(o) Teylor & Francis
International Journal of Occupational Safety and
Ergonomics

[T ———

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/tose20

An application study for the determination of ship-
borne noise pollution

Unal Ozdemir

To cite this article: Unal Ozdemir (2024) An application study for the determination of ship-
borne noise pollution, International Journal of Occupational Safety and Ergonomics, 30:1,
153-160, DOI: 10.1080/10803548.2023.2282874

To link to this article: https://doi.org/10.1080/10803548.2023.2282874

ﬁ Published online: 28 Nov 2023.

\]
[:J/ Submit your article to this journal &

||I| Article views: 50

A
h View related articles &'

@ View Crossmark data &'
CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=tose20


https://www.tandfonline.com/action/journalInformation?journalCode=tose20
https://www.tandfonline.com/journals/tose20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10803548.2023.2282874
https://doi.org/10.1080/10803548.2023.2282874
https://www.tandfonline.com/action/authorSubmission?journalCode=tose20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tose20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/10803548.2023.2282874?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/10803548.2023.2282874?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/10803548.2023.2282874&domain=pdf&date_stamp=28 Nov 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/10803548.2023.2282874&domain=pdf&date_stamp=28 Nov 2023

INTERNATIONAL JOURNAL OF OCCUPATIONAL SAFETY AND ERGONOMICS (JOSE)
2024,VOL. 30,NO. 1, 153-160
https://doi.org/10.1080/10803548.2023.2282874

Taylor & Francis
Taylor &Francis Group

W) Check for updates

An application study for the determination of ship-borne noise pollution

Unal Ozdemir

Department of Maritime Transportation and Management Engineering, Mersin University, Turkey

ABSTRACT

Noise pollution includes undesired sounds that lead to negative physiological and psychological
outcomes in individuals. Areas with a unique ergonomic design when compared to other work envi-
ronments, such as ships, are risky. Identification and limitation or minimization of the impact of noise
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pollution in ships would directly affect crew health and maximum efficiency of the operation of the
systems. Thus, the exposure of the ship crew to noise pollution was measured in the current study.
Furthermore, the measurements conducted on the ships were compared to the International Mar-
itime Organization (IMO) A.468 (XIl) international standards. In the study, noise measurements were
conducted with 72 crew members who met certain criteria in nine ships with different properties to
determine noise pollution in these ship environments and the exposure of the crew. The current study
analyzed the effects of ship-borne noise pollution on the crew and certain solutions were proposed.

1. Introduction

Safe and sustainable global maritime transportation should be
conducted based on certain rules and standards. Thus, sev-
eral international conventions, agreements and practices have
been introduced by the International Maritime Organization
(IMO). Technological advances and novel requirements lead
to the introduction of new applications. One of these applica-
tions is the Maritime Labour Convention (MLC) [1]. In general,
the MLC determines the living and working condition stan-
dards for seafarers. The MLC determined the living standards
on the ships, including the safety, nutrition, health, work hours,
environmental requirements and basic needs of the seafar-
ers, based on general International Labour Organization (ILO)
regulations [1,2]. In recent years, interest in noise pollution
in the maritime transportation industry has increased due to
these and similar conventions [3]. In addition to the MLC, the
IMO A.468 circular has also been used as a criterion for noise
levels in ship living spaces, and certain flag states and classi-
fication institutions started to demand compliance with noise
levels far below these criteria [4-8]. Although the noise pollu-
tion regulations are quite new in the maritime industry, noise
measurements have been conducted in numerous industries
to reduce the impact of noise on employees and provide rest
environments [9-16].

Noise pollution entails all types of natural or mechanical
noise that negatively affects human life [17,18]. Noise pollution
was also described as undesired noises with negative phys-
iological and psychological effects on individuals [19-29]. In
general, noise could be described as an acoustic phenomenon
created by undesired sounds [12,14,16,17]. This phenomenon
could induce serious temporary or permanent damage to
human health [23,30,31]. The most common source of noise
is the equipment in mechanical vehicles [27,32-34]. The work
environment of ships is consistent with [29] this definition. An
analysis of the structural properties and work environments of
ships would reveal that they include several pieces of equip-
ment with high noise levels [4,29,35]. Especially, the main and

auxiliary engines are among this equipment. Due to the loca-
tion and ergonomic design requirements of these engines,
they are adjacent to or very close to the crew’s living quar-
ters, which makes it very difficult to protect the crew from
exposure to noise. Furthermore, safety alarms that ring during
rest hours, tests, announcements, emergency sirens, construc-
tion and repair work, chimneys with poor or damaged insula-
tion and defective or poorly insulated fans are other sources of
noise pollution on ships [36-38]. Independent of the source,
noise levels that exceed a certain limit would adversely affect
the health of the crew.

Due to its nature, the work environment in a ship is quite
different when compared to other work environments. This is
mainly due to the fact that the crew’s work and living domains
are the same [39-41]. Even when they finish their shift, the
crew are still exposed to noise exposure on the ship. They work,
rest, sleep and fulfill their basic needs in the same environment
[1,41-43]. In other words, they are exposed to the adverse
effects of noise pollution 24/7 during the time they spend on
the ship.

Protective equipment for noise reduction is used during
work hours but not used during rest and sleep periods. This
situation further increases the negative effects that seafarers
suffer. Personnel in the engine room are required to wear ear
protection while working in the engine room at all times. It is
simply forbidden to work in the engine room without wear-
ing ear protection. Deck personnel, on the other hand, are not
required to wear ear protection throughout their shift but only
when conducting certain jobs such as scraping [10,44-46].
This significantly increases the exposure of the crew to noise
pollution when compared to employees in other industries
[1,7,37]. Living quarters are built right above the engine room
in ships to distribute the load efficiently. This leads to con-
stant engine noise exposure in living quarters and physical
and mental pressure for the crew [4,38]. In particular, the
crew who stays in the ship for months on long contracts
are directly exposed to noise pollution for long periods. The
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noise pollution has negative effects on the crew. Identification
and limitation or minimization of these adverse effects would
directly affect the health of the crew and the operation of
systems with maximum efficiency [4-7,29,35,38]. Thus, the cur-
rent study aimed to determine the noise pollution in ship envi-
ronments and the level of exposure to noise pollution based
on on-board measurements to determine the compliance of
the findings with the IMO A.468 (XIl) code, which was devel-
oped based on international human health standards. The fact
that there were a limited number of studies on noise pollu-
tion in ships was another reason why the current study was
conducted.

In this study, to determine the noise exposure in ships, noise
measurements were conducted with the crew who met cer-
tain criteria in predetermined ships. Thus, the exposure of the
ship crew to noise pollution was determined and the associ-
ated risks were assessed. The measurements were conducted
daily based on the Turkish Standards Institute (TSE) technical
specification (TS) European Standards (EN) International Orga-
nization for Standardization (ISO) Standard No. 9612 ‘Acoustics
- Determination of Occupational Noise Exposure — Engineer-
ing Method’ standard. The measurements were conducted
with the SV88 102+ Noise Dosimeter that was calibrated using
the SV 30A Acoustic Calibrator (Svantek, Poland) [47]. Further-
more, the measurement findings were compared to the noise
standards specified in the IMO A.468 (XIl) code [4], the gold
standard in world maritime transportation, and then the possi-
ble negative effects of ship-borne noise pollution on the crew
were analyzed.

2. Materials and methods

In the study, noise exposure measurements were conducted
on the crew employed in nine ships with different properties
to determine the noise pollution levels and theirimpact on the
crew. In the study, the measurements were conducted with an
SV 25D Microphone (Svantek, Poland) and the SV 30A Acous-
tic Calibrator, which were integrated with the SV 102+ Noise
Dosimeter (Svantek, Poland) [47]. In this device, A-weight, audi-
ble sound frequency type-A filter, sound pressure level mode
and 30-140dB sound range were employed. The device was
calibrated before each measurement. The SV 30A Acoustic Cal-
ibrator was used to calibrate the sound level. Furthermore, the
measurement results were compared to the noise standards
specified in the IMO A.468 (XII) code, the gold standard in world
maritime transportation.

Figure 1. SV 102+ Noise Dosimeter (Svantek, Poland).

Figure 2. SV 30A Acoustic Calibrator (Svantek, Poland).

2.1. Measurement devices

The SV 25D Microphone integrated into the SV 102+ Noise
Dosimeter device (Figure 1) and the SV 30A Acoustic Calibrator
(Figure 2) were used for the noise exposure measurements.
This method was preferred as it was necessary to conduct long-
term measurements while the employees performed com-
plex, unpredictable or several tasks [47,48]. The measurements
were carried out suing a precision sound-level meter (SV
102+ Noise Dosimeter), which complies with the character-
istics imposed by the standards. The instrument calibration
was performed before and after each measurement cycle by
means of a calibrator compliant with the standard. The sound-
level meter was connected to a G.R.A.S. 46 AC LEMO free-field
microphone (GRAS Sound & Vibration, Denmark), having fre-
quency in the range of 3.15 Hz-40kHz (£2 dB) and sensitivity
of 12.5 mV/Pa at 250 Hz (£1 dB).

2.2. Study stages and procedures

After it was decided to conduct the study on ship environ-
ments, where the noise exposure values were higher than
the limits specified in international legislations and standards,
the study was conducted based on the stages shown in
Figure 3.

The decision to conduct the study on ship environments, where the noise
exposure values were higherthan the limits specified in intemational legislations
and standards, and planning the study

| Determination of the ships where the study was conducted |

]

| Determination of noise sources, and measurementlocations in the ships |

I

Measurements with Noise Dosimeter, and determination of daily noise exposure

i

Comparison of the findings with IMO A 468 (XII) standards and determination of
their impact on the crew

Figure 3. Study flow chart. Note: IMO, International Maritime Organization.
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Table 1. TS EN ISO Standard No. 9612:2009 procedures [48].

Stage Process Detail
Step 1 Task analysis Collection of adequate data on the task and
related employees, and determination of
the measurement strategy and planning
Step2 Selection of the A task-oriented, job-oriented or whole-
measurement day measurement strategy should be
strategy determined. Multiple strategies could be
employed when necessary
Step3 Measurements The basic measurement should entail Ly 4 eq7-
Also, Lp cpeak should be measured when
necessary
Step4 Errors and The sources of errors and ambiguities that
ambiguities could affect the findings should be analyzed
Step5 Measurement and Lex,gh should be calculated as indicated by the

presentation of
the results and
ambiguities

selected strategy, and ambiguities should
be calculated with the method identified
in the standard appendix. These could be
calculated with the table provided in 1SO
Standard No. 9612

Note: EN, European Standards; ISO, International Organization for Standardiza-
tion; Ley gh, A-weighted noise exposure level; L, 4.eq7, A-weighted equivalent
continuous sound pressure level; Ly cpeak, C-Weighted peak sound pressure
level; TS, technical specification.

The TS EN ISO Standard No. 9612:2009 ‘Determination of
Occupational Noise Exposure — Engineering Method’ [48] was
employed for the noise exposure measurements in the current
study. The standard procedures are as follows, as presented in
Table 1:

e Step 1. Based on the processes summarized in Table 1, the
first step was determination of the ships where the mea-
surements would be conducted and the crew members in
these ships. Work environments in the ships are categorized
as the engine and the deck department. Similarly, ship per-
sonnel were categorized into engine crew and deck crew
[49]. Measurements were conducted on these two groups
to determine the ship-borne noise levels. The first group
included the engine crew who are exposed to the highest
noise levels in the ships. The second group included the
deck crew who are exposed to noise on the deck emitted by
scrapers, hammers, welding, opening/closing of the hatch
cover, loading/unloading, anchor and capstan equipment,
etc. To determine homogeneous noise exposure groups in
each ship, the crew with similar qualifications, duties and
jobs were grouped. The engine crew included the second
engineer, the third engineer and the chief engineer in each

Table 2. Ship details.

ship. The deck personnelincluded the ocean-going first offi-
cer, the boatswain and an able seaman in each ship. The
second and third engineers work at least 8-h shifts daily
(engine watch) in the engine room, a completely secluded
area during navigation. During this time, they are directly
exposed to the noise of the main engine. Similarly, the
selected deck crew work mostly in open spaces for at least
8h a day under quite different noise levels. A measure-
ment group of six individuals per ship was determined,
and since the measurements were conducted separately
on nine ships with different properties as presented in
Table 2, the total number of participants was 72. Measure-
ments were conducted on all crew members concurrently
and are presented in Section 3. The ships were selected
based on similarities in equipment/hardware, work condi-
tions, design features, etc. Also, the engine capacities of the
selected vessels (indoor space, engine size, engine oper-
ation, etc.) were similar. Measurements were conducted
between November 2021 and January 2022 over a period
of 3 months.

e Step 2. The TS EN ISO Standard No. 9612:2009 ‘Determina-
tion of Occupational Noise Exposure — Engineering Method’
suggests three measurement strategies to determine noise
exposure in the workplace: task-based measurement, job-
based measurement and full-day measurement. It was
decided to adopt the task-based measurement strategy
based on the work environment in the ship and the shifts
of the selected personnel.

Task-based measurement refers to the analysis of the tasks
conducted during the workday and the measurement of the
sound levels separately for each task.

The daily tasks of the employees designated for task-based
measurements were categorized in nominal tasks. A value such
as Ly 4 eqr that could be repeated in each task was set. The A-
weighted equivalent continuous sound pressure level L, 4 eqr
was calculated using Equation (1) for the mth task:

1 2,2
7 [1 pa(Ddt
Lp, Aeqr = 10l0g19/9 |: TihpzA ds, )
0

where ps = A-weighted sound pressure during the stated
time interval T, starting at t; and ending at ty; pg = reference
pressure value (20 pPa).

After ensuring that all sources that contribute to the noise
level were included, the tasks with the peak noise level were
identified and Lpaeqr and Lpcpeak Were determined. The

Ship number Ship type Overall length (m) Beam (m) Gross tonnage (GRT) Year built Engine type and details
1 General cargo 131.32 18 5619 GRT 2007 STX MAN-B&W (6S50MC-C7) 6 CY X
1 SET - 6,480 kW
2 General cargo 139.81 16.56 6211 GRT 1989 DEUTZ SBV 8M 628 2600 kW
3 General cargo 110 17 4897 GRT 1979 Caterpillar Motoren GmbH & Co. /
Mak 9 M 25 /4970 kW
4 Container 180.42 25.27 17,068 GRT 2009 MAN-11200 KW
Chemical/oil 183.12 32.2 54,646.5 GRT 2014 Hyundai B&W 6G50ME-B9.3,
90.7 rpm. 8090 kW
6 General cargo 79.65 10.90 1574 GRT 1990 DEUTZ SBV 6M 628: 600 kW
General cargo 89.80 13.60 2769 GRT 1991 STORK WARTSILA 6sw280: 900 rpm
/1750 kW
8 General cargo 90.40 13.20 2846 GRT 1991 DEUTZ MwM SBV 9M 628: 900 rpm
/1800 kW
9 General cargo 68.28 1.2 1445 GRT 1983 B & W-ALPHA 750 kW
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C-weighted peak sound pressure level L, cpeak Was calculated
by the following equation:
2
pCpeak

Lp, Cpeak = 10/g 2
Po

dB, (2)

where pg = reference pressure value (20 pPa).

Initially, the time required to complete the task (T,) was
determined. For this purpose, 18 participating crew members
were interviewed. Previously, the deck and engine sections of
the ships were observed to determine various noise sources
other than the work environment. It was determined that the
daily engine shifts of the participating employees were 8h
long.

e Step 3. Crew members with the same job description were
determined to ensure homogeneous noise exposure in the
nine ships where the measurements were conducted. Mea-
surements were conducted with 72 crew members: four
deck crew members and four engine crew members in each
ship. The measurements were conducted when the ship’s
main engines were continuously operational and the deck
shifts were active in all three ships. The SV 104 noise expo-
sure meter and the SV 25D Microphone integrated with
the device were placed on the crew member’s overalls.
This was attached to the shoulder of the individual on the
side with higher exposure at a distance of 0.15 m from the
outer ear canal and 0.04 m above the shoulder [48]. The
microphone and cable were connected to prevent mechan-
ical or clothing interference and resulting false data. The
microphone placement is shown in Figure 4. The SV 102+
Noise Dosimeter was calibrated before and after each mea-
surement with the SV 30A Acoustic Calibrator shown in
Figure 2 for sensitive and accurate measurements. The mea-
surements were saved on the device with a particular file
name for each ship, and the data were transferred to the
computer.

2.3. Risk assessment method

In the study, the 5 x 5 matrix risk assessment method, which
has been frequently used in the literature, was employed
[50-56]. In the study, the risk assessment was limited to the
engine rooms of the ships where the measurements were
conducted. The probability and risk components of the matrix
are presented in Table 3.

The 5 x 5 matrix was employed to analyze causality. As this
is a simple method, it can be used when the risk assessment
personnel are limited. The risk is calculated by the multipli-
cation of probability by severity [52,53,55,56]. The probability

Figure 4. Microphone placement.

After the risk score was calculated with the probability and
severity multipliers, the procedures presented in Table 6 were
implemented [55,57,58].

3. Findings

Various measurements were conducted to determine the
exposure of engine room crew to noise and daily exposure val-
ues were calculated with the procedures described in Section
2. The task-based measurement strategy was adopted as the
crew of the engine room where the measurements were con-
ducted were exposed to similar noise levels, no other worksta-
tion contributed to the noise and the job descriptions of the
employees were the same. The task-based measurement strat-
egy was adopted as the job descriptions and the tenure of the

Table 4. Probability of an event.

Probability Degree of occurrence

Very low Scarcely ever

Low Once a year or at longer intervals
Average Several times a year

High Once a month

Very high Once a week or more

Table 5. Event severity.

Intensity Degree of intensity

Very insignificant No loss of working hours, requiring first aid

of an event was calculated based on the ranges presented in  Insignificant No lost work days, requiring outpatient treatment
Table 4. Average Minor injury, requiring inpatient treatment

The ranges presented in Table 5 were employed to deter- Significant Serious injury, prolonged treatment, occupational disease
mine the degree of severity of a future event. Very significant Death, permanent incapacity
Table 3. The 5 x 5 matrix risk assessment scale.

Intensity
Probability 1 (very insignificant) 2 (insignificant) 3 (average) 4 (significant) 5 (very significant)
3 (average) Average (9) Average (12)
Average (8) Average (12)

Average (10)
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Table 6. Risk levels and details [48].

Level Detail

The task should not be initiated until the
identified risk is reduced to an acceptable
level; if the activity is ongoing, it should be
stopped immediately. If it is not possible to
reduce the risk after the measures, the activity
should be prevented

The task should not be initiated until the
identified risk is reduced to an acceptable
level; if the activity is ongoing, it should be
stopped immediately. If the risk is associated
with the maintenance of the task, urgent
action should be taken, and the maintenance
of the task should be decided based on the
outcome of these measures

Intolerable risks (25)

Significant risks (15, 16, 20)

Moderate risks (8,9,10,12)  Measures should be adopted to reduce the
identified risks. Risk reduction measures could

take time

Acceptablerisks (2, 3,4,5,6) Additional control processes may not be needed
to eliminate identified risks. However, existing

controls should be maintained and supervised

deck crew were clearly defined and they were also exposed to
stable noise levels. The tasks with the peak noise level were
identified and Lp geqr and Lp cpeak Were determined. Initially,
the time required to complete the task T,,, was determined,
where m is the task number. Finally, the evaluation of the
A-weighted noise exposure level Ley g, from the noise contri-
bution of each of the tasks was executed using Equation (3):

M=8

Lex,sh = 10/9 (Z 10°“’“Exr8hrm> ds, 3)

m=1

where m = task number; M = total considered number of
tasks contributing to the daily noise exposure level. For this
purpose, 18 participating crew members were interviewed.
Measurements details are presented in Table 7.

Exposure was calculated with CadnaA Version 2021 MR2
(Computer Aided Noise Abatement) [59]. The data collected in
each ship were compared. During the ship operations, differ-
ent noises are continuously emitted both in the engine room
and on the deck; however, since noise sources emit lower noise
levels when compared to the noise generated by the tasks,
it was observed that they did not affect noise exposure lev-
els. The task-based measurement strategy measurements are
presented in Table 8.

The comparison of the task-based measurement strategy
exposure measurements revealed that the highest daily noise
exposure was in Ship 7 and the lowest exposure was in Ship
1. The main regulation for noise pollution on ships is IMO

Table 7. Measurements, measurement durations and number of personnel.

Characteristic Value

Number of noise exposure measurements with the job-based 98
strategy (n)

Duration of the noise exposure measurements with the job-based 6146

strategy (min)

Number of employees on whom the exposure measurements with 36
the job-based strategy were conducted (n)

Noise exposure measurements with the task-based strategy (n) 95

Duration of the noise exposure measurements with the task-based 1583

strategy (min)

Number of employees on whom the exposure measurements with 36
the task-based strategy were conducted (n)

A.468 (XIl) according to the IMO [4]. Based on this regula-
tion, the exposure limit for engine rooms (with continuous
human control) is 90 dB. In all measurements, it was deter-
mined that the limit specified in the regulation was exceeded.
Similarly, in the IMO A.468 (XIl) code, the mean exposure limit
for ship work environments except the engine room should
be between 70 and 85 dB. The exposure of the deck person-
nel to noise was measured with the task-based measurement
strategy, as presented in Table 9, and exceeded the code in all
measurements. The highest exposures were observed for the
first officer, boatswain and able seaman in Ship 7. The highest
daily noise level in decibels is in Ships 7, 8 and 9. The highest
job-based exposure value is for the able seaman in Ship 7.

3.1. Risk assessment

A risk assessment was conducted as outlined in Section 2.3 for
Ship 7, where the highest values were determined with both
task-based and job-based noise exposure measurements. The
risk assessment conducted on the deck and the engine room
revealed certain high risks, which are presented in Table 10.

4. Results

It is known that the job conditions of seafarers are quite diffi-
cult, and the profession requires serious efforts. In these diffi-
cultjob conditions and demanding tempo, ship crews could be
exposed to certain elements that could induce certain health
problems. Noise pollution is one of these factors. It was demon-
strated that noise pollution could lead to hearing loss, and
various studies evidenced that noise pollution could be associ-
ated with a high heart rate, leading to chronic and acute med-
ical conditions such as high blood pressure and heart attack
[12,18,60,61]. The decision-making skills of an individual could

Table 8. Task-based measurement of strategy noise exposure (engine room
crew).

Ship number Daily noise level (dB)

108.3
109.2
1113
115.2
113.4
116.4
118.2
117.5
118.1

O© 00 N O L1 A W N =

Table 9. Task-based measurement of daily noise exposure (deck crew).

Exposure value

Ship number  First officer Boatswain Able seaman  Daily noise level (dB)
1 87.2 94.5 96.4 80.2

2 89.5 933 953 81

3 89.8 95.2 97.2 81.5

4 90.4 96.7 98.2 82

5 88.8 93.5 95.4 81.5

6 90 97.2 106.3 81

7 92 106.5 117.2 83

8 91 105.5 112.2 83

9 89 104 1155 83
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Table 10. High-risk noise exposure.

Risk level
Activity Hazard Risk Probability Severity Outcome Required measures
Ship operations Exposure to high Loss of hearing 4 4 16 Periodic general health examinations

noise levels

should be conducted for those
employed in noisy jobs. Those
with low hearing and any hearing
impairment, those with ear and
nerve diseases, and those with
hypertension should quit their
jobs, and should be monitored and
treated

When noise exposure exceeds the
minimum exposure action limits,
the employer should prepare ear
protectors for the employees

Ear protectors should be employed
when noise exposure reaches or
exceeds the highest exposure action
limits

Ear protectors should be selected to
eliminate or minimize hearing risks

The employer should spend every
effort to ensure the use of ear
protectors and will be responsible
to monitor the effectiveness of the
measures

be impaired for 30 s after exposure to 110 dB noise for 1s. It is
also known that exposure to noise could reduce occupational
safety by preventing auditory stimuli [62]. Ship environments
are ideal workplaces for excessive noise pollution [29]. Both
the degree and the duration of exposure are significant fac-
tors [30,31]. Thus, since ships are both a work environment
and environments where the crew fulfill their needs, they are
exposed to noise pollution during every moment they spend
on the ship. An especially long period of exposure could lead
to an elevation of health risks.

During ship operations, different noises are continuously
emitted both in the engine room and on the deck; however,
as noise sources emit lower noise levels when compared to
the noise generated by the jobs, it was observed that they
did not affect noise exposure levels in the study. The compari-
son of the job-based noise exposure measurements revealed
that the highest daily noise exposure was in Ship 7 and the
lowest exposure was in Ship 1. In all measurements, it was
determined that the limit specified in the regulation was
exceeded.

The main noise pollution regulation for ships is IMO A.468
(XI1), as recommended by the IMO. In the current study, it
was determined that the upper noise pollution limit specified
by the IMO was exceeded. The study findings demonstrated
that the upper limit specified by the IMO was not adequate
for ships. Certain flag states set further noise pollution criteria
for ships that fly their flags. Also, some classification institu-
tions adapted the passenger ship comfort criteria for freight
ships [5-8]. These practices were consistent with the current
study findings. It could be suggested that the aforementioned
flag states and classification institutions considered the IMO
limits inadequate. Furthermore, although there are almost no
studies on the topic in the literature, the ship noise pollution
findings reported by insel and Helvacioglu [35] were quite sim-
ilar to the present study. Thus, it could be suggested that strict
implementation of the IMO-recommended A.468 (XIl) code

and improvement of MLC practices would contribute to the
jobs and occupational health of the ship crew.

A significant limitation of the study was the differences in
the ages of the ships. Thus, it could be suggested that the con-
dition of the ship could also have affected the measurements.
Although each ship in the sample was of the same ship type,
their equipment and conditions were different. Thus, techno-
logical differences, design limits and equipment employed by
engine manufacturers and the shipyards could have led to vari-
ationsin the findings. The subject of future quantitative studies
could be to determine the causes of these differences.

The general approach in the literature on the reduction
of noise pollution entails the elimination of noise before it is
emitted, similar to the reduction of all risks [12,25,32,60,63].
When practices such as isolation of hazards that could not be
eliminated, replacement of hazardous equipment with non-
hazardous equipment, collective protection measures and
engineering solutions would not lead to the desired outcomes,
personal protective equipment (PPE) should be used as a
last resort. Thus, although it is obligatory to wear protective
earplugs, especially in engine rooms, further proactive occu-
pational safety and health measures should be adopted, espe-
cially to limit the main engine noise. It could be suggested
that approaching the problem from an engineering perspec-
tive could lead to more precise solutions by improving the
design criteria and better engine selection.

5. Conclusion

Currently, it could be argued that the job conditions of seafar-
ers are quite difficult and they face several occupational health
risks. One of these risks is noise pollution. Thus, the current
study aimed to determine the risks posed by noise pollution in
ships. The study findings demonstrated that exposure to noise
pollution exceeded the IMO-recommended limits in ships. This
raised the possibility of adverse effects to the health of the
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crew in the case of long-term exposure. Hearing loss is among
these health problems; however, it was also observed that
exposure could also lead to chronic and acute medical con-
ditions such as high blood pressure and heart attack. Future
studies analyze the problem from this perspective, especially
from the perspective of healthcare professionals. The current
study contributes to the literature, as previous studies on expo-
sure to noise pollution in ships were quite limited.

The study findings could provide a foundation for future
IMO regulations, maritime industry policy makers, the World
Health Organization (WHO) and related institutions. The com-
pulsory MLC practices should be revised based on the current
and future study findings on noise pollution. It was estimated
that the interest of the maritime transport industry in the issue
will increase in the future with an increase in the number of
studies on noise pollution in ships, as the number of current
studies is quite limited.
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