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number of people living in areas which are exposed to freeway and aircraft noise are taken
from the EPA airport/aircraft noise report.B'4 They were based on calculated noise con-
tours and associated populations for a few selected situations which formed the basis for
extrapolation to national values. The estimates for the aumber of people living in areas in
which the noise environment is dominated by urban traffic were developed from a surveyB-3
conducted in Summer 1973 for EPA. The survey measured the outdoor 24-hour noise
environment at 100 sites located in 14 cities, including at least one city in each of the ten
EPA regions. These data, supplemented with that from previous measurements at-30 addi-
tional sites, were correlated with census tract population density to obtain a general rela-
tionship between Ly, and population density. This relationship was then utilized, together
with census data giving population in urban arcas as a function of population density, to
derive the national estimate given in Table B-2.

These data on urban noise enable an estimate of the percentage urban population in
terms of both noise levels and the quulitative descriptions of urban residential areas which
were utilized in the Title IV EPA report to Congress in 1971.B-
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Indoor Sound Levels

i . The majority of the existing data regarding levels of environmental noise in residential
areas has been obtained outdoors. Such data are useful in characterizing the neighborhood
noise environment evaluating the noise of identifiable sources and relating the measured
values with those calculated for planning purposes. For these purposes, the outdoor noise
levels have proved more useful than indoor noise levels because the indoor noise levels con-
tain the additional variability of individual building sound level reduction. This variability
among dwelling units results from type of construction, interior furnishings, orientation of
rooms relative to the no‘ise, and the manner in which the dwelling unit is ventilated.

- Data on the reductxon of aircraft noise afforded by a range of residential structures
are available.B-7 These data indicate that houses can be approxxmately 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 reduction
provided by buildings within a given community has a wide range due to differences in the
use of materials, building techniques, and individual building plans, Nevertheless, for
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L -7 FOREWORD
The Congress included among the requirements of the Noise Control Act of 19720
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
cnvironmental noise the sttainment ané maintenance of which in defined arcus under vari-
ous conditions arc requisite to protect the public health and welfare with an adequate mar-
gin ol safety.” - _ . L

1" s

Not all of the scientific work that is required for basing such levels of environmental
noise on precise objective factors has been completed. Some investigations are currently
underway, ani the need for others has been identified. These involve both special studics
on various aspects of effects of noise on humans and the accumulation of additional
cpidemiologicel data., In some cases, a considerable period of time nyust ¢lapse before the
results will be meaningful, due to the long-term nuture of the investigations involved. None-
theless, there is informa..on available from which extrapolations are possible and about
which reasoned judgments can be made.

Given the foregoing, EPA has sought to provide information on the levels of noise
requisite to protect public health and welfare with an adequate margin of safety, The infor-
mation presented is bascd on analyses, extrapolations and cvaluations of the present state
of scientific knowledge. This approach is not unusual or different from that used for other
environmental stressors and pollutants, As pointed out in *Air Quality Criteria®™ - Staff
Report, Subcommittee on Air and Water Pollution, Committec on Public Works, U.S.
Scnate, July, 1968, o

The protection of &l:‘bllc health is required action based upon best
evidence of causation available. This philosophy was :rproprlatcly
expressed by Sir E. B. Hill, 1962, when he wrote: “All scientific
work Is incomplete -~whether it be obscrvational or experimental.
All sclentific work is Hable to be upsct or mudified by advancing
knowledge. That does not corfer upon us freedom to lower the
knowledge we already have, or to postpone the action that it appears
to demand at u given time. The lessons of the past in general health
and safety practices are easy to read. They are characterized by em-
pirical decisions, by cternally persistent reappraisal of public health
standards against available knowledge of causation, by consistently
giving the public the benefit of the doubt. and by ever striving for
improved environmental quality with the accompanying reduction
in discase morbidity and mortality. The day of precise quantitative
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the selected indiwtor of envlronment noise does not correlate uniquely with any spedﬁc
cffect on human health or petformance Admittedly, there are uncertainties with respect to
effects in indeuaI cases and situations. Such effects cannot be completely accounted for:
thus, the necessity to employ a statlslical approach.

Section 2 of the fep'm addresses the details of shnra«.terizins and measuring human
exposure to cnvironmental noise. ~he equivalent sound level (L_.,) and a variation weighted
for nlghmme exposure (l..d,,) has been selected as the uniform descriptor. The relationship
of Leg and l-dn to other measures in 3se is anulyzed 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 occupational exposuré from the
balance of environmental exposure and the statutory responsibility for controlling occupa-
tional exposure is analyzed in Appendix F.

In Scction 3, cause and effect refationships are summarized and presented as the basis
and justification for the environmental noise levels identified in Section 4, Specifically, Sec-
tion 3 develops conclusions with regard to levels at which hearing impairment and activity
incerference take place. These are discussed in terms of situational variation and the respec-
tive appropriatencss of Loy and Lyp. The factors providing for an adequate margin of safety
and special types of noises are discussed. This section mukes reference te material in Appen-
dices C (on hearing loss), D (annoyance and activity interference) and G (special noises),
which in turn rely upon material presented in EPA’s document, Public Health and Welfare
Criteria for Noise. to which the reader is referred for more detailed information,

Scction 4 discusses the levels of ervironmentil noise requisite to protect public health
and welfare for various indoor and outdoor arcas in the public and private domain in terms
of ch and Ly, The summary table is supplemented by short explanations.

It is obvious that the practical application of the levels to the various purposes out-
lined earlicr requires considerations of factors not discussed here. Although some guidance
in this respect Is included in Section 4, not all problems can be anticipated and some of
these questions can oniy be resolved as the information contained in this report is considered
and applicd. Suck practical experiences combined with resulte of further yesearch will guide
EPA in revising and updating the levels identified. In this regard, it should be recognized that
certain of the levels herein might well be subject to revision when additional data are
developed. )



Section 2
ENVIRONMENTAL NOISE EXPOSURE

A complete physical description of a sound must describe its magnitude, its {re-
quency spectrum, and the variations of both of these parameters in time. However, one
must choos: betweea the ultimate refinement in measurement techalques and a practical
approach that i3 no more complicated than necessary to predict the impact of noise on
people. The Environmental Protection Agency's cholce for the measurement of environ-
mental noise is based on the following considerations:

1. The measure should be applicable to the evaluation of pervasive long-term noise
in various defined areas and under various conditions over long periods of time.

2. The measure should correlate well with known effects of the noise environment
on the individual and the public.

3. The measure stould be simple, practical and accurate. In principle, it should be
useful for planning as well as for enforcement or monitoring purposes.

4. The required measurement equipment, with standardized characteristics, should
be commercially available.

S. The measure should be closely related to existing methods currently in use.

6. The single measure of noise at a given location should be predictable. withir an
acceptable tolerance, from knowledge of the physical events producing the noise.

7. The measure should lend itsedf to small, simple monitors which can be left
unattended in public areas for long periods of time.

These considesations, when coupled with the physical attributes of sound that in-
fluence human response. lead EPA to the conclusion that the magnitude of sound is of
most importance insofar as cumulative noise effects are concerned.  Long-term average
sound level, henceforth referred to as equivalent sound fevel (L, ). is considered the best
measure for the magnitude of environmental noise to fulfill the n‘ch VN requirements.
Several versions of equivalent sound leve} will be used for identifying fevels of sound in

10
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specitic places requisite to protect public health anﬁ 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 -

Equilvalent A-vwelghted sound level is the constant sound leve! that, in a given situa-
tion and time period, conveys the same sound energy us 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 Loq. Two sounds, one of which contains twice ac
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 relationship to other measures used to characterize environmental
noise is provided in Appendix A.

The following caution is called to the attention of those who may prescribe levels:
it should be noted that the use of equivalent sound level in measuring environmental
noise will not directly 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 1 10 dB but would limit them to less than one second duration in the
twenty-four hour period. Comparable relationships between maximum sound lzvels and
their permissible durations can easily be obtained for any combination, relative to any
equivalent sound level (sve the charts provided in Appendix A).

Three basic situations are used in this document for the purpos= of identifying
levels of environmental noise:

1. Defined areas and conditions in which people are exposed to environmental
noise for periods of time which are usually less than twenty-four hours, such as school
classrooms, or occupational settings.

2. Defined areas and conditions in which people ure exposed to environmental
noise for extendzd periods of time, such as dwellings.

3. Total noise exposure of an individual, irrespective of area or condition.

*See Glossary for a detailed definition of terms, Note that when the term “sound level” is

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

et . —————
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Three versions of equlvaient sound level are used in this document in order to ac-
commodate the various modes of noise exposure that occur in these sltuntlons They are
distinguished by the peﬂods of tlme over whlch they are avempd and the way in which
the averaging ls dome. ‘

1. L I‘o: an 8-hour pedod (ch(g)) This is the equlvalem A-welghted sound
level (in decibels relative to 20 micropascals) compute:ﬁ over any continuous time period
of eight hours identifiéd with the typical occupational exposure. As will be shown in
later sections of this document, L, q(8) serves as a basis for identifying cnvironmental
noise whlch caum damase to heaﬂns :

1. ! eqfor 24-hour weighted tor nighttime exposure (Lg,): This formula of
equivalent level is used here to relate noise in residential environments to chronic annoy-
ance by speech Interference and in some part by sleep and activity interference. For these
situations, where people are affected by environmental noise for extended periods of
time, the natural choicé of duration is the 24-hout day. Most noise environments .
are characterized by repetitive behavior from day to day, with some variation imposed
by differences between weekday and weekend activity, as well as some seasonal variation.
To account for these variations, it has been found useful to measure environmental nole
in terms of the long-term yearly average of the daily levels.

In determining the daily measure of environmental noise, it is important to account
for the differcence in response of people in residential areas to noises that uccur during
sleeping hours as compared to waking hours, During nighttime, exterior background
noises generally drop in level from daytime values. Further, the activity of most house-
holds decreases at night, lowering the internally generated noise levels. Thus, noise events
becume more atrusive at night, since the increase in noise levels of the event over back-
ground noise is greater than it Is during the daytime.

Methods for accounting for these differences between daytime and nighttime

‘ixgusures Lave been developed in a number of different noise assessment methods em-

ployed around ths wosld, (sce Appendix A). In general, the method used is to charac-
zc?ire nlshm;nc noise as more severe than corresponding daytime events; that is, to apply
2 weh;htlng factor to noise that increases the numbers commensurate with their severity.

- Two appi'nachu to identifying time periods have been employed: one divides the 24-hour

day inte two periods, the waking and sleeping hours, while the other divides the 24 hours
into thiev periods.-day, evening, and night. The weighting applied to the non-daytime

" perfods difTers slightly among the different countries, but most of them weight nighttime

activities by about 10 dB. The evening weighting. if used. is § dB.

12




An examination of tho numorlcal values obtalned by uslng two peﬁoda wrsus thm
periods per day shows that for any ‘reasonable distribution of environmontal noise levels,
the two-period day and the three-period day are easantlally ldentlool Le., the 2é-hour . .-
equivalent sound levels are equal within a few tenths of a decibel, Theufore, the slmpm'
two-period day is used in this document. with daytime extending from 7 a.m.to 10 p.m.
and nighttime extéending from 10 p.m. to 7 a.m. The symbol for the 18-hour daytlmo ,
equivalent sound level is l.ﬂ. the symbol for the 9-hout nlghttlmo oqulvalont mnd level
isLp, and the day-nlght wolghted moasute la symbolized as Lan. gL praa—

The Ly is deﬂned as the A-welghted averase sound level in decibels (le 20 micro-
pascals) during a 24-hour périod with a 10 dB weighting applied to nighttime sound levels.
Examples of the outdoor pment dny (1973) day-nlsht nolao level at typioal locations are

given in'Figure 1,

3 leq for tho 24-hout nvemso sound level to whlch an individual is exposed (L
(24)): This situation is related to the cumulative noise exposure experienced by an lndi-
vidual irrespective of where, or under what situation, this exposure is received. The long-
term health and welfare effects of noise on an individual are related to the cumulative
nolse exposure he receives over a lifetime.

Relatively little is known concerning the total effect of such lifetime exposures,
but dose-effect relations have been studied for two selected situations:

a. The average long-term exposure to notse primarily in residential areas leading
to annoyance reactions and complaints. '

b. The long-term effects of occupational noise on hearing, with the dally
exposure dose based on an eight-hour work day.

An ideal approach to identifying environmental nolse levels in terins of their effect on
public health and welfare would be to start by identifying the maximum noise not to be
exceeded by individuals, However, the noise dose that an individual receives is a function 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
a function of the working, recreational, and sleeping putterns of the individual. Thus, two
individuals working in the same office will probably accumulate different total noise doses
if they use different modes of transportation, live in different areas, and have different TV
habits. Examples of these variations in noise dose for several typical life styles are provided
in Appendix B. However, detailed statistical information on the distribution of actual noise
doses and the relationship of chese doses to long-term health and welfare effects is still miss-
ing. Therefore, a realistic approach to this problem is to identify appropriate noise levels for

13

P

e T RS e 0 Mo AR cta Y



[ PRI e e s !

g
LR IRV PRgPu




I

plaees occupied by peoph asa functton of the actMty ln wmch they are engaged, including
a gross esumate of typlenl avemge expmun llmes.

"Froma pmctica! vie\vpom. itis nccemry to uulfae the wealth of data relating to
occupational noise exposure, some of it, albeit, subjcct to interpretation, in order to arrive

~ at extrapolations upon whlch the ldentmcauofn of safe levels for daily (24-hour) exposures
.can be based. o

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 1o assist the reader in assoclating these levels with numerica) values
of noise for familiar situations, typical noise levels encountered at various locatior.: arc listed

in Table 2. For further assistance, Figure 2 provides an estimate of outdcor noise levels for
different residential mns.

Table 2
EQUIVAI.ENT SOUND LEVELS IN DECIBELS NORMALLY
OCCURRING INS:DE VARIOUS PLACES®

SPACE Leq(*)

Small Store (1S clerks) 60
Large Store (more than $ clerks) 65
Small Offlce (1-2 desks) $8
Medium Office (3-10 desks) 63
Large Office (more than 10 desks) 67
Miscellaneous Business 63
Residences

Typical movement of people —no TV or radio 4045

Speech at 10 feet, normal voice ss

TV listening at 10 feet, no other activity $5-60

Stereo music $0-70

(#) These measurements were taken over durations ty pical of the operation
of these facilities.
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these indoor Ievcls oxf 40 dB dorins the’da) .md npproximately 33 dB at night are consistent
with the background lcvcls lnsrdc thc homc which havc beon rccommcnded by acoustical

Tho: cfl‘ccts associated ‘with an outdoor d.ty-nluht sound lcvct ol‘ 55 dB are sum-
m.mn.d in T.:blc 3 Thc summ.try show« that s.ttisl'.u.tory outdoor .wer.u.e scntcme intclli-
that dcpcndlng on attitude and othcr non-level nl.ttcd factors. the average cxpcctcd com-
munity fezction is hone, although l% may complain and l7% indicate **highly annoyed”
when mponding to social survcy qu«stions nnd that noisc is thc le.tst important factor
gowve ming nttituoc towards thc urc.t. o - :

_ Identlﬂcatlon ol' a level whlch is 5 dB highcr than the 55 dB identificd above
would sig,niﬂcantly lncre.tse the scverity of the avcr.tgc commuinity teaction, as well as the
expected percentuse of oomplalnts and annoyunw , Conversely, identification of a level § dB
lower than the 55 dB ideiitified ubove would reduce thie indoor levels resulting from outdons
noise well bdow tiie typlc.tl backg.round lndoorv (sce Tuble 1) and prob.tbly mnke little

R

change in unnoy.mce si
style, as well as Ioul condltlons. sem to be more lmport.mt f.utors in controlllng the
resulting m.tgnltudc of i .mnoy.mu or community réaction than is the ubsolutc magnitude
of th Icvcl of thc lntruding noisc e :

Auordingly. Ld,, ot 45 dB Indoors and o' 55 dB outdoors in residential arcas
are identified as the mmdmum fevels below which no effects on public health and welfare
ouur duc to lnterfurcncc wlth spcu.h or othier auivnty Thcsc leveis would also protu.t thc

.....

intrusive nolus wlth purtlcularly nvcrslvc contcnt

Tt

Adequate Margln of Safety

Thc outdoor envlronmcntnl nolsc tevel ldet\tllud in Tublo 3 provtdt.s aSdB
margin of sufety with respect to pmtuting speech communication, This is considered
desirable for the indoor situation to provide tor hotites with less than average nolse reduc-
tion ot for persons speaking with less thun average voice level. A higher mangin of safety
would be incttculvc most. ot the time due to normal indoor activity background levels,




' ' Table 3

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 $5 dB re 20 MICROPASCALS
TYPE OF EFFECT , MAGNITUDE OF EFFECT
Specch - fudoots | 100% sentence intelligibility (average) with a
$ 4B margin of safety
- Outdoors | 100% sentence intelligibility (average) at 0.35
meters

99% sentrnce intelligibility (average) at 1.0
melers

95% sentence intelligibility (average) at 3.5
metery

. Average Community Reaction None evident: 7 4B below keved of significant
; “complaints and threats of legal action™ and
3 at fcast 16 dB below “‘vigorous action" (atti-
i tudes and other non-level related factors may
affect this result)
1
' Complaints 1% dependent on attitude and other non-tevel
; related fuctors '

H Annoyance 17% dependent on attitude and other non-
level reluted factors

Attitudes Towards Arca Noise essentially the least important of
i various fuctors

i (Derived from Appendix D)



response category than woiild be obsemd for the maximum level identified with respecl to
speech communication alone. According to present dats, this ‘mafgin of mfety protects the
vast majority of theé populauon against lonc-tenn annoyance by noisé. it would feduce
anvironmental noiseé to a level where it is least important among envitonmental factors that
influence the populntlon s attitude toward the ervironment. To define an environment that
eliminates any poten&lal annoyance by nolse occasionally to some part of the population
appears not possible at the present state of knowledge.

MAXIMUM EXPOSURES TO SPECIAL NOISES

inaudibie Sounds

The following sounds may occur occasionally but are rarely found at levels high enough
to warrant consideration in most enviconments which the public occupies. For a more detailed
discussion, see Appendix G.

Infrasound

Frequencies below 16 Hz are referred to as infrasonic frequencies an are not
audible. Complaints associated with extremely high levels of infrusound can resemble a mild
stress reaction and bizarre auditory sensations, such as pulsating and fluttering. Exposure to
high levels of infrasound is rare for most individuals. Nevertheless, on the basis of existing
data2+7, the threshold of these effects is approximately 120 dB SPL (1-16 Hz). Since little
lnformntlon exists with respect to duration of exposure and its effects, and also since many
of the data are derived from research in which audible frequencies were present ih some
amount, these results should be intetpreted with caution.

Ultrasound

Ultrasonic frequencies are those above 20,000 Hz and are also generally inaudible.
The effects of exposure to high intensity ultrasound is reported by some to be a general
stress response. Exposure to high levels of ultrnsound does not occur frequently. The thres-
hold of any effects for ultrasound is 105 dB SPL2. Again, many of these data may include
frequencies within the audible range, and results are, therefore, to be interpreted cautiously.

24



Impuise Noise

it is difficult ¢o identify (] dnsle-numbet limit féquisite to protect against adverse effects
from impulse fiolse because it Is essenitial o take into account the clrcumstancca of exposure,

tie type of impuisc, the efféctive dumion, and the numbet of dally exposufes, (see Appendix
G).

seailii

Reéview of temporary threshoid shift data leads to thie conclusion that the impulse
noise limit fequisité to prevenit more than a S dB permanent hearing loss at 4000 Hz after 10
years of daily exposure is a peak sound pmsure fevel (SPL) of 145 dB. This level applies in
the case of isolated events, irrespective of the type, dumlon, or incidence at the ear. How-
ever, for dufation of 25 mictoseconds or less, a peak level of 167 dB SPL would produce the
same effect, (see Figiife 4).

l.  Dufation Coirection: When the duration of the impuiisé 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 ﬂimit" shown in
Figare 4 and Figure G-1 of Appendix G.

3. Correction fof Numbet of Impulses:

Number of impuises - L
per day: 1 10 100 i0® io?
Correction factor: 0 10 20 30 40 dB

(Mote detailed Information is provided iri Figure 4.)

Furthermore, if the average interval between repeated impulses is between |
and 10 seconds, a third cortection fuctot of -3 dB is applied. Thus, to prevent hearing loss
due to impulse noise, the identified level is 14S dB SPL, or 167 dB peak SPL for impulses
less than 28 microseconds, for one impulse daily. For longer durations or more frequent
exposures, the equivalent levels are as shown in Figure 4.
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Nor-Aisdliory Effscts 6f iiitilsive Sotind -

Impuises exceeding the backgrourid rioise by more than about 10 dB are potentially
startling or steep-distiisbiiig. If fepeated, impulsive noisés can be disturbing to some individuals
ifheudatalmkcymbulhnbbcbw the aveiige noise levéls). However, no threshold
levelunbeldentmedatthm"ne mbmmmy Muﬁenwudmmuﬁouofmy
permanent effect on pnbnc health sfid weifare. .

l..mle orno publlc aniioyaiice Y expected to result from one sonic boom during

the daytime below the lml of 33.9! mh(o 75 ponndwet num foot) as measiired on
the stound (see Appemdlx G). 'l‘ha same m ptobabmty of annoyance is expected to occur
for more than one bodin perdaylmwpuk tevel of each boom is no greater than:

1]

ok Lovel = 2001
Poak Level VN siscal

Where N is the nuriiber of boons. This value is in agreement with the equal energy concept.
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Section 4
IDENTIFIED LEVELS OF ENVIRONMENTAL NOISE IN DEFINED AREAS

IDENTIFIED LEVELS

Table 4 identifies the levels requisite to protect public health and welfare with an ade-
quate margin of safety for both activity interference and hearing luss. The table classifies the
various arcas according to the primary activities that are most likely to occur in each. The
following is a brief description of each clussification and a discussion of the basis for the
identified levels in Table 4. For 2 more detailed discussion of hearing loss and activity inter
ference, sce Appendices C and D.

1. Residential arcas are arcas where human beings live, including apartments, scasonal
residences, and mobile homes, as well as year-round residences. A quiet environment is
necessary in both urban and rural residential areas in order to prevent activity interference
and annoyance, and to permit the hearing mechanism to recuperate if it is exposed to higher
levels of noise during other periods of the day.

An indoor Ly, of 45 dB will permit speech communication in the home, while an
outdoor Ly, not exceeding 35 dB will permit normal specch communication at approxi-
mately three meters. Maintenance of this identificd outdoor level will provide an indoor
Lyp of approximately 40 dB with windows partly open for ventilation. The nighttime por-
tion of this Ly will be approximately 32 dB, which should in most cases, protect against
slecp interference, An Legg(24) of 70 dB is identified as protecting against damage to hearing.

Although there is a separate category for commercial arcas, commercial living
accommodations such as hotels, motels, cottages, and inns should be included in the resi-
dential category since these are places where people sleep and sometimes spend extended
periods of time.

2. Commercial areas include retail and financial service facilitics, offices, and mis-
cellancous commercial services. They do not include warchouses, manufacturing plants,
and other industrial facilities, which ure included in the industrial clussification. Although
a level for activity interference has not been identificd here (see footnote a), suggestions
for such levels will be found in Table D-10 of Appendix D. On the other hand, a level of
Leg(24) of 70 dB has been identificd to protect against hearing loss.



Tabh 4
YEARLY AVERAGECEQUIVALENT SOUND LEVELS IDENTIFIED AS
REQUISITE TO PROTECT THE PUBLIC HEALTH AND WELFARE WITH
AN ADEQUATE MARGIN OF SAFETY

Indoor W Outdoor _
Activty Hearing Low T2 Pt | Actvity teanng Low T PSS!
Meusure inter-  Conshiera- paine tater-  Comsiders- gatin!
feren tion Both EF- | e thm Both EY-
s fectaaby | fects Ay
Residential with Out- | Ly, & 48 1] s
side Space and Farm
Residences L2 0 0
Residential with No Lan 44 43
Quiside Space
Legi 24 70
Commercial Lege2d Bt n T (K] 70 Ty
Inside Transportation | Logq04) @) 0 (F])
Industrial Lo 2andy) @ iy ) ta) 70 Ty
Hospitah Lan 45 44 LA bR
‘.\-‘“ MT) n p{}]
Fducational Logt 24 44 48 4 4
Legt24nd n 0
Recroational Arcas Logi2d) (F1 0 p} V) 1w 0 pL )
Farm Land and i't‘\l‘ hX]) tah i\ it )
General Unpopalated
Land

Cade:

cation of a maximum feve! for activity interfervace may be difficult except in these
citcumstances whene speech communication is a critical activity. (Sec Figuee -2 for
noise levels as a function of distinge which atlow satistactory communivation. )

i Based on fowest fevel,

o Basd only on hearing loss.

o AN Lggeny of 78 AB may be identified in these situitions so lorg as the exposune ove
the remaining o hours per day is low enough to result in a negligibhe contribution to
the 24-hour average. Lo o preater than an I.‘." of 6 8.

e el S R W e e e e Ay

Note: Faplanation o identiticd lesel for hearmg joss. The exposure oot wineh
rosults i hearing ks at the identiticd fevel s o perid of 3ty cars,

SReters to energs rather than atithmetic aserages.

RS

[ 3%
L -]

AP

4. Singe dittferent ty pon of activitios appwear to be associated with ditferent levels, ideatiti



. 3. Transportation famlmesare mcluded 50 as w protecl indwidu.ns using pubm‘and ClE VT
private transportation. Included within this classification are commercial and private transs 2" o L
portation vehicles. Mdentification of a level to pfofect astainst hearing loss is the gnlv criteston_. .~
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THRESHOLL OF HEARING (AUDIBILITY). The minimum effective sound pressure level
of an acoustic signal capable of exciting the sensation of hearing in a specified propor-
tion of trials in prescribed conditions of listening.

ULTRASONIC. Having a frequency above the audible ramge for man (conventionally
~ deemed to cut off at 20,000 Hz).
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DEVELOPMENT OF EQUIVALENT SOUND LEVEL

The accumulated evidence of research on human response to sound indicates clearly
that the magnitude of sound as a function of frequency anc time are basic indicators of
human response to sound. These factors are reviewed here, and it is concluded that it is not
necessary to invent a new concept for the purpose of identifying levels of environmental
noise, '

Magnitude

. Sound is a pressure fluctuation in the air; the magnitude of the sound describes the 7
physical sound in the air; (foudness, on the other hand, refets to how peopie judge the
sound when they hear it). Magnitude is stated in terms of the amplitude of the pressure
fluctuation. The range of magnitude between the faintest audible sound and the loudest
sound the ear can withstand is so enormous (a ratio of about 1,000,000 to 1) that it would
be vety awkward to exptess sound pressure ﬂuctuations directly in pressmre units. Instecad,




Frequency Characteristics of Noise

The response of human beings to sound depends strongly on the frequency of sound.
In general, people are less sensitive to sounds of low frequency, such as 100 hertz (Hz)®,
than to sounds at 1000 Hz; also at high frequencies such as 8000 Hz, sensitivity decreases.
Two basic approaches to compensate for this difference in response to differeat frequencies
are {1) to segment the sound pressure spectrum into a series of contiguous frequency bands
by electrical filters so as to display the distribution of sound energy over the frequency
range; or (2) to apply a weighting to the overall spectrum in such a way that the sounds at
various frequencies are weighted in much the same way as the human ear hears them.

In the first approach a sound is segmented into sound pressure levels in 24 different
frequency bands, which may be used to calculate an estimate of the *“loudness’ cr “noisi-
ness’ sensation which the sound may be expected to causc. This form of analysis into bands
is usually employed when detailed engineering studies of noise sources are required. 1t is
much too complicated for monitoring noise exposure.

To perform such analysis, especially for time-varying sounds, requires a very complex
set of equipment. Fortunately, much of this complication can be avoided by using approach
2, i.e., by the use of a special electrical weighting network in the measurement system. This
network weights the contributions of sounds of different frequency so that the response of
the average human ear is simulated. Each frequency of the noise then contributes to the
tutal reading by an amount approximately proportional to the subjective response associated
with that frequency. Measurement of the overall noise with a sounu level meter incorporating
such a weighting network yields a single number, such as the A-weighted Sound Level, or
simply A-level, in decibels. For zoning and monitoring purposes, this marks an enormous
simplification. For this reason, the A-level has been adopted in large-scale surveys of city
noise coming from a variety of sources. It is widely accepted as an adequate way to deal
with the ear’s differing sensitivity to sounds of different frequency, including assessment of
noise with respect to its potential for causing hearing loss. Despite the fact that more
detailed analysis is frequently required for engineering noise control, the results of such
noise control] are adequately described by the simple measure of sound level.

One difficulty in the use of a weighted sound level is that psychoacoustic judgment
data indicate that effccts of tonal components are sometimes not adequately accounted
for by a simple sound level. Some current ratings attempt to correct for tonal components;

sHertz is the international standard unit of {requency, until recently called cycles per second;
it refers to the number of pressure fluctuations per second in the sound wave.






the next. Thus, one cannot simply say that the noise level at a given location or that experi-
enced by a person at that location is **so many decibels” unless a suitable method is used to
average the time-varying levels. To describe the noise completely requires a statistical approach.
Consecuently, one should consider the noise exposure which is received by an individual
moving through different noisy spaces. This exposure is related to the whole time-varying
pattern of sound levels. Such a noise exposure can be described by the cumulative distribution
of sound levels, showing exactly what percent of the whole observation period each level was
exceeded. :

A complete description of the noise exposure wow 1 distinguish between daytime, even-
ing and nighttime, and between weekday and weekend noise level distributions. It would also
give disiributions to show the difference between winter and summer, fair weather and foul.

The practical difficulty with the statistical methodology is that it yiekis a large number
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 nois¢ exposure in that neighborhood. It is literally impossible for any such
array of numbers to be effectively used either in an enforcement context or to map existing
noise exposure baselines.

It is essential, therefore, to look further for a suitable single-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 fairly wide range
of noise levels), so as to preveat extremes of noise exposure at any given time, and to detect

e aa_ . P Y, SN .
o

masses of data for each location are not required, and may even be a hindrance, since one
could fail to see the forest for the trees.

A number of methodologies for combining the noise from both individual events and



Equivalent Sound Level is formulated in terms of the equivélent steady noise level
which in a stated period of time would contain the same noise energy as the time-varying
noise during the same time period.

The mathematical definition of Leq for an interval defined as occupying the period
between two points in time t) and t) is: -

L pt2 ple
Ley = 10 logf 7 rf ﬁi{- at (Eq. A-2)
l .

where p(t) is the time varying sound pressure and p,, is a reference pressure taken as 20
micropascals.

The concept of Equivalent Sound Level was developed in both the United States and
Germany over a period of years. Equivalent level was used in the 1957 original Air Force
Planning Guide for noise from aircraft opem\lons,‘“'6 as well asin the 1955 reportA‘7 on
criteria for short-time exposure of personnel to high intensity jet aircraft noise, which was
the forerunner of the 1956 Air Force Regulatix)xl“‘8 on “*Hazardous Noise Exposure”. A
more recent application is the development of CNEL (Community Noise Equivalent Level)
measurv for describing the noise environment of airports. This measure, contained in the
Noise Standards, Title 4, Subchapter 6, of the California Administrative Code (1970) is based
upon a summation of Leq over a 24-hour period with weightings for exposure during evening
and night periods.

The Equivalent Noise Level was introduced in 1968 in Germany as a rating specifically
to evaluate the impact of aircraft noise upon the ncighbors of airports.A'9 It was almost
immediately recognized in Austria as appropriate for evaluating the impact of strect traffic
noise in dwellings""o and in schoolrooms.A*! 1 It has been embodied in the National Test
Standards of both East GcrmunyA" 2 and West Germany"‘l 3 for rating the subjective
effects of fluctuating noises of all kinds, such as from strect and road traffic, rail traffic,
canil and river ship traffic, aircraft, industrial operations (including the noise from individual
machines), sports stadiums, playgrounds, etc. It is the rating used in both the East GermanA-14
and West GermanA-13 standard guidelines for city planning. It was the rating that proved to
correlate best with subjective response in the large Swedish traffic noise survey of 1966-67.
It has come into such general use in Sweden for rating noise exposure that commercial
instrumentation is currently available for measuring Lc directly: the lightweight unit is
small cnough to be held in one hand and can be operated cither from batteries or an clec-
trical outlet,A-16




The concept of representins a ﬂuctuatins noise level in terms of a steady noise having
the same energy content is widespread in recent research, as shown in the EPA repon on :
Public Health and Welfare Criteria for Noise (1973). There is evidenoc that it accurately
describes the onset and progress  of permanent noise-induced henring loss.A =17 and substantial
evidence to sh:ow that it applies to annoyance in various circumstances A l8 “Thé concept
borne out by Pearsons’ experimnts Al on the trade-off of level and duration of a noisy
T event and by numerous investigations of the trade-off bettween number of events and noise’

8 level in aircraft flyovers.A A-20 Indeed, the Composite Noise Ratinc“,, isa formulation of b
£ Leq, modified by corrections for day vs. night operations. The concept is embodied in "
several recommendations of the International Standards Organization, for assessing the nonse 4
from aircraft,A*22 industrial noise as it affects 1'\3sidem::nis,‘A 23 nnd hearing conservanon in ‘L- e
factories. A 24 o o ' o oL : ~ '

R

COMPUTATION OF EQUIVALENT SOUND LEVEL

In many applications, it is useful to have ana!ytic éxpressions for the equivalent sound
level in terms of simple parameters of the time-varying noise signal so that the integral
does not have to be computed. It is often sufficiently accurate to approximate a complicated
time-varving noise level with simple time patterns. For example, industrial noise can often
be considered in terms of a specified noise level that is 2itiier on or off as a function of time.
Similarly, individual aircraft or motor vehicle noise ever.ts can be considered to exhibit tri-

"‘3@»3"!‘3.:;_5;?;,?”\,%«/“ Ry e M AT S ot

e

n é% angular time patterns that occur intermittently during a period of observation. (Assuming
&é an aircraft flyover time pattern to be :riangular in shape instead of siiapcd iike a “*normal
% distribution function” introduces an error of, at worst, 0.8 dB). Other noise hmtones can

often be approximated with tmpezondal time pattern shapes.

w

The following scctions provide explicit analytic expressions for estimating the equiva-
lent sound level in terms of such time patterns, and graphic design charts are presented for
easy application to practica) problems. Most of the design charts are expressed in terms of
the amount (AL) that the level (L) of the new noise source exceeds an existing background
noise level, Ly. (AL = L - L,). This background noise may be considercd as the equivalent
sound level that exist>d before the introduction of the new noise, provided that its fluctua-
tion is small relative to the maximum value of the new noise lsvel. - - : i
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The etfuct of the weighting may perhaps be more clearly visualized if it is thought of as
a method that makes all levels measured at night 10 dB higher than they actually are. Thus.
as an example, if the noise level is a constant 70 dB all day und a constant 60 dB all night,
Lgn would be 70 dB.

Methods for accounting for the differences in interference or annoyance between day-
time/nighttime exposures have been employed in a number of different noise assessment
methods around the world A*S The welghtings applied to the nondaytime perioids differ
slightly among the different countries but most of them weight night activities on the order
of 10 dB:A-24 the evening welghting if used is § dB. The choice 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 diffevence between Ly and Ly, us a function of Ly, over the range of
cnvironmental noise sitvations.

Data from 63 sets of measurements were available in sufficient detail that such a
comperison could be made. These data are plotted in Figure A-7. The data span noise
cnvironments ranging from the quict of u wilderness arca to the noisiest of airport and
highway vnvironments. It can be seen that, at the lowest levels (L gy, around 40-5S dB),

A-14



L is the controlling element in determining Ly, because the nighttime noise level is so tuch
lower than that in the daytime, At higher Ly, levels (65-90 dB), the values of Ly, are not much
lower than those for Lg; thus, because of the 10 dB nighttime weighting, Ly, will control the
value of Lgp.

The choice of the 10 dB nighttime weighting in the computation of Ly, has the foliow-
ing effect: In low noise level environments below Ly, of approximately 55 dB, the natural
drop in L, values is approximately 10 dB, so that Lg and L, contribute about equally to
Lgn. However, in high noise environments, the night noise levels drop relatively little from
their daytime vaiues. 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 examining the
correlation between noise measure and observed community response in the 5 community
reaction cases presented in the EPA report to Congress of 1971 Al The duta have a standard
deviation of 3.3 dB when a 10 dB nighttime penalty is applied, hat the correlation worsens
(std. dev. = 4,0 dB) when no nighttime penalty is applied. However, little difference was
observed among values of the weighting runging between 8 and 12 dB. Consequently, the
community reaction data support a weighting of the order of 10 dB but they cannot be
utilized for determining a finer gradation. Neither do the data support “three-period” in
preference to “two-period” days in assigning nondaytime noise penalties.

COMPARISON OF DCAY-NIGHT SOUND LEVEL WITH OTHER MEASURES OF
NOISE USED BY FEDERAL AGENCIES

The following subsections compare the day-night sound level with three measures
utilized for airport noise, CNR, NEF, and CNEL, the HUD Guideline Interim Standards
and the Federal Highway Administration standards:

Comparison of Lg, with Composite Noise Rating (CNR), ivoise Exnosure Forecast
(NEF), and Community Nolsek Equivatent Level (CNEL)

CNR, NEF, and CNEL are all currently used expressions tor weighted, accumulated
noise exposure, Each is intended to sum a series of noise while weighting the sound pressure
leve) for frequency and then adding appropriate nighttime weightings. The older ratings,
CNR and NEF, are expressed in terms of maximum Perceived Noise Level and Etfective
Perceived Noise Level, respectively ; cach considers a day-night period identical to L.

A-1S



The measure CNEL itself is essentially the same as Ly, except for the method of
treating nighttime noises. In CNEL, the 24-hour period is broken into three periods: day
(0700-1900), evening (1900-2200), and night (2200-0700). Weightings of S dB are applied
to the evening period and 10 dB to the night period. For most time distributions of aircraft
noise around airports, the numerical difference between a two-period and three-period day
are not significant, being of the order of several tenths of a decibel at most.

One additional difference between these four similar measures is the method of apply-
ing the nighttime weighting and the magnitude of the weighting. The original CNR concept,
carricd forward in the NEF, weighted the nighttime *xposure by 10 dB. Because of the dif-
ference in total duration of the day and night periods, 15 and 9 hours respectively, a specific
noise level at night receives a weighting of 10 + 10 log ( l%) ,or approximately 12 dBin a
reckoning of 1otal exposure. Given the choice of weighting either exposure or level, it is
simpler to weight level directly, particularly when actual noise monitoring is eventually
considered.

The tollowing paragraphs describe the method utilized to calculate CNR. NEF, and
CNEL, as applied principally to aircraft sounds, together with the anatogous method for
caleulating Lyp:

Compasite Noise Rating Method (CNR)

‘ The original method for evaluating fund use around civil airports is the composite
noise rating (CNR). 1t is still in wide use by the Federal Aviation Administration and the
Department of Defense for evaluating lund use around aieficlds (Civil Engineering Planning
and Programming."‘Lund Use Planning with Respect to Aircraft Noise,”” AFM 86-5, TM
5-365. NAVDOCKS P98, October 1. 1964). This noise exposure scale may be expressed
as tollows:

The single event noise level is expressed (without a duration or tone correction)
as simply the maximum perceived noise level (PNLpax) in PNAB.

Th: noise exposure in a community is specified in terms of the composite noise
rating (CNR). which can be expressed approximately as follows:

CNR = PNLpux + 10log Np- 12 (Eq. A-16)
where
PNL = approximate energy mean maximum pereeived noise level (PNL) at a given
point

‘ A-l6



N¢ (Ng *+ 16.7 Ny), where Ny and Ng the numbers of daytime and nighttisie events,
respectively.

The constant (-12) is an arbitrary constant, and the factor 16.7 is used to weight

the nighttime exposure in the 9-hovr night period on a 10 to 1 basis with the daytime expo-
sure in the | S-hour daytime period.

Noise Exposure Forecast (NEF)

This method, currently in wide use, for mnkihg noise exposure forecasts utilizes a
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.F.,
“Noise Exposure Forecasts: :.volution, Evaluation, Extensions and Land Use Interpreta-

tions,” FAA-NO-70-9, August 1970).

The single event noise level is defined in terms of effective perceived noise level
(EPNL) which can be specified approximately by:

EPNL = PNLpp,, + log A—'ilg +F, (EPNdB) (Eq. A-17)

where
PNLux = maximum perceived noise level during flyover, in PNdB,

atyg *10 dB down" duration of the perceived noise fevel time history,
in seconds,

and

F = pure tone correction. Typicelly, F=0to + 3dB
Community noise ¢xposure is then specitied by the Noise Exposure Forecast (NEF). Fora
given runway and one or two dominant aircraft types, the total NEF for both daytime and

nighttime operations can be expressed approximately as:

NEF = EPNL'+ 10 log N;-88.0 (Eq. A-18)

EPNL = ¢nergy mean value of EPNL for cach single event at the point in question

Ny = same as defined for CNR.

A-17



Community Noise Equivalent Level (CNEL)
The following simplified expressions are derived from the exact definitions in the
report, “Supporting Information for the Adopied Noise Regulations for California Airports.”

They can be used to estimate values of CNEL where one type of aircraft and one flight path
dominate the noise exposure level,

Single event noise is specified by the single event noise exposure level (SENEL) in
dB and can be closely approximated by:

SENEL = NL ..+ l0log|0 t/2 : (dB) (Eq. A-19)
where

NLmax = maximum noise level as observed on the A scale of a standard sound level
meter :

and

T = duration measured between the points of (L. - 10) in seconds. The
effective duration is equal to the “energy’ of the integrated noise level (NL), divided by
the maximum noise level, NL .. . when both are expressed in terms of antilogs. it is

approximately 1/2 of the 10 dB down duration,

A measure of the average integrated noise level over one hour is also utilized in
the proposed standard. This is the hourly noise level (in dB). defined as:

HNL = SENEL + 10logn - 35.6 (48) (Eq. A-20)
where
SENEL =  energy mean value of SENEL for each single event,
and
n = pumber of flights per hour

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

CNEL SENEL + 10Jog N_.-49.4 _ 1) (Eq. A2

A-18



where

z
n

(Ng + 3N, + ION,)
or

( l2ﬂ'd + 9ﬁe + QOﬁn’

Nd, iy = total number and average nuinber per hour, respectively, of flights during
the period 0700 to 1960

Nc. fi, = total number and average number per hour, respectively, of flights during
the period 1900 to 2200
and
Nn, i, = total number and average number per hour, respcc(ively. of flights during
the period 2200 to 0760
Day-Night Sound l.evel (Lgy)

The following simplified expressions are useful for estimating the value of Ly,
for a serics of single event noises which are of sufficient magnitude relative to the background
noise that they control Ly,

Single event noise is specitied by the sound exposure level (L
a single event. It can be closely approximated by :

ex) measured during

Lex 2 Lypax * 10105 7/2 (UB)  (Eq. A-2D)
wher
Linax = maximum sound level as observed on the A scale of a standard sound level
meter on the slow time characteristic
and
T = duration measured between the points of (L ux - 10) in seconds

The dav-night sound level may be estimated by:

Lyp = L., +10logN-494 WB) tEq. A2
where |

Loy = the energy mean value of the single event L, values

N = (Nd + ION",

A-19



or

Ng = total number of events during the period 0700 to 2200
and '

N, = total number of events during the period 2200 to 0700

There is no tixed relationship between Ly, or CNEL and CNR or NEF because of
the differences between the A-level and PNL frequency weightings and the allowance for
duration, as well as the minor differences in approach to day-night considerations. Neverthe-

lews, one may translate from one measure to another by he following approximate relation-
ship:

Lyy & CNEL &NEF + 35 5CNR - 35  (Eq.A-24)

For most circumstances involving aircratt tlyover noise, these relationships are valid within
about a £ 3 dB tolerunce.

Comparison of Leq with HUD Guideline Interim Standards (1390.2 Chg. 1)

The interim HUD standards for outdoor noise are specified for all noise sources, other
than aircraft, in terms of A-weighted sound level not to be exceeded more than a certain
fraction of the day. Aircraft noise criteria are stated in terms of NEF or CNR.

The HUD exposure criteria for residences near airports are **normally acceptable’ it
NEF 30 or CNR 100 is not exceeded. A “dlssrcuonary aceeptable’ category permits
expo-ures up to NEF 40 or CNR 118,

For all other noise sources, the HUD criteria specify a series of acceptable, discretionary .,
and unacceptable exposures. Since these specifications are similar to points on a cumulative
statistical description of noise levels, it is of interest to compare the HUD criteria with L,
for ditferent situations, For discussion purposes, consider the boundary between the cate-
gorics “discretionary-normally acceptable™ and “‘unacceptable.™

The first criterion defining this boundary allows A-weighted noise levels to excved 65
dB up to 8 hours per 24 hours, while the second criterion states that aoise levels exceeding
80 dB should not exceed 60 minutes per 24 hours. These two values may be used to specity
two limit points un a cumulative distribution function, L33 3= 65 dB and Ly » = 80 dB.

The reiationship between L, and the HUD criteria may then be cxamined tor ditferent types
of distribution functions, restricting the shape of the distribution only so that it does not
exceed these two limit points,

A-20
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Highway noise often has a random distribution of noise level, the distribution function
being approximately normal in many imlmwu ln this case, the relationship between LLq
and L is given by the cxpnssiun

cu = Lig- L. 88+0.HS 52 _‘ ' (dB) (Eq. A-25)
where s is the standard deviation of the noise level distribution. The difference between Ly
and L, for normal distribution of sound level is plom;d 1n Figure A-6. 1t can be noted that
L. LIO -2 dB within £2 dB, for s ranging from 0 to 1 | dB. Highway noise rarcly has a
st.uui.nrd deviation of 11 dB; 2 to S dB is more typical.

Thus, setting Ligat 60 dB for highway noisc impacting a sensitive outdeor space, we
find that an Ly, value of 60 -2 = 58 £2 dB would meet the most sensitive FHWA criterion.
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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 arcas are provided for both the outdoor
and indoor situation, Examples are then used to illustrate how an individual's daily dose accumu-
lates from the exposure to such noise levels.

LEVELS OF ENVIRONMENTAL NOISE

Outdoor Sound Levels

The runge of day-night sound levels (Lyp) in the United States is very large, extending
from the region of 20-30 dB estimated for a quict® wilderness area to the region of 80-90 dB
in the most noisy urhan arcas, and to still higher values within the property boundaries of
some governmental, industrial and commercial arcas which are not accessible to the general
public. Ty measured range of values of day-night sound levels outside dwelling units extends
from 44 dB on a furm to 88.8 dB outside an apartment located adjacent to a !rccw.ay Some

o amples of these dats are summarized in Figure B-1,

The dominant sources for outdoor noise in urban residential arcas are motor vehicles,
aircraft and voices, This conclusion has been found in several studies, including a recent
survey B-1 o1 1200 people which is summarized in Table B-1,

The cumulative number of peopie estimited to reside in arcas where the day-night sound
fevel exceeds various values is given in Table B-2. In the arcas where the Ly, exceeds 60 dB.
the proportion between the number of people residing in arcas where the outdoor noise
covironment is dominated by aircraft and those residing in arcas where motor vehicles domi-
nate is approximately one to four, This proportion is almost identical to the propertion
found in the survey, previously simmarized in Table B-1 where people were asked to judge
the principle contributing sources of neighborhood noise. The estimates in Table B-2 of the
*Mcasurement approximately 25 feet from a inountain waterfall on a small canyon stream

in Wyoming gave an Ly, of approximately &S dB.B-2
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Table B-1

PERCENT CONTRIBUTION OF EACH SOURCE IDENTIFIED BY
RESPONDENTS CLASSIFYING THEIR NEIGHBQ HOOD AS NOISY
(72% OF 1200 RESPONDENTS)®"

Source Percentage
Motor Vehicles 55
Aircraft 15
Voices 12
Radio and TV Sets 2
Home Maintenance Equipmenf 2
Construction l
Industrial 1
Other Noises 6
Not Ascertained 8

Table B-2

ESTIMATED CUMULATIVE NUMBER OF PEOPLE IN MILLIONS IN
THE UNITED STATES RESIDING IN URBAN AREAS WHICH ARE EXPOSED
TO VARINUS LEVELS OF OUTDOOR DAY/NIGHT AVERAGE SCUND

LEVEL B-4.B-5
Outdoor Urban Freeway Aircrafy
Lyy Exceeds Traffic Traftic Operations Total
60 59.0 KN | 16.0 78.1
65 24.3 2.5 7.5 343
70 6.9 19 34 12.2
75 1.3 09 1.5 3a
80 0. 0.3 0.2 0.6

8.3




number of people living in areas which are exposed to freeway and aircraft noise are taken
from the EPA airport/aircraft noise report. They were based on caiculated noise con-
tours and associated populations for a few selected situations which formed the basis for
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 survcyﬂ's
vonducted in Summer 1973 for EPA. The survey measured the outdoor 24-hour noise
environment at 100 sites located in 14 cities, including at least one city in cach of the ten
EPA regions. These data, supplemented with that from previous measurements at 30 addi-
tional sites, were correlated with census tract population density to obtain a general rela-
tionship between Lyp and population density. This relationship was then utilized, together
with census data giving population in urban arcas as a function of population density, to
derive the national estimate given in Table B-2. '

These data on urban noise enable an estimate of the percentage urban population in
terms of both noise levels and the qualitative descriptions of urban residential arcas which
were utilized in the Title IV EPA report to Congress in 1971.B

These estimates, summarized in Table B-3, show that the majority of the 134 million
people residing in urban arcas have outdoor Ly, 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 e¢stimated to have outdoor Ly, values ranging between 35 and SO
dB.

Indoor Sound Levels

The majority of the existing data regarding levels of environmental noise in residential
areas has been obtained outdoors. Such data are useful in characterizing the neighborhood
noise environment evaluating the noise of identifiable sources and relating the measured
values with those calculated for planning purposes, For these purposes, the outdoor noise
levels have proved more useful than indoor noise levels because the indoor noise levels con-
tain the additional variability of individual building sound level reduction. This variability
among dwelling units results from type of construction, interior 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 atforded by a range of residential siructures
are available.B-7 These data indicate that houses can be approximately categorized into
“warm climate’ and “‘cold climate™ types. Additionally, data are availuble for ty pical open-
window and closed-window conditions. These data indicate that the sound level reduction
provided by buildings within a given community has a wide range due to difterences in the
use of matenials, building techniques, and individual building plans, Nevertheless, for
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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-3.8-<4

' ) Average Census
Typical , Estimated  { ryct Population
Description Range Average Percentage | Density, Number
LgpindB | LynindB of Urban of People Per
' Population Square Mile
Quict Suburban 48.52 50 12 630
Residential
Normal Suburban $3-57 55 . 2 2,000
Residential
Urban Residential $8-62 60 28 6,300
Noisy Urban 63-67 05 19 20.000
Residential
Very Noisy Urban 68-72 70 7 63.000
Residential

planning purposes, the typical reduction in sound level frum outside to inside a house can
be summarized as follows in Tuble B-4. The approximate national average “window open™
condition corresponds 1o an opening of 2 square feet and a room absorption of 300 sabins
(typical average of bedrooms and living rooms). This window open condition has been
_assumed throughout this report in estimating conservative values of the sound levels inside
dwelling units which results from outdoor noise,

The sound levels inside dwelling units =esult from the noise from the outside environ-
ment plus the noise gencrated internally. The wactnally generated noise results from people
activity, appliances and heating and ventilating cquipment. Twenty-four hour continuous
measurements were made in 12 living rooms (living, family or dining room) in 12 houses
during the 100-site EPA uurwyl“'S of urban noise, excluding arcas where the noise resulted
from freeways and aircraft. The results, summarized below in Table B-S, show that the inside
duy-night sound level in these homes was the result of internally gencrated noise. In fact,
the internal Lgn and Ly values were slightly Qigher than those measured outdoors, despite
the fact that the average house sound level reduction appeared to exceed 18 4B, The patterm
for the indoor sound levels varies significantly among the homes, as portrayed by the data
in Figure B-2. The hourly equivalent sound levels have an average minimum of approximately



Table B4

CLIMATES, WITH WINDOWS OPEN AND CLOSEDB-7

SOUND LEVEL REDUCTION DUE TO HOUSES® IN WARM AND COLD

Windows Windows
Open Clnsed
Warm climate i2dB 24 dB
Cold climate 17dB 27dB
Approximate national average 15 dB 25 dB

*(Attenuation of outdoor noise by exterior shell of the house)

Table B-S
COMPARISON OF INTERNAL AND OUTDOOR SOUND LEVELS IN
LIVING AREAS AT |2 HOMESB-7

Daytime Nighttime Day-Night
Sound Level | Sound Level | Sound Level
(Ly)indB (Ly)indB Lgy indB
()uldoo;s:
Average 577 498 58.8
Standard Deviation 3.1 4.6 3.6
Indoors;
Average 594 46.9 60.4
Standard Deviation 5.6 8.7 $.9
Difference:
Outdoors Minus Indoors 1.7 9 1.6
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APPENDIX C

NOISE-INDUCED HEARING LOSS

INTRODUCTION

A considerable amount of hearing loss data have been collected and analy zed, Thew
data include measurements ol hearing loss in people with known histories of noise exposure.
Much of the analysis consists of grouping these measurements into populations of the same
age with the sume history of noise exposure and determining the percentile distribution of
heating loss for populations with the same noise exposure. Thus, the evidence for noise-
induced permanent threshold shift can be clearly seen by comparing the distribution of a
noiseexposed population with that of a relatively non-noise«aposed population,

Most of these data are drawts trom cross-sectional rescarch rather than longitudinal
studies, That is, individuals or populations 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 hy potheses ubout the onset and progression of noise-induced hear-
ing loss, Different hypotheses about the time history will lead to difterent conclusions even
from the same data base, although the range of such conclusions is limited. Thus, in seaching
congclusions about hearing foss, reliance is made on gssumptions, hypotheses, and extrapolations
which are not all universally acceepted 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 mainstream of current scientitic thought.

BASIC ASSUMPTIONS AND CONSIDERATIONS

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

1. Hearing shifts in the “non-noise<cxposed ™ populations are attributable to aging
and other ciruses rather thun to noise exposure,

2. Axindividuals approach the high end of the distribution snd their bearing becomes
worse, they become Jess affected by noise exposure, b other words, there comes g point
where one cannot be damaged by sounds that one cannot hear,

Ce) .. et



1+ addition, there are some important considerations necessary for the identification of
a level to protect against hearing loss.

Preservation of High Frequency Hearing V

The levels identificd in this document for hearing conservation purposes are those which
have been shown to provide protection from any measurable degradat:on of hearing acuity.
This protection is provided even for those portions of the hearing mechanism which respond
to the audiometric frequency at which noise-induced hearing impairment first occurs, namely
4000 Hz. The definition of heaving handicap originated by the American Academy of Opthal-
mology and Otolaryngology (AA00), and currently incorporated in many hearing damage-
risk criteria, is somewhat different from the definition used in this document. Hearing handi-
cap. (and tater, hearing impairment) was defined by a formula which used the average hearing
level at 500 Hz. 1000 Hz and 2000 He.

Although hearing loss for frequencices above 2000 Hz is not treated as significant by
most of the existing occupational hearing dumage-risk criteria, the ability to hear frequencies
above 2000 Hz is important for understanding speech and other signals. Despite the traditional
use of the term *speech frequencies” to apply to 500 1000 and 2000 Hz, useful energy in
speech sound ranges from about 200 to 6100 Hz.C1 1t has been known for many ycars that
the equal discriminability point in the speech spectrum is at about 1600 Hz. That is, fre-
quencies above 1600 Hz are equal in importance to those below 1600 Hz for understunding
5|wcc|l.("| However, there are other reasons for preserving the frequencies above 2000 He.
Higher frequencies are important for the localization and identification of faint, high-pitched
sounds in a variety of occupational and social situations. Detection of soft, relatively high-
frequency sounds can be especially important in vigilunce tasks, such as those which may
oceur in the military. In addition, good hearing for the higher frequencies is important to
hear everyday occurrences such as sounds indicative of deterioration in mechanical equip-
ment, erickets on a summer evening, bird song, and certain musical sounds. In fuct, high-
Iulchly sound reproducing equipment is often promoted on the basis of its fidelity up to

5.000 Hz, or even 30,000 Hz,

Any measurable hearing loss at any frequency is unacceptable iff the goal is protection
of health and welfare with an adequate margin of salety, For most cnvironmcnu.l noise,
protection at 4000 Hz will insure that all other frequencies are protected., 2 Thus, the 4000
Hz frequency has been selected as the most sensitive indiuutur of the auditory effects of
cnvironmental noise,
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Table C-1

SUMMARY OF THE PERMANENT HEARING DAMAGE EFFECTS
EXPECTED FOR CONTINUOUS NOISE EXPOSURE AT
VARIOUS VALUES OF THE A-WEIC" VED AVERAGE

Max NIPTS 90th percentile
NIPTS at 10 yrs. 90th percentile
Average NIPTS

Max NIPTS 10th percentile

Max NIPTS 90th percentile
NIPTS at 10 yrs. 90th pereentile
Average NIPTS

Max NIPTS 10th percentile

Max NIPTS 90th percentile
NIPTS at 10 yrs. 90th percentike
Average NIPTS

Max NIPTS 10th percentile

Max NIPTS 90th percentile
NIPTS at 10 yrs. 90 percentile
Average NIPTS

Max NIPTS 10th percentile

SOUND LEVELC-?

75 4B for 8 hns
av,0.5, 1.2 kHz _av.0.5,1, 24 kHz__4kHs.
1dB 2JB 6dB
0 i 5
0 0 S
.. _ 0 0.
80 dB for 8 hrs

av,0.5,1,2kHz___av,0.5,1,24kH7._._4 kHz

1 dB 4d4B 11dB
l 3 9
0 ] 4

S ¢ DY | B

85 4B for 8 brs.

av.0.5,) 2 kHz __av.0.35,1.24kHz 4 kHz .

4dB 7dB 19 dB
2 6 16
1 3 9

90 dB for 8 his

av.0.5,1.2kHz __av0.5,).24kHz _ 4KkHz

7d8 124B 28 dB

4 9 24

3 6 15
e A

Example:  For an exposure of 85 dB during an 8-hour working day, the following

effects are expected:

C-s



‘ Table C-1 (continued)

For the 90th percentile point, the Max NIPTS occurring typically dunng
a 40-year work lifetime, averaged over the four frequencies of 0.5, 1.,

and 4 kHe, is 7 dB; averaged over the three frequencies 0of 0.5, 1, and 2 3
kHz is 4 4B and 19 dB at 4 kHz. For this same 90th pereentile puint of
the population, the expected NIPTS after only 10 yc.m of exposure
would be 6 dB averaged over the four frequencics, 2 dB averaged over
three frequencivs, and 1S dB at 4 kHz.

exposure that starts at age 20. Dats from the 90th percentile point of the population will be
used to extrapolate to higher percentiles.

2. NIPTS at '0 years: The entries on this row also apply te the 90th pereentile point
ol ihe population tor 10 years of exposure,

3. Average NIPTS: The value of NIPTS is averaged over all the percentiles for all age
groups. (This figure differs by oniy a couple of decibels from the median NIPTS after 20
years of exposure for the entire population.)

The values in Table C-1 are arithmeiic averages of data found in the reports of Passchicr-

Vermeer.C-8 Robinson,C-5 and Baughn C-9

I DERIVATION OF EXPOSURE LEVELS

Selection of the Percentile and Refated Exposure Level

|; r-

the hearing level of that percentile of the non-noise<cxposed group from the hearing level of
the respective percentile of the noise-cxposed group. People above the 90th percentile are
those whose hearing is worse than that of 90 percent of the population. Thus, for example,
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Figure C-2. NIPTS at 4000 Hz across Percentiles tor Various 40-yr Exposure Levels -2

for a given exposure Jevel will approach an asymptote. In order for further hearing Joss to be
incurred above this critical percentile point, greater exposure levels must oceur, In the
extreme, a person who is totally deat cannot suffer noise-induced hearing (oss.

A study of the data provides a basis for a reasonable estimate of this critical percentile,
Baughn's data gives an indication that the population with 4 hearing level greater than 60 dB
after a 40-year ¢exposure begins to become less affected by noise (Figures 9, 10, and 11 of
ref. C-2). For example, if a person has a hearing loss greater than 75 dB, it is not ceasonable
to expect that an A-weighted noise of 75 dB (which normally means that only a level of 6§
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 determine the distribution of hearing levels of the
non-noise~cxposed population at age 60. The best data available are the hearing levels of 60
year-old women of the 196052 Public Health Survey.("‘ While certainly some of the
women in the ssmple may be noise exposed, the noise exposure of that population sample
can be considered minor as compared to the apparent noise exposure of men. The data from
the Public Health Survey predict the percentas: of the population with hearing levels above
70, 75, and 80 dB.

Figurc C-3 shows the exposure levels at which no more than S dB NIPTS at 4000 Hz
will occur for various percentiles on the lowermost curve. The curve labeled PHS-4000 Hz

Cc7
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Figuge C-3. Exposure Level and Hearing Level as a Function of Populstion Percentile,
Showing the § dB NIPTS Curve Merging with the PHS 4000 Hz Curve

represents hearing levels by percentiles ol the non-noise exposed population. I i noise level
that cannot be heard by an individual is assumed not to change his hearing level, then the
extrapolated § B NIPTS curve of Figure -3 cannot cross the curve lsbeled PHS. In tact,
the 5 UB NIPTS curve must turn upward and merge with the PHS curve, shown in Figure
C-3 by the dotted line, The point of merging is seen to be at approximately the 96th por-
centile and the exposure fevel required to protect this percentile from a shift of more than
S dB is an L) of 72 to 74 dB, or approximately 73 dB. 1t may be concluded theretore,
that a 40-year noise exposure below an Lu“g, ol 73 is satistactory to preveni the entire
statistical distribution of hearing levels from shifting at any point by more than § dB. Gen-
cralizing from these conclusions, the catire population exposed to Lu“m of 73 is protected
against a NIPTS of more than § dB.

A similar analysis can be made for § dB and 10 JB NIPTS at the mid frequencies
(Figure £<4). The upper PHS curve represents the better car data for the average of 500,
1000 und 20L0 Hz of both men and women from the Public Health Stnr\u'y.(“4 Both men
and women are used since there is little difference due to sex and hearing levels for these
frequencivs, 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:
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Although the data b.nc used hcn: is qunc l.nr;.c we s.mnot be ulnolulcl; urt.m' h.n it
is representative of the whole population. Any argument such as tluu prwmlul .nbovc dous

not, in fact, provide 100% protection of the entire pop‘nl.nmn ()bkus!y. there are a few

individuals who might incur more.than 5 dB MIPTS for on cxw._\autc lcvcl ofl73dB. T hcrc asA :

the possibility that individuals migm »hm from. luwcr to luglm per cntilcs wnh ] ;h.mgc in S

exposure level, In other words, there may be imlnvuluals who expericice grv:alcr shillts i in -
he mng Icvcl than thosc prcdk.tcd hcrc ower m.nods of umc mm.h ls» th.m 40 ys.m.
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At this point. it may be uscl'ul to examine the same datu in (i} slightlydil’fctcm wuy.
without utilizing the concept of the critical percentile. Assuming that the NIPTS of the
exposed population are distributed normaily, the exposure levels which produce various
amounts of NIZTS at the $0th and S0 percentiles may be extrapolated to levels which
produce NIPTS at the Sth percentile. Using this extrapolaiion, Figure C-S shows NIPTS as
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. ’Adjustm’e’ntk‘ forl nte‘__rr"ﬁ'i'tt'encyfnnd' Du’m’tidh o

_ order to do thts two hypotheses arc neocésar
: Hypothcsxs : :

. The TTS Hypothcsxs ates that.a tcmporary- hre uf measured mmutes after s
cessation of an 8-hour noise: exposure closely approxlmate the VlPTS mcurrcd after 3 10~
0.20-year exposure to. that same h.vcl There isa substantml t:ody of data supportmg thxs
hypoinesis. o ‘ - DI

The Equal l:mrgy Hypothesxs states that equal amounts ot' sound energy wxll cause
equal amounts of NIPTS rcgardless of the dxstnbutxon,of the energy 4cross. ttme Whnle there
is experimental confirmation dnd gencral acceptance of: | h.s hypothc‘ is, certam types ot'
intermittency hmtt s apphcatlon ' ‘ ' -

lntcrmittency

S . The tqual cncrgy conr‘cpt is consndcud by somc to be a conservatxvc approach fo.

Ny ‘ short exposure pcnods An alternative appmach may be neccssary becausc therc is little .
‘ diréet evidence to show: thc effcct of short prosurc penods or mtcrmnttcm.y on the dcvelop-"

ment of NIPTS, Tms approach xmpbes the use of tempo ' thrcshold shxft as a predlctor o{

o Nll’TS

ble for all possable durat:ons using
vith "casonable Aaccuracy, the TTS at
o ] ns ' _ nutes Et‘t‘ects from durattons shortcr
R tmn lhlo, howevcr p dzcted by as g_‘ ation t‘rom the equal energy rule »
C Wil equal energy provide fora 3 dB mcrcase in, exposurr‘ level. foreach ha!vmg of 2xposure
- 'duranon TTS for dumtl‘ ns of lJess than 30 minutes. arc better prcdtctco by graatu mtcnsxtm
for’ cach halvmg of time.. For mstancc TTS for. duratlons ot’ Iess than 15 minutes are better
prcdutcd bv-a 6 dB rathcr than a 3 dBi mcnasc For an éxposure of two minutes duration,
f the Jevel 'Lqun’cd to producc an expectcd TTS at 4000 Hz w0u|d be approximately 10 d8
: grcater than the lcvcl pn:dtctcd by thc cqual energy comept '

!.ncst:gatxons ot' cnwronmcntal noise patterns reported in the EPA document
C lO

“C ommunity Nonsc

_ indicate that, in mos: environments, noisc fluctuates or is inter-
N i | ”re “l\'n ~ !
—m ttan? o

'wnign foar o dinen | h{r"i%'_n‘n‘-ﬂ'i‘ u_‘g'l‘ LS tal Smd??




with the same cncrgy C-1l Also, noise lcvcls which are below 65 dB for lO perccnt of thc
time tend to be less dangerous than cuntinuous noise.C-12 Therefore, intermittent noise as
usced in this document will be defined as noise which is below 65 dB for about 10 percent of
cach hour (i.e., Lgg of lrss than 65 dB), with peak levels of § to- 15 dB hxgher than the back- -
ground. From the examples cited in "Community Noise”, it is clear that most en- ironmental
noise meets these criteria. For this reason, the Leqg measured in many s.tuatlons cin be-
expected to produce less harmful effects on hearing than those. dcplcted in Tnble C-l. Some
correction factor is thus indicated for Leq values descriving noise expected in a typncal
environmental situation in which the ¢ £xposure is relauvely intense but mtermment in natun‘

In order to determine an 2vpropriate correction factor, Figur"e C-‘6 has'bée’n d'mwn.
Using an exposure of 73 dB for 8 hours as a baseline, the sound “ressure levels producing
cqual TTS5 to be expected at 4000 Hz are plotted for durations of continuous noise as short -
as 1-1/2 mmuus C-3 Plotted also (curve a), is the maximum intermittency correct:on sug-
gested by “Second Intersociety Committee” C-13 4nd discussed in the NIOSH cntcria docu-
ment.C-11 This correciion is for the mid frequencies. Recent work has indicated that for
4000 Hz the best intermitiency correction to produce equal TTS, is reprcsented by cum N
b.C-14 The crosshatched area between the curves *“a*

and **¢" signifies the area ol' unccrtamty
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Figure C-6. Equal TTS Curves fer 4000 Hz
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) 62 U S: Pubhc Health Survey datal

fully. followed populatlons whose physlcal state and noise exposure has also been carefully - - ', » x ;

Aecurhey of Estiinated Effects

-sound exposure level and no.se-mdueed hearlng loss The range of error mvolwd is on the order * .

‘_berromo-lsda

1, Few tf any, of the vanous “classlc studaes" (e g those ol’ Robinson Baughn an(l
Passchier-Vermeer) are on. comparable populations in addition, some of the data are denwd R
from populatlons for which noise exposure hlstones ‘are sketchy. |f not absent (e g the l960— S o

T TITRE v
e «

2. T here are major questions n.gsrding the comparabnllty ol‘ the wdxometrlc tech-
mques used in. the vanous surveys o ; Co e T :

b il ¢ ST 27 o

3. There are a great number ot' unanswered questlons and areas. ol‘ uncertelnty with
regard. to the relationshlp of heanng thresholds to individual phystologlcal and metabolic
state. The role of the.adequacy of the blood supply to the ear (and the poss:ble influence of
changes in that bleod supply resuitin 8 l‘rom card:o-vascuiar xesplratory disease or the pfcm.s -
of agmg) as well as the fundamentals of cellular physlology mvo'ved in: adverse effects with- .
in the organ of Corti, simply cannot be stated with any degree of rehabllity at- thls time.
There is some evidence that these non-noise related lnﬂuences may be of major slgnificance
Moreover, part-of the adverse effect ot' noise on hearlng may be attnbutable mduectly to '
these mﬂuences ' : :

SRR S PO O

4, l‘here are no large-scal" longxtudmal studies on heanng loss in selected and care-

detmled

There ls lmperfect agre°ment among various studxes as to the exact relatlonshlp between

"'he se!ectton of alternative populatron perccntlles to be protected would cause relatively

smalt change-‘; "-’or instance, there ig oily a 7 dB differcnce in nrotutmg the 50th percentile

against lneur_ﬂng_a s JB hearing loss Jnstead of the 96th percentile.

Using the assumption that the noise is of brcadband character can lead to errors of § o
10 dB by: whlch the risk of the sound exposure is underestimated. This vould lead to greater
posslble errofs {f ' substantial portion of the exposure is to noise with in’ense pure tone com-
poaents, Theze conditions, however, are rare in the environmental situation.
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It should be noted that this level would be too hxgh to protect against other effeuts
(See Appendix D).

':