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Abstract

The ship recycling sector in Bangladesh plays a pivotal role in the national
economy, primarily through the recovery of reusable materials and employ-
ment generation. However, it grapples with substantial challenges related to
worker safety and operational hazards. This study applies the Human-Hazard
and Operability Study (Human-HAZOP) method to identify hazards and as-
sess risks in the ship dismantling yards of Bangladesh. The primary reason for
selecting this method is its strong ability to identify hazardous activities per-
formed by shipbreaking workers, which involve complex human behaviour
and decision-making processes. A comprehensive questionnaire survey was
conducted across 18 ship dismantling yards, identifying 14 worker groups and
gathering insights from workers, supervisors and safety experts. The survey
responses were aggregated in a Human-HAZOP analysis, revealing that the
cutter group was exposed to the highest number of hazards, while the wire
group, the cutter group, and the oil and barge handler group are at higher risk
in their fieldwork. In the end, several pragmatic safety measures are proposed
to create a safer work environment in the ship recycling yards in Bangladesh.

Keywords
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1. Introduction

For over four decades, Bangladesh has been internationally recognized as one of

DOI: 10.4236/0jsst.2026.162007

Jun. 18, 2026

99 Open Journal of Safety Science and Technology


https://www.scirp.org/journal/ojsst
https://doi.org/10.4236/ojsst.2026.162007
http://www.scirp.org
https://www.scirp.org/
https://orcid.org/0000-0002-8955-2519
https://orcid.org/0009-0003-1365-3887
https://orcid.org/0000-0001-8709-0018
https://orcid.org/0000-0003-0261-7314
https://orcid.org/0009-0008-1314-8828
https://orcid.org/0009-0002-2926-9313
https://doi.org/10.4236/ojsst.2026.162007
http://creativecommons.org/licenses/by-nc/4.0/

A.K. Devetal.

the major centres for ship recycling. Recently, Bangladesh has reaffirmed its posi-
tion as the leading ship recycling nation, with more than half of the world’s ships
recycled there [1]. This success is mainly attributed to its lower labour costs and
strategic geographic location. Moreover, this industry plays a vital role as the pri-
mary source of steel for Bangladesh, contributing approximately US$ 770 million
annually to the national economy [2]. However, negligence toward safety has led
to significant health and safety challenges for ship recycling workers in the coun-
try. Most recycling yards operate with outdated machinery and inadequate safety
measures, leading to frequent accidents and environmental pollution. At present,
most of the shipbreaking yards of the nation do not comply with the Hong Kong
Convention guidelines [3].

Bangladesh has yet to achieve global recognition for its safe and environmen-
tally friendly ship recycling practices. Several studies have highlighted the worker
safety issues and environmental concerns associated with ship recycling activities
in the country. Hossain et al [4] identified exposure to hazardous substances in
the ship recycling yards of the country, and emphasised improved safety regula-
tions, proper use of Personal Protective Equipment (PPE), and health screenings.
Moreover, Pasha et al [5] reported unsafe working conditions and inadequate pro-
tective gear and proposed the use of advanced technologies and comprehensive
training for shipbreaking workers. Haque [6] investigated the occupational haz-
ards in the shipbuilding industry and stressed the need for mandatory safety train-
ing, proper handling of hazardous materials, and cooperation between international
organizations, the government, and communities. Besides, Rabbi and Rahman [7]
investigated workplace injuries and fire incidents in ship dismantling yards, at-
tributing them to poor safety measures. However, Patwary and Bartlett [8] em-
phasized combined health, safety, and environmental hazards, suggesting cleaner
technologies and stronger government oversight to improve safety standards in
those yards. Gunbeyaz et al. [9] pointed out that the lack of occupational training
is the predominant cause of increased exposure to workplace hazards and injuries.
Moreover, Ahamad ef al [10] found that poor use of PPE is the primary cause of
increased health risks in recycling yards in Bangladesh. Uddin [11] recommended
regular training on safety and environmental regulations and, more vigorous en-
forcement of international standards to improve working conditions. Mehtaj et a/.
[12] identified physical hazards due to a lack of proper safety measures and train-
ing, and recommended, for cost-effective mechanisation, the use of appropriate
PPE and regular safety audits. Additionally, Tanha et al [13] emphasised the Hong
Kong Convention (HKC) certification, infrastructure investment, proper training,
and inculcation of safety culture to reduce injuries and fatalities in the shipbreaking
yards. Islam et al. [14] suggested enhanced occupational health and safety through
standard training, accident reporting, safety audits, and sufficient investment to
ensure worker safety. Besides, Abdullah et al [15] emphasised the need to strengthen
shipbreaking infrastructure, ensure legal compliance, prioritise worker safety, and
foster government-private sector collaboration to promote sustainable practices.

Recently, Mehtaj et al [16] conducted a risk assessment based on a questionnaire
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survey to present the health impacts under two categories: long-term and short-
term. It was revealed that many workers lacked formal education and awareness,
which contributed to a poor understanding of accident consequences and in-
creased exposure to workplace hazards. Finally, it was emphasised that promoting
eco-friendly recycling methods and investing in advanced technology could sig-
nificantly improve worker safety. However, a major limitation of the study was
the failure to perform a risk assessment of the specific activities performed by each
worker group.

This study employs the Human-HAZOP methodology to create a comprehen-
sive map of critical weaknesses in the ship recycling industry, identifying hazards
and assessing associated risks. To better comprehend the extent of the challenges
within Bangladesh’s ship recycling yards, a detailed questionnaire survey was con-
ducted. Based on the survey responses, the Human-HAZOP analysis thoroughly
assessed each phase of the recycling operation, identifying potential worker-safety
issues and operational flaws. The findings of this analysis suggested several neces-
sary safety measures to mitigate risks and enhance safety practices in Bangladesh’s
ship recycling yards.

2. Methodology
2.1. Questionnaire Survey for Human-HAZOP Analysis

To conduct the Human-HAZOP analysis, an extensive questionnaire survey was
conducted in 18 shipbreaking yards in the Chattogram district, the core hub of
ship recycling in Bangladesh. With support from the Ministry of Industries of the
Government of the People’s Republic of Bangladesh, and the Bangladesh Ship
Breakers and Recyclers Association (BSBRA), this survey was conducted from Au-
gust to October 2022, and a total of 1074 respondents participated. The survey was
conducted to collect responses from workers and supervisors across 14 groups,
gathering their opinions on existing safety practices and potential hazards associated
with ship dismantling procedures and activities. It should be emphasized here that
there was no specific sampling procedure for the study. All the workers and super-
visors of the 18 yards participated in the questionnaire survey. It is worth men-
tioning that some worker groups have a higher number of workers than the other
groups depending on the nature and scope of work in the yards. Table 1 presents
the number of participants in each worker group and the corresponding role.
The questionnaire was developed focusing on the activities performed by the
worker groups, each having different sets of questions based on the nature of their
respective work. In addition, some information from the questionnaire survey
conducted by Mehtaj et al [16], which focused on investigating only the health
impacts of workers in ship dismantling yards in Bangladesh, aided in developing
the questions of this questionnaire survey. Besides, some expert opinions were
also taken to improve the questionnaire before field use. Furthermore, the survey
also included valuable insights from experts in both industry and academia, which
helped to propose necessary safety measures to mitigate the identified risks. This

way, the present study has been able to perform a comprehensive Human-HAZOP
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analysis, identifying potential hazards for each worker group and proposing re-

quired safety measures to improve the overall safety of shipbreaking and ship re-

cycling activities in Bangladesh. The surveyed area is illustrated in Figure 1.

Table 1. Distribution of the number of workers based on groups and corresponding key

roles.
No. of )
Name of Group o Key Roles in Yards
Participants
. Assess ship’s readiness for dismantling operation
Inspection team 15 .
at the outer anchorage before beaching
Beaching group 86 To Beach or lay the ship at ashore
Create openings in the forward and bow sections
Loader group 44 . . .
of the ship to facilitate further operations
HAZMAT Conduct a pre-inspection to identify and safely
88 . . . ;
handler group dispose of insulating and hazardous materials
Vendors and 4 Inspect the ship before beginning of gas cutting
contractors operation
Mud group 81 Remove mud and relevant wastes from the vessel
. Transport ropes and wires, and connect those to
Wire group 91 . . .
winches or various parts of the ship
Oil and bil
1 and brge 42 Drain and clean oil and fuel tanks
handler group
Cylinder - Remove used or partially used cylinders from
handler group the ship
Cutter group 185 Cut different parts of the ship
. Remove reusable mechanical and electrical
Fitter group 113 . . .
machinery items from the ship
Welder group 4 Create platfor.ms and n?odify passageways. for
access to various locations through welding
Electrical group 40 Disconnect electrical cables inside the ship
. Transfer steel plates from one location to another
Mechanical group 124

within the yard using mechanical means or vehicles

Chaftogram
District

Figure 1. Location of surveyed shipbreaking yards in Bangladesh.
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2.2. Human-HAZOP Method

The Hazard and Operability Study (HAZOP) is a method used to identify and
evaluate hazards and operational issues within a system. This process is system-
atic, organised, and thorough, allowing for a detailed hazard identification assess-
ment of a particular system. By applying this method, organisations can enhance
safety protocols and create a safer working environment for individuals [17]. Since
human operators and workers mainly perform activities in ship recycling yards in
Bangladesh, it is necessary to select a HAZOP method that addresses the hazards
associated with those activities. In this context, the Human-HAZOP technique is
selected, which addresses the human factors [18]. Many hazards that remain uni-
dentified in traditional HAZOP analyses can be identified by the Human-HAZOP
[19]. It should be emphasised that, unlike the conventional HAZOP, which ad-
dresses technical risks primarily and system-related risks, the Human-HAZOP
focuses on identifying and mitigating risks by analysing human behaviour, deci-
sion-making processes, and interactions within a given environment. It is helpful
to conduct the Human-HAZOQOP analysis using the typical HAZOP worksheet pro-
vided by Ericson [17]. However, to address human factors, the guidewords used
differ from the conventional HAZOP Guidewords. A list of some guidewords used
in the Human-HAZOP analysis is shown in Table 2.

Table 2. Guide words used by the Human-HAZOP method [19].

Guide Words Meaning
Not done Action was not carried out
Repeated Action was carried out more times
Less Action was carried out with a lower effect
More Action was carried out with a bigger effect
Earlier Action was carried out earlier
Later Action was carried out later
And also Another action was also carried out
Reversed A sequence of actions was breached
Other than Different action was carried out
Part Only a part of the action was carried out

2.3. Risk Evaluation

A risk is the likelihood or probability that a hazard will cause harm, taking into
account both the severity of the potential damage and the likelihood of exposure
to the hazard. Probability refers to the likelihood of a hazard occurring, while se-
verity reflects the potential consequences or harm that the hazard may cause. The
risk value for each hazard is obtained by combining its severity and probability.
The severity and probability are primarily expressed in terms of corresponding

levels. For severity, the levels typically range from high to low, with four categories
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like ‘catastrophic’, ‘critical’, ‘marginal’, and ‘negligible’. Table 3 presents the de-
scription of the severity levels used in the survey. Likewise, for probability, the
qualitative values also range from high to low, with five categories like ‘Frequent’,
‘Probable’, ‘Occasional’, and ‘Improbable’ denoting the likelihood of an event. Ta-

ble 4 presents the description of the probability levels used in the survey.

Table 3. Description of severity levels.

Severity Levels Description
Catastrophic (1) Fatality or permanent total disability of the victim

Hospitalization of at least 3 persons due to severe injury,

Critical (2
ritical (2) permanent partial disability, or occupational illness
Marginal (3) Loss of one or more working days.due to moderate injury or
occupational illness
Negligible (4) No loss of working days; however, minor treatment is

required for simple injury or occupational illness

Table 4. Description of probability levels.

Probability Levels Description
Frequent (A) Likely to occur once in a week
Probable (B) Have the potential to occur once in a month
Occasional (C) Likely to occur for a few times in a year
Remote (D) Have the possibility to occur once in a year
Improbable (E) Very unlikely to occur
RISK ASSESSMENT MATRIX
SEVERITY Catastrophic Critical Marginal Negligible
PROBABILITY (1) () (3) (4)
Frequent % - "
(A) Medium
Probable .
(B) g g Medium
Occasional q
(©) g Medium
Remote . .
(D) Medium Medium
AL Medium Medium Medium

Figure 2. Risk assessment matrix [20].

The risk matrix is an effective way to demonstrate risks, outlining them as a
combination of severity and probability. The matrix is prepared in accordance
with the well-established system safety standard proposed by the United States
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Department of Defence [20]. The matrix, as illustrated in Figure 2, uses a gradient
colour scheme to represent varying levels of risk based on the combination of se-
verity and probability. Several boxes in the top-left corner of the matrix are shaded
red, indicating high-risk levels where both severity and probability are substantial.
The boxes of the orange zone indicate serious risk, the yellow areas specify me-
dium risk, and the green areas at the bottom-right indicate low risk. The identified
risks will be examined to propose recommendations for mitigating the hazards
effectively.

The responses obtained from the participants had a discrete value for severity
and probability. However, each value of severity and probability for a particular
question is averaged to obtain their overall view of perception towards safety. In
that case, the averaged value becomes fractional in most cases, which is a standard
procedure followed in several previous studies [21]-[23]. Eventually, the risk as-
sessment matrix is obtained that depicts the overall scenario of risks as per the

perception among the workers of ship dismantling yards in Bangladesh.

3. Results and Discussion

3.1. Identification of Hazards Involving the Ship Recycling Activities

In the Human-HAZOP analysis, worksheets are prepared for each group based
on a questionnaire survey to thoroughly identify potential hazards, taking into
account the nature and scope of the activities performed. To prepare the work-
sheet, firstly focus is given to the items whose absence or improper use could be
hazardous. Then the deviation or pattern of probable unsafe actions by the use of
that item or not using that item is identified. Later, the potential causes of that
deviation are listed, and relevant hazards are identified. The identified hazards are
then used to assess the corresponding risk level. Finally, several recommended
measures are proposed to mitigate those deviations and hazards. Therefore, all the
items used by a particular group are investigated to identify the relevant potential
hazards. In this way, the Human-HAZOP worksheet is prepared based on the re-
sponses of the participants. It should be noted that, no disagreement rule was used
in this questionnaire survey, and all types of respondents were weighted equally.
For brevity, the worksheet for only one group, ie., the wire group, will be pre-
sented here. The workers of this group are tasked with transporting wires and
ropes and connecting them to winches or various parts of the ship. During these
operations, they are prone to experiencing muscle pain, cuts, fractures, amputa-
tions, and even death. The Human-HAZOQOP analysis will analyse all those poten-
tial hazards and propose several mitigation measures. The worksheet of the wire
group is presented in Table 5.

The overall Human-HAZOP analysis covering 14 worker groups has identified
105 discrete hazards associated with ship recycling activities. The number of haz-
ards per worker group is presented in Figure 3. It is evident that the ‘cutter group’
is most vulnerable to hazards, with 17 identified cases due to the extensive nature
of their work. On the other hand, 14 hazards are assigned to the ‘ HAZMAT han-
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dlers group’. Furthermore, both the ‘Fitter group’ and the ‘Oil and Bilge Handler

group’ are associated with 12 hazards each, whereas the ‘Beaching group’ is prone

to face 11 hazards. The remaining groups are exposed to fewer hazards by com-

parison. However, the hazards and risks associated with any worker group’s ac-

tivities must not be overlooked. It should be noted that all worker groups work in

the same area, and hazards in one group can affect workers in another.

Table 5. Human-HAZOP worksheet of the wire group.

ID Item Deviation

Cause Hazard

Recommendations

Not wearing safety shoes on
Rl Safety shoes muddy surfaces while

carrying rope wires

Not wearing safety shoes
R2  Safety shoes

or ship parts

Perform the dismantling

Winch-connected operation involving

R3 wires and chain  winch-connected wires and

ropes chain ropes other than

following the safe procedure

. . Not performing the
Wires and chain . .
R4 maintenance works of wires
ropes .

and chain ropes regularly

Not wearing proper shoulder

R5  Shoulder pads pads while carrying rope

wires and small metal plates

Perform the transporting

R6 Wires and heavy operation of wires and heavy
machineries machineries other than

following the safe procedure

Attach wires and chain ropes

R7 Wires and chain ~ with block section, anchor,
ropes winch and so on other than

following the safe procedure

while transporting ropes/wires
to connect those with winches

Sustaining a
Lack of PPE, negligence, severe foot
complacency, and

lack of supervision

slipping down
Lack of PPE, negligence,
complacency, and Leg injury
lack of supervision
Lack of adequate facility,
negligence, Lack of Several types
situational awareness, of injury
lack of supervision
Lack of scheduled
maintenance activity, Several types
lack of directives by of injury
supervisor
Lack of adequate facility, .
Injury on

ignorance or negligence,
hould d
lack of directives of snowideran

. neck
supervisor
Lack of adequate facility
and supervision, Several types

Ignorance or negligence, of injury

and complacency

Lack of situational
awareness, Ignorance or ~ Several types
negligence, complacency, of injury

and lack of supervision

injury from a
sharp object or

Ensure availability of safety
shoes, proper supervision,
arrange training program,

and toolbox meeting

Ensuring proper supervision,
availability of safety shoes,
arrange training program,

and toolbox meeting

Ensure the availability of
proper functioning tools,
proper supervision, arrange
training program

Pre-inspection of operating
wires and chain ropes, Proper
maintenance by following
checKklist, proper supervision

Ensuring availability of
shoulder pads, proper
supervision, arrange
training program

Proper supervision, ensuring
availability and safe use of
standard carriers for carrying
wires and heavy machineries

Proper supervision, arrange
training program, toolbox
meeting

The dismantling operation of a ship is completed in several zones. The worker
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groups participate in their respective activities in those zones. The zones are termed
as the outer anchorage zone, the intertidal zone, the primary cutting zone, the
secondary cutting zone, the tertiary cutting zone, the inside yard facility, the stor-
age area, and the disposal zone. It should be noted that a particular worker group
may be involved in performing activities at different zones based on the nature
and type of dismantling operation. For instance, the wire group is engaged in car-
rying wires and ropes to the primary cutting zone. After completing their tasks at
the primary cutting zone, they proceed to the secondary and tertiary cutting zones.
That is, the activities in the yards usually follow a sequential schedule of activities.
Hence, there is rarely a possibility that those workers will remain in more than
one zone at a time. Therefore, it did not create any problem in classifying workers
during the hazard counting. Figure 4 illustrates the zones and the percentages of

hazards for different worker groups in each zone.

H No. of hazards
17

14
12 12

11

S 5 <
2 o"Q <>°Q e}é & o"Q 0°Q N o o o o o
- $ $ o CH $ D) X $ $ $ $ $
OIS RO P R TSP NP Y R R RN
O N by A N \$\ (4 & & K by o RS
& £ & A\a oC N & F & < &é & E
& ® Q\‘;\/ (;z,“ ,bob N Q¥ ®z°
& &
AQ/

Figure 3. Distribution of the number of hazards based on worker groups.

The hazard ultimately has an impact on the human body, causing injury and
even death. A depiction of the affected areas of the human body can help illustrate
the hazards workers face. An illustration of the human body, depicting the total
number of potential effects by hazards on particular parts, is shown in Figure 5.
The total number of hazards is shown in two categories: specific hazards and com-
mon hazards, drawn from a pool of 105 main hazards associated with different
body regions. The specific hazards affect only a particular part of the human body.
However, implications for common hazards are those that affect multiple body
parts and are counted based on the impact caused by each part of the body, due
to their widespread effects. For instance, a worker who falls from a height is at risk
of injuries throughout the body. Therefore, each part of the body is assigned to a
single hazard within the common hazards category.
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| Gr. No. 1: Inspection team 100%
Outer Anchorage P

l0. 2: Beaching group 16.18%

3: Loader group 5.88%

. 4: HAZMAT handler group 10.29%

. 5: Vendors & contractors 4.41%

Gr.No. 8: Oil & Bilge handler group 17.65%

insi i i — Gr.No. 9: Cylinder handler group 5.88%

(B A S W A B ) Gr.No. 10: Cutter group 22.06° ol

Gr.No. 11: Fitter group 17.65%

Intertidal Zone

Gr.No.6: Mud group 80%
Primary Cutting Zone Gr.No.7: Wire group 20%
Gr.No. 6: Mud group 21.05%
Gr.No. 7: Wire group 36.90%
Gr.No. 9: Cylinder group 10.5%

Secondary Cutting Zone Gr.No. 10: Cutter group 10.5%
Gr.No. 14: Mechanical group 21.05%

Gr.No. 7: Wire group 42.86%
Tertiary Cutting Zone Gr.No. 14: Mechanical group 57.14%

Gr.No. 4: HAZMAT handler group 53.84%
Gr.No. 12: Welder group 23.08%

Inside Yard Facility Gr.No. 13: Electrical group 23.08%

Gr.No. 4: HAZMAT handler group 53.85%
. 7: Wire group 15.38%

Storage
. 14: Mechanical group 30.77%

. 4: HAZMAT handler group 77.78%

=
f

Disposal . 8: Oil & Bilge handler group 22.22%

Figure 4. Zone-wise percentage of hazards for different worker groups.

Specific Hazards (19) Common Hazards (337)
Head Head
7 Hazards (36.85%) 90 Hazards (26.71%)

Respiratory System

Respiratory System
10 Hazards (52.63%) b R

85 Hazards (25.22%)
Hand
1 Hazard (5.26%)

Hand
80 Hazards (23.74%)

Leg
82 Hazards (24.33%)

Leg
1 Hazard (5.26%)

Figure 5. Illustration of different parts of the human body based on potential
impacts by hazards.
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Regarding specific hazards, the respiratory system is primarily at risk, with 10
hazards. The head area is susceptible to 7 hazards. Furthermore, both hands and
legs are individually prone to encountering one hazard. Among common hazards,
the head area stands out with 90 identified hazards, indicating significant risks to
the eyes, ears, and head, primarily due to exposure to fumes, sparks, loud noise,
impact from hitting an object on the head, and so on. Additionally, the respiratory
system is associated with 85 hazards, highlighting moderate risks to respiratory
health from gases, dust, and other harmful airborne particles. Furthermore, the
hands are prone to 82 hazards such as cuts from sharp metals, burns, etc. Addi-
tionally, the legs are linked to 80 hazards, underscoring concerns about slips, cuts

from sharp metal, injuries to the lower limbs, and more.

3.2. Risk Evaluation and Recommendations

After identifying hazards, it is essential to assess the associated risks. Although the
values are obtained as whole numbers from each respondent, in the risk matrix,
they are presented as fractional values obtained by averaging the summed values
over the total number of respondents. The risk assessment matrix for the wire
group is illustrated in Figure 6. The hazards identified by the Human-HAZOP
analysis, as shown in Table 3, are used to generate the matrix based on partici-
pants’ responses. In this matrix, the risk R1, which involves carrying ropes over
muddy surfaces without safety shoes, is considered serious and placed in the or-
ange zone. It falls into the probability category of ‘remote’; however, it has a se-
verity category of ‘catastrophic’. Similarly, the risks ranging from R2 to R6 are
placed in the yellow zone due to their medium risk. However, the risk R7 remains
in the green zone, indicating a low level of risk, with a probability in the ‘occa-

sional’ category and a severity in the ‘negligible’ category.

Severity

Catastrophic Critical Marginal Negligible
(1) () 3) (4)

Frequent
(A)

Probable
(8)

Occasional

(©

Probability

Remote

(D)

Risk

R3

-4
¢

High

o
L]

R7

Serious

R4

Medium

Improbable

(E)

Low

EOCOm

Figure 6. Risk assessment matrix for the wire group.

Figure 7 illustrates the risk levels associated with all 105 identified risks, cate-
gorised by different worker groups. It is evident that the highest number of data

points is clustered in the yellow zone, indicating a medium level of risk. Addition-
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ally, the green zone, which means a low level of risk, has fewer data points than

the yellow zone. However, only four points fall in the orange zone, which is con-

sidered a serious risk. It is worth mentioning that no risk is found in the red zone,

indicating that potential incidents of high severity and probability are absent. It

must be emphasized here that, the data of the study were collected from the per-

ception-based responses of the participants involved in ship-recycling activities.

There could be two potential reasons for the absence of hazards in the high-risk

zone. Firstly, the participants could have the perception that the ship-recycling

activities are free from high-risk zone hazards. Secondly, there would be a lack of

a proper concept of safety among the workers due to the absence of proper train-

ing, and the existence of a poor form of safety culture in the ship dismantling

yards. However, a general relationship as evident from the figure is that as proba-

bility increases, severity tends to decrease, and vice versa. Specifically, the wire

group, cutter group, and oil and barge handler group are higher-risk groups com-

pared to other worker groups.

Severity

Catastrophic Critical Marginal Negligible

(1) (2) 3) (4)

Frequent
(A)

Risk

Probable
(8)

High

Occasional

(€

Serious

Remote
(D)

Probability

A .
o < g [N Tk T x Medium

Improbable

(E)

Low

O00M

Figure 7. Risk assessment matrix for all groups.
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Figure 8 illustrates the number of recommendations categorised by their type,
as elicited from the Human-HAZOP analysis. These recommendations will help
mitigate the identified risks. It is evident that training and proper supervision are
the two predominant categories of recommendations. Additionally, the use of ap-
propriate PPE and toolbox meetings is another notable category. Furthermore,
following standard operating procedures, using adequate, functioning tools and
equipment, safety management, and proper maintenance are all minor recom-

mendations.

4. Recommendations and Conclusions

4.1. Recommendations

This section highlights several key recommendations to enhance overall safety in
Bangladesh’s ship recycling yards. Furthermore, the limitations of the present
study and the scope of future work have also been highlighted. It is highly antici-
pated that these recommendations, if implemented successfully, will improve
working conditions and promote long-term sustainability in Bangladesh’s ship
dismantling operations.

The Human-HAZOP worksheet for each worker group should be distributed
to the respective group to ensure that they comprehend the nature of potential
hazards and risks. Additionally, structured training programs, interactive work-
shops, and knowledge-sharing seminars should be organised to facilitate discus-
sions on potential hazards and associated risks. These initiatives will significantly
enhance safety awareness among workers, supervisors, and management person-
nel. Moreover, such discussions would create an open platform for workers, su-
pervisors, and safety experts to share their experiences, observations, and concerns,
thereby identifying previously unidentified hazards. In addition, the five worker
groups—the cutter group, the HAZMAT handler group, the oil and barge handler
group, the fitter group, and the beaching group—should be given high consider-
ation due to their potential to experience a higher number of hazards. On the other
hand, the wire group, the cutter group, and the oil and barge handler group are
higher-risk groups compared to other worker groups. However, it is crucial to
highlight that prioritising the workers of these groups does not imply neglecting
other groups. It must be emphasised that all worker groups work in the same area,
and the hazards of one group also have the potential to affect the workers of an-
other group. Therefore, ensuring a comprehensive safety framework for all worker
groups is crucial to maintaining a safer work environment.

The Human-HAZOP analysis has proposed several recommendations to miti-
gate the impacts of each identified hazard. Most of the recommendations have
addressed arranging proper training programs, ensuring adequate supervision,
providing sufficient PPE, and holding toolbox meetings. However, to implement
these recommendations, the Government of Bangladesh must impose strict guide-
lines on all shipyards. Additionally, the shipyard authorities must allocate suffi-

cient budgets to implement these safety measures, ensuring a safer working envi-
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ronment and minimising the risks associated with hazardous tasks in ship recy-
cling. Moreover, to facilitate the successful implementation of these safety measures,
a comprehensive checklist should be developed based on the Human-HAZOP
worksheet. This checklist will serve as a structured guideline to ensure all neces-
sary precautions are followed to mitigate risks. Regular inspections and adherence
to the checklist will contribute to a more organised and secure working environ-
ment in the shipyard.

A thorough investigation of accidents and incidents is crucial for taking pre-
cautionary measures to prevent similar events in the future. However, no such
database was found during this study. Therefore, the government should mandate
that each ship recycling yard authority maintain a standardised database that in-
cludes a comprehensive description of each accident and incident. Additionally,
to minimise workers’ health hazards, the Government of Bangladesh should ex-
plore replacing human labour with automated machinery in select cases where the
potential for severe health hazards is high. In this regard, a comprehensive discus-
sion with stakeholders and the adoption of best global practices are essential.

It must be emphasised that the questionnaire survey was conducted among work-
ers at 18 ship recycling facilities. However, conducting the study across all ship
recycling yards in the country to perform a comprehensive Human-HAZOP anal-
ysis, resulting in more extensive feedback from workers, supervisors, and safety ex-
perts, would yield a more thorough safety assessment. Additionally, other stand-
ard hazard analysis methods can be applied to identify hazards related to ship dis-
mantling operations. Some of these techniques include Systems Theoretic Process
Analysis (STPA), Failure Mode and Effects Analysis (FMEA), Event Tree Analysis
(ETA), and others. Comparing these techniques’ outputs would also help identify
previously unidentified hazards in shipbreaking yards. However, these matters

may be the subject of future research.

4.2. Conclusions

The ship recycling industry in Bangladesh faces significant challenges stemming
from inadequate safety measures for the workers. Despite its considerable im-
portance to the national economy, the sector operates with minimal safety stand-
ards, resulting in frequent casualties and long-term health issues. The primary ob-
jective of this study is to identify the hazards associated with ship recycling activ-
ities by analysing the activities of different worker groups and to assess the corre-
sponding risk values using the Human-HAZOP method. As a novel application,
it is expected that workers and stakeholders will be able to comprehend the un-
derlying hazards and their potential impacts. Besides, the risk matrix would pro-
vide profound insight into the severity and probability of those hazards, helping
them understand their nature and probable effects.

In summary, the findings of this study are expected to be highly beneficial, guid-
ing the development of safety standards by reducing potential safety hazards
across all shipbreaking yards in Bangladesh. Therefore, the outcomes of this anal-
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ysis will play a pivotal role in fostering a safer, more sustainable, and environmen-

tally friendly ship recycling industry in Bangladesh.
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