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manual handling, and prolonged exposure to cold temperatures.
Moderate and low risks were found in manual trolley usage, unstable
stacking conditions, and exposure to scanner lighting. The application of
JSA integrated with HSSE principles enables a structured and systematic
approach to hazard identification and risk control. The findings indicate
that, despite efficient warehouse operations, significant risks remain in
sorting activities, particularly in worker—equipment interactions and
cold environment exposure. Therefore, targeted mitigation strategies,
including segregation of forklift and pedestrian pathways, ergonomic
improvements, workload regulation, and the use of cold-resistant
personal protective equipment, are recommended. These measures are
expected to enhance workplace safety, reduce accident risks, and support
continuous improvement toward a safer and more sustainable warehouse
operation aligned with the zero-accident principle.

This is an open access article under the CC BY-NC license

1. Introduction

In an increasingly integrated era of globalization, the logistics sector plays a vital role in supporting the stability
of various industries, ranging from trade to manufacturing. Logistics functions as a strategic link between
producers and consumers, ensuring that goods are distributed efficiently, delivered on time, and maintained in
optimal condition [1]. In developed countries such as Japan, logistics systems have advanced significantly through
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the adoption of high technology and stringent operational standards, particularly in cold chain logistics, where
consumer demands for food freshness place cold chain management in a highly critical position.

The observed warehouse facility is one of the leading logistics companies in Japan, specializing in third-party
logistics (3PL) services with a focus on handling temperature-sensitive food products. The company is supported
by advanced cold storage infrastructure to maintain product quality throughout the distribution process and
implements high standards of operational efficiency. Key operational activities in cold storage warehouses include
inventory management processes such as goods receiving, strict quality inspection, and storage arrangement based
on product categories to optimize space utilization and accessibility. In addition, the use of technologies such as
handheld terminals and Warehouse Management Systems (WMS) plays a crucial role in improving accuracy and
minimizing operational errors.

According to previous studies, forklift-related accidents represent a significant source of occupational injuries
and fatalities in warehouse and industrial environments, particularly due to collisions, overturns, and struck-by
incidents [2]. Furthermore, warechouse operations are characterized by a high prevalence of slips, trips, and falls,
which account for a substantial proportion of non-fatal workplace injuries and are often associated with surface
conditions such as wet or uneven floors [3]. In addition, cold storage environments present higher injury rates
compared to general industry due to the combined effects of extreme temperatures, condensation hazards, and
intensive equipment interaction, emphasizing the need for systematic hazard identification and risk control within
operational settings [4,5]. Furthermore, daily risks such as slips, trips, falls, and exposure to extreme working
conditions highlight the importance of systematic hazard identification and risk control within operational
environments [6—8].

The goods sorting activity (shiwake, in Japanese) at a warehouse facility in Atsugi, Kanagawa Prefecture,
represents a critical process within the distribution network of a Japanese discount supermarket chain, which
operates multiple retail outlets and provides daily consumer goods, particularly food products, at competitive
prices. As a retail company serving end customers directly rather than functioning as a wholesaler or distributor,
this sorting process plays a vital role in ensuring the accuracy of quantity, product type, and delivery destination
before shipment. Errors or disruptions at this stage can affect not only the quality of logistics services but also the
occupational health and safety of operational workers [9]. Based on observations conducted during the internship
period in the cold storage area, the shiwake process is performed in low-temperature environments ranging from
below 0°C to 5°C, combined with a high level of physical activity. Workers perform manual sorting tasks across
multiple work batches, involving lifting (Figure 1 (a)), bending and arranging (b), and transporting (c) frozen and
chilled food products over relatively long periods. These conditions create significant occupational health and
safety risks, particularly related to physical fatigue, reduced concentration, and musculoskeletal disorders caused
by repetitive manual material handling [10].

(@) (b) (©)

Figure 1. Goods Sorting Activities

In addition to temperature and physical workload factors, risks also arise from the working environment. Cold
storage areas typically have damp and slippery floors, increasing the likelihood of slip-and-fall accidents.
Furthermore, the operation of material handling equipment, such as forklifts and hand pallets, within the same
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workspace as workers introduces additional hazards, including collisions and near-miss incidents [11]. The
combination of human factors, working environment conditions, and equipment usage makes the shiwake activity
a high-risk operational process that requires particular attention. To provide a more comprehensive understanding
of the complexity of these issues, the relationships among root causes, key phenomena, and resulting impacts in
shiwake activities within the cold storage area can be visualized through a problem relationship analysis, as
illustrated in Figure 2.

Decreased operational performance
(human error, failure to achieve zero
accident)

Worker health issues (LBP, Risk of accidents and serious injuries
hypothermia, eye fatigue) (collisions, slips, struck by goods)

High potential risk of Occupational Health and Safety (OHS) in sorting
(shiwake) activities at the Logistics cold storage, Atsugi

A

Environmental Factors Activity/Method Factors
- Extreme temperature (0-10°C) - Repetitive heavy manual handling S (PR
" . - Forklift-worker interaction
- Slippery floor - Non-ergenomic posture i e p——
- Poor lighting - Long working duration ¥ P

Figure 2. Problem Relationship Diagram

Although this logistics facility has implemented efficient operational systems and advanced warehouse
technologies, the high productivity demands in cold storage areas may lead to insufficiently detailed identification
of occupational safety aspects at each stage of activity. Without systematic hazard identification and risk control,
the likelihood of workplace accidents and occupational diseases may increase, ultimately affecting operational
performance, worker well-being, and the overall sustainability of the company’s operations.

In addition to the risk factors illustrated in the problem tree, the physical conditions and operational layout of
the warehouse in Atsugi also influence the level of occupational safety. Based on the warehouse layout, limited
space leads to close interaction between manual workers and the traffic routes of heavy equipment, such as
forklifts. The proximity of work areas to internal transportation routes, combined with damp and slippery floor
conditions, creates high-risk points that may lead to accidents and disrupt the smooth flow of food logistics
distribution. Therefore, a structured occupational safety analysis approach is required to identify potential hazards
at each stage of the shiwake process. The Job Safety Analysis (JSA) method is considered appropriate, as it enables
detailed mapping of work activities, identification of potential hazards, and formulation of effective risk control
measures. This analysis is expected to serve as a basis for improving occupational health and safety, particularly
in goods sorting activities within this cold storage facility, to support the creation of a safe working environment
aligned with the principle of zero accidents [12]. Based on this background, the research questions of this study
are as follows:

1. What potential hazards are present at each stage of the sorting (shiwake) process in the observed logistics
cold storage warehouse?

2. What are the risk levels associated with each of these hazards in relation to worker safety and health?

3. What risk control measures can be proposed using the Job Safety Analysis (JSA) method to minimize
workplace accidents and occupational diseases in the shiwake area?

2. Method

This study aimed at identifying, analyzing, and evaluating occupational health and safety (HSSE) risks in
operational activities within the warehouse under study. The research method employed is Job Safety Analysis
(JSA), which breaks down work processes into specific tasks to identify potential hazards, assess risk levels, and
determine appropriate control measures to minimize the likelihood of workplace accidents. The object of this study
is the goods sorting activity within the warehouse, which consists of several stages, including item picking,
checking the quantity and condition of goods, transferring items from pallets to handling equipment, and placing
goods into storage or dispatch areas. The subjects of the study are the workers involved in these sorting activities.
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Figure 3 illustrates the research flow and scope, which includes the stages of observing the sorting activities,
problem identification, literature review, field data collection, data processing using the Job Safety Analysis (JSA)
method, results analysis, and conclusion drawing. The study begins with an observation of the research object to
understand the conditions and context of the study area and to gather primary information. This is followed by
problem identification based on observations, interviews with key informants, and a review of relevant literature.

Observation of Study Object

¥

Problem ldentification

¥

Literature Review

4

Data Collection

¥

Data Processing using Job Safety Analysis (JSA):
- Task Breakdown
- Hazard Identification

¥

Risk Assessment
(Likelihood x Severity)

v

Result Analysis

¥

Conclusion

Figure 3. Research Flow Diagram

A

Interview

During the literature review stage, we collect references related to the research problem to establish the study’s
position and support the analytical process. The subsequent stage involves data collection through interviews,
questionnaires, and literature review. The collected data are then processed using the Job Safety Analysis method
to determine the risk values associated with each step of the sorting process. These results are further analyzed to
assess the level of risk for each work activity, which serves as the basis for drawing conclusions and formulating
recommendations. The risk assessment process in this study is conducted by systematically quantifying risk
through the multiplication of the likelihood of occurrence and the severity of its potential impact. This approach
provides a structured method for evaluating and prioritizing risks based on their overall impact within the work
environment.

The data used in this study consists of both primary and secondary data. Primary data were obtained through
direct observation in the cold storage warehouse and interviews using a Job Safety Analysis (JSA) questionnaire.
Respondents were selected using purposive sampling, focusing on workers directly involved in sorting activities,
including floor supervisors (leaders) and operational staff. The selection also considered work experience, with
respondents having at least one year of experience, ensuring adequate understanding of work processes,
operational procedures, and potential risks at each stage of the activity. Respondents' list, as can be seen in Table
1. The questionnaire used in this study was structured around the Job Safety Analysis (JSA) framework and
organized into distinct sections: respondent identity (name, position, and tenure), a breakdown of each work stage
in the sorting (shiwake) process, an open-ended hazard identification section, and a risk scoring section where
respondents rated each identified hazard using two 1-5 scales: likelihood and severity, based on the AS/NZS
4360:2004 standard. A final section captured existing or recommended control measures from the respondent's
perspective. Questionnaires were administered through guided, face-to-face sessions combined with semi-
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structured interviews with all eight respondents (four leaders and four staff), rather than as self-completed forms,
to ensure consistent understanding of the risk scale definitions and minimize interpretation bias across participants.

The scoring process followed a sequential approach: researchers first explained each work stage based on prior
field observation, respondents then identified hazards relevant to that stage from their own experience, and finally
assigned likelihood and severity scores for each hazard. Since these scores are inherently qualitative judgments
converted into numerical values, the eight individual ratings for each hazard were aggregated using the Geometric
Mean rather than a simple arithmetic average, as this method reduces the influence of extreme or outlier scores
arising from subjective variation among respondents, producing a more stable value that better reflects group
consensus [13]. This design was further justified by the adoption of the 1-5 scale to maintain consistency with the
AS/NZS 4360:2004 standard used in comparable prior studies [14], the use of guided administration over
unassisted self-reporting given respondents' varying familiarity with technical risk-management terminology, and
the purposive selection of leaders and staff with at least one year of tenure, based on the assumption that meaningful
risk assessment requires practical, first-hand understanding of the actual workflow rather than procedural
knowledge alone.

Table 1. Respondent Profile

No. Initials Job Title Years of Experience
1 I Leader 2
2 F Leader |
3 S Leader 1
4 NM Leader 2
5 HY Staff 10
6 ou Staff 6
7 TH Staff 2
8 G Staff 2

In addition to primary data, this study also utilizes secondary data obtained through a literature review of
company documents and relevant previous studies to establish a strong theoretical foundation. This study adopts
the AS/NZS 4360:2004 risk management standard, as referenced by [14], to determine the scales of probability
and severity. The use of this international standard aims to ensure consistency and reliability in evaluating various
risk scenarios.

Table 2. Likelihood (LK) Scale

Level Likelihood Definition
5 Almost Certain An event that can occur at any time.
4 Likely May occur periodically or frequently.
3 Possible Could occur under certain conditions.
2 Unlikely Rarely occurs during normal operations.
1 Rare Very unlikely to occur.

Source: AS/NZS 4360:2004 Risk Management Guideline [14]
Table 3. Severity (SV) Scale

Level Severity Definition
1 Insignificant No injury, very minor financial loss
2 Minor Minor injury requiring first aid, small financial loss
3 Moderate Moderate injury requiring medlcal treatment,
moderate financial loss.
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Level Severity Definition
4 . Serious injury (one person), loss of body function,
Major . . . .
major operational disruption
5 . Fatality (>1 person), major financial loss,
Catastrophic widespread impact, total shutdown of operations

After the data were collected through questionnaires from respondents, the next stage involved processing the
data to determine the values of probability (likelihood) and severity. Considering that risk assessment is qualitative
in nature but converted into numerical values, the geometric mean (Geomean) method was used to aggregate the
respondents’ answers. This method was selected due to its ability to minimize the influence of extreme values
(outliers), resulting in a more stable and representative average that reflects group consensus [13]. The calculated
geometric mean values were then rounded to the nearest integer to align with the predefined likelihood and severity
scales. Once single values for both parameters were obtained, the risk level was evaluated by calculating the Risk
Rating (RR) by multiplying LK and SV.

Table 4. Risk Analysis Matrix

Likelihood Severity (SV)
(LK) 1 2 3 4 5
5 High High eme eme eme
4 Medium High High eme eme
3 Low Medium High eme eme
2 Low Low Medium High eme
1 Low Low Medium High High

Source: AS/NZS 4360:2004 Risk Management Guideline [14]
Description:

- Low Risk = The risk is acceptable. No additional control measures are required.

- Medium Risk = Actions are required to reduce the risk; however, the cost of preventive measures
should be carefully evaluated and limited.

- High Risk = The activity must not be carried out until the risk is reduced. Immediate risk management
actions are required.

- Extreme Risk = The activity must not be carried out or continued until the risk is reduced. If risk
reduction is not feasible, the work must be stopped immediately.

This numerical score serves as an indicator of the urgency of mitigation, where higher values represent more
critical risks requiring immediate action, while lower values can be managed through routine monitoring. A
complete matrix explaining the risk analysis is shown in Table 4. According to the AS/NZS 4360 standard, risk
levels are classified into several categories, namely low, medium, high, and extreme. This classification serves as
a basis for determining risk control priorities and allocating resources effectively to maintain occupational health
and safety in the warehousing environment.

3. Result and Discussion

The analysis of occupational risks using the Job Safety Analysis (JSA) method in operational activities within
the observed logistics warehouse in Atsugi resulted in a comprehensive risk assessment by identifying various
potential hazards, their severity, likelihood of occurrence, and corresponding Risk Rating (RR) scores. All RR
values in this study were calculated based on observations and evaluations of sorting (shiwake) activities carried
out in the cold storage environment. The classification of risk levels refers to the AS/NZS 4360:2004 standard
matrix to ensure consistency and reliability in the evaluation process. Before conducting hazard identification and
risk assessment, a thorough understanding of the operational workflow is essential to accurately map potential
risks at each stage. The sorting (shiwake) activity in the warehouse involves a series of processes that include
interactions between manual labor, the use of scanning technologies, and the movement of material handling
equipment. The systematic workflow of these activities in the warehouse (Figure 4), from goods arrival to
outbound preparation, is illustrated in the following Figure 5.

24



Journal of Emerging Supply Chain, Clean Energy, and Process Engineering p-ISSN: 2963-8577
Vol. 5, No. 1, June 2026, pp. 19-30 e-ISSN: 2964-3511

Based on the operational stages that have been visualized, an in-depth analysis was conducted for each work
step to map potential hazards arising at every transition of activities. The breakdown of tasks into smaller activity
units is essential in the Job Safety Analysis (JSA) method to ensure that all risks, whether mechanical, ergonomic,
or environmental, are comprehensively identified. The results of hazard identification, risk level assessment based
on likelihood and severity parameters, and the formulation of control measures for sorting activities are presented
in detail in the following Table 5.

Results show a total of 11 potential hazards were identified, encompassing mechanical, ergonomic, and
environmental aspects. The risk classification indicates a variation in risk levels, ranging from low to extreme.
Extreme risks were identified in two main activities: interaction with forklift traffic in the sorting area, which
recorded the highest Risk Rating (RR) value of 16, and direct exposure to extreme temperature environments (cold
storage), with an RR value of 12. These risks are categorized as extreme due to their potential to cause severe
physical injuries, fatalities, and serious health conditions such as hypothermia.
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Figure 4. Warehouse Layout

The dominance of forklift traffic as the highest-rated hazard can be attributed to the confined layout of the
sorting area, where pedestrian and vehicle pathways are not physically separated, combined with reduced visibility
caused by low-temperature condensation forming on protective eyewear and scanner screens. This convergence
of spatial constraint and impaired sensory perception elevates both the likelihood and severity of collision events
beyond what would typically be observed in ambient-temperature warechouses. Similarly, direct exposure to
extreme cold is classified as extreme not only due to the risk of hypothermia itself, but because sustained low-
temperature exposure progressively impairs manual dexterity and cognitive alertness. This creates a compounding
effect that increases the likelihood of secondary incidents such as dropped loads or delayed reaction to moving
equipment rather than acting as an isolated hazard confined to health outcomes alone.

In addition to extreme risks, several activities fall into the high-risk category (RR > 9), including non-
ergonomic working postures such as repetitive bending (RR = 12), manual handling of heavy loads (RR = 12),
and wet or slippery floor conditions in the cold storage area (RR = 9). Environmental factors, such as prolonged
exposure to low temperatures, also present a high level of risk (RR =9), as they may reduce worker concentration
and increase the likelihood of human error. Meanwhile, moderate risks were identified in activities such as the use
of manual trolleys (RR = 8) and unstable stacking of goods (RR = 6), while the lowest risk level was associated
with exposure to the handheld scanner screen light (RR = 4).

Notably, these four high-risk activities are not independent of one another but are mechanistically linked by
the cold storage environment itself. Prolonged cold exposure reduces peripheral blood flow and finger dexterity
[15], compelling workers to compensate with awkward gripping and bending postures during manual handling,
which in turn elevates the severity of musculoskeletal strain associated with repetitive bending and heavy lifting.
At the same time, the temperature differential between the cold storage interior and adjacent areas generates floor
condensation, directly contributing to the slip-related risk. This same thermal stress additionally impairs sustained
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attention, meaning that a worker already fatigued by cold exposure is simultaneously more prone to misjudging
floor conditions or lifting technique. In this sense, low temperature functions as a common root cause that amplifies
several seemingly separate hazards rather than acting as one hazard among many.

Overall, these findings indicate that although the warehouse technology system operates efficiently, the
presence of high and extreme risks in sorting activities requires immediate attention and systematic mitigation
measures. Therefore, risk control strategies are prioritized based on the highest Risk Rating values without
neglecting other potential hazards. Mitigation efforts primarily focus on high-to extreme-risk activities,
particularly forklift traffic interactions in the sorting area (RR = 16), which pose significant risks of collisions or
struck-by incidents. Control measures include the separation of forklift and pedestrian pathways, installation of
warning signs, clear marking of operational routes, implementation of speed limits, and the use of reflective safety

vests to improve worker visibility.
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Figure 5. Warehouse Activity Workflow

Ergonomic risks due to repetitive bending postures are addressed through limiting continuous working
durations, implementing cycle-based micro-breaks, and job rotation among workers. Training on proper lifting
techniques is also essential to reduce musculoskeletal disorders. For manual handling of heavy loads, control
measures include limiting lifting weights, utilizing assistive equipment such as trolleys or pallet jacks, and
distributing workloads evenly among workers. To mitigate risks associated with extreme cold exposure in cold

26



Journal of Emerging Supply Chain, Clean Energy, and Process Engineering
Vol. 5, No. 1, June 2026, pp. 19-30

p-ISSN: 2963-8577
e-ISSN: 2964-3511

storage areas, control measures include the mandatory use of cold-resistant personal protective equipment (PPE),
regulation of working durations, and provision of rest periods in normal temperature areas. These measures aim to
prevent health issues such as hypothermia and maintain worker concentration.

In addition to primary mitigation strategies based on Risk Rating, previous studies highlight the effectiveness
of administrative and visual controls in cold storage environments. Prolonged exposure to cold temperatures has
been shown to reduce concentration and increase physical fatigue [16]. Therefore, job rotation and scheduled
micro-breaks are recommended as effective and cost-efficient control measures. Visual management practices,
such as floor markings, safety signage, and clear separation between forklift and pedestrian pathways, have also
been proven to reduce accident risks due to human error [17]. Furthermore, short practical ergonomic training
sessions (toolbox meetings) are recommended to enhance workers’ understanding of safe working postures [18].
Additional controls include standardizing pallet stacking and clearly marking transit areas to prevent falling object
hazards and maintain workplace organization [11].

Table 5. Risk Analysis Matrix

No. Activity Hazard Risk LK | SV | RR
1 Forklift traffic in the sorting ECollision/struck-by incidents 4 4
area causing serious injury or fatality
2 Movement of trolleys or A collision causing bruises or
N . 4 2 8
manual carts minor injuries to the extremities
3 Wet or slippery floor Slips/falls causing dislocation or
o .2, 3 3 9
conditions head injury
4 Exposure to the handy scanner Eye strain and reduced visual
. S . 2 2 4
screen, light & low lighting acuity
5 Extreme operational Reduced motor function and 3 3 9
temperature (0-10°C) numbness in fingers
6 Sorting Non-ergonor‘n‘lc worklpg Lower back pain (LBP) or 4 3 12
. posture (repetitive bending) musculoskeletal disorders
process in the
7 Prolonged exposure to cold .
warehouse . Decreased concentration and
temperatures (environmental . . 3 3 9
increased risk of human error
factor)
8 High or unstable stacking of Falling objects causing head or
- 3 2 6
goods/boxes shoulder injury
? Repetitive manual handling of Shoulder joint injury or rpuscle
cramps due to excessive 4 3 12
heavy loads
workload
10 Manual handling of empty Hands caught in pallets, causing 3 3
pallets cuts or finger fractures
11 Extreme cold working Hypothermia or frostnip on 4 3 12
environment (Cold Storage) exposed skin

Overall, these additional mitigation measures are adaptive, practical, and do not require significant
technological investment, making them suitable for integration into the existing operational system. Their
implementation is also aligned with the principle of continuous improvement in occupational health and safety
management within warehouse environments. The feasibility analysis indicates that most recommended controls
are administrative and visual in nature, making them relatively easy to implement without disrupting operations.
However, potential challenges include operational disruptions during peak hours, worker compliance with
administrative policies, and balancing mitigation effectiveness with operational costs.

4. Conclusion

Based on the results of this study using the Job Safety Analysis (JSA) method on sorting (shiwake) activities
in the observed logistics warehouse in Atsugi, Japan, it can be concluded that working activities in cold storage
environments involve varying levels of occupational health and safety risks, ranging from low to extreme. Among
the 11 identified hazards, the highest risk was associated with forklift traffic interaction in the sorting area, with a
Risk Rating (RR) of 16, categorized as extreme due to its potential to cause severe injury or fatality. In addition,
prolonged exposure to cold environments, repetitive manual handling of heavy loads, and non-ergonomic working
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postures were identified as high-risk factors, with RR values ranging from 9 to 12. These risks may lead to
musculoskeletal disorders, decreased concentration, and serious health conditions such as hypothermia. Moderate
risks were found in manual trolley use and unstable stacking conditions, while low risks were associated with
exposure to handheld scanner screens and lighting conditions.

The likelihood and severity calculations, processed using the geometric mean method, indicate that cold
environmental conditions, high physical workload, and interactions between workers and material handling
equipment are the primary contributors to occupational risks. Therefore, the proposed mitigation measures include
the provision and standardization of appropriate PPE for cold storage environments, regulation of working hours
and rest periods, implementation of job rotation, enhancement of ergonomic and manual handling training, clear
separation of forklift and pedestrian zones, and maintenance of floor and environmental conditions to prevent slips
and falls. The integrated and risk-based implementation of these mitigation strategies is expected to reduce
workplace accidents, improve worker comfort and health, and support the creation of a safe, productive working
environment aligned with the zero-accident principle.

For future research, it is recommended to expand the risk analysis by combining JSA with other methods such
as HIRARC, FMEA, or quantitative ergonomic approaches like RULA or REBA to obtain more comprehensive
results. Additionally, future studies may extend the scope beyond sorting activities to include inbound and
outbound processes for a more holistic risk assessment. Further research may also evaluate the effectiveness of the
proposed mitigation strategies through before-and-after analysis or periodic safety performance assessments.
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