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EXECUTIVE SUMMARY

A Noise Effects Research Plan was first submitted im
1580 as one of two subplana to be integrated inte a Five-Year EPA
Noise Program Plan. The Five Year Plan (Fiscal Year 1981-1985) was
requested in legislation pending.before Congress 1in the fall of 1979.
That Plan has been updated herein to reflact progress to date and the
current direction of the national -enviroumental noise control gzffort.
The Plan can now be used as a blueprint of future regearch needed
to support State, local and Federal noise contrel activities. The
identified Research Initiatives should be undertaken if comprehensive
and useful noise-effects criteria are ever to be developed, and if
the public is to fael confident that major ﬁealth effects are heing
addressed in planned noise control actions. The Plan can function as
a }aluable reference source for use by other organizations in planning
their own noise effects research programs.

The Research Plan expresses an overall gozl, "to improve
the noise-related Health and Welfare data base, refine existing critaria,
and develop quantified dose-response criteria where they are lacking."
The application of this data base and criteria will provide a more
accurate assessment of noise-related-health ¢ " S~cts, will aid in determining ?
the need for specific noise control actions, will provide a basis ;
for public officials te ascribe banefits to all noise contrel actions
and to gset protective and cost efficient lavels, and will enhance

the development and effective implementation of community ordinances

- U R S
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and noise centrol plans.

This document presents specific research objectives for
six major categories of noise-related health effects, which either
serve as the foundation for existing criteria or have the potential
for being iocorporated into new health effects criteria. The overall
priorities of the Plan are given below, ranging from A (the highest
priority) to D {the lowest priority):

(A) Nonauditory Physiclogical Effects
{B) Sleep Disturbance

(B) Individual and Community Response
{C) Noise-Induced Hearing Loss

{C) Bechavioral, Social, and Performance
(D)} Communication Interference

These categotries have been ranked based on the following

five evaluation Ffactors: (1) Severitvy of the particular health problem,

(2) Environmental Noise Control Program Needs, (3} Scientific Recoumendations,

(4) Feasibility, and (5) Appropriateness. Thease factors are further
defined in Chapter 2. The prioritized categories of reséarch have
been endorsed as well by the Na:icna} Academy of Sciences, the Internmational
Commission on Biological Effects of Noise, and by a consensus of Federal
agencies involved in noise effects research. The highest priority
categotry 1s redearch on Nonauditory Phvsiologic Effects. The major
focus of research in this category is to verify the extent to which
cause~effect relationships exist becween noise and stress—related
diseases, such as cardiovascular disease.

Noise as a stressor 13 a suspected factor in hypertensionm

and potential heart disease. There are several epidemiological studies
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which support this relationship. In addition, EPA's primate study

at the University of Miami has demonstrated a sustaiuéd elevation

of blood pressure on the order of 30 percent after exposure to noise

levels representative of normal human daily activitiea. The possible
implications from a public health standpoint greatly magnify the importance
of assigning the highest priority to thi; area of study. If the planned
research program in this category is pursued over the next few years,

it should verify the extent to which noisa/physiologic health relationships
exist and, therefore, passibly change both the direction and importance

of Pederal, State and local noise control activities.

The (B) priorities, Sleep Disturbance and Individual

and Community Response, are areas which have 2 large bearing on noise

abatement atrategies and actions, Most people at ome time or another
have been annoyed by various noise sources, and have also had their
sleep distupted by noise._ These consequences, which are caused by g
a combination of both‘acouscic and nonacoustic factors, may be charactaerized ;
as a denigration of general health, behavior, and work performanca.
Since millions of Americans, especially susceptible populations (elderly,
the ill, and others), live in localities where these dectrimental noise :
affects are prevalent, research 1n these areas is considered especially
important.

The reader is directed to Chapter 2 for added discussionm
in these subjects plus other priorities (C) and (D) noted above. For
example, in the area of Noise-Induced Hearing Losd, an important research

issue is the degree to which environmental noise expeosure coatribttas

e e & e g g 4 e iy e s T e P L e L A Ul SRRy TSI SR
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to the significant prevalence of hearing impairment in the United

In the area of Behavioral, Social and Performance Effects,

States.

one major concern is the effects of noise oan the cognitive and social
development of children.
Chapter 3 identifies various Research Initiatives for

the prioritized categories, showing the need for related animal, human,

and epideﬁiological studies. Rasearch Initiatives Efunded by EPA over

the first two years of the Plan are listed, as well as other prioritized
Initiatives which are recoﬁmended for funding. Chapter 3 provides
a background discussion of all definitions in the Plan, the conceptual
layout of the plans for each reaearéh category, and the coordination
and monitoring requirements which are neceszary for the periodic review
of the research program and the dissemination of results to other
Federal agencies and to the scientifie community.

Chapters 4 through 9 present detailed research plans for
the identified priorities and Initiatives under each research category.
These chapters are organized to present a rationale for selecting

the apecific Research Initiatives which cover: the status of research

to date; priorities specifically related to supparting Federal, Stace
and local programs for avatement of anvironmental noise; current Federal

regsearch activities; and a list of the most important Research Initiatives

which are not at praseant being funded. Contained wirthin each chapter

are detailed descriptions of the Research Initiatives, related veseaarch
of other Federal apencies, and a deseription of other Initiatives
which, although integral to the environmental noise control affort,



are deemed to be of secoundary priority.

Pigure E-l porctrays Federal funding figures for noise
affects reaearch in each research category over the paat three yeara
(Fy 1978-89): Table E~1 shows the average amounts each Federal agency
has been spending in support of noise effects research. Chapters
4 to 9 will describe how the identified Initiatives relate to the
apecific research plans and activities of other Federal agencies.

The last chapter (10} pulls together information on the
proposed Research Initiatives, year by year, so that for any year
the total array of research activiries, milestones and results can
be identified, compared and discugsed across all of the health affects
categoriea. Table 10-1 presents a concise listing of Rasearch Iuitiat%ves
for all categories. Table l(-2 presents an integrated schedule of
expected reaults by the end of each fiscal year over the Five Year
Plan period, with the assumprion that work under the proposed Initiativas
is undertaken. It is the prospect of these results which will greatly
refine and expand health effacts informacion and eriteria.

In 1980 the EPA 0Fffice of Noise Abatement and Control
presented the first draft of the origimal Plan to the Interagency |
Advigory Group uu Noise Effects Regearch for review. This Group is
comprised of members from the National Institutes of Health, Department
of Labor/Occupational Safety and Health Administration, Department
of Defense, Departuwent of Transportation, National Aeronautics and
Space Administration, National Bureau of Standards, and the Natiomal

Science Poundation. Overall, the Advisory Group aadorsed the Plan

E-5
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Figure E-1. NOISE EFFECTS RESEARCH FUNDING BY CATEGORY
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Table E-1.

(In thousands of dollars)

NOISE EFFECTS RESEARCH FUNDING BY AGENCY

AGEICE h+ Jme TISCAL YTAR TOTAL .
) — \5 1978 | 1979 | 1980
DEFAATMENT OF AGATCULTURE: f= ) ST
——1.8. FTorast Sarrice 107 72.4 33 212.4%
éam .
DE}fnﬂumoguigfﬁgﬁé tandazds 75.5 2.5 72.3 180.5
DEPARTSENT OF cz.va:s:.t;r.s. e Foren s17.8 965.9 996.71 2876.3
T.S. Army 1196 1779 1865 . | ag4p -
U.8. Navy 274.4] 518.1 578 1370.5
DEDAITMENT OF EDOCATION: Sursau of

Education of the Bandigamped 19.9 18.3
DEPARTMENT OF EMEROY 130 200 200 580
ERVIZONMENTAL BROTECTION AGENCY 328.2 339,91 580.8 1348.9
DEPT, OF SRALTH AND SIMAN SERVICES:

Cantnr for Diseasa Comtzal:

NDH 14,4 5.4 21
NIOSE a1 2] s538.1] 907.5 | 1787.2

Food and Jrug Adminisceacdom 4 5 P

Pealsk Sarvices Admdisissvacdon 36.72 15,2

Nagdonal Imssdcutss of Zaalnh:

NHL3T 51.4 41.1 92.5_.

NICIED 38.7 19.7] 38.4

NIZES 171 273 | 259 713

HINC3S §95.7 821.4|  7389,3 2306.4
DEPARTMENT OF TEEZ DNTSRIOR:

U.S. 3ureau of Mines 2582 282
DEPARTMENT OF LAZCR: .

Mine Safncy 5 Haalzh Admin,

Zzploymene Scandards Admin. 57.2 217.8] 381 936
HATTONAL AZRONAUTICS & SPACT ADMT. 638 6§48 392 1738
MATTOMAL SCIENGE FOUNDATION 56. 7] 38 | 36 130.7
~PARTMENT OF TRANSPORTATION asgd 147 175 7310
VETZRANS ADMINISTRATION® s | - 5
TIARLY TOTALS ss:aa.:J s715.1 780
ToTaL 20147.9

srugramzasic funding.

*fecarans idminiscracion Wolsa Rwesear=h is primaxily dops wish o special
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a9 scientifically credible, aligned to current research needs, and

indeed feasible, EPA/ONAC received a similar positive ocpinion from
selected national noise effects experts who were consulted on the
prioritization of Inmitiatives to meet long=~term noise control and
research needs, The Plan was also reviewed by the NMationmal Organization
of Woise Control Officials (WANCO) made up of State and local environmental
noise control officials throughout the U.S5. The organization praised

the Plan stating that it "is extremely important to State and local

noise programs in that the results will aestablish a significant portion
of the foundaticn for umoise control efforts and regulations.'" Therefore,
the Plan has been received positively by a wide spectrum of the scientific

and noise control communities and is presented herein in an updacad

version.

E~8
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1. INTRODUCTION

From 1971 to the present, the Environmental Protection
Agency (EPA) has been active in the affort to protect people from exces—
sive noise that may jeopardize their health and welfare. Under the
requirements of the Noise Control Act of 1972, as amended by the Quiet
Cormunities Act of 1978, EPA has been required to conduct research
on the effects of noise on health, for the ultimate purpose of developing
dogse~response criteria., These criteria have been needed to aupport
all aspects of environmental noise control program activities, including
Federal regulations and technical assistance teo State and local governments.

As part of this research effort, EPA developed the "EPA
Five-Year Noise Effects Rasearch Plan" in February 1980. It was envisaged
that the Plan would serve as a blueprint for EPA-sponsored research
for tpe next Eive years, as well as ocutlining how EPA research would
dovetail with other ongoing Federally—sponsored research to f£ill critical
regearch gaps.

(ver this past year, a basic realignment in national policy
has occurred, resulting in an increased role for state and local noise
activities and a decreased role for Faderal noise programs. As part
of this change, the sponsorship of noise effects research by EPA will
be phased ocut by the end of fiscal year 1982. Consequently, EPA is now
in the process of completing its ongoing studies and has updated its

Five Year Health Effect Research Plan for Noise.
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The updated Research Plan as presented here contains a
current summary of the atate of knowledge with respect to the effects
of noige, and a detailed presentation of prioritized areas of peeded
research in terms of a series of major initiatives and their reapective
componenta. EPA, with some assistance from other Federal agencies,
haa already begun to execute selected elements within the initial phases
of the plan. Several important ﬂtudies have been initiated, and asome
regults are available now, with additional resulta expected by the
end of fiscal year 1982.

It is EPA's intention that the enclosed Plan and the initial
results of studies conducted under the Plan serve as a stimulus for
other Federal agencies, and the states and research organizations to
continue needed research into the effacts of noise on health.

One of the most important outgrowths of the Plan is that
it establishes a framework for use by other agencies planning their
own noise effects research efforts. The basic structure and layout
of the Plan can be used as a viable model by other agencies. Secondly,
the Plan provides subgtantive guidance on the types of research that
are necessary to meet many of the public health and welfare needs of
all environmental noise abatement programs, whether on the Federal,
State or local level, Overall, the Plan provides a good starting paoint
for establishing more coordinated and unified noise effects research
programs with better focus, direction and insight for waximpum utilization

of available expertise and resources. The Plan should function as

a valuable reference source for future planning purposes.
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At the present time, the Plan has baen updated to reflect:
(1) the progress that has been made in carrying out EPA's research
program in the prioritized research categories, and (2) the current
direction of Federal, State and iocal environmental noige control activities
and research needs. It is hoped that many of the high priority Research
Initiatives discussed in the Plan will be carried out over the next
five ymars.

This introductory chapter is devoted to discussing the
legislative mandates, overall environmental noise control research goals,
the importance of noise related health effects research in developing

i and supperting environmental noise cantrol palicy, and the specific
research categories and research needs of environmental moise control

programs, all of which were factors in shaping the Plan.

1.1 Legislative and Programmatic Requirements for Research

; The Noise Control Act of 1972, as amended by the Quiet
Communicies Act of 1978, recognized that s#ecific information concerning
! the effects of noise on people was critically needed in order for EPA

to carry out its mission to coordinate activities in noise control, to
establish Federal noise emission staudards for products distribuced in
commerce, to require the labeling of some of these products, to assist
States and localities in establishing effective noise control programs,
and ro provide information to the public reflecting the hazardous effects

of noise, and on noise levels associated with such effects.

S A Pt v A A e b
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To that end, the Act (as amended) required EPA to:

"Conduct or fimance ressarch...including but not limited

to investigation of the psychological and physiological

effects of noise...and determination of dose~response

relationships suitable for use in decision making, with
special emphasis on the nonauditory effects of noise."

{Sect. 14(6)}).

These requirements represent a substantial expansion of noise effects
research responsibilities from those originally set forth in the Naisze \
Control Act of 1972. .

Even without these specific legislative requirements,
research with respect to the effects of noise on public health is required
to support Federal, State and local noise contrﬁl needs. On that account
a health effects research strategy should be responsive to che health
related needs igherent in a cémprehenaive national noise.coutrnl effore.
Elements of concern in the development of a health effects research
strategy include: (1) the development and enforecement of environmental
noise legislarionm, (2) the provision of technical assistance to State
and local noise controel efforts, (3) the dissemination of information
to the public on the health effects of noise, (4} research and demonstration
of advanced noise control techmology, and (5) the coordination of noise
control activities and health effects research among Federal, State
and local agencies, and technical organizations.

The quantification of the health-related effects of noise
is neéessary in the development of all noise related legislation or

regulations at the Federal, State and local governmental levels, hecause

the purpose of such legislacion is teo protect the public health and
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welfare. Citizens and public officials alike need to be adequately
informed aa ﬁo the health consequences of nolse exposure in order to

make raticnal, efficient, and coat—effective social decisions to secure

a healthy environment. Research is fundamental to: (1) establishing
information on the incidence and severity of health-related effects auch
as hearing loss, nonauditory physiologic effects, and sleep disturbance;
(2} developing human respomse criteria to quantify the effacts and

health congequences of noise; (3} ascertaining a cause-effect relationship
due to specific source environments, and (&) helpinz to promote the
harmonization of existing governmental standards and guidelipes.

This last point deserves elaboration. Other Faderal agencies
such as the Department of Tranaportation, the Department of Defense, and
the National Aeronautics and Space Administracion presently support their
noise control activities with research programa which investigate both
the dirvect and indirect health effects caused by exposures to different
types of noise. Ia many instances, the human respouse criteria developed
by one agency are incorporatad into those standards and policies of
another agency. Ultimately there should be one set of health-related
eriteria used by all agencies. Agencies would then develop noise-related
policy under their respective authorities, using these criteria bdased
upon specific health implicationa as well as social, legal, and economic
considerationa. However, the foundation of noise-relatad policy must

rest on an understanding of basiec health and welfare effects.

EFA has had extensive experience in monitoring and coordinating

the noise effects research of all Federal agencies over the past few
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years. In 1977, EPA reconvened a panel of representatives from Federal

agencies which caunduct or support noise research, to review the status
of all Federal research activities with respect to* the health effects
of noise, ard to recomend areas where further research was needed.
The Panel found that over 19 agencies, or major organizatioms within
agencies, were conducting health effects re;earch at a total funding
level of approximately six milliom dollars annualiy.* EPA conducted
relaﬁively little of this research ($190K ro $349K in Fiscal Years

1975-1977}).

Updated research project and funding summaries were collected

again in 1980%% from all Federal agencies conducting noise effects

research during the Fiscal Years 1978 to 1980, This more recent informatien

presents substantially the same picture (see Table E-1 and Figure E-1

in the Executive Summary). The number of active agencies, or major

organizations within agencies, conducting noise-related health effects
research has grown to 23, Over the Fiscal 1978-1980 period, aunnual
research expenditures averaged approximately $6.7 millien. EPA still
conducted a small but integral part of this research, mostly focused
on the Nonauditory Physiclogic Effects research category ($328K in

Fiscal Year 1975, $340R in Fiscal Year 1979, $681X in Fiscal Year 1980,

and $741R in Fiscal Year 1981).

Thus, while each agency's noise-related research might

adequately suppert its own limited miésion and goal, the 1977 Panel

% Fedaral Noise Research in Noise Effects, EPA Report 550/9-79-102,
February [978.

w* TFederal N¥oise Research in Health Effects 1978-1980, December 1980.
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found that, taken in its totality, the overall pattern of research

on noise effects contained numerous gaps in the health effects data

base and limitations inm existing human response criteria. More recent
information ;uggests that the picture has not changed. Although some
health effects criteria are already being applied, other potentially
gevere health consequences of emvironmental and occupational noise
exposures are not being adequately addressed. The Panel report recom-
mended that steps be taken to £ill these gaps. To that end, EPA and
other Federal agencies have initiakted several research projeCCS.(described
in Cuapters 4~9). The Panel report has also been ilmatrumental in the

design of the health effects research strategy contained in this Plan,

and the apecification of numerous research priorities.

1.2 Goals of the Health Effects Research Program

The overall'goal of the health effacfs research program
is atated balow. This goal is based om: (1) the fundamental importance
of health effacts informatiou in support of noise control legislation
and policiesa; and {2) knowledge of the status of existing health and
welfare criteria and data,
Overall goal: To improve the noise-related hea. “ and welfare data
base, refine existing crireria, and develop quancified ‘
dose-reaponse c¢riteria whers they are lacking. @
Only through the development of quantified dose-response
criteria can a thorough understanding of the health implications of

noise be obtained, and health benefits be properly ascribed to all
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noise conttol actions, whether taken on Fedaral, State or local levels.,
The overall research program goal stated above has been
broken down into a nuﬁber of specific objectives for the various identified
categories of noise effects reasearch. The research categories used
are similar to those cited in the previously discuased EPA Panel Report.
Further, Research Initiatives have been developed in the present strategy
to meet these specific objectives. Each Initiative i3 expressed in
terms of one or more research projects, eﬁolving in a time-phased manner,
to answer major reséarcﬁ questions in a defined arsa. In decermining
the content of the Research Initiatives, EPA considered the apecific
programmatic applications of any research finding to particulax noiss
control activities undertaken by other Federal agencies, State apd
local commmaities, or the private sector.
EPA has had a4 responsibilicy to make the lateat resaarch
results available to both the general public and to State and local
noise control officials in order collectively to meet our nation's

noise control needs. For example, the public is more likely to make

informed decisions rvegarding the purchase of quieter consumer products

or even the selection of a location to live when they have more detailed

information on the adverse health effects of noise. Citizens need

more information to make decisions wegar’”'~¢ their own personal noise
exposures. Publie officials nead more information to set inte motion
the necessary programs to Iimprove the quality of the noise environment.

State and lacal officials need additional health effacts-information

and refined criteria in order to get the most protective but cost-efficient
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levels in order to strengthen their noise regulations and policies.
They must have the necessary health-related informaticn to determine
what degree of noise control is needed and should be comsidered in
the many routine administrative actions that touch each of our lives
avery day such as building codes, comprehensive land use planming,
traffic management, muﬁicipal purchésing decisions, zoning ;ariances,
enforcement of laws, and vehicle inspectionms.

Accordingly, the following categories of noise effacts
research are gpecified. There are six major categories of nolse-related
health effects which either (1) presently serve as the foundation for
axisting criteria or (2) have the potential for being incorporatad .
into specific noise effects c¢riteria, providad that rhe necessary research
is undertaken and dose-response relationships established. These categories

of research are presepted with their accompanying research objectives.

A. Nonauditory Physiological Effects-~to detarmine and quantify the
nonauditory effacts on bodily systems and on general health, with
specilal emphasis on hypertension and other cardiovascular effects.

Bl. Sleep Disburbance——to determine aand quantify effscts of nnise
on sleep, and its implications for general health and performance.

B2, Individual and Community R _~=mge-—to determine and quantify subjective
reactions of individuals and communities to different environments
and sources, investigating mediating factors.

Cl. HNeisa-Induced Hejring logs——-to determine the extent of the problem,
causative factors, and assoclated effects. :

C2. Communication Interference——to determine and quantify the effeccts
of noise on communications and its developmental, soecial and other
implications.

D. Behavioral, Social and Performance-—to determine and quantify
the effects of noise on social behavior, mental health, and human

1-5
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performance.

It should be pointed out that the above-stated objectives

‘are long-term. BHowever, some information is available as a first step

in meering a "few of these objectives. Accordingly, the specific Research
Initiatives described herein are designed to meet the identified objectives
in each category focusing on the most important gaps and deficiencies
in our understanding.

There are three additional areas of noise-related research
that have not been identified: exposure characterization,'vibratiou,
and effects on wildlife. The objective of exposure characterization is
to determine patterns of noise exposure, typical noise doses atCributhble
to different sources and/or environments, and the health-related consequences
of these ‘exposures. More complete and accurate descriptions of the public's
noise exposures are needed in order to determine the related auditory and
nonauditory health effects. The proposed Research Initiatives in each
healeh effects category inherently require the complete documentation of
the subject's daily ncise exposures at work, in transit, in the community,
and at home. Since this requirement is common to all of the noise-
related health effects categories, separate Research Initiatives for
expasure characterization were not proposed.

Vibration as-..laced with noise is also a significant
gource of annoyance and discomfort. As discussed im the 1977 Panel
report, the relative contributions of noise and vibration need to be
assesged in order to derive criteria for the combined exposure conditions.

However, vibration effects have not been listed separately within this

1-10
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Research Plan, but instead are contained as an intrinsic consideration
within each of tha six categories of noise effects research. It should
also be mentioned that there is some ongoing Federall}*sponsored health~-
telated research concerning the effects of vibration, wmost notably
by the U.S. Air Force, the U.S. Army, and the Natienal Aeronautics
and Space Administration. .

The effects of noise om wildlife is a research area which
will continue to require attention, particularly in the preparation
of envirommental impact analyses. Thé concern with this research category
is maintaining livable habitats for species that may be vulmerable
to noise effects, and to assure balance within the ecosystem. There
is very little ongoing research in this area. However, this research
category was considered outside the scope of this Plan.*

It should be noted that this Health Effects Rasearch Plan
is not intended to comstitute a full program of needed research. While
the proposed Research Initiatives address most of the highest priorities,
they do mot represent a comprehensive research program. Such an effort

would require a combined approach of much greater magnitude.

1.3 " Reader's Guide to the Research Plan

The b..; of this Research Plan consists of a set of Plans,
aone for each category of noise effects research.

Chapter 2 explains how priorities were set for the Research

Plan.

* For further information gee: Effacts of Woise on Wildlife and Other
Animals--Review of Research Since 1971, EPA Report 550/9-80-100,
July L980.

1-11
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Chaptar 3 presents an introductionm to the specific Research
Plan for each category, and defines concepts such as "Research Initiative"
and "Research Continuum' which are common te all of the Plans.

The specific Rasearch Plans for each category of noise
effects avre presented in Chaptera 4 through 9. Each chapter contains
an overview of the current status of research and health effects informationm
and a selectad set of firsc-prierity Research Initiatives. Additional
worthwhile Initiatives of secondary priority are also identified.

Chapter 10 provides aggregate and summary data on the

entire Plan.

$+1-12
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2. OVERALL PRIOCRITIES FOR A NOISE EFFECTS RESEARCH PLAN

Thia Plan outlines a concrete operational Plan for
noise effects research over a five-year time frame, commencing in
Fiscal Year, 198l1. The first step in developing the Research Plan
was to establish priorities for the six categories of research previously
identified. Although each category and its respective research
objective was felt to be important inm its own right, relative priorities
had to be established due to the reality of limitations in resources
for noise research at all levels of government. Thus, each category
was evaluated on a scale from high prioricy to low priority, signifying
where emphasis needed to be placed. TEach category was assigned
one of five priority levels, from "A" (highest priority) ro "D"
(lowest priority). This prioritization was based on a rating and
tradeaff among five evaluation factors:
° Severity of rhe particular health problems, as
perceived by EP4, based on such available data
as the number of Americans affacted, and the potential
severity of the insult (potential magnitude of
health effects)

o Program needs of Federal, State and local environ-

mental noise concrol programs within specific
time frames

o Zcientific recommendations of experts concerning

the degrae to which additional research is urgencly

needad
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o Scientific feagibility of carrying out the neaded

research within a reasonable time frame, with

.

reascnable rescurces

) Appropriateness of additional research activity,

in the context of whether other organiza;ions

are already performing or are expected to conduct

the desired research in a focused and consolidated

manner.

In performing the evaluation of overall priorities

among categories, sach of these five factors was avaluatad (as high,
mediuym or low) and then weighted. TFor example, if additional rassarch
in a specifie category was evaluated to be "high" in appropriateness,
it meant that the needed research was not being conductad elsewhere
and would not be accomplished without the commitment of new resources.
However, not all.faﬁtors were considered equally important, The
most important considerations were the severity of the health problem
and the degree to which the proposed research would meet programmatic
needs of environmental noise control activities. These were weighted

accordingly.

2.1 Overall Results of Priority Amalvsis

.

Based on these evaluation factors, the overall priorities
of the noise Research Plan are given below, with short explanations
of the ratings. Tt should be noted that although a category may
be rated aa low or medium in priority, pending Federal, State or
local actions may require that a certain Ipitiative be investigated.
This is explained in more depth in Chapters &4 through 9, in which

specific plans for each category are presentead.

2~2
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Emphasis

Importance Rating Category
Higheat priority A ) Nonauditory Physiologic Effects

B (1) Sleep Disturbance

= (2) Individual and Coumunity Response
¢ (1) Noise~Induced Hearing Loss
(2) Behavioral, Social, and Performance
Effects

Lowast priority D Communication Interfarence
2.2 Level of Emphasis A (Highest Level)

»

Nonauditory Physiologic Effects¥®

.
F ]
-

[y

This research area is the highest priority becausge
it has the greatest potential health implications and no other Federal
agencies or other organizatioms are adequately researching this
catagory.

Severity.-~The potential health problem posed by nonauditory
physiologic effects is very great. Noise, like other physical strassors,
is capable of producing a variety of physiologie streas responses
in the body. Stress has been linked to a number of chronic disorders
prevalent in our socieﬁy. Although there are scattered findings
associating noise with a number of health problems, the best-documentad
relationship is the one between noise and elevated blood pressure
and related cardiovascular problems.. Heart disease ranks as the
number one cause of death in America. Hypertension--the most likaly

specific effect of noise~-is a demonstrated risk factor in the development

of heart disorders, stroke and kidney disease., It is comservatively

#* This category covers physiclogic effacts other than the physiologic

effects of noise on tha aar.
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estimated that from 23 to 27 million Americans suffer from hypertensien.
For a very large proporation of these cases (90 percent), the causes

are not knownj yet hypertension contributes to 250,000 deaths annually
in the United States. If, as some evidence suggests, there is a
cauge-effect relationship between noise and hypertensioan, the health
implications of sueh a relationship woJld be widespread and serious.

In addition to cardiovascular effects, other nonauditory physiologic
effects of woise may be equally seriocus. That is why it is urgent

to find out as soon as possible the extent to which such relationships
exist,

Program Needs.—-The need for better information in

this category is very great because envirommental noise abatement
program activities are based on the need to protect the public health
and welfare. To the extent that criteria presently in use (annoyance,
hearing less, activity interfevence) do not take into consideration
some of the most serious effects such as the potential for cardiovascular
disorders, they are deficient. The planned research program should,
in the near term, verify the extent to which a relationship exists
between noise and physiologiec health, and therefore, possibly change
both the direction and importance of environmental noise abatement
activities. However, it Is unlikely that near-term research will

be sufficient to yield the type of detailed, quantified eriteria
which environmental neise abatament programs ultimately require.
Near-term research results showing a linkage between noise exposure

and nonauditory physiologic health effects should serve as a catalyst

vt Al
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for increased research support from other sponsoring biomedical
research agencies and organizations,

Scientific Recommendations.--Hesalth scientists from

all over the world have recommended that more attention be given
to nonauditoé} physiologic effects of noise. These recommendations
are based upon the findings of research to date. The Third Intermational
Congress on Noise as a Public Health Problem (Freiburg, West Germany,
1978) pointed out the necessity for giving priority to this research.
Since the previous International Congress in Dubrovnik in 1973,
over 100 reports of related research atudies have been published
in the internationmal litserature, dealing not only with the heart
and circulatory system, but also with effects of noise on visionm,
fetal development, biochemical constituents of the bodily system,
the digestive system, the muscular system, and the nervous system.

A committee (CHABA Working Group gl) of the Nationmal
Academy of Sciences has recently recommended that investigation
of the relationship between noise and medically significant physiological
responses be accelerated, with cardiovascular measures as the initial
focus.

Moreover, a recent Workshop of cardiowvascular experts
at the Massachusetts Institute of Technology underscored the plausibilicy
af the linkage between noise and cardiovascular problems, and urged
that a high priority be placed omn research in chis area, including
epidemiological research.

Scientific Feasibility.-—There are some definite methodological

2-5
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difficulties  invalved in conducting research on the nonauditory
physiolagic effects of noise.

Understanding the ways in which neise can change the
body's dynamic physiclogic systems requires a serious and in-depth
program of résearch. A coordinated program of animal, human cliniecal,
and epidemiological research is esgential. Conducting valid research
in this area requires the blending of advanced acoustic measurement
with sophisficated and detailed monitoring of physiological indicators
in both acute and chronic noise exposure situations. For the most
part, the techniques are currently availabla; the problem is bringing
them to bear on the study of noise effects. The essential development
of quantifiable dose-response criteria depends on the careful and |
logical accumulation of causal data. It is optimistic te think
that any single study or set of studies will yield the type of data
that is required. Although the problems standing in the way of
good research in this category appear formidable, the challenge
is not different from that faced in most areas of biomedical research.
EPA sponsored research ih Fiscal Years 1986 and 1981 have already
improved the state of the art in methodelegies for related animal
studies. Replication atudies using two different animal models
are currently well underway in two major medical laboratories.

.Appropriateness.~-It is ualikely that the required

research will be performed without additiomal action. Based on
a review of research being conducted or sponsored by Federal agencies,

very few relevant research efforts are currently being sponsored
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by other agencieé, except for a joint EPA study with by the Natiomal
Institute of Envirommental Health Seciences, and a small prospective
epidemiolgoical study initiated this past year by the National Heart,
Lung and Blood Institute. Therefore, Further active research in

the Nonauditory Physiologic Effacts Category, particularly in research
concerning the cardiovascular system, will not be duplicative of

other efforts and are urgently needed.

2.3 ~ laevel of Emphasis B

2.3.1 Sleep Disturbance

Severity.--Millions of Americans live in areas where
the potential for nightly sleep disturbance by noise is high. Suach
residential sleep interference is ona of the primary contributors
to irritation and atnoyance by neighborheood noise.

Some subjective effects of sleep disturbance that have’
been reported are fatigue, irritability and poor work peréarmance.
Often, a greater susceptibility to illness has been attributed to
a poor night's sleep. Nevertheless, none of these suspected effects
has been fully explored or measured.

Chronic sleep disturbance is a potentially severe heslth
problem, yet little is known about the long-term effects of sleep
disturbance on health, the n;tional incidence of sleep disturbance
by noise, and its effects on subsequent task performance and safety

implications ou the job, in eraffiec and in other settings.

2-7
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Program Needs.-—Two criteria (awakening, and sleep

digsturbance or changes from deeper to lighter sleep) are currently
used to gquantify the benefits of noise control actions. These benefits
are then weighed against costs. Although adequate for Federal,

State, or local regulatory purposes, the present criteria have several

+

limitations that affect their genmeralizability to different noise
sources, to typical sleeping conditions in the home, and to various
population subgroups (the elderly, the ill, and others). Thus,
there are requirements for a research effort in light of both the
limitations in applicable research findings, and enviroumental programmatic
needs to relate better the impact of sleep disturbance (including .

health and performance effects) to nightly noise levels that potentially

inter fers with sleep.

Scientific Recommendations.--In 1977 the Federal Noise

Effects Research Panel recommended that considerably greater funding
be applied in the sleep category, noting that funding levels had
dropped since the Panel's 1975 report and c;;: certain recommended
research had received nc attention. The Panel recommended that
attention focus on chronic sleep interruption by noise, and cn the

effect of sleep interruptions on special populations such as che

ill and the aged.

Similarly, experts at the 1978 Internatiomal Congress
on Noise as a Public Health Problem emphasized the need for noise
effocts researchers to determine the effects of acoustic and nonacoustic

variables on sleep quality, while encouraging general sleep researchers

2-8
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to cootinue to study the effects of sleep guality on general health.

Scientific Feasibility.--iAs in the Nonauditory Physiological

Effects category, there are a few methodological difficulties to

be overcome. COne of the primary methodological problems confronting
acientists is the difficulty of transferring research activity from
laboratory to residential settings. Neverthaless, in-the~home techniques
have been pioneered in this country and similar techniques are currently

in use in Europe.

Appropridteness.—The relative lack of other applicable

tesearch makes further action necessary. Over the last five years
only limired sleep research has been performed by Federal agencies
and these research studies have principally focused om aireraft

noise.

2.3.2 Individual and Community Response

’

Severity.,=--It is estimated that well over 100 milliom
Americans are exposed to noise that is perceived to be unwanted,
unnecessary, objectionable, and disturbing. Noise levels that are known
Eo cause annoyance znd interference with everyday activities emanate
from common asources including road traffie, aircrasc, comstruction
activity, and household products Co name but a few. Thus noise
in our cormuniries today is pervasive and intruaive.

Annoyance that occurs as a result of exposure to noise
is a complex psychosocial reaction. Although annoyance has as its

basis the unpleasantness associatad with noise and the disruption
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of ongoing activities, the response may ultimately lead to complaints
or produce strong group reactions against certain noise sources.
This type of annoyanee response has not yet besn experimentally
identified with adverse physiolegic reactions. Instead it is related
to subjective feelings of irritation, being upset, and a general
lack of well~being,

Nevertheless, increasing evidence of a possible association
between excessive noise and stress-related health problems, such
as hypertension and digestive changes, may link the annoyance or
irritation that we commounly feel toward noise to the undesirable
health effects that may occur. Although this link has as yet not
be acientifically or experimentally established, it is not unresasonable
to view our annoyance reactions as a biological protective mechanism ——
& warning or symptom of unw#nced health effects. For example, recent
community noise surveys reveal a relationship between those persons
who are highly annoyed by noise and who feel that noise may be‘adversely
affecting their health and welfare.

Program Needs.~-The category of individual and community

response is most important in that individuals' subjective (annoyance)
reactions to noise have in fact been the priwasy impetus for the
establishment of Federal, State and local noise control programs
throughout the United States. Moreover, quantitative information
that is available with respect to community reyponse has formed the

bagis for noise emiasion regulationms, poliecy, and guidance promulgated

at the Federal governmental level. Community noise c¢riteria, in

2~10
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the form of the percentage of people expected to be highly annoyed

at specific noise levels, are the primary human response criteria
usaed in noise control policy and legislation. These eriteria have
predominataly been developed in a number of studies of traffic amd
airecraft noise in an attempt to better ascertain gemeral community

or group response to noise. Although adequarte in the past for Federal
regulatory purposes, the generalizability of these criteria to specific
sources of noise such as construction activity and railroad noise

has been questioned. As the number of different noise sources that
should be considered by Federal, State and local noise programs
increase, it is anticipated that more specific criteria applicable

to specific sources or noise settings will be needed.

Moreover, studies completad to date have not accounted
for many of the acoustiec and nonacoustic factors that shape our
response Lo noise. Severe programmwatic limitations exist in under-
standing the influence upon individual and community reactions of
certain acoustic attribuges typical of many noise sources found
in the communiry. These attributes include perceived tonal coumponents,
impulsiveness, fluctuation in le.vel, intrugiveness gver background
noise, and so forth. Methods do n.. .xist that properly aceount for
the expected in.crease. in adverse community reactions that typiecally
result from these factors. Moreover, the large individual differences
that typically occur in annoyance resp.nses have not been accounted
for. The result has been a rather pragmatic approach to the matter

of assessing commmity and individual response to noise. There exists

2-11
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no noise annoyance calculation procedure that deals satisfactorily
with the many acoustic and noﬁacoustic variables that influence

our subjective responses to sound and, accordingly, our perspectives
on the quality of cur life.

“Cost-effactive noise abatement decisions and actions are
highly dependent upon the refinement of existing criteria pertaining
to individual and community response, both in enviromments dominated
by specific noise sources, and in environments with diverse noise
ateributes.

Seientific Recommendationa.——There exists a general

consenaus within the scientific community on the need for further

research and the direction it should take. Scientific recommendations,
including those made at the 1978 International Congress on Noise,

as well as those in the 1980 Wcrld‘Health Organization document

on enviroumental noise criteria®, point ocut that while aggregate
community response to ndise can be reliably predicted, more work
inveatigating the mediating factors is needed to help account for

the great individual variation in response. Further, the stress-related
components of responge also require more investigation., In additionm,

as coumunities experience ¢'wmoes in their noise environment, longitudinal
atudies should be conducted to assess adaptation and societal changes

in public reaction to noise.

* World Health Organization, Noise (Envirommental Health Criteria
12). {Geneva, Switzerland: W.HB.0., 1980).
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Scientific Feasibility.-——Research in this category

has a high expectaney of achieving useful results because it is
based on very successful, well-established techniques (3ttitud£na}
survey methodologies and psychoacoustic test procedures) that are
commonly used to atudy subjective human reactions to noise. Improved
subjective and zcouvsatic megsurement methodologies are now available.

A
Appropriateness.—Although other Federal agencies are

active to gsome extent in parts of this reseavch arvea, the research
gaps left are sufficiently critical to require further activity;.
Recent Federal efforts, primarily by the Natiomal Aeronautics and
Space Adminsitratiom, the National Bureau of Standards, and the

Air Force, have baen signficiant, but have focused on relatively
narrow study areas, mainly aircraft noise. Information needs speacific
te broad epvironmental noise program requirements have not been

fulfilled by these other reasearch efforta.

({5
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2.4 level of Pmphasis C

2.4.,1 Noise-Tnduced Hearing Loss

Although much additional research in noise-~induced
hearing loss (NIHL) is needed, feasible, and relatad to environmental
program uneeds, this Research Plan places only medium emphasis on
the need for more research, largely because of the pfanned research
programs of other Federal agencies,

Severity.—Noise-induced hearing loss is the most widespread
occupational health problem in the United States, and there is evidence
that additional noise exposure from envirommental sources exacerbates
the problem. Of the estimated 20 to 25 million people in the United
States exposed to levels of noise sufficiasnt to cause irreversible
damage to their hearing, 15 million are estimated to be workers
axposed to .noise on the job.

It is particularly important to consider the problem
of workers whose workplace exposures are augmented by off-the-job
expnaﬁres. Other potentially hazardous exposures occur im transie,
in uaing appliances and power tools at home, and in common recreatiomal
activities. Preliminary information also suggests that people in
comparatively low noise wgrk environments, such as office workers
and homemaker3, are exposed to 24~hour noige exposure levels which

way pléce some of them at higher risk to hearing damage.
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Impulse noise i3 another particularly severe problem
in the oceccupational setting which has not been adequately addressed.
It i3 estimated that over 2.7 million workers are expesed to impulse
noise and are not covered adequately by present damage risk criteria.
It is estimated that as many as 29 million Americans
suffer from a hauqiﬁapping hearing loss. Persons suffering from
noise~induced heéring loss often report other health disturbances
as well. They are also frequently the victims of timmitus (ringing
in the ears), lowered auditory discomfort thresholds and other annoying
side effects. Impaired hearing can be socially debilicating, Persons
with NIHL often speak of difficulty in understanding communication,
withdrawal from social contacts, embarrassment, frustratcion and
isolation. Noise-induced hearing loas greatly affects the lives
of millions of individuala. It is a difficult problem since the
process is gradual and insidious and may not be apparent until a
* considerable amount of hearing is lost.
Program Needs.——Although scientifically acceptable
damage risk criteria exist, better defined hearing leoss criteria are
required fo support the full array of environmental noise centrol
prog—ams. Federal, State and local governments need to koow the
extent of the hearing less problem caused by noise exposures ocutside
of the workplace in order to develop responsive policies to protect
the proulation at risk. The probability that a person will develop
a noise—induced hearing loss depends on the individual's cotal exposure

from all noises at work, howe, and in the community. 4 determination
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of thoase sources and each source's contribution to am individual's
risk of hearing loss should provide added direction to governmental

regulatory programs and the development of appropriate noise contral

actions.

-Scientific Recommendations,--There is a wideapread

consdensus on the need for further research on the key segments of
the NIHL research category, as characterized by conclusions reached
at the 1978 International Congresa on Noise, a recent NIH workshop
on noise ressarch*, the Federal Noise Effects Panel Report, and

the 1980 World Health Organization (WHO) report, As recommended

by these groups, future research should concentrate au'sqde of the
less well defined aspects of the problem such as the question of
hearing loss caused by specific environmental scurces, the effacts
of intermittent and impulsive noise, and the question of determining

risk to susceptible populations such as children. These areas have

. in the past received a low level of funding and should be addressed

in future research.

Scientific Feasibility.--The feasibility of ongoing

and planuned NIHL vesearch is generally high. It is solidly based

¢n research performed over the last 30 years. The developmenc of

new sophisticated personal monitoring inscrumentation, cliniecal

*National Institute of Neurological and Communicative Disorders
and Stroke. Workshop on Effects of Noise on Hearing: Rasearch

Directions and Designs, June 1978,
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methodologiea, and microscopic assessament techniques makes research
possible today that could not have been undertaken several yearsa ago.
However, in the future, certain avenues of resaarch
may be limitgd. For one, workers included in samples for ascientific
study should not be exposed to high noise levels which may jeopardize
their hearing. Effactive enforcement and compliance with Federal
workplace noise provisions may make it difficulr to identify workers
for hearing loss field studies. I£ workers exposed to high levels
of noise were found, it would be irresponsible not to take necessary
actiona to provide them with a&equate hearing protection. Similarly,
many research institutions are finding it difficult to obtain approval
for human subject research under high noise exposure conditions.

Appropriatenesa.-—Over the last three years, more tham

eleven different Federal agencies have funded noise-~induced hearing

losa and hearing conservatioo rasearch studies at an average total funding
level of ovér $3 million per year. However, very few of the relevant
regearch studies funded under this category dre investigating hearing

loss due to environmental noise exposures and neoise-induced hearing
related problems of childwren. Thus, although there is continuing

intarest on the part of other agencies in funding NIHL research,

there is a need for a focused program of additional, applied research

in areas not presently being adequately covered.

2.4.2 Behavioral, Social and Performance Effects

The category of behavioral, sccial, and performance
effecta of noise is an extremely broad category, whose effects are
often aubtle, complex, and indirect, and usually mediated by nonacoustic

factors.
2-17
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Severitv.--Although the scientific literature containg

ﬁauy potentially important findings, not enough information exists
at thia time to zllow proper comsideration of the severity of noise
effacts. Enquh iz known, however, to identify those areas that
are important and most in need of research. There are some definite
indications of antisocial and aggressive behavior resulting ar least
indirectly from noise, performance decrements due to noise, learning
disabilities attributed to, or aggravated by noise, and stress—-related
paychological responses that may be due in part to noise. Some
very important queations exist concerming the way in which individuals
adapt to aond cope with noise, and how the performance, productivity
and social and personal adjustment of adults as well as children
may be impaired by noise.
Information is particularly needed on how noise affects
the development of language and cognitive skills in children. Some
of the most pervasive effects of noise fall within this category.
These are important questions because cthey pertain to how noise
interferes with personal, mental and social functioning and makes
the accomplishment of important goals more difficult, :
Program Needs.--The adverse behavioral, social and |
performance effects of noise are clearly relevant to environmental
noise control program requiremencsd. At present, there are no criteria
for any of the effects that noise may have on behavior and/or performance.
To the extent that further research enables effects to be quantified

in the form of eritaria, they should be included in assessments
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made in support of Faderal, State and local noise control activikias.
For example, definitive information concerning how noise affects

the acquisition of language and other cognitive skills may necessitate
that specialﬁponsideration to be given to noise around schools and
reaidential environments, and to the modification of existing couwmunciation
interference criteria. Information on behaviaral and social problems
associated with specific noise exposure in certain settings would

have a direct application teo envircumental noise control programs.
This category of effects may be especially important where levels

of exposure are only moderately high or where contextual factors
characteristic of the exposure situation appear important.

Scientific Recommendations.-—Recent international scientific

congresses on nolse have emphasized both the potential significanée

and the extreme complexity of noise problems in this research area.

One of the general areas that has been identified for future research

ig in the determination of the sociological effacts of nmoise in

relation to the quality of life. Other gaps in the scientific literature
have been identified and a more realistic posture has been taken

toward the level of sophistication required to actack these multivariate

research questions.

Scientifiec Feasibilitv.-=—The complexity and subtleness

of noise effects in this category necessicate the use of sophisticated
and elaborate research designs and detailed, multivariate techniques

for data anmalysis. The fact that noise seldom occcurs alome in natural

2~19
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settings requires that an effort be made to ensure that research
outccmes are attributable to noise. In spite of these difficulties,
a number of behavioral science and sociclogical methodologies are
available for carrying out a progfam of research and sygtematic

replication which could be expected to yield results of use to eaviron-

mental noise abatemeant activites.

Appropriateness.—Because of the relative lack of research

activity at present, new studies should be initiated if this important

area is to be investigated to any signficant degree. Even the ongoing

task performance research is not directly applicable to the environments

of concern to Federal, State and local environmental officials.
The relatively small amount of ongoing research on the effects of
noise on children is expleratory in nature and should be used in

planning more focused research in this important area.

2.5 Level of Emphasis D

2.5.1 Communication Interference

Severitv.—In terms of saverity of the praoblem, everyday
experience shows that almost all Americans are exposed to noise
at levels sufficient to interfere severely with their activities
at home (including conversations and listening to TV, radis, or
recorded musice), in transit, and at their workplace. Interference
with speech communication is more than an annoyance. It represents
a reduction in efficiency, and in some circumstances a real threat

to safety resulting from massages being wmissed or misunderstood.
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Program Needs.--Investigation of communciation interference

is highly relevant to environmental neise program needs because
many of the existing noise regulations are based on well quantified
criteria for spéech interference. While these erikteria are adequate
for Federal,“Stace and local regulatory purposes, ﬁhey may need
refinement to ensure their suitability in nonsteady-state background
nﬁise conditions and for listeners other than normal hearing, native

adulta,

Scientific Recommendations.—There is consensus on

the directioms for continued research including: extension of the
generalizability of research bagsed on communicarion systems to other
siruations; increased emphasis on quality of communication; requirements
for ecommunication in fluctuating noise situationa; and the speech
communication requirements of special groups such as the very young

and hearing—impaired listeners.

deientific Feasibility.~—As one of the older and better

—

established disciplines, communication inrerference is well suited
for further study with the well developezd methodologies available.

Appropriateness.—-Previous research and the work currently

underway may minimize the need for priority emphasis, with a few
exceptions. There are a few, well-defined topical areas not presently
being adequately covered. These include development of refined
eriteria for the effects on special groups such as children, special

effacts in teaching and learning activities, and secondary effects
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of disrupted communciation on safaty and task performance. Cne

of the major areas of concernt relates to the communicative problems
of the hearing impaired. Although there are as many as 29 million
Americans with impaired hearing, their communicative problems are

not as well underatood as they should be.
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3. EPA'S RESEARCH PLAN IN DETAIL (INTRODUCTION)

3.1 Definition of Long~Range Objectives

As an initial step in developing a Research Plan, it was
necessary to“define long~tarm objectives for each of the categories
of health effects research. This w&s done in Chapter 2, where long-
term objectives were defined as broadly as possible in the light of
Fadaral, State and local programatic needs, so that if they were fulfilled,
environmental noise abatement programs would have an adequate "health
and welfare" information base. This informarion base is needed to
support future activities that will effactively and efficiently minimize
adverse noise in our environment at the lowest cost possible and with

the least disruption to our lives. These long-term objectives will

be used for purposes of reference as general targets.

3.2 Definition of Short~Tarm Objectives

In order to make the Plan operational in the short term
(Fiscal Years 1981-85), it is necessary to develop a set of short-term
research objectives. The short-term research objectivea are those
which have been selected as appropriate for initial ._-“on within five
years. The short-term objectives, therefore, represent a set of limited
but important milestones in pursuit of the identified long-term objectives.

To date, EPA has sponsored a subscantial <.ount of research
during the Fiscal Year 1981-82 period in accordance with this Research
Plan. The present updated verajon of the Plan will desc¢ribe the progress

of EPA-sponsored research to date (Fiscal Year 1981), will forecast i
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research results expected through the end of Fiscal Year 1982, and
will outline the specific Research Initiatives that remain to be undertaken
in pursuit of the identified short-term objectives.

-

3.3 Definition of Research Initiatives L

Corresponding to each short-term objective in the Plan
are one or more Research Initiatives., Each Research Initiacive is
conceived as a particular line of inquiry in pursuit of a specifie,
identified objective. Research Initiatives should be time-phased,
both because of reaocurce constraints and because of the intent that
outputs of some Initiatives will act as prerequisites necessary to
initiate others. Further, a given Research Initiative should not be
thought of as a "project” or "program." Io many cases a given Research
Initiative wili consist of a pumber of components which are frequently
supported by one or more projects in a time-phased manner. Furthermore,

.
a single research project may support one or more Research Initiatives.

Table 3~1 contains z lisc of those Research Initiatives
most important to the support of environmental noise programs, and
which should be undertaken in the pear-term peried, i.e., within the
first five years. The Initiatives are aot ¢ "he present time being
supported with adequate research efforta by other Federal agencies
or research organizations. In some cases, no related Tegearch at all
is being funded.

Table 3-2 identifies other important Research Initiatives,

of a secondary priority, which should be undertaken in the near term
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TABLE 3~-1. PRIORITY RESEARCH INITIATIVES INCLUDED IN THIS PLAN

NONAUDITORY I. Animal experimental studies on the relationship
PHYSIQLOGIC between noise, elevated blcod pressure and other
EFFECTS ‘ cardiovascular system effects

I1I. Epidemiolgoic studies on the relationships between
= long—~term noise exposure and adverse cardiovascular

effects

IIX. Human studies and eclimical investigations of cardiovascular
and neurcendocrine responses to noise

SLEEP I. Relatiouship between field and laboratory data om
DISTURBANGE sleep disturbance by ncise

II. Health censequences of noise-disturbed sleep
IT1I. Acoustic parameters welated to sleep disturbance

IV. Susceptibility of sensitive populations to sleep
digsgurbance by noise

¥. Adaptation to sleep disturbance by noise

COMMUNITY I. Determination of the magnitude of community and
AND individual response attributable ro apecific
INDIVIDUAL sources of noise

RESPONSE

II. Determination of the relationship between specifie
acouatic attributes and the magaitude of individual/group
response to noise

NOISE~- I, Determination of the prevalence of NIHL in the United
INDUCED States and the contribution of sociocusis {(nonoccupational
HEARING expogure, presbycusis (aging), and occupational exposures.
10SS (NIHL) '

II. Establishment o. pu.ameters of individual sensitivity
to NIHL

III. Refinement of crir..ia for low-level noise exposures

IV. Determination of social and economic impacts and other
consequences of Nial

BEHAVIORAL, I. Effects of noise on cognitive and social development
SCCTAL AND
PERFORMANCE II. Behavioral and social adjustment to noise
EFFECTS
3~3
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TABLE 3=-2

SECONDARY RESEARCH INITIATIVES:

OTHER BOTENTIALLY USEFUL RESEARCH INITIATIVES
{NOT DISCUSSED IN DETAIL IN THIS PLAN)

NONAUDITORY I.
PHYSIOLOGIC -
EFFECTS
III
III.
1v.
v.
COMMUNITY 1.
AND
INDIVIDUAL
RESPONSE
II.
NOISE- I.
INDUCED
BEARING
LOSS
BEHAVIORAL, I.
SOCIAL AND
PERFORMANCE II.
EFFECTS
TII.
Iv.
V.

COMMUNICATIONS I.
INTERFERENCE

,II.

III.

Iv.

Laboratory and field studies of other medically
significant responses to noise

Descriptive and correlational studies of the relationship

of noise to health symptoms, complaints and behaviors
Impact of living or working in high-uo{ae environmants

Effects on of noise on physical growth, development
and general health of children

Interaction of noise wirh other stressors and
enviroumental hazards

Identification and quantification of nonacoustie
determinants of comwmunity and individual response
to noise

Determination of susceptible population subgroups

The effects of voluntary and less aversive naise
exposures on the hearing senmsitivity of an

individual

The effects of noise on social and behavioral pathology
Individual differences in sensitivity to noise

The relationship between noise exposure and worker
productivity

The role us 7arious acoustic and nonacoustic factors
on task performance
Interaction of noise with other stressors

Criteria for telaxed conversaticn in different
environments

Speech intelligibility for special groups {(e.g.,
the hearing-impaired)

Effects of time varying noise on speech intelligibility

Comnmunication interference effects in high noise
work and traffic environments

3-4
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if adequate progress is to be made in meeting the requiremencs and
objectives of the prierity Initiatives. The secondary Initiatives
should not be construed as being of reduced importance. Thase Initiatives
are integral_to the national noise control effort. The only reason
they are being presented as secondary priorities is that real limitations
in existing research funds require that primary emphasis he placed
in supporting the most highly prioritized Research Initiatives. Once
funding of these Research Initiatives is underway, work should be started
at once to fund the broader set of seconmdary Research ILnitiatives.

The reader should note that certain tradeoffs had to be
made in selecting the prioritized Research Initiatives in each category.
It was decided that it would be more reasonable to select a limited

number of Initiatives in order to assure that:

o The identified research could be funded even with typical
budget constraints. In general, the cost of the
typea of the required biomedical animal, human
; ¢linical and epidemiologic research projects in this
. Plan are quite high,
o The research results would be available in the near
term to provide guidance and refined erireria in
support of Federal, State and local environmental
noise conctrol activities.

After the imaitial thrust in capdiovascular research is
completed and detailed results are available, it i3 assumed that there
would be a shift in the lead funding role to the National Institutes
of Health (NTIR), and, therefore, an expansion of the proposed research
affort in line with the described long~term Nonauditory Physiologic

Effects research objectives,

3-5
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3.4 Concept of Ewvolution in Research

Underlying the approach taken by EPA in developing the
Plan is the fact that the research categories for which long-term objectives
have been set differ Erom each other in at least ome important reapect:
the maturity of research activity in the category. For long~established
categories, information is organized around well defined and genmerally
accepted concepts and methodologies. Furthermore, there is a group
of recognized specialists pursuing more advanced questions such as
the refinement of c¢riteria or the investigation of the specific health
riask to special populations, Other catagories, which only recently
have begun to be recognizad; are still developing conceptually, and
frequently need to involve specialists from unrelared fields organized
in a cross—disciplinary, biomedical research effort. In this case
the problem may not be well enough defined, the results are less consistent,
the methodological problems are greater, and the probability of failure
éi‘gigher than for research in the more esatablished cactegories.

For any of the categories of research presented in Chapters
4~9, a logical and scientifically developmental sequence of research
accivity can be suggested. This sequence 1is typically followed in
the development of quantified dose-respanse relationships, the determination
of health effesc*s risk, and ultimately, the development of refined
human response eriteria. These are steps in an empirical research
process. This sequence is shown in Table 3-3. Thus, certain types
of research are the building blocks on which progress in the more advanced

topica depends. The kinds of results that can reasonably be expected
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TABLE 3-3

RESEARCH CONTINULDM IN THE DEVELOPMENT AND REFINEMENT OF
HEALTH EFFECTS CRITERIA

Demonstrdte the existence of an asscciation

Demonstrate a basic cauvase-effect relationship directly atctributable
to noise

Investigate underlying machaniams and physiologic basea of the
affect

Improve the cause-effect relationship through the investigation

of intervening factors

A. Acoustic factors

B. Nonacoustic factors

Establish dose~response relationships, determine risk, and develop
quantified human respotise c<riferia

Refine.criteria based upon suscepeible populations and special

considerations
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from new research depend in part on where the research category falls

on this research developmental continuum.

- In some areas of research where the health effeet is critical,
research may.be undertaken out of sequence. The attempft to develop
criteria in the shorteat possible time often results in wasteful research,
large funding expenditures, maoy uﬁanswered questions, and continued
debate over the implicationa of the results. In introducing the Research
Plan for each objective, therefore, an attempt has been made to place
the curreﬁt status of research in that category somewhere on this developmental
concinuum.l For example, while research in the Noise-Induced Hearing
loss and Communica:icn Intarferance categories are relacively highly
developed specialities, research in the Nonauditory Physiologic Effects
category belongs at the other end of the spectrum. That is, research
proposed in the category of Noise—Induced Hearing loss will lead to
the refinement of critgria, whareas research being proposed in the
category of Nonauditory Physiologic Effects will attempt first to demonstrate
a basic cause~effect relationship directly related to noise exposure.

In the Research Continwuum Table included in each chapter
of this Plan, the status of research in each category has been evaluated
ag either "Adequate," "Marginal" or "Inadequate." These labels denote
"Yaquacy with respect to reaching the ultimatu objective of fully refined
eriteria for each noise effect category. However, these labels do
not reflect a judgment of adequacy for Federal, State or local regulatery
purposesg, although such regulatory analyses asmploy the best available

health and welfare information. These Tables are included zo allow
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the reader to compare the astatus of knowledge in a comparative manner,

across the different noise-related health sffects categories.

3.5 -Contents of the Research Plan for Each Category .

The total Research Plan consists of a separate Plan for
each of the six research categories. A number of Research Initiatives

are proposed in each category. Each Plan will consist of the itams

shown in Table 3-4.

3.6 Nature and Direction of Research Findings

‘The Research Initiatives suggested for study within this
Plan are proposed with the aim of deriving findings that will lead
toward criteria development within each of the research categories.
dowever, there exist no guarantees on the results of the specific studies
that should be undertaken. Biomedical research is by nature a continual
learning process. Each step of investigation at times necessitates
redefinition of new directions. This may involve the replication of
previous studies or the abandonment of certain projects, depending

on the results in each stage of the research process.

3.7 Guidance and Monirtoring

o -A Review Panel/Advisory Group should be established to
provide guidance and direction to, and periodic review of the total
research program outlined im this Plan. At present, EPA coordinates

two Interagency Panels: (1) Federal Noise Effects Research Panel,

3-9
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1.

2.

2.1

TASLE 3-4. ITEMS INCLUDED IN THE PLAN FOR EACH RESEARCH CATEGORY

Rationale for Selecting Specific Research Initiatives—-For funding
over the Five Yaar Period.

o W¥hat is Enown.—Status of regsearch in the category,

o What is Not Known.--Research that needs to be conducted
to £1i11 in important deficiencies in data and improve undar-
atanding of specific health effects,

o Priorities.—For Health Effects research based on public
health and welfare needs in support of Pederal, State and
local noise control activicies.

o Current Research Activities.-—Onpoing research projects
of EPA and other Federal agsncies.

o Position on the Research Continuum,.--Status of rasearch
in relation to the development of refined health effécts

criteria.

¢ List of Priority Raesearch Iniciatives Necessary to Better
Syport Public Health and Welfare Needs.-—Identification
of apecific lines of inquiry for near—term pursuit of category

objectives.

Detailed Descriptions of the Research Initiativeg~-Each description
includeass

Priority Research Initiatives

o Deseription and Basic Considarations

o Relation to Other Ongoing Research.--Federal and private.

o Expected Results.—BHow the results will be used upon completion
of the Initiative.

o Results to Date,--1f EPA has started projects.

Secondary Research Initiatives-—Recommended for support by other
agencies and rasearch organizations once the "priorify" Initiatives
receive adequate attention.

Sequencing of the Research Initiatives.-—A specific time.phasing

of research is needed because the outputs of some Initiatives

function as prerequisites necessary to initiate others. Sequencing
recommendations will only be made in the YNonauditory Physiologic Effects
Research category due to the complexity of the proposed research

effort and the fact that only minimal research has been done in

this area.

3-10




= FEY VIV AUV LOaO0

Hrin e e g e = e

R afi g ng i

and (2) the Health Effects Research Advisory Group, which are both
comprised of representatives of the various Federal agencies with research-
related interests and expertise inm noise effects.

The Health Effects Research Advisory Group should be supplanted
by a group comprised of representatives from both the academic research
communiny and from the relevant Federal agencies. The membershié of |
this pgroup should not be limited to bicacoustical scientists, but should
be representative of the full array of expertise that would be required
to conduct ‘the interdiséipiinary biomedical research Initiatives identified
in the present Plan. At a minimum, the specialties reprasented should
include: cardiovascular and stress physiology, cardieovascular medic{ne,
bicstatistics and epidemiology, behavioral science, psychoacoustics,
bicacoustics and physicaf acoustics,

This géoup should review study protocols and ianterim and
final results, discuss and propose necessary changes to the Research
Plan, and provide a forum for the general discussion of related issues
and problems. The group should function, to the extent possible, in
a fashion that is independent of established systems for the technical
wonitoring of grants and contracts for the peer review of propcsals.

Once this group is established and becomes operational, it should as

well be used by other Federal agencies as a forum to provide guidance

and direction in planning their respective research efforts. Thus,

this group has great potential in becoming 2 national faorum for coordinating,
planning, reviewing, and exchanging and disseminating the research

results and plans of the total Faderal noise-related health effects
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reaaarch effort.

The Federal research effort would greatly benefit from
joint planning exercises between differsnt agencies and organizations.
The type of research proposed herein is multidisciplinary in nature,
requiring expertise in a number of biomedical and biocacoustical areas.
The participation of more than one Federal agency in the proposed research
effort 1s necessary to insure more effective research desiga, wmonitoring
and review, and to provide ressarch ocutcomes with programmatic relavance
to more than one agency. Biomedical research i1s very expensive to
conduct. Where feaaible, costs should be shared in order to aveid
duplication and superficiality. In order to wmake significant progress
in a timely fashion, a concerted §rog:am of interagency research is
appropriate.

It is recommended that the findings obtained in studies
deseribed in this Research Plan be presented at scientific meerings
and published in refereed journals. Furthermore, open scientific sywpesia
and workshops should be scheduled on a regular basis. These activities
gshould serve to maximize critical review of the research programs and

also serve to stimulate the scientific community.
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4. RESEARCH PLAN FOR NONAUDITORY PHYSIOLOGIC EFFECTS®

4.1 Rationale for Selecting Specific Research Initiatives

The long-~term objective of nonauditory physiologic effects
research is to determine the physiologic effects of noise on bodily
systems and ou general health, with special emphasis on hypertension

and other cardiovascular effects.

4.1.1 What is Known
Studies have shown that noise can act as a biologic stressor.
Nonauditory physiologic stress reactions, such as transient changes
in blood pressure, heart rate and respiration, alterations in hormonal
levels and gastrointestinal motilify, and measurable changes in skin
registance and muscle potentials have been documented for noise exposures
typical in level to those encountered in che human environment. The
hormonal changes and ather effects produced in animals and humans to
noise appear to be similar to those elicited by other challenging and
demanding influences in the physical and psychological anvironmeat.
Laboratory research with ;odeucs has yielded a variety
of both tramsient and enduring morphologic, hormonal and metabolic
rasponses to neise. The generalizabiliey of the results of these atudies
ia geverely restricted due to the proclivity for convulsive behavior
("audiogenic seizures') among rodents and to the faect that the auditory
gengitivicies of rodents differ considerably from those of humans.

* For a more detailed discussion of reguired cardiovascular research
with complete finding and timing figures, see "Detailed Cardiovascular
Regearch Plam," EPA, Sepc. 1981.

41,
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There is evidence that the fetus can be affected by noise
stimuli, either directly or through changes induced in the system of
the mother. Only a very small amount of animal and human work has
been done in-this area, but there are some preliminary data suggesting

atresg~related adverse effects such as alterations in hormonal and

biochemical activity, reduced birth weights, and behavioral and neurological

effects.
The congsequences of long-term noise exposure on general
.health status have been examined in several correlational field studies,
Overall, these studies have provided a complex pattern of results.
There are data indicating that chronic noise exposure is associated
with a number of common healﬁh problems and complaints. Not atypical
of field reaearch, many of thess studie; are subject to ecriticism on
methodological grounds. The major problem in this type of research
is determining whether noise per se is the causé of the adverse effects.
By far, the largeat body of research exists on the relation-—
ship between long-term noise exposure and hypertension and other cardio=-
vascular problems. Approximactely 40 cross-—sectional, retrospective
epidemiologic studies have been conducted, mostly in Eastern European
countries, Research in at least 1l different nations and in ac least
18 different industries suggests increased cardi, ~cular morbidity
as a function of long-term noise exposure. Hypertension appears to
be the moat prevalent councomitant of noise exposure in these studies.,
Although it is difficult, for a number of reasons, to adegquately evaluate
these studies, the apparent magnitude and consistaney of these findings

cannot be ignored.
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In addition, two recent studies, one in the United States
and one in Germany, have reported slevated blood pressure among children
living and/or attending achoel in high noise areas. These studies are
particularly-noteworthy in determining the significance of environmental
factors in the development of hypertension.

" " 'Recent laboratory research in this countzy, using a more
appropriate animal model, the Rhesus monkey, has shown that as little
as several months exposure to environmental noise levels can produce
significant and sustained elevaticns in blood pressure of approximately
10 percent. These observed elevations would be comsidered hypertensive
in human paniénts and would be reason for medical concern. Furthermére,
even a month after the noige was turned off, the animals' bloed pressures
did not return to pra-exposure lsvels, suggesting that recovery, if
it occurs, will take some time. This type of controlled investigation,
where noise is the only stressor present, parallels past epidemiologic
research, and suggests the importance and the promise of study in this

area of noise effects research. -

bal.2 What is Not Rpown

Although it is known that noise acts as a'stressor, it
is not known with certainty whether prol.._ 2d exposure results in cumulative
pathology. Whereas the organism is often capable of adapting to noise
at the comscious, behavioral level, elevations in blood pressure and

other physiologic changes appear not te adapt. What is the overall

medical significance of these physioclogic effects? Precise cause-—effect:
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relationships need to be drawn between noise and medically significant
physiologic responses such as blood pressure, and between noise and
the so=-called stress diseases or diseases of adaptation.

Information is lacking on the mechanisms underlying neise
related changes and the extent to which noise operates in a similar
fqpnidﬁrto other better understood stressors:

Quantitative data are virtwally nonexistent concerning
the role played by the various physical parameters of noise, its level,
frequency spectrum, temporal pattern,and duration, The extent to which
nonaccustic factors, or the context in which the noise oceurs, mediate
the atress effects of noise is not known and should also be specified.
This is the type of information neceasary to develop quantitative criteria
in suppert of noise control activities,

Attention ashould be given to identifying those segments
of the population that might be particularly susceptible to these effects,
for example, children and the elde:ly.' Individual differences should
be investigated., Informatios pertaining to the extent to which chronie
noise exposures might exacerbate pre-existing health problems such

as hypertension is not available.

4.1.3 Priorities

The moat urgent health and welfare research need, in support
of Federal, Stace and local noise control requirements, is to verify
as soon as possible the extent to which a cause-effect relationship

exista between noise and stress—-related diseases such as cardiovascular

~
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disease, on the grounds that the scope of the potential public health
problem is great. Noise is probably the most pervasive pollutant in
both the occupational and nonoccupational envirdnment, and in recognition
of the potenfial health problem, special emphasis should be placed
on conducting research on the nonauditory physiologic effects of noise.
Adequate and quantitative health effactslinformation is the basis of
any type of noise control program or activity.

Statistical associations have been demonstrated between
noilse and cardiovascular problems, but their ultimate significance
awaits further, more sophisticated research aimed -at establishing causality.
A combination of animal, human clinical and epidemiological research
is required. Information must be obtained on the role of various acoustic
and nonacoustic variables, and on the su;ceptibility of various sub-
populations to noise~related cardiovascular effects. This type of
information is required in order to develop quantitative dose-response
eriteria. Although a fairly extensive and costly program of research
is required, the costs of ignorance are potentially very great.

It must be recognized that little is known about any of
the possible nonauditory physiologic effects of noise, and that the
health consequences are poteantially great for all of these effects,
However, for the follaowing .:2asons, the recommendation is made to concentrate
primarily om cardiovascular effects research (since not all areas can
be researched in depth simultaneocusly):

{1) cCardiovascular effacts are relatively wall documented;

(2) Cardiovageular effects research is feasible scientifically;
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(3) Cardiovascular effects are potentially linked to a

serious and widespread health problem.

4.1.4 Current Research Activities

EPA has had more than four years experience spoasoring
nonauditory physiologic research., The major EPA effort has beemn an
investigation of the relatiomship of noise to sustained elevations
in blood pressure using 2 primate model., This study is being conducted
at the University of Miami Medical School. Findings to date have revealed
sustained blood pressure elevations as a function of exposure to environmental
noise levels. A second program of primate research has recently beeﬁ
initiated at the Johns Hopkins Medical School with supporf from EPA.

Human experimental research has also been irnitiated in a second project
at Johns Hopkins. Research on the health effects of chroniec sleep
disruption by noise, being conducted at Stanford University Medical
School with support from EPA, should alse yield informa:ién relevant

to understanding the nonauditory health effects of noise. EPA has

also sponsored an epidemiqlogy feasibility study te be completed in
1981. This study will lay the foundation for subsequent research..

It will provide an chjective assessment of the foreign epidemiological
literacture, the au..’sis of key sets of foreign epidemiological data,

and an evaluation of various epidemiologic approaches,
Since 1980, EPA has been obtaining descriptive data from
the National Health and Nutrition Examination Surveys onm the qualitative

relationship between health status and indices related to noise exposure

4=6
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(see Chapter 7, Section 7.2.l1,I, for the corresponding Initiative}.

Other Federal agencies have funded only a small amount

of related research. The following studies represent recent and ongoing

efforts:

e 4 B B T T 6 21 AL

e s it 4 8 ] (L

In the cardiovascular effects category, an experimental
study sponsored by the Veterans Administration examined
the effects of stress-producing, unpredictable noise

on groups of men displaying the coronary prone persomality
type. .

An ongoing NIH/NIEHS project is looking at several
physiologic effects of noise in rodents, such as
teratogenic, hormonal and cardiovascular effects.

The National Institute of Child Health and Human
Development examined the effects of high noise levels
caused by aireraft” noise on the physical growth and
development of children.

A study supported by the National Scienmce Foundation

and NIEHS included an investigation of the blood
presgures of children living near a large airport.

A recently funded NIH/WHLBI eross-sectional epidemiologic
study is addressing the relationship between long-

term industrial noise exposure and elevated blood
pressure.

Two studies being conducted by the U.S. Navy should

provide some data on health status and phyaiologic
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reaponge ag & function of high level noise exposure
in simulated and actual naval environments.
o 4 NIH/NHLBI-sponsored experimental study investigated
- autonomic responsivity to various stressors including

noise in adolesacents with elevated blood pressure.

4.1.5 Position on the Research Continuum

~As can be seen in Table 4~1, the present atatus of research
in the nonauditory physiologic effects category must be comsidered
almost wholly inadequate for the development of human risk eriteria.
It is only in the cavdiovascular effects area that a reasonable amount

of asascciative data exiats.

4.1.6 List of Priority Research Initiatives Necesaary to Better
Supnorc Public Health and Welfare Neads

After reviawing the status of nonauditory physiologic effects
research, environmental noise program needs and priorities, and the
planned research activities of the relevant Federal agencies, the following
Resw.2ch Initiatives are recommended. They are not listed in order
of priority.

I. Animal experimental studies on the relationship between
noise, elevacsd blood pressure and other cardiovascular
system effects

II. Epidemiologic studies on the relationships between
long~term noise exposure and adverase cardiovascular

effects :

-ITI. Human studies and clinical ipvestigations of cardio-
vagscular and neurcendocrine responses to noise

§ ———a b
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TABLE 4-1

POSITION ON THE RESEARCH CONTINUUM - NONAUDITORY PHYSIOLOGIC EFFECTS

Research Continuum Current State of Knowledge

Adequate Mareinal Inadequate

1. Demonstrate existence of an association x>

2. Demonstrate basic cause-effect relationship

A. Animals Kk
8, Humans X;*
3. Investigate physiologic mechanisms K
4, Investigate intervening factors. Imprave
_cau;é-effecﬁ réiééIBEEHigﬁjf
A, ' Acoustie X
B. Nonacoustie ' X
; 5. Quantify dosa-response relationship . X
6. Refinement and special populations X

i . s . . Y r .
; * - Foreign epidemiological research suggests a statistical association
between noise and hypertension and ather cardiovascular problems.

Some experimental primate research also showg:adve;se effects on che
- blood pressure, - T T L

o ——— -

*% EPA is supporting ongoing research (FY 1980~82) which involves the
examination of physiologic dymamics and causal mechanisms.

p——— L
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4.2 Detailed Descriptionsg of the Research Initiatives

4.2.1 Priority Research Initiatives _

I. Animsl experimental astudies on the relationship between
noise, elevated blood pressure and other cardiovasacular
system effectsa.

A

Deascription and Basic Considerations.--The purposes of

this Initiative are to: assgess under controlled conditions the causal
re;&tionship between noise exposure and selected medically significant
physiologie responses, particularly elevations in blood pressure; investigate
the associated pathophysiology; and begin to develop quantitative dose-
response relationships for selected effeets.

The nonohuman primate is the animal of choice. Animal research
with an apprepriate model would permit: detailed specification of
acoustic parameters, sophisticated and continuous monitoring of physiological

o, . : . . .
activity, control of extraneous variables, and investigation of underlying

mechanisms. There are three components under this Initiative.

Component I. Preliminarv Investigations and Methodological Refimements.

Through 1980, the purpose of the University of Miami project
has been to asseas the feasibility of chronic exposure work using nonhuman
primates, and to determine whether exposures to environmental noise

levels produce sustained alterations in blood pressure and heart rate.

Having accomplished these geals, this project has been expanded to
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provide necessary replications of the rather dramatic findings of the
study, and to begin to examine the cardiovascular dynamics involved,

and associated biochemical changes.

Expected Results.—By the end of Component I, a agbatantial

bady of animal data will have been compiled examining the relationship

. between noise exposure and alterations in blood pressure and other

cardiovascular parameters. The physiclogical and biochemical mechanisms
and processes involved in these effects should be betrer understood.
Sophisticated and streamlined experimental paradigms using the most
appropriate primate species should also be available at this juncture.

Reaults to Date,~—Results from the first twe sets of animals

showed sustained elevations in blood pressure ranging between 20 to
30 percent for 6- to 9-month daily exposures to everyday and induserial
noise episodea. The racher significant fiu&iugs of sustained blood
pressure elevations that were obtained in the first phase of the University
of Miami atudy have been replicated in phase II. Detailed stress —_
hormone and blood chemistry data will be forthcoming. Phase III of
this program is underway examining the cardiovascular dynamics of the
noige-related blood pressure elevations.

A second, independent program of research has been initiated
at the Johns Hopkins University Medical School using baboons. The
purposes of this project are to provide a systematic replication of
the Miami findings, and to begin to ipvestigate the role of various
acoustic and nonacoustic factors. Work will also be started om the

interaction af noise with other cardiovascular risk factors.

4-11
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Important information should be fortheoming from both of
these studies toward determining the most suitable experimental paradigms,

expoaure duration, ate.

Component Il. Investigations of acoustic and nonacoustic factors.

The second Component of animal experimental studies should
begin to focus on the development of quantitative dose-response criteria.
Very detailed work should be dome on the relationship between various
acoustic parameters and cardiovascular effécts. Examples of parameters
to be studied include poise laevel, frequepcy content, duration and
temporal pattern (e.z., intermittency).

This research should also examine the extent to which the
effects are mediated by various nonacoustie factors. Interast here

is with the context in which the noilse occcurs. Variables such as the

"aversiveness'" and "contzellability' of the noise should be manipulated.

Expectad Results.—-These parametric studies will begin

to provide the type of information necessary to derive tentative dose-
respongse relatcionships appropriate to the animal models. Data will

be available on how much noise and what kind of noise is associated
with how much effect. Informatiom should also be obtained on the extent
to which nonacoustic factors influence the relationship.

Results to Date.-=The Johns Hopkins study discussed above

should begin to provide some preliminary data on the role of various
acoustic factors. Subsequent to the replication study, an attempt
should be made to vary the acouatical aspects of the industrial noise

gegment of the 24-hour noise exposure sequence used in the Miami study,
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Component ITIT, Investications of differences in susceptibilicy.

~ In the third Component of animal experimental studies,
attention should be directed to the determination of individual differences
in susceptibility to the cardiovascular effects of noise. Work should
proceed using various kinds of animals: animals selectively bred for
hypertension; animals whose systems have been compromised through surgical
intarvention, the infusion of hormsnes, or through pharmacclogical
means; animals digplaying other cardicvascular risk factors; animals
precenditioned to be hyper-reactive to noise and other atressors; and
.older animala, young animals and infants.

Expected Results.—-This research should attempt to deczrmine

whether there are certain factors which predispose or place the organism
at greater risk for cardiovascular effects, and whether noise exacerbates

pre—existing health conditions.

Regults to Date.-~In the lacer stages of the Johns Hopking

primate study, experiments will be directed at studying the interaction

of noise with salt intake as well as the interaction of noigse with
pre-existing blood pressure level. These studies will begin to investigate
! some of the factors which have been implicated in the development of

hypertension and cardiovascular disaase.

i II. Epidemiolowic studies on the relationship between
long-term noise exposure and adverse cardiovascular
effects

J Description and Basic Considerations.--The purposes of

these studies are: to provide valid epidemiologic data on the relationship

' of long—term noise exposure and advarse cardiovascular effecta, particularly

4=-13
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hypertensicn; to determine the extent to which a causal relatcionship
exists between noise and cardigvascular disease; and to obtain data
ugseful in deriving criteria for detecting the effects of noise on hyper-
tension and cardiovascular digsease, There are three components within

this Initiative.

Component I. Retrospvective analysis.

The logical first step is to demonstrate the existence
of an association by providing a more systematic and careful study
of the existing epidemiclogic findinga. WNext, taking advantage of
an appropriate study population or existing data base, an attempt should
be made to retrospectively analyze the data to test the relationship
between long-~term noise exposure and cardiovascular health.

The recently funded NIH/WBLBI sponsored epidemiologic study
(aee Section 4.l.4) should provide a test and possible vdlidation of
some of the foreign studies which have reported positive associations
between long-~term noise exposure in the workplace and varicus cardiovascular
health problems. Preliminary results should be available prior to
the iniciation of the planned small~sc;1e prospective gtudy.

Expected Results.—-Work completed under this compoment

should provide both 2 systematic replication of existing epidemioic,’=
research and guidance and direction for future noise sffects epidemiologic

ragearch.

Rasults to Date.-—EPA has initiated an epidemiology feasibility

study on the cardiovascular effects of noise. This study has three

purposes: 1) to provide an objective and detailed evaluation of existing
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epidemiclogic research on the nonauditory effects of noise; 2) to assess
the appliecability of non—-noise related research on hypertension, cardio=-
vascular disease and stress physiology to epidemiologic studies of
noise affects} and 3) to discuss and make recommendations regarding
a number of substantive and methodological issues that must be considered
in designing a program of epidemiologiec research on the nonauditory
healch effecta of noise. The results of this study should be directly
applicable to the design of future epidemiologic studies.

A second study initiated by EPA involves an analysis of
data of the 1971 to 1975 National Health and Nutrircion Examination
Survey (HANES)., This project takes advantage of a very large data
base which contains extensive health examination and self-repert data
on a sample of the Nation's population. The nonauditory effects portion
of the analysis will focus on wmodelling the associations between indirect
indices of noise exposure, background characteristics and health status,
and hypertension. Indices of noise exposure have heen derived from
occupational classifications and industrial godea. Preliminary analyses
from the hearing loss segment of the study (see Section 7.2.1.I) have
borne out the credibility of the noise exposure classification acheme.
Self-report data on the history of a variety of medical conditions
will be e?aluated as well as the results of the general meu..:l examinationm.
Drug and medication usage data and suggested biochemical indicators

will similarly be examined for their possible association with indices

of noise exposure.

[
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Cowponent II. Prospective analysis, . . —

Phase I ~ Small scale prosvective study

A relatively small, well-controlled prospective study
should be imitiated subsequent to the completion of the EPA-sponscored
epidemiologic feasibility study. Although the need for prospective
data is obvicus, the exact nature and preciase timing of the study should,
in part, be dependent upon the results of the feasibility study. It
iz anticipated that the study woul& be conducted in a work setting
and involve some type of intervention scenario such as the instirution
of a hearing comservation program or other type of noise control measure.
An attempt should he made to centrol for all the important variables“
affacting the ocutcome measures except npise.

Detailed noise measurements should be made of the current
environment, and these should be repeated on a regular basis throughout
the study. Dosimeters should be used to determine individual noise
exposures, both inside and outside the work environment, over a 24-
hour peried. 4s a miﬁimum, the project should include unbiased muféiple
measures of blood pressure, electrocardiograms {(perhaps some type of
continuous monitoring), assessment of hormonal responses to noise,
atandard blood chemistry, and hearing acuity. Emphasis may be placed
ou those individuals at high risk. Detailed medica: w.istories and
noise exposure hiastories should be obtained, as well as symptom checklists
and demographic, scociceconomie, behavioral and physiologic indicators.

Data should be collectad for a periocd of at least 3 years,
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Expected Reaults.-—~The prospective study should provide

a test of the causal hypothesis linking noise exposure to cardiovascular

health problems.

Fhase II -~ Inclusion of noise ag a factor in ongoing NIH
cardiovascular ressarch

The small~scale prospective study should be useful
in determining the extent to which a causal relationship axists berween
noige and hypartension and other cardiovascular problems. Lf promising
results are obtained, an attempt should be made to include actual noise
exposure as a factor in ongoing and/or planned large-scale WNIH longitudinal
cardiovascular research., 1In association with these studies of cardiovascular
disease, measurements of noise exposure should be made as well 23 measurements
of risk factors such as improper diet, cigarette smoking, hypertension,
.high lavels of serum cholesterpl, sedentary life style, and diabetes
; mellitus. These studies should contribute greatly to knowledge concerning
+
? effects of noise in relation to other risk factors for cardiovascular
disease. It is ounly through such research that the conﬁribucion of
noise relative to other risk factors can be assessed in a sample laxge
enough for generalization. Such an effori wuald contribute to the
development of valid dose-response criteria.

Expected Results.--The addition of noise to large-scale

N1H research should provide a sample large envugh for generalizacion.

4-17
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Component IIT. Investigation of special sub-populations.

Phase I - Blood pressure in children

Tentative data concerning elevations in blood presaure

and a fairly-extepaive literature om cognitive development suggest
that children way comstitute a population susceptible 'to the nonauditory
effects of noise. In the biomedical resgarch communiny there i3 also
concern about the prevalenmce of esaential hypertenaien in children
and the predictive value of childhood blood pressure labilities and
elevations. A basic question concerms the relative contribucions of
genetic and environmental factors to the development of bleood preésure
elevations in children. A4n imitial investigation should be undertak;n
to examine the role of noise in one of several ways: 1) through an
expansion of the Fela Regearch Institute lougitudinél hearing loss
atudy, 2) by adding noise exposure measurements to one of the several
ongoing childhood blood pressure studies sponsored by NIH, or 3) by
ineluding blood pressure-as-a component in planned research on the
effacts of noise on cognitive and language development and school performance.

The NSF/NIEHS-supported noise and children study and che
NIH/NICHHD-funded study on noise and physical development {see Section
4.1.4) are both near conclusion and should provide information for
uvse in the design of a blood pressu.. 1nd children research efforc.

Expected Results.--This research should begin to determine

whether young children are particularly susceptible to the cardiovascular

effects of noise.

4-18
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I1I. Human studies and clinical investigations of cardiovasculaxn
and neurcendocrine responses to noise

Deseription and Basic Considerations.--The purposes of

this Initiative are to determine the effects of noise on blood pressure,
cardiovascular function, metabolie activity, and endocrine rasponse

under controlled conditions. In particular, the characteristics of
noise—causing cardiovascular and neurcendocrine responses should be
determined as well as the characteristics of subjects most susceptible

to physiological affects of noise. Eventually, it should be possible
to.identify sources of noise and conditions of exposure to nolse most
likely to cause cardiovascular disease and to identify people at greatest
risk for developing cardiovascular disease when exposed repeatedly )
te noise over long periods of time.

This ressarch should take advantage of deancad brochemical
assay procedures and "state of :h; art" physiological recording instrumentation
and techniques. Human experimental studies offer a much needed complement
to the planned animal experimencal and human epidemiologic studies.

The human studies permit the exercise of coantrol not available in epidemiologic

research and acquisition or aaca oo the organism of interest: humans.

Component I. Investigatioms of acoustic and nonacoustic factors.

Systematic actention should be given to the role of acoustic

factors such as level, frequency gspectrum, and temporal pattern. The
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effects of acoustic factors should be assessed by elevations in blood

pressure, blood lipid levels, and concentrations of hormones that are

associated with altered cardiovascular and metabolic funection in human
subjects. These aystematie atudies of acoustic factors are essential

to determine potentiagl for interactions with nonacoustic factors.

The effects of nonacoustic factors also should be studied
aystematically. Physiological effects of noise appear to be aggravated
by type of the noise, what the noise 13 asgociated with, where and
when the noise occurs, and possibilities for controlling the noise.
Investigations should be carried out to assess the role of contextual
factors such as controllability, aversiveness, meaning, familiarity,.
contingencies, and task load.

The recently initiated U.S. Navy studies (see Section 4,1.4)
should provide some data applicable to understanding the contribution

of certain acoustic and nonacoustic factors.

Component II. Inveatigationa of differences in susceptibility.

Experiments should be conducted to determine which individuals
are most susceptible to the effects of noise on cardiovascular and
metabolic function. MNot all individuals appear to be equally affected
by nmoise and some may ..t be affacted at all. However, individuals
with high levels of blood presasure and individuals with labile blood
pressure may be affected more than others., Individuals with neurogenic
forms of hypertension may be affected most of all. Also, as gome recent

evidence suggests, individuals displaying certain behavioral patterns
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such as "type A" behavior may be particularly susceptible to the stress

effacts of noise.

Those subjects most susceptible to adverse effacts

of noise should be identified in controlled’ laboratory experiments

with weasurements of physiological responses caused by noise. Those

acoustic and nonacoustic factors most likely to aggravate the effects

of noise should be introduced syatematically to determine which individuals

are most affected by noise under the most extreme conditions. Dose~

response relations could then be determined with each type of individual

in each experimental situation. Eventually, studies of susceptible

individuals should be carried out in. long=-term prospective studies

under exposure to different levels of noise under natural daily conditiens.

The NIH/NHLEI and VA experimental studies mentioned in

Section 4.1.4 are scheduled tc end in the relatively near future.

Thus their results could contribute to the design of the resaarch suggestead

under this Initiative.

Expected Results for Components I and II.--

1.

T R (W Wity e it g

Brovide data on the time course of response, rate

of recovery, and adaptation of physiological respounses
to noise.

Assess individual différe._~s in these responses.
Assess the role of various acoustic and nonacoustic

factors in influencing these responses.

(a7}
e

Provide human data to cowmplement and verify the findings

obtained in the primate research.
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Results to Date for Cowponents I and Il.-—-Regearch has

been initiated at the John Hopkins University Medical School directed

at assessing the relationship between noise stress and aspects of human
cardiovascular function. The schedule of proposed experiments is designed
to study the effects of the basic properties of the noise stimmlus,

the pattern of physiological response, the pattern of change over time
associated with repetitious stimulation by noise, and the interaction

of noise with simulated work stress and resting baseline bload pressure.
The first twe experiments should involve relatively short exposure
durations, while the third experimenft should be conducted in a residential
laberatory eavironment. The third experiment will begin to investigate
differences in susceptibility in thac participancs will be selected

on the basis of having high and labile levels of blood pressure and

"Type A" behavioral patterns. The results of these experiments should
provide initial information pertinent to the purposes of each of the

human experimental components, and should provide cunﬁiderable guidance

for the design of future studies.

4,2,2 Secondarvy Research Initiatives
o Nonauditery nhvsi_'-eic effects other than cardiovascular
effects

This Research Initiativ. Y9 recommended to be undertaken

(3}

by research organizations once the "priority" Iniciatives have received

adequate attention.

4-22
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Description and Basic Congiderations.—The purposes of

this Initiative are! to evaluate the state of knowledge with respect
to the nonauditory physiologic effects of noise other than cardiovascular
efifects; to establish research priorities among these effects areas ou the
basis of health impact and feasibility; and to outline research plans
in each of these catagories.

As discuased in Saction 4.1.3, the initial focus of research
on thea nonauditory physiologic effects of noise should be on cardiovascular
sfstem effects. This, however, doeé not mean that there aré not other
important areas in which research is needed. The areas listed bglow
represent important topics in terms of public health., Exploratory
regearch has thus far yielded provocative and potentially important
Eindings in these areas.

I1f funding constraints dictate that full-scale efforts
in these areas cannot be initiated immediately, preliminary studies
should be initiated in selected areas as soon as pessibla. The starc-
up of this work should not await the completion of all cardiovascular
effects Initiatives.

The program as outlined should begin with a saries of literature
reviews and regearch planning activities. Alchough it is not possible
to discuss specific research _imponents in detsil, the following are

some of the priority areas:

o Laboratorv and field studies of other medically significant

responses to noise,~-Noise, as a nonspecific physiclogic

stressor, is capable of producing a number of responses

in the organism. Although the cardiovascular effzcts

B Y T L e
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have been selected as the initial focus, other effects
such as gastrointeatinal effects have been reported

and these need systematic study. WNoise may operate

by increasing susceptibility to a range of stress-
related health conditions, and the same stressor (noise)
may produce effacts in different organ systems in

different individuals.

Descriptive and correlational field studies of the

ralationship of noise to health symptoms, complaints

and behaviors.~—There is a need for community-based

studies to verify and extend previously reported
findings of inereased stress—related symptomatology,
drug usage, physician visits, hospital admissions,

ate.

Determine whether living and/or werking in high noige

environments is associated with: (1) difficult pregnancies,

(2) births with complications, (3) low birth weights,

(4. -nd other reporoductive/sexual dvsfunctions,——

Bagsed on recent wotk, initial emphasis might best
be placed on lew birth weight and its neuroleogical

and behavioral implicatiomns.

4=24
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o] Investigations of the effects of noise on the physical

growth, development and general health of childrem.--

Evidence suggests that children may be a susceptible

- population with respect to noise effects.

o Interaction of noise with other stresgsors and environmental

hazards.—Since noise seldom occurs by itself, laboratory
and field studies are needed on the interaction of
noise with other stressors and environmental hazarda.
Research should proceed with examivrarcion of noise
occurring with other prevalent physical stressors

such as heat, crowding, and toxic substances. The
interaction of noise with various psychoscecial stressors
ahould also be conaidered. Primary candidates would
rinclude task load and other forwms of occupational

and interpersonal stressors. The greatest and most
serious affects of noise may occur in these interaétive

aituations.

4.3 Sequencing of Research Initiatives

The research Injitiatives and their respective components
should be executed in a logical and coordinated fashion. The research
program as planned is designed to represent a2 graduated, time-phased

effort. Efforts in each of the Initiatives should praoceed concurrantly,
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RESEARCH INITIATIVES

Year One Two - Three, Four Filve
T. Animal experimentcal studies:
o Syatematle replications and methodelogical veflnements
i '
1 '
o Investigatlons of acoustlc and nonacoustle factors ; ’
’ 3 . J B
o Investigntions of differences in susceptibilicy ey ’ :
L)
II. Epldemiologle studies:
o Retrospectlive analyals
0  Progpective analyails
1 A '
Phiase I -~ Small scale prospectlve atudy
| Vo
Phase 11 - NUI Add-on
o Investipations of special sub-populatlons — Blood _ ' p
pressure In ehildren ‘ L
Year One Two Three: Four - Flve -

FIGURE 4-1,

SEQUENCING OF NONAUDITORY PUYSIOLOGIG EFTECTS RESEARCH
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Year One. Two Three Four Flve,
ILT. Human studies and clinleal dinvestlgatlions
B . 1
o TInvestlpatlons of acoustic and nonacoustle Factors ' o
. , . ,
o Tnvestigatlons of differences in susceptibllilby
1v. Other nonuuditory plysiologle effects:
o Scientific appradlsals
T o Selected studiea
.l::
‘ ~.
Yeur One Two Three Four - Five
FIGURE 4~1. SEQUENCING OF HONAUDI'TORY PHYSIOLOGIC EFFLECTS RESEARCI (CONTINUquh.h
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and the components within a given Initiarive should be carried osut
in the sequence shown in Figure 4-1, Some overlap between components
is unavoidable, but ideally the results of each study should feed into
the approach "and design of the next study. Figure 4~1 portrays the graduated
timing and sequencing for the identified Research Initiatives on the
Nonauditory Physiologic Effects of noise. Fach Initiative may take
more or leds time than astimated on the Figure, depending upon the
comprehen;iveneaé of‘tha research design, methodolog;cal problems that
may arise, the numbef of studies under each Iniciative, and, of course,
the resultant findings. The results of early research should serve
to estimate the relative contribution that a particular Initiative
or approach will have on the success of the total program.

The reader should note that an in-depth Detailed Cardiovaseularl
Research Plan has a}sc been prepared by EPA. The Plan lays out a comprehensivc
program for the eventual development of dose-response criteria. Complete
funding and timing figures are included in that Plan. Thus, the reader
desiring a more detailed description of recommended reszarch in this
category in pursuit of dose-response eriteria should obtain a copy

of the Detailed Plan from EPA.

4=28
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5. RESEARCH PLAN FOR SLEEP DISTURBANCE

5.1 Ratignale for Selecting Specific Research Initiatives

.The long-term objective for regearch on sleep disturbance
is to determine and quantify effacta of noise onm sleep, and its implica-

tiona for géneral health and performance.

5.1.1 What is Known

About the Effects of Noise on Sleep Itself.-—Everyone

has experienced disturbances of sleep attributable to noise. The most

obvious forms of disturbance are prolongiﬁg of the time initially neeaded

to fall asleep, awakening once asleep, and interference with returning

to sleep once awakened. Noise may also affect aleep in less apparent

ways. One is by inducing shifts from deeper to shallower sleep stages, '
as measured electrophysiologically.* Another is by increasing bedily

activity while asleep. Over a-series of nights, given the same noise

exposure characteristics, awakenings due to noise often become less

frequent. On the other hand, noigse-induced shifts frow deeper to shallower

sleep seem to persist over time. The net effect of chropnic nightly

noise exposure may be to reduce the amount of time spent in deep sleep |

relative to shallow sleep.

* The stages of sleep are measured by electroencephalograms (EEG). The
EEG is a visual display of brain wave patterns that have meaning and

arganization.

T
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People vary greatly from each other in their susceptibility

to sleep disturbance by noise exposure. Individual susceptibility

_aldao varies from time to time and from situation to situation. The

degree of familiarity with a noise is clearly a major determinant of
aieep disturbance, especially awakening. Other factora, such as the
meaningfulness of noise intrusions, their abruptness of omset, and
their expectedness, duration, and inrrusiveness seem to influence the
likelihood of aleep disturbance. Also, the subject's age, sex, and
state of health are known to play a role. For example, susceptibility
to sleep disturbance increases with age from childhood through old
age.

A general relationship between increasing noise exposure
levels and increasing likelihood of sleep disturbance has been established.
Baged on empirical evidence, preliminary criteria have been derived
for the probab%lity that someone's sleep will be interrupted or changed

from a deeper to a shallower stage.

About the Effects of Sleep Disturbance on Health and

Performance.-—The overall challenge to sleep researchers is to characterize
the importance and functions of sleep physiologically and psychologically.
Presently, the best indicators of the value of a anight's sleep scem

to be subsequent daytime task performance, and degree o“sleepiness,

a3 measured by objective and subjective tescs.

These statements seem to be true for disturbance by noise
as well as for other disturbances such as shiftwork. While effects’
on performance and sleepiness are often reportaed, more sensitive and

reliable measures are being sought.

5-2




-1 T Y FIWAY AGU ADHH

There is evidence in the research literature that the
quantity of sleep is less important than its quality as measured by the
regularity and organization of sleep depth (EEG) stages. Sleep quality
has been found in some of the research to affect certain subjective,
physiological and performance measures, Sleep quality is impertant
'in studying noise effects because a repeated noise may continue to
disrupt the depth of sleep, even though it ceases to elicit awakening.
Progress has recently been wade in studying the correlates of sleep
quality. Research in a number of different contexts is iﬁproving me thod-
ologies and instrumentation for studying patterns of sleep, biochemical
changes and performance capabilities.

While the results of health studies are atill incenclusive,
in e¢linical practice the medical professions have long recognized the
requirement for sleep, peaceful rest, and quiet in recuperation from
illness. This implicit undarstanding of the importance of restful
sleep deems to be shared by the public at large. People clearly feel
a loss of competence and well-being from sleep disruption. The major
subjective comsequences of noise-induced sleep disturbance are fatigue,

irritcability, drowsiness, difficulty in work performance, and a diminishing

in overall feeling of well-being. According to EPA's Urban Noise Survey,*
of those persons who said they had been bothere.' “v noise in their
neighborhoods, &0 percent cited sleep disturbance as one of the most

common and annoying aspects of the problem,

* The Urban Noise Survey, EPA Report 550/9-77-100, August 1977.

5~3
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5.1.2 What 1a Not Rnown

About the Effects of Noise on Sleep Itself.~-While forming

an adequate basis for Federal regulatory purposes, present criteria are
in need of refinement. A difficulty with available information about
noigse~induced sleep interference is that much of it is derived from
laboratory rather than field study. It is possible that some of the
effects of noise on sleep demonstrated under laboratory conditions

may be different in familiar residential sewtings. Further, it ias
important to learn the degree to which habituation and/or seasitization

to nightly noise are expressed in sleep pattarns of people in their

homes.

Refinement is also pecessary %o relate noise exposures to
sleep disturbance among different segments of the population. Special
groups that may be more adversely affected imclude the elderly, shiftworkers,
and the ill. TFurther, across all population categories it is important
to understand the influence of such factors as drug consumption, attitudes,
and expectations related to "good" and "bad" sleep.

Another need is to know how noises of different acoustic
characteriscics affeet sleep. Criteria developed on the basis of some
major noise sources may have limited applicability to others. It has
been suggested that response patterns of neople sxposed to traffic

noise are different from responses to noise from ocher sources such

as aircraft.

About the Effects of 5leep Disturbance on Health and

Performance.~-Research on the health and performance consequences of

5-4
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sleep disturbance has only recencly gained ground. Many potential measures
of health and performzuce have not yet been systematically explored
or applied to slaep questioms. Consequently, the ultimate sariousness

of chronic sleep disturbance due to noise has yet to be determined,

5.1.3 Priorities

The wmajor research need is the determination of the effects
of acoustic and nonacoustie variables on sleep quality. To support this
goal, ﬁéaningful response measures of sleep discurbance that would
aid in conducting research should bea developed. More information 1is
needed about sleep patterns in residential rather than laboratory settings,
and about the incidence of chronic sleep disturbance in the United
States, especially as it is attributable to different noise sources.
In this regard, it is important to characterize noise exposures not
only during the sleeping hours, but thrcuéhout the day as well., It

is also necessary to determine the degree to which habituation and/or

sensitization to noise exposure occurs. If people adapt to noise disturbance

of sleep, the biological costs of the adaptation need to be defined
and quantified, both in shert and long term.

It is necessary to define slaep quality both physiologically
and behaviorally. Further, it is " ~portant to study physiological and
psychological correlates of sleep disturbance, and to examine any implica~-
tions of chronic noise-induced sleep disturbance ou general health
and performance. Also, it is necessary to identify any population
subgroups that may be esspecially susceptible to noise-inducsd sleep

disturbance and to determine the conszquences of this diasturbance.

3-5
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5.1.4 Current Regsearch Activities

There is only limited Federal research to date ou these
particular topics. Over the last five years expenditures by other
Federal agencdies for sleep~related noisa studies have totaled only a
little over $350,000, and have covered only some of the subtopics of
gleep research relevant to noise effects research. Currently, EPA
is undertaking.a study of health conse;uences of chronic sleep disturbance
by noise. This study will assess physiologic activities in both field
and laboratory environments. Persons who“are chronically exposed to
nighttime noise at home will be compared to a control group om a wide
range of health-related measures.

Some of the related Federal and International research
projects ongoing in Fiscal Years 1980-8l include:

o The National Institute for Child Realth and Human Develop-—
ment is studying parameters of infants' sleep in the congext of the
Sudden Infant Death Syndrome. This work is developing respiratory,
cardiovascular, and oﬁﬁer correlates of iafant sleep patterns.

¢ The Walter Reed Army Medical Center has a continuing
program of research on disrupted sleep and its health and performance

implications. Ome current focus is performance measures as relatad

to sleep quality.

o The Nationmal Institute for Mental Health is conducting
a study of levels of arousal in insomniac patients following auditory

gtimulation.

5-6
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o A set of joint research projcts sponsored by the
Commission of European Communities (EEC) is yielding valuable information
on heart rate, performance, and subjective response to sleep disturbance
by noise. THese in-the-home studies from the United Kingdom, the
Netherlands, France, and West Germany, are investigating the asleep
disrupting effects of traffic noise levels. The results may be published

in late 1981 or early 1982.

5.1.5 Position on the Rasearch Contipuum

A3 can be seen in Table 5~1, preliminary criteria have
been established based on how noise disturbs sleep, These criteria
form an adequate basis for comparing noise control options by quantifying
the short-term effects of noise on sleep. However, the subsequent
health and performance effects of noise-disturbed sleep are among the
least understood effects of neise, owing to the present imabiliey to
fully defipe the functional value of sleep, among other Ffactors. Currently
there is a great deal of sleep research focusing on respiratory activicy,
temperature, and other circadian rhythms, and sleep as a function of
age. Results of this research are anticipated to be available to input

to the Research Initiatives listed below.

5.1.6 List of Priority Research Initiatives Necessary to Better
Suppor. Publie Health and Welfare Needs

After reviewing the status of noise-induced sleep disturbance
research, environmental noise program needs and priorities, and the

planned regsearch activities of other Federal agencies, the folleowing

Sm7
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- TABLE 5-1

]

POSITION ON THE RESEARCH CONTINUUM - SLEEP DISTURBANCE

Research Centinuum

Current State of Xnowledge

Adequatre Marginal Inadequate

. R 1 2
1. Demonstrate existence of an ¥ %
association
2. Demonstrate basic cause-effect
relationship
A. Animals ¥ x
B. Humans v ' x
3. Investigate physiologic mechanisms v x
4. Investigate intervening factors
Improve cause-effect relatdonship
A. Acoustic y X
B. Nonacoustic ¥4
5. Quancify dose~raesponse razlationship v x
6. Rafdi- ~mant and special populations v X

lThe rating "y" refers to the status of research on the short—term
effects of noise on sleep itself.

2The rating "'« refers to the status of research on the health and
performance consequence of sleep discurbance.
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priority Research Initiatives are recommended. They are listed roughly
in chronological order because each contributes information to others
in a logical sequence, Note that each Initiative may contain a oumber
of different 'studies, but details of each study are not given

at this time.

I. Relationship between field and laboratory data on sleep disturbance
by noise

II. Health consequences of noise-disturbed sleep
11I. Acoustic parameters related to sleep disturbance

IV.  Susceptibility of sensitive populations to sleep disturbance

by noise
v. Adaptation to sleep disturbance by noise
5.2 Detailed Descriptions of the Research Initiatives
L. Relationship between field and laboratory data on aleep

disturbance by noise

Description and Basic Considerations.——Presaent criteria

used to quantify sleep disturbance {(the probability of shifrs in sleep
Copiu, and awakening) are basaed largely on the sleep of subjects measured
under laboratory study conditions. There is a need zZo relate sleep

as measurad in the laboratory to sleep at home. Further, subjective
sleep quality as reported by people sleeping at home has never been

fully validatad or related to objective.sleep wmeasures. This Initiative,
therefore, is dasigned to improve existing criteria by determining

the relationship of sleep in the laborateory to sleep at home. The
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sleep of persons living in areas of high nighttime ncise should be

studied both in their homes and in the laboratory. Noise in the home
should be recorded and played back in the laboratory ‘“bedroom." Subjective
assessments of sleep quality should be compared to objective measures,

with the aim of establishing a valid and reliable subjective measure

applicable to noisa research.

This information can be used in subsequent Research Initiatives
dealing with the longer term health and performance impact of noise~

disturbed sleep.

Expected Results.——Correction factors, transfer functions

or new criteria are expected which, when applied to laboratory data,

may be used to predict the magnitude of noise-related sleep disturbance

in the home envirooment. Such correction factors should permit refinement
of present critaria. Depending on the results, these studies may also
reduce the need for extensive in-the-home research. A valid and reliable
subjective gsleep quality measure would aid in thia endeavor. Results

from research under the Health Consaquences Research Initiative (seé
digcussion below) should assist in validating the laboratory-home carrection

factor to be derived under the present Initiarive.

II. Health consecuences of noise disturbed sleep

Description and Basic¢ Considerations.=~This Initiative is

designed to objectively define and quancify the impact of noise-disturbed
gleep on general health and performance., Although complete information

cannot be gained within a short time, it is anticipated chat significant

5-10 '
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accomplishments could be made within a five-year period. This Iaitiative
consists of two components, animal and human studies.

Component I—BHuman studies:

These studies should investigate parameters such as medical
records, absenteeism, and biochemical, physiologic and performance
measures. In regard to physioclogic measures, EPA began in 1981 an
inicial study with the Stanford University School of Medicime. The
objectives of the st;dy are: (1) to determine by a number of simultanegus
physiological and other measures in the field, the effects of noise
on sleep and subsequent daytime functioning, and (2) to test for recuperation
or improvement in these paramsters as a result of quiet, undisturbed
sleep in the laboratory. Cardiovascular, respiratory, electrophysiological,
and other funections will be monitored ir the field, as subjects conduct
their everyday activities (including going to work and running errands
ag usual, and sleeping in their own beds with usual bed partumers).

Data will be collected by means of an 8-channel microprocessor small
encugh to be conveniently worn 24-hours-a-day, for a week or more at

a time, Data on sleep physiology and acousties will be transmitted

by exiscing telephone lines in the subjects' homes. Laboratory portions
of the study will test daytime performance, objective sleepiness, periods
of microsleep, and nighttime sleep physiclogy in a gquiet residential
environment. Because this rasearch involves cardiovascular, respiratory
and other physiologic measures monitored in the field and laboratory,

the results of the study will also contribute to Nonauditory Physiologic

Effects Research Initiatives.

3-11
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Component II--Animal studies:

Animal studies under wellwcontrolled condiviens should be
conducted for the most part, in parallel with the human studies component.
Under controlled conditiona, animals (primates) should be used to study
the biochemical and electrophysieclogical parameters related to gleep
disturbance, health, and performance. Animal research can answer many
questions which camnot be explored directly in humans. Animal noise
exposures and other factors can be precisely controlled, and a broad
range of biochemical énd physiological measures can be studied, using
invasive techniques if necesgsary.

Initial research should consist of primate studies exploring
physiological parametars and protocols best suaited to related human
resgearch. .

Expected Results of Components I and II-—

l. A preliminary objective defipiticn and meaSu;ement
of the value of sleep for health and performance, and progress in the
abilicy to measure the deficits due to gleep disturbance by noise.

2. Validation of the laboratory-home correction factor
to be derived from Initiative I. .

3. Significant progress toward quantified reiationships
between noise-disturbed sleep and ocher health and performance measures

to be specified in the course of the research.

III. Acoustic parameters related to sleep disturbance

Description and Basiec Considerations.~-The basic thrust

of this Iniriative will be to assess how different types of noise (as

from different noise sources) diffarentially affect sleep. Existing

5-12
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criteria are based mainly on responses to aizcraft overflights. Their
specific application to sources such as trucks, buses, automobiles,
rapid transit vehicles, railyards, construction equipment, household
appliances, and garden and shop tools should be studied. Studies should
specifically investigate the effects of rise time, frequency spectra,
duration, vibration concomitant with noise, impulsiveness, intermittency,
and intrusiveness over background levels.

Expected Regults.-—A family of sleep disturbance criteria

Eﬁr different noise characteristics and sources shoﬁld be derived.

This informetion will assist in the quantification of the benefits

of apecific noise control actioms, and also contribute to the Health
Consequences Initiative (II). Correction factors developed from Initiative
I, assessing differences between home and laboratory studiess, may be

applied.

Iv. Susceptibility of sensitive populations to sleep disturbance
by noise . .

Description and Basic Considerations.-—Existing studies

and criteria are based mainly on the sleep of young, healthy male students.
Susceptibility to sleep disturbance is known to vary with age and other
factars (e.g., the elderly are highly susceptible to sleep disturbance).

No aspecial criteria exist for thesge groups at this time. Under this
Initiativse, sleep disturbance for special populations such as the elderly,
middle-aged people, children, the ill, and the growing number of nightshift

workars would be quantifiead.

T s e e b2 o 0 et e
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Expected Results.—The long—term objective of this Initiative

is to derive a family of sleep disturbance criteria (by noise) for

people of different ages, states of health, occupations, and lifestyles.

—

v, Adaptation to aleep disturbance by noise

Description and Basic Gonsiderations.—Using both short=’

term (behavioral and electraencephalographic) as well as other measures
(biochemical, health and performance) derived from previous Initiatives,
these scuéies should determine degrees of adaptation, habituation and/or
sensitization to noise disturbance over time {in terms of years of
chronic exposure).

Expected Results.-—Long—-term objectives of this Initiative

are to derive revised criteria for sleep disturbance and awakening,
and preliminary eriteria for the long-term effects of noise-disturbed

sleep on general health and performance.

3-14
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6. RESEARCH PLAN FOR INDIVIDUAL AND COMMUNITY RESPONSE
For purposes of brevity, this category will be referred

to as "communicy respomse’ in this chaprer.

6.1 Rationale for Selecting Specific Research Initiatives

The long-term objective for research in this cacegory
is to determine and quantify subjective reactions of individuals
and communities to different noise environments and sources, and

to investigate mediating Eactors.

6.1.1 What is Rnown

Information is available about individual and community
regponse to commonly occurring forms of noise axposure. The major
physical determinants of both individual and community annoyance
due to noise are understood in fair depth. For example, most of
the variability in individual judgments of annoyance associated
with noise can be aceounted for under laboratory conditions by a
number of objective physical measurement procedures.

Paychoacoustic research in the last two decades has
refined the long-known relationship hetween the fr. . ~pney sensitivicy
of human hearing and annoyance judgments. Scales of varying complexity,
dome direccly readable from simple instrumentation, others requiring
complex computations, are commonly uged to predict the annoyance

of a great many noise sources. The combined effects of pure tones

6~-1
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and duration of sounds, among other factors, are known to influence
annoyance reactions to noise, but research has not yielded the anticipated
applicationa to the community environment.

‘General relationships of overall community response
to noise (the central tendency of large numbers or groups of individuals)
have bteen darived and are commonly uged for noise assessment purposes.
Virtually no informatiom is available regarding the objective responses
of different individuals (that is, individual variarions are generally
"averaged out" in 'cc;mmnnly used community response measures).

it is also known, however, that nonacoustic factors,
such as attitudes toward noise sources, or the particular activities
disturbed {such as interference with speech communications and disturbance
of sleep) can affect both individuval and community reactiens to
sound. Thus, zlthough many determinants of individval and community
annoyance are well understoed on a global level, this general kmowledge

will not yet support precise situation-specific predictions of individual

or community response to noise exposure.
The prevalence of annoyance due to noise expasure throughout
American society is kpown in considarable detail. It is known,
for example, that annoyance due to noise exposure is not restricted
only to neighborhoads near airports; hizghwa, and other major noise

squrees, but that exposure to levels typical of many urban environments
i

also produces widespread amnoyance. WNoises associated with automotive

-

sources (e.g., street traffic aoise) are the most universal sources

of annoying noise exposure in urban America.
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Cumulative measures of total outdoor noise levels (for
exampla, Ldn’ the Day-Night Sound Lavel) have been shown to provide
a useful reflection of community reaction, at.least at higher exposure
levels. Thua, the proportion of a community highly annoyed by noise
exposure can be reliably predicted from cbjective measures of noise
levela. Demographic faetors such ag age, sex, agd socioeconomic

N

status do not appreciably affect the accuracy of such calculations.

6.1.2 What i3 Not Rnown

Quantitative informationm is still lacking on the influences
¢f a number of factors that may affect individuzl and community
responae to neise exposure, Oo an individual basis, considerable
uncertainty ‘'remains about the annoyance of specific noise intrusions
superimposed an the ambient noise environment. Other unsettled
issues concern the annoyance associated with exposure to unusual
and unsteady sounds., These include sounds that may vary in level
over time, sounds of very short duration, and sounds that occur
infrequently, intermirttently, or unpredictably. The precise influence
of audible pure tones in the noise, unusual spectral composition,
and the presence of impulsiveness is open to guestiom., It is also
not clear how the immediate annoyarn-~e of noise intrusions is affacced
by the nature of an individual's ongoing activities at the time
of the noise intrusion. The manner in which people integrate or
cumulate annoyance or other adverse reactiona over time, especially
considering differing individual lifestyles and associated exposures,

is not at all understeod.

6-3
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On the community level, the effacts of noise exposures
at different times of the day and seasons of the year are not fully
resolved, nor are the effects of temporary (as opposed to long term)
axposure, or-numbers of discrete noise events, Although existing
criteria are judged adequate for Faderal regulatory purposes, a
controversy exiats as to differences in annoyance reaponse that
may be attributable to specific yet different sources of noise such

as constructicn noise, recreational noise, household noise, and

‘80 forth, as well as reactions that occur in special noise environments

such as in transit, in commercial areas, vehicles or work places.

The influence of accompanying unonacoustic variablas
such as people's preconceived attirudes toward or associatioms with
particular sources of noise are not understood. Questions of amnoyance
and streas upon spacial populatiom groups such as children, the
elderly, and the ill, as well as the variability in annoyance response
betweep individuals, have not been addressed.

In addition, little is known about aonoyance reasponse
to low lavels of noise. The variability of individual annoyance
judgments on low level noise cannot yet be accounted for on the
baais of physical (acoustical) parameters of the noise. Yet there

are environmental settings . Y as parks, and residential, recreational

and wilderness areas, where such annoyance certainly exists.

6.1.3 Pricrities
Priorities for national, State and local noise programs

require that research attention be focused on individual and commmunity

e kb e At it 2 e
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response to a variety of special sources of noise exposure, including
construction activity, railroads, household and consumer products,
mass transit, noise sourcés in outdoor recreational areas, blast
noisa, and certain forms of air and ground transportation. For
example, more specific criteria for construction sites may be needed
to support State aﬁd local construction site noise abatement programs.

Determining the relationship between specific atrributes
of noise and the magnitude of individual or community response will
require further research attention for the same programmakic reasons.
The specific noige.atcributea that should be addressed are noise
with pronounced tonality or unusual spectral compesition, fluctuating
lavels, and impulsive components; wibration concomitant with noise;
noise of varying dﬁraciou, time of occurrence, and number of diacTete
occurrences; and noise of varying intruaiveness,

The influence of a number of nonacoustic factors om
individual and community response also requires more careful study.
These include contextual factors such as the purpose of noise emissions
(e.g., warning signals), the perceived ability to control the noise
emission exposure, and certain attitudea toward the sources of noise
exposure. The response of certain, identifiable special population

groups who may be esp..’ally susceptidble to the noise also deaserves

atudy.

6.1.4 Current Research Activities

EPA has undertaken a project to design a study protocol

for investigations of community reactions and attitudes toward

6-=3
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construction noise. This project, '"The Comstruction Site Noise
Attitudinal Survey," is being undertaken in cooperation with the

U.S. Army Construction Engineering Research laboratory. The protocol
being developed for the administration of construction site attitudinal
gurveys will detail the physical noise measurement protocol, site
selection plans, attitudinal questionnaires for both residential

and nou~residential areas, respondent sampling plans, and equipuent

and personnel needs.

An additional EPA study has been undertaken to assess
human respouse to the repetitive-type impulse noise associated with
engine brakes used on many trucks and buses. The primary aim of
this study is to examine the ability of existing analysis methods
and sound dascriptors to acceptably account for anticipated human
response to the peculiar characteristics of enginme brake noise.

.Comparison with existing correction procedufes will be made, and new
predictive techniques or adjustments will be offered where appropriate.
A secondary aim i3 zo gain a more in-depth understanding of human
response to repetitive impulsive noise in general, and to better

relate human response to relevant acoustic and psychological factors.

Over 3800K per year has been spent by other Federal
agencies in ... area of individual and community response to noise
over the last several years. Of the three agencles primarily active
in this category, NASA leads the way, with over eight projects and
more than $400K devoted to such studies. However, these activities
concern mainly aircraft noise. Some of the specific Federal research

activicies in Fiscal Years 1980-1981 include the following:
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o NASA study of the validity of the 10 dB nighttime
welghting penalty applied to aircraft noise;

o NBS (National Bureau of Standards) investigation

~ of the human response to time—varying traffic noise;

o A U.S. Alr Force study asaassing the impact of Alr
Porce aircraft noise activities;

o AU.3. Army laboratory study om human response
to high energy impulse noisey

o A NASA project to decermiﬁe the most effective
descriptors for multi-event aircraft noise
axposure;

© A NASA study to ascertain the annoyance characteristics

of helicopter noise.

6.1.5 . Position on the Research Continuum

As indicated in Table 6-1, preliminary ecriteria exist
for quantifying the relatiomship between general community annoyance
response and higher level noise exposures. However, lictle is knowm
about the effect of lower level exposures, intervening factors,

and effects on special populations.

6.1.8 List of Priority Research Initiatives Necessarvy to
Better Support Public Health and Welfare Needs.

After reviewing the status of community and individual

response research, environmental noise program needs and priorities,
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TABLE 6~1

PGSITION ON THE RESEARCH CONTINUUM -~ INDIVIDUAL AND COMMUNITY RESPONSE

Research Centinuum

1. Demonatrate existence of an

aggociation

2. Demonstrate basic cause-effect

relationship

3. Investigate response mechanisms

4, Investipate intervening factors.
Improve cause-effact relationship

A. Acoustie

B. Nonacoustic

5. Quantify dose-response relationship

6. Refinemeni and special populations

Current State of Knowledge

Adequate Marginal Inadequate
x

X
x

<k
x

z*
x

*Although rated as marginal, che only parameter that has been substantially
quantified and is fully usable for noise assessment purposes ig that
of perceived amplitude or intensicy (level}.

6~8
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and the planned activities of other Federal agencies, the following
major Research Initiatives are recommended as priority research
needs.

~I. Determination of the magnitude of community and

individual response attributable to specific sources
of noise

II. Determination of the relatiomship between sgpecific
acoustic attributes and the magnitude of individual/group
response Lo noise

In order to better understand the ensuing discussions under each

Initiative and related components, the reader should note the following

factors and assumptions:?

1, Each Initiative, and each component thereof, may
contain a number of different studies, but the details of each study
are not provided at this time.

2. Sequencing of studies according to prigrities may
‘ be necessary because of typical resource constraints herecofore

experiencaed in this category. However, an assumption of resource
g constraints has not influenced che selaction of topies which have

been identified, based upon the consideration of urgency of need

for the reageach.

3. Regarding the coptimum size and balance of research

in this category given assumed funding constraints, it is anticipatad
that emphases would have to be placed in a few select studies or
redearch areas. Therefore, the Components within each Research

i Initiative are grouped in deacending order of priority based upon

national urgency of need.

-9
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4, No component within any Initiative should be
completed within the next few years due to assumed resource constraints.
Thus, results may not yield quantitative relationships suitable

for all conceivable applications.

6,2 Detailed Description of the Research Initiatives
6.2.1 Prigrity Regearch Initiatives
I. Determination of the magnitude of community and individual

response attributable to specific gsources of noise,

Desgription and Basic Considerations.-—This Initiative

consists of a number of components or topics important to envirommental
noise program needs.

The following topics are deemed to be of highest priority

becauge of demonatratad, coatinuing lggislative interest in the
specific noise problems:

a. Ground transportation noise: 'The research objective
is to refine currently available crieeria for application to specific
vehicular sources and special situations.

b. Railroad and rail facility noise: The research
objective is to formulate criteria directly pertainimg to this type
of noise, including yard as well as main line activitias,

The follewing topicsa are ranked at the next highest
priority level because of widespread community concern:

a. Construyction site noise: The research objective is

te acquire community response data which will astablish a velationship

between noise exposure and the impact on people exposed, taking

=10
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into account the varying lomgitudinal aspects of the noise exposure
and the impact on two particular populations: residential and workday.

b. High energy impulsive noise: The research objective
is to formulate quantitative criteria pertaining to human subjective
response to this special type of noise, particularly im regard to
sonic booms, artillery fire, and mining blasting.

The remaining priority topies are!

a. Household and consumer prﬁducts/interior noise:
The research objective is to formulate quantitative criteria pertaining
to these apecial types of noises and/or situations of exposure.

b. Mass tranait noise: The research objectiﬁe is
to formulate criteria directly pertaining to this type of noise,
inciuding community as well as passenger subjective respomse.

c. Recreational areas/offroad vehicles: The research
objective is to formulate criteria pertaining to this special type
of noise exposure. —_

d. Aviation noise: The research objective is to refine
currently available criteria for application to special situations.

The above research areas should consider the impact
of noisde from the specific source, both aleme and in combination
with exposursz from other sources of noise., Research should be conducted
in each of these areas before determinations can be made on the
ralative differences in community response, if any, between different
sources of noise. Such determinations are of high programmatic
relevance on nmational, State and local governmental levels. Moreover,

consideration should be given to the influence of noise as experienced

6-11
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by respondents in other situational contexts and locations upon
their annoyance as well as other evaluative responses.

Expected Resultg.,——

1. The program will ultimately yield dose~response
type criteria {annoyance and/or other subjective evaluative attributes),
although these criteria may be somewhat limited for many applications.
In the case of construction noise, the study protocol rhat is to
be developed will not, when implemented, have general application
to all aspects of the construction ncise problem. Further study
should yield criteria directly applicable to construction noise
for which no eriteria already exist. The information derived from
this research could be used to support either national, State or
local noise control programs where intarest in controlling various

sources of noise has been axpressed.

-

Il. Determination of the relatiouship between specific
acoustic attributes and the magnitude of individuval/group

responde to noiase.

Description and Basic Considerations.——This Initilacive

would encompass the development of modifications or adjustments
to existing descriptors or metriecs for rating human response, or
the development of new formulations as necessary. This Initiative

consists of three components.

A, In the first component human subjective response

to intrusive noise should be studied. Formulation of a deseriptor

or metric that pertains to noise that intrudes into the envircament
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for discrete periods of time (whether minutes, hours, days, or seasous)
has been identified as a high programmatic need for noise programs.
Cumulative predictive methods are not entirely adequate in a descriptive
senge to account for this type of noise. This program would, in

the initial years, comasist of a series of laboratory psychoacoustic
studies aimed at scaling the magnitude of subjective response to
various degraes of "intrusiveness" or detectability of noise over

a background. It would consiat of a psychoacoustie laberatory investi-
gatioﬁ to determine the influance of the subjects' degree of involvement
in various foreground tasks on their indicated annoyance by intrusive-
type sounds; that is, subjective response to either single-event,

short duration, or low-lavel noise, where currently employed cumulative
noise descriptors may not fully reflact the effect of the noise.

Thia is a neceasary step before the development of a quantitatiwve

intrusiveness type -annoyance scale,

B. Other componenta should be selected later oo the

bagis of the latest assessment or program requirements. The most
important topics are:

2. Impulsiveness: The research objective is to derive
a desgeriptor or adjustment method to better ascertain the advearse
subjective response of people to noise which is characterized by
impuls ivenssa.

b. Fluctuating noise: The rasearch objective is to
develop a dascriptor or adjustment method to ascertain adverse subjective

response of people to noise that fluctuates in character over time.

6-13
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c. Diurnal penalties: The research objective iIs to
verify currently used adjustment methods with regard to the magnitude
of human response as a function of time of day. This research has
a direct bearing on the proposed research identified under Component I.’

C. Other potential topica are:

a. Intrusiveness of low—lavel noise: The research

objective is to conduct further work to develop criteria pertaining

.

to low level neoise (a problem noted in many areas where baekground
noise is already low).

b. Tonality: The research objective is to develop
a degeription or adjustment method to ascertain adverse subjective
respaonse of people to noise which contains perceptible tones.

¢. Duration: The research objective is ‘to develop
a descriptor or adjustment method to assess the influence of duration

on human subjective reapoanse.

d. Interaction of vibration and noise: The research
objective is to determine the contribution to subjective human response
caused by vibration concomitant with noise.

h. Multiple events: The research objective is cto
agcertain the manner in which people perceive and integrate muiciple
events over time as reflected in their subjective response.

Expected Results.,-——

1. The program om intrusive noise should yield criteria
based on laboratory psychoacoustic studies that will be usable for

limited application. Criteria will relate objectively measured

6=14
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intrusivenass of noise to anticipated annoyance reactious. The
need to proceed with additional work in this area depends upon adequacy
of the research findings during the progress of the studies, and

should be reevaluated periodically.

2. Depending upon the selection of one or more additional
research components under this Initiative, research would yield
additional, but preliminary, adjustment methods or descriptors with
respect to the specific acoustiec attributes, discussed above, that
may influence the exact individual and community response to noise.
As each topic is evaluated, it will be decided whether the related
acpustic parameters are psychoacoustically important and require
specification of a quantitative adjustment to the measured noise
level in order to properly aceount for their iqfluence on human
response. The information derived from this research would be useful
as a basis for regulatory and certification measurement prozeduras,

as well as a focus for the development of noise control techniquas.

6.2.2 Secondary Regearch Initiatives

These are topies not discussed in detail in this Plan,
but are recommended to be undertaken by research orgu.’.itions onece

the more "priority" Initiatives receive adaquate attentiom.

o Identification and quantification >f nuu.coustic
determinants of community and individual response
to nolse.

R ————
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This Initiative should not be directly undertaken now
except as a complimentary component to Initiative I because (a)
it is more important to acquire information on the acoustic daterminants
initially sigce they will have the most direct programmatiec applicationms,
and (b) it ia not experimentally desirable to proceed to examine
the nonacoustic parameters, unless the variation typically encountered
in measuring human response to noige 1s minimized, to the greatest
extent possible, by proper quancification of the acoustic factors.

Components within this Iniciative includet

a. Influence of contextual factors and atcitudes on
response to nolsge.

b. Identification of nonverbal reactions to noise.

c. Determination of reactions to warning signals or

other noigses with a high dagrea of meaningfulnass.

o Determination of susceptible population subgrouws.

Criteria for source speciéic environments and acoustic/nonacoustie
attributes are needed prior to the refinement of these criteria
to account for especially sensitive or susceptible populations.
The reaearcb under this Iniziative should closely follow the lines
of inquiry established in the MNonauditory Physiologir Effects category

under Initiacive III, Component IIL.
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7. RESEARCH PLAN FOR NOISE-INDUCED HEARING LOSS

7.1 Rationale for Selecting Specific Research Initiatives

The long~term objective for research in this category
is to determine the extent of the problem, causative factors, and

associated effects,

7.1.1 What is Rnown
The prevalence of hearing loss among workers in industry
has been recognized since the start of the industrial revolutionm.
Within the last threec decades a number of hearing loss studies in
industry and in the laboratory have shown a direct relationship
baetween hearing loss and the intensity and duration of noise exposure.
Animal stundies have shown that as the intensity and duration of
noise exposure incereases, a greater proportion of the sensory cells
within the inner ear will be damaged and eventually destroyed.
This will result in a permanent, irreversible loss in hearing sensitivity,
Noise—induced hearing loss (NIBL) increases most rapidly
over the first 10-15 years of noise exposure in the higher frequencies
of hearing sensitivity. Noise-induced hearing loss can result from
daily noise levels as low as 75 dB after 10 years of axposure.
Because the loss in hearing is so gradual, most peopls do not recegnize

the reduction in their hearing sensitivity until it is too late.
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Hearing loss often causes a complete change in a person's social
and work life. The hearing process is fundamental to the perception
and understanding of speech, and persons with noise-induced hearing
loaa have great difficulty understanding speech when there is some
noise in the background.

InduQCrial hearing loss studies have provided a set
of quantitative damage riak c¢riteria. Risk refers to the probability
that a certain percentage of a noise exposed population will ;uffer
NIHL in excesa of a specified value. Specific noise limits have
been proposed for the purpose of protecting workers' hearing based
on these criﬁeéia.. However, there is a great deal of individual
variation in susceptibility to hearing loss. Industrial studies
have shown a wide variation in hearing levels for worker populations
of the same age and with the same occupational noise exposure.
Animal experiments as well have shown substantial variations in
the hearing damage of animals of the same species‘after comparable
exposures. There is also some evidence that young animals incur
more auditory damage than predicted for older arimals, This finding
has velevance to the issuwe of children and NIAL.

Some hea. ..z surveys in the population have ghown
demographic differences in the hearing lavels of diffarent races,
sexes, cultures and social groups. Certain people in remote areas
of the world, who have ..t been exposed to the din of noise in our
mechanized society, have much better hearing in comparison to urban

populations of carresponding ages. The only factor that is known
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to increase the likelihood of a hearing loss besides common factors
such as aging, disease, and certain drugs is occupational noise
augmented by environmental noise exposures. For example, listening
to amplified musiec, shooting guna, and motoreycle riding are a few
of the comma; recreational noise exposures konowm to contribute to
hearing less, The auditory effects of environmental noise exposures
in transit, recreationm and in the household have not been studied

in enough detail to determine their conseguences on hearing.

What is Yot Roown

Although generally adequate for Federal, State aod
local regulatory purposes, there remain a numbar of unanswered
questions concerning the effects of noise on hearing. Most of the
data concerning the long~term auditory hazards of noise ¢n humans
come from studies of continuous steady-state occupatiomal noise
expogure. There 13 a lack of definitive information on the effects
of shorter term intermittent neoise exposures on humans which maw
be less harmful to hearing. MYost of the knowledge councerning impulse
noigse comes from studies of the effects of gunfire noise, yet millions
of Americanms ..~ axposed to impulse/impact noise on the job in industrial
settings. Existing criteria may not fully account for time~varying
noise exposures. Neither do thesa eriteria account for what may
well be additi.. ~ffects of concurrent impulse noise and steady
state noise exposure.

Much of the present occupational hearing loss data
base is contaminated by nonoccupational noise exposures in the milicary,

7=3
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and in transportationm and recreationmal activities. Turthermore,

there ia 2 marked deficiency in our knowledge of the prevalence

of NIBL in the United States, both inside and outside of the workplace,
Very little is known about the contribution of certain envirommental
noise source exposures and partterns of exposure on the population's
hearing sensitivipy. Theae lower level nonoccupational noise exposures
should be congidered when investigating the effects of occupational
noise.

Although significant efforts are being made to improve
our understanding of the re&ationship between noise exposure and
hearing loss in industry, little is known about the effects of varyiag
degrees of hearing impairment on the social and economic functioming
of the affecéed individuala. Criteria for hearing handicap have
been developed indirectly from speech discrimination tests which fall
short of adequately simulating lifelike conditions. The relationships
between.hearing senaitivity and social functioning need to be more
adequately researched. Likewise, very little is known about the
segcondary auditory effects of NIHL such as tinnitus (ringing in
the ear), changes in loudness, and discomfort, which are highly
antoying to hearing impaired persons and seem to accompany uwost
heariny losses due to neise.

Susceptibility to noise-induced hearing loss varies
consideranly ameng individuals, Little is known about the causative
factors underlying these differences in susceptibility. Little

is known about the suscepcibility of children to NIHL. Furthermore,

7=4
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current monitoring methods do not allow for the identification of
persons susceptible to NIHL. It is often assumed that Tamporary
Threshold Shift (TTS) is correlated with susceptibilicy to NIHL,
‘yet this hashnot been proven in humans. More semsitive tests are
needed to identify the most susceptible persoms so that protective
meagures can be introduced to safeguard their hearing as early as
possible,

Properly planned studies are needed to address the
interactions of noise with other stressors. There is little information
deseribing whether poor health status, specific disease states,
otatoxic drugs, or chemical agents increase predisposition te or
enhance noise induced hearing loss. Further, if a high level noise
exposure is voluntary and less aversive to the individual, there
is litele information on whether the net effect on hearing sensitivity

is different.

7.1.3 Priorities

In the EPA document published in 1977, "Towards a Natiomal
Noise Strategy,” EPA identified the important goal of taking all
~ractical steps necessary to eliminate hearing loss as a consequence

of exposure in the workplace and the general environment. One area

where more research is needed is the hearing loss caused by nonoccupational

noise, both alone and in combination with occupational noise. Research

is needed to assess the consequences of both moderate and high level

7=3
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nonoccupational noise source exposures on the public and to detarnine

the contribution of specific exposures to hearing semsitivity.
Major emphasis should be placed on investigating the

auditory effects of noise on children. Hearing is considered by

many to be the most critical sensory experience in childhood because

of language development and its implications f£or overall cognitive

development and learning.

Another area needing study is the interrelationships
between NIHL and other general health conditions of the public.

Certain health conditions may interact with noise to preduce reduced

hearing sensitivicy.

7.1.4 Curvent Research Activities

The current and planned research activities of other
Federal agencies have been moderately extensive over the past few
years in specific areas of NIHL research. Other Federal agencies

have spent millions of dollars per year in NIHL research related

to public health and welfare needs. Annual amounts spent on particular

NIHL and Hearing Consarvation topics between FY 1978-80 averaged
approximately nearly $6 million. The Department af‘DeEense and
the National Institute of Neurcvlogical and Communicative Disease
and 3troke account for abour 70 percent of the spending outlay in
this category. & chird contributer is the Nacional Institute for
Occupational Safety and Health, with a broad multi~topic research

program accounting for almost 16 percent of the funding. Only in

7-6
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the areas of hearing conservation methods and auditory effects of
impulse noise are funding levels rising. Listing below are some
of the general topical areas of NIHL research funded by Federal

~—

agencies.

o TUnderlying Physiologic Mechamisms of NTHL
Physiologic and biomgdical research has been principally
supported by the National Institutes of Health {NIH) at funding
levels of approximately $1 million per year. Other agencies such
as the Department of Defense (DOD) have been conducting re;earch
at much lower funding levels. NINCDS, the major sponsor of basic
auditory research, is supporting major microscopic studies in several
laboratories examining the anatomical, physiologic and biochemical
changes in the inner ears of different animals, and correlative
changes in behaviaral auditory capabilities and electrophysiclogic
characteristics caused by different durations and lavels of noise

exposure.

o Refipement of Criteria for Intermittent Noise and
Impulse Noise

This topic overlaps the previous one to some extent
because the study of NIHL from intermitcent and impulse noise necessarily
ineludes the study of the structural, physiologic and biochemical”
changes in the auditory system caused by these type of exposures.

The Watiomal Institute for OQccupational Safety and Health
(NIOSH), the NWational Institute of Environmental Health Sciesnce (NIEHS),
and the Department of Defense (DOD) have assumed lead responsibilities
in filling che research gaps related to noasteady-state noise and
developing revised criteria for impulse and intermittent noise.

Both animal studias and field research studies are being sponsored,

77
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DOD is paying particular attention to the physiolegic
effects of impulse noises from military hardware with a number of
laboratory and field studies. NIOSH has conducted an extensive
literature search couplad with on-site industrial visits to estimate
the number of American workers exposed to impulse noise. In another
NIOSH field study, the hearing abilities of workers expoased to dafined
intermittency patterns in the paperworking industry are being quantified.
In addition, the NHational Institute of Environmental Health Science
(¥IEHS) has a multielement long-term program to investigate the.
interactions between continuous and impulse noise and vibrationm

using different animal modals.

o Establishment of Parameters of Individual Susceptibility

WIOSH research plans specify the study of the interactive
effects of noise with lead and other potentially ototoxic agents.

The U.5. Navy has also been particularly interested
in hearing loss susceptibility. 1In two separate-ECuaias, the Navy
has investigated audiometrically dichotomous groups te determine
what physical, psychological or behavioral measures might account
for demonstrated differences in susceptibility to hearing loss.
Another Navy study is developing a high frequency audiometric procedure
to enable esarly identification of noise-—induced hearing loss. Joinc
EPA/U.S. Air Force studies and NIEHS investigations have assessed
the susceptibility of the fetus to hearing loss using sheep and
guinea pigs as surrogates for human subjects.

EPA and the U.5. Air Force have also been investigating

the susceptibility of children to NIHL in an ongoing longitudinal
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epidemiologic study. NIEHS has been sponsoring studies to determine
the cnnséquences of early noise exposures on animal subjects by
asgessing differences in anatomical and physiological damage. This
research is evaluvating the notion of "eritical perieds" in auditory
development when the auditory system may be more prone to damage.

o Determination of Social and Economic Impact of NIEL

The Department of Labor has recently completed a major
literature review study on the technical appropriateness of different
hearing impairment criteria used in workers'compensation assessments.
EPA 1s currently supporting a small pilot study assessing somé of
the social and econcmic problems of hearing impaired workers. Studies
by the Army are examining some of the communicative problems and

auditory rehabilitive needs of military personnel with NIHL.

7.1.5 Position in the Research Continuum

As depicted in Table 7-1, NIHL research is relatively
well advanced compared to some of the other research categories
investigating the health effects of noise., From years of research,

a systematic relationship has been developed between gteady-state
noise levels, the duration of exposure, and the resulting hearing
i loss. The statistical predictivenmess of this relatiomship has provided

a good basis for Federal ogcupational noise lagislation. However,

research has not yet accountad for wide individual variations in

P THUPIRPP

suscgaptidilicy to NIHL, the effesct of noise wizh varying temporal
patterns, nonacoustic intervening factors, and the social impact

of NIAL.
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7.1.6 List of Research Initiatives Necessary to Better Support
Public Health and Welfare Needs

After reviewing the status of NIHL research, environmencal
noise program needs and priovities, and the planned
research activities of other agencies and research organizations,
the following list of Priority Research Initiatives are recommended
for imclusion ia this Plan. They cover topics which should be addressed
to support environmental noise control programs wirh adequate criteria,
but are not currently being directly addressed by ether groups.
- They are:
I. Determination of the prevalence of NIHL in the
United Stataes and the contribution of sociocusis
{nonoccupational exposure), presbycusis (aging),

and occupational exposures

II. Establishment of parameters of individual sensitivity
to NIHL

IITI. Refinement of criteria for low=-level noise exposure

IV. Determination of the soccial and economicz impacts
and other consequences of NIHL

7.2 Datailed Descriptions of the Research Initiatives

7.2.1 Priority Research Initiatives
I. Determine the prevalence of NIHL in the United States

and the contribution of sociocusis (environmental exposure),
presbyeusis (aping), and occupational exposures.

Description and Basiec Considerations.--The cobjective

of this Research Initiative is to isolate NIBL from other hearing

loss etiolegies and =stimate the magnitude of the problem caused

——



—— e .
e e 8 AR ——TE e

&,

54
6.

TABLE 7-1

POSITION ON THE RESEARCH CONTINUUM - NIHL

Regearch Continuum

DPemonatrate existence of an
assgciation

Demonstrate basic cause-cffect
relationship

A. Animals
B. Humans
Investigate physiologic wachanisms

Investigate intervening factors.
Improve cauge-effect relationship

A. Acoustic

B. Nonacoustic

Quantify dogse-response relationship

Refinement and special populations
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by different noise source enviromments. In the past it has been
difficult to separate the hearing loss caused by age, biological
facéors, societal factors and occupational noisze, and to predict
the hazards ;f noise in different environments. This research will
assist in describing the extent and sevevrity of hearing loss due
to diffE?ent patterns of noise source exposures and the extent of
accompanfing auditory effects such as communication problems and
timnitus, _

In Fiscal Years 1980 and 1981, EPA initiated research
in pursuit of this Iniriative using data from the 1971~75 Natiomal
Health and Nutrition Examination Surveys (BANES) in the areas of
audiometric assessment, hearing related problems, medical examinatiouns
and demographic indices related to noise exposur;. The HANES survey
is periodiecally conducted to cbtain national estimates of the health
status of the population. Cardiovasculer and other health status
information will be included in the analysis supportive of ﬁgta
requirements in other research categories. (See Norauditory Physioclogice
Effects - Section 4.2.1.31I.)

Expected Results.--The resulting research will atctempt

to (1) describe hearing related problems associated with different
occcupational and envirenmental noise exposures; (2) determine the
prevalenc: ~f NIEL in the United Statas; and {3) develop separate
sets of curves for presbycusis, sociocusis and WIEL. Preliminary
findings under this Initiative should be partially complated at

the end of Fiscal Year 1982, Addirional work should be continued,

7-12
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with the aim of applying the results to source—specific assessment
programs which would be usaful to Federal agencies and State and

local govermments in support of regulatory and consumer information
programs. Related research should follow up these studies using

other health data bases once the EPA project is completed. Significant
relatioushipﬁ and results from these studies should then ba followed

up with detailed epidemiological and human clinical research.

Results to date.~-—Preliminary results have shown that

it is quite reasonable ro apply predictad noise levels ranges to
descriptive data on job and occupational categories. The results
show very syatematic relationships between estimated noise exposures
and measured hearing losses.

II. Establish parameters of individual semsitivievy to NIHL.

.

Compouent I. Relationship between phvsicologic disease
and hearing loss.

Descziption and basic considerations.-—The object of

this research is to isolate relevant biologic variables and physiologic
problems which are correlated with auditory difficulries. Certain
laalth couditions and demographic factors can be analyzed to determine
whether they predispose an individual teo NIHL. At the present time,

the HANES survey results pravide the focus for this invescigaction.

M~=a in~depth research plans would be contingent upon the results

of the BANES data analysis and the results of research being undertaken
by NIH and the U.8, Navy. The HNavy is conducting several investigations
in an attempt to develop early tests of hearing damage and to identify

susceptible individuals.
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Expected Regsults.~-Descriptive analyses should show

whether there are any associations between certain health conditionms,
demographic factors, diseases and hearing loss. Eventually, it
is hoped thag a battery of psycoacoustic tests can be developed
to identify early auditory signs of NIHL and separate NIHL from

other sensorinesural etiologies.,

Results to Date.—-Preliminary results from the HANES

data reveal that black persona have better hearing then their white
counterparts at the high frequencies of hearing, and that eye color

may be related to hearing level.

Component II. Susceptibilitv of gpecial pobulations--children.

While environmental noise may adversely affaect people
of all ages, children may require gspecial consideration and safeguards.
Research with animal models indicates that younger organisms are
more susceptible to NIHL than are adults. Children may also be
exposed to diffarent sources of noise not currently recognized as
affecting hearing.

From 1976 to 1981, EPA in cooperation with the U.S.
Alr Force has sponsored a loungitudinal study ac Fels Research Institute
of the Wright State Medical school, to analyze age-related changes
in the auditory semsitivity of children, and to relate these changes
to environmental neise exposures as well as to developmental and
physiologic variables. This information is important in order to
determine whether additienal controls are necessary to raduce the

noise exposure of children. Hearing level thresholds, impedance

7-14
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audiometTry, speech diserimination and bloed pressure data, together

with detailed information from noise exposurs, otolegical, recreatiomal,
and medical histaries and 24-hour noise exposure monitoring printouts
have been obé;ined serially from a group of Southwesterm Ohio children.
Approximately 250 children, aged 6~18, participated in this longitudinal
study.

This research study should be expanded to include more
sophisticaced examinations of auditory and physiolegic funccioning.

If possible, the subject populaticn sheuld be increased to include

a larger sample of urban and minority children. The study should

also be extended in time in order to gather important auditory and
demographic data for the children entaring the work force. If the
children were followed through adulthood, it would be possible to
determine whether auditory patterns and noise exposures during childhood
can be correlated with hearing later in life,

NIEHS is currantly sponsoring research to axamine the
concapt of critical prieds of auditory development in young animals,
Follow~up ressarch along these lines is needed to ascertain the
susceptibility of very young organisms te noise-induced hearing

damage.

Expacted Results.,~-Periodic results would describe:

l. Changes in the hearing sensitivity of both children
and teenagers related to specifiec environmencal
factors;

2 The cansequences of a hearing loss in childhood with
respect to communicative and educatrional problems;

3. Whether there are any critical periods where hearing
sensitivity is prone to change;

7-15

[PRE L o kv et




2 IRY BYAY AUUW 1DID

&, Whether hearing threshold configurations established
during childhood may be correlated with hearing
ability later in life;

3. The effecta of developmental and growth changes
- on hearing levels.

Results to Date.-~Twenty-four hour noise mouitoring

results reveal that children are exposed to average A-weighted noise
levels of 77 to 84 dB. For each sex, auditory thresholds tend to

be highest at the frequencies of 4K and 6 KHz. There is a trend

of increasing sex differences in mean thresholds consistent with

the trend of increasing sex differences in noise exposure (higher

in males). Preliminary analysis show elevations in thresholds for

participants engaged in certain types of neise~related activities.

Component III. TDetermive source exposures causing
TTS and assess debilitating consequences.

There are many hazardous noise environments outside
of the workplace which can cause temporary reductions in auditory
sensitivity, commonly called TTS (Temporary Threshold Shifts).
The results of TTS experiments have been used in the past to predict
permanent reductions in hearing for persons with long-term occupational
noise exposure, However, TTS itself may warrant speciazl consideration
where the reduction in sensitivity interferes with ongoing -activicies.
Specifically, the activities of children should be iavestigatad
where the repeated occurrence of TTS may have deleterious effects

on education, communication and performance. Field and laboratory
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TTS studies with children should be conducted. This Research Initiative
should assess whether there is a need to control source exposures
on the basis of TTS. A pilot atudy on TTS from riding school buses

was funded by EPA in Fiscal Year 1979.

Expected Resulbts.--The results should be suitable for

incorporation into Federal, State and local noise control programs,
and public information materials for parents, the PTA and other

orgaonizations. Resulrs would include: .

1. The identification of hazardous noise conditiocas
particular to the activities of children (e.g.
riding school buses, listening to mnsic on stereo
headsets);

2. Determination of the amount of TTS caused by these
common activities of children;

3. Agsessment of the related consequences on education,
communicatien, and performance.

IIL. Refinement of criteria for low—level noise exposures.

Description and Basic Considerations.—Existing critaria

ave extrapolated from the high level noise exposures in industry

to determine the related auditory risk at lower level noise exposures.
Recent studies have revealed that children, homemakers and many

segments of the public are exposed to noise levels in envirounmental
settings capable of causing permanent reductions in auditory sensicivity,
There is a need to more accurately estimate the lower limit of steady
szats and fluctuating noise levels capable of causing permanent

hearing loss and incorporate such findings into comprehensive damage

risk criteria.
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Future HANES data analyses and other data bases (e.g.,

large industrial hearing conservation programs) could be used to

determine specific environmental noise source exposure patterns

associated with reduced hearing semsitivity. The research effort

planned under this Initiative would isclate and quantify these specific

kY

low-lavel source exposures in a selected population and determine \
the contribution of these source exposure patferns oo an individual's
hearing sensitivity. Auditory diagnostic assessments should be
conducted in ¢onjunctien with dosimetry measurements and a questionnaire
program in order to meet the nesds of this project.

Expected Results.——The magnitude of the auditory problems

asgsociated with specific low-level environmental source exposures

would be determined. This information would assist in the development

of refined hearing loss criteria.

1v. . Determination of social and economic impacts and other
consequences dfF NTHL.

Description and Basic Considerations.--Workers compensatien

costs for WIHL are expected to increase by approximately $2.5 billion
over the next 10 years, yet little is known about the adequacy of

current hearing impairment criteria in terms of che real social

and economic impacts. Although recent research activities by EPA,

DOL and DOD have started to shed light on compunicative problems
of the hearing impaired and the scientific deficiencies of some -
of the present hearing impairment criteria, the real cost to the

hearing impaired individual and the nation remains unknown.

7-18
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Regsearch should be undertaken to comprehensively describe
the full array of problems facing the hearing impaired individual
in everyday situations. Assessments should be made between the
configuratioﬁ; growth and magnitude of the individual's hearing
loss in relation to his/her social, emotional, and economic functioning,
both inside and outside of the workplace. Both field and laboratorf
stﬁdies will be needed under this Initiative to focus im om the
real world hardships caused by NIHL. Emphasis should be placed
initially on workers with hearing impairment who work in settings
where auditory communication is part of the workers' responaibilties.

Expected Results.,—

L. The development of the most scientifically appropriace
hearing impairment criterion.

2. Information on the real cost of NIHL for use in
balaneing the benefits of noise control against
the casts. :

3. New assessment techniques for determining hearing
status, speech discrimination ability, etc.

7.2,.2 Secondary Research Iniciatives:

The following Research Initiative is recommended to
be undertaken by research organizations once the "priority" Initiatives

have raceived adequate attention:

7-19
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o The effects of voluntary and leds aversive noise
exposure on the hearing sensitivity of an individual,

Previous vesearch haas shown gizable differences in
suacepcibilisy to hearing loss. Little is known abour the effect
of non-acoustic or contextual factors. A series of psycoacoustic
experiments might be run to determine whether voluntary exposure
to high noise levels in, for example, recreational gettings has
the same effect on hearing as listening %o undesirable sound levels
in a work type setting, for comparable levels and duration of noise.
The meaningfulness of the noise would be one of the important independent
variables. .

As discussed, other agencies such as DOD, NINCDS, NIOSH
and NIEHS are addressing many other major areas of concern to enviropmentzl
noise control efforts in their specific auditory research programa.
Many of these programs involve long-term biomedical research projeéts
which shou{ivbe continued over the next 5=10 years, in line with

the program plans that have already been established.
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8, RESEARCH PLAN FOR BEHAVIORAL, SOCIAL AND PERFORMANCE EFFECTS

8.1 Rationale For Selecting Specific Research Initiatives

The long-term objective of research under this category

is to determine the effects of noise on social behavior, mental health

and human performance.
8.1.1 What is Enown

The behavioral, social and performance effects category
is a very broad categery encompassing most aspects of personal and
social adjustment and performance. These affects are often complex,
subtle and indirect, and the result of complex interactions with nonacoustic
variables.

By a wide margin, the greatest amount of scientific attention
has been devoted to relatively short~term laborateory investigaticns
(typically exposures of one hour or less) of the performance of mental
and wmotor tasks under noise. Unfr-tunately, findings co date have
been quite ambiguous and controversial. Altheough no direct, simple
statements are posaible, some rather general conclusions can be drawm.

It is probably safe to ~~nclude that few performance decrements
cccur under steady state noige when the level is below 80 to 90 dB.

A number of studies have shown that exposure to unpradictable or aperiedic

intermittent noise may result in more pronounced performance effects,

8-1
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even at levels considerably below 80 to 90 dB. Changes in the prevailing
noise level may alse have an adverse effect on performance.

_ .. Tasks that require simple, repetitive operations are usually
unaffected and sometimes even improved by the presence of noise. Om

the other hand, most performance decrements have been found on complex

tasks that require continuous activity, prolonged attentiom, or the
accomplishment of two or more simultaneous tasks. Noise has often

been found to increase the variability of performance, and to reduce

the accuracy rather than the overall rate of performance.

Research has shown that motivational and personality wvariables .
can influence the effects that noise will have on performance. A fairxly
Tecent series of etudies demonstrated that although performance may
be uﬁaffected during noise exposure, impairments may oc¢cur after the
noise stops. It has also been demonstrated that providing the individual
with the perception of control over the noise resulted in the elimination
of thegse effects. These findings suggest the importance of contextual
and other nonacoustic variables in influencing performance under noise.

A small amount of laboratory research suggests that noise
may have an adverse effact on certain aspects of social behavior.

There hés been work on the relationship between noise and social counformity,
aggression, verbal disinhibicaon, and altruistic (helping) behavior,

There is a growing body of evidence which shows that noise
adversely affects the learning and cognitive development of childrem.
Studias have shown that auditory discrimination and reading achievenent

are adversely affacted in children attending schoel or reaiding in
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high noise environments., Evidence suggests that children may coastitute
a particularly susceptible subgroup with respect to the effects of
noise. These studies represent some of the few attempts to assess

-

long—term performance effects.

There have been a few other scattered attempts to assess
the long-tarm efEeEEa of noise in field settings. There is some evidence
of decreased productivity and increased absentesism and accidents among
workers exposed to high noise levels on the job. Some correlational
rasearch has also been performed on the relationship between noise
exposure and mental hospital admissions, showing increased admission.
rates in high noise enviromments. Social survey work has revealed
positive associations between the noise levels and various symptoms

of psychological stress and negative affective states.

8.1.2 What Is Not Rnown

Thus far, no direct cause—effect relationships have been
derived that quantitatively express the effects of noise on performance
or ather kinds of *-“avwipr.

A major stumbling block to progress is that there are faw,
if any, direer effects of noise on performance. Under most circumsrances,
it is not possible L: predict effects by relying only on information
concerning the physical parametars of the noise. Although we have
acquired some knowladge of the connection between noise and per formance,

the exact relationship is quite complex and often dependent upon many
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elusive nonacoustical parameters such as the demands of the task, intervening
factors of the performance situation, and the presence of intrinsie
persouality wvariablea. Tdentification, description and quantification

of the many ﬁbnphysical parameters is clearly required before a concern

with performance as disrupted by noise will become a critical factor

in influencing the natufe, direction and stringe;cy of noise comtrol
programs.

Precise data are needed on the effects of noise on the
cognitive and social development of children. WNoise does appeaar to
interfere with the acquisition of importdnt language and reading skills.

It is not known with any certainty, the extent to which
noigse may adversely affect work performance and social behavior in
real world situatioms. If people are forced to cope with noise, tha
question is what, if any, are the costs incurraed as a result of the
extra effort required to function under noise? Are there affeects which
oceur after the noise is no longer present? Research is needed to
determine whether existing laboratory findings are generalizable to
natural sattings.

Information is lacking on the relationship between noise
and social and behavioral pathology. Methodologically sound scudies
in this area are needed, Very little is known about individual differences
in sengitivitv to noise. Research is needed to help explain the observed

large variability in individual sensitivity to noise.

8~4
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8.1.3 Priorities : e

As pointed out previously, there is ample support for the

contention that information on the behavieral effects of noise is of
direct importance to the Federal, State and local noise control effort.
The potential adverse behavioral effects of noise are great and include
not only unnecessary disruption of productivity but alsec accidents

oé the job, absenteeism, effects on learning, social behavior, and
inereased social problems. Ak present, quancified dose-response relacionships

batween noise and adverse behavioral, social and performance effects

are completely lacking. However, there are promising avenues along

which future research should be directed,
Taking into consideration probable resource constraiants,
relatively little research can be adequately carried out in this health

effects category over the five~year period. Based on programmatic

needs and other factors, emphasis should be placed on investigating

the effzcts of noise on children and studies of behavioral and social

ad justment to long-term noise exposure.

8.1.4 Current Regearch Activities

EPA has not recently spounsored any ressarch in the behavioral

category. The amount of related activity by other Federal agencies

has also been less than adequate. According to the information gathered
to date in the update of the Panel Report, overall funding lsavels may

have declined in this category of research. Moreover, with few exceptions,

D PR




much of the ongoing research does not seem to be directly applicable

to everyday environmental noise problems.

Some of the most recent or ongoing research activities

.

include the following:
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The Department of Defénse {DOD) is assessing the
performance effacta of noise (and other environmental
stressors) in military situations. Some of the findings
of these studies may be applicable to the quantification

of the effacts of noise on the performance of mental

and psychomotor tasks.

The Watiomal Imstitute of Mental Health (NIMH) has
investigated personal adjustment to urban noiase in

a community setting.

The National Science Foundation {(NSF) and the MNational
Inatitute of Environmental Health Sciences (NIEHS)

have sponsored a study on the effects of enviropmental

noise (prinmeipally frem airerafr) on children's attentiomnal .

strategies and generalized expectations concerming

personal control.

The State of California is completing a large scudy
on the achievement tast scores of elementary school

children in schools near freeways,

8=5
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8.1.5 Position on the Research Continuum

From Table 8-1, it is clear that comparedito some of the
other health effects research categories, research in many facets of
the behavioral category is still in the exploratory phase. With the
exception of laboratory studies of task performance, suspected effects

have been identified, but not sufficiently ianvestigated.

8.1.6 List of Priority Research Initiatives Necessary to Better
Support Public Health and Welfare Needs

I. Effects of noise on cognitive and social development

II. Behavioral and social adjustment to noilsa

These two topics have been selected for study because they
represent areas in which exploratory research has produced findings

suggesting potentially serious and widesbread effects. Evidence axists

which indicates that noise exposure may impede the acquisition of important
language and reading skills in children. Other research suggests that
having to cope with environmental noise can produce a number of disruptive

effects on social and psychelogical well-being.
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TABLE 8~1

POSTITION ON THE RESEARCH CONTINUUM - BEHAVIORAL, SOCTAL, AND PERFORMANGE EFFECTS

Rasgearch Continuum Current State of Xnowladge

Adequate Marginal Inadeguate

l. Demonstrate exdstence of an association X
2. Demonstrate basic cause—-effact relationship
3. Investigate physiologic mechanisms

4, Investigate interveanlng facters. Improve
cause-effect relationship

A. Acoustié X
B, Nonacoustic h. .2

5. Quantify dose~response relationship X
Xk

6. Refinement and special populations

* Task performance studies cnly

*& Much research in thils areaz has established that nonacoustic factors
have a strong influence in most aspects of this category.

L Generally inadequars, but research indicates that noise does
intexfere with the acquisition of important language and readiag
skills in children.
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8.2 Detailed Descriptions of the Research Initiatives

8.2.1 Priority Research Initiatives

I. Effects of noise on cognitive and social development

Degseription and Basic Comsiderations.-—A growing literature

exists which indicates that environmental noise is associataed with
impaired speech discrimination or understanding, veadiang achievement,
problem solving, and task perforimance in children. This raseawxch has
involved infants through young adolescents, and has dealt with noise
in both home and school environments. Other research exists which
suggesats that certain groups of special children may be even more sensitive
to noise than normal children.

The purpose of this Initiative is to determine the extent
to which living or attending school in high noise areas has adversa

effects on cognitive and social development.

Phase I--In the first phasa, an appraisal of the existing
data should be ecarried out, using not only noise studies per se, but
other relevant studies as well, A fairly extensive literature base
reveals the importance of early enviroumental stimulation on the davelopment
of both animals and humans., Other research has dealt with the concepts
of selective attention and distraction in childrem, particularly with

reapect to learning and performance in educational settings.
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Phagse II-—In the second phase, a lab and/or field study

should be conducted, incorporating the following factors in its design:

o Socicecomomic characteristics (age, race, sex)

o School performance (in-class performance, homeworl
performance, standardized tests)

o Social behavior (in home; at school)

] Acquisirion of speach and language

-} Performance of selacted tasks (psychomotor, cognitive).

Expected Results.-~The results of the first-year appraisal

will be uged to finalize the protocel for the lab and/or field study
in Phase II. The atudy should yield some of the information necessary
for deriving quantitative dosa~response criteria including speech commnicaticu

eriteria for children.

The XSF/NIH-NIEHS-spounsored study and the State of California

study of the effects of highway noise on children are both yielding
information suggesting the importance of research in this area. The

findings from these studiea should be available for input into the

deaign of the planned research.

II. Behavioral and social adjustment to noise

Description and Basic Considerations.--Many of the behavieoral

effects of noise are complex, subtle and indirect. Although it is

widely accepted that noise has disruptive effacts, little is known

. about how people adapt to and cope with noise im their environmenc.

8~10
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Research under this Initiative should assess and quantify some of the
major adverse effects of noise on social and personal adjustment.

-

The emphasis should be on methodologically sound studies
of long-termhadaptaciou to neise. Attempts should be made to assess
the social and behavioral costs of adaptation and,,uﬁére warranted,
to assess the generalizability of laboratory Eindings to nmaturally
occurring situations,

In the first phase, the literature shoufd be revieweé and
evaluated to 1) determine which areas of behavioral and social adjustment
offer the most promise im providing cr{teria and ) the specific research
queations that need to be addressed, Research studies should then

be designed and implemented under the second phase of this Initiacive.

Expected Results.-—Results of the literature appraisal

can be used to decide which topics should be selected, and in designing
the specifics of the research astudies planned for the following vears.
Theae studies should é;bvide preliminary data on the behavioral and
social costs of long~term noise exposure. These results should also
serve to validate some previous laboratory findings which indicate
adverse effects of noise exposure on a number of social and interp: ~<nnal
behaviors. This research should also provide an initial test of the
numerous theories which have explained many of our soeial ills as being
the result of -living in environments characterized by stimulus overl--d:
poise, crowding, time pressures, ete.

The NIMH sponsored study is yielding some data relevant

to this Initiative., Preliminary results indicate that wide individual

T R a1 R vk o et a0
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differences exist in sensitivity to noise. Hopefully, this study will

identify some of the variables which explain these differences, so

that they may be tested in the research planned for this Initiative,

8.2.2 Secondary Rasearch Iniriatives

These are topics not discussed in detail in this Plan, but
are reccmmendad to be undertaken by research organizations once the

"priority" Research Initiatives receive adequate attention. These

include:

o The effects of noise on social and behavioral pathology

Several controversial and well-publicized studies have
reported statistical associations between noise exposure, mental hospital
admissions and otLer indices of mental health problems. A rather sizeable
social survey literature indicates that noise exposure in the residential

euvironment is linked to adverse subjective responses and general dissacisfaction

with the quality of life.

o Individual differences in sensitivity to noise

It is widely known that individuals differ greatly in their
sensitivity to noise. However, little information is availal’~ which
explains these differences., Identification of the determinants of
these differences is needed in order to facilitate more valid predictioms

of individual and community respomse to noise.

§-12
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© The relationship between noise exposure and worker productivity

Some existing data suggests that exposure to high neise
lavels in the oeccupational setting may lead to reduced productivity,
and increased rates of absenteeism and accidents. Other preliminary
data indicate that high workplace exposures may also impair post-work,

family and other interpersonal intaractioms.

o The Tole of variocus acoustic and nonacsustic factors on performance

Considerable 2ffort has been given to studying the effacts
of noise on performance, yet no guantitative performance criteria are
available at present. Precise and systematic raesearch is required
in order to determine the contribution of important acouscie parameters,
task and skills characteristics, and selected subject variables to

the production of performance decrements.

o The interaction of noise with other stresasors

In the typical environmental situation, noise seldom occurs
alone. Noise acting in combination with other physical and psychosocial
stressars may interact in a synergistic fashion prodneing effects much

greater than would be expected from the effects of the two stressors

taken separately.

8~13
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9. RESEARCH PLAN FOR COMMUNICATION INTERFERENCE

9.1 Rationale for Selecting Specific Regsearch Initiatives

_The long term EPA objective for research on Communication
Interference is to determine and quantify the effects of noise on
\

communication and its developmental, social and other implicacions.

9.1.1 What is Known

The ease with which normal-hearing adults can communicate
with each other face-to~face, or understand speech over cowmunication
systems such as telephones, intercoms, radios, and the like, is governed
primarily by the amount and type of background neoise present in the
environment. Although individuals can compensate to some degree for
the interfarence created by masking noise by raising their voices, or
by listening more carefully, such compensation is citen tiring and

vl
unpleasant and, in extreme background noise conditions, ineffective.

Most research on the adaguacy of speech communication
was initially conducted in the context of evaluations of military
communication systems. More recently, this body of knowledge has
been applied to the slightly dirzerent problem of determining the
affects of eaviroumental noise on face-to-face communication. The
fundamental tools uged for assessing the acceptability of speech
communication are procedures for estimating speech intelligibility

in assumed background noise spectra and speech levels. A number of
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efforts have been made to equate percentages of words and sentences
correctly understood within fixed contexts using typical speech and
neise characteristics.

-%PA hags developed and published in the "Levels Document'"*
general purpose criteria relating levels of countinuous noise to percentage
of sentence intelligibility at specific distances under normal, face-
to-face speaking conditions. One set of criteria exists for indoor
speech interfarence and one for outdoor speech interference. These
criteria are judged to be adequate for most Federal, Stare or local
noise control purposes, In addition, eziteria exist for intelligibility
where the apeaker haa exerted greater vocal effort to overcome perceived
background noise, for cases whers the commmications are perceived

by the speaker as "vital" or "not wvital'.

9,1.2 What is Not Rnown

Although the major acoustic determinants of speech interferance
are well known, the assessment of the quality of face-to-face verbal
communicatisn is not yet a routine matter. Furthermore, the nonacoustic
circumstances of the -~~munication situation have not yet been reduced
to a manageable set of standard conditions. For example, it is not

vet known at what distances people

-

* Information on Levels of Environmental Noise Requisite te Protect
Public Health and Welfare with an Adequate Margin of Safety, U.S.
EPA 550/9-74-004, March 1974.
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actually choose or attempt te communicate indoors2, outdoors, and in
other special environments {schools, tramsportation vehicles, publie

meeting places, group gatherings, etc.).

“Similarly, the degree to which other non-standard conditions

affect speech intelligibility (such as non-native or inexperienced,

or very young, old, or hearing-impaired speakers or listeners) are not

yet usefully quantified. By the same token, it is nat yet knowm how

unusual background noise conditions {such as intermittent high level
or time varying noise) affect satisfaction with speech communication.
Additional gaps exist in our knowledge of the indirect

effects of communications interference. These include: effects on

education, safety and the quality of everyday social interactioms,
There are numerocus anecdotal reports of noise interference in the
classroom. Likewise, there are reports of accidents and safety hazards

in a number of different traffic and industrial situations due to the

masking of emergency signals. UNone of these less direct effects of

communications interfarence by uoise has been quantified.

9.1.3 Priorities

To procect the public health and welfare from the adverse
.eﬁfec:s of enviruvamental noise, research must now focus on refined
criteria which will be helpful in assessing the affects of noise on
special subpopularions, the effects of special noise patternms on the

population, and the indirect effects of noise on safety, productiviey
and performance.

9-3
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From the point of view of eanvironmental noise countzol

programs, therefore, the most useful specific directions for work

tefining criteria are to:

"o Escablish criteria for special groups
(elderly, children, hearing-impaired, people
speaking English as a second language)

Eacablish eriteria (families of dose-response

o
curves) for
- relaxed wvocal affort indoors
= relaxed wocal effort outdoors
- relaxed vocal effort inside transportation

vehicles

o Establish better eriteria for time-varying

noise.

In addition, the indirect adverse effects of disruption of speech by
noise need to be better understood. These include the question of
safety, extreme annoyance, disturbance of normal activities such as
domestic life or learning, and effects on social interaction. Of
particular interest, and already addressad by a Research Initiative

in the "beuavioral, Social and Performance Effects' Plan, is the
determination of the affects of noise on teaching and learming activities,

Thus, it can be seen thar the understanding of communication interference

is a necessary aspact of work in some of the other ressarch categories.
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9.1.4 Current Research Activities

EPA has provided indirect support in this category through

the Fels longitudinal study. (See Noise-Induced Hearing Loss Category,

Section 7.2.1.11.)

The speech discrimination abilities of children

with different hearing abilities are being investigated under different

nolse conditions.

Other Federal agencies are much more directly active

in this category. Over $1 million has been spent by other agencies

on various communication interference projects over the last few years.

Three agencies are significantly invelved in investigating the effects

of noise on the speech perception of special groups of pecple. Some

of the specific reszearch activities include che following:

Q

The National Imnstitute of Neurological and
Cemmunicative Disorders and Stroke (NIN&DS) has
sponsored most of the rasearch. Their research
includes studies of speech percepcion problems of

ehildren and the hearing-impaired.

The Veterans Administration has been investigating
the acoustic needs of aphasics (persons with

neurologically damaged language function).

The National Tastitute of Environmental Health Scisnces

(NWIEHS) has sponsored studies of the effects of

9-3
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time~varying noise on communication interference

of people with special hearing problems.

In addition, branches of the Department of Defense

.0
are continually undertaking research studies in
assessing and redeaigning speech communication
gystems for maximum communicatlion effectiveness
and the least interference by noise.

9.1.5 Position on the Resgearch Continuum

General critzria have been achieved, and woerk is now

proceeding on refined criteria and factors related to special populations

{See Table 9-1).

9.1.6 List of Research Initiatives Necessary to Hatter Support
Public Health and Welfare Needs

Ne Research Initiatives have been prioritized for funding
under this category because of 1) assumed budgetary resource constraints
over the next few years and 2) the similar research needs under ather

research categories. That is, some of the work required to refine

existing communication interference criteria will be carried out under
several of the Initiatives listed in other research categories. For
example, research will be undertaken under Initiative I of the "Behavioral,

Social and Performance Effects" Plan, to better understand the affects

of noise on learning. As such, preliminary work should be conducted

9-6
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TABLE 9-1

POSTITION ON THE RESEARCH CONTINUUM - COMMUNICATION INTERFERENCE

Research Continuum

Demonstrate existance of an association
Demonstrate basic cause-effact relatiomship
Investigate physiologic wmechaniszms

Tnvestigate intervening factors. Improve
cause—-effect relationship

A. Acoustic (impulse, intermittent)e
B. |Nonacoustic {situational factors)
Quantify dose-response relationship

Re finment and spacial populations

i A G WPk £ T ST S et e Al i 8T

9~7
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Current State of Knowiedge

Adequate Marginal Tnadequaie
X
X
NA
X
X
>

* Adequate for normal-hearing adults only under ideal listening contexts.
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towards developing gpeech eriteria for children. Likewise, research

will be conducted under Initiative IV of the Noise Induced Hearing
Lods Category to determine the social impact of hearing loss. (me

of the greates impacts is in the disruption of speech communication.

9.2 Secondary Research Initiatives

Listed below are the Secondary Research Initiatives that
are recommended to be undartaken to suppert health and welfare needs

once the "priocrity" Initiatives in other research categories have

received adequate atteation. 1f the research in other categories

pertaining to communication intarference is successfully completed,
then progress will have been made towards meeting some of the work

requirements under these Secondary Research Initiatives.

L. Speech intelligibility for special groups

Special dose~response criteria are needed for the elderly,
children, and the hearing-~impaired (both listaners and speakers) and
for the intelligibility of dialects and speech as spoken by noun-unative

Of particular importance is more work on the communication

0f all

apeakers.
problams of the hearing-impaired in the prasence of noise.
the topics listed in these four Iniciatives, this‘c0pic warrants special
and timely research attention. Research under the "Noise Induced

Hearing Loss' and "Behavioral, Social and Performance Effects' Plans

will contribute to meeting the research needs of this Initiative.
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II. Relaxed conversation in different environments . .

Under this Initiative are included criteria for relaxed

conversation indoors, outdoors, and inside tranaportation sources

(cars, trains, busesa, aircraft, ete.).

III. Effect of time-varyving noise on speech intalliszibility

The effects of time-varying noise of various types (e.g.,
vehicular passbys, aireraft overflights, and periodic sources) need

to be studied in laboratory conditions to develop appropriate criteria.

Iv. Communication interference effects in high-noise work
and traffic envirenments

The objective of this Initiative is the eventual quantification
of risk from accidents causad by failure to hear warning signals,

of loss of productivity, and decrements in performance where auditory

communication is required. as such, the coatents of this Iniciacive

are similar to and partly covered by the Initiacives to be pursued

under the "Behavioral, Social, and Performance Effects" Ressarch Plan.

e Ao ST LA 1 L3 o TR T
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CHAPTER 10

SUMMARY AND INTEGRATION

“The purpose of this chapter i2 to pull together information
en the proposed Research Initiatives, seo that the total array of research
act;'.vi.t::i.es and research milestones can be identified, compared, and
discussed across all of the health effacts categories. The chapter

ends with a short discussion of the interaction of this Plan with ongoing

environmental noise activities.

10.1 Regsearch Tniciatives in Which Work is Currently in Progress

Table 10-1 diasplays the Research Initiatives in each research
category that have been funded by EPA in Fiscal Year 1981, the first
year of the Five Year Research Plan. Some of the related rasearch

activities were initiated in Fiscal Year 1980, and received additional

support in Fiscal Year 198l. Detailed discussions of these Initiatives

are provided in Chapters &4 to 7.

As shown, most of the identified research is in the Nonauditory

Physiolagic Research Effects category; specifically addressing the

effects of noise on the cardiovascular system., Over 50 percent of

the EPA noise effacts research effort involves cardiovascular related

research., The high degree of EPA effort within this particular resaarch

category is due to the great health implication of such effects, the
small amount of related research to date, and the tequiremants for

conducting multidisciplinary biomedical research. It should be noted,

lo-1
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TABLE 10-1 S -

RESEARCH INITIATIVES RECEIVING EPA SUPPORT IN
FLSCAL YEARS 1980 - 81

-—

INITIATIVES
NONAUDITORY PHYSIOQLOGIC EFFECTS

I Animal experimental studies on the relatcion-
ship between noise, elevated blood pressure
and other cardiovascular effects.

‘Component T - Preliminary investigations
and methodological refine-
ments

Component II - Invastigation of acoustic and
nonacoustic factors

IT Epidemiologic studies on the relationship
between long term nolse expesure and adverse
cardiovascular effects.

Component I ~ Retrospective Analysis
III Human studies and clinical iﬁvestigatiens
of cardiovascular and neurcendocrine
regponses to noilse.
Component II -~ Investigation of differences
in susceptibility
SLEEP DISTURBANCE

ITI Health consquences of noisge-disturbed sleep.

INDIVIDUAL AND COMMUNITY RESPONSE

I Determination of magnitude of community
and individual regponse atcrributable to
specific sources of noise.

Component I ~ Construction Noise

10-2




TABLE 10-1

RESEARCE INITIATIVES RECELVING EPA SUPPORT IN
FISCAL YEARS 1980 - &l

(CONTINUATION)
PRIORITY INITTATIVES
c YOLSE~INDUCED HEARING LOSS

I Determine the prevalence of NIHL in the
U.S. and the contributicn of scciccusis
(non-occupations NIHL), presbycusis
(aging) and occupational hearing less.

IT Establish parameters of individual
sensitivity to NIHL.

Component I -~ Susceptibility of special
populations — children

N TP VRSl
s N Dh o ade et
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as mentioned, that a Detailed Cardiovascular Research Plan has recently
been drawn up describing the entire program of needed research to determine
the extent to which a basic cause-effect relationship exists between
noise and cardiovascular problems, as well as to develop dose-response
eriteria for regulatory purposes.

The reader should note that many of the specifiec Research
Initiative components implemented by EPA in Fiscal Year 1981 were designed
to be the first steps in a series of animal and human clinical studies
and epideﬁiblogic investigations in pursuit of criteria development.
Standing alone, the results of individual research projects/components
will not, for the most part, yield the type of definitive information
needed to support noise control actions unless substantial research
iz undertaken in line with the conceptual framework established in the
"Research Continuum" (see Chapter 3, Section 3.4). The identified Research

Initiatives should be undertaken in a comprehensive and coordinated

research effort.

10.2 Integrated Schedule of Expected Results

The succegsful execution and management of the Plan requires,
among other things, monitoring the progress of the various activities
undertaken during the Plan period. An importan. -spect of this task
involves knowing when to expect the results f£rom a particular Initiative
or component, and knowiag what the results of each Initiative are expected
to reveal. This is particularly important since results from completed

Initiatives or components will be used in the design and specificarion

10-4
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of others. A high degree of interdependence exiscs, making the careful

sequencing and timing of the Initiative within each noise-related health

.

effects category of critical importance.

-An overview of the anticipated schedule of axpected results

can be found in'Table 10~2. The Table lists the Initiatives and components

which are expected to he completed at the end of Fiscal Year 1382, and
describes the results expected with the successful completion of each

Initiative. Similarly, Table 10~3 provides a short description of

the resulrs expected after the successful completion of work undar

the full array of Research Initiatives identified in this Plan within

approximately a five~year time frame. The real time frame in which related

results will become available is of course dependent on the commitrtment

of resources of interested Federal agencies, etec., The rvesults of these
completed Initiatives would then be available for Faderal, State, or
local noise program application and for determining the direction of

future research activities.

Yo

10.3 Intaraction of Proposed Research with Ongoing Neise Control
Activities

The foundation of success "= controlling environmental

noise iz dependent upon an adequate health and welfare information

base. Noise control actions at the Federal, State and local governmental

levels as well as individual efforts und._.vaken by the private sector
and the publie, are founded on the same underlying need: to improve
the quality of the noise enviroament and protect the public health

and welfare. Federal, State and local officials and the public must

n et A
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TABLE 10-2

INTEGRATED SCHEDULE OF EXPECTED RESULTS
BY THE END OF FISCaAL YEAR 1582

END OF
FPISCAL YEAR 1982

Research Initiatives

NONAUDITORY PHYSIOLOGIC EFFECTS

Animal Experjimental Studies
0 Prelimipnary Investigations
and Methodological Refine-

ments

Epidemiologic Studies
© Retrospective Analysis

Human Clinical Studies
o Accustic and Nonacoustic

Factors

SLEEP DISTURBANCE

Health Consequences of Noise
Disturbed Sleep
© Human Studias

Results

Expansion and refinement of findings
showing a relationship batween noise
exposure and alteracions In blood
pressure and other cardiovascular

paramaters.

Systematic analysis of foreign and
U.S. epidemiologic research on the
cardiovascular effects of noise.
Recommendations forthcoming for a
program of epldemiologile research.

Initial study of human component
segment completed. Inilitial assess~
ment of the relationship beatween
nolse stress and aspects of cardio-
vascular function in human subjects.

Initial phase of research completed,
rasulting in the identification of
health and perfermance measures
offering the greatest promise in
portraying the consequences of
disturbed sleep. The resulting
measures are to be used in the next
saries of investigations.

10-6
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TABLE 10-2

INTEGRATED SCHEDULE OF EXPECTED RESULTS
* BY THE END OF FISCAL YEAR 1982

(CONTINUATION)

END OF e
FISCAL YEAR 1982

COMMUNITY AND INDIVIDUAL RESPONSE

Specific Saurces of Noise
o Construction Noise

NOISE~-INDUCED HEARING LOSS

‘ Parameters of Individual
; Sensicivity
i o Children

Prevalence of NIHL in the
U.s.

R A e e
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Results

Completion of the test plan for
construction site attitudinal and
physical noise measurement surveys
in beoth residential and non-
residential areas.

Preliminary results describing
changes in the hearing sensitivity
of children and teenagers related
to specific environmental factors.

Preliminary results describing

hearing-relaced problems in the
U.S. associated with different

occupational and environmental

nolse exposures,

10-7
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TABLE 10-3

INTEGRATED $SCHEDULE OF EXPECTED RESULTS AFTER
RESEARCH INITIATIVES ARFE COMPLETED
(WITHIN APPROXIMATELY FIVE~YEAR TIME FRAME)

Research Initiatives

NONAUDITORY PHYSIOLOGIC EFFECTS

dnimal Studiaes

Epidemiolegic Studies
o Prospective Analysis

o Special Populaﬁians -
Bloeod Pregsure in Children

Human Studies and Clinical
Investigations |
© Acoustic/Nonacouscice

o Susceptibilicy
Diffarencea

Other Nonauditory " wsiclogic
Effacts
o Selecced Studies

T e

10~8

Results

Interim results available providing
basic informarion necessary to derive
tentative dose-response c¢riteria.

Interim results available from small
scale prospective study providing a test
of the causal-relationship between noise
and hypertension, controlling for major
confounding variables.

Interim results available concerning
the extent to which environmental noise
contributes to c¢hildhood blood pressure
elevations,

Ragults available demonstrating

the extent to which specific acoustic
and nonacoustic factors alter
cardiovascular system responge.

Results available examining the
sugceptibility of selected sub-
populations.

Preliminary results available Erom
several of the most important non-
auditory physiologic effects topics
{other than cardiovascular.) -

e e A B
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TABLE 10-3

INTEGRATED SCHEDULE OF EXPECTED RESULTS ATTER
RESEARCH INITITATIVES ARE COMPLETED
(WITHIN APPROXIMATELY FIVE-TEAR TIME FRAME)

(CONTINUATION)

SLEEP DISTURBAMCE

o, e

Relationship Between Field and
Laboratory Data

Health Consaequences for
Noise-Disturbed Sleep

Acoustic Parameters
Related to Sleep

COMMUNITY RESEONSE

Specific Scurces of Noise

Specific Accustic Attribucas

NOISE-INDUCED HEARING LOSS

Determine the Pravaleuce of
NIHL in che U.S.

Parameters of Individual

Sensitivity
o Susceptabllity of
Children

ST e e ey D )

Refined exiteria available to pre-
dict the magnitude of noise-related
gleep disturbance in the home
environment.

Interim resulrs available to
objectively define and quantify,

in a preliminary manner, the impact
of noise-disturbed sleap on
general health and performance.

. Interim results available providing

10-9

a family of sleep disturbance
criteria for diffarent noise charac-
teristics and sources.

Interim results avallable. Dose-
response criteria of limited applica-~
tion for two specific nolse sources
and exposure conditions salected on
the basis of environmental noise
program raquirements,

Interim results availlable. Prelimi-
nary adjustment methods or predictors
for two specific acoustic attributes
selectad on the basis of environmental
program requiremants.

Separate sets of curves available deseribing
magnitude of hearing related

problems in the U.S5. associatad with occupacion.
noise, presbycusis (aging), and sceie-

cusis (envizonmental noisa).

Interim results availabls providing

a description of the changes in heazing
sensitivity of children related to specific
noise exposures and the determination of
related communication cousaguences.
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TABLE 10-3

INTEGRATED SCHEDULE OF EXPECTED RESULIS AFTER
RESEARCH INITIATIVES ARE COMPLETED
(WITHIN APPROXIMATELY FIVE-YEAR TIME FRAME)

o TTS and Children

Refinement of Low Level Noilse
Criteria .

Social Impact of Hearing
Loss

BEHAVIORAL, SOCIAL AND PERFORMANCE

Cognitive and Social
Development

Behavicral and Scecial
Adjus. w2

10-10

Determination of source exposures
causing TTS in children and the interim
asgessment of debilitating consaquences.

JInterim results available providing

refined hearing loss criceria for
low-level noise exposures which
describe the magnitude of auditory
problems associated with environmental
and occupational noige.

Initjial quantification of some of the
problems facing the hearing impaired
in everyday situardions. Determination
of most appropriate study deslgns for
tore comprehensive agsessments.

Interim results -avallable ip_the determinagion
of the extent to which 1iving or attending
schools in high noise areas has adverse
effects on the cognitive and social
development of children. Should result

in preliminary criteria for children.

Preliminary results available assesg~
ing and quantifying some of the
adverse effects of nolse on social
hehavior and performance.
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be adequately informed of the health consequences of neise in order
to secure a healthy uoise environment in a cost-efficient manner.
The Research Plan discussed heretofore represents a balanced

r

approach, with objectives to hoth (a) refine existing health effects
ecriteria and expand the health effects data base, and (b) perform integral
research that is necessary to develop new criteria that may be of more
direct importance to human health. For example, the Research Initiatives
in the highest prioritized category, Wonauditeory Physiologic Effects,

may very well yield information describing much more serious noise-

related health problems than are currently assumed. EPA recognizes

that gignificant gaps exist in our understanding of the health effects
of noise. These deficiencies can only be filled through a comprehensive

and intense program of relatively long-term research.

10.4 The Future

In summary, if the research programs presented in the
Research Plan agre undertaken, it is expected thac the findings will
increase our understanding of the health effects of noise and enhance
our ability to properly aseribe health benefits to noise control actians

taken at the Federal, State and local levels of government. The result

will be a more healthy and livable environment achieved in a cost efficient

manner. Moreover, the present Research Plan should ultimataly produce

resulrs, particularly in the category of Nonauditory Physiologic Effects,

which may refocus and redirect Federal, State and\iccal noise control :

efforta, The first steps of noise effacts research should be undertaken

;
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if the answars to outstanding noise-related health effects questioﬁs
are to be forthcoming. Research musat precede application, especially
in the complex health effects area, which have previously only received
scatterad scientific attention.

A comprehensive Research Plan with well.defined objectives
is the first and most importaut part of the research.process. It is
hoped that other agencieas andiorganizations will use this Plan as a
gource of guidance in developing their own respective rasearch plans.

A more integrated Federal research planning process will maximize the

chances for meeting the goals and objectives set forth in this Plan.
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