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Multiple morbidities and health conditions of waste-loaders in Mumbai: A
study of the burden of disease and health expenditure

Pradeep S. Salvea , Praveen Chokhandreb, and Dhananjay W. Bansoda

aDepartment of Public Health & Mortality Studies, International Institute for Population Sciences, Mumbai, India; bDepartment of
Mathematical Demography & Statistics, International Institute for Population Sciences, Mumbai, India

ABSTRACT
Study assesses the effects of solid-waste loading on workers, the resultant development of
occupational morbidities, and economic burden of these morbidities. A cross-sectional survey
was conducted with 360 municipal workers from six of 24 municipal wards in Mumbai. The
nearest neighborhood method of Propensity Score Matching (PSM) examined the impact of
waste-loading on the development of morbidities and to identify the risk factors – multiple
logistic regression analysis was performed. The prevalence of musculoskeletal disorders
(MSDs), injury, eye and skin infections found significantly higher for waste-loaders compared
to comparison group. The PSM method revealed that the occupation of waste-loading signifi-
cantly raised the risk of injury (34%), MSDs (23%), eye (19%), skin infection (15%) and disabil-
ity (15%), compared to comparison group. Significantly higher health expenditure is
observed among waste-loaders who have sought treatment in private health facility than
public. The study recommends to offer assistance the medical insurance for reducing the
financial burden on waste-loaders.

KEYWORDS
Disability; injury/accident;
musculoskeletal disorder;
respiratory infection and
treatment seeking; skin
infection; waste loader

Introduction

Solid-waste loaders in developing countries are vul-
nerable to a number of occupational health risks aris-
ing out of manual handling of waste.1 The megacity
of Mumbai, in the state of Maharashtra, India, gener-
ates 8500 metric tonnes of municipal solid waste every
single day. Around 30,000 regular employees of the
city’s Municipal Corporation of Greater Mumbai
(MCGM) are involved in collecting, segregating, load-
ing, transporting and unloading this waste at landfills
across the city. The work involves pulling, pushing,
lifting and carrying heavy community dustbins, and
loading the waste into garbage compactors. The health
risks for workers occur at every step in the process of
waste collection, from transportation to recycling and
disposal. Workers are exposed to health risks related
to the materials they handle, emissions from these
materials, and equipment being used. Workers physic-
ally handle the decaying carcasses of animals, rotten,
stinking material, rusted metal pieces, glass bits and
shards, household garbage, human and animal excreta,
waste that is mixed with sewage leaking from nearby
drains, infectious and hazardous hospital waste and

other toxic wastes. They handle these materials with
their bare hands and without proper protective meas-
ures. These work condition and workplaces make
them vulnerable to communicable as well as non-
communicable diseases. Workers who handle solid
waste in India face a higher risk of fatal and non-fatal
occupational morbidities than their counterparts in
high-income countries.2 They are more vulnerable to
injury and illness compared to members of the gen-
eral population, particularly injuries such as sprains,
lacerations, contusions and fractures.3–8 Similarly,
cross-sectional studies show that workers associated
with solid-waste collection are more prone to respira-
tory ailments, skin and eye infections, gastrointestinal
complications and musculoskeletal disorders (MSDs)
compared to other workers.9–14

The higher prevalence of morbidities and the
source of treatment-seeking imply high expenditure
on healthcare. Out-of-Pocket Expenditure (OOPE)
remains the primary means of paying for healthcare
in low-income countries, including India.15 There is
evidence of increasing medical expenses having ser-
ious financial consequences on the economic condi-
tion of households.16 Although waste-loaders are
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formal employees of municipal corporations, they are not
entitled to health insurance or free medical health facili-
ties, as are other public servants. This, despite the fact
that around 1.2 million17 conservancy workers are
involved in cleaning work throughout India’s cities.
Analyzing the mean health expenditure of these workers
would be useful in formulating policy recommendations
for informal1 labor in developing countries such as India.

Frequent episodes of illness and treatment-seeking
have economic implications for laborers who are vul-
nerable to developing morbidities. Previous studies
have suggested a high prevalence of morbidities
among solid-waste workers compared to the general
population, increasing treatment-seeking and health
expenditure. Studying the healthcare-seeking behavior
and expenditure on healthcare among formal solid-
waste employees will provide important insights on
catastrophic healthcare expenditure of non-formal or
contract employees, leading to impoverishment. There
are a limited number of studies conducted to investi-
gate the morbidities and related treatment-seeking
behavior among solid-waste workers.18 The present
study aims to address this gap by assessing the effect
of the waste-loading occupation on the development
of morbidities and health conditions. The study also
attempts to identify the co-variates affecting the health
of waste-loaders. Finally, we assess sources of treat-
ment and health expenditure among waste-loaders.

Materials and methods

The study adopted a cross-sectional survey design to
compare the prevalence of morbidities and treatment-
seeking with health expenditure incurred by exposed
and non-exposed municipal workers from similar
socioeconomic backgrounds19 in Mumbai. The
exposed population comprised workers engaged in
solid-waste loading into garbage compactors for at
least 1 year. They worked in teams of six, carrying
collected waste in garbage compactors through heavy
road traffic in the city to dispose of it at landfill sites.
The non-exposed comparison group comprised back-
office personnel/peons at the municipal corporation
office, employed for at least a year. These were office
workers of the MCGM who worked at a single loca-
tion all day. They represented the general population
with a socioeconomic background similar to the
waste-loaders. The sample size was determined using
the prevalence of major morbidity among municipal
solid-waste workers found in the study conducted in
Kerala, India. The study of Kerala found that the
prevalence of eye-related disease (30%) was the lowest

among solid-waste workers compared to the other
morbidities, therefore, the expected prevalence of
major morbidities was consider being at least 30% for
the sample estimation of present study.2 The deter-
mined sample size for study was calculated to be 180
workers for a group using the sampling formula by
W.G. Cochran and in total for two group of workers
it was 360 municipal workers (180 waste loaders, and
180 comparison group).20

Study was carried out by applying stratified system-
atic random sampling design where 24 municipal
wards had been arranged in the ascending order
according to the percentage of slum population
acquired from the Census of India 2001 for respective
wards.21 Then, it was stratified in to three strata hav-
ing low, middle and highest percentages slum popula-
tion. Each strata had total eight wards, out of eight
wards – two wards were randomly selected which
would be the representative of other wards in that
strata for the sample selection. At the final stage 60
workers were selected from each ward systematically
(30-Waste Loaders and 30-Compare Group) with the
help of workers list provided by the municipal corpor-
ation. The interviews were conducted with the work-
ers at their working places through self-administered
questionnaire from March to September 2015. The
data entry was done in the CSPro 6.0 software and
analysis performed in STATA 13.

The Standardised Nordic Questionnaire and modi-
fied ATS-DLD-78 Adult Questionnaire were used to
record musculoskeletal symptoms as well as disabilities
and respiratory symptoms.22 Workers who were pre-
vented from performing day-to-day normal activities
due to MSDs in the preceding 12 months were consid-
ered disabled. Workers were administered the General
Health Questionnaire of 12 items (GHQ-12) to assess
their mental health status. In GHQ-12, workers were
asked whether they had experienced any positive or
negative emotions in a previous month. Each negative
response was coded 1, while the absence of it was
coded 0. The items were summed to a score for each
respondent. The higher the score from 0 to 12, the
more severe the mental health problem was considered
to be. Further, through the principal component ana-
lysis method, the score was divided into three catego-
ries, namely low, medium and high. The GHQ-12 scale
is acceptable with internal consistency (a = 0.94).23

Previous studies suggest that as the number of
working years and age increase, so do complaints of
fractures and injury.3,24 Similarly, workers who are
overweight and obese showed higher prevalence of
respiratory and MSDs. On MSDs in particular, there
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is sufficient literature to show a positive association
between overweight and obesity and anatomical
pain.25–27 Meta-analysis of earlier studies revealed that
substance use – such as chewing tobacco, smoking and
alcoholism – affects the physical capacity of a worker
and causes respiratory and musculoskeletal pain.24,28

Psycho-social factors such as anxiety, work stress and
job satisfaction also influence the prevalence of occupa-
tionally associated morbidities among solid-waste work-
ers.29,30 Therefore, number of working years, age, body
mass index (BMI), substance use, mental health status
and job satisfaction of the studied waste-loaders were
considered as confounding variables.

In order to examine the effects of waste-loading on
the development of selected morbidities and health
conditions, the study adopted the nearest neighbor-
hood method of Propensity Score Matching (PSM).
This approach offers an opportunity to assess the
impact of exposure on outcomes through cross-sec-
tional survey data.31 To analyze the impact of waste-
loading on selected morbidities as well as disabilities,
the average exposure effect on exposed (AEEE) was
calculated as the difference between the outcomes of
treated and matched cases from the comparison
group, which measured the increase/decrease in
selected morbidities and health conditions.

The propensity score was estimated by logistic
regression with the dichotomous exposure variable,
for instance 1¼ exposed to waste-loading and
0¼ unexposed to waste-loading, using the associated
observed demographic and occupational characteris-
tics of the waste-loaders as predictor variables. The
principal assumption of the PSM is that observable
characteristics of the exposed group and the compari-
son group have similar distributions. This assumption
test is applied by using the ‘p-score’ command. To
calculate the impact of waste-loading on morbidities
and related disabilities, the average effects in both
groups were weighted by the proportion of respond-
ents in both, the exposed and comparison groups.

P xð Þ ¼ prob D ¼ 1jxið Þ ¼ E Djxið Þ
where D ¼ {0, 1} is the indicator of exposure, and x is
the multidimensional vector of pre-exposure characteris-
tics. The AEEE is defined as the conditional expectation
of difference in the exposure effect for the exposed units
only. The outcomes of the two groups were compared
after matching the propensity scores of the exposed group
and the counterfactual scores of the comparison group.

AEEE ¼ E Dj p xð Þ; D ¼ 1
� � ¼ E y1j p xð Þ;�

D ¼ 1Þ� E y0j p xð Þ; D ¼ 1
� �

To identify the co-variates affecting selected mor-
bidities and related disabilities among the waste-
loaders, multiple logistics regression analysis was
applied. Additionally, the mean health expenditure is
calculated for major morbidities and health conditions
among waste-loaders according to their access of
healthcare and was tested by t-test statistics. As shown
by McIntyre et al. (2006), the present study considers
only direct costs, including the cost of consultation,
diagnostic investigations, drugs and transportation.16

Ethical considerations

As respondents of the study were formal employees of
the municipal corporation, the MCGM was asked for
permission to conduct the primary survey. Informed
consent of the participants was obtained in the local
language. Participants were assured of confidentiality
and informed that survey data would be used for
research purposes only. Ethical clearance prior to data
collection was obtained from the Student Research
Ethics Committee (SREC) of the International Institute
for Population Sciences, Mumbai (SREC12/3144).

Results

Table 1 shows the socioeconomic and occupational
details of the waste-loaders as well as workers from
the comparison group. The mean age of waste-loaders
(36 years, SD ± 8.69) was found to be similar to that
of workers from the comparison group (38 years, SD
± 7.39). A similar pattern was observed for years of
work among the waste-loaders (10.35 years, SD ±
8.16) and those in the comparison group (11 years,
SD ± 6.35). Substance use – such as chewing tobacco,
smoking, and alcohol consumption – was found to be
higher among waste-loaders as compared to the com-
parison group. For instance, 46% of waste-loaders
chewed tobacco compared to 34% of workers in the
comparison group. Alcoholism among waste-loaders
was found to be extremely high, compared to the
comparison group. Forty-seven per cent of waste-
loaders consumed alcohol, compared to only 22% of
workers in the comparison group. Mental health sta-
tus shows substantial differences between the two
study groups. Workers engaged in solid-waste loading
showed poor mental health status, with a higher men-
tal health score, compared to workers in the compari-
son group. Forty-five per cent of waste-loaders
reported a high score on the mental health scale com-
pared to those in the comparison group (26.1%),
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revealing a higher burden of poor mental health for
waste-loaders compared to their counterparts.

Table 2 reveals that prevalence of selected morbid-
ities and health conditions are significantly higher
among waste-loaders compared to workers in the
comparison group, specifically in the case of MSDs
(45%), injury/accident (43%), eye disease (24%) and
skin disease (18%), compared to 33%, 8%, 14% and
7%, respectively for the comparison group. Similarly,
waste-loaders differed significantly from the compari-
son group in terms of sub-category morbidities and
health conditions during the reference months. For
instance, waste-loaders displayed a significantly higher
prevalence of fractures (15%), lacerations caused by
needles/glass (37%) and contusions on the job (14%)
compared to those in the comparison group (1%, 3%
and 6% respectively). Waste-loaders engaged in han-
dling waste without adequate protective measures tend
to have more skin-related problems, as evidenced in
Table 2. Waste-loaders have a higher prevalence of
skin rashes/infections (14%), itching (14%) and
dermatitis (4%) compared to workers in the compari-
son group (4%, 6% and 4% respectively). In addition,
eye problems – soreness, redness, watering and itchy
eyes – were significantly higher than the comparison
group. Musculoskeletal pain and related disabilities
were also found to be significantly higher among
waste-loaders than the comparison group. Shoulder
pain (26%), pain in the hip/thigh (34%) and lower

back (39%) were all significantly higher in the waste-
loading group compared to the comparison group
(11%, 20% and 29%, respectively). Likewise, among
the waste-loaders, disabilities of the shoulder (16%),
hip/thigh (23%) and lower back (31%) were higher
compared to 9%, 8% and 18% respectively for com-
parison group workers.

The PSM method was employed to assess the
effects of waste-loading on the development of
selected morbidities and health conditions. Table 3
exhibits the AEEE for major morbidities and health
conditions during the previous 6 and 12 months. The
results of the AEEE reveal that the occupation of
waste-loading significantly associated with the risk of
morbidities and health conditions, particularly injury/
accident (34%), MSDs (23%), eye disease (19%), skin
disease and disability (15% respectively), and respira-
tory ailments (10%), as compared to workers in the
matched comparison group. It is clear, therefore, from
the PSM results that the occupation of waste-loading
significantly associated with the development of major
morbidities and health conditions.

Individual risk factors that significantly affect major
morbidities and health conditions among waste-
loaders were identified after adjusting for workers’
age, BMI and job satisfaction. Table 4 demonstrates
that years of working is a significant predictor to the
development of major morbidities. Workers who had
worked for 10 or more years, in particular, were more
likely to suffer from respiratory ailments (odds ratio
(OR) = 7.51; p < .01), skin diseases (OR = 6.75; p <

.01), disabilities (OR = 5.57; p < .01), MSDs (OR =
3.65; p < .01) and injury/accidents (OR = 3.61; p <

.01) as compared to waste-loaders who had been
working for <10 years. Mental health status among
waste-loaders was also found to be significantly corre-
lated with major morbidities; loaders who scored high
on the mental health scale were significantly more
likely to have suffered from MSDs (OR = 5.31; p <

.01), disabilities (OR = 3.49; p < .01) and eye disease
(OR = 3.76; p < .05) as compared to loaders who had
a low score. Substance use did not significantly affect
the health of waste-loaders, apart from alcohol con-
sumption. Waste-loaders who consumed alcohol were
more likely to suffer from morbidities and health con-
ditions during service. For instance, waste-loaders
who are alcoholics are significantly more likely to
develop respiratory diseases (OR = 7.38; p < .01), suf-
fer injury/accidents (OR = 3.1; p < .01), disabilities
(OR = 2.90; p < .01), MSDs (OR = 2.53; p < .01) and
eye disease (OR = 2.23; p < .05) than non-alcoholic
workers. Similarly, the location of work was found to

Table 1. Descriptive statistics of the study groups.

Characteristics
Waste loaders
(N¼ 180)

Comparison group
(N¼ 180)

Age
19–34 years 53.3 34.4
35 and above 46.7 65.6
Mean age ± SD 35.8 ± 8.7 38.1 ± 7.4
Years of working
Below 10 67.8 51.1
10 and above 32.2 48.8
Mean years ± SD 10.4 ± 8.2 11.4 ± 6.4
Tobacco
Yes 46.1 34.4
Smoking
Yes 17.8 11.1
Alcohol
Yes 47.2 21.7
Mental health
Low 21.1 50.5
Moderate 33.8 23.3
High 45.0 26.1
Job satisfaction
Good 17.2 30.6
Average 58.9 61.1
Bad 23.9 8.3
Body mass index
Less than 25 67.2 51.7
More than 25 32.8 48.3
Mean BMI ± SD 23.5 ± 3.4 25.1 ± 3.4

Figures are in percent (%).
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be a significant predictor of major morbidities. Waste-
loaders working in moderate or high slum concentra-
tion areas were significantly more likely to contract
respiratory diseases (OR = 7.26; p < .01) and skin dis-
eases (OR = 6.00; p < .01) compared to loaders work-
ing in low slum concentration areas.

A majority of waste-loaders seek healthcare at pri-
vate health facilities rather than public health facilities.
Seventy per cent of waste-loaders who suffered from
respiratory ailments took treatment at private health

facilities, followed by 58% for MSDs, and 53% for eye
infections, compared to public health facilities (30%,
42% and 47% respectively). However, 63% of waste-
loaders accessed treatment at public health facilities
for skin diseases, and 52% for injury/accidents, while
37% and 48% respectively sought help for these condi-
tions at private facilities. Waste-loaders reported that
they preferred going to private health facilities for the
treatment of respiratory ailments and MSDs because
public facilities/hospitals offer inadequate and ineffi-
cient treatment. Examples of this would be the
absence of modern diagnostic methods to detect mac-
robacterium and computed tomography scans for
respiratory diseases. Likewise, many workers reported
that they had to visit private health facilities to take
an MRI scan for treatment of musculoskeletal pain in
the lower back and neck. Workers visited to public
health facility stated that the overcrowding at the pub-
lic facility led to the poor care and treatment.

Medical expenditure according to source of treat-
ment for major morbidities and health conditions as
depicted in Table 5, shows the mean difference in health

Table 2. Prevalence rate of morbidities and health conditions among study groups in past six and
12 months.
Sub-categories of
major morbidities

Waste loaders
(N¼ 180)

Comparison group
(N¼ 180) Chi-square

Injuries/accident 43.3 8.3 v2 ¼ 57.542; p ¼ .000
Fracture 15.6 1.1 v2 ¼ 24.581; p ¼ .000
Laceration needles/glass 36.6 2.8 v2 ¼ 65.283; p ¼ .000
Contusion on job 14.4 5.6 v2 ¼ 7.901; p ¼ .005
Skin diseases 18.3 6.6 v2 ¼ 11.200; p ¼ .001
Rashes/infective 14.0 3.9 v2 ¼ 11.112; p ¼ .001
Itching 14.4 6.1 v2 ¼ 6.777; p ¼ .009
Dermatitis 9.4 4.4 v2 ¼ 3.481; p ¼ .062
Respiratory diseases 17.7 16.6 v2 ¼ .077; p ¼ .780
Episode of asthma 9.4 12.2 v2 ¼ .718; p ¼ .397
Chronic cough 7.8 7.8 v2 ¼ .000; p¼ 1.000
Running nose 3.3 8.3 v2 ¼ 4.096; p ¼ .043
Breathlessness 11.6 15.5 v2 ¼ 1.157; p ¼ .282
Eye diseases 24.4 14.4 v2 ¼ 5.745; p ¼ .017
Soreness/infection 14.4 7.2 v2 ¼ 4.859; p ¼ .027
Redness 17.8 8.9 v2 ¼ 6.153; p ¼ .013
Watering 18.9 12.0 v2 ¼ 3.045; p ¼ .081
Itching 13.3 10.5 v2 ¼ 0.660; p ¼ .416
Musculoskeletal disordersa 45.0 33.3 v2 ¼ 5.141; p ¼ .023
Neck 13.3 10.6 v2 ¼ 0.660; p ¼ .416
Shoulder 26.1 11.1 v2 ¼ 13.368; p ¼ .000
Elbow 10.6 8.9 v2 ¼ 0.284; p ¼ .594
Wrist/hand 18.9 18.9 v2 ¼ 0.000; p¼ 1.000
Upper back 31.7 27.2 v2 ¼ 0.855; p ¼ .355
Low back 38.9 29.4 v2 ¼ 3.569; p ¼ .059
Hip/thigh 34.4 20.0 v2 ¼ 9.478; p ¼ .002
Knee 3.3 3.9 v2 ¼ 0.079; p ¼ .778
Disabilitya 36.1 32.2 v2 ¼ 0.605; p ¼ .437
Neck 5.5 9.4 v2 ¼ 1.962; p ¼ .161
Shoulder 15.5 9.4 v2 ¼ 3.073; p ¼ .080
Elbow 5.0 5.5 v2 ¼ 0.056; p ¼ .814
Wrist/hand 13.9 13.3 v2 ¼ 0.023; p ¼ .878
Upper back 25.0 18.9 v2 ¼ 1.932; p ¼ .161
Low back 30.5 17.8 v2 ¼ 8.018; p ¼ .005
Hip/thigh 22.8 7.8 v2 ¼ 15.644; p ¼ .000
Knee 2.2 3.3 v2 ¼ 0.411; p ¼ .521
aMorbidities and disabilities were considered for past 12months.

Table 3. Average exposure effect (AEE) and average exposure
effect among exposed (AEEE) of waste loader occupation on
major morbidities and health conditions.

Major morbidities

AEE AEEE

Coef. 95% Conf. Coef. 95% Conf.

Injury/accident 0.33��� (0.21 to 0.43) 0.34��� (0.23 to 0.45)
Skin 0.15��� (0.07 to 0.24) 0.15��� (0.09 to 0.21)
Respiratory 0.04 (–0.03 to 0.12) 0.10��� (0.03 to 0.18)
Eye 0.15��� (0.07 to 0.24) 0.19��� (0.12 to 0.27)
Musculoskeletal

disordersa
0.19��� (0.09 to 0.29) 0.23��� (0.14 to 0.33)

Disabilitya 0.09� (–0.00 to 0.19) 0.15��� (0.05 to 0.24)
�p< .1; ��p< .05; ���p< .01. Coef: coefficient; Conf: confidence interval.
aMorbidities were considered for past 12months.
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expenditure among waste-loaders. Waste-loaders spend a
considerably higher amount (`4210) on treatment for
injury/accidents, followed by `3465 on MSDs, and
`2013 on eye infections. Those seeking treatment at
private health facilities spend more on treatment for
injury/accidents compared to waste-loaders going to
government facilities. For instance, waste-loaders spent
`5239 on treatment for injury/accident at a private
health facility with compared to `1250 at a government
facility. Likewise, waste-loaders seeking treatment at a
private health facility spent `4778 on MSDs, `4400 on
eye infections, and `3000 on respiratory ailments, com-
pared to `2621, `580 and `933 respectively at a public
health facility. No discernible difference in mean
expenditure by source of treatment for skin diseases
was observed among waste-loaders.

Discussion

Waste-loaders are at a comparatively higher risk of
developing fatal and non-fatal morbidities than the
general population. The results of the study show a
significantly higher prevalence of injury/accident, skin
disease, eye problems and MSDs among waste-loaders,
compared to the comparison group. They were also

found to be at greater risk of incurring injuries such
as laceration from needles/glass, fractures and contu-
sions. This is evident in earlier studies as well. In a
clinical evaluation study conducted on waste collectors
in San Francisco, the majority reported work-related
injuries such as lacerations, fractures and sprains.8

Further, past studies suggested that there is an
increased risk of hepatitis B and C virus infections
due to exposure to sharp instruments handling during
waste collections.32 Similarly, instances of sore eyes,
redness, watering and itching of eyes were consider-
ably higher among waste-loaders compared to the
comparison group. This could be attributed to long-
term exposure to harmful gases emitted from commu-
nity dustbins and landfills and additionally, to the
particulate matter released by road traffic in megac-
ities like Mumbai. A study conducted on solid-waste
workers in the south Indian state of Kerala supported
the findings of the present study, finding eye disease,
particularly a burning sensation, watering, redness
and itching, common among waste-loaders.2

MSDs – pain in the lower back/hip/thighs and
shoulders – were found to be significantly higher for
waste-loaders compared to workers in the comparison

Table 4. Odds ratio of association between major morbidities and socio-demographic characteristics among waste loaders.
Characteristics Injury/accident Skin Respiratory Eye MSDsa Disability

Years of working
Below 10b

10 and more 3.61��� (1.52–8.55) 6.75��� (1.87–24.30) 7.51��� (1.89–29.78) 1.17 (0.45–3.03) 3.65��� (1.47–9.04) 5.57��� (2.22–13.90)
Mental health
Lowb

Moderate 1.23 (0.43–3.49) 3.79 (0.60–23.77) 10.86��� (1.53–76.80) 4.79�� (1.08–21.23) 3.04�� (0.94–9.77) 2.65� (0.76–9.25)
High 1.22 (0.47–3.13) 3.12 (0.57–17.00) 2.05 (0.34–12.21) 3.76�� (0.94–15.06) 5.31��� (1.84–15.33) 3.49��� (1.14–10.68)
Smoking
Nob

Yes 0.88 (0.35–2.21) 1.14 (0.33–3.87) 0.71 (0.20–2.48 0.75 (0.26–2.14) 0.68 (0.25–1.82) 0.71 (0.26–1.95)
Tobacco
Nob

Yes 0.47�� (0.22–1.00) 1.81 (0.67–4.86) 0.74 (0.25–2.16) 1.01 (0.46–2.22) 0.76 (0.36–1.62) 1.05 (0.48–2.30)
Alcohol
Nob

Yes 3.1��� (1.48–6.47) 1.81 (0.67–4.86) 7.38��� (2.07–26.32) 2.23�� (0.97–5.13) 2.53��� (1.17–5.46) 2.90��� (1.30–6.45)
Location of work based on proportion of slums
Lowb

Middle 1.72 (0.68–4.33) 6.00��� (1.49–24.03) 7.26��� (1.68–31.38) 2.05� (0.71–5.90) 1.74 (0.65–4.64) 1.73 (6.21–4.85)
High 0.95 (0.37–2.41) 4.08�� (1.00–16.59) 1.41 (0.29–6.93) 1.59 (0.54–4.67) 1.24 (0.48–3.19) 0.92 (0.33–2.60)
�p< .1; ��p< .05; ���p< .01.
aMSDs: musculoskeletal disorders, the model is additionally adjusted for workers Age, BMI and Job satisfaction.
bReference category.

Table 5. The Source of treatment seeking behavior and mean expenditure on major morbidities and health conditions of waste
loaders by government and private health facilities.
Major morbidities Govt. (%)a Govtb (mean `) Private (%)a Privateb (mean `) Totalb (mean `) t-Test N

Injuries/accident 52.1 1250 47.9 5239 4210 t ¼ –2.426 Pr (jTj > jtj) ¼ 0.022 48
Respiratory 30.0 933 70.0 3000 1760 t ¼ –2.641 Pr (jTj > jtj) ¼ 0.030 19
Eye 47.4 580 52.6 4400 2013 t ¼ –2.045 Pr (jTj > jtj) ¼ 0.087 20
Musculoskeletal disorders 41.8 2621 58.2 4778 3465 t ¼ –1.753 Pr (jTj > jtj) ¼ 0.094 19
Skin 63.2 1000 36.8 1000 1000 No mean difference 55
aSource of treatment.
bMean expenditure on morbidities-values in rupees (`).
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group. This is likely to be caused by pulling, pushing,
lifting and loading solid waste from community dustbins
to waste-carrying compactors.25,33–36 Previous studies
conducted with waste workers have exhibited similar
findings.6,9,10,12,37,38 The PSM methods highlighted that
the occupation of waste-loading significantly associated
with raising risk of injury/accident, MSDs, eye disease,
skin disease, disability and respiratory diseases. In add-
ition, study highlighted the potential risk factors for
developing major morbidities and health conditions
among waste-loaders. Risk factor such as years of work,
poor mental health, alcoholism and location of work
were found to be significant predictors of major mor-
bidities and health conditions. Waste-loaders who con-
sumed alcohol were significantly more likely to suffer
all the major morbidities and health conditions, except
for skin disease. Waste-loaders are prone to habitual
alcohol consumption due to the nature of their occupa-
tion and conditions of work, as evident in the words of
one 45-year-old waste-loader: “It is necessary for us to
have alcohol before engaging in our work, otherwise it
is not possible to work continuously in this filthy
environment. The alcohol provides an anaesthetic.”

This article also examines the treatment-seeking
among waste-loaders and expenditure incurred
therein. Results suggest that a higher proportion of
waste-loaders sought treatment from private health
facilities which eventually lead to economic burden of
morbidities and health conditions. For instance, the
healthcare expenditure is significantly higher who visit
private healthcare facility than government particu-
larly for respiratory infections and for injury/accident.
The multiple morbidities and health conditions among
waste-loaders cause a constant increase in expenditure
on health. Although they are government employees,
most waste workers prefer to visit private health facili-
ties rather than public ones. The survey also revealed
that none of the waste-loaders had health insurance.
A similar study based on solid-waste workers high-
lighted that the healthcare expenditure was signifi-
cantly higher among waste-pickers.39 The present
study has several methodological strengths. The com-
parison group sample was selected on condition that
their socioeconomic characteristics matched those of
the waste-loaders. The ratio of waste-loaders to com-
parison group workers was 1:1. The sample was repre-
sentative of municipal waste-loaders as it was
obtained by systematic random sampling from six out
of 24 municipal wards in Mumbai. Standardised ques-
tionnaires such as the ATS-DLD-78 Adult
Questionnaire and Standardised Nordic Questionnaire
were applied to assess respiratory as well as MSDs

among municipal workers. The Nordic Questionnaire
featured visuals of different body parts to identify
various musculoskeletal symptoms.

At the same time, the study had some limitations
as well. The cross-sectional survey design for data-col-
lection likely have limitations to present actual preva-
lence of morbidities and health conditions because of
the self-reported morbidities, recall bias and faced dif-
ficulties in establishing the cause-effect relationships.40

A limitation of the cross-sectional study design is that
the survey is carried out at a single point in time.
This offers no indication of the sequence of events41

that might follow. The results may generalized with
caution as this study exclusively conducted with the
municipal solid waste loaders in Mumbai. Reporting
expenditures and the probability of misreporting
increases as the time span between the interview and
the event of morbidity increases.42 This study recom-
mends that waste-loaders work on job rotation34 with
other municipal workers in the solid-waste depart-
ment. They should undergo a medical examination
every year and be advised on how to prevent, treat,
cure and minimize morbidities and health conditions.
Municipal corporations should offer assistance for
medical insurance to reduce the financial burden on
waste-loaders. An urgent need of health education
should be provided which can increase the awareness
among workers. A Thailand-based study highlighted
the significance of health risk reduction behavior
model decreases the healthcare costs of individual and
significantly improved knowledge, attitude and practi-
ces among waste-pickers. The percentage of physical
symptoms was reduced due to the use of personal
protective equipment compared to the control
group.43 The body poture during working hours and
physical loads could have been studied as they are
identified as key contributors to MSDs in waste col-
lection occupation and perhaps a future scope of
research.44,45 There could also be seasonal variations
in the prevalence rate of morbidities and health condi-
tions related to waste-loading work. These were not
covered in the study, and may be considered in a
future study. The growing trend of outsourcing infor-
mal labor services in developing countries further
compromises the social security and healthy life of
labor, as contractual organizations have little regard
for the basic rights of workers. There is, therefore,
scope for studies to be conducted on the morbidities
and associated health-seeking behavior among the
speedily-growing sector of informal labor in solid-
waste management.
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Conclusion

A study of municipal conservancy workers in the
megacity of Mumbai reveals that in low-income coun-
tries, where waste management is labor-intensive and
unorganized resulted in developing the higher health
risk for workers including fatal morbidities and health
conditions such as injury, MSDs, respiratory, eye and
skin disorders, disability. The working place and nature
of work has significant implication on developing the
health risk, for instance in developing countries muni-
cipal workers physically handle decaying carcasses of
animals, rusted/sharp material, human and animal
excreta, infectious and hazardous material with no
proper protective measures which effect their health
severely. The additional contextual factors such as poor
diet, poor mental health status and, regular substance
use resulted in deterioration of health. With health
problems workers also tend to bear a higher burden of
health expenditure, with no provisioning of
health insurance.

Availability of data and material

All the relevant data is presented in the manuscript.

Consent for publication

Institutional consent form applicable.

Disclosure statement

The authors declare that they have no competing interests.

Ethical approval and consent to participate

Informed consent of the participants was obtained in the
local language. Ethical clearance prior to data collection was
obtained from the Student Research Ethics Committee
(SREC12/3144) of the International Institute for Population
Sciences, Mumbai.

Note

1. The condition of informal conservancy workers in a
developing country is even worse. They include those
who work as conservancy staff in municipal
corporations throughout India, but without
entitlement to any welfare schemes as formal
employees are. They are treated as voluntary workers
and work without protective measures, on minimum
wages of `200–250 per day.

ORCID

Pradeep S. Salve http://orcid.org/0000-0002-6879-1246

References

1. Eskezia D, Aderaw Z, Ahmed KY, Tadese F.
Prevalence and associated factors of occupational
injuries among municipal solid waste collectors in
four zones of Amhara region, Northwest Ethiopia.
BMC Public Health. 2016;16:862.

2. Jayakrishnan T, Jeeja M, Bhaskar R. Occupational
health problems of municipal solid waste management
workers in India. Int J Env Health Eng. 2013;2(1):42.

3. Bunn TL, Slavova S, Tang M. Injuries among solid
waste collectors in the private versus public sectors.
Waste Manag Res. 2011;29(10):1043–1052.

4. Dorevitch S, Marder D. Occupational hazards of
municipal solid waste workers. Occup Med. 2001;
16(1):125–133.

5. Englehardt J, An HFLE, Bean J. Analytical predictive
Bayesian assessment of occupational injury risk:
municipal solid waste collectors. Risk Anal. 2003;
23(5):917–927.

6. Ulla I, Ivens JH, Lassen BS, Kaltoft TS, Ivens U,
Lassen J, et al. Injuries among domestic waste collec-
tors. Am J Ind Med. 1998;33(2):182–189. (199802).

7. Cimino JA. Health and safety in the solid waste
industry. Am J Public Health. 1975;65(1):38–46.

8. Gellin GA. Dermatoses acquired by solid-waste han-
dlers. Am J Ind Med. 1985;8(4–5):363–370.

9. Poulsen OM, Breum NO, Ebbeh N, et al. Collection
of domestic waste. Review of occupational health
problems and their possible causes. Sci Total Environ.
1995;170(1–2):1–19.

10. Lora F, James E, Huren A, Bean J. Occupational
health and safety amongst municipal solid waste
workers in Florida. Waste Manag Res. 1999;17(5):
369–377.

11. Nagaraj C, Shivaram C, Kumar JK, Murthy N. A
study of morbidity and mortality profile of sweepers
working under Bangalore City Corporation. Indian J
Occup Environ Med. 2004;08(02):11–18.

12. Mehrdad R, Majlessi-Nasr M, Aminian O, Sharifian S,
Malekahmadi F. Musculoskeletal disorders among
municipal solid waste workers. Acta Med Iran. 2008;
46(3):233–238.

13. Abou-ElWafa HS, El-Bestar SF, El-Gilany A-H, Awad
EE-S. Musculoskeletal disorders among municipal
solid waste collectors in Mansoura, Egypt: a cross-sec-
tional study. BMJ Open. 2012;2(5):e001338.

14. Melhem AKM. Investigation of Occupational Health
and Safety Hazards among Domestic Waste Collectors
in Bethlehem and Hebron District. Nablus: An-Najah
University Press; 2004.

15. Ghosh S. Catastrophic payments and impoverishment
due to out-of-pocket health spending. Econ Polit
Wkly. 2011;xlvi(47):63–70.

16. McIntyre D, Thiede M, Dahlgren G, Whitehead M.
What are the economic consequences for households
of illness and of paying for health care in low- and
middle-income country contexts? Soc Sci Med. 2006;
62(4):858–865.

17. Amar K. Report of Sub-Group on Safai Karamcharis.
New Delhi: National Commission for Safai
Karamcharis; 2012.

8 P. S. SALVE ET AL.



18. Pereira Fernandes R, Burdorf A. Associations of mul-
tisite pain with healthcare utilization, sickness absence
and restrictions at work. Int Arch Occup Environ
Health. 2016;89(7):1039–1046.

19. Gordis L. Epidemiology: With Student Consult. 5th ed.
Canada: Elsevier Health; 2014.

20. Cochran WG. Sampling Techniques. New York John
Wiley Sons; 1977:428.

21. Registrar General. Population Enumeration Data
(Final Population). 2016. Ministry of Home Affairs,
Government of India. http://censusindia.gov.in/pca/
pcadata/Houselisting-housing-Maha.html. Accessed
January 18, 2019.

22. Kuorinka I, Jonsson B, Kilbom A, et al. Standardized
Nordic questionnaires for the analysis of musculoskel-
etal symptoms. Appl Ergon. 1987;18(3):233–237.

23. Ram U, Strohschein L, Gaur K. Gender socialization:
Differences between male and female youth in India
and associations with mental health. Int J Popul Res.
2014;2014:1–11.

24. Singh S, Chokhandre P. Assessing the impact of waste
picking on musculoskeletal disorders among waste
pickers in Mumbai, India: a cross-sectional study.
BMJ Open. 2015;5(9):e008474.

25. Viester L, Verhagen EALM, Hengel KMO, Koppes
LLJ, van der Beek AJ, Bongers PM. The relation
between body mass index and musculoskeletal symp-
toms in the working population. BMC Musculoskelet
Disord. 2013;14(1):238.

26. Moreira-Silva I, Santos R, Abreu S, Mota J.
Associations between body mass index and musculo-
skeletal pain and related symptoms in different body
regions among workers. SAGE Open 2013;3(2):1–6.

27. Kortt M, Baldry J. The association between musculo-
skeletal disorders and obesity. Aust Health Rev. 2002;
25(6):207–214.

28. Porta D, Milani S, Lazzarino AI, Perucci CA,
Forastiere F. Systematic review of epidemiological
studies on health effects associated with management
of solid waste. Environ Heal. 2009;8:60–65.

29. Solidaki E, Chatzi L, Bitsios P, et al. Work-related
and psychological determinants of multisite musculo-
skeletal pain. Scand J Work Environ Health. 2010;
36(1):54–61.

30. Madan I, Reading I, Palmer KT, Coggon D. Cultural
differences in musculoskeletal symptoms and disabil-
ity. Int J Epidemiol. 2008;37(5):1181–1189.

31. Rosenbaum PR, Rubin DB. The central role of the
propensity score in observational studies for causal
effects. Biometrika 1983;70(1):41–55.

32. Tsovili E, Rachiotis G, Symvoulakis EK, et al.
Municipal waste collectors and hepatitis B and C
virus infection: a cross-sectional study. Infez Med.
2014;22(4):271–276.

33. Keyserling WM. Workplace risk factors and occupa-
tional musculoskeletal disorders, part 1: A review of
biomechanical and psychophysical research on risk
factors associated with low-back pain. Aihaj 2000;
61(1):39–50.

34. Hoozemans MJM, Kuijer PPFM, Kingma I, et al.
Mechanical loading of the low back and shoulders
during pushing and pulling activities. Ergonomics
2004;47(1):1–18.

35. Linton SJ. A review of psychological risk factors in
back and neck pain. Spine (Phila Pa 1976). 2000;
25(9):1148–1156.

36. Macfarlane GJ, Hunt IM, Silman AJ. Role of mechan-
ical and psychosocial factors in the onset of forearm
pain: Prospective population based study. BMJ. 2000;
321(7262):676–679.

37. Yang CY, Chang WT, Chuang HY, Tsai SS, Wu TN,
Sung FC. Adverse health effects among household
waste collectors in Taiwan. Environ Res. 2001;85(3):
195–199.

38. Robazzi MLCC, Moriya TM, Favero M, Lavrador
MAS, Luis MAV. Garbage collectors: Occupational
accidents and coefficients of frequency and severity
per accident. Ann Agric Environ Med. 1997;4(1):
91–96.

39. Chokhandre P, Singh S, Kashyap GC. Prevalence, pre-
dictors and economic burden of morbidities among
waste-pickers of Mumbai, India: a cross-sectional
study. J Occup Med Toxicol. 2017;12:30.

40. Ncube F, Ncube EJ, Voyi K. A systematic critical
review of epidemiological studies on public health
concerns of municipal solid waste handling. Perspect
Public Health. 2017;137(2):102–108.

41. Levin KA. Study design III: Cross-sectional studies.
Evid Based Dent. 2006;7(1):24–25. ():

42. Heijink R, Xu K, Saksena P, Evans D. Validity and
Comparability of Out-of-Pocket Health Expenditure
from Household Surveys: A Review of the Literature
and Current Survey Instruments. Geneva; 2011.

43. Robson PTM, Borjan M, Siriwong W. Health risk
reduction behaviors model for scavengers exposed to
solid waste in municipal dump sites in Nakhon
Ratchasima Province, Thailand. Risk Manag Healthc
Policy 2012;5:97–104.

44. Ncube F, Ncube JE, Voyi K. Postural analysis of a
developing country’s municipal solid waste handlers
and a reference group of hospital general hands using
the RULA method. GJHS. 2017;9(10):194.

45. Massaccesi M, Pagnotta A, Soccetti A, Masali M,
Masiero C, Greco F. Investigation of work-related dis-
orders in truck drivers using RULA method. Appl
Ergon. 2003;34(4):303–307.

ARCHIVES OF ENVIRONMENTAL & OCCUPATIONAL HEALTH 9

http://censusindia.gov.in/pca/pcadata/Houselisting-housing-Maha.html
http://censusindia.gov.in/pca/pcadata/Houselisting-housing-Maha.html

	Abstract
	Introduction
	Materials and methods
	Ethical considerations
	Results
	Discussion
	Conclusion
	Availability of data and material
	Consent for publication
	Disclosure statement
	Ethical approval and consent to participate
	References


