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PREFACE

The Biodynamics and Bionics Division of the Aerospace
Medical Research Laboratory was given the responsibility,
under an Interagency Agreement with the Envireonmental
Protection Agency, to develop a document which would serve
as a basis for limiting noise for hearing conservation.
The preparation of this document was accomplished by the
University of Dayton Research Institute (UDRI) under
Contract F33615-72-C-1402, P00003. The Aerospace Medical
Research Laboratory efforis in support of this project
ware included under Project 7231-03-16, "Auditory Responses
to Acoustical Energy Experienced in Air Force Activities",
Dr. J. C. Guignard and staff of UDRI compiled the main
document, Appendices 1 through 11 and the Bibliegraphy.

The following acted as consultants, contributors,
advisors or reviewers in the course of preparation of the

document:

Dr. W. L. Baughn

Guide Lamp Division
General Motors Corporation
Anderseon, Indiana

Dr. Alexander Cohen
Department of Health, Education and Welfare

Public Health Service/NIOSH
Cincinnati, Ohio

Dr, John L. Fletcher
Department of Psychology
Memphis State University
Memphis, Tennessee

Dr. Aram Glorig
Callier Hearing and Speech Center

Dallas, Texas

Dr, H, E. von Gierke

6570th Aerospace Medical Research Laboratory
Biocdynamics and Blonics Division
Wright-Patterson Air Force Base, Ohio

Dr. Terry Henderson
Department of Health, Education and Welfare

Public Health Service/NIOSH
Cincinnati, Ohio

Dr. Karl D. Kryter

Stanford Research Institute
Menlo Park, California
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Mr. Barry Lempert

Department of Health, Education and Welfare
Public Health Service/NIOSH

Cincinnati, Ohio

Dr. J. H. Mills
Central Institute for the Deaf
St. Louls, Missouri

Dr. Charles W. Nixon

6570th Aerospace Medical Research Laboratory
Biological Acoustics Branch
Wright-Patterson Air Force Base, Ohio

Dr. W. Dixon Ward
University of Minnesota
Minneapolis, Minnesota

Major baniel L. Johnson

6570th Aerospace Medical Research Laboratory
Blological Acoustics Branch
Wright-Patterson Air Force Base, COhio

Various material was provided by the consultants for
incorporation into the document. Dr. J. H. Mills prepared
the material for Appendix 12, Dr. Karl D. Kryter provided
a paper, "Impairment to Hearing from Exposure to Noise",
that has since been published in the May 1973 issue of the
Journal of the Acoustical Society of America. For this
reason Dr. Kryter's material has not been republished as
part of this document. Dr. Daniel L. Johnson prepared sup-
porting material, "Prediction of NIPTS Due to Continucus
Nolise Exposure", which will be published as a separate
technical report identified as AMRL-TR-73-9) and EPA-550/9-
73-001~B. Material was initially provided by the Natiocnal
Institute of Occupational Safety and Health (NIOSH). How-
ever, that material has not yet been released by NIOSH for
publication. It is to be published in 1973 as NIOSH
Technical Report TR 86, "NIOSH Survey of Occupaticonal Noise
and Hearing: 1968 to 1972" by Mr. Barry L. Lempert and
Dr, Terxy L. Henderson. 1In addition, Dr. William L. Baughn
provided his work, "Roclation Between Daily Noise Exposure

and Hearing Loss Based on the Evaluation of 6,835 Industrial

Noise Exposure Cases”. This is available as AMRL-TR-73-53
or EPA~550/9~73-001-C.

At the University of Dayton, Miss Barbara McKenna
assisted in the initial literature search and typed most of
the preliminary draft. Miss Barbara Hartung assisted in
completing the bibliography and typed the major part of the
final report and its appendices.,

This technical report 1s also identified as UDRI-TR-
73-29.
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BACKGROUND

Good hearing is one of the most important of human senses.
When it is lost or seriopusly impaired, one is not only disad-
vantaged socially but may be robbed of much potential as a
wage-earner: handicap due to hearing loss is for many people
as tragic as a disability resulting from major injury or
sexious illness, reducing the person's capacity to enjoy life
to the full and to follow unfettered his or her chosen trade
or profession.

Rarely, the hearing is deficient from birth or following
a childhood illness; or it may be damaged during adult life
by head injury or by disease affecting the ear or its connhec-
tions with the brain. Moreover, some loss of sensitivity of
hearing, particularly for high tones, is experienced by all
adults as they grow older. This phenomenon (presbyacusis),
the onset and progress of which shows considerable individual
and demographic variation, is generally accepted to be a
normal consequence of the human aging process, and to take
place whether or not the ear is affected by disease, injury
or noise.

Nevertheless, the most prevalent and avoidable cause of
hearing loss is excessive noise exposure. Observations in
animals as well as in man show tha. noise of sufficient in-
tensity reaching the inner ear injures the hearing organ {the
organ of Corti). The principal site of injury appears to be
the hair cells of that organ. As the intensity of the noise
and the time for which the ear is exposed to it are increased,
a greater proportion of the hair cells are damaged or eventu-
ally destroyed. Because the function of the hair cells is to
transduce the mechanical energy reaching the ear into electri-
cal signals, which are then carried by the auditory nerves to
the brain, progressive loss of hair cells is usually accompa-~
nied by progressive loss of hearing.

There is a great deal of individual variation in suscep-
tibility to noise damage. However, any man, woman, or child
whoge unprotected ears are exposed to noise of sufficient
intensity is in the long run likely to suffer some degree of
permanent noise-induced hearing loss for which there is no
foreseeable cure,

What constitutes a harmful level of noise depends on the
effective duration of the noise exposure and the circumstances.
Generally speaking, the greater the sound pressure level of
the noise, the greater the danger to the unprotected ear, and
the shorter the safe noise exposure time. In extreme cases,

a damaging exposure to impulsive noise may be as brief as a
few milliseconds: a few unfortunate young people are reputed
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to have suffered irreparable damage to their hearing from
the sound of a few rounds of small-arms fire during their
first day at the xanges. At the other end of the scale,
prolonged exposures to comparatively moderate levels of
noise, of the kind to bhe heard, for example, in factories,
in vehicles, or in busy city streets, can cause hearing loss
developing over the years in substantial numbers of suscep-
tible people.

It remains an open question whether there is any abso-
lute level of noise below which continuous exposure may be
considered completely harmless for all ears. In this con-
nection, it is important toc bear in mind the fact that
neither the loudness of a noise, nor the extent to which
the noise causes discomfort, annoyance, or interference
with human activity, are reliable indicators of its poten~-
tial danger to the hearing mechanism. A noise loud enough
to prevent verbal communication may be presumed to be
hazardous to the ear, but the converse is not necessarily
true.,

Hearing damage can cause social problems, depending upon
the severity of the loss. Such problems include difficulties
with everyday communication and social integration, the pur-
sult of preferred employment, and for young people with
hearing damage, education {Switzer and Williams, 1967}.

The prevalence of hearing loss among workers in noisy
industries has been recognized since ancient times; and a
popular description of excessively loud noise is "deafening".
Yet it is still not adequately appreciated by the general
public that there is a causal link between noise exposurc and
hearing losa, If the hazard is understood, it is perhaps
regarded by many people as a remote contingency, or as one
having little consequence for those afflicted. It is possible,
too, that while people exposed to intense noise frequently
experience a substantial nr’ ~e-induced temporary threshold
shift (NITTS), sometimes & .ompanied by tinnitus (ringing in
the ears), the fact that ve:y often such symptoms of excessive
noise exposure largely disappear within a few hours, 1f not
minutes, may mislead the hearer into believing that no perma-
nent damage is done by noise.

Clinical observations of noise-induced hearing loss have
been reported over more than a century. However, the problem
has received intensive study only during the past three or
four decades. Since the second world war, substantial infor-
mation has been gathered on the effects of noise (particularly
industrial noise) upon the ear. Based variously upon the
availuble 2ata, numerous noise exposure limits have been es-
tablished for *ho purpose of hearing conservation. Some of
thege have received national or international acceptance or
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standardization and some have been embodied in state legis-
lation. An important present difficulty for the legislator,
administrator or noise control engineer concerned with pro-
tecting human hearing against noise, however, is the fact
that confusing and sometimes conflicting guidance is offered
by the multiplicity of cofficial or semiofficial standards,
requlations or quidelines now in existence. In a recent
review, Acton (l967) reported that at least 35 different
hearing damage risk criteria, noise exposure limits or guidc-
lines had been adopted or proposed by various authors.

Clearly, there is an urgent need for unification, which
this document attempts to meet. It presents a current con-
sensus of the majority of scientific oplnion as teo the
incidence of noise-induced permanent thresheld shift (NIPTS)
to be expected in selected fractions of the American popu-
lation. The conclusions reached in this report apply to
both occupational and non~occupational exposure at work, in
the home, in transportation, in recreation, or at large in
the street and other public places.

The arrangement of this report is as follows: Section I
(introduction) briefly sets out its main purposes and defines
its scope. It is important to note in this connection that
the present document deals only with the effects of noise on
hearing: it is not concerned with annoyance or other adverse
effects of noise. Section II presents some definitions
crucial to the interpretation of the data given in the main
sections which follow. Section IITI provides specific guidance
to the selection of noise exposure limits for the purposes of
hearing conservation. Section IV reviews certain factors
influencing the incidence of NIPTS due to noise of a given
type and exposure level. Section V contains some recommenda-
tiong concerning the need for further research and field
observation on noise~induced hearing loss, including the
monitoring of the noise exposure and the hearing of the public;
and concerning ways and means of increasing public awareness
of the noise hazard and of promoting a wider acceptance and
implementation of hearing conservation programs.
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I. INTRODUCTION

I.1 Purxposaes of document

The goal of this document is threefold: (1) it attempts
to arrive at a consensus (summarized in Section III) regar-
ding the effects of noise exposure upon human hearing; (2) it
evaluates the principal factors affecting the incidence of
noise-induced hearing loss in various populations (Section IV);
and (3) it makes recommendations {Section V) concerning noise
exposure levels for the purpose of hearing conservation.
Detailed treatments of relevant topics are given in the
Appendices.

I.2 Scope of document

I.2.1 Population. While the principal findings here reported
apply mainly to healthy adult American men and women of work-
ing age, having normal ears and hearing, some information is
incidentally provided about noise exposure and hearing in
children, in the aged, and in persons with abnormalities of
the ear. "Normal hearing" is discussed in Appendix 2.

I.2.2 Varieties of noise. Data on their effects on hearing
are presented fLor two main types of noise, namely, continuous
and impulsive noise. These varieties of noise are further
distinguished and defined in Sections II and III. "Noise"
means airborne sound contained within the frequency range

16 Hz to 20,000 Hz (20 kHz). Oscillations outside that range
{(ultrasonics; infrasonics; vibration) are alsc considered
briefly, inasmuch as they may affect the ear.

I.2.3 Ultrasonics; infrasonics: vibration. Appendix 10
provides information on the relatively minor auditory effects
of ultrasound, infrasound and vibration.

I.2,.4 GQuantification of noise exposure. Although some other
noige-measurement units are alluded to, this document in
general adopts A-weightad sound level (in 4BA) for the
specification of continuous noise exposure levels; and peak
gound pressure level (SPL) in decibels (dB) relative_to the
international standard reference zero of 0.00002 N/m= for
impulse noises. When A-welghted sound levels are given in
dBA, the use of international standard measurement techniques,
instrumentation and weighting characteristics is assumed.
Relevant standards are listed at the end of the Bibliography.
Procedures for calculating equivalent continuous sound level
{(Lag) in dBA, in the cases of untypical, interrupted or
intgnsity-moaulated steady-state noise exposure (see

Section III,A} are given in Appendix 8. Appendix 8a may




also be used to determine exposures in dBA from octave~band
sound levels measured in decibels relative to 0,00002 N/m?,

I.2,5 Measurement of hearing. When referred to in this
document, hearing level or hearing threshold level (see defi-
nitions in Section II) is generally presumed to be, or to

have been, determined by pure-tone audiometry using standar-
dized instrumentation and procedures (see Appendix 6). Noise-
induced permanent threshold shift {NIPTS) is defined as that
part of hearing level ascribable to noise exposure, as oppeosed
to other factors, such as aging, which also cause an elevation
of the threshold. It should be borne in mind that hearing or
hearing threshold level in decibels is customarily an average
or a median value for a designated population or group of indi-
viduals and that, accordingly, a variance is implicitly associ-
ated with it. Sources of audicmetric variance are discussed in
Appendix 6.

I.2.6 Reference to noise-induced temporary threshold shift .
(NITTS) and tinnitus, The temporary effects of noise on :
hearing are frequently mentionad in some parts of this

Gocument and are discussed in some detail in Appendices 7 and

12 and by Johnson (1973) and Kryter (1973). 7The relationship

between noise-induced temporary (NITTS) and permanent (NIPTS)

thresheld shift is still not entirely clear; however, it is

generally agreed upon by most workers in this field that NITTS

is a useful predictor of NIPTS in many circumstances of noise

exposure. A presumptlive relationship between them underlies

many existing schemes for predicting the effects of exposure

to noise, both continuous and impulsive.

I.2.7 Non-auditory physioclogical, psychological, and nuisance
effects of noise. This document dedls solely with the eftects
of noise on hearind. It does not provide data nor does it
make recommendations concerning the limitation of noise
exposure according to criteria other than those of hearing
conservation.
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II. DEPINITIONS

II.1 Definitions and Glossary

This section contains some definitions of important
terms used later in the document. A more comprehensive
Glossary of acoustical terms germane to the present work
is given in Appendix 4.

IT.2 Audible range (frequency range of human hearing)

The frequency domain of human hearing by air conduction
may be taken as extending from 16 Hz to 20,000 Hz and to be
contained between a lower boundary, namely, the threshold of
audibility (see Glossary), and the upper boundary, namely,
the thresheold of pain in the ear., The threshold of audibility
depends heavily upon frequency and has received international
standardization (ISQ, 1964).

II.3 Continuous noise

On-going noise which lasts for at least 500 ms, and which
may last indefinitely, of which the level either does not vary
by more than +5 dB (constant or "steady-state" noise) or does
not vary more rapidly than 40 dB in 500 ms in the case of
level variations exceeding 15 dB (fluctuating noise). Contin-
udus nolse which is interrupted by periods of subjective
silence, or by periods of noise at levels below 55 dBA, may be
described as intermittent noise (see Section IIT.A), Some
examples of diffcrent Kinds of conltinlous nuise exposure are
given in Table II.I.

II.4 Hearing level

In this document, hearing level means the difference in
decibels between an individual or a group threshold of hearing
(measured with a puretone audiometer at a specified test fre-
quency or frequencies) and a specified standard reference zero,
which is a function of audiometric frequency.* Positive values
mean (as ls usually the case) an elevation of threshold (poorer
hearing) . When hearing level is defined for a group the median
and related centile values are customarily specified.

*  Strictly speaking, "hearing level" (HL) relates to ASA 1951,
whereas a level related to IS0:1964 or ANSI:1969 should
properly be called "hearing threshold level" (HTL}.

"Hearing level" is however an acceptable usage provided
that the reference zero is clearly specified.
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