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Abstract

Work-related musculoskeletal disorders (WMSD) are one of the most common occupational health issues that
occur among those workers who are engaged in repetitive and physically strenuous work. The objective of the current
research is to evaluate ergonomic risk among sweeping and cleaning workers using Quick Exposure Checklist (QEC),
find out the body parts under high musculoskeletal load and make recommendations on ergonomic measures for
reducing occupational health hazards. A cross-sectional and observational study design was applied to 10 sweeping
and cleaning workers chosen from a college and hostel of Chaudhary Charan Singh Haryana Agricultural University
(CCSHAU). The data were collected through workplace observation and interviews with workers using the QEC
technique. From the results, the following were determined: the majority of the workers were female (100%) and aged
31-40 years (60%); lower back pain was the most common musculoskeletal disorder (70% suffered from severe pain)
followed by shoulder pain (50% severe). The QEC results indicated that 40% of the workers were exposed to very
high ergonomic risk, and another 40% had high ergonomic risks. The back had the highest mean exposure score (36.2)
followed by the shoulder (30.1), wrist (27.0), and neck (24.5). There was a strong positive correlation between total
QEC score and age (r = 0.93), work experience (r =0.95), and working hours (r = 0.89). The above study indicates the
vulnerability of sweeping and cleaning workers to WMSD, and therefore there is need for ergonomic interventions
such as ergonomic tool designs, proper posture training, task rotation and rest break scheduling.
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Introduction

Work related musculoskeletal disorders (WMSDs) are one of the most prevalent occupational health concerns
for workers around the world. Such disorders normally comprise pain and discomfort in the muscles, joints, tendons,
ligaments and nerves caused by repetitive motions, awkward postures, forceful movements and prolonged work
activity. There are a variety of ergonomics risk assessment tools that are used for identifying such risks at workplace
and recommending preventive measures. Quick Exposure Check (QEC) is one of the most widely recognized
ergonomic observation tools. The Quick Exposure Check (QEC) was created by Li and Buckle in 1998, in their
research paper titled “A Practical Method for the Assessment of Work-Related Musculoskeletal Risks”. The tool was
designed by the authors as a user-friendly ergonomic tool which could be used for assessing exposure to
musculoskeletal risk factors in the workplace environment. The QEC is a combination of an observer and worker
assessment, which makes it more effective than most ergonomic assessment methods. According to Li and Buckle
(1999), through the use of QEC, risks associated with different body areas like back, neck, shoulder / arm and wrist/
hand can be identified during work. The musculoskeletal disorders have risen with the increasing number of workers
engaging in manual handling, repetitive activities, standing, awkward postures, and static postures. As per the research
paper “Assessment of Exposure to Work-Related Musculoskeletal Disorders Using QEC,” the researchers pointed out
that QEC proves to be useful in quick identification of hazardous occupations and prioritization of the ergonomic
interventions. The study suggested that workers subjected to repetitive and forceful tasks had higher QEC scores and
hence were riskier ergonomically. QEC is regarded as an important measure as it evaluates several ergonomic measures
at one time. These ergonomic measures include posture, movement rate, force, duration, work pace, vibrations, and
stress. As per the research paper “Inter-Rater Reliability and Validity of the Quick Exposure Check”, the researchers
noted that QEC is a reliable and valid measure of ergonomic exposure when used by trained individuals. In addition
to that, the researchers pointed out that the approach is suitable for different occupational areas including industrial,
healthcare, office, and maintenance workers.

In their study, "The Nature of Work-Related Neck and Upper Limb Musculoskeletal Disorders", Buckle and
Devereux (2002) pointed out that awkward posture and repetition of activities have a major contribution in the
development of musculoskeletal pain and inefficiency at work. The authors stressed on the use of ergonomics
evaluation tools such as QEC in order to prevent occupational injury and create a healthy working environment. Early
identification of ergonomics risks may decrease the rate of absenteeism and increase production as well as improve
the wellbeing of the employees. The QEC tool is beneficial because of its simplicity and low cost of implementation.
In contrast to other ergonomic tools which need expensive apparatuses, QEC tool requires only observation and the
responses of the employees.

QEC is frequently employed in various places such as educational institutions, hospitals, industries,
agriculture, and housekeeping services which require workers to be subjected to prolonged physical exertion. Manually
performing cleaning duties remains an extremely significant yet strenuous public health task around the globe. In
developing countries like India, the infrastructure of municipal sanitation greatly depends on manual work, which
means that the vulnerable population is exposed to occupational health hazards. Industrialized countries use automated
garbage removal systems; however, in rapidly growing cities, street sweepers and cleaners have to perform hard work
through long shifts with lifting, sweeping and awkward postures. It was found from the community health literature
that the rate of musculoskeletal pain in informal cleaners is more than 70%, especially in lower back, shoulders and

knees. In recent times, ergonomic assessment has become very important in the workplace like colleges and hostels
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where workers have to do heavy manual labor such as sweeping, handling materials, load carrying, stooping, and
prolonged standing. These exposures can cause injuries like neck pain, shoulder pain, backache, and wrist pain.
Ergonomic assessment in such workers has become necessary in order to enhance occupational health and safety.

This current study intends to do an ergonomic risk assessment on workers from one college and one hostel of
Chaudhary Charan Singh Haryana Agricultural University through the use of the Quick Exposure Check (QEC). The
study will be helpful in determining the degree of musculoskeletal risk among the workers.
Objectives

1. To conduct the ergonomic risk assessment of the sweepers through the QEC test.

2. To find out the body regions which are under high musculoskeletal risk.
Review of Literature
Li and Buckle (1999) designed the Quick Exposure Check (QEC) as an efficient ergonomics assessment tool for
determining the exposure of workers to WMSD risk factors. The paper describes a procedure where the evaluation of
postural load, repetitive actions, forces, vibrations, work rhythm, and stress is performed using both observer and
worker assessment. The authors found that QEC is easy-to-use, reliable, and appropriate for ergonomic hazard
identification in different occupations. Thus, the study paved the way for QEC application in the field of occupational
health.
David, et al. (2008) was examined the validity and reliability of the Quick Exposure Check in their field test conducted
among workers of different professions. The study focused on the validation and reliability of QEC in the process of
assessing the exposure to WMSD risk factors. The results indicate that QEC allows effectively assessing the level of
risk in the particular parts of the body including the neck, shoulders, back, and wrist. The researchers pay special
attention to the advantages of the tool which allow considering physical and psychological risk factors.
Ng et al. (2014) reported that there was an increased occurrence of musculoskeletal disorders and the impact of these
disorders on work productivity among workers with physically intensive occupations. It was noted that there was a
high prevalence of musculoskeletal symptoms such as pain among workers in their lower back, shoulders and knees
due to physically intensive tasks. There were also indications that musculoskeletal pain had a great effect in reducing
work productivity among such workers. These results indicated the need for ergonomic assessment and intervention
to prevent occupational health problems among these workers.
Punnett and Wegman (2004) reviewed an epidemiological work related to musculoskeletal disorders and
occupational risk factors. According to the authors, repetitive motions, awkward posture, forceful exertions and
physical workload are among the risk factors associated with the development of WMSDs. The review revealed that
there is a strong correlation between ergonomic hazards at work and musculoskeletal disorders occurring at the back,
neck, shoulders and upper limbs.
Methodology

The current study was carried out at CCSHAU, Hisar, on the Quick Exposure Checklist (QEC) technigue to
analyze ergonomic risk factors linked with work-related musculoskeletal disorders (WMSDs). A sample size of ten
sweepers five each from college and hostel, was chosen for this study using the purposive sampling technique. The

QEC assessment included body parts prone to WMSDs such as back, shoulders/arms, wrists/hands and neck.
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Variables of the Study (Table: 1)

Independent Variables Dependent Variables
Age QEC exposure score
Gender Ergonomic risk level

Work experience

Working hours

Working posture

Repetitive movements

Force exertion

Duration of work

Work pace

Vibration exposure

Data Collection Procedure

The QEC assessment was conducted through direct workplace observation and worker interviews.
Preliminary Action Levels for the QEC

QEC Score (E) . .
(percentage total) Action Equivalent RULA Score
<40% Acceptable 1-2
41-50% Investigate further 3-4
51-70% Investigate further and change soon 5-6
>70% Investigate and change immediately 7+
QEC Index
Body Region Low Moderate High Very High
Back (Moving) 10-20 21-30 31-40 41-56
Shoulder/Arm 10-20 21-30 31-40 41-56
Wrist/Hand 10-20 21-30 31-40 41-46
Neck 4-6 8-10 12-14 16-18
Data Analysis

The collected data was analyzed by using suitable descriptive statistical methods.
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Results and Discussion
Table 1. Socio-Demographic Characteristics (n = 10)

Variables Category Frequency Percentage (%)
20-30 2 20%
Age 31-40 6 60%
41-50 2 20%
Male 0 0
Gender
Female 10 100%
150-160 6 60%
Height (cm) 161-170 3 30%
171-180 1 10%
50-60 5 50%
Weight (kg) 61-70 2 20%
71-80 3 30%
Primary 4 40%
Education
Secondary 6 60%
Married 8 80%
Marital Status
Unmarried 2 20%

Socio-demographic attributes of the subjects taking part in the study are provided in Table 1. It was found out that the
majority of the employees (60%) comprised those falling in the age category of 31-40 years, with another 20% each
falling in the age categories of 20-30 years and 41-50 years, respectively, which means that the majority of the
respondents were within their prime years of employment. The respondents (100%) were all females, meaning that
sweeping and cleaning activities in the selected area were done mainly by women. This finding is supported by
previous researches on the same topic, which found a high prevalence of females in such occupations.

About the physical attributes, 60% of the respondents fell within the range of 150-160 cm in height, followed by 30%
in 161-170 cm and 10% in 171-180 cm, while 50% of the respondents had their weight in the range of 50-60 kg, 20%
in 61-70 kg and 30% in 71-80 kg. Physical attributes are critical in ergonomic assessment since body size can impact
the working posture of an individual. Educational level reveals that 60% of the respondents had secondary level of
education while 40% had only the primary level of education indicating lower level of education of the respondents.
Most of the respondents (80%) were married while 20% were unmarried. Married employees are burdened with family
responsibilities apart from occupational ones and this causes physical strain and fatigue. These results are in line with
those of Jayakrishnan et al. (2013) in their study "Occupational Health Problems of Municipal Solid Waste
Management Workers in India" revealing that sanitation workers were middle-aged women having low educational

level and highly vulnerable to occupational health hazards.
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Table 2. Task Characteristics

Task performed Category Frequency Percentage (%)
Mopping 4 40%
Main activity Sweeping 4 40%
Mixed 2 20%
1-2 hr 2 20%
Sweep Time 3-4 hr 3 30%
>4 hr 5 50%
Sometimes 4 40%
Load Handling Frequently 5 50%
Never 1 10%
N High 7 70%

Repetition

Moderate 3 30%

Table 2 summarizes the task characteristics of the respondents undertaking sweeping and cleaning tasks. Results
showed that 40% of the respondents were mainly mopping, 40% were sweeping, and 20% undertook both tasks. In
terms of time taken for sweeping tasks, 50% of the respondents reported spending more than 4 hours each day on their
sweeping tasks, 30% reported working from 3—4 hours each day, and 20% reported working from 1-2 hours. Manual
material handling frequency was reported to be very frequent by 50% of the respondents, occasional by 40%, and not
reported at all by 10%. Moreover, 70% of the respondents reported high task repetition whereas 30% reported moderate
task repetition. This means that there is considerable exposure to repetition, duration of task, and manual material
handling which are known to be ergonomics risks for WMSDs.

A similar study conducted by Hignett and McAtamney (2000) entitled "Rapid Entire Body Assessment (REBA)"
revealed the significant risk of musculoskeletal strain in workers involved in manual tasks due to repetition, bending,
twisting, and lifting of loads. Considering the high incidence of long hours of sweeping (>4 hours), frequent lifting of
loads, and repetitiveness in the current study, there is a possibility of ergonomic risk in these workers, resulting in
WMSD. Hence, the results call for the implementation of ergonomic measures in terms of proper scheduling of work-
rest intervals, job rotation, and use of ergonomic tools for sweeping and cleaning.

Table 3. Musculoskeletal Symptoms

Body area Category Frequency Percentage (%)
Mild 4 40%
Neck Moderate 4 40%
Severe 2 20%
Mild 2 20%
Shoulder Moderate 3 30%
Severe 5 50%
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Mild 4 40%
Wrist Moderate 5 50%
Severe 1 10%

Mild 0 0
Lower back Moderate 3 30%
Severe 7 70%
Mild 2 20%
Knee Moderate 5 50%
Severe 3 30%
Daily 7 70%
Pain frequency Weekly 2 20%
Monthly 1 10%

Table 3 shows the prevalence and severity of the musculoskeletal symptoms of the sweeping and cleaning employees.
The results showed that the region with the highest prevalence of musculoskeletal problems was the lower back, where
70% of the respondents experienced severe pain and 30% of them moderate pain. The next affected area was shoulder
pain, which had 50% of the workers having severe pain, 30% moderate pain, and 20% mild pain. Likewise, the wrist
and knee were commonly affected areas, where 50% of the workers had moderate pain for both and severe pain 30%
and 10%, respectively. All the respondents had neck pain, with 40% of mild pain, 40% of moderate pain, and 20% of
severe pain.

In addition to that, 70% of the subjects reported pain every day, 20% reported having pain weekly, and 10% reported
having pain once a month. These results show a high prevalence of work-related musculoskeletal disorders (WMSD)
especially targeting the lower back, shoulders, knees, and wrist joints. These results agree with earlier studies done on
sanitation and cleaning workers who have shown the lower back and shoulders as the most vulnerable areas because
of repetitive motions, standing for long time, bending, twisting and lifting of objects. Studies conducted by Ng et al.
(2014) and Tinubu et al. (2010) have shown a high prevalence of lower back, shoulder and knee pain among those
working on repetitive cleaning activities.

Equally important, ergonomic researchers have found that repetitive sweeping, mopping, and manual handling of
materials greatly contribute to biomechanical loading of the musculoskeletal system and cause painful conditions and
disabilities. Frequent pain complaints during a day made in the present research also indicate the continuous presence
of ergonomic hazards without proper recovery period. For these reasons, it is critical to implement ergonomic

interventions and other measures aimed at reducing musculoskeletal load in the group under study.
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Table 4. QEC Observation Scores

Respondent no. Neck Shoulder Wrist Back Stress Risk
1 24 30 26 36 Moderate High
2 26 32 28 38 High Very High
3 20 25 24 30 Moderate Moderate
4 28 34 30 40 High Very High
5 30 35 31 42 High Very High
6 22 28 25 34 Moderate High
7 18 24 22 29 Low Moderate
8 25 31 28 37 High High
9 23 29 26 35 Moderate High
10 29 33 30 41 High Very High

Table 4 shows the Quick Exposure Checklist (QEC) observation scores for the participants, signifying the extent of
ergonomic risks associated with their work activities. The results showed that the back region had the highest exposure
scores, ranging between 29 and 42, while the shoulder region (24-35), the wrist region (22-31) and the neck region
(18-30) had relatively lower exposure scores, implying high biomechanical stresses experienced in these body regions
when carrying out sweeping and cleaning tasks. Using the risk classification of QEC, four participants (40%) fell into
the category of "Very High" risk level, four participants (40%) under the "High" risk level, and two participants (20%)
under the "Moderate" risk level. Additionally, high stress levels were found in five participants (50%), while moderate
stress levels were found in four participants (40%), and low stress levels in only one participant (10%).

These results support previous research showing higher QEC scores among sanitation workers and housekeepers,
attributable to repetitive motion, excessive bending, awkward body positions, high force demands, and manual
handling of materials. Li and Buckle (1999) found that higher QEC scores are strongly correlated with the incidence
of work-related musculoskeletal injuries, particularly in the neck, shoulders, back, and upper extremities. Other
occupational health experts have also reported high ergonomic exposures, noting that cleaning workers often
experience them owing to repetitive actions such as sweeping, mopping, lifting, and stooping. The high exposure scores
for the back and shoulders in the current study reflect the high incidence of musculoskeletal symptoms among the
workers, clearly showing a link between occupational exposure and discomfort. It is thus clear that the QEC analysis
demonstrates the necessity for immediate ergonomic interventions, including design modifications of sweeping tools,
job rotation, rest periods, and training in proper ergonomics.

Table 5. Descriptive Statistics

Variable Mean Standard Deviation (SD)
Age (Years) 354 5.84
Work Experience (Years) 8.2 3.83
Working Hours/Day 8.0 0.67
Neck Score 245 3.92
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Shoulder Score 30.1 3.48
Wrist Score 27.0 2.98
Back Score 36.2 4.28

Total QEC Score 117.8 14.73

Table 5 shows that the mean age of the respondents was 35.4 +5.84 years, implying that the majority of the respondents
were middle-aged and engaged in physically strenuous occupations. The mean work experience of the respondents
was 8.2 £ 3.83 years, implying that the respondents have been exposed to occupation risk factors related to sweeping
and cleaning for many years. The mean number of working hours in a day was 8.0 £ 0.67 hours implying a long period
of working time in a day and hence physically exhausting job. Out of the body parts that were being evaluated using
the QEC test, the back body part had the highest mean score of 36.2 £ 4.28, followed by shoulder (30.1 + 3.48), wrist
(27.0 £ 2.98) and neck (24.5 +3.92). The mean total QEC score of the respondents was 117.8 +14.73. This is indicative
of high ergonomic exposure among the respondents. From this information, it can be concluded that the respondents
were exposed to considerable musculoskeletal strain especially in the lower back and shoulders.

The same results were obtained by David (2005) in his article "Ergonomic Techniques for Assessment of
Occupational Exposure to Risk Factors of Work-Related Musculoskeletal Disorders” in which workers involved in
physically challenging jobs had high exposure scores to their lower backs and upper extremities because of
biomechanical strain over time. Consequently, high mean QEC scores found in this study emphasize the necessity for
prompt intervention measures to be taken, which include work practices, ergonomic cleaning equipment, training, and
adequate resting to avoid musculoskeletal risks at workplace.

Table 6. Correlation between Occupational VVariables and Total QEC Score

Variable Correlation with Total QEC (r) Interpretation
Age +0.93 Very Strong Positive
Work Experience +0.95 Very Strong Positive

Working Hours +0.89 Strong Positive
Neck Score +0.98 Very Strong Positive
Shoulder Score +0.99 Very Strong Positive
Wrist Score +0.99 Very Strong Positive
Back Score +0.99 Very Strong Positive

Table 6 shows that Pearson correlation coefficients of occupational factors with Total Quick Exposure Checklist (QEC)
score. It can be seen from the table that there were very strong positive correlations between Total QEC score and age
(r=0.93), work experience (r=0.95), neck score (r=0.98), shoulder score (r=0.99), wrist score (r=0.99) and back score
(r=0.99). Besides, there was also a strong positive correlation between working hours and Total QEC score (r=0.89).
This means that along with an increase in age, work experience, working hours, and exposure levels in different parts
of the body, the total ergonomic risk also increases. The highest correlations were found for shoulder, wrist, and back
scores which show that these areas of the body have a great impact on the overall ergonomic risk. Besides, Burdorf

and van der Beek (1999) in their study entitled “Exposure Assessment Strategies for Work-Related Risk Factors for
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Musculoskeletal Disorders™ state that the prolonged exposure to repetitive tasks and awkward postures result in greater
musculoskeletal strain and greater ergonomic risk scores.

As a result, the high degree of correlation observed in this study indicates that occupational risk factors and
body region specific exposures are major determinants in determining the overall ergonomic risk, necessitating the use
of ergonomic interventions to decrease the musculoskeletal load among sweeping and cleaning employees. In addition
to the above finding, the high degree of positive correlation between the number of working hours and the Total QEC
score found in this study adds to the evidence of the effects of increased work hours on physical stress and
biomechanical load. As a result, this finding indicates that age, work experience, number of working hours, and body
region specific exposures are key determinants of ergonomic risk.

Table 7. Mean QEC Exposure by Body Region

Body Region Mean Score Exposure Rank
Back 36.2 1
Shoulder 30.1 2
Wrist 27.0 3
Neck 245 4

Table 7 shows the mean QEC exposure values and the ranking of ergonomic risks by body parts for sweeping and
cleaning employees. As shown by the results, the back region had the highest mean exposure value of (36.2) and was
ranked the number one body part, with shoulder (30.1), wrist (27.0), and neck (24.5) following respectively. Based on
the QEC risk classification, the back region is at a high risk, and hence, the mechanical load imposed by prolonged
bending, twisting, handling, and repetitive tasks in sweeping and cleaning is high. The shoulder and wrist were also
highly exposed because of repetitive motions in mopping and sweeping tasks.

Though ranked fourth in terms of priority, neck region still experienced moderate exposure levels indicating
that workers are exposed to awkward positions. Moreover, according to Kee & Karwowski (2007) “A Comparison of
Three Observational Techniques for Assessing Postural Loads in Industry”, back and shoulder regions are usually
ranked higher when assessing ergonomic risk due to accumulated postural loads. Hence, the ranking pattern established
by the current study indicates that back and shoulder regions are important to be addressed as part of the ergonomics
program since there is a high likelihood that work practices, ergonomic tool design, and worker training programs
should be improved to avoid WMSDs. The ranking pattern established by the current study matches the
musculoskeletal symptoms reported by the respondents, specifically the high occurrence of lower back and shoulder
pains. Thus, the results show that back and shoulder regions should be prioritized in addressing ergonomic issues

through proper ergonomics practice, ergonomic tool design, workload, and worker training programs.

Conclusion

The current research has managed to evaluate the risk of musculoskeletal problems in sweeping and cleaning workers
applying Quick Exposure Checklist (QEC). It is clear that workers were under high ergonomic risk caused by repetitive
motions, long standing, frequent bending, awkward positions, and manual material handling. There was a significant
number of workers who had been placed in high and very high categories of QEC risk. Thus, there is an urgent need

for ergonomic intervention at workplace. In terms of body regions evaluated, the lowest back was found to have the
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highest exposure score and the greatest severity of pain, followed by shoulders and wrists. Such results correlate well
with the research carried out by Li and Buckle (1999), David et al. (2008), and Punnett & Wegman (2004) where the
lowest back and upper limbs of workers involved in repetitive manual operations had been defined as the most
vulnerable areas. There are also positive correlations between total QEC score, age, work experience, and hours worked
which mean that long-term exposure at workplace leads to WMSDs development. The results of the study are also
consistent with previous reports about workers in sanitation and housekeeping, where their work involves repetitive
movements and awkward posture leading to musculoskeletal pain and diminished work ability. Therefore, some
ergonomic interventions like the use of adjustable cleaning tools, employee education on good body mechanics, task
rotation, rest periods, and ergonomic training of the employees are highly recommended to prevent risks. In general,
the QEC was proven to be a useful tool for assessing ergonomic risks related to musculoskeletal disorders among
sweeping and cleaning workers. The adoption of preventive ergonomic practices could have great benefits for worker
health, decrease WMSDs burden, increase productivity, and ensure a safe working environment. In this study,
ergonomic risk was evaluated in sweeping and cleaning workers by employing the Quick Exposure Checklist (QEC)
method. It was found that a greater proportion of workers experienced high and very high ergonomic risk levels. Legs,
backs, shoulders, and wrists were the body parts suffering the most from repetitive motions, standing, bending, and
handling materials. The Quick Exposure Checklist test revealed that the legs had the highest exposure scores, which
meant a high level of work-related musculoskeletal disorders risk. Positive correlations were found between the age,
work experience, working hours, and ergonomic risk levels. It can be concluded that sweeping and cleaning workers
form a vulnerable occupation group in need of urgent ergonomics interventions. Employment of ergonomically
designed cleaning equipment, posture correction training, job rotation, and rest periods will help to minimize

musculoskeletal strain and improve workers’ health and productivity.
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