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Noise — How Much Is Too Much?”*

Henning E. von Gierke® contends that

enough is known about the effects of

noise on people to produce guidelines

Jor maxinum noise levels. Adopted by

the Environmental Protection Agency,

these guidelines are designed to protect

the public with an adequate margin of

safety against hearing loss from

occupational and environmental noise

exposures and against interference with .- oo
speech or other activities indoorsor = w\ .
outdoors in residential areas, ™™ B ’\;

ala a
s wls

*Submitted: 20 May 1975,

tDirector, Blodynamics and Bionics Division, Aerospace Medicul Research Laborutary, Wright-Patterson Air Force Rase, Dayton, Ohio 45433,
**This puper is o partial fulfillment of the INCE requirements for membership,
[Anabbrevined, unrevised venion of thiv paper appeared in the Kot brenatronal Coagres e o Acities (Goldenest Press, Teowbtidge, Wiltshire, England, 2974, papet} and in 1he {tbrary edution {Chapnisn and Hall,
England, t974).]
{This paper bas been identidicd by Acnespace Medical Revearch Laborstory v AMRL-TR- 7481 and han heen reprndiied by peiteisaion of the US govemment.)
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Lveryhody is in fuvor of controlling undesired noises - noises
which might interfere with heman activities at home or on the
Jjob, ornoises so loud or disturbing that they might be harmiul or
injurions w4 persan’s temporary well being or Jong-erm
health, There is evidence that civilized people have tricd for
thousands of years to control such noises through socil customs
arkl reles, the planning of howses and cities, and through city
ordinances.! The Industrial Revolution brought about i steady
rise in noise levels in cities and factories, increasing from yearto
year through most of this century, This, combined with the
growing population density, resulied in higher and more fre-
quent expasure of most individuals to noise,

It will soan be a hundred years since industria) noise expo-
sures were clearly recognized as the cause of occupational deat-
ness, Knowledge regarding this suhject has increased rapidly in
the lust twenly years, Nonawlitory physiological and psyeholog-
ical manifestations of noise exposure have been extensively
studied. In spite of u fow potentially positive tindings and many
speculations bised on experiments on animals or bumans
extremely hiph levels, however, it was not possible 1 prove any
other disease 1o be cansed or aggravated by exposure 10 muwler-
ate noise levels — levels which would not yet cause concemn
about direct effects on the car?

Tt might well be thiat carcful future epidemialogical research
will discover such direct nonauditery effects on physivlogical or
mental health, At this moment, their existence has not yer been
clearly established; however, the Tict remains wndisputed thin
people are annoyed, awikened, disturbed, and frustrimed by
noise intrusion, that the communication with others and indi-
vidual thoughts are disrupted, and performance capability is
decreased. Noise is one of the stressors of madem life; hardly
anyonc doubts that it can have an effect on o person’s generil
well being, These effects have been studied in great detail and
are docomemted quantittively.*? Furthermore, all these indi-
vidual manilestations of living in noise combine and muke
people aware that the quality of the environment is not optimal,
that each individual pays a price for living in noise even it this
price cannot be guantitated. Health, accerding to the definition
of the World Health Organization, is not the mere absence of
disease, but the total physiological and psychologicil well be-
ing. Inthis context there is no datht — noise affects our health.

The last twenty years have produced an increasing concern
with the quality of the environment, and neise was rightfully
included among the pollutants ta be comrolled, Although it was
probably aircrilt noise which focused public and political aen-
tion on the noise problem and resulted in active programs in
muny countries and at the international level with organizutions
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**The problem of increasing
exposure. . . toincreasing
environmental noise levels is of
such dimension and global
magnitude that only long range,
continuous planning at the national
and international levels can
produce the desired results.””

such us the International Civil Avintion Organizition (ICAQ),
Organization for Economic Cooperation and Development
{OECE), and World Heulth Organization (WHO), un unbiased,
unemotional anilysis of the problem clearly shows that no single
noise solree b5 10 blume for the situation,’ Truck noise, traffic
noise, rrilrad noise, industrial poise, and people noise are all
Lirge-scale potential offenders, Only tack of foresight and plun-
ning with regard o some of these offenders and the varying
density of the teansportation systems il the ditTerent emphasis
on rail versus highway or air transportation deterinines which of’
the problems prevails at the moment orwill prevail in the fure,
The point has heen made that the average noise level is primarily
a lunction of the vverall population density alone, regardless of
the spectlic origin ol the noise (Fig, D2 1t is justified and
imperative, therefore, not to concentrate unduly on one noise
setiree, but 1o consider the tora! speetrum of noise environments
thar peaple can be exposed to by their movements through time
and space. This includes all types of noises from all sources; the
term environmentil noise emerged tor it. People are expused to
environmental noise from virions sources around them, includ-
ing those they generate as well as thase 1o which they might
personilly ohject.

The problem of increasing exposure of people 10 increasing
environmenta) noise levels is of such dimension and global
magnitude that only long-range, continnous planning a the na-
tional and international levels can produce the desired resulrs.
To he worthwhile, the goals must be unambiguous, just, and
elear in order w obtain the widest public support. Worthwhile
results will have their price, and the price will be paid only ifthe
public, not the expen, is convineed that the result is wonh the
price, To assist the public in making as informed a decision as
passible i the responsibility of the neoustic community. Find-
ing the answer to the question, **How much noise is too much?"’
is not a seientific problem; people at large must decide in what
environments they want to live, Science can only tell and predict
the consequences of living in different environments,

To discuss the eonsequences of various environmental noise
exposures and to weigh the merits of different goals, o measure
of environmental noise is needed, It is not enough to have meas-
ures which show how one type of noise interferes with one type
ol heman activity, kow another type of noise alfects another
human function, and then to produce different yardsticks for
cach type ol notse for each human funciion, What is peeded is
one yurdstick to measure the integrated effect of environmental
noise on human health and well being, o yardstick for environ-
mental quality with respect 1o noise. It is unfortenate that in this
area acoustic science his not been as responsive to the public
needs us it could have been. More new yardsticks have been
crented and tried every year than the acoustic community, let
alone the public, could digest and evaluate,

At the 1973 International Congress on Noise as # Public
Health Problem,? a review of methods for the evaluation of
noise included six possible ways for the direct measurement of
noise, two graphical measures, nine measures to calculate the
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noise of individual events, and thirteen messures 1o evaluate the
severity of the exposure of communitics o owltiple events
whicl constitute the rea) workl of environmental noise. Most of
the latter thirteen cannot be measared and monitored i e field
with standardized equipment or without unreasonable expend;-
tures, A comectional this trend is mandatory il ressonalile goals
far eavironmenil neise which can guide noise control efforts
and planning at all sucicral, technical, ud economie Jevels are
to be discussed and established,

in the US, an important step wis inittited by the Noise Con-
trol Act of 19727 through which Congress directed, anong
other measores, the Environmental Protection Agency (EPA) 10
publish:

() **..othe selentific knowledge most useful in indicating
the kind and extentof all identifiahle effects on the public hewlbth
or welfare which may be expected from differing quantities and
qualitics of noise..."

(b) **, .. information on the levels of environmental noise the
attainment and maintenance of which in defined areas wnder
various conditions are recuisite to protect the public health and
welfure with adequate margin of satety, ..’

(c) ... implications of identilying and achicving levels of
cumulative noise exposure around dirports, ..

[n response to these charges, which become clearer in context
of the whole Noise Control Act of 1972 and its legislative his-

tory, EPA produced several reports with the colluboration of

federal interagency task forces, the National Academy of Sci-
eaces Committee an Hearing, Bioucoustics and Biomechanics
(CHABA), scientilfic and industdal organizations, citizens’ nep-
resentatives, and public mectings. The International Congress
on Noise as o Public Health Problean ut Dubrovnik, Yogoshvia
wis another step in collecting the most up-1o-date information
avuiluble and in formulating the best solution availuble, sup-
ported by the overwhielming majority of the various experts and
interest groups involved.® The result had to be a compromise
based on the best inlerpretations and extrapolations of the svail-
able knowledges but, tirst of all, it had to be o practical vom-
promise, which, according to the Taw, had to he published not
later thun twelve months after enactment of the act so that it
could form the basis for further action toward an effective en-
vironmental noise control progeam. This paper reports the re-
sults of these studies, presents the method designed for measur-
ing and assessing environmental noise, and identifies the levels
of environmental neise required to protect public health and
welfare #9 By necessity, this paper gives a summary of only the
important approaches, reasoning, and results; for details, sup-
porting data, and the wording of EPA’s official position, the
references must be consulted.”

‘I'he basic phitosophy behind the approach can be summarized
in the following stalements,

(1) The effects of environmental noise on public health
can be discussed only il the totl noise exposure of the public,
regardless of the individual noise source, is considered. With
respect (o most health effects, it makes no difference whether
the noise exposure is self-generted or created by others and
passively endured,

(2) Identification of Jong-mnge goals regarding environ-
mental noise must be in terms of this total noise exposure which
must be unsgmbiguously measurable and predictabie, as far as
possible.

(3) Desirable or permissible noise levels and exposure Ju-
mtions for ench individual noise source must be derived from the
desiruble total noise exposure from any source to which the
public may be exposed without undue effects on health, Emis-
sion standards for individual neise sources must be justified in
terms of their effectiveness in reducing the total environmental
noise exposure from all sources.

(4) The requirement for o practical measere for environ-
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mentil noise presently prohibits sccounting for individual
chiurcteristics of each twise source, In the inferest of simplivity
and eniformity, itis notrealistic to reguire meastrement of these
individual soeree characteristics. This constitutes no drawback
as lang as the common ngasure for environmental noise can be
easily transtated into more detatfed and, heoce, more compli-
citted measures which will retain their usefulness in contection
will emission standards and centification procedures torspecific
noise sources.

t5) The levels identified, in response 1o (b) above, 10 he
protective of public health and welfare are tevels below which,
with o reasonable margin of safety, no identifiable permanent
fiealth efivcts have been observed. These levels might be consid-
ered fong-tern guals for any public noise control program,
They are not to be considered as limit values or even proposed
standard values since in their establishment, techinical and
ceonomic feasibility and the weighting of potential benefits
from the noisy operation versus smwll potential Tealth impair-
ment hive not been considered,

Descriptor of Environmental Noise Exposure

There is no doubt that o aceount Tor wll human reactions 1o
nuise — the short-range, insttancous responses as wetlas any
integrated, long-term etfects —a complete physical description
of the noise, its magnitude, frequency speetrim, and the varia-
tion of both these purameters in time probably should be ob-
tained, To reduee such wcomples function 10 a single indicator
for the enviconmental quality with regard (o noise, based on an
integrated measure of its effects over months, years, or a
lifetime, would be a ditficult task even in the unlikely case tha
one might be able to find agrecment on a sinple indicator for
health and well being, In the definition of health amd well being
of an individual, two potential conflicts agise between (1) the
individual's own short-rern enjoyment and his objective Jong-
term healtth interest and (2) the considerution of an individual’s
healil interests and society's callective evaluations und goals,
This complexity in the definition of health effects must be kept
in mind when the complexity of the noise environment and its
simplification to a single descriptor are discussed. Simpliftca-
tion of bath vartables of the health-to-noise relationship is anuwr
it any meaningful and useful correlation within a reasonable
period of time is desired.

With this philosophy, EPA’s choice of a deseripior for en-
vironmental noise is based on the following considerations®

I, The measure should be applicable ta the evaluation of
pervasive noise in all possible exposure conditions and Jocutions
over lung periods of time,

2, The measure should correlite well with known etfects
of the noise on the individual and the public,

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

4. The required mensuteent equipment with standard-
ized characteristics should be commercially available,

5. The single measure of noise 1 i given location should
be predictable, within an acceptuble tolerance, from knowledge
of the physical events producing the noise.

6, The measure should be closely relaed 1o existing
methads currently in use.

As well-proven effects of noise exposure on health, func-
tional capacity, and well being. these facts were considered; (a)
the effects of noise on hearing (Temporary and Permanent
Threshold Shif1); (b) the direct effects of noise on speech com-
municution; (c) the effects of noise on general well being os 2
result of the vartous interference effects of noise whether with
skl:cp. with relaxation, with speech communication, or with
others.
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Manilestations of the Jatter interference effects resulting in
varions degrees of discontent with noise are individual an-
nayanee and compliint behavior and group or community reic-
tions, For annoyimee, only the integrated long-tern mnoyunce
response to living in a certain noise environnent shall be con-
sidered, not the immediate direct response 10 an individmd
noise event, The long-term integrated annoyance response can
be assumed to result from the individual noise events and the
short-term reaction to them, hul the severity of this response
might be strongly weighted by ather environmental factors,

By singling out the above three eaegories of heatth elfects,
the possible occurrence of other efiects pruducing direct
physical or mental illnesses in smull segments of the overall
population shall not be completely disreparded. Present epi-
demiological evidence as well as hypotheses based on animal
experiments, however, Is not strong enough to assume such
relationships to be proven. On the contrary, all available evi-
dence points to the conclusion that **if noise control sufficient 1o
protect persons (rom ear domage and hearing loss were insti-
tuted, then it is highly unlikely that the neises of lower level and
duration resulting from this effort would directly induce
nomwditory discase,”’

Trying to correlute the three types of cumulative long-term
effects cited earlier (a, b, ¢ above) with a single descriplor
fulfilling the conditions 1 through 6 led 1o the selection of the
long-term average sound level colled cquivalent sound level
{Ley) a8 the best descriptor for the magnitude al’ the environ-
mentnl noise, This equivalent sound level is the constant sound
level which, in o given situation and aver the considered time
period, would expose the ear to the sume amount of energy as
the aetual time-varying noise pattern, This concept has been
used broadly before to relate individual and community reaction
10 aircralt and other noises.™ It can be used to estimie the
severity and likelihood of the noise’s interference with speech.
The same equal energy concept has also been invoked widely «—
also not undisputed, but considered conservative -— in correlit-
ing hearing loss with noise exposure®

To account for the dependence of human reactions w the
frequency content of the naise, the A-weighted sound level was
selected. Despile many attempts to improve its weighting
characteristics to correlate individual effects such as speech in-
terference, noisiness, or hearing loss, it appeared within the
current state-of-the-art as the best common deneminutor o de-
scribe the stimulus for all three effects, [Even for the evaluation
of human unnoyance alone, the evidence that another weighting
function (for example, & D-type weighting) might be preferuble
to A-weighting was not considered as conclusive; the fact that
no such network hus yet been standurdized excluded it fromcon-
sideration ot this time.]

Consequently, the busic descriptor for eavironmentul nojse is

Loy = 10 logy [1/: = r.)][ 10 vy ()
fy

Yoluwne § 7/ Number )

L 8 L B A S B

where & — 1 ds the time dnterval over which the levels are
evillisitted, Tor deseription of the noise environment il varjious
locations, the time imerval is vsaally the 24-houwr day; the
cyuivitlent seund level for this period has been designated as
Loy 2ar. For consideration of the tong-term health effects under
consideration here, the Ly qq for an individual day is not of
interest, dut rather the average Lo g over o year period is
selected, Fur some environments, such as 1iypical workplaces in
litctories, offices, or schools, the 24-hour equivalent sound level
is replaced by the average over the 8-hour work period, Lo .

This siuple coneept of the equivatem sound level had to be
redined seimewhat to aeeount for most community response snd
public apinion surveys which revealed that the sume noise envi-
ronment is considered mare disturhing or annoying during
nighttime than diytime. Not ondy do the requirenients Jor undis-
turhed sleep and relasation make o lower noise level desirable,
but the exterior buek ground noise levels drop during the night in
most communities by 10 ¢B or more, In addition, the reduced
activity inside homes contributes o the general Towering of
noise levels there. Asa reseltof all three factors, intrusive noise
evems are more distuehing during the aipht. To penalize night-
time nodse events commensurule wish their disturbing severity, a
weighting lactorof 10 B is applied 1o all nighttime noises; i.c.,
nighttine noises are weated as if they were 10 dB noisicr than
they actually are. A similar weighting is applicd in many of the
more complicated noise rating schenwes in use during the last
twenty yewrs, '

In various procedures and/or countrics, firee time periods ane
assumed during the day with different weightings — day, even-
ing, night, Although such fine differentiation might be of in-
terest forthe schieduling of individual noise events, it as been
shown that For the normal distribution of environmental nojse,
the overall omcome, i.c., the weighted 24-hour equivalent
sound level, is exsemially identical for the two-period and three-
period duy ! Consequently, Tor the eliracterization of the noise
environment with respect o bong-term bealth effects, the sim-
pler two-period day was selected. (Daytime, 710 22 hrs; night.
time, 22107 hrs,) The day-night weighted Lo, o is being called
the day-night sound [evel or Ly,

Lin = 1 loga (/291 115 (101} + 9 (0000 + 1y (2)

with Ly and £, representing the ditytime and nighttime sound
levels, respectively, Justification for the 10dB penalty on night-
time noises is derived from dat! such as those in Fig, 2; in quiet
environments (Ly, < 55), Ly is the controlling fuctor datermin-
ing Lo s whereas, in naisy environments (L, > 65), L, isonly 3
ta 4 dB below Ly, Therefore, the 10 dB nighttime penalty is
etlective in characterizing the need for day and nighttime noise
reduction,

Although Ly, is the deseriptor of choice for the overall round-
the-clock noise clinuite of the environment to be correlated with
the integrated long-term response to the environment, lo
evaluate hearing loss and communication disturbance, a night-
time penulty does not seem appropriate and Ly OF Leygy 18
used instead, The wrgoment which has been made, however,
that optimum conversation of hearing needs an absolute quiet
environment'® for recovery during the night and the fact that
long-termannoyance by intruding noises is closely related 10 the
speech interference effects during daytime and evening hours,
mike Ly, the best candidate presently available for describing
the overall quality of the environment with regard to noise.

The advantages of L, and Ly, are best verified by showing
that these measures suisfy all six requirements listed earlier,
Values for both measures con be calenlated theoretically from
known pressure-time patterns, For specific noises with normal
distributions, Ly, can be casily correlated to statistical descrip-
tions of the noise such as Ly, or Lsg, (Lig and Lyg are the levels
exceeded 10% or SO% of the time, respectively.) An example is
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shown in Fig. 3.¥ The Ly, descriptor can be used to approxiniate
most of the mere complicated evaluation schemes, such as
Noise Exposure Forecast (NEF), Composite Noise Rating
{CNRY), Noise Pollution Level (NPL), ete. Ap approximite rule
of thumb is*

Lan = CNEL (Community Noise Equivalent Level)
a= NEF + 35= CNR — 35. (}}

The big advantage of Ly, and Ly, over most of these other
messures is that they can be eisily measured and monitored over
long time periods. Commercial equipment to read out Ly is
available, 1t might be urgued that these advintages are achieved
as a result of several disadvantages — the most severe of which
is undoubtedly the deletion of any pure-tone correction or pen-
alty in the Ly, and Ly, scheme, a correction used widely in the
prediction and evaluation of the lwinan response to aircralt
noise, ¢.g., NEF procedure, und incorporied in the noise cer-
tification procedures for aircraft, This shortcoming hats to be
accepted at the present time since it is this feature which would
make it impossible to verily exposure predictions with pure-tone
correction through measurements with simple, stundardized and
relatively inexpensive equipment. In widition, it did not appear
that the pure-tone penalties currently used forairerafi noise have
been validated for all types of noises and foral) intensity levels,
Actually, there are indications that they are not the same for all
levels. For the effectiveness of an overall noise abatement pro-
gram, this shortcoming is minor — objectionable pure-tone
components produced hy some noise sources contributing ta the
overall environmentnl noise can and should be centrolicd by
mote elaborate source emission stapdards (such as the aircraft
certification procedure), They do not have to be reflected in the
descriptor for the leng-lerm noise climate,

Another possible objection to the use of L, andfor Ly, might
be that the Jong-term average is not approprie 1o control the
harmful or annoying effects of short duration, high-level noises,
‘This argument is only purtly valid. Forexample, limiting Loy 10
60 dB, o level that will be shown later os representative of the
range desirable in communrities, restricts a 110-dB nojse to
duration of 1 sec perduy! Therefore, L., cuan be trusted to reflect
even a few high noise level episodes per day in the averull
descriptor, perhaps withnat much less weight than such isolated
episodes deserve on the averall biological/psychological
weighting scule. Mereover, the control of extremely short,
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high-leve! noises and impulse noises must be managed by
source emission stamdards, *

With u basic descriptor to characterize environmental noise
with respect o health and well being, it is now possible to
describe the noise environments of viirions places, theirchanges
with time, and the noise exposure ol individuals and populations
as they mave through varous neise environments during their
daily lives and throughout theie whole liletimes. The daily pre-
dicted noise doses received by individuals cun be verified by
measurements with personal noise exposure meters carried by
the person, assuming that self-induced and desired sound expo-
sure is discounted. All these meusurements can be nade in termy
of the deseriptors Ly, und Ly,.

In the practical application of this concept and for most of the
reasoning that will follow, it is helpful to be able to estimae
noise levels in residential dweliings from the outdoor eaviron-
menal noise. For the US, the difference in noise reduction
provided by houses in warm and cold climites wis not found 1o
be significant enough to warrsnt separate treatment (o determine
exposure forecasts, An approximate nutional average of 15 dB
noise reduction with open windows and 25 dB reduction with
closed windows was established und used inarriving atdesirable
outdoor Ly, levels,™ It is important to note ot this point, how-
ever, that even in relutively noisy areas, inside noise levels,
particulurly during the duytime, correlate poorly with simul-
taneously recorded outside levels; the inside neise sources in
residential sites as well s in offices and similur spaces are
appreciable and eosily overlooked M

Qutdoor day-night sound levels in the US are presented us
examples in Fig, 4. Exposure puttemns of individuals during

*The effect af short-duration noise events on the value of 1, is discussed by
T. I Schultz in the Murch-April 1975 issue of NOISE CONTROL ENGI-
NEERING {Volume 4, Number 2), p. 52,
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their daily routines are shown in Fig. 5. These are just examples
taken from the lurger serics of life-styles discussed in the EPA
report.f Table 1 summarizes the Lygeq vulues for these typical
cises,

Volume 5 / Numbser |

TABLE |

TYPICAL AVERAGE DAILY EXPOSURES FOR VARIOUS US LIFE
STYLES, ESTIMATED FROM ASSUMED LiFE-STYLE PATTERNS
AS SHOWN IN FIG, § (FROM REF, 8)

Luwrn = Lo

Suburbhan Urbun
Preschool child 60 69
School child 77 77
Housewife 64 67
Office worker 72 70
Factory worker 87 87

Identifying Safe Levels for Hearing Conservation

In spite of some uncertainties and everybody's desire for the
perfect study, there is adequate information available to predict
with reasonable confidence the hearing impairment that con-
linuous noise exposure produces in the generl population after
i liletime exposune, When atlempting o identily safe levels
o be esmblished by EPA, the existing evidence on noise-
induced hearing loss was reviewed in detail. ™ The com-
bination of the results by Passchier Vermeer,'” Robinson,™ und
Baughn' produced average relationships between noise-
induced hearing loss (notse-induced permanent theeshold shift,
NIPTS) und the continuous noise exposuere, which caused each
anthor's individual prediction to deviate less than 5 dB from the
average. If, bascd on these daty, noise that has no significant
effect on the hearing of a population is 10 be identified, three
questions should be decided: What is meant by hearing? What
are signilicant effeets? What population is considered? These
decisions are always somewhat arbitrary and must be answered
differently if population averages und an application 10 preven-
tive medicine purposes or individusl cases and an application 1o
compensation purposes are discussed.

Although it is well known that NIPTS from continuous expo-
sure can first be detected and becomes most severe inthe 310 5
kHz frequency range, up to now most hearing conservation
programs have been based on the NIPTS produced in the tradi-
tional speech frequeney range 0.4, 1, and 2 kHz and the goal to
avoid any serions speech communieation handicap through
hearing loss in this aren. As seenin Fig. 6, the maximum NIPTS
produced in a populution alter forty years of noise exposure
(fter the age of twenty) is much more severe for 4 kHz thun (or
the average of 0.5, 1, and 2 kHz. " It is obvious that hearing at 4
kHz is an carlier and more sensitive indicator of NIPTS than
hearing at the lower ltequencies; therefore, the derivation of
sufe levels with respect to hearing wits based on the avoidance of
any substantial effects at 4 kHz ¢

As asignificamt effect on hearing, 0 5 dB NIPTS was selected
somewhat arbitrarily as the smallest change which can be reli-
ably meusured and verified in individuals, This definition ap-
wured to be a more sensitive indicator than the traditionn) hear-
ing risk concept which is defined as the difference between the
percentnge of people with a specilied handicap in a noise-
exposed and in 2 non-noise exposed (but stherwise equivalent)
group. As uhandicap, u 25 dB tence* regarding hearing level for

*A hearing intpairnient is wsually not considered & landicap unless the average
hearing koss i the speech freguency runge (0.5, 1, 2kilz) exceeds 25 dB with
reference 1o the 1,5.0, audiometric zero,
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the speech frequencics usually was assumed. Taking NIPTS (ur
u high percentile point of the populittion (> B0ih percentile)
gives a more sensitive and significunt indicator than tuking hear-
ing risk, the value of which is changing with the height of the
fence used and its location with respect to the distribution curve.
The final question — what percentage of the population should
be protected against 2 5 dB NIPTS at4000 Hz after forty years of
noise exposure was unswered by the assumption that ears cannot
be damaged by sounds which cannot be hewrd, When a certain
percentile of the papulation would obtain a 5 dB NIPTS ai sucha
low environmentul noise exposure that this noise could not be
perceived any more by the same percentile of o normul, non-
noise exposed population due to presbycusis, then lower noise
levels are unlikely to produce a § dB NIPTS in any part of this
population.

Following the reasoning outlined requires some extrapotation
of avaiigble NIPTS data to high percentiles and lower levels of
noise exposure as indicated in Fig, 7. No matter how the data
are extrupolated, however, the potential quantitative effects on
the outcome of these considerations are small. From data such as
thaose in Fig. 7, the relationships in Fig, 8 for the exposure level
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to produce i 5 JB NIPTS as a funciion of population percentile
are derived ¥ Extrapolation of ehe 4000 Hz, 5 di3 NIPTS curve
would indicate that a noise of 70 dB(A) would be required to
produce this loss in 15 (the most sensitive percentile) of the
genersl population.

Due o presbycusis, however, 5% of the non-notse exposed
population ((rom the Public Health Service data) cannot hear a
sound any more at i level below 70 dB re 20 micropascals
righthand scide of Fig, 8), To produce a 5 JB NIPTS in this pant
of the population (which, for safety’s sake, is assumed to be the
sitme 4s the one nxst sensitive to noise-induced hearing Joss),
certainly noise levels higher than their hearing level are re-
quired, As i consequence, the extrapolated 5 d NIPTS curve
eannot cross the hearing level eurve for o normal populition at
ape sixty but must stay above it us indicated. It may be con-
cluded that a Tory-year noise exposure below an L, of up-
proximittely 73 dB(A) is satisfuctory to prevent the NIPTS at 4
kHz from exceeding 5 dI} for the entire stavistical distribution.
[1r 1his argument is unsatisfactory, then protecting the 9%th per-
centile ar 71 dB(A), a level only 1.5 dB different, may be
preferred. ]

To prevent the same loss from occurring at 3 kHz after a
lifetime’s exposuore requires levels below 78 dB(A). Exposure
levels below 83 dB(A) are required for the same averuge loss at
frequencies of 0.5, [, and 2 kHz, This difference in level high-
lights the conservatism adopted by protecting against u loss at 4
kHz instead of in the conventional speech range. Allowing a 10
dB NIPTS lortheaverage of 0.5, 1, and 2 kHz, the 99th percen-
tile can be protected by keeping exposure levels below 90
dB(A). This is the range of statistical risk allowed currently by
most industrial hearing conservation criterial

Afterestablishing u safe level for u nominal lifetime, B hr/day
exposure, levels (or shorer und longer daily exposure time are
derived according to the equal energy rule — foreach halving of
daily exposure time, the admissible levels are increased by 3dB.
It is well known that this relotionship is a very crude upproxima-
tion and that probably no simple relationship fits the data per-
fectly. Fig, 9 shows that the femporary threshold shift duta for 4
kHz ure fitted better by the equal energy rule than by the 5 dB
incrense of level per halving of time relationship.®® The latter
might fit the data in the conventiona] speech lrequency range
beter, Nevertheless, with the only reliable datu point at 8 hrs
daily exposure and with the emphasis on protecting hearing up
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to at jeast 4000 He, the equal energy rule appears as the better
and more conserviive approximation,

Stnee most environmental noise patterns are fucnuting it
intermittent, an intermittency correction is proposed whenever
Lyy < 65 dB(A). With this correction, the curve for sufe expo-
sure level versus time is shown in Fig, 10 and divides the R hrs to
1.5 minutes range in the middle of the shaded arey, identifying
the range of uncenainty suggested by equal temporary threshobd
shift data depending on the Intermitiency and freguency vange
considered,*

In summary, adjusting by the equal energy rule tor the fucts
that the veluntary al involuntary exposures o environmental
noise are going on for 24 hrfday and 365 duy/year (insiewd of the
B hr exposures on 250 workday/year in the industrial situation)
produces the following corrections:

8 hefduy industrial sitoation

24 hriday (— 5 dB) 365 day/ycar

(—1.6dB)

Safe Level 73 dB(A)

Safe Level 66.4 dB(A)

Intermittent noise, 24 hr/day,

365 daylyear Safe Level 714 dB(A)
Keeping the yearly averape of Leyeq < 70dB should protecs the
general populition against any significant NIPTS, i.e., health
effects with respeet o hearing, with an adequate margin of
safety,

It shall be mentioned here valy brietly that the same basic
philasophy, tu protect NIPTS from exceeding 5 dB ar4 kHz in
more than 10% of the papulation, was also adopted for evaluar-
ing exposure 1o impulse noise, The equal energy rule was in-
voked o arrive at exposure limits as o (unction of impulse dura-
tion and 1o account for more than one repetitive impulse per day.
Under certain assumptions not 1o be discussed here (for an indi-
vidual impulse L= Ly — 9 dB), exposune limigs forconting-
ous noise us well as for single impulses can then be drawn as
continuous line as 4 function of exposure time and/or impulse
duration (Fig, 10). The data points in Fig. 10 indicate points of
equal risk of NIPTS at 4 kHz based on the relationship between
NIPTS und noise-induced temporiry threshold shift (NITTS)

Identification of Environmental Noise Levels
with Respect to Activity Interference/Annoyance

Environmenlal poise can interfere with o broad spectrum of
human activities, such as speech communication in conversa-
tion and teaching; telephone conversation; lstening 10 TV,
rudio, music; concentration during mental activity: relaxation;
and sleep. From the combination of all these individual interfer-

Vajuime 3/ Nutiber |

100 T )
100% 99%
95%
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NORMAL VCICE SENTENCE INTELLIGIBILITY
AS A FUNCTION OF THE STEADY BACKGROLND
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PERCENT SENTENCE INTELLIGIBILITY

a 1 . ] J i
45 50 55 60 65 0 75
STEADY A-WEIGHTED SOUND LEVEL IN 4B {re 20micro - Pastals)
Figare 11— Normal voice sentence intelligibility ax o function of
seadv backgroptd seand levet i indoor sitaation {gyvunes SO0 vabing
ethvanption typical of living reoms aned bedrooms: valid for distances
greaper thare § o). (From Rt 8 based on Refs. 2, 20, 214

ences, the overall judgment of the individual is formed as to the
degree of interference, distarbiance, and annoyance caused hy
the noise environment, The amount of inlerference with speech
camrnication can be well quantified, is dependent almost en-
tirely an the physical characteristics of the nojse, and concly-
sions can be supported by much research data. The degree of
interference with activities other than speech communication is
olten dependent on other parameters, such as attitude towards
the noise source, Tumiliarity with the noise, general psychologi-
cal state, ete. These parumeters are nof constints: they can
chinge for each individual from day-to-day und undergo
changes during a lifetime; they can change from individual to
individual, from country to country; and they might change with
time as the value systems of societies, their environmental
awareness, their apprecintion of priviey, and their economie
sittitions change. Regardless of these potential infTuences, it
appears possible 10 specily for today's populition levels of en-
vironmental noise which do not interfere significantly with their
uetivities and do not degrade their overall well being.

fterference with speech. As for speech communication, the
fullowing approach was taken 1o quantily the noninterference of
environmental noise with speech: indoors, in private homes,
100% sentence intelligibility is required [or relaxed conversy-
tion in typicul liviag rooms for all tlker-o-listener separation
distances, As Fig, 1T indicates, this is achieved for L5 45 dB
(reverberant field in a l?'picul living room with 300 subins of
interior absorption).'#*#t Oumtdoors, there are usually free-
fteld conditions, and speech intelligibility is described by Fig.
12,4 5% sentence intelligibility appears o allow Tor adeguate,
relinble speech communication for people who are walking or
stiunding close wgether, approximately | 10 2 meters apart, Such
copversition is possible in noise levels up to approximately 60
4B steady A-wetghted sound pressure level, Noise fevels at this
magnitude are also consistent with tie desire for speech privacy,
an attribute easily lost in the urbun environment should
background noise fevels be o low, This sound level of 60 dB
outside (with the uvernge neise reduction of houses with par-
tially opened windows assunied (o be |5 dB) results in indoor
levels of 45dB, the same levels identified for sutisfactory indoor
conditions. Therelore, the same outdoor level satisfies both the
outdoor and indoor speech communication criteria,

Before accepting these leveis, one ndditional fuact had to be
analyzed. The laboratory investigations on which Figs. 11 and
12 are bused were all conducted in steady noise environments
and not in fluctuating noise environments such as normal urban
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noise of urhin noise with airerdt Nyovers. Inaspecial anlysis,
it was assured that for constant L, e percentage of noise
interterence with speech is gremer for steady noise than for
almuost all types of enviconmentad noise in which the magnitude
varies with time. Consequently, the limit levels in steady
A-weighted seumd pressitre Jeve s derived from Figs. 17 amd 12
cun he replaced directly by L, levels since the steady case is the
most interfering one, (An additional analysis for steady inteud-
ing noise cycled on and ofT periodicalty also ilicated sitisfac-
tory resules Tor the indoor as well us outdoor case, if the steady
noise is replaced by the Ly, of the cycled noise,)

Although noise levels guaranteeing o interference with
specch communicinion are directly meaninglul only in terms of
Loy f0r comparison with other interterence effeets it is uselul to
express them also in approximate, corresponding Ly, Based on
the typical celationship between duytime and nighttime noises in
the Ly, Tange of interest, Ly, citn be assumed to be approxi-
mately 3 dB higher than the L, during the daytime. Using this
assumption, the relationship between the interference eftects of
specchindoor and outdoor as a function of Ly, is seenin Fig, (3.

futerference with other activities. Noise can inlerfere with
many wher activities besides speech communication, and ex-
tensive studies over many years in Europe as well as in the US
tried 1o correlite the frequency and severity of these interfer-
ences with the noise environment, Unfortunately, the severity
citn be measured here only in terms of the individual's subjective
response, Even lor the cases of sleep interruption or sleep inter-
ference, fur which objective datiare fortheoming sind available,
their trnslation from the laboratary to real-Jile is dilficws; and
their inteepretation in terms of potential long-term effects on
health and well being is equally problematic. Consolidated evi-
dence from all noise surveys and public opinjon studies, how-
ever, is consistent enough to driw this type of conelusive ques-
tion: At what Jevels does noise stitrt 1o inferfere with the public’s
well being when compared to other environmental and socio-
eeonomic prablems of present-day society?

One answer is obined (rom data such as those obtained in
the 1963 and 1967 London-Heathrow Airport noise sur-
veys.™ When the attitude of peaple oward their living area
wus studied and their reasons lor desining o move away were
explored, noise did not represent o significant factor until en-
vironmental noise levels exceeded Ly,= 55 dB (Fig, 14), These
data are extremely important since they put noise into the proper
persprective with regard 1o other environmental factors,

A second type of relationship emerged from ull the public
opinion/noise surveys conducted around larger airponts in the
US and Europe — the relinionship between the environmental
noise levels and the percentage of the population reporting to be
highty annoyed by the noise. Actuully, the results of the US and
British surveys are remarkably consistent in this respect (Fig.
15). (This relutionship was used in studies by vorious US
government agencies® and ICAO for several years und wis
recently verilied by QECD in analyzing British, French, and
Duteh survey results.®®) Even the percentage of highly annoyed
people who actively complain about the noise con be fairly well
predicied.’ Unfortunately, there are hardly any data for Ly, <
55 dB, where the percentage of people highly unnoyed is less
than 20% und should rapidly diminish. It must be remembered
here that the results showing 20% of all people as annoyed can
be intespreted 1o mean that each individual of the total popula-
tion is feeling unnoyed 204 of the time. It is handly possible lor
nny human being to integrate annoyunce over a very long time.
To feel annoyed by noise o small percentage of the time is
probably never avoidable even in the quietest surroundings; in
other words, the percentage reporting to be annayed in Fig. 15
will probubly never reach zero,

Centtinmrity response, The final setof datu contributing to the
averad] question of peise interference with hunun activity and
well being s the noise levels resolting in human group activity
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and community action, Altheugh these duta are still more de-
pendent on the sociv-cconomic bickground and the legal-
political system, datasueh as presented in Fig, 16 may be used
to estimate noise environments thaf are considered as not inter-
feving with narmal community life.*™ It must be memioned that
the 55 case points of Fig. [aane plotted without any corpections
sueh as previous exposure history of community; type of envi-
ronment such as urbun, suburban, rural; misteasance wward the
noise; or athers, I such corrections are inclided, the spread of
the data puints is smatler, amd the average community response
under the existing conditions can be predicted with satisTactory
acenraey. In the present context, however, the bisic noise inter-
ferenee wis of interest, not the reaction madified hy past history
or present cconomic/political considerations,

Since the retationships of Figs. 14, 15, and 16 are aff deserib-
ing the long-term environmental noise effects regarding
interferencefunnoyance, they can be combined into one figure,
The result, presented in Fig, 17, leads to the canclusion that an
outdoor day-night sound level of 35 dB might be a reasonable
limit, below which neise does not interfere significantly with
human activities, The effects starting at this level are described
as tollows:

The average expected community reaction is none, even
though 1% of 1he population might complain, und 17% might
indicate that they are highly annoyed by the noise when usked in
social surveys.

Noidse 15 the least important factor governing attitude 1o-
ward the area.

Outdoor conversations are easily possible with normal
voice over distances up to 3.5 meters,

These outdoor levels result in indoor levels of approxi-
mutely 40 dB, a level 5 dB below the level derived for no
interference with indoor communication with un open window,

An indoorLy, of 40 dB is usually coupled with a nighttime
level L, = 32 dB (open window), a level that is consistent with
the timited data on sleep interference.

It was this combined reasoning which helped EPA o con-
clude that an outdaor Ly, = 55 dB in residential arcas could be
identified s the limit compatible with the protection of public
heulth and welfure,

Conclusions

The apalyses and assumptions summarized in this paper led
the EPA to udopt L., and Ly, usthe deseriprors of environmental
noise. An examination of all available daty on noise-induced
hearing loss prompted te conclusion that in environments with
Ly = T0AB, the public is protected against noise-induced hear-
ing impairment with an adequite margin of safety. Noise will
have no effect on public health and well being due to interier-
ence with speech or other activities and will rot result in undue,
long-term annoyance as long as the yearly average Ly, is helow
3548, Based on these results, EPA published Table I, identity-
ing for most spaces the yeurly average L, or Ly, compatible
with public health and welfare?

The limits of Tuble 11 are not rigid standurds to be enfotced,
but rather goals and guidelines for a coordinated overall noise
abatement program, The limits were derived with the total indi-
vidual noisc exposure in mind, occupationad as well as ponoc-
cupational. These limits can be monitored with relutively simple
standurd cquipment; they can be monitored for spaces and for
individuals moving through many environments during each
day. Animportant leature foran overall noise control program is
that the contribution of individua! noise sources to the total L,
or Lya can be culeulated or estimated for individunl places us
well as for an entire country, The cost effectiveness of various
lternatives pertaining to source emission or adreraft certifica-
tion stundards and te highway arcity planning can be evaluated,

The method and the limit levels identified cannot be applied
to all types of noises or answer all problems. As for impulse
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TABLE 1l
SUMMARY OF MAXIMUM NOISE LEVELS IDENTIFIED
REQUISITE TO PROTECT PUBLIC HEALTII AND WELFARE!

Lifeel Level Area

large percentage of those exposed, Acausticians al? oo often
eoncentritte on adviuwing their knowledge instead of applying
the knowledge they already hivve, Personally, the author be-
lieves that there is no exeuse for withholding from the public the
fact that it is already known how much noise is 100 much!!

Hearing loss Lo < 75dB Occupational and
cducational settings

Loyizo S 70.dB Al ather nreas

OQutdoor activity Outdoors — residentiul
interfercnce and Ly, < 55 dB ureas, farms, other
annoysnce outdoot areas where
widely varying amounis
of time are spent;
ather places in which
guiet 15 o basis for vse.
Ly = 55 dB Oudoors — school
yards, playgrounds,
etc. where limited time
is spent,
Indoor nclivity Ly, < 45dB Indoor residential areas
interferenee and
annoyance
Ly 2y < 45 dB Other indoor areas —
schools, ete,, with
human activities,

noise, sonic boom, infrasound, and ulirasound, the document
cited discusses separately the limits compatible with public
health and welfare* 1t is also admitted that the limit tor the
outside environmental noise level of Ly, S 5548 may be higher
than some conditions; attitudes and sitwations mike it desirable
sit some places. No one should be discouraged lrom striving for
lower noise levels, which might be desirable for reusons other
than public health.

Sentling onthe presented method forguantifying envimnmen-
1l noise and identitying uniform exposure limits does not mean
that the search for u betier deseriptor for correlating noise to its
health etfects on people should stop, On the contrary, it is hoped
that the extensive use of such o common deseriptor will lead
step-by-step (o its improvement. A pure-tone correction and a
weighting of the suddenness of the noise onset might be desira-
ble refinements as soon as their general importance to human
health effects is proven, They can be incorporated into the de-
scriptor methodology without vielating any of the requirenients
used for selection of the descriptor,

The impantance of agreeing on such a common descriptor of
environmental noise and of setting general goals for noise
abatement programs cannot be overemphasized, Atier all, in the
LS the total number of people exposed to an Ly, of 60 JdB and
over ks probably more than 30% of the tawl population. It is
estimated that more than 15% are exposed to levels higher than
anLgn o 65dB; 1.5% or 3 million people to an Ly, of 75 B, and
600 000 people to levels above 80 dB -— not from occupational
exposure but from outdoor noise alone! In view of these esti-
mates, the goal of Ly, & 55 dB appears to be very ambitious and
remote; the debate, if the goul should be 3 dB lower or higher,
does not appear to warrant the top priority, The goal and the
descriptor — the common yardstick — however, ure very im-
portant. They alone allow an apprecintion of the tusk at hand and
a quantitative evaluation of the progress of o balanced noise
ubatement program,

In summary, the question posed in the title can be answened!
Perhaps, it is not yet known how quiet an environment is de-
sired; but, certainly, it is known how much noise is oo much
and how much will interfere with the heatth and well being of a
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