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Introduction: Agriculture emerges as one of the most dangerous industries in
the world, considering injury and illness rates. After the service sector in Turkey,
the next large-scale sector is the agricultural sector, which constitutes 20%
of the general employment. The exposure of farmers to pesticides, used to
increase the quality and productivity of agricultural products, causes health risks
via the mouth, respiration, skin, and eyes. Pesticide use in Turkey is increasing;
the annual average increase is estimated at 1.2%. Exposure to pesticides can
be reduced by wearing personal protective equipment to protect against health
and safety hazards.

Objective: This study aimed to determine the importance of personal protective
equipment using the multi-criteria decision-making method to prevent the risk
of injury and disease resulting from pesticide use.

Materials and methods: The Analytical Hierarchy Process (AHP) method was
used to find the weights of the criteria determined by expert opinion and a
literature review. The Preference Ranking Organization Method for Enrichment
Evaluation (PROMETHEE) was used to rank personal protective equipment.

Results: Personal protective equipment includes masks, gloves, overalls, safety
shoes, glasses, and hats. The use of multi-criteria decision-making methods in
health and safety in the agricultural sector will contribute to the literature.

Conclusion: Emphasizing the use of personal protective equipment, especially
when using pesticides, will increase the rate of use of protective measures.

KEYWORDS
agriculture, analytical hierarchy process and the preference ranking organization

method for enrichment evaluation, occupational health and safety, personal
protective equipment, pesticide

1 Introduction

Compared to other sectors, the injury and illness rates of agricultural workers in the
agricultural sector emerge as one of the most dangerous sectors worldwide. Its full extent is
unknown due to inconsistencies in data collection and reporting (1). The agricultural sector
constitutes 20% of the general employment in Turkey. It is the largest sector after the service
sector (2).

There are significant risks of disease and injury in public health and agriculture associated
with pesticide use (3). Most pesticides are very harmful to both human and animal health. It
can cause serious, irreversible effects on the environment. This situation causes significant
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contamination in all ecosystems (4). Exposure to pesticides occurs
mainly via the skin and inhalation. It can also occur by consuming
contaminated food, oral contact with contaminated hands, or
ingestion. Another important source of exposure is contaminated
clothing (5). According to the World Health Organization’s (WHO)
estimation, 25 million agricultural workers are exposed to acute
pesticide poisoning cases each year (3). Risk perception variables of
pesticide use that threaten the environment and human health can
play an essential role in farmers’ taking safety measures (6). WHO
classifies pesticides as moderately hazardous toxicity class II, which
can lead to health risks if unsafe equipment is used by farmers (7).
WHO and the International Labor Organization (ILO) recommend
that farmers use personal protective equipment (PPE) to protect their
health by reducing their exposure to pesticides (8).

Employee-specific clothing or equipment worn by employees to
avoid exposure to health and safety hazards is called PPE. Various
PPEs have been designed to protect many body parts, such as the eyes,
hands, feet, head, ears, and face (9). Although its use is the least
preferred solution, it should be considered in solving professional
problems within a systematic and integrated vision. For this reason,
the effectiveness of the entire occupational health and safety system
and the balanced selection of alternatives for prevention, protection,
and control are closely related (10). There are chemical, biological, and
physical hazards in working environments. It is a known fact that the
quality of workplaces increases with environmental management
measures and engineering approaches that protect their employees by
reducing or eliminating the danger factors. However, it is not disputed
that many fields of study also need to implement such decisive,
practical measures. In such cases, a business management approach
using PPE is considered an alternative and essential tool to protect the
health and safety of employees (11).

In this study, the importance of ranking PPE using Multi-Criteria
Decision-Making (MCDM) methods was discussed to prevent the risk
of injury and disease caused by pesticide use. The criterion weights of
PPE were determined using the AHP method and ranked using the
PROMETHEE method.

There are studies on pesticides in the literature. Clark et al. (12)
investigated the attitudes, knowledge, and practices of 123 agricultural
workers regarding the safe use of pesticides at three irrigation project
sites in the Accra Plains, Ghana. Gomes et al. (13) investigated the use
of PPE and the application of hygiene and safety procedures to process
pesticides in agriculture. Nordin et al. (14) studied the effects of
pesticide use-related safety behaviors on the onset of acute organ
symptoms in 101 female and 395 male tobacco-growing Malaysian
farmers. Mekonnen and Agonafir (15) presented data on pesticide use,
PPE use, attitudes, applications, and knowledge of pesticide sprayers
on large Ethiopian farms. Reed (16) conducted studies to determine
the self-protective work behaviors, risk exposures, and use of personal
protective equipment of children on farms. Reed emphasized the need
to be informed about personal protective equipment. Atreya (17)
studied how pesticide use affects the health of farmers in Nepal. The
study aimed to understand acute health symptoms and estimate health
costs in rural Nepal concerning pesticide exposure. The study revealed
that pesticide use had acute effects on health. Weerasinghe et al. (18)
aimed to receive detailed user notifications regarding the differences
in pesticide storage, evaluate the use of pesticide-safe storage devices,
and identify problems related to crucial protection. Fenske (19)
provided field demonstrations and discussions on traumatic and
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musculoskeletal injuries in orchards, mobile work platforms, and new
pest control technologies. Levesque and Shen (20) aimed to investigate
the relationship between the housing conditions of agricultural
workers, pesticide safety practices, and PPE use. Meirelles et al. (21)
examined the efficiency of using PPE in agriculture through a
theoretical framework. They developed an analysis of PPE design by
controlling the unhealthy conditions of rural workers. Almeida et al.
(22) examined the inadequacy of PPE used in tomato crops, especially
thermal comfort. Their study showed that insufficient use of PPE may
pose a risk of thermoregulation for rural workers. Basilicata et al. (23)
investigated agricultural workers’ general working conditions and
pesticide exposure in tomato-growing farms in southern Italy during
the mixing/loading and applying of pesticides to the fields. Lekei et al.
(24) aimed to explain farmers’ knowledge of pesticide hazards,
pesticide exposure profiles, unsafe practices that cause acute
poisoning, the extent to which acute poisoning was reported, and
previous poisoning experiences. Al Zadjali et al. (25) conducted their
studies to investigate the differences between farm types in PPE use,
identify the key people responsible for pesticide applications, and store
pesticides safely. In their study, Andrade-Rivas and Andrea Rother
(26) aimed to analyze the risk perceptions related to the socio-cultural
context, working conditions, and herbicide use to understand the
employees’ low PPE compliance. The study results revealed that
although workers were informed about herbicide exposure risks, PPE
use continued at a low rate due to workers being affected by working
conditions, herbicide risk perceptions, and workers’ social status and
gender dynamics. Rudolphi (27) aimed to determine agricultural
educators’ attitudes, needs, and practices about agricultural safety and
health. Ngowi et al. (28) aimed to reveal that national pesticide
regulations need to be revised to solve the health and safety problems
encountered by agricultural workers in Tanzania in the use of
pesticides on a small scale. Sawada et al. (11) aimed to present the
latest information on the development and evaluation. Akter et al. (29)
aimed to examine the behavioral activities of farmers regarding their
pesticide use and determine the relevant factors affecting the use.
Yarpuz-Bozdogan (30) emphasized the importance of using PPE in
pesticide applications in agriculture. Reynolds et al. (31) obtained
descriptive findings regarding pesticide use from 1,191 participants
who completed occupational surveys in the study, which included an
in-depth evaluation of injuries, respiratory diseases, and other health
consequences related to environmental and occupational exposures.
Rezaei et al. (32) aimed to fill the gap with healthy spread theory and
planned behavior theory, which include perceived sensitivity and
severity structures for the factors affecting Iranian farmers’ PPE use.
Sapbamrer and Thammachai (33) reviewed the existing literature on
PPE use by pesticide processors in different regions of the world. Joko
etal. (34) investigated the symptoms of poisoning caused by farmers’
pesticide exposure. Jakob et al. (35) defined and classified the national
occupational health and safety mechanisms in Europe for agricultural
workers and aimed to exemplify the scope of implementation of the
safety regulation by evaluating the responsible institution for health
and safety initiatives. Zhang et al. (36) investigated the work-related
risk factors and prevalence level of acute pesticide poisoning among
farmers in southern China. Those who experienced work-related
acute pesticide poisoning constituted 8.8% of the total pesticide
applicators. Paschoalin et al. (37) reported on a non-enzymatic
wearable electrochemical sensor that can detect bipyridinium and
carbamate pesticides on the surface of food and agricultural samples.
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TABLE 1 AHP method steps.

Method steps  Description of method steps
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TABLE 2 PROMETHEE method steps.

Method steps = Description of method steps

Step 1 Defining the problem clearly and determining its Step 1 By defining alternatives and criteria, the importance
purpose. weights of the criteria are determined, and a data matrix

Step 2 Establishing a hierarchical structure by determining is created for the alternatives.
relative priorities for the main criteria and their sub- Step 2 Depending on the structure and interrelationship of the
criteria. determined criteria, preference functions are defined.

Step 3 Creation of pairwise comparisons/matrices of defined Step 3 For pairs of alternatives, common preference functions
criteria. are determined based on the preference functions.

Step 4 Normalization of pairwise comparison matrices and Step 4 Preference indices are determined for each pair of
calculation of relative importance weights. alternatives using common preference functions.

Step 5 Measuring the consistency of comparisons between Step 5 Negative and positive advantages are determined for
criteria. alternatives.

Step 6 Partial priorities are set with PROMETHEE 1.
This sensor can detect diquat and carbendazim in apple and cabbage Step 7 With PROMETHEE II, exact priorities are calculated.

skins without the interference of other pesticides and determine in
what proportion they are present. They stated that this type of
wearable sensor, including active bio(sensing) layers, could
be extended to other agrochemicals and monitor all agri-foods and
products online.

To the best of our knowledge, no study was found to determine
the importance of PPE for preventing diseases and injuries associated
with pesticide use using the MCDM method as a result of the literature
research. Its contribution to the literature will be applying these
methods to the agricultural sector. Emphasizing the use of PPE in the
processing of pesticides in agriculture will increase the tendency of
agricultural workers to use protective measures.

2 Materials and methods

Criteria were determined based on a literature review and expert
opinion. The criteria weights were calculated with the AHP method,
which is one of the MCDM methods, and the importance of the
alternatives was ranked using the PROMETHEE method.

2.1 AHP method

When applied to decision-making, the AHP method, one of the
most well-known MCDM methods, helps define the general decision
process by decomposing a complex problem into a hierarchical
structure as the target, criterion, subcriteria, and alternative (38).
Pairwise comparisons are made to obtain priority scales based on
experts’ judgments. Comparisons are made using an absolute
judgment scale relative to a particular attribute, representing how
much one element dominates another (38). In AHP, the relative
importance of decision criteria is evaluated through pairwise
comparisons. The decision-maker examines the two alternatives to
create a priority value (aij) for each criterion and expresses a
preference. In AHP, the standard numerical scale is 1-9, which ranges
from “extremely important” to “equally important” A value of “1”
indicates that one factor is equally important as another, while a “9”
indicates that one factor is highly less critical than the other. An n*n
square matrix is obtained at each level of the criterion hierarchy, where
n is the number of elements of the level (39).

The method steps are listed in Table 1 (38, 40).
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2.2 PROMETHEE method

The PROMETHEE method is one of the MCDM methods and has
a significant place. PROMETHEE I, developed by Jean Pierre Brans in
1982, offers partial prioritization. PROMETHEE II, on the other hand,
offers clear prioritization (41). The PROMETHEE method, developed
based on the difficulties of the prioritization methods applied in the
existing literature, has become a frequently used method today (42).

With the PROMETHEE methodology, successful applications in
many areas, such as investments, workforce planning, industrial
location, banking, water resources, chemistry, medicine, health
services, dynamic management, tourism, and ethics in the operating
room, have been discussed. The methodology can be applied in many
fields due to its ease of use and mathematical properties (41).

Method steps are listed in Table 2 (43).

3 Results

Figure 1 shows the problem flow chart.

3.1 Problem definition

Occupational death, injury, and disease are high among agricultural
workers. Agricultural workers risk work-related injuries and illnesses
more than most other occupations. The three most dangerous sectors are
agriculture, construction, and mining (44). Eurostat statistics reported
that in 2013, in EU agriculture, 1.5 non-fatal injuries occurred per 100
workers, while 4.1 fatal injuries occurred per 100,000 workers. However,
these rates are represented at a lower level than the actual rates. Because
people outside the family do 25% of the work, reporting occupational
injuries is optional for the self-employed (1). Pesticide use in agriculture
is significant as it adversely affects the health of farmers (14, 17, 28, 34). A
significant risk of disease and injury in public health and agriculture is
associated with pesticide use. According to WHO estimates, 25 million
agricultural workers in developing countries are exposed to acute
pesticide poisoning every year (3).

Statistical results revealed that 25 million farmers are poisoned every
year, with a mild degree of poisoning. In addition, nearly three million
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Ranking of Alternatives Using the
PROMETHEE Method

Calculation of Criterion Weights with AHP
Method

/“ Identifying Alternatives

’l Determination of Criteria

‘l Identifying the Pesticide-related Problem

FIGURE 1
Flowchart of the problem

farmers, especially those living in rural areas of developing countries, are
exposed to severe pesticide poisoning (29). As a result, 180,000 people,
including various agricultural workers, experience fatal events every year
(36). In particular, the lack of use of PPE and the lack of appropriate safety
behaviors by farmers before, during, and after pesticide application are the
most important reasons for the high incidence rate (15, 20, 29, 33).
Wearing PPE can reduce the possibility of poisoning by approximately
44% (45). Although it is the least preferred solution, PPE for professional
problems should be considered within an integrated and systematic
vision. Therefore, the effectiveness of the entire occupational health and
safety system for prevention, protection, and control is closely related to
the balanced selection of alternatives (10).

This study discusses the problem of sequencing the use of PPEs
with the MCDM method to prevent the risk of injury and disease
related to pesticide use. Personal protective equipment is worn or
used to protect people from various hazards, eliminating and
reducing the risk of fatal and non-fatal unintentional work
injuries (46).

3.2 Determination of criteria

Pesticides are biologically active chemicals widely used by many
agricultural workers and those involved in vector control. Occupational
exposure occurs during the mixing, dilution, transport, application, and
disposal of pesticides, as well as during the processing of crops and the
cleaning of containers (5). Pesticides can enter the body through skin
absorption, ingestion, and inhalation. To reduce exposure to pesticides
and maintain health, the ILO and WHO recommend that farmers use
PPE during pesticide application (8). This study addressed the importance
of employees using PPE as a risk reduction measure. The criteria
determined by considering the literature and expert opinion were
respiratory, skin, swallowing, and eye (5, 8, 47).

3.3 Identifying alternatives

There are various hazards in the workplace, such as chemical,
physical, and biological. It is indisputable that protecting employees
from these existing dangers, reducing or eliminating harmful factors,
improving the quality of workplaces with an engineering approach,
and taking environmental management measures are priority
solutions. However, it is a fact that such decisive and effective measures
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cannot be implemented in many fields of study. In such cases, a work
management approach using PPE is considered an alternative and
essential tool to protect the safety and health of employees (11).
Among pesticide handlers, the most basic PPE coveralls are safety
shoes, respirators, gloves, masks, boots, aprons, hats, long-sleeved
pants, long-sleeved shirts, face shields, and goggles. In this study,
alternatives were determined as masks (face visors), overalls (long-
sleeved trousers and shirts), safety shoes (boots), gloves, glasses, and
hats. Alternatives were determined based on expert opinions and
literature (15, 20, 25, 33, 34, 48).

3.4 Finding criterion weights with the AHP
method

The visual PROMETHEE Academic Version Program was used
to perform AHP calculations. Figure 2 shows the hierarchical structure.

The group comprising eight experts included two academicians
who are industrial engineers, a doctor in the field of occupational
health and safety, a class A occupational health and safety specialist,
a class B occupational health and safety specialist, a class C
occupational health and safety specialist, an occupational health and
safety technician, and a medical doctor. The experts were selected
based on their experience in the health and safety field. Pairwise
comparisons were made based on expert opinions. Saaty’s 1-9 scale
was used in pairwise comparisons as shown in Table 3 (40). The
consistency ratio, which is less than 0.1, was met. Figure 3 shows the
pairwise comparison.

Criterion weights were found using the Super Decision Program.
The obtained criterion weights are given in Table 4.

3.5 Ranking of alternatives using the
PROMETHEE method

Alternatively, the mask, overalls, safety shoes, gloves, glasses,
and hat will be ordered using the PROMETHEE method. The
criterion weights obtained by the AHP method were entered into the
Visual PROMETHEE Academic Version Program. The preference
functions to be used in problem-solving are listed in Table 5 (41). In
our study, the Fourth Type (Level) Function was used. While the
login screen is shown in Figure 4, the ranking of the alternatives is
given in Table 6.
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FIGURE 2
Hierarchical structure of the decision problem.

TABLE 3 Significance scale values and definitions.

Value Definition Explanation
1 Equally important Equally important in both options.
3 A little important Experience and judgment make one criterion slightly superior to the other.
5 Too important Experience and judgment make one criterion highly superior to the other.
7 Too much important One criterion is considered superior to the other.
9 Extremely important Evidence demonstrating that one criterion is superior to the others has great credibility.
2,4,6,8 Intermediate values Values between two consecutive judgments to be used when reconciliation is needed.
2. Node comparisons with respect to Importance Rating of~
Graphical Verbal Matrix Questionnaire Direct
'Comparisons wrt "Importance Rating of PPE in Pesticide Use" node in “Criteria" cluster
Eye is equally to moderately more important than Mouth
EyeI >=95 4 5| 6|7 >=9.5 | No comp.| Mouth
Eye >=9.5 >=9.5 | No comp.| Respiratory
>=95 |uo eolnpl Skin
9| >=9.5 |No eompl Respiratory
. / >=9.5 |No ounpl Skin
6. Respiratory >=95 | 9| .l 7| Cl 6| 4| 3| 2| |2 3| dl 6| Gl 7|8| 9| >=9.5 |Noounp.| Skin
FIGURE 3
Pairwise comparison.

TABLE 4 Criterion weights.

Criteria Criterion Consistency rate
weights

Respiratory 0.32 0.03475

Skin 0.51

Mouth 0.07 ‘

Eye 0.10 ‘

Table 6 shows the results of ranking the alternatives using the
PROMETHEE method. When obtaining the Phi net priority value,
the difference between the positive superiority Phi+ value and the
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negative superiority Phi-values is taken. Alternatives are ranked
according to their net priority values. According to the results of the
PROMETHEE flow table, the order of PPE is listed as masks, gloves,
overalls, safety shoes, glasses, and hats.

4 Discussion

The order of the PPE used to prevent the risk of injury and disease
related to pesticide use using AHP and PROMETHEE methods is
listed as a mask, gloves, coveralls, safety shoes, glasses, and hat.

Respiratory protective masks should be used in spraying
operations and should be comfortable and breathing resistance
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TABLE 5 Preference functions (41).

Generalized criterion Definition Parameters to
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FIGURE 4
PROMETHEE data entry.

TABLE 6 PROMETHEE flowchart of PPE in pesticide use.

Rank Alternatives Phi Phi+ Phi-
1 Mask 0.3571 0.3764 0.0193
2 Gloves 0.1739 0.2580 0.0841
3 Overalls 0.0953 0.2056 0.1103
4 Safety shoes —0.1103 0.0000 0.1103
5 Glasses —0.2000 0.0966 0.2966
6 Hat —0.3159 0.0000 0.3159

appropriate when worn on the face. Goggles should prevent the
chemicals used during spraying from getting into the eyes and the
chemical vapors from entering the eyes. Various accidents are
encountered with chemicals in liquid form after splashing and spilling
on the feet or legs. Work boots and shoes should be used to prevent
accidents. Hygiene rules should be observed in shoes and boots, and
necessary ventilation rules should be applied. Appropriate gloves must
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be used, as chemicals will damage the skin in manual spraying
applications. Contact with and absorption of chemicals on the skin
should be prevented. Gloves should be decontaminated before
removal, whenever possible. Overalls (work clothes) are the clothes
that employees wear while working. It is essential to use it so that
employees can protect themselves against chemical risks. The work
clothes used should be removed in a separate section at the end of the
work. Removed clothes should be appropriately disinfected (49). The
hat used by farmers while spraying effectively prevented the symptoms
significantly (14).

Pesticides are biologically active chemicals commonly used by
agricultural workers and those involved in vector control. The most
commonly used pesticides are organophosphate, carbamate, and
pyrethroid insecticides (34). Occupational exposure also occurs
during mixing, transporting, diluting, applying, and disposing of
pesticides while processing crops and cleaning containers. Exposure
occurs mainly through dermal and inhalation routes. Ingestion can
occur through oral contact with contaminated hands or consuming
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contaminated food. A significant source of exposure is contaminated
clothing (5). In the study, the criterion weights were skin 0.51,
respiration 0.32, eye listed 0.10, and mouth 0.07. Since pesticide
exposure mainly occurs through the dermal route during the
preparation of sprays and through dermal and inhalation during
application (50), dermal intake has the highest weight in the ranking,
followed by breathing, eyes, and mouth intake. PPE use during
spraying can reduce pesticide inhalation and contact with pesticides,
potentially reducing the chronic and acute health hazards of pesticides
for sprayers (15). Recently, smart devices such as Internet of Things
(IoT)-based drones, wireless sensors, and robots have been able to
identify the crop enemies of the growers precisely, reducing the use of
pesticides significantly (51, 52).

5 Conclusion

The agricultural sector constitutes 20% of the general
employment in Turkey (2). Pesticide use negatively affects the
health of farmers in this significant sector (14, 17, 28, 34). PPE
provides additional protection against exposure to hazardous
conditions in agricultural production when workers’ safety is not
addressed by controlling the risk at the source, eliminating the
hazard, or minimizing the risk (53). This study discusses the
problem of ranking the PPEs with the MCDM method to prevent
the risk of injury and disease related to pesticide use. The weights
of the criteria determined according to the literature review and
expert opinion were calculated with the AHP method, and the PPE
determined as an alternative was ranked using the PROMETHEE
method. In the ranking, the order of PPE was included as a mask,
gloves, overalls, safety shoes, glasses, and hat.

In future, studies can be carried out on using products based on
Internet of Things (IoT) technology to prevent pesticide exposure and
protect the health and safety of workers.
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