employment structure.

3.2. Occupational risks, type of exposure, and problems cited by activity

Initially, the content analysis sought to identify the occupational hazards to which agricultural workers are
exposed during farm activities and how these themes are presented in the literature. Table 1 shows information
related to these occupational risks of farm activities, namely: the occupational risks that the activity presents,
the type of exposure workers experience during these activities, the problems or damage caused to workers due
to these risks, and the kind of activity in which the study was carried out.

3.3. Occupational risks of work in agricultural activities

Among the occupational risks found, 50% of the studies reported chemical hazards, 33.33% mechanical
or accident risks, 27.77% ergonomic risks, 22.22% physical risks, and no biological risk was mentioned. Only
22.22% of the studies combined more than two risks.

Among the chemical hazards found, the vast majority were due to the use of pesticides (Boulanger et al.,
2017, 2018; Tigchelaar et al., 2020; Gilbey et al., 2018; llgaz & Gdziim, 2018; Kongtip et al., 2018; Pate &
Gorticti, 2020; Zhou et al., 2021) followed by exposure to dust (Gilbey et al., 2018; Rumchev et al., 2019).
The same study also identified the combination of the two causes (Gilbey et al., 2018). The problems resulting
from these exposures are dizziness, nausea, vomiting, blurred vision, cramps, sweating, colorectal, bladder, and
Tung cancer. Agricultural work directly exposes workers to pesticides and dust, as with sowing activities, chemical
spraying, maintaining outside the tractor, and working in greenhouses.

According to Table 1, it is possible to notice that 33.9% of the analyzed works occurred in agriculture
activities and 66.1% in animal production. The discussion is divided accordingly.

Concerning the studies that mentioned mechanical or accident risks, the following were cited: falls, bruises,
and fractures (Tigchelaar et al., 2020; Kongtip et al., 2018; Koroma & Kangbai, 2020), injuries and children
being run over (Bilski, 2017), amputations (fingers) (Thorvaldsen et al., 2020), chest injuries, spine, face and neck
(Amey & Christey, 2019; Berney et al., 2017), cuts to the skin, fingers, and veins (Parvez & Shahriar, 2018) and
wounds from venomous animals (Tigchelaar et al., 2020). These accidents were caused by misusing vehicles and
machines, mainly in handling tools. 1t is also found in the spillage of chemicals on the body, slippery surfaces,
and the presence of snakes and insects. Another essential point reported is the worker’s carelessness, where
obstacles, trips, and falls of vehicles happen, all due to the lack of training in the use of equipment and machines.

Concerning ergonomic risks, the following are cited: lumbar and back pain (Pinzke & Lavesson, 2018;
Raczkiewicz et al., 2019), injuries, and infections in limbs (Parvez & Shahriar, 2018), which can even lead to
the permanent loss of any of these limbs (Parvez & Shahriar, 2018). Agricultural work, is a large extent, uses
repetitive movements, such as handling a tool for hours, lifting weights, excessive force, and movements that
must be performed with an adequate posture. Among the consequences of these risks are extreme fatigue,
sluggishness, deceleration of reaction time, decreased psychomotor efficiency, irritation, and even depression.

Agricultural work is exposed to the sun and all the noise existing in the place, these being the main physical
risks identified in the studies, that is, the temperature (Tigchelaar et al., 2020; Mac et al., 2019, 2021) and the
noise (Bilski, 2017; Kongtip et al., 2018). The excessive heat reported is caused by global warming and mainly
by prolonged exposure to the sun, causing workers: stress, fainting, confusion, nausea or vomiting, fatigue,
dizziness, and headaches. Noise is caused by noisy machines and vehicles, causing workers: headaches, decreased
psychomotor efficiency, irritation, hearing loss, increased psychological tension, and even vibrations of internal
organs. In addition, operators and drivers may experience interrupted attention and decreased sharpness and
field of vision.

From the studies isolated in this research, it is possible to reaffirm that the agricultural workforce is physically
demanding. The workers involved are exposed to various occupational hazards, which contributes to the increase
in injuries in agriculture. For this reason, it is necessary to seek to reduce these risks, suggesting: the use of
PPE and training as prevention for all the mentioned risks, especially contact with pesticides; safety doors
on vehicles, and keeping children away from agricultural work, for the risk of accidents; use more breathable
clothes and rest in the air conditioning, to reduce exposure to heat; combine work rhythm in search of lowering
ergonomic risk, in addition to maintaining proper movements and postures when lifting and lowering during
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Table 1. Information related to occupational hazards on the farm.
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3

Author Activity Occupational Risks Type of exposure Problems cited
Tigaz & Goziim (2018) Agriculture Chemical Use of pesticides Colorectal cancer
Boulanger et al. (2017) Agriculture Chemical Use of pesticides Bladder cancer
Rumchev et al. (2019) Agriculture Chemical Dust exposure Breathing problems
Zhou et al. (2021) Agriculture Chemical Use of pesticides Musculoskeletal and nervous
system diseases
Gilbey et al. (2018) Agriculture Chemical Dust exposure Breathing problems
Boulanger et al. (2018) Agriculture Chemical Use of pesticides Lung cancer
Bilski (2017) Agriculture Physical Excessive noise (noise) when using  Ear organ damage, psychological
vehicles/cabins used in activities and mental reactions (headaches,
(tractors, loaders, combine drowsiness, excessive fatigue,
harvesters, and ventilated mixers) sluggishness), interrupted
attention, decreased vision
Tigchelaar et al. (2020) Agriculture Physical Prolonged exposure to the sun Excessive heat
Mac et al. (2019) Agriculture Physical Physical Risk Stress
Mac et al. (2021) Agriculture Physical Extreme heat Fainting, confusion, nausea,
vomiting, dizziness, headache
Raczkiewicz et al. (2019) Agriculture Ergonomic Lifting weights using excessive Low back, cervical, and thoracic
force while working, and exposure pain
to high temperatures
Pinzke & Lavesson (2018) Agriculture Ergonomic Inappropriate positions during Low back and back pain
activities and positions practiced
for long periods
Koroma & Kangbai (2020) Agriculture Mechanical Handling of machines and tools Injuries and falls
without training
Zago et al. (2018) Agriculture Chemical and Exposure to pesticides and Cuts, bruises, fractures,
mechanical nicotine; manual work with little amputations, loss of movement,
mechanization blindness due to trauma
Pate & Goriicii (2020) Agriculture Mechanics and Handling of vehicles and tools, Running over (child playing),
chemicals causing falls and accidents, and Child injured by being next to the
use of pesticides machine (tractor), accidents with
related tools
Parvez & Shahriar (2018) Agriculture Mechanics and Handling vehicles and hand tools,  Skin cuts, skin scraping, superficial
ergonomics inappropriate movements, and vein cuts, toe or finger cuts and
postures during activities muscle strains, limb cuts, deep
vein cuts, permanent loss of any
part of the body, and infections in
injured limbs
Kongtip et al. (2018) Agriculture Chemical, physical, Use of pesticides and insecticides, Asthma, allergies, diabetes, high
ergonomic, and lifting weights, improper posture blood pressure, heart disease,
mechanical during activities, falls on slippery cancer, thyroid, arthritis, nasal
surfaces, injuries from machinery  congestion, runny nose, headache,
and equipment, injuries from dizziness, nausea/vomiting, blurred
animals, excessive heat vision, cramping, sweating, muscle
pain
Park et al. (2020) Animal Chemical Exposure to gases, ammonia, and Asphyxia, skin problems, nausea,
hydrogen sulfide headaches, and body aches
Buiarelli et al. (2019) Animal Chemical Dust and accidental poisoning Diagnosis of lung problems, cancer
risks
Kates et al. (2019) Animal Biological Exposure to bacteria and particles Contamination due to bacteria
virus transmitted by animals
Meisner et al. (2019) Animal Biological Exposure to disease Tuberculosis
Dang-Xuan et al. (2017) Animal Biological Exposure zoonotic diseases Health problems such as cough,
fever, diarrhea, nausea, vomiting
de Groot et al. (2020) Animal Biological Exposure to dust and particles Worsening of patients with
respiratory problems (asthma) and
inflammatory-triggering
de Rooij et al. (2019) Animal Biological Exposure to dust and particles Breathing difficulties (asthma)
Gower et al. (2017) Animal Biological Exposure to schistosomiasis and  Fever, headache, weakness, muscle
infectious diseases pain, diarrhea, other symptoms
Greter et al. (2017) Animal Biological Exposure to schistosomiasis Fever, headache, weakness, muscle
pain, diarrhea, other symptoms
Sichewo et al. (2020) Animal Biological Exposure to zoonotic diseases and Tuberculosis

microorganisms
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Table 1. Continued...

:DUCTION

3

Author Activity Occupational Risks Type of exposure Problems cited
Stari¢ et al. (2020) Animal Biological Exposure to zoonotic diseases and  Diarrhea, fever, vomiting, cramps,
microorganisms transmitted by abdominal pain, skin rashes,
ingestion or inhalation among other symptoms
Bachelet (2018) Animal Mechanical Accidents from exposure to work  Fatalities occurring during work or
or transport commuting
Beattie et al. (2018) Animal Mechanical Exposure to animals Refutation of animals causing
accidents with musculoskeletal
injuries, trauma, and fatalities
Berney et al. (2017) Animal Mechanical Electric shocks, exposure to Spinal cord injuries
animals, machinery, and equipment
unprotected
Holte et al. (2019) Animal Ergonomic Stress, incorrect posture, and Musculoskeletal, traumatic, stress,
movements and mental fatigue
Nuvey et al. (2020) Animal Ergonomic Exposure to Stressful Situations Depression, anxiety, and stress
Sato et al. (2020) Animal Ergonomic Long working hours, repetitive Mental health issues, depression
efforts, repetitive work, and stress
Freidl et al. (2017) Animal Chemical and Exposure to dust, particles, Fever worsening, breathing
biological bacteria, fungi, endotoxins difficulties, pneumonia
Baliatsas et al. (2020) Animal Chemical and Dust, exposure to microorganisms  Diagnosis of respiratory diseases
biological and parasites (asthma, chronic bronchitis, allergic
rhinitis, pneumonia), chronic
diseases, lung cancer
El-Zaemey et al. (2018) Animal Chemical and Exposure to vapors, chemicals, Worsening asthma cases
biological parasites, and microorganisms,
repetitive tasks
Das et al. (2021) Animal Chemical and Exposure to arsenic geochemical Cancer
biological particulate toxicity
Davis et al. (2018) Animal Chemical and Exposure to dust and Infections and contamination by
biological microorganisms from animals Staphylococcus aureus
Baliatsas et al. (2019) Animal Chemical and Dust, exposure to microorganisms  Diagnosis of respiratory diseases
biological and parasites (asthma, chronic bronchitis, allergic
rhinitis, pneumonia)
Jouneau et al. (2019) Animal Chemical and Dust and particles Chronic obstructive pulmonary
biological disease (COPD)
Zomer et al. (2017) Animal Chemical and Exposure to antibiotics and Acute kidney disease,
biological microorganisms cerebrovascular disease,
cardiovascular disease, chronic
lung disease, liver disease
Bendixsen (2017) Animal Mechanical and Repetitive efforts and task Musculoskeletal injuries, accidents
ergonomic repeatability with animals, machinery, and
equipment without protection or
unsuitable for use, accidents with
the energy system, stress, fatigue,
depression, and anxiety
Head et al. (2020) Animal Mechanical e Exposure to zoonotic diseases, Tlinesses such as hemorrhagic fever,
biological inhalation of particles, fever, Lyme disease, headaches,
consumption of contaminated malaise, skin rashes
products, tick bite
Hioki & Inaba (2021) Animal Mechanical e Exposure to animals, parasites, Fatalities, breakages, loss of
biological infectious diseases movement, infectious diseases
Santiago et al. (2021) Animal Physical and chemical Lack of ambient ventilation, Skin and health disorders,
exposure to temperatures, musculoskeletal and traumatic
sunlight, chemical substances, injuries, cuts, falls, burns
microorganisms, long working
hours, stress, inadequate postures,
unprotected tools and machines,
electrical discharges
Arcury et al. (2019) Animal Physical, chemical, Sun rays or extreme cold, Exposure to sunlight and

and ergonomic

accidental substance poisoning,
poor posture, long and repetitive
work hours, stress

extreme cold, accidental
poisoning, musculoskeletal pain,
inflammation, traumatic injury,
skin injury
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Author

Activity

Occupational Risks

Type of exposure

Problems cited

Darcey et al. (2018)

Guertler et al. (2021)

Sonvisen et al. (2017)

Thorvaldsen et al. (2020)

Gerbecks et al. (2020)

Saleh et al. (2019)

Alwall Svennefelt et al.
(2019)

Amey & Christey (2019)

Animal

Animal

Animal

Animal

Animal

Animal

Agriculture and
Animal

Agriculture and
Animal

Physical, chemical,
and biological

Physical, chemical,
and ergonomic

Physical, chemical,
and ergonomic

Physical, chemical,
and ergonomic

Physical, chemical,
biological, and
ergonomic

Physical, chemical,
biological, and
ergonomic

Physical, chemical,
mechanical, and
ergonomic

Chemical, mechanical,
and ergonomic

Exposure to solar radiation,
organic solvents, engine exhaust,
metals, wood dust, pesticide
exposure

Exposure to sunlight, chemicals,
improper posture, carrying
improper weight, stress, inadequate
tools, shocks, or electrical
discharges

Lack of ambient ventilation, fog,
poor posture, and stress

Vibrations, excessive noise,
temperatures and lack of
ventilation, dust, particles,
chemical product exposure,
inadequate postures, long and
repetitive working hours, stress

Excessive noise, exposure
to chemicals and animals,
inappropriate postures

Repetitive tasks, lack of ventilation
in the workplace, exposure
to chemicals, bacteria, and
microorganisms

Excessive noise, dust, improper
posture, carrying heavy weights,
stress, unprotected machinery,
inadequate tools, electrical shocks
or discharges, fires

Chemicals, repetitive strain and
repetitive tasks, unprotected
machinery, inadequate tools, fires,
exposure to animals

Cancer and other diseases

Cuts, shocks, falls, musculoskeletal
injuries, trauma

Musculoskeletal disorders, mental
health issues, reduced hearing,
respiratory, gastrointestinal,
cardiovascular, and allergies

Musculoskeletal complaints, acute
injuries, psychosocial exposures

Diarrhea, headache, sleep
disturbances, respiratory
symptoms, skin problems, fatigue,
and muscle pain
Dermatitis, decompression sickness,
barotraumas, muscle pain

Stress and constant noises in the
ear due to noise, back pain, work
accidents such as fires, knocks,
or cuts

Accidental poisoning, machinery
unprotected or unsuitable for use,
bitten or hit by rebuttal animals,
hit by weight, falls, fires from
ignition of flammable material or
exposure to electrical current

activities. Regarding the areas of activity of the studies found, it is noted that they are varied, having farms with
different types of cultures; growing fruit and vegetables; pea and potato production; grains; tobacco farming,
and greenhouse work.

3.4. Occupational risks of work in animal production

As for the main results listed in the studies, 82% do not point to occupational risks as a direct consequence of
poor working conditions, with more than two or even three risks co-occurring. Among the physical risks listed, 19.51%
of the studies mentioned one or more risks, including vibrations (Thorvaldsen et al., 2020), excessive noise (Alwall
Svennefelt et al., 2019; Gerbecks et al., 2020; Thorvaldsen et al., 2020), inadequate temperature (Arcury et al., 2019;
Thorvaldsen et al., 2020), lack of quality air on-site (Saleh et al., 2019; Santiago et al., 2021; Sgnvisen et al., 2017,
Thorvaldsen et al., 2020). 1t is worth highlighting that the animal production has high exposure to sunlight, as is
the case of workers who remain outdoors for fishing (Arcury et al., 2019; Darcey et al., 2018; Guertler et al., 2021;
Santiago et al., 2021). Among the main solutions present in the literature, the use of ear protectors, ventilation and
heating systems, adequate diving suits, and sun protection against radiation have been suggested.

Of the studies, 41.46% mentioned chemical risks generated by handling a wide variety of chemical substances
that appear as particulates or aerosols. Among them the main ones are: dust (Bachelet, 2018; Baliatsas et al.,
2019; Buiarelli et al., 2019; Darcey et al., 2018; Davis et al., 2018; Gerbecks et al., 2020; Jouneau et al., 2019;
Thorvaldsen et al., 2020), fog (Senvisen et al., 2017), gases (Park et al., 2020; Santiago et al., 2021), vapors
(El-Zaemey et al., 2018) and accidental poisoning with chemicals and derivatives (Amey & Christey, 2019;
Arcury et al., 2019; Buiarelli et al., 2019; Darcey et al., 2018; El-Zaemey et al., 2018; Gerbecks et al., 2020;
Guertler et al., 2021; Saleh et al., 2019; Santiago et al., 2021; Thorvaldsen et al., 2020). In this sense, it was
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noticed that most of the workers, due to exposure to chemical risk, potentiated breathing difficulties, skin
lesions, accidental poisoning, pneumonia, asthma, and gastrointestinal symptoms. 1t is also noteworthy that
farms with large numbers of animals are twice as likely to have respiratory diseases and may be associated as a
risk factor for symptomatic effects with a diagnosis of asthma, heart disease, and pneumonia (Baliatsas et al.,
2019; Freidl et al., 2017; Gerbecks et al., 2020). Using PPE was listed as solutions, such as a protective mask,
respiratory mask, protective clothing, gloves, and shoes, and providing basic sanitation and training.

On the other hand, biological risks to which animal production workers are exposed appear in 53.65% of
the 41 evaluated studies; generally, they are bacteria, parasites, fungi, viruses, and other microorganisms related
to animals and transmitted by direct or indirect contact (Bachelet, 2018; Baliatsas et al., 2019; Darcey et al.,
2018; Davis et al., 2018; El-Zaemey et al., 2018; Freidl et al., 2017; Saleh et al., 2019; Santiago et al., 2021;
Stari¢ et al., 2020; Weichelt et al., 2019). 1t is important to emphasize the relationship between vaccination of
animals, as is the case with brucellosis or aphthosis vaccines; when vaccination does not occur, it can transmit
to the entire herd, workers, and societies exposed to animals, in addition to cases in which endotoxins are
released from the cattle, fish, goats, swine, and exposure to ticks harming human health (Dang-Xuan et al.,
2017; de Groot et al., 2020; de Rooij et al., 2019; Gerbecks et al., 2020; Gower et al., 2017; Greter et al., 2017;
Head et al., 2020; Kates et al., 2019; Meisner et al., 2019; Sichewo et al., 2020).

As for the ergonomic risks, they are noted to interfere with the worker’s physical and psychological capacity,
as observed in 34.15% of the studies. These risks arise from inadequate posture (Alwall Svennefelt et al., 2019;
Arcury et al.,, 2019; Gerbecks et al., 2020; Guertler et al., 2021; Holte et al., 2019; Santiago et al., 2021;
Senvisen et al., 2017; Thorvaldsen et al., 2020), long working hours (Arcury et al., 2019; Santiago et al., 2021;
Sato et al., 2020; Thorvaldsen et al., 2020), repetitive or repetitive tasks (Amey & Christey, 2019; Arcury et al.,
2019; Bendixsen, 2017; El-Zaemey et al., 2018; Saleh et al., 2019; Sato et al., 2020; Thorvaldsen et al., 2020),
carrying heavy weights (Alwall Svennefelt et al., 2019; Gilbey et al., 2018), and stress due to work-related factors
(Alwall Svennefelt et al., 2019; Arcury et al., 2019; Bendixsen, 2017; Guertler et al., 2021; llgaz & G6ziim, 2018;
Jouneau et al., 2019; Nuvey et al., 2020; Santiago et al., 2021; Sato et al., 2020; Thorvaldsen et al., 2020).

According to the integrative reading, it was noted that ergonomic risks often occur during the workday in
animal production, without them realizing that they are putting their health at risk, as the worker performs
his activities standing for most of the time, carrying out manual transport of loads to provide food for the
animals, in addition to achieving most of the work incorrectly such as squats and lifting (Arcury et al., 2019;
Holte et al., 2019; Santiago et al., 2021; Thorvaldsen et al., 2020), consequently resulting in problems for the
workers’ health, compromising their productivity and safety, generating: Repetitive strain injury, work-related
musculoskeletal disorders, muscle pain, inflammation in the musculoskeletal system (tendinitis, bursitis) physical
fatigue, nervous diseases, diseases of the digestive system (ulcers, gastritis) among other problems caused by
ergonomic hazards (Baliatsas et al., 2019; Holte et al., 2019; Senvisen et al., 2017).

Accident risks are all factors that jeopardize worker safety and occur due to the physical and technological
conditions of the environment. Situations of machines that do not have protection are considered as possible
risks of accidents (Alwall Svennefelt et al., 2019; Amey & Christey, 2019; Arcury et al., 2019; Bendixsen, 2017;
Berney et al., 2017; Holte et al., 2019; Santiago et al., 2021), inadequate tools (Alwall Svennefelt et al., 2019; Amey
& Christey, 2019; Guertler et al., 2021; Santiago et al., 2021), poor lighting (Thorvaldsen et al., 2020), electric
shocks or discharges (Alwall Svennefelt et al., 2019; Amey & Christey, 2019; Berney et al., 2017; Guertler et al.,
2021; Santiago et al., 2021), fires (Alwall Svennefelt et al., 2019; Amey & Christey, 2019), venomous animals
and accidents resulting from the animal’s refutation (cattle, horse, swine) (Amey & Christey, 2019; Beattie et al.,
2018; Bendixsen, 2017; Berney et al., 2017; El-Zaemey et al., 2018; Hioki & Inaba, 2021; Holte et al., 2019).
As observed, 31.7% of the studies presented one or more risks of accidents, among them injuries such as cuts,
fractures, trauma, burns, limb amputations, and deaths.

Finally, to minimize occupational risks in the work environment of animal production, it is suggested
the use of personal protective equipment (gloves, mask, goggles, boots), ergonomic seats, ventilation, and
heating systems, equipment with closed cabins, reduced working hours, breaks for rest, quality food and sleep,
equipment operation training, layout adaptation and development of organizational culture in compliance with
safety standards. Regarding the areas of activity of the researched studies, it was noticed that a large part was
developed in beef and dairy cattle, raising horses, goats, pigs, fish, and crustaceans.

3.5. Suggestions for future studies

The search for productivity and profits often directly affects issues such as work safety, and agricultural work
is a primordial and necessary factor that exposes the worker to various occupational hazards; that is, a large
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part of the activities depends on the human factor that is directly influenced by the guarantee of health and
safety. In this context, occupational risks are present in most farm activities, regardless of the sector in which
it is inserted, and demonstrate that the results directly impact the daily lives of workers.

Therefore, studies focusing on implementing management systems for continuous improvements in the quality of
work environments are suggested, such as implementing ventilation or heating systems at temperatures not consistent
with the recommended temperatures. Also, an evaluation of the animal production sector is presented, which indicates
the processes of working with animals, the instructions of correct forms, and adequate places of approach, contact,
and immobilization of the animals to minimize accidents and occupational risks—at work, considering the importance
of preserving workers’ health. 1t is also worth mentioning the need for studies that evaluate training in health and
safety at work, through partnerships between public agencies and rural workers, seeking management models and
public policies to protect the worker’s right to safety, seeking to guide the preservation of workers’ health and creating
safe and healthy environments, requiring a primary focus on employee education. Finally, further studies are needed
to investigate and develop new techniques for reducing work-related risks in the agricultural sector. Considering the
abovementioned, Table 2 presents research questions explored in future studies.

Table 2. Research Agenda for future studies.

Type of improvement Questions Authors (year) that supported
Engineering control ~ What precision pest and disease control techniques can be used to optimize control Buiarelli et al. (2019);
methods strategies in agricultural and animal field facilities? Gerbecks et al. (2020);
Thorvaldsen et al. (2020)
How can the use and integration of robotics and automation technologies in animal Holte et al. (2019);
production operations improve animal welfare, increase productivity, reduce the risk of Santiago et al. (2021);
accidents, and promote adequate worker ergonomics? Guertler et al. (2021)
How can innovative safety devices help prevent accidents with agricultural machinery? Amey & Christey (2019);

Head et al. (2020);
Pate & Goriicii (2020)

Organizational control  How can evaluating the effectiveness of rural workers’ occupational safety and health Saleh et al. (2019);
methods training programs contribute to reducing work-related injuries and illnesses among Arcury et al. (2019);
agricultural and animal workers? Hioki & Inaba (2021)
What organizational factors influence adopting occupational safety practices in Santiago et al. (2021);
agricultural and animal companies? Sato et al. (2020);
Thorvaldsen et al. (2020)
How does research on adapting and implementing Occupational Health and Safety Bendixsen (2017);
Management Systems on rural properties contribute to emergency procedures, PPE Saleh et al. (2019);
use policies, and risk analysis in reducing accidents and occupational illnesses? Santiago et al. (2021)
Control methods based What is the effectiveness (particle filtration, resistance to heat, and humidity) and Head et al. (2020);
on PPE use comfort (ease of communication during use and comfort) of different types of Park et al. (2020);
respiratory protective equipment in agricultural environments? Thorvaldsen et al. (2020)
How effective are hearing protectors in reducing exposure to noise in agricultural and Bilski (2017);
animal operations? Gerbecks et al. (2020);
Thorvaldsen et al. (2020)
How does the development of technical clothing contribute to the harmful effects of Darcey et al. (2018);
excessive sun exposure and extreme weather conditions such as high temperatures, UV Tigchelaar et al. (2020);
radiation, and strong winds to protect workers in outdoor agricultural environments? Arcury et al. (2019)

Agriculture and animal production are vital sectors of the global economy, but they are also among the most
dangerous regarding occupational health and safety. Workers in these industries face a range of risks, including
exposure to chemical agents, injuries from machinery, extreme weather conditions, and ergonomic hazards. Faced
with these challenges, few studies refer to methods and techniques that contribute to reducing risks to workers’ health.

Thus, Table 2 highlighted suggestions for future studies that address engineering, organizational, and
control methods based on using PPE in the agriculture and animal sectors. Therefore, this gap constitutes an
opportunity for future studies, which can contribute to improving working conditions in the agricultural sector
to build safer and more sustainable communities.

4. Conclusions

The health problems of agricultural workers are superimposed on various risks in the work environment,
being subject to exposure to physical, chemical, biological, ergonomic, and accident risks. This study aimed to
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identify what these risks are and the significant injuries to which workers in the agricultural sector are exposed
during the workday in the farms. In addition to identifying good occupational safety and health practices that
can be adopted (International Labour Office, 2024).

The studies selected for the research were divided into two clusters, namely: agriculture activities and animal
production. 1t was evident, in agricultural activities, that among the studies surveyed, the most frequent risk
is the chemical risk, due to the high use of pesticides in the agricultural work; followed by mechanical risk or
accidents, which occur due to lack of training and PPE’s; ergonomic risk due to repetitive movements and
excessive force that the work requires and physical risk, in terms of noise and high temperature. On the other
hand, no studies were identified that presented the biological risk.

In animal production, it is shown that workers are exposed to more than one occupational risk simultaneously,
which can generate musculoskeletal injuries, traumatic injuries, psychological stress, anxiety, depression, breathing
difficulties, and gastrointestinal problems, among others that can cause irreversible damage to worker’s health.
1t was also evidenced through the studies that the most frequent risk is the biological risks, due to the worker’s
exposure to the animals, having direct or indirect contact; it can also be said that a large part occurs due to
the lack of personal safety equipment and training.

Given this magnitude of injuries resulting from occupational risks in the rural environment, future studies are
suggested that seek management models and public policies to protect the worker’s right to safety, in addition
to studies that seek effective ways to minimize the risks to workers in the farm, ensuring your health and safety.
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