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Abstract

This study aims to evaluate the effectiveness of the Quick Exposure Checklist
(QEC) approach in identifying and quantifying ergonomic risks in fabrication work
environments, encompassing tasks such as grinding, welding, and turning. The research
employs a quantitative approach, utilizing the Quick Exposure Checklist (QEC) to
systematically assess ergonomic risks associated with work postures, repetitive
movements, and physical strength demands across three types of jobs in fabrication.
Data were collected through direct observation of workers, followed by detailed analysis
of the posture, repetition, force, and duration of each task. Analysis of the ergonomic risk
levels using QEC revealed significant findings. For welding tasks, the total QEC score
reached 127, indicating a critical level of risk (Action Level 4). Grinding and turning tasks
scored 93 and 89, respectively, both categorized under Action Level 3, which calls for
immediate and future risk mitigation strategies. The application of the QEC method
effectively quantifies and categorizes ergonomic risks in fabrication work, highlighting the
critical need for intervention in tasks with high risk. These findings support the
implementation of targeted ergonomic interventions to improve worker safety and
productivity
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INTRODUCTION

In the field of industrial engineering, ergonomic risk assessments play a pivotal
role in enhancing worker safety and operational efficiency, particularly in high-precision
fabrication environments like those involving grinding, welding, and turning. These tasks,
notorious for their physically demanding nature, have been extensively documented to
lead to musculoskeletal disorders, one of the most common occupational ailments
affecting workers across various industries (Irsyad Ali Syahid et al., 2021; Rizaldi &
Cahyana, 2022). As a result of these working conditions, workers may suffer from
musculoskeletal injuries, fatigue, and even workplace accidents, which not only impact
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the well-being of individual workers but also result in economic losses for both the
company and society at large (Ade Sri Mariawati et al., 2023; Oliv et al., 2019).

Given the importance of maintaining the health and safety of workers in fabrication
environments, an ergonomic approach becomes critically essential. Ergonomics, the
science of efficiency in work conditions, aims to optimize worker well-being while
simultaneously enhancing performance and productivity (Amanda Yudhistira et al., 2023;
Ibrahim et al., 2020; Subakti & Subhan, 2021). In this context, ergonomic risk assessment
becomes a crucial initial step to identify and mitigate potential hazards that workers may
encounter. Page numbering is not required for the manuscript. The manuscript must be
written in English, adhering to proper grammatical conventions.

Recent advancements in ergonomic assessment techniques have emphasized
the importance of quick and reliable methods to assess risks associated with work
postures, repetitive movements, and physical strain. Among these, the Quick Exposure
Checklist (QEC) has emerged as a notable method due to its systematic approach in
evaluating ergonomic risks and its proven effectiveness in various industrial settings
(Bastuti & Zulziar, 2020; Yul, 2021). The QEC approach offers a systematic way to assess
ergonomic risks associated with work postures, repetitive movements, and the physical
force required in tasks. By using QEC, companies can quickly identify high-risk work
areas and implement necessary interventions to reduce or eliminate these risks (Adi &
Yuamita, 2022; Fariza & Oktalia, 2022; Pinyowiwat, 2020). There is a scarcity of research
on the effectiveness of interventions based on the outcomes of the Quick Exposure
Checklist (QEC) in reducing ergonomic risks and improving worker health in
manufacturing environments.

Innovative Ergonomic Assessment Method: The use of the Quick Exposure
Checklist (QEC) represents a novel approach in the context of assessing ergonomic risks
in fabrication work. Unlike traditional, often cumbersome, ergonomic assessment tools,
QEC offers a streamlined, quick, and efficient method for identifying risk levels associated
with different work tasks. This can lead to faster responses and adjustments in the
workplace. Enhanced Precision and Adaptability: The novelty of the QEC approach also
lies in its ability to adapt to various types of fabrication tasks, providing precise
measurements of ergonomic risks

This study aims to apply the Quick Exposure Checklist (QEC) approach in
measuring the level of ergonomic risk in fabrication work. Through this research, it is
expected to ascertain the extent of QEC's effectiveness in identifying and assessing
ergonomic risks in the fabrication work environment. This study also seeks to provide
practical recommendations for companies in designing and implementing effective
ergonomic strategies to enhance worker well-being and productivity. Consequently, the
outcomes of this research are anticipated to contribute significantly to preventive efforts
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against musculoskeletal disorders and other ergonomic issues in the workplace, as well
as support the creation of a safe and healthy work environment for fabrication workers.

Methods
The Quick Exposure Checklist (QEC) analysis for fabrication workers involves
several critical stages:

Research Design

This study employs a quantitative approach with a survey method to collect data
regarding the level of ergonomic risk in fabrication work. This approach was chosen
because it allows for objective measurement of the ergonomic risk exposure faced by
workers in various fabrication activities.

Sample Selection
Population and Sampling Technique:

The study focused on a specific population comprising workers and observers
within a fabrication environment at a selected manufacturing company. A purposive
sampling technique was chosen due to its effectiveness in identifying and selecting
individuals who are particularly knowledgeable about or experienced in the ergonomic
aspects of fabrication tasks. The sample included individuals directly involved in
operational tasks such as grinding, welding, and turning, which are known for their
ergonomic challenges..

Data Collection
Instrumentation and Procedures:

Data were gathered using the Quick Exposure Checklist (QEC), administered by
researchers through direct observations of the workers as they performed their regular
fabrication tasks. Observations were made over several work cycles to ensure
comprehensive data capture concerning:

1. Work postures

2. Repetitive movements

3. Force exertion

4. Duration of exposure to tasks

Data Analysis
Analytical Techniques:

The collected data were analyzed quantitatively to calculate the ergonomic risk
levels for each worker. The analysis involved:
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1. Assigning scores to various observed ergonomic factors, including posture,
repetitive movements, exerted force, and task duration.

2. These scores were aggregated to derive a total ergonomic risk score for each
observed task

Results and Discussion
Processing data from collected questionnaires to calculate exposure scores for
each observed body part, including the back, shoulder/arm, wrist, and neck. The risk level
of injury to these body parts is determined based on the obtained exposure score values,
as listed in Table 1.
Table 1. QEC Exposure Score

Exposure Score

, Very
Score Low Moderate | High High
Back (Static) 8-15 16-22 23-29 29-42
Back (Dynamic) 10-20 21-30 31-40 41-56
Shoulder/Arm 10-20 21-30 31-40 41-56
Wrist 10-20 21-30 31-40 41-56
Neck 4-6 8-10 12-14 16-18

Once the questionnaire was completed by all fabrication workers, the responses
from the questionnaires filled out by the observers and workers were summarized in the
form of a recapitulation, which can be seen in Table 2 and Table 3.

Table 2. Recapitulation of Observer Questionnaire Responses

Job Type Back Shoulder/Arm | Wrist Neck
A B C D E F G
Grinding A2 B1 C3 D2 E1 F1 G2
Welding A2 B1 C3 D3 E2 F3 G2
Turning A1 B2 C1 D2 E2 F2 G2

Table 3. Recapitulation of Worker Questionnaire Responses

question
Job Type | J K L M N o)
Grinding H1 12 J2 K2 L1 M2 N2 02
Welding H1 ] J1 K2 L1 M3 N2 O1
Turning H2 12 J1 K2 L1 M1 N2 O1
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Calculating the exposure level to determine the actions that need to be taken
based on the results of the total exposure score calculation. The actions to be taken
based on the values obtained from the calculation of the exposure level can be found in

Table 4.
Table 4. Action Level of The QEC
Total
Exposure Action Level Handling
Level
<70 Action Level 1 The value can be accepted.
70-88 Action Level 2 Further investigation.
89-123 Action Level 3 Further inyestigation and handling will be
conducted in the near future.
> 123 Action Level 4 Further investigation and immediate action will
be taken.

The responses obtained from questionnaires filled out by fabrication workers will
be utilized to calculate exposure scores for four body parts for each type of job examined.
This calculation process is conducted using the Quick Exposure Checklist (QEC) score
sheet, as described below:

Grinding

The responses received from the questionnaire regarding the type of grinding work

are summarized as follows:
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Figure 1: QEC Grinding Score Sheet

Total QEC Score = The score (back (static) + shoulder/arm + wrist + hand + neck
+ op-erating + vibration + speed + working + stress)
= 18+28+22+12+1+4+4+4
=93
To determine the exposure level (E), it is calculated using the following formula:
E(%) = ——x100% (1)

Max

E(%) = 2x 100%
162

=57,407%

The grinding work resulted in a total Quick Exposure Checklist (QEC) score of 93,
which falls into the Action Level 3 category. This indicates that further investigation is
required, and corrective actions must be promptly implemented. The exposure level value
for this job is 57.407%.

Welding
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Figure 2: QEC Welding Score Sheets
Total QEC Score = The score (back (static) + shoulder/arm + wrist + hand + neck
+ op-erating + vibration + speed + working + stress)
= 24+38+34+16+1+9+4+1
=127

E(%) = %x 100%

127
E(%) = EX 100%

=78,395%
In the context of grinding tasks, the total score of the Quick Exposure Checklist (QEC)
reached 127, placing it in the Action Level 4 category. This indicates the necessity for
further investigation as well as the implementation of immediate corrective measures.
The exposure level was recorded at 78.395%.
Turning

The response obtained from the questionnaire for the lathe work type is as follows:
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Figure 3: QEC Turning Score Sheets
Total QEC Score = The score (back (static) + shoulder/arm + wrist + hand + neck
+ op-erating + vibration + speed + working + stress)

= 20+26+24+12+1+1+4+1
=89
X
E(%) = x 100%
XMax

E(%) = il 100%

0) = 162 X 0
=54,938%

For grinding work, the total Quick Exposure Checklist (QEC) score is 89, placing
it in Action Level 3. This indicates a need for further investigation and remedial actions to
be taken in the near future. The exposure level value for this task is 54.938%.

The recapitulation of the calculation results for exposure levels among fabrication
workers and the recommended actions are as follows:
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Table 5 Recapitulation of Exposure Score

Exposure Score Value in Fabrication
The observed body part Workers
Grinding Welding Turning

Back (Static) 18 24 20
Shoulder/Arm 28 38 26
Wrist 22 34 24

Neck 12 16 12
Operating 1 1 1
Vibration 4 9 1

Work Speed 4 4 4

Stress 4 1 1

Total Exposure Score 98 127 89

The result of this exposure score calculation will then be utilized to compute the expo-
sure level value using the formula:

E(%) =

x 100%

Max
X : The total score obtained for the exposure to injury risk for the back, shoulders/arms,

wrists, and neck as derived from the questionnaire calculations.
Xmax: The total maximum score for potential exposure to injury for the back, shoulder/arm,
wrist, and neck. The constant Xmax for several types of work such as for static tasks, the
potential Xmax value is 162, and for manual handling tasks (lifting/pulling objects, carrying
objects) the potential Xmax value is 176.

Here is a recapitulation of the exposure level calculation results for all workers in
the fabrication section, as presented in Table 6.

Table 6 Recapitulation of Exposure Level

Job Type ?I_(:t,;f Exf:‘/sel;re Action Level Action
Further investigation
Welding 127 69,136 % | Action Level 4 and immediate action
will be taken.
Further investigation
Grinding 98 49,383 % | Action Level 3 and handiing will be
conducted in the near
future
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Further investigation
and handling will be
conducted in the near
future

Turning 89 50,617 % | Action Level 3

Based on the table, it can be concluded that the total scores for each type of
fabrication job vary, namely: grinding work received a score of 98, welding work received
a score of 127, and turning work received a score of 89. For these three types of work,
an Action Level 3 was obtained, which requires further investigation and handling that
must be carried out in the near future, as well as an Action Level 4, which also requires
further investigation with handling that must be implemented as soon as possible.

Other research findings on welding work indicate that the average exposure score
obtained a value of 115 with an average Exposure Level of 64.61%, and an action level
of 4 (Yuslistyari & Adhadin, 2018). Meanwhile, other research results on grinding work
show that the average Exposure Level is 72.72%, with an action level of 4 (Ispasoiu et
al., 2021), and research findings on turning work indicate that the average Exposure
Level is 69.32%, also with an action level of 4 (Adi & Yuamita, 2022). Based on several
other studies, there are differences in the grinding and turning works, each having an
action level of 4, while in this study, they each have an action level of 3.

CONCLUSION

The application of the Quick Exposure Checklist (QEC) has effectively quantified
ergonomic risks across key fabrication tasks, aligning with our study's objective to
evaluate its efficacy in identifying and assessing these risks. The findings confirm that the
QEC approach can systematically discern and categorize risk levels, evidenced by the
specific scores and action levels assigned to grinding, welding, and turning tasks. This
supports the study's aim by demonstrating that QEC is a viable tool for proactive
ergonomic risk management in fabrication settings, helping companies prioritize
interventions and enhance worker safety. The results underscore the importance of
adopting structured ergonomic assessments in mitigating potential workplace hazards,
thereby fostering a healthier work environment
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