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| NTRODUCTI ON

Noi se, in the human world, seens to have pervaded
every inch of space, occupying al nost every noment of a

person’s life.

‘Noi se’ is defined as a random sound conposed of
different frequencies, not harnmonically related. It is an
erratic, intermttent, or statistically random oscillation,
unwant ed sound, within a useful frequency bands the bad
being the one that carries the intelligibility of speech
(Webster, 1969).

Noi se has been known to have del eterious effects on
the hearing sensitivity and hence is regarded as a speci al
type of air pollution. The probl em of noise has grown to
extents where its control has conme under the Federal

Jurisdictions (Ward, 1969).

Some of the basic effects of noise on man are observed
to be on the psychol ogi cal system non-auditorysystem and
the auditory system Some of the non-auditory effects are
t hat of the physiol ogi cal changes seen in cardi o vascul ar,
gl andul ar and respiratory functions. Psychol ogi cal
functions |ike attentions concentration, attitudes,

nmoti vati on etc.



are al so observed to be affected (Cohen, 1969). However,
the auditory functions which are affected by noise aer of
greater interest to us and hence shall be discussed in
detail .

The fact that excessive noi se exposure causes hearing
| oss, has been established ever since the Bronze Age
(H nchcliffe, 1967). However, occupational hearing |oss,
especi al ly noi se induced hearing loss, is basically a
di rect consequence of the first and second I ndustri al
Revol utions. Thus, work in this field dates back to a
century (1986) (Al berti, 1979), while significant research
on the effects of noise on man’s auditory behaviour started
during the second world war

The nost common way of describing the effect of noise
exposures on a person, is by noting its effect on his
auditory thresholds. ldeally, the auditory thresholds are

established prior to and foll owi ng the exposure.

Post - exposure effects di sappearing within a
second are ternmed as “Residual Masking” (Miunson and
Gar dner, 1950).

Those requiring upto a mnute for conplete recovery

are terned as adaptation’. Those which require |onger

recovery tines are said to represent ‘auditory fatigue’



Auditory fatigue refers to the reduced sensitivity in
t he hearing sensation, foll ow ng exposure to any stinulus
of significant duration. Reduction in sensitivity is found
in all sensory systens such as ol faction, gestation, vision
etc. In all these cases, there is a reduction in
sensitivity which is tenporary, unless, the stinulation
exceeds the critical Iimts of intensity and duration.

Some changes occur during the presentation of the
stimulus, while some are seen after the term nation of the
stimulus (Eg. shift in auditory threshold). These effects
are seen nmuch less in the senses of ol faction, gestation
and vision (Mwore, 1977) than in audition.

The study of t enporary changes in auditory perception
caused by acoustic stimulation has a recent begi nning,
since the past 120 years only (Ward, 1973). The phenonenon
of tenporary auditory perception changes due to acoustic
stinmul ation was di scovered by Victor Urbantschitsch, in
1881.

The other types of auditory sensitivity decreases
usually referred to are “auditory adaptation”, ‘auditory
fatigue', ‘acoustic trauma’, ‘tenporary threshold shift’

(hereafter referred to as TTS)etc.



4

Sone investigators use all these terns interchangeably
except ‘acoustic trauma’, while others discrimnate anong
them (Ward, 1965). Quite a few researchers differentiate
bet ween auditory fatigue and adaptati on.

Hood (1950, 1972) defines ‘auditory fatigue’ as ‘a
result of application of a stimulus which is wusually
considerably in excess of that required to sustain the
nor mal physi ol ogi cal response of the receptor, and usually
neasured after the stinulus is renoved

Adaptation, on the other hand, is defined as a specia
case of fatigue (Harris and Rawnsl ey, 1953).

The changes in auditory system could be due to other
factors. apart from noise. Sone of them are nentioned bel ow

- Threshold changes due to ageing, which is refereed to as
‘ presbyacusi s’ .

- threshold changes due to nmunps, blows on the head,
exposure to industrial toxins etc., which may affect the
sensory mechanisnms are ternmed as ‘nosoacusis’ (G eek:
nosos — di sease).

- Permanent threshold shifts produced by noi ses of everyday

living are ternmed as ‘sociacusis’.



t hus, noi se induced hearing |oss could be due to so
many factors, that only noi se exposure data as a cause is
difficult to arrive at. so, in the absence of data on
per manent threshold shift, we attenpt to derive enpirica

conclusions fromdata on TTS.

The nost conmon index for auditory fatigue is the
tenporary threshold shift (TTS), which by itself says that
the shift is tenporary and hence the hearing threshol ds

recover to the original threshold val ues over tine.

TTS is the nost studied after effect of auditory
stimul ation (Babighian et al. 1975). TTS is often used to
predi ct noise induced hearing loss (NIHL) and the various
susceptibility index of the individuals to N HL.

Several factors are seen to decide the anmount of TTS
produced in an individual. Based on the TTS i ndex, various
Damage Ri sk Criteria have been proposed in the hearing
conservation prograns. One of the factors which could
affect TTS could be the Race differences.

Till now, quite a few studi es have shown a definite
rel ati onshi p between the hearing thresholds and raci al
di fferences. There are also evidences to show the effect of
nmel anin pignentation in the iris (eye color) and the TTS
produced. However, there appear to be no investigations
where the racial difference has been studied affecting TTS.



The present study was taken up to this end, to study
any possible effects of the race differences between the
I ndian and the Negroid races on the TTS produced.

St at enent of the problem:

The present study was ainmed at finding out if there is
any difference in the TTS neasured between the Indian and
the Negroid race, for a nonaural stinulation at equa

intensity levels and for equal duration of exposure.

Hypot hesi s:

“There is no significant difference between the subjects of
I ndian and the Negroid races in terns of the TTS".

Definition of the terns used :

TTS — Elevation in the threshold which recovers gradually

foll owm ng a noi se exposure.

TTS: — Tenporary threshold shift neasured one mnute after
t he cessation of the fatiguing stinmulus.

TTS, — Tenporary threshold shift neasured two minutes after

the cessation of the fatiguing stinulus.

Fati guing stinmulus: The acoustic stimulus used to produce

auditory shift in the threshol d.



Fati gui ng frequency: The frequency at which the ear was

exposed continuously to produce the fatigue.

Test frequency: The frequency at which the thresholds were

determ ned after the ear was exposed to fatiguing stinmulus.



REVI EW OF LI TERATURE

The review shall be di scussed and covered under three

t opi cs:

1. General information on TTS.

2. Iris pignentation and TTS.

3. Raci al differences in hearing threshold neasurenents.
1. General information on TTS:

Noi se seens to have a deleterious effect on the hearing
sensitivity of man. One of the neasurenents of susceptibility to
noise is TTS.

Definition of TTS — Ward (1963) stated that “auditory

fatigue is a time-linked process which grown with duration of

exposure (majority of the times) and di sappears as a function of

time since exposure”.

Corso (1967) defined TTS as the difference in the threshold
of audibility nmeasured before and after an individual has been

exposed to sounds with known physical characteristics.

Hunmes and Bess (1978) — TTS refers to the transitory

changes in hearing sensitivity induced by a fatiguing stimulus.



Types of TTS:

Ward (1973) described several types of TTS, dependi ng upon

the recovery pattern over tinme.

a) Utra short term TTS or residual masking where, the
recovery tinme is about one second.

b) Short-term TTS (low | evel adaptation): Recovery tine is

| ess than one m nute.

c) Sensitization or facilitation: recovery tinme is about one

m nut e.

d) Ordinary TTS (physiol ogical fatigue): recovery time is

greater than one minute and | ess than sixteen hours.

e) Long lasting TTS (pathol ogical fatigue): where the recovery

t akes | onger than 16 hours.

TTS which persist for nore than two mnutes are dependent
on the level, duration and tenporal patterns of the noise
exposure. Those shifts which di sappear within a second, depend
on the level of the noise and are independent of the duration.
Shifts which persist for about one minute, are to sone extent
i ndependent of th3e level of the fatiguing stimulus (Ward,
1969) .

Five maj or factors which influence the size of TTS are:

1. The time between the cessation of the fatiguing stinulus
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and t he post-exposure threshol d determ nation.

2. The intensity of the fatiguing stinulus.
3. The duration of the fatiguing stinulus.
4. The frequency of the fatiguing stimnulus.
5. The frequency of the test stimulus.

Gowh of TTS

General TTS increases with the duration of exposure upto
sone specific duration, after which it remains constant for a
| ong period of tine. The |level of TTS reached and nmi nt ai ned
after a certain duration of exposure is called the asynptotic
threshold shifts (ATS),which is thought to reflect a bal ance

bet ween the fatiguing and recovery process in the cochl ea.

In humans, it has been shown that this kind of plateau is
reached after about 24 to 48 hours of continuous exposure
(Mel ni ck and Maves, 1974; MIls et al. 1979; Stephensen et al
1979) .

The growth of TTS is affected by many sound paraneters such
as duration, intensity levels, repetition rate, acoustic
spectrum etc. Gowth is usually linear with the | ogarithm of
time (Ward, 1963).

Both growth and recovery of TTS are an exponential process
(Botsford, 1968; Keeler, 1968).
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Recovery of TTS

Recovery is also linear with |l ogarithmof tine, Recovery is

faster at the initial stages, later slackening to a very slow

pace (Ward, 1963).

Recovery cannot be measured till the ‘zero |evel, since,
the relationship with time is of a logarithmc type. hence, for
practical purposes, the recovery is taken to be conplete once

t he pre-exposure threshol ds are reached.

Longer the recovery tinme, smaller the TTS. But usually, a
recovery fromlarge TTS i medi ately foll owi ng exposure is often

followed by a ‘bounce’, particularly at high frequencies.

Sonetinmes the initial recovery process may actually
overshoot the original threshold level, resulting in a tenporary
sensitization (Hughes and Rosenblith, 1957).

Thi s di phasic nature of the recovery nay be due to two
processes — short |lived recovery process which nay correspond to
the neural activity (Ry)and a | onger recovery process
corresponding to the hair cell and netabolic changes (R;) (More,
1982).

The rate of recovery, from T TTS Caused by hearing aid use in

4 children with sensorineural deafness was three to
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four dB, for atleast four hours after the cessation of aid use
(Macrae, 1968).

Three types of recovery in addition to the logarithmc
recovery are descri bed:

a) Di phasi e
b) Pl at eau
c) Rebound.

These were studied after an inpul se noise induced TTS (Luz,
1971).

There are quite a few factors which are seen to affect TTS.

They are di scussed under the follow ng topics:
I . Stimulus related factors

1. Subject related factors

I1'l. Mscellaneous factors.

| . Stinmulus related factors:

1. Intensitx:

CGenerally, the growmh of TTS is linear, nore so, when
nmeasured after two minutes of exposure (TTS;) (Ward, 1963).

For octave band noise, TTS is proportional to the anmount by
whi ch the sound pressure | evel exceeds sone base val ue (75dB)
for octave band noise) (Ward, 1963).
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2. Test frequency:

At low | evels of stimulation, the maxi numeffect is
produced at the stinmulus frequency and | ess at the adjacent
frequencies. At higher levels, effect is usually seen from half
an octave to tow octaves above the simulating frequency (Van
Di schoeck, 1948).

3. Exposure frequency:

The hi gher the frequency (upto 4 or 6KHz, at |east),
the nore the TTS produced (Ward, 1963).

4, Durati on of exposure:

TTS grows linearly with logarithmof tine, except at | ower
frequencies, due to the action of the m ddl e ear nuscle refl exes
(selters, 1962).

5. Bi naural vs. npnaural stinmulation:

TTS is sen to be greater for nonaural than binaura
stinmulation (Ml nick, 1969; CGuiot, 1969).

6. Tenporal pattern:

Wavef orm of the stimulus (Phase spectrum has a
positive effect on the TTSi5mn (Buck et al. 1984)
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7. | mpul se Duration :

TTS using inpulses of 34, 58, 72 or 96 /u seconds in
duration, spaced one second apart at 168dB was studi ed. The
correlation of nunber of inpulses required to produce a 30dB TTS

was hi ghest when durations were simlar (loeb et al. 1968).

8. Noise and TTS:

Threshold shifts in man are dependent on the physi cal
paraneters of the noise, which the ear is exposed to. High
frequency noi se conponents cause nmuch greater threshold shifts
t han frequency noi se conponents cause nmuch greater threshold
shifts than | ow frequency sounds, naxi mum being centred around
3000Hz.

Critical bands of one octave width are the nost effective

stimuli to produce maxi mum TTS (Weissing et al. 1968).

1. Subject related factors:

1. Sex difference:

No significant sex difference | noted by many
studi es(Zakaria, 1980; Petiot and Parrot, 1984; Shreenmati, 1981;
Ni gam 1987).

2. Age difference:

There is no significant age difference in TTS (Ward, 1963).
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3. Ear difference:

Significant ear differences are noted by a few
researchers (dorig and Rogers, 1965; ward, 1967; Jerger, 1970),

while other studies find no difference between the two ears for
TTS (Wal dron, and Mnee, 1963; Bishnoi, 1975; Shreemathi, 1981).

4. Central factors

Effects of differing states of attention on the acoustic
reflex activity and TTS were studi ed and no positive differences

wer e found.

Hence central factor probably an artifact of the type of
task performance of the listener (Durrant and shall op, 1969).

5. Articul ati on and phonati on:

TTS from exposure acconpani ed by humring is significantly
| ess than TTS from exposure w thout any supplementary activity.
TTS whil e readi ng al oud during exposure was | ess when conpared

Wi th no readi ng during exposure.

Repeated turning of the head (non-vocal activity) resulted
in less TTS than when no activity during exposure (Bengnerek,
1972).
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6. Snoki ng and TTS

Snokers evidence | ess TTS than non- snokers, when exposed

to | oud noi se.

Non-sonkers evi dence greater TTS in the hot testing
condition than in the cold conditions.

Snmokers show no difference in TTS when tested in hot and

cold tenperature conditions (Dengerink, et al. 1978).

7. Eye color and TTS:

There is a positive effect of eye color on TTS
(Hood, pool e and Freedman, 1976). This particular topic shall be

di scussed in detail later in the chapter

[I1. Mscell aneous factors:

1. Interactive effects:

The course of fatigue process and recovery process at one
area of the basilar nenbrane is relatively independent of the
conditions existing at the other areas of the nenbrane, during

two different tones producing TTS consecutively (Ward, 1961).

2. Resti ng threshol d:

TTS is inversely proportional to the hearing |level i.e.

t he higher the hearing thresholds, the | ower the
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TTS Produced (Ward, 1963). i.e. subjects with conductive |oss
show | ower shifts due to the |loss of energy in conduction and in
t he sensorineural hearing | oss case, the nunber of hair cells

| eft undamaged are thensel ves | ess and hence | ower fatique.

3. Latent and Resi dual effects:

Repeat ed, subsequent exposures do not enhance the
magni tude of TTS (Ward, 1960). Increnments in TTS with every
subsequent exposure, after the previous exposure TTS reaches
‘zero’ shifts, show the presence of residual effects (Harris,
1955) .

4., Vi bration:

Vi bration along with noi se exposure seemto produce nore
TTS than noi se alone (Mrita, 1958).

5. Vitamin ‘A

Excessive vitamin ‘A admnistered to subjects with
normal diet shows no effect on TTS and its recovery, while it
m ght have sone effect, in vitamn ‘A deficient subjects (Ward,
1968) .
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6. Oxygen:

Excess of oxygen has no effect on TTS, whil e adequate
oxygen content is necessary for normal functioning. (Hrsh, and
Ward, 1952).

7. Salt:

Cook (1952) speculated an increase in TTS with excessive
use of ordinary salt, No experinental data is yet avail able
(Ward, 1963).

8. Dr ugs:

Myor el axi ns produce nore TTS. This is because, the mddle
ear nuscles get relaxed and hence nore energy reaches the

cochl ea during exposure (Lehnhardt, 1959).

9. Tenmper at ur e:

Cold tenperature in the environnent produces |less TTS.
This could be due to the increased peripheral vasoconstriction

at | ow tenperatures. (Dengerink, et al. 1978).

10. Pop nusic and TTS:

TTS is | ess pronounced, anong the pop-nusician when
conpared to the listeners of the pop-nusic (Axel esson et al.
1978).
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11. Acoustic reflex and TTS:

When acoustic reflex is present, the pure tone exposure

produces 10dB nore TTS, than the noi se exposure. \When acoustic

refl ex was not present, the pure tone and noi se exposure both
produce simlar TTS,, (MIls and Lilly, 1971).

2. Iris pignentation and TTS:

Literature reports that subjects with highly pignented
irises (brown)experience significantly Iess TTS than subjects
with less pignmented irises (blue), and that those with green-

gray pigmentation display internedi ate amounts of TTS.

Bonaccorsi (1965) states a high correl ati on between the
mel anin content in the stria-vascularis and that found in the
pignentation of the iris. W observed that the stria vascularis
was wi thout pignment when the iris was blue, and that the
concentration of melanin in stria vascularis increased with

i ncreased pignentation of the iris.

Prei bam (1908) found that honol ateral hearing | oss may
occur on the side of the depignented iris persons with two

differently col ored eyes.
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Turaine (1955) reported that al bino subjects often display

a loss of hearing sensitivity.

Bonaccorsi and Galiato (1965) report that the auditory
deficit in the guinea pigs fromindustrial noise was inversely
proportional to the pignent in the stria vascularis.

Tota and Bocci (1967) tested blue eyed subjects on one end
of a graded scal e of eye coloring showi ng appreciably greater
fatigue than brown-eyed subjects at the other end of the scale.
They conducted the study for an exposure of 100Hz at 110dB SPL
for three mnutes. They attribute their TTS Differences across
eye color to the protective effects of nelanin in the stria

vascul ari s.

Kood, Pool e and Freedman (1976) study confirns the
rel ati onship between the nelanin content and TTS in a positive

way.

New evi dences show that for stinulus intensities bel ow
110dB (NTL ke 1SO 1964), nelanin content of the iris exerts it
i nfl uence predom nantly upon auditory adaptation, while fatigue

effects only becone apparent at intensities above this |evel.

karl ovich (1975) on the other hand, does not support the
hypot hesi s that individuals with highly
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Pigmented irises (brown eyed) are nore resistant to auditory
fatique than those with | ess pignentation of the iris (blue
eyed) .

Thi s di sagreenent has been argued by Hood, Pool e and
freedman (1976) and is said to be true perhaps because Karl ovich
measured auditory fatigue and not auditory adaptation as was the
case with Tota and Bocci study. This was due to the difference
i n met hodol ogy followed by Karl ovich, where he used a fatiguing
stimulus of 1000Hz at 120dB SPL for 3 m nutes.

Physi ol ogy of nelanin pignentation : Bonaccorsi (1963),

found topographic correl ations between the cells of the
nmel anogenetic system and the vascul ar plexi, which are
responsi ble for the production, anongst other hunors, of
endol ynph and Pel | ynph and upon this basis, attributes a
function to nelanin, described as being ‘phyl ogenetically

angi oprotective’.

Al t hough the biological role of nelanin in the cochl ea
remains largely a matter of speculation, there exists a
sufficiently |arge body of evidence to suggest the inportance of
its presence.

La Ferriere et al. (1975), say that the studies on nelanin

are nore than a passing interest that the
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di stribution of nmelanocytes is largely confined to the well
vascul ari zed regions of the labyrinth of apparent secretary and
nmet abol i ¢ i nportance.

Li ndqui st (1973) denonstrated that nelanin granules had a
high affinity for various ototoxic drugs in vitro. In addition
a nunber of authors have conmented upon the association of
sensori neural deafness and pignmentary disorders, the best known

exanpl e being that of Waardenberg’'s syndrone (Fisch, 1959).

Mel anin acts as a ‘sink’ for free radicals. The existence
of such free radicals in the cochlea at high, stinulus
intensities may be presuned, though they have yet to be
established, If this were the case, then absorption by nelanin

coul d hasten the process of recovery (Comoner, et al. 1954).

3. Raci al differences in hearing threshold neasurenents:

Quite a few studi es have been reported in the literature
about the possible differences in the hearing threshol ds of
i ndi vidual s bel onging to different races.

Auditory sensitivity differences were anal yzed anong 169
bl acks and 524 white subjects. (Bunch and Raiford, 1931) They
observed no difference that was significant between the bl ack
femal es and white femal es (matched for
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age between 20 and 50 years). However, black nal es showed better
sensitivity than white nales for frequencies above 2048 Hz in
every age group

Rosen et al (1962) studied the Mabaans (all black race) and
conpared their hearing sensitivity with the other popul ation
data (Wiite) and found that the formar exhibited better high
frequency hearing with age.

Shepherd et al. (1964). conpared all black popul ation
with predom nantly white population and found a difference
between the two, in favour of black popul ati on. They observed
the difference to be genetic origin. They hypothesized that the
hearing difference between the races as seen by Rosen et a
m ght be due to “actual in born differences between the
bi ophysi cal systemnms” rather than to cultural or environnental
factors.

They found that the white mal es and femal es have better

hearing at 1-2KHz than their black counterparts.

Usi ng Bekesy audi onetry, at slow and fast speeds of pul sed
and continuous tones, no significant difference between the
bl ack mal es and white nmales, while white fenmal es have | ower
threshol ds than their black counterparts for only one stimulus
type. These conflicting results were attributed to the possible
soci o-econom ¢ and cultural differences in sociacusic factors
(Shepherd et al. 1964).
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The thresholds for children show no consistent racial
differences, while in adults, there is a consistently poorer
hearing for whites at frequencies above 2000Hz (fromthe age of

30 years), especially anong nal es (Post, 1964).

The National Health Survey Reports of 1960-62(U. S.A) for
Race and sex differences, found that the black (males and
femal es) had better than average thresholds for frequency 0.25
to 6KHz, when conpared with their white counterparts.

The National Health Survey of 1966-70 (U.S. A) anal yzed
Race and Sex differences anong youths and found that the white
girls had better hearing sensitivity than the black girls at al
t he frequenci es except at 6000Hz.

The white boys had good sensitivity to frequencies
bet ween 1-3KHz, when conpared with the bl ack boys.

Berger et al (1977) found that the whites had better
hearing than the bl acks across test frequencies 500-6000Hz with
an average of 4dB difference between thresholds for the race
groups.

Conpari son between the average hearing threshold | evels
for the non-industrial noise exposed popul ati on of black
popul ations to the white community showed the
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bl acks to have nore sensitive hearing (Royster et al. 1980).

Bl ack | ongshoreman indicate better hearing at higher test

frequencies than the whites (Karsai et al. 1972).

Lilley et al (1977) found racial differences in the
average HTLs anong the industrial noise exposed popul ati ons,
wherein, the blacks showed consistently better hearing than the
whites, with large differences (upto 15dB) at frequencies above
2000Hz. The authors noted that these findings could inply that

bl acks could be | ess susceptible to NTHL than whites.

Royster et al. (1980) studied |arge industrial noise
exposed popul ati ons and found that the black femal es had the

poorest sensitivity of hearing.



VETHODOL OGY

Subj ect s:

Al'l the twenty subjects were males, Ten were of Indian
race and ten of the Negroid race.

Age range: Indian subjects ranged from20 Years to 30

Years, with a nmean age of 21.98 Years.

The Negroi d subjects ranged from 25 Years to 35 years,
with a mean age of 28.5 years.

The hearing sensitivity (air conduction thresholds) of
all the subjects were within 20dBHL (ANSI, 1969), for
frequenci es 250Hz t hrough 8000Hz.

Eguignent:

A Madsen TBN-85 audi ometer was used for testing. Stinuli
were presented through TDH 39 ear phones, housed in MX 41/ AR ear
cushions. The instrunment was calibrated according to the BIS,
1983. specifications prior to the experinent. The calibration

procedure undertaken is given in appendi x-A.

listening checks were routinely conducted just before

each testing session.

Test environnent:

The experinent was conducted in a sound treated



27

audi onetric room where the anbient noise levels were well bel ow
t he proposed nmaxi mum al | owabl e noi se | evels. Noise levels in the
roomare given in Appendi x-B.

The test was conducted in a single roomsituation, wth
only two individuals (the tester and the subject) present during
the test. Both the tester and the subject were seated confortab-
ly, with the subject facing his back towards the audi oneter and
the tester. The test environnment was confortable in ternms of
hum dity, tenmperature, lighting, etc.

Test Procedure

Air condction thresholds for both the ears across the
octave frequencies of 250Hz t hrough 8000Hz were obtai ned using
t he Modi fi ed Hughson-West | ake procedure (Carhart and Jerger,
1959).

The ear with better pure tone average (PTA)was tested
during the experinment. Only one ear was tested for each subject.
| f both ears had simlar PTA, then the right ear was tested.
Each subject was tested only once and it was ensured that they
were not exposed to auditory fatigue or any other high |evel
noi se for a mnimum of 24 hours. This was done so as to ensure
conpl ete recovery fromany prior exposures.
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Foll ow ng the threshold determ nation, the subject was given a
sanmple of the fatiguing stinulus for a very short duration (two
seconds). Upon the approval of the subject to tolerate the | oud

tone for five mnutes, he was instructed as foll ows:

“you will be hearing the loud tone for five mnutes. After
five mnutes, | will stop giving the tone and will present
softer tones for short duratrions. Raise your index finger and
respond as before, whenever you hear the tones. Do you have any

guestions?”.

Fol | owi ng the instructions, the subject was exposed to the
fatiguing stimulus of 2000Hz for five continuous m nutes at
100dB HL.

The threshol d nmeasurenent was done only at 4000Hz oneni nute
and two m nutes after the cessation of the fatiguing stinulus
(TTS1 & TTS, respectively). The TTS nmeasurenents were done only
after one mnute so as to avoid the ‘Bounce Phenomenon’ (Hirsh
and Ward, 1952). The TTS effects were nmeasured at 4000Hz since
it is observed that the maxi num TTS occurs half an octave to one
octave above the fatiguing frequency (Ward, 1963).

The threshol ds were recorded nmanual ly. The data obtai ned
was anal yzed using appropriate statistical procedures. The
details of the results obtained are discussed in the follow ng

chapter.
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RESULTS AND_ DI SCUSS| ON

The data collected were anal yzed so as to obtain the nean
threshold shifts in the two groups. Standard deviation (S.D.) of
the threshold shifts was conmputed to assess the variability. The
results were al so anal yzed using the t-test for neasuring the
significance of difference between the nean threshold shifts in

the two groups.

The values of the threshold shifts for the Indian and the
Negroi d subjects are given in the Tables la and 1b respectively.
The tables indicate that the subjects in the Negroid group
(Group-2) have lower threshold shifts than the subjects in the
I ndi an race (G oup-1).

Tabl es 2a and 2b give the nean and the standard devi ation
values TTS, and TTS; for both the groups. Figures 1 and 2
represent the shifts graphically. Though the nean val ues of the
threshol d shift show | ower values for both TTS; and TTS; in the
Negroid group, the difference was not significant statistically
(t=1.05 for TTS; and t=0.76 for TTS,).

Tabl e la: TTS (TTS; and TTSy) at 4KHz: Group-1 (I ndian race)
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Tabl e 1b: TTS (TTS; and TTS;) at 4Khz Group-2 (Negroid race)

Subj ects 1 2 3 4 5 6 7 8 9 10
TSy 25 30 30 20 5 15 20 15 15 10
TTS, 15 30 30 20 5 15 15 15 15 10

Mean S. D
TTS: 22 6.4
TTS, 19.5 6.5

Mean S.D
TTS: ‘185 T 7.76 T
TTS, 17.0 7.48

The results of the present study contrast with the findings
of the studi es done on Race differences for hearing threshol ds.
Some of the earlier studies of Bunch and Raiford (1931), Rosen
et al. (1962); Shepherd et al. (1964); Post (1964) and Royster
(1980) show significant differences between the whites and the
bl acks in the









31

hearing thresholds. Al the studies found poorer hearing

t hreshol ds, anmong whites than in the blacks. The results of this
study however showed no significant difference between the

I ndi an and the negroid races, for TTS.

The probabl e reason for the above findings could be the
difference in the races studied upon. Al so, the present study
i nvol ved a supra-threshold nmeasure, while the others were

centred around threshol d neasures.

It is interesting to note that there areno differences in
TTS between the 2 races presently studied, the terns of the
mel anin pigmentation of the skin inspite of the Negroid subjects
havi ng darker skin color (higher nmelanin content). This is in
contrast with those studi es which have found correl ati ons anong
the iris color and the TTS.

Studi es have shown that TTS produced is | ess anpbng those
with dark iris pignmentation than those with |ighter shades of
iris color, (Tota and Boci, 1967; Hood, Pool e and Freedman,
1976). This fact has been attributed to the anmpbunt of nelanin
pigment present in the iris and the stria vascularis. The
nmel ani n pigment has been attributed with protective function of
the hearing, when present in |arger concentration.
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However, there appears to be no established correlation
bet ween the anpbunts of nelanin content in the skin and the stria
vascul aris, as between iris and stria vascularis. This would

probably explain the contrary results obtained in this study.

| nplications:

The percentage of an industrial population potentially
conmpensabl e for hearing | oss caused by on-the job noi se exposure
is strongly dependent on the Race and Sex characteristics of the
popul ati on. The know edge of the racial differences found in the
hearing levels have a role to play in the hearing conservation
prograns, wherein the hearing level shifts of industrial
enpl oyees show a great difference on a racial bais (Royster
1980).

Since no differences are observed between the Indian and
the Negroid races in terns of TTS as per the present study, it
is possible to speculate on the applicability of common heari ng
conservation prograns across the two races. However, further
research has to be conducted on this line for further

concl usi ons.
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SUMVARY _AND CONCLUSI ONS

The study was ainmed at investigating any relationship
between the Indian and the Negroid race and TTS produced, to
probe the effects of Race difference in TTS.

A madsen TBN-85 audi oneter with TDH 39 ear phones housed in
MX-41/ AR supra aural ear cushions, which was calibrated
according to the BI'S, (1983) was used for the experinent.

Twenty normal hearing male subjects, ten of Indian and ten
of the Negroid race, served as subjects for the study. Mean age
of the Indian subjects was 21.98 years with an age range of 20
30 years. The subjects of the Negroid race were in the age range
of 20-35 years, with a nmean age of 28.5 years.

TTS; and TTS, were neasured for each individual at 4000Hz,
after an exposure of five mnutes to a pure tone fatiguing
stimulus of 2000Hz, at 100dBHL. The data obtai ned was anal yzed
to obtain the central tendency measure (nean) andn the
variability measure (standard deviation). Al so, the t-val ues of
the data were obtained by adm nistering the t-test.
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CONCLUSI ONS:

1. No significant difference is seen between the two groups in
terms of TTS: FOR A 2000Hz stinulation at 100dBHL for five
m nutes, presented nonaurally, both at the 0.01 and 0.05

| evel s of significance (t=1.05).

2. No significant difference between the two groups noted for
the TTS, Val ues of both the 0.01 and 0.05 | evel s of
significance (t=0.76).

3. There is a greater amount of TTS anong the Indian subjects
in terns of the nean scores, in conparison with the Negroid

subj ects, though the difference is not significant

statistically.

As the study indicates no difference in the TTS
produced in ternms of races, it would probably be possible
to say that conmon hearing conservation prograns be
applicable for both the races. However, further studies on
this line have to be conducted, in order to generalize this

concl usi on safely.

Suggestions for further research

1. To study the race difference on | arger sanples of

popul ati on.
2. To study the effects of various other races on TTS.

3. To study the race difference in femal e subjects.



To conduct simlar studies with subjects of different

age groups.

To conduct race difference studies on TTS anong

i ndustrial workers and other professionals.

To study the race differences on TTS using stinmuli of

different frequency, intensity and duration.

35
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APPENDI X A

CAL| BRATI ON PRECEDURE

1. Pure tone Calibration

Calibration was checked for both frequency and intensity
out put of the pure tones generated by the audi oneter (Mdsen
TBN 85) which was used in the study.

Cal i brati on was checked prior to the study.

1l.a) Intensity Calibration:

Al'l intensity measurenents were done when the
audi omet er out put was set at 60dBHL, Bl S, (1983).

The acoustic output of the audi onmeter was given
t hrough earphones (TDH 39, housed in MX-41/ AR ear cushions) to a
m crophone, B&K type 4144, which was fit into a B& artificia

ear type 4152.

The signal produced was fed into a B&K sound | evel
nmeter type 2209 with an filter set, B& type 1613. The sound
pressure | evel values at the correspondi ng frequencies were

not ed.

Whenever the difference between the observed SPL val ue
and the expected value (BI'S, 1983) was nore than 3.dB, Internal

calibration was done by adjusting the presets in the audi oneter.



(11)

Thus the output |evels of the audioneter wave well

within 3dB with reference to the standards.

1.b) Frequency calibration:

The frequency of the pure tones were checked using a
Digital Frequency Counter. For this, the electrical out put the

audi oneter was given.

The frequency observed on the frequency counter and

t hat generated by the audi oneter were conpared.

The differences between the two readi ngs never
overshot a 3% (for 4000Hz and bel ow) or 5% (4000Hz and above)
level, and if they did, then the internal frequencies was
calibrated. The generated frequency was never nore than + 3% of
the specified frequency. Wienever the val ues exceeded this

limt, the internal frequency calibration was taken up.



APPENDI X B

Noi se levels in the test roomwere as foll ows:

Frequency in Hz. Anbi ent _noise level in dB SPL
125 30
250 18
500 <10
1000 <10
2000 <10
4000 <10
8000 <10

A B & K type 2209 SLM connected to a B&K Type 1613 octave
filter set and a m crophone B& type 4144 were the instrunents
used for the nmeasurenent of anbient noise |evels.





