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Abstract: In Iran-Shiraz, municipal solid waste is collected manually requiring strenuous physical 
activities. This study was conducted to determine the prevalence rate of musculoskeletal disorders 
(MSDs) and its associated risk factors. Two hundred male waste collectors participated in this cross-
sectional study, in which task analysis followed by motion and timeline analysis were performed. The 
data were collected using demographic, occupation-specific physical and organizational demands, 
and Nordic musculoskeletal questionnaires. Logistic regression analysis was used for identifying 
independent risk factors for MSDs. Ten motions observed during waste collection, and the most 
physical and organizational demands were related to the running along with bag carriage, and the 
time pressure, respectively. About 39% and 36.5% of the workers reported very high physical and 
psychological workloads, respectively. Totally, 92.5% of waste collectors reported MSDs symptom 
at least in one body region during the last 12 months. Lower back and knee injuries were more 
prevalent and more severe. Some individual factors (age, body weight, and waste collecting dura-
tion), physical demands (lifting bag/bucket, pulling/pushing waste container, walking along with 
bag/bucket carriage, and jumping up/down on the garbage truck), and organizational demands (low 
vacation and high decision authority) were the most important risk factors for developing MSDs.

Key words: Iran, Municipal solid waste collector, Musculoskeletal disorders (MSDs), Organizational 
demands, Physical demands

Introduction

In recent decades, the urban population’s rapid growth 
leads to a high generation of solid waste. Municipality 

waste collectors exposed to ergonomic risks in both de-
veloping and developed countries1–6). In Iran, solid waste 
is collected, separated, handled, transported, stored, and 
disposed by municipality’s solid waste management or-
ganization. Shiraz is a large city of Iran with 1,800,000 of 
population and 240 square kilometers of area. Nearly, 1,000 
tons of solid waste is daily produced in this city which is 
collected by 270 waste collectors.
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Around the world, solid waste has been collected using 
plastic/paper bags, bins/drums (110–210 l), two-wheeled 
containers (80–360 l), and four-wheeled containers 
(300–1,800 l)7). In Iran, the major portion of solid waste 
is collected using plastic bags door to door, and the rest is 
collected using two/four-wheeled containers. In this coun-
try, a high percentage of solid waste is manually collected 
due to low cost, in which prolonged walking and running 
as well as repetitive tasks such as lifting, carrying, pulling, 
and pushing of heavy loads are required. Hansen noted 
that nearly 80% of the collection units were sacks and 
containers without wheels (buckets) that imposed heavy 
physical activity, standing, walking, and stair-climbing on 
the refuse collectors8).

Pulling/pushing containers and lifting/carrying bags that 
lead to repetitive bending, awkward postures, muscles static 
contraction, and as a result the high risk of MSDs5, 9, 10). 
Pulling/pushing two/four-wheeled containers imposes a 
fairly low compressive force about 400-2800N on the back 
while lifting bags imposes a force over 3400N (action limit 
of NIOSH) on the back11–13). Manual handling over 2 lift/
min and high angular velocity of body limbs are associated 
with an occurrence of MSDs14–16). Rushton declared that 
waste collectors had considerable heavy lifting as well as 
manual handling of containers, which would increase the 
risk of musculoskeletal problems17). Da Silva et al. also 
indicated that the possible risk factors associated with low 
back pain among waste collectors were repetitive move-
ments, lifting and carrying loads, awkward postures, vibra-
tion, and high physical demands during work18).

Waste collecting as a job with strenuous physically 
demanding activities leads to high prevalence of muscu-
loskeletal disorders (MSDs) during the last 12 months 
in Iranian waste collectors (65%)1), and also in other 
developing countries such as Egypt (60.8%), Ghana 
(in average, 55.5% in neck, wrist and back), and India 
(70%)19–21). The most frequently affected body regions in 
these studies were low back, knee and shoulder and also 
the most important risk factors associated with MSDs 
were physical (lifting, pushing, pulling or carrying loads 
>20 kg; repetitive movements; bending; walking for long 
periods of time), psychological (low decision latitude; job 
control; socioeconomic status), and individual (age; body 
mass index; duration of employment; smoking; having no 
physical activity) factors19–21).

Based on our field observations, municipal solid waste 
collectors repeatedly bend their backs to rapidly lift the 
bags and often carry them in jogging/running status due 
to time pressure during working time. So far, few studies 

have been conducted among Iranian waste collectors and 
no study has assessed the occupational risk factors for 
MSDs. The present study was, therefore, conducted to de-
termine the prevalence rate of MSDs as well as to identify 
the individual and occupational risk factors leading to the 
development of MSDs among solid waste collectors in 
Shiraz city.

Subjects and Methods

This cross-sectional study was carried out from Novem-
ber 2016 to August 2017 among solid waste collectors in 
Shiraz municipality and was approved by the ethics com-
mittee of Shiraz University of Medical Sciences.

Participants
Participation criteria included at least one year of work 

experience as a waste collector in Shiraz city. Exclusion 
criteria were suffering from non-occupational musculo-
skeletal injuries such as bone fracture, ligament damage, 
and intervertebral discs rupture. Out of 270 male workers 
mentioned above, 230 of them had the criteria for entering 
the study and finally 200 (87%) voluntary waste collectors 
participated in this study. An informed verbal and written 
consent was obtained from all participants. The subjects 
had full right to withdraw from the study at any time.

Data collection procedures
Task analysis

Task analysis were performed using field observation, 
interview, and video capture. Workers’ motion in ten dif-
ferent zones of Shiraz city during waste collecting for 300 
min was recorded (Fig. 1), and then a motion and time 
study was conducted to analyze the videos.

Data gathering tools
The required data were collected using questionnaires. 

Trained occupational health professionals completed the 
questionnaires by interview because most of the workers 
were illiterate or had no enough skill for reading/writing.

The questionnaires covered the following data:
a) Demographic questionnaire included questions on 

age, height, weight, body mass index (BMI), marital status, 
number of children, education, work experience, working 
schedule (day or night), daily working time, waste collect-
ing duration, smoking, exercise, and second job.

b) Occupation-specific physical and organizational de-
mands questionnaire: A custom questionnaire was devel-
oped based on the conducted field study and task analysis. 
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The custom-made questionnaire was validated in a pilot 
study and then was utilized to collect the required data 
on physical and organizational demands. To develop and 
improve this questionnaire, a pilot study was conducted 
on 30 randomly selected waste collectors. The Pearson 
correlation coefficient (R) for the reliability of this ques-
tionnaire was 0.84. The initial evaluation indicates that the 
questionnaire has excellent test-retest reliability. The first 
and the second parts of the questionnaire included ten and 
seven items for rating occupational physical and organiza-
tional demands, respectively. The subjects rated each item 
on a four-point scale ranging from very low to very high 
(Translated version is shown in Appendix 1).

c) Nordic musculoskeletal questionnaire (NMQ): The 
validated and reliable Persian version of NMQ was used 
to determine the prevalence rate of MSDs symptoms 
(pain or discomfort) in nine body regions among waste 
collectors during the past 12 months. This questionnaire 
has been commonly used to determine the prevalence of 
MSDs symptoms in various occupational groups around 
the world, so we decided to use it in the present study for 
the waste collectors. The subjects also rated the severity 
of MSDs symptoms using body map and numeric rating 

scales ranging from zero (no pain/discomfort) to nine (un-
bearable pain/discomfort) 22, 23).

Data analysis
The data were analyzed using SPSS (version 21). Quan-

titative and qualitative variables were described as mean 
(SD) and percentages, respectively. Binary logistic regres-
sion analysis was used for prediction of independent vari-
ables (individual, physical, and organizational) for MSDs 
symptoms. Significant predictors for MSDs in the bivariate 
analysis were entered into the regression model. A p≤0.05 
was considered to be statistically significant. Multiple lo-
gistic regression analysis (forward LR) was performed for 
modeling of MSDs risk factors in each body region.

Results

Individual characteristics
Two hundred waste collectors with at least one year of 

job experience participated in the present study. Table 1 
summarizes individual characteristics of the subjects. All 
workers were male, and their mean age and work experi-
ence were 35.49 ± 6.75 and 6.72 ± 5.04 yr, respectively.

Fig. 1.   Workers’ motion analysis demonstrated the variety of main tasks. (A) Stoop lifting bag/bucket; (B) Semi-squat 
lifting bag/bucket; (C) Pulling/pushing waste container; (D) Walking without bag/bucket carriage; (E) Walking along 
with bag/bucket carriage; (F) Running without bag/bucket carriage; (G) Running along with bag/bucket carriage; 
(H) Jumping up/down on the garbage truck; (I) Picking up/dumping trash containers by a hand lever; (J) Stopping 
or standing.
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Motion and timeline analysis
Table 2 shows the motion and timeline analysis of waste 

collection during shift work. A total of 2,584 motions were 
carried out during 300 min of waste collection. The most 
and the least proportion of time during waste collection 
were allocated to the stoop lifting bag/bucket and pulling/
pushing waste container, respectively (Table 2).

Physical and organizational demands
Figure 2 shows the level of physical demands among the 

waste collectors. The most and the least physical demands 
were related to running along with bag carriage and walking 
without bag carriage, respectively. It’s worth noting that 46% 
and 39% of the waste collectors reported high and very high 
physical workload, respectively. Figure 2 also shows the level 
of organizational demands among the waste collectors. The 
most and the least organizational demands were related to 
time pressure of waste collection and coworkers’ support, re-
spectively. About 38% and 36.5% of waste collectors reported 
high and very high psychological workload, respectively.

Prevalence of MSDs symptoms
Totally, 92.5% of waste collectors reported MSDs 

symptom at least in one body region during the last 
12 months. Figure 3 shows the reported MSDs symptoms 
in different body regions of the waste collectors. The most 
prevalent MSDs were related to lower back (63%), knee 
(60.5%), ankle/foot (45%), and shoulder (39%) regions. 
About 41.5% and 37.5% of waste collectors had restric-
tions on occupational/home activities due to lower back 
and knee injuries, respectively. About 35% of waste col-
lectors had to visit a doctor for MSDs treatment, and 23% 
of them took medical rest due to musculoskeletal injuries. 
Also, 10% of workers referred to a physiotherapist for 
relieving the severity of pain caused by MSDs. About 53% 
of waste collectors reported that MSDs might make them 
leave their jobs in the future. It should be noted that 20% 
of the workers experienced temporary job leave due to 
MSDs. Based on body map scale, the lower back (mean ± 
SD; 4.08 ± 3.51) and knee (mean ± SD; 3.61 ± 3.32) had 
the most severe pain/discomfort among nine body regions.

Table 1.   Individual characteristics of the waste collectors participated in the study (n=200)

Age (yr) M ± SD (min, max) 35.49 ± 6.75 (24, 57)a

Height (cm) M ± SD (min, max) 172.47 ± 7.48 (150, 198)a

Weight (kg) M ± SD (min, max) 66.75 ± 8.48 (45, 90)a

Body mass index (kg/m2) M ± SD (min, max) 22.45 ± 2.58 (16.9, 28.7)a

Work experience as municipality worker (yr) M ± SD (min, max) 8.05 ± 5.52 (1, 22)a

Work experience as waste collector (yr) M ± SD (min, max) 6.72 ± 5.04 (1, 22)a

Daily working time (h) M ± SD (min, max) 8.36 ± 0.56 (7, 9.5)a

Waste collecting duration (h) M ± SD (min, max) 6.70 ± 0.74 (5, 9)a

Marital status Single 7 (3.5%)b

Married 193 (96.5%)b

Number of children Zero 26 (13%)b

One 48 (24%)b

Two 88 (44%)b

Three 33 (16.5%)b

Four 5 (2.5%)b

Education Illiterate 15 (7.5%)b

Elementary 72 (36%)b

Intermediate 89 (44.5%)b

Diploma 24 (12%)b

Working schedule Day 22 (11%)b

Night 178 (89%)b

Smoking Yes 100 (50%)b

No 100 (50%)b

Regular exercise Yes 46 (23%)b

No 154 (77%)b

Second job Yes 12 (6%)b

No 188 (94%)b

aValues are M ± SD (min, max), bValues are frequency (%).
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Risk factors associated with MSDs symptoms
Table 3 presents significant risk factors associated with 

MSDs symptoms for each body region. Multiple logistic 
regression showed that some of the individual, physical, and 

Fig. 2.   Rating of occupation-specific physical and organizational demands among the waste collectors (n=200).

Fig. 3.   Reported MSDs symptoms in nine body regions of the waste collectors (n=200). (A) MSDs symptoms during the last 
12 months; (B) Restrictions on occupational/home activities due to MSDs; (C) Pain/discomfort severity of MSDs symptoms 
(expected score from body map numerical scale was zero to nine).

Table 2.   Motion and timeline analysis of waste collection during shift work (300 min)

Observed motions
Frequency 
of motion

Time average 
of motion(s)

Time allocated 
to motion(s)

Relative duration 
(%)

Stoop lifting bag/bucket 829 3.85 3,192 17.73
Semi-squat lifting bag/bucket 146 3.96 578 3.21
Pulling/pushing waste container 64 9.02 577 3.20
Walking without bag/bucket carriage 393 8.09 3,179 17.66
Walking along with bag/bucket carriage 465 5.90 2,744 15.25
Running without bag/bucket carriage 276 6.58 1,816 10.09
Running along with bag/bucket carriage 141 4.82 680 3.78
Jumping up/down on the garbage truck 143 20.64 2,951 16.39
Picking up/dumping trash containers by a hand lever 65 23.38 1,520 8.45
Stopping or standing 62 12.30 763 4.24
Total 2,584 6.966 18,000 100
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organizational factors were associated with risk of reported 
MSDs. Age, body weight, level of education, and waste 
collecting duration were the significant individual factors 
retained in the regression model (OR>2). As Table 3 shows, 
some items of physical demands (i.e., picking up/dumping 
trash containers by a hand lever, lifting bag/bucket, pulling/
pushing waste container, walking along with bag/bucket 
carriage, and jumping up/down on the garbage truck) as 
well as organizational demands (i.e., low vacation through-
out the year, and high decision authority in performing work 
duties) are the significant associated risk factors with MSDs 
symptoms in different body region (OR>2).

Discussion

Prevalence of MSDs symptoms
In the present study, 92.5% of municipal waste collec-

tors reported MSDs symptoms at least in one of the nine 
defined body regions during the last 12 months. Previous 
studies in developing countries showed that the prevalence 
of MSDs symptoms among waste collectors were 60.8% 
in Egypt-Mansoura19), 61.3% in Nigeria-Port Harcourt2), 
65% in Iran-Tehran1), 70% in India-Chennai21), 79% in 
India-Mumbai24), and 88.2% in Brazil-Pelotas and Rio 
Grande25). The prevalence of MSDs has also been high 
even in developed countries such as Germany, Nether-

Table 3. Risk factors associated with MSDs symptoms in different body regions of the waste collectors (n=200)

Body region Variables retained in the model Category Odds ratio (95%CI)* p-value

Neck Picking up/dumping trash containers by a hand lever Low demand Reference
High demand 3.03 (1.58–5.82) 0.001

Vacation throughout the year High vacation Reference
Low vacation 4.10 (1.48–11.40) 0.007

Shoulder Lifting bag/bucket Low demand Reference
High demand 2.45 (1.16–5.18) 0.019

Elbow Body weight >65 kg Reference
≤65 kg 2.43 (1.14–5.15) 0.021

Picking up/dumping trash containers by a hand lever Low demand Reference
High demand 3.29 (1.59–6.83) 0.001

Lifting bag/bucket Low demand Reference
High demand 6.19 (1.39–27.59) 0.017

Wrist/Hand Physical workload during work time Low demand Reference
High demand 4.36 (1.26–15.07) 0.020

Upper back Pulling/pushing waste container Low demand Reference
High demand 2.38 (1.18–4.80) 0.016

Lower back Age ≤35 yr Reference
>35 yr 2.28 (1.18–4.39) 0.014

Education Low education Reference
High education 2.10 (1.10–3.99) 0.024

Waste collecting duration Short time Reference
Long time 2.38 (1.26–4.48) 0.007

Lifting bag/bucket Low demand Reference
High demand 3.94 (1.90–8.15) <0.001

Hip/Thigh Pulling/pushing waste container Low demand Reference
High demand 2.81 (1.26–6.28) 0.011

Decision authority in performing work duties Low authority Reference
High authority 2.09 (1.04–4.20) 0.039

Knee Walking along with bag/bucket carriage Low demand Reference
High demand 3.94 (1.59–9.76) 0.003

Jumping up/down on the garbage truck Low demand Reference
High demand 2.14 (1.13–4.06) 0.019

Ankle/Foot Physical workload during work time Low demand Reference
High demand 3.99 (1.52–10.50) 0.005
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lands, and USA6, 7, 26). Two different studies in South 
Korea reported that the prevalence of MSDs symptoms 
among municipal sanitation workers, waste collectors and 
street cleaners, were 44.8% in Seoul27), and also 72.2% in 
Seoul & Gyeonggi28). One study among Iranian workers 
in different industries showed that prevalence rates of 
MSDs at least in one body region are the highest among 
health-care workers (90.3%), followed by manufacturing 
industries (86.9%), hand-weaving industry (79.7%), office 
workers (74.7%), and petrochemical workers (61.5%), 
respectively29). Prevalence of MSDs among the waste 
collectors who participated in this study was higher than 
Iranian workers in different occupations29). Generally, 
these results depicted that waste collection job can lead to 
high level of MSDs symptoms among workers.

Lower back, knee, and ankle/foot problems were more 
prevalent and more severe among municipal waste col-
lectors of Shiraz city. A high rate of reported symptoms 
in lower back, knee and ankle/foot was expected due to 
the frequent stoop lifting of bag/bucket as well as the long 
period of bag carriage. Lower back symptom (63%) was 
the most prevalent problem. This is in agreement with 
the results of other studies conducted on the municipal 
waste collectors1, 6, 19, 30). Reddy et al. reported that knee 
(60%), shoulder (38.6%), and lower back (34.5%) injuries 
were the most prevalent problem among Indian (Chennai) 
waste collectors21). Another study among Indian (Mumbai) 
waste pickers showed that lower back (54%), knee (48%), 
and upper back (40%) were the most prevalent MSDs24). 
Zakaria et al. reported that the most prevalent MSDs 
injuries were related to lower back (54.5%) and upper 
back (27.3%) among Malaysian waste collectors30). Due 
to the different methods of the waste collection around the 
world, the prevalence of MSDs among the waste collectors 
have minor differences in various studies. But most studies 
showed that low back injuries had the greatest contribution 
among the nine defined body regions of these workers1, 6, 

19, 24). It is worth noting that the prevalence of low back in-
juries among waste collectors in this study was higher than 
that of low back problems in Iranian health-care workers 
(57.9%), and manufacturing industries (56.2%)29), as well 
as stone mining (39%), and stone industry workers (54%)31).

In the present study, 35%, 23%, and 10% of waste col-
lectors had to seek for medical treatment, took medical 
rest, and referred to physiotherapy for relieving severe 
pain caused by MSDs, respectively. The previous study 
among employees of an Iranian petrochemical industry 
was also reported that 33.2%, 13.4%, and 7.7% of partici-
pants had to visit a physician, take medical rest, and use 

physiotherapy service, respectively32). Alan and Leung 
pointed out that “among 24 workers that were interviewed, 
only two had consulted physicians owing to the neck 
problem, three workers had sought medical help because 
of the back problem and no employee had visited doctors 
or health care providers for any musculoskeletal treat-
ment”33). Woods and Buckle. stated that 52% of cleaners 
were seeking medical advice34).

About half of the waste collectors in the present study 
reported that MSDs might make them leave their jobs. In 
their opinion, back pain is one of the most likely causes 
for their job leaving in the future. The results of one study 
among recently qualified eldercare trainees in Denmark 
showed that duration and severity of low back pain in the 
last year were predictors for job change 2 yr later8).

Risk factors associated with MSDs symptoms
Individual risk factors

Multiple logistic regression analysis showed that some 
of the individual factors such as age, education, body 
weight, and waste collecting duration were the significant 
predictors for MSDs in different body regions of the waste 
collectors.

Higher age was an independent factor for MSDs in the 
lower back (OR=2.28). Similar to the present study, Reddy 
and Yasobant and Salve et al. also reported a positive rela-
tionship between age and MSDs among Indian solid waste 
workers21, 35). On the contrary, Abou-ElWafa et al. showed 
that age was not an independent factor for developing 
MSDs among Egyptian waste collectors19).

In this study, high level of education was associated 
with high risk of MSDs in lower back (OR=2.10). Other 
studies in Iran1) and in Egypt19) revealed that education 
was not an associated factor for MSDs among waste col-
lectors. In contrast, Reddy and Yasobant depicted that low 
level of education such as primary education and illiteracy 
were associated with high risk of MSDs with ORs of 4.46 
and 6.73, respectively21). It may be assumed that high-
educated workers lift loads from the ground in a more 
appropriate style, but time pressure and rapid collection of 
waste require that these workers, like their low-educated 
coworkers, lift loads in an inappropriate stoop style. 
Although the relationship between the levels of education 
with MSDs among municipality workers is still uncertain, 
the positive relationship found in the present study is 
probably due to more accurate self-report of workers with 
higher education levels.

Lower body weight (≤65 kg) was associated with higher 
risk of elbow pain among the waste collectors (OR=2.43). 
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Previous studies showed that lower weight is associated 
with lower risk for MSDs19, 21, 25). Less elbow pain among 
higher-weighted workers in this study is probably due to 
the strength of workers’ upper extremity. If we assume that 
lower-weighted workers have less muscle in their body, 
this might require imposing higher force to load the two-
wheeled container on the forks of the truck lifter. These 
workers might need to apply more force to drag up/down 
the hand lever in activities such as picking up, emptying, 
and dumping the trash containers. There might be so many 
other reasons for this finding, but this outcome shows that 
for future studies more variables should be investigated 
when body weight is included in regression analysis.

As expected, the results shows that collection of waste 
for long periods of time (≥7 h) is associated with MSDs 
in the lower back (OR=2.38). This can be due to repeated 
and prolonged motions such as bending at the waist during 
the waste collection. Luttmann et al. suggested at least a 
10 min rest break per hour while collecting four-wheeled 
containers36).

Physical risk factors
Using multiple logistic regression analysis revealed that 

some of the physical demands were significant predictors 
for MSDs in different body regions of the waste collectors 
with OR>2. These physical demands included picking 
up/dumping trash containers by a hand lever, lifting bag/
bucket, pulling/pushing waste container, walking along 
with bag/bucket carriage, and jumping up/down on the 
garbage truck.

Picking up/dumping trash containers by a hand lever 
was associated with high risk of MSDs in the neck 
(OR=3.03) and elbow (OR=3.29). The main observed 
postures to do this task were neck bending, static arm 
abduction, holding arm at/above shoulder level, and 
frequent elbow extension. In contrast, Abou-ElWafa et 
al. reported that neck bending/twisting and also holding 
arm at or above shoulder level were not as risk factors for 
MSDs among municipality waste collectors19). Woods 
and Buckle stated that main observed risk factors among 
cleaners were static neck flexion, excessive wrist devia-
tions, frequent arm abduction, back rotation and flexion34). 
Fabrizio mentioned that the workers who often expose to 
awkward and sustained postures and repetitive motions of 
the upper extremities will develop pain in their shoulder 
and neck37).

Lifting bag/bucket was associated with high risk of 
MSDs in the shoulder (OR=2.45), lower back (OR=3.94), 
and elbow (OR=6.19). Waste collectors in this task had 

frequent excessive back flexion, back rotation, and repeti-
tive arm abduction, and as well as static elbow extension 
during bag holding and carrying. Adopting such postures 
along with repeated exertion of force for a long period of 
time makes workers susceptible to MSDs. It seems that 
one of the possible reason for shoulder and elbow pain 
is throwing bags off during loading the garbage truck. 
Woods and Buckle also stated that cleaners who lifted the 
equipment frequently were more likely to report pain and 
discomfort than those who did not do this task (OR=3.4)34). 
Milhem noted that 37.4% of waste collectors lifted more 
than their capacities38). Ncube et al. pointed that trunk 
severe flexion (20–60°) and neck flexion (>20°) were 
common during quickly and forcefully lifting the refuse 
bins by waste collectors39). Zakaria et al. showed that 
43.2% of the waste collectors’ working posture was at the 
high level of risk. The aforementioned study reported that 
workers bend their back and also stretch their arm and 
shoulder when they lift the garbage bins30). Sommerich et 
al. pointed that awkward or static postures, heavy work, 
direct load bearing, repetitive arm movements, working 
with hands above shoulder height, and lack of rest were 
associated risk factors with shoulder injuries40). One of the 
corrective actions is the use of wearable loading auxiliary 
equipment, such as exoskeleton, to reduce the pressure on 
workers’ musculoskeletal system and thus to prevent the 
incidence of MSDs, especially low back pain among waste 
collectors.

Pulling/pushing waste container was associated with 
high risk of MSDs in the upper back (OR=2.38), and hip/
thigh (OR=2.81). The main risk factors observed in this 
task were high force exertion by upper and lower limbs 
and also the partial flexion in the upper part of the trunk. 
Hoozemans et al. pointed that an increased risk of shoulder 
and low back injuries are associated with regular push/pull 
work41). Abou-ElWafa et al. reported that pulling, pushing, 
lifting, and carrying loads >20 kg were independent risk 
factors for developing musculoskeletal symptoms among 
municipality solid waste collectors (OR=5.5)19). Milhem 
stated that 35.6% of waste collectors had slip and trip expe-
rience while pulling or pushing the waste trolley38).

Walking along with bag/bucket carriage was associated 
with high risk of MSDs in the knee (OR=3.94). When 
waste collectors had to carry several garbage bags at the 
same time, they usually went to the truck with a walking 
or jogging mode. Therefore, the knee pain could be ex-
pected due to the excessive weight of the bags in walking 
mode during their daily works. It should be noted that the 
lighter load was usually associated with running mode 
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among waste collectors. Abou-ElWafa et al. showed that 
walking for long periods of time was independently as-
sociated with the likelihood of musculoskeletal symptoms 
occurrence (OR=2.6)19). Woods and Buckle showed that 
cleaners who carried the load frequently had more risk 
for MSDs than those who did not do (OR=4.1) or did this 
task occasionally (OR=2.1)34). An effective administrative 
measure is to put more garbage bins in the streets and 
alleys to reduce the long distance walking along with bag 
carriage, as well as to reduce the frequency of bending of 
workers while taking the garbage from the ground as the 
most important risk factor for MSDs occurrence.

Jumping up/down on the garbage truck was associated 
risk factor with knee pain and discomfort (OR=2.14). 
Cardoso et al. noted that the repetitive movements and 
loads, running and crouching, jumps to go up and down 
the truck, as well as footwear without a good damping 
sole might be the main associated risk factors for knee and 
leg injuries25). One of the engineering measures is to lower 
the platform height behind the garbage truck to reduce the 
pressure on the knee while waste collectors jump up and 
down from the platform.

Physical workload during work time was an indepen-
dent risk factor for MSDs in ankle/foot (OR=3.99) and 
wrist/hand (OR=4.36). Cardoso et al. depicted that high 
volume of waste was one of the factors associated with 
MSDs among waste collectors. The workers had to collect 
waste in average 8.5 h and in some days up to 14 h25). 
Woods and Buckle reported that high workload (i.e., work-
ing under time pressure, keeping up with work, difficulty 
in doing a good job in the time allocated, never having 
enough time to complete the work) was associated with 
MSDs among cleaners. Those who frequently had difficul-
ty keeping up with their work were more likely to report 
pain and discomfort than those who did not (OR=5.8)34).

Organizational risk factors
Low vacation throughout the year was an independent 

risk factor for neck pain and discomfort among waste col-
lectors (OR=4.1). As expected, accumulation of physical 
stress on the musculoskeletal system due to low vacation 
and rest can be a contributing factor in the occurrence of 
MSDs. One of the administrative measures is recruiting 
more waste collectors to provide them more vacations and 
reduce the cumulative tensions on their musculoskeletal 
system, thereby reducing the occurrence of MSDs among 
waste collectors.

In the present study, about one-third of the waste collec-
tors had high decision authority in performing their work 

duties. High decision authority was associated with high 
risk of MSDs in hip/thigh region (OR=2.09). Garbage in 
any area of streets and alleys should be collected by two 
waste collectors, so their workload is almost constant. 
Workers with high authority collect the garbage faster and 
without the break so that they can return home sooner. 
As a result, heavy physical work without frequent rest to 
relieve muscle fatigue can lead to MSDs. In contrast, one 
study stated that low decision latitude was associated with 
high risk of MSDs among waste collectors. Of course, this 
study noted that “the pace of work and opportunities for 
rest and recovery should be considered when assessing 
the risk of MSDs”19). Torp et al. also reported that low 
decision authority or job control (control over work speed, 
breaks, decisions etc.) predicted neck, low back, and total 
musculoskeletal pain among workers at automobile repair 
garages42). Woods and Buckle depicted that the majority of 
cleaners were able to decide how to work (55% often; 31% 
sometimes) but reported low control over what they did at 
work (53%) and when they could take rest breaks (38%)34). 
The aforementioned study noted that there wasn’t an 
increased risk of pain and discomfort for those who did 
not have a choice in how/what they did at work and when 
to take breaks34). It should be noted that the psychological 
workload was not an independent risk factor for MSDs 
among the waste collectors who participated in the present 
study. In contrast, Choobineh et al. founded the significant 
association between psychological demands and reported 
MSDs among workers of a petrochemical industry32). Torp 
et al. also reported that psychological demands were a 
predictor variable for MSDs symptoms42).

This study has some limitations; the collected data on 
MSDs were mainly self-reported not the medical diagnosis. 
Most workers had the low level of education, hence there 
was a possibility of bias due to subjective responses. Re-
garding the cross-sectional design of the study and the data 
collection by a self-report method, the findings of this study 
should be interpreted with caution. Finally, since the analy-
sis was limited to currently working employees, workers 
who had left jobs due to musculoskeletal symptoms might 
have been excluded. Thus, the data may underestimate re-
ported symptoms and the association of perceived demands 
with MSDs. Selection bias may exist due to enrolling the 
voluntary waste collectors in this study.

Some of the study’s strengths include: i) use of validat-
ed data collection tools and ii) the study was undertaken 
in a developing country, which helps to fulfil the lack of 
research in such contexts.
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Conclusion

The results of the present study showed that the preva-
lence rate of MSDs was high among municipality waste 
collectors during the last year prior to the study. The most 
prevalent MSDs symptoms were reported in the lower 
back, knee, ankle/foot, and shoulder regions. Some occupa-
tion-specific physical demands such as lifting bag/bucket, 
pulling/pushing waste container, walking along with bag/
bucket carriage, picking up/dumping trash containers by 
a hand lever, and jumping up/down on the garbage truck 
were the most important risk factors for developing MSDs. 
Some organizational demands including low vacation 
throughout the year and high decision authority in perform-
ing work duties were also associated with risk of MSDs. 
Taking ergonomic corrective measures such as newly 
designed engineering tools, administrative control, and per-
sonal protective devices seemed necessary for reducing the 
prevalence rate of MSDs. Waste collectors also needed to 
be aware of the problems of forceful, rapid and repetitive 
postures, and stoop lifting method through training.

Acknowledgements

We are thankful to the waste collectors who participated 
in the present study. The authors wish to acknowledge the 
HSE team form Shiraz municipality solid waste manage-
ment organization for the great cooperation.

Funding

This study was financially supported by Shiraz Uni-
versity of Medical Sciences, via project No. 1396-01-04-
14503.

Conflicts of interest

The authors have no personal benefit in conducting this 
study and there are no conflicts of interest.

References

 1) Mehrdad R, Majlessi-Nasr M, Aminian O, Sharifian SA, 
Malekahmadi F (2008) Musculoskeletal disorders among 
municipal solid waste workers. Acta Med Iran 46, 233–8.

 2) Inyang MP (2007) Health and safety risks amongst the 
municipal solid waste collectors in Port Harcourt metropolis 
of the Niger delta region of Nigeria. International 
Conference “Waste Management , Environmental 
Geotechnology and Global Sustainable Development; 

August 28–30; Slovenia.
 3) Pintakham K, Siriwong W (2015) Prevalence rate and 

risk factors associated with health hazards to select the 
magnitude of health problems among street sweepers in 
Chiang Rai province, Thailand. IOSR J Environ Sci Toxicol 
Food Technol 9, 15–8.

 4) Choi E, Sohn S, Yi K (2011) A study on types of municipal 
sanitation workers’ occupational accident by work type. 
Korean J Occup Health Nurs 20, 172–84.  

 5) Guardabassio EV, Dias M, Pereira Rd S, Venturi L 
(2014) Occupational safety and health in the screening of 
municipal solid waste in coop cidade limpa of Santo André. 
REBRAE 7, 263–80.

 6) Velasco Garrido M, Bittner C, Harth V, Preisser AM (2015) 
Health status and health-related quality of life of municipal 
waste collection workers—a cross-sectional survey. J 
Occup Med Toxicol 10, 22.   

 7) Kuijer PPFM, Frings-Dresen MHW (2004) World at work: 
refuse collectors. Occup Environ Med 61, 282–6.   

 8) Hansen AF (2011) Physical Capacity. The interplay 
between job type, physical capacities and future health, 
sickness absence, and job status among Danish employees. 
University of Copenhagen, Copenhagen.

 9) Yang CY, Chang WT, Chuang HY, Tsai SS, Wu TN, Sung 
FC (2001) Adverse health effects among household waste 
collectors in Taiwan. Environ Res 85, 195–9.   

 10) Dorevitch S, Marder D (2001) Occupational hazards of 
municipal solid waste workers. Occup Med 16, 125–33. 

 11) Kuijer PPFM, Hoozemans MJ, Kingma I, Van Dieën JH, De 
Vries WH, Veeger DJ, Van der Beek AJ, Visser B, Frings-
Dresen MH (2003) Effect of a redesigned two-wheeled 
container for refuse collecting on mechanical loading of 
low back and shoulders. Ergonomics 46, 543–60.   

 12) Schibye B, Søgaard K, Martinsen D, Klausen K (2001) 
Mechanical load on the low back and shoulders during 
pushing and pulling of two-wheeled waste containers 
compared with lifting and carrying of bags and bins. Clin 
Biomech (Bristol, Avon) 16, 549–59.   

 13) Laursen B, Schibye B (2002) The effect of different 
surfaces on biomechanical loading of shoulder and 
lumbar spine during pushing and pulling of two-wheeled 
containers. Appl Ergon 33, 167–74.   

 14) Lötters F, Burdorf A, Kuiper J, Miedema H (2003) Model 
for the work-relatedness of low-back pain. Scand J Work 
Environ Health 29, 431–40.   

 15) Kuijer PP, Van der Molen HF, Frings-Dresen MH (2012) 
Evidence-based exposure criteria for work-related 
musculoskeletal disorders as a tool to assess physical job 
demands. Work 41 Suppl 1, 3795–7. 

 16) Nordander C, Ohlsson K, Åkesson I, Arvidsson I, Balogh 
I, Hansson GÅ, Strömberg U, Rittner R, Skerfving S 
(2013) Exposure-response relationships in work-related 
musculoskeletal disorders in elbows and hands—A synthesis 
of group-level data on exposure and response obtained using 
uniform methods of data collection. Appl Ergon 44, 241–53.   



M ZIAEI et al.318

Industrial Health 2018, 56, 308–319

 17) Rushton L (2003) Health hazards and waste management. 
Br Med Bull 68, 183–97.   

 18) da Silva MC, Fassa AG, Kriebel D (2006) Musculoskeletal 
pain in ragpickers in a southern city in Brazil. Am J Ind 
Med 49, 327–36.   

 19) Abou-Elwafa HS, El-Bestar SF, El-Gilany AH, Awad ES 
(2012) Musculoskeletal disorders among municipal solid 
waste collectors in Mansoura, Egypt: a cross-sectional 
study. BMJ Open 2, 1–8.   

 20) Norman ID, Kretchy JP, Brandford E (2013) Neck, wrist 
and back pain among solid waste collectors: case study of a 
Ghanaian waste management company. Open Public Health 
J 6, 59–66.  

 21) Reddy EM, Yasobant S (2015) Musculoskeletal disorders 
among municipal solid waste workers in India: a cross-
sectional risk assessment. J Family Med Prim Care 4, 
519–24.   

 22) Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-
Sørensen F, Andersson G, Jørgensen K (1987) Standardised 
Nordic questionnaires for the analysis of musculoskeletal 
symptoms. Appl Ergon 18, 233–7.   

 23) Choobineh A, Lahmi M, Shahnavaz H, Jazani RK, 
Hosseini M (2004) Musculoskeletal symptoms as related 
to ergonomic factors in Iranian hand-woven carpet industry 
and general guidelines for workstation design. Int J Occup 
Saf Ergon 10, 157–68.   

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

 25) C a r d o s o R K , R o m b a l d i A J , S i l v a M C d ( 2 0 1 4 ) 
Osteomuscular disorders and associated factors among 
solid waste collectors of two middle-sized cities from the 
South of Brazil. Rev Dor 15, 13–6.  

 26) An H, Englehardt J, Fleming L, Bean J (1999) Occupational 
health and safety amongst municipal solid waste workers in 
Florida. Waste Manag Res 17, 369–77.  

 27) Kim HJ, June KJ, Shin G, Choo J (2013) Associations 
between job stress and work-related musculoskeletal 
symptoms in street sanitation workers. J Korean Acad 
Community Health Nurs 24, 314–22.  

 28) Myong JPLH, Kim HR, Jung HS, Jeong EH, Nam W, 
Koo JW (2008) Musculo-skeletal symptoms of municipal 
sanitation workers and ergonomic evaluation on upperlimb. 
Korean J Occup Environ Med 20, 93–103.

 29) Choobineh A, Daneshmandi H, Saraj Zadeh Fard SK, 
Tabatabaee SH (2016) Prevalence of work-related 
musculoskeletal symptoms among Iranian workforce and 
job groups. Int J Prev Med 7, 130.   

 30) Zakaria J, Sukadarin EH, Omar FAC, Salleh NFM (2017) 

Musculoskeletal disorder among municipal solid waste 
collectors. Asia Pac Environ Occup Health J 3, 28–32 
(APEOHJ).

 31) Karami Matin B, Mehrabi Matin A, Ziaei M, Nazari Z, 
Yarmohammadi H, Gharagozlou F (2013) Risk assessment 
of cumulative trauma disorders in Quarry and Stone 
Industries workers Kermanshah in 1392. J Ergon 1, 28–35.

 32) Choobineh A, Sani GP, Rohani MS, Pour MG, Neghab M 
(2009) Perceived demands and musculoskeletal symptoms 
among employees of an Iranian petrochemical industry. Int 
J Ind Ergon 39, 766–70.  

 33) Alan AHS, Leung PCT (2011) Occupational safety and 
health problems of workers in Hong Kong recycling 
industries—a preliminary ergonomic study. Proceeding 
of the International Multiconference of Engineering and 
Computer Scientists; March 16–18; Hong Kong.

 34) Woods V, Buckle P (2006) Musculoskeletal ill health 
amongst cleaners and recommendations for work 
organisational change. Int J Ind Ergon 36, 61–72.  

 35) Salve P, Chokhandre P, Bansod D (2017) Assessing 
musculoskeletal disorders among municipal waste loaders 
of Mumbai, India. Int J Occup Med Environ Health 30, 
875–86. 

 36) Luttmann A, Laurig W, Jäger M (1992) Logistical and 
ergonomic transportation capacity for refuse collection 
workers: a work physiology field study. Ergonomics 35, 
1045–61.   

 37) Fabrizio P (2009) Ergonomic intervention in the treatment 
of a patient with upper extremity and neck pain. Phys Ther 
89, 351–60.   

 38) Milhem AKM (2004) Investigation of occupational health 
and safety hazards among domestic waste collectors in 
Bethlehem and Hebron districts. [MSc thesis]: Faculty of 
Graduate Studies, at An-Najah National University, Nablus, 
Palestine.

 39) Ncube F, Ncube EJ, Voyi K (2017) Postural analysis of a 
developing country’s municipal solid waste handlers and a 
reference group of hospital general hands using the RULA 
method. Glob J Health Sci 9, 194–200.  

 40) Sommerich CM, McGlothlin JD, Marras WS (1993) 
Occupational risk factors associated with soft tissue 
disorders of the shoulder: a review of recent investigations 
in the literature. Ergonomics 36, 697–717.   

 41) Hoozemans MJM, van der Beek AJ, Frings-Dresen MHW, 
van der Woude LHV, van Dijk FJH (2002) Pushing 
and pulling in association with low back and shoulder 
complaints. Occup Environ Med 59, 696–702.   

 42) Torp S , Ri i se T, Moen BE (2001) The impact of 
psychosocial work factors on musculoskeletal pain: a 
prospective study. J Occup Environ Med 43, 120–6.   



MUSCULOSKELETAL DISORDERS AMONG SOLID WASTE COLLECTORS 319

Appendix 1. Translated version of occupation-specific physical and organizational 
demands questionnaire

Part 1: Physical factors

Items Very low Low High Very high

Lifting bag/bucket 

Pulling/pushing waste container

Walking without bag/bucket carriage

Walking along with bag/bucket carriage

Running without bag/bucket carriage

Running along with bag/bucket carriage

Jumping up/down on the garbage truck

Picking up/dumping trash containers by a hand lever

Vibration during standing on the platform behind the garbage 
truck

Physical workload during work time

Part 2: Organizational factors

Items Very low Low High Very high

Time pressure of waste collection

Rest between working days to relieve fatigue

Vacation throughout the year

Decision authority in performing work duties

Supervisors’ support  

Coworkers’ support 

Psychological workload during work time


