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Abstract  

Purpose: This study aims to identify occupational hazards, assess risk levels, and propose 
appropriate risk control measures in task-based sulfur mining activities, which are 
characterised by high-risk environmental and manual work conditions. 
Methodology: A mixed qualitative–quantitative approach was employed. Data were 
collected through direct observation and semi-structured interviews involving five sulfur 
miners and one company representative at a sulfur mining site in Banyuwangi, Indonesia. 
Job Safety Analysis (JSA) was used to systematically identify hazards in each work step, 
while risk levels were evaluated using the Hazard Identification, Risk Assessment, and Risk 
Control (HIRARC) method based on likelihood and severity scales adapted from AS/NZS 
4360. Risk scoring was validated through iterative discussions with the participants. 
Results: A total of 25 potential hazards were identified across key activities, including 
climbing, sulfur extraction, and material handling. Of these, 21 hazards were classified as 
medium risk and 4 as low risk. The main hazards include uneven terrain, steep pathways, 
toxic gas exposure, and manual material handling. Proposed control measures include 
engineering improvements (e.g., path levelling and guardrails), administrative controls 
(e.g., training and work procedures), and the use of personal protective equipment. 
Conclusion: The integration of JSA and HIRARC effectively provides a structured approach 
for identifying and assessing risks in dynamic mining environments. 
Originality: This study contributes by applying JSA–HIRARC integration in a non-controlled 
outdoor mining context, highlighting environmental and ergonomic risk factors that are 
often overlooked in previous studies. 
 
Keywords: hazard identification; HIRARC; Job Safety Analysis (JSA); mining safety; risk 
assessment 

 

1. Introduction 

Occupational health and safety (OHS) play a critical role in protecting workers and improving 

workplace conditions, particularly in high-risk industries such as mining. Workplace accidents are often 

associated with unsafe actions and unsafe conditions, which can lead to injuries and negatively affect 

workers’ health and productivity (Yulianti et al., 2023). Mining activities are widely recognized as 

hazardous occupations due to the high prevalence of workplace accidents and exposure to multiple 

physical, chemical, and ergonomic hazards (Dartey et al., 2022; Donoghue, 2004; Kyeremateng-Amoah 

& Clarke, 2015). Mineworkers are frequently exposed to long working hours, physically demanding 

tasks, and hazardous substances, which contribute to occupational injuries and health problems. 

Sulfur mining represents one of the most hazardous forms of small-scale mining activities. Workers 

are exposed to multiple risk factors, including toxic gases (e.g., sulfur dioxide and hydrogen sulfide), 

steep and uneven terrain, extreme temperatures, and intensive manual material handling. These 

conditions not only increase the likelihood of accidents but also pose long-term health risks that may 
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reduce workers’ productivity and income stability. In particular, the dependence of miners’ wages on 

daily output intensifies the impact of occupational hazards, as injuries or illnesses directly affect their 

livelihoods. In artisanal and small-scale mining, occupational risks are further intensified by labour-

intensive processes, limited safety infrastructure, and exposure to environmental hazards such as dust, 

toxic gases, and heavy physical workloads (Schwartz et al., 2021). 

Effective risk management is therefore essential to minimize occupational hazards and improve 

safety performance. Risk management in occupational safety involves hazard identification, risk 

assessment based on likelihood and severity, and the implementation of control measures to minimize 

workplace risks (Garto et al., 2023). In this context, task-based risk assessment approaches are 

particularly relevant, as they enable detailed identification of hazards at each stage of work activities. 

Recent studies have increasingly applied Job Safety Analysis (JSA) and Hazard Identification, Risk 

Assessment, and Risk Control (HIRARC) to improve workplace safety performance. JSA enables 

systematic identification of hazards by decomposing work processes into sequential steps, while 

HIRARC provides a structured framework for evaluating risk levels and determining control strategies. 

Previous studies have shown that the integration of JSA and HIRARC can support hazard identification 

and improve risk assessment in industrial settings (Hamdani & Andesta, 2024; Sholichin et al., 2025; 

Sinaga et al., 2024). 

However, existing studies have predominantly focused on controlled environments, such as 

manufacturing systems and workshop operations, where hazards are relatively stable and predictable 

(Bimantara et al., 2025; Giovanni et al., 2023). In contrast, outdoor mining environments present 

significantly higher levels of uncertainty due to environmental variability, including terrain instability, 

weather conditions, and exposure to hazardous substances. These dynamic conditions create a different 

risk profile that is not adequately addressed by existing studies. 

Furthermore, previous studies have given limited attention to the combined influence of 

environmental and ergonomic factors in mining contexts (Dartey et al., 2022; Schwartz et al., 2021) 

despite their significant role in shaping occupational risk in labour-intensive and hazardous work 

environments. This limitation reveals a gap in the literature regarding the application of integrated risk 

assessment methods in highly dynamic and hazardous outdoor environments, particularly in sulfur 

mining activities. 

To address this gap, this study applies an integrated JSA–HIRARC approach to sulfur mining 

activities in Indonesia. This study contributes by extending the application of these methods to a non-

controlled, high-risk outdoor environment and by providing context-specific insights into hazard 

identification, risk assessment, and risk control strategies. 

Based on the above background, the objectives of this study are: 

1. To identify potential hazards in task-based sulfur mining activities using Job Safety Analysis (JSA);  

2. To assess risk levels using the HIRARC method;  

3. To propose appropriate risk control measures based on the hierarchy of controls. 

To provide a theoretical foundation for achieving these objectives, the following section reviews 

relevant literature on occupational safety, risk management, and task-based hazard identification 

methods, particularly the integration of JSA and HIRARC. 

2. Literature Review 

2.1. Occupational Health and Safety in High-Risk Environments 

Occupational health and safety (OHS) is a critical element in protecting workers, particularly in 

high-risk industries such as mining (International Labour Organisation, 2019). Workplace accidents are 

generally associated with unsafe conditions and unsafe actions (Yulianti et al., 2023). In mining 

environments, occupational risks are often intensified by hazardous conditions such as toxic gas 

exposure, unstable terrain, and physically demanding tasks.  

In labour-intensive work environments, occupational risks are closely related to work processes 

and operational conditions, including human factors and the work environment (Sholichin et al., 2025). 

In small-scale mining operations, these risks may be further intensified by limited safety infrastructure. 

These conditions reflect the interaction between environmental and human factors, highlighting the need 

for more context-specific safety management approaches. Occupational safety and health in mining is 

influenced by a complex interaction of human, technological, and organisational factors, which 

collectively contribute to workplace accidents and injuries (Ajith et al., 2022). Previous studies have 

also highlighted those organisational activities, such as the use of contract labour, may negatively affect 
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occupational safety outcomes due to reduced control over safety implementation (Jackson & Quinlan, 

2024). 

These studies highlight that occupational risks in high-risk environments are shaped by the 

interaction between environmental conditions and human factors. However, existing research has not 

sufficiently addressed how these factors interact in dynamic and labour-intensive outdoor settings, such 

as sulfur mining, where risk exposure is highly variable and context-specific. 

2.2. Risk Management and HIRARC Approach 

Risk management involves hazard identification, risk assessment, and the implementation of 

control measures to minimize workplace risks (Garto et al., 2023). Risk management has developed as 

a structured and systematic discipline that aims to understand, assess, and manage uncertainty in various 

operational contexts (Aven, 2016). Risk assessment also involves dealing with uncertainties that may 

influence decision-making processes in complex work environments (Aven & Zio, 2011). 

The HIRARC method is used in occupational safety to identify hazards, assess risks regarding 

likelihood and severity, and determine appropriate control measures (Ihsan et al., 2016; Sinaga et al., 

2024). HIRARC has been applied in various occupational settings to support hazard identification, risk 

assessment, and the implementation of control measures. The HIRARC method provides a systematic 

approach for identifying hazards, assessing risk levels based on likelihood and severity, and determining 

appropriate control measures to reduce workplace risks (Giovanni et al., 2023). The application of risk 

assessment approaches such as HIRARC has been shown to identify various levels of risk, ranging from 

low to high, and to support prioritization of control measures in industrial environments (Bimantara et 

al., 2025). Previous studies have shown that its application can improve safety practices and support the 

reduction of workplace accident risks in industrial environments (Putra et al., 2025; Sinaga et al., 2024).  

Although the HIRARC method has been widely applied in structured industrial environments, its 

application in dynamic outdoor settings remains limited. This suggests a need to further explore how 

HIRARC can be adapted to contexts where environmental variability significantly influences risk 

exposure. 

2.3. Job Safety Analysis (JSA) for Task-Based Hazard Identification 

JSA is a method used to identify hazards by examining each step of a work process (Aprilliani et 

al., 2025; Ardinal, 2020). This method enables detailed identification of hazards associated with each 

stage of work activities and supports the development of preventive measures to reduce risk exposure. 

In a task-based approach to hazard identification, as reflected in JSA, work activities are 

systematically decomposed into sequential steps, allowing hazards to be identified at each step of the 

work process. This approach emphasises the relationship between specific tasks, worker actions, and 

environmental conditions, enabling a more precise understanding of how and where hazards occur 

within a process. By focusing on task-level interactions, JSA can capture operational risks that may not 

be visible in broader system-level analyses. 

Moreover, task-based hazard identification supports the development of targeted and context-

specific control measures, as each identified hazard is directly linked to a specific work activity. This 

makes JSA particularly relevant for analysing labour-intensive processes, where risk exposure is closely 

associated with manual operations, physical workload, and environmental variability. 

JSA has been applied in industrial and construction settings to support hazard identification and 

improve workplace safety (Ghasemi et al., 2023). This method allows hazards to be identified at each 

step of the work process, making it suitable for labour-intensive activities involving manual handling. 

However, its application has mostly been reported in relatively structured work environments, where 

processes are more stable and predictable. 

This highlights the need for further investigation to understand how JSA can be applied in dynamic 

and non-controlled environments, where work processes are less predictable, and hazard conditions are 

more variable. 

2.4. Integration of JSA and HIRARC 

The integration of JSA and HIRARC has been applied to enhance occupational risk assessment. 

JSA focuses on identifying hazards at the task level, while HIRARC evaluates the associated risks and 

determines appropriate control measures, resulting in a more comprehensive analysis (Hamdani & 

Andesta, 2024; Sinaga et al., 2024). In this integration, JSA enables a detailed breakdown of work 
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activities into sequential steps, allowing potential hazards to be identified systematically at each stage 

of the process. Meanwhile, HIRARC complements this process by providing a structured framework 

for evaluating the likelihood and severity of identified hazards, thereby supporting the prioritization of 

appropriate control measures. The combination of these methods creates a more holistic approach by 

linking task-level hazard identification with risk evaluation and control planning. 

Specifically, several studies have reported that integrating JSA and HIRARC can enhance hazard 

identification and support the development of more effective risk control strategies, particularly in 

industrial environments (Putra et al., 2025; Sholichin et al., 2025). This integration also allows for a 

more comprehensive assessment by capturing hazards that may not be identified when using a single 

method. Furthermore, it improves the alignment between identified hazards and corresponding control 

measures, thereby strengthening decision-making in occupational safety management. However, this 

integrated approach has been predominantly applied in structured industrial environments, where work 

processes are relatively stable and well-defined. 

Despite the demonstrated effectiveness of integrating JSA and HIRARC in industrial contexts, 

limited studies have examined their combined application in dynamic and non-controlled environments, 

highlighting a gap in their contextual adaptability. 

2.5. Comparison with Other Risk Assessment Methods 

Other risk assessment methods are also used in occupational safety and engineering contexts. 

Failure Mode and Effects Analysis (FMEA) is applied to identify potential failure modes and evaluate 

their effects on system performance (Stamatis, 2023). Hazard and Operability Study (HAZOP), on the 

other hand, is used to analyse process deviations and identify potential hazards in complex engineered 

systems (Kletz, 1999). These methods are particularly effective in highly mechanized environments, 

where risks are associated with system reliability and process interactions. 

These approaches are primarily designed for system-oriented risk analysis, where hazards are 

linked to equipment, processes, and technical failures. However, in task-based and labour-intensive 

environments such as mining, risks are more closely related to human activities and environmental 

conditions rather than system failures. In such contexts, hazards often emerge from dynamic work 

processes, physical workload, and environmental variability, which require a more task-oriented 

perspective. 

Therefore, methods such as JSA and HIRARC are considered more suitable for capturing task-

specific hazards and dynamic risk exposure. This comparison indicates that while methods such as 

FMEA and HAZOP are suitable for system-based risk analysis, task-based approaches such as JSA and 

HIRARC are more appropriate for analysing risks in labour-intensive and environmentally dynamic 

activities such as mining. 

2.6. Research Gap and Contribution 

Even though previous studies have demonstrated that the integration of JSA and HIRARC can 

improve workplace safety, these studies are generally conducted in industrial environments such as 

manufacturing and construction (Hamdani & Andesta, 2024; Sinaga et al., 2024). Limited research has 

explored their application in outdoor and high-risk environments, such as sulfur mining, where hazard 

variability is significantly higher and less predictable. 

This limitation is important because risk characteristics in outdoor environments differ 

fundamentally from those in controlled industrial settings. In such environments, hazards are influenced 

by dynamic factors such as terrain conditions, weather variability, and exposure to hazardous substances, 

which may alter both the likelihood and severity of risks. As a result, methods validated in stable 

industrial contexts may not fully capture the complexity of risk exposure in these settings. 

Furthermore, existing studies primarily focus on hazard identification within structured industrial 

settings, with limited attention to environmental variability and context-specific risks in outdoor work 

environments (Ghasemi et al., 2023). This indicates a gap in the literature regarding the application of 

integrated risk assessment methods in dynamic and hazardous outdoor environments. 

In addition, there is limited understanding of how integrated approaches, such as JSA–HIRARC, 

can be adapted to account for the interaction between environmental and ergonomic risk factors in 

labour-intensive outdoor activities. This highlights the need for context-specific applications that go 

beyond conventional industrial settings. 
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Therefore, this study addresses this gap by applying the JSA–HIRARC approach in sulfur mining 

activities. The contribution of this study lies in extending the application of these methods to a non-

controlled environment and providing context-specific insights into hazard identification, risk 

assessment, and risk control strategies. 

3. Methodology 

This study adopts a mixed qualitative–quantitative approach to analyse occupational hazards and 

risks in sulfur mining activities (Creswell & Creswell, 2018). The mixed-method approach was selected 

to enable a comprehensive understanding of the research problem by combining qualitative insights 

from field observations and interviews with quantitative risk assessment using a structured scoring 

system. This approach allows both contextual interpretation of hazards and systematic evaluation of risk 

levels. 

3.1. Research Setting and Participants 

The study was conducted at a sulfur mining area located in East Java, Indonesia. The mining 

activities are labour-intensive and include climbing, sulfur collection, and material handling, which 

expose workers to various occupational hazards. 

The participants were selected using purposive sampling to ensure that respondents had direct 

experience with the mining activities under study (Creswell & Creswell, 2018). The participants 

consisted of five sulfur miners and one company representative. The miners were actively involved in 

daily mining operations and had practical knowledge of workplace hazards, while the company 

representative provided managerial perspectives on safety practices and risk control implementation. 

3.2. Data Collection Instruments and Procedures 

Data were collected using several instruments and procedures as follows: 

a. Direct observation: observations were conducted along the mining route, covering all major work 

activities, including preparation, climbing, sulfur collection, and material handling. An observation 

checklist was used to systematically identify unsafe conditions, unsafe actions, and environmental 

hazards encountered during mining activities (Creswell & Creswell, 2018). 

b. Semi-structured interviews: semi-structured interview guidelines were used to collect data from 

miners and the company representative. The interviews focused on identifying experienced hazards, 

frequency of incidents, and perceived severity of risks. This method allowed in-depth exploration 

while maintaining consistency across the participants (Kallio et al., 2016). 

c. Field documentation: field notes and visual documentation were used to support data accuracy and 

provide contextual understanding of working conditions (Yin, 2018). 

 The combination of these data collection methods enables a comprehensive understanding of 

workplace conditions by integrating observational evidence, participants’ experiences, and contextual 

documentation, thereby strengthening the accuracy and completeness of the collected data. 

3.3. Data Analysis Methods 

The analysis was conducted at two main stages. First, JSA was used to systematically break down 

each work activity into sequential steps and identify potential hazards associated with each step 

(Roughton & Crutchfield, 2015). The analysed work activities include climbing, sulfur collection, and 

material handling performed by miners. 

Second, the HIRARC method was applied to assess risk levels by evaluating the likelihood and 

consequence of each identified hazard. The integration of JSA and HIRARC enables a comprehensive 

analysis from hazard identification to risk evaluation and control. 

The likelihood scale used in this study was adapted from commonly applied risk matrix approaches 

in occupational safety, as reflected in standards such as AS/NZS 4360 (Standards Australia & Standards 

New Zealand, 2004), and was defined according to the observed frequency of incidents (e.g., daily, 

weekly, or occasional occurrences). The consequence scale was similarly adapted to reflect the severity 

of potential impacts, ranging from minor injuries to severe or extreme outcomes. 

Risk scoring was performed using a semi-quantitative risk matrix by combining likelihood and 

severity values to determine the risk level of each identified hazard. This approach allows for a 

systematic classification of risks and supports the prioritisation of appropriate control measures based 

on their relative significance. 
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3.4. Validation and Reliability 

The scoring process was conducted through discussions with miners and management to 

incorporate practical experience in the field (Yin, 2018). This approach allows the integration of 

empirical observations with participants’ experiential knowledge, thereby improving the contextual 

accuracy of the assigned risk ratings. 

To improve consistency and reduce subjectivity, the assigned ratings were discussed and validated 

through iterative consultation among the participants. During this process, differences in judgment 

regarding likelihood and consequence levels were reviewed and reconciled through collective 

agreement, ensuring that the final ratings reflected a shared understanding of workplace conditions. 

In addition, triangulation was achieved by comparing data obtained from direct observations, 

interviews, and field documentation. This combination of multiple data sources strengthens the 

credibility of the findings and reduces potential bias in the assessment process. Overall, this validation 

procedure enhances the reliability and validity of the risk assessment results. 

3.5. Development of Risk Control Measures 

Based on the results of hazard identification and risk assessment, risk control recommendations 

were developed for each identified hazard. Each recommendation was formulated by considering the 

specific characteristics of the hazard, its associated risk level, and the working conditions in the mining 

environment (Garto et al., 2023; Giovanni et al., 2023). These recommendations were structured 

according to the hierarchy of controls, including engineering controls, administrative controls, and 

personal protective equipment (PPE), to ensure a systematic and prioritised approach to risk mitigation 

(OSHA, 2023). Engineering controls were proposed to address hazards at the source, administrative 

controls focused on improving work procedures and worker behaviour, and PPE was recommended as 

a protective measure where higher-level controls were not feasible (Sinaga et al., 2024). 

The proposed measures were further evaluated through discussions with management to assess 

their feasibility, practicality, and suitability within the operational constraints of the mining context. 

This evaluation ensured that the recommended controls were not only theoretically appropriate but also 

applicable in real working conditions. 

The application of the above methods resulted in a comprehensive identification of hazards and 

risk levels, which are presented and analysed in the following section. 

4. Results 

A hazard is defined as a condition, action, or potential that can cause harm to people, property, 

processes, or the environment (Supriyadi & Ramdan, 2017). Hazard identification is a systematic 

process used to identify potential hazards within workplace activities (Ramli, 2010; Supriyadi & 

Ramdan, 2017). Hazard analysis typically focuses on work activities with higher exposure to potential 

hazards. These activities can be analysed using the JSA, a technique used to identify hazards before 

accidents or incidents occur and serves as an important tool in safety management (Roughton & 

Crutchfield, 2015). 

As shown in Figure 1, there are eight stages of miners’ work, starting from preparation for climbing 

to sulfur weighing. Regarding interviews with miners and direct observations along the climbing route, 

several hazards and potential risks were identified, as listed in Table 1. The identified risks were 

categorized as inherent risks, referring to risks present before any additional control measures are 

implemented. 

4.1. Risk Analysis 

Risk refers to the effect of uncertainty on objectives, while risk management involves coordinated 

activities to direct and control an organisation’s risks. It is described as a structured process that supports 

decision-making by providing a deeper understanding of risks and their potential impacts (AS/NZS 

4360:2004). 

In this study, risk analysis was conducted using the HIRARC method (Sholichin et al., 2025) to 

systematically evaluate the risks associated with each identified hazard. Following hazard identification 

using the JSA method, risk assessment was performed for each work activity by analysing the likelihood 

of occurrence and the severity of its consequences. 
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Figure 1. Eight work stages of miners’ activities 

Table 1. Hazard identification and inherent risk assessment of sulfur mining activities 

Work Stage Cause of Hazard Potential Hazard Inherent Risks Risk 

Level Likelihood Consequence 

Preparation of 

climbing 

equipment and 

trolley (1) 

Preparation of climbing 

equipment and trolley 

Fingers pinched by the 

brake handle 

4 2 Medium 

Journey after 

preparation to the 

post (2) 

Uneven and slippery 

road 

Slipping and spraining 3 2 Medium 

Tree roots sticking out 

of the ground 

Tripping and falling 4 2 Medium 

Tall trees around Hit by falling trees 1 4 Low 

Climbing from 

the post to the 

round hut (3) 

Steep and uphill road Tripping 3 2 Medium 

Uneven road Slipping and spraining 4 2 Medium 

Cliff without barriers Falling into a ravine 1 5 Medium 

Tree roots sticking out 

of the ground 

Tripping and falling 3 2 Medium 

Climbing from 

the round hut to 

the crater (4) 

Steep and narrow road Slipping and spraining 4 2 Medium 

Uneven road Tripping and falling 3 2 Medium 

Cold air temperature Hypothermia 1 4 Low 

Landslide-prone cliff Buried by a landslide 1 4 Low 

Journey from the 

summit to the 

crater base for 

sulfur collection 

(5) 

Rocky, uneven road Tripping and falling 4 2 Medium 

Narrow path Breathing difficulty 1 4 Low 

Sulfur gas Eye irritation 3 2 Medium 

Lifting a load too heavy Back pain 3 2 Medium 

Return trip from 

the crater to the 

sulfur weighing 

area (6) 

Steep and descending 

road 

Tripping and falling 3 2 Medium 

Uneven, slippery road Slipping and spraining 3 2 Medium 

Cliff without barriers Muscle injury 3 2 Medium 

Moving sulfur 

from the trolley to 

the scale (7) 

The trolley moves when 

the load is lifted 

Muscle injury 3 2 Medium 

Body position when 

lifting sulfur 

Back pain 3 2 Medium 

Moving sulfur 

from the scale to 

the truck (8) 

Body position when 

lifting sulfur 

Back pain 3 2 Medium 

Muscle injury 3 2 Medium 

Sulfur dust Eye irritation 3 2 Medium 

Load too heavy Hit by a falling load 2 3 Medium 
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The likelihood scale used in this study was adapted from commonly applied occupational safety 

risk matrices (Standards Australia & Standards New Zealand, 2004), defined as Rare (1), Unlikely (2), 

Moderate (3), Likely (4), and Almost Certain (5). The consequence scale was also adapted from AS/NZS 

4360 (Standards Australia & Standards New Zealand, 2004) and modified to accurately reflect the 

specific operational risks associated with sulfur mining activities, ranging from Negligible (1) to 

Extreme (5). Notably, the term “moderate” refers to the likelihood scale, whereas “medium” is used to 

describe the resulting risk level classification. 

Risk assessment was performed by combining likelihood and consequence values to determine the 

overall risk rating for each identified hazard. This process enables the classification of risk levels and 

supports the prioritisation of appropriate control measures. The risk rating framework used in this study 

is illustrated in Figure 2. 

The risk assessment results for each work stage, based on inherent risk conditions, are presented in 

Table 1. The likelihood and consequence ratings were determined based on miners’ experiences and 

field observations. The results show that, among the 25 identified hazards, four are categorized as low 

risk and 21 as medium risk. 

4.2. Proposed Risk Control Measures 

As shown in Table 2, several risk control measures were proposed for each identified hazard based 

on the risk assessment results. These recommendations were developed by considering the nature of 

each hazard, its associated risk level, and the specific working conditions in sulfur mining activities. 

These conditions are characterized by dynamic environmental exposure and labour-intensive tasks. 

The proposed measures aim to address both the sources of hazards and the exposure of workers by 

combining engineering improvements, administrative interventions, and the use of personal protective 

equipment. This integrated approach ensures that risk reduction is not only reactive but also preventive, 

targeting hazards at different levels of control. 

These recommendations are described as follows: 

a. Wear gloves, such as Kevlar gloves, when using a trolley to reduce the risk of impact injuries. 

b. Use personal protective equipment (PPE), such as safety shoes with non-slip outsoles, to prevent 

slips and sprains. 

c. Level the climbing route by adding and compacting soil on uneven areas. 

d. Regularly inspect and remove hazardous trees along the climbing route while using appropriate PPE. 

e. Install guardrails and warning signs in areas with steep ravines. 

f. Use PPE such as scarves, earplugs, wool, and thermal clothing to prevent hypothermia. 

g. Install retaining walls in landslide-prone areas. 

h. Use respirator masks to reduce exposure to sulfur gases. 

i. Use safety glasses to prevent eye irritation. 

j. Apply correct body posture during lifting activities. 

k. Perform stretching and take adequate rest to prevent muscle injuries. 

l. Avoid exceeding physical limits during work activities. 

 

 

Figure 2. Risk analysis matrix (adapted from AS/NZS 4360:2004) 
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Table 2. Proposed risk control measures and residual risk assessment 

Work Stage Potential 

Hazard 

Risk 

Level 

Hazard Control 

Recommendation 

Residual Risks Risk 

Level Likelihood Consequence 

Preparation of 

climbing 

equipment and 

trolley (1) 

Fingers pinched 

by the brake 

handle 

Medium a 2 2 Low 

Journey after 

preparation to 

the post (2) 

Slipping and 

spraining 

Medium b 2 2 Low 

Tripping and 

falling 

Medium c 2 2 Low 

Hit by falling 

trees 

Low d 1 3 Low 

Climbing from 

the post to the 

round hut (3) 

Tripping Medium c 2 2 Low 

Slipping and 

spraining 

Medium b 2 2 Low 

Falling into a 

ravine 

Medium e 1 3 Low 

Tripping and 

falling 

Medium e 1 3 Low 

Climbing from 

the round hut to 

the crater (4) 

Slipping and 

spraining 

Medium b 2 2 Low 

Tripping and 

falling 

Medium c 2 2 Low 

Hypothermia Low f 1 3 Low 

Buried by a 

landslide 

Low g 1 3 Low 

Journey from 

the summit to 

the crater base 

for sulfur 

collection (5) 

Tripping and 

falling 

Medium c 2 2 Low 

Breathing 

difficulty 

Low h 1 3 Low 

Eye irritation Medium i 2 2 Low 

Back pain Medium j 2 2 Low 

Return trip from 

the crater to the 

sulfur weighing 

area (6) 

Tripping and 

falling 

Medium c 2 2 Low 

Slipping and 

spraining 

Medium b 2 2 Low 

Muscle injury Medium k 2 2 Low 

Moving sulfur 

from the trolley 

to the scale (7) 

Muscle injury Medium k 2 2 Low 

Back pain Medium j 2 2 Low 

Moving sulfur 

from the scale 

to the truck (8) 

Back pain Medium j 2 2 Low 

Muscle injury Medium k 2 2 Low 

Eye irritation Medium i 2 2 Low 

Hit by a falling 

load 

Medium l 2 2 Low 

 

These measures reflect different levels of intervention in risk control, ranging from eliminating or 

reducing hazards at their source to minimizing worker exposure. Engineering controls primarily target 

environmental and physical hazards, particularly those related to terrain instability and unsafe pathways. 

Administrative controls focus on improving work practices and reducing ergonomic risks associated 

with manual handling activities, whereas PPE serves as an additional layer of protection when higher-

level controls are not fully feasible. 

In terms of the hierarchy of controls (OSHA, 2023), recommendations (c), (d), (e), and (g) are 

categorized as engineering controls. Recommendations (j), (k), and (l) are identified as administrative 

controls, while the remaining measures fall under PPE. 

4.3. Comparison of Hazard Control Ratings 

A comparison was conducted between inherent risk and residual risk levels based on the proposed 

control measures, as presented in Tables 1 and 2. Initially, among the 25 identified hazards, four were 
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categorized as low risk and 21 as medium risk, as presented in Table 1. After implementing the proposed 

control measures, all hazards were reduced to a low-risk category, as shown in Table 2. This reduction 

implies that the recommended control measures are effective in mitigating the identified risks by 

lowering the likelihood of occurrence, reducing the severity of potential consequences, or both. In 

particular, engineering controls, such as improving pathways and installing guardrails, directly address 

environmental hazards, while administrative controls and the use of PPE help reduce exposure and 

improve worker safety behaviour. 

The results also demonstrate that medium-level risks dominate across most work stages in sulfur 

mining activities, indicating continuous exposure to hazardous conditions. This finding suggests that, 

even though individual risks may not be classified as high, their cumulative and repetitive nature can 

still pose significant safety concerns, particularly in labour-intensive and physically demanding work 

environments. 

Furthermore, the comparison between inherent and residual risk highlights the importance of 

implementing context-specific control measures that are aligned with actual working conditions. This 

ensures that risk reduction is not only theoretically effective but also practically applicable in dynamic 

mining environments. 

5. Discussion 

The findings demonstrate that medium-level risks dominate across work stages, directly supporting 

the study objective of assessing task-based risk levels in sulfur mining, which indicates continuous 

exposure to hazardous conditions. These risks are primarily associated with uneven terrain, steep 

pathways, and manual handling activities. Although high-risk hazards were not identified, the persistent 

exposure to medium-level risks represents a significant safety concern, as cumulative exposure can 

substantially increase the likelihood of accidents and long-term physical strain. 

The dominance of medium-level risks reflects the inherent characteristics of sulfur mining, which 

relies heavily on manual labour and is conducted in a dynamic outdoor environment. Unlike controlled 

industrial settings, mining activities are influenced by environmental variability, including terrain 

conditions and exposure to hazardous gases. These factors contribute to a higher likelihood of incidents, 

resulting in a concentration of medium-risk classifications. These findings are consistent with previous 

research indicating that mining-related hazards are strongly associated with physical workload and 

exposure to hazardous environments (Dartey et al., 2022). Furthermore, in small-scale mining contexts, 

the limited implementation of structured safety management systems further increases workers’ 

vulnerability to occupational hazards (Schwartz et al., 2021). 

Compared to previous studies conducted at manufacturing and workshop environments, where 

risks are generally associated with machinery and process-related factors (Garto et al., 2023; Hamdani 

& Andesta, 2024; Sinaga et al., 2024), this study reveals a different risk pattern. Environmental and 

ergonomic hazards emerge as the dominant risk factors in sulfur mining activities. This finding 

highlights the importance of environmental exposure and physical workload in shaping occupational 

risks in mining contexts. 

The application of the proposed control measures resulted in a consistent reduction of all identified 

hazards to low-risk levels. This outcome confirms the effectiveness of the recommended interventions, 

particularly those targeting environmental improvements and the use of appropriate personal protective 

equipment. The effectiveness of these measures can be attributed to their alignment with the hierarchy 

of controls, where engineering and administrative interventions directly address the primary sources of 

risk. 

From a theoretical perspective, this study extends the application of integrated JSA and HIRARC 

methods into dynamic and non-controlled environments. While previous research has largely focused 

on structured industrial systems, this study demonstrates that these methods remain effective when 

adapted to environments characterised by high variability and uncertainty. This contributes to expanding 

the applicability of task-based risk assessment frameworks. 

From a practical perspective, the findings provide actionable and context-specific 

recommendations for improving occupational safety in sulfur mining. The proposed control measures 

are not only effective in reducing risk levels but also feasible to implement, as confirmed through 

discussions with management. This highlights their potential to support safer and more sustainable 

mining practices. 

Nevertheless, this study has several limitations. First, the relatively small number of participants 

may limit the generalizability of the findings. Second, the risk assessment relied partly on subjective 
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judgment, although validation efforts were conducted. Third, environmental variables such as weather 

conditions and gas concentration levels were not quantitatively measured. Future research should 

incorporate larger samples and objective environmental measurements to enhance the robustness of the 

analysis. 

According to these findings and their implications, the following section summarises the main 

conclusions of the study and highlights key contributions and recommendations. 

6. Conclusion 

This study aimed to identify potential hazards, assess risk levels, and propose appropriate risk 

control measures in sulfur mining activities using the integrated Job Safety Analysis (JSA) and Hazard 

Identification, Risk Assessment, and Risk Control (HIRARC) approach. 

The results show that sulfur mining activities involve multiple hazards, particularly those related to 

uneven terrain, exposure to sulfur gas, and manual material handling. A total of 25 hazards were 

identified, of which four were categorized as low risk and 21 as medium risk under inherent conditions. 

These findings suggest that miners are consistently exposed to moderate levels of risk across various 

work stages. 

The application of risk control measures based on the hierarchy of controls demonstrates strong 

potential to reduce risk levels. Engineering controls, such as levelling climbing routes and installing 

guardrails, along with administrative controls and the use of PPE, effectively address the primary 

sources of risk. The comparison between inherent and residual risk levels shows that the proposed 

measures can reduce all identified hazards to low-risk categories. 

Overall, this study confirms that the integration of JSA and HIRARC provides an effective and 

structured approach for identifying hazards and managing risks in sulfur mining activities. The findings 

highlight the importance of implementing context-specific safety measures that address environmental 

and ergonomic risk factors in dynamic outdoor work environments. 

While this study provides valuable insights into hazard identification and risk assessment in sulfur 

mining activities, future research is recommended to validate the proposed risk control measures through 

field implementation and to incorporate quantitative environmental measurements for more robust risk 

evaluation. 
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