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THE NATIONAL NOISE PROBLEM

Since1973,the Departntent of Ilousing and Urban Develol)ment (IIUD)
(39)° hasconducted lm Anmml ]|oustngSurvey for the Census lhlreau ill
which noise }Insbeeo consistently nmked as Itleading eouse of neighborhood
dissatisfaction. In fact, nearly one-half of the respondents eoch year have felt
that noise was a mnjor neighborhood _roblem (see F'igure l-l). In th_ 1975
survey, street noise was mentione( more often than a I ot 1or umvante(
netghl}erhood conditions, This survey has also shov.,n that aircraft and traffic

noise are leadingfactors In looking people want to nmve.from their neighbor-hoods Al)prnxiomtely one-third of 011tile respondents v.he wished to l]tO'_e
beemlse of tmdesirahle neighborhl)od eondltions, dkl m beeau.'_eof ||oise. (39)

__gI_COMMERCIAL & tNOUSTRIALDEVELOPMENTLoINGS25%10.

13E'tERI{3RA_INGHOUS(313%

_. Figure1-1.Undesirablerl_ighborhoodconditionsfori_omeownersand renters:United
StilesComparativeRanking.tO75,
Source',Ref.4.pp.8-12.

Both a 11011ceEductedh), the C=dlupOrganization in November 1978 for the
National Leagueof Cities and a Harris Survey for the AIIC network inJanlmry
1979on attitudes toward environmental issues indieatecl thai the public views
OQiSf_ nS II _rOWJllg ])robl_nl wtlrrIozt[llg filer@ goverlllnelllll] otten{h)ll and
action.

•ReferencesareflsledinSection11,e,g,:(Rot.39).
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|'low many petJple are estimated to live in residential are*ts with IloJse levels
ld)uvv revomnlend_:d Ihnits?

According to tile Levels Douunlent, the day-nigbt strand level of residential

arl!as sbou]d not exceed 55 dB to llmtect agains[ aetivit;/hltcffvrvnee and
(mno),anee (5). It is estimated tirol ',veil (iver lO0 milli(m people, nearlylmlf the

U,S. polmlation, live in areas where tim iloist_ e×ceecls this level (see Figure
l-O-). Twelve million i)eOl)Ie are esthnlzlec] to live izl areas where tbe outdol)r

L( ex(:eeds 70 (]B, ,'111(][bey life likely to ex )erielK_e severe _Ulll()_'lillee _ln(l
p_ssible bearing los_,
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Figure 1-2. Res[(:fentialnoise environment of the national population as n function of exte-
rior day-night average sound level,
Source: Ref, 5
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i ; What is Ihe rehtiomhip hetween indoor and outdoor levels?

• Indoor levels are often comparable i(i or higher Ilum levels meast=red
outside (5). I Iov,,ever, many outdoor noises still almoy people in their homes
more than izKlot)r zloises tlt), alK] peol)le st)l]letinzes tllrll Oil h}door 5ollreus to
mask tile noise coming from imtskle (5),

'_hll_ is file zoos f perwlsivv environmental IlOl_ie source and ]row |nany people
are exposed to it?

J r AS '_lu)_*¢'lliO Table l-], ethan traffic is by far the lllllst pet'vasJve ouRhmr
residential noise source, althotzgh aircraft nnise is a si_qlifiean t sotlrce as well.
Over 95 million persons Iirt_ estilnatvd to be exposed, in alzd around their

ozes o _sir )y gltraffiezoiselevelsexceedhlgL >55riB. Figures
contained in ['able 1-[ for ellt2h SuIlree reprosctlf t le nnlu )t_r of peal)e

ex _osed at or ahovu It gi'vvo level Ldn fur 51e SOllr_e ill ( Ilestioo and do llOl
take illto consideration that iln illt ividtml may he s Ilnl]tan_OllS y exptlsl2£ o
nlor@ thou one Sollreo cllhllinaling ill a higher tot;i] exp(lSllre,

i

Number of PeopleJ.n NtlZlons_or EacbNa_tn_Category

Ldn

(dB) Urban Aircraft Rail Induserial
Tral_t_:tc

80 O,1 0,1
75 I.i 0.3 -
70 5.7 1,3 0.8 -
65 ]-9,3 4,7 2.5 9,3
60 46,6 I].5 3,5 1.,9
55 96,8 24,3 6,0 6,9

' . Table 1-1. Summaryof the numberof peopleexp0seaIo variouslevels of Ldn or higher
fromnoisesourcesIn thecommunity.
Source:Ref.7

Wh=lt are typ/ea] noise exposures fur people Ihroughaut tile day for various
U,S. life styles?

TIs forma o I is not I rue se y k ioxv . A s )' by Schori seems to show
an average exposure o f Leq (P,4)= 75 dlLI lowever, his sample is not necessar-
Ily typical (8),

How nlllny workers arid nell-workers are exposed to noise levels which may
be damaging to their ileariJ}g?

Anestimatedl5millionAmericanw°rkersarcexl_°sedt°anLe 8 of 75
dBorabovewhiehmayhehazardous _ helrhearl: g. Bee se If! eowrlap
between persons in occupational and iion-ocetll)atit_nal zloise osl]OSllrt_ situa-
tions, there is an estimated total of 25 to 25 million persons who may possibly

incur hearing losses based on an Let i (6) of 75 dB or ahove (7).
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W|mt might |)e considcred the typical (hli(y lmise exposure paflern?

Figtlre 1_ hypotlmtically de piers an exanlph_ of what nlight be considered il i
typiell] daft) llo)_;o exposure of iI ]lome/lulker, sludenls, arid workers [

i:

Factory

90-- '[dlW_'AWdlW41_,ilr4T 3

li
so-- [!

Play Outside,Shop

(Urban) I-_i

70-- PioyOutside,Shop I_,J
,_ (Suburban) _ [_:1_r__
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'°- " O,°,,room_-__"
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Environment Office

"_ 50_

40 Suburban
Environment

30'

°1 I I I
12 3 6 9 12 3 6 9 12

Midnight Noon Midnight
0 3 6 9 12 15 18 9 24

HOUR OF DAY

Figure 1-3,Hypolheslzedlife stylenoiseexposurepatterns,
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HEARING LOSS

NORMAL HEARING

Ho'w does tile human ear work?

The Figure o-I s]lo'.:'s_lse|lenlatic diagram (if how the hnn'l_n enr tuner i()ns.

5 8

Figure 2-1.Aschematicdiagramofhowthehumaneartuncl_ogs.

_* '|leo tereareolsistsoftIleaurmlvor }ran [Inotsln;_n]and heaudlory
canal [.]. Tile pinna of tile human ear isa residual structure although it me:.

't aid inthe locali;,.ationof soundenteringtheear.'|'lie soundwave enteringthe
ear is enhanced by resonant characteristics of the auditory canal (]o).= Sound
waves travel up the auditory canal [2] and set up vibrations in I|lv eardnml or
tympanic nlembrane [3],

Behind tile tympanic membrane is a cavitX called the middle ear. The
middle ear functions as an inlpedance mateher,* S )ceil|tally, sound )ressure
frmn waves trave Ing t lroug i t m air (low impedance) is amplified about 21
thnes so that it may efficiently travel into thehigh impedance fluid medium in
the inner car,This is accomplished by tile lm,erage action of the three middle
ear bones: tile malleus incus and stapes [ 1] The footplate of the stapes, in
turn, moves in and out of tile oval window [5].

The movement of the oval window sets lip motions in the fluid [8] that fill
the inner ear or cnvhlea. Movement of this tltlid causes the hairs l|lat are
immersed in fluid to mow [7], "['hemovement of these hairs stimulates the
cells attached to them to send impulses along tile fibers of the auditory nerve
I8] to thebrain Thebrain translates thesetmpulses into thesensation o[sound,
(]g)

'ReferencesarelisledInSection11.e,g,:(Ref,12),
"lmoedancoiscomprisedof frictionalresistance,mass,andstiffness,andthusactsin

oooos_tiontotheIncomingsoundwave.
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What is considered to be :mnlml hearhlg?

The ability to hear meaas being capable _)f det,.'etin_ sollnds ",vithill the

fr_c ueney hinge _)f 16--°0.i)00 I lz, The Ihreshold c)f illldibility or th,eI_hlt _t
which sounds lkre barely ( f:teela )le is s In eil l'igl_re 2-_. In clinic; ] I ear ng
assessment, normal bearing fa]Jswithin a r;mge of 0 telo.5d 13¢3f the thr_sl=old¢)f
audibility. (12)

12C

BO

\

.= 2( /
E ._ ,°°'\°oo.. .... .° °'.

Ool.z)OFHeaiTN'_"_..'/

trequencyHa

F_gure2-2. Averagethresholdofhearing,
Source:Ref,13,p, 12.

At what level is tl|e thr_shokl of pain?

The threshokl of pain is located at tile itpller boundary of audibility and hi
,, .,m:.L u_es ]t rug ]3.SdB foraiifre c eies. (l_)

Are there differences in normal adah hearing based oa sex?

Starting in the earl), teenage _,.ears. and partiet_larly h=the age range of °-.5to
05, women ill industrial countries hllve better heari=_gthan do mer*. However,
d|e rate of bel|rh|g loss in nlcl_ over 50 declines while that of women of the
same age increases, Above 7.5years of ago the difference in bearing hetwee=_
the sexes tends to become insihn]ificant. These differences most likely exis_
because noise exposure is primarily greater for men d_=eto d=o occupational
noise they asually eneramter in their e=_rlyand middle years, (14)



Are lilt.re dlffer¢,ces in normld ll(hllt bemiring Im_iud im are?

Tim threshold ¢ff he;lrin_ rises (hearing I)ecnmes less sezlsiti'.'e) with age.
']'his effect I,volves prinmrily, and is most ,mrked at,thehigher frequencies
above 8IX)(}117.(l-t). Studies l)f hlrge polllfl;flion sllmples Imve shown th;fl this
loss begins tit nrolmd ;lgc oO mlcl incre;=scs with each decade 0:3). llefer to
iri_ure °.9.-7whi(_]lshows elnrves rel)resen/izlg uhlllt_l_S 111file aver=_ge threshold
of henring with age for re;des and fenmles. (Also see secfit3n oft Pred)yc.sls.)

Are there tltfferences 1. normal lldlllt he_ring based on r;tcc?

There is eminherent difference in he;trillg h.,vels bet_vecn the r_ces that
intlko lip tile l)()llllllltioll of the U.S. ]hllzl;Zll ears life essentitdl)' /Ill! slllzle
llr(llllld tll_ workl **_.ll)'ddnlt)grIll)hJ_ (]iffL.rCzlees thlt[ have ilpl)e_tred ill sollle
studies zzml'be/dtrilzutable m differi.g envirtlllmeudal nc)ise exposures. (15)

|'low is he.ring nletlsuredP

l ]e_trlng isCOllllllOn]y llle;lstlred ])y tileilse ()fit llizre-tone ;tlldi()lllet er, Test
tones Broprodlteed I)y tile lttRIJolBeter _tt kllown iz_tensitieszt_(I are presellted
[o the sub ects cars thrOllg}l e_rl)ll()Bes. 'l'}lis is knowll ;is air coll(illelion
testing. Erich e.r is tested SOl}ar:ltely alld comtnoBI)' ill tile follt)wing test
fretl.encies: _0, 500, 1000, .000, .t000, _lnd 81100llz, At cinch test frequent:),
the henring threshold for that test tone is klmltificd as the Imvest level t)f tram
to v,,hich the s.bject responds correctly nt legist 50 percent of the time 03).
lleartn,.I level is reported t_s tha difference bat',ve,m th,_ smmd pressure level
(SPL) of the me:is.red hearillg threshold for the subject grad the SPL ft_r a
"normnr' or "tlver;tge" stibject ;asdefilmd izl lri_ttre o.o o. page o.3, The reslllts
are plotted Oil lib _tudiogr[llll, Tile sttlnllle ttlltlJtlgr_tlll shflwn ill ]?igllre °-3

" reflects hel_ring level r;mging from 45 dB at °.9.50llz to °-5-,35 dI3 at 8000 llz.
Each ear is represented separately (0 = right, X = left). The modified
brackets indictlte bnne conduction thresholds; ('¢ = right, > = left).

1
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Figure2-3, SampleAudtogram
Source:Ref,13

HEARING LOSS ,'

What dlffer_nt types of hell_ng IO_Sare there?

There are two major types of hearing loss: concluetive and sensori-neuraL A
eondnctive loss isusually associated witl=the outer or middle ear. 'J'hiskintl of
loss is usually caused by a perforation or infection in the middle ear or an
inflammation of the middlQear bones, This loss bloeks trmlsmissionof sound
to the cochlea or inner ear. Conductive losses are correctable IW surgery.

A sensori-neural loss results from dnmago to tho cochlea or netlrId struetnres

of the ear, Birthdelects, noise, ototnxie drugs, fever, or Iraumanmy eause tills
t_,,lmof loss, Sensori.neural losses are nut mediealb, correctable, In addition,
sensori-nenral hearing loss can be classified in several ways: noise-induced,
presbyeusis, soeioeusls, or duo to birth defects, congenital problems, disease,
injury, or drtlgs.
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llow is the type of hearing lassdetermined?

If air conduction testing indicates that a hearing loss exists, it is necessary to
determine v,,h_=tht_rit is of th_ conductive or sensori-neural type through bone
conduction testing, q'o do this a btme-colzductiml vibrator is attached to the
mastQid process of the skull ust behind th_ _ar, Test tones ara _resent_'d at
differing intensities just as wit I tQnes presenter t woug I carp lones. Agahl
eaoll ear is tested separately. Often a masking tone has to be applied to the
untested ear to ensure that reslmOSeS are heard only by tho test ear. If tile
hearing threshold determined by hone conduction testing is essentially nor-
real. the hearing loss indicated by air conduction is of the conductive type. If
the threshold for bone eondlmtion is cousistent with that detern_incd by air
conduction, tile ]tearing loss is of the scnsori-nenral type, A mixed loss exists if
there is a sonsori.neural loss with a superimposed conductive loss, (16)

Can conductive losses be caused by noise?

Yes. Rupture nf the ear drum and distorhance of the mkkllo ear bones can
result from a ",'cry high amplitude impulse or blast, This is often called
traumatic hearing loss. The maximum conductive loss is usually around 50 to
60 dB, (12)

What are som_ common causes of semori-neural hearing loss in newborn
babies?

Most babies born v, ith hearing inlpairments hax e sensori-neura] hearh]g
losses "['h¢so can be either congenital (genetically inherited fronHhe ilarents)
Mrdue to danmge to the embryo in uterc_, Certain diseases such as ruhella

. ] (German measles) or infhleoza [hRt the lnother contracts during l_regllallcy
ean result in a sensm'i-neural hearing loss as a birth defect in the chlkL 03)

What diseases can lead to sensori-oeural hearing loss?

Diseases such its measles, nnmlps, scarlet fever, diphtheria, whooping
cough, influenza, and curtain other viral infections nan lead to sensc, ri-naural

t t b _ _ _ _1 hhearing loss The processes of these diseases can has e a toxic effect on tile
": seas,dYe ncrv_ e.,di.._, l . _..hl.tb hffJ_c2tintlsof the cerebrosoinal flukl

SUCh 0S IZZt'nillgJtiS can also eanse daniage to (lie eoc2]lleii Tunmrous growths

near the aoditor_ ner_ e can cause sez|sorJ-neural hearing [t}ss doe to pressure
! on tile nerve. (la)

( Can drugs lead to sensori-naural hearing loss?

High closes of ototoxic drugs such as quinine, clih.vdro-strepton|ycin, neo-
nlydhl, nod kanalnyein call have toxic effects oz_ the cochlea and eatlse
subseqnent sensorJ-neural hearit|g loss, (13) The use [if these drugs is now
restricted,
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'WImt is the extent of he.ring loss among the U,S, popuhltion?

l]asecl ¢)n the m,cliometrie results in 1960-6 o l:'.blfe Ilealth S.rve;,,, it is
estimated that appro:.;hlmtol_. 19 million Ameriem_s or 13 percent of the U.S.
l)l_l)ulatlon have hearing lossesthat can I),_deseril)ed =ishandieal)pin_, Crite-
ria recolnl]ltmcled b:,, theNational lnstihtt(_.of Oeeup=tticmalSafety and I lealth
(NlOSl I) (o.5dl] I 1L ,venl_ed at i(i00, -°/]l)0, and 300/] l lz) =Isthe hugiz|l_ing
l_Oillt IIf hillld|ea l} '_vll_itlsed tn derive thesee_;tilnates. The I)Ol)ll[llllOll stl[fur-
Jl|g Slleh I¢INS_Sinl2rellsos W[I]I ap.c and tile nllnlber of people significantly
aceelunttes zlfter ago .10,

llffOrllla/]on galllere(1 hy EPI't lind the Natinnal Assl)eilltiOll of Ihe Deaf
shows thai 13,36o,84_ Aiilerican!; of all I|ges have some t_..i)o tff he=lri.g
ill| p_lirnlel]t, from mild It) severe. One-half of these )co )le are age (kSor older.

• lore life _,,_8,,_'l ¢)Alnerlcans of a llgL','iwilh Sigl=ifieant )i a/end (hun[tgu.
Then., are 1,767,046 American*; of all ages that an.! deaf, Of thvse,,ll0,5g ° ;=re
l)revocatiol]al (l_rior ttl age 19)zmd 20]1.62611relrelingua] ( Jrior tollgu 3. The
[)rclillgt,iI J'Jgllree._seZl/iall, rel)reso=ltst ]1o:_13who wore born deaf. Three out
of over_.']00tic ioo e li[_ run ill'ee _olit(.,tl'l)e of licit ring irllllairlll_lll zinc]_ out
of every 1000 Ameriemls ago/]5 or oMer have a he=tring loss. In 197l the U.S,
Public Ile,'|lth Service cnndueted =tsurvey which found tlmt hearing impair-
ment is the nmst frequt_ntl;,' reported he_llth l)mblelll in the comltry, v,'ith
seven out of err.r:,, 100 people repc)rthlg a hearing i)roblem. (19)

NOISE INDUCED HEARING LOSS

What is NtJlsc-h|dueed Penlmnent ll=reshold Sl|ifl (NIPTS)?

NIPTS is =ti)ennane,|l sl=ift in tile hettri.g threshold (a lowering of the I
sonsgh,ll.v} t)f the ear_; (lilt! to eXl)OStlr_ It) lltlise, It is a sell_o ri-Rlellrllll,vl)e of
hearing loss, and is i)o t reversible (14). NIPTS etlll result from either =tsiz_g/e
exilOSllre to high inb-'nsi/_,, Jill )ulsive IlOi_;eSllO}l Its blasts nr _rx_los/]ms. or to .-
longer exposures to Imver, I',t_tstill d=.nagizlg noise leveb;. 'l'y )ie dly he= rhlg ' ........

OSS dtle lo 11o/];13 e._l)OSllre3 oCellr_ first Ill I}lO hig]lpr I'rt!(lltellCios , l)[lrlietlJ_lr]_,'

I¢oun d the,tl_)01 lz level 1.3_(}/]-60901lz) (13/M). l;'igu re 2-1 shows an example
(If NIPTS rehltive to e:.:l_tls_lrelevels ()f/]7-102 dlL (17)
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_VJlllt type of rehltJonship exisls between h*;==ring loss nnd tile level and
c|urtllton of noise exposure?

In general) the illagxlitn(]e Iff noise-hiducecl ]lo_lril_g loss del)ends tl])C}ll lilt'

i noise levels to 'd.,hlch tile ear lilts been habitmdl)' eXl)osed, tile length of time

i for which it Inns been exposed to thcJse levels, and the slnsceptJbiiily of theln(Ji'*'lch|al. Short-term (time in minutt_s) to high hztcnsity noise, or lon_.t erHi
- _._p()stJre to ]loiso o_ JeSSCl' Jlltell_i[)'. IH_qy CItUSt_ tezzlpnrltf)' or p(q'llHMellt

hearing Joss. _Vith IuI ;idoqll[l(o time ]}eforo tile i|e3;t I](]isd _._])[)siire, I_ld _=lr
i _tiI]generally recover to a l]rdvioln_; I}r()i_xl)o_tzre threshold I]ep(!nltdl] noise

exl)OStl rJ_;'*vltholll _tcieCllzato time for recovery l)dt %%%)01ie._l)osllres elHI lend to
aNosc-I luted )er ne T res o ( S f (NI)''S), (Se,(,l_t)fr,rol)r,_,_8 (

f 20 Jot a general discussion,)

What factors c n i ere sea p_rs s susceptibility to noise-indnced h,_,rJng
loss?

Asignificant fa,_tor that isktlovcnto increaseth_ ]ikeliho()d of noise-iHduced
]leltring Joss is contJlltled _2XI)OSIIrc tO IlllZtlrcIOllS iIoise Defects or (t_sdzt_;es of

tim ear are h),l)othesJzed to eallse it l)redisposition tO zloist_-indtlct_d h_ar/ng
loss. (14) Some evidence exists tlmt persons are especially susce)tible to
suffering hearing damage from noise ','.,hon tlle)'alre going throug|= i)hysiolog-
ieldchanges or llruendurhlg physical stress such as r=lpidgrowth or illness,(20)
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Does noise act synergis tioally wilh dnlgs on heltrlng? Are there olher ki, ds of
synergistic effects?

There is some evidence ia the literature¢¢hleh suggests that otoloxic dntgs
such as kanamyein, and a class of all]thin]its knmvn as anlinogb,coskles nla_;
cause more sc_ ere damage to die tilt ',s ]lCll treat]n4211['._it]l flies] drugsoec.rs
concurrent with noise ex 3osuro, (21) llmvvver, onb, little research has been
c one in t ffsarea, and t Jet ata are limited to animals.

Continuous anise amy also iateracl with impulse noiseanti bad>,vibrations
to exacerbate hearing loss, althnugh the magnitude of this affect isnot exacib,
kllO'wn*

What factors protect the ear against noise-indaeed hearing loss?

"l_wre are several factors whi_'h can mitigate the risk of noise.induced
hearing loss The acoustic reflex (tightening of the nssicldor chaia due to
contraction of the muscles ill tile aliddle ear it] response to high level stored)
lifO]tOts hearing from noisJ exposure to a very limited degree, The ttse of
hearing protection such as ear )lugs t>rearmuffs red,cos the risk of hem.ing
damage from noise, l_.voldanee 0f ilOiS_ atollS, ialiling exl)osare to s iort
periods of [im_, or ensarhlg izlternlittelltrather thai} coatinuotlsesl)ost_rewill
mitigate the riskof hearing loss from noise. Increased puhlic awareness of the
dangers of hearing daamgd from tlois_can load to thuuse of ear protectors
and the a',oidance of clangorous noise o:qlosllre (l,t)

What effect does s_xha ve on Ih_ suseeptil)tiity It) noBe-lnduced htarlng loss? !

Based on the resuhs of existing research, it is not possible to eonehtde i
whether thesex of lho noise-exposed person ineroases or decreases the risk of i
noise-induced hearing loss.

_tat is the physiological basis for noise.induced hearing loss?

The following maoh;alisms ;ireeollsidered to play a reloin causing damage
to tilesensory ceilsof the inner ear:

i, Destruction of cochlear tissttc becaase of the physical force of the
sound pressure,

• Cardiovascular factors resahillg from diminished blood snpl)ly to the
tJochlna dllrillg noise eXllOSltre,

• Alterahonoffhadtraas[]ortacrossilciSSzlcrsalclnbra_ledurn]g_lo_sc
e_DOsllr_t

• Alteration ofbiochemit:al processes(laring noisccXl)Osure (,19)

3"115hair ceils nornlld}y convert tile inechanieal energy af sotmd vibrations
into neuro-eleetrieal signals that are transmitted to the brain. As die intensity
of the noise or the time for wbie}l thd ear is exposed is trio]eased, a greawr
_ropnrtion of the Itair cells are damagedt}rdestroyed, Figure .-5 st.hco]at/-

ca ]yshowsthe progressive des trllctioa rffthe hair col s t ttoto excessive itoise
OX|]os|lf_,
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Figure 2-5, Drawings of the organ of cortl Illustralo Ihe normal stale, penal A, and the
increasing degrees el nois6,.Induced permanent Injury, panels 113,C, and D.
Source: Ref. 11

How does tlle*'EqualTemporary Effect" Hyp(]tllesis predict NIPTS on the
basis of NI'I'FS?

This theory states that Noise-Induced Permanent Threshold Shift due to
lnng-torn,! stead),-stat_ noise cx)osarc is )rctlictcd hy the average Noise-
I dtmed remporn_, Thr+,_hnld Shift prorhu,_rl by th+__:lltnPraily f)oi_, in
healthy young ear. The hypothesis is based on the convention tlmt noise
h|tense cnotlgll to cause NIPTS in the long rttn is intense enough to cause
NITTS intile normal ear. ar,tl thai noise that does not produce NITTS will not
produce NIFTS, (14) The hypot|]csis states that a NI'I'FS measured tv.,o
minutes after cessation of an eigilt-hnur noise exposure closely approximates
tim NIPTS hletlrred after a 10 to 9.0year exposure It) the satan level. (°20)
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What is the "Eqtml Energy" hypothcsls?

The "l_¢ltlitl Energf' hyp_lthesis is ancRher way ttl IttteIiq)t 1(3 predict
N[ PTS, Tim hypofllesis slates that r'qtml ;aliafltlltts of Sotln(] I?llergy Will C_IBSe
eclual llIl)oHn fs Of N[ p'r_ regardJess of the distril)ulloll of the e,lerg 3,across
lime (18). This Inemls Ill;it I}l(! hil_llrd hi hearhag is delernlilled |)y tile Iotal
energy (prlldtncl (if._mltlcl level and dllratiol0 tlmt enters Ihc ezlr (Ill a daily
bllsis. The "Equal Bllergy" ru]_ nll_',vs a 3 dl3 increase inlSlllllRI pressure level
for each ll;t]X,illg of the (hlralion of _()nlhllmtts daily slerdy-_gate norse expf)-
sure, (1.I)

In del(,rlllining pernlis!ilb]c exposures for file workplac'c, to prevent NI P'rs,
OSl tA adopted a 5 d13per doub]in_ rule 1olleeollll _:for vtnriotlSbreaks ill rl_ise
levels which necl,r during line clay. (o_)

EPA |Ills Menlified an Let _. of 70 dB a_ the mtlxhn.m P_-hour exlmsure
IRyeeSslIr)'to protect he;tr ng.| ' expl)s,re t me is redt_ced In 8 hmnrs, a ma×i-
mum Le (8 of7fdil, a5dlHncrcasc, hashcdnklelllifiddasal>roteclh'eh+vc]
for hellrirl j./5)

IMPULSENOISE

W|Illl iS impulse noise mid ',viral ere its effects on hl_llrJllg_

This is Iloise ¢2]l_lrllc/erJzed})3,11Shllrl dllr_llioll, al)rlll)l ollset lltld deull)'lind
high intensity, hllptllSO noise describes lhe kinds ofslmnd m;_deb)' explosi(ills,
drop forge hnpacls Illld Ih¢ disclmrgc of firerrms l_xpo!;llre to illll)UlSe I1(li_;13
nmy result in temporar), and llermancnt shifts in I]IL"thrcshoM of hearing, (o2)

Wha tnre the eriterill for impulsive nelseinsM u. nd zn',vnyfrom the workplace?

OS| ]A regllJathms clef Jimi|llpltlse or impact Boise as '*SOLZIRIwith II rise time
of not more f]lllll ,q_nlJ]]isecollds ll) 13eZlkilltellSily itlld _tdtlratit)l] of IlOl ll_Ore
than 500 milliseconds." The i-e,_/.llllltillllSspeeify that empl(]yt, es shall not be
e,,:f_osed to imlm]se or imp_wt noise which excc,vds l,li) dB peak pressure level.
(_)

The Committee on I le;nring, I]ioncoustigs, trod lIitlmechanics {CIIAIIA) (if
I]lf_ [_11 tifll]_!] AL'_d_!ll)' Ill_ _ P,_..ff._ ] i ,'_:_ ii_G recoiiii.t_mlcd dlllllllge ris_ crite-
ria for imlm]Se noise. The CiIAI|A impulse curve is based oil peak stlund
pressure level and the dur_lfion of tim implflses. Fig.re off shows the erilerhl
ellrrelll]) ill IISL_, llSSIIlllJllg llll (!X insure (If 100 ill| mlses _er da). The A-
dur;flinn is Ihe time that the impulse is initMly v,'it bin 90 d B of ti_c'peak level,
The B-dllration measures file tot_ll tinle flint the sound is within 90 dB of the
peak level. The ||-dlurlltionl ills() aeeOUlllS for any reflections or rex'erberalhlll
thai Ilia), be presen)t, m|d lhllS allows less e:qmstlre _m(]er these etmdilhll|S. A
cnrrectitm fi_etnr for daily exposures olher t]uln 100 impulses is pmvMed. (7,1)
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Figure2-6, Basic Itmlt_for Impulsenoiseexposureassuming1O0Impulsesperday and

olher conditions_SstalediNIhelext.
Source:Ref.74.

PRESBYCUSIS--SOCIOCUSIS
What is pres|}yc.sis?

]_re._l_ye.sls i_; a ]learJn_ Jl)ss as_(wiated with increasing age. It is lll(]_l
marked at higher frequencies e_;l)t'eialb those aim', e ,3000 llz, Tht. caust.s tff
l_res]))'c:ttsis are believed I¢)])t_deleriilratiotl ¢)f t]l_:cenlra] ii@rV¢)llS_)'_[t'lll and
changes in the auditor_, s_stem, I l-)

Wh.t is stmiocusi_;?

,:, St)eiocttsisisnolse-inducedperttumetttlresh(fl( shift s_(fflm r it_s+_ns-
Hvit}U attributed to _2llvJrolllllt_n[tlJ ii{)jst_(]l_arJll._ los_;fmlll II()III(IL'C2LIIlZlJltln_I]

f noiseeXl)t)sttre),(27)ltlsdifficulttl)Sel_arates(leinc"sisfronlhearlngbssdue

[ t(_agillg Iprcsbycusis) or t() tl_ctli){ll((lllal lloisc expnsure,EXl)t)sure:; tt_high
Jt2*_O]S Of CII_*Irollll_el][al noise tna) ac_.,elcra/e loss norm.ll)' doe It_ ab_illg (] 8)
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i W|mt is )he progression of presbycusis wflh _lge?The 01reshold of huaring rises naluraliy (hearing becomes less sensitivv)
with ineretlsingt_,_e.This effect involves prhmlril:,' the freqlJencie_ above 3000
]Jz. (J,I) Figure 2-7 presents ¢lat;i that depict the progression Iff I_resb:.'cusis
With ago al_d (}le degret_ nf loss. As age inere=tses, I(Jssesut high frequen(:i(_s
become grc_lter find hczlrill_ IoNs progressc_ farther down tho seaJo to lowur
freqllelleJes,

. 3o._4 yr=

_o-.4 yll

. _ Be )

FREQUENCY IN N_I_'rZ

Flguro 2-7, Average hearing loss (rom aging for men and women (without the effects of
occupational noise)
Sourco: Ref. 26
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Due to our eonlplux, noisy environment it is difficult, if not inllmssible, tn
separate ]tearing loss due to aging front zloisu.indueed hearillg loss, both from
oeeul_atimml lind environmental noise, Few pctlpIe live their whole lives it',
qltiet surroundings. AhlloSt everyone suffers some cxl)osurt2 to daln_tgillg
noise either at hollle, tit work, at I_isllre, or (hiring trallSllOrhdiOll I)et',vcell
these activities.

The rill[It found ill Figure 2-7 are not Illeltllt tt) he tlt]gun II.'/iIn ex;ic[ l)redic:-
tion of the magnitude of hearing loss at each age. Different researchers have
found differing values, The figure is presmlted to represent an average
amount of hearingloss that can be expected. Ilowever, it is possible that stone
of thehearingloss described in the gralfl= is due In exposure tt_environmental
noise and not to l]rosbytJnsis, Solne researcll_rs COlltelld Ihat prL,sJ)),tcttsis
consists nutinly of hearing loss due to lifetime exposure to the aggregate (If
noise folmd ill t]lt_ _nvirOlllnent. AtR)lht_r ".'iuwslates l}l_iIelP.'irl)lllllell t Ill noise
only aet:elerates the losses at high frc(lUellCles that wonkl have ocunrred
anyway through aging. (27)

What t_vJtl¢llc¢ exisls that soeiocusis (hearing loss caused by enviromnenhd
noise) oee/,rs?

Rosen conducted a study of the primitive Mabaans of the Afriear_ Sudan.
Their environment ',',,asalmost free of noise with a t),pieal background level of
40 dB (A-weighted), Among the Mabaans, the ht_arhlg abilities o f men intheir
seventies and eighties is equal Io that of healthy ehiklren at age loll. (0-8)

These findings suggest that file Mabaans show little if an)' hearing loss clue

to aging (``resb),eusis). The irct _lieation of these findings is that much of tile
learing loss o ``served with age in inchnslrhd eiltlnlries oollld really })e due to

environmental noise eXl_Osllre (stloiOOllSis) rather thlm aging (l_rosbycusIs),
llosen's findings may be attributable It) diet or _ther CllllSlltiVe factors, ;rod
influenced by dJffictllties In deternlhlatlon of Itge,
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|s rock music considered Iobc a hearing ha_'_n|?

Studies have confirmed that overall sound levels i)f kind rock and roll,
t,'ithor Ill COllCCrlgor fr[]lll domestic stereos, frc2qtlentl}' t_xc'_edcllrrotlt hearing
daIl_agc risk criteria. These fioise h!vels earl produce large amounts tff nc)ise-
inchmed temlmm W threshnkl shifts (NI'Vrs) in Imth tile inusieians and the
listeners. Sound levels in tile area of the band vary from 105-1J5 d B =lnd in the
dance area frllnl 100 to 110 d B (A-v.,eigllted levels), :vhieh are v,qthh= hazard-
mls levels according to d_uui|ge ri_k criteria eshfl)lished by EF'A, OSI IA, and
NIOSI I, 29) Attendance at a reek ec)neert as II fan, t_r _hwing and practicing
in II rock bane, can impair hearing. (3(I) Figure 2-8 shows befi_re trod after
a|uliograms of musieiansluld d;meersatlt loud roekemmert. (27) NIT'I'S from
exposure to tim loud lllilsiv is clearly visible, Genlerally, however, the inci-
dence of hearing loss is mlt as large .as woukl be predicted. (29)

01113 factor that citn lessen tile effects of rt)ck ii|llSiC oil hearing is its
hderlnittei_ey. Rock nmsic is elmraclcrized by tin-tinges (ff _qH)roxilmdcly
tIirec to five IIl[l_utes alternating with (fir-times of III}proxilnate[y _mo ilfinule.
(27) Annther filett)r is lhe prcllnillenee (If low fre¢lllellv _,_ounds whieh are m_t
[_sdamaging as high freqllt!nc_,' ._olin(|s.

i = , , , _ i , i i i

•--

l zg

'or

I'lgU_O _-U, IdearlNg leVelS Ot leen-ugu ru_;k*anld-n u;hHuS;_,_=fis _d _r, cftE. _.7.3;ured J_;;._
b_foraandbelwoenflvetoolnveomlnulo_aftorathree-hout"rocksosslon" wlth
averagesound levelsof 112 dB. A-weighted.Dale are from PHS sample
observations.
SOUlCO:Rel, 27
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, THE CONSEQUENCES OF HEARING LOSS

l'lmv is the zihilityto diserhnhmtu lind understnnd speech izffeeted by noise-
indueed heitring loss?

Oflen, the fjrt_t ;I"_;'Rr_]I(!SN(){ hoaring Joss eumes with IllJs)_JI)._/()CC;ISiDII;|]

words in g_lle rill con,. _ I'_lLlioII a.d havi.g dif fic.lty m_dersta.din,q speech on
the telelfllone. ,_lany sufferers of iloise-indttced hearill._ losssity tlmtst)cecil is

r r • _ • * * r •
freq,culI$ gnrhled itnd dfstt)rted. T$'pJcM zlo[su-i.d.eed hearJn_ Io_;s iS in the

hi,_h frequ_._/ra.ge and !_ersolls with this IS' )_, of hearing los_ cml hav(_n(mnal or almtlst-normal hcnri,g up to lOt)i) i Iz. "l'he$' vxhibii lit tie cliff foil]t)
il1 he_lrinf4 voices at llorillnl (lll_l]s[tliJs bill lhey Cllll ]1;1_*#JIroul)h tilidt tMand-

ing lhmn especirIb,with .oi_e in thu b;tekgrourid.This isbecntise(:onstmazlts
are c}mraelerizcd b} hi,_h frcqHe.cft S nnd %_eltk inlensiiies mid vowels by lov.
i'reqtloll_iet_, t'_ I)er_oll with n no_se-Jndilc._'d ileiirill_ loss _III) IIIiSS Ileiirill._

eOllSOll;mts like s, f, llild p that ._ive information mM llle0ilJt]_ to sl)_'eel_ mid

timgultge. It is often difficult ftlr i)_()i)]e with this type of loss It) .nd_rsta.d
s)eec|J in ]echtrus. iilec(ill._s, pnrties, theaters; I)r on TV. rltdil), or the
le ephone,

Whltt is recrilitment?

lleertlltment _sn r;t _icl increase i, the' percel)tkm of Ioudtlt:.ss at levels M)ove
]lellring t lresho (s. It is (fftL.n (:har_lcteristio of it sensori-,eurit )earing oss

(13/.18) nlld it i nit}, Clili_e dlscOlllforl lllli[ pain. Oiiu_, I1 S(llllld is illtOllSl! eilOlll_,]l

!i for ihu subject toperceive it, III1 rddilinniil illCl'('llsl_' ill inlensil)' o;III:_I_Nildisllrolmr liontil 0 inereasi_ in Ihu SeilSlll[lln of IolldllU_. l;lir e:_iiililile, il pi.,r_;lill
with a 40 dB lieiiriill_ kiss would jtist hiirn]), detect II stililld of .t0 till lll)ove the
norlniil ttlreshold of hell rillg. ] Iowuvc, r, lie would hulir a Sfllll|d {}f ._{}dII lilitive

I lhu Ilorilllll threshold wilil li IDlldntyss ililii WllS Irl'lll 0f Ihllll I11111II'il]l which 11notllllll hellrillll llerscln WOllkl hellr ii S(lllnl.I of It} dll lihove Ihe Ihre_ih(lld (if

i h_lrillg. (|3}

Whlli is Iillnlhis iii1(I how nllllly peolll_' illCllr ii7

r, 'i'innitlls i_ i)ilZXhlgl, hi_h-l)Jt_iletJ rilllliill4, or roiiTilll_ ill Ihe h_'lld l]liii J_;ii

COlilllil)n COllil)]liinl (if l)er_ion:_ with hT;lrilill los!i, lllirlieliJiirJ:/liii)_e It)sses
llslocililed with noise. "l'illniillS is oflen die first reuiil411izablu indiCilhlr of

helirhlt_ diiillill4u. It Ollli lie ill onc or I)lllh Olll+S_iiltllouth Ihere 11111_.'nol
necessarily lie fl henrfng loss lirosellt 03)

Aet:liri.l intl Io the Niitiollili I iullilh I_xlillllnlitioli _iirl,t.,), (it)6(i) 3o liel.eeli I tit

tllu linpuhiliOll or .18 millinn Aiil(.riClllIS |illve OXlieriellue(l _OlllP fOrlll ill
Tlnilitli_i. ;It one lime or ailother.

Whul other _li'e_'l_ eiili Ileilrillg loss hiive7

I leiirilil4 loss uiin lead Lo rt.duced elllph)ylil}ilit)' (If the siirl_i..ru.r 11i_ eSl}e-
clnll) dilillli_inl._ ft'L'hildren _il ffer ]il.ilrillg louis durhlg Ih ir develo I I ielilill lin I

ediieliliOnlll ),ollr_i. (_l) |lollrln<q loss eiln ii]._o lie il _;ilfel}, hliz;ir(] lilid Clili
e_lllfriliiite to lie(:idnnts I)eciiil_e wiirilinl4 sigiiills lit clill_ for lie] I) _IiI1 lit liiJ+sscd

h) _r.s( n % ill i1 I e ri _1 s_. (&3)



W]mt are the sl]¢ia] consequences of Iwaring loss?

Mal))' times, friellt]s and assof:Jatus become less willing to ])u partlle_ ill
conversattOll or other activities with tt pers(lll wh(i stiflers a blearing loss. It
becomes difficuh for a paten with a hearing loss to participate in lectures,
meetings, parties, theaters, and other i)uhlic gatherings; to listen to the TV _lr
radio; or have telel)ht)ne conx'erszltiolls, A sev_r_ sells_ t)[ i_;olatiOll can set illtls
hearing decreases. As hearing fos_;iJlcreases st) (]nes the st!ns_ of being cut off
from the rest of the world, l_ventual]y hearing may decrease to the point that
t]lu person zig longer feels a part o1"tho livizlg world./_tllt)tinna] d_pression can
be the result, (1°-)

HEARING LOSS CRITERIA

What level has been identifk, d =Is protective of the hearing of the general
pupnlathm in tim workplace?

Tllking into account that'4000 llz is tile frequency most sensitive to hearing
loss and that fosses of less th=tll5 dB =ire general]), not considered ncltieeable or
significant, EPA has identified an 8-hollr exposure level not exceeding 75 dB in
order to protect 9(3 lwrcent of the popuhltion from greater than a,5 d B NIPTS.
(5) This recommendation is based on steady noise levels of 8 hours Imr day, 5
days per week, over a period of.10 years. (5)

What levels have bern identified as protective of Ihe hetlring af the general
populatlm'= from sigldfieant damage due to el|viro.melflal noise?

Environmental nois_ differs from wt)rkplaee noise in that it is generally
intermittent, covers 30,5days per year rather than 250 work days, and covers
24 liners per day rather than 8 hours. Taking these factors into account, EPA

has identified an elwironltlental tlt_ise lax,el of Let (oA) = 70 dit in order to
rotect 96 3ercent of the generltl popll]atk)n frollt a]lv;lrtllg ](ISSel grea er

than 5 dB tit ,10(10llz, (5) For details, see Table 2-1,

Stuad'¢ With
IContlnuotl$l hlttltmlltnnt Margin Of

NOIIn Nols(= Safety

L*a, 8 hoot 250da't/'coat 73 7_]
365day/year 71.4 76.4 75

Leq,24hour 250day/year 68 73
3fi5day/year 66,4 71.4 70

Table 2-I. (At-Ear)exposurelovalsthatproducenomotethan5 dBnoise-InducedIloarlng
damageat4000Hz overa 40-yearperiod.
Source:ROI.5
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If tlze assumpthms underlying this identified level ',*,,'erechanged, how would
that affectthelevel?

• "How wmdd tileideittlfledlevelbe affectedhy a change illthe
percentage of the populalion protected?

l:[educil]g t]m 98th l)crccntiie value to theSOth l}erceati]e (i,e., protect-
ing half the population) would increase tile protectivv level value froln
70 dll to77 dlL

| "SilIce ilgrl3_lncnl Oil tile valut_ of tile inle_llittellCy c/}rreclion is

imperfect, what other vldues nlight be used?

The estilllIlted intcrnl[ttcllCy correction used in the Levels l)oetzmc_lt
is 5 dlL'rhe true intermitteney correcthm is probabl)' within the range
0 to 15 till

• "How aecaratc is the ¢qtaa[ energy assumption?

The equal energy llsSllllll}tion when applied to the h)ng times (8 hours
to 2-t. {}r250 to 365 days) is fairly accurate. It amy I)o subject to error
when applied to short exposures of extreme level.

•"['low Ine,ningful are the basic studies of heating damage risk?

Tile prol)alde errors of estimates ill tile three basic studies cannot be
stated with absolute aeellraey. There are a number of l)roblenl:_ in
extra _olatlng }ercentages of the _o )ulation dalllaged from relatively
high exlmsure eve s to t le protective eve. A so. t lere is t le l)rob em
of determining the anmunt of hearing damage when the control (non-
exposed) poptJlation is subject to high levels of non-occupational
imise. Thus. tile 70 dB protective level is slnq)ly tile best present
estimate, subject tt) eltange if better data become availal)le."
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Figure 2-9. Average noise-Induced permanenl threshold shift (NIPTS] (beyond presby-
cusic losses) expected as a function of Ihe conllnuous A-weighted equlvaJont
sound lover.
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W]tzttcrilerlos] hz_sl)eez] (]cveIi)l)e(J for expo_ilirc lo ._telzlly-sh]lenoise?

I;igure .0-9 sho',','s curves de','elopetZ from data used il_ tile I_F'A L_','els
D(}(;llllle)ll (5) %'*'hidld(_'I)iE'llh(_ II)ltxJllllln| [llld atv_r_lg_noJst_-Jl|[hl(.'edI)er-

IIl_lllen_ lllresJIold shift ex]c,etecl Jzx,er_lge(]ox'er I1 .l()-yl_lr ex )OSlZreIo _l°-l-
hoxlrcontiZlll(}tx._A-xvei_lll(bdeqlliV_iI_tlt_;OIITI[Ie%,(,, I'l_J"(*_Jlll)_)L_,()vc'r _l
+10-yezlr(;l_e .9[}to 6('})(_,'_1)OsIIrL'tOII COI)tillllOI]SA "@.'ei_,hIebdt_qlzi'*'lilt.qll s{)tlll(I
lu,,'e] nf 7,5dll, lhelev(_nl._¢ noise inchue,:'di)erxnailelzt threshold shift (NII)'I'S)
exl)t_et_flisal)l)roximately4 ci13at4000 1Ix,'l'his111e;iil_th_'IIIllilg(!°0,the
it](iivi(llla] ',',,ill h_Jve he_rh)g eqnal t() tile ilon-exl)oSed l)Ol)[tJ_ltion (() (]B
NITPS), At _lgo (_0, l]le inldivichlal will havo zln NIP'I'S c'onsicler_lbly grc,_ter

Ill,In -I dlL The averltge ex )eclair] shift in lhresli_)ld is d (Ill. This t:hange in
he_Irh_L"iseatlsec]I_ylhoworkplacenoisecxpnsur_:.This isizl additiovlIntheexpeeled loss of h(izring clue to aging ',,,'hlc,ll Ill tilt ilge of '0 is Itpl)roxin)ntoly
ztl_aver_ige loss of o,4(IB/'or L'a_'h frz!quelle:,' in the ritnge of 0..SO-S0001Ix. (oO)
The IIlilxiXnllm %'il]IIOSizlc]ic_lled ill l;'igtzro °-I) sIIow the ',verst ellse exl_eele(l
from l]lo given sound level.

: HEARING CONSERVATION
]n whllt Wlly_¢21111Illlls¢lprol)lems he _tpproaclned ill order to lesse_] lhe ellllllCeS
of heliring loss (hie Io exposure to noise?

. : Altenll_ts Ill soI_.,t, ;i noiso l)r_l)/em ciln be llilttIe })_,'[lll:_eking lilly ccJll)l)inzl-
lion of the three basic elenlents of l]lo i)r_)hlenl:

• l])' modifying the SOIII(.'Oto z'echi¢oits l)OiSeg)zllpllt

• fly liIl_2rillg lhd lrUllSmissiotl i)_llll I¢)r_,dtlce lilt. zlnise I.,;,(!I f_,achillg tit(!
lislener

'. B_ llcringthereeeiversex s reeitlerIlr_ gllizilirgtleoxios re
] tizlle or I))' t)ro_'idillg l)ersollal l_rt_teetive e(tuil)l_enl (I I)

In _vh_l **tily_ elln II source bu mollified to reclue_ il_ '.ii_i_t, Otlt_,!ll?

_" Noiso sollrcos c;ln I)o qui_/e(l 1))':
U • l_e(hi_ing ilnl)ll_t ()r inll)llISi','t_ forc_s

)' • l{e(hleing spe_d in n_aehines, z.zcIflo_v veltleilii.,s_i0xd l)r_ssures it_ I hlid

• llahm_,hlg rot;ttillg i)_rts

• IIt_chleing frlelional t'esist;_nct_

• Isol;Ithlg viI)rIllizIK elelllenls '_l'ilhill tile znzlehinu

• lle(llleillg nois_ rlidilzlixlg :Ire_IS

• Al)i;lying ",,i])n_tion (h_ml)i;_g nl_t(,rlals

_, J|ecll;eing noise I_;l._II_t! fr(llll lhe izlleri_)r nf l]_e zllaehine

• Choosing quiLqer tnac:hhlery wlnen tel)lilting _q_l)liazlees(l i)
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Ill W]llit ways e+m 111¢trlmsmtsshm pLitll be ldtured to reduce the noise level
reaehillg LhelislenetP

Noise Inlamd_sion path+ can be altered by:

• Sepfll'at[ng t]le llO[Sf_ ;_ollree and receiver as Illlle]l as ])ossl])]e

• Using sound absorbing materials

• Using sound barriers or deflectors

• Using ncoustieal linings

• Ush+g nltlMers, silencers, or snubbers

• Using vibration isolators and flexible eoul)lers

• Usillg ellelOSllres (11.)

l[ it ts impossible teeimologie_dly or unfeilsihle economieldly to solve a noise
problem by modifying tile source or alteri.g the Iranmdssion path, what other
methods elan I)e u+ed to prelect the listener from hearing damageP

Limiting tile amount of continuons exl)nsure to high noise levels is one
approach. This can be aeeomllIished either by conducting noisy ot)eratlons
[or only silnrt )eriods of till}e i}r b), allowing llsten_'rs to be exposed to high
levels of noise for only short periods of time. After all other met m( s lave
failed to reduce noise to aveephll)le levels, personal heariilg protectors can be
used as a ]tlst resort where ex insure to these high levels is reqt]ired, (11) i

l learing l)roteetors do lint so vet le noise pro } era; they_ oil 7 treat tile sylnp- i
toms of the problem, i

How is the exposure of workers to high levels of noise reguhded [)y the r_

Federal governmentP i
The Waish.llealey Public Contracts Act of 1938 as amended in 1969

requires that all companies doing at least $10,000 annual business with the
Federal government limit tile o_'posure of their worl_cr._ to noise at various _ i
]evels to tile durations detailed ill the next table. Table °-2 sllows that as the _'
noise exposlzre level increases I))' 5 dl}, tile alJowable time of exl)OStlre is
halved. (0-5)

These same occupational exposure Jevel_ were l)ronndgated covering
industries engaged in iuterstate commerce I)y tile Oeeul)ational Safety and
Health Admiilistrafion (OSilA) under tile nlandate of the Oeelq)ati{inal
Safety and Health Act of 1970. In November 1981, OSHA adopted a hearing
eonsurvatiOll _lmendmel)t whie]l WOl]ld re( aire Jndtt_tries with all Let (11"8.5
dB or grea er to ilnplenlent noisu expostlre lllOllitorin_ alldhear ng conserx o-
rion programs, (99)
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Duration Per Day Noise Level dB
(h) SlowResponse

8 90

6 92

4 95

3 97

2 100

1.5 102

i 105

1/2 110

1/4 or less 115 max

Table 2-2, PermissiblenoiseexposuresundsrIheWalsh-HealeyPublicCent ractsAct,1969
Source:Ref.25

If noise exposure exceeds these limits what.dditlomd protective me.sures do
Ihe OSI'IA regulath)ns require?

|f noise eXl}OStlro exceu(|_;these dtlr=ltion in]d noise ]eve] limits, nftcr eco-
nomically feasible engineering remedies are ux]liluste(I,employees =ereto
wear heliring protectors issuedby the employer. (_)
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Wlmt differellt types of healing protech)rs nre nvaihd)le?

l lenri,g i)r()tc.el(_rscan t!ll }let' I)e ¢_;lr])hl._P;l}r muffs. Earl_]Uk_m(_;lll})e IIIIILI/J
of I_itlliy nt fi tel*JltIs+stroll as soft fle×il)le ])]IlS(iC t *_'*';t._,]);IpeI', _];LsSW()ol, C(Itt(ith
alld lllixtilres of these materi_tls. '1"oI)_ effective the), nlllst provide a Slulg,
airtight and cl)znfortal)le :_e;ll,Mtlf f-t3'l)e protectors c<]ver the eldirc e×tt, rlla]
ear tint] generally prtwi(ie _re;t[er i)rlJieeiion t|lull d() t'arl)lUgs. ('23) Figuat_
2-10 (lepic:ts lhe s()llll(I ;l(lelltlati()n ch_lrault.ristius ()f severn] re.l)rL.senlllliVe
t_.'|)es of holtrJllg pr()tuetors.

What other reqtdrelnel|ts ,lust he fulfilled ill|der tile OSI IA Ael of 1970?

The Act re(itlires yearly ;lttt[J(Ib_rltlllsfor a]l elnl)]llyees v.']lose ii(lise e_:l)O-
sure exceeds tile OSI IA limits. In additiml, tllese eml)lOyt_es are t() he issued
hearhlg protection devicex.

Wlmt tire [)*lselltte and follow-up audiognmls _tn(I why tire they ,seful?

13aseline ()r reference ;lll(lit)gr;tllls are tile results ()f Ilt'_lrillg tt'sts per ftlrtnt.d
oll new enlpl(lyees tit their thlle tff hire. [?(ll]()'_V-tlliltlldJo_4ranls itre i)eri()dJc
tests I_c'rf()rnlod hi identify any deteritJrnt/(Ill ill the t!llll)ltly_2u's he;trillg due to
(in-the-jo]) i|clise expos,re. I];lsu[ine ;lllcl I'()llow-u I)auclic)grams are illll)l_r(;llll
hecause enlpJl)_.'urs are _mlyliable f,r hearillg h)ss illetlrret.l dtlring the time



flint a c']ahnant was enlph)yed by [heal. liase]ilu_ audiognmls pin[mintthe
c_tcntof lluIlrh1_I(Is_priort(lshlrthlgwork zlIICl_/]s()canservel_s_IpI;Icelllunl
inechanisln.An effortcan l)_]na(leIo l)lac_celnph_yeeswithilnexistillg
hearillglossillarcasthataretess(l_mlLtgingtotheirtellmininghearing,Follow-
llt)llllcliogr;itll_DoinlC)lltclcvulol)inghearing]_l_;sl)rIll)lelllS;lll(liIHerllline
those suscuptihlc indivicimd_ wlm are ;it risk. Their CXl)O_Llress]llnllcl lie
me(lifted hnnlcdiately to protect againsl oonlhlllec] deterioratiou of heariHg.
The follow-up periodic mldiogrllnis Ilelp in ]]hq)oinling those ilJdividuals
needing fllrtllcr testing inlcl in documenting el)illl)ullsalion uhdins, (13)

Why is eompensalion paid for hearing impairments?

11|rCeell( }rPart¢oc¢2ui}fltiOllil[diseases hllve lit'[.'IllIle (,'olllI)ciisilii](_, lllld loss
0_'hcqlrill_ hlls been revognized hy tile ]:ecleral ,ff,o"¢L_n ii llell t _llltllllll_lA[IItC_lls
au oecupati_mal diseasv. Toclay, there are some slate laws tirol Cl)llsic]er
grllChl_l]]l_llrillg illll)llirlllellt ll.__tseries of [rliilnlllS or ile_itlollts, [111(II]l¢,refore
treat it as a safety ralher than a healfll prohlezll. AI the ilreseil[ tittle lit'l|r])' all
states have provisions fi)r coltll)ens_tthlg hearing loss I)ut tile ShI_IliPSvar},'
considerably, While a few states eonlpeusate faith' lil_erally, shine states
recluire "iota]" loss of hearillg ill ()lie (it both ears, and others sti]l require pnmf
of disability and h_st wages. (:_-I) (For genenll ilfforznatilm and cli_clns_ilmsee
lieference 38,)

]1! Icrnl_ el' elllllpcllszltion lllld crileria, hliw arc disal)ility, hnpainllclfl, nncl
hluulieap defined and used?

• Disahilily: iichla] or presumed inld)ility Ill remain chip]eyed _Lt l'ul]
Wllgetl

• [inl)llirlnenl: Itdovi;llion or ;i c.h;ingc, fl)r tile wllrse in e[thel, slrlll:lllre of
i'tlll@tion, IISLI_I]I_*'Ottl_di(ieO1"the range of normal

• []anclicilp: tile ¢IisacIv;itlhlge [lll])()se(i [)y _ln izllpilirtlle]ll suffic'ient to
affect tlne's i)ersolml efficiency in the aetiviHes of daily livillg

.Clearly., the refill hltncliezl]) is IIlelM[ to al)ll]Y to the e(nJq)ensldical silnation,
_,%'ll_r¢_llsfile [erlll ilnl)illrlnc/l( iS In(ire al)l)r(_prhlte to l) rP'¢entlv{! criteria. (;$5)
The cleeisiOl_ of what is Im tlIl[tCCel)tlll)le anllnlnt I)f impairllwllt elmli]ln us to
lie in clispulc_.

Wlmt llre the two most ()(tel| tlsed hearing in;pnirlnen[ cmnpellsldi(m
formulas?

1. AMA/AAOO Formuh_ (1978)

This recently revised ['orllltllll Was developed by the Anlericim Academy of
OI)htllll]lllol(lgy and Otoh_ryu_goh)gy. The forllluht ;l'_'er;l_t._s]leIIr[llgIClSS:It
500, 100(), 2(t()0, and 3000 i [z (prior to the revisicln, the 3 KI iz test frequency
Was no(used) with a 0.5 dll low feliue below which no hc,arillg imlmirment is
considered t_ exist. An average hearing impairnlent of 92 dli is clnl,_iclered
total hearing loss wit]l u_whdeeille] less I)tq'ween o..5and 92 ctl] representhlg a
1.5 percent ivnpairnlullt r.te _f growth. (,'3_)
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9. CompensationFonnulln for FederalEmployees (NIOSH F'ormula)

The original AMA (AAOO) formula was used until 19/t9.It was modified at
that time by the Department of Laht_rto include test frequencies of 1,2, and 4
Kflz with the same Ilighand low lent:0asbefore. It was again modified in 1973
to the present form. This later nloclifieation was largely based on NIOSIZ
recommendations in its criteria doeulnent, "Criteria for a liecoffmlended
Standard Oceupationld Exposure toNaise," {37) NIOSII rec{lmmended that

|tearing,,,_im }air,,neat should be assessed by the ,abillty,t° hear and nnderstar, d
speech not onl) in quiet surronnding_,lnlt in _'..,z_,[dll) conversational settings;where significant baekgrotnnd noist_lally be present. Tile NIOSII formula
averages Inearlng loss at 1000,2000, and _3000Hz, also using a o,.5dB low fence
below ',vhieh no hearing Io._sis eol_tdered. A 1.5 percent hearing imp_lirrnent
rate of growth occurs for every decibel Io_;sabove 25ci13.The ineILisionof the 3
Kllz test freqaeney while deleting tile 500 llz makes tile formtlla more
sensitive tonoise-indueed hearing lossslneesucb los_esare ineurred h_itiallyat
higher frequencies. In view of this. a number of states have incorporated
similar high frequency eonll)onents in theirformuh0s in recent years
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NONAUDITORY PHYSIOLOGICAL RESPONSE

EFFECTS --GENERAL

Why is noise c.n_idered a hcldth problem?

Noise is gencndiy vie,.ved as being one of a iitlnlber of general biological
strossors. It is felt that excessive exposnre Io l)OiSe lllig]l[ he cmlsidered a
health riskin dmtnoise may contribute to the development and aggravation of
stress related cmldltionssloe}inshigh blood pressure, coronary,disease, ulcers,
colitis, and mignlino heacladles. (20)°

Crowing evidence suggests a link between noise and cardiovascular prob-
lems, There is also evidence suggesting that noise nine,'be related to birth
defects and low birth-',_,eightbabies. (40)

t "]']lerearealsosoIlle indications that noise exj)ostlrecan illcreasesitsoept ibil-

tb' to viral hffecilon imd toxic _uhstances, (l.i)

What physiological changes occur in response to noise?

l Loud sotlnds Callcause nn arntlsal rospollse in %vhit2]l P- serif_s of reactions
occur in tim Imd_,'.Adrenalin is released into ti_ebloodstream; heart rate,

I blood pressurt_,and respiration tend to increase; gflstrointestinal motility isinhibited; peripheral blood vessel._constrict; nncl re.soles tense, Oil the em|-
scious level wo are alerted and prepared to take =wtion, Even though nniso

? nmy have no relationship to danger, tllo bod_,,will respond automatically to
_. noise as a warningsignal. (14)

[

dl
_4

'ReforencesaraIlslodInSection11,o,g,;(Ref,20),
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/llustraicd hi l;'igur,., 3-I arc lm_;sil}le clhdcal manifestations nf stress c_m-
conlitnnl With nclise.N(II {}ed),Illig]lt l]mrc bt, ]mrnlfnl c(Inseq tlcnces In heallh
dnring tile st;lie of alerlncss, but rl.'St)_lrcIi ills() Stlgge_ls effects may c)centr
when theI)lldy is unaw;n'e(Jr II_leep.

SUMMARY OF POSSIBLE
CLINICAL
MANIFESTATIONS
OF STRESS
CONCOMITANT
WITH NOISE

Figure3-1

flow urc lhu_u phy_iologlcld rcspovlsc$ llcllwllu(l?

|nl}t}lllSes _onl the IJrllin ;tulivalc ccullcr_ ot"tim allh}n(lllliC n¢,rv()us s)'slelll
which trigger Ii serie_;(If bodiI 7 reactioll_ as part (if _1gcllend stru._srcsp{lllso,
S)'sten|s t]lat hilly I)_ Ilffcctc{] inlchndu the ghulduhlr, u_lr(li(ivn_enlar, gt=strc)hl-
tcstinlll, allcl illusutlJ(}skchlhll s),_lcull_.

I_ d.,¢l-t..,rln e_o_;_ to ::_ise consldcred ,1health J'|_k?

No. It is g¢,nenllly believed dml there is he) risk since tile bndy has a ,.:hanc(_
to recover. A little stress, lls I11_111),Ilel)llle wJllldlest, may I)l_l)enoficiaL There
Ilia)']}(#c_cellli¢mstothe;ll)()veSI;IIL'IIIOIII,(,II)

15Iong-lorm ¢xpmurc to IIOiSUconsi(icrell IIIlellIlllrisk_

It i_l)ossil)l_ tilllt rel)eatctl or COr_NtzlgtexI)O!;llroto n(}Jst!el11]c(_ntrilHll_, to _l
deterioration ill health. Whether or not en;,Iromncntal or izldnstria] I]OLqcI)_'
itself can lead In c]lronit_ (list tlrl}_tnccs i_ hard to detcnzfinv sin c,e there lira so

nlany other stresses to '.vhieln lwople are eXl)nsccl. (41 )"l'lnisresearch is diffictdt
to conduct and litlle has been done in this are;l, but research is accumldzlting
which suggcsls a reJfttit)nlship between h)ng.lcrnl Vlt)ise eXl}OStlreand stress-
related heahh affects, I:ar tivtnlarly t|mse related to the cardiovascular system.
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Have criteria been established for tile n+mml¢litory effects of noise?

Not a t the present time. In file p_Lst, EPA stated that noise levels i(h'zttlfied to
protect against hearin_ ]()ss should I_ su ffieient to protect agail_l the Ii(_nzlnd-
itory effects (If llnise, liowex'er, growhlg evidenl:e sn!4gests that Ihis assignat)-
(ion iit_ds to I_e t_ste(I throngh re:search. (5) In cnnsi(]uring noise lls a genenl]
stressor, the need to estublish qlnmtilatix'e eriEeria has now hee()llle evident,
given the growing cotlt'em abnnt thee effects.

NOISE AND THE BODY'S REACTIONS

Why is tile investigation of cardlova_eular effects so iml](_rlunt?

The extent h) 'which iioJse may cent ril)llte to tile I)reva[t, nc_ (if h)'per tension
and oth_r eardiovuscu[ar disnrders t)oilt ts to oil ilnportnnt i_lll)[[o ]It';lith con-
corn. | ]earl dlseiIse has been lhc leading eanse of ([oath in Ihe U nip-'d St;des fi>r
the past sl.w L,nll decal.le_;, accounting for ldlnost 5[)percent of Ihe deaths in Ibis
country. [ [),l)ertellsion is the mn_t emnmon of oil eardhwasen]ar (lineages, and
it is estimated thai fron123 to 60 mi]Iitm Anler JCIIZlS_del)ending on l]leeriEeria
used for defining hypertens/nn and tile _lge groups inehlded, haw: hyl)vrten-
sion. Ilypertension is II factor emltributing tn tim death _)f at least °_50,(100
Amerieuns each ye_lr. (84) ! lear( and bklod vessel diseases cm_se a great share
of die financial burden of iihless, eonsfitnting almnt one-fift]_ nf the total cost
of il}ness in this enuntry.

Is there credible se[IJnllfie evJ|lell(e which suggests thut n()ise-hlduced stress is
related to [lypcrtension 1rod cardfovuset]lar disease?

Yes. ]t tins tong been kl]o%%'nthai n(lis_, [_;COl)rifle nf [)ro(hlehlg short term
s),sb2m Jo stress relict ions in llnill][lJS and }lU[llalls, The mZljor[inest[i)n concerns
the extent to whiull these reactions, if repeatedl), elicited, transhtte illtn heakh

I,r,_mems: ,_lore 11,,,,,4[I. ,,),,stir' foreign, re,y,+_et[1,° ?,me._iol,,g[eal st,,-(lies }lave been done a_;sess[ll_ the cardiovascular effects c)f cle¢'LUl)aliona]
noise. (100, 86) A hlrg# nuznl]er of these studies int]ieaEe that Inn,-term
exiles(Ire to high leve}s af oec:upatiooa] noise is assoei;lled with increased rides

........ of highblood pressurelind c)tlwrerrdim asenll_rhealth pr<lhiems.Fieklsin-
(liesh_we a[_;obeen e()n(hlct_d on %,arions other gr¢)nl]s -- n)e(]l)le ]i%,illgnear
airports, and school chiklren exposed to traffic noise -- shnwing thai there
nlay be some risk air these people, (66, 85) In addition, hd_orutary studies on
lnlilnal_ anti hllmllZlS(4O)]lll'_'eden]onstnlted a relill/Onshi I) hetweel) noise and
high blood pressure. It slmnld be nuted that ill field studies, wldle Itoise may
13e the major variable bet',veenl test _lnd OOlllrO} gronps, lloise c+anll(it [)e shlgled

out as the only cause of stress effects. Attention Ires to be paid to the type of
work being clone, nlher noxJolls environul(!nla] or)lidS(ions, £md the physical
and emotimla] health of the snbjeets, (43)

Are there any studies which have h)eused on health effects associated with
community or envir()nmental noise exposllres?

Several e(wrelatimml field studies have eXa[llined health outcomes as _

fnnct/nn of eXl)Osure tn varying levels of traffic and aircraft nnise. (6(I)
Allhc_ll_htheseStlltlies lllnslbe _,rieWL+(lllSi_:<l)]or;llor)'rather[hallconfirm;l-
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tory,evklellCehIlsbei_nobtnin_dfor incrL'asedratesnf h}')erlensinnalld
card/ow|smdar disease,inr_reaseclusage of varit)nspreseripliondrugs,in-
creased rates of physician's visits, and increased subjective lind self-relmrlcd
symptonls and eolnp]llinls. (8[_. ]0]) These studies suggest lhe mssibi]ilx (if
lldverse health olltcollles asst)chlted %%'idlt3nvirtlnlnenta Ilflis(_ lind rift| let
underscore the need for additiOlnl] researell.

Is n(_iseof special COllCem for those )ersons Idready suffering frnnl c[rcnht-
tory aml heart problems?

Noise may be pc)tentkdly more claz2.g,erous In these people since it can
aggravate an existing hea]lh problesn. I'here are millions with Inearl disease.

]dgh blood pressure, laid enlot_nllld illness who ina'¢ neelI pr(_tection from Ihe
additional stress nf n()ise. ]Iov.,.2'_er. at) research exists In document tllJSilroa of
concern,

Are c|lt|dren more susceptible to the physiological stress effeels of noise?

q'he contribution nfvariotls envirOlllnentlll factors to tht_eady d e'¢e]ol}nliqlt

of high blood pressure is an important question, %%ith respect h_noise, aI leasttwo studies exist which suggest that dxpnstlre to higll noise levels in sdlonls
and neighborhoods is associated with elevations in blood pressure. The blotld
_rcs_;ure levels nf children ]ivingin high ntlist!envirtmments were found to ba

significant y dg let- t lan t zc)sc nfe li[ reel a/tent_ ins SC Inn S or rest( fog ill

quieter areas. (96. 100, 10-1)

What art some of line findings from the study of blood presstor¢ tn labornh_r)'
animals exposed to noise?

Research in this area Ires been sponsore d I>) El A l)ata from an experiment
by Dr. Ernest Peterson. using monkeys subieeled to 9,.Ihours of recorded
noise daib' (representing typieal daily noises for an industrial worker). |unli-
t.ate that snch exposnres, rept_ated daily for months, can ellnse suslaJlled

ehanges in blent| pressure. This suggests that noise may make a long-term
eontrihution to tim developmellt of eardlnvaseuhlr disease. (,Io)

Have any long-term humat| experimental or other such oontrolled shldies
been conducted?

One long-term lal:mratory study bas been eonduelecl bx tln_ Navy. In rids
stud) snbjeets%lereexptlsedlos}lortl_IzrSlsofnt)isealnloderale]e_e]sot, era
30-day period. (102) Among the results fmmd in this study were statistiealb'
significant elevations in cholesterol and c(_rtisol. Cholester(d Isa knovtn risk
_llCtOg"for eardiovItscnklr d i_;eIlsdand corlis(d is II stress horlnflno. Y%voother
field stndies have been able to obtain high and Inv., noise emnparislms on the
same subjects in fiekl seltings. (i03. 80) These studies have reported noise-
related elevations in blood prd.qsnro and ill "¢arit_l]_stress-related ]lOrlllnnes,

and have found increases in a variety of he_fllh disorders and eompkdnts,
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h there, rehlliomhip butween noise-induced Ile_Lrlngloss and high bhmd
I)ressnru?

Studies have been done which have tried to use iloise-indueed hearing loss
as an indirect index of noise exposure. One such study clkl report higher blood
i)ressllGe levels alllOrlg workers %',,ilh obviou!i llolse-illdueod hellring loss,

However, this st.dy has been criticized on methodological grounds and
subsequent studies have yielded mixed results. (.13, 105)

With what otloer stress effects can noise be as_oei.led?

Stress can be mantfestecl in any number of ways, includil|g headaches.
irritability, il)sollll)ill, digestive disorders, and )syehologieal disorders.
Workers w 1o are exposed to excessive noise freqll(JBtly Conl I) ain tlat lloise
jllst llllxkes then1 tired.

Quite n few field studies have been done or1workers in Europe, examining
the relationship between noise and ilh|e.,;s. In these studies, noise Ires been
related to the following:

General unorbidit.... (ilhless)

Neuropsychologleal dtsturbaulees
• headaches

• fatigue

t • irritability• llenrotlei_lll

t CardJovttSClllZtr systelll distllrballees

f • hypertension
• hypotension

• cardiac disease
Digestive disorders

! • ulcers

l • colitisEndocrine, , and biochemical, disorders,

There is a need for additional laboratory relflieations of these i)oler_tially
imlmrtant findings,
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Does prolu(:lltl_ ztgzlllis| ]|ezltill_ ]o_s _|lltrltlllU¢ it|it I no llonati¢i|tory ph y_i(ilo_-
teal effects will occur?

It is not ilossible to provide a dt, fizlith'e answer hi this qm,sfiou al thi_ trine.

! lowever. I_PA-spollsored primllte resemeh has shown Ihat signifieallt aml

stishlhicd ,-'[_vzttiolis ill blood lr_,ssurJ call b_ _roducl_d a_ is n-.stzlt of i_× Jostir_
to zloJso Ore S w J[e I ( o Ilot pro(hiL'o Zlziysign[fi(:Zltit l)orlzlaZlL'nt ii,atin_ os_i ill
tile sttb_ccts. (l()(J) 'fhesl_ chita woukl suglZesl that protectlng against tile

alzdilory el/cots I)[ noisl, (]ties IlOt Iieeesslirily Iil'e_-'Cll I Iho nollZlUldit or), el|cots.
||tllllIin data coIlflriillli l this CfillChlsiliil ilr(! lit'ode(l.

l+_there 11llnk lit'tween ilnll ilyllll cl_ till fl Illllllllld ltory l)hy_lologl(:lil i'l_lilllllllJ Ill
IIo[le?

AIlholllh il [!i rcll_illilil)le lo "view llllnO)'llliL'e I1_; It S)'IIItIIOIII or S[_ll O["
lloJsU-Jll(hIcl!(l stress, ill) direct test of tills rchiliclzi_hi I) lilts I)e(_ll iIlallO.

NOISE AND THE UNBORN
Cannoiseaffl.,ctthe feius?

Ph)'sioll)glezilly, Iliort, ilr(_ ft, ti_lfiii_ t(} Sil_illeet Ilial i)oJ!ie lllll)'ill+|'ecl the fPlil_.
_ili(I [(._;I lIWt'. _howil llliilc.rna] .,iIr o_;s (:illl_;es con_;tticlilin (it' tho ilh,rliit, llloof-I

vessels which sii )pl)' lilitrienl_ ilil(I o:_)54Oli Ill liie (h.,vi._hil)in g liab),. Slress liili),
1 ion I ll_C'lll(_ll [*Ctll ( [!vL, Ol)lil(_llt [J"it (l_[.,llr#; I_lll" ), ill I)._Pb[lllllIC) ', I ic lllO_;l

[Illl)Orllint l)(;l+[llll [S iillolit 14 hi 80 Ihl)'s tiller (.'on_l!llth)li, I)llrili[4 lhis Ihlit.,

lllll)Oehlnt _[l_vi_iOlilli(Ziils in lira (:L'lilrili lit, trOllS s),!ilClll lind vilIil orl_iill_ tlrt_
hii':lilg place, (,15)I hiwever, ii is l)rl,sently llOt kilowii wheliii,r li(li_;t, a/|eclat
llin [t, lll_l hi lilly laslilll4 Wlly._.

AS lin I)_Zlllilil(_ Ol*llOssibh_ oill¢:Onll!S (lilt Icl fOhll l](ilsn O:_l)Osilro, Ii Jillillri_!sc,

study _|lowed li shitistil:iil lelid eiic), toward low llirlli weigliis ill liols)' lit t,lls
Ill._Ill+I1 lllll[Or iiirl_oz't GOllllllli't'd io sllrroiln(ihll_ Ilri_llS {.I()). (}Ill(q" llilt, rvellili_

l+iil:tllr_; thai nlli)' hzlve _:onlril)lil_,d Io llils _izlllhil4, sii(:h ii_;Zliillt, rnli] sirl.s_, liiwe
ilOt bel_ll _linrlrilit, d.

The LI,S, _;hl(|), in Los Angeles ro Illl(I that, ill ad(lit hm Io 14rnilter illf:ldeil _(>(if
low birth w(!iglils, Iliel(_' WllS ;llso li _rezller iil_,i(lt,il(:n (1£birth dofeet_ _il(:h ll:;

(:h-'fts (if lhe Ii l) fir !llihli_L !!P._| _':l)[llll| ili_il*roi'lliilt hiltS. "iiics_' re_iiil_ :iholil(I bc

- - juillIed CllUtiOll_i)' IlpCllll_(+' OJ"Illllll)' L'lirrcltlli(illill linibllml_ wi01 the, (hllil.
OI1 tim olhcr halid, ii _hnlhlr study lilt £ellil blrlh weight _,'l_ eilndllnted I))'

tlil_ (_eiiler for 13i_ease Onntrol. {S.5) "l'hi_ lhid), ['fllliId lhal lhere were iiii
_ffeets. (40)
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COMMUNICATION INTERFERENCE

EFFECTS

The indirect effects of speech hlterference are:

• Disttlrbrneo of normal domestic or edncatimlal activities

• Creationofanundesirablelivingenvirmmmnt

a Safety hazards

• A soln'(2e of extreme allnoylnlce (5) u

Can high background noise levels nfleet soelal interaelion?

For certain hldivkluals who live innoisy areas, tile adoration nf a lifestyle
that is nearly devoid of communication and social interacthm can resuh. If
noJ_e interferes with their eomnamication, they stop talking, change tile
content of lheir eonversatinn_, talk only when absl)lutel), neecssltry, or
frequently repeat themselves. (.31)

How is communication interference important in safety?

Masking of warning sit4nalsand directions b_.'o thor intrusive sounds can be
hazardous. For dxaln )la. an airlin0 lilot's rune _tion of nn air traffic control
ine_sagc can be affected by too much )ackgronnd noise. Amlssed..Waraing in
a noisy steel mill carl result in all accident, injury, or even death. (47)

Can vigilance be disrupted by noise?

Ye_. listdning for particular slgnldscan be hhldered by high baekgrmmdnoise levels Forexample aparentworkingdownstalrsmightbdlisteningfor
sounds of a child upstairs awakening from sleep. A noisy cnvironlnent cenkl
interfere with this.

What factors tlctctllllne the extent Iowhich noise affects speech communica-
tion?

• Lneattnn (wlwther indoors or m!tdoor_)

• The attenuation eharacteris/k:s of tile boikling and internal structures
when indoors

• The vocal effort and skill of the talkers and listeners

• The background noise levellnld spectrum, (5)

• l learlng acuity
J

Does speech quality have an effect onspeech interference?

If the talker is imprecise in his speech (poor artieulatton), speaks a different
dialect than tile listener, or speaks safler than most. Iosver I_aekground noise
levels are requh'ed. (14)

• References are lislea fn Section 11, _,g.: (Ref.5),
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[s the durati(m of the noisea determinant in speech interference?

Ii_ter]nittel_t nt)ise_ win mask speech it) wtrJahle degrees, hBptllse noise hi
isolated {)no-second bursts is tlll]ikel), to dlsrul)t mUeil speech ct}llllllttt)iet_ti(_tl
due to the r_(htlldancy of Sl)eOeh. I]owever, as the frequency and duration of
the noise bursts increase, so does tile maskhlg effect. (l.t)

Do fluehmfing sound levels have any effect on intelllgibility?

[;'t)r a fixed Le , sufficient t(_mask some speech, interference with spe.'ch is
greater for _ st'cady rose titan for almost all types of environmental noise

whose magnitude varies with time (flftetuatin_ s()uud levels). (5) i

_VI|II[ nlethod_ are used to characterize noises in respect to their speech- ":
making abilities?

• The Artieuhttion hide× (AIL ;t complex measure which ncemmts far
the differences in masking capabilities of frequencies in backgromul
noise. (91)

• The Speech Interferetlce Level (SIL), an arifllmetic average of tim
octave-band strand pressure levels of mlfse that affect the nlajor
speech frequellcies (octave band sound pressure levels are centered at
50D, 1000, o000, and 4DD0 [[z), (fie)

• A-weighted sound level, whieiz reflects tile sensitivity pattern of the
ear's response to noise and speech. (14l

Why is the A-weigllted :it)unld level tl good measure of speech interference
potential of noise?

A-'.veight big gives the greatest weight to those eonll)onents ()f noise that fill]
in tile frequene)' range where II|tlst .q_eeeh infornlation reskles. It gives less
emphasis to tmise in the ]ov,,er frequency (500 Ilz or lower) rallgt_ than d(les
the overall sound pressure level, (5)

How does the Speech Interferertee Level (SIL) relate to A-weighted sound
level?

The difference between tile two varies depending oil the exact speetrunl £1f
eft¢2]lnoise, ] lowever, by adding 8 dB to LA values, a good al}proxhnation of
tile SIL clio })e ohtained, (9-e)

What are the appropriute noise levels to l)revent speech interference with trod
eommunletRion?

For olttdoors, Table 4-1 shows distances between speaker and listener for
stttis factor), ¢nttdoor speech at tv,,o levels of vocal effort illSteady background
noise levels, hi tither words, if the IIOJSOlevels in Table 4-I are exceeded, the

speaker lind listener ]iltlst either nl()ve clc)ser together or ext)eet reduced
h)tel]igibiJfty. This is also shov..n in Figure 4-1.
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VOICELEVEL* COMM UNICAI'ION DISTANCE(m_lflrll

0.5 t 2 3 4 6

NomlalVolce(|n de) 72 _ 60 r_6 54 52
Rai=_dVo;cu( In de) 78 72 66 62 60 58

Table 4-1. Steady A-weighlod sound feveJs that allow communicallon with 95 percent
sentence Intelligibility over various dislences ouldoors for different voice levels
Source: Ref. 5
• Assumes normal voice Jevelof 70 dB (67 dBA) orraisedvolceo176 dB (73dBA)

Wind erit_ria==reu_(| topr,_dlctth_effectof noi_Jon_p_'eehcornmuutcz=tkm?

For hldoors, Figure ,I-I slmv,,s that nn Ldn of 50 (IBpermits virtunlly 100
percent intellIgibJlit) ",',ithtnhldldlngs (5) (A _i_ell pt reenlnge of sentence
h_tell/gibllit_,',stleh lis 95 percent or 100 percent, indie_gesthe I)rI_llorti(,t (Jr

10¢

E_8o

"_ 60,

_40-,

0

5o 55 60 65 70 75

LEVELOF CONTINU(_USNOISECAUSINGINTERFERENCE(dR)
Figure ,4-1. CdtBNa for indoor speech Inter|orence (relaxed conversation III greater than 1

meter separation. 45 dB background in the absence el interfering noise)
L: Source: Ref, 5,
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key word,'; in a groll I) of Selltences whi<:h l_re correctly ht'zwd by Iiorlnal-
hcarilzg listeners,}

For mztdoors, I;'igllro,l-_shows thtltan Ldn of50 dB which also indicates
nearly 100pcrcellt intelligibility (5),

Figure 4-3 shows appropriate voice levels limited by ambient nnisu condi-
lions. Along the ill)sctssllarc various measures o1"noise, along th(;ordln_lte
distance, lind the panuneters are voice level. At levels above 50 dl] people
raise theirvoice levelasshownby the"e×pected"line if eotlll]lllnieatJoz_s are
not vital or by the "comlmmieati|lg" line if communications are ;'ital, Below
and to the left nf thc"m_rmal"voice line.commaz_icatilms _reat _mAI level of
0.5. 98 percent sentence i,tclligibility. At a shout, conmmnieations arc possi-
ble exceptabove azldt(I theright of tile "impossible" areaIhle, (50)

100

'_' 6o-
k-

N

/_ 40,,

20. /

0 -- --

50 55 60 65 70 75

LEVELOFCONTINUOUSOUTDOORNOISECAUSING

INTERFERENCE(keq),dO
Figure4-2, CrilerOiforoutdoorspeechInlerfe/ence(norma_voiceal2reelers)

Source:Rot5,
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AWEIGHTEDSOUNDLEVEL
FJgure4-3. Nscessaty voice levelsns llmite_ by ambientnoise Ior selecteddistances

bBtwoentalker nnd lislensrforsalisfactoryface-to-facecommunication,
Source Ref,50,28,

NOTE:The figures are based on data Irom*'sentencos known to lislensrs. A_ a resulL Ihe$o

leVerSmaynot becompIolelyacioqualoin describingl[uctuatingnoisecondIlionsandwouId
be¢onsorvatJv8estlmaln_for s_tualionswherecommualcation_sunpredictable,

SPECIAL POPULATIONS

Do_,_ the age of a(lulls haw any _'ffccl un th_ al)ilily lo (liscrimilmtU Sl)eecil in
noise?

The ability tc) .llc[erstalRl i)art[illly masked {}r distorted speech I)egin_ to)
deleriorate ilrollnd {Ige 30 ;LIKIdeclint s stcadil)' tlR relt['ter Gcn]t rail), tllcrlz-
fore, the older l]le listener, tile Iowcq' tlic i)uckgrouud II(lise IlltlS{I}e for normal
COll]lllllll ie[I{{OIL (1"1)

Du peuple ',villi ]tearing loss have ally spec[a] ptol)lenls ',villi regard h) speech
interference?

People wRll ilearing ]o_sesrequire nmre favorabl_ sp,.'edl-to-noise ratios
I.ilaB clo persons with n()rll_a] }l{Jlrillg (14) 'rills means that tile difference
here,cellthelevelofspevehand thel)nekgrcnmdnc)is_le_elmustbe greater
for hearing lmlmireci indivichm]s than for ImOl)le wffh i}ornlal hearing This
can I)aaelfieved either by decreasing tile backgr(}und noisa level or increasing
the speech level, Increased le;,cls of noise, in rehltion to the speech sign;d, lend
to aggra', ate the ach erse effects of l_enring loss (48)

Whal are tl e effects of mseoncl Ilrensctt n _c_to sklls?

Ilig}l ]c_-'eIs of I)oisu rcdtuct_ tile nulnbt_r of c()lP, ers;ltions arid their ecllltcult.
q_lalit) and fidelity Childrcl_ha..uarelati'.ehickofkno:'.lcdget)fhmguage
timt iilakeN tll_lll I_SS Ikl)]e tO "heitr" speech "_;,]lell some of Ilie cztes tire lost,

Repcatccl CXl)OSureit} hi,qh lc_ els o f noise m critlcali}{rm(Ist)fdevclt}l)ment
Might affect conet_ptllal develt_pment and the [Icqtdsitlt}n of Sl)eeeh , hln-
guage, and hmg,agc'-related skills llke reading ancl listening. (32)
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Can reading abilily beaffected byhigh noiselevels?

A :_tady based on the reading svores of children in grades t',vo tllrnttgh five
who live in lm apartment hlli]clh|gshowed that tile noise h_a[id _|rottllcltile
I)aildingwasdetriIIlenta!to theirreadingdevelopme0tt.Thelonger thechild-
renhad lived in theanisy cnvironmetlt,thclo;vcrtheirreadingtestscores.(_it3)

Are Ihe_v effects only important at home?

Shldios lmve shownthat Se]lOO]_i lno=lte(] llcxt to exl)r(!ss',v_l.vs Dr mlder
aircraft flight paths also show severe effects I}n ]earJbiIlg.For ex=mtple in
aciditim| to lhv le=_gthof the disru_ti_'vaircnd't fly¢_vers,in mm=yeases,
col|sJdera|)le IiI13_ is _;|)ellt refoellSlllg I le Sill( enl_' llllelltig}ll _)n I le SIIK )'

material (_]o)



PERFORMANCE INTERFERENCE

i' DETERMINANTS OF INTERFERENCE

What noise paranlctersaffect work performance?

The question is a eozuplex one nnd ill any particular case, at least four
factors skmdd be kept i. mind:

• Chanleterisiies of the noise

• Characteristics of the task

a Aspects of ilerforlnttnct! collsidered illl[)Orllttlt
• hldivldual dlffcrences

111 general, Ill)iseIS nloro likel:,,to reduce the acetlrtlcy rather thltf=tl_e total
quantity of work and it affccts comple× tasks ult)re titan simlder ones, (31) *As
tile noise level increases, both reaction times and intnd_ers of errors illcreltse.

'rhdse effects areIllOrdpronottncod ftJl"cDnll)lex tltsks IhlIn for sinq)ler ttxsks.

i In fact, for sortie sJnlj3]o tasks, nois,,3 enhance i_erforllltlnce.nifty

i ltow does noise exposure interfere with hunmn performance?

i Noise often reslt[tsin ii disrttptinn of nile's attentional prucesses, Cites that
are irrelevant to task performance are dropped out first. If atteution is further
restricted, then tiles Ihat are relevallt to perforlnal'=eo of tile task {treellmi-
hated, (gfl)

Why titles perflmn.nee somHimes improve during exposure to noise?

P_2r forlilallCe illlprovcs dlt rillgexpostlre to noise wimn distracling cues are
dropped out. Task perfortlrallCe iulproves when only relevant prhnary task

- cues tire focused ttpon, (96)

t Noise lords most likely to b.vdctrlmental to performance tire:• Continlmtts noise h.vds ahoxe 90 dB (A-v,uigllted)

1 • Levels less than 90 dB (A-weighteci), if they have I)rcdtmd.m*tly hfgll
frotlllellC )' et)llll)tUlenls, are illtt_rmiHenl, Iltlegl)ected= or tlnconlroll-

able (5)

i Does tim intermilteney or predietalfility of tile Iloise play a role in perfof
0 mnnce interference?

Yes, when n IlOiseoeeors ill ttratKIotu,h_ternlJttent t)runprediclab]e fllskioll,
errors tend to increase, and greater effort is required to Hlaiotahl eOl3Celltra-
tion, Unpredictable nois_.'rnav lead to breaks in concentration timt arc fob

lowed by eompensaih|g,,increases in tll_ work rate. Thus, the o,,'.erailrat_ tlfx_,orkInto r=othat|fleeted, but thevariahillt_, of the v,orkratemaybe (5t,53)

"ReferencesaceIlste(IinSection11,e,g,:(Ref,31).
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D{thlgh-lntensity noises have any spvelal effects on perfimmmce? 1

Iligh-intensity naise such itsjet englJle noise in close proximity is rel)orted to i
cause niB_sea, vertigo, Ul|CoordinlRioll, fatigue, and menht] confusion, These
effects are attributed to vestib.lar stinndation and to reflexes elicited by
vibration of theskin, muscles, and johlts Any of tllese symptonls van give rise
to a reductioninperformance efficiency, (52)

Does controllability of the noise haw lm effect on performance?

Noises that lira nnprcdietabk," or randomly intermittent tend to be asso-
ciated with greater deerelnenls in perfornlancc thIIB in eoz]tinnollS noise.
These decrements may in pltrt be explained by the filet dmt these noises are
)ercelved by die individual as being .n Iredietablo.

leeent researcI (56) suggests dmt exposure to unl)redictablo noise may
result ill performance decremelliS which occur lifter tile noise ]zas ceased
(aftereffects),

Does the frequency spectrum of the noise imve any effect an performance?

Yes in general high frequent) noises (above °_00 llz) in]pair l)erformancc
more than lowfrequencies of tile same sound pressure level (5.t)

Does the meaning of tll_ noise affect itsability to interfere with perfomumee?

Yes, the nleaning of the noise isan important wtdable. Relewmt and mean-
ingfid infornmtion is attended to, rtdher than igllored, thereby detracting
fronl tile task at hand.

What types of la_ks can be affected by noise?

• Tasks llalt involve concentrlltion, ]earning, or imalytic llrotddsses

• Tasks where lm integral part of performlnme is speaking and/or
listening,

• "]'asksreqt]iring fiat3 lllnst211hlr InOVglllent_
I ,

• Sinlllltlln_ollS tasks ! :
• Tasks which require eontintloBS pdrfOrlnlllled

• Tasks including prolonged vigilance and few signals

• Perfornlanee of any task that invoh,es auditory signals

• Tasks requiring attention to multiple channels (20)

How can ntli_eaffect |_arning or infommlion gathering?

Noise may compete for tile limited number of channels awdkllde for
information inl)ut, When tile system is already overloaded, the individual
must take more tllne to evahlate the intruding stinlulus, or risk making errors.
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• ', Do individuals differ in tile extentto whleh noisemay interfere witil tllelr
performance?

Yes, klboratDry stndies ha"-'e _;]lown that some people who ]uwe bt.=en

exposed to noise are not able to perhlrm tasks requiring skills of retention and
attention to detail, These decrements in perforlnance are especially found in
thos9 ',',he are exposed to uncontrollable or unpredictable nois_ IS0)

Researcll has s]m;vnl timt tile motivational involvement _'ffthe individtml
influences the exit nt that noise will Imve on perfornlimce (57) Other studies

' i have sho;vzl that personality varildlles, primarily the trait of introversion/ex-
troversion, can infktence perftmnance imder noise, {58;59; 60)I

. C_lt_noise kavd eumnlalivd effects all performance?

It ilas been h),l)othesized tlmt exllostlre to noise can I)rochlce an actuali change in tile state of tile inciivichmlthat is reflected in failure of selective
perception, This chllllge ]}rodnelJs ill _;l.'¢llrtl bIf2 l)_r forlnonce deerelnen[s, (l.i)
More errors telld i'o Odc_llr toward t lid end of tier forlnlluet., sessiolls_ whiell ol_o

suggests n cnmtdative effect b_. theend of thu workday (61)

j Coil noise have boil1 positive and negative effectsUHtask per fnrnnmce?

Yes, depending on tile colnplexity of the task, noise may either inlprove or
interfere wi[]l llefforlllanc(;. 'l'llsk_ [hot are lneehollieal oP repetitive, and

r s'.',here a'. crllge le'. eb;of perfnrlnanct_ are sufficient, ',_illseldom be affected
/vloderate levels of noise can produce benefichd aroustll levels during monot-
ollolls tasks. Tasks requiring moderate effort seem to be unaffected by tile
noise, Highl)' complex task.,;req ulringartendanee to a large nunlber of cues, or
to many cues in rapid suc,cesshm, may be llffeeted by noise nt all levels of
intensity. (62)

i
T I_o I_$ IlOi_e produce Oily llfiereffeets IIll per fortlzonee?

Yes, researol_ has shown tilth nois_illay l}rodnce adverse performance on
t _ i i htasks perforated after tile noise isno longer present 'l'hcse effects sometimes

u,.:_t_,tsve. wz_u..,err r lance d ring o[s_JV¢s o[ affected Aftereffects
ttppear more likely to occur when the noise has been unpredictable or uneon-
troilablc,, (56)

Is hldustdul noise considered o problem in performonct_ interference?

Yes, tl)dllstrJa] noise Ilia)' Ililvo [11o lnost [)ronollncetl e fleets on lJer forlnan ce

tnt:lucling exhaustion, ai3sentminclethless, mental strain, absentetrism, tense-
aess, and irritalJllity. All of these factorsaffect worker efficien-:y. (63) It is
reasonable to sul)t}ostt tllat increased ol3senteeisnl ella COllie froIll workers'

r , t r t 1_, psychological a.version to returning ezlehda_, to an anl_lezlsant nots) ",',orking
environment Tile fr_.quene_, and se','erit_.,of industrild Injuries co dd tenc to
i_ehlgiler tn noisy euvironments because of inasking ofwarnhlg signals and of
tnoretlses i_lIllOlnentary galls or e[rnrs ill l]erfornlanee. ((J-_)
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What is the estimated cost to society of the workplace effects of noise due to !

absenteelsm,noise-indueedlndustrhdiniuries, and performuneeinterfere ces? i
I

e One day per year, worker exposed to greater titan 85 dB

• About $0,50 per worker per day
I • , OWith 8 million exposed v, orkers, about $. billion not including work-

men's compensation (_,1)

Are children susceptible to performance effects of noise?

Although there is relatively little laboratory evklence to substantiltte per-
formtmcu degrttdatJon, dl_=rehnve been field studies wbie}l demonstrate that
high noise levels hltve boen correlated with lmor per forlnance on reading t_sts
(6,5)and auditor_,, discrimination problems (6fl), These effects were found to
hnve little to do with soein-eeonomie ehlss or IQ. The significance cff these
effects is particuhLrly important for younger ehiklren who through hick of
vcrbn] experience need Io',','er l]niNe lt_velN ill wbl(2h to perfornl in order to
cle_elop tile basic skills which eontributl to eogniti_ e anti hulgtmge develop-
inellt.
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SLEEP DISTURBANCE

Sinel)dlshlrba]leeisnile of I]]cIIIilior cinl_;e!;nf anltnytLllcedlle h).()[se. [f it
l)econle,_ ac]lronic problenh sleep disttlrballc¢_May pi)tt,lltiilllyIt,at]t(I health
di_l_rders.(67)*

EFFECTS OF NOISE

How thles nnise interfere with sleep?

Nnise, nf cnurse, can Inakc it difficult tn fall itsleep, Noise levels cancn?atc
_o lllblllelltiiry (liSltlrl)illleeS of Illtttlrill sleep patler.s by elltlsing s]lifts fro ii_ideep

to lighter stares. Noise Inlly even _'ttllSl_ ;t%',,ltkOllillg Vdlie]l till2 lil!l'son it lit]" (it

mils' not be nble to recall. (I,t)

Is the sleeper awiire ill all of Illsb.dily reactions hi noise?

| le can be e<nnl)letely ttlmtvare()[beitig aff,_cteelbut can haveit disrul)tic.3
o1"total sleeI) quillity iluvertllelvss,8ui)jects _fften fi)rget ;.Id inlilerestintilte

: tile nnlllller (if times thai tile],'ilWiiken (lllriill_ sleep, (88) Liiud li(lisct_ulili
clllltlllttu ill tP.Vllkl3nor ill'OliVeIke _leep_,r+I)tlt Ihey illit_.'I)_enllle_infantililir
with the Solindslhat tlit_yreillln hi _leepwry rill)idly.

Wh.I arl_the indlreet ell'eels i1£deepdi_ilnllanee?

A pel'tllill I','hoso siuep lilts beell disturbed _;evrroly Inli), feel lelililrllic llltd
ni_l'%'Otl:_dilrhlg hiswiikill[4 llnilrs lllid lllil)' bo lilliil_]l! l() pei'foi'lll tit lii_ IlSllill

level ()£efficleitcy, (fIS)

FALLING ASLEEP

WIlut noiselevels_llll delay falling itsleep?

, At Ic;,els(if 40 Ill 50dB (A-weighted),_i(1111oSilbjectsiilwe reliOrled dit'fi-
cnhy ill [allhlg asleiJl), freqlielttly tllkhll4 over lilt hcillr, The' nillltl]llr Of Sill)jc>'Jt S
hrlvhlg diffleuhy increllse_;iis llil__nllnd level hicrelises.(1,t)?

: AWAKENING

Whirl nolle levels can CtliiSC iiwiikelillil_ l

Shldies lillvc sho;vn tiilit at levels of 70 dB (A-weiliited) or abllve, bell,'w-
inral lIwllkcnlng ° will ttlOSilikelyf_ceiir.(1,1)

-I
Do nol_icsllisihlg ii Ionl periodill lhne llwIikell IllnrlJ people ihiul !illorll_r

; Ilillses7

The lelllIloriil plittern hi"(_l)Ollli'e(i.l_,,_;llOi-l IIr Inrll._I:hlriitiiln) lillt_;l IttlliOr
efi_cct(_tl ii;viikl2ninl_sdill) In IlOi_;t!,Shiirt sigttillsimve tel i)e t[ltick hilliier in
level to llwItkell ilstllillly peoli]eiis it Iolll_er>st{_lldyilOiSe,(tJ_,(j_)

•References are listed in Section 11,e.9,: (Ref, 67),
'Behavioral awekenlng means a specificmotor or velbal response {88),
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Are all souonds eqmdly effective in a',vakenlng people?

Not I_]Istrands of tile mime level are ecpmlly cmpahi,-' of awakt.,nhlg lit;{lllk '.
The chitrll_t_r of _Olll_ _Otlllds ciilises _heiii if} [l'S,,_k{!ii iilore p(._o] ) le IhIlll ol he[*

smmds elf the same level. (68. 9-I)

Does theb_ckgroundnoiseenvironmentillwhichpeopleare_iccustomedto
sfgeplng ,fleet the number of night|y awakenings due It) noise?

Pe{iple li%'ing in Iligher I]ackgroimd noise neighborlumds tend tel a;'.,aken
lessthan ilCOlilC li',illg 91 qilietc.r lilickgronll(l iioist Ileighborllorids (98. 9-t)

Do people awaken nlore Ill some limes of the night time at otlners?

The ll%Vlikpngl_ c fleets of noise ilplle;lr to lie related to the tJlIIC of OUCIIF- r
rcilce Qfexposure diiring the night.'l'he lirolmbilit) ' of aw_lkenfil_, to nnises of
tile mullo level is slitlhtly Iov.'er within t;'.'l) hours itl'ter retiring thml when it
occurs hder in tile night. {138.94)

AROUSAL AND SUB-AWAKENING EFFECTS

Whai stages of sleep does noise affect?

bilhorldllry Stlbiec, ls appear to hc most scositk,c to licollstiu stimtdi (hiring
the more shilllow ShilCSof sleep, A liersml i$'pically g_il.,s through il cycle lit

sleep which beconies progressiTely {teeper, llllCI the stlig_'sof tlli_; e)'cle illli), *vliry in length of tillie.'l'lies_ stiigestire refloeic[I hi EEC inelisllr elill,lit s I 1l,,'lri
rllle changes, viisoconslrielion, respirlil/Oll C]llill_'s_ electrfiilc,rnlal activity,
lilid nlolor responst,s ilru all ._cnsillvc In lloise clllrill.q sleep. ((iS) !

CRITERIA FOR SLEEP DISTUREANCE

Do crlierlii for sleep cltsiilrlilnlce include S|lifts in shige of sleep lie d beliavioriil
Ilwilkellillg?

I_xiinil)k's of criteria pcrtilininf4 ill sleep diStllrlilinec life displayed in Fill-
tires _-/ lind 9-I, "['liesu t'igilrc,s. wlii_h "'ere tlclnpted from li Sllllilnilry lind r

.. _inl_ly_l_01"rec_llt c:;_crii'ii_iil,ll _[isulJdlilll ils reill(ed to iloisu e_tiO_illre (3},
show li rehltionslllp between [re¢lilelley of response (disrliptioll or llwliken-
trig) iln(l the_lntlll(t level o1"lilt intrusive llnise, lit l;igiire 9-l, tlic freclUeiic 7 ol+
sleep disruption (as lnellslire(I I)7 Clilingo_iin slet,p stage, 91chitlhll_ I)ehiiviorlil
liwiikenlllg) is l)lotied ItSil filnetion i)l* the SOiiliCI l_xposlii.e Lcl._l, li time-
hitegrilted me;lsure referenced to li one second duriltion. Siilii|lir|),, lhe fi'e. c
filleliey Of liwilkening Is showii ill l_igilre 6 -0, Thlis, Pigll rL,_ (:I. | iln_ _-_ show

tllilt the pr btiliilit) of l',lot) lies ofsk eli dis ilrlilill f_, %,,ithin certain stlitislic'lll ..
limits Illil) |)12predicted hy ph$siclil inciices of ilol_ e.%liOSllre
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How does _leeI) disturbance vary with noke level?

Oencrtdly, I]lc higher the nc_ise level the greater the I)nflmhility elf a
response, (68) "l'hiessen fontal Ihat then_ wits a 5 percent t_r_)l_lll_ilit)' of
subjects bein,q awakened by peak levels of ,10dl] (A-',veighled level) and a 30
percent pnlbability at 70 dB, If EEC, ellanges are _dso ecmsidered, these
i)rllbabflitk, s increase Io It) percent at 40 till anti 60 percent at 70 (IlL (89)

Do tile number of lloisu peaks have lilly effect on the abilily of tile noise to
interfere w[Ih sleep?

If the nuillber of sonllEI peaks increases, tim person will take h)nger h) fail
asleep even [f the average sound love] decreases, (].i) 1[owever, eont[inff)liS or
very frequent noise throughoul file night, even as high as 05 dl] (A-weig[RelI),
appear_Ine;lltSelittlechangeintilta_erllgedtlralinnof thesit el)st;iges,Sillee
such stages are disturbed more b) peaks that w_ry ;,.klel)' frmn the back-
ground ambient level than by high eouthuunls levels alone. (68)

Does tile quld[ty of the so|rod have lmy effect on the ability of noise to
interfere withsleep?

Inherelltly ]ll[_Inl][l,_fll]S[l(llldsnell IIS ()lie'sllillnO llr SOlllld lhxlt llCqllires

Inc'zlnJ¢_g b_' ill_trll_lfoilsor eolldJtinll[ng C'llnllwzlken ,'lsk,eperatlowerintensi-
ties thIln those reqlli_od for l]1eIlnillglcss or llelltr_llsollnds, Un[_llnJlt[lrSOllllds

ma), awaken ileop]e at a lower level than fllnliliar ones, (68, 70)

Are the sex alld tlgu Of the sleeper flitters in dishlrba|lce of sleep by noise?

Several invesligntors hlwe reported that znkklIe-aged woolen loll)' he less
sensitive to nllise during sleep, (69) Ill genend, thnllgh, the rdder tile Sill)loot,
tile nzoro likely he is to res])Ollcl lo noise v.,htle sleeping. (US) Young ddldren,
on the oilier hand, appear tn be less affected I))'noise in allstages (ffsleep. (70)

_oe$ tile {lmollBt (If time mleep affect tile response In noise?

Arousal is more likely to occur after longer periods of sleet), (71)

Does sleep deprJvtltioll have an effect oB tile dishlrbanee of _leep hy nni_e?

Sleep after prohmgecl periods (if sleep delJrivation consists tff increased

tilBu ill stllges Delta lind llEM. This, ClUlSeSInl incrta_e in thl. thn!sh0lds for
arousal and sta,qe change. (68) O; el'all, slcep.depri', ed indtvkhlllls require
lilt)re intense auditory stimuli to awaken than dl) non|rally rested persons. (71)

Is sleep disturlmnee by noise seen as a prol)lem hy the pnpuhltion in general?

Survey datashow that sleep distnrl)ance is often o11oOf the principal rellSt)lls
given for Ilnis0 lulno,vance. (|.t)

Can sleep tlisturbanee cause long-term prnl)lems?

Sleep is tlmught to be a restorative process during v.'hleh organs of the body
renew their supply of energy and nutritive elements. Since zmise can disrupt
tile sleep process, it may take its tollon health. (l,I)
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SUBJECTIVERESPONSE

COllelusiolls eolleorliillg Ihe f;lell;r:/lhIil deterlllitle ;ill individtml's sllbjue-
live, psychologicalrespcmseto noiseare diffieullt to derivesince individuals

; vor_., so lnuch in their rettelion to noise. Cle/irl)', more resoilrch i:/neeih.,d to

- £1sscssthis emnl_lex topic fulb'.
(
: MENTAL, PSYCHOLOGICAL EFFECTS

What kind of nlelllal or psychological effects can occur with excessive noise
exposure?

Exeossivo noise exposure ellll bring ilh¢lllt a wide Vllriet}' of psychological

resl]¢lllSeS OrS)'lllpt(HllS ill t ]11.'illdivklllaL A persoll lnay respolld _'.'i th anger, or

experience S)'llll)lOlllS SlIch ItS anxiob', irrllnbillb,, and/or gL'lleraJ elllOllOlllll
stress. Noise Hill)'negativeb' affect work l_erforlllttllCt, beellll:_o of redtleec[

worker nlorlde illl¢._ lllDtivlllIDn. ])Jstraetioll all¢.l poor jlldglllell[ Ilia%' reslllt
from menial fittig.e. (14)"

Is excessive Ileii¢ exposure related Io menial illl_ess?
'rho answer to fills remains tmsolved. Studies have shown thai resideulial

areas exposed tohigh lloise levels InlW have a higher incidence of Illelllll]

illness llmong Iheir residents; ho;vever, the evidence is illeonelllsive. One
study that examined admissions of residents near London's Ileathrow Airporl
to a ps+vehialrieImsplta] suggests thai the I_revalence of menial problems was

• II f211r_st, , )
htgher it, tile >olmhltion the air >ort (0(), On the ,,tiler hand, a Swiss
,'+till "} ookillgllt I IOlnell[ll Rlllt Istlillisofresitll_ntsnl2;lr l• " ireeSwissllirl)orls-

fmmd no significant r,.,hlkmshilJ between minor i)sychiatrk, illness and m)ise
oxposIIFC.

What physlea]qutllltiesof lloiso £1ffeeta person's subjecti¢e responseP

The physical Mlributes of noise tirol Cflllaffect an tndivklulll's subjective
rl+til_nn _:c_inohide: ili)t:*.qrel! t ]ot!.-I_IL+s+;,_T i:_tc:l:;it',', :;i;cctral sh;tpc+, ]_£c:;t21ict_of
discrete freqtt0nc),components, al)rllph_ess(Jriml)ulsiveness, ilitertnitletley,
dundioz_, and telnlmral variations. {14)

13esltlestile physicalatlril)ules of the notseitself, whilt other ilSpeetsof tile
eXllOSllrl_silualhmaffect Iht,.individual's reslmnse?

Aolong the factors that affect im indivithmrs response to noise are ctmlex-
lllai factors StlC]l&slthe tillle of dll._,',the activity interfered with, tile ability Io
conlrol the sot]tee,a;id the information cimten[ of file ZlOiSe.ilOSl)OllSOIllll)'
also be affected b), persotln] factors SllC]l ItS previous experfel_co with noise
expOSllrt_or sooh)-eoonomic lllld edtle*lliotllllslattls. (14,,i, _})

'Referencesam ;tedInSection11,s.g.:(Rat.14).
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W|mt is the best welghtin,q system to usefor amd)'sis nf individual subjective,
psychological re+pome?

hi mnst eases, the A-weighting scheme can be used in study individual
rosl)nXlSeto linJse, l;'J_llre 7-1 shows hli'e,,tile A-',=,'ei_|l/in_.network on it Sillllld
level lilet (.+£dJserizizJnatesSemll¢l_at d[l'l'er eel freqizencies caxnlmred to the B
and C-weightingr. A rPeont study has indicated that the l) anti E weightings
generally porfornl somewhat better than A-weighting, Computational
sfJhellleS,_lleh [ISStevens' Mark \z| tin(I Mark VII loudness ealenhitioll proce-
(litres, Zv, ieker's loudness ealculatlon procedure, l erecix ed Noise L( vel, el(:, <i
life typletdly superior to the fr(-_qltel3r2)' weiKhtings, hi the limg rill1, ]i(1wever,
none of these other weightings or calculation schemes need to displace the
sitnl)le A-weighting which has tile adclecl ack,antagos of ease of lise, public
_ccelih'ulce, and roasl3niihl(JIzcctlrlluy (7_)
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Figure7-1. Frequencyresponsesfor soundlevelwelgiltingcharacteristics, J

Wlatlsme tbytleterls plon lcl so u dwlatistlelrappllc li it
subjective response?

Pitons nnd sones are lised to measure or rate ]otldlleSS (tile subjeetk,e
iinllresston of tile nlag0ltude of a souml). A phnn is the unit of loudness level.

I
It is intended to be equivalent to tile decibel level of a i000 Ilz reference tone
judged equally Mud ia the sound being evaluated, l;'Lgure 7-2 shows equill
|ou dness eontotlrs lis a funetlml o f [Fe(llll_n_y %%,nlleil demonstrates the rehttion-

• ship between loudness level (in phons) and intensity (in deeibel_;).
qhesa e salnear etslreoflt_ d ess. llela dness fo esa ee Is

tile loudness af a 10go llz ton_ at .t0 dB St)lind pressiire level A SOtllld judged
to be twice as ]olld llS It i000 IIz tone at,10 dB ecillals 2 sones; half its Inud, l/o

• Iso/iu, ell: CtmenllI$, all inert ase of 10 dB is equivalent to a donbIillg ¢ f soile
",ohm and the judged loudness I he Stet ens method and Z;s icker I r cedure
both calculate stine vahtes nf complex v.,lde band souxlds,
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Figure7-2, EqualLoudnessConlours

Ar¢_ thf_rl_ llny ]_IU'|ICIIIlII' I|Oi_(.% |hilt _tr(_ ii]ort_ lllrlllOyJllg |hlln ()tht_rsP

Sounds of 2 K.I Iz or higher (eSl)=.=cia]]yIh(Ise with discrete/rc, qlll!nc:y co)In-
portents) are genen=l[), themost lmnloying and clisnllHivt, , IiItllOL=gllnoises that
ilr_ ;tbrtll)t , intermittent, or f]llCtll_lle '.vith |[111_C_lll|)UVOF)'llll no_*ill_ I_sw(.]L
(l,l) Iv1geol..nil, the ]olldt..r the noise the m(_reanno_.'hsgil is lik_:b' to be...(bt)

Are there any speei=llpopulldJ(ins that are parlk:ularly annoyed or hotllered

A mm_ber of variables ma)' affect indi','ldx=al suSCel_til)ilit ), to noise. 'l'h_.,se
include perso_alRy factors, psy¢.'hologieal f_ctors, stato of health, etc. Special
)o _tllations tha_ are );lrtic=llarly sensitive' have not I)eez_ i(]¢ntified however

[iiq( res(_arc I ne_c s lo )o I)erf(irm_d to ftlezltif), these grOlll)S, if Iln)'.
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Does personality play a role in individual response to noise?

_ooilll sllrve},s IIl|V(_ hldloat(.,d v.,kle hldk,idllal '.'ariiLliotls Jl_respt)l_e hi
]}()isu. |t fll)l)e_lrs lllllt l]er_llntih'ty (llJes l}ltiy S(]ll}(] I)[Ir_ ill a 1)I!rsl3_I'S SI]I)j(DCt ire
resl)onsu to zioise, although the UXllet licitilrt_of [he re]MJ[tnshJpJstoo e(]llll)lex
to assess readily. Some studies htivu concluded that tlmso with n ftiirly high
level .f enzl)tltlz),, Jntel]Jgellce, 1111(] (:rellt JvJt), lllll)' I)e Illl)re sensitive to noise
titan most. (75)

How do individuals alter their hehavJor ill order tit cllpe with noise?

People IllIl_,'either take direct physioal zleti(llls or make iiidirect mental
a(ljllstnlcnts to et_po with ii(lis(!. For cxamlfle, people mtiyspol_d less fillip
imt(lo(}rs, kee l) their windows closed, ttike sleeping pills, use earlllugs, spend
less time tnlkhlg and soeiali:_ing, or eomphdn to govenlnlent officials. OIl tile
other hatlc], they n_Jght direct their anger tit ti nt)ise JllwztrdItlld |)httne thenl-
selves ftlr being bothered hy it, They maF perhllps deny there is a I)rnblem
trod at(clapt to stop reslmllcling emotionally to it. They tally evetl project their
llllgul" *ita IlOfSeSollrct_ tOILperson incidentally asset[Meal with it. (76)

Cliff nol_/u ¢.:iIIISetill individutil to exhibit tll|ti-sOCJ4dI)ehavior?

Notso e_lll cluIse pet]ple to exhibit Stluh anti-soeiti] behtivtor _s aggressiml
allc] violence, the)(ugh tile)' would i)o[ nor]nail)' cuesc).Certllhl extreme Joel-
(]el)IS (]lilt ]lzP,'u houri relmrted, for example, inehlde _t business exeetdive
shooting at llearby waler-skiers; or ti usually ClUiet, night clerical worker
shooting and killing It child i)Iaylng outside Ills apartment, Both e:';amllles
provide anecdotal illustrations of effects on behavior Ilresumably attributed
to nclisu, (14) There also have beell lal} studles which shclw Ihat excessive noise
may redllce sor:inl interaction, social reslmnsibility, and verbM disiuhibititm,
diminish helpihg behavior, and increase aggressive resplmse, (77, 78, 79)

Can noise le_ld to reduced social inleractkm lind enjt)yment?

I]esides the obvious imlmirment in social interactimlIlssoelatetI with m}ise-
i!l'-hlc'ed h .":trfi:g h!s..', lh,htg in :!noisy e!_vir!mnw!lt may ]e::d to ,,:'h:4 cau!¢[ hc
referred to =isa noneommunieative life-style. This is a life-style in which s()eitil
int erllet]ol'l isiivoic.ie(l ltiltl eOlll IllllnJctitio n is Illinilnized dlle to IlDise interfer-
ence, (at)
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COMMUNITY RESPONSE
This soclJl)n O(lltOerltS average e(lllllllllni_y rl.,s_ }{lille [o iloisu _ISdcqermined

l}y COlnllxllnily stlrveyt;,llnd oilier tlleIlNtlro_l)fllnll(ly_lllCL_ Slleh as (2(liltl_hlints,

I b

I-low{lees llll_l__ll111oy_

Noise by definitionisunwmlted S(}lllld,It iSallilllrll_iOllon {life'ssenseof
l)rivllc),.NoI_(_c_HlIll._llllelltOHOllillslraillall(lII_l)llrCoof gr_'atfrll_trlltiotl
when the noise is beyond ILperson's clmtrol, Noise nlzly int erl'c,re',','it ha hroacl
range of hllllllHl retivities, tile ovendl effect of which is t(} canst, anllo)'ance.
StlClluctlvltiesinchlde;

I.SlleechcolnlnlllliOllli{lllill_Ollv[,rSllliOlltoldh,achitff4

o Telephone E'OltlltllltliL'llIJon

3, Lislenflt_toteh.wisionand rndi_ broadcasts

.I.Listeningto music

5. _(incelllrlltion (hiring Xllt,llhll aelivilius
!

6, Ilela×nti(m

7. Sleep
2

TO Whlltdegreedoes noiseCllllil_lll!ighl)orhooddisSlltfSl'ZlCllon?

The IIUD Annual IlousingSurvey (1915,1976)illdicatesthatnoiseisthe
mosl frequentlycitedundesin_bleneighlmrhcmdcondition,surprisinglynmk-
itlghigherlhlln _rilllC_.NoiseIsIt[tellgiVl_llIlStilL'rL_llsl)n['OF residents '_Vlllltin_

tonlm,e fmln theirni:ighbarhoads,(.I)"

How iscon]munil), responsenleu_tlrc(I_'

CoHllnllniIyresponseto noiseis.suIllb'studiedthroughsocialsurveys,A
number of social sun,eys hllvc been cllnducted w£rldwide Io delyrmh| 9 the
ext_nt of th(_ nots_ llrollleii1 llS well llS to assess tile reSll{ltlse Ill [)eolllt! l{i

specific noff;o sources. These studies llltellll)t to [)redich ml nil aggregate I)llsis,
tile degree o f llllnoyllllee or other effects that Call be expected by the eo]lllllll n-
ib' at varying noise levels. The lwerilgo response of the eomzmmity is used
because it is very difficult to predict tile response of any given i.divkhm].

*Referencesare lismOin Section11,e.g,:(Rof.4).
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Are cOn_l)]ainls ILgood indielLtor o[ the (_t)lllnlLiilil_' Ill)[s_ l_ro])leltl'_

Anl)t ht_l " %%'[I_,' (][" _ISSL_SSilI[.[ C()l lllllllllit_.' l'eS pt)nzge is thr(]ll_h co llil)[ll[l]l_i _lIId

legal aclif)l_s, ]I_)wever, Illany other e('OllOiiiJe, ]]o[it[r2a], alld s()ei_lI [_a(.'t[]rs

[llfhluncc_ tile filillg of COtll])]ll[llts, Sc] the qlL]antifie:_t[c)n (1["t-'olin ])]_lizlt S (.'_llln(l [

I_e I]s_'{l as de f[nlitiv,.' dxllressil)ns c)f _'Olll[lla nit _.'resl)_)tlse, FigLIrc'8-1slIc_WSIhe
correil_t Jell ()f _l)lllIllll[lity colnl)lllillt re211et ic)n te II(liS_ after the zl[][s_2 e>;[)osllre

h_s been ztdjuslecl for ['_tutr;rsst_ch ;is tin_f; of )'e_r (windows open or c']osc'(I),
(Itlrllt[nfi ii[l(l [rcquunc), of [ntrll(lJng iioises, i)rt_sc'neu oF i)llrU t(llles of

ilnl)lllSes,_Ic,

vi_orousAcllon _ _ • -

WidespreadThfeall
of L00a$A¢llon dSlrOng I _.1 _! •

Apt)earsIO L_¢_I_" Official I to Slop Noll_

%_idelpreadCompdaif_IS, I __..(I ._ *. I
*- Irldlvidua$T_reall Ot •

Leoal Aclion

SporadicComplatnlz * * • |

AlthoLl_hN0ilo I_ l*.

40 50 G0 70 80 90

Adjusted O_ldoor O_y/_Jiohl _ound Level or Inlrud_n 9 Nol_e in dO

FigureS-I, Combined dal_ Irom community case studies adjusted for condiLions of
exposure
Source: Ref. 5

Wh)' ts "percent highly llnno:,'ed" used l_s;it_in(lex of c()mmunlty llnnoyllnce?

The IlSUof l]l(_i)crcer_tiigc of exposed l)ers()lls '*v]lo r_lle lll(!Insei'_,es higl)l!,'
anne) ed is ttsecll)ecaus_ it is lhe zi_oststzll)lu incliuz_t()roFaml()_alice. I ers()lls
%% JlO ])_reel'_e _[ll.lrllOlse p_l)0sllr(!Ii_;ll[le_:[relltefllltlo_llll_Ulla%,uilllie i.ii[l l-

cult) ill sorllng Iheir feeIillgs oltt [ron_ ()tiler n oll.l_c'olislic _ ariabl(.'s _ hieh tend
to scalier responses on su I%'e)'swhic, h try,to cleturlnifle tile Ine(liall c(mlnlelnit_,,
response. 13ee;uus_the l lilchl:,'-_mn_oycclindl_'id ual exit ihlt s a deft Ilit i_'e respc)nse,
It ]ezlrer anti ]lll)rt_ lll(3all[ng#ll[ rel;lliC_llshi 1) I)I_Iwccll Otlldoor II(_[sc cxI)l_sllrc

and anl_ o_,,at_e(_cat_ }_c seenl thrc)lzgh this i_clex, (80) I]:,'I¢_l)ki,g _t tills iaclex,
one alsohas_lliciesto[" the nlllgll[tllCluo[" l}lua nll())'_lllc'el)rohlelll h)' ]()()kinglit

tile worst c;lse. Nevertheless, it sh()llkI I]@ reeclgl_iZc, cl l]lllt ]]lall_,' IiIore lle()J)[_

are am,c)_,,ed, hint to _ l_sser exlel_l, than wolnlcl be in(Iicz_tecl hy the des_:rilltor
'I'HIly _,e l."

_,'*hat if any clistinetionshoLlklbem lel)et',vee_iIRllvicluzll_ndeollective

It should I)e kel)t il'_Ill[_(] Ill;it C'ollll)lllllily resl)otlse t() Tl()iSeiS l)asecl ()n
't_zti"tical _xer;lg_s SillCu it is kll()%_ n t]lilt rc sl)onse I() noise %'_ries gre_tll_,'

among iz_cli',,ich]als.

8.o



Basetl on the Levels Dot:umellt, whirris tile relittit}nshipbetween llntloynllee,
COml}htints,zzlld communily reactionlls a I'tlnctlotl of dtly-zlightsountt levels?

Accordin_ ttl tile EPA Levels I)tlclmlellt, (5) lqll)roximatel_,'I7 i)ercel',t tff
the l)opuhltioll "!viiihehil:,hlymmo_,,edal ;m I,tb)tff 55dB, alldover40 )ercent
t_f the |_OlItthltion',viii be highlyannoyed i/the l_tln exceeds_0 dB, Ihe
nltiximlllll _lifu It',el El ,-",has (tlenti|'ied to i)rolet_tIlgllillst II riskof htarJng

'., ItJss.The relationshil) bet',veet'iIIoise lind nnnn)'allee _iven in the [.e'.,els
l)oelllnel_t is I)[tsetlhlrgel)' (ItlIhe restdts (If stlrve),s_trotlul(Ittirliorls, These
e_tilllllte._hllVe ])etChc'ritieized}ler_lkllSellJrcrltf|II()i_eis litJtpresent in InILlly
ilrblln ,_lreils,COlllpl[iints tlecur lit il lntlch ](l_'*'errllle t]1II11[llll]())'ll11ce,][lll-]
generally do not heconle evident until tile nt_iselevels lire rather high. At an

Ls n of 70 diS, approxhlmtel_,, 10lleree_lt elllilie ex letted to eiinlplain, while
._ to • 0 percent t_f tlu llt)llll lit on %%i le Itnnoyec, At $tll _(111 O[e _ ( ,
C(lllll)l_llllt_ ilre expected to he llhlIoSl llflll-existellt, Vig[lr()ll_; C¢lllllllllll_t),

notion can l)e exl_e_ted rtsth_ I_d e×eeeds7()dlt

Whet is Ihe hltest erReriushtlwit;gthe exlellt of ctlmrnunlty lmntlyanee Ihtlt
can be expected from ._ivezilevels of IIt_ise?

8ehllltz (80) s),n|heslzed resttltsfroln 19 soei;d surx,t,_,.sof ;mnt)ylin_,eand
fouild a remltrkllllle et_nsistene)',The synthesized tl_ltllyields ;_st_mewhat

i i i i * i * I i pi idifferent restdt from that rehflk)nship tie _ietetl ill tht |_1_, i.cxt Is I_oellmt nt.
'- ];'igllre _-_ frOlll Sehll I_,s I(1%V_t le ekl_ip e LlStt'rill_ of ILllllO_'llil_e enr,.,es frlllll

mtmy transportntion SOllrees,Cetler;l]]),, tllitlt s),nthesized from prior s(_ei;tl
surveys on noise as clislllayed in Figt, re 8-2 ill(lieat t'that very few people (oil
a',,erage three to follr llerct'n0 *.',,illlie hi._hlyllnllo_,'etlI)_'lloise lit or below.

r level of ld_o_ltL _= 55dlL IIo',ve'.,er,allollt 16pereeifl (ff the i)tl)tilathlli _vill
.: I:_ehighly.,an',noyed 1_)'noise atal)t)tlt It level of Lt /= 65 till; _ percent of the

_lltlkitioII ",*.'illlie highly,,almti)'ed at L = 7(1dB; and 37 )ereent _lf the

.i l:lO!_.lll;tt,i_ln,.','illhe higlll), allno)'ed as the ntlise le',,el reaches Ldn = 75 till
"r',',,.,nt) to 30 percent of thel)Op_ll;ltiol'_is upl)lireiltl_, iml)erturid_lt";lntl lint
bothered even b)' high iloiso levels (Sl) The Committee on Ilearing, I]ioit-
eousties, lind 8iomechanies ]Irisilldicated tlmt these tlattl art.'Ul',-tt)-dntetm(I
htls _llollltll _d lhl_m [11 ils _lli([e]ill_s [of Ollvirol)lllentlll illll)llCl stiltelll_n|s oll

I'*oise,(81)

1
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Figure 8-2. Summary of annoy_n¢o darn from 12 survoys with dala showing close
. +. agreGmenl+

Source: Ref. gO

Are l]]ere oilier nle£1_ureswhich _Lreco.si(lere(I goo(I predictors of comlmm-
it)' _nnoylmee?

'l'h{_ Urban Noise Survey follll{l thllt llc'li,.,it ), intc, r ferenee (ol" sl)eech, sleel) ,
ere.) is £t gl)o(l i}redict(lr ()f ;lllllOy_ill _{ % S[)c,e(:h interferen(.,e is nne ()[ Ih(_ ll]O_t

widc+ly]}erc{_iveci c'ffects of _I1%'lrorilllen_ll l)()i!;e.._. IlOt hor i)rt, ciietor ()[ c()tll-

mtmity {inll()),im{2e i_ l)()l)t]h_tion tier]sit)'. Iligller i)ol)ll]l[[inll ck,J_it), ;_re_s

gener£illl, Im',,ehi_.her II()iso levels, thtts the ;ml]o/,=mee is grc'.ter (8o)

_J"Z



_.r_

t_lrlhllt i}lher I'II_IOI'_;mlty hlfluel|ee per._onalreacliun to naive?

Soeial surve!,,shave shown tMt tile followi.g factors may eontrilmt_._t_
C(llllIIIllllit_*'lllliP;ellnnllyalle_:

L Fell[llPisoeillted _A'ilh IIfJlivitJ(_._o f n llise:4otlreL_;(P;llC]llls((qn"o feF_Ish es

in tile t,ilse t)f aireraFI uolse)

_. _oeillffeOlll_nli¢2_Iilln$;alltledllelltiIllllevel

.'3.The _xlent to _'.'hieh a conlllltlllil_"s resi(Ient_;helk, ve thal theyare
lining IreatedL_irly

•t. Altiludeuf the eomm.niW's residents regarding the euntrihulion of
activillt'sassociated with the noise source to the _enera[ well-being

! 5. Tlmt,xienttowhiehresklentsoFtheemmmmitybelievethatlhenoise
smlrcecould he etmlrolled (14)

RESULTS FROMTHE URBAN NOISE SURVEY

A toial of ¢'()37people (782 inen, 1°75 wolnen) were interviewed for this
survey. TWetlly-four situs were selected to represent _reas wit}l different
llOise levels lUld i)ol)nlntion densities, Sites where either aircraft noise t)r
highway,' noise predominr/ed were exehlded.

flow does nillseexposure relale togeneral neighborhood salisfael[on'#

C(Inlparill_ resi]onse,_ _rf)llll)eol)leillhighII/Iis¢_t*xl_l)_;llrOarl_llS(lllellnLdn

= 10dB)andbw nolseexlmsureareas(metalLdn=8-1.6till),it',vllsforladthal34l)ereenlfewerpeopleinthehigheXlmSUreareasdescribedlheirnei,_hhof
hoodllSllne_ellenlplacetolive.nnd 9-Il)erf:elltill(Irei_eol)leilllhest_lit'ells

. described Ihelrneighborhm3d as nnly satisfllehlry, Sevenleen ilereellt nlllre
peopleinllwhighe×posuruareasrt'slmndedthatlheyhadbeenammyed by
noise.{82)

Whet was the rehdionship between noise level llllllllnnl)yllllel_shNwll I)y the

Nlfise l,t.vel (tdn) Percenlage of Popuhdion Am|eyed
55 7
80 12
@5 17
70

t Ilmv does pollulatlondensity affect community response to nuhe?

lligh impuhtlhn_density is uslmlly associated with higher mfise levels, 11is
not surprL_ingthen that people in high denslW areas are more annoyed by
llOiSothan pe01flein low density ilrcas. In tile Urban Noise Serve:,', respond-
ents living inhighdensity areas reported 20 percent more listening interferen-
CeS_ nille ll(_t(ylqltinorl, ennver_;atJ[In Jnt(_l'ferenfJes,aud lliil_pereetltlllOl'e
sleep disturballees than respondents in low density areas. (82)
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Clin sficf()ccollOil|ir2 sJlllll.i [)e rc]llled Io lll|lloyllllCe _'lOlll ilOl_ie_

Generally, peol}le inupper ineemle hraekets are less likely h)l'_uannoyed by
noise because they can be more st,leetive in deeidhlg where t_)live. Since
)oaco and ( tJJt2{ arc inl mrtant selection factors, the ',t'ealthy life lnor_ likely to

reskle in qilJc| ncig thIlrho(Ids llHd therefore can avoid 1i l_n oylII1cc from llOi_;e.

tlow (lees the tinw of day, seas(m, location (hldoors or oaldoors) affect
eolnmunity response Io noise?

In relatively noisy areas, where the Ld _exeeecls 60 dB, leo _le consider
iloise to I)t_more obtrusive ill the evcllhlg mid night lmurs. Peol)le are moire
nnnoyed by nnlso illthosunHz_er,i)reslmlably bc,eause wi:ldows areol)en, and
l]lere may be a(]dil Jmlal iit)ise _ollrces stlc]] its air cm_ditioners and lawnmow-
ers, The results of the survey also show _hil[ I)L'OplU are more amtoyc, ct by l|O J_/t_

indoors titan nukIotlrs, (8. °)

What are some of the major conclusions drltwn from this survey?

• J_xpostlr_ to ll_su t)'l)lcttl of llliln)' url),qll (non-aircraft iln_ llO/l-

Ilighw;ty) elIvirolllnellts prodtl_eS widespread mln(l)'allCU, si)t_ech

iJ2ferference, ItI1(] sleep disturb;race.

• A strong re/ationshil_ wa_ (Jomonstrn/ecl })etwee_ eXllOsilre Je_'o] told

the proportion iif a community highly anlmyed by nni_e.

• Thepr_valenceofspeeehhlterfereneeisanespeciallygoodpredietor
of rtnno),aneo.

• Po|)lllidion densi|), is 1|11 Jlnl)orhll;! correlate _)fnoise exposure.

• The number of complaints abnut noise is a poor predietar of the
prevalenceof annoyance,

• Denmgraphie filetnrs alone are relatively I)o(_r predict(_rs of noise
a fnl o),allce.

• FreecJoll| frolll noise oxposilro is a eoz]_l)Olltqlt of t_eighborhood satis-
faction, and (lUielishighly ;'aimed.

t,

r

i
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HEALTH AND WELFARE ANALYSIS

"__ What Ineth_ds are II_ed to ascertain noise impilel and predict Ihu h¢'zlufit_ uf
ilnplementlng noise reduction measures?

._ A ntmlber of current state-of-the-art criteria _)fmfise effects o1, peol)le Iliad:J
be employed t(_ gauge the impnet l)f ntlise and the benefits to be gained by
redllcJng nois_. Criteria ill _,Oller_ll iis12 llre Ihose reprosenthlg tilt' lllllOlll]t of

annoymlce to be expected at different It_vels of m_isu, the lmtelntial h_r inter-
ference with speech cl)lnmunienlioll, mid the probability of disturhed sleep
due to noise. This is Ilot to say t]lnl other m_ise elf eels do ilol occur. There are
Jlldieatiol]t/of lhu l)resenee of inany other effects of nuise. 1lowever, eallSe-
effect criteria havu not been derived for these other effects, and knt_wledge is
generally insufficient h]r health nnd welfltre analysis purposes, Nevertheless,
tile ertterla for gellor_ll adverse rt,sl_on_e (illlllOyilllCe) llllly I)e used ;Is tt I);|sls to
infer these remaining effects of noise on Ilec_ple. (8, 81)

Whal is "Level-Welgl|ted Population" and hose is il used?

Level-Weighted Populatkm (LWP) (81) expresses both tile extent and the
severity of a noise inlpac2t. The extent of illll)llel refers to tile nllnlber of p['ople
who are adversely affected, while the severity represenls the degree to which
eae]l persml is affeetecl. LWP prnvkles a SJllll)le, single nllllll)er used Ill
conlpare benefits of different uoise reduction options,

It has been determined that an oatdol]r Ldu value of,55 dB (or lul:n_?ollrLdn of,15 d 13)represents tile lower threshold of noise jeopardizing Ihu htalth
illl C] V* elfare of )co lie, 111the rungc ;Ib_l_c these le_ cls, noisr, i1 ill_, be _1clltlse of
ac verse p lysio]ogiea nnc psyc Io]ogiea effects. T lose effects {_ften resu t in

annoyance and con|munit;: actlim. Noise above Ldn 75 dB may, in thne, cause
hearing Joss and the possibtlit;, nf other se_,.'re health effects

The eOIIIllUtiltion of LVeP allows 0110 to el)rabble the iiiIlllbpr (If i)el_ple
t:opardizcd I)3 noise abos u an Ldu of 55 dll with tilt tlegrce of hllpact at

different noise levels. Figure 9-1 is _4l)ict_ria represm|tatilm of the :,VP
concept. The circle is it ])oise source which chills II(_Jseto a pol)tzhtled area
re )resented by the ftgtlres, The vIIrioils part hd lllllOllllts of sllatJhlg rupresenll
various degrees of partial hnpact h_, the noise N¢_te that those people closest
[{i tho fi_|_;e sotlree are |l_ or( _severely Hire:It e:l;:t]. T]:c l.'ur !ia] Jl lll}t'._ts !fro t ] P.,tl

sulnltlod Io give tile eqtnivalent IIt)ise Jllll)llc2t. Ill this exlltllllle, six l)eople whc_
are adversely affected by the noise (partially shaded) results iu a Level-
Weighted l)opnlatlon of two (tlltldly shaded).

'References are listed In Section 11, e g.: (Rat fl),
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SUMMARY OF HUMAN EFFECTS FROM VARIOUS OUTDOOR NOISE
LEVELS

The foJh)v.'hlg five tab]c_ pre_cnl inforlzlalitm on the ))n_sfl)le effects on
people caused by ould(iclr-da)'-night nnise levels of 55, 60, (_5,70, and 75
decibels,

_Ulnmiiry of Hunlan Effects for Outdoor
Day-Night Solmd Level of 55 Deeibvl_

Type of Effect Magnlhode of Effect

learing Less Will nat occnr

Risk 0f noniluditory disease
(stress)

Sl)eeeh*" -- Inch)ors No tlisturhmleo of normlll eonvcrsa-
thin. iO0 percent sentence intelligibility
(avertige) with ii 5 d II iniirgin of safety

-- Ouiiloors Slighl disturbailce of nlirllilil Vcilee Or
rehixecl eoilver,_lition with IO0 pervcnl
!;elltclice inlelligil)ilily (average) lit ()J_5
meier

or

99 percent scnlelieeinienigillilit)' (aver-
IlgO) lit 1,0 llleEer

[)y

!)5percelil selilCllCe intvlligibilit)' (ir,/er-
ilge) I1[_,_ mel0rs

I ligh AllllClyiillee Depending (ill liitiltide aild l)llmr lllffl-
£iCtlllSli0ill flicl Oi'_,illipro:'_iln_l¢l y ,I per-

: ce!ll of the lwilllllllllfii_ '.viii lie hilhly Iwl-
im),ed.

Ovel't COlllnlunit)' liellctiOll Nolle eXlleeled I 7 dB belnw le;'ul of
!ilgnifleliiil "cmiillliihlis mid threiits of
Iegiil iiclimi." bill ill least 18 dll llehiw
"vigortlll_; iictiOll" (ililitlide!i ;incl oilier
nrlll-iicouslif:til l'iiclor_; nla),ililidify lhis
effect)

tiltitiides Towards Arell Noise ciiilsidercd no lllOro ilnlmrtimt
llilui ',,;irlolls oilier envirl]nlllentlil file-
torsi

• and*' Seethenoteson page10-6,
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Summary of Humlm Effects for Outdoor
Day-Night Smmd Level of fJi}Decibds

Type of Effect Magnitudc of Effect

Hearing Loss Will not occur

Risk of nmtauditory health
effects (stress)

Speech**--Indoors No disttzrbanec of noFltlal conversa-
lion. 100percent sentence intelligibility
(average) wRh no margin of safer)'

--Outdoors Moderate dfsturbal]ee of normah, niee
or relaxed emwersation '.vith ]00 per-

cent sentence h_tclli#bility (average)
at 0.2 meter

or

99 percent sentence intelligibility {aver-
age) ;it 0.6 meter

or

951_ercentsenteneeinte g ) y( ver-
age) at 2 meters

liigh Annoya.ce Dcpending on tlltitude and ()tiler non-
acottsticM factt)rs,approximatel:e t)per-
cent of the lmp.hLtiou '.','illbe highly
lllltlo}'ed,

Average Community Reaction Slight to moderate; 2 dB below level of
significant "eomlflMnts and threats of
legal action." but at least i I dB belov.,
= , . . ,/gore s act o (art t.des at d other
non-acoustical factors amy modify this
effect)

Att!tud,..,s 'l'_u,t_d_ ,t.,_., .r"!ei_:e_'.:a?,'I....... ;.l.,....a ..... _......
asl)er2t of thect]ltllllllnit_ elwJronml21tt,

• and" Seethenotesonpage10-6,
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Sunlmary of Human Effecls for Outdoor
'. t Day-Night Sound Level of 05Decibels

Type of Effect Mngnitude of Effect

[learhlg Loss Will not occur
Risk of nonauditory health

effects (stress)

Speech '° -- Indoors Slight dlsh/rbanee of nnrmal etmversa-
tion 99percent sentence intelll#hility
(average) with a 4 dB margin of s.fety

- -- O.tdoors Significantdisturbance of normal voice
or relaxed conversation with 1{)0per-
cent sentence intelligibility (average)
at O,lmeter

or

99percentsentence intelligibility (aver-
age)at 0,3meter

or

7 95pereelltsentence intelligibilit_ (aver-
age) at 1,2meters

l ligh Alltloyanee Depelldlng oil attitude and other Iloll-
acoustical factors, at)proximately 15

". percent (iftile l)Ol)lllationwill be highly
_: annoyed.

Average Conmmnit:,, Reaction Significant;8dB above level of signifi-
cant "complaints and threats of legal
aerie ,'l ttatlcast7dBhelo_ vigor-
arts action" (attitudes and other non-
acoustical factors Ilia}' modify this
effect)

Atilt des '1owards Are t Noise is one of the important adverse
aspects t)ftheeonmmnity environ lilt211[:

• and See the notes on page 10 6.
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Summary of Human Effects for Oat&mr
Dtw-Night Sound Level _lf 70 Decihds

Type of Effect Magl)itutle of Effect

Hearing Lt_s Will nt)t likely i_ceur

Risk of nonauditory hoa|th
effects (stress)

Speech" -- Indoors Slighl dishlrbanctmf nllrmal conversll-
t km appr_xi_n_tcly ,q9perce_R senlct_ee
illMligfl)illty (average,)

-- Outdc)or_: Siguifi..:ant c}isturhlu_.cen f iv._ru_alvn(ce
.r relaxed et)lr¢crsath)n wilh }01)per-
coal senlellcv inlclligibility (average)
Imssiblu ()nix at distrnces _ess thar_ .t)fi

I)T

991n,rcent sonlence intdlJgibilily (aver-
a_e} at 0.2 meter

951)t,rcent sentenve inlvlligil_ility (aver-
age) rt 1),6 meter

| ligh AIItl())'llllca Del)ending I)IIattitltde lind tither nt)n-
actnlstiea} factors, al_lm_xill_ately _5
percent of theptlpuhdi(m will be highly
;llllloyod,

Average Collllllllllity Rvactitln Severe; 8 dB llbovt_lv'.'cl of s/gnifieald
"ct)llll)hlhlts allcl threats of legal ;letlon,"
but at least _ dB be]o;v "vigorous
uctitm" (altitudes Ittlt}f_ther non._ctm_-
tieal factors may nmdffy Ibis effect)

: ..... Altih_du_ "ruwards Area Noise is _mt, nf the most impr, rltu_t
lid vL, rsl2 IlSpt'cls Ol" I[IO COIIIIIIIIII[I} _ t!llo

virtllllll/2nt

' and ° 'See the _ates ola gage 1Q-6.
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;!_ Sumnmry of Ihmum Effects for Ouhloor
•_ Day-N_ht Sound Level of 75 Decibels

Type of Effect M.gnltude of Effect

't |leaJ'ing Loss ,May herin to occ.r il_sensitive in(if
vkhmrs, clel}endin}g on zletual noise

I levels received at-ear.
$

Risk of nonauditory heallh
effects (stress)

Sl)eoc]l =° -- Indoors _olnet]i:_tllrJ}atIceof norlnalconverslt-
t tion. Sentence itltelligiI}ility (averltge)

tqlgroximttteLy 98 tterceat

i -- OuttJours Vor)'sigtlific*mt distl;rbmiceofllorlnnl
Voice or re]fixed COllVersatiollwith JO0

_t l}ereoni sen|el|co in| eJligil}ility not pos-
sible i|t 11|_)'distailCt!

(IT
99 I)ereent sentence hlteliigibiJity (a;'of
age) at 0,1 meter

(11"

• 5 percet_t senter, ee it_telli_ihilit y (aver.
age) at 0.,J Ineter

| llt4h Antio},tlnco Depending (ll} attitude _lnd other tlm|-
aeoustietll factors, al)l)roxinmtely 37
lwrcevlt of tile pol_uhtfi(n) will be highly
llllll[)}_/2{.L

1

l Average Colmnul|ity Reactkm Very severe; 13 dll above level of Sig-
Ilifiotltlt "colnl)lllints alltl threats of
k,gal action" and at least 3 dl| almve
"vIgorou_ tiC|fOil" (at{itlldes l|l|(I other

- non-aeom;tieltJ factors Jl|fl)' nlodJty this
effect)

;" Attitudes Tov,,ards Area Noise is likely to be tile most inll}or tirol
of II|ladverse aspects of theCOllllntlll-
it)' etwir(}lavnetR

• and"" Seatt_enotesanpage10-6,
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Tile fl_Jlowirlg n_]tess]mu]d be kelll in milld _',,henexamhlin_ tile preeedilz_
five tal_les:

o llesellrch 0n )0ea/t,s lll)iSt2 IlS I| fac/c_r lrotltleillg strc_s.¢oJa|ed ]leallh
effects sneh as heart disclose, ]limb bh_o_ l)re_;_tlre _llt stroke, illcel's 1111£
c_ther digestive dist_rders. The relation_hil)s between noise rind these
effects ]lave not yet been qualltffJecl, however.

°" The speech effects data in these tahles _zredrawn frlm_ the Lc','els Docu-
nlent (5), as follows. Indoor effects are based nn Tzlhltr 3, and im l;'igure
13-1, with 15 dB atlded to the ind_mr ]evd tn obtain the outdoor reading.

Outdoor effects come from Figure I)- °, using Lc (as determined with
1"gure A-7. Both 1"gllz'e._1)-I and I)-. life I)as_.d ¢)llsteady hi) se, not cm

Leq. 'l'nblt_ D-:3 slmv.,s that for fluetlmth|g n_3ise the average percent
itttel'ferenee is lower than f(_rstead:,,noiseof tile Stllllte Lew The vtlhles

given in this report are the best estimates of the illterferenc,:,

NOTEI Outdoorsl_eech intelligibilO_,,estinl_ltesllssumeTOdll (67 dllA) level
of speech,
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A.AO0 (Anlt!rican Acadeln), of Ol_hthabno]ogY and OtoIaryngo]og),)
||ellrJng inlpIliYlllen[c,i)lllpensalion fornllJ|a, _0-_.9._

! ABC Network
1larris sttrvey, !-I

AMA (American Medical Association)
fleIlrillg iolpairnlenl golnpdllSation fornlllla, 2-°,_

Ab:_enteeism -- see Workphtce
Accidents -- see Safe()'
Acoustic Reflex

Defined, 0-8
Adrenldin

Part of stress synclrnnle, 3-i
i

Aftereffects
On performance, ,5-2,5-3

Age
floating differences, o.3
Effect oil healing loss,2-11 In °-12

Air ColJ¢luction
Ttrsting, o-3, 2-4

Aircraft Noise
As source of neighl)orhond dissatisfaction, i-1

>' Pnptdation exposed In, l-I to I-3
_: |{elation to cardhlvascldar problems, 3-3, 3-4
"/ Possible fetal effects, 3-7i

l'telation to mental illness,7-1
] llelation to mortality rates,34]
r Airport Noise -- see Aircraft Noise

A nnoyallC'a

Neighborhood dissntlsfaction, l-I, 8-t

_ Popnh_tion mmoyed, 1.1 to l-°.q
_. l:'opnlation several), annoyed, 1-2

As u function of Ldn, 10.1
8u_,cy results, 8-], 8-2 In 8.6
Effects of noise quality, 7.3
_,leans, 8-1
Predictors, 8-°-,8-1 to 8./J
Relation to socioeconom/e ._tatns,8-6
As psyehologlcal response, 7-4
FI'OIII Sledp disturbance, 0.1.6-4
Schnltz curt,a, 8-3, 8-4
Special poptdations, 7...3
As index of comnlunity reaction, 8-3
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Anmlal | |olming Survey
Findings, 1-I, 8-1

Antisocial 13elmvi¢_r

As stress of feel, 7-t

Amusld IleSlmnSe -. see also Slarlle ileflex
Defined, 3-1

Arli_ulalion index -- set, CotnlznllliCaliorl [ullerferl.'lme

Attilu(les -- see aim Annlml [l(mshlg Survey tlrl)all N()ise
As a flmctitln of l.dl,,, l(}.l RI 10.6

Azlcliograln -- soe ;list) ]Jt,arhlg, ,_le;tsL]reuumlll
Sample, 2-4
OSIIA requirements, 2-°0 to o-22
TYlles of uses, ¢_-_...2hi 2-_1

An(liollle{ry -- ._et! AttdJogrlllll
][earillg Me;lsurezllents

Auriel_ -- se_ E_trlr_ttlctiou

AI0tonlobile Noise -- see Traffic Noise

AlllOnolni[2 Nervcms ,_yS[elll

In l)hysioh)gie;d resllonst_, 5-2

Awakening -- see Sleep D/shlrbalmv

Babies -- see Fetus

B/l]a]lee _ see Vertigo

I]onofJls -- see ;list) C()llllll!llSlll[/Jn
Of regulations, 9-1 m .q-'_

Birth Defects
Possible link wilh noise, ,']-1, a-7
Effect on heari,g, 2-5

Birth Weights
l._w birth weights, a.I, 3.7

Btldgets -- see C()sts
........ Blood Presslnre

Arollslll rest)Oll_12, _- 1
Vaso_,onslrlctiol), 3-2
Hypertension, 8-I to 3-5
|11 hd)oralory aninmls, 3-4
Pressure ehang(_ as stres_ effe_l, 3-3

Jlone Con¢lllctioll
Threshlfids, °.-8
Testing, °-5

CI.IAI3A
Chlklelines, °-10 to 2-11, 8-8

Cardiovascular Disease
As stress effect, 3-1
llelationshil_ to noise, 3.3 to 3.5
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• " CarNoise--seeTrafficNoise

'__ CeZlSlISlhlrcatt-- see ]tnnmll ]lousing Survey
Center far Disease. Control

Fclallflrthweightstudies,3-7

Chiklren
Wilhhearing toss, °-6
Effectsdartingsleep,0-I
Physiologicalstresseffectson,'3-4
Perforlnallce interference, 5.4

Cholesterol
Relation to noise, 3-3

City Nolst.,-- see Url)t£11Noise
Cleft Palates -- see Birth Defects

Cochlea--seeEarFunctiml

Colitis -- see also Digestive Disorders
As stresseffect, 3-I,3-5

ConmlllllicalJon hRer ference

In general, Chapter ,t
As it function of Ldn, 10-1
Resulting from hearing loss, o-15 to °-16
Indirect effects, .I-1
Effects on social interaction, ,I-1
Effects on safety, 4-1
Effect of speech qlmlity, 4-1
Factors of extent, 4-1
Criteria, ,I-3 to 4-5

! Articulation index, 4-2
; Effccls of temporal quality, 4.1 to ,I-2
f Spt.ech interference level, 4-.

Bestweighting scale, 4-2
:: Prulectivt_]eve]_, 4.2 to 4-3

Intelligibility, 4-')
Relatingto cormmmity response, 8-1
Effectson children, 4-5 to 4-6
Effect of age, ,t-5
Fromhearing loss, .I.5

Community Response
In general, Chapter 8
As a function of Ldn, 10-1 to 10-6, 9-1
Rehlthlgto activity interference, 8-1, 8-5
Neighborhood dissatisfaction, l-l, 8-1, 8-6
Number of people at vm'ious exposure levels, 1-2 to 1-8
Opposed to Individual response, 8-2
Synthesized data, 8-,3 to 8-5
Relation to complaints, 8-3, 8-5 to 8-6
Comparison of Levels Documcnt and prior survey data, 8-3 to 8.'I
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Comnlunity llesponse (Cmtllnuell)
l]elation to pnptdatioll density,8.5 to 8.6
Relation to conteXtllal factors,8-5 to 8-9
Index of annoyance, 8-2
Socioeconomic flitters, 8-fl
llow measured, 8-1
Criteria, 8-3 tn 8-5

Compensation
Ilearlng im _airznent formulas, 2,23 to 2-_1
State pn icies, 2-_3 Ill2-2.t
Why paid, 2-9.3
Use of madiograms, 2-22 to2-23
l.egal terms, 2.23

Compensation l'ormulas -- seeNIOSI I

Complaints -- see also Cmr,lnunity llespoIise
At various noise levels, 8-2 to 8-5
Predictive vahlt!, 8-t

Conductive llearing Loss
Defined, 2-.t
Ilow determined, 2-5
Cau_;os, 0-5

Congenital Problel'tls -- see IlirthDefects
Fetus

Contextual Factors -- see also Psyclmlogieal l_eslmnse
Relation to community reiiction,S-fi

Controllability
Effect on response, 5-2

Coping Behavior
From eXCeSSiVe exposure, 7-1

Coronary Disease -- see Cardiovascular Disease
C_rtisol

Increases in levels associated with noise, 3-4
Costs

Of cardiovascular disease, 3-8
Of work disruption, 5-t

Criteria
For nonaudltory effects, 3-8
Hearing loss, 2-1f] to 2-19
Speech Interference, 4-,3to 4-5
Sleep (lisruptioll, 6-2 to 6-1
Steady state noise, 2-19
l;'or impulse noise, 2-10
Sumruary tables, as a functionof Ldn, 10-1 In 10-5

12-4



7

Daily Nols,JExposure
llypnthctical, 1-3 to 1-4

Digestive Disorders -- see also specific type
From noise-induced stress,3-1 to 3-2, 3-5

Disability
Defined for compensation, 2-23

l Drugs -- see Toxic Substances
Ear Function

Description, 2-1
"resting,2-3 to 2-5
Disrul)tNvdiseases, 2.5
Organ of Corti, 2-9

EEG Clmnges
"" Noise.related, 6-2

Elderly
With hearing loss,2-6
Effects during sleep, 0-4
Presbycusis, 2-11 to °-12

EJ'*docrlneDisorders
As stresseffect, 3-5

Education -- see Learlling

Equal Energy llypothesis
Defined, °-t0
Accuracy, o-17

Equal Loudness Contour
I)lsplayed, 7-,'17'1

? Equal Temporary Effect Ilypc_thesis
Defhled, 2-9

Equivalent Noise Impact (ENI) -- Level-Weighted Piq)uhdiol_ (LWP)

Exposure (to Noise) -- see also llesident!ld Exj!osure
_ U f.'CJtll)at I chill INOISIJ
i, Urban Noise

Long-term nonauditory effects, 3-2
Short-termnonanditory effects, 3-2

Fntlgue
As stresseffect, 3-5, 7-1
Fronl high-intensity noise, 5-2
l_'romsleep disruption, 6-1

Fetus
llearing damage, 2-5
Physiological effects, 3-1, 3-7

tt , ,
"F'ight or I Igl t S) ndro I e -- see Are sal Res onse

Callup Poll
llesuIts, l-I
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C;islrtlhitestilla] Problems -- see Diges[ivt! ])isnrd_,rs

Harris Slzrvey
Results, 1-1

l landicap
Defined far em.i)ensatfim, -0--03

1leadachf,s
Noise related, 36

IIearillg Collservation -- see als/I J[earhlg Lass
liearhig Protectors
Altdi/igrlllllS

.".[eth ods, -0-°,gAto -0.o8

1learillg Loss -- see alstl I leilring Loss, Types
hi general, Clml_ler o
Population at risk, l-3
Meastlremellt of, 2-5
Relaticln to eXl)OSilre, 0-7
Physiological basis, °-8
Effects, -0-13 It) -0-117
Cntnllensnthm formulas, -0-0._3to -0-_1
Cerises, -0-5
S.sceptibility, o-7, -0-8
FFOlli rock lIltlSie, o. 1-1
Protective levels, .°-16
Protective ilieastlres, .°-19 to 9--03
])tie to aging, °-i° to 0-|3
Cmllpensiltion, O.o_ to -0--0-I

llearhi I Loss ClililllS -- see Ctlinl)en_;itiOli

llenring Loss, Types -- sty specific Iylie:
Conductive
Sensori-neimd

Presbycusis

lleliring Meehlinisill -- see Ear Fiilielit)ii

llearhig, Mt!ii.stlrOlil_nt -- sJe also Aiiditlr_rilili
Method, -0-3to °-t, o.oooto -0--03
Of hearing loss, °-5

I leliring, Normal
Based on sex, o-2
Based on race, 0-3
Based on llgt.,, 2-3
Range, .o.o

1leering Protectors
Types, o.o_

_ ooAttenutdiOll characteristics, --.0

[le|iring Tests -- see Hearing, Measurement
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! |e[irt Prol}]elnS-- see C[irdio%,in;L'll]zlrDise=ise

llelping Behavior
Effectsfrom excessiveexl}(_stzre,7--!

l [igh l;'requen}cy Noise
Effects Oil l)erforlnznlee, 5-1
Effects on subjective response, 7-2

llousehold Netse

'l'yl)ieal exposure. 1-3

IIUD
Annu_d I lousing Surveys. 1-1

Ilypertension
As a stress effect, 3-1 to 8-5

Monke)'s, 3-I

1l)'l)otension
As _1stress effect, g-5

| lllll iIll|Oif)gict|l Resistance
lltrdnction frown stress. ,3-1

Im]}llirlllent

Defined for compensation, 2-0-.,3

hl+l)edance
lrunct tel}, o.[

hnpnlse Noise
Effects, fl-10
l;_ffect on sl)eech interference, .l-_
Criterhl, 2-10 to 2-1J

,= lndivklual llesponse -- see I_s),chological ltesl)onse

1 Indoor Noise
_Ollli][tred Io t)tlldot)r levels, 1.3
Criteria, 4-3 t(>.t-t

Z Industrial Noise -- see Occtllmtionul Noise
L

lnflmts -- see FeltlS

In forlmltion COlltetlt

Effect on sloop disturl)mlce, 6-I

: Effect on 'work l_erfomm||ce, 5-2 to 5-3
Information Gathering -- see I+e_mling

Conllnunie_ltiol] Interference
l)ur formitnce lllterfcrcnco

Insomniit
Noise rt!hdetl, 3-2

Interior Noise
llelation to outdoor noise, 1-2

z
lntensit), -- see tllso Loudness

Relation to subjective response, 7-1
12-7



Intermittency
Effect on performance, 5-1
Effect on speech interference, ,I-2
Effect on subjective response, 7-1
Correction factor, .°-17

Irritability
As stress effect, 2.4, 7-1
In noisy work environments, 5-3

Kryter, Karl
Studies, 3-8

Learning
Effects frmn speech Interference, 4-5 to 4-0
Disruplion, 5-°, 5-1

Legislation -- see Walsh-llealey Public Contracts Act
OSIIA

Levels -- see Recommended Levels

Level-Weighted Population
Defined, 9-1 to 9-2

Loudness
Effect on perfornmnee, 5-1
Effect on sleep, fl-1 to 0-4
Effect on threshold shift, 0-7
Of rock nmsic, 2-14
Effect on subjective response, 7-2, 7-1
Effect from recruitment. °-15
Effect on eomnnmleation, ,t-i

Masking -- see Communication Interference

Mental Effects -- see Psychological Effects
Phychologieal ltesponse

Mecham, W, C.
Studies

Mental Illness
Relation to excessive noise, 7-1

Metabolic Disorders .-..:"see Physiological Effects

Migraines -- See lleadaehes
Modifications -- see Strategies, Control

Monkeys
Blood pressure study, 3-4

Mortality Rates
Effects from noise, 3-0

NIOSII (National Institute of Occupational Safety and Ileahh)
Hearing impairment compensation fornntlas, 2-2A
llearing loss formula, 2-2-1

12-8



:, ! National Health Examinalio. S.rvey
Of tinldtus, 2-15

National Institute of Ocetlpational Safety and 1lealth -- see NIOSII

National League of Cities

! Callup poll, 1-1
q National Noisa Problem

In general, Chapter l
People exposed, l-I to 14

bly cal ex)osu es, 1-3to 1-4
Workers, exposed, l-3

N[ll|sea

From high-intensity noise.5-°

Neighborhoods -- see aim Annoyance
UrbanNoise
A.nual f.lo.sing Survey

Community responso surveys, 1-1, 8-1 to 8-6
' Dissatisfaction, 9-1

Satisfaction as a function of Lda, 10-1 to 10-5

NenrotleistrJ
As stress effect, 3,-5

Newborn -- see Fetus

Nonaudltory Effects -- see also Stress Physiological Effects
In general, Chapter 3
Physiological changes, 3-1

: Vasoconstriction, 3-0
) ¢1_" From short-term cx[ ostlrP,,_-.,

From long-term exposure,3-2
Criteria, 3.3
Cardiovascular problems, 3-1, 34 to 3..5
Blood pressure, 3-1, 3-3 la 3-5

.... _ g r-*:,_effeet¢, a.q to 3-5
Toxic substances, 3-1, 3-6

: Fetus, 3-1, 3-7
During sleep, (3-1
On workers, 3-6

3 Differences in scientific opillion, 3-6
OSHA

llequirements, 2-10, 2-21 to o..q2

Occupational Safety and Heahh Administration -- see OSI1A
Occupational Noise

Compensation for hearing impairment, 0-0-.3to 2-.g4
Number of workers at risk,1-3
Regulations, 2-10, °-lO

0 O OOSIIA requirements, 2-.1 to .-22
Prutective levels, 9-.lO,_°.lfl,2-20
hnpulsive noise, 2-10

12-O



Occul)tlti(ulal N(}ise (CImlhmed)
Pt,rfornmllceeffects,8-,3
So,,.qchfleosts, 5-t

Old Pe(ll)le -- see Elderly
Ossieuhlr Cllllill -- Sec ERr FllnClJ()n

Ototoxie Drugs- see 'l'(ixie Substmlees
Perforlnance |nler ferellce

In genenll, Chapter 5
Exposure fautt)rs, 5-1
Exlmsure ofleers, 5-1 to 5-I
Detrhnental levels, 5-1
I)etrhnental noise(lualRies,5-1 t(}5-£
I_tnnu]ative effects, 5-3
From industrial noise, 8-3
Aftereffects, 5-2 Performance Interference (Conlhmed)
Societal costs, 54
l_:ttigue froln noise related stress, 5-.5,7-1
Affected tasks, 5-2
Individual variables, 5..3
Of learning, 5-2
Positive effects, 5-1, 84
On children, 5-4

Persmml Factors
In subjeetive response, 7-1, 7-4
in enlnlnllnily response, 8-5 to 8-6

Peterson, Ernest
Blaod presmre, ,14

Phon

Defined, 7-2

Physiolt}gical Effects -- see also NonaLtditory F.ffeets
Arm_sa]resl)ons(_, 3-1
Of high-hltensitv noise, 6-._
During sleep, 6-1 to 6-2
AutonOlllle llOl'volls S},Stelll, 3-_

Population Density
As predictor of antlayanee, 8-5 to 841

Predictability
Effect on performance, ,5-1

Pregnant Women -- see Fetus

Presbyeusis
Defined, _-11
Progressi(in, -°-11 to o-i,3

Primates -- see Monkeys
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._'-} I:'sydlologienl El'loots
From iadustrial noise, 5-1 to 5-2
l;'rom high levels of noise. %1

Psychological I|eslmnse
In general, Chapter 2
To high-intensity noi_;e,5-o
To excessive noise, 7-1

Sul)jeetivu reslmnm to aoi_;eqmdity. 7.1
Contextual factors, 7-1
Personal factors, 7-1
Best ;veighthlg scale, 7-2
Anlloylag nelson, 7-3

Of speehd lmlmlations, 7-t
: Role of personality, 7-4

Coiling behavior, 7-4
Antisocial bdmvior, 7-,I
Useof sones,7-2
Use of p]lon_, 7-2

Public lleahh Sum'ey
On hearillg loss. 2-0

Public Opinion -- see A,mual llousing Sun'ey
Comnmnity Response
Sll I'Ve_dS

Urbnn Noise
Race

I learing differences, 2-3

Rapid Eye Movement (IlEAl)
Disruption, 6-1

Recommended Levels
Levels Document identified levels, 2-19
Validity of basis, 2-17
Appropriate forspeech. 4-2to 4-3

...... , llecruitmcnt
Defined, 2-15

Reguhitions
Occupational noise, 2-10, 2-19, 2.20 to 2-21
llealth and Welfiire analysis. 9-1 to 9-2

REM -- see Rapid Eye Movement

Residential Exposure- see also llmasehold Noise
Survey results, 1-1 to 1-3
Near airporls. 7-1
In urban areas,8-1 to 8-8

Rock Music
Effects, o.1,1
Levels, 2-1,t

12-11
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i

,_afety
Field st ud,v, 3-6
Effects from eomnmnicazhm interference, _i]
Effects from stress, 7-4

_lm¢_|s -- see Leamiug

Sehu[tz Curve

Displayed, 8-1

Senior Citizens -- see Elderly

Sensori*Neural I learing Loss
Defined, 2-4
Causes, 2"5

Sex
Ileadng dif lettuces. _-2
Effect on sleep disrupliovh f14

Shaw, W.
Studies, 3-fi

Sleep Disturbance
hi general, Chapter B
Effects. 6-I
Awareness, fl-I
Indirect effects, fl-I
Disruptive noise levels, 0-I
Physiological effects, 6-°
Probability of disrnptimh ft.2
Variallee with noise level, fl-3 to 6-4

Probability of awakening, 6-5
Effects of sotlnd qttality, 6+1, fl"t
Effects of age and sex, fl-4
Effects of sleep duration, fl-4
Effects of noise duration, 6.1
Effects of sleep deprivation, 6-4
Effects of trine of night, B-2

...... _tltWey datu, {]4
Stages of sleep, 6-2
Long.term effects, 6..4
Eelating to communit), response, 8-1
Criteria, 6-2 to fl-4

Snclal Interaction
Effects from communication interference, 4-1

Effects from excessive exposnre, 7.4 i
Effects from hearing loss, 2-15 to 9-1fl

SocIocusis
Defined, °-11
Evidence of occurrence, _-13

12-19



i}_! Socioecot,t,mieStatus
Effectonpsychologicalresl}t,t`se,7-1
Rdationh)annoyance,8-6

Sone

;t Defined, 7.aSpecial Polmhdlons -- see also Fetus

:;i ChildrenAge
Sex
Workers
E,klerly

Noise sensitive,7-3
v Affected by nmsking, ,t-5 to 4.6

Spectral Characteristics
Effect Imsubjective response, 7-1

Speech lnterferet,ce -- see Ct,mtnunicatiot` Interference
Standards -- see Regulations

Startle Reflex - see Arousal Response
Statistics

Residential exposure, 1-4 t_ 1-4,8-5 to 8-6
Societal casts, 5-4
llearing lossextent, 2-{_

:J Strategies, Control
Noise reduction, 2-19 to o.2l
St,urce modification, 2-19

: Path alteration, 2.20t,

Stress, Mental -- set_also Annoyance
From excessive noise, 3-4, 7-1

f Stress, Physical
As t,oistt effect, 3-1 to 3-7
From industrial noise, 5-3

Subjective Response-- seePsychological Effects
Psychological lleslmt`se

Surveys --see also Urban Nt,lse
Annual Housillg Survey

On sleep disruption, 0-4
On eolt`lBtlnity rasponse, 8-1 to 8-6
On subjective response, 7-4

Susce!)tibllity
"1o hearing loss, 2-7 to 2.8
Testing, 2-_
Of children, 5-4
"re infectlt,n or toxic substat`ces, 3-1

IO.13
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Synergism
with toxie substances,2-8,3-fl

Tasks,Noise Sensitive
Types, 5-2

Terminology -- seeAcoustiu Terminoh)gy
TlnHiIuS

Defined, °-15
Extent, o-15

Threshold of Audibility
Normal hearing, .°-2

Threshold of Pnin
Level, o._q

Threshold Shifts, Noise Induced '.
Permanent, o-6, 2-7, 2-18 to 2-19
Temporary, 2-9 to °-10, 2-14
Predictions, o-9 to °-10
From loud music, °-14
Steady-state exposure criterion, °-19
Relation to exposure levels, °-5
From coBlilluotts noise, _-]9

'l'oxie Substances
Ilearing effects, 2-5, 2-8
Synergistic effects, 3-.1
Susceptilfility, 3-1

Tnfffie Noise -- see also Specific Vehicle Types
As source of neighborhood dissatishtetion, l-I to 1-2 !
Popuh|tion exposed to, 1-i to 1-3
llelation to cardiovascular problems, 3-3 to3-1

Traumatic [learing Loss
Defined, 2-5

Typical Noise Exposures
Ill Schori stude. 1-3
llypothetical, 1-4 !

Ulcers-- see also Digestive Disorders
As stress effect, 3-1, 3-5

Urban Noise
Sources, 1-1to 1-4
Population exposed, 1-1 to 1-3
Survey results, 1-1, 8.5 to 8-6
Survey conclusions, 8-6

Urban Noise Survey -- see Urban Noise
Undesirable Neighborhood Conditions

Noise, 1-1 to 1-2
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' i!il VasoconstrietiOl||n startlo (arousal reslmnSe), 3-1
Of uterino blood vessels, 3-7
During sleei_, fl-I

'_ As stress effect, 3.0

Vehicle Noise -- see Traffic Noise

Vestibuhlr Problems -- see Vertigo

Vertigo
F'rom bigh-intenslty noise, 5 .-0

Vigilance Tasks
Disruptiml faetors, .I-1, _5-2

Walsh-Healy Public Contracts Act
l:_ermissible exposure levels, -0--00

Weighting Schemes
A-v,,eighting, 4--0

. For measuring subjective response, 7-2
Stevens" M_.rk VII and VIII, 7-2
Z',vlcker's procedures, 7-2

Womb -- see Fetus

Workers -- see Oeeul)ational Noise

\VorkPerlrorlnall¢_,2 -- ICeP_rl'ormltneo blterf_rence

Workl)laee
Absenteeism, 3-fl

" Cost of exposure, 5-1

n

1-0-15


