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EXECUTIVE SUMMARy

- - A Noise Effects Research _lan was first submitted in

1980 as one of two subplane to be integrated into a Five-Year EPA

Noise Program Plan. The Five Year Plan (Fiscal Year 1981-1985) was

requested in legislation pending'before Congress in the fall of 1979.

Tha= Plan has been updated herein to reflect progress to date and the

current direction of the national.envlronmental noise control effort.

The Flan can now be used as a blueprint of future research needed

to support State, local and Federal noise control activi=ies. 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 feel confident "that major health effects are being

addressed i= planned noise control actions. The Plan can function as

a valuable reference source for use by other organizations in planning

thei= own noise effects research programs.

The Research Flan expresses an overall goal, "to improve

the noise-related Health and Welfare data base, refine existing criteria,

amd devele F quantified dose-response criteria where they are lacking."

The application of this data base and cri=eria will provide a more

accurate assessmen= of noise-related_health e'_cts, will aid in determining

the need for specific noise control actions, will provide a basis

for public officials to ascribe benefits to all noise control actions

and tO set protective and cost efficient levels, and will enhance

the developmen= and effective implementation of community ordinances
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and noise control plans.

This document presents specific research objectives for

six major categories of noiee-relaced health effects_ which either

serve as the foundation for existing criteria or have the potential

for being incorporated into new health effec=s criteria. The overall

priorities of the Plan are given below, ranging from A (the highest

priority) to D (the lewes= priority):

(A) Nenauditory Physiological Effects

(B) Sleep Disturbance
(El Individual and Community Response
(C) Noise-lnduced Hearing Loss

(C) gehavioral_ Social, and Performance
(D) CommunlcaCion Interference

These categories have been ranked based on the following

five evaluation factors: (i) Severity of the particular heal=h problem,

(2) Environmental Noise Control Prosram Needs 7 (31 Scientific Reco_enda=ions_

(4) Feasibilltz, and (5) Appropriateness. These factors are further

defined in Chapter 2. The priorltlzed aa=egorles Of research have

been endorsed as well hy the National Academy of Scieeces, the International

Cs_mission on Biological Effee=s of Noise_ and by a consensus of Federal

agencies involved in noise effects research. The highest priority

ca=egory is research on Nonauditory Physiologic Effects. The major

focus of research in =his category is to verify =he extent to which

eause-effee= relationships exist between noise and stress-rela=ed

diseasee_ such as cardiovascular dlse_se.

Noise as a stressor is a suspec=ed factor in hypertension

add potential heart disease. There are several epidemielogical studies
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which support this rela_ionshlp. In addition, EPA's primate study

at the University of Miami has demonstrated a sustained elevation

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

levels representative o_ normal human daily activities. The possible

_mplicatlone from a public health standpoint greatly magnify the importance

of assiEnln E the highest priority to thls 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 nolse/physiologic health relationships

axist and, thereforet possibly change both =he direction and importance

of Federal, State and local noise control activities.

The (B) priorities, Sleep Disturbance and Individual

a_d Community Response, are areas which have a large bearing on noise

abatement etrategles and actions. Most people at one time or another

have been annoyed by various noise sources, sad have also had =heir

sleep dlsl-upted by noise. These consequences, which are caused by

a combination of ho_h acoustic and nonacoustic factors, may be characterized

as a denigration of general health, behavior, and work performance.

Since millions of Americans, especially susceptible populations (elderly,

the ill, a=d others), live in locali_ies where _hese detrimental noise

effects are prevalent, research in these areas is considered especially

important.

The reader is directed to Chapter 2 for added discussion

in these subjects plns other priorities (C) and (D) noted above. For

example_ in _he area of Noise-Induced Hearing Loss, an important research

issue is _he degree _o which environmental noise exposure contributes
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to =he aiguifican= prevalence of hearing impairment in the United

Stares. In the area of Behavioral_ Social and Performance Effects,

one major concern is the effects ef noise on the cognitive and social

developmeu= of children.

Chapter 3 iden=ifies various Research Initiatives for

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

and epidemlological studies. Research Ini=iatives funded by EPA over

=he first two years of =he Plan are lis=ed, as well as other prioritized

Initia=ivea which are recommended for funding. Chapter B provides

a background discussion of all definitions in =he Plan, =he conceptual

layout of the plans for each research category, and she coordina=iou

and monitorlnE requirements which are necessary for the periodic review

of the research program and the dissemination of resulua co other

Federal agencies and to =he scientific communiEy.

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 speelfi= Research Initiatives which cover: the status of research

to dace; priori=des specifically related to supporting Federal, Stats

and local programs for auatement of environmental noise; outran= Federal

research aetivi=ies; and a llst of the mms_ i_portant Research In_tlatives

which are sot at present being funded. Contained within each chapter

are de=ailed descriptions of the Research Ini=iatives, related research

of other Federal agencies_ and a description of other Initiatives

which, although integral to the environmental noise control error=,

E-&



are deemed to be of secondary priority.

Figure E-I per=rays Federal funding figures for noise

effects research in each research category over =he past _hree years

(FY 1978-89)I Table E-I shows the avsraEe 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

speoiflc research plans and activities of other Federal agencies.

Th_ last chapter (10) pulls together information on the

proposed Research Initiatives, year by year, so that for any year

the total array of research activities, milestones and results can

be identified, compared and discussed across all of the health affects

categorles. Table i0-i presents a concise listing of Research Initiatives

for all categories. Table 10-2 presents an integrated schedule of

expected results by the end of each fiscal year over the Five Year

Plan period, with the assumption that work under the proposed Initiatives

is undertaken. It is the prospect of these results which will greatly

refine and expand health effects information and criteria.

In 1980 the EPA Office of Noise Abatement and Control

presented the first draft of the original Plan to the Interagency

Advisory Group uu Noise Effects Research for review. This Group is

comprised of members from the National Institutes of Health, Department

of Labor/Oecupatlonal Safety and Health Adminiatratlonp Department

of Defenae_ Department of Transportation National Aeronautics and

Space Admlalstratlon, National Bureau of S=andards_ and the National

Science Foundation. Overall, =he Advlsory Group endorsed the Plan

E-5



Figure E-l. NOISE EFFECTS KESEARC_ FUNDING BY CATEGORy

(In thousands of dollars)
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as scientifically credible, aligned to current research needs, and

indeed feasible. EPA/ONAC received a similar positive opinion from

selected national noise effects experts who were consulted on the

prioricization of Initiatives to meet long-term noise conurol and

research needs. The Plan was also reviewed by the National Organization

of Noise Control Officials (NANCO) made up of Scats and local environmental

noise control officials throughout the U.S. The organization praised

the Plan scaring that i= "is extremely important to State and local

noise programs ie that the results will establish a significant portion

of the foundation for noise control efforts and regulations." Therefore,

=he Plan has been received positively by a wide spectrum of the scientific

and noise control communities and is presented herein in an updated

version.

i
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i. INTRODUCTION

From 1971 to _he present, the Environmental Protection

Agency (EPA).has been active in the effort to protect people from exces-

sive noise than may jeopardize _helr health and welfare. Under the

requirements of =he Noise Control Act of 1972, as amended by the Quiet

Co_munitles Act of 19787 EPA has been required to conduct research

on the effects of noise on health_ for the ultimate purpose of developing

dose-response criteria. These criteria have been needed to support

all aspects of environmental noise control program ac=ivltles, including

Federal regulations and technical assistance to Stare and local governments.

As part of this research effort, EPA developed the "EPA

Five-Year Noise Effects Research Plan" in February 1980. It was envisaged

that the Plan would serve as a blueprint for EPA-sponsored research

for the next five years, as well as oucllning how EPA research would

dovetail wi_h other ongoing Federally-sponsored research to fill critical

research gaps.

Over this past year, a basic realignment in national policy

has occurred_ resulting in an increased role for stats and local noise

activities and a decreased role for Federal noise programs. As part

of this change, =he sponsorship of noise effects research by EPA will

be phased out by the end of fiscal year 1982. Consequently, EFA is now

in the process of completing its ongoing studies and has updated its

Five Year Health Effect Research Plan for Noise.

I-i
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The updated Research Plan as presented hero con=alms a

current summary of the stare of knowledge with respect to the effects

of noise, and a detailed presen=atlon of prlori=ized areas of seeded

research in terms of a series of major initiatives and their rospectlve

components. EPA_ with some assistance from other Federal agencies,

has already begun to execute selected elements within the ini=ial phases

of the plan. Several important sltudios have been initiated_ and some

resul=s are available now, with additional results 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 ageneles_ and the states and rssearsh organizations to

=on=inue needed research into the effects of noise on health.

One of the meet important outgrowths of the Plan is that

it establishes a framework for use by other agencies planning their

ow_ noise effects research efforts. The basic structure and layout

of the Plan san be used as a viable model by other ageseles. Secondly,

the Plan provides substantive guidance on the =ypes of research that

are necessary to meeC mamy of the public heal=h and welfare needs of

all environmental noise abatement progranzs, whether on the Federal,

State or local level. Overall_ the Plan provides s good starting point

for establishing _re coordinated and unified noise effects research

programs with better focus, dlrectlon and insight for maximum utilisation

of available expertise and resources, The Plan should function as

a valuable reference source for future planning purposes.

_= i-2
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A= the present =ime_ =ha Plan has been updated to reflect:

(I) the progress =hat has been made in carrying our EPA's research

program in the priori=ized research categories, and (2) the current

direction of Federal_ State and local emvlronmen=al noise control activities

and research needs. It is hoped that many of =he high priority Research

Initiatives discussed in the Plan will he carried out over =he next

five years.

This introductory chapter is devoted to discussing =he

leglsla=ive manda=es_ overall environmental noise control research goals_

the importance of noise related health effects research in developing :

and supporting environmental noise con=tel pollcy t and the specific

research c_=egorles and research needs of environmental noise control

programs_ all of which were far=ors in shaping the Plan.

i.I L#_islatlve and Programmatic Requirements for ReseaFoh

The Noise Control Act of 1972_ as amended by the Quiet

Communities Act of 1978_ recognized =ha= speclfic information concerning

=he effects of noise on people was critically needed in order for EPA

=o carry our its mission to coordinate activities in noise control, =o

es=ahllsh Federal noise emission standards for products dlstribuced in

commerce_ =o require the labeling of some of =hess products, _o assist

g£ates and localities in establishing effective noise con=tel programs_

and =o provide informs=ion =o =he public reflecting =he hazardous effects

of noise, and on noise levels assocla=sd w{_h such effects.

i-3
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To tha= end 7 the Act (as amended) required EPA to:

"Conduct or finance researeh...inoluding bur not limited

to investigation of the psychological and physiological
effects of noise...and determination of dose-response
relationships suitable for use in decision makingl with
speclal emphasis on the nonauditory effects of noise."
(Sect. 14(6)).

l_ese requirements represent a substantial expansion of noise effects

research responsibilities from those originally set forth in the Noise \

Control Act of 1972.

Even without these specific legislative requirements,

research with respect to the effects of noise on public health is required

to supper= Federal_ Stare and local noise ¢onurol needs. On tha= account

a health effects research strategy should be responsive to the health

related needs inherent in a compreheaslve national noise control effort.

Elements of concern in the development of a health effects research

strategy i_clude: (i) the development and enforcement of environmental

coise legislation, (2) =he provislo_ of technical assistance to State

and local noise control efforts, (3) the dissemination of.informatlon

to the public on the health effects of noise, (4) research and demonstration

of advanced noise control technology, and (5) the coordlnation 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 necessary in the development of all eoise related legislation or

regulations at the Federal, State and local governmental levels_ because

the purpose of such legislation is to protect the public health and

i-4



welfare. Ci=i=ens end public officials alike need =o be adequately

informed as to =he health consequences of noise exposure in order to

make rational, efflcien= t and ¢osZ-effeotive social decisions to secure

a healthy environment. Research is fundamental to: (I) establishing

information on the incidence and severity of health-related effects such

as hearing lose_ nonauditory physiologic effects, and sleep disturbance;

(2) developing human response criteria to quantify the effects and

health consequences of seine; (3) ascertaining a cause-effect relationship

due to specific source environments_ and (4) helping to promote the

harmmnization of existing governmental standards and guidelines.

This last point deserves elaboration. Other Federal agencies

such as the Department of Transportation, the Department of Defense_ and

the National Aeronautics amd Space Administration presently support their

noise control a_tivities with research programs which investigate both

the direct and indlrect health effects caused by exposures to different

types of noise. In many instances, the human response criteria developed

by one agemc_ are incorporated into those standards and pollcies of

another agency. Ultimately there should be one set of health-related

crlteria used by all agencies. Agencies would then develop noise-related

policy under their respective authorities_ using these criteria _ased

upon specific health impllca=ions as well as social_ legal_ and _conomic

considerations. However_ the f_undation of neiee-rela_ed policy must

rest on an understanding of basic health and welfare effects.

EPA has had extensive experience in monitoring and coordinating

the noise effects research of all Federal agencies ever the past few

1"1_5
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years, la 1977t EPA reconvemed a panel of representatives from Federal

agencies which conduct or support noise research, to review the status

of all Federal research activities wi_h respect to" the health effects

of soise_ an_ to recommend areas where further research was needed.

The Panel found tha_ over 19 agencies, or main; organizations within

agsucies_ were conducting health effects research at a total funding

level of approximately six million dollars annually. _ EPA conducted

relatively little of this research ($19OK to .$3A9K in Fiscal Years

1975-1977).

Updated research project and funding summaries were collected

a_ain in 1980"* from all Federal agencies conducting noise effects

research during =he Fiscal Years 1978 to 1980. This more recent information

presents substantially =he same picture (see Table E-I and Figure E-I

i_ =he Executive gut=sty). The number of active ageecies_ or major

organizations within agencies, conducting noise-related health effects

research has grown_to Z3. Over _he Fiscal 1978-1980 period, annual

research expenditures averaged approximately $6.7 millio_. EPA still

conducted a small but integral part of this research, mostly focused

on _h@ Nonaudi=ory Physiologic Effects research category ($328K in

Fiscal Year 1975_ $340K in Fiscal Year 1979, $681K in Fiscal Year 1980,

and $7_IK iu Fiscal Year 1981).

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

adequately support i_s o%_ limited mission and goal, the 1977 Panel

* Federal Noise Research in Noise Effects, EPA Report 550/9-79-102,
February _978.

*_ Federal Noise Research in Health Effects .1978-1980, December 1980.
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found =hat, =aken in ins to=allty_ the overall patZeru of research

on noise effec=s =eu=ained numerous gaps in the heal=h sffee=s dana

base and llmita=ions in exis=ing human response criZeria. More recent

informs=ion suggests =hat the picture has not changed. Al=hough some

health effec=s criteria are already being applied, ocher po=entlally

severe health consequences of eevlronmen=al and oocupatloual noise

exposures are no= being adequa=ely addressed. The Panel repot= recom-

mended =hat steps he Oaken to fill these gaps. To that end, EPA and

other Federal agencies have ieltia=ed several research projects (described

in Chapters 4-9). The Panel report has also been instrumen=al in the

design of the health effec=s research s=rategy contained in this Plan,

and the specification of numerous research priori=ies.

1.2 Goals of =he Heal=h Effec=a Research Program

The overall goal of the health effec=s research program

is snared below. This goal is based on: (i) the fundamental impor=ance

of heal=h effects information in support of noise eonarol legislation

and policies; and (2) knowledge of the s=atus of existing heal=h and

welfare crlceria and dana.

Overall goal: To improve the noise-related hem_ h and welfare dace
base, refine existing cri=eria, and develop quan=ifled
dose-response eri=eria where they are lacking.

Only through the development of quantified dose-response

eri=eria can a thorough understanding of the heal=h implies=ions of

noise be obtained, and heal=h benefits be properly ascribed =o all

i-7.



noise control actions, whether taken om Federal, State or local levels..

The overall research program goal stated above has been

broken down into a number of specific objectives for =he various identified

categories of noise effects research. The research categories used

are similar to those cited in the previously discussed EPA Panel Report.

Further, Research Initiatives have been developed in the present strategy

to meet these specific objectives. Each _nitiative is expressed in

terms of one or more research projects, evolving in a time-phased manner,

to answer major research questions in a defined area. In determin{ng

the content of the Research Initiatives, EPA considered =he specific

progr_n_m_tic applications of any research finding to par£1cula= noise

control activities undertaken by ocher Pederal agenclesT State and

local communitias_ or the private sector.

EPA has had a responsibility to make the latest research

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 declsions regarding the purchase of quieter consumer products

or even the selection of a location _o live whe_ they have more detailed

information on the adverse health effects of noise. Citiae=s need

more information to make decisions regar.'_ their own personal noise

exposures. Public officials seed more information to set into motion

the necessary programs to improve the quality of the noise environment.

State and local officials need additional health effects "information

and refined criteria in order to set the most protective but cost-efficient

i-8



levels in order =o strengthen their noise regulations and policies.

They must have the necessary health-related informa=ion to determine

what degree of noise control is needed and should be considered in

the many routine admlnlstra=ive actions that touch each of our lives

every day such as building codes, comprehenslve land use planning t

traffic management, municipal purchasing decisions, zoning Sarlances,

enforcement of laws, and vehicle inspections.

Aeeordingly_ the f011owlng categories of noise effects

research are specified. There are six major categories of noise-related

health effects which either (i) presently serve as the foundation for

existing criteria or (Z) have the potential for being incorporated

into specific noise effects criterla, provided that the necessary research

is undertaken and dose-response relationships established. These categories

of research are presented wi=h their accompanying research objectives.

A. Nonauditory Physlolo_ical Effects--to determine and quan=ify the
nonauditory effects on bodily systems and on general health, with

special emphasis on hypertension and ocher cardiovascular effects.

BI. Sleep Disburbance--to determine and quantify effects of noise

on sleep_ and its impllca=iona for general health and performance.

_2. Individual and Community R __-se_to de=ermine and quantify subjective
reactions of individuals and communities to differen= environmen=s

and sources_ inves=igatlng mediating factors.

CI. Noise-lnduced Hearin_ Loss--to determine the extent of the problem,
causative factors_ a=d associated effects.

C2. Communication Interference--to de=ermine and quantify the effects

of noise oa coumnunicatioes amd its developmental_ social and other

implications.

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

It should be pointed cut that the above-stated objectives

are long-term. However_ some information is available as a first step

in meeting a'few of these objectives. Accordingly_ the specific Research

L_itla=ives described herein are designed to mee= the identified objectives

in each category focusing on the _ost important gaps and deficiencies

in cur unders;anding.

There are three additional areas of nolse-related research

that have not been identified: exposure characterization, vibration_

and effects on wildlife. The objective of exposure characterization is

to determine patterns of noise exposure9 typical noise doses attributable

to different sources and/or environments, and the health-related consequences

of _heee exposures. More complete and accurate descriptions of the public's

noise exposures are needed in order to determine =he related auditory and

uonauditory health effects. The proposed Research Initiatives in each

health effects category inherently require the complete documentation of

the subject's daily noise exposures at work_ in transit, in the community,

and at home. Since this requirement is common =o all of the noise-

related health effects categories, separate Research Initiatives for

exposure characterization were not proposed.

Vibration as_..iatsd with noise is also a significant

source of annoyance and discomfort. As discussed in the 1977 Panel

report_ the relative contributions of noise and vibration need to be

assessed in order to derive criteria for the combined exposure conditions.

_nweverp vibrn=ion effects have no= been listed separately within this
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Research Plan, but instead are contained as am intrlnsi= oonsldera=ion

within each of the six categories of noise effects research. It should

also be mentioned that there is some ongoing Federally-sponsored health-

related research concer_ing the effects of vibration, most notably

by the U.S. Air Force_ the U.S. Army, and the National Aeronautics

and Space Admlnistration.

\

The effects of noise on wildlife is a research area which

will continue to require attention, particularly in =he preparation

of environmental impact alalyses. The concern with this research category

is malmtainimg livable habitats for species that may be vulnerable

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 he noted that this Health Effects Research Plan

is not imtended to constitute a full program of needed research. _%ile

=he proposed Research Initiatives address most of the highest priorities,

they d_'not represent a comprehemslve 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..ii of this Researnh Plan consists of a set of Plans,

one for each category of noise effecus research.

Chapter 2 explains how priorities were set for the Research

Plan.

* For further information see: Effects of Noise on Wildlife and Other

Anlmals--Revlew of Research Since 1971, EPA Report 550/9-80-i009

July 1980.
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Chapter 3 presents an introduction to the specific Research

Plan for each eategory_ and defi_es concepts such as "Research Initia=ive"

and "Research Continuum" which are co.non to all of the Plans.

The specific Research Plans for each category of noise

effects are presented in Chapters 4 through 9. Each chapter contains

an overview of the current status of research and health affects information

and a selected set of first-priority Research Initiatives. Additional

worthwhile _ui=iatives of secondary priority are also iden=ified.

Chapter I0 provides aggregate and s_ary data on =he

entire Plan.
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2. OVERALL PRIORITIES FOR A NOISE EFFECTS RESEARCH PLAN

This Plan outlines a concrete operational Plan for

noise effects research over a five-year time frame 2 commencing in

Fiscal Year, 1981. The first step in developln E the Research Plan

was =o establish priorities for the six categories of research previously

idsncified. Although each category and its respective research

objective was felt to he important in its own right, relative prlori=ies

had _o he es=abllshed due =o the reality of llmi_ations in resources

for noise research a_ all levels of government. Thus_ each category

was evaluated on a scale from high priority to low prlori_y, signifying

where emphasis needed to be placed. Each category was assigned

one of five prleri=y levela_ from "A" (hlghes_ priority) to "D"

(lowest priority). This prioritizatlen was based on a ratine and

tradeoff among five evaluation factors:

o Seyeri_ of the particular health problems, as

perceived by EPA, baaed on such available dace

as =he number of Americans affected, and =he potential

severity of the insult (potential magnitude of

health effects)

n Prn_ram needs of Federal, State and local environ-

mental noise control programs within specific

rime frames

o Scientific recommendations of experts concernln E

the degree =o which additional research is urgently

needed

e
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o Scientific feasibility of carrying our =he needed

research wi=hina reasonable time frame_ with

reasonable resources

_o Appropriateness of additional research activi=y,

in =he eontsx= of whether ocher organizations

are already performing or are expected to conduce

the desired research _ in a focused and consolidated

_nner.

In performing =he evaluation of overall prlori=ies

among ca=egories, each of Chase five fac=ors was evaluated (as high,

medium or low) and them weighted. For example, if additional research

in a specific category was evaluated to be "high" in appropriateness,

it meant that the needed research was non being conducted elsewhere

and would not be accomplished without the commitment of new resources.

_owever, not all factors were considered equally importamt. The

most important considerations were =he severity of the health problem

and the degree =o which the proposed research would meet progr_-_tic

seeds of environmental noise control activities. These were weighted

accordingly.

2.1 Overall Results of PrlorlC7 Analvsls

Based on =hess evaluation fat=ors, the overall priorities

of the noise Research Plan are given below, with short explanations

of the ratings. It should be noted tha'. although a category may

be rated as low or medium in priority, pending Federalp State or

local actions may require that a certain Initiative be investigated.

This is explained in more depth in Chapters & through 9, in which

specific plans for each category are presented.



Level of

Emphasis

Importance Ratln_ Category

Highest priority A Nonauditory Physiologic Effects

B (I) Sleep Disturbance

(2) Individual and Community Response

C (i) Noise-lnduced Hearing Loss

(2) Behavloralj Social_ and Performance
Effects

Lowest priority D Communication Interference

2.2 Level of Emphasis A (Hi_hest Level)

2.2.1 Nonauditcry Physiologic Effects*

This research area is the highest priority because

it has the greatest potential health implications and no other Federal

agencies or other organizations are adequately researching =his

category.

Severit?.--Tne potential health problem posed by nonauditory

physiologic effects is very great. Noise, like other physical stressors,

is capable of producing a variety of physiologic stress responses

in the body. Stress has been linked to a number of chronic disorders

prevalent in our society. Although there are scattered findings

associating noise with a cumber of health problems, the best-documented

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 likely

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

of heart disorders_ stroke and kidney disease. It is conservatively

* This category covers physiologic effects other than the physiologic

effects of noise on the ear. !
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estimated =ha= from 23 to 27 million Americans suffer from hypertension.

For a very large proporation of these cases (90 pereen=)_ the causes

are not known; yet hypertension contributes to 250,000 deaths annually

in the United States. If, as some evidence suggests_ there is a

cause-effect relationship between noise and hypertension, the health

implications of such a relationship would be widespread and serieus.

In addition to cardiovascular effects_ other nonaudi=ory physiologic

effects of noise may he equally serious. 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 _reat because environmental 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 loss, aetlvi=y interference) do not take into consideration

some of the most serious effects such as the potential for cardiovascular

disorders 9 they are deficient. The planned research program should,

in the near term, verify the extent to which a relationship exists

between noise and physiologic health, acd therefore, possibly change

both the direction and importance of environmental noise abatement

activities. _owever_ it is unlikely that near-term research will

be sufficient to yield the type of detailed_ quancified criteria

which environmental noise abatement programs ultimately require.

Near-term research results showing a linkage between noise exposure

and nonauditory physiologic health effects should serve as a catalyst
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for increased research support from other sponsoring biomedical

research agencies and organizations.

Scien=ifie Reco_raenda=ions.--Health scientists from

all over =he world have recommended that more attention be given

=o nonauditory physiologic effec=s of noise. %_ese recommendations

are based upon the findings of research to date. The Third International

Congress on Noise as a Public Eeal=h Problem (Freiburg_ West Germany_

1978) poin=ed our =he necessity for giving priority to this research.

Since the previous Interna=ioual Congress in Dubrovnik in 1973,

over 100 repor=s of related research studies have been published

in the international litera=ure_ dealing not only with =he hear=

and circulatory system, but also with effects of noise on visioa_

fecal development_ biochemical cons=ituenta of the bodily system_

=he digestive system_ the muscular sys=em, and the nervous system.

A co_mi==ee (CHABA Working Group 81) of =he National

Academy of Sciences has recently recommended =hat inves=igation

of =he relationship bet_een noise and medically significant physiological

responses be accelerated_ wi=h cardiovascular measures as the initial

focus.

Moreover, a recent Workshop of cardiovascular experts

at the Nassachuset=s !nsti=u_e of Technology underscored the plausibility

of the linkage between noise and cardlovasculsr problems, and urged

than a high priority be placed on research in =his area, including

epidemiologioal research.

Scientific Feasibility.--There are some definite methodological
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difficul=iea' involved in conducting research 06 the nonaudi=ory

physiologic effects of noise.

Unders=andlng the ways in which noise can change the

body's dynamic physiologic systems requires a serious and in-depth

program of rdsearch. A coordinated program of animal_ human elinieal_

and epidemiological research is essential. Conducting valid research

in =his area requires the blending of advanced acoustic measurement

with sophisticated and detailed monitoring of physiological imdlcstors

in both acute and chronic noise exposure situations. For the most

part, =he techniques are currently available; the problem is bringing

=hem =o bear on the study of noise effeots. The essential development

of quantifiable dose-response criteria depends on the careful and

logical accumulation of causal data. l= is optimistic to think

=ha= any single study or set of studies will yield the type of data

that is requlrad. Although the problems standing in the way of

good research in this category appear formidable, the challenge

is mot different from that faced in most areas of biomedical research.

EPA sponsored research 'in Fiscal Years 1980 and 1981 have already

improved the state of =he art in methodologies for related an_m_l

studies, Replica=ion studies using two different animal models

are currently well underway in two major medical laboratories.

Appropriateness.--It is unlikely that the required

research will be performed without additional 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 ocher agencies, except for a joint EPA study with by =he National

Institute of Environmental Health Sciences, and a small prospective

epldemlolgolcal study initiated this past year by =he National Heart_

Lung and Blood Institute. Therefore, further active research in

=he Nonauditory Physiologic Effects Category, particularly in research

concerning the cardiovascular system, will not be' duplicative of

ocher efforts and are urgently needed.

2.3 Level of Emphasis B

2.3.1 Sleep Disturbance

SeveritT.--Millions of Americans llve i= areas where

the potential for sightly sleep disturbance by noise is high. Such

residential sleep interference is one of the primary contributors

to irritation and annoyance by neighborhood noise.

Some subjective effects of sleep disturbance =ha= have'

been reported are fatigue_ irritability and poor work performance.

Often, a greater susceptibility to illness has been attributed =o

a poor night's sleep. Nevertheless, none of these suspected effects

has heen fully explored or measured.

Chronic sleep disturbance is a potentially severe heelth

prohlemp yet little is known about the long-term effects of sleep

disturbance on health, the national iacldence of sleep disturbance

by noise_ and its effects on subsequent task performance and safety

implications on the job, in traffic and in ocher settings.
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Program Needs._Two criteria (awakening_ and sleep

disturbance or changes from deeper to lighter sleep) are currently

used to quantify the benefits of noise control actions. These benefits

are =hen weighed agalus= costs. Although adequate for Federal,

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

limitations that affect their generalizahillty te different noise

sources_ to typical sleepi=g conditions in the home, and to various

population subgroups (the elderly, the ill, and ethers). Thus_

there are requirements for a research effort in light of both the

limitations in applicable research findings_ and environmental programmetic

needs to relate better the impact of sleep disturbance (including ' _

health and performance effects) to nightly noise levels that potentially

interfere with sleep.

Scientific Recommendations.--In 1977 the Federal Noise

Effects Research Panel recommended that considerably greater funding

be applied in the sleep eategery_ noting that funding levels had

dropped since the Panel's 1975 report and that certain recommended

research had received no attention. The Panel recommended that

attention focus on chronic sleep interruption by aoise_ and on the

effect of sleep interruptions on special populations such as che

ill.and the aged.

Similarly_ experts at the 1978 International Congress

on Noise as a Public Health Problem emphasized the need for noise

effects researchers to determine the effects of acoustic and nonacoustic

variables on sleep quality_ while encouraging general sleep researchers
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to continue So study the effects of sleep quality on general health.

Scientific Feaslbility.--As in =he Nonaudltory Physiological

Effects category, there are a few me=hodolosieal difficulties to

be overcome. One of the primary methodoloEi=al problems confroncin E

scientists is the difficulty of transferring research activity from

labors=cry to residential settings. Nevertheless, in-=he-home techniques

have been pioneered in this country and similar techniques are currently

in use in Europe.

Appropriateness.--The relative lack of other applicable

research makes further action necessary. Over =he las= five years

only ]_m_tsd sleep research has been performed by Federal agencies

and these research studies have principally focused on aircraft

noise.

2.3.2 Individual and Community Response

Severity.--It is eetlm_ated that well over I00 million

Americans ave exposed to noise that is perceived to be unwanted,

unnecessary_ objectionable, and disturbing. Noise levels that are kncw_

to cause annoyance and interference wi=h everyday activities emanate

from common sources includinE road traffic, aircra_&, _onstructlcn

actlvi=y_ and household products =o name but a few. Thus meise

in our cot.unities _oday is pervasive and intrusive.

Annoyance tha_ occurs as a result of exposure to noise

is a complex psychosoclal reaction. Although amnoyance has as its

basis =he unpleasantness associated with noise and the dlsrup_ion

2-9

D
I'I
0
"I
"i
)

i
i



of ongoing activities, the response may ultimately lead to complaints

or produce strong group reactions against certain noise sources.

This type of annoyance response has mot yet been experimentally

identified with adverse physiologla reactions. Instead it is related

to subjective feelings of irritation, being upset, and a general

lack of well-belng.

Nevertheless, increasing evidence of a possible association

between excessive noise and stress-related health problems_ such

as hypertension and digestive changes, may link =he annoyance or

irritation that we commonly feel toward noise to the undesirable

health effects that may occur. Although this link has as'yet mot

be scientifically or experimentally established, it is not unreasonable

to view our annoyance reactions as a biological protective mechanism --

a warning or symptom of unwanted health effects. For example, recent

community noise su=veys 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

rsspouse is most important in that individuals' subjective (annoyance)

reactions to noise have in fact been the pcz_cy impetus for the

establishment of Federal, State and local noise control programs

throughout the United States. Moreover, quantitative information

tha_ is available with respect to csu_muui=y response has formed the

heels for noise emission regulations, policy_ and guidance promulgated

at the Federal governmental level. Community noise criteria, in
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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

used in noise control policy and legislation. These criteria have

predominately been developed in a number of studies of traffic and

aircraft noise in an attempt to better ascertain general community

or group response _o noise. Although adequate in the past for Federal

reEulatory purposes, the generalizahility of =hese criteria to specific

sources of noise such as construction activity and railroad noise

has been questioned. As the number of different noise sources hhat

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 completed to date have not accoumted

for many of the acous=ic and nonacoustic factors that shape our

response to noise. Severe proEr=-_tic limitations exist in under-

standing the influence upon individual and community reactions of

certain acoustic attributes typical of many noise sources found

in the co==nuni=y. These a=tributes include perceived tonal components,

impulsiveness, fluctuation in level_ intrusiveness over background

aoise_ and so forth. Methods do u._ _.=ist than properly account for

the expected increase in adverse community teat=ions that typically

result from =hess fat=ors. Moreover, the large individual differences

that typically occur in annoyance re_nses have not been accounted

for. The resul= has been a rather praEmatic approach to the matter

of assessing ten,unity and individual response to noise. There sxis=s
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no noise annoyance calculation procedure that deals satisfactorily

with the many acoustic and nonacoustlc variables that influence

our subjective responses to sound and, accordingly, our perspectives

on the quali_y of our Ills.

"Cos_-effective noise abatement decisions and actions are

highly dependent upon =he refinement of existing criteria pertaining

to individual ind community response_ both in environments dominated

by specific noise sources, and in envlronm_nts with diverse noise

attributes.

Scientific Recommenda=ions._l_hers exists a general

consensus wi_hln =he scientific community on the need for further

research and the direction it should take. Scientific reeemmendatiems_

includlsg those made at the 1978 In=ernatlosal Congress on Nnlse_

as well as those in =he 1980 World Health Organize=inn document

an environmental noise criteria*, point out that while aggregate

community response to noise can be reliably predicted, more work

investigating the mediating farters is needed to help account far

=he great individual variation in response. Fur=her, =he stress-related

components of response also require more iaves=igatlon. !n addition,

as communities experience c_'--_ee in =heir noise environment_ longitudinal

scudles should be conducted to assess adaptaClnn and societal changes

_n public reaatlon to noise.

* World Heal_h OrEanizatlon, Noise (Environmental Health Criteria

12). (Geneva, Switzerland: W.H.O., 1980).
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Scientific Feasibili_z.qRasearch in this category

has a high expecta=cy of achieving useful results because it is

based on very successful, well-established techniques (attitudinal

survey methodologles and psychoacoustia test procedures) that are

commonly used _o study subjective human reactions to noise. Improved

subjective and acoustic measuremen_ methodologies are now available.
\

Approprlateness.--Although other Federal agencies are

active to some extent iu parts of this research area_ the research

gaps lef_ are sufficiently critical to require further activity_

Recent Federal sfforts_ primarily by the National Aeronautics and

Space Adm/nsltratiom_ the National Bureau of "Standards_ and the

Air Force_ have been sisnficiant_ but have focused on telatlvel 7

narrow study areas, mainly aircraft moise. Information needs specific

to broad environmental no_se program requi:sme_s have not been

fulfilled by these other research efforts.
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2.4 Level of Emphasis C

2.4.1 Nolse_Imduced Hearln_ Loss

Although much addi=ional research in noise-lmduced

hearing loss-(NIEL) is needed_ feasible_ and related to envlronmen=nl

program ueeds_ =his Research Plan places only medium emphasis on

the seed for more research_ largely because of the planned research

programs of ocher Federal agencies.

Severity.--Nolse-lnduced hearleg lass is the most widespread

occupational heal=h problem in the Uniced States, and there is evidence

that additional noise exposure from environmental sources exacerbates

the problem. Of the estimated 20 to 25 million people in nhe Umited

States exposed to levels of eolse sufficient to cause irreversible

damage to their hearing, 15 million are estimated to be workers

exposed to .noise on the job.

It iS particularly importamC =o consider _he problem

of workers whose workplace exposures are augmented by off-_he-job

exposures. Other potentially hazardous exposures occur i= transit_

im using appliances and power tools st home, and in common recreational

ac=ivi_ies. P_elimimary information also suggests that people in

comparatively low noise work environmen_s_ sush as office workers

and homemakera_ are exposed =o 2A-boer noise exposure levels which

may place some of them at higher risk to hearing damage.
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Impulse noise is another particularly severe problem

in =he occupational setting which has not been adequately addressed.

It is estimated =hat over 2.7 million workers are exposed to impulse

noise and are net covered adequately by present damage risk criteria.

I= is estimated that as many as 29 million Americans

suffer from a handlcapping hearing loss. Persons suffering from

noise-induced halting loss often report other health disturbances

as well. They are also frequently the victims of tinnitus (ringing

in the ears), lowered auditory dlscomforc thresholds and other annoying

side effects. Impaired bearing can be socially debilitating. Persons

with N!EL often speak of difficulty in understanding communication,

withdrawal from social concacts_ embarrassment, frustration and

isolation. Noise-induced hearing loss greanly affects the lives

of millions of individuals. I= is a difficult problem since =he

process is gradual and insidious and may noc be apparent until a

• considerable amount of hearing is lost.

Prosra _ Needs.--Although scien=iflcally acceptable

damage risk criteria exist, better defined hearing loss criteria are

required to support =he full array of environmental noise control

prog-ams. Federal, State and local governments need to know the

extent of =he hearing loss problem caused by noise exposures outside

of the workplace in order Co develop responsive policies to protect

the pneulation a= risk. The probability that a person will develop

a noise-induced hearing loss depends on the individual's total exposure

from all noises at work, home_ and in the community. A determination
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of those sources and each source's contribution to an individual's

risk of hearing loss should provide added direction to governmental

regulatory programs and the development of appropriate noise control

actions.

-Scientific Recommendations.--There is a widespread

consensus on the need for further research on the key segments of

the NIKL research category, as characterized by conclusions reached

a= =he 1978 International Congress on Noise_ a recent Nl_ workshop

on noise research*_ the Federal Noise Effects Panel Report, and

the 1980 World Health Organization (W_O) report. As recommended

by these groups_ future research should concentrate on some of the

less well defined aspects of the problem such as =he question of

hearing loss caused by specific envirsr_nental sources, =he effects

of intermittent and impulsive noise_ and the question of determining

risk to susceptlble 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 planted NIBI research is generally high. It is solidly based

on research performed over the last 30 years• The development of

new sophisticated personal monitoring instrumentation, clinical

*National _nstitume of Neurological and Com=_nicacive Disorders
and Stroke. Workshop on Effects of Noise on _earieg: Research
Directions and DesiEns_ June 1978.
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methodologies, and microscopic assessment techniques makes research

possible today that could oot have been undertaken several years ago.

However_ in the future_ certain avenues of research

may be limited. For one, workers included in samples for scientific

study should not be exposed to high noise levels which may jeopardize

their hearing. Effective enforcement and compliance with Federal

workplace noise provisions may make it difficult to identify workers

for hearing loss field studies. If workers exposed tO high levels

of noise were found, it would be irresponsible no_ to _ake necessary

actions to provide them with adequate hearing protection. Similarly,

many research institutions are finding it difficult to obtain approval

for hv_n subject research under high noise exposure conditions.

Approprlateness°--Ovsr _he las_ three years, more than

eleven different Federal agencies have funded noise-lnduced hearing

loss and hearing conservation research studies aC an average total funding

level of over $3 million per year. However, very few of the relevant

research studies funded under this category are investigating hearing

loss due to environmental noise exposures and noise-lnduced hearing

related problems of children. Thus, although _here is continuing

interest on _he 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 behavlorel_ soclal_ and performance

effects of no£se is ea extremely broad category_ _%oee effects are

often subtle, complex_ and i=dlreet_ and usually mediated by nonacoustic

factors.
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Severity.--Although the scientific literature contains . .

many potentially important fiudings_ not enough information exists

at this time to allow proper consideration of the severlty of noise

effects. Enough is 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 at least

indirectly from noise, performance decrements due to noise, learning

disabilities attributed to_ or aggravated by noise, and stress-related

psychological responses that may be due in part =o noise. Some

very important questions exist comoerming the way in which individuals

adapt =o and cope with noiset and how the performancey 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 coEnltive skills in children. Some

of the most pervasive effects of noise fall within this category.

These are important questions because =hey pertain _o 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

aoise control program requirements. At present, =here are no criteria

for amy of =he effects that noise may have on behavior and/or performamce.

To the extent that further research enables effects to be quantified

in the form of criteria_ =hey should be included in asaessmemts
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m_de in support of Federal, State and local noise control activities.

For example, definitive information concerning how noise affects

=he acquisition of language and other cognitive skills may necessitate

that special consideration to be given to noise around schools and

residential envlronments I and to the modification of existing co_munelation

interference crlte=ia. Information on behavioral and social problems

associated with specific noise exposure in certain settings would

have a direct application to environmental 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 impor£ant.

Scientific Reccmmendations.--Reeent international scientific

congresses on noise have emphasized both the potential significance

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

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

is in the determination of =he sociological effects of noise in

relation =o 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 =o attack these multivariate

research questions.

Scientific Feasihility.--The complexity and subtleness

of noise effects in this category necessitate the use of sophisticated

and elaborate research designs and de tailed, multivariate techniques

for data analysls. The fact that noise seldom occurs alone in natural
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settings requires thaC an e_fort be made to ensure Chat research

outcomes are attributable to noise. In spite of these difficulties_

a number of behavioral science and sociological methodologies are

available for carrying out a program of research and systematic

replica=ion which could be expected to yield results of use to environ-

mental noise abatement actlvitee.

Approprlateness.--Because of the relative lack of research
\

activity at present_ new studies should be initiated if this important

area is to be investigated =o any signflcant degree. Even the ongoing

task performance research is not directly applicable to the environments

of concern to Federal, State and local envlronmee_al officials.

The relatively small amount of ongoing research on the effects of

noise on children is exploratory 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 l_terference

Severity.--In terms of severity of the problem_ everyday

experience shows that almost all Americans are exposed to noise

at levels sufficient to interfere severely with their activities

a= home (including conversations and listening to TV, radio, or

recorded music)_ in transit, and at their workplace. Interference

with speech communication is more than an annoyance. I= represents

a reduction in efflciency_ and in some circumstances a real threat

to safety resulting from messages being missed or misunderstood.
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Program Needs.--Inves=iga=ion of ¢ommuecia_ion interference

is highl 7 teleran= =o environmental noise program needs because

many of the existing noise regulations are based on well quantified

criteria for speech i_erference. While these ori=eria are adequate

for Federal, Sta_e and local regulatory purposes, they may need

refinement to ensure their suitability in nonsteady-state background

noise ¢ondi=ions and for listeners other than normal hearing_ native

adults.

Scientific Recou_nendatlcns.--There is consensus on

the directions for continued research including: extension of the

generallzahillty of research based on co_unlcation systems to other

situations; increased emphasis on quali=y of communlcaCiom; requirements

for communicatlon in fluctuatin_ noise sltuations_ and the speech

communication requirements of special groups such as the veTy young

and hearlng-impalred listeners.

Scientific Fea@ibilltv.--As one of the older and better

estahllshed disciplines, communication interference is well suited

for further study with the well developed methodologies available.

ApproDrlateness.--Previous research and the work curren=ly

undez-;ay may minimize =he need for priority emphasis, with a few

exceptions. There are a few, well-deflned topical areas not presently

bela_ adequately covered. These include developmsn= of refined

criteria for the effects on special groups such as children, special

affects in teaching and learning ac=ivlties_ and secondary effects
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of disrupted =ormnuncia=ion on safety and =ask performance. Oue

of the major areas of concern relates to the communicative problems

of the hear@rig impaired. Although =here are as many as 29 million

Americans with impaired heariug_ =heir commumica=ive problems are

no= as well understood as they should be.
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3. EPA'S RESL%RCH PLAN IN DETAIL (INTRODUCTION)

3.1 Definition of Loe_-Ran_e Objectives

As an initial s=ep in developing a Research Plan_ it was

necessary to define long-term objectives for each of the categories

of heal=h effects research. This was done in Chapter 2, where long-

term objectives were defined as broadly as possible in the light of

Federal, SCare and local progra_=natin needs, so that if they were fulfilled_

environmental noise abatement progTams would have an adequate "health

and welfare" information base. This information base is needed to

support future actlvitles that will effectively and efficiently minimize

adverse noise in our environment at the lowest cost possible and _ith

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

be used for purposes of reference as general targets.

3.2 Definlcion of Short-Term Ob_ectlves

I= order to make =he Plan operational in the short term

(Fiscal Years 1981-85)_ it is necessary to develop a sen of short-term

research objectives. The short-term research objectives 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 idenclfied long-term objectives.

To date, EPA has sponsored a substantial ._unt of research

during the Fiscal Year 1981-82 period in accordance with this Research

Plan. The present updated version of the Plan will describe the progress

of EPA-sponsored research to date (Fiscal Year 1981)_ will forecast

m
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research results expected through the end of Fiscal Year 1982, and

will outline the specific Research InitlaClves that remain _o he undertaken

in pursuit of _he identified short-term objectives.

3.3 Definition of Research Ieitlaclves

Correspomdlng to each shore-term objective ia the Plan

are one or more Research Initiatives. Each Research Inltlaclve £s

• conceived as a particular lice of inquiry in pursuit of a specific,

identified objective. Research Initiatives should be time-phased)

both because of resource constraints and because of the intent chat

outputs of some InltlaCives will act as prerequisites necessary co

initiate ochers. Further, a given Research Initiative should noc be

thought of as a "project" or "program." !_ _any cases a given Research

Initiative will consis_ of a number of components which are frequently

supported by one or more projects in a tlme-phased manner. Fur=hermore_

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

Table 3-1 con=aims a llac of _hose Research Inlciatives

most important to the support of environmental noise programs_ and

which should be undertaken in the near-term period, i.e._ within the

first five years. The I_iClacives are noc _" "%e present time being

supported with adequate research efforts by other Federal agencies

or research organicatioms. In some cases_ no related research ac all

is being funded•

Table 3-2 identifies ocher important Research !nitiatives_

of a secondary priority, which should be undertaken in the near term

o 3-2m
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TABLE 3-i. PRIORITY RESEARCH INITIATIVES INCLUDED IN THIS PLAN

NONAUDITORY I. Animal e.xperimental studies on the relationship
PHYSIOLOGIC between noise, elevated blood pressure and other

EFFECTS cardiovascular system effects

II. Epldemiolgoic studies on the relationships between
..... - long-term noise exposure and adverse cardiovascular

effects

IIl. Human studies and clinical investigations of cardiovascular

and neuroendocrine responses to noise

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

II. Health consequences of noise-disturbed sleep

Ill. Acoustic parameters related to sleep disturbance

IV. Susceptibility of sensitive populations to sleep
disturbance by noise

V. Adaptation to sleep disturbance by noise

COMMUNITY I. Determination of the maEnitude of cou_unicy and

AND individual response attributable to specific
INDIVIDUAL sources of noise
RESPONSE

II. Determinatlo_ of the relationship between specific
acoustic attributes and =he magnitude of indivldual/group
response to noise

NOISE- I. Determination of the prevalence of NIEL in the United

INDUCED States and the contribution of soclocusis (nonoccupational

H_ING exposure, presbycusis (aging)_ and occupational exposures.
LOSS (NIHL)

If. Establishment o_ p_ameters of individual sensitivity
to NIHL

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

IV. Determination of social and economic impacts and other
consequences of Nz=L

BEHAVIORAL, I. Effects of noise on cognitive and social development
SOCIAL _D

PERFORMANCE If. Behavioral and social adjustment to noise
EFFECTS
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TABLE 3-2

SECONDARY RESEARCH INITIATIVES:
OTHER POTENTIALLY USEFUL RESEARCH INITIATIVES

-- (NOT DISCUSSED IN DETAIL IN THIS PLiN)

NONAUDITORY I. Laboratory and field s=udles o£ other medically

PHYSIOLOGIC - siEnlficant responses =o noise
EFFECTS

II. Descriptive and correlational studies of =he relationship
of noise to health symptome_ complaints and behaviors

IIi. Impact of living or working in hlgh-noise environments

IV. Effects on of noise on physical grow_h_ development
and general health of children

V. Interaction of noise with other stressors and
environmental hazards

COMMUNITY I. Identification and quan=ifioatlon of uonaoous=ic

AND determlnan=s of community and individual response
INDIVIDUAL =o noise

RESPQNSE
II. Determination of susceptible population subgroups

NOISE- I. The effects of voluntary and less aversive noise

INDUCED exposures on the hearing sensitivity of an
HEARING individual
LOSS

BEHAVIORAL I I. The effects of soles on social and behavioral pathology
SOCIAL AND

PER2OR/4ANCE If. Individual differences' _n sensitivity _s noise
E_FECTS

III. The relationship between noise exposure and worker
productivity

IV. The role ul _arloue acoustic and nonacoustic factors

on task performance
V. Interaction of noise with o_her stressors

COMMUNICATIONS I. Criteria for relaxed conversation in different
INTER2ERE_CE environments

_I. Speech in=elliglbili=y fur special groups (e.g.,
the hearlng-impalred)

Ill. Effects of _ime varying noise on speech intelligibility

IV. Communication interference effects in high noise
work and traffic environments

n ........
n
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i_ adequate progress is =o he made in meeting the requlremen=s and

objeo=ives of the priori=y Initiatives. The secondary leitia=ives

should no= he oons=rued as hein E of reduced importance. These Initia=ives

are integral to the national noise control effort. The only reason

they are being presented as secondary priorities is that real limits=ions

in existing research funds require than primary emphasis be placed

in supporting the moan highly prinritized Research Initia=ives, Once

funding of these Research Initiatives is underway_ work should be started

a= once to fund =he broader sen of secondary Research Initia=ives.

The reader should mote that car=sin tradeoffs had to be

made in selecting the prioritized Research Initiatives in each category.

_t was decided that i= would be more reasonable to select a limi=ed

number of Initiatives in order =o assure that:

o The'identified research could be funded even wi=h typical
budget constraints. In general, the cos= of =he
ty_es of'the required biomedical animal_ human

clinical and epidemiologia research projects in this
, Plan are quire high.

o The research results would be available in the tear

term ta provide guidance and refined criteria in
support of Federal, State and local environmen=al
noise control activities.

After the Inztial thrust in cardiovascular research is

completed and detailed results are available, it is assumed that _here

would be a shift in the lead funding role =o the National Institutes

of Health (NI'H)_ and_ therefore_ an expansion of £he proposed research

effor_ in line wi_h the described long-term Noeaudi=ory Physiologic

Effects research objee=ives,
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3.A Concept of Evolution in Research

Underlying the approach taken by EPA in developing =he

Plan is the fact that the research _ategorias for which lon_term ohjec=ives

have been set differ from each other in a= least one importann respect:

the ma=urity of research activi=y in the ca=egory. For long-esZabllshed

ca=egorles, informa=iom is organlzed around well defined and generally

accepted concepts and methodologies. Furthermore, =here is a group

of recognized specialists pursuing more advanced questions such as

=he refinemen= of criteria or the inves=igation of the specific heal=h

risk =o special populations. Other oategorles_ which only recently

have begun Be be recognized _ are still developing conceptually, and

frequen=ly need to involve speeialls=s from unrelated fields organized

in a cress-disciplinary, Biomedical research effor=. In =his case

the problem may not be well enough defined_ the results are less consisteet,

=he me=hodolegical prsblems are greater, and the probability of failure

is hlgher than for research is Bhe more established categories.

For any of the categories of research presented in Chapters

4-9, a logical and scientifically developmental sequence of research

antivi=y can 5e suggested. This sequence is typically followed in

the development ot qusn=ified dose-response rela=ionships, the determination

of heal=h effec'q risk, and ul=im@tely, the development of refined

humam response criteria. These are steps in am 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

topics depends. The kinds of results =hat can reasonably be expected
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TABLE 3-3

.RESEARCH CONTINUUM IN THE DEVELOFMENT A_ND REFINEMENT OF

HEALTH EFFECTS CRITERIA

i, Demoostr_te the existence of an association

2. Demonstrate a baslc cause-effect relationship directly attrlbutable

to noise

3. Investlga_e u_derlylng mechanisms and physieloEic bases of the

effect

4. Improve _he cause-effec_ relationship _hrough the investigation

of intervening fa¢tor_

A. Acoustic factors

B. Nosacoustle factors

5. Establish dose-respanse rela_ionships_ determine risk_ and develop

quantZ_ied hum-_ response criteria

6. Reflne. cri_eria based upon susceptible populations and special

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

on this research develcpmeotal continuum.

__:__ In some areas of research where the health effect is critical,

research may_he undertaken out of sequence. The attempt to develop

c_iteria in the shortest possible time often results in wasteful research,

large funding expendltures, many unanswered questions, and continued

debate over the implications of the results. In introducing _he Research

Plan fo_ each objective, thersfore_ an attempt has been made to place

the current status of research in tha_ category somewhere on this developmental

continuum. For example, while research in the Nolse-lnduced Hearing

Loss and Communiaati== luterferenee categories are relatively highly

developed spocialltles_ research in the Nonauditory Physiologic Effects

category belongs at the ocher end of the spectrum. That is, research

proposed in the category of Noise-lnduced Hearing Loss will lead to

the refinement of criteria, whereas research being proposed in the

category of Nonauditory PhysloloEic. Effects will attempt first =o demonstrate

a basic cause-effect relationship directly related to noise exposure.

Ill the Research Con=inuum Table included in each chap=e=

of this Plan_ the status of research in each ea=egory has been evaluated

as either "Adequate," "Marginal" or "Inadequate." These labels denote

"_equacy with respect to reaching the ultima=u objective of fully refined

criteria for each noise effect category. However, =hose labels do

not reflect a judgment of _dequacy for Federal, State or local regulatory

purposes, although such regulatory analyses employ the best available

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

across the different noise-rela=ed health effects categories.

........ 3.5 -Contents of the Research Plan for Each Cate_or 7

The total Research Plan consists of a separate Plan for

each of the six research categories. A number of Research Initia=ives

are proposed in each category. Each Plan will oonsls= of the items

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

=sward criteria development within each of the research caregorles.

However_ there exist no guarantees on the results of =he specific studies

that should be undertaken. Biomedical research is by nature a continual

learning process. Each step of investiganion at times necessitates

redefinition of new directions. This may involve the replication of

previous studies or the abandonment of certain prajects_ depending

on the results in each stags of the research process.

3.7 Guidance and Monitorio_

A Review Panel/Advlsory Group should be es=ablished to

provide guidance and direction to, and periodic review of the total

research program outlined in this Plan. At present_ EPA coordinates

two Interagency Panels: (i) Federal Noise Effects Research Panel=

i ...........
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TABLE B-4. ITEMS INCLUDED IN I_LE PLAN FOR EACH RESEarCH CATEGORY

I. Rationale for Selectin_ Specific Research Initiatives--For funding
over the Five Year Period.

o What is Known._Status of research in the category.

o What is Not Known.--Research that needs to be conducted .
to fill in important deficiencies in data and improve under-

standing of specific health effects.

o Prioritiss.--For Health Effects research based on public

health and welfare aeeds in support of Federal_ State and
local noise control activiclss.

o Current Research Activitles.--0ngoing research projects

of EPA and other Federal agencies.

o Positio_ on the Research Contlnuum.--Btatus of research

in relation to the development of refined health effects
criteria.

o List of Priority Research lai=iatlves Necessary to Better
Super= Public Health and Welfare Needs.--Idsntification
of specific lines of inquiry for near-term pursuit of category
objectives.

2. Detailed D_scriptions of the Research Inltlatives--Each description
includes:

2.1 Priorlt_ Research Initiatives

o Description and Basic Consideraclons

o Relation =o Other 0n_oin_ Research.--Federal and private.

o _xpected Results.--Hcw the results will be used upon completion
of the Initiative.

o Results to Date.--If EPA has started projects.

2.2 Secondary Research Initiatives--Recommended for support by ocher
agencies and research organizations once the "priority" Initiatives

receive adequate attention.

3. Sequencin_ of the Research !nltiatives.--A specific time. phasi=g
of research is needed because the outputs of some Initiatives
function as prerequisites necessary to initiate others. Sequencing

race.mends=lens will only be made in the Nonauditory Physiologic Effects
Research category due =o the complexity of the proposed research
effort and the fact that only minimal research has been done in
=his area.
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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 in noise effects.

-The Health Effects Research Advisory Group should be supplanted

by a group comprised of representatives from both the academic research

community and from the relevant Federal agencies. The membership of

this group should no= be limited to bioacousticai scientists, but should

be representative of the full array of expertise that would be required

to conduct the interdisciplinary biomedical research Initiatives identified

in the present Plan. At a minimum_ the specialties represented should

include: cardiovascular and stress physiology, cardiovascular medicine,

blos=atis=ics and epidemiology, behavioral science, psychoacoueties,

bioacoustics and physica{ acoustics.

This _oup should review study protocols and interim and

final results_ discuss and propose necessary changes to =he Research

Plan_ and provide a forum for the general discussion of related issues

'-J and problems. The group should function_ =o the extent possible, in

a fashion that is independent of established systems for the technical

monitoring of grants and contracts for the peer review of proposals.

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

well he used by ocher Federal agencies as a forum to provide guidance

and direction in planning their respective research efforts. Thus_

this group has great potential in becoming a national forum for coordinating_

planning, reviewing, and exchanging and disseminating the research

results and plans of the total Federal noise-related health effects
[

......
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research effort.

The Federal research effort would greatly benefit from

joint planning exercises be=wean different agencies and organizations.

The type of research proposed herein is multldisciplinary in nature,

requiring e._pertise in a number of biomedical and bicacouatlcal areas.

The part£alpation of more than one Federal agency in =he proposed research

effort is necessary to insure more effective research design, monitoring

end review, and to provide research outcomes with progra=matia relevance

to more than one agency. Biomedical research is very expensive to

conduct. Where feasible_ costs should be shared iu order to avoid

dupllcatlon and superflcialicy. In order to make slgniflcsnt progress

im a timely fashion, a concerted program of interagency research is

appropriate.

It is recommended that the findings obtained in studlee

described in this Research Plan be presented at scientific meetings

and published in refereed journals. Fur_hermore_ open scien=if_c s_ympoeia

and workshops should be scheduled on a regular basis. These activities

should serve to maximize critical review of the research programs and

also serve =o stimulate =he scientific co.unity.
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A. RESEARCH PLAN FOR NONAUDITORY PHYSIOLOGIC EFFECTS*

A.l Rationale for Selectin_ Specific Research Initiatives

The long-term objective of nonauditory physiologic effects

research is to determine the physiologic effects of noise on bodily

systems and on general health, with special emphasis on hypertension

and other cardiovascular effects.

4.1.I 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 motility, and measurable changes in skin

resistance and muscle potentials have been documented for noise exposures

typical in level to those encountered in the human environment. The

hormonal changes and other effects produced in animals and humans to

noise appear to be similar to those elicited by ether challenging and

demanding influences in the physical and psychological environment.

Laboratory research with redacts has yieldeu a variety

of both transient and enduring morphologic, hormonal an@ metabolic

responses to noise. The generalizability of the results of these studies

is severely restricted due to the proclivity for convulsive behavior

("audiogenic seizures") among rodents and to the fact that the auditory

sensitivities of rodents differ considerably from those of humans.

* For a more detailed discussion of rsgulred cardiovascular research

with complete finding and timing flguresj see "Detailed Cardlovascular

Research Plash" EPA, Sept. 1981.



There is evidence that the fetus can be affected by noise

stimuli2 either directly or through changes induced in the system of

=he mother. Only a very small amount of animal and human work has

been done in-this area, hun there are some preliminary data suggesting

stress-related adverse effects such as alterations in hormonal and

biochemical activity, reduced birth weights, and behavioral and neurological

effects.

The consequences of long-term noise exposure on genera !

health status have been examined in several correlational field studies.

0verall_ these studies have provided a complex pattern of results.

There are data indicating the= chronic noise exposure is associated

with a number of common health problems and complnln=s. Not atypical

of field research, many of =hess studies are subject to criticism on

methodologlcal grounds. The major problem iu this type of research

is determining whether noise per se is the cause of the adverse effects.

By far_ the largest body of research exists on the relation-

ship between Icng-temu noise exposure and hypertension and other cardio-

vascular problems. Approximately 40 cross-sectlonal, retrospective

epidemiologlc studlee have been conducted, mostly in Eastern European

countries. Research in at least ii different nations and in a= leas=

18 different industries suggests increased cardi_ _cular morbidity

as a function of long-tern noise exposure. Hypertension appears to

he the most prevalent concomitant of noise exposure in these studies.

Although it is difficult, for a number of reasons, to adequately evalua=e

=hess studies, the apparent magnitude and consistency of =hess findings

cannot be ignored.
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In addition, two recent studles_ one in the United States

and one im Germany, have reported elevated blood pressure among childrem

living and/or attending school 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 countryl uslmg a more

appropriate animal mode!, the Rhesus monkey, has shown that as little \

as several months exposure to environmental noise levels can produce

significant and sustained elevations in blood pressure of approximately '

30 percent. These observed elevations would he considered hypertensive

in human pauisnts and would be reason for medical concer1_. Furthermore_

ave= a month after the noise was turned off_ the animals' blood pressures

did not return to pre-e.Tposure levels, 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. "J

4.1.2 What is Not Known

Although it is known that so£se acts as a_stressor, it

is Got known with certainty whether prol_.._d exposure results in cumulative

pathology. Whereas the organism is often capable of adapting to noise

at =he csnscious_ behavioral level, elevations in blood pressure and

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

sedical significance of these physiologic effects? Precise cause-effect.:
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relationships need to he drawn between noise and medically significant

physiologic responses such as blood pressure, and between noise and

the so-called stress diseases or diseases of adap=atlom.

Information is lacking on the mechanisms underlying noise

related changes and che extent to which noise operates in a similar

fashion to other het_er understood streseors.

Quantitative data are virtually nonexistent concerning

the role played by the various physical parameters of noise, its level,

frequency spectrum_ temporal pa=tern_and duration. The extent to which

monaeoustic factors, or the context in which the noise occurs, mediate

the stress affects of noise is not known and should also be specified.

This is the type of information necessary to develop quantitative criteria

in support of noise control activities.

Attention should be given to identlfyln E those segments

of the population that might be particularly susceptible to these effects 9

for example, children and _he elderly. Individual differences should

be investigated. Information pertaining to the extent Co which chronic

noise exposures might exacerbate pre-existing health problems such

as hypertension is non available.

4.1.3 Priorities

The most urgent health and welfare research need, in supper=

of Federal, State and local noise con=tel requirements, is to verify

as soon as possible the extent to which a cause-effect relationship

exists between noise and stress-related diseases such as cardiovascular

n
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diaease_ on the grounds tha= the scope of the potentlal public health

problem is great. Noise is probably the most pervasive pollutant in

both the occupa=ional and nonoecupatiocal envlrSnmsnt_ and in recogni=ion

of the potential health problem S special emphasis should be placed

on condue=in g research on =he nonaudi=ory physiologic effects of noise.

Adequate and quantitative health effects'information is the basis of

any type of noise control proEram or activity.

Statistical asaoclaUions have been demonstra=ed between

noise and cardiovascular problems_ but =heir ultimate significance

awaits further_ more sophlstioa=ed resea=ch aimed.at establishing causality.

A combination of animal_ human clinical and epidemiologlcal research

is required. Information must be ob=ained on =he role of various acoustic

and nonacoustic varlables_ and on =he susceptlbility of various sub-

populations to noise-related cardiovascular effects. This type of

information is required in order to develop quantitative dose-respoese

criteria. A-Ithsugh a fairly extensive and cos=ly program of research

is rsquirsd_ the costs of ignorance are potentially very great.

It must be recognized =hat li=tle is known abou= any of

=he possible nonaudltory physiologic effects of nolse_ and than the

heal=h consequences are potentially green for all of =hess effects.

However_ for the following .aasons_ =he reco===endatlon is made to concentrate

primarily on cardiovascular effec=s research (since not all areas can

be researched in dep=h simal=aneously):

(1) Cardiovascular effects are relatively well documented;

(2) Cardiovascular effects research is feasible scientifically;

i

4-5

i



(3) Cardlovascular effects are potentlally linked to a

serious and widespread health problem.

4.1.4 Outran= Research Ac=ivltiee

EPA has had more than four years experience sponsoring

nonaudltory physiologic research. The major EPA effort has been an

inves=igaUion of the _elationship of noise to sustained elevations

in blood pressure using a primate model, This study _s heine conducted

at the University of Miami Medical School. Findings to date have revealed

sustained hl_od pressure elevations as a function of exposure Co environmental •

noise levels. K second program of primate research has recently been

in&=iated at the Johns Hopkins Medical School with support from EPA.

Human experimental research has also been initiated in a second prujec=

at $ohss RopMins. Research on the health effects of chronic sleep

disruption by nolse_ bein S conducted a_ Stanford University Medical

School with support from EPA, should also yield information relevant

to understanding the nonaudltory health effects of noise. EPA has

also sponsored am epldemiology feaslbili=y study co be completed in

1981. This study will lay =he foundation for subsequent research.

It will provide an objective assessment of the foreign epidemlolcgical

llterature t the a_,.i.'sis of key sere of foreign epidemiological daca_

and an evaluation of various epidemiologic approaches,

Since 1980, EPA ham been obcalmlng descriptive dana from

the National Health and Nu=ri=ion Examination Surveys on the qualitative

relationship between health status and indices related to noise exposure

n
n
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(see Chapter 7, Section 7.2.1,I, for =he corresponding Initiative).

Other Federal agencies have funded only a small amount

of related research. The followlng studies represent recent and ongoi=g

efforts:

o In the cardiovascular effects ca_egory_ an e._perlmental

study sponsored by the Veterans Admlnis_ration examined

_he effects of stress-producing_ unpredictable noise

on groups of men displaying the coronary prone personality

type.

o An ongoing NIH/NIEHS project is looking at several

physiologic effects of noise in rodents, such as

terategenlc, hormonal and cardiovascular effects.

o The National Institute of Child Heal_h and Human

Development examined _he effects of high noise levels

caused by aircraft" noise on the physical growth and

development of children.
i

o A study supported by the National Science Foundation

and NIEHS included an investigation of the blood

i pressures of children living near a large airport.

_' o A recently funded NIH/NHLBI cross-sectional epldemiologic

study is addressing the relationship between long-

term industrial noise exposure and elevated blood

pressure.

!

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

provide some data on health s=atus and physiologic
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response as a function of high level noise exposure

in simulated and actual naval environnen=s.

o A NI_/Nl[LBl-sponsored experimental study investigated

- autonomic respsnsivity to various strsssors including

noise in adolescents wi=h eleva=ed blood pressure.

4.1.5 Position on the Research Ccn=inuum

As can be seen in Table A-l, =he present status of research

in the nonauditory physiologic effects _a=egory must be considered

almost wholly inadequate for the development of human risk criteria.

It is only in the cardiovascular effects area that a reasonable amount

of associative data exists.

A.l.6 List of Priority Rssearch Initiatives Necessar 7 to Better
Sup._ort Public _ealth and Wel_are .Needs

.%fret reviewing the status of nonauditory physioloEic effects

research, environmental noise program needs and priorities_ and the

planned research activities of =he relevant Federal agencies_ the following

K.... :oh Initiatives are reco_ended. They are not listed in order

of priority.

L Animal experimental studies on the relationship between
noise_ elevated blood pressure and other cardlcvascular
system effects

If. Epidemiologic studies on the relationships between

long-term noise exposure and adverse cardiovascular
effects

--l_I. Euman studies and clinical investigations of cardio-
vascular and neuroendocrine responses to noise
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TABLE 4-I

POSITION ON TIIE RESEARCH CONTINULrH - NONAUDITORY PHYSIOLOGIC EFFECTS

Research Con=_nuum Current State of Knowledge

Adequate _Mar@inal Inadequate

I. Demonstrate existence of an association X*

2. Demonstrate 5asic cause-effect relationship

• . A. Animals X**

B. Huzrmns X*

3. Investigate physiologic mechanisms X*_
7

4. Investlga=e in_e_¢enin_g- factors. Improve
_¢ause-effec= relaclonsh/p _.'

A. " Acoustic X

B. Nonacoustlc X

5. Quantify dose-response relationship X

6. Refinement and special populations X

* Foreign epidemiological research suggests a sta=_stleal association

be=ween noise and hypertension and other cardiovascular problems.

Be.re e._perlmental prfmace research also shows, adverse effects on che

blood pressure ....

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

I
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4.2 Detailed Descriptions of the Research Inlciatives _

4.2.1 Priori= Z Research Ini=iatlves ............

I. An.lm_l @xperimental studies on the relationship between .
no lsm_ eleyated blood pressure and other cardiovascular

system effects.
\

Description and Basic Conelderations.--The purposes O_

this Initiative are to_' assess under controlled conditions the causal

relationship between noise e.xposure and selected medically significant

physiologic respomsesj particularly elevations in blood pressure; investigate

the associated pathophyslology; and begin =o develop quan=itatlva dose-

response relationships for selected effects.

The nonhuman primate is the animal of choice. Animal research

with an appropriate model would permit: detailed spsclfica_ion of

acoustic parametersp sophisticated and continuous monitoring of physiological

a¢=_vlty, control of extraneous variables, and investigation 0f underlying

mechanisms. There are three components under =his Initiative.

Component L Prelleinar y Investigations and Methodolo_ical Refinements.

Through 1980, =he purpose of the University of Miami project

has been to assess =he feasibility of chronic exposure work using nonhuman

primates_ and to determine whethe_ exposures =o environmental noise

levels produce sustained alterations in blood pressure and heart ra_e.

Having accomplished these gc._-.o,this project has been expamded =e

O
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provide necessary replications of the rather dramatic findings of Ghe

study_ and Go begin Go examine Ghe cardiovascular dynamics involved,

and associaced biochemical changes.

Expected Results.--By the end of Component I, a subsGantial

body of animal data will have been compiled examinlmg the relationship

between oolse exposure and alterations in blood pressure and other

cardiovascular parameters. The physiological and biochemical mechanisms

and processes involved in these effects should be better understood.

Sophisticated and streamlined experimencal paradigms using Ghe most

appropriate primate species should also be available a_ this juncture.

Results. to Date.--Results from Ghe first two sets of animals

showed sustained elevations in blood pressure ranging between 20 Co

30 percent for 6- to 9-month daily exposures co everyday and industrial

noise episodes. The rather significanG findings of sustained blood

pressure elevations that were obtained in the first phase of the University

of Miami s_udy have been replicated in phase II. Detailed stress ....

hormone and blood chemistry daGa will be forthcoming. Phase II_ of

_hls program is underway examining Ghe cardiovascular dynamics of the

nolse-related blood pressure elevations.

A second, independent program of research has been initiated

at _he Johns _opkins University Medical School using baboons. The

purposes of Ghls project are _o provide a systematic replication of

the Miami findings, and go begin Go ievesGigate the role of various

acoustic and eonacouotic factors. Work will also be started om the

interaction of noise with other cardiovascular risk factors.
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Important information should be forthcoming from both of

these studies toward determining the must suitable experlmenCal paradigms,

exposure duration, etc.

..... Component If. Investigations of acoustic and nonacoustic factors.

The second Component of animal experimental studies should

herin Co focus on =he development of quantitative dose-response criteria.

Vez_ detailed work should be done on the relationship between various

acoustic parameters and cardiovascular effects. Examples of parameters

to be studied include noise level, frequency con=eat, duration and

temporal pattern (e.g., intermittency).

This research should also examine the extent to which =he

effects are mediated by various nonacoustic factors. Interest here

is with the context in which =he noise occurs. Variables such as the

"aversiveness" and "controllability" of =he noise should be manipulated.

Expected Results.--These parametric studies will begin

to provide the type of information necessary to derive tentative dose-

response relationships appropriate to the animal models. Data will

be available on how much noise and what kind of noise is associated

with how much effect. Information should also be ob=alned on the extent

to which nonacouscic factors influence =he relationship.

Results to Date.--The Johns Hopkins study dis cussed above

should begin to provide some preliminary data on the role of various

acoustic factors. Subsequent to the replication study, an attempt

should he made to vary the acoustical aspects of =he industrial noise

segment of the 24-hour noise exposure sequence used in the Miami study.
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Component !!!. Investigations of differences in susceptibility.

In =he =hlrd Component of animal experimental s=udies_

attention should be directed to =he de=armlnation of individual dlffersn=es

i= susceptibility =o =he cardiovascular effects of noise. Work should

proceed using various kinds of animals: animals selectively bred for

hyper_enslo=; animals whose systems have been compromised through surgical

intervention, the infusion of hormcnes_ or through pharmacological

means; animals displaying other cardiovascular risk factors; animals

preconditioned to be hyper-reactive to noise and other stressors; and

.older animals, young animals and infauts.

Expect@d Resul=s.--Thls research should at=amp,t to de=ermine

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.

Results to Date.--In =he later stages of the Johns Hopkins

primate study, experiments will be directed at studying =he interaction

of noise with salt intake as well as the interaction of noise with

pre-existing blood pressure level. These studies will begin to investigate

some of =he fa¢tors which have been implicated in the development of

hypertension and cardiovascular disease.

II. Epidemiolo_ic studies on the relationship be=wee=
lone-term noise ex?osure and adverse cardiovascular
effects

Description and Basic Considera=ions.---_le purposes of

these scudles are: =o provide valid epldemiolegi¢ data on =he relationship

of long-term noise exposurs and adverse cardiovascular effects_ particularly
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hypertension; to determine the extent to which a causal relationship

exists between noise and cardiovascular disease; and to obtain data

useful in deriving criteria for detecting the effects of noise on hyper-

tension and cardiovascular disease. There are three components within

this Initiative.

Component I. Retrospective analysis.

The logical fire= step is to demonstrate the existence

of an assoeiatlon by providing a more systemotlc and careful study

of the existing epldemiologic findings. Next_ 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/NBT,B_ epooso=ed epldemiologic study

(see Section 4.1..4) should provide a nest and possible v_lida=ion of

some of the foreign studies which have reported positive associations

between lonE-term noise exposure in =he workplace and various cardiovascular

health problems. Preliminary results should be available prior to

the initiation of the planned small-scale prospective study.

Expected Results.--Work completed under this component

should provide both a systematic replication of existing epldemioi_'z

research and guidance and direction for future noise effects epidemiologic

research.

Results to Date.--EPA has initiated an epidemiology feasibility

study on the eardievasculnr effects _f noise. This study has three

purposes: i) to provide an objective and detailed evaluat£ou of existing
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epldemiologie research on the nonauditory effects of noise; 2) to assess

the applicability of non-noise related research on hypertension, cardio-

vascular disease and stress physiology _o epidemlologic studies of

noise effects; and 3) to discuss and make recommendations regarding

a number of substantive and methodological issues that must be considered

in designing a program of epldemiologlc research on =he nonandltory

health effects of noise. The results of this study should be directly

applicable =o the design of future epldemlologlc studies.

A second study initiated by EPA involves an analysis of

data of the 1971 to 1975 National Health and Nutrition Examination

Survey (KANES). This project takes advantage of a very large data

base which contains extensive health examine=ion and self-report data

on a sample of the Nation's population. The nonaudltory effects portion

of the analysis will focus on modelling =he associations between indirect

indices of noise exposure_ background characteristics and health status,

and hypertension. Indices of noise exposure have been derived from

occupational classifications and industrial codes. Preliminary analyses

from the hearing loss segment of the study (see Section 7.2.1._) hays

borne nut the credibility of the noise exposure classification scheme.

Self-report data on =he history of a variety of medical conditions

will be evaluated as well as the results of the general meu_._l examination.

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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Component If. Prospective analysis.

Phase I - Small scale prosuective stud 7

A relatively small, well-controlled prospective study

should be inftiated subsequent to the completion of the EPA-sponsored

epidemiologlc feasibility study. Although the need for prospective

data is obvious, the exact nature and precise timing of the study should,

in part_ be dependent upon the results of the feasibility study. It

is anticipated that the study would he conducted in a work setting

and involve some 6ype of intervention scenario such as the institution

of a hearing conservation program or other type of noise control measure.

An attempt should be made to control for all the important variables

affeetin E the outcome measures except eolse.

Detailed =else measurements should he 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

e:rposures, both inside and outside the work environment, over a 2A-

hour period. As a minimum, the project should include unbiased multiple

measures of blood pressure, electrocardiograms (perhaps some type of

continuous manitorlng)w assessment of hormonal responses to nolse_

standard blood chemistry_ and hearing acuity. Emphasis may be placed

On those individuals at high risk. Detailed medics: _.is_ories and

noise emposure histories should be obtained, as well as symptom checklists

and demagrephlc, socioeconomic, behavioral and physiologic indicators.

Data should be collected for a period of at least 3 years.
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Expected Resul_s.--The prospective study should provide __

a test of the causal hypothesis linking noise exposure to cardiovascular

health problems.

Phase II - Inclusion of noise as a factor in en_oinb.NIH
cardiovascular research

The small-seals prospective study should be useful

in de=erminin E the extent to which a causal rela=ionshlp exists between

noise and hypertension and ocher cardiovascular problems. If promising

results are ohtained_ an attempt should be made =e include actual noise

exposure as a factor in ongoing and/or planned large-scale NIH longitudinal

cardiovascular research. In association with these studies of cardiovascular

disease_ measurements of noise exposure should be made as well as measurements

of risk factors such as improper diet_ cigarette smoking_ hypertenelon_

.high levels of serum cholesterol, sedentary life style, and diabetes

mellltus. These studfes should contribute grea_l 9 to knowledge concerning

effects of noise in relation to other rfsk factors for cardiovascular

disease. _t is only through such research that the contribution of

noise relative =o other risk factors can be assessed in a sample large

enough for generalization. Such an efforh w_Id contribute to =he

development of valid dose-response criteria.

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

NI_ research should provide a sample large enough for generalization.
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- Compouen= I!l. Inves=igs=ion ,Of special sub-populations .....

Phase I - Blood pressure in children

Tentative data concerning elevations in _Iood pressure

and a falrly-extensive li=erature on cognitive development suggest

=ha= children may coustitu=e a popula=ion susceptlble'to the nomaud&tory

effects of noise. In the biomedical research community there is also

concern about the prevalence of essential hyper=enslom in children

and the predictive value of childhood blood pressure labilities and

elevations. A basic question concerns the relative contributions of

genetic and environmen=al factors to the developmen_ of blood pressure

elevations in children. An initial investigation should be undertaken

to examine the role of noise in one of several ways: l) through an

expansion of =he Fels Research Institute longitudlnal hearing loss

study_ 2) by adding noise exposure measurements to one of the several

ongoing childhood blood pressure studies sponsored by NIH_ or 3) by

including blood pressure-as-a compotes= in planned research on =he

effects of noise on cognitive and language development and school performance.

The NSF/NIEHS-supported noise and children study and the

NIR/NICRHD-funded s_udy on noise and physical development (see Section

4.1.4) are both near conclusion and should provide information for

use in the design of a blood pressu__ _nd children research e_for=.

Exgected Results_--This research should begin to determine

whether young children are particularly susceptible =o the cardiovascular

effects Of noise.
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III. Human studies and clinical inves=i_atlons of cardlovascul@_.
and neuroendocrine responses =o noise

DescripClon and Basic Conslderatlons.--The purposes of

this Ini=ia=ive are =o de=ermine =he effects of noise on blood pressure_

cardiovascular functionj metabolic ac=ivi=y_ and endocrine response

under controlled conditions. In par=icular, =he characteris=ics of

noise-causing cardiovascular and =euroendocrine responses should be

de=ermined as well as =he sharac=eriscics of suhjec=s most susceptible

=o physiological effec=s of noise. Even=ually, i= should be possible

=o iden=ify sources of noise and condi=ions of exposure =o noise mos=

likely =o cause cardiovascular disease and =o iden=ify people a= grea=es=

risk for developing cardiovascular disease whem exposed repea=edly

to noise over loeg periods of rims.

This research should take advan=age of advanced biochemical

assay procedures and "stare of =he arC" physiological recording insnrumsn=a=ion

and =echniques. Hu_n experimental studies offer a much needed complement

=o the planned animal experimen=al and human epidemlologic s=udies.

The human studies permi= =he exercise of =on=rol no= available in epldemiologic

research and anquisi=ion o: =_a on =he organism of in=erest: humans.

Component I. !nvesti_ations of acoustic amd nonacoustic fac=ors.

Sys_ema=ic a=tenCzon should be given =o =he role of acous=ic

factors such as level_ frequency spectrum, and temporal pa==ern. The
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effects of acoustic factors should he assessed by elevations in blood

pressure, blood lipid levels_ and concentrations of hormones that are

associated with altered cardiovascular and metabolic function in human

subjects. These sys=smatlc studies of acoustic factors are essential

=o de=ermine potential for interactions with nonacoustlc factors.

The effects of nonaooustlc factors also should be studied

systematically. Physiological effects of noise appear to be aggravated

by type of the noisej what the noise is associated 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 oontrollability_ avers iveness_ meaning_ familiazity_

contlngeecies, 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.

Cgmponent II. Investigations of differences in susceptibility.

Experiments should be conducted to determine which individuals

are mast susceptible to the effects of noise on cardiovascular and

metabolic function. Not all individuals appear to be equally affected

by noise and some may ,._ be affected at all. However, individuals

with high levels of blood pressure and individuals with labils blood

pressnre may be affected more than others. Individuals with neurogenia

forms of hypertension may be affected mos_ of all. Also_ as some recent

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

effects of noise. Those subjects most susceptible to adverse effects

of noise should be identified in controlled" laboratory experiments

with measurements of physiological responses caused by noise. Those

acoustic and uonacoustlc factors most likely to aggravate the effects

of noise should be introduced systematically to determine which indlvlduals

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

response relations could then be determined wi_h each type of individual

in each experimental sltua_inn. Eventually, studies of susceptible

individuals should be carried ou_ in. long-term prospective studies

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

The NIH/NELBI and VA experlmen_al studies mentioned in

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

Thus their results could contribute to the des.lgn of the research suggested

under this Initiative.

Expected Results for Components ! and II.--

i. Provide data on the time course of response, rate

of recovery_ and adaptation of physlologioal responses

tO noise.

2. .%ssess individual differ_.._-s in these responses.

, 3. Assess the role of various acoustic and nonacoustic

factors in influencing =hess responses.

4. Provide human data to complement and verify the findings

obtained in the prlm_te research.
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Results to Date for Components I and If.--Research has

been initiated at the John Hopkins University Medical School directed

at assessing the relatlosshlp between noise stress and aspects of human

cardiovascular function. The schedule of proposed experiments is designed

to study the effects 0£ the basic properties o£ the noise stimulus,

the pattern of physiological response_ =he pattern of change over time

associated with repetitious stimulation by noise, and =he interaction

of noise with simulated work stress and resting baseline blood pressure.

The firs= =we experiments should involve relatively short exposure

durations, while =he third experiment should be conducted in a residential

laboratory environment. The third experlmnn_ will begin to investigate

differences in susceptibility in that participants will be selected

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

"Type _' behavioral patterns. The results of =hess experiments should

provide initial i_fnrmation pertinent to the purposes of each of =he

human experimental cnmponents, and should provide ¢onslderable guidance

for the design of future studies.

A.2.2 Secondary Researc h _nltlatives

o Nonaudi=ory physi.'-@i¢ effects other =ham cardiovascular
effects

This Research Inltiati__ :_ reco=_mended =n be undertaken

by research organizations once the "priority" Initiatives have received

adequate attention.
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Description and Basic Considerations.--The purposes of

this Initiative ace: to evaluate the state of knowledge with respect

to =he nonauditory physiologic effects of noise other than cardiovascular

effects; to establish research prlori=ies among these effects areas on the

basis of health impact and feasibility; and to outline research plans

in each of these categories.

As discussed in Section A.l.3_ =he initial focus of research

on the nanauditory physiologic effects of noise should be on cardiovascular

system effects. This, however_ does not mean that there are not other

important areas in which research is needed. The areas listed below

represent important topics in terms of public healgh. Exploratory

research has thus far yielded provocative and potentially important

findings in these areas.

If funding constraints dictate that full-scale efforts

in these areas cannot be initiated i==nediately_ prelimina_ I studies

should be initiated in selected areas as soon as possible. The start-

up of this work should not await the completion of all cardiovascular

effects Initiatives.

The program as outlined should begin with a series of literature

reviews and research planning activities. Although it is not possible

to discuss specific research _=mponents in detail, =he following are

some of the priority areas:

o Laboratory and field studies of other medically significant

responses to noise.--Noise, as a nonspeoific physiologic

s=ressor_ is capable of producing a number of responses

in the organism. Although the cardiovascular effects
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have been selected as the initial focus, ocher effects

such as gastrointestinal effects have been reported

and =hess need systematic study. Noise may operate

by increasing susceptibility to a range of stress-

rnla=sd health conditions, and the same stressor (noise)

may produce effects in different organ systems in

different individuals.

o Descriptive and correlational field studies of the

relationship of noise to health symptoms_ complaints

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

studies to verify and extend previously reported

findings of increased stress-related symptomatology,

drug usage_ physician visits, hospital admissions_

etc.

o Determine whether livin_ and/or worki_ in high noise

environments is associated with: (I) difficult prebnanciss,

(2) births with ¢omplications_ (3) low birth weights0

(4j. -_d other reproductive/sexual dysfunctions.--

Based on recent work, initial emphasis might best

he placed on low birth weight and its neurological

and behavioral implications.
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o !nvesti_atlons of the effects of noise on the physical

_owth_ development and seneral health of children.--

Evidence suggests that children may he a susceptible

- population with respect to noise effects.

o Interaction of noise with other s=ressors and environmental

hazards.--Sinee noise seldom occurs by itself_ laboratory

and field s=udies are needed on =he interaction of

noise with other stressors and environmental hazards.

Research should proceed with examination of noise

occurring with other prevalent physical strsssors

such as heat_ crowding_ and =oxen substances. The

interaction of noise with various psychosocial stressors

should also be considered. Primary candidates would

4nelude _ask load and other forms of occupational

and interpersonal stressors. The greatest and most

serious effects of noise may occur in these interactive

situations.

a.3 Sequencln_ of Research Initiatives

The research Initiatives and =heir respective components

should be executed in a logical and coordinated fashion. The research

program as planned is designed =o represent a graduated_ time-phased

effort. Efforts in each of the Ini=iatives should prnceed ocncurrantly_
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and the components within a given Initiatlve should be carried out

in the sequence shown ie Figure 4-i. Some overlap be=wean components

is unavcldable_ but ideally the results of each study should feed imto

the apprcach_amd design of the next study. Figure 4-i portrays the graduated

timins and sequencing for the identified Research Initiatives on the

Nonauditory Physiologic Effects of noise. Each Initiative may take

more or lees time than es tlmated on the Figure_ depending upon the

comprehensiveness of the research deeign_ methodological problems that

may arise, the number of studies under each Initiative, and, of course,

the resultant f_ndings. The resulcs of early research should serve

to estimate the relative contribution chat a particular Inltia=ive

or approach will have on the success of the total program.

The reader should note =ha= as in-depth Detailed Cardiovascular

Research Plan has also been prepared by EPA. The Plan lays out a comprehensi'_.'c

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 research in this

category in pursuit of dose-response criteria should obtain a copy

of the Detailed Plan from LPA.

!
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5. RESEARCH PLAN FOR SLEEP DISTUP_BA-WCE

5.1 Ra=ipnale for Selectin_ S_ecifio Research Initiatives

_The long-term objective for research on sleep disturbance

is to determine and quantify effects of noise on sleep, and i_s implica-

tions for general 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 prolonging of the time initially needed

to fall asleepp awakening once asleep_ and interference with returnin_

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

ways. One is by inducing shifts from deeper to shallower sleep stages,

as measured electrephysiologically.* .Another is by increasing bodily

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

exposure characteristics, awakenings due to noise often become less

frequent. On the ether hand, noise-induced shifts from deeper =o shallower

sleep seem to persist over time. The net effect of chronic 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 (EGG). The
EEG is a visual display ef brain wave patterns that have meaning and

organization.
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People vary grea=ly from each other in their suscep=ibillty

to sleep disturbance by _oise exposure. Individual susceptibility

also varies from time =o time end from situation to eitua=ion. The

degree of familiarlty with a moise is clearly a major de=erminamt of

sleep disturbance_ especially awakening. Other factors_ such as the

meaningfulness of noise intrusions 7 their abruptness of onset_ and

their expected=ess, duration_ and intrusiveness seem to influence the

likelihood of sleep dlsturba=ce. Also I the subject's age_ sex_ amd

state of health are know_ to play a role. For example, susceptibility

to sleep disturbance increases with age from childhood through old

age.

A general relationship between innreasin_ noise e._posurs

levels and increasing likelihood of sleep die=urbance has been established.

Based on empirical evidence t preliminary criteria have been derived

for the probability that someone's sleep will be interrupted or changed

from a deeper to a shallower stage.

About the Effects of Sleep Dis=urbance on Health and

Performance._The overall challenge to sleep researchers is to characterize

the importance and functions of sleep phyeiologi¢ally and psychologically.

Presently_ the bee= indicators of the value of a night's s_eep seem

to he subsequent day=ime task performance_ and degree o _ sleepinese_

a_ measured by objec=ive and subjective tes=e.

These e=atemen=a seem to be true for disturbance by noise

as well as for other disturbannes such as shif=work. While effects _

on performamee and sleepiness are often repor=ed_ more sensitive and

reliable measures are being sought.
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There is evidence in the research literature that the

quantity of sleep is less important than i_s quality as measured by the

regulari=y and organise=ion of sleep depth (EEG) stages. Sleep quality

has been found in some of the research to affect certain eubjective_

physiological and performance measures. Sleep quality is important

in sCudylng noise effects because a repealed noise may continue to

disrupt =he depth of sleep_ even though it ceases to elicit awakening.

Progress has recently been made in studying the correlates of sleep

quality. Research in a number of different contexts is improving metho d-

ologies and instrumentation for studying patterns of sleep_ biochemical

changes and performance capabilities.

While the results of health studies are still inconclueive_

in clinical practice the medical professions have long recognized the

requiremen= for sleep_ peaceful ree=_ and q_ie= in recupera=ion from

illness. This implici_ understanding of =he importance of res=ful

sleep seems to be shared by the public a= large. People clearly feel

a loss of competence and well-being from sleep disruption. The major

subjentive oonsequences of noise-induced sleep disturbance are fatigue,

irritabili=y_ drowsiness, difficulty in work performance, and a diminishing

in overall feeling of well-belmg. According co EPA's Urban Noise Survey,*

of those persons who said they had been bothere,' %v noise in their

neighborhoods, 60 percen= cited sleep dis=urbance as one of the most

eo_=non aud annoying aspects of the problem.

* The Urban Noise Survey, EPA Report 550/9-77-100, August 1977.
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5.1.2 What is Not Known

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

an adequate basis for Federal regulatory purposes_ present criteria are

in need of r@flnement. A difficulty with available information about

noise-induced sleep interference is that much of it is derived from

laboratory rather than field study. I= is possible than some of the

effects of noise on sleep demonstrated under laboratory conditions

may be differemt in familiar residential settings. Fur=her_ it is

important =o learn the degree to which habituation and/or sensitize=ion

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

homes.

Refinement is also necessary to relate noise exposures to

sleep disturbance among different segments of the population. Special

groups than may be more adversely affected imclude the elderly_ shiftworkers:

and the ill. Further_ across all population categories it is important

to understand the influence of such factors as drug consumption, a==itudesj

and expectations related to "good" and "had" sleep.

Another need is to know how noises of different acoustic

characteristics affect sleep. Criteria developed on =he basis of some

major noise sources may have limited applzcability to others. It has

been suggested that response patterns of _eople exposed =o traffic

noise are different from responses Co noise from ocher sources such

as aircraft.

About the Effects of Sleep Disturbance on Health and

Performance.--Research on =he health and performance consequences of

5-4
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sleep disturbaece has only recently gained ground. Many potential measures

of health and performance have no= yet been systematically explored

or applied to sleep questions. Consequently, the ultimate seriousness

of chronic sleep disturhance due to noise has yet to be determined.

5.1.3 Priorities

The major research need is the determination of the effects

of acoustic and nonacoustie variables on sleep quality. To support this

goal, meaningful response measures of sleep disturbance that would

aid in conducting research should be developed. More information is

needed about sleep pa_terns in residential rather than laboratory settings_

and about the incidence of chronic sleep disturbance in the United

States, especially as i_ is attributable to different noise sources.

In this regard_ it is important to characterize noise exposures not

only during =he sleeping hours_ but throughout the day as well. It

is also necessary to determine the degree =o 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 he defined

and quantified_ both in short and long term.

It is necessary to define sleep quality both physiologically

and behaviorally. Furtherj it is '_por=ant =o study physiological and

psychological correlates of sleep disturbance, and to examine any implica-

tions of chronic noise-induced sleep disturbance on general health

and performance. Also, it is necessary to identify any population

subgroups that may be especially susceptible to noise-induced sleep

disturbance and to de=ermine the consequences of this disturhance.
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5,1,4 Current Research Activities

There is only limited Federal research to date on these

particular topics. Over the last five years expenditures by other

Federal agen61es for sleep-related noise studies have totaled only a

little over $350_000_ and have covered only some of the subtopics of

sleep research relevant to noise effects research. Currently, EPA

is undertaking a study of health consequences of chronic sleep disturbance

by noise. '[his study will assess physiologic activities in both field

and laboratory environments. Persons who are chronically exposed to

nlght=ime 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 1980-81 include:

o The National Institute for Child Health and Human Develop-

ment is studying parameters of infants' sleep in the context of the

Sudden Infant Death Syndrome. This work is developing rsspira=orT_

,•J
cardiovascular, and other correlates of infant sleep patterns.

o The Walter Reed Army Medical Center has a continuing

program of research o= disrupted sleep and its health and performance

implications. One current focus is performance measures as related

to sleep quality.

o The National Institute for Mental Health is conducting

a study of levels of arousal in insomniac patients following auditory

stimulation.
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o A set of joint research projcts sponsored by the

Commission of European Cowa_unities (EEC) is yielding valuable information

oe heart rate, performance, and subjective response to sleep disturbance

by noise. T'dese in-the-home studies from the United Kingdom_ =he

Netherlands, France, and West Germany_ are investigating the sleep

disrupting effects of traffic noise levels_ The results may be published

in late 1981 or early 1982.

5.1.5 Position on the Research Continuum

As can he 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 noise, owing to the present inability to

fully define the functional value of sleep_ among ether factors. Currently

there is a great deal of sleep research focusing on respiratory activity I

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

SupporL Public Health and Welfare Needs

A/tar reviewing the sth=us of nolse-induced sleep disturbance

researeh_ environmental noise program needs and priorities, and the

planned research ac"ivities of other Federal agencies, the following
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TABLE 5-I

J

POSITION ON THE RESEARCH CONTINUUM - SLEEP DISTURBANCE

Research Continuum Curren_ Sta_e of Knowledge

Adequace Marginal Inadequate

1 2
I. Demons_rsce existence of an y x

association

2. Demonstrate basic cause-effect

relationship

A. Animals y x

B. Humans y x

3. Investigate physiologic mechanisms y x

4. Investigate intervening factors

Improve cause-effec_ relatlanshlp

A. A¢oustlc y x

B. Nonacoustlc y,x

5. Quanclfy dose-response relationship y x

6. Refi .... nt and special populations y x

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

2The rating "_" refers =o =he status of research on the health and
performance consequence of sleep disturbance.
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priority Research InltiaClves are recommended. They are listed roughly --

in chronological order because each contributes information =o others

in a logical sequence. Note that each Initiative may contain a number

of different studies, but details of each study are not given

at this time.

I. Rela=ionshlp between field and laboratory data on sleep disturbance
by noise

II. Health consequences of noise-disturbed sleep

lli. Acoustic parameters related =s 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

h Relationship between field and laboratory data on sleep

disturbance bv noise

Description and Basic Considerations.--Present criteria

used to quantify sleep disturbance (the probability of shifts in sleep

d=_._ and awakening) are based largely on =he sleep of subjects measured

under laboratory study conditions. There is a need =o relate sleep

as measured in the laboratory to sleep a= home. Further, subjective

sle_ quality as reported by people sleeping at home has never been

fully validated or related to objectlve, sleep measures. This Initiative,

therefore, is designed to improve existing criteria by determining

=he rela=ionshlp of sleep in the laboratory to sleep at home. The
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sleep of persons living in areas of high nighttime noise should be

studied both in their homes and in the laboratory. Noise in =he 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 noise research.

This informs=ion can be used in subsequent Research Initiatives

dealing with the longer term health and performance impact of noise-

disturbed sleep.

Expected Results.--Corrsction factors_ transfer functions

or new criteria are expected which_ when applied to laboratory data_

may be used =o predict the magnitude of noise-related sleep dls=urbance

in the home environment. Such correction factors should permit refinement

of present criteria. Depending on =ha resul=s_ these studies may also

reduce the need for extensive in-the-home research. A valid and reliable

subjective sleep quality measure would aid in this endeavor. Results

from research under the Health Consequences Research Initiative (sea

discussion below) should assist in validating the laboratory-home correc=iom

factor to be derived under the present Initiative.

II. Health oonsequences of noise disturbed sleep

Description and Basic Consideratloes.--This Initiative is

desigued to objectively define and quantify the impact of noise-disturbed

sleep on general health and performance. Although complete information

cannot he gained within a short time, it is antioipated tha_ significant
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accomplishments could be made within a five-year period. This Inltiative

consists of _wo componen=s_ animal and human studies.

Component l--Human studies_

"These studies should inves=iga=e parameters such as medical

reeords_ absen=eeism 9 and biochemlcal 9 physiologic and performance

measures. In regard =o physiologic measures, EPA began in 1981 an

initial study wi=h the Stanford University School of Medicine. The

objec=ives of the study are: (1) to determine by a number of simultaneous

physiological and other measures in the fieldp the effects of noise

om sleep and subsequent daytime funo=ioninE_ and (2) to tee= for recuperation

or improvement i= =hese parameters as a result of quiet_ undisturbed

sleep in the laboratory. Cardlovascula=, respiratory_ electrophysiologlca!j

and other functions will be monitored i= the field t as subjects conduct

their everyday activities (including going =o work and running errands

as usual, and sleeping in their own beds with usual bed partners).

Dana will be collected by means of an S-channel microprocessor small

enough =o be conveniently worn 24-hours-a-day, for a week or more at

a time. Dana on sleep physiology and acoustics will be transmi==ed

by exis=ing =elephone lines in the subjects' homes. Labora=ory portions

of the s=udy will rest daytime performance_ objec=ive sleepiness_ periods

of microsleep_ and migh=tlme sleep physiology in a quiet residen=ial

environment. Because this research involves cardiovascular_ respiratory

and ether physiologic measures moni=ored in the field and lahoratory_

the results of the study will also ¢ontribu=e to Nonaudltory Physiologic

Effects Research Ini=iatlves.
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Component If--Animal studies:

Animal sCudles under well-controlled conditions should be

conducted for the most part, in parallel with the human sCudles component.

Under controlled conditions, animals (primates) should be used to study

the biochemical and electrophyslologlcal parameters related to sleep

dlsturbance, health, and performance. Animal research can answer many

questions which caeno_ be explored directly in humans. Animal noise

exposures and other factors can be precisely controlled, and a broad

raege of hiochemlcal and physiological measures can be studiedy using

invasive techniques if necessary.

Initial research should consist of primate s=udles exploring

physiological parameters and protocols best s_ited =o related human

research.

Expected Results of Compoeents I and II_

I. A preliminary objective deflmlcion and measurement

of the value of sleep for health and performancep and progress in the

ability to measure the deflci_s due to sleep disturbance by noise.

2. Validation of the laboratory-home correction fan=or

co be derived from Initiative I.

3. SiEnlf_cant progress toward quantified relationships

between =else-disturbed sleep and other health and performance measures

to be specified i_ the course of =he research.

Ill. AcouaCi_ parameters related to sleep disturbance

Description and Basic Conslderatlons.--The basic thrust

of this Initiative will be to assess how different =ypes of noise (as

from different noise sources) differentially affect sleep. Exiatlmg
m
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ori=eria are based mainly on responses to aircraft overflights. Their

specific application =o sources suoh as trucks, buses, automobiles,

rapid transit vehicles, railyards, nonstruc=ion 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 Resulns.--A family of sleep disturbance criteria

for different noise characteristics and sources should be derived.

This information will assist in the quantification of the benefits

of specific noise control an=inns, and also sontribute to the Health

Consequences Initiative (II). Correction factors developed from Initiative

I_ assessing differences between home and laboratory studies, may be

applied.

IV. Susceptibility of sensitive populations to sleep disturbance
bY noise

Description and Basic Considerati_nso--Existing studies

and criteria are based mainly on the sleep of young, healthy male students.

Susceptibility to sleep disturbance is known to very with age and other

factors (e.g._ the elderly are highly susceptible to sleep disturbance).

No special criteria exist for these groups a= this time. Under this

Initiati_e_ sleep disturbance for special populations such as the elderly,

mlddle-aged penple_ children, the ill, and =he growing number of nightshif=

workers would be quantified.
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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 agee_ states of heal=h_ occupatio_s_ and lifestyles.

V, Adaptation to sleep dinturbnn=a by noise .,

Description and Baslc Coneidera=inns.--Using both short_"

term (behavioral and elec=roencephalngraphic) as well as ocher measures

(biochemical, health and performance) derived from previous Initiatives_

these studies should determine degrees of adaptation, habituation and/or

sensitization to noise disturbance over time (in terms of years of

chronic exposure).

Expected ResulCs.--Long-=erm objectives of =his !ni=ia=ive

are to derive revised criteria for sleep disturbance and awakening_

and preliminary eri=erla for =he long-term effects of nolse-disturbed

sleep on general health end performance.
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6. RESEARCH PLAN FOR INDIVIDUAL AND COMMUNITY RESPONSE

For purposes of brevity, this category will be referred

to as "coms_%ity response" in this chapter.

6.1 Rationale for Selectin_ Speeifi= Research Initiatives

The long-term objective for research in =his category

is to determine and quantify subjective reactions of individuals

and co_unitles to different noise environments and sources, and

to investigate mediating factors.

6.1.1 What is Known

Information is available about individual and community

response to comm=nly oeeurrlng forms of noise exposure. 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 accounted for under laboratory conditions by a

number of objective physical measurement procedures.

Psychoacoustlc research in the last two decades has

refined the long-known relationship between the fr_ -ncy sensitivity

of human hearing and annoyance judgments. Scales of varying complexity,

some directly readable from simple instrumentation, others requiring

complex computatlenst are commonly used to predict the annoyance

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

6-I
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and duration of sounds, among other factors, are known to influence

annoyance reactions to nolse_ but research has not yielded the anticipated

appllcatlons to the community environment.

.General relationships of overall community response

to noise (the central tendency of large numbers or groups sf individuals)

have been derived and are eou=nonly used for noise assessment purposes.

Virtually no information is available regardlng the objective responses

of different i_dlvlduals (that is, individual variations are generally

"averaged out" in co_nnly used community response measures).

It is also known, howeverp that nonacoustlc fac_ors_

such as attitudes toward Boise sources, or =he particular activities

disturbed (such as i_teTferenee with speech co_=m/nicatlons and disturbance

Of sleep) can affect both individual and community reactions to

sound. Thus_ although many determinants of individual and cma=_unity

annoyance are well understood on a global level_ this general knowledge

will not yet support precise situation-speciflc predictions ef individual

or on.unity response to noise exposure.

The prevalence of annoyance due to noise expssure throughout

America= society is known in eonsiderahle detail. It is known,

for example_ that an=oyance due to noise exposure is not restricted

o_ly to neighborhoods near airports, highwaj and other major noise

sources_ but that exposure to levels typical of many urbae envlronmen_s

also produces widespread annoyance. Noises associated wi_h auKemot_ve

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

of annoylns noise exposure in urban America.

6-2
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Cumulative measures of total outdoor noise levels (for

example_ Ldn _ the Day-Night Sound Level) have been shown to provide

a useful reflee=ien of co,unity reae=ion_ at.least at higher exposure

levels. Thu%, the proportion of a community highly annoyed by noise

exposure can be reliably predicted from objective measures o£ noise

levels. Demographic tatters such as age_ sex, and socioeconomic

status de not appreciably affect the accuracy of such calculations.

6.1.2 Wha= is Not Known

Quantitative information is still lacking on the influences

of a number of factors that may affect individual and community

response to noise exposure. On a_ individual basis, considerable

uncertalnty'rem_ins about the annoyance of specific noise intrusions

superimposed on the ambient noise environment. Other unsettled

issues concer_ the annoyance associated with exposure =o unusual

and unsteady sounds. These include sounds that may vary in level

over tibet sounds of very short guration_ and sounds That occur

infrequently_ intermittently_ or unpredictably. The precise influence

of audible pure tones in the noise_ unusual spectral composltion_

and the presence of impulsiveness is open to question. It is also

not clear how =he immediate annoyer -= of noise intrusions is affac=ed

by the nature of am individual's ongoing ac=ivi_ies at the time

of the noise intrusion. The manner in which people integrate or

cumulate annoyance or other adverse reactlo=e over time, especially

considering differing individual lifestyles and associated exposures,

is no= at all understood.
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On the community level, the effects of noise exposures

at different tines of the day and seasons of the year are not fully

resolvedp nor are the effects of temporary (as opposed =o long term)

exposure, orknumbe:s of discrete noise events. Although existing

criteria are judged adequate for Federal regulatory purposes, a

controversy exists as to differences in annoyance respoese that

may be attributable to specific yet dlfferen= sources of noise such

as cons=ructlon noise_ recreational noise, household noise, and

so forth, as well as reactions that occur in special noise environments

such as in transit_ in corumercial areasj vehicles or work places.

The influence of accompanying nonasoustlc variables

such as people's preconceived attitudes toward or associations with

particular sources of noise are not understood° Questions of annoyance

and stress upon special population groups such as ohildren_ the

elderly_ and the ill, as well as the variability in annoyance response

between indivlduals_ have not been addressed.

"_ In addition_ little is known about annoyance response

to low levels of noise. The variability of individual annoyance

judEmen=s on low level noise cannot yet be accounted for on the

basis of physical (acoustical) parameters of the noise. Yet there

are environmental settings . _ as parks_ and residential, recreational

asd wil_erness areas, where such annoyance certainly exists.

6.i.3 Priorities

Priori=los for national_ State and local noise programs

require than research attention be focused on individual and co=_munity
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response to a variety of special sources of noise exposure, including

construction activi=y_ railroads_ household and consumer products,

mass transit, noise sources in outdoor recreational areas, blast

noise_ and certain forms of air and ground transportation. For

example, more specific criteria for construction sires may be needed

=o support State and local construction site noise abatement programs.

DetermininE the relationship between specific attributes

of noise and =he maghitude of individual or community response will

require further research attentio= for the same prograum_tic reasons.

The specific noise.attributes that should be addressed are noise

with pronounced tonality or unusual spectral composition9 fluctuating

levels, and impulsive components; vibration comccmitant with noise;

noise of varying duration, time of occurrence, and number of discrete

cccurrences_ and noise of voryinE intrusiveness.

The influence of a number of nonacoustic factors on

..... individual and so.unity response also requires more careful study.

These include contextual factors such as the purpose of noise emissions

(e.g., warning signals), she perceived ability to control =he noise

emission exposure, and certain attitudes toward the sources of noise

exposure. The response of certain_ identifiable special population

groups who may be ese..!ally susceptible =o =he noise also deserves

study.

6.I.A Curres= Research Activities

EPA has undertaken a project to design a study protocol

for investigations of community reactions and attitudes toward
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cons=ructlon noise. This project, "The Cone=ruction Slte Noise

Attitudinal Survey," is being undertaken in cooperation with the

U.S. Army Construction Engineering Research Laboratory. _%e protocol

being developed for the administration of construction site attitudinal

surveys will detail the physical noise measurement pro=oeol_ site

selection plans_ attitudinal questionnaires for both residential

and non-residentlal areasp respondent sampling plans_ and equipment

and personnel needs.

An additional EPA study has been undertaken to assess

human response 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 exls=ing analysis me=hods

and sound descriptors to acceptably account for anticipated human

response to the peculiar characteristics of engine brake noise.

.Comparison with existing correction procedures will be made, amd new

predictive techniques or adjustments will be offered where appropriate.

A secondary aim is to gain a mmre 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 $800K per year has been spent by other Federal

agencies in ,....area of individual and community response =o noise

over the last several years. Of the three agencies primarily active

in this category_ NASA leads =he way_ with over eight projects and

more than $400K devoted to such studies. However_ these actlvi=ies

concern mainly aircraft noise. Some of the specific Federal research

ac=ivltles in Fiscal Years 1980-1981 include the following:
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o NASA study of the validity of the i0 dB nighttime

weighting penalty applied to aircraft noise;

6 NBS (National Bureau of Standards) investigation

of the human response to tlme-varying traffic noise;

o A U.S. Air Force study assessing the impact of Air

Force aircraft noise activities;

o A U.S. Army laboratory study on human response

to high energy impulse noise;

o A _%%SA project to determine the most effective

descriptors for multi-event aircraft noise

exposure;

o A NASA study to ascertain the annoyance characteristics

of helicopter noise.

6.1.5 Position on the Research Continuum

A_ indicated in Table 6-i, preliminary criteria exist

for quantifying the relationship between general community annoyance

response and higher level noise exposures. However9 little is known

about the effect of lower level exposurest intervening factors,

and effects on special populations.

6.1.6 List of Priority Research Initiatives Necessary to
Better Support Public Hea'fth and Welfare Needs.

After reviewing the status of couunuuity and individual

response research, environmental noise program needs and priorlties_
i
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TABLE 6-I

POSITION ON THE RESEARCH CONTINUUM - INDIVIDUAL A_ND COMMUNITY RESPONSE

Research Continuum Current State of Knowledge

Adequate Marsinal Inadequate

I. Demonstrate existence of an
association x

2. Demonstrate basic cause-effect

re!ationshi p x

3. lavestlgate response mechanisms x

&. Investigate intervening factors.
Improve cause-effect relationship

A. Acoustic x*

B. Nonacoustic x

5. Quamti_l dose-response relationship _*

6. Refi_emen_ and special populations x

*Although rated as marginal, the only parameter that has been substantially

quantified and is fully usable for noise assessment purposes is that
of perceived amplitude or intensity (level).
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and the planned activities of other Federal aEencies_ the following

major Research Initiatives are recommended as priority research

needs.

"I. Determination of the magnitude of community and

indlv_dual response attributable to specifls source%
of noise

II. Determination of the relationship between s?ecific
acoustic attributes and the magnitude of individual/group

response to noise

In order to better understand the ensuing discussions under each

Initiative and related components, the reader should note the following

factors and assumptions:

I. Each Initiative, and each component themeof, may

contain a number of different studies_ but the details of each study

are not provided at this time.

2. Sequencing of studies according =o priorities may

be necessary because of typical resource constraints heretofore

experienced in this category. However, an assumption of resource

constraints has not influenced =he selection of copies whlch have

been identlfled_ baaed upon the consideration of urgency of need

for the reseach.

3. Regarding the optimum size and balance of research

in this category given assumed funding cnnstraints_ i_ is antlcipa=ed

that emphases would have to be placed in a few select studies or

research areas. Therefnre_ the Components within each Research

Initiative are _rouped in descending order of priority based upon

national urgency of need.

n
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4. No component within any Initiative should be

completed within _he next few years due to assumed resource constraints.

Thus, results may no= yield quantitative relationships suitable

for all conceivable applications.

6.2 Detailed Description of the Research Initiatives

\

6.2.1 Priority Research Initiatives

"l. Determination of =he magnitude o f co==nuni=y and individual

response a=trlbutable =o specific sources of noise.

Description and Basic Considera=ions.--This Initiative

consists of a number of components or topics important to envlronmen=al

noise program needs.

The following topics are deemed to be of highest priority

because of demonstrated, continuing !egislative interest in the

specific noise problems:

a. Ground =ransportatloa noise: The research objectivel

iS to refine currently available criteria for application to specific

vehicular sources and special situations.

b. Railroad and rail facility noise: The research

objective is to formulate criteria directly pertaining to this type

of noise, including yard as well as main llne activities.

The following topics are ranked at the next highest

priority level because of widespread community concern:

a. Construction site noise: The research objective is

to acquirm community response data which will establish a relationship

between noise exposure and the impact on people exposed, taking
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into account _he varying longitudinal 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 in regard to

sonic hooms, artillery fire, and mining blasting.

The remalnln_ priority topics are:

a. Household and consumer products/interior noise:

The research objective is =o formulate quantitative criteria pertaining

to these special _ypes of noises and/or situations of exposure.

b. Mass transit noise: The research objective is

to formulate criteria directly pertaining to this type of noise,

including ¢o_nunity as well as passenger subjective response.

e. 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 noise from the specific source, both alone and in combination

with exposure from ocher sources of noise. Research should be conducted

in each of these areas before determinations can be made on the

relative differences in community response, if anyj between different

sources of noise. Such determlna=ions are of high progrs"_.mtlc

relevance on national, State and local governmental levels. Moreover_

co_sideratlon should he given to =he influence of noise as experienced

6-iI
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by respondents in ocher situational contexts and locations upon

their annoyance as well as ocher evaluative responses.

E.T_.ected Results.--

I. The program will ultimately yield dose-response

type criteria (annoyance and/or other subjective evaluative attributes),

although these criteria may he somewhat limited for many applications.

In the case of construction noise_ the study protocol that is to

be developed will not_ when implemented, have general application

to all aspects of th6 construction noise problem. Further study

should yield criteria directly applicable to construction noise

for which no criteria already exist. The information derived from

thln research could be used to support either national, State or

local noise control proErams where interest in controlling various

sources of noise has been expressed.

If. Determination of the relationship between specific

acoustic attributes and the magnitude of individual/group

response to noise.

Description and Basic Conslderations.--This Initiative

would encsmpass the development of modifications or adjustments

to exlstln 8 descriptors or metrics for rating human response, or

the development of new formulations as necessary. This Initiative

consists of three components.

A. In the first eom?onent human subjective response

to in_uslve noise should be studied. Formulation of a descriptor

or metric that pertains to noise _ha_ intrudes into _he environment

6-12
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for discrete periods of rime (whether minutes, hours, days, or seasons)

has bee= identified as a high programmatic need for noise programs.

Cumulative predictive methods are not entirely adequate in a descriptive

sense to account for this type of noise. This program would, in

the initial years, cossisc of a series of laboratory psychoacoustlc

studies aimed a= scaliog the megnitude of subjective response to

various degrees of "intrusiveness" or detectability of noise over

a background. It would consist of a psychoacouscic laboratory investi-

gation to determine the influence of the subjects' degree of involvement

i_ various foreground tasks on their indlca=ed annoyance by intrusive-

type sounds; chat is, subjective response to either single-event,

short duration, or low-level noise_ where currently employed =uml/latlve

noise descriptors may not fully reflect the effect of the noise.

This is a necessary step before =he development of a quantitative

intrusiveness type .annoyance scale.

B. Other components should be selected later on the

basis of the latest assessment or program requirements. The most

important copies are:

a. Impulsiveeess: The research objective is to derive

a descriptor or adjustment method to better ascertain the adverse

subjective response of people to noise which is characterized by

impulsiveness.

h. Fluctuating noise: The research objective is to

develop a descriptor or adjustment method to ascertain adverse subjective

response of people to noise that fluctuates in character over time.
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c. Diurnal penalties: The research objective is 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 bea_ing on the proposed research identified under Component I.

C. Other potential topics are:

a. Intrusiveness Of low-level noise: The research

objective is to conduct further work to develop criteria pertaining

to low level noise (a problem noted in many areas where background

noise is already low).

b. Tonality: The research objective is to deyelop

a description or adjustment method to .ascertain adverse subjective

response of people to noise which contains perceptible tones.

o. Duration: The research objective is 'to develop

a descriptor or adjustment method to assess the influence of duration

on human subjeetlve response.

d. I_teractlon of Vibration and noise: The research

objective is to determine the contribution to subjective human response

caused by vibration concomitant with noise.

h. _Itiple events: The research objective is to

ascertain the manner in which people perceive and integrate multiple

events over time as reflected in their subjective response.

Expected Results.--

i. The program on intrusive noise should yield crlteria

based on laboratory psychoacoustic studies that will be usable for

limited application. Criteria will relate objectively measured
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intrusiveness of noise to anticipated annoyance reactions. The

need to proceed with additional work in this area depends upon adequacy

of the research findings durin_ the progress of the studles_ and

should he reevaluated periodically.

_. Dependln E upon =he soles=ice of one or more additional

research components under this Initiative, research would yield

addltional_ but preliminary_ adjustment methods or descriptors with

respect to the specific acoustic attributes, discussed abovep that

may influence the exact individual and so_mmunity response to noise.

As each =spin is evaluated, it will he decided whether the related

acoustic parameters are psychoacoustically important and require

speeifioatiom of a quantitative adjustment to the measured noise

level in order to properly account for their influence o= human

response. _e information derived from =his research would be useful

as a basis for regulatory and certification measurement procedures_

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

6.2.5 Secondar 7 Research Initiatives

These are topics not discussed in detail in =his Plan,

but are recommended to be undertaken by research org...i_&=ions once

the more "priority" Initiatives receive adequate attention.

o Identification and quantification )f nu_._ooustic

determinants of communit 7 and individual rsspons%
to noise.
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This Initiative should no$ he directly undertaken now

except as a complimentary component ta Initiative I because (a)

it is more important to acquire information on the acoustic determinants

initially since they will have the mmst direct programmatic appllcatlons_

and (b) it is not experimen=ally desirable to proceed to examine

the nonaeoustlo parameters_ unless the variation typically encountered

in measurin s human response to noise is mlnimized_ to the grea£est

exten_ possihle_ by proper quantification of the acoustic factors.

Components wi=hin =his Initiative include:

a. Influence of con=extual factors and attitudes on

response to noise.

b. Identification of nonverbal reactions to noise.

c. Determination of reactions to warning signals or

other noises with a high degree of meaningfulness.

o Determination of suace?tible popula;isn subgroups.

Criteria for source speciflc environments and acous=ic/nonacous=ic

artribu=es are needed prior to =he refinement of =hose criteria

to acco_n= far especially eensi=ive or susceptible populations.

The research under this Initiative should closely follow the lines

of inquiry established in the Nonauditory Physiologic Effects category

under Initia=ive III, Component II.

6-16
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7, RESEARC_ pLAN FOR NOISE-INDUCED HEARING LOSS

7.1 Rationale for Selectln_ 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 ,Known

The prevalence of hearing loss among workers in industry

has been recognized since the start of =he industrial revolution.

Within the last thrco decades a number of hearing loss studies in

industry and in the laboratory have shown a direct relationship

between hearing loss and the intensity and duration of noise exposure.

Animal studies have shown that as the intensity and duration of

noise exposure increases_ a greater pr_por=ion of the sensory cells

within the _nner ear will be damaged and eventually destroyed.

This will resul_ in a permanent, irreversible loss in hearing sensitivity.

Noise-induced hearing loss (NIHL) increases most rapidly

over the first 10-15 years of noise exposure in =he higher frequencies

of hearing sensitivity. Nolse-lnduced hearing loss can result from

daily noise levels as low as 7_ dB after i0 years of exposure.

Because =he loss in hearing is so gradual, most people do not recognize

the reduction in their hearing sensi=ivi=y un=il it is =oo late.
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Hearing loss often causes a complete chaege in a person's social

and work life. The hearing process is fundamental to the perception

and understanding of speech, and persons with nolse-lnduced hearing

loss have great difficulty understanding speech when there is some

noise in the background.

Industrial hearing loss studies have provided a set

of qua_tltatlve damage risk criteria. Risk refers to the probability

_ha_ a certain percentage of a noise exposed population will suffer

NT_L in excess of a specified value. Specific noise limits have

been proposed for =he purpose of pro_ecting workers' hearing based

on these ori_erla. However, there is a great deal of individual

variatio_ in susceptibility to hearing loss. Industrial studies

have shown a wide variation in hearing levels for worker populations

of che 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 animals. This flndieg

has relevance to the issue of children and NIHL.

Some hoe. i_ Z surveys _n the population have shown

demographic differences in the hearing levels of diffaren_ races_

sexes, cultures and social groape. Certain people in remote areas

of the world, who have ,..: been exposed =o _he din of noise in our

mechanized soclety_ have much be=tar hearing in comparison =o urban

populatlous of corresponding ages. The only factor that is known
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=a increase =he likelihood of a hearing loss besides common factors

such as aging_ disease_ and certain drugs is occupational noise

augmented by envlronmen=al noise exposures. For example, lls=ening

to amplified muslc_ shooting guns_ and motorcycle riding are a few

of the co.on recreational noise exposures known to contribute to

hearing loss. The auditory effects of environmental noise exposures

in translt_ recrentlon and in _he household have no_ been studied

in enough detail to determine their consequences ou hearing.

7.1.2 What is Not Known

Although generally adequate for Federal_ State and

local regulatory purposes_ there remain a number of unanswered

questions concerning the effects of noise on hearing. Most of =he

data concer_ing =he long-term auditory hazards of noise on humans

come from s=udlea of continuous steady-state occupational noise

exposure. There is a lack of definitive informs=ion on the effects

of shorter =era intermittent noise exposures on humans which may

be less harmful =o hearing. Most of =he knowledge concerning impulse

noise comes from sCudles of =he effects of gunfire noise, yet millions

of Americans c" exposed co impulse/impact noise on the job in industrial

settings. Exle=ing criteria may not fully account for time-varying

noise e.Tposures. Neither do these eriterla account for what may

well be ad_itl.. -fleets of concurrent impulse noise and steady

s_ate noise expssure.

Much of the present occupational hearing bass data

base ks contaminated hy nonoccupa=ional noise exposures in the mili=ary,

7-3

n
4
D

I

I



and in transportation and recreational activities. Furthermore)

there is a marked deficiency in our knowledge of the prevalence

of NIHL in the United States_ both inside and outside of the workplace.

Very little is known about the contrlbu=ien of certain environmental

no_se source exposures and patterns of exposure on the population's

hearing sensitivity. These lower level noseccupatlomal noise exposures

should be considered when investigating the effects of occupational

noise.

Although slgnlficant efforts are being made to improve

our understanding of the relationship between noise exposure and

hearing loss in industry, little is known about the effects of varying

degrees of hearing impairment on the social and economic functioning

of the affected individuals. Criteria for hearing handicap have

been developed indirectly from speech discrimination tests which fall

short of adequately simulating lifelike conditions. The relationships

between hearing sensitivity and social functioning need to be more

adequately reseazched. Likewise, very little is known about the

secondary auditory effaces of NIHL such as _inni=us (ringing in

the ear)_ changes in loudness, and discomfort, which are highly

annoying =o hearing impaired persons and seem to accompany most

hearln_ losses due =o noise.

Susceptibility =n noise-induced hearing loss varies

censldsraoly amen E iudlviduals. Little is known about the causative

factors underlylmg these differences in susceptibility. Little

is known about the susceptibility of children to N!EL. F_rthermore)
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current moni=orlng methods do not allow for the identiflca=ion of

parsons susceptible to NIHL. It is often assumed that Temporary

Threshold Shift (TTS) is correlated with sueceptlbili=y to NIHL,

yet this has not been proven in humans. More sensitive tests are

needed to identify the most susceptible persons so that protective

measures 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

dese=iblng whether poor health status, specific disease staten_

0=otoxic drugs, or chemical agents increase predisposition to or

enhance noise induced hearing loss. Further, if a high level noise

exposure is volunta_l and lees avereive to the individual_ there

is little information on whether the net effect on hearing eensiCivity

iS different.

7.1.3 Priorities

In the EPA document published in 1977, "Towards a National

Noise Stra=egy_" EPA identified the important goal of taking all

-_ac=inal steps necessary to eliminate hearing loss as a consequence

of e_posure in the workplace and the general enviconmen=. One area

where more research is needed is the hearing loss caused by nonoc=upatlomal

noise, both alone and in combination wi=h occupational noise. Research

is needed to assess the aonsequenees of both moderate and high level
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nonocoupational noise source exposures on the public and to determine

=he contribution of specific exposures to hearing sensitivity.

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 sad its implications for overall cognitive

development and learning.

Another area needing study is the interrelationships

hetween NIHL and other general health conditions of the public.

Certain health conditions may interact with noise .to produce reduced

hearing sensitivity.

7.1.4 Current 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

NI_IL and Hearing Conservation topics between FY 1978-80 averaged

approximately nearly $6 million. The Depar=ment if Defense and

the Na=ional _nstitute of Neurological and Co_mmunicative Disease

and Stroke aceoun= for about 70 percent of =he spending outlay in

this category, A third contributor is the National Ins=itute _or

Occupational Safety and Health, with a broad mul=i-=opic research

pragram accounting for almost 16 percent of the funding. Only in
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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 NI_L research funded by Federal

agencies.

o Underlying Physiologic Mechanisms of NIHL

Physiologic and biomedical research has been principally

supported by the National Institutes of Health (NIH) at funding

levels of approximately $I million per year. Other agencies such

as the Department of Defense (DOD) have been conducting research

at much lower funding levels. NINCDS, the major sponsor of basic

auditory researeh_ is supporting major microscopic studies ie several

laboratories examining the anatomical, physiologic and biochemical

changes in the inner ears of different animals, and correlative

changes in behavioral auditory capabilities and electrophysiologic

characteristics caused by different durations and levels of noise

e._osu_e.

O Refinement of Crirerla for Intermittent Noise a_d

_mpu Ise Noise

This topic overlaps the previous one to some extant

because the study of NIHL from intermit=an= and impulse noise necessarily

includes the study of the structural, physiologic and biochemical"

changes in the auditory system caused by =hess type of exposures.

The National Institute for Occupational Safety and Health

(NIOSH)_ =he National Institute of Environmental Health Science (NIEHS),

and the Department of Defense (DOD) have assumed lead responsibilities

in filling =he research gaps related to nons=aady-state noise and

developing revised criteria for impulse and intscmi=tent noise.

Both animal studies and field research studies are being sponsored.
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DOD is paying particular attention =o the physiologic

effects of impulse noises from military hardware with a number of

laboratory and field studies. NIOSH has conducted an extensive

literature search coupled with on-sine industrial visits to estimate

the number of American workers exposed to impulse noise. In another

NIOSH field study, the hearing abilities of workers exposed to defined

intermittenny patterns i= the paperworkimg industry are being quantified.

In addition_ the National Institute of Environmental Health Science

(NIEHS) has a multielement long-term program to investigate the

interactions between continuous and impulse noise and vibratiom

using different animal models.

o Establishment of Parameters of Individual gusceptlbilit_

NIOSH research plans specify the study of the interactive

effects Of noise with lead and other pocentlally ototoxic agents.

The U.S. Navy has also beeu particularly interested

in hearing loss susceptibility. In two separate studies, the Navy

has investigated audiomeCrically dichotomous groups ¢o determine

what physical, psychological or behavioral measures might account

for demonstrated differences in susceptibility to hearing loss.

Amother Navy study is developing a high frequency audiometric procedure

to enable early identification of nolse-induced hearing loss. Join=

EPA/U.S. Air Force studies and NZEHS 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.S. Air Force have also been investigating

=he susceptibility of children to NIHL in an ongoing longitudinal

7-8



epldemlologic study. NXEHS has been spomsorlmg studies to determine

the consequences of early noise exposures on animal subjects by

assessing differences in ana=omlcal and physiological damage. This

research is evaluating the notion of "critical periods" in auditory

development when the auditor_ system may be more prone to damage.

o Dgtermlna=ion of Social and Economic Impact of NIKL

The Department of Labor has recently completed a major

literature review study on the technical appropriateness of different

hearing impairment criteria used in workersreompensation assessments.

EPA is currently supporting a small pilot study assessing some of

the soelal and economic problems of hsarlng impaired workers. Studies

by the Army are examining some of the co_msunleatlve problems _nd

auditory rehabilitlve needs of military personnel with NII{L.

7.1.5 Position in the Research Continuum

As depicted in Table 7-I, NIHL research is relatively

well advanced compared to some of =he other research categories

investigating the health effects of noise. From years of research,

a systematic relationship has been developed between steady-state

noise levels, =he duration of exposure, and the resulting hearing

loss. The statistical predictiveness of this relationship has provided

a good basis for Federal occupational noise legislation. However,

research has not yet accounted for wide individual variations in

susceptibility to HI_FL, the effect of noise with varying temporal

pa=ternsj nonacoustic intervening factors_ and the social impact

of NIKL.
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7.1.6 Lis= of Research Initiatives Necessary to Bet=st Support
Public Health and Welfare Needs

After reviewing the s=atus of NIHL research, envlrcnmen=al

noise program needs and priori=ies_ and the planned

research ac=ivlties of other agencies and research organiza=ions,

the following list of Priority Research Ini=ia=ives are recommended

for inclusion in =his Plan. They cover =epics which should be addressed

=o support environmental noise control programs wi=h adequate cri=erla_

but are not currently being directly addressed by ocher groups.

They are:

I. De=er_inatlon of the prevalence of NIIIL in the
Uni=ed States and the cnn=rlbution of soclocusls

(nonoccupational exposure), presbycusis (aglng)_

and oeeupa=ional exposures

lI. Es=abllahment of parameters of individual sensi=ivi=y
Co NI_I

Ill. Refinemen= of criteria for low-level noise exposure

IV. De=ermine=ion of the _oclal and economic impacns

and other consequences of NI-HL

7.2 De_ailed Descrip=ion@ of the Research Initia=ives

7.2.1 Priority Research Initiatives

L De=ermlne the prevalence of NIHL in =he United States

and the c gn=rihution of sociocusis (#nviroemen=al exposure)?

pre@bycusis (a_in_) F and occupational exposures.

Descrip=ion and Basic Consldera=ions.--The objective

of =his Research Initiative is =o isolate NIHL from other hea_ing

loss e=iologles and estimate =he magnitude of =he problem caused

O .........
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TABLE 7-I

POSITION ON TEE KESEARC_ CONTINUUM - NIHL

Research Contimuum Cgrre_t S_ate of Knowledge

.. Adequa=e Mgrsinal ,Inadequate

I. Demomstrate existence of an

association x

2. Demonstrate basic cause-effect

relationship

A. Animals x

B. Humans x

3. Investigate physiologic mechanisms x

$. Investigate intervening factors.

Improve cause-effect relationship

A. Acoustic x

B. Nonacoustic x

5. Quantify dose-response relationship x

6. Refinement and special populations x
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by different noise source envlronmen=s. In the past it has been

difficult to separate the hearing loss caused by age_ biological

fac_ors_ societal factors and occupational noise t and =e predlc=

the hazards of noise in different environments. This research will

assist in describing =he extent and severity of hearing loss due

to different patterns of noise source e.x-posures and the extent of

accompanylmg auditory effects such as communicatio= problems and

tlnnltus.

In Fiscal Years 1980 and 1981_ EPA initiated research

in pursuit of this Initiative using dana from =he 1971-75 National

Health and Nutrition Examlna=ion Surveys (P.4/qES)in =he areas of

audlometric assessmen=_ hearing related problems, medical examinations

and dem_graphl= indices related to noise exposure. The KANES survey

is periodically conducted to obtagm national estimates of the health

status of the population. Cardiovasculer and other health status

information will be included in the analysis supportive of data

requirements in other research categories. (See Nonauditory Physiologic

Effects - Sen=ion 4.2.1.!!.)

Expected Results.--The resulting research will attempt

to (I) describe hearing related problems associated with different

occupational and environmental noise exposures; (2) determine the

prevalencl -F NIIIL in the United States; and (3) develop separate

sets Of curves for presbycusis_ soclccusis and NIHL. Preliminary

findings under this Initiative should be partially completed a=

the end Of Fiscal Year 1982. Additional work should be continued,
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with the aim of applying the results to source-speclflc assessment

programs which would be useful to Federal agencies and State and

local goverumen=s in support of regulatory and consumer information

programs. Rela=ed research should follow up =hese s=udles using

other health dana bases once the EPA projec= is completed. Significant

relationships and resul=s from these studies should =hen be followed

up with detailed epidemic logical and human clinical research.

Results to date.--Preliminary results have shown that

it is quire reasonable =o apply predicted noise levels ranges to

descriptive data on job and occupational categories. The resul=s

show very systems=it relationships between estimated noise exposures

and measured hearing losses.

If. Establis h parameters of individual ssnsi=ivlty to NIHL.

Cemponenq.,l. Relatlqn@hl P be=ween physlclo_ic disease
and hearln_ loss.

De@cr_ptign and basle considerations.--The objec= of

this research is to isolate relevant biologic variables and physiologic

problems which are correlated wi=h auditory difficulties. Certain

T=alth conditions and demographic factors can be analyzed Co determine

whether =hey predispose an individual to NIHL. At the present time t

the HA_NES survey results provide the focus for =his invesclgaclon.

M_e in-depth research plans would be contingent upon the results

of the }lANES data analysis and the results of research being undertaken

by NIH and the U.S. Navy. The Navy is conducting several investigations

is an at=erupt to develop early nests of hearing damage and to iden=ify

susceptible individuals.

n
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Expected Resul=s.--Descriptlve analyses should show

whether there are any associations between certain health conditions,

demographic factors_ diseases and hearing loss. Even=ually_ it

is hoped thac a battery of psycoacoustlc tests can be developed

to identify early auditory signs of NIHL and separate NIHL from

ocher sensorineural etiologies.

Results to Date.--Preliminary results from the PLANES

data reveal that black persons have better hearing then their white

counterparts a= the high frequencies of hearing, and tha= eye color

may be related to hearing level.

Component II. Susceptibility of special populations--children.

While environmental noise may adversely affect people

of all ages, chi!dreu may require special consideration and safeguards.

Research with animal models indicates that younger organisms are

more susoeptlhle to NIHL than are adults. Children may also be

exposed to different sources of noise not currently recognized as

affecting hearing.

From 1976 to 1981_ EPA in cooperation with the U.S.

Air Force has sponsored a longitudinal study at Fels Research Institute

of the Wright State Medical school, to analyze age-related changes

in the auditory sensitivity of children, and to relate these changes

to environmental noise exposures as well as to developmental and

physiologic variables. This infoz-mation is important in order to

de=ermine whether additional controls are necessary to reduce the

noise exposure of children. Hearing level thresholds_ impedance

7-14



audlome=ry_ speech discrimination and blood pressure dara_ =oge=her

with de=ailed information from noise exposure, otological, recreational_

and medical his=aries and 24-hour noise exposure moni=orin g prin=outs

have been ob=ained serially from a group of gouthwes=ern Ohio children.

Approximately 250 children, aged 6-18s par=iclpated in this longitudinal

study.

This research s=udy should be expanded co include more

sophietica=ed examinations of audi=ory and physiologic functioning.

If possible, the subject pop,lotion should be increased to include

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

also be ex=ended im time in order co go=her impor=amt auditory and

demographic da=a for =ha children entering the work force. If =he

children were followed through adul=hood, it would be possible to

determine whether auditory panterns and noise e._pcsures during childhood

can be correla=ed wi=h hearing later in life.

NIEHS is ourren=ly sponsoring research to examine =he

coacep= of critical priads of audi=ory developmen= in young animals.

Follow-up research alon E these lines is needed to ascer=ain =he

suscsptibili=y of very young organisms =o noise-induced hearing

damage.

Expec=ed Resul=s.--Periodlo resul=s would describe:

i. Changes in the hearing sensi=ivity of both children
and teenagers related to specific environmen=al
factors;

2. The oonsequemces of a hearing loss in childhood with
respect to communica=ive and educa=ional problems;

3. Whe=her there are any critical periods where hearing
sensitivity is prone to change;

7-15



A. Whether hearing threshold configure=inns established
during childhood may he correlated with hearing
ability later in life;

5. The effects of developmental and growth changes
on hearing levels.

Results to Date.--Twenty-four hour noise =_ni=oring

results reveal that children are e_osed to average A-welghted noise

levels of 77 to 84 dB. For each sex, auditory thresholds =end to

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

of increasing sex differences in mean thresholds consistent with

=he trend of increasing sex differences in noise exposure (higher

in males). Preliminary analysis show elevations in thresholds for

participants engaged in certain types of noise-related activities.

Component !If. Determine source ex_gsures causing

TTS and assess dehilitacin_ co@eeRuences.

There are many hazardous noise environments outside

of the workplace which can cause temporary reductions in auditory

sensi=ivicy_ on=mealy called TTS (Temporary Threshold Shifts).

The results of TTS experiments have been used in =he past Co predict

permanent reductions in hearing for persons with long-term occupational

noise exposure. However, TTS itself may warrant special consideration

where the reduction in sensitivity interferes with ongning activi=ies.

Specifically, the activities of child=ca should he investigated

where the repeated occurrence of TTS may have deleterious effects

on educe=ion, 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

._ om the basis of TTS. A pile= study on TTS from riding school buses

was funded by EPA _n Fiscal Year 1979.

Expec=ed Results.--The results should be suitable for

incorporation into Federal, Scats and local noise control programs_

and public information materials for parents, the PTA and other

organizations. Resul=s would include:

I. The identification of hazardous noise conditions

particular co the actlvi=ies of children (e.g.
riding school buses_ lis=ening =e music on stereo

headsets);

2. Determination of the amuunt of TTS caused by =hess

common activities Of children;

3. &ssessment of the related consequences on education,

communicationj and performance.

llI. Refinement of criteria for low-level noise exposures.

Description and Basic Considera=ions.--Exlstlng criteria

are extrapolated from the high level noise exposures in industry

=o determine =he related auditory rlsk at lower level noise exposures.

Recent studies have revealed that children, homemakers and many

segments of =he public are exposed to noise levels in environmental

settings capable of causing permanent reductions in auditory sensi=ivity.

There is a need to more accurately estimate the lower limit of steady

scats and fluctuating noise levels capable of causing permanen=

hearing loss and incorporate such findings into comprehensive damage

risk cri=eria.

=
n
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Future KANES data analyses and other data bases (eng.,

large industrial hearing conservation programs) could he used to

determine specific environmental noise source e:cposure patterns

associated with reduced hearing sensitivity. The research effort

planned under this Initiative would isolate and quantify these specific

low-level source exposures in a selected population and determine

the contribution of these source exposure patterns om an individual's

hearing sensitivity. Auditory diagnostic assessments should be

conducted in conjunction with dosimetry measurements and a questionnaire

program in order _o meet the needs of this project.

Expected Result 9 .--The magnitude of the auditory problems

associated with specific low-level environmental source exposures

would be determined. This information would assist in the development

of refined hearing loss criteria.

IV. Determination of social and economic impacts and other
conseRuencee 0_ NIHL.

Description end Basic Conslderations.--Workers compensation

costs for NISL are expected =o increase by approximately $2.5 billion

over the next i0 years_ yet little is known about the adequacy of

current hearing impairment criteria in terms of the real social

and economic impacts. Although recent research activities by EPA,

DOL and DOD have started to shed light on communicative problems

of the Bearing impaired and =he scientific deficiencies of some

of the present hearing impairment criteria, the real cost =o the

hearing impaired individual and the nation remains unknown.
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Research should he undertaken =o comprehensively describe

the full array of problems facing the hearing impaired individual

in everyday situations. Assessments should be made beaween the

configuration_ growth and magnitude of the individual's hearing

loss in relation to hls/her social, emotional, and economic functioning,

both inside and outside of the workplace. Both field and laboratory

studies will be needed under this Initiative to focus in on the

real world hardships caused by NIIIL. Emphasis should he placed

initially on workers with hearing impairment who work in settings

where auditory communication is part of =he workers' responslbilties.

Expected Results.--

i. The development of the most scientifically appropriate
hearing impairment criterion.

2. !nforma=ion on the real cos= of NIRL for use in

balancing the benefits of noise control against
the c_s=s.

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

7.2.2 Secondary Research Initiatives:

The following Research Initiative is recommended to

be undertaken by research organizations once the "priority" Initiatives

have received adequate attention:
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O The effects of voluntary and less avers_ve noise

exposure on the hearln_ sensitivity of an individual.

Prevlous research has shown slzab_e differences is

susceptlhili[y to hearing less. Little is known abou= the effect

of non-acoustic or contextual factors. A series of psycoaaoustlc

experiments might he rue to determine whether voluataz-y exposure

to high noise levels in_ for example, recreational sectlngs has

the same effect on hearin E as listening qo undesirable sound levels

in a work _ype 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 environmental

noise control efforts in their specific auditory research programs.

Many of these prosrams involve long-term biomedical research projects

which should be continued over the next 5-10 years_ in lisa with

the program plans chat have already been established.
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8. RESEARCH PLAN FOR BEKAVIORAL, SOCIAL A_ND PERFOP_MA_NCE EFFECTS

8.i Rationale For Selectln_ Specific Research Initiatives

The long-term objective of research under this category

is to determine the effects of noise on social behavlor_ mental health

and human performance.

8.1. i What is .Known

The behavioral, social and performance effects category

is a very broad category encompassing most aspects of personal and

social adjustment and performance. These effects are often ¢omplex_

subtle and indirect, and the result off complex interactions with nonacoustic

variables.

By a wide margin, the greatest amount of scientific attention

has been devoted to relatively short-term laboratory investigations

(typically exposures of one hour or lees) of the performance of mental

and motor =asks under noise. Unf,-e,,_ately, findings =o date have

beer quite ambiguous and controversial. Although no direct, simple

s_a=ementa are possible_ some rather general conclusions can be drawn.

I= is probably safe to --nclude that few performance decrements

occur under steady state noise when =he level is below 80 to 90 dB.

A number of studies have shown =ha= exposure to unpredictable or aperiodic

intermit=en_ noise may resul_ in more pronounced performance effects_

.......
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even at levels considerably below 80 to 90 dg. Changes in the prevailing

noise level may also have an adverse effect on performance.

................. - " _ Tasks Chat require simple_ repetitive operations are usually

unaffected and sometimes even improved by the presence of noise. On

the ocher hand_ most performance decrements have been found on complex

tasks =hat._require continuous activlty_ prolonged atCention_ or the

accomplishment of =we or more simultaneous tasks. Noise has often

been found to increase the variability of performance_ and to reduce

=he accuracy ra=her than the overall race of performance.

Research has shown thac motivational and personality variables.

can influence =he effects that noise will have on performance. A fairly

recent series of studies demonstrated that although performmnce may

be unaffected during noise exposure, impairments may occur after the

noise stops. It has also been demons=raCed the= providing the individual

with =he perception of control over =he noise resulted in the elimination

of these effects. These findings suggest the importanoe of contextual

and o_her nonanoustic variables in influencing performance under noise.

A small amount of laboratory research suggests that noise

may have an adverse effect on certain aspects of social behavior.

There has been work on =he relationship between noise and social conformity,

aggressioe_ verbal disiuhibitlon, and ai=ruis_ic (helping) behavior.

There is a growing body of evidence which shows the= noise

adversely affec=s the learning and cognitive development of children.

Studies have shown tha= auditory discrimination and reading achievement

ate adversely affected in children attending school or residing in
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high noise environments° Evidence suggests that children may constitute

a particularly susceptlble subgroup with respect to the effsc=s of

noise. These studies represent some of the few attempts to assess

long-term performance effects.

There have been a few other scattered attempts _s assess

the long-term effects ef noise in field settings. There is some evidence

of decreased productivity and increased absenteeism and accidents among

workers exposed to high noise levels on the job. Some correlational

research has also been performed on the relationship between noise

e=rposure and mental hospital admissions_ showing increased admission

rates in high noise environments. Social survey work has revealed

positive associations between the noise levels and various symptoms

of psychological stress and negative effective states.

8.1.2 What Is Not Known

Thus far, no direct cause-effect relationships have been

derived that quantitatively express the effects of noise on performance

or other kinds of _-_-_,ior.

A major stumbling block to progress is _hat there are few,

if any_ direct effects of noise on performance. Under most circumstances,

it is net possible gg .-redic= effects by relying only on information

concerning the physical parameters of the noise. Although we have

acquired some knowledge of =he connection between noise and performance,

the exact relationship is quits complex and often dependent upon many
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elusive nonacoustical parameters such as the demands of the task, intervenis E

factors of the performance sltua=ioe_ and the presence of intrinsic

personality variables. Identiflcation_ description and quantification

of the many nonphysical parameters is clearly required before a concern

with performance as disrupted by noise will become a critical factor

in influencing the nature_ direction and stringency of noise control

programs.

Precise data are needed on the effects of noise on the

oognitive and social development of children. Noise does appear =o

interfere with the aoqulsi=ion of importint language and reading skills.

It is mot kno_ with any certalnty_ the extent to which

heine may adversely affect work performance and social behavior in

real world situations. If people are forced to cope with noise, the

question is what, if any, are the costs incurred as a result of the

extra effort required to function under noise? Are there effects which

occur after the noise is no lomger present? Research is needed to

determine whether existing laboratory findings are generalizable to

natural settings.

Information is lacking on the relationship between noise

and social and behavioral pathology. Methodologically sound studies

in =his area are needed. Very little is know_l about individual differences

in sensitivity to noise. Research is needed to help explain the observed

large variability in individual sensitivity to noise.
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8.1.3 Priorities

Am pointed out prevlously_ there is ample support for the

contention that information on the behavioral effects of noise is of

direct importance to the Federal, State and local noise control effort.

The potsntial adverse behavioral effects of noise are great and include

not only unnecessary disruption of productivity but also accidents

on the job I absenteeism, effects on learning 9 social behavior, and

increased social problems. A= present, quantified dose-response relationships

between noise and adverse behavioral, social and performance effects

are completely lacking. However, there are promisin@ avenues along

which future research should he directed.

Taking into consideration probable resource constralnts9

relatively little research can be adequately carried out in this health

effects ca_s_ory over =he flve-year period. Based on programmatic

needs and other factors9 emphasis should be placed on investigating

the effects of noise on ahildreo and studies of behavioral and social

adjustment to long-term noise exposure.

g,l.4 Currant Research Aotlvities

EPA has not recently sponsored any research in =he 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 Repor=_ overall funding levels may

have declined in this category of research. Moreover_ with _ew exceptions_
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much of the ongoing research does not seem to be directly applicable

to everyday environmental noise proSlems.

Some of the most recent or ongoing research activities

include the following:

o The Department of Defense (DOD) is assessing the

performance effects of noise (and other environmental

streseors) in military situations. Some of the findings

of these studies may be applicable to the quantification

of the effects of noise on the performance of mental

and psychomotor tasks.

o The National Institute of Mental Health (NIMH) has

investigated personal adjustment to urban noise in

a community setting.

o The National Science Foundation (NSF) and the National

Institute of Environmental Health Sciences (NIEHS)

have sponsored a study on the effects of environmental

noise (principally from aircraf=) on children's attentional .

strategies and generalized expectations concerning

personal control.

o The State of California is completing a large study

on the achievement test scores of elementary school

children in schools near freeways.
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8.1.5 Position on the Research Continuum

Prom Table 8-I, it is clear that compared to some of the

other health'_effects research categories, research in _ny facets of

the behavioral category is still in the exploratory phase. With the

exception of laboratory studies of task performance, suspected effects

have bee= identified, hut not sufficiently investigated.

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

I. Effects of noise on cognitive and social development

II. Behavioral and social adjustment to noise

These two topics have been selected for study because they

represent areas in which exploratory research has produced findings

suggesting potentially serious and widespread effects. Evidence exists

which indicates that noise exposure may impede =he acquisition of important

language and reading skills in children. Other research suggests that

having to cope with envlro=mental noise can produce a number of disruptive

effects on social and psychological well-being.
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TABLE 8-1

POSITION ON THE RESEARCH CONTI'NUU_.-- BEHAVIORAL_ SOCIAL. AND PERFORMANCE EFFECTS

Research Continuum Curren_ State of Knowledse

Adequa=e _L_r_inal Inadequate.

i. Demonstrate existence of an assocla_ion X*

2. Demons=rate basic cause-effec= relationship

3. !nves=!gate physiologic mechanisms X

4. Investigate in_ervenlnE factors. Improve
cause-effect relationship

A. Acous _ic X

B. Nonacous tlc X**

5. Quan=ify dose-response relationship X

6. Reflnemen_ and special populations X***

* Task performance s=udies only

** Much research in =his area has es=abl!shed _ha_ nonacoustic factors

have a s=rong influence in most aspects of =his category°

*** Generally inadequate, but research indica=es =hat noise does

in=effete w!=h the acquisition of importan_ language and reading
skills in children.
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8.2 Detailed DescriDtlons of the Research Initiatives

8.2.1 Priority Research Ini_iatiyes

I. Effects of noise eu cognitive and social develo?ment

Description and Basic Couslderations.--A growing literature

exists which indicates =hat environmental noise is associated with

impaired speech discrimination or understanding, reading achievemen=_

problem solving, and task performance in children. This research has

involved infants through young adolescents_ and has dealt with =else

in both home and school environments. Other research exists which

suggests that certain groups of special children may he even more sensitive

to noise than normal children.

The purpose of this Initiative is =o determine the exte=t

to which living or atzendlng school in high noise areas has adverse

effects on cognitive and social development.

Phase l--In the first phase, an appraisal of the existing

data should be carried out, using not only noise studies per se, but

ether relevant studies as well. A fairly extensive literature base

reveals the importance of early environmental stimulation on the development

of both animals and humans. Other research has deal= with the concepts

of selective attention and distraction in ohildren_ particularly with

respect to learnin E and performance in educational settings.
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Phase II--ln the second phase, a lab and/or field study

should be conducted_ incorporating =he following factors in its design:

- . o Socioeconomic characteristics (age, race_ sex)

o School performance (in-class performance_ homework
performance_ standardized tests)

o Social behavior (in home; a= school)

o Acquisition of speech and language

o Performance of selected tasks (psychomotor, cognitive).

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

will be used to finalize the protocol for =he lab and/or field study

in Phase II. The study should yield some of the information necessary

for deriving quantitative dose-response criteria including speech communicati¢._

criteria for children.

The NSF/NIH-NIEHS-sponsored study and the State of California

study of the effects of highway noise on children are both yielding

information suggestfng the importance of research in this area. The

findings from these studies should be available for input i=to the

design of the planned research.

IL Behavioral and social adjustment to noise

Description and Basic Considerations.--Many of the behavioral

effects of noise are comp_ex_ subtle and indirect. Although it is

widely accepted =hat noise has disruptive effects_ little is known

about how people adapt to and cope with noise in their environment.
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Research under this Initiative should assess and quantify some of the

major adverse affects of noise on social and personal adjus_ment_

The emphasis should be om methodologically sound studies

of long-term adaptation to noise. Attempts should be made =o assess

the social and 5ehavloral costs of adaptation and_ where warranted_

to assess the generallzabili_y of laboratory findings to naturally

occurring situations,

In the first phase_ _he literature should be reviewed and

evaluated to I) decermine which areas of behavioral and social adjustment

o_fer the most promise im providing criteria and "2) the specific research

questions that need to he addressed. Research studies should them

be designed and implemented under _he second phase, of this Initiative.

Expected Results._Results of the literature appraisal

can be used to decide which topics should be selected, and in desiEnln_

the specifics of _he research studies planned for the following years.

These studies should provide preliminary da_a on the behavioral and

social costs of long-term noise exposure. These results should also

serve =o validate some previous laboratory findings which indicate

adverse effects of selse exposure on a number of social and in_erp.-=nnal

behaviors. This research should also provide an initial test of the

numerous theories which have explained many of our social ills as being

=he result of-living in environments charac=erlzed by stimulus overl--d:

_olse_ crowdin_ time pressures_ e_c.

The NIM_ sponsored study is yielding some data relevant

to this Initiative. Preliminary results indicate that wide individual
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differences exist in sensitivity to noise. Hopefully_ this study will

identify some of =he variables which explain these differencss_ so

that they may be tasted in the research planned for this Initiative.

8.2.2 Secondary Research Initiatives

These are topics not discussed in detail in this Plan_but

are reco=m2ended 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-publiclzed studies have

reported statistical associations between noise exposure_ mental hospital

admissions and other indices of'mental health problems. A rather sizeable'

social survey literature indicates that noise exposure in the residential

environment is linked to adverse subjective responses and general dissatisfaction

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 availa_ _- which

explains these differemces. Identification of the determinants of

these differences is needed in order to facilitate more valid predictious

of individual and co_uuity response to noise.
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o The relationship between noise exposure and worker productivity

Some existing data suggests that exposure to high noise

levels in the occupational setting may lead to reduced produc=ivi=y_

and increased rates of absenteeism and accidents. Other preliminary

data indicate =hat high workplace exposures may also impair post-work_

family and other interpersonal interactions.

o The role of various acoustic and nonacousti¢ factors on performance

Considerable effort has been Eiven to s_udying _he iffeets

of noise on performancej yet no quantitative performance criteria are

available at present. Precise and systematic research is required

in order =o de=ermine the contribution of important acoustic parame=ers_

=ask and skills characteris=ics_ and selected subject variables to

=he production of performance decrements.

o The in=erection of noise with other s=ressors

In =he typical envlronmen=al situation, noise seldom occurs

alone. Noise acting in combination with other physical and psychosocial

stressors _y interact in a synerEis=ic fashion pro_?,,cing effects much

greater than would he expected from the effects of =he two strnssors

taken separately.
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9. RESEARCH PLAN FOR COMMUNICATION INTERFERENCE

9.1 Rationale for Selectln_ Specific Research Initiatives

The long term EPA objective for research on Communication

Interference is to determine and quanaify the effects of noise on

communication and its developmental_ social and other implications.

9.1.1 What is Known

The ease with which normal-hearing adults can cotmnunicata

wiKh each other face-to-face_ or understand speech over communication

systems such as telephones_ intercoms_ radios_ and the like9 is governed

primarily by the amount and type of background noise present in the

environment. Although individuals can compensate to some degree for

the interference created by masking noise by raising their voices, or

by listening more carefully_ such compensation is often tiring and

unpleasant and, in extreme background noise conditions_ ineffective.

Most research on the adequacy of speech communication

was initially conducted in the context of evaluations of military

communication systems. More recently, this body of knowledge has

been applied =o =he slightly dizzeran= problem of de=erminlng the

effects of environmental noise on face-to-face communication. The

fundamental tools used for assessing the acceptability of speech

communication are procedures for estimating speech intelligibility

in assumed background noise epictra and speech levels. A number of
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efforts have been made to equa=a percentages of words and sentences

correctly understood within fixed contexts using typical speech and

noise characteristics.

EPA has developed and published in =he "Levels Document"*

general purpose criteria relating levels of con=inuous noise to percentage

of sentence intelligibility at specific distances under normal, face-

to-face speaking conditions. One set of criteria exists for indoor

speech interference and one for outdoor speech interference. These

criteria are judged =a be adequate for most Federal_ Sta=e or local

noise control purposes. In additiom, criteria exist for intelligibility

where the speaker has exer=ed greater vocal effort to overcome perceived

background eoisep for cases where the co===unications are perceived

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

9,1.2 What is Not Known

Although the major acoustic determinants of speech interference

are well known_ the assessment of the quality of face-to-face verbal

communise=ion is no= yet a routine matter. Furthermore_ the nonacousti¢

circumstances of the -_---unication situation have not yet been reduced

to a manageable set of standard condi=ions. For exampla_ it is not

yet known at what distances people

* Information on Levels of Environmental Noise Requisi=e =o Protect
Public Health and Welfare with an Adequate Margin of Safety_ U.S.
EPA 550/9-7A-004_ March 1974.
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actually choose or attempt to communicate indoors, outdoors, and in

other special environments (schools, transportation vehicles, public

meeting places, group Eatherings_ etc.).

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

a_fect speech iutelllgibility (such as non-native or inexperienced_

or very young_ old_ or hearlng-impaired speakers or listeners) are not

ye_ useful_y quantified. By the same token_ it is nat yet known how

unusual background noise conditions (such as intermi=tent high level

or time varying noise) affect satisfaction with speech communication.

A/ditional gaps exist in our knowledge of the indirect

effects of co_unlcatlons interference. These include: effects on

education, safety and the quality of everyday social interactions.

There are =umerous anecdotal reports of noise interference in =he

classroom. Likewise_ there are reports of accidents and safety hazards

in a number of different traffic and industrial situations due =o _he

masking of emergency signals. None of these less direct effects of

co_munica=ions in=erference by noise has been quantified.

9. 1.3 Priorities

To pro=ect the public health and welfare from the adverse

effee=s of envir_nmen=al noise, research must now focus on re_imed

criteria which will be helpful im assessing _he e_fects of noise on

special subpopulatione, =he effects of special noise patterns on the

populatiom, and the indirect effects of noise on safety, produc=ivity

and performance.
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From the point of view of environmental noise control

programs, therefore, the most useful specific directions for work

refining criteria are to:

4o Establish criteria for special groups

(elderly_ children_ hearing-lmpaired_ people

speaking English as a second language)

o Ee=abllsh criteria (families of dose-response

curves) for

- relaxed vocal effort indoors

- relaxed vocal effort outdoors

- relaxed vocal effort inside transportation

vehicles

o Establish be=tar criteria for time-varying

noise.

In addi=ion_ the indirect adverse effects of disruption of speech by

noise need =o be be=tar understood. These include the question of

safety, extreme annoyance, disturbance of normal activities such as

domestic life or learning t and effects on social interaction. Of

particular interest_ and already addressed by a Research Initiative

in =he "ouL_avioral, Social and Performance Effects" Plan, is the

determination of the effects of noise on =eaohiog and learnimg activities.

Thus_ i= can he seen that the understanding of co==nunieatien interference

is a necessary aspect of work in some of the other research categories.
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9.1.4 Current Research Aativities

EPA has provided indirect support in this category through

the Fels longitudinal study. (See Noise-lndu=ed Hearing Loss Category_

Section 7.2.1.II.) The speech discrimination abilities of children

with different hearing abilities are heine investigated under different

noise conditions.

Other Federal agencies are much more directly active

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

on various communication interference projects over the last few years.

Three agencies are significantly involved in investigating the effects

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

of the specific research activities include the following:

o The National Institute of Neurological and

Communicative Disorders and Stroke (NINCDS) has

sponsored most of =ha research. Their research

inclades studies of speech perception problems of

childrea and =he hearing-impaired.

o The Veterans Administration has been investigating

the acoustic needs of aphasics (persons with

neurologically damaged language function).

o The National Institute of Environmental Health Sciences

(NIGHS) has sponsored studies of the effects of

9-5
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tlme-varylng noise on communication interference

of people with special hearing problems.

.o le addition, branches of =he Department of Defense

are continually undertaking research studies in

assessing and redesigning speech communication

systems for maxlmu_ communication effectiveness

and the least interference by noise.

9.1.5 Position on the Kesearch Contlnuum

General criteria have bees aehleved_ and work is now

proceeding on refined criteria and factors related to special populations

(See Table 9-i).

9.1.6 List of Research Initiatives Necessar 7 to Better Support
Public Health and Welfare Needs

No Research Initiatives have been prioritized for funding

under this category because of I) assumed budgetary resource constraints

over the next few years and 2) the similar research needs under ether

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

existing communication interference criteria will be carried out under

several of the Initiatives listed i= other research categories. For

example D research will be undertaken under Initiative I of the "Behavioral,

Social and Performance Effects" Plan_ to better understand the effects

of noise on learning. .%s such_ preliminary work should be conducted
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TABLE 9-i

POSITION ON THE RESEARC_ CONTINUUM - COMMUNICATION INTERFERENCE

Current State of Knowied_eResearch Continuum

Adequate Mar _inal Inade quafi_ee

I. Demonstrate existence of an association X

2. Demons=rate basic cause-effect relationship X

3. Investigate physioloEic mechanisms NA

4. Inves=igate intervening factorS. Improve

cause-effect re latianshlp

A. Acoustic (impulse_ intermittent)0 X

B. Nonacoustic (situational factors) X

5. Quantify dose-response relationship X*

6. Refinment and special populations X

* Adequate for nor_l-hearing adults only under ideal listening contexts.

9-7



towards developing speech criteria for children. Likewise, research

will be conducted under Initiative IV of the Noise Induced Hearing

Loss Category to determine the social impact of hearing loss. One

of the grea=es impacts is in the disruption of speech communication.

9.2 Secondary Research Ininia=ives

Listed below are the Secondary Research Initiatives that

are recommended to be undertaken to suppcr_ health and welfare needs

once =he "priority" Initla=iwes in other research categories have

received adequate attention. _f the research in other categories

pertaining to communication interference is successfully completed,

=hen progress will have been made towards meetin E some of the work

requirements under these Secondary Research Inltia=ives.

_. Speech intellihihili=y for sp@clal _roups

Special dose-response criteria are meeded for the elderly,

children_ and the hearing-impaired (both listeners aud speakers) and

for the intelligibility of dialects and speech as spoken by non-native

speakers. Of particular importance is mmre work on the communication

problems of the hearing-impaired in the presence of noise. Of all

the topics listed in these four Initiatives_ this "=epic warrants special

and timely research attention. Research under the "Noise Induced

gearing Loss" and "Sehavloral, Social and Performance Effects" Plans

will contribute to meeting the research needs of this Initiative.

9-8



If. Relaxed conversation in different environments

Under this Initiative are included criteria for relaxed

conversation indoors_ outdoors, and inside transportation sources

(cars, trains, buses, aircraft, etc.).

III. Effect of time-varying noise on speech intelli_bility

The effects of time-varying noise of various types (e.g.,

vehicular passbys, aircraft overflights, and periodic sources) _eed

to be studied in laboratory conditions to develop appropriate criteria.

IV. Communication interference effects in hi_h-noise work
and traffic environments

The objective of this Initiative is =he eventual' quantification

of risk from accidents caused by failure to hear warning signals,

of loss of productivity, and decreeents in performance where auditory

communication is required. As such, the contents of this inieiative

are similar =o and partly covered by =he Initiatives to be pursued

under the "Behavioral, Social, and Performance Effects" Research Plan.
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CKAPTER i0

SUMMARY AND INTEGRATION

"The purpose of this chapter is to pull together information

on the proposed Research Initiatives_ so that the total array of research

ac=ivltles and research milestones can he identified, compared, and

discussed across all of the health effects categories. The chap=or

ends with a short discussion of the interaction of this Pla_ with ongoing

environmental noise activities.

10.1 Re.search Initia=ives iB Which Work is Currently in Progress

Table i0-I displays the Research Initiatives in each research

category =hat have been funded by EPA in Fiscal Year 1981, the firs=

year of the Five Year Research Plan. Some of the related research

activities were initiated in Fiscal Year 1980, and received additional

support in Fiscal Year 1981. Detailed discussions of these Initiatives

are provided in Chapters 4 _o 7.

As shown_ most of the identified research is in the Nonauditory

Physiolcsic Research Effects cateEory; specifically addressing _he

effects of noise on the cardiovascular system. Over 50 percee= of

the EPA noise effects research effort involves cardiovascular related

research. The high degree of EPA effort within this particular research

category is due to the great health implication of such effects, the

small amount of related research to date r and the requirements for

nonduetlnE multidiseiplisary biomedical research. I= should be noted,

m
n
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TABLE i0-i

RESEARCH INITIATIVES RECEIVING EPA SUPPOP_T IN

FISCAL YEARS 1980 - 81

PRIORITY INITIATIVES

NONAUDITORY PHYSIOLOGIC EFFECTS
A

I Animal _xp.erlmental studies on the rela_iDn-
ship he_;een noise, elevated blood pressure
and other cardiovascular effects.

Componen_ [ - Preliminary investigations

and methodological refine-
_ents

Component II- !nvestlga_ion of acous=ic and
nomacoustlc factors

II Epldemlolsgic s_udies on _he rela_!onshlp

between long term noise exposure and adverse
cardiovascular effects.

Componen_ I - Ke_rospectlve Analysis

III H,,_ s_udles and clinical Investi_atlons
of cardiovascular and neuroendocrine

responses to noise.

Component If- Investigation of differences

in susceptibility

SLEEP DISTUR3ANCE
B

II Health consquences of noise-dis=urbed sleep.

B INDIVIDUAL _ COMMUNITY F,ESPONSE.

I Determination of magnitude of community

and individual response attributable to
specific sources of noise.

Componen_ I - Construction Noise
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TABLE i0-I

RESEARCH INITT-._TIVES RECEIVING EPA SUPPORT IN

FISCAL YEARS 1980- 81

(CONTINUATION)

PRIORII"{ INITIATIVES

C NOISE-INDUCED HF-_dKINGLOSS

I Determine the prevalence of NIICL in the
U.S. and the contribution of sociocusis

(non-occupations N_HL), presbycusis
(aging) and occupational hearing loss.

II Establish parameters of individual
sensitlvit F _o NIHL.

Componen= I - Susceptibility of special
populations - children
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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

=he extent to which a basle cause-effect relationship exists between

noise and cardiovascular problems, as well as to develop dose-response

criteria for regulatory purposes.

The reader should note that m_ny of the specific Research

Initiative components implemented by EPA in Fiscal Year 1981 were designed

to be =he first steps in a series of animal and human clinical studies

and epidemiologic investigations in pursuit of criteria development.

Standing alone, the results of individual research projects/components

will notj for the most part, yield =he type of definitive information

needed to support noise control actions unless substantial research

is undertaken in line with =he conceptual framework established in the

"Research Continuum" (see Chapter 3_ Section 3.4). The identified Research

Ini=iatlves should be undertaken in a comprehensive and coordinated

research effort.

10.2 !tie,rated Schedule of Expected Results

The successful execution and management of =he Plan requires,

among other things _ monitoring =he progress of the various activities

undertaken during the Plan period. An importan. _pect of this task

involves knowing when to expect the results from a particular Iniaiative

or component_ and knewiog what the results of each Initiative are expected

to reveal. This is particularly important since results from completed

Initiatives or components will he used in the design and specification
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of others. A high degree of i=terdependenee exists_ making the careful

sequencing and timing of the Initiative within each melee-related health

effects category Of critical importance.

-An overview of the anticipated schedule of expected 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 19821 and

describes the results e.xpecned with the successful completion of each

Initiative. Similarly_ Table i0-3 provides a short description of

the results expected after the successful completion of work under

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 oommittment

of resources of interested Federal agencies, etc. The results of these

completed Initiatives would then he available for Federal, State_ or

ibcal noise program application and for determiuiag =he direction of

future research activities.

,J

10.3 Interaction of P?oposed Research with On_oin_ Noise Control

Activitie _

The foundation of success := _ontrollinE environmental

noise is dependent upon an adequate health and welfare informs=ion

base. Noise control actions at the Federal_ State and local governmenbal

levels as well as individual efforts umd_J'%ken by the private sector

and the puhlic_ are founded on _he same underlyin_ need: to improve

the quality of =he noise environmeat and protect the public health

and welfare. Federal, State and local officials and the public must
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TABLE 10-2

INTEGRATED SCHEDULE OF EXPECTED RESULTS

BY THE END OF FISCAL YEAR 1982

END OF

FISCALYE.%/% 1982

Research In/tlatives Results

NONAUDZTORY PHYSIOLOGIC EFFECTS

Animal Experimental Studies Expansion and refinement of findings
o Preliminary Investigations showing a relationship between noise

and Methodological Eefine- exposure and alterations in blood
me,Ks pressure and other cardiovascular

parameters.

Ep_demioloEic Studies
s _ecrospec_ive Analysis Syst_m-_ic analysis of foreign and

UoS. epldemlologle research on the
cardiovascular effects of noise.

Reco_endations forthcoming _or a

prosram of epidemlologic research.

_uman Clinical Studies _mitdal study of human component
o Acoustic and Nonacoustlc seEmen_ completed. Initial assess-

Factors ment of the relationship between

noise stress and aspects of cardio-
vascular function in human subjects.

SLEEP DISTURBANCE

Health Consequences of Noise Initial phase of research csmpleted,
Disturbed Sleep resulting in the identification of

s Human Studies health and perfermanee measures
offering the greatest promise in

portraying the consequences of
disturbed sleep. The resulting
measures are to be used in =he next

series of investigations.
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TABLE 10-2

INTEGRATED SCEEDULE OF F/fPECTED RESULTS

• BY TEE END OF FISCAL YEA/% 1982

(CONTINUATION)

_ND OF

FISCAL YEAR 1982

COMMUNITY AND I_NDIVIDUAL RESPONSE Results

Speeific Saurees of Noise Completion of the test plan for
o Construction Noise construction site a==itudinal and

physical noise measuremen_ surveys
in both residential and non-

r eslde_tial areas.

NOISE-INDUCED HEARING LOSS

?arame=ers of Individual Pre1_m_ary results describing

Sens!=ivity changes in =he hearing sensitivity

o Children of children and teenagers rela=ed

to specific e_.viro_men_al factors.

Prevalence of NIHLin the Preliminary results describing

U.S. hearinE-related problems in the
U.S. assooia=ed wi_h different

ocsapa_ional and environmental

noise _xposures.
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TABLE 10-3

INTEGRATED SCHEDULE OF E_XPECTED RESULTS ._TER
RESEARCH INITIATIVES ARE COMPLETED

(WITHIN APPR0XLMATELY FIVE-YEAR TIME FRAME)

Research Initiatives Results

NONAUDITORY PHYSIOLOGIC EFFECTS

Animal Studies Interim results available providin E

basic info,--ma=ion necessary =o derive
ten=atlve dose-response criteria.

Epidemlologic Studies
o Prosper=lye Analysis Interim results available from small

scale prosper=lye scudy providing a tee=
of the causal-relationship be=wean noise

and hypertension_ conCrollinE for major
confounding variables.

o Special Populations -
Blood Pressure in Children Interim results available concerning

the extent to which environmental noise

con=ributes to childhood blood pressure
elevations.

Human S=udles and Clinical

Investigations
o Acouetie/Nonaccustic Results available demcnstratln g

=he ex=ent to which specific acoustic
and eonacoustic factors al=er

cardiovascular system response.

o Suscep=ibilicy Results available examining the
Differences suaoeptlbili=y of selected sub-

populations.

Other Nonauditory ."-,sioloEic
Effects

o Selected Studies Preliminary results available from
several of the most important non-

auditory physiologic effects topics
(o=her than cardiovascular.)
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T._BLE 10-3

XNTEGRA.TED SCHEDULE OF F_XPECTED RESULTS .4_rER

P_ESEARCE INITIATIVES ARE COMPLETED

(WITHIN APPROXI24ATELY FIVE-YEAR TIME FRA_ME)

(CONTINUATION)

SLEEP DISTURBA_;CE

Relationship Between Field and Refined criteria available to pro-

Laboratory Data dlet the magnitude of noise-related

sleepdisturbancein thehome
environment.

Health Consequences for Interim results available to

Nolse-Disturbe_ Sleep objectively define and quantify,

in a preliminary manner, the impact

of nolse-disturbed sleep on

general health and performance.

Acoustic Parameters • Interim results available providing

Related to Sleep a family of sleep disturbance
criteria for different noise charac-

teris=ics and sourges.

com,_m_ _S_ONS_ ..

Specific Sources of Noise Interim results available. Dose-

response criteria of limi=ed applica-

tion for two specific noise sources

and e._posura condielons selec=ad on
the basis of environmental noise

program raqulrements.

Specific Acoustic At=ribueas Interim results available, Prelimi-

nary adjus=men_ methods or predictors

for two specific acoustic a=tributes
selected on the basis of environmental

program requirements.

NOISE-INDUCED .REARING LOSS

Determine the Prevalence of Separate sets of curves available describing

NI_L in the U.S. _agn±tude of hearing related

problems in the U,S. associated wlthocnupa_on.
noise, presbycusls (aging), and socio-

ousls (environmental noise).

Parame=ers of l=dividual Interim results available providing

i Sensitivity a description of the changes in hearing

) o Suseeptahility Of sensitivity of children related to specific
Children noise _osures and the determination of

related communication consequences.
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TABLE 10-3

INTEGRATED SCHEDULE OF EXPECTED P_ESULTS AFTER

RESEA-KCH _[NITIATIVES ARE COMPLETED

(WIIqqZN APPROXIMATELY FIVE-YEAK TLME FRAMe)

o TTS and Children Determination of source _xposures

eauslng TTS in children and the interim

assessment of debilitating consequences.

Refinement of Low Level Noise Interim results available providing

Cri_erla refined hearing loss criteria for

low-level noise exposures which

describe the _aEnitude of auditory

problems associated with environmental

and occupational noise.

Social Impact of Hearing Initial quantification of some of the
Loss problems facing the hearing impaired

in everyday situations. Determination

of most appropriate study designs for

more comprehensive assessments.

BEHAVIORAL, SOCIAL AND PERFORMANCE

Cognitive and Social Interim results available iDthe de_ermina'_-o_

Development of the _x_ent to which living 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.

Behavioral and Social Preliminary results available assess-

AdJus_.._ ing and quantifying some of the
adverse effec=s of noise on social

behavior and performance.
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be adequately informed of =he health consequences of noise in order

to secure a healthy noise environment in a cost-efficient manner.

The Research Plan discussed heretofore represents a balanced

approach_ with objectives to both (a) refine existing health effects

criteria and expand the health effects data baser and (b) perform integral

research that is necessary te develop new criteria that =my he of more

direct importance to human health. For example_ the Research Initiatives

in the highest prioritized category_ Nonauditory Physiologic Effectsj

may very well yield information describing much more serious noise-

related health problems than are currently assumed. EPA recognizes

that signiflcan= gaps exist in our unders=andfng 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 presenned in the

Research Plan are undertaken_ it is expected thac the findings will

increase our understanding of =he health effects of noise and enhance

our ability =o properly ascribe health benefits to noise control actions

taken at the Federal_ State and local levels of government, l'ne result

will be a more healthy and livable environment achieved in a cost efficient

manner. Morsover_ the present Research Plan should ultimately produce

results_ particularly in the category of Nonauditory Physiologic Effects l

which may refocus and redirect Federal, State and local noise control

efforts. The first steps of noise effects research should be undertaken
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if the answers to ou=standlng noise-related health effects questioms

are to be forthcomlmg. Research must precede application, especially

in the complex health effects area, which have previously only received

scattered scientific attentiou.

A comprehensive Research Plan with well defined objectives

is the first and most important part of =he research process. It is

hoped that other agencies and organizations will use this Plan as a

source of guidance in developing =heir own respective research plans.

A more integrated Federal research planning process will maximize =he

chances for meeting the goals and objectives set forth in this Plan.
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