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Noise -How Much Is Too Much?*
Henning E. yon Gierke _contends that
enough is known about the el'['eels of
noise on people to produce gtddelines
.[br maxinmnt noise lel'els. Adopted hy
the Envitvmnental Protection Agency,
these guidelines are designed to protec(
the public with an adeqttate margin of
safe O,against hearing Iossfronl
occtq_ational and enviromnental noise

e._posures and against intelference witl_,...::._;._,£.- ,..:._. _speech or other activities indoors or I!

outdoorv in resMential areas. * :t, ",i_
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Everyb,,dy ix in iit,.t,r ofccnltmlling undesired nt,ises -- n,_ises "Tile p,'oblem of increasing "wbit'll might interllare Widl hunl;in activities lit Ill_ln¢ tlr t_n Ibe

job. or ntdscs sMoud t,r dislnrbirtg th;it they nfight be harm fuh,r expostlre, to incre;ising
injudous it1 u person's lenlporary well being or Iong-lertll ' "

health. There is evidence thai civilized people I,ave I,'icd fi_r environmental noise levels is of
Ihll LlS[IndS Of yealN II) cllnlrlll such noises dlrllll_h StlCill] eLiMOnlS such dimension andand rt,les, tile phuming of ht,t,se_, and dries, and flnongh city gmuaJ
ordinancces. I 'File Industrial Revoluli_)n hrouL!lll ahlnlt a steady
rise in noise levels in cities ;,nd factories, increasing h't,m y,:ar to nlagnitude that only long range,
year through most ,g" this century. This. c,,mNned v. lth the continuoLIs planning at the nationalgro;ving _opuladon density, I_sulted ill higher and nlore fro- . +

uenl exp,_sure of nmst individuals ta n,dse, and international levels can
t W Seth] [_ il hnnt rot yours s lice nduslr id no se exptl-

sures,vereclead',,rect,gnizedasthecaust.'_d'oecuputkmalde;,F,produce tile desired results."
hess. Knowledge, regarding,, tills subject has increa,eds rapidly ill
the last twenty years. Norlauditclry _[lysiologic_d and psyclmlog- such us tile lntematitmal Civil Aviation Organization {ICAO),
iccal nlllnrfestad[lns t)f ntlise exposnr¢ IlaVe been exrcllSi_e]y Orgullizadon for Ectln{Jnlic Ctlopenidon and Developnlen[

studied. In spite ofa li_wpotentially positive findings and nl[iny IOl_CI)), ;nrd ;VtMd llealth Organization (WIIOI+ an unbi;lsed,
speculatJllns based on experinlents on uninut[s _r hllnl_lllS al unenllltitlnal_nlulysistddlepn_blenlcle_lr[yshtl'._.'sdl;it nt_sing[e
extrenlely iliLlillevels, however, itwas ntll imssihle It) prtlve ;lily mdse source is to Ilbulle I/If tile situ;itilln. 4 Truck noise, tnfffic
()tiler disease Io be caused t)raggravated hy exptlstne ill int)der- nrdse t railnlad noise, induMrial ntdse, and people tRlise a_ all
ate noise levels -- levels whicb would not yet c;nJse concern large-scale ptltendal offi..nders. Only lack nt foresiglll and phm-
about direct efl)cts on the ear3 nine widl regard ttl sonic t)F tbese offenders and the varying

It migbt well be tlmt cand'ul future epidenli_lh_gic_d research density _l'tite transptwt_ltiml systems lind file difii:rent empbasis
will discover such direct nonaudltt_ry ellects tnl physi_llogical or t)n rail versus highway or air Irunsportnlbm determines whicb tlF
nlenud healdl. At rids illtlnlent, their existence has n(ll ye_ been tile imddems prev_tils al tile nlonlent or will prevail in the funlre.
clearly eslablihlted; however, Ibe litct renlains undisputed Ihat The point ha_.been made dlat tbeavenlge nnise level is primarily
people arc annoyed, awakened, disturhed, und l'rustntted by a Ilunctit_n_ll'the overall m mhlfion density alone, regardless of
noise intrusion, dlat the ctnnmunic_ltb_n witil others and indi- the spe¢ iic or g n td tile n(i se { g. },s t s just fled and
vidual thmlghts are disrupted, and pediml_ance capability is inll_..n_tive, fllereli_rc, not t_ concentrate unduly orl role noise
decreltsed. Noise is tllle oJ / tile stressors tlf nlodenl liie; burdly st_uree, but [t_ consider tile [t)t;d sp_2ctrunl (d'noise ellyirollnlefllS

nnyone doubts IJlal it tun have an e fli..¢lon _1j)erst_n's general dial petlple eglllbe exposed Iffl by their lllllVelnents dlrtlug]l lime
well being. These eft)eelSh;we been sludied in great detail and and space. This blcludes _111types of mdses fn)ln all sources; tile
arc documented quantitatively, '-''_Furlbennore, all these indi- term envlmnnlental noise emerged tk_rit. People are exposed to
vidual manil_stlltitnls of living ill n(dse cconlhine _llld iii;tke cllvirt)nnlental illdse Frolll v_lrintls sources llnlllnd them, includ-
people aware th;ll the t ttality of tile environnlcnt is not optbnal, nlg dlose riley generate as well as dime to '._hich they might
that eueh individual pays a price fi_r living ill noise even if this personally object.
price cunnot be _ tulntituted. Health, according R) tile delinbion Tile prohlenl of blcrcasing exposure of people to blcreusing
el the World I-leubh Orgarl zal oil, s not t le nlerc absence el environnlental noise levels is of sUClldilnension and global
disease, but Ibe total pbysltgogimd and psych.logical well be- nl;ignilnde dial anIy Iong-nmge, ct ntimlous pbmning ul tile na-
ing. Inlhis context dlere i_nndmlht--noise_dfectsnurbealth, tlonal and inlernati_nml levels cml produce die desired results.

The last twenty years have produced an increasing concern 'Po he w_rdlwhile, Ihe goals nlusl be unambiguous, just, and
with the qualily of the environment, and noise was rightfully clear in t_rder ttl t_blain tile widest public suppel'L Worthwhile
included among the prdlutants m be controlled, AIIhough it was results will have their price, and the price wilt he paid _mly if the
probably aircraft noise which l_cttsed pnbiie and I_[itica] atten- pablie, nol tile expert, is convirlced tllat the resub is worth tbe
tion on the n_dse problem ;ind resubed in active m_grams bl pricce, To ussist Ihe public in nlaking its inli_rmed a decision as
many cmmtries trod at dre internatbm;ll level with t_rganizations [mssible is tbe respensibility of tile acoustic comnlunity. Find-

ngde nswert fie esti n,"lhw lluccbn iseist uch.
..... -_,-, , -- , .... --_-" is not a scientific problem; people at large must decide in what

AVER,_aESOUNDt_VEkVSpOput,_TIONDENSITY eltVir()fllllelltSthey wahl to live. Science can only tell lind predict
....."""'" ....... . tile consequences of living in differenl environments.

• . • • . • To discuss tile cnnseqttences of vilrious envlronnrentM noise
". _.,¢ exposures and 1o weigh tile nlerits oFdifl_rent goRls, it nleaSurc

'_ _. ,. • of environmental noise is needed, It is nnlenough Io have nleas-

, . • . " . . ' ures which show hnw one type of noise interferes with one type

. • . . rd" htlmun acclivity, how another type of noise affects another• • • z ".'° . • human function, and then to prnduce different yardsticks Ibr

" . .°.° .. '. ' ... ." • " each type of noise for each hunlan function, What is needed is• .' _ a* . ," • •, " " one ;,'ardslick to measure Ibe integrated effect of environmental

• ,oto_." .. • • . . . . . nNse on ltuman heattl_ and well being, ayardsfickli_renvimn-
" . . , • mental quality with respect to noise. It is unfortunate that in this

area ;_ctmstic science bas not been as responsive to file public
• needs a_ it could have been. More new yardsticks haw been

created nnd tried every year than rite n¢ousli¢ community, lel
alone tile public, ccould digest and evaluate.

r ' ' _-_7". " ' ' ; ' ' ' At the 1973 International Cnngress on Noise us u Publici

_ut_r,_ w_,*,a ,_,t_ _l_x_l u,_l, neahll Prnb[elll. n a review of ntelhods for tile evaluation of
Figure I --Day.night._l;undh,t,t,lll_a.lilnctioll q/'l_OlJlgltlilm dl.nsil_,p, noise included six possible ways for the direct nleuSurenlenl of

IBased oil st i've ' o]" I00 ,_i i,s in US) _ noise, two graphical measures, nine measures to ccalcculatethe



nol_eotindividLi_tJevent_._ntdtllil-te_nnl_asLiresR)es*_lJLi;n_th_ rnentul ll.is_ _res_ndy _rollihits _tI_OLI311ilt_I'Lir illdiVidLl_d
severity ol' th_ ¢_posur¢ ol' eonlnnnriri_s to nluldpl¢ _V¢lltS eh;inlclerisde_ofe;ichuoisesOLIrce, hltl¢ nler_M o['s in[1 cry
whiell constiltlle IIl_ re_lJ iorid ol' ¢lwir(in nt¢llt;li lllds¢, _lllst lit and unilllrllrit y. il ix lltn t'_;ilist ic to requi_ nleasnrclnenl olt here
file hitter fldrieetl ¢;ulmlt he nleasur_d and monitored in fll_" field illdividual source ¢ilameteristies, This corlstitules llO drawbeek

Iilh slandardi_ed _quJ_llteltt ur wJllltlUt LInre[l_i)n;dlle _'_pendi- as hla_ ;is die eonnlion nleaALire ll)l" _n'.'in)nmelllld lloJse eiln be
tur_s. A COlTeClinrlof this Ir_nd i_ ill_Uldati]ry ii'r_asL)lluble _o_ll_; easily trall_hLled illto nlor_ de[idled [itld_ Itenee. i)lof_ eontpli-
_'LlrenviroillnenliLI tLOiS_ IIri_h _an _uhJ_ ilnJSe ¢onffoi el]/irt_ cal_d nllalisines _Iti_]l wd] Felain theJr tlsefnlnl_s_ in _()nflel.'tJoll
;uid pinnnill_ at itII soei¢[aJ, tcchrrical. ;uld _ollofn Je levels _ire wilh ellliSSilin _[_ulikirds Inld ceRifi¢;nion procedures t_lr specific
tO he dJ_(.'LISF.edILIIdest;iblish_d, ILidSesour_e_.

bl tile US, an iliil_ort;ln( step wus iniria[ed by tile Noise Con- tS) The revels identified, ill re_poll_e to (b) ubove, In be
roll Act of 1972, 7 fllrougll whirl1 Colli_res _, directed, illltt)n[2 prolcl:tive (ff publi_ Itealfh aad well,fie [fie levels below which,
other ineusuFes, tile I]nv[rournenlal Prote¢[ion Agency (EPA) Ii) _t,ith a reasonallle margin of sal_zty, ao [dentifiahle pernunlent
publish: heahll effects Ilave been observed, Tbese lewis Inigllt be consid-

(a) ",, ,dliZ s¢iefnifi¢ knowledg_ nlo_l usel'td ill indiL'alin[_ i_red re,g-term guals for any public noise control pTo_lnl.

tile kind and extent of all ide_iifiuble ell_ts on tl_e _uhlie health They are nln to he collsidered as limit _alues or even proposedor'+_.'elfarewl¢lllnaybl:expectedtn)nld ItbrllgquanlleSunt _landard villuel sin_:e in their eslabli_ilnlent, technical and
qualhie:_ of Irlois¢,.." ccllmlnli¢ feasihilily and the IeighlinL_ of polenlia] benel]ls

(h) ".,, hlforlniilh_n Oil rile levels ofl_n'¢inlnlileiilal noise Ihe 17ilnl the noisy ol_ralloli versus small pl_telllkiJ heallh hl_pair-
llllilhlnlelll lind Illainlenanel_ of which in del]lied ilreus uildl:r nlenl h;ive nol been l:llllSidered,

V;lliOilS condilions life rl_qlil_ile Io prelect the uh[i¢ heahb and
wl_l]'ilre with adetlUille mar/ill tit"_al_ty., ," p Descriptor of Eilviranmenlal Noise Exptl_Url!

(¢) ",,, illlplieilliOiis of idenlilyhl t and uehievinl_ levels of
eunlUhlli_-'e illli_ie ¢_llOlllre _innlnd aiPpllllS. ,," Tllere i_*Ill) dllulll Ih;ll IO ll¢C'ounl blr all hunlall i'eln:lhillS IO

In lesp(In_e IO tlies_ l.']llirti_s, whicll be¢llllie eh.,arer in COllie _1 nldse -- lll_ slnIFi- ran _e, insl;nnaneuus respilll_,et ilS iell ;is any
of tile wbole Ntrite Control Acl ill' ] 972 lind its legislative his- illle_ r,iled, hlll_,le rill e I'l_.'elS-- u eoniplele physical dcseripii_in

tory, ErA produced teveral _polls whh file eolhihorarilln of of Ibe noise, ris nlligrdlude, fle!lu_ney tpeelrllln, and die vafkl-
l_de_ll blterligeney lask l_lrees, llie Niltionul Aeadenly of _¢i- finn lip I_ltil ril¢se p;illilltelerS In IInie prilbably shl_ilid he ob-
enl:es _.onilnilllZe iin lteilrinT, Ilioal:oUSliCS and Illonleqhairil:_; tilhled. To reduce sii(:li a ¢llnlplex full¢lion Ill a singl_ indiealor
((::HAl]A), scienlillc and induslrial or_aniziilinll_i, citizens' r_p- I_lr the i:nvirlllnnenlal l uuliiy with regard Ill noise, basl_d on all
ri_lenlailves, aBd puhli¢ ineellngs. "File Inlenladllnal Cilll_re_ nlel_raled ineu_ul_ el Is ¢11_:¢is over nlilnl is_ yl.';ir_, lir i1
ori Nidse ilS a public Health Problenl Ill Dilbrovnik, Yii_lls blVia 1ilT:ihne, wiluid be a diffieull Ia_d.;even in Ibe unlikely clinic I]ltil
Ills llnolhcr tll;p ill collecting ili_ nlosl up-In.dale inlt_rnlatlon one iIiJgbl be able hi filld a_ulnelll till il tingle Jndlcalor I_ir

available and ii_ fornlulalin t Ibe bell solUliOn iivai!abl¢, sup- h¢iillh und well being, In tile del]rlhion ol'heaJlh and well hehig
retied by theoverwhelnling nlajorilyoflhc various_xpensiind iff an individual, two polelllial eonlllcts arise between (I) rite

intl_rest groups involved," The i_sult had to lle a coillpfolni:.ie individual's olvn shiltl-tgr]n elljo.vnlenl and iris objective long-
hosed on thi: bell hilePprl+'lalions and _11r;ipohilillns ill" die ;;vail- Ivrni beallh inleresl iffld CI) Ih¢ eonside_llhln of an individual's
abl¢_ knowledge; hill, first of all, it hlid Io he a pr;ielieal con1- li¢id Ii in eres _ alld _;o; ¢ y s _ _llec _c evaluations and goals,

llrOilllSe, which, il¢;llrding IO Ibe law, had Io lie pubiisbed nol This l'Oillplexily ill lh_ del]nilion of lieallll eflbcls nlust he kcpl
luler lhan twelve inonlhs aller enacllnenl ill" die ilel so Ihill il in mind when file emnplexily of Ibe nllit_: envill_nnlenl and iit
¢ould fern1 the basis for l'urlber lierion liiW;ird an el'l_¢iive en- sinlplifieallon to a singledescriptorlir_ iliseus:_ed, Simplifica-

vlionnlental lloise enlllrol program, Tlrit pilper repol(t tbe re- lionofblnhvariahlesoflh¢ helillll-to,nlds¢ _hitionshipisillliusl
sulls of these sludies, presenls tire nletllod detiglled ior nleasur- if any iileanin[Iful and us¢l_lJ corl_hllion within Ii reasonabh-'
ing and ilSSessin[l environnleillii] noise, and id_nlil'ies tlll_ levels period of lime is desired.
of ¢nvlronmental nnise requited to piaiite_l IlUblie beallh and Wiill this Ihilnsopby, EPAs _llOiCe of a des_riplor llir en-

_ welfa_. ' By n_cussily, Ihit papergives a +NUlnlltal_ ofonl) the vironlllentill I1(i st! s buted (ill Ihe lilllowillg ¢onslderalions_

:,) Llll_iInl ;ipproadles, reattming, and _su]ls; for delalls, snp I I. The fneasnl_ _hould be ;ipplieiib[_ Io the evulualio[I of

pol'[ing data, and the wording nf EPAS ofi](:ial l_llsilioll, Ihe perviisive noise in ull possihl¢ expl]sureeonditions arid Ioc;itlonsref¢i'cnces nlutt i_ consulted2 over long periods of lime.

_i The basic pllilosophy bellind tli_ app.)flail can he sLinlnluri_ed 2, The ill_asu_ should eorri_]ule well Wilh kno'_vn el'feelS

!j in the followhlg Slal_nlents, of Ille nois_ on file hldividual und the public.
i! (I) The el'feels of environm_nlal nnise an public beullll 3+ TIt_' illeliSUl_ should be simpl_, praeticah li¢curate, andcan be discussed ollly if the Ioliil llois_ gx )osl_ of Ihe public, unanlh[guous. In prin(:ipl_,il thonhl be useful fi_r pllinirill t and

r_gardless of I le individua noise source, is tonsil ered. Witb nlonilorin 1, as well a_i lot enforeelnenl purposl:s.7
' char'a_terisl!Cs4'Tbe requiredshouldmeiis ui_'ill¢llIbecomm_rcia[lyeqUipnlgnlavailahlc,withstandard-

i mspecl to most health I_fl'_cts, il makes no diffemn<e wbelher
• the noise exposure is selfigeflenlled or etl_ated by olbers and iz_d

passively endured, ._. Tbe single measure of noise lit a tliven Iocalion should
(.) /dentifieadnn of long.hinge goals regarding environ- be predictable, _vitlrin an acceptahh_ tolerance, from knowledge

mental noise must I_ in terms of this total noise exl_lsurc whicli of Ibe physical events producing tbe noise.

must be unambiguously measurable and predictable, as flit as 6, The llleaturl: s[tould be closely related to existing
possible, melilods currently in use,

l (3) Desirableor_m_issibl¢ nolse [evelsandexposuredu- As well-prl)ven efl_ets of noise exposure on h_alill, fune-

l iiitions lbr each individual noise source musl be derived from the tional capacity, and well being tbes_ facts werg considered; (a)desirable total noise exposul_ from any source to which the the effectt (It' noise on hearing (Tempontry and Permlinenl

I public may be exposed withoul undue el'reefs on health. Emis- Tllrcshold Skiff); (b) the. direct effects (if noise an sl_ecb com-sion standards ibr individual noise sources inusl be justified in munieation; (c) the effects of noise on genl:ral well being as a
lerms of their effectiveness in reducing the total enviromnenlal resull of Ibe wirious interference effects of noise whelll_'r wilh

i noitl_ from air sources, sleep, wifll relaxation, with communicalion, or wiih
exposure tpe_¢h

= (4) The requirement for a pructieal measure lbr environ- olhers.
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--T I I --I'----l----'°l':':'l----I i_-- _ht:P: I.j - I I J_;Ih¢ lJln¢ illll_l'vaJ n,,er v+hh:b die [el.,12]sa/a2
• * ................' ev;ibtaled, I:tlr tJl:seriplitlll ill' the iInise en'¢irolttltCilt al 'cartons

, IL,I-L.I v. La. .............. .,,, .................. hlcalilnl% die lime inlt:rwlJ is ilsually die 24-llotir dliy; die
: : * • ............ ' ..... eqtlivalenl stlund level flit this l/¢rJod has I)e¢11de!dgiialed as

_ o :........... L_,_i1_41,l;or ¢on_id0ration lif Ibe Ioilg*lerlil he,tilth effects tnlder

_ _" • intel¢Sl, bill ratJler die llvcfal_c I. Jill I_ll ll_l_r II year period is
-.__ - _ j_ ...... colisiderallon here, Ihe L,,,n¢.,tb for tin individual day is ntll flf

"_-_ • ":...
5_ ,, ,

._ _ _. _elecicd, 12¢lrSOtlle environnlent_. SltChits typical workplil_S in•. • • iacmries, offices, tlr schllols, the 24-hour el uivillerll Sotlnd level
t _ ' ,q -_--_-------'-- .... isreliao:l lylle avi2nlg_O_,erll0_.lillirwoi-kl_,_r_ld, Ll+ql_i.
_' "_ • " • -" " This _hnpJe i:OlleepI of Ih¢ ¢¢jilivldi_lll sound level hild tl1117

I I I 1__1 i - I _ I relined Miiilewhat Ill lll:¢tllllll fiir IIlD_;I i:olnlllUnily r¢.'411OllSelind
pllblic opiilhm silr'¢¢y_ which revl:aled Ihat Ille _lllllt_ nil b.eellVJ-

i,l,,,,.,l._l., ................ i i, /Onlllenl j_ iJlinsideved iIIOrg dislurJlhlg or alllloyinl_ dulhl I
_"illtlll* 2 -- DJttdll'#ll>l'l /Jl'llil't'll dtll IBid Ithl/It i'tdlll'l °t I'l/Ifii<thll/ rdtlllthn¢lbandaylblte, Nlllnldydolllerequir_llit_lllslbf Lllldis-
iol/sid h'i'l'lt Ill fl 7eli Itll O tDIt'-t "_'/ I t"i l:' ill , , IPl_l,r tllrhed sleep altd _ebiX_lliDii make a lll%ler noise level d_ir;Ihle,

Maidl_:siatlons of Ihe laller hllerl_:l'elll:t: t_fl_:t:lS resiillhig hi biil the eMet'itir II;iekgrotltld IlOlSe levels dl'o]_ during die idghl iil
varions degl'¢¢_, of di_conh.qll %%i111lhiiSe _lr_ htdivklual all- Iil(l_l ¢:olnnlullilies by ]0 dB tit nlol+e, bl addililnl, tile rudttced

ntlyallCelllld ¢Ollt]_laillt behavior and grtinllnl.cOitllllilllilyrt:ac, a¢llvhy hlsid¢ hollies _.'onlribllle_ lil Ih¢ ._t_llCrill [liwefing of
lions. For an noyallt-e, only l]le integratt_d Io nlz-tl: rill lilt it oyalll.'12 ito b;t_levels dlcrc. A_ II rcMih of ;ill Ihl'e¢ I'aett)l'S, hit rLi!dve ntlis¢
reSlXmSeto living i. a cerlahi noise enviroinllenl shall be con- evelllS ;1112iiiof¢ diSlalbing durhig Ihc ilithl. To pellliliz¢ nigill-
sidercd, not Ihe hllnledial¢ dir¢¢l response to art individtlal Ihnenoiseevenlsconnnt_n!;nralewilhfllcirdbltulbingseverily. a
noise event. Tile long-term integrated annnyllnee res0olive call _ eiglltin_ fa¢:tllr ill l0 ell] is applied Io ;ill niglitiiine ntlises; ix.,
be assunied to resull frt)nl Ihe individual noise events aild the idghllhn¢ il_fises ;ire Irealed ;is if Ibey were 10 dB nllb, ier than
sborl-ternl rCa¢liClil to theln, btll lht_ severity of Ihis re_ipOll_,e Ihey a¢ltiiilly al¢, .,_l_iilnilar _l¢ilhlhlg is applied hi illally oflhe
midhl bc strongly weighted by other envirlmnlental fii¢lilr_+ illole t:iliil[iJicalqd IniJse ralhi t schellleS in list during the last

By shlglhl t o11I die iibovl: three l:illeglll'it_s lif beabh ¢l'llrcls, IWenly )real'_.ii
Ibe possible occurrence o1" otber el'lect_ producing direct hi VllrJllu_ proeedun:s alid/tlr coUltlries, fitree lilne periodsliru
physical or inellllil illnesses in snlall s¢tnlenls of lht_ overall aSSilined durhlg the dli_ with difl_rt:iii wcighlhlgs -- day, ev¢ii-
population sball not be conlplelely disregarded, premnt cpi- big, night. AIIhtltigh slil:li lille difl]:rcnlialltUl ndgbl be tll" hl-
dclilioltlgieal evidence lis well llS bypolbcses b;i_ed Oll llnilnal lell::il l_lr die sehedulillg of indh, idual iltlis¢ OVelllS. it h;is been
expcl'inl¢nls, however, i:_ 11ol SlrOng enongh tn asstltlie such _hown l]llil I_lr Ih_ ilO[iilal di_lrlbulhln of envirOlllnenhiJ ltoise,
rchilltlnMIips tn be proven. O11 die cOlllrilry+ all avaihibl¢ evi- tile ovenill Oilll:llnle, i.¢. the weighlcd 24-hllllr equivalent
denee points to the conclushm Ihal "if nols¢ qonlml suffichmt to sliuiid levd, is l:SSeliliiilly id¢lit lea[ flip the iwo-period illll] Ihfce-
prot0¢l p_Oll_ flOlll car dllntage alld h_ari_g hiss were insti- period day. _ Ciiliscqilt_lill),, Jill'lhe 12JlarilCleriZ_lliOtl(if the noise
lUled, then il is highly Uilbkcly Ihal Ille noises of lower level and CllVi_nillerll wilh respect IO hml-Ienn heahh efft_cls, Ihe shn-
duration resulting from this eflk_ri would directly hlduce pier two-period day was _elecied. (J)aytiille, 7 Ill 22 Ilr_i;night-
nonauditory disease." i lille, 22 hi 7 brs, ) The day-night weighled I._.,I _..,ii is being eidled

Trying to correlale Ihe thn:e lypt:s of i:ulmilalive Iong-lemi Ihe dily-nighl sound level lit L,la
effects cited earlier (a. b, c idlovo) whh Ii single d¢_,qliplor
fulfilling the condilions 1 IhrOllgb 6 led to die sel¢ctkm of the L,I. = Ill Iogl¢i (I/74) J15 (l() I'lilili) 4- 9 (l(ll'l_ +, i_lllo)], (2)
IoIig.lerll'_ average ._oLInd level called et uivaleiil _i(iLIlld level
(Lt._i), as Ihc best descril_lOr for Ih¢ in;ign tud¢ nl I le etlv l'on- '.vidl L,i arid .t rewesenlirlg Ih¢ daylhlie and idghttini¢ soulld
incnhd lloise. This equivalem sound level is die i:llnsllint _;iliind levels, respectively. Jusiifiealilln Ibr Ihe l0 dB pelially on nighl-
level which, hi a given silUallllll and over Ihe cllnsid¢ fed Ihlle lime illdscs is derived fr(lin dllla u such as those in Fig. 7; ill quicl
perlod, would exptlsc lbl: e_ll" Io the _iallle iltltOLillt of ellefgy ;is environnients (L,i n < 55), L, i is Ihe conh'oiliilg faclor d_ternlhi-
file ltcluld lhne-varyin t noise patrol'%l. Tbis concelll has b¢czi ingLanlwhcreas,innllisyeltvirl)rltilcnls(L,in> 65),L. isonly3
ttsed broildlv befllreto relattz hldividLlahind conliiul tvl_zcl o to 4 dB bt:Jow La. Thel_flllc, tile 10 dB nitbllhlte pen;lily is
1o ii{l+¢l'iifl lind olbet ilOiSes, i° It can be iised Io eslhllalt_ the ellecliVe in cbaraclel-JZillL_ I]ll_ need I_lr day and nighttinle ntli_e

severityliild Iikelilll_od t)f Ibe noise's interl_renc¢ with speech, redLi¢liOll.
The saiile l_qttid en_rgy conceDI has also bccn ilivok_d wide]y __ AItJtottgh L_is_is lhe de_criptor l_f choicc for dllJ ov_rall r_uild-

Iht_-clock noise cliiltale tll't ht_¢ilvirUlllttenl io be colTelaled with

[dso llOl undisputed, bul considered Ci)ll_ervadve -- i/1col_elal- tbe inlegraled long-t,2rln Tetpllnse to the envJronnte0t, loing llearin I loss with noise OXposLlre, tl
TO licCotlnl I"(11"ihc dcl)cnden_e of hunian l'l_iil:llons Io lh¢ evaJilale hearing loss lilid ¢(llllilnlilJCiiliOli dislurbance, a nighl-

frequency l:onlelll t)f lht_ llllise, Ihe A-wcilhled sound level was llnle pe y does ) .....see llllpl'opria e [ nd l l_(al or li_l.i, 41 is,
selecletl. Dcsplie lilliny iillelnpls Itl Jinl}l'tlve its weilhlin I sed ns e d, "I c al'g ii ell I' lie 1 IliS been iliildt_, towevlh',
eharac ens ics o ¢olTchl c llldlvl'Llual ell'co s ._uch as speecli in- Ibiil optbnuill et_llversalion of liearing lleeds an absolUh! t uiet
terference, noisiness, or hearing loss, h appeared whhin lbe elivJl'°nlnt_lllll _f Igcovety dUrill,_ Iie 11g iI and I le fiict I ilil
clia_elll slale-o f-th0-a_l Its Ihe besl i_oJillno/1 denolninaltlt IOde- ]ong-I_rln allnoyancc by intruding noi_e_ is closely related to Ihe

scribe the stimu]u:i for all thr_e ¢l'fect_, [Even Ik)r Ihe evaluation speech int_rl_tlCe c fl_cts durlng daydllle and evening hotls'S,

of huiIlan annoyance alone, the evidence Illlil another weithling make Lan file best cundidale presently lwaihible lbr describing
funcli il (f_r eXiillip]e li [])-Iyp¢ wcigllting) mighl be prelefable llle _lvel'a]l qualily of lhe ellvironinenl ",Villi rcgald to ilolse,

The advantales tlfL_ i arid Ldn arc bl_;t verified by showing

tll A-W_idhting was nol considered as conclusive; the fact Ihat Iblil Ihese itteastlPet; sutist'y all six rec nireinenls l!_ted e;illier.
11osuch network hll_ yot be_n _lilndardized excluded it from con- Values 'o1"boli nleasllres ciln be _ll Ctl flied th¢o_l cally fronlslderallon at thls ihne.]

COllSeqLmnt Jy, the basic dcserlptorforenvironntental noise is known presstirc+lillle pattelns. Fi)r $1_c¢ifie BDiS_2_with nomtal
t_ dislributions, Lda can be easily correlated to statistical d_serip-

tions of the noise such as Lill nr/._o, (Lio altd L_ti arc Ihe levels
Lv, I = 10 Iogitl [I/(t_ - ti)] [ 10t'a roll°d/, (I) exceeded 10q of 50r_ of die tinle, respeclively.) An exanlple is

Ii
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dl'vhlfiml ,I'll tlrff.ll' with II#rl_llll distj ihltliml _

shown in Fig. 3fl The L,nLdescriptor can he used Io appmxinl;ne
rllosl of Ille mol_ eonlplicaled evahlaljon sebenles, !,uGh as
Noise Exposure.. Forecast (NEFL Composite Noise Ratiltg
(CNR), Noise Pollution Level (NPL), etc. An appruximam rule
of thumb is?

_0 30 40 $0 60 70 80 90

Ldn _- CN_I. (Cutnllltmi{y Noise I_tiuJvalenl Level) [xttr_0r PA_._I_H_AvErAGt _QtjP.aL_vEL tont_M

_i gl_*illP .t -- PIIplllllllOIl lt US l*_pH_l.d lft l ,I t*l ,.I _1 _IH I

NI_F + 35 _ CNR - 35. f3_ h,l¢l_ io ett'e_ _!1W,'t ilh'd I'ldu,'__'_'_
The big advanlage of L,.q and Ldn over nlost i)f these mher

measuresislh_lllheyclmboeasilynleasumdandnlonitoJed_ver high-level nt}ises and impulse mfises must he managed by
;_ ,_otlrce enlissit_n stnlldards.*

available. It mJgbl be l_rgued tlat t lese advantages are ach eyed Wilh a basic dcscriplor to characterize envlrtnmlennd noise
i long time periods. Cunmlemial et uipment lu read uul L,,, isas aresultofseveraldlsadvantages--then]ost severeofwhich %vith leSpe¢! to heallh and well _ing, il is now posslble tn

is undoubtedly tile deletion of any pure-tone correction or pen- describe tile n.ise environments of various places, their cbanges
,.'_ ally in the L,,_ and L,_nscheme, a correction used widely in tile '.villi time, lind lhe noise exposure of individuals and populations
[i prediction and evaluation of tile human response to aircrali as Ihey mace through valions noise environntents during their

noise, e.g., NEF procedure, and ineorpt_raled in the noise eer- daily lives end ihruughtmt their whole lilt:times. Tile daily pte-
tillcatlon peoceduces for airo_dL This shortcoming has to) be dieted noise do_es received by individuals can be verified by

, llecepled at Ibe presem llme siltce it is dfis feature '.vllJebwould Oleasurenlems with perSnnal noise exposure inctcrs c;irried by

_i make it impossible Io verify exposure predictions with pure-tone Ibe person, a:,;sunling that sell, induced and desired sound expo-
correction through measurenlents witb simple, standardized and sure is discounted. All these nle_lsuremems can be made in mrnls

1 relatively inexpensive equiptnent. In addition, it did not appear of the descriptors L_,t and Ldn,
the,! the purv-lo_e pennlfies cunenIly used Ibraircrafl noise h_ve In tile pmclical _Jpplic_ltionof this concept and for most of the:
been validated forldl types of noises end Ibr all intensity levels, reasoning that will fullow it is helpful to be able to estlmale

ll_i Actually, there are indications that Ihey are not tile same for all noise levels in residential dwellings from the ouldul)r environ-

S] levels. For the effectiveness of an overall noise abatement pro- menial nnlse. For the US, tile difl_rence in nuis_ reduction

i! gram, this shortcoming is minor -- objectionable pule-tone pn)vided by houses iv warm and cold climates was nm fuund In

eoall>onems produced by ,qOll}enoise snttrces conlrJbmJng Io Ihe be significant enuugh to walTam separate t_allllem Io delerrnine
overall environmental noise can and should be controlled by exposure tt_recasts. An approximate natiorud average of 15 dB
more elaborate source emission standards (such as lb_ aircraft noise redttctkln with open windows and 25 dB redttction with

certification procedure), They da not have to be rellecled in the elused windows was established and used in arriving at desirabledescriptor for the long-lento noise climate, ouldoor Ldn I_vels? n It is importam to note at this point, bow-
Anolherpossible objection to tile use ofL,,,_ and/orLa, mJgbt ever, that even in relatively nnlsy areas inside noise levels

parl cularly during the daytime, correlate poorly with shnul-
be that the Iong-teml average is not appropriate to control the
harmfulorannoyingeffectsofshorlduration, high.level noises, raucously recorded outside levels; the inskle noise sotlrees ill
"l'his argument is only partly valid Forexnnlple, linlilint_L_, to residential sites as well as in offices nnd sindlar spaces ate
60dB, a eve thatwl be shown later as represemalive of the app_ciahle and easily overlooked) _
range desirable in communities, restricts a 110-dB noise to a Outdoor day-nigbt sound levels in the US are presented as
duration of I see per day! Therefore, L_,_can be trusted to reflect examples in Fig, 4/'_ Exposure patterns of individuals during
even a few high noise level episodes per day in the overall

descriptor, perhaps with nm much less weight than such isolated "Ttt_ or'feet lit' shim-duration noit_e ev©_ts on the value ofl_q i_ discussed hy
e )isodes deserve on tile overall biologieal/psychulogical T. J, Sdmll,_ in Ihe b,lar_h.April 1975 issue of NOISI_ CONTROL ENGI-

we ghting scale• Moreover, the control of extremely sbo[I, NlzERING(Volume4, Numbcr2),p. 52,
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'_Q ldenlifying Safe Levels for tlearing Conservation

40 In spite of some uncertainties and everybody's desire for tbe
_h

.j ,._ . _rt_ct study, tbereis adequateinformation available to prcdi¢l
_ _--:., _ :._! _ with reasonable confidence Ibe bearing bnpairrnent thai con-

tinuous noise exposure produces in the generalpopubnion after.o :4 " ,,,,,en, wbeo. n suo,evo,
L , Io be eslablb;hed by EPA. Ibe exislin_ evide_!e_ nn noise-
3 6 9 _? 3 6 9 induced bearing lus_ was reviewed in detailJ ''=_ The COOl-

MIDNIGHT NOON MIDNI(;ttT bJnationt}t'lbe results by PasschiL_f Vet_tleer, t7 Rohinsnn, _"and
0 3 6 9 12 _5 18 2_ 24 Buugbn_u produced average r¢lafiol_sllipS hctw¢¢rl nnis¢-

HOOHO_[_n¥ induced beuring loss(noise-induced p_mlancnl threshold sbifi.
l"i¢ ' " _ -- 7)'/mill mrlil'idtm/ nni_v eV)nune ii_llt(.l ll_ _ NIPTg) arid die contillgOUS noise ¢xpostlre. which caLl_;¢d each

40 , , , , _--r author's individual prediction to deviutc less [hall 5 dB from the
N_SE I_tDgCE[}eEg_t_[Nr1,_[lfl0LO SHffl [lVe_lge. If. based off Ihes_ d;ttu, noise [Jill[ b[is n{] s[_n[ficIln[

_AI_EIOLTOF__[_R_O=_[EXPO_U_[:_.._ p 4oooHz cl'l_cl on Ibe beurin_ _ffu popublti()n is lo be identified, fl_ree
_r_o_a:_m_o_/ questions sbould be decided: Wbat is meant by heating? Wbat

3_ arc sigeil'icanl efl_cts'. What populatinn is considered: These
decisions al_ always somewhat arbilrury alld musl be llns,.ver_d

30 ,,_ dif[_renlly if i_opulation averages and an appfieafion to preven-
_ five medicine purposes 0r individual cases und an application Inconlpeesadnn purposes arc discussed.

_. e_ ,._,_ Alfilough it is well known Ihat NIPTS fn)m eonfinuous expo-
,# _,_. sure can first be detected and bc¢o[l_es most seref_illIbe 3 tokHz l_-cqtteneyrange, up to now InOSl hearing ¢onservalJoll

m_ / _'-__o _'_ pmgralns bare been basedon the NIPTS pruduecd ill tile tradi-

,o ,, .0, ,b,.o,,pee bf oquon,=goO.,,,, ,,togo,,,,oE_ avoid any serious speech conlntunieafion handicap through
_._ _ hearing loss in this area. As seen in Fig. 6, lhe maximunl NIPTS

-_"e" . produced in a population after I'o_lyyears of noise exposure
q: 0_ 1/315J,2 _;Ht} (_d'lcr the age of twenty) is nluch more severe for4 kHz tban li)r

tbe average of 0.5, I, and2 kHz. '" IIis obvious Ihla hearing at 4
kHz is _n earlier and morn sensitive indicator of NIPTS than

,,o ..,//..; ,-,/ h_arind a, the h)w_, frequencies., ,berefore, d_e deriva,ion ofsafe levels wJlh respecl tobearing was based on theavoidance of

uny sabstantbdeffects at 4 kHz, .u

As a signit_canl el'l_eton bearing, a 5 dB NIPTS was selected

s0nlewl_at arbilrarily as th,e smabesl change which can be reli-
ably measured and verified in individuals. This definition up-
)cured {o be a morn sensitive indicator than Ihe Irudiliomdhear-

re 7_ e0_S_S_.eSN_SE_ _B_90 9s _oo ]ng risk concepl which is defined nsthe difference between the
Figm'l'5 --MuMnmmNIl_TSf_)#lhl,errl'ntih')lncrO,5, I, tmd2kll: Percenlage of people with a specified handJcllp in il noise-
_n'c.rrillgduring.qO.yrimhl_lriulelTn_,wlrem r.rinllwl.i._eh'wl._ .14 exposed and [na non.nois_ exposed (bttt othelw[S¢ equJvn[enl)
/:l : _ v,r g. _" groulL Asahandicap, a25dB|_nce*regardinghearinglevelfor

dmir daily routines am shown in Fig. 5, Tbes¢ are just examples
I_kcn from file larger series of lil_-styles discussed in the EPA "A[=caring [ntpairmcn/is usulllly ntlt consid*:red a lion'leap unless Ih¢ aver;ts¢

rieport,_Table l suntmarizes the L_.,_=4_values for these typical ll¢_ringtosSinlh¢Specehfrequ¢neytange(O.5,t,2kttz}¢xceeds2_)dttwith
cases, reference [o Ih¢ I.S.O, aud[onlclri¢ z¢ix),

V¢lu.. S I Sum_r I _9
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P[/ICENTIL£ _lelll l "l"l ll_ _l jillll'lioll oJ dlli/l'e,_lllL_llr¢ ¢lllrll ilul, l]d,ll'll oll l¢'llll_l_*

Fg reT--NIPT_al4kHzm'ro_werreni "_lle_wro 40.,'r'po- ' n' r,I _ vii S¢ g . ' , r '_l'e _1 p_
ul;'e h*l'l'lO" 1_]'3ill/alul5 dB inrreil _eper huh'inn ofl, ljlo._llr<,tirol,,iFrom tl/lllllb"

i.Ul" h a oltl O. Purl 'k._"

tn prod/tee a 5 dB NIPTS as a function of populalion percentile
VSp_C(_TIttl,rKO++tPA_IPO_I+ ff are derived, s Extrapolation of the 4000 Hz, 5 till NIPTS curve

.: would indicate that a noise of 70 dB(A) wuuld be recuired to
_,oo s _ producelzsloss n I+;_(llemnstscnstivepereent clef The
'_ s_zrc. _j r _rzc__,s _.,e_++ _Jenera] population.

_9o_ ,lOoo,__'s' t,z++ffz__ _Jtoall_e.alsl Oo_ Due Ill preshycusis, htlwet,'gr, 5_ of the non-noise exposed
_' '++rs .,+ _ popuhllion (fi'onl file Public Healril Service data) cannot hear a

_eo; __ ,o0+ so ndanylllOreat_ levelheh),v7OdB re2Omh:mpaseals
_..,,.,.._.... • _,,,, _ (rlghthand scale _l'Fig. 8), Tn produce a 5 dg NIPTS in this part

so / _\ re z of the popuhuion (which, filr salary's sake, iriasstuned ill be tile

same as the _me .lost sensitive to noise-induced hearing lass).
,+-........ _.+3 o :+ cenninly noise levels higher than their hearing level are re-

_,.,_,,,_.,,,,,,, _ quired, As a consequence. Ibe extnlpolaled 5 dll NIPTS curve
,; ++"''"+'"'" cannot cnlss tile hearing level eurve for a nnmlal population _lt

_ m _ so4o_o+0m no _o _ _e _ _e _9_ 9_ age sixty hill lnust slay above il as indicated, h may be con-
Pt_CE_I,L[ eluded thai a forty.year noise exposure below anL,,,,_ of ap-

Figm'l, 8--S+ I/ +v r, 't;'L' y''o+ tNIPTS +ojilm'io/xi!f proxhnately73dll(A) issatisl_etorytopreventlbeNIPTSat4
40.vr_ po_llre el' '/ /l']/lu;_d.wah.J nllpollU/rti+m/+erl'e/tlih*,'dl+lhl'd klfz fmtn exceeding 5 dl] li_rthe entire statistical distrihutiorl.
lim's r+7_r"' t elrl g ""slrel at I ' ' J'p,'renfih'v I'. [Iflhisargumentisunsatisl_lctory, lhenprote¢lingtbe991bpot-
ilr,l.naL+l+.e.lymwd_O.yr oh/pOlluhzlimt. NIPY+Sotrl'¢s IIIIIAI ,illly cenlile at 71 dB(A), a level nnly 1.5 dB difibrent, may be
IIbI;L'¢ and will mergl' wilh nprma/ hi,aria,k, /el'el CIO'L'e,_/dotted li/n,v t," pre feRed.]

To prevent the same loss from occurring at 3 kHz after a
tile speech frequencies usually was assumed. Taking NlirPS fiw li[_time's exposure requires levels below 78 dg(A). Exposure
a high percentile point oflhe popularinn (> 80111percentile) levels beh)w 83 dll(A) arerequired forlhe sanleaverageloss at
gives a more sensitive and significant indicator Ihan taking hear- fret uencies of O.5, I, and 2 kHz. This diffe_nee in level high-

ing risk, the value of which is changing with Ibe beighl of tile lights tile conservatism adopted by protecting against a loss at 4
fence used and its Ioearilm with respect to the distribution curve, kHz instead of in the conventional speech range. Allowing a Ill
The final queslion -- what Imrcentage of the population should dt_ NIPTS for the averageof0,5, I, and 2 kHz, rim 99th pereen-
hepmteeledagainsttz5dBNIPTSat400011zafterforlyyearsof tile can be protecled by keeping exposure levels below 90
noise exposure was answered by the assumption that earscannnt dll(A). This is the range of slatisrical risk allowed currently by

be damaged by sounds wbich cannot be heard. When a certain most industrial hearing ecmse_atinn crlterial
percentile tfflhe population would obtain a 5 dB NIPTS al such a Afterestuhlishingasafelevelforanominallifetime, 8hrlday
low environmental noise exposure dial llris noise could not be exposure, levels Ibr shorter and longer daily exposure time are
perceived any more by the same percentile of a normal, non- derived accordingtotheequaleaergy rule-- fnreach halvingof

noise exposed penpulation due In presbycusis, then lower noise daily expnsule time,the admissible levels are increased hy 3 dB.
levels are unlikely to produce a 5 dB NIPTS inany part of this It is well known that this relationship is a very crude appmxinln-

population, lion and that probably no sin_ple relationship fits the data per-
Following the reasoning nutlined requires some extrapolation t_ctly. Fig. 9 shows that the fcmporary threshold shift data for 4

of available NIPTS data to high percentiles and lower levels of kHz are fitted better by the equal energy rule than by the 5 dB
noise exposure as indicated in Fig. 7. No multer how the data increase of level per halving of time relationship2" The latterare extrapolated, however, the potential quantitative effects on might fit the data in the conventional speech frequency range
/be outcome oftheseconsiderarions are small. Fromdatasuch_ belier. Neverlbeless, with the only reliable data point at 8 his
thnse in Fig, 7, the relationships in Fig. 8 for the exposure level daily exposure and with Ibe emphasis on protecting hearing up

30 P+411Pi_:_{INT_(()I, ENI;JNI_EZ(INIII .[ulT._ultlu I1_$
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to at lea_l .I000 llz, file equal energy rure_ippearsz_P,lhc bellcr ¢_eah'rtluiII I ml, (hem l,h'l_,+ll,medml Rel_ 2.20. 211
_lnd[]1(irt_ConsefWNJVCupproxJnlatJon.

Since mosl envirurnnentul uuise palterus arc /]tlCtLmtingand enees, the o_era]] judgmeul oftbe individLnd is Ibrmed as to lhc
inlurnliltenl, tln iuteruliltency eorrecllorl is _ri_l_)_.cdwhenever dcgn.,c t)_interference, diSlllrb_ulcc, and _lllnO_ancccuu_edby
l.m_< 65 dB(A). Wilh lhis corrCellmh lhe enrve fi_r sa[_ ¢xpo- the noise t+Nvirtnnl]enl,The amounl of inl¢rl_i_nce wilh speech
sure level VUl:illslime is_;]1o'wniu Fig. IOurldtlivide_ lhc 8 hrs t_+ c_nnntunic;itioncan be well quantified, isdependent ahnosl eu.
1.5 minules r_ln_eill lhc middle _l" the shadedarea, identil'ying tirol)' tm the }hysical chur_icterislic_of lhe toffee. ;Endconehl.
the ru_ge of uncurlainty suggested by eqtml lumporary thrcsb_+Id signs call be sup x_i1ed by much rc_;¢archdala. l'bu degree ul'
shifl dala dependiug on the intcrlnJllcney aJldlYeejtlqlICyl'an_t_ interferencewith aCliVilJcsotllef l]laUSl_eChconlnlUn c.'ll onh;
considel_d.U ilfieu del_ndt_lll utl t)lher p;iran]eter_, slJcb _is ;Ntilude [owurds

lu sunlm;_py, idj t+,ing bv lhe cqua] energ,y rule fi_r lhe facls the noisesmlrce, fanfiliarily Wilb the ucfise,general psyehoh)gi-
Ibal lh¢ volunt£1ryluld involuutzlry cxptlsures Io cnviE_innlenlul cal st_lle, etc, TJter,e l}aralneters are nt)t et)nslanls; lhey can
noise_regoingonfor24br/dayund365dav/year(insteadofflle change fur each individual from day-to-day and undergu
8 hr exposuresou 250 workday/year in tlle iuduslrial sittmlion) ehmlges duritl_ ;t Jit_thne; they can ch;nlg¢ fr.m individual to
produces the following eo_eetinns: iudividu;d, fronl cmnltry Io cmmtry; and tbey 111ighlchangewifll

8 br/duy industrial _;ilUalion Safe Level 73 dl_(A) time ;is fire v;due systems _fl"m_¢i¢fies, their envirtmmenta[
24 hrlday (-5 dB) 365 day/ye_lr awareuess, their ;_pprcciation of privacy, and their econnnlic

situations chauge. Regardless of these imlenliaI influences, it
(- 1.6 dB) Sal_ Level 66.4 dl3(A) .pl,ears IX_ssibleIOspecify I\lr Ioday's l_pelalion levels of en-

INlernlil[ent noise. 24 br/day, viiamlnent al ntlis¢ whiuh dn uot interlbre significantly with Iheir
365 day/year S.fc Level 91.4 dBIA) activities and do not degrade their m'erall well being.

Keeping tile yearly avetilge ofLt.,l:_ < 70 dl] should protecl tile hNer[erenl'e with s N'el'6. As lbr s_'eeh con'anunle_ltion, Ihe

general popuk_tion ag_dnsl ilny sigtlifieant NIPTS, i.e., bealth fo Imv]ng i_ppmach was t;tkun IOqaanli "ytile noninterference o'
effects with respect I_ hearing, _ith an adequale nlargin of euvironmentul noise with speech: indoors, in private homes,
safely, IODS_sentence inlelligibilily is required li)r relaxed eonvers_-

It shall be mentim_ed here t_uly brlelly Ih;it Ihe S_llne basic lion in typical living reruns I_r all talker-to-listener separation
philosophy, tu prole¢l NIPTS from exeeediug 5 dB at 4 kHz ill distmlees, As Fig. 11 iodic_ltes, this is ,thieved llwLe, < 45 dB
more thtln lOr_ oftbe population, was ldso ;_doplud forewdm_t- ffeverberant field in a t_,'fi¢;d living rooln with 300 sabine of
iug exposure to illlptllse noise, The equld energy rule w_ls in- in crier tlhsorp illu). I'_'_°/-'l Ou driers, be_ are usu,lly free.
voked Io arrive at uNposur¢ limits as u function of impulse dllru- lield condilions, _tnd swech inlelligihillty is described by Fig.

lion !_ndIo ,l¢cotml for nlore than gnu re _elilive impulse purday. 12.="95'._ SeNteneuintelligibility _ppe;trs tc_allow h)r adequnte.
Undereerta n assuulptiolls not Iobe d seusset lure floe all ndi- relinble speecil colnnltlnieatlon lbr people who ;lle walking or

vidual implllSe !_v,_=Lm,.u 7, 9 dl]), exposure ]inlhs ft)r continu- slanding chlse together, approximately I Io 2 meters tlpert, Such
ous noise as well _lsfor single hnpulses can then be drawn _s u eonversa;iml is pessible hi noise levels np Io approximately 6D
continuous line as a fuuction of expos.re tinlu and/or hn raise dB steady A-wel,dhted SOLl[ldpressure level. Noise levels at this

duration (Fig, IO). Tile data points in Fig. 10 [ndic;Ne ix_ints of nmgnilttde are also consistent with tbe desire for speech privacy,equalri._kofNIPTSnt4kHzbasedontberel_Nionshipbetwuun un uttrihute easily Io_t in the urbun environment should
N1PTS _nd noise-iuducud temporury threshold shifl (NITTS)." background noise Iuvelu he too low. This sound level o1"60 dB

outside (wilh the _tverugo noise reduction of houses with par-
Identification el' E/wjronnleollll Noise LevelN dally opened windows ;_sunled Io be 15 d_]) results in indoor

wl|h ReNpect to Adlvity lnteH_r_nee/Annoyanee levels of45 tlI], Ihe samu levels identified lbr satist_tetory indoor
¢ondhloNs. TIterelbre, the sllule outdoor level satisfies bodl the

Environmental noise can interfere 9.'ith a broad spectrLtm of outdoor tlnd indnoE speech cOlnlllUuicution criteria.
human aclivhies, such _ls speech ¢ommuniclttion in conver_a- Before _lccepting these levels, one ttddltional f',lct bad to be
tion und leaching; lelephone eonvursutlou; listening to TV, analyzed. Tile h_berul(_ry investigations on which Figs. II and
radio, nlNsic; concentration dts'Jng mentnl .¢tivity; reh_xation; 12 are based were Nil conducted in sluady noise eNvironln¢lllS
cod sleep. Frolll the combination of _lllthese individual inlerfur- _ludnol ill fluctuating noise cnvirollments such as flortli;tl urban

+.'alull,e$INund_rI +.'I,1



tl se nr urban 11oJ_t_Will1 aJr¢l'[i fl Ilyovers, Iii _1s]_2t_hl] alla]vs J_,

h w;is assnred tll;ll flit ¢onManl Le, , the _ereelllLige of Inlise
hllerlel'ellC¢ _ I i spt'eeh s grealtT filr st¢;idy no se 1 i;111 h)r

almt_stall types nf envJlonnlenla] noise in whidl tile magnilude
varies wJdl tinle. N Consequently, Ibe IJndl [t:vels Jn steady

'_ A-weighted sound pressure levels derived I1nnnFigs. I I mid I.
cau be re _[aced dite¢lly by L,,I levels since lhe steady case is the

,_ nlosl nlerl_r ng one, (An Lit d I ona ann ysis l])r sic;it y iitllK -

-_ ing noise cycled on and tiff perit_dically also indicated salis fac-
tnry resnhs for tile itldonr as well _lsoutdour case. if tile sleady

-'_ noise is replaced by tile L,.,, of the cycled mfise.)
._ Aldmugb noise levels guaranteeing nn inlerl'ercnce witb

speeeb conlmunieali_m are directly nle;tningl'nl only in tenlls of
g L,.,D, lbr cl)nlparison with Odler inlert_renee el'fi:cts it i_useful In

_. express tbenl also in approximate, eolTesponding L,m. Based on

tile typical relationship between daytime and ni[dlttinle noises intile Ldn r;Inge of inter_sL L,u_ can be aSstlnled to be approxi-
nlalely 3 d B higber than tbe L,.q during Ibe daytime. Using this
assumption, the relationship between Ibe intert_:rcnce etlt'¢clso1"

sl_2ech hldotlr and t)uldoor as a funclion nfLdn [s seen in b*ig.13.hllerll,rcnc¢ u'ith other activitie._. Noise 51111inlerl)re wilb
In;lily tflber aelivibes besides speech eOlllntlUliealbln_ and ex-
tensive studies twer [nany years in Eurupe as well as in file US
tried In correlate the frequency and severity of these Jnterli:r-
ences with the nt_ise environment. Unlbrlnnately. the severily
can be nleasnred here only in terms lethe individual's subjective
response. Even Ibr the cases of sleep interrttplbln or sleep inler-

a i I 5 _ _ 4 ference, lbrwhiehnhjectivedataarefi_ribcnnlingandavailahle,
C0mt_unlcatln|IJtst_neeInMtltls their translatinn frlun the laboratt_ry to real-lil_ is difficult; and

Figtlre 12--MtllitnltllldJ._llliwl,._¢ltthltmr_overll'hil'hc'l,llt,t_ltliloli_ their interpretation in ternls of potential lnng-tellll efli:cts on
.t s h,r' _atix hclm'i . i,n. igihhm heahhand wellbelngiseqllall_.'pr_)bJenlalie. Constllidaledevi-

dence fnnn all noise surveys and public opinion studies, bow-
I I I I I.mo _ ever, is consistent ell(lugb lU draw this type nf cnnclusive t ues-

,_ _ tt, n:Atwbat evesdoesnosestnrtto nlerl_zrewithdlepubles_,*_ well being wben colnpared to other environmental and sncio-

t1 I_o. s_,,.._,,*_ e¢ononlie problenls of pp2sent-day sncJely'. _- I _, One answer is obtained I'ron_data sueb as Ihose ohlained in

' !_ 'i _ tile Ig.6,] and 1967 Londtm-Heatbrnw Airport noise sur-

,_o. veys. '''':_ When tile allilude of people mwaal their living area
I" _ - I was studied and tbeir reasons liar desiring In mnve away were
I _'-,_r*,, exploP:d, nalse did tint represent n significant factor until en-

i_ _ _ols,_ I _ _ _ I , ,_ , vironnlenlal noise levels exceeded L,l,_ 55 dB tFig. 14). These_0 ss _o _5 2o _ _0 data areextremely inlporlant since tbey put noise into tile proper
perspective with regard to otber environmental factnrs.

(!_'? oul t-'oollp_l._al_¢ AVI_r,I _',,J_Dt fvtt. t_ loll) A seennd type t)l' relationship emerged fl_ln all the publicF g re 13 --hi .' n _, pc" ', q, _1'_ '_J're_c, . ,_ ' c, _ '. opinion/noise surveys conducted around larger airports ill tbe

_] lig _i y sttfunctiotlofta,.tightal'eragenoi_l'l.ve (Laj_bttwdon US andEtlrope--tberehttionshipbetweenlheenvil_nnlental
La -_ 3) if'rum Fig_. II. 12) noise levels and the percentage of the pupulalion reporting to be

_/ highly annoyed by the noise. Actually, the results of the US andz]- _tRc/_ra_to_I*lO_LEGIVI_t_P_,gl_c_aaI_fASONS British surveys are remarkably consistent in this respect (Fig.

'!_:I toR_lm_Ta_aaweto,_nnso,,_vlg_i_l 15)." (This relalionsbip was used in studies hy various USgovennnent agencies _ and ICAO far several years and wits

• recently verified by _;OECDin analyzing British.' French, and
] Dutch survey results. ) Even the percentage of highly annuyed

people who actively complain about tbe noise can be fairly well

predicted. _r Unfortunately, there are hardly any data farLda <
55 dB, where tbe percentage of people bighly annoyed is less
than 20q and should rapidly diminish. It must be remenlbered
here tbat the results showing 20_7rof all people as annoyed can

z be interpreted Io mezm that each individual of the total popula-

_ 5 lu G,,I A* ,t F,ort, A,l,:,.tl tinn is leeling annoyed 20fTrof die time. h is hardly pessihle for

any huntan being tu inte,_rale annoyance over a very long time.

To feel annoyed by noise a small percentage of the time is
probably never avoidable even in the quietest surroundings; in

_0 _o _o 7o other words the percentage reporting to be annoyed in Fig. 15

A_I'mXlUt_Tfo_-_l_tr aVtR_t_SO_J_IattVft will probably never reach zero.

Itt_,l i. d_ ColnlltllllJtv I'g,_'l)onst,, The _ll;ll Sel of data contributing ta tile

Fgr'14--Perl'entltge_fp'opewhparictht'',rot.¥1brwlltin_, o'¢erall t uestltln u f noise i_terfer_nee with hLmtl_llactivity and
n, mm'eu well be ng s t le no se levels result ng n htlntan gronp act v ty



aRd CtHIHnllnity _l_lil)n, Abhougb these dafa ;ITe still more d_ I

I I I I I pendent tin I]le stlciL_.e¢ollontie baek_l_nuld _nld the legal-
P£RCEDTAGEOFP[OPLEHIGHLYANNOYEI)vsNOI++[ ptdilieal syslent, tht]a stlcll ;Ispresen]¢d in I'+ig.16 nl_lybe usud

C(JM_IHEDRESpLTs- I]R_TI_tANDUs sURvEYs • tn eslinla]e noise environments ]bal areconsidered a++Ilol inler-

eo I_,,,,__ _,,,_,l _ ICrin_ Witb ntlrnlaj ctlnlntunily jil¢. _ [I nlLIslbe nlenlioned tbel

tbe 55 easepoints ill"Fig. 16arcpIn]ted ,.vifllout any eorrcctitnls

such [IS }reviIlus e×pn_,llre ]lis]ory of co]nntunity; ty )e ill' envi-

+,,3 rnnmenl SLIc 1 +1_Urball_ suburb;in, rural', m +le_lsalIce h+ward Ibe. qoise; or t)]hers. If Sl]ch ci_Ireclionsnrc included, the spread of
tile dala points is smaller, ulld the aver_igeeomlnullily rt_spollse
under the exislin[z et_ndition_e_lnbe predic]ed with saliSl'actol_
;!ceUr;ley, In Ibe _resenl ei1nleXl, lln_vevor, tile basic noise inter-

._0C -- -- -- -'I._ _ _ _" I _ r_l_" _" _'_" l)renee wasof in]crest, not filereaclitlR inndified by pasthistoryg,_._.i_" _ _r presenl econt_ntic/ptditieal ennsideralions,
_ ,_ _" Since ]be relatit_nshlpsof Figs. 14. 15, and J6 zlreall de_,crib-

ing lhe long*lernl environntelllal m)ise efl)cls regardin,
35 do _5 .'o /5 _o o5 illterl_ rence/allllOyall_:e. Illey can bc _2nnlbbled inln one ligure, _

*,PP_m_U,_lLDa_.n,n.tavl,,_a_"_>.'_t.ev_*,,,,,,_,,,,,_ Tile result, presented in Fig, 17. leads to tile cnnclusion Ibat an

Fg "' 5 Ip .... _, 'pU_ ' .,p,, _ _ _, _, , _.. otndllorday-nighl sound levelof55 dB nligllt ben reasmlable
a_ a li __'i_. oI" y- _ " ' g ' ,i Irlh' ' "1,Ctmll.ned r_'lldtl _!1 Jhnit. belt_w whleh nnise does nt_l in]erfere _ignificantJy with
Briti,_hlend US _ltrul',l__ hulrlall activities. Tile e fl_cls starting at this level are describedUS ftd]ows:

Tile average expecled tn_nTi11llnilyreaction is none. even

_ .t,_,___ "....... -, _ , - , _=--_ thnugb I_;_rd'lhe populations migbl ct_nlplaln, und 17_;;might
_,_o._,*_.,o_ ...... indicate dlat they arc highly atmnyed by Ibe noise when asked in

soeiat surveys.
_[vt_ l_[_l_ Ntdse is tile lezlst bnpnrlanl racier govc_iflg ;Ittitttde tip

o_ =_o_,_z_e_s Ward Ibe _Lrea,
TOkO_ OFFle)_k5

_o.0,.,,o.=t Outdoor conversations are easily p_)ssible whb ntlr11111]

_nIIPNI_°e°_t_INI$on_l_[ _.nl_t _ .... :: . .. voice over disl_lnces Lip tt_3.5 meters,
o_,10,_&_t,o_ ....... ,_r,*r_*,.,_. These otndt_or levels resttlt in indoor levels of upproxl-

_""'_'_'""_ malely 40 dB. a level 5 dll behlw tile level derived for nil
eou,_.,_s t • . . .......... inlerl_rcnce with indut_rconnnunicatiml with an open window.

An indexer L,ii_of40 dl] is usually coupled wilh a nightlhlle
_*.,._.,o_ level L. = 32 dB (open windrow), a level Ih;_t is consistent with

._t.oo0._,_ ,= ..... =.... the limited data on sleep inlerfercnce.
_¢'_l_lt_t_*ot'cl_l_tl_ I I- _u_ ' ,_ _'o .o It was tbis combined reasoning '.vllich hel_d EPA to con-

_o,..........,.._,__,,,, ........... "_"'"'_ _":'_'":"' elude Ibat an outdoor Lan < 55 dB in residenlial areas could be
F]gltre 16 -- Colmmltill' rl'ltl'tion _.i J _ ' Jot _l il It' I _ _ _or identified as tile lilnil COlllpatible with tile protection el' public
l '- g rer t/* i I 'v '_ heaJlb lind well'ate.

Conclusions

RELATIVEIMPORTANCEOFaIRCRAFTNOISE Tile analyses and assunlp]ions snnlnlarized in this p;tl_r ledA_ A FACTOr IN DISLIKING AR_A OR W_NTIN_

"_ MOVE (HEATHflOW I_t STUDY] the EPA to adopt Lt._ ;]nd Lqn as Ihe descriptors of environmental

noise. An examination of all available data on noise-induced
_1_2_T I INCREASING ' hearlng loss prompted tbe conclusion thai in gnvi_Rnlents with

i L.,, _ 70 dB. the pnblic is prelected againsl noise-indneed bear-
ng spa relent with an adeqtnne margin of safety. Noise will

ao have no efl_et on publlc beallh and well being due to interl_r-

ence with speech or _lber activities and will not result in undue.

zo.- _ _ long-term annoyance as long as the yearly avenlge Ldn is below
_,.._o w_or0us _ 55 dB. Bused on these results, EPA published Table II. identiQc-

inn for most spaces tile yearly average L.,q or Ldn compatible_'_'_ ACTION _' wilb public heahh ant. well,re.

._¢._q.___ _o _ Tile limits of Table II are not rigid sllmdards to be enforced..co z but rather goals and guidelines for a coordinated overall noise

_ le _'_'_ 40 i abatement program, Thelhnitswerederivedwhhthetotalindi-
¢ vidual noise exlmsure in mind. occupational as well as nonoc-

cupational. These limits can be monitored witb relatively simplestandard equipment; they can be n|onhored for spaces and lbr

so _- individuals moving through ninny cnvimnn_ems during each
dry. An important I_alu_ fo_"nn overall noise control ,program iszo that tile contribution of individual noise sources to tbe total L_,O ""

50 55 6o G5 7o 7_ 60 or Ldn Can he calculated or Oslinlated for individual places as
OUTDOOROAY-_IGHTSOUNDLEVELILdnFINdBREMICRO-- well ;ISfor an entire country, The cost efl_cliveness of various

raSCaLS alternatives pertaining to source emission or aircraft certifica-

Figltr_lT--Sutlznllzt),l_fllnlzo)'lmc't,/¢olnphtintrt',_l_¢.l._¢'sloinlctfi'r* ties standards and to higbway or city planning can be evaluated.
g o z lot ihlv.night,lmold lel'els. Stlmnu#T oJ'Fiq.v.14115, and 16 The method and the limit levels identified cannot be applied

pre_entcd in ReJ_ 8_ to all types of noises or answer all pt_bletns. As for impulse



• • ".¢

TABLi£ ]1 larg e pcJcentagc of tllo_e t:xp4)NCLL. Acousticians all mo ol'tcn
¢ont_unwal¢ till adv;inc[n_ their kntlwledge inMeiKI of applying

SUMMARYOF t_AXIMUM NOISELEVELSIDENTtF[ED Ille knowledge Illey nlready lUlVe. Permm;dly, the author be-
REQUISITE TO PROTECT PUBLtC HEALTII ANt} I+VELI:A RI_ lie_ es thai tllere is 11o exetls¢ for wghhtfldg}g fronl tile public Ihe

Effuel Le'*'el Area f;IcI [h;t[ it is already ktlt)_ll how inll_h ntllSe is I(1(I Illll@l}!!

llearingloss Ll.,l_> _< 75dB Occupathuml alld rt'rerenees
educalJonal settings

I "PnbliclleulthandWell;_r¢ClilerialarNois¢.'lISEn_ir,nnlenhfll+r+_tec •

Leq 1_41 '_ 70 dB All odlt_r llD2as lion Ag¢ll¢), RepL NJ_, 55<1,aJ+73-(102 11_73_

OIItdoor _letivily OutdooI_; -- I_Sidgnlial 2, "EII_'¢t', tel Ntds¢ _.1 Pe_pl¢," US [[tl_irollnlcnl;d PlldCcli_ln Agency,

interl_rence and Li, < 55 dB areas, farnls, other Repl. Nt_. NTID 300.7 (197l).3. K ). K _ c , :th" t_+!tA'<'_Cl.h_htn AcudcnlicPp:s_ NewShlrk I_J7()l,
annoyance 0uldooc ill, as wJlel_ 4. "RL:I'_,J1 m II1¢ [tresid¢lll and Ctmgrtr_ iln Ntli_¢," _S [!nlil_lnnlenluI

widely varying _nlollnts plklte¢lhm A_cnc_. reel No. NRC SI_I I (19711.

of lithe ate SpeJIlt _ S, W, J, G allm_;_y el uL, "lk+pulutimt Di,_trihm gul af th_ Unilcd Stales us a

other places In Wllieh FIm¢lgm ul Outdm_r Nt_be [x_¢l." US Etl_ ffofllnulnul Ptol¢ctgm Agency,.
quiet is 11 bzlsis fnr use, rq,L N_+.EPA55tFg.7.1+nll,_(It;741.

h, I'_ocecdm_ vl the hll¢lll_lllHl_ll _OIIgJ4%_ O] +'_'01_4'i1_ _l PuglW Ih'alth

I_.q 4m "_ 55 dB Otltd00rs -- seh00[ l+r.hh,m /t)ubm_nik, S'ugo_lali;i. It_73)+ ErA 5no#/.73d)<It4
yards, playgrounds. 7. N_,isc Contnfl A¢1.1" It_72, I+uhli¢ l.;ps +12+574,_J2nd Congr¢_, IIR I In21
etc. whcre,.,;limited lime (I,/721,

is spent, _, +'_nt*lf[ll;tlgnl iin I+e_cls ,I n[n_iFtlnMelllUl Noise Requisia: m Pr<_tecl II1':
Public Ilcahh and Welt;ire '_ith an Adeqnat¢ Murgm _1 Sul¢l) ." US I!n.

l[idoor ilctivity L_l a _ 45 dB Indnor reside_lllal are_ls _irunnlent_d [JalleClion Agen¢), R¢III, N_+. 55(_'9-74-t_14 (Mui_h 1974L
interference and - ,_. "hnpacl Cllura¢leri*'atitnl tH N.ise In¢lmling hllpliculitms _t hle,lil)ing

annoyance aml A¢hieving Ix_¢ls of Cmuulati_e Noise I_Mx+'_ure," Tusk (ht+Ul_ 3
Reel Ntl. EPA NTH) 73.4. H. E. :ml Gietk¢, Ch;tinn;m IIU7.|L

L_.qt=4_ < 45 dB Otllgr indoo[ aP2as -- I11, W. Iliirek ¢t ;d,, "l:lughirnl, Gutaehlen erntuttel inl Aullrag tk+_ [lundes-

schools, Ctc,, with iidnislers luer Ge_urldlteit_e_cn" (Germ;m), PJ/4L (Aircmn N_+i_:: El+

hulllan activities, pert R¢conlnlend,tti_ms, cmulni_i,med by the Oennan I:¢dcml Slhlislr_ I'.r
Pllblic He,dIll )

I I. _ N. Slc_4_IIS gl aL* •'PP_¢¢dur¢_* hw EMgllulin_ Nid_ L_E_+[_FsUI_ dlld
ntlise_ sonic boonl, infrasoulld, and tlhr;isound, lilt? doctnllent lexu i ig Co i itlnitv t{eaclillllS Iron I Air lion ¢ O_,ltgln%." rept ' Nil,
ciled discusses separately tile linlilS eolnpatlh]e witll pnhli¢ XV,t.DC TN 57•In, Wright-l'atter_on AFIt, Ohi. II'J57g

bgallil and welfare." It is also adnlgted Ihill the limit tt_r Ih¢ 12. W, D, Ward, '+'File Cont¢lll ol E!tt_:ctive Quiet," IPre'.ellled at Ihe 85111

outside cnviltH_nlenlal noist_ level of La.._ 55 d_ llt;ty be higher Mc,:ting t_t Ihe Ac_uslieal Snciely _l' Anl¢ ri¢u, 1973,1

[hiln some CnlldJlions; Mtitudes and siElations itlilke il desir;thle 1.1. "lluu _e Noise -- Redudiml Mea_ur,:n+enls f.r IJ_¢ in St udie'..f Aiterall

at some places• No one should he discouraged fRInl striving for FI)t,_,:r N+,i_¢++' Rept, No. AIR 11181 IS.¢ ol Aura Eng., 1971 L

lower noise ]eVOIs, wllieh mlghl be desirable I_r reasons oilier 14 D. E. llish.p el al.. Solmd rnld I_thr.tit.I, fl, 51-$4 (Itl741,
15. J.C. G nignard. "A lia_is liar Lindling Noi_ Expa+ttre her Ilearing Ctm _cr.

than public gealth, latitm," US Enlirannlental Pmtectitm Agency. Rcpt, Nt_ ErA 551,V9.TJ.
Seltlingon the presented melhod for quanllfylng envil_lflnlell- (lOl+A or AMSL TR•73-9{), Wright-Patler_m_ AFE. 011gt 11+_731.
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