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* References are lisced in Seccion 15, e.g.:

EPA'S PUBLIC HEALTH AND WELFARE MANDATE

THE MANDATE

EPA wat given a Public Healtk snd Welfare oundsze in the atea of nolae io 1972
with pasange of the KNoise Cootrol Agk. Congtess felt thar inadequately
toncrelled noise presented & groving dsnger to the healech and walfare of che
nation's population and concluded that The policy of che Uniced States was to
promote an enviromment for all Americans that is free from noise which
jecpardizes cheit healch or welfaze (I/Sect. 2)*, This mandare was excendad by
she Quiet Comunizies Act of 1978 (I/Sect, 2, Sect. 5).

How is the national ehiacrive ta be acepmnlished?

Under Section 2, the Act is intended ro help sccomplish the national objective in
she folloving vays:

1. Effsczively coordinate Federal ressarch sand activizies in noisa control.

2. Establish Federal noise emission scandards for produccs diacriduted in
comuerce,

3. Previde ipfermation to the public concerning the noise emission and noise
reduction characceristiss of cthe regulaced products. (2/5ece, 2)

what is the definicion cf Health and Welfare?

EPA utilizes the World Health Ocrganizacioo definicion zhat specifims Health and

Weliare av complace phymical, wental, and social well=being, mot just the abagnce
of disease and iafirmicy (3),

(Ref. |, Sect.
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What specifis Public Health and Welfare informagion is ZPA recuirad to provide?

1.

To publish criteria that raoflect the kind and extant of all idencifiable
noise effncza on public health and velfare (1/5e¢cc. 3(a}l),

To publish informacion on the lavels of environmenzal noisa requisite to
protact tha public health and welfare wizh an adequaca nargin of safecy
[1/5ect. 3(a)2).

What i3 EPA'is fesoonaibilicv regarding standacds and regulations?

L.

EPA is given cthe suthority 2o prescribe and amend scandards chat limit the
noise genetation characteriscics newly zanufactured products that have besn
identified aa a wmajor spurce of noisze. This mav includa conszruction
equipmenc, transporcation egquipment, Iotora AT engines, and eleccrical or
electronic equipment. Standards Duss take inZa accoust the sagiitude snd
condicions &f use, the degree af noise reductioo achiavable Sy best available
technology, and the cost of compliance. (l/Sacc. $(c)l) EPA al4o has the
responsibilicy to develop in-use regulazions Zfor interscaze rail and =oror
sarriers.

Ceher ageocies are caguirsd to consult ZPA befare prescribing noise reg~
ulacions. IPA is alloved to require public review of any such regulazion
thar they Jaal {3 {nsufficient to protecs public healsh tod velfaza iccording
to ifs ¢riceria (l/Sect. 4{c)2).

What (s SPA'n vesponsibilice in regard to airczafe noise rejulations?

EPA does notr hava suthority to regulate aircrafc neise, bue is required o jubmit
recommandacions fov such ragulations cto the Fan (!/Secr. 7{c)2).

10/79 1=2




How is Health and walfare involved in labsling?

£PA fs reguired co labe!l any product emitting woise capable af advercely

affecting the public health and wellare (1/Sect. 8la)l),

What is EPA's suthozitv fer enforcement?

Tha Adminiscrator of IPA way issue enforzsment Srders for non-compliance or mia-
labeling of products, specifving the nop=compliancm penalties under the law
{i/Sezz, 10(d))).

10/7% 1-3
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THE NATIONAL NOISE PROBLEM

Since 1973, the Department of Housing and Urban Develapment (HUD) (319)" has
conducted an Annual Housing Survey for the Census Bureau in which noise has baep
cousiscently ranked ks 4 leading cause of neighborhood dissatisZaction, In fact,
neatly one-half of the respond#nts esch yoar have felt that nolse waz a Sajor
neighborhood problez (see Figure 2+-1). In the 1975 sucvey, stree: nolse was
senrioned m2era often chan all other unvanted neignborhood canditions., This
survey Hat alsa shown that aizzraf: and traffiz nolse are leading factors in
taking people want to move from their naighborhoods. Appreoxicately one-third of
81! che respondents who wished to move because oY updesirsble neighbarhood
copdisions, did so frequenctly bezzuse of poise. (39)
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FIG. 2-1. UNDESIRABLE NETGHBCRHOOD CONDITIONS
FOR HOMEDWNERS AND RENTERS: UNITED
STATES COMPARATIVE RANKING, 1973.
SQURCE: Rsf, &, pp. &=12,

* Raferences are listed in Section 15, e.g.: (Ref. 29),
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A poll cenducced by the Callup Oryuaization in Nevembar 1978 for che Macional
League of Cicies snd & Haeris Survey for the AIC netwerk in Janwary 1979 on
attitudes toward eovironmental issues both iandicatnd that the public views noise
%3 a g.ruuing problem varrgncing more goverrmental actention and actien,

Row manv peaple ara astimaced to live in residantial aress with noise lavels
above EPA's recommendad limita?

The Levels Document recocrmends that the day-night soucd level of residencial
areas not exceed 5} d3 to protect against acsivicy intarferenca dnd annoyancs
{5}, It is esgimaced thar wvell over 100 silllen people, nnarly half the U.3.
populacion, live in aveas whare che noise axcaeds chis leval (see Figure 2-2),
Tvelve million pecpla ara estimsced to live in arwss where che oucdoor &

*
dn
excands 70 d3, aud chey are likaely o experience savers dnnoyanse d4nd poasible

Searing losa,

“hac (s the relacionshina batween indoar and outioor levels?

Indoor levels are often Somparabla 28 or 4ignar thad leveld aeasured oucside
(5/8-%}), Howevar, many oJurdcor noises 42ill xonay people i their homes dore
than indoor acises do, ind people sometimes turn on iadoor sources £ Dask thae

noise spming from outside {4/11).

1a/79 2
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wall, Over 100 million persons are estimated to be axposed, in and around their
homes, ta undasirably high zraffic noise levals exceeding Ldu = §5 dB, Figures .
contained in Table I«l for each source vepresent the number of paople exposed st
or abova & given level (Ldn) for the source in queation and do not take into
comaidecation that an individual zay be sicultansously exposed ta more than one

source culminating in a higher total exposura.

L Vumber of People in Millions for Sach Nolse Cacegory

dn

(d3) | Srban Rural Home
Trafffe | Trafflc| Adrerafe) fafl | Agriculsural | Induserial | appliance

30 0.4 0.3

15 1.0 0.3

7 S R 2.5

&5 .6 1.0 1.9 0.4

&0 .l 1.5 9.9 L.l 1.6

53 101 6.8 [£=50.0 1.4 2.1 5.3 15,0

TABLE 2-1. SIMMARY OF THE MINGER OF PEQPLE EXPOSED TO VARIOUS
LEVELS OF :'da OR HIGHER FROM NOIST SCURCES !N THE

COMMUNTTY.
SOURCE: Ref. 7, ap. C=5,.17,

What sre tvpicadl noisze axposyred for seoola throughout the dav Zor varisus U,3,

lifs scvles?
2ile stules

This inforzacion ls noc precisaly wnowm. However a study Sy Schori seesn £o shaw
an averdge expoauts af chu“ » 15 44, However, his sampla is not necessarily

typical (a/32},
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How wmany wvorkers and nom-workers are expossd to noise lavels which mav be

_dL:lging te thair hearing?

An eatioated !5 milllon American workers are exposed to an Leq T of 75 ¢B ar
above which may be hazardous to their hesaring., Becsuse of che overlap between
persons in occupational and nop=oecupational noise exposurs situations, thers is
an estimaced toszal of 20 to 25 million persons who may possibly incur hearing
loases based on an “‘-q (8 of 7% dB or above {7/47),

What might be considerad the tvbizsl dailv noiem exposurs patiern?

Pigure I=) hypothetically depicts an example of what might S considered a
typical daily noise exposure of & homemaker, atudentd, and workers.

10/79 . =5
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EPA POLICY STATEMENTS ON NOISE LEVELS

"H
Maxioum poise levels EPA has identified o mroract the oublic health and welfare E]
HEARIG LEVEL AREA ]
LOSS {at ear}
Hearing Losy Legr24) S 7048 All areas
Qurdooractivity | Ly, € 55dB QOutdoors in residential arzas and
interference and fartns and other outdoct areas
innoyance where people spend widely varying
amounts of tims and other places
In which quiet is a bai for use,
L“I(Z“) £ 55dB Qutdoor areas whese people spend
Limited amounts of time, such as
achool yards, playgeounds, s1c,
Indoor activiry Lyp<45dB Indoor residential areas
interference and
snnoynce Legz4y & 45dB Other indoor areas with human
activities such as schoais, etz,
SOURCE: Raf. 5, p. 3.v
Explanations

1. chu“ reprasants The sound enargy averaged over 4 24-hour period while :'dn
Teptesents tha qu with a 10 dB nighttime weighting.

The hearing loss leval ideccified here reprasants anpual averages of the
daily lavel, {These ate energy averages, oot to be confused with arichmetic
- averages, )

1T

wReferences srTa llstad {2 Seccion 15 a.g.t (Ref. S/p. 3).
JURRRETY .-|..rw.u--u--u.~.1||.1-»..n‘w

10/7% 3-1
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EPA hsa determined that for purposes of hearing sonstrvation alone, a level which
is proctective of that segment of the populacion 4t or balow che 96th percencila
will proeeer virtually che satire population, This level has bean calculated to
be an LM{ of 70 &8 aver a li-hour day, 4lso eguivalent to an I..q gver a period of
B hours (I..q (gy! of 75 4B,

EPA's operacional abatemenr goals as dedined in the "Strategy Docymant"

A. To cake all practical steps fo eliminace hearing loss sesulting from noise

exposuce;

8. To reduce environmancal neise exposure €3 an Ld“ valua of qo acre than 75 4B

iomediataly;

€. T raduce aolse exposure lavels 20 an L“ of 63 45 or lower by vigeraus

segulatary and planning actionay
0. To scriva for an evenctual reductizo of noise levels I3 an Lin ol §5 437
I. To encourage 4nd 4ssisr ozher Federal, Staca, 4od lacal agencies in cha

sdoption and implementacicn of long rasge noise conzeol policias.
[/ vii=viil)

Dsfinition of a majstr sourie 3f noise

From the sciencifiz [health and welfare) parspactive, without any rcagacd
whataoaver ty  coacs, feasibilicy, praccicalicy, 3¢ policyfpolitical
conaideracians, the definiliom of a 2ajor sourte of solse an published ia the
S(b)(1) ootices of che Federal RAegister is cranscrided balow. Noce thar zhe

definition consisty of savaral stiteria. These criceria include exceeding ihe

maxioum noise levels idencifiad £o procect :the public health and welfare (ses

age 3=1): .

10/79 3=2
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Baszis for the idencificacion of maior noise sources

"Ir determining whether a producs (or class of produccs) is a"major noise source
for regulation under Section 6 of the Act, the Adwinistiator considers prisarily

the following factors:

1, The intensity, charaster &nd/or duration ¢f the noise emitted by the product
(or class of products) and the number of paople impacted by the noise;

2, Whechar the product, alone or in combinacion with other producss, causes
roise exposure in defined areas under various conditions, which exceed the
levels rTequisite to protect che publiz health and welfare with an adequate

necgin of safacyg

3. Whether the spectcal content cor temporal characteristics, o Soth, of the
ooise pake it irritating or iotrusive, even though the nnise lavel may not

atheswise be excessive;

4, Whether the ooise emiszed by the product causea intermictent single qvent

exposyre leading to amnoyances or activity interfecance.”

The second factor i3 zhe mosr salient part of che definition and will for most
practizal purposes cover almont all produccs with vhich EPA is concersed. There
may odzur, Nowever, a few inatances whote products tay aot meat the sriterion of
Zactor Nupper 2 sbove, but may atil] be comsidersd acouscically unaccaptable from
& public poinc of view. In such cases factors 1, 3, and & a» cited above apply.
(1076722

107 3-3
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SUMMARY OF HUMAN EFFECTS FROM VARIOLS OUTDOOR

NOISE LEVELS

1

The foliowing five Zables presact informacion on tha posaible «ffects on peopla

caused by ourdoor day=-night noise lavals of 35, 60, &5, 70, and 75 decibals,
Sucmary of Slumsn Sffects for Ouidoor Dav-Night Sound Lavel of 5% Decibals

Ivpa af Effect Magnitude of Fffece

Hearing Lass Will not gecuy

Risk of nonsuditory direase -
(atress)

Speech™ = {ndoors Yo disturbanca of docmal conversatiosm. 100
percant sentence incelligibility {avarage) wish s
$ db aargin of safety

- Qucdoors Slight disturbance of normal voice or ralaxad t 3
copversstian with 109 parzent 1engence
intelligibilicy (average) ag 0,15 secar

or
99 parcenc senzence incelligidilizy (average) ac
1,0 anter

ar
9§ percent sentance intelligibilicy (average) at
1.3 mukers

#izh Annovance Dapending on attisude and other aon-acoudtical
factors, approximacely &  percenc o€ the
populacion will 3e highly snnoyed.

Overt Community Raactisn Yona expectad; 7 dB balow level of significant
"compleints 4nd chraatsy of lagel action,” bur ic
laasc 16 dB Selow "vigorauas accion’ (atsitudes
and ocher non-sconacical fzecors 2ay sadify shis
effect) @

Attitudes Towards araa Noise conpiderad no move important chan various
other suvironmencal factors

* and ** jee tha notes an page I=3,

/0y 3=
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Summarv of Ruman Tifaccs for Cutdesr Dav-Nizht Sound Levael of 60 Decibela

TN e C '"'""‘."}J: 0 Tvpe of Effect . Mapni tude of Tffece
. Hearing Loss . Will not aceur
! Riak of nonsuditery health "
' elfects (atress) )
. Speacher - Indoors No disturbsnze of noromal conversation. 100

parcent sentence intelligihility (average)

wvith ne margin of aufecy

~ Qucdoors Modarate disturbance of normal voice or
relaxed copversation with 100 patcanc
sentance intalligibility (average) ar 0.2
gecer

ar

99 Percent Bentencs intelligibilicy
{average} at 0.6 oeter

ar

. 93 percant sencenca intelligibilicy
(average) at 2 maters .

. High Annovanze Depending oo aciitude and  other oo~
co acoustical factors, approximately 9 percent
! of the populacion will be highly annoved,

Average Community Reaction Slight to nodaraze; 2 d¥ balow leval of
vignificant "complaints and thrests of legal
action,"” but ac least Il dB below "vigorous
action” (attitudes and other non-acoustical
faccors may modify thin effect)

ST ST

Attitudes Towards Area Noias may be considered an sdverse aspect of
the ¢ommynity enviroomenz

* ynd ** 5Sae the notes on page J-9.

D ekt L JEUTEE PR IDTINTIFL AW L ]
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Suomary of Human Effects for Outdoor Day-Hight Sound Lavel of 55 Decidals

Iype of Sfface Magnitude of Effect o
, T " . Hlearing Loss Will net oscur
Risk of nonaudicory health b
affects (scress)

. Spesch™ = Indoaza Slight disturbence of normal convarsation %9
percent 1encancs (nrelllgibilicy (averags)
wich @ & dB margin of safety

- Oucdoors Significant diszurbunce of normal voize or

relaxad conversation wizth 100 percent
sencence inzelligibilicy laverage) ac 0.15
aater

or
99 paroant sentange incelligibilicy
(aversge) 4c 0.5 zecer

y ®
9% percent tantenca iacalligibilicy
(avazage) at 1.5 oetesrs

High Annoyance Depsnding am  attitude and  acher nen-
acouscical faczors,  spproximataly 18
ravcant of the populacion will 3e dignly
annoyad.

Average Comaunity Reacztion Significant; I dB abova lavel of simificant
“eomplaincs and threacs of legal action,”
but st least 7 4B Selow "vigorous actian"
(accitudes and ocher aon-scouscical faegoss
aday aodidy this effect)

AbSitudes Towarda icaa Hoisa i1 ane af che izporcant sdvarde
aspaccs of the sommupity eovironmans

* and ** Jee tho fhoces on pigd 1=3.

-
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Supmary of Aumap Effeccs for Qutdoge Dav-Night Sound Lavel of 75 Decibels

Tvoe of Effsct Magnitude of Fffect . Q
b ' ' Hearing Lons Hay begin to occur in sensitive individuals, depending
oo sctual noise laevels received at-ear.
Risk of nonsuditory hd
. health effecrs
(scrasa)
Spaech** -~ Indoora Some disturbanca of normal zonveciaticn. Sencance

intelligibility {average) approxinoacely 98 percent

= futdears Very significant disturbance 3f zpcmal voice or rolaxed
conversacion with: 100 percent sentence intelligibilicy
nol poawible at any distanca

ar

99 percent sentence incelligibility {average) at 0,15
mater

ar

39 parcent sentence Lincalligidility (average) ar 0.1 e
zater

Yigh Annayance Jepending on accicude and ocher non-acouacical Zactors,
approximately J7 percent of the population will De
highly ennoyed.

Average Commnizy very savere; '3 dB above level aof significaat
Reaction "complaiants and threscs of legal action" and &2 leasc )
dB above "vigorous action" (attitudes and other aom-

acoustical Zfactors may zadify chis effacc).

Actitudes Towards Notse is likely to be- zha nost importans af #11 adverie
Ares aspeccs of the commupity envircmmant.

* and ** 34¢ tha noces on page 3=9,

10/79 =8
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The following mores should be kept in mind when examinizg cthe praceding five

tazbles:

10479

Researsh implizazes npoise as & facror producing stress-related health
sffects such a3 hear: disease, high-blood pressure and strvoke, ulcers and
other digescive disorders., The Telationahips becvesn noise sod chese effects
have pot wet buen quantifiad, however.

The speech effeczs dack In Chese zables sre drawm from the Levalr Dosuwmenc,
s follows. Itdoor effects ate based oo Tabdle 3, and og Figure D], with 15
4% added co the indocor level to obtazin the outdoor reading., Outdoar edfects
come from Pigure D2, using Ly (as determined with Figurs A=7), Both Figures
D=1 and D=2 ara based on steady noide, not on qu. Table D~) shows that for
fluctuating noise, tha average percent interference can be higher or lower
than for sceady noise with che same L.q. The values givan in this reporc are
the best estimates of the interierencs.

=9



HEARING LOSS

NORMAL HEARING

How dces the human ear work?

The Figure 4=1 shows & schematic diagres of how the huzan edr funciions,

FIG. &-1. A SCHEMATIC DIAGRAM OF ROW THE HUMAN
EAR FUNCTIONS
Seurge: Raf. Ll, 2o 9

Tha outer ear consists of the auricle or pinnz [l poc shown| and the auvdizory
canal [2], The pinna of the human sar is a residusl struccure although it say aid
in the localization of sound encering the ear. The sound wave gptering the aar i
echanced by tesonant characteriscics of the auditory canal (12/61-85).% Sound
waves travel up cthe sudicory canal [2] and se: up vibrations in the eardrum of
sympanic membrane [J ).

= References are liaced in Sectien 15, e.g.: (Raf. 13/pp. 61-65).

10/19 4l
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Behidd the tympacic zembrane is a cavity zalled the middle ear. The midale aay
fupczions a1 an lopsdance macchar.v 3pezifizally, dound pressurs from Waves
sTaveling through che air (low impedance} is xmplified adout 2l Zizes so char iy
m'y efficianely craval into e Yigh izpadamce fluld medium in the innar ar,
This L3 accomplished 3y the leverage actisn af che chres middle sar oones: ohe
Aalleus, incus, and stapes {4], The footplats of the stapes, {n futn, moves ig
and out of che oval vindow [5).

The zeovemenc of the sval window wets up amotiona in the Sluid (5] chae 2ilL ine
ianar ear or :3chled, Movement 3¢ this fluld csuses she hairs thac ars (omersed
in flutd to zove [7), THe movement af these hairs iziculates 3he zells actached
to them t3 sand impulies along the fibers 27 the auditery necve 3] 1o the
srain, The brain cranslaces these impulses intd the sensacion of sound, (12/47~
)

‘“hat ix considered ta Sa acrmal heariag?

The abilizy To hear Awans Feing capables af derscring souads wichin the fraquency
cange af 15-20,000 2z, The hreshald zf rudibility ar the poizrz b wmizh sounds
are sarely detectible is shewn in Pigure 4=21. Ia 2linigal amaring assessmeps,
normal nearing Jalla within & raoge of 7 o 25 dB of che chreshold of qudidilicy.
(127176=177)

———————rae
v Ippediocs i scoprised of frizcionsl resistance, zaas, and stifiness, and Thus

acss ia opposiZion fo the incoming sound wave.
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F13, &~1. AVERACET THRESHOLD OF HEARING

Saurce: Ref, 13, p. 12,

At what leve! is The threshald of paia?

The threshold of pain i1 leocated at che upper boundary of audibility and in
normal nearers is in the regicn of 135 dB for all frequancies (13/223),

Are there ciffarences in nerual adulr hearinp based on sax?

Starcing in che exrly cesnzge years, snd parricularly in cthe age range of 25 1o
£%, women in industrial councoies have bezter bearizg than do men. Howover, the
rate of hearing loss o oen ovar 50 declines while that of woman of che same age
increasns, Above 75 yesrs of age the diffarence in hearigg betwsan che sexes
tends to become insignilicant, These differences most likely axist because noise
axposurt is prisarilv grecter for men due to the ociupational moise they usually
encounter in their early and middle years (l4/i=4).

10/79 4=3
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Are :hers differances i norzal adul% Searing Yased on age!

The threshald of Weuring rises (hasrisg Yecomes less sansitive) wvich age. This
affect (nvolves primarily, and is zost marked ac, the higher frequencias above
1000 Hz (14f5=7). Studies of large population samples have shown chat this loss
begins At around sge cwenry apd 'incruul with sach decads (11/51), Refer o
Figure 4=7 vhich shows curves repcesenting changes in the average threshold of
hearing vwith age for nales and fezales, (Alsc see saction on Preshveusis.)

e e

are chere differences in normal adult hearing hased on zaca!

There is no inherent diffsrenca in hearing levels batvesn the races thac asks up
the populacion of the U.S5. Human ears arg e¢ssencially the same around the world.
aay demographiz differesces thav have dppesred {n some srudiea i sosz lixely
atgoibutabla so differiag envisonmensal joise expoaurts, (]5/1=5)

E.I_JU i4 Hesring aexsured?

Hedriag i1 sozoonly amasured by the use of & pure-tone audiomater, Tesr fonas
are producad by the sudiomerer 3IC 4nowm intensities ind are preaented to the
subjects’ sars througn eacphones. This is «mown as air conduction testing. Zach
ear is tasted Jeparacely and comnonly st the followizg cest frequancies: 150,
joo, 1000, 2000, 4000, srd 3000 Hz. Ac esch Cest frequency, cthe hearing
threshold for chat test tone i3 Idencifiad by tesponses z2 the Zoda ac leasc 50
parcant 2f the tise at che lowest incensiiy heard by the sybjects (13/77).
flaaring loss is aeasured by the diffsrence Setwesn the zers ¢B hearing lavel and

the incenaify required for the subject to hear each cest tone Half the time
(13/68), The zesulcs are plotted on 2o dudiogram. The sazmple sudicgram shows In
Flgare 4= rofleczs hearing lasa faaging frow +5 d8 ar 280 Hz ©a 2%=-15 d3 a2 3000
He. Zfach ear i3 represenced separacaly (0 = right, T = left). The sodified
brackacs indicacs bone :onn"ucl::'on chresholds; (< « cighz, * = lais), '
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HEARING LOSS

Uhat different cvpes of haoaring loss are there?

Thare are two major types of heariog loss: conductive and sensori-neursl. A
conductive loms is usually asraciated with che outer or middle ear. This kind of
loss is usually caused by a perfaration or infection in the middle ecar or an
inflazmation of the middle ear bones, This loss blocks zranssission of scund to
the cochlaa or inner ear. Gonductive lceswes are correccabla by surgery.

10/79 4=3
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A demsgri=naural lodw resulce from damage to the cochlas or neural scructures of
the gar. Birsh defects, soise, ocotoxiz drugs, fevar, ot trauss 2wy cause shis
tvpe of los4. Seasoci-ueural loased acre aot medically correctabla. [In additionm,
sensori-neucal hearing loss 2an be classified in several ways: noise-induced,
presbycuais, sociacusis, or dus o birth defaces, congenital problems, dissasa,
injury, or drugs,

How is the tvoa of searing loss decarsined?

IS air zonductien testing indicaces thar a hearing loss axisty, it iy necessary
to detarmzne whather if i9 of the sonductive or sensari-neurdl type through bone
zonducticn testing. To do chis a bona-conducrien vidrator i ettached o the
aastoid process of the skull just behiad the ear, Test tones are presenced &
differing incemsities just 48 vith (opes presented chrough earphones. Again each
ear id tadted separitaly. Ofcen a zaekiog tine has to be applied co the yrtested
aar to ensure that rawpondes are heard only by the tast aar. I the hedriag
shreshold decermined b bome conduction tescing {3 essencially nosasl, tha
“wearing losd indicated by alr 2onduction i of the condugrive typs, I! zhe
ghrestold Zar Sone coaduction is consiscens wish thae derermiaed by air
zanduszion, the qearing iods i3 of the sensori-neural Sype. A mixad loss axiscs

12 rthere 15 2 sensori-neural ioss wiih & syperimpoded concuctiva lows. (157298)

Can conducfive lo#ses Se iaused %v 10i1s?

ves, Tupture 3f rhe ear drum and discurbance of :he mpiddle ear dones zan resuls
Zfyow a vary 2igh mplizude impulae or dlagt, This is ofgen zabtled traumatic
hearicg loss. The asxisue degree of & zanduclive 1249 {9 vaually arcund §5 32 30
48 (12/85-37).

e




e RN L T D A AT TR

¥hat sfe dome common causes of senseri-naural hearing loss in newborn babies?

Mosg habies born wich hearing impairments have sensori=neural hearing losses,
These can be sither ¢congenital (gonetically inherited from the parents) or due t3
damage t3 the embrys it utero. Lertain diseases such as yubells (Germac teasles)
or influenza that che mother covtracts during pregnancy can resulc in » senmori=
neural heaariog loes & a birch defyct in the shild (13/50-51),

What diseasws caz lead o sesscvi-neural hearing loms?

Diseasas such as oeasles, mueps, scarlet fever, diphtheris, whooping sough,
influenza, and certain other virs! infections can lead to sensori-neursl heiring
toss, The protesses &f Shene diseaswes cart heve & toxiz effect on the sensifive
netve endings in the cochlea. lnfactions »f the cerebrospinal fluid such as
meringizis cao a.so cause damage o the sochles, Tuoorous growths near the

audicory nerve caun cduse sendori=-nkursl hesfing loss due Io pressurs 94 the
oerve, [(13/52)

sentori=-ndural hearing loss?

Bigh doses of acotaxiz drugs such as quizipe, dihydrovscreptomycin, neozyecin, and
kapamveiz catt have toxic effecCy on the cochlea and iausea awbamquent sensori=
neursl hearing loas (13/55), The uae of these drugs is now castricted.

What is the excent of haaring loss_a=ong the U.5. pooulscion?

r—

Based op the sudiometric resules in 1960=52 Public Heallh Survey, it is astimated
chat spproximately 19 millics avericans or 1J percenc of cihe U.5. populacion have
hearing logses that caz be deserided as handicapping. Criceris rvecommended by
the Nacional JTasticute of Occupational Sefety and Health (NICSH) (25 dB EL
avaraged at 1000, 2000, aod 1000 Hz) as che begioning paint of handicap was used

10/79 4=7
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to derive these estimaZesn, The population suffering such losses increases wizh

1ge and the number of people significancly accelavazes after age u0.

InforDacion gathered By EPA and the Naticnal aAssociation of the Deaf show thac
13,362,842 americans of all ages have some type of hearing impairment, from =ild
to severs, One=half of chase pecple are age 55 or older. Thara are 5,548,842
Amevicand of all ages with significanc bilatecal damage, There ave 1,767,046
Amevicans of all agea that ave dezf. Qf these, 510,322 are pravocational (prier
ta ages i7) and 201,628 are prelingual (prior o age 1) The prelingual figure
essentially represents thome who ware bava deaf. Three cuf of every 100 school
shildren havae some Zype of hearing izpalrment and 10 put of svary 1000 Americans
1ge 45 or oldar have a hearing loss,  Ia L1971 the U.3, Public Heal:sh Satvice
canducted & survey vhich found shat hearisg iapeirzent (s the 2ost frequenzly
reported health problem in the countTy, with sevez out of every 00 people

reporting a hearing prablaa, (19)

NOISE INDUCED HEARING LOSS

“hat is Noise-Induced PerTanent Thresnoid Shife (HIDTS)?

WIPTS is a4 perzanant shifz in the haearizmg thvesheld (& lowering of the
sansicivity) of the ears due co exposure Co aoise. I is 2 sensori~aeural cype of
heating loas, and i1 not raversible {14/5=2)., NIPTS can resuls Jreow aither &
aingle axposurs %o Sign intenaity impulsive noise wuch v Hlascs or explosiona,
or to longer exposures =0 lower, but s;ill damaging noise levela, Typically,
hearing o3s duw o zolse exposure occury firse ac cthe higher Zraquencies,
sarsiaularly azound zhe 5000 dz level L1000 = 5000 Hz) (13/54), Figute 4=4 shows
an example o NIPTS relacive Zo exposure lavels af 37-102 dB (17/]114),

/79 awd
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exists hetwvean hearin

lass_and the leve! and dyrarion

of noise exposure’

In gtheral, the magnitude of coise-induced hearing losa depends upop the noise
levels to whizh the ear hanr baen habitually sxposed, the length of time for which
it has been sxposed to thoas levels, and the suscepribilizy cf the individual.
Short-cars {time in oinutes) to high infensity ooise, or long-teft exposura to
noise of lesser (ncenaisy, may cause temporary of permanent hearing loss, With
an adequate Eime Yefore the next noise expesurs, the ear will generally recover
te g previous pre=sxposyre thresheold. Repeated neise exposurss without sdequaze
time for recovery betwaen exposures can lead fo a Noise-lnduced Permanent
Threshold Shife (NIPTS). (Sae Refersmnces 18 and 20 for a general discussion,)

What fagtors can incresse a pezson's susceptidilice to noise-induzed hearing

loss?

A significant factor that is kaown to intresde the likelihood of nolse-ipduced
hearing loss is continued exposute o hagardous soise, Defects or discases of
the ear are hypochesized to cause a predisponition to noiae=-induced hearing loas
{14/5=21), Some evidenco exists that persons are sspecially susceptidle to

10/7%9 4=9

“ -_,:g:l‘wr.::w: S
e R




sutfaring bearing dasage frow noise when they are geing through physiologizal
changes or ata etduring physical scress such a9 rapid grovel or illowes (20/492-
%970,

Doas noise act svuergiscically with drugs on hearing? Are there other kinds of

synargistic affacta?

Thera i8 sowe avidenca in the licaracure which suggests chat ototoxic drugy sugh
as kanzaycin, and a class of aneibiocice known a1 amizgglycosides Zay sause Sove
severe damage o tha oar when Zreatzent with these drugs occurs $Oncurtent with
aoise exposure (21/19-17), However, only little resaarch has bessn dope in this
area, and the daca are lizited o anizals.

Contipuous noise may alio inzerzes wish ispulse zoise 4nd bedy vidrations to
exacetbate heaving .oss, although the zagnitude of this effuct s oor exactly
known,

“hat faczory protect the ear against noise-inducad hearing loss?

Thare dre gaveral laczors which caa sirigace the tisk of soise-induced hearing
loas. The scouapic zeflex (tighraning of the ossicular chain due to contraccion
af the ouscles in che middla ear {p respocse to high lavel sound} pracaces
hearing from noise exposure co 4 very limizes dngrea, The ute of learing
proececcion such as earplugs or esruffs veduces tha risk of hearing danage Zrom
noise. Avoidance JE noisy areas, limiting ¢xposure o short periads of time, or
ensuring iatermittent racher than continuous exposure will mitigate the tiak of
hearing loes irom noise. [acressed public awarensss of che dangers of hearing
demage from noise can lead to the use of ear procecsors and the avoidance af

dangerous noise axposuga. [ 1a/5-2)

16/79 =10
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Sowrze: Ref. 11, p. 10

How doey the "Boual Temoorary SEfect” dvoochanis pradice MIPTS on che basis af

NITTS?

Tvis theory stites that Noise~lnduced Parasnsnt Threshold Shiit dus to long=tatm
1ceady=stats noise axposute i3 pradiczed by the average Noise-laduced Teapovary
Thwrashald $hift produced by the sase daily poise iz 4 healthy young smar. Ths
hypothasis is based on the cogrentisn thac noise intonse snough o cause NIFTS in
the long suc ia iatenss encugh to cause NITTS in the normal ear, and chat ookie
that does pot pradude HITTS will fot produce HIPTS.  (14/5<), 24/791) The
aypothasis staras zhat a WITTS oeasured $wo minuces after ceasacian af an eighc=

10479 4=12
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hour noise expasure claosely approxicaces the NIPTS incurred afcer a 19~ to 20-

year expoaurs £o that same level (20/140-147).

What is she "Equal Epergw hvsothesis!

The "Equal EBnargy" hypothesis is another way to aczempt to predict NIPTS, The
hypaothesis states that equal amounss of sound energy will causs equal amounis of
NIPTS vegardless of the distribution ¢f the energy across time (18/222). This
weans that Ehe hazatd te hearing i derermined by the tocal enerpy (product of
sound level and duration} that sntets the ear oh a daily basis. The "Equal
tnerzy" rule allows a 3 dB increasae in sound prassure level for each halving of
the duration of continucus daily steady~state nolse exposure {1&/5=3),

In decernining permissible exposures for che workplace zc prevent NIPTS, OSHA
adopted a 5 43 equal energy ruls oo sccount for various braaks in noise levels
whith oteur durinog the day [25/37¥7a).

EFA haa idencified an L“(Z“
to protact hearing, 1f exposure time is raduced to 8 hours, a saximum Leqlﬂ) of

af 70 4B as the nexizum Ji-hour sxposuce necsssary

75 d8, & 5 dB incraase, has beesn identified an a protecrive level for hearing
15/18=21),

IMPULSE NOISE

What is ispulse noise and wha:t are ics effacts o hearing?

this is noiae characterized by & shor: duration, abrupt omset and decay, high
intensity, and a capidly changing spectral composizion, Impulas noise describaa
the kinds of sound made by explosiops, drap forge impaccs, and the discharge of
fire ares, Exposure to Impulee neiss aay resclt in temporacy snd pectsnent
shifce in the chreshold of hearing (22/186-187).

10/79 &-13
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Whac are the criteria for impulsive noise lnside and away from the Wworkplaca?

OSHA regulations definas {mpulse or izpacs noise as "sound wich a rise time of noc
more than 35 ailliseconds to peak intensity snd a duracicen of noc more chan 300
milliseconds,"” The regulationa specify that employees ahall not be exposed to
impulse or ippact noise which axceeds 140 43 peak pressure level, (257181)

The Committes on Hearing, Bicaccustics, and Blomechanics (CHA3A) af cha Nationsl
Acadesy of Sciences has alsa recommended damage risk critaria Zor izpulie noise,
Tha CHABA impulse curve is based on peak sound pressure laval and che duracion af
tha izpulses. Figura 45 shows the criceria surrancly in use, assuzing an
exposure of 100 izpulses per day. The A-duracion iy che time thac she iopulse ia
infcially within 20 d3 of the peak ldavel. The 3-duratisn oeadutes the Latal gime
chat the sound iy wichin 19 d3 of she peak level, The I-duraciou alse iccounts
for 4ny veflections or severdecvaction shat zay be jresent, and thus allows lass
exposute under these conditicpns, A correstion factor far daily exposurss acher
than 100 Iopulses i3 provided (741,

)
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EXPOSURE ASSIMING 100 DMPULSES
?ER DAY AND OTHER CONDITICNS AS
STATED IN THE TEXT.
Source: Ref. Ti.
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PRESBYCUSIS - SOCIOCUSIS

Bhat is preshveusis?

Presbycusis is a hearing loss asaociated with incresting age, It is moac masied
at higher freguensies, eapacially choas above J000 Hz, The causes of prasbycusis
are believed te be deterioration of the cencral uervous system and changes in the
audisary svacem !127101, 330).

Whaz is sociocusid?

Socipcusis is noisevinduced permapest chrashold whif: {lows of hesring
semsitivity) attributed tc cenviroomeatal tnoise (hearing loss frem non=
occupstional noise exposure) (27/12), It is difficult to separate socipcusia

@ fron hearing loss due to aging (preabycusin) or to occupational ooise exposure.
gxposutes to high levels of environmencal noise cay accalerats lons noraally due
to aging (18/410).

What is the wrorreasion of sresbveusis with age?

The threshold of hearing rises naturally (hearing becomes less sensitive) with
increnring age., This effect involves primarily the frequencies above J0OD H:z
114/4~7). Figure 4~7 pressots data that depict the progression of presbycusia
with age and the dagree of loss. As aga inctoases, lossas at high frequencies
become greater and hesrivg loss progrevses further dowm the scale to lowar
fraquencies.

10179 4=1%

-
i
e v
R

RSP A VU



—v‘——-—__",___———-i 15a1% 1y,
Nr_____—? 123 DO P
i ___‘T 13-10 1ra., .

i I T TN

DR TR
. . ICDICNL
Pr e e et
g 10 Fh=1% wemp g
- ]
A aln ; Adewt pry.
.‘I‘ !
E . N,
i ! \ i : T it e,
i ; | |
nl BE 4 _ \
§ g \ 0=r+s yre,
HE N\ |
2 - .
KRS
? Ly ' r\ Nttt pea, ‘I'
%] 33
:"_5 ié e | \1 Pady wra,
3. |
: |
3 o
3
. HY
¢
i
; 5a
! !
2 18

T
a " 100 1200 1000 04 1500 1004
FREQUENCY IN HERTZ
FIG. 4=7, AVERAGE HEARING L0533 FROM AGING TOR MEN AND WOMEN {WITHOLT o
THE EFFECTS OF QCCUPATICNAL NOI3Z)
Source: Ref. 16, pp. ~8-37.

10/79 =16

g s s b e i ) S PV i) - P




Pue to our complex, paisy eaviromsent it &a difficuls, if not impossible, to
separate hearing loss due o aging frow noise-induced hearing loss, both from
secupational and envizommental poise. Few paople live their whole lives in quiet
surroundings, Almoat sveryone suffers some exposure to damaging ooise; eicther at
home, at work, at leisure, or during transportatiopn between thess activities,:

The dats found in Figure 4=7 are not cesnt to be caken a8 an exact prediction of
ths magnitude of hearing loss at each age, Different rosearchets have found
diZfering values, The Zigure ia presented to Tepresest ap avarage amount of
hearing loss that can be expecced., However, it is possible that some of tha
hearing lons described in the graph is due to axpesure 2o environmental noise and
oot ko presbvcusis. Some researchers contend that presbycusia fonsiszs dainly of
hearing loss due to lifatize sxpomure ta the aggregare of noise found in the
eavironment, Another view sZaces that environmental noise only accelerates the
loases ar high freguenzies that would have occurred znvway through aging.
(27/1%)

¥har evidencs axists that sociocugis (hearing loas caused by envir 4l noisel

acsura?
f- -t

Howen conductad a study of che primicive Mabaans of the African SuZan. Their
environment was #lmost fren of noise with a typical beckground level of 40 di (A=
weighted}. Among the Mabzans, the hearing abilitias of men in their mavoncias
and eighties (s equal to char of healchy children ac age ten, (28/741=742)

These Zindings auggest that che Mabaans show little if any hesring loss due to
«£ging {presbycusis). The iwmplication of these findings is that much of the
hearing loss observed with age in icdurzcial countries could Teally be due co
snvironmental nolse exposure (sociocusis} racher than aging {presbycusis).
Rosan'e findings zay be actribucable to diet or othear causative fapggors,



13 _cock gupic conaidered to be a hasring hazard?

Studies have confirmad chaz overall sound levels of loud rock and roll, eithar ac
concerts or from dowedtic stavedd, frequently excewd curvent hesring demage risk
Cromrm T ! cricaris, These noise levels can predute large 4mounss of noise-induced
tenporary threshold shifts (NITTS) in both the ousicizns and che lisceners.

Sound levels ia the ares of cthe band very from 105~]115 dB and in the dance area

* from 100 co 110 d8 (A-weighted lavels), which are wizhia hazardous levels

aceording to damage tisk criterls eatabliahed by EPA, OSRA, and NIOSH. (29/8)

Attendance af a rock coacart as a4 fap, or playing and practieisg in 3 rock band,
san impair hearing (38/27), Figure 4+8 shows bdefore and afrer avdiograms of
musicians and dancers at & loud rack omeert (27/)4=15}., NITIS from expasurae to
the loud music ia clearly visible. Genetally, howavar, the lncidence of hearing
loas {2 not a3 large 4s would be predicead (29/11).

ona faccor cthat can lessen the effects of rock music on hearing is izy
istermitrancy, Rock music {4 characcarized by co-times of approximarely chrae 2o
Five minutea altacnacing wich off=-times of ipproximacely coe ainuce {37/16).

o=y T T a t y o T T T T T
CLN
H ’ -
E 10p= § b ’/ bl L T N y
~
H g A2
H L,
t 0. - e -
-
: Ak 14N \ TIlMAGE GamcCR3 L4r03ED 10
k] L ALiTeG \ aOCH & ML W
PRl ol S P \ 1 - E
b
L] "'.,\
4 By
T wop - apf o
H
G MILs Ingag O L (1WA
1 e MA1Cssomy o~ POSTLfaRoMeRD
L TR o URIIREL"] 1
i o4 P
¥ . N L . L " o L L : . "
s 1000 _ 000 1000 4K 40 L= ]
TLIT CFREQUENCY  d%a1 TR s a9

FIC, 4-3. HEARING LZVELS OF TEEN-AGE ROCK-AND-ROLL MUSICIANS AND
DANCERS MEASURED JUST HEFOQRE AND 2ETWEEN FIVE T0 ELEVEN
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Source: af, 27, pp. L4-13.
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THE CONSEQUENCES OF HEARING LOSS

Aow is the abilisv to discriminaze snd undersrand speech sffected bv meites

induced hearing loss?

Often, c=he #irat awarveness of hearing lose comes with oiesing occarional words in
general convarsation and haviop 2ifficulty understanding speesh on  the
telephane. Many aufferers of noise—inducad heaving loss say that speech is
frequently parbled and distotted, Typical noise-ipduced hearing loss is iz the
high fraquency range and persons with this type of hearing loss can have normal
oY almast-normal hearing up to 1000 Hz., They exhibic lictle difficulty in
kearing voices 2t normal intensities dut they cap have trouble understanding them
espacially wizh noise in the background., This in because consonsnts are
characteriZed by high Srequenciar sod weak Intensities and vowels by low
fruquencies. A person with & neise-induced hearing lows can 2ias hearing
consonants like 8, £, and p thar give information and meaning cc spaech and
language. It is cfcen difficult for people with this type of losi o understand
apeach in lectures, Dartings, pariies, cheatres; or on IV, radio, or the
talephone.

What is_recruitzenz?

Recruirment is 4 vapid incresse in the perceprion of louduess a4z lovels above
heacing thrasholds, It is often characceriscic of & sensori-neural hearing loss
(11/48) and it may cause discomfort aod pain, Once a sound is intense enough far
the subjest to perceive i, an additional incresan in Inzanaity causes
disproporticnate increass in the agnnacion of loudness. For example, a peracn
with a 40 dB hearing less would just barely decect 4 sound of 40 d¥ asbove the
normal threshold of hearing., Bovavar, he would hear o sound of 50 db abaove the
normal threshold with a loudneas that was greater than cthat with which a normal
hearing person would hear a sound of 10 dF above the thrashold of hesring.
(13/48 » 48)
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What is tinnitus _and how many people incup iz?
an L2 -4,

Tinnitus i buzzing, high pitched rvinging, ov roaring in the head chact (s a
common complaint of a person with 4 hearing loss, particularly thosa lossas
astociated wich noise, Tinnitus is ofzen the firsc recognizadle indicator of
hearing damage. It zan D¢ in one or both ears, alchough there 3y not necessarily
be 4 hearing losa presenc, {13/50)

Aceording £o the National Healch Examination Survey (1960) 12 perzemt of the

population or 4 million Amevicans have exparienced sooe fars of cinnitus, at one
tise 2r anacher,

What sther affects zan hearing loss have?

Hearing loss can lead to seduced exployabilizy of che sufferer. I is especially
damagiag if childran suffer hearing loas during cheir developments! iad
educacional vears {33/771). Hearing loss can alyo Se s safety hazard and wn
concribuce to acsidents becausa warning signals ar calls for help can be misaed
by a parson with 4 hearing loss (33/74).

what ars the Jocia! consequences 3f aearing lows?

Maoy times, friands and amsociacas become leas willipng o be parcners iz
sonvarsscion or other activis

ies with a person who suffers &« hesaring loss. It
becomes Jifficult for a person wizh 4 hoaring lowa 2 participate in leczuras,
memcings, parzies, theatras, and achar public gacherisgs; or o listen fo cthe 1V,
tadio) or have telephade conversations. A sevare sense of isclation can sef in
a3 hearing decrsasas. As hesariog loss increases so does che tense of being cut
off from the reat of the world, fvancuslly hearing say decteass o the point chat
the perien no longer feels a parc of the liviag world, Smotfiohal depression cas
be the rasult. [12/438-419})




HEARING LQSS CRITER(A

What level has been idenzified bv EPA as orotective of the hearing of the senerzl

population in the workplica’

Taking into sscount chat 4000 Br ia the frequency moat mensicive ro hearing loss
and cthaz logsas cf less than § ¢35 are generally nov considered noticeabls of
significans, EPA identifies an B=~hour exposurs level not excegdrng 75 d8 in order
to protect 96 percent of the population from greatar than & 3 d3 NIPTS (5/18).
This recocmendacion is based on aceady noise levels of 0 hours per ciy, S days pes
week, over & period of 40 vsars {53/30).

What lavals Rave been idenzified bv EPi ad protective of the hearine of the

ganeral sopuletion from significant demape dus ro environmenzal nojse’?

Eovironmental ooise diffsrs from workplace moise in chet i: is generally
intetmitcent, coveras 365 days per year rather than 250 wark days, and covars 24
hours per day vather than & hours, Taking these factors into agcouns, EPA has
ideptified an eavirormental noise level af L“i:“ ® 70 dB in order to protect 96
percent of the general populaciop trom a hearing loss of greager than 3 4B at 2000
Rz (8§/19=-20). For dezails, see Table 4-i,

Steady With
[Continugus) Intermistent Margin af
Noise Naige | Salaty
Laq, B hour 250 caylvear 3 B }
385 day/year na4 164 | s
Loa. 24 hour 250 aay/veat ;] 73
365 day/year 66.4 7.4 0

TABLE 4=]. (AT=-EAR) EXPOSURE LEVELS THAT PRODUCE NO
MORE THAN § 4B NOISE-INDUCED HEARING DAMACE
AT 4000 HI OVER A 40-YEAR PERIGD
Source: Ref. 5, p. C-l4.
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S b hee weas M gt ..-.‘.I.M affect tha leval?

If tha assumptions underlving this {dencified lave! vares changed, how veuld thet

; o "How would the Identified lavel be affscted bv 2 change in the
. T percencage of che population srotected?

Raducing che 96ch percentila value o che J0th percecsile {i.e.,
procaceing half zha populacion) would increase the protective Llavel
value from Y0 di zo 77 43,

L] "Since _agrmement sn_ the value of the intersitrency eorzeccion i3
{zparfect, what sther vilues might be uged?

The estimated iatarmittaney correction uied in he Levels Document is §
dB. The trus interzistescy correction is probably withia che range 0
ts 15 dB.

a "How accurate is Che equal enarzv assuastion?

The squal energy dssumpticn whan applied fo the long timesa (9 heurs £o
24, or 250 to 365 days} is fairly accurate. 1T zay be subject to error
wheo applied 2 sbott expomures of exTreme lavel,

Q "How mesnifigful are che Sasic studies o2 hearing Jamepe Tisk?

The probable arrors of escimaces {n che threw busic studies cannoc be
stated wich sbeolucte accuracy. There are a nudber of prodlems ia
extrapolating percentages of zhe population damaged Zrom relatively
high expcaura levsls o the protactive level, Also, thare is the
problem of dezermining the amount of hearing damage whep the coattol
{aos—expoeed) papulation Ld subject to high levels of avo=-sccupationsl
noiae. Thua, the 70 db profective lavel ia simply the basc present
astinaze, subjmct co change Ll better data become availabla.”
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what eriterion has been developed far exposure to steadv-stata naige?

Figure 4~9 shows curvas davelopsd from data usad in the TPA Lavals Document (%/C-
5) which depict Che maxizmum and average adise~induced perdanent threshold ahifs
expectad averaged over a4 S0-year exposuret to a l4-hour contiouous A-weighted
equivalent scund lavel. For example, avar a 40~year (age 20 to 60) exposure to 4
continuous A~weightad equivalens sound leval af 75 43, che averige soise induced
persanent chrashold shift (NIPYS) expectsd Ls approzimazely 4 dB ar 4000 Hz,
Thia means that ac aga 20, che iadividual will have hearing agual co che non-
exponad pepulacion (0 d3 NITPS). At age 40, cha individual will have an NI?TS
zonsidacably jraster than 4 dB. The average axpactad shift in chreshold {a 4 4.
This change io hearing is caused by tha workplace noise axposurs, This is in
additzion to the expacted loss of hearing due to aging which ac the sge of 60 is
approximately an averzge loas of 24 4 for each fraquancy {a the cange of 250 =~
8000 8z (26/52). The gaxicum values {ndicated in Figura 4~3 ahcow the warst zase
expactad frem tha givea sound level,

HEARING CONSERVATION

In_what wavs zan noise problems Se Jnoroachad in order fo ‘essen She chances If

hearing loss due 3 axpadure to noisa?

Attempts to solve & noise problem can be Jade Dy attacking any combinatioa of the
three hapic #lexents of che problem:

Q By nodifying the source oo raduca its 30ise ouZput
a Sy altering the sransmissisn sath o zaduce the noise lavel reaching

the liscenar

[} By altering the creceiver's exposurs either througn limizing cthe
exposure time ac by providing petscnal profective equipment {11/1s5)

o~ e e .
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In what wavs can 4 source be wodified *o reduce its noise gutput?

Q

©

‘ Noiae spurces can be quitted by!

Reducing impact or impulsive forcea

Reducing speed in machines, ané flow velocities and pressures ie £luid
svatems

Balancing rotaring parts

Reducing frictional resistance

Isclsting vibrating elemants within the machine
Reducing coite radiating eveas

Applying vibration damping macerisls

Reducing noise leakage from the interior of the machine

Choosing quieter machinery when replacisg appliances (L11/17=29}

In vhat wavd can the frapsmisdion path be aAltersad to reduce the noise leval

reaching the liscener?

Noise tramamission paths can be altered by:

Separating the nolse sourte and receiver aa much as passible
Dasing sonne absorbing materials

Using sound barriers or dellectora

Dsing acoustical linings

Using wufflers, sllencers, or soubbers

Using vibrazion isolarors and flexible couplots

Using anclosures (11/33-40)
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£ it in imponeible cechnologically or unfeasible econsmicalle to solve a noise

probles bv modifying the sourca or sltesing the crandmisdion path, what orher

Zethods can be yped vy arocecs the listensr from heacing damags?

LA AL

Limiting the smount of continueus exposure to high noise levals {5 aue approsch,
This can be accosplished either by conducting coisy oparations for enly shart
periods af cime or by sllowing listanera to be axposed co high levels of nolse for
only short paricds of cime, Afser all othet awcthods have failed ©o reduce noiae
$o acceptablae levels, 22 a lase vesort where exposure Eo these high levels is
required, perscaal hearing protectord can e usad. (11/40=41) Hearing procectors
do not 1clve tha ncise problem; they ouly trsac the symptoms of the probles,

How i3 the exncsurs of worksars o Migh levals of ncise regulatad by tho Federal
govermane?

The Walsh-Healey Public Contraccs Asc of 19J8 aa woecded in 1969 requires that
all sompanies doing at lesat 510,000 anoual Susiness wich the Federal govertzent
limic the exposury ta noise &C various lavels of their workers o the durations
datailed in the table below. Table 4=2 shows that as the 0isy exposurs leval
increassr Yy 5 dB, the allowabls time of exposure is halved. {15/37775)

Thasa sze¢ accupational exposura lavels wsre promulgaced covaring iadustries
engaged ir ioterstace cormercs by the OccypaCiooal Safesy and  Health
Adpminiseracion (QSEA) undar the mandace of the Occupations! Safaty and Healsh acc
of 1970,

10/7% 416
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dJuyatiorn Par Day Noise Level d2

{h? 5low Response
e 90

6 92

) 95

k| 97

: 100

1.3 1021

i 105

102 110

1/~ or less 115 opax

TABLE 4~=1. PERMISSIBLE NGISE EXPOSURES UNDER THE
WALSH=HEALEY PUBLIC CONTRACTS ALY, 1969
Seurce: Aef. 25, p. L0516,

15 ngise exoosuce exceads cthess limizs what additional protecrive weesures do the
OSHA rTegulazions reacire?

If noise dxposuve exceeds Shese durstion snd noite laevel limits, after
economicelly feasible apgineering remadias ave exhaneced, eoployees are 0 wears
hearing provectors issued by the ewmployer (25/1051¢).

What different rvpes of heacisg grocectary are svailabie?

dearing protecsors cap gither de earplugs or muffs, Earplugs can be made of cany
smaterials, auch as soft flexible plastic, wax, papar, glassweol, corton, snd
asixtures of these naceriale, To ba effoctive they mwusc provide s snug, airzighe
and comforzable seal, Muff-type protectors covar the dotire external ear and
generally provide greater protection chan dp earplugs. [23/182=185) Figure 4-10
depicta the soumd atbenuation characteriatics of saveral represencacive types of
hearing protectors.
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“hat ocher reculremency Just be fylfilled under the OSHA Act of 135707

Tha Act raquires yearly sudicgrama for all employess whose 30l3s axposure excends
the OSHA limizs, Tn addition, these emplcyaes are to be issued hearing
. protaction devices,
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Whit are baseline and followveur sudiograms and whv sre thev usefyl?

Baseline or reference sudiograms are the results of hearibp Zests performed on
new emploveas &t their time of hire, Follow-up audicgrazs are periodic zests
performed co idencify any detevioration in the ezployee’s hearing due to on=she-
job nocise exposure. Baseline apd follow-up audicgrams are impertant begsuse
employers are only liable for hearing loss incurved during the time that a
claiznant was empleved by them. Baselipa audiograms pimpoiot che extant of
hearing loss prior to srarting work snd also can serve as a placement mechanisz,
An #ffapr can be Dade fo place employees wizli aa existing hearing loas in ardas
that ave less damagiag 2o their remazning hesring, Follew-up avdiograms point
cut developing hearing loss problems and detsrmine those susceptible individunls
who are gt rvisk, Their exposures ahould be modified immediately to protact
ageindt continued detaricrazion of hesring, The follow=up pariodic audiograms
help in pinpointing those individuals peading further testipg aod in documenting
compansaticn claims {}3/260-26.).

.

Whe i sompensation 28i2 for hearinp impairments?

In =wecent vesrs cecupational disssses have become compensable, #nd loss of
nearing has besn recoptizad by the Federa) goveradent and most stater an ao
ogcupational dissase. Today, there are some state lavs that congider gradual
hearing izmpsirment a3 a series af traumas ot accidents, and thersfore creat ic as
4 aafety rather than & health problez. At the present Time nearly all states have
provisions for compensacing hearing lots Yui the SCALUCSS vary codiidesably.
While a few scates compensace fairly liberally, some sfates tequire “total" losa
of hearing in one or doth asrs, and others scill requirs proof of disability and
lost wages (34/1=1), (For general informatios and discussion see Rofevonce J6,)
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In_ terms of cempensation and ecrizeria, how sre disabiliry, iopairsent, and

handicap defined and usped?

a Dissbilicy: actual ar preasumed (nabilizy co remain eoployed at full
wages .
o Izpairment: & deviation ot & chaage far the worde in either ssructure

or fynction, usually outside of the range of sormal

0 Hendicap: zhe disaxdvantage izposed b7 an izpairmant sufficieat o
affect ooe'a perssnal afficiency in che accivigies of daily livimg

Claatly, the term hendicap i1 peantc to apply Io che compansarion situacien,
vhareas che remm iopairwens is zoce appropriace 2o preventive cricacia {35/740-
751). Tha desision of what is &8 unacceptadle amouse of impaistens centisued to
e somawhat {2 dispure.

What are che two moat ofcen used hearing izpairment :cmpensacicn forzulas?

L. AMA/AADG Formula (19573)

This sacently revised Jormula was developad by cha American Academy of
Ophthalmology and Otalarmugology. The forouls averages haaring loss st 300,
1000, 2000, and 1000 Yz (prior o the revision, the J KHz cesr irequency wes noc
used) vich & 25 dB lov famce balow which no hearing impairmenc (s coosidered to
exist, An avatage hearing [mpairmest af 32 4B {3 conasidered tocal hearing loss
with each decibal loss becwean 15 and 92 dB reprasancing 4 1.5 percent Impairzenc
cate of groweh (36/2055~2039).
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Compensation Formula for Faderal Emplovess (NIOSH Formels)

The original AMA (AADQ) formula was used until 1969, It was modified ac that cime
by the Department of Labor to Include test trequencien of 1, 2, and 4 REz with the
sams high and lov fence as hefore, It wes aguin modified in 197] o the prasent
form. This larer modification was largely based on NIOSH recommendations in its
¢titaria document, "Criteria for a Racommended Scandasd Occupationsl Exposure to
Hoiwe" (37/IV,4~8), NIOSE recownended that hearing impairment should be assessed
by the abilicy cto hear and ynderatand speach not only in quiet surroundings, but
in everyday convacsacional sattings where sigpificant background ncims may be
present. The NIOSH formula &verages haaricg less st 1000, 2000, aad 2000 &z,
also using 4 23 4B low fepce below which no hexring lans is comsidered, A 1.5
percanc hearing impsaizmen: rate of growth pceurs for every decibel loss above 25
d8. The inclusicn of the 3 KHz cen? frequency while delacing the 500 He makes the
formula more sepsitive to noise-induced heariag loas sinte such losses are
incurrad ipicially at higher frequeocies, In view of this, a cunber of states
heve incorporated sizmilar high frequency ccupenents in their forzulas in recent
yaars.
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