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Abstract

This study aimed to analyze the characteristics and factors of worker behavior, including age, the use of ear protection, work duration, a history of diabetes

mellitus or hypertension, work rotation, and noise hazards involved in hearing loss in PT. X at Soekarno-Hatta International Airport, Indonesia. A cross-

sectional study from May 2017 to June 2017 involved 73 workers in the power service area (TZ Unit) exposed to noise levels <85 dBA and ≥85 dBA, using

an audiometry test for hearing loss and Sound Level Meter for noise hazards was conducted. The Chi-square test showed a significant correlation between

age (OR 8.4, 95% Cl = 1.6–44.1), work duration (OR 7.6, 95% Cl = 0.9–67.2), and the use of ear protection (OR 7.8, 95% Cl = 1.4–44.2) with hearing loss in

workers in the power service area. The multivariate analysis revealed that workers exposed to a noise level of 85 dBA had a 1.7 times greater risk of hearing

loss than workers exposed to a noise level of <85 dBA after controlling for age, work duration, use of ear protection, medical history, and work rotation.
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Introduction
Hearing loss incidence is a serious problem globally.

In 2018, the World Health Organization suggested that
more than 466 million people worldwide were living with
disabling hearing loss.1 It is estimated that the number
will increase to 630 million by 2030 and surpass 900 mil-
lion by 2050.2 Among the regions, Southeast Asia had
the second-largest number of people with moderate to
profound hearing loss, with an estimated 103.4 million
people in 2019.3 While, the estimated prevalence of hear-
ing loss in Indonesia was 4.2%, affecting about 9 million
people across all age groups.4

Loud noise is a physical pollutant that can become an
environmental health problem and can cause health prob-
lems, especially hearing loss, if its intensity exceeds a
threshold value.5 Loud noise negatively impacts indus-
tries and workers.6 The non-auditory noise impacts are
stress, impaired communication, reduced concentration,
and decreased work productivity.7 Hearing loss preva-
lence in the group of workers exposed to a noise level of
>85 dBA was higher than in the general population.5 A
study on the aircraft maintenance, repair, and overhaul
(MRO) industry in Saudi Arabia showed that of the 200
workers exposed to noise levels of 89.3-93.4 dBA for 8
hours per day, 32.5% experienced hearing loss due to

the noise.8

Based on the Regulation of the Indonesian Ministry
of Manpower and Transmigration No.
PER.13/MEN/X/2011, a noise threshold value (NAV) is
set to 1 to 8 hours daily for noise intensity between 85
and 94 dBA.9 However, one area where the threshold
value is often exceeded is the airport area.10 PT. X at
Soekarno Hatta International Airport, Indonesia, pro-
vides aircraft maintenance services for various types of
airlines and is one of Asia’s largest international aircraft
maintenance facilities. It has four hangars with an area
of 972,123 m2. Aircraft maintenance services provided
by PT. X include line maintenance, base maintenance,
component maintenance, engineering service, material
service, engine maintenance, and power service.

During aircraft maintenance, PT. X uses machines
and mechanical equipment that produce noise with fairly
high intensity. Previous measurements conducted by PT.
X show that the power service area (TZ Unit) has the
highest noise level compared with other work areas,
which comes from work activities such as welding, dress-
ing, machining lathe work, plasma coating, and indoor
high-velocity oxygen fuel (HVOF) coating. If the noise
intensity is not handled properly, it will pose a risk to hu-
man health (auditory or non-auditory disturbances).
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Thus, this study aimed to analyze the characteristics and
factors of worker behavior, such as age, the use of ear
protection, work duration, a history of diabetes mellitus
or hypertension, work rotation, involved in noise hazards
with hearing loss in PT. X workers at Soekarno Hatta
International Airport.

Method
This study used a cross-sectional quantitative method

conducted at PT. X from May to June 2017. The criteria
for workers to be included in this study were (a) working
in the sample point production unit, (b) having a healthy
physical condition, and (c) actively working at the time
this research was conducted. Excluded from this study if
the workers were (a) foreign employees or expatriates,
(b) respondents who refused to be sampled, (c) respon-
dents who were not working or who were on leave at the
time the study was conducted, and (d) respondents who
were not available at the time the study was conducted.

The study population consisted of all workers at PT.
X in the power service area (TZ Unit), specifically in the
office and non-office areas around the TZP-3 unit, total-
ing 78 people (morning and evening shifts). The number
of samples in this study was determined based on the
two-sided hypothesis formula for population propor-
tions. However, only 73 people could be used as samples
because five workers were absent. The participants who
met the inclusion criteria were workers working in the
sample point work area at PT. X. The TZ Unit was cho-
sen because it has the highest noise level compared with
other work areas at PT. X.

The noise intensity level was measured with a cali-
brated sound level meter (SLM) type SD-200 produced
by 3M. The measurements were taken at 39 area points,
of which 32 were non-office points, and 7 were points at
the TZP-3 Unit office. Each point was measured for 10

minutes, automatically displaying the L equivalent result
(average value) in dBA and providing information on the
area’s minimum and maximum noise values.

The audiometric examination used a calibrated
Interacoustics AD-226 audiometer. The measurements
used the American National Standard Institute (ANSI)
S3.1-1999 as a reference. In addition, the data collection
about the influence of workers’ characteristics and be-
havior on the impact of noise was done by filling out a
questionnaire based on a ten-minute interview held by
the authors to obtain information/data from the partici-
pants. The attached data from the questionnaire includes
age, the use of ear protection as personal protective
equipment (PPE), work duration, history of diabetes mel-
litus (DM) or hypertension, and work rotation. 

Results
Analysis showed no statistically significant correlation

(p-value = 0.233) between a noise level of ≥85 dBA and
hearing loss in workers. The odds ratio (OR) value
showed that workers exposed to noise levels of <85 dBA
had a 0.2 times greater risk of experiencing hearing loss
than workers exposed to noise levels of ≥85 dBA. While,
workers’ age and hearing loss showed a statis tically sig-
nificant correlation (p-value = 0.016). The OR value in-
dicated that workers aged ≥40 years had an 8.4 times
greater risk of experiencing hearing loss than workers
aged <40 years.

Analysis of workers’ work duration and hearing loss
showed a statistically significant correlation (p-value =
0.05) between the two variables. The OR value indicated
that workers working for ≥4 years had a 7.6 times
greater risk of experiencing hearing loss than those work-
ing for <4 years (Table 1). The frequency of using PPE
showed a statistically significant correlation (p-value =
0.018) with hearing loss. The OR value showed that

Table 1. Characteristics, Noise Level, and Hearing Loss of Workers at PT. X

                                                                                                    Hearing Loss

Variable                                         Category                       Yes                            No                          Total             OR (95% CI)           p-value

                                                                                     n           %                 n            %

Noise level                                     ≥85 dBA                2           5.0               38         95.0                   40                  0.2 (0.1–1.6)            0.233
                                                      <85 dBA                 5         15.2               28         84.8                   33                                                           
Age                                                ≥40 years               4         30.8                 9          69.2                   13                8.4 (1.6–44.1)            0.016
                                                      <40 years                3           5.0               57         95.0                   60                                                           
Work duration                               ≥4 years                 6         17.1               29         82.9                   35                7.6 (0.9–77.2)              0.05
                                                      <4 years                  1           2.6               37         97.3                   38                                                           
Use of PPE                                     No                           5         23.8               16         76.2                   21                7.8 (1.4–44.2)            0.018
                                                      Yes                          2           3.8               50         96.2                   52                                                           
Work rotation                                No                           4         16.0               21         84.0                   25                2.9 (0.6–14.0)            0.222
                                                      Yes                          3           6.3               45         93.8                   48                                                           
Record of DM and hypertension    Yes                          2         40.0                 3          60.0                     5                8.4 (1.1–62.5)            0.069
                                                      No                           5           7.4               63         92.6                   68                                                           

Notes: OR = Odd Ratio, CI = Confdence Interval, PPE = Personal Protective Equipment, DM = Diabetes Mellitus
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workers who did not wear ear PPE had a 7.8 times greater
risk of experiencing hearing loss than workers who used
PPE (Table 1).

The variables of work rotation and hearing loss
showed no statistically significant correlation (p-value =
0.222) between each other. The OR value showed that
workers who did not do job rotation had a 2.9 times
greater risk of experiencing hearing loss than those who
did (Table 1). Table 1 also shows no statistically signifi-
cant correlation (p-value = 0.069) between a DM or hy-
pertension history and hearing loss in workers. The OR
value indicated that workers with a history of DM or hy-
pertension had an 8.4 times greater risk of experiencing
hearing loss than workers with no history of DM or hy-
pertension.

Two methods were used to build a multivariate mo -
del. The first method was a scientific approach, and the
second evaluated the p-values (<0.25). However, when
the selection was made, a variable with a p-value of >0.25
will likely be filtered out of the multivariate model, al-
though it could be that the variable interacts with the de-
pendent variable. The multivariate model consisted of six
independent variables: noise level, use of PPE, work du-
ration, age, work rotation, and history of DM or hyper-
tension.

The final analysis model (Table 2) contained two main
independent variables: noise level and confounding vari-
ables, such as age, work duration, use of PPE, a history of
DM or hypertension, and work rotation. After the final
model was obtained, the interactions between the noise
level and work rotation, the use of PPE and work dura-
tion, and work rotation and the use of PPE were analyzed. 

These analyses were done because these variables may
interact, but after analyzing the model, it was found that
they had no interactions. The analysis results revealed
that workers who worked in areas with noise levels of
≥85 dBA had a 1.7 times greater risk of experiencing
hearing loss than those who worked in areas with noise
levels of <85 dBA, after controlling for age, work dura-
tion, use of PPE, a record of DM or hypertension, and
work rotation.

Discussion
Noise and Hearing Loss

The results showed no significant correlation between
noise level and hearing loss. The results also revealed that
71.2% of workers in the Power Service Area used PPE
during work, meaning that many, but not all, workers
were aware that protecting themselves from noise ha -
zards is important. Based on observations, the workers
were informed about health and safety every day before
work started. This habit was useful in increasing workers’
knowledge of various hazards in the workplace, including
the dangers of noise. Therefore, workers became well-ed-

ucated and aware of using PPE to minimize noise haz-
ards. The PPE used in the Power Service Area was the
3M Ultrafit Earplug, with a noise reduction of up to 25
dBA when used according to the instructions. In addition
to earplugs, the 3M Optime 105 Earmuffs, with a noise
reduction of up to 30 dBA, were used as instructed.

Age and Hearing Loss
The analysis results showed that the average age of

workers in the PT. X Power Service Area in the TZP-3
Unit was 29.5 years. In addition to a significant correla-
tion between age and hearing loss, the OR value indicated
that workers in the Power Service Area aged ≥40 years
had an 8.4 times greater risk of experiencing hearing loss
than workers aged <40 years. This result was in line with
a study on the metal workshop, which showed a signifi-
cantly higher risk of hearing loss among workers aged
45-66 years (AOR = 3.8; 95% CI = 1.5–9.5) compared
to workers less than 30 years old.11 Further, a study in
the palm oil mills also showed that older age is a signifi-
cant factor associated with hearing loss among noise-ex-
posed workers (p-value = 0.001).12

In addition, hearing function will gradually and pro-
gressively decline with age. A study by the Indonesian
Ministry of Health stated that people aged ≥40 years are
more susceptible to hearing loss due to noise because of
the gradual and progressive age-related decline in hearing
function.13 It is known from the previous study by
Wattamwar, et al., that hearing loss naturally occurs with
the increase of age due to a worsening in the hearing
threshold.14

As age increases and cannot be controlled, a set re-
tirement age limit is necessary. As regulated in the
Regulation of the Minister of Manpower and
Transmigration Number 29 of 2015, the retirement age
was 57 years in 2015.15 With this age limit, workers who
have reached retirement age and experience much physi-
cal decline no longer have to be exposed to physical and
mental harmful environmental conditions and can enjoy
old age with the social security that the company pro-

Table 2. Final Model

Independent Variable                                OR              95% Cl           p-value

Noise level                                                  1.7              0.1–21.5            0.701
Use of PPE                                                 4.8              0.4–61.5            0.228
Work duration                                           4.2              0.4–47.9            0.246
Age                                                            3.4              0.3–39.2            0.333
Work rotation                                            3.5              0.5–24.4                0.2
Record of DM or hypertension                  1.1              0.1–17.8            0.973

Notes: OR = Odd Ratio, CI = Confdence Interval, PPE = Personal Protective
Equipment, DM = Diabetes Mellitus
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Work Duration and Hearing Loss
This study’s results showed that of the 73 respond -

ents, 38 people (52.1%) have worked in the Power
Service Area for less than four years, and 35 people
(47.9%) for more than four years. In addition to a signi -
ficant correlation between work duration and hearing
loss, the OR value indicated that workers in the power
service area with a work duration of ≥4 years had a 7.6
times greater risk of experiencing hearing loss than work-
ers with a work duration of <4 years. This result was in
line with a study on workers at a textile mill in Myanmar,
which showed a significantly higher risk (OR = 6.07;
95% CI = 2.9–12.3) on workers with longer work dura-
tion.17 A study of Malaysian airport also showed a signif-
icant correlation between a work duration of more than
four years and hearing loss (OR = 2.1; 95% Cl = 1.4–
4.7).18

According to the Encyclopedia of Occupational
Health & Safety, hearing loss due to noise will be seen in
a person after working in a noisy environment for ap-
proximately 3-4 years.18 Another study also explains that
long working hours in noisy places, such as airports, sea-
ports, and construction sites, lead to a high risk of hear-
ing loss after working for 2-4 years.10 The longer the
working period, the greater the risk of hearing loss.

Most employees (52.1%) working for less than four
years were mechanics with an outsourcing status, who
most likely would move jobs when their contract expired;
therefore, the turnover rate for new workers was rela-
tively high. They worked in the power service area for
about 1 to 9 months. On the other hand, some workers
were known to have worked for >10 years because most
PT. X employees used to work for the parent company of
PT. X.

Use of Personal Protective Equipment and Hearing Loss
Of the 73 respondents, 52 (71.2%) used PPE during

work, and 21 (28.8%) did not. Some employees worked
indoors or in the office, so PPE was not mandatory for
them. However, based on observations, many employees
did not use PPE when they went to the field or noisy areas
because they stayed there for only a short time (15-30
minutes). The statistical analysis results showed a
statistic ally significant correlation between the frequency
of using PPE and hearing loss in workers. A previous
study supports this result, showing a correlation between
industrial workers exposed to noise but did not use PPE
and hearing loss (p-value = 0.002).19 Also, this study re-
vealed that workers who did not use PPE had a 3.35
times greater hearing loss risk than those who did. A
study by Puspitasari, too, showed that people who did
not use PPE at work were 2.27 times more likely to de-

velop hearing loss than those who did.20

In addition to a significant correlation between the
use of PPE and hearing loss, the OR value indicated that
workers in the power service area who did not wear PPE
had a 7.8 times greater risk of experiencing hearing loss
than those who did. Regarding the type of ear protection
used in the power service area, 54.8% of workers used
earplugs, and 16.4% used earplugs and earmuffs. Many
workers use earplugs because, technically, earplugs are
used in places with low-frequency noise, such as welding
and dressing work areas. Earplugs are made from various
materials, such as PVC foam, polyurethane, polyethylene,
and silicone.21 Functionally, earplugs can reduce noise
by 8-30 dBA and are used for ear protection at noise lev-
els of up to 100 dBA.21

PPE replacement in PT. X has not been mandated.
Hence, the workers must wait for new PPE until it is
damaged or lost. However, 32.1% of workers replaced
their PPE every month by themselves, and 30.2% used
their PPE until it was damaged, after which they returned
it. Ideally, the power service area earplugs should be re-
placed every 2-3 months, depending on the type and en-
vironment.22,23 Earplugs should be replaced immediately
if they shrink, enlarge, harden, weaken, or tear.24 Ideally,
earmuffs should be replaced at least once a year or when
the earmuffs have become stiff and cracked.24

Based on observations, many earplugs were often lost
in the power service area, so workers often replaced them
within one month. PPE can be damaged over time, espe-
cially the seal section. It will harden and not function ef-
fectively, thus not protecting the hearing organ optimally
from noise. Integrated health care should be available not
only in occupational situations but also in environmental
health settings.25

Conclusion
There was a significant correlation between age, work

duration, and the use of ear protection devices (PPE)
with hearing loss in workers in the power service area.
Workers exposed to a noise level of ≥85 dBA had a 1.7
times greater risk of hearing loss than workers exposed
to a <85 dBA after controlling for age, work duration,
use of PPE, medical record, and job rotation.
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