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| NTRCDUCTI ON

Noi se is defined as "unwanted sound with nore or | ess

randomdi st ur bance" (Robert and Young, 1957).

Noi se i s a random frequency current or voltage signa
extendi ng over a consi derabl e frequency, spectrum and no
useful purposes, unless it is intentionally generated for
test purposes. (The lllustrated Dictionary of H ectronics,

1980 Rut us and Tur ner).

Hearing | oss caused by conti nues exposure is called
occupati onal disease and the hearing | oss due to the instan-
t aneous i npact of noise is called occupational injury.

(Newel |, 1987).

Hearing | oss in case of noise induced hearing |l oss (N H)
isusually bilateral, symretrical, sensori-neural hearing
| oss, affects majorly high frequencies. It starts as a' synptom
| ess di sease. Initially | osses appear as snmall holes in the
hearing' . Such losses are difficult to detect except through
professional testing. By the tinme even the nost alert sufferer
becones consciously aware of it, hearing | oss has grown quite
severe, and it is already too late to do anything about it.
Apart fromNHL, it also causes nonauditory effects and

i nterference in comuni cati on.



.2)
The problemof NIHL i s severe because, there is neither
recovery nor the nedical line of treatnent to cure the
problem Even the best hearing aid does not benefit nuch.
Hence we shoul d concentrate our efforts in preventing hearing

| oss, |ike the old saying goes "Prevention is better than cure

The mai n pur pose of hearing conservation progranme is
to prevent the enployees fromdevel oping NI HL and nonaudi tory

effects of noise, increase their work efficiency.

The word conservation is defined as "a careful preserva-
tion or protection of sonething, the planned nmanagenent of
a natural resource to prevent exploitation, destruction, or
neglect". "Preservation"” nmeans to keep safe frominjury,
harmor destruction? to keep alive, intact, free fromdecay
(Websters, 1969). The conservation of hearing is function

of an audi ol ogi st .

The hearing conservation programme incl udes neasur enent
of noise to find damage risk areas in the industry. The
areas where the noise level is equal to or exceeds the damage
risk criteria (DRC), the control of noise is brought about
by the action of engineering controls and admni strative
controls. If however, it is not possible to control noise
in this way, the control of noi se can be brought about by
ear protective devices (EPD). In the follow ng chapters we

wll discuss on each in detail.



DEFINTION STEPS AND PURPCSE OF HEARI NG CONSERVATI ON  PROGRAMMES

Definition: Once top nmanagenent has approved the overal |l pro-

grammes and provided the funding, it becones the
responsi bility of the plant physician and engi neer
toput it into action. The essential conponents
of a hearing conservation progranme are:

1. Measurenent of plant noi se and determnation of which
enpl oyees are exposed to | evels that coul d produce hearing
damage.

2. Hearing testing - advisable for all enpl oyees but essenti al
for those in noisy jobs.

3. (btaining otoscopi c examnation and histories of noi se expo-
sures and ear diseases on all enployees, and correlating
data wi th job noi se.

4. Determ ning where noi se control neasures are feasible, and
devel opi ng a good ear protection progranme.

5. Disposition of individual enployees with hearing probl ens,
as well as the diagnosis of all causes of hearing | oss found
t hr oughout t he pl ant.

(Satel off, 1975).

If it is possible to reduce plant noise to a safe |evel
then no further attentionmay be necessary. A hearing testing
progranmme i s however, useful to protect the nanagenent from

unwant ed cl ai ns and | egal harassnent.

Initiating and mai ntai ning a conservation of hearing

programme is the responsibility of a teamrather than and



. 4)
single individual. The plant physician, being aware of
t he handi caps produced by deaf ness, can generally be the
chief notivating force in inpressing nanagenent with
| nportance of instituting the audionetric programre and

noi se abat enent neasur es.

Various phases involved in a HCP can be sunmmari zed

as in the tabl e bel ow (Tenpl est, 1985).

Steps of hearing conservation progranrs.

(perati on Functi on

Noi se Survey : ldentification of hazardous areas/
occupat i ons.

Noi se Contr ol : Reduction of noise at source enel osure
of noi se source/operator to reduce
noi se to safe | evels use of sound
obser bers.

Hearing protection : Were noise control is not possible,
provision, fitting and nai nt enance of
ear plugs, nuffs for personnel at risk
together with their education in the
hazar dous of noi se.

I ndustrial Audionetry: Mnitoring of the effectiveness of
hearing protection.

Pre-enpl oynent and serial audionetry

to identify noi se sensitive workers.
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Organi zation of hear- : Co-ordination of work of nedica
I ng conservation safety and occupational hygiene
progr anmes. staff invol ved.

Education of managenent and work

force.

Referral and redepl oynent of

wor kers with hearing | oss/damage.
Legal aspects . Statute and common | aw, |ega

liability, likely legislation.

Purpose of HCP:. The purpose is to prevent significant

permanent NIHL resulting fromon the job exposures.

Benefits: |nplenentation of HCP provide both primary and

secondary benefits.

1. Primary benefits:
a) Prevent job related NI HL.

b) The individual protected, experiences |ess fatigue,

| ess enotional stress as a result of communication
difficulties on and off the job and potential benefits
I n communi cating in noise.

2. Secondary benefits are in terns of enpl oyee enpl oyer rel a-

tion. The setting up of HOP will change the attitude of

enpl oyee towards the managenent. By HCP detection of not

only NIHL, also hearing |oss due to other diseases is possible
The inplementation of HCP for two or nore years will reduce

t he conpensation cost for NIHL, and al so unjustified clains
for NI HL. (Berger and Royster, 1983).
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| ndi cations of the need for hearing conservation pro-

granme may be judged by sinple observation of environnent.
In 1982 revision of Quide for Conservation of Hearing in Noi se,
prepared and sub-commttee on Noi se of the Commttee on Con-
servation of Hearing of the Anerican Acadeny of pt hal nol ogy
and G ol aryngol ogy the following three conditions are |isted
as indications of a need for such a programme.
1. Dfficulty in communicating by speech while in noise.
2. Head noises or ringing in the ears after working in
noi se for several hours.
3. Atenporary | oss of hearing that has the effect of muffling
speech and changing the quality of other speech sounds

after several hours of exposure to noi se.



NO SE SURVEY AND NO SE MEASUREMENT

Noi se Survey:

In many industrial situations, the noise survey will be
conducted by an industrial hygienist or safety engineer,
whil e a detail ed noi se anal ysis and noi se control require the
servi ces of an acoustical engineer. The noise survey is
carried out by sound |l evel neter (SLM, if noise | evel does
not vary throughout the day. However, in many industries
there are variations in noise throughout the day to which
enpl oyee i s exposed to, the use of automatic recordi ng equi p-

ment i s required.

The purpose and scope of noi se survey may vary but
there are four general types that may be consi dered (Satel of f

and M chel, 1973).

1. A survey to determne damage ri sk.

2. A survey to determ ne speech interference |evels.
3. Asurvey to determne disturbance | evels.
4

A survey for noi se control purposes.

Types of noi se survey:

There are at | east three basic types of noi se surveys

(Royster and Berger, 1983).

1. Prilimnary noi se surveys: It permts an estination of

expect ed enpl oyee noi se dose. On the basis of this the
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conpany will determne the need for conducting general
noi se survey, and to initiate the inplenentati on of HCP.

2. Ceneral noise survey: The main objective of this survey

are the identification of all areas where t he enpl oyees
daily noi se dope exceeds the criterian |evel selected
and determnation of typically noise doses for al

af fected enpl oyees.

3. Engi neering noi se survey: The objective of this nore

detailed survey is the identification of maj or sound
sources in a production areas and t he dom nent sound
sources W thin each major contributor. This can be done
by octave band or even narrower frequency band sound
analysis. Sufficient Information should be coll ected
during engineering survey so that a priority list for

sel ecting the noi se sources to be controlled nay be

established at a later date if found necessary.

Noi se neasur enent:

What ever national standard specification is enpl oyed,
t he fundanmental requirenent is the nmeasurenent of both
sound |l evel and the tine (i.e. noise dose) of exposure for
each individual. Hence careful selection of instrunents

for the purpose of the survey is inportant.

An attenpt is nmade here, to give a list of instrunents,
avai | abl e for any noi se survey. (An instrunment or a conbi na-
tion of themcan be sel ected dependi ng upon the purpose and

need) .
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Cenerally, an SLMis adequate if the sound | evel s do
not change rapidly. The characteristics of rapidly changi ng
sound | evel s nmust be neasured with an oscill oscope or peak
readi ng instrunents designed for this purpose. Frequency
anal yzers or filters nust be used in conjunction with a SLM
if the informati on on sound pressure distribution over the

frequency spectrumis required.

1. Sound Level Meter (SLM: Basically, it consists of a

m crophone, an anplifier-attenuated circuit and an indi-

cating neter. The air borne acoustic pressure variations
are converted into electrical signals by a mcrophone
with no change in signal characteristics. This signa
passes through attenuator anplifier circuit and | ogarthmc
wei ghting network. The indicating neter connected to

this network displays sound pressure levels with reference

to 0. 0002 newt ons/ nf .

The sound pressure |levels indicated by a SLMcan be of

different val ues, described bel ow

a) RVB val ue - Root nmean square val ue (RVB) nost commonl y
enpl oyed. It is useful for hearing conservation purposes
because it is related to acoustic power and it correl ates
wi th human response. It is also directly proportional to

t he bandw dt h.
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b) Peak value - As RMS value fails to express the peak
pressure noi se which rai ses above t he background noi se,
peak value is used. But the peak value are of relatively
|l ess inmportant for neasuring sustained noises. As the
wavef orm becones nmore conpl ex, the peak val ue can be as

much as 25 dB above R M S. val ue.

c) Rectified average value - |t is an average taken over a

period of tinme w thout regard to whether the instantaneous
signal values as positive or negative. It is equal to
0.636 tines peak value. It may fall as nuch as 2 dB bel ow

the RVS val ue for conpl ex wavef or ns.

Meter indication and response speed:

The indicating meter of a sound |evel neter may have
bal listic characteristics that are not constant over entire
dynam c range, or scale, which will result in different
readi ng dependi ng upon the attenuator setting and portion of

t he meter scal e used.

When a difference in readings is noted, the reading
usi ng hi gher part of meter scale (the |owest attenuator
setting) should be used, since theballistics are generally

more carefully controlled in this portion of the scale.

Most of the general purpose SLMs have fast and sl ow
met er response characteristics, that may be used for neasur-

I ng continuous noi se.
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a) Fast response - This enables the neter to react within

4 dB of its calibrated reading for a 0.2 second pul se of
one KHz. Hence it can be used to neasure with reasonabl e
accuracy noi ses whose | evel s do not change substantially

In periods less than 0.2 second.

b) Slow response - It is intended to provide an averagi ng

effect that will make the widely fluctuating sound |evels
easier to read. However it fails to provide accurate

readi ng of sound levels changing in |less than 0+5 second.

Frequency-wei ghti ng networks:

The A, B and C frequency wei ghti ng networks, which are
normal |y available on a SLM can be used to approximate the

frequency distribution of noise over the audible spectrum

These three networks are chosen because -
1) They approximate the ear's response characteristics at
different sound | evels. They can be easily produced with
a few conmon el ectroni c components. The conparison curve

of A BC with flat response are given in figure.

The "A wei ght ed neasurenent approximates the response
characteristics of the human ear for |low | evel sound is bel ow
55 dB ref. 0.0002 n/nf. 'B weighted measurenent approximates
the ear's response for levels between 55 and 85 dB. 'C weight-

Ing corresponds to the response for |evels above 85 dB.
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Using or by conparing | evels neasured by different net-
wor ks wei ghtings, a frequency distribution of noi se energy

can be approxi nat ed.

eg. If noise levels neasured using 'A and 'C networks are
approxi mately equal, then nost of noise energy is above
1KHz, as it is the only portion of the spectrum where
the weightings are simlar. But if large differences are
seen between the two readi ng, then nost of the energy lies

bel ow 1 KHz.

QO her use of these networks are for eg. for estinmating
annoyance caused by noise and for estimating the severety

of NNHL (Aweighting is used).

2. M crophones: M crophone commonly used for noi se neasur e-

nment are piezo electric, dynamc and condensor. Each of

t hese have their own di sadvant ages and advant ages depend-

I ng upon neasurenent condition. Al 3 can be nmade to neet
Anerican standard specification for general purpose SLM

The dynam c and pi ezo el ectric m crophone designed are
normal |y | ess expensive than condensor type and are provided
as standard equi pnrent with nost |ow and nmedi umpri ced

sound neasuring instrunents.

The conparison of three types are given in a table.
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M crophone directional properties:

In anormal industrial setting, the noise falling on
t he di aphragmof a m crophone, will be comng fromall direc-
tions because of reflected energies. Here mcrophone is
calibrated for randomincidence of sound. M crophone can al so
be calibrated for grazing incidence, perpendicular incidence,
for use in couplers, depending upon design and the purpose of
t he m crophone. Hence for higher accuracy, the correct mcro-

phone shoul d be chosen.

M cr ophone commonly used with sound neasuring equi prent
are nearly omidirectional for frequency below 1 KHz and hence
directional characteristics are inportant for frequenci es above
1 KHz. Therefore, for neasurenents of hi gh frequency noi se
produced by a directional noise source, the orientation of
m crophone is inportant. A m crophone calibrated with random
I nci dence, shoul d be pointed at an angle of 70* fromthe axis

or as directed by the manufacturer.

Free-field mcrophone is calibrated to measure sounds
whi ch have perpendi cul ar inci dence to m crophone di aphragm

Hence it should be pointed directly at the source.

Pressure type m crophone are designed for coupl er neasure-
ment. They can be used for neasurenent of noi se of audible
range at grazing incidence to the diaphragmWth this a cali-

bration curve i s used.
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The directional property can al so be used to advant age
I n noi se neasurenent, e.g: inproved SN ratio can be obtai ned
by pl aci ng t he m crophone at 0° i nci dence to the source, when
hi gh | evel noise is produced by ot her sound sources.
Ref | ected hi gh frequency sounds of other sources can be
checked by rotating the mcrophone axis, as this would cause

a remar kabl e change in readi ng of Refl ected enerqgy.

M crophone orientati on corresponding to the | owest reading
shoul d be chosen since the reflected error woul d be m ni nrum

at this position.

Speci al sharp m crophone are hel pful in locating high frequency

sound source in the background of ot her sources.

M cr ophone cabl e:

St andard m crophone cables with shiel ded and twi sted wires
shoul d be used to mnimzed the Hectrical noise pick up. No
correction is needed for such adjustnment with a dynamc m cro-
phone, if the length of the cable is below 100 ft. Wen condenso
m crophone i s used, dependi ng upon the preanplifier design,
correction may or nmay not be applied. Wen piezo electric mcro-
phone is used either a correction or inpedance matching is

appl i ed.

3. Frequency Anal yzer: Wen the infornmation provided by the

frequency wei ghted networks of an SAMis insufficient, for
nore specific nmeasurenent a frequency anal yzer i s connected

to SLM
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a) Cctave band anal yzer: The octave band anal yzer is the

b)

most conmon type of filter used for nost noi se neasurenents
related to HCP. Cctave bands are the w dest of the conmon
bandw dt hs used for anal yzers. Hence they provide infor-
mation about spectral distribution of pressure with a

m ni mum nunber of neasurenents.

The ol d instruments usually have a series of octave
bands from37.5 to 75, 75 to 150, 150 to 300 = . 4600 to
9600Hz. Newer, octave bands anal yzers have oct ave bands
centered at, 31.5, 63, 125, 250, 500, 8000 Hz according
to Anerican standard Frequencies for acoustical neasure-

ments.

Hal f octave and third-octave anal yzers: |t is used when

even nmore specific information of pressure spectral distri-
bution is designed than that provided by octave bands. (A
hal f-octave is a bandwi dth with an upper edge frequency

equal to the 2 times its |ower edge frequency).

Adj ust abl e bandwi dth broad band anal yzers: The design

permts a selection of bandwidth in octaves, nultiples of
octaves, or a fraction of aa octave. These anal yzers
permt the selection of an octave hand, rather than a

presel ected series of octaves, for a particular job.

Narrow band anal yzers: Anal yzers with bandw dth narrower

than octaves are referred to as narrow band anal yzers.
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They are usually continuously adjustable. Hence are
referred to as constant percentage bandwi dth or as

const ant bandw dth types.

4. Tape recorders: It is sonetines convenient to record

noi se so that an analysis may be nade at a | ater date,
for eg. when | engthy narrow band analysis are to be
made, or when very short-transient type noises are to

be anal yzed.

Care nmust be taken in the calibration and use of
recorders to avoid errors. M crophone shoul d al so have
t he sane characteristics as that of tape recorders. Any
of professional or broad casting quality tape recorders
are sufficient. Al so, direct sound pressure | eve
nmeasur enent and anal ysi s shoul d be made during the record-
ing procedures, so that operator will be aware when addi -

tional neasurenments or data are necessary.

5. Gaphic level recorder: This can be coupled to the out-

put of a SLM or anal yzer, to provide continuous witten
record of the output |evel. Recent GLRs give records
in the conventional RVS | ogarthmc formused by SLMs.

Hence the data can be read directly in dBs.

Magnetic field and vibration effects:

The response of SLM and anal yzers nmay be affected by

strong alternating magnetic fields found around sone el ectrica
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equi prrent.  Dynam ¢ m crophones, |oops and transforners are
susceptible to humpick-up fromthese fields. Sone of
dynam ¢ m crophones have humbreaking circuits that mnimze
t he pi ck-up, but caution should be executed in all cases.

To test for humpick up, disconnect the suspected conponent
and check for a drop in level on the indicating neter or
followthe manufacturer's procedure. Dynam c m scrophones

are not useful in metal shop areas.

Vi bration of the m crophone or neasuring instrunent,
may cause erroneous reading and in sonme cases may pernanently
danmage the equi pnent. Hence it is good practice to mechanically
i sol at e sound neasuring equi pnent from any vibrating surface.
Hol di ng the equi pnent in your hands or placing it on a foam

rubber pad is satisfactory in nost cases.

| npul se or inpact noi se measur enent:

The inertia of indicating neters of general purpose
sound | evel meters prevents accurate, direct nmeasurenents of
singl e i npul se noi ses whi ch have significant |evel changes
is less than 0.2 second. Typical noises with short time
constants are those produced by hanmrers, expl osives, and
others wi th short, sharp changing characteristics. A low
inertia device such as an oscilloscope nust be used to neasure

t hese i npul se type noises if detailed information is required.
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Measur enment of inpul se noi se characteristics nmay be
taken directly fromcalibrated oscilloscope with a |ong
per si stence screen, or photographi c accessories nmay be
used to obtain permanent records. The oscilloscope is
usual |y connected to the output of sound |evel neter having
a W de frequency response and calibrated with a known sound

| evel of sinusodial characteristics.

| nstrunent calibration:

If valid data are to be obtained, it is essential that

all sound neasuring and anal yzi ng equi pnent be in calibration.

Most general purpose sound nmeasuring instrunents have
built in calibration circuits that may be used for checking
electrical gain. Mst sound | evel neters have built in, or
accessory, acoustical calibrators that nmay be used to check
t he overal |l acoustical and electrical performance at one or
nore frequencies. The calibration should be made accordi ng
to the manufacturer's instructions at the beginning and at the
end of each days neasurenents. A battery check should al so

be made at these tines.

Periodically, sound neasuring instrunents shoul d be sent
back to the manufacturer, or to a conpetent acoustical | abora-
tory, for a conplete overall calibration at several frequencies
t hroughout the instrunent range. In any case, a conplete cali-
bration shoul d be nade if any unusual change (nore than 2dB)

Is seen in the daily calibration.
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Dosi netry:

Noi se dosineters are becomng w dely used for nonitoring
noi se environnments that may be hazardous to hearing. Basi-
cally the dosineter integrates a weighted function of sound
pressure or sound pressure | evel over a tine period, and
their determnes the noise dose as a percentage of permssible
exposure criteria. Most often these instrunments are worn on
t he person, w th mcrophone | ocated on the chest or shoul der.
They may al so be used as an area nonitor if not worn by a

per son.

The instrunment can be broken down into these conponents.
1. A sound |evel neter
2. An integrator

3. Aread out device.

The overall response and quality of sound | evel neter is
controll ed by standard, and tol erances are usually specified
by ANSI S 4-1971 for atype-2 neter. The integrator section
electrically integrates a power function of the nean-square
signal over tinme. A rather general expression which describes

the operation nmathematically is

D= %gg 1FT antilog (L'Lc)dt.
c o 9



. 21)

wher e

D = Percentage exposure (%

Tc= Oriterian sound duration(vsually 8 hours)

T = Measurenent duration (h)

t = tine (h)

L = weighted sound | evel (a function of tine)(usually dBA)

Lc= Oriterian threshold sound | evel (dBA)

g = Oiterian exchange paraneter (dB)

The exchange rate paraneter is generally related to expo-
sure accunul ation factor of the criteria. For exanple, the
OBHA exposure criteria reduce perm ssi bl e exposure by one-hal f
when the noi se | evel increases by 5 dBA. Qher international
criteria reduce exposure by one-half when the noise |evel
i ncreases by 3 dBA, which is little nore plausible froman

energy stand point.

According to the fornula, a dosineter worn by the operator
for 8 hour at 90 dB&nd 100 dBA woul d i ndeed regi ster 100%and

400%exposur e accordi ngly.

Wth respect to read out, sone dosineters are self
contai ned,in that the percentage exposure is given as a
digital read out on the face of the instrunent. Qhers

requi re additional and separate read out indicating equiprent.

Finally, because nbst exposure criteria do not accunul ate

bel ow a specified threshold | evel, the dosimeters nmust respond
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accordingly. This sinply neans that the integrator is
i dl e bel ow a present |evel say 90 dBA, and no exposure accu-

mul at ed.

The instrunent is calibrated by placing a pistonphone
or diaphragmcalibrator over the mcrophone. Here as for
the SLM the dosineter indicator is adjusted to an exposure
accunul ation rate based on the precise calibration sound

| evel .

In sutmmary for dosineters there are nunerous maj or vari a-
tions in calibration read out, threshold | evel selection, etc.
However the response and operation are controlled by standard
and two nost relevant are ANSI SI. 25-1978 (American Nationa
St andards specifications for personnel noise dosineters) and
| SO R 1999 (Assessnent of occupational noi se exposure for

heari ng conservati on pur poses).

M croprocessor based noi se neasur enent :

Wth the hel p of mcroprocessor based noi se neasur enment
instrunentati on we can find out noi se dosages for those enpl oyees
whose noi se dosages change on a daily and sone tines hourly

basis due to their novenent fromlocation to | ocation.

Wth the help of recently devel oped noi se-| oggi ng dosi net er

we can have direct read out of many exposure |evel neasurenent



. 23)

and can store 1 mnute histograns to 40 hours, can print out
1, 3, 5 or 10 mnute histograns, or can project 8 hour %
noi se dosages and statistical distributions, so hearing conser-

vationist will be haying over abundance of information.

There are hearing conservation conputer prograns which
elimnate | ot of paper work. Acquisition of nore infornmation
and anal ysis of the sane is going to define our role as a
good hearing conservationist. Utimately m croprocessor
conputer will have the greatest inpact on how we adm ni ster

our prograns. (D etz, 1987).



DAVACE R SK CRI TER A

The rel ation of noi se exposure to hearing |oss is not

preci sely defi ned.

Fromthe data available from | aboratory investigations
of TTS and observati ons of permanent hearing |oss in indu-
strial popul ations, four major faetors contribute to noise
hazards energe (Anerican Acadeny of Qohthal nol ogy and O o-
| aryngol ogy, 1982). These factors are -

1. Sound |evel neasured in dB

2. Spectral distribution (distribution of sound energy with
f requency)

3. Duration and distribution of noi se (sound) exposure during
a typical work day and

4. Qunul ative noi se exposure in days, weeks or years.

In addition to the above factors, the follow ng factors shoul d

al so be consi dered.

5. Type of noise (steady state or intermttent)

6. Susceptibility of people to N PTS.

A criterian nust be established which specifies the risk
whi ch i s consi dered acceptabl e and serve as basis for establish-
I ng predi ction noi se contours (Burns, 1973). 1In general
noi se specifications or noi se contours have becane known as

damage risk criteria, wth actual criteria bei ng unknown or
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or ignored by users, several specifications have been
devel oped since the md 1950s. Mbst of these noi se specifi-
cati ons have made concessions in the anmount of protection

offered to industrial enployees fromN PTS.

The starting point, then, for devel opnent of noise
such specifications is the degree of deterioration of hear-
ing which is regarded as acceptable. |If all people reacted
in the sane way, then a limt could be established which
woul d separate the danagi ng noi se from safe noi se. However

it 1s not true.

The nost famliar, detailed, and el aborate noi se speci -
fications published thus far are the recomrendati ons nmade
by National Research Council Commttee on Hearing, Bioacoustics
and Bi onechani cs (CHABA) (Kryter et al. 1966). The criterion
of acceptability underlying the CHABA proposal regards noi se
conditions as acceptable, if after 10 years or nore of daily
noi se exposure, a hearing |oss of not nore than 10 dB at
1000 Hz and below, or 15 dB at 2000 Hz or 20 dB at 3000 Hz and
above is produced. The CHABA cover a frequency range between
100 to 7000 Hz and have been published in the formof noise
curves or damage risk contours. Adistinct feature of these
contours that not only are nmaxi nrum al | owabl e sound pressures
for bands of noise indicated, but also the duration to which
a person m ght be exposed to any given level is specified.

The contours show that 8- and 4- hours exposures are al nost the
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sane. This recomrendation is questionable in viewof infor-
mation from studi es using noi se exposure | onger than 8 hours
(MIls, et al 1970; Mel nick, 1974; Mel nick and Maves, 1974).
The CHABA specifications predict that conti nuous noi ses
havi ng tonal conponents are nore hazardous. The recommenda-
tion did not provide specifications for inpulse noise.

Perm ssible sound | evel s for an 8 hours work day that
gi ve an Leq for this period of 90 dB(A).

Sound | evel (<GBA Perm ssi bl e daily exposure,

hour s

90 8

92 6

95 4

97 3

100 2

102 1%

105 1

110 ”

115 Yaor |ess

(Qccupational safety and health act).

Botstord (1970) recomended the use of a single index
of noi se magni tude, the 'A weighted sound | evel to over cone
t he octave band anal ysis of noi se. The A weighting network
in a sound | evel neter nmakes the neter |ess sensitive to | ow

frequency sounds in nmuch the sane way that the ear is | ess
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sensitive to these sane | ow frequency sounds. It has been
i ncor porate

concer ni ng

The American conference of Governnmental, industrial
hygi eni sts devel oped reconmendations for limts of permssible
noi se exposure (Botsford, 1970). These recommendations were
i ncorporated in the Wil sh-Heal ey public contracts act and in
t he occupational safety and health act. These val ues shown
in table and incorporated the so called "5dB rule". The rule
assunmes that time intensity trades will naintain equal noxi ous-
ness of noi se exposures. |If the intensity of noise is
increased by 5 dB, then the perm ssible durati on nust be
reduced by one half. Wen the noise |evels are determned
by octave band anal ysis the equival ent A-weighted sound | evel
may be determned to determine the exposure limts fromthe
tabl e. (Wen the enpl oyees are subjected to sound exceedi ng
those listed in table, then HCP should be inplenented to
reduce the |l evel s of noise ia order to prevent the enpl oyees
fromNIHL. The 90 dBA for 8 hours applies to continuous
noi se. Infornation on inpact noise and intermttent noise
is less available.) In the inter-society report certain gui de-
| i nes have been proposed for intermttent and part tine expo-

sure to noi se.

When daily noi se exposure i s conposed of two or nore

periods of noises at different |evels, their conbi ned effect
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shoul d be considered. This kind of exposure i s expressed
as a noi se exposure rating. which is defined as a ratio of
observed duration of the dangerous noi se to that duration
al | owabl e under the specifications for regulatory limts.
Noi se exposure i s considered acceptable for all val ues of
exposure if the conbined rati os do not exceed unity (one).
The hazard to hearing increases as the noi se exposure rati os
becones progressively greater than one. The hazardous
noi se rating nmay be cal cul ated by using the foll ow ng equa-
tion.

Cl C OCn
-—+ -- + -- = noise rating
T1 T2 Tn

C indicates the total tine of exposure at a specified noise
| evel, where T, indicates the total tinme of an exposure

permtted at that | evel (WS Departnent of Labor, 1974).

Noi se exposure can al so be described in terns of daily
noi se dose or the 8 hour tine weighted average sound | eve
(TWA) (U.S. Departnent of Labor, 1981). The noi se dose
sinply requires multiplying the noise rating ratio by 100.
The TWA is the sound | evel which if constant over an 8 hour
exposure period would result in the same neasured noi se dose
and can be calculated in dB, fromthe noi se dose by the

f or mul a.
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TWA = 16.61 Log1o (D’ 100) +90

For inpul se noi se, a recomendation has been nmade

t hat inpact noi se should not exceed 140 dB peak SPL.

Wth inpul sive noises, there is usually a trade-off
between intensities of pul se and nunber of pul ses that can
be experienced. A current recommendation is that with a
10 dB decrease in peak sound pressure | evel there woul d be
correspondi ng i ncrease in the nunber of allowabl e pul ses
in awrk day by a factor of 10. The base is assuned to be
100 pul ses per day. |If the peak |evel increases to 150 dB,
then only 10 pul ses per day woul d be permssible (WB
Departnment of Labor, 1974).

Many European standards allow a perm ssible 3 dB increase
in sound | evel for each hal ving of exposure duration, whereas
inUS., thereis a support for a 5 dB increase per hal ving

of exposure duration.

The EPA identifies an equival ent sound | evel of L =70 dBA
as the maxi mum per m ssi bl e when neasured on 24 hours/day and
everyday of the year basis. Level is nodified to 71.4 dBA
to provide margin of safety. But, on basis of 8 hours/day,

5 days/week for 50 week/year, which is reasonabl e for nmany
life style, then the exposure at work may rise to an Leq oOver
then hours to 76.4 dBA (Say 76 dB), or, adding nmargin of
safety to 77.8 dBA(Say 78 dBA).
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The criterion is based on the noi se | evel which protects
96%of the popul ati on agai nst noi se i nduced permanent hearing
| oss of greater than 5 dB at 4000 Hz. It is argued that,
peopl e beyond 96t h percentile, who are those w th already
I npai red hearing, are also protected at the criterion |eve
because their hearing is too inpaired to be danaged by sounds,

which at this level, they cannot hear.

At present there is not conplete agreenment in the U S.
that, EPAcriterion is correct one point of disagreenent being

energy based trading relationship with tine.

Much of the inpetus for establishnment of equal energy
principle for assessing hearing hazard in Britain derived
fromMedi cal Research Council and National Physical Laboratory
study. The report of this work is by Burns and Robi nson(
has since forned the basis for a nethod of assessing potenti al
hazard to hearing. A nunber of European national bodies
have al so based their standard nethods of assessnment on this

type of infornation.

Equal energy principl e:

Burns and Robi nson (1970) showed that for steady state
noi se a relationship exists between A-weighted sound energy

and persistent hearing | oss.
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A-wei ghted sound energy received during noi se exposure
may be deduced fromthe product of A-weighted sound and the
duration of exposure. A doubling of energy represents an
i ncrease in noise level of 3 dBA. That is for exanpl e expo-
sure of 90 dBAfor a given period is equivalent interns of
sound energy and therefore a hazard, to an exposure to 93 dBA
for half that period. This is equal energy principle.
Subsequent research byother by and Martin (1971) and R ce and
Martin (1973) has shown that this principle may al so be
extended to the assessnent of risk of hearing fromindustrial

| npact noi se and fromhigh-level transients such as gunfire.

Tabl e- C gi ves exanpl es of val ues of sound | evel and expo-
sure duration whi ch, when considered together, represent an
Leq of 90 dBA for 8 hours. This noise dose is considered at
present in criterion to be safe maximnum An Lg; of 90 dBA
over 8 hours is equivalent to an L of 85 dBA over 24 hours

- A
mhich/Lfgher t han t he EPA proposed 5;Iue.

The British Qccupational Hygi ene Society (BCHS) docunent
refers solely to steady state noise and is intended to restrict
occupati onal exposure to noi se& that handi cap does not occur
in nmore than 1 percent of persons exposed during their working
life time. This objective is to be considered to be achi eved
if the noise induced inpairnent to hearing at the end of 30

year working |ife does not exceed |evels of 40 dB cal cul ated as
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t he average | oss at the audionetric frequencies 0.5, 1, 2, 3
and 6 KHz in 1 percent of persons exposed. To neet this
criteria noise |levels should not exceed an L¢q of 90 dBA.
The standard nmust not be used for inpul se noise or if these

are significant pure tones.

The international organization for standardization(lSO
recomrendati ons R 1999 does not quantify absolute | evel s which
nust not be exceeded. Rather it gives practical relationship
bet ween occupati onal noi se exposure, expressed in terns of
noi se level and duration within a normal working week of 40
hours, and the risk of increase in percentage of persons in
speci fied age groups that may be expected to show during
inpairnent as a result of specified exposures. Hearing is
considered to be inpaired for conversation of speech if the
arithnmetic average of hearing loss for the frequencies 0.5, 1,
and 2 KHz is 25 dB or nore. The recommendati ons does not set
down limts but points to levels of 90 dBA | egislated in sone
countries. |Inpul se noise of less than 1 second duration for a

single level transient such as gun fire are excl uded.
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The table (b) will give the conparison i
permtted by BOHS (1971) and IS0 (1981) ChoSxposure times

BOHS permtted Maxi mum per - | SO permitted
duration hours m ssi bl e docunents hours
per day sound | evel
dBA
12 88
11
10
9
8 90 40
7 90. 5 35
6 91 30
8§ 92 25
4 93 20
3 94 15
2 96 10
1 99 5
0.5 102 150 m nut es
105 75 m nut es
108 40 m nut es
111 20 m nut es

114 1.0 m nut es.
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Tabl e (c) Perm ssibl e exposure under occupational safety
and Heal th Act.

Sound | evel (dBA) Perm ssible daily exposure

(hours)

90 8

92 6

95 4

97

100 2

102 1%

105 1

110 7

115 Yaor |ess

The danage risk criteria is a statistical concept and
must be interpreted as such w thout discrimnation, and
wi thout application to individual situations. Further nost,
it is very conplex concept involving variables that are
I nconpl etely understood, such as individual susceptibility
to noise, its cumulative effect, and the relation of auditory

fatigue to pernmanent deaf ness.



TEAM MEMBERS

The hearing conservati on programre requires interaction
and cooperation anong various professionals and adm ni strators.
Setting up a conservation of hearing progranme costs the
i ndustry both time and noney. The decision to invest that
tinme and noney i s managenent decisiopand i s based upon a
det erm nati on whet her or not noi se problemexists. nce it
has been established that noi se probl em exi sts nmanagenent is
next concerned with the question "Wat are the economc

consequences of clains, for industrial hearing | oss".

How to sell nanagenent hearing conservation:

Satel off and M chel (1973) indicated that the |arge
conpani es beconme aware of the problem either through the
safety engi neer, plant physician or the nurse. The snal
i ndustries, as they do not have nedi cal director, are not
aware of the problemor the need of HCP. E ther a warning
fromthe state i nspector of claimfor conpensation by an

enpl oyee nake them aware of need for HCP.

Until the OSHA was passed nost plantsdid little about
heari ng conservation even after being appraised of their
noi se problem But on the whol e there has been nore di scu-
ssion rather than action in practice of hearing conservation

progr anme.

The progrmre nust be sold first to top managenent and

have its conpl ete approval and cooperation. To achieve this,
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many pl ants have to bring in an outside consultant who can
| npress top managenment with the inportant advantages of the
programme. In describing the need for hearing conservation
programre and how and who will run it, an estinate cost nust
be presented. Very few conpani es have enough conpet ent
personnel to inplenment the entire programe by thensel ves.
Most pl ants have to seek the hel p of an acoustics consultant,
safety engineer and especially audiologist famliar with this
wor k. The cost proposal shoul d al so i ncl ude expenses for
equi pment and ear protectors. The possibl e cost noi se control
nmeasures should al so be presented. Nowwe will look into the

rol e played by different nmenbers of team separately.

The rol eof the safety engineer and industrial hygienist:

The rol e played by the safety engineer and industria
hygi eni st can be summari zed as bel ow
1. The safety engi neer brings the awareness anong t he nanage-
nment and enpl oyees, about the HCP.
2. He hel ps to deci de how extensive a HCP shoul d be
3. He perforns the noi se surveys and reconmends the noi se
control measures.
4. He shoul d eval uate EPD and deci de whi ch EPD suits which

noi se ar ea.

In addition to the above, he has other responsibilities
al so such as

1) He supervises the EPD usage by enpl oyees.
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2) He takes over the responsibility of the overall pro-
gramme in the absence of plant physician.
3) He selects the roomfor hearing testing.
4) He also has a role in scheduling enployees for hearing
testing.
5) Any nodification nmade in the Industrial noise control

set up should be evaluated by safety engineer.

Rol e of the industrial noise:

The plant nurse is probably the nost inportant person

in a HCP. Most inportant, the nurse creates the inage of

t he HCP.

She has to not only conduct the audionetric tests, but
al so explains the results to the enployer, fits the ear
protectors (Sachin, 1963). She also checks the enpl oyee's
EPDs and denonstrates the correct use of it. She keeps
records, and takes case histories. She should be taught to
uncover inportant information and also to examne the ear

canal and ear drumw th an ot oscope.

The role of industrial physician and otol ogist:

The role of the industrial physician is sumarized bel ow
1. The physician has to supervise the noise surveys carried

out by the safety engineer.
2. The decision whether the noise is sufficient to cause damage

to the enployees' hearing is taken by the plant physician
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3. The physician with the nanagenent deci des the various
steps to be inplemented in order to carry out effective
HCP.

4. The pl ant physician has to decide the susceptibility of
an individual to noise, and also to whether to enpl oy
or not.

5. He also has the responsibility to schedul e the enpl oyees

f or audi ograns.

The consul tant ot ol ogi st:

The rol e of consultant otol ogi st can be summari zed in

the foll owi ng points.

1. He shoul d di agnose t he enpl oyees on the basis of history
and different audiol ogical tests.

2. The otol ogi st should be able to testify as an expert w tness
i n medico | egal situations.

3. If plant physician is not available, the otologist may be
I nvol ved i n HCP.

4. The report of consultant otol ogi st should include results
of all tests perforned, as the report nmay be the focal point
of claimfor conpensation

5. He should treat the hearing | oss due to others probl ens

such as ASOM CSOM reaction to EPD. etc.

Rol e of an Radi ol ogi st :

VWi | e discussing the role of Audiologist it is best to
guote the hearing conservation anmendnment published by OSHA

(1982). It states that "for conpliance purposes, the audi ol ogist,
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Q ol aryngol ogi st, and ot her Physicians are on equal footing.
Wi | e t he agency bel i eves that audiol ogi st and ot ol aryngo-
l ogist will be in the best position to nmake judgenents about
testing procedures and the validity and interpretation of
audi ograns, physicians with specialities other than otol aryn-

gol ogy may be quite capabl e of nmaking these judgenents".

The audi ol ogi st shoul d interpret the audi ograns, carried
out by audionetric technicians or industrial nurse. He
shoul d i nvol ve hinself in notivating, educating the purpose
usage and case of EPD, to the enpl oyees (satel off and M chel,

1973).

Rol e of audionetric technicians:

Audi onmetry generally is done by audiometric technicians
specifically trained for this purpose. They carry out the
audi onetric testing under the supervision of an audi ol ogi st
or an otol ogist, since the audionetric technicians cone in
contact regularly with enpl oyees, they can educate and noti -

vat e the enpl oyees regardi ng benefit and usage of EPD.

Rol e of purchase secti on:

The purchase departnent has a responsibility to nmake
sure that only equi pment approved by engi neering, industrial
hygi ene, safety nmedical and other departnent is purchased

for use in the industry.
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The purchase section should include specific noise
limts or other requirenents on order. (BHEL, Course naterial,
1984) .

Rol e of the supervisors:

The Supervisor's responsibility in HCP are -
1. To instruct his enpl oyees periodically on precautions and
practices to be followed i n noisy area.
To make sure of warning signals.
To informauthorities on conditions which appear noi sy.

To consult ot her sections whenever necessary.

a kM w b

To assist the safety engi neers during noi se survey.
(BHEL, Course Material, 1984).

Rol e of the enpl oyees:

Enpl oyees has equal responsibilities in HCP to control
exposure limts. Their responsibilities aremainly -
1. Tonotify their supervisor of conditions, that result in
I ncreased noi se | evel s.
2. To (oserve all safety rales.

(BHEL, Course Material, 1984)



| NDUSTRI AL AUDI OVETRY

The main interest of an Audiologist in industrial hear-
i ng conservation, because of his association, training and
experience will be in the area of hearing neasurenment. The
hearing testing being mainly done by an industrial nurse

or any other well trained individual.

The hearing testing progranme or industrial audionetry
i nvol ves purpose of testing, site of testing, different types
of audi oneters used, types of tests used, calibration of
audi oneters, record keeping, history of industrial audionetry

test personnel, test environnent.

Hi story of industrial audionetry:

The first reliable automatic self recordi ng audi oneter
for industry introduced by Rudnose in 1955 was described in
[iterature (McMiurray and Rudnose, 1956). The original Rudnpse
audi oneter presented a conti nuous tone which was adjusted by
responses of subject to increase and decrease signal intensity
around his threshold. The Rudnose audi oneter is comonly

referred to as a descrete frequency Bekesy type audi oneter.

Soon after, Borgan (1956) described conputer assisted
automati c audi oneter which sinulated manual audionmetry in

t hat successive discrete intensity steps were presented whose
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| evel depended upon response or |ack of response of the
subject. |If the subject responded, the next tinme was |ess

I nt ense and vi ce-ver sa.

Recent|ly conputer based audi oneters and hearing conser -

vation vans are used for hearing testing.

Benefit of hearing testing:

Satal off and M chel (1973) suggested the foll ow ng

benefits provided by hearing testing or industrial audionetry.

1. To ensure or protect the enpl oyees of conpany agai nst un-
justified clains of hearing | oss.

2. To make a truely preventive nedical programthat can pro-
tect the worker against ever sustaining an occupati onal
hearing | oss.

3. To provide the evaluation of both existing hearing acuity
and efficiency of control neasures.

4. To detect all enployees with hearing | oss that m ght be

curabl e or mght be prevented fromgetting worse.

Mel eni ck (1987) recommended that industrial audionetry
hel ps in detecting the individuals susceptibility tonoise.
I ndustrial audionetry provides an essential safeguard agai nst

the failures of HCP (Tenplezt, 1985).
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Equi prent and room for hearing testing:

A pure tone audioneter is recommended for hearing testing
in industry. An audioneter consists of (1) a electronic
osscilator for generating test tones (2) a carefully controlled
anplifier - attenuator net work, and (3) earphones to intro-

duce the test tones into the ear canal.

Sel ecting an audi oneter:

Following are the features of an audionetry whi ch shoul d
be consi dered before purchase.

1. It should be sinple to operate, with essentials for air
conduction threshol d neasurenents.

2. It shoul d have test frequencies including 500, 1000, 2000,
3000, 4000, 6000 and 8000HZ.

3. The tone interruptor should be designed so that tone can be
turned on when the switch is pressed. The head bands shoul d
have adequate tension to hol d the earphones securely agai nst
the ears.

4. The earphone cushi on shoul d be standard M-41/ AR t ype.

5. The audi oneter shoul d be puchased from a conpany whi ch

assures of repair services and calibration.

Test environment:

Rel i abl e measures of hearing sensitivity require that
anbi ent background noi se levels in test environnent be sufficiently
|l ow so as not to interfere with neasurenent of threshold hearincg

| evel s.
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The nost recent federal regulations (U S. Departnent of
Labor, 1981) stipulate that the background noi se | evels
contained in an out of date ANSI standard, s.3.1-1960 are
acceptable. These background noise levels will not permt
measur enent of threshold of hearing |evels designated in
Nati onal /I nternational standards wi thout the potential con-
tam nation of results by masking. |[If a hearing testing pro-
granme requires that it be possible to neasure nornmal hear-
ing threshold sensitivity as specified by National | ntemational
standard, then the background noise limts should be in
agreenent wi th those publishedinNational/lnternational, standard
"Criteria for perm ssible Anbient noise during audionetric
testing”. These two specifications for allowabl e background

noi se levels are contained in table.

Tabl e: Two specifications of acceptable background noise |evels
for audionetric testing tabulated as actave band sound
| evel s (to the nearest dB).

Cct ave band center frequency

500 1000 2000 4000 8000

S. 3.1-1960( Accept abl e 40 40 47 57 62
to GSHA: U S. Depart nent
of Labor, 1981).

S. 3.1-1977(Necessary for 22 30 35 42 42
testing ANSI-1969 nor nal
threshold hearing |evels

To obtain a quiet environnent, the sound isolating test
roomis constructed. Equally inportant in test site selection
is its convenience to the personnel conducting hearing tests,

personnel to be tested, adequate lighting and ventil ati on.
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Mobil e test units are particularly useful when a nunber
of different locations are to be surveyed. At sinplest

level the nobile facility.

Pr emanuf act ured boot h:

In some industries where it is not possible to make
sound treated roons due to certain reasons. It may be
possi bl e to purchase premanufactured booth. The noise |levels
within the booth nust neet National/lInternational standards.
In addition to attenuation characteristics, the follow ng

factors should be taken into account.
Room si ze:

The room in which the booth is placed should be | arge
enough, so that the booth is accommobdated w t hout touching

wal ls or ceiling of the room

Position of booth wi ndow and door:

The door which is hung to open from either right or left
side, should not interfere with the objects or doors in the
room cont ai ni ng booth. The observation w ndow shoul d be on

t he door opening side.

Position of audioneter and technician:

A shelf attached directly to booth under observation

wi ndow shoul d be |arge enough to hold both audi oneter and
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provi de desk space for the technician. The space between
t he booth wal | sandroons wal | shoul d not be used for storage.
These shoul d be anpl e space on the w ndow side of the booth
for a seat for the technician. The booth itself should be
equi pped with the follow ng: Jack panel for the exterior
connections of audioneter to booth and for earphone connec-
tions inside the booth, with internal |ighting, and a venti -
| ati on system Earphone hanger should be installed in the
boot h above and behind the chair. The overhead |ights ahoul d

not cause refl ections on the observati on wi ndow.

Boot h assenbl y:

Large boot hs nust be assenbl ed on site.

Rechecki ng of noise levels in the booth shoul d be obtai ned

annual | y.

Testing w thout a boot h:

It includes the very quiet space in the office, an unused
vault or a sound treated roomor some simlar area in which
audi onetric tests can be satisfactorily conducted. The area
must neet all the preresuities tested in "Test environnment".
The audi oneter is placed on the table and subject on opposite

si de of table.

Modi fyi ng an avail able room for audi onetric testing:

The nost reliable neans of providing noise reduction is
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massi ve construction. A roomwth heavy masonary wal | s,
floors and ceiling will provide noise isolation provided

care is taken to prevent |eakage paths.

Leakage: Small cracks that m ght be found around w ndows,
doors* electrical fixtures, pipes etc; provide significant
| eakage paths that may nullify the benefits of a good noise
barrier. Werever possible, all holes and cracks shoul d be
seal ed permanently. Qpeni ngs around an operating door or

wi ndow shoul d be cl osed by flexible gaskets.

Radi ati on: Leakage and re-radi ati on of noi se can occur through
thin or light sections such as a single-pane wi ndows and
doors. |If additional noise reduction is required, double
doors or doubl e-pane w ndows can be used to provide nore

radi ati on.

Vi bration: Structure borne vibration can be transmtted
through heavy walls and reradiated into the air of enclosed
space. It noise levels fromstructure borne sources are
high "roomw thin a room construction may be required and

this work shoul d be undertaken only by experienced acousti ci an.

Interior absorption: Interior noise absorbing materials have

little effect on the anount of noise |eaking into a room
fromthe outside, or fromthe subject, frombuilding up. For

roons of noderate size, adequate absorption is provided by a
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carpet on the floor and full drapes on two walls. |If conven-
tional sound-absorbing treatnent is used, it should be
di stributed between the ceilings and two adjoining walls for

maxi mum ef f ecti veness.

Ventilation: Two general principles are normally applied in

the design of ventilation systemfor hearing test roons. One
Is touse long inlet and outlet ducts that are heavily |ined
wi th noi se-absorbing material. The second is to use low air

velocities that will mnimze noi se caused by turbul ence.

Audi onet er calibration:

The test equipnent is the source of possible variation
in hearing test results. |f the threshold neasurenent are to
be reliable and valid indications of hearing status, the
audi onet er nust be accurately calibrated. An audioneters
accuracy or calibrator nust be checked daily prior to using
t he i nstrunment and upon conpl etion of its use for the day.
In addition, conplete |aboratory calibration should be nade
periodically. An audioneter is in calibration when it produces
a specified tone at |evel and frequency shown on the dial
settings. It also produces the tone w thout unwanted noi se

in the ear to which it is directed.

The inaccuracy of the audioneter is caused by rough
handl i ng of the instrunment, heat, dust, high humdity exposure

of the audi oneter.
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Cal i bration procedure:

The follow ng tests and inspections should be nade by

t he technician at the beginning of each day.

1

Al'l control knobs on audi oneter should be checked to be
sure that they are tight on their shafts.

Ear phone cords should be straightened so that there are
no sharp bends or knots.

Test the earphones cords electrically with dials set at
2000 Hz and 60 dB by listening to earphones whil e bendi ng
the cords along their length. Any scretching noise,
intermttency or changes in test tone indicate a need for
new cor ds.

Test the operation of tone interruptor with dials set

at 2000 Hz and 60 dB by listening to earphones and operat -
ing interruptor several tinmes. No audible noise, such

as clicks nor changes in test tone quality should be
heard when the interruptor switch is used.

Check the headband tension by observing the distance bet -
ween the inner surface of earphone cushions when it is
held in a full unnmounted condition. Wile the center of
its adjustnment range, the distance between cushions
shoul d be about one half inch. The band may be sent to

reach this adjustnent.

Audi onet er specifications:

Manual audi oneters are manufactured in three basic types.
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Wde-range, limted range or narrow range (National/inter-
national). The limted range audi oneter which is of prinmary
interest is intended for air conduction threshold neasure-
ment with tones provided at | east 500, 1000, 2000, 3000, 4000
and 6000 Hz with hearing levels from10 dBto at |least 70 dB
referenced (National/international standard) threshold |evels.

Facilities for bone conduction and nmaski ng nay be obt ai ned.

The ot her significant factors include -

1. The accuracy of sound pressure |levels shall + 3 dB at
test frequencies from250 to 3000 Hz and + 4 dB all ot her
frequenci es above or bel ow this range.

2. The measured difference between two successive desi gnati ons
of hearing thresholds level shall not differ fromdi al
i ndi cated difference by nore than (a) three tenths of dial
interval measured in decibels or (b) 1 dB whichever is
| ar ger.

3. The accuracy of test tone specifications shall be + 3
percent of indicated frequency for discrete frequency audi o-
met ers.

4. The SPL of any harnonic shall be at |east 30 dB bel ow t he

sound pressure |level of the fundanmental.

Most manual and autonati c audi oneters used in hearing
conservation programmes are discrete frequency types which
are covered by the above specifications. Those few audi oneters

whi ch supply test tones over a continuous frequency range shal l
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neet the above specifications except that frequency accuracy

shall be within 5 percent at all indicated test frequencies.

Qurrently proposed guidelines to the OSHA specifies
three types of calibration which are conducted at different
interval s of tinme.

1. Biological calibration
2. Periodic calibration

3. Exhaustive calibration

1. Biological calibration;

As there is no difference in the threshold of sensitivity
fromday to day in a normal ear, so human ear can be used to
check the stability of audiometer in terns of its output. This
type of calibration is known as biological calibration. The
subj ects shoul d not have t hreshol ds poorer than 25 dB. Biol ogi cal
calibration is recommended at | east once a nonth. It may however,
be carried out nore frequently-perhaps sem weekly, weekly or

even daily.

It is inportant to renenber that if the audioneter is
found to be out of calibration the |ast valid audi ograns are

those that were done upto the previous calibration check.

In addition to recording the thresholds, also record the
date and tine of calibration check, the serial nunber and
reference standard of audioneter. Mintain all of these records

in a separate "calibration folder". Recording tine of test is
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I nportant, especially if change of 10 dB or nore i s noted.
Subsequent tests on other subjects will show, according to
tinme entered, that imediate followup tests did or did not,

substanti ate the detected "change".

Each tester should know hi s or her own threshol ds and
In an enmergency be able to do "self audiogranmi. It is rather
an audionetric check than biological calibration. It is done
when there is difficulty with audi oneter or when the bi ol ogi ca

subjects are not imediately avail abl e.

Periodic calibration:

The audi oneter nmust be subject to an annual (periodic)
calibration check. 1In sone cases it may be subjected to
periodic calibration within 30 days of a biological, check tha
uncovers threshol d changes greater than 5 dB at any frequency,
distorted signals, attenuator or tone presenter transients; or
ot her severe operating difficulties. The audi oneter nust be
calibrated with its own set of earphones. The calibration
agency nmust be notified of specific probl emobserved with the

audi onet er .

Exhaustive calibration:

Once every 5 years, an exhaustive calibration check of
audi oneter will be perforned. This is a deeper check of
calibration and nust conply with the national/international

st andar ds.
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A certificate of calibration and listing of actual audio-
met er out puts should be obtained for plant records upon conpl e-
tion of this work. Keep all certificates and calibration data

wi th biological calibration |og book.

New audi oneters or those returned fromrepair or calibra-
tion service, should he imedi ately subjected to a biol ogica

calibration before being placed into service.

Sel ecting hearing testing equipnent:

| ndustrial audionetry requires follow ng types of audio-
met er.
1. Manual audioneters
2. Self recording audioneters

3. Conputer audi oneters.

1. Manual audi oneters:

Audi oneters used in industry nmust neet national/inter-
national standard specifications for audiometers. For indu-
strial testing purpose the limted range pure tone air conduc-
tion audioneter is appropriate. However, audioneters capable
of levels greater than 70 dB referenced to standard reference
threshold | evel, and with capability for testing 8000 Hz are

essential for otologic diagnosis.

Advant ages of Manual audioneters:

Mel ni ck (1987) found that manual audioneter is suitable

in hearing testing because of the follow ng advant ages.
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1. The tester has a greater flexibility regarding the test-
ing procedures and nore control over the test situation
than the automatic variety.
2. Enployees find task due with manual audi oneters easier
to understand and perform than those done with automatic

audi omet ers.

2. Self Recording audi oneters:

Sel f recording audioneter is actually subject controlled

rat her than technician controll ed.

For "self recording"” audionetry the fixed frequency
type is preferable in the industrial setting. Wth this
type of instrunent, the test frequency is usually presented
sequentially in periods of 30 seconds for each test frequency.
(Mel enick, 1987). The test frequency and test ear are auto-
matically selected by the instrument. The intensity |eve
is controlled by switch mani pul ated by the person who is
being tested in a simlar fashion to the Bekesy test proce-
dure. For an automatic test to be valid, the test record
shoul d indicate at |east six crossing at each test frequency.
The threshold is taken to be average of the m dpoints of the

traci ng.

Advant ages of self recording audionetry:

Mel eni ck (1987) listed the follow ng advantages of self
recordi ng audi onetry.

1. It reduces the operator error.
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2. The testing technique is standardized from situation to
si tuati on.
3. Self recording audionetry is not conpletely automatic,
it requires the attention of the audionetric technician.
4. In larger industrial situation, self recording audionetry
will permt testing of several persons. Sinultaneously,
the limting factor being the nunber of persons, that a

techni cian can visually nonitor.

In addition to the above advantages, self recording
audi onetry permts snaller gradations of intensity, to provide

recording of data for nedical records.

3. Conputer audionetry:

Wth the evaluation of conmputer based technol ogy individua
m croprocessor based audi oneters were devel oped whi ch contai ned
signi ficant advantages over the ol der, manual instrunents.
These advantages include conplete automatic testing, greater
accuracy, easier testing procedures for the test provider and

instantly cal cul ated threshold shifts.

The personal conputer began to be exam ned as a | ogica
extension for data managenent, |arge bulk storage, and trend

anal ysi s.

Advant age of personal conputer:

Personal conputer was a managenent tool to help small

m d size or even large health care facility, perforns tasks
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in amninmal anmount of tinme, retrieves |arge anounts of
data, does basic trend anal ysis by group designation and
even directly transferring audi ograns to the personal

conput er wer e possi bl e.

The creative use of conputer by hearing health profe-
ssionals lead to reduced or down sized budgets and depart -
ments, saving tinme in the nore routine tasks necessary to

run a hearing health care facility.

M croprocessor based audi oneter nakes testing to be
done autonatically with mninal supervision by the test
provi der, threshold shift cal cul ation, phonetically based

cal cul ation and manual testing can be done as wel |l .

Recent devel opnent is the evol ution of group conputerized

audi onetric systemin conjunction wth personal conputer.

Rat her than using nmultiple individual m croprocessor
or manual audi oneter, the audioneters are built onto a printed
circuit board and placed in a chasis about the size of

per sonal conputer.

Testing of multiple subjects can be acconplished by one
central unit. The nunber of tests which can be conducted
froma single systemis limted only by a nunber of audionetric
nodel s placed in the main frame chasis. It lands it-self
very well when space is limted. It is tine saving also

(Schwartz, 1988).
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Schedul i ng for audi ograns:

The nurse or audionetric technician and safety engi neer
must work together to schedul e enpl oyees for hearing test.
So that not nuch tinme will be lost fromtheir jobs, and at

time when they will be free of tenporary hearing | oss.

I n most instances, hearing tests, should be schedul ed
so effectively that an enployee | oses less than fifteen
m nutes for the initial test which include a history and
ear exam nation. At no time, however should the accuracy
of an audi ogrambe sacrificed for speed. However, a well
trained tester who has been certified and experienced should
not take nore than 5 m nutes to get a satisfactory audi ogram

(Satal off and M chel, 1973).

Avoiding TTS in audi onetry:

It is generally agreed the hearing of enployees should be
tested when there is no auditory fatigue, that is prior to
exposure to industrial noise. This is reason, why the hearing
testing is carried out after a week end of rest (such as
Monday norning) for the enpl oyees who are exposed to noise
during the working hours. The other Alternative being to make
themto wear EPA during exposures to noise, and test them

during other days of the week.
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Eval uating auditory fatigue:

It is not practical in large industries to delay hearing
tests until each enpl oyee has been free of industrial noise
of 80 dB and above for 14 hours (EEC, 1982). By conducting
m nimal pilot experinment, it may be possible for each industry
concerned with problemof noise to determne if auditory fatigue
is a factor in routine testing, and also to plan audionetry

so that resulting thresholds will have nmore nedico | egal neaning.

In studies conducted by Satal off (1973) the follow ng

Concl usi ons were found.

1) In continuous noise |levels of 91-92 dBA threshol d aver age
shifts were around 10 dB in one or nore high frequencies.
From this experience we would reconmend that enpl oyees work-
ing in such noise levels have their audi ograns done at -
| east fifteen mnutes after leaving their work.

2) In continuous noise |levels of 93-95 dBA the TTS becones
very neasur abl e when enpl oyees do not were EPD. Audi ograns
have to be done only after atleast an hour or nore absence

from noi se.

These gui delines in our study canserve as a reasonabl e
gui del i ne for scheduling audionetric tests in industries with

noi se | evel s bel ow 100 dB.

By conducting simlar pilot studies each industry can

establish the best tine to do audi ogramon individuals enployed
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I n noisy areas. As the advancenent of EPD has increased
both in terns of attenuation and careful instruction in their
use, it is found that hearing tests can be done within five

or ten mnutes after exposure to |l ess than 100 dB of noi se.

Who shoul d have hearing test?

Si nce hearing conservation is a nmedi cal probl em dedicated

not only to prevent noi se deaf ness but to detect and possibly

cure all types of hearing | oss, every person in the plant
heari ng
shoul d have his/tested and hi s audi ogram eval uated for di agnosis

and care. The industrial personal director is right person to

take decision in this regard.

Preenpl oynent hearing tests:

I n case of pre-enploynent test, all enploynment shoul d
receive a hearing test. Bryan and Tenpl est (1980) suggested
that a questionnaire,including question about prior exposure
during enpl oynent and el sewhere and any illness, injuries etc.

whi ch may have affected hearing, shoul d be adm ni st ered.

A enpl oyees pre-enpl oynment audi ogram est abl i shes hearing
status before he is exposed to noise in his newjob. An indu-
strial hearing neasurenent program shoul d invol ve pre-enpl oy-
ment and periodic followup tests. The results of pre-enpl oy-
nment test have becone known as the baseline audi ogram (U. S.

Departnent of Labor, 1981).
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The enpl oyees who had been previously exposed to noi se,
the hearing testing should be carried out only after giving

them 14 hours rest fromhazardous noise to avoid TTS.

The benefits of the baseline audionetry are -

1. It helps to detect the enpl oyees who are havi ng hearing
| oss prior to the job.

2. It helps to conpare these thresholds wi th correspondi ng
audi ograns taken at after 6 nonths or 1 year of noise
exposure of enployees. This conparison serves to pronptly
detect any enpl oyee who is unusually sensitive to specific
noi se and to require himto wear nore effective EPD or

shorten hi s exposure peri ods.

Prepl acenent hearing tests:

There are many situations in sonme industries where it is

I npractical or inpossible to conduct pre-enpl oynent hearing

tests. In these situations, enployees are hired and hearing
tests are delayed untill they have been placed in particul ar
] ob.

In all situations where the work place noise is greater
than 85 dBA or nore through out the day the enpl oyees of such

area shoul d be tested as soon as possi bl e.

How frequently shoul d audi ograns be done?

When the noise in the industry is bel ow 90 dBA, the

enpl oyees shoul d be tested about every two years. The current
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proposed regul ati ons suggests that annual audi ograns shoul d
be done for those enpl oyees who are working in noisy area
when the level of noise in that area is equal to or exceeds
85 dBA(U. S. Departnent of Labor, 1981).

Conparison is made, of enpl oyee's nost recent |evels
of hearing against his first recorded readings. Al tests
nust be baseline tests - i.e. at |least 14 hours nust have
el apsed since the enpl oyees | ast exposure to noi se ( EEC, 1982).
Enpl oyees can be tested directly after work only if they have
worn EPD that will reduce their exposure bel ow 90 dBA. It

reduces the scheduling probl ens.

The frequency of scheduling the enployees for foll ow up
test depends on the |evel of noise,the enpl oyee i s exposed to
and significant threshold shifts of enployees. The significant
threshold shifts of 10 dB or nore from basel i ne audi ogram
I ndi cates that routine audionetry shoul d be done at shorter

intervals of time (National/lInternational standards).

Routine audionetry hel ps to nonitor effective use of EPD
and al so to know whet her the enpl oyee's hearing is being
properly protected. In addition to this, the benefit of
audionetry is realized in case of an individual whose hearing
continues to deteriorate despite the effective use of EPD

An excel l ent otol ogi st can determ ne whet her the deafness is
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real |y due to noi se exposure or due to sone ot her cause.
Termnal audi ograns should be perforned in all enployees
especially of those personnel who have been working in noisy

ar ea.

Anerican Association of Gol aryngol ogy Head and Neck
Surgery (AAO HNS., 1982) recommends that a change in threshold
of hearing sensitivity be considered significant if the
thresholds in either ear worsen by 10 dB or nore in the
average of the threshol ds neasured for the puretone 500, 1000,

and 2000 Hz or for 4 frequenci es 3000, 4000 and 6000Hz.

The AAOC HNS enphasi ze that there is a distinction between
the criteria for nedical referral and those for significant

threshold shift.

The identification of significant threshold shifts shoul d
serve to pronpt action within a given program that is remedy
f or hazardous noi se condition, poor testing technique etc.

Medi cal or nore specifically otologic referral should be

made for the purpose of diagnostic evaluation and treatnent.
AAO HNS defines the criteria for otologic referral as a change
in audionetric hearing levels of either ear of (1) nore than
15 dB for average of 500, 1000 and 2000 Hz (or) (2) nore than
20 dB at 3000 Hz (or) (3) nore than 30 dB at 4000 and 6000 Hz.

Record keepi ng:

Records assune a particular inportance in industrial

situation, because of potential for conpensation and inplications
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for legal actions. The enployer will need to keep accurate
records of noi se exposure neasurenents. These records shoul d
I ncl ude the specifications on the |ocation, date and tine of
t he measurenents, the noise | evel obtained. The enpl oyer
may al so be required to keep nanes of the enpl oyees and
dai |y noi se dose experienced by each of these enpl oyees.
Certainly there is a need for records specifying the type,
nodel and calibration of the noise measuring equi prent

(Mel eni ck, 1987).

OBHA recommends the serial type of audi ogram for use
wi th manual audionmeter. Each audiogramis recorded and kept
In sequence. A brief but adequate ol ogical history is taken
and recorded with initial audiogram Theoretically a record
of this type is capable of storing hearing |evels covering

a 10 year span.

In self recording audionetry the tests are recorded on
separate |l evel s. For ease of interpretation, it is recomrended
that thresholds be transferred to a serial audi ogram (Vassall o,
1978) .

Basic information on audi ogram i ncl udes -
Nane

Dat e of test

Audi onet er serial nunber

Calibration date

Signature and certification of tester

Soci al security nunber or enployer identification nunber
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Ti me of test
Make, nodel of audi oreter
Noi se exposure | evel of enpl oyee

Q ol ogic history.

The length and tinme that these records need to be retained
varies fromstate to state and fromregulation to regul ati on.
OBHA requires that the records of noi se exposure measuremnents
shoul d be kept for a period of 2 years, while audionetric tests
records shall be retained for the duration of enployee' s period

of enploynent (U S Departrent of Labor, 1981).

Addi tional hearing tests:

It is recoomended that efforts to be nade to conduct hearing
t est s whenever enpl oyees are termnated, return fromLay off,
and return fromsick |eave, or after injuries in or out of work
pl ace (Satal off, and M chel, 1973).

Test personal :

The accuracy of the audionetric measurenents depends upon the
skill of the tester. Audiologist is an ideal person. But in nost
of industries the hearing testing is done by industrial nurse or
technician. In 1973, the responsibility of quality control of
training prograns for industries was assuned by the councel for
accredi ati on on occupati onal hearing conservation (CACHC). dinica
audi ol ogi st have been extrenely active in devel opi ng and conducti ng
these training prograns. Test results produced by certified audi o-

nmetric technician are legally acceptable.
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The control of noise in the industry to acceptabl e noi se
| evel can be brought about by different nmeans. These neans
of control of noise can be divided or grouped into the follow
I ng categories:
1. Admnistrative contro
2. Engi neering Contr ol

3. Control of noise at ear |evel or use of EPD

1. Admnistrative control: Berger et al (1983) recomrended t hat

the admnistrative control of noise includes the reduction of
enpl oyees work schedul e, who are exposed to damage causi ng

noi se level, limting the tine the nachi ne may work, and ot her
simlar admnistrative options. Admnistrative controls shoul d
I ncl ude deci sions nade by nanagenent to prohi bit the purchase

of equi pment which will result in an increase in enpl oyees noi se
dose. Purchasing gui delines may be established to prohibit

buyi ng equi pnent whi ch exceeds a sel ected sound | evel.

Due to workers skill requirenments and union job descriptions,
it is very difficult to arrange an individual work pattern so
that it consists of activities in significantly different noise
| evel environments. One nore conplication is difficulty in
assessing cost. W would normally expect some |oss in producti -
vity when the range of required skill is increased. Presently
there appears to be no basis for assessing the cost of this type
of noise control level while the work pattern coul d be arranged

to limt exposure.
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2. Engineering control: It involves the engineering techni ques

to decrease the noise level at source or path |evel.

a) Source_level: MIlagan (1978) has given the fol |l ow ng proce-

dure to control noise at source |level. The procedure invol ves

the controlling of noise by proper design, proper equiprent
and equi pnent mai ntenance. The proper design of equi prent
to mnimze noi se generation is rather conpl ex engi neering
probl em requiring strong background in the fundanental s of

vi bration, fluid nechanics, and nachi ne desi gns.

In a very general way, sone of things that may result from
good noi se design are:
1. Usi ng shock-absorbing techni ques to absorb i npact energy
(for exanple the use of nonnetallic gears to reduce noi se
generated by the netal to netal inpact associated with

nmettalic gears).

2. Wsing efficient flow techni ques to reduce noi se associ at ed
with high fluid velocities and turbul ence (for exanpl e,
t he new qui et hydraulic punps in which flow pat hs have been

redesi gned to give | ess turbul ance).

3. Reduci ng sound-radiating area.
4. Reduci ng peak acceleration by utilizing the maximumtinme to
produce required velocity or displacenent changes. This is

critical in the design of and fol | oners.

5. Significantly separating operating speeds and resonant speeds

to a significant extent.
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The second prinmary area i s proper operation. Al equip-
ment shoul d be operated at the design conditions. Qperating
equi pnent at design pressure and speed should result in

M ni num noi se generation

Several areas relating to proper operation are:

1. If acoustic guards, covers or enclosure are used, nake
certain that they are in place and that all openings are
acoustical ly seal ed.

2. If the equipnent is equipped with a muffler system nmake
sure that it is performng according to design.

3. Install machinery on adequate nountings and foundati ons
to reduce structure borne sound and vi brati on.

4. Use proper cutting speeds and feed rates to control tool
chatter in nmachining operation.

5. Apply additional sound control devices. Inlet and discharge
silences or mufflers can often be added with a snall invest-
ment. FEffective acoustic enclosures are often easy to design

and construct.

The inportant point to be nmade here is that the nmanner in
whi ch a pi ece of equipnent is operated. Can significantly

I nfl uence t he nmagni tude of the noi se generat ed.

The third prinmary area i s equi pnent nai ntenance. The follow

ing list illustrates potential mnaintenance activities.
1. Maintain good dynam c bal ance. This decreases rotating forces
and normal | y reduces noi se generated by secondary sources such

as shaking guards, shell, or vibrating encl osures.
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2. Wien purchasi ng repl acenent conponents such as gears,
not ors and punps, do not ignore noi se specifications.

3. When installing fluid pipes or Iines, use gradual rather
than abrupt transitions fromone part of a flow passage
to anot her.

4. lnprove lubrication

5. Install bearings correctly

6. Reduce nechani cal run out of shafts.

Control of the transmssion path: Harris (1965)recommended t hat

in this technique noise reduction is that of controlling trans-
m ssion path so as to reduce energy that is comunicated to the

receiver. This may be done in a nunber of ways.

i) Site: In the open air, naxi num attenuating shoul d be provi ded
by increasing in so far as possi ble. The distance between the
source and the receiver. Since many noi se sources do not radiate
uniformy in all directions, by altering the relative orientation
of source and receiver a considerable reduction in noise |level at
the receiver may be possible. For exanple Oientation of air-
port runway nmay be an inportant consideration in reducing noise
in an adjacent community. Were possible, a site should be
chosen that will take advantage of the natural terrain to provide

addi tional shielding of the receiver fromthe source.

i) Building |layout: The careful planning of |ocation Beans within

a building, with respect to the relative position of the noise

sources and those areas where quiet conditions are desired.



69

This may result in a considerabl e econony by reducing the

extent of noi se control neasures that woul d ot herw se be

requi r ed.

c) Enclosures: Considerable attenuation may be provi ded by the

use of aproperly designed encl osure around a noi se source or

around t he recei ver.

d)

Absorption: One of the nost effective neans of attenuating

sound in its transmssion path is by means of absorption.

For exanpl e, suppose a nunber of nachines are ain a |large
office. Mst of the noise fromthese sources that reaches
wor kers on the opposite side of roomwel|l have been refl ected
by ceiling, walls and floor. Therefore the use of sound
absorbtion in the formof acoustical nmaterials, or carpet

on floor, will provide attenuation in path between the

source and recei ver.

| npedance m smatch: The fl oor of acoustic energy al ong the

path from source to receiver can be inpeded by discontinuties
whi ch reflect energy back toward the source (i.e. by an

"I mpedance m smat ch' .



EAR PROTECTI VE DEVI CES

Ear protective devices (EPDs) are personnel hearing pro-
tective devices which when worn appropriately by an indivi-
dual provide the nost effective neans of elimnating a poten-
tial hazard to hearing. They are capable of reducing the
noi se level at the ear by 10 to 45 dB and occasionally to

50 dB depending on their type and sound frequency.

Henry by the above definition it is clear that EPDs are
devi ces placed at the entrance of canal, which cuts off noise
fromreaching the inner ear. It usually cuts off the noise
reaching the inner ear through the acoustic path ie from outer
ear to the mddle ear to inner ear and does nothi ng about the

bone conducti on pat h.

Is this all an EPDs does. No apart fromreduci ng noi se
| evel , it has one nore functions. 1In noisy situations, they
not only prevent the inpairnment of hearing acuity but they
may even inprove speech communi cation by cutting down the noi se
interference | evel. Speech becones easier to understand and
hence the communication is better. But this advantage i s not

present in intermttent noi se situation.

Is there only one type of EPD? Well, No. The availability

of many different types of EPDs makes the task of choosing the
EPD difficult. The task is not as sinple as taking one EPD



71
and fitting each ear. One should choose the best EPD which
is best suited for the worker. And also factors |ike econony,

confortability are to be taken care off.

Hence, it is inportant to scan through all the inportant
types available, mainly -
1) Ear plugs
2) Sem -inserts
3) Ear nmuffs
4) Hel nets

Ear plugs and ear nmuffs domi nate the field.

1. Ear plugs: They are devices that are inserted in the earcana
and rermain in place without any additional support. They are
unabstrusive and nmust be personally fitted for an individual
and for each ear, under nedi cal supervision.

Material : Made of either cotton, paper, wax, glasswool, fiber
gl ass, plastic or expanding single foametc.

Different types of earplugs have different attenuation
characteristics. The nean attenuation afforded by inserts
for puretones in the frequency range 100-10, 000Hz in between

7.3 to 21.9dB (NAL, 1979).

It should be ensured that the wearer insert it correctly

and check the seal fromtine to time for optinmm attenuation.

a) Prefabricated ear plugs: Made of up of soft, flexible materia

that will fit into many different ear canal shapes. They are

available in 3/5 different sizes.
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Eg. V51-R is one of the nost versatile and efficient type,
has asymmetricl shape and single flexible flange, can be fitted
to a | arge nunber of different earcanal. Bullet-shaped design

is nost suitable for round and strai ght ear canal .

Prenol ded uni versal design is manufactured with two or

nore flanges on the stem

b) Di sposible and nmal | eabl e pl ugs: They are made up of | ow cost

mat eri als such as cotton, wax, glasswool, sponge rubber etc.
They are capabl e of providing attenuation values simlar to

prefabricated types.

They can be used whenever necessary by the worker and
then throw off. Attenuation range is 15-30 dB dependi ng on
frequency. It is a poor choice in dirty areas as clean

hands is to be enployed for fitting into ear canals.

c) Individually nolded ear plugs: They are nmade by m xi ng

silicone rubber with a fixative agent and inserting into
t he ear canal and outer ear. The inpression is then cured

to obtain a permanent customfit for each ear.
They fit perfectly to each ear, but are nore expensive.

d) super aural (canal caps): Rubber caps suspended by a spring

head band are inserted into the ear canal s. Sound attenuation
is achieved by sealing the opening of the ear canal. Although

size is not a problemhere, it is difficult for inspectors

to judge whether they are properly worn.
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Advant ages of ear pl ugs:

1.

2
3.
4

They are snall, easier to store and easily carri ed.

Do not interfere with use of personal itens.

Less expensi ve when conpared to ot her ear protectors.

More confortable to wear in hot environnent, overal

plugs are better accepted in all environnents.

Do not interfere with head novenents and conveni ent to use
when the head of the wearer nmust be in close cranped
quarters.

Hygi ene i s mai nt ai ned.

D sadvant ages:

1.

o o A ow

Prenol ded plugs require a tight seal of ear canal in order
to be effective.

Use of those devices is difficult to nonitor by safety

per sonnel .

Sone anount of nanual dexterity is required for insertion.
sizing of each ear is required.

If not replaced regularly, they become hard or may shri nk.

They need to be frequently reseated.

sem-inserts: These are generally used for communication

system not for ear protection. They are simlar to earplugs
but are supported by a head band, which nakes it nore conber -
sone than plugs. It closes off the entrance to the cana
(call ed concha-seated ear protectors) and one size can provide

hi gh sound attenuati on.
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They conbi ne sonme of the advantages of ear nuffs and

ear pl ugs.

Advant ages:

1. Onesizewll fit the majority of ears.

2. They are captive and may be reinserted hygienically at any
tinmne.

3+ One suitable for industries where the | oss of an ear plug
nmust be avoi ded, eg. food industry.

4. For people who frequently enter noi sy environnents for short

periods or remain in hot environnents for |ong peri ods.

D sadvant ages:

1. They are not as confortabl e as ot her forns.
2. Must be pressed firmy agai nst the ear canal entrance to be

effective.

3* Ear nuffs: They are in the formof covering for the entire
outer ear and ape hel d against the sides of the head by a
spring | oaded adjustable band and are sealed to the head
with soft circumaural cushion seals. The seals nmay be
either liquid, filled or plastic foamfilled, seal. Liquid
seal ed provide greater attenuation at |esser head band
tension. But rough usage nmay cause | eakage. But pad filled
seals are alnost as good as liquid filled and have an

addi ti onal advantage of robustness.
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The farce with which the cups of nuffs are pressed
agai nst the side of the head plays an inportant role in
determning the attenuation provided by it. They provide
maxi mumpr ot ect i on when worn on snooth surface. Hence, spectacle,

hai r, hel nets nmay reduce attenuation

A volune of air enclosed within the cup is directly
related to | ow frequency attenuation and inside of cup is
partially filled with material that absorbs hi gh frequency
resonant noises. Usually nmuffs offer greater protection with
frequency greater than 1 KHz.
eg. 20-34 dBwith maxi numattenuati on at 2KHz. A conbi nati on
of plug and muff provided 34-30 dB at above frequencies with
maxi rumat 3 KHz. NAL-1979 - The nean attenuation val ues for

pure tones (125-8000 Hz) was 8.2 to 29.3 dB.

Advant ages:

1. It provided the greatest protection i.e. they are likely
to be greater attenuation val ue than ear plugs and inserts.

2. The variability between individual to individual is |ess.

3. One size usually fit nost people with different size and
shape of head.

4. Require very little manipulation. They are easily renoved
and replaced in a hygienic fashion. Even person w th notor
probl emcan use this without difficulty.

5. Emnently suitable for dirty and high | evel noi se areas and

for peopl e who frequently nove in and out of noi sy environnents.
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They caa al so be worn by peopl e with coppased ear canal
peopl e with mnor diseases of the external ear canal etc.
Can be seen readily at a certain di stance away, so the
ef f ecti veness of EPD programme can be easily nonitored.
More confortable to use so usually nore readily accept ed
by enpl oyee than ear pl ugs.

Not as easily msplaced or | ost as earpl ugs.

10. They | ast |onger than ear pl ugs.

D sadvant ages:

1.
2.

N oo o &

4.

Bul ky and not as easily worn in cranped quarters.

In general, nore expensive than insert protectors.

Uni nport abl e when humdity is high, and they tend to nmake the
ears hot and increases perspirations.

Muf f protection depends upon the spring force of the head band.
Not as easily carried or stored as ear pl ugs.

Not conpatible with other personal itemlike spectacl es.

Not suitabl e when |ead nmovenent is inportant to a | arge extent.

Hel net s:

i) They are | argest and nost expensi ve.

ii) They cover nost part of the heads and either through a cl ose

fit or through integral earmuffs or other types of built-in-
ear pieces provide hearing protection. They are usually

desi gned to saf eguard agai nst bunp, crash, cold-type injury.

The acoustic i npadance of hel met becones an inportant factor

when sound attenuation at the ear reaches such a high |evel that

transm ssion through the skull becones a controlling factor.
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Speci al types of EPDs: They are designed specifically for

i nproved comuni cation and sel ective attenuation of high |evel

t ransi ent noi se.

Frequency sel ective devices: Here usually an acoustic | ow pass

filter is fitted, hence providing a small attenuation bel ow
2 KHz. Hence speech frequencies are permtted. However, only
when all the external noiseis at a higher frequency, there
wi Il be provision for inproves speech communi cati on. Hence

largly unsuitable for industry.

Anpl i tude-sensitive devices: They attenuate | oud sounds nore

than qui et ones. Eg. Mdified version of V-51Rplug. It is
possi bl e to here nornmal speech between hi gh | evel transient

noi ses, eg. gunfire etc. are attenuated.

Ear nuffs with nechani cal val ves whi ch cl ose when high | eve
gunfire noi se in inpinging upon them
Ear muffs with electronic peak limting devices which is usefu
in industries where people are exposed to inpul se noi se or any
high level intermttent noise, but wish to comunicate easily

during the quiet periods between noi se bursts.

D sadvant age:

1. It is relatively expensive
2. It requires batteries

3. It nust be handled with great care.

W have now examned different types of EPDs and their
advantages. It is also equally inportant to know t he attenuation

characteristics of EPDs and howto neasure it.
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Acoustic attenuation: The primary function of an EPD inits

capacity to attenuate sounds. The absolute limt of attenua-
tion provided by EPD depends upon the sensitivity of the bone

conduct i on pat hway.

According to Waugh (1973) the dBA attenuation of an ear
protector is a function of the G A val ue of the noi se spectrum
in which it is used and may vary by nore than 20 dB i n noi ses

of different G A val ues.

There are certain factors which affects the sound attenua-
tion provided by an EPD. They are, -
1. Insertion loss - introduced by the ear protector between the
sound source and the eardrumof the literner. |t is accnpani ed
by a change in the sound field (negligible) and transm ssion

| oss between outer and i nner surfaces of the EPD

2. Variables such as differences in anatony of skull, spectacles,
and long hair are known to affect attenuation.

3. In earmuffs, bakage between cushion ring and the skin is the
nost inportant factor. Small hol es may reduce attenuation,

mai nly between 100- 200Hz.

Measurenent of inter-subject variability is also an inportant
nmeasurenment with respect to EPD, as it provides information
regarding EPD, ability to fit different individuals and a nmeasure
of the accuracy with which the attenuation determnations are

carried out.
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Now, let us shift our attention towards standard proce-

dures of neasuring EPD attenuation. These are mainly two.

1) Threshold shift nethod: It is nost common, sinple technique.

Al nost all manufacturer's data in derived by this nethod.
Basically it nmeasures the mninum|evel of a sound that a
| i stener can hear w thout EPD ((pen threshold) and with an
EPD in place (occluded threshold). The difference in the
I ndex of attenuation provided by the EPD

The standard procedure is given by ANSI 224-22-1957
ANS| - 53-10-1974. Testing of ten subjects, 3 tinmes each at
nine different frequency is required by both. But both
differ in stimuli used and sound field. The | method users
pure tone in a directional sound field and hence di scar ded.
The Il nethod user 1/3 octave w de bands of noi se, presented
inauniform non-directional (diffuse) sound field, which

approxi mates industrial noise exposure conditions.

2. Single nunber rating: The attenuation val ues obtai ned as

expl ai ned above do not facilitate direct determnation of

the total effectiveness of one device as conpared to anot her.
Hence need for a single nunber rating which will provide

a sinple and effective neans of choosi ng EPDs and assessi ng
their utility for particular applications. Such arating is
found to provide a successful conprom se between under pro-

tecting a mnority and over protecting a najority of wearers.
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Noi se reduction rating is the correct EPD (Environmental
protection Agency) proposed single nunber descriptor. It is
a dB noi se reduction val ue that nust be subtracted fromthe

measure dB C sound level in work pl ace.
Ef fecti ve exposure (dBA) =Noise |evel (dBO - NRR

It uses "G A concept” first proposed by Botsford in 1973.
The attenuation val ues used in calculation are the nmeasured

| ab attenuation values mnus 2 S.D. which accounts for wearer's

m suse/ abuse.
The hi ghest NRR ever neasured on an EPD in 35.

Does this | ab neasured val ue provi de accurate picture of

attenuation that a worker is getting in his workpl ace?

No, because there is considerable variation in the EPD
performance in lab and in actual set up. This fact can be
exam ned by anal yzi ng how a correctly worn EPD operates and

how m suse, msfitting abuse affects is effectiveness.

Sound transm ssi on through the unoccluded ear is mainly by
2 ways - air conduction and bone conduction. |f the AC path were

totally bl ocked by EPD, the total attenuation offered is only

60 dB.
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That is EPD cannot stop conpletely sound from entering

inner ear. The other path by which noise enter the inner ear

is illustrated bel ow

BoNE
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(Satal off and M chael, 1973).

Ar | eaks: For maxi numprotection, the devices |ike, EPD
should actually fit the contours of the ear canal and ear-
muf f cushi ons nust accuratly fit the areas surrounding the

external ear pinna.

Alr leaks can typically reduce attenuation by 5-15 dB

over a broad frequency range.

Vibration of EPD. Due to the flexibility of the ear canal,

earplugs can vibrate in a piston, |ike manner within the
carnal. This limts their |owfrequency attenuation of ear-
nuffs are attached to the head in a totally rigid manner, the
caps will vibrate against the head as a mass/spring system

with an effective stiffness governed by the flexibility of
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of the muff cushion and the flesh surrounding the ear, as well as
the air vol unme entrapped under the cup. For earnuffs, prenolded
inserts and foaminserts these limts of attenuation at 125 Hz

are approxi mately 25 dB, 30 dB, 40dB respectively.

3. Transmssion through the material of the EPD: For nost

inserts this is generally not significant, although with | ower
attenuati on devi ces such as cotton, or glass dain. This

path is a factor to be considered. Because of the much |arger
Surfaces areas involved with ear nuffs, sound transm ssion

to cups material and through the ear nuff cushion is signifi-
cant, and can limt the achievable attenuation at certain

f requenci es.

4. Bone conduction: EPDis designed to effectively reduce the

AC path. Wen ear is occluded, the BC path in enhanced

relatively for frequencies bel ow 2 KHz.

Real world attenuation: In |lab situation path 2,3,4 are the

primary sound transm ssion paths, where as path 1 in m ni num

But in real world path 1 often in the dom nent factor.

Sone of the causes of poor EPD sealing are -
1. Confort: For proper sealing, EPDs nmust be tightly fitted.
But this is not confortable for many. Hence nmany EPD nust
be sel ected and enpl oyee shoul d be encouraged to sel ect

final EPD.

2. Uilization: Dueto factors |ike, poor confort, poor notiva-

tion or poor hearing etc. earplugs are inproperly inserted

and earnuffs inproperly adjusted.
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3. Fit: Al EPDs nmust be properly fitted when they are initially
di spensed. The conpani es shoul d have stock of all available
sizes and should be willing to use 2 different sizes for 2

ears of an enpl oyee.

4. Conpatibility: Not all EPDs will suite all ear canal and head

shapes. Certain head contours cannot be fitted by any
avai | abl e nuffs and sone ear canal s cannot be fitted properly.
Eyegl asses, or bushy hair underneath cushi ons may reduce atte-

nuati on of ear muffs.

5. Readjustnent:Certain activities |like eating, talking, noving

about bunping, junping etc. may result injawnotion. This
may cause inproper sealing of EPDs. CQustomnoul ded and
expandabl e foam plugs tend to nmaintain their position in the

ear canal than prenol ded pl ugs.

6. Deterioration: EPDs wear out fewas fast as 3 weeks |i ke

shrinking of earplugs etc. Hence pernmanent EPDs nust be

checked regularly 2-12 times/year depending on the EPDs used.

7. Abuse: Enpl oyees often deform EPDs for confort, eg. springing
earnmuff head bands to reduce the tension, drilling holes the

pl ugs or muffs etc.

Enpl oyee shoul d al so wear EPD for extended period of tine.
Hence neither |ow attenuation nor |ow confort devices are
suitable for industrial use. Confortable, user acceptable EPDs,
with real world NRR, suitable for the prevailing environnental

soundl evel swill be necessary to protect enployee's hearing.
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Practical consideration and sel ection of ear protectors:

Each ear protector, all types, nmust fulfill the follow ng
requirenments.
1) sound attenuation (2) confort (3) absence of advance effect
on the skin (4) speech comunication noninterference (5) ease of

use and handling (6) hygiene (7) durability (8) cost.

1. Sound attenuation: (a) The primary function of an ear
protector in its capacity to attenuate sound. The greater the
sound attenuation capacity of an ear protector, the greater

the ability to provide hearing protection against harnful noise.

b) The anount of sound attenuation required, depends on the

sound pressure, the kind of noise, and duration of exposure.

c) Each ear protector has its own characteristic attenuation
pattern. Even the best EPDs will not give nore than 25-35 dB

attenuation of the average.

d) EPDs are nore effctive at high frequencies.

e) Threshold shift is used to neasure the annuation characte-
ristics of EPDs.

f) Earplugs are better suppressors of |ow frequency sounds,
hel mets are good hi gh frequency suppressors.

g) The attenuation capabilities of ear plugs, earmuffs are

sufficient for industrial use, the conbination is still better.

2. Confort: This is the 2nd nost inportant factor, as these are

meant to do worn for long periods they should not exerrt undue
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pressure or lead to any disconfort. There are instances where
people preferred to work without EPDs, at the risk of conside-

rabl e anount of hearing |oss.

The EPD should be able to reduce the total pressure
applied on the skin or distribute the applied force over a
| arge area eg. earplugs are available in various sizes and
has a soft, pliable outer layers. The sealing cushions of ear-
muss whi ch make contact with a fairly large area of skin
one conposed of soft material. This |large surface area may

cause overheating of skin particularly in hot environnent.

3. Speech communi cation non-interference: The design of EPD

shoul d al so take into consideration the speech comruni cati on
aspect. It should interfere mnimally with the speech communi -
tion in the noise situation. EPDwth flat frequency characte-
risticwill ensureintelligible speech comunicationin

conti nuousnoi se.

At high noise |levels EPDs faciticate speech conmunication
al so, as attenuation reduces overloading of auditory system
and the consequent distorion. But if the nmasking noise is |ess

than 75 dB EPDs tend to reduce speech intelligibility.

For intermttent noi se condition, special devices are

devel oped, such as

- earnmuffs with parts that can be opened or closed dpending

upon t he need.
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- earplugs with diaphragns and values that will transmt
sound unattenuated to the ear provided that it is bel ow

a certain intensity |evel.

4. Absence of adverse effect on the skin: The inflamatory

condition of the skin due to wearing an EPD, is curable
only by discontinuing its use. Hence chemcally neutral
materials are used in its manufacture. Gher than this
It should be soft to wear and shoul d be able to withstand

all weat her conditions.

5. Hygi ene: Mintaining the hygi ene of EPDs, especially of
earplugs is inportant as it may cause irritation in the
external ear canal. Hence earplugs should be kept cl ean,
and free fromchemcals, oil or grease or it should be

changed nore frequently.

6. Ease of use and handling: |nproper usage results in poorer

performance. Hence EPDs, especially earplugs have to be

| ssued by a trained personnel and proper counselling should
be done to all. EPDs should be designed to stand sone
rough handling and al so shoul d be convenient to carry from

one pl ace to anot her.

7. Durability: Devices which |ast |onger are nore econom ca

in the long run. Reusable earnuffs aRe conposed of naterials
whi ch can resist nost of the aging factors like humdity,
earwax, perspiration etc, and can last for 2 or nore years

wi t hout any objectionabl e changes. Mbst of the soft,
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resistent materials, however show a tendency to contract or

harden with time or to expand and becone soft.

8. Cost: It is an inportant factor when EPDs are purchase in
| arge quantities. The cost involved may be categorized
i nto:

a) expenditure due to initial purchase.

b) expenditure including cost of supplying spare parts and
repl acenments.

c) expenditure involving cost of time, spent in admnistering

the ear protectors.

The replacenent and adm nistration costs are often the

| argest factors invol ved.

Motivating enpl oyees to wear hearing protection devices:

Review of literature suggests that the pivotal characte-
ristics of a successful HCP are support of managenent, enforce-

ment, education, notivation, confortable and effective EPDs.

Support of managenment is crucial as enpl oyees get a feeling
that HCP is an inportant part of overall safety program Al so
managenent shoul d be responsive to enpl oyee problens and com

pl aints.

Enf orcenent nust be firm and consistent. Disciplinary
procedur e invol ving:
1) Verbal warning (2) witten warning (3) brief suspension, no

pay (4) term nation
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posted _
Al personnel/in hearing protection are as shoul d wear

EPDs, be it visitors, managers etc. Enforcenent al one nay
cause resentnent anong enpl oyees. Hence it should be com

bi ned with notivati on and education programs.

Short filns and posters nmay be used to educate on topics
such as function of ear, damage to it by noise, training on
use of EPDs. Education alone is of little value unless it is

integrated into the enpl oyees daily experiences.

Moti vati onal techni ques:

The best notivational resource is the person/s in the
HCP who are responsi bl e for direct enpl oyee contact, those
who fit HPDs, and adm nister nonitoring audi ograns. The
audi onetric evaluation session could be utilized to check the
enpl oyees EPD for proper fitting cleanliness and signs of
deterioration/ abuse. Audi ogram should be shown to the indivi-
dual and the results should be explained. Significant threshold
shift due to inproper EPD shoul d be explained and denonstrat ed.

Rem nder on inportance of EPD should be given at this tine.

Zohar et al used a successful behavioral nodification
approach. Wrkers underwent audi onetric testing at 500, 2000,
4000 and 6000Hz. Testing occured on randomy sel ected dates,
at the beginning and end of regular shifts. Significant
threshold shifts if present at second test, should be expl ai ned

as tenporary hearing | oss due to noi se. Enployees parti cipated
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in these tests on separate days, wearing hearing protection
devi ce one day and none on the other. Audionetric results
were al so pasted on the departnent bulletin board. This
informati on feedback procedure denonstrated to the enpl oyees
the effect of noise on their hearing. The feedback |asted

onlyonenonth. But successfully nodified enpl oyees behavi or.

Schm dt et al reported a significant observation that
provi des additional support for their results. They studied
enpl oyee audionetric record for 10 years. The analysis indi-
cated that females were wearing their EPDs, nore effectively
and receiving better protection than were the mal es. Hence
proved the |ink between EPD usage and rate of industrial

i njuries.

EPD and speech communi cation and warning signals:

This is an inportant relation to be considered. EPD
provided to cut off noise may also cut off the speech signals.
There is a concept on the part of the EPD users that communi ca-
tion is adversely affected. But researchers have sonething

else to say. They report -

1) At noderate | evels of noise |like 80 dBA, EPDs do not have
any effect on speech discrimnation.

2) At high noise |levels 85 dBA EPDs inprove speech discrimna-
tion for normal hearing |isteners.

3) At |low sound noise |evels, EPD, wth high attenuation val ues

woul d decrease speech discrimnation, both earplug and earnuffs.
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But with respect to warning signals, it is found that

EPDs have an adverse effect.

Weehi nn and Martin (1987) found that wearing of an EPD
woul d di sturb the perception of warning sounds, which are
of vital inportance in certain industrial settings. Hence
alternative means of comunicating the warning, or the alter-
native net hods of reducing noi se exposures are to be thought

of f.

The anplitude sensitive and frequency sensitive EPDs
find their inportance in such conditions. However effective
an EPD may be, notivation of a worker is equally inportant

for effective protection.

Publ i ¢ awar eness and EPD

Many researchers have suggested an increase in awareness

of harnful effects of noise and use of EPD anong Anerican public.

Gasaway (1989) reported that EPDs are now avail able in
di fferent hardwares stores, gun shops. The nunber of manufac-

turer and designs of EPD have increased.

Sone enpl oyees, made devi ces avail able for home use by

enpl oyees as well as fam |y nenbers.

Gol dstein et al (1987) found young child exposed to |oud
nmusi ¢ played through a personal radio and stereo devel oped NI HL
(Dp at 6 KHz). This study suggested the carrying out of hear-

ing screening in schools and EPD usage anong chil dren.
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Lass, Wodford et al (1981) - there are differences in
hi gh school students know edge about normal hearing mechani sm
and hearing | oss and about the effect on hearing by over

exposure to noi se.

Hence HCP shoul d al so incl ude educating programes for
hi gh school children, which includes -
1. The nornal auditory nechani sm
2. Types of hearing | oss and their causes
3. Noise and its effects on hearing
4. The warning signs of NI HL
5

Specific recommendations for prevention of N HL.



M SOCONCEPTI ONS | N HEARI NG QONSERVATI ON - PROGRAMMVES

Royster and Berger (1988) have tal ked about possible

m sconception in a HCP.

1. Al audionetric test excepting baline audl onetry shoul d
be done during workers daily activities. The recommend
the use of audionetric data base anal ysis (ADBA) which
hel ps in identifying the effectiveness of HCP. Here the
presence of TTSw Il not affect the result as it is used

to the predict the effectiveness of HCP.

2. The second common m sconception largely seen in professional:

Is that |evel below 85 dBA can cause NIHL. But studies
such as epidemol ogi cal data suggest no such presence of
heari ng | oss which can be accountabl e only by noi se.

Even the international standard | SO D S 1999. 22 esti nates
that regul ar exposure to 85 dBA for 8 hours per day over
a 40 year period causes no NI PTS below 1 KHz, and only
9dB at the nost sensitive frequency (i.e. 4 KHz and this
Is also only in nost sensitive portion of popul ation.
Therefore, the belief that noi se bel ow 85 dBA can cause

Nl HL basel ess.

3. The managenent over enphasis the inportance HPD and NRR
but effective protection can only be achieved by taking

Into consideration other factors such as proper wearing

O EPD etc.
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There are studies which indicates that NRRis a poor indicator
of HPDs absol ute performance, hence for effective HCP nore
| mportance shoul d be given for subjective variables such as
confort and econony of EPD which if taken care of increases

t he enpl oyees notivation to use EPD

4. There is a general tendency anong professionals sem -
prof essi onal s and non-professionals to take HCP as only
as a sinple SLMneasurenent and annual heari ng neasurenents.
This will lead to poor HCP. An effective HCP shoul d not
only gather data but use it for the benefit of enployee,
specification should include not just a programbut a quality

progr anme.



SUMVARY

This study is aimed at view ng the HCP as a whol e.

The HCP through it is various steps is ainmed at protecting
workers in industry fromdevel oping NIHL. The progranmre
prevents the managenent fromunjustified clains for conpensa-
tion. As stated earlier the effective HCP can only be brought

about by the cooperation anong team nenbers.

As you know HCP is primarily ainmed at controlling the
noise. It is preferable if the noise can be controlled at
source or path level. The various engineering nethods are
enpl oyed for the same purpose. Apart fromthis even adm nistra-
tive controls can effectively reduce the noi se exposure for
enpl oyees. In both of these cost effectiveness plays an

| nportant role.

The audi ol ogi st has a major role in the sel ection of
EPD and industrial audionetry. In recent yegrs conputers
are used for hearing testing in industry to increase effi-

ciency of work and tine.
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