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One obstacle in performing field audiometric testing is the unavailability
of the mobile laboratory or booth. Thus, most of the time audiometric testing is
performed in a room with substandard background noise levels. This study
aimed to investigate correction factors to adjust for background noise levels in
order to have more accurate audiometric measurements.

This study was a comparative experimental study of normal hearing
thresholds and hearing thresholds masked by ambient noise at the frequencies of
500, 1000, 2000, 3000, 4000, 6000, and 8000 Hz. Sixty one subjects were selected
from college students whose ages were 17-23 years old and had audiometric
thresholds less than 25 dB at all frequencies. Various maskings of broadband
noise at the levels of 40, 50, 60, 70, and 80 dB were generated into the test booth
in order to see the impact on the pattern of hearing threshold.

Results of the study revealed that the hearing threshold shift depended
upon the level of ambient noise present. At all frequencies, the hearing threshold
shift showed significant difference from normal hearing threshold at 60 dB
ambient noise level except that at the test of 1000 Hz frequency with 50 dB level.
Prediction equations of a change in the hearing threshold shift were as follows:
at the frequencies of 500, 1000, 2000 and 3000 Hz, Y = 17.9986-.9883x+0.0131x*
with .939 coefficient of determination (R ); at the frequencies of 4000 and 6000
Hz, Y = 22.4775-1.0576x-0.0124x> with R? = -983; at the frequency of 8000 Hz,
Y = 18.5546-.8285x+0.0095x> with R* = .980 (Y hearing threshold shift and
X = ambient noise levels [dB(A)]). The adjusted corrective constant factors were
demonstrated as both a graphic form and a table form for field practice. Field
investigation to determine the actual hearing threshold shift by using the
quadratic equation or correction factor in the workplace should also be
undertaken.
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CHAPTERI

INTRODUCTION

In Thailand, noise is one of the greatest hazards in the workplace. Noise
affects people in many ways. The most serious consequence of exposure to excessive
noise levels is hearing damage. Noise also has physiological effects; different studies
indicated that respiratory, cardiovascular, digestive, glandular and neurological
disorders were related to noise exposure, but these disorders were not direct effects of

noise exposure.

The prevention of noise induced hearing loss is a major concern in many
industries. The methods for achieving this prevention is to controlling at the source by
reducing noise level and using Hearing Protective Devices (HPDs). This is not always
possible, due to engineering or economic constrains and workers cooperation. For this
reason, Hearing Conservative Program (HCP) is designed for protection of hearing
loss due to the assessive noise exposure. One of the most important protocol for HCP
programe is to provide hearing measurement using a pure tone audiometer. Pure tone
audiometric protocol should be conducted in an environment that will insure the
validity of test measurements. This means that the background noise level in the test
booth must be lower than that which will mask or interfere with the pure tone

thresholds of every tested frequencies.
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However, this is unpractical to carry test booth to the field, due to heavy
weight and big size. Thus before conducting the test, ambient noise in the test room
must be evaluated. If the ambient sound level in the test room is too high, the test

signal may be masked by it.

The recommendation from The Division of Occupational Health, Ministry of
Public Health for audiometric test indicated that ambient noise level must be less than

40 dB at all frequencies. (8)

The purpose of this study is to describe the correlation between ambient noise
generated in test booth and hearing threshold shift to establish the correction factor for

audiometric test.

1.1 General objective

The general objective of this study is to investigate the hearing threshold shift

pattern when masked by ambient noise in audiometric test.
1.2 Specific objectives

1.2.1 To study the correlation between ambient noise in test room and
hearing threshold shift.

1.2.2 To establish the adjusted correction factors for audiometric test.
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1.3 Yariables

1.3.1 Independent variables

1.3.1.1 Broadband noise levels of 40,50,60,70 and 80 dB(A)

1.3.2 Dependent variables

1.3.2.1 Hearing threshold shift.

1.3.3 Control variables

1.3.3.1 Subject age (17-23 years old)

1.3.3.2 Subject hearing threshold less than 25 dB HL at 0.5,1,2,3,4,6 and
8 KHz

1.3.3.3 Health status
During audié)metric measurement, the subjects have to be in
decent health condition, not inflicting any diseases or

abnormalities.
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1.3.3.4 Ear diseases
Subjects must not have a history of any ear problems such as
pain, drainage, ear diseases or excessive wax build-up, otitis,

‘fullness sensation, tinnitus.

1.3.3.5 Medication affecting hearing threshold
During the measurement, subjects must not take medications
which may affect hearing, this includes diuretics drug, antiseptic
drug (streptomycin, kanamycin, neomycin), anti-inflammatory,
antimalarials, and antineoplastic agents.

1.3.3.6 Temperature ( 20-28 °C)

1.3.3.7 Pressure (Atmospheric pressure)
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Ambient noise

Sound pressure level (SPL)

Threshold Shift
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Noise level in audiometric test room. In this study

the ambient noise is broadband noise.

A measure of the ratio of a sound wave relative to

a reference sound pressure. Sound pressure level in

decibels is typically referenced to 20 uPa. When
used alone, (e.g.,90 dBSPL) a given decibel level

implies an unweighted sound pressure level

Audiometric monitoring programs will encounter
two types of changes in hearing sensitivity namely:
permanent threshold shift (PTS) and temporary
threshold shift (TTS). As the name implied, any
change in hearing sensitivity which is persistent is
considered a PTS. Persistence may be assumed if
the change is still observed on a 30-day follow-up
examination. Exposure to loud noise may cause a
temporary worsening in hearing sensitivity (i.e, a
TTS) that may persist for 14 hours (or even longer

in cases where the duration of exposure exceeded
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Sound Level Meter (SLM)

Hearing Loss

Hz (Heartz)

Introduction/ 6

12 to 16 hours). Audiologist need to recognize that
not all threshold shifts represent decréased
sensitivity, and not all temporary or permanent
threshold shifts are due to noise exposure. When a
permanent threshold shift can be attributed to noise
exposure, it may be referred to as a noise-induced

permanent threshold shift (NIPTS).

A device which measures sound and provides a

readout of the resulting measurement.

Hearing loss is sometimes characterized by the area
of the auditory system responsible for the loss.
Hearing loss is referred to as a sensorineural loss.
Noise can damage the tiny hair cells located in the
cochlea, it causes asensorineural hearing loss. In
this study it refered to as an air type conductive

hearing loss.

The unit of measurement for audio frequencies.The
frequency range for human hearing lies between 20
Hz and approximately 20000 Hz. The sensitivity of
the human ear drops off sharply below about 500

Hz and above 4 000 Hz.
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Decibel (dB)

Pure Tone Audiometry (PTA)

Masking

Boardband Noise (BBN)

Hearing Conservative Program
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The unit used to express the intensity of sound.
The decibel scale is a logarithmic scale in which 0
dB approximates the threshold of hearing in the

mid frequencies of young adults.

Pure Tone audiometry is the measurement of an
individual’s threshold of hearing for pure tone in
which the siQn_al presentations, frequencies, and
levels are controlled manually by the person

administering the test.

Masking occurs when any noise or sound of any
type interferes with the audibility of another

sound.

Broadband noise contains a wide band of
frequencies at intervals of 1 Hz with approximately

the same intensity

An effective hearing program is one that prevents
hearing impairment as a result of exposure to noise

while at work. With respect to existing workers
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compensatic-m laws, an effective hearing program
is one that limits the amount of compensatory
hearing loss-in the frequency range over which
normal hearing is necessary in order to
communicate. For compliance with OSHA
requirements, an effective hearing conservative
program is required if an employee’s noise
exposure exceeds current limits as defined in the

OSHA standard 29 CFR 1910.95
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CHAPTER II
LITERATURE REVIEW

The ear (1) (9)

The properties of the human ear are phenomenal. The ear is capable of
responding over a frequency range from approximately 20 Hz to 20 KHz, and at 1
KHz, sound that displace the eardrum only by one-tenth of the diameter of the
hydrogen molecule can be detected. However, it is much more than a sensitive,
broadband receiver. In conjunction with the nervous system, it acts as a frequency
analyzer of enviable selectivity.

The human ear (Fig.2-1) is one of the most intricate and delicate mechanical
structures in the human body. It consists of three main parts: the outer, middle, and
inner ear.

Figure 2-1 Sketch of the ear.
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The inner ear (labyrinth) has three parts: the vestibule (entrance chamber), the
semicircular canals, and the cochlea. The vestibule connects with the middle ear
through two openings, the oval window and the round window. Both of these
windows are sealed to prevent the escape of the liquid filling the inner ear; the former
by the stapes and its support, and the latter by a thin membrane. With these two
exceptions, the entire inner ear is surrounded by bone. (The semicircular canals play
no part in the process of hearing; they provide us with a sence of balance.) The
cochlea is a tube of roughly circular cross section, wound in the shape of a snail shell.
This tube makes about 2.5 turns and has a total length of about 3.5 cm. Its cross-
sectional area decreases in a somewhat irregular manner from its base to its apex. Its
volume is approximately 0.05 cm’.

The tube of the cochlea is divided by the cochlea partition into two
longitudinal channels: the upper gallery (scala vestibuli) and the lower gallery (scala
tympani). The only communication between the two galleries is through the
helicotrema, a small opening at the apex of the cochlea. The other ends of the upper
and lower galleries connect with the oval and round windows, respectively.

When the ear is exposed to a pure tone, the motion of the eardrum is
transmitted by the bones of the middle ear to the oval window, creating a fluid (in
cochlea) disturbance that travels up the upper gallery toward the apex of the cochlea,
through the helicotrema, into the lower gallery, and back to the round window, which
acts as a pressure-release termination point. The detailed properties of this disturbance
and its role in the mechanism of hearing were elucidated in a Nobel-Prize winning
series of investigations by Beskesy. His experiments demonstrated that the basilar

membrane is driven into highly damped motion with a peak amplitude that increases
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slowly with the distance away from the stapes, reaches a maximum, and then
dimipishes rapidly toward the apex of the cochlea. The peak amplitude maximizes
closer to the apex of the cochlea for lower frequencies. A few examples are sketched
in Fig.2-2 where “z” is the distance in centimetres from the stapes. The relationship of
the position of the maximum peak amplitude to the frequency can be well-

approximated by the following equation.

f =25x10%%7= 2.1)

for frequencies above approximately 200 Hz. For lower frequencies, the
distance from the apex is underestimated by this equation (2.1). These motions of the
basilar membrane occurs whether the mechanical excitation is produced by airborne
sounds (through the eardfum, ossicles, etc.) or by sounds conducted through the skull.

Since the Organ of Corti is attached to the basilar membrane while the
tectorial membrane is attached to the bony ledge, the relative motions generated
between them flex the hairs, thereby exciting the nerve endings attached to the hair
cells into producing electrical impulses. These nerves do not necessarily fire at the
frequency with which they are excited, but quasi-randomly when they are stressed
beyond certain limits, usually firing more often when highly stressed. These pulses
form the information communicated from the cochlea to the brain. From each ear,

information goes to a number of interlinked processing centers within the brain.
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Figure 2-2 Peak displacement amplitude of the basilar membrane for pure tone

6000 Hz

50 Hz

Peak displacement amplitude

0 1.0 2.0 30 35
Stapes z {cm) Apex

Masking (1)

Everyone is familiar with the difficulty of hearing and understanding speech in
the presence of noise. The amount of masking is the amount the threshold of
audibility of the signal is raised in the presence of noise.

It is simplest to begin by considering the masking of one pure tone by another.
The subject is exposed the a single tone of fixed frequency and L, (The symbol L, is
recommended by the International Standardization Organization (ISO) for IL re 10 ™'
W/m2.) and then asked to detect another tone of a different frequency and intensity.
Analysis yields the threshold shift, that is the increase in L, of the of the masked tone
above its value for the threshold of audibility before it can be detected. Figure 2-3

gives representative results for masking frequencies of 400 and 2000 Hz. The
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frequency range over which there is appreciable masking increases with the L, of the
masker, the increase being greater for frequencies above that of the masker. This is to
be expected because the region of the basilar membrane, excited into appreciable
motion at moderate values of L, extends from the maximum further toward the stapes
than the apex. For stronger exitation of the membrane both regions grow, especially
the region toward the stapes more significantly; it is this region that covers the

frequencies higher than that of the masker: low frequencies mask high frequencies.

1% T T T 1

g 80 100dB -

Z 60 -

2

Q

g 40 ,§

£

F 20 — P \\v.‘:?
N AR || 1,0 INFORRIS
200 400 500 1000 2000 5000 200 400 500° 3000 2000 5000 ot yners™

Frequency (Hz) Frequency (Hz)
(a) {b)

Figure2-3 Masking of one pure tone h}' another. The absissa is the frequency of
the masked tone, and the curves are labeled with the L, of the masking tone. The
Jrequency of the masking tone is 400 Hz in (a) and 2000 Hz in (b).

Masking qf pure tones by a band of noise narrower than critical bandwidth is
essentially the same as that of an equally intense pure tone having the same frequency
as that at the centre of the band. Consequently, when the spectrum level is relatively
constant, the intensity of a narrowband of noise is directly proportional to the
bandwidth w and correspondingly, the masking expressed in decibels increases as 10
log w. Ultimately, the bandwidth will equal the critical bandwidth, beyond which any
further increase in the bandwidth of the bandpass of the noise has little influence on

the amount of masking of a pure tone at the centre of the band.

45475
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Masking Noise Used in This Study (2)

Noise has been defined as a completely unharmonic sound. Frequencies that
vary randomly without any repetition in pattern are termed aperiodic. Noise consists
of irregular frequencies and intensities without a clearly defined fundamental
frequency as in a complex sound. The fundamental frequency is the first harmonic
and exhibits the greatest energy.

Several types of noise have been used for masking over the years and each
type of noise will be discussed : sawtooth (complex), white (broadband, wideband,
thermal), narrowband and speech noise.

White noise is known as broadband or thermal noise. White noise contains a
wide band of frequencies at intervals of 1 Hz, each with approximately the same
intensity. The white noise spectrum shown in Figure 2-4 is relatively flat and is

continuous until dropping rapidly beyond 6000 Hz.

ﬂs 3

&
8

:

RELATIVE INTENSITY IN dB STRONGEST COMPONENT

Figure 2-4 Aconstic spectrum of a broad band white noise
through a TDH-39 earphone. Sanders and Rintelmann 3,
Reprinted with the permission of the Archives of Otolar-
yngology.
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Ambient Noise Levels in the Test Room (3)

If ambient noise levels in the test room are too high, the test signal may be
masked by it. Acceptable ambient noise levels therefore depend on the type of test
signal (tone, speech or other) and the test sound level to be used. How the test signals
are presented is also of importance. Earphones provide a certain attenuation of the
ambient noise. This frequency dependent attenuation varies with the mechanical
construction of the earphone and its contact with the listener’s ear or skull. The effects
of the ambient noise level on puretone audiometry are most severe in the frequency

range around 500 Hz.

When measuring the ambient noise levels in a test room to be used for pure-
tone audiometry, it is desirable to measure in one-third octave band levels. The reason
for this is that the masking of a tone by a broadband noise is mainly caused by that
part of the noise which is contained in a rather limited frequency band around the test
tone frequency namely, the critical band. The one-tliif& octave band is a good
technical approximation of the critical band. Sometimes only whole octave band
filters may be available for the measurements. From the octave levels measured,
an approximate
evaluation of the usefulness of the test room for pure-tone audiometry can be made,

but it will be less reliable than when one-third octave levels are known.
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Maximum Permissible Ambient Noise Levels for Audiometric Test Rooms(4)(10)

It is well known that excessive levels of ambient noise create an elevation in
hearing thresholds due to masking, especially when testing listeners whose thresholds
approach 0 dB HL. Unfortunately, exclusion of all ambient noise in an audiometric
test room is not practical. Consequently, there is a need to specify the maximum
permissible ambient noise levels (MPANLs) allowed in an audiometric test room that
would produce negligible masking of sensations to pure tones presented at reference

threshold levels under specified testing conditions.

MPANLs were originally specified in ANSI S3.1-1960 “Criteria for
Background Noise in Audiometer Rooms” and were consistent with reference
thresholds (ASA Z24.5-1951) in use at that time. ANSI S3.1-1960 was revised and
ANSI S3.1-1977 “Critical for Permissible Ambient Noise During Audiometric
Testing” was presented as a result of the acceptance of significantly lower reference
threshold levels specified in ANSI S3.6-1969. The 1977 standard specified MPANLSs
in octave and one-third-octave band intervals for ears-not-covered and ears-covered
conditions over a frequency range of 125-8000 Hz. Since then, additional information
has become available concerning the influence of noise on hearing thresholds, the
upward spread of masking, and earphone attenuation values. As a result, ANSI S3.1-
1977 has been revised as ANSI S3.1-1991 “Maximum Permissible Ambient Noise

Levels for Audiometric Test Rooms.”
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~ The MPANLs specified in ANSI $3.1-1991 were developed, taking into
account new scientific information and current hearing testing practices. The new
standard applies to all areas of hearing testing and also provides guidelines for

distributors, installers, designers, and manufacturers of audiometric test rooms.

ANSI 83.1-1991 includes the description, specification, and measurement of
MPANLSs allowed in an audiometric test room that would produce negligible masking
(<2 dB) of test signals presented at 0 dB HL (re: ANSI S3.6-1989). The MPANLSs are
specified in both octave and one-third-octave band intervals for the two testing
conditions and three test frequency ranges conventionally employed for audiometry.
The MPANL:s for each test condition and test frequency range are shown in Table
2- 1 for octave and in Table 2-2 for one-third-octave band intervals. The octave band
MPANLSs for each test frequency range are also shown in Figure 1 for the ears-not-

covered, along with the MPANLs previously specified in ANSI S3.1-1977 (for

comparison).

Table 2-1 Maximum permissible ambient noise levels in Table 2-2 Maximum permissible ambient noise levels in one-
octave band intervals centered at 125-8,000 Hz for ears- third-octave band intervals centered at 125-8000 Hz for ears-
covered and ears-not-covered test conditions and test covered and ears-not-covered test conditions and test
{requency ranges 125-8,000 Hz, 250-8,000 Hz, and 500-8,000 Hz frequency ranges 125-8,000 Hz, 250-8,000 Hz, and 500-8,000 H:
as specified in ANS] S3.1-1991. Tabled values in dB (re: 20 as specified In ANSI $3.1-1991. Tabled values in (dB re: 20
uPa) rounded to the nearest 0.5 dB. uPa) rounded to the nearest 0.5 dB.

13
Octave Ears Covered Ears Not Covered Octave Ears Covered Ears Not Covered
Band Band
Inter- 125- 250- 500- 125- 250- 500- Inter- 125- 250- 500- 125- 250- 500-
vals 8000 Hz 8000 Hz 8000 Hz 8000Hz 8000 Hz 8000 Hz vals B00O Hz 8000 Hz 8000 Hz 8000 Hz 8000 Hz BOOO Hz
125 34.0 36.5 47.5 28.0 32.5 425 125 29.0 31.5 425 23.0 27.5 375
250 225 22.5 335 18:5 18.5 285 250 17.5 175 28.5 13.5 13.5 235
500 19.5 19.5 19.5 14.5 14.5 145 500 145 14.5 145 95 9.5 9.5
750 21.5 215 21.5 12.5 12,5 125 800 16.5 16.5 16.5 7.5 7.5 7.5
1000 26.5 26.5 26.5 14.0 14.0 14.0 1000 21.5 21.5 21.5 9.0 9.0 9.0
1500 26.5 26.5 26.5 10.5 105 10.5 1600 215 21.5 21.5 55 5.5 5.5
2000 28.0 28.0 28.0 8.5 8.5 8.5 2000 23.0 23.0 23.0 3.5 3.3 3.5
3000 335 33.5 335 .~ 8.5 85 8.5 3150 28.5 285 285 35 35 2.5
4000 345 34.5 34.5 9.0 9.0 9.0 4000 29.5 29.5 29.5 4.0 4.0 4.0
6000 38.0 38.0 38.0 140 14.0 14.0 6300 33.0 33.0 33.0 9.0 c.n 9.0

8000 435 435 435 205 20.5 20.5 8000 38.5 38.5 38.5 15.5 15.5 15.5
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The two audiometric test conditions in the new standard are similar to those in
the previous standard and are still known as ears-not-covered and ears-covered. The
ears-not-covered MPANLSs apply when either one or both ears are not covered with an
earphone with a supra-aural cushion. Testing with one ear not covered would
typically occur during bone-conduction audiometry when using mastoid placement of
a bone vibrator with an earphone placed on the opposite ear for the purpose of
masking. Testing with both ears not covered would typically occur during soundfield
audiometry. The ears-covered MPANLs apply when both ears are covered
simultanceously with earphones, as would typically occur during air-conduction

audiometry.

In contrast with the previous standard, the new standard recognizes that
hearing testing can be conducted for several purposes that do not require testing over
the entire frequency range from 125 to 8000 Hz. Consequently, ANSI S3.1-1991
specifies MPANLSs in reference to three test frequency ranges both for ears-not-
covered and ears-covered test conditions. The three test frequency ranges are 125-
8000 Hz, 250-8000 Hz, and 500-8,000 Hz. Inspection of Tables 2-1 and 2-2 and
Figures 2-4 and 2-5 reveal that higher MPANLS are allowed at 125 Hz for the 250-
8000 Hz range and at 125 and 250 Hz for the 500-8000 Hz range, compared with the
MPANL:S for the 125-8000 Hz range. This was done because excessive low-frequency
ambient noise can influence hearing thresholds at higher frequencies due to the
upward spread of masking. The MPANLSs at 125 Hz for the 250-8000 Hz range and

the MPANLs at 125 and 250 Hz for the 500-8000 Hz range are based on the
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assumption that the upward spread of masking would produce negligible masking for
the lowest frequency pure tone within the test frequency range. It was assumed,
further, that the slope for the upward spread of masking function is 14 dB/octave
below the lowest test frequency (Berry,1973). Consequently, the MPANL one octave
below the lowest test frequency range (125 Hz for the 250-8000 Hz range, 250 Hz for
the 500-8,000 Hz) is equal to the lowest test frequency MPANL plus 14 dB.
Accordingly, the MPANL two octaves below the lowest test frequency (125 Hz for

the 500-8,000 Hz range) is equal to the lowest test frequency MPANL plus 28 dB.

To elaborate on a point made previously, the ears-covered MPANLSs apply
when both ears are covered simultaneously by earphones, and the ears-not-covered
levels apply when testing is conducted with either one or both ears not covered by an
earphone. At each center frequency shown in Table 2-1 and 2-2, the ears-covered
MPANL exceeds the ears-not-covered MPANL by the amount of attenuation supplied
by a typical earphone in a supra-aural cushion. Figure 2-7 compares the earphone
attenuation values used in the present and previous standards. In the present standard,
the earphone attenuation values were derived from several studies (Aringer, 1986;
Berger & Killion, 1989; Frank & Wright, 1990) that provide attenuation values using
narrow bands of noise presented in a diffuse sound field, according to current
standardized methods (ANSI S12.6-1984 or ISO 4869-1981). Futhermore, in each
study the earphones were fitted by the experimenter, reflecting standard audiometric
practice. Inspection of Figure 2-7 reveals that the ANSI S3.1-1991 earphone

attenuation values are lower (less attenuation) than those used in ANSI $3.1-1997.
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This occurs because the previous attenuation values were determined, for the most
part, using pure tones presented in a free field and listener-fitting procedures to obtain

maximum attenuation, a practice that does not reflect typical clinical procedure.

The new MPANLs were derived using the same principles employed
previously and are described in both documents. The ANSI S3.1-1991 ears-not-
covered MPANLS, as shown in Figure 2-5, are the same as those previously specified
in ANSI S3.1-1997 for the 125-8,000 Hz test frequency range. Obviously, this
occurred because they were derived using the same values and calculations. The new
ears-covered levels in the 1977 standard, except that the new earphone attenuation
values were added. Figure 2-6 reveals that the ANSI $3.1-1991 MPANLS for the 125-
8,000 Hz test frequency range are lower than previously specified in ANSI 83.1-1977.
The differences are due to the fact that the earphone attenuation values used in the
new standard are lower (less attenuation) than used in the previous standard. Thus, the
ears-covered MPANLS specified in ANSI S3.1-1991 are lower than those previously

specified in ANSI S3.1-1977.

It is important to point out that the MPANLSs shown in Tables 2-1 and 2-2 are
for monaural listening. When binaural listening occurs, 3 dB should be subtracted
from the levels in Tables 2-1 and 2-2 to account for binaural summation. This
typically would be case when neither ear is covered for sound-field testing or when
both ears are covered by earphones and binaural thresholds or other binaural

measurements are obtained.
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Figure 2-5 ANSl $3.1-1991 ears-not-covéred octave band Figure 2-.6 ANSIS3.1-1991 ears-covered octave band maxi
maximum permissible ambient noise levels for each test mum permissible ambient nolse levels for each test frequ¢
frequency range and ANSI $3.1-1877 levels for comparison. range and ANSI $3.1-1977 levels for comparison.
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ANSI 83.1-1991 assumes that hearing thresholds measured at 0 dB HL will
not be masked if the ambient noise levels in an audiometric test room are equal to or
less than the levels shown in Tables 2-1 or 2-2. However, when the unmasked
thresholds, some listeners’ masked thresholds might be elevated by as much as 2 dB
(Berger & Kerivan, 1983; Berger, 1986, Berger & Killion, 1989). As such, the
MPANLs shown in Tables 2-1 and 2-2 have a maximum uncertainly of 2 dB, as
mentioned previously. Stated another way, a maximum threshold shift no greater than
2 dB may occur when pure-tone thresholds of 0 dB HL are obtained in an audiometric
test room having ambient noise levels equal to those shown in Tables 2-1 or 2-2. The
MPANLS previously specified had a maximum uncertainly of 1 dB.

Ambient noise levels in an audiometric test room should be measured annually
and whenever any new noise source is operating within or in the vicinity of the test
room. The measurements should be done with a Type I sound level meter (ANSI
S1.4-1983) fitted with an octave or one-third-octave band filter or equivalent (ANSI
S1.11-1986). The microphone of the sound level meter (SLM) should be placed at the
location(s) normally occupied by the listener’s head. All possible noise sources should
be operating during the measurements, including intake and outtake exhaust fans and
other ventilation systems, lights and any instrumentation inside and outside the
audiometric test room. ANSI S3.1-1991 specifies that “octave or one-third-octave
band measurements of the ambient noise must be obtained within the inclusive range
of 125-8000 Hz regardless of the test condition or test frequency range to be
employed” in the audiometric test room. Therefore, the mandated frequency range of

measurement (125-8000 Hz) is independent of the test frequency range to be
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emplpyed, for example, 250-8000 Hz or 500-8000 Hz. Again, this is in deference to
the upward spread of masking. If a SLM and filter are not available, a psychoacoustic
check of the ambient noise levels using at least two listeners with normal hearing (as
defined in ANSI S3.1-1991) can be substituted, but only for the ears-covered

condition.

To verify compliance, the ambient noise sound pressure levels measured in the
test room from 125 to 8,000 Hz are compared with the levels shown in Tables 2-1 or
2-2 in reference to the test condition and test frequency range to be employed in that
test room. If the measured ambient noise sound pressure levels do not exceed the
levels shown in Tables 2-1 or 2-2 for the test condition and test frequency range to be
employed, the test room is acceptable for testing at hearing levels > 0 dB. As a matter
of fact, if the measured ambient noise levels do not exceed the MPANLSs shown in
Tables 2-1 or 2-2 ears-not-covered and the 125-8,000 Hz frequency range, the test
room is acceptable for all test conditions and frequency ranges for testing at hearing

levels > 0 dB.

The new standard also describes how MPANLs should be adjusted if the
maximum hearing level to be employed is other than 0 dB. Overall, a simple
proportionality is assumed between the minimum hearing level to be employed and
the MPANL (i.e., equal trade-off in dB). For example, if testing is going be conducted

down to —10 dB HL, then 10 dB should be subtracted from the levels shown in Tables
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2-1 and 2-2. However, this might be very difficult to measure, given the low-end
limitations of some SLMs, and difficult to achieve, given the attenuation of most test
rooms (particularly below 750 Hz) and low frequency noise levels of most test room
ventilation systems. As another example, if a hearing screening is to be conducted at

20 dB HL, then 20 dB can be added to the values shown in Tables 2-1 and 2-2.

For threshold or screening tests employing a single frequency range other than
500-8000 Hz, the MPANLs in an audiometric test room should not exceed those
shown in Tables 2-1 or 2-2 and should correspond to the single or the lowest
frequency within the test frequency range to be employed. For example, if earphone
testing is done at 0 dB HL at 1000, 2000 and 4000 Hz, the MPANLS in the test room
should not exceed the ears-covered levels shown in Tables 2-1 or 2-2 for the 500-
8000 Hz frequency range. This too was done in deference to upward spread of
masking phenomenon. Further relaxations of MPANLs were not deemed prudent,
regardless of the lowest test frequency to be employed above 500 Hz. As another
example, if earphone testing is done at 20 dB HL at 2000 and 4000 Hz, the MPANLs
in the test room should not exceed the ears-covered MPANLSs shown in Tables 2-1 or

2-2 for the 500-8000 Hz frequency range plus 20 dB.

MPANLs allowed in an audiometric test room for the purpoée of hearing
conservation testing have been specified by the Occupational Safety and Health
Administration (OSHA, 1983). The OSHA MPANLSs are those originally specified in

ANSI S3.1-1960 and are considerably higher than the newly specified levels. ANSI
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S3.17.1991 recommends that hearing c?onservation programs meet the ears-covered
MPANLSs shown in Tables 2-1 or 2-2 for the 500-8000 Hz frequency range. Recently ,
two studies (Berger & Killion, 1989; Williams, Frank, & Schmitt, 1992) reported that
accurate hearing thresholds down to 0 dB HL cannot be obtained in a test room with
ambient noise levels equivalent to MPANLS specified by OSHA (1983), using TDH-
type earphones mounted in supra-aural cushions or in Audiocup noise-reducing

earphone enclosures.

Standards are derived and revised to lend stability and reliability to clinical
measurements. They should be readable, practical, and useful, and they should be
based on the best available research. Hopefully, the working group has accomplished
these goals in writing ANSI S3.1-1991. When necessary, standards should also
supply readers with additional information. As done in the previous standard, the new
standard contains appendices that detail the derivation of the MPANLS, discusses the
physical measurements of ambient noise, and provides general considerations that can

be used when planning the purchase of an audiometric test room.
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Audiometric Test Rooms (5) (11)

Rooms used for audiometric testing should not have background sound
pressure levels exceeding those in table 2-3 when measured by equipment conforming
at least to the required American National Standard Specification for Sound Level

Meters, S3.1- 1960 (R 1971)

Table 2-3 Maximum allowable octave-band sound pressure levels for

audiometric test rooms

Octave Band Center Frequency (Hz)

125 250 500 1000 2000 4000 6000 8000

Industrial or General Purpose
ANSI S3.1-1960

(R1971) 40 40 40 40 47 57 62 67

Proposed ISO — Based Standard
Research & Diagnostic °

Room 31 25 26 30 38 51 52 56
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Literature Cited

Michael and Bienvenue (1981) and Arlinger (1986) (6) found that the most
commonly used audiometric earphone, Telephonics TDH-39 with cushion MX-
41/AR, of supra-aural type.The sound attenuation is usually quite modest for
frequencies up to 500-1000 Hz. Due to this and to the frequency dependence of the
human hearing thresholds, the requirements for the ambient noise levels for pure-tone

audiometry are most critical in the frequency range around 500 Hz.

Berry (1973); Shipton and Robinson, (1975) (7) stated that if ambient sound
level in a test room can be varied experimentally while the hearing thresholds of a
listener are being measured, the following will occur: when the ambient noise is
inaudible, the hearing threshold measured is the true one; if the ambient noise level is
increased gradually, the hearing threshold level recorded will start to increase. This is
caused by masking and occurs when the noise level in the third octave band, the
center of which corresponﬂs to the test tone frequency, has reached the level of a few
decibels below the test tone level as measured in the listener’s ear. If the ambient
noise level continues to increase, the hearing threshold value recorded will also
increase; however, this does not occur at the same rate but more slowly at first. Not
until the third octave noise level is in the range 10-20 dB SL will the hearing
threshold value recorded increase at the same rate as the increase of the ambient noise

level.
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Fletcher and Munson (1937) (1) fo@d that the masking of a tone by a
broadband noise is independent of the noise bandwidth until the bandwidth becomes
smaller than some critical value that depends on the frequency of the tone. The ear
acts like a collection of parallel filters, each with its own bandwidth, and the detection
of a tone requires that it’s level exceeds the noise level in it’s particular band by some

detection threshold.
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CHAPTER IIT

MATERIALS AND METHODS

This research is an experimental study which aims to find the
relationship between normal hearing threshold and hearing threshold masked by
ambient noise in audiometric test at the test frequencies of 500, 1000, 2000, 3000,
4000, 6000 and 8000 Hz. Various masks of broadband noise were generated into the
test booth in this order: 40, 50, 60, 70 and 80 dB(A) in order to investigate the impact

on pattern of hearing threshold.

3.1 Samples for Audiometric Test

This experimental study was conducted on 61 subjects selected from college
students. The subjects were both male and female with ages range from 17-23 years
old. The hearing threshold levels of the subjects were less than 25 dB at all

frequencies as measured by a standard audiometer.

3.2 Instrumentation

The instruments used in this experimental studies were listed as the following;:
1.Audiometer, Starkey Model AA30 Serial Number 0436

2.Audiometric test booth
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3.Sound level meter, CASTLE Model GA121 Serial

Number 031180, Calibration No CN 031180
4. Octave band analyzer CASTLE Model GA121 Serial Number 031180
5. Audiometric Calibrator QUEST Model 155-145 Precision OBA system

6. Thermometer

3.3 Test Procedures

In this study, establishment of the adjusted correction factor for audiometric
testing entailed subject selection and audiometric testing by masking with broadband

noise levels.

3.3.1 Selection of Subjects

3.3.1.1 Interview method was used during the test experiments to
exclude those having health problems. The history of ear
diseases and records of taking medications that might affect
hearing were also interviewed.

3.3.1.2 Subjects free from conditions in (1.1) were recruited for the
next step of testing. The audiometric measurement with
masking of noise was performed on each subject. The test
frequencies were performed at the levels of 500, 1000, 2000,

3000, 4000, 6000, and 8000 Hz.
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3.3.1.3 The subjects who had hearing threshold level not more than 25

dB at all test frequencies were selected as subjects in this study.

3.3.2 Protocol for Audiometric Test

The protocol for audiometric test used in this study was designed

specificly as the following:

a) Preparation Before The Test

1. Fourteen hours must have elapsed since the subject was last exposed
to high noise levels such as environmental noise.

2. Each subject had to obtain a complete case history from the subjects.

3. Eye glasses, hair ribbons, headbands, clips, gum, etc., should be

removed out prior to testing.

b) Instruction For The Subjects

1. A seat was positioned optimumly for each subject. The subject’s
face must be on the opposite side of audiometer.

2. Introduce a simple introduction to audiometric testing to the subject.

3. Tell the subjects that they will hear a series of tones with different

loudness and frequency.
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4. They should respond immediately by pressing the response key
when they hear a tone.

5. They should respond every time they hear a tone.

6. Any questions which were not clear must be responsed before the

test begun.

c) Operations of Instrument

1. Warm-up the audiometer before use.

2. Perform a functional check.

3. The researcher make sure that noise in the test area is not excessive
(refer to ANSI S3.1 — 1971 criteria for permissible ambient noise
during audiometric testing).

4. Turn on the audiometer and check it’s operation carefully.

5. Obtain an adequate supply of response forms to record results.

d) Test Protocols

1. Place the headphones on the subject very carefully and make sure
that the diaphragm of the headphone is directly over the ear canal
(red: right ear; blue: left ear).

2. Begin testing at 1000 Hz in the better ear, or the left ear, if the better

ear is not known.
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3. Present the tone at 40 dB HL, with a duration of 1-2 seconds.(The
duration of test tone presentation must be 1-2 times in all the
following procedures.)

4. If no response at this initial presentation, present the tone at 50 dB
HL and successively increase the intensity in 10-dB steps until a
“clear” response is obtained or the maximum limit of the audiometer
is reached.

5. Following the initial response, decrease the intensity in 10-dB steps
until the listener is unable to hear the tone and thus fail to respond.

6. After each failure to respond to the test tone, increase the intensity in
2-dB steps until a response to test signal is observed. Then decrease
the tone in 5-dB steps. Remember and follow this rule (up 2, down 5
dB) strictly.

7. Repeat the “up 2, down 5 dB” procedure until threshold has been
determined. Threshold is defined as the lowest level at which the
listener has been able to correctly indentify the test tone in at least
half of a series of ascending trials with a minimum of three responses
required at a single level.

8. Test frequencies in the following:
1000 Hz,

2000 Hz,

3000 Hz,
4000 Hz,

6000 Hz,

15475 v oS e
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8000 Hz,
1000 Hz, (retest)
and 500 Hz.
9. Avoid rhythmic presentations.
10. If retest at 1000 Hz, the hearing threshold is + 10 dB or more, then
reinstruct and retest.
11. Test the other ear using the same procedure.
12. Remove the headphone themselves.

13. Record hearing thresholds on the form record.

3.3.3 Audiometric Testing by Masking with Broadband Noise Levels

3.3.3.1 Introduce ambient noise masking (broadband noise) into
audiometric test booth in the following;:
40 dB (A)
50dB (A)
60 dB (A)
70 dB (A) and
80dB (A)
3.3.3.2 Repeat the test procedure according to step in conducting
audiometric testing.

3.3.3.3 Record the hearing threshold shift levels.
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3.4 Data Collection

34.1

3.4.2

343

343

3.4.5

Information obtained from self asministered questionnaires were used
for screening only those in good health condition, free from diseases
and abnormalities which may effect hearing level.

Ambient noise levels in an audiometric test room were measured to
confirm with ANSI S3.1-1971.

The hearing threshold of subjects were tested to confirm that they have
normal hearing (<25 dB all frequencies 0.5, 1, 2, 3, 4, 6 and 8 KHz).
The total of 61 subjects with normal hearing were recruited for next
step (step 5).

Masking ambient noise levels in an audiometric test room were
measured.

The hearing threshold masked by broadband noise in 61 listeners
were measured at five broadband noise levels (40, 50, 60, 70 and

80 dB (A)).

3.5 Data Analysis

The data was analyzed by using the following statistics.
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3.5.1 Descriptive Statistics

To describe the characteristics of subjects and all measurements,

mean + S.D. was applied.

3.5.2. Inferential Statistics

To describe relationship between normal hearing threshold and
hearing threshold shift masked by ambient sound level in term of pair

t-test

3.5.3 Adjusted correction factor was employed in the analysis with the

quadratic equation of Linear Regression Model as the following;

= bo+ bix+ b2X2

Y
Whereas Y = change in hearing threshold shift
X

= ambient noise level
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CHAPTER IV

RESULTS

The results of this study were presented in two parts as the following:

Part 1 The characteristic of subjects and normal hearing threshold from audiometric
test.

Part2 The relationships between normal hearing threshold and hearing threshold

shift when masking by ambient noise level.

Part 1 The Characteristics of Subjects

In this study, sixty-one subjects comprising of 30 males and 31 females were
randomly selected and trained for audiometric testing. The range of age of subjects
was 17 - 23 years old and the mean was 20.96 years old. The distribution of subjects’

age was shown in table 4-1.

Table 4-1 The age distributions of subjects

Ages Frequency Percent
17 1 1.6
18 . 2 33
20 16 26.2
21 24 393
22 14 23.0
23 4 6.6
Total 61 100.0

Mean +S.D. = 20.96 + 1.07
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According to the test results, the values of normal hearing threshold in left ear
is significantly different from normal hearing threshold in right ear at test frequencies

500 Hz and 1000 Hz with p-value <0.0001 as shown in table 4-2.

Table 4-2 Comparisons of normal hearing threshold on left ear and normal

hearing threshold on right ear at the frequency of 500-8000 Hz

(n=61)
Left ear Right ear
Test frequencies X S.D. X S.D. P-value
500 Hz 1390 534 1642 579 < 0.0001
1000 Hz 1324 534 9.60 5.30 <0.0001
2000 Hz 11.81 694 1136 593 0.504
3000 Hz 10.06 6.93 8.32 6.74 0.052
4000 Hz 10.06 835 9.85 7.37 0.815
6000 Hz 1350 876 1232  8.05 0.339

8000 Hz 1.98 6.90 3.18 7.88 0.223
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Part2 The Relationships between normal hearing threshold and hearing

threshold shift when masking by ambient noise level

At all test frequencies, the mean values of hearing threshold, which were
masked by ambient noise were significantly higher than the mean values of normal
hearing threshold. The different started at 60 dB, except for the test frequencies of
1000 Hz and 8000 Hz, which started at 50 dB. At 2000 Hz and 3000 Hz, the mean
values of normal hearing threshold was higher than the mean values of hearing
threshold masked by ambient noise and started at 40 dB. The result was similar on
both ears except for the test frequencies c;f 2000 Hz and 3000 Hz, the different started
at 50 dB on the right ear. The maximum hearing threshold with masked by ambient
noise level was 38.66 dB (S.D. 7.29) on the left ear at the test frequency of 1000 Hz

with 80 dB(A) ambient noise level as shown in table 4-3 and 4-4.
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Table 4-3 Comparisons of normal hearing threshold and hearing threshold

with masked by ambient noise on the left ear at the frequency of

500-8000 Hz (n=61)

Results / 40

Test Frequency Mean (S.D.) of Ambient Noise Level dB(A)

(Hz) 40 50 60 70 80
500
Normal hearing threshold 13.9 (5.34)
Hearing threshold shift 13.21(4.84) 1426(5.27) 18.11(4.74) 24.21(6.55) 32.11(6.09)
P-value 123 .540 <.0001 <.0001 <.0001
1000
Normal hearing threshold 13.25(5.35)
Hearing threshold shift 13.00(5.40) 15.34(5.10) 21.67(5.75) 29.72(7.03) 38.66(7.29)
P-value .600 .002 <.0001 <.0001 <,0001
2000
Normal hearing threshold 11.82(6.94)
Hearing threshold shift 10.67(6.72) 12.15(6.82) 15.46(7.41) 23.92(7.90) 32.28(7.96)
P-value 021 .624 <.0001 <.0001 <.0001
3000
Normal hearing threshold 10.07(6.94)
Hearing threshold shift 8.39(7.17)  10.34(7.09) 13.06(8.83) 20.26(8.49) 29.48(8.99)
P-value .003 706 012 <.0001 <.0001
4000
Normal hearing threshold 10.07(8.35)
Hearing threshold shift 10.02(8.80) 10.61(8.51) 12.89(8.98) 18.07(8.68) 26.0(12.36)
P-value 914 355 .005 <.0001 <.0001
6000
Normal hearing threshold 13.51(8.76)
Hearing threshold shift 13.08(9.98) 12.7(10.03) 17.62(13.2) 22.3(12.65) 30.89(13.3)
P-value .658 470 .034 <.0001 <.0001
8000
Normal hearing threshold 1.98 (6.90)
Hearing threshold shift 2.68(8.21) 390(8.17) 4.62(8.91) 8.16(11.10) 15.31(13.6)
P-value .391 .031) .013 <0001 <.0001
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with masked by ambient noise on the right ear at the frequency of

500-8000 Hz (n=61)
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Test Frequency Mean (S.D.) of Ambient Noise Level dB(A)

(Hz) 40 50 60 70 80

500

Normal hearing threshold 16.43(5.79)

Hearing threshold shift 16.46(5.74) 17.48(5.54) 20.67(4.47) 2790(547) 36.75(6.01)

P-value .940 .070 <.0001 <.0001 <.0001

1000

Normal hearing threshold 9.60 (5.31)

Hearing threshold shift 9.55(534) 12.75(532) 18.54(5.45) 27.38(6.25) 38.07(6.14)

P-value .903 <.0001 <.0001 <.0001 <.0001

2000

Normal hearing threshold 11.36(5.93)

Hearing threshold shift 10.77(7.04) 12.74(6.38) 18.46(6.33) 26.28(6.72) 36.49(7.52)

P-value 222 025 <.0001 <.0001 <.0001

3000

Normal hearing threshold 8.32(6.75)

Hearing threshold shift 8.21(6.83) 10.08(6.63) 13.57(8.38) 21.23(8.32) 31.25(8.20)

P-value .846 .006 <.0001 <.0001 <.0001

4000

Normal hearing threshold 9.85(7.37)

Hearing threshold shift 9.59(7.05) 10.33(6.60) 12.57(7.96) 18.41(8.56) 27.23(7.85)

P-value .665 419 .003 <.0001 <.0001

6000

Normal hearing threshold 12.33(8.05)

Hearing threshoid shift 12.93(8.69) 14.13(8.94) 17.61(10.6) 22.67(12.0) 30.20(12.4)

P-value - 475 075 <.0001 <.0001 <.0001

8000

Normal hearing threshold 3.18(7.88)

Hearing threshold shift 3.55(9.04) 4.08(8.57)  7.45(10.58) 10.25(12.3) 16.64(13.6)

P-value .659 331 .002 <.0001 <.0001
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Table 4-5 Mean and standard deviation of hearing threshold shift on left ear and

right ear at the frequency of 500-8000 Hz (n = 61)
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Frequency(Hz) Ambient Mean (S.D.)

Noise Level dB(A) Left Ear Right Ear

500 40 -0.69 (343) 0.03 (3.36)
50 0.36 (4.57) 1.05 (4.44)

60 421 (491) 424 (5.52)

70 1031 (6.60) -11.47 (6.59)

80 18.21 (6.17) 20.32 (7.82)

1000 40 -025 (3.64) -0.05 (3.19)
50 2.09 (5.15) 3.15 (4.89)

60 8.42 (6.35) 8.94 (7.40)

70 16.47 (8.35) 17.78 (7.97)

80 2541 (9.31) 28.47 (8.23)

2000 40 -1.15 (4.00) -0.59 (3.73)
50 0.33 (5.19) 1.37 (4.68)

60 3.63 (6.81) 7.09 (7.54)

70 12.09 (9.14) 14.91 (8.33)

80 2046 (9.83) 25.13 (9.50)

3000 40 -1.67 (4.24) -0.11 (4.59)
50 027 (5.74) 175 (4.77)

60 3.00 (9.04) 524 (747)

70 10.19 (9.91) 12.90 (7.81)

80 19.40(10.33) 2291 (8.92)

4000 40 -0.05 (3.56) -0.26 (4.71)
50 0.54 (453) 047 (4.55)

60 281 (7.64) 272 (6.78)

70 8.00 (844) 8.55 (7.82)

80 15.93(10.06) 17.37 (7.36)

6000 40 -042 (749) 0.60 (6.59)
50 -0.80 (8.60) 1.80 (7.70)

60 4.11(14.82) 527 (9.95)

70 8.78 (13.18) 10.34 (12.82)

80 17.37(13.53) 17.86 (13.53)

8000 40 0.70 (6.37) 037 (6.64)
50 191 (6.77) 090 (7.17)

60 2.63 (8.09) 427 (10.25)

70 6.18 (9.85) 7.06 (13.00)

80 13.32(12.73  13.45(14.64)
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Table 4-5 showed the mean and standard deviations of hearing threshold shift
on the left ear and the right ear. It was found that the trend of hearing threshold shift
value én both ears increased with the ambient noisé: at the range of 50 dB — 80 dB.
The maximum hearing threshold shift with significant difference (higher than normal
hearing threshold) were 28.47 dB(S.D. 8.23) on right ear (test frequency 1000 Hz,
ambient noise level 80 dB) and the minimum was 1.37 dB (S.D. 4.68) on right ear

(test frequency 2000 Hz, ambient noise 50 dB).
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Table 4-6 Comparisons of hearing threshold shift on left ear and right ear at the

frequency of 500-8000 Hz (n=61)

Test Ambient Noise Mean (S.D.)
Fre&_‘;:;‘ <y l;";‘&l) Left Ear Right Ear P-value
500 - 40 -0.6885 (3.43) 0.032 (3.36) 0.241
50 . 0.36 4.57) 1.04 4.44) 0.331
60 421 4.91) 424 (5.52) 0.967
70 10.31 (6.60) 11.47 (6.59) 0.300
80 18.21 (6.17) 20.32 (7.82) 0.044
1000 40 -0.245 (3.64) -0.049 (.19 0.709
50 2.09 (5.15) 3.14 (4.89) 0.087
60 8.42 (6.35) 8.93 (7.40) 0.543
70 16.47 (8.35) 17.77 (7.97) 0.207
80 2540 (9.31) 28.45 (8.23) 0.004
2000 40 -1.21 (4.00) -0.59 (3.73) 0.383
50 0.32 (5.19) 1.37 (4.68) 0.138
60 3.63 (6.81) 7.09 (7.54) 0.001
70 12.09 9.149) 1491 (8.33) 0.023
80 20.45 (9.83) 25.13 (9.50) 0.000
3000 40 -1.67 (4.24) -0.11 4.59) 0.025
50 0.27 (5.7%) 1.75 @.77 0.069
60 3.00 (9.04) 5.24 (7.47) 0.069
70 10.19 9.91) 12.90 (7.81) 0.045
80 19.40 (10.33) 22.91 (8.92) 0.014
4000 40 -0.049 (3.56) -0.26 4.71) 0.770
50 0.54 (4.53) 0.47 (4.55) 0.933
60 2.81 (7.64) 2.72 6.78) 0.933
70 8.00 8.44) 8.55 (7.82) 0.643
80 15.93 (10.06) 17.37 (7.36) 0.222
6000 40 -0.42 (749 0.60 (6.59) 0.264
50 -0.80 (8.6) 1.80 1.7 0.026
60 4,11 (14.82) 5.27 (9.95) 0.530
70 8.78 (13.18) 10.34 (12.82) 0.391
80 17.37 (13.53) 17.86 (13.53) 0.798
8000 40 0.70 (6.37) 0.37 (6.64) 0.770
50 1.91 6.77) 0.90 (7.17) 0.375
60 2.63 (8.09) 427 (10.25) 0.202
70 6.18 (9.85) 7.06 (13.00) 0.539
80 13.32 (12.73) 1345 (14.64) 0.934
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The pair t-test was used to show the difference of hearing threshold shift
between left and right ear. Significant different was found at the test frequencies of
500 Hz [(80 dB p-value = 0.044)], 1000 Hz [(80 dB p-value = 0.004)], 2000 Hz [(60
dB p-value = 0.001),(70 dB p-value = 0.023), (80 dB p-value <0.0001)], 3000 Hz [(40
dB p-value = 0.025), (70 dB p-value = 0.045), (80 dB p-value = 0.014)], and 6000 Hz

[(50 dB p-value = 0.026)] as shown in table 4-6

Table 4-7 The coefficients of determination (R%) and the Quadratic Equations

calculated from various test frequencies

Test The Quadratic Equation
R?
Frequency (Hz)
500, 1000, 2000 and HTS = 17.9986-.9883ANL+.0131ANL? 939
3000 Hz
4000 and 6000 Hz HTS = 22.4775-1.0576 ANL+.0124ANL? 983
8000 Hz HTS = 18.5546-.82‘85ANL+.0095ANL2 980

HTS = Hearing Threshold Shift

ANL = Ambient Noise Level
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Regarding to table 4-7 three groups of test frequencies were categorized for

available field practice which include;

GroupI  Speech frequencies (4 frequencies) 500, 1000, 2000 and

3000 Hz

Group II  Hearing conservative frequencies (2 frequencies) 4000 and
6000 Hz

Group III  Presbycusis frequency (1 frequencies) 8000 Hz.

The quadratic equation applied to estimate hearing threshold shift level. The
coefficient determination (R?) was 0.983 at the frequency of 4k-6kHz group. The
relationship between ambient noise levels and hearing threshold shift was plotted as

shown in figure 4-1 — 4-3.
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Figure 4-1 Relationship between ambient noise levels and hearing threshold shift
at test frequencies of 500, 1000, 2000 and 3000 Hz
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Figure 4-2 Relationship between ambient noise levels and hearing threshold shift

at test frequencies of 4000 and 6000 Hz
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Figure 4-3 Relationship between ambient noise levels and hearing threshold shift

at test frequency of 8000 Hz
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CHAPTER YV

DISCUSSION

In order to control the intraobserver variations, all experiments were
measured by only one researcher. According to the experiments, it was clearly found
that hearing thresholds are affected by the ambient noise levels. This result could get
along with the criteria of ANSI $3.1-1960 (R 1971) (11); which concerns of the
maximum allowable octave-band sound pressure levels in audiometric test rooms.
Those tests at all frequencies (500, 1000, 2000, 3000, 4000, and 6000 Hz) complied
with the ANSI requirement except for the test frequency 8000 Hz. However, there are
some conditions that might have caused irregular significantly findings such as
better hearing threshold after masking and irregular significant pattern at test

frequencies of 2000 and 3000 Hz.
5.1 Normal Hearing Threshold of The Subjects

According to table 4-2, the values of normal hearing threshold on left ear was
significantly different from normal hearing threshold on the right ear at test
frequencies of 500 Hz (left ear X = 16.42, right ear X = 13.90) and 1,000 Hz (left ear X
= 13.2, right ear X = 9.6) with 95 % CI (p-value <0.0001). This might due to different
efficiency of the earphone on each side as shown in Table A-1. At test frequency of
500 Hz the calibration value on left ear is higher than right ear (80.0 dB(A) and 79.2

dB(A), different value 0.8 dB(A)). At test frequency of 1000 Hz the calibration value
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on right ear is higher than left ear (79.4 dB(A) and 78.6 dB(A), different value 0.8

dB(A)).

5.2 Hearing Threshold Shift after Introducing of Ambient Noise

Table 4-5 showed that at the frequencies of 2000 and 3000 Hz the hearing
threshold were better while ambient noise was 40 dB. Both frequencies started
significant difference at ambient noise level 50 dB(A) on the right ear and 60 dB(A)
on the left ear. This might due to the limitation of the audiometric measurement
according to the audiometric calibration (Table A-1); at the frequencies of 2000 and

3000 Hz sound level at the earphone are very close to the tolerance limit.

According to broadband noise measurements at different frequencies (as
indicated in Appendix B) it was found that the highest Leq.(1 min.) was at 2000 Hz
and gradually decreased at frequencies away from 2000 Hz. Thus, at test frequencies
of 2000 Hz of hearing threshold was disturbed maximumly (Table B-1). It was also

found that the same pattern was occurred in the frequency of 3000 Hz.
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At the test frequencies of 2000 and 3000 Hz, the hearing threshold would be
disturbed by resonance phenomenon in ear canal. This will result in showing the
irregular of hearing threshold shift patterns (16).

5.3 Comparison Hearing Threshold Shift in Left and Right Ear

Regarding to table 4-6, the test frequencies of 2000 Hz and 3000 Hz had
significant differences at several ambient noise levels [2000 Hz (60 dB, 70 dB and 80
dB)] [3000 Hz (40 dB, 70 dB and 80 dB)] this might due to same reasons as in the
previous paragraph such as calibration values are very close to the tolerance limit,

maximumly disturbed and the resonance effect in ear canal.
5.4 The Quadratic Equation

For available using, the adjusted correction factors were employed in the

analyses of Linear Regression Model in three groups of frequencies as the followings,
Group | Speech frequencies (500, 1000, 2000 and 3000 Hz)
Group II Hearing Conservative frequencies (4000 and 6000 Hz)

Group III Presbycusis frequency (8000 Hz)
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However, X was used to established the Quadratic Equation. This results in
giving very high value of R, Thus, they are likely to be considered for using those

equations for prediction of hearing threshold shift.
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CHAPTER VI

CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

This research is an experimental study about hearing threshold shift pattern
at test frequencies of 500, 1000, 2000, 3000, 4000, 6000 and 8000 Hz masked by
ambient noise (broadband noise) in audiometric test. The broadband noise was
generated by the audiometer at five different levels including 40, 50, 60, 70 and 80
dB(A). The results from this experiment were summarized as follow:

1. At all frequencies the hearing threshold shift was started to be
significantly different from normal hearing threshold at 60 dB(A) ambient noise level,
however, at test frequencies of 1000 Hz (50 dB(A) in both ear), 2000 Hz (50 dB(A)
in right ear), 3000 Hz (50 dB(A) in right ear) and 8000 Hz (50 dB(A) in left ear).

2. The maximum hearing threshold shift was found at test frequency of
1000 Hz at 80 dB ambient noise level (x=28.47, S.D.=8.23).

3. Hearing threshold shift masked by ambient noise on the left ear is
significantly different from that of the right ear at frequencies of 500 Hz (80 dB(A)
ambient noise level), 1000 Hz (80 dB(A) ambient noise level), 2000 Hz (60, 70 and
80 dB(A) ambient noise level), 3000 Hz (40, 70 and 80 dB(A) ambient noise level)
and 6000 Hz (50 dB(A) ambient noise level).

4. The quadratic equations were applied to estimate hearing threshold

shift level as follows:
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Test frequencies

500, 1000,

2000 and 3000 Hz HTS = 17.9986-.9883ANL+.0131 ANL>2 R? =.939)
4000 and 6000 Hz - HTS =22.4775-1.0576 ANL+.0124ANL2 R? = .983)
8000 Hz HTS = 18.5546-.8285ANL+.0095ANL > (R? = .980)

HTS = Hearing Threshold Shift

ANL = Ambient Noise Level

5. The quadratic equations were applied to estimate hearing threshold shifts in
terms of the correction factors and also show the relation between the hearing

threshold shifts and the ambient noise levels as a graphic form (see table 6-1 and

figure 6-1).
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Table 6-1 The Adjusted Corrective Constant Factor For Audiometric Test [dB(A)]

) 0.4 0.1 03
23 03 01 03
i3 0.1 0.1 03
75 0.1 ‘ 0.0 03
6 03 0.1 03
77 03 02 06
48 0.7 — 0.3 — 0.7
10 — 10 04 03
30 13 06 09
31 17 05 10
9] T~ 70 10 12
33 73 13 13
33 73 135 13
33 13 18 7
36 37 71 70
37 12 73 32
33 37 79 73
39 33 32 27
60 59 37 30
3| 63 % | 33
93 71 16 37
53 T 5T 5|
64 8.4 5.6 33
5 91 61 a8
66 78 6.7 33
5T . — 106 T3 577
68 ' 114 79 61
59 123 33 66
TO 130 92 (A
T 139 99 76
T2 133 106 32
T3 : 137 1.4 37
A 16.6 21 93
TS 7% 129 99
6 186 37 103
il 196 146 111
78 706 154 17
7o yi W) 163 124
80 728 72 131
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6.2 Recommendations

6.1.

6.2

6.3

6.4

.For the precision, this method showed the low level of precision in test

frequencies of 6000 and 8000 Hz (see Table 4-5). The standard deviations of
hearing threshold shifts are rather high. It is recommend that the Quadratic

Equations be used.

The audiometric calibration showed that the substandard values at the
frequencies of 125, 250 Hz which are closed to the tolerance limit at the
frequencies of 2000 and 3000 Hz. Thus, to provide precision instrument in

this case, we should try to adjusting the audiometer before use.

In selection step for the subjects, the middle ear function test should be used
to assess the middle ear pathology by the otologist. The subjects should be

free from pathology and then be recruited for the next step.

For further study, it is recommended that hearing threshold shifts would
change with-various types of ambient noise (i.e. narrowband noise, pure
tone). Further study should take this variations into consideration. In general,
the ambient noise in workplaces will vary when containing different
frequencies and different levels at each frequency. Therefore, in practical

point of veiw, the hearing threshold study should be utilized according to the
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interference of ambient noise in workplace. Field investigation to
determine the actual hearing threshold shift by using the quadratic

equation or correction factor in the workplace should also be undertaken.



Fac.of Grad. Studies, Mahidol Univ. M.Sc.(Industrial Hygiene and safety / 59

REFERENCES

1. Kinsler, Lawrence E. and Frey. Fundamental of Acoustics 2™ edition, 1969 :

257-261,264,266-267

2. Linda L. Lason — Donalson. Masking. National Institute for Hearing Instruments
Studies. USA., 1998 : 24-25

3. Stig Aringer. Manual of Practical Audiometry. Volume 2, 1991 :

35-36

4. Tom Frank. (1993). Maximum Permissible Ambient Noise Levels for

Audiometric Test Rooms. American journal of Audiology, 2(1), 33-36

5. OSHA LOGGING ADVISOR. Maximum Allowable Octave — Band Sound

Pressure Level for Audiometric Test Rooms. Available:

http://www.osha-scl.gov/SLTC/logging/logging-advisor/1990_0095.html
[Accessed 1999 Feb.18]

6. Michael and Bienvenue. (1981). Manual of Practical Audiometry.

Volume 2, 1991 : 35

7. Shipton and Robinson. (1981) . Manual of Practical Audiometry. Volume 2,

1991 : 36

o S a IS -4 a [y
8. nquan Maguilsuasy. anwAsdnfvesns 1agy. ausuwnomaas un1Inedy

] a o 4 I d a 4 3 4 9
VBULNU. Tsawuwwmmuqsnmm. WNWﬂSQﬁ 2,2532 K11 25

9. Deborah Ballantyne. Handbook of Audiological Techniques. Hearing Aid

Department. University of Rome’La Sapienza. Rome,

1990: 39-42



Charin Yenjai References/ 60

10. Tom Frank. (1996). ANSI Update: Specification of Audiometers. Penn State
University. American journal of Audiology, 6(3), 29-31

11. American Industrial Hygiene Association. Industrial Noise Manual. Second
Edition, 1966: 68-70

12. EH. Berger. Noise Hearing Conservation Manual. AIHA., 1986 : 47

13. OSHA Regulations (Standard-29CFR). Acoustic calibration of audiometers.
1910.95 AppE.

14. American National Standard Institute. Specification for Audiometers.
ANSLs3.6-1996. New York: American National Standard Institute Inc.,
1996, 1-33

15.American National Standard Institute. Permissible Ambient Noise Levels for
Audiometric Test Rooms. ANSL s3.1-1991. New York: The American
Institute of Physics for the Acoustical Society of America, 1991, 1-14

16. Jerry L. Northern. Hearing Disorder. USA..Brown company Inc., 1976, 76




Fac, of Grad. Studies, Mahidol Univ. M.Sc.(Industrial Hygiene and safety)/ 61

APPENDIX A

" Demonstration of audiometer calibration values

(Earphone TDH — 39 @ 70 dBHL)

Audiometric Calibration Chart (ANSI S3.6-1969)

Interconnections Showing calibrator Quest Model 155-145
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Table A-1 Demonstration of audiometer calibration values (Earphone TDH — 39

@ 70 dBHL)
Frequencies St;mdard Left ear Right ear tolerance

125 115.0 1014 101.6 5*
250 95.7 88.2 87.4 3*
500 81.5 80.0 79.2 3
750 715 77.5 71.8 3
1000 77.0 78.6 79.0 3
1500 76.5 79.1 78.3 3
2000 79.0 81.4 81.3 3
3000 79.8 82.4 82.7 3
4000 79.0 80.0 80.5 4
6000 86.5 86.4 86.3 5
8000 83.5 79.2 79.6 5

* exceed tolerance limit

62
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Table A-2 Audiometric Calibration Chart

(ANSI S3.6-1969)

AUDIOMETRIC CALIBRATION CHART -

(QuesT) N

ELECTRONICS ForOQuestmodet 158 Sound Level Meter S N, NLAN130012
510 Worthington St.. . Modet__1023 Microphona S N 8447, Preamp 1504
Oconomowoc, Wisconsin 53068 A
Phone: {414) 567-$'57 Used with the EC-9A Earphone Coupter

thlaubbulhnduﬂIahcsedonANSIMUWMEWB@MI«MYWTW-NJO&SO.mdl':u Telex-1470 & 1470A earphone. The B lavels given in the

Mucmmwmwomwnmunaunmmmcam.numewmhma.nwmb- Y to & the cllon values los that

&anicuhnypoo!clvphom.w.pplym icrophone p lon obtsined by compsting the slendard HL with the lovels noted below for this particutar Sound Leve!
etar,

¢ Calibration in decibels ls referenced 1o 20ui'm?,

¢ Decibe! levels are given for the' LIN FLAT response position on the SLM.

® [l you are using the Octave Rand Filter lddﬁ.‘ldﬂhmluvudlngwtmlulh‘gmcmmNndl:oquendea. thal is 750. 1500, 3000 snd 6000 Hz, because of iitar

liopo.Alaobow'eloullheFlyﬁlwmhhnnhhhnbmnqposubnlobomh g band For ple, the 1500 Hz tone with the Octave
Band Fitter set at 2kHz

® 1 you need to ealibiate uoodém.miy-&m:omegrvsn 7008 HL correcied values.
Frequency-Hz 125 250 500 750 1000

1500 2000 3000 4000 6000 8000
TDH-39 Earphone 115.0 95.7| B1.5{ 77.5| 77.0| 76.5| 79.0] 7 7
@ 70dB HL . . . . 9.8{ 79.0] 86.5| 83.5
TOH-49 & 50 ;

1", \ A k .

@ 7048 HL 4B 5| 96.7| 83.5} 77.5 7.5 77.5] B1.0| 79.3| 80.0| B4.5| 83.5
TELEX-1470 115.01 95.2| 80.0| 76.5| 73.0] 75.0| 74.0| 74.8| 75.5| 78.5| 79.5
@ 70dB HL dB
TELEX-1470 A .
@ 70dB HL dB[117.0] 97.7| 83.0] 78.5| 76.5| 75.0| 78.0| 77.3| 7a.0| es.s 88.0
Audiometer Tolerance
ANSI S3.6-1969 dB} *5 3 3 3 3 3 3 3 4 5 5
750 Hz is not given in the ANS! Standard end I3 therelore an & fated setting.
$4.28

884 CALIBRATED BY.
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Figure A-1 Interconnections Showing calibrator Quest Model 155-145

MODEL 65
POWER PACK

FROM
AUDIOMETER

MIC. & PREAMP
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APPENDIX B

Characteristics of broadband noise

Mean of ambient noise levels in the test booth



Charin Yenjai

Table B-1 Characteristics of broadband noise
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SPL Sound Level at each Frequencies dB(A)
dB(A) | 125Hz | 250 Hz | 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz | 8000 Hz
40 32.5 31.6 33.5 342 35.9 33.2 295
50 322 314 40.5 42.7 44.5 41.7 389
60 323 31.8 50.5 52.3 54.1 513 494
70 32.0 34.0 60.5 62.1 63.9 61.5 59.0
80 324 40.8 70.5 72.1 73.5 71.2 69.0
Table B-2 Mean of ambient noise levels in the test booth
Sound Level at each Frequencies dB(A)
125Hz | 250 Hz | 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz | 8000 Hz
32.1 32.1 28.9 27.0 26.0 20.1 17.8
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APPENDIX C

Figures from the experiment
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Figure C-1 Demonstration of the instrument settings for the experiment
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Figure C-3 Demonstration of the sound level meter which was used for measuring

ambient noise levels in the audiometry test room

Figure C-4 Demonstration of the audiometric calibration set-up
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