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Abstract . Waste pickers face a high risk of diseases due to exposure to waste and would
exacerbated by limited use of personal protective equipment (PPE) and inadequate working
conditions. This study is part of a community service program aimed at improving health protection
for workers in the informal sector. A quantitative cross-sectional design using Structural Equation
Modeling-Partial Least Squares (SEM-PLS) was employed. Data were collected at the Arista
Langgeng waste scrapper site in 2025 through structured questionnaires and field observations
involving 33 waste pickers. The analysis was performed using SmartPLS software with the
bootstrapping technique to test the significance of relationships among variables. Results showed that
PPE availability and compliance significantly affected workers' attitudes (f = 0.301; p = 0.008) and
practices (p = 0.595; p = 0.000). Environmental conditions strongly influenced attitudes ( = 0.518; p
= 0.000). Attitude was linked to typhoid risk (B = 0.515; p = 0.005), while practice affected diarrhea
risk (B = 0.389; p = 0.009). PPE use indirectly reduced these risks through attitude and practice as
mediators. In conclusion, promoting PPE availability and compliance among Arista Langgeng waste
pickers is vital for reducing diarrhea and typhoid risk through improved occupational health behavior.

Keywords: Personal Protective Equipment, Waste Sorter, Environmental Health, Occupational
Diseases, Health Education, Workplace Safety

INTRODUCTION
Environmental health is a crucial aspect that determines the quality of life of communities,

where environmental, sociocultural, and economic factors have been proven to exert significant
influence [1]. An unhealthy environment can increase the risk of various diseases, as poor sanitation
conditions and the lack of hygienic behavior may lead to chronic health impacts [2]. Waste
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management remains one of the main challenges in the field of environmental sanitation in Indonesia.
Population growth, urbanization, and changing consumption patterns have contributed to a significant
increase in waste generation each year [3]. However, this increase has not been accompanied by
adequate waste management systems, either in terms of technical capacity, policy implementation, or
public awareness. As a result, pollution which is broadly defined as the discharge of human-derived
waste into the atmosphere, terrestrial environments, and aquatic systems, continues to pose an urgent
and profound threat to global human health. Inadequate waste management practices remain a major
contributor to this problem, leading to the contamination of air, soil, and water resources [4].
Consequently, environmental degradation intensifies, and the risk of public health problems such as
respiratory diseases, waterborne infections, and other pollution-related illnesses continues to rise [5].
Waste contains various toxic substances, such as heavy metals, insecticides, and other harmful
materials, which can pose a risk of chronic digestive disorders to individuals who come into direct
contact with it [6]. Environmental pollution resulting from poor waste management may trigger the
emergence of various environment-related diseases, including both infectious diseases and chronic
illnesses caused by long-term exposure.

The impacts of suboptimal inorganic waste management extend beyond environmental
pollution and pose serious public health risks. Accumulated inorganic waste can serve as breeding
grounds for disease vectors, generate leachate contamination, deteriorate environmental aesthetics,
and contribute to environmentally related diseases such as diarrhea, skin infections, and vector-borne
illnesses [7]. Poor waste management has also been linked to an increased risk of dengue fever and
other infectious diseases that thrive in unhealthy environments [8,9]. Therefore, inadequate waste
management not only degrades environmental quality but also amplifies occupational health risks
among waste pickers, highlighting the importance of personal protective equipment availability,
compliance, and safe workplace conditions.

Within the waste management chain, the group most vulnerable to health risks is the workers
directly involved in waste sorting activities. Waste pickers play a crucial role in recycling and
resource recovery by collecting and segregating recyclable materials, however, they frequently
operate without protective equipment, institutional support, or access to essential health services and
labor protections [10,11]. The waste sorting process requires close contact with various types of
waste, thereby increasing the likelihood of exposure to dust, gases, pathogenic microorganisms, and
sharp objects. It exposes workers to physical, biological, and chemical risks, increasing their
vulnerability to work-related illnesses [12]. This condition makes waste pickers highly susceptible to
various health problems [13]. Common health complaints include acute respiratory infections (ARI),
skin disorders, helminthiasis, and chronic respiratory symptoms, which may develop into more
serious diseases if not properly managed [14,15].

Several previous studies have shown that exposure to waste and low compliance with the use of
personal protective equipment (PPE) are associated with an increased incidence of skin diseases and
infections among waste workers [16]. Poor personal hygiene practices, limited sanitation facilities,
and inadequate working conditions further exacerbate the situation. Humid, dusty, and unsanitary
work environments significantly contribute to the high risk of diseases experienced by waste pickers
[17,18]. Therefore, improving occupational safety through the consistent use of PPE, better hygiene
facilities, and supportive workplace policies is essential to protect waste workers from preventable
health risks.

Monitoring environmental quality and promoting hygienic behaviors are essential measures to
prevent various environment-related diseases [19]. An unhealthy environment is highly susceptible to
contamination by diarrheal pathogens, and when combined with unhygienic food and water
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consumption, it can lead to the occurrence of diarrhea [20]. This is particularly relevant in occupations
with a high risk of exposure to pollutants, such as among waste pickers. Workers suffering from
infectious diseases may transmit infections to family members at home, while reduced productivity
due to illness can impact socioeconomic conditions. The poor health status of waste pickers is
primarily attributed to their low-income levels, hazardous working conditions, and lack of awareness
regarding occupational safety training and preventive measures [21]. Therefore, the health issues of
waste pickers should be regarded as a serious public health concern. Efforts to improve occupational
health and safety (OHS), provide adequate facilities and infrastructure, strengthen personal hygiene
practices, and enforce strict compliance with PPE use are strategic steps to protect this vulnerable
group and support the development of a healthier and more sustainable waste management system
[22,23].

Although the use of personal protective equipment (PPE) has been proven effective in
protecting workers from direct exposure to hazardous substances, the level of availability and
compliance in its use remains relatively low in the field. Simple PPE such as masks, gloves, aprons,
and rubber boots play an important role in reducing the risk of occupational diseases, particularly
those related to exposure to solid waste, dust, and pathogenic microorganisms. However, in reality,
these protective tools are not used consistently by waste pickers. The low utilization of PPE is
generally influenced by several factors, including limited availability, lack of knowledge about its
importance, entrenched work habits, and perceptions that wearing PPE reduces comfort during work
[24].

Previous studies have extensively highlighted the health impacts experienced by workers due to
waste exposure, ranging from skin diseases to respiratory disorders. However, comprehensive
analyses examining the interrelationships among PPE availability, compliance with its use, working
environmental conditions, and worker behavior in relation to disease risk among waste pickers
particularly at the waste collection level remain limited. In fact, these factors interact with one another
and collectively can either increase or reduce the level of health risks faced by workers.

Beyond individual-level interventions, broader waste management strategies at the community
level are also essential to reduce environmental health risks. Communities are encouraged to improve
household waste management by applying circular economy principles, which promote efficient
resource use and contribute to the creation of healthier environments [25]. Furthermore, establishing a
clear and standardized framework for waste management programs, including waste bank systems, is
crucial to strengthen program consistency, enhance operational effectiveness, and support sustainable
and comprehensive waste management [26].

Based on these conditions, this study focuses on analyzing the influence of PPE availability and
compliance, working environmental conditions, and worker behavior on the risk of disease among
waste pickers at scrap collection sites. By conducting a more comprehensive assessment, this study is
expected to provide meaningful contributions to strengthening occupational health protection efforts
within the informal sector, which has often been neglected. Furthermore, the findings are anticipated
to serve as a foundation for developing strategies to prevent work-related environmental diseases,
strengthen occupational health and environmental safety policies, and contribute to achieving the
Sustainable Development Goals (SDGs), particularly in the areas of health and the environment.

METHODS
This study employed a quantitative research design with an observational analytic approach

using a cross-sectional method. This design was selected to describe the relationships among variables
at a single point in time. The study population consisted of all waste pickers working at the Arista
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Langgeng scrap collection site in Sidoarjo. A total of 33 respondents were included as samples,
selected based on the following inclusion criteria: (1) actively working for at least six months and (2)
willing to sign informed consent. Due to the limited population, all workers who met the inclusion
criteria were included as study participants (total sampling).

Data were collected using structured questionnaires and observation sheets. The questionnaire
instrument was developed based on the indicators of each research variable using a 5-point Likert
scale. Validity and reliability tests were conducted prior to data collection, showing that all items were
valid (r count > r table) and reliable (Cronbach's alpha > 0.7), indicating that the instrument was
suitable for use. The disease risk variables (diarrhea and typhoid) were measured based on symptoms
self-reported by respondents, rather than through clinical or laboratory confirmation. In addition,
several indicator items within the Attitude and Practice constructs were reverse-scored during data
processing, so that a higher composite score on these constructs reflects a less protective orientation
toward occupational health and safety.

The study variables included: (1) availability and compliance with the use of personal
protective equipment (PPE), (2) environmental conditions of waste sorting sites, (3) worker behavior,
and (4) disease risk. Data were analyzed in stages using SmartPLS 4 software, which included: (1)
measurement model testing (convergent validity, discriminant validity, composite reliability, and
average variance extracted [AVE]); (2) structural model testing (R2, Q?, and f2); and (3) path analysis
using the bootstrapping method to assess the significance of both direct and indirect effects among
variables.

RESULT
The results of this study describe the relationships among the availability and compliance of

personal protective equipment (PPE) use, environmental conditions at waste sorting sites, and worker
behavior in relation to disease risk. Conceptually, consistent PPE use is considered to play a role in
shaping safer attitudes and practices, while adequate working environmental conditions are expected
to support the development of appropriate work behaviors. Meanwhile, workers' knowledge, attitudes,
and practices are positioned as behavioral factors that serve as important mediators influencing the
occurrence of infectious diseases, particularly diarrhea and typhoid. To examine these relationships,
path analysis was conducted using the Structural Equation Modeling--Partial Least Squares (SEM-
PLS) approach with the bootstrapping method through SmartPLS software, allowing for the
assessment of both direct and indirect effects among variables. The results of the analysis are
presented in the following figures and tables, providing an empirical overview of the role of each
factor in reducing disease risk within the work environment.
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Figure 1. Results of Inner Model Analysis of the Influence of Availability and Compliance of PPE
Use

Table 1. Bootstrapping Analysis of the Effects of Availability and Compliance of Personal
Protective Equipment (PPE) Use, Waste Sorting Environmental Conditions, and Worker
Behavior on Disease Risk

No. Hypothesis Path Coefficient P values
1. Availability and Compliance of PPE Use — Attitude 0.301 0.008*

2. Availability and Compliance of PPE Use — Practice 0.595 0.000*

3. Waste Sorting Environmental Conditions — Knowledge 0.289 0.124

4, Waste Sorting Environmental Conditions — Attitude 0.518 0.000*

5. Knowledge — Typhoid -0.411 0.070

6. Attitude — Typhoid 0.515 0.005*

7. Practice — Diarrhea 0.389 0.009*

Source: Primary data, 2025

Based on the results of the direct influence analysis, it was found that the availability and
compliance of the use of personal protective equipment (PPE) has a significant effect on attitudes
(B=0,301; p=0,008) and worker actions (=0,595; p=0,000). This finding shows that when PPE is
available and used consistently, it is able to form a positive attitude and improve appropriate actions
in carrying out work. Furthermore, the environmental conditions of waste sorting have a significant
effect on attitudes (f=0,518; p=0,000), but not on workers' knowledge (f=0,289; p=0,124), which
indicates that aspects of a good work environment affect attitude formation more than knowledge
increase. Worker knowledge does not have a significant effect on the risk of Typhoid (p=-0,411;
p=0,070), while attitudes actually show a significant effect on the risk of Typhoid (=0,515; p=0,005).
Because the Attitude items were reverse-scored, a higher score reflects a less protective attitude, so
this positive coefficient is consistent with the interpretation that a less protective attitude increases the
risk of the disease. In addition, worker actions have a significant effect on the risk of Diarrhea
(B=0,389; p=0,009). Because the Practice items were also reverse-scored, a higher score reflects less
protective practice, which explains why this positive coefficient corresponds to increased diarrhea risk
among workers with less protective practices, underscoring the importance of proper work behavior to
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reduce the risk of infection. Increased compliance with the use of PPE and the creation of a conducive
work environment play a very important role in shaping workers' attitudes and actions, which
ultimately contributes to reducing the risk of disease in the workplace.

Table 2. Inner Model Analysis of the Total Indirect Effects of Availability and Compliance of
Personal Protective Equipment (PPE) Use, Waste Sorting Environmental Conditions, and
Worker Behavior on Disease Risk

. Path
No. Hypothesis Coefficient P values
1. Availability and Compliance of PPE Use — Diarrhea 0.232 0.017*
2. Availability and Compliance of PPE Use — Typhoid 0.155 0.045*

Source: Primary data, 2025

The results of the analysis of total indirect effects showed that the availability and compliance
of the use of personal protective equipment (APD) had a significant effect on the risk of Diarrhea
(B=0,232; p=0,017) and the risk of Typhoid (p=0,155; p=0,045) through the intermediate variable.
This shows that although the effect does not occur directly, the consistent use of PPE still makes a
meaningful contribution in reducing the risk of disease through the path of worker attitudes and
actions. The indirect influence of the use of PPE on the risk of disease is evidence of the importance
of establishing good work behavior as a mediator in disease prevention efforts in the work
environment.

Table 3. Inner Model Analysis of the Specific Indirect Effects of Availability and Compliance of
Personal Protective Equipment (PPE) Use, Waste Sorting Environmental Conditions, and
Worker Behavior on Disease Risk

Path

No. Hypothesis Coefficient P values
1 Avallablhlty and Compliance with the Use of PPE — Attitude 0.155 0.045*
— Typhoid
5 Availability and Compliance with the Use of PPE — Practice 0.932 0.017*

— Diarrhea

Source: Primary data, 2025

Based on the results of the analysis of specific indirect effects, it was found that the availability
and compliance of the use of personal protective equipment (PPE) has a significant effect on the risk
of Typhoid through attitude ($=0,155; p=0,045), as well as on the risk of Diarrhea through action
(B=0,232; p=0,017). This finding shows that the effect of using PPE on the risk of disease is not only
direct, but also works specifically through the path of workers' attitudes and actions. That is, the
existence and utilization of PPE encourages a more positive attitude and more appropriate action,
which ultimately reduces the risk of disease. Attitudes and actions are important mediators in the
relationship between the use of PPE and the risk of disease, so that interventions that not only provide
PPE, but also form correct work behavior, are very necessary to reduce the incidence of Typhoid and
Diarrhea in the work environment.
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Table 4. R-Square Analysis of the Influence of Availability and Compliance of Personal
Protective Equipment (PPE) Use, Waste Sorting Environmental Conditions, and Worker
Behavior on Disease Risk

Variable R-square R-square Adjusted
Knowledge 0.083 0.054
Attitude 0.424 0.386
Practice 0.354 0.333
Diarrhea 0.152 0.124
Typhoid 0.170 0.115

Source: Primary data, 2025

The results of the R-square value analysis show that the free variable has the greatest
contribution in explaining the attitude (R2 = 0,424) and action (R2 = 0,354) of workers. This indicates
that the availability of PPE and environmental conditions are quite strongly affecting work behavior.
Meanwhile, knowledge has a low R2 (0,083), indicating the weak influence of free variables. For
disease risk variables, both Diarrhea (R2 = 0,152) and Typhoid (R2 = 0,170) have low predictive
values, indicating that other factors outside the model are likely to play a greater role. This shows that
this model is effective in explaining work behavior, but it is not optimal in predicting the overall risk
of disease.

DISCUSSION
This study confirms that the availability and compliance of personal protective equipment

(PPE) use significantly affect the attitudes and practice of waste pickers, thereby reducing the risk of
diarrheal and typhoid diseases. These results are consistent with previous research highlighting that
consistent PPE use is associated with decreased incidence of health complaints caused by
occupational exposure [14,15]. Similarly, Wardani and Azizah [27] found that the use of PPE among
medical waste handlers was still below standard, where workers commonly used only surgical masks,
gloves, and head coverings without protective aprons. Such limited compliance and incomplete PPE
use can increase the risk of infectious disease [28].

Other studies among waste pickers and garbage collectors have also reported that knowledge,
attitude, and compliance with PPE use are closely associated with reductions in health complaints
such as skin diseases, acute respiratory infections, and diarrhea [29]. Environmental and occupational
conditions play a major role in shaping workers' attitudes and behaviors [30]. Which in this context it
will influence their susceptibility to infectious diseases. These findings reinforce our results that
protective behavior through consistent PPE use not only prevents infectious diseases from direct
waste contact but also shields workers from dust, gases, and microorganisms in their daily work
environment. Thus, consistent PPE use remains a key factor in reducing the risk of occupational
diseases in the informal waste management sector. PPE including gloves, boots, and protective
clothing, should be selected based on the physical and chemical properties of materials handled and
the suitability for workers' conditions. Standard gloves, for instance, may not prevent chemical
absorption through the skin; hence, appropriate gloves must be chosen for specific occupational tasks
to ensure optimal protection [31].

Furthermore, this study emphasizes that the waste sorting environment significantly affects
workers attitudes, although it does not directly enhance knowledge. A study by Gusrianti and Nailul
[18] found that a well-organized work environment and adequate sanitation facilities were associated
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with increased worker compliance in PPE use. Similarly, Hariyanti et al. [32] reported that workplace
comfort and safety play crucial roles in shaping positive attitudes toward occupational safety. Studi
Hasliza et al. [19] also demonstrated that poor environmental quality such as high levels of pollution--
-contributes significantly to increased public health risks. Poor environmental conditions have
detrimental effects on the health of waste collectors and scavengers, increasing their vulnerability to
various occupational diseases [33]. Therefore, improving workplace environmental conditions can
strengthen protective behavior among workers in preventing waste-related diseases.

The implications of this study highlight that disease prevention among waste pickers cannot
rely solely on PPE provision but must also be supported by clean and safe work environments,
interactive health education to enhance awareness of PPE use, and long-term monitoring to ensure
compliance. Amini et al. [34] similarly demonstrated that educational interventions based on the
Health Belief Model (HBM) significantly improved adherence to infection control precautions among
emergency medical staff, suggesting that structured behavioral training can effectively strengthen
compliance with safety measures. Consistent with this behavioral perspective Houle et al. [35], who
offers targeted recommendations for workers and employers regarding preventive strategies,
encompassing work modifications, appropriate PPE use, adherence to hand hygiene protocols, and
suitable treatment interventions. Hence, occupational health protection for informal sector workers
must be implemented comprehensively through the integration of facility provision, healthy behavior
development, and continuous supervision [36]. Similarly, Maneen et al. [37] emphasized that
interventions focusing only on PPE distribution, without improving safety awareness, training, and
supervisory support, are unlikely to achieve sustainable safety outcomes.

This study has limitations, including a relatively small sample size and disease variables limited
to diarrhea and typhoid. Other factors such as work duration, nutritional status, and dust exposure
should be examined in future studies. Long-term evaluations of PPE effectiveness and the integration
of digital approaches in worker health monitoring are recommended as innovative strategies to
strengthen the impact of occupational health programs.

CONCLUSION
This study demonstrates that the availability and compliance with the use of personal protective

equipment (PPE), as well as workplace environmental conditions, significantly influence the attitudes
and behaviors of waste pickers. Attitude and behavior were found to be significant mediating factors
in reducing disease risk, particularly diarrhea and typhoid. Therefore, improving the availability of
PPE, ensuring compliance with its proper use, and enhancing workplace environmental conditions are
crucial steps in protecting the health of waste pickers. Based on these findings, continuous educational
programs on the correct use of PPE during waste sorting activities are necessary to strengthen
workers' protective behavior.

The results of this study also form part of a community service initiative that emphasizes the
importance of an integrated intervention strategy combining facility provision, continuous education,
and environmental control. This approach is expected to serve as a model for developing community-
based health programs aimed at minimizing occupational disease risks while improving the overall
health status of workers in the informal sector.
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