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ABSTRACT

A cross-sectional study about noise induced hearing
loss conduct during February - April i993. Audiometric
measurement eighty one drivers and noise pressure level
measured in sixty three drivers. All of the drivers are male
average age is 31.5 years(S.D. 8.74 year). Sixty two drivers
(76.5%) finished primary school ievel. All of +the drivers
had expérienced of long-tail boat driving before working at
the present routes. The average years of experience is 11.72
years (S.D. 7.73) ‘

The drivers exposed to the high sound pressure level
with mean Leq. 107.17 dBA (S D. 2.72), average maximum sound

pressure 96.82 dBA (S.D. 2.01), average noise dose 190.61



percent (S.D. 83.31). The hearing threshold of right and
left ears at 4000 Hz. frequency are 36.23 dB (5.D. 18.09)
and 37.35 dB (S.D. 18.03).

The multiple regression model of the right ear hearing
threshold at 4000 Hz. (Y1) has correlation coefficient (r) =
0.38. The right ear model is

Y1 = 11.226 + (0.793487 * age)
The multiple 'regression model of the 1left ear hearing
threshold at 4000 Hz. (Y2) has correlation coefficient (r) =
0.32. The model of left ear model is |

Y2 = 16.781077 + (0.865282 % age)

The other factors, Leq. noise dose Maximum sound level

and working experiences are not significant related.
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CHAPTER 1
INTRODUCTION

Transportation in Bangkok have been changing after
world war II. In the past, transportation in Bangkok mainly
was water way by using boats in Chaopraya River and canals.
Under the national development plan, Transportation pattern
in Bangkok was changed . In 1857 an American engineer
adviser suggested of expanding the city by building more
roads and filling in the canals and a plan to construct
three circular roads around Bangkok and roads extending to
north and east area of the cityl. Increasing in number of
cars had higher rate than the construction rate of roads. A
number of cars accelerated from 200,000 in 1872 to 2
millions 1in 1990.The city’'s traffic surface is 8% of the
total area instead of the suggested minimum of 20% for a

city.

In the present time, types of transportation ih Bangkok
are as the followings;
1. Personal transportation : private cars
2. Mass transportation
- Bus
- Taxi, Motor cycle taxi

- Train
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- Water way transportation ; express boat, across

the river boat, long-tail motor boat.
Average transportation velocity "~ in Bangkok now is 10
km/hour and if mass transportation is not improved, it will
reach 4-5 km/hour which is equal to human walking velocity

in the future.

Bangkok Mgtropolitan have operated water way mass
transportation in canals since 1st October 18890.2 The
first route 1is in Klong Saen Sab from Wat Sriboonruang,
Bangkrapi, to Phanfah Bridge which is 18 kilometers long.
This transportation route become, more popular for the
Bangkokians. The second route have started in Klong
Prakranong since 20th August, 1991 from Srinakrarin Road to
Prakranong Bridge of which 7 kilometers 1long. The third
route have started since 8th September 1892 1in Klong
Padungkrungkasem from Hualumpong to Banglumphu, which is 4.3
kilometers long. The fourth route started from Yingchalearn
Market Phaholyothin road to Prakranong Bridge in Klong
Lardplaw, which 1is 19 kilometers long. There are plan to
open another 2 route in near future.

The long-tail motor boats carry about 20'passengers at
a time. Their services is operated from the morning till
dusk. Many passengers are regular 1long-tail boat commuters.

This type of boats use diesel engine which produce very 1loud
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noise and there are no sound barrier between engine and
drivers or passengers. Drivers and passengers are exposed to
high noise 1level all the time. There are noise control law
to control nuisant noise of the boats. But the enforcement

of the law is not effective.

Hearing 1loss 1is one of the common occupational
diseases. It is hardly concern by boat drivers themselves
because most of it early loss occurred in high frequency
sound. The most vulnerable frequency is 4000 Hz. Until the
loss extend down to speech frequency. The loss of hearing
ability can cause severe accident due to impair verbal
communication ability of driver. Hearing impairment can
occur by aging but loss in early life can make the condition
worst. Hearing loss is an irreversible loss of function. The
most effective way 1is to prevention. To make a simple
estimation of hearing loss can make the drivers aware of
this problem. The study try to evaluate the problem in the
prevalence of hearing loss in drivers and find the model to

evaluate hearing loss at 4000 Hz.frequency.



CHAPTER 2
LITERATURE REVIEWS

Human normal hearing ability range from O - 120 dB and
can detect frequency 20 Hz.-20,000 Hz. But normal speech
reception range from 500 - 2000 Hz.

Hearing loss have two main types.

- Conductive hearing loss result from dysfunction of
external ear and middle ear.

- Sensorineural hearing loss result from deterioration
of the cochlea usually due to loss of hair cell from organ
of Corti

Noise induced hearing loss is the sensorineural one and
usually most severe around 4000 Hz. with down ward extension
toward speech frequency ( 500 - 2000 Hz.) »which occurring
only after prolong or severe exposure to hazardous noise
level.

Threshold limited value for working 8 hours per day in
the a working condition is 85 dBA. Higher sound level will
cause noise induced hearing loss. The higher sound level,
the greater chance for individual to develop NIHL. The

followings are equivalent exposure'



Sound Pressure level
85
90
95
100
105
110
115

Duration (hours)

8.
4.

13.

7

o o o o

.5

0 min.

.5 min.

At any time the noise exposure should not exceed 115

dBA (Occupational Safety and Health Administration, USA

OSHA)

The adverse effects of loud noise for human being are

as followings.

1 Hearing loss

2 Masking noise disturb communication

3 Disturb by irritating noise

Human Hearing Anatomy

Human hearing sensory system (as figurel

auditory perception organs. These organs are

1.External ear
1.1 pinna
1.2 external auditory canal

1.3 tympanic membrane

) compose of



2.Middle ear

2.1 malleus

2.2 incus

2.3 stapes

2.4 inner ear connect with mastoid air cell and
eustachian tube

3.Inner ear

3.1 Bony Labyrinth compose of vestibule and
cochlea and semicircular canals. Inside these canals contain
with fluid called perilymph.

3.2 Membranous labyrinth composes of wutricle and
saccule, cochlea which is spiral membranous tube inside bony
labyrinth. The tube is divided into three small tubes; scala
vestibuli, scala tympani, scalé media. Scala vestibuli
connect with a round window. Scala tympani connect with an
oval window. Lower wall of scala media call basilar membrane
which is base of organ of corti. The organ of Corti composes
of 20,000 hair cells in quadruple rows along the cochlea and
covers by tectorial membrane. Each hair cell toppled by 20
of hair-like sensory processes. When sound wave passes
through outer and middle ear, it vibrates tectorial
membrane. The vibration creates impulse on hair cell and the
cell transmit the impulse {5 the surrounding nerve ending.
High level of sound cause permanent damage to the hair cells

and hearing loss is inevitable.
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3.3 Semicircular canals, which compose of three
tubes perpendicular to each others, play important role on
perception of head and body balance position.
4.Cranial nerve VIII (Vestibulocochlear nerve)
This cranial nerve has two parts.
4.1 Cochlear branch which percept sound
4.2 Vestibular branch which percept head position
and body balance.
5.Brain areas involving in hearing capability are
3.1 Temporal 1lobe of cerebrum area 41,42 which
percepts sound impulse and area 22 compares the sound with
the memory.
3.2 Parietal lobe of cerebrum area 39,40

coordinate with other sensory perception.

Physiology of Hearing?

Sound waves consist -of alternating periods of
compression and rarefaction within a medium such as air. The
degree of this pressure variation has a correlation in the
subjective awareness of loudness. Measurement of human
hearing in terms of sound pressure level (SPL) in dyne/cm2
is cumbersome because of the differing sensifivity of the
ear at the various frequencies. For this reason, a scale
allowing ease comparison among frequencies and individuals

has been developed. The decibel (dB) scale 1is logarithmic
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measurement of human hearing which, through standardization,
has defined normal hearing as O dB. The human ear has a
remarkable dynamic range of roughly O to 120 dB (108 SPL),
which allows for detection of sound pressure variations from
the faintest noise to painful stimulation.

Frequency, or number of waves passing a point on a
second, has a subjective correlation in pitch. The normal
human coehlea‘is capable to detect and encode sound waves
across the frequency rande extending sound waves across the
frequency range extending from approximately 20 Hz to 20,000
Hz. The most iﬁportant range for human speech reception is
between 500 and 2000 Hz. Because isolated pure tone wavés
seldom occur in nature, the cochlea function is called upon
to énalyze complex wave forms.

There is considerable impedance to the passage of sound
‘vibration from air into the fluid-filled innér ear. To
overcome this barrier, an impedance-matching mechanism known
as the conducting system has evolved. This apparatus consist
of the tympanic membrane and the 3 ossicle. The conducting
system contributes approximately 45 dB toward normal

hearing.

Natural defenses to protect damage.4
1.External ear canal : hair, wax

2.Bent canal
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3.Ear drum and ossicle bone equip with contractile

muscle that react to intense sound to dampen the amount
transmitted to the delicate inner ear.

4 .Eustachian tube : pressure equalizer.

Noise-Induced Hearing Loss (NIHL)

NIHL results from trauma to the sensory epithelium of
the cochlea. The most obvious injury is to the stereocilia
of the hair ;ells ( the electromechanical transducers of
sound energy),which become distorted or even disrupted under
acoustically gdenerated shearing forces. Susceptibility to
noise induced hearing loss is highly variable; while some
individuals are able to tolerate high noise levels for
prolonged period of time, others who are subjected to the
same environment rapidly 1lose hearing. Risk of permanent
hearing impairments related to the duration and intensity of
exposure as well as genetic susceptibility to noise trauma.
Generally, prolonged exposure to sounds louder than 85 dB is
potentially injurious. It has been estimated that 28% of
working people in USA are exposed to noise levels of 90 dB
of hazardous levels of noise tends to have its maximum
effect on the high-frequency regions of the cochlea. Noise-
induced hearing loss is usually most severe around 4000 Hz,
with down ward extension toward the "Speech frequencies"(

500 - 2000 Hz.) occurring only after prolonged or severe
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exposure. Interestingly, this tendency of noise-induced
hearing loss to preferentially affect the high-frequency
regions of the cochlea remains true regardless of the
frequency of the injurious noise.

The biologic effect of impulse noise 1is somewhat
different from the effect of continuous noise. The inner ear
is partially protected from the effects of continuous noise
by the acoustic reflex. This reflex, which is triggered when
the ear is subjected to noise 1louder than 90 dB, causes the
middle ear muscles ( the stapedius and tensor tympani) to
contract and thereby stiffen the conductive system and made
it more resistant to sound entry. Because this protective
reflex of neurally mediated, it is delayed in onset for a
period ranging from 25 to 150 ms, depending on the intensity
of the sound. High-intensity impulse noises (eg, explosion)
penetrate the cochlea before the e acoustic reflex has been
activated and thus are especially immediate and irreversible
hearing loss.

Exposure to loud noise frequently a slight decrease in
hearing sensitivity, often associated with tinnitus. This
usually lasts for several hours but may be hore prolonged if
the intensity of noise has been " great. Thié phenomenon,
called Temporary threshold shift (TTS), results from
irreversible injury to hair cells. In contrast, permanent

.threshold shift (PTS) result from irreversible hair cell
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damage. PTS may be caused by a brief exposure to extremely
high intensity sounds, but it is more commonly caused by
prolonged repetitive exposure to lower levels of hazardous
noise. The cumulative effects of long-term exposure may lead
to progressive destruction of hair cell populations. Because
TTS may mimic PTS, individuals should be given audiometric
tests after a recovery oeriod of 12-24 hours following

exposure to hazardous levels of noise.

Clinical finding

Patients frequently complain of gradual deterioration
in hearing. The most common complaint is difficulty in
comprehending speech, especially in the presence of
competing background noise. Because patients with noise -
induced hearing loss have a high - frequency bias to their
hearing loss, they hear vowel sounds better than consonant
sounds. This 1leads to a distortion of_'speech sounds that
most pronounced when they are listening to people with high-
pitched voices (eg. women and children). Background noise,
which is wusually low-frequency 1in bias, masks the better-
preserved portion of the hearing spectrum and further
exacerbates the problems with speech comprehension.

Noise-induced hearing loss is frequently accompanied by
tinnitus. Most often patients describe a high-frequency

tonal sound (ringing), but the sound is sometimes lower in
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tone (buzéing, blowing, of hissing) or even nontonal
(popping or clicking). This sensation may be intermittent of
’continuous and is usually exacerbated by further exposure to
noise. Because tinnitus is usually most bothersome to
patients when there is little ambient noise present, some of
them complaint of inability to sleep or to concentrate in a
quiet room.

On tuning fork examination, the patient hears air
conduction better than bone conduction, which indicates a
sensorineural hearing loss. When serial tuning fork from 512
to 4096 Hz are wused, there is often a marked decrease in
hearing in the higher frequencies. Formal audiometric
examination usually reveals a bilateral, predominantly high-
frequency sensorineural hearing loss with a maximum drop
around 4000 Hz on the pure tone audiogram. Because the most
important thresholds for comprehension of human speech are
between 500 and 2000 Hz, a significant decrease in speech
receptionr threshold does not begin until frequencies below
3000 Hz are affected. The speech discrimination score is
normal in the early stages of noise-induced hearing loss,

but this may deteriorate as the loss becomes more severe.
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Hearing loss and Noise Exposure among Thai population and
long-tail boat drivers '’

Polpathapee 8. and Chiwapong S.5 conducted a study
about sensorineural hearing loss in long-tailed motor boat
drivers in Bangkok in 1986. The study designed to measure
hearing threshold in two gdroup ; 92 long-tail motor boat
drivers and 73 control group (medical student and medical
technician student, age not more than 25 year old). The
researchers collected data by

- Interview : previous Jjob experiences, duration of
boat driving, family history, history about medication,

other history( smoking etc.) and personal illness.

- ENT Physical examination : ear, nose, throat
examination.
- Audiometry : pure tone audiometry in ambient noise

level < 45 dB and speech audiometry at pure tone
125,250,500, 1k, 2k, 3k,4k,8k,8k Hz. frequency. In the study
considered hearing threshold > 30 dB. at frequency 3k-8k Hz.
as hearing loss. From the study, the boat drivers 76(82.8%)
had noise induced hearing loss. Duration of driving, age,

side of ear relate to hearing loss.
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Table 1.: Duration of exposure and Hearing Loss

Duration Number Normal Hearing Loss
(Year) Drivers No. % % %
0-4 35 10 25 71.4 32.8 27.1
5-9 24 4 20 83.3 26.3 21.7
10-14 22 2 20 0.9 26.3 21.7
15-19 7 - 7 100.0 8.2 7.6
20-24 1 - 1 100.0 1.3 1.1
> 25 3 - 3 100.0 3.9 3.2
Total 92 16 76 * *XK XKk

L3 percentage in the same duration of working

*¥ percentage in the hearing loss group (76 drivers)

*** percentage in all the drivers group (92 drivers)

From : Otolarygology-Head & neck Surgery 1986 Jan; 1(1): 11-
20

Table 2.: Ade and Hearing Loss

Age No. Normal Hearing Loss
(Year) Drivers No. % % %

< 20 9 5 4 44 .4 5.3 4.3
20-29 42 7 35 83.3 468.0 38.1
30-39 30 7 28 86.6 34.2 28.3
40-48 10 - 10 100.0 13.2 10.8
> 50 1 - 1 100.0 1.3 1.1
Total 92 16 76 X XK KoKk

* percent in the same age group
¥ percent in the hearing loss group (78 drivers)
**X percent in all the drivers group (92 drivers)

From : Otolarygology—Head & neck Sufgery 1986 Jan; 1(1): 11-
20
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Table 3.: Side of ear and Hearing Threshold (dB)

Frequency
.25k .5k 1k 2k 3k 4k 6k 8k

Left Ear 13 20 11 18 36 38 39 32

Right Ear 10 17 10 16 31 33 33 26

ggom : Otolarygology-Head & neck Surgery 1986 Jan; 1(1): 11-

The study could not differentiate the temporary
threshold shift by the way to do audiometry after resting
form the exposure to noise 5-8 hours. Because the drivers
could not stop driving longer than that. Hearing 1loss in
long-tail motor boat drivers were most prominent at 4k and
6k Hz. All the drivers which had duration more than 15 year
of exposure had hearing loss.

Wanchai Pai):hipichitB et. al. (1882) reported noise
level of long-tail motor boat 0.5 m. from exhausts fume

outlet equal to 122 dBA.engine 3400 rpm. and 80% full load.

National Environment Committee? (1978) reported noise
from long-tail motor boats range from 80-102 dBA, 1 m. from

exhaust tube.

Antarasena S.,  Antarasena N., Lekakul S., Lutadul D.?
(1988) surveyed 6048 Thai people (1140 from the central

region, 1105 from the East, 996 from the North, 1210 from
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the South, 1048 from the North-east and 552 from Bangkok
Hetropolis)._Thirty dB hearing threshold for hearing test
administered to people in a confine of a sound proved room.
The characteristic of population studied were 24-27 years,
marriage age 24-26 years, average education 4 years, family
size 5-6 persons, occupation farmer, total income > 12000
Baht./yr. Health status of the studied group found that past
illness history: rubella 7%, Malaria 3.07%, Occasionally
took Aspirin/Quinine 27%, Used to have shots/injection of
Streptomycin/Kanamycin 8.56%, chronic otitis media 14%,
Mumps 27%, T.B.(50% treated with injection) 3%, history of
Syphilis 6.7%. The result of the study shown a positive
relation between hearing impairment and chronic otitis media
both national and regional level. For other variables : age,
education, drug wusing experiences, income status were
related to hearing impairment only at the national or some
regional 1level. The prevalence rate of hearing loss by
region ; the North-east 9.43%, the Central 9.31%, the East
7.1%, the South 5.7%, the North 4.1%, Bangkok Metropolis
3.3%, Whole country 6.79% (0.18% had profound bilateral
hearing impairment and 0.08% bilateral congenital
deafness).The causes of hearing lbss among those who had
hearing impairment H chronic otitis media 52.52%,
sensorineural hearing 1oss.34.21%, acute otitis media 89.88%,

ossicular fixation 2.21%, cholesteatoma 1.41%.
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Polpathapee S.2 et. al. (1982) conducted a cross
sectional survey of hearing threshold 104 motor-tricyclists
and the noise level of B0 motor-cycles. The noise level were
measure at the position near the drivers’ ears or about 1.2-
1.3 m. above the ground. For the 104 motor-tricyeclists were
threshold interview, otologic examine and hearing threshold
were measured. The study found that motor-tricycles median
noise intensity level was 99.4. The drivers (86.54% drove 5-
10 years, others >10 years) found 90% hearing loss. Duration
of work 1-4 yrs 23.09%, 5-9 yrs. 24.04%, 10-14 yrs. 34.62%,
15-19 yrs. 7.69%, 20-24 yrs. 0.96% found to had hearing
loss. Peak frequency of loss were 4k-8k Hz. and no hearing
loss drivers had hearing threshold greater than 40 dB.
Polpathapee S. and Chiwavong $S.19 conducted cross-
sectional survey Bangkok's traffice police in 1982, 100
polices,age 19-51 years, 4 month -25 years of employment,
were examined before 11 O’clock shift. The ENT examination
and Audiometry were conducted in quiet place. The result
found that right ear had poorer hearing threshold.

Table 4.: Side of ear and Median Hearing Threshold

Frequency
.25k .5k 1k Zk‘ 3k 4k 6k 8k

‘Left Ear 8.75 8.26 5.25 10.09 9.93 9.65 9.27 10.47

Right Ear| 11.48 13.58 10.58 10.92 13.75 16.31 24.63 20.4

From : The Royal Thai Army Medical Journal ;vol 35 NO 6 Nov-
Dec 1982
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Table §5.: Side of ear/age and Median Hearing Threshold

Age Frequency

Yrs. .25k .5k 1k 2k 3k 4k 6k 8k

<30 Lt 6.09 8.07 9.9 9.69 8.94 8.81 7.13 9.17
Rt 12.3 14.06 10.87 11.02 12.03 14.52 23.54 20.8

>30 Lt 6.61 8.75 5.75 11.56 13.06 13.93 17.81 14.4
Rt 10.23 13.55 10.19 10.84 17.25 21.11 26.25 20.4

From : The Royal Thai Army Medical Journal ;vol 35 NO 6 Nov-
Dec 1982 .

Table 6.: Side of ear/year of employment and Median Hearing
Threshold

Year of Frequency
Employ. .25k .5k 1k 2k 3k 4k 6k 8k

0-5 Lt 4.82 8.54 5.96 9.46 9.5 8.29 9.38

Rt 11.46 13.17 10.18 12.29 10.83 14.82 23.75 21.1
5-10 Lt 6.67 7.92 4.41 11.0 8.66 8.93 8.33 10.8
Rt 12.5 14.5 11.47 11.0 15.38 16.5 23.75 18.5
> 10 Lt 7.5 9.09 5.71 11.43 12.5 14.5 17.5 14.5
Rt 11.25 13.85 10.63 8.5 18.33 23.0 28.33 22.0

From : The Royal Thai Army Medical Journal ;vol 35 NO 6 Nov-
Dec 1982 :

The study could not differentiate the temporary
threshold shift and permanent threshold shift. The study
used median to compare the threshold and did not use

statistic to test statistical significant of the of the

study.
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Kunpraserﬁ C. and Siripo P.11 (1981) conducted a
cross séctional survey in 1981 among Thai Royal Air Force
military personnel working with aircrafts which had
turboprop and turbojet engine. Among 274 personnel working
with F-5E,0V-10, A-27, L-28-80, Tf33 and 748 personnel with
AVRO, 19 personnel found to had hearing loss at 2k-4k Hz.
frequency. All of them working between 2-5 metres from the
aircrafts. Hearing threshold range from 30-80 dB among
hearing loss personnel. Year of employment average 4-5 years
and their exposure time 2 - 2 1/2 hours per day, five days a
week. Sound pressure level of the aircraft were measured
found thét turboprop engine (0V-10) gave 110 dBA and
Turbojet engine (A-37) gave 113-120 dBA at 100% speed. The
study did not show the result of the normal and did not test
the statistical significant and the strength of association

between the hearing loss and the noise exposure.

Wongpanich M. ,Duangploy S.,Pongpaniéh " C.,Pulket
C.,Thongcharoen A.12(1980-1982) conducted study thai
worker in three main type of factories : textile, foundry
and battery in Samutprakarn province. The study workers was
select 428 workers which compose of 206 textile, 124
foundry, 98 battery workers. All the 428 wofkers received
questionnaire interview and 10% of textile and foundry, 50%

of battery workers received general physical examination.
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For speéific examination, audiometry was done in the workers
who received physical examination. The work place
environment condition also evaluated by measure noise level.
The workers complaint of noisy environment 45% of all
workers ( textile 43%, the foundry 65%, battery 26%). In
textile factory weaving section and the foundry factory
casting section complicated highest percentage. Symptoms of

the ears in workers show as follow.

Table 7 Symptoms of Ears before and after working

Textile worker Foundry Battery

before after before after before after
Pain 8% 15% 10% 13% a7 15%
Hearing 1% 7% 9% 139% 2% 9%
Impairment

From : The development of provincial industrial health
service in Thailand by Vongpanich M. et. al. 2nd editon 1985

For the textile factory the noise level and the hearing
threshold as in the table.
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Table 8 Noise level and Hearing loss in Textile factory

Section Noise level No.worker No. Hearing loss
dBA >30 dB

Blowing old 72 20 o

new 83
Spinning & g0 43 13
Carding
Weaving old 98 88 65

new 103
Others 55 23

From : The development of provincial industrial health

service in Thailand by Vongpanich NM.

Table 8@ Noise level in factories

et.

al.

2nd editon 1985

new mill

Factory Noise level
dBA
Textile Factory
Blowing section old mill 72
' new mill 83
Spinning & Carding section 80
Weaving section old mill 97-101(88)

102-104(103)

Foundry Factory

Scrap melting 88

Control room a0

Others 72-85
Battery Factory

Pasting section 88

Oxide section 85

Others 75

From : The development of provincial
service in Thailand by Vongpanich M.

industrial health

et.

al.

2nd editon 19885
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Table 10 Hearing loss in the factories

Factory No. Examine Hearing loss
: >30 dB
Textile
Blowing 20 -
Spinning 43 13
Weaving 88 85
Others 55 23
Foundry
Casting/Milling 25 18
Rolling/Rehesating 40 36
Crane ] 29 13
Others 30 18
" Battery
Casting/Pasting 22 13
Assembly/Container 15 6
Office 18 12
Others 43 23
From : The development of provincial ‘industrial health

service in Thailand by Vongpanich M. et. al. 2nd editon 1985

Krisna Lertprasertsukl3 et. al. studied noise induced
hearing ioss in workers in Kumpavapi Sugar Refinery factory.
57.8 % of 154 workers had sensorineural hearing loss, only
37.66 % have normal hearing both ears. The‘noise level in
the factory was mixed impact and continuocus noise. Impact
noise varied form 115-120 dBA,3 m.from noise sources.
Continuous noise ranged from 71-99 dBA. average 87.5 dBA.
The average year of employment was 11 year 6 month (range 1
month - 33 years). 49.35 % of the workers never used noise
protection equipment, 50 % used noise protector when exposed

to very loud noise.
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Naﬁropthai N.14 conducted a longitudinal study 86
tapioca factofy workers during 1985-1989 in Sriracha
district Chonburi province. Workers were examined by
audiometry once a year for four years. Fifty nine workers
satisfied the inclusion criteria. Every workers rested from
exposure to loud noise for 3-7 days. 34 (52.3%) workers
found to had hearing loss. Mean hearing threshold as in the
table

Table 11 Hearing threshold in different frequenecy

Frequency
.5k 1k 2k 3k 4k 6k 8k

Mean 18.84 18.77 16.64 20.61 24.15 33.99 23.73
S5.D. 8.16 4.65 5.42 4.61 10.85 13.34 14.94

One way ANOVA of frequency 0.5-8k Hz. mean hearing threshold
were significantly different (p < 0.00).

From : Thesis for Master Science (Abnormal Communication) by
Nakropthai N.; Faculty of Medicine Ramathibodi Hospital ;
1991

Table 12 Correlation coefficient at different frequency

Correlation Frequency
Coefficient .5k 1k 2k 3k 4k Bk 8k

Duration of|0.1785 0.2156 0.2249 0.3123*0.3728*0.4078* (0.3658*
work

Age 0.1684 0.1958 0.2198 0.3010*0.3205*0.3535* 0.3180*

* p-value < 0.05
From : Thesis for Master Science (Abnormal Communication) by
Nakropthai N.; Faculty of Medicine -Ramathibodi Hospital ; 1991
Buoer P.15 et.al. had done a weighted regression

analysis. It found that hearing threshold at ahy frequency

were dominated by the age of the workers. Female 1if exposed
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to the same conaition as male had better hearing threshold.
Hearing protector usage was strongly related with the
hearing threshold in low frequency range. The most important
was 4k Hz. frequency. It was shown that the variables age,
tinnitus, head injury, and ear diseases acted in a good
approximation addictively on the pure-tone hearing

threshold.

Tubbs. RL.18 had studied hearing loss in fire fighter
unit in large metropolitan fire department. He conducted
noise survey at five fire fighter station. 197 fire fighters
were examined the hearing ability. Noise survey consist of
personal noise dosimetry on fire fighters and audiometry
examinations were pure tone air conduction test. It found
that the fire fighters in unit in airport had higher hearing
loss. Noise dose time weighted averagé (TWA) range from
60 -82 dBA. Average fire fighter exhibited a characteristic

noise-induced permanent threshold shift.

Dancer A.17 et.al. studied on temporary threshold
shift (TTS) in three groups of soldiers 28 subjects who

exposed in the free field over 2 days to impulse noised
produced by a rifle. Audiograms were obtained from each
subject just before the exposure, 5 min, 1 hour, 4 hours

after exposure. It showed delayed TTS and /or rebound
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recovery. The maximum TTS was observed at 1 h. after
exposure but the observation of a delayed recovery and a
rebound recovery indicate that audiometric tests should be
performed in all cases at least up to 4 h. after the

exposure.

Hirai A.18 et al. did a cross-sectional study
measuring blood pressure and heafing loss in 2124 male
laborers working in a noisy factory. The study divided in to
three groups , group I exposed to noise 85-115 dBA, group II
< 85 dBA, group III office worker. All having worked in the
same noise area for more than 10 years. The prevalence of
hearing loss was 16.5% in group I, group II 7.5% and group

IIT 2.8%.

Patwardhanl® et al. had assessed the noise levels to
which the drivers from state transport Sangli Depot. were
exposed during their duty hours. And measured hearing
threshold by audiometric examination. Noise level in the
driver’'s cabin were range from 839-108 dBA. and it showed
that 89% of the drivers had abnormal audiograms. For the
.control group exposéd to 50-82 dBA. Noise levei had 19%

showed abnormal hearing audiograms.
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CHAPTER 3

-GENERAL OBJECTIVES

To find prevalence of hearing loss and to predict
the hearing 1loss which associated with risk factors among

long-tail boat drivers

SPECIFIC OBJECTIVES

‘1. To determine prevalence of noise‘ induced
hearing loss among lohg—tail boat drivers.

2. To determine noise dose that the drivers
received.

3. To predict noise induced hearing loss

associated with risk factors.

Limitati F Ll |

In this study there are some limitations.

1.The baot services open less than 5 years.

2.Most of the drivers work 7 days a week. It is not
possible to do an audiometric measurement after the drivers
not expose to loud noise more than 24 hours which cannot
rule out the effect of temporary threshold shift.

3.In this study the equipments use cannot measure the

noise dose directly . The noise dose is calculated from the



29
sound ptessure level and the time that measure the sound

pressure level.

0 ] 1 definiti )

Long¥tail boat drivers are the boat drivers in the boat
transportation in Bangkok Metropolitan water way mass
transpotation who have no external auditory and middle ears
diseases.

Hearing 1655 is the an average hearing threshold level
in excess of 25 dB(ANSI-S3.6-1969) at 500, 1000, 2000
Hz.(speech frequency)20.

Equivalent sound pressure level ( Leg.)

Legq. = 10 log [_Tai_x 10L1/10 +,, .+ Tn % 1QLn/10 ]
Ty +...+ Tn
Ln = Sound level pressure

Tn Duration of sound

Time allow to expose sound

T = 8

2¢L - 80)/5

Time allowable to expose to the sound pressure

-3
I

level

L Sound Pressure Level

Noise dose is the amount of noise which the drivers

received in working 8 hours which calculate form the
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following formular.21

D = 100t[CllTl+ C[T2+... +Cn/Tn]
D = Amount of noise received ( unit as

percent of permissible noise exposure )

C, = Time Duration of exposure at any noise

presure level

Vol Time Duration of permissible noise

exposure at any noise pressure level
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CHAPTER 4
MATERIALS AND METHODS

MATERIALS :

1.Questionnaires for interview, audiometric record
form, Noise pressure level record form

2.Portable noise level meter

3.Portable audiometer

4.0toscope and other ENT equipments which necessary

5.Audiometric boot

6.Ear muff and ear plug
METHOD :

1.5tudy Population are all the 1long-tail boat drivers
in Bangkok metropolitan boats service in Sean Sab and
Prakranong canals during February - April 1993.

SAMPLE SIZE

(Z,+Zy) 2202

A?

Alpha = 0.05

Beta 0.2

From table 11 the study of Nakropthgi N.in Sriracha district
mean hearing threshold at 4k Hz. = 24.15 dB , mean S.D. of
all frequencies = 8.87 dB

Delta = 10% of 25 dB = 2.5 dB
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Sigma - = 8.87 dB
(2.5)2
= 83.5

:34

2.Intervieﬁ\arivers by using questionnaires.

3.Examine ENT condition of samples : examine ear and
nose by using otoscope and ENT equipment. The drivers who
had external ear infection and ear drum perforation are
excluded from fhe study.

4.Measure noise level of the engines every 10 seconds
during the drivers drive along the canals. The position of
measurment is at the rear seat close to the drivers.

5.Measure audiogram of each sample in audiometric boot

using pure tone frequency 0.5K, 1K, 1.5k, 2K, 3K, 4K, B8k, 8K

Hz.

6.Calculate the Leq. and Noise Dose from noise presure
level.
Analysis

The data about socio-economic status analyse in
descriptive analysis using percentage. Using multiple

regression analyse hearing threshold at 4000 Hz. of both
ears and the possible determinants of noise induced hearing
loss :- age, maximum noise pressure level, noise dose,
years of experiences in boat driving, period of working in

the present route.



G
o

0 Inpori
"t1pg, unm}ié\d 33

CHAPTER 5
RESULT OF THE STUDY
The study is conducted during Febuary - April 1993.
Eightyone drivers received audiometric test. Sixty-one of
them get noise pessure 1level measurement. All drivers are
male age between 15 - 60 years, mean age = 31.52 years (S.D
8.74). Sixty-two drivers (76.5 %) had primary shool

education as show in the table 1.

Table 13 : Socioceconomic status of long-tail boat drivers

Factors No.Drivers Percent
Age group
< 20 7 8.6%
20 - 29 29 35.8%
30 - 39 43 53.1%
> 40 2 2.5%
Education
Primary school 62 ' 76.5%
High school 17 21.0%
Vocational school 1 1.27%
Other 1 1.2%
Marital Status
Single 21 25.89%
Married 54 66.7%
Divorce 2 2.5%
Widow 2 2.5%
Separate 2 2.5%
Income
1000-3000 : 3 3.7%
3001-6000 22 27.2%
6001-8000 ] 33 40.7%
> 9000 23 28.4%

23316 10513558
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Fifty four drivers (66.7 ¥%) are married as show in
table 3. Their income are quite high 33 drivers (40;7 %) get
between 6000-8000 baths per month and 23 (28.4 %) earn more
than 9000 bahts per month. Fifty three drivers (65.4 4) work
seven days per week, mean = 6.47 day (S.D. 0.81). And they
drive long-tail boats average 6.7 hours per day, mean =
6.73 hours (S5.D. 1.85). Thirty seven drivers (45 %) drivers
between 7.5 - 8 hours a day. They start driving from 5 am. -
7 pm.

All of the drivers had experiences of driving long-tail
boat before working at the present route. They had
experience of driving 1long-tail boat range from 1 to 33
vears, mean = 11.72 years (S.D. 7.73). About half of the
drivers had experience of driving boat more than 10 vyears.
The drivers work at the present route 1 to 30 months, mean =
12.48 months(S.D. 9.85). Fifty drivers (861.7 %) drive at
the present routes less than 12 months. None of the drivers

use noise protection devices.
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Table 14 : Working experience and working condition of
long-tail boat drivers

Experience and Duration of work NOQ.Drivers|{ Percent

Years of experience (years)

0 -4 15 18.5%:
5 -9 23 28.4%
10 - 14 14 17.3%
15 - 19 13 16.0%
20 - 24 11 13.8%
> 25 5 - B.2%

Duration 6f work (months)

< 12 50 61.7%
13 - 24 16 19.8%
25 - 36 15 18.5%

Work day per week (days)

4 1 1.2%
5 13 16.0%
B 14 17.3%
7 83 85.47%
Work hour per day (hours)
3.0 ] 6.2%
4.0 g 11.1%
5.0 5 6.2%
6.0 13 16.0%
7.0 5 6.2%
7.5 19 23.5%
8.0 18 22.2%
10.0 7 8.8%

Eighty-six percent of the drivers do not have
experiences of earache, seventy-six percent do not have
tinitus and seventy-four percent do not complain of hearing

problem.
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do not complain about ear ache

from loud noise they expose. Sixty two (76.5 %) of them do

not complain about tinitus in their ear. Most of them (74 %)

do not realised hearing difficulty with others people.

Seventy two drivers (88.9 %) do not had experience of

ear infection. Four had left ear infection and two had in
right ears.
Table 15 : Symptom of ear and hearing problem
Symptom§ of ear No.Drivers Percent
Ear ache
None 70 86.4%
Left ear 2 2.5%
Right ear 5 6.2%
Both ears 4 4.9%
Tinitus in ear
None 62 76.5%
Left ear 2 2.5%
Right ear 6 7.4%
Both ear 11 13.6%
Hearing Problenm
No 60 74 .1%
Yes 21 25.9%

Noise exposure history of the drivers, Ffifty two
drivers (64.2 %) had expose to loud noise. Most of them
exposed to fire crackers and gun noise but non of them had
expose to regular high level of sound except boat engine’s

noise.
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History of ear injury are found in thirteen drivers (18

Z). Most of ‘them had inrury during they used wood or metal

sticks remove ear wax from the external ear canals. In the

examination of the ear-drums of those who had the history of
ear injury cannot found the abnormality of the ear-drums.

Most of the drivers ( 95.1 %) did not consult doctor

about any symtoms of theirs ears. Those who consulted

doctors are about ear infection and ear injury.

Table 18 g Ear illness related history

ENT History No.Drivers Percent

Noise exposure
No 29 35.8%
Yes 52 64.2%

History of pus in ear

No ' 72 88.9%
Left ear 4 4.9%
Right ear 2 2.5%
Both ear 1 1.2%
Unknown side 2 2.5%
History of ear injury
NO 68 84.0%
Left ear g9 11.17
Right ear 4 4.9%
History of visiting doctor
NO 77 95.1%

YES 4 4.9%
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The 63 drivers can be measured noise exposure during
the study period. The drivers expose to maximum noise
pressure 1level range from 102 to 113 dBA, mean = 107.17
(S.D. 2.72). The Leq. expose by the drivers range from 91.04
to 101.12 dBA, mean = 96.82 dBA (S.D..Z.Ol). Noise dose
which drivers received during their work ( standard 100%
equal to 90 dBA exposure of 8 hours in a day work) range
from 40.88 to 405.62 %X , mean = 180.61 % (S.D. 83.31)

Thirty seven drivers (58.7 %) expose to maximum noise
pressure level 105 - 109 dBA. Fourty nine drivers ( 77.8 %)
exposed to equivalént continuous sound pressure level (Leq.)
95 - 99 dBA. The noise dose which most drivers ,24 (38.1%)
and 22 (34.9%) recieved are 101% - 200% and 201% - 300%.

Table 17 : Range means and S.D. of maximum noise pressure
" level (dBA), Leq(dBA). and percent noise dose.

Noise exposure Max. Min. Mean S.D.

Maximum SPL : 102.0 113.0 107.17 2.72
Leqg. 91.04 101.12 86.82 2.01
Noise Dose 40.88 405.62 180.681 83.31
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Table 18 : Noise exposure of long-tail boat drivers

Noise exposure No.Drivers Percent

Maximum NPL.(dBA.)

100 - 104 12 19.0%

105 - 108 37 58.7%

110 - 115 14 22.2%
Leq.(dBA.)

90 - 94 9 14 .3%

95 - 99 43 77.8%

100 -- 105 S 7.8%

Noise Dose (Percent)

0 - 100 % 10 15.9%
101 - 200 % 24 38.1%
201 - 300 % 22 34.8%
301 - 400 % 8 8.5%
401 - % 1 1.68%

500

NPL. = NOISE PRESSURE LEVEL

All the eighty one drivers received pure tone
audiometric measurement the range mean and s.D. are shown in
the table 18. Hearing threshold of right ear have highest
loss at 4000 Hz. mean is 36.23 dB.(S.D. 18.08) . All of the
high frequency (3000 - 8000 Hz.) hearing threshold means are
more than 25 dB. High frequency hearing loss is two times
higher than in low frequency in right ears, high frequency
62(76.5%) and low frequency 29 (35.8%).

Left ear have highest loss at 4000 Hz. mean is 37.35
dB. (5.D. 18.03). The high frequency hearing threshold at

3000 - 6000 Hz. are more than 25 dB. But left ear have three
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times higher loss of high frequency than low frequency, high
freq. 61 (75.3%) and low freq. 21(25.8%).

The prevalence of the hearing 1loss are for the
unilateral hearing 1loss 69.14 percent and for bilateral
hearing 1loss 21 percent. Only 8.9 percent of drivers have

normal hearing ability.

Table 19 : Means of Hearing Threshold (dB) by frequency
Frequency
Ear LOW HIGH
0.5k 1k 1.5k 2k 3k 4k Bk 8k Hz.

Rt(X)} 21.79 18.52 20.99 20.86| 28.09 36.23 33.77 25.862
S.D. 9.82 10.85 10.23 12.94| 18.40 18.08 18.05 17.88

Lt(X)| 21.91 18.40 18.51 18.77| 27.80 37.35 33.89 22.10
5.D.} 10.33 8.81 7.61 10.08] 16.16 18.03 18.61 16.82

The hearing loss ( > 25 dB) of low frequency (500 -
2000 Hz.) and high frequency (3000 - 8000 Hz.) of both ears

are shown in the table below.
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Hearing Low freq.(.5k - 2k Hz.)| High freq.(3k-8k Hz.)
Loss NO.Drivers Percent NO.Drivers Percent
Right ear

NORMAL 52 64.2% 18 23.5%

HL 29 35.8% 62 76.5%
Left ear

NORMAL 60 74.1% 20 24.7%

HL 21 25.9% 81 75.3%

Total 81 100.0% 81 100.0%

Table 21 : Prevalence rate of hearing loss of different
characteristics.
FACTORS -  NORMAL HEARING LOSS Prevalence
AGE GROUP
< 30 8 30 83.33
>= 30 2 43 95.55
Experience
<10 Yrs 6 32 84.21
>=10 Yrs 2 41 95.35
Duration
<= 12 months 7 43 86.00
> 12 months 1 30 96.77
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Table 22 : The prevalence of hearing loss among different
sound exposure
NOISE NORMAL HEARING LOSS Prevalence
Maximum noise
<105 0 12 100.00 %
105-109 4 33 89.19 %
>=110 4 10 71.42 %
Noise dose
< 100 %2 2 8 80.00 %
100-200 % 3 21 87.50 %
> 200 % 3 26 88.65 %
Leq.
<95 1 8 88.88 %
95-99 7 42 85.71 %
>99 0 5 100.00 %
Table 22 Hearing Threshold at 4000 Hz.
- HEARING Right ear Left ear
THRESHOLD NO.Drivers Percent| NO.Drivers Percent
<= 25 dB 30 37.0% 29 35.8%
26 - 49 dB 31 38.3% 28 34.68%
50 - 69 dB 14 17.3% 18 22.2%
>= 70 dB 5] 7.4% 3] 7.4%
Total 81 100.0% 81 100.0%
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Regression model tested fpund that only age are
significant at the 85 % confident interval. Right ear
hearing threshold has correlation coefficient(r) = 0.38 (
a5% confidence interval 0.18< R < 0.56) and r2 = 0.15 . Y
intercept is 11.226 and beta coefficient of age'is 0.7934487
/ (95% confidence interval 0.371892 < Bo < 1.215006). The
multiple regressioh model is shown as follow.
Y1‘ = 11.226 + (0.7934487 * AGE)
Y: = Hearing threshold at 4000 Hz of right ear

Left ear regression model of hearing threshold has

correlation coefficient (r) 0.32 (95% confidence interval
0.11 < R < 0.50) and r2 = 0.10. The Y-Intercept of the
regression model is 16.782 and beta coefficient of age 1is
0.6524282 (95 % interval 0.220856 < Bo < 1.084001 ). The
multiple regression model of hearing threshold left ear is
shown as follow.
Y2 = 16.7821077 + (0.6524282 * AGE)
Y2 = Hearing threshold at 4000 Hz. of left ear
The other factors previous driving experience, noise
dose exposure, maximum noise exposure, work hour perday and

working time 1in the routes are no§ significant relate to

hearing threshold at 4000 Hz. of the drivers.
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CHAPTER 6
DISCUSSION
General description of the drivers

This study found that all of the 1long tail boats
drivers are male. The drivers age average 31.5 years. Though
there are regulation of the harbor department to not allow
drivers who have age less than 20 years, some of the drivers
in the Prakraqong route have age less than 20 years. The
youngest is 15 years.

Most of the drivers have primary school level
education. They do not realize the hazard of the loud noise.
None of them use noise protection devices to prevent hearing
loss. The drivers work for a long period of time. Most of
the drivers drive 7 days a week which may not have
sufficient to recover from the temporary hearing loss.

Most of the driver drive in the present route less than
12 months. The present route opened for three and a half in
San Sab canal and 3 months in the Prakranong route. The high
turn over rate of the drivers also from the hard work which
most of them drive 7 to 8 hours per day and seven day a
week. The period that they drive range from 5 am. toc 7 pm.
The company pay higher incentive for the drivers who drive
every day every month. These causes the high 1loss in the
noise measureﬁent in this study.

The boats engines have frequent failure in working
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because the long period of work and long distance of the
route. Most of them have engine repair every week.

Noise measurement

The National Environment Committee reported the noise
from the long tail motor boats range from 80 - 120 dBA, at 1
m. from the exhaust pipe. Wanchai Pathipichit et. al. in
1982 had reported noise 1level of the long-tail motor boats
average 122 dBA. 1 m. from exhaust pipe. This study have
found the maximum noise of the engine range from 102.0 -113
dBA. mean 107.17 dBA (S.D. 2.72). This study measure the
noise at the area most close to the driver’s seats at the
most rear seat for the passenger. At the point it about 1 -
1.5 m. in front of ‘the engine. The highest noise level
measure when the drivers drive at the full speed of the
boats.

The harbor department of Communication and
Transportation Ministry responsible for the controlling the
.noise levél of the long tail motor boats. The department
implement more strict to the regulation during the past
year. There are more complaint about nuisance noise from the
residents along the canals. They ~control by regular
inspection the engines and sampliné the noise level at some
point along the canals. The drivers who make loud noise and
drive at high speed will fiﬁe by the officers. This make the

drivers and the company try to lower down the noise level of
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the engige.

The boats which pass the Sapratunm Royal Palace must
lower their noise level by lower the speed at this part take
5 minutes to pass the palace. To travel along the route from
the start to the end of route, it take about 40 - 50
minutes. The regulation just implemented 1last year. This
regulation deviate thg noise dose and the Leq. measured.

Noise exposure of the drivers average 968.82 dBA. The
level of noise allow drivers to expose only 2 hours per day.
Fifty four drivers (85.7%) expose to noise higher than 95
dBA.

Average noise dose feceived by the drivers is 180.82 %
(S.D. 83.31 ). Only 15.9% of the drivers expose to noise
dose of less than 100 percent (which equal to time allow to
expose 90 dBA Leq. at 8 hours of working). Most of the
drivers expose to 100 - 300 ¥%. This level of exposure are
dangerous can cause permanent hesaring 1loss. All of the
drivers do not use noise protection deviges. Some of them
know the éar plug can prevent loud noise but they complain
about they loss their ability to detect early abnormal sound
of the engines eg. imbalance of the gears.

Nineteen drivers drop out from the study of measurement
of noise level they expose because the high turn overate of
the drivers and the problem of the engine of boats and some

of the drivers drive only during 5-7 am.and 4-7 pm. during
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these period the company do not allow to make the study

because of the crowed passengers and rush hour of day.

Hearing threshold of the drivers

Polpathapee S. and Chiwapong S. found in 1986 that
82.6%4 of 1long tail motor boat driver had neurosensory
hearing loss. The highest loss of right ears were at 4000
and 6000 Hz. average 33 dB. And the left ears were at 6000
Hz. average 39 dB and at 4000 Hz. average 38 dB. This study
found right ears have highest hearing loss at 4000 Hz.
average 36.23 dB and left ears at 4000 Hz. average 37.35 dB.
The average hearing threshold shift of the two study have
slight different. The prevalence of the hearing loss in this
study is 90.12% (73 drivers) the higher prevalence may cause
by the cutting point of hearing loss in this study is more
than 25 dB and in the Polpathapee §S. study is more than 30
dB.

Polpathepee S. study found the most common age group of
hearing loss is age 20 - 29 years 38.1% but in this study
found in age group 30 - 39 years 50.5%.

In this study found that only 9.8% of the drivers have
normal hearing. Unilateral hearing 1loss 1is 69.13 % and
bilateral hearing loss is 20.9%.

Hearing threshold at 4000 Hz. in right ears 38.3% of

the hearing loss is mild loss (26-49 dB.). In left ears 34.6
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4 of the hearing loss is mild loss (26-49 dB.).

This study use audiometric boot to prevent ambient
noise interféring with the measurement of the audiogram. All
of the drivers refuse to use ear plug to pfevent expose to
high 1level of noise before the measurement of audiogram.
Most of the drivers work 7 days a week which cannot find the
period that they do not expose to high level of noise more
than 16‘hours“

The regression model

The regression model in the study tested found age
factor is the only factor that significantly relate to the
hearing thféshold at 4000 Hz. The correlation coefficient
(r) 1in right and left ear .are 0.38 ;ﬁd 0.32. The noise
exposure factors which do not significant relate to the
hearing threshold may cause by the high drop out of the
drivers which cannot measure make the sample size too small

to give significant relation.



49

References

1. Ruangmanee R. : Bangkok’'s new skyway : The answer to the
city's traffic or an urban pipe dream ; Feature Magazine; 1992
Oct; 92(8); p 80-102.

2.Charoenwong P. ; Bangkok traffic using more boats ; Column
social quality ; Thairath ; Oct 23th 1992 ; p 5.

3. Occupational Medicine : Joseph Landon, MD. 1990, Appleton &
Lange; p 95-105.

4. Fundamentals of Industrial hygiene : Frank E. McElory, F.E. ;
National safety council ; p 634-8653.

5. Polpathapee S, Chiwapong S. ; Sensorineural Hearing Loss in
Long-tailed Motor Boat Drivers : Otolaryngology-Head & Neck
Surgery 1986 Jan; 1(1) ; p 11-20.

6. Pothipichit et. al. ; Noise level from boats ; Research
Project supported by National Environmental Committee 1982.

7. National Environment Committee Division Environment Standard ;
Survey Noise Level in Boats : Doc. No. 25/2522.

8. Antarasena S., Antarasena N., Lekagul D. ; The Epidemiology of
Deafness in Thailand : Otolaryngology-Head & Neck Surgery ; 1988
Jan ; 3(1) ; p 9-13.

9. Polpathapee et. al. ; Occupational Noise-Induced Hearing Loss
in Motor - Tricyclists : J. Med. Ass. Thailand ; Vol. 65 No.10 ;
October 1982 ; p 528-531.

10. Polpathapee S., Chiwapong S. ; Hearing and Otological Hygiene
of the Traffic Policemen in Bangkok : The Royal Thai Army Medical
Journal ; Vol. 35 No. 6 Nov.- Dec. 18982 ; p 411-418.

11. Runprasert C., Siribodhi P. ; Noise Deafness in Royal Thai
Air Force Aeromechanics : J. Med. of Royal Thai Air Force ;
Vol.27 No.3 ; July 18981 ; p 143-150.

12. The development of provincial industrial health service in
Thailand : Wongphanich M. et al 2nd edition 1985 ; Internatiocnal
development center, Ottawa, Canada



50

13. Lertprasert K., Ruangjirachuporn P. ; Noise induced hearing
loss in sugar-refinery employees : Otolaryngology-Head & Neck
Surgery ; 1989 Jul ; 4(2) ; p 199-2085. ’

14. Nakropthai N.; Hearing in Workers of the Tapioca Factory at
Sriracha A 4 Years Longitudinal Study ; Thesis for Master of
Abnormal Communication ; Faculty of Medicine Ramathibodi
Hospital. '

15. Bauer P et. al.; Risk factors for hearing loss at different
frequencies in a population of 47,388 noise-exposed workers ; J-
Acoust-Soc-Am; 1991; 90(8); p 3085-98.

16. Tubbs RL.; Occupational noise exposure and hearing loss in
fire fighters assigned to airport fire stations; Am-Ind-Hyg-
Assoc-J; 1991 Sep. ; 52(8); p 372-8.

17. Dancer A et. al.; Delayed temporary threshold shift induced
by noises (weapon noises) in men; Audiology; 1981; 30(8); p 345-
586.

18. Harai A. et. al.; Prolonged exposure to 1industrial noise
causes hearing loss but not high blood pressure : A study of 2124

factory laborers in Japan; J-hypertens. : 1991 Nov. ; 8(1l1); p
1068-73. :
19. Patwardhan MS. et. al. ; To assess effect of noise on hearing

ability of bus drivers by audiometry; Indian-J-Physiol-Pharmacol;
1981 Jan; 35(1); p 35-8

20. American Conference of Govermental Industrial Hygienists
Threshold Limit Values and Biological Exposure Idices for 1989-
19380

21. Practice in Occupational Health, Safety and Ergonomics
Sukhothaithamathirath University ; 1991 ; Vol 1 ; p 150-4.



QUESTIONNAIRE FORM

Name of Driver

RECORD NO___

Date of Interview

Route of Boat Line

PART 1 PERSONAL INFORMATION

1.Birth date -/ /
2.Age year month
3.Sex E] Male Female

4 .Educational level

Primary school
Mor.1-3
Mor.4-8
Vocational

Others please specified

00000

[3)]

.Marital status

Single
Married

Divorced

Widow

others please specified

ooooo




6.How much your salary?
1000—30007bahts
3001-6000 bahts
6001-9000 bahts
>9000 bahts

ooaono

PART 2 WORKING INFORMATION

1.Date of start working here /

52

2.How 1long have you been working here
months

3.How many days per week you drive the boat
5 days

6 days

0o

7 days

[

.How many hours you drive the boat per day
6 hours |

7 hours

8 hours

9 hours

other please specified

Doood

5.Usually when you sit to drive the éngine on what side

Left side

Right side

OO

years



6.Do you use noise protector or not?
Yes

No

If yes what kind do you use

ear plug \

ear muff

cotton

cloth

paper

other please specified

Oooooo 0o

7.How often you use ear protector?
often
moderate

low

JERERN

PART 3 HISTORY OF EAR ILLNESS

1.Have you ever got pain in your ears?
Yes, in Lefﬁ ear

Yes, in right ear

Yes, in both ears

No, never

odod

53



54

2.Have you ever felt that some interfering noise in your
ears?

Yes, in Left ear

Yes, in right ear

Yes, in both ears

No, never

oo

3.Have you ever found pus flow out from your ears?
| Yes, in Left ear
Yes, in right ear
Yes, in both ears

No, never

oo

4 .Have you ever expose to loud noise such as gun , explosion
etc.

[] Yes
E] No

5.Have you ever visit doctor for your ears problem or
inspection

E] Yes
E] No

If yes please tell the reason




6.What doctor told you about your ears
normal in hearing

some infection

hearing loss

other please specify

0000

S35



AUDIOMETER TESTING

WORKER NAME ' DIVISION

DATE / / TIME 8.m.y,p.m. POSITION
AUDIOMETRIC MAKE__ . SERIAL

AUDIOMETRIC TESTING DATA

nqwuﬁ 250 500 {1000 (1500 |2000 {3000 [4000 |6000C |8000 Hz.

(FREQUENCY)

®UI1 dB.
“

Lk Rl:] dB.

NTUAAIIUTTONINYDIN (AUDIOGRAN)
TEAUAINUNIC(AB)
o dq e
vosiAnenlagu

dB
-10 +

0

10 4
20 TeauUNA

3o 4

40

50 +
60

70 +

80

250 500 1000 1500 2000 3000 4000 6000 8000 A0
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NOISE SURVEY FORM
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DRIVING EXPERIENCE
OF LONG-TAIL BOAT DRIVERS
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BN YEARS OF EXPERIENCE




MAXIMUM NOISE
NOISE PRESSURE LEVEL
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FERCENT OF DRIVERS EXRPOBED
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