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Abstract

Background The high number of confined space incidents in Malaysia suggests that working in a confined space exposes
workers to a substantial risk of serious injury or fatality. The rapid development of industry and technology has increased
the need to work in confined spaces and significantly impacted the risk management of confined spaces. Utilizing past
incident data through investigation will help develop risk management and preventive measures related to confined
spaces. As a result, this paper will conduct a fatal incident investigation associated with confined spaces from 2010 to
2020 in Malaysia.

Methodology The incident investigation uses the improved systematic casual analysis technique (SCAT) to identify the
immediate cause and the direct cause. From the identified fatal incidents immediate causes, the study will highlight
the main hazard that causes fatal incidents in confined spaces. The preventive measure is developed based on the main
hazard of confined spaces that cause fatalities.

Result The result of the study has identified that physical and atmospheric hazards are the main factors that cause fatal
incidents associated with confined spaces in Malaysia. Moreover, from the SCAT checklist, the study has revealed that
failing to use PPE properly and hazardous environmental conditions are the main immediate cause of fatal incidents in
confined spaces.

Conclusion Effective risk management of confined spaces, with a particular focus on addressing atmospheric and physical
hazards, is crucial for preventing accidents, especially those incidents resulting in fatalities. Future studies should expand
their focus to include injuries and near-miss events in confined spaces, aiming to develop more effective and inclusive
safety measures by analyzing a broader range of incidents.
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1 Introduction

Working in confined spaces is a necessity because multiple jobs and sectors require entry into such confined spaces.
According to the United States Occupational Safety and Health Administration (OSHA) approximated that each year,
there were 4.8 million entries into confined spaces in the United States, involving an average of 1.6 million workers
[1]. In Malaysia, various jobs and sectors involve confined space activities such as construction, factories, and utilities
[2]. As a developing country involved in various developments, Malaysia needs to ensure that issues related to the
safety and health of workers, especially those concerning confined spaces, are not overlooked.[3, 4]. This is because
there are many potential hazards in confined spaces, such as atmospheric hazards (e.g., poisoning, asphyxiation, and
explosions) and physical hazards (e.g., mechanical, electrical, engulfment, and falls) which have a high potential to
result in fatal accidents [5-11].

According to the Department of Safety and Health Malaysia (DOSH), 5% of workplace incidents resulted in death
between 2015 and 2020 [12]. Meanwhile, fatalities related to confined spaces, as recorded by DOSH, have amounted
to 30 deaths from 2010 to 2021 [12]. Incidents in confined spaces often lead to rescue victims; an average of one
person for every two victims dies trying to rescue work mate [13]. Similarly, in the United States, between 1992 and
2005, nearly 38 people died each year from confined space poisoning or asphyxiation; on average, 20% of workplace
incidents resulted in multiple fatalities [14, 15]. This indicates that not only entry into confined spaces needs to be
emphasized but also confined space rescue efforts should be given attention to prevent fatalities in confined spaces
[15, 16]. Fatal incidents related to confined spaces have happened in various countries, as listed in the literature. To
prevent incidents in confined spaces, a systematic inspection approach should be conducted before anyone enters,
encompassing checks for damage to protective equipment, ensuring appropriate training, and implementing effec-
tive management and supervision [2, 9, 10]. In other words, an employer should properly assess risks associated with
all work activities to determine the required safety measures [17, 18]. An organization with effective and efficient
confined space risk management can prevent any incidents in the workplace.

The need for entry into confined spaces and previous data regarding worker fatalities in confined spaces indicate
an urgent necessity to analyze fatal incidents to enhance safety measures. Furthermore, comprehensive prevention
measures should be implemented to reduce the risk of fatalities in confined spaces [19, 20]. The issue of confined
spaces related to safety, emergency preparedness, and incident investigation has been widely discussed in various
mediums [1, 6, 21, 22]. Studies and investigations have been widely published, including comprehensive reports and
academic studies. However, the issue of working in confined spaces still needs to be discussed, as indicated by the
continued recording of fatalities in confined spaces. The main cause of confined space incidents is the workers are
unaware and unable to identify the hazards associated with their confined space work [5, 6]. Therefore, it's important
to emphasize hazard identification in confined spaces. Studying and investigating past incidents involving fatalities
can increase awareness of the hazards associated with confined space [23, 24]. This matter can also help develop
incident and emergency preparedness related to confined spaces [15, 25].

Per the Industry Code of Practice for Safe Working in a Confined Space Malaysia, a confined space is defined as
an enclosed or partially enclosed space that is at atmospheric pressure during occupancy and is not intended or
designed primarily as a place of work. These places are liable to have an atmosphere containing potentially harm-
ful levels of contaminants; have an oxygen deficiency or excess at any time. Or cause engulfment and could have
restricted means of entry and exit [8]. Working in confined spaces is life-threatening to the worker because it involves
high-risk work activity [7, 10].

The occupational incident analysis’s key goal is identifying the incidents’ root causes which consist of unsafe acts
and unsafe conditions [26, 27]. Additionally, it is essential to analyze incidents based on the work sector and type
of hazards to determine their important causes and implement preventative measures [28, 29]. The productivity of
employees can be increased, and occupational illnesses and injuries can be decreased if data analysis can be used to
identify incident root causes in confined spaces [30]. As a result, this study aimed to identify the incident root causes
that contributed to greater incident frequency using a number allocation table and descriptive statistics. To determine
the main root cause causing fatal occupational incidents in confined spaces, 30 incidents that occurred between
2010 and 2021 in confined spaces due to atmospheric and physical hazards that resulted in fatalities were further
investigated using the systematic causal analysis technique (SCAT). This paper will discuss the Characterization of
Fatal Work Incidents in Confined Spaces in Malaysia based on the year of occurrence and the type of incidents. Using
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this data, preventive measures will be developed according to the prioritization of unsafe acts and unsafe conditions.
This information is useful to provide references to the related parties for improving and developing safety measures.

2 Methodology
2.1 Subject

Common injury incident analysis typically focuses on the unsafe act of the worker as the main cause of the incident.
Suppose the incident is not sufficiently investigated using a modern multi-cause theory or structure. In that case, all
factors that contributed to the incident are not likely to be identified, resulting in similar incidents occurring repeatedly.
The study by Adam Hulme on the systems thinking accident analysis method between 1990 and 2018, has found that
conventional injury incident analyses often attribute incidents primarily to the unsafe acts of workers, providing a limited
understanding of their root causes [31]. Applying the SCAT methods in an incident investigation to the fatal incidents
related to confined space activities from 2010 to 2021 in Malaysia, the factors that caused safety measure failure could
be investigated comprehensively, and the main cause of incidents can be highlighted.

2.2 Data collection

Analysis of the 30 fatal incident reports related to confined spaces in Malaysia from 2010 to 2021 retrieved from the official
website of the Department of Safety and Health (DOSH) Malaysia [12]. DOSH Malaysia is an occupational safety regula-
tory body in Malaysia. DOSH Malaysia is also the primary authority responsible for collecting and managing workplace
accident statistics in Malaysia. The department operates under the purview of the Ministry of Human Resources and is
tasked with ensuring that all workplaces in Malaysia are safe and healthy for workers. In Malaysia, it is the legal respon-
sibility of both employers and workers to report workplace accidents to DOSH Malaysia under the Occupational Safety
and Health Act 1994 and its regulations. Specifically, the regulation of Notification of Accident, Dangerous Occurrence,
Occupational Poisoning and Occupational Disease) Regulations 2004 under the same act stated that it is the responsibil-
ity of the employee to report any accident or near-miss incident to their employer as soon as possible after the incident
occurs. The employer must then report the incident to DOSH within 7 days. Thus, this study will rely on incident data
from the DOSH Malaysia database as it is the primary authority in Malaysia for collecting and maintaining information
on workplace incidents, accidents, and illnesses.”

As shown in Fig. 1, it revealed that 42 fatal cases had been reported that involved 24 physical hazards and 17 atmos-
pheric hazards. This incident statistic shown was occurred in Malaysia and was related to all factors associated with con-
fined space activities. This study will only focus on analyses of the 30 confined space incidents that occurred in Malaysia,
as itis limited to the scope of Malaysia.

The DOSH Malaysia launched an industry code of practice known as Safe Working in a Confined Space in 2010. The
industry code of practice emphasizes the hazards of working in confined spaces and provides guidelines for managing
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the safety of working in confined spaces. The figure shows that the reported fatalities are significantly reduced after 2010,
indicating increased awareness among the industrial players. The highest number of reported fatality cases occurred
in 2010 and 2014, both years witnessing events with multiple fatalities. The year that recorded the lowest fatality cases
was 2019, attributed to the slowdown in industrial activity due to the COVID-19 outbreak.

As shown in Table 1, 30 reports associated with fatal incidents in confined spaces were consolidated, involving 41
deaths. Further analysis, as illustrated in Fig. 2, indicated that the work sector associated with the highest fatalities and
incidents rate was construction, with 53%(16), followed by utilities at 17%(5), factories at 10%(3), fishery at 7%(2), business
services at 7%(2), agriculture with 3%(1) and 3%(1) cases reported with work sector not specified. The construction sector
recorded more than half of the cases reported. Therefore, if the safety and preventive measures related to confined spaces
are focussed on construction activities, the fatalities associated with confined spaces could be reduced significantly.

To be highlighted, trenches have been associated with a significant number of fatalities, with seven reported cases
resulting in ten fatalities. According to the Occupational Safety and Health Administration (OSHA) in the United States,
trenches are governed under the regulation known as 29 CFR 1926 Subpart P-Excavations. This regulation specifically
addresses safety requirements for excavations, including trenches, and provides guidelines to protect workers from
hazards associated with trenching operations. Most countries do not explicitly define trenches as confined spaces in
their requlations, there is a case to be made for considering certain trenches as confined spaces based on their charac-
teristics and potential hazards. Confined spaces are typically characterized by limited entry and exit points, restricted
ventilation, and the potential for hazardous conditions to arise. In some instances, trenches can exhibit these features,
thereby meeting the criteria for a confined space.

The criteria of a trenches fatality incident to be included in this study is the space large enough to bodily enter, has
limited or restricted means of entry/exit and is not designed for continuous occupancy. Under this circumstance the
trenches is known as confined spaces.

2.3 Method

This study applies the loss causation model developed by International Loss Control Institute (ILCI) [32] as shown in Fig. 3.
As specified by this model, immediate causes consist of unsafe acts and unsafe conditions. Referring to the loss causation
model, the study extracted unsafe acts and unsafe conditions from the SCAT checklist, which consists of 16 unsafe acts
and 13 unsafe conditions, as specified in Table 2. An unsafe act is defined as an individual who ignores the safe action.
In contrast, unsafe conditions are known as a condition that is hazardous to any person to make the incident investiga-
tion more comprehensive [33]. Determining the immediate causes of incidents is particularly important to analyze the
failure at the management level. Thus, effective safety and preventive measure can be developed. Therefore, this study
will investigate reported fatal incidents associated with confined spaces in Malaysia from 2010 to 2021 using the SCAT
to clarify the immediate cause and identify the cause of risk control failure. To be highlighted, an incident could have
more than one immediate cause. The result of the investigation is used to improve and develop preventive measures.

3 Results and discussion
3.1 Characterization of fatal work incidents in confined spaces in Malaysia

In this study, the investigation of the incident was conducted according to the 30 fatal incidents associated with confined
spaces reported by DOSH. The relevant result analysis is as follows.

3.1.1 Year of occurrence

Based on the fatal incidents associated with confined spaces reported by DOSH Malaysia, there were three fatal incidents
resulting in a total of 9 deaths, in 2019. These deaths accounted for 21% of the total fatalities during the statistical period.
The year with the highest number of fatal incidents was 2014, with five incidents. However, the total number of deaths in
2014 was lower than in 2010, with seven deaths. The occurrence of fatal incidents involving multiple victims depends on
the specific type of confined space activity. Notably, there was a significant decrease in the number of reported deaths
by DOSH Malaysia from 2010 to 2011. In 2010, DOSH Malaysia intensified enforcement efforts regarding work activities
in confined spaces through the implementation of the industry code of practice for safe working in confined spaces
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(2010)[8]. The industry code of practice 2010 specified the requirement, program, risk control, and emergency procedure
that need to be emphasized by the employer for work related to confined spaces. The significant reduction in the total
number of deaths positively affects enforcement.

On average, three fatal incidents associated with confined spaces are reported in Malaysia annually. Therefore, it is
essential to identify the root cause of fatal incidents in confined spaces to avoid repeated incidents.

3.1.2 Type of incidents

The type of incidents is categorized based on the direct cause of fatal incidents. Figure 4 shows the direct cause of fatal
hazards in confined spaces. In an incident investigation, it’s important to recognize the direct causes of the fatalities
[34, 35]. Figure 4 shows that landslide is the highest number of occurrences that cause fatal hazards. The landslide in a
confined space causes the worker to be buried alive in the confined spaces, leading to fatalities. According to the data col-
lected, landslides in confined spaces are associated with trenches at the construction site that are categorized as physical
hazards. The second highest direct cause of fatal incidents is slip, trip, and unclosed entrance, with both recorded in four
cases. These two factors cause falling incidents which are known as physical hazards. Other direct cause that develops
physical hazards is a hot object, heavy water flow, falling objects, and faulty appliances.

Moreover, oxygen deficiency and toxic gas also cause fatal incidents, with both recorded in 3 cases. Oxygen deficiency
and toxic gas are categorized as atmospheric hazards that can cause asphyxiation and poison. Another atmospheric
hazard is nitrogen exposure which was recorded in one case. Nitrogen is an inert gas that can displace oxygen and cause
asphyxiant [36].

There are four identified hazards in confined space which consist of atmospheric, physical, biological, and ergonomic
[5, 6, 37]. However, the direct causes in Fig. 4 indicate that only two hazards cause fatalities in Malaysia. The two fatal
hazards are atmospheric and physical, as shown in Fig. 5. An atmospheric hazard is a dangerous atmosphere that harms
the worker’s health [38]. In comparison, a physical hazard can be defined as a condition within the environment that can
potentially cause harm to health [38].

As shown in Fig. 5, there are two types of incidents caused by an atmospheric hazard that led to fatal incidents in
confined spaces: poisonous and asphyxiation. Poisonous gas is known as toxic and hazardous gases that harm living
things. In contrast, asphyxiation is a condition where the body is not getting enough oxygen, which is fatal. As shown
in the figure, asphyxiation is the highest occurrence compared to toxic gas exposure, with 4 cases. Oxygen deficiency
is a major hazard that causes asphyxiation. According to the Malaysian industry code of practice for safe working in a
Confined Space 2010, an oxygen level below 19.5% is categorized as a hazardous atmosphere. Atmospheric hazard is
difficult to be recognized and identified. Therefore, the appropriate safety measures should be conducted before enter-
ing confined spaces. For the physical hazard, falls and buried are recorded with the highest occurrences, with 8 and 7
cases, respectively. At the same time, electrocution is recorded as the lowest number of occurrences with only 1 case.
Anincident caused by a physical hazard in confined spaces is very dangerous because it can potentially cause fatalities.

Fig. 4 Statistic of the direct
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Unsafe conditions in a confined space usually cause physical hazards, and the unsafe act of the worker will cause the
incidents to become worse.

Overall, the figure shows that 59% of the total fatal incidents associated with confined space in Malaysia from 2010
to 2021 were caused by physical hazards. Classifying the occurrence of fatal incidents based on the type of hazards can
help to prioritize the main hazards in confined spaces while developing a preventive strategy. The result shows that only
atmospheric and physical hazards will cause fatal incidents.

3.2 Development of a preventive measure

The analysis of unsafe acts and unsafe conditions using SCAT is shown in Table 3. The data demonstrates for unsafe acts
the failing to use PPE are the highest immediate cause with 16 cases, followed failure to warn in 4 cases and inadequate
equipment maintenance in 2 cases. For unsafe conditions, the highest proportion of immediate cause is hazardous
environmental conditions with 26 cases, inadequate protective equipment with 16 cases, inadequate guards or barriers
with 8 cases, inadequate ventilations with 7 cases, inadequate warning system with 4 cases, defective tools, equipment
or materials with 2 cases and fire and explosion hazards with 2 cases.

The failing to use PPE for the unsafe act was associated with 53% of the total incidents per SCAT immediate cause
analysis. In contrast, hazardous environmental conditions for unsafe conditions were associated with 86% of the total
incidents. If the appropriate preventive strategy addresses these immediate causes, the probability of fatal incidents
related to confined space activity can be reduced.

The results of the study reveal that the lack of awareness among employers about confined space hazards leads to
issues for personnel. Consequently, his lack of awareness results in the violation of safety procedures and exposes workers

Table 3 Statistic of unsafe acts

e Unsafe act No. of Unsafe condition No. of
2rr:dsg2\_sl_afe conditions based Occurrence Oceur-
rence
Failing to use PPE properly 16 Hazardous environmental conditions 26
Failure to warn 4 Inadequate or improper protective equipment 16
Inadequate maintenance 2 Inadequate guards or barriers 8
Inadequate ventilation 7
Inadequate warning system 4
Defective tools, equipment, or materials 2
Fire & explosion hazards 2
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to a hazardous workplace with improper safety conditions without appropriate PPE. Tragically, this situation has led to
fatal incidents for workers in confined spaces.

The suggested strategies for prevention measures represent the most important part of the results and conclusions
of this study. When listing suggested coping strategies and practical considerations for preventing confined space inci-
dents, as displayed in Table 4, this study will give more attention and space to coping strategies for the immediate cause
involved in greater incidents. Therefore, the study will focus on failing to use PPE properly for unsafe acts while for unsafe
conditions the study will focus on hazardous environmental conditions and inadequate or improper protective equip-
ment. The study will discuss preventive strategy of confined space based on the framework in Fig. 6.

The result shows that the improper use of PPE is a leading cause of unsafe acts that can result in fatal incidents.
Addressing this critical issue requires the development of a comprehensive plan to enhance workplace safety. A study
by Sehsah has brought attention to the low utilization of PPE, which is significantly associated with inadequate safety
training [39]. Occupational accidents are prevalent and often linked to deficiencies in both safety training and the cor-
rect use of PPE [39-41].To instill safety awareness among workers, effective training becomes important. As per the Law
of Malaysia Occupational Safety and Health Act 1994 section 15, employers have a general duty to provide information,
instruction, training, and supervision to employees for ensuring, as far as practicable, safety and health at work [42].

The training provided to workers should emphasize the critical importance of wearing the appropriate PPE and offer
clear insights into the potential dangers associated with specific tasks and work environments. By enhancing employees’
understanding of the risks associated with disregarding safety guidelines, they can be empowered to make informed
decisions regarding the use of PPE [43]. Moreover, the training should specifically address situations with higher risks to
enable employees to effectively use PPE without compromising their safety.

To monitor progress and reinforce safety initiatives, regular safety assessments and evaluations must be conducted.
These assessments will measure the extent to which employees are adhering to PPE guidelines, identify areas with poten-
tial forimprovement, and recognize instances where exemplary adherence to safety practices is observed. Furthermore,
continues enforcement in PPE at workplace also a effective strategy for monitoring.

In addition to training and assessments, ongoing supervision is crucial to prevent the improper use of PPE, especially
in confined spaces. While some workers may recognize the importance of PPE, others may be prone to bypassing safety
procedures, leading to non-compliance with PPE usage [44, 45]. Employers must ensure that competent individuals are
assigned to supervise work in confined spaces, thereby ensuring that workers adhere to instructions and guidelines. This
proactive approach helps mitigate the risk of incidents stemming from non-compliance with PPE protocols.

Hazardous environmental conditions have been identified as the primary immediate causes of incidents in confined
spaces. These hazardous conditions, based on fatal incident data, include unclosed entrances, toxic gases, flammable
gases, oxygen deficiency, and landslides. Three safety measures need to be implemented to avoid fatal cases caused by
hazardous environmental conditions which is pre-assessment before confined space entry, continued risk control and
monitoring, and eliminating the necessity of confined space entering through inherently safer design.

Conducting a thorough risk assessment before commencing work in confined spaces is very important. This is because
a significant number of incidents occur due to workers’inability to identify the risks they will face while working in con-
fined spaces [38, 46]. This assessment aids in devising an appropriate strategy to mitigate risks associated with confined
space work. To ensure a proper assessment is conducted before working in confined spaces, a permit-to-work system
can be implemented. The employer should designate a competent person capable of identifying hazards in confined
spaces to issue the permit-to-work. The implementation of permit-to-work will prevent workers from working in the
hazardous environmental condition of confined spaces.

Based on the data derived from fatal incidents, it is evident that landslides represent the most significant hazardous
condition leading to fatalities in confined spaces within Malaysia. To effectively mitigate the risks posed by landslides and
ensure the safety of workers, a thorough risk assessment is imperative before commencing any work in confined spaces,
particularly those prone to landslides [47]. This assessment should involve geological studies and expert evaluations
to identify areas vulnerable to such events [48, 49]. By understanding the geological conditions and history of the site,
potential landslide risks can be anticipated, and appropriate precautions can be established.

While for hazardous environment conditions caused by atmospheric hazards pre-assessment can be conducted by
carrying out an air quality assessment within a confined space. This involves performing gas testing to identify the
presence of hazardous gases. Gas testing serves the dual purpose of detecting hazardous gases and measuring oxygen
levels. Gas testing before confined spaces entry are very important as toxic gases and oxygen deficiency can create
highly dangerous conditions. These hazards are often not visually apparent, leading to instances where workers become
trapped in such perilous situations [38, 47]. Furthermore, the oxygen levels within confined spaces cannot be determined
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through mere observation; therefore, specific testing is required to measure the oxygen content. In Malaysia, a code of
practice for working in confined spaces mandates the testing of gas before entry [8]. Authorized gas testers registered
with DOSH Malaysia are responsible for conducting these tests [8]. Air quality monitoring isn't limited to entry alone;
continuous monitoring throughout work in confined spaces is essential. The fatal incidents in confined spaces studied
by P. Liu underscore the importance of continuous air quality monitoring which have been find out that absence of such
monitoring has been identified as a critical factor contributing to these fatalities [46, 50].

If hazardous gases are detected within confined spaces, the implementation of purging methods becomes crucial to
eliminate these risks [47, 51]. Among the most prominent purging techniques is the use of nitrogen gas. Nitrogen, being
an inert gas, helps displace and remove potentially harmful gases from the confined space environment. However, it's
important to note that the choice of purging method should be based on the specific circumstances and the types of
gases involved.

The next safety measure that needs to be implemented to avoid hazardous environmental conditions is continued
risk control and monitoring. In the aspect of landslides in confined spaces, the implementation of structural reinforce-
ment as a continued risk control strategy are very effective. Ensuring that the confined space’s structure is capable of
withstanding potential landslides greatly enhances worker safety [52, 53]. Reinforcement measures might include install-
ing robust barriers, shoring up weak points, and fortifying the surrounding environment to minimize the impact of a
potential landslide. Regular monitoring is equally essential. Utilizing advanced monitoring technologies such as ground
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movement sensors, inclinometers, and weather forecasting tools can provide early warning signs of possible landslides
[48]. Establishing a reliable monitoring system enables timely evacuation and intervention, preventing workers from
entering the confined space when a landslide risk is imminent.

In the aspect of atmosphere conditions, to establish and maintain a continuous safe atmosphere within confined
spaces, a well-designed ventilation system is essential [24, 38]. This system aims to consistently replace the existing
atmosphere with fresh air, reducing the concentration of hazardous gases and ensuring a breathable environment for
workers. To determine the suitable capacity for the air fan required in the ventilation system, workers should seek advice
from experts or professionals familiar with confined space safety protocols. Calculating the appropriate capacity for the
air fan involves considering factors such as the volume of the confined space, the type of hazardous gases present, and
the rate at which they need to be removed. Implementing the correct method of ventilation in confined spaces is very
crucial to ensure the effectiveness of the ventilation. The ineffectiveness of ventilation method will leading to serious
damage to occupational health of workers [54, 55].

The last control measure and the most effective approach to preventing hazardous environmental conditions in con-
fined spaces caused by hazardous environmental conditions is to eliminate the necessity of working within confined
spaces altogether. While this might seem challenging, it can be achieved through the concept of inherently safer design
[11, 21]. This method involves designing and planning confined spaces from their very early stages in a way that negates
the need for workers to enter these spaces. Although this strategy requires commitment from multiple stakeholders,
including engineers, architects, and other parties involved, its implementation can drastically enhance safety.

Inherently safer design principles prioritize hazard elimination or reduction right from the outset of a project [11,
21].This could entail designing the layout, structure, and systems of confined spaces to minimize or eliminate potential
risks. For example, creating access points that allow maintenance and inspections to be carried out externally, without
the need for workers to physically enter the confined space, can significantly enhance safety. The success of this strategy
hinges on a collaborative effort among various disciplines. Architects and engineers play pivotal roles in integrating
safety considerations into the design and construction phases. This necessitates heightened awareness of occupational
safety requirements within these fields. By recognizing the importance of safety and considering it as a central aspect
of their design and planning discussions, these professionals can ensure that safety measures become an integral part
of the project’s specifications.

Fostering a culture of safety awareness among architects and engineers is vital because they often develop a false
sense of safety [21]. This can be achieved through comprehensive training and educational initiatives that emphasize the
significance of designing spaces that prioritize human safety. As a result, safety requirements become non-negotiable
elements of the project, rather than optional additions.

The second most prevalent immediate cause of unsafe conditions is the inadequate or improper use of protective
equipment. This issue is the extension of the unsafe act of failing to use PPE correctly. To prevent such instances of
improper PPE use, employers must establish an effective PPE enforcement program. This program involves creating well-
defined procedures for working within confined spaces and employing visual reminders to reinforce safety measures.

Documented procedures should offer clear guidance to workers and outline the steps to be followed while operating
in confined spaces. Workers should be required to acknowledge their understanding of these procedures, underscoring
the importance of adhering to proper protocols. This step ensures that workers consistently follow the correct safety
measures when working in confined spaces [45]. Notably, the procedure must explicitly specify the type of PPE mandated
for each task. If a worker needs to wear a mask or respirator, the specific type, such as N95, P95, or a full-face respirator,
should be clearly mentioned.

Visual reminders, including noticeable signs strategically placed in the work area, play a vital role in maintaining PPE
compliance. These measures serve as continuous reminders for workers, reinforcing the necessity of wearing the des-
ignated PPE at all times. This visual reinforcement fosters an environment of heightened awareness and ensures that
safety protocols are consistently upheld by the workforce.

Addressing the broader context of PPE provision, it's crucial for employers to ensure the issuance of appropriate PPE
for confined space work. Analyzing incident data reveals that falling is a significant direct cause of physical accidents. To
mitigate this risk, the proper selection and provision of suitable PPE are pivotal. This might involve equipping workers
with safety harnesses featuring lanyards and safety shoes designed with anti-slip properties, effectively mitigating the
potential for falls.

Additionally, recognizing atmospheric hazards is very important. Depending on the nature of the confined space work,
providing workers with respirators and breathing apparatus is essential for safeguarding against atmospheric risks. It's
imperative that the PPE provided adheres to the standards set by local regulatory bodies. For instance, in Malaysia, PPE
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must be approved by SIRIM, the certifying authority responsible for market approval in the country. In conclusion, the
improper use of protective equipment remains a significant concern in confined space work. Implementing a compre-
hensive PPE enforcement program through well-defined procedures and visual reminders can help rectify this issue.

To continue monitoring of the effectiveness of PPE, regular inspections need to be conducted. Certain types of per-
sonal protective equipment (PPE) have limitations, such as a limited duration of effectiveness and susceptibility to
physical deterioration caused by environmental and user factors. Regular inspections can prevent employees from using
ineffective PPE, thereby reducing the risk of exposure to hazards in confined space.

After all safety measures have been taken, it is crucial to conduct an evaluation to ensure the effectiveness of the
steps taken and to implement improvement measures. There are several practices that can be applied to the evaluation
process, namely, data analysis, employee feedback, and audits.

Data analysis plays a pivotal role in OSH evaluation by leveraging statistical tools to examine incident reports, accident
trends, and near misses. This analytical scrutiny enables organizations to identify potential hazards, assess risk factors,
and implement targeted interventions to mitigate workplace dangers.

The integration of an employee feedback mechanism is essential for a holistic OSH evaluation. Employees, as frontline
participants, offer valuable perspectives on the practicality and effectiveness of safety measures. Establishing a mecha-
nism for open communication ensures that the workforce’s experiences and observations are considered, fostering a
culture of safety awareness and collaboration.

Audits are systematic assessments that provide a structured examination of OSH protocols and procedures. Whether
conducted internally or externally, audits identify areas of compliance, uncover potential gaps in safety measures, and
offer recommendations for corrective actions. Regular audits are instrumental in maintaining and improving OSH stand-
ards within the organization

4 Conclusions

In conclusion, this study employed the SCAT checklist method to diligently investigate the root causes of fatal incidents
within confined spaces in Malaysia. The findings unequivocally highlight the pivotal role played by the improper use of
personal protective equipment (PPE) and exposure to hazardous environmental conditions in contributing to the fatal
incident in confined spaces. This is supported by the data indicating that 16 out of 30 reported casualties were caused
by a failure to use PPE, while 26 out of the 30 reported casualties were attributed to working in hazardous environmental
conditions. The overarching revelation of a pervasive lack of awareness among both employees and employers regarding
confined space hazards serves as a crucial insight into the central underlying cause of these incidents.

To effectively address and mitigate the identified root causes, a comprehensive preventive strategy framework is
imperative. The first step involves robust identification of issues, focusing on raising awareness about the specific haz-
ards associated with confined spaces. This necessitates targeted training initiatives aimed at educating both workers
and management about the risks involved. Concurrently, there is a need for stringent enforcement of safety protocols
to ensure adherence to established guidelines and standards.

The second component of the preventive strategy framework entails the development and implementation of proac-
tive preventive measures. This includes measures such as ensuring proper and consistent usage of PPE through continu-
ous training and reinforcement programs. Additionally, creating a hazard-free environment through effective ventilation
and control measures becomes paramount in preventing incidents related to hazardous environmental conditions.

Monitoring and evaluation constitute the third crucial element of the preventive strategy framework. Regular and
thorough assessments of safety measures, coupled with ongoing training and awareness programs, are essential to
ensure their effectiveness. Periodic evaluations can help identify any gaps or areas of improvement in the safety proto-
cols, allowing for timely adjustments and enhancements.

However, it's essential to recognize the limitations of this study. It specifically focused on fatal incidents for the purpose
of developing safety measures in confined spaces. Future studies should broaden their scope to encompass incidents
resulting in injuries and near-miss events. By incorporating a more comprehensive range of incidents into the analysis, a
more robust and inclusive set of safety measures can be formulated to address the risks associated with confined spaces.

In conclusion, this study employed the SCAT checklist method to identify predominant root cause in fatal incidents
within confined spaces in Malaysia. The findings underscore the significance of failing to use PPE and working in hazard-
ous environmental condition as primary contributors to these incidents. Through targeted efforts to raise awareness
and enforce safety protocols, the study suggests a viable pathway to mitigating risks and enhancing safety in confined
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space work environments. Nonetheless, future research should extend its focus to encompass a broader spectrum of
incidents for a more comprehensive safety approach+.
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