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"Our research findings clearly support the need to
take definitive action to control nolse in the U.S,, but
evan without further research, we should move
forward, If for no other recson than to preserve our
franquiliity .,. a resource unmeasurable but of clear
value to our health and welfare...”

Sympesium participant
December 17, 1991
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INTRODUCTORY REMARKS:
1991 ASHA PRESIDENT

Patrick J. Carney

Walcoma to Rockville and the National Office of
the American Speech-Language-Hearing Associa-
tion. | am Jerry Carnay, President of ASHA. It is a
pleasure to open this one-day symposium on
*“Combatting Noise in the "90s5: A National
Strategy for the United States.” Some would say
we have set ourselves an impossible task: How to
define a workable, realistic plan for reducing the
impact of noise on daily life at home, at work, and
at play. And all in the space of 12 hours! I don't
agres. No question aboul it, it's a difficult task. It is,
howaver, a challenge that the individuals in this
room are more than able fo meet,

An intaresting chain of events led 1o our meeting
here today. In 1988, the National Institute for
Occupational Safety and Health published a report
entitled: A Proposed National Sirategy for the
Prevantion of Noise-Induced Hearing Loss. Con-
tributars to this report recommended that national
consensus standards for establishing hearing
conservation praclices should be developed.

In January 1990, the National Institutes of
Health and the Natlonal Institute on Deafness and
Other Communication Disorders held a consensus
development conference, "Noise and Hearing
Loss," Participants of the conference concluded
that hearing loss from non-occupational naise is
common, but awarenass af the hazards is not. The
Report determined that “... inconsistent compliance
and spolty enforcement of existing governmental
regulations have baen the underlying cause of ...
relative ineffectiveness In achieving prevention of
noise-induced hearing loss." Dr. James B. Snow,
Jr., Director of the Naticnal Institule on Deafness
and Other Communication Disordars, will talk In
more detail today about the 1990 Report.

COMBATIING NOISE IN THE '90s

l.ast year, the Public Health Service of the U.S.
Depariment of Health and Human Servicas issued
a repon, Healthy People 2000: National Heaith
Promotion and Disease Prevention Objectives. The
Repor established a set of measurable targets for
craating a healthy society by the year 2000. ASHA
was one of 300 organizations that provided input
info the development of the objectives. ASHA's
comments strongly urged inclusion of objectives
retated to noisa, Although the final repon does not
specifically target environmantal noise reduction,
the Raesearch Needs section of the chapter, antitled
Environmental Health, does acknowledge the fact
that 28 million Americans have impaired hearing,
and about 10 millon of these cases are assoclated
with loud noise. Contributors to this repert advocalte
“...Additional research on the prevalence and
severity of environmental noise pollution ... so that
appropriate public health protections can be
implernented.”

A 1991 report of the Organization for Econemic
Co-operation and Davelopment contended that,
over the past 20 years, the general nolse environ-
menl and level of noise exposure in the leading
industrial democracies has steadily worsened.

Finally, in July 1991, the U.S. House Select
Commiltee on Children, Youth, and Families
conducted a hearing to investigate the effects,
primarily upon children and young adulls, of
enviranmental nolse. A prime movar behind this
hearing was Representative Richard Durbin (D-IL),
who serves on that Committee. ASHA leaders and
staff met with Congressman Durbin and members
of his staff. Through that initfal invelvement, the
idea for this symposium was barn.

11
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Today's sympasium brings tegether profession-
als from a variaty of backgrounds — audiclogists,
hearfng scientists, acoustical enginsers, ololaryn-
gologists, cammunity planners, and others. it is this
cooperative, collahorative spirit that leads me to be
so confident that our meeting will yield constructive
resulis.

| know that the time for planning this event has
been exceedingly short. Great dermands have been
placed on the plannting committee, the working
group chairs, and the group participanis, Even
greater demands will fall upon your shoulders
today as you are asked to develop and draft
consensus documents In each of the nine issue
areas,

As you go abaut your work, you will have as
your number one concern tha well-baing of all
Amaricans who are exposed to dangerous levels of
noise.

This s not a conference to re-plow the ground
already tilled by the groups and in the Reports that
I've just detallad, Rather, it is 2 meeting to build on
the foundation provided by these Repors and
develop a realistic approach to reducing the threat
of noisg-induced hearing loss, We wanl to look not
only at what is desirable, but at what is possible.

Politics bas been defined as the art of tha
possible. Congressman Durbin can help us define
just what is and Is not possible in the current
pafitical ciimate. I'm sure many of us thought it
would be impossible to fly on a commercial airine
without exposurs o cigarette smoke, After all, the
tobacco lobby is very effectiva, But not always.
Congressman Durbin, with the support of millions
of Amaricans, decided it was both desirable and
possible to change that situation. Eventually,
legislation was enacted that pracludes smoking on
flights of all duration.

Congressman Durhin has decided that it is not
only passible, but desirable, to provide the funds
necessary to reactivale the Environmental Protec-
tion Agency's Office of Noise Abatement and
Control. He and soms of his colleagues have
Introtuced legislation o that effect. Until 1981, the
Office of Noise Abatemant and Control tad served
as the coordinating mechanism for many of the
federal government's noise control activities, State
and lacal government noise control eHorts were
supported by limited federal financial assistancs,
but technical support was substantial and effective,
The issue of the demiss of the Office of Noise
Abatement and Contral, the possible lapse in state
and local activities related to that office's demise,

12

and private effors at noise control — are subjacts
for today's meeting.

Whatever course or courses of action this group
ultimately recommaends, | am convinced that tha
development of a positive, working relalionship with
policymakers on Capitol Hill will be important to our
goal of reducing enviranmental noise, Policy-
makers can benefit from the expertise that you
bring to the issue, and we can all benefit from a
dose of "palitical reality” as we design a response
to this problem.

Each group will examinea the many opticns
avallable for the reduction, contral, andfor alimina-
tian of noise in a particular area of deliberation.
ASHA has no praconceived notion as to what the
final Raport of this meeting shauld or will contain,
We know that the problam ef noisa-induced
hearing loss and extra-auditory effacts is a serious
one. We know that without a concerted effort the
problem will only get worsa. We know that all
segments of American society mus! be united In
efforis lo lessen this dangerous threat to our health
and productivity, Public education, governmeant
measures, private actlons, and individuai responsi-
bility should unite to produce the appropriate and
effettive respense.

COMBATTING NOISE IN THE 90s
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A NATIONAL STRATEGY FOR THE

UNITED STATES

Remarks of Representative Richard J. Durbin (D - IL)

Earlier this year, | asked the Selact Committee
on Children, Youth, and Families 1o hold a hearing
to Investigate a few aspects of noise-induced
hearing loss. Except for the important research and
education activities of the National {nstitute of
Deafness and Other Communication Disorders, |
was startted by the lack of clear health policy goals
in this area.

Based on what | have read and heard about
noisa-Induced hearing less and its growing threat
to children and adults, ) strongly believe that the
faderal government can no longer ignare this
significant public heaith threat.

Ona troublesome example cited at the Select
Committea’s hearing is the lowerad military indug-
tion standards for potential recruits. Apparently,
bacause so many adolescents shaw up with high-
frequency hearing loss, the military has had to
lower its acceptable standards with permissible
hearing loss of up to 45 dB at 3000 Hz and 55 dB
at 4000 Hz, with no Induction standards even
specified for 6000 or 8000 Hz. As an expert pointed
out, “The communicative performance of indjvidu-
als with this degree of hearing loss in conditions of
background noise, as experienced in military
operations, could be seriously degraded.”

Disregard for the moment the implications of this
statement for the military and those who serve.
What impressed me about this example is the fact
{hat obviously something Is happening 1o the
hearing of an entire generation of Americans from
all socioeconomic and other backgrounds. It seems
to me common sense tha! this should cause alarm,

There are countless other examples of evidence
that hearing in young adults is at risk. In this era of
budgst restraint and deficlt concern, what actions

COMBATIING NOISE IN THE '90s

can stil! be taken to deal with this growing
problem?

| asked the witnesses at the Select Committee’s
hearing for their recommandations for federal
action, The suggestions ranged from funding the
EPA Offica of Noise Abatemant to providing
hearing health education for elementary and
secondary school children, All of the racommenda-
tions given that day were produciive and important.
Yet, it was apparant that this important Issue, if it is
to be successfully addressad, requires mora than
the suggestions of several witnessas and exparts,
An effective and warkable policy requires a con-
sensus,

In addition, it was apparent to me that mambers
of Cangress need to be educaled about noise and
noise-induced hearing loss — an education not
provided by one day of testimony,

So | am here today 1o ask you — a diverse
collection of axperts in the area of noise — lo
discuss sirategies for the fedesal government to
combat nolse in the 1990s. Your work may not only
present a blusprint for federal aclion, but may also
sarve to alert members of Congress unaware of the
problems with noise.

| realize there are many viewpoints represented
here, from people with various backgrourids and
not necessarily shared apinions. However, | hope
that the diversity of opinion will lead to strategies
that can withstand the rigors of the legislative
process.

! would also like to say a word about the past.
No one would disagree that the federal government
fumbied its responsibility once, | cannot predict it
will do any better a second time, But | firmly believe
that with hislory as our guida, we can do a far

13



COMBATTING NOISE IN THE '90s » DECEMBER 17. 1991

beiter job of formulating creative, cost-effective and
long-lasting strategies for combating noise.

i would like 1o mention that Congresswaman
Patricia Schroeder, who chairs the Select Commit-
tes on Children, Youth, and Families and has
worked with me closely on this issue, could not be
here loday but has left a statement thanking you for
your werk and encouraging you in these endeav-
ors,

Additionally, | would like 1a thank Dr, Patrick J.
Carney, Prasidant of the American Speech-
Language-Hearing Associatien, Dr, Charles
Schmid, Executive Director of the Acoustical
Socialy of America, and Dr. Jerome Goldstein,
Executive Vice-President of the American Acad-
emy of Otolaryngology-Head and Neck Surgery,
for their cosponsorship of the conference. As well,
| would like 1o thank Frederick Spahr, Evelyn
Cherow, and Sydney Olson of ASHA, for their
tremendous work in bringing this cenference
together,

Agalin, | want to thank you for taking time out of
your busy holiday scheduie o help find solutions to
the problem of nolse, | have been vary imprassed
with those of you whom | have had the pleasure lo
maest and work with, and | look forward to cantinu-
ing to work with all of you in the future.

Remarks of
Representative Patricia Schroeder (D - CO)

Chairwoman,
Select Committee on
Children, Youth, and Families

| join my colleague, Representative Durbin, in
walcoming experts and advocates to this confer-
ence on the development of an effeclive noise
control palicy. | wish to thank the participants,
including the American Speech-Language-Hearing
Assoclation, the Amarican Academy of Ololaryn-
gology-Head and Neck Surgery, and the Acoustical
Society of America, for meeting today to seek
consensus on this important topie,

in July, the Selsct Commitiee on Children,
Youth, and Families, which | chair, held a hearing,
“Turn It Down: Effacls of Noisa on Hearing Less in
Children and Youth." Audiologists, oiplaryngolo-
gists, consumers, educators, and a musician
testified that excessive noise presents a serious
danger to the hearing of all pecple. Children today
are at particuiar risk: not only can some of their
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favorite aclivities harm their hearing, but increasing
noise levels place them in danger of living in the
noisiest society in human history.

Yet noise-induced haaring loss is preventabls,
Wa can prolect children and adults from unsafe
nolse, and educate them to preserve their hearing.
Witnesses at the Select Committee hearing recom-
mended rg-establishing an oflice of nalse contral,
putting warning lights or devices on personal
stereos, placing labels on tools and appliances,
enclosing earplugs with noisy tocls, and instituting
noise education programs.

Following the hearing, | received calls and
latters from pecple all over the country, expressing
concern over neise in their communities, and
calling for renewed action by tha federal govern-
ment, Their strong concern indicates that the noise
problem is aking a serious toll on people in our
cities, suburbs, and rural areas, and that a man-
clate exists for action.

Last month, Rep. Durbin and | introduced the
Office of Noise Abatement and Control Establish-
ment Act of 1991 (H.R. 3710), a bill to restore
funding for an office of naise abatement and control
within the Environmental Protection Agency. This
legislation, which would revive EPA research and
enfarcement activities, takes a first step in combat-
ting noise.

The recommendations that emerga from this
conference will play an important role in defining
priorities for lagisiation and palicy implementalion,
Finding effeclive approaches that reduce notse and
protect hearing will be an Increasingly important
haalth strategy In the coming years. [ wish you
much success In this conference, Tagether we can
take decisive action.

COMBATIING NOISE IN THE '?0s



INTRODUCTION

Evelyn Cherow
Alice H. Suter

Noise. Loud, confused, senseless shouting or
oulcry; a sound that lacks agreeable musical
quality or is noticeably unpleasant; any sound that
is undesired ot Intertares with one's hearing of
something; an unwanted signal or a disturbanea in
an electronic communication system. {Webster's
Ninth Callegiate Dictionary, 1983)

Noise poilution. Environmental pollution
consisting of annoying or harmful neise (as of
automaobiles or jet airplanes}. (Webster's Ninth
Collegiale Dictionary, 1983)

In 1972, the 92nd Congress of the United States
passed Public Law 92-574, The Noise Conlrol Act
of 1972 (NCA), “ta contral the emisston of noise
detrimental to the human environment, and for
other purposes.” In 1978, the Act was amended by
the Quiel Communities Act. The rationale for
passage summarized in the Findings and Policy
saction of the law stated:

Sec, 2, (a) The Congress finds-

(1) that inadequately controlled neise prasents
a growing danger to the health and welfare
of the Nation's population, particularly in
urban areas;

{2) that the major sources of noise include
transportation vehicles and equipment,
machinery, appliances, and other products
in commerce; and

(3) that, while primary responsibility for control
of nolse rests with State and |ocal govarn-
ments, Federal action is essential to deal
with major nolse sources in commerce,
control of which requires national unifor-
mily of treatment.

COMBATIING NOISE IN THE '90s
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{b) The Congress declares that it is the policy of
the Uniled States to promote an anvironment
for all Americans free from noise thai jeopar-
dizas their health and wellare. To that end, it is
the purpose of this Act to establish a means for
effective coordination of Federal research and
activitias in noise cantrel, to authorize the
ectablishment of Federal noise emission
standards for products distributed in com-
merce, and to provide information to the public
respecling the noise emission and nolse
reduction characieristics of such products.

Ta implemant this statute, the Administrator of
the United States Environmental Protection Agency
(EPA) was Identified as the individual responsible
for coordinating the noise research and nolse
control pragrams of all fedegral agencies. Each
fedaral agency was to consult with the Administra-
tor in prescribing standards or regulations respect-
ing (sfc) naise.

In 1981, the Uniled States Office of Manage-
ment and Budget recommended that no funds be
appropriated (or the Office of Nolse Abatement and
Control (ONAC) at the EPA. Since that time,
Congress has chosan not to fund ONAC, while
leaving the statute which crealed the office in
alfect, The result has bean to render the EPA
impotent to implement its responsibilities in noise
control and reduction. As the 1991 report lo the
Administrative Conference of the United States,
“The Darmant Noise Coantrol Act and Oplions to
Abate Noise Pollution,” states, “Of tha twenty-elght
environmental and health and safety statules
passed belween 1958 and 1980, the Noise Centro)

15




1 COMBATTING NOISE IN THE ‘905 » DECEMBER 17, 1991

Act of 1972 stands alone in being stripped of
budgetary support.”" (Shapiro & Suter, 1991/
November?.

Net surprisingly, the noise pollution problem
continues to worsen, In 1891, ihe Qrganization for
Economic Co-operation and Development (OECD)
published a report of a project on noise abatement
policies in member countries, Fighting Noissa in the
1890s. Although the repen addressed the status of
noise problems and effectiveness of control
policies In Australia, France, Germany, Japan, the
Netherlands, and Switzerland, it also managed fo
capture the issues and potential solutions of
relevance to the United States, Far this reason, the
planning comminee for this sympostum repont
adopted a similar tille to exprass salidarity with the
views of our OECD colleagues.

The OECD (1991) report conlends that “analysis
of recent frands regarding both exposure fo noise
and implamentation of noise abatlement policles
gives no ground for opfimlsm as 1o the luture
developmant of the acoustic environment ...
Increasing road and alr trafiic is tha main reason
for this ... Neighbarhood noise is having a consid-
erable impact on populations but measures taken
against this form of nuisance seem inadequata in
practically all countries ... Changes in noise
sources and thelr conlinuous rapid growth over
recant years constitule a challenge which, on the
whole, noise abatemnent policies pursued in the
majority of OECD countries have not succeeded in
meeting; nor, have they met tha expactations of the
puhlie, for which naoise is one of its major concerns
in regard to the local environmeni and the quaiity of
life."

The outiook for the United States may be
equally dim if the vacuum for coordination of nolse
control efforts Is not filled. Major reparts from both
public and private agencies over the past several
years have urgad the restoration af a coordinating
federal agency with rasponsibilities for noise
control activities for the United States. (National
Institute on Deafness and Other Communication
Disorders, 1990; National Institute for Occupational
Safety and Health, 1988; Shapiro & Suter, 1991).
untit recentty, a lederal response to these recom-
mendations has not been forthcoming,

A concurrent and relevant trend gaining more
attention from pelicymakers concems the emphasls
on increased haalth promotion and disease preven-
tian efforis in response to the soaring healthcare
costs of the nation. The 1990 U.8. Public Health
Sevice report {1990}, Healthy Paople 2000:
National Health Promoltion and Disease Prevention
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Objectivas, provides measurable targets for
creating a healthy society by the year 2000, A
sectlon of the report devoted to environmental
healih includes specific objectives concerning
asihma, lead ingestion, walerborne diseasas,
chemical poisoning, air pollutanis, radon, toxic
agents, solid waste disposal, and drinking and
surface water.

With regard {c envireanmental noise reduction,
however, the Research Needs section of the
chapter, Environmental Health, statas:

Over 21 miliion Americans suffer hearing
impairment. In 1988, 90.8 per 1000 people
had hearing impairments and 7.5 per 1000
were deafl in both ears. There are approxi-
mately 28 million people in the United
States with impaired hearing. Approxi-
malely 10 miltion of these cases are
associated with loud neise. For many of
these individuals, exposure to occupational
and recreationai nolse has caused irrevers-
ibla damage to the inner ear. However, itis
unclear whether the incidence of hearing
impairment has risen In recent years,
because few studies of noise-induced
hearing loss have been conductad. Addi-
tional research on the prevalence and
severity of environmental noise pollution is
needed so that appropriate public health
protections can be implemented, {p.335)

The report charges EPA with the respansibilily

far regulating environmental hazards but neglects ;

ta identify nofse as one of the poliutants for which
EPA has legal jurisdiction. n addition, the repor,
Healthy People 2000, overlooks curreni research
findings found in critical reports from other federal
agencies, One can only assume that |he fack of a
federal coordinaling agency serving as a resource
on neise effects and policies led to this omission.

With this knowledge, Ren. Richard Durbin {D-IL)
Initiated congressional hearings and this sympo-
sium to hear from the professional community of
national expens on noise abaut the current status
of noise problems in this country and the appropri- ‘
ate federal action needed (o address these con- i
carns. Qver 120 professional experts convened at !
the Amarican Speech-Language-Hearing Associa-
tion {ASHA) haadquarters in Rockville, Maryland to
synthasize the findings that have preceded this
measting and offer concrete solutions ta the current
noise polfey dilemma facing our legislators, A X
unique coaliticn of organizalions consisting of
ASHA, the sponsoring arganizatian, and co- !

COMBATIING NOISE IN THE 90l
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spansors, the Acoustical Saciely of America, and
the American Academy of Otolaryngology - Head
and Neck Surgery, merged resources to support
symposium activities.

Nine working groups were identified: Hearing
Loss: Occupational and Non-occupational {);
Physiological and Psychological Effects (I1);
Speech, Sleap, and Community Annayance (Il);
Stationary Naise Sources (IV); Mobile Noise
Sourcas {V); Consumer Noise Sources and Hear-
ing Protection (VI}; Public information and Educa-
tion (VII); State and Local Strategies (VIIl); and
Regulatory Alternatives (IX). Each group delibar-
ated and came 1o consensus on recommandations
specific to their topic area. Those detailed recom-
mendations are lIsied within the chaplers that
follow. A briet summary of key symposlum recoms-
mendations is found here.

Conference Summary

There was general agreement among confer-
ence participants that excessive noise represents a
threat to the public health and welfare, and that a
strong federal program should be re-established to
serve the public’s needs. Most agread thal the
logical home of this program Is the United States
Environmental Protaction Agency {EPA). This
noise program should play a coordinating rale
among federal, state, local, and private arganiza-
tions, and it should encourage all federai agencles
to enforce thelr existing noise regulations. Ap-
proaches to nolse abatement, such as product
labeling, national and international consensus
standards, and various types of Incentivas should
be given the most serious considaration, Certain
research programs need to be undentaken and
criteria need to be revised. National trends in noise
exposure need to be updated, and the physiologl-
cal and psychological effects of nolse need to be
further explored, as do the effects of noise on
sleep, spaech, and annoyance. Financial and
technical assistance (o state and local noise
programs should be resumed, A serious need
exists for public information and education so that
informed Individuals may choose quister products
and environments.

Individual Group Summaries

I Hearing Loss: Occupational and Non-
occupational, Working Group | relied upon
wo source documenls: (&) The NIH Consen-
sus Statemant on Noise and Hearing Loss (see
Appendix I} and (b) the NVOSH Proposed

COMBATTING NOISE IN THE 90s

National Strategy lor the Prevention of Noise-
Induced Hearing Loss. Many of the working
group's members had participated in the
davelapmant of both documents, and the group
endorsed the findings and recommendations of
thesa reparis, Specifically, the working group's
recommandations are:

+ The federal government should enforce
existing nolse regulations and apply them
uniformiy across the industrial work force.

* A program should be established 1o
coerdinate the faderal effort to limit noise
exposure and protect hearing.

* A national educational program in the
prevention of ncise-induced hearing loss is
neaded for professionals and for the
general public.

il. Physlological and Psychologlcal Effects.
Working Group !l agreed that while not un-
equivocal, research evidence suggests that
prolonged exposure to noise levels found in
many faclories and extrema community
environments can cause adverse physlological
alfects, most notably increases in blood
pressura, Despite the associative evidence,
however, consensus [s still lacking as to
whether or not noise directly causes these
effects. Therafore, the group offered the
foliowing recommendalions:

« Epidemiclagical, human [aboratory, and

antmal-model research should be sup-
perted using a coordinated, integrated
strategy.
Certain psychological effects need to be
axplored further with prospective studies.
The complex relationships between
psychological and physlological variables
nead fo be examined mere closaly to
provide crucial infarmation about the
mechanisms underlying physiological
oulcomes.

EPA should provide the funding, with he

possible involvemnent of other agencies,

and agencies and national centers of
excellence should be established to
undertake such interdisciplinary reseaich.

. Speech, Sleep, and Community Annoyance.
Working Group 1ll's recommendations are:

* A ceniral agency should be established 1o
represent the broad public interest in
environmental nolse impacts, This agency
should have primary responsibility for
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collecting, interprating, and disseminating
noise-related information and rasearch
findings.

Maljor research needs concern the impact
of noise in remole, rural environments, the
impact of infrequent and low-lavel noises,
and the effects of Impulsive sounds.

Tha Day-Night Average Sound Leval
(DNL) is a widely useful descriptor of
environmental noise exposure and a
predictor of the prevalence of annayance in
residential communities. However, addi-
tional specialized metrics may be useful in
anvironments such as schools, lacture
halls, hospitals, outdoor recrealion, and
low population density areas, and for
unusual circumstances of noise exposure,
Stationary Noise Sources, Waorking Group |V
concentrated on stationary noise sources,
ingluding inclusirial machinery and ils compo-
nents and complete industrial facilities and
recommended:

+ Because noise-induced hearing loss is a
major cancern, equal protaction, including
hearing conservation requirements, should
be extended to all employeas in all indus-
fries.

A federal antity should oversee such nolse
activities as labeling the acoustic power of
industrial machinery, assisting slate and
local governments, coordinating all noise
activities in the United States, sponsoring
rasearch into noise control technigues, and
educating the public,

There is a need for Incentives, in the form
of economic benafits and public recogni-
tion, to encourage industry to control noise.

Moblfe Noise Sources. Working Group V
recommended the noise office in the EPA
should be established. This office should be
staffed by highly qualilied individuals and it
should provide lsadership and coordination,
foster international trade by reducing noise-
related trade barriers, and engage in product
noise labeling.

s The Noise Office should address the
growing public concem about nolse by
helping to dafine noiss impacis, guiding
criteria development, and functioning as a
citizens' advocates, particularly in the area
of aircraft noise,

* The Noise Office should have limited
regulatory powers, but should work coop-
eralively with other agencies, help re-
astablish state and local noise programs
and disseminate information, and by doing
50, assist in the maintenance and improve-
ment of the quality of lite.

Source noise control for railroads and
aircraft should reside in the Department of
Transportation, and local governments
should be permitted to control noise from
rall yards,

VI. Consumer Nolse Sources and Hearing

Protection, Working Group V|'s recommenda-
tions ara:

= The most effictant and sffective means to
respand lo the problems created by noisy
consumer products is 1o charge a federal
agency with noise abatement, such as
EPA's Oifice of Noise Abatement.
One of the noise agency's principal tasks
should be the development of regulations
for the labeling of noisy cansumer products
with bath nolse hazard and sound level
ratings, and revision of the existing hearing
protecior Noise Reduction Ratings {(NRARs)
to provide truly useful data, The labels
would warn consurners about actinns they
shoultd take 1o protect themselves, and
pravide information to assigt them in
making informed purchasing declsions,
thus crealing an incentive for the davelop-
ment of quieter products,
The federal noise program should support
research 1o cblain data characterizing the
typical noise doses of non-occupationally
naise-exposed adults and children,

Vil. Public Information and Education. Working

Group VI identified a great need to provide
meaninglul education to the public about how
1o pravent the harmful and annoying effects of
noise, An educated public that knows more
about praduct selection and noise abatement
could take a more active role in achieving a
quieter environment.

* Target groups far public information and
education must include children and youth,
aduit citizens and consumers, training
programs, practitioners in influential
professions, and speciiic groups at higher
risk.

COMBATIING NOISE IN THE '90s
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+ To achiave the maximum impact, educa-
tional efferts should follow current health
promaotian techniques for establishing and
malntaining behavior change.

Vill, State and Local Strategles, Warking Group
VIill's recommendations are:

« Re-establish an entily (e.g., the Office of
Nolsa Abatement and Control) within EPA
that would be an advocale far regulatory
and non-ragulatory community noise
managemaent.

Funding for this noise offica should be
appropriated, including support for state
and local grants, for which critaria and
mechanisms should be daveloped.

To encourage a process of innovation and
information feadback, earlier Initiatives
similar to the "Each Community Helps
Others” (ECHQ) program and the Technl-
cal Assistance centers should be re-
astablished, along with devaloping an
electronic Interactive communication
systam for information exchanges.

State and local noise strategies involving
both public and private sector approaches
should be initiated.

Model community nolse ordinances and
basic educalion and training should be
provided to private seclor individuals as
well as to state and lecal naise officials.

X, Regufatory Alternatives. The main recom-

mendations of Working Group IX are:

» The funding of EPA's Offica of Noise
Abatemsnt and Control,

« Establishment of a national noise control
aclion plan,

» Distribution of responsibilities among
federal agencias and among federal, state,
and local gavernments,

* Requirements for noise source lesting by
accredited laboralories,

s The crucial baseline documents, such as
the Levels Document and the Guidelines
for Preparing Environmenlal impact
Stalements on Noise, should be updated,
and trends in national noise exposure and
abatement in compliance with the Noise
Contrel Act of 1972 should be docu-
mented,

COMBATIING NOISE IN THE '90s

+ Federal support and pariicipation in
naticnal and intarnational noise standards
efforts should be implemented, These
standards activities would be cost-effective
and in the national interest, with respect to
foreign trade and competiliveness.

* The EPA's noise office would benefit from
ihe use of technical advisory committees
through tha Natienal Research Council.

The work of this conierence was accomplished
through 1he collaborative efforts of audiologists,
hearing scienlists, acoustical engineers, land-use
planners, and atolaryngologists who beligve that
noise has deleterious efiects on the health and
welfare of children and adults—our families,
friends, colleagues, and clients. The sympaosium
report offers strategies for atfecting change in the
noise control policy of our nation and for ensuring
international cooperation in the nolse ahatement
arena.
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NOISE IN THE UNITED STATES

Alice H. Suter

It has been nearly 10 years since the Environ-
mental Protection Agency's (EPA) Office of Noise
Abatement was closed, The stated raason for
cutting off its funding was that maost noise problems
are highly localized, and states and localities
should have the opportunity and the responsibility
to direct thelr own noise programs.

But the de-emphasis on regulation and on a
strong fedaral program produced a very different
eifect, States and localities suffered from the loss
of federal leadsrship and technical support, as well
as reduced budgsts, and their noise programs
have all but disappeared. Moreover, tha loss of
fadaral leadership from EPA has prompted other
federal agencies to cut thair noise programs. In
addition, several of EPA's noise ragulations have
ramained on the books to pre-empt efforts by
states or focalities to tighten or madarnize them.
And yet, virtually alt of thesa regulations are
unenforced.

Not ali nolse activities have been in hibernation
since 1982, Some noise sources continue to be
researched and controlled, Noise measurement
instrumentation has been considerably improved,
and there has baen a fair amount of research on
noise effacts, much of it by our European col-
leagues. In general, however, there has been a
decline in the prevention, research, and control of
noisa in the United States.

Perhaps those who closed the EPA's Noise
Office thought that the problem would go away. It
hasn't,

The population of the United States has in-
creased about 11% over the past decade, and the
rate of growth in urban areas is twice that of non-

COMBATIING NOISE IN THE 90s

metropolitan areas. Bacause noise levels in
communities are directly related to population
density, It is sale to assume that the noise problem
is increasing at least as rapidly as the population,
Noise from certain scurces appears 1o be increas-
ing at a faster pace than the popuiation. A hrief
summary of the various noise sources would ba
helpful here:

Road traffic nolse was the leading source af
community noise a decade ago, and probably
remains so today. The number of trucks registered
in the United States increased about 35% between
1980 and 1989. Noise from buses, automabiles,
and moiorcycles contributes to the tralfic noise
problem as well,

Alr trafflc also appears fo be increasing more
rapidly than the U.S. population. Betwean 1980
and 1990 there was a 79% increase in passenger
mileage and an 86% increase in air [reight mileage.
The introducticn of Stage N aircraft should promote
a quister snvironment, but the phase-out will occur
gradually over the next 12 years. The growth of air
lransportation and the pressing need for airport
expansion threatens to ofiset these benpefits,

The impact of noise from rallroads may aciually
have decreased because rail traffic seems to have
decreased during the last decade. However, noise
from enginas, horns, and whistles, as well as from
switching and shunting operations, can and doses
still impact neighboring communities and railroad
workers,

The eonstruction industry has dona well over
the past decade, although activity has slowed
racently. The construction gross national product
{GNP} has increased by 153% since 1977, and the
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number of construction workers has increased
about 21% since 1880, This increased aclivity was
most likely accompanied by increased noise.

The extent of the noisa emission problem in the
manulacturing industries has probably not in-
creased significantly in recent years. Although the
industrial GNP has grown, the work force has
detlined. From the worker's perspective, ccoupa-
tional hearing loss is slill a very serious problem,
and the Oceoupational Safety and Health Admini-
stration's reluctance to enforce the requirements
for engineering contrels certainly has not helped.

Noise within bulldings, such as amplifiad
musle, voices, and footfalls continues fo be the
most frequent environmental complaint of apart-
ment dwellers, It appears that the knowledga to
solve these problems is not beaing applied, and, in
fact, the quality of construction is declining.

Noise from consumer products is no lass than
it was 10 years ago, and probably greater because
of the Introduction of numerous new products, such
as gascline-powered leaf blowers and noisy toys.
Noise from cerain recreational activities, lke
sporning events and “boom cars,” appears to be on
the rise, Increasing the likelihood of non-occupa-
tional hearing loss.

In 1974, EPA estimaled that nearly 100 millfon
Americans lived in areas where daily average noise
levals exceaded its identified safe level of 55 dB.
This number is likely to be somewhat higher today,
but eurrant estimates are not available for the
United States.

Duwring this meeting we will attempt to sort
through the many neise Issuss, decide what needs
to be done, in what order and how, and basically
plan a strategy for the nation. It is an awesome
task,

While we do our work we need o remember that
nolse is a quality-of-life Issua. It dossn't kill people
or make them visibly sick. Some, therefore, would
give It a relatively low priority, But the quality of life
Is very imporiant to somaone whose solituda is
shattersd by a low-flying military aircraft while
hiking in the mountains. It is alse important to the
light sleeper who is awakened habitually by early-
morning refuse collaction, and to the apartment
dweller who Is chronically subjected to the pound-
ing of a neighbor's stereo. The worker whose
hearing has been impaired by long-term sxposure
to noise has lost a portion of life's quality ferever.

The quality of life also has & bearing on siress,
and, as we all know, stress can bg caused or
exacarbated by noise. Nowadays, the relationship
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between stress and health is becoming increas-
ingly clear.

The purpose of Ihe Noise Control Act of 1972
was 1o protect the public health and welfara, and it
is Important to nota that the slatute never sepa-
rates the lerms heaith and walfare. This isin the
tradition of the World Health Organization, and
EPA followed this poticy throughout jts “Criteria”
and “Levels" documents, and its regulatary activi-
ties. Health and welfare are never separated. To
separale health and welfare would tand 1o Iriviafize
the annoyance effacts and to draw an artificial
distinclion, although this is exactlly what some are
trying to do,

Mast reasonable people would agree that we
need a strong national noise pregram, and the
Jogical place to begin would be to initiate the
reopening of EPA's noise office. Congressman
Durbin has done just that by intreducing legislation
to fund the Office of Noise Abatement and Control
at EPA.

Unfortunataly, there are some whose mermaories
of EPA's Office of Nolse Abatement are not pleas-
ant, and who would ba inclined aither to oppase
any federal noise program or to fragment It by
dividing the responsibilities among several agen-
cies. To do this, howaver, would be to throw the
proverbial baby out with its bath water. Just as we
didn't {erminate the space program when tha
Challenger blew up, we shouldn't oppose the
resuscitation of EPA's noise program.

There is no doubt that EPA's Noise Office was
unpopular at times, espeacially among those whose
activities or products were regulated. But a new
Noise Office would have a new slaff, naw ways of
approaching problems, and a new personality.
There is a lot of work for such a pragram, and the
nation needs it.

COMBATIING NOISE IN THE '90s
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ENVIRONMENTAL NOISE: AN
INTERNATIONAL PERSPECTIVE

Clifford R. Bragdon

Introduction

The lssue of environumental noise is not limited
by any geographical or political boundaries. This is
particularly apparsnt as we fransport people,
goods, and natural resources in the global econ-
omy. Noise Is being experienced on a world-wide
internatiopal basis,

All of this activity occurs within the earth's
biosphers, which Is the lifa support system for the
warld's population, The strategic planning of this
three-dimensional space is critical for human
survival, and nolse Is one of the environmantal
attributes that can diminish human comfort and
enjoyment (Figure 1),

ENVIRONMENTAL PLANNING
ELEMENTS

1
SPATIAL
1
TEMPORAL

SENSORY

Figure 1
Throe strategic elaments for
environmental planning.
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There are at least seven factors that are contrib-
uting to the issue of noise and strategies for this
control from an Internaticnal perspective.

Source Growth

Tha sources of noise that contribute to an
increasing ambient condition are growing in
absolute terms. In western Europe, for example,
commarcial air transportation traffic Is growing at a
rate of 10% per year, as reperted by the Organiza-
tion for Economic Co-cperation and Development
(CECD). Surface transpartation, particularly
automobiles and trucks are increasing in substan-
tial numbers as well, which Is having an impact
upoh communily rasponse to noise, Disturbance
assoclated with vehicla nolse is up 70% aver the
past 25 years in The Netherlands,

Source Power

The source of pawer (e.g., engdine output)
appears to be increasing along with the number of
sourcas, Greater pay loads are necessary to
maximize profits, which require mare engine
displacement. Oftentimes these largar power
plants, whether they ha slationary or mobile,
generate higher levels of noise. Ta some extent
this can be offset by improved design and noise
performance standards, High-speed rail using
largar propulsion systems appears {o be the most
significant transit-based ncise problem.

Source Mobility

Mobility appears to be the backbons to our
transponation-based economic system. Transpor-
tation carridors are growing on a three-dimensional
basis: aerial, surface, and subsurface (Figure 2).
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Airspace altocated far alr-traflic controi for both
military and civilian activity continires to grow, At
the surtace levetl, the readways, raiiroad, and
watarways combined with alr constitute over 4.5
million miles in the United States. This contributes
o more travel and assoclated noise. In the past 15
years, vehiclas miles have nearly doubled,

SONQGRAPHY
SOUND + GEOGRAPHY
7 N\
KINETIC TEMPORAL
THREE
DIMENSIONAL
Figure 2

Sonofraphy: A threa-dimensional perspective of
sound - hoth stalic and kinatic,

Source of Replacement

Certain sources are being replaced or recycled.
Frequently, they are removed from the eirculation
and quieter more energy-efficlent products are
introduced. This is now oceurring with the introduc-
tion of Stage 3 aircraft by both the Federal Aviation
Administration {(FAA), and the Interrational Civil
Avlation Crganization ({CAQ) member countries. In
some Instances, these earlier generation aircrafl
(l.e., Stage 1 and 2), remain in circulation and are
being found in many third-world countries, theraby
exporting the noise problem to new locations as
those countries try to Improve their economic
condition.

Population Growth

There is a direct relationship betwean population
siza and noise generation, as reported by the
United States Envirenmental Protection Agency.
The world's population continues to grow in abso-
lute tarms, with countries experiencing varying
growth rales which in turn produces greater levels
of noise. In certain more industiialized countries
having relatively stable populations, rioise centrof
regulations are very comprehensive and stringent.
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Popuiation Distribution

The setllement patterns of the population and
their geographical distribution in relatienship to
naise-related sources (l.e., roadways, alipoits,
powar slations, heavy manufacturing) can be of
strategic importance. Pepulation densities continue
to risa, placing increasing pressures on human
saltlement pattams being exposed 1o noise-related
sources. There are 20 urban areas worldwide that
have populations per square mile from 55,000
(Caracas, Venazuela) up to 270,000 (Hong Kong}.
At least 17 countries have installed parmanent
airport noise monitoring systems in the vicinity of
selected airports for evaluating this noise source
and its impact on the population (Figure 3). Noise
surveillance systems along with other envirenmen-
tal sensors will be mere commonplace in the lulure,

LETEE RS R RIS SRR 222 XS RE RN SR ]

Country Numbor County Numbaor
I FE RS RRTIEFANZERESAZ A R AR AN SRR Y]}
United States 23 Danmark 1
Wast Germany 8 Groeca 1
England ] Hungary 1
Cnnada 3 Indonesia 1
Franco 2 Israel 1
Spain 3 naly 1
Austiis 2 Netherlands 1
Japon 2

Swhizorland 2 M TOTAL 56 _“

L R T T Y YY)

Figure 3
Permanent civil airport nofse monitoring systems
International.

Space Use Planning and Management

Because space and lime are finite resources, it
is critical that they be managed in a very effective
manner, The word “space” must be substituted for
“land-use” in planning because we are dealing with
three planes that are cempased of varying els-
ments {i.e., air, earth, water) {Figure 4). Stringent
space use contrels are In place for planning new
settlements with spaecific noise protection areas,
such as those esiablished in Germany. The largest
clvil airport sound Insulation program resides in
England where over 50,000 dwellings have baen
treated at a cost of over 34 million pounds, De-
pending upen the country, there are both proactive
and reactive noise complaints. In certain countries

COMBATIING NOISE IN THE 905
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SPATIAL

THREE PLANES
AERIAL

SURFACE

SUBSURFACE

Figure 4
The three-dimensional planes assoclated with a
spatial onvironment.

such as France, they are mora proaclive where
pilot towns are given a 50% subsidiary for 3 years
to reduce noise by traffic management, noise
mapping, and relaled town planning lechnigues.

A varlety of strategies for contrelling nolse can
be found throughout the world, Thesa techniques
can exist in many countries of tha world. Noise
control strategles are extremely important as the
warld's population continues to grow and popula-
tion denslities Increase, all of which challenge our
three-dimensional visian for protecting man's
blosphera. The European Cormnmunity Is moving
further to lower nolse limits along with ICAC, The
North Atlantic Treaty Organization (NATO) and the
Commiltee on tha Challenges of Madern Society
have glven focus to the issue of aircralt noise and
control among the member counties, The most
eifective solutions to minimize naise must be done
on an International playing field,

COMBATTING NOISE IN THE '90s
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SUMMARY OF THE NIDCD NOISE
AND HEARING LOSS CONSENSUS

CONFERENCE

James B, Snow, Jr.

| want to thank the organizers of this symposium
far inviting me to present a summary of the Noise
and Hearing Loss Consensus Conference, held at
the National Institutes of Health on January 22-24,
1990, and sponsored by the National Institute on
Deafness and Other Communication Disorders
(NIDCD) and the Office of Madical Applications of
Research.

As you may know, tha NIDCD has as ils mission
the suppert of research and ressarch training in the
normal and disordered processes of hearing,
balance, smell, taste, volce, speech, and language,
As the Instilute responsible for ressearch in human
communication, NIDCD Is extremely inferestad In
the effect of noise on human hearing. Research
projects In the hearing area recelve 58% of the
NIDCD's currant grant support, We know that of
the 28 million Americans who suffer from hearing
loss, 10 million have noise-induced hearing loss.
Wea also know that 20 million people in the United
States are exposed, on a regular basis, to danger-
ous levels of noise in their occupations. Noise-
induced heating loss (NIHL) also occurs in non-
occupational settings, principally in small arms fire
as in target practice and hunting and in the use of
power tools, It is now recognized thal noise-
induced hearing loss begins in lale childhood and
tha teenage years, particularly in boys,

Conclusions and Recommendations
Several of the conclusions and recommenda-
tions from the Noise and Hearing Loss Consensus
Statement (see Appendix |} should be heipiul as

background information for your work today.

COMBATTING NOISE IN THE '90s

The conferees concluded that:

+ Sounds of suliicient intensity and duration will
damage the ear and resull in temporary or
permaneant hearing loss at any age.

+ NIHL is characterized by specific anatomic and
physiologic changes in the inner ear.
= Saunds with levels less than 75 dB(A), even
after long exposures, are unlikely to cause
parmanent hearing Inss. However, soeunds with
|evels above B85 dB(A) wilh exposures of 8
hours par day will produce permanent heating
|ess alter many years,
There is a broad range of individual differences
among pecple in the amount of haaring loss
each suffers as a result of identical exposures,
This fact is especially important when com-
hined with the concept that current scientific
knowledge is inadequate lo predict that any
paricular individual will be safe when exposed
to & hazardous nolsa.

Participants recommended that:

= Because sources of potentially hazardous

sound are present in both occupalional and
nan-occupational settings, personal hearing
protection should be used when hazardous
exposures are unavoldable.

Vigorous enforcement of existing regulations,
paricularly for the workpiace, and consumer
product labaling would significantly reduce the
risk of workplace NIHL. Regulations shoutld be
broadened to encompass all employees with
hazardous noise exposures,
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» Application of existing tachnologies lor source
noise control, especlally in the manuiacture of
new equipment and constructicn of new
facilities, would significanily reduce sound
levels at the ear.

In addition to existing hearing conservalion
programs, a comprehensive program of
education regarding the causes and pravention
of noise-induced hearing loss should be
develaped and disseminated with specific
attention directed toward educating school-age
chitdran.

Hearing loss irom non-occupational nolse is
common, but public awarensss of the hazard Is
low. Educational programs should be targeted
toward children, parents, hobby groups, public role
models, and professionals in influential positions
such as teachers, physicians, audiclogists, and
other healthcara professicnals, engineers, archi-
tects, and legislatars. In particular, primary health-
care physicians and educators who deal with
young people should be targeted through their
professlonal organizations. Consumers need
guidance and product noise [abeling to assist them
in purchasing quieter devices and in implementing
exposure reduction strategies, The public should
be made aware of the availability of affordable,
effective hearing protectors {e.g., ear plugs, ear
muffs, and canal caps). Hearing protaction manu-
facturers should supply comprehensive instructions
concerning proper prolector use and also be
encouraged te increase device availability to the
public sector,

The NIDCD has already hegun a project to
reach children. We have developed a videotape
and teacher guide for children in grades 3 through
6. These children are at a point in thelr devslop-
ment where they are known to feel some responsi-
bility for their own welfara. Wa want elementary
school studants to hecome interested in protecting
their own hearing and to became interested in the
biology of hearing al tha same time. Children in this
age group have been important in various environ-
mental elforts including recycling. The NIDCD
wants them to become involved in protecting
themselvas against the most praventate form of
hearing loss, noise-induced hearing loss, before
they are in junlor high-schaal with its increased
unsupervised use of aquipment, amplified sound,
and cthar sources of dangerous noise levels,

Hearing conservation must begin by providing
sach individual with basic information. NIHL s
insidious, permanent, and irreparable, causing
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communication interference that can substantially
affect the quality of life, Ringing in the sars and
muffling of sounds after sound exposure are
indicators of potential hazard. Dangerous sound
expasures can cause significant damage without
pain, and hearing aids do not restore normal
hearing. Individuals should become aware of loud
noise situalions and avoid them if possible or
properly use hearing protsction. it Is imponant to
racognize that both the level of the noise and its
duration (i.e., exposura) contribute 1o the overall
risk. Certain noises, such as explosions, may
cause immediate, permanent damags.

Many sources, such as guns, power tools, chain
saws, outboard molors, small airplanas, farm
vehicles, firecrackers, some types ol toys, and
some medical and dental instrumenis may produce
dangerous exposures, Music concerts, car and
motoreycle races, and other spectator events often
produce sound levels that warrant hearing protec-
tion. Similarly some stereo headphones and
loudspeakers are capable of producing hazardous
exposures. Parents should exercise special care in
supervising the use of personal headset lisiening
devices, and adults and children alike should learn
to operate them at safe volume setlings.

The central message of the Consensus Conlar-
ence is that naise-induced hearing loss is entirely
preventable through personal hearing protection.
Public health education regarding nolse axposure
should begin early in life and amphasize avoidance
of high-risk activity such as small arms fire and use
of power tools withaut ear plugs or ear muffs,

COMBATTING NCISE IN THE '90s
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Introduction

The association between neise exposure and
hearing loss has been observed for centuries and,
since the 1800s, has been documented in a
number of epldemiologic studies of warkers
exposed o various occupalional noises.

Approximately 25% of this nation’s industrial
work force {hat is, over & millien men and women
continue to be exposed te hazardous noise. The
number of individuals exposed {o annoying envi-
ronmental sound, unrelated to occupalion, far
exceeds these figures, and in fact, aifects each of
us.
Neise damage lo the ear may bs instanianeous
or insidious, Various parameters of the noise
determine the onset and extent of injury. These
parameters Include intensity, duration, frequency
content, and scheduling of exposure - that is,
whether the noise is continuous or intermittent.

With exposure to conlinuous sound pressure
levels between 80 and 130 dBA, permanent injury
to the cochlea results from metabolic changes
within the sensory receplars or hair cells, and/or
damage to their stereccilia. Complete degeneralion
of hair cells with scar formation can occur. These
pathologic processes, although not completely
understood, have been exiensively studied in
animal models. The term neise-induced hearing
joss (NIHL) is used lo describe thesa processes,
and they represent the most common mechanism
of inner ear damage from noise in the workplace.
This hearing loss usually develops over months
and years, and too often it is first detected only
when speech understanding delerioralas - a time

COMBATTING NQISE IN THE '90s

when extensive injury to the cochiea has already
occurred.

If peak sound pressure levels exceed approxi-
mately 140 dBA, which can be caused by explo-
sions such as those produced by a firecracker, toy
cap pistol, hunting rifle or shotgun, an instanta-
necus loss of hearing due to mechanical disruption
or tearing of inner ear tissues may rasull; this is
termed acoustic iratma. The fact that such hearing
loss is usually secondary to non-occupational noise
sources, and eceurs In a society that should know
helter, is distressing to all of us interested in
hearing conservation.

The first regulatory action by the United States
government with respect to occupational noise was
the Walsh-Healy Public Conlracts Act in 1969. In
1971, the Occupational Safely and Health Adminis-
tration (OSHA) promulgated an occupational noise
standard {CFR 29, 15810,95) for manufacturers
involved in intersiate commerce. This standard set
a maximum exposure of 90 dBA tima weighted
average {TWA) lor an 8-hour period with a2 5dB
trading ratio {i.e., for each 5 dB increase or de-
crease in level, the permissible exposure fime is
halved or doubled, respectively). In 1983, OSHA
issuad an amendment ta this standard requiring
that a hearing censervation program be instituted if
workers were exposed to TWA noise levels of 85
dBA.

The recently adopted international standard,
1S0; 1998, provides Information on the efficacy of
this occupational noise regulation. Evaluation of the
risk of sustaining a hearing handicap for individuals
exposed chronically below 90 dBA suggests that
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the occupational noise standard, as it presently
exists, doas provide reasonable profection against
NIHL.

Quite simply, the problem has been the failure fo
fully implement and enforce these regulations, The
Occupational Safely and Health Administration has
baen criticized for not fully enforcing these regula-
lions in workplaces covared by the OSHA hearing
canservation amendment. Furthermore, workers in
agriculture, construction, oil and gas refining, and
mining are either not covered by the occupational
neoise standard, or operate under less rigorous
standards. There is no reason for individuals in
different cccupations lo have different nolse
standards,

All government regulations to date pertain to
occupational noise expasure. Of equal concern,
however, Is the pervasive noise in our home and
recreational environments, It has been suggested
that impulse naise, especially irom guns, may well
be the most impaortant cause of NIHL in the general
population, not by the gradual dastruction of hair
cells through repeated daily exposurs, but rather by
the sudden severe trauma to the inner sar after a
single event. Unfortunately, public awareness of
the hazards of noise is low, and the prevaience of
hunting and target practicing high, approaching
50% of industrial workers. Intervention to include at
least consumer product labelling and public educa-
tion are clearly needed, and sheuld have equal
emphasils with strategies to combat occupational
noise.

In summary, the problem of occupational and
nan-accupational hearing loss is easily conceptual-
ized. The agent and the effecl are ideniifiable and
measurable. Effeclive means to limit the deleteri-
ous consequences of excessive noise exist, Itis
the purpose of this working group to consider
several recommendations direcied at the problem
of NIHL,

Summary of Working Group Discussion

Tha discussion of the working group centared
around the nature of the recommendations that
were to be made, It was decidad to make all
recommendations clear, suceingt, and ganeral
rather than spacific in nature, The members of the
working group discussed and approved all the
recommeandations contained In this report,

It should be noted that two source documents
wars provided to and uiilized by the working group:
the NIH Caensensus Statement on Noise and
Hearing Loss and the Proposed Nalional Strategy
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for the Prevention of Noise-induced MHearing Loss,
developed by lhe National Institute for Occupa-
tianal Safety and Health. Many of the working
group members participated in the development of
both documents, and tha informalion in these
reports provided a foundation for the discussion
and recommendations of this working group.

The following recommendations are provided to
address the pravention of noise-induced heating
loss. The recommendations contained harein
should be applicable to occupational and non-
occupational losses. However, it shoufd be main-
tained that occupationally ralated hearing loss is
currently addressed by OSHA in 28 CFR 1510.95
and this standard has proved to be successful in
preventing occupational noise induced hearing loss
ifimplemented and managed praperly.

Hecommendations

1. Enforce existing fedaral regulations across all
governmen! agencies and/or noise exposed
populations with time-weighted average
exposuras thal equal or exceed 85 dBA (e.q.,
OSHA Occupational Noise Standard of 1972
and Hearing Conservalion Amendment of
1983).

2, Develop noise exposure and enforcement
critaria that are uniformly applied across all
industrial, governmeant, and military popula-
tions,

3, Identily a fedaral entity that coordinates the
federal effort to limit noise exposure and
promate hearing consarvation, This antity
would also be responsible for evaluation and
oversight of federal programs. A second,
independent enlity, such as the Commiltee on
Hearing, Acoustics, and Bioacoustics (CHABA)
should be assigned to evaluate the success ol
the program.

4. Emphasize noise conirol at the source as a
mechanism for reducing hazardous nolse
exposures. The federal government should
provide Incentives to accomplish this objective.

5. Develop educational programs (including
product |abeling) regarding noise-induced
hearing loss for the public and for profession-
als.

6. Continus to suppart research on the effects of
naise on hearing.

COMBATTING NOISE IN THE '90s
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introduction’

Historical Perspective

lLaboratory Investigations of the behavioral,
psychological, and physiological effects of noise
biegan in the third quarter of the 19th century.
Becauss the experimanls were acute and because
stimuli could not be described in quantitative terms,
these studies are only of historical interest, They
offer littte insight into the relation between pro-
tracted exposurs to high levels of naise and health,

During the first several decades of this cenlury,
considerable information was gathered about the
effects of nolse an performance, parfcularly in the
wark setting, as well 53 dbout acute physiclogical
and psychological reactions. Regrettably, contem-
porary science popularizers in this country have
exaggerated the meager evidence regarding
potential health eifects of noise in such lurid and
moralistic terms that the scientific community
eventually adopted an attitude of vigorous skepti-
cism which has persisted to this day. It is perhaps
no accident that under 10% of &ll epidemiclogical
research In this field has been undartaken in North
Amaerica,

A significant increase in physioclogical effects
research occurrad during the two decades belween
1960 and 1980, A large and diverse literature was
contributed {o principally by workers from easlern
and western Europe and the Soviet Union, These
studies reflected animal-model, human-labaratory,
and epidemiological approaches to the problem of
noise and health. Some good, but mostly bad,

examples of science accumulated during this era, A
profusion of acute and lang-term harmful effects
waere reporied.

The largest and most coherent portion of the
literatura focused on various cardiovascular efiects.
It is not surprising, in view of the long-recognized
role that hypertensicn plays as a major risk factor
for heart and circulatory disease, that two-thirds of
the epidemiclogical work Investigated blocd pres-
sura regulation. Eighly percent of these reported
positive findings, Prevalence ratios between high-
and low-noise groups averaged raughly 2.5 and
data from at least one group described a dose-
respanse relationship, The preponderance of
animal-modsl research substantiated such resuits,
but cbservations from short-term laboratory experi-
menis using human subjects were contradictory.

Despite this apparently substantial boty of
epidemiological and animal-model evidence favor-
ing the position that exposure to high levels of noise
can raise blood pressure, a number of contempo-
rary reviewers concluded that the evidance gather-
Ing techniques were insufficient 1o prove or disprove
a causal relationship,

In many cases, animal and human studies were
flawed as well, With regard to the former, experi-
ments ware short-lived, stimulus levels were unreal-
istic and inappropriate to the curve of audibility for
the particular species under study, few confounders
wers accounted for, and the most common animat
models chosen, rodents and lagomorphs, are
phyletically removed from humans. With one
exception, human laboratory studies also were

' An annotaled and mora dalailad version of this chapter may be oblained from Emaest A, Patersoen, University of Miami Schoal of
Medieine, Division of Auditory Research, D7-1, PO, Box 016960, Miami, FL 33107,

COMBATIING NOISE IN THE '90s
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short-lived, thelr results were conflicting, and the
ralation of acule te chronie responses remains
obscure, .

As in the previous 20 years, siudles carried out
over the past dacade have bean predominantly
concerned with cardiovascular outeomes, espe-
cially slevated bloed pressure, Hypertension is a
majar risk factor for coronary heart disease and
stroke that continues 1o be the first and third
causes of death in the United States. It is estimated
that approximalely 60 million Americans have
elevated blood pressure. For a very farge propor-
tion of these cases, causes are hot known, Thus,
the health implications of a cause-effect relation-
ship between noise and hypertension would be
considerable,

Work can be grouped with regard to the inde-
pendent variable, Interast has been on the effacts
of four kinds of noise patterns: {a) communily
noise, generally involving dwelling intrusions from
ground and alr transporiation, including senic
booms; (b} industrial noise; (c} military low-altitude
fiyover (MLAF) noise; and (d) laboratory-generated
noise or miscelianeous combinations of thesa
patterns. Most of the 31 epidemioclogical investiga-
tlans published in the English language, have
siudiad the effecls of traffic and industrial noise,
Resulis, especially with ragard to traffic noise, have
been mixed with slightly mora pesitive than nega-
tive findings.

It is clear that the current state of tachnical
knowledge does not support a consistent, nor a
quantitative dose-response relationship betwesn
noise exposure and cardiovascular disorders.
However, this cannot be construed as evidence of
no sffect of nolse exposure on non-auditory health
because of the poor quality of the studies. Nolse
levels and noise control measures have changad,
No population-based studies have specifically
examined the long-term effects of noise on biood
pressure with and without the use of hearing
protectors, Siudies show that thera is a bread
range of individual differences in sensitivity to any
given nolse exposure, There may be many inter-
mediate variables (eflect modifiers} along a causal
pathway for which nolse exposure has an effect
within some but nat all categories, Furthermore
these variables may Interact in complex ways.
Potential effect modifiars which have bean identf-
fied Include appraisal of noise as a stressor,
degree of hearing impairmant, nolse annoyance,
perception of control of noiss, noise coping strate-
gies, working conditions, and genetic factors such
as family histary. Thus it is difficult to define non-
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auditory risk due to noise since there does not
appear to be a purely energy-related dose-re-
sponse relationship with noise exposure as has
been demonstrated with hearing loss,

Although the observed risk irom environmental
noise on cardiovascular evenls, espociaily bleod
pressure changes, [s likely to be small, {(maybe too
small to he demonstrated with statistical signifi-
cance in epidemiclogic studies), an increase in risk
of only 10% can be important in terms of health
policy due 1o the high percentage of exposad
population, A 10% increase in risk of cardiovascu-
lar disease has been estimaled {o represent an
absolute increase of about 200 cases per 100,000
at risk per year,

Perhaps the most prudent eonclusion to be
drawn from a review of work in this area is that
currant findings indicate only that further rigorous
studies of non-auditory noise effects are greatly
needed,

Psychoilogical Effects Of Nolse
The psychological effects of noise can be
grouped into three broad categories:
1, the cognitive,
2. the behavioral, and
3. the physiological.

Cognitive effects of nolse are composed of
annoyance, disturbance, altitudinal, and, perhaps,
such other variables as self repors of sleep
disturbance, The most common studies of noise's
cognitive effects have bean of annoyance—studies
that are usually conducted in conjunction with nolsa
surveys and field measurements of nolse, We
know that thers are Individual diiferences 1o noise
exposure so that some people are hardly ever
affected and others are easily botherad. Other
things being equal, there is a dose-response
relationship: the noisiet the environment is, the
larger the percentage of reparted annoyance.

Other things are raraly equal, however, and a
nurber of factors have been found to moderats the
noise axposure annoyance/attiiude relation, These
include the intermitiency of the naise, the predict-
ability of the noise, the perceived exteni to which
the hearer can controf the source of the noise, the
extent fo which the noise is deemed necessary for
an important purpose, the amount of noise to which
comparison people are exposed, and the refation-
ship of the hearer to the noise. These contextual
varlables can moderate or exacerbate the reported
reactians to the noise so as to disrupt the apparent

COMBATTING NOISE IN THE 90s
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connection between the amount of noise and the
reported annayance, A faucet erratically dripping at
night at a level of 55 dB or less may generate mara
annoyance than a constant stream of traffic at

90 dB.

Behavioral effects of nolse consist of those
cases in which performance of tasks or ongoing
behavior Is modified by environmental noise. In
some cases, parficularly tasks involving tedium and
vigilance, noise may not affect or may even en-
hance parformance. In many tasks studied, in the
short run, noise has liltle effect on performance.
What decraments do occur show rapid adaptation.
In cases of task averload (i.e., where an individual
Is working at mere than one task at & time or where
the task is so demanding that the individual can not
perform it at a high level, nolse will further degrade
pertormance).

Most of the studies of the effects of noise on
performance have examined such tasks as repeti-
tive mechanical operations, motor skills, simple
clerical tasks, or even proofreading. Few studies
have examined the effects of nolse upon more
complex aclivities, for example, reading compre-
hension, the creation of prase, moderately compli-
cated computations, or ones invelving judgments or
the weighing of alternatives,

Thera is some recent evidence that decisions
made under nolsy conditions may show more
dependence on the use of short-cutting heuristics
than those mada under relatively quiet conditions.
Although it seemns fikely that contextual factors
would moderate the naise-performance iink, in a
manner analogous to the way in which they moder-
ate the noise-annoyance link, more svidence is
needed fo eslablish this conjecture firmly, particu-
larly for complex tasks. It should be notad that even
in cases whate behavioral effects have habituated,
there may siill be decremental aftereffacts, that Is,
perfarmance deficits that accur after the ¢essation
of the noise or after a changs In the anvironment.

The psychological effects of noise are not
evenly distributed in the population. For seme
affects, there are different risks for parts of the
population at different developmental stages. It has
been documented that noise can disrupt the abifity
of children In the primary grades to acquire raading
skifls. It is not knawn whether the disruption Is
diffarent for children who are learning impaired or
whether subsets of the elderly, such as those with
impaired cognitiva function attributable to diseases
such as Alzheimer's, would be differantially dis-
rupted by noise.

COMBATTING NOISE IN THE '90s

Recommendations

Physiological Effects

A national strategy for identifying non-auditory
health effects of noise and for addressing noise
conirol issues is critical for preventing unnecessary
adverse conseguences of overaxposura to nojsain
the future,

Based on the findings of research from many
countries, noise can be conceived of as a physi-
ological and psycholagical stressor, If sufficiently
intense, it can slicit stress reactions, including
those related o the pituitary-hypothalamic and Lhe
sympalhetic/adrenocorical and adrenomedullary
axes, Qlher stress-relatad hormoenal, eleclroiyly
and anzymatic changes hava been elicited as well.
Although certainly not unequivocal, evidance from
a large number of epidemiclogical studies suggast
that prelonged exposure to noise lavels found in
many factories and in extrema communily environ-
ments can increase blood pressure. Animal-model
research studies, in the main, support such evi-
dence, Laboratory studies using human subjects,
indicate that, when noise is perceived as uncontral-
lable, bleod pressure effects are exacerbated,

Recently, strong evidence has accrusd concern-
ing plausible biological mechanisms lor noise
effects, many of which are also seen in typical
stress reactions. The most promising contemporary
model involves magnesium deficiency.

It is well established that hypertension is a major
risk factor for the leading causes of death in
wastern society, ischemic heart disease, myocar-
dial infarction and stroke, If, indeed, only a small
segment of the exposed population is adversely
affected by noise, then the public health implica-
tions are far reaching and serious, Although at this
time the best estimates for relative risk appear to
be modest (betwsen 1.2 and 1,5), the absolute
number of people at risk might be exiremely high
because of the large poputation chronically ex-
posed o excessive noise. Despite considerable
associalive evidence, there is still no consensus
among experls in this ceuntry that noise directly
causes blood pressure elevations and other
effects. It is genarafly agreed, however, that
causality must be demonstrated within tha frame-
work of human epidemiolegic research in order to
gain general acceptance,

Woe therefore strongly recommend that, as an
early inltiative, adequately large-scale epidemio-
logical research be funded in the area of noise-
induced hypertension. An undertaking of this sort
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could serve as a platform for international coltabo-
ration and shared governmental support,

« Such studies must employ longitudinal pro-
spective designs to track noise-induced
changes as subjects are exposed to the noise
over time.

Sample size must be large enough to delect
small differences between exposed and
nonexposed groups,

There must be precise measurement of
individual exposures, using a standardized
noise meiric and a precise specification of
outcoma variables fo avoid smearing of sffacts
through ambiguous measuremant.

Tha many confounders, including, but not
limited to age, smoking, body mass index,
alechol intaka, salt intake, family history of
hypertension and myocardial infarction, physi-
cal activity, marital status, and employment
status must bea taken into account and con-
trolled.

Powerful and appropriate statisticat methods
should be employed.

It has been estimated that, assuming a relative
tisk of 1.5 for noise-induced hypertension, a
study involving about 6,000 subjects and
lasting no fewer than 5 years would be re-
quired to answer the basic quastion of causal-
ity. Although difficult in terms of cost and
finding the appropriate population to study, “...
further studies based on insuflicient resources
might be wasted efforts.”

Establishing causality Is a crucial first step in
understanding how noise affects health. There are
several other areas that must be considerad as
wall:

» Tha magnitude of risk, under a range of
axposures and clrcumstances, must be under-
stood, Additionally, nolse may not act directly
as a strassor, independent of much mora
complex and individual facters, Indeed, many
observars have advanced the notion that noise
affects human health only after it has been
cognitively processed and appraised as a
stressor.

Tha groups most at risk must be Identified;
they may require protaction on a priority basis.
The mechanisms undarlying non-auditory
health effects must be explored to suggest
eificient ways of protecting against harm,

el

The interaclion effects of nolse and other
noxious agents must also be explored.
Protective methods and pratocels must be
established and priced, basad partially on
information about groups at risk and undarlying
mechanisms.

Based on solid Information about relative risk
and the cost of protection, cost-benefit analy-
ses must ba undartaken, specifically consider-
ing nan-auditery health effects, to ensure that,
if legislation offering protection Is proposed and
enacled, it is fair and equitable.

Historically, carefully controlled human and
animal laboratory studies have proven to be
extramaly useful for discovering and elabarating
health effects not easily determined through
epidemiological designs.

Each of ihe above issue areas is imporiant to
our understanding of the potential threat noise
poses to the health and welfare of the American
public. We therelore recommend that epldemiologi-
cal, human laboratory and animal-mods| research
be adequalely suppurted using a coordinated,
integrated strategy.

Psychological Effects
The following Issues shauld be priorifized for
initial and further study:

* The nolse and performance lterature has
focused on fndustry and simple clerical tasks.
As the work force moves to more complex
activities, there is a need for studies of the
effects of roise on mere complex tasks, those
typical of the modern workplace. Obviously,
even a slight, but widespread decramant In the
workplace productivity, can further jeopardize
this county's competitive position,

+ Thers are documented reports showing that
pralonged nolse exposure, either al schoal or
at home (or both), interfere with childran's
reading acquisition skills. There should be a
prospective exploration of mechanisms under-
lying noise-related learning problems such as
delays in language acquisition and Identifica-
tion of attentional defigits,

« |t is welt established that the controllability of
noise Is an imporant factar in Inituencing the
respanses to noise and it s reascnable to
assume that conlrol may ba a central explana-
tory mechanism in some of the studies show-
ing the effects of noise, It should also be noted

COMBATTING NOISE IN THE '90s
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that tha effects of noise parsist after the noise
has ceased and that these eflects are found in
the laboratory as well as field studias on
learning behavior.

In most siluations, siress accumulates across
difference stressors. |t would be valuable to
examine whether nolse lowers peoples'
thrasholds for reactivity to other stressors.

In non-auditory heallh effects research, noise
is usuaily conceptualized as a direct-acting
stressor. The complex relationship between
psychologlcal and physiological variables must
be sxamined mara closely. This should provide
cruclal information about the mechanisms
underlying physiological oulcomes. People
expased to nolse often respond with annoy-
ance and other states of negalive affect. These
states appear to activate the same sympathatic
narvous system and cardiovascular control
processes as those activated by noise and
other stressors. All of these relationships ara in
urgent need of examination,

The United States Environmental Protection
Agency should be the focus of support, and
coordination, with the possible Involvement of
other agencles, Ideally, one to three unlversily-
based national centars of excellence should be
establishad to undertake large scale, interdisci-
plinary research activity into the non-auditory
health effects of nolse, These centers should
also ba responsible for training young investi-
gators In noise resaarch to furnish a national
pool of experise in this area. This would help
our nation regain the initiative in this field,

COMBATIING NOISE IN THE '90s
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WORKING GROUP Il

SPEECH, SLEEP, AND COMMUNITY

ANNOYANCE

Karl 8, Pearsons - Chair

Introduction

Annoyance

Everyone agrees that noise can have a pro-
nounced effect on speech communication, distur-
bance of sleep, and general annoyance in the
community. Ap annual housing survey conducted
in the 1980s indicaled that 18% of the people were
disturbed by road traffic noise. The difficulty is how
the noise or effects are quantified and what are
*acceptable” levels of noise or effects of the noise.
Much research has gone into studying the various
effects of noise, and many nolse metrics have
evolved over the years to quanlify both the noise
and its effects, Unfortunately, the multitude of noise
maetrics has compounded the problem. In the quest
for the "hest" nolse metric, controversy arose and it
becama difficult to compare studies due to the
differences in nolse metrics, Metrics included A, B,
C, D, and E levels, SIL, NC, NCA, PNC, SEL,
CNEL, DNL, PNL, EPNL, CNR and a few different
versions of loudness and loudness level, Of
course, noise could also be reported in terms of jls
maximum, peak, average, energy average, or
percentile level, The level exceaded a certain
percentage of the time (e.q., L,, L, Ly Loy 0F L)
Then too, the naise could be reported in terms of
its spectral components using fixed or proportional
bandwidlhs.

Although the myriad of metrics still exists today,
one metric, the day-night average level {DNL), has
emerged as a descripior of environmental noise for
assessing community annoyance, This is in part
due to the work of EPA in the 1970s in formulating
*information an levels of environmental noige
requisite to protect public health and welfare wilh
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an adequate margin of safely," commonly referred
lo as the "Lavels Document.” Basically, the metric
uses an average dally level of noise and combines
it with an average nighttime level of noise after
adding 10 dB to the nighttime level to account for
Ihe assumed added sansitivity of peopie to noises
oceurring during nighttime hours. Although there is
large variation among peaple, Schultz, in 1978,
developed a relationship between the parcent of
peopla highly annoyed and this DNL metric. The
relationship was hased on a raview of community
surveys in which nolse was assessed by commut-
nity residents. The results were duplicated in a
more recent analysis using more recent studies of
community noise assessment, A distinction must
be noled between annoyance and complaints,
Certainly paopls that compiain are annoyed, but a
person may be annoyed and not complain for
various reasons.

The relationship and metrics of both communily
response and noise are not perfect but they
certainly provide a useful (ool for community noise
assessment. The melhod assumes thal peaple’s
annayance is based on the equal energy principle.
That is, if one noise is twice as long as another,
then it must be 3 dB less in level than the first to be
equally annaying. Selling a limit of noise in terms of
DNL does not preclude possible high levels of
noise if the noises occur infrequently. Further, the
metric does not account for tha difference between
noises of a given levelin an urban setling versus
noises of the same level in a rural setting where the
background noise is much lower; nor does the
noise metric account for non-acoustic influences
which may affect peopla’s assessment of the noise.
These are some of the areas that need further
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research. Hopefully, the eventual metrics will build
on tha current onaes rather than replace them.,

Speech

Ordinarily, if noise interferes with speach
communication in the home, Ihe noise is consid-
ered annoying and thus the assessment of speach
communication disturbance is reflected in the
reported annaoyance of tha intruding noise. Cenain
situations may be more critical or sensitive to
spesch interference. School classrooms or lecture
hails, theaters, and churches are all examples of
environments where speech communication is
paricularly critical, In these environments, a
specific amount of speach inlerference may be less
tolerable than in the residentfal environment. Also,
in these environments, more people are alfected by
speech interferance of a single speaker, An
energy-averaged melric of nolse such as L, may
provida some information about the amount of
interference of speech caused by steady noise, but
it is difficult to assess the interference caused by
time-varying noise. Then, too, measuremant ol the
noise Js only part of the equation. The leveal of the
noise of speech is also important in determining the
amount of interference. Detailed measurements of
spesch intelligibllity spacial msasures, such as
Ariculation Index or Speach Transmission Index,
are requirad that include both noise and speech
levels In their determination.

Sleep

Sieep disturbarice, like speech interference, may
also ba included in people's reporied annoyance of
environmantal noise. Howaver, as with spaech
interference, cerain environments are more critical
or sensiiive to sleep disturbanee than in the
residenlial situation. Hospitals or convalescent
homes are examples of environments where sleep
disturpance may produce effects other than
annoyangs. Unfortunately, sleep disturbance is not
as well understood as spaech interference. A
recent raview of sleep research Indicates a great
disparity In results found in the laboratory and that
found in field situations. Anecdotes abound with
examples of people's ability to sleap in extremaiy
nolsy situations, but at the other extreme, many
people have difficuity sleeping aven under guiet
conditions, The DNL noise metric with its 10 dB
nighttime penalty provides an incentive to reduce
noise during nighttime,

It dogs appear that peaple are less likely lo be
awakoned by steady noisas than by Intermitient
ones. Thus, the equal energy type of noise metrics
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may not be the best to ralate to slegp disturbance,
Tests have shown, at least in laboratory situations,
that the longer an intruding noise Is present, the
more likely a persen Is to awaken. Therefore, some
measure fhat includes duration of the noise would
appear to be appropriate, The amount that the
intruding noise exceeds the steady background
may also be a factor.

One disconceniing factor remains about sleep
disturbance. We still don’t know how awakening or
sleep stage changes rolate to long-tarm heaith
effects. It may be that the annoyance created by
sleep disturbance is the most approptiate measure
after all.

Hopefully, this brisf overview has provided some
background to indicate areas of concern in speech
and sleep disturbance and community annoyancs.

Summary of Warking Group Discussion

The working group mat and discussed needs for
noise-related issues in the areas of concem for the
group. Many subjecls were mentiened resulting in
the following list of recommendations that repre-
sent a consansus of the group. In the short time
availakle it was not possible to delve into all of the
areas which are, or may be in the future, important
to people at hame, in the workptace or in some
recreational environment, However, the group feels
that many of the important concerms have been
addressed in the recommendations below,

Recommendations

+ Establish a central agancy for collecting,
disseminating, and interpreting research and
findings in tha noise sphere. This might be a
resurrection of ONAC at EPA or a completsly
new agency.

Establish a central agency to represent the
public interest in environmental noise and its
eifects, Other agencies have goals thal may
conflict with the desire for a quist environmant,
This agency would help 1o batance the various
goals. The agency need not necessarily be the
sama as the one nated in #1,

Day-night average scund level (DNL) is a
widely applicable descripter for environmantal
nofsa assessment and should be continued to
be ulilized. A widely accepted relationship
batween DNL and high annoyance has been
found to be useful for the assessment of
{ransportation noise In residential communities.

COMBATING NOISE IN THE 905



* Environmental noise exposures should ba
analyzed and disclosed at levels below those
commoenly utilized in current environmental
practice {(e.g., DNL 65 dBA). This Is not to say
that the accepiable limit that may be set
partially by economic considerations needs to

(% he changed, but only that addilicnal informa-

tion be provided to give a more complete

description of the nolss environmeant,

Spacilalized nolse descriptors should be utilized
for important communication-critical environ-
ments. In locations such as scheols or lecture
halls where communication is important,
descriptors of the naise envirenment other than
DNL will provide addilional information regard-
ing the predicted Intelligibility In the paricular
environment under conslderation. Such mea-
sures might include Speech Interference Level,
Articulation Index, or Speech Transmission
Index.

Specialized sleep disturbance descriptors may
be needed to properly assess this potential.
The relationship between noise and sleep
disturbanca is not wall understaod at this time.
In particular, a large discrepancy exists be-
tween the resulls of laboratory and field
studies. One conservative approach is fo use
results of Jaboratory information which predicls
more sleep disturbance at a given level than
results from field studles,

There is a value for qulet (tranquillity) in itself
which should be given due consideration,
Some people find noises unacceptable in many
sellings even Ii they do not interfere with

3 speach or sleep,

Procedurgs should be established for assess-
i ing noise dagradation In the environment.
Although noelse from new sources may be
predicted, the amount that the new noise
excaeds the previous noise environment needs
N slowly to be described In terms of the amount

i of degradatian. Perhaps some guidelines for a
limit need to be set to clarify when degradation
has oceurred,

Current practice In impulse noise assessment
needs reviaw. Mosi of the information on the
annoyance in residential settings has been
based on steady noises or transient noises
such as transportation nolses which vary

it relatively iifile with time, The rasponse to
impulsive sounds such as assoclated with
blasting or supersonic aircraft is currently
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predicted using C-weighted Day-Night Average
Level (CDNL). Limitations of this methed need
further study.

+ The fallowing list of research needs was made
by the working group. They have not been
priorilized and do not nacessarily represent an
exhausliva list of rasearch needs,

1. Investigate sleep disturbancea in the
community under various gonditions and
the extent of habituation,

2. Study the sffect of time-varying events on
speech intarference.

3. Devslop a dose-response relationship for
the annoyance of impulse noise,

4, Assess annoyance at low nolse levels.

5. Assess annoyance for infrequent noise
events in both urban and rural, sparsely
inhabited environments.

6. Assess annoyance with respect to domes-
tic appliances and equipment.
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STATIONARY NOISE SOURCES

Robert D. Bruce - Chair

Intraduction

Good morning colleagues from the Acoustical
Soclety of America, the American Academy of
Otolaryngology-Head & Neck Surgery, the Ameri-
can Speech-Language-Hearing Association, and
the Institute of Naise Control Engineering. It is &
pleasure to be with you foday to discuss a prablem
of greal importance which has not received consis-
tent attention by any of the responsible parties. In
my role as Chalr of the Working Group an Station-
ary Noise Sources, | will share briefly with you
some of the issues that our group will be discuss-
ing today,

Firsy, a definition of Stationary Noise Sources
may be in order. Actually, a more appropriate title
might be "Non-consumer, Non-transporlation Noise
Sources.” This category Includes individual indus-
trial machines and their components as well as
complete operating faciiities.

Objectives
The objectives of our working group are (o
answer the following two questions;

1. What should be the federal government's neise
control pelicy with regard to these industrial
types of sources?

2. What legislative strategy should be used to
implernent this policy?

Befors answers can bo developed for these
objectives, it Is necessary to understand why nolse
control is of interest, Qur previous speakers have
addressed three issuss: (a) permanent hearing
loss, (b} psychological and physiologicat effects,

COMBATTING NOISE IN THE '90s

and (c) annoyance. From the perspective of the
Members of Working Group [V, prevention of
heating loss of workers and reduction of annoy-
ance lo nearby residents are the primary reasons
for contralling noise exposures.

As a child ol 4 or 5 years of age, | was exposed
to industry when my grandfather gave me a tour of
the local cottan gin in our town In southeast Texas.
| met a man without a lelt arm. Whan my grandia-
ther tald me that the man had lost his arm, | was
confused. | remember trying 1o understand how
you can lose your arm. | tried pulling my arm to sse
it it was removable, but it wasn't, Later | learned
that the man's arm wasn't lost, it had been sav-
agely removed by the cotion gin. He had received
the industsial equivalent of a red badge of courage.
This type of accident happened mare often in the
'50s and '60s than today because of unsafe
equipmen! deslgns. Workars who were performing
hanorable services for their companies lost fingers,
hands, arms, and sometimes legs as a result of
their employment. Fellow workers and family
members learned about safety as the injured
workers shared Iheir horiifying expariences.

Mare recantly, | recall meeting a gentleman in a
foundry in Alabama, He had lost ona of the fingers
on his left hand. | asked him how it happened. He
took me over to a table saw and began to explain.
At that moment, | noticed that the sama finger on
the right hand was also missing. | asked how he
lost it. He replied that he cut it off showing sorne-
one how he had lost tha finger on his feft handl
Even with safer equipment, accidents still happen
when workers are not properly trained or they are
careless in their work habits,
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In our modern society, we prevent most of these
industrial accidents by careful attention 1o detail in
the design and oparation of machinery, Today, the
worker's industrial red badge of courage is silence.
Family and fellow employaes of workers with noise-
induced hearing loss do not learn about safe
hearing protection practicas because the hearing-
impaired workers often do not talk about their
handicap, We must pravent this conlinued foss of a
major national resource!

Although there are federal regulations that limit
the noise axposure of most of Amarica's civilian
and military workars, the level of protection pro-
vided by the regulations varies. in ganeral, the
regulations governing military employees® expo-
sures to noise are more stringent than those
covering the manufacturing industry employees,
and tha regulations covering construction workers
and oll and gas workers are even more lenient. Wa
will discussg the rationale behind such differences
and recommend a potential course of action,

Limitations of the noise of siatiopary equipment
is clearly in the purview of the original equipment
manufacturer, the purchaser, and the affected
parties, whether they be workers or a community.
The need for regulations limiting noise emissions of
industrial machinery will be discussed.

Pravious elforts by industry to limit the noise of
slationary equipment have been partially success-
ful. In the late '60s, there were a few companies
using the purchase order specification as a means
of limiting the naise of machinery. By the mid '70s,
the locus became obtaining reliable acoustical data
on machinery, Even today, thera is still socme
difficulty in obtaining this information, Although
there are a few exceplions, most of the industrial
community Is generally floundering without natienal
leadership in noise contral,

Whareas the prolection of employees’ hearing
from excessive noise exposure is best handled at
the nationai level for stationary noise sourcas, it
would appear that Jocal and state government
actions in the farm of noise ordinances may be the
first step in limiting community annoyance from
industrial facilifies. Naturally, this type of ordinance
could still be supplemented by specific nuisance
suits as a measure to redress claims of damage
due to noise exposure,

in 1978, EPA sponsored a workshop focused on
"Noise Technalogy Research Needs.” Among the
reportad conclusions was the need for the federal
government to coordinate research activities,
collect and dissaminate information, and suppart
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demonsiration projects. We will discuss lhese
neads.
Manufacturers of machinery in the United States
sell iheir goads in the international market. Today,
the European Commoen Market (ECM) has a gross
national product (GNP} of about 25% more than ‘
the United States GNP. Most United States firms :
will want to sell their goods in the ECM. i1 is likely !
that all equipment that will be seld in the ECM will i
have lo meet a stringent noise labealing require-
ment. Indeed, it may be necessary for the equig-
ment lo be measured in ECM-approved facilities.
To remain competitive and streng in this market,
United States Industry neads consistent leadsership
and direction at the national and international
levals, as well as cooperation between tha ragula-
tors and industry.
Working Group iV addressed the needs for a
uniform hearing conservation pragram, labeling of
products, assistance lo state and local govern-
ments, rasearch, noise emission regulations and
other topics related to the protection of the hearing
of our wark force, and the competitiveness of our
industry in foreign and domestic markets.

Summary of Working Group Discussion

Members of Working Group IV decided that all
recommendations from the group would be unanl-
mous, The discussions were focused primarily on
the nead for national leadership in noise control
and the benefits that can be provided by such
leadership. This national ieadership is needad to
ansure that workers no longer incur noise-Induced
hearing loss, to assisl American Industry in devel-
oping quieter products with appropriate labels that
can be sold in the ECM and compete with ECM
producis domesticaliy, to provide for coordination in
neoise research and education, and to creale
incentives for accomplishing noise control.

Recommendations

Working Group IV on Stationary Noise Sources
recognizes that thera is a need for United States |
industry to become mare competiliva in the interna-
tional marketplace. Specifically, we believe that it
will be possible 1o significantly improve the com-
petitive position of American industry by offering
guieter products for sale in the European Common
Market and other international markets as well as
in the domestic markels which currently compete
with quister ECM and Japanese products. |n
addition, these quister products, when installed in

COMBATTING NOISE IN THE 903 \
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Arnerican workplaces, will achieve two major
benefits: increased worker productivity by decreas-
Ing annoyance due to noise, and the reduction of
health care costs through the slimination of noise-
induced hearing loss to workers in the American
warkplace. All of the members of the Warking
Group IV support the following recommendations.

Uniform Hearing Conservation Program

+ Apply uniform heating conservation rules to all
industries, all workers, all employees, and all
employers. The Hearing Conservation Amend-
ment issued by OSHA in 1983 can be used as
a guideling.

For exisling plants, achleve compliance by
engineering and administrative conlrals if TWA
> 90 dBA, It is also desirable for existing planis
to eventually achleve compliance with engi-
neeting or administrative controls down to a
TWA (time-welghted average} of 85 dBA.

For all new plants and for expansiens of
existing planls, achieve compliance with
engineering or administrative controls for
TWA's » 85 dBA,

Labeling

+ Label all equipment that preduces A-weighted
sound levals greafer than 75 dBA (free fisid) at
one meler irom the perimeter of the squipmant,
Develap a model measurament procedure that
can he adapted by industry trade assoclations
and working groups.
Recomraend that the measurement methodol-
opy for all specific equipment items be devel-
aped by industry and professional soclety
conSensus.
Label product sound power in octave bands
and/or A-welghted sound leve! at the operator's
position,

Regulations

+ Place no limils on noiss ernissions of industrial
equipment,

State and Local

* Present no specific limits to state and local
governments for limiting the noise of facilities.
State and local governmants can determine the
levels that are acceptable to thelr communities.

» Support state and local governments by
providing educational materials to assist in
educaling the public.

COMBATTING NOISE IN THE '90s

Coordination

* Establish and maintain a focal point for coordi-
nation of all faderal activities in noise. This
focal paint is not necessarily within EPA.

= Provide funds 1o sponsor American representa-
tion on ail appropriate International Standards
Organization (ISO) standards working groups.

Research

« Emphasize studies dealing with noise genera-
tion mechanisms and noise contral by design.

« Woark with industries to develop demonstration
projects,

Edtcation

= Support undergraduate and graduate level
topies an noise control in engineering and
sciance programs,

» Davelop public education documents and
programs on Industrial noiss, its effects and
control.

* Encourage companles to provide additional
educational Information on noise with thair
equipment literature.

incentives

» Davelop tax incentives lo encotirage the
necassary invesiment to develop quieter
products and workplaces.

+ Eslablish a green label, similar to that in use in
ECM countries, for recognizing products thal
meet environmental standards including
quieter performance.
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WORKING GROUP V

MOBILE NOISE SOURCES

Nancey 8. Timmerman - Chair

Introduction

This working group Is concermsd with mabile
sources of noise, These sources can ba divided
Into alrborne and surface sources and are primarily
transportation noise sources. Airborne sources
include (a) jet aircraft, (b) propeller aircraft, {¢) heli-
coptars, and (d} supersonic aircraft. Surface
saurces include rail, trucks, buses, automaobiles,
and motorcycles,

The group will consider the nature of the noise:
who receives it and how many are affected. It will
consider the avallable noise control technology,
look at changes in technalogy in the past 10 years,
see what types of strategies have been used here
and abroad, assess how affective they have been,
and racommend a strateqy for the 1990s for mobile
noise sources.

Who receives the noisa? At the present time, the
total population of the Unlted States is about 250
millien, Of these, about half live in metropolitan
areas with populations greater than 1 miltien, Most
of these people will be affected by transportation
noise, eiiher as an operator, passenger, or ob-
sarver.

How many are aflected? Some recent Federal
Aviation Administration {FAA) figures for alr traffic
show that there were 12,858,718 air carrier opera-
tions In 1990, 8,837,671 alr taxi operations {com-
muter flights), and 38,169,795 genaral aviation
operations, In tha same year (1930}, there were
457.9 billion passenger miles flown. That means
that thare were about 71,200 passenger miles/
flight, ar, with about 500 miles per flight, there are
about 140 passengers per flight. In addition, there
wera 7,108 helicopters in 1985, For surlface
transportation, some similar figures show that of
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183.5 million cars, trucks, and buses (1988), about
45.5 million were trucks. In addition, there were
1.924 trillion vehicle-miles travelad in 1887, There
warg 164.2 million licensed drivers in 1988, 8.34
billion public transit passengers carried In 1987,
4,831,000 transportation operators in 1988, There
were 2.96 billlon public vehicle miles traveled in
1987, and 22.1 million freight cars loaded in 1989,
Thus, the problem is extensive.

The types of noise control technolagy that have
been used are familiar 1o noise control enginears
as being al the source, affecting the path, or at the
receiver. For aircraft, some methods used have
been quiet engines (socurce), noise abatement flight
procedures (path), and sound insulation of homes
and schools (receiver). For rail, vibration isolation
has heen applied to track {source), welded rail has
been used (source), engines and other compo-
nents hava been quieted (source), cars have been
insulated {paith), and homas have been insulated,
particularly overseas {receiver). For molor vehicles,
again engines and other compenents have been
guieted (source), the vehicle has baen insulated
(path), roadside noise barriers have been used
{path), road surfaces have been impraved (path),
and homes have been insulated, again particularly
overseas {receiver),

There have been technotogical changes in the
past 10 years. Automotive functions ara now
computerized. Sophisticaled measurament equip-
ment is less expensive. Infensity measurements
allow isolation of the noisy component. Noise
cancellfation techniques are avallable,

Some of the sirategies that have been used to
control mobile noise source are discussed here., At
the federal level, the EPA set emissions standards
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for locometives and railcars, switcher iocomolives,
retarders, locomolive load cell test stands, car
coupling, and motor carriers, The FAA sat emis-
stons standards for Jet aircraft through its aircralt
certification (Stage 2, Stage 3). The protection of
the werker has been addressed by OSHA (Depart-
mant of Labor). Operation and maintenance of
equipment are handled by the Federal Railroad
Association (Department of Transportation (DOT),
Federal Aviation Administration (DOT), Naticnal
Highway Traffic Safety Administration, and the
Urban Mass Transit Authority (DOT), Barriers are
used by the Federal Highway Administration
{DOT). Sound insulation and zoning are strategles
that are encouraged by the Federal Aviation
Administration {DOT).

At lhe state and local level, strategles that have

bean used include {a) reducing speed limits,

(b} time of day rastrictions, {c} "quiat zones",

{d) zoning, {&) land-use planning, (f} driver training
for behavior modification, (g) testing vehicles in
use, (h) aircraft flight procedures (with FAA}, and
(i) noise charges as a compenent of the aircraft
landing fee.

‘The warking group considered some of the
following iterns: {a) the governmantal agencies in
which regulation, enforcement, and information
reside and how they interact; (b) the constituency
for transportation, noise control, and safsly;

(c) preemption and the locat dilemma; and (d) aother
apptoaches including fees, financial aids, user
charges, public information/labeling, training, and
inspectich and maintenance.

Summary of Working Group Discussion

A number of comments were received from
peopla not present or not in the working group.
These wera first distributed to the members of the
working group. The infermation included a letter
from the Federal Aviation Administration, informa-
tion irom the Transportation Research Board, notes
on transportation nolse frem the State of New
Jersay, and a number of lettars from Noral D,
Stewart, In addition, notes from the introduciory
remarks and from R, Hickling were also distributed.

Tha first point of discusslon included what noise
sourcas would he considered and what receptors.
It was agraad that Llhe group on Stationary Nolse
Sources would address construction nolse, and this
was confirmed with that group. Noise sources
included aircraft, rail, and motar vehicles, Power
boats were brielly considered, but fime did not
permit a full discussion, Receptors included the
operator, passenger, and observer {third parny).
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Some effort was madae to categorize approaches lo
tha classes, bul this was initially unsuccessful and
was pastponed,

Next, the group discussed whather an Office of
Noise Abatamant and Control {ONAC) should ba
re-established, There was general agreement.
However, everyone had qualifiers. A list was
prepared and is et forth under recommendations.
In general, it was agreed that source noisa control
research should not be done in EPA, but that lis
noise office should monitor (and support) efforts of
other agencies, The role of a citizens' advocate
was discussed and considered to be important for
aircraft and rail noise, but not for vehicular traffic.
This point was made quite clear by members of the
working group.

The group then furned its attention ta each of
the categories of transportation sources. The first
source considered was aircraft noise, The effarts of
the Federal Aviation Adminisiration lo date were
discussed, and it was generally agreed that nolice-
able progress had been made In this area in the
past. The new Airport Noise and Capacity Act of
1990 has conlinued this irend. Tha working group
agreed that, owing to the phase-out of Stage 2 jet
aircraft, noise Impact will decrease Initially, but it
will increase with time after the year 2000, There
was real concern thal new {noisier) aircraft typas
will come online, and that no real progress will be
made loward Stage 4. Particular types cited
included prop-fans and supersonic aircraft. |t was
noled that source noise control was being worked
on by NASA/Indusiry, and any advances would
come from these sectors, Other issues were also
addressed by this group, including the unique
situation held by the United States that airport
operators do not control alreralt in flight {the FAA
preempts this), nor do they usually have flight track
Informatien, but they are respansible to the com-
munities for noise control from their facilities. It was
this discussion that led to the conclusien that an
office of noise abatement and cantrol in EPA
should exist to provide a citizens' advocate position
tor aircraht nolse.

The perennial preblem of impact assessment
was then discussed. It was agreed that, for many
purposes, DNL (day-night average sound lavel) is
an appropriate measure. However, in cases where
thera is a fow ambient, or where a new noise is
introduced, such as alrcraft, it is not clear that the
currently used criterion {65 dB) is adequate. This
was addressed by Mr, Stewart in his reporton a
meeting at Nag's Head on September 16 and 17,
1881, which recommended "that methodology be

COMBATTING NOISE IN THE 90s
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developed using DNL which {a) reflects acknowi-
edged differences in community characteristics,
including ambient noise levals, prior experience,
and exposure to aircrait noise, climalic differences,
and seasonal or temporal variations in nelse; and
{b) uses Single Event Noise leveis as a supplement
to DNL for betfter asssssing impact on communica-
tion and slesp and for determining mitigating
measures.” The problem has, at this time, no clear
solution,

Finally, within aircrafl noise, the working group
agreed with the research needs identifled by the
Transportation Research Board at their November
11-15, 1991 conference. These needs included
(a) advanced technology for alrcrait noise control,
(b} supplemaentary metrics for the evaluation of
aircraft noise impact, (¢) aircralt noise model
improvements, (d) helicopler noise model improve-
ments, (e) assessmeant of sound insulation modifi-
catlon procedures, {f) testing of nolse reduction
resulting from sound Insulation modifications,

{g) informatfon transfer to the community on the
alreraft noise problem, and {h) building code and
zoning ordinance development,

The discussion now tumned to rail noise. Discus-
sion of the current situation ied the group to note
that federal presmption was broader for rail yards
than for alrports. In particular, it was fell that the
railroad nolse preemption should ba examined and
be changed to permit local regulation of noise from
sources that are actually local sources {e.g., noise
from sources in railroad yards). The roleof a
citizens’ advocate for a new office of noise abate-
ment and control within EPA was islt desirabie for
rail because guleler equipment is not being as
vigorously pursued as it was for aircraft. The
biggest issue of concern to the group was high-
speed rail, which was characterized as "very low-
flying aircraft," Because these trains could poten-
tlally have substantial nolse and vibration impact,
there Is a need to addrass this issue in the 1990s,
Research needs identified by the Transportation
Research Beard Included (a) “high-speed transpor-
tation noise and vibration design criteria study,

(b) rail transportation ground vibration control
tachnology evaluation, {c} rail corrugation and
fastener stiffness study, (d) rail transporiation
vibration criterla study, and (&) bimodal corridor
criteria for noise and vibration impacl.”

The final area considered was road lransporta-
tion, A distinct differance was noted here as
opposed to the other transportation sources,
Because the large majority of these vehicles are
not engaged in interstate commerce, It was
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deemed inappropriate for EPA to act as a consumn-
ers' advocate, In fact, some in the group felt
strongly that regulation should be focal. For road
transpeniation that constitutes interstate commerce,
such as heavy trucks, the federal regulations that
apply were fell to be very lenient. At least ona
commentater felt that *had the EPA continued to
require quieter and quleter trucks ..., we wauld
have trucks that would be perhaps 65 dBA or less
today.” For heavy trucks, In-use controls would be
left to the localities. This would require enforca-
ment, which can be very effective (according 1o
both local and international studies). A study by the
New Jersey Department of Transportation shows
that 5% to 8% of the truck population is louder than
what is considered the average level for trucks by
5 dBA to 20 dBA. Enfarcement would retain the
gains achieved by quiatar new products.

A need was also identified for unifying the
national and internationai methods for measuring
sound output from road vehicles, This would also
enhance Intarnational competifiveness in an area
whera It is hadly needed, Technical considerations
Included whether specifications should be based
on tire noise or pavement noise, or parhaps on the
power frain. A concern was voiced abaut when the
aerodynamic noise of the vehicle siarts to predomi-
nate. Finally, it was agreed that manufacturers
should demonstrate that noise reduction can be
achieved without a reduction In performance.
Improvements are needed in noise prediction for
highways.

Recommendations

1. The group recommends that a noise office in
EPA should exist,

* |tis suggesled that a change be made in
the title of the office responsible for noise
activities {8.g., Ofiice of Noise Abatament}.

* The agency should be non-adversarial,
attempt o build consensus, and cooperate
with ather agencies,

* In some cases, and in particular for aircraft
nolse, the agency should function as a
citizen’s advocate.

+ [t should help foster international trade.

« |t should provide leadership (caordinatian).

* )t shouid help define impacts and guide
criterien development,

+ |t should be a data repository.

+ [t should have limited regulatory powers.
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+ it should engage In product noise labaling.
* |t should have highly qualified technical
staff.

The reasons given lo re-establish the noise
olfice at EPA are:

* To address growing public concern ahout

noise,

* To avoid conflicts of Interest in other
agencies (e.g., FAA),
To help re-establish local programs,
To disseminate new scientific and tachno-
logical information,
To maintain and improve the qualily of life,
(e.g., tranquillity),
* To disseminate nolse information about the
nofse problem (public education), and
To promole responses to internaticnal
produgct noise standards, thereby increas-
ing U.8. international competitiveness.

In the area of aircralt noise, the group makes
the following recommendations:

s Provide more funding for source noise
control at NASA,

+ Because noise Impact from aircraft Is
neither well undersiocd or well-defined,
this area needs more study and could be a
function of the nolse office ai EPA,

s Source noise regulation should remain with
the FAA.

* Consider the need lo amend Federal
Avlation Regulation Part 36 limits to centrol
impact after the year 2000,

+ The EPA office of noise abatement should
take the rele ol a citizens' advocate,

In the area of rail and guided high-speed
transportation, the group offers the following
recommendations:
s The DOT and railroad industry shoutd
facus on source noise control,
* The office of nolse abatement should focus
on impacl assessment and guidealines,
s Local control of noise fram railyards should
be permitted,
* Federal preemplion should remain for
source noise control for intercity and
interstate rall,

5. Inthe area of highway transportation, the

group makes the felfowing recommendations:
* Unify the regulation of new vehicles
nationally and internationaily.

* Encourage the implementation of new
quleting technologies Into newly produced
vehicles,

COMBATTING NOISE IN THE '90s



ST A A i s e

e N T T T L

R RERILT

LT R O e e

PR T B,

Lo T T R L

I DT I et S s T T ey

i e i T

R LR hran N R

22y 3- St

"o

WORKING GROUP V
MEMBERS -

Nancy S. Timmerman, SM - Chair
Prasidant, Institute of Nolse Control Engineering
Noise Abatement Supervisor
MASSPORT
Logan |nternational Airport
East Boston, MA 02128

Domeonick Blilera, BSEE
Chairman of Transportation Research Board
Committes on Transportation,
Related Noises and Vibrations
New Jersey Departmarit of Transportation
1035 Parkway Avenue, CNG00
Trenton, NJ 08625

Larry Blackwood, MS, JD
Science Applications International Corparation
1215 N. Nelson
Arlington, VA 22201

Andrew S. Harrls, MBA
Chairman, Harris Miller Miller & Hansen, Inc.
429 Marrett Road
Lexington, MA 02173

Robert Hickling, PhD
Assoclate Direcior for Applied Research
National Center for Physical Acoustics
Ressarch Professor of Enginearing
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CONSUMER NOISE SOURCES AND
HEARING PROTECTION

Elliott H. Berger - Chair

Introduction

Because of our proclivity as a society for excite-
ment, power, speed, and elficiency, we gravilate
loward nolsy lalsure activities and tolerate or even
unduly appreciate the noisae generated by the
equipmeant or machinery we use at work and play.
Altheugh sounds around us greatly influence aur
lives and affect our ability to communicate, the
auditory fabrie of our daily experience Is often of
sacondary importance. The problem is exacerbated
by the public’s lack of general awareness of the
hearing mechanism and how it can be damaged by
loud sounds, Navertheless, in recent years there
does appaar to be a growing concern about the
sea of noisa in which we live,

Working Group VI was tasked with examining a
particular aspect of tha noise problem, those
devices primarily categorized as consumer prod-
ucts. The Working Group alse examined Issues
related to products designed for personal protec-
tian from noise, namely, hearing protection de-
vices.

Noise exposures resulting from use of consumer
products may arise from choice (e.g., listening to
music) or because of hobbias, household mainte-
nance and chores, and other non-occcupational
activities. The sources range from ones that are
simply annoying (e.g., fans and alr conditioners}, to
others that strongly interfere with communications
(e.9., coffee grinders and vacuum cleaners), to
those that pose a serious risk of hearing loss {e.g.,
recreational shooting).

An Important component of any effort to priori-
tize a national response to naise arising from
consumar products is data on thelr noise levels,
and frequency and duration of use (i.e., the non-
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occupalional noise dose experienced by a typical
Ametican). Few reports are avallahle, and those
that are, rely on scant dala 1o estimata typical
expasure durations (Schori & McGatha, 1978;
Slervogel, Aoche, Johnson, & Fairman, 1982;
Simpson & Bruce, 1981; Weissler, Zerdy, &
Revoile, 1974). Such information is required to
delarmine whether loud sources of noise (e.g.,
power hand tools) are used frequently eancugh for
lhe effeclive noise dosse o become hazaidous,
The following introduclory remarks are orga-
nized to address specific categories of noisy
products. A subsequent separate section presents
the findings and recommendations of the Working
Giroup, along with an accompanying tabular
summary. The product categories are as follows:

1. Guns
2, Music repreduction and personal stereo
sysiems
3. Equipment and appliances
(a) Power tools and outdeor power equipment
(b} Household appliances
(c) Information technology equipment {ITE)
(office and computer)
4. Toys
5. Hearing protection
6. Building spaces

Guns

Of all the noise sources to which we voluntarily
expose ourselves, guns are unarguably the most
hazardous and also one of the most prevalent, with
an estimated 50 million Americans owning and
using firearms. Guns are loud, typically creating
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peak sound pressure levels (SPLs) of 150-170 dB.
Although they ¢an be quisted with sound suppres-
sors (“silencers"), use of such contrals is preblem-
atic becauss of federal law enforcemant regula-
tions {BATF, circa 1930) and technolaglcal leasibil-
ity.

Hearing protection should be woin by all sheot-
ers, but evidence indicates that from 15% to 40%
of shooters still do not wear protection under
cartain conditions, and less than 1% wear hearing
protection while hunting (Kramer, 1989, 1980),

Music Reproduction and Personal Stereo
Systems

Much concern has been expressed about
hearing damage from cansumer music reproduc-
tion systems, particularly earphone-based or
Walkman-lype products {also called personal
sound systems). The popular press has often
dectied the most flagrant of the reported measured
sotnd levels (120-130 dB); such levels are the
exception rather than the rule, Neverheless, when
music is listaned to at elevated levels for prolonged
periods on a regular basis, a risk of noise-induced
hearing loss does exist. Review of a number of
studies that have avaluated representalive listening
levels and usage pattarns for personal sound
systems indicatas "concern is warranted for only
those few listeners who prefer listening at maxi-
mum levels for extended periods of tima" {Clark,
1991),

Unlike the other consumer devices for which
excessiva noise emission is usually an unwanted
by-product, sound emission is the design function
of a music system. Any method for limiting that
emission directly affecls the ulility of the product
and can adversely influence sound quality.

One approach towards cansumer protection that
has already been implemented in a limiled manner
includes educational and public-relatiens cam-
pafgns (ElA, 1991; Koss, 1991).

Equipment and Appliances

Users may desire quister equipment and
appliances, but awareness of the problem, uniform
simplified noise ratings, demand for quieter prod-
uets, and a willingness to pay for them have been
lacking, or manufacturers would have already
responded more vigoroausly, Although the Noise
Control Act empowered the Environmental Protec-
tion Agency (EPA) 1o identify major nolse sources
that included any motorized or electronic equip-
ment, few such sources were specified bafore the
demise of the Office of Noise Abatement and

&4

Control (ONAC) {Shapiro, 1891}, Since that time,
the strongest impetus In this area has been the
Europeans’ sensitivity lo environmental noise and
their vigarous enforcement of noise pollution laws.
To make products that are competitive in an
international marketplace, U.S. manufacturers must
mimic European designs that are perceived to have
higher qualily, at least In part because of their
raduced sound lavels (Lyon, 1980).

The design of quiet preducts (rather than after-
the-fact noise control ar ragulation} requires a
certain “infrastructure” that is only partly in place.
Engineers must learn how to design quiet squip-
mant, rather than applying noise controls as a
band-aid solution, and incentives should be devel-
oped for manufaciurers to design quieter products,

Power Tools and Outdoor Power

Equipment

Equipment in this calegory generales sound
lavels from 85 dBA up o 115 dBA (chain saws),
which is serious enough lo cause a substantial risk
of noise-induced hearing loss if exposures are of
sufficient duration. One preduct in this category,
tawn mowers, were declared by ONAC (befora its
demise) to be a signilicant noise source, but
regulatery emissiens standards werae postponed in
favar of a voluntary labeling program, which
remains in effect today. Consumers, however, have
shown little interest (Shapiro, 1991},

Equipment redesign Is leasible for certain
praducts in this category and technology is avoly-
ing. For example, loday's lawn-mower engines are
3-4 dBA quieter than 5 years ago, and leaf blowers,
a particularly noisy device (95-100 dBA), can be
quleted with improved fans and housings. On the
cther hand, experience with {premature) regulatory
limits on noise levels indicates potenlial problems,
In Scandinavia whare such limits have bean sei,
lha levels have been achieved by designing the
equipment to run more slowly, but at the cost of
impairing the ability of the machinery to perform its
Intended function. Once purchased, users are
prana to circumvent these controls by speeding up
the units for more efficient operation.

Household Appllances

Unlike power tools, household appliances raraly
can be considored hazardous to the heating,
bacause the noise levels are substantially lower
(generally less than B5 dBA), Even for the louder
devices such as blenders, hair dryars, and carpet
shampooers, whose noise levels average 90 dBA,
the lrequency and duration of expasure and hence

COMBATTING NQISE IN THE '90s
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the noise dose is quite iimited (Simpson & Bruce,
1981).

Informatlon Technology Equipment {ITE Office
and Computer Products)

Noise emissions from ITE are becoming increas-

ingly prevalent as the computer age matures and
pervades all aspects of society, The levels of noise
exposure are rarely hazardous, but are likely to
cause aclivily interference and annoyance, The
incentives for product noise control are driven by
international requirements, primarily stemming from
European regutations that focus on ITE noise
craated in the workplace.

ITE has been evolving al a breakneck pacs. For
example, electromechanical calculators that
generated sound levels above 90 dBA (Waeissler et
al,, 1974} have besan roplacad by silent electronic
models; the ubiquitous impact printers with their
70-dB nolse lavels now feature "quiet” modes and
are being rapidly supplanted in the marketplace by
taser and ink-jet technolegy; nuisance squeals from
monochrome menitors are disappearing as the
frequency of video scan rates is increased and
color monitors hacome commonplace,

Mature international standards exist for the
measurement of the noise of [TE that are suitable
for use In the developmaent of a labsling program,
However, adoplion of these standards in the United
States has been limited, and reliable product noise
information is seldem available,

Toys

Noisy toys have been part of childhood experi-
ence for years, As early as the 1960s, measura-
menis and comments about the most hazardous,
flrecrackers and toy firearms, have appeared in
the literature (Gjaevenes, 1967; Hodge &
MaeCommaons, 1966), With the advent of medern
electronics, an evan larger variety of noisy toys is
available, many of them mimicking their adult
countarparts {Suter, 1991}, However, even simple
commonly accepted toys such as a baby’s squeeze
doll can creata sound lavels over 110 dB if held
sufficiently close 1o the ear (Fay, 1991). Extra
caution s warranied for tha loys creating the most
hazardous of lavels because the users (toddlers
and children) cannot be expected to be able to
discern what are aurally safe behaviors.

Hearing Protection

For many sifuations, one of the obvious solu-
tions to the “noise preblem” is the use of personal
spund suppression, more commaonly called hearing

COMBATING NOISE IN THE '90s

prolection. Such devices come in a wide variety of
types, from earplugs that fit in the ear canal to
earmuifs with large cups that enclose the external
ear.

When womn properly, hearing pratection davices
can effectively prevent noise-induced hearing loss
and reduce anncyance that might otherwise arise
fram the use of noisy consumer products, How-
ever, utilization Is low, because of lack of aware-
ness of the benelits of, and consumer resistance
towards, use of such products. For exampla, in a
number of studies of school-age children, very low
hearing-prolecior use rates of only 5 to 15% have
been observed {Chermak & Pelers-McCarnhy,
1991; Lass ot al., 1987; Lewis, 1989). Even in
Industrial arts classes where safety glasses were
required by 100% of the Instructors who were
surveyed, only 19% required use of hearing
protecticn (Plakke, 1985). The same studies have
shown an increased purported willingness to wear
hearing protection after the students have under-
gone educational programs, but no follow-up
surveys of the actual efficacy of this approach have
been reported,

Hearing protectors are labeled, as required by
the EPA (1979}, with a Noise Reduction Rating
(NRR), but the NRRs are such a poor indicator of
actual delivered protection that they must be
derated hy about 50% to even provide a rough
guide of tha protection that typical users can expect
to obtain (Berger & Lindgren, 1992), For consum-
ers, the principal value of NRRs is that the pres-
ence of the EPA label indicates the product was
designed for noise exclusion and tested for that
purpose.

The misleading naturs of NRRs is an important
fssua that cannot be properly addressed until
ONAC is resuscitated, or responstbility for hearing
protactor labeling is transiarred to another federal
agency.

Building Spaces

One of the more cammon complaints regarding
environmental noise is noise in building spaces,
The sound levels may be from tha transmission of
outside noiss into a structure, excessive socund
transmission ar impact transmission between
adjacent living spaces, ar fram the noise of fixed
machinery (heating, ventilation, and air-condition-
ing equipmenl) within the building. In large part,
known technology exists to resolve these prob-
lems, but it has not been implemented because of
either cosl considerations, lack of attenticn to the
problem, andfor insufficient knowledge by the
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bullding trades of the material and care required in
the construction of suitably quiet spaces.

Anather factor contributing o the problem Is that
altheugh building codes incorporate specilications
on parameters from elecirical wiring to methods of
agress, they in general Jack requiremenis for
specilication of soundfvibration transmission
metrics or control of the problem.

Recommendations

The Working Group recommencdations are both
general, applying to all consumer praducts, and
spacilic for each of the categaries.

General Recommendalions

* The most efficlent and effective means 1o
respond 1o ihe socletal noise problems created
by noisy products Is fo create a centrally
located federal agency tasked wilh noise
abatement, The EPA Is probably the bast
candidate for lacation of this agency hecause
ils allegiance is clear, namely protection of the
public health and walfare,

* Many of the Working Group's specific recam-
mandations pertain lo labeling of products to
warn and aducate consumers, and to provide

an incentive to manufacturers to develop
quieter products. Howaver, labeling will also
impose a burden en manulacturers, especially
those who produce a broad range of products
that would be subject to testing. This burden
may be inappropriate for certain classes of
products whose nolse emissions fall within a
narrow range of nonhazardous lavels,

An important aspect of an effective labeling
program Is the education of the ganeral public
with regard to noise and hearing loss. For
delailed recommendations in this regard see
the raport of Working Group VL.

Data on the sound levels produced by noisy
consumer preducts are insulficient to deter-
mine noise hazard. Thcrefora, desimatry
sludies on the nonaccupational noise exposure
of typical American adults and children should
be obtained to ascertain the noise axposura
that resuits from use of common consumer
products.

Specific Recommendations

The specific recommendations of the Working
Group are summarized in Table 1. The following
notes pertain lo Tahle 1.

METHOD OF REMEDIATION

1. Guns

2, Music reproduction
equipment

3, Equipment & appliances
a, Power {ools &

Outdoor equipment

b, Household appliances
¢. Informalion technology

4. Toys

5, Hearing protection

6. Building spaces

° °
L ] [ ®
L4 L 4 L
L] L ]
& L ] ® (-]
[ L 4
[ 4 [ ]

Table 1
Noisy consumer products and hearing protection, and methods of remodiation.
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* Nolse-hazard label, A noise-hazard label
should be provided for products that produce
sound that is potentially dangerous 1o the
operator. The purpase of this label is to warn
the consumer about the hazards of the product
and the actions they should take, such as

wearlng hearing proteclion or limiting exposura,

The determination should ba based on a
standardized measurement procedure under-
taken by an aceredited laboratory or consulting
firm. The accreditation should be provided by
an impartial, Independeant organization such as
Is now available under the Department of
Commerce, National Institute of Standards and
Technology, National Voluntary Laboratory
Accraditation Program {NVLAP). initially, the
label should be applled o a class of producis
(e.g., chain saws), and then potentially to only
those models within a class that exceed & limit
established for the entire class. The label
should be a graphic or lcon with & minimum ol
varbiage affixed to the packaging and/or the
item itself, and to its instructions in a readily
visible manner, Labels for classes of praducts
should either be “warning” or “caution” labels
depending upon the severity of the noise
levels,

Sound-rating iabel. A sound-rating labsl
should be provided for products that produce
sound that s hazardous, annoying, or inteir-
fares with communications, The purpose of lhis
labal is to educate the public about the noise
lavels of products they purchase and give them
the ability to make buying decisions that would
include product noise levels as one of their
purchasing criteria, This will provide an incen-
tive for manufacturers to create quister prod-
ucts,

The rating should be a sound pressure level
measured at an effective usar position under
standardized conditions (cperatar-ear position
or bystandar position as appropriate to the
equipment being rated). Measurements should
be undertaken by an accredited (preferably
NVLAP) laboratary or consulting firm. The |abel
should be aflixed to the product packaging
and/or the item itself, and taits instructions, In
a raadily visible manner. The label should be a
uniform graphic highlighting the noise rating
number and consistent with any noise hazard
or other EPA-required label.

COMBATIING NOISE iN THE 90s

For hearing protectors, the label should consist

of a noise reduction rating (NRR), like the currently

used lahal. However, unlike existing laheled data,

the measurement of the hearing protector attenua-

tion should be made in a manner to provide a
useful indicator of actual field performance.

For building spaces, the Ylabels” should consist
ol interior sound jsolation values, interior sound
lavals transmitted [rom outside the building to

interior spaces, and interlor sound levels produced
by building mechanical equipment. The purpose of
these data Is lo characterize the acouslical Inlegrity
of the structures so that buyers can make informed

choicas.

All sound-rating/nolse reduction labels should
Include an indication of tha range of values for
other products in the same class as well as a

slatement of tha expected precision of the rating so

that buyers are not mislead into beliaving that
small, statistically or practically insignificant differ-
ences are important, The precision statement
should be of the form, “differences of less than x
dB are not significant when comparing rated
values,”

¢« Noise limits. Requlatad noise limits should be

promulgalted for oniy those selected products
for which noisa hazard exists and users may

he incapable of a conscious decision regarding
sale use of the product {i.e., dangerously noisy

preducts designed for toddlers and children).
Feasibility demonstration. A governrent

noise office should becams involved in assess-

ing available technolagy to reduce the noise

levels of the products specified in Tabla 1. This

assessmen! should consist of determining If

feasible controls are available, developing new

controls if possible, and demonstrating the
effectiveness of thase controls. The quisted
devices should be evaluated not only for their

nolse output, but also for their ability to perform

thelr original Intended design functions in an

acceptable manner with the noise controls and/

or redesign in place.

Standards development, QNAC should
support the development of consensus stan-

dards, where needed, for testing and certifica-
tion for noise-hazard, sound-rating, and naise-

reduction labals, These standards should be
consistent with international consensus stan-
dards to be effective In promoting American
competitivenass in world trade, ONAC's
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support should consist of lunding pardicipation
on national end inlernational techinical stan-
dards commillees by independent technical
experls and/or ONAC technical staff.

For building spaces, the agency efforts should
consist ol the development and dissemination
of a model building code that cities and towns
can use o regulate consiruclion 1o provide a
quieter anvironment.

Engineering education. Working design
enginesrs and those still in school need to
understand how noise is produced by various
meachanisms in a machine and how the noise
can be medifted. Financial support for univer-
sity design courses that include noise reduction
is needed, Technical information and publica-
tions should be collected, including case
studies, for the devaelopment of course materi-
als. The éventual outcoma of these efforts
would be textbooks, audio and video deman-
strations, and other materials lo assist educa-
tors in developing noisg-control engineering
curricula,

Conclusions

Amaericans are routinely exposed to a wide
variely of consumer producis thal generate naise
levels ranging from the moderately annoying to the
seriously hazardous, This Working Group has
Idantified the principal issues thal must be ad-
dressed and has provided specific recommenda-
liens to mitigate nolse and to promote accurate
labsling, more widespread utilization, and effective
implementation of parsanat hearing protection
devices.
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PUBLIC INFORMATION AND

EDUCATION

Julia Doswell Royster - Chair

introduction

Thare is wide agreement that the public needs
mare information about noise—its effects and its
contral, The need far educational efforts Is clearly
documented, especially for school children, Floren-
tine (1990), in her presentation to the NIH Consen-
sus Development Conference on Noise and
Heating (see Appendix I}, summarized numerous
investigations of the knowledge and behaviors of
Junior high and high-schoo! students and their
teachers regarding the effects of noise and how 1o
prevent them. Every siudy found deficiencles in
knowledge. Frager and Kahn's survey of health
textbooks used in schools shows that students lack
appropriate content concerning hearing and the
elfects of noise (Frager & Kahn, 1988),

Adults also lack knowledge abous nofse and
hearing. Educators in occupational hearing conser-
vatlon programs know that many nojse-exposed
employeas have gaps in their understanding of
how noise-induced hearing loss happens and how
to prevent it. Most of the materials currently avail-
able on preventing noise-induced hearing loss
come from cccupational hearing conservation
programs. Although the basic facts about the
elfects of noise are the same regardless of the
noise source, these occupationally oriented materi-
als ars often too specific to OSHA requirements to
be very useful In non-occupational contexts,

Occupational hearing conservation program
exparfences also teil us that providing infermation
is not enough. Motivation Is required before psople
start protecting themselves from noise.

COMBATTING NOISE IN THE ‘905

I will briefly review past efforts toward public
educatian as well as lhe recommendations of
previous working group documents,

The Noise Control Act of 1972 and the Quiet
Communities Act of 1878 contained two relevant
provisions:

* labeling of products that emit noise capable of
advarsely affecting public health and products
for reducing noise, and

» sducational materials and technical assistance
programs to support state and local noise
abatement programs,

The ussful school curricula, written materials,
pamphlets, and booklets concerning nolse and its
effects which the Environmental Protection Agency
{EPA} produced before its demise are no longer
available,

Labsling In itself is informaticnal, not educa-
tional. There is abundant evidence that the pres-
ence of a label, even il it is heeded by the product
user, will not be sufficient o promote proteclive
behaviors unless the individual has received other
background education and specifie training in how
io carry out protective actions, For example, even if
people are induced to attempt to wear hearing
protection devices, they are unlikely to achieve
sufficient attenuation without demanstration and
preferably gulded praclics in the proper way to use
earplugs or earmulffs.

Several recommandations relevant to public
informaltion and education were contalned in the
report, NIOSH Proposed National Stralegy for the
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Prevention of Nojse-induced Hearing Loss, even
though this document focused exclusively on
occupational hearing loss, The section an informa-
tion dissemination included these strategies:

+ Establish a central clearinghouse for collecting
and distributing information about noise control
and hearing conservation.

* inform ine public of the need 1o protect hear-
ing,

* Develop educational programs and promote
existing programs in primary and secondary
schools and in universitles ... aboul sound, its
hazards, and self-prolection.

The Consansus Statement from the NIH Con-
sensus Davelopment Conference on Noise and
Hearing contained numerous straiegies for the
pravention of noise-induced hearing foss. Selected
recommeandations relevant lo public education
included:

+ Target educational programs toward children,
parents, hohby groups, public role models, and
professionals in influential positions.

 Provide guidance and product nofsa emission

laheling for consumaers lo assist them in
purchasing quieter devices and reducing their
nolse exposuras.

Make hearing prolection devices more widely
available to the public and supplying compre-
hensive instructions for their proper use.
Make basic audiometric evaluations and
counseling more widely available to detect
early noise-induced heatring loss.

Enforce existing ragulations for consumer
product noise labseling.

Re-establish a federal agency coordinating
committee for noise issues,

Develop public awarensss through high
visibility media campalgns.

Add pravantion of noise-induced hearing loss
to the health curricula in public schools.

Make self-education materials available to
adults.

-

The repont Fighting Noise in the 1990s from the
Organization far Economic Co-operation and
Devetopment (1991) summarized characteristics of
effective aducational strategies based on an
examination of efforts already undartaken in
saveral countries. The authors concluded that
public aducation campaigns are essential, but that

&2

hey are more aflective if they are ongoing rather
than sporadic, specific in scope ralher than gen-
eral, and jocal rather than national. Effective
educational efforts have been accomplished by
private or nonprofit associations as well as by local
governments or nalional campaigns,

The media information currently avallable to the
publicin the United Stales usually focuses on
nojse-induced hearing loss, excluding annoyance
and other eftacts of nolse. Unfortunately, this
media coverage is typically sensaticnal in nature.
The risk of NIHL is often exaggerated because of
an emphasls en noisa levels of various aclivities
without any consideration of tolal noise exposLres
{e.q.. the duration of noisy activities and the
frequency of their rapetition). Media articles are
also aimed largely at adults, especially al parents
concerning the music-related sound exposures of
their adolescent children, To illustrate the nature of
misinformation directed at ihe public, a recent
factuai cartoon block an the front page of a nation-
ally distributed newspaper stated that noise dam-
ages lhe eardrums (rather than the inner ear),
implied that attending a symphony orchestra
concert could cause hearing damage, and listed
decibel lavels thal were probably peak sound
pressure levels rather than representative A-
welighted sound levels,

Educational afforts related to hearing could
bonefit from considering the recent advances in
models of health promotion, as illustrated by
campaigns for the prevention of smoking, cancer,
and AIDS, as well as campaligns to promate
recycling behavior. We will fail to affect pecple if we
concentrate exclusively on faciual knowledge or
balieis. To influence peopla, we must affect their
attitudes, intentions, and behaviors. Behaviors are
alfected by constraints and caonsequences, Such as
the presence of bad side effects {discomlort and
ridicule for wearing HPDs) or the tack of any
immadiate payback {because avoidance of noise-
induced hearing loss Is in the distant future). Social
learning theory emphasizes the importance of
peers and role models in determining behavior.
New ecalogic intarventions in health pramotion
therefore aim not only at the individual, but af the
social environment and the community to introduce
support mechanisms which will encourage and
maintain the desirad behaviors.

i-or example, Kramer reports that the percent-
age of competition marksmen who waar hearing
protection devices has increased dramatically in
recent years. Factors contributing to this behavior
change include the publication of information about

COMBATTING NOISE IN THE '90s
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gunfite noise exposures and the resuiting hearing
losses by shaooting publications and assaciations,
personal experience of the communication prob-
lems suffared by old-timars who did not protect
their hearing, the convenient availatility of hearing
protection devices at gun sheps, peer modaling as
shooters began wearing earplugs and earmuifs,
and peer pressura and reinforcement as hearing
protector use bacame the norm,

Working Group VIl used the recommendations
of the recently published summary documents
togather with additienal current information as a
basis for outlining the bast approaches to educa-
tional efforts. Education is essential if olher praven-
tive stralegies are o succeed. Warning labels or
product ratings are of little benofit unloss the publin
is taught their meaning and motivated to usa them.
Hearing protection devicas are not helpful unless
people are trainsd to use them properly and
motivated to actually do so. Even regulatory
approaches such as comimunily ordinances work
far better when the public is infarmed. Only an
informed public can create a demand for quister
products and environments, In short, providing
education and information Is essential, but only if it
is meaningful, relevant, and practical for the
recipients.

Summary of Working Group Discussion

The members of Working Graup VIl supported
the recommendations of past summary dacuments
as outlined in the Chair's introduction. Members
discussed ways to make the desired messages
most appealing and most effective through "mes-
sage framing" or social markeling approaches.
However, even with the best message presenta-
tion, some groups {a.g., adolescents, farmers, and
tow-income adults) will be hard to reach and affect.
Video tapes, not written materials, are probably the
bast medium for educating teday's public.

It is desirable to start early to influence young
children to value a quiet auditary environment and
to appreciate their hearing. Preschool children
might be reached directly through television shows
similar to Sesame Streat or cartoons. An indirect
melhod to reach young children might be through
the healthcars providers who can affect thelr

parents, Matarnai education is impartant, and
aeliorts should be coordinated with existing pro-
grams such as Women, Infants, and Children
{WIC) and well baby clinics.

Once children reach school age, the schoo!
system providas an opponunity to reach them If

COMBATIING NOISE IN THE '90s

excellent, interesting curricula can be developed
and provided (o teachers. Moreover, if childran take
informatian home with them from school, they may
affect their parants as well. One excellent opportu-
nity to educate children about thelr hearing is
through hearing screening tests which are given in
most schools. In high school, cansumer affairs
courses could easily cover how to select quieter
appliances and tools, and hew to delermine
whether an apartment or home will be annoyingly
noisy.

Popular netions that equate noisier products
with greater power need to be avercome. It was
suggested that truth-in-advertising might require TV
or radio adverisements of noisy producls to
roproduce their sound at full volume to demon-
strate the interferance with communication.

The working group members discussed the
human factors literature on warning labels. There
was general agreement lhat labels of the simple
warning variety are not vary effective, as many
people ignere them, Even for people who do heed
them, labels of this sort would not contain enough
information to discriminate between noise sources
that are hazardous in a single use versus those
that ara hazardous cnly in [ong-term repeated use,

Thosae people who can be influenced by a warning
label to try to wear protective earplugs still need
additional training in how to do so belore they
would achieve significant protection.

Rather than warning labels, the working group
members favored nolse emission rating labeis
which would assist consumers in choosing quister
products (e.g., chaln saws, lawn equipment, or
appliances). Consumers aré experienced in using
anergy consumption rating Jabels for heme appli-
ances as well as auto mileage ratings. They could

easily learn to use noise emission rating (abels 1o
select quieter producis.

Recommendations

Working Giroup V1| strangly supports federal
government involvement in educating the public
about noise.

Target groups for such education include:

« preschool children,

* school-age children and youth,

« college and professional students,

+ adult citizens and consumers,
 practitioners in influential professions, and
specific groups at risk,

»
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The types of messages that educational efjorts

should deliver include the following:

* A quiet envirenment contribules to good quality
of life.

* Nelse can cause annoyance, stress, and
interference with activitles, communication, and
slesp,

* Nolse exposure can cause parmanen noise-
induced hearing loss which significantly
degrades ane's quality of life,

* Whan high noise exposure js unavaidabla,
noise-induced hearing loss is preventable
through proteciive behaviors,

In communicating the messages listed above,
educalional efforts shouid facus an;
¢ the benelits of pratective aclions rather than
the nagative consequences of Inaction (ap-
proach rather than avoidance);
+ spocific actlons to take; and
« soclal reinforcement of desired behaviors.,

Taillustrate the types of educational efforts that
the wotking group members favor, several ox-
amples are listed below:

* Develop interesting curricuta for primary and
secondary school educalors, test the effective-
ness of these curricula, teach the use of these
curricula te teachers, and inlegrate these
curricula into existing courses on health and
consumer affalrs,

Develop curricula for professional training
programs In such disciplines as medicine,
architecturs, and engineering,

Devslop nolse emissian ratings to enable
consumers to select quietsr products, and
educate consumers about how to use these
ratings.

Develop videos and make them widely avail-
abla o health cfinies, doctors' wailing rooms,
school libraries, public librarias, hokiby interest
groups (woodworkers), commercial video rental
enferprises, drug stores, ele,

Provide technical assistance for local citizens
atlemipting to create or improve nolse ordi-
nances.

Develop a clearinghouse to shara inforrmation
and advertise the availability of this service.

64

« Promole widely available hearing tests as a
public educationat and motivational oo in
schools and clinics.

* Davelop media campaigns using an identiffable
visual symbol to helghten public awarsness of
nolse as an environmental poftutant and
hearing hazard.
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WORKING GROUP VIl

STATE AND LOCAL STRATEGIES

Clifford R. Bragdon - Chair

Introduction

The primary stralegy used by state and local
governments for addressing the control of environ-
mental noise has been the regulatory approach,
This has involved establishing enabling authority at
the state level along with noise control legislation,
and enacling ordinances at the local level.

Historically local governments wera the first
political entities to Initiate any type of noise legisla-
tion In the United Stales (Bragdon, 1971). Initially
they primarily dealt with disturbance of the peace
Issues. Such [aws contained nuisance type lan-
quage concerned with street vendors, similar to the
City of Boston law (enacted 1850}. In the early
phase of regulatory history, these laws contained
only general language whare noise was nol
quantified (8.g., nolse was delined as that which is
unreasaonably loud, disturbing, or unnecessary)
{Bragdon, 1980).

Initlal efferts at regulating noise were minimal
and it is estimated that during the 1930s there were
only 20 municipalities with regulations in place,
Table 1 provides an histarical description of
municipal noise legislation and the major influ-
ences. It was with the publication of City Noise in
1930 by the New York City Depariment of Public
Health that noise sources ware first measured (in
conjunction with Ball Labhoratories). Their report
documented the sources, lavels, and communily
rasponsa to this public health concemn (Nolse
Abatement Commission, 1830). Many of their
findings are similar to conditions found in urban
araas loday. Road noise levels for vehicles was
first addressed by the city of Memphis, but it was
not unill 1948 that any national mode! ordinance
was actually written. Land-use controls through the

COMBATTING NOISE IN THE '90s

use of zoning as a police power first appeared in
1955, when Chicago amended their zoning ordi-
nance incerporating performance standards for
noise. Up to the early 1970s, there were (ess than
60 municipalities with legislation,

The establishment of the Environmental Protec-
tion Agency (EPA} and the passage of both the
Noise Centrol Act foltowed later by the Quiet
Communities Act, provided the primary impetus
for state and local legistation {Bragdon, 1978).
Both National Institule of Municipal Law Officers
(NIMLO} and EPA developed modsl noise ordi-
nances as guldelines to governmants. EPA techni-
cal assistance programs were also initiated, By
1980 thera wera 2,100 laws in place, compared to
less than 100 the previous decade.

The termination of funding, initiated by the Office
of Managsment and Budget and approved by
Congress, had a negative impact on both local and
state govarnment noisa-related activity (Shapiro,
1991). Based on a recently conducted environmen-
1al legislation questionnaire, it appears that there
has bean a leveling-off condition (Table 1) in the
passage of new noisa laws {Bragdon, 1992},

More significant than the initiation of noise
legislatian has been |he general decline in noise
control programs established to Implement these
laws (Soporowski, 1980). Tahle 2 summarizes the
state and municipal nolse ragulations and pro-
grams over seven decades. At the height of the
EPA Office of Noise Abalement and Controt
activity, there ware approximately 205 noise
programs with specific budgets out of the 2,100
laws enacted (0.976%). Howevaer this does not
mean other resources such as palice, health,
planning and zoning functions of government were

o7
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Parlad Munlclpal Nolso
{Docada) Regulation
{Estimatad) Historleal Influences - Primary

1930 - 1938 20 City Nolse: 1830
New York City Department of Hoalth
Motor Vohicle Coda: 1938
Memphis Tennessee

1940 - 1949 a5 NIMLO Model Ordinance: 1848
National Instituto of Munlcipal Law
Officers

1950 - 1959 35 Performanca Zaning Ordinance: Chlcago
1955, Armour Resoarch Foundation

1960 - 1969 55 Motor Vehicle Code: Californie «~ 1967
Califarnia Dapariment of Highway Patrol

1970 - 1979 2100 Municipal Noise Ordinances: Chicago
Bouldar, Inglawocod, NIMLO Model
Ordinanco: 1970 EPA Nolso Contro) Act
and Medeo! Ordinance

1930 - 1989 2400 Elimination of EPA, Office of Nolss
Ahatomont and Contral - Technical
Asslstance Program - 1982 FAA: Part 150;
Comprohonaivo Planning: Statos

1900 « 2620 77?

Note: Resils of Clifford R, Bragdon survey through Daecember, 1991 (in process)

Table t

Evolution of Municipal Noise Control Regulations: Histarical Influences

Munlcipal State
Decade Budgeted Budgeted
Regulations | Programs | Regulations | Programs
1930 20 1 0 o
1940 25 3 (o] 0
1950 35 5 0 0
1960 55 10 2 2
1970 2100 205 27 21
1980 2400 93 27 8
1990 2700 76 26 7

Source: Clifford R. Bragdon survey (in process)

Table 2

State and Municipal Nolse Regulations/Programs

COMBATTING NOISE IN THE '90s




net utilized to enforce these noise laws on a limitad
basis, Today these programs have baen signifi-
cantly raduced with just 76 municipal programs
now active compared to tha 205 earlier programs.
State support has also fallen off proporlionately
from 21 te 7 budgsled programs. It appears that
further reductions will occur during 1992 for both
local and state goverhrents.

There appear to be at least sight trends associ-
ated with noise programs that influence local and
state aclivity. They are:

Limited Federal Activity

* Mast initiatives ara occurring by the U.S.

Department of Transportation, the Federal
Aviatlon Administration, and the Dapariment of
Defense, and the Office of Economic Adjust-
mernt.

Restricted Federal Focus

* The emphasis has been transportation plan-

ning related (i.e., airports and highways) along
with military Installations.

State and Local Responsibility

+ President Reagan shifled a major pontion of the
federal respongibility to state and local govern-
ments, but without any federal assistance or
support.

Continued Enactment

a Although the Noise Control Act was never

repealed by Congress, it continues, but is
essentlally dormant,

Consolidated Budgeting and Reduced En-

forcement

* Financial support has aither been eliminated or

conselitated with ather programs due fo
budget constraints, theraby influencing signifi-
cantly the enforcement process,

Privatizalion

¢ The public has turned to the private sector for

assistance, and some businesses have incar-
porated the control of noise into thelr corporate
strategy.

Profeasional Socleties / Standards Groups

« Assistance In many of these areas now resides

heavilly with professional societies and organi-
zations (8,0, Amarican National Standards
Institute, American Acoustical Socisty, Institute
of Noise Control Engineers, American Society
for Testing and Materials, Sociaty of Automo-
tive Engineers, National Association for Noise

COMBATIING NOISE IN THE '90s
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Control Offices, National Organization to Insurs
A Sound Control Environment, etc.)

Recognition and Litigation

+ The public still considers naise o be an
important environmental concern and, oiten-
times thelr primary remedy Involves litigation,
which is only marginally effectiva.

Summary of Working Group Discussion
The purpose of Working Grouping VII!: Siate
and Local Strategies was to develop strategies for

noise abatement al the state and local levels.
Measures to be considered Included community
noise ordinances, land-use planning, and other
sopurce-path-receiver conirols, The group explored
the status of state and lacal noise programs and
recommended strategies in which federal, state,
and local governments can work togsether for
maximum efficiency, using both regulatory and
nonregulatory measures.

Clearly the emphasis is not to dwell on legisla-
tive history and the inconsistency of support for
environmental noise cantrol by the federal govern-
ment, which In turn has impacted state and logal
efferts. The key is intergovernmental cooperation
and public-private partnerships that are innovative
and that protect the public's concern for ensuring
the amenity of quiet as a sensory right as we
approach the 21st century. Essential to enhancing
the comfort and enjoyment of the biosphere is the
strategic planning of our environment which must
consider the three-dimensianal use of space, time
as a 24-hour resource, and the prasarvation of all
five human senses,

The mambers of the warking group developed a
consensus type process whereby a series of
recommended goals and plan elements were
prepared during tha working group session. In total
thers were 10 goals recommended, along with 31
plan elements recommended to achieve these
goals. All members of the working group reviewed
and agreed upon thess recammendations before
they wetre presented to the conferees at the close
of the symposium.

Recommendations

Goal 1

Develop an integrative plan of noise strategies
invelving all levels of government—federal, state,
and local.

&9
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« Esiablish an organizational entity {e.g., the
Offico of Nolsa Abatement and Control {ONAC}
within the EPA thalis an advocate for regula-
tory and nonregulatory community neise
management.

Eslablish & Federal Interagency Commitiee on
Nolse (FICON)-type advisory board within this
organizational enlity of EPA.

Utilize a telacommunication system for govern-
mental/association/institutional intarchange of
noise-related Information.

Develop a multi-media system of communica-
tion and analysis for the presentation of noise-
related information,

Esiablish an information dissemination center
{e.g., Technical Assistance Center).

This organizational entity within EPA musi be
subject {o a lotal quality management (TQM)
philosophy of effectivaness.

Goal 2

Recommend a federal funding mechanism lo
support the aclivities of this ONAG type entity
within EPA,

* Establish congressional iegislation fo authorize
and appropriata funds for a cost-effective
ONAC-type antity.

Establish state/local grant crileria and mecha-
nisms to suppor state and locaf noise pro-
grams, including demonstrations that would
fallow the same format as othar EPA programs
or othar effective models found in elther tha
pubfic or private sector,

Integrate economic cost-henefit faclors inlo
any noisa regulations promulgated and praven-
tion strategies implemented.

Goal 3

Propose a regulalory and nonragulatory mecha-
nism that ferges & public/private partnership for
noise control.

+ Establish a vehicle for promoting public/private
partnerships using suppor! type organizations,
(e.g., Natignal Council of Acoustical Consult-
ants, National Association fer Naise Control
Offices, Instiute of Noise Control Enginesring,
Acouslical Society of America, American
National Standards Instilute, American Soclety
far Testing and Matertals),

s Advocate and assist private sector markating
plans that incorporate the consumer amenily of

70

quiet similar to initiatives iound among the
motel industry (8.g., LaQuinta, Red Raoof,
Embassy Suites).

Davelop a real estate transfer pregram that
uses both regulatory and voluntary processes
for conveying or disclosing neise information
(e.g., real sslate map, mortgage, tile transfer).
Integrate a climatic and acoustical sensory
ouldoor display system that can be mounted
on buildings {e.g., banks), Such a system
would display weather and noise information,

Goal 4
Encourage a proceas for innovaltion to provide
guidance and information leedback lo the users,
¢ Reconstitute and strengthan through a grant
mechanism: "Each Community Helps Others,’
and Technical Assistance Center programs,
including the funding of personnel.
« Implement an electronic interactive communi-
cation system (e.g., Bitnet, CompuServe,
Prodigy) for noise information dissemination.

Goal 5
Review ONAC’s criginal program for state and
local assistance in terms of both positive and
negative experiences.
* Prepare a document recounting ONAC cus-
tomer experiences.
* |nterview former ONAC administrative staff and
their “customers,”
» Analyze documents and policies that were
produced by ONAC in terms of their effective-
naess.

Goal 6

Learn from private industry experiences, both
positive and negative, relating tc ONAC and their
awn nolse control initiatives.

+ Prepare case siudy format describing private
seclor experience in markeling the amenity of
quiet (Chambers of Commerce, Motorcyela
Industry Council, American Sociely of Heating,
Refrigeration, and Electric, Power Equipmeant
Council, Appliance Manufacturers Council,
alc.).

Inventory adverlising programs used by
industry that Incorporated noise control mea-
sures bhased on enginesring control,

COMBATTING NOISE IN THE '90s
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Goal 7

Encourage the use of spafially applied technolo-
gles, {i.e., Geographical Information Systems (GIS)
and mulii-media simulations) to support the other
goals.

» Develop a Geographical Information System
(G18) relational data base that Incorporates
neise.

Utilize two- and thrae-dimensional spatially
applied software for multiple noise sources.
Integrate multisensory simulation model
incorporating visual, auditory, olfactory, and
tactile elements.

Utilize a stralegic planning process for nolse
control that incorporates lemporal, spatial, and
sensory elements,

Three-dimensionalize standards and criteria for
neoise pertaining 1o land use (i.e., space use)
compatibility ptanning.

Goal 8
Develop a conflict resolution management
systern for noise control to supplant the litigatory
process,
« Devalop training matarials and aids that
include role playing, simulation and gaming for
a variety of situations,
* Perform mediation and negctiation sassions
with potentially affected parties.

Goal 9

Encourage U.S, compstitiveness in the werld
markeiplace through a “buy quist’ approach to
procurement and inform indusiry and community of
economic benefits.

+ Establish nolse criteria, and interact with
international noise standards committess and
organizations {e.g., European Econemic
Community, Organization for Economic Co-
cperation and Development, Internaticnal
Standards Organization (150}, efc.).

« Encourage private sector, at state and local
levels, to increase their market share in na-
tional and International arana by producing
quiet products.

* Develop a system of benelits for those partici-
pating,

COMBATTING NOISE IN THE '90s

Goal 10

Basic Education Training

+ Develop a series of model ordinances and
codes.
Train governmental and nongovernmantal
officials (public and private sectors) in proce-
dures, methods, technolegies bearing on nolse
programs and potential conificts,
Recommend certification standards for noise
control personnel,
Produce public outreach matarials for the
general public and target institutions to receive
thesa matorials in both public and private
sectors.
Emphasize interdisciplinary cross-training of
persannel responsible for nolse with other
environmental-ralated fields,
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REGULATORY ALTERNATIVES

Henning E. von Gierke - Chair

Introduction

The Noise Coniral Act (NCA) of 1872 with Iis
amendment by the Quiet Communities Act of 1978
declared a very reasonable, timely, and laudable
goal and policy of the United States: o promote an
environment for all Amaricans free from noise that
jeopardizes their health or welfare, To achigve this
goal, the NCA outlines a multipronged approach
assigning noise abatement and conirol duties to
the Envirenmental Protection Agency (EPA) and
other federal agencies concerning:

« |dentification of nolse levels that jeopardize
public heallh and welfare.

» |dentification of the majar noise sources that

ara the major contributers to the noise environ-

mant,

« Establish nolse emission standards for major
noise sources including test procedures and
provide information on control technology.

» Control and abatement of alrcraft noisa,

+ Intersiate molor carriers nolse emission
standards.

« Labeling requirements for some neise emitting
and noise reducing products,

» Research and public education requirements,
including development of low nolse-emission
products.

s Coordination of federal, state, and local noise
abatement policies and approaches,

It is obviously a very comprehensive and long-
range program where the effectiveness of the
various compenents of the overall systom have
differant time scales and are interdependent with

COMBATITING NOISE IN THE '90s

respact to many aspects: the combination of
ragulations, educalion, the marketplace, and
research progress are to reduce our environmental
nolse exposure to the desired level. Somewhat
impatiently, the NCA decreed firm directives for
publicalion of same reports and some regulatory
actions; some of these tight schedules might not
hava been beneliclal to the overall effort, Tha NCA
established no review and oversight procedures to
avaluate the effectivenass and interaclion of the
various program phases and 1o facilitate national
consensus building.

The achievements of EPA’s Office of Noise
Abatement and Control (ONAC) in promoting and
coordinating these goals during the first decade of
its existence and the shortcomings with respsct fo
follow-up activity during the second decade, are
well summarized in the report to the Administrative
Conference of the United States, The Dormant
Noise Control Act and Options to Abate Noise
Poltution (Shapiro, 1991), Where should we go
[rom here? What have we, the concerned technical
community, learned from the past history and what
are our recommendations to revitalize the national
noise abatement effort in an efficient, cost-effective
way? To what extent should the baselines, the
approaches, the short-term and long-term goals be
updated and/or modified to contribute at the
appropriate time to progress toward the overall
goal? Who should be executing and who should be
coordinating these efforts, raalizing that during the
last decade of ONAC's inactivity many capabilities
and initiatives continued in other government and
voluntary sector programs? (Suler & von Gierke,
1987). In addition, International programs and
activities grew markedly during these last 10 years,
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primarily through Europaan Community competi-
tion. Following the United States' initial lead in
environmental noise abaternent, many of the
European organized government activities probably
surpassed ours. Now European governments try to
harmonize the regulations and programs among
the various countries.

These are same of the questions our Working
Group IX on *Regulatory Alternatives” discussed,
Three-quarters of the working group members
were involved in tha early phases of our national
noise control sfforts advising EPA, the Federal
Aviation Administration (FAA), Departmant of
Transportation (DOT), National Institutes of Health
(NIH), Department of Datense (DOD), or the
Occupational Safety and Health Administration
{QSHA), and were collaborating on reaching
congensus on fundamental tecitnical issuas such
as; "Whai noise levels jeopardize public health and
wellare?" and "What are our major noise sources
and how can they best be controlled?” We have
biologists, psychologists, physicists, engineers, and
iegal experts In the group, most of whom conltinved
leading and contributing to voluntary sector noise
abatement and standardization efforts without
government support after ONAC’s leadership
waned.

Ameng the questions the group discussed are
the following:

* One of the baseline technical documents for
execution of the NCA is the Levels Document
{U.S. Environmental Protection Agency, 1974;
von Gierke, 1975) identilying what noise levels
affect public health and welfars. Does il need
updating?

Do the guidelines for environmental impact
statements with respect 1o noise need updat-
ing? {Committee on Hearing, Acoustics, and
Bioacoustics, 1377).

What Is our nolse environment? How did it and
will it change? What are the major noise
sources? Do we need a National Envirenmen-
tal Noise Assessment Program?

Where should regulatory authority rest and
whera should it be applisd? How effective is
tha technical and policy guidance of the
Federal Interagency Committee on Noise
(FICON)?

How can a national, technical consensus best
be established and what regulatory, technical,
and product advisory commitiees would be
desirable?
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« Haw can the naticnal noise abatement effort
profit most effectively and without duplication
from the national voluntary consensus stan-
dards systam? How can federal and voluniary
aiforts best be harmonized?

* How can we becoma mora effective in interna-
tional Standardization with respect (o noise
measurement, source emission and testing,
and salety to support our competitiveness and
trade?

Participation in the international noise abate-
mant eflorts does not only concern public health
and welfare but includas our national interests as
well,

[t was not possibie to discuss all of these
problams during the short maeting time of the
group not to mention to reach detailed final consen-
sug recommendations. However, | hope ws agreed
that these are all problems that must be allacked
and solved if we wanl to be in a position to predict
and control our noise énvironment by the year
2000.

Summary of Working Group Discussion
The working group discussed adequacy of
presant legislation with respect to noise abatement
and potential amendments, imptementation of the
legislation and suggestions for its improvament,
responsibilities with respect 10 testing, standards,
and labeling of noise sources, and finally, mecha-
nisms for establishing national consensus for
requlatory alternatives. The group realized that, for
exhaustive discussion of all the topics the time was
much oo short, Several of the items discussed
would have needed representation from several
govarnment agencles and from several industrial
seclors to arrive at final recommendations en-
dorsed in detail by all members of the group. Some
of the suggestions listed resulted in responses from
the audience during their presentation, which would
require careful consideration befare datailed
recommencdlations are worked out. Conseguently,
some of the suggestions listed are more long
range, and need discussion by a larger group with
mora lime available. However on all points batow,
consensus of the group was reached in principle.
By far the most important recommendation,
which is the foundation for alt other efforts and
considerations proposed, concemns refunding of the
NCA of 1972, The present situation leaves EPA
with Jegal responsibilities it cannot carry oul and
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COMBATTING NOISE IN THE '90s « DECEMBER 17, 1991

through preemplion actuatly sirangles nolse conirol
efforts in individual states.

ARecommendations

Legisiation

1. Nolse Control Act

+ The presanl Noise Centrol Act provides a
good basis for reactivating the Implamenta-
tion of a national noise abatement pro-
gram. Funding should be provided for
EPA's Office of Noise Abatement and
Cantrol {ONAC).

Any future amendments on noise from
surface vehicles should Include consider-
atfon of transferring certain responsibilities
1o DOT simitar to the provisions for aircrait
noise, The U.S, Department of Transporta-
tion should set and enforce noise limits for
naw and operating alrcraft, railroads,
transit vehicles, buses, and madium and
heavy trucks, The FAA, FRA, and FHWA
have most of the responsibility for these
actions and they should be given the
authority for new vehicies,

Any amendments that cencern the health
and welfare of citizens, especially research
and setting criteria, should include coordi-
nation with and/or participation of the
Public Health Service (NIH, NIOSH,
NIDCD).

2. National Environmentai Polley Act (NEPA)

* The Council on Environmental Quality
{CEQ) shall retain the autharity fo oversee
federal agency implementation of the
National Environmental Policy Act (NEPA),
including preparation of Environmental
Impact Statemants (EIS).

» The EPA shall retain the authority to review
and evaluats Environmenial impact
Statements with respect to the technical
aspeacts of neisa.

The guidelines for evaluating nolse effects
in EIS that ware developed under the
National Research Council in the 1970s
should be updated 1o include current
experience and technical progress, and
should be utilized by the federal agencies
in their analysis of the enviranmental
impacts of thelt proposed actions, The
update should include guidance to address

-
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situations in which naise disturbs people
and disrupts their everyday lives.

Implementation
1. Development of Natlonal Noise Action Plan

The Noisa Control Act eslablishas the national
policy and provides means and autherilies for
its implementation, but it does not establish an
aciion plan with specilic goals and prieritles
with societal benefits and costs. The develop-
ment of a pational noise control action plan
remains the top priority for any new federal
efforts in his area. The plan needs fo be
daveloped through a consultative process (hat
would include hearings, workshops, and
conlerences, in which the opportunity for
paricipation is afforded to all direetly and
materially affected persons, Inciuding public
and private groups, industry, commerce, as
waell as academic and governmental agencies
at the lederal, state, and local levels, The plan
neads to define the health and welfare prob-
lems to be solved, and for each problem area it
needs to abtain consansus of specific quantila-
live goals, determine the existence of solutions
within present or future technology, and
eslablish priorities, resource allocation, and
schedule for each goal.

2, Agency Responsibilities

* EPA should be the overall coordinator for a
federal noise policy. The U.S. Depariment
of Labor should continue to have rasponsi-
hility for setting and enfarcing noiss limits
lor workers' exposure to industrial equip-
mant in planis and on construclion sites
(OSHA) and in minas (MSHA).

States should have authority 10 set and
enforce noise limits for old cars and light
trucks and for operating recreatienal
vehicles such as off-road vehicles, snow-
mobiles, power boats, and molorcycles.
Local government should have the author-
ity for property-line stalules regulating
noise levals. Local gavernments should
have responsibility for building codes that
specify transmissian losses through floors,
ceilings, walls, and windows of housing
units, unless these building codes are
preempted by state ¢odaes. Adoption of
uniferm code for mullifamily structuras
should be encouraged at all levels of
government.
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= All levels of government should encourage
voluntary reductions in noise at the source.
The approach that has baen adopted by
EPA's indoor air program under the SARA
legisiation may serve as a partial model.
Review/Updating of Key Documents
« Of special consideration is Section 14{d) of
the Noise Contral Act relating to idantifying
trends in noise exposure and response,
ambient lgveis, and compliance data and
to detarmine otherwise the effectiveness of
noise abatement actions through the
callection of social and human respanse
data.
The document Information on Levels of
Environmental Noise Raquisite to Protect
Public Health and Welfare With an Ad-
equate Margin of Safety, should be re-
viewed and an appropiiate revision or
supplemant prepared as required by the
Nolse Control Act. Prior to final release,
this document should be reviewed and
commenied on by organizations outside
the EPA.

Tesling, Standards, and Labeling

1.
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The EPA should sncourage the National
Institute for Standardization and Technelogy
{NiST} to reestablish rasearch in the areas of
noise contral, the measurement of noise, and
the evaluation of the effects of noise. In the
past, NIST provided an important resource for
research in these areas which contributed
significantly ta EPA requirements.

Tha EPA should provide leadership in encour-
aging laboratory accreditation by NIST for
neoise measurement standards for labeling and
other regulatory purposes, and the negoliation
of appropriate reciprocal data recognition
agresrnents with forelgn governments.

. EPA and other lederal agencfes responsible for

noise and noise control should participala
aclively in the development of voluntary
consensus standards related to noise maa-
suremant, [ts biological effects and noise
control. Participation in the voluntary consen-
sus standards systems;
* |s a cost-elfective way to make use of
available expertise,
+ assumes coordination ot all parties inter-
ested in control of noise,

+ assumes independent review and public
commenl on all proposed standards and,

+ would be consistent with the federal
governmenl's encouragement of the use of
voluplary consensus standards.

. Voluntary labeling program. EPA should

establish a mechanism to enable voluntary
disclosure of noise emission in a prescribed
form of netice for products in identified product
classes based on noise measurements made
in accordance with one or more voluntary
standards. Together, thase standards should
meel the criteria for measurement and test
standards specified by EPA io identify the
prolective purposes and metrics of the noise
emission data to be dirclnsed. This critaria
should alse be designed to enable the test data
1o be submitied to foreign regulatory authorities
in accordanca with GATT provisions.

. Inlernational standards, United States parici-

pation in inlernational standardization through
the American National Standards Instilute
{ANSI) with respect to noise measurement,
source emission and testing, noise annoyance,
and safety must become more active and
proactive. The United Stales national voluntary
system needs aclive paricipation by the
various governmental agencies in the stan-
dards development process which Involves
investment of fechnical manpower and funding
support for fravel and funding of meetings.
Funding suppor for specific standards projects
should be considered. This effort is vital to
United States compatitiveness in international
trade. United States national standards on
measurement and testing are likely to become
more and mora dependant on internationat
standards,

Establishing Nalional Consensus for
Regulatory Allernatives

1. Federal Interagency Commlitee on Nolse

{FICONY}, In its planning and formulating noise-
abatement palicy, a newly constituted Olfice of
Naise Abatement and Control should regularly
convena a standing federal inleragency
commitiee similar to the current Federal
Interagency Committee on Noise. Agencies
represented on this commitiea should include,
EPA, DOT (FAA, FHWA, FRA), DOD, HUD,
VA, HHS (PHS/NIH) and CEQ. Recommenda-
tions of the federal interagency committee

COMBATTING NOISE IN THE 90s
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shouid be made avallable to affected publics
for comment, as should proposed modifications
to existing federal regulations or policies hased
an committae's recommendations,

2. Technical Advisory Committee. Technical
decisions by FICON, EPA, and other govein-
ment agencies concerning noise, its control,
and its effects on people should be based on
recommendations by authoritative technical
advisory committees. A cost effective and
established way to accomplish this would be to
use the expertise which resides at the Nationatl
Academy of Sciences, Nalianal Academy of
Engineering, and the Institute of Medicine
through thelr National Research Council
(NRC). Under the present structure, the NRC's
Committea an Hearing, Bio-Acousiics and Bio-
mechanics (CHABA) would be appropriate,
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APPENDIX |,

CONSENSUS STATEMENT:
NIH CONSENSUS DEVELOPMENT
CONFERENCE ON NOISE AND

HEARING LOSS

January 22-24, 1990
Volume 8, Number 1

NIH Consensus Davelopment Conferences are
convenad to evaluate avallable scigntific informa-
tion and resolve salety and efficacy issues related
10 a biomedical technology. The resultant NIH
Consensus Statements are inlended to advance
understanding of the technology or issue in ques-
tion and to be uselul to healih professionals and
the public,

NIH Consensus Stalements are prepared by a
nonadvocate, nan-federal panel of experts, based
an: (1) presentations by investigators working in
areas refevant to the consensus question during &
1-1/2 day public session; (2) questions and state-
ments from conference attendees during open
discussion periods that are part of the public
sasslon; and (3) closed deliberations by the Pansl
duting the remainder of the second day and
morning of the third, This statement is an indepen-
dent report of the panael and is not a policy state-
ment of the NIH or the Federal Governmant.

Coples of this statement and bibliographies
prepared by the Natlonal Library of Medicine are
available from the Office of Medical Applications of
Ressarch. National Institutes of Health, Building 1,
Room 260, Bethesda, MD 20892,

For making biblfographic reference to the
consensus statement from this conference, it is
suggested that the following format be used, with
or withaul source abbreviations, but without
authorship attribution: Noise and Hearing Loss NIH

COMBATIING NOQISE IN THE 905

Consens Dev Conf Consens Statement 1990 Jan
22.24; B{1).

ABSTRACT

The National Institules of Health Consensus
Development Conference on Noise and Hearing
Loss brought together biomedical and behavioral
scientists, haalth care providers, and the public to
address the characteristics of noise-inducad
hearing loss, acoustic parameters of hazardous
naise exposure, individual and age-specific sus-
ceplibility and prevention strategies. Following a
day and a half of presentations by experts and
discussion by the audience, a consansus panel
weighed the evidence and prepared a consensus
statement.

Among their findings, the panel concluded that
sounds of sufficiant intensity and duration will
damage the ear and result in temporary or perma-
nent hearing loss at any age, Sound levels of less
than 75 dB(A} are unlikely to cause permanent
hearing toss, while sound [evels above 85 dB(A)
with exposures af 8 hours per day will produce
permanent hearing loss after many years. Current
sciantific knowledge is inadeguate to predict that
any particular individual will ba sale when axposed
to a hazardous noise. Strategies to prevent dam-
age {rom sound exposure should include the use of
individuai hearing protection devices, education
programs beginning with school-age children,
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consumer guidancs, increased product noise
labeling, and hearing conservation pragrams for
occupational settings.

The full text of the consensus panel's statament
follows.

INTRODUCTION

Hearing loss afflicts approximately 28 million
people in the United States, Approximalely 10
miflion of these impairments are at least partially
attributable to damage from exposure ta loud
sounds. Sounds that are sulfficiently loud to dam-
age sensilive inner ear structures can produca
hearing loss that is not reversible by any presentiy
available medical or surgical treatment. Hearing
impairment associated with nofse exposure can
occur at any age, including aanly infancy, and is
often characterized by difficulty in understanding
speech and the potentially troublesome sympiom,
tinnitus (i.e., ringing in the ears). Very loud sounds
of short duration, such as an explosion or gunfire,
can produce immeadiate, severe, and permanant
loss of hearing. l.onger exposura to less intense
but still hazardous sounds, commonly encountered
in the warkplace or in certain laisure time agtivities,
exacts a gradual toll on hearing sensitivity, initially
without the victims' awareness. More than 20
million Amaricans are exposed on a regular basis
1o hazardous nolse levels that could result in
hearing loss. Occupationai exposure, the most
common cause of noise-induced hearing loss
(NIHL) threatens the hearing of firefightars, palice
officers, military personnel, construction and {factory
warkers, musiclans, farmers, and truck drivers, to
nama a few. Live or recarded high-volume musie,
racreational vehicles, alrplanes, lawn-care equip-
ment, woodworking teols, some househald appli-
ances, and chain saws are examples of nen-
accupational sources of potentially hazardous
noise, One important feature of NIHL is that it is
pravantable in all but certain cases of accidental
exposure, Legislation and regulations have been
enacted that speil out guidelines for protecting
workers from hazardous noise levels in the work-
place and consumers from hazardous nelse during
lelsura fime pursuits, Inconsistent compliance and
spotty enforcement of existing governmental
regulations have been the underlying cause for
their relativa ineffectiveness in achleving preven-
tion of NIHL, A particularly unfortunate oceurrence
was the efimination of the Cffice of Noise Abale-
ment and Control within the Enviranmental Protec-
tion Agency in 15982.

. B0

On January 22-24, 1990, the Natlonal Instilute
on Deainess and Other Communication Disorders,
together with the Office of Medical Applications of
Rasearch of the National Institules of Health
convenad a Consensus Development Conference
on Noise and Hearing Loss. Cosponsors of the
conference wera the National Institute of Child
Health and Human Development, the National
Institute on Aging, and the National Institute for
QOccupational Safety and Heaith of the Centers for
Disease Control, The effects of environmental
sounds on human listeners may include:

« Interference with speech communicaticn and
other auditory signals.

+ Annoyance and aversion,

* Noise-induced hearing loss.

» Changes in various bady systems.

¢ Interferenca with sleep.

This conference was entirely centered on NIHL.
The panel focused on live questions related to
noise and hearing loss:

+ What is noise-induced hearing loss?

* What sounds can damage hearing?

* What taclars, including age, delermine an
individual's susceplibifity 1o nolse-induced
hearing loss?

« Whal can be done to prevent noise-induced
hearing loss?

* What are the divections for future research?

Following a day and a half of presentations by
experis in the relevant fislds and discussion from
the audience, a consensus panel comprising
spacialists and generalists from the medical and
aother related sclentific disciplines, together with
public representatives, considared the evidence
and formutated a consensus statement in response
to the five previously staled questions,

WHAT IS NOISE-INDUCED HEARING
LOSS?

Sounds of sufficient intensity and duration will
damage the ear and resull in temporary or perma-
rent hearing foss. The hearing loss may range
from mild to profound and may alsa result in
tinnitus. The effect of repeated sound overstimu-
lation is cumulative over a lifetime and [s not
currenily ireatable. Hearing impairment has a major
impact on one's communication abllity and even

COMBATIING NOISE IN THE 90z
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mild impairment may adversely atfect the quality of
life. Unfortunately, although NIHL is preventable,
our increasingly nolsy environment places more
and more people al risk.

Studies of NIHL

Most studles of the asseciation betwean sound
exposure and hearing loss in humans are retro-
spective measuraments of the hearing sensilivities
of numerous individuals correlated with their noise
exposuras, The varability within these studies is
usually large; thus, it is difficult to predict the
pracise magnitude of hearing loss that wilf rasuit
fram a specific sound exposure, Prospective
studics of solected workers' hearing levels overa
leng time while thelr sound exposures are carefully
monitored are castly and time-consuming and, due
fo attrition, require a large number of subjects.
When significant hearing loss is found, for ethical
reasons, exposures must be reduced, interfering
with the relationships under study. Although studies
of NIHL In humans are difficult, they provide
valuable informatlion not available from animal
studies and shoutd be continued,

In prospeclive animal studies, sound exposures
can be carefully controlled, and the anatomic and
physiologic correlates of NIHL can be precisely
defined. Although there may be interspecies
differences with respect to the absolute sound
exposure that will injure the ear, the basic mecha-
nisms that lead to damage appear to be similar in
all mammalian ears,

Anatomic and Physiologic Correlates of
NIHL

Two types of Injury are recognized: acoustic
trauma and NIHL. Short-duration sound of suffi-
cient intensity (e.g., a gunshoet or explosion) may
result in an immediate, severa, and permanent
hearing toss, which Is termed acoustic trauma.
Virtually all of the structures of the ear can ba
damaged, In particular the ergan of Cortl, the
delicate sensory structure of the auditory portion of
the inner ear {cochlea), which may ba torn apart,

Moderate exposure may Initially cause tempo-
rary hearing loss, termed temporary threshold shift
(TTS), Structural changes associated with TTS
have not been fully established but may include
subtle intracellular changes in the sensory cells
(hair cells) and swelling of the auditory nerve
endings, Other polentially reversible efiects includa
vascular changes, metabolic exhaustion, and
chemical changes within the hair cells, There is
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also evidence of a regional decrease in the stiff-
ness of the stereocilia (the hair bundles at the top
of the hair cells), which may recover. This decrease
in stereocilia slitfness may lead to a decrease in
the coupling of sound energy to the hair cells,
which thereby alters hearing sensitivity.

Repeated exposure to sounds that cause TTS
may gradually cause permanent NIHL in expari-
mental animals, In this type of injury, cochlear
bloed flow may be impaired, and a few scaltered
hair cells are damaged with each exposure. With
continued exposure, the number of damaged hair
cells increases, Although most structures in the
inner ear can be harmed by excessive sound
exposure, the sensory cells are the most vuinor-
able. Damage o the stereocilia Is often the first
change, specifically, alteration of the rootlet struc-
fures that narmally anchor the stereocilia into the
top of the hair cell. Once destroyed, the sensory
cells are not replaced. During the recovary period
between soms sound exposures, damaged reglons
of the organ of Corll heal by scar formation. This
process is very impertant because it reestablishes
the barrier between the two fluids of the inner ear
{perilymph and endolymph). If this barrier is not
reestablished, dageneration of hair cells may
conlinue. Further, once a sufficient number of hair
cells are lost, the nerve fibers to that region also
degenerate, With degeneration of the cochisar
nerve fibers, there is corresponding degeneration
within the central narvous system. The extent 1o
which these neural changes contribute to NIHL is
not clear,

With moderate periods of exposurs to potentially
hazardous high fraquency sound, the damage is
usually confinad to a restricted area in the high-
frequency reglon of the cochlea. With a compa-
rable exposure to low-frequency neise, hair cell
damage Is not confined to the low-frequency ragion
but may alse affect the high-frequency regions, The
predominance of damaga in different cochlear
regions with different frequency exposures reflects
factors such as tha resonance of the ear canal, the
middle ear transfer characteristics, and the me-
chanical characteristics of the organ of Cortl and
basilar membrane.

Aszessment of NIML

Hearing loss Is measured by determining
auditory thresholds (sensitivity) at various frequen-
clas (pure-tane audiometry). Complete assessmant
should also include measures of speech under-
standing and middle-ear status (immittance audi-

81



o e

L COMBATTING NOISE IN THE '90s « DECEMBER 17, 1991

omaetry}. Pure-tone audiometry Is also used in
industrial hearing conservation programs 1o detar-
mine whather adequate protection against hazard-
ous sound levels is provided.

The first audiometric sign of NIHL resuiting from
broadband noise Is usually a loss of sensitivity in
the higher frequancies from 3,000 through 6,000
Hertz (Hz) (i.e., cycles per second), resulting in a
characteristic audiomeitric “nolch,” With additional
hearing loss from noise or aging, the thresheld at
B,000 Hz may worsen and eliminale this character-
istic audiometric pattern, Thus, the presence or
absence of NIHL cannot be established on the
basis of audiometric shape, per se. The hearing
loss is usually bilateral, hut some degres of asym-
metry Is not unusual, especially with lateralized
noise scurces such as rifles, After moderate sound
exposurg, TTS may occur, and during a period of
relative quiet, thresholds will return to normal
levals. If the exposure continuas on a ragular basis,
permanent threshold shifts (PTS} will resul,
fncreasing in magnitude and extending to tower
and higher frequancias. If tha expasures continus,
NIHL increases, more rapidly in the early years.
After many years of exposure, NIHL levels off in
the high irequencies, but continues lo warsen in
the low frequencies. Although TT8 and PTS are
correlated, the relation is not strong enough to use
TTS to predict the magnitude of permanent hearing
loss.

An important consequence of the sensitivity loss
associated with NIHL is difficulty in understanding
speech. Whereas a large proportion of the energy
in speech |s contained within the tow frequency
range, much of the information required to differen-
tiate ope speech sound irom another is contained
within the higher frequencies. With signilicant
hearing loss In the high frequencies, important
speech information Is often inaudibte or unusable,
Other Interfering sounds such as hackground
noise, competing volces, or roorm reverbaration
may reduce even further tha hearing-impaired
listener's receplive communicatian ability. The
presence of tinnitus may be an additianal debiliat-
Ing conditian.

NIHL may interfere with daily life, especially
those social activities that occur in noisy settings.
Increased effort is required for undersianding
speech in these situations, which leads lo fatigue,
anxisty, and stress. Decreased participation in
these activities often resutts, atfecting not only
hearing-impaired individuats but also friends and
family members. Hearing loss is associated with
depression in the elderly and may be refated to

a2

dementia and cognitive dysfunction. Systematic
study of the effects of hearing loss on the quality of
fife have only iately focused specifically on individu-
als with NIHL; therefore, continued studies of this
kind are desirable,

The Impairment in hearing ability resulting from
NIHL may vary from mifd to severe, An individual's
ability te communicate and function in daily life
varies with the degree of loss and the individual's
communicatior needs although these relationships
are complex. The magnilude of the effect o
communication ability may be estimated by a
variely of scales, which are often used in disability
determinations, These scales, which vary substan-
tially in the frequencies used, the upper and lower
limits of impairment, age correction, and adjust-
meni for asymmetric hearing loss, altempt to
predict ihe degree of communication impairmeant
{understanding of spaech) on the basis of pure-
tone thresholds. Thera Is no consensus about the
validity or utifily of the scales, which scale should
tie used, whather measures of speech understand-
ing should be included, or whether self-assessment
ratings should be incorporated into either impair-
ment rating scales or disability determinations,

WHAT SOUNDS CAN DAMAGE
HEARING?

Some sounds are so weak physically that they
are not heard, Some sounds are audible but do not
have any temporary er parmanent after-eflects,
Seme sounds are strong enough to produce a
temparary hearing loss from which there may
appear ta ba complete recovery. Damaging sounds
are lhose that are sufficiently strong, sufficiently
Jong-lasting, and involve appropriate fraquencies
so that permanent hearing loss will ensue.

Most of the sounds in the environment that
produce such permanent sifects occtr over a very
lang time {for exampie, about B hours per workday
over a pericd of 10 or more years). On the other
hand, there are some particularly abrupt or explo-
sive sounds thal can cause damage even with a
single exposure.

The line between these calegories of sounds
cannot be sialed simply because not all persons
respond to sound in the same manner. Thus, if a
sound of givan frequency bandwidth, level, and
duration Is considered hazardous, one must specify
for what proportion of the population it will be
hazardous and, within thal proportien, by what
criterton ol damage (whether analomical, audio-
malric, speech understanding} it Is hazardous.

COMBATTING NOISE IN THE '90s
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The most widely used measure of a sound's
strength or amplitude is called “sound level,"
measured by a sound-laval meter in units called
"decibals” (dB}. For example, the sound level of
speech at typlcal conversational distances is
between 65 and 70 dB, There are weaker sounds,
still audible, and of course much stronger sounds.
Those above 85 dB are potentially hazardous,

Sounds must alse be specified in tarms of
frequency or bandwidth, roughly like the span of
kays oh a piana. The range of audible frequencies
extends from about 20 Hz, below the lowest notes
on & piano, to at least 16,000 or 20,000 Hz, well
above the highest notes on a piccolo. Most envi-
ronmental neises include a wide band of frequan-
cies and, by conventian, are measured through the
“A" filter in the sound-level metaer and thus are
designated in dB{A) units. It is not clear what effect,
if any, sound outside the frequency range covered
in dB{A) measurements may have on hearing. At
this time, it Is not known whether ultrasonic vibra-
tion will damage hearing.

Te define what sounds can damage hearing,
sound level, whether across all frequency bands or
taken band by hand, Is not enough. The duration of
exposure—typical for a day and accumulated over
many years—is critical, Sound levels associated
with particular sources such as snowmobiles, rock
music, and chain saws, ars often cited, but predict-
ing the likelihood of NIHL from such sources also
requires knowledge of typical durations and the
number of exposures,

There appears to be reasonable agresment that
sound levels balow 75 dB{A) will not engender a
permanent hearing loss, even at 4,000 Hz. At
higher lavels, the amount of hearing loss is directly
related to sound levei for comparable durations,

According to some existing rules and regula-
tians, a nolse level of 85 dB(A) for an 8-hour daily
exposure is polentially damaging. If total sound
enargy were the important predictor, an equivalent
exposura could ba as high as 88 dB{A) if restricted
to 4 hours. (A 3-dB increass is equivalent to
doubling the sound intensity.) This relation, en-
shrined in some standards and regulations, is a
theory based on a dose or exposure defined by
total enargy.

In spite of the physical simplicity of a total-
enargy concept, other principles have been in-
voked to define equivalent exposures of different
sound levels and duratians, Early research sug-
gested that NIHL after 10 years could he predicted
from temporary threshald shifis (TTS) measured 2
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minutes afler a comparable single-day exposure.
Those rasults, howaver, were taken to Indicate that
a halving of duration could be offset by a 5-dB
change in sound lavel rather than a 3-dB changs.
This 5-dB rulg is implemenied in the Walsh-Healey
Act of 1969 and subsequent Occupational Safety
and Health Administration regulations for the
purpose of requiring preventive effors for noise-
exposed workers, The 3-dB trading rule is agreed
to in International Standards Qrganization {ISO})
Standard 1999.2 (1989) for the purpose of predict-
ing the amount of noise-induced hearing lass
resulting from ditlerant exposuras. There is no
consensus concerning a single rule to be used for
all purposas in the United States.

Generally, for sound levels below about 140 dB,
different temporal forms of sound, whether impulse
{gunshot), impact (drop forge) or sleady slate
(turbine), when specified with respect to their level
and duration, produce the same hearing loss, This
does not appear to lollow at levels abave 140 dB,
where impulse noise creates more damage than
would be predicted. This may imply that impulse
noise above a certain critical level results in
acoustic trauma from which the ear cannat recover.

Although sound exposures that ara potentially
hazardous to hearing are usually defined in terms
of sound lavel frequency bandwidths, and duration,
there are saveral simpla approximatinns that
indicate that a sound exposurs may ba suspected
as hazardous. These include the fallowing: if the
sound Is appreciably louder than conversational
level, it is potentially harmful, provided that the
sound is present for a sufficient period of time.
Hazardous nolse may also be suspectad if the
listener experiencas: (a} diiliculty in communication
while in the sound, {b) ringing in the ear {tinnitus)
aftar exposure lo the sound, and/or (c) the experi-
ence that sounds seem muffled after leaving the
sound-exposure area.

In the consideration of sounds that can damage
hearing, one point is clear; it is the acoustic energy
of the sound reaching the ear, not its seurce, which
is importani, Thatis, it does not matter if the
hazardous sound is genarated by a machine in the
workplace, by an amplifier/loudspeaker at a rock
concen, or by a snowmabile ridden by tha listenar.
Significant amounts of acoustic energy reaching
tha ear will create damage—at work, at school, at
home, or during leisure activilies. Although there
has been a tendency to concentrate on the more
significanl occupational and transportation noise,
the same rules apply 1o all potential noise hazards.
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WHAT FACTORS, INCLUDING AGE,
DETERMINE AN INDIVIDUAL'S
SUSCEPTIBILITY TO NOISE-INDUCED
HEARING L.OSS?

One thoroughly established characteristic of
NIHL is that on the average, more intense and
longer-duration naise exposuras cause mora
severe hearing loss. A second is that thera is a
remarkable broad range of individual differences In
sensitivity to any given noise exposure, Several
factors have been propased to explain differances
in NIHL among individuals; others may be associ-
ated with differences over time within the same
individual, It is important to distinguish those
factors whose roles in determining susceptibility
are supported by a consistent body of theory and
empirical evidence from other factors whose roles
have been proposed but for which theory, data, or
hoth are less conclusive.

Differences Among Individuais

Both temparary threshold shift {TTS} and
permanent threshold shifl {(PTS) in response o a
givan intense nolse may differ as much as 30 dB fo
50 dB amang individuals, Both animal research
and retrospective sfudies of humans exposed to
industrial noise have demanstrated this remarkable
variation in susceptibility. The biolegical bases for
these differences are unknown. A number of
extrinsic factors (e.g., characleristics of the ear
canal and middle ear, drugs, and prior expasure to
noise) may influence an individual's susceptibility to
NIHL. However, animal studies that have controlled
these variables suggest that individual differences
in Inner ear anatomy and physiology also may be
significant. Additional research is necessary to
detormine whether vascular, neural feedback
(efferent systam), or other mechanisms can
account for and predict such individual variation,

Ore faclor that may be assaclated with de-
creased susceptibility to NIHL is conduclive
hearing loss; the cochlear structuras may be
protectad by any form of acoustic altenuation. For
similar reascns, middle ear muscles, which nor-
mally serve a protactiva function by contracting in
response o intenss sound, whan incperative, can
result In increased susceptibility. Among the other
factors that are theoretically associated with
differences in susceptibllily are (a) unusuaily
effictent acoustic transier through the external and
middle ear, as a determinant of the amount of
energy coupled to the inner ear struclures, and
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(bb) preaxisting haaring loss, which could imply that
less additional loss would occur if the sensilive
structures have atready been damaged. Suppor
for these hypotheses has been modest, in the case
of the transfar function, because liltle empirical
work has been done to tesi that hypothesis and, in
the case of reduced sensitivity, because several
studies disagree. In general, when thera is a
difference In average loss to a given noise expo-
sure, thase ears with previous PTS or TTS have
shown somewhat less additional less than those
not previausly exposed.

Findings have somatimes implicated degrae of
pigmentation, both of the receptor structures
{melanizalion) and of the eye and skin, as related
to susceptibilily. However, these rasulls, oo, are
equivocal,

Gender. There Is little difference in hearing
thresholds between young male and female
children. Between ages 10 and 20, males begin lo
show reduced high-frequency auditory sensitivily
refative to females, Women continue to dermon-
strate befler hearing than men into advanced age.
These gender diffarences are probably due to
grealer exposure of males lo noise rather than to
their inherent susceptibility 1o its etlects,

Differences Within Individuals

Ototoxic drugs. Amaong the causes of differ-
ences of susceplibility to noise exposure within
individuals are otoloxic drugs and other chemicals,
In animal research, certain antibiotics (amino-
glycocidas) appear to exacerbate tha damaging
effects of noise exposure. Clinical evidence of
corresponding eifects in human patients has not
been established, but precautions should be taken
with regard to noise exposures of individual pa-
tients treated with these medications. Although
high doses of aspirin are widely known to cause
TTS and tinnitus, aspirin has not baen shown to
increase susceptibllity to NIHL.

Age, In cerain animal modals thera is evidence
of heightened susceptlibility to noise expesure
shortly after birth—a “critical pericd” (possibly
foliowing the time when fluids fill the middie ear but
before complete development of the cachlear
structures). However, it is not clear that data from
such animal models can be generalized to full-term
normal human infanis, Premature infanis in noisy
envirenments (e.g., necnatal intensive care units),
however, may be at risk.

At the other extrems, increasing age has been
hypoihesized to be assoclated with increasing
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susceptibility. This contention is based on the
existence of prashycusls, hearing loss that In-
creases with age and that Is not known to be
atiributable to excessiva nolse expostre or other
known etiology. Tha typical levels of presbycusis at
various ages have recently been incorporated as
Annex A in International Standards Organization
Standard 1999.2 (1989). That standard may be
used to estimate the portion of overall hearing loss
thatis attribulable to expasure to excessive nolse,

In summary, scientific knowledge s currently
inadequate to pradict that any Individual will be
safe [n noise that exceeds established damage-risk
criferia, nor that specific individuals will show
greater-than-average loss following a given expo-
sure. Amang tha many proposed sxpianaliens, the
hypothesis that the resonant and fransmission
properties of the external and middle ear affect
individual susceptibility deserves further attention.
Empirical support for this hypothesis shotld not be
difficult o obtain, but very few data have been
collected on this question, both for TTS (experi-
mentally) and PTS (retrospectively). Differences in
susceptibliity of the cochlear structures to NIHL
may exist, but no practical approach to predicting
them is yet available, Identification of susceptible
humans wilt almost certainly be delayed until a
successful animal model is availabis.

WHAT CAN BE DONE TO PREVENT
NOISE-INDUCED HEARING LOSS?

Nolse-induced hearing loss oceurs every day in
both occupational and nonoccupational settings,
The cruclal questions for prevention are as follows:
{1) What can individuals do to protacl themselves
from NIHL? (2) What role should others such as
educators, employers, or the Government play in
preveniing NIHL? (3) What general sirategies
should be employed to prevent NIHL? Answers to
these questions have long been know, but solu-
tions have not been effectively Implemented in
many cases. As a result, many people have
neediessly suffered heating loss,

Iindividual Protection Strategies

Hearing conservation musi begin by providing
each individual with basic information, NIHL is
insidious, permanent, and lrreparable, causing
communication intarferance that can substantially
affect the quality of life, Ringing in the ears and
muffiing of sounds atter sound exposure are
indicatars of potential hazard, Dangerous sound
exposures can cause significant damage without
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pain, and haaring aids do not restore normal
hearing. Individuals should become aware of loud
hoise situations and aveid them if possible or
properly use hearing protection. It is important to
recognize that both the leval of the noise and its
duration (1.e., exposure) coniribute the overall risk,
Certain nalses, such as explesions, may cause
fmmediate permanent damage.

Many soureas, siich as guns, power tools, chain
saws, small airplanes, farm vehicles, firecrackers,
some types of toys, and soma medical and dental
Instruments may produce dangerous expasures.
Music concerts, car and motorcycle racas, and
other spectatar events often produce sound levels
that warrant hearing protection. Similarly, some
sterso headphonas and loudspeakers are capable
of producing hazardous exposure, Parents should
axercise special care in supervising the use of
personal headset listening devices, and adulis and
children alike should learn to operate them at safe
volume settings.

Non-occupalional Strategies

Hearing loss from nonoccupational noise is
common, but public awareness of the hazard is
low. Educational programs should be targeted
toward children, parents, hobby groups, public role
models, and professionals in influential positions
such as teachers, physicians, audiologlsts and
other healtheare professionals, engineers, archi-
tects, and legislators, In paricular, primary health-
care physicians and educators who deal with
young people should be targeted through their
professional organizations. Consumers need
guidance and product noise labeiing e asslst them
in purchasing quieter devices and in Implementing
exposure reduction strategies. The public shauld
be made aware of the availabilily of affardable,
offective hearing protectors (ear plugs, ear mufis,
and canal caps). Hearing protaction manufacturers
should supply comprehensive instructions concern-
ing proper protector use and also be encouraged to
incraase device availability to the public seclor.
Newhorn nurserles, including neonatal Intensive
care units, should be mads quieter, Medical and
dental personnel should be trained to educate their
patients about NJHL.

Individuals with significant noise exposure need
counseling. Basic audiometric evaluations should
be widely available, The goal is lo datect early
noise-induced damage and interrupt [ls progression
before haaring thresholds exceed tha normal
range.
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Occupational Strategies

Hearing conservation programs [or occupational
setlings must include the following interactive
components: sound surveys to assess the degree
of hazardous noise exposure, engineering and
administrative noise conirols 1o reduce exposures,
education to inform at-risk individuals why and how
to prevent hearing loss, hearing protection devices
(earplugs, earmufls, and canal caps) to reduce the
sound reaching lhe ear, and audiometric evalua-
tions to detect hearing changes. Gavernmental
regulations that currantly apply o most noisy
industries should be ravised fo encompass all
industries and all employeas, strangthened in
certain requirements, and strictly enforced with
morg inspections and mara sovere penaltfes for
violations.

Many existing hearing conservation programs
remain ineffective due to poar organization and
inadequately trained pregram staff. Senior man-
agement must use available noise controls, pur-
chase quieter equipment, and incorperale noise
reduction in planning new facilitias, Noise expo-
sures must be measured accurately and the
degree of hazard communicated to employees,
Hearing protection davices must be available that
are comfortable, practical for the demands of work
tasks, and provide adaquaie attenuation, Labeled
ralings of hearing protactor attenuation must be
more realistic so that the degree of protection
achieved In the workplace can be properly esti-
mated. Each employee must be individually fitted
with proteciors and trained in their correct use and
cara, Employees need feadback about their
audiometric monitoring resufts annually.

Employers need to monitor program effective-
ness by using appropriate techniques for analysis
of group audiometric data. By detecting probiem
areas, managers can priaritize resource allocations
and modify company palicles to achieve affective-
ness. Polentiat benafits include reduced cosis for
worker's compensation, enhanced worker morale,
reduced ahsenteeism, fawer accidents, and greater
productivity. Enactment of uniform regulations for
awarding worker's compansaltion for occupational
hearing loss would stimulate employers' interest in
achleving effective hearing conservation programs.
Equitable criteria for compensability should be
developad based on scientific investigations of the
difficulties in communication and other aspects of
auditory function enceuntered in everyday lifa by
persons with differing degraes of NIHL.
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General Strategies

Both nonoccupational and occupational NIHL
could ke reduced by implementing broader preven-
tiva elforts, Labeting of consumer product noise
emission levels should be enforced accerding to
exisling regulations. Incentives for manufacturers
1o design quieter industrial equipment and con-
sumer goods are needed along with regulations
governing the maximum emission levels of cerain
consumer praducts, such as power fools. Reeslab-
lishment of a Federal agency coardinating commit-
tee with eentral responsibility for practical selutions
lo noise issues is essential. Model community
erdinances could promote lecal planning to control
environmental noise and, where feasible, noise
lavels al certain spectator avents, High visibility
media campalgns are needed to develop public
awareness of the elfects of noise on hearing and
the means for sell-proleclion. Prevention of NIHL
should be part of the heallth curricula in elementary
through high schools, Self-education materials for
adufts should be readily available,

WHAT ARE THE DIRECTIONS FOR
FUTURE RESEARCH?

Tha panal recommends that research be
undertaken in two broad categories; (1) Studies
thal use existing knowledge to prevent NIHL in the
immediate future, and; (2} research on basie
mechanisms 1o prevent NIHL in the long-term
fulure,

» Davelopment of rationale and collection of

empirical dala o evaluate systems far combin-
ing sound level and duration to predict NIHL,

Longitudinal studies to furthar delineate
responses of the ear to nolse aver time in
different groups of people with varying levels of
exposure.

Cenlinued invesligation of engineering noise
measurement and control technigues, such as
atoustic intansfly measurement, active noise-
cancellation systems, and cosi-benefit analy-
ses of noise reduction.

Pevelopment and investigation of hearing
protector dasigns that provide improved wearer
comiort, usability, and more natural audiion.
Davetopment of repeatable laboratory proce-
dures that Incorporate behavioral tests fo yield
reafistic astimates of hearing protecior attenua-
tien performance that are accepted lor device
labeling purposes,
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Empirical evaluation of the efficacy of hearing
conservatien programs and the field perfor-
mance of hearing protection devices in indus-
try.

Development and validation of evaluation
technigues for detection of the following:

(a) subtle changes in hearing resulting from
noise exposura and (b) early Indicators of
NIHL.

Determination of the pathophysiological
correlates of TTS and PTS.

Investigation of the anatomic and physiologic
bases of preshycusis and interactive eflects
with NIHL,

invasiigation of genetic bases for susceptinility
to NIML, using contemporary techniques,
including molecular biology.

Further studies of drugs (e.q,, vasodilating
agents) and other pre-exposure condilions
(e.g., activation of efferent systems or expo-
sure to “conditioning” noise) that have been
suggeasted in preliminary repons to protect the
inner ear fram NIHL and elueidation of the
underlying machanisms.

Investigation inta the physicloglc machanisms
underlying the synergistic effects of certain
drugs and noise exposure in animal modals.

CONCLUSIONS AND
RECOMMENDATIONS

Sounds of sufficiant intensity and duration will
damage the ear and result in temporary or
permanant loss at any age.

NIHL is characterized by specific anatomic and
physiclogic changes in the inner ear.

Sounds with levels less than 75 dB(A), even
after long exposures, are unikely to cause
permanent hearing loss.

Sounds with favels abovs 85 dB(A) with
exposures of B hours per day will produce
permanent hearing loss after many years.
There Is a broad range of individual differences
among people in the amount of hearing loss
each suffers as a result of identical exposures.
Currant sclentific knowledge Is inadequale lo
predict that any particular Individual will be-safe
when exposed to & hazardous noise.

Because sources of potentially hazardous
sound are present in both occupational and
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nongccupational settings, parsonal hearing
protaction should be used when hazardous
exposures are unavoidable,

Vigoraus enforcement of existing regulations,
particularly for the workplace and consumer
product labeling would significantly reduce the
risk of workplace NIHL. Regulations should be
broadened 10 encompass all employesas with
hazardous noise exposures,

Application of exlsting technologies for source
noise control, espacially in the manufacture of
new equipment and construction of new
facilities, would significantly reduce sound
levels at the ear.

In addition to existing haaring conservatien
programs, a comprahensive program of
aducation regarding the causes and prevention
of NIHL should be developed and dissemi-
nated, with specific attention directed toward
educating schoal-age children,
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