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CHAPTER- |
| NTRODUCTI ON
Worl d popul ation explosion , urban spraw, bl atant water,

air and noise pollution, depletion of mneral resources....
these form just a part of the virtually endless list of
results which are the outcone of wurbanization and advance-
ments in science and technol ogy. These devel opnents have
contributed on the one hand, to a rise in the standard of
l[iving, but on the other hand, they have been major sources
of environnental contam nation. Over the past few decades a
definite increase in the extent of exposure to loud |evels of
noi se has been observed. Today we are all exposed to noise
of high intensities while travelling, (sone of us ) at work

and often our hobbies include noisy activities.

Noise is a word used to describe sound conditions in
certain instances. The nost common operational definition of
noi se that it is an unwanted sound or it is a wong sound in

a wong place at the wong tine.

Even though the developnent of noise into a ngjor
envi ronnental pollutant has happened recently, the probl em of
industrial noise seens to be as old as the industry itself.
Deaf ness has been referred to as an occupational "disease",

anong mllers and coppersmths even in the 18th century.



2.

Further, over the years there have been several reports of
deaf ness anong bl acksm ths, ship carpenters, shear grinders,
boi l er makers, engine drivers and people who fire guns. Thus
it has been a known fact that chronic exposure to loud |evels
of noise, as well as a sudden exposure to a very intense
i mpul se noise could result in a hearing loss. However, in
recent tines various other effects of exposure to loud |evels

of noise, on man, have been identified. These include:

(1) interference with comrunication

(2) effect of noise on the efficiency and accuracy of work

(3) annoyance

(4) masking of other significant sounds and signals in the
environnment eg: masking of an energency alarm in a
factory.

(5 negative physical, physiological and psychol ogical
reactions to vibrations caused by noi se.

(6) physical reactions |ike headache, earache, increased

heart beat, and fatigue.

Noi se Induced Hearing Loss (NHL) develops insiduously

and is thus often difficult to identify in its early stages.

This is because the first frequencies to be affected by
NIHL lie around 3KHz and above. As these frequencies do not

contribute significantly to speech perception, a mld hearing



loss at these frequencies goes unnoticed. Later with
conti nuous noi se exposure as the loss at these frequencies
i ncreases and the surrounding frequencies also get affected,
the individual starts experiencng a difficulty in speech

perception.

Fortunately NIHL can be prevented if a conprehensive
heari ng conservation program is franed and fol | owed
consistently. This requires the co-operation of t he
i ndustry's managenent, engineers, workforce, and nedica

staff, working for that industry.

Countries all over the world have developed their own
norns regarding the maxi mnum perm ssible duration of exposure
to high levels of noise of different types. The different
types of noise include steady state noise, inpulse noise, a
conbination of the two, etc. These norns nust be followed in
the industries in order to prevent NI HL. In factories where
the enpl oyees' duration of exposure to hazardous noise |evels
exceeds the permssible imts, the nmanagenent nust undertake

appropriate neasures for hearing conservation.

Hearing protection by neans of noise control is a conplex
system The conponents of this system can be mani pulated to

achieve the desired result. This system consists of 3 parts



4

(1) The Source (2) The Path (3) The Receiver.

h'd
NS

Receiver

Path

Source

The SOURCE is that part at which the noise energy
originates, eg: a noving part of a machine, gear, fan, press,

punp conpressor, etc.

The PATH is the direction taken by the sound pressure
wave. Different paths have different properties of attenua-
tion, radiation frequency's and absorption. Further the paths
maybe direct, indirect, airborne, structure borne, or a

conbi nation of any of these.

The RECEIVER is the conplainant or the person affected
by noise - he may be a factory worker, a soldier or a student

who gets disturbed by the noise while attending a |ecture.

Hearing protection by nmeans of noise control can be

carried out at these three |evels.

|. Control at the level of the source - This can be done in
several ways, such as
a. Elimnating the noise conpletely by stopping it.
b. Renoving the noise source to a distance.

c. Reducing the noise at source, by
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turni ng dowmn the vol une
reducing the anmplification of |oudspeaker systens
mai nt ai ni ng machi nery and replacing the wornparts.
reduci ng the inpact noise

reduci ng turbul ence

o o A~ w0 b Pk

I ncreasi ng danpi ng.

Modi fying the noise by altering its paraneters.

Control of noise in the path - This too can be done in

several ways such as ;

a.

Changing the site of the noise source, i.e., froman
outdoor site to an indoor site.
novi ng machinery froma nore open roomwhere radiation
is high to an inner roomwhere radiation is |ow
Providing baffles and noise barriers in the path of
sound transm ssion.
Constructing special sound insulated chanbers for the
machi nery.
| nproving the acoustic characteristics of t he
wor kpl ace.
Maski ng one noi se by anot her.
I sol ati ng machi nery which create a lot of vibration,
Cancel l ation of the sound waves of noise by another
wave which is 180° out of phase fromthe noise, is

anot her net hod of noi se reduction.



I11. Control at the level of the receiver : This can be done
by :

a. Providing personal Ear Protective Devices <EPDs)
Wrkers who are exposed chronically to intense noise
level s must be protected as they are at a risk for
devel oping a hearing loss especially in the higher
audi bl e frequencies. There are various factors which
are involved in NTHL and one anong these is the noise

spectrumto which the subject is exposed.

It has been found that noi se of narrow band concen-
tration is nore likely to endanger the hearing than noi se of

a wi der frequency range.

In general, there appears to be a resistance anong
enpl oyees to wear ear protective devices even when they
operate machines that emt extrenely high levels of noise.
This is either because they are not aware of the effects of
noi se exposure or due to the disconfort associated with sone
ear protective devices or because the managenent is unable to
adequately notivate its enployees and insist that they use
the EPDs.

There are several types of EPDs available in the market

today. These can be broadly classified into four major sub-

types.
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Earmuffs/ defenders : These consist of ear cups that are
hel d together by a headband. The headband tension varies
in different nuffs and the cushions of the ear-cups in
different nuffs is nmade up of different materials I|ike
sponge, fluid and other sound attenuating materials, In
general, ear nuffs help to attenuate noise levels upto

35-45 db depending on the frequency of the sound.

Ear-plugs : These cone as a pair and there are various
and types available. Sone look like sinple eartips while
others are flanged and a few are of a soft, nol dabl e foam
like material. In general, they provide an attenuation, of
upto 15-35 db depending on the frequency of the sound

whet her they are inserted correctly and whether they are

of the right size for the user.

iii) Sem-inserts : These are devices that close the entrance

to the ear canal wthout actually being inserted into
it. They are held in place wusually by a slender
headband or a cord. They do not provide very effective
attenuation by thenselves, 1i.e., only about 10-25dB,
dependi ng upon the frequency. They can however be used
along wth the disposabl e nol dable ear plugs,

Hel mets with earnuffs : These are devices that cover -the

entire skull like a cap, attached to a pair of earnuffs.



They provide good attenuation if they fit well and if
they earmuffs fit snugly. Further the attenuation they
provide is not only by occlusion of the external
auditory canal but also by covering a part of the
mast oi d/ skul | bone. They provide an attenuation of
30-45dB dependi ng upon the frequency. The di sadvantages
of this EPD is that it is bulky and heavy.

v) Renoving the conplainant : This is usually adopted as a
last resort when no other means of hearing conservation/
protection are possible or effective. The enployee, who,
on testing is found to be very susceptible to devel oping
NlHL, can be shifted to a different departnment in the
industry where the noise levels are lower, i.e., called
rescheduling or rehousing the enpl oyee. This however, is

not al ways feasi bl e.

Thus at the level of the receiver the nore frequently
used node of hearing conservation is by providing ear
protective devices. To determine the efficacy of EPD S we
need to study their attenuation characteristics (i.e., their
ability to reduce noise levels at the receivers' ears), for
loud levels of noise. The efficacy of EPDs is judged on the
basis of factors I|ike:

(1) the anobunt of attenuation they provide for noise

(2) the confort when worn



(3) their fit

(4) the percentage of time they are worn by the worker

(5) the extent to which speech conmunication is affected
in conditions of noise and quiet when the EPDs are

Wor n.

Met hods of neasuring attenuation characteristics;

These are many standard nethods available for neasuring
attenuation characteristics of an EPDs which nmay be subjective

or objective in nature.

Anong the subjective nethod is the Real Ear Attenuation
at Threshold (READ which can be performed in sound field or

under headphones.

It involves obtaining the thresholds of a person with and
without EPDs and finding the difference. In the nore conpl ex
t echni ques involving the above threshold procedures, we have
t echni ques such as masking, | oudness bal ance, mdline |atera-
l'ization, tenporary t hreshol d shift and speech

intel ligibility.

Anong the objective nmethods, we have the Acoustical Test
Fi xture nethod which involves the use of artifical-head ear
and the techni que of probe tube mcrophone in real ear. Both
techni ques involve probe tube mcrophone neasurenents of

insertion response of an EPD.
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NEED FOB THE STUDY :

A conparative study of the attenuation characteristics
of the four types of EPDs nanely, Earplugs, .Sem-inserts,
earmuffs, helnmets with earmuffs using the subjective nethod
of Real Ear Attenuation at Threshold (REAT) in sound field,
has not been carried out before in India. Such a study wll
hel p us assess which EPD provides nmaxi num attenuati on. Based
on these findings the appropriate EPD can be recomended for
enpl oyees working in different setups, where they are exposed
to different levels and types of hazardous noi se. Furt her,
no study has collected data on the subjects' ratings of the
confort of the different EPDs. This will help gather
informati on on which EPD is nost favored by subjects in terns

of confort and its effect on comruni cati on.

Al M5 OF THE STUDY :
This study ained at investigating the attenuation chara-
cteristics of the various comonly available and frequently

used EPDs.

The study also aimed at collecting the subjects' responses
and ratings of each EPD in terns of confort, weight, case of

weari ng/ renoving and the effect on conmunicati on.
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CHAPTER - |1
REVI EW OF LI TERATURE

Qccupational hearing loss is not a new phenonenon . It has
generally been accepted until recent tines AS a part of the
price to be paid for full enpl oynent and technol ogi ca

progress. Fortunately a growi ng awareness of this problemin
the industry, changing attitudes to enploynent and the
availablity of noise reduction techniques and hearing
protectors, have resulted both in the quantification of the
noi se hazard and the reduction of the risk of hearing damage

in many instances ( Martin, 1976).

However, Mller (1996) reported that while the
preval ence figures of people wth sensori-neural (SN) hearing
loss in the United States ranged from 28-33 mllion
approximately 1/3 of this population suffered from a hearing
| o0ss whose nmmjor cause was exposure to noise at hazardous
| evel s. According to him noi se induced hearing |o0ss
accounted for nore cases of sensori-neural hearing |oss and
tinnitus than all other factors conbined. The ot her causes
of sensori-neural hearing loss included genetic factors,
congenital abnormalities,infections, space occupying |esions,
Meniere's Disease, trauma, age, ototoxic drugs, etc. Wile
a lot of these causes may not be easily preventable, noise is

by far the nost preventable of all the causes.
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Sound is a wave notion in which a source sets the
nearest particles of nediuminto notion. Sound is such a
common part of everyday life that we rarely appreiciate all
of its functions. It permts wus the enjoyable experiences
like listening to nusic; it permts spoken comrunication ;
it alerts us or warns us, Eg: with the ringing of a tel ephone
or a knock on the door; and it permts us to nake quality
eval uations and di agnoses, eg: the clattering, noisy valves

of a car, a squeaking door/wheel, etc.

However, many sounds are unwanted, unpleasant and
annoy us. Unwanted and unpleasant sound is often called
noi se. In 1977, the Air Pollution , Noise and WV bration

Convention ( No.148) defined noise in the working environnent
as "the term'noise" covers all sounds which can result in
hearing inpairment or be harnful to health or otherw se
danger ous". Noise is a form of pollution that nust be

controll ed.

TYPES OF NO SE :

| ndustrial noise may be divided for convenience into two

seperate types : steady state noise and inpulse / inpact
noi se. However, in practice both types often occur together
I n general, industrial noise has a broad band frequency

spectrum However, this spectrum may have di screte puretones

superi nposed upon it. Bergl und, Hassnen and Job (1995) have
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reported several sources of |ow frequency noise, eg:en ssion
from artificial sources like the aircrafts, industrial

machi nery, air-novenment nmachinery including wnd turbines,
conpressors,ventilators, air-conditioning units, etc. Sources
of inpact noise as reported by Martin (1976) include drop
forges, pneumatic hamrers and stanping rmachines. O her

sources of inpulse noise are mning explosions and artillery

noi se, eg:. gunshots, firecrackers, etc.

The single nost destructive sound for the human hearing
mechani sm is inpulse noise. Wenever the ear is subjected to
a brief but very intense sound the possibility of accoustic
trauma results. This presents a serious hazard to hearing
(Martin, 1976; Agnew, 1987). A short duration sound with a
fast rise tine acts so quickly that the inherent protective
mechani sms of the mddle ear are unable to react fast enough
to danpen the sound. When exposed to continous (steady
state) loud sounds, the stapes inside the mddle ear changes
from its wusual node of efficient sound transmssion, to a
rocking action that creates an inefficient transfer of energy
across the mddle ear. This prevents damagi ng energy |evels
from being transmtted into the cochlea fromthe mddl e ear
Loud sounds al so cause the tensor tynpani and the stapedius
nmuscles to contract in a protective reflex action called the
acoustic reflex. This contraction danpens the novenent of

the tynmpanic nenbrane and stiffens the action of the stapes
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to prevent it from being driven forcibly into the cochl ea.
Both these protective nechanisns are too slow to provide

effective protection against inpulse noises.

The precise relationship between exposure to damagi ng
noi se and the resulting degree of hearing loss is not totally
clear. Damage due to noise exposure is not a sinple product
of the intensity of noise and its duration, but is a nore
conpl ex function involving the duration, the tenporal pattern
and the frequency spectrum of the sound and al so the exposed

i ndividual's susceptibility.

In addition to the acoustic characteristics of the
inpinging sound, hearing loss due to noise exposure also
i nvol ves ot her conplex physiological factors such as the
effects of disease and aging, any pre- existing hearing |oss,
previ ous exposure to noise and exposure to drugs or chemcals

with ototoxic effects ( Agnew, 1987).

OCCUPATI ONAL HEARI NG LOSS
Sone of the nost inportant features that are characteristic

of an occupational hearing loss are

i) The hearing loss 1is of a sensori-neural type causing

damage chiefly to the cochlear hair cells.
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ii) The degree and pattern of hearing loss evident in the
audi ol ogical findings reflect a history of long term
exposure to intense noise |evels.

iii) The hearing l|oss devel ops gradually over the first 8 -10

years of exposure to noise.

iv) The hearing loss intially starts in the higher
frequencies (3kHz - 6kHz); the speech discrimnation
scores (even with substantial high - frequency |osses )
are generally good ( over 75 %) .

v) The hearing loss stabilizes once the patient is renoved

from noi se exposure.

| TS AUDI TORY EFFECTS

Chroni ¢ exposure to occupational noise damages the hair
cells in the cochlea causing a sensori-neural |oss. No damage
to the outer or mddle ear ( conductive |oss) can be caused
by daily exposure to loud industrial noise. Over tinme sone
of the nerve fibres supplying the damaged hair cells may
al so becone damaged and thus result in a neural hearing |oss

too (Sataloff and Satal off, 1987).

It has been known for many years that prol onged exposure
to high intensity noise results in senori-neural hearing |oss
that is greatest between 3kHz - 6kHz. In such cases the
cl assi c audi ogram shows a 4kHz dip in which hearing is better

at 2kHz and 8kHz. Wil e there have been several hypotheses



16

that attenpt to explain the 4kHz dip in noise -induced
hearing loss, its pathogenesis remains uncertain. This |oss
intially affects the hearing between 4khz and 6kHz and then
spreads to other frequencies. NIHL nmay be tenporary
(tenporary threshold shift, TTS ) or permanent ( pernmnent

threshold shift, PTS).

Wth exposure to intense sound |ends the nornmal processes
of the ear break down and acoustic truama results. Pernmanent
loss of hearing can result fromeven a single brief high
intensity exposure , such as a gunshot very close to the ear.
The high energy content of such an inpact sound drives the
stapes suddenly inwards creating a high pressure wave in the
fluid of the cochlea. As this wave travels down the cochl ea,
it can literally sweep away the hair cells, cause collapse
or degeneration of segnents of the organ of Corti and can
tear the reticular lamna and Reissner's nenbrane. | nt ense
sound pressure caused by explosions can actually rupture the
tynpani ¢ nmenbrane, dislocate the ossicular chain and tear the

organ of Corti ( Agnew, 1987).

Apart fromthe hearing loss the other effect of exposure
to hazardous noise levels is tinnitus. It presents a signifi-
cant problem in industries. Tinnitus is comon, but rarely

disabling; it may be quite disturbing to some individuals and
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in severe cases it may interfere with the quality of life on

a daily basis. (Sataloff and Satal off, 1987).

Tinnitus refers to noise in the ear and it usually
i ndi cates sone damage to the auditory pathway. Exposure to
i mpul se noise like a gunshot wthout adequate hearing
protection results in an imediate hearing threshold shift
usual |y acconpained by a type of tinnitus that sounds like a
gushing or high-pitched ringing noise. The onset of such a
tinnitus followi ng exposure to a gunshot is a warning of

acoustic insult and that there is inpending hearing damage.

NON AUDI TORY EFFECTS

Par br ook (1963) and Mani (1988) have reported the non-

auditory effects of NIHL as

1. Interference with speech comuni cation

2. Disruption of job performance ( efficiency and accuracy)
and safety

3. Annoyance

4. Increased blood circulation, stress and other psycho-

| ogi cal effects.

5. Negative reactions to vibrations at the physical,

physi ol ogi cal and psychol ogi cal |evel, eg: damage caused
by blow of the heart against the lungs due to vibration,
notion sickness due to vibrations interference wth

communi cation and reduction in work efficiency.
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I nterference with Conmmuni cation

Speech comuni cati on 'S relatively easy in quiet
conditions but in the presence of noise, conmmunication can
becone difficult or inpossible. Thi s interference wth
comuni cation is a special case of nmasking of one sound by
anot her. Interference increases with the |oudness of the
intruding sound and the nore continous in tinme it is. |npulse
sounds that are widely spaced in tine are obviously of little
consequence as far as interference in communication is
concerned, unless an inportant signal is lost during the
short loud sound. The spectrum of the intruding sound as
conpared to the wanted sound is also inportant. The effects
of high levels of noise in the speech spectrum 300-300Hz are
nost significant . The amount of annoyance engendered by the
intruding sound is also a relevant factor. Further it has
been noted that conversational speech starts to becone
difficult when the speaker and listener are seperated by about

60cns, in noise |levels of about 88dBA

Wiile it may be possible to overcone this problem of
maski ng of speech by high anbient noise to a certain extent,
eg: by the use of vi sual gestures and exaggerated
articulation, such operations are only of value in limted
situations such as close face-to-face conversation. Effects

of masking are even nore serious in purely auditory
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conmuni cati on systens , such as the tel ephone because, not
only is the listener unable to nake use of any such visual
cues but he also has to cope with an additional source of

noi se fromthe transm ssi on channel.

The degree of interference of noise wth conmunication

depends on the conplexity of the transmtted nmessages.

Effects of Noise on Efficiency and Accuracy of Wrk
Br oadbent (1957) summarized the necessary conditions for

denonstrating inpairnment in work efficiency:

1. The task should be continous and of relatively Iong
duration (atleast 30 m nutes)

2. Task performance should be presented at a high rate and/or
with a high degree of tenporal and spatial uncertainity.

3. The details ( mcrostructures) of performance should be
examned rather than relying on gross neasures of
efficiency.

4. The noise levels need to be greater than 90dB.

Recent literature in the area of nmenory and perceptual
selection however has revealed that the efficiency is
affected even on quite brief tasks when the SPL may be |ess
than 90 dB. Laboratory tests using sound under controlled
conditions do show a slight deterioration of performance in

certain circunstances |ike:
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i) When the sound is very loud ( sufficiently loud to cause a

ri sk of hearing damage)

ii) Performance in certain work is nore affected than than in
others due to noise. It is hypothesized that intense
noi se/ sound causes a nonentary and periodic interruption
in the worker's ability to take in sensory information
which may be due to a brief period of shift in attention.
If the pace of the work or action is outside the worker's
control, these nonentary |lapses of attention can lead to
failures in reaction or mstakes and thus reduce the

efficiency and accuracy.

The spectral content of loud intruding sounds of
frequencies greater than 2 kHz has a greater influence than

those less than 2 kHz.

Rhythm seens to be inportant as it has been reported
that sound interruption (one second on and one second off)
continously cause a less drop in efficiency than an equally
loud steady sound. People differ in their reactions to
noi se. Wil e sonme people concentrate better in noderate noise
than in quiet, others do not. Thus changes in work efficiency
are observed to be much less than 5% and these changes occur

at levels when the intruding sound is very intense.
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Annoyance caused by sound /noi se

Annoyance is felt if the intruding sound

1. Produces a feeling of fear (possibly requiring action)
where sound is considered unnecesary

2. Produces an irrational fear

3. Poses a problemrequiring a solution

4. 1s incongruous to the work in hand

5

Is considered to arise fromanti-social behavi our.

Thus the annoyance val ue of a sound depends on

1. The loudness of the noise wth respect to the anbient
noise ( thus it depends on the climate, tinme of the day,
our community, etc.)

2. Wether it produces fear (eg: very low or high pitched
sounds are nore annoying than a sound of a wuniform
spectrum

3. If the sound is of unknown type/direction

4. |1f the sound has very sharp transients

5. If it has unpredictable intensity/ rhythm

6. If it is unclear and is just near threshold of audibility.

Exposure to loud sound can cause stress, fatigue, an
increase in blood pressure, palpitations and could also |ead

t o headache, tinnitus, etc.
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Reactionsto vibration

This occurs at various levels: physical, physiological,
and psychol ogi cal . Vi bration can upset the body mechani sm
eg: it disturbs the vestibular nechani sm It can interfere
wth or reflexes and also reduce the efficiency of working in
jobs that require precision of placing or novenent of hands.
It can affect peoples' attitudes and feelings but reactions
may be diverse. The nore intense the vibrations the |ess
the tolerance. Further, vibrations caused by high frequencies

have little effect just as those caused by one cycle per five

m nut es.

PREVENTI ON OF HEARI NG | NJURY

Wor kpl ace noise regulations typically establish criteria
selected to Ilimt the percentage of workers at risk of acqui
-ring "beginning" hearing inpairment over a working life
tinme. There are different standards for maximum perrois

-sible levels of exposure to noise that have been devel oped.

The Cccupati onal Safety and Health Adm nistration,
(CSHA) a branch of the Departnment of |abour, in 1983, gave

perm ssi bl e values for noise levels and duration of exposure.

The 5dBA rule is one standard that is often used; i.e.,
for every 5dBA increase in noise level, the permssible

duration of exposure decreases by half. Eg: a person can be
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exposed to 85dBA of noise for 8 hours a day wthout
the risk of developing a hearing loss, and to a 90dBA
noise for 4 hours a day without the risk of acquiring a
hearing loss, and so on, upto 130dBA at which the perm ssible

duration of exposure is |less than one m nute.

The perm ssible exposure level and the nunber of inpulses
permssible per day is are as follows : when the level of
i npul se noi se increases from say 130 to 140dBSPL, the
perm ssible nunber of inpulses per day decrease from 1000 to
100. No exposure > 140dB SPL ( peak SPL energy of inpulse)

is perm ssible.

Thus, to ensure that no exposure greater than the
perm ssible level occurs, suitable engineering control or

adm ni stative neasures should be enpl oyed.
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HEARI NG CONSERVATI ON PROGRAMVE ( HCP)

An effective HCP is one that acconplishes the goals

established for it. The goals of an industrial HCP are:

1. The primary goal nust be the prevention (or, atleast,
[imtation) of permanent hearing loss associated wth
exposure to industrial noise i.e., prevention of noise
i nduced permanent threshold shifts (N PTS)

Compliance with OSHA regul ations

Reducti on of enployee stress and absenteei sm

Reduction of work place accidents due to plant noise |eve

a M w DN

Reduction of the conpany's liability to worker conpensa-

tion clains for occupational hearing |oss.

Features of a conprehensive HCP (Stewart, 1994) which
are necessary for its effective functioning and which have
been wi dely accepted are:

1. Measurenment of work area noise |levels

2. ldentification of over-exposed enpl oyees

3. Reduction of hazardous noise exposure to the extent
possi bl e through engineering and admnistrative controls

4. Provision of personal hearing protection if other
controls are inadequate

5. Initial and periodic education of workers and nmanagenent

Motivation of workers to conply with HCP policies

o

7. Initial and periodic evaluation of workers hearing |evels
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8. Professional audi ogramreviews and recomendati ons
9. Follow up program for audionetric changes
10. Detailed records keeping systemfor the entire HCP

11. Professional supervision of the HCP

As stated earlier noise is radiated fromthe source, via
the path, to the receiver. Noi se control is basically a
system problem In theory, the problem should always be
approached in a way so as to reduce the noise at its source.
This is the optinmum solution. The reduction of the
transmssion of the sound via the path is the second best
nmet hod of attenuation. Personal protection of the receiver
should ideally be considered as a last resort. Yet, in
practice where reduction at source not feasible for
t echnol ogi cal or economc reasons, some form of acoustic and
/or vibrational barrier in the path as well as personal

hearing protection nust be used.

CONTROL OF NO SE AT SOURCE AND IN TRANSM SSI ON
A) Reduction of noise at source

In the industrial situation the main sources of noise
i ncl ude internal conbusti on engi nes, novi ng machi nery
drills, aerodynam c and hydrodynam c flow and inpact between
two or nore masses, .etc.

Martin (1976), divided procedures for control of noise

at source into two nmain categories:
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Alteration of the duty or operating procedures of a machine
(in terms of adjusting speed and |oading of the nmachine,
conpatible with production requienents) and schedul i ng
operating times of noisy equipnment when a mninmun nunber of
personnel are present.

Al teration of the design of the machine by changing the mass

stiffness or by danping of certain parts to avoid friction

Mani  (1988) gave the follow ng nethods of noise control
at the source:

1) Reduction of the vibration intensity by maintaining a
dynam c balance, dimnishing the force acting on the
vibrating part and reducing the nunmber of revolutions

per m nute.

2) Reduction of turbulence and speed at which fluids
contained in pipes /ducts pass through the inlet and
out | et openi ngs.

3) Replacenment of Spur gears with straight teeth, by spur
gears with helical teeth; substitution of plastic for
steel materials.

4) Prevention of inpact when objects/bulk nmaterial are
mechani cal | y conveyed, and prevent them from dropping

freely from conveyors.

5) Appropriate designs of burners and conbustion chanbers.
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6) Appropriate designs of conpressed air |ines, gas-mains or
pi pe-work for liquids, to prevent noise propagation
7) Installation of danmping of elements at points of contact
bet ween nmachi ne and plant equi pnent, etc.
B) Noise control in Transm ssion
Acoustic energy may be "transmtted through air as noise
or through a solid structure as a vibration. The latter may
also result in acoustic radiation and thus get transmtted
through air as noise too. In practice, noise reaches the
receiver via several paths. Thus, control procedures involve
the determ -nation of the relative inportance of each path of
transmssion in order to ascertain the predom nant path and

take appropriate measures to control it.

Several methods to control noise during transm ssion
have been reported by Martin (1976) and these include:
DSiting of the Source and Receiver - This refers to
increasing the distance between the source and the receiver.
As we know, when distance is doubled in value the intensity
of noise reduces by 3-6dB. Thus situating the noisiest

parts of the factory as far as possible fromthe quiet areas
can reduce the noise |evels.

2) Use of Radiation Patterns - Sone noise sources radiate

sound/ noi se nore effectively in certain directions than in
ot hers. Thus, in such situations, careful siting and

orientation of the source may result in a reduction of the
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noi se level at the receiver. This is nost effective under
free field conditions where reverberation is mninal.

3) Building Designs - Carefully designing the I|ocation of
roons where noisy machinery is to be kept with respect to
ot her roons, can hel p I sol ate t he noi se sour ce.
Installation of vibration isolation equipnent while designing
the building is also useful.

4) Path Deflection by Barriers - This is wusually effective
only when the barriers are large in relation to the
wavel ength of the sound being transmtted. Barriers are
useful when the source/receivers are close to them Buil dings
t hemsel ves, under certain circunmstances, could be enployed as
effective screens.

5) Control by Enclosure - Using properly designed acoustic
encl osures around either the source or the receiver is an
effective neans of noise reduction and provides a conside-
rabl e degree of attenuation. The anmount of attenuation of
the enclosure depends on the surface mass of the materi al
fromwhich it is constructed including the floor and the
cei ling. If the worker is located in the near field of noise
source, control by treatnent of the walls of the roomis not
practical to reduce noise |evels. However when the worker as
located in the far field, treatnent of the walls is effective

in protecting the listner as the effects of reverberation are

m ni m zed.
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6) Noise Control by Absorption - Application of sound
absorbent materials to the surfaces of the roomcontaining a
noi se source is not very efficient as only the reverberant
sound field is affected. Thus a reduction of only about 6dB

is provided (Martin ,1976).

7) Vibration Isolation - The transm ssion of structure borne
energy from a source to a receiver via other radiating sur-
faces can be reduced significantly by nounting the source on
resilient pads thus isolating it from the floor. Anti -
vi bration nmounts can be designed to suit the specific machine
depending on its mass, operating frequency and resonant frequ
-encies. The rigid pipewrk ducts, etc, connected to the
machine also need to be nodified with flexible connectors to
reduce vibration.

8) Acoustic filters and Mifflers - Noise from internal
conbustion engines , fans and blowers and pneumatically
operated machinery may be reduced effectvely by the use of
acoustic silencers. These devices provide a relatively
econom ¢ neans of noise reduction in industrial situations.
Mani, (1988) reported the follow ng nethods for noise control
in path;

i) Installation of machines on vibration danping bases which

are isolated fromthe floor and wall.
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ii) Isolation of danping materials between machi ne bases and

foundati ons and use of anti-vibration nountings,

iii) Separate installation of noisy machines to avoid noise
propagation off the prem ses,

iv) Conplete or partial enclosure of noisy equipnent,
installation of sound barriers, sound-absorbing |inings
and sound-isolating partitions,

V) Lining of walls, partitions, floors and ceilings wth
danpi ng and absorbing materials,

vi) Using nufflers, silencers for steamand air jet noises

to prevent noi se propagation, etc.

C) Noise Control at the Receiver

The application of techniques for reducing the noise at
source, by mnimzing the existing forces generating the
energy, is often not practical; and procedures for reducing
the transm ssion of energy from the source to the receiver
may have to be applied. These too, may often not be practical
sufficient or econom cal. Thus, when neither of these
renmedies are adequate or feasible to Iimt noise to safe
| evel s one has to resort to personal hearing protection or
noi se control at the receiver. Thus workers exposed to noi se
above the perm ssible levels, nust be provided with personal
hearing protection. It is the responsibility of the enployer
to provide ear protectors that attenuate noise sufficiently

to renove the hazard.



3l

In the eyes of law, it is not good enough nerely to
supply hearing protection, but the ear protective devices
(EPDs) provided nust be capable of removing the hazard to
hearing from the noise enviornnent in which they are being
worn. Further, the enployer nust also educate the enployee
about noise and the need to wear ear protectors and
persuade himto do so. Thus, know ede is required not only
of the the physical characteristics of noise and the acoustic
attenuation characteristics of the hearing protectors, but
al so of the non-acoustical properties of the EPDs such as
confort, wearer-acceptability, etc. EPDs provide imediate
and often effective protection against occupational hearing
loss. In general, EPDs nust be worn when a worker is exposed
to sound pressure levels of 85dB and above in any of the
speech interference frequencies for the duration of nornma

wor ki ng hours.

The protection afforded by hearing protector depends on
its design and on several physiological and physical charact-
eristics of the wearer. Sound energy may reach the inner

ear of persons wearing protectors by four different pathways:

a) by passing through the and tissue around the protector
b) by causing vibration of the protector, which in turn

gener ates sound into t he ext er nal ear cana
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c) by passing through leaks in the protector and

d) by passing through |eaks around the protector (Sataloff

and Satal of f, 1987).

The following figure (Fig.l) illustrates the pathways of

noi se | eakage.
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Fig-1 NO SE PATHWAYS TO TEE OCCLUDED EAR

For EPDs to provide optimum noi se reduction, acoustical |[|eaks

t hrough and around the protectors nust be mnimzed. This

can be achi eved by:

a) Using EPDs made of inperforate materials

b) Using protectors that are designed to conformreadily to
the head or ear canal configuration so that an efficient
acoustic seal can be achieved and the protector can be
worn with confort.

c) The protector should have a support neans or a sea

conpliance that will mnimse its vibration.
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d) Mff type protectors should not be worn over long hair,

poorly fitted eye-glass tenples, or other obstacles.

As vibrations of the skull from inpinging sound waves are
transmtted to the inner ear by way of the outer and m ddl e
ears or directly to the inner ear, the maxi mum attenuation
attainable with any hearing protector is approximtely 55dB

(Vasall o and Satal off, 1978).

There are several types and brands of EPDs avail able
while selecting the nobst appropriate type for a given

Situation, there are several factors that need to be

consi der ed.

The primary factor is that of the anmount of hearing
protection (attenuation) the EPD provides, in the required

frequency range.

The other desirable features include confort for |ong
duration use, cost, durability, chemcal stability, availa-
bility, wearer-acceptance acoustic environment in which the
EPDs are used, effect on user's skin (i.e., the EPD should be

non-al l ergic and non-toxic), cleanability and hygi ene.

Different hearing protectors possess varying anount of

these properties, both good and bad, thus the requirenents of
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the wearer and his environnent nust be taken into account

while a particular type of EPD is sel ected.

EPD ATTENUATI ON MEASURENMENT

There are two ways to nonitor the useful ness of EPDs:

a) Real world tests : These are nethods to evaluate the real
worl d performance of the EPDs. This method provides a
nore realistic picture of the attenuation characteristics
of an EPD as conpared to the Laboratory methods, which

of ten provide an exaggerated picture.

b) Laboratory tests These include the REAT nethod,
auditory threshold shift measures, | oudness bal ance
conpari sons, acoustical test fixtures, etc., sone of

whi ch are descri bed bel ow.

1) The standard Real Ear Attenuation at Threshold (REAT)
met hod (ANSI 1974): This method has been nodified along with
the Japanese Standard Association (1955) and Canadi an

St andard Associ ataion (1965)to fornmulate the Indian Standards

in 1979.

The subjective method of REAT in sound field has been
described by Berger (1986). The REAT is the nost common
nmet hod of neasuring EPD attenuation. ' Virtually all the
avai | abl e manuf acturers’ reported data are derived via this

nmet hod. The procedure invol ves:
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i) Determning the subject's thresholds of hearing in sound
field without wearing the EPDs (open threshold).

ii) Then the subject's thresholds are determned while
wearing the EPDs (occuluded threshol d)

iii) The difference between the two thresholds, i.e., the
threshold shift, is determned which is a neasure of the
attenuation or is the Insertion Loss (I D afforded by the
EPD.

2) Insertion loss of hearing protectors can also be neasured
using the Acoustic Test Fixtures (ATF) nethod.

This method is frequently used for quality control of ear-
muffs in hearing protector factories.

3) The neasurenent of attenuation (insertion |o0ss) using
artificial heads wth and without a torso is also common,
but a great deal of effort needs to be expended to

construct artificial heads acoustically simlar to the

average human head.

Al these nethods have advantages and di sadvant ages, and
by and large, the REAT nethod is accepted as one that gives
true and reliable results. However, this nmethod too has been
criticized for producing mnor errors in attenuation at |ow
frequencies, for being tinme consumng and for neasuring

attenuation only at |ow exposure sound Ilevels (Helstrom

1990) .
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4) Insertion Response Measurenment (insertion |oss). Another
nmet hod for nmeasuring the attenuation or insertion loss is
by placing a soft probe tube mcrophone in the ear canal.
The length of the mcrophone inserted is kept constant at
a length equal to the earplug/sem-insert that enters the

ear canal, plus 2-3nmnore.

To measure the insertion loss the sound pressure |evel
(SPL) is nmeasured in the unoccluded ear of the subject.
The subject is seated at 45° azimuth, 12 inches away from
the |oudspeaker, wth the speaker height adjusted to the
hei ght of individual's ear. (Location of the subject
varies with different equipnment for neasuring insertion
loss). A sweep frequency warble tone at a constant |evel

(eg: 70dB SPL) is presented.

Then, without disturbing the position of the probe tube
m crophone, the EPD is anchored in the ear. The occl uded
nmeasurenment is done in the sane way as for the unoccul uded
condition, is done, with the EPD in the ear. The insertion
loss for the warble tone is objectively neasured from 500Hz
to 8KHz in dB. The insertion loss (I D is equal to:
IL (dB) = QOccluded SPL -unoccluded SPL.

Thus the insertion |oss values can be obtained and conpared

across frequenci es.
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The variables involved while neasuring the attenuation

characteristics of EPDs are

a) Dependent variables eg: the attenuation spposed to be
provi ded by the EPD.

b) Independent variables eg: 1) types of EPDs being neasured
andthe material it is made up of; its retention properties
after repeated use and cleaning 2) the conbination of
EPDs whose attenuation is being measured 3) the instrunen
-tation used in nmeasurenent 4) the method of neasurenent
that is selected, the test envi>onnent and the test
stimuli used.

c) Nuisance variables 1) the subject hinself is a variable
2) the effect of climatic conditions on the EPD 3) the
pl acenment and fit of the EPD in the ear and chances of its
di sl odgenent 4) the anount of vibration in the test envir
-onment 5) the order of use of EPDs during attenuation

measur enment .

TYPES OF EPDs

There are primarily four main types of EPDs nanely:
1) Ear plugs 3) Earnuffs

2) Sem -inserts 4) Helnmets with earnmuffs

In each of these type of EPDs there are several different

subtypes and brands that are avail able. Different types of



38

EPDs provide different anmount of attenuation. Oher types of
EPDs include anplitude sentitive and frequency selective

devi ces.

1) EAR PLUGS : These are inserts that fit directly into the
ear canal. They cone in many configurations and are made of
rubber, plastic or wax inpregnated cotton or other materials.
A correct fit depends on a proper seal along the entire
circunference of the ear canal walls. These EPDs are fairly
cheap, small and easily portable. They usually can be easily

cleaned in soap and water.

Ear plugs are, however, not usually tolerated in the ear
for more than two hours or so at a time. On an average, they
provide an attenuation of between 15-35dB dependi ng on the
type of ear plug. Kumar, Venkatesh, Ragini, (1982) reported
the attenuation of earplugs using REAT nethods w th earphones

as 27.75dB at 250Hz, and 46dB at 8KHz.

Chandrashekar et.al. (1993) did a study to obtain the NRR
(Noi se Reduction Rating) values of EPDs avail able, indi-
genously. The NRR values were calculated using the nethod
reconmmended by Berger in 1983. They reported the NRR val ues
of earplugs that were manufactured in India to range between

1.98 and 21. 83. Inported earplugs were found to have a NRR

val ue of 22.5-23.
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The different types of earplugs available are
Pre-fabricated/ Pre-nol ded ear plugs
They are manufactured from flexible materials such as

vinyls, cured silicones and other elastoneric fornulations.

One of the nobst common devices is the V-5IR earplug. It is
available in 5 sizes. Prenol ded plugs are available wth
varyi ng nunber of flanges (between 1-5). General ly greater

the nunber of flanges, better is the seal and greater in the
attenuation. Values of attenuation for prenolded earplugs as
reported by Agnew (1987) are between 20-30dB wth greater

attenuation in the high frequencies than at |ow frequencies.

Berger (1994) reported values of attenuation for prenolded
earplugs as around 25dB at 1KHz and approxi mately 40dB at

hi gher frequenci es.

Formabl e / Mol dabl e ear pl ugs

They are also known as di sposable and mal | eabl e ear pl ugs.
They may be manufactured fromcotton, wax, spun, fiber glass,
silicone putty and slow recovery foam Their |ife expectan
-cies are short and may vary froma single use to use over a
few weeks. Their primary advantage is confort, but the size
of the EPD prescribed should be based on a careful exam na-
tion of the user's ear canal. Ml dable earplugs are inserted

by kneading the material to forma cone, or a thin cylinder
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and then pressing it to the entrance of the ear canal. Once
inserted it begins to expand to gain full size in about 10
seconds. Slow recovery foam ear plugs were first introduced
in early 1970s. The attenuation values for the foam earplugs
range from about 30dB at 125Hz to 45dB at 8KHz (Berger, 1994).

Martin (1976) reported attenuation values of between 8dB and

43dB.

Wil e disposable and noldable earplugs may be nore
confortable to wear than prefabricated ones they require
greater standards of cleanliness from the wearer. [f they
are inserted with dirty hands, foreign bodies or dirt may

get inserted and may lead to irritation and infection

Custom - Mol ded Ear pl ugs

These are nade either from two part curable silicone
putties or vinyl. These fill the a portion of the ear cana
as well as the concha and pinna. The canal portion provides
the acoustic seal while the concha and pinna part provide
support. These are easier to wear, wusually nore confortable

and as they are customzed they are useful to notivate sub-

jects to use them

Berger (1994) reported that the average attenuation

provi ded by these earplugs was between 15 and 35dB
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In general, earplugs need to be handled carefully and
cleaned regularly, or else they could lead to infections and
irritation to the skin of the ear canal. They require skill
to insert and renove them wthout damaging the plug
or hurting the user. They should be prescribed according to

the size of the user's ear canal.

Wiile they are easily portable, it is difficult to
nmonitor their use in industries due to lack of visibility.
Further, nost of them are prone to hardening, cracking,
shrinkage, becoming dirty and losing their flexibility and

thus need to be replaced frequently.

2) SEM [INSERTS : These are also referred to as conca seated
hearing protectors or canal caps. They consist of pads or
flexible tips or rubber caps attached to a |ight weight
head-band that presses the caps against the entrance to
the external ear canal. They are far easier to wear and

renove than ear plugs and are also easily portable.

These devices are principally intended for intermttent
use conditions, where they roust be renoved and repl aced repea
-tedly. During longer use periods, the force of the caps
pressi ng agai nst the canal entrance may be unconfortable, but

the sem-inserts wth good head-band tension can provide
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fairly adequate attenuation. Berger (1994) reported that
t hese devices nmay provide between 25dB and 45dB attenuation.
These devices, however, tend to create the nost noticeable
occlusion effect and consequently distort, the wearer's per-
ception of their own speech nore than other EPDs do. These
devices that partially enter the ear canal, in addition to
cappi ng the canal entrance, provide better attenuation than
those which just cap the ear canal entrance. Sat al of f and
Satal off (1987) have reported that sem-inserts provide only

about 15-20dB attenuation bel ow 1KHz.

3) EAB MUFFS :

Most types of ear nuffs are of a simlar design and are nade
of rigid cups specially designed to cover the external ear

conpletely. They are held against the sides of the head by a
spring |oaded adjustable band and sealed to the head with

ci rcurmaur al cushi ons.

For maxi mum attenuation of sound, the protector cups
should be made froma rigid, dense non-porous material. Each
cup is partially filled with an absorbent material to reduce
the high frequency resonances that may otherw se occur within

t he shell .
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The earmuffs seal may be liquid-filled or plastic foam
filled. Liquid-filled seals usually provide marginally
better protection wth only slight headband tension, but
they suffer from the additional problem of |eakage of fluid
if treated roughly. Further, as the liquid gradually gets
absorbed, these type of nuffs becone nore stiff. Mdern foam
-filled seals are alnbst as good as liquid seals and have the
additional advantage of robustness. However, they require
slightly higher headband pressure to provide a satisfactory
seal. Leakage in seal due to eyeglasses, big earrings, etc.,
should be ruled out, as the attenuation provided by earnuffs
is related to the force of wth which they are pressed
against the sides of the head. According to Martin, (1976),
this could reduce the attenuation by 5 to |QdB. Thus care
should al so be taken not to bend the head-band severely as it

will alter its tension.

sone earnmuffs are asymetrica and thus can only be worn
one way i.e., only one of the oupe with fit the left ear and

the other the right.

Earmuffs in general, are known to provide the greatest
protection and attenuation. Further, one size usually fits
nost people and nmuffs can be easily renoved and replaced in a
hygi eni ¢ fashi on. This rmakes them extrenely suitable for

dirty and high-level noise areas and also for people who
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frequently nove in and out of noisy environnents or for
peopl e who may suffer fromm nor diseases of the external ear

canal and thus cannot wear earplugs.

Berger (1983) reported that the average attenuation

provided by the earnmuffs was between 15dB and 40dB.

Agnew (1987) reported that their attenuation ranged from
25 to 35dB. The disadvantages of earmuffs lie in their
bul ki ness, initial cost and the fact that they tend to make
the ears hot. Further, they are also usually nore susceptable
to damage than other forns of hearing protection. However,
as they are bulky, they are clearly visible and thus their
use can be easily nonitored even from a distance. Earmuffs
al so pose a problem then they are not conpatible with other
safety appliances |ike goggles, helnmets, etc., Further, ow ng
to their weight they may sonetinmes slip dowm. Thus a head-
band that is worn under the chin is attached to them this

may make them confortable for long periods of use.

Chandrashekar et.al. (1993) reported the NRR values for
earmuffs, that were manufactured in India, to range between
1.51 and 8.87 while the inported earnuffs had a NRR val ue of
16.
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SPECI AL TYPES OF EAR PROTECTORS
There are several earnuffs designed for special purposes
such as inproved conmunication and selective attenuation of

hi gh level transient noise.

Anptitude Sensitive Devices

These are nonlinear EPDs that are designed to attenuate
loud sounds nore than soft ones - they are designed to
provide little or no attenuation at | ow sound |evels.
Communi cation is thus uninpaired during quiet periods. These
earmuf fs incorporate an electronic peak-limting device or
i ncor-porate nechani cal valves which operate when high |evel
gunfire noise is incident upon them These devices are
extenely valuable in industrial mlitary or sporting situa -
tions where people are exposed to inpulse noise or inter -

mttent noise.

At sound levels below 110-120dB, at |ow frequencies (i.e
< 1000 Hz),these devices do not provide any attenuation; the
attenuation increases to as much as 30dB at higher frequen -
cies ( Berger, 1986). At even higher sound levels, the

attenuation values increase by |dB for each 2-4dB increase in

the sound | evel.

These devices are however relatively expensive, heavy,

require batteries and need to be handled with nuch greater

care than ordinary earnuffs.
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Frequency Sel ective Devices

Al hearing protectors attenuate sonme frequencies nore
t han ot hers. Some are designed to augnment this effect.
These devices are usually fitted wth an acoustic | ow pass
filter which ensures that the attenuation below 2KHz is
relatively snall. This filter enables the |ower speech

frequencies to be passed and this allows easi er speech

comuni cati on between wearers. However , I nproved speech
comuni cation in noise will only result if all the external
noise is at a higher frequency. This is not the case in

majority of the industrial situations and consequently noise
below 2KHz is insufficiently attenuated and the comrunication
advantages of this device are often not realised. Further,

t hese devices are not suitable for use on the factory fl oor.

4) HEMLETS W TH EARMUFFS :

This is also called earnuffs attached to a hard hat.
When the use of protective headgear is required, hardhats
with attached earmuffs provide a convenient alternative to
the use of earmuffs attached with a head-band. However,
these are nore difficult to properly orient and fit since the
attachnment arns can never provide as adaptable an adjustnent
as do the head-band-attached nuffs; nor can they fit as w de

a range of head sizes. For these devices the attachnment arns
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nmust be properly extended and the helnet's webbing nust al so

be adjusted to properly locate the hat on the head.

These devices to sonme extent help reduce the vibrations
of the skull due to intense noise levels and thus reduce the
noi se reaching the inner ear via bone conduction. Depending
on the type of earnuff attached to the helnmet, they provide

different anount of attenuation that ranges from 20dB-40dB

These devi ces, however, conprom se on confort as they
pay attenuation to safety. Further, they are very bul ky and

not easy to wear and renove frequently.

ne of the principal problens faced by hearing

conservationists is overcom ng enployee resistance to the use
of hearing protection devices. The causes for this resistance

i ncl ude:
The EPD interefore with or distorts the sounds that the user w shes

to hear. Speech, for exanple. sounds nuffled and
di st or ed.

-> The user experiences an occlusion effect and has diffi -
culty in nonitoring his own voi ce.

-> Machine sounds are altered and are thus nore difficult to
evaluate, in case of a fault in functioning. Al arns, warning

bells, signals that convey information regardi ng change of
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shifts, end of duty, etc. , are also attenuated and are

difficult for the client to hear while the EPDs are worn.

However, visual alarns nmay al so be used.

-> Further, a lot of the EPDs are bul ky, heavy, unconfortable
and cause irritation to the skin when used over |ong periods.
-> Workers feel insolatted and have an altered body inmage

when they wear EPDs.

Thus due to all these reasons there is a |ot of resistance
to the use of EPDs anong industry workers. Abuse of EPDs by

workers alter the attenuation provided.

Sone of these situations or factors can be tackled or
overconme by using EPDs which are designed to provide a
uniformattenuation (i.e., EPDs that possess a flat frequency
response) across frequencies and by using EPDs that provide

an 'optimzed rather than a nmaxi mzed anount of attenuation.

Further, use of EPDs specific to noise conditions in a

setup, rather than use of those EPDs which provide maxi num

protection will also be useful.

An effective EPD is one that is worn and worn correctly.
Extensive strategies for training and notivating the workers

nmust be enployed to overcone resistance to the use of EPDs.
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This can be done using large scale in-field experinents,
denonstrating the short and long term effects of noise
exposure on exposed individuals wearing EPDs and those not
wearing EPDs-thus denonstrating their achieved protection
(Berger and Lindgren, 1990). O her nethods involve public
educati on about the hazards of noise - its auditory and non
auditory adverse effects and further fitting subjects wth
custom zed EDPs, |like custom made earplugs, wll nake the
heari ng conservation program nore personalised and will help

noti vate workers to use EPDs.

Ef fects of Ear Protective Devices on

Communi cati on and warning signals -

Wearing EPDs obviously interferes with speech conmunication
is quiet environnments; however, wearing a conventional set of
earplugs or muffs in noise |levels above 90dB in octave bands
(or about 97dBA for flat spectra) should not interfere with,
and indeed may inprove, speech intelligibility for nornal
hearing ears. Wearing EPDs Hi gh |evel noise can inprove
conmuni cation for normal ears because, speech-to-noise ratio
is kept nearly constant and the protected ear does not
distort from over-driving caused by the high speech and
noi se | evels. The efficiency in ears with a hearing |oss
has not been denonstrated as conclusively, but it seens to be

hel pful in that situation too.
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I n general, studi es have shown that those wi th nornal
hearing who wear EPDs in noise levels greater than 85 dBA
denonstrate an ability to hear machinery sounds, warning
signals and speech that is either unaffected or slightly
improved. These activities may be affected when EPD s are

warn in quiet conditions.

Local i zati on and Depth Perception -

Anot her effect of EPDs is to confuse one's ability to
|ocate the direction of origin of sounds. Studi es indicate
that a helnmet with nmuffs, or earnuffs alone interfere with
| ocali-zation accuracy to a greater extent than do inserts
that | eave the outer ear exposed. Furthernore, it is reported
that subject are unable to learn to conpensate for the
adverse effects of earnuffs. Berger (1994) reported that
several studies suggest that EPD may alter the depth per -
ception ability of the wearer i.e., the ability to judge the

di stance froma sound source.

Confort of the various EPDs -

Earplugs and sem insets are in general considered to be
confortabl e because they are light and are suitable for even

hot envi or nnents.

However, when these devices provide a very good seal,

they are reported to be slightly unconfortable. In hot

NW72.0
&l7.890 72
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environments they may lead to irritation of the skin of the
external auditory canal.Thus, they are a little unconfortable
to wear for long periods of tine. H gh headband tension of
sem inserts also leads to disconfort. Further, they cannot

be worn in the presence of ear infections.

Muf f type protection and helnets with nuffs - These can
be worn in the presence of ear infections. They are however,
heavy and bul ky and are unconfortable to wear especially in
hot envi ornments when their use leads to sweating. They are
difficult to carry around. H gh head-band tension (or wei ght
of the helnet or nuffs, or both) leads to a lot of disconfort
and pain and may even cause a headache. These devices are
inconpatible with spectacles or sun-gl asses. Despite these
[imtations, the nuffs are still the EPDs that provide best
attenuation.

Thus the literature available on hearing conservation and
noi se control suggests; that while noise control at the source or
during transm ssion is nore effective, it it often not feasible or
ideal to achieve and thus one needs to resort to the use of EPDs.
Anong the various types of EPDs available earnmuffs are currently the

devices that provide maxi num attenuati on.
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CHAPTER- 1 | 1
VETHODOLOGY
This study ained at conparing the attenuation

characteristics of six different Ear Protective Devices

(EDPs), in the sound field set-up. This study al so conpared
the subjective responses of the subjects for confort,

wearability, weight etc., of the six EPDs used.

According to the classification of EPDs into a) Earplugs
b) Sem -inserts c¢) Earnuffs d) Helnets with earnuffs, at
| east one, or a maxinum of two EPDs were taken from each

category of EPDs. The EPDs used were as foll ows:

1) Ear Utra-fit (flanged) Earplugs NRR21 :
This EPD looks like an eartip with three flanges. This
EPD weighs 2gns for a pair. . (plate 1)

2) Soft nol dabl e EAR Ear pl ugs:
This EPD is made up of foamlike nol dable material that
is light yellow in colour. It weighs 1 gmfor a pair.

Cplate 1).
3) TASCO Sem -insert T-100 NRR 17

This device just closes the entrance to the ear canal

W thout actually entering into it. The ear pieces of the

device are connected with a slender head-band. It weighs

9 gns. . (plate 1)
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4) Earnuffs
This consists of orange coloured ear-cups that are held
together by a black head-band. It weighs 151 gns.

(plate 2).

5) Peltor Earnmuffs (Tactical 7)
It consists of two foam padded headphones. The right head
-phone has the attenuation control. The Peltor earniuffs
have an electronic circuit inside, which allows variable
attenuation. At full-on position,it provides anplifica-
tion of speech and soft environnental noises, but cuts
off noderate-to-loud inpulse sounds. |t is battery

oper at ed. It weighs 366 gns. (plate 3)

This EPD was evaluated for its efficacy at three levels
by mani pul ating the attenuator i.e.,

1). Level of conplete attenuation (full-off position)

2) Level of 50%attenuation (md-on position)

3) Level of No attenuation (full-on position).

6) Helnmet with nuffs:

It consists of a plastic helnet which has earnuffs
attached to it frominside and it has a neck strap for

support. It weighs 452 gns. ("plate 4)



EAR ULTRA FIT [ FLANSeD ]
EARPLUGS NRR 21

8oF1T MOLDABLE €-A-R
EARPLUGS -

17SCO T1-100 SEM]-INSERT
NRR 11.




PLATE-2




PLATE -3

PELTOR EAR MUFFS

TAcTIcAL 1
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SUBJECTS :
Thirty subjects, fifteen males and fifteen females, in

the age range 18-35 years were selected for the study.

The subjects were selected on the basis of the follow ng

criteria :

1) Al subjects had no significant history of any infections
of the ears or exposure to loud noise in the past.

2) Al subjects underwent an audionetric evaluation and
had a Pure Tone Average (PTA) for air conduction no
greater than 15dB HL in both ears. In all the other
frequencies i.e., 250Hz, 3KHz, 4KHz, 6KHz and 8KHz the
thresholds for all subjects were within 20dBHL.

3) Al subjects had Speech Reception Thresholds (SRT) that
corresponded with their PTA

4) Immttance audionetry using (Version 2 of GSI 33 Mddle
Ear anal yzer) was done on each subject and only subjects
wth "A type t ynpanogr ans W th i psil ateral and
contral ateral reflexes present in both ears were selected

for the study.

EQUI PMENT USED :
A calibrated diagnostic audiometer (Mdsen 0B822) was

used which had the facility to do speech audionmetry and
present narrow band and white noise in sound field. The

audi oneter was calibrated according to the ANSI S 3.6-1971
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Rev/ 1SO-389. 1975/B.S. 2497 standards. Calibration data was

stored in the audioneter's programuable nenory.

The earphones used for the preselection testing were
TDH- 39P. The | oudspeakers used for sound field testing were
Madsen El ectronics |oudspeakers which were placed at a 45°

azimuth, at a distance of one neter fromthe subject

A two-room sound treated suite was used for the study

The ambient noise level in the testee's room was wthin

prem ssible limts.

Cct ave Anbi ent
Fr equency Noi se |evel (dBSPL
250 Hz 22
500 Hz 16
1 KHz 10
2 KHz 8
4 KHz 9
8 KHz 10
C Scal e 35dB
linear scale 48dBSPL.

The material used for speech audionetry, (Speech Reception
Threshold - SRT ) was the GOD WI| and W2 spondee |ists,
(see Annexure 1- Spondaic words of auditory tests WI and

W2 CI D).
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PROCEDURE

First, thresholds for narrow band noi se centered at
250HZ, 500Hz, | KHz, 2KHZ, 3KHZ, 4KHz, 6KHz, 8KHz, white noise
and the SRT were established for each subject in the sound

field set-up without any EPDs fitted. These were the "open

t hr e- shol ds".

Then each subject's new thresholds were established in
the sound field again, for the same narrow band frequencies,
white noise and SRT, with the subject fitted with each of six
EPDs used in this study. For the test, the tester fitted the
subjects with each EPD. These were called the " occluded

t hreshol ds" for each type of EPD

The instructions given to the subjects when determ ning

the thresholds for narrowband noi se and white noise (open and

occl uded) were :

"1 will be presenting brief periods of noise. Each
time you hear the noise, please indicate by raising your
index finger imediately. |If you do not hear anything please

put your hand down. You should respond for the softest sound

that you hear."
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The instructions given for SRT were

"I will say a few words through the m crophone. Each
tinme you hear nme you should repeat the word that you heard ne
say. |If you are not sure of what you heard, you may try to

guess the word

PROCEDURE USED FOR ESTABLI SHI NG THRESHOLDS

The nodified Hughson - VWestlake nmethod of threshold

estimati on was used.

The procedure used to establish SRT was : The speech
(spondee words) were initially presented at 20 dB above the
PTA for narrow band noi se. The SRT was then tracked using

the nodifi ed Hughson - Wstlake net hod.

Each subject was tested for all the EPDs in one sitting

with a rest period of five m nutes between each EPD test.

The difference between the 'occluded and ' open
threshol ds, for each EPD, for the different stinuli, i.e.,
narrow band noise, white noise and speech reception, were
calculated. The value thus obtained gave the anount of
attenuation, also referred to as the "Insertion |oss",

provi ded by each EPD.

The results thus obtained were subjected to statistical

analysis to obtain the nmean, range and standard deviation.
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The results of these tests are explained in the chapter on

Results and Di scussi on.

Subj ective evaluation of EPD:

After testing each subject they were asked to wear and
renove each EPD to see if they could do so on their owmn. The
subjects were then adm nistered a questionnaire, (Appendix 2A
- Questionnaire for short-termuse of EPDs), to collect data
on their opinion about the confort of each EPD in terns of
wearability, ease of wearing and renoval, weight and size of

the EPD.

Later six subjects ( three males and three fenal es) were
chosen at random from the thirty subjects and were each
fitted with one of the six EPDs. These subjects were nade to
wear the EPD for eight hours wth a half hour break after
four hours of use. At the end of the day ( i.e., after eight
hours) a questionnaire, (Appendix 2B - Questionnaire for |ong
-termuse of EPDs), was admnistered to the six subjects
regarding the confort of that particular EPD which they had
worn. Questions on how nuch the EPD affected speech
perception and the comunication process were also included.
The results of the subjects to the questionnaire are

di scussed under the Result and Di scussi ons.
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CHAPTER -1V

RESULTS AND DI SCUSSI ON
This study ainmed at conparing the attenuation provided
by the six different EPDs across different narrowband

frequences, i.e, 250Hz, 500Hz, 1KHz, 2KHz, 3KHz, 4KHz, 6KHz,

and 8KHz, white noise and for speech stimuli for thirty
subj ect s.
The review of literature suggests that anong the various

types of EPDs currently available, the earnuffs provide the
maxi mum attenuation. However, in terns of confort, earplugs
and sone sem-inserts are reported to be nobst confortable
As earnuffs are heavier and have a high headband tension they
may cause disconfort and pain to the user.

The values of attenuation obtained across frequencies
for different EPDs were then subjected to statistica
analysis. The nean standard deviation and range were
comput ed.

The nean attenuati on represents protection t hat
approximtely fifty percent of the test subjects neet or
exceed.

The standard deviation provides an indication of the
variability in attenuation across subjects and replication.
To estimate the protection that a greater percent of the
subjects attain, adjustnents to the nean may be conputed by

subtracting one or nore standard devi ati on.
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The range represents the mni numand nmaxi num attenuat i

provided by a particular EPD at a specified frequency aero

subj ect s.

The results obtained for each of the EPDs are. given bel ow

TABLE - 4.1
Attenuation provided by Ear Utra-fit (fl anged) Earpl ugs
NRR21
Frequency
N=30 250HZ| 500Hz| 1kHz | 2KHz | 3KHz| 4KHz | 6KHz 8KHz| VBN SET
TEST
MEAN 14.83314.333|17.333| 19 21 |21.05|/21.05/24.33/26.5| 25
SD 3.592 14.097 |3.41 3.81/3.32/3.75 |3.75 4.49 2.98 3.71
M N 10 10 10 10 15 15 15 15 20 20
NAX | 20 20 25 25 | 25 | 25 | 25 | 30 30 30
TABLE 4-2
Attenuation provided by Soft Moldable EAR Earplugs.
Frequency
N=30 250HZ| 500H2| 1kHz |2KH2|3KHz |4KHz |6KHZ | 8KHz VBN| SRT
TEST
VEAN 22.833/20.67 |25.17 |24.83 27 |30.67|32.67|33.17 33.8|33.3
SD 4. 49 3.88 3.08 4.04 |3.62 |4.87 |4.30 |4.45 |3.87 |3.56
M N 15 10 20 20 20 | 20 25 25 30| 30
T MAX | 30 25 30 (30 | 30 | 35 | 40 | 40 40| 40
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TABLE 4.3
Attenuat ion provided by TASCO Sem -inset T-100 NRH 17
Frequency
N=30 250H2| 500HZ| 1kHz | 2KHz | 3KHz | 4KHz | 6KHz 8KHz | WBN| SET
TEST
VEAN 9.5 11.333|12.833|15 :6.51 22.33|21.83|21.67|22.3:| 22.17
SD 4.02 (2.25 2.84 3.47 |5.93/2.86 |2.45 |2.39 |2.86|2.52
M N 5 10 10 10 10 | 20 20 20 28 20
WX | 15 15 20 120 | 25 30 | 25 | 25 | 30 25
TABLE 4.4
Attenuation provided by Earnuffs.
Frequency
N=30 250H2 | 500Hz | 1IKHz | 2KHz | 3KHz 4KHz | 6KHz 8KHz | WBN| SRT
TEST
MVEAN 13.83317.17|22.33|22.67|26.83|28.83| 34 34.6131.3335-17
SD 3.87 3.95 |3.65 |3.41 |3.07 |2.52 |3.32 |3.42 |2.60|3.08
M N 10 10 15 |15 20 25 30 30 25 30
TUTUMAX | 20 20 | 25 |25 30 | 35 | 40 | 40 | 35 | 40
TABLE 4.5
Attenuation provided by Peltor Earnuffs (Tactical 7) off-Position
Frequency
N=30 250HZ | 500Hz | 1kHz |2KHz | 3KHz 4KHZ | 6KHz | 8KHz| WBN | SRT
TEST
MEAN 16. 67 27 34 |38.83/36.66| 42 44.16 | 43 |32.83|38.83
SD 2.73 3.73 /3.32 [4.29 |4.22 (2.81 |3.49 |3.61|3.64 |3.13
M N 10, 20 30 |30 30 35 40 40 30 35
TOMAX | 20 35 | 40 |45 45 | 45 | 50 | 50 | 40 | 45
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TABLE 4.6
Attenuation provided by Peltor EarMiffs (Tactical 7)
M d-on Position

Frequency
N=30 250Hz | 500Hz | 1kHz | 2KHz | 3KHz 4KHz |6KHz |8KHz | VBN | SRT
TEST
MEAN 11.33 |11.40 12.33|13.55/16.67|18.33|27. 17 |24.5;! 15 |13.44
SD 3.25 2.86 |2.54 |3.91 |2.39 |3.62 |3.13 |4.47 4.15 4.83

M N 5 10 10 |10 15 15 25 20 10 10

MAX | 15 15 15 |20 20 25 35 30 | 25 20

TABE 47
Attenuation provided by Peltor Eanauffs (Tactical 7)
Full-on Position

Frequency
N=30 250HZ | 500Hz | 1KHz | 2KHz |3KHz 4KHz | 6KHz |8KHz | VBN | SRT
TEST
VEAN -6.5 |-8.07|-5.33 -1 |1.67 |6.33 |15.67|16. 1'' 1. 12/0. 833
SD 3.51 3.33 |3.45 |3.57 |3.30 |2.60 /3.80 |3.13/3.58 |3.97

MN | -10 |-15 -10 -5 |-5 0 10 10 | -5 -5
 MX | 0 | -5 0o | s 5 10 | 20 20 5 | 5

TABLEA4. 8
Attenuation provided by Helnet with Miffs

Frequency
N=30 250Hz | 500Hz | 1kHz | 2KHz |3KHz 4KHz | 6KHz |8KHz | VBN SRT
TEST
MEAN 16.33 [19.5 |19.68|21.67|22.81|22.09|22. 83|23. 2383 22. 17 24
SD 2.92 4.31 |4.64 6.89 6.81 |5.29 |2.84 |3.71 3.13 |3.57

MN | 10 10 10 15 15 15 20 20 | 20 20

MAX | 20 25 25 |20 30 30 30 30 | 30 30
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The attenuation provided by the different EPDs was
conpared for Ilow frequencies ( i.e., mean of nmeans of
attenuation at 250Hz and 500Hz) m d-frequencies (i.e.nmean of
means of attenuation at 1KHz, 2Khz, 3KHz), high frequencies
(i.e. neans of attenuation at 4KHz, 6Khz, 8KHz), white noise

and SRT as shown in the Fig. 1 to 5 respectively.
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Figure 1

LOW FREQUENCY ATTENUATION

TYPE OF EPD

Figure 2

MID FREQUENCY ATTENUATION

TYPE OF EPD
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Figure 3

HIGH FREQUENCY ATTENUATION

45

2 8 ] ] ] ®
8P NOLLYONALLY NV3H

TYPE OF EPD

Figure 4

ATTENUATION FOR WHITE NOISE

- AP NOLLYNNILLY NVIW

TYPE OF EPD
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Figure 5

ATTENUATION FOR SRT

On X-axis :

TYPE OF EPD

Key for Figures 1 to 5

1 : Ear Ultra fit (flanged) Earplugs NRR 21
2 : Soft Moldable EAR Earplugs

:TASCO T -100 Semi-insert NRR 17

: Earmuffs

. Peltor Earmuffs (off position)

. Peltor Earmuffs (mid-on position)

: Peltor Earmuffs (on position)

: Helmet with muffs

ONO O~ W
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The results obtained in this study are in general,
consistent with the finding of earlier studies on attenuation

attenuation characteristics of different EPDs.

The Peltor earnmuffs (TACTICAL 7) were found to provide
maxi mum attenuation in the full-off position for low, md
and high frequencies as well as SRT. The Soft Mol dabl e EAR
ear pl ugs provided maxi num attenuation for white noise at |ow
frequencies and for SRT the Soft Ml dable EAR earplugs
provi ded, the second best attenuation and the helnmet wth
muffs the third best, for high frequencies however the
earmuffs provided the second best attenuation and the soft
nol dabl e earplugs the third best. The mean attenuation
val ues across all frequencies for the Soft WMl dable EAR
earplugs i.e. 22.83 at 250Hz and 33.17 at 8KHz were slightly
| ess than the val ues obtained by Berger (1974), i.e., 30dB at
125Hz and 45dB at 8KHz but corresponded with the val ues
represented by Martin (1976), i.e., mean attenuation lies

between 8 and 43dB for Soft Mol dabl e EPDs across frequencies.

The Ear Utra fit (flanged) earplugs provided attenuation

ranging from 10 to 30dB across frequenci es.

The TASCO T-100 Sem -insert provided attenuation ranging from
5 to 20dB at frequencies bel ow 1KHz which correlated with the
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report by Sataloff and Sataloff (1987) and in general an
attenuation of between 5dB and 30dB across all frequencies
which is consistent with the findings of Berger (1994) who

reported that the attenuation values the between 25dB and

40dB.

The Peltor earmuffs (TACTICAL 7) at md-on position
provided least attenuation for SRT i.e., around 12dB, little
attenuation at low and md frequencies and white noise i.e.,
around 15dB and nost attenuation at high frequencies i.e.,

around 22dB.

Af full-on position the Peltor earnmuffs (TACTICAL 7)
provided anplification rather than attenuation at |ow and
m d- f requenci es. It provided alnost no attenuation only
about 1-2dB for white noise and SRT. At high frequencies the
EPD provi ded around 14dB of attenuation.

The attenuation provided by the helnmet wth nuffs was
better than that of the flanged earplugs and the TASCO T- 100
Sem-insert at low, md-, and high-frequencies but was
poorer for white noise than both the flanged earplugs and
the sem-inserts and also for speech than the flanged
ear pl ugs.

Further the attenuation of the flanged earpl ugs nmay have

been a little lesser than that quoted by in the review due to
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variables like the subject hinself i.e., the size of the

subj ect ear canal and effect of the climate on the earpl ugs.

Thus this study is general indicated that the Peltor ear
muffs (at off-position) provided the maxinmum attenuation
followed by the Soft Ml dable EAR earplugs and the earmuffs
across the narrowband frequencies 250Hz, 500Hz, | KHz, 2KHz,
3KHz, 4KHz, 6KHz, 8KHz and for white noise and speech. These
devices may thus be used in environments in which the noise

| evel s are noderately loud to |oud.

The helmets with nuffs,the flanged earplugs, the Peltor
earmuffs in md-on position and the sem-inserts provided
only mld to noderate attenuation and could be use only in
environnments of noderately-loud levels of noise. The Peltor
earmuffs (in the md-on position) could be wused in an

envi ornnent whi ch has inpul se noi se.

In the full-on position the Peltor provided anplification
instead of attenuation for |owand md-frequencies and al nost
negligient i.e. 0-2dB attenuation for white noise and speech.
At high frequencies it provided sone attenuation of around
13-15dB. However at the full-on setting the EPD cut off
inpulse noise (like a clap) and other loud noises but

anplified soft environnental noises.



70

This device at the full-on position is thus useful in
environments where the noise levels are only noderately |oud
and have a high energy concentration or in an environment in
whi ch high frequency noise and speech occur together and

wher e conprehendi ng verbal communication is of inportance to

t he enpl oyee.

Further it nay be useful in the presence of inpulse noise

as it helps to cut off inpulse noise even in the full-on

posi tion.
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RESPONSES TO THE QUESTI ONNAI RE FOR SHORT- TERM USE OF EPDs

The responses of the thirty subjects to the Questionnaire

for

1.

the short termuse of EPDs (Appendix-2A) are given bel ow

Twenty-two of the thirty subjects, were unable to wear and
renove the Soft Ml dable EAR earplugs, but could wear/
renove the other EPDs on their own. Five of the thirty
were unable to wear and renove the Ear Utra fit (flanged)
earplugs and the Soft Ml dable EAR earpl ugs. Three of

thirty subjects, could use all the EPDs on their own.

Al'l the subjects reported that they found it difficult to
wear and renove the flanged and the Soft Ml dable
ear plugs. Twelve of these subjects also found it difficult

to wear and renove the helnmet with nmuffs on their own.

Twenty-four of the thirty subjects, judged the Peltor

muffs to be the heaviest when actually, the helnet wth
muffs was the heaviest EPD, only six judged the hel net

with muffs to be the heaviest. This may have been due to
the fact that as the weight of the helmet was distributed
over the head, it was perceived as lighter than the Peltor
earmuffs by nost of the subjects. Al the subjects graded

the earmuffs as the,third heaviest and the sem-insert as
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the fourth heaviest EPDs. O the thirty subjects, twelve
judged the flanged earplugs to be heavier than the
nol dabl e ones, sixteen judged the two to be equally heavy

and two judged the Soft Mol dabl e earplugs as heavier than

t he flanged one.

Al subjects found the helnet with nmuffs and the Peltor
earmuffs to be heavy. Twenty-three of these subjects, also
judged the earnmuffs to be heavy. None of the subjects
judged the flanged or noldable earplugs or the sem -

inserts as heavy.

Twenty-three of the thirty subjects, did not report any
pain, or irritation of skin while wearing or renoving the
EPDs. Seven subjects reported pain and irritation of skin,
while the soft noldable earplugs were being renoved.
Three of these seven subjects, also reported irritation

of the skin while wearing /renoving flanged earpl ugs.

O the thirty subjects, twenty-eight reported disconfort
while wearing the nol dable earplugs, the Peltor earnuffs
and the helmet wth nuffs, three of whom reported
di sconfort, for the flanged earplugs as well. Only two

subjects reported no disconfort for all the EPDs.
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Al the subjects reported an inadequate seal for the sem
inserts and the helnmet with nuffs. Fi ve subjects reported
the seal of the earnuffs to be inadequate while speaking.
These subjective reports correlated well with the

obj ective attenuation neasurenents.

8.

Twenty-three of the thirty subjects, found the Peltor ear

-muffs to be too bulky to carry around everyday, if only

9.

10.

intermttent use was required. Al the subjects found the

helmet with nuffs to be too bulky to carry around. None

of the other EPDs were perceived to be bul ky.

Al'l the subjects reported that they be would willing to

persevere through the initial break-in period and bear the

di sconfort for the two earplugs, the sem-insert and the
earmuffs. Seven of the thirty subjects, said they would
be unwilling to persevere during the break-in period for
Peltor and ninteen said the sanme for the helnmet wth

muffs. They said they would opt for a different EPD.

Al the subjects found the head-band of the sem -insert
to be insecure. The five subjects who had reported an
i nadequate seal for the earnuffs also found its head-band
to be insecure. Thirteen subjects found the helnet wth

earnmuffs to be insecure in its fit.
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Al the subjects reported excellent seal and a secure fit

for Peltor earnuffs (Tactical 7).

11. The subjects all reported that the pinna fit confortably
into the Peltor earnmuffs but nost of themfound it to be
tight; and they reported that the pinna did fit well into
the earnmuffs, wthout bring too tight. Ten subjects
reported that the pinna did not fit confortably into the

helmet with nuffs.

12. The results of the ratings, on a scale of six, for each

the EPDs, with 1 as 'npbst confortable' and 6 'Ieast

confortable', are given bel ow

Majority of the subjects reported the follow ng order of
EPDs fromnost to |least confortable.

1) Ear Utra fit flanged earplug NRR 21

2) Soft Mol dabl e EAR earpl ugs

3) Earmuffs

4) TASCO Sem -insert T-100 NRR-17

5) Peltor earmuffs (Tactical 7)

6) Helnmets with nuffs.

A few subjects showed variations from this pattern and
reported the soft noldable EAR earplugs as the nost confor-

table EPD and few reported Peltor earnuffs to be nore com
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fortable than the earmuffs, but the majority of the subjects

gave the responses as listed above.

13.

14.

Al the subjects reported the attenuation provided for
speech stinmuli by Peltor earnmuffs in 'off' position as
very good, and majority of the subjects i.e. , twenty-one

of the thirty, reported the attenuation at the md-on
position as fair while nine reported it to be poor. Al
the subjects reported that there was no attenuation in
the full-on position ( anplification was reported

i nst ead).

Al the subjects reported that the Peltor earnuffs (in
all the three settings i.e., off, md and on position)
was able to effectively cut off an inpulse sound, like a

cl ap.
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RESPONSES TO THE QUESTI ONNAI RE FCR LONG TERM USE OF EPDs

The responses of the six subjects to the Questionnaire for

the long-termuse of the EPDs (Appendix 2B) are given bel ow,

and are sumarized in the Table 4.10.

Subject: 1 Age/sex : 23y/M EPDused : Ear Utra fit

1.

(fl anged) ear pl ugs.
The subject reported that the EPD was very light and its
fit was just appropriately tight and secure.
He said that the EPD did irritate the skin towards to end,
after about five hours of use.
The subject experienced an occlusion effect which
interfered wth his comunication wth others.
The subject said that prolonged use of EPD did make him
sweat inside the ear canal, especially towards the end of
t he day.
The subject reported that the communication process was
affected both as a speaker and as a listener.
As a listener, the subject needed to frequently ask people
to repeat thenselves. He had difficulty in hearing, when
communi cating with a group. He also found it difficult to
conptehend the entire nessage of a conversation.
As a speaker, he felt that he was always speaking at a
| ouder level than normal, but his rate of speech renai ned
normal . Further, he found comunication effortful and

tiring, especially as the day progressed.
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The subject reported that he was relying on both lip

readi ng and contextual cues.

Inspite of the disconfort associated wth the long-term
usage of the EPD the subject said that he would be willing
to wear it everyday and persevere during the break-in

period in order to protect his hearing.

Wen fitted with the EPD the subject could not hear a

tel ephone ring . He could however, hear a noderate-|evel

door-knock, 3/6 tinmes, and sonmeone calling him from about
12 feet occasionally, when he was not deeply engrossed in

any other activity.

Subject: 2 Age/sex : 19y/M EPD used : Soft Mol dable

1.

EAR ear pl ugs.
The subject reported the EPD to be very light, and its fit
to be very tight, but not painful.
THe subject reported that the ear canal was itching and
felt slightly sore by the end of the day, as the EPD kept
rubbi ng agai nst the sanme place in the ear canal
The subject did experience an occlusion effect which
interfered wwth his comunication with others.
Prol onged usage of the EPD made the subject feel sweaty
and also made him feel as though the ear canal was
I npact ed.
The subject reported that conmunication was affected as a
listener as well as a speaker. As a listener he needed to

ask for frequent repetitions. Conmuni cation with a group
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was affected, and he found it difficult to get the

entire nmessage. As a speaker, he was speaking |ouder than
normal, but at a normal rate. The subject needed to pay
close attention to the speaker which becane taxing by the
end of eight hours.

The subject that he ruled both on lip reading and
contextual cues.

The subject said that he would be willing to wear this EPD
everyday even during the break-in period in order to

protect his hearing.

When fitted with the EPD the subject could not hear the

t el ephone bell. He could hear a noderate-Ievel door-knock

2/6 tinmes and his nane being called, only occasionally.

Subject : 3 Age/sex : 19y/M EPD used: TASCO T-100 Sem

1.

- insert NRR -17
The subject reported the EPD to be light and slightly

| oose/ | ax.

The EPD did not irritate the skin.

No occlusion effect was experienced and thus the
comuni cati on process was not conpletely affected. The
subject reported that the seal was inadequate and was
affected by novenents of the jaw

Prol onged usage of the EPD did not nmake the subject sweat,
but the pressure of the sem-insert at the entrance of the

ear canal, but it was slightly unconfortable.
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5. The subject reported that comruni cation process, wth him
as a speaker, was not affected but with himas a |istener,
was partially affected. As a listener, he occasionally
needed to ask people to repeat thenselves when they spoke.
Further, communicating to a group was sonetines difficult
especially if soneone was speaking wth his back towards
him Sonetinmes, a part of the nessage was m ssed, which
made conprehension difficult. As a speaker, the subject
was speaking at a nornmal rate and |oudness and he did not

find communi cation to be effortful or tiring.

6. However, the subject did rely on lip reading and
contextual cues to some extent.

7. |f exposed to hazardous noise l|levels, he said he would be
willing to persevere through the break-in period and use
this EPD.

8. Wen fitted with the EPD, the subject could hear the
tel ephone ring, if his roomdoor was open. He could hear a
noder at e-|1 evel door-knock, and could also hear sonebody
calling out from a room next door (at 12 feet) at a

noder at el y-1 oud | evel.

SUBJECT : 4 Age/sex : 21y/F EPD used : Earnmuffs
1. The subject reported this EPD to be noderately heavy and

just appropriately tight and secure in its fit.

2. Prolonged usage of the earnuffs did not irritate the skin.
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The subject experienced a slight occlusion effect and this
did interfere in her conmunication wth others.

Prol onged usage nmade the subject's ears feel sweaty.

The prolonged wusage also affected the conmunication
process for the subject as a speaker, and as a listener,
especially when she was nore than 8-10 feet from the
person who was speaking to her. As a listener, she needed
repetitions occasionally. She could not hear well when

comuni cating to a group of people and often she reported,

that she could not catch the entire nessage. This affected

t he conmuni cation process. As a speaker, she was al ways
speaki ng |ouder than normal when the EPDs were worn, but
the rate of speaking remained normal. Further the subject
reported that as the day progressed she found the comuni -
cation process to be effortful and tiring.

She also reported that she relied on |lip reading and
cont exual cues.

The subject said she would be willing to persevere through
the break-in period and wear this EPD if she were exposed
to hazardous |evels of noise.

She could not hear the telephone ring, unless the room
door was open. She occasionally (3/6 tinmes) could hear a
noder at e- | evel door-knock and she could hear her name
being called from the room next door ( 12 feet ) if she

was not engrossed in sone activity.
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SUBJECT : 5 Age/sex : 23y/F EPD used : Peltor earnuffs
(Tactical 7)tested in
of f position.

1. The subject reported that initially the EPD was heavy but
tolerable, but as the day progressed she found it al nost
intolerable to wear. Further, she said that the EPD was
very tight, but not painful. However, both the weight and
the tight fit caused a headache for the subject after

three to four hours of use.

2. The EPD did not irritate the skin.

3. The subject did experience a marked occlusion effect,
whi ch affected her comunication wth others.

4. Wearing the EPD nmade her feel sweaty and unconfortable.

5. The conmuni cation process was inpaired for the subject as
a speaker, and as a listener. As a listener, she needed
to frequently ask people to repeat thenselves when they
spoke. She had difficulty speaking to a group of people
especially when they spoke from behind her or from a
di stance greater than six to eight feet. She also
reported that she kept m ssing out on part of the spoken
nmessage and often only tried to get only the gist of the
entire conversation. As a speaker, she always spoke nuch
| ouder than normal, but at a normal rate. Towar ds the
second half of the test, 1i.e., last four hours, the

subj ect found speaking very tiring and effortful.

6. The subject relied on lip reading and contextual cues.
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This subject reported that though she would be willing to
persevere through the break-in period and use the EPD if
she were to be exposed to hazardous noise |levels but she
woul d prefer a lighter one.

The subject could not hear the telephone ring even with

the room door open, nor could she hear the noderate-|evel

door - knock or her name being call ed.

SUBJECT : 6 Age/Sex : 22y/.F EPD used : Helnet with nuffs

1.

The subject reported that the EPD was tol erably heavy but
it did get to be cunbersone towards the end of the day and
the fit of the EPD was slightly |oose/l ax.

Prol onged usage did not irritate the skin.

The subject did not experience an occlusion effect, nay be
because the seal of the nuffs was not adequate. Thus, it
did not interfere very drastically in her comunication
Wi th others.

Wearing the EPD nmade the subject feel sweaty in her ears
and also in her hair. Further prolonged usage caused
di sconfort to the subject.

The comuni cation process was not affected for the subject
as a speaker but it was affected for her as a listner as
she occasionally needed to ask people to repeat them
selves. Further, she could not conmunicate effectively
with a group of people and sonetines it was difficult to
catch the entire nessage when the speaker spoke from

behind the subject. The subject spoke at a norma
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| oudness and rate. However, she reported that she found

it tiring and effortful to speak as the day progressed.

6. She reported that she did rely on lip reading and
contextual cues as aids in conmunication.

7. The subject reported that though she would try to
persevere through the break-in period and use the EPD if
exposed to hazardous noise |evels, she was not sure if she
woul d be able to do so successfully, and would thus prefer
to be give a different EPD.

8. She could hear a tel ephone bell when the room door was
open, she could hear a door-knock at a noderate-|evel 4/6
times, and could hear her nanme being called at noderately

| oud | evel s.

Thus the results of the subjective evaluation of EPDs
indicate that in general, the flanged Utra fit earplugs were
judged as the nost confortable EPDs followed by the Soft
Mol dabl e EAR ear pl ugs.

During the short term usage of the EPDs a mgjority of
the thirty subjects judged the helnet with nuffs to be nost
unconfortable and bul ky EPD. Further, they perceived the
Peltor earnuffs to be the heaviest EPDs when actually the
helmet wth nuffs was the heaviest. This may have been due
to the fact that the weight of the helnmet with nuffs was

evenly distributed over the entire surface of the head,
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making it seem lighter than the Peltor earnuffs whose weight

was concentrated on the head-band and around the ear.

Al the subjects in the long-term use of EPDs study
reported fatigue, disconfort and the need to use an extra
effort for communication for all the EPDs towards the end of
the day. Yet, all the subjects said that they would be willing
to persevere through the break-in period and use the EPDs if
they were exposed to hazardous |evels of noise. However, the
subjects 5 and 6 who were fitted with Peltor earnuffs and
the helmet with nuffs respectively said that they would

prefer to be fitted with a different, |ighter EPD

The subjective evaluation of EPDs corresponded with the
objective results of the attenuation characteristics of the
EPDs. Majority of the subjects reported that the Peltor
earmuffs (in off position) and the Soft Ml dabl e EAR ear pl ugs
were the nost effective EPDs and that the Peltor earnuffs in

full-on position was the |east effective.

During the long-term use of EPDs conmmunication for all
the six subjects was nore affected for them as |isteners,
than as speakers. Al the six subjects relied on lip reading
and contextual cues as aids for communication. Here too,
conmuni cation for subject fitted with Peltor earnuffs (off
position) was nmaximally affected, followed by the subject

fitted with the Soft Mol dabl e EAR earpl ugs. Thus, both the
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the subjective

use

TABLE -4.9

t est

results of this

with each other.

depending on the type of
required the follow ng EPDs

EPDs RECOMMENDED FCR USE | N DI FFERENT Sl TUATI ONS BASED ON
THE R ATTENUATI N AND COMFCRT

ENVI RONVENT

Very |loud steady-
state noise with
i mpul se noi se
superi nposed on

t he continuous
noi se

Loud conti nuous
noi se

Moderately |oud

noi se

Moder at el y | oud
noise with inter-
mttent inpulse

noi se.

DURATI ON OF
USE REQU RED

1. Full day use

2. We only in

presence of im
pul se noi se.

(2 hours a day)

1. Full day use
2. Intermttent or
short-term use
1. Full day use
2. Intermttent
or short
dur ati on use.
1. Full day use
2. Intermttent or

short duration
use.

TYPE TYPES CF
RECOMMENDED

No al ternative but
to use Peltor ear-
muffs in off position

Soft Mol dabl e EAR ear
plugs & use of Peltor
earnuffs only in the
presence of inpulse
noi se.

Soft Mol dabl e EAR ear
pl ugs.

Hel net
Pel t or

with muffs or
earnuffs.

Mol dabl e EAR ear
ear nuf f s.

Sof t
pl ugs or

Hel et with nuffs or
Peltor ear nuffs,

Mol dabl e EARs
earnuffs

Sof t
ear plugs or

Pel tor earnuffs
(of f position)
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ENVI RONIVENT DURATI ON OF TYPE/ TYPES OF
USE REQUI RED RECOVMENDED
Moderately | oud 1. Full day use Earmuffs, Soft Ml da
rai d- or high- fre- bl e EAR pl ugs,
guency noi se. 2. Intermttent or Peltor earnuffs (off
short duration position) Helnet wth
use. ear muf f s.
Moderate noise in 1. Full day use Ear Utra fit flanged
presence of speech ear plugs NRR 21,
at normal intensity TASCO Sem -i nsert
NRR -17.

2. Intermttent or Peltor md-on position
short duration Helnet with nuffs,

use.
Moder at e noi se 1. Full day use TASCO T-100 Sem
in presence of -insert NRR-17, Ear
faint speech. Utra fit (flanged)
ear pl ugs

2. Intermttent or Peltor earnuffs
short duration (full-on position),
use.

The main strength of this study was that it was conducted
on a large population of thirty subjects. This nmade the
results fairly reliable and valid in order to generalize to a

| arger popul ation.

Further, this study was the first of its kind in which
data on the subjective responses regarding the performance

confort and wearability of the EPDs was coll ected.
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LI M TATI ONS OF THE STUDY

The experinent, to investigate the subjective report on
EPDs, where in subjects were fitted wwth EPDs, for an eight
hour period, was carried out on only one subjects for each
type of EPD included in the study. In order to generalize
t hese subjective responses, the experinent should have been

carried out on a larger nunber of subjects for each type of

EPD.



Kep 8y} Rep 3y uns
J0 pua J0 pud ayl o1
N N N N 9yl sple- 9yl sple- uoll-
MO} ‘SBA MO ‘SoA 1] Y
*uasa ud
110 JU03S Ip JuUasa id
pue ey 110 oo -
pue Jea JuUasa id SIp wbiys |leued Jea 110}
3yl ul 110 O3S Ip Juasa id ‘Bu 11 Juasa id ayl ut) woas Ip B
bulleaws  » bOuljeavs Bu 1 jeavg -eaWS ON bu | Jeavg Bu 1 1eavS Bu I 1eavs '
Sy 8
10 pus 8y]
xe|  Aq ayoepesy Wb 1 Xe | Wb 11
| 8500 | e pasned) K@1e1ido- /9S00 | Aprerd -
Alwbris b1 Kiep idde jsnp Arwbris  wbin Alen  oudde gsnp 14 C
Sly € -¢
'Sy uo I1e.np
9-y I0} 1Joys e 1o} Aneay
3|geJa |0} 3|0eJa |01 191
g Anesy g ‘Anesy -B IBPaA W6 wo i) Aisn Wb A IR
Sjyu - (L 1ea110e] ) LT BN sbndieg Tz YN Bnd-
3 yim S} Jnu Jeg Jiesul-  Yvd 9|qe-  reg(pabue|4)
13U |eH 10} | Sjjnure3  WeS QOSYL PIGN 1J0S 1} elln 31nd ML11V
:pasn ad3 'pasn dd3  :pasn ad3 :pasn ad3 :pasn dd3  Yvd :pasn add dd3
9 199 Igns G 19fgns ¥ 1elgng ¢ 1walgns gz 18fgns T 108 [gnS

@ O J0) sgd3 o SaIngli1ye snolJen Jo) sasuodsal an 1199 [gns

SASNOIS 123 rans
0T 'v- 31avl



Rep

Rep Rep ¢ 1inyg-
ayl Jo Nj1io}je 3yl Jo pus 8yl Jo 110} 8 pue
pus a8yl ® buiin 8yl Ag pus ayl JButiil uoire-
AqQ ‘seA K JoA ‘Sap SOA ‘Klwb1s SOA AQ ‘seA JUNUUOD SY\ '8
jse1 Jay1o yse1l Jaylo
auos u | auos u 1
passo IBua passo i6ua e 2T e
lou 1 Jou 41 [an8 ] pno|
‘K] reu- Al eu- ‘A]reu- -pau e
SOA N 0 I1Se2D SOA 0 I1Se2D 0 I1Se2D | reo aueN (9
sau 11 sau 1] sau 11 sau 1]l >oo0uy Joop
9y ‘SeA O\ 9 /€ ‘SeA SOA 9 /2 'S®A 9 /€ ‘SA |oAa | ‘paN (g
uado uado uado BED]
sew Joop sew Joop sew Joop ON QN ouoyds a1 (e
J1 'seA N ITEC-TIN J1 'seA leay
noA p |noo
ddd yim
pallt) usy\ ‘L
[eas
ON SOA SOA ON SOA SoA 9lelidoiddy ‘9
199} )9
N paX JaN wb 1S N paX JgN SEM LA uo Isn |90 'S
9 109 [ans G 109 lgns ¥ 108 lgns € 109 lgns Z 19 gns T 19 [gns 31ng MLV ad3




dd3 dd3 S|aA8 | 8slou
JERU[N IERU Rl snopJezey 0}
e Jojalid e Jajoud pasodxa JI
p [nom p [nom dd3 Jeam 01
INg ‘SaA INg ‘saA SOA SAA SOA SOA  Sssaubul||m ‘TI
'sano
IERYE) IERNE! IVERYE) [en1xauod ¥
lealb e auos lealb e Bu ipealt di|
SOA 01 'S8A SOA 01 ‘SaA 01 'S8\ SOA uo aoue 1|8y ‘0T
dnoib e 01}
Bu 1 1e0 |-
sau 1] UMUUO0D U |
SOA SOA SoA -auos SoA SOA Ayinaryyia (111
1|n9- abessau
1na1iip 1141p 91 11us
}Ind 1441 K1aA }Ind1441d Arwbris  yindaryyi@  yndt4yi@ yosred pinoy (11
£ reu- £1- K eu- £ reu- A|1u8 - Ajws uoillladal
0 1SB220 uanba i4 0 1SB220 0 1SB220 nba 14 -anba 14 papaau (!
Aer11ied SoA SoA Kleiiied SoA SOA lsulst| e (g
ael 91el 91el a1el
|au Jou e |au Jou e |aujou e |au Jou ®
e Ing Ja- e ng Ja- Ing Jle- e Ing Jo-
pno | ayods pno | ajods pno| ajxods pno| axods Joyeads e (e
N ays ‘SaA ays ‘SaA N ay ‘saA ay ‘SaA :se
pa1da}je uol-
18D IUNUU 10D SYW 6
9 199 gns 1algns v 8fans ¢ 109 0ans 1afgns T 198 ans 31n9 MLLY Ad3




88

CHAPTER V
SUMVARY & CONCLUSI ON

SUMVARY

This study ained at conparing the attenuation character
-istics of six different EPDs for narrow band noise centered
at 250Hz, 500Hz, 1KHz, 2KHz, 3KHz, 4KHz, 6KHz and 8KHz, and
for white noise and speech (spondee) stimuli for thirty
subjects. The Real Ear Attenuation at Threshold (REAT)

met hod was used to study the attenuation characteristics.

This study also involved a subjective evaluation of the
EPDs by the thirty subjects as well as a one day experinent
in which six subjects (chosen at random from the initial
thrity subjects) were each fited with one of the EPDs under
study for eight hours. After this longterm use of the EPD

the subjective evaluation of the EPDs was done.

The test results revealed the follow ng; The attenuation
performance of the EPDs from best to poorest was as follows;
1. Peltor earmuffs (in off position) were the nost effective
EPDs followed by the soft nol dabl e EAR ear pl ugs.

2. The ear Utra fit flanged earplugs, the Helnmet with nmuffs
and the earnmuffs provided al nost equal attenuation.

3. The Sem -insert and the Peltor in md-on position provided
alnost simlar amounts of attenuation.

4. The poorest performance was shown by the Peltor earnmuffs

in full-on position.
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5. The Peltor earnnffs provided a cut-off of the intensity of

an inpul se stimulus such as a clap.

The subjective evalualtion of EPDs revealed that majority
of the subjects rated the confort of the EPDs in the
followi ng order of decreasing confort.

1. Ear Utra fit (flanged ) earplugs NRR 21

Soft Mol dabl e EAR ear pl ugs
Earnuffs

2

3

4. TASCO sem insert T-100 NRR 17
5. Peltor earnmuffs (Tactical 7)
6

Hel met with nuffs

The results of the objective evaluation of attenuation
characteristics of the EPDs correspond with the subjective
reports of the subjects regarding the performance and
efficiency of the EPDs. Al the subjects found the Peltor
earmuffs and helnet with nmuffs to be very heavy and the two
subjects who were fitted with these two EPDs in the study on
| ong-termuse of EPDs, reported that they would prefer to be
fitted with lighter EPDs if they had to use themto protect
their ears from hazardous noise |evels, as the Peltor
earmuffs and the helnmet with nuffs were very heavy and al nost

intolerable for |ong-term usage.
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CONCLUSI ON

The results of the study do correlate with the findings

of earlier studies on the attenuation characterstics of
di fferent EPDs. Further, this study subjectively eval uated
the six EPDs in terns of their performance/efficacy in pro-
viding attenuation and also in ternms of confort, wearability,
and effect on communicati on. This study also was one of the
first study that required the subjects to evaluate the EPDs a
peri od of prolonged usage (i.e. eight hours) in terns of the
coniort, wearabilty and effects on conmunication as a

i stener and as speaker.

Thus, in conclusion, this study indicated that the Peltor
earmuffs (in off position) was the nost effective EPD in
ternms of the anount of attenuation provided and the ear
Utrafit (flanged) earplugs were reported, by a nmajority of

the subjects, to be the nost confortable EPD

Thus in conditions of loud noise the Peltor earnuffs
could be ideal in providing hearing protection especially in
conditions of loud inpulse noise were only intermttent use
of EPD is required, while in conditions of noderate noise the
Ear Utrafit (falnged) earplug would be a better option
especially where prolonged usage is required and the users

confort beconmes an inportant aspect. Peltor earnuffs, and
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the Helmet with nuffs options when the duration of use of
these EPDs was short, as they were too heavy and bul ky for

| ong term usage.

The other EPDs i.e the soft noldable EAR earplugs, the
TASCO sem insert T-100 NRR-17 and the earmuffs were all
judged as fairly <confortable and could be recomended in

condition which required noderately 1long hours of use.

(4-8 hours).
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APPENDI X - 2-A

Questionnaire for Short-termuse of EPDs

1. \Were you able to wear and renove the following EPDs on your own

i) Ear Utra fit (flanged) Earplugs NRR 21 Yes/ No,
ii) Soft Mol dable E.A R Earplugs Yes/ No,
iii) TASCO T-100 Sem -insert NRR 17 Yes/ No,
iv) Earnmuffs Yes/ No,
v) Peltor earnuffs (TACTICAL 7) Yes/ No,
vi) Helmet with nuffs Yes/ No.

2) If yes, could you do so wth ease for

i) Ear Utra fit (flanged) Earplugs NRR 21 Yes/ No.
ii) Soft Mol dabl e Earplugs Yes/ No.
iii) TASCO T-100 Sem -insert NRR-17 Yes/ No.
iv) Earnmuffs Yes/ No.
v) Peltor Earnuffs (TACTICAL 7) Yes/ No.
vi) Helmet with nuffs Yes/ No.

3. Gade the weight of the EPDs with 1= heaviest, 6=lightest mark.

4. Which of the EPDs did you find heavy ? (mark yes for as many as
appropri ate)

i) Ear Utra fit (flanged) Earplugs NRR 21 Yes/ No.
ii) Soft Ml dable E.A R Earplugs Yes/ No.
iii) TASCO T-100 Sem -insert NRE 17 Yes/ No.
iv) Earmuffs Yes/ No.
v) Peltor Earnmuffs (TACTICAL 7) Yes/ No.

vi) Helmet with nuffs Yes/ No.
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Vi)

s

or
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you experience any pain when you wore

Ear Utra fit (flanged) Earplugs NRR 21
Soft Mol dabl e E. A R Earplugs

TASCO T-100 Sem -insert NRR 17

Earnuffs

Peltor Earnuffs (TACTICAL 7)

Hel met with nmuffs

you experience any irritation of the skin

Ear Utra fit (flanged) Earplugs NRR 21
Soft Mol dable E. A R Earpl ugs

TASCO T-100 Semi-insert NRR 17

Earmuff s

Pel tor Earmuffs (TACTICAL 7)

Hel met with nmuffs

you experience any disconfort when you wore
Ear Utra fit (flanged) Earplugs NRR 21
Soft Mol dable E. A R Earplugs

TASCO T-100 Semi-insert NRR 17

Earmuff s

Peltor Earmuffs (TACTICAL 7)

Hel net with nuffs

the reduction in sound level and the seal provided adequate

Yes/ No.
Yes/ No.
Yes/ No.
Yes/ No.
Yes/ No.
Yes/ No.

when you wore

Yes/ No.
Yes/ No.
Yes/ No.
Yes/ No.
Yes/ No.
Yes/ No.

Yes/ No.
Yes/ No.
Yes/ No.
Yes/ No.
Yes/ No.
Yes/ No.

did the sound intermttently, especially when speaking or

noving the jaws, for
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i) Ear Utra fit (flanged) Earplugs NRR 21 Yes/ No.
ii) Soft Mol dable E.A R Earplugs Yes/ No.
iii) TASCO T-100 Sem -insert NRR 17 Yes/ No.
iv) Earnuffs Yes/ No.
v) Peltor Earmuffs (TACTI CAL 7) Yes/ No.
vi) Helmet with nuffs Yes/ No.

9. Do you find the EPDs too bulky to carry around if only

intermttent use is required? If yes, which EPD do you find bv

i) Ear Utra fit (flanged) Earplugs NRR 21 Yes/ No.
ii) Soft Ml dable E.A R Earplugs Yes/ No.
iii1) TASCO T-100 Sem -insert NRR 17 Yes/ No.
iv) Earnuffs Yes/ No.
v) Peltor Earnmuffs (TACTI CAL 7) Yes/ No.
vi) Helmet with nuffs Yes/ No.

10. Like a person, who is newy fitted wth eye-gl asses, experienc
sonme disconfort in the initial period, would you (if you were
expl ai ned and prepared about sonme disconfort) be willing to
persevere through this break-in period and continue to wear th

following EPDs ?

i) Ear Utra fit (flanged) Earplugs NRR 21 Yes/ No.
ii) Soft Mdldable E.A R Earplugs Yes/ No.
iii) TASCO T-100 Sem -insert NRR 17 Yes/ No.
iv) Earnmuffs Yes/ No.
v) Peltor Earmuffs (TACTICAL 7) Yes/ No.

vi) Helmet with nuffs Yes/ No.
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11. G ade the EPDs from1l. to 6 on the basis of their performance with

1 indicating maxi mumor best attenuation and 6 indicating m nimm

or poorest attenuation ?

12. Does the head-band of the follow ng EPDs provide a secure fit ?
i) TASCO T-100 Sem -insert NRR 17 Yes/ No.
ii) Earmuffs Yes/ No.
iii) Peltor Earnmuffs (TACTICAL 7) Yes/ No.
iv) Helnet with nuffs Yes/ No.
13. Does the pinna fit confortably into the ?
i) Earnuffs Yes/ No.
ii) Peltor Earmuffs (TACTICAL 7) Yes/ No.
iii) Helmet with nuffs Yes/ No.

14. Rate each of the EPDs on a scale of 6 (1-nost confortable and

6-1east confortable) ?

i) Ear Utra fit (flanged) Earplugs NRR 21 Yes/ No.
ii) Soft Mdldable E. A R Earplugs Yes/ No.
iii) TASCO T-100 Semi-insert NRR 17 Yes/ No.
iv) Earmuffs Yes/ No.
v) Peltor Earmuffs (TACTICAL 7) Yes/ No.
vi) Helnmet with nuffs Yes/ No.

15. Rate the reduction in |oudness of speech sounds for Peltor ear-
muf fs- At setting 1 : off ; setting 2 : Md-on position ;
setting 3 : full-on position, each as ?

a) good b) fair c¢) poor d) no attenuation (anplication

i nst ead) .
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16. Do you feel that the sound of a clap gets cut off for the Peltor

earmuffs at ?

1) Setting 1 Yes/ No
2) Setting 2 Yes/ No
3) Setting 3 Yes/ No
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APPENDI X - 2 B
QUESTI ONNAI RE FOR LONG TERM USE OF EPDs
. Wen you wore the EPD for a prolonged period did you find it
i) a) Unbearably heavy b) heavy but tolerable c¢) noderately
heavy d) [ight e) very light ?
ii) a) Extrenely tight and painful b) very tight, but not painful
c) just appropriately tight and secure d) slightly |oose/lax
e) very loose (kept coming off) ?
1. D d prolonged usage irritate the skin i.e., was it abrasive to
the skin ?
I11. i) D d you experience a feeling that your own voi ce was soundi ng
loud and that of others sounded very soft Yes/ No. ?
ii) If yes, did it interfere in your conmunication wth others ?
iii) If no, was there a sound |eakage and an inproper seal ?
V. Ddwearing the EPD nake you feel sweaty and unconfortable ?
V. Was conmuni cation affected when you wore the EPD for 8 hours, as
i) a speaker - Yes/ No,
ii) a |listener - Yes/ No.
VI. As a listner, if yes :
i) How often did you need to ask people to repeat thenselves
a) everytime they spoke b) frequently c¢) occasionally
d) never ?
ii) Could you hear effectively when conmunicating to a group ?

Al ways / Never / Someti nes.
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iii) Didyou find it difficult to catch the entire nessage of a

conversation and thus did you find it difficult to

conprehend what the speaker said ? Yes/ No
VI1. As a speaker, if Yes
i) Were you speaking |ouder than normal: Always /Never/ Somnetines?
ii) Were you speaking at a rate : a) faster than normal b) nornal
c) slower than normal ?
iii) Ddyou find communication very effortful and tiring ? Yes/No
iv) Dd you find yourself relying on lip reading and / or
contextual cues ?
Yes/No : (Pl ease specify which one, or if both, say both)
VIT1I. |If you were exposed to hazardous noise levels, in order to
protect your hearing, would you be willing to wear this EPD
everyday, inspite of the disconfort associated with it (which
will especially be evident in the initial break-in period) ?
| X. When fitted with the EPD for 8 hours could you hear:
a) The telephone ring ? Yes/ No
b) A noderate-|evel door-knock. Yes/ No

c) Sonebody calling out to you froma room next door (i.e., at
12 feet) at a noderately-loud level ?

Yes/ No / Cccasionally.



