ASDO NEVINAY 1558

Ll Y

![ .
D T T P N LA
B bigie AT M g e

A~ G- of

wé?'f\'m(ejr_rl OF I -Ad-57%
AsONAC '
NOISE INFORMATION ever:
TECHNICAL R oo

NCE CENTER

[T —

PRODUCT NOISE
LABELING STANDARDS

DPRAFT

BACKGROUND DOCUMENT
FOR THE

LABELING OF HEARING PROTECTORS

APRIL 1977

U.S. Environmental Protection Agency
Office of Noise Abatement and Conirol
Washington, D.C. 20460

————



Ad0D TIBYIVAY 1538

T ATTEAT B A = % P S oWt P,

Tohois e s S o bian et

PROFLRTY DF
ERA/ QAL
NOISE INFORMATION SYSTEM
{ECHNICAL REFLRENCE CENTER
EPA 550/9-77-252

: ORAFT

BACKGROUND DGCUMENT
FOR THE
LABELING OF HEARING FROTECTORS

APRIL 1977

Prepared By

THE U,S, ENVIRONMENTAL PROTECTION AGENCY
Offlce of Nolse Abatement and Control

This ducumsnt has bean spproved for perveral omieblitty,
1t daos ot conatitute a standard, sproification o regulation.

e e rwa— . ¢ AT —————

|




ADOD TTIGVIIVAY 1538

PORPAORD

- .

Thia Background Document. has becn prepared by the Environmental
Brotection Agency in support of the Proposed Nolae Labeling Standards
for Hearing Protectoxs, The proposed requlation will be pramulgated
under the authocity of sectlons B, 10, 11 and 13 of the Nolse Control

Act of 1872,
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SECTION I
STATUTORY DASIS FOR ACTION

With passage of the Noigpe Control Act of 1972 (06 Stat,
1234), Congrens emtablished a national policy "to promote an
environment for all Amaricans frec from nolse that jeopardizes
their health and wolfare." Section 2 (b) states that ™. . .lt
ie the purpose of this Act. . .to provide information to the
public respecting the nolse emission and nolac reduction
characteriatica of, . .products” {distributed in commerce),

The requirementa and authordty to fulfill thia purpose
ara delineated in asection 8 of the Act. Thia section is
included helow, in ita entirety, as it appeara in the Act:

LABELING

Seq, B, {a) Tha Adnlnimtrator shall by regu-
lation deaignate any product (oxr clsaa thoxeof)--

{1} which emltn nodsa capable of adverasly
affecting the public health or welfaxe/ or

{2) which is #0ld wholly or in pact on tha
basin of ita affectivenans 1in reducing nolsa.

{b} Four each projeact {or clama thezecof}
dasignated undar subsaction {(a} tha Administrator
shall hy regulation require that notice ba glven
to the prospective user of the level of the nolse
the product emits, or if ita affectiveness in re-
ducing nolsa, as the cana may ba, Buch regulationa
ahall, apeaify (1} whather such natice shall be
affixed to the product or to the putalde of lta
container, or to both, at tha time of ita sale tao
the ultimate purchaser or whathor puch notica shall
ba given ta the prospectiva user in some other
wmannex, {2) tha form of tha notice, and (3} the
mothodn and unlts of measurement to ba uaed. Scec-
tione 6G(c) (2) shall apply to the preacribing of
any regulation under this nectlon,
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In saction 10¢a) (3} of the Act, entitled, "Prohiblted
Acta, " Congress declared that it was prohibited for a manu-
facturer to distribute in commerce any new product manufac-
tured after tho offoctive date of a regulation under section
8(b) which ia applicable to such product, except In conform-
ity with asuch requlation." Scetion 10{(a) (4) further prohib-
ita "the removal by any person of any notice affixed to a
preduct ox container pursuant to regulations preascribed under
aection 8(b), prior te nale of the product to the ultimate
purchager.”

In oxder to provide incantive for prompt compliance
with the requlations, Congress imposed atiff pepalties for
willful violatora. Sectlon ll{a) states, "Any person who
wilifully or knowingly violatea paragraph (1}, (3), (5}, or
(6) of subsection (a) of aection 10 of this Act shall be
punished by a fine of not more than $25,000 per day of viola-
tion, or by imprisonmant for not more than ene year, or by
both,"”

It is avident that Congress viewed "labeling" as an
important means of dealing with the problem of noise pollution.
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SECTION II

RATIONALL FOR THE LADELING OF HEARING PROTECTORI

Moat people will agree that the ideal method of noise
control is to reduce the leovel of nolse that a source emits,
Howaver, this is often neither technically, ner aeconomically
feasibla. In section 6 of the Noisme Control Act, Congress
provided fer the regulation of the maximum leveln of nolse
emitted by newly manufactured producta. These regqulations
are to conalder hest available technology and the cost of
compliance., It will take a numbar of years foxr EPA to devalop
these maximum noise emimsion requlationa for all major sources
of noise, Alaso, in many cases, technlcally and economically
foasible noise cantrol measures will not permit sound levala
which totally eliminate detrimental «ffects upon health and
welfare. Finally, cxcept for interstate rail and motor car-
riers, these noise regulations will apply only to new prod-
ucts, allowing noisy in~use products to diminish by attrition.

Tha most expedlent means of reducing our exposure to
harmful and annoying noilse which cannot be adequately con-
trolled at the source ia through the use of hearing protective
devices. EPA belleves that providing information regarding
the perxformance of hearing protectors willl assist individuals
with this immediate, potentially effective, and relatively
easy and Ilnexpensive method of protection from noise, There-
fore, EPA haz selected hearing protectiva devices as the first
product for which labeling will bae required under section B

of the Agt.
~
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SECTION IIT

METHODOLOGY OF REGULATORY DEVELODPMENT

The task of developing product labeling requirements
in divided into two broacd arcan: (1) products which cmit
nolae capable of adversely affecting the public health and
walfare and (2) producta which arc peld wholly, or in part,
for their affectivencan in reducing nolse. As digcuased
abova, EPA has melected hearling protective devices which
fall into thea second category of allglble products. The
approach taken in developlng theae ipitial labeling require-
ments waa to study labeling ganerally, and concurrently Ln-
vastigate hearing protectoxrs, apccifically. The purxpose was
to permit the developing of a general dndependent labeling
philosophy, approach, and atrateqy; and then integrate the
unigque aspects of hearing protectora into this framework.

A consultant was hired to inveatigate the broad aspects
of labeling aa intended under mection 8 and to relate theue
considerationna to issues ifnvolved with hearing protectors.
EPA conducted an inveatigation of the current state-of-the-
art of hearing protectors and available rating schemes for
the purpose of developing a meaningful rating of effective-~
ness. In addition, EPA sponsored an interagency workshop on
labeling to which all Federal agencles involved in labeling
wore invited to dlacuas their experlencea, The purpose of
the workshop was to help the EPA ln avolding any obvicuws pit-
falls that may previously have been encountered,

Prior to the cffort outlined above, EPA published an
Advance Notice of Proposed Rulemaking in the Federal Register

Sl id
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explaining the intent to require labeling of hearing protect-~
ors and requeating knowledgeable partien to submit pertinent
Information. Approximately ten responaes were submitted
which provided only o limited amount of the Information necen-
sary to proporly evaluate alternative reguirements., Addi-
tional Anformation was sought by poaing a aeries of quostions
to selected companies in the hearing protector industry.

The morwe generalized aspects of product nolae labeling
mentioned above have boen proposed by the Agency in a sepacate
rulemaking actlion, antitled Product Noise Labeling -~ General
Provislonm. That rulemaking action creates a new Part 211 of
tha Code of Federal Requlations for all product noise labeling
undar gection 8 of the Act, and establishes the general pro-
visiona of such as Subpart A, The general provisions have
been utilized in the proposed labeling of hearing protectors
and will he utilized in all further section B labeling actiona.
For a complete discussion of the Genaral Proviamions and their
ragulatory develocpment, one should refer ta the asaociated
Notice of Proposed Rulemaking and Background Document for
Product Nolee Labeling -~ Ganeral Provisiona, .
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SECTION 1V

DESCRIPTION OF HEARING PROTECTIVE DEVICES
AND TIEIR PERFORMANCE CHARACTSRISTICS

INTRODUCTION

Recognition of the need for hearing protection dates
back to the early 1900's. Concorn for tha noed of effectlve
hearing protective devices appearaed first in the armed forces
where cotton wading inserted in the ear was uaed widoly dux-
ing World war %. 1In the 1940's, cotton waa found to be fnef-
fective and consequently, considerable attention was devoted
to developing truly effective devices., The product of theae
early efforts was an sarplug known as the V-~4HIR which 1a pro-
bably the moat widely used earplug today.

Since 1945, with the rapid growth of technology and
industrialization, noise has been recognized as an occupa-
tional health hazard, Of greatest concern is tha danger of
nolde-induced hearing loss. This has heen found to be caused
by permanent damage to the auditory nerxve cella which cannot
be corrected at present. Much reaearch has bhean conducted to
datermine more precisely the affects of nolse on humans,
Bignificant effects in addition to hearing lons have been
cbserved. These include headaches, nausea, hypertension,
irritabllity and diminiphed work performanca. Growlng con-
carn over noise and all workplace anvironmental hazarda cul-

. minated with the passage of the Occupational Safaty and

Henlth Aot of 1970. Thia legislation requires, among other
thinga, Peoderal gstendards for safe nolse exposure at the
workplace.

—_——
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With the rapid growth of urbanization and mechanization,
ambient environmental noloe roue to levels which created
graat public concern. The hazards of environmental noise to
the public's health or welfare were recognized by Congrasn
with passagn of the Nolse Control Act of 1972,

Thua, the effects of nolac exposure have grown from a
military hazard, to an induatrial problem, to an insidious
environmantal threat to the public's hoalth and welfare,

The Environmentnl Protectlon Agency waa deailgnated to
fulfill the mandate of the Nolae Control Act. The Act pro-
vidaa authority to carry out major responsibilities in two
areas: (1) regulation of maximum nolme emisslonn from major
sources of enviroomaental noise; and {2) providing information
to the public regarding a product's noise levels or a prod-
uct’'a effectivenesa in reducing neoine. In order to fulfill
the latter function, the Act dirccts EPA to develop appropri-
ate lebaling requirementa, On December 5, 1974, EPA an-
nounced that the firat product to be labeled would be hearing
protective devices,

DESCRIFTION OF AVAILABLE DEVICES

Over the yeara, a wide varlaty of hearing protective
devices have been intreduced. Indeed, virtually anything
that can fit in or over the ear might fall into this category,
In fact, such items as cigarette filtars, dimes, pencil
erasers, and clgar butta have bheen observed {n uwse. Contem=-
peravy devices may be clansified am 1) ear insert devices,
2) war cap devicesn, 3) ear muff devices, and 4} combination

devices,

e e i e
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EAR INSERT DEVICES
This type of dovice 1s ona which in deaigned to fit into

the ear canal, A varlaety of different typeo of inpert do-
vices hava been developed. They may be convenlently dis-
cussed aa &) pre-molded, b) malleable, and ¢) cuatom molded.

Fre~Molded Inaaerts
Thege sdavicen are uniformly molded of soft, floxibla

rubber oxr plaatlc compounda. They are often flanged and come
in varlous aizes to accommodate the wide range of ear canal
geometxy. Most pre-molded devices are designed for suhatan~
tial reuse and, therefore, are washable, Some of these in-
serts are atraight and symmatrical while others are shaped

to conform more to curved esar canals, A few pre-molded de-
vicea are lntended for little reusa and can be conaidered
diasposable,

Pre~-molded innert devices are relatively inexpensaive,
The most varies conaslderably from devicea purchased in bulk
to purchase of a alngle palr. In bulk they may coast 10-15¢,
whilé‘n single pair may coat $1.00, Often tha carrying case
costs more than the device itaself,

These devicem when properly cared for are capable of

providing effective hearing protection for extended perlods
of time. The duration is governcd primarily by the materials
usad which may shrink, crack, or lose thelr needed resiliency
with time. Also, due to the amall size of thene devices,
lose is an important consideration. Ear wax will cause some
maolded plugs to shrink and harden after a period of time.
The wax tands to extract plasticizer from the plug material,
This will vary from pexaon to parson. Normal life for reus-
able devicesa con be as loa as 5-6 weeka, hut for moat, 1t is
abnut 6 months,
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Malleable Insorts

These devices are, for the most, intended to bo diapoa-
abla. Their une may range from 1-3 days before replncement
ia necesaary. They are made from materials guch an plastice
foam, finc glasn flibers, and wax-lmpregnated cotton. Malle-
able ipserts are not sized but rather pernonally molded to
conform to each Individual'a ecar cannl. 7Thisg is an advantage
ovar pre-molded devices, but duc to thelr limited rewnabilicy
they axre usually more expensive for continuous usc. The cont
per pair ranges from 5-30 centn. Again, thoe prlce depends
upon the guantity purchased., Since the material must bo
knaaded before inaarxting, proper hygliene is required to pro-
vent the introduction if dirt into the ear canal.

Custom Molded Inaserxts

Inaext devices which are permanently molded to the exact
shape of an individual's ecar are conaiderad custom molded
devicea. Although the process may be somewhat complex, it
basically involves firast preasing a pliable material intoe the
outer ear and ear canal, This shape 1s then hardened in some
manner to yleld a permanent custom mold, Typical materials

are plastic and allicone compounds, Hardenera added to thena

cempounds allow tha material to remain piiable iong enough

to make the mold and then set permanently after drying, This
may requira a few minutea to a full day, With proper care
these devices may last from 2-3 years. Costa may range from
$3.00-530,00 depending upon the materials, quantities and
source of the labor. Custom molded devices are generally
more comfortable, hut are not necesearily more effeative,
than other devices. They also hava the drawback of requiring
graater time and skill in fitting,

L TS T e
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EAR CAP DEVICES

Theno devices conaiost of two var caps fastened to a heoo
bhand which maintaina preussure on the caps to seal the outor
edgen of the ear canal. The end of the cap Fits slightly
into the ear canal and the balance apreads around the edge o
the canal. They are molded from noft rubbery material and
fit a large range of car aizes. ‘Tho capn last about 12
months and may he replaced for about §52.00 n pair. The ini-
t:ial cost of the device in from $3.00-85.00. Ear caps sioruve
to bridge the gap between inserts and oar muffs, having some
of the advantages and disadvantagea of ench. They do not
sgem to be in widespread use at the preacnt time,

EAR MUFF DEVICES

These deviceas fit ovar the entiro outer car as oppoucd
to within the ear canal. They conaist of hard molded plas-
tic cups held in place by a spring-loaded headband. The
cupg surround and cover the ear completely, forming a tight
seal around the ear with a flexible vinyl sealing cushion
filled with air, liquid or foam, Foam £illings are the mant
commonly found. In addition, the cups are lined with an
acoustically absorbent materinl, usually foam sponge. The
attachment of the cup to the headband is critical in that it
nust allow minimum leakage, whila permitting a rather loosn
Joint to accommodate varying head shapea., Many devices are

: designed to allew the headband to he worn over, under and
. bahind the head to suit different personal preferances and

use situations,

All parts of the ear muff that contact the skin can ho
waghed with aoap and water, The rigid ear cups require pec-
iodic inspectlon for cracke or othar damage, The oar aeals
are uanually the firat component to dateriorate qenerally

10
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from perspiration. HMont car muffn have replaceable neals
which can extend their useful lifo indefinitely.

The price of ecar muffa varien in the range of 55.00 to
$12.00.

COMBINATION DEVICES

Thore are a nurther of noisy arcas where the need for
hearing protection is compounded by other important require-
menta, For example, the nced for concise communication, the
uaa of hard hats and tho use of welder shiclds reguire that
hearing protection be compatible with other personal devices.
Any of the devices mentloned abave may be sultable for vari-
ous circumstances. In certnin instances, however, apecinal
modifications and deslgns are necessary to satisfy the parx-~
ticular needa, Ffor example, ear muffs arn fitted with com-

munication gear, helmets are designed with built in ear muffa,

hard hata have muffs fastanad directly to them and hoadbanda
are shaped differently. Special care muat bha taken to ensure
that the needed protection ia being provided by these special
purpose devicea.

PACTORS ATFECTING SELECTION Or HEARING PROTECTIVE DEVICES

Tha most obvious factor to bhe considered in selecting
the propar hearing protective davice in ita nolse attenuating
capability. However, there are & numbar of aspects which, in
certain ways, are equally important as attenuation., It has
often been quoted that "a good hearing protector is one that
is used,” the point being that the user acceptance to wearing
the device is paramount to its effactivenesa. This polint af
view arises from the occupational noipe nituation in which
employors muat often seek workers' ncceptance of hearing pro-
toction. Of coursa, whan a person decides to purchase a

11
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hearing protective device, he or shie has moast likely already
accepted the need and benefits which will be derived from {to
nae. HNonctheleos, It 1o important to reallze that attenu-
atlon i8 not tho only factor to connider, TIurther, carc muat
be taken in selecting hearing protectors beeauwso these addi-
tional considerations are cither asubjective or vary greatly
among individuals., It ie always desirable to provide a cholce
of hearing protective devicea to sult different Lfndividuaal
preferences, each of which is capable of providing aduquate
attenuation.

The factors which muat be conasidared are: (1) attenna-
tion capability, (2} uac réquircmcnta/envlronment, (3} fita~
bility, (4) comfort, (5) care requirements, {6) coat, (7}
biological compatibllity, and {#) durability.

ATTENUATION CAPARILITY

Since attenuation of upwanted noipe is the purpose for
which hearing protectors are used, apeclal care must be taken
to ensure that adequate attenuation will be realized by the
user. The evaluation of attenvatlion capashbility has received
considerable emphasls since early development of the devicen,
Virtually all teats hava besn conducted under strictly con-
trolled experimental conditions. Recently there is concern :
that results obtained under theae laboratory conditions are
not truly {indicative of the attenuation that is realized
under field use conditiona, Attempta arxe underway to acquire
such field data in order to determine the extent of this
problem. A field test procedure has heen developed under a

'grant from tha National Inastitute for Occupatlonal Safety

and Health.
"Due to the importance of the aspact of attenuation, it

_will be treated sepsrately in detail in the following section.

12
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USE REQUIREMENTS/ENVIRONMENT

It is necessary to conalder the type of une and the con-
ditions under which heoaring protectors will be needed.  Such
itema as temperature and humidity, intermittent or continuous
uge, nead for compatibility with other porusonal safoety de-
vicea and work spacce restralnts nhould be considered.  For
example, wax-impregnated cotton ilnperts may be unsultable for
high temperaturc environmentn duc to the softening or melting
of the materinl; ear muffn may be best for intermit:tent uwse
where the indlvidual must go in and out of nolse frequently;
aar muffa may not be sulted to use with other equipment such
as gogglea or reaplratern; and lnsmoertn may be danlrable.where
usa la antlcipated in very closae quartars such as machina
repair and maintepance might require.

FITABILITY

It has bhecome avident that few devicea, if any, will
provide an optimpum f£fit for everyone. The matter of proper
fit is ewaantial to realizing the attenuation potentlal of a
device. Much of the developmantal efforta for hearing pro-
tection hava been directed to broadening the range of persons
that a particular protector can fit properly. For exampla,
the V51-R ear insert was originally manufactured in amall,
madium and large aizes. Thia was hroadened to include extra-
Amall and extra-large which £it up to 95% of the population.
It was felt that an extra-extra large slze would be nocessary
to obtain 98% fit., Another example ie the triple-flanged
insert which was firat believed to fit evaryone by providing
thres progressively larger concentric flangea, It soon be-
came pecedsary to manufacture three slzea to provide an ade-
quate range of fit. A final exampla is the E-A~R expandable
foam insert which is squeszed to a amall cylinder, inaerted

13
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and allowod to oxpand in the ear eanal. Even with this mold-
able davice it became beneficial to reduce the original
dismoter of the foam cylinder to provide improved range of
£it.

In addition to providing a satisfactory fit initially,
the hearing protective device must be able to maintain ite
fit during a variety of activitics such as talking, chewing,
and hcad movement. PFor dnoerts thin requiren adequate depth
of penetration and pressure on the aar canal. For muffs it
requiren flexible joints, proper ear cushions, and adequate
headband tension.

Fit ia lesr of a problem for car muff devices, but atill
requires apacial conslderationa. TFirst, it ia necesaary to
cover the entire ear comfortably whilo allowing a minimum
circumferenca for the cushion scal. This minimizes the inter-
ference of physical irregularities. HNext, it is necessary to
provide a looae joint hetwean headband and aarcup to Accommo-
date the range of skull curvatures ancounterad. Finally, the
hazdband must be adjustabla to allow for different slzed
heads and ear location. Thim 485 accomplished either hy an
adjustable headband or a movahle car cup joint,

COMFORT
The need for matiafactory comfort ia essential if hearxing

protectors are to he uged, Obviously, if vee of the device
araates greater discomfort than the noine, it will be discarded,
It im certain that no one device will be comfortable to every-
one. Thorefore, it is deairable to bhe able to select from
differant styles. It is, however, equally certain that some
pergsons will not find any davica comfortable,

The major cause of diacomfort im pressure exerted either
on the ear canal by inserts or the side of the head by muffs,

14

Lt e B e g S Ly g i S e



Ad00 TNAVIVAY 1534

- m@‘m&:ﬂmwmmﬂ-wﬂhﬂr' Ll A el
R .

unfortunately, pressure in required to create and malntain
the speal so crucial to attenuation. Thuu, a major donign
objective i to obtain and maintain the required fit, while
ereating the minimum pressure., Thin is accomplished both by
usa of moft, pliable materials and through various deasign
featurca. For inserts the slzing is very important and In
muffs thea car cushion in critical. Some ingerts are hermat-
lcally smcaled and others have multiple soft flangea, alony
wlth various sizen. Ear muffs use foam, air filled, and
1iquid filled cuahions for comfort. Undue presaure may occur
when stralght symmetrical inserts are provided for an obliqud,
asymmatrical ear canal. Thia cmnphasizes the need for a cer-
tain minimum number of devices to aselect from,

Another factor which lo cause for discomfort is the
waight of the device, thus introducing another design re-
straint. Sipce attenuation is related to masas and density,

A trade off with welght and effectlveneasa, and walght and
comfort, f8 required,

CARE REQUIREMENTS

It iz wime to include the care requirementn of a device
in the purchase decimglon. FPactoxrs affecting care, such as
the type of environment, the duration of exposura, the kbype
of user and available faclllties ta provide the proper care
should be considered,

For example, ear muffs may requlre a closed space for
storage deopanding upon the anvironmant. Molded inaserts may
need a near-by sink, If ipserts are removed often, a sink
may bo necessuary very close at hand. FProvianlons must be mada
to care for hnaring protective devices in the necessary man-—
ner. The more convenient it is to provide the necassary
care, the better the care will be.

15
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COsT

Hearing protective devicen vary considerably in ecost
from a few cents to about $12,00. The cost muot be consid-
ered in tho light of other factorn. For cxample, thera i
na need to purchase car muffs or even pre-molded inserts for
ona day'a uwae, 1t may not he cconomical to purchase dispos-
able ipaexts for repeatod daily uke. It may be wine to main-
taln soma choice 1f cost is nearly the pame and other factora
are patisfied, Thus, one might have thue cholee between pur-
chasing one pair of ear muffs or ten var insertsa. Personal
praference could then be tho detexmining factor if all else
Wware equal.

i Cost must also he put in a perspactiva which considers
and weighta the importance of wearing the device. Thua, the
lowest cost may not bhe the hest measure, if the coat is not
significant to atart with. It is better to buy a $10.00
device which is used and ila effective than to provide a five
dellar or f£ifty cent devica which 1a not used.

BIOLOGICAL COMPATIBILITY

This factor is primarily a deaign conslderation of the’
nmanufacturer. Prlor to the use of certain materials, tests
are conducted to determine thair compatibility with the human
body. Unfortunately, it is inevitable that a porticon of the
population will be particularly aensitive to certain of the
materials used. In such casea irxritation may result, making
it difficult to continue the use of the protector. Poor
hygiene practice may also cause problema and it ip necessary
to distinguish betwean the possible causea.

Another problem may arise from the accumulation of ear
wax which may obstruct the lnsertion of the device resulting
in dlscomfort and a poor seal. The ear protector may tend

16
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to push wax inward toward the car drum, causing additlional
ddscomfort.

Another conslderatlon is that some individuals have o
boney projection from the external auditory canal. Unlean
the projectlon 1o qulte large there 1o usually not a problem
since moat devicea do not reach that deeply into tho awditory
canal.

Finally, more careful consideration needs to be glven to
the projection found in front of the external ear colled the
tragua, In many individuals the tragus extends too far back-
wardas over the ear canal opening and therchy preventas the
lnaextion of an lpseort device Lo Ata lntended depth, ‘'The
tragus may also produce unequal pressure againnt the device,
forcing the device hackward and outward, displacing it enough
to cause an acoustic leak,

DURABILITY

The ability of a device to malntain its integrity for a
satlafactory period of time L8 an importaent conslderation
Erom various viewpoints, such as health protection and eco-
nomics, bDurability refera to the endurance of the other
propartios being considered in the section., It is high-
lighted here because whean conaldering each of the factors of
aelection, attentlon must he given to the durablility of each
attribute. How long will a davice provide the attenuation
neaeded? How long will it remain confortable and maintain the
proper £it? How long will it remain hyglenically accoptable?
Thene are quesntions which should be asked whan purchasing
hearing protective devicea, It is known that these devicen

age and deteriorate to varylng degrees., There la very little

information found regarding the useful life of hearing pro-
tective devices, Dpifferent materials will shrink, harden or

17
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boacome too soiled for use depending upon the environment in
which it 18 usad and also the individual using it.

Manufacturcrs can give general guidance, but it dis
neceasary for the nuer to be pennitive to changes la hearing
protectoras. At present the useful life is determined by tho
materials involved, the use onvironment, and peraonal exper-
icnce. Various cfforts are underway to develop a field test
to evaluate the practical protection of these devices when
in uwsa. Such a test will permit the evaluatlon of reliability
and could ghed some light on durability.

A summary of gome of the advantages and diﬂndvantngun of
tha currently available hearlng protectora is ns [ollows:

Inaart Type Devices

Advantages
o small and easily carried
o can ba worn conveniently and effectively with

other personally worn items
o] relatively comfortable to weaxr in hot environments
convenient for use where the head must be maneuv-

o]

ared in close quarters

o the cost of pre-molded inserts is significantly
lesa than that of otherds; though other lnserts may
be comparable to other type protaectors

Disadvantages
o sizad lnserts require more tima and skill for fit-
ting than muffa
(=] tha amount of attenuation provided is more varlable
o proper hygiene is more difficult when davices must

bs remaved and re-inserted

18
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mnﬁy 1lnserts are difficult to see from a distanco;
henca, it iag difficult to monitor groupn using
insorts

inserts can be worn only in hoalthy car canals and
evan some healthy canale require a period of tima

for acceptance

Muff Type Devices

Rdvantagen

o] attenuation is less variable

[+] one 8ize muff accommodates large range of head
alzes and shapus

o relatively large alzea are readlly visible at a
distance; thua, uvse of these protectors by groups
is eanily monitored

o muffs are more convenlent when use in Intermittent

o muffa can be worn in spite of minor ear infections

o muffa area not loat as eaally an inserts

Disadvantagen

o muffs are uncomfortable in hot and/or humid envir-
onmenta

o muffs are not easily carried or stored

o muffs are not as compatible with other parsonally
worn 1tems

0 headband spring force may diminish from use ax
from deliberate actionz and reduce the protaction
provided

o muffa may be awkward when used in close quarters

Q muffs ara more expenaive than most insert devices

R A RS B R e LT
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Eaxr Cap Devicaon

These devices which attenpt to sieal the outer cdge of
the aar canal, fill the middle ground between inserts and
maffa,. Aa such, they reduce the disadvantages of cach while

pregerving many of the advantagos.

ATTENUATION/FFFLRCTIVENRSS OF DEVICES

FACTQRS AFFECTING ATTENOALION .

Since hearing protective devices are usod to pravent
noise from entering the ear, it follows that the ability to
attenuate nolise la the single moat important parameter. All
of the factors of amelectlion may be traded off againat one
another, but the amount of hearing protection required and
the abllity of a device to provide the necesaary attonuation
muet be firmly eatablished first,

Noise may reach the inner ears of perasona wearing pro-
tectors by four differaent pathways. These are: (1) by pasa-
ing through bone and tisaue around the protector; (2) by
cauaing vihratlon of the protector which in turn gencrates
fiound into the internal ear canal; (3) by passing through
leaks in the protector; and (4} by passing through laaks
around the protector. These pathways are illustrated in
Figure 1. Sven If the device permits no acoustical leaks
through or around it, some noilse will reach the inner ear by
the first two of these pathwaya if the levels are sufficiently
high. The practical limita met by the bone and tisaue conduc-
tion threshold and the vibration of the protector vary con-
niderably with the design of the device and the individual'n
phyaical make-up. However, approximate limits for insarts
and muffes have been detormined and ars illustrated in Figure 2.

20
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In order to approach thuse practical limlte of
attenuation, the hearing protector must minimize losses due
to acouatical leaks. The following design criteria should

ha useful in accomplishing thio goal:
1, Hearing protectors should be mnde of imperforate

mataerinl. If it ig possible for air to pass freoly

through a material, noise will alsc ba able to
pass with little attenuation.

2, Protectors should ba deaigned to conform readily
to the head or anr canal configuration no that an
efificient acoustic acal ean be achicved and the
devica worn with reasonable comfort.

3. Protectors should have a support means or a seal

complianca that will mipimize protector vibhration,

It ip interesting to note how these daalgn criteria
have been applied to the currant generation of hearing pro-
tectiva devices. Alpa of Anterest ia the tradeoff of selec-
tion factors necessarily encountered in hearing protector

design. A brief diecussion of such obsarvationa follows.

of scund. The greater the mass (hence welght) the greater

the attenuation for a given materlal. Walght is a comfort

factor and, theraefore, a tradecoff arises. Simllarly, the

graater the headband tension, the better the acoustic soal
Tension is also a comfort factor and again

with the head.
The noed to accommodate a wide range of

a tradeoff exists.
haad size has led to the usa of a loaose jolnt where the ear
Thie permits lesm headband tension

cup meata the headband.
The

to obtain a satisfactory seal for morae head shapas.
need to fasten the ear cups to the headband has required

apecinl attention to obtain an airtight fastening system.

21
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A sultable material was noeded for the ear cushions to allow
durability, comfort, cleansibility and a good scal. All of
thesa qualities cannot be expected to be optimized in any
one material; hence, more tradeoffn, The ear cup volume
necaasary for good low frogquency attenuation Lo restricted
by practical size limitations of the device for comfort and
maneuvarability.

A similar altuation exista for insert devices, Hore
comfiort and fitabjility are oven more sonsitive. A plug must
be soft and pliable for comfort and fit, yot firm and densa
for good transmisaion losn. Materials of relativoly low
denalty have heen usad with good attenuation results, howevar,
They muat £flt tightly to avoid vibration of the device and
subsequent nolse genaration,

TECHNIQUES OF EVALUATING ATTENUATION

A variety of differunt mathods hava baen experlpented
with to yield meaningful information regarding the attenua-
tion capability of hearing protectors. Thesa techniques may
be classified as either subjectiva orx phyalcal, Subjective
methods measure one of an individual's paycho-acoustical
responses with and without the protectorxr in placa. Physioal
mathodns are those in which the sound préaaure level inside
and outsids the protectora are measured directly. A brief
discusaion of various methods reported in the literature is
appropriate, but closer attention will be given to the aub-
jactive method which has been widely adopted as the standard
mathod. This method, entitled "Measuremont of Real-Ear
Attenuation of Ear Protectora at Threshold,” has been used
extensively to report the performance of moat currently
availablea devices.

24
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Subijective Mathods

The threshold shift method of cvaluating attenuation
determines a subject's throshold of hoaring with and without
A protector. Thiso was the first pasychoacoustic method uped.
The thraeshold shift is determined for both ears simultanc-
ounly uping pura tones In a free or nearly froo sound f£ield.
Narxow and broad band noisu have aluo been used., Droad band
atimuili were given 1little attentlion due to the frequency
dependent nature of attenuations. A Japancse standaxd
(JI8B9904-1598) describes a thrashold shift mathod testing
one aear at a time, It requires the subject to preas the
side of hia haead againat a foam rubber bordercd hole in a
loudspeaker bex, in which the atimulua is proesented.

A masked thrashold shift method has bean used. An
active anrphone ia inaerted under an earmuff and the thresh-
old for a atimuluas presanted by the carphone is detexmined
with and without high ambient noiswe preascnt. The diffarenca
in the threshold providas a measure of the amount of masking
nolae excluded by tha ear muff,

Another method called loudnesn balance has heen
reported, 7The procedura requires the subject to match the
loudness of an auditory atimulus perceived while wearing a
haacing protector with the same ptimuluns after removing the
protector. Thia method ham been conductad with pure tonea
in a free field and half-octave bhand noiase in a diffuse
field. ‘

The diffarence in sound pressure level necespsary to
elicit action of an individual's acoustic reflex with and
without hearing protectors has boen measured. Alsc the
difference in temporary threshold shift (TTS) observed with
and without protectors in continuous and impulsive noise
has been measured as an indicator of parformance.
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Artleulation or intolligibility toesting in quiet, with
and without hearing protectors, provides an indication of
the degradation of aproch communicat:ion by protectora, How-
aver, 1t has been found that In a relatively high nolae
field, communication ls enhanced with the upe of ﬁunrinq
protactora. This ls accounted for bacause the attenuation
maintaina noarly the aame spooch to nolae ratlo while hring-
Ing the levols out of the range of auditory distortlon.

The laat subjectiva mathod to be mentioned herc is to
aimply allow an individual to wear a varloety of different
devicen and ask him to choose the bedt one. Experiments of
thia nature have shown that unless the attenuation of the
protectora diffara conalderahly, affectivennss ranking hy
the pubjectas is not uasaful.

Phynaical Mathods

Direct physical measurement of hearing protector
attenuation ia attractive becauvse of the ralative aimplicity
and ohjectivity an compared to aubjactivae measures, Unfor-
tunately, modeling and producing a teat fixture which repro-
duces the acoustical response of a human head or ear through-
out the audible frequency range im a difficult task.

At present, a standard method for ear muff measurements
exists using a "dummy" head fixture. The method is lntended
to supplemant the subjective teat for such purposes as pro-
duct deslgn and gquality control, '

A vaviety of experimants have been reported using
different meanm to simulate human condltions. These include
artificial ears and heads, One experiment uses ear canals
from human cadavers am tept davices, Another aystem uses &
small microphona inserted under or through an ear mff.
this permits sound pressura level measauremants as the
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protector is worn by human subjects, thus measurcing tho
attenuation directly. Thig method has produced good agrea-
ment with aubljective moasuras at mid and high froquencien,
but low frequoncy =wesults arae 3 to 10 declbeln off. One
Aifificulty is that the placement of the monitoring micraphone
is cruciml, Displacements an small as onc millimeter may
cauae changas in measured sound proepsure lavel of aix decibel
or moxe at high frequenciaes.

STANDARDIZATION OF ATTENUATION MBEASUREMENTS

The need for a atandardized mathodology for determining
and reporting hearing protuctor attenuation ia appaxent when
the variety and sensitivity of these measurementa are con-
aiderad. Thia was firat done in 1957 when the American
National Standarda Inatitute (ANSI} publiahed atandard
224.22-1957, "Amerlcan Btandard Method for the Measurement
of the Real~Ear Attenuation of Ear Protectora at Threshold,®
As mentioned in tha Foreword to thia standard, it was orig-
inally intended to eatablish paychological and physical
procedures for evaluating hearing protesctora. However,
scopa was reduced to a specifiocation of procedurea for aval-
uating real~ear attenuation on tha basis of auditory thresh~
olds on human observera. It is furthexr mtated that the
wirting group 1o awara of the simplicity of purely physical
mathods, but feels the gquestionable comparison to human
subjective recults ia overriding. Finally, the need for
continued aefforts in the field and nubsegquent revisions to
the standard are recognized and recommended, ‘

Standardization of this mathodnlogy by ANSI indlcates
that at that tima the subjective threshold shift method was

the only technique which recelved sufficlent unanimity of
The atandard specified

the

axpert opinion to be standarxdized,

27
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that tha thresholds of at least ten randomly selected, normal
hearing subjects be moasured with and without the protector
worn. This was to be done on no lesy than three separate
oveaalons, for cach individual at a minimum of nine pure-
tone teat frequencios (125, 250, 500, 1000, 2000, 3000, 4000,
6000, and 8000). The difference botween the thresholds with
and without protectors at cach tust frequency is raeported as
the protectors' attenuation characteristica.

Thie standard, 7%24.22-1957, haa been usced extensively
in determining and reporting attenuation performance, A
number of shortcominga of this procedure have heen realized
and have led to the revislon of this standard in 1975.
Befora discusaing the racantly published revialon, it ia
warthwhile noting these limitationa. Firast, pure-tona
signals ara not characteriatic of the broad hand nolses
which are normally encountered. Second, the use of threshold-
lavel teot tonea may not accurately rapresent performance of
protactors Iln high level noisa., Third, teat tones are lntro-
duced only from tha front poailtion. Attenuation hams been
observed to vary up to 10 AR with the angles of incidence.
Finally, the time required to perfdrm this test procedure
is vary lengthy and tha test room requirements axs strict.

Recognizing the impact of these factors, the U.5.
Department of Health, Education and Welfare supported
rascarch which was intended to serve as a foundation for
ravisions to this atandard., The most important conclusion

‘of this research was that ", . , . measurement of hearing

protector nolse attepuation by a threshold shift technlque
in diffuse sound field using one-third octave bandsm of noise
as stimull is a desirable technique and is amenable to atten-
vation standardization, Thie technique aliminates the prob-
lems agsociated with pure tone stimulil and a fixed angle of

28
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incldence and also more closcly approximatos tho noise
expooure condltions in which hearing protectors are wiunally
worn."

Tha rxaviased atandard, then, which in based on rascarch
performad at the [Pennsylvanio State Univeraity | and supported by
HEW, was published by the Acoustical Society of America in
mid 1975. It is officlally known om ASA STD % ~ 1975 "
"Mathod for the Measuremont of Roal~Ear Protection of Hearing
Protectora and Physlcal Attenuation of Rarmuffs,®

Tha primary improvemonts over the pravious atandard are
the use of a diffuse sound field and ope third-octave band
teat tonea. The diffuse field climinates the effect af angle
of'incidenca since Aiffuse aound impinges randomly from all
directions. The diffuse field alpo facilitates creation of
the proper tesat copditions asince a freae fileld is mora diffi-
cult and costly to produce. The usu of third-octave band
test tones is more realiatic than use of pure tones and
enhances reproducibllity of results hy reducing possible
variations due to excitation of resopnances in the devicen,
Small differencea in the absolute frequency of pure tones
may cause disproportionately larger differencea in the
measured attenuation between lnveatigations.

In addition to these revialons to the subjective thresh-
old methodology, a supplemental physical test for ear muff
devices 1y included in the standard., A "dummy haad" with an
artifiolal flesh material is ppeclfied for obtaining attenu-
ation measurements, Aa stated in tha Poreword teo the stan-
dard, "the physaical measurement method is intanded for pro-
duction test and engineering deaign. ., . . it is not auitable

for earpliug testing.”
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CURRENT STATE-OP~TUE-ART OF HEARING PROTECTOR ATTENUATION

Moat hearing protector manufacturers have dotormined
the attenwation capablility of their devices in accordance
with ANSI 7222,54-1957 and rcport the attenuation value at
each discrete fost frequoncy. Some manufacturers have
obtalned data uslng tho A5SA STD 1-1975 methodology, but do
not report it because tha results generally indlcate some-
what less attcenuation than the Z22.54--1957 teat. Porformance
teating is usually conducted by an independent testing lab-
oratory so as to lnsure unbiased evaluations.

A report by the National Inatitute for Occupational
Safety and Health, HEW Publication No. (NIOSH) 76-120, con~
tains attenpuation data complled for a wide varlaty of hearing
protectorsn, These data wan collected by NIOSH in response to
a letter survey of manufactureras, It doea pot claim to be
complete nor does it endorpe the data submitted by the manu-
facturers. The complled data includes the standard deviation
of tha measurements at each frequancy, thereby providing an
indication of the varlability in performanca to be expected,

The data represents the current atate-of-the-art of
henring protector attenuation. The range on attenuation at
the test frequencies Is indicated helaw.

Tablae 1

State of the Art of flearing Protector
Attenuation va. Freguency

125 250 500 1000 2000 3000 AQO0 6000 ADOO

Maximum
Attenuation (dB) 313 35 137 A6 A6 48 50 48 52

Minimum
Attsnuation (dB} 3 4 5 13 22 28 25 27 19
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:BFFECT OF HEARING PROTECTORS ON VERDAL COMMUNICATION
Wearing hearing protective devices will interfere with
speech communication in relatlvoely qguicet environments, lHow-
ever, when worn in high loevel noine (90-199 dB(A)) hearing
protectora not only do not interfore, but may actually
enhance apaach intelligibility for normal carn. The reason
is that hearing protoctors maintain opproximately tho aame
speech to nolae ratlon, while reducing the absolute lavels,
This reduces diatortion due to overdriving of tho auditory
mechanism, This may not be tho casc for individuals who
have hearing impairments, although no atudies have been
found to datarmine the affect of a henring impailrment.
Figure 3 illustrates the cffect of hearing protectora on
apeech intelligibllity in various nelse environments,

SIMPLIFIED METHODS OF ERXPREBSING HEARING PROTECTOR
PERFORMANCE '
The attenuation data obtained from the atandardized
threshold shift methodology i3 vaery useful perxformance infor-
mation, provided it is interpreted and applind corroctly.
However, it may be difficult for many interested individuals
to relate octave band attenuation values to the cormonly
uped A-weighted sound pressure level noise descriptor.
other wordsa, most nolse levels and current standards are
sxpressed in A-weighted declbels, a unit vhich weigha each
vctave band empirically according to human response and then
This is the most common notation and is

In

sums these values.
symholically represcnted as "dB(A)."

Recognition of this dAifficulty in relating the standard-
izad attenuation data to practical, everyday nolse measure-
mants, has led to the development of various techniquea which |
provide an eatimate of the dB(A) nolse reduction fxom the ;
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octave band attenuation values. Thete techniques are
aimilar to ono another and, generally, trade off accuracy
for aimplicity, The primary difficulty in catimating dB{A)
reduction is duc to the fact that the performance of hearing
protactive devices depends upon the frequency aspectrum of
tho neisa. Cansequently, it 1s common for a aingle devlice
to provide pubstantially differont amountsn of attanuation
for different noise flclds when exprensed in terma dB(A).
Therefore, apeclfying a conntant value of capected dB(A)
attanuation is virtually impossible, Alno, therc ip a
aignificant varlation in hearing protector performance
oboerved from individual to individual. This varintion ia
axpressed atatiatically as the "standard deviation" caleu-
lated at each frequency from tha 30 measurementsn raquired
by the astandard procedura,

There ara three basic techniquee for relating ortave
band attenuation to dB{A) attenuation., Thema are deacribed
below quallitatively by listing the major atepa in the pro-
cedure, The distinction between tho teachniques lles in
what data is requirxed to apply the technique and the accuracy
of the estimated attenvation value obtained.

Method One

Data Regquirxed; Octave hand nolase lavels at 125, 250, 500,
: 1000, 2000, 4000, and BOO hertz (Hz) the

dR(A) naiaa level

Hlearing protector mean attenuation data at
125, 250, 400, 1000, 2000, 3000, 4000,
6000, 8000 Hz,

Comments: Most precise mathod

Attenuation value will vary for different
noiaes bat not for different levels of the

aama noise

33
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Procedurc:

Hathod Two

Data Required:

Comments

Apply the A-~wolghting to tho smound pressurc
lovel at each frequancy to yleld A-walglited
octave band data

Logarithmically aum A-~woelghted octave band
sound levelo

Adjust tho hearing protoctor attenuation
data for statistical wvarlation by subtract-
ing two standard deviationa at ecach
Lrequency

Subtract the adjusted attenuation values
from the A-weighted cctave band sound
levals

Logarithmically aum the values from the
previous step to yleld the A-welghted aound
laval under the hearing protector

Bubtract the calculated lavel uader the
protactor from the A~weighted nolse levels
to obtain the dB(A) attenuwatlon capability
of the hearlng protactive device

A-waighted sound level of the nolse
C~welghted sonnd level of the noilse

Hearing protector mean attenuation data at
125, 250, 500, 1000, 2000, 3000, 4Q00,
6000, BOOO Hz ‘

Second most pracise of tha three techniques

Requiren that the reduction factor be sub-
tracted from the C-walghted sound level to
obtain A-waighted sound level entering the
aar

Reduction factor Lla constant although

C~walighted gound laevel values change with
differing noise apectrums
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Procedurc:s

Method Three

Data Required;

Comments;

Procedure:

I LT CUN TIS I T el T P

Apply A-welghting to an asgumed "plnk”
noige gpeetrum of 100 dB in cach octave

Adjust healng protector mcan attenuwation
data for statisntlcal variation by subtract~
ing two gtandard deviatlonun at cach
frequency

Subtract the adjusted attenuation values
from the A-welghted octave band sound
levels

Logarithmically oum the valuos from the
previous step to obtain the A~welghted
wound lavel under the honaring protector
Add 3 dB{A) to tho level upder tha
protector to correct for actual noise
spactrum variations .

Bubtract this valua from the C~walghted
value of the plnk nolse spectrum to obtaln
t:he reduction factor

A-welghted sound leval of the noisa
Hearing protector mean attenuation data
Least precise of the three matheds

Requires large corraction for nolsa spectrum
variations

Reduction factor is constant but mast be
used with caution :

Apply A-welghting to assumed "pink" noisae
spactrum

Logarithmically sum ectava banda
Adjust hearing protector mean attenuation

values hy subtracting two standard
deviations

15
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Subtract adjusted attonuation values from
A~woilghted pink nolge spoectrum

Add cmpirically determined valuo of

A.5 dB{A) to previous value to adjust for

gpectrum unpcertainty, to obtain cotimated .
sound level under the protector

Subtract the value under the protector
from A-welghtod sound level of the plnk
noino to obtain reductlion factor

It should apparent that the three moethods prepented
exemplify the trade off between the complexity of tho infor-
mation required and the accuracy of the roaultn ohtaiped,. .
Method One in the moat accurate and, therefore, the moat
denirable to apply whon posaible. It requires the most
complate information about the noise apectrum which necensl~
tates tha usa of a Type 1 sound level meter with octave
band filtering capability. Mathod Two lnvolves only the
magnitude of the A and C-welghted sound levels. A reduction
factor is obtained which when subtracted from the C-walghted
sound level of the nolepe yields the A-weighted sound lavel
entering tha ear, Thia method was developed empirically and
requirea a 3 dB correction for noilse spectrum uncertalnty.
Mathod Three requires only the A-weighted aound level, hut
neceasitates an 8.5 dB correction for spectrum uncertaintiea.
It provides a factor whlch when subtracted from the
A-weighted sound level of the nolae yellds the A-woighted
sound level entering the ear.:

All three mathods utilize the mean attenuation data
datermined by tha ASA 5TD 1-1975 procedure along with the
standard deviation. In each case the mean attonuation
values are adjusted by two standard deviationa for atatiati-
cal varlation to insure that 25% of the population reallze
at least that amount of nolse attenuation. Each mathod
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l,' requirens the ability to logarithmically sum decibel values
: which is more complex than hauie arithmetic coalculations.
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SECTION V

THE HEARING PROTECTOR INDUSTRY

Tha Agancy has experienced difflculty in obtalning
quantitative information rogarxding the hearlng protactor
induastry. The total remponse to the advanced Notlce of
Proposed Rulemaking included ten aubmissiona to tha docket.
None of thae responnes addrassed in detail the inquiry
requeating information describing the hoarlng protector
industry, The responae aubmitted by the Industrial Safety
Equipment Assoclation, ZInc. ({ISER) atates that there are
presently 25-30 major manufacturera. The 17 membera of ISEA
are estimated to account for B0 percent of tha sales volume,
Thelr specific responma to the ANPRM inquiry was, "Tha mar-
keting information requested ia not available in any form
that wa know ¢f." The Natfonal Instituta for Occupational
Bafety and Health (NIOSH) responded, "Wa hava no information
on this ftem."

A certain amount of qualitative information has been
gathered, however, from ISEA, NIOSH, and others active in
the field of hearing protectors, This information ia pre-
sented here, In order to obtain further, mora detalled
information, EPA has recently diatributed letter requesta
to nine companiea selected from a list of manufacturers
compiled by NIOSH. Any additional information availablae
from readers of this document would ba welcomed by the
Agency.

~ The hearing protector induatry is comprised of 25-30
major manufacturcrs aa eatimated by ISEA, Howaver, thera

38
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are numorous pmall manufacturcera, as well as many individuala
who produce custom molded ecar plugs. To further complicate
the plectura, there are various companicy who distribute
hearing protectors under their own trade name which aro
manufactured by another company. This means the same deviee
is marketed under different trade names and therefore, it is
Alfficule to identify all unique devices. Also, a manufac~
turer of, lat un say, car muffs may market somaone elae's
pluga so that they have a completa line of hearing protectors
to offer, The List compiled by NIOSH ineludea 40 "manufac-
turers or auppliera.® The iist of 17 ISEA mombers includes
five companies not appearing on the NIOSH 1ist. That ilmplles
45 "manpufacturars ox ﬂubpliern." It is not proper to consider
these ligts complets; only that they represent the majority

of the hearing protector industry. Consldering the foregolng,
it seema safa to eatimate that approximately 30 major manu-
facturars produce most of the hearing protectors marketed
today.

There have been no estimates mada of the number of
hearing protectors manufactured. Various sourcea have been
consulted including the Depnrtﬁent of Commerce which perlod-
iocelly conducta a cenaus aof all products manufactured.
Unfortunately, hearing protectors axe apparently grouped
under "miscollaneous® in the "personal protective equipment”
category. This information s included in EPA'm letter-
request, in hopes of compiling soma rather broad estimates

- of the typos and quantitiesa of each of thesa devices

manufactured.
The current consuming market of hearing protectors is

the military/industrial segment of the country. It io here
where large quantities of hearing protectors are usged to
protect individuala from nolse levels which can damage

39
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hearing permanently. Moat of these purchasers are reached

"alther hy the manufacturors thomsclven or by distributors

of personal safety equipment.

Although 1t 1a growing, the presont public consumption
of hearing protectors is relativoly small. Vory few hearing
protactora are found in common retall cstablishmants, Where
thay ara found, the cholce id vary limited, Mont of thone
found are either the malleable inserts or the car muffa,
sinca these davices minimize problems encountered with £it,
Aa envirxonmental noilme loavels contipue to intrude and the
public becomes more aware, cltlizon use of hearing protectors
will most likely increasa aubatantially.
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SECTIOR VI

BECONOMIC ANALYSIS

.":.-. : COST IMPACT QF HEARING PROTECTOR REGULATLION

U A.  ELEMENT OF COST
‘ 1. Number of tests required beyond present teating
2, Preparation of Labeling Verlfication Reports
3. Maintenance of roguired records

4. Compliance planning

i . 5. Devalopment and, or ravialon of product graphfca,

' puckaging and literature

6, Coatns of labeling requiremonts over present
product labeling,

FACTOR AFFECTING COST
1. Numbers of additional tests required
a) Initially

o One for each model protector
o Threa for 3}-positlon earmuffs
h) Annuully-
o Assume product changes to 20% of models
2. Amount of Compliance Audit Testing
o No fixad amount, may be very minimal
o Assume avearags of one additional test
par year
3. Cost per teat
o £1,500 - 52,000 per test per headband
position, \
41 A
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4,

[e] Tachnical 2-woaks
o Clarical 2-woaks
o Reproduction/Printing

(Aasumed avernge costa, actual costs

Preparation of Labeling Verification Reportn

$1,000
400

100

$1,500

will vary with nunbera of protectors

labaeled.)

NUMBER OF HEARING PROTECTOR MODELS
{FROM HEW PUBLICATION HEW (NIQSH) 76-120)

1.

,EBar Inserts

Q Premolded
0 Moldabla
o Non~Linear

Ear Muffp

0 One~position
Q Three~position
18 x (3)

o One-position
o Two-position 1 x (2)
o Three-position 1 x (3)

TOTAL MODELS 170
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b. INITIAL COSTS OF LABELING VERIFICATION TESTING

(ONE-~TIME)
vl

From 170 models x 51,500 per modal
(tosting) = 3255,000
To 170 modeln x $2,000 poer model

w—

(teating) = $340,000

5255,000 ~ 340,000 One~time Initial Tesnting Costs

E. COSTHE OF COMPLIANCE AURIT TESTING (ANNUAL)

G

Asaume that each mapufacturer will be
rﬁquirad to perform one additional teat
each year on the averaqge,

No. of Manufacturers = Approximately 41
Contsn

From 41 x $1,500 por teat = 561,500
To 41 x 52,000 par tost = $82,000

$61,500 ~ $82,000 Annual Costas for Complliance

Audit Testing

F. CONTINUING COSTS FO LABELING VERIFICATION TESTING (ANNU?

{ANNUAL)
o

Aspuma that 20% of models need reverifi-
cation or are new models,

Conte
170 modala x .20 = 34
From 34 models x $1,500 per model

({testing) = $68,000

851,000 ~ 568,000 Annual Cost of Laboling

L AT 4

T e R G LAL e de By UL e L Lt L LEt, L "

Verification Tesating
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G, DIRECT COST OF LADELING PREPARATION (ONB-TIME)

1.

2.

1.

2.

W«h«mmnﬁmwn et s e

Thin includes preparation of new or reviamod product
graphics, packaging and l.teratura.
Manufacturar Survey Summarcy

B Replieaa

o Minimal Coata

o Not Availabla

0 $0.10 per unlt 1
(Rounded davicen)
[} 81,000 1
{(Typesetting & Artwork
Coata
o Aaauma 41 manufacturers
o Aspume cost for revised artwork and

graphica of $3,000 par manufacturex,
a $3,000 x 4L = $123,000
$123,000 One-~Time Direct Labeling Costs

H. ADMINISTRATIVE COSTS (ANNUAL)

Includes
a Development of Compliance Plan
o Praparation of Labeling Verificaticn Plan
o Maintenance of Records
o Administrative Costs of Compllance Audit
Testing
Assume the following parsonnel requiremente
a 1 week ~ senior-leval at 50,000 per year
o 2 weoks - mid-lavel at 30,000 per year
o 2 weeks ~ technician/clerical at 10,000
per year
44
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3. Copte

0
$151,700

T TOTAL COSTa

1/50 x 50,000 per year = $51,000

2/50 x 30,000 por ycar = 1,200

Coat of Praparat:lon of

Labeling Vexification

Report (3 (4)) a 1,500
$£3,700

$3,700 x 41 manufacturars =« $151,700

Annual Adminintrative Costa

1. Initial Coats (One-Tima)
a) Label Verlfication Taating $255,000 -~ $340,000

b. Labeling Preparation

$123,000 -~ $123,000

Total Initial Coatm

$378,000 to $463,000

2. Annual Couta_“

a) Compliance Audit Teating

$61,500 ~ $82,000

b) Labsl Verification Teating 551,500 - $68,000

a) Adminiutrative Costa

$151,.700 - $151,700

Total Annual Coseta

§264,200 to $301,700
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