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FOREWORD-

The Congress included among the requirements of the Noise Control Act of 1972 a
directive that the Administrator of the Environmental Protection Agency “. . .develop and
publish criteria with respect to noise. . .”” and then “publish information on the levels of
environmental noise the attainment and maintenance of which in defined areas under vari-
ous conditions are requisite to protect the public health and welfare with an adequate mar-. .

- gmofsafety”

Not all of the sc1ent1f1c work that is: requu'ed for basmg such levels of env1ronmental R
= vno1se on precise objective: factors has been completed. Some investigations are currently-

underway, and the need for. others has been 1dent1fied These involve both special studies .
on various aspects-of effects of noise on humans and the accumulation of additional

o :Jep1denuologrcal data: In some cases, a. considerable penod of time must elapse before the A
results will:be- meamngful due-to:the: long-term nature of the mvestlcanons mvolved None- ~ ©
_ ' _-theless there is:information: available. from which extrapolatmns are possrble and about

: 'whmh reasoned Judgments can be made - -

: Given the foreaoin’g, EPA has sought to provide .ihformation on the levels of noise

. s,reqmsxte to protect. pubhc health-and welfare with-an adequate margin of safety. The infor- .- ~. . -

mation presented is based: on analyses, extrapolanons and evaluations of the present state

of scientific knowledge. This.approach is not-unusual or. different: from that.used for other * .

envnonmental stressors and pollutants. As pointed out in “‘Air Quality Criteria’—Staff" -
Report Subcomrmttee on Air and Water Pollution, Comrmttee on Public Works, U S.

. Senate, July, 1968 B SRR R

The protecnon of pubhc health is requ1red action based upon best -

. evidence of causation-available. This philesophy. was appropnately .
expressed by Sir E. B. Hill, 1962, when-he wrote: “All scientific
work is incomplete—whether it be observational or. experimental.

All scientific work is liable to'be upset.or modified by advancing
. knowledge. That does not confer upon us freedom to lower the .. .
kiowlédge ‘we. already have, or to postpone the action that it appears
to.demand at a given time. The lessons of the past in general health

-"and safety practices are easy.to tead. They. are characterized by.em- . - °
pirical decisions, by eternally persistent reappraisal of public health
standards agamst available knowledge of causation, by. consistently
giving the public. the ber::zfit of the doubt, and by ever striving for . .
improved environmental quality-with the -.accomp'a'nymg reduction
in disease morbidity and mortality. The day of precise quantitative

. Foreword




__ measurement of health and Welfare effects has not yet arrived. Un
" such measurement is possrble, action must be based upon lumted

-of human hfe- S
. _'med1cme

_ The forecomg represents the approach taken by EPA in the preparat1on e
e document on noise; As the fund of’ knowledge is expanded unproved and reﬁned revmons
o _of thxs document wzll occur o

o The mcorporat:on of a margin of safety in the 1dentlﬁcat10n of non-hazardous levels.
T i.::-lsnot new. In-most cases; a statistical’ determination is made of the lowest level at* wh:ch
- harmful effects could occur, and then an additional correction is apphied as:a;margin.of -
-..safety. In. thecase of. nolse, the margin-of safe

o thus prorndes for the adequate margm of safety

: It shonld be borne in rmnd that thrs document is pubhshed to presen in: ormatron
required:by- the Norse Control Aet Sectlon S(a)(z), and ‘that its. contents o1 tute
Agency regulatrons or:standards. Its statistical generahzatwns shou.ld not be: applied’ to a _
particular individual. Moreover ‘States'and 10caht1es will approach thxs mformatron accord- '
ing to-their individual needs and situations. - -
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' TTS determmed 2 mmutes after cessatmn of exposure
' Tune-va.rymg noxse level
R A-welghted sound lev '

“Background” or ‘_r. _

e Day-mght average sound level—the 24 hour A-wexghted':“
+ with a°10 declbel penalty apphed to mghttxme level §

S Eqmvalent A-welghted sound lev ) ven tin
' Equlvalent A—welghted sound lev "over'exght hours -
A P _ Eqmvalent A-wexghted sound ; evel :

o Hourly eqmvalent A-we1ghzed sound levei

Maximum- A-wexghted sotmd level for a giver 'ume mterv +OF S¥eRt.

- Daytlme eqmvalent A-wexghted sound level between the ho Xo 0700and g

Sound expowre""levelrthe- l‘ev_e'lf-of ?soiir‘id é’cenfriixlatéd*dﬁﬁhg;,a given évent.

R nghttlme equlvalent A-welghted sound level between the hours: of 2200 and’
0700 T

Abbreviations-2

———
: ’
Lo o d

1 . 3 1

) L] (I



Cod

—
Lo

F2

]

=)

L.

Lo

Lo

L

L5

, SUMMARY .

r

Sectlon 1
INTRODUCI‘ION

The Noise Control Act of 1972 established by statutory mandate a national policy “to
promote an environment for all Americans free from noise that jeopardizes their public
health and welfare”. The Act provides for a division of powers between the Federal and
state and local governments, in which the primary. Federal responsibility is for noise source -

- ~emission cortrol, with the states-and-other political subdivisions retaining rights and author-
1t1es for primary responsxbrhty to control the use of noise sources and the levels of noise:to:
;be penmtted in thexr env1ronment A :

In -order»to' prov:ide ia'deq-uately for the. Federal emission control requirement and to
insure ‘Federal assistance and guidance to. the state and localities, the- Congress has established .
two. separate but related requlrements with regard to'scientific'information about health and
welfare effécts of noise.. First, the Environmental Protection Agency was called upon to

~ publish descriptive data on the effect of noise which might be expected from various levels -
-and exposure situations. Such * ‘criteria” statements are typical of other environmental

regulatory schemes. Secondly, the Agency.is required to publish “information” as to the

- levels of noiseé requlslte to protect the pubhc health and welfare with an adequate margin
) ofsafety” ’ e ST il e ) _ o

. The ﬁrst requu'ement was completed in J uly, l973 ‘when the document “Publlc Health"
and Welfare Criteria for Noise™ was published: " The present document represents the second

.step. Much of.the. sc1ent1ﬁc material. onwhich this document is based was drawn from the . .

earlier “criteria-document” . while ddditional material was gathered from scientific publi-- -
cations and other sources, both from the U S..and. abroad In addition, two review meetings

E Vwere held which were attended by’ representatwes of the Federal agencies as well as distin- -

" guished. members of ‘the. professmnal ‘commumnity and representattves from industrial and
L envxronmental assocrauons _The reviewers’ suggestions, both.oral and written, have. received
o t_houghtful attentron, and therr comments mcorporated to the extent feasxble and appropnate

After a-great: deal of .analysls and- deh“beratron levels were: 1dent1ﬁed to. protect pubhc
health and welfare for al large number of sxtuatrons These levels are subject to the




deﬁrut}ons and quahﬁcatrons contamed m the Forewordt They are summanzed in Tab o 1

2 T° Pmtect agamst hearmg unparrment (see Appendlx
) . _‘ audrometnc frequency of 4OOQ Hz,,

L - b - Changesm hean.ng leve - of
e : nottceable or: srgmficant

& Onecannot be damaged by sounds considred normally audible, which one
Amnnothea.r T T ~ NES S ,

‘ Proteetmg the populatmn up to a cntwal peree_ ke
decreasmg ahlhty to hear)-will also protect those abave that per entil
;.f,jsxderatron 2c above) theretry prote-ctmg VLrtual]y he enure pOpulatl ..

L To correct for mtenmttency and- duranon m ]dgn i ifg
S protect agamst heanng loss (a.lso see Appendxx C)- , :

The Equal Energy Hypothesrs ; L
b'. The TTS Hypothesrs

. 4. To rdenttfy levels requzsrte to protect agamst act1v1ty mterference (see Append1x D) .

‘a‘.t Annoyance due to noxse as. measured by commumty surveyS, 1s' the ¢ conse— i
quence of act1v1ty interference. :

b. Of the various kinds of activity interferance, speech interference is the one
that is most readily quantifiable.

. 1.L ]
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Table 1
SUMMARY OF NOISE LEVELS IDENTIFIED AS REQUISITE TO PROTECT PUBLIC
HEALTH AND WELFARE WITH AN ADEQUATE MARGIN OF SAFETY
(see Table 4 for detailed desgription)

EFFECT |- LEVEL AREA
Heanng Loss _ 'Leq(.2'_4)§. 70 dB All areas
A Outdoor,-activity 1 L3pS<55dB Outdoors in residential a.reas. and
_interferenceand | - | farms and other outdoor areas -

.. :@ﬁéymcef‘ N .+ wherepeople.spend widely varying { -
DR R SR "' | amountsof time and other places
in.which quiet is a basis for use.

) ;Leé(24)<,55~'.dB A_:'AQntdoor,areas-.where .people spend - - g
LT - “limited amounts of time, such as
. school yards, playgrounds, etc. -

. Indooractivity. | Ly, <45dB- - | Indoorresidential areas
interference and - e
-annoyance, Leq(24) < 45dB | Other indoor areas with human

- -activities such as.schools, etc. .

Explanation of Table 1:

1. _ Detaﬂed drscussrons of the terms Ldn and Leq appear later in the document Brxeﬂy,, -
eq(24) Tepresents. the sound energy averaged over @ 24-hour’ period w}ule Lin represents o
the L wrth a lO dB mghttxme werghtmg

2. 'I'he heanng loss level 1dent1fied here represents annualaverages of the daily level over

_aperiod of forty years. (These are energy averages, not to be confused with. anthmetrc
" averages.).- : o - - BRI '

3. Relatlonshlp of an Leq(24) of 70 dB to hlgher exposure levels

EPA has determmed that for purposes of heanng conservatxon alone a level wh1ch is
protective of that segment. of the population at'ur below the 96th percentile will protect B

' virtuaily the entire populanon ~This level has been calculated to be an: L of 70 dB over _' S
" a24-hour day ' ‘ .



i “noise abatement activities, local governments should bear in: mind the sp

Given this quantity, ‘it is possrble to calculate levels which,. when averaged over grven
duratlons shorter than 24 hours, result-in: eqmvalent ‘amounts of energy. "For example, the-

" energy contained in an 8-hour exposure’to 75 dB.is eqmvalent to-the. energy C "t'amed ivad.

~ 24-hour exposure to 70 dB.. For practwal purposes, the former ¢

- to the latter when. the average level of the remammg 16 hours o
more than about 60 dB* for tlus case)

‘Since 8 hours is the typrcal darly work penod an L (8) of 75 isiconsidered:an appro-
pnate level for this partlcular duratxon In: addmon, the 2cil—hour exposure’ level ‘was. denved
fmm data-on 8hour daily exposures over a 40-year working life. In plannmg cornmumty

o resrdents who expenence levels hrgher than Leq(8) at 70 on therr JObS

These levels are not to be construed as standards as: they do not take mto account cost ’

or feasibrhty -Nor should: they be’ thought of as drscrete numbers, smce- '-ey-‘are descnbed i
. in terms of energy’ equrvalents. As specrﬁed in: th1s document, 1t is EPA '
" maintenance of levels of environmental'noise at or below those specrfied. bove:

to protect thie public from advetse health' and welfare effects Thus, asanind v
"~ froma relatively quiet home, through the transportatlon cycle, to'a somewha
pational situation, and then back home again, his. heating will not be‘impaired if _the dally
equivalent of sound energy in his environment is no more than 70 decibels: - -Likewise, undue.
interference with activity and annoyance will not occur if outdoor levels are mamtamed at
~ an energy equivalent of 55 dB and indoor levels at- 45 dB. However, it:is always assumed A
_throughout that environmental levels will fluctuate, even. though the 1dent1ﬁed energy eqmv-
...+ alent is not exceeded. Likewise, human.exposure to.noise. will vary’ durr.ngL thef-

L though the’ daily “dose” may correspond well to the rdentrﬁed levels.

R TINN

_ Before progressing further, it-would- be helpful to- drfferentrate between the terms
“levels”, ‘‘exposure”’ and “dose™. As: used in this docnment the wor
- f»‘magmtude of sound'in its physrcal dunensxon, whethet or: not there arg. : -
‘hear it. “Exposure 'is used"to mean thosé sound levels which are’ transn:utted to the human o

ear, and “dose™is the summed exposu.re over a penod of txme :

refers to the A

* This is not to imply that 60 dB is a negligible exposure level in- terms of health and welfare
considerations, but rather that levels of 60 dB make a negligisle contribution to the energy
average of Leq =70 dB when an 8-hour exposure of 75 dB is included.
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LEGISLATIVE HISTORY

Pursuant to Sectlon S(a)(l), EPA developed and published on July 27, 1973 criteria
reflecting:

.the scientific knowledge most useful in indicating the kind and extent’
of all identifiable effects on the public health or welfare which may be
- expected from differing quantities and qualities of noise.

Under Section 5(a)(1), EPA was requn'ed to provide scxentlﬁc data that, in its Judgement,
was most appropriate to charactenze noise effects

. Thepresent “levels mf°fmaﬂ°n do,cnme_n.t is required by Section S(a)(2), which.calls ™.
forEPAtopubhsh SR e

mformatlcn on the levels of envu'onrnental noise the attainment and

- a.malntenance of which in defined-areas-under various conditions are requi- = < T
site to protect the: pubhc health and welfare w1th an. adequate margm of e

- oosafety e

"I'he:prese'nt:’ document, "axi'd its'approach to identifying noise levels based on cumu-
lative noise exposure is in response’to the expressed intent of the Congress that the Agency
develop such a methodology: The EPA Report to the President and Congress, under Title
IV, PL 91-604, contained cbn's1derable material on the various schemes for measuring and

' evaluating commuriity. noise. response, and it. contamed a; recommendatlon that the Federal.. o
' government should make an assessment. of thie large- number of varying systems, mth a goal o

of “standardlzatlon, snnphﬁcatxon and mterchanoeabxhty of data

‘ 'Ihe’need‘for"sdch-. actlon. Wa's-the.subj_ect of cdnS1d‘erab1e'Congressionaliinterestint'he'

- hearings on the various.noise:control-bills; which. finally resulted in enactment of the Noise: " =7 ¥
o Control Actof 1972, The concept underlying this present-document can be better apprec-

iated from the followmg pertment elements. of the leglslatlve lustory of the Act.

In the, course' of the hear'mgs before the Subcomrmttee on Pubhc Health.and Environ-
ment of the Committee on Interstate and Foreign Commerce, House of Representatlves
(“Noise Control” HR Serial 92-30), the subject.of the. relation of physical’ no1se .measure- .

_ ments to human response was given cons1derable attention. The Committee, in reportmg o
the bill (House of Representatlves Report No 92—842 Nonse Control Act of 1972), stated

the followmg on: this matter

The Comm_ittee no-tesith_at. most of the information relating to. noise o
exposures was concerned with specific sources, rather. than typical - ... -



cumulative exposures to which urban and suburban dwellers are-

- .commonly.exposed. There is-a-need for'much greater: effort to.

_ 'determine the magmtude and extent of such exposures.and.: the
Committee expects the EPA to promote studies on this subjeet:

" consider. development of ‘methods of" umform measur meént
S 1mpact of norse on commumtzesa

- The Commlttee went on in the Report to assrgn responsrbrhty to -the. Admmrstrator to-:;-.:.w

c.oordmate all Federal noise programs, with-a spec:ﬁc express10n of con - e
. “drfferent systems of noise measurement”  in“use. by ‘the various Ageiicies.- The: foilowmg' :

1s especlally unportant with respect to. the purposes of thiS document

L The Comnuttee gave some cons1derat10n to the estabhshmen
o JFederal-ambient noxsestandard but: rejected 1e: concept
- “Establishment of a Federal amblent standard would in effect o)

~ theF ederal Government in the posrtron of estabhshmg land use

" . zoning requirements-on the basis of noise: ... It is-the. Cor.nmxtte

. view that this function’ is one more properly of the states and their.

' *-'pohtlcal subdivisions; and-that:the Federal Government should' :

v1de gmdance and leadersh.lp in undertalcmg tha,t effort

The need for EPA actlon on th:ls subJect under the legrslatrve autho :

oA vanety of speaahzed schemes have been evolved over-the.
.. yearsto quantify the relationship between these various cond
... ~tions and-their effects on-humans. . . ,.Suffice it to'say that:no:
o sunphstlc singlé number system. can adequately provide. for
- uniform.acceptable national ambient noise level value.  This,’
- . hewever, does not preclude the undertaking-of a noise: abatement
- strategy. mvofvmg the proper use of the available scientific.data’:
- on the part of the Federdl Government in conjunction with the.”
“state and local governments. . . . The complex nature of the con-
siderations we. have outlined abdve in our judgment require that =

. the Federal Government undertake to prcmde the’ necessary 1n-:

formatlon upon which to base Judgments

Taking both the specific language of the Act, cited above, and _the'legistative‘history

discussed in the foregoing, EPA interprets Section 5(a)(2) as directing the Agency to identify
levels based- only on health and welfare effects and not-on techmcal feas1b111ty of economic

( of the Act was . .
presented in Agency testimony before the Subcomrmttee on'Air. and: Water Polhition, Com-"

fnittee on Public Works, U. S. Senate The followmg portron 1s 1mportant ' Norse Pollunon
Serial 9”-H35 U.S. Senate)

T e T )

r_'____‘
u -

—
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Throughout this report, the words “identified level” are used to express the result of
the inquiry mandated by Section 5(a)(2). The words “goals™, *“‘standards”, or “recommended
levels” are not used since they are not appropriate. Neither Congress nor the Environmental
Protection Agency has reached the conclusion that these identified levels should be adopted
by states and localities. This is a decision Wthh the Noise Control Act clearly leaves to the

states and localities themselves.

Certain of the statutory phrases in Section 5(a)(2) need further definition and discussion
in order to make clear the purpose of this document. Congress required that EPA “publish
information on environmental noise” levels. This mandate is basically one of “‘description”.. ...
Such description is to be made in the specific context of “defined areas” and “under various .~

.conditions™. The phrase “in defined areas under various conditions” is used in both a geo- . -

graphical'and an activity sense, for example, indoors in‘aschool classroori or outdoors adja- -
cent to an urban freewav It also requires consideration not only of the human act1v1ty

N mvolved but also of the nature of the noise: 1mpact

The next and last statutory phrase in Sectlon 5(a)(2) is most important. It is that the.

=7 noise levels-are to be discussed-on. the-basis of what is requisite. to protect’ “the public health .
-+ _and welfare with an adequate margin of safety”. The-use of the words. “public health”

: requlres a:statistical: approach to- determme the order:of magnitude of the. populat1on

- affected by a given level of noise. The concept of a margin of safety implies that every

sector of the population which would reasonably be exposed to adverse noise levels should

be. mcluded by the. spec1ﬁcally described levels.

- The phrase “health and welfare as. used herem is- deﬁned as complete physical, men-
tal and soc1al well-bemg and not merely’ the absence of disease and infirmity”. This defini
tion. would take into account sub—chmcal and sub;ectwe responses (e.g:, annoyance or other
adverse psychologrcal reactrons) of the individual.and the public. As will be discussed. below,
the available-data: demonstrate that the:most serious clinical health and welfare-effect caused

=+ -by noise isinterfererice with. the ablhty to hear; Thus, as.used.in this document the phrase o
: “health and welfare”” will necessanly apply to those levels of noise that have been shown to
' mterfere W1th the abllity to hear e e " ' :

. T - L EEER

The phrase “health and welfare” ‘also mcIudes personal comfort and well-bemg and the . .

- -absence. of mental anguish:and annoyance. In fact,.a considerable portion of the data avail- -

" able on the. “health and welfare effects of noise is expressed in terms of annoyance. How-.
-ever, “annoyance”’ is.a description-of the human reaction to-what is described. as. no1se

mterference ; and though-annoyance appears. to. be statistically quant1ﬁable, it is a sub-- N
jective reaction to interference with some desired human activity. From a legal’ standpomt _
annoyance per se isnot a leoa.l concept. Annoyance expresses the human response or results;-
not its cause. For this reason, the common lawhas never recogmzed annoyance- as being a




compensable injury, in the absence: of mterference Wlth a personal or. property v ght'._ Of the

many commumty surveys on noise- wh1ch have been. conducted speech i
as. the most tang1ble component of annoyance whereas sleep and other

to understand the unportance of annoyance asa concept it 1s the act
e actmty on which the levels. 1dent1ﬁed in thxs document are based

eontamed ‘in: thrs document should not: be SO mterpreted The! general purpose of thls do
ment is rather to dlSCUSS envu‘onmental noise: levels reqmslte for the protectmn of. pubhc

Cis read The data on’ wh1ch the xnformatlonal levels m ﬂ’llS document are. based are not “short S
run” or single event noxses Rather they represent energy’ equwalent nc.use levels over a long
penod F or example the exposure penod wh1ch results inno more than 5 dB hearm' loss at

v character of sounds from all sources.”
ear simple, umform measure of noise be- developed Not aIl mfo_v 1atior
‘ ,_environmen«t‘can be;.,ea,siliyE considered- and ana;lyied.,lnstead-,,fot ractic:

Many noise ratmg and evaluatlon procedures are- avallable 1n the hterature 2"3
..tary natiornal and international standards, and in commonly used engineering. practlces (see
Appendlx A). These methods and practices are well established, and it is not the ‘purpose of
this.document to list them, elaborate on'them,-or unply a restriction of their use. Instead;
~the purpose is to discuss levels of environmental noise using a measure which correlates with
other measures and can be applied to most situations. Based on the concept of the cumula- -

tive human exposure to environmental noise associated with the various life styles.of the
population, maximum long-term exposures for individuals and the. corresponding environ-
mental noise levels at various places can be identified. It is important to.keep in mind that
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" lined earlier. requxres consrderatxons of: factors not. dzscussed here! Although some: gmdance

the selected indicator of environment noise does not correlate uniquely with any specific
effect on human health or performance. Admittedly, there are uncertainties with respect to
effects in individual cases and situations. Such effects cannot be completely accounted for;
thus, the necessity to.employ a statistical approach.

Section 2 of the report addresses the details of characterizing and measuring human
exposure to environmental noise. The equivalent sound level (Leq) and a variation weighted
for nighttime exposure (L4y) has been selected as the uniform descriptor. The relationship
of Lgq and Lygp to other measures in use is analyzed in Appendix A. Section 2 .and Appen—
dix B further detail the various human exposure patterns and give simplified examples of .
individual exposure patterns. The problem of separating occupatronal exposure from the -
balance of environmental exposure and the statutory responsrblhty for controlhng occupa—

tlonal exposure 1s analyzed in Appendrx F.

In ‘Section- 3 cause and effect relatlonships are smnmarized and presented as the basis = ..
and Justlﬁcatlon for the environmental .noise levels identified.in Section- 4. Spec1f1cally, Sec-‘_ o

tion 3 develops-conclusions with regard to levels at which hearing impairment and: actmtv SR
“interference take place. These are discussed in terms of situational variation and. the respec- -

tive appropriateness of Leq and Lgp. The factors prov1d1ng for an adequate margin of safety r_~,: '
. and special-types.of. n01ses are discussed. This section makes reference to material in Appen— ‘

dices C (on hearing loss), D (annoyance a.nd ‘activity mterference) and: G (special noises),
which in turn rely upon material presented in EPA’s document, Public Health and Welfare
Criteria for Noise, 2to .which the reader is referred for more detailed mformanon

Sectlon 4 d1scusses the levels of envu‘onmental noise requlslte to protect public health

* and welfare. for various indoor and outdoor areds in the- public and pnvate domain in terms

of Leq and Ldn The, sumrnary table.is supplemented by short explanatlons

It is obwous that the practlcal apphcatron of the levels to. the various purposes’ out—

in this respect 1smcluded in Sectlon 4, not all problems.can be anticipated.and:some of

" these questions can: only be.resolved-as the mfonnauon contained in‘this réport is consrdered o
~-..and applied. Such- practical’ ‘experiences- combined with results of further research will guide... R
. EPAi in revising and updating the levels 1dent1fied In this regard, it should be re cognized that o
- certain.of the levels herein might well be subject to revision when addmonal data are

’ developed : e L




ENVIRONMENTAL NOISE EX OSURE

A complete physrca.l descnptaon of a sounid must descnbe 1ts magmtude its fre-
quency spectrum and the:variations-of: both of these parameters in: mrne, :

; The measure should Iend 1tself to smajl, i
unattended in pubhc areas for long penods of tame

These- cons1derat10ns when coupled with the physical’ attnbutes of sound'-that in-

* fluence human response, lead EPA to the conclusion that the magmtude of: sound is of

. most’ 1mportance insofar as cumulative noise effects:are concerned Long-term average
sound level, henceforth referred to as equ1valent sound level (L ), is considered the best,

measure for the magnitude of environmental noise to fulfill the above seven requirements.

Several versions of equivalent sound level will be used for identifying levels of sound in

10

owever, one ... .
must choose between the u.ltrmate reﬁnement in measurement techmques and:-a ractrcal_
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specific places requisite to protect public health and welfare. These versions differ from
each other primarily in the time intervals over which the sound levels are of interest, and
the correction factor employed. v

Equivalent A-weighted sound level is the constant sound level that, in a given situa-
tion and time period, conveys the same sound energy as the actual time-varying A-weighted.
sound.* The basic unit of equivalent sound levels is the decibel (see Appendix A), and the
symbol for equivalent sound level is Le . Two sounds, one of which contains twice as
much energy but lasts only half as long as the other, would be characterized by the same
equivalent sound level; so would a sound with four times the energy lasting one fourth as
long. The relation is often called the equal-energy rule. A more complete discussion of
the computation of equivalent sound level, its evolution and application to environmental‘
noise problems and its relat1onsh1p to other meastires used to characterize environmental .

R : n01se is- prov1ded in Appendlx A

'I'he followmg caut1on is.called to the attention of those who may prescribe levels: o
It should be noted: that the:use of equivalent sound. level in measuring environmental”

~ noise w111 not duectly exclude the existence of very high noise levels of short duration.

For example an equivalent sound level of 60 dB over a twenty-four hour day would per—

- mit sound levels of 110°dB but would limit them to-less-than one second: duration in the
-~ twenty-four hour period. Comparable relationships between maximum sound levels and

their permrs51ble durations can easily be obtained for any combination, relative to any
equ1valent sound level (see the charts: prov1ded in Appendlx A)

Th.ree basm s1tuat10ns are used in th1s document for the purpose of 1dent1fymg

levels of envuonmental noise:

1. Deﬁ'ned 'areas and condrtrdns in which’ people are-exposed to-environmental - .
noise for penods of time which are usually less than twenty-four hours, such as school
classrooms, or: occupanonal settmgs. B : : .

2 ) Deﬁ.ned areas and cond1t1ons in wh1clr people are exposed to envu'onmental
noise for extended penods of’ tlme such as dwelhngs

3. : TotaI noise’_,exposure_ of an individual, irrespective of area or condition.. - -+ - ‘.

" *See Glossary fora détailed del'uﬁtion of terms. Note that when the .ter'r.n. f‘sound level;’ is

.used throughout this document, it always implies the. use.of the A-weighting for frequency.

-1



Three versmns of equlvalent sound level are used in thls;document in order toracs -

exposures have been developed ina number of dlfferent no1se assessment ,ethods em-
_ ployed around the world, (see Appendix A). In general, the method used is‘to charac-...
_ terize nijghttime noise as more severe than corresponding daytime events; that'i is; to apply

a weighting factor to noise that increases the numbers- eommensurate with. their severity.

-~ Two approaches to identifying time periods have been employed one divides the 24-hour -
" day into two periods, the waking and sleeping hours, while the other divides the 24 hours

into three’ penods—day, evemng, and night. The weighting applied to the non-daytime
periods differs slightly amongthe d1fferent countnes, but most of" them weight mght’ume
activities by about 10 dB. The evening weigl.cing, if used, is 5 dB.

12
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An examination of the numerical values obtained by using two periods versus three
periods per day shows that for any reasonable distribution of environmental noise levels,
the two-period day and the three-period day are essentially identical;i.e., the 24-hour
equivalent sound levels are equal within a few tenths of a decibel. Therefore, the simpler
two-period day is used in this document, with daytime extending from 7 a.m. to- 10 p.m.
and nighttime extending from 10 p.m. to 7 a.m. The symbol for the 15-hour daytime
equivalent sound level is L4, the symbol for the 9-hour nighttime equivalent sound level -
isLy, and the day-mght weighted measure is symbohzed as Lyp.

The Lyp is deﬁned as the A-we1ghted average sound level in decibels (re 20 micro--

.. pascals) during a. 24-hour period with a 10 dB weighting applied to nighttime sound levels.
Examples of the outdoor present- day (1973) ‘day-night noise level at typlcal locatxons are’

. ngen in F1gure 1

]..e for the ’4—hour average sound level to wh.1ch an 1nd1v1dual is exposed (Leq -

o (24)) ThlS situation is related to the cumulative noise exposure experienced by an indi-

. ... vidual n'respectwe .of where, or under what situation, this.exposure is received. The long- .
TEe term health and welfare effects of noise on an individual are related to the cumulatlve '
S no1se exposure he receives over a. hfetune. : :

Relatlvely little is known concerning the total effect of such hfetnne exposm'
but dose—effect relatxons have been stud1ed for two selected situations: v

The a;vetage long-term exposure to noxse pnmanly in res1dentxal areas leadmg n

to annoyance react1ons and complamts

. b The long-term effects of occupatmnal noise on hearmg, w1th the dzuly
exposure dose based.on an exght-hour work day. v . C

- An 1deal approach to 1dent1.fymg envxronmental noise levels in terms of thexr effect on
pubhc health and. welfare would be to staIt by 1dent1fymg the maximum noise not to be
exceeded by individuals. However, the noise dose that an individual receives'is a furiction of
lifestyle. For example, exposure patterns of office workers, factory workers, housewives,

‘and school children are quite different. Within each group the exposures will vary -widely as e . -

a function of the working, recreational, and sleeping patterns of the individual. Thus, two- ‘
- individuals-working in the same office will probably accumulate different total noise doses .-

e "if theyUse. different modes of transportation, live in different areas, and have different TV - L
. habits. Examples of these variations in noise dose forseveral. typ1cal life styles are. prov1ded S
““in Apperidix. B. However, detailed statistical mformatlon on the distribution of actualnoise ~* "

doses and: the relationship .of these doses to long-term health and welfare effects is still miss-

- -ing. Therefore;a. re_ahstm appro_ach to this problem is to.identify appropriate. noise levels for

13.
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places occupied by people as a function of the activity in which they are engaged, including
a gross estimate of typical average exposure times.

From a practical viewpoint, it is necessary to utilize the wealth of data relating to -
occupational noise exposure, some of it, albeit, subject to interpretation, in order to arrive
at extrapolations upon which the identification of safe levels for daily (24-hour) exposures
can be based.

In the following sections of this report, the various modes of exposure to noise and the
human responses elicited will be discussed, leading to the identification of appropriate noise
exposure levels. In order to assist the reader in associating these levels with numerical vélues
of noise for familiar situations, typical noise leveis encountered at various locations are listed
in Table 2. For further assistance, Figure 2 provides an astimate of outdoor. noise levels for
different residential areas.

L : _ Table2 -
EQUIVALENT SOUND LEVELS IN DECIBELS NORMALLY
_ OCCURRING INSIDE VARIOUS PLACES®

- SPACE ' Leg()
Small Store (1-5 clerks) ‘ : 60
- Large. Store (more than §. clerks) T : : T 65
Small Office (1-2 desks) - v 58 .
Medium Office. (3-10 desks) . - S 63
Large Office (more-than 10 desks) - Co _ : 67 -
Miscellaneous Business .63
. Residences . : o o . o 4
Typical movement of people—no TV or radio - --4045.
.-Speech at 10 feet, normal voice 55 .
TV listening at 10 feet no other activity : : o 5560
‘Stereo: music R 50-70 -

. (+) These measurements Were taken over du:atlons typical of the operation
of these facilities. . :

IS
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Section 3

RATIONALE FOR IDENTIFICATION OF LEVELS OF ENVIRONMENTAL.
NOISE REQUISITE TO PROTECT PUBLIC HEALTH AND WELFARE

BASIS FOR IDENTIFYING LEVELS

For the identification of levels to protect against the direct, disease-producing. effects-

_ of noise, protectjon against héaring loss is the guiding consideration. At thxs time, there is-

insufficient sc1ent1ﬁc evidence that non-auditory diseases are caused by noise levels lower -
than those that cause noise-induced hearing loss. In the event that future research renders
this conclusion invalid, this document will be revised accordingly (see Appendix E). .. = .

In additicn t:c-direc't disease-producing health effects, interferéhce by noise with various

' 'huinan actmnes, such as speech-percepnon sleep, and thought can lead to annoyance and

mdu'ect effects on well-being. All of these direct and mdlrect éffects are considered here as
effects on public health and welfare. It is important to note, however, the distinction between
voluntary and involuntary exposures. Exposures to high levels of environmental noise are .

often produced or sought by the mdmdual. For example, voluntary exposures to loud music

are common. Consequently, the concept of total individual noise dose with regard to annoy-
ance, must be applied only to involuntary exposure, although, of course, this argument does
not apply to the effects.of noise on hearing.

A further consxderanon is the phys1ca1 settmg in thch the exposure takes place.
Although there are no data to Justxfy the assumption, 1t is judged here that, whereas a small -
amount of speech mterference in most outdoor places is not detrimental-to public health
and welfare, the same is not true for most indoor environments. Based on this reasoning, - -

--adequate. protectlon of the public against involuntary exposure to environmental noise _
" requires specml consideration’ of physmal setting and the communication needs associated

- with each.

In i:he next subsection, the above rationale is applied to 1dent1fy thev maxunum
noise level consistent with an adequate margin of safety for the general classes of sound .-

* found most often in the environment. Certain special classes of sound, such as. infrasound,
- ultrasound, and unpulswe sounds are discussed in the final subsection.

17



B IDENTIFICATION OF MAXIMUM EXPOSURE LEVELS TO AVOID SIGNIFICANT
ADVERSE EFFECT S _ . :

Basxe Consxderatlons s

The followmg consrderatrons have been apphed in 1dent1fy1ng ‘the envrronmental

: n01se levels requisite to protect the heanng of the general populatwn For detarled denvatlon

Justrﬁcatmn and. references (see Appendrx C)

- The: human ea.r when damaged by noise, is typrcally affected at the 4000 Hz -

. frequency first and; therefore -this frequency can: be. considered. the most n01se-sens1t1ve :
. frequency The averaged frequenc:es of 500 Hz, 1000-Hz and 2000 Hz have trad1t10nally )
been employed in hearing conservation: cntena because of their unportance to-the’ hearing.

- of speech sounds: Since there is consrderable evidence that frequencies above 2000 Hz are

“ critical to the understanding of speech in hfehke sutuatrons and sihce 4000 Hz 1s con51dered
the most sensitive frequency, 4000 Hz has been selected as the most impe

s be protected in this document: SRR ;

, 2. Changes in heanng level: of less than 5 dB are generally not.con51dered
- notrceable or srgmﬁcant : :

- ' '-3‘_.' : As mdrvrduals approach the hrgh end of the dlstnbutron :an a i
_' leveIs are decreased they become less: affected by noise. exposure In oth W
-+ comes'a: pomt where one cannot be damaged by sounds wluch one cannot hear

. T4, The noise level chosen protects agamst heanng loss up 0 md mcludme the
S 96th percentﬂe of the p0pulat10n, ranked according to decreasing ability to hearat 4000 HZ

~+- “Since the percentiles beyond that point are also protected (see consideration number 3),

vu'tually the entire’ populatlon is: protected agamst mcurnng more than a 5 dB no1se-mduced

o permanent threshold shift (NIPTS).-

Explanatron of Identified Level for Hearing Loss

Takmg into account the assumptlons and considerations mentroned above, the
8-hour exposure level which protects vrrtually the entire population from greater than 5 dB
NIPTS is 73 dB, (see Figure 3). Before this value of 73 dB for §-haur exposures can be
applied to the environmental situation, however, certain correction or conversion faciors
must be considered. These correction factors are:

18
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Figure 3. Percentage of Exposed Populatlon That Will Incur No More Than 5 dB
NIPTS Shown as a Function of Exposure Level. Population Ranked by
Decteasmg Ability to Hear at 4000 Hz. (See Appendix C for Rationale).

1. Intermittency: allowsthe exposure level to be 5 dB higher. This correction
factor is required because most environmental noise is intermittent (not at a steady level,

- but below.65 dBA more than 10% of any one-hour period) and intermittent noise has been

shown less damaging than continuous noise of the same Leq This correction should normal-

. ly be applied except in situations that do not meet this criterion for intermittency.

2. Correction to yearly dose (250 to 365 days): requires reduction of the
exposure level by 1.6 dB. All data used as the basis of Figure 3 come from occupational
exposures whtch are only 250 days per year, whereas, this document must consider all 365

daysin a year. . : -

3. - Correction to twenty-four hour day: the identified level of 73 dB.is based on
8-hour daily exposures; Conversion to a 24-hour period using the equal-energy rule requires
reduction of this level by 5 dB.. This. means that continuous sounds of a 24-hour duration
must be 5 dB less intense than higher level sounds of only 8 hours duration, w1th the remain-
ing 16 hours cons1dered quiet. - :

Using the above corrections and conversions implies that the average 8-hour
daily dose (based on a yearly average and assuming intermittent noise) should be no greater

19



than Leg(g) = 73+5-1.6 = 76.4 dB. Extending the duration to 24 hours would yield a value
of 71.4 dB. For continuous noise, this value would be 66.4 dB. However, since environ-

~ mental noise is intermittent, this level is below that which is considered necessary to protect
public health and welfare. In view of possible statistical errors in the basic data, it is con-
sidered reasonable, especially with respect to a margin of safety, to round down from 71.4

dB to 70 dB. Therefore, the level of intermittent noise identified here for purposes of pro-
tection agamst hearing loss is:

| Leq(24) =70dB

_ (For explanation of the relationship between exposures of Lgq(g) = 75 dB
“and Leg(24) = 70 dB, please see page 4.)

Adequate Margin of Safety

Section 5(a)(2), as stated previously, requires an adequate margin of safety. The

level identified to protect agamst heanng }oss is based on three margins of safety considera-
tions:

1. The level protects at the frequency where the ear is most sensitive (4,000 Hz).
2. It protects virtually the wh_ole population from exceeding 5 dB NIPTS.
3.

It rounds off in the direction of hearing conservation (do;)vnward) to pro-
vide in part for uncertainties in analyzing the data.

Activity Interference/Annoyance

" Basic Considerations

The levels of environmental noise which interfere with human activity (see Appen-

dix D for detailed dicussion) depend upon the activity and its contextual frame of reference;

. ie., they depend upon “defined areas under various conditions”. The effect of activity inter-
ference is often described in terms of annoyance. However, various non-level related factors

such as attitude towards the noise source and local conditions, may influence an individual’s
reaction to activity interferences.

20

U
1.

'

O



L

]

i

- The levels which interfere with listening to a desired sound, such as speech or

—
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music, can be defined in terms of the level of interfering sound required to mask the desired
sound. Such levels have been quantified for speech communication by directly measuring
the interference with speech intelligibility as a function of the level of the intruding sound,
relative to the level of the speech sounds.

The levels interfering with human activities which do not involve active:listem'ng

have not been as well quantified relative to the level of a desired sound. These relationships

are more complicated because interference caused by an intruding sound depends upon the

background level and the state of the human auditor; e.g., the degree of concentration when
- endeavoring to accomplish a mental task, or the depth of sleep, etc. Fortunately, thereisa . -
wealth of survey data on community reaction to environmental noise which, although sub-

. -+ ject to.some shortcomings when taken alone, can be used to supplement activity interference
"data to identify noise levels requisite to protect public health and welfare. Thus, the levels.. -
~ identified here primarily reflect results of research on community reaction and speech mask--  *°
ing. . . L .

' Identlﬁed I_evels for Int‘erfe'rence' o

The level 1dent1ﬁed for the protectlon of speech communication i 1s an Le of 45
dB within the home in order to provide.for 100% mte]hg1b1hty of speech sounds. A]lowmo
for the 15 dB reduction in sound level between outdoors. and indoors (which:is-an average
amount of sound attenuat1on that assumes partly-open wmdows), this level becomesan . |
outdoor Ly of 60'dB for resxdentlal areas. For outdoor voice communication, the: outdoor '
Leq of 60.dB- a.llows normal conversauon at d1stances up to 2 meters with 95% sentence -
mtelhglblhty o o o :

Although speech-mterference has been 1dent1fied as the pnmary mterference of :
o noxse with human act1v1t1es and is one of the pnmary reasons for adverse commumty reactlons
“to n01se and. long-term annoyance the 10dB mghttune weighting (and hence the term- Ldn)
LS apphed to give. adequate wexght to"all of the other adverse effécts on act1v1ty mterference.
- "For the samg reasori,a 5 dB margin’ of’ safety is apphed to the 1dentzﬁed outdoor level. There- o
- fore, the:outdoor Ldn 1dent1ﬁed for res1dent1al areasis- 55 dB (See Appende E for relanon- we
shlpofLeqtoLdn) : . RO

S The assocnated interior. day-mght sound level w1thm a typ1cal home Whl h results
from outdoors is 15°dB less, or: '40°dB-due to the’ attenuation. of the structure: The, expected
indoor daytime level for a typical neighberhood which has an:outdoor Lygof 55dBis
approx1mately 40.dB; whereas the: mghttnne level is approximately 32 dB- ‘(see Fxgure A-T).
This latter value is. consistent w1th the lmuted ava.ﬂable sleep cntena D- 5 Addmona_uy,
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 these mdoor levels of 40 dB dunng the day and apprommately 32 dB at mght are consrstent. ,'Z o

~ withthe background levels inside the ‘home: wh1ch ‘have:been’ recommended
‘ eonsultants as acceptable for many years (see Table D-lO)

The effects assocxated with an outdoor day-mght sound leve f SSv. B:are'sum-' i
, manzed in Table 3. The summary shows that satrsfactory outdoor average: sentence mtelh- g

- munity reaction..is- none, although 1%. may complam and-F7%. md1cate “h1gh1y annoyed”

... when responding to social survey questrons, and that noise is the least=1mportant_factor
govermng attltude towards the area LR

Idennficatmn of a level whrch is’5-dB h1gher than the 5d -
- would s1gmﬁcantly increase the severity:of the average commumty reactron ‘as weH as the
. expected percentage of complaints and annoyan . Conversely, 1dent1ﬁcat10 vof alevel 5 dB
- lower than the 55-dB:identified above would. redu the indoor levels resultmo from outdoor
noise well:below the typrcal background: mdoors see’ Table 3) and probably: make little
: change m annoyance since at levels belaw- the 1dent1ﬁed level; individual attrtude and life -
R style as well-as Jocal: condmons, seem 1o be more: 1mp0rtant factors,m control]mg the

S resultmg magmtude of annoyance or commmuty reacuon than is: th ' absolute maomtude
of the level of the mtrudmg noise, CoE

Accordmgly, Ldn of 45 dB mdoors a.nd of 55 dB outdoors in _re51dent1a1 areas
- -are-identified ‘as the maximum levels’ below: which ho efféctson: pubhc ‘health ‘and welfare -
v occur due to mterference with speech: or other aetivity. These levels:would also protect the
e vast majonty of. the’ populatron under most condmons agamst annoyance in the absence of
it trusrve norses w1th part1cularly aversrve content ‘

Adequate Margm of Safety

The outdoor envrronmental noise level xdentlﬂed in Table 3 prov1des a5dB.
_marg.m of safety with respect to protecting speech communication: This:is-considered -
~ desirable for the indoor situation to provide for homes with less than average noise reduc-
tion or for persons speaking with less-than average voice level. A higher margin of safety
- would be ineffective most of the time: due to normal indoor activity background levels.

The 5 dB margin of safety is particularly desirable to protect the population
against long-term annoyance with a higher probability than would be provided by the ievels

protecting indoor and outdoor speech communication capability alone. The 5 dB marzin
clearly shifts community response as well as subjective annoyance rating into the aext lower
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Table 3

SUMMARY OF HUMAN EFFECTS IN TERMS OF SPEECH COCMMUNICATION,
COMMUNITY REACTION, COMPLAINTS, ANNOYANCE AND
ATTITUDE TOWARDS AREA ASSOCIATED WITH AN -OUTDOOR DAY/NIGHT

SOUND LEVEL OF 55 dB re 20 MICROPASCALS .

TYPE OF EFFECT

MAGNITUDE OF EFFECT

Speech - Indoors

- Ohtdoors

Average Community Reaction

Complaints .

Annoyance .

Attitudes Towar.ds. Area - .

100% sentence mte].hgrb1hty (average) with a

-5-dB margm of safety

100% senfence mtelhg1b1hty (average) at 0 35

meters

99% sentence mte].hglbrhty (average) at l O
meters .

95% sentence 1nte].hg1b1hty (average) at 3 S

meters -

| None evident 7 dB below level of significant

complamts and threats of legal action” and
at least 16 dB below “vigorous action™ (atti=
‘tudes and other non-level related factors may

affect thisresult) -

o ok l% dependent on attitude and other non-level
! 'related factors '

] 17% dependent on attitud'e and other non-.
‘I level related factors

. (Derived from Appendix D)
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B speech commaunication ‘alone. Accordmg to. present data; this margin-of _safety protects the

_} response category than would be observed for the maximum level 1dentxﬁed w;th respect to

-vast majority-of the-population agzunst long:term: annoyanee by"-no"_' 3 &
. envuonmental noise to. alevel where it is Jeast’ xmportant amongieny

' influence the population’s attxtude t d. the environmen

o ehmmates any potential annoyanee by nojse occasxonally 10 s
L appears not possxble at the present state .of knowledge

ental factors that
eﬁn an: enwronment that
ne’ p opulatron

MAXIMUM ExroSUREs o SPB‘CIA:L NdI}SESf G

o Im'udﬂ:}eSxmm‘ls B

The' foHong sounds may occur occasxonally but are rarely foun at'leve
"' fo warrant conszderatmn in most env-lronments wluch the pubhc oceup__
idlscussmn see Appendlx G :

o Infrasound‘ -

Frequenc1es below 16 Hz aré. referred to-as mfrasomc frequencxes and. are. not
audible: Complaints associated with extremely hsgh levels of infrasound can:resemble-a mild

:~ stressreaction-and’ bizarre auditory sensations, such as pulsatmg and: ﬂuttenng Exposure to:

“* high levels-of infrasound is rare-for most individuals: Nevertheless, oni the’ basxs of ex1st1ng
data2,7, the threshold of these effects is-approximately 120-dB SPL (1-16:Hz). Since little

" information exists.with respect to.duration of exposure and-its effects, and: also smce many _

~of the data are derived from research in which audible frequeneres wer
: _Eamount these results should be mterpreted w1th cautlon

Ultrasound' .

: Ultrasomc frequencies are those above: 20 000 Hz and are also generally maudlble
- The effects of exposure to high intensity ultrasound is reported: by some to be a general

: stress response. Exposure to high levels of ultrasound does not occur frequently. The thres-
hold of any effects for ultrasound i is 105 dB. SPI..2 Again, many of these- data may include
frequenmes within the audible range, and results are, therefore, to be: mterpreted cautrously
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Impulse Noise

It is difficult to identify a single-number limit requisite to protect against adverse effects
from impulse noise because it is essential to take into account the circumstances of exposure,
the type of impulse, the effective duration, and the number of daily exposures, (see Appendix
G). :

Hearing

Review of temporary threshold shift data leads to the conclusion that the impulse .- o .
"~ "“'noise limit requisite:to prevent more than a 5dB permanent hea.nng loss at 4000-Hz after 10;' .
o '_'_j'_',years of darly exposure is a peak sound pressure level (SPL) of 145 dB. This level: apphes in

the case of isolated events, irrespéctive of the type, duration, or-incidence at the ear. How— o

. ever, for duration of 25 microseconds or less a peak.level of 167 dB SPL would produce the. .
‘same efrec;, (see Frgure 4)

: l g Duratron Correctron When the duratron of the nnpulse is less than 25 micro-

: seconds no correction. for duration is necessary. For durations exceeding 25 microseconds,

the level should be reduced in‘accordance with the “modified CHABA limit™ shown in-
Flgure 4 and Figure G-1 of Appendix G.

2. -Corr-ectron-, for N-urn-ber-'of Impulses:

. Nunlbér- of impulses

per day: : 1 10 100 103 104
~ Correction factor: - -"»‘- 70 -10 20 .-30 40. dB .- ’

~ (More detailed information is provided in Figure 4.)

a Furthermore, if the average interv'al“betweenﬂ'repea'tEd iinpnlses is between" 1
and 10Q seconds, a- th.lId correction factor of -5, dB is.applied. ThUS, to prevent hearing: loss -
due to impulse noise, ‘the identified.level is 145 dB SPL, or 167 dB peak SPL for impulses

. less than 25 xmcroseconds for one 1mpulse daily. For longer duranons or more frequent o
»exposures the eqmvalent levels are’ as shown in F1gu1'e 4,

25
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MODIFIED CHABA LIMITS
""PARAMETER NUMBER OF
IMPULSES PER DAY

130

PEAK PRESSURE LEVEL (4B ra 20 micropascals)

o
120
S

110 |-

s T N T O U M S LA S N

Go2s 005 01 02 05 1. 2 5 10 20 500 100 200. 500 1000

B-DURATION (ms)

Flcure 4 Set of Modlfied CHABA Limits for Daliy kapusuic to impulse Noxses
Having B-Durations in the Range 25 M ~roseconds to- 1 Second. (Para-
meter: number (N) of impulses per daily exposure. Criterion: NIPTS
not to-exceed 5 dB at 4 kHz in more than 10% of people.)

(Derived from Appendiz C}
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Non-Auditory Effects of Impulsive Sound

Impulses exceeding the background noise by more than about 10 dB are potentially
startling or sleep-disturbing. If repeated, impulsive noises can be disturbing to some individuals
if heard at all (they may be at levels below the average noise levels). However, no threshold
level can be identified at this time; nor is there any clear evidence or documentation.of any
permanent effect on public health and welfare.

Sonic Booms

Little or no public annoyance is expected to result from one sonic boom during -
the daytime below the. level of 35.91 pascals (0.75 poundsper square foot) as measured on

the ground (see Appendix G). The same.low. probability of annoyance is expected to-occur

for more than one boom per day if the peak level of each boom is no greater than:

s .

ol 3591 T
Peak L = ;
eak ‘“.’el- NN -pascals

.. Where N is the muinber of booms, This vlue s in agreernent with thé equal energy concept.
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IDENTIFIED LEVEI.S OF F_Nm NME
o IDENTIFIED LEVELS.

7 quate’ margrn of safety for both actrvrty mterference a.nd heanng loss. ‘Th‘?‘, tabl classrﬁes the
. various areas according to the primary: ‘activities that are most hkely »:OCCHir ifi-each. The _
L following is-a brief description-of. each classxf' catlon dnd-a drscussron f the: basrs for the. ..

identified levels in Table 4. For-a more detarled drscussron of heanng o and actlvrty mter- : .b
- ference, see Appendices C and D. :

1. Residential areas are areas where human beings- hve mcludlng apartments, seasonal
residences, and mobile homes, as well as year-round’ residences. A qme :
" necessary in both urban and rural residential areas in order to prevent ac

and annoyance, and to permit the hearing’ mechamsm to recuperate 1f 1t is'exposed.:
levels of noise during other periods of the day.

'\?n'on'ment is

, An indoor Ly, of 45 dB:will permit speech’communication in thé hofne, while: an S

: outdoor Lgn not exceeding 55 dB- will- permit normal'speech-communication at appmxr- :

B ately three meters. Maintenance. of this identified. outdoor level will pr A
" Lgp of approximately 40 dB with windows partly open for ven’ulatlon ’I'he nlghttune por- .

', tion of this Ly, will be approximately 32 dB, which should in most cmses protect against ™. -

: Vsleep interference. An Leq(24) of 70 dB 1s 1dent1fied as protectmg against' damage-to hea

' Although thereis a separate category for. commermal areas; mmermal hvmg

accommodations such as hotels, motels; cottages, and i inns should be mcluded in-the resi-
dential-category since these are places where people sleep and sometlmes spend extended
periods of time. :

2. Commercial areas include retail and financial service facilities, offices, and mis-

cellaneous commercial services. They do not include warehouses, manufacturing plants, -
and other industrial facilities, which are included in the industrial classification. Although
a level for activity interference has not been identified here (see footnote a), suggestions :
for such luvels will be found in Table D-10 of Appendix D. On the other hand, a level of
Leq(24) of 70 dB has been identified to protect against hearing loss.
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Table 4

YEARLY AVERAGE*EQUIVALENT SOUND LEVELS IDENTIFIED AS
REQUISITE TO PROTECT THE PUBLIC HEALTH AND WELFARE WITH

AN ADEQUATE MARGIN OF SAFETY

_Indoor Qutdoor :
. Activity. Hearing Loss To P{Otga Activity Hearing Loss To Pl:otec_:t
Measure | Inter- Considera- Against Inter- Considera- Against
ference: tion - Both Ef- ference tion Both Ef-
! fects (b) | 0" fects (b)
Residential with Out- Ldn -45 45 55 55
side Space and Farm :
Residences Leq(24) 70 70
Residential with No | Lgp 45 45
Outside Space . - o
Leq(,24) : 70 o ‘
'Commercial * : Leq(i#) 1@ 70 . 70(c) “(a) 70 " 70(0)
Inside Transportation Leq(24) (@) 70- (a)
Industrial - " | Legaayy] @ | 70 00 | @ 170 70(c)
.-Hospitals . >L,dri 1 45 45 1 s CUSSIL e
FEea24) ST 70
Educational . . .| Loge24y.- |+ 45 45 55 55
Leq(ay@| , 70 .
RecreauonalAreas Leq(24) : Ty - L 70 b 706y (a) 70 - “U70¢e).
- Farm Land and™ > | Logg @ L7000
- Lamd- ST

--An- Leq(g) of 75 dB may- be identified in these situations:so. long as the exposure over.....
the remaining 16 Tours: per day is low: enough 1o resultin a neglrgxble contnbutwn to

iNoter ’,Explananon of 1dent1ﬁed level Tor hearmg loss The exposure penod whu.h
- .. .results:in hearing loss at the-identified: level is.a period: of 40 years. . e

. Since different typél{ of . activities.appear to be associated with.different levels, identifi<. .

cation of a maximum level for activity interference may be difficult'except in those

.~ gircumstances where: speech communication is a critical activity. (See Figure D-2¢ k’or T
" noise-fevels-as a funcnon of distance- Wthh allow satlsfactory communication.). S
" Based'on lowest level. :

Based only on hearing loss

~irour average, i.€.; no greater than an Leq of 60.dB

*Reférs to eriergy rather than arithmetic uverdges; :
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3. Transportatron facrhtres are mcluded 50.as:to protect mdrvrdua.ls usmg pubhc and.
" private transportation. Included within th1s ciassrficatron are. commercral’and prlvate trans-

- portatron vehrcles Identrficatron of a‘level to protect agamst hearmg lossr the only- cnteuon '

- time:

Co4, Industnal areas mclude such fae\hues as

. areas, drstnbutron facilities, and- mmmg operatlons -Only a level for heanng Joss is- rdentlf' ed: - -" L

. due-to the lack of data with respect to annoyance and activity- mterference Where the n01se

.....exposure:is.intermittent, an Leg(24)-of: 70 dB is identified as the maxunum‘level for. protec— s

e “tion of hearing from industrial exposure to intermittent noise. For 8-hour €xposures, an -
Leq(g) of 75 dB is considered appropriate so long as the exposure over the remammg 16 )
-hours perday is low’ enough to result i m a neghgrble contnbutron 10 the 24vh.our average

 interior. A quiet environment is Tequired in hospital'areas becauss of the importance of sleép

. -and adequate rest to the recovery of patients. The maintenance of a noise level not exceed-

~ ing'an Ly, of 45 dB in the indoor hospital envrronment is deemed ad.equate to prevent activ- -

" ity interferénce and annoyance. An outdoor Lgp, of 55 dB ‘should be adequate to protect -
‘patients who spend some time outside; as well as insuring an adequately protectlve 1ndoor v

. Jevel. An Leq(24) of 70 dB is identified to prevent hearing. loss:: -

6 Educatronal areas- mclude classrooms, audltorrums, schools in general and those '

.+;¢. - grounds: not used for athletics. The-principal: cons1deratlon in the education: envrronment is .
L2+ the preventron of interference with actxvrtres, partlwlarly speech commumcatron. An mdoor
.. . hoise level not exceedmg Leq(24) of 45.dB is 1dcntxﬁed as adequate to facrhtate hought and
L __commumcatron Singe: teaching is occasronally conducted outsrde the: g
e Leq(24) of 55 dB is identified as the: maximium 16vél to preverit. act1v1ty terference. To pro-~ )
. “.... tect against’ heanng loss an Leq(g4) of 70 dB is identified for both mdoor and. outdoor

" ‘environments. As in the industrial’ srtuatlon, eight hours is generally the amount of time
spent in educational facilities. Therefore an Leq(g) of 75 dB is con31dered appropnate to
protect against hearing loss, so long as the exposure over the remammg 16 hours is low

. enough to result in a negligible conmbutron to the 24-hour average.

7. Recreational areas include facrhtres where noise exposure is voluntary Included
~ within this classification are nightclubs, theaters, stadiums, racetracks, ‘beaches, amusement -
parks, and athletic fields. Since sound exposure in such areas is usually volantary, there is
seldom any interference with the desired activity. Consequently, the chief consideration is -
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Jected envn,'onmental noise levels. A

the protection of hearing. An Leq(245 of 70 dB is therefore identified for intermittent. noise
in order to prevent hearing damage.

8. Farm and oeneral unpopulated land primarily includes agncultural property used

for the production-of crops or livestock. For such areas, the primary considerations are the’

protection of human hearing and the prevention of adverse effects on domestic and wild
animals. Protection of hearing requires that an individual’s exposure to intermittent noise
does not exceed Leg(24) of 70 dB. A separate level for the exposure of animals is not identi-
fied due to the lack of data indicating that hearing damage risk for animals is substantially.
different from that of humans. The unpopulated areas include wilderness areas, parks, game A

By _refuges, and other areas that are set aside to provide enjoyment of the outdoors. Although
- quiet is not always of paramount importance in such areas, many individuals enjoy. the. -

special qualities of serenity and tranquility found in natural areas. At this time it is not. -

" fpos'sible to identify an appropriate level to prevent activity interference and annoyance.

However, when it becomes possrble to set'such. a level, a clear dlstmctlon should be made
between natural and ma.n-made noise. :

USE OF IDENTIFIED ENVIRONMENTAL NOISE LEVELS

One of the purposes of this document is to prov1de a basis for Judgment by states and ‘

‘local governments as a basis for setting standards. In doingso the information contained in

this document must be utilized along with other relevant factors. These factors include the

" balance between costs.and benefits associated with setting standards at particular noise

levels, the nature of the ex1stmg or projected noise problems in any particular area, the '

~ local a5p1rat1ons and the. means available to control environmental noise.

In order to bnng these. factors together states, 1oca1 govemments and the pubhc will .

'need to evaluate ina; systemat1c manner the followmg

1. The magmtude of exzstmg or. pro_rected no1se env:ronments 1n defined areas as »' o
compared with the various levels 1dent1ﬁed m thrs document :

2. The commumty expectat1ons for noise. abatement w1th respect to exrstmg or

‘ pro;ected cond1t10ns .

3. The affected elemen s-of: the.-pu hc and the degree of nnpact of present or pro- C

The noxse sources not controlled by Federal revulanons that cause local noise
problems. ST frin : : . .
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5. Methods available to: attack envu'onmental noise: problems (use hrmtatxons, source
_ control through noise emission standards compat;hle land use planmng, etc.). .

. 6. The costs mherent m reducmg noxse to certam levels and beneﬁts achie
domgso : R .

= 7 The ava.xlabrhty of technology to ach1eve the desxred norse reductro

The. levels of envrronmental norse '1dent1ﬁed in: tlns report provrde the basis' for assessmg FA

the effectiveness of any noise. abatement: program. ‘These:noise_levels are-ideritified: urespectwe-- e

e - of the nature of any individual noise:, sonrce, One of the primary purposes.of 1dent1fymg

environmental noise levels is to provide-a ‘basis by wh1ch noise source ermssron regulatrons

.- human exposure- standards,. land use planmng, zoning, and- buﬂdmg codes. may-bé assessed
"‘as to the degree with which they protect the public health.and welfare with:respect-to: noise.. ~ . —
Such regulatory action must consider technical feasibility and economic reasonableness, the - L L
“scale of time over Which results can be expected and the specific problems of enforcement h ' '

. In the process-of balancing these: confhctmg elements the public health: and’ welfare con- L

. sequence of any- specrf' ¢ decision: can- be determmed ‘by comparing the resultant no:se
: envxronment agzunst the env1ronmental norse levels 1dent1ﬁed in this report

-

|
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GLOSSARY-

AUDIBLE RANGE (OF FREQUENCY) (AUDIO-FREQUENCY RANGE). The frequency
range 16 Hz to 20,000 Hz (20 kHz). Note: This is convent1onally taken to be the
normal frequency range of human hearmg : .

: AUDIOMETER An instrument for measuring the threshold or sens1t1v1ty of hearmg.

- : ,‘,}E;..AUDIOMETRY The measurement of hearing.

oo

\genera]ly speakmg, morethan: one octave)

CONTINUOUS NOISE On—gomg noise: whose mtensrty remams ata measurable level -

(wh.lch may. vary) w1thout mterruptron over.an mdefimte penod ora specified
penod of tune ’ :

DEAFNESS. 100 percent 1mpa1rment of: hearmg associated with an orgaruc condition.
Note This'is 'defined: for medical and cognate purposes as the hearing threshold
level for. speech or the average, heanng threshold level for pure tones ot 500 1000
and 2000 Hz in excess of 92 dB U -

' EQUIVALENT SOUND LEVEL The level of a constant sound wh1ch in ‘a given situation’

and time period, has the same sound. energy as does-a time-varying sound. Techm-'
cally, equ1valent sound level is the Tevel of the tnne-welghted mean square, .

A-weighted sound pressure. The tnne mterval over wh.lch the measurement is- " N L

taken should always be specrﬁed R R

‘ENVIRONMENTAL NOISE By Sec 3(1 1) of the No1se Control Act of 1972 the term

“cnvironmental hoise’ means: the mtensrty, durat10n and character of sou.nds
from all sources. : S : A

HEARING LEVEL The d1fference in sound pressure level between the threshold sound
- for a person (or the median. value or the average. for a group) and the reference

sound ‘pressure level defining the ASA standard audiometric threshold (ASA: 1951)."

Note: The term is now commonly used to mean heanng threshold level (qv).
Umts dec1bels

.Glos’sary-I‘

_BROAD-BAND NOISE Norse whose energy is d1stnbuted over a broad range of frequem,y‘ ” . i



HEARING LOSS Impau‘ment of audrtory sens1t1V1ty':
- level. . .

‘dz_ofteﬁ_;

NOISE-INDUCED TEMPORARY THRESHOLD SHIFT (NI'IT S) T
' shift caused by noise exposure

~

NON-VOLUNTARY EXPOSURE TO ENVIRONMENTAL NOISE. The exposure ofan
: ' individual to sound-which (1) the individual canmot avoid or (2)the sound serves

no useful purpose (€.g., the exposure to traffic noise or exposure to noise from a
lawn mower)

OCCUPATIONAL EXPOSURE TO ENVIRONMENTAL NOISE The noise exposure of

an individual defined under P. L 91-596, Occupat1ona1 Safety and Health Act of
1970.

" Glossary-2
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OTOLOGICALLY NORMAL. Enjoying normal heaith and freedom from all clinical mani-
festations and history of ear disease or injury;and havmg a patent (wax-free)
external auditory meatus.

PEAK SOUND PRESSURE. The absolute maximum value (magmtude) of the 1nstantaneous
sound pressure occurring in a specified period of time.

PRESBYACUSIS (PRESBYCUSIS). Hearing loss, chiefly involving the higher audiornetx:io v |
frequencies above 3000 Hz, ascribed to advancing age. '

" RISK. That: percentage of a population whose hearing level, as-aresult of a gnen mt]uence o

exceeds the specified value, minus that percentdge whose hearing level would have

~ exceeded. the specified value in the absence of that influence, other factors remain-
~....ing the same Note The mﬂuence may be noise, age, dlsease or a combmauon of

"f_factors ~

'_ SOUND LEVEL: The quantttymdecfbels measured by a sound level meter satisfying the

reqmrements of Amencan ‘National Standards- Specification for. Sound Level Meters.
S1.4-1971. Sound level i 1s the frequency-welghted sound pressure level obtained..
-: with thestandardized dynam1c characteristic “‘fast” or “slow” and. welghtmg A, B _
© or C unless indicated otherwise, the A-welghtmg is. u.nderstood The unit of any sound . -
<1eve1 is the decxbel havmg the unit symbol dB.

SOUND EXPOSURE LEVEL The Ievel of sound accumulated .over a given time mterva.l
or event. Technically, the.sound exposure level.is the.level of the time-iritegrated -
mean square A—we1ghted sound for a stated t1me mterva.l or event, w1th a. reference
tune of one second - ‘ - :

SOUND PRESSURE LEVEL I.n decxbels 20 times. the loganthm to the base ten of the

ratio of a sound pressure to the reference sound pressure of 20 micropascals (20
rmcronewtons _per square meter) In the absence of any. modlfier the: level is-
. understood to be'that'of a mean-square pressure e e

. .--.SPEECH’.DISCRLM:I-NATION. .T:he-.ability;to distinguish‘;and 'undetstand- speech sienals. &

,'1 TEMPORARY THRESHOLD SHIFT (TTS) That component of threshold’ smft wh1ch

’_ - showsa progresswe reductxon with the passage | of time after the apparent cause has.
R been removed. :

‘Glossary-3



THRESHOLD OF HEARING (AUDIBILITY) The minimum effective: sound pressure-level -

of an acousuc signal capable of” excxtxng the sensauon of heann in
uon of trizls i 1n prescnbed condmons of’ hstemng

""f“"ﬁULTRASON"IC Havmg a frequency; above the aud1ble range for ma.n
IR aeemed to-cut offat 20,000 Hz)." B : o

Glossary-<4
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* APPENDIX A

. EQUIVALENT SOUND LEVEL AND ITS RELATIONSHIP,

_TO OTHER NOISE MEASURES
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Appendix A
EQUIVALENT SOUND LEVEL AND ITS RELATIONSHIP
TO OTHER NOISE MEASURES
DEVELOPMENT OF EQUIVALENT SOUND LEVEL

The accumulatéd evidence of research on human response to sound indicatés clearly -

" that the. magnitude of sound as a function of frequency and time are basic indicators of -
~human response to sound. These factors are rev1ewed here, and it is concluded that it is not
necessary to invent.a new concept for the purpose of identifying levels of envuonmental I

noise,

Magmtude L

Sound isa pressure ﬂuctuahon in the air; the magnitude of the sound descnbes the
physical sound in the air; (loudness on the other hand; refers to how people judge the
sound when they hear it). Magnitude is stated in terms of the amphtude of the pressure

~ﬂuctuatlon The range of macmtude between the faintest.audible sound anid the loudest

sound the ear can w1thstand is so enormous (a ratio of about 1 ,000,000 to 1) that it would

‘be very awkward to express sound pressure fluctuations directly in pressure units. Instead;

this range is compressed” by expressing the sound pressure on a logarithmic scale. Thus,

. sound is described in: terms of the sound pressure level (SPL), which is ten times the. com- :

mon logarithm of the-ratio of the-square ‘of the sound. pressure-in questlon to the square -

- of a (stated or understood) reference sound pressure, almost always 20 rmcropascals * Or,-
18 mathematlca.l terms sound pressure level L expreSSed in dee1bels ist.. = Ve

.. where p 1sthepressureﬂuctuatronand Dg is the reference pressure.

. *One pascal = one.newton per. square meter. .
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. Frequency Characteristics of Noise Tt el

The response of human bemgs to sound depcnds strongly on the fre.quency of sound.-

* In general, people are less sensitive to sounds of lTow frequency, such as.1 00 hertz" (Hz)*,
-than‘to sounds at 1000 Hz; also at high frequencres such as: 8000 Hz, sensr
A Two basic approaches to compensate for this difference inz response to
" are (1) to-segmetit the'sound pressurespectrum into a series of- contrguous:ﬁequency bands
' by elcctnml filters:so-as to display the distribution of sound’ ehergy over “th :

' ra.nge, or(2) toapply a we1ghtmg to:the:overall spectmmm such a way that th sounds at

. ¥arious frequencres are werghted in much the same: way' as the human ear ears them o

ty'decreases

In the first app'roach a sound iS'se'gmented into'sound pressu'r'e"le'Ve : dif
frequency bands, which-may be used to calculate‘an estimate of the “loudness” or “noisi-
ness” sensation which the sound may be expected to-cause, This form. of analysls into bands

.-is usually employed when detailed’ engmeenng studres of n01se sources are‘r '
. much too compheated for momtormg norse exposure T

To perform such analysrs espeexally for trme varymg sounds, reqmres ar very complex

s set of equipment. Fortunately, much of this comphcatron can be avoided. by using approach
2, 1i.e., by the use of a special electrical weighting:network in- the measu: ement system This -

.- network weights the contributions of sounds-of differerit frequency §0: that the response of

. the average human éar is simulated. Each frequency of the noise then contnbutes to.the
total reading by an amount approxxmately proportronal to the. subjectlve response assoczated
with that. frequency Measurement of the overall noxse W1th a sound level meter mcorporatmg

- such a weighting network yields a single: number 'such as the A,—weaghted Soun Level or
simply A-level, in decibels. For zoning and momtormg pUrposes;: tlus marks" v

srmpl:ﬁcauon. For this reason, the A-level has been adopted in large-scale surve
-noise coming from a variety of sources..It is: wrdely accepted as: an: adequate way to: deal _
with the ear’s differing sensitivity to sounds of different frequency, mc.ludmg_assessment of..

- noise with respect to-its potential for causing hearing loss. Despite the: fact that

detarled analysis is frequently required for engineering noise control, the results of. such

) norse control are adequately descnbed by the snnple measure of sound level.

One drfﬁculty in the use of a weighted sound level is that psychoacoustlc Judgment
data indicate that effects of tonal components are 'sometimes not adequately accounted
for by a simple sound level. Some current ratings attempt to correct for tonal components;

* *Hertz is the international standard unit of fre-quency, until recently called cycles per second;
it refers to the r."mber of pressure fluctuations per second in the sound wave.

ferentfrequencres -
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for example, in the present aircraft noise certification procedures, “Noise Standards: Air-
craft Type Certification,” FAR Part 36, the presence of tones is identified by a complex
frequency analysis procedure. If the tones protrude above the adjacent random noise spec-
trum, a penalty is applied beyond the direct calculation of perceived noise level alone. How-
ever, the complexities involved in-accounting for tones exceed practicable limits for monitor-
ing noise in the community or other defined areas. Consequently, EPA concludes that, where
appropriate, standards for new products will address the problem of tones in such a way that
manufacturers will be encouraged to minimize them and, thus, uitimately they will not be a '
significant factor in environmental noise.

With respect to both simplicity and adequacy for characterizing human response, a

_ frequency-weighted sound level should be used for the evaluation of environmental noise. o
- Several frequency weightings have been proposed for general use in the assessment of response o
*,ono_rse, differing primarily in the way sounds at frequencies between 1000 and 4000 Hz are =
evaluated. The A-weighting, standardized in current sound level meter specifications, has been .
_widely used for transportation and community noise description.“"'l For many noises the o

A-weighted sound level.has been found to correlate as'well with human response as more.

""complex measures, such as the calculated perceived noise level or the loudness level derived. .

from spectral a.nalysrs.A However,  psychoacoustic research indicates that, at.least.for some

o norse srgnals a d1fferent frequency weighting which increases the sensitivity to the 1000-4000. .

Hz region is more: reliable. A3 Vanous forms of this alternative weighting function have been
proposed they will be referred to here as the type “D-werghtmgs - None of these altemauve

AWerghtmgs has progressed in acceptance to. the pomt where a standard has been approved for
commercrally avarlable mstrumentatron : e . L

It is concluded that a frequency-werghted sound pressure level is the most reasonable

~ choice for descnbmg the magmtude of environmental noise. In order to use available stand-

ardized instrumentation for direct measurement, the A frequency weighting is the. only suit-
able choice at this time.* The indication that a type D-weighting might ultimately be more:

suitable than the A-werghtmg for evaluating the. integrated effects of noise on people suggests e

‘that at such time as.a.type D-werghtmg becomes standardized and avarlable in commercial

~ instrumentation, its value as the weighting for environmental noise should be consrdered to o

determme ifa change from the A-wexghtmg is warranted

The dommant charactenstrc of envrronmental noise:is that rt is not steady-at any par- L

e tlcular locatron the norse usua]ly ﬂuctuates consrderably, from quret at one mstant to loud ™

*All sound leVeIs in: this report are A-werghted sound pressure levels in decrbels wrth refer- 7

‘ence: to 20 rmcropascals
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the next. Thus one cannot sxmply say that the noiselevel at a ngen locatron or that experi-..
enced by a person at that location is “so‘many decrbels ‘unless a surtable method 1s used to
average the time-varying levels. To describe the norse completely reqmr S
Consequently, one should.consider-the: no:se exposure whxch is recelved ¥

moving through different noisy spaces‘ ThlS exposure is-related: to the'who ttme varymg

pattern of sound levels. Such:a noise- expostire. can be desenbed l:ry the. cumulal:we drstnbutlon -

-of sound levels showmg exactly what percent of the_ whole observauon penod each level was
_ exceeded T L . :

A complete descnpuon of the n01se exposure would dlstmgulsh betweenvdaytune evt -
'+ ing and nighttime, and between weekday and weekend noise level distributions. It would also :
- glve drstnbutrons to show the d1fference between wmter and.: summer;: fa1r weather and foul

. The pracucal dlfﬁculty wrth the statxsttcal methodology is that it yreldsa-large number e

of statistical parameters for each measuring location; and even if these were averaged over -
more or less homogeneous neighborhoods; it still would’ require a large set .of’ numbers to .-
characterize the noise exposure in that nelghborhood Itis literally impossible for any. such..

- -array of numbers to be effectwely used erther in an- enforcement conte
L. noise exposure baselmes S

It is essentral therefore ‘to look further for a smtable smgle-number measure of noise::
exposure. Note that the ultimate goal is to characterize with reasonable accuracy the noise
exposure of whole neighborhoods (within which there may actually exist a fa1rly wide range
of noise levels), so as to: prevent extremes of.noise. exposure at any gwen tnne and to. detect
" unfavorable trends in the future norse climate.. For these purposes pmpomt accuracy “and™

' ‘masses ‘of data for each locatron are not reqtured, and may even: be a: lundrance smce one

A number of methodologres for combuung the:noise from both. mdmdual events and;
... -quasi-steady state sources into- measures of cumulative noise exposure: ‘havé.been. deveIOped
+ in'this country and in other developed'nations, e.g:,. ‘Noise Exposure Forecast Composrte
Noise Rating, Community Noise Equ.walent Level, Noise and Number Index, and N01se
‘Pollution Level. Many of these methodologies, whﬂe differing in technical detail (pnmanly

~ in the unit of measure for individual noise events), are conceptually similar and correlate

" fairly well ' with each other. Further, usingany one of these methodologies, the relationships
‘between cumulative noise exposure and community ,annoyanceA'4 " also.correlate fairly -
well. It is therefore unnecessary to invent a new concept for the purpose of identifying

" levels of environmental noise. Rather, it is possible to select a consistent measure that is-
based on existing scientific and practical experience and methodology and which meets the
criteria presented in Section 2 of the body of this document. Accordingly, the Environ-

mental Protection Agency has selected the Equivatent Sound Level(Leq) for the purpose of
identifying levels of environmental noise.
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Equivalent Sound Level is formulated in terms of the equivalent steady noise level
which in a stated period of time would contain the same noise energy as the tune-varymv
noise dunng the same time penod

The mathematrcal deﬁnrtron of L eq for an interval defined as'occupy-ing the period
between two points in time t] and ty is: :

dt R (Eq. A-2)

o _]'_.',‘.;"»_where p(*) is the trme varying sound pressure and Do is a reference pressure taken as 20
e ,rmcropascals » :

The concept of- Equrvalent Sound Level was developed in both the United States and _. o

o 'Germany over.a: penod of years, Equivalent level was used in the 1957 original Air F orce
'Plannmg Guide for noise from aircraft’ operations, A-6'35 well as in the 1955 report:A on:
- criteria for short-tlme exposure of personnel to high mtensrty jet aircraft noise, which was -
.5 .the forerunner. of the 1956: Air-Force RegulatlonA‘8 on *“Hazardous Noise Exposure”. A - -
~ - more recent apphcatron is the development of CNEL- (Commu.mty Noise Equivalent Level)
" measure for descnbmg the noise environment of airports, This measure, contained in.the
Norse Standards Title 4, Subchapter 6, of the California Adrmmstratlve Code (1970) is based
; ' upon-a summation of L over a 24-hour period with weightings for exposure during evening.
1a~nd m‘ght. periods.- Ll T

The Equrvalent Norse Level was.introduced in 1965 in Germany as a rating specifically

-t evaluate the:impact. of aircraft norse .upon the neighbors of airports. A9 It was almost. -

immediately recognized in Austria as appropnate for. evaluatmg the unpact of street traffic
noise in dwellings*"%and in schoolrooms: A1 ! It has been embodied in the National Test

© .. Standards of both'East Genn'anyA'l'z:’and’ West Gerr'nany‘b*"1 3 for tating the: subjectrve '

effects of fluctuatmg noises of all kinds, such as from street and road- traffic, rail traffic,

- -canal and river-ship-traffic, axrcraft industrial operatrons (mcludmg the noise from. individual

machinies), sports stadiums, playgrounds, etc. It is the' rating used in both the East GermanA 14
and West GermanA-15: standard: guldehnes for city planning: It'was the rating that proved. to
correlate best wrth sub]ectlve response m the large Swedrsh trafflc noise survey of 1966-67

mstrumentatron is currently avarlable for rneasunng L eq drrectly, the hghtwerght umt is - -
-small-enoughto. be- held in one hand and can be operated erther from battenes or an elec-
' tncal outlet A 16 : '- :




o _.f_actonesé 24 e

- _easy application to: practical problems: ‘Most of the design-charts are-expiesséd:

- The concept of representlng a ﬂuctuatmg noise level in terms- of a steady n01se havmg
. the same energy content is wrdespread in'recent research as. shown in‘the EPA : report on-
Public Health and Welfare Criteria for Noise (1973). There is-evidence: that it accurately
describes the onset and progress of permanent norse-mduced hearing: 1c>ss"“"’1
evidence to show that it applies to-annoyance in various: mrcumstance‘
borne out by Pearsons’ expern'nent:s‘A*'l on the trade-off of level and 10isy” -
.- event and by-numerous investigations.of the trade-off between number of: events ‘and norse
e level in-aircraft flyovers. A-20 -Indeed, the Composite Noise: RatxngA

1s ‘a fonnulatron of

S Leq: modified by corrections. for day vs. mght operatlons The concept is ernbodred in .
oo several recommendatrons of the Internatronal Standards Orgamzatxon for assessmg the norse

from a1rcraft A-22 mdustnal n01se as 1t affects resrdences A 23

- , ress] ¢ eeqmvalent sound
o level Le in terms of sunple parameters ‘of: the tlme-varymg norse srgnal so that:the rntegral

does not have to be computed. It is’ often. suffimently accurateto approxnnate a: cemphcated
' time-varying noise level with srmple trme patterns. For example, mdustnal noise can often
be. considered in:terms of ‘a speqfied noise level-that is either on or off as a functiori of trme
Similarly, individuat aircraft or motor vehicle noise events can be considered to exhibit tri-
-angular time patterns that occur mtern-nttently during a period of observation. (Assunung
an aircraft flyover time pattern to be tnangular in shape instead of shaped hke'
distribution function” introduces.an error of, at worst; 0.8.dB). Other noxse hrstones can
o often be approxrmated with trapezordal tirne pattern shapes Tt

The. followmg sectrons provide exphcrt analytrc expressrons for estlmatmg the equwa-- v
Ient sound level in terms of such time patterns, and graphic desrgn charts are. presented fi

" the amount (AL) that the level (L) of the new noise source exceeds an existing: background
} _noise level Ly, (AL L - Ly). This: background noise may be considered as the equivalént
" sound level that existed before the introduction of the new noise, provided that its fluctua-

tion is small relative to the maximum value of ‘the new noise level.

A6
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Constant Level Noise - Steady or Intermittent

The Leq for a continuous noise having a constant value of Lmax is

Leq = Lpax» Which is-derived from

T .
1 Lmax -
Ly = 10 log & / 10 (—T—o—> dt=L @B (Eq Ad)
o .

When Lmax
with a background noise level Ly, present for the time fraction (1-x), Leq is given by:

» S AL\]- : :
""L'eq=L5;+101og_[(l-x)+x (10 101)] ‘} @B Edad

where AL = L., - L. 'I'hJs pattern is ﬂlustrated and the expression is plotted in Fxgure
A-1 for various'values of L and-x. For values of L ,ax that are 10 dB.or more higher than

-+ Lys Le 1s approxunated quite accm:ately by

Leq = Lpg _+-1010gx o o " (dB) - (Eq.A-5)

Except in extreme cases as noted on the gtaph. An hourly equlvalent sound level (Lh) can be

L computed from- the last equatlon with ‘the: mtemtlon time. (T) equal to 3600 ‘seconds”

(1 hour). An: example of ‘the relat1onsh1p between Lh and Laxasa function-of pulse’
duration T for Lmax - Lb greater than 10 is ngen in F igure A-2 These results may be des-
cnbed by O

,Lh = L +1010g T -35.6 .. (dB) - (Eq.A6) =

B Tnangular Tune Pattems .

The equxvalent sound level for a smgle tnangular t1me pattem havmg a max1mum value:j e
~ of Ly and rising from a baCkground level of Ly, is given.by: .0 - A -

o AL |
Leg = Ly+10l0g |53, (1010 .nf @B (EeAD
AT

is intermittently on during the time period T for a fraction x of the total time, , _ '



| where again AL = Lmax Lb When AL is greater than 10 dB the followmg approxlmauon S

for L, 1s quite accurate:

R 23AL
Leq = Lmax - 10 10 —‘0—

. Except in extreme cases as noted on the graph The value of Leq for a senes of n. 1dent1cal
tnangular t1me pattems havmg maxnnum levels of Lmaxl

S
s ofgto
” ( 23

T

-Led =L 4'1'0 ;dg | @B) " (Eq.A9)

.- Where the duratlon between (Lmax S 1O dB) pomts* 1s T seconds the backoround level is Lb,

and the total time period % is T. (See Figure! ‘A-3)i A désign chart for determmmg L, fordlffer- o

ent values of ALasa funcuon of nr per hour1s prov:ded in- F igure A-3

*The duratmn for wluch the noise level is w1thm lO dB of L

, ‘max; 2 also called the “10 dB
down” duration. - _
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Figure A-1. Leg for Intermittent L,y Added to LbA‘25
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. Figure A-2 Hourly Eqmvalent Scund Level asa F tin'ction of Pulse: Duratxon and Maximum

“Sound Level:for One Pulse pér Hour or.a Succession of n- Shorter Pulses Having

.-aTotal-of the Indicated Duration During One Hour. (Background sou.nd level: .« conos

less ‘than-30- dB) (Denved from Equatlon A-5)

\

1

\

| SN0 ] PR ..
B . - n'T per hour in seconds -~

‘Figure A-3. - Leq. fora Repeated Senes of-n Triangular ngnals Overlaid on a Bfgk,,round
. Level of Ly, dB and T = Duration at (Lmax-IO) dB in Seconds
(See Equatlon A-9) 5
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. An approxu'natlon to equation: (A-9) for cases where: L is greater than- 10 dB is gwen byi:; :
" Leg Lmax+1010g 3. |

ThJS equatlon y1elds fau'ly good results except m extrem'

Trapezoxdal Time Pattems A

«This. equatxon ylelds adequate results except in: extreme cases as noted on the graph
- Notmg the similarity between equations.(A-5) (A-8), and (A-=12); one can' approxnnate Le
for a series of trapezmdal pulses by su1tably combining design data from Fxgure A-l and

L A-3 That is, the approximate Leq for a series of n trapezoldal pulses:i is: obtaxned by the Léq'
- value for tnangular pulses plus an. addmonal term equal to l0 log n;e. g ‘

Leg = ijax"‘+ 1-‘010'g ‘“‘2.'3'} +”l‘0'-l°g. n'-& - (dB)"‘ 7 (Eq. A-13).

Time Patterns of Noisedlaving a Normal Statistical Distribution

Many cases of n01se exposures in communities have a noise level distribution that may
‘be closely approxunated by a normal statistical distribution. The equivalent sound level for -
th. cnstnbutlon can be described simply in terms of its mean value which for a normai

A-10
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distribution is L5, and the standard deviation (s) of the noise level distribution:
Leq = L50 +0.115 s= (dB)  (Eq.A-14)

A design chart showing the difference between Leq and L50 as a function of the standaxd
dev1at10n is provided in Figure A-4.

It is often of interest to know which percentile level of a normal distribution is equal in
magnitude to the L value for the distribution. A chart providing this relationship as a func-
tion of the standard %eviation of the distribution is provided in Figure A-5.

Various noise criteria in use for highway noise are expressed in terms of the L1 value »

~ For a normal distribution, the L g value is specified in terms of the median and standard - L
- deviation by the expression Ly = LSO + 1,28 s. The difference between L and Leq isgiven
---by. LlO Leq =1.285-0.115 s.2 This expression is plotted as a function of s in Figure - -

It should be noted that traffic noise does not always yield a normal distribution of noise
levels, so caution should be used in determining exact differences between Leq and L{q.

RELATIONSHIPS BETWEEN DAYTIME AN D NIGHTTIME EQUIVALENT SOUND

-LEVELS

.. The. day-mght sound level (Ldn) was defmed as the equlvalent A-we1ghted sound level
during a 24-hour time penod with-a: 10 dembel weighting applied to the equivalent sound

level dunng the n1ghtt1me hours of 10 p.m. to 7 a.m. ThlS may-be expressed by the: equatmn

L+10
..:10_ o

Lgn = 10l0g =g

a
!

= Log for the daytime (0700:2200 hours)” .
i !

. Lp = Leg for the nighttime (2200-0700 hours).

A-11
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Figure A;4; Difference Between Leq and L35q for a Normal Distribution Having Standard
Deviation of s.A"23
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4 ) 8 0. 12

s < Standard Deviation in df -

(See Equation A-14).

A-12

i

]

i lL‘

i . r:..



Li

L

20

"Ly Tl

L= Lzn+3, HSs

eq 30
//

—

[

"sin dB

8

Fxgure A-5.Percentile of a Normal Distribution that is Equal to'Le A'25 (See Equatxon-- s
» A-14 and Probability Function).
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Dav-'shghl Avemgc Sound Lml Ldn (dB‘ o

. -Figure A-7. Companson of the Dxfferenoe Between Day and nght Values ff the Equxvalent
: Sound.Level with the Day-NLght Average Sound: Level Ld

The effect of the we1ght1ng may perhaps be more clearly v1suahzed 1f 1t is. thought of as
.a method that makes.all levels measured at night:10 dB h1gher than they:- ! 'tually are Thus

" as an example, if the noise level is a constant 70dB. all day and a constant 60 dB all mght
. Lap: would be 70 dB S

Methods for accountmg for the dlfferences in- mterference or annoyance between. day—
' tune[mghttxme exposures.have been employed in ‘@ numbet of différent nhoise assessment
' methods around the world. A'5 The:weightings applied to:the: nondaytnne ‘periods differ
shghtly among the different countries but'most of them welght night activities-on the order-
.. of 10 dB; A‘24 the evening weighting if used is 5:dB. The: ch01ce of 10 dB for-the nighttime
" weighting made in Section 2 was predicated on its. extensive. prior usage, together with an =~
examination of the diurnal variation in environmental noise. This variation is best illustrated

by comparing the difference between Lg and Lpasa functlon of Lgp over the range of
environmental noise situations.

Data from 63 sets of measurements were available in sufficient detail that such a
comparison could be made. These data are plotted in Figure A-7. Th= data span noiss
environments ranging from the quiet of a wilderness area to the noisiest of airport and
highway environments. It can be seen that, at the lowest levels (L4, around 40-55 dB),

A-14
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L4 is the controlling element in determining L4y, because the nighttime noise level is so much

lower than that in the daytime. At higher Ly, levels (65-90 dB), the values of Ly, are not much

lower than those for Ly; thus, because of the 10 dB nighttime weighting, Ly will control the
value of Lyp. '

The choice of the 10 dB nighttime weighting in the computation of Ly has the follow-
ing effect: In low noise level environments below Ly, of approximately 55 dB, the natural
drop in Ly, values is approximately- 10 dB, so that Lq and Lj; contribute about equally to
L4n. However, in high noise environments, the night noise leveis drop relatively little from
their daytime values. In these environments, the nighttime weighting applies pressure towards
a round-the-clock reduction in noise levels if the noise criteria are to be met.

. The effect of a:nighttime weighting can also be studied indirectly by- examu'lvmg' the

* “¢orrelation-between noise measure.and observed community response in the 55 commumty

Teaction. cases.presented in the EPA report. to Congness of 1971. A<l The data have a standard

_deviation of 3.3 dB when a 10 dB nighttime penalty is applied, but the correlation worsens - .
__(std. dev. = 4.0.dB) when.no nighttime penalty is applied. However, little difference was ...
observed among values of the weighting ranging between 8 and' 12 dB. Consequently, the. -
N éommunity reaction data support a weighting of the.order of 10 dB.but they cannot b'é’

-utilized for determmmg a finer gradation. Neither do the data support “three—peuod”
preference to “two penod” days in assigning nondaytime noise penalties.

COMPARISON OF DAY-NIGHT SOUND LEVEL WITH OTHER MEASURES QF
NOISE USED BY FEDERAL AGENCIES - - : :

The followmg subsections co'mp'are' the day-night sound level with three measures -_
utilized for airport noise, CNR, NEF, and CNEL, the HUD Gmdehne Intenm Standards o
and the Federal nghway Adm1mstrat1on standards o : o

Companson of Ldn with Composne N01se Ratmg (CNR), Nonse Exposure Forecast "
(NEF), and Commumty Noxse Eqmvalent Level (CNEL) : IR

CNR, NEF and CNEL are all currently used express1ons for welghted accumulated

n01se exposure. Each is intended to sum a. senes of noise.while weighting the sound pressure' T

level for frequency and then adding appropnate nighttime weighitings. The older ratings,
. CNR and NEF, are expressed in terms of maximum Perceived Noise Level and Effective
Perceived Noise Level, respectwely, each considers a clay-mght penod 1dent1cal to Ldn

- A-15
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_ are not SIgmﬁcant bemg of the order of several tenths of a d _ bel,at most

- as. smiply the maximum perceived noxse level (PNLmax) in PNdB

* The measure CNEL itself is essentially-the same as: Lgn-except for the meéthad of
treatmg nighttime noises. In CNEL, the 24-hour period-is broken-into-three: penods day

(0700-1900), evenmg (1900-2200) and mght (2200-0700) Werghtmgs ‘of’ S'dB:_ are. apphed

One addrtlonal difference between' these four: slr'mlar measures is the m'etho'ti 6f é‘pply! E
- ing the nighttime weighting and the magmtude of the werght.mg. The ongmal CNR cosicept,

carried forward in the NEF, weighted the mghttune exposure.by-10 dB; Because of the dif-
“ference in total duration of the- day and mght periods, 15 and 9 hours respectively, a spec1ﬁc
noise level at night receives a weighting of 10 + 10 log. (—-) or-approximately 12 dBin a
-reckoning of total exposure. Given the chorce of werghtmg exther £Xposure. or level, itis

srmpler to weight level du‘ectly, pa.rtrcularly when actual noise. momtonng 1s eventually
cons1dered :

‘The following paragraphs describe the method: utﬂrzed to calculate CNR NE.F and

. CNEL, as applied prmc1pa11y to alrcraft sounds together wrth the analogous-'method for
fo calculatmg Ldn e : -

' Composxte Noise Ratmg Method (CNR)

The ongmal method for evaluating land use around civil alrports is: the composite .
. noise rating (CNR). It is still in wide use by the Federal Aviation Admm:stratron and the

Department of Defense for evaluating land use around airfields, (le Engmeenng Planmng

and Programming, “Land Use Plannmg with Respect to Ancraft Noise,” AFM 86-5, M

5-365, NAVDOCKS P-98, October 1, 1964) Thrs norse exposure -scale may be expressed

: as follows:

The smgle event noise level 1s expressed (w1thout a duratron or tone correcnon) !

The noise exposure in a community is specrf’ ed in terms of the composrte noise
rating (CNR), which can be expressed approximately as follows:

CNR = PNLpay + 1010g N¢- 12 S . (Eq.A-1%)

where

PNL

approximate “nergy mean maximum perceived noise level (PNL) at 1 given
point
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Ny = (N4 +16.7Np), where Ny and N¢ the numbers of daytime and nighttime events,
respectively.

The constant (-12) is an arbitrary constant, and the factor 16.7 is used to weight.
the nighttime exposure in the 9-hour night period on a 10 to 1 basis with the daytime expo-
sure in the 15-hour daytime period.

Noise Exposure Forecast (NEF)
This method, currently in wide use, for making noise exposure forecasts utilizesa

perceived noise level scale with additional corrections for the presence of pure tones. Two
time periods are used to weight the number of flights (Galloway, W.J. and Bishop, D.E.,

~“““Noise Exposure Forecasts: Evolution, Evaluation, Extensions and Land Use Interpreta-: - e
.. tions,” FAA-N0-70-9, August 1970) -

. The smgle event noise level is deﬁned in terms of effectwe perc..n ed noise: Ievel S
' (EPNL) whach can: be spemf' ed approxxmately by: g : S

EPNL PNLmaxHog a 218 +F, (EPNdB) : o '(Ee.jAﬁ'17') o
= -v'wherev o

‘ PNLmax = '<osav¥imum,oetcei§ed 'rfoise-level dunng ﬂyover_,' j.n.PN_dB,

_'AtIO; _ = “10 dB oown” dusanon of fhe percelved n01se level t1me hlstory,

mseconds L

F- pure tone con‘ectlon Typlcally, F= O to + 3 dB

' Commumty noise- exposure is then specxﬁed by the Noxse Exposure Forecast (NEF) For a

given runway and. one ortwo-dominant aircraft types, the total NEF for both daytime and

mghttlme operatxons can be expressed approxnnately as:

NEF . F:P_+ 10log N-88.0 o " (Eq.A-18)
where A |
EPNL = energy mean value of EI?NL for 'eaehssivngle event at the point in question

same as defined for CNR.

N
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' dB and ¢ can be -closely approximated. bys

o NLmnx' = maxunum noise level as observed on the A scale of a standard sound
L - meter -
Cand
T

and

Community Noise: Equivalent Level (CNEL) -

The following simplified expressions are derived from the exact definitions in the
report “Supporting Information for the Adopted Noise Regulations for California Airports.”

. They can be used to estimate:values. of CNEL where, one type of a1rcr‘1ft and one- fhght path

dommate the n01se exposure level

Smgle event Toise is spec1ﬁed~.»:by the smgle event noxse exposure leveI (S NEL

SENEL = Ni.max+101ogm 1-/2

= duration. measured between the pomts of (Lmax - 10) in seconds The :

: effective duration is equal to the “energy” of the integrated noise level (NL), divided by - -

the maximum noise level, NLmax’ when both- areexpressed m terms of antﬂogs It is.
approm.mately 1/2 of the 10 dB down duratxon

A measure of the average mtegrated noise level over one hour is also utxhzed n -
the proposed standard. This is the hourly noise level (in dB), defmed as:
: HNi. ‘ =§ENE1 +10log m+35.6 (dB) (EqA-ZO) e
where .

SENEL . =  energy mean value of SENEL for each single event, . -

n = number of flights per hour -

The total noise exposure for a day is- speclﬁed by the community noise equivalent level
(CNEL) in dB, and may be expressed as:.

CNEL = SENEL+10logN;-49.4 (dB)  (Eq. A2

A-18
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where

= (N4 + 3N, + 10N))

or
= (12er + 91Te + 90ﬁ‘n)

Ng,Tq = total number and average number per hour, respectively, of flights during -
- 'the period- 0700 to 1900

N,, T = total number and average number per hour, respectively, of flights during
the pericd 1900 to 2200 '

the period 2200 to 0700

Day-nght Sound Level (Ldn)

The followmg mmphﬁed expressmns are useful for est1matmg the value- of Ldn

.. fora series. of single event noxses wh1ch are of suffic1ent magmtude relat1ve to the background o
" noise that they controt Ldn S : . o

Smgle event noise is spec1ﬁed by the sound exposure teveI (L %) meastl_r.ed during.
a smgle event It-can- be closely apprommated by ' s

e ® Lr;m+10:-l°‘g'i‘o*/2“_ "jf B C R (Eq.' A-22)

= maximum sound level as observed on, the Ascaleofa standard sound level
meter on the slowtune charactenstxc S e et

B '. duranon measured betWeen the: pomts of (L . IO)m seconds b

L +1010gN 494 SR T @ ®a A2

C L e the enercy mean value of the smgle event L value$ .
N = (Nd+10N) L B

" A-19
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or . T T _
' total number of events dunng the penod 0700 to 226 :

Z
Q.
1

and

Z
n

'd'2200 to 0700

n _Y total number of events durmg the pe

, : There isno ﬁxed relatlonshlp between Ldn or. CNE f:': Reor]
’ the dlfferences between the A-level and PNL frequency werghtmgs and3

g '-shi-p:

e cowmenesomss

. For most- c1rcumstances mvolvmg arrcraft ﬂyover noise; these relatronslups are- vahd w1thm o
about a + 3 dB tolerance. »

Comparison of I.eq with HUD Guldelme Intenm Standards (1390 2 Chg 1)

"The interim HUD- standards for outdoor norse are speclﬁed for: all ncuse sources, other
than aircraft; in terms of A-weighted sound level not to be-exceeded mote than a certain
fractlon of the day Aircraft noise criteria are stated in terms of NEF or CNR.

. “"The HUD exposure cntena for res1dences near axrports are “nonnally acceptable” 1f o
, NEF 30 orCNR 100 is nat exceeded. A “drscretlouary acceptable” mtegory permits. .
' exposures up to NEF 40 or CNR 115.- .

--For all other noise sources, the HUD cntena spemfy a senes of acceptable, dxscretronaw,‘f‘ -
and unacceptable exposures. Since these specifications are sumla.r to.points.on-a. eumulatrve

- statistical description of noise levels, it is of interest to.compare the HUD -criteria w1th L.

, for different situations. For discussion purpeses, consider the boundary between the cate-
" gories “dxscreuonary-nonnally acceptable and “unacceptable i

- The ﬁrst cntenon defining this boundary allows A-werghted noise levels to eéxceed 65
.dB up to 8 hours per 24 hours, while the second criterion states that noise: levels-exceeding
80 dB should not exceed 60 minutes per 24 hours. These two values may be used to specify
two limit points on a cumulative distribution function, L33 3= 65 dB and L4 5 = 30 dB.
. The relationship between Leq and the HUD criteria may then be examined for different types
- of distribution functlons restricting the shape of the distribution only so that it does not
exceed these two limit points.
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First consider two cases of a normal distribution of noise levels, comparable to vehicle
traffic noise. For the first case, assume a distribution with quite narrow variance so placed on
the graph that the 65 dB point is not exceeded (see Figure A-8). For this curve, to the nearest
decibel, L5 = 64 dB, and the corresponding standard deviation (arbltranly chosen small) is

2.3 dB The resultmg Le 1s equal to 64.6dB.

Now consider a normal distribution with the widest permissible variance (the curve
marked Maximum Variance in Figure A-8); if the variance were any greater, the distribution
would violate HUD’s requirement that the level not exceed 80 dB for more than 60 minutes
per 24 hours. This distribution, to the nearest decibel, has L5g=60dB,Ljg=74dBanda
standard deviation of approximately 11 dB. The resultant L., = 74 dB, is almost 10 dB
higher than for the previous.case. Both curves meet HUD’s interim standards. —

Ne-xt,, eons;idex_"a series of intermittent high level hoises, superposed on a typical urbdn/ -

*‘suburban background noise level, such that 80 dB is not exceeded more than 60 minutes per. .

24 hours, say 4%. Choosing a series of repeated triangular-shaped time signalsof 90 dB maxi-

However ‘one can- allow the maximum. level to increase mdefimtely prov1ded L4 remams

* at 80'dB or less. The limiting case is that ofa square-shaped time pattern, switched on and

off. In this instance, 1f the total “on- tlme” is 4% or less, the value of L eq is equal to Lmax
.- 14.dB, and both Lhax and. L. ca.n increase without limit and still remain acceptable
within- the HUD mtenm standards Maximum A-levels for an aircraft can be as high as 110
dB, which would pernut Leq va.lues of 96 to be obtamed w1thout exceedmg the L4 l.umt

of 80 dB. -

_ Itis clear that no umque relatlonsmp can be spemﬁed between the HUD non-au'port
standards and L Values of L _ranging up to 95'dB can be found in. compliance with the

.. HUD outdoor no1se standaxd dependmg on the time’ dlstnbutlon of noise levels considered,

© Even if the mghttnne penalty were: apphed to Leq to- y1eld Ldn there would stﬂl be no umque.__. L
relatlonwnhthe HUDAstandards NG o SRy

Companson” of Lg; WIth Federal nghway Admnustratlon Nonse Standards PP‘VI 90—‘7

February8 1973 3

The pnmary cntena of PPM 90-2 are that LIO for n01se levels ms1de people—occupled

épaces shall not exceed 55-dB, or for sensitive outdoor spaces “~in which seremty and qmet R

are of extraordmary sxgmﬁcance— ?’ 60 dB

A-21
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Highway noise often has a random distribution of noise level, the distribution function
being approximately normal in many instances. In this case, the relationship between L
and LlO is given by the expressxon

Leg = Ljg-1285#0115s2 o (dB) - :(Eq. A“25)

where s is the standard deviation of the noise level distribution. The difference between L iO
and L, for normal distribution of- sound level is plotted in Figure A-6. It can be noted that
L. eq LIO -2 dB within £2 dB, for s ranging from O to 11 dB. Highway noise rarely has a
standard deviation of 11 dB 2 to 5 dB is more. typical.

‘ Thus settmg LlO at 60 dB- for hxghway noise. 1mpact1n° a sensitive outdoor Space, we . Pt
~find that an L q value of 60 -2 58 2 dB. would meet the most sensitive FHWA criterion. - T
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APPENDIX B

' LEVELS OF ENVIRONMENTAL NOISE IN THE U.S. AND TYPICAL
EXPOSURE PATTERNS OF INDIVIDUALS:

Levels of environmental noise for various defined areas are provided for both the outdoor -
and indoor situation. Examples are then used to illustrate how an individual’s daily do:e accumu-

lates from the exposure to such noise levels.

" LEVELS OF ENVIRONMENTAL NOISE
Outdoor Sound Levels

R _The range of day:night sound levels (L4p) in the United States is very large,_extending_ e
from the region of 20-30 dB estimated for a quiet* wilderness area to the region of 80-90 dB

in the most noisy urban areas, and to still higher values within the property boundanes of
some govemmental industrial and commercial areas which are not accessible to the general

" public. The. measured range of values.of day-night sound levels outside dwelling units extends:
from 44 dB:on a:farm to 88.8 -dB outside an. apa.rtment located ad;acent toa freeway. Some .

' examples of these data are summanzed in Frgure B L..

The dominant sources for'butdoor noise in u‘rb‘an residential areas are motor vehicles,
aircraft and voices. This conclusion has been found in'several atud1es, mcludmg a recent IV

b surveyB b of 1200 peOple which is summarized in-Table B-1.

The cumulatlve number of people estr.mated to res1de m areas where the day-maht sound
level exceeds various values1s given.in. Table B-2. In:the areas where the Lgn-exceeds 60 dB,
the proportion between the number-of’ people residing in areas where the outdoor noise .

) environment is: dommated by. alrcraft and those. resxdmg in areas.where. motor velucles dorm- w
. nateis approxrmately ‘one to four ‘This proportion is almost identical to the proportion .-

“found-in the survey, prewously summarized.in Table B-1 where people were: asked-to Judoe
the prmerple ,contnbu,tmg sources. of.nerghborhood_norse ‘The estlmates m Tab__le B-Z of the -

“'Measurement approx1mately ’?5 feet from a mountam waterfall on a small. canyon :trea.m e
in Wyommg gavean: Ldn of. approxnnately 85dB.B-2 - .. . .

B-1.2-
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Table B-1
PERCENT CONTRIBUTION OF EACH SOURCE IDENTIFIED BY
RESPONDENT S CLASSIFYING THEIR NEIGHB%RHOOD AS NOISY
(72% OF 1200 RESPONDENTS) :

L1

Source

Percentage

Motor Vehicles

 Aircraft

Voices

Radio and TV Sets

Home Maintenance Equipment

Construction

Industrial

" Othes Noises .

| Not Ascertaisied” T Y Lo

55
15
12

2

' Table B-2
ESTIMATED CUMULATIVE NUMBER OF PEOPLE IN. MILLIONS IN

THE UNITED STATES RESIDING IN URBAN AREAS WHICH ARE EXPOSED :
TO VARIOUS LEVELS OF OUTDOOR DAY/NIGHT AVERAGE SOUND-. -

LEVEL, B-4 B-5>

i

L.

Outdoor " | Uiban '
Lgn Exceeds " | V’Trafﬁc

Freewdy "
: Tr.afﬁc:

. Aircraft
- Operations :

e

,j}mafﬁgt'; 50

sl
SRR U RS (B

LTS

T

".*1,'-5'5 DR & _
09T

LR

0.3"

160
75..
34

o5 b
02 |

181 |
oz |
- 37

0.6




number of people living in areas which. are exposed to freeway and aircraft noise are taken

from the EPA airport/aircraft noise report. B4 They were based on calculated noise con-
tours and associated populations for a few selected situations which formed- the basisfor -
extrapolation to. national values: The- estimates for the number of people living:in areas in

- which the noise environment is dominated by urban traffic were developed from.a survey}-"‘5

conducted in Summer- 1973 for EPA. The survey measured the outdoor 24-hour noise

' environment at 100 sites located in 14 c1t1es including at least one city in each of the ten.
EPA regions. These data, supplemented with that from previous measurements at 30 add1-
. tional sites, were correlated with census tract population density to obtain a: general rela- -

- "tionship between Ld.n and population density. This relatlonshxp was then utlhzed together

with census data giving population in urban areas.as a- functxon of populatlon densxty, to
'derive the national estxmate glven in Table B-2."

These data on urban noise enable an estimate of the percentage urban populatlon in -

terms of both noise levels and the quahtatlve descriptions of urban residential areas which:
" were utilized in the Title IV EPA report to Congress in 1971. B-6

These estimates, summarized in Table B-3, show that the majonty of the 134 mﬂhon ,
people residing in urban areas have outdoor L4 values ranging from 43.dB to 72 dB- with a_
median value of 59 dB. The majority of the remainder of the population. residing in rural or

other non-urban areas is estimated to have outdoor L, values ranging between 35 and 50
dB. '

- ‘Ind’oo-r'v Sound Levels

. The maJonty of the emstmg data rega:dmg levels of envu'onmental noise in- resxdent:al
~areas has been obtained outdoors. Such data are useful in characterizing the neighbarhood
noise environment evaluatmg the noise of identifiable-sources and relating the measured
values with those calculated for planning purposes. For these purposes, the:outdoor noise

leévels have proved more useful than indoar noise levels because the indoor noise levels con- ‘

tain the additional vanab111ty of individual buﬂdmg sound level reduction. This variability
. among dwelling units results from type of construction, iriterior furnishings, orientation of
rooms relative to the noise, and the manner in which the dwelling unit is ventilated

Data on the reduction of aircraft noise afforded by a range of residential structures
are available.B-7 These data indicate that houses can be approximately categorized into
“‘warm climate” and.““cold climate” types. Additionally, data are available for typical open-

“window and closed-window conditions. These data indicate that the sound level reduiction
prov1ded by buildings within a given community has a- wide range due ta differences in the
use of materials, building techniques, and individual building plans. Nevertheless, for

B4
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Table B-3

ESTIMATED PERCENTAGE OF URBAN POPULATION (134 MILLION)
RESIDING IN AREAS WITH VARIOUS DAY-NIGHT NOISE LEVELS TOGETHER
' WITH CUSTOMARY QUALITATIVE DESCRIPTION OF THE AREAB-3.B-4

Average Census

Residential . . ... .

S Typical Estimated - | Tract Population
Description Range . Average Percentage  Density, Number |
LdnmdB Lgp in-dB of Urban I of people Per |-
b s -»Populanon Square Mile.
-+ | Quiet Suburban 48-52 50 12 - - 630-
“| Residential - : »_ » o :_ -
| Normal Suburban - 5357 55 21 2000 ¢
. Residential. . : i
Urban Res1dent1alm' 5862 | 60 28 o 6300 |
“ | Noisy Urban 6361 | 65 19 20000 |
‘|- Residential o ’

.. planning -purposes;‘the typical reduction in sound level from outside to inside a house can '

be summanzed as follows in Table B-4. The approximate. national average “window open”

» The sound levels inside dwelhng muts result from the.noise from the: outslde enViron T
- ment plus the noise generated mternally The internally generated noise results from people ..

, _condmon ‘corresponds to an opemng of 2 square feet and a room absorption of 300 sabins
'(typxcal average of bedrooms: and living: rooms) This wmdow open condition has been o
- ..assumed throughout this report in estimating conservative values of the sound levels ms1de T
- dwellmv umts wlnch Tesults. from outdoor noise. .

activity, apphances and heating.and. ventllatmg equipment. Twenty—four hour contmuous

_ L measurements were ‘made in 12 living rooms (living, family or dining room) in 12 houses ~~
""" during the 100-site EPA surveyB'5 of urban noise, excluding areas where the noise resulted
.-, .. from freeways and aircraft. The. results summarized below. in Table B-5, show that the msrde
e day-nighit's sound level in these: homes was. the result of; mternally generated noise. In fact;

. " the mtemal Ldn and Lyg values were. shghtly higher than thosé méasured outdoors, despxte
" the fact thet: the average house sound.level. reducuon appeared to exceed 18 dB: The pattern-
-+ forthe indoor. sound levels vaiies mgmﬁcantly among the homes, as portrayed by the data
~in Flgur‘ B-2 'I'he hourly eqmvalent sound levels have an average minimum of approxnnately




Table B4. . : ¥
SOUND LEVEL REDUCTION DUE TO HOUSES* IN WARM A AND COLD

: CLIMATES WITH WINDO\WS OPEN AI' CLOSEDB' ‘

' ‘ :Warm-cﬁmafe

Cold chmate o

: Approxxmate natlonal aVerage

_ '*(At:ténuation of ontdoof,'noise by:extfénOI'- s}IOH:Of- the ho se) .

L Table B-5 P
COMPARISON OF INTERNAL AND OUTDOOR SOUND LEVELS IN
LIVING AREAS AT 12 HOMESB-7

DaytIme NIghttIme Dé&QNIght
Sound Level Sound Level | Sound Level
: (Ld_) indB | . (Lp)in- dB_ Ld‘l in dB
*Outdoors: ._ AN :
" Average 577 498 | 588
.. Standard: Deviation. - 30 4.6 - 3.6
Indoors:
Average 594 46.9 60.4
Standal'd DeVlal'lOIl 5.6 8.7 5.5
DifferenOe: _
' Outdoors Minus Indoors 1.7 2.9 6
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EXAMPLES OF INDIVIDUAL NOISE EXPOSURES
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Frgure B-Z N01se Insrde Lrvmg A.reas of 12 Homes Values of Hourly Eqmvalent
Sou.nd Level asa Functlon of Hour of DayB->

' 36.dB dun'.ng the: hours between 1’ a.m. and' 6’ a m' This 'minimum level is probably-governed
.. by outdoor noise in the majority of the situations. However when people are active in the
_ daytrme the hourly. equivalent sound levels have a range of over 30 dB, depending.on the =

type of activity. Thus, during the waking hours, the outdoor noise sets a lower bound of
indoor noise. For the outdoor Ly, range of 52-65 dB this lower bound is s1gn1frcantly below

' 'the averaoe level of the mternally generated norse. L

‘The noise exposures recerved by mdrvrduals are very. much a functron of the md1v1dual s ’- B
life style. The variation in these exposures can' be illustrated by-examining Aseverat typical =
daily activity patterns. While these patterns. are realistic, they should not be construed as

_applymg to all mdrvrduals followmg the partlcular hfe style deprcted

The tota.l daﬂy exposure Leq(24) is’considered the sum of the sound energy from all
daily exposure, mcludmg occupational exposures. Mathematlcally this can-be mterpreted as:

n . . _
,_.Le-q(24 hr) = 101og [ z 4 x lOL(tl)/lo] , ':_49.4 e

i=1.



'where: L(t;) is the L, value for the appropnate t1me penods (tl) and the summatlon of S

all the t;’s must equal a total of 24 hours (Le

- ]

Five drfferent exposure pattems for 2 a 24—hour day deplcted in F1gures B-3 to B-7._- T
The pattems are representahve of the exposures that nught be mcu.rred by

J:

.Factory worker -
- © Office worker. =~ ", -
“Housewife @ - - ' .
- School child . N
""" Pre-school child .- S .

ey
i

E Certam assumptlons were: made 1% determmmg the leveIs shown in Flgure B-3 to B-7 S e
First, it was assumed that the suburban:environment: was equal to an Ldn of 50 (Ld 50,
“Lp= 40). For the urban envnonment ‘the. Ldn value was 75 (Lq=72,L,=68). Thelevels -
for the various activities were: determined: from prevrous EPA’ reports on: apphance noise,

- transportation noise, as well as mformatron contamed i’ the EPA Task Group No 3 Report
relating to axrcraft norse B'4 :

Values for the Eqmvalent Sound level (Le (24)) expenenced by the md1v1dual are com-
puted from the basic formulation of L, eqr For each of these hfestyles the Le q(24) value and
the L, values are equivalent as the controlling noise dose normally does. not occur at night.

" - This- emphasizes that for most practical sxtuatlons, the average mdrv:dual Ldn dose or Leq(z 4)_
’_ : md1v1dual dose are mterchangeable ‘ :

Norse levels for other hfestyles could also be generated However 1t is unportant to-
" 'remember that Leq(z 4) values are; im most cases, controlled by the. 2- to 3-hour ‘exposures .

to relatively high level noise. For example, assume a-motorcycle rider rodeé his veIucle for 2
" hoursa day at an exposure of 100 dB producing an Leg(24) of 89; if this were the case, then. -~
‘other noise producing activities during the day would have little effect: on the: Ldn 1f they ~
were at a level of at least 15.dB below the level of the motorcycle '

I
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"and other causes rather than to noise exposure

APPENDIX C

NOISE-INDUCED HEARING LOSS

INTRODUCTION

" A considerable amount of hearing loss-data have been collected and analyzed. These
data mclude measurements of hearing loss in people with known histories of noise exposure

a Much of the analysis consists of grouping these measurements into populations.of the same.

age with the same history of ‘noise.exposure and determining the percentile distribution.of

" "hearing loss for populations with the same noise exposure. Thus, the evidence for noise-
"' induced permanent threshold shift can be clearly seen by comparing the distributionofa -

noise-ex.posed population with that of a relatively» non-noise-e_xposed population.

Most of these data are drawn from cross-sectronal research rather than Iong1tud1rral ‘

" studies. That is, ‘individuals or populatrons have been tested at only one point in. time."

Because complete noise-exposure histories do not exist, many conclusions are limited by

- the need to-make certain hypotheses about:the onset and progression of noise-induced hear- .

ing loss. Different hypotheses about the time history will lead to different conclusions even

. from the same data base, aithough the.range of such conclusions is limited. Thus, in reaching
'conclusmns about hearing loss, reliance is made on assumptions, hypotheses, and extrapolations

which are not.all universally accepted by the scientific community. However, attempts have
been made to consider differing opinions and to insure that the ‘methodology and conclusions -

in this section are in the mamstream of current sorentrﬁc thought

BASIC ASSUMPTIONS AND chsiDEn-.LmONs |

In order to proceed further it'is necessary to make the following well-based assump-
tions: : : :

Hearmg stufts in the “non—norse-exposed” populatrons are attnbutable to agmg

2. As individuals approach 'the m'gh end of the distribution and their hearing becomes.
worse, they become less affected by noise exposure. In other’ words there comes a pomt

where one carninot be damaged by sounds that one. cannot hear:.

T Cloar



~alevelto protect agamst hearmg loss

', Preservauon of ngh Frequency Hearmg

" In addrtron there are some- nnportant consrderatrof necessary for the 1dent1ﬁcatron of

The levels 1dent1ﬁed m this doeument for hearmg conservatron purposes:are those wh1th '

_.have been shown to. prowde protection from any. measurable: ‘degradation.of hearing acuity.

* This protection is provided even for those’ portions of the héaring mechanism’ which respond o
. to the.audiometric frequency at which noise-induced hearing impairment: ﬁrst occurs, namely -
' 4000 Hz. The definition of hearing handxcap ongmated by the American. Acaden y-.-of Opthal- :

mology and Otolaryngology (AAOO), and currently mcorporated in many hearil

o - risk criteria, is somewhat- dlfferent from the deﬁmtron used in th1s document. Heanng handr- .
.. cap, (and later, hearing unpamnent) was deﬁned by a: g
w - level at 500 Hz, 1000 Hz and 2000 Hz

Although heanng loss for frequenmes above 2000 Hz s not treated a8 srgmf cant by
most of the existing occupational hearing damage-risk criteria, the abrhty to héar frequencies

above 2000 Hz i is important for understandmg speech and- other signals: Despite the traditional
" use of the: term “speech frequencres” to apply to: 500; 1000-and 2000 Hz, useful energy in

speech sound ranges from about 200-to-6100 Hz. Gl /
the equal discriminability point in the speech spectrum is at about 1600 Hz. That is, fre-

‘ quencre(s: albove 1600 Hz are equal in importance to:those: below 1600 Hz for understandmg
“~"speech.~"

However, there are other reasons for preservmg the frequenmes above 2000 Hz.
Higher frequencies are important for the localization and identification of faint; Iugh-prtched
sounds in a variety of occupational and social sitiations, Detection of soft; relatively h1gh-

N ‘frequency sounds can be especially nnportant in vigilance: tasks; such.as those- wh1ch may: -
" occur in the military. In addition, good. hearmg for. the higher frequencresrs important to

hear everyday occurrences such as sounds indicative of deterioration i in mechanical equ1p¥ -

“ - ment, crickets ona summer evening; bird song, and' certam miusical sounds. In fact; high=
" fidelity sound reproducing equipment is often: promoted on the’ basrs of its fidelity up to.

15 ,000 Hz, or even 30 000 Hz.

Any measurable hearing loss at any frequency is unacceptable if the goal is protection
of health and welfare with an adequate margin of safety. For most environmental noise,
protection at 4000 Hz will insure that all other frequencies are protected. c2 Thus, the 4000 -

Hz freqiiency has been selected as the most sensitive mdxcator of the auditory effects of
environmental noise. :

C-2

] average hearmg .

It has been known for many years that

———
T
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g "vStatus of Hearmg at 4000 Hz in the Umted States

Significant Changes in Hearing

In this section an attempt will be made to determine the relation between exposure
level and noise-induced permanent threshold shift (NIPTS). Before this is accomplished, how-.
ever, the significance of various amounts of NIPTS needs to be addressed. '

For the purposes of identifying the levels in this document, it was necessary to adopt a
criterion for an allowable amount of NIPTS. Whereas a NIPTS of 0 dB would be ideal, it is
not appropriate for the following reasons:

1. Most audiometric equipment does not have the capablhty to measure heanng

-+ levels in less than 5 dB steps. .

- 2. There is no known evidence that NIPTS of less than 5 dB are perceptlble or have
any practlcal SIgmﬁcance for the. mdmdual : .

3. Ind1v1dual hearing thresholds are sub]ect to minor fluctuations due to transxtory

. psychoIog1cal or phys1olog1cal phenomen&

S NIPT-S:. ofgons;derably larger’amounts have been pérmitfed in various d‘anﬁg'e'-ﬁsk eri- o
teria in the past. For instance, shifts of 10 dB to 20 dB have been considered reasonable.C3

However, the requirement for an adequate margin of safety necessitates a highly conservative

- - approach. This approach dictates the prevention of any effect on hearing, which is defined

here as an essentially insignificant and unmeasurable NIPTS, i.e., a NIPTS of less than 5 dB..
The ava.xlable evidence'consists of statistical. distributions of heanng levels for populatlons at

" various exposure levels. The evidence of NIPTS, then, is the shift in the statistical distribution N
: of hearmg levels for.a nmse-exposed p0pu1at10n in companson to that. of a non—exposed pop— B
crulation, s T L b

" PREDICTION OF NOISE-INDUCED PERMANENT THRESHOLD SHIFT

Flgure C | summarizes hearmg levels of ‘the oeneral U S populatxon at 4000 Hz The data..,

" are from the Public Health Survey (PHS) conducted in 1960-62 in the United Statés. €=

Robinson’ sC -5 non-n01se-exposed and otologlcally screened populatlon is. shown for compan—
son. Several points should be noted
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Flgure C-l Populatlon Heanng Levels at 4000 HzC'4 C‘5 C‘

Al. The heanng of a selected. percentﬂe of the populatlon can be determmed for various
age groups As drsplayed here the hlgher the percentlle pomt the worse the hearmg S

, 2. Atage 1 1, there is no ‘hearing difference due to sex, C-6 but for the 18- 4' age group, .
a deﬁmte dlfference is ev1dent w1th men s heanng cons1derably worse ' R

3. Considering that there isno ewdence for any sex-inherent drfferences in susceptr-

: brhty to hearing unpau'ment it is most hkely that-the dlfferences drsplayed are. due to norse S

exposure.

The Effect of Noise on Hearing

Table C-1 summarizes the hearing changes expected for daily exposures to vanous values
of steady noise, for an elght-hour day, over 10- and 40-year periods. C-7

" Four different measurement parameters are considered in Table C-1:

1. Max NIPTS: The permanent change in hearing threshold attributabls to noise.
NIPTS increases with exposure duration. Max NIPTS is the iiaximum value during a 40-year

- C4

7]




=

Lo

o

L

| Max NIPTS IOth percentﬂe RN Gt )

y)

b

e _.'. Max NIPTS 10th percentlle :

AL

Table C-1
SUMMARY OF THE PERMANENT HEARING DAMAGE EFFECTS
- EXPECTED FOR CONTINUOUS NOISE EXPOSURE AT
VARIOUS VALUES OF THE A-WEIGHTED AVERAGE

SOUND LEVEL ¢7
75 dB for 8 hrs

av.05,12kHz av.05.12.4kHz 4kHz
Max NIPTS 90th percentile 1dB 2 dB 6dB
NIPTS at 10 yrs. 90th percentile 0 i 5
Average NIPTS . 0. 0 K )
Max NIPTS 10th percentile 0 0 0

o 80 dB for 8 hrs .
av.0.5.12kHz av.0.5.1.2.4kHz _4 kHz ..
- Max NIPTS 90th perééntﬂe o T 1dB 4dB - 11dB .

NIPTS at 10 yrs. 90th percentxle' ‘ 1 3 9 .
Average NIPTS: . LT 0 1 4
Max NIPTS 10th: percentﬂe ) 0 0 2

85 dB for 8 hrs _

av.0S517kHz  av0.S5124KHz 4kHz

. Max NIPTS 90th percentile =~~~ . * - "“4dB . 7dB - 19dB
NIPTS at 10 yrs. 90th-percenti1e 2 . 6 16
Average NIPTS : e - T 9

90_@_&&_@

av.0.5,12kHz _av.05124kHz _ 4KkHz

' Max NIPTS SOth percentile .. .~ 7dB . 12dB. . 28 dB

- NIPTS at 10 yrs. 90 percentile - . e T T 9 e 24
- Average NIPTS . 3 6 15

4 1D

Exa.mple - For an exposure of 85 dB during an 8-hour working day, the followmg

effects. are expected

C-5



Table C-1 (continued)
For the 90th percentile point, the Max NIPTS occurring typlczlly dunng
. a 40-year work lifetime, averaged over the four frequencies.of Q;5; 1,2
- and 4 kHz, is 7 dB; averaged over the three frequencies of 0.5, 1,and 2. -
~ xHz is 4 dB’ -and 19dB at 4 kHz. For this same 90th percentile point of -
. the population, the expected NIPTS; afteronly’ lO-yeats of posure:f i
" would be & dB averaged-over-the four frequenc:es 2
-»three frequencres, and 15 dB at 4 kHz '

exposure that starts at age 2Q; Data from the 90th percentxle pomt of the popu.latzon wﬂl be, :

used to extrapolate to’ h:gher percentxles.

- of the. populanon for 10 years of exposure

3

groups (This figure differs by only a couple of dembels from the medlan NIPTS after 20
- years of expasure: for the entire populanon ) .

The values in Table C-1 are arithmetic averages of data found in the eports'of Passcluer-

Vermeer C3 Robmson C‘5 and Baughn C‘

DERIVATION OF EXPOSURE LEVELS

. vSelection of the l’ercentile and'ltelated Exposure Level.. . .. -

- The esttmatlon of NIPTS for a grven percentlle has been accomphshed by subtractmg
i the heanng level of that percentlle of the non-noise-exposed group fromi the hearing level of e

the respective percentile of the noise-exposed group.-People above the 90th: percentile are-:
- 'those whose hearing is worse than that of 90 percent of the’ populatron Thus forexample
rf the group at the 90th percentile shows a shift of 10 dB because of noise exposure, then it
is considered that the group has a NIPTS of 10 dB. Extrapolations above the 90th percen-
tile can be made from existing data, as done in Figure C-2. These extrapolauons require ’
cautious interpretation. First, the data for the 75 dB exposure levels in Table C-1 are them-
selves derived from extrapolations. The last firm data are at 78 dB. Second, for many of the

studies that serve as the basis for the Passchier-Vermeer work the 90th. percentrle is already
extrapolated from the 75th percenﬁle

As stated earller the assumption has been made that if a person’s hearmg loss is severe
enough, noise exposure will not make it worse. To be more precise, a person wiil not incur
a hearing loss from a noise that he cannot hear (so long as it is within the audible frequency
range). Granting this assumption, it follows that at some percentile, the amount of NIPTS

c6

NlZPTS at 10 years The entnes on. thxs row also apply to: ,:th S Oth rcentxle pomt

Average NIPTS The value of NIPTS is- averaged .over all the: percent:les for all age. '

Lo
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fora given’e’xpos’ﬁr.e.level will approach an asymptote. In order for further hearing loss to be

| incurred above this critical percentile point, greater expostire levels must occur. In the _
“extreme, a person who-is totally:deaf cannot suffer noise-induced hearing loss.. -~ .-, .

A study of the. data providesa basis for a reasbhabie estilﬁate of this critical percehtiie
Baughn’s data gives. an indication that the pOpulanon with a heanng level greater than. 60-dB-
after a. 40-yea.r -exposure begins. to become less affected by- noxse (F1gures 9,10; angd- 1lof .

- ref. C-2). For. example if a person has a heanng loss greater than75 dB, itis not reasonable
. to expect that an A-we1ghted noise of 7§ dB' (which normally means that. only a }evel of 65

"dB would be present at the octave band centered at 4000 Hz) will cause a further increase”
of the 75 dB loss. Next it is necessary to. determme ‘the distribution of hearing levels.of the

', ; non—nome-expased populatxon at age: 60. The best data available are the hearing levels.of 60
" year-old women.of tiie: 1960-62 Public Hedlth Survey: c4. Whﬂe certamly some of-the: .

women. in the sariplé ‘may be ndise exposea the noise exposure of that population sample

B can be comsidered. minor as compared to the apparent noise exposure of men. The data. from

the Public Health Survey pred1ct the percentage of the. populatlon with heanng levels above
.70, 75, and 80 dB. , .

Figure C-3. shows the exposure: levels at wh1ch no more tha.n 5dB NIPTS at 4000 Hz

) w111 occur for vanous percentlles on the lowermost curve. The curve labeled PHS—4000 Hz
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Figure C-3. Exi)osure Level and HearmgLevelas aFunctlon of PopulatxonPercentde,
Showing the 5:dB N:IPTS Curve Merging with the PHS;.400_0-H2 Cu_rve :

, rePresents hearing levels by percentﬂes of the non-noise exposed populatzon If a noise level
- that cannot be heard by an- individual is assumed. not to cha.nge his hearmg level, then the -

. extrapolated 5 dB NIPTS curve of Figure-C-3 cannot cross the-curve labeled-PHS. In fact,
the 5 dB NIPTS curve must turn upward and merge with. the. PHS curve; shown i in Flgure

C-3 by the dotted line. The point of merging is seen'to be at. approxxmately the-96th. ] per-
-~ centile and-the exposure level requu'ed to: protect this percentile from a:shift-of more than

- SdBisan Leq(g) of 72 to 74 dB, or-approximately-73-dB: It may be coneluded theréfore;.
- .that a 40-yéar noise exposure below an L eq(8) of 73is: satxsfactory to prevent the entire
" statistical distribution of hearing levels from shifting at any point by more than'5 dB. Gen-

T ‘eralizing from these conclusions, the entire populauon exposed to Leq(&) of 73i s protected
L agamst a NIPTS of more than 5 dB.

- -A: similar analys1s can be made for § dB and’ 10 dB NIPT S at the m1d frequencxes
(F1gure C<4). The upper PHS curve represents the better ear.data for the average of 509,
1000 and 2000 Hz of both men and women from the Public Health Survey. C4 Both-men
" and women are used since there is little difference due to sex-and hearmg levels for these
frequencies. Considering that the curves will merge in the same manner as the 5 dB at 4000
Hz NIPTS and PHS curves, one can conclude that:

C8
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- Figure C4. Exposure Level and Hearing Level as a Function of Populat1on Percent .
Showmg Merging of Different NIPTS Curves with PHS Curves

1.~ of 84 dB w1ll cause no more than a 5 dB shift at the critical percentﬂe for

' the averaged ?requenmes 500, 1000 and 2000 Hz

2. 8) dB wﬂl cause no more. than alod dB sh1ft at the most cnt1cal percentrle for
the averaged l}requencres 500 1000 and 2000 Hz.

Although the data base used here is quite large, we cannot be absolutely certain. that it
is representative of the whole populatlon. Any argument such as that presented above does.
not, in fact, prov1de 100% protectron of the entire population. Obviously, there are a few
individuals who might incur more than '5'dB NIPTS for an exposure level of 73.dB. There i is-
the possibility that individuals might shift from lower to higher percentiles with a change.in '
exposure level. In other words, there may be individuals. who experience greater shiftsin

e heanng level than those predlcted here ovar penods of t1me much less than 40 years

At tlns pomt 1t may be ‘useful to examme the same data m a shghtly drfferent way, j :

exposed populatron are. dlsfnbuted normally, the -exposure levels. wh10h produce various
amounts-of NIPTS at the 50th.and 90th:percentiles may be extrapolated to.levels which. -

" produce NIPTS at’ the. 99th percentrle. Usmg’tlus extrapolat1on Figure C-5 shows NIPTS as
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-~ Figure C-5 NIPTS asa Functton of Exposure Level for the 50th
'90th and 99th: Percentxles

a function of exposure level for the 50th, 90th and 99th percentiles. The 99th. percentile .
_curve intersects the 5 dB NIPTS point at 71.5 dB- (which is only-}.5- dB: belawthe:level pre-::

" vmusly identified). Thus, if one wishes to protect up to the 99th percentﬂe. thnut emplo.
: mg the concept of the critical percentﬂe the exposure level necessary to prevent more than

The preceedmg analysm ut1hzmg the concept of the cntzcal percentlle, concludes_f-r ] : %
8-hour per day exposure to 2 73 dB steady noise for40 years will result in a: no1$e-1nduced o
permanent threshold shift of no more than 5 dB at 4000 Hz. This conclusxon was feached 3_

“through the use of assumptions and constderauons pomted out earlier in this: appendlx Sum-
lar analysis of the same and similar data may be made using other assumptlons and consider-’
-ations. Some analyses lead to essentially the same conclusion while others do not. However,
no such analysis has identified a level of much less than 65 dB or much greater than 80 dB
for the same conditions (i.e., 5 dB NIPTS at 4000 Hz for 40 years of exposure). While the
discussion of these levels and their derivations are a subject of great interest and activity in
the scientific community, the Administrator of the Environmental Protection Agency is
required to identify the level which, in his judgment, is requisite to protect public health and
welfare. For that purpose, the level of 73 dB appears to be the most reasondble choice for
the conservation of hearing based on the present state of scientific knowledge.
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Adjustments for Intermittency and Duration

The next step is to transpose this level into one which will protect public health and
welfare, in terms of environmental noise exposure, with an adequate margin of safety. For
this purpose, it is necessary: to correct for mterm1ttency and to extrapolate to 24 hours. In

_order to do this, two hypotheses are necessary—the TTS Hypothesis and the Equal Energy

Hypothesis. .

The TTS Hypothesis states that a temporary threshold shift measured 2 minutes after

- cessation of an 8-hour noise exposure closely approximates the NIPTS incurred after a 10-

to 20-year exposure to that same level There is a substantial body of data supportmg this

' hypothesxs

) " “The Equal Energy Hypothesrs states that equal amounts ot‘ sound enervy will cause
equal amounts of NIPTS regardless of the distribution of the energy across time. While there -

s expenmental confirmation and general acceptance of th:s hypothesis, certam types of
mte.nmttency hrmt lts apphcanon

Intermlttency .
' '--Theiequal energy concept is considered by some to be a conservative app'»roach'for;

short exposure periods. An alternative approach may.be necessary because there is little

direct evidence to show the effect of short exposure periods or intermittency on the develop-

" ment of NIPTS, This approach unphes the use of temporary threshold shift as a predxctor of
- NIPTS, : , :

*"Even for a continuous noise, TTS.is not predictable for all possible durations using
the equal energy rule. The equal energy rule predicts, with reasonable accuracy, the TTS at
4000 Hz for durations of 8 hours down to about 30 minutes.. Effeots from durations.shorter . -
than this, however are better predicted by a slight deviation from the equal energy rule.

" While equal energy provides for.a 3 dB increase in exposure level for each halving of expoéure

duration, TTS for durations of less-than 30 minutes are better predicted by greater intensities
for each halving of time. For instance, TTS for durations-of less than 15 minutes are better
predicted by.a 6-dB. rather thana 3 dBi increase. For an exposure of two minutes.duration,
the level required to produce an expected TTS at 4000 Hz would be approx.mately 10 dB :

_ greater than the level predxcted by the equal energy concept\ .

Investxgatlons of enwronmental noise pattems reported in the EPA document
“Commumty Noise™ *.C-10 i dicate that in most: environments; noise fluctuates oris mter-
mittent. Moreover, intermittent:noise.for a given Leq having peak levels 4£5t0 15 dB '
higher than the_background level; may-produce less hearing:-damage than a continuous noise

“c11



* with the same energy.C-11 Also, noise levels which-are below 65.4B for 10 percent of the.
time tend to. be less: dangerous than contmuous noise,C-12: Therefore mterrruttent noise as
used-in this document will be defined as‘noise which is below: 65 dB for about 10 percent of -

" each hour (i.e., L90 of less than 65 dB) with peak levels £ 510" l-,S dB]

. ' noise meets these cr1tena ‘For this reason, the Le measured in. many. srtuatxons can. be
e expected to produce less harmful eﬁfects on heanng than those depicted in: Tabl C-I. Some
_ correctron factor is thus'indicated for Leq yalues desmbmg noise expected ina: typacal :

o . envn'onmental srtuauon in wluch the exposure is relahvely mtense but-intermittent:in : ature;*

In order to determme an appropnate correctron factor Flgure C:6 has' been drawn o

Usmg' an exposure of 73 dB for 8'hoursasa. basehne, the sound. pressure: levels; producmg

equal TTS; ‘to be expected at: 4000 Hz are. piotted for duratlons of contlnuous noise as: short 3

- as.}-1/2 minutes.C-3 Plotted also’ (curve a); is the maximum: mtermrttency correctlon sig-
e gested by “Second Intersociety: Cormmttee” C‘13 and discussed in the NIOSH cntena dOcu-

" ment.C-11 This correction is for.the mid frequencres. Recent:work has indicatéd thatfor .

4000 Hz the best intermittency - correction to produce equal TTSz is represented by curve
- C’14 The crosshatched area. between the curves a;rrd ‘¢ srgmﬁes the: area ot‘uncertamty
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Figure C-6. Equal TTS Curves for 4000 Hz.
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In addition, TTS curves.for impulse noise are included in Figure C-6. Appendix G
contains the details of the modified CHABA limit and the conversion necessary to derive from
the peak sound pressure level of a decaying impulse the continuous A-weighted noise of the
same duration. The impulse noise data show that the equal energy concept is still a reasonable
approximation for very short durations. While: certainly it may be overly protective for some

noise patterns, in general it predicts the effects of noise on heanng reasonably well Pred1ct1on B

is improved, however, witha § dB allowance for intermittency.

The average correction for intermittency suggested by Figure C-6 is'5 dB (i.e., plac-
ing the origin of the equal energy line at 78 dB for 8 hours). This correction should be used
only if the noise level between events is less than 65 dBA for at least 10 percent of the time
(Lgg < 65 dBA). Since most environmental noise exposures will meet this requirement dur-
ing any 8-hour period, it is furthersuggested that environmental noise should be considered -

~intermittent unless.shown otherwise. Using the 5 dB correction factor, the area of uncertamty'--, .,: '
“(crosshatched) of Figure C-6 is approxnnately bisected. Further support for such a 5-dB- cor---

rection factor is found in a recent Swedish study where exposure to continuous noise of L,
85 to 90 caused a hearing loss which. corresponded to an intermittent noiseof I Lg 90 to: 95

_ The authors conclude that a 5 dB correctxon factor i is appropnate C-15

For certam noise s1tuat10ns, a la.rcer mtermrttency correction rm,._.ht be Just1f1ed

" . However, the use: of large corrections’ when only part of the total noise exposure pattern is

.known entails a considerably higher chance of error. Therefore, the use of correction factors

" higher than 5 dB for mtenmttency are not considered consistent with the concept of an ade-
quate margm of- safety : :

Corwersnon -of .8-Hour to 24-Hour Exposure Levels

A _The TTS after 24 hours of exposure generally exceeds that after 8 hours of exposure
by about § ‘dB.C‘2, Thus the use of a 5§ dB correction factor is suggested to extrapolate from - " =
the 8-hour exposure data to 24-hour exposure.C-2  For example, the predicted effects.ofan
exposure to 75 dB steady-state noise for a 24-hour-duration are equivalent.to the effects . o
" estimated: from industrial studies for an 8-hour exposure to a continuous noise with a level of -
80 dB. This'5 dB correction is consisterit. with the equal-energy trade-off between exposure:

... duration and noise level. That is, the equal-energy rule.in this case also dictates a correct1on
' of 5 dBfor24 hours.

It appears that exposures over a penod longer than 24 hours need not: be conmdered
in th1s case. Various studies of TTS C-16,C-17,C-18 have shown.that, for an eXpOosure 1o a:: B
specific noise level, TTS will not exceed a lmutmc valué regardless of exposure duration. - Tlus o
. limit is reached at approxrmately 24 hours of exposure However this concept apphes onlv to ‘
- exposure levels less than 85 dB e L SRR
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Conversron of Occupatlonal Dose to a Full Year (250 to 365 Days)

“The: apphcabmty of occupanonal data to non-occupatronal exposure is- questronal
. 1n several ways. One concern is the use- of the occupahonal exposure data to predlct the.

general effects’ ‘on- populatrons composed:of people whae, for:a: vanety of: reasons, do not work.

However, there are no data from which to- derive approximate: correctlon factors. Another

concern is the fact that the occupational data are based on-a 250-day workmg year When -

predicting the effect of a known noise: exposure overthe 365-day year, certamly some cor-
-rection‘is in order The equal energy concept. would predrct at léast'a 1.6 dB. lowermg of the

..exposure level, and such a correchon should be used when the concept of. an annnal exposure :

: 'j:-.. dose is used

To summanze the adjustments' he followmg ex sures over40 ‘years wi ‘result in

) ':'-f-thesameeffect R

‘ [ Leq of 73 dB contmuous norse durmg the 8-Hout- workmg'da,
with relative quiet for the remammg 16 hours, 5 days per. week
(See drscussmn of qmet requrremems below}

. L eq- of 78 dB mtenmttent ‘noise durmg the: 8-hour workmg day

with relative quiet for the remammg 16, hours 5 days ‘per: week
73+5=178 o

e Lgqof 76. 4 dB intermittent noise for 8:hours a’ day, w1th

relative quiet for the remauung 16 hours, for the 365-day year
78-1.6=76.4 '

® Leqof 71 4 dB intermittent noise for 24 hours a day, 365 days
' a year,
76.4 - 5 714

In view of possxble uncertainties in the analys:s of the data, 1t is consrdered

reasonable to round down-from 71.4 dB to 70 dB-: These uncertainties will be discussed in .
the next sectlon.

. CONSIDERATIONS FOR PRACTICAL APPLICATION

. The Data Base

In viewing the data in this appendlx and elsewhere in the hearing im pamnent litcrature,
a number of fundamental considerations must be noted:
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these mﬂuences. R

1. Few, if any, of the various “classic studies™ (e.g., those of Robinson, Baughn, and.
Passchier-Vermeer) are on comparable populations. In addition, some of the data are derived
from populations for which noise exposure histories are sketchy, if not absent (e.g., the 1960-
62 U.S. Public Health Survey data).

2. There are major questrons regarding the comparability of the audiometric tech-.

niques used in the various surveys.

3. There are a great number of unanswered questions and areas of uncertainty with
regard to the relationship of hearing thresholds to individual physiological and metabolic..
state. The role of the adequacy of the blood supply to the ear (and the possible influence of - -
changes in that blood supply resulting from cardio-vascular respiratory disease or the process '. o
of aging), as well as the fundamentals of cellular physiology involved in adverse effects with- -
in the organ of Corti, simply cannot be stated with any degree of reliability at this time.

. There is some evidence that these non-noise related influences. may be of major- s1gmﬁcance. AR

Moreover, part of.the adverse effect of noise on hearing may be attributable mdlrectly to

4, There are no large-sca.le long1tud.mal studies’ ‘'on hearmg loss in selected and cares”

- fully followed. pOpulatxons whose physxcal state ancl nolse exposure has also been carefully _ -
'detarled DR

Accuracy of Estirnatetl E_ffects

There is. unperfect agreement among various studres as to the exact relatlonshrp between .
sound exposure level and noise-induced hearing loss.. The range of error invoived is on the order ‘-
of § dBC'2 when examining the difference between the values in any single study and the
values presented in-Table C-1. Furthennore the intermittency correction 6f 5 dB.is only an..
approximation. It has been proposed that a correction as high as 15 dB could be used in some

- cases. Thus, the:true: mtenmttency correctron for a parucular noise exposure satuatxon could “_
 be fromO 15 dB. ) : o e

The select1on of alternatwe bopulatron percentlles to be protected would cause relatwely

~small changes. For instance, -there i is only a.7 dB difference in protecting the 5 Oth percentﬂe

against. mcurnng a5dB heanng loss instead of the 96th. percentlle

Usmg the assumptron that the noise is of broadband character can. Iead to erToTS; of Sto.. .
10 dB by which the risk of the ‘'sound exposure is underestunated This could lead to greater
possxble errors if a substantial portion of the exposure is to noise- with intense pure tone com-
ponents. These cond1t1ons however are rare in the envn'onmental srtuatmn

- C-15



. There are apt to be errors in- extrapolatihg beyond the' 90th: percentile in-order to pre-

: d1ct effects at higher percentiles.: I..1keW1se there might be’ ;errors in extrapolatmg from known

- exposure data at 90 and 80-dB: to estlmated effects'""

- an 8-hour- xposure to con-
: tmuousn01se S

One ﬁnal potentlal source of error ‘mherent in using the' occupatlonal ata is® the need to

L compare a population that has recelved an occupat:onal n01se exposure ‘toa; populatron that”

“has'not received an’ occupat1onal noise’ exposure However ‘this latter: populatlon may have

. been exposed to. levels of environimental: no1se (qther than occupatlonal) Asa consequence 1n .
. " comparmg the two groups occupatmnal exposures nmy very weIl show neghglble effects

. exposures At th1s tune 1t is unposslble tcr operly analyze the _ smble bms hat the non-
* ‘occupational noise exposure ‘introduces mto the data of: Table: C:1. At present it is’ assumed v
‘to be negligible. This assumption will require ultimaté verification by experrmentally relatmg
the annual exposure dose of individuals to- their hearing leve} ‘Only such-studies will sliow .-
"how much of what we now tend to contnbute to. the- physzologwal -aging- process of the-hear-
mg mechanism could be reduced by further reduczxng what we. consxder today as. “normal” '
r “quiet” env1ronmental naise Ievels assomated wrth present-day hvmg in. our. socrety

' below 60 dB SPL for the octave-band: centered at 4000 Hz if recovery fr

Quiet Requirements

"It has been shown that the qu1et mtervals between thh mten51ty nolse—bursts must be

~ hold shift at 4000 Hz is to be mdependent of the restmg sound pressure level.-c‘m In th15 '

- _document, sound, pressure level:of 50 dB.in-the 4000 Hz octave: ‘band is suggested asagoal:.

for “effective quiet’: For typxcal spectra aof commumty noise; 50 dB SPL in the- 4000 Hz

octave band translates to an A-weighted sound level of appmxlmately 60 dB Thus, for S

- purposes of hearing conservation, the noise level where an individual sleeps should not be

period.

"':above an Leq of 60 dB, based on the followmg conmderauons

" 1. Total TTS recovery is required to preve_nt TTS from becoming NIPTS.

2. For some individuals, an f8~hour__'nightﬁme "perio_d_is the only available recovery

3. In order to be conslstent w1th the 1dent1ﬁed level of Leq(24) 70 .an 8-hour |

~“-exposure of 75 dB would require an exposure of 60 dB. or less for the remaining 1 5 hours.
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1t should be noted that this level would be too high to protect against other eifects.
(See Appendix D).

Contribution of Qutdoor Noise to the Total Exposure in Residential Areas

A person’s 24-hour exposure to outdoor noise w111 typlcally include both outdoor and
indoor exposures. Since a building reduces the level of most intruding outdoor environmental
noises by 15 dB or more (windows partially open), an outdoor Leq will not adequately pre- -
dict hearing effects, because the corresponding NIPTS estimates will be too high. Consider a
situation where the average sound level is 70 dB outdoors and 55 dB indoors. The effective
noise exposures for some of the possible exposure situations are: ’

" - 24-hour Leq in dB (assuming the noise is generated outdoors)

“Indoor Time - . Outdoor Time Combined Indoor. -

(55dB) . (70dB)’  and Outdoor ; »Outd.oq;(')»nly__ _~ ‘ . 
ams . oms 0

3 1 ssg - sez

22 2 605 592

20 3 618 . 610

20 & o e T e

16 8 .. L 655 . L 652
e 24 70 S

A ’The 24-hour value of the combmed L eq is essennaIly unchanged from the outdoor value

(less than one dB) by the indoor noise exposure, so long as the outdoor exposure exceeds

..-3 hours, Thus, as long as the criterion Js‘estabhshed with respect to outdoor noise exposure

exceeding 3 hours per day, the contribution of the indoor level of intruding outdoor noise -
may be neglected in computing the 24 hour L eq- This 'conclusion does not depend greatly. .
on the actual noise attenuanon provided by ‘the house so long as the attenuat1on is greater .

than 10 dB
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Relatlon of Ldn to L m Resndentlal Areas

Although in resrdentlal areas orin areas where mdmduals may" -expected to be present

~ for prolonged penods of ttme it:would. appear desirable for- practrcal consxderatlons to. use: only l_::: e

- one measure of noise, such as Ldmlt may- be mrsleadmg to: do-so: “The: dlfﬁculty anses from

the fact that'to relate hearing loss to noise exposure, the basic- element to- consrder 1s the: actual

-energy (not weighted) entering the ear during a twenty-fmxr hour:period. Leq measures the -

"actual energy entering the ear whereas Ly, includes a 10dB welghtmg for the: mghttlme peﬂed i
' Thus, Lgn, values corresponding to actual Leg values are dependent. upon. the distributionin.

_~ noise levels occurring during the total twenty-four hour penod and could be: mxsleadmg For
example the Lg, values: correspondmg to: Leq(g) are-between 0 to 6 d‘ greater than the Le
values The lower value corresponds to -asituation where:the: average soun ‘Tevel du.nng the -
* night is 10-dB lower than that occurnng durmg the day, whereas the hrgher value correSponcls

. ‘to the situation when the average sound level dunng the mght equals that occurrmg dunng the k

day. In residential areas, the difference in I. values for the daytime and. mghtnme penod

often is approximately 4 dB based on commumty noise: measurements.C'20 ‘In:this particular e

case, this difference in I..e values. leads to an Ldn value which. is three decibels,abov.e the Leg.
_ value for the daytlme penod = i R R AR
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Appendix D

NOISE INTERFERENCE WITH HUMAN ACTIVITIES AND RESULTING
OVERALL ANNOYANCE/HEALTH EFFECTS

Environmental noise may interfere with a broad range of human activities in a way
which degrades public health and welfare. Such activities include:

Speech Communication in Conversation and Teaching.
Telephone Communication. '

: Listening toTV and Radio Broadcasts
Listening:to Music. .

- Concentration During Mental Act1v1t1es

. Relaxatlon

- .Sleep

'howfwwr

Interference wrth hstenmg sxtuatlons (1terns 1-4) can'be dlrectly quantrﬁed in. terms. of S

“‘*the absolute Tevel of the. env1ron.mental noise and.its charactenshcs The amount of inter- -

ference in non-listening: situations {(e.g:,) is often: dependent upon factors other than the

: physrca.l characteristics of the noise. These may include attitude towards the source of an

identifiable-noise, familiarity with the noise, characteristics of the exposed individual, and

_ the mtrusrveness of the noise..

The combmatxon of the various mterference effects results in an overa.ll degradatlon of -
total well-bemg. Maxnnum noise levels that do not affect-human well- bemg must be’ de- B
rived from: the body of mformatron on human behavioral response to various noise en-

wronments

Speech commumcatwn has long been recogmzed as.an unportant requrrement of any '

--human society: -It'is one of the chief distinctions between humans and other species. Inter-

ference with, speech communication:disturbs normal domestic or educational activities,
creates an undesrrable living environment, and can sometimes be a source of extreme an-
noyance. Contlnued long-term annoyance is considered to affect’ mdrvrdua.l as well as pub-
lic health and welfa.re ina variety of ways. =~

Noise can dlsturb speech. commumcatlon in srtuatxons encountered at work in vehreles,
at home, and in other settings. Of .chief concern for the purposes of this report, is the effect

"D-1-4 -~
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.. of noise on face- to-face conversation mdoors arld outdoors telephone use; and radlo ‘0T tele--
© vision enjoyment ' : -

The extent to which envnonmenta.l noise affects speech communi¢ation: depends on" .1 . F

“the location (whether indoors.or outdoors), the. amount of noise attenuation prov1ded by i
the exterior walls when indoors (including wmdows and doors); and the vocal effort of the - 4 l

talkers. - Certainly, it-is possible: to.maintain, commumcatlon in the face of: mtrudmg noise N

if the voice level is raised, but in an ideal envu'o'nment one should not-have to. mcrease the 3

‘ v01ce level above that wluch is comfortable in order to commumcate easﬂy. "

Research since the late 1920 s has made great progress m quanntatwely charactenzmg
the effects of noise on speech perception. A review: of that work is contamed in‘teférences ' t
* D-1'and D-2, and it is summarized here as. the basis for the maximum. envu-onmental noise.
~levels compauble w1th pubhc health and welfare 1dent1ﬁed in Sectlon 4 of this report

_ .- The chief effect of 1ntrud1ng noxse on speech is. to mask the speech sounds a.nd thus - { i
T reduce intelligibility. The nnpoﬂ:ant contributants tointelligibility in speech sounds cover:

a range in frequency from about 200 to 6000 Hz, and at each frequency a-dynamic level [
range of about 30 dB. "The intelligibility of speech w1ll be nearly perfect if'all these con- _
tributions are available to a listener for his understanding. To.the extent that iritruding
noise masks out or covers some of these contributions, the intelligibility deteriorates more -

rapidly the higher the noise level, particularly if the noise frequenc1es comc1de with the
important speech frequenmes

“Itisno acc1dent from an evolutlonary pomt of v1ew, that the hea.nng £ humans is [
most sensitive in the frequency range most important for the understandmg of speech:
Therefore, it is not mere coincidence that the A-weighting, designed to-reflect the frequency

; sensitivity of the human ear, should also be useful as a measure of the: speech mterference
potential of intruding noise. A-weighting gives greatest weight .te those: components:of -
the noise that lie in the frequency range where most of the speech information resides, and,

‘thus, yields higher readings (A—welghted levels) for noises:in most of the 200°to 6000 Hz
range than does the averall sound pressure level. A-weighted sound levels will be- used
‘ throughout this appendix unless otherwise noted.

g

The principal results of relevant speech research can be-utilized for practlca.l applica-
tion to provide the.levels of noise ‘that will produce varying degrees of masking as a function
of average noise level and the distance between talkers and listeners. Other factors such as
" the talker’s enunciation, the familiarity of the listener with the talker’s language, the lis- -

tener’s motivation. and of course, the normality of the listener’s hearing zalso influence
‘intelligibility. This value is consistent with the upper end of the range of levels of stcady
state sound recommended by prior authors in Table D-10 (to be discussed later) as

‘L i [l Jd b



“acceptable” for design purposes for homes, hotels, motels, small offices, and similar spaces
where speech communication is an expected and important human activity.

Indoor Speech Interference Due to Steady Noise

The effects of masking normally-voiced speech indoors are summarized in Figure D-1,
which assumes the existence of a reverberant field in the room. This reverberant field is the
result of reflections from. the walls and other boundaries of the room. These reflections en-
hance speech sounds so that the decrease of speech level with distance found outdoors oc-
curs only for spaces close to the talker indoors. At distances greater than 1.1 meters from
the talker, the level of the speech is.more or less constant throughout the room. The dis- -
tance from the talker at which the level of the speech decreases to a constant level in the .

_ r"verberant part of the room is a function of the acoustic absorption inthe room.. The.

greater the absorption, the greater the dlstance over which the speech will decrease and the
lower the level in the reverberant field for a given vocal effort. The absorption in a home

. PERCENT SENTENCE INTELLIGIBILITY = * -

o8 008 60 65 70 75

,MA—EEIQ&EDSINDIMDIGB(:eZOmpaScalS) )
s h mm . Asstmbs 300 sabins absorption tvp:.cal of lJ.vmg rooms

- arﬂbedtcarsandmval:.dford.lstamesgreaterthan

: F1gure D-l Norma.l Voice Sentence lntelhglblhty 45 a Funcnon of the Steady
- Background Sound Level in an Indoor Situationd-1, D-2, & D=+



will vary with the type and amount.of furmshmgs carpets .drapes and other absorbent R -
* materials. It is generally least in ‘bathrooms ‘and kitchens and. greatest in living rooms, w1th‘..'_f‘ o (
typical values ranging between 150 and 450 sabins, A typical value. for' living rooms.and. .

_ bedrooms is 300 sabins. For this va]ue of absorptior; the: d1stance to the: reverberant. ﬁel :
from the talker'i is: shghtly greater than one meter; ‘as’ stated. above

_As shown in Flgure D:1; the maximum sound level that w111 pemut relaxed conversa---.i‘“'“ e
- tion with 100% sentence intelligibility throughout the room (ta.lker-hstener separatron '

greaterthan approxnnately 1.1 meter) is 45 dB. L e g e R S ' [
. .- ¢ ] . ) " : B .
i Outdoor Speech Interference Due to Steady Noxse e { )
‘ The sound level. of speech outdoors generally contmues to. decrease wrth mcreasmg L 7 :
 distance between talker and listener-with the absence of reflecting:walls which provide: the ST r
*_reverberance found indoors.. Figure. D-2. nresents the diStances betweent talker and listener = - - -
_ for satxsfactory outdoor conversations, in d:tfferent steady background noise levels (A- L -
- werghted), for three degrees-of vocal effort This presentation' depends onthe fact that | [
_ the voice level at the listener’s ear. (outdoors) decreases:at'a predlctable rate as the dlstance : ’

" between talker and listener is increased.-In a steady background noise there comes a pomt_

as the talker and listener increase their separation, where the decreasmg speech 51gnal is
masked by the noise.

- ure do not permit perfect sentence mtelhgrblhty at the indicated distances; mstead the
sentence intelligibility at each distance is 95 percent, meaning that 95 percent of the key o _
" words in a group of sentences would be correctly- -understaod. Ninety-five: pereent sentence"' o
"intelligibility usually permits teliable commumcatron because of the redundancy in'normal
- conversation. That is, in normal conversatlon some unheard words can be:inferred:if: they. -
“:;woccuf in partu:ular familiar contexts. Moreover, the vocabulary is often restricted, which

~ also'helps understandmg Therefore 95 percent 1nte111g1b1hty is satisfactory for most. srtu- : o
- ations.

"The levels for normal and raised-voice “‘satisfactory conversation™ plot'ted'in the fig-- .:,,: o [

“‘The levels given in Figure D-2 for relaxed conversation permit 100% speech inteHigi- : [:
- bility when communicating in a normal voice. This situation represents an‘ideal environ- -

‘ment for speech communication and is considered necessary for acceptable conversation in
the indoor environment. However, it does not define the situation outdoors where 95%
intelligibility is adequate, and communication outdoors generally takes place between
people who are walking or standing relatively close together, about | or Z meters. More-
over, these levels appear to be consistent with the need for speech privacy,
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STEADY A WEIGHTED NOISE LEVELS THAT ALLOW COMMUNICATION

The data for normal and ra.lsed voxce of Flgure D-2 are tabulated for convemence

- WITH'95' PERCENT SENTENCE INTELLIGIBILITY OVER VARIOUS_ o

DISTANCES OUTDOORS FOR DIFFERENT VOICE LEVELS D2..

VOICE LEVEL '_’

COMMUNICATION DISTANCE (meters)

52 |

: 1._ =

Normal Voice (4B) | = .. 72--| 66 60 | 56 54

Raised Voice (dB) - C s idz fee |62 60 58
D-5




" If the noise levels in Figure D-2 and Table D-1 are exceeded, the speaker and listener must' '
either move closer-together-ar. expect reduced mtelhglbﬂlty, ‘For exariple; consider a con-

versation at a distance of 3 meters ina steady background norse of 56 dB usmg'normal voice
levels. If this background level is. mcreased from5 6 to 66 ]

to move from3.ta.l ‘meter separation to-maintain the same 1nte111g1b1hty,‘ or altematlvely,

~ to raise their voices well above the raised-voice effort. If they remain 3. meters apart w1th- o

out ralsmg thelr vorces the 1ntelhg1b1h’ty would drop from 95 to 65 percent

Speech Interference in the Presence of. Fluctuatmg Sound Levels

..‘The datain Flgures D-1 and D-2 are based on tests mvolvmg steady.,u

Co It mrght be. questloned whether these results’ would apply to. sounds which hive fluctuating
levels 'For example, when 1nterm1ttent noise 1ntrusxons -such’ as those frofr aircraft ﬂyovers
‘or truck passbys, are supenmposed on asteady n01se background the ‘equivalent sound
““1ével is greater than the Ievel of the background alone If the- sound levels of Figure D-1
- and D-2 are interpreted as equivalent sound levels, it could be argued that these values:

could be slightly increased (byan amount depending on the statistics of the' n01se), be-

- cause most’ of the tlme the background norse level is actually lower than the equxvalent '
. sound level.. o

T'he amount of this difference has been calculated for the cases of urban noise and _
aircraft noise statistics shown in Frgure D-3. The data in this figureD-3.include a wide range

- of urban 31tes with d1fferent n01se Ievels and an example of arrcraft noise at a site near a

major- a1rport In each case the speech mtelhg;rbﬂrty was. calculated from the.standard sen- |~ ) ‘
tence mtelhg1bﬂ1ty curveD-4 for various: .values of Leq, first with: steady norse and then-with- =
the two" specific ﬂuctuatmg noises of Flgu.re D-3. The calculatmn con51sted of detemumng. o

" the incremental" contnbutlon to sentence mtelhgrbﬂrty for each level (at approxlmately

...2.dB increments)-and- 1ts associated percentage of time occurrence: The. incremental con- {

tnbutlons were then summed to obtain the total value of mtelhg1b111ty in. each case.

v __‘.__.. .The r"esults;,shown in Table D-2, demonstrate tl'rjat, 'forg9-_5 -percen-t'-sentence‘-i-ntel-ligi- '
bility, normal vocal effort, and 2 meter separation between talkerand listener outdoors, _
the maximum Leq value associated with continuous noise is less than the maximum value
for an environmental noise whose magnitude varies with time. It is therefore concluded
that almost all time-varying environmental noises with the same Leq would lead, averaged

~-over long time periods, to better 1ntelhg1b1hty than the mtellrglblhty for the's same Leq
» ,values of contmuous noise. .

Alternatively, for a fixed Leq value, the percentage of interfcrence with speech (de-
fined as 100 minus the percentage sentence intelligibility) is greater for steady noise than

tinuous-sound.
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" for almost all types of envuonmental noise whose magmtude varies w1th tzme The relation-
. ship between L, and the maxzmum percentage sentence: mterference -(1‘.e. for contmuous i

‘ noxse) is givenin Flgure D-4
ooy
- 80
19)
Lz
g
5v
™
=
]
Z 50
<] o OUTDOCRS:
z- .
£ r o
& oo s 0 teVEUAND:
w 40p o ce e e 2 METERS S
9 ' SEPARATION) .
™
L)
E‘ :
C® 20
0 —— ‘ .
50 - ¥ &0 L 68

QUTDOOR DAY NIGHT AVERAGE SOUND LEVEL. Ldn‘ IN DECIBEL.S .‘ .
(re 20 micropascals) o

mm: ! Pércentage';intetfe_renceequa).‘s‘ pom mnus percenr.sge
-imtelligibility; and L 1is bas&s_l a Ld + 3

Fxgure D4. Maximum Percentage Interference. with. Sentencea e
‘asa Functton of the Day-nght Average N01se Level.

" The extreme exarnple of a ﬂuctuatmg no:se is a'series: of noise pulses of constant level .
N that are of sufficient magmtude relative to the background to: controi the equivalent sound
level. For example, there could-be a:case’ “where. the background noise ‘during the off-cycle
is assumed negligible, so that when the noise pulses are not present, the speech intelligibility

is 100 percent. Table D-3 shows how the percentage interference with sentence intelligi-
bility varies as a function of the level and on-time for a cycled steady noise whose level and
duration are always adjusted to yield a fixed value for the equivalent sound level. Two
situations are envisaged: indoors, relaxed conversation, L. eq ™ 45 dB, leadm° to 100 per-

cent sentence mtelhglbmty in the steady, continuous noise; and outdoors, normal voice

effort at 2 méters separation, Leq = 60 dB, leading to 95 percent sentence mtelng:bu,ty in
the steady, continuous noise.
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Table D-3

PERCENTAGE INTERFERENCE WITH SENTENCE INTELLIGIBILITY
IN THE PRESENCE OF A STEADY INTRUDING NOISE CYCLED
ON AND OFF PERIODICALLY IN SUCH A WAY AS TO
MAINTAIN CONSTANT EQUIVALENT SOUND
LEVEL, AS A FUNCTION OF THE MAXIMUM
NOISE LEVEL AND DURATIOND-39
(Assumes 100% intelligibility during the off-cycle)

. - ' Percent o
A-Weighted level =~ Durationof . interfer- ~ Average
of intruding - intruding ~ enceif = percent .
noise during noise as intruding  interfer-.
A n “on-cycle,” * percent of noise were  ence in
* Situation - * 27 -decibels™ . ' total time ... . continuous ...cycled noise . -
INDOORS : AR | '
" Relaxed conversa=" - |- 450 o 01000 0. 0. . .
tion, background 50 32 0.5 016
Leg=45dB, | 55 . 10 1 0.10
- -100% intelligibility - - .60 3 2 0.06
" if background noise 65 L 6 - 0.06 ¢
- were continuous < . 70 . 0.3 - - 40 0.12
at4sdB 5 0.1 100 0.10
' 80 0.03" 100 0.03
 OUTDOORS . |
Normal voice at 2 60 - 100 . 5 o 5.0
meters, background- 65" 32 1.7 2.5
Leq =60 dB, . 70 10 - - 33 53
95% intelligibility 75 3 100 3.0 .
if background 80 T 100 1.0 -
noise were con- \ o - o '
. tinuous at 60:dB "
D9



The combination of level in: the first column and duratlon in the second-colummn are -
such as to maintain, constant’ L eq: for edch- srtuatlon, 45dB mdoors and 60:dB: outdoors
" The third. column glves the. percent mterference with sentence. mtelhgﬂa:hty that wou]d
. apply if the norse were steady and contmuous wxi:h \

j terference for th

v ndtcated i cotumn 1. The :
oisein each-case

The results for: thrs extreme case mdlcate that no matter how . extreme the noxse fluc-
- tuation for the mdoor case, on the average there i is neghg1ble speech mterference for L
‘45 dB. On the other hand, with' Leq= 60- dB outdoors, the. average spe: } f'-»mterference '
"tends to decrease as the ﬂuctuatlons of the n01se become more extreme' 'However it should

‘ in- OHB COI‘ltIHU.'

The followmg sectlons relatxng'to act1v1ty mterference, annoyance, and commumty
. reacuon utuze eqmvalent sound level w1th a n1ghtt1me Welghtmg (Ldn)-'whlchls d1scussed
~more fully-in Appendix A. However for the speech’ mterference effects.of: nm.se, & smular
measure W1thout the mghttlme welghtmg (L ) has been employed To allow companson
_between thevarious effects stated above; some relatxonshlps A4TE. necessary ‘to"allow at least

approximate conversion from L, eq to Ldn For indoor levels such as those described in

Appendix A for various lifestyles, levels during the .day are at:least 10 dB higher than those
durmg the mght Thus L is vutually the same as: Ldn for normal mdoor s1tuat10ns.

“For an outdoor Ldn of 55'dB or less, day time levels (Ld) are’ generally 8. dB hlgher
- than the. mghttxme levels-(Ly,).- For. this situation;. Lgj, isstill-quite close to L, dunng the
. day The.correction. is less than one dB. . For levels:greater than-L g, ( 65 dB the nighttime

levels are generally only 4 dB less than dunng the day t1me For these eases Ldn is: 3 dB
' hlgher than Leq durmg the day :

For values of Ldn between 55 aud 65, further mterpolatlon is necessary usmg
F1gure A-7.

ACTIVITY INTERFERENCE

Act1v1ty interference due to noise 1s not new. The recent EPA document concermng
. -public health and welfare criteria for noise D5 mentions an ordinance. enacted 2507 ysars

ago by the ancient Greek community of Sybaris, banning metal works and ths keecing of
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roosters within the city to protect against noise that interfered with speech and might dis-
turb sleep. History contains other examples indicating speech and sleep interference due
to various types of noises, ranging from wagon noise to the noise of b_lacksmiths.

More recently, surveys have been conducted which further demonstrate that noise- does
interfere with various types of activity. For example, Figures D-5 and D-6, based on research
done in England, give activity interference reported by the people who were disturbed by
aircraft noise for various types of activities as a function of the approximate L, associated
with noise from aircraft flyovers D14 (for explanation of the term Ly, see Appendix A).
Thus, for an outside L, of approximately 55 dB, over 50% of the people who were dis-

turbed reported some mterference with TV sound, and 45% reported some interference w1th.
conversation. At the same level about 45% reported that noise occasionally woke: them up, .

while 30% claimed. it sometimes.disturbed: their relaxat:on ‘The figures also-indicate: that at

. higher noise levels, greater percentages of people who were chsturbed have reported actw1ty o

interference,
- 13
4 40 &
2 2
a | '
o S0} 4 —

. EY :
<40 - LEL 1
I 1 Startles
é’, 20 L . 2'Keeps From . |
< : Going to Sleep
e . -

g e I 'Wakes Up .
s 20 1 12 1 . 4 Disturbs Rest.
BN INEE B ‘ : or Relaxation
10 _ . e
3% . 40 50 60 70 80°

.Approximate Outside ﬁay-Nith Equivalent Sound Level (Ldn) '1'n_ dB

Figure D-5. Percentage of People Disturbed by Aircraft Noise
for Various Iypes of Reasons Concemed With Rest And-
'  Sleep B¢ .

bil



wi(about 4000. people) were disrupted one or more times by aircraft noise.’ More ‘activities -

8

E

O

Hdiovedon:

_ Perce_hrqge of Peop'e_ Disturbed
(5
o

: ~TV. Sound. .
40 6 Causes TV _
- ~Picture. icker
“an | " 7 Holse Vibrats
30 - 8 Interferes: wnth
Conversahon
‘30 40 50 . 60 - 70 R .8»;0_.';,

Approxmate 0uts1de Day-N1ght Equwa]ent Sound Level (

Figure D-6. Percentage of People Disturbed by Aircraft Noise for
Vanous Types of Reasons Concemed W1th Domestlc
s FactorsD"

Later research in thie USA D7 prov1des the mformanon on actmty interference showng.'”"' -

o Table D-4. This table gives the activity’ disturbance percentages of those who: reported
that they were extremely disturbed by the noise, which accounts in part for the low: per-
- centage values. It was reported that the daﬂy actlvmes of 98.6%-of those: questloned

. .are mentioned in Table'D4 than in the prewous tables.” For example telephone use; read-" -; :
- ing, listening to tapes and records and eatmg were reported to have been dlsturbed by

-+ noise,

A study performed in the NetherlandsP-8 gives further evidence that.activity interfer-
ence is associated with noise (see Table D-5). The data were taken in the urban/suburbgn .
areas in the vicinity of the Amsterdam Airport where the Ldn ra-liged from.45 to.85 dB.-.
Activity interference is shown by percentage of people interviewed who have been fre-
quently or sometimes disrupted in various activities. ‘Also reported are the estimated
tolertance limits for various portions of the exposed population. Thus, in an area where

D-12
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Table D4

PERCENT OF THOSE PEOPLE WHO WERE EXTREMELY DISTURBED
BY AIRCRAFT NOISE*, BY ACTIVITY DISTURBED??

| Activity _ | Percent
TV/Radio reception 20.6
Conversation - 14.5
"_I‘elephon_e - » .. 13.8
" Relaxing o.utside | 12.5
Rela;iinginside' o : 107
| Listening to records/tapes 9.1
" Sleep B N X
Reading~ . | 63
T Eatmg o f 35

*Percent scoring:4-or-3.ona 1-5 scale.’

* noise prodices * predommantly moderate nuisance,’ " the “tolerance limit™ is reached for one- B
third of the. populatron. Tlnrty-one percent report being sometimes disturbed by norse dur-

ing conversat1on .and 21% report being sometimes disturbed by noise duringsleep; occupa-
tional disturbance was reported by-12%. (The judgment of adnu551brlrty with respect to

well-beingm Table D-5 istheresuit. of the. referenced study and nota conclusion of this report Y o

A recent study 9‘9 in the USA found that 46% of the l200 respondents were annoyed

* by surface vehicle. noise at some ‘time. Activities which were reported disturbed are indi-

cated by percentages shown in Table D-6. Here we see that sleepmg is the activity most

~ disturbed by surface vehicle noise, followed m order by listening to TV, radio or recordings;

mental actmty, such as readmg, wntmg or th.mkmg, drmn conversmg, restmg and walking.

e

From the studles reported here it 1s clea.r that noise does.indeed mterfere w1th vanous

' »l_actrv1t1es in.our everyday lives. Unfortunately, most of the studies do not. provide activity
_interference.as a-function of noise exposure. However; the activity which is most sensitive

to noise in- most of the studies is speech’ communication (including hstemng to TV), which
can be d1rectly related to the level: of the intruding noise.: S

D-13



. Mean
*" Nuisance

 Socore

PERCENTAGE OF PERSONS IN'I‘ERROGATE
. WHO FEEL THAT THEY. HAVE.FREQUED
:  BEEN:DISTURBED IN' CONVERSATION
. RADIO LISTENING; TELEVISION; OCCUPATIONS;E LEE
FEEL AFRAID, AND OF PERSONS IN WHOSE EXPERIENCE
: . ON-THESE OCCASIONS THE: HOUSE_VIBRATES‘ o
' AT MEAN VALUE OF THE NUI ANCE SCORESN

Dlsturbance
of

Conversation. |

F

Dlsturbance
of Radio

8"

}"Table D-S e

ITLY; (F) QR SOM:

i DlSturbance 1

“oft

1 Q?cu.patlons '

100

|16  24~ .

124

18

e s

} sl

2 3 s

39| 38

22

31

las ).

56 | 37

30

42

1= |

91 T

67 31

38

. 36

57

" 26

34

83 17

| 56

72

28

55

*F denotes “frequently”

S denotes “sometimes”
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- House

Vibrates
“YES -|

| Disturbance

“of Sleep

F

T

Table D-5 (Continued)

. Nuisance =~

Felt
Subjectively

Admissibility from point of view of

physical, menta] and social well being,

in regard to which the stress is laid
on disturbance of sleep, disturbance
of conversation and feeling afraid

No nuisance

21

| stight nuisance -

Ad’ntissib le

41

Slight to
moderate

o j.mnsance

Admissible; the tolerance limit is .
reached for about one-ﬁfth of the o

population.

56

112

1. ‘Predominantly

moderate
nuisance

Limit of adrmss1b111ty, the tolerance .
limit is-reached for about one-third:
of the population.

72 4

Predommantly-_-
. -.-'senous g
' ,m_nsance

Inadrmssable the tolerance limit i is -

| -exceeded for about half of* the IR
_populatlon . S

83-.

3t

.33

Serious
‘muisance

Inadmissible; the tolerance hmrt is”
exceeded for about two-thn-ds of the
populatxon O

R R B

Intolerable

Avsutely iscmile

100

)72

| 28

| Intolerable.

Absolutely inadmissible

CODeS



":.COMMUNITY REACTION TO ENVIRONMENTAL NOISE

Table D-6

" ACTIVITIES OF RESPONDENTS DIS'I'URBED BY SURFACE VEHI E“NOISE
: (Al Srtuatlons Respondent’s Usual Actmty)m‘

...... * Category

Srtuatrons L

Walking R S (- S
Talkmg w1th people present o V-42"-A o

' W:orking at ho‘mez' ' : :
Reading, writing, thinking .© - ..~
Sleeping .

Not relevant , S o 179 26 S
~ Listening toTV radro records o 92 ) 13

Resting (awake) o R PR L O AT S

L Towl” | 693

There are two methods of mdlrectly assessmg the cumu.latlve effects of env1ronmental v

noise on people. These are examining the reactions-of mdmduals or groups of individuals
to specific intruding noises, either (a) with respect to actions taken (complaints, suits, etc.),

- or (b) in terms of responses made:to social survey questionnaires. The first category; involv--
ing overt action by individuals or groups, is summarized in this section, and key-data regard-

ing the second category, involving responses indicating annoyance lS summanzed in the

Ce next section.

In the last 25 years, many new types of noise sources have been-mtroduced into
suburban and urban residential communities. These sources, such a jet aircraft, urban

D-16 -
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freeways, new industrial plants, and homeowner equipment, have created numerous com-
munity problems with environmental noise. These problems have provided significant data

" and insight relating to community reaction and annoyance and stimulated the development
‘of several indices for measurement of the magnitude of intruding noises.

Various.U.S. Governmental agencies began to investigate the relationships between
aircraft noise.and its-effect on people in communities in the early 1950’s. This early
research resulted in the proposal of a model by Bolt, Rosenblith and Stevens P-10 for
relating aircraft noise intrusion and the probable community: reaction. . This model, first
published by the Air Force, accounted for the following seven factors:

- Magnitude of the noise w1th a frequency welghtmg relatmg to human response.
Duration of the mtrudmg noise. -
Trme of year (wrndows open or closed)
" Time of day noise occurs.
" Qutdoor noise level in community when the intruding noise is not present
- History- of ptior exposure to the noise source and attitude. toward its owner '
Existence of pure-tone or l.mpulswe character in the noise.

N v e WP

L -Con'ecnon for these factors were mrtrally made m 5 dB mtervals since the magmtudes
of many of the corrections were based solely on the intuition of the authors, and it was

- considered difficult to assess the response to any greater degree of accuracy.P-11-13 - This

model was mcorporated in the first Air Force Land Use Planning GuideP 4 in 1957 and was
later srmphﬁed for ease of apphcatron by the Air Force and the Federal Aviation Admrms-

" tration.

Recently the day-night sound level has been derived for a series of 55 community
noise problems D3 to relate .the norma.hzed measured Lgp with the observed community
reaction. The normahzatron procedure followed the Bolt, Rosenblith and Stevens method

" with a few mmor modifications. .The correction factors which were added to the measured

Lgp to obtain the normalized Lgp are given in Table D-7. . The distribution.of the.cases
‘among the various noise sources-having impact on the community are listed in Table D-8.

' The results are summanzed m Flgure D—7

The “no reaction” response”in Fi'gu"re D-7 corresponds to a normalized outdoor day- '
mght sound level whrch ranges betweefi 50-and 61-dB witha mean of 55 dB. ‘This medn
‘value is.S dB below the value that was _utxhzed for. categonzmg the day-mght sound’ level
for a “residential urban commumty, whrch is the basehne category for the data in the
- figure. Consequently, from these results; it appears tha{. no community reaction to an
" intruding noise is expected on:the:average, when the normalized day-night sound level of
_ an identifiable mtrudmg norse.rs.approxrmately 5 dB less than the day-night sound level

D-17



_: Table D-7 o
| CORRECTIONS TO BE ADDED -

OF INTRUDING NOISE"

“To THE MEASURED DAY-NIGHT SOUND LEVE L (L o

Type of
Correctxon

’TO OBTAIN NORMAUZED,‘ . dn o

= Descnptlon

“o+ - “Ameunt |
.. of:Cortéctiont -
to be Added

| Seasonal
] Correction

Measured in
~Absence of

... 1 Noisg -+~

Correction

| ‘Community .
- | Attitudes

Pure Tone- )

= | Correction -
| for Outdoor |
1 Noise Level

- Intruding -

for Previous -
| Exposure & -

Summer (or yea:-round ‘operation):
" Winter only (or windows always closed)

Qu1et suburban or rural commumty (remote from'
cities and from industrial activity- and: truckmg)

activity)

Urban residential community (not 1mmed1ate1y adjacent
i heavily traveled roadsand’ mdustnal areas)’

Naisy urban. residential commumty (near mla"' .' ely bu
Toads or industrial areas) ¢

Very noisy urban res1dentral commumty

No prior experience with the intruding noise -

Commumty has had some previous exposure to mtrudmg
noise but little effort is:being made to control the noise:
This correction may.also be applied in a-situation: where
the community has not been exposed to the noise

Commiunity aware that operatmn causing noise is very  ~

| ‘necessary and it will not continue indefinitely. This
| correction can be applied for an operation of limited

duration and under emergency circumstances.

| No pure tone or impulsive character- -

or Impulse

Pure tone or impuisive character present

Normal suburban commumty (nor located near mdustnal- :

- -10
+5

* | previously, but the people are. aware that bona ﬁde efforts e
| -are.being made to-controkthe’ norse. :

Community has had consxderable previous eXposure to the
.~ | intruding noise and the noise maker s relatlons w1th th
| community are good . '

| =10}

w O
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‘Table D-8

NUMBER OF COMMUNITY NOISE REACTION CASES
.~ -AS A FUNCTION OF
NOISE SOURCE TYPE AND REACTION CATEGORY

- _Comr_nunity Reaction Categories

Type of Source

. Threats of
Legal Action

" “Vigorous |

Wide
Spread
Complaints

No Reaction
or Sporadic

{ Complaints .

Total
Cases

" "_I‘ransporta'tion vehicles, -

including:. ;. -

~ Aircraft operations :

Local traffic -
. - Freeway.
. Rail ..
‘ Auto race track 77

Total Transportation

19

‘Other single-event or -
intermittent operations, -
including circuit breaker - -
testing, target.shooting,
rocket testing and body . -
shop '

| Steady state n_eighborhodd B

| residential air conditioning

" sources, including’

transformer-substations, - |- .

Steady state industrial
operations, including
blowers, general

manufacturing, chexmcal, " L

oil refineries, et cetera

10

24

Total Cases

14
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Ce COMMUN-r-fY,.REAcriogU .
= VIGOROUS ACTION - . [~

SEVERAL THREATS:-*
-OF LEGAL ACTION- - |.
OR STRONG APPEALS' | .
TO'LOCAL OFFICIALS | 7 v«

TO STOP NOISE

WIDESPREAD COMPLAINTS |
" OR SINGLE THREAT |~
OF LEGAL ACTION |

i DATA: NORMAUZED TO:

- . SPORADIC
COMPLAINTS: - *¥¥ "'} -SOME: PRIOR-EXPOSURE: ;
e BTN WINDDWS PART!ALLY OPEN .

No REACTION o
-~ ALTHOUGH NOISE IS " |~ .-
GENERALLY NOTICEABLE ‘

. 40

- NORMALIZED OUTDOOR DAY/NIGHT SOUND.LEVEL OF INTRUDING NOISE IN dB'

Figure D-7. Coii_lmunity Reaction to Intensive Noises of Many
Types as a Function of the Normalized Outdoor Day -
~Night Sound Level of the Inu'uding‘:Noise 9'3 S

- that ex:sts in the absence of the 1dent1ﬁable intruding noise.. T}ns conclusron 1s not surpris-
ing; it 51mply suggests-that people tend to judge the magnitude of an mtrusxon with reference o
‘to'the noise environment that exxsts without the presence: of the mtrudmg noise source

The data in Flgure D—7 mdxcate that wxdespread complamts may be expected when
" the normalized value of the-outdoor day-night sound level of’ the intruding: ‘noise’ exceeds
" that existing without the intruding noise by approximately:5 dB; and vigorous community
. ‘reaction may be expected when the excess approaches 20 dB. The standard deviation of
‘these data is 3.3 dB about their means-and an envelope of +5:dB-encloses: approximately - -
“90 percent of the cases. Hence, this relationship between:the normalized outdoor day-night
sound level and cammunity reaction appears to be a'reasonably accurate and useful tool
- in assessing the probable: reaction of a community to an intruding noxse and in obtammg one
" type of measure of the impact of an mtrudmg noiseona commumty

The methodology applied to arrive at the correlation between nor;nalized Ldn and
community complaint behavior illustrated in Figure D-7 is probably the best availabie at

D-20
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present to predict the most likely community reaction in the U.S. Unfortunately, readiness
to complain and to take action is not necessarily an early indicator of interference with
activities and annoyance that the noise creates. The fact that correction for the normal
background noise level without mtrudmg noise results in better correlation of the data
points might be interpreted to mean that urban communities have adapted to somewhat
higher residual noise levels that are not perceived as interfering or annoying. On the other
hand, it is more likely that the higher threshold for complaining is caused by the feeling
that higher residual noise is unavoidable in an urban community and that complaining about
“normal” noise would be useless. For the present analysis, it might therefore be more .
useful to look at the same data without any corréctions for background noise, attitude, and
other subjective attnbutes of the intruding noise. Fxgure D-8 gives these data for the same

55 cases.

* The increase in spread of the data is apparent in compan'.ﬁg Figﬁreé D-7 and D-8, énd |

- the standard deviation-of the data about the mean value for each reaction is increased from -

3.3.dB for the normahzed data to 7.9 dB. The mean value of the outdoor day-night sound
level associated with “no reaction” is 55 dB; wrth vigorous: reacuon, 72 dB; and, for the

. three Mtermedmte degrees of'reaction, 62 dB.

COMMUNITY REACTION | ' e eeee . .

- SEVERAL THREATS | woviorn sl ) 0wy 0 e BT
OF LEGAL ACTION - e 8. eee o e ‘e @ . e
. OR 'STRONG-APPEALS .| ..~ ~iii. v o EERRTE R S
TO LOCAL OFFICIALS | .
TO STOP NOISE

WIDESPREAD COMPLAINTS

_‘OR'SINGLE THREAT - I~ = § voecee g2 v e
OF LEGAL ACTION "= -
sPoRADIC | T “ e
_COMPLAINTS - R i S
NO REACTION R SN
ALTHOUGH NOISEIS. [ "~ es.. ‘o ee "ge ... ee. o S e
G.ENERAF'{Y.NQT'?E.ABL.E R ! R [ B L1
Cee : 407 o0 507 V€0 .. . TO T . .80 S 80

OUTDOOR DAY N{GHT. SOUND LEVEL OF INTRUDING. NoisE iN 4B RE20 MICROPASCALS'T'::”:”.

Fxgure D- 8 Commumty Reactmn to Intensxve Nolses of Many Types As
S A Functxon of the Outdoor Day/Night Sound Level of the = -
Intrud.mg Noise P2
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There is no- evrdence in these 5 S cases of even sporadlc complamts if the Ldn is less
than 50 dB ' :

ANNOYANCE

effects on pubhc health and weifare. Although 1t is: known that the long-tenn annoyance .
: react1on to:a-certain- envrronment can be mﬂuenced 1o some extent by the experience of "
- recent individual annoyrng events, the soc1ologrcal surveys are-designed to reflect,as. much

as possible, the mtegrated response to hvmg ina certam envrronment an .'nqt the responsa
to 1solatcd events. .

The results of socrologrcal surveys are generally stated in terms of the percentage of .
respondents expressing differing degrees of- disturbance or dissatisfaction dué to the noisi-
ness of their environments. Some of the surveys go into-a:complex procedure to construct

.. a scale.of annoyance. Others report responses to the direct questron of “how annoymg is

" the norse"” Each social survey is related to some kmd of measurement ‘of. the noiselevels

(mostly from aircraft operatrons) ‘to which' the survey respondents are exposed enablmg "
correlatron between a.nnoyance and: outdoor n01se Ievels in resrdentral areas. :

The results of socral surveys show that mdrvidual responses vary wrdely for the same '
: norse level. Borsky P17 has shown that these: variances. are reduced’ substantrally when
‘groups of individuals having similar attrtudes about “fear‘ of aircraft crashes and “mis< -
feasance” of authorities are considered. Moreover, by averagmg responses over-entire sur--
veys, almost identical functional relationships betWeen human response- and noise levels are.
obtained for the whole surveyed population as are-obtained for the groups of individuals
having neutral attitudinal responses. Therefore, in. deri'ving a generalized relationship be-
tween reported annoyance and day-night sound level it'seems reasonable to-use:the average
overall group responses, recognizing that individuals may vary considerably:from the average,
both posrtrvely and negatrvely dependmg upon their particular attitudinal biases. In most:
cases, the average group response can also be- mterpreted as the average individual’s response.
" during his life period. That is to say, each individual'changes his attitudinal biases 227074
ing to various factors and personal experiences not necessarily connectad to the ncise or
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even to the environment in general, which lead to fluctuations of each individual’s attitude.
The average group response does, to some extent, express the individual’s response aver-
aged over longer periods of his life. Therefore, this response reflects the etfects most likely
to affect his health over a longer time period.

A comparison of the results of three of the most prominent social surveys around air-
ports are presented in the following paragraphs. These are the first and second surveys
around London’s Heathrow Airport, P-60-15 and the Tracor study P-7 around eight major
airports in the United States. The noise level data reported for each survey were converted
to outdoor day-night sound levels for the purpose of this analysis. In addition, data are
presented from a survey of response to motor vehicles-in U.S, urban areas, P-13

 First London-Heathrow Survey

The first survey of about 000 resrdents in the vrcrmty of Heathrow axrport was con- )
ducted in 1961 and reported in 1963.5-¢ The survey was conducted to obtain responses :
of residents exposed to a wide range of aircraft flyover noise.” A number of questions were
used in the interviews to deriveé measures of. degrees of reported annoyance. Two. results

~ = of this survey are considered- here.

A general summary of the data, aggregatmg all responses on a category scale of annoy-
- ance ranging from “not at all” to “very.much annoying,” is;plotted as a function of approx-
imate Lgp.in Figure D-9 This ﬁgure presents a relatronshrp between word descnptors and

day-mght sound level.

Among the respondents in every. noise level category, a: certarn percentaoe were classr— v
fied in the “hr,hly annoyed” category. “This percentage of each group is plotted asa func-

tion of approxrmate Ldn on Fxgure D-lO

Companson of the data on the two ﬁgures reveals that; whrle the average over the
population would fit a word classification of “little annoyed” at an Lgy value of approxi-
mately 60 dB, more than 20% of the populatron would still be hrghly annoyed at thlS Ldn

value. »

In addition to the derivation.of.overall annoyance :scales, this study examined the .
attitude of the people towards their area-and their desire to move as a: fnnctron of both _
noise level and several other factors. The results are summarized in Figs. D-11 and D-12
They mdrcate that-when the approximate L, exceeded 6668 dB, aircraft noise became
the reason most often cited by those who either “liked their area less now than in the past

or “wanted to move”. Further, the data indicate that aircraft noise was of little importance,
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Results of Second London Survey and Tracor Surveys

Figure D-9. Average Degree' of Aﬁnbyance asa Function of the
~Approximate Day-Night Noise Level —~ Results .of* Fnst .
' London Heathrow Survey D-39 from D6 -

- compared to other enwronmental factors, when the- approxrmate Ldn‘"‘ was below 53_dB'and R
i Was, of. average mrportance asa factor when the approxunate Ldn was 60 dB;

In 1967 a second survey 9-15 was: taken around Heathrow Arrport inthe same general
area as the first survey. While refinements were attempted over the first. survey, the results *
“were generally the same. In 1971, the results of an intensive three year program. under ,
' NASA sponsorship which studies eight air carrier zurports in‘the United States were: reported

" by Tracor.P7 Since each of these ‘efforts is discussed in detail in the references, only an

. analysis of their combined results is considered here.. Borsky P17 used the ‘data from these .

. studies to correlate annoyance with noise exposure 1evel for pcople havmg dlfferent attr-
' "tudmal charactenstlcs and dlfferent degrees :of annoyance. T
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F1gure D-10. Percentage nghly Annoyed as Function of Approx1mate .
_.Day-Night Noise Level — Results of First London
Heathrow SurveyD'39 from D-6

Ut).hzmg Borsky s data for “moderate” responses to-the att1tudes of “fear’ ! and mls- _
feasance”, the relationship between. percent highly annoyed.and noise exposure level is-
plotted on Figure D-13. Again, noise levels have been converted to approximate Ly,

" values. It is worth noting that more than 7500 respondents are included in the data sets -
E from whxch the computatxons were denved ' : L :

The companson between the results shown on F1gures D-10 and’ D-13 is: stnkmg in’

" the near 1dent1ty of the two regression. hnes—mdxstmguxshable at any reasonable level of

statxstxcal confidence. The unportance of these two sets of data lies in the stability of the

<7 results.evén though th;e data were acquired '6 to 9 years apart, at nine different airports im- "
1 ‘two d1fferent -countries.. This complete agreement led to-the proposal of an average curve, < -
' for the: nommal relanonshm between sound level and percentage of people annoyed,. whachv o
~ has'been coordmated among and-used-by various U S.-Government agencies, P19 apphed in
the studies of ICAQ’s coordinating committee on aircraft noise; and verified. by a recent
" analysis of’ Bntlsh, French and Dutch survey results conducted by the Orgazitization for

.Economiic: Cooperat_lon and,Development {OECD), B-2¢- According to the. OECD work,
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* Figure D-13. Combined Results—British and U.S. SurveysD-17
the percen-té.ge- of ahn_oyed people cansbe predicted as follows: Percentage of annoyed
people = 2,'(Ldn.' 50).

The results of the Tracor Study D7 also give'a relationship between the number of
people who indicate in a social survey that they are highly annoyed and the number of

‘people who indicate that they have ever. complained about the noise to any one in author-
" ity. The results, presented in Figure.D-14, indicate that.when 1% of the people complam,

17% report bemg lughly annoyed and when 10% of the people complam, 43% are hlghly

annoyed

 Judgement of Noisiness at Urbani Residential Sites .

CoIn "1"§'.7'f’."u astudy of urban-noise was-conducted pnmarily to evaluate 'mO'tor'Vehicle L

| “noise for:the Automobile Manufacturers-Association. % As- pa.rt of this survey, 20 d1fferent »

-urban-suburban: residential locanons not in.the vicinity. of airports were.studied in Boston,

' Detr01t and. Los Angeles. No:se measurements were acqm:ed and a ;ocxal survey of 1200
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Percent Highly Annoyed . .

. Percent Complainants. (C)

| Figure D-14. Percentage of Highly Annoy J As A Function of
: Percent of Complainants D7
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respondents was conducted. Part of the survey was directed towards obtaining the respond-
ents’ judgement, on a category scale, of the exterior noisiness at their places of residence.

The averaged Judged noisiness values per site are plotted on Figure D-15 as.a functxon
of measured. Lan values.. The significance of these “non-airéraft” data is the comparison
they permit with other survey data acquired excluswely around airports. Intercompanson S
of these data with previous data indicate that for an. Ldn value of 60 dB, the site-would be
Judged quxte noisy. The average annoyance for a group . would be classed as “httle,” but -
about 25 %.0of the people would still claim to be highly annoyed. : :

VERY. e § . .
ANOlSY. — T T T T T e

e
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E
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-8l
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4 s . 5 . e . & - 70 75

AL B |
R : Mea.sured Day N1ght Average Sound Level,\ r:.' in.dB :

Flgure D-l 5 Judged Noxsmess at Automobﬂe Manufacturexs
Assocxatxon Survey SitesD? . -

annoyed by motor vetucle n01se, 53% were not’ annoyed whﬂe 46% were, w1th an average
irtensity of annoyance of 4.2:on d scale where 3 stood for “quite annoying,” 4 for “defi-
nitely annoying” ‘and 5 “strongly annoymg.” Of the 46% of respondents who stated they
were annoyed by motor velncle noise; 77% expenenced annoymg noises. wh11e in thelr homes,

12% while in trans;t and only 5% at work.
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) Summary of Annoyance Survey Results

D-14) together with the combined results of the- two Heathrow surveys: and the Tracor
- survey (Figures D=10 and D-13) have been- combmed in Frgure D16 to. produce a general
.,." summary relatronsh.rp between: day—mght sound level, percent complamants and percent

This mdrcatron that the pnncrple annoyance with envu'onmental noise occurs inthe

h resrdentral situation is further confi.rmed in the results of the London Crty Norse Survey D-18 .
. summarxzed in Table D-9

The: relatronslups among percent complarnants and percent }nghly annoyed (Flgure :

- highly annoyed. Also included in the figure is a:scale of the relative importance of arrcraft

. noise'asa factor in drshkmgan area or wanting to move (F‘gures D-11 and D-12) and the.

average values of the three mam commumty noise: reactron categones (Frgure D-7)

The results _nd.cate that below an: outdoor day-mght sound level of 5 5 dB less than

... 1% of the households would be expected to: complam, although 17%- of the pedple may = .
"7 respond as highly annoyed when- questroned in a-social survey. “No reaction” would: be

~ expected in the average community, and noise would be the Jeast rmportant factor in atti- .

tude towards neighborhood. When the- outdoor Lgp is 60 dB, approxunately 2% of the
households might be expected to complain, although 23% of the people may respond as
}nghly annoyed when questioned, and some reaction would be expected from an average

- -community. If the levels increase over 65 dB, more than 5%may- be expected to complain;

and over 33% would respond as ‘highly annoyed. Increasrngly, vrgorous commumty reactron

could be expected a.nd noise becomes the dommant factor in drshkmg an area.

Table D-9

PERCENTAGE OF PEOPLE ; ’ o v
L WHO WERE. EVER DISTURBED BY NOISE AT HOME, ‘© [0 0w
_r OUTDOORS AND AT WORK IN LON'DON CITY SURVEYD‘“’ o

At Home Out31de - At Work
" Disturbed from time to time 56 27 20
Notice but not disturbed S 41 64 70 -
Do not notice o 3 9 10
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Flgure D-l 6 Summary of Annoyance Survey and Commumty
' ‘ Reactlon Resu.lts

It is unportant to keep in mmd that the annoyance/ tolerance lmnts obtained from the

' socxal survey results have been found to- ‘be based on relatlvely well’ deﬁned health and wel—

fare cr1ter1a the dlstm'bance of essent1a1 daily activities, D-19

'VARIOUS PRIOR RECOMMENDATIONS FOR ACCEPTABLE SOUND LEVELS

Recoxnmended values for acceptable sound levels in various types of spaces have been :
sug'gested_ by a number of authors over the. past two decades. These recommendations -

-generally have taken into consideration such factors as speech intelligibility and subjective

judgements by:space occupants. ‘However, the final valiies recommended were largely the.

. result of Judgements on the part of the authors, which in the case of acoustical‘ consultants, -

have been motwated by the need for: de51gn values whlch w111 be on the ¢ “safe” side. "One. :

. of the earhest pubhcatlons prowdmg recommended values.in modern termmology was that :

D-31




of Knudsen and Harris D-21in 1950 Itisof interest to- quote from the text to understand

‘ _:': ) the reasomng used to- develop the recommended levels: * . .o

Accep_table Noxse Levels m Bmldmgs

“The thhest level of noise w1th1n a building that nerther dxst
e rts occupants nor impairs its-acoustics is called the: acceptable noise”
~ level. It depends, to a large‘'extent, on the nature ‘of the nois¢'and on
- the type and customary. use-of the buildirig.” The time ﬂuctuatron of - -
. the noise is one of the -most important factors'in: deterrmmng its toler- S
-.ability. For examme a bedroom with an averagé noise level of 35.dB, =
- with no instantaneous peak levels substantiaily higher, would be much E
more conducive to sleep than would be a room with an'average noise =~~~ -
level of only 25 dB but in- which the stillness:is: pierced by an oceasronal“f .
. ..., Shriek. Furthermore; levels that afe annoying toone’ person areuns’ ...
" noticed by another: It is therefore impossible to spec:fy precise values e
. within which-the noise Tevels’ should fall in:orderto:be acceptable. It
* is useful, however, to know the range of average noise levels that are
‘acceptable under average conditions. A compilation of such levels .
- .. for various types of rooms in which nioise conditions are hkely to be
a significant. problem i is given in (Table D-10.*] The recommended -

" . acceptable noise levels in this. table are ‘empirical values based on the
-experience of the authors'and others they have consulted. Local =
conditions or cost considerations may make it impractical to-meet . -
the high standards inherent in these relatively low noise levels. In
more than 8Q percent of the rooms of some of the types listed, the
prevalent average noise levels exceed the recommended acceptable.

"+ levels. However, it should be understood that the acceptance of

" higher noise levels incurs a risk of impaired acoustlcs orof the com- ‘. NPT
_fort of the mdmduals in the room.

Smce 1950 recommendatlons by a number of authors, as well as natlonal standards
have been presented.. Erghteen of these recommendations are tabulated in Table
D—lO D21 through'B-38 1t jg encouraging to-note the consistency dxsplayed although many
of the later recommendatlons may be based on thé recommendatlons of the earher

e authors. o

| SUMMARY OF NOISE INTERFERENCE WITH HUMAN ACTIVITIES AND = =
RESULTING HEALTH/WELFARE EFFECTS

T The -primary'-effect of noise on human health and welfare due to interference with
activity comes from its effect on speech communication.

*These values are given in the first column of Table D-10,
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RI:COMMENDED ACCI:I;TABI E NOISE LEVElS

b

) i Switzer- Czecho-  West
Knudu:n- e . Kostgn- [ : land  slovakia Gennany
'\ T Harids Ber.mek B:mnek van:nue Vmcn Ashrac Denisov  Kryter Tokyo USSR . Beranck  Docile Wuod Rettinger Sweden 1970 1967 1968
1956 l TO1957 . 1962 |962 1967 ° l970 . 1970 1971 . !9“, o l97! 19 l912v - 1973 . (9 P9 (p-1011) (p-ID)
R I R O 6 8. .l 1 Y] 3 14 [H 16 17 18 -
WL Ob(AY : _dB(A);_» dB(A) - dB(Af __dn(A)‘ dH(A) dB(A) dB(A)- dB(A) . dB(A)Y “dB(AY dB(A)",- dB(A)  dB(A) = dB(A) dB(A) Ly MDD
RESIDENT ° R T '
Home - . . . . )
Bedroam -, 35-45 - 35 . 35-45 25-35 . - .. 40 w38 34-47  35-45 35 34-42 25 35-45 40 -
Living Room  35-45 : ' - 3040 - . 40 . 35 38-47 40 25 - 35-45 40
Apartment - 35-45 . . 3545 - .18 R 1A © 0 38-42 . 35-50 40
Hotel . C 35-45 5. 35-40 . 35-45 - 138 "3 34-47 . 35-54 30-40 42 35-50 40
COMMERCIAL = % oo R : o i
Restaurant - 50-55 5§ 1 .85 ;S0 40-35 oo ‘55 R 14 42-52  .45-60 ° 45-50 50 40-50 55
Private Office 40-45 S0 '30-45 35-¢ 30—45 . 25-45 4045 - 35 w 38-47  30-45  40-45 46 40
General Office - 453 ss St 40-55. ¢ 40-60 35-65 1 S0-60 - 35-40 LA S0 4282 45:85 4558 50
Transport.: . Ry 35-35 U : 60 - X
INDUSTRIAL . L
Warkshop, S :
Light 50 : u 5201 55-65 45-55
Meavy 75 70 85 66-80 60-75 70 50-60
EDUCATION = - . . . ot a o ; ; . B ] R
‘Classroom. - 35-40° - 3§ -0 35 _=10-40 L30T 3545 3 R 1) 847 35 . 3545 38 35 '35-45
~Laboratory S 40:50 G 40-50 ¢ 40-50 ST . 17-46 45430 42
“Library o _40745 2 -iQ 42-45. . 35.45 35 3545 . 40 T38-47 - 40-45  40-45 - 42 40
WEALTH @ - oo . wi T v ] S : . .
Mospidl 3003540 ;. 40 . 42 lo-3s 35 - 30=45 10 35 3447 40 40-45 38 25-35  25-35  35-40
RE('I{EATI,O,N ) Co L K . .
: Swimpoa)™ | v ‘45200 50-060 50
Spors (ampl.) 60 - MK LES 1 - 60 [{] . 46 60
Gymnasium ™ . = 55 40-50 55-60  43-55 46
AUDITORIUM ) .
Assembly Hall 3540 35 3040 R X - 30-42 3545 3545
Church . :  35-407° 40 35 33-35 FT) . 357 30-4) 3540 35-40 3842
Concert Hall -~ 30-35 . 30-35 30 25-35 ;. 2B-35 21-30 - 5-35  30-3§ 34 35
" Coirt Roomi,  -40-45 40, I 40 42 35-40 - 35-40
1 Record Studio  25-30 - 30 0 25235 8 234 25-30 30 30
- 1V Swdio 25-30 30 30 - 25-35 2 2.3 3035 ‘3§ 34-38
Mol Pict. ’ . . . .
Sunfio - - 25-3Q < 30%.: 25-35 28 24-34 35 2§
M. Picr: : : ; o R R A ;
* Uheater, 35-40 - 40 35 3545 G 40 E T S0 35-40 38
Lec, Theatet  30-35- 35 . 35 -30-40 ° N PN 30-34  30-35 L 34 35
OUTSIDE ;
Rucal . 35-45 35 - 3545
Subh ¢ 40-50 45" 35-50
Utlani, 50-60 40-55
Iu.lum 50-60, . 50-65
Res Aml: . 55
Near Sehools -
Mospitals . S
Note:. . db(AX =MC =10 -
6 dB greater than AHSRAE'S cited MG .




The levels that interfere with human activities’ which do'not involve active hstemng
..~ cannot be-quantified relative to the:level of a desired sounds ‘Rather, the level-of an intrud-_

“ing sound that will cause an interference depends upon its relation to the:level-of the other

- _background sounds in the environment and. the stateof the’ human aud

the degree-:"' '

L - of. concentratlon when endeavormg to accomphsh a mental task or the pth.of ‘sleep, etci

The levels.of envuonmental noise: that are assocmted W1th annoyance r‘depend upon.’

. ocal conditjons and attitudes. They * cannot be- clearly identified in terms-of the; national-.. "
o pubhc health and welfare “THe only levels which: canbe o 1dent1f‘ ed are: the levels Wluch

"-dre required- to assure that speech commumcatmn in. the home dnd outdoors:is adequate

-"4 ‘in terms of pubhc health and welfare Lower levels may be desn'able and appropnate for o '

specxfic local situations.

The level 1dent1fied for the protectlon of spee mmumcatmn is 45 dB thhm ‘the-
- home. Allowing for. the 15-dB reductwn.m sound level between outdoors and 1ndoors, this
- level becomes an outdoor day-mght sound Tevel of 60 re 20 rmcropascals) for re51den-
“tial areas.” For outdoor voice commumcatlon, the outdaér daff—mght level-of 60°dB allows
normal conversatron at d1stances up to. 2 meters w1th 95% sentence mtelhg:bxhty

‘ A]though speech mterference has been 1dent1f1ed asthe pnmary mterference of noise
with human activities; and as one of the pnmary reasons foradverse: commumty reactions.
to noise and long-term annoyance, a margin of safety of § dB-is applied to the maximum -
outdoor level to glve adequate welght to all of these other a_dverse ef,fects.A _

s

Therefore, the outdoor day-mght sound level 1dent1ﬁed for resulennal areasisa day-
: ,mght sound level of 55 dB.- ' e

X - The: assocrated mtenor day—mght sound level w1th1n a4 typlcal home wh1ch results from
B outdoors is 15 dB less, or 40 dB. The expected indoor daytime level for 3 typical ne1ghbor-
hood which has an outdoor day-night sound level of 55 dBis. apprommately 40 dB, whereas
-the nighttime level is approxunately 32dB (see F1gure A-7) Tlus latter value is: cons1stent
" with the limited available sleep criteria. D-5 Additionally, these resulting indoor levsls are-
.-consistent with the background levels inside the home and which- have been._reeornmended
by acoustical consultants as “‘acceptable” for many years (Table D-10).

The effects associated with an outdoor day-night sound level of 55 dB-are summarized
in Table D-11. The summary shows:

1.  Satisfactory outdoor average sentence intelligibility may be'exbected for

- normal voice conversations over distances of up to 3.5 meters;
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Table D-11

o SUMMARY OF HUMAN EFFECTS
IN TERMS OF SPEECH COMMUNICATION, COMMUNITY REACTION,
COMPLAINTS, ANNOYANCE AND ATTITUDE TOWARDS AREA
ASSOCIATED WITH AN OUTDOOR DAY/NIGHT SOUND LEVEL
OF 55 dB re 20 MICROPASCALS

smses B o M o

o

Type of Effect , ' ' Magnitude of Effect
Speech — Indoors o _ | 100% sentence inteligibility (average) N
- Tt A o "wrthanBmargmofsafety e

:—,-:Oﬁtdoers o i ' - 100% sentence mtelhgrblhty (averaoe)” ‘
: s : Lo at035 meters :

- 99% sentence mtel]igibility (average)
.ath o meters " -

o 95% sentence mtelhglblhty (average) i
. at3.5 meters

Average Community Reaction =~ | None 7 dB below level of significant
' w0 ook “complaints and threats of legal action”
- and at least 16.dB below “vigorous action
1:. . (attitudes.and.other non-level related -
... factors may affect this result) '

”

[

COrnplaﬁttsb___; ol :-‘_" e l%idependen'tson attitude and other . |

”'f'-"’_'nonJ-leyel related factors -

) Anno;'anee:::'»: . B ,_; 17% dependent on. atntude and other

o non-acoustlcal facters

Attitudes"Toward _Area_ e No1se essent1a11y least 1mportant of

it various factorrs
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2. " Depending on attitude. and‘orher non-acoustical factors, the ‘average expected

- community reaction is, ! none although 1%‘may:.compla1n and: 17-% mdlcate o
: "‘hrghly annoyed” when respondmgto ocial sur

3 “'"'NOISC is’ the least mxportant faCtor govemmg attltu e' to ard th are

Identlﬁmtlon of a level whtch is 5 dB fugher than he 5§ dB 1dent1ﬁed above would

: significantly-increase the seventy of the average community react:on, as. well as the expect d- ~~" o
S percentage -of: complamts and annoyance.. Conversely, identification-of a Ievel. 5. 4B lower

‘than the 55 dB identified above would reduce: the mdoor levels resultmg from outdoor - -
noxse well below the normal backgmnnd mdoors It would decrease speech pnvacy out- :

" “doars to margmal distance. Little changsé in- annoyance would be: made since at levels .- .
" below the 1dent1ﬁed level;. md}vldual atutude and life style; as well as: local conchtlons are

“ more unportant factors in controllmg the resultmg magmtude of the level of the- mtrudmg
‘noise. B TP

X In concluslon a Ldn level of 55 dB is 1dentiﬁed outdoor level n resxdentral areas:
compatrble with the protection of pubhc health and welfare. ‘The' level of 55.dB is 1dent1-
fied as maximum level compat1hle w1th adequate speech commurucatron indoors and out- )
doors. With. respect to complamts and long term annoyance: this lével i is; clearly - maximum _;
satisfying the large majonty of the population (see: Table D-11). However, specific local
_situations, attitudes, and. condmons may make lower levels desrrable for some locations.

A noise environment not annoying some percentage of the ponulatron cannot be 1dent1ﬁed
.. -at:the present txme by specrfymg noise. level alone. SR
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Appendix E _

GENERAL EFFECTS OF NOISE NOT DIRECTLY USED IN IDENTIFYING LEVELS .
OF NOISE REQUISITE TO PROTECT PUBLIC HEALTH AND WELFARE

There are a multitude of adverse effects that can be caused by noise which may, both
directly or indirectly, affect public health and welfare. However, there are only three
categories of adverse relationships in which the cause/effect relationships are adequately
known and can be justifiably used to identify levels of environmental noise for protection ‘
of public health and welfare. These are: (1) the effect of noise on hearing, (2) the effect .

. of norse on the general mental state as-evidenced by.annoyance, and (3) the interference
" ‘of noise, ‘with. specrﬁc activities. These three categories of effects discussed indetail in -

Appendices.C and D, will serve as the main basis for 1dent1fymg the levels in Section 3 of ~
tlus document .

Since a causal link betvveen community noxse and.extra-auditory disease has not been-.
established, this document proceeds on the assumptron that protection against noise-induced

hearing loss is sufficient for protectron agamst extra-aud1tory effects. However, the gener-
" ation of most. stress-related disorders'is somewhat longer than that requlred for noise-induced

hearing loss, and this time interval may have clouded a- causal association. Noise of lesser
amplitude than that tradrtronally identified for the protection of hearing causes regular
and dependable physiological responses in’humans Similar noise-induced physiological
changes in sensitive animals regularly leads to.the development of stress-related disease. |

" The xmphcat:lons of generahzmg from these animal studtes to humans is not clear. W'lth
- the availability of new information. concernmg the role of noise.as.a stressor in the parho— o
- genesis of stress-related dlsease the. levels 1dent1t‘ ed in this document may require. further

review.

In the meantune, the questlon that is mvanably asked l.S, “What is the s1gmﬁcance of .

‘ om1ttmg all: other physxologrcal effects"” —

In answer to thxs quest1on, most expertsagree that at present there is msuff1c1ent

knowledge of the effect of noise on health except-for norse-mduced hearing loss, (defining’ '
- health in the more restncted sense,. as.the. abisénce of disease).-In a recent review-of this .

subjectEl rt was concluded that.‘ “if.noise control sufficient-to protect persons. from. ear

" damage and. heanng loss were instituted, then it is hrghly unlrkely that the noises.of lower
~ *.level and duration. resulting from this effort could” diréctly induce non-aud1tory drsease

Ther_efore .in this. document, hearing loss will be considered the controlling effect.

El.a/



;', effects have been demonstrated by researchers. Noise levels of less than 90 dBA:can be'-

Thxs is not to say that there are no mdlcatrons to arouse coneern m theiarea of non-

' audxtory effects, but substantial further résearch on these effects of néise -0) ~hea1th would
be required to-alter the above statements. "Such. research should be fostered and th Iy sulfs
should be carefully monitored for any evrdence mdx . levels..

o 1dentlﬁed ‘herein are excesswe

Although noise. can affect people mdrrectly by dlsturbmg the general -environment in--
whrch they live; the noise levels required to produce srgruficant non-audrtory physrologxcal"’
.. effects are'normally much highet than the. levels:required'to protect the'p
welfare from adverse effects on heanng or mterferenoe w1th actlvrtxe

, However for specxal condltrons, certam effects . luch have not been t] e
. in 1dent1fymg the levels in this'‘document, should be' exammed. For this purpose certam .

- of the summary paragraphs of the EPA criteria-document “Public Health and Welfare -

: Cntena for Noise’’®:2 are mcluded m thrs appendlx. ,Cautzon must-be: exercrsed when

using such information since, in many cases, there is no way to relate the exact exposure -
level to the effect in’ questlon

- EFFECTS OF NOISE ON HUMANS
Performance and Work Efﬁcrency

‘Continiuous noise levels above' 90 dBA ‘appéar to have potentrally detnmental effects -
on human performance, especially on what have been described as norse-sensmve tasks
" such as vrgxlance tasks, mformatlon-gathenng and analytical processes.- Effects of noise:
. on routme-type tasks appear to be much-less. nnportant althongh cumulatlve -degrading

+ ~disruptive, especially if.they have predoininantly: high:frequency: components arg‘inter-.
. ,mlttent, unexpected, or uncontrollable The amount of drsrupuon is hxgh]y &ependent on:

. & The. type- of task:
® The state of the human- orgamsm
® The state of morale and motlvatxon o

Noise does not usually influence the overall rate of work, but high levels of noise'may
increase the variability of the work rate.. There may be *“noise pauses™ or ‘8aps in response
sometimes followed by compensating increases in work rate. Noise is more likely to reduce
the accuracy of work than to reduce the total-quantity of work. Complex or.demanding
tasks are more likely to be adversely affected than are simple tasks. Since laboratory studies
represent idealized situations, there is a pressing need for field studies in real-life conditions.
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Although these possibly adverse effects were not used in .identifying the noise levels
in this document, employers or educational authorities should consider their influence
since it might provide additional motxvatron to achieve the values seen in Table D-10 of
Appendix D. :

Effects of Noise on the Autonomic Nervous System and Other Non-Audttory
Physrolo gical Effects

Noise can elicit many different physiological responses. However, no clear evidence
exists to indicate that the continued activation of these responses leads to irreversible

i changes and permanent health problems. Sound of sufficient intensity .can cause pam to
~ the audltory system, however, such intense exposures are rarely encountered in the.non-
...occupatronal environment. Noise can also affect one’s equilibrium, but the scarce data
" available indicates that the. mtensmes reqmred to.do so must’ be quite lugh similar to the

mtensrtres that produce pain.

Nmse-mduced onentmg reﬂexes serve to locate the.source of a sudden sound and, in
combmatron with the startle reflex, prepare the individual to take appropriate actlon in

" the event of danger Apart from ‘possibly increasing: the ‘charnce of an accidesit in some

situations, there are no clear md1cat1ons that the effects are harmful since these effects are
of short duratlon and do not cause long-term physlolog1cal changes

Noxse can. deﬁmtely mterfere wrth sleep, however, relating.noise-exposure level to the

: Quahty of sleep is-difficult. Even noise of moderate levels'can change the pattern of sleep,

but the s1gmﬁcance of these changes is stﬂl an open questlon

v Noise exposure may cause fatigue, irrltabillty, or insomnia in some individuals, but the
quantitative evidence in.this regard is.also- unclear. No ﬁrm relatlonshlps between noise. and
these factors can be estabhshed at th1s tmre A :

' Interaction: of :Noise and.-.Other Conditions- or 'Inﬂuencefs'

Determmatron of how vanolm agents or condrtlons mteract w1th noise in producmv

.. agiven effect: requxres three separate- detemunatrons -the effect produced by the norse
alone, the effect produced by the other agent alone, and the effect produced by the

combmed action of the agent and- the noise. “These results mdrcate whether the comblned ;

' effect is mdxfferent addrtrve, synerg:strc, or Jmehoratrve

E3



Lo supported by sc1ent1ﬁc data. -

Chemical agents may have a- harmful effect when combmed W1t ~.ncns'.e Ototoxm

The poss1b1hty of a synerg:stxc effect exists. when Joise.and’ wbratxon aceur together. S

V1brat1on is usually more potent tha.n ‘noisein- affectmg phystologmal parameter
* appears to be consensus that wbranon mereases th effect of i 'se on: heanng,’
. increases are probably qulte small

: here

Hea.lth dxsorders may mteract wrth noxse to produce a heanng loss Mmeral and P
" vitamin deficiencies are one example but’ httle research has been done on the effect of such

- deficiencies on susceptlblhty to noise. A reasonable: hypothesxs is that iliness increases an;
' individual’s susceptibility to the adverse effects of noisé,”
theses concluswe ewdence is lackmg

However as. wi

- Noise. exposure can be presumed to cause general stress: by 1tself Or conjunctlon
with other stressors. - Neither the relatxonsmp between noise: exposure..and stress nor: the
noise level or duration at Wthh stress may appear have been resolved.

- Exposure. to mod'erate intensities' of noise that are"lilcely"to be found in theenvironi S
ment may:affect.the cardiovascular system in. various'ways; but no-definite permanent

effects on the’ cu'culatory system have. been demonstrated Noise of moderate mtensxty
has been found to6 cause vasoconstriction of ‘the penpheral blood vessels and pupxllary

- dilation. There is:na evidence that these reactions to noisy- enmonments ¢an lead:to. harrn-. :

. . ful consequences over prolonged periods of noise exposure.:However; specu.latlon that =~
_nojse might be a contnbutmg factor to cu-culatory mfﬁcultws and heat dzsease is: not yet

EFFECTS OF NOISE ON WILDLIFE AND OTHER ANIMALS

Noise produces the same genera.l types of effects-onanimals as it does on humans,

namely: hearing loss, masking of communications, behavmral and non-audltory physm
loglcal effects.

The most observable effects of noise on farm and wild animals seem to be behavioral.
Clearly, noise of sufficient intensity or noise of aversive character can disrupt normal
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patterns of animal existence. Exploratory behavior can be curtailed, avoidance behavior
can limit access to food and shelter, and breeding habits can be disrupted. Hearing loss and
the masking of auditory. signals can further complicate an animal’s efforts to recognize its
young, detect and locate prey, and evade predators. Competition for food and space in an
“ecological niche” results in complex interrelationships and, hence, a complex balance.

Many laboratory studies have indicated temporary and permanent noise-induced thresh-
old shifts. However, damage-risk criteria for various species have not yet been developed.
Masking of auditory signals has been demonstrated by commercial j Jamrmng 51gnals wh1ch
are amplltude and frequency modulated. .

Physmlogrcal effects of noise’ eXposure such as changes in blood pressure and cherms- ' e ‘
T try, hormonal balance and reproductivity have been demonstrated in laboratory animals
* and, to some extent, in farm animals. But these effects are understandably difficult to =~
. assess in wildlife. - Also, the amount of physxologrcal and behavioral adaptat1on that occurs.
' in response to no1se snmuh isas yet unknown. . : : :

Con31derable research needs to be accomphshed before more. deﬁ.mtrve cntena can be"_

_developed The basrc needs are S

e More thorough mvestlgatlons to determme the point at whrch various specres
incur- heanng loss B : :

- Stud1es to determme the effects on ammals on Iow-level chromc roise
: exposures : : '

® Comprehensive studies on the effects-on animals in their natural habitats.
Such variables as the.extent of aversive reacnons phy51olog1ca1 changes
"and predator-prey relat10nsh1ps should be examined.

Until more info‘n'n'dtion exists, judgxnénts'of environrnentél' :irn'pact must be based on the-
existing mformatlon however mcomplete The most-simple approach is to assume that

. animals will be-at:least part1ally protected by appl1cat10n of maxunum levels identified
for human exposure

EFFECT OF NOISE ON STRUC'TURES

. Au'bome sound normally encountered in real life does not. us..1ally carry sufﬁcrent
energy to cause damage to most structures.’ The major excepnons to this are sonic booms
produced by supersonic : axrcraft low frequency sound produced by rocket engmes and some
constructlon equlpment and son1c fatlgue



' repeated sofiic'booms: . However,. the levels 1dentrﬁed_m pen&ix S
. adverse effects on pubhc hea.lth and welfare are: low enough to protect gam : damage e

From an envu-onmental point of view; the most srgmficnnt effects are those caused by iy

... sonic booms on the secondary components of structures. These effects mclude the breakmg, .
-+ of windows.and cracking of plaster “Effects such as’ these_have led tothe: ;

* historical monuments and archeologrcal structures may-age; mote raj

o to structures.

-
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Appendix F

EPA’s RESPONSIBILITY TO IDENTIFY SAFE LEVELS FOR
OCCUPATIONAL NOISE EXPOSURE

Although the workplace is a vital component of the human environment, the Environ-
mental Protection Agency does not have jurisdiction over most occupational health and
safety matters. These matters have traditionally been the responsibility of the Departments
of Labor and Health, Education and Welfare. Section 6(b)(5) of the Occupational Safety
and Health Act of 1972 specifies that the Secretary of Labor, “. .. in promulgating stand-
ards dealing with toxic materials or harmful physical agents ... ., shall set the standard which
most adequately assures, to the extent feasible, on the basis of the best available evidence,
that no employee will suffer material impairment of health or functional capacity even if

-, -such employee has regular exposure to the hazard dealt with by such standard for the per-;‘ o
~iod of his working life . . . In addition to the attainment of the hlghest degree of health
and safety protection. for the employee, other considerations shall be the latest available -
- scientific'data in the field, the feasibility of the standards, and experience gained- under
this and other health and safety laws,” : =

In contrast sectlon 5(a)(2) ot' the Noise Control Act of: 1972 dxrects EPA’s Adminis-- -~

trator to * pubhsh information on the levels of environmental noise, the attainment and

L mamtenance of which in defined areas under various conditions are requisite to protectmc

‘the pubhc health and welfare’ w1th an adequate ma.rgm of’ safety

The words “ pubhc health and welfare appear ina number of places in the N01se
Control Act, and have a broader reference.than those defining jurisdiction in the Occupa-
tional Safety and Health Act, namely, the entire American public at all times rather than.
the American worker during his workday. -In addition, the requirement of an “adequate
margin of safety”’ :does.not appear in.the Occupational Safety and Health Act, which .
mstead uses the phrase, no-employee-will suffer material 1mpa1rment of health or func-

" tional capacity:” - These distinctions indicate that EPA’s duty to identify levels for exposure

to noise is broader in scope and more stnngent that OSHA’s duty to protect in the occupa- )

‘tional area; *Furthermore, theé intent of ‘this docurnient is to identify safe levels for a variety -
. of settings; whereas the respons1b1hty of HEW is to. develop occupational exposure criteria.
" and that of the Department of Labor is to promulgate and enforce standards. In-the writing' -~
.. ofsuch’ standards, the-Labor Department: must take fea31b1hty mto account, a cons1derat10n o
omltted in the wntmg of this document ST : : o

EPA’s respons1b1.hty to-identify levels of exposure t2 noise “in defined areas under
various condmons necessarily includes an. 1dent1ﬁcatlon of exposure levels in the workplace

F-1-a/



_in order to satisfy the mtent of the Iaw to consxder total human exposnre tonoise A.VWork-
- ing hours are an inseparable part of-the. mdlvxdual’s 24~hour day, ‘ R
sidered in order.to-evaluate’ the: contnbutxons of nonoccupatmnaf eXposut "‘hxs daﬂy and’

lifetime dose. - For this reason, it is of utmost: 1mpdi;tance'-t _ t the levels specified for: occu-';': N . [
patxonal and non-OccupatlonaI n01se be compatxble : '
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Appendrx G

IMPULSE NOISE AND SOME OTHER SPECIAL NOISES

IMPULSE NOISE

Impulse noise is defined in various ways G-1. G-2,G-11 but generally means a discrete noise
(or a series of such noises) of short duration (less than a second), in which the sound pres-
sure level rises very rapidly (less than 500 ms, sometimes less than | ms) to a high peak
level before decaying below the level of background noise. The decay is frequently oscil- =
latory, because. of sound reflections and reverberation (ringing) in which case the spectrum

_ of the oscillation may also be important in determining the hazard to hearing. Some

authors distinguish reverberant impulsenoise as “impact” ncise (thlcally produced’ by T

" 'metal to metal impact as in industrial forging), to distinguish it from sunple ohgophasrc o

unpuls..s (typified by a gunshot in the.open. a1r) G-3

. The peak sound pressure level (SPL) is.an unportant but not the sole pa:ameter L
~determining hazard. Some typxcal values for chstu.rbmg or. haza:dous impulse. noises.are

grven in Table G-l

NOTE Peak SPL for rmpulses cannot be properly measured wrth a standa.rd sound level _
' meter, which is a tlme-averagmg device. Oscﬂlographxc techmques must be used.

“Table G—l

: SOME TYPICAL VALUES OF PEAK SPL FOR IMPULSE NOISE .
' (in dBre. 20 rrucropascals) '

sPL - | f A EXAMPLE

‘1907i- B | Wrthm blast zone of explodmg bomb
160—-1 80 - ‘_ Wlthm cTew area of. heavy artrllery plece or naval gun when |
L shootmg ‘ - e ) S
140-170 . |~ At shooter’s ear when firing hand gun A
12'5._'-.1 60 S I At cl'u]d s ear when detonatmg toy cap or ﬁrecracker -
120-1 40 ’.':_:: o Metal to metal 1mpacts in many mdustnal processes

. (e.g., drop-forging; metal-beating)
110-130" b On eor;strucﬁon site during pﬂe—dnvmg
Gl.a~



" (e.g, when a person is handling delicate or dangerous. objects'or matena]s

Effects of Impulse Noise on People
Cochlear Damage-and Hearing‘ Lossf-

somewhat hxgher frequency losses (maxrmal at 4 to 6-,, 2).2 { . By .
NIPT S can: be more vanable G9. A blow to the head can have a srmrlar effect TSS (and

' Other'Pathologlcal Effects"ﬂ -

Exposure to blast or to sustamed or repeated

o range of 140 to 150-dB (239 to. 718 pascals)-or higher can.cause- generahzed' dxsturbance or N .. ..
.‘"personnel S

- damage to.the.body apart from the ear.. This is normally.a problem. for militar;
at war (e. 2., artlllerymen firing fi eld guns), and need not be consmered further here Tran- o
sient over-pressures of considerable magnitude can be expenenced due to somc boom but B

- are unhkely to be hazardous to the ear. - : % :

. Startle and Awakemng

Impulsrve noises wh:ch are novel, unheralded or unexpectedly loud:’-can startle people-."
~ and animals; Even very mild impulsive noises can awaken sleepers. In'so ;. mrcumstances
5 startle Cam be
hazardous. Because startle and alerting responses depend very largely upon individual- .

... circumstances and psychologrcal factors unrelated to the intensity of the sound; it is dlfﬁ~ - .Vi"f}‘.'i e
o ocult tor make 4dny generalization about acceptable values of SPL in this connectlon A high-

degree of behavioral habituation, even to intense impulse-noises such as gunfu‘e, is’ normally

. seenin animals and humans wheri.the exposure is repeated provrded that the chatacter of
' the stimulus is not. changed ' . ~

G-2
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o 7. vérleﬂtation"of the ear \'ﬁiﬁth-respect-toth.‘e noise

T
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Parameters of Impulse Noise Exposure

tmpulse noise is characterized completely by the waveform and spectrum. Various

summary parameters are also useful in characterizing an impulsive noise, these include:

1. Peak SPL (in dB re 20 micropascals)
2. Effective duration (in milliseconds or microseconds)
3. Rise time
In addition, the.following are important for predicting the effects of the impulse on people:
| 4. Number of ’-_repeated.i._mp»ulses in a daily or other-éumul’atiwte ezx;posure' )

S. ) lntervals or average mterval between repeated nnpu]ses (or rate of 1mpulse
: ..voccm'rence) : : . :

S 6 -.I_hdividual' ‘sﬁscept'ib’ilit)-r u’t’o irm’erze'a'r‘ damage ‘

-8 : 'Precedmg or srmultaneous exposure to contmuous noise. at TTS-producmo '
. levels : S -

9. " A'ction 6f acoustic reflex, if elielted R

10, Audiometric frequency

' Impulse Noxse Exposure Cntena and Lumts

~

Heanng Damage and Cntena for Impulse Noxse

. oy
It is obvious from the above lists that limiting impulse. noise exposure for hearing con-
servatron is not an easy matter. Existing gu:dance in this matter in some- spheres is seri-

ously inadequate or misleading.%-3  For.instance, the. Occupational Safety and Health Act

. .prescnbes a. hmrtmg level of 140 -dB:SPL for mdustnal nnpulse norse wrth no allowance for - e )
- any other parameter o v _ e e

G-3



- ,. Gmdelmes for Ev_aluatirxg HazardfromlmpulseNonse Exposure .

In 1968, Working Group 57-of CHABA prepared:a damage risk critérion for gunfire *~ -

noise, based essentially on the. work of Coles et, al., S¢which mcluded procedures to allow
for repetition of impulses and'some of the other parameters: hsted above. G1 Some modi-

fication has recently been proposed by Coles and ‘Rice: &7 The CHABA proposal was
mtended to protect 95% of the: exposed populatlon v Ny

o Peak Level

o ‘The growth of TTS at 4 kHz. wrth ‘increase in- peak level above 130 dB-& PLof unpulses N
S (clicks) presented at a steady rate has.been demonstrated by Ward ét. al-¢% Based on TTS o

data from rifle shooters, Kryter-and GarmtherG'“ estimated permanent hearing: levels

expected to result from daﬂy exposure to a normnal 100 rounds of nﬂe sh:ootmg norse m B . - o
‘" selected percentiles. Their data are réproduced in Table G:2 below, showing the increasing

. hazard w1th mcneasmg peak level and- thh 1ncreasmg audxometnc frequency up to. 6000

. CHABA's 1968 Damagé-Risk Critéria (DRC)S! tecomimended liriiits to peak levelasa =

function of impulse duration for a nominal exposure of 100 impulses per day at normal
incidence (discussed below and shown in Figure G-1). These limits were intended to pro-
tect 95% of the people according to an implied criterion of NIPTS not exceeding 20dB at
3 kHz or above, after 20 yrs." If 90% of the people were to.be protected to a criterion of

. NIPTS not exceeding 5 dB at 4 kHz, it would be necessary to lower the CHABA: lumts by .

- 12dB (15 dB reduction to meet the more stringent criterion, assuming an approxlmately

“decible to decibel relationship in' the range of interest [see Table G-2], less- 3 dB elevation:

to apply the limit to the 90th percentﬂe) ‘This modrﬁed CHABA. limit:is- shown in:Figure
G-l by hatched lmes - e - N

D,nration--of Impulse

Hazard increases with the effective duration of impulses.!9 Impulse duration is
defined according to the type of impulse (A, simple peak, or B, oscillatory: decay); G-1. G-6
and CHABA has recommended separate limits for A- and B-durations (Figti—re:G—l)l For
effective durations much above 1 ms, a more stringent limit should be applied to reverberant
oscillations (e.g., metallic impacts in industry or gunshots in a reverberant indoorrange) .-
than to simple A-type impulses (e.g., gunshots in the open). When the type of impulse
cannot be determined, it is conservative to assume the B-duration.

—
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Table G-2

ESTIMATED EXPECTED PERMANENT HEARING LEVEL (IN DB RE ASA:1951)
IN SELECTED PERCENTILES OF THE MOST SENSITIVE EARS
FOLLOWING NOMINAL DAILY EXPOSURE TO RIFLE NOISE

" '(DURING TYPICAL MILITARY SERVICE),
- NAMELY, 100 ROUNDS AT ABOUT 5 SECOND INTERVALSG18

Peak : | Audiometric Test Frequency (Hz)
SpL* - Percentile - '
@By | _Exceedmg HL ~1000 2000 3000 4000 _ 6000

1w |10 | o2s |35 | 70 | s | 90
oo 7250 15 L 25} 550 |65 | 70|
LS00 b0 b1 |35 | 45 ) S0

165 | .0 e f a6 | 20 | e2 | 60 o7
R 25 9 10 _ 32 | 4 | 52 | |
500 | 0T [0 |12 25 a7 |

s o b1 8 las fo3s | 45 |
o R R L S O e

150, | iaeae b e |oas o s fas | s |

10 e s o | so | as
o2 0 2 2 18 | 30
el 80 e e Q0 Lw0 o b0 | 5 |10

* At the ear, grazing incidence: .

CHABAG 1968-warned.that the. 152 and 138.dB plateaux are-only “gross estimates™

Mf.f_'smular remarks apply. ‘to the:modified- CHABA limit: here proposed in:which the corres-

pondmg plateaux are 140 and 126 dB SPL

G5
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wesk |
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’ DURATION N M:-c

Figure G-1. The 1968 CHABA 6! Damage-Risk Criterion for Impuise Noise
Exposure (solid lines) and a Proposed Modification (hatched
lines). Peak Sound Pressure Level is-Expressed as.a Function™ "

_ of A- or B-Duratlon in the Range 25 chroseconds to
' Seconi &1

Rise Time: - )

Th.lS parameter is usually correlated closely w1th peak pressure.
' :'_Jts effect on heanng nsk is msufﬁcxent for al.lowance to.be made for 1t in damage nsk

‘Spectrum (Or Waveform)

I-mptxlees_ thh largely high.' fﬁquertcy spectral components (e.g., reverberant gunshots)

" ""are generally- more hazardous to the hearing' mechanism than predominantly, low-frequency -

impulses (e.g., distance-degraded blast waves; sonic booms) of the same peak SPL. However,

comparative -data are as yet too scanty to serve as the basis of differential damage risk
criteria.

G-6
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Number of Repeated Impulses

TTS (and, by inference, NIPTS) grows linearly with the number of impulses in a series,
or linearly with time when the rate of impulses is constant.8 CHABAG! recommended
an allowance of -5 dB for every tenfold increase in number of impulses in a daily exposure
(Figure G-2). Recently, Coles and Rice®7 have contended that this rule is underprotective
for large numbers (N) of impulses and have recommended a modification (see Figure G-2).
In 1973, McRobert and Ward 63 questioned this modification, maintaining that it is
probably grossly overprotective for N>>1000, and commented also on the CHABA rule in
the light of recent experiments. Figure G-2 reproduces a comparison by McRobert and
Ward of the CHABA rule with Coles-and Rice®7 and an “equal—enervy” rule (10 dB weight-

' mg for each tenfold increase in-N)- ongmatmg at N-=-100.:

' 2omc—

* "EQUAL-ENERGY"

CORRECTION FACTOR {dB).

cousa aucr-:
RICY AR \

U szobeli Lk R § S I R SO . I
12 8 1020 5o IOO 200 500 1000 2000 5000
o NUMBER ‘OF iIMPULSES

F1gure G~2 Compa.nson of CHABA We1ght1ng (Re Zero at N = 100 Impulses- e

. per Day) for Number N) of Impulses in Daily Exposure ! with the
Proposed Modification by Coles and Rice &7 andan “Equal-

_ Energy” Rule. After McRoberts and Ward G-3 o

G-7



.- incidence. .

All in all an- equal-energy” rule 2 appears to fit the ex:stmg data tolera_bly W and is: '_ o
easy to apply i in practice; but it' may underestunate the hazard for values of substantxallyi_"_
* less than 100 (1solated :mpulses) ’

Interval BetWeen or Rate of Occurrence of Impulses'

‘ Ward., et aI G'a showed that when equal nnpulses occur at' more- tharrl/ ; '1'I‘S

. development is slower than- when the -average interyal:is in. the :Tange } to j .

L ', ‘because the acoustic reflex is ma1nta1ned When-the.interval:is long (rang 9230 seconds), ‘
-~ TTS again.develops more slowly, probably because the-iriterval a}lows some recovery A

" conservative rule would beto: apply-a 5 dB penalty: when the: average ‘impulse-interval fies.

- between 1 and 10 seconds; such-an interval may be typlca.l of such act1v1t1es asrange

- shootmg in groups, heavy hammenng in mdustry, or pile-driving

- indmdual Susceptlblhty to Inner Eax Damage 'f

"The d1stnbuuon of mdmdual suscepnblhty to NITTS and NIPTS ' the populat]on is -
_ believed to-have the same pattern for impulse as for: continuous noise; . Similar rilés may =~
7 therefore be applied when predicting risk of impulse-NIPTS. The CHA.B\A"'l DRC was .

- intended to protect 95% of the population; a relaxation of 3 dB may be. apphed to obtaln-
limits for the 90th percentﬂe

‘Orienttion of the Ear "

~ Based-on- Hodge & Mch:n'rllm'cms‘:;'l.2 and other data CHABAG1 hasfreoomfnended m
... the case of gun noise, a penalty-of 3 dB to: apply ‘when the noise strikes the-eardrum at
" normal rather than grazmg mmdence. If unc.ertam, 1t is conservatlve to assum' f1lo rmal

Combinations of Impulse and Continuous Noise

Certain combinations of impulsive and continuous noise, such as.occur in industry
may be antagonistic—that is, one may provide some protection from the other—probably
because of acoustic reflex activation. Other studies, however, show that the effects of
combined impulse and steady naise are additive.6-2:G-16 ISQ, in its Recommendation
R/1999,6-17 proposed a flat weighting of 10 dB for “impulsiveness™ in distributed noise,
but the validity of this rule is questionable. On present evidence, it is probably safest to

G-8
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evaluate simultaneous impulsive and continuous noise separately, each accordmﬂ to its
own criterion. -

Action of the Acoustic Reflex

This protective mechanism is valueless-in the.case of brief single or isolated impulses
because it has a latency of at least 10 ms and takes up to 200 ms before being fully effec-
tive. Rapidly repeated impulses, &7 however or sxmultaneous continuous noise,%-15 may
activate it sufficiently to provide up-to 10:dB of protect1on " but this is too variable and
uncertain to be allowed for in damage risk criteria. :

Audiometric Frequency-

Generally speaking, impulse noise affects the heanng in much the same wayas does

continuous noise; with TTS and PTS beginning and growing, most rapidly-at 4 to 6 kHz. It
-is poss1ble however, that 1mpulse noise may have relatively more effect on hlgh-frequency’ .
o hearmg or affect hearing at higher frequenc1_es G-13,G-14. : '

Use of Equnvalent Contmuous Sound Level (Leq) In Evaluatlon of Impulse Noxse

" Support for the extens10n of the equal-energy (equ1valent A-welghted sound energy)
concept of hearing hazard from continuous noise exposure to include impulse noise expo-
sure has.fecently been. gammg ground G-19" At the.1970 Teddmgton Conference on “Occu-
pational Heanng Loss”, it.was suggested that a.unifying rule based on ‘this concept might
be drawn up to link continuous and- ‘impulse noise. exposure limits in.a smgle continuum -
relating A-weighted sound level to effective daily exposure duration. 520 An empirical .
formula enablmg the A-weighted L eq o be calculated from the peak sound pressure (py,)

repetition rate in impulses persecond (N).and the-decay constant of the unpulse envelope R

(k) in mverse seconds, was mtroduced as follows G .

eq~ = 85 3 + 20 log Ph +. 10 log N 10 log k + 10 log (l- '2/kN)

where Ph is absolute pressure in pascals not sound pressure level in, dB For one unpulse _'
of the B-type, this formulation sunphfies such that the Leq of an A-welghted ccntmuous T
pulse of duration T is equal to- the.peak.sound pressure:level (in dB) of an impulse which
decays by 20 dB in time T minus'9-dB.. The use.of this formula assumes the ‘impulse is
compased of broad-band n01se that exponentla.lly decays.. This relationship, at the. present '
time, should not be used to evaluate impulse data-until it is further justified by more
experimental.tesearch.. However, it does prov1de further support of the equal energy con-
cept outlined. mAppendlx C.. T LI .
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Summary and Conclusions.

' Hearing.~Conservation

The followmg rules may be recommended 1f 1t 1s desu'ed to 'prote .

10 ‘years of repeated exposures

Measure or prechct the pea.k level (SPL) and A-or B-type duratwn of the R

e rmpulse, usmg proper oscillographic technique (NOTE:,

if the noise is' suff1c1ently rapxdly

o repetmve to fit Coles and- Rlce s G" category “C”, 1t may be: treated and measured as con- .

" tinuous noise and evaluated accordmgly in dBA Thxs usually means a repetltlon rate
7 exceeding lO/s) ST e e ARG o

2. Use the “mod1fied CHABA lmut” in: Fxgure G—l to determme the maxlmum :

i pernuss1ble peak SPL If in doubt as. to 1mpulse type, assume B—duratlon

3';- If the number of sumlar n'npulses (N) expenenced per day exceeds .100
reduce the permissible-level by 10 dB for every tenfoid increase 1n N (e g 10 dB when
=.1000, 20 dB when N =10 000) '

4. If Nis less than 100 a higner peak level: may be allo“red 1n .accordance with

. the same rule (e.g.,.10 dB more when N = 10), provided. that.an absolute maximum value -
of 167 dB for:durations less: than 25 mxcroseconds grazxng mc1dence (or 162 dB normai
.mcxdence) is not exceeded. S

A If the average repetltxon tate of unpulses falls m the range 0 1 to l: per :
. second (i.e, the average interval between Impulses is: l to 10 seconds), reduce the permlss;-
K ble pealc level by 5 dB : :

6. If the 1mpulses are known to reach human ears in. the v:cxmty at grazmg
incidence, the permissible peak level may be raised by 5 dB._ NOTE: This allowance
" should be used with caution and must not be apphed 1f the surroundmgs are reverberant
If in doubt, assume normal incidence.

Effects Other Than on Hearing-

See Section 3 in main document.

G-10

| 90% of the people -+ -
- from significant ImpulseNIPTS that is,- from 1mpu1se-NIPT S exceedmg 5 dB at4 kHz after:
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Ultrasoun 1™

SPECIAL NOISES
Infrasound 26

Frequencies below 16 Hz are referred to as infrasonic frequencies. Sources of infra-

~sonic. frequencies include earthquakes, winds, thunder, and jet aircraft. Man-made infra-

sound occurs at higher intensity levels than those found in nature. Complaints associated. .
with high levels of infrasound resemble mild stress reactions and bizarre auditory sensations,
such as pulsating and fluttering. It does not appear, however, that exposure to infrasound,
at intensitities below 130 dB SPL, present a serious health hazard. For the octave band

o centered at: 16 Hz the A—welghted equxvalent to 130 dB SPL is: 76 dB(A)

dG-ZGI- .

Ultrasomc frequencres are-those above 70 000'Hz.. They are produced by a vanety of

mdustnal equrpment and jet engines. The effects of exposure to high mtensny ultrasound
o (above 105 dB- SPL) are also the effects-observed: dunng stress. However, there: are expen-
' mental drfﬁcultles in assessmg the effects of ultrasound s1nce._, .

| S UItrasonioﬂ-anes ar'ehigh-ly ab»sorb'ed. by air»

2. Ultrasomc waves are often accompamed by broad-band noise and by
sub—harmomcs B . :

At levels below 105 dB SPL, ho\yever, there have been_..'no-ob.served advers‘e'_effeets.

| SONICE ‘BOOM'va o

Present day knowledge regardmg the acceptabﬂ1ty of sonic booms by- man is based
on observations from both experimental field and laboratory studies and observations of
community response to actual sonic boom exposures. Individual human response to sonic

.- . boom is very complex and involves not only the physical stimulus, but various. characterls— e

7 tics of the environment- as well as the experiences, attitudes and opinions of the population =~ "
exposed G722 -One of the most comprehenswe studies to date on sonic boom exposure of-
. alarge commumty overa relatlvely long period of time was the Oklahoma City study

conducted in 1964, 6-23:62¢  Eight sonic booms per day‘at a. median outdoor peak over-
pressure level of 57 46 pascals (or 1.2 psf)* were exr erienced by this commumty over'a

*1 psf =47.88 pascals .
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6 month period. Some results of this study are summanzed in Flgure G-3 . F or: elght somc S
L booms/day, there i is clear evidence that the median peak uverpressure must be: well below -

lat1on consxder themselves annoyed by an exposure of elght sonic booms/da

‘ o extx:apolanon of the annoyance data of Figure G-3 indicates that. annoyance wﬂl dmappear i

" in the total population’ only when: the & sonic booms: per day-are-less than 4:79 pascals, A

"linear extrapolation'is probably not. entirely Justxfied ‘however;as certamly for somc booms.‘ et
e {-‘jmuch less-than 4.79 to 9.58 pascals;-a large percentage of the: populatlon

. expected to sense. the taom. The fact that the extrapolatlon must curve is-]

sure is zero, Le., no boom at al.l

S _.':;
5100 LIS S ZO | k]
w80 -
a
| s
2 .
o] .60 -~ L e
=T L7
S 2
g Lo -/
g /-
g /o
= .
P 20 Lo
o . L — =
S » " 2
S 0.0
g " MEDIAN PEAK OVERPRESSWRE, n;/;rt?'“
& ' :
o 0 25 50

..75' . 100
MEDIAN PEAK OVERPRESSURE, N/m=. . .

NOTE: Data compiled from Oklahoma City Study. Dashed lines are
extrapolations. All data for 8 sonic boom/day. 622 =~

Figure G-3. Percentage of Respondents Reporting Adverse Reactions to-Sonic Booms
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So far the discussion has been about eight sonic boom exposures per day on a daily
recurring basis. The more difficult question is how to interpret the effect on public health
and welfare of sonic booms that are more infrequent than eight times per day. Kryter G-25
provides a relationship which indicates that a sonic boom of 90.97 pascals once a day
would be equal to 110 PNdB or.a CNR of 98 dB. It further suggests that the level (which
is propottional to P?) should be reduced by one half (3 dB) for each doubling of number’"
of occurrences. From Appendix A, Lj,, is approximately related to CNR by Ly, =CNR
~35 dB. Thus, aCNR of 98 equals.an L, of 63 dB. If the sonic boom is made equivalent
to an Ly, = 55 dB, so as to be consistent with the levels identified in the mterference/

annoyance section of this document, the level of one daytime sonic. boom per. day must be .o L
. less than 35.91 pascalg For more than eight sonic booms/day; the level should ‘be less than - -
+12.45 pascals or - N pascals. ‘This result is slightly lower than the data from’ Flgure AT T

Lo \_\-3 However extrapolating the annoyance line in the figure sugaests that the 12,45~

_ pascals level of 8 booms would annoy only 8% of the people and more would find it un-’ L
) acceptable Therefore, the relationship. proposed is: daytime peak over-pressure per day = —

- 35 21 .- pascals' where.N = number of sonic booms/day:- Thus; the peak over-pressure of el

‘a somc boom that occurs dunng the day should be no more than 35 91 pascals:if-the el

_populatlon is not to be annoyed or the general health and welfare adversely affected.

The standard sound level meter, whxch is-a- txm&averagmg device, \w]l not properly measure- the peak sound -
‘pressure level.of sonic booms. i : :
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