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Introduction: Informal waste pickers play a vital, yet often unrecognized, role in 
urban recycling systems, contributing significantly to waste recovery and envi-
ronmental sustainability. Although women waste pickers perform critical envi-
ronmental functions, they face various occupational and social vulnerabilities. 
Women waste pickers in the informal recycling sector experience various health 
vulnerabilities shaped by occupational exposure, social exclusion, and limited 
access to welfare support. This study advances existing research by providing an 
integrated empirical analysis of the occupational, social, and institutional deter-
minants of health vulnerability among women waste pickers.
Methods: A cross-sectional survey was conducted among 427 women waste 
pickers engaged in informal recycling activities in Tamil Nadu, India. Data on 
occupational exposure, social exclusion, social welfare support, and perceived 
health vulnerability were collected using structured questionnaires. Descriptive 
statistics were used to characterize the sample. Ordinal logistic regression was 
performed to examine the levels of health vulnerability and identify associated 
factors.
Results: The findings revealed that occupational exposure was significantly 
associated with a greater likelihood of experiencing higher health vulnerability. 
Women who reported more contact with hazardous waste were significantly 
associated, indicating that social marginalization and limited access to social 
resources are linked to higher reported health risks among waste pickers. In 
contrast, welfare support was associated with lower levels of severe health vul-
nerability. The findings suggest that health outcomes are associated with inter-
connected environmental, social, and institutional conditions in informal waste 
economies.
Discussion: This study underscores the gendered nature of environmental injus-
tice in informal recycling systems. Addressing the health vulnerability of women 
waste pickers requires integrated policy interventions that combine measures for 
occupational safety, social protection programs, and inclusive waste governance 
that promote worker wellbeing and sustainable urban waste management.
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1 Introduction

Rapid urbanization has intensified the challenge of managing 
municipal solid waste in cities worldwide (Goh et al., 2025; Sesay and 
Fang, 2025). Population growth and changing consumption patterns 
have increased urban waste generation (Sharholy et al., 2007; Addas 
et al., 2024). This growing waste stream places significant pressure on 
municipal authorities, particularly in developing countries with lim-
ited infrastructure and institutional capacity (Zhang et al., 2024; 
Rengerla and Angamuthu, 2025). In this context, informal recycling 
has emerged as a critical, yet often neglected, component of urban 
waste management.

Informal waste pickers play a central role in these systems by 
collecting, sorting, and selling recyclable materials from municipal 
waste. They contribute to resource recovery, which would otherwise 
be lost in landfills (Vivan, 2025). Materials such as plastics, metals, 
glass, and paper are reintroduced into local recycling markets 
through labor (Wilson et al., 2005; Alpha et al., 2025). These activities 
enhance recycling efficiency and reduce environmental burden. 
Consequently, informal recycling labor is increasingly recognized as 
an indispensable component of urban sustainability and circular 
economy initiatives (Tucker and Anantharaman, 2020; Korsunova et 
al., 2022).

Although waste pickers significantly contribute to environmental 
sustainability, their working conditions are precarious. Informal waste 
collection typically occurs in environments characterized by mixed 
municipal waste, unsanitary conditions, and limited occupational 
safety measures. Workers often handle contaminated materials with-
out adequate protective gear, exposing themselves to significant health 
risks (Baral, 2018; Gutberlet, 2023). Exposure to hazardous waste, 
sharp objects, and airborne contaminants can cause injuries, infec-
tions, chronic pulmonary disease, and other ailments (Cruvinel et al., 
2019). Limited institutional protections and restricted access to health 
services further exacerbate these risks (Tshivhase et al., 2022).

In addition to these physical hazards, waste pickers often experi-
ence social marginalization in urban communities. Waste work is 
often stigmatized because of its association with dirt and contamina-
tion issues. Consequently, people involved in informal waste collec-
tion may experience discrimination, verbal abuse, and social exclusion 
in public places (Aparcana, 2016; Coletto et al., 2017; Kain et al., 
2022). These experiences undermine their social standing and limit 
their access to support networks and institutional resources.

Gender dynamics further complicate these patterns of vulnerabil-
ity. In many urban contexts, women constitute a significant portion of 
the informal recycling workforce (Ogando et al., 2017). Female waste 
pickers often experience intersecting disadvantages linked to gender 
inequality, occupational hazards, and social stigma (Misra and Baheti, 
2023). They may also face discrimination, harassment, and restricted 
economic opportunities (Wittmer, 2020; Chan et al., 2025). These 
overlapping conditions indicate that health risks are shaped by both 
occupational exposure and gendered social inequalities. These inter-
secting vulnerabilities highlight the importance of examining infor-
mal recycling systems from a gender-sensitive analytical perspective.

Although previous research has examined several aspects of infor-
mal waste work, important gaps remain. Studies have documented 
occupational health risks, such as respiratory illnesses, infections, and 
work-related injuries (Cruvinel et al., 2019; Ncube et al., 2016; Lissah 
et al., 2022; Joseph et al., 2026). Others have examined social margin-
alization and economic vulnerability (Zolnikov et al., 2021; Maneen 
et al., 2025). Sustainability research has also highlighted the environ-
mental contributions of informal recycling (Vivan, 2025; Alpha et al., 
2025). However, these dimensions are often examined in isolation, 
with limited empirical attention to how occupational exposure, social 
marginalization, and welfare access interact to shape health outcomes. 
Existing studies rarely integrate these dimensions into a unified ana-
lytical framework (Flynn et al., 2021; Tucker and Anantharaman, 
2020; Binion and Gutberlet, 2012).

This gap is particularly significant for women engaged in informal 
recycling activities. Despite their substantial participation in waste 
picking, relatively few empirical studies have examined how gendered 
labor conditions intersect with environmental risks and social 
inequalities to influence health vulnerability (Ogando et al., 2017; 
Chan et al., 2025; Gutberlet and Uddin, 2017; Shanmugasundaram, 
2024). Addressing this gap, the present study examines how occupa-
tional exposure, social exclusion, and welfare deficits are associated 
with health vulnerability among women waste pickers in the urban 
informal recycling system. By adopting an integrated analytical 
approach, the study moves beyond fragmented perspectives and pro-
vides a more comprehensive understanding of environmental injustice 
within informal waste economies. The findings contribute to ongoing 
debates on sustainable waste management by highlighting the gen-
dered and socially embedded nature of informal recycling labor. These 
insights underscore the need for waste governance frameworks that 
recognize and address the labor conditions of informal waste workers, 
thereby promoting socially inclusive and environmentally sustainable 
systems.

2 Review of literature

2.1 Informal recycling systems and urban 
sustainability

Rapid urbanization has intensified the complexity of municipal 
waste management across many developing and emerging economies 
(Velis, 2017; Gutberlet, 2018; Hossain and Haque, 2026). As cities 
expand and consumption patterns change, the volume of municipal 
solid waste generated in urban areas continues to increase (Izquierdo-
Horna and Camacho-Castañeda, 2022). In many circumstances, 
formal waste management systems are unable to cope with this grow-
ing waste stream (Addas et al., 2024; Zhang et al., 2024; Medina, 2010). 
Informal recycling systems have filled this institutional gap and have 
become an important part of urban waste recovery.

Waste pickers function at the core of these systems. By collecting, 
sorting, and selling recyclable materials from municipal waste streams, 
they play an important role in diverting waste from landfills and 
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supporting material recovery processes (Gutberlet and Uddin, 2017; 
Dias, 2016; Wibin and Kalina, 2025). Empirical research indicates that 
informal recyclers improve recycling efficiency in many cities. Studies 
across Asia, Africa, and Latin America have shown that informal 
waste pickers recover substantial quantities of recyclable materials that 
are often missed by formal municipal systems (Alpha et al., 2025; 
Wilson et al., 2008; Gutberlet, 2009).

Circular economy discussions increasingly acknowledge the con-
tributions of informal waste workers to sustainability issues. Informal 
recycling effectively extends the life of materials and reduces the pres-
sure on natural resource extraction (Korsunova et al., 2022; Wilson et 
al., 2008). Various studies have shown that waste pickers can reduce 
municipal waste management costs by performing labor-intensive 
recycling functions that are not feasible at scale by municipal authori-
ties (Alpha et al., 2025; Fergutz et al., 2011; Addas et al., 2024).

Despite these contributions, informal waste workers remain 
largely excluded from formal waste governance structures. Waste pick-
ers usually lack labor protection, social security, or institutional rec-
ognition (Marello and Helwege, 2017; Neville et al., 2023). Their 
environmental contributions coexist with social marginalization and 
economic insecurity (Misra and Baheti, 2023; Barford et al., 2021). 
This contradiction highlights a key limitation in existing sustainability 
frameworks, where environmental gains are often achieved alongside 
persistent social inequalities. However, much of the existing literature 
emphasizes environmental and economic contributions while giving 
comparatively limited attention to the social and gendered dimensions 
of informal recycling labor. Accordingly, understanding the condi-
tions under which informal recycling labor occurs is key to assessing 
the social sustainability of urban waste management systems.

2.2 Occupational health risks in informal 
waste work

Informal recycling provides environmental and economic bene-
fits; however, it is also associated with serious occupational health 
risks (Maneen et al., 2025). According to Baral (2018) and Cruvinel et 
al. (2019), waste pickers work with mixed municipal waste, which 
contains organic waste, hazardous waste, medical waste, and sharp 
objects. Direct exposure to these substances poses risks of both imme-
diate injuries and long-term adverse health outcomes.

Research on occupational health among waste workers has docu-
mented a wide range of health vulnerabilities. Respiratory diseases, 
skin conditions, musculoskeletal issues, and gastrointestinal diseases 
have been reported among those engaged in waste collection and recy-
cling (Zolnikov et al., 2021; Poonkasem et al., 2022). Continuous 
exposure to decomposing organic waste and airborne pollutants may 
lead to chronic respiratory conditions, and frequent contact with con-
taminated materials increases the risk of infectious diseases (Vimercati 
et al., 2016).

Injuries from sharp objects pose another major hazard in informal 
waste work. According to Magalhães et al. (2021) and Cook et al. 
(2022), broken glass, metal pieces, and medical waste are common in 
municipal refuse. Waste pickers without sufficient protective equip-
ment are at an increased risk of cuts, puncture wounds, and infections. 
Musculoskeletal strain is common, as waste collection work is physi-
cally demanding and often requires lifting heavy loads and transport-
ing recyclable materials over long distances (Poonkasem et al., 2022; 
Uhunamure et al., 2021).

A major reason for these health hazards is the scarcity of personal 
protective equipment (PPE). Informal waste workers rarely have 
access to gloves, masks, and protective footwear. In addition, many 
waste pickers lack access to occupational health services or preventive 
healthcare programs (Shanmugasundaram, 2024; Kistan et al., 2020). 
Consequently, health issues related to waste work may not receive 
treatment or may only worsen.

While these studies provide important evidence on occupational 
health risks, they are predominantly based on cross-sectional and 
descriptive approaches, which limit the understanding of how these 
risks interact with broader social and institutional factors. Although 
waste pickers help the environment with their work, formal urban 
waste management policies mostly overlook the health hazards to 
which they are exposed (Schenck et al., 2019).

2.3 Gendered vulnerabilities in informal 
waste work

Gender plays a significant role in shaping the labor experiences 
within informal recycling systems. In many cities, a large number of 
women are part of the informal waste workforce. Nonetheless, their 
participation often occurs under conditions of economic insecurity, 
social marginalization, and limited institutional protection (Ogando 
et al., 2017; UNEP, 2016; Sibanda and Erwin, 2023).

Studies on gender and informal labor show that women’s partici-
pation in the informal economy is concentrated in precarious seg-
ments. Women waste pickers often receive lower incomes, have 
limited bargaining power within recycling markets, and face greater 
barriers to accessing social protection programs (Misra and Tewari, 
2022; Fredman, 2023). These structural inequalities reflect broader 
patterns of gendered labor segmentation in informal economic 
systems.

Women involved in waste picking may also face intensified occu-
pational risk. In addition to the physical hazards associated with waste 
collection, female waste workers may encounter harassment, discrimi-
nation, and gender-based violence in public spaces (Chan et al., 2025; 
Barford et al., 2021). Certain studies have shown that women waste 
pickers suffer social stigma, exclusion, and verbal abuse in informal 
recycling communities (Wittmer, 2020; Mlotshwa et al., 2022).

Gendered responsibilities within households may further com-
pound these vulnerabilities. Many women waste pickers simultane-
ously perform unpaid domestic labor alongside income-generating 
waste work. The cumulative impact of workplace stressors and house-
hold responsibilities tends to aggravate physical fatigue and restrict 
access to healthcare (Barford et al., 2021).

Although previous studies have documented gendered inequali-
ties, they often examine occupational risks and social vulnerabilities 
in isolation, with limited empirical attention to how these factors 
intersect to shape health outcomes. This limitation highlights the need 
for an integrated, gender-sensitive analysis of environmental injustice 
in informal recycling systems.

2.4 Social exclusion and stigma in waste 
work

Urban waste pickers often occupy a socially marginal position. 
Waste work is frequently associated with stigma because of its per-
ceived connection to dirt, contamination, and low social status 
(Coletto and Carbonai, 2023; Sharma, 2023). These perceptions can 
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contribute to discriminatory treatment, social exclusion, and limited 
opportunities for economic mobility.

Several studies have documented waste pickers experiences of 
verbal abuse, harassment, and negative public attitudes while col-
lecting recyclable materials in public spaces (Parra, 2020; Morais 
et al., 2022; Kadyamadare and Samson, 2023). Such stigma can 
reinforce the invisibility of waste workers within urban societies 
and reduce their ability to claim labor rights or social 
recognition.

Social exclusion may also influence access to public services and 
institutional resources. Individuals working in informal recycling sys-
tems often lack formal employment status, which can limit their eligi-
bility for social welfare programs, healthcare benefits, or occupational 
safety protections (Marello and Helwege, 2017; Das, 2025; Gutberlet 
and de Vallin, 2025). Existing research indicates that waste pickers are 
frequently excluded from formal governance frameworks that regulate 
labor and environmental standards (Barford et al., 2021; Gomes and 
Neto, 2018). While these studies highlight important dimensions of 
social exclusion, they often adopt descriptive approaches with limited 
attention to how stigma and institutional exclusion interact with occu-
pational risks to influence health outcomes. Consequently, addressing 
the sustainability of urban waste management requires consideration 
of both environmental outcomes and the social conditions under 
which waste workers live and work.

2.5 Environmental justice and sustainability 
inequalities

The environmental justice framework provides an essential lens 
to understand inequalities within environmental governance systems 
(Gandy, 2013). Environmental justice research shows that the distri-
bution of environmental risks and benefits is uneven (Das, 2025; 
Mohai et al., 2009). Marginalized communities are often more exposed 
to environmental hazards and derive fewer benefits from environmen-
tal resources and services (Masuda and Crabtree, 2010; Kaufman and 
Hajat, 2021). Within informal recycling systems, waste pickers repre-
sent a population that embodies this imbalance. Their work contrib-
utes to environmental sustainability through resource recovery and 
waste diversion; however, they remain exposed to hazardous working 
conditions and limited institutional protections (Chan et al., 2025). 
This dynamic illustrates a form of environmental injustice in which 
socially marginalized workers disproportionately bear the environ-
mental burdens associated with waste management 
(Shanmugasundaram, 2024). However, much of the existing literature 
uses environmental justice as a descriptive framework, with limited 

empirical integration of occupational, social, and institutional dimen-
sions to explain health outcomes.

Recent sustainability research has highlighted the importance of 
incorporating social justice into environmental policies. Urban sus-
tainability initiatives increasingly emphasize waste reduction and cir-
cular economy strategies; however, they often overlook the labor 
conditions of informal waste workers (Kotsila et al., 2022; Hadfield et 
al., 2025; da Cruz et al., 2025). Without addressing these inequalities, 
sustainability policies risk reinforcing the existing patterns of social 
marginalization. Recognizing the environmental and social contribu-
tions of informal waste workers is essential for developing inclusive 
sustainability frameworks that integrate occupational safety, social 
protection, and equitable waste governance.

3 Conceptual framework and 
hypothesis development

This study draws on the literature reviewed above to conceptualize 
the experiences of women waste pickers through an environmental 
justice lens, linking occupational exposure, social exclusion, and wel-
fare deficits to health vulnerability. Women waste pickers are often 
exposed to hazardous waste, unsanitary conditions, and poorly man-
aged protective equipment (Chan et al., 2025). Occupational exposure 
threatens the physical health and safety of workers.

Simultaneously, waste pickers often experience social exclusion 
arising from occupational stigma and discrimination. Social margin-
alization may reduce access to social support networks and institu-
tional services that could otherwise mitigate health risks (Maneen et 
al., 2025). Institutional factors further shape these outcomes. In many 
urban contexts, informal waste workers lack access to welfare pro-
grams, occupational safety training, and healthcare support mecha-
nisms (Zolnikov et al., 2021). The absence of institutional protection 
contributes to the persistence of vulnerability among waste workers.

Taken together, these dynamics suggest that the interaction of 
occupational hazards, social exclusion, and institutional welfare gaps 
shapes health outcomes among women waste pickers. Therefore, the 
conceptual framework proposed in this study examines how these 
factors jointly influence health vulnerability in the informal recycling 
system. Figure 1 presents the conceptual model that guided this study.

Drawing on the conceptual framework and existing empirical 
research on informal waste work, occupational health, and environ-
mental justice, this study examines the factors that influence health 
vulnerability among women engaged in informal recycling. Previous 

FIGURE 1

Conceptual model of the study.
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studies have indicated that waste pickers frequently operate in hazard-
ous environments, where exposure to contaminated materials, sharp 
objects, and unsanitary conditions significantly increases the risk of 
occupational injuries and illnesses (Cruvinel et al., 2019; Rani et al., 
2023). These conditions highlight the critical role of occupational 
exposure in shaping health risks within informal recycling systems 
(Magalhães et al., 2021; Anshur et al., 2024). Accordingly, occupa-
tional exposure is expected to play a significant role in shaping health 
outcomes among waste workers.

In addition to occupational risks, social marginalization may 
intensify vulnerability. Waste pickers often encounter stigma, discrim-
ination, and exclusion in public and community spaces due to the 
perceived social status associated with waste work. These forms of 
marginalization can restrict access to social support networks, health-
care services, and other institutional resources essential for health 
protection. Consequently, social exclusion may contribute to adverse 
health outcomes among women engaged in informal waste collection 
(Wittmer, 2020; Chan et al., 2025).

Institutional factors also influence the wellbeing of informal work-
ers. In many urban contexts, waste pickers operate outside formal 
labor protection systems and have limited access to welfare programs, 
occupational safety training, or healthcare support (Marello and 
Helwege, 2017). Such institutional gaps may further intensify existing 
occupational risks and reinforce structural health vulnerabilities 
among women waste pickers. This study applies the environmental 
justice framework not only as a descriptive perspective but also as an 
analytical lens to examine how environmental burdens (occupational 
exposure), social marginalization (social exclusion), and institutional 
disparities (welfare access) are unevenly distributed and collectively 
associated with health vulnerability among women waste pickers.

Based on these considerations, this study proposes the following 
hypothesis:

H1: Higher levels of occupational exposure increase the likeli-
hood of health vulnerability among women waste pickers.

H2: Greater experience of social exclusion is associated with 
increased health vulnerability among women waste pickers.

H3: Limited access to institutional welfare support increases 
health vulnerability among women waste pickers.

4 Materials and methods

4.1 Research design and study setting

This study adopted a cross-sectional quantitative research design 
to examine the determinants of health vulnerability among women 
engaged in informal waste picking. The analysis focuses on three key 
dimensions—occupational exposure, social exclusion, and access to 
welfare support—in shaping health vulnerabilities. Cross-sectional 
survey approaches are widely used in occupational and environmental 
health research to examine the association between working condi-
tions and health risks among marginalized labor groups.

This empirical investigation was conducted in selected municipal 
areas in Tamil Nadu, India, where informal waste picking is an impor-
tant component of local recycling systems. In many Indian cities, 

informal waste pickers play a significant role in material recovery and 
recycling, but are not covered by formal labor protections. The chosen 
municipality represents a typical urban context in which informal 
waste workers operate with limited occupational protection and insti-
tutional support.

4.2 Sampling and data collection

The target population comprised women engaged in informal 
waste-picking in the selected municipal areas. Participants were iden-
tified through field visits to locations where waste pickers typically 
work, including municipal dumping grounds, waste aggregation sites, 
and informal recycling areas in selected municipal locations in the 
Virudhunagar district, Tamil Nadu, such as Rajapalayam and 
Srivilliputhur. A non-probability purposive sampling strategy was 
employed to recruit participants who were actively involved in waste 
collection, sorting, or recycling. This approach is appropriate for 
studying hard-to-reach populations lacking a formal sampling frame; 
however, it may limit the generalizability of the findings beyond the 
study context.

A structured questionnaire was administered via interviews. As 
most respondents were not formally educated, the questionnaire was 
administered in an interviewer-assisted format to help them under-
stand the questions and record their responses accurately. Interviews 
conducted in the local language allowed the participants to describe 
their working conditions and health experiences comfortably. 
Respondents were informed of the study, provided informed consent, 
and participation was entirely voluntary.

A total of 427 female waste pickers participated in the survey. This 
sample size provides sufficient statistical power for multivariate analy-
sis and enables a robust examination of the relationships between 
occupational exposure, social exclusion, welfare support, and health 
vulnerability outcomes. Completed questionnaires were reviewed 
during data collection to ensure completeness and consistency prior 
to inclusion in the analytical dataset.

4.3 Survey instrument and measurement of 
variables

The survey instrument was designed based on indicators widely 
used in previous research examining occupational hazards, health 
risks, and social marginalization among waste workers. The existing 
literature on waste management, occupational health, and informal 
labor provides a conceptual basis for identifying relevant indicators 
associated with exposure conditions, social exclusion, and work-
related health outcomes. The full survey instrument used for data col-
lection is provided in Appendix to ensure the study’s transparency and 
replicability. Table 1 presents the indicators used to construct the indi-
ces and the supporting literature from which these measures were 
derived.

The Health Vulnerability Index was the dependent variable in the 
analysis. This index captures the extent to which respondents reported 
experiencing health problems that are commonly associated with 
waste-picking activities. Four indicators were used to construct the 
index: respiratory problems related to waste exposure, dermatological 
conditions, musculoskeletal pain associated with physically demand-
ing work, and work-related injuries, such as cuts or infections. Each 
indicator was recorded as a binary response (0 = no, 1 = yes), and the 
index was calculated by summing the indicators. Consequently, the 
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index ranges from 0 to 4, with higher scores indicating greater health 
vulnerability.

The Occupational Exposure Index measures the extent of haz-
ardous working conditions encountered by respondents while 
engaged in waste-picking activities. The index was constructed by 
summing six binary indicators representing key exposure risks 
identified in the literature on informal waste work. These include 
exposure to biomedical waste, exposure to chemical waste, contact 
with sharp objects such as broken glass or needles, exposure to 
smoke from burning waste, the absence of protective gloves, and 
the absence of protective masks or respiratory protection. Each 
indicator was coded as 0 (no) or 1 (yes), and the resulting index 
ranges from 0 to 6. Higher scores indicate greater occupational 
exposure to hazardous waste conditions.

The Social Exclusion Index captures the experiences of stigma 
and discrimination associated with informal waste picking occu-
pations. Three indicators were used to construct the index: experi-
ence of discrimination due to involvement in waste picking, verbal 
abuse or stigmatization in public spaces, and physical harassment 
encountered during waste collection activities. These indicators 
were measured as binary responses (0 = no, 1 = yes) and summed 
to produce an index ranging from 0 to 3, with higher scores indi-
cating greater levels of social exclusion experienced by 
respondents.

In addition to these indices, the study included a welfare support 
score that reflects respondents’ reported access to welfare assistance 
or institutional support services. Participants indicated the level of 
welfare or support available to them using an ordinal response scale 
ranging from 1 to 4, with higher values representing greater access to 
support mechanisms such as health assistance, municipal aid, or com-
munity-based services.

The indices employed in this study were constructed as composite 
(formative) measures derived from theoretically grounded indicators 
identified in prior literature. In contrast to reflective scales, in which 
items are expected to exhibit high internal consistency, the indicators 
included in each index capture distinct yet complementary dimen-
sions of occupational exposure, social exclusion, and health 

vulnerability. Accordingly, internal consistency measures, such as 
Cronbach’s alpha, are not conceptually appropriate in this context, as 
the indicators are not expected to be highly correlated but instead 
collectively represent cumulative risk conditions. Instead, the validity 
of the indices is supported through their theoretical grounding, con-
sistency with prior empirical studies, and the relevance of selected 
indicators to the lived conditions of informal waste workers. In addi-
tion, the robustness of the indices was assessed by examining the con-
sistency of regression results across alternative model specifications, 
confirming that the direction and significance of key relationships 
remained stable. This approach is consistent with practices in occupa-
tional and public health research, where cumulative risk and vulner-
ability indices are widely used to capture multidimensional constructs.

The analysis included several control variables representing key 
sociodemographic characteristics that may influence health vulnera-
bilities. These included age, highest level of educational attainment, 
monthly income, and years of work experience in waste picking. 
Education was measured as a binary variable, indicating whether 
respondents had received formal schooling. Age and work experience 
were measured in terms of years. Income was obtained as the monthly 
total earnings reported by the respondents.

4.4 Mode of analysis

The analysis proceeded in several stages. First, descriptive statis-
tics were calculated to characterize the study sample and examine the 
distribution of key study variables. This step provided an overview of 
the demographic conditions, occupational exposure patterns, and 
reported health outcomes among female waste pickers.

Second, prevalence analyses were conducted to investigate how 
often exposure conditions were encountered at work and the experi-
ences of social exclusion and work-related health problems reported 
by the respondents. These analyses illustrate the types of risks com-
monly encountered by women engaged in informal waste picking.

Third, Pearson’s correlation analysis was used to investigate the 
bivariate relationships between the study variables. Although some 
variables were constructed using binary indicators, Pearson’s 

TABLE 1  Indicators used to construct the study indices and their supporting literature sources.

Index Indicator

Occupational Exposure Index Exposure to biomedical or hazardous waste materials (Zolnikov et al., 2021; Binion and Gutberlet, 2012)

Exposure to sharp waste materials (needles, broken glass, metal scraps; Binion and Gutberlet, 2012; Medina, 2010)

Exposure to smoke from burning waste (Zolnikov et al., 2021; Baral, 2018)

Lack of protective gloves during waste handling (Zolnikov et al., 2021; Medina, 2010)

Lack of protective masks or respiratory protection (Medina, 2010; Dias, 2016)

Direct contact with mixed municipal waste without safety equipment (Zolnikov et al., 2021; Dias, 2016)

Social Exclusion Index Experience of discrimination due to waste-picking occupation (Dias, 2016; Wittmer, 2020)

Verbal abuse or stigmatization in public spaces (Wittmer, 2020; Kain et al., 2022)

Physical harassment during waste-picking activities (Dias, 2016; Wittmer, 2020; Gutberlet and Carenzo, 2020)

Health Vulnerability Index Respiratory problems associated with waste exposure (Zolnikov et al., 2021; Cruvinel et al., 2019)

Skin disease or dermatological infection (Zolnikov et al., 2021; Made et al., 2020)

Musculoskeletal pain related to heavy lifting or prolonged work (Medina, 2010; Gutberlet and Uddin, 2017)

Work-related injuries (cuts, infections, accidents; Zolnikov et al., 2021; Yang et al., 2017)

The indicators listed above were used to construct composite indices measuring occupational exposure, social exclusion, and health vulnerability among women waste pickers. Each indicator 
was derived from established measures reported in previous research on informal waste work, occupational health risks, and social marginalization in waste-picking communities.
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correlation was appropriate in this context because the variables 
were operationalized as composite indices, and the sample size was 
sufficiently large to support robust estimation. This step provided a 
preliminary assessment of the association between occupational 
exposure, social exclusion, welfare support, and health 
vulnerability.

Variance inflation factor (VIF) statistics were calculated to assess 
multicollinearity among explanatory variables. The results indicate no 
evidence of problematic intercorrelations that could bias the regres-
sion estimates.

This study employed ordinal logistic regression as the main analy-
sis model. This model is appropriate because the dependent variable, 
the Health Vulnerability Index, represents the ordered levels of health 
risk derived from multiple health indicators. The model estimates the 
effects of occupational exposure, social exclusion, and welfare support 
on the likelihood of experiencing high health vulnerability. Model 
diagnostics were conducted to evaluate the adequacy of the regression 
model, including likelihood ratio tests, pseudo-R2 statistics, and the 
parallel lines test to assess the proportional odds assumption. The 
results indicate that the proportional odds assumption is satisfied. In 
addition, predicted probabilities were estimated to illustrate how the 
likelihood of experiencing different levels of health vulnerability 
varied with occupational exposure, holding other variables constant.

5 Results

This section presents the empirical findings of the study, which 
examines health vulnerability among women waste pickers engaged 
in informal recycling activities. The analysis proceeds in a structured 
sequence to provide a comprehensive understanding of the relation-
ships between occupational risks, social exclusion, welfare support, 
and health vulnerability. First, descriptive statistics summarize the 
respondents’ demographic and work characteristics. This is followed 
by an examination of occupational exposure conditions and experi-
ences of social exclusion, both of which represent key structural deter-
minants of vulnerability in informal waste work. The prevalence of 
major health conditions is then assessed to contextualize the health 
risks faced by the study population. Subsequently, the study examines 
bivariate correlations to assess associations between variables. 
Multicollinearity diagnostics are presented to verify whether the vari-
ables are suitable for regression modeling. Finally, an ordinal logistic 
regression model is estimated to evaluate the effects of occupational 
exposure, social exclusion, and welfare support on health vulnerability 
while controlling for demographic and work-related characteristics. 
Model diagnostics are reported to confirm the validity and adequacy 
of the regression model.

5.1 Socio-demographic and occupational 
characteristics of women waste pickers

Descriptive statistics were first examined to provide an overview 
of the demographic, socioeconomic, and occupational characteristics 
of the study participants. This step is essential for contextualizing the 
conditions under which women engage in informal waste-picking 
activities and for understanding the distribution of the key variables 
included in the analytical model. By summarizing the central tenden-
cies and variability of these variables, the descriptive analysis offers an 

initial picture of the structural environment that shapes occupational 
exposure, social exclusion, and health vulnerability.

Table 2 presents the descriptive statistics for the principal vari-
ables in this study. The findings reveal that most respondents are 
middle-aged workers aged 38.51 years (SD = 10.86) on average. 
This suggests that most women waste pickers were in their active 
working years, reflecting the physically demanding nature of infor-
mal recycling activities. Most respondents in the sample had a low 
level of education. The binary education variable (M = 0.55, 
SD = 0.50) indicates that just over half of the respondents had 
received some form of formal schooling, while a substantial propor-
tion had no formal education at all. The respondents’ economic 
situation reveals that informal waste work is precarious. The aver-
age monthly income was INR 5,611 (SD = 1,149.52), indicating 
relatively modest and unstable earnings in the informal recycling 
sector. Regarding work experience, respondents reported an aver-
age of 8.07 years (SD = 4.35) in waste picking; that is, many of the 
women had not quit this line of work for a long time despite its 
hazards.

The study also reveals substantial exposure to occupational risks. 
The mean value of the Occupational Exposure Index was 3.71 
(SD = 1.17), indicating that female waste pickers were exposed to 
perils several times during their working hours. Most of them came 
into contact with hazardous waste, chemical materials, sharp objects, 
and smoke from burning waste without proper protective equipment. 
These levels of occupational exposure indicate sustained contact with 
hazardous conditions, which may contribute to increased health vul-
nerability among women waste pickers. According to the findings, the 
Social Exclusion Index also received a relatively high mean score 
(1.60, SD = 0.85), indicating that respondents faced stigma, discrimi-
nation, and harassment on most occasions in their occupations. In 
contrast, the Welfare Support Score showed a comparatively low 
mean value of 2.45 (SD = 1.16), suggesting limited access to institu-
tional or community-based welfare mechanisms among female waste 
pickers.

The Health Vulnerability index, as the dependent variable, had 
a mean of 1.88 (SD = 0.98), indicating moderate levels of health 
vulnerability. The index reflects the co-occurrence of multiple 
health conditions, indicating that respondents’ health risks are 
cumulative rather than isolated. Taken together, these descriptive 
findings portray a workforce characterized by modest incomes, 
prolonged involvement in informal waste-picking activities, fre-
quent exposure to occupational hazards, and significant social mar-
ginalization. A conceptual background will help explain the 
following analyses of the health vulnerability of women waste pick-
ers arising from occupational exposure, social exclusion, and wel-
fare support.

5.2 Occupational exposure conditions 
among women waste pickers

Determining occupational exposure conditions forms the basis of 
structural health risk analysis among women engaged in informal 
waste-picking activities. Waste pickers frequently operate in environ-
ments characterized by hazardous materials, poor safety infrastruc-
ture, and limited access to protective equipment. Examining the 
occurrence of certain occupational hazards elucidates the types of 
exposure that may increase susceptibility to ill health in this popula-
tion. This analysis focuses on identifying the most common 
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occupational risk conditions faced by women waste pickers during 
waste collection and sorting.

As shown in Table 3, the respondents reported the distribution of 
key occupational exposure conditions. The findings revealed that haz-
ardous working conditions are prevalent among female waste pickers. 
A substantial proportion of respondents reported exposure to sharp 
objects, including needles, broken glass, and metal fragments; 69.3% 
of participants reported frequently encountering these risks during 
waste-picking activities. This type of risk is a serious occupational 
hazard, increasing the likelihood of injuries, infections, and other 
work-related illnesses.

Additionally, 65.1% of respondents reported being exposed to 
biomedical waste, revealing that numerous female waste pickers are in 
contact with infectious material. Exposure to chemical waste was also 
common, affecting 57.8% of the participants, further highlighting the 
hazardous nature of informal recycling environments, where waste 
segregation is often absent.

Of the respondents, 51.8% reported exposure to smoke or burning 
waste. Exposure to such environments can cause respiratory problems 
and other long-term health impacts, especially in places where waste 
is openly burned.

The results revealed that the study population also lacked protec-
tive equipment and was directly exposed to hazardous materials. Most 
respondents (72.4%) worked without gloves; however, an even higher 
proportion (78.2%) did not use masks while waste-picking. The lack 
of essential safety equipment can lead to injury, infection, long-term 
exposure to harmful substances, and other complications. The com-
bined absence of protective equipment and frequent exposure to haz-
ardous materials suggests a heightened risk of adverse health outcomes 
among women waste pickers.

The reported confidence intervals demonstrate that these preva-
lence estimates are precise for the samples. The findings indicate that 
women waste pickers are regularly exposed to several occupational 
hazards in their day-to-day work. These overlapping exposure condi-
tions indicate that occupational risks are not isolated but cumulative, 
potentially intensifying health vulnerability over time. These findings 
underscore the structurally unsafe conditions associated with infor-
mal waste management systems and provide important context for 
understanding the occupational determinants of health vulnerability 
examined in subsequent studies.

5.3 Experiences of social exclusion among 
women waste pickers

Women engaged in informal waste picking encounter occupa-
tional risks and social marginalization. Waste pickers are often stig-
matized, which can result in discrimination, social exclusion, and 
various forms of harassment in public spaces. Experiencing social 
and psychological distress can limit access to social support net-
works and public goods, creating broader health vulnerabilities. 
Therefore, it is important to examine the prevalence of experiences 
of social exclusion to understand the broader social context of 
health risks among female waste pickers. Table 4 presents the distri-
bution of the key indicators of social exclusion reported by the 
respondents.

The findings reveal that experiences of social marginalization are 
widespread among women waste pickers. Most respondents (62.8%) 
reported experiencing discrimination because of their waste-picking 
occupation, indicating that the social stigma associated with this form 
of work remains pervasive. Such discrimination often manifests as 
negative attitudes, social distancing, or exclusion from the 
community.

In addition, 56.4% of respondents reported experiencing verbal 
abuse or stigmatization in public spaces while waste-picking. These 
experiences may include derogatory comments, humiliation, or 
other forms of verbal hostility directed at waste pickers because of 
the perceived social status of their work in the waste manage-
ment sector.

A substantial proportion of participants also reported physical 
harassment during waste picking, affecting 41.2% of respondents. 
Although less prevalent than other forms of social exclusion, this find-
ing highlights the vulnerability of women waste pickers to unsafe and 
hostile social environments during their daily work.

The confidence intervals for these estimates indicate a reasonable 
level of precision for the prevalence measures across the samples. 
Taken together, these findings demonstrate that women waste pickers 
not only face hazardous occupational conditions but also experience 
considerable levels of social stigma and harassment. Such social exclu-
sion represents an additional layer of vulnerability that may exacer-
bate the health risks associated with participation in informal 
waste work.

TABLE 2  Descriptive statistics of study variables (N = 427).

Variable Mean SD Min Max

Age (years) 38.51 10.86 20 55

Education 0.55 0.50 0 1

Monthly Income (INR) 5,611 1149.52 3,500 9,213

Years of Work in Waste Picking 8.07 4.35 1 15

Occupational Exposure Index 3.71 1.17 1 6

Social Exclusion Index 1.60 0.85 0 3

Welfare Support Score 2.45 1.16 1 4

Health Vulnerability Index 1.88 0.98 0 4

Education was coded as a binary variable (0 = no formal schooling; 1 = formal education). The occupational exposure index was constructed by summing six binary indicators of hazardous 
working conditions experienced during waste-picking activities, including exposure to biomedical waste, chemical waste, sharp objects, smoke from burning waste, and the absence of 
protective gloves and masks. The social exclusion index was calculated by summing three binary indicators reflecting experiences of discrimination, verbal abuse or stigmatization, and 
physical harassment associated with waste-picking activities. The health vulnerability index was derived by summing four binary indicators of self-reported health conditions, namely 
respiratory problems, skin disease, musculoskeletal pain, and frequent work-related injuries. The welfare support score reflects the level of access to welfare or institutional support services 
reported by respondents, with higher scores indicating greater support.
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5.4 Prevalence of health conditions among 
women waste pickers

Assessing the prevalence of health conditions among women 
waste pickers is critical for understanding the direct health implica-
tions of hazardous working environments and social marginalization 
within informal recycling systems. Waste pickers are exposed to 
contaminated materials for extended periods. They suffer from 
physical strain and work under unsafe conditions. All of this may 
cause occupational health problems. Consequently, analyzing the 
prevalence of common health conditions provides an important 
empirical basis for evaluating this community’s level of health 
vulnerability.

Table 5 presents the prevalence of key self-reported health 
conditions among respondents. According to the research find-
ings, women waste pickers face numerous health concerns. The 
most prevalent condition identified in the study was musculoskel-
etal pain, reported by 60.4% of respondents. This high prevalence 
likely reflects the physically demanding nature of waste-picking 
activities, which often involve repetitive movements, lifting heavy 
loads, prolonged bending, and extended periods of manual waste 
sorting.

A substantial proportion (50.1%) of the respondents reported 
experiencing respiratory problems. Exposure to dust, smoke from 
burning waste, and hazardous airborne particles during waste collec-
tion and sorting may contribute to respiratory irritation and chronic 
breathing difficulties among workers in informal recycling 
environments.

Moreover, 44.3% of the respondents reported having skin dis-
eases or skin problems. Regular exposure to contaminated waste, 
chemicals, and unclean surroundings can cause skin infections, aller-
gic reactions, and other skin-related complications.

The study further reveals that 33.3% of women waste pickers 
experienced frequent work-related injuries. These injuries can result 
from sharp objects such as broken glass, metal fragments, and nee-
dles, which are often present in mixed waste. The reported confidence 
intervals suggest a reasonable level of precision in the estimated 
prevalence rates.

5.5 Bivariate relationships among key study 
variables

Before estimating the multivariate regression model, a correla-
tion analysis was conducted to examine the bivariate relationships 

among the study’s principal variables. This stage is relevant for two 
reasons. First, it provides an initial understanding of how occupa-
tional exposure, social exclusion, welfare support, and health vulner-
ability are related. Second, it helps identify the relationships between 
various explanatory variables and their regressions. Examining these 
preliminary relationships, therefore, offers a useful diagnostic per-
spective on the data’s structure. Table 6 presents Pearson’s correlation 
coefficients among the key study variables. Although several variables 
were constructed from binary indicators, Pearson’s correlation is 
appropriate here, as the variables are operationalized as composite 
indices and the sample size is sufficiently large to ensure robust 
estimation.

The results indicate that occupational exposure is positively asso-
ciated with health vulnerability (r = 0.21, p < 0.01), suggesting that 
greater exposure to hazardous working conditions is linked to 
increased health vulnerability among women waste pickers. This rela-
tionship is consistent with the expectation that frequent contact with 
hazardous materials and unsafe working environments may contrib-
ute to adverse health effects.

Similarly, social exclusion was positively correlated with health 
vulnerability (r = 0.17, p < 0.01). This finding indicates that women 
waste pickers who experience greater levels of discrimination, stig-
matization, or harassment tend to report higher levels of health vul-
nerability. The results highlight the potential influence of social 
marginalization on health conditions in the context of informal labor.

In contrast, welfare support was negatively correlated with health 
vulnerability (r = −0.14, p < 0.05), suggesting that access to welfare-
related resources and institutional support may help mitigate health 
risks among women waste pickers. This negative association indicates 
that higher welfare support is associated with lower health 
vulnerability.

The correlation matrix also revealed a modest positive relation-
ship between occupational exposure and social exclusion (r = 0.18, 
p < 0.01), suggesting that individuals with greater occupational risk 
may be more likely to experience social marginalization. Additionally, 
years of work in waste picking were positively correlated with occu-
pational exposure (r = 0.26, p < 0.01) and health vulnerability 
(r = 0.18, p < 0.01), suggesting that prolonged involvement in waste-
picking activities may increase cumulative exposure to hazardous 
conditions and associated health risks.

Age was moderately correlated with years of work (r = 0.41, 
p < 0.01), as expected, given that longer occupational engagement 
generally corresponds to older age. Other correlations among the 
variables were relatively weak, indicating that the predictors did not 
exhibit strong interrelationships that could threaten the stability of 
subsequent regression analyses.

TABLE 3  Distribution of occupational exposure conditions among women waste pickers (N = 427).

Occupational exposure indicator Frequency (Yes) Percentage (%) Mean SD 95% CI

Exposure to biomedical waste 278 65.1 0.65 0.48 0.61–0.70

Exposure to chemical waste 247 57.8 0.58 0.49 0.53–0.63

Exposure to sharp objects (needles, glass, metal) 296 69.3 0.69 0.46 0.65–0.73

Exposure to smoke or burning waste 221 51.8 0.52 0.50 0.47–0.57

Lack of protective gloves 309 72.4 0.72 0.45 0.68–0.76

Lack of protective masks 334 78.2 0.78 0.41 0.74–0.82

Values represent the prevalence of occupational hazards reported by women waste pickers during waste collection and sorting activities. The means represent the proportion of respondents 
exposed to each occupational risk condition. Confidence intervals (CI) indicate the precision of prevalence estimates.
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Overall, the correlation analysis provides preliminary support for 
the hypothesized relationships among occupational exposure, social 
exclusion, welfare support, and health vulnerability, and suggests that 
the independent variables are sufficiently distinct to be included in 
the regression model simultaneously.

5.6 Multicollinearity diagnostics

Before estimating the ordinal logistic regression model, multicol-
linearity diagnostics were conducted to assess the degree of intercorrela-
tion among the predictor variables. Examining multicollinearity is an 
important step in regression modeling because highly correlated predic-
tors can distort coefficient estimates, inflate standard errors, and reduce 
the stability and interpretability of the model. Therefore, variance infla-
tion factors (VIFs) and tolerance statistics were calculated to assess 
whether the independent variables exhibited problematic multicollinear-
ity. Table 7 presents the multicollinearity diagnostics for all predictors 
included in the regression model.

The results indicate that multicollinearity was not a concern in 
the present analysis. The VIF values ranged from 1.05 to 1.27, which 
are well below the commonly accepted threshold of five, suggesting 
that the predictor variables do not exhibit strong linear relationships 
with one another. Similarly, the tolerance values ranged between 0.79 
and 0.95, all of which comfortably exceeded the recommended mini-
mum threshold of 0.20.

Among the predictors, years of waste picking showed the highest 
VIF value (1.27), followed by age (1.22). However, these values 
remained very low and were not statistically significant. The key 
explanatory variables—occupational exposure, social exclusion, and 
welfare support—also displayed very low VIF values (1.10, 1.07, and 
1.05, respectively), confirming that these variables were sufficiently 
independent to include in the regression model.

Overall, the multicollinearity diagnostics demonstrate that the 
explanatory variables included in the analysis do not exhibit prob-
lematic inter-correlations. This confirms that the regression coeffi-
cients estimated in the subsequent ordinal logistic regression model 
can be confidently interpreted.

5.7 Ordinal logistic regression predicting 
health vulnerability among women waste 
pickers

To examine the determinants of health vulnerability among 
women waste pickers, an ordinal logistic regression model was esti-
mated. This modelling approach is appropriate because the depen-
dent variable, health vulnerability, represents ordered categories that 
reflect increasing levels of health risk. The regression analysis evalu-
ates the effects of occupational exposure, social exclusion, and wel-
fare support on health vulnerability while controlling for key 
demographic and occupational characteristics, including age, educa-
tion, monthly income, and years of work in waste picking. This analy-
sis enables us to assess the extent to which structural occupational 
and social factors influence the likelihood of experiencing higher 
levels of health vulnerability.

Table 8 presents the results of the ordinal logit regression model. 
Based on these findings, occupational exposure significantly increases 
the health vulnerabilities of female waste pickers. The coefficient for 
the occupational exposure index was positive and statistically signifi-
cant (β = 0.27, p = 0.001), with an odds ratio of 1.31. This suggests that 
each additional unit increase in occupational exposure is associated 
with approximately a 31% higher odds of experiencing a higher level 
of health vulnerability. This indicates a clear increase in the likelihood 
of greater health vulnerability as exposure intensifies. This result high-
lights the substantial health risks associated with hazardous working 
environments in informal waste management systems. These findings 
provide empirical support for Hypothesis 1, which proposes that 
higher levels of occupational exposure increase the health vulnerabil-
ity of female waste pickers.

Similarly, social exclusion is positively associated with health 
vulnerabilities. The Social Exclusion Index shows a statistically 
significant positive coefficient (β = 0.12, p = 0.017), with an odds 
ratio of 1.13. Waste women waste pickers who experience stigma, 
harassment, and discrimination more frequently face a higher 
level of health vulnerability. This result confirms Hypothesis 2, 
which predicts that social exclusion is positively associated with 
health vulnerability.

TABLE 4  Distribution of social exclusion experiences among women waste pickers (N = 427).

Social exclusion indicator Frequency (Yes) Percentage (%) Mean SD 95% CI

Experience of discrimination due to the waste-picking 

occupation

268 62.8 0.63 0.48 0.58–0.67

Verbal abuse or stigmatization in public spaces 241 56.4 0.56 0.50 0.52–0.61

Physical harassment during waste-picking activities 176 41.2 0.41 0.49 0.36–0.46

Values represent the prevalence of social exclusion experiences reported by women waste pickers. Means represent the proportion of respondents reporting each condition. Confidence 
intervals (CI) indicate the precision of the estimated prevalence rates.

TABLE 5  Prevalence of health conditions among women waste pickers (N = 427).

Health condition Frequency (Yes) Percentage (%) Mean SD 95% CI

Respiratory problems 214 50.1 0.50 0.50 0.45–0.55

Skin disease or dermatological problems 189 44.3 0.44 0.50 0.40–0.49

Musculoskeletal pain 258 60.4 0.60 0.49 0.56–0.65

Frequent work-related injuries 142 33.3 0.33 0.47 0.29–0.38

N = 427. The values represent the prevalence of self-reported health conditions among women waste pickers. Means represent the proportion of respondents who reported each health 
condition. Confidence intervals (CI) indicate the precision of the estimated prevalence rates.
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In contrast, welfare support has a protective effect on health 
vulnerabilities. The welfare support score has a negative coeffi-
cient, β = −0.18, with a p-value of 0.011 and an odds ratio of 0.84. 
Greater health vulnerability is less likely when welfare support is 
higher. In other words, increased access to welfare assistance and 
support mechanisms may mitigate the adverse health effects asso-
ciated with hazardous working conditions and social marginaliza-
tion. Thus, this supports Hypothesis 3, which posits that welfare 
support reduces health vulnerability among female waste pickers.

Among the control variables, years of waste picking were signifi-
cantly and positively associated with health vulnerability (β = 0.05, 
p = 0.024; OR = 1.05), although the association was weak. This sug-
gests that prolonged engagement in waste-picking activities may 
gradually increase cumulative health risks. In contrast, age, education, 
and monthly income were not statistically significantly associated with 
health vulnerability in the model, indicating that structural occupa-
tional and social factors play a more prominent role than individual 
demographic characteristics in explaining health vulnerability in 
this cohort.

The regression results indicate that health vulnerability is signifi-
cantly enhanced by occupational exposure and social exclusion, and 
welfare support has a protective effect among women waste pickers. 
There is significant evidence that social contexts and workplace condi-
tions impact the health of workers in these communities.

5.8 Model fit and diagnostic tests for the 
ordinal logistic regression model

Following the estimation of the ordinal logistic regression model, 
additional diagnostic tests were conducted to evaluate the model’s ade-
quacy and validity. Assessing model fit and testing the proportional odds 
assumption are essential steps in ordinal logistic regression, as they 
ensure that the model appropriately represents the relationship between 
the predictors and the outcome variable. These diagnostics help deter-
mine whether the model provides a statistically meaningful improve-
ment over the null model and whether the assumptions underlying the 
ordinal regression framework are satisfied.

Table 9 presents the model fit statistics and diagnostic tests for the 
ordinal logistic regression model. The results indicate that the overall 
model provides a statistically significant improvement compared to 
the null model, which contains no predictors. The likelihood ratio 
chi-square test yields a value of 39.52 (df = 7, p < 0.001), demonstrat-
ing that the set of explanatory variables included in the model signifi-
cantly improves the prediction of health vulnerability among women 

waste pickers. This result confirms that the independent variables col-
lectively explain variation in the outcome variable.

The log-likelihood value of −412.67 reflects the model’s fit to the 
observed data and is consistent with the likelihood ratio test results, 
indicating a meaningful improvement over the baseline model. The 
McFadden pseudo R2 of 0.11 indicates a modest level of explanatory 
power, which is typical in social and public health research, where 
health outcomes are influenced by broader structural and contextual 
factors not fully captured by the model.

An important assumption of ordinal logistic regression is the pro-
portional odds (parallel lines) assumption, which requires that the 
relationship between the predictors and outcome variable remains 
consistent across different thresholds of the ordered categories. The 
test of parallel lines produced a non-significant result (χ2 = 9.14, 
df = 7, p = 0.244), indicating that the proportional odds assumption 
was met. This finding confirms that the ordinal logistic regression 
model is appropriate for this data.

Additional model selection criteria supported the model’s ade-
quacy. The Akaike information criterion (AIC) and Bayesian informa-
tion criterion (BIC) values of 841.34 and 873.62, respectively, serve as 
indicators of model fit for comparing alternative model specifications. 
Lower values of these statistics generally indicate a better model fit.

Overall, the diagnostic tests demonstrated that the ordinal logistic 
regression model satisfied key statistical assumptions and provided a 
reliable framework for examining the determinants of health vulner-
ability among women waste pickers.

TABLE 6  Correlation matrix of key study variables (N = 427).

Variable 1 2 3 4 5 6 7

1. Occupational Exposure Index 1

2. Social Exclusion Index 0.18** 1

3. Welfare Support Score −0.12* −0.09 1

4. Health Vulnerability Index 0.21** 0.17** −0.14* 1

5. Age 0.05 0.07 −0.03 0.09 1

6. Education −0.08 −0.11* 0.13* −0.10 −0.06 1

7. Years of Work 0.26** 0.12* −0.07 0.18** 0.41** −0.05 1

Values are Pearson’s correlation coefficients. *p < 0.05, **p < 0.01.

TABLE 7  Multicollinearity diagnostics for regression model (N = 427).

Predictor variable Tolerance VIF

Occupational Exposure 

Index

0.91 1.10

Social Exclusion Index 0.93 1.07

Welfare Support Score 0.95 1.05

Age 0.82 1.22

Education 0.88 1.14

Monthly Income 0.90 1.11

Years of Work in Waste 

Picking

0.79 1.27

Variance Inflation Factor (VIF) values below 5 indicate that multicollinearity is not a concern 
in the regression model. Tolerance values above 0.20 also suggest that the predictors did not 
exhibit problematic intercorrelations.
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5.9 Predicted probability of health 
vulnerability across occupational exposure 
levels

The regression coefficients establish a statistical link between expo-
sure and disease outcome or health vulnerability. However, predicted 
probability estimates allow for greater interpretability of these effects. 
Predicted probabilities illustrate how the likelihood of experiencing dif-
ferent levels of health vulnerability changes as occupational exposure 
increases, while holding other variables in the model constant. This 
approach helps translate regression findings into the actual effect of haz-
ardous workplace conditions on the health of female waste pickers.

The estimated predicted probabilities reinforce the finding that 
working in hazardous conditions significantly increases the health prob-
lems faced by female waste workers. Exposure to biomedical waste, 
sharp objects, chemical materials, and burning waste without protection 
increases the risk of health problems.

The analysis, based on predicted probabilities, is a strong visual indi-
cator, showing that occupational exposure is critical in determining the 
health vulnerability of the informal waste-picking system. The regression 
findings are reinforced by Figure 2. It shows how incremental increases 
in exposure lead to progressively higher odds of experiencing severe 
health vulnerability. These findings highlight the importance of improv-
ing occupational safety conditions and providing adequate protective 
measures for women engaged in informal recycling activities.

6 Discussion

This study examined the factors contributing to the health vulner-
ability of women involved in informal waste picking in urban 

recycling systems. The results show that the health risk of women 
waste pickers is associated with the interaction between occupational 
exposure, social exclusion, welfare support, and work experience 
within broader environmental, social, and institutional conditions. 
Thus, this study extends research on informal waste economies by 
demonstrating that health vulnerability cannot be reduced to an occu-
pational risk. Instead, it must be interpreted through the lens of vari-
ous social and structural inequalities in informal labor spheres. By 
integrating occupational exposure, social exclusion, and welfare sup-
port into a unified analytical framework, this study advances environ-
mental justice and informal labor scholarship by providing empirical 
evidence that health vulnerability arises from the interaction of mul-
tiple structural conditions rather than from isolated risk factors. This 
study offers a distinct contribution by empirically demonstrating how 
occupational, social, and institutional dimensions interact to produce 
health vulnerability, rather than operating as independent risk factors. 
Interpreted through the environmental justice framework, the find-
ings reflect structured inequality in the distribution of environmental 
risks and social protections. Women waste pickers experience a dis-
proportionate concentration of environmental burdens in the form of 
hazardous occupational exposure, while simultaneously facing social 
exclusion and limited access to institutional support. This co-occur-
rence reflects both distributive injustice (unequal exposure to environ-
mental risks) and procedural injustice (limited access to 
decision-making, welfare systems, and institutional protections), rein-
forcing patterns of health vulnerability among marginalized workers 
(Das, 2025; Mohai et al., 2009).

The study revealed that occupational exposure and health vulner-
ability were strongly associated. The health vulnerability of women 
waste pickers is significantly associated with exposure to hazardous 
materials, including biomedical waste, chemical residues, sharp 
objects, and smoke from burning waste. These occupational health 

TABLE 9  Model fit and diagnostic tests for the ordinal logistic regression model (N = 427).

Diagnostic statistic Value df p-value

Log Likelihood −412.67

Likelihood Ratio χ2 (Model vs. Null Model) 39.52 7 <0.001

McFadden Pseudo R2 0.11

Test of Parallel Lines (Proportional Odds Assumption) 9.14 7 0.244

Akaike Information Criterion (AIC) 841.34

Bayesian Information Criterion (BIC) 873.62

The likelihood ratio test compares the fitted model to a null model containing no predictors. A statistically significant result indicated that the model fit better than the null model. The parallel 
lines test evaluates the proportional odds assumption underlying the ordinal logistic regression model. The non-significant result (p = 0.244) suggests that the proportional odds assumption 
was satisfied. Lower AIC and BIC values indicate a better model fit.

TABLE 8  Ordinal logistic regression predicting health vulnerability among women waste pickers (N = 427).

Predictor variable β Std. error Odds ratio 95% CI p-value

Occupational Exposure Index 0.27 0.08 1.31 1.12–1.53 0.001**

Social Exclusion Index 0.12 0.05 1.13 1.02–1.26 0.017*

Welfare Support Score −0.18 0.07 0.84 0.73–0.96 0.011*

Age 0.01 0.01 1.01 0.99–1.03 0.264

Education −0.14 0.10 0.87 0.71–1.07 0.156

Monthly Income −0.0001 0.0001 0.99 0.99–1.00 0.201

Years of Work in Waste Picking 0.05 0.02 1.05 1.01–1.10 0.024*

Odds ratios indicate the change in the odds of experiencing higher levels of health vulnerability associated with a one-unit increase in the predictor variable. Positive coefficients indicated 
increased vulnerability, whereas negative coefficients indicated a protective effect. *p < 0.05, **p < 0.01.
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risks align with existing literature identifying them for informal waste 
workers, who often work on the ‘dirty side’ of a landfill, handling 
mixed waste and unsegregated contamination. Workers have limited 
access to personal protective equipment (Cruvinel et al., 2019; 
Zolnikov et al., 2021; Uhunamure et al., 2021). Under such conditions, 
workers are often exposed to biological agents daily. In addition, there 
are also toxic substances and physical hazards that cause respiratory 
ailments. Besides, they suffer from dermatological infections. Not to 
forget, accidental injuries. Therefore, the results reinforce the growing 
evidence that informal recycling systems often rely on labor per-
formed under environmentally hazardous conditions, placing work-
ers’ health at considerable risk. While existing studies have 
predominantly examined occupational hazards, social marginaliza-
tion, or welfare access in isolation, the present study makes a novel 
contribution by empirically demonstrating how these dimensions 
operate simultaneously to shape health outcomes among women 
waste pickers. From an environmental justice perspective, this pattern 
reflects disproportionate exposure to environmental hazards among 
marginalized workers who contribute to urban sustainability yet 
remain unprotected from the associated risks (Mohai et al., 2009).

The findings indicate that, in addition to occupational exposure, 
social exclusion is significantly associated with the health vulnerability 
of women waste pickers. Participants who reported higher levels of 
social marginalization —including stigma, discrimination, and lim-
ited access to community resources—were more likely to experience 
poorer health outcomes. This observation is consistent with broader 
sociological evaluations of informal labor, which highlight the social 
stigma surrounding waste pickers in urban economies and their exclu-
sion from formal social protection. Worldwide, waste picking is asso-
ciated with poverty and marginalization based on caste, class, or 
ethnicity and gender-based inequalities. These findings highlight the 
importance of an intersectional perspective, in which gender inter-
sects with class position, caste-based marginalization, and occupa-
tional precarity to produce layered and compounded forms of 
vulnerability among women waste pickers (Wittmer, 2020; 

Shanmugasundaram, 2024; Coletto et al., 2017). These factors rein-
force isolation and limit access to services, such as healthcare, sanita-
tion, and housing. Within the environmental justice framework, such 
patterns reflect not only social marginalization but also procedural 
inequalities, in which affected populations have limited access to insti-
tutional resources, recognition, and protective mechanisms (Kaufman 
and Hajat, 2021). The social status of waste work can increase occupa-
tional hazards by making workers less likely to seek medical care or 
request better working conditions. Consequently, the study finds that 
the health vulnerability of waste pickers cannot be limited to environ-
mental or workplace issues. Deeper inequalities in informal labor may 
also surface through them.

In contrast to these risk factors, welfare support emerged as an 
important protective factor associated with lower health vulnerability 
among women waste pickers. Participants who reported access to wel-
fare benefits, community assistance, or basic health services were less 
likely to experience severe health risks. This finding is consistent with 
research suggesting that social protection mechanisms can play a criti-
cal role in mitigating health inequalities among marginalized popula-
tions (Bocean and Vărzaru, 2024; Gutberlet and de Vallin, 2025; Chan 
et al., 2025). Welfare support can facilitate access to healthcare ser-
vices, improve living conditions, and reduce economic pressure that 
often forces workers to remain in unsafe occupational environments. 
In several cities, initiatives that recognize and support waste pickers, 
such as cooperative recycling programs and municipal partnerships, 
have improved worker welfare and recycling efficiency (Wilson et al., 
2005; Barford et al., 2021; Yang et al., 2017). The results of the present 
study highlight the importance of institutional support systems in 
reducing health vulnerabilities among informal waste workers. This 
finding aligns with the environmental justice perspective, illustrating 
how access to institutional support can mitigate inequalities in the 
distribution of environmental and health risks.

The analysis also suggests that the duration of waste-picking con-
tributes to cumulative health risks. Workers with more experience in 
the sector are more likely to report higher health vulnerability, 

FIGURE 2

Presents a clear pattern indicating that higher levels of occupational exposure are associated with a higher probability of experiencing greater health 
vulnerability. As occupational exposure increases, the predicted probability of falling into higher vulnerability categories rises steadily, while the 
probability of remaining in lower vulnerability categories declines. This pattern is consistent with the regression analysis results in Table 8, where 
occupational exposure was significantly and positively associated with health vulnerability.
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suggesting that prolonged occupational exposure may gradually 
undermine workers’ physical health. Previous studies have similarly 
noted that repeated exposure to hazardous waste materials, combined 
with physically demanding working conditions, can produce long-
term health effects that accumulate over time (Zolnikov et al., 2021; 
Cruvinel et al., 2019; Maneen et al., 2025). Without adequate protec-
tive measures, regular medical monitoring, or access to healthcare 
services, these cumulative exposures may lead to chronic illnesses that 
further reinforce waste pickers’ economic and social vulnerability.

The findings of this study contribute to the broader debates on 
environmental justice and sustainability in urban waste systems. 
Informal waste pickers collect recyclable waste, which helps the circu-
lar economy function. The efforts made by such workers minimize 
pressure on landfills, enhance the recovery of resources, and contrib-
ute to the environmental sustainability of numerous towns and cities 
(Alpha et al., 2025; Binion and Gutberlet, 2012; Marello and Helwege, 
2017; Neville et al., 2023). However, the environmental benefits gener-
ated by informal recycling systems often come at the expense of work-
ers’ health and wellbeing. Waste pickers typically face environmental 
hazards associated with waste management, with little institutional 
recognition or protection. This imbalance reflects broader patterns of 
environmental injustice characterized by the disproportionate expo-
sure of marginalized populations to environmental hazards while 
contributing significantly to environmental services (Tucker and 
Anantharaman, 2020; Kain et al., 2022).

From a sustainability perspective, the results underscore the need 
to integrate informal waste workers into formal waste governance 
frameworks. Rather than treating waste picking as an informal sur-
vival activity, policymakers should recognize the sector as an integral 
component of urban recycling systems. Policies that provide safety 
equipment, improve access to health services, and support waste 
picker cooperatives are likely to enhance female waste-pickers’ welfare 
and efficiency (Sesay and Fang, 2025; Marello and Helwege, 2017; 
Schenck et al., 2019). Such initiatives not only contribute to more 
equitable labor conditions but also strengthen the sustainability of 
urban recycling infrastructures by acknowledging the contributions 
of informal waste workers.

Overall, the findings demonstrate that health vulnerability among 
women waste pickers is associated with the combined influence of 
hazardous occupational environments, social marginalization, and 
limited welfare support. Addressing these challenges requires a mul-
tidimensional policy response that integrates occupational health 
protection, social inclusion and sustainable waste governance. By 
highlighting the interconnectedness of environmental exposure, social 
exclusion, and institutional support, this study contributes to ongoing 
efforts to promote a more inclusive and equitable sustainability transi-
tion in urban waste management systems. Taken together, these find-
ings reinforce the relevance of environmental justice as an analytical 
framework for understanding how environmental risks, social 
inequalities, and institutional gaps intersect to shape health outcomes 
in the informal labor system.

6.1 Policy and sustainability implications

The findings of this study have important implications for public 
policy, urban governance, and sustainability planning. Women waste 
pickers represent a critical, yet often overlooked, component of urban 
recycling systems. The work they perform plays a notable role in 
recovering resources and reducing waste, which is part of circular 

waste economies in many cities (Alpha et al., 2025). However, as the 
present findings demonstrate, the environmental benefits generated 
through informal recycling are frequently accompanied by substantial 
health risks and social vulnerabilities for the workers. Addressing this 
imbalance requires policy frameworks that recognize waste pickers 
not merely as informal labourers but as key actors within sustainable 
waste management systems.

A significant implication is bolstering protections for the occupa-
tional health of informal waste workers. A strong relationship between 
occupation and health vulnerability indicates that hazardous working 
conditions remain an important determinant of health risk among 
women waste pickers. Consequently, action should be taken to ensure 
minimum direct exposure to these dangerous waste materials by 
municipal authorities and waste management agencies. These mea-
sures may include better segregation at the source (UNEP, 2016), pro-
vision of protective equipment, and safer waste collection and sorting 
infrastructure (Han et al., 2022). Such interventions should be opera-
tionalized through structured municipal programs that include regu-
lar provision of protective equipment, periodic occupational health 
screening, targeted safety training, and institutional accountability 
mechanisms to ensure sustained implementation. Previous studies 
have shown that simple occupational safety measures, such as gloves, 
protective clothing, and designated sorting areas, can significantly 
reduce the health hazards of informal recycling (Baral, 2018; Cruvinel 
et al., 2019). By implementing such interventions, not only would 
workers’ health be safeguarded, but the efficiency and safety of urban 
waste management systems would also be enhanced.

A second policy implication concerns the need to extend social 
protection to waste pickers. According to this study, welfare support 
has a protective effect, meaning that access to social assistance pro-
grams may reduce the health vulnerabilities of marginalized workers. 
Expanding access to health services and health insurance schemes 
(Chokhandre et al., 2017), and other community-based welfare pro-
grams can significantly enhance the wellbeing of workers engaged in 
informal waste recovery (Kistan et al., 2020). Evidence from institu-
tional arrangements in diverse countries suggests that incorporating 
waste pickers into cooperatives or municipal recycling programs can 
enhance their economic resilience and access to social services 
(Ogando et al., 2017). Through select initiatives, institutional channels 
can be established to ensure workers receive due recognition, social 
protection, and safer working conditions.

The results also indicate that social stigma and the marginalization 
of waste pickers must be addressed. Social exclusion is a strong predic-
tor of health vulnerability. Thus, waste pickers’ health is affected not 
only by the impoverishing environmental conditions but also by how 
they are perceived and by the barriers that higher institutions erect.

Public awareness campaigns, community engagement initiatives, 
and inclusive waste governance strategies may therefore play an 
important role in reducing the social marginalization faced by waste 
pickers. One way to challenge the negative perceptions of scavengers 
is to change public perceptions through recognition, to include them 
more in social inclusion in cities (Coletto et al., 2017; Tucker and 
Anantharaman, 2020).

Similarly, the results indicate the need to include informal recy-
cling systems in sustainable urban development interventions. Waste 
pickers’ contributions to recycling and resource recovery in various 
cities are substantial. Most of the time, they work in settings where 
formal waste management systems are insufficient (Wilson et al., 2005; 
Marello and Helwege, 2017). The inclusion of waste pickers in formal 
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policies of waste management through cooperative organizations, 
municipal partnerships, or inclusive initiatives of the circular econ-
omy can enhance environmental sustainability while improving the 
livelihoods of marginalized workers. These approaches illustrate a 
more comprehensive model of sustainability that acknowledges the 
social aspects of environmental governance and seeks equity in addi-
tion to environmental results.

6.2 Limitations and future research 
directions

This study had several limitations that should be considered when 
interpreting the findings. First, the cross-sectional nature of the study 
limits the degree of temporal ordering of the variables. Thus, the asso-
ciations observed between occupational exposure, social exclusion, 
welfare support, and health vulnerability should be considered statisti-
cal associations and not causal effects. Although the analysis identified 
significant relationships, it did not permit conclusions regarding 
directionality or causation.

Second, the purposive sampling technique, while appropriate for 
accessing a hard-to-reach population, may limit the generalizability of 
the findings beyond the study. The sample may not fully represent the 
broader conditions of informal waste picking across different geographi-
cal, socioeconomic and institutional settings. In particular, this study is 
situated within a specific regional context in Tamil Nadu, India, and the 
findings should be interpreted with reference to these contextual condi-
tions. While the results offer analytically relevant insights, they may not 
be directly generalizable to other regions with different policy environ-
ments or socio-economic structures.

Third, the study used self-reported data from structured inter-
views, which may be subject to reporting bias and common method 
variance. The potential for response bias was minimized but not elimi-
nated during the data collection.

Despite these limitations, this study provides important empirical 
insights into the structural determinants of health vulnerability among 
women waste pickers. This research could be extended in the future 
using a longitudinal or panel study design to explore temporal dynam-
ics and investigate causal pathways more robustly than in this study. 
Furthermore, qualitative and mixed-methods research may shed addi-
tional light on the lived experiences and intersectional aspects of vul-
nerability in informal waste economies.

7 Conclusion

This study contributes to the literature by providing an integrated 
empirical analysis of how occupational exposure, social exclusion, and 
welfare support shape health vulnerability among women waste pickers. 
This study investigates the determinants of health vulnerability among 
women waste pickers working in the informal recycling sector, focusing 
on occupational exposure, social exclusion, welfare support, and work 
experience. The results show that health vulnerability in informal waste 
economies is strongly associated with hazardous working conditions, 
structural social marginalization and limited access to institutional sup-
port systems. Women waste pickers who experience greater exposure to 
hazardous waste materials and higher levels of social exclusion tend to 
report higher health risks, whereas access to welfare support is associ-
ated with lower levels of reported health vulnerability. These results 

highlight the multidimensional nature of health inequalities within 
informal labor systems and underscore the importance of addressing 
both environmental and social health determinants.

This study contributes to the existing literature on informal waste 
economies by providing empirical evidence of the interconnected 
effects of occupational risk, social marginalization, and welfare access 
on workers’ health vulnerability. Through analysis of these results, this 
study reveals that the impact of urban recycling and resource recovery 
on informal waste workers is linked to broader debates on environ-
mental justice and sustainability. Beyond its policy relevance, this 
study contributes to environmental justice scholarship by demonstrat-
ing that health vulnerability emerges from the interaction of occupa-
tional, social, and institutional inequalities. In this sense, informal 
waste picking is both an important environmental service and a site 
of social inequality in the contemporary urban system.

These findings indicate the need for more inclusive and equitable 
waste governance approaches. The working conditions of waste pick-
ers may be substantially improved by strengthening occupational 
health protections, expanding access to social welfare programs, and 
providing official recognition within municipal recycling systems. 
Integrating informal waste workers into sustainable waste manage-
ment frameworks may offer a pathway toward more equitable and 
resilient urban sustainability transitions.

This study emphasizes that the health vulnerability experienced by 
women waste pickers must be addressed through a multifaceted policy 
approach that encompasses occupational health and safety, social pro-
tection, and inclusive governance. Policymakers and urban planners can 
help protect environmental resources and the people’s livelihoods linked 
to them by recognizing the integral role of informal waste workers in 
urban recycling systems and by implementing sustainable, socially just 
urban waste management practices. Future research should extend this 
work by employing longitudinal designs to examine changes in health 
vulnerability over time, and comparative and qualitative approaches to 
capture better the lived experiences and structural dynamics of informal 
waste work. These findings should also be interpreted within the specific 
regional context of Tamil Nadu, India, and may not be directly general-
izable to other settings in India.

However, given the cross-sectional nature of the data, these find-
ings should be interpreted as indicative of statistical associations, 
rather than causal relationships. This study did not establish temporal 
ordering or causal directionality between the variables. Future 
research employing longitudinal or panel designs is necessary to 
examine causal pathways and dynamic relationships more rigorously.
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