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| NTRCDUCTI ON

What is noise to one, may be nusic to the other.
But then these are sone ki nds of sounds whi ch are al ways
percei ved as noi se (which is annoyi ng) and universally
accepted to have hazardous effects on the auditory mecha-

ni sm

The i ncreasi ng awareness of peopl e towards noi se
and its rel ated probl ens have given rise to a nunber of
studies and research in this area. The notto "Prevention

IS better than core" is assenting neani ng.

Noi se has been reported to have many effects on
peopl e wor ki ng i n noi sy environnment, namely auditory and
non-auditory effects. The non-auditory effects range
fromannoyance, decrease in working efficiency, physiologic
changes in heart rate, blood pressure and psychol ogi c
distress. Direct auditory effects include the obvious
Interference with speech communi cation, tenporary threshold
shift, permanent threshold shift and acoustic trauna.
Whet her a particul ar noi se i s hazardous depends on the
intensity of the noise, the spectrumof the noise, the
duration and distribution of exposure during a typical
wor k day and the overall exposure during a work life. Since,
there i s no doubt about the hazards of aoise a call for

noi se control and hearing conservation is investable.
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Any hearing conservation programincl udes 3 aspects,
nanel y:
- assessment of noi se exposure.
- control of noise exposure.

- measurenent/nonitoring of hearing sensitivity.

One of the inportant aspects dealt with in a hearing
conservation programis control of noise exposure and con-
sequently, prevention of noi se induce hearing |l oss. In
many situations, control of noise at the source of reduc-
I ng the exposure of the individual-to-noise is not
possi bl e, wherein the nethod of choi ce becones the ' Ear
protective devices'. Thus, it is only reasonabl e that
peopl e (ranging fromthe | ayman to professionals) becone
aware of the types of protection available and thus pre-

vent noi se hazards.

An ear protective device serves as a barrier between
noi se and the inner ear which is nost vul nerable to noi se
danmage. The protection provided by the ear protective
devi ces depends on its design, danping characteristics and
t he physi cal characteristics of the user. However, use of
ear protective devices does not nean conplete isolation from
t he sound source, for sound energy is transmtted to the
I nner ear via the bone conduction pathway, if not air conduc-

tion. Thus the anount of attenuation provided by an ear
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protective device indirectly depends on the individual's
borne conduction sensitivity. A so other factors to be
consi dered whil e chosing an ear protective device are the
noi se to which the individual is to be exposed and ot her

envi ronnental conditions.

Hence whi |l e consi dering various protection and con-
servation prograns people are often at a | oss for want of
substantial information on the various options including
ear protective devices and a majority are unable to deci de
on the kind of information they are seeking. Ther ef or e,
here in the forth-comng sections, an attenpt has been nade
tocrystallize and give a concrete body to the vagueness,
confusi on and ignorance in the queries arising regarding
ear protective devices. Insinpleterns, it is an attenpt
to "voice" their queries and thus give a |l ead as they nove
ahead to seek information on ear protective devices or
hearing conservation on the whole. It is hoped that this

aimw || be achieved in the follow ng questionnaires.
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2.
3.

10.

11.

SQUND TRANSM SSI ON

What i s sound?
How does sound transmt?
In human beings sound transmt to the inner ear through
a)
b)
How sound transmt through bone conduction and air-con-
ducti on pat hway?
VWhat is the mni mum sound pressure | evel which need to
vi brate the skul | ?
Usual |y whi ch frequenci es have nore effect on bone-
conduct i on pat hway?
Usual |y nore sound energy transmt through whi ch pat hway?
VWhat is role of pinna and external ear in sound transm -
ssi on?
Wiat is the role of mddle and inner ear in sound trans-
m ssi on?
Whi ch part of the ear get effected by the | oud sound
or noi se?

How does noi se danage t he ear?
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11.
12.

Define ear protective device or hearing protective device.

DEFI N TI ON

What is adverse effect?

Define ear plug?

What is plugging effect?

What is a permanent ear plug?

What is a disposable ear plug?

What is prefabricated ear plug?

What is meant by individually noul ded ear plugs?

Define sem -inserts.

Define ear nuffs.

Defi ne hel met.

Def i ne:

a)
b)
c)
d)
e)
f)
9)

Frequency sel ective device
Ampl i tude sel ective device
I nsertion | oss

Transm ssion | oss

Hel mhol t z resonat or
External validity

Internal validity



8.
9.

10.
11.

CGENERAL QUESTI ON ON EAR PROTECTI VE DEM CES

What can be used to protect our ears fromnoise?

The ear protective device areal soknown as ....

Li st the names of the manufacturers of ear protective
devices in India and outside?

Are the ear protective deviees commercially avail abl e?
Wiat are the factors to be considered while selecting
the ear protective devices?

VWhat ere the problens that may arise in using hearing
protective devices?

How do the ear protective devices performin real world
or is the performance of ear protective devices in rea
world simlar to the | ab?

How can we confirmit?

VWhy do the ear protective devices fail ia real world?
VWhat are the causes of poor ear protective device sealing?

How do the ear protective devices cause disconfort to

t he wearer?

12.
13.

14.
15.

Why is the ear protective devices utilization not comon?
Do all ear protective devices fit all sizes and shapes of
ear canal and head shapes?

When do we need read justnent of the ear protective devi ces?
How do t he enpl oyees abuse the ear protective deviees in

use?



16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

7
What are the ways in which sound energy reaches the

i nner ear of a person who is wearing a protective

devi ce?

Do the ear protective devices nodify the air-conduction
and t he bone-conducti on paths? How?

How can the air | eakage be reduced when the ear
protective devices are in place?

What i s occlusion effect and how can this be nmade use
of in fitting the ear protective devices?

Do the ear protective devices cause hearing | 0ss?

Why, When and How?

.Can we use two ear protective devices sinultaneously?

When should we use nultiple ear protective devices

si mul t aneousl y?

What is the main factor which determnes the attenuation
of the ear protective devices?

Normal |y, ear protective devices attenuate the passage
of sound through whi ch pat hway?

Wi ch ear protective devices do not attenuate the passage
of sound through the bone conducti on pat hways?

Wii ch type of ear protective device attenuates sound

t hrough the bone conduction pat hnay?

Whi ch type of hearing protective devi ce provi des good

attenuation in the high frequenci es?



26.

29.

30.

31.
32.

33.

8
What non-acoustic criteria shoul d be considered in
t he construction of ear protective devices?
Wiat are the Bereau of |ndian Standards specifications
for the ear protective devices?
Vhat is the mnimuminfornation that has to be
provi ded for aa effective ear protective device?
I's there any marking for the ear protective devices?
What are the accepted tests for the different types
of ear protective devices?
How many prinary and alternative nethods are there
for estimating ear protectors adequacy and what are

t hose?



ALASS FI CATI ON (R TYPES G- EAR PROTECTI VE DEM CES

How can the ear protective devices be classified?
. Dfferent types of ear protective devices are:
a.
b.
C.
d.
. The different types of ear plugs are:
a.
b.
C.
. On what basis are the ear plugs classified?
QG her classifications of ear plug are
a.
b.
On what basis can the prefabricated ear plugs be classified?
. What types of filled seals are provided in ear nuffs?
G her types of ear protective devices are
a.
b.
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VATER AL

Wiat are the factors to be considered for nateri al
selection in the construction of hearing protective
devi ces?
What types of materials are used to nake ear plugs?
Expandi ng vi nyl foamear plugs consist of what?
Wi ch type of material is used for prefabricated ear plugs?
What is the material used for di sposable and mal | eabl e
ear plugs?
What is the nmaterial used to formindividually noul ded ear
pl ugs?
What is the naterial used to formsem insert devices?
What do sem -insects consist of ?

Ear nuffs naterial s nust be of

a.
b.

(@]



10.
11.

12.

13.
14.

11
ATTENUATI ON

What is the standard frequency range for neasuring the
attenuation of ear protective devices?
How nuch attenuation is provided by different types of
ear protective devices?

Usual Iy how nuch attenuati on do the ear plugs give in
various frequencies?
At which frequency do the ear plug give good attenuati on?
How nuch attenuation can one get fromthe conbi nati on of
ear plug and ear defender?
How nuch attenuation is provided fromthe gl ass wool type
of ear plugs?

How nuch protection can the individually nol ded pl ug
provi de?
How nuch attenuation can a sem-insert provide?
How nuch attenuati on do ear nuffs provide at different
frequenci es?

What does the attenuation of ear nuff depend on?

What are the factors that can affect the attenuation

of ear nuff?

Why do ear nuffs give nore attenuation at hi gh frequenci es?

Does the size of the ear muff affect attenuation?
The head phone which is used by aircrew, provides hownuch

attenuation at various frequencies?



15.

16.

17.

18.

12
What is the attenuation provided by ear nuff, prenol ded
inserts and foaminserts at 125 Hz?
How much attenuation does the hel net provi de, when worn
on t he head?
Why is the conbi ned practical attenuation of the ear
plug and the ear nuff | esser than the al gebric sum of
the individual attenuation val ue?
What is the formula for predicting the attenuation given

by the conbi nation of ear plug and ear nuff?
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10.

11.

12.

13.

14.

13

METHODS OF MEASUR NG ATTENUATI ON

Howis the attenuation of ear protective devi ces neasured?
What i s subjective neasurenent?
What are the subjective neasurenents?
What i s objective neasurenent?
What are t he objective neasurenents?
VWhat are the instrunents required for the objective neasure-
nment of the attenuation properties?
What instructions should be given to the subject for real
ear neasurenent ?
Descri be the procedure for real ear neasurenent of the
heari ng protective devi ces?
What precautions shoul d be taken for attenuation neasure-
ment ?
How i s the conbined attenuation of ear plug and ear nuffs
measur ed?
What are the supra-threshold tests that can be used for
nmeasuring the attenuation of ear protective devices?
How is the threshol d shift method used to neasure attenua-
tion of ear protective devices?
VWhat are the two Anerican National Standard net hods of
measuring attenuation of ear protective devices?

Expl ai n t he neasur enent procedure of these two nethods.



15.
16.

17.

18.

19.

20.

14

What are t he differences between these two net hods?

What i s the single nunber nethod of neasurenent? Explain
t he procedure used to neasure the attenuation of ear
protectors?

Does the attenuation value differ in this two nethods

of American National Standard Institution (ANSl)?

What is the latest Arerican National Standard Institution
(ANSI) nethod for nmeasuring the attenuati on of ear protec-
tive devices?

What is the scope of Anerican National Standard Institu-
tion (ANSI) S12.67?

Conpare and contrast the three Arerican National Standard

I nstitution nethods of nmeasuring the attenuation properties.
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EFFECT ON SPEECH

Do ear plugs effect |ocalization?
Whi ch type of ear protective devices effect |ocalization?
VWhy can ear nuff be dangerous to an enpl oyee?

Do ear protective devices inprove speech comruni cation?

goAwN e

How and when do the ear protective devices inprove

speech conmmuni cati on?

6. Howwoul d you find out the effect of the ear protective
devi ces? on speech discrimnation scores?

7. What is the background noi se | evel at which ear protective
devi ces affect speech?

8. What is the m ni numbackground noi se | evel at Wich ear
protective deviees do not have any effect en speech
di scri mnation?

9. Fromwhat |evel of background noi se do speech discrimnation
scores increase of a person who is wearing ear protective
devi ces?

10. Do ear protective devices affect the speech discrimnation

score of a hearing-inpaired person?

11. Do ear ma#8s affect speech discrimnation scores?

Wi ch type of earmuff and at what | evel does it affect

speech di scrimnation scores?

12. Do ear plugs have any effect on speech discrimnation

scores?
Wi ch type of ear plug and at what |evel does it affect?
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13. Do ear protective devices affect the quality of speech
received by the user?

14. Do anplitude sensitive insert hearing protectors affect

speech discrimnation scores?
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M SCELLANEQUS CONDI Tl ONS

. Ear plug:
1) How do the ear plugs give rise to vibrations inside
t he external auditory meatua?
2) Basically in which frequency is the effect nore?
3) What is the synonymof occlusion effect?
4) \What are the |ow frequency attenuation earplug devices?
5) Can we wash the ear plug? Wth what type of cleaning
agent ?
6) Can we change ar nodify the shape of the ear plug?
7) \What is the shape of plastic ear plug?
8) In case of insert ear plug, dees it cause occlusion
effect?
9) How do the expanding vinyl foamear plugs fit within
the ear canal ?
10) Why are ear plugs not used extensively?
11) What are ear defenders?
12) Can we use ear plug and ear defenders together?
13) When is it nore useful to use both ear plug and ear
def ender ?
14) How many sizes of prefabricated ear plugs are avail abl e?
15) Which is the nore versatile and efficient type of pre-

16)

fabricated ear plug?

What are the advantages of V-51R?



17)
18)
19)
20)
21)

22)

23)
24)
25)
26)
27)

18
What are the advantages of prefabricated ear pings?
How can the individually noul ded ear plugs be fitted?
For whom can be individual |y noul ded ear plugs be fitted?

What are the advantages of individually noul ded ear plugs?

VWhat are the differences between di sposabl e and nal | eabl e
ear plugs?

Wiich is the nost practical and efficient disposable

ear plugs?

How are t he gl ass wool fibres made usabl e?

How do t he enpl oyees use the gl ass wool strips?

What is the advantage of gl ass wool ear plug?

VWhat are t he advantages of di sposabl e and nal | eabl e pl ugs?

VWhat are the advantages and di sadvant ages of ear pl ugs?

. Sem-inserts:

1) Is the sound transm ssion significant through the insert

ear protective device?

2) How do sem -insert hearing protective devices different
fromthe ear plug?

3) What is the synonymof sem -inserts?

4) \What purpose do sem -inserts serve generally?

5) When are the sem -inserts found suitable for enployees?

6) What are the advantages and di sadvantages of sem -
inserts?

7) For communication systems what is required with sem -

i nserts?



1)
2)

3)

Ear muffs: 19

How do ear nuffs generate vibration?

In case of ear muffs, is the sound transm ssion
significant? If yes, why?

How do j aw novenments affect the seal provided by
ear muffs?

What is the advantage common to all these types of

filled seal ear nuffs?

5) What is the speciality of plastic filled seal ear
muf fs?
6) Can we use the conmbination of helmet and ear nuff?
7) When do we use the conbination of helmet and earnuff?
8) What are the advantages and di sadvantages of ear nmuffs?
Hel met :
1) How do the hel met cause transm ssion | 0ss?
2) Is it necessary to make helmets in difference sizes?
3) Is it possibleto use a conbination of helmets and
ot her ear protective devices?
4) Why is a conbination of helmet and other ear protective
devi ces used?
5) Who uses the hel met nore frequently?
6) What is the main function of a hel net?
7) Why people with recreational hel mets used extra ear

protective devices?



V.

VI .

20

8) What are the advantages and di sadvant ages of hel nets?

Ot her types of ear protective devices:

1) What are the advantages and di sadvantages of frequency
sel ective device?
2) \What are the advantages and di sadvantages of anplitude

sel ective device?

| nfrasonic and U trasonic sounds:

1) Is there any standard for peim ssible exposure limts
to infrasonic and ultrasonic sounds?

2) Can we use the general ear protective devices for
infrasonic and ultrasonic sound attenuation?

3) Are the ear protective devices effective for attenuation
of infrasonic and ultrasonic sounds?

4) What are the methods being used to measure attenuation
of ear protective devices in case of infra and ultrasonic
sounds?

5) Is it necessary to use ear protective devices to atte-

nuate the infrasonic and ultrasonic sounds?
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FEW QUESTI ON OR COVPLAI N WHI CH HAVE BEEN ASKED BY THE EAR
PROTECTI VE DEVI CES USERS OR WHO |'S GO NG TO USE.

* Being an audiologist what will be your answer or response
to the question or conplaint which have beea asked by the
ear protective device users or who is going to use"?

1) Ear protestors are confrontable.
2) | donot need ear protector, and | amused to expose noi se.
3) | have already | ost some or nmost of my hearing. \hy
should | have to wear ear protectors?
4) | cannot hear my fellow workers, If | wear ear protector
5) My machine sounds different to nme when | wear ear protectors.
6) Can ear plugs cause ear infection?
7) If | use nmy hearing protector, can | forget about it unti
| take it off for my break?
8) WIIl | hurt ny ear if | blowny nose while wearing an ear
plug?
9) Can hearing protectors cause headache, nose bl eedi ng, ul cer,
I nsomi a, or eyes train?
10) Can | use stereo ear phone for protection against noi se
and enjoy the nusic at the sane tine?
11) Is it inportant to wear ear nuffs rather than ear plugs
at high sound |evel ?
12) Can ear drumhurt, if | insert a plug too deep or renove

it too quickly?



13)
14)
15)

16)

17)

18)
19)
20)
21)

22)

23)

22
Are all foamear plugs the sane?
Can | use ear plugs for sw mmng?
Can | use cotton or ny fingers to reduce harnful noise
exposure?
Can | nodify ny ear protestors according to ny need and
for confort?
Ear protectors nake nmy voi ce sound strange to me and
make nme nore consci ous of other body noi se such as breat h-
ing and wal king. They also make it difficult for ne to
judge how loudly to tal k?
How can | judge t he noi se may be harnful for ear?
Do ear nuffs keep out noi se better than ear plugs?
Be your ear protectors neet the national standards?
Wiy shoul d | use Amrerican National Standard Institution
(ANSI) or Cccupational Safety and Heal th Act (CBHA)
Standard ear protectors because Danmage R sk Oiteria
(BBO may not be the sane as clinmet differs?
Meat ear protective devices give good attenuation at
hi gh frequenci es rather than | ow frequenci es so chances
are there to get |ow frequency hearing | oss. So why
should | use ear protective devices?
Since sound transmt through bone conduction al so, so
to avoid this can we use hel met type protectors instead
of using ear plugs or other types of ear protective

devi ces.



24)

25)

26)

27)

28)

29)

23
| use hel net type device, in the industry, while going
hone | carry it, but people tease ne what shall | do?
| amready to use only ear plugs because ot her types
causes cosnetic abnornmality but the noise level is too
hi gh what shall | do for that?
| amusing ear protective device eventhough | am/| osing
ny hearing what are possible causes for this and what
should I do now?
| amworking in an industry. After joining there | am
| osing ny hearing. What is the cause for it and with
whom should | consul t.
I's there any rule or act regarding protection or
enpl oyed who are all working in the industry?
| have lost ny hearing after joining the industry. Can
| claimfor damage? Wat information should I have to

make t he cl ai n?



24

FILL | N THE BLANKS

Transm ssion of the sound to the protected ear can be

expressed by an ........ net wor k anal ogous to the

....... nobi | es are reported to cause hearing | oss.

The absolute limt of ........ provi ded by ear protec-
tive device depends upon the sensitivity of the ........
pat hway.

The attenuation of the conbination at individual frequen-
cies at least ........ dB better than either device al one.
Ceneral |y ear plugs give attenuation between ........
to........ dB.

Ear plug often give better ........ inthe ........
frequencies than will ear defenders.

D sposabl e and nmal | eabl e pl ugs gi ves an attenuati on of
between ........ to ........ dB accordi ng to frequenci es.
The attenuation achi eved by conbi nation of ........

and ear defender does not exceed ........ dB.

........ Is the nost versatile and efficient type of

prefabricated ear plug.

are only marginally suitable for noi se | evel of

96-98 dB - A
filled cushion is better for noi se protection.



12.

13.

14.
15.
16.

17.

19.

20.

21.

I n case of ear nuffs | eakage between the

reduci ng the acoustic attenuati on.

I's generally the nost inportant factor

A conbi ned plug and nuff provide attenuation rangi ng

from to ........ at all frequency, wth

maxi mum attenuation at. == ... Hz.

the all ear nuffs attenuation ranged from.... to .... dB.
Ear nmuff gives maxi numattenuation at. ==~ == f r equency

Usual |y nuffs offer greater protection with frequency

greater than = =

The ot her conbi nati on (except ear pl ug,

gives an attenuation at individual

dB over the better of the individua

KHz wher e no conbi na-

protective devices except at .....

tion exhibited a gain of greater than

and ear nuff)

frequencies is ......

ear

The gain in the noise reduction rating for the doubl e

protection conbi nati on range from

when conpared to the plug above,

when conpared to the earnuff al one aad

dB when conpared to the better of the 2 individual devices.

Ear muf f cups are nade of

insidewth . .

Ear nuffs are sealed to the head with = = ...

cases |ine



22.

23.

24.

25.

26.

27.

28.

29.

30.

26

Ear nuffs are nade from which are
usually forned of a ........ S e S e
materi al .

Sem-inserts are supported by == = =

Sem-inserts alsocalled ........ D e ear pro-
tectorsor ...... caps.

Hel nets are the ........ and usually thenost === =

of all ear protectors

An acoustic . = . filter usually fitted with frequency
sel ective devices enuring relatively small attenuation
bel ow about === == Hz .

Souad | evel below = = dB the anplitude sensitive

I naert hearing protectors behave as a ........ ear nold
with al nost no attenuation below ........ KHz and attenua-
tion increasing to as nuch as 30 dBat ....... frequenci es.
Background noise with less than ...... dBA causes poor
speech di scrimnation. Noise above the ........ dBA

causes good speech di scrimnation.

I n case of infrasenie soand the exposure [imt range from

________ dB at a lowfrequency of ........ Hzte ........dB
hi gher frequency of ........ H for = houav
For ultrasonic exposure criteriaia . . ..dB SPL for the

frequencies at and above +*...*.KHZ which has been trans-

lated to a ........ tetave band criterita of ........ dB gpL
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10.
11.
12.
13.
14.

15.
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ACRONYNS

Expand and explain the follow ng acronyns

. ASD
.BI'S

. CT

DEC
EPD
FSD
FSP
HBT
HPD
| NE

| SI

16.
17.

18.

19.
20.

21.

30.

22.

23.
24,

25.
26.
27.
28.
29.

KEMAR
LAPT
LT

LTI'T
NI CSH

NRR
OTA
PEP
RCTT
REAT
REM
REPT
R F

1T

VEE

28



10.

11.

12.

13.

14.

MATCH THE FOLLON NG

A
Attenuati on of ear pl ug
above 1 KHz.
At t enuati on of earnuffs
above 1 KHz

Prefabricated ear plug c.

Specification of ear
protective device

Oiginal Anerican Nationa
St andard Met hod

Modi fi ed ear protector
attenuation atandard

Lat est Anerican Nati onal
St andard Met hod

NRR-31 is the value for :
ear plug tested according to (ASA-STDI -1975)

The NRR of 29 is the val ue

f or

ear plug according to

Noi se | evel (dBCO)-NRR j.

a.

25 dB

b

d.

e.

g

h

29

V-51R

ANSI 224-22-1957

AAPP 1959

ANS| 224. 22

I'S: 9167/ 1979

ANSI S12.6

ANS| 5319-1974

35 dB

| SO 4869, SFS 4431,

Enpl oyee noi se exposure nust
be limted to an equi val ent
| evel of 90 dB for 8 hours

Mechani cal properties and
acoustic attenuation

For mul a whi ch averages 0, 5,
1 and 2 KHz

For mul a whi ch average 0, 5,

1,

2 and 3 KHz regqul ation.

k

m

n.

4432, DIN 35l

ANS| 53-19

Ef fecti ve exposure dBA

AAO 1979

Exi sting federal
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