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Occupational noise exposure is the most important problem in auto part factories. Machinery system is
mostly used for resistance spot welding in welding unit. Excessive noise could generate from the robot machine and
steel part transporting and can cause noise-induced hearing loss. However, most workers do not use hearing

protection device.

The main objective of this study aimed to assess the effective hearing protection program in preventing
noise induced hearing loss in auto part factory workers in Thailand. The specific objectives were 1) To investigate
the noise exposure among Thai workers in auto part factory workers. 2) To evaluate the hearing threshold shift
among Thai workers in auto part factory workers. 3) To evaluate the hearing protection device using among Thai
workers in auto part factory workers. 4) To find the association between the hearing protection device using and

hearing threshold shift.

This was a Quasi-experiment study. Systemic random sampling was applied to recruit the eligible sixty
subjects in welding unit from each factory in Saraburi and Rayong provinces. Subjects in auto part factory at Saraburi
were received the intervention and subjects in auto part factory at Rayong were the control group. Subjects in both
groups were studied by interviewing with questionnaire, noise exposure level measurement by noise dosimeter

audiogram and ear plug using inspection.

Major noise exposure level of subjects was at least 85 dB (A). Most Subject (95.0-80.0%) with
continuous training in the intervention group increased the use of earplug correctly and consistently during 6 months.
Meanwhile, all subjects in the control group did not use earplug. All subjects in the intervention group had the
hearing threshold shift level from the first audiogram below 15 dB at 500-6000 Hz in either ear. Most subjects
(85.0%) in the control group had the hearing threshold shift level from the first audiogram below 15 dB at 500-6000
Hz in either ear but 15% of those had the hearing threshold shift level from the first audiogram 15 dB at 4000 Hz in
either ear. There was significant difference of normal hearing threshold shift between the intervention and the control
group (p<0.05, Fisher’s Exact test). The proportion of subjects with earplug using correctly and consistently had the
normal hearing threshold shift 11.39% (95% CI: 1.39, 20.25) higher when compared with those who used earplug

inconsistently and did not use earplug.

Continuous training of noise hazard by lecture and refresher training by DVD every 8 weeks for 6 months
can maintain the knowledge of noise hazards and increase the use of earplug correctly and consistently. In addition,

the proper earplug using consistently can prevent hearing threshold shift level reach to 15 dB.

Field of Study: Public Health Student's Signature
Academic Year: 2015 Advisor's Signature

Co-Advisor's Signature
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CHAPTER |
INTRODUCTION

1.1 Background and Rationale:

Many industries in Thailand has been developing rapidly. They mostly use
machinery system to produce their products. Working with machinery was very useful
but can cause harm to human. The statistic of occupational noise-induced hearing loss
classified by the number of workers and manufacturers in Thailand in 2004 showed that
there were 116,462 workers in 1,839 risk factories in Thailand had occupational noise-
induced hearing loss (1). Noise-induced Hearing Loss (NIHL) (2) is the most common
occupational hazard caused by machine and the process of production (3-5). Long-term
exposure to noise may cause vestibular symptom (dizziness) and otological symptom
(tinnitus) before clinically detectable hearing loss (6). In individuals with NIHL, age-
related hearing loss is significantly less at frequencies damaged by noise than those who
did not expose to noise (7-12).

At present, the Thai government has enacted the labor law to control noise
exposure among workers. The law provides that all workers must not expose to noise
more than 90 dB (A) while working 8 hours a day (13). However, there were some
studies found that there were 5% of individuals with long-term exposure to noise levels
of 80 dB (A) had have significant hearing loss. This risk increases to 5-15% with noise
85 dB (A) and 15-25% with noise 90 dB (A) (7, 14). The exposure to noise at least 90
dB (A) for 1-2 years can cause permanent threshold shift (PTS) 10 dB at the frequency
of 4 kHz, and if exposure during 2-10 years can cause PTS 20 dB at the frequency of
3-6 kHz, and if exposure during 30 years can cause PTS 40 dB at the frequency of 2-6
kHz. Moreover, the exposure of noise 85 dB (A) for duration of 40 years can cause the
number of hearing loss 8% and the exposure to noise 85 dB (A) or more for 8 hours per
day for 5 years can cause PTS (15, 16). Therefore, Thai regulation provides “Hearing
conservation program (HCP)” in 2010 to prevent noise-induced hearing loss among
employees. The employers must administer a continuing, effective Hearing
conservation program whenever employee noise exposures are at or above an eight

hours for time-weighted average (TWA) of 85 dB (A). The minimum requirements of



a hearing conservation program included in hearing conservation policy, noise
monitoring, audiometric test (500, 1, 2, 3, 4, 6 kHz) and responsibilities (17).

However, it seems to be difficult to implement HCP in factories. There were
previous studies showed that safety professionals engaged in the audit and management
of hearing conservation programs will stimulus company recognition of hearing loss
prevention goals and quality of life among employees. Hearing loss prevention wellness
programs work best when they managed with a “safety and wellness” worker
perspective (18-21). The 5 steps to develop and manage an effective hearing
conservation program are monitoring, audiometric testing, training, hearing protection,
and record keeping (20). A complete hearing conservation program including training,
audiometric test, and the use of hearing protection devices is the most feasible method
for industrial noise protection in workplace environment in the developing countries
(22). The study of epidemiology of noise induced hearing loss in textile factory. The
result showed the causes of hearing loss were exposure duration, personal protective
equipment (PPE) property, safety management and medical surveillance system (23).
The risk perception should be considered an essential issue in the design and
implementation of hearing conservation program, particularly in the development of
training programs in Portuguese workers who exposed to loud noise (24). The
Educational Program in Preventing Noise Induced Hearing Loss among Textile Factory
Workers in KhonKaen in short study period program can be capable in practices and
enable maintains in the long time of noise prevention among workers (25).

Nowadays, safety training is an important tool for preventing occupational
illnesses (26-28). Thailand’s labor law requires employees wWho use hearing protection
device (HPD) to train how it works, what the limitations are, and how to use it properly.
In fact, the workers who work in noisy environment are still working without using
earplug or earmuffs even they have been trained for using this HPD. Several studies
tried to find the effective safety training to motivate workers to use personal protective
equipment (PPE) (29, 30). Three versions of computer-based respiratory safety training
(text, text with pictures, text with pictures and audio narration) were trained workers in
an electronics manufacturing plant in a large Southwestern U.S. city. Most workers did
best with the version containing text with pictures and audio narration (31). The safety-

related visual aids incorporated can enhance learning and increase safety awareness



(32). The other important factors affecting use of PPE are younger age and lack of
safety training. Furthermore, PPE using and encourage of PPE using from supervisors
can provide ongoing positive feedback on the continuous use of PPE by workers at risk
for an eye injury (33). To enhance the training program, OSHA’s training guidelines
follow a model including A) Determining if Training is Needed; B) Identifying
Training Needs; C) Identifying Goals and Objectives; D) Developing Learning
Activities; E) Conducting the Training; F) Evaluating Program Effectiveness; and G)
Improving the Program (34). Training should be developed to improve occupational
safety and health. ANSI/ASSE Z490.1-2001 Guidelines on Training Development
established training development of a systematic process, including needs assessment,
learning objectives, course design, evaluation strategy, and criteria for completion (35).

The processes in an auto part factory generate the excessive noise of die casting,
press, and welding process (36, 37). The excessive noise is occasionally from die
casting. Press process usually generate an excessive impact noise that workers have
been used earplug regularly. Workers in welding process have not used hearing
protector because they do not realize the excessive noise exposure. In fact, the excessive
noise in this process caused by working process such as resistance spotting process and
steel parts transportation. The factor that affects hearing not only noise energy dose but
also the amplitude, duration, rise time, number of impulses, repetition rate, and crest
factor that also appear to be involved. In many industrial operations, impulsive noise
occurs with background of continuous-type noise. In some animal studies exposure to
combine the continuous noises and impulsive noises to be synergistic effects at high
exposure. Therefore, the contribution of impulsive noise to the noise dose should not
be ignored. Whether the effects are additive or synergistic, the 85 dB (A)
Recommended Exposure Limit (REL) with the 3 dB exchange rate would be
sufficiently protective. NIOSH therefore recommends that the REL of 85 dB (A) as an
8 hours of time-weighted average (TWA) be applicable to all noise exposures, whether
such exposures are from continuous noise, impulsive noise, or combined continuous-
type, and impulsive noises (15).

As we have known welding process can cause harmful noise levels to the
hearing threshold (38, 39). This study aims to assess the effectiveness of the hearing

protection program focusing mainly on hearing education program with refresher



training to continue practical strategy in preventing excessive noise exposure and noise-
induced hearing loss. The refresher training is needed because that only 10% to 15% of
training content in workers is retained after 1 year (40). Rote memorization of healthy
adults may take more time than in childhood but their purposive learning can be as fast
as by high school students. Furthermore, they are capable of lifelong learning (35).
Then, the hearing education program with refresher training in this study
capable of maintaining workers to continuous using hearing protection device as

earplug to prevent noise-induced hearing loss in the auto part factory.

1.2 Objective of the study:

1.2.1 Main objectives:
1) To assess the effective hearing protection program in preventing noise-
induced hearing loss in auto part factory workers in Thailand.
1.2.2 Specific objectives:
1) To investigate the noise exposure among Thai workers in auto part
factory workers.
2) To evaluate the hearing threshold shift among Thai workers in auto
part factory workers.
3) To evaluate the hearing protection device using among Thai workers
in auto part factory workers.
4) To find the association between the hearing protection device using
and hearing threshold shift.

1.3 Research hypotheses:

1.3.1 The prevalence of hearing protection device using among auto part factory
workers in the intervention group is not different from control group.
1.3.2 The prevalence of hearing threshold shift among auto part factory workers

in the intervention group is not different from control group.

1.4 Research questions:

1.4.1 Does the effective hearing protection program induce the prevalence of



hearing protection device using among auto part factory workers in the
intervention group?

1.4.2 Does the effective hearing protection program reduce the prevalence of
hearing threshold shift among auto part factory workers in the intervention

group?

1.5 Conceptual framework

Independent variables J

Intervention Group
Socio-Demographic: Hearing protection program
Age, EdAuAcalmn level, 1. Training by lecture&practice at
Job position the 9% week @ hrs)
Related factors: - Noise hazard & prevention ,
= Noise exposure level (dB (A)) Related law, HPD practice [ Dependent variables
= Duration of employment (years) 2. Refresh training by DVD at the 17"
* Smoking behavior week and the 25" week > Prev;?lence of HPD
= Music ear buds using . wearing
* Use of HPD (30 min) » Prevalence of
» Diabetes he.aring threshold
= Hypertension shift
-

Noise exposure frequency at recent job
(hours/day or hours/week)
* Noise exposure duration at recent job 6 months

(months/year) *

Control Group

without intervention

Figure 1. Conceptual framework of the Hearing Protection Program

1.6 Operational definitions:

Noise: Undesired sound. Noise is the unwarranted disturbance or undesired sound
within a useful frequency band.

Noise dosimeter (Noise dose): A device which measures sound and project the
results of measurement. In this study we use equipment named TES model 1355 which
provide percent dose and duration time measurements. (Appendix H)



Permissible exposure limit: Thai labor law-permissible limits; presently 90 dB
(A). Atime-weighted average exposure which must not be exceeded during any 8-hour
work shift of a 40-hour work week.

Time weighted average (TWA): A value, expressed in dB (A), which is computed
so that the resulting average would be equivalent to an exposure resulting from a
constant noise level over an 8-hour period. The allowable level is 90 dB for 8 hours in
Thai labor law.

Decibel (dB): Unit of level when the base of the logarithm is the 10" root of 10 and
the quantities concerned are proportional to power.

Weighting network: it is the frequency filters that cover the frequency range of
human hearing (20Hz to 2000 Hz). A, and Linea weighted are the standard weighting
networks available.

“A” weighting is commonly used in both industrial noise and community noise
regulations. “A” weighted measurements are often reported as dB (A). The “A”
weighted filter attempts to make the dose respond closer to the human hearing.

Audiometric test: It is the hearing threshold examinations that used pure tone
by air conduction. The test uses frequencies including as a minimum 250, 500, 1000,
2000, 3000, 4000, 6000, and 8000 Hz. Tests at each frequency is separately taken for
each ear.

Audiogram: A graph of a hearing test. It measures the quietest sounds which
can hear at different frequencies in each ear.

First audiogram: The first audiogram of an audiometric examination that is
preceded by a period of at least 12 hours of quiet. The first audiogram is the audiogram
against subsequent audiograms compared for significant threshold shift calculation.

Hearing threshold shift: An increase in the hearing threshold for a particular
sound frequency. It means that the hearing sensitivity decreases and that it becomes
harder for the listener to detect soft sounds. Threshold shifts can be temporary or
permanent.

Temporary threshold shift (TTS): It is the hearing threshold, which is the
softest sound that can be able to hear. If the decibel level of the softest sound is higher

than usual, the threshold of hearing has shifted upward. Exposure to loud noise may



cause a temporary loss in hearing sensitivity that may persist for 14 hours (or even
longer in cases where the exposure duration exceeded 12 to 16 hours).

Permanent threshold shift (PTS): Permanent increase in the threshold of
audibility for an ear in dB. Any change in hearing sensitivity which is persistent may
be assumed if the change is observed on a 30-day follow-up test.

Significant threshold shift (STS): it is a change in hearing threshold relative
to the first audiogram 15 dB or more at any frequencies of 500, 1000, 2000, 3000, 4000,
and 6000 Hz in either ear (15).

Noise reduction rating (NRR): The NRR is a single-number rating method
which attempts to describe on how much the overall noise level is reduced by the
hearing protector. It is required by law to be shown on the label of hearing protector.
Noise exposure level is a value of sound which is measured by noise dosimeter,
expressed in dB (A).

Noise exposure level: it is a value of sound which is measured by noise
dosimeter, expressed in dB (A).

Exposure frequency: The number of working time that expose to noise in
workplace hours/day or hours/week).

Exposure duration: The length of time that expose to noise at workplace
(months/years).

Smoking behavior (41): It is packed-year of smoking. It computes from the
number of years smoked and the current number of cigarettes smoked per day.

Diabetes: It is defined as self-report diagnosis and use of antihyperglycemic
medication.

Hypertension: It is defined as self-report diagnosis and use of antihypertensive
medication.

Music ear buds using: it is divided into 5 categories (recommended by
American Osteopathic Association) (42):

1) Not use

2) Use the volume of no more than 60% of the maximum volume and no more

than 60 minutes per day.

3) Use the volume of no more than 60% of the maximum volume and more

than 60 minutes per day



4) Use the volume of more than 60% of the maximum volume and no more

than 60 minutes per day
5) Use the volume of more than 60% of the maximum volume and more than

60 minutes per day
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This study aims to evaluate the noise exposure among Thai workers in auto part
factory and design the effective hearing protection program to prevent noise induced
hearing loss in auto part factory workers in Thailand. The theories and relevant
researches are reviewed as follows:
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2.1.2 Sound frequency
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2.4.5 Training program

2.5 Relevant studies
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2.1 Noise

2.1.1 Characteristic of noise

Noise refers to unwanted or unpleasant sound. (In medical context, noise refers
to an excessively intense sound which capable to produce the damage of the inner ear.
Sound is a form of energy that is transmitted by pressure variations through media such
as air, water or steel which the human ear can detect. Sound can be produced by many
sources such as a running engine, an operating machine tool, vocal cord, a vibrating
loudspeaker diaphragm etc. Sometimes the sound may be perceived as noise.)

The characteristic of a particular sound consists of the sound source vibration,
the amplitude of the vibration, and the properties of the conducting medium. The
characteristic of the sound/noise is divided into 3 types as follows:

1) Continuous noise: it remains constant noise which is not much fluctuation.
There are 2 types of continuous noise:

1.1) Steady state noise: it fluctuates rises and falls not more than 3
decibels such as the noise from textile machine, air conditioner.

1.2) Non-steady state noise: it fluctuates rises and falls more than 10
decibels such as the noise from circular saw, grinder etc.

2) Intermittent noise: it is interrupted with period of quiet. For example: the
noise from traffic, the noise from the plane passing fly.

3) Impact or impulse noise: it is continuous and fluctuates rises and falls rapidly
less than 1 second and the rises and falls is differently more than 40 decibels. For
example: the noise from hammer nail, hammer foundation pile, machine pumping.

2.1.2 Sound frequency

Frequency is an objective description of the rate at which complete cycles of
high and low pressure regions are produce by a sound source. It is measured in Hertz
(Hz) which is defined as cycles per second and often referred to pitch. Human ear can
respond to a range of frequency approximately 20 to 20,000 Hz.

2.1.3 Loudness and the Decibel Scale

Another property of sound or noise is the loudness. A loud noise usually
indicates in the unit of decibel. A, B, C, and Linea weighted are the standard weighting

networks available.
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“A” weighting network is commonly used in both industrial noise and
community noise regulations. “A” weighted measurements are reported as dB (A). The
“A” weighted filter attempts to make the dose response closer to the human ear can
hear. It attenuates the frequencies cover less than several hundred hertz with high
frequencies above six thousand hertz

“B” weighting network is similar to “A” but with less attenuation. The “B”
weighted is seldom used. It reports as dB (B).

“C” weighting network performs a fairly flat frequency response with slight
attenuation of the very high and very low frequencies. It is intended to represent the
ear perceiving sound at high decibel levels. C weighted measurements are reported as
dB (C).

“Linear” is a flat frequency response curve over the entire measurement
frequency range. Linear is most commonly found in sound level meters and is typically
used providing the peak of noise measurement. It reports as dB.

The comparison of each weighting network is illustrated in the figure 2. (43)

Standard Welghting Networks

Ralative Responsa (dB}

] ] ]
20 50 100 200 500 1000 2000 5000 10,000
Fraquency (Hz)

Figure 2. Standard weighting network

The samples of the source of noise level affecting human ear in decibel A is
shown in table 1. (44).
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Table 1. Noise source and noise level

Moise source Noise level (dB(A))

Jet plane, Gunshot blast 140
Automobile horn 120
Rock band, Chain saw, Car racing, 110
Discotheque

Motoreycle, Jack hammer 100
Subway, Heavy truck at 15 m, 50
Average factory &0-90
Noisy restaurant, Vacuum cleaner at 3 m. il
Busy traffic 75
Conversation speech 63
Average home 50
Quiet office 40
Soft whisper 30

2.1.4 Standards of noise exposure

Department of Labor Protection and Welfare enacted the standard of noise
exposure among worker which allows eight hours of noise exposure to less than 90 dB
(A) (13). The maximum noise exposure is not more than 140 dB (A) at any time. The

table 2. showed the noise exposure in dB (A) and related time of exposure.

Table 2. Noise exposure and related time of exposure

dB (A) : Time exposure (hour)
H5 16
() b
95 4
[00 | 2
103 |
110 .' 05
113 ; 0.25
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2.2 Noise induced hearing loss

2.2.1 The characteristic of noise induced hearing loss

Noise induced hearing loss (NIHL) is a specific condition with established

symptoms and objective findings. The characteristic of NIHL are:

1)

2)

3)

4)

5)

Irreversible sensorineural hearing loss which cannot be corrected by
medical or surgical procedures. Sensorineural hearing loss affect the loss of
hearing volume, a loss of speech recognition skills and speech
discrimination or understanding. The cause of this hearing loss is that the
hair cell in peripheral auditory organ is damaged by the sound waves into
neural signals.

A history of long term exposure to loud noise more than 85 dB (A) for 8
hours a day, or exposure to impact or impulse noise with peak over 140 dB.
However, some previous studies found that there were 5% of individuals
with long-term exposure to noise levels of 80 dB (A) assessing significant
hearing loss (7).

Hearing loss has gradually developed over a period of years, most rapidly
during 6-10 years of loud noise exposure.

Hearing loss usually start with the high frequency, commonly at 4,000 Hz.
If continuous exposure to loud noise, the loss will spread to adjacent
frequencies above and below 4,000 Hz.

An initial hearing loss may be temporary first and develop to permanent

hearing loss.

2.2.2 Other risk factors for hearing loss

There are many risk factors related to hearing loss such as age, gender, race,

medication, diabetes, hypertension, chemical exposure, smoking, etc. Many studies

found the synergistic effect of age, diabetes, hypertension and smoking on hearing loss
at high frequency 2000 — 8000 KHz (41, 45-47). The mechanisms of effects are under

investigation. However, several studies suggested that noise exposure leads to the

formation of reactive of oxygen species with the capacity to induce necrotic and

apoptotic hair cell death in cochlea. Microvascular disease (diabetes, hypertension and

smoking) may impair the delivery of antioxidant molecules and limit an individual’s

ability to recover from a noise-induced temporary threshold shift (41).
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2.2.3 Symptom of hearing loss

The degree of hearing loss refers to the severity of the loss. One might be
described as having a mild, moderate, severe or profound loss of hearing depending on
the results of the hearing test.

The symptoms of noise induced hearing loss can be explained by the type of
hearing loss, temporary and permanent (15).

1) Temporary Hearing Loss:

Temporary hearing loss, often called temporary threshold shift (TTS). The
symptoms of workers who expose to loud noise are muffled hearing, dizziness, and pain
in the ear. This effect can last from several hours to several days if prolong exposure.
This symptom returns to normal within 24 hours, normally 8-16 hours if leaving from
the excessive exposure. Tested by audiometer, the result will show the normal
audiogram.

2) Permanent Hearing Loss:

The symptoms of temporary hearing loss seem to disappear. Workers who
expose to prolong excessive noise without hearing protection will have loud noise.
However, the audiogram appears V-shape, called permanent threshold shift (PTS)
as shown in figure 3. (48).

Frequency (Hz)

1235 0 500 750 1000 1500 2000 000 <000 6000 8000

E “"_'L\m‘:iﬁ‘ﬂ’i

10 I%Nmmal
20 y *
= 30~
g Mid
-g' 40
A
.é 50 Moderate
S 60 Moderately
severe
70 -
80 ! Severe
090
100 - Profound
110

Figure 3. Abnormal audiogram
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If workers are not removed for the excessive noise, then they will face the
problem of communication such as listening to the television or radio at higher volume
than in the past, difficult understanding what people are saying, especially when there
are competing voices or background noise. The most severity of the hearing loss is
profound. The worker will not be able to hear the speech and understand any word.

2.2.4 Noise Prevention
Noise prevention has normally done by 3 methods:
1) Source control
The effective source controls or engineering controls include some of the
follows:
1.1) Change the high noise tools and machinery to the lower noise.
1.2) Maintain and lubricate machinery and equipment such as oil
bearings to reduce loud noise.

1.3) Enclosure the loud noise source as shown in figure 4. (49)

Figure 4. Enclosure loud noise source by safety glass

2) Partway control
2.1) Place a barrier between the noise source and employee such as
sound walls or curtains to reduce loud noise.
2.2) Isolate the loud noise source far from employee.
2.3) Restrict worker to a suitable distance away from noisy equipment.
2.4) The distance related to sound decreasing from the noise source is

shown in figure 5. (49).
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Figure 5. Sound decreasing related to the distance of noise source

3) Receiver control
3.1) Use hearing protection device such as earplug, earmuffs.
3.2) Manage hearing conservation program.
3.3) Limit the amount of time the employee spends at a noise source.
3.4) Rotate workers to reduce noise exposure.
3.5) Provide the quiet areas for workers to gain relief from loud noise

exposure.

2.3 Hearing protection device

2.3.1 Type of hearing protection device

Hearing protection device normally used are earplug and earmuffs. These
devices sold in market have several form, different material and value to decrease noise
exposure. The form of earplug includes pre-molded, custom-molded, and formable
earplugs and a semi-insert device (Figure 6.). Earmuffs is divided into headband

earmuffs and helmet-mounted earmuffs (Figure 7.) (50).
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Figure 6. Several types of earplug
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Figure 7. Several types of earmuffs
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2.3.2 The advantage and disadvantage of hearing protection device.

The hearing protection device widely used in market has two types. Earplug
and earmuffs which has different advantage and disadvantage as shown in the table 3.
and 4. below:

1) Earplug
Table 3. The advantage and disadvantage of earplug

Advantage Disadvantage
1. Light weight and small enough 1. Often loose. Require
to travel or keep. occupational  refitting  and
2. More comfortable for long-term extend time to fit with the ears.
wearing in hot or humid work 2. More difficult to insert and
areas. remove without practice.
3. Convenient for use in confined 3. Keep with good hygiene.
work area. 4. lrritate the ear canal and do not
4. Easily used with other safety use in person who has ear canal
equipment such as eyeglass, cap, sore.
hat, etc. 5. Easily misplaced.

2) Earmuffs

Table 4. The advantage and disadvantage of earmuffs

Advantage Disadvantage
1. Easily to wear. 1. May not fit to head
2. Only one size can fit all. 2. Less portable and heavier.
3. Fit better for longer periods of 3. Uncomfortable in a warm or
working time. humid environment.
4. Not easily misplaced or lost. 4. More inconvenient for use in

confined work area.
5. Problem occur when used with
other  equipment such as

eyeglasses, cap, hat, etc.
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2.3.3 Noise reduction rating

Noise Reduction Rating (NRR) is the number of reducing noise level rate in
decibel. It reflects the capacity of HPD to reduce noise exposure. NRR will be labeled
on the package of earplug or earmuffs. NIOSH recommends using subject fit data based
on ANSI S12.6-1997 to estimate hearing protector noise attenuation. If subject fit data
are not available, NIOSH recommends the derating hearing protectors by a factor
corresponding to the available real-world data. The labelled NRRs of earmuffs,
formable earplugs and all other earplugs will subtract 25, 50 and 70 (K) from the
manufacturer’s labelled NRR (National Institute for Occupational Safety and Health,
1998). The derated NRR is shown as follows:

Derated NRR(dB) = NRR-(NRR x K)

The effective A-weighted noise level (ENL) after using PPD is:

ENL (dB (A)) = dBA - (derated NRR -7)

For example:
1) If use earplug made by molded or flanged plugs. The noise exposure level is
90 dB (A), NRR of the molded earplug is 25. What is the effective noise exposure level?
NRR of earplug = 25, K = 70%
Derated NRR = 25-(25 x 70)/100 =7.5dB

ENL =90 - [(7.5-7)] =89.5dB (A)

The noise attenuation of earplug is 12.5 dB and the effective noise exposure
level is 85.5 dB (A).

2) If use earmuffs. The noise exposure level is 105 dB (A), NRR of earmuff is 29. What

is the effective noise exposure level?
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NRR of earmuff = 25, K = 50%

Derated NRR = 29-(29 x 25)/100 = 21.75 dB

ENL =105 — [(21.75-7) = 76 dB (A)
The noise attenuation of earmuff is 21.75 dB and the effective noise exposure
level is 76 dB (A).

However, Thai regulation recommens for the noise attenuation of earplug or
earmuff by this formula:

The effective noise exposure level (dB (A) = TWA - (NRR-7)/2
Example: If noise exposure level is 90 dB (A), NRR of earplug is 29. What is the

effective noise exposure level?

The effective noise exposure level = 95- (25-7)/2 = 86 dB (A)
The noise attenuation of earplug is 9 dB and the effective noise exposure level
is 86 dB (A).

2.4 Health and safety training

Health and safety training is one component of Hearing Conservation Program

(17). The employer must administer a continuing, effective Hearing conservation
program whenever employee noise exposures are at or above an eight hours on time-
weighted average of 85 dB (A). Minimum requirements of a hearing conservation
program are included in the following sections:

1) Hearing conservation policy

2) Noise monitoring

3) Hearing testing (500, 1, 2, 3, 4, 6 kHz)

4) Responsibilities

5) Communication

6) Training and motivation

7) Program evaluation and Management review

8) Recordkeeping and documentation
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2.4.1 Training Defined

Training is one of the methods of education. Education is defined to something
that affects the knowledge, skills, and attitudes/abilities (KSAs). It is primarily
increases knowledge and attitudes. Training primarily increases knowledge and skills.
It is a specialized form of education focusing on developing or improving skills. It
focuses on performance (35, 51, 52). If the training is repeated for every one year, or
more often if necessary, it is called “refresher training”. Refresher training will be
provided to employees involved in operating process to assure that the employees
understand and adhere to the current operating procedures of the process. The
appropriate frequency of refresher training is provided by administrator.

One important factor which can affect to the training is “personal factor”.
Personal factor may be defined as any condition or characteristic of an individual which
could cause or influence worker to do an unsafe act. Personal factors such as attitude,
motivation, training and human error and their interaction with the physical, mental and
perceptual capability of the individual have a significant effect on health and safety.
The personality is unchangeable but others, involving skills, attitude, perception and
motivation can be changed or improved by suitable training. The most psychological
factors that important for health and safety in decreasing unsafe act are attitude,
motivation and perception (52-54).

Attitude is the tendency to behave in a particular way in a certain situation.
Attitude is influenced by health and safety culture in organization, management
commitment, individual’s experience and the influence of peer group. Particularly, Peer
group pressure is the important factor for young people, thus health and safety training
should be design by using examples or case studies that are relevant to them. Behavior
may be changed by training and follow by attitude change.

Motivation is the driving force which stimulates people to act. The important
influences on motivation are recognition, promotion opportunities, decision-making
process, job security, job satisfaction, and self-interest.

Perception is the way in which people believe or understand situation or
interpret environment. The perception of hazards in health and safety is an important
concern. If people do not perceive that is the risk, the accident or illness may be

occurred. For example: workers work in noisy environment but they do not use earplug
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because they used to work with loud noise without awareness of the risk of hearing loss.
Perception leads to an increase health and safety risk but not always caused by a
conscious decision. Routine or repetitive tasks will reduce attenuated levels that will
decrease perception level, then the unsafe act or accident will occur.

Memory is an important factor influenced by training and experience. The
efficiency of memory varies between people and during the lifetime of an individual.
The health status can also affect memory in individual.

Health and safety training provide employees to develop their awareness and
understanding hazards and risk related to their jobs and working environment. It will
inform the control measures and safety procedures in working. Moreover, it can reduce
an injury, occupational illness, frequency and severity of accident, compensation
claims, improve occupational health, and safety culture in organization.

Training is required by law to improve health and safety culture. It will provide
on the recruitment, at induction or on being exposed to risks due to transfer to another
job, work with new equipment, change of using the existing equipment, introduce new
technology or system, improve specialist skill, following an accident after a risk

assessment audit and for the new standards (Figure 8.) (52).
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Figure 8. Training needs and opportunities

2.4.2 Basic Training Principles

Training of employees does not need to be complex or lengthy. The five basic
training principles used are as follows:

1) Perform the purpose of the training. Employee need to understand the
purpose of the training. The training program should begin by focus on the reasons of
why safety training is important and how everyone can benefit individually.

2) Sequence the presentation to maximize understanding. The training outline
should be provided to the trainees by sequence and match the steps to accomplish the
task.

3) Provide appropriate work practices on employees to apply new acquired
skills and knowledge. The instruction time should include information, demonstration,
practice, and application within the session. The human learning drops quickly and
forget the details of contents without immediately use.

4) Provide immediate feedback knowledge of results. The practice of incorrect

task can create the undesirable behavior, resulting in an injury or illness. Then feedback



24

for correctly behavior, enhancing motivation, and encouraging information, employees
will perform the desirable behavior.

Accept for individual differences. Human are all unique individuals. A
successful training program should incorporate a variety of learning techniques such as
written instruction, audiovisuals, lectures, hands-on, coaching, etc. The training course
should be developed by the audience. If they are young person, the course should retain
their interest and any illustrative examples used within their experience. Training
session should be presented by VCDs, DVDs, power point slides, case studies, lectures,
practice, small discussion group depending on the materials and background of the
trainees with different retention rates (Figure 9.) (35).

5) Brief sessions allow the trainee to incorporate the information and attention
whereas long sessions tend to lose the attention of most of trainee. Moreover, try to
keep the employees involved and active in training by instructing employee in a
controlled environment. The environment used for training is very important such as it
should be quiet, suitable size and lay out for trainees, and appropriate in lighting and
heating. To divide the group into teacher/learner teams after the initial instruction and
practice can separate the type of learners, then pairing the rapid learner with the slower

learner and giving them a suitable way to learn will accomplish the training.
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Figure 9. Average human retention rate
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2.4.3 Types of training methods

The types of training methods commonly use in safety training are included:

1)
2)
3)
4)
5)
6)
7)

8)

9)

Case study which is actually or hypothetical situation.

Lecture by oral presentation of material from prepared notes and visual aids.
Role play: Provide employees improvise behavior of assigned fictitious
roles.

Demonstration: Show the live illustration of instruments, job aids tools,
equipment and materials used on the job.

Practice: Let employee do something by themselves such as using earplug.
Games: Play the simulations of real-life situations.

Discussion: It facilitates opportunity and opens floor for employees to
comment or suggest the idea.

Question: Two way questions by employee’s question or the trainer’s
question and receive answers from each other.

Small group: Divide Employee into sub-groups for presentation, discussion

or exercise.

10) Exercises: Depend on the specific course content.

11) Reading: Trainee read material prior to, during, and/or after the session.

Then answer the question by oral or writing.

12) Manuals Handbooks or workbooks distributed to employees to self-

learning.

2.4.4 Types of training by purpose

Training is divided by the purpose in several types. The common types of

training by purpose are induction, job specific, supervisory and management, and

specialist training. Induction training should be provided for the new employees and

contractors. Job specific training is to ensure the employees take their job in a safe act.

Supervisory and management is similar to induction training but more depth in details.

Specialist training is normally needed for activities that are not related to the specific

job such as first-aid, boiler maintenance, and fire prevention.
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2.4.5 Training program

ANSI 490.1-2001, Section 3.2, provide a safety training program including the
elements of training development, delivery, documentation and recordkeeping, and
evaluation as follows:

1) Training Development: This section performs the procedures of developing
a need assessment to get the training, learning objectives in training program, course
content and format of the training, materials, and criteria for course completion.

2) Training Delivery: This section provides the ways to make the quality of
training such as the competent trainer, the suitable training environment, etc.

3) Training Documentation and Recordkeeping: This section states the
procedures of training, forms, reports of the quality training, maintenance of training
delivery, training program evaluation, and certifications of trainer and trainee.

4) Training Evaluation Plan: The standard provides procedures of training
program evaluation design and the accomplish performance of training program by
continuous improvement approach.

OSHA has developed the training guideline model in “Training Requirements
in OSHA Standards and Training Guidelines,” from OSHA’s Publication 2254
(Revised 1992). The guideline model is designed to enhance the training program by
developing and administering the safety training programs and strengthen the overall
safety program. The OSHA training model has seven elements including:

1) Determine the need of training

2) Identify training needs in the training program

3) Identify goals and objectives of the training

4) Develop content and activities in the training course
5) Develop evaluation methods of training

6) Develop training documents in the course

7) Develop improvement strategies in training program

2.4.6 Assessment the effectiveness of training
The effectiveness of training is required by legislation and company. The

picture of effective training program is illustrated in figure 10. (35).
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The health and safety training evaluation will be measured by the 4 levels of employee’s
reaction level, learning (knowledge and skill), behavior and performance (application
of knowledge and skills), organizational outcome, and investment return on training.
The 4 levels of training evaluation as follows:

Level 1: Employee’s reactions

This is the first level of evaluation that reflect from employee’s opinions. The
reaction will be point out in 4 areas of the knowledge and skills content of training the
expressed in the objectives, the training method used, the general learning conditions
and environment, and the degree to which the attitude objectives have been achieve.
The reaction level is to find out how trainees react to training or measure the employee
satisfied with the presentation, content of the training, tutorial style, balance of
activities, value of session, etc.

This level can be measured during training and/or completion of training by
trainer. The methods to evaluate are such as daily reviews, questionnaires, open forum,
and group monitoring, etc.

Level 2: Learning (knowledge and skill)

This level involves measuring the increased knowledge and improved skills and
attitudes. Proficiency should be evaluated and documented by the use of a written
assessment and skill demonstration such as tests, exercises, case studies, and oral
questioning, etc. The proficiency assessment methods should be justified and approved
by management. The evaluation can be done during training or at the end of training by
trainer.

Level 3: Behavior and performance (application of knowledge and skills)

This level measures both the learner and the safety culture. It will explain how
far employees have applied their learning to improve their job performance. This level
of evaluation is required by ANSI Z490.1-2001 or compliances aside. It may indicate
the degree of safety culture supporting the training.

The level evaluation will be measured after an interval which allow learning to
be put into practice for sometimes 2 months after training by trainer and/or training
manager. The method of evaluation includes such as postal-questionnaires, interview

trainees and their managers or supervisors, observe their job practice, etc.
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Level 4: Organizational outcome

This level assesses the cost and value of training. It determines the extent to
which training has improved the organization or influenced organization performance
such as decrease injury rate or illness, reduced costs, increased profits, productivity and
quality improvements, etc.

The evaluation will measure periodically after sufficient time has passed for
training outcome. The training manager or head of training will evaluate this level by
postal-questionnaires, interview trainees or monitor the results by department manager.

Level 5: Investment return on training

This level asscertain the training effect with the bottom-line results. If training
can be improved the bottom line profitability, a return on the investment (ROI) of the
company is determined. This level of evaluation allows the training to establish the
added bonus of a more productive operation with retaining safety culture.

The level evaluation will be measured after a suitable period of time by trainer,
participants, line managers, accountants, and internal and external experts. The methods
of evaluation such as cost accounting methods, study company results, etc.
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2.5 Relevant studies

Nadtaya Makachen (25) conducted a randomized controlled trial of health
education program for textile factory. The intervention program was applied in the
treatment factory at the beginning of study. Both of treatment and control factory
groups had the similar background noise in workplace. The outcome of audiogram and
earplug using was carried out at the end of the study. The mean difference was
compared between before and after study in both treatment and control factories. The
results showed that about seventy percent of workers in treatment factory used earplug
regularly compared with those in control factory which using earplug only fifty percent.
The incidence rate of hearing loss in control factory was not statistically significant
higher than those of treatment factory. However, this program is capable to practice and

enable maintain the earplug using during work-time.

Erik S. Wallen, and Karen B. Mulloy (31) conducted the three versions of
computer-based respiratory safety training. Comparing the version among text, text
with pictures, and text with pictures and audio narration in the presentation to the trainee
of older and younger workers, the younger workers did better all versions of computer-
based respiratory safety training. Both older and younger workers did best with the
training version containing text with pictures and audio narration. Computer-based
training with pictures and audio narration is beneficial for all workers. However,
computer-based safety training programs should be designed and selected based on

worker ability to effective training.

Lombardi DA. et al. (33) identified and described the factors influencing
workers to use personal protective eye use (PPE) and the barriers existing in preventing
the use of this PPE. They conducted a series of 7 groups with 51 males and females
participants. The result showed that the most important barriers to PPE usage were the
lack of comfort or fit, fogging and the scratching of the eye use. The other important
factors were the younger age and the lack of safety training. To increase the PPE use,
the most effective tool is enforcement. However, the encouragement by supervisors can

motivate workers on the continuous use of PPE for an eye injury prevention.
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Youngmi Kim and Ihnsook Jeong (55) identified factors affecting the use of
the hearing protection devices among workers exposed to noise by the Pender Health
Promotion Model using. Data were collected with self-administered questionnaires
designed to measure concepts from the Health Promotion Model in 222 subjects of
thermal power plants with noise exposure levels between 80 and 90 dB in South Korea.
The Health Promotion Model questionnaires were consisted of interpersonal influences
on the use of hearing protection devices included workers’ perceptions about the beliefs
of others coworkers, supervisors, health personnel and safety personnel regarding
hearing protection devices used. Social modeling was measured through the questions
about how much subjects believe others coworkers or supervisors to use hearing
protection devices in the plants. Cognitive-perceptual factors for the questionnaire
included perceived benefits, perceived barriers and perceived self-efficacy were in the
questionnaires. The used of hearing protection devices in subjects was measured by
self-reporting. The results showed social modeling and perceived benefits of the
hearing protection devices using were very important for workers to increase the use of

hearing protection devices.

Saleh A. Tawfik (32) investigated the effectiveness of safety-related visual aids
to enhance learning in quasi-experimental study. The intervention group was trained
for safe work practice by the visual aids incorporation. The evaluation of safe work
practices in laboratory were observed and evaluated with a standard checklist. Those
subjects who used visual aids incorporated into their curriculum were observed
exercising safe work practices more often than those without using. Further, subjects in
the intervention group had a positive perception to safety-related visual aids, enhanced

their learning, and increased their safety awareness.

OiSaeng Hong et al. (56) presented that several factors have been an additive
effected to noise-induced hearing loss such as age, previous sensorineural hearing loss,
cigarette smoking, use of ototoxic medication, type 2 diabetes and hypertension.
Characteristic of noise-induced hearing loss was decreased at the frequency of 3000 to
6000 Hz while the frequency of 500 to 2000 Hz was normally. Excessive noise was

specially affected to the frequency of 4000 to 6000 Hz, creating a VV-shape dip or notch.
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When controlling excessive noise by engineering controls was not feasible, proper use
of hearing protector was greatly effective in preventing noise-induced hearing loss. The
effective hearing protection device can be achieved through the proper hearing
protector, fit testing, correct use, and continuous maintenance of hearing protector.

Perri Timmins and Oliver Granger (57) presented that the barriers were
reduced the likelihood that effective noise control were appeared to be the commonly
held perception. Another barrier was the common belief that noise control is difficult
to implement. The major barriers to effective noise control, including lack of
knowledge of noise hazard and noise control such as low perception of the risk of noise,
over-reliance on and low actual use of hearing protector, low self-efficacy, perception
that noise control is too costly. Therefore, a major enabler of effective noise control
was a good management commitment to work health and safety.

This study will conduct a hearing protection program which include noise and
hearing education, and hearing protection device practicing in the beginning of the
study and follow by the refresher training to assure that workers will retain the
understanding of knowledge, adhere the skills, and remain attitude of safety practice.
Moreover, safety inspection on hearing protection device using will be involve in this
hearing protection program to enhance the awareness of using appropriate protection
device regularly. From all mentioned reviews, the education training program in
prevention hearing loss can affect to the workers to use earplug continuously (25, 33).
However, the use of personal protective equipment regularly does not depend on the
effective training but other factors such as comfortable, the age of workers, and the
encouragement by supervisors will affect the use of personal protective equipment(33).
The safety training program is the most important factor to maintain workers in
preventing hazards in workplace. The effective training should influence workers to
work safe. The safety training-related visual aids will enhance learning and increase the

safety awareness (31, 32).
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This research was designed as a quasi-experiment study. The study aimed to

3.1 Research design

preventing noise induced hearing loss among auto part factory workers in Thailand.

evaluate the noise exposure and design the effective hearing protection program in

The research design was a quasi-experiment with two groups: intervention and

weeks. The research design was shown in Figure 11.
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control groups at different factories to avoid the contamination. The first noise
measurement and the first audiogram were conducted at 1% week of program. Then
training by lecture at the 9" week and refresher training at the 17" and 25" week. Noise
monitoring was conducted again at the 18" and 32" week and the follow-up audiogram

was conducted at the 32" week. Earplug using was inspected by researcher every 2
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3.2 Sample and Sampling Method

3.2.1 Study area

Study area was two auto part factories in Saraburi and Rayong province. These
factories were purposively selected with the criteria: similar area size of factory, similar
number of total workers, similar processes, and similar environment but the distance of
them was approximately 400 kilometers apart. The similar environment was showed in
Table 5.

Table 5. Comparison of similar environment between the intervention and

control groups

Item Intervention group Control group
1. Number of workers in welding 120 110
unit
2. Devise using in welding Robot Robot
process

3. Type of welding

Resistance spot

welding

Resistance spot

welding

4. Work shift

Day and night shift

Day and night shift

The experimental area was welding unit where the workers continually use

robot to spot steel parts. This area was separately from the other processes.

3.2.2 Study population

Subjects for this study were Thai male workers of auto part factory in Saraburi
and Rayong province. The intervention group comprised workers from an auto part
factory at Saraburi province and the control one from an auto part factory at Rayong
province. They were 20-50 years old, and working in the welding process more than 1
year.

3.2.3 Inclusion and exclusion criteria

Inclusion criteria:

1) Subjects were Thai male workers aged 20-50 years working in welding unit

for at least 8 hours/ day, 6 days/week for more than 1 year.
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2) Male workers exposed to a continuous noise level more than 80 dB (A) for
at least 8 hours in each working day.

3) Workers voluntarily participated in the study.

Exclusion criteria:

1) Exclusion criteria included unilateral deaf workers and chronic middle ear
infection.

2) Subjects with ear anomalies that could not use earplug.

3.2.4 Sample and sample size

Systematic random sampling technique were used in the study for selecting
sampling unit (workers) in both intervention and control groups. List of workers were
obtained by the Human Resource Department of each factory. Then, sixty workers were
systematic random sampled for intervention and control groups in two factories.

The formula for calculation sample size (58) was :

n = (a+b)? [(p1g1) H(p2g2)]

-

i
The sample size calculation in this study used the reference number from the

study of Nadtaya Makachen, et al. (25) as follows:

n = the sample size in each of the group

a = alpha conventional multiplier = 1.96

b = power conventional multiplier = 1.2816

p1= proportion of the subjects with proposed outcome in treatment group 1 (using for
earplug > 80%) = 0.93

g:= proportion of the subjects without proposed outcome in treatment group 1 (using
for earplug < 20%) =0.07

p2= proportion of the subjects with proposed outcome in treatment group 2 (using for
earplug > 80%) = 0.69

gz= proportion of the subjects without proposed outcome in treatment group 2 (using
for earplug < 20%) =0.31

x = the difference proportion of the subjects with proposed outcome in treatment
group 1 and 2 =0.24
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n = (1.96+1.2816)2 [(0.93x0.07) + (0.69x0.31)]
0.242

n =50.9

n = 51 subjects

Thus, the number of total subject should not less than 51 workers in each group
of intervention and control. In conclusion, this study was plus 10% of the sample size

51 to 56 and selected 60 workers for the sample size of each factory.

3.3 Study Procedures

Two phases of study procedures were conduct into preparation and intervention
phase as the following details:

3.3.1 Preparation Phase

The following activities were carried out before starting an experiment.

1. Two eligible factories received an invitation letter and information about the
project.

2. Subjects recruitment were done for male workers from two factories data
bases. All workers who met criteria tested by screening questionnaire (Appendix A)
and voluntarily participates in this study were invited to enroll in the study.

3. An informed consent was provided to the subjects. The goals of the study
were informed to the subjects that they could refuse to participate in the study.

4. At the enrollment meeting, the study was described and the questionnaire

(Appendix B) was collected by interviewing.

3.3.2 The intervention procedures

1) The intervention group

The screening questionnaire, the interviewing questionnaire, noise survey and
audiometric test were done among the subjects at the 1% week before the hearing
protection program. The program was delivered by lecture and practice in the meeting
room for 2 hours. Then, subjects received earplugs with NRR 25 dB for using during
working time and getting a new one from safety officer when it was broken or lost. The
earplug with NRR 25 dB could reduce noise exposure in ears 9 dB. The maximum of

noise exposure level in the intervention group was 93.4 dB (A), when subject exposed
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to this noise level, the noise level in ears was 84.4 dB (A). Meanwhile, the maximum
of noise exposure level in the control group was 96.1 dB (A). When subject exposed to
this noise level, the noise level in ears was 87.1 dB (A). This noise exposure levels did
not exceed the standard of Thai regulation and OSHA that the permissible noise
exposure level of employee was not above 90 dB (A) for 8 hours in a day. NIOSH (15)
indicated that if the age 30 year olds, when exposed to average daily noise level 85 dB
(A) during 5-10 years, the risk of hearing impairment was 1.4% and over 10 years, the
risk of hearing impairment was 2.3%. If the age of 40 year olds, when exposed to
average daily noise level 85 dB (A) during 5-10 years, the risk of hearing impairment
was 2.6% and over 10 years, the risk of hearing impairment was 4.3%. Meantime, If
the age 30 year olds, when exposed to average daily noise level 90 dB (A) during 5-10
years, the risk of hearing impairment was 5.4% and over 10 years, the risk of hearing
impairment was 10.3%. If the age 40 year olds, when exposed to average daily noise
level 90 dB (A) during 5-10 years, the risk of hearing impairment was 9.7% and over
10 years, the risk of hearing impairment was 17.5%.

After that, the subjects were trained in the refresh training program by DVD for
30 minutes at the 17" and the 25" week. This study followed the “Training
Requirements in OSHA Standards and Training Guidelines,” from OSHA’s Publication
2254 (Revised 1992) to enhance the training program. The training model was included
7 elements that were determine the need of training, identify training needs in the
training program, identify goals and objectives of the training, develop content and
activities in the training course, develop evaluation methods of training, develop
training documents in the course, develop improvement strategies in training program.
In addition, this study developed the Hearing Protection Program by using the refresher
training after training by lecture. The refresher training was trained by DVD volume |
after training by the first lecture. Then, the second refresher training was trained by
DVD volume Il after the first refresher training by DVD volume I. The training had the
interval time 8 weeks after each training.

Then, the earplug using of the subjects were inspected by researcher every 2

weeks. The activity plan in table 6. was shown:
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Table 6. The Hearing Protection Program in the intervention group

Nlc.). The subjects were screened by screer:itr?g;n questionnaire (Appendix A) at the 1%
week
2. | The subjects were interviewed by interview questionnaire (Appendix B) at the
15t week
3. | Pre-noise monitoring in the subjects at the 1% week
4. | Pre-audiometric test in the subjects at the 1% week
5. | First training program at the 9" week (Lecture and practice ) (2 hours) 15
subjects/class
o Pre-questionnaire for evaluating of knowledge gain test (10 minutes)
o Noise hazards, prevention, and related law: lecture (40 minutes)
O Hearing protection device and selection of the proper hearing
protection device (HPD): lecture &practice (1 hour)
o Post-questionnaire for evaluating of knowledge gain test I (10 minutes)
6. | Refresher training program at the 17" week (30 minutes) 15 subjects/class
O Training by DVD volume | (Story: review of hearing protection device
using)
7. | Noise monitoring at the 18" week
8. | Refresher training program at the 25" week 15 subjects/class
O Training by DVD volume Il (Story: problem solving of hearing
protection device using)
9. | Earplug inspection by research every 2 weeks after the 1% training — 32" week
10. | Follow-up post-noise monitoring at the 32" week
O Post-questionnaire for evaluating of knowledge gain test 1l (10
minutes)
11. | Follow-up post-audiometric test at the 32" week
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2) The control group

The screening questionnaire, the interviewing questionnaire, noise survey and
audiometric test were done among the subjects at the 1% week before doing evaluation
of knowledge gain test by the questionnaire at the 9" week. Then, subjects were done
this test at the 17" and 25" week. Subjects were provided earplug with NRR 25 dB and
could get a new one from safety officer when it was broken. Then, subjects were
inspected for earplug using by researcher every 2 weeks. The activity plan was showed
in the table 7.

Table 7. The program in the control group

No. Item
1. | The subjects were screened by screening questionnaire (Appendix A) at the

15t week

2. | The subjects were interviewed by interview questionnaire (Appendix B) at
the 1% week

3. | Pre-noise monitoring in the subjects at the 15 week

4. | Pre-audiometric test in the subjects at the 1% week

5. o Pre-questionnaire for evaluating of knowledge gain test (10 minutes)
at the 9™ week
o Post-questionnaire for evaluating of knowledge gain test I (10

minutes) at the 9" week

6. | Noise monitoring at the 18" week

7. | Earplug inspection by research every 2 weeks after the 1% training — 32"

week

8. | Follow-up post-noise monitoring at the 32" week

O Post-questionnaire for evaluating of knowledge gain test Il (10

minutes)

9. | Follow-up post-audiometric test at the 32" week
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3.4 Measurement tools

3.4.1 Noise measurement

Noise dosimeter used in this research was Spark® model 706. The performance
of noise dosimeter was governed by the International Electro-technical Commission
Standards (IEC) and American National Standards Institute (ANSI sound level meter
standards). The standards are ANSI S1.4 - 1983, ANSI S1.25 - 1991, IEC 60651 - 1993,
IEC 60804 - 1993, IEC 61252 — 1993.

This noise dosimeters were set up to 90 dB (A) of standard level, 5 dB of
exchange rate and 80 dB (A) of the threshold level (59) . This noise dosimeter was
calibrated annually by the primary company calibrator. The field calibration was done
by the researcher. Noise dosimeters for the field calibration were calibrated by
calibrator (which met IEC 60942 standard) at the frequency of 1,000 Hz and the
generated sound of 114 dB before and after noise level sampling.

Personal noise levels were sampled by researcher during working time for 8
hours for one time at the first week of the Hearing Protection Program. Microphone of
noise dosimeter was tapped in hearing zone to measure noise exposure level of each
subject. Time-weighted average 8 hours (TWA-8 h) in dB (A) was read from noise

dosimeter and record for each subjects.

3.4.2 Audiometric test

Audiometric test in this study was done by the qualified company. Audiometry
was performed using Audiometer GSI 18. This calibrated audiometer was met the
specifications and maintained by ISO 389-3 1994/American National Standard
Specification for Audiometers, S3.6-1969. Audiometric tests used a pure tone sound by
air conduction. The hearing threshold examination was tested at the frequencies
including as a minimum 250, 500, 1000, 2000, 3000, 4000, 6000 and 8000 Hz. The
tests at each frequency was separately taken in either ear with microprocessor
audiometers which met the specifications and was maintained by American National
Standard Specification for Audiometers, S3.6-1969. The functional operation of the
audiometer was daily checked before using for making sure of the output which free
from distorted or unwanted sounds. Deviations of 10 decibels or greater had required

an acoustic calibration. Audiometer calibration was annually checked. The frequencies
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check covered 250 Hz to 8000 Hz. Deviations of 15 decibels or greater were required
by an exhaustive calibration. Audiometric test was performed by a licensed or certified
audiologist including otolaryngologist, physician, technician certified by the Council
of Accreditation in Occupational Hearing Conservation. A technician who performs
audiometric tests must be responsible to an audiologist, otolaryngologist or physician.
The audiometric test in this study was examined by the same audiologist both
intervention and control groups.

Audiometric preparation was provided to subjects in both group on Saturday
before going to test for audiogram on Monday morning after did not exposed to
excessive noise at least 14 hours (60). The steps of audiometric preparation were below;

1) Subjects had to avoid excessive noise exposure at least 14 hours before
testing the audiogram.

2) If subjects had to work before testing the audiogram, they had to use
earplug correctly during working time to prevent temporary hearing loss. Then, they
had to leave from working area at least 15 minutes before the test time and waited for
audiometric test at least 5 minutes before testing the audiogram.

3) Subjects had to take off the cap and eyeglasses before testing the
audiogram. Then, sitting in the audiometric booth, wearing earmuffs and press the
button on the mouse of audiometer when hearing sound in either ear.

The audiometric testing was conducted in the audiometric booth that had the
background sound pressure levels not exceeding the levels as shown in Table 8., when
measured by sound level pressure type 2 requirements of American National Standard
Specification for Sound Level Meters, S1.4-1971 (R1976), and to the Class Il
requirements of American National Standard Specification for Octave, Half-Octave,
and Third-Octave Band Filter Sets, S1.11-1971 (R1976) (61).

Table 8. The maximum allowable octave band sound pressure level for the
audiometric booth by OSHA

Items Octave-band center

Frequency (Hz) 500 1000 2000 4000 8000

Sound pressure level (dB) 40 40 47 57 62
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In this study, background noise levels in the audiometric booth was measured
by the sound level meter with octave band type 2. The sound level meter was NL-21
that met the standards of IEC 60651:1979, ANSI S1.43-1997 Specification for
Integrating-Averaging Sound Level Meter and BE SN 60804:2001 Specification for
Integrating-Averaging Sound Level Meter. Background noise levels in the audiometric
booth were 20, 20, 30, 40 and 40 dB at the frequency of 500, 1000, 2000, 4000 and
8000 Hz, respectively that were not exceed the standard of the audiometric booth.

3.4.3 Questionnaire

There were 2 parts of the interviewing questionnaire (Appendix B) as follows:

Part 1: Socio-demographic characteristics consisted of age, education, smoking
behavior, music earbuds using, history of illness.

Part 2: Noise exposure information consisted of noise exposure at recent and
previous job, hearing protection device using, symptoms of excessive noise exposure,
etc.

The questionnaires were investigated by three experts: one health education and
behavior science lecturer, one occupational health lecturer, and one public health
lecturer. The questionnaires were revised for content validity.

The Index of Item Objective Congruence (I0OC) of questionnaires was 1 after
improving by 3 experts. After that, the questionnaires were tested by 30 vocational auto
part factory workers working in Ayuthaya province, and they had similar characteristics
with those in the sample groups. The questionnaires were easily filled in

understandable.

3.4.4 Questionnaire for evaluation knowledge gain
The questionnaire for evaluation of knowledge gain contained with 10 items
followed by 5 objectives from the lesson plan (Appendix E). The knowledge test was

separated into 3 part; pre-questionnaire for evaluation of knowledge gain, post-

questionnaire for evaluation of knowledge gain 1 and 2. Pre-questionnaire for
evaluation of knowledge gain and post- questionnaire for evaluation of knowledge gain
1 were done by intervention before and after first training at the 9" week. The control

group did the pre and post-evaluation test 1 at the same time. Then, the intervention and



43

control groups did the post-evaluation test 2 at the 32" week (end of program). The
items in each test were the same but switched on the numbers of each item.

The questionnaire for evaluation knowledge gain were divided into 2 parts: the
instrument for data collection and the experimental instrument.

The instrument for data collection were assessed into 2 issues:

1. Content validity: the questionnaire for evaluation knowledge gain
were investigated by three experts: one health education and behavior science lecturer,
one occupational health lecturer, and one public health lecturer. The questionnaire was
these revised for content validity.

The Index of Item Objective Congruence (IOC) of evaluation test was 1
after improving by 3 experts.

2. Reliability: the questionnaire for evaluation of knowledge gain were
tested with 30 vocational auto part factory workers working in Ayuthaya province, and
they had similar characteristics with those in the sample groups. The Kuder-Richardson
Method (KR-20 method) were employed to assess the reliability. The cut-point was
Alpha 0.7. The questionnaire was qualified when the Alpha was more than 0.7. After
considering reliability coefficient, the questionnaire was improved.

The questionnaire with the reliability for evaluation of knowledge gain
as Alpha of 0.741 was used to collect data from the subjects.

3.4.5 Instructional media

The Instructional media of this study contained with lesson plan (Appendix E)
and slides by power-point program. The lesson plan and slide were investigated by three
experts: one health education and behavior science lecturer, one occupational health
lecturer, and one public health lecturer. The media were then revised after the experts
for content validity. The Index of Item Objective Congruence (I0OC) of the lesson plan

and slides were both 1 after improving by 3 experts.

3.5 Data collection

The researcher obtained inform consent form the workers. The workers
completed the initial interview at the factory. Noise measurement, audiometric test,
questionnaires were collected at the first and post intervention. The questionnaires for

evaluation of knowledge gain was collected at the first (9% week) and the end of the
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Hearing Protection Program (the 32" week). Earplug using was inspected by
researcher at the first, and every 2 weeks through the end of the Hearing Protection

Program.

3.6 Data analysis

- The descriptive statistics were used to describe mean and percentage for age,
education, smoking behavior, job position, duration of employment, noise exposure
level, music earbuds using, earplug using and hearing threshold levels of the study
population.

- Chi-square test was used for comparing two proportions of age, education,
smoking behavior, job position, duration of employment, noise exposure level and
music earbuds using.

- Fisher’s Exact test was used for comparisons of the association of groups and
hearing threshold shift, and earplug using and hearing threshold shift.

- Independent t-test was used for comparing noise exposure between the
intervention and control groups at the 1%t week, 18" week and 32" week follow-up. In
addition, independent t-test and Mann-Whitney U test were used for comparing mean
knowledge score between the intervention and the control groups at the 9" week (pre-
test), 9" week (post-test), and 32" week follow-up

- Repeated measurement was used to evaluate the noise exposure level change
in each group over the 1%t week, 18" week and 32" week follow-up.

- Proportion difference 95% confidence interval was used to find the proportion
of the subjects with earplug using and normal hearing threshold shift.

- Differences were considered significant if the two-sided p-value was 0.05 or

less.

3.7 Limitation

There are limitations of this study noted as follows:
1. Earplug was used to reduce noise exposure levels in welding workers
because the engineering control could not be used in this welding process.

2. This study could not measure audiogram of all subjects before working.
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However, subjects exposed to noise level in workplace were provided the proper
earplug before audiogram measured.

3. The inspection of earplug using was done by the researcher once per 2
weeks, that could not observe the use of earplug every day.

3.8 Ethical consideration

1. This study was reviewed and approved by the Institutional Review Boards
(IRBs) of Ethical Committee of College of Public Health Science, Chulalongkorn
University.

2. Before the researcher approach to the workers, the general nature of the study
as well as any potential harm or risk were informed. They were assured of
confidentiality, and could withdraw from the study if they could not be able to
participate. They were also informed that the data were used for other purposes. In
addition, they were offered the opportunity to receive a report about the results and
conclusions of the research project. After that, informed consent for workers about the
study protocols were taken from all participants. The code name was used to protect the

subject privacy and the data were kept in confidentially.

3.9 Expected benefit from this study

This study is useful for setting up a new effective hearing protection program to
prevent noise induced hearing loss, introduce the appropriate hearing protection device
and providing a continuous practical strategy to reduce noise exposure in auto part
factory. Due to most workers do not realize the way to protect themselves from expose
to excessive noise, this study would like to practice them in using the proper hearing
protection device and motivate them in preventing occupational hearing problem by
using the appropriate hearing protection device continuously. Furthermore, this study
would like to sustain workers to prevent themselves regularly while working in noisy

environment.



3.10 Time schedule

Table 9. Time schedule for this study

46

No.

Research activities

013

1014

015

2016

October

November

January

February
March

April

Aoy
Juni

July

August

Semember

Ociober

November

Doecember

January

Felbruary

March

April

My

June
July

Augnist

Seplember

Ocieber

November

December

Januaiy

February

March

Apeil
My

July

Ethical approval

»

[

Develop of propram and

measurement fools

Recruit panticipants
Inferview subjects

Naotse monitoring [

Audiometric test

First trining by
lecturedepractioe (2 hre)
HPre & post questionmaire for
evaluation knowledpe gain |

+ Refresher training by DVD I
1) mimutes) - Past
questionnaire for evaluation
knowledge gain 11

Noise monitorng 11

Refresher training by DVD 11
30 minutes)

Ear plug wsing inspecton by
rescarchir

Y

R 4

Notse monitoring 1

Audiametric test 11

G|+

Drata analysis

b

Thesis and manuscriph writing

b4

Drissertation defimse
lexamination
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3.11 Research activities and research budgets

Table 10. Research activities and research budgets
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Research activities Budgets (Bath)

1. Proposal defense 0

2. Ethical approval 0

3. Develop of program and measurement tools 150.000

4. Recruit participants in 2 groups & collecting baseline data 20.000

5. Implementation of the program 100.000

6. Program exit and measure the effect of the program 30.000

7. Data analysis 20.000

8. Thesis and manuscript writing 10.000

9. Dissertation defense examination 0

10. Report paper/Publishing 20.000
Total 350,000
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CHAPTER IV
RESULTS

This quasi-experiment research examined the effectiveness of Hearing

Protection Program (HPP) intervention on noise exposure among auto part factory
workers. One hundred and twenty male subjects were recruited from two hundred and
thirty male workers in welding unit of two auto part factories. The quasi-experiment
study was divided into two group of intervention and control group. Each group had 60
workers who were selected by systemic random sampling. The intervention group was
recruited from 120 male workers in welding unit of auto part factory in Saraburi
province. The control group was recruited from 110 male workers in welding unit of
auto part factory in Rayong province. The subjects were Thai male workers age 20-50
years who have been worked in welding unit for at least 8 hours/ day, 6 days/week for
more than 1 year. The male workers have been exposed to continuous noise level more
than 80 dB (A) for at least 8 hours in each working day. The workers with unilateral
deaf workers, chronic middle ear infection, and ear anomalies were excluded.
The effectiveness of the intervention program was assessed by the earplug using
inspection and hearing threshold shift from the first audiogram. The results are
presented into 2 parts. part 1 was descriptive data and part 2 was from quasi-experiment.
4.1 Descriptive data

4.1.1 Socio-demographic characteristics of the subjects

Table 11. showed data of socio-demographic characteristics of the subjects in
the intervention and the control groups. Their age was classified into 3 levels of 20 to
30 years, > 30 to 40 years and > 40 to 50 years. The average (£ SD) age in the
intervention group was 33.80 + 6.26 and in the control group was 33.88 + 5.31 years.
The age in the intervention group ranged from 21.05 to 46.00 years old and in the
control group ranged from 22.06 to 43.08 years. The subjects in the intervention group
was 30.0% in the range of 20 to 30 years, 48.3% in the range of > 30 to 40 years and
21.7% in the range of > 40 to 50 years. Meantime, the percentage of the subjects in the
control group was 23.3% in the range of 20 to 30 years, 60.0% in the range of > 30 to
40 years and 16.7% in the range of > 40 to 50 years.
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Most subjects (41.7%) in the intervention group was graduated at junior high
school, 26.7% was graduated senior high school, 21.7% was graduated vocational
certificate and 10.0% was graduated high vocational certificate. Most subjects (40.0%)
in the control group was graduated senior high school, 30.0% was graduated junior high
school, 15.0% was graduated vocational certificate and 15.0% was graduated high
vocational certificate. Smoking behavior was calculated to pack-years smoking. There
were 40.0% of the subjects with none smoking in the intervention group and 36.7% in
the control group. Subjects with pack-years smoking below 10 was 46.7% and at least
10 was 13.3% of those in the intervention group. There were 56.7% and 6.7% of the
subjects with pack-years smoking below 10 and at least 10 in the control group,
respectively.

There was 10.0% of the subjects in the intervention group and 23.3% of the
subjects in the control group worked as leader position. Subjects worked as operator
was 90.0% of workers in the intervention group and 76.7% of workers in the control
group. Both leader and operator had been worked in identical area in welding unit.

Duration of employment was divided into 2 groups by the mean duration of
employment years. The average (+ SD) of employment duration was 6.11 + 3.78 years
in the intervention group and 7.49 + 3.79 years in the control group. The range of
employment duration was 1.06 to 17.11 years in the intervention group and 1.10 to
15.10 years in the control group. There was 45.0% of the subjects in the intervention
group and 65.0% of the subjects in the control group had duration of employment less
than 7 years. Meanwhile, there was 55.0% of them in the intervention group and 35.0%
of them in the control group had duration of employment at least 7 years.

Table 11. Number and percentage of socio-demographic characteristics of the

intervention group (n=60) and the control group (n=60)

Socio-demographic characteristics Intervention group  Control group

(n=60) (n=60)

n (%) n (%)

Age (years)

20-30 18 (30.0) 14 (23.3)
>30-40 29 (48.3) 36 (60.0)
> 40 - 50 13 (21.7) 10 (16.7)
Mean + SD 33.80 £ 6.26 33.88 £5.31

Min - Max 21.05 —46.00 22.06 —43.08
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Socio-demographic characteristics Intervention group  Control group
(n=60) (n=60)
n (%o) n (%o)
Education
Junior high School 25 (41.7) 18 (30.0)
Senior high School 16 (26.7) 24 (40.0)
Vocational certificate 13 (21.7) 9 (15.0)
High vocational certificate 6 (10.0) 9 (15.0)
Smoking behavior (pack-years
smoking)
Never smoked 24 (40.0) 22 (36.7)
Current smoked < 10 28 (46.7) 34 (56.7)
Current smoked > 10 8 (13.3) 4 (6.7)
Job position
Leader 6 (10.0) 14 (23.3)
Operator 54 (90.0) 46 (76.7)
Duration of employment (years)
<7 27 (45.0) 39 (65.0)
>7 33 (55.0) 21 (35.0)
Median 5.00 7.08
Min - Max 1.06-17.11 1.10-15.10

4.1.2 Exposure factors of the subjects

Table 12. showed the range of noise exposure level at the 1% week in subjects.
Noise exposure level was classified from Thai regulation when employee exposed to
noise level at least 85 dB (A), The employers should manage the hearing conservation
program. However, the employees must not expose to noise more than 90 dB (A).
Therefore, noise exposure levels were between 80 to < 85 dB (A), > 85 to 90 dB (A),
and > 90 dB (A).

The results showed that the average (£ SD) of noise exposure level at the first
week was 87.0 £ 2.3 dB (A) in the intervention group and 86.4 £ 3.6 dB (A) in the
control group. The range of noise exposure level was 82.5 to 93.4 dB (A) in the
intervention group and 80.8 to 96.1 dB (A) in the control group. There were 15% of the
subjects in the intervention group exposed to noise level from 80 to <85 dB (A), 76.7%
from > 85 to 90 dB (A) and 8.3 % from noise exposure at least 90 dB (A). In the
meantime, there were 28.3% of the subjects in the control group exposure to noise level
from 80 to < 85 dB (A), 58.3% from > 85 to 90 dB (A) and 13.3 % from noise exposure
at least 90 dB (A).
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The music earbuds using was divided into 5 categories from the volume level
and duration time listening. There were 38.3% of the subjects in the intervention group
and 43.3% of the subjects in the control group never used music earbuds. There were
23.3% of the subjects in the intervention group and 28.3% of the subjects in the control
group used the volume less than 60% of the maximum volume level and less than 60
minutes per day. There were 31.7% of the subjects in the intervention group and 15.0%
of the subjects in the control group used the volume level less than 60% of the maximum
volume level and more than 60 minutes per day. Meanwhile, there were 1.7% of the
subjects in the intervention group and 6.7% of the subjects in the control group used
the volume level more than 60% of the maximum volume level and less than 60 minutes
per day. However, there were 5.0% of the subjects in the intervention group and 6.7%
of the subjects in the control group used the volume level more than 60% of the
maximum volume level and more than 60 minutes per day. All subjects in both groups
did not use hearing protection device during working time. The subjective data showed
that they all had no illness of diabetes and hypertension. All subjects in both factories
had starting time on Monday to Saturday at 8.00- 12.00 A.M. and 1.00 — 5.00 P.M.
Then, start over time at 5.30 — 8.30 P.M. Therefore, the noise exposure frequency at

recent job of the subjects was 11 hours/day, 6 days/week and 12 months/year.

Table 12. Number and percentage of exposure factors of the intervention group
(n=60) and the control group (n=60)

Exposure factors Intervention Control
group group
n (%o) n (%o)
Noise exposure level at the 1% week (dB (A))
80-<85 9 (15.0) 17 (28.3)
>85-90 46 (76.7) 35 (58.3)
>90 5(8.3) 8 (13.3)
Mean £ SD 87.0+£23 86.4 + 3.6
Min - Max 82.5-93.4 80.8 —96.1
Music earbuds using
Not used 23 (38.3) 26 (43.3)
Used: volume level < 60%, < 60 14 (23.3) 17 (28.3)

mins/day
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Exposure factors Intervention Control
group group
n (%o) n (%o)
Used: volume level < 60%, > 60 19 (31.7) 9 (15.0)
mins/day
Used: volume level > 60%, < 60 1(1.7) 4(6.7)
mins/day
Used: volume level > 60%, > 60 3(5.0) 4(6.7)
mins/day

4.1.3 Results of the hearing threshold of the first audiogram in the left and
the right ear at 500, 1000, 2000, 3000, 4000, and 6000 Hz in intervention and
control groups.

Audiometry was performed using Audiometer GSI 18. This calibrated
audiometer was met the specifications and maintained by ISO 389-3 1994/American
National Standard Specification for Audiometers, S3.6-1969. The audiometric test was
conducted in the audiometric booth. Hearing threshold was examined by the same
audiologist from a qualified company in the intervention and control groups at the 1%
week (the first audiogram) and the 32" week (end of the Hearing Protection Program).
Pure tone air conduction audiometric test was performed to determine the hearing
thresholds in the frequencies of 500, 1000, 2000, 3000, 4000, and 6000 Hz in each ear
of each subject by using an audiometer with ear phones. Measurement of hearing
thresholds was taken by using 5 dB increments. The subjects were tested by audiometer
on Monday morning after avoiding exposed to excessive noise at least 14 hours.
Therefore, if they had to work before audiogram test, earplug was used to prevent the
excessive noise. Figure 12. showed the first hearing threshold at the 1% week with the
frequency 500 Hz in the right ear between intervention and control groups. There was
70.0% and 25.0% of the subjects in the intervention group had the hearing threshold 10
and 15 dB at 500 Hz. Meanwhile, there were 73.3%, 20.0%, and 6.7% of the subjects
in the control group who had the hearing threshold 10, 15, and 20 dB at 500 Hz,

respectively.
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Figure 12. Result of the hearing threshold of the first audiogram at 500 Hz in the
right ear between the intervention group (n=60) and the control
group (n=60)

Figure 13. showed that there were 70.0%, 21.7%, 6.7%, and 1.7% in the right
ear of the subjects in the intervention group who had the hearing threshold of the first
audiogram of 10, 15, 20, and 25 dB at 1000 Hz, respectively. Meantime, there were
75.0%, 11.7%, and 13.3% of the subjects in the control group who had the hearing
threshold of the first audiogram of 10, 15, and 20 dB at 1000 Hz, respectively.
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Figure 13. Result of the hearing threshold of the first audiogram at 1000 Hz in
the right between the intervention group (n=60) and the control group (n=60)
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Figure 14. showed that there were 66.7%, 20.0%, 11.7%, and 1.7% in the right
ear of the subjects in the intervention group who had the hearing threshold of the first
audiogram of 10, 15, 20, and 25 dB at 2000 Hz, respectively. In the meantime, there
were 75.0%, 8.3%, 8.3%, and 8.3% of the subjects in the control group who had the

hearing threshold of the first audiogram of 10, 15, 20, and 25 dB at 2000 Hz,
respectively.
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Figure 14. Result of the hearing threshold of the first audiogram at 2000 Hz in
the right ear between the intervention group (n=60) and the
control group (n=60)

Figure 15. showed that there were 48.3%, 10.0%, 18.3%, 18.3%, and 5% in the
right ear of the subjects in the intervention group who had the hearing threshold of the
first audiogram of 10, 15, 20, 25, and 30 dB at 3000 Hz, respectively. Meanwhile, there
were 68.3%, 6.7%, 11.7%, 8.3%, 3.3%, and 6.7% of the subjects in the control group

who had the hearing threshold of the first audiogram of 10, 15, 20, 25, 30, and 35 dB
at 3000 Hz, respectively.
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Figure 15. Result of the hearing threshold of the first audiogram at 3000 Hz in
the right ear between the intervention group (n=60) and the

control group (n=60)

Figure 16. showed that there were 38.3%, 13.3%, 16.7%, 11.7%, 10.0%, and
10.0% in the right ear of the subjects in the intervention group who had the hearing
threshold of the first audiogram of 10, 15, 20, 25, 30, and 35 dB at 4000 Hz,
respectively. Meantime, there were 50.0%, 10.0%, 23.3%, 8.3%, 1.7%, and 6.7% of the
subjects in the control group who had the hearing threshold of the first audiogram of
10, 15, 20, 25, 30, and 35 dB at 4000 Hz, respectively.
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Figure 17. showed that there were 45.0%, 13.3%, 18.3%, 10.0%, 10.0%, and
3.3% in the right ear of the subjects in the intervention group who had the hearing
threshold of the first audiogram of 10, 15, 20, 25, 30, and 35 dB at 6000 Hz,
respectively. In the meantime, there were 65.0%, 8.3%, 18.3%, 1.7%, 5.0%, and 1.7%
of the subjects in the control group who had the hearing threshold of the first audiogram
of 10, 15, 20, 25, 30, and 35 dB at 6000 Hz, respectively.
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Figure 17. Result of the hearing threshold of the first audiogram at 6000 Hz in
the right ear between the intervention group (n=60) and the

control group (n=60)

Figure 18. showed that the hearing threshold of the first audiogram at the 1%
week at the frequency 500 Hz in the left ear between the intervention and the control
groups. There were 75.0%, 20.0%, and 5.0% of the subjects in the intervention group
who had the hearing threshold of the first audiogram of 10, 15, and 20 dB at 500 Hz,
respectively. Meanwhile, there were 81.7%, 5.0%, 10.0%, and 3.3% of the subjects in
the control group who had the hearing threshold of the first audiogram of 10, 15, 20,
and 25 dB at 500 Hz, respectively.
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Figure 18. Result of the hearing threshold of the first audiogram at 500 Hz in the

left ear between the intervention group (n=60) and the control group
(n=60)

Figure 19. showed that there were 70.0%, 18.3%, 6.7%, and 5.0% in the left ear
of the subjects in the intervention group who had the hearing threshold of the first
audiogram of 10, 15, 20, and 25 dB at 1000 Hz, respectively. Meantime, there were
78.3%, 6.7%, 10.0%, and 5.0% of the subjects in the control group who had the hearing
threshold of the first audiogram of 10, 15, 20, and 25 dB at 1000 Hz, respectively.
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Figure 19. Result of the hearing threshold of the first audiogram at 1000 Hz in
the left ear between the intervention group (n=60) and the control
group (n=60)
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Figure 20. showed that there were 61.7%, 15.0%, 15.0%, and 1.7% in the left
ear of the subjects in the intervention group who had the hearing threshold of the first
audiogram of 10, 15, 20, 25, and 30 dB at 2000 Hz, respectively. In the meantime, there
were 78.3%, 5.0%, 8.3%, 6.7%, and 1.7% of the subjects in the control group who had
the hearing threshold of the first audiogram of 10, 15, 20, 25, and 30 dB at 2000 Hz,
respectively.
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Figure 20. Result of the hearing threshold of the first audiogram at 2000 Hz in
the left ear between the intervention group (n=60) and the control
group (n=60)

Figure 21. showed that there was 55.0%, 13.3%, 13.3%, 13.3%, and 5.0% in the
left ear of the subjects in the intervention group who had the hearing threshold of the
first audiogram of 10, 15, 20, 25, and 30 dB at 3000 Hz, respectively. Meanwhile, there
were 70.0%, 8.3%, 10.0%, 3.3%, 3.3%, and 5.0% of the subjects in the control group
who had the hearing threshold of the first audiogram of 10, 15, 20,25, 30, and 35 dB at
3000 Hz, respectively.
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Figure 21. Result of the hearing threshold of the first audiogram at 3000 Hz in
the left ear between the intervention group (n=60) and the control
group (n=60)

Figure 22. showed that there were 38.3%, 13.3%, 21.7%, 15.0%, 5.0%, and
6.7% in the left ear of the subjects in the intervention group who had the hearing
threshold of the first audiogram of 10, 15, 20, 25, 30, and 35 dB at 4000 Hz,
respectively. Meantime, there were 53.3%, 10.0%, 16.7%, 10.0%, 6.7%, and 3.3% of
the subjects in the control group who had the hearing threshold of the first audiogram
of 10, 15, 20,25, 30, and 35 dB at 4000 Hz, respectively.
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Figure 22. Result of the hearing threshold of the first audiogram at 4000 Hz in
the left ear between the intervention group (n=60) and the control
group (n=60)
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Figure 23. showed that there were 60.0%, 11.7%, 10.0%, 11.7%, 1.7%, and
5.0% in the left ear of the subjects in the intervention group who had the hearing
threshold of the first audiogram of 10, 15, 20, 25, 30, and 35 dB at 6000 Hz,
respectively. In the meantime, there were 66.7%, 11.7%, 5.0%, 6.7%, 5.0%, and 5.0%
of the subjects in the control group who had the hearing threshold of the first audiogram
of 10, 15, 20,25, 30, and 35 dB at 6000 Hz, respectively.
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Figure 23. Result of the hearing threshold of the first audiogram at 6000 Hz in
the left ear between the intervention group (n=60) and the control
group (n=60)

4.2 Quasi-experimental study

4.2.1 Results of characteristics of the intervention and control groups

The characteristics of the subjects in the intervention and the control groups
were analyzed shown in Table 13. The result showed that there was no significant
difference in number of the subjects in each age ranged of the intervention and the
control groups (p>0.05, Chi-square test). There was no significant difference in number
of the subjects in each education level of the intervention and the control groups
(p>0.05, Chi-square test). Moreover, there was no significant difference in number of
the subjects in each pack-year smoking level of the intervention and the control groups
(p>0.05, Chi-square test). Furthermore, there was no significant difference in number
of the subjects in each job position level of the intervention and the control groups

(p>0.05, Chi-square test). In addition, there was no significant difference in number of
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the subjects in each employment duration level of the intervention and the control
groups (p>0.05, Mann-Whitney U test).

There was no significant difference in number of the subjects in each noise
exposure level of the intervention and the control groups (p>0.05, Independent t-test).
In addition, the result showed that there was no significant difference in number of the
subjects in each music earbuds using level of the intervention and the control groups
(p>0.05, Chi-square test).

Table 13. Comparison of characteristic between the intervention group (n=60)

and the control group (n=60)

characteristics Intervention Control group
group (n =60) p-value
(n =60)
n (%) n (%)

Age (years) 0.338
20- 30 18 (30.0) 13 (21.7)
>30-40 29 (48.3) 37 (61.7)
> 40 - 50 13 (21.7) 10 (16.7)

Education 0.183

Junior High School 25 (41.7) 18 (30.0)
Senior High School 16 (26.7) 24 (40.0)
Vocational Certificate 13 (21.7) 9 (15.0)
High Vocational 6 (10.0) 9 (15.0)
Certificate

Smoking behavior (pack-years 0.224

smoking)

Never smoked 24 (40.0) 22 (36.7)
Current smoked < 10 28 (46.7) 34 (56.7)
Current smoked > 10 8 (13.3) 4 (6.7)

Job position 0.050
Leader 6 (10.0) 14 (23.3)

Operator 54 (90.0) 46 (76.7)

Duration of employment (year) 0.028*
<7 27 (45.0) 39 (65.0)
>17 33 (55.0) 21 (35.0)

Noise exposure level at the 1% 0.098

week

(dB (A))
80-<85 9 (15.0) 17 (28.3)
>85-90 46 (76.7) 35 (58.3)

> 90 5 (8.3) 8 (13.3)
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characteristics Intervention Control group
group (n =60) p-value
(n =60)
n (%) n (%)
Music earbuds using 0.092

Not used 23(38.3) 26 (43.3)
Used: volume level < 60%, 14 (23.3) 17 (28.3)
< 60 mins/day
Used: volume level < 60%, 19 (31.7) 9 (15.0)
> 60 mins/day
Used: volume level > 60%, 1(1.7) 4 (6.7)
< 60 mins/day
Used: volume level > 60%, 3(5.0) 4 (6.7)

> 60 mins/day

Chi-Square test, * p < 0.05

4.2.2 Results of noise exposure level in the intervention and the control groups

Subjects in the intervention and the control group were measured noise exposure
level by personal sampling at the 1% week (baseline), 18" week (during program) and
32" week (at the end of program). Noise dosimeter was tapped at the hearing zone in
each subject during working time.

Table 14. showed that the average (= SD) of noise exposure level at baseline in
the intervention group was 87.027 £ 2.316 dB (A) and in the control group was 86.448
+ 3.636 dB (A) that there was not significantly different (p>0.05, Independent t-test).
The average (+ SD) of noise exposure level at the 18" week in the intervention group
was 87.037 £ 2.306 dB (A) and in the control group was 86.472 + 3.603 dB (A) that
there was not significantly different (p>0.05, Independent t-test). The average of noise
exposure level at 32" week in the intervention group was 87.020 + 2.307 dB (A) and
in the control group was 86.452 + 3.599 dB (A) that there was not significantly different
(p>0.05, Independent t-test).
Table 14. Comparisons of noise exposure level between the intervention group

(n=60) and the control group (n=60)

Intervention group Control group
Noise exposure in each (n =60) (n =60)
period p-value
Noise Exposure Level Noise Exposure Level
(dB (A)) (dB (A))
Mean + SD Mean + SD
1t week (Baseline) 87.027 £ 2.316 86.448 + 3.636 0.301

18" week (During program) 87.037 £ 2.306 86.472 + 3.603 0.309
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32th week (End of program) 87.020 + 2.307 86.452 + 3.599 0.306

Independent t-test, * p < 0.05

4.2.3 Results of noise exposure in the intervention group (n=60) and the control
group (n=60) in each period

Overall effects of the noise exposure time at the 1% week, 18" week, and 32"
week were not statistically significant effect within the intervention group and the
control group at p>0.05 in repeated measures ANOVA (Test of Within-Subjects
Effects) as shown in Table 15.

Table 15. Overall test of noise exposure time effects within the intervention group

and the control group at the 15t week, 18" week, and 32" week

Source Type 11 Sumof  df Mean F p-value
Squares square
Noise exposure Sphericity 0.025 2 0.012 1517 0.222
time Assumed
Noise exposure Sphericity 0.003 2 0.001 0.178  0.837
time * Group Assumed

Test of Within-Subjects Effects in repeated-measures ANOVA

Table 16. showed that the overall effects of noise exposure time between
groups. Overall effects of noise exposure time at the 15t week, 18" week, and 32" week
were not statistically significant effect between intervention and control groups at

p>0.05 in repeated measures ANOVA (Test of Between-Subjects Effects).

Table 16.0verall test of noise exposure time effects between the intervention group

and the control group on the 15t week, 18™ week, and 32" week

Source Type 11 Sum df Mean square F p-value
of Squares
Intercept 902911.357 1 902911.357 9.829E4 <0.001
Group 9.766 1 9.766 1.063 0.305
Error 1083.952 118 9.186

Test of Between-Subjects Effects in repeated-measures ANOVA
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Table 17. showed that noise exposure mean difference at the 1 week, 18" week
and 32" week between intervention and control groups. The mean difference of noise
exposure level between the 1% week and the 18" week in the intervention group was -
0.010 (95% CI: -0.048, 0.028) that was not significantly different at p>0.05 in repeated-
measures ANOVA. The mean difference of noise exposure level between the 18" week
and the 32" week in the intervention group was 0.017 (95% CI: -0.024, 0.057) that was
not significantly different at p>0.05 in repeated-measures ANOVA. The mean
difference of noise exposure level between the 32" week and the 1% week in the
intervention group was -0.017 (95% CI: -0.048, 0.035) that was not significantly
different at p>0.05 in repeated-measures ANOVA. The mean difference of noise
exposure level between the 1% week and the 18" week in the control group was -0.023
(95% CI: -0.062, 0.015) that was not significantly different at p>0.05 in repeated-
measures ANOVA. The mean difference of noise exposure level between the 18" week
and the 32" week in the control group was 0.020 (95% CI: -0.020, 0.060) that was not
significantly different at p>0.05 in repeated-measures ANOVA. The mean difference
of noise exposure level between the 32" week and the 1% week in the control group
was 0.003 (95% CI: -0.038, 0.045) that was not significantly different at p>0.05 in
repeated-measures ANOVA.

Table 17. Comparison of noise exposure level (dB (A)) in the intervention group
(n=60) and the control group (n=60) in each period (Repeated Measure ANOVA)

95% Confidence Interval for

Noise exposure in Noise exposure Difference p-value
each time mean difference Lower Bound Upper Bound

Intervention group

1%t week 18" week -0.010 -0.048 0.028 1.000
18" week 32" week 0.017 -0.024 0.057 0.955
32" week 1%t week -0.007 -0.048 0.035 1.000
Control group

1%t week 18" week -0.023 -0.062 0.015 0.425
18" week 32 week 0.020 -0.020 0.060 0.695
32" week 1%t week 0.003 -0.038 0.045 1.000

Adjustment for multiple comparisons: Bonferroni, * p < 0.05
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Figure 24. illustrated mean noise exposure level at the 1% week, 18" week, and
32" week between the intervention and the control groups. The average noise exposure
level in the intervention group (87.027 dB (A)) was slightly higher than the control
group (86.448 dB (A)) at the baseline (1% week). After the subjects in the intervention
group receive the Hearing Protection Program, at the 18" week found that average noise
exposure level in the intervention group was slightly increased to 87.037 dB (A) which
higher than the subjects in the control group (86.472). However, the average noise
exposure level in the intervention group at the 32" week was slightly decreased to
87.020 dB (A) which higher than the subjects in the control group (86.452).
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Figure 24. Mean noise exposure level in the intervention group and the

control group at the 15t week, 18" week, and 32" week

Table 18. showed that the average knowledge score between the intervention
and control groups at the 9" week (pre-test), 9% week (post-test) week and 32" week.
The pre-test scores of knowledge ranged at the 9" week was 2-9 points in the
intervention group and ranged 3-9 points in the control group. The average (£SD) of
pre-test scores in the intervention group was 6.00£1.19 points and in the control group
was 5.97+1.19 points. Post-test score was in the range of 6-10 points in the intervention
group and 3-9 points in the control group. The average (xSD) of post-test scores in the
intervention group was 8.15+1.02 points and in the control group was 5.95+1.10 points.

The knowledge score of the follow-up test at the 32" week in the intervention group
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was in the range of 6-10 points and in the control group was in the range of 3-8 points.
The average (£SD) knowledge score in the intervention group was 7.15+1.16 points

and in the control group was 5.15+1.18 points.

Table 18. Comparison of knowledge scores between the intervention group (n=60)

and the control group (n=60) in each period

Intervention group Control group

Knowledge score (n =60) (n =60)
in each period Noise Exposure Level Noise Exposure Level p-value

(dB (A)) (dB (A))

Min  Max Mean + SD Min Max  Mean = SD

9%t week (pre-test) 2 9 6.00+1.19 3 9 5.97+1.19 0.879°
9™ week (post-test) 6 10 8.15+1.02 4 9 5.95+1.10 < 0.001°*
32t week 6 10 7.15+£1.16 3 8 5.15+£1.18 < 0.0010*

3Independent t-test, ®*Mann-Whitney U test, * p < 0.05

Figure 25. illustrated mean knowledge score at the 9™ week (pre-test), 9% week
(post-test) week and 32" week between intervention and control groups. The average
knowledge score in the intervention group (6.00 points) was equal the control group
(5.97 points) at the first (9" week (pre-test)). After the subjects in the intervention group
received the first training in the Hearing Protection Program at the 9 week (post-test),
the average post-test score in the intervention group was rapidly increased to 8.15 points
that higher than the subjects in the control group (5.97 points). However, the average
score in the intervention group at the 32" week was rapidly decreased to 7.15 points
that higher than the subjects in the control group (5.15 points).
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Figure 25. Comparison of mean knowledge score between the intervention group
and the control group at the 9" week (pre-test), the 9" week (post-
test), and the 32" week

4.2.4 Effectiveness of Hearing Protection Program on earplug using

The intervention group was educated by lecture at the beginning of the hearing
prevention program. They were boosted by DVD volume | and 1l at the 18" and the
26" week in the meeting room. DVD volume I was presented the contents of “repeating
earplug using correctly”. DVD volume II was presented the contents of “solving
problem of the subjects who have problem with earplug using”. Both DVD was used to
review and encourage the use of earplug in subjects. The control group were not
educated by the hearing prevention program. Both groups were provided earplug by
their factories. The earplug in both factories had the same silicone type with Noise
Reduction Rating (NRR) 25 dB and could decrease the noise exposure level in the ears
9 dB when using correctly and consistently. However, the subjects who used earplug
was in the intervention group and had the maximum noise exposure level was 93.1 dB
(A) would exposure noise level in ears 84.4 dB (A) that did not exceed the
recommendation of noise exposure level of 85 dB (A) for 8 hours a day. The subjects
could receive earplug from safety officer whenever it was broken or lost. The earplug
using was inspected by researcher in both intervention and control group every two
weeks. The earplug using was recorded into 3 categories. The subjects who used

earplug every time were recorded to “Used earplug consistently”. The subjects who
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used earplug some time were recorded to “Used earplug inconsistently”. The subjects
who did not use earplug every time were recorded to “Not used earplug”.

Figure 26. illustrated the results of earplug using consistently in the intervention
group and the control group in each two weeks. There were no subjects used earplug at
baseline. Most of the subjects (95%) in the intervention group increased the use of
earplug consistently after training at the 10" week. There was 91.7%, 90%, 83.3%,
91.7%, 83.3%, 86.7%, 83.3%, 90%, 83.3%, 83.3%, and 80% of the subjects used
earplug consistently in the intervention group at the 12, 14", 16, 18™, 20% 229, 24t
26, 28™M 30" and 32" week, respectively. Those with earplug using inconsistently
were 5.0%, 8.3%, 6.7%, 10.0%, 8.3%, 11.7%, 10.0%, 11.7%, 10.0%, 15.0%, 13.3%,
and 13.3% of the subjects used earplug inconsistently in the intervention group at the
120, 14 16M, 181, 20™, 220 24™ 26" 28N 30" and 32" week, respectively.
However, there were 3.3%, 6.7%, 5.0%, 3.3%, 5.0%, 1.7%, 3.3%, and 6.7% of the
subjects who did not use earplug in the intervention group at the 14™, 16% 20%" 22"
24t 28" 30" and 32" week, respectively. On the other hand, there were no subjects
in the control group used earplug when inspection every two weeks during this

program.
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Figure 26. Percentage of earplug using in the intervention group (n=60) and the

control group (n=60) in each period
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4.2.5 Effectiveness of Hearing Protection Program on Earplug using in 4
Periods

Figure 27. illustrated earplug using in the intervention group and the control
group at the 1% week, 10" week, 18" week, 26" week, and 32" week. The results
showed the 1% week was the first earplug using that there were no subjects use earplug
between the intervention group and the control group. The control group had not
received the Hearing Protection Program. The intervention group had received the
Hearing Protection Program by the first training at the 9™ week. The results showed the
most subjects (95%) in the intervention group used earplug consistently at the 10" week
when inspection. Eight weeks later, they received the refresher training by DVD
volume | (Appendix E). About 91.7% of them used earplug consistently whereas 8.3%
of them used earplug inconsistently at the 16" week. Eight weeks later, they received
the refresher training by DVD volume 11 (Appendix E). It was that 90.0% of them used
earplug consistently whereas 10.0% of them used earplug inconsistently at the 26"
week. At the end of the Hearing Protection Program (after 8 weeks), there was 80.0%
of the subjects used earplug consistently whereas 18.3% of them used earplug
inconsistently at the 32" week. However, it was found that 6.7% of them did not use

earplug at the 32" week.
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Figure 27. Effectiveness of the Hearing Protection Program on earplug using in
The intervention group (n=60) and the control group (n=60) at the 1%

week, 10t week, 18t week, 26t week, and 32" week.

4.2.6 Results of hearing threshold on the left and the right ear at 500,
1000, 2000, 3000, 4000 and 6000 H in intervention and control groups at the end
of Hearing Protection Program

Figure 28. showed that there were 68.3%, 26.7%, and 5.0% in the right ear of
the subjects in the intervention group had the follow-up hearing threshold of 10, 15,
and 20 dB at 500 Hz, respectively. Meanwhile, there were 76.7%, 18.3%, 8.3% and
1.7% of the subjects in the control group had the follow-up hearing threshold of 10, 15,
20, and 25 dB at 500 Hz, respectively.
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Figure 28. Result of the follow-up hearing threshold at 500 Hz in the right
between the intervention group (n=60) and the control group
(n=60)

Figure 29. showed that there were 60.0%, 31.7%, 6.7%, and 1.7% in the right
ear of the subjects in the intervention group had the follow-up hearing threshold of 10,
15, 20, and 25 dB at 1000 Hz, respectively. Meantime, there were 80.0%, 5.0%, and
15.0% of the subjects in the control group had the follow-up hearing threshold of 10,
15, and 20 dB at 1000 Hz, respectively.
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Figure 29. Result of the follow-up hearing threshold at 1000 Hz in the right ear

between the intervention group (n=60) and the control group (n=60)
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Figure 30. showed that there were 60.0%, 26.7%, 11.7, and 1.7% in the right

ear of the subjects in the intervention group had the follow-up hearing threshold of 10,

15, 20, and 25 dB at 2000 Hz, respectively. In the meantime, there were 73.3%, 10.0%,

8.3%, and 8

.3% of the subjects in the control group had the follow-up hearing threshold

of 10, 15, 20, and 25 dB at 2000 Hz, respectively.
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Result of the follow-up hearing threshold at 2000 Hz in the right ear

between the intervention group (n=60) and the control group (n=60)

Figure 31. showed that there were 48.3%, 10.0%, 18.3%, 18.3%, and 5.0% in

the right ea
threshold of

r of the subjects in the intervention group had the follow-up hearing
10, 15, 20, 25, and 30 dB at 3000 Hz, respectively. Meanwhile, there were

68.3%, 6.7%, 11.7%, 8.3%, 3.3%, and 1.7% of the subjects in the control group had the
follow-up hearing threshold of 10, 15, 20, 25, 30, and 35 dB at 3000 Hz, respectively.
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Figure 32. showed that there were 38.3%, 13.3%, 16.7%, 11.7%, 10.0%, and
10.0% in the left ear of the subjects in the intervention group had the follow-up hearing
threshold of 10, 15, 20, 25, 30, and 35 dB at 4000 Hz, respectively. Meantime, there
were 50.0%, 10.0%, 23.3%, 8.3%, 1.7%, and 6.7% of the subjects in the control group

had the follow-up hearing threshold of 10, 15, 20, 25, 30, and 35 dB at 4000 Hz,
respectively.
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Figure 32. Result of the follow-up hearing threshold at 4000 Hz in the right ear
between the intervention group (n=60) and the control group (n=60)
Figure 33. showed that there were 45.0%, 13.3%, 18.3%, 10.0%, 10.0%, and
3.3% in the left ear of the subjects in the intervention group had the follow-up hearing
threshold of 10, 15, 20, 25, 30, and 35 dB at 6000 Hz, respectively. In the meantime,
there were 65.0%, 8.3%, 18.3%, 1.7%, 5.0%, and 1.7% of the subjects in the control

group had the follow-up hearing threshold of 10, 15, 20, 25, 30, and 35 dB at 6000 Hz,
respectively.

0o

g o
o O O

N
o

=N W
o O O o

Percentage of subjects (%)

10 15 20 25 30 35
Hearing threshold (dB)

m Intervention Group < Control Group

Figure 33. Result of the follow-up hearing threshold at 6000 Hz in the right ear

between the intervention group (n=60) and the control group (n=60)
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Figure 34. showed that there were 75.0%, 20.0%, and 5.0% in the left ear of the
subjects in the intervention group had the follow-up hearing threshold of 10, 15, and 20
dB at 500 Hz, respectively. Meanwhile, there were 80.0%, 6.7%, 10.0% and 3.3% of
the subjects in the control group had the follow-up hearing threshold of 10, 15, 20, and
25 dB at 500 Hz, respectively.
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Figure 34. Result of the follow-up hearing threshold at 500 Hz in the left ear

between the intervention group (n=60) and the control group (n=60)

Figure 35. showed that there were 70.0%, 18.3%, 6.7%, and 5.0% in the left ear
of the subjects in the intervention group had the follow-up hearing threshold of 10, 15,
20, and 25 dB at 1000 Hz, respectively. Meantime, there were 81.7%, 3.3%, 10.0%,
and 5.0% of the subjects in the control group had the follow-up hearing threshold of 10,
15, 20, and 25 dB at 1000 Hz, respectively.
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Figure 36. showed that there were 55.0%, 16.7%, 20.0%, and 8.3% in the left
ear of the subjects in the intervention group had the follow-up hearing threshold of 10,
15, 20 and 25 dB at 2000 Hz, respectively. In the meantime, there was 78.3%, 5.0%,
8.3%, 6.7% and 1.7% of the subjects in the control group had the follow-up hearing
threshold of 10, 15, 20, 25 and 30 dB at 2000 Hz, respectively.
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Figure 36. Result of the follow-up hearing threshold at 2000 Hz in the left ear

between the intervention group (n=60) and the control group (n=60)

Figure 37. showed that there were 50.0%, 13.3%, 18.3%, 13.3% and 5.0% in
the left ear of the subjects in the intervention group had the follow-up hearing threshold
of 10, 15, 20, 25, and 30 dB at 3000 Hz, respectively. Meanwhile, there were 70.0%,
8.3%, 10.0%, 3.3%, and 5.0% of the subjects in the control group had the follow-up
hearing threshold of 10, 15, 20, 25, and 30 dB at 3000 Hz, respectively.
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Figure 37. Result of the follow-up hearing threshold at 3000 Hz in the left ear
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Figure 38. showed that there were 38.3%, 13.3%, 21.7%, 15.0%, 5.0%, and
6.7% in the left ear of the subjects in the intervention group had the follow-up hearing
threshold of 10, 15, 20, 25, 30, and 35 dB at 4000 Hz, respectively. Meantime, there
were 53.3%, 10.0%, 16.7%, 10.0%, 6.7%, and 3.3% of the subjects in the control group

had the follow-up hearing threshold of 10, 15, 20, 25, 30, and 35 dB at 4000 Hz,
respectively.
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Figure 38. Result of the follow-up hearing threshold at 4000 Hz in the left ear
between the intervention group (n=60) and the control group (n=60)
Figure 39. showed that there were 63.3%, 11.7%, 10.0%, 11.7%, 1.7%, and
5.0% in the left ear of the subjects in the intervention group had the follow-up hearing
threshold of 10, 15, 20, 25, 30, and 35 dB at 6000 Hz, respectively. In the meantime,
there were 66.7%, 11.7%, 5.0%, 6.7%, 5.0%, and 5.0% of the subjects in the control

group had the follow-up hearing threshold of 10, 15, 20, 25, 30, and 35 dB at 6000 Hz,
respectively.
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4.2.7 Effectiveness of Hearing Protection Program on the hearing threshold
shift on the left and the right ear at 500, 1000, 2000, 3000, 4000, and 6000 Hz in
the intervention and the control groups

Table 19. showed that the results of hearing threshold shift at any frequencies
in the left and right ear in the intervention group.

In the left ear of the intervention group. There was 1.7% of the subjects in the
intervention group who had hearing threshold shift from the first audiogram of 5 dB at
1000 Hz but most subjects (98.3%) had not changed in hearing threshold shift. There
was 8.3% of the subjects in the intervention group who had hearing threshold shift from
the first audiogram of 5 dB at 2000 Hz but most subjects (91.7%) had not changed in
hearing threshold shift. There was 6.7% of the subjects in the intervention group who
had hearing threshold shift from the first audiogram of 5 dB at 3000 Hz but most
subjects (93.3%) had not changed in hearing threshold shift. There were 10.0% and
1.7% of the subjects in the intervention group who had hearing threshold shift from the
first audiogram of 5 and 10 dB at 4000 Hz, respectively. Most of them (88.3%) had not
changed in hearing threshold shift. There were 10.0% and 1.7% of the subjects in the
intervention group who had hearing threshold shift from the first audiogram of 5 and
10 dB at 6000 Hz, respectively. Most of them (88.3%) had not changed in hearing
threshold shift.

In the right ear of the intervention group, there was 1.7% of the subjects in the
intervention group who had hearing threshold shift from the first audiogram of 5 dB at
1000 Hz but most subjects (98.3%) had not changed in hearing threshold shift. There
was 1.7% of the subjects in the intervention group who had hearing threshold shift from
the first audiogram of 5 dB at 2000 Hz but most of them (98.3%) had not changed in
hearing threshold shift. There was 3.3% of the subjects in the intervention group who
had hearing threshold shift from the first audiogram of 5 dB at 3000 Hz but most of
them (96.7%) had not changed in hearing threshold shift. There were 8.3% and 3.3%
of the subjects in the intervention group who had hearing threshold shift from the first
audiogram of 5 and 10 dB at 4000 Hz, respectively. Most of them (88.3%) had not
changed in hearing threshold shift. There were 8.3% and 3.3% of the subjects in the
intervention group had hearing threshold shift from the first audiogram of 5 and 10 dB
at 6000 Hz, respectively. Most of them (88.3%) had not changed in hearing threshold
shift.
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In the left ear of the control group. There were 20.0%, 3.3%, and 1.7% of the
subjects in the control group who had hearing threshold shift from the first audiogram
of 5, 10, and 15 dB at 3000 Hz, respectively. Most of them (76.7%) had not changed in
hearing threshold shift. There were 11.7% and 10.0% of the subjects in the control
group who had hearing threshold shift from the first audiogram of 5 and 10 dB at 4000
Hz, respectively. Most of them (70.0%) had not changed in hearing threshold shift.
There were 16.7%, and 8.3% of the subjects in the control group who had hearing
threshold shift from the first audiogram of 5 and 10 dB at 6000 Hz, respectively. Most
of them (75.0%) had not changed in hearing threshold shift.

In the right ear of the control group, there was 1.7% of the subjects in the control
group who had hearing threshold shift from the first audiogram of 5 dB at 500 Hz but
most subjects (98.3%) had not changed in hearing threshold shift. There was 1.7% of
the subjects in the control group who had hearing threshold shift from the first
audiogram of 5 dB at 1000 Hz but most of them (98.3%) had not changed in hearing
threshold shift. There was 3.3% of the subjects in the control group who had hearing
threshold shift from the first audiogram of 5 dB at 2000 Hz but most of them (96.7%)
had not changed in hearing threshold shift. There were 15.0% and 5.0% of the subjects
in the control group who had hearing threshold shift from the first audiogram of 5 and
10 dB at 3000 Hz, respectively. Most of them (80.0%) had not changed in hearing
threshold shift. There were 16.7%, 3.3%, and 6.7% of the subjects in the control group
who had hearing threshold shift from the first audiogram of 5, 10, and 15 dB at 4000
Hz, respectively. Most of them (73.3%) had not changed in hearing threshold shift.
There were 11.7%, and 10.0% of the subjects in the control group who had hearing
threshold shift from the first audiogram of 5 and 10 dB at 6000 Hz, respectively. Most
of them (78.3%) had not changed in hearing threshold shift.
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Table 19. Effectiveness of the Hearing Protection Program on hearing threshold
shift on the left and the right ear at 5000, 1000, 2000, 3000, 4000, and 6000 Hz in

the intervention group (n=60) and the control group (n=60)

Left ear Right ear
Frequency n (%) n (%)
(Hz) Hearing threshold shift (dB) Hearing threshold shift (dB)
0 5 10 15 0 5 10 15
Intervention

group

500 60 (100) 0 0 0 60 (100) 0 0 0

1k 59 (98.3) 1(1.7) 0 0 59 (98.3) 1(1.7) 0 0

2k 56 (93.3) 4 (6.7) 0 0 59 (98.3) 1(1.7) 0 0

3k 56 (93.3) 4 (6.7) 0 0 58 (96.7) 2(3.3) 0 0

4k 53(88.3) 6 (10.0) 1(L.7) 0 53 (88.3) 5(8.3) 2(3.3) 0

6k 54 (90.0) 6 (10.0) 0 0 54 (90.0) 4 (6.7) 2(3.3) 0
Control
group

500 60 (100) 0 0 0 59 (98.3) 1(1.7) 0 0

1k 60 (100) 0 0 0 59 (98.3) 1(1.7) 0 0

2k 60 (100) 0 0 0 58 (96.7) 2 (3.3) 0 0

3k 46 (76.7) 12 (20.0) 2 (3.3) 0 48 (80.0) 9 (15.0) 3(5.0) 0

4k 42 (70.0) 7(11.7) 6(10.0) 5(8.3) 44(73.3) 10 (16.7) 2(33) 4(6.7)
6k 45 (75.0) 10 (16.7) 5(8.3) 0 47 (78.3) 7(11.7) 6 (10.0) 0

4.2.8 Results of hearing threshold shift in the intervention and the control
groups

Table 20. showed the comparison of normal hearing threshold shift in the
intervention group and the control group. If the hearing threshold shift from the first
audiogram less than 15 dB, the subjects were classified to be “normal hearing threshold
shift”. In contrast, if the hearing threshold shift from the first audiogram at least 15 dB,
the subjects were classified to be “abnormal hearing threshold shift”. The results
showed that all subjects (100%) in the intervention group had normal hearing threshold
shift. Most subjects (85.0%) in the control group had normal hearing threshold but 15%

of those had abnormal hearing threshold. There was significant difference of normal
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hearing threshold shift between the intervention and the control groups (p<0.05,

Fisher’s Exact test).

Table 20.Comparison of hearing threshold shift in the intervention group (n=60)

and the control group (n=60)

Hearing threshold shift Intervention group Control group p-value

from baseline (n=60) (n=60)
n (%) n (%)

Normal 60 (100) 51 (85.0) 0.003*
Abnormal 0 9 (15.0)

Fisher’s Exact test, * p < 0.05

4.2.9 Effectiveness of the Hearing Protection Program on hearing threshold
shift from baseline

The earplug using in the Hearing Protection Program was classified into 3
categories. The subjects who used earplug every week were recorded to “Used earplug
consistently”. Meantime, those who used earplug some weeks were recorded to “Used
earplug inconsistently” and those who did not use earplug every week were recorded to
“Not used earplug”.

Figure 40. showed the percentage of earplug using in all subjects and hearing
threshold shift. Most subjects (88.6%) who used earplug inconsistently and included
who did not use earplug had normal hearing threshold shift. There was 11.4% of those
who used earplug consistently had normal hearing threshold shift. Meanwhile, all
subjects who had abnormal hearing threshold shift used earplug inconsistently and

those who did not use earplug.
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subjects (n=120)

Table 21. showed that the association of earplug using and hearing threshold
shift. The subjects with normal threshold shift consisted of 88.6% of the subjects with
earplug using inconsistently, those who did not use earplug, and consisted of 11.4% of
the subjects with earplug using consistently. The subjects with abnormal threshold shift
was included of 100% of the subjects with earplug using inconsistently, and those who
did not use earplug. The earplug using consistently was significantly associated with
normal hearing threshold shift in the intervention and the control groups (p<0.05,
Fisher’s Exact test). Moreover, the proportion of the subjects with earplug using
consistently had the normal hearing threshold shift 11.39% (95% CI: 1.39, 20.25)

higher than those who used earplug inconsistently, and those who did not used earplug.
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Table 21. Association of earplug using and hearing threshold shift from the first
audiogram in the subjects who did not use earplug, those who used earplug

inconsistently (n=79), and those who used earplug consistently (n=41)

Not used earplug Used earplug

Hearing threshold &Used earplug consistently  p-value Proportion 95%
shift from inconsistently (n=41) difference  Confidence
baseline (n=79) (%) interval
n (%) n (%)
Normal 70 (88.6) 41 (100) 0.027* 11.39 1.39-20.25
Abnormal 9(11.4) 0

Fisher’s Exact test, * p < 0.05
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CHAPTER V
DISCUSSIONS, CONCLUSIONS & RECOMMENDATIONS

The aims of this quasi-experiment study with control group were to assess the
effects of the Hearing Protection Program (HHP) in preventing of noise-induced
hearing loss by measuring the use of earplug consistently and the hearing threshold shift
from baseline. The specific objectives were; 1) to investigate the noise exposure; 2) to
evaluate the hearing threshold shift; 3) to evaluate the hearing protection device using
and 4) to find the association between the hearing protection device using and hearing
threshold shift among Thai workers in auto part factories in Saraburi and Rayong

provinces, Thailand.

5.1 Discussion by objective

5.1.2 Discussion by specific objective:
Objective 1): To investigate the noise exposure among Thai workers in auto part
factory workers.

1.1) Results of noise exposure level in the intervention and control groups
This objective of this study was to investigate the noise exposure among Thai workers
in welding unit at 2 auto part factories in Saraburi and Rayong province, Thailand.
Noise dosimeter was calibrated by calibrator before and after using in the field every
day. Microphone of noise dosimeter was tapped in the hearing zone in each subject to
measured noise exposure level. The finding showed that most subjects (76.7%) in the
intervention group and most subjects (58.3%) in the control groups in welding unit
exposed to noise level at least 85 to 90 dB (A) for 8 hours. Some of them (15.0%) in
the intervention group and 28.3 (%) in the control group exposed to noise level between
80 and less than 85 dB (A) for 8 hours. There was 8.3% of the subjects in the
intervention group and 13.3% in the control group exposed to noise level more than 90
dB (A). The resistance spot welding in the welding process was the combination of two
or more similar or dissimilar metal sheets without using any filler material by passing
current through the materials and interface. The weld between two metals was created

by the heat resulting from the resistance in the current path. The excessive noise was
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generated from steel spotting and carried out other noisy operations such as steel part
transportation. The noise characteristic was not only continuously but also impulsively.
The impulsive noise was occurred in concert with a background of continuous noise in
welding unit. The subjects usually exposed to excessive noise during their working
time. This result was consistent with previous studies. The study of Mir Saeed Attarchi,
et al. “Contemporary exposure to cigarette smoke and noise of automobile
manufacturing company workers” (62), showed that noise monitoring by A team of
occupational hygienists working in the Health and Safety Executive (63) in automobile
manufacturing company detected noise levels ranged from 87 to 94 dB (A) for 8 hours
in 12 various stations affected hearing problem. The study of Lie A., et al. on “A cross-
sectional study of hearing thresholds among 4,627 Norwegian train and track
maintenance workers” (64) presented that noise exposure level in the railway
companies was between 75 to 90 dB (A) for 8 hours with peak exposure up to 130 -140
dB (C) in the train and track maintenance workers who exposed to noise. In addition,
Health and Safety Executive confirmed that welding process itself produced harmful
level of noise and carried out excessive noise from other operations (65). Moreover,
American Welding Society and Catherine Hare presented that resistance spot welding
generated harmful noise level and welder had to use hearing protection device for
prevent noise-induced hearing loss (38, 66).

The result showed that the average of noise exposure level of the subjects in the
intervention group at the 1% week, 18" week and 32" week were not significantly
different from the control group in each similar period (p>0.05, Independent t-test). The
other finding showed the mean difference of noise exposure level between the 1% week
and the 18" week, 18" week and 32" week, and 32" week and 1% week in the
intervention group was not significantly different (p>0.05, repeated-measures
ANOVA). In the meantime, the mean difference of noise exposure level between the
1%t week and the 18" week, 18" week and 32" week, and 32" week and 1 week in the
control group was not significantly different (p>0.05, repeated-measures ANOVA).
The process of welding in auto part factory was consistently for at least one year
because the part production was set up while production of a new model of a car. In
both factories at Saraburi and Rayong province, the production capacity was set up for

200 cars per day. The number of robot machine and welder in the intervention group
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and the control group were equal. Consequently, the subjects in both factories had

exposed to noise level consistently during the Hearing Protection Program.

Objective 2): To evaluate the hearing threshold shift among Thai workers in
auto part factory workers.

The first audiogram was measured at the 1% week of the Hearing Protection
Program. The subjects had never measured the audiogram. Audiometry was performed
using Audiometer GSI 18. This calibrated audiometer was met the specifications and
maintained by ISO 389-3 1994/American National Standard Specification for
Audiometers, S3.6-1969. The audiometric testing was conducted in the audiometric
booth. Hearing threshold was examined by the same audiologist from a qualified
company in the intervention and control groups at the first and end of the Hearing
Protection Program. Pure tone air conduction audiometric test was performed to
determine the hearing thresholds in the frequencies of 500, 1000, 2000, 3000, 4000,
and 6000 Hz for both ears of each subject by using an audiometer with ear phones.
Measurement of hearing thresholds were taken by using 5 dB increments. National
Health and Nutrition Examinations Survey (67) recommended that the subjects were
considered of having overall abnormal hearing threshold in either ear if the threshold
shift at any frequencies had been recorded more than 25 dB in the right or left ear. Even
though there was no one universally accepted method of defining degree of hearing
impairment. The generally representative of the various schemes currently in use was
normal hearing threshold of 0 to 25 dB. The degree of hearing loss was classified into
mild hearing loss (26 - 40 dB), moderate hearing loss (41-55 dB), moderately severe
hearing loss (56-70 dB), severe hearing loss (71-90 dB), and profound hearing loss (>
90 dB), respectively (67, 68).

The audiometric test in this study was performed at least 14 hours after the last
exposure to noise in workplace, then subjects were tested on Monday morning to avoid
the temporary threshold shift. However, if those could not be tested before working, the
earplugs were used to prevent the fault audiogram from temporary threshold shift.

2.1) Results of the hearing threshold of the first audiogram in the left
and the right ear at 500, 1000, 2000, 3000, 4000, and 6000 Hz in the intervention

and the control groups
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In the right ear, the results showed that there was 5% of the subjects in the
intervention group who had the hearing threshold of the first audiogram of 30 dB at
3000 Hz. Meanwhile, there were 3.3% and 6.7% of the subjects in the control group
who had the hearing threshold of the first audiogram of 30 and 35 dB at 3000 Hz. There
were 10.0% and 10.0% of the subjects in the intervention group who had the hearing
threshold of the first audiogram of 30 and 35 dB at 4000 Hz, respectively. Meantime,
there were 1.7% and 6.7% of the subjects in the control group who had the hearing
threshold of the first audiogram of 30 and 35 dB at 4000 Hz, respectively. There were
10.0% and 3.3% of the subjects in the intervention group who had the hearing threshold
of the first audiogram of 30 and 35 dB at 6000 Hz, respectively. In the meantime, there
were 5.0% and 1.7% of the subjects in the control group who had the hearing threshold
of the first audiogram of 30 and 35 dB at 6000 Hz, respectively.

In the left ear, the result showed that there was 1.7% of the subjects in the
intervention group who had the hearing threshold of the first audiogram of 30 dB at
2000 Hz. In the meantime, there was 1.7% of the subjects in the control group who had
the hearing threshold of the first audiogram of 30 dB at 2000 Hz. There was 5.0% of
the subjects in the intervention group who had the hearing threshold of the first
audiogram of 30 dB at 3000 Hz. Meanwhile, there were 3.3 and 5.0% of the subjects in
the control group who had the hearing threshold of the first audiogram of 30 and 35 dB
at 3000 Hz, respectively. There were 5.0% and 6.7% of the subjects in the intervention
group who had the hearing threshold of the first audiogram of 30 and 35 dB at 4000
Hz. Meantime, there were 6.7% and 3.3% of the subjects in the control group who had
the hearing threshold of the first audiogram of 30 and 35 dB at 4000 Hz, respectively.
There were 1.7% and 5.0% of the subjects in the intervention group who had the hearing
threshold of the first audiogram of 30 and 35 dB at 6000 Hz, respectively. In the
meantime, there were 5.0% and 5.0% of the subjects in the control group who had the
hearing threshold of the first audiogram of 30 and 35 dB at 6000 Hz.

2.2) Results of hearing threshold on the left and the right ear at 500, 1000,
2000, 3000, 4000, and 6000 Hz in the intervention and the control groups at the
end of the Hearing Protection Program

In the right ear, the results showed that there was 5.0% of the subjects in the

intervention group had the follow-up hearing threshold of 30 dB at 3000 Hz.
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Meanwhile, there were 3.3% and 1.7% of the subjects in the control group had the
follow-up hearing threshold of 30 and 35 dB at 3000 Hz. There were 10.0% and 10.0%
of the subjects in the intervention group had the follow-up hearing threshold of 30 and
35 dB at 4000 Hz. Meantime, there were 1.7% and 6.7% of the subjects in the control
group had the follow-up hearing threshold of 30 and 35 dB at 4000 Hz, respectively.
There were 10.0% and 3.3% of the subjects in the intervention group had the follow-up
hearing threshold of 30 and 35 dB at 6000 Hz. In the meantime, there were 5.0% and
1.7% of the subjects in the control group had the follow-up hearing threshold of 30 and
35 dB at 6000 Hz.

In the left ear, there was 1.7% of the subjects in the control group had the follow-
up hearing threshold of 30 dB at 2000 Hz. There was 5.0% of the subjects in the
intervention group had the follow-up hearing threshold of 30 dB at 3000 Hz.
Meanwhile, there was 5.0% of the subjects in the control group had the follow-up
hearing threshold of 30 dB at 3000 Hz. There were 5.0% and 6.7% of the subjects in
the intervention group had the follow-up hearing threshold of 30 and 35 dB at 4000 Hz.
Meantime, there were 6.7% and 3.3% of the subjects in the control group had the
follow-up hearing threshold of 30 and 35 dB at 4000 Hz, respectively. There were 1.7%
and 5.0% of the subjects in the intervention group had the follow-up hearing threshold
of 30 and 35 dB at 6000 Hz. Meanwhile, there were 5.0% and 5.0% of the subjects in
the control group had the follow-up hearing threshold of 30 and 35 dB at 6000 Hz.

In this study the factor affected to noise-induced hearing loss was duration of
employment. The average (x SD) of employment duration was 6.11 + 3.78 years in the
intervention group and 7.49 + 3.79 years in the control group. The range of employment
duration was 1.06 to 17.11 years in the intervention group and 1.10 to 15.10 years in
the control group. The average of employment duration had significant difference
between intervention and control groups (p<0.05, Independent t-test). On the other
hand, it was no significant difference in number of employment duration of both
intervention and the control groups (p>0.05, Mann-Whitney U test). This result was
consistent with previous studies. The study of Albera R. et al. indicate that the hearing
loss continues after the first 10 years of noise exposure (69). The relevant study of Mir

Saeed Attarchi et al. indicated that smokers with noise exposure levels ranging from 87
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to 94 dB (A) in automobile manufacturing company who had duration of employment
at least 7 years was detected noise-induced hearing loss (62).

The hearing threshold at the first and the end of the Hearing Protection Program
in the right ear presented that the subjects in the intervention and control groups had
abnormal hearing threshold at least 30 to 35 dB at the frequency of 3000, 4000, and
6000 Hz. In the left ear, they had abnormally hearing threshold at least 30 to 35 dB at
the frequency of 2000, 3000, 4000, and 6000 Hz. This finding was consistent with
previous studies. From the study of Marlene Escher Boger, et al. (70) on “The noise
spectrum influence on Noise-Induced Hearing Loss prevalence in workers”, there was
49% of audiometry results presented hearing deterioration above 25 dB in the frequency
above 3000 and the highest average values were in the frequency of 6000 Hz. Noise
intensity seemed to be the main risk factor for the hearing loss, regardless of frequency
range. The study of V.S. Patel and Sopan T. Ingle (22) on “Occupational noise exposure
and hearing loss among pulse processing workers”, presented that over 50% of pulse
processing workers (dana bazaar and dal mill) showed a low fence of 25 dB on hearing
threshold levels at the frequency of 1,500 to 4,000 Hz and 3,000 to 8,000 Hz. Health
and Safety Authority, Ireland (39) presented noise-induced hearing loss (NIHL)
typically results in ‘notch’ often starting around 4000 Hz, but sometimes 6000 Hz, then
gradually deepening and later extending to nearby frequency ranges.

2.3)  Effectiveness of Hearing Protection Program on the hearing
threshold shift on the left and the right ear at 500, 1000, 2000, 3000, 4000, and 6000
Hz in the intervention and the control groups

The hearing threshold shift in this study was the change in hearing threshold
from the first audiogram because the subjects had never tested for audiogram. NIOSH
recommends for significant threshold shift that was an increase of 15 dB in the hearing
threshold level (HTL) at 500, 1000, 2000, 3000, 4000 or 6000 Hz in either ear. The
significant threshold shift provides early identification of workers with increasing the
noise-induced hearing loss. Furthermore, NIOSH do not recommend age correction on
individual audiograms (15). Hence, the change of hearing threshold above 15 dB from
the first audiogram was recorded “abnormal hearing threshold shift”.

The results were separately presented by the right ear and the left ear in the

intervention and the control groups. In the right and the left ears of the intervention
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group, subjects were changed 5 dB in the hearing threshold at the frequency of 1000,
2000, 3000, 4000, and 6000 Hz. In addition, the hearing threshold shift was presented
at 10 dB at the frequency of 4000, and 6000 Hz. In the right ear of the control group,
subjects were changed 5 dB in the hearing threshold at the frequency of 500, 1000,
2000, 3000, 4000, and 6000 Hz. The hearing threshold shift was presented at 10 dB at
the frequency of 3000, 4000, and 6000 Hz. Moreover, they were changed 15 dB in
hearing threshold at the frequency of 4000 Hz. Likewise, they were changed 5 and 10
dB in the hearing threshold in the left ear at the frequency of 3000, 4000, and 6000 Hz.
Furthermore, they were changed 15 dB in hearing threshold at the frequency of 300,
4000, and 6000 Hz. The results showed all subjects (100%) in the intervention group
had normal hearing threshold shift. Most subjects (85.0%) in the control group had
normal hearing threshold but 15% of those had abnormal hearing threshold. It was
significant difference of normal hearing threshold shift between intervention and
control group (p<0.05, Fisher’s Exact test).

This finding presented that the first sign of noise-induced hearing loss was the
change in hearing threshold shift above 15 dB at the high frequencies of 3000, 4000,
and 6000 Hz which deepen and spread to other frequencies. This result was similar to
previous studies. The study of Madbuli H. Noweir and Mohamed A. Zytoon on
“Occupational exposure to noise and hearing thresholds among civilian aircraft
maintenance workers” (71) showed that most workers (89.5%) exposed to noise levels
above 85 dB (A) and the audiograms of the examined workers showed significant
hearing impairment when compared to workers with non- noise exposure. The hearing
threshold levels was increased at the high frequencies of 3000, 4000, and 6000 Hz. The
study of Marlene Escher Boger et al. (72) indicated that noise-induced hearing loss were
increased the hearing threshold levels between the frequency of 3000 and 6000 Hz.
The study of Aybek et al.(73) on “Hearing loss among operating engineers in American
construction industry”, found that the hearing threshold level (71) was increased at high
frequencies between 4000 to 6000 Hz and significantly poorer hearing in the left ear.
The study of Ologe FE. et al. on “Occupational noise exposure and sensorineural
hearing loss among workers of a steel rolling mill” (74) showed that about 28.3% of
103 workers who exposed to noise levels between 49 to 93 dB (A) had mild to moderate

sensorineural hearing loss in their better ear. Most of them (56.8%) had mild to
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moderate sensorineural hearing loss in their worse ear. The average hearing threshold
levels at the frequency of 4000 Hz for the group was significantly increased with an
increasing the noise exposure level. The study of Rachiotis G. et al. “Occupational
exposure to noise, and hearing function among electro production workers” (75)
presented that electro production workers were exposed to high noise levels and they

had sensorineural hearing loss located mainly at 4000 Hz.

Objective 3): To evaluate the hearing protection device using among Thai
workers in auto part factory workers.

3.1) Effectiveness of Hearing Protection Program on earplug using

The Hearing Protection Program was provided to the subjects in the intervention
group. The intervention group was educated by lecture at the beginning of the hearing
prevention program. Then, they were boosted by DVD volume | and 1l at the 18" and
the 26" week in the meeting room. The training by lecture and refresher training by
DVDs aimed to gain knowledge of excessive noise hazards and prevention of noise-
induced hearing loss, increase the risk perception, reviewing and encouragement the
use of earplug consistently. The control group were not educated by the hearing
prevention program. Both groups were provided earplug by their factories and they
could receive earplug from safety officer whenever it was broken or lost.

The earplug using was inspected by the researcher in both the intervention and
the control group every two weeks. The earplug using was recorded into 3 categories.
Subjects who used earplug every time were recorded to “Used earplug consistently”.
Those who used earplug some time were recorded to “Used earplug inconsistently”” and
those who did not use earplug every time were recorded to “Not used earplug”.

The finding presented that there were no subjects used earplug at baseline. Most
of the subjects (95%) in the intervention group increased the use of earplug consistently
after training at the 10" week. Then the earplug using was slowly decreased to 83.3%
of them at the 16" week. After that, the earplug using was rapidly to 91.7% of the
subjects at the 18" week after training by DVD volume I and slowly decreased to 83.3%
of them again at the 24" week. Likewise, the earplug using was rapidly to 90.0% of the
subjects at the 26" week after training by DVD volume 1l and slowly decreased to

80.0% of them again at the 32!" week (end of follow-up). On the other hand, there were
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no subjects in the control group used earplug when inspection every two weeks during
this program.

This finding was consistent with several studies. The study of Pedro M. Arezes
and A. Sergio Miguel on “Individual Perception of Noise Exposure and Hearing
Protection in Industry” (76) focused on the paramount important to encourage hearing
protection device using in workers was the improving ‘risk perception’ that should be
included in any strategies to promote hearing protection device. The main things need
to do for encouraging earplug using were the promotion of worker’s risk perception and
the removal of barriers including uncomfortable hearing protection device and
organizational culture that did not value for hearing preservation. The individual
perception should be considered in the training programs by motivation tools namely
videos, booklets, leaflets, and posters. The relevant study of Annelies Bockstael et al.
on “Hearing protection in industry: Companies’ policy and workers’ perception.
International” (77) presented that the increasing of hearing protectors using consistently
depended on the strict policy, safety culture, and risk perception of noise levels.
However, the use of earplug in this study was not equal to 100% of the subjects because
of the lack of strict safety policy and poor safety culture. Moreover, safety officer was
the key person to manage the earplug using in workers by inspection during working
time.

Another finding was the evaluation of knowledge of noise hazards and
preventions that was evaluated in both intervention and control groups. The result of
mean knowledge score in both intervention and control groups were evaluated at the 9"
week (pre-test), 9% week (post-test 1) week and 32" week (post-test 11). The average
knowledge score in the intervention group (6.00 points) was equally the control group
(5.97 points) at the pre-test (9" week). After subjects in the intervention group received
the first training in the Hearing Protection Program at the 9% week (post-test 1), the
average post-test score in the intervention group was rapidly increased to 8.15 points
which higher than subjects in the control group (5.97 points). However, the average
score in the intervention group at the 32" week (post-test 11) was rapidly decreased to
7.15 points that higher than subjects in the control group (5.15 points). The subjects in
the intervention group had the scores of post-test | and post-test Il higher than in the

control group. However, the mean knowledge score of the post-test | and Il was
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decreasing from the pre-test in both group. This result was similar to the study of Phil
Hughes and Ed Ferrett that memory was an important factor which influenced by
training and experience. The efficiency of memory varies between people and during
the lifetime of an individual (52). In this study, the mean knowledge score of the
subjects in the intervention group was decreased after 6 months from the first training.
Thus, the refres training to maintain knowledge should be done at least 6 months or
less.

The results of earplug using and the mean knowledge score in this study was
observed that education levels was not relevant to earplug using and the mean
knowledge score. Even most subjects (41.7%) in the intervention group was graduated
at junior high school, 26.7% was graduated senior high school, 21.7% was graduated
vocational certificate and 10.0% was graduated high vocational certificate. Meantime,
most subjects (40.0%) in the control group was graduated senior high school, 30.0%
was graduated junior high school, 15.0% was graduated vocational certificate and
15.0% was graduated high vocational certificate. However, there was no significant
difference in number of education level of both intervention and control groups
(p>0.05, Chi-square test).

Objective 4): To find the association between the hearing protection
device using and hearing threshold shift.

The overall of earplug using in the Hearing Protection Program was classified
into 3 categories that similar to the use of earplug in each week. The overall of earplug
using was summarized from the use of earplug in each week. The subjects who used
earplug every week were recorded to “Used earplug consistently”. Meantime, those
who used earplug some weeks were recorded to “Used earplug inconsistently” and
those who did not use earplug every week were recorded to “Not used earplug”.

The finding presented that the normal threshold shift was included of 88.6% of
the subjects with earplug using inconsistently, those who did not use earplug, and
included of 11.4% of the subjects with earplug using consistently. Abnormal threshold
shift was included of 100% of the subjects with earplug using inconsistently and those
who did not use earplug. The earplug using consistently was significantly associated

with normal hearing threshold shift in intervention and control groups (p<0.05, Fisher’s
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Exact test). Moreover, the proportion of the subjects with earplug using consistently
had the normal hearing threshold shift 11.39% (95% CI: 1.39, 20.25) higher than those
who used earplug inconsistently and those who did not used earplug. There were 9
subjects who had abnormal hearing shift, 4 of them exposed to noise level between 88.7
and 89.9 dB (A) and others exposed to noise level between 91.3 and 96.0 dB (A).

The results of this study presented that the subjects with earplug using
consistently and inconsistently (the subjects in the intervention group) had hearing
threshold shift of 0, 5 and 10 dB in each frequency of 500, 1000, 2000, 3000, 4000, and
6000 Hz in the right and the left ears. The hearing threshold level did not change much
from the first audiogram during 8 months of the Hearing Protection Program. This
result was similar to the study of Ologe FE et al. on “Deterioration of noise-induced
hearing loss among bottling factory workers” indicated that there was 90.5% men and
9.5% women from 84 workers were studied for the prevalence of sensorineural hearing
loss among bottling factory workers during the year 2003 and 2005. The average (£SD)
age in subjects was 33.0 = 7.6 years in 2003 and 35.0 £ 7.6 years in 2005. The noise
exposure levels ranged from 91.5 to 98.7 dB (A). The prevalence of sensorineural
hearing loss among workers was 64.9% for the test in the year 2003 and 86.9% in the
year 2005. The degree of hearing deterioration within the two years was 1.0 to 3.2 dB
for the right ear and 1.6-3.4 dB for the left ear in each frequency of 500 to 6000 Hz.
Most subjects (53.6%) did not use a hearing protector, 46.4% of them used the hearing
protector. However, there was 38.5% of them claimed to use hearing protector
regularly. However, the study of Ologe FE et al. did not mention the exposure duration
time per weeks that was differently from our results. Subjects in our study had exposed
to noise level 11 hours per day and 6 days per week. The long cumulative exposure to
excessive noise of the subjects in our study may cause the higher of hearing threshold
shift than in other studies.

Another result of this study presented that 9 subjects who did not use earplug in
the control group and exposure to noise levels between 88.7 and 96.0 dB (A) had
hearing threshold shift from baseline 15 dB at the frequencies of 3000, 4000, and 6000
Hz. The change in hearing threshold from baseline was 8 months that was not
consistently with previous studies. Aekalak Thamasunthorn (2012) indicated that the

exposure to noise levels at least 90 dB (A) during 1 - 2 years could cause permanent
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threshold shift 10 dB at the frequency of 4000 Hz. If exposure to noise levels at least
90 dB (A) during 10 years could cause permanent threshold shift 20 dB at the frequency
of 3000 to 6000 Hz. Moreover, if exposure to noise levels at least 90 dB (A) during 30
years could cause permanent threshold shift 40 dB or more at the frequency of 2000 to
6000 Hz (16). In addition, NIOSH (1998) indicated that exposure to noise at least 85
dB(A) for 8 hours per day for 5 years could cause permanent threshold shift (15). The
relevant study of Barbara A. Bohne and Gary W. Harding on “Noise-induced hearing
loss” presented that a classic study by Taylor et al. (1965) reported the hearing loss in
a cross-sectional study of workers in the jute-weaving industry. The noise associated
with jute weaving looms was broadband with sound pressure level ranged from 87 to
102 dB. Jute weavers with 1 to 2 years of employment had 15 and 10 dB median hearing
losses at 4000, and 6000 Hz, respectively. With employment continuously, hearing loss
increased in dB at these frequencies and gradually spread to involve other frequencies.
With 40 to 52 years of employment, the median hearing loss was 50 dB at 3000 and
4000 Hz, 46 dB at 2000 Hz, 39 dB at 6000 Hz, and 15 dB for frequencies below 1000
Hz. However, most of the jute weavers were female and had very little exposure to
noise other than that in the workplace, the magnitude and pattern of their hearing losses
represented of prolonged exposure to moderately intense industrial noise (78). The
relevant study of M. Mohammadi Roozbahani et al. presented when workers exposed
to noise levels between 90 and 100 dB (A) in the Spinning and Weaving workshops,
the audiometric results was a distinct increased in the number of cases of hearing loss
above 1000 Hz (79).

There was similar to the subjects in the intervention group that the subjects in
the control group had exposed to noise level 11 hours per day and 6 days per week.
Most studies did not mention to the noise exposure duration per week that was the main
point of cumulative exposure in each work- week. Many factories in Thailand have
normally worked for at least 8 hours a day and 6 days a week. Long term exposure in
years should be mention to continuously cumulative exposure in a week. The subjects
in our study were continuously cumulative exposure to excessive noise for 6 days per
week that may cause the higher of hearing threshold shift levels than who exposed in

the short cumulative time.
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However, the Standard Threshold Shift by OSHA was defined in the
occupational noise exposure standard at 29 CFR 1910.95 (g) (10) (i) as a change in
hearing threshold from the first audiogram for employee was an average of 10 dB or
more at 2000, 3000, and 4000 Hz in one or both ears (80). When compared the result
with the Standard Threshold Shift by OSHA, the result indicated that the change in
hearing threshold shift from the first audiogram below 10 dB. Consequently, the
subjects in both intervention and control groups had normal hearing threshold shift from
the first audiogram at the end of the Hearing Protection Program. Nevertheless, this
study used NIOSH significant threshold shift to classify normal and abnormal hearing
threshold shift by the change of hearing threshold levels from baseline 15 dB or more
at any frequencies of 500, 1000, 2000, 3000, 4000 and 6000Hz to evaluate the early
sign of abnormal hearing threshold shift for preventing noise-induced hearing loss in
the risk workers.

The related factors that affected to the synergistic of noise-induced hearing loss
were age and smoking. In this study, age was classified into 3 groups of 20-30, > 30-
40 and > 40-50 years. The average (+ SD) of age in the intervention group was 33.80 +
6.26 and in the control group was 33.88 + 5.31 years. The age in the intervention group
was between 21.05 and 46.00 years and in the control group was between 22.06 and
43.08 years. There was no significant difference in number of the subjects in each age
ranged of the intervention and the control groups (p>0.05, Chi-square test). The age
range in this study could affect noise-induced hearing loss. The relevant study of
Hossein Mahboubi et al. presented that multiple population-based studies consisted of
5,418 individuals aged 20 to 69 years had been performed to identify noise-induced
hearing threshold shift that were higher in older people at least 30 years, males, and
smokers. Noise-induced hearing loss was the type of sensorineural, and concerns
mainly at the high audiometric frequencies, although no typical notch at 3000, 4000,
and 6000 Hz could be seen. Noise-induced hearing loss was the fastest in the first 10 to
15 years of exposure to noise (81).

There was no significant difference in number of the subjects in each pack-years
smoking level of the intervention and the control groups (p>0.05, Chi-square test).
Smoking with exposure to excessive noise can be synergistic effect to hearing loss. The

study of Piers Dawes et al. indicated that current smokers with pack-years smoking
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more than 10 were more likely to have a hearing loss than non-smokers. In addition,
those who reported passive exposure to tobacco smoke were more likely to have a
hearing loss than non-smokers (82). The study of Kyoko Nomura et al. indicated that
quality assessment and meta-analysis were performed on many studies with discrete
numbers of hearing loss among smokers and nonsmokers showed the evidence was
suggestive of a positive association between smoking and hearing loss (83). In this
study was observed that there were 9 subjects who did not used earplug and exposed to
excessive noise that increased the hearing threshold shift 15 dB at 4000 Hz in either
ear. This result could explain that smoking may progress hearing loss in the subjects
who did not use earplug.

The music earbuds using was divided into 5 categories from the volume level
and duration time of listening. The result showed that there was no significant
difference in number of music earbuds using of both intervention and control groups
(p>0.05, Chi-square test). In addition, there was only 5.0% of the subjects in the
intervention group and 6.7% of the subjects in the control group used the volume level
more than 60% of the maximum volume level and more than 60 minutes per day that
could effect to hearing threshold (recommended by American Osteopathic Association)
(42). Therefore, the music earbuds using cause likely less effect to the subjects who did
not use earplug.

Another result was indicated that there was 10.0% of the subjects in the
intervention group and 23.3% of the subjects in the control group worked as leader
position. Subjects worked as operator was 90.0% of workers in the intervention group
and 76.7% of workers in the control group. There was no significant difference in
number of job position both intervention and control groups (p>0.05, Chi-square test).
Job position in this study did not effect to the noise exposure levels in subjects because
both leader and operator had been worked in the same area in welding unit. Thus, leader
could expose to noise levels as same as operator.

5.1.1 Discussion by main objective:

Objective: To assess the effective hearing protection program in
preventing noise-induced hearing loss in auto part factory workers in Thailand.

A quasi-experiment study with the control group was to assess the effects of the

subjects in the intervention group assigned to receive the Hearing Protection Program,
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whereas the control group did not receive the intervention. The assessment of the
effective hearing protection program was the answer to the second, third and the fourth
objective. The purpose of the Hearing Protection Program was to prevent the increase
of hearing threshold shift level and encourage the use of earplug consistently.

After implement the intervention, an evaluation of the intervention group and
the control group was conducted to measure the effectiveness of the intervention. Key
performance indicator of the effectiveness of the intervention was divided into 2 levels
including primary and secondary outcomes. The primary outcome was earplug using
consistently which was measured in both groups before and after the intervention. The
secondary outcome was the hearing threshold shift level after the end of the intervention
program.

The finding regarding earplug using were the primary outcome of the Hearing
Protection Program. The percentage of earplug using was inspected by the researcher
before and after implementing the Hearing Protection Program. The objective of this
method was to evaluate comparison of the earplug using in both groups. There were no
subjects in both intervention and control groups used earplug at baseline. After
implementing of the Hearing Protection Program, most subjects (95%) in the
intervention group increased the use of earplug consistently after training (at the 10%
week). There was equal percentage of the subjects using earplug consistently in the
intervention group during the 12", to the 32" week (end of follow-up). However, there
were some of them used earplug inconsistently during the same period. In contrast,
there was several of them did not use earplug in some weeks. Conversely, the subjects
in the control group did not use earplug during this period. When compared the use of
earplug after training in each period, most subjects (95%) in the intervention group
increased the use of earplug consistently after training at the 10" week. Then the earplug
using was slowly decreased to 83.3% of them at the 16" week. After that, the earplug
using was rapidly to 91.7% of the subjects at the 18" week after training by DVD
volume | and slowly decreased to 83.3% of them again at the 24" week. Similarity, the
earplug using was rapidly to 90.0% of the subjects at the 26" week after training by
DVD volume Il and slowly decreased to 80.0% of them again at the 32" week (end of
follow-up). On the other hand, there were no subjects in the control group used earplug

when inspection every two weeks during this program.
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This finding was directly affected by the Hearing Protection Program because
all contents in the program focused on the increasing of knowledge in noise hazards
and prevention, risk perception of noise-induced hearing loss and encouraging subjects
in the intervention group to comply with the use of earplug using by lecture training
and refresher training by DVDs of earplug using practice and problem solving.

The hearing threshold shift was the secondary outcome. The first audiogram and
audiogram at the end of the Hearing Protection Program were conducted in both groups.
This finding showed that the change in hearing threshold shift 15 dB at the high
frequencies of 3000, 4000, and 6000 Hz was presented in 15% of the subjects in the
control group who did not use earplug. In contrast, all subjects in the intervention group
had normal threshold shift. It was significant difference of normal hearing threshold
shift between intervention and control group (p<0.05, Fisher’s Exact test). The Hearing
Protection Program could encourage earplug using consistently and prevent hearing
threshold shift.

However, this study should consider some recommendations regarding further
study to support the Hearing Protection Program in this factory and into other factories

that address similar problem of noise-induced hearing loss.

5.2 Limitation of the study

There are limitations of this study noted as follows:

1. Earplug was used to reduce noise exposure levels in welding workers because
the engineering control could not be used in this welding process.

2. This study could not measure audiogram of all subjects before working.
However, subjects exposed to noise level in workplace were provided the proper
earplug before audiogram measured.

3. The inspection of earplug using was done by the researcher once per

weeks, that could not observe the use of earplug every day.

5.3 Conclusion

The Hearing Protection Program led to a significant increase the percentage of the

earplug using by the intervention group compared with the control group.
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1. The Hearing Protection Program led to a significant increase in earplug using
consistently in the intervention group compared with the control group.

2. The Hearing Protection Program led to a significant increase the knowledge in
the intervention group compared with the control group.

3. The Hearing Protection Program led to a significant decrease of hearing

threshold shift level in the intervention group compared with the control group.

5.4 Recommendation

The future research should include the following:

1. A follow-up time should be extended longer for evaluating earplug using and
audiogram.

2. Arrefresher training should be evaluated for the longer time to maintain
knowledge and earplug using consistently.

3. The Hearing Protection Program should be applied to other manufacturers.
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Appendix A

Questionnaire for screening the subjects
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Appendix B

The questionnaire in Thai

111



112




113




114




115




116




117

Appendix C

Inform consent form in Thai, and approved in Thai and English



118




119




120




121




122




123




124

Appendix D

The training program in Thai
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Appendix E

The instructional media in Thai
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Appendix F

The earplug wearing inspection form in Thai
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Appendix G

The noise measurement and audiometric test
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S

Noise measurement by noise dosimeter in the control group
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Audiometric test in the intervention group

Audiometric test in the control group
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Appendix H

The statistic analysis
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1. Test of Normality of age (year), duration of employment, noise exposure in
each period in the intervention and control groups

The result of Table 5. Showed Test of Normality of age (year), duration of
employment, noise exposure in each period in the intervention and control groups. Age
(year) in the intervention and control groups were distributed in normal distribution (p-
value > 0.005, Two-Sample Kolmogorov-Smirnov Test). Duration of employment in
the intervention and control groups were distributed in normal distribution (p-value >
0.005, Two-Sample Kolmogorov-Smirnov Test). Noise exposure at the 1% week in the
intervention and control groups were distributed in normal distribution (p-value >
0.005, Two-Sample Kolmogorov-Smirnov Test). Noise exposure at the 185 week in the
intervention and control groups were distributed in normal distribution (p-value >
0.005, Two-Sample Kolmogorov-Smirnov Test). Noise exposure at the 32" week in
the intervention and control groups were distributed in normal distribution (p-value >

0.005, Two-Sample Kolmogorov-Smirnov Test).

Table 5. Test of Normality of age (year), duration of employment, noise exposure
in each period in the intervention group (n=60) and control group (n=60) by Two-

Sample Kolmogorov-Smirnov Test.

Age (year) Duration of Noise at Noise Noise
employment thelst atthe atthe
week 18th  32nd

week  week

Most Extreme Absolute 0.150 0.317 0.217 0.217 0.217
Differences Positive 0.100 0.017 0.217 0217  0.217
Negative -
-0.150 -0.317 -0.083 -0.083
0.083
Kolmogorov-Smirnov Z 0.822 1.734 1.187 1.187 1.187
Asymp. Sig. (2-tailed) 0.509 0.005 0.120 0.120 0.120

Grouping Variable: Group
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2. Number and percentage of earplug using in each period in the intervention
and control groups

The result of Table 6. showed Number and percentage of earplug using in each
period in the intervention and control groups. There were no subjects in both
intervention and control groups used earplug at the 1% week. Subjects in the intervention
group used earplug consistently 95.0% in the 10" week and decreasing to 83.3% at the
16" week, then increasing to 91.7% at the 18" week and decreasing to 83.3% at the 24"
week, then increasing to 90.0% at the 26™ week and decreasing to 80.0% at the 32"
week. Meantime, subjects in the intervention group used earplug inconsistently 5.0%
in the 10" week and increasing to 10.0% at the 16" week, then increasing to 13.3% at
the 32" week. Meanwhile, subjects in the intervention group did not used earplug 3.3%
in the 14™ week and increasing to 6.7% at the 32" week. In contrast, all of the subjects
in the intervention group did not used earplug in any periods.

Table 6. Number and percentage of earplug using in each period in the
intervention and control groups

Intervention group Control group
Earplug n =60 n =60
inspection
in each Used Used Notused Used Earplug
week consistently  inconsistently
n % n % n % n %
1% 0 0 0 0 O 0 0 0
10" 57 95.0 3 50 0 0 0 0
120 55 917 5 83 0 0 0 0
14" 54 90.0 4 67 2 33 0 0
16% 50 83.3 6 100 4 6.7 0 0
18" 55 917 5 83 0 0 0 0
20 50 83.3 7 117 3 5.0 0 0
22" 52  86.7 6 100 2 33 0 0
24 50 833 7 117 3 5.0 0 0
26" 54  90.0 6 100 O 0 0 0
28" 50 83.3 9 150 1 17 0 0
30M 50 83.3 8 133 2 33 0 0
32nd 48  80.0 8 133 4 6.7 0 0
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3. The results of the summary of earplug using in subjects

The summary of earplug using inspection in Table 7. Classified the inspection
of the subjects who used earplug into 3 categories; the inspection of the subjects who
used earplug every two weeks, those who used earplug some weeks and those who did
not used earplug. The result of Table 7. showed Number and percentage of earplug
using in each period in the intervention and control groups. There were no subjects in
both intervention and control groups used earplug at the 1% week.

In the intervention group, there was 68.3% of the subjects used earplug every
weeks and 31.7% of them used earplug in some weeks. On the other hand, there were

no subjects in both control group used earplug in any periods.

Table 7. Summary of earplug using in subjects

Intervention group Control group
Earplug using inspection n=60 n=60
n (%) n (%)
Did not use earplug 0(0) 60 (100)
Used earplug some weeks 19 (31.7) 0(0)
Used Earplug every 2 weeks 41 (68.3) 0 (0)

4. Test of Normality of pre-test, post-test 1 and post-test 2 in the intervention and
control groups

The result of Table 8. showed Test of Normality of pre-test, post-test 1 and post-
test 2 in the intervention and control groups. The score of pre-test (the 9™ week) in the
intervention and control groups were distributed in normal distribution (p-value >
0.005, Two-Sample Kolmogorov-Smirnov Test). The score of post-test 1 (the 9" week)
in the intervention and control groups were not distributed in normal distribution (p-
value < 0.001, Two-Sample Kolmogorov-Smirnov Test). The score of pre-test 2 (the
32" week) in the intervention and control groups were not distributed in normal

distribution (p-value < 0.001, Two-Sample Kolmogorov-Smirnov Test).



203

Table 8. Test of Normality of age (year), duration of employment, noise exposure
in each period in the intervention and control groups by Two-
Sample Kolmogorov-Smirnov Test.

Pre-testat Post-test1 Post-test 2
the 9t atthe 9™  at the 32™

week week week

Most Extreme Differences  Absolute 0.050 0.667 0.617
Positive 0.050 0.667 0.617

Negative -0.017 0.000 0.000

Kolmogorov-Smirnov Z 0.274 3.651 3.378
Asymp. Sig. (2-tailed) 1.000 <0.001 <0.001

Grouping Variable: Group

5. Number of the subjects with abnormal threshold shift (dB) and noise
exposure level (dB (A)) in each period (n=9)

Table 9. showed the number of the subjects with abnormal threshold shift (dB) and
noise exposure level (dB (A)) (n=9) at the 1%t week (baseline), 18" week (during the
Hearing Protection Program) and 32" week (end of the Hearing Protection Program).
All of them were in the control group. There were 4 subjects who exposed to noise level
less than 90 dB (A). The lowest of noise level was 88.7 dB (A) and the others were
89.1, 89.4 and 89.9 dB (A). There were 5 subjects who exposed to noise level more

than 90 dB (A) that the noise levels were 91.3, 91.9 and 96.0 dB (A).
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Table 9. Number of the subjects with abnormal threshold shift (dB) and noise

exposure level (dB (A)) in each period (n=9)

Noise exposure level (dB (A))

No. of subject 1t week 18t week 32nd week
(n=9) (baseline) (during program)  (end of program)
1 91.3 91.3 91.3
2 96.1 96.0 96.0
3 91.8 91.7 91.9
4 91.8 91.7 91.9
5 96.1 96.1 96.0
6 88.9 88.6 88.7
7 89.5 89.5 89.4
8 89.1 89.0 89.1

9 88.9 89 89.9
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