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Abstract. The objective of the present study was to assess and investigate the exposure level to risk
factors of Work-related musculoskeletal disorders (WRMSDs) in the production line of frozen food
products. The workers were evaluated using the Quick Exposure Check (QEC) observational tool.
The exposure level to risk factors for the back was classified as very high at one workstation and high
at three; shoulder/arm exposure was high at five stations and wrist/hand was high at five stations. The
neck was evaluated as being at very high risk at three stations and high at four. The level of exposure
to vibration was rated as high at two stations. In total, one workstation required immediate ergonomic
intervention and six will require an intervention soon. Work on the production line for frozen food
products exposes operators to high levels of risk of developing WRMSDs. Awkward postures,
manual handling of heavy loads, repetitive movements and vibration are the suspected risk factors for
WRMSDs. Ergonomic interventions are needed to eliminate the risk of exposures to factors
contributing to WRMSDs in the production line.
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1 Introduction

Work is often accompanied by physical activity, which may lead to the occurrence of musculoskeletal
discomfort among workers in the form of health problems [1, 2, 3]. Furthermore, work-related
musculoskeletal disorders (WRMSDs) are a common problem in many countries and often result in
limitations at work, loss of working time and absenteeism which in turn generates costs [4, 5, 6].
Studies have shown that the position of the employee at work, range of motion, force, repetition and
duration must be taken into account when categorizing the level of physical activity [7]. The position
and movements of the operator at work are important variables that must be taken into account in
work safety, because these are the two most important factors that determine the workload on the
employee. In addition, the posture of the employee at work is affected by factors such as the type of
task carried out, work, work tools, their design and the anthropometric characteristics of workers [8].
Observational methods are commonly used research techniques to estimate the level of exposure to
risk factors of WRMSDs. Due to the lack of interference in the work process, low cost and ease of use
they are more commonly used in industry [9]. Observational methods used to assess the postural load
on the worker may include: Ovako Working Posture Analysing System (OWAS) [10], Rapid Upper
Limb Assessment (RULA) [11], Rapid Entire Body Assessment (REBA) [12] and Quick Exposure
Check (QEC) [13, 14]. Each has been developed for different purposes and therefore it is used under
different conditions in the workplace. Each technique has its own classification system for the
operator, which differs from other techniques; this may bring about differences in the final result of
the load, depending on the technique used. Their usefulness in the evaluation of exposure to risk of
WRMSDs in various industries has been demonstrated through the publication of scientific studies
[15, 16-23], etc.
From the ergonomic viewpoint, the key elements in the production process affecting workers and
their efficient workflow are excessive load, improper position for work, working condition and other
elements of an ergonomic subsystem which creates its ergonomic quality [24]. The resulting
disturbances in the human system can lead to problems with providing production, quality and an
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increase in costs associated with sickness and absence caused by the negative impact of work on
employee health. Therefore, conducting ergonomic assessments becomes crucial in order to detect
irregularities that require ergonomic interventions to improve the efficiency of the system. In this
study we focused on the production of frozen food products which allowed a detailed investigation of
the interaction of employees from every part of the task. The set of methods applied includes
interview, task analysis and QEC – a technique of observation that takes into account a
self-assessment made by the employee.
The objective of the present study was to assess and investigate the exposure level to risk factors for
developing WRMSDs in the production line of frozen food products.

2 Material and methods

2.1 Study design
This study was conducted at a factory involved in the production of frozen food located in Poland.
The study was limited to the production line of frozen food products. The system under assessment
included seven stations located at the production line. The study group consisted of 7 people aged
from 24 to 52 years. Employees were informed about the study and participated in it as volunteers.
2.2 Process and task description
The production process (Fig. 1) consisted of eight main elements. The first phase involved grinding
the ingredients followed by the preparation of pastry products, which together with the filling were
placed in a former-stuffer. Shaped products were placed on the conveyor belt, which transported them
for freezing. Frozen products were moved on a further conveyor belt and then subjected to inspection
and sorting. In the next step, they were transported to the package sealing device. Then followed
another device to inspect the package for foreign matter. The last stage was the final packaging.

Figure 1. Schematic of the production process

The production line consisted of 7 tasks:
• Workstation 1: Operating the grinding machine. The operator receives a bag of potato dice weighing
20kg from the pallet, cuts it open with a knife and pours the contents into the hopper of the grinding
machine. Buckets of the processed ingredient are transported to the next workstation. Empty bags
are deposited on a prepared pallet. The employee is occupied with adding second ingredients
contained in bags weighing 20kg.

• Workstation 2: Operating the dough kneading machine. The employee is required to add buckets of
water to the machine. The prepared dough is then transported to another position by a detachable,
rotating part of the machine which is equipped with wheels.

• Workstation 3 and 4: Operation of forming-stuffing machines. Workers prepare the appropriate
portions of dough and stuff manually using a knife; these are then piled up to two hoppers for
manual forming-stuffing.

• Workstation 5: Inspection and sorting table. Employees inspect and sort the frozen products and
separate those that have become joined in the process of freezing.

• Workstation 6: Packaging of product into small packs. The individual packaging units are then
packed in cardboard boxes (12 pieces of 0.5 kg).

• Workstation 7: Final packing. The employee affixes a label on the packaging of the products, then
seals them and moves the cartons (6 kg) to a pallet placed on the floor.

2.3 Data collection
Several techniques were used to collect data in this study: observation, interviews and posture
evaluation. Observations of employees carrying out tasks were preceded by interviews with the
supervisor and employees in order to understand the process of production, work processes and
activities performed by employees
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2.4 The QEC method and evaluation
The Quick Exposure Check (QEC) is one of the observational techniques developed for ergonomists
and health and safety practitioners in order to investigate musculoskeletal risk factors in workers [14].
QEC evaluates elements of ergonomic risk including: physical, organizational and psychosocial
factors. The technique involves an evaluation of the back, shoulder/arm, wrist/hand, and neck,
regarding their position and repetitive movement. In addition, QEC takes into account the subjective
exposure of employees in relation to: task duration, maximum weight handled, hand force exertion,
vibration, visual demand of the task, difficulty to keep up with the work and stressfulness of the work.
The advantage of this tool is that the system of assessment takes into account the interaction between
expert judgment and self-assessment of the employee. The analysis of tasks using QEC gives
exposure scores to specific body parts (Table 1.) and additional factors (Table 2). The exposure levels
for back, shoulder/arm, wrist/hand and neck are categorized into four exposure categories: low,
moderate, high and very high.

Table 1. The standard exposure scores for the back, shoulder/arm, wrist/hand and neck [13]

Body segment Exposure level
Low Moderate High Very high

Back (static) 8 – 15 16 – 22 23 - 29 30 – 40
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 – 56
Neck 4 – 6 8-10 12-14 16 – 18

Table 2. The standard exposure scores for driving, vibration, work pace and stress [13]

The overall exposure level E is calculated as a percentage rate between the actual total exposure score
X (X = sum of back + shoulder/arm + wrist/hand + neck) and the maximum possible total Xmax. For
manual handling tasks, Xmax = 176; for other tasks, Xmax = 162 [25]
Preliminary action levels for the QEC (Table 3) are classified according to four levels of risk: low,
medium, high, very high. Low overall exposure scores (<40%) indicate acceptable musculoskeletal
loading (low risk). For overall exposure scores of 41–50%, further investigation is needed and
changes may be required (medium risk). An investigation and changes are required soon for overall
exposure scores of 51–70% (high risk); and immediate investigation and changes are required for
overall exposure scores over 70% (very high risk).

Table 3. Preliminary Action Levels for the QEC [25]
QEC Score (E) [%] Action
<= 40 acceptable
41 – 50 investigate further
51 – 70 investigate further and change soon
> 70 investigate and change immediately

In this study, the evaluation was carried out during the performance of work by employees.

3 Results

In total, 7 employees involved in this study were rated. Table 4 presents the exposure score and Table
5 shows the exposure level of QEC analysis for the back, shoulder/arm, wrist/hand and neck. The
results showed that exposure risk for the back was very high at one workstation, high at three stations,
and medium at three. For shoulder/arm: for five stations – high and at two stations – medium.

Exposure factor Exposure level
Low Moderate High Very High

Driving 1 4 9 –
Vibration 1 4 9 –
Work pace 1 4 9 –
Stress 1 4 9 16
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Exposure levels for the wrist/hand were high at five stations and medium at two. Finally, for the neck:
at three stations – very high and at four stations – high.

Table 4. The exposure scores for the back, shoulder/arm, wrist/hand and neck

Body segments Workstations
1 2 3 4 5 6 7

Back 42 36 30 26 22 38 40
Shoulder/arm 38 28 34 34 34 30 32
Wrist/hand 38 34 32 28 34 26 32
Neck 14 14 14 14 16 16 18

Table 5. The exposure level for the back, shoulder/arm, wrist/hand and neck

Body segments Workstations
1 2 3 4 5 6 7

Back very high high medium medium medium high high
Shoulder/arm high medium high high high medium high
Wrist/hand high high high medium high medium high
Neck high high high high very high very high very high

The exposure scores and exposure level for the additional factors: driving, vibration, work pace and
stress are shown in Table 6 and Table 7, respectively.

Table 6. The exposure scores for driving, vibration, work pace and stress

Additional factors Workstations
1 2 3 4 5 6 7

Driving 1 1 1 1 1 1 1
Vibration 9 9 1 1 1 1 1
Work pace 1 1 1 1 4 1 1
Stress 4 4 4 4 4 4 4

Table 7. The exposure level for driving, vibration, work pace and stress

Additional factors Workstations
1 2 3 4 5 6 7

Driving low
Vibration high low
Work pace low medium low
Stress medium

For every workstation, the driving scores were low. Vibration scores for two stations were high, and
for five stations low, whilst the working pace scores were medium for one station, and low for six
stations. Stress scores were evaluated as medium at every station.
Table 8 presents the obtained exposure level E and action level. At one station the exposure to risk of
WRMSDs was very high, whilst for six stations it was high.

Table 8. The exposure level E and action level
Workstations QEC Score (E) (%) Action level

1 75 investigate and change immediately
2 64 investigate further and change soon
3 63 investigate further and change soon
4 58 investigate further and change soon
5 60 investigate further and change soon
6 63 investigate further and change soon
7 69 investigate further and change soon

4 Discussion

This study was conducted to assess and investigate the exposure level to risk for WRMSDs in the
production line of frozen food products. The main findings of this study show that employees were
exposed to very high risk for WRMSDs in the back (at workstation No. 1) and neck (workstations: 5,
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6, 7). There was a high exposure to risk factors in the back (workstations: 2, 6, 7), shoulder/arm
(workstations: 1, 3, 4, 5, 7), wrist/hand (workstations: 1, 2, 3, 5, 7) and neck (workstations: 1, 2, 3, 4)
and a high exposure risk to vibration (workstations: 1, 2). These high risks were associated with:
highly repetitive tasks, awkward working postures, handling heavy loads, the use of considerable
force, the eight-hour work shift, lack of rest and vibration. These can all bring about musculoskeletal
complaints [26, 27].
The results of exposure level E of WRMSD assessment showed that the QEC scores obtained from
the evaluated workstations ranged from 58% to 75%, which means that risks were classified as high
and very high. Similar results were obtained in a sugar producing factory [27]. For 99% of the
workers, the exposure levels E were high and very high. Awkward postures and manual material
handling were the main ergonomic problems encountered in this study. The results of this study
indicate that the tasks and working conditions in the production workshops were conducive to the
development of WRMSDs. Therefore, ergonomic interventions to improve the working conditions
and to decrease the exposure level were necessary soon or immediately. Many studies exist that
indicate that ergonomic interventions are needed and effective at reducing the workload and risks of
musculoskeletal disorders [29, 30, 31].

5 Conclusions and recommendations
The results demonstrated that the exposure level to risk factors for musculoskeletal disorders was
high or very high in the production line of frozen food products. Awkward postures, manual handling
of heavy loads, repetitive movements and vibration are the suspected risk factors for WRMSDs. Any
ergonomic intervention program in the workplace should focus on eliminating awkward postures and
manual handling of heavy loads and implementing job rotation in the production line.
Recommendations:
• The use of technical measures such as a conveyor belt for heavy loads (e.g. sacks of ingredients).
• Reducing the weight of the sacks of ingredients that are handled manually.
• Use height-adjustable lifts for sacks of ingredients.
• Develop an appropriate system of breaks in the work.
• Design a system of employee positions rotation.
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