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ARTICLE INFO ABSTRACT

Background: The welding workshop in Semarang City is spread

Q;ﬂ‘;‘ﬁ;}j%@%m over several areas in Semarang City. There are several types of
Revised 11/16/21 work in welding workshops, namely, cutting raw materials,
Accepted 11/22/21 assembling, welding, grinding, sanding, and painting. This study

aimed to analyze occupational safety and health risks in the
informal welding workshop using the JSA (Job Safety Analysis)

Keywords AS/NZS 4360:2004 Risk Management method. Method: This
welders . . s .

welding research was conducted using semi-quantitative method with
analysis descriptive analysis. A cross-sectional research design was used
risk because data (observations, interviews, filling in risk analysis

tables, work accidents, occupational diseases, and controls) were
collected at a particular time. The study was conducted in
Semarang, Central Java, and the population was all informal
welding workshops. Result: This study showed that there are 8
types of welding tasks, 21 potential hazards, and 24 health
consequences in a welding process. The total score calculated by
multiplying "chance" by "severity" shows that 11 health
consequences were acceptable risk while 13 others were high
risk. Conclusion: The highest score of occupational health
hazards was electric shock due to chipped cable, electric shock
due to a chipped short circuit, and wet/rain/cloudy work area.
Welders are recommended to follow the proper instruction in the
welding process, and each workshop must provide a first aid box
for its workers.

This is an open access article under the CC—BY-SA license.

1. Introduction

Occupational health and safety are one of the aspects of labor protection that aims to
provide workers with a comfortable and safe working condition so that they can achieve an
optimal increase of productivity. Therefore, every workplace must promote and maintain the
wellbeing of its workers [1]. Based on the data from National Social Security (Badan
Penyelenggara Jaminan Sosial Ketenagakerjaan, BPJAMSOSTEK) Central Java and DIY, as of
February 2020, more than 21 billion rupiahs disbursement have been disbursed from the work
accident benefit (Jaminan Kecelakaan Kerja, JKK) program for 4,503 cases of work accidents. In
addition, the Casualty Security Program (Jaminan Kematian) has disbursed a compensation
with a total value of twenty billion rupiah for 623 death cases.

Every has a potential risk of danger in the form of work accidents. The magnitude of the
potential for accidents and occupational diseases depends on the type of production, the
technology used, materials used, labor, and the welding workshop industry [2]. Welding
workshop is one of the types of informal industry that involves various sources of hazards in its
works, such as electricity, gas, grinding [3]. An employee of the Arto Moro welding workshop,
located in Dilem Village, Kepanjen District died in a work accident. The victim was declared dead
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while welding the wheels of a truck. This case is consistent with the research of Helna who stated
that cases of accidents in welding workers reached 57.6% [4].

In addition to cases of work accidents which are pretty high, welding workers are also at risk
of experiencing Musculoskeletal Disorders (MSDs) complaints (56.7%) [5,6]. A study also
reported that a significant number of welding workers suffer from eye disorders (50.0%) which
are mainly influenced by age, work period, and the use of glasses [7]. Factors causing work
accidents in welding workers include work tool preparation behavior, welding behavior, lifting
behavior, and age [3]. Potential hazards that are often found in welding workshop workers are
improper use of Personal Protective Equipment (PPE) (58.1%) [8], working period of more than
five years (64.9%), and 5-8 hours extended exposure to welding equipment (52.7%) [9]. The
habit of being too close to the equipment in the welding process, namely less than 52 cm, also
increases the risk of injury. Several studies reported that a significant number of respondents
had the habit of being too close to the equipment in the welding process (55.4%) and (50.0%)
respectively [10,11]. A study regarding potential hazards at the AUTO 2000 Workshop, Plaju
Palembang branch revealed that noise was categorized as high-risk while lighting, dust (TSP),
gas (CO, NO2, sO2), solvent, heavy metal, food sanitation, and ergonomic factors were
medium-risk category, and vibration was categorized as low-risk [12].

Welding workshop is an informal sector industry. Welding workshops make iron construction
and the like, such as iron fences or doors, safety trellises or window trellises, stairs, canopies,
roof frames, and others. The application of the principles of occupational safety and health in this
sector is still fragile. Law No. 13 of 2003 concerning Manpower states that every organization
must implement occupational safety and health measures to protect the safety of workers while
Article 87 of this Law states that every company is required to have an Occupational Health and
Safety Management System (SMK3) that is integrated with other company management
departments. It is necessary to comply with the law in Indonesia, minimize work accidents, and
identify the potential hazards in the work environment. Related to this, Job Safety Analysis (JSA)
method can be used to identify and control potential hazards [13].

2. Materials and Method

This study took the form of semi-quantitative research with a descriptive analysis. A cross-
sectional research design was used because data were collected (observations, interviews,
filling in risk analysis tables, work accidents, occupational diseases, and controls) at a particular
time using the JSA AS/NZS 4360:2004 Risk Management method. The study was conducted in
Semarang, Central Java, over a period of four months. The population was 14 informal welding
workshops with 31 welders. Samples were determined using total sampling technique.

Primary data were collected through observation and interview. The data include: 1)
information on the tools and materials used in the welding process; 2) each of the stages in the
welding process; 3) work accidents experienced by workers in the welding workshop; and 4)
Physical, Chemical, Biological, Physiological, Ergonomic, and Psychosocial risk factors. The
instruments of this research were observation checklist, interview guideline, JSA (Job Safety
Analysis) worksheet, recording machine, and camera. Data were analyzed using SPSS software
to obtain frequency distribution data. Risk Assessment was conducted using JSA AS/NZS
4360:2004 Risk Management method and categorized based on Table 1 and 2 below [14]. This
study has been approved by the ethical committee of Faculty of Health Sciences Universitas
Dian Nuswantoro (No. 100/EA/KEPK-Fkes-UDINUS/VII/2021). We obtained permission from the
Head of Welding Workshop Association at Stadion Diponegoro Area. Respondents were
required to share pictures of the working procedures and health risk hazards at their welding

workshop.
Table 1. Levels of Chance and Severity of Occupational Health Issues
Level Description criteria for chance  Description criteria for severity of
(degree) of Occupational Health Issue occupational health issue
1 Rare (very low incidence rate) Incident or accident can be managed by a
first aid (minimal risk)
2 Low (once every 5-10 years) Incident or accident can be treated by
medical treatment and healthcare team
(moderate risk)
3 Moderate (once per year) Incident or accident causes severe illness or
injuries (high risk)
4 High (once per month) Incident or accident causes death or is life

threatening (severe risk)
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Table 2 Description of Total Scores for Occupational Health Issue Risk Level

Total Score Description Criteria for Risk Level

1-2 Minimal risk

3-7 Acceptable risk; Need to review working procedure and control of
hazard

8-11 High risk; Need to manage and control

12-16 No acceptable risk or tolerance; Need to stop and provide a control

method or procedure in order to restart

3. Results and Discussion
3.1. Results

Welding tasks in a welding workshop consists of preparing the material to be welded,
climbing stairs/scaffolding for welding at high places and confined space, cleaning the
material on the object to be welded, connecting mass bag and electrode cable, connecting
grounding to material, turning on the welding box panel and adjusting the electric current,
welding work materials with electric/carbide/argon welding in open places, heights, and
confined spaces. The main sources of hazards during welding process included sharp
materials, wet floor, fragile stairs, confined space, dust and particles, electricity, fire sparks,
unsafe work behavior, and unsafe workplace conditions. (Figure 1a). The main sources of
hazards during welding process included sharp materials, wet floor, fragile stairs, confined
space, dust and particles, electricity, fire sparks, unsafe work behavior, and unsafe
workplace conditions. These hazard sources can cause injuries, cut, bruises, electric shock,
burns, fracture, and respiratory disorders.

In a welding process, there are 8 types of welding task, 21 potential hazards, and 24
health consequences. The total score calculated by multiplying "chance" by "severity"
shows that 11 health consequences were acceptable risk and 13 health consequences
were high risk. The high-risk level hazards included slips and falls due to unsafe workplace
conditions such as fragile stairs, confined space, wet floor, and untidy workplace. Other high-
risk level hazards are electric shock from chipped short circuit and cable, burns from fire
sparks due to welding equipment, respiratory disorders from inhaling dust and particles, and
unsafe work behavior such as not wearing a body harness. The highest score of
occupational health hazards was electric shock. More details are presented in Table 3.

(@) (b)
Figure 1. (a) Workplace condition (untidy cables); (b) Welders fusing stainless steel
using electric welding
Source: Primary data
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Table 3 Job Safety Analysis Welding Process

Task Hazard Identification Health C SE S Cat Mitigation
consequence
Preparation
Preparing the Hit by sharp material Bruises 4 1 4  Acceptable Safety Gloves
material to be Scratched risk
welded
Climbing Falling due to the fragile Dead 2 4 8 High Risk Safety belt
stairs/scaffolding condition of stairs and not Body
for welding at high ~ wearing a body harness Harness
places Slipped due to slippery stairs Safety helmet
Collision due to wrong body Brokeninbody 4 1 4  Acceptable Safety shoes
position when climbing risk Warning sign
stairs/scaffolding bruises 3 1 3 Housekeepin
Acceptable g
risk Safety talk
Entering a Slipped due to slippery room bruises 4 1 4  Acceptable  Safety helmet
confined space conditions risk Safety shoes
Falling due to slipped 3 2 6 High risk Warning sign
Collision due to limited space 3 1 3 Acceptable Housekeepin
risk g
Safety talk
Cleaning the Punctured hands Stab wound 4 1 4  Acceptable Safety gloves
material on the Inhaling dust risk Welding
object to be Respiratory 2 3 6 High Risk mask
welded disorders
Connecting mass pinched hands Wounds on 4 1 4 Acceptable  Safety gloves
bag and electrode hand risk
cable
Connecting Collision with objects due to Bruises 4 1 4 Acceptable  Wear pack
grounding to untidy workplace conditions risk Housekeepin
material Slipped due to slippery working g
conditions Minor injury 4 1 4 Acceptable
Fall due to slipped risk
fracture 2 3 6
High Risk
Turning on the Electric shock due to the Burns 3 3 9 High Risk Periodic
welding box panel  condition of the chipped cable Fainting 3 2 6 High Risk inspection of
and adjust the Stumbled due to improper equipment
electric current cable position Housekeepin
Bruises 4 1 4  Acceptable g
risk Safety gloves
Welding work Pinched due to the wrong finger  Pins 4 1 4 Acceptable Instruction
materials with position when clamping the risk Googles
electric/carbide/ar  electrode Safety helmet
gon welding in Parts of the body exposed to Safety shoes
open places, welding sparks Burns 3 2 6 High Risk Safety gloves
heights, and Fire due to sparks hitting Eye injuries 4 2 8 High Risk Wear pack
confined spaces combustible materials Blind 2 3 6 High Risk Periodic
Electrocuted due to a chipped Dead 2 4 8 High Risk inspection of
short circuit equipment
Electric shock due to Housekeepin
wet/rain/cloudy work area Burns 3 3 9 High Risk g
Fainting 3 2 6 High Risk APAR
Slipped and fall because the Dead 2 4 8 High Risk First aid box
cable position is not neat Fracture 2 3 6 High Risk

Source: Primary data

Notes:

C = Chance; SE = Severity; S = Score; Cat = Category
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3.2. Discussion

Primary data were obtained through interviews, namely searching for information
directly from the field about the causes of welding hazards to workers. We also took photos
of welding activities at several welding workshops and identified the potential hazards that
exist. To support the research, we reviewed some literature related to the potential hazards
of welding activities. Welding is the process of fabricating two or more materials based on
the principles of diffusion process, resulting in the unification of the parts of materials being
fused. Welded materials are lightweight, strong, easy to be assembled, and economical.
Therefore, there is quite the demand in the market for welded materials.

The results of the analysis on occupational safety hazards in welding are presented in
Table 3. Based on the identification and risk assessment, 13 activities were included in the
high-risk category. The highest score of the occupational health hazard was electric shock.
Although electric shock got the highest score, the occurrence of this incidence is low
because most welding workers are quite skilled and understand the impact of chipped cables
during welding activities. However, this has happened to several welding workers, so the
probability value of this activity is 3, which means electric shock because the cable is peeled
off only happens once a year. Health risks to workers due to electric shock can be in the
form of burns or even unconsciousness because the electric current used for the welding
process reaches 500 amperes with a voltage of about 28-45 voltages [15] so that the risk of
severity is given a score of 3. The results of this study are in line with an earlier study, which
stated that in the welding process at the Wijaya welding workshop, the severity value of
short-circuit electric shock was 9. Trips or collision with electric equipment also might lead to
electric shock [16]. Several other studies have also stated that electric shock in the welding
process is the highest risk of danger that often occurs in the welding process [13,17-18].

Another cause of electric shock is welding in the wet/rain/cloudy work area. Welding
workers work according to the demand, so they have targets to complete.Iln order to meet
work targets, workers often neglect safety by continuing to do welding even in cloudy or even
rainy conditions. Based on research on the effect of weather variations on the toughness of
welds on low carbon steel, it is not allowed to do welding in cloudy or rainy conditions.
Therefore, this activity is rated 3 for the chance of occurrence, meaning that it does not
occur every day but quite often with a span of 6 months to 1 once a year. In a similar study
on risk assessment, it was found that the risk of electric shock to welding workers was
considered as high [19]. As a result of hazardous activities and unsafe conditions, workers
can suffer burns or become unconscious and even die from electric shock or lightning
strikes. The results of this study are in line with previous studies which reported that when
welding in drizzling weather (23°C), the tensile stress was 6.4% higher and the hardness
value was 1.05% smaller than the parent metal [20].

The second high risk level hazards were falls due to fragile stairs and burns due to
sparks from combustible materials. The risk of falling when climbing stairs or scaffolding
occurs in workers who do welding at high places, such as installing billboards, canopies, or
building construction. Workers will be provided with a body harness only when working for
large industries such as advertising or high-rise building construction. Workers in a small
scales welding industry work without personal protective equipment because they have to
provide it themselves [21]. Workers will continue to work even though they are not equipped
with appropriate personal protective equipment, so the potential danger of falling when
climbing stairs or scaffolding is possible. However, this rarely happens because workers are
used to it, so the probability value is 2. The severity value if falling from a high elevation can
be fatal to workers, so it is given a value of 4 because it might result in death [13].

Fires that occur due to sparks hitting flammable materials rarely occur in welding
workshops. Although the work area in the workshop tends to be untidy, workers in welding
workshops are aware not to put flammable materials around them when doing welding.
Thus, the probability of occurrence is 2. However, if it occurs, then the impact obtained can
be fatal. In addition to material losses, it can also lead to death because there are gas
cylinders and the amount of electricity in the welding workshop area can cause an explosion
in the event of a fire. This result is also in line with Johannes' research, which stated that
work that involves fire is prone to for fire and explosion [22]. The occurrence of respiratory
problems due to inhaling fume particles during welding is also one of the potential hazards
for welding workers. This is in line with the research by Kjell Toren in Sweden, who reported
that welding can increase the risk of getting invasive pneumococcal disease [23]. Another
study on the occupational exposure to stainless steel welding fumes conducted by
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Stanislawska, stated that manganese, chromium, and nickel were found in the blood of
welders as a result of exposure to fume particles [24-25].

The last potential hazard that frequently occurs in welding workshops is being hit by fire
sparks from welding equipment. A score of 4 was given because workers frequently
experience this incidence. Previous research reported that 100% welding workers at CV.
Cahaya Tiga Putri have been hit by sparks, especially in the eyes [1]. The body parts most
frequently exposed to welding sparks are the eyes and hands. Workers in welding
workshops rarely wear personal protective equipment, especially when welding with carbide
and electric welding. Most workers feel uncomfortable when wearing protective clothing.
They also feel that wearing protective clothing hinders their movements and makes them
less productive. Thus, they often experience eye injuries, eye irritation, and slight burns on
their hands. Workers are used to the condition of eye irritation that they experience [26].
Workers who do not wear glasses tend to suffer from red eyes [7]. This finding is in
agreement with Suheri's finding which showed that the greatest health consequence on
welders is visual impairment [18,27]. The form of treatment they do is to take pain relievers
at night and return to work in the morning [28]. This finding also matches with the research of
Karl Kafui, who reported that 47.9% of welding workers suffered injuries to their eyes due to
fire sparks [29]. Another health impact is eye fatigue due to prolonged exposure to welding
[30].

4. Conclusion

This study shows that there are 8 types of welding task, 21 potential hazards, and 24
health consequences in a welding process. JSA and hazard identification on welding process
revealed thatll health consequences were acceptable risk while 13 others were categorized as
high risk. The high-risk level hazards included falls due to climbing fragile stairs, not wearing a
body harness, slips due to entering confined space, respiratory disorders due to inhaling dust
and particles, burns due to getting exposed to welding sparks and combustible materials,
electric shock due to a chipped short circuit and wet/rain/cloudy work area, and slips and falls
due to untidy workplace and wet floor. All workers are strongly recommended to follow the
proper instruction for the welding process. In addition, each welding workshop must provide a
first aid box. The findings of this study can be used to create an action plan for reducing the
occupational health hazards in Para rubber sawmills.
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