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1. Introduction

The need for Ear protection
EP.D - definition

—Hearing protector performance - How they work and
what goes wrong in the real world.

2. Types of Ear Protector

a) Ear plugs - 1) Prefabricated
2) Disposable & Malleable
3) Individually noul ded.

b) Sem - Insert protectors.
c) Ear nmuffs.

d) Hel nets.

3. Attenuation characteristics of EPD

a) Acoustic Attenuation

b) Methods for the evaluation of Ear protectors

- i) The threshold shift Method of neasuring Ear

protector attenuation.

- 1i) Single Nunber Measures of Ear protector Noise Reduction

-iii) A New Ear protector Attenuation standard - ANSI 5126.



4.

Practi cal Consideration of Selection of EPD.

- Sound At t enuati on

-Confort

Absence of adverse effect on the skin
Speech conmuni cati on noninterference
Ease of use and Handl i ng

Hygi ene
Durability

- Cost

a)

6.

Heari ng Conservati on Programme & EPD

Extra - Auditory Benefits of a Hearing conservation
pr ogr anmre

The Hearing conservation Anendnent

Worker' s conpensation for occupational Hearing |oss

Moti vating Enpl oyees to wear EPDS

The Effects of SPDs on Auditory conmunication

The performance of EPDs in Industrial Noise Environnment

Protection from Infrasonic & ultrasoni c Noise Exposure

Ear Infection and the use of EPD

Can Hearing aids provide Hearing protection?

Responses to questions and conpl ai nts Regardi ng

Hearing and Hearing protection.

Bi bl i ogr aphy.



| nt r oducti on:

There is no nore subtle or wily eneny than
excessive noise. And few that bring such devastation
to ordinary life. Advancing hearing deterioration doons
the victimto life in a silent and lonely world, from

which there is no return.

NIHL is the nobst common occupational injury in
industry today. \What makes NI HL so dangerous and so
wi despread is that it starts as a virtual "Synptom ess
di sease”. Initially, |osses appear as small "holes in
the hearing"” - deficiencies in picking up sounds of certain
pitches. Such |osses are difficult to defect, except
t hrough professional testing. By the tinme even the nost
alert sufferer becones consciously aware of it, hearing |oss
has growmn quite severe. And it's already too late to do

anyt hi ng about it.

The fact is, hearing, once |ost, can never be restored.
Hearing | osses not only affect our ability to defect sounds
but al so change our sensation of |oudness and inpair the
clarity with which we listen. Hearing aids can anplify what
is heard, but do not clarify it. It can be conpared to a
dimbulb projecting a 35mm slide onto a dirty screen with
many tears and holes. The use of a brighter bulb wth the
sane, danmaged screen, produces a stronger inmage but one stil

| acking the defail needed for proper view ng.



Cbvi ously, because |osses are permanent. Hearing
protection offers the only effective way to fight hearing
|l oss. And the first step to protection is recognizing that
modern life pases many threats to hearing. Any |oud noise
from heavy machinery to nmusic to power |awn nmowers and chain
can damage hearing. And no one, no matter how acute

his or her hearing, is inmune.

In any situation where |oud noises persistently occur -
where one nust shout to be heard - effective steps in hearing
protection should be taken. And anyone exposed to such condi -
tions shoul d undergo periodic hearing exam nations, w thout
exception. Taking proper steps to protect hearing isn't a
matter of being overly cautious. |It's a matter of armng
everyone against a persistent and vicious eneny - an eneny
which can, like a thief in the night, steal one of life's
most precious gifts. Because that gift, once taken away, can

never be regained.

Coming to the steps involved in Hearing protection, there
are various steps that could be enployed in Hearing protection

they are,

1) Stop neking the noise

N

) Renobve the noise source

w

Reduce the noi se at source

N

) Screen the noise source

o1

) Modify the noise
6) Enploy acoustic consultant

7) Renove the conpl ai nant.



Thus preventing the generation of noise itself occupies
a first place in the steps derived for reducing the exposure
to noise. But there is possibility where. W may not be
able to reduce the noise levels towthin safe limts by
treating the source. 1In such cases use of quieter machine,
and use of noise barrier or acoustic hood to cover the source
can be recommended. Still other neans could be just offending
t he machi ne, change the work place of a person or limting
the total exposure tine of a person in noise. But however
there are situations where all these steps may be found to be
just inpractical, insufficient to apply & econom cally unfeasi bl e.
In such cases the use of Ear protective devices constitutes an

important elenent in any industrial hearing conservation program

So what are Ear protective devices? EP D 's are personal
heari ng protective devices which when worned appropriately by
an individual provide the nost effective means of elimnating
a potential hazard to hearing. They are capabl e of reducing
the noise level at the ear by 10 to 45 dB and occasionally
to 50dB, depending on their make and the sound frequency.
These personal ear protectors when used in conbination reduces
the noise level at the ear to a harmess one if not to a

pl easant one.

Bar protector also as an advantage of inproving the speech
comuni cation. At the sane tine there is also a wi de spead
belief that Ear protectors inpair hearing acvity, interfere
wi th speech communi cation and warning signal. But this holds

good only in quite environment where there is no necessity of



wearing ear protectors. |In noisy situation they not only
prevent the inpairment of hearing acuity but they may even
inmprove it by cutting down the noise interference |evel,
speech becones easier to understand and conmunication inpro-
ves. The exception being an intermttent noise with periods

of silence between the burst of noise.

In the market ear protectors are available in nmany brands
and types. Depending on their position relative to the ear
they can be divided into four categories hanely - ear plugs.
Sem -inserts, Earmuffs and hel nets. Ear plugs are devices that
are inserted in the ear canal and remain in place w thout any
addi tional support, sem-inserts are those that closes off the
entrance to the ear canal w thout actually being inserted into
the canal and are held in place by a head band. Ear nuffs are
devices that cover the entire outer ear and are held in place
by a spring head band, helnet, or sane other type of head
covering. Helnets are those which cover nost of the head sur-
face and either through a close fit or through integral ear-
muf f or other types of built - in earpieces supply hearing
protection agai nst noise. Wile selecting the nost suitable type
of ear protector device for any given situation several factors
are to be considered in addition to the protection to hearing
they provide. Sone of themare confort, cost, durability,

chem cal stability, availability, wearer acceptance and hygi ene.

Finally, 1t is quite surprising that in spite of the fact

that the workers were inforned that they work in noise which



could affect their hearing. Sone report of noise |evel not
being particularly high to wear ear protecting device, sone
consider that this gives thema feeling of isolation and
difficulties in comrunication. Sone report disconfort or
side effects as a reasons for not wearing ear protecting

devi ce. Hence, despite their undoubted value, it is difficult
to conceive of ear protectors as nore than a very adequate
formof protection, when for whatever reasons, other nethods
cannot be used. The only way to overcone this problemis by
successful hearing conservation program A review of litera-
ture suggests that the pivotal characteristics of a successfu
hearing conservation program are - support of managenent,
enforcenment. Education, Mtivation, confortable and effective

EPD' s.



Ear Protector Performance:

How they work - and - what goes wong in the real world

It is inmportant to know how EPD s performin real world
environnents. It was found that |aboratory attenuati on neasur-
enents significantly over estinmate the real world performance
of EPD s due to the unrealistic, optimzed manner in which
experimental subjects can wear these devices for short duration
tests. These concepts can be exam ned further by anal yzing
how a correctly worn BPD operates and how its effectiveness

is conprom sed by m suse, msfitting, EPD aging and abuse.

Before going in detail about it, it is better to know how

normally sound is transmtted to the unoccluded and occler ear .

Sound Transm ssion to the unocl uded Bar

The hearing nmechani smcan be divided into three parts as
shown in figure I. These are the outlet, mddle and inner ear.
Sound (airborne vibration) is received by the outer ear. The
i nci dent sound propagates along the auditory canal, setting the
eardrum (tynpani c menbrane) into notion. The eardrumnotion
is transmtted via. the tiny m ddl e ear bones(ossicul ar chai n)
to the inner ear, aliquid filled cavity of conplex shape tying
wi thin the bony structure of the skull. This causes the liquid
in a portion of the inner ear, the cochlea, to vibrate. Menbr-

anes and hair cells inside the cochlea, which are very sensitive

to this vibration, generate el ecteical inpulses when appropriately



stinmulated. The inmpulses we transmtted along the auditory
nerve to the brain, where they are " decoded* the result is

t he sensation, sound.

When the vibration that excites the cochlear hour cells is
the result of the chain of events described above, this is
called air conduction when sound directly vibrates the skul
and/ or excites vibration of the ear canal walls, which in
termstinmulates the cochlea, it is called bone conduction. The
final sense organ, the cochlea, is the sanme in either case,
only the pat h of excitation has changed* Since npst sound
and/ or vibration sources will excite both transm ssion paths,
the ear will usually receive both air conducted and bone con-

ducted signals simultaneously.

For the normal hearing individual, the unoccluded ear's
bone conduction(BC) semitivity is nmuch poorer than its corres-
pondi ng air conduction(AC) semtivity as shown in Figured?2curve
A. For exanple at |[000Hz the sensitivity of the ear is 60dB
poorer for the BC path than for the AC path. This means that
even if the AC path were totally elimnated by a EPD, that

the Ear's sensitivity would only be approxi mately 60odB wor se,

i,e,a" perfect EPD could only offer 60DB of attenuation at
1KHz. Even if the satire head was acoustically shielded, the
founness |l evel of the sound could only be educed by an addi -
tional 10dB to 70BB bel ow tha unocluded AC theshold. In this
|atter case, the conduction path would be fromthe chest cavity

through the neck to the head.

SOUND TRANSM SSI ON TO THE OCCLUDED EAR

The utilization of EPD nodifies the AC and BC pat hs- -As
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di scussed above as shown in figure 3. There are:

1. Air Leaks: for maxi mum pratection the device nmust make
avirtual air tight seal with the canal or the side of the
head. Inserts nust accurately fit She contours of the Ear
canal and Earnuff cushions must accurately fit the areas
surroundi ng the external Ear(Pinna). Air leaks can typically

reduce attenuation by 5-15dB over a broad frequency range.

2. Vibration of the EPD: Due to the flexibility of the Ear

canal flesh, earplugs can vibrate in a piston, |ike manner
within the ear canal. This Iimts their [ow frequency atten-
uation. Likew se an earnmuff cannot be attached to the head

in atotally rigid manner. |Its cup will vibrate against the
head as a mass/spring system wth an effective stiffndss
governed by the flexibility of the nuff cushion and the flesh
surroundi ng the Ear, as well as the air volume entrapped under
the Cup. For Earnmuffs, prenolded inserts and foaminsetts
these limts of attenuation at 125 Hz are approxi mately 25dB

30dB and 40dB, respectively.

3.  TRANSM SSI ON THROUGH THE MATERI AL OF THE EPD: - For nost

inserts this is generally not significant, although with |ower
attenuation devices such as cotton or glassdown, this path

is a factor to be considered. Because of the nuch |arger
surface areas involved with earnuffs, sound transm ssion

t hrough the cup material and through the earnmuff cushion is
significant, and can limt the achievable attenuation at cer-
tain frequencies.

4. SONS CONDUCTION: Since a EPD is designed to effectively
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reduce the AC path and not the BC path, BC nay becone a signifi-
cant factor for the protected Ear.

When the Ear is ocluded with an insert or a nuff the B.C
path is enheanced relative to the unoccluded Ear for frequencies
bel ow 2KHZ. This is called the earplug effect or nove generally
the occlusion effect this can be easily denonstrated by pl uggi ng
one's Ear canals while speaking al oud Wen the canals are
properly seal ed or covered, one's own voi ce | akes on a bassy,
reaanant quality due to the application of the BC path by which
a talker partially hears his own speech. This anplification of
BC vibrations results in the differences between curves A and B
in figure 2. Qurve Arepresents the threshold of hearing for
BC vibrations with open ear canals, whereas curve Bis the
threshold of hearing for BC vibrations with the Bar canals tightly

covered or plugged.

Thus, curve B gives the estinmated nmaxi numprotection

achi evabl e by covering and/or plugging the ears.

A common nyth concerning EPDs , is that as the sound | eve
-increases, BC saind becones nore inportant, and therefore an
Earmuff will provide better projection than an Earplug at hi gher
sound |l evels,. The inaccuracy of this statenment is denonstrated
by the act that the rel ati onship between the AC and BC t her eshol ds
as shown in Figure 2, is not dependent on sound |evel. Any BC
advantage that muffs may have over inserts will be independent
of sound level, and will be appovent in a standard threshol d | evel

attenuation test such as ANSI 53, 19-1974.
.10
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Due to the occlusion Effects and BC |imtations descri-
bed above, as well as other physical considerations, using nmuffs
and inserts in conbination does not yield attenuation val ues
that are nmerely the arithnmetic sumof their individual val ues.

I n sone cases, at some frequencies, alnobst no inprovenent wll
be noted when inserting a pre-noded insert under a nuff. Alter-
natively for other conbinations, not fully defined at this tine,
better results nmay be achieved. Curve Cin Figure 2 denon-
strates performance for a deeply inserted EEA-R plug used in
conjuction with a David Cark 19A. Sarnuff. This conbination
probably represents the highest practical attenuation achievable

with currently avail abl e EPDS.

VWHY EPDs FAIL | N THE REAL WORLD:

When a EPD is properly sized and carefully fitted and ad-
justed for optimum performance on a |aboratory subject, airleak
will be mnimzed and paths 2,3 and 4 will be the primary sound
transm ssion paths* In the Real world work environment, this is
usual |y not be case, and path |, sound transm ssion through air
| eaks, often domi nates. Air |leaks arise wen plugs do not
seal properly in the Ear canal or nuffs do not seal uniformy
agai nst the head around the pinna. The causes of poor EPD

sealing are.

. Confort: |In nost situations the better thefit of a EPD
the poorer the confort. Inserts nust be snugly fitted into the
canal and Earmuff cups nmust be tightly pressed agai nst the head.

This is not conducive to confort and although sone enpl oyees may

11



-11-

adopt, many will not. This is why it is inportant to sel ect
several Ear protectors (generally 1 nmuff and 2 earplugs) from
the nore confortabl e avail able SPDs and to encourage the

Enpl oyee to make the final decision as to which he will use.

2. Uilization: Due to poor confort, poor notivation or poor

training, or user problens, earplugs may be inproperly inserted

and Sarnuffs may be inproperly adjusted.

3. Fit: Al EPDs nust be properly fitted when they are initially
di spensed. For nulti-sized PVC. nolded inserts a suitably
sized earplug nmust also be selected during this fitting proc-
edure. Conpanies nust stock all available sizes of nulti-sized
Earpl ugs and nmust be willing to use different size plugs for
an Enployee's two Ears, this latter situation occurring in
perhaps 2 - 10% of the popul ation. For Exanple, stocking only
3 of the 5 available sizes of the V 51 -Rw !l reduce the
percentage of the population fitable with that device from

95% to 85% The correct size pre-nolded insert wll
al ways be a conprom se between a device that is too |arge and
t herefore unconfortable, and a device that is too snmall and
therefore provides poor protection. The appropriate conpro-

m se can often tinmes be achieved, but only with care and skill.

4. Conpatibility: Not all EPDs are equally suited for all ear

carnal and head shapes. Certain head contours cannot be fitted
by any available nmuffs and sonme ear canals have shapes that

may only be fitable with certain inserts or canal caps or

.12
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sonmetines not at all. Earnmuffs can only work well when their
cushions properly seal on the head. Eyegl asses, sideb or
| ong or bushy hair underneath cushions will prevent this and
wi |l reduce attenuation by varying anounts.

5. Readjustnment: EPDs can work |oose or be jarred out of

position during the day. It nust be renenbered that |aboratory
tests require the subject to carefully adjust a device prior

to testing under typical use. Wearers will Eat, talk, nove
about and may be bunped or jostled, resulting in jaw notion

and possi ble Perspiration. These activities can cause nuff
cushions to break their seal with the head and cause certain
inserts to work | oose. Pre-nolded inserts tend to Exhibit

this probl em whereas customnol ded and Expandabl e foam

plugs tend to nove effectively nmaintain their position in

the Ear canal .

6. Deterioration: Even when properly used. Ear protectors

wear out. Sonme pre-nolded plug shrink and/or harden when
conti nuously exposed to ear canal wax and perspiration.
This may occur in as little as three weeks. Flanges can
break of f and plugs may crack. Custom Ear-nolds may crack,
or the Ear canal may gradually change shape with tinme, so
that the nolds no longer fit properly. Earmuff cushions
al so harden and crack or can become permanently deformned
and head bands may |ose their tension, therefore it is

i mportant to inspect or reinue "Permanent"” EPDs on a

.13
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regular basis. This may be 2 - 12 tinmes per year or nore,

dependi ng upon the EPDs that are utilized.

7. Abuse: Enployees often nodify EPDs to inprove confort
at the expense of protection. These techniques include
springi ng earmuf f headbands to reduce the tension, cutting
flanges off of prenolded inserts, drilling holes through
plugs or nmuffs, renoving the canal portion of custom ear—

nol ds, or deliberately obtaining undersized EPDs.

Protection Vs Percentage Tine Wm

The EPD Real world utilization problens outlined in
the preceding section explain why the Real world attenuation
of 5PDs is so much lower than typical manufacturers |aboratory
data would indicate. |In addition to this problemwe nust
contend with the possibility that enpl oyees, regardless of
how wel | they wear a EPD, may not wear it during their entire
wor k, shift or period of noise exposure. This will reduce

their effective daily protection.

Noi se i nduced hearing |oss has been shown to be a function
of the cumul ative A. Wighted noi se exposure incident upon
the ears. Adherents of this theory propose that the hearing
| evel s of a noise exposed popul ation can be estimted from
a Know edge of their equival ent continuous noise exposure
level (Leq). The Leq is the level of continuous
A - weighted noise that woul d cause the sanme sound energy
to be experienced in an 8 - hour day, as resulted fromthe
actual noise exposure. This leads to the 3 dB trading

relationship, that is, if the exposure level is increased
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by 3 dB, the exposure duration nust be reduced by 1/2. A
simlar approach is enbodied in the U S. occupational safety

and Health Act, except that the trading relationship is 5 dB.

The data in Figure 4 can be utilized to determ ne the
Tinme corrected Noi se Reduction Rating (NRR) as afunction of
t he percentage of tinme that the EPDis worn in the noise.
We first assign an NRR value to the EPD in question - either
the manufactures | abeled NRR or preferably a Real world
estimated NRR* [|f, for exanple, the EPD has an assigned
NRR - 25, then its Tine corrected NRR would be only 20 dB
if it was not worn for just 15 m nutes during each 8 hour
noi se exposure. This clearly denonstrates that SPDs nust be
confortabl e enough to be worn properly for expended peri ods.
Attenuation and confort nmust both be considered when sele-

cting a EPD

Nei ther |low attenuation nor |ow confort devices are acc-
eptabl e for standard industrial use. Confortable, user
acceptable EPDs, with real world NRRs suitable for the
prevailing environmental sound levels will be necessary to

protect enployee's hearing.
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TYPSS OF EAR PROTECTIVE DEVI CES

There are many brands and types of ear protectors
available in the market today. But according to their position
relative to the ear the personal ear protectors can be

classified into four basic Types.

These ar e:

1. Ear Plugs

2. Sem - inserts
3. bar Muffs

4. Hel mets,

1. Ear Pl ugs:

Ear plugs are a devel opnent over the cotton plug which
has been Known to industrial workers and gunners for |ong.
These are made of plastic material noulded to fit the outer
Ear canal and usually remain there w thout any additional
means of support. Ear plugs are unabstrusive and nust be
personally fitted for an individual end for each ear. In
addition to it they should be always fitted under nedical
supervision. Wen conpared to other ear protectors the
ear pl ugs are cheaper, smaller, they can he easily cl eaned
with soap and water and can he carried around in the pocket
or hand bag, They will not beconme a probl emwhen head covers,

masks, goggles, or other devices are worn on the head.

Ear plugs can be made of materials such as cotton, paper,

.15
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wax, glass wool, fibre glass down, plastic or expanding vinyl
foam or sone of the nore recent plastic conpounds. These plugs
whi ch can be shaped by the wearer, are usually made of non—
porous, easily forned materials, and they are capable of pro-
viding attenuation that conpares favorably with the best of

t he sem permanent nol ded variety of ear plugs. Fibre glass
down plugs are the oldest form of personal ear protection

on the market used properly it is very dense and attenuates
selatively well, an average being about 15 dB (A). It has

t he advantage of being hygienic, as it is cheap and di sposed
of after each use. Plastic ear plugs consist of a central
stalk wth 2 - 4 flanges or an insert without flange. Since
the shape of the plug is concial it fits nost external
auditory canals. The expanding vinyl foam ear plugs consi st
of a small cylinder which is conpressed before insertion and
whi ch then slowly expands and seals the external auditory

canal lightly.

Since each ear of a person differ fromother in size and
shape it is not uncomon for a person to require two different
ear plugs, and no Single - sized nolded ear plug has been found
that would fit the large range of ear canal sizes and shapes.
Most of the accepted nol ded ear plugs cone in four or five
different sizes. This variability in shape and size of ear
canals do not offer a good fit and usually necessiates severa

Sizes. This may inturn pose problemin the production and

.16
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di stribution of ear plugs an may result in the inproper sele-
ction of the plug. Consequent of this the performance of

earplugs is likely to be highly vari able.

Ear plugs are not generally acceptable to residents who
are affected by external noise- industrial, traffic etc. And
al so ear plugs are not usually tolerated, in the ear, for
nore than an hour or two at a tinme. Professional expertise
S required in explaining the use of the earplugs to
the individual, and in particular enphasizing the need to
ensure pro er initial sealing and the need to reinsert the
plugs fromtine to tine. Since they work |oose, the sea

breaks and they becone in effective.

About the attenuation characteristic of ear plugs, different
types of earplugs have different attenuation characteristics.
When earplugs are of the proper size and inserted correctly
t ey provide good attenuation. Usually, they give an attenuation
between 15 and 35 d B, according to type and will often give
better attenuation in the |ow frequencies than wll ear defenders.
A conbi nation of ear plug and ear defender can be used to
provi de increased attenuati on where necessary, but the atten-
uation acived by this conbination will not generally exceed

45 dB.

Types of Earpl ugs

There are many brands and types of ear plugs available

on the market. In selecting the nost suitable type for any

17
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gi ven situation, several factors such as confort, cost,
durability, chem cal stability, availability, wearer acce-
ptance and hygiene are to be considered along with the hearing

protection they provide.

1) Prefabricated Ear Pl ugs:

These are made of Soft, flexible material that will fit
readily to the many different ear canal shapes, thus giving
a Snug, air tight and confortable fit. For general industrial
use the best prefabricated earplugs are available in three

to five different sizes.

Prefabricated Ear plugs are nontoxic, and have got Snpoth
Surfaces that may be easily cleaned with soap and water. They
are usually made of material that retains its shape and flex
ibility over extended periods of use and unaffected by the
presence of ear wax. Prefabricated ear plug is available in
a large nunber in different types. One of the nost versatile
end efficient types is the V- 51 R It has got an asynmet-
rical shape and since it carries a single flexible flange it
can be adopted to a large nunber of differently shaped ear
canals. Wen fitted correctly, provides a reasonable prote-
ction along with a certain amount of confort. It is usually

available in five sizes fromnost manufacturers.

Prefabricated plugs are also avilable in large nunber with
symetri cal shape providing sufficient protection along with the
confort under certain circunstances, however, for sharply
bendi ng or slit-shaped ear canals the round and stright types

of ear plugs do not adopt generally.
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Di sposabl e and Mal | eabl e Pl ugs

Cenerally these types of Ear plugs are nade from | ow cost
materials such as cotton, ware, glass wool, and m xtures of
these and ot her substances. Usually these nmaterials are non-
porous. Easily fornmable, reasonably confortable and capabl e of
providing attenuation values which will be simlar to those

af forded by prefabricated plugs when nade correctly.

The anount of protection afford by these type of plug
depends on the type of material used and how firmy the
plug is fitted into the ear canal. Usually the nobst comm
only used plug - the ordinary cotton wool by itself is
extrenely porous and offers very little attenuation. Be-
cause of its inefficiency and the fabe sense of security

it gives rise to its user it is not at all reconmended.

However there is an increasing demand in factories for
an ear plug which can be inserted by the enpl oyee at such tines
as may be necessary and then renpbved and thrown away when
no |onger protection is required. One of the nost practical
a defficient forns of disposable hearing protection is
obtai ned by d ass wool which are mcroscopically thin glass
fibres about one mcron in thickness and provi des reasonabl e
attenuati on when inserted according to the manufacturer's

i nstructions.

These fibres are made into a down life felt, which is
cut into strips and sold in packets. The enpl oyee renoves
about 25mm of the strip, folds it in an appropriate manner
and inserts it in the ear before entering an area of high

sound pressure. After leaving the area, the plugs are
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taken fromthe ears and thrown away one packet (3g), is
sufficient for two weeks daily use. The material is very
confortable to wear and gives an attenuation of between 15

& 30 dB according to frequency.

| ndi vi dual 'y Moul ded Ear pl ugs:

The materials used in the formation of these type of
ear plugs are sone formof silicone rubber. These will have
got their own permanent form and are actually noul ded with
the ear canal in their permanent form Usually a curing
agent is supplied along with the ear plug material and a
putty like mxture of the two are used in their formation
before being fitted into the ear canal of the person. Having
cured, the Ear plugs are in a permanent formand there a w il
be provision for renoving and reinserting it any nunber of
times without affecting their performance. The expertise
of the person making the plug plays a major role in determning
the amount of protection provided by these individually noul ded

ear plugs.

The greater appeal to the wearer is the main advantage
of individually noul ded ear plugs. |In situations w ere diff-
iculty is encountered in persuading nen to wear hearing

protection, the provision of a personal and individually

. 20
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nmoul ded device that will only fit the person for whom they

are intended (Like Spectacles and false teeth) is a Psycho-

| ogi cal advant age.

Advant ages: of Ear Pl ug

They are small, easier to store and easily carried.

Do not interfere with use of personal itens |ike eye gl ass

and can be worn conveniently.
Less expensive when conpared to ot her ear protectors.

More confortable to wear in hot environnents Overal

plugs are better accepted in all Environnment.

Do not interfere with head novenents and convenient to
use when the head of the wearer nust e in close, cranped

quarters.

Hygine is maintained i.e. it can be washed or disposed.

Di sadvant ages:

1

Requires a tight ceiling to get maxi num attenuation val ue
whi ch nmay often becone unconfortable to wear

They require nore tinme and effort to fit.

The anmount of protection provided is generally |ess and

vari es consi derably anong wearers.
Can becone dirty and unsanitary through use.

Many of these materials may shrink or become hard so has

to be changed frequently.
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6. Difficult to see at a distance, making it difficult to
i nsure that enployees are wearing them

7. Cannot be worn by individuals with external and m ddle

ear infections.
8. It is alnost specific to individuals.

9. Easily affected by jaw and neck novenent so they have to

be reseated frequently.
10. Requires good coordi nation.

11. Difficult to nmonitor its use.

2) Sem - lInserts

These are simlar to ear plugs but are supported by a
head band. These devices closes off the entrance to the
ear canal wi thout actually being inserted into the canal.
They are not generally used for ear protection agai nst noise
but rather as part of a comunication system For this
purpose there is a small receiver of the hearing aid type
contained in each plug. One.size can provide high sound
attenuation and are confortable to wear for al nbst any
person. The sem-insert is smaller mam than the earnuff
and inteferes less with other devices worn on the head,
however it requires a support in the formof a head band and

therefore it is considered nore cunber sonme than an ear plug.

These are also called concha - Seated ear protectors

.22
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or canal caps. They usually consists of two conical soft
rubber caps attached to a narrow head band which presses them

agai nst the entrance to the extrnal ear canal.

The Sem - Inserts conbine sonme of the advantages of
ear nuffs and ear plugs and sonme of their disadvantages. They
have the advantage that one size will fit the mapjority of ears,
unli ke prefabricated plugs. As they are captive and may be
reinserted hygienically at any time, they are suitable for
i ndustries where the loss of an ear plug nust be avoided
(E.g. The food Industry) and for people who nust frequently
enter noisy Environments for short periods or remain in hot
environnents for long periods. However, this type of plug
is often not as confortable as other forns, of hearing
protection as nust be pressed firmy against the ear canal

entrance to be effective.

3) Ear Miff

Ear nuffs are in the formof covering for the entire outer
ear (Pinna) and are held against the sides of the head by a
spring | oaded adjustable band and are sealed to the head with
soft circumaural cushion seals. Sonetines for practica
reason is incorporated into a protective hel met which covers
t he whol e of the head(obviously including the face) Ear
muffs are made fromrigid cups which are usually fornmed of

arigid, dense, inperforate material. The cups are nade of
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hard plastic or netalic cases line inside with pol yurethane.
Acoustic insulation between the outer shell and the skin is
provided either by liquid filled or plastic-foamfilled seal.
Usually liquid - filled seals, all things being equal provide
marginally better protection with |ess head band tension.
But if treated roughly they suffer from the probl em of
| eakage. On the other hand foamfilled seals are al nost as
good as the liquid seal with the additional advantage of
rebust ness. However, ear nuffs should be provided with
seals that are easily and separately replaceable in the

factory environnent.

Most of the nuff protectors are simlar in design and
come only in one size and their shape is less critical than
ear plug. They can be fitted confortably to all persons
with little adjustnent. For this reason the variability of

performance is smaller and problem of confort less critical.

The force with which the cups of the nmuff are pressed
agai nst the sides of the head plays an inportant role in
determ ning the attenuation provided by it. Therefore it is
inportant to maintain the correct head band pressure care
must be taken not to bend the head band which may inturn
reduce the attenuation value of the nuff. Ear nuffs provide
maxi mum protection only when they are placed on a relatively
snooth surface. Therefore when nuffs are worn with safety

equi pment such as goggles and hel nmets and over long hair or
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spectacte franmes we can expect |ess protection.

General |y speaking, the degree of attenuation is
greater for |ow frequency when the volune of the nmuff is
greater. And also greater the attenuation, greater is the
force applied by the head band. But it becones unconfortable
So optinmum attenuation and person's confort should be taken
into consideration during its construction. Al ear nuffs
doesn't give same value. Sone gives batter protection at |ow
frequency and sone at high frequency. A volune of air
enclosed within the cup is directly related to |ow frequency
attenuation. And the inside of the ear cup is partially
filled wwth material that absorbs high frequency resonant
noi ses. Usually nuffs offer greater protection with freg-
uenci es greater than 1000 c/s but, unless specially designed,
nuffs offer |ess protection bel ow 1000 c¢/s and a conbi nation
of plug and nuff usually offers optinmum protection at these
frequencies. For the one type of nmuff which GQorig tested
the attenuation ranged from20 to 34 dB at the above frequencies,
wi th maxi mum attenuation at 2000/c/s. A conbined plug and
nmuf f provided attenuation ranging from 34 to 38 d B at these
frequencies. Wth maxi mum attenuation at 3000 c/s. If high
| evel sound attenuation is required ear nuffs can be worn
underneath the hel net. Beside these, aircrew frequently
use head phone with covers which act |ike ear nuffs. The
reduction in noise level afforded by these ear phones is not
much at the |ower frequency below 1,000 CPS, being of the

order of 10 to 15 dB. They are, however efficient at
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hi gher frequencies giving attenuations of about
206B in the 1,200 - 2,400 CPS band and about 30dB
in the 2,400 - 4,800 CPS band.

Sone earnuffs are asymetrical and thus can only
be worn one way, i.e., only one cupwill fit the left
ear and only one the right. 1In these cases the correct
way of wearning the nuffs should be prom nently indica-

t ed.

Advantages : of Ear nuffs:

1) Provides the greatest protection, i.e., they are likely

to give greater attenuation value 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
shapes of head.

4) Require very little mani pulation. They are easily renoved
and replaced in a hgienic fassion. Even person wth notor

probl em can use this without difficulty.

5) Emnently suitable for dirty and high |evel noise
areas and for people who frequently nove in and out of

noi sy environnments.
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6) They can also be worn by people with collapsed Ear cana
and people who may suffer from m nor diseases of the externa

Ear canal or in other circunmstances when ear plugs cannot be worn.
7) Can be seen readily at a certain distance away, so the
effectiveness of ear proector program can be easily nonitored.

8) Move confortable to use so usually nmore readily accepted

by enpl oyee than ear plugs.
9) Not as easily msplaced or |ost as ear plugs.

10) They last |onger than ear plugs.

Di sadvant ages:

1) Bulky and not as easily worn in cranped quarters.

2) In general, nore expensive than insert protectors.

3) Unconfortable when humidity is high and they tend to make the
ears hot and exacerbate perspiration.

4) Muff protection depends upon the spffng force of the head band.
Through usage, the force may be considerably weakned and the pro-
tection significantly reduced.

5) Not as easily carried or stored as ear plugs.

6) Not conpatible with other personal item|ike spectacles.

7) Not suitable when head novement is inportant to a large extent.

Hel net s:

Hel mets are the largest and usually the nmost expensive of all
ear protectors. They have to be nade in several sizes. Helnets
cover nost of the head sufface and either through a close fit or

t hrough integral earnuffs or other types of built - in - ear
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pi eces supply hearing protection against noise. Helnets are

not used for ear protection alone. They are rarely worn except
by pilots and notor cyclists and are usually designed to safe-
guard the wearer against bunp, crash, and cold-type injury.
Anot her requirement for mlitary helnmets would we ballistic

pr ot ecti on.

At present the acoustic action of ear nmuff does not seem
to inprove significantly the effectiveness of earnuffs. They do
provi de sone sound attenuation but that is not its primary
function. If high level sound attenuation is required ear plugs
or ear nmuffs can be worn underneath the helmet. Helnet atten-
uation for the |low frequency sound is conparatively poor. The
acoustic inportance of the helnet may increase when sound atte-
nuation at the ear reaches such a high level that transm ssion
t hrough the skull beconmes a controlling factor. |In this situa-
tion a helnet covering the greater part of the head can intro-

duce additional transm ssion | oss.

Speci al Types of Ear protectors:

At present a nunber of earnmuffs and earplugs are avail able
whi ch are designed specially for the purposes such as inproved
communi cation and the selective attenuation of high level tra-

nsi ent noi ses. Anong them are:

a) Frequency - Sel ective devices: -

An acoustic lowpass filter usually fitted with these type

of devices emuring relatively small attenuation bel ow about 2KHz.

. 28



- 28 -

This fitter allow the |ower speech frequencies to be pass
permtting slightly easier speech comunication between

wearers. However, only when all the external noise is at a

hi gher frequency, there will be provision for inproved speech,
comuni cation. This type of ear protector is usually unsuitable
for use on the factory floor since all the external noise wll
not be at a higher frequency in the majority of industria

si tuati ons.

b) Anplitude - sensitive davices: -

These type of ear protectors are designed in such a way
that they attenuate |oud sounds nore than qui et ones. A nodi-
fied version of the V- 51R plug is so designed that it is
possible to hear the normal speech and other sounds but for
the high |level transient noi ses, such as gunfire and expl osive
types of industrial noises. There are also earnuffs avail able
provi ded wi th mechani cal val ves which cl ose when high - |evel
gunfire noise is inpinging upon them The main advantage of

this type lies in the mlitary aspects of noise.

However, earnuffs are avail able which incorporate an el ec-
tronic peak-limting device. These can be extrenely val uabl e
in industrial situation where people are exposed to inpulse
noi se, or any high-level intermttent noise, but wish to comu-
nicate easily during the quiet periods between noise bursts.
The di sadvantages of this type of earnuff are that they are
relatively expensive, require batteries, end nust be handl ed

with greater care than ordinary earnuffs.
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Attenuation characteristics of SPD:

a) Acousti c:

The primary function of an SPD is its capacity to attenuate
sounds. The greater the attenuation an EPD produces the better
it is. Each SPD has its own characteristic attenuation pattern.
However the absolute limt of attenuation provided by EPD depends

upon the sensitivity of the bone conduction pathway.

According to a study (R Waugh, 1973) the dBA attenuation
of an ear protector is a function of the GA value of the noise
spectrumin which it is used and nmay vary be nore than 20dB
in noises of different GA value. However, in noises of simlar
G A value a given SPD proviges simlar anmounts of dBA attenu-
ation. The noise spectra nmay be sorted into five classes on the
basis of their GA values and any val ues of dBA attenuation,
one for each noise class and ear protector's five dBA attenu-
ation curve by neal &f a sinple cal culation proe@8ure to ensure
t hat each cal cul ated dBA attenuation value is obtained or excee-
ded in a specified proportion of the spectra in the correspon-

di ng noi se cl ass.

Now considering the factors determ ning the sound attenu-
ation provided by ear protector, the nost inportant one is the
insertion |oss introduced by the ear protector between the sound
source and the eardrumof the listener. This is acconplished
by a change in the sound field which is usually considered negli -
gi ble and the transm ssion |oss between the outer and inner
surfaces of the ear protector which can be defined as the ratio
of the sound presure at the inner surface of the ear protector

to the sound presure at its outer surface pil Po.
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I n case of physical nmeasurenments which appear to be the
nost accurate, particularly when tests are done under actua
field conditions with living subjects variables such as diffe-
rences in the anatony cf the skull, the bows on a pair of
spectacles and long hair, are known to affect attenuation.

(Forrest, 1980, Snooren burg and M npen, 1982)

In case of ear nuffs | eakage between the custion ring and
the skin is generally the nost inportant factor reducing the
acoustic attenuation. Small holes a fewnllinetres |arge
drastically reduce attenuation, mainly in the frequency range
100-200 Hz. At low frequencies, the noise inside the earnuff
may even be anplified, since the systemconstitutes a Hel mholtz
resonator (Al berti, 1982). Attenuation against connon shot was
very low conpared with that obtained against the rifle shot,
because cannon shot was vary |ow conpared with that obtained
against the rifle shot, because cannon shot contains |ower fre-
quencies than rifle shot. Cenerally, the laboratory test val ves
of attenuation as well as the field experinents, with the ear-
muf f, have shown attenuation values of 5-15 dB in the frequency
range from 125 to 500HZ and 30-40dB in the frequency range from
2 to 5 KHz.

Anot her neasure associated with acoustic attenuation is the
degree of scatter of the attenuation as neasured on different
subjects. This is usually expressed as the standard devi ation
about the grand nean or as the inter quartile range about the

medi an. This figure should acconpany each attenuation datum
When expressing the attenuation. It provides a measure of the
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ear protector's ability to fit different individuals and a
measure of the accuracy with which the attenuation determ -

nations were carried out.

It should also be noted that external sound cannot be
excluded conpletely fromthe ear even if the best ear protectors
are used. Because acoustic vibrations are transmtted not only
through the ear canal but also through the bone conduction. In
such cases use of an ideal helmet make way for the transm ssion
of Vibration through the rest of the body however these are
secondary path ways which are often Ineffective and the exclusion
of sound transm ssion through the ear canal should afford suffi-

cient protection in nost situations.

Transm ssion of the sound to the protected ear can be expre-
ssed by an electrical network anal ogous to the mechanical system
however the electrical analogy do not represent the exact acoustic
situation and has got limted validity to |ow frequencies, but

it do helps in making out clearly what is happening.

[t is inpossible to totally isolate the inner ear from noise
by means of an ear protector. Sound energy can reach the inner

ears of persons wearing ear protectors by three different paths:
1) By passing directly to the cochlea through vibration of the
bones and tissues of the skull (bone conduction).

2) By passing through |leaks in the ear protector, or around the

protector because of poor fit.

3) By vibration of the ear protector itself, which generates

sound in the ear canal.
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The | ast path way depends on the nechani cal properties
of the layer of flesh that separates the ear protector from
t he bony structure of the head. These properties, together
wi th sound conduction through the body and the skull, control
the sound attenuation at the ear. The sound attenuation
depends not only on the inpedance of the ear protector, but

al so on the inpedance behind it.

Met hods for the Evaluation of Ear, Protectors:

We use attenuation data as guidelines in the selection
of the appropriate type and nmake of ear protector required.
Thus it is also inportant to note the nethod by which this
information is obtained and the |aboratory carrying out the
measurenents. It should al so be determ ned that attenuation
data published by manufacturers are neasured followng a
recogni zed standard procedure. Sone of the recognized stan-

dard procedure are

1) The threshold shift Method of measuring ear protector

At t enuati on*

2) Single nunber measures of Ear protector noise Reduction.

3) A new ear protector attenuation standard - ANSI 512.6.
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THE THRESHOLD SHI FT METHOD OP MEASURI NG EAR PROTECTOR ATTENUATI ON

One of the nobst comon net hods of reduci ng enpl oyee noi se
exposure |Is the utilization of ear protective devices (EPDs)

Selection of a suitable SPD is influenced by many paraneters,

one of the forenost being the protector's attenuation. |In the
di scussion that follows, information will be presented that
w il explain sonme of the details of EPD attenuation neasurenents.

The nost common net hod of neasuring the attenuation of
SPDs has been an absolute threshold shift procedure* Virtually
all avail able manufacturer's reported data is derived via this
met hod conceptually the idea is very sinple - determne the
m ni nrum sound level of a sound that a subject can hear w thout
wearing a EPD (open threshold) and then neasure how nuch | ouAder
the sound needs to be for the subject to hear it while wearing
the EPD (occluded threshold). The difference in these two
t hreshol ds, the threshold shift, is a measure of the attenuation

af forded by the device.

TWO AMERI CAN NATI ONAL STANDARDS

Two anerican National standards have been witten describing
the absolute threshold shift technique of testing EPDs. Both
standards require testing 10 subjects, 3 tines each, at nine
different frequencies. Since this results in 30 data points
at each frequency, a neasure of the dispersion of the neasured
attenuations at each frequency is available. Thus both the nean
attenuations and the standard deviations are reported. The
original standard ANSI Z24-22 - 1957 (R1971) required the

subj ect be seated in a directional sound field, usually achieved
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of, and facing the subject. The test sounds used were pure

tones.

It is apparent that pure tones at frontal incidence
are not characteristic of typical industrial environnments.
Furthernore, earnuff attenuation can vary as nuch as | 5dB
as the angle of sound incidence vaties. Additionally, since
resonances in the protector can cause attenuation to vary
rapidly over small frequency increnents, pure tone attenua-
tions at actave band center frequencies may not accurately
reflect the noise reduction afforded by the EPD in those

actave bands.

The new standard, ANSI 53.10 - 1974 (ASA - STDI. 1975),
specifies stimuli that are 1/3 actave w de bands of noi se,
presented in a uniform non-directional (diffuse) sound
field. This circunvents the problens nentioned above, by
nore closely approximating typical industrial noise exposure

condi ti ons.

S3 19 and Z24-22 - Data Conpared:

Attenuation neasured via the two nmethods on the same BPD
usi ng the same subjects yields results which may differ by
as 10 dB or nmore. Typically the agreenent is closer. In fig.l
the results for a representative muff are shown. The 53.19
attenuation is poorer than the Z24-22 valves in the 1-4KHZ
region. Especially at 1KHZ and 4KHZ, where the differences
are 5 dB, It is also noted that the trent also indicates

slightly smaller standard deviations using the 53.19 test.
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In figs. 2 and 3, two sets of 53.19/Z24.22 conparisons
are shown for the E-A-R plugs, a user nolded foaminsert. In
Fig.2, recent (1978) E-A-R data are presented. Both of these
tests were performed in one, 2 week period using identical
subjects. It is noted that the attenuation is virtually
identical for the two tests with snaller standard deviations
for the 53.19 data. GCenerally insert protectors show cl oser
agreenment between 53.19 and Z24.22 than do earmnffs, but
usually the nmean attenuation are 2-4 dB less using 53.19. Thus
t he agreenment between the two sets of data shown in fig.2 is

somewhat better than is normally found.

In Fig.3, the currently advertised data for the EEAR
plug is plotted. The Z24-22 test was perfornmed in late 1974
and the 53.19 test about 1 year later. Thus the subjects were
not identical for the two sets. It is noted that not the
53.19 attenuation data is uniformy |ower than the Z24.22
data. These differences, larger than those shown in Fig. 2,
are not due to the different test nethods, but due to other

vari abl es that can arise over a period of one year.

Variability in data is an inportant aspect of neasurenents
i nvol ving human subj ects, such as threshold shift tests. Only
the intra-laboratory part of this variability is reflected in
the reported standard deviations. Variability anong different
| aboratories is not included in the reported standard devi a-
tions is not included in the reported standard devi ati ons and

may be greater than that found between the two sets of 53.19
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data shown above. E-A-R Division recognizes this and
t herefore advertises the 53.19 data shown in Fig.3, the

| onest evsr neasured on the currently produced E-A-R plugs,

SI NGLE NUMBER MEASURES OF EAR PROTECTOR NO SE REDUCTI ON

In the previous section we discussed about the threshold
shift nethod of measuring ear protector attenuation. The
results of such a |aboratory ear protector test consists of
attenuation and standard devi ation values at nine frequencies.
Reduction of this data to a single nunber rating provides a
sinple and efficient nmeans of choosing ear protective devices
and determning their suitability for particular applications.
So here wi Il discuss single nunber ratings, their accuracy,

cal cul ation, and utilization.

The nost accurate nethod of determ ning an enpl oyee's
noi se exposure under the protector (Effective exposure) is to
utilize an actave band analysis of the actual sound spectrum
to which the enployee is exposed, in conjunction with the
attenuation and standard deviation data. This wll belabelled
the long nethod. It involves conputations simlar to those
necessary to determne a device's single nunber rating. The
| ong nethod noi se reduction nust be individually cal cul ated
for each noise environnent, whereas the single nunber rating
provi des a noi se reduction value that can be supplied by the
manuf acturer and sinply subtracted from the neasured A or C

wei ghted sound | evel in question.
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There have been atl east eleven single nunmber rating descri-
ptors proposed since 1970. John Son and waugh anong ot hers
have statistically evaluated the accuracy of these ratings Vs
the long nethod! by exam ning the resulting predictions for |arge
nunbers of industrial noise spectra. The data indicate that
a good single nunber rating scheme w Il provide a successfu
conprom se between under - protecting a mnority and over - pro-

tecting a ngjority of wearers in nost environments.

THE NO SE REDUCTI ON RATING (NRR

The Noi se Reduction Rating (NRR), a variant of the NI OSH R
factor, is the current EPA proposed single nunber descriptor
A sanple NRR calculation is denonstrated in Table 1. The key
point to consider is that the NRR is subtracted from the neasured
(unprotected) C weighted sound level to yield an effective A-weighted
sound exposute for the enployee. The idea of subtracting a noise
reduction factor froma Cweighted sound level to find an A-weighted
exposure was first proposed by Botsford in 1973. This "C A concept "
is the inportant common ingredient in all of the successful single

nunber descriptors proposed in recent years.

As can be seen in Table 1, the NRR is the difference between
the overall C-weighted sound level of a pink (flat by octaves)
noi se spectrum and the resulting A-weighted noise |evels under
the protector. The attenuation values used in the calculation are
t he measured | aboratory attenuation values mnus two standard
deviations. This correction assures that the attenuation val ues

used in the calculation procedure are actually realizable by the



majority of enployees who conti ousl y and correctly
wear their protectors. This correction will not account

for enpl oyee m suse or abuse of the protectors.

In figure 1, the ANSI S; 19 |aboratory data for three
protectors are plotted. The associated NRRs are |listed at
the bottom of the graph. Although the NRR is nost correctly
comput ed using ANSI S;. 19 (Noise band) data, it can be useful
to look at the range of NRRs conputed from ANSI Z24 22 (pure
tone) data since this is available in an existing NIl OSH docu-
ment. The range is approximately 7-31. The NRR - 31 is the
value for E-A-R plugs tested according to ANSI Z24.22. That
it is higher than the currently reported (ANSI 53.19) EAR
plug NRR OF 29 is due primarily to |aboratory testing vari a-
bility.

Further perspective on the nmeaning of NRR val ues can be
gai ned by cal cul ating the maxi mum theoretical NRR possi bl e.
Swi slotion to determ ne bone conduction thresholds, i.e. if
the ear were perfectly sealed and covered, now effectively
could a device attenuate noi se before sound conducted through
the skull itself would become audi bl e? cal cul ati ons based on
this data, assumng a very |ow standard deviation of 1.5 dB at
each frequency, yield an NRR of 45. To the best of the know
| edge, the highest NRR ever neasured on a production protector
was found in a 1980 test of E-A-R plugs. It was 35, or about
6dB greater than the currently reported (conservative) EAR

plug attenuation data.
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HOW TO USE THE NRR:

As previously nmentioned, the NRR is a dB noise reduction
val ue that nust be subtracted fromthe neasured dBC sound

level in the work place. Thus we have.

gf fective exposive (dBA) = Noise level (dBC) - NRR.

According to existing federal regulations, enployee noise
expesive nmust be limted to an equivalent |evel of 90 dBA
for 8 hours. Nevertheless there is anple data to substaiate
the fact that levels of 85dBA will not be innocuous to al
people. Furthernmore it is likely that nmany enpl oyees w ||
not fit hearing protectors as carefully as do |aboratory
subjects. Therefore there is a suggestion of targeting for
an 80 dBA effective exposure level. Thus for the protectors
illustrated in figure 1 the values in table 2 are the sugge-

sted nmaxi mum work place noise |levels for 8 hour exposures.

Royster and lilley have recently devel oped new techni ques
of evaluating the perfornmance of hearing conservation prograns.
Anal ysis of their data verifies that V-51Rs are only nmarginally
suitable for noise levels of 96-98 dBA. On the other band,

i nformal data, personal conmunications, and ongoi ng research
indicate that the foaminsert protectors are, as |aboratory
NRR val ues woul d suggest, neasuratly nore effective in actua

i ndustrial noise environments.
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TABLE 1- HOW TO CALCULATE THE NRR
Octave Band Frequency (Hz) 125 250 500 1000 2000 4000 8000

1. Hypothetical noise spectrum -
0Bt sound levels (pink noise) 100.0 100.0 100.0 100.0 100.0 1000 100.0
- (level assumed is not significant)

2. C-welghted OB sound levels
unprotected ear 99.8 100.0 1000 1000 998 99.2 970

3. Overall C-weighted sound level  108.0 dBC .
(logarithmic sum of the seven OB sound levelsin step 2)

4. A-weighted OB sound levels :
unprotected ear 839 914 96.8 1000 1012 101.0 989

5. E-A—R"Plu_gmean.értenuation 296 313 341 340 355 414" 396"

61 A 1 Pluy standard

davialjons x 2 64 66 42 46 54 3o 48"
‘7. Protecled A-weighted OB

sound levels

[Step 4 — Step 5 + Step 6] 607 667 669 706 711 635 . 641

8. Overall A-weighted sound level under the protector (effective exposure) ==76.0 dBA
(logarithmic sum of the seven OB sound levels in step 7)

9. NRR = Step 3 - Step 8 — 3dB
NAR = 108.0 - 76.0 - 3 =

10B-Octave band.
11 This 15 a correction (salely) lactor 10 prolect against over
astimating the device's noise reduction because al pas- “Numerncal average of the 3000 Hz and 4000 Hz dala.
sible vanations In the spectra of actual industnal noises **Numenical average of the 6000 Hz and BOO0 Hz data

s e

ATTENUATION DATA FOR THREE 'i'\'PES
OF HEARING PROTECTORS'"™ (ANSI S3.19)

11

REAL-EAR ATTENUATION (d8)
¥

RARLE
FREQUENCY in Hz (Cyclas per Second)
AR PLUG)
—— TYPICAL EARMUFFS n
Dy TYPICAL V-5 IMSERT PROTECTOM... 18
FIGURE 1




A Summary Table of
Proposed Single Number Measures of
Hearing Protector Noise Reduction

Weighting Network Hypothetical User Spectral
Single Number Proposed For Noise Noise Variability Safety Sample
Rating By Date Meoasuremaent’ Spectrum?  Correclion? Factor* Calculation®
R NIOSH 1972 dba Pink 10 dBv -6 26
Critena
Document
AES? R. Camp 1972 - - None - 88%
K ANSI Z137 1 1973 dBA Pink 10 dBe —8 36
Draft 3
SLCe J. Botsford 1973 dBC 6typical noise  Optional - 42
spectra
Two Number D. Johnson 1974 dBA and dBC 6typical noise  Optional — -
Method C. Nixon spectra
R, NIOSH 76-120 1975 dBC Pink 2u 3dB 29
R NIOSH' 76-120 1 9?5 dBA Pink 2o 8.5dB 22
P-AR! J. Tobias 1975 aBC TTN2 0,1e,20 Accounted for 1-1-1
; by shaped
speciium
SLCy, R. Waugh 1976 dBC Shaped o Accounted lor 34
spectrum's by shaped
speactrum
NRR 1 EPA 1977 dBC) Pink (2 3dB . 2
40CFR Part 211 b= e
S ANSI Z137.1 1979 dBC NNS's 20 4d8 28
Dran -1979 2
. - : Bt s L i
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A NEW EAR PROTECTOR ATTENUATI ON STANDARD - ANSI S12.6

The first Anerican National standard describing a nmethod

of measuring ear protector attenuation appeared in 1957

ANSI Z724-22). It was significantly revised in 1974 with the
publication of ANSI 53.19, and just recently has been revised
again with the issuance of ANSI S12.6, "Method for the nmeasure-
ment of the real - Bar attenuation of ear protectors. Although
currently available attenuation data primarily of the 53.19
type, sone older Z24.22 data are still available, and in the
"hear future data in conformance with S12.6 will begin to appear.
Now | et us conpare the three standards, w th enphasis upon the
|atter two docunments, so that hearing conservationists will be
better able to interpret the various types of attenuation data

with which they may have to contend.

AN OVERVI EW

Al'l three standards describe nethods of measuring the | abo-
ratory attenuation of ear protective devices (EPDs) viz the use
of a real-ear attenuation at threshold (RSAT) protocol. The
standards do not specify m ni mum acceptabl e physical or perfor-
mance characteristics for 5PDs, and in and of thenselves do

not provide for EPD certification or approval.

The REAT protocol specified in the American standards is
the nost commonly inplenented and one of the npbst accurate nethod,
of measuring attenuation. It consists of determning the diffe-
rence in the mninmumlevels of sound that subjects can defect
while atternately wearing (occluded threshold) and not wearing

an BPD (open threshold). The change in hearing semtivity
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bet ween the two conditions, the threshold shift, is an

accurate indicator of the noise reducing characteristics of the

EPD.

Certain requirenents of the three standards are sunma-
rized in table 1. ANSI 53,19 and S12.6 bear a strong resenbl ance
in that both specify 1/3 octave band noise stinuli presented
at random incidence in a non directional sound field. The
earlier standard, Z 24,22, differed in this regard since it
specified pure-tone stinmuli prevented directlonally in an
anechoi ¢ environnment.

Purpose of S 12.6.

ANSI S12.6 explicitly states that its protocol is
"intended to yield optinmmperformance val ues”" and then goes
on to suggest that those values "may not usually be obtained
under field conditions”". In fact recent data suggests that
"may not usually" mght nore appropriately read "are rarely
"thus, w thout correction or adjustnent, S12.6 data are unvi -

table for use in estimating typical or average "real -word" data.

"opti mum performance val ues" were selected by the witers of
the standard since they felt that such neasurenents coul d be
"repeated consistently for reliable rank-ordering of protectors”
Al t hough that was the opinion of the magjority of the commttee
based upon previous infornmal observations, there are little
or no docunental data available to substantiate or refute that

position.
The strorigest caveat included in the standard is the

statenent that "(Optinmum performance) values will depict the
noi se-reduci ng capabilities of ear protectors only to the

.42,
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extent that users wear the devices in the same manner as did
the test subjects. However, for those subjects that were tested
and for the fitting of the EPDS that they utilized, the attenua-
tion neasured via S12.6. will be a very accurate indicator of

the protection achieved.

applicability of S12.6.Data

Si nce REAT Eval uations are conducted at |ow sound |evels
(10-606B re20u pa), another area of concern with respect to
such data has been its applicability to high |evel noise
exposures. Nunerous investigators have enpirically exam ned
this problem and the preponderance of their work suggests that
REAT accurately represent the perfornmance of |inear EPDs
(Those not containing val ves, orifices, diaphragns, or active
el ectronic circutry) regardless of sound |level . However for
nonl i near EFDs (devices designed to provida attenuation that
changes, as a function of sound | evel) the standard "may not

be applicaple” i.e. may underestimate actual attenuation.

Anot her smal |, but neverthless well defined |limtation
of the standard is that "Low frequency” results (bel ow 500HZ)
may be spuriously high by a few decibles as a result of
maski ng of the odcluded ear thereshol ds caused by physi ol ogi cal

noi se.

| nstrunentati on and Measurenment Details:

Many instrunentation and neasurenent details of S3.19
were revised in preparing S12.6. The revisions were intended
to tighten up the specifications so that they were nore accurate

and less open to interpretation. Although these changes wll
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probably have only m nor effects on attenuation data, they

should lead to reduced interlaboratory variability by hel ping

to ensure that inplenmentation of the standard is nore uniform
One inportant change in the measurenent proceedures concern

t he readi ng and averagi ng of the avdoinentic traces. The

hewer technique, which is nore precise and | ess subject to sli-

ghtly larger intralaboratory variability. Even though the

affect on nmean attenation values in expected to be negible,

cal cul ated was reduction Rating's (NRRs) should be reduced

slightly since a subtractive two standard-diveation correction

is included in such computations.

SUBJECT SELECTI ON

Al t hough Z24.22 states that subjects should be "randonl y"
sel ected, none of the three standards suggests or requires
that the test popul ation should be chosen in any particul ar
way that would ensure its representative sanple with a test

group of only 10 subjects.

All three standards pernmit exclusion of subjects for
whom "adequate" or "good" fits cannot be obtained. This re-
qui renents also stens from' limtations incurred by using smal
"representative" test populations. Although S12.6 explicitly
requires the laboratory report to include a discussion of any
subj ects who were dismssed , it is in practice unlikely that
such information will be passed on by manufacturers to buyers

and end users.

FI TTI NG THE SPD

The Mbst critical aspect of an REAT evaluation is the

.44,
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fitting of the EPD. To better define this procedure, S12.6
has elimnated the "subject fit* and "Experinmenter fit"
categories of the previous standard and replaced themw th
an "Experinmentr supervised fit". The protectors are put

on by the listener and then personally checked by the
experimenter who has the option to have the subject refit
the EPD "in accordance with the manufacturer's instructions
as many tinmes as necessary to obtain a 'best' fit prior

to testing but not after the test has begun".

A Key point of this procedure is that the experinenter
is not permtted to actually fit the protector, but rather
must instruct the subject so that the "best" fit is one
that is achievable by the subjects thenselves. This inpo-
rtant restriction arises fromthe inprobability of weakers
bei ng i nclined to obt ai n physi cal assi st ance in doing

their protectors in real—orld environnents..

Anot her key points pertains to the statenent "after
the test has begun.” Whereas in S3 . 19 this statenent
was open to interpretation, S 12.6 includes an additional
sentence that clearly indicates that once the actual
audi onetric testing begins no further manipul ati on of
the EPD is permtted. Thus the experinenter cannot use
the results of the audionetric testing to assist in
determ ni ng when the best fit has been obtained. This
has been included to try to assure that the "best" fit

is indeed one that is potentially achievable in practice

w t hout the use of special instrunentation or techniques.
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However, since the best-fit criterion is intended to yield

opti mum performance val ues regardl ess of confort, such

values w Il always represent an upper, and often unobta-
inable, limt to actual real-world attenuation.
Sumary

ANSI S 12.6 should prove to be a nore precise
standard for the nmeasurenent of optinmum (Laboratory)
EPD attenuation than was its predecessor, S 3.19. How
ever, it does not address the issue of the nonconpara—
bility of laboratory and real -world EPD perfornmance.
The principal procedural charges that it enbodies are no-
dified ear protector fitting nethods, and incorporation
of a specified technique for the reading and averagi ng
of automatic audioneter traces. A precise determnation
of the effects these changes will have on attenuation
test results awaits inplenentation of this standard by

practicing test |aboratories.
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Table | - A comparison of three REAT standards

SPECIFICATION ANSI Z24.22-1957 ANSI S3.19-1974 ANSI 12.6-1984

Test Stimuli Pure Tones 1/3-0B* Noise 1/3-OB Noise

Test Room Characteristics. Anechoic Reverberant” T,= 16s

: 05s< T, <16s

Sound Sources 1 spkr. 3 spkrs. min., 1 per plane not specified

Allowable Ambient Noise:

125 /.250/.500/1.0 345 25/16 /12 24/18/16 /16 28/18/14 /14

20/4.0/8.0 kHz 10/8/22 14/9/30 8/9/20

j rials 10/3 (minimum) 10/3 (minimum) 10/3 (minimum)

HPD Fitting Criteria Subject fit for best attenuation  Subject fit for best atten., or Experimenter supervised fit for

experimenter “best” fit best attenuation

Jaw and head movement after fitting  Yes ! No No

and prior to testing .

Subject Exclusion Criteria Random selection, but may Subjects for whom adequate fit Subjects for whom good fit
choose for good fit if explicitly  cannot be obtained should be  cannot be obtained shall be
stated in report noted, but should not be noted, but should not be

X : included in the evaluation included in the evaluation
® Octave band. B Reverberation time (T,,,) - time required for steady-state sound to decay 60 dB.
I ¢ OB noise levels. Z24.22 data converted from old to new OB's re ANSI 51.11-1971
-




-46-

There are various studies regarding attenuation
properties, Effectiviness, useful ness, problens and ot her
subj ective and objective factors related to various

types of Ear proceivedivice.

Ear protectors are approved if they fulfil certain
requi rements as to nechanical properties and Acoustic
attenuation (I So 4869. 3FS 4431, 4432, DN, 13Sl).
Under working conditions, the protective effect of
earnuf fs seldom equal s that neasured in the |aboratory
(Srmooren burg and M nmpen, 1982, chung Et.al., 1983).
Becos of the wear and tear, poor fitting, weakening of the
head band, use of spectacles and | oose cushion rings,
there is usually sone | eakage between the skin and the
cushion ring. However, the protection is satisfactory
at nost work—pl aces if protectors are used throughout
t he period of exposure, since the continuous sound
pressure |evel seldom exceeds 100 dB & i mposes above

140 dB peak level are rare (Pekkarinen & starck, 1984)

A wel |l designed inflatable Ear plug provides atte-
nuati on equivalent or superior to a well-designed ear
muffs. This plug also provides greatar attenuation
than reported for other well designed fluid - filled
ear plugs. Wen neasured in a conparable manner (2w s
| ock, 1955) Inflatable Ear plug exceeds Zwi s | ock's

nodel upto 13 dB and is equal or superior at al

.47
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frequencies (L.E. Marston & C. P. Coetzinger, 1972)

| nvestigators have found that ear plugs are nore
variable (Rce &coles, 1966). It is, however, likely
that inflatable ear plug will provide |ess variable
attenuation than nost standard ear plug which are nore
prone to | eakage, a common cause of ear plug attenuation
variability. Inflatable ear plug is a superior form
of insert ear protector worth consideration in sone
cases as an alternative device (L.C. Marston & C. P.

Geet zi nger. 1972).

Coles RRA. &Rice. CG (1965) in their study
reported that ear plugs |lower the optinum | evel speech
di scrimnation scores in parsons who already have high
hearing | osses. The reason given is plugs mght alter
the hearing | osses, relationships of |ow frequency and
hi gh frequency conponents of speech sufficiently to
cause difficulty in persons who already have hi gh hearing

| 0ss.

Forest & Coles (1970) present data which indicate an
increase in the attenuation properties of the ear plug
as the level of the incident sound increases above 110 dB

sound pressure |evel.

@un defender provides the wearer with protection from
hi gh intensity inpul sive type noise, while providing

i nproved conmuni cation. In addition subjective reports

. 48
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from individuals who frequently fire rifles indicate
their preference for the Gundefender plug (J.D. Msko
& John L. Fletcher, 1971).

Padilla (1976) attenpted to evaluate the efficiency
of standard pre-nol ded and custom nol ded ear plugs by
nmeasuring the attenuation afforded by these devices.

He suggested that custom - nol ded ear plugs were "...
Significantly superior in effectiveness to

the standard! —type. Ear plugs".

Based upon the results of studies conducted in
actual industrial settings, several investigation have
questioned the useful ness of the ear plugs (Padilla,
1976, Regan, 1977, edaward et al. 1978) others have
i ndi cated that ear plugs are advantageous in preventing

nore noi se i nduced permanent threshol dshift.

Regan (1977) Evaluated the real ear attenuation
of 4 types of EPDworn by 32 nale steel workers. He
reported that custom —filled ear plugs were the
"worst" type of real protector studied because they
yiel ded the |east attenuation of the devices used in
the investigation. However, Regan al so suggested

t hat custom — nol ded pl ug

Kasden S.D & D. Aniello. A (1978) in their study
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showed a significant difference between the nmeans for the
intial and later tests for the regular plugs, leading to
the conclusion that the Extra tinme and noney for custom

made plug is worthwhile.

W chman. H, Mintyre, M& Accomazzo (1978) have
reported a significant in-flight nmeasures of stress

reduction due to waring expandabl e ear pl ugs.

A Report (Kasden & Daniello, 1976) indicated that
t he performance of custom —nol ded ear plugs may naice
them a desirable alterative to pre-nolded devices for use
i n hearing conservation progranms However, this
investigation is of dubious. Scientific value because

of nunerous flaws in experinental design ( N xon, 1979).

A study on custom - nol ded ear plug perfornance
(Smth CR, WImth. J.N. &Borton T.E. 1980)
suggested that custom fitted hearing protection was
effective in preventing substantial changes in hearing

threshold levels over a long period of tine.

Sd wards. R G, Broderson AB; G een WW, Lenpert B.L
(1984) in their study about the effectiveness of ear plugs
as worn in the work place found that the work place
noi se. Protection received fromear plug is dependent
upon ear plug design, and that for a given protector
there may well be large differences between attenuation

val ues established in the |laboratory and those received

. 50
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in the industrial setting.

Further, Regan D.E (1977) in his investigation to
determine if manufacturer's attenuation specifications
realistically reflected the actual attenuation provi ded
by protective devices when worn by industrial enployees
in the work place, found that attenuation provided to
t he worker was significantly |ess than manufacturer's

Speci fi cati ons.

Recently interest has devel oped in custom nade
silicone - based ear plugs for canal eclusion. Simlar
occl udi ng devices of various design, which often can
be obtained in drug stores, have been used in industry

for hearing conservation prograns.

Protection by ear plugs fromwater borne infection
was evaluated in 35 patients with "Tynpanostony” tubes
t ynpani ¢ nenbrane perforations, or mastoid bow s, stock
and custom nade ear plugs were found to be equally
effective upto 4 nonths during a period of frequent
swi mmi ng and bathing activities. Infections were
only noted to occur in those patients who did not follow
i nstructions on appropriate use of the pl ugs.

(Johnson. D.W, Mathog, R H & Maisel R H 1977)

Solonon R.E. (1975) in his study on the role of ear
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protection in reducing occupational hearing |oss suggested
that nmuffs were generally nore protective than plugs,
sinply because of reduced possibility for inproper

insertion in the forner.

| nvesti gati ons have al so shown that the effective
attenuation of ear nuffs are considerably reduced after
a short tinme in practical use and is then al nost the sane
as for ear plugs. (Johanson, 1978). These are general
concl usi ons which can be drawn irrespective of their

wor ki ng pl ace.

In a study on the effectiveness of EPDs in practice
(Al berti P.W Abel SM& Kristensen R, 1979), the results
revealed that the nuffs and nost ear plugs produced
simlar attenuation levels at high frequencies, although

the muf fs produced |ess attenuation at |ow frequencies.

The variation in protection provided by different
types of ear protectors is considerable. Cenerally,
Ear nuffs have an attenuation which is about 10 - 15 dB
hi gher than ear plugs for frequencies between 0.5 &,
5 K Hz. The ability to protect depends not only on
the type of protector (Ear plugs or ear nuffs) but also
on how and to what extent the protectors are used.
| f the subject for sone reason or other does not use
the protector. Even for a small period of the working

day the effective attenuation is seriously reduced
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(B. Erlandnon, H Hankanson, A Jvarson & P. N |sson 19807
Thi s has been pointed out by else (1973) & by karny &
coles (1975). The sound level is reduced from2110 dB (A
to 80 dB(A) when the protector with an effective atten-
uation of 30 dB (A is used. |If a subject working

I n such as environnent does not use his protectors for
2%of the time, that is about 10 mnutes in 8 hours,

the effective attenuati on has been reduced to 17 dB(A)

and the noise level is reduced but not to 80 but to

93 dB (A).

The attenuation efficiency of the ear muff which is
used by mlitary forces in many countries is dependent
on the frequency of the exposing inpulses fromfire arns.
The protection is good (about 30 dB) for pistol shets,
noderate for rifle shots (about 20 dB) and poor (bel ow
10 dB) for cannon fire. The differences are nost proba-
bly due to the differences in the distribution of the
energy at different frequencies. The small vol une

ear nuff is not considered suitable for use as the sole
ear protecter in connection with cannon fire. It gives
proper protection only under optinal conditions in
connection with rifle shooting. Ear nmuffs with |arger
cup volure or a conbination of ear plugs with nuffs are
recommrended for a large calibre weapon and rifle
shooti ng exerci ses (Jukka. M i koski, Juss , Pekkarinen

& Jukka starck, 1987).
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Young man conscripted into the armed forces still
run a risk of suffering hearing danmage during their
mlitery service. This risk could be reduced by effective
personal hearing protectors. The standard tests to deter-
m ne the attenuation values of ear protectors cannot
be applied to high - intensity inpulse has fromfire
arms, but the protectors should be eval uated under
actual firing conditions. The attenuation values of the
ear protectors (Ear nuff) nost commonly used in the
Finnish Arny were tested for inpulse noise fromdifferent
weapons. The attenuation was found to be good for
pi stol shots, noderate for rifle shots and very poor
for cannon fire. The tested ear nuffs gave only m ni mal

protection agai nst |ow frequency inpul se energy.

Smith, CR Borton, T.E, Patterson L.B, Mfo B. 7
& canp R.T. (1980) in their study about the effects of
insert hearing protector indicate that very small differ-
ences between neasured ear canal dianeter & actual ear
plug size affect considerably the sound pressure |evels
in the ear canal during exposure to high levels of noise,
the individuals typically select ear plugs that are
smal l er than their nmeasured ear canal di nmensions when
the decision is left to them and the nost skilled
techni cian cannot al ways determ ne ear canal sizes due

to limtation of available neasuring instrunent.
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The existing data on the intensity of various off-
the road vehicles (QRVS) is sufficiently convincing to
war rant advising the use of ear protection for all
participants in these sports Interestingly enough nost
CRV drivers feel that their helnets provide themw th
adequat e attenuation and reject the idea of any
addi tional protection. There is evidence, however, which
suggests that recreational head gear does not protect
the ear fromexcessive noise |levels. (Fred M Bess,
Denis W Gale, John D. Aarni, Nchalas P. Redfield 1974)
For Eg., helnmet manufacturers admttedly design their
product for the express purpose of crash & w nd protection
and give little or no consideration to their noi se attenu-
ating capabilities. Further support is provided by
Zwi sl ocki who has nmade the statenent that "nost hel nets
do not contribute to sound attenuation and
I ndi cated that they shoul d not be used as ear protection
alone. Thus it can be assuned that a tight seal around
the ear will seldombe achieved with a hel net and that

sound | eakage wi | | occur, particularly in the |Iow frequencies.

Fred H Bess Denis W Gale, John. D. Aarni, N chol as
P. Redfield (1974) have also confirmed that the recreational
hel met provides little ear protection from | oud noi se
| evel s, especially at the |ower frequency region. Further
findi ngs suggest that CRVonenthusiasts need to wear sone

formof ear protection in addition to their hel nets.
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Noi se entails two effects on auditory function, hearing
loss & auditory fatigue. The reduction of auditory fatigue
w t hout the use of protective helnets can apparently be
used as an objective way of evaluating their efficacy. Two
studies, one in an industrial the other in a |ab environnment

show that for the sane noise in the value of helnmets differed.

A report on AR L tuned ear plugs reveals that these
pl ugs of fer advantages over conventional plugs for protection
agai nst harrow bands of noise. They may al so be val uabl e
as tools in general Psycho-acoustic - research. Attenuations
of rrom20 to 30 dB were found at the tuned frequenci es. Speech
has to be increased in level only 2 or 3 dB to be equally

intelligible when the earplugs were worn. (Slliott.E. 1965).

Maas, R.B. (1964) in his paper on. Hearing protection
in industry one way to solve the noise problem imedi ately
di scusses about the addition to state safety rules and orders
in both wisconsion and cal fornia, nmake the wearing of hearing
protection mandatory under certain conditions. The | ogical
time to acquaint a new worker with hearing protection is at
the very begi nning when he is also briefed on the physical
exam nation, group health insurances, first—aid facilities,
safety gl asses, respirators etc.. It is explained that manage-
ment provides this equipnent for his protection and wel fare.
Hearing protection is nmuch nore successful if the nurse or
doctor explains the purpose for wearing ear protection and

its the worker properly. The nurse handles this type of
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protection the same way she pronotes other safety and

heal th neasures. Like any other aspect of safety and

heal th mai nt enance, the hearing conservation effort nust
have unqualified managenent direction. Managenent has

much to offer the worker in providing hearing protection

to its worker because no one gains nore than the individua
who protects his precious hearing ability fromnoise until
retirement. The safety engineer should soon |earn that

the problens involved in the pronotion of wearing.this type
of protection is probably no different than the difficulties
encountered in the pronotion of all other safety devices

and equi pnent. Most protective equi pnent requires |ong-range,

educati onal enphasi s.

General protection consists in the covering of factory
wall's, floors and ceilings with sound-proofing materi al s.
| ndi vidual protection is achieved either with ear protections
or with antiphons. The danping effect of an Italian and
an Anerican ear protector was tested, it was 30dB for both
ears. The danping effects of a home—nade ear protector was
only 15 dB. The danping effect of two types of home-nade
anti phons were examned and this effect was very satisfactory
for both types and the study enphasi zes the inportance of

instructing workman in the correct use of these devices.

(Prazic,M Geguric, MSalaj.B & Subatic R, 1966)
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Pseni ckova.V. & Stikary 1966 in their study assessed

t he danpi ng of noise by various nufflers produced in
Czechosl ovaki a whi ch were used as personal protection and
reported that the nuffers (stoppers nmade froma m xture of
paraffin ceresin, vaseline & barium sul phate) & resonance
protectors introduced into the auditory nmeatus are nore
effective than earphone protectors and suggested the cons-
truction of other types of protectors in case of very |oud

noi ses where the inportance of bone conductivity is greater.

A variety of ear protectors are avail able, nost offering
adequat e attenuation agai nst harnful noise. Despite a w de
sel ection enployees frequently wear dry cotton in lieu of
suitabl e devices provided. A Swedish material proved effe-
ctive in Europe, conposed of glass fibers with a dianeter
of 0.001 to 0.002mm was obtained for trial use. Excellent
enpl oyee acceptance beyond expectation followed. Annual cost
was estimated about 4 dollars per man per year.

(Zenz.C & Berg.B. A, 1965).

Axel sson. K, Axel sson. A & Johnon. Ay 1978) in their study
conpared two groups of noi se-exposed workers with respect to
their use of ear protectors one group had a severe nois-induced
hearing | oss; the other group had normal hearing. Both groups
wer e conposed of workers of simlar age and total duration
noi se exposure. It was found that those with normal hearing
has used ear protectors considerably nore than those with
severe hearing loss. Interestingly, quite a fewworkers has

normal hearing in spite of working in noise for many years
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w t hout ear protectors. Also, quite a fewworkers had a
severe hearing loss in spite of frequent use of ear prote-
ctors. The reason for not using ear protectors were anal ysed
as also was the condition of the protectors and frequency
with which they were replaced. Plastic ear plugs were pre-
ferred by 44%vinyl foamear plugs by 26%1i breglass down

by 18% and ear nmuffs by 11%of the workers. In general, the
condition of the ear protectors was good surprisingly 1/3 of
the workers did not use ear protectors, many of them because
they had not realized that the environnent they worked in

had a noise intensity |evel above the injury risk |evel.

Further, In order to explove the question of inter-I|abor-
atory variations in results of noise reduction Rating (NRR
tests of ear protectors, the environnental protection agency
intlated a round robin test progrant Four EPDs representing
a wi de range of currently avail able types, were tested.

Seven | aboratories participated directly, data obtained sepa-
rately froman eigth |aboratory also were included in the
evaluation. The results showed significant variation in
bot h nean val ues of attenuation and standard deviation, |ea-
ding to substantial differences in reported NRRS anong the
different |aboratories one source of the variability appears
to be the uncertainly of obtaining the proper fit to avoid
acoustic |eaks other sources include subject selection and
training as well as data reduction techniques. (E H Berger

& J.E. Kerivan, F. Mntz; 1982).
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ATTENTI ON OF EARPLUGS WORN | N COVBI NATI ON

W TH EARMJFFS

A conbination of two types of ear protectors are sone-
times used when the noise levels are high i.e., if the atte-
uation that can be provided by a single ear protective
device (EPD) is inadequate for a given noise exposure and if
noi se control procedures are inpracticable which is likely
to be the case if equival ent 8-hour A—wei ghted exposures
exceed 105 dB, the only remaining alternative is to use
dual protectors i.e. an earplug plus an earnmuff. Such a
conbi nati on can provi de additional protection, but however
the total attenuation provided by such a conbination of
protective devices is not the sumof the attenuations produ-
ced by each of themindividually, but is considerably |ess.
(Elliott.H Berger, HC Gan guli, M S. prakash Rao,

M Rodda, Katz. Duerden. K).

A conbi ned plug and nuff provide attenuation ranging
from38 to 34 dB at frequencies between 250 to 2000 c/s with
maxi mum attenuation at 3000 c/s. (M Rodda). But the atten-
uation achieved by this conbination will not generally

exceed 45 dB (K Duer den).

Elliott H Berger in his study reports that the attenu-
ation of the conbination at individual frequencies is atleast
5 dB better than either device alone, but significantly |ess
than the al gebraic sumof the individual values. This is
due both to nechanical coupling of the plug and the nuff via

the body tissues and the volune of air trapped between them
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and to limtations on attenuation created by the bone condu-

ction pat hways.

Bone conduction (BC) refers to flanking sound paths
that permt transimssion of energy to the inner 6ar through
the bones and tissue of the skull, thus bypassing the EPD
It inposes a |limt on the real-ear attenuation that any pro-
tector can provide since regardless of howwell the device
seals the ear canal and prevents sound from entering, energy
can still reach the inner ear one estimate of the BC limts

to EPD attenuation is shown by the bold line in Fig.3.

Al t hough conbi nati on of other devices were found to
performsimlarly to those dipicted in Fig.3, no easy rule
of thunmb tould be devised to predict conbined attenuation
based on the results for single devices. The increnental
performance gain at individual frequencies was found to vary
from approxi mately 0-15 dB over the better of the individua
EPDs, except at EKHz where no conbi nation exhibited a gain
of greater than 3 dB. The gain in the noise Reduction Rating
(NRR) for the double protection conbinations ranged from 7-17
dB when conpared to the plugs alone, 3-14 dB when conpared
to the nuffs al one, and 3-10 dB when conpared to the better

of the two individual devices.

An exanpl e of the performance of each of the earplugs
worn in conbination with muff is shown in Fig.4. For the
| ower and m ddl e frequencies the attenuation varied by

approximately 20 dB across the different conbination as a
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function of the attenuation of the earplug. |In contrast,
above ZKHz the net performance was BC limted (Fig.3)

and was equivalent for all conbinations, when the performance
of different muffs worn over sel ected earplug was exam ned,

it was found that the net attenuation was essentially inde-
pendent of the particular earnmuffy suggesting that in such

cases the choice of earnuff was relatively uninportant.

In the recent literature, the attenuation of EPDs in
real word environnents falls short of |aboratory predications.
To assess the effects of field fitting on the performance of
dual EPGs, one test was conducted with a purposely msfitted

device, a partially inserted foamearplug. (Eliott H Berger)

The partial insertion test was designed to approximate
utilization that is attainable in the field with limted
instruction and notivation. This was validated by neasuring
the laboratory attenuation of E-A-R foam earpl ugs using 92
untrained listeners who fitted the plug thensel ves according
to the manufacturer's instructions, but w thout supervision*
Many of them had not previously worn SPDs. The figure 3 data
for the partially Inserted E-A-R plug assuned to provide an
i ndication of what can realistically be obtained with a com

fortabl e conbination of |ight wei ght protectors.

Al'l of the double SPD data will reflect an upper bound
on the val ues attainable under field conditions, especially

si nce one nust consider both the reduced confort of dual
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EPDs and the fact that when an earnmuff is worn over an
ear pl ug, observation and enforcenent of the correct usage

of the plug beconmes nore difficult*

So in conclusion, when the real-world attenuation of
a single EPD is inadequate, the utilization of double
EPDs is an alternative that should be considered. This
is especially inportant when the noises are dom nated by
| ower and m ddl e frequencies, since it is in this frequency
range that the attenuation of single EPDs will be the |owest,
maki ng the extra protection provided by the conbinati on nost
necessary. The performance of the conbined devices is rela-
tively unaffected by the earnuff that is selected but at
the frequencies below ZKHz is strongly influenced by the
choice of earplug. At and above ZKHz all plug-plus-tnuff
conbi nations provide attenuation that is limted only by

the flanking bone conduction pathways to the inner ear.
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FIVE EARPLUG TESTS
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CHAPTER IV

PRATI CAL CONSI DERATI ON AND SELECTI ON OF EAR

PROTECTORS

Each ear protector inspite of different types nust ful fil
the follow ng requirenents:- 1) Sound Attenuation, 2) Confort
3) Absence of adverse effect on the skin (Toxic effect of ear
protectors) 4) Speech communication noninterference 5) Ease
of use and Handling 6) Hygiene, 7) Durability 8) Cost. The

i nportance of the 4, 5 and 7 depends on the conditions of use.

1. SOUND ATTENUATI ON

The primary function of an ear protector is its capacity
to attenuate sound. It determnes the anount of protection
of the ear as well as the extent to which an ear protector can
furnish noise reduction. The greater the sound attenuation
capacity of an ear protector, the greater its ability to pro-
vi de hearing protection against a harnfull noise. The degree
of sound attenuation necessary depends on the sound pressure,
the kind of noise, and the duration of exposure. Even though
the exact nature of these interrelations is still indistinct,
quite generally it is stated that the anobunt of sound attenu-
ation provided by an ear protector should be sufficient to
keep the noise |level below the safety limt whenever such |imt
has been established. The ear protector will not always be
capable of attaining this limt. Each protector has its own
characteristic attenuation pattern. It has been noted that
the attenuation characteristic of even the best ear protectors
w Il not be nore than 25 to 35 dB on the average, eventhough

under certain circunstances an attenuation of 40 to 50dB nay
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effective at the high frequency end than at the |ow frequency
end. However, the ideal ear protector is one which cuts
out the |ower and higher frequencies equally. This prevents

di stortion of speech.

CGenerally the ear protector's attenuation characteristics
are determ ned by neans of a "Threshold shift" procedure.
Duri ng which each individual wearing ear protector under study
are tested to find out their hearing threshold levels for
di fferent pure tone frequencies. Later the sane listener's
threshold is redeterm ned when no ear protector is worn. The
resultant threshold shifts or differences in decibels between
t hreshol ds obtained with and wi t hout the ear protector in place
at the various test tone frequencies serve to show the atten-

uation characteristics of the protective device.

The attenuation val ues given for earplugs and earnuffs
are fairly equivalent. However the difference between the
two indicate earplugs to be better suppressors of |ow freque-
ncy sounds, but poorer high frequency suppressors. The hel nets
are the good high frequency suppressors whose attenuation
val ues are either equal to or greater than the earplugs and
ear muffs at the high frequency. At the sane tine they are
poor in suppressing |low frequency sound when conpared with
ot her protectors cotton plugs, in contrast to all other ear
protectors Show little attenuation for all frequencies.

However, cotton inpregnated with wax or plugs made from
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gl ass-down material can cause significant reduction in sound
transm ssion. But however these later itens are of val ue

for one-tine use.

Except cotton plugs, the attenuation capabilities of
the ear-plugs, ear nuffs and hel nets woul d be sufficient to
reduce many noi se conditions found in industry to safe
exposure |evels when ear protectors are worned in conbina-
tion still greater suppression of sound can be gained For eg.
Ear plugs and Ear muffs, ear plugs and hel nets. The conbi ned
attenuation at the various frequencies is less than the sum
of the individual attenuation values for the two items. This
is due to the fact that the sound energies deeded for threshold
response when wearing the conbination are intense enough to
enter the ear directly via bone conduction, thus bypassing

the abstructed air conduction pathway into the ear.
2. COVFORT:

At the first glance confort nay appear to be a secondary
requi rement but it is the next inportant factor to be com -
dered, because as these are neant to be worn for |ong periods
they should fit in properly and not exert undue prossure or
lead to any disconfort. Even slight disconfort gets aggrava-

ted and the wearer devel ops an antipathy toward it.

Sone of the apparent disconfort caused by an ear prote-
ctor may be nullified if the noise conditions are qui et exce-

ssive and represent a clear hazard to hearing. G ven |ess
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Intense but still potentially harnful noise conditions. The
user may be less likely to tolerate any disconfort associ ated
with protector. Consequently, it beconmes useless even if it
provides a high initial sound attenuation. There have been
i nstances where industrial workers provided with ear protec-
tors preferred to go without themeven at the risk of consi-
derabl e amobunt of hearing | oss. Pressure applied by the ear
protector on the skin is the nost direct cause of disconfort.
Reducing total pressure and/or distributing the total applied
force over a large area so as to mninize pressure at any given
point will pronote confort. Earplug and earnuff designs are
guided in part, by this principle plugs cone in a w de range
of sizes and have soft, pliable outer |layers to take account
of the various sizes, shapes and contours of the ear cana
found in the user population. The sealing cushions of ear-
muf fs make contact with a fairly large area of the skin sur-
face circunscribing the ears and al so are conposed of a soft
material, so as to fit individual variations in anatony.
Actually, earnmuffs do not pose a fitting problem since their
basic dinmenssions will fit all ears. Because of the large
size of the ear cups, however, they may be consi dered as bul ky
or cubersone. Also the large surface area of contact between
ear nuffs and skin may cause overheating of the skin particu-

larly in not environnments.

When earplugs are worn correctly for long periods of tinme
the majority of themare a little unconfortable. But inspite

of this the wearer should beconme used to them after a few days

. 67



on the other hand earnmuffs may tend to feel not and sweaty
in certain environnents even though absorbent seal covers
may sonmewhat alleriate this problem Helnets distribute
their pressure all around the head* but generate disconfort

t hrough their wei ght and bul k.

It should be noted that there is only a fine dividing
[ine between these types of ear protectors that are effective
and unacceptable to the wearer. Consequently those properties
of ear protectors that affect confort should be considered as
i nportant as those that provide protection. 18 addition to
it the requirenment of confort, is nopst acute in a noise of
noderate sound pressure, where ear protectors are used for
psychol ogi cal rather than for phyiol ogi cal reasons, for exanple,
toelimnate the distraction caused by irregular noise, or to

fecilitate sl eep.

3. SPEECH COVMUN CATI ON NONI NTERFERENCE:

It is a common conplaint that ear protectors interfere
wi th conversational speech when worn in quiet environnent. The
ear protectors should be designed so that it interfere mni-
mal ly with speech comunication in the noise situations where
the protectors are being worn. The acoustic performance of the
ear protector should ensure the highest possible speech intelli-
gibility. |If the ear protector has a flat frequency character-
istic then speech will be nost intelligible in a continous

noi se.. But special devices have been developed for intermttent
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noi se. However, wearing conventional earplugs or earnuffs
in noise |levels above about 85dB (A) should not interfere
with and in may inprove speech intelligibility and the

reception of warning signals for normally hearing ears.

Contrary to popular belief ear protectors fecilitate
speech comruni cation. Besides offering protection from
noi ses, which is their primary function, especially when the
anbi ent noise levels are high. It has bean observed that at
hi gh noise levels the intelligibility of speech is better with
ear protecters than without them The reason is that even
t hough the signal -to—noise ratio remains the sane, over | oading
of the auditory system and the consequent distortions are
avoided resulting in better perception of speech. Also, since
for any SN ration there is an optimumintemty for speech
intelligibility, the attenuation provided by the protecting
device may bring the speechOintensity nearer the optinmm and
thus fecilitate its understanding. Ear protectors, however,
tend to reduce intelligibility of speech at low signal to

noise ratios if the level of the marking noise is less than 75 db.

Deci ded inpairnent in speech reception will occur, however,
if ear protectors are worn continuously in an intermttent or
vari abl e noi se exposure, speci al devices have been designed into
ear protectors in an attenpt to offset their sound attenuation
should the receiver wish to hear anbient sound nore readily.
Earmuf fs have been nade with ports that can be opened or cl osed

dependi ng upon need to near anbient sound plugs have been
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designed wi th diaphragnms and values that will transmt a
sound unattenuated to the ear provided that it is bel ow

a certain intemty level. |If this level is exceeded,

the diaphragmhits a stop which inpedes or attenuates

sound transmission to the ear. Unfortunately, these latter
devi ces when in an attenuation state leak sound to the

ear, consequently offsetting their ability to provide

ef fective noise protection.

Still some way reject the use of ear protectors since
this gives thema feeling of isolation and difficulties in

conmuni cati on

4. ABSENCE OF ADVERSE EFFECT ON THE SKI N:

One justification for discarding an otherw se sati sfa-
ctory ear protector is that it causes a toxic effect on the
skin. An ear protector may cause inflammatory condition of
the skin which can be controled only by discontinuing its use.
Fortunately, nontoxicity in ear protector materials is
probably the easiest requirement to fullfill. Indeed nost
of the materials used in their manufacture are chemcally
neutral. Another factor to be considered about the EPD is
it should be soft to wear and should be able to stand al

weat her condi ti ons.

5. HYG ENE
In general, the condition of ear protectors are acceptable

even if ear plugs are often dirty. This does not necessarily
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mean that the noi se reducing effect of these devices is inpaired
but if may contribute to irritation in the external ear canal
however ear plugs are the type nost likely to cause probl ens

of hygiene. So before any formof earplug is issued, the user
shoul d be asked about and exam ned for any ear troubles such

as irritation of the ear canal, earache and discharging ears

or whether he is under treatnment for any ear disease. |In

such cases nedi cal opinion should be sought to ascertain whether
earplugs can be worn with safety. Qbviously, ear plugs should
be kept absolutely clean and free fromchem cals, oil, or grease
when being inserted into the ear canal. Earnuffs rarely cause
injection or sensitization of the ear canal and are a good
atternative where this occurs with earplugs. However frequent
changes of ear protectors of the insert type and of the sealing
rings of the nuffs would probably guarantee an acceptabl e condi -

tion of the ear protectors.

6. EASE OF USE AND HANDLI NG:

Ear protectors are nore assured of being effective if their
application is unconplicated and only when usec correctly. More
specifically, an ear protector which required a good degree of
precision and effort in its proper usage will probably give
poor performance results in the field. This can be achieved
nore easily when their application is sinple. The probability
of incorrect use increases of EPCS are difficult to handle
including the variability of their performance. |In addition to
it EPD should be of small size capable of being taken from

pal ce to place conveniently and of being stored away when not
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in use. It should be able to stand all weather conditions, fre-

guent use ad even sone rough handl i ng.

In particular. Ear plugs require nore deftnen in handling and
use than any other type of protector, which makes themnore
vul erabl e to poorer performance. They have to b nore effedtive
ear pl ugs should only be inued with the plant physician or nurse
maki ng the proper size selection and giving instructions as to
how t hey shoul d be worn and cared for. Careful spot-cheks to

issue their correct use are necessary.

(7) DURABI LI TY

The durability is an econom c factor of an Ear protector and
is of nmuch inportance when large quantities are purchased. Ear
protectors should be reasonably rugged and resistant to agei ng
Since many factors such as Ear wax, perspiration, humdity,
Iight and active chem cals contained in the air speed up the

agi ng process.

General | y speaki ng nore durabl e devices are nore econoni cal
inthe long run. This is especially true of the nore expensive
earprotectors such as earmuffs and helmets. On the other hand
ear pl ugs designed for repeated use are conposed of materials whict
can resi st nost of the aging factors and can |last for no or nore
years w t hout objectionabl e changes. Most of the Soft resistent
materials, however, show a tendency to contact or harden with with

time or to expand and beconme soft.

(8) COST:
Cost becomes an inportant factor when Ear protectors are to
be supplied in large quantities. The total cost invalved in

providing Ear protectors to a group of personnel working under
Y
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noi sy situation may be divided into three basis categories.
a) Expenditure due to initial purchase.
b) Expenditure induding cost of supplying spare parts and re-
pl acenent s.
c) Expenditure involving cost of tine spent in admnistering
the Ear protectors.

Anong these three it should be noted that the initial cost
may not necessarily be the greatest figure. But replacenments and
admnistration costs are often the largest factors involved.

Exi sting Noi se-induced Hearing |o0ss:

It is unfortunate to know that persons with N HLs when they
wear EPDmt results in an added inpainent. In such cases the
presence of EPDresults in slight inpairment in the speech
comruni cation. Neverthless, in a person who already has a
hearing loss, there is a greater need to protect his hearing;
He requires greater protection since has so much to speak,
bat |ess hearing to | oose than normal Iy hearing persona. There
are many workers who m ght have worked many years in a nosily
envi ronment wi thout wearing EPD and thus have gradual | y adopt ed
to the inplications of hearing loss on his work and social life.
Still there is a need to persuate himto wear EPD there after,

t hereby preventing further increase in any social handicap he

m ght have in future.

SELECTI ON OF EPD

The decision about choosing the type of protector depends on
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t he noi se, environmental conditions in the industry, the needs
of the worker, obviously, we have to consider the noise |evel
to which the worker is exposed. The higher the sound |evel,
the nore effective is the protection needed. Another factor
that has to be considered is howwel|l the earprotector is
accepted. A device which is less effective but is used fre-
guently and is well accepted is preforable to a nore effective
Ear Protector used reluctantly A so the cost has to be taken
into account. Miff type EPD are nore expensive than the other
protectors. In the long run, however, the ear nuff is the | east
expensive. Since is is changed insuch |ess often than the other
types. There are apparently nmany different factors which have to
be taken into account when it comes to recomrendi ng personal Ear
protector. It is often difficult to recomrended any particul ar
Ear protector. It is disirable and advantageous to offer a
many types as possi ble so that each enpl oyee can choose the one
he |ikes best and which he will use continuously or frequently
froma range of different types of potentially adequate pro-
tection. (CE Marston & C P CGoet Zingle, 1972)

The adoptation of dBA-type hearing damage risk criteria
and the consequent use of A Wighted sound levels to identify
areas of auditory hazard have created a need for a neasure of the
dBA attenuation of Ear protectors. |In a study(R Wagh, 1973) it
was found that the same EPD m ght of fer 20dB nore dBA attenuation
to one noise than to anot her but-that noises of |ike G A value
were subject to approrinately the sane dBA attenuation. Thus
t he expression of EPD performance in terns of dBA attenuation.

Enabl es appropriate ear protectors to be selected on the basis
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of sinple sound |evel neasurenents and elimnates the need

for octave band survays farnely required for this purpose.

It is doubtfull whether ear plugs or ear nuffs al one can
satisfy all the needs of a ear protector programin any one
organi zation. 1In a study (K Axelsson, A Axclesson and
A. Johnson - 1978), where the enpl oyees in a particul ar
car painting departnent had a choice of 4 different ear
protectors, the results revealed that the nost common
type was the plastic ear plug, which was prefered by 44%
The vinyl foamear plug was used by 26%fibre gl ass down
by 18%and ear nuffs by 11%of the workers. Thus obvi ous
advant ages of each should be utilized wherever possi bl e,
so that a hearing protection programnay be nmade as

acceptabl e as possible to the potential wearers.

It should al so be pointed out that the fitting
suitable, EPD calls for as much skill as the previous
met hods of noise control. But this will be excercised
by a specially trained audionetrician rather than by an
acoustic engineer. Since EPDs vary in their attenuation
characteristics, a suitable device nust be matched to
t he noi se fromwhi ch the worker is being protected
(M Rodda 1967).

The chief function of an EPDis to reduce the noi se
reaching the inner ear. The persons responsible for EPD
prograns shoul d be aware of the anount attenuation provided
by the various types of protectors they intend to use.

The attenuation properties of the protectiors are usually

e
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the specification listed! by the manufacturer are the results
obt ai ned under relatively good |aboratary conditions. It
is a good rule of thunb to reduce the reported attenuation
characterstic by 5 to 10 dB to get an estimte of actual
performance in the field. Frequently, the manufacture also
provides an estimate of variation of effectiveness of the
EPD in terns of aound deviation. Wen this information is
avail abl e, the effectiveness of the ear plug in the field
can be better estimted by reducing the specified performance

by one or two standard devi ati on.

Piesse R A. (1962) in his study on ear protectors found
that in many instances a nunber of ear protectors will be sui-
table for use in a particular noise and, in these cases, se-
| ection of an appropriate device can be made on nechani cal

features or price.

Thus selection of appropriate 5PD plays an inportant

role in the Hearing conservation programe.
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Heari ng Conservati on Progranme and SPD

1. Extra-Auditory Benefits of a Hearing Conservation

Progr am

Proper operation of any programrequires the active
support of all concerned. Not only nust enpl oyees be convi -
nced of the programis nerit, but so too nust all |evels of
managenment. An effective Hearing conservation program
may not only prevent industrial noi se—induced hearing | oss,

but also inprove general enployee productivity and safety.

Extra- Auditory, Effects of Noi se.

It has been clearly established, the habitual exposures
to noise levels is excess of 90 dBA will cause significant
hearing loss in a sizeable portion of the exposed popul ation.
Additionally, there are anple data to suggest that |evels of
85 dBA or even 75 dBA w Il be injurious to sone. Beyond
t hese obvious and wel | docunented del eterious effects, noise
has been |inked to many ot her physiol ogical and behavi oral
ef fects, although the evidence is inconclusive. These extra
auditory effects are very difficult to quantify. Since
they are often non specific in nature and since many other
noxi ous stinmuli and/or stressful circunstances often cocxi st

wi th high sound I evels.

Anal ysis of the proceedings of the 1973 and 1980

I nternati onal Congresses on Noise as a Public Health Probl em
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| eads one to conclude that although extra- auditory effects
have been frequently hypothesized, there is w despread

di sagreenent as to the validity and interpretation of the
supporting data, often, for every study that correl ates noise
exposure with a particular extra auditory effect, another study
finds contradictory results. In general, the data tend to
support the follow ng statenents, applicable to the industrial

setting.

1. Levels of noise necessary to produce adverse

Psychol ogi cal effects are high 95 dB.

2. Noise affects tasks requiring accuracy rather

t han speed.

3. Noise deterinentally affects demandi ng tasks
especially those requiring attention to nultiple
signal sources, however, it may actually inprove

t he performance of nopnat onous, routine tasks.

Studi es which tend to denonstrates the extra - auditory
benefits of HCPs have been conducted on a number of industrial
popul ations. For exanple, Jansen exam ned the health records
of 1,005 iron and steel workers in "very noisy" industries.

He found fromb5 to 15%greater occurrence of peripheral
circul ati on probl ens, heart problens, and equilibrium
di sturbance in the "very noisy" group. It is useful to

hi ghl i ght these possi bl e advant ages to nanagenent, since,
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of course, they too nust be notivated to actively participate

in the HCP.

Recent Industrial studies:

An even nore direct approach to substantiate the
beneficial aspects of reduced enpl oyee noi se exposures is
to exam ne enpl oyee health and safety records before and
after the advent of an HCP. Cohen reported on such a
study involving 434 noi se exposedd ( 95dBa) boil er
pl ant workers. Data were conpared for two- year periods,
before and after the advent of an HCP involving the use of
EPDs. Results indicated fewer job injuries, nedical
probl ens, and absences in the Post -HCP period, as typified
by the results in Figure 1. For conparison, the data for a
control population of 432 |ow noise ( 80 dBA) workers
fromthe same plant are al so shown since the contro
popul ati on exhibited no pre/post HCP reduction in absente-
cism but the high noise group did, it is likely that
reduced noi se exposure, as a result of EPD usage, was the

controlling vari abl e.

Cohen also attenpted to rate each enpl oyees degree
of EPD usage and correlate these findings with the degree of
reduction of the various problens. That analysis indicated
no significant relationship, and thus tenpered sonewhat

the strength of any conclusions relating EPD usage to extra-
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auditory probl ens.

Anot her significant finding in cohen's study was that
conmparisons of injury data before and after the advent of
t he HCP, evidenced that the use of EPDs reduced rather
than increased the nunber of m shaps. "This appears to
connter the notion that wearing EPDs could increase the
i kel i hood of accidents by attenuating not only noise, but

also the audibility of sound signals depicting danger".

Recently, schmdt et al. conducted a study very
simlar to cohen's, wherein they exam ned industrial in-
jury data for five years proceeding and five years foll-
owing the institution of an HCP at a North Carolina cotton
yarn manufacturing plant. They utilized two test groups
totaling approximately 150 subjects. No Hygenic or
ot her maj or environnental changes other than the HCP
occurred during the study years. They found a significant
reduction in reported injuries for both groups after the
advent of the HCP. The data for the "Select group" are

shown in Figure 2

The Hearing Conservation Anendnent

Si nce octaber of 1974, OSHA has been wor ki ng on
revisions to the occupati onal noi se exposure standard.

After years of oral and witten public testinmony, resulting
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in an unw el dy public record of al nost 40,000 pages, OSHA
promul gated revisions to the noise standard in January, 198
This was followed by deferrals, stays, revisions, further
public hearings, and a nultipliplicity of |awsuits, all
of which culmnated in the occupational Noi se Exposure;
Heari ng conservati on Amendnent; Final Rule, issued March 8,
1983, with an effective date of April 7, 1983. In this
section a little effort is made to summarize briefly
princi pal conmponents of this inportant new noi se regul ation
elucidate its key aspects, and clarify issues it has raised

that are often nusunder st ood.

Background | nformation

It is estimated by OSHA that there are 2.9 mllion
wor kers in American production industries with equival ent
8 —hour noi se exposures in excess of 90 dBA and an
additional 2.3 mllion whose exposure |evels exceed 85 dBA.
The Hearing conservation Arendnent (HCA) applies to all
those 5.2 mllion enployees. Except for those in oil and
gas well drilling and servicing industries which are speci-
fically exenpted. Additionally, the Anmendnent does not
apply to those engaged in construction or agriculture,
al though a construction industry noise standard exists
(29 CFR 1926, 52 and 1926. 101) which is essentially
i ndentical to paragraphs (a) and (b) of the general

i ndustry noi se standard described bel ow.

1
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The (ccupational Noi se Standard

Prior to promul gation of the HCA, the existing noise
standard (29 CFR 1910. 95 (a) and (b)) set a permssible
exposure | evel of 90 dBA for eight hours, and required
the enpl oyer to reduce enpl oyee exposures to that |evel
by use of feasible engineering or admnstrative controls.
In all cases where the sound | evel s exceeded the perm ss-
I bl e exposure, regardless of the use of hearing protec-
tion, "a continuing, effective hearing conservation
programi was required but the details of such a program

wer e never nandat ed.

Par agraphs (c) through (p) of the HCA supply C8HA s
definition of an "Effective hearing conservation program"
They repl ace paragraph (b) (3) of 1910. 95, but do not
alter the lawas defined in paragraphs (a), (b) (1), and
(b) (2). As long as the perm ssible exposure |evel for
unprotected ears is exceeded, feasible engineering and
admnistrative controls nust still be inplenented regardl ess
of the existence or quality of a conpany's other hearing

conservation efforts.

Ter m nol ogy

The noi se standard and the HCA define the permssible
exposure |level (PEL) as that noi se dose that woul d result

froma continuous 8 —hour exposure to a sound | evel of
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90dBA. This is a dose of 100% Doses for other exposures,
ei ther continuous or fluctuating in |evel, are conputed
relative to the PEL based upon a 5 dB trading rel ationship

of level vs duration (See Table 1)

The 8 hour tinme —wei ghted average sound |evel (TW

I's the sound |l evel that woul d produce a given noi se
dose if an enpl oyee were exposed to that sound | evel conti-
nuously over an 8 hour work day. This is true regardl ess
of the length of the actual workshift. For exanple,
wor kday exposures of 4 hours at 90 dB, 8 hours at 85 dB,
or 12 hours at 82 dB, all correspond to a TWA of 85 dBA
or a noise does of 50% If a noise level is constant for an
entire 8 hour workshift, the TWAis sinply equal to the
nmeasured sound | evel. The Procedure for converting doses

to TWAs is denonstrated in Table 11.

A noi se dose of 50%is designated as the action |evel,
or the point at which the HCA requires inplenentation of

a continuing, effective hearing conservation program

Summary of the HCA

Al workers receiving noi se exposures at or above the
action level are to be included in a hearing conservation
program conpri sed of five basic conponents. Exposure

noni toring, audiometric testing, hearing protection, enployee
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training, and record keeping. The requirenents of the
standard are primarily performance oriented, allow ng the
enpl oyer to use judgenent in selecting the best methods of

conpl i ance*

MONI TORI NG

Enpl oyers shall nonitor noise exposure |levels in a manner
that will accurately identify enpl oyees who receive daily
noi se doses at or above the action level. All continuous,
intermttent, and inpiassive sound levels from380 —130 dBA
must be integrated into the conputation. Noise |evels nust
be reneasured whenever any change relating to production
is suspected of increasing exposures to the extent that
addi tional enployees may receive doses at or above the
action level, or the attenuation provided by the sel ected

ear protectors is rendered adequate.

Monitoring may be acconplished by an area survey
techni que in which sound |level neter readings are conbi ned
with estimates of the length of exposure of individuals to
particular sound levels in order to calculate the TWA (as
in Table 1), or may be neasured by personal sanpling nethods
via the use of a noise dosinmeter. However, enployers nust
justify the particular nonitoring technique they choose
toutilize. OSHA inspections will in nost cases be

be conducted via the personal noise dosinetry approach.
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Al'l initial noise surveys were to have been conpl eted by
April 7, 1983, but in general, property executed and docum

ented existing surveys are in acceptable alternative.

The noi se dose that is to be reported for conplicance
purposes is the daily noi se dose that coul d be neasured
by an OSHA i nspector on a particular survey day. It is
not permssible to average doses over a nunber of days to
conpute a long termaverage noi se dose. Unless an enpl oyer
can fully docunent the infrequent nature of particular
exposures, and unl ess nmanagenent wi shes to rely upon the
| atitude that m ght be permtted by a particul ar inspector,
t he prudent course of action and the one that woul d be
nore protective of the enployee's hearing, would be to
account for infrequent higher |evel exposures by using such

val ues to conput e noi se doses.

The noi se standard (Paragraphs (a) and (b) and Tabl e
G —16) does not permt exposures to steady sound |evels
above 115 dBA, regardl ess of duration (although the exact
nmeani ng of "steady sound” and the types of inpulsive or
i npact noi ses that m ght be excepted fromthis prohibition are une
clear). GOBHA still considers the 115 dBAlimtation to
apply even though Table G—16 a of the HCA which is to
be used for conpul ati on of enpl oyee noi se exposures, incor-

porates levels up to 130 dBA. Those higher |levels were |isted
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intable G- 16 a to indicate expliclty that they be
accurately assessed and included in the dose conputation,
but they were italicized to avoid giving the inpression that

| evel s above 115 dBA are permtted.

AUDI OMETMC TESTI NG

Audi onetric testing not only nonitors enployee hearing
acuity over tinme, but also provides an excellent opportunity
to (re) educate enployees about their hearing, (re)notivate
themto protect it, and (re) train themin the use of their
ear protectors. The audionetric program consi sts of baseline
audi ograns agai nst which future tests are conpared, and annua
audi ograns which are the tests used to identify changes in

hearing acuity in order to take protective actions.

Al'l current enpl oyees nust have basel i ne audi ograns taken
sime nonths fromtheir first exposure at or above action |evel,
whi chever is longer. An exception is provided when nobile
test vans are used to nmeet the audionetrie testing obligation,
in which case the enpl oyer has one year to obtain a valid
basel i ne when this exception is invoked, enployees nust wear
ear protectors jor any period exceeding six nonths after their

first exposure, until the baseline audiogramis obtained.

Basel i ne audi ograns nust be preceded by 14 hours w t hout
exposure to work place noi se; however, ear protectors my be

used as a substitule for this requirenment. Annual audi ograns
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may be obtained at any convenient tinme during the workday.

Al t hough an audi ol ogi st, otol aryngol ogi st, or physician nust
supervi se the audionmetric testing and nust review probl em
audi ograns, testing and eval uation in general nmay be conducted
by a technician who has been certified by the council for
Accreditation in occupation Hearing Conservation, or who

has ot herw se denonstrated conpetency to the supervising

pr of essi onal .

Changes in hearing acuity that exceed an average of
10 dB or nore at 2000, 3000, & 4000 Hz in eirther ear, relative
to the baseline audiogram are considered to be a standard
threshold shift (STS). |In determning whether an STS has
occurred, allowance may be nmade for the contribution of aging
to the change in hearing level (Presbycusis) by correcting
t he annual audiogram when an STS is detected, the enpl oyee
nmust be notified, and unless a physician determnes that the
shift is not work related or aggravated by occupati onal
noi se exposure, the enployee nust be fitted or refitted with
ear protectors as needed, and referred for a clinical

eval uati on as appropri ate.

It is inportant to distinguish between an STS and a
conpensabl e hearing | oss, the latter bei ng defined according
to each state's worker's conpensation formula. The presence
of an STS indicates a change in hearing acuity as defi ned

by the HCA, but it has no rel evance with respect to the
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determnation of hearing inpairnent or handicap. It is
possi bl e for an STS to devel op for enpl oyees whose hearing
threshold levels are still considered "normal", and
conversely, it is possible for persons to devel op consi der -
abl e hearing loss at the frequencies of 4000 and 6000 Hz
before detected by the STS criterion.

The necessity of reporting STSs on OSHA from 200 is
undear at this tine Although 29 CPR 1904. 2 clearly
specifies that "work related” injuries and illnesses are to be
recorded on from200, CBHA has not stated whether an STS
Is to be considered a work related injury, and the HCA has
specifically relieved the enployer of the burden of deter-

mning the "work rel atedness” of particul ar hearing | osses.

Ear Protectors:

Ear protectors nust be nmade available to all workers
exposed at or above the action level. Additionally, for those
exposed at or above the PEL, and for those exposed at or above
the action level who either incur an STS or who have been ex-
posed in excess of six nonths w thout having had a baseline
audi ogram establ i shed ear protector utilization is nandatory.
Ear protectors nust reduce exposures to 90 dBA* or to 85 dBA

for those exhibiting an STS.

The enpl oyer nust provide a "variety of suitable ear
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protectors” fromwhi ch the enpl oyee can choose, and nust
provide training in the use and care of those devices, as
wel |l as ensuring proper initial fitting and supervision
of continued correct use. OBHA interprets "Variety" to
nean at |east one type of plug and one type of nuff,
al though a sonewhat |arger selection is considered preferable
The ear protectors are to be furnished to the enpl oyees at no
cost, and replaced as necessary. However, enployeers are
not expected to pay for an unlimted supply of protectors
or to replace devices that are |ost or damaged due to

enpl oyee negligence or irresponsibility.

TRAI N NG

Enpl oyees exposed at or above the action |evel nust be

trained at |least annually regarding the effects of noise,

t he purpose, advantages, disadvantages and attenuation of the
ear protectors being offered? the selection, fitting, and
care of protectors; and the purpose and procedures of

audi onetric testing. This training does not have to be acco-
nplished all in one session, and infact portions of it may be
ideally reviewed during the enpl oyee's annual audionetric

test.

RECORD KEEPI NG

Noi se exposure records nmust be retained for two years,

but data ol der than two years shoul d not be di scarded unl ess
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renonitoring has been perforned. Audionetric test records
are to be retained for the duration of the enpl oyee's
service. However, consideration of future possible
conpensation clains suggests the advisability of maintaining

such data for an indefinite duration.

So far we discussed about the Principal conponents of
t he Heari ng conservation Amendnent, Now the follow ng
di scussion inculde exam ning the portions of the regulation
specifically pertaining to ear protective devices. Wth
t he enphasi s placed upon the OSHA prescribed net hods of

estimati ng the adequacy of ear protector attenuation.

EAR PROTECTOR ACCEPTABI LI TY:

We have already discussed in the previous section, the
Amendnent defines when a hearing conservation program nust
be established, when EPDs are to be made avail abl e and/or
their use ia to be enforced, and to what |evels EPDs nust
reduce enpl oyee noi se exposures. However, the decision
concerni ng which protectors to utilize is up to the program
adm ni strators. Since OSHA does not approve or certify
particul ar devices. A product is acceptable for use if it
is shown to be adequate by any of the nethods utilization
of those nethods requires the availability of the manufact-
urer's published Noi se Reduction Rating (NRR) and/or octave
band attenuation data at the frequencies from 125 Hz to

8 KHz.
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The Met hods:

There are six primary nethods and three alternative

nmet hods for estinating ear protector adequacy. They are.

1) NRRwith C- Wighted dosinetry.
2) NRR- 7 dB, with A- weighted dosinetry.

3) NRRwith representative sanpling using C - weighted

sound |evel neter.

4) NRR - 7dB, with representative sanpling using A -weighted

sound |evel neter.

5 NRR with area sanpling using C - Weighted sound |evel

met er .

6) NRR - 7dB, with area sanpling using A- Wighted sound
| evel neter.

7) N CSH et hods 1.

8) N OSH nethod 2.

9) NI OSH nethod 3.

Exam nation of the first six itens reveals that they
represent only two different methods of utilizing the NRR
each paired with three separate nethods of estimating
enpl oyee time - wei ghted average noi se exposures ( TWAs) .
The two NRR - based procedures will be referred to as the

NRR net hod and adjusted NRR Method, as illustrated in Table 1.
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The list nay be further sinplified when one realizes that
the NRR and Adj usted NRR Met hod, were derved fromthe work
of NICSH and are equivalent to NIOSH Method 2 & Met hod 3

respectively.

NlCSH Method |I. is significantly nore conplex than the
si ngl e nunber net hods such as the NRR or Adjusted NRR, since
it requires octave band noise data and detailed cal cul ations
for each protector/noi se spectrumconbi nati on. By conpa-
rison, the NRRthat is utilized in the single nunber methods
I's precal cul ated by the ear protector manufacturer, and is

| ndependent of the noi se spectrumin question.

Conpari ng the Mt hods:

The three distinct nmethods for estimating the adequacy
of EPDs are summarized in Table 1. They are listed in order
of descendi ng accuracy. The octave. Band Method provi des
a greater potential degree of precision than is afforded by the
singl e nunber nmethods. This potential is often [imted due to
the poor estinmate of real world attenuation that is typically

provi ded by |aboratory data.
The NRR nethod, as taken fromN CSH Met hod 2, Enbodi es

t he nost accurate type of single nunber rating procedure,

inthat it requires the subtraction of the single nunber from
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a C-wei gt ed workpl ace neasurenent to estimate an A - Wi ght ed
exposure. It is essential touse this "C mnus A concept"”

to estimate EPD adequacy when utilizing single nunber rating,
since the A - Wighted noi se reduction provided by an EPD i s
inversely related to the difference between the C - and A -

wei ghted noise levels (C- Avalue) in the particular

envi ronnent .

Consi derabl e accuracy is lost in estimating protected
noi se exposures when, as in the Adjusted NRR Method, a single
nunber rating is subtracted froman A - weighted sound | eve
The 7 dB adjustnent that is nmade in the NRR Method ari ses
fromthe nathenatics of this |ess accurate conputational
procedure. The adjustnment ensures that the errors arising from
this approach are nore likely to underestinate rather than
overestinate the protection that woul d be predicted using
the nore precise octave - Band Met hod. The 7 dB adj ust nent
has nothing to dowith the differences between | aboratory
and real world perforamance. It is not to be confused
wi th any constant deci bel or percentage deratings of the

NRR t hat have been proposed to account for such di screpanci es.

Alternative to the Adjusted NRR

Due to the Poor accuracy of the Adjusted NRR Method it

i a advi sable to use the octave - Band or NRR Met hods.
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However, the nethod of noise nmonitoring that is preferred by
OSHA is personal dosinmetry, and no commercially available
dosi meters currently provide C —Wighted dose assessnents.
A solution to this dilemm is to estimate the C - weighted
noi se dose fromthe A - weighted dosinetry - derived TWAs.

Al though this procedure is not explicity presented in the
Amendnment, it is scientifically acceptable and has been

i mpl emented el sewhere.

The Pr ocedur e IS as fol | ows:

1) Obtain an A - wei ghted noise dose.

2) Using a Sound |level meter possessing C - and A Wi ghting,
devel op a C —A val ue for typical processes, areas, or

job descriptions.

3) Add the C- Avalue to the measured A - Wighted TWA to
calculate the estimated C - Wi ghted TWA.

4) Subtract the NRR fromthe estimated C - Weighted TWA.

To the extent that an accurate C - A value can be
estimated, this procedure will provide enhanced accuracy
over the Adjusted NRR Method for those situations in which

C —wei ghted TWAs are unavail abl e.

EPA Label i ng Requirenents:

A point of confusion exists between OSHA's Appendi x and
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the information which according to EPA regul ations, nust

acconpany ear protection packaging. The confusion arose

since EPA chose to acconpdate those users whomit feared

woul d lack C - wei ghted neasurenent capabilities. It did
this by effectively developing a two - nunber rating

system w thout ever explicity stating that fact.

The EPA nethod requires that the user subtract the
(unadjusted) NRR froman A - weighted sound level to
estimate the wearer's protected exposure. A cautionary note
is included which rates: "For noise environnents dom nated
by frequencies below 500 Hz the C -Wighted environnent al
noi se | evel should be used". Thus, depending upon the
particular C —A value O the noise environnent, which
wll increase in proportion to the anount of |ower frequency
energy present, the NRRis to be subtracted fromeither an
A- or a C- weighted sound level. In practice, it matters
little fromwhich weighted sound level the NRR is subtracted
when C - A values are near zero, but for noise with signifi-
cant |ow frequency energy and therefore higher C - A val ues,

errors of 10 dB or nore can arise if the NRR is ms applied*

Unfortunately it is precisely those individuals for
whom t he EPA net hod was intended who are nost likely to
m suse the NRR. Since they lack C - Wighted instrunentation

they will be unaware when dom nent energy is present bel ow
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500 Hz, and thus will be unable to judge fromwhi ch wei ghted
sound | evel the NRR nust be subtracted. In conparison to
t he NRR nmet hod, or even the adjusted NRR nethod, the EPA s
procedure is |less accurately defined, nore easily m sapplied

and less effective at estimting EPD adequacy.

REAL WORLD ATTENUATI ON

OSHA does not require that an enployer estimte the actua
attenuation that its workers obtain fromthe devices as worn.
This actual or real world attenuation is known to be signifi-
cantly less than published |aboratory data for a nunber of
reasons primarily involving differences in training, notivation,
and utilization, between users (the noise exposed work force)
and testers (laboratory subjects). The problemis well recog-
nized by rxperts is the field, and devatings such as substra-
cting 10 dB from published NRRs have been proposed. But, thus
for there has been no consensus in the professional or regul a-
tory communities on how to derate |aboratory data, or how to

ot herwi se account for the discrepancies.

In the hearing conservation Amendnent, acknow edgenent
of disparities between |aboratory and real world data is limted

to a short note which states;

The enpl oyer nust renmenber that cal cul ated attenuation
val ues reflect realistic values only to the extent that the

protectars are properly fitted and worn.

This warning is crucial, since proper fitting and wearing

of EPDs by the industrial work force is probably the sigle



TABLE | TABLE Il y
Abbreviated version® of Table G-16a Abbreviated version® of Table A-1
for computation of empioyee noise exposure. for conversion from Dose to TWA.
Sound Level (dBA)- Permissible Time (hrs.) Dose (%) TWA (dBA)*
80 2t -32' ; - 10 S o, e i 75
85 16 25 80
90 8 50 (action level) 85
95 4 75 88
100 2 100 (PEL) 90
105 & 1 115 91
110 0.5 130 92
116 0.25 150 93
120* 0.125* 175 94
126" 0.063* 200 95
130 0.031* 400 100
*Exposures above 115 dBA are not permitted regardless of duration
(see Table G-16), but should they exist, are 1o be included in *Values rounded to the nearest dB. The exact conversion from Dose
computation of the noise dose. to TWA is given by:

Dose (D) = 100 [Cy/T; + CofT, + . .. + C/T, | where C,,is the
time exposed at a specific level and T, is the time
permitted at that level.

Example (1): Workday consists of 7 hours exposure to a constant
level of 95 dBA: D = 100(7/4| - 175%

Example (2): Workday consists of 1 hour @ 95 dBA

.2 hours (@ 90 dBA
4 hours (@ 85 dBA

D =100 [1/4 + 2/8 + 4/16] = 75%

TWA = 16.61 log,,D/100] + 90

*Three alternalive names for the same lechnique.

Table 1
Summary of OSHA Approved Methods for Estimating Heanng Protector Adequacy
Technique ' Description
Octave-Band Method \ Mean attenuation less 2 standard deviations is subtracted
Long Method ’) from workplace noise levels at each frequency from
NIOSH Method #1 125 Hz - B kHz. Resultant values are A-weighted and
summed 1o yield estimated dBA exposure.
NRH Method ik duc NHH dbA
NIOSH Method #2
waorkplace eshmated
nuise lovel protuctud
or TWA uxXposure
Adjusted NRR Method | ** dBA - |[NHH - 7] - dBA
NIOSH Method #3
wotkplico wutimated
noise leval protectad
or TWA exposure

**These two methods are identical except for minor mathematical differences which result in NRHs being
approximately 0.5 dB iess than the corresponding NIOSH methods




most difficult elenment to execute in a hearing conservation
program It requires not only education, training, and

the selection of confortable and effective EPDs, but perhaps
nmore inportantly, notivation, enforcenent, and responsiveness

to the needs of the ear protector enpl oyee.

WORKER' S COVPENSATI ON FOR OCCUPATI ONAL

HEARI NG LOSS

One of the nobst significant factors influencing the past
grow h in awareness of and concern for hearing protection has
been the pronul gati on of the hearing conservati on Anendnent.
In the future, as a result of the litigious nature of our
society and recent trends in hearing loss clains, an inportant
addi ti onal consideration nmay becone worker's conpensation (W)
costs for occupational noi se—+nduced hearing loss (OHL). This
section provides a perspective on the situation by sunmari zi ng
avai |l able data on the current costs of We clains for OHL, and

by devel opi ng estimtes of potential future costs.

STATS WORKER' S COVPENSATI ON PROGRAMS:

Al t hough we prograns were initially established in the
early 1900's, it was not until the late 1940's that cl ains
for OHL were first filed, and not until 1953 that proposals
were drafted (in New York State) for provisions dealing spec-
fically with OHL-Today, npbst states treat OHL as an occupa-
tional disease with schedul ed awards bases upon the degree of
| oss, although nine states still require a claimnt to show

"incapacity to work", "disablenent", "inability to earn norna
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wages", or some other synonym for econom c disability.

In addition to the question of whether to conpensate

wor kers based on their hearing inpairnent alone or to require
an attendant |oss of job or earnings, states also vary w dely
in dealing with other critical conpensation considerations.
These include the hearing inpairnment fornula, waiting periods
fof filling, the presence of harnful noise, presbycusis corre-
ctions, choice of physician, filing time |imts, apportionnment
of CHL anong enpl oyers, and whether willful failure to use
hearing protectors voids an enployee's right to file for com
pensation as is now the case in certain states such as north

Carolina, NewJersey, and Georgia.

| MPAI RVENT FORMULAS:

The principal factor determning worker's eligibility to
fite for conpensation is their audionetic profile conpensation
formul as include a specification of the frequencies that w |l
be averaged, a low and high fence (The criterion hearing
t hreshol d | evel (HTL) at which inpairnment is assunmed to begin
and the level at which it is assunmed conplete), and a nethod
of averaging the better and poorer ears. Since OHL typically
first appears in the 3-6KH2 range, the aritical factor is
whet her or not frequencies above 2KHZ are included in the ave-
ragi ng process. This can influence the percentage of a given

popul ation that is conpensable by upto a factor of three.

.98



- 98 -

Al t hough sixteen states still enploy the old AAPP (1959)
formul a which averages 0.5,1, and ZHKZ (Low fence = 25 dB re
ANSI . 53.6 - 1969), nine states have adopted the new AAO
(1979) formula which averages 0.5,1,2, and 3 KHZ (sane fence)
in an attenpt to better reflect the difficulty of hearing -

i mpai red individuals in understandi ng speech in every-day
listening situations. The remaining 25 states |eave the for-
mula to the discretion of the exam ning physician, who in
nost cases will follow the recommendati on of the Anmerican

Medi cal Association and utilize the AAO (1979) fornula.

ESTI MATES OF ACTUAL STATE COSTS:

Most we agenci es have devoted nmarginal resources to record
keeping or statistics, only a few states publish data on conp-
ensable injuries and fewer still provide data on clains paid
or denied. And the situation is even nore bleak in the case
of claims for OHL. The best avail able data on WC clains for
OHL indicate that in 1977 total payments anmounted to $13 million
(MW distributed across, 6,095 claimants. This was |ess than
3 tenths of 1 percent of the $ 6 billion (B) total U.S. costs

for worker's conpensati on.

Shanpan reported that by 1983 clainms activity began to
change significantly. Based upon a nationw de survey of W
adm ni strators and responses from al nost 40 officials, he
estimated that clainms had increased in over 13 states. N ne
states reported in excess of 100 claims, versus only 5 states

reporting that many in 1977. Natabl e exceptions were New Jersey
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and californea (the states with the largest clains activity
in 1977) which actucally reported fewer clains in 1983,
probably due to changes in the New Jersey filing and pay-
ment procedures, and in californea due to data collection

and reporting nethods.

ESTI MATES OF POTENTI AL FUTURE STATE COSTS:

A few authors have estimated the potential future costs
of state We clains for OHL. Their estimates, which typically
can be assunmed to be cumul ative totals for the next 40 years
have varied from $6B, to $9, 63, and as high as $20B (uncl ean,
but probably aho includes federal enpl oyees). The best docu-
nmented val ue was G nnold's 10 year projection of $365 MM was
based on estinmates of actual W paynents in 1977. Due to
scant available data and the different assunptions invoked by

the various authors, the diveragence is not suprising.

This section illustrates one nethod of estimating the
potential We liability. Data have been assenbled fromthe
nost current sources and estinates devel oped bases upon the
AAO (1979) inpairnment formula which is likely to becone the

nost wi dely adopted state We fornula in the com ng years.

Presented as Table 1 are various estimates of the tota
noi se-exposed U.S. work force (mnus those enployed in agricu-
ture and by state and | ocal governments). Approximtely 7.9W
producti on workers are exposed at or above a TWA of 85 dBA.
Since 40 years represents a typical working lifetinme and it

can be assuned that an equal propotion (1/40) of the work
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force is likely to file for W benefits each year, the
nunber of workers nust be divided by 40 to estimte annual

potential costs.

The percent of the noise-exposed popul ation that is
conpensable is estimted fromthe data of Royster, et.al.
for 10,000 North Carolina production workers. The popul a-
tion, with mxed racial and sexual proportions, was drawn
from environnents that included engi neering shops, power
pl ants, metal working, furniture, textiles, printing, and
t obacco manufacturing. A representative portion ( 10% of
of fice workers and ot her |ow noise exposed enployees were

al so part of the data base.

The Royster, Et. al. data indicate that about 6.2% of
t he noi se-exposed work force are conpensable by the AAO (1979)
formula, vs 3.6%by AAOQO (1959). By conparison, Heffler
found 12.5% of 8,953 industrial enployees in nine different
states were conpensabl e under the formulas of their states,
and in one selected popul ati on of high-noi se-exposed white-
mal es as nmany as 27%were found to be conpensable. Thus, the
Royster, Et.al data are probably conservative, and an upper
estimate of potential conpensation can be obtained by multiply-

ing their figures by a factor o/ fromtwo to four.

The Royster, Et al. data, reproduced as Figure 1, provide

an exect determ nation of the potential dollar cost of
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conpensati on per enpl oyee per $1000 of naxi mum al | onabl e
conpensation for the work force they studied. Assum ng that
the noi se exposures and hearing protection practices of that
work force are representative of overall industry their,
data may be used to conpute conpensation costs for any group
by determning the relevant inpairnent fence and the naxi num

al | onabl e conpensation for total inpairmnent.

The value read fromthe Y-axis in figure 1 can be conver-
ted to estimated dollar costs for a target population by multi-
plying it by the nunber of enployees in the target group and
then multiplying that product by the ratio of the naxi num all o-
wabl e conpensation divided by $1000. For exanple, using the
AAO (1979) formula, the Y-axis value is $8.5/ enpl oyee/ $1000.

The average val ue of the maxi mum conpensation for total
bi naural hearing |oss was conputed fromdata for the 43 states
wi t h schedul ed paynments that val ue, $37,000, has been grow ng
at about 17%year over the past 10 years; a conservative increase

of 9%year was used for the 10-year projection.

Thus the estinated potential WC costs in 1984 are?

$8.5 X 7:900, 000 x $37,000 = $62 MV
40 $ 1,000

This will rise to $112Min 1993 for a 10-year projected
cunul ative total of $87MM The estinated potential costs for

1977 woul d have been $34MV conpared to estimated actual paynents
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in that year of $13MM This suggests that about 40% of

t hose who could have filled in that year, did so. Assum ng
the estimated potential costs nmay be conservative by a
factor of up to four, the actual percentage of those who
could have filed clains in 1977 that actually did so may

wel | have been only about 10%

STATE WORKER' S COVPENSATI ON TRENDS

Factors not yet accounted for that could tend to affect

future clains are:

a) Wiiting periods to file have and are being reduced in
many states, and/or the use of hearing protectors is being
consi dered the sane as being renoved fromthe noise. This

dramatically mnimzes a significant inpedinment to filing.

b) In the short term hearing conservation regulations and

t he consequent increased concern for the hazards of industrial
noi se exposures are likely to increase clains activity by

hei ght eni ng awar eness of enpl oyees and attorneys regarding

WC for OHL. However, the long-termresults should be the
apposite as nore effective hearing conservation prograns

decrease the incidence of OHL.

A RSCENT EXAMPLE

A uni que approach to evaluating WC clains was recently
i npl enented in Georgia, where 22 potentially conpensable
former enployees filed clainms after the shut-down of their
plant. Two technical experts used the proposed 150/DI'S 1999

hearing | oss nodel to estinmate the potential total hearing
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| osses of the exposed population. The observed | osses
anong the exposed workers were consistent with the predi-
ctions of the 150 nodel based upon their known industria

noi se exposures.

Anal ysis of the hearing conservation program established
that the enployer had not provi ded adequate hearing prote-
ction or sufficient user training, nor enforced its utili-
zation. Therefore, the population was judged to have been
i nadequately protected. Based upon this conclusion, all of
the potentially conpensabl e enpl oyees who filed clainms were
awar ded conpensation as cal cul ated under the Ceorgia hearing

i mpai rment fornmul a.

FEDERAL AND M LI TARY WORKER S COVPENSATI ON:

In the governnent, WC is and will probably continue to
be an even costlier program than for industry, and unlike
the state progranms actual costs are readily available. OHL
conpensation for nonmlitary federal enployees and civilian
mlitary exnployees is covered by the Federal Enployee's
conmpensation Act (FECA), and for |ongshorenen, maritinme workers,
and private shipyard workers by the | ongshorenens and Har bor
wor ker's program although clains data are only avail able from
the former program Mlitary conpensation is covered by the

veterani's Adm nistration (VA).

An indication of the civilian and mlitary noi se-exposed
personnel is given in Table 1. They anount to about 13% of

the private sector noi se—exposed work force.
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CONCLUSI ONS:

The estimated future hearing-rel ated worker's conpens-
ation costs, which are summarized in table I'l, anount
to $3.4B over the next 10 years. According for the
conservative nature of the state-W estimte, this
figure could rise to nearly $6B. For individual high-
noi se industries, particularly those with poor or nonexi -
stent hearing conservation prograns, the costs can be
consi derably higher than would be predicted from these
averaged data, especially if mass filings occur subsequent

to layoffs or plant closings.

Thus, the potential financial costs of worker's conpen-
sation are likely to provide an additional incentive for
i nproved hearing conservation practices. And finally,
as has been repealedly illustrated, when. Enployees
| earn to annual testing (i.e., the "learning effecr)
the potential costs of conpensation can be reduced, high-
lighting yet another benefit of hearing conservation pro-

grans and industrial audiometry.
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TABLE |

above a TWA of 85 dBA and/or 90 dBA.

Number of people (in millions) exposed to occupational noise levels at or

NIOSH' OSHA® EPA*

J e - =90 | =90 | =85 | =85 | Total
Manulacturing, utilities 2.5 2:9 5.2 5.1 14.9
Construction 0.4 - —_ 0.5 3.5
Mining 0.1 — —_— 0.4 08
Transportation 0.4 = et 18 2.6
Subtotal (production workers) 34 P =1 = 1 73 petl
Dept. of Delonse (military & civilian) i s e S ) 3.0

| Grand Total e — = 89 | 248

A,

wnbimiabn 10T bl Cabogoii

) From e 1B NIOSH estimated thal 15% of produchion workurs were uxposed » 90 dBA

o Frompgul 1 Bansshon VRS St Dol Broranek, and Noewian (LRNY stody aod apadatod Dy OSHA uang 1000 e ol Labe
Slaliatia employment data’ Csbimated hat 19% of manufaciunng workers weie exposed < dbiA amd 4% esposed -8

A From ol 19, also basod on V0% TH HBN study. Manutsctunng and utilies dati are this e b GGHA S Iribegaendent
Fotl " tegaaasnibn eriie spatiliod groog withuub tegaed 10 ncie level
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(see lext)
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Figure 1

T _

_ﬁ
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TABLE 1l
Estimated 1984 and cumulative
10-year projection for occupational
hearing loss claims.

Costs (in $ millions)
o 1984 | 19641993
States' 62 s
 FECA? 27 339
Military? 166 2,158
Total 266 | 3368 |

1 Estimaled potenlial cosls; see lexl.
2 Projecied from 1977-1983 dala; seo lexl.




MOT1 VATI NG EMPLOYEES TO WEAR HEARI NG
PROTECTI ON DEVI CES

There are evidences suggesting that reduced enpl oyee
noi se exposures could have tangible health and safety
benefits in addition to protecting enpl oyee hearing.

Al t hough this could provide an incentive for stronger
managenent support of hearing conservation programs (HCPs),
ot her approaches are necessary to notivate enployees to
conscientiously utilize hearing protection devices. A
review of the literature suggests that the pivotal chara-
cteristics of a successful HCP are support of managenent,
enforcenent. Education, notivation, confortable and effe-

ctive EPDs.

Support by all |evels of managenent is crucial since
it sets the tone for the entire program |t denonstrates
to enpl oyees that hearing conservation is inportant to their
conpany and to their cbs. Hearing conservation should be
viewed as an inportant and integral part of the overall safety
program Further nore, managenent nust be responsive to
enpl oyee problens and conplaints so that they can be sincerely

and effectively answered.

The next three elenents of an HCP are inextricably
related. Education and notivation nodify enpl oyee's behavi our
and enforcenent provides a constant rem nder about that which
i s deened acceptable. Enforcenent alone can engender resent-
ment and attenpts to circunvent HCP requirenents, as for

exampl e, nodifying EPDs, for greater confort and |ess protection
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Enf orcenment must be firm and consistent. A four
step disciplinary procedure for failure to wear EPDs
m ght consi st of (3) Verbal warning, (2) Witten warning,
(3) brief suspension, no pay, and (4) term nation. Although
the latter steps are necessarily a form of discipline,
t he verbal warning can and should be handled in a +ve
manner. Front |ine supervisors should al so be held respon-
sible for the performance of their enployees and nust set
a good exanple by regularly wearing their EPDs when in posted
areas. In fact, all personnel in hearing protection posted
areas shoul d wear EPDS, be they visitors, managers, or

tenporary enpl oyees.

Educati on should consist of topics pertaining to the
function of the ear, how it is danaged by noise, and train-
ing on use of EPDs. Many short filnms are avail able which
are useful to highlight these topics and maintain enpl oyee
interest. Posters are also useful as rem nders and training
aids. These are generally available from EPD manuf acturers.

An exanpl e appears in Figure 1.

Unfortunately, education alone is of little value unless
it is integrated into the enployees' daily experiences. This
can be acconplished by meking their education personally rele-
vant, either by denonstrating how noise directly affects
them or by inducing themto use hearing protection for a |long

enough tinme to beconme adopted, and to appreciate its benefits.
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MOT| VATI ONAL TECHNI QUES:

The best notivational resource is the person or persons
in the HCP who are responsible for direct enpl oyee contact,
those who fit HPDs, and adm nister nonitoring audi ograns.

The annual or biannual audiontetric Exam nation provides an
excel l ent opportunity for this person to reinforce good EPD
utilization habits. The enpl oyees should bring, or preferably
wear, their ear protectors to the test where they can be

exam ned for fit, cleanliness, and signs of deterioration or
abuse. After the audiogramis adm nistered, it should be
shown to the individual and the result's explained. |If, for
exanpl e, the hearing |levels are normal and unchanged from pre-
vious tests, and the EPDs are in good condition, the individual
shoul d be conplinented, on the other hand, significant hearing
| evel shifts, should they occur, can be pointed out. This
provi des an ideal opportunity for reinstruction of EPD fitting
procedures and a rem nder of the inportance of their use. Wrn
out or abused EPDs should also be replaced at this tine (and

generally nore often).

A very successful behavioral nodification approach utili -
zi ng enpl oyee audi ograns has been di scussed by Zohar, et al.
Wor ker s underwent audi onetric testing at 500, 2000, 4,000, and
6000 Hy. Testing occurred on randomy selected dates, at the
begi nning and end of regular shifts. Results were discussed
with the enployees immediately after the second test, wth

significant shifts being explained as representing a tenporary
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noi se-i nduced hearing | oss. Enployee participated in these
tests on two separate days, wearing hearing protection

one day and none on the other. Audionetric results were

al so posted on the departnent fulletin board. This infor-
mat i on feed back procedure denonstrated to the enpl oyees

the effects of noise on their hearing. The feed back |asted
only one nonth, but successfully nodified enpl oyee behavi our
end continued working after cessation of the treatnments as
shown in figure 2. A control group at the sane plant, which
reci eved only educational sessions w thout feedback, showed

no change in their EPD utilization rate.

Schm dt etal, reported a significant observation that

provi des additional support for their results. They had

access to enpl oyee audionetric records for the ten years that
were studied. Analyses of these data indicated that the fenales
were wearing their EPDs nore effectively and receiving better
protection than were the mal es. Therefore, it would be expected
that they should show a greater reduction in industrial in-
ries than did the males. The data confirnmed this hypothesis,

thus closely linking EPD usage to the rate of industrial injurie

CONCLUSI ON

Only tenative conclusions may be drawn from the avail abl e
literature, but the inference exists that el evated noi se
exposures nmay cause extra-auditory physial ogi cal and/or psycho-
| ogi cal disorders. This suggests that affective HCPs may not
only prevent noise induced hearing |oss, but also inprove

general enployee health and productivity.
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THE EFFECTS OF EAR PROTECTORS ON
AUDI TORY COVMUNI CATI ONS

Ear protective devices reduce user sound exposures
when properly worn. This nmeans that all sounds may be
attenuat ed, both unwanted sounds (noise) and useful sounds
such as speech and warning signals. Thus wearing EPDs may
af fect speech discrimnation, and the perception of warning

si gnal s.

SPEECH DI SCRI M NATI ON

Speech discrimnation (SD) is a neasure of one's ability
to understand speech. It is greatly affected by such factors
as a persons* hearing acuity, the signal (speech) - to - noise
rati o, the absolute signal |evels, visual cues (lip and hand
motionl,) and the context of the nessage set. SD is neasured
by presenting to subjects one of a nunber of prepared word
lists, and determ ning what percentage correct responses they
achieve. The effects of EPDs on SD can be eval uated by estab-
lishing a set of test conditions, and neasuring SDw th and
W t hout SPDs on the subjects. The results of such tests con-

ducted by many investigators may be summarized as foll ows:

1. EPDs have little or no effect on the ability of norma
hearing listeners to understand speech in noderate background
noi se 80dBA, but EPDs begin to decrease SD as the background

noi se i s reduced even further. EPDs will decrease SD for
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hearing inpaired listener's in |awto-noderate noi se situations,

2. At high noise levels 85 dBA EPDs actually inprove SD
for normal hearing listeners. This is clearly denonstrated
in Figure. 1 For hearing inpaired listeners the effect of
BPDs on SD at these high noise levels is not unequivocal,

but the results seemto indicate no significant effect.

3. The literature is not extensive enough to differentiate
between the effects of earnuffs and earplugs on SD. Never-
thless, it may be said that the higher attenuation devices,
be they earnmuffs a earplugs, offer greater potential for

degrading SD at |ower sould |evels.

The beneficial effects of EPDs on SD can be partially
explained by referring to figure 2 in which the spectrum of
a mal e voice is superinposed upon a typical industrial noise
spectrumof 91 dBA. It can be noted that although the EPDs
attenuation increases with increasing frequency, at any one
frequency both the speech and the noise are reduced equally.
The signal to noise ratio is consent, but inportantly the
overall signal level is reduced. This prevents the ear itself
fromdistorting the signal, a phenonenon which occurs even
at levels well below 90 DBA. Thus as long as speech signal is
mai nt ai ned above audibility, intelligibility can be inproved
by restricting signal levels to those that will not overl oad

the ear.

The proceedi ng generalizations may be nodified in practice

by three inportant factors. Typically, in real work environnment
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communi cations wi |l be acconpani ed by visual cues and/or

be limted in scope. Mssed words can be "filled in" and in-
telligibility maintained. Howell and Martin have shown

t hat when the person speaking wears EPDs his speech quality

is degraded and this will adversely effect communicati ons.

And finally, Acton has denonstrated that enpl oyees get accu-
stoned to listening in noise and can performbetter with res-
pect to SB than do | aboratory subjects with equival ent hearing
| evel s. The interaction of these three effects has not been
fully evaluated by any one author, but R nK has shown that
visual cues do inprove SD for hearing inpaired persons wearing

EPDs, especially in noise.

LOCALI ZATI ON

Anot her effect that EPDs can have is to confuse one's
ability to locate the direction of origin of sounds. The
data indicate that earnuffs, which necessarily cover the entire
ear, can interfere with this localization accuracy whereas
inserts, which generally leave virtually the entire outer ear
exposed, do so to a nuch | esser extent. Furthernore, experi-
ments with earnuffs indicate that subjects cannot adopt to
this effect, 1.%., they cannot learn to conpensate for the

adverse effects of the nuff.

AVPL| TUDE SENSI TI VE | NSERT HEARI NG PROTECTORS:

Anplitude sensitive or nonlinear inserts are designed to
provide attenuation that increases wth increasing sound |evel,

so that for low |level noise conditions there is little
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attenuation and SD can be inproved. Basically these devices
are insert protectors provided with a small orifice running
| ongitudinally through the body of the plug. The orifice

may contain val ues or acoustical danping materials.

At sound levels below 110 dB these devices sinply
behave as a vented earnold with al nost no attenuation bel ow
LKHz and attenuation increasing to as nuch as 30dB at hi gher
frequencies. At high sound levels ( 140 dB), steady-state
or inpul sive sound waves generate turbulent air flow in the
orifice which inpedes the passage of sound. Measurenents
of gunfire inpulses in cadaver ears have verified that the
peak noi se reduction increases from approximately 10dB for
140 dB peaks to 20 dB for 180 dB peaks. For one particul ar
nonl i near device. Conbining this information with inpulse
noi se damage risk criteria indicates that these devices should
be effective for Iimted exposures ( 20 rounds per session)
to gunfire noise upto 175 dB peak SPL. Measurenents of the
human subj ects exposed to such noi se, in nonreverbernt
spaces, verify this supposition. Unfortunately these devices
are of little value for many occupational and recreationa
noi se exposures wherein the noise is levels are rarely the
appropriate type or sufficient |level for these devices to

beconme functi onal.

In summary, the proceeding data indicate that EPDs can

be effectively utilized for the preservation of hearing in



RCENT WORDS CORRECT

SPEECH DISCRIMINATION AS A FUNCTION
OF NOISE LEVEL AND SPEECH LEVEL,
FOR EARPLUGS vs. NO EARPLUGS

g

T I 9 0 o MO
%0 om0 NO EARPLUGS
Penann ® EARPLUGS (V-51R)
= el :
0
60|
Y e e
&
ot $}
a0} —-g —

w.[ E
! i P |
1 25 35
[ LEVEL OF RECEIVED SPEECH - dB
Figure 1

SOUND PRESSURE LEVEL
£

EXAMPLE OF THE REDUCTION OF SPEECH
AND NOISE LEVELS THROUGH THE USE OF A
PRE-MOLDED INSERT HEARING PROTECTOR

| SPEECH SPECTRUM

c‘Emi— T } . e
| TYPICAL i
g:‘- Bt TNOPay,  INDUSTRIAL |
w % ! w %, SPECTAUM |
@ | oor 10 @ | 1 e Sl
L] HEAHING PROTRCTON | EXAMPLE OF
L | { ELEVATED MALE

&

g

t | t 1
NOTE: SPEECH-TO-NOISE |
RATIO REMAINS THE

SAME FOR BOTH CASES

oy : . !

2567 500 1000 2000 A0 aouu
FREQUENCY IN Hz {Cycles per Second)
Figure 2

125




- 113 -

hi gh noi se |level environments with mnifal effects on SD.
For hearing inpaired. The utilization of EPDs in |ower noise
| evel environments should be carefully considered. |If |oca-
lization capabilities are inportant then inserts should be
chosen instead of earnmuffs. And finally the use of anpli-
tude semtive devices may be advantageous for use on firing
ranges where they have been 3hown to provi de adequate prote-

ction for limted exposure.

THE PERFORVANCE OF HEARI NG PROTECTORS | N | NDUSTRI AL
NO SE ENVI RONVENTS

Characterization of the attenuation properties of hea-
ring protection devices (HPDs) or Ear protective devices
(EPDs) is nost often acconplished in the Laboratory by
exam ning the performance of trained and notivated subjects
using optimally fitted EPDs. The crucial question is - How
does this relate to the real world? And the obvi ous answer -
poorly. Enployees are sel dom adequately instructed in the
correct utilization of TPDs and even | ess often properly
notivated to wear them And if devices cone in nultiple

sizes or are unconfortable to wear, the problemis conpounded.

In the past few years a nunmber of studies have been con-
ducted that shed sone light on the matter of real world (RW
performance, i.e., performance for enployees in industria
noi se environnments. In this section we can discuss sone of
the nore significant findings, and integrate the data to

yield some interesting conclusions.
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LABORATORY APPROXI MATI ONS OF REAL WORLD PERFORVANCE

Wen a EPD is tested in a |aboratory, the procedures,
i f nodel ed after actual usage conditions, can yield results
i ndi cati ve of RWperformance, waugh, of the National Acous-
tical laboratories (NAL) in Australia, has attenpted to do
just that* In a recend publication, the NAL reports atten-
uation data for 75 earnuffs and 19 inserts that were al

tested at that facility.

The NAL has a subject pool consisting of 35-40 of its
enpl oyees. The EPDs are tested on 15 people, 1 tine each
Devi ces undergo a series of physical tests (vibration, inpact,
tenparature cycling, etc.,) prior to being tested for atten-
uation. Subjects are given the manufacturer's instructions
and very little experinmenter supervision. The test procedure
is an absolute threshold shift nmethod simlar in detail to
the ANSI Z24, 22 standard, with the data corrected to 1/3 octave

band val ues.

The NAL tests yield | ower nean attenuations and hi gher
standard devi ations than data gathered for manufacturers in
U.S. testing |laboratories. As the follow ng discussion w ||
show, the data fromNAL can be used to make good engi neering

approxi mati ons of the RWperfornmance of EPDs.

| N-FI ELD MEASUREMENTS OF RSAL WORLD REFORVANCE:

An alternative approach to answering the question of how
wel | EPDs actually performin use, is to take the threshold

shift experiment to the subject. Alleast three experinenters
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have done this by setting up their nmeasurenent facilities
at industrial plant sites and using noi se exposed enpl oyees
as their subjects. Although the enployees were aware that
t hey woul d be subjects, they were not aware of the exact
times of their tests and were carefully nonitored to assure
that they did not readjust their protectors once they had

been notified to proceed to the test booth.

The three studies that will be considered included 613
subjects at 7 different plant sites using 5 inserts and 1
earmuffs. Although the 3 studies varied in their exact
measur enents techni ques, appropriate controls were incorpor-

ated to insure the validity of the results.

In Fig. 1-4 nean attenuation data for 4 devices as nea-
sured via different methods is presented* In figure 1 we see
very good agreenment between the NIOSH and Padilla field studies
at 500 Hz (Padilla only neasured at 500 Hz) we see that the
field attenuation data are only about 40—60/ of the deci bel
val ues of the manufacturer's reported attenuation data. NAL'Ss
data fall between these two data sets, only about 5 dB above
the field data, except at the two highest frequencies. Renenber
al t hough NAL uses very mnimal subject linstruction, they do
fit multi-sized plugs correctly whereas it is likely that

m ssi zing often occurs in the field.

Figure 2 shows simlar results, this tine for Swedish
wool, with very good agreenent between NAL and field data,

except again at 4Kz and 8KHz.
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Figure 3 conpares Regan's field data for an earnuff to
NAL data. This tine, agreenment is again good (wthin 4dB)
except at 500 Hz where NAL data are low. It is inportant
to note that this result shown that standard |aboratory data
al so overestimate the RW performance of earnmuffs. This has
al so been confirmed in a soon to be released MSHA study that
used m niature M crophones to neasure earnuffs performance in
the field. The results indicated performance at only 20-75%
of the decibel values of the |laboratory data with |arger dis-

crepanci es at |ower frequencies.

Figure 4 shows conparison data for foamearplugs. The
field data, from Regan, are for foamearplugs that were early
prototypes, sold in limted quantities, and considerably nore
difficult to use than the present nodel available since 1974.
Hi s data were corrected by 1 to 5 dB, by using |aboratory
data conparing the prototype and current nodel foam pl ugs.
The "corrected"” foam data agree well with NAL data and denon-
strate attenuation of 60-90% of the manufacturer's reported
data. Also of interest in Fig. 4 are the three points marked
by di anonds. These are prelimnary data for 30 subjects from
the E-A-R Division Acoustics |aboratory. The data were
gathered in strict accordance with ANSI 53.19 procedures but
with instructions and subject selection intended to sinulate
RWconditions. Note the excellent agreenent with the NAL data

and very good agreenent with Regan's field dat a.

Figure 5 and 6 depict standard deviation data for the
various devices neasured via the four feat nethods. The general

trend is for the field and NAL data to be in reasonabl e
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agreement and both sonmewhat higher than manufacturer's

| aboratory data. That this is not always the case is par-
tially explained by the fact that the standard deviation
tends to vary in pronotion to the nean attenuation, so that
devices with Iower nmean attenuations have a reduced expected

range of attenuation values as well.

OBSERVATI ONS:

1. Manufacturer's |laboratory data overrate the RW perfornmance
of HPDs. For a confortable protector, this data can indicate
the protection that conscientious, well trained users wll
receive. For an unconfortable device it is virtually nean-

i ngl ess.

2. Manufacturer's l|laboratory data are useful for research and
devel opnent and may yield an indication of the rank ordering

of vari ous EPDs.

3. Laboratory experinments such as the NAL work, which are
designed to sinulate RW performance can provide useful indi-

cations of the actual attenuation typically provided by EPDs.

ANOTHER ESTI MVATE OF REAL WORLD PERFORMANCE

Anot her met hod of investigating the actual protection
af forded enpl oyees by the EPDs that they are using, is to
measure their hearing levels before and cyter a workday's
noi se exposure. Royster has just conpleted and reported on
such work. Hi s subject popul ation consisted of 101 enpl oyees

in tw very different acoustical environments at two different
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pl ant sites. Seventy of the subjects (population A) worked
inatextile paint with steady noise levels at an Leg=95 dBA
The other thirty-one subjects (population B) worked in a stee
plant with intermttent noise |evels, but the same Leg=95 dBA
During the experinments, the textile workers wore either a
V-SIR type insert or a foamplug. The steel workers wore
either a foamplug. The steel workers wore either a 3-flange
plug (Norton) or a foamplug (EARplugs) for the first four
hours of each work shift. Population B enpl oyees wore no

hearing protection in the afternoons as per conpany policy.

Al subjects participating in the study had been wearing
the pre-nolded inserts for atleast 4 years as part of the
ongoi ng heari ng conservation prograns at these two conpani es.
Onh the day of the test, the subjects that were selected to
wear EAR plugs instead of their standard EPDs, were handed
the plugs and given only 15-30 seconds of instruction on

utilization of the device.

A conparison of the neasured change in nean hearing |eve
over an 8 hour shift (i.e. tenporary threshold shift (TTS
for population Afor the two SPDs is shown in figure 7. The
conparison for population Bis shown in Fig. 8, this tine
using date for a 4 hour shift. Notice the differences bet -
ween the performance of the foamplug and the pre-nol ded
inserts, which are significant at 2,3, and 6KHz for popul ati on
A and at 2,3,4 and 6KHz for population B (P .05). The fact

t hat popul ati on B enpl oyees who used the foam ear plug show
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I nproved hearing due to the elimnation of TTS. This snal
residual TTS coul d be due to the in-adequate protection
received fromthe 3-flange inserts conbined with the unpro-

tected 4 hour afternoon exposures whi ch these enpl oyees recei ved.

Royster concluded fromthis data that the V-51R and 3-

flange inserts were unacceptabl e for use in noise environments
with daily A-weighted Leq Equal to or greater than 95dB.

Anal ysis of the existing 4-9 years of audionetric data.for

t hose two popul ati ons supported this contention. Furthernore
Royster determned that the foam earplug woul d be acceptabl e
for use in these 95dB environnents and is currently conducting
a longitudinal survey at one of the plants to verify this

supposi ti on.

SINALE NUMBER RATI NGS APPLI ED TO REAL WORLD DATA

A ready the concept of single nunber EPD ratings has been
di scussed and an expl anation of the EPA proposed NRR val ues
are presented. The NRR incorporates a 2 standard deviation
(20) correction and a 3dB spectral safety factor. These corre-
- ctions are intended to insure protection for 98% of the popu-
| ation who "correctly” wear the SPDin 98%of the environments
where the devices will be used .Correctly” have neans, wear
the EPD in the same manner as did the subjects who were used to

generate the test results.

In Table 1, the NRRs for the four EPDs that have been di s-
cussed nanely V-51R,  Swedi sh wool, Earnmuff, Foam Insert are

presented. These NRRs were cal cul ated using the nanufacturers
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| aboratory data as well as the NAL data. It has been noted
that for two devices the NRR based on the NAL data is 1

This sinply says that if we wsh to examne the | east possible
protection we are likely to find (i.e. only 2%of the popu-
lation will receive less protection than this) that the over-

all protection provided by these two devices is virtually zero.

It may be that wth RWor estinmated RWdata, a20 correction
Is too severe and that we should examne a 1 correction (84%
protection, i.e. 16%w Il get less than this nunber). These
val ues are also shown in Table 1. (In fact, the single nunber
rating listed in the NAL report is the SLC, which is very
simlar in concept to the NRR, except that it uses a 1 corre-
ction and | acks a spectral safety factor). Even these nore
"optimstic" values denonstrate that certain insert protectors
may be suitable for noise exposures only slightly greater
than 90 dBA, a supposition substantiated by the Royster study

cited above.

CONCLUSI ONS:

There appears to be a | ess than adequate correl ati on bet -
ween nmanufacturer's (laboratory) attenuation data and the RW
performance of EPDs. Suitably designed | aboratory tests, such
as the work perforned by the NAL, can provide reasonabl e esti na-
tes of RWperformance conpari son between NAL data and in-field
data fromthree authors substantiates this fact. This is an

| nportant point, because it suggests that existing EPD test
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met hodol ogi es, such as FINSI 53.19 1974 can be
effectively utilized with only sinple nodifications
regardi ng subject selection, training, fitting and LPD

preparati ons procedures.

The NAL and in-field data suggest, for exanple,
that the E-A-R foam earplug should be nore effective in
use than other insert hearing protectors. This was
confirmed independently by an in—+ield TTS study which
found that E-A-R plugs perforned significantly better
than V-SIR and 3—¥lange inserts in a 95 dBA noi se

envi ronnment.

Finally, if a single nunber rating is to be used with
RWtype data, such as the NAL data, perhaps a 1 insetead
of a 2 correction is nore appropriate. This suggestion
is reasonabl e, since an attenpted 98%protection criterion
may be leasible if unrealistically high |aboratory data
are utilized, but is certainly extrene if RWestimted

data are devel oped and used for NRR cal cul ati ons.
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TABLE 1
NRR VALUES BASED ON MAN UFACTUFIEFIS' LABORATORY
DATA AND NAL DATA .
HEARING PROTECTOR ~ NRRJg NRR L NRR 1,

V-51R 18 0 9
Swedish Wool 16 1 6
Earmuff 25 6 13

Foam Insert 29
(E-A-R Plug) g 1

*NRR based on manufacturers’ laboratory data with 2¢ correction,

e

"*NRR based on NAL data with 2 correclion,
***NRR based on NAL data with 1. correction.
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PROTECTI ON  FROM | NFRASONI C AND ULTRASOM C
NO SE EXPOSURE

When noi se is assessed for its hazardous and for annoying
effects attention is normally limted to frequencies within
the range of audibility. However, there are situations that
arise in which acoustical energy outside the nom nal audible
range may becone inportant. |If at those tines the use of
heari ng protection devices is required, hearing conservationists
are at a di sadvantage since EPD attenuati on measurenents
conducted in acordance with standardi zed net hods are nornmal |y
limted to the frequency range of 125Hz-—8KHz. So here a small
attenpt is made to address the problemby not only providing
ext ended- frequency attenuation data for a representative sanple
of devices, but by also briefly discussing suggested limts
for exposure to very low and very high frequency acousti cal

ener gy.

DEFI NI TI ONS:

Al t hough the range of audible frequencies is classically
defined as extending from20Hz to 20KHz, sounds of sufficient
intensity can be aurally detected at both |ower and hi gher
frequenci es. Acoustical energy falling outside the "audible"
range is designated as either infresonic (below approximately

20Hz) or ultrasonic (above approximately 16-20KHz).

| nfrasound can be generated by both natural and man- made

events. Exanples of the former are thunder, volcanic activity,

... 123




- 123 -

wi nds, large waterfalls and the inpact of ocean waves,

whereas exanples of the latter are high-powered aircraft

and rocket propul sion systens, explosions, sonic boons,

bri dge vibration, ships, and air beating and cool i ng equi p-
ment. Airborne ultrasound can be generated by a w de

variety of industrial processes, including cleaning, drilling,
wel di ng plastics, mxing, and enulsification. Infra-and-uitr-
asoni ¢ acoustical energy do not usually occur in the audible

range due to the nature of the processes by which such sounds

are gener at ed.

EXPOSURE LI M TS:

Currently, there are no U.S. or international standards
defining permssible exposure limts to infrasound. However,
von G erke and N xon present an excellent review of the topic
area. Since they found that "infrasound, which is not sub-
jectively perceived in sonme way, has no effect on perfornmance,
confort, or general well-being”, they devel oped proposed
l[imts with respect to the safety and preservation of the
auditory system Their 8-hour. Exposure limts range from
136 dB at a low frequency of 1Hz to 12d dB at the upper end
of the infrassonic range (20 HZ). The limts may be approxi-
mately adjusted for shorter or |onger duration expsoures using
a 3-dB exchange rate, i.e., if the duration is halved, the

| evel may be increased by 3dB, and vice versa.

Exposure limts to airborne ultrasound have been recomm

ended by a nunber of national and international organizations.
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The avail abl e data and the exposure criteria have been
reviewed and sumari zed by Acton. The criteria are simlar,
typically limting exposures to 110 dB SPL for the frequen-
cies at and above 20KHz, which has been trnslated to a 1/3
actave band criterion of 110 dBSPL for the bands at and
above 25 KHZ, and 75 dB SPL for the 20-KHZ 1/3 octave band.

The criteria for the high audio frequencies (upto
approximately 18 KHZ) are based upon subjective and psycho-
| ogical rather than auditory effects-an unpl easant sensation
of fullness or pressure in the ears, headaches, in-head
| ocal i zation, and possibly nausea and fati gue-since they
are the nore sensitive indicators of potential harmin that
range. Above 18KHZ the limts are intended to avoid poten-
tial hearing loss in the audio frequency region that could
result fromthe generation of |ower frequency aural distortion
phenonmena result fromnonlinear processes. Thus it is ques-
ti onal bl e whether ultrasonic exposure criteria are anenable
to adjustnment via an exchange rel ationship such as the 3-dB

rul e, although sonme groups have nade such proposals.

EPD ATTENUATI ON AT LON AUDI O AND | NFRASONI C FREQUENCI ES:

In the frequency range bel ow 50HZ avail abl e attenuation
data appear to be limted to only one study. The authors
utilized both subjective (real-ear attenuation at threshold,
35-500 Hz) and physical (Mcrophone in earnuff, 1-500 Hz)

nmeasur ement met hods. Representative data are shown in Fig.l
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They indicate generally constant attenuation from 30 Hz to
100 Hz, with very limted protection or even anplification
for the infrasonic frequencies. The data confirnmed subjective

i npressions al so reported by the authors.

No neasurenents were conducted on insert-type protectors,
but subjective reports that were cited. Suggested that a
tightly seal ed eanal ug could provide appreciable attenuation,
as woul d al so have been predicted based upon early thoretical

st udi es.

Al t hough nost test standards do not require testing bel ow
125 Hz, many authors have reported data in the 50-125 Hz range.
Data fromour |aboratory are depleted in Fig. 2,3 and 4 for
insert, sem-aural, and circumaural EPDs. The results, exten-
ding down to the 80-Hz 1/3 actave band nay be conpared to the
standard test frequency results which are also shown. All of
t hese data, mneasured in conformance with ASA STD 1, indicate

that the 80-and 125-Hz values are substantially simlar.

EPD ATTENUATI ON AT HI GH AUDI O AND ULTRASONI C FREQUENCI ES:

At the upper end of the audio range hearing sensitivity
decreased at the rate of approxinmately 100 dB/octave, conpared
to 10-20 dB/octave (as frequency decreases) for |ow audio and
infrasonic frequencies. This fact, conbined with the relatively
good i nherent attenuation of SPDs at high frequencies, nakes
generation of ultrasonic acoustical stimuli at at levels suffi-

cient to be detected! by hearing protected test subjects very
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difficult. As of this witing there do not appear to be
any studies reporting EPD performance at ultrasonic freque-

ncies and only two that even di scuss the range above 8 KHz.

Representative published data conbined with recent results
fromlaboratory are platted in Fig. 2-4, EPDs were fitted by
t he subjects under experinmenter supervision. The fitting
of the vinyl foam earplug was an exception in that it was
tested with two distinctly different experinenter insertions;
partial (about 15-120%in thea ear canal) and standard (typica

| aboratory fit with 50-60%in the canal).

The data extend upto the 16-KMz 1/3 octave band, which
i ncludes energy to 17.8KHz. The bold line at the bottom of
the graphs represents an estimate of the bone conduction (BO

limts to EPD attenuation

Except for the 3-flange earplug, standard-insertion
foam plug, and sem aural data, the 8-KHz attenuation appro-
ximtes that at 12.5 and 16KHz. For the two earpl ug nmentioned,
the hi ghest frequency test are 8-9 dB less than at 8-KHz. This
is probably attributable to the nearness with which the atten-
uation of those plugs approaches the BC limts which exhibit

t he same apparent behaviour in that test range.

Berger al so evaluated an earplug plus earnuff comnbination
and found that in the frequency range from 2-16KHz the neasured

performance was essentially equal to the BC limts.
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CONCLUSI ONS:

EPD attenuation at |ow audio frequencies (down to 50Hz)
cam be estimated to an accuracy of approxi mately 5dB by anuani ng
it is equal to 125-Hz data. At high audio frequencies(upto
17.8KHz) all EPDs tested were very effective, providing atleast
32 dB noi se reduction. Thus, at those frequencies, exact esti—

mati on of attenuation becomes sonewhat academ c.

At infransonic frequencies earnuffs provide little or no
protection and may even anpily sound, whereas properly fitted
i nperforate earplugs should provide appreciable protection. No
ul trasonic EPD attenuation data are available, but it would
be resonable to asune that the general behavi or observed
in the high audio range should prevail & frequencies up

t hrough 32KHz.
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EAR | NJECTI ON AND THE USE OF HEARI NG PROTECTI ON:

Docunent ed i nstances in which hearing protection devices
have been shown to create avral hygi ence problemor are the
causative agent for injections of the ear canal are rarely
described in the literature. Nevertheless, it is not unconmon
for hearing conservationists to express concern regarding the
potential for EPDs to cause ear injection, particularly in the
case of earplugs. This apprehension probably arises as nuch
fromm sinformation, as from observation of the fact that the
ear canal, is an ideal culture environnment warm noist and darKk.
Now | et us address such concerns by exam ning ear canal anotony,
di scussing the etial ogy and preval ence of external ear injection,
and providing recomendations to mnimze potential problens
that can arisew thinoccupational hearing conservation prograns

( HCPs) .

BASI C ANATOW:

The external ear consists of the auride (pinna), the
external auditory neatus (ear cabal) and the tynpanic nenbrane
(ear drum) as illustrated in Figure 1. The pinnais a cartil a-
gi naous shel |l —shaped structure attached to the skull by nuscles
and |iganments which ae covered by skin. The ear canal is a
generally eliptical S-shaped tube, approximtely 25m{linc) | ong,
wth an average dianeter of 8mmat its entrance. It is directed
i nwards, upwards, and slightly for words. The eardrum which
term nates the ear canal, forns an airtight and waterti ght

barrier separating the mddle ear fromthe external ear.

The auter half of the ear canal is cartiliginous, wth
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an epithelial layer(skin) possessing nunerous hair follicles
and associ ated cerum nous and sebaceous gl ands. By contrast,
the inner or nmedial half of the canal is asseous(bony), wth
skin that is only about 1/5 as thick(0.2mm and hearly devoid
of hair follicles and glands. The differences between the auter
and inner portions of the ear canal in terns of pore structure
and hairiness are simlar to those found between the back of

the hand ad the palm

The secretions of the cerum nous and sebaceous gl ands,
together with dead epithelial cells which are regularly cast
of f and repl aced, conbrine to formcerunen (ear wax), a water
repel |l ent substance that coats and inpregnates the skin of
the ear canal. This coating is one of the nobst inportant
protective mechanisns of the ear. It acts as a nechani cal
brai ner which shields the skin fromexposure to excessive
noi sture, and its acidity provides an antibacterial "acid
cl oak” that inhibits the devel opnent of many of the bacteria

responsi bl e for ear canal injections.

Since the skin that lines the inner portion of the canal
ia continuous with the external |ayer of the eardrum the ear
canal can be taught of as a skin-lined tube. This "lining
m grates outwards fromthe center of the eardrumtowards the
entrance of the ear cabal at rate of about 1.5nmm nonth.

Skin mgration, conmbined with jaw novenent, are additional self
protective features of the ear in that they tend to keep the

canal clear of excess cerunen and ot her debris.
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VWHAT IS AN EXTERNAL EAR | NJECTI ON?

The nedical term that describes an inflanmatory condition
of any portion of the skin of the ear canal is otitis externa.
Thi s need not necessarily be an injectious process, i.e. one
i nvol ving an vasion of the body by m croorganisnms. The infla-
mmati on may be caused by mechani cal neans(scratching) or che-
m cal (caustic or allergic) substances, or by biolcgic(bacterial
and fungal) agents. Once he skin has bean abroded or inflaned
it is easier for mcroorganisns to beconme inplanted in the
follicles and glands of the ear canal and for an injection to
devel op. Since the hair follicles and gl ands are al nost excl u-
sively found in the outer third of the ear canal, injections

are also primarily limted to that region.

It is inmportant to distinguish soreness or irritation
fromthe above conditions. For exanple, irritation may devel op
when a new user begins wearing EPDs for extended periods of tine
(for this reason nes users should gradually increase their wea-
ring time over a period of a cauple of we<=?ks). This type of
irritation is simlar to the disconfort many peopl e experience
on the bridge of the nose when they intially begin wearing
gl asses. The irritation will sub-side w thout treatnment when
either the irritant is renoved, or the skin has adopted to
its presence. |In contrast, the resolution of ear canal injec-

tion generally requires nedical treatnent.

SI GNS AND SYMPTOMS OF OTI TI' S EXTERNA:

observabl e signs of otitis externa includes swelling and

reddenni ng of the ear canal, a greenish-tinted discharge, and
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sonmetimes a foul adour to the ear. Synptons include itching,
pai n, tenderness upon mani pul ation of the pinna, a feeling of
"fulness to the ear” and hearing loss in those cases in which
the swelling and/or discharge is serve enough to have fully,
obstructed the ear canal. However, etitis externa may often
be present in the absence of one or nore of these signs and

synpt ons.

THE ETI OLOGY OF OTI TI S. EXTERNA: -

The incidence of otitis externa in the general popul ation
is related to environnental or seasonal conditions, being nore
preval ent whan tenperature and hum dity are el evated and/or when
recreational water. Sports are conmmon. It has been hypat he-
sized that prol onged exposure to water renoves the protective
cerum nous |ayer, allowng the skin to soften and absorb nois-
ture. This leads to swelling and obstruction of the sebaceou
and cerum nous gl ands, thus preventing replacenent of the
cerunmen. ltching results, which may give rise to scratching

and nore itching, and the situation worsens.

Anot her common cause of etitis externa is excessive
cl eansing and scratching digging at the ear canal. This not
only renoves the protective carum nous |ayer and creates itching,
vut may result in trauma or abrasion which further breaches
the skin's protective barriers. In tw separate studies of
patients with otitis externa it was found that from63-87%re-
ported cleaning their ear canals with cotton swabs, matches,

fingernails or he Iike.

When the surface barriers to mcrobial penetration are
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renoved. Organisns that are normally found in the ear(such
as staphyl ococcus epiderm s) as well as external pathogenic
bacteria(such as pseudononas aerugi nosa and staphyl ococcus
aureus) and to a |l esser extent fungi-are able to penetrate
and thrive in the arifices of the epithelial glands. The
i nfl ammati on then becones nore ax severe and the injection

progress.

Ot her predisposing factors for otitis externa include allergs
to chemi cals or hair dyes and sprays, dermatitis, chronic draining
m ddl e ear injections, excessive cerunen(which can trap water
in the canal), and system c conditions which |ower the body's
resi stance, such as anemi a, vitam n deficincies, diabetes, and
endocrine disorders. Waring ear plug has al so been suggested
as a possible predisposing factor, since, their use can increase
the tenperature and hum dity in the canal, create the potential
for skin abrasion or local trauma, renove cerunen, and provide
a verticla for the introduction of organisnms into the canal.

In one study of 139 patients with otitis externa, 9%were

found to have been wearing hearing x aids. However, as discu-
ssed bel ow, avail abl e epidenoil ogical studies do not generally
substanti ate concern regarding the potential for earplugs to
increase the likelihood of devel oping an external ear injection.

PREVALENCE- ANECDOTAL EVI DENCE: -

As early as 1956, expert opinion syggested that "cases
of external otitis resulting directly fromwearing ear protectors
are exceedingly rare provided the material in the ear protector

is an inert non-tocic substance. Those few cases reported are
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nore often due to failure to keep the ear protectors rea-
sonably clean. The author's cited as evidence reports from
the medical directors of three different major aircfft

manuf acturers. They al so pointed out there were overll.
mllion hearing aid wearers who were using their aids for
periods of 12 to 16 hours per day, and anpng that group as

wel |, external was quite rare.

Even today when one reviews the literature or interviews
heari ng conservation authorities to gather data on the pre-
val ence of external in occupational HCPs, one is struck
with the dearth of factual information. Anecdotal conments
abound, but controlled studies are "conspcious by their
absence". By inplication the problemis neither significant
nor wi de spread, otherwise it would have drawn greater atten-
tion and research interest. This qualitative assensnment of
the situation was recently reinforced by audiologits from
t he workers' conpersation board of British, Colunbia, Were
audi ometric records for over 60,000 noise, exposed workers in
t hat province have been reviewed annually for the past five
years. Although they had consi dered conducting a study on
the incidence of otitis external, the plans were never inple-
nmented due to the lack of feedback from enpl oyees and enpl oyees

ali ke that any such probl ens existed.

PREVALENCE- THE AVAI LABLE DATA

Table 1 summarize the date that provide a nunerical
estimate of the prevalence of otitis externa. Data on "exce-
ssive" cerunen are also |isted, when avail able, although

the definition of excessive is often unclear and varies with
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preval ence since all of the otoscopi c exans were conducted by
one or nore physicians using both pneunatic and m croscopic
ot oscopy. The report contains coments, by subject, for all
otol ogi cal abnormalities that were abserved. Unfortunately,

data on EPD utilization are not provided.

Forshow and cruchely reported on a study of sixty |ong-
range patrol-aircraft crew nmenbers who were randomy divided
Into three groups, one wearing prenoded ear, plugs, the second
usi ng foam ear pl ugs washed after each use, and the third using
f oam ear pl ugs washed only once per week. The study |asted
ei ght weeks and included exam nations by a nedi cal officer
as well as skin scrapings for bacterial culture and fungal
exam nations. The results indicated no fungal injections or
clinically significant bacterial injections, and no differences

In positive bacterial cultures across the three groups of users.

Foltner reported data fromtwo investigations. Unfortu-
nately in the larger of the two studies in which otoscipy was
conduct ed by audi onetri c technici ans(68, 647 subj ects), "ear
di sease, perforation, and occlusive wax", were grouped toge-
ther. Since the other data in table 1 indicate a higher preva-
| ence of excessive was than of or disease, it is likely that
her 6%figure which is cited in the Table is dom nated by that
factor. This is substantiated by her other study(101 subjects)
I N whi ch one audi ol ogi st conducted all of the otosclpic exam -
nations and individually reported the data 2%otitis externa

and 9% excessi ve("occl usi ve") cerupen.

Royster and Royster conducted a uni que study in which

they interviewed EPD fitters and issuers, or in some cases
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HCP admnistrators, at 3 218 sites across the continental U S
i ntervi enees were asked to "describe any type of problens you
have observed with the wearing of hearing protection by your
enpl oyees" They were then aked for estinmates of the frequency
of occurrence of the problens they specified and whet her they
attributed themto the use of EPDs No effort was nade to
specifically elicit comments regarding canal irritation or
otitis externa, and |ikew se due to the nature of the study it
was not possible to verify the occuracy of the assertations or

perceptions of those who were interviwed.

At 51 of the 218 sites surveyed by the Roysters, externa
otitis was nmentioned as a problemfor the warers of insert EPDs,
but at only 38 of those sites was the interviewe able to pro-
vide an estimate of the nunber of accurrences. It was from
t hose 38 dstimates based on espence with over 24,000 enpl oyees
that they conputed an annual prevalence rate of 2.5%It is
also inportant to note that of the 51 interviewees nentioning
otitis externa as a problem 28 (55% did not attribute its
i ndi dence to the use of EPDs.

The nost recently reported data are fromcooper, who
studi ed 587 enpl oyees at five m dwestemindustrial fecilities.
Q oscopy was conducted by audi onmetric technicians. Information
on EPD usage and nedi cal histories were recorded. Subjects
reporting infrequent BPD use and those to wore hearing aids were
excluded. The subjects were divided into prenol ded earpl ug
users, foamearplug users, and those no didn't wear EPDs. The
preval ence of otitis externa was |ess that 0.3%across al groups,

with no satistically significant differences anong the groups.
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Qoper also reported data on the presence of cerunen.
She defined a partial bl ockage as a 50E or greater abstraction.
and a total blockage as 100% The preval ence of parti al
bl ockage did not vary significantly across groups. It ave-
raged about 5% The only satistic that varied significantly
accross groups was that of total cerumen bl ockage, which was
that reported as 7. 4%, 2. 0% and 6. 0%f or the prenol ded users,
foamusers, and honusers respectively. The author suggested
that foamthe fact that they are inserted into the ear canal
In a conpressed state, can actually penetrate and achere to

excessive wax to facilitate its partial renoval.

RECOMMENDATI ONS:

Prior to insuring EPDs the fitter should visually exam ne
the extenal ear to identify any nedi cal or anatnoical conditions
which mght interfere with or be aggravated by the use of the
protector in question. |f such conditions are present, EPDs
shoul d not be warn until nedical consultation and/or corrective
treatment can be obtai ned, or the suspected condition has been
shown not to sonstitute a problem Areas of concern include
externe tenderness, vedness or inflammation (E gher in or around
the ears), sores, discharge, congenital or surgical ear nalfor-
mations, and additionally in the case of erplugs, canal obstru-
ctions and/of inpacted or excessive cerunen. The latter condi -
tion. However, is difficult to judge since few data are avai -
| abl e on the effects of earplugs on the formation, buil dup,

and possi bl e inpaction of wax.

As with all clothing and equi pment that comes in repeated

and intimate contact with be body and thework environnent.
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t he cl eanliness of EPDs nust be considered. EPDs should be
cl eaned regularly in accordance wi th manufacturers, instruc-
tions and extra care is warranted in environments in which
handl e potentially irritating substances. Normally, warm
war mwat er and soap are recommended as cl eansi ng agents.

Sol vents and di si nfectands should generally be avoi ded.

Ear plugs should be washed in their entirety and all -
owed to dry thoroughly before reuse or storage in their
carrying contai ners. Ear nuff cushi ons shoul d be peri od-
ically wi ped or washed clean. Their foamliners can al so
be renoved for washing but nust be replaced since they
do affect attenuation. Ear plugs and earnuff cushions
shoul d be di scarded when they cannot be adequately cl ean-

ed or no longer retain their original appearance or resi-

[iency.

Stressing hygi ene beyond practical |imts, however,
can conprom se the credibility of the EPD issuer/fitter
It is often difficult enough to get enpl oyees to replace
or repair worn out EPDs, 1 et alone clean themroutinely.
And in spite of this, the epidem ol ogical data previously
di scussed give no indication that the use of EPDs signi-

ficantly increases the preval ence of External ear disease.

If an ear irritation or infection is reported the
exact extent snd etiology of the problem should be invest-
igated first and by nedically trained personnel to determ ne

whet her the causative agent is an EPD or one of the other
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predi sosing factor cited above. Wen EPDs are inplicated,
a common cause has been found to be earplugs or even
earnmuffs that are contam nated with caustic or irritating
subst ances, or sharp or abrasive matter. |f such conta-
mnation is likely or unavodabal e, and repeated, insertion
and renoval are required during a work- shift, formable
earplugs that are mani pul ated by the user prior to inser-

tion may not be the best choi se.

In one reported case of earplug contam nation, nore
careful hygi ene practices, conbined with the use of corded
plugs to allow renmoval w thout touching the protector,
elimnated the problem In another situation, in which
underground miners in a warm and hum d environnment were
experiencing otitis externa, switching froma prenol ded

vinyl plug to a foam plug decreased the incidence.

Canal irritations can also arise due to the use of
m ssi zed or inappropriate EPDs, om ssion of a "break - in

peri od for new users, or the use of worn out EPDs whose
once resilient parts are no |onger soft and flexible.
For exanple, one reported cause of ear irritation has
been the continued wearing of V - 51R (Prenol ded PVC)
ear pl ugs beyond their useful life, i.e., after they have
har dened from exposure to cerunmen and sweat. In rare

i nstances individuals may devel op circumaural or canal
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inflammation as a result of allergic reactions to the
materials fromwhich earnuff cushions or earplugs are com
posed rectification of the above problens involves resizing
or issuing alternative EPDs, retraining of users, and

periodi c replacenent of worn out devices.

I f incidences of external ear problens are detected,
it is inportant to determne if they are limted to a
particul ar departnent or operation, to one or nore brands
or types of EPDs, to a change in the EPDs being utilized,
to a particular tinme of year, or if they are perhaps
due to sone other policies or procedures that nmay have been
nodi fied wthin the work environment. This wll allow
a reasoned approach and help to avoid an overreaction which
coul d conprom se the HCP, w thout necessarily resolving

t he problem at hand.

Cl osi ng Remar ks

Exam nati on of the physiology of the typical healthy
ear canal suggests that its natural defence nmechani sns
render it exceedingly resistent to infection. This obser-
vation is substantiated by the avail abl e anecdotal and
epi dem ol ogi cal data on the preval ence of otitis externa
anong both users and non—dsers of EPDs. For both groups

preval ence was found to be approximately 2% Al t hough
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hearing protection devices should not be worn in the
presence of sone preexisting ear canal pathol ogi es,

and care nust be exercised regarding sel ection and use
under certain environnmental conditions, regular wearing
of EPDs does not nornally increase the |ikelihood of

contracting otitis externa.
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CAN HEARI NG Al DS

PROVI DE HEARI NG PROTECTI ON?

When enpl oyees who wear hearing aids work in noise,

they may request to wear their aids, turned off, in lieu

of standard industrial hearing protection devices. This
may be due to confort (Since they are accustoned to their
customhearing - aid earnmold). or convenience (since their
hearing aids are available for use when needed), or reduced
attenuation (which may hel p them hear better under certain
conditions), or because they may wi sh to occasionally use
their aids in the noise. The latter is unconmon since it
is generally observed that present day hearing aids are of

little value in noisy environnments.

The question is : can an earnold that is part of a
hearing —aid system provi de adequate hearing protection?
|f so, the wearer could quickly and easily turn on and use
the aid when needed, and yet turn off the aid and continue

wearing it to obtain noise reduction as required.

A study which exam nes the feasibility of such an approach

is as foll ows.

Six different types of earnolds were evaluated. Three
consisted of a standard lucite shell customearnold with a

vent which was either fitted with a plastic plug containing
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a 0.030"or 0.150" dianeter hole, or with one containing no
hole at all (unvented). The remnaining devices, all of which
were unvented, were a full —size in - the ear aid (ITE),

an earnol d nanufactured froma soft elastoneric materi al
commonl y used for high - gain hearing aids (Power nold),

and a standard 3 - A- R plug center bored with a 0.108"
dianmeter hole and fitted with #13 hearing aid tubing. The
lucite, power, and foam- plug earnol ds were connected

to a behind - the ear aid (BTE) that was fitted with a

battery and turned off.

The Procedure

e group of 10 subjects participated in all measurenents
ne audi ol ogi st using a syringe and foamear dans took all
of the earnold inpressions. Real —ear attenuati on was ass-
essed by the E- A- R division Acoustical Laboratory in

conformance with ANSI S 12. 6, except as noted bel ow.

To mnimze the nunber of nolds that were nmanuf act ured
only right ears were tested. The non —k test (left) ear
was occluded with a deeply inserted E —A —R pl ug covered
by a large volune earmuff cup. This procedure was assumned
acceptabl e since the dual —EPD conbi nation provi ded at
| east 6 dB nore attenuation at all frequencies than did any

of the earnolds in the study.
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In certain ear canals tenporomandi bular - joint notion
may cause customear - nolds to inperceptibly back out of
t he canal, breaking their seal, and thus |osing nuch of
their attenuation. Therefore, to provide nore realistic
data, all subjects exercised their jaws after fitting and

prior to actual testing.

The Results

The real - ear attenuation values (Fig 1) can be
separated into three categories - vented earnolds, which
provi de | ess than 20 dB of protection below 2 KHz.
unvent ed earnol ds, which provide approximtely 20 dB or
nore protection at all frequencies; and the foam "Earnol d"
whi ch provides approximately 30 dB or nore protection at

all frequenci es.

The foamearnold is conpared with an unnodified foam
earplug in figure 2. The loss of attenuation due to the
penetration by the tube is from2 to 4 dB at all test
frequencies. A likely cause is sound conduction into the
BTE aid or through the walls of the connective tubing,
wi th subsequent transm ssion into the occluded ear via

the orifice in the earplug.

In figure 3 the average results for the three unvented
earnold t pes in this study are conpared to data from our

| aboratory for a standard high - quality custom earnold
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desi gnad specifically for hearing protection. The

performance is simlar as woul d be expect ed.

Al so shown in figure 3 are the average data for a
group of six different types of custom earnolds (half
were lucite and half were viny flere) that were
fabricated and tested by Frank. The average results
are shown since the range of nmean attenuation val ues
accross all six devices was never greater than 8 dB
at any one frequency and was typically less than 6 dB
Al though all of the earnolds in Frank's study were
unvented, the neasured attenuation is nuch closed to

that found for the vented earnolds tested in this study.

Since earnold attenuation is so strongly influenced
by the tightness and accuracy of the initial ear canal
inmpression, it is likely that the |ower values of atten-
uation reported by Frank reflect different procedures
and criteria for earnold fabrication. He suggested
that the primary reason for the reduced attenuation
"was Belated to sound passing through | eaks around the
traditional earnolds”. Thus, depending upon the
i npression and fabrication procedures, even unvented

earnolds may fail to provide adequate noise attenuation.

The data in this report indicate that for the

typi cal vented earnold, and even unvented earnol ds
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dependi ng upon how they were fabricated, attenuation is
insufficent for all but the nost margi nal occupati onal
exposures. However for a tightly fitted unvented ear -
nol d or when foam earplugs are used as hearing aid
earnol ds, protection equivalent to standard comrercially
avai |l abl e earplug is achievable. |If possible, it is
best to validate the |evel of protection by asking the
audi onetry, i.e., neasuring the difference between the

i ndi vidual's unaded, unoccluded thresholds and the

occl uded t hr eshol ds with t he aid t ur ned of f.

Rel at ed | ssues

Regardl ess of the anmount of attenuation that is pro-
vided by the hearing aid ear nold, the aid itself, which
usual ly supplies from20 to 50 dB of naxi num gain, can
potentially cause additional noise induced hearing |oss
when used in the presence of sustained high —Ievel noise.
Al t hough no definitive answers are avail able, a prudent
recomrendation is that enployees should never operate
their aids without the addition of an earnuff when the
sbund | evel s exceed 80 dBA. \Whenever hearing aids are
worn in noise, careful enployee orientation is necessary,
and nore frequent audionmetric nonitoring (tw ce annually)
is adviced untill the stability of the individual's

hearing threshold Levels can be varifl ed.
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When a hearing aid user is required to renove his
or her aid and wear a hearing protector, speech nmessages
and sone warning signls my be attenuated bel ow the
hearing treshold. This effect nay be m nimzed by
providing a |low attenuation EPD, one with the m ni num
attenuation necessary for the exposures in question.

I ndi vi dual couselling is required as well as eval uation
of the suitability of the person for the job. For
exanple, in the Air Force imninmmhearing sensitivity

is specified for certain noise haxardous occupati ons.

Alternative strategis, but ones that should only
be considered with caution, involve the use of hearing
aids (Primarily ITE versions) worn under earnuffs.
Presuming the earnmuff is in good condition and properly
worn, in certain cases the aid nmay be adjusted (for
reduced gain) to partially conpensate for the predomntly
hi gh frequency hearing deficit arising fromthe conbi na-
tion of sensory loss and earnuff attenuation. The aid
may al so be used under the earnmuff. in a honoperational
node, but if the earnold is well fit and has mnim
enting, the conbined attenuation fromthe two devices
can be great enough to ren er the already hearing -

i mpai red individuals unable to hear the sounds about them

What ever decision is nmade concerning the suitability

. 148



- 148-

of the earnold for use as a hearing protector* the
hearing - inpaired individual should be protected.
Exceptions may include and individual with a hearing
| o0ss so severe that the noise is inaudible, or persons
with a conductive |oss that exceeds in magnitude the

attenuation th t a ear protector could provide.

Deci sions regarding the disposition of hearing -
aid users and others with substantial hearing inpaired
ments are not clearcut. Even with individual counse-
Iing, conprehensive audi ol ogi cal wor kups, and expect
consultation, ideal solutions are elusive. Devel op-
ment of an inforned consensus on suitable strategies

for protecting the already hearing inpaired awaits

further |aboratory and field research, as well as frank

and open scientific exchange.
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RESPONSES TO QUESTI ONS AND COVPLAI NTS
REGARDI NG HEARI NG AND HEARI NG PROTECTI ON

Program adm ni strators of a Hearing conservation program
must sincerely and accurately deal with questions and conp-
laints regarding the utilitization of hearing protection devices
and the purpose of the hearing conservation program so here
we can ook on to the summary of the nore conmon areas of
concern that are expressed by supervisors and enpl oyees, and

information that can provide the basis for appropriate responses.

COVPLAI NT:
Ear protectors are confortable.

RESPONSE

EPDs are often unconfortable initially, but hearing |oss
due to noi se exposure is unconfortable permanently, I|ike a new
pair of shoes or gl asses, ear protectors do require a reasonable
period of adjustnent. Since not all ear protectors adapt
equally well to all head shapes and ear canals, it is inportant
to give the enployee the final choise in what he or she wll
wear. |If after a couple of weeks of daily use the enpl oyee
is still experiencing difficulties or disconfort, the protector
shoul d be resized and/or refitted, or another ear protector

shoul d be i ssued.

EXCUSE: I don't need ear protector. | amused to the noise.

RESPONSE: Ears do not get used to noise they "get deal" (and
unfortunately a deagened ear nmay often seemto get used to

the noi se). Repeated exposure to noise does not toughen ears
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nor does having an existing noise induced hearing |ass

prevent you fromlosing the hearing you have |eft. Although
i ndi vidual susceptibility to hearing |oss from noi se exposure
varies wdely, there are currently no standardi zed tests that

can defect the nore noise sensitive nmenbers of the popul ation.

QUESTI ON:

|'ve already |ost sone or nost of ny hearing? why shoul d

| have to wear ear protectors.

RESPONSE: The exi stence of a noise induced hearing |oss does
not protect one fromlosing further hearing due to noise expo-
sure. Fig. 1, illustrates the typical progressive nature of

noi se induced hearing loss. Initially the hearing is danmaged
in the higher frequencies and as the unprotected exposures
continue, this damage spreads to the |ower frequencies, even-
tually affecting those essential to the understanding of speech
(500 Hz to approxi mately 3000 Hz). Although EPDs cannot restore
a noi se induced hearing loss, which by its nature is permanent
and irreversible, they should prevent additional |osses from
being incurred. Furthernore, proper use of EPDs will prevent
enpl oyees from devel oping a tenporary hearing |oss, and allow

exi sting tenporary | osses to recover before they beconme pernmanent

COVPLAI NT: | can't hear ny fellowwrkers if | wear ear

protectors.
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RESPONSE

When the ear is bonbarded with high | evel sound, it over-
| oads and distorts, reducing its ability to occuratly discri-
m nate di fferent sounds. Waring EPDs reduces the overal
sound |l evels so that the ear can operate nore efficiety. The
effect is simlar to the inproved vision that sungl asses provide

in very bright, high glare conditions.

For those with normal hearing, EPDs will usually provide
i mproved conmuni cati ons when sound | evels are greater than appro-
xi mately 85 dBA. For noderate to severely hearing inpaired
i ndividuals, the situation is nore conplicated? for them ear
protectors may not provide a conmunications benefit and actually
be a liability. But, if these individuals do not protect their
hearing, they may suffer additional inpairnent and then will
have even greater difficulty comuni cating regardl ess of noise

| evel .

COVPLAI NT: My machi ne sounds different to me when | wear ear

protectors.

RESPONSE:
True, machines will sound different, but for the reasons
outlined above, nost enployees will still be able to effectively

noni tor their operation once enpl oyees becone accustoned to
t he new sound of their nmachine, chances in its operation wll
usually be as easy to defect as without the EPD. Also, since

they won't be acquiring progressively increasing anounts of
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tenmporary hearing | oss throughout the day, enployees will be
able to hear their machines as well as the end of their shift

as when they started in the norning.
QUESTION: Do earnuffs black out noise better than earplugs?

RESPONSE: No. The misconception that earnmuffs are better than
earplugs at reducing noise is partly due to the "bigger is
better” school of thought. Actually, whether or not an earnuff
or an earplug is better is dependent upon the device and user

in question.

In figure, 2 the real-ear attenuation data for two nuffs
and two plugs are plotted. The data are all from one |aboratory.
Earplug A are anong the best commercially available EPDs this
facility has ever tested, whereas earplug B is a |ow attenuation
insert and ear nmuff B is a typical "popular" nodel W can notice
that the better earplug out performthe better earnuffs at al
frequenci es except 2.0KHz, where the earnuff offers approxi mately
a 8dB advantage. But both earnuffs outperform earplug B at all
frequenci es. Thus although sone earnuffs do outperform some
earplugs, it is not true to state that all earnuffs outperform

all earplugs.

It is inportant to renmenber that although the above dis-
cussion focused on attenuation, other factors such as confort
and the intended application significantly affect the choice

of a muff or a plug for a particular situation.
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QUESTI ON: Can earplugs cause ear infection?

RESPONSE: Based on the experience during the past decade, and

i nformati on gl eaned fromconsultation with experts in the field
of otology and audiol ogy, as well as prelimnary data from an
ongoi ng survey of U S industries, it appears that the I|ikelihood
of earplugs causing outer ear infections (otitis externa) is
mnimal. Although it would seem that placing a dirty or gritty
foreign object in the ear canal could easily lead to irritation
or infection, the data from existing HCPs seemto indicate that
the external ear is fairly resistant to such abuse. Neverthel ess
cl eanli ness should be strpssed and certain individuals such as
di abeties or others who are prone to infection should be nore

careful ly nonitored.

When an ear infection is reported, earplugs should not
necessarily be assigned the blane. Oher causative agents may
be excessive cleaning of the ear, recreational water sports,
habi tual scratching and digging at the ears with fingernails
or other objects, environnental contam nants, and systemc
condi tions such as anem a, vitamn deficiencies, endocrine
di sorders, and various fornms of dermatitis.

QUESTION:. Once | put on ny hegring protector, can | forget
about it until | take it off for ny break?

RESPONSE: No. Ear protectors nmay work | oose or be fostled out
of position and need readjustnent. Certain pre-nolded and

user nolded inserts are particularly prone to this problem and
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must be periodically reinserted or reseated properly fitted
custom ear nolds and user fornable foam earplugs are anong
t hose devices that are best at maintaining position through-

out the use period.

QUESTION:.  WII | hurt my ears if I blow nmy nose while

wearing an earpl ug?

RESPONSE: No. Since the earplug is inserted in the esterna

ear canal* which is separated fromthe m ddl e ear by a

menbrane (the ear drum), if will not affect the pressure changes
in the mddle ear which may arise due to bl owi ng of the nose
Sonetimes, if the eustachian tube, which vents the m ddl e ear

to the back of the throat, is blocked or otherw se, not func-
tioning properly, air or fluids can be forced into the m ddle
ear and cause disconfort or other problens. However, this wll

not be affected or aggravated by the use of ear plugs.

QUESTI ON:  Can hearing protectors cause head aches, nosebl eed,

ul cers, insomia, or eyestrain?

RESPONSE: Headaches nmay be caused by an EPD (Primarily circum
nural devices) that fits too fightly, or is in sonme other way
unconfortable. The EPD should be resized, refitted or another

devi ce issued.

There are no known medi cal or physiol ogi cal reasons why
EPDs shoul d be suspected of causing any of the renaining
mal adi es |isted above. However, when an enpl oyee voi ces such

conpalints, this indicates dissatifaction with the EPD he is
wearing, a m sunderstanding, of the need for its use, or a real
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heal th problem that has been m stakenly attributed to the use
of the EPD. The best response will be a patient and accurate

assessnent of the actual cause of the disorder.

QUESTION: Can | use stereo earphones for protection against

noi se and enjoy the nusic at the sane tinme?

RESPONSE: In figure 1 the attenuation of a circumaural radio
head set and al so of a nore popul ar set of |ight weight foam
supraural stereo earphones is plotted. The foam earphones

of fer al nost no protection. Even the circumautal device pro-
vides no nore than approximately 20dB of attenuation at high
frequencies, and actually significantly anplifies sounds at

sone frequencies. This protection is inferior to that of a well
desi gned, properly fitted EPD. Furthernore, these devices al one,

can generate equival ent noi se exposures upto approximately 100 dBA.

Since these devices offer so little attenuation, a greater
concern is that enployees mght turn UP the nusic to mask (i.e.,
"down out") the factory noise. Products are avail abl e which
have been specifically designed to offer adequate protection
and at the sanme tinme play nusic or transmt voice communications
Al t hough general |y expensive, such devices are suitable for use,
especi ally when they have built - in signal limting circuitry
so that they are not capable of presenting hazardous sounds to

t he ear.

EXCUSE: | don't need to worry about |osing ny hearing since |

can always get a hearing aid.
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RESPONSE: Al t hough eyegl asses can in nost cases correct

a vision problemto a nearly nornal condition, it is a

m sconception that hearing aids can do |ikew se for a

noi se induced hearing loss correctable vision problens

not the loss of the optic nerve cells, whereas noise

damage is due to destruction of the nerve (hair) cells in
the cochlea that enable us to hear. Hearing aids can restore
the ability to defect and discrimnate sounds to a certain
extent, but when insufficient hair cells are present to
receive the anplified sounds that the aid provides, the
results are not fully satisfactory and if wearing an EPD

8 hours/day is objectionable, will it be any nore acceptable

to wear a hearing aid for all of noa's waking hours?

QUESTION.  Isn't it inmportant to wear earnuffs rather than
ear pl ugs at high sound levels. Since,at such intensities
the sound transmts directly through the bones of the skul

and can bypass an earplug?

RESPONSE:  Sound transm ssion around as SPD vi a bone conduction
is present regardl ess of sound level and limts the maxi mum
attenuation that a perfect hearing protector can provide to
about 50 dB. It nay be conpared to keeping the light out of

a dark closet by shutting its colored glass door. Light

enters through the open doorway as does sound through the open
ear canal. Shutting the door is akin to putting on a EPD

with nore heavily tinted glass representing a better protector.
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Li ght passing through the key-hole is anal ogous to the
bone conducted sound. It will control the illum nation
of the closet if the glass door is very dark or opaque.
When the glass is less tinted or even clear, however, the

keyhole light is insignificant.

As the illum nation outside the closet increases, addi-
tional light enters the key-hole, but the ratio of the key-
hole light to the |ight passing through the door remains

const ant .

Simlarly, bone conduction is insignificant conpared to
normal air conduction unless the EPD s attenuation approaches
the 50 dB limtation inposed by bone vibration, a limtation
which is constant regardl ess of sound level. Thus, if a nuff
or a plug offers bone conduction Iimted protection at a
| ow sound | evels, the sanme will hold true at a high sound

| evel .

Since the areas of the skull arand the external ear
are only a small portion of the total bone conduction necha-
nism covering themw th an earnuff is of small significance,
perhaps 3-4dB in the 1-2 KHz region. Thus the relative
performance of plugs conpared to nuffs is not, in practice,
determ ned by the bone conduction paths but by factors inherent
in the design of the EPDs and their interface to the head.
In fact, a well designed insert such as a foam earplug, can
of fer attenuation conparable to or exeeding that of, earnuffs

at nost frequencies.
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QUESTI ON: Since ny entire head is affected by the sound
and can transmt energy to ny inner ear, does a hard hat,

whi ch cavers part of ny skull, reduce the bone conduction?

RESPONSE: I n order to block the sound and reduce the bone
vibration, it would be necessary to wear a conpletely rigid
helmet with a face plate that formal a virtual airtight

encl osure about the head. A hard hat, which covers only

part of the head and has many gaps through which the acousti -
cal energy can penetrate, is of little value in reducing the

ear's response to the bone conducted sound.

QUESTI ON: Are your ear protectors either ANSI or OSHA approved!

RESPONSE: ANSI does not approve ear protectors. The ANSI
standard 53.19-1974, describes how to nmeasure the attenuation
of EPDs. Testing a device by the nmethods of that standard

in no way confers any approval or attribules any particul ar
degree of quality to the device. It sinply characterizes the
| aboratory attenuation of the protector, however good or bad
that may be. In addition, no federal or state agencies or
other U. S standards writing organi zations (Table |) approve
or di sapprove of particular EPDs, although the EPA currently
required labelling of EPD packagi ng.

The only other agency with a hearing protection related
regul ation is OSHA, whose Hearing conservati on Arendnent

requires the EPDs that are used reduce an enpl oyee's 8 hour
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time wei ghted average noi se exposure to 90 dBA or | ess,
and in the case of enpl oyees denonstrating significant

threshold shifts, to 85dBA or | ess.

QUESTI ON:

Can | hurt nmy eardrumif | insert a plug too deeply or

renove it too quickly?

RESPONSE

The sensitivity of the adult ear canal to pressure or
pain increases significantly as the eardrum i s approached.
The di sconfort experienced due to touching these deeper por-
tions of the canal will alert the user to stop pushing on
the plug before the device reaches the eardrum Furt hernore,
the design of nobst inserts will prevent inserting themthe
| enght required (about 22m) to touch the eardrum A nore
likely problemis earware inpaction, which can result from
the insertion of earplugs, particularly of the pre—rol ded
variety. For this reason, the person fitting earplugs should
visual |y exam ne the ear canal upto the depth that the plug
will be inserted. Persons with chrom c earwax inpaction

probl enms shoul d consi der using semaural or circumaural EPDs.

For plugs that create an airtight seal, such as pre-nol ded
inserts, rapid renoval can be painful and potentially damagi ng
to the eardrum The plugs should be renoved with a slow
twisting notion to gradually break the seal as they are extract
fromthe ear with foam and fi brous plugs, which do not create

a pneunatic seal (and hence cause |ess of a bl ocked-up feeling)
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there is little possibility of generating a sudden |arge
pressure change upon rapdi renoval, and thus virtually no

I'i keli hood of danmaging or repturing the eardrum

QUESTION:. How can | tell when a noise may be harnful to

nmy ears?

RESPONSE: \When a noise is loud enough that we feel the

need to shout at a distance of 3 feet in order to comuni -
cate with a nornmal hearing person, the noise |levels are pro-
bably around 85 dBA or nore and may be hazardous to heari ng.
Addi tional information on using speech levels to judge noise
| evel s can be gleaned fromFig. 1, which dipicts the ability
to conduct fact-to-face conmunications as a function of the
A-wei ghted sound level. Fig. 1 is a rough guide that is

appl i cabl e for comrunication in non-reverberant conditions.

|f, after a noise exposure, hearing appears dulled as
t hough having a tenporary hearing |oss (tenporary threshold
shift or TTS, or hear a ringing or hissing noise in the
ears (tinnitus), this is an indication that the particul ar
exposure over stinulated hearing Repeated exposures over a
peri od of weeks, nmonths, or years, to noises which cause TTS
or tinnitus, may in tine lead to a noise induced hearing
| oss which is permanent and irreversible. So we should take
the hint before it's too late-if we can't avoid the noise

exposure we should wear ear protectors.
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COVPLAI NT:  Sar protectors make mnmy voice sound strange to
me and make me nore conscious of other body noi ses such as
breat hi ng and wal ki ng. They also make it difficult for ne

to judge how loudly to talk.

RESPONSE: This is generally true. A properly fitted SPD
creates an occlusion effect which results in an increase

in the ear's sensitivity to bone or tissue conducted sound.
This tends to anpligy internal body noises such as those
generated by one's own speech and breathing. The effect

is most pronounced for devices that cap the canal entrance,
such as sem - aural EPDs, although it is usually noticeable
for nost properly fitted protectors. In fact, listesing for
a resonant or bany characteristic to one's own voice while
adj usting prenol ded earplugs, sem -aural devices, or nost
earmuffs, is a useful technique to aid in attaining a good

acoustic seal.

Wearing EPDs will cause nost people to talk nore quietly
in noisy environments since the protector reduces the perceived
noi se level, while at the sanme tinme, due to the occlusion,
effect, it anplifies the apparent level of the talker's own
speech. Thus, the perceived speech-to-noise ratio is distorted
so that the individual believes he is speaking nore |oudly
than actually is the case. This problemcan be overcone as
wearers becone nore experienced in the use of their EPDs and

if co-workers remnd themto speak up.
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QUESTION: Why can't | nodify ay ear protectors to nake

them nore confortabl e?

RESPONSE: \When designing an EPD, there is often a trade-off
to be nmade between confort and attenuation. Mst atterations
that inprove confort, such as |ow headband tension for ear-
muf fs, renoval of earplug flanges, undersising prenol ded
inserts, renoving material fromfiber glass, foam or wax

pl ugs, and cutting holes to permt a device to breathe, wll
increase an EPDs confort at the expense of its noise reducing
capability.since only the manufacturer or a special test |abo-
ratory possesses the capability to determ ne the exact effects
of such nodifications, and since manufacturer's reported test
data are always for new, unnodified devices, it is likely that
user alterations will result in reduced and unverifiable atten-

uation for the nodified ear protector.

If a particular protector is found to be unconfortable
for a given enployee or group of enployees, then a preferred
solution is to offer acceptable alternative brands or nodels
of EPDs until a suitable product is found. Responding to
enpl oyee's grievances in this way, and also allow ng them
sone influence in the final selection process, wll not only
increase the likelihood of successfully fitting the enpl oyees
with an effective protective device, but also result in

greater acceptance and increased usage of EPDs.

QUESTION:  Are all foam earplugs the sane?

. 163



- 163 -

RESPONSE: No, all foamearplugs are not alike. Only two
branchs of self-fitting slow recovery foam earplugs are
manuf actured under the protection of patents granted in the

U S and 14 other industrilized nations.

A nunber of design paraneters affect the performance
of foam earplugs. The nost inportant of these are the
recovery characteristics of the foamand its stiffness. Not
only nmust these properties be optimzed for best performnce,
but they nmust be relatively independent of tenperature and
hum dity. |If a plug expands too rapidly or is too soft it
may be difficult or inpossible to insert. Conversely, if it
expands too slowy it may dislodge before properly seating,
and if it is too stiff it will of course be unconfortable
ot her proerties to consider are the porosity of the feam whe-
ther or not it has been fully tested for dermal toxicity
and al | ergeni c responses, reusability, flammbility, and the

si ze, shape, and color of the plug.
QUESTION.  Can | use noise reducing ear-plugs for sw nmm ng?

RESPONSE: Yes, certain noise reducing earplugs such as those
made fromvinyl, closed cell foamsilicone, and even wax-i npre-
gnated cotton can be successfully used in many cases for
swimm ng and showering. In fact they will generally perform
better than the plugs that are sold over-the-counter as

"Swi mer's plugs" since they fit the ear canal nore confortably
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and snugly. The plugs should he inserted in a dry condi -
tion, before entering the water, and the user should not
subnerge his head nore than a few feet bel ow the surface
since this increases the |ikelihood of water being forced

around the plug.

QUESTION: Can | use cotton or ny fingers to reduce harnfu

noi se exposures?

RESPONSE: Cccasionally one finds persons wearing nonstan-
dard SPDs such as gum putty, cotton, cigaretee filters,
enpty bul l et casings and other itenms which will not adequat el
seal the ear canal or sinply do not possess the needed

physi cal characteristics to effectively attenuate sound.

Addi tionally, such devices are often unconfortable and unhy-
genic. For exanple, ordinary dry cotton is a very poor ear
protector as shown in figure 2. Interstingly, a finger tip,
although it certainly cannot be utilized for extended periods
of time, does provide very good protection (Fig. 2) when

forced tightly into the ear canal.
COMVENT: My not her always said "never put anything smaller
t han your el bow in your ear".

RESPONSE: The platitude is representative of the nunerous
preconceptions and mi sconceptions that nmany peopl e have

regardi ng the use of EPDsm of course when nother delivered

. 165



- 165 -

t he above pronouncenment she had in mnd the percils, pins,
t oot hpi cks, and clunsily maneuvered Qtips that could
damage the delicate eardrum or other m scell aneous

obj ects that m ght beconme |odged in the ear canal. Unfor-
tunately, she was not aware of the |asting negative nental
inprint that this would create with regard to the sage and
correct use of properly designed and fitted noise reducing
earplugs. In order to overcone such notions it will fre-
quently be necessary for a trainer to correctly insert ear-
plugs for the enployee atleast one time during an instruc-
tional session, so the enpl oyee can expecience the sensation
of a correctly inserted earplug placed well into the ear
canal often, fitting one of the enployee's ears, and then
asking himto fit the other so both ears "feel the same",

is a hel pful technique.

CONCLUSI ON:

The material reviewed in this section provide a basis
for fornulating either verbal or witten responses (News-
letters, bulletins, panphlets) to questions and conplaints

regardi ng hearing protection and hearni gn conservati on.
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