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EXECUTIVE SUMMARY

This report describes =he federally sponsored research effort on the
effects of noise on public health and welfare for the recent three-year
period. Fiscal Years 1978-80, It updates surveys made for two previous
three-year periods: FY 1973-75 and FY 1975-77. In the present report,
general noise-related health effects research funding trends may be reliably

identified by federal agency and research category. Three-year research
funding averages are used to make data comparable with that of the two
previous reports and assess overall funding trends. The extent to which
previous reco_emdatlons for research have been implemented may also be
assessed.

Overall Fundln8

t_ The rate of increase of overall noise research funding has slowed.
Funding in FY 1978 was actually below FY 1976 and 1977 levels, but has

since in¢;eased to a new high of $7.9 million in 1980, the most recent
reporting year.

Overall funding increased only 15.0 percent in current dollars, from
a three-year average of $5.8 million per year in the FY 1975-77 period to
$6.7 million in the FY 1978-80 period. Thus, after dlscoun_ing for inflation.
there has been little or no real recent increase in overall funding. In the

_two previous three-year periods, overall fundlng increased about 45 percent,

." from a three-year average of $4.0 million to approximately $5.8 million.

;i Fundln_ by Cateao _

['! As shown in Figure E-l, Noise-Induced Hearing Loss end Hearing Conservation

_! has remained the largest single category of research, averaging $3.1 million
!_ annually over the last three years. This amounts to approximately 46 percent

of the to_al federal noisa-relaeed health effects research budget. This com-

pares with a similar annual average of $3.1 million for the FY 1975-77 period.
Over 50 percent of the fundln8 in this category is being spent investlgatlns

i, the mechanisms of hearing loss, conducting studies in support of new hearing

_s loss criteria for impulse noise and iatermltten_ noise, and developing more
effective hearing conservation methods.

t_-,_J

ill



The next larsest categories, ars Noise Environment Determination and

ExposuIe Characterization and Individual and Community Response, averaging

nearly $1.5 million and slightly less than $I milllon, respectively.

Individual and Community Response has tripled and Noise Environment Deter-

mination and Exposure Charactarlzati0n has quadrupled since the FY 1975-77

period. To some extent, _hese increases have been influenced by the

more comprehensive and extensive data collection effort undertaken in this

report.

Nonaudltory Physiologic Response research has increased significantly

hut remains at the relatively low average annual level of $228,000.

Behavioral, Social, and Performance Effects funding has declined ton

three-year average of $26[,300 per year.

Funding of research on Effects of Noise on Sleep and on Effects of

Noise on Domestic Animals and Wildlife was small and has gotten smaller

($30_000 per year and 0. respectlvely.)

The other categories have remained more or less stable.
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Funding by Agency

As seen in Figure E-2_ by a wider margin than everp the Department of
Defense contlnues to be the leading sponsor, averaging 45 pereeet of to_al
funding over the last three years, DOD funds are largely ¢onceetrated in
the Noise-Induced HeariDg Loss and Hearing Conselvatlon and Noise Environment
'DetermlnatioD add _xposure Chafer=eliza=ion categories.

In second place_ the Department of Health and Human Services programs
have averaged $I,7 million per year over the last three years, a decline of

19 percent compared to the previous three-year period. This decline is
predominately due to a significant decrease in the research funding levels

of the National Institute of Neurological and Communicative Diseases and
Stroke of the National Instltu=es of Health t although there has been a
noticeable increase in research funding by the National Institute for

! Occupatlonal Safety and Health.

FL_rl _-2, DZST_I_UTZOK O¢" _._C aY AGE_."y
IAversEe Annui_ _ln_i.*uras, Fr 197_-_O)

(Per=tnta_aJl
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HEW) 24.9 / /_.l_'_8ept. of T an,per=solon

t
'_ Environ:.n_al ProtectLon

i Agency

/, _ept. f.

_ii, __ __c_Uat_' Aero._utlcl and

:i Ad,_t...-.istra_lon
_t
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_: Other leading agencies include NASA ($579,000) and EPA ($450,000) Of
these, the EPA program has increased significantly since the F¥ 1975-77 period

(76 percent) while the programs of NASA have declined (19 percent).©
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Implementation of the 1978 Panel's Recommendations

Based on comparison of three-year averages, overall funding (in current

dollars) has increased only about 15 percent instead of the 40 percent recom-
mended by the Second Federal Intsragency Noise Effects Research Panel.

Funding increased in the highest prioKity category identified by the
Panel, Honauditory Physiologic Reaponse_ by 40 percent, increasing
its share from 2.0 percent to 3.4 percent of total fundin E. However, this
is still a small share of total funding.

The other two priority categories identified by =he 1978 Panel were
Effects of Noise on Sleep and Community or Collective Response. While the

latter category (sow Individual and Communitg Response) has received increased
emphasis, funding on sleep research has declined still further, averaging
only 0.4 percent of total funding over the last few years.

The Panel also identified selected topics within all categories needing
additional emphasis. Chapter IV describes in detail the work undertaken
during the past three _ears in response to these needs. However, the adequacy

of this research has not been evaluated in this report.

Coqtinuin_ Research Needs

Both the 1975 and 1978 Panel recommendations and other more recent reeom-

mendations by groups of scientific experts reflect a longstanding consensus
on areas of research needing more emphauis. _en =his pattern is compared
to the largely static pattern of actual federal funding by the various agencies,
it is clear that the overall recommendations have not been implemented in
the highest priority categories. Although each federal agency _ust neces-
sarily base its research on needs consonant with its particular mission, mere

attention must be placed on improved coordination and planning of research.
This will maximise the opportunties for increasing emphasis on the rece_xmended

categories. It will also make it more possible to respond to potentially
very serious health and welfare research issues with a well planned program.
Positive step_ along these lines that have been taken in the past three years
include the development of a Five-Year Health Plan for EPA-spcnsored research

and the start of a number of jointly funded research projects. This report
provides needed information for establishing a more coordinated noise-related

health effects research program te develop criteria, standards, and guidelines
in needed research areas to protect the public health and welfare against
the adverse effects of noise•



/--%
TABLE OF CONTENTS

Page

E_TIVE SUMMARY ......................... iii

I. INTRODUCTION ........................... I-1

II. SOURCES OF INFORMATION ...................... II-I

liE. AGENCY NOISE RESEARCH PROGRAMS .................. III-1

Research Category Definitions ............ IIl-i

Agency Noise Research Programs ............ III-6
DEPARTMENT OF AGRICULTURE (U.S. Forest Service) . . . III-8
DEPARTMENT OF COMMENCE (National Bureau of Standards) Eli-9

i DEPARTMENT OF DEFENSE . III-ll

Air Force ...... III-11

Army ......... liE-13

Navy ......... Ill-15
DEPARTMENT OF EDUCATION Eli-16

DEPARTMENT OF ENERGY.. . Ill-18
ENVIRONMENTAL PROTECTION AGENCY IRE-19
DEPARTMENT OF HEALTH AND HUMAN SERVICES III-21

National Institute of Mental Health . III-2l

National Institute for Occupational Safer and Health IIZ-22

/-_ National Neart_ Lungt and Blood Institute ..... III-24
National Institute of Child Neal_h and Human Development. III-25
National Institute of Environmental Health Selences . . . liE-B6

National Institute of Neurological and Co_munlcative
Disorders and Stroke III-28• ,+.,.i++.i .I +I+

Food and Drug Administration ........ III-30
Health Services Administration ....... III-31

DEPARTMENT OF THE INTERIOR (Bureau of Mines). Ill-32
DEPARTMENT OF LABOR ............. Eli-3&

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION III-36
NATIONAL SCIENCE FOUNDATION ......... liE-B8

DEPARTMENT OF TRANSPORTATION ......... III-39
VETERANS ADMINISTRATION _II-41,++ii++.i+i

i

_ IV. SUMMARy AND COMPARISONS W_TM PREVIOUS PANELfS FINDINGS AND
RE COM_4ENDATIONS ......................... IV-I

i. Fundin B By Catesory ................... IV-I

2. Funding by Agency .................... IV-7
3. Funding by Nonfederal Sources .............. IV-ll

4. Comparison with Findln_s of the Previous Panel (Second
Panel, 1978) ............ IV-12
Activities of the Previous Panel. IV-12

Trends in Fundlng ........ IV-IS
Trends in Overall Funding . . . IV-13

Trends in Funding by Category , IV-15
Trends in Funding by Agency • . . IV-16

_._"_ 5, Comparison with the 1978 Panel*s Recommendations. IV-18

Is \,.J Overall Funding Recommendations ........ IV-18
F+
.!

+!! vii



Page

Reco_nended Priority Categories . . , ........ IV-IS

Recon_nended Prlori.ty Topics Within Categories .... IV-19
Nonauditory Physiologic Rnspgnse .......... IV-2O
Noise Effects on Sleep ............... IV-22

Individual and Community Response ......... IV-23
Noise-lnduced Hearing Loss and Hearing Conservation IV-24
Communication Interference. , . . , . . . . . . . . IV-2S

Noise Environment Determination and Exposure
Characterization ................... IV-29

Summary ......................... IV-31
6. Continuing Research Needs ................. IV-32

Recommendatlsns Since 1978 ................ IV-32

The Need for Improved Coordination ............ IV-33

APPENDIX A FEDERAL RESEARCH PROJECTS ON THE HEALTH EFFECTS OF NOISE

Table of Contents to Appendix A .............. A-i

Complete Project Descriptions ............... A-1
DEPARTMENT OF AGRICULTURE (O.S. Forest Service) . . A-I

: DEPARTMENT OF COMMERCE (National Bureau of Standards A-7
DEPARTMENT OF DEFENSE . . A-IS
Air Force ....... A-15

Army A-S 74 • , J O _ • • J •

Navy .......... A-87
DEPARTMENT OF EDUCATION • A-II3
DEPARTMENT OF ENERGY.. • A-lIT

ENVIRONMENTAL PROTECTION AGENCY A-121
DEPARTMENT OF HEALTH AND HUMAN SERVICES A-159

National Institute of Mental Health . A-IS1

National Institute for Occupational Safer and Health A-IS3
National Heart# Lung, and Blood Institute ..... A-177
National Institute of Child Health end Human Development. A-IS1
National Institute of Environmental Health Sciences • . . A-185

National Institute of Neurological and Communicative
Disorders and Stroke .... , ........ A-207

Food and Drug Administration .... , . . . A-237
Health Services Administratlsn ....... A-239

DEPARTMENT OF THE INTERIOR (Bureau of Mines). A-243
DEPARTMENT OF LABOR ............. A-247
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION A-259

NATIONAL SCIENCE FOUNDATION ......... A-281
DEPARTMENT OF TRANSPORTATION ......... A-287
VETERANS ADMINISTRATION ........... A-293

Index to Projects by Research Category ....... A-313
Key to Agency Abbreviations Used in this Listing, A-314
Nonauditory Physiologic Responses ........ A-315
Noise Effects on Sleep .............. A-31S
Individual and Community Response ........ A-317
Noise-Induced Hearing Loss end Hearing Conservation A-319

C:'
viii



Pa_e

Behavioral_ Social and Performance Effects ........... A-326
Co_nunlcatlon Interference ................... A-327
Noise Environment Determination and Exposure Characterization . A-329
Human Response to Noise Concomitant with Vibration....... A-332

APPENDIX B STATE_ LOCAL AND PRIVATE NOISE EFFECTS PROJECTS ........ B-I

I

ix



CHAPTER I

INTRODUCTION

Background

The Quiet Communities Act of 1978 gives the Envlronmental Protection

Agency the responsibility for coordinating the noise control research programs

of all federal agencies. The Act also states that EPA shall perlcdically

report to Congress on the status and recent developments of the federal noise

abatement and control effort_ includlng research into the health effects of

noise.

EPA hasp in the past, responded to this mandate by sponsoring interagency

panels to review federal noise research in the following four areas:

! o Health effects of noise

o Surface transportation noise

o Machlnery/constructlon noise

o Aircraft noise

These panels were assembled for the first time in late 1973 and early

1974. Their results were presented as EPA's "First Report on the Status and

Progress of Noise Research and Control Programs _Y 73-75." In late 1976, the

panels were a_ain convened to report on the progress made since the first

panels' reports were issued. The second Panels' findings were published in

1978 in a series of reports, each dealing with one of the four topic areas,

The present report is an update of the 1978 document "Federal Noise

Research in Noise Effects" (EPA 550/9-78-102), which presented the findings

of the Second Federal _nteragency Noise Effects Research Panel. The report
!

has been used most extensively in informing federal agencies, State and local

governments, Congress, ONB and the scientific community concerning the specific
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program initiatives of the federally sponsored, nolse-related health effects

research effort. While the formal Noise Effects Panel was noC reeonvened

for the preparation of this report, the information presented here was gathered

with the assistance of an ad hoc Interagency Health Effects Advisory Group.

Many federal agencies, involved to varying degrees in noise research, have

made slgn{ficaet contributions to this update by responding to EPArs request

for project daca. In some instances, indlvldual researchers provided detailed

descriptions of their ongoing research activities when clarification was needed.

Purpose of This Report

In continuing to report on the status of federal noise sffeecs researcht

it is hoped that research efforts on the health e_feate of noise by the various

de?artments and agencies will be increasingly coordinated and mutually supportive.
f_

Considering the small amount of available research funds in relation to the

magnitude of existing noise-related health problems, it is mandatory that

research be planned and conducted in a better coordinated and more unified

manner+ with the leasc duplication of effort and the maximum utilization of

available expertise and resources.

The fundamental objective of this report is to assist federal officials

in plannln E their overall research programs and specific research projects

with better focus, direction and insight. In effect t this document should

serve to provide a more detailed understanding and knowledge of the sxiscing

researoh effort and thus function as a valuable research reference source for

planning purposes, Better knowledge on noise research activities and results

will result in better planned research in the future.

Secondly_ the body of information should assist in identifying gaps in

the nation's noise-related health effects research program where increased %--.'

!. I-2



emphasis should be placed, and help foster the promotion of a more unifiedp

integrated and supportive effort in research areas where there are mutual

research interests.

Health effects information provides the foundation and support for almost

all noise control efforts. Often the research resul_s of one agency are

incorporated into the research programs, program plans, and policies of another

agency. Therefore, improved research planning and coordination will ultimately

promote more unified noise control policies based upon the most comprehensive

health and welfare data base and applicable human response criteria. Ultimately

there should be one set of health criteria used by all agencies. Agencies

would then develop noise policy under their respective authorities using those

criteria based upon the health implications of noise.

/-_ In additlonp the document will assist in informing federal policy makers,

the scientific co.unity and the public concerning emerging avenues of research

i on the health effects of noise such as cardiovascular research, An examination

of these research efforts and expanding research horizons will assist in creating

demands for increased research in these areas. Likewise, where recow_enda_ions

for additional research have prevlouslybeen made, the progress being made

towards meeting such recommendations can be assessed.

To further progress in all of these areas, EPA has prepared this updated

report as a comprehensive overview o£ noise effects research throughout the

federal arena. Over 200 noise-related research projects from over 20 federal

agencies are summarized in this document. It is the most comprehensive data

base of its kind.

©
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Re_ort Or_anlza_ion

The various projects discussed in this report (which are detailed in

Appendix A) involve research on a wide range of nolse-related health effects

and have been categorlzed as follows!

o Nonauditor_.ph_siolcglc Response

0 Effects of Noise on Sleep

0 Individual and Co.unity Response

o Nolse-Induced.Hearlng Loss and Hearing Conservation

e Behavioral, Social, and Performance Effects

o Communication Interference

o Effects of Noise on Domes_icAnlmals and Wildlife

o Noise Environment De_ermlnatlon and _xposule Characterization

o Noise conGomitant with Vibratlon

The cateRories are explained in some detail _n the first pare of

Chapter lII. The last part of Chapter Ill summarlzes the noise concerns and

research actlvi_ies of individual agencies and presents funding data on their

research ac_ivitles in the various effects categories. Funding figures and

charts summarizing the total federal effort are presented in Chapter IV.

Also presented in chls chapter is an analysis of research trends a_d the

extent to which current research conforms to the priorities and recomnendatlons

for future research made in the 1978 Panel report_ the progress made _n these

areas_ and an assessment of the effort still required to meet the identlfled

research needs.

As indlcated_ Appendix A contains summaries of the specific noise-related

research projects of each federal agency. Readers of the previous report will

note that the project su_ar_es in this update are far more detailed, Includlng

technical references for the readers_ a summary of findings of completed _
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research, and the identification of principal investigators and federal agency

personnel to serve as points of contact for additional information. _his

informatlon has been provided so that readers may obtain more detailed knowledge

about projects of particular interest. The added detail is intended to increase

the utility of this report,

To complement the federal project information, Appendix B presents project

.summazies on research sponsored and conducted by a _ew statej localt and private

institutions. While this body of data is far from being a complete listing,

it is representative of the nature end extent of research interest at the

non-federal level.

Thus, the data collection presented here represents the most complete

and up-to-date assessment and compilation of the current state of the nation's

research effort to identifyD understand and quantify the harmful health effects

of noise. It should be noted_ howeverp that because of the lengthy data

collection phase required for this report, some recently-inltiated projects

may be absent. For these, the reader is advised to cheek the abstracts from

recent technical society meetings and journals and cross reference these with

the "SSlE"--Smithsonian Science Information Exchange.* Nevertheless_ the

information presented here should assist policy makers in the continuing

development of a federal noise effects research program that is Note unified_

coordinated, end comprehemsive.

*-Smitheonian Science Inforraatlon Exchange
_. 30Oj 1730 14 Street, N.W.
Washington, DC 20036
Tel.: 202/634-3933

©
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CHAPTER II

SOURCES OF INFORMATION

The information was gathered through an exhaustive data gathering program

in an effort to ensure maximum representation of all applicable research

projects, to improve the level of their accuracy and detail and to reflect

their current standing.

For federally sponsored research, requests for project information were

made on an agency-to-agency basis in the Fall of 1979, utilizing as contact

persons, where possibtep the panel members who participated in preparing the

previous report. In other cases, research and environmental officers were

contacted in an effort to gain their participation in this large data gathering

program. Furthermore, the assistance of the Interagency Health Effects Advisory

/'_ Group was invaluable in"reestablishing a network of agency contacts. Thls

advisory group assisted EPA in the review and final drafting of the "EPA Five-

Year Health Effects Research P{an for Noise" prepared for submission to Congress.

For some agencies or departmentsj several contact persons were required because

of the decentralized nature of the organization's activities. All federal

agency contacts who helped EPA prepare research abstracts for their respec-

tive organizations are listed at the end of this chapter.

Relevant noise effects research project descriptions were also obtained

from a computer search on the Smi=hsonlan Science Information Exchange (SSIE)

data base, SSZE is an institution which oollects information from federal

agencies on research being sponsored by them. However, the SSIE descriptions

were for the most part limited in project detail, and therefore had to be

supplemented. These inputs were provided to the agency contacts to aid them

_ II-1 L



in their work of identifying all relevant projects in their organizations.

Copies of model project descriptions were also distributed to the agency

contacts for their use as format samples.

After initial project descriptions were received by EPA, draft project

abstracts were prepared. The project descriptions were then reviewed by well

known noise effects research experts to assess their technical content and

clarity of presentation. The abstracts were then returned to the agencies

in order to obtain any missing or clarifying information and check on their

accuracy and completeness. Numerous telephone follow-ups were also made to

agency contacts t or in some cases to the principal investigators, to fill

in information gaps and finalise the abstracts. This process of refining

the data continued through the month of July 1980, when a cut-off was finally

imposed.

This collection mechanism insured that practically all of the information

presented in this report was received directly from either the sponsoring

agencies or principal investigators, and that it is comprehensive. For some

projects_ SSIE data and agency-supplied data were merged to create new praject

descriptions.

For State_ local, or privately sponsored research, information was gathered

directly from each sponsor and/or investigator. These were identifled in

several waya_ from the previous 1978 "Federal Noise Research in Noise Effects"

report; by questioning numerous experts in the field; by leads supplied by

EPA/ONA¢'s State and Local Programs Division; through the Committee on Hearingj

Bioacaustics and giomechanics of the National Academy of Sciencesj and by

publicizing in naise-related journals and newsletters the need for ouch infor-

mation. This collection of project descriptions is believed to include a

representative sample of the type af nonfederally supported noise-related _

health effects research projects currently being undertaken.
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AGENCY CONTACTS FOR PROJECT INFORMATION

:_ (Alphabetically by Agency)

Department of Agriculture George Hiller
Department of Agriculture
Forest Environments1 Research Staff

United States Forest Service Headquarters
P.O. Bow 2417

Washingtonp OC 20013
202/235-i071

Barry R, Flamm s Director
Office of Environmental Quality

U.S. Department of Agriculture
Room 412-A

Administration Building

i4th and Independence Avenue, S.W_
Washington, DC 20250
202/492-6415

Department of Commerce Simone L. Yaniv
Department of Commerce

_'_ National Bureau of Standards

Building and Community Acoustics
Washington, DC 20234
301/921-3783

Consumer Product Safety Commission Albert Eech
Medical Director

Consumer Product Safety Co_isslon
Washingtonj DC 20007
202/492-6428, 492-6639

Department of Defenso

Air Force *Hennlng yon Gierke
Depert=ent of the Air Force
HQ6570 _L/BB
Wright-Pattereon AYE, OR 45433
513/255-3602

Colonel Dewey V. Sturges_ USAF
Chief, Technical Plans Office

Biodynamics and Bioenglneering Division
Air Force Aerospace Medical Research

Laboratory
Wrlgh_-Patterson AYD, OH 45433
513/255-3602

* Hemhers of Ad-Hoc Interagency Heal_h Effects Advisory Group.
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Department of Defense (teat'd)

Army Brian Walden

Waltsr Reed Army Medical Center

Army Audiology and Speech Center
Washington I DC 20012
202/576-3721

Paul Schemer

U,S. Army Corps of Engineers
Construction Engineering Research Lab.
P.O. Box 4005

Champeignt IL 61820
217/352-6511

Major Jerod L. Goldstein, MEG

Acting Director, HTS
US AARL
P.O, Sex 577

Port Euckerp AL 36362
205/255-4408

GeorEes Garlntber
Human Engineering Lab

Aberdeen Proving Grounds_ MD 21005

301/278-3265 _._

Navy Meyer Leper
Airborne Acoustics Branch

Naval Ocean Systems Center
San Diego, CA 92152
714/225-7916

W.M. Parsons

Naval Medical Research and Development
Command

National Naval Medical Center

Bethesda_ MD
301/295-1028

Department of Education
Bureau of Education for the Alan Dittman

Handicapped Department of Education

Bureau of Education for the Handicapped
400 Maryland Ave._ S.W,

• Washlngton_ DC 20202
202/245-9836

Environmental Protection Agency *Rudolph Me Marraszo
Office of Noise Abatement and Control

ff.S.Envlronmental Protection Agency
ANt-471

Arlingtont VA 22202 _,
7031557-0592

* Members of Ad-Hoe 'I"teragency Health Effects Advisory Group.
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Environmental Protection Agency Jack Shampon
(toni'd) Office of Noise Abatement and Control

U.S. Environmental Protection Agency
ANR-471

Arllngton, VA 22202
703/557-0592

Department of Health and Human Services
NIMH *George E, Renaud

National Institute of Mental Health

Parklawn Building, Room IOC09
5600 Fishers Lane

Hockvillej MD 20857
301/443-3942

NIOSH *Alex Cohen

National Institute for Occupational
Safety and Health

Cincinnati, 0N 45226
513/684-8291

Randy Tubbs
National Institute for Occupational

Safety and Health
Physical Agents Branch
4676 Columbia Parkway
Cincinnati, ON &5226
513/634-8281

NHLBI *Helen Hubert
National Institutes of Health

National Neart, Lung, and Blood Institute
Bethesda, MD 20205
301/496-4333

NICHHD *Charlotte Catz
National Institutes of Health

National Institute of Child Health

._ and Human Development
CNED-Room 7C08, Landow Building
7910 Woodmont Avenue

gethesda, MD 20205
301/496-5575

RIEHS *Resinald Cook
National Institutes of Health

National Institute of Environmental
Health Services

Research Triangle Park, NO 27709
919/541-3247

i_ * Members of Ad-Boc Interagency Health Effects Advisory Group.
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Department of Health and Human Services (toni'd)
HINCDS *Earleen Elkins

National Institutes of Health

National Instltute of Neurological
and Communicative Disorders and Stroke

7550 Wisconsin Avenue

Bethesdas _ 20014
301/496-5061

FDA Bruce Herman
Food and Drug Administration

Bureau of Radlolosical Health
Division of Electronic Products
Acoustics Branch
HFE-210
5600 Fishers Lane
Rockville, MD 20857
301/443-6113

Department of Housing and Urban
Development GeorBe Wlnzer

Ohiefl Environment and Land Use Reeearch
office of Policy Development and Research
Department of Rousing and Urban Development

Washington! DC 20410 _202/755-7340

Department of Interior
Bureau of Mines Harrison Daniel

Department of Interior
Bureau of Nines

Mining Research Health and Safety
2401E Street, N.W.
Washington, DC 20241
202/634-1251

Department of Labor
OSHA *Alice Surer

Department of Labor
Occupational Safety and Health Administration
2000 Constitution Ave., N.W.
Washington, DC 20210
202/523-7151

ESA James Brown

Deputy Director .
Office of Program Development &

Accountability

Employment Standards Administration
U.S. Department of Labor
Washington, DC 20210

202/523-6579 _1

*Membere of Ad-Hoe Interagency Health Effecte Advisory Group.
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Department of Labor (cout'd)

MSHA Jerry Breech
Department of Labor
Mine Safety and Health Administration'

Coal Mine Safety and Health
4015 Wilson Blvd.

Arlington, VA 22203
703/235-1350

Rational Aeronautics and Space
Administration *David O. Stephens

National Aeronautics and Space Administration
Langley Research Center

Hampton, VA 23665
804/827-3561

Homer G. Morgan

National Aeronautics and Space Administration
• Langley Research Center

Acoustics and Nolse Reduction Division

Hampton, VA 23665
804/827-3577

National Science Foundation *Terrence R. Dolce

National Science Foundation

_'_ 1800 G St., N.W.
Washington, DC 20550
202/634-1624

Tennessee Valley Authority S.A. Relvin

Manager, Office of Health end Safety
Tennessee Valley Authority
River Oaks Building
Muscle Shoals, _J. 35660
205/383-4631

Department of Transportation
FRA Donald Levine

Federal Railroad Administration

Office of Hall Safety Research
RRD 33

Washington, DC 20590
202/426-1227

FAA *Bill Shepherd
Federal Aviation Administration

800 Independence Ave., S.W.
Washington, DC 20591
202/755-9027

* Members of Ad-Ho¢ Interagency Health Effects Advisory Group.
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Department of Transportation (cont'd)
FHWA Harter Rupert

Chlef_ Noise end Air Qua[ity Branch
Environmental QLzallty Division
Office of Envlronmen_al Policy
Federal Highway Administration

Department of Transportation
400 7th Street_ S.W.
Washington, DC 20590
202/426-4836

Veterans Administration G0 Donald Causey

AudloloEy and Speech PatholoEy Service (126)
Veterans Administration Medical Center

5D Irving St._ N.W.
WaBhlngton, DC 20422
202/389-7268

* Members of Ad-Hoc Intetagency Health Effects Advleory Group. _._
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CHAPTER Ill

AGENCY NOISE RESEARCH PROGRAMS

The purpose of the many research projects discussed in this report is

highly dependent upon the sponsoring agency°s mission. In most cases the

agencies' research activities are concerned with I) establishing information

on the prevalence and severity of various noise related health effects, 2)

developing human response criteria to quantify the effects and health conse-

quences of noise_ and 3) ascertaining a cause-effect relationship due to specific

source environments. The quantification of the health effects caused by noise

is necessary for the development of noise related legislation and the setting

of noise exposure limits, since it is the explicit purpose of such regulations

to protect the public health and welfare, A comprehensive understanding of

+ the health consequences of noise will enable public officials to make rational_

efficient and cost effective decisions to secure a healthy environment,

! This chapter will present I) short descriptions of the health effects

i categorles under which all of the project descriptions are listedp and 2)

summary overviews of the noise+related health effects research programs of

each federal agency,

Research Category Definitions

The various health related effects of noise were categorized by the first

and second Federal Interagency Noise Effects Research Panels, and for the

sake of consistency, the same categories have been essentially maintained

in this report. These categories serve as the _oundation for existing criteria

or have the potential _or being incorporated into new health effects criteria.

I
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In some cases, howeverj slight changes have been made in categories to reflect

new knowledge of the effects that noise can have on the body, and to conform

to the terminology currently used by EPA in the formulation of its "Five-Year

Health Effects Research Plan for Noise."

The following paragraphs provide summary descriptions Of the categories

as they are used in the aurren= update. The order of their appearance coincides

with the priority EPA has given i_s own research interests as presented in

its "Five-Year Health Effects Research Plan for Noise." The most important

factors in the establishment of these priorities were the severity or potential

severity of the particular health problemp scientific reco_endations_ and

EPA program needs. The priorities of other federal agencies may be somewhat

different depending on their specific progr-mm-tic needs. However, the assign-

ment of the highest priority to the Honaudltor_ Physlologlc Response category

does reflect the principal reeom_eadation of the 1978 Federal Intsragency

Noise E££acts Research Panel.

The project descriptions in Appendix A are organized by agency. But,

to aid the reader with a particular listed research interest, there is an

index of projects by research category at the back of Appendix A_ starting

on page A-313, Each listing consists of investigator, sponsoring agency,

project title, and page location of the complete project description in

Appendix A.
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1. Noneuditot X Phy_iolo_io Response

This category, referred to as Non-Audlcory Realch Effects in the last

report, consists of research investigations into the physiological effects

of noise (other than hearing damage) on bodily systems and on general health.

The largest body of nonaudltory physiologic response research exists on the

relationship between long term noise exposure and hypertension and other cardio-

vascular problems, Other principal areas of research include effects on the

fetue and on general health.

A listing of projects in this category may be found starting on page

A-315.

2. Effects of Noise on Sleep

Research in this category consists of investigations quantlfylng the

- relationship between sleep disturbance and noise exposurej including deter-

i mining the acoustic parameters which contribute most to the disruption of

! sleep; and determining general health implications of chronic sleep disruption.i

A listing of projects in this category may be found on page A-316.

• 3. Individual and Co_unity Response

This category was formerly entitled Communlt_ or Collective Response.

Research in this category includes assessments of the subjective reactions

of individuals a_d residential populations to noise environments in general,

to specific aeouetlc attributes, and to certain noise sources in particular.

Overall co._unity noise studies and environmental impact assessments are also

integral areas of research under this topic,

A listing of projects _n this category may be found on page A-317.
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4. Noise-Znduced Hearin_.Loss and Hearin_ Conservation

Formerly called Noise Induced gearing Loss, this category has been

expanded to encompass the protection and rehabilitation of hearin E ability.

This category consists of research I) quantifying the relationship between

hearing loss and different levels and durations of noise exposure, 2) laboratory

investigations of the basic physlologlc mechanisms of noise induced hearing

loss_ 3) the development of hearlng conservation methods and programs for

the prevention of noise induced hearing loser and 4) determining the oo_u_unlea-

tlve problems of the hearing impaired and developing effective rehabilitative

methods.

A listing of projects in this category may be found on page A-319.

5. Behavloral_ Social and Performance Effects i

This category is a very broad category encompassing most aspects of per-

sona_ and social adjustment and performance. Included are effects on job

performance and productivity, absenteelsm_ effect's on learnlng_ cognitive and

social development of children_ mental health_ and social problems.

A lletlng of projects in this category may be found on page A-326, .

6. Communicatign Interference

This category is primarily concerned with the interfering aspects of

noise on the speech discrimination abilities of the hearing impaired as well

as on normal hearing indlvlduale. Other research components include the de-

velopment of speech materials for diagnostic assessments, determination of

the requirements for adequate verbal communication, and the masking by noise

of warning signals and other acoustic cues.

A listing of projects in this category may be found on page A-327. _"_.i
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7. Effects of Noise on Domestic Animals and Wildlife

Research in this category includes investlgations of the possible effects

of noise on farm animals (e.g., changes in reproduetlvlty) and effects on

wild animals (e,g._ changes in mating behavior). Since laboratory animals

(such as ratsj chinchillas_ and monkeys) are almost always used as human

surrogates, projects to study the effects of noise on these ani_Is are discussed

under the various precedin 8 categories and are not included under this category.

There have been no projects in this category during the update period.

8. Noise Environment Determination and Exposure Characterization

This eategory_ previously entitled Noise Environment Determination

in the last report_ now encompasses the quantification of both the noise levels

in various env_roemeets as well as the noise exposure patterns of individuals

,'_"_ or groups within those environments. Research efforts under this category

also include the assessment of noise monitoring systems, the development of

improved measurement techniquesj and the'design and institution of noise modeling

for predicting community response.

A listing of projects in this category may be found on page A-329.

9. Human Response to Noise Concomitant with Vibration

This category represents a small but growing body of research on the

combined effects of noise and vibration generated by certain noise sourceas

such as aircraft, military (artillery) and mining (blasting) operations.

A listing of projects in this category may be found on page A-332.
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A_enc_ Noise Research Programs

In order to present information on the perspectives of the various agencies

on noise research, the following sections briefly summarize for each agency

the general agency mission, the role of noise related health effects research

in that mission, and current emphases in health effects research. _ese nar-

ratives are followed by tables providing at-a-glance information on research

funding in each health effects research category and a summary discussion

of the general project areas of concern. In some cases, one reseanch project

may encompass more than one category. For example, this may well be the case

in an industrial noise study where hearing level information and nonaudltory

physiologic response findings are being investigated in relation to the measured

noise exposure of workers. For the.sake of simplicity, these projecns are

"force-fi_" fnto the category where the major emphasis seems to be. Thus

there are many instances in which specific research projects, assigned to _/_

one research category, are in fact benefiting the ongoing research effort

in another category. Only a thorough review of the actual project descriptions

will provide the reader with this level of detail.
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A_enoies

The noise related health effects 'research efforts of the following agencies

ere represented in this document, and will be summarized in this chapter,

Department of Agriculture
U,S. Forest Service

Department of Commerce
National Bureau of Standards

Department of Defense
: Air Force

Army
Navy

Environmental Protection Agency (Office of Noise Abatement and Control)
Department of Education

Bureau of Education for th@ Handicapped
Department of Energy
Department of Health end Human Services

National Institute of Heater Health
National Institute for Occupational Safety and Health
Natlonal React, Lung and Blood Institute
National Institute of Child Health and Human Development

National Institute of Environmental Health Sciences
National Institute of NeuroloBical, and Communicative Diseases and Stroke
Food and Drug Administration
Bealtb Services Administration

Department of Znterlor
Bureau of Mines

Department of Labor
Mine Safety and Health Adminlstration
Emplo_nent Standards Administration

National Aeronautics and Space Administration
Natlenal Science Foundatinn

Department of Transportation
Federal Railroad Administration
Federal Aviation Administration

Federal Nighway Administration
Veterans Administration
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DEPARTMENT OF AGRICULTURE

O.S. Forest Service

The Department of Agriculture is directed by law to acquire and disseminate

information on agriculturs_lmatters and also to engage in research, conservation,

and regulation of agricultural areas. Withln the Department of Agriculture,

the U.S. Forest Service is responsible both for managing the Federal forest

reserves, and for national leadershlp in forestry. The Forest Service is

concerned with identifying and reducing noise sources in forested areas and

other natural settings. The. noise rslated health effects research effort of

this agency includes investigations of the attenuation of forest vegetation,

influence of vegetation on human response, and noise impact modeling.

,,,.p TOTALS ($I000)

_.u,. ,.._,,_,, I' 1978 1979 1980

le-l.llu_id
,.,.rt._L,,...e 107 72.4 33
re#el,l| Col_,*m_,_,it I:m

I

blllmVl_ral, b¢$ml I

md htfo_r_t
l[[|e_i

;nlevle_,_e

II |d_+l_e ¥1,¢|L Tear

--- II

III-g



DEPARTMENTOF COMMERCE

The National Bureau of Standards

The mission of the National Bureau of Standards is to advance the nation's

science and technology and promote their effective application for the public

benefit. NBS is responsible for the standardization of physical measurement

systems, and conducts research to improve materials for technological

application.

The main objective of the Bureau's noise related health effects research

is to establish a psychoacoustlcal basis for noise measurement by identifying

and quantifying hummn adverse response to noise. Current areas of emphasis

are the development of design criteria for buildings_ and noise isolation

requirements for building partitions and exterior walls. In addition to its
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own program, NBS has also undertaken the following research projects for other

government agencies: a study on highway noise criteria for DOT (Federal Highway

Administration), a criteria study of transmission llne noise for DOE, develop-

ment of an automated noise-exposure measurement system for HUD, and an assess-

ment of locomotive crew in-cab occupational noise exposure for DOT (Federal

Railroad Adm_nistratlou).

C_
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DEPARTMENT OF DEFENSE: Air Forcej Army, Navy

The noise related health effects research of BOP is directed to support

mission needs including protecting the hearing and health of military personnel_

insuring the performance capability and mission effectiveness of personnel in

noise and combined noise and stress environments, and reducing the impact of

peacetime military operations on the surrounding communities.

Air Force

Air Force biolo&ical acoustics research is primarily conducted in the

research facilities of the Aerospace Medical Research Laboratory+



Wright-Patterson AFB, Ohio, The Air Force hearing conservation program and

related studies are the responsibility of the School 0£ Aerospace Mediclnet

Brooks AFB_ Texas. Both laboratories are under the Aerospace Medical Division,

Air Force Systems Command.

Particular noise related research emphasss of the Air Force include

studies investigating the following: the auditory effects of long-duration

continuous noise exposure, infrasound exposure, and combined effects of con-

tinuous and impulse nolsel effects of noise on the bearing of children;

fetal effects of noise; assessment of hearin_ conservation p_ograms; evaluations

: of personal hearing protector performance; effects of aircraft noise on communi-

cations; combined noise and vibration effects on performance_ performance

effects of low frequency noise; the application of noise dosimetry and deter-

mination of individual noise exposures of Air Force personnel; and assessments

of aircraft noise prediction models for monitoring aircraft noise and deter-

mining noise impact around Air Force installations.
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Army

Research on the effects o£ noise is being performed at the Human

Eng£ueerlng Research Laboratory (HERL) at Aberdeen Proving Grounds, Maryland;

the Constructlon Ens_neering Research Laboratory (¢ERL), Cha_palgn_ II1£nols;

the Army Aeromedlcal Research Laboratory (A_), Fort Rucker_ Alaba_a; and

the Nalter Reed Army Medical Ceuter (WRAtIC), Nashlngton_ D.C. Research at the

HERL and the ARRL is directed at l) investigatious of the physlologic eEfeccs

of impulse uoise on the auditory system in order co develap improved damage

risk c_iter£a to preven_ hea_ing loss from impulse noise, and 2) assessments

of hearing procectlve dsvlces and design requiremeuts to meec Army hearing

conservation and noise contrel needs. The CERL is primarily concerned with

,,_ the predictlon of noise emissions and noise impact around Army bases and the
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assesament oE co_unlty response to impulse and helicopter oolse. Research

activities "at the _RAMC center on studies to improve the co_nunlcatlve abilities

of m_litary personnel suffering from noise induced hearing loss through improved

hearing aid designs and evaluatione_ and aural rehabil_ta_ion training.

C
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Navy

Naval noise related health effects research is conducted primarily at

the Naval Submarine Medical Research Laboratory (NSMRL)I Groton_ Connecticut;

the Naval Aerospace Medical Research Laboratory (NAHRL), Pensacola, Florida;,

and the Naval Ocean Systems Center (NOSC), San Diego, California. The research

efforts of the Navy center on.* I) the assessment and quantification of

auditory and nonaudltory risks associated with noise exposure in naval

environments; 2) measures of susceptlbillty for early identi£1catlon of noise

induced hearing loss; 3) development of improved hearing coaservatlon programs--

automated hearing tes_ systems_ a hearing assessment data base and management

system, and prototype hearing protectors; and 4) shipboard noise exposure

measurements and assessmentsp and naval installation noise monitoring.

f_
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DEPARTMENT OF EDUCATION

Bureau of Education for the Handicapped

The main goals of the Department of Education (formerly a part of'

the Department of Health, Education and Welfare)_ are to insure equal

educational opportunties for all citizens I and to promote improvement in the

quality of education through research, program evaluation, and information

dissemination, The Bureau of Education for the Handicapped (now called The

Office of Special Education and Rehabilitative Services) formulates policys

and directs and coordinates the administration of programs for special education

services to meet the needs and develop the full potential of handicapped

children| and to provide vocational rehabilitation services to reduce human

III-16



dependency and res=ore the productive capabilities of handicapped people.

The Of£iee'_ noise related health effects research is concerned with investi-

gating the _mplifica=ion system needs Of the hearing-impaired, particularly

in classroom situations.

©
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DEPARTMENT OF ENERGY

The Department of Energy prnvldas the framework for a comprehensive and

balanced national energy plan through the coordination and administration of

the energy functions of the Federal Government. The noise rebated health

effects research activities of the agency involve measuring human response to

the noise propagated by energy generating and transmitting equipment.

C'
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! ENVIRONMENTAL PROTECTION AGENCY

The Noise Control Act of 1972 and the Quiet Communities Act of 1978

mandate the Environmental Protection Agency to conduct and financially support

research on nolse I including investigations of the psychological and physio-

logical effects of noise on humans and anlmals_ in order to determine dose/

response relationships suitable for use in decision making. In this mandate_

special emphasis is placed on the nonaudltory effects of noise, The overall

goal of the EPA/ONAC research program is to "improve the noise rela=ed health

and welfare data base_ refine existing criteria and develop quantified dose-

response criteria where they are lacking." The health effects research program

supports EPA*s noise regulatory program i state and local technical assistance
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programs and public information efforts in order to collectively meet the

nation's noise control needs. The highest priority in EPA's research program

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 disease_

since the potential public health problem is great.

The noise related health effects research studies of EPA are concentrated

in _he following areas:

o Cardiovascular effects of noise

o Effects of chronic sleep disturbance on general health and performance

o Effects of noise on the hearing of children; fetal effects of noise;

prevalence of noise induced hearing loss in O.S,; social handicap of

hearing loss; and workers compensation programs and provisions for i

noise induced hearing loss. r*",

o Human response =o intrusiveness, impulse noise and construction noise;

community noise survey assessments

o Measurement and modeling of noise exposures in the community and

workplace.
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DEPARTMENT OF HEALTH ._tNDHUMAN SERVICES

The Department of llealth and Human Services (formerly a portion of the

Department of Health_ Education and Welfare) is the primary U.S. agency respon-

sible for furthering the good health of Americans and providing them with

essential human services.

Center for Disease Control: National Institute of Mental Health (NIMH)

The Institute serves as the principal agency for the study of behavioral

science and the cultural and social problems related to mental health, NIMH

has been involved in the study of short term effects and level of adjustment

of community residents to highway construction noise and the problems of

communlcation in the presence of competing auditory messages.
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Center for Disease Control:

National Institute for Occupational Safety and Health (NIOSN)

The National Institute for Occupational Safety and Health is directed

to perform research Inadlng to criteria for safe and healthful workplace

conditions by authority of the Occupational Safety and Health Act of 1970 and

the Federal Coal Mine Safety and Health Act of 1969. Noise is one of the many

agents investlgated for deleterious effects on health and safety,

Current noise related health effects research emphasizes animal experimental

laboratory studies and industrial field investlgatlons of the long term effects

of impulse noise, intermittent noise and segmental vibration. These studies

will help establish the mechanisms of loss, determine the prsvalency of these

problems_ identify differences from steady state noise exposure effects, and _-"
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provide a basis for revised damage risk criterion. Other research efforts

includean investigation of the interactiveeffects of noise and chemical

agents on hearing and field assessments of the effectiveness o£ hearing

protectors.

F_
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National Institutes of Health:

National Heart! Lun_ and Blood Institute (N_LBI)

The Institute plans, conducts and supports research investigations into

the causes, prevention, diagnoei8 and treatment of disorders related to the

cardiowacular system. NNLBI has been investigating the effects of psycho-

losical 8tress on the etiology o_ adolescent hyp_rtenalon and di_ference_ in

the orientlng responses of adolescents with elevated blood pressure to nolae

stimuli.
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National Institutes of Health:
!

! National Institute of Child Health and Human Development (NICHD)

[

The Institute conducts and supports biomedical and behavioral research

on child and maternal health. In the area of noise related health effects

research_ NICHD has funded one study concerning the relation between exposure

to environmental noise (primarily aircraft noise) and the physical growth of

children.
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National Institutes of liealth:

.National Institute of Environmental Health sciences (NIEHS)

The Institute conduces and supports fundamental research concerned with

definingp measuringt and understanding the effects of chemlcal_ biological,

and physical _actors in the environment on human health and well-belng, The

general objectives of the NIEHS noise effects program are to increase

understanding of the process by which noise damages the physiological,

C

III-26



mechanical, biochemical and electroneural mechanisms of the ear and other

parts of the body. The program also includes the identification of environ-

mental agents that produce this damage_ and the quanti£1cation of e_pected

amounts of damage.

The areas of noise related health effects research currently being

investigated are_ 1) determining the nonauditory (cardiovascular, teratogenlc)

effects of noise exposure; 2) increasing the understanding of noise and otn-

toxic agent effect(s) on the physiology and biochemistry of the inner ear;

3) determining the euditory effects and mechanisms underlying combined exposures

to impulse and continuous noise; and 4) investigations of the physiological,

motivational and cognitive effects of aircraft noise on children, and the

(cochlear) developmental consequences of early noise exposure.

[
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National Institutes oE Health:

Natlonal Institute of Neurological and Co_unlcatlve Diseases and Stroke

(NINCDS)
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behavioral measures of hearing £mpairment and anatomical damage; 4) changes

in audibility function due to noise; 5) speech discrimination problems in

noise; 6) effects of hearing aid amplification on children; and 7) studies

of binaural hearing.

©
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Food and Dru_ Administration

The Food and Drug Administration (FDA) conducts research and develops

standards on the compoaition_ quality and safe=y of drugs_ cosmetics, and other

products, food additives end foods; develops labeling and packaging standards;

and enforces rulings and recommends actions to the Justice Department. FDA has

been involved in ascertaining the potential hazards of ultrasonic devices and

the effect Chat noise (and other stressors) may have on the metabolizatlon of

pharmaceuticals.

_alIIL_IL_°I'7 • I

PhymlOtOliC 1.2

II|Pone

nm_"".t.c.on I TOTALS ($1000)

tM*v._,L._ I 1978 1979 1980_mmmL [y hs!m#|i
I

_as-l_lu©Id I 2.2
lllll'ln|IJJll,trill l,.-*o._......*., I [ I ! !ii I

-°"*- iiLI_ per f 0 l'Jln¢ll

_.ccf_llfln_a

i ,

_.,c...Do..c:_ I l r l ir_***dI &.'* Fli_alY**r I

lacmt'at_mtLon l_d j _11_1_1_ 197_i

LO0 I00 _00 _0(} _00 61:0 700 I0_ 900 I0i_011001;0_I01_005_Ol [i l

III-30



L

I Health Services Administration

I Be task of the Health Services Administration is organized around three

: major elementsz I) to place appropriate health personnel and related services

in underserved areas; 2) to improve the organization and efficiency of health

care delivery; and 3) to assure the quality of federally financed health

services. With regard =o noise related health effects research, the

A_inistracion is also concerned with co_unlcation problems of hearing-impalred

children.
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DEPARTMENT OF THE INTERIOR

Bureau of. Mines

The primary responsibility of the Department of Interior is the managementt

conservn_ion and development of the nation's natural resources, including

federal lands and trust lands, fish and wildlife, water, fuel and _inerals.

The mission of the Bureau of Mine_ is to assure the vlabillty of the domestic

minerals and materials economy in ways that best protect the public interest.

In compliance with the Federal Coal Mine Health and Safety Act of 1969 and

the Federal Hetal and Non-Metallic Mine Safety Act of 1966p the Bureau's noise

related health effects research supports compliance with noise exposure
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etandardsforminers. RecenCeffortshave focusedon assessinghuman response

to blast noiseand determiningthe extentand natureof the wholebodyvibration

problemin coalmines.

r

{
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DEPARTMENT OF LABOR

Federal Mine Safety and Health Administration

Employment Standards Admlnlstration/Office of Workers Compensation

The responslbili_y of the Department of Labor is to foster_ promote_ and

develop the welfare of American workers. Within DOL_ the Federal Mine Safety

and Health Administration (MSHA), formerly the Mine Enforcement and Safety

Administration in the Department of the Interior_ develops and enforces

mandatory mine safety and health standards to protect the health and safety

of miners. MSHA's research effort currently involves studies investlgatlng

hearing protector evaluation methods t assessments of hearln 8 protector effective-

ness and evaluations of the accuracy and acoustical performance of different
!

0 IN IN lO0 _N IOQ b¢_ _ _0 9110IN_II_IIO_IU_ _
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noise measurement systems including dosimeters, impact/impulse sound level

meters, and calibrators.

The Employment Standards Adminlstration/Office of Workers Compensation

Programs is responsible for the administration of Federal Workers Compensation

laws. Their current research effort involves an in-depth literature review

of the scientific basis _or existing workers compensation provisions for hearing

loss including I) the determlnation of the most technically appropriate hearing

loss criteria; 2) an assessment of the appropriateness of corrections for

aging, tlnnitus and recruitment; 3) definitions oE hazardous noise; and 4)

the determination of bearing examination requirements for the awarding of

compensation to workers with hearing loss.

i
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

The National Aeronautics and Space Administration conducts research

_elated to the problems o_ flight_ develops nnd tests aeronautical and space

vehicles, and conducts the nation's space exploration program. The majority

of NASA'e noise related health effects research is conducted at _ha Langley

Research Center in Virginia. Both in-house and contract studies are being

performed. Laboratory and _ield studies are primarily a_med at the investi-

gation of community annoyance and adverse subjective responses to aircraft

•and helicopter noise, including general aviation noise; A number of inter-

related projects are being conducted on the specific human response effects
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caused by such factors as tonal components, duration, time of day, multiple

events, single event and subject activity. Additional research is being

conducted on the sleep disturbing effects o£ aircraft noise, methodologies

for conducting environmental noise surveys, noise impact modelingp and building

vibrations due to aircraft overflights.
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NATIONAL SCIENCE FOUNDATION

The National Science Foundation was established in 1950 to. stlmulate

scientific research, to promote internatlonsl cooperation through science and

to help develop science education programs. The NSF initiates and supports

fundamental and applied research in all scientific disciplines. Noise related

health effects research projects currently funded by NSF include an investiga-

tion of the effects of noise on the functioning of single sudltory nerve fibers

and an £nvestlgat_on of the physiologic and behavioral effects of aircraft

noise in the classroom.
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DEPARTMENT OF TRANSPORTATION

The Department off Transporta_ion'a mission is to assure the coord£natedp

effective _dmlnlatration of the transportstlon programs of the Federal

government_ and to develop na_io.al transportation policies and procedures

conducive to the provision of safe_ fastj efficient and convenient

transportation. DOT_s noise related health effects research effort inclu4es

projects funded by the Federal Avlatlon Admlnlstration (FAA), Fe4eral Highway

Admlnlstration (FHWA)p and the Federal Railroad Administration (FRA) pursuant

to their respective areas of responsibility. This research effort is concerned

with assessing the impact of tranaportatlon noise on the public and on vehicle

operators° Princlple noise effects research projects inclu4e an FHWA study _o
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improve noise descriptors for human response to tlme-varying traffic noise;

an FAA-sponeored investigation of aircraft cockpit noise on hearing; an FRA

assessment of locomotive cab noise levels; and a large FHWA field studyp

jointly being undertaken with the State of California, investigating the

effects of highway noise on the hearing and academic achievement of children.
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VETERANS ADMINISTRATION

The Veterans Administration administers laws covering a wide range of

benefits for former members, and dependants and beneficiaries of deceased

members, of the Armed Forces. The VA includes a health 'care system of more

than 170 hospitals and 200 clinics. The VA's noise related health effects

research program provides support to its Audiologlc Service, whose duties are

the diagnosis of Veterans' hearing problems and the provision of rehabilitative

services, and the determination of disability claims. Current research

includes a number of investigations on the auditory function and hearing loss

configurations of persons with noise induced hearing loss, research to improve

hearing aid evaluations and hearing aid designsp and e study of the effects
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of noise stress on coronary-prone males.

Almost none of the research is separately financed. Research projects

are conducted by VA personnel in addition to their major responsibilities which

consist of providing diagnostic and rehabilitative services for the hearing

impaired Veteran. Therefore, the identified research funding figures do not

reflect the level of noise related health effects research being undertaken

by the Veterans Administration. Furthermore, the research projects identified

in this document are just examples of the research efforts currently underway.

Many research projects are not represented here due tu the large number of

VA hospitals and clinics conducting some degree of research.
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/--. CHAPTER IV

SUMMARY AND COMPARISONS

WITH PREVIOUS PANEL'S FINDINGS AND RECOMMENDATIONS

In this chapter summary tables and graphs will be presented which show

funding levels for nolse-related health effects research by research category

and by agency, and the related research trends. The figures represent total

expenditures over the fiscal years 1978, 1979 and 1980 for the individual

agencies listed in Chapter llI. Also presented are the annual nolse-related

health effects research funding levels during the First (1973-75) and Second

(1975-77) Federal Noise Effects Panelsp compared to present levels. The re-

search topics identified by the Second Panel in 1978 as needing additional

emphasis are listed and compared with current research projects addressing

these topics. Finally, a strong recommendation is made for increased cooperation
/

" and coordination of all research activities between federal agencies.

1. Fundin_ by Category

Table IV-i provides a detailed accounting of funding levels during fiscal

years 1978, 1979, and 1980 for each noise-related health effects research

category. Figure IV-I portrays the same information graphically. The graphics

indicate a small upward trend in overall research funding over the three year

period but the trend is not consistent in each category.

As Figure IV-i shows, three categories accounted for over 80 percent

of the federal noise-related health effects expenditures. These categories

included Nolse-Induced Searing LOSS and Hearing Conservation, Individual and

CommunltN Response and Noise Environment Determination and Exposure

Characterization

'k_j
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Table IV-I.

NOISE EFFECTS RESEARCH FUNDING

BY CATEGORY

(In thousands of dollars)

CATEGORY _ 7FISCAL yEAR I., 1978 1979 -1980 TOTAL

Nonaudltory Physiologic
Response 184.8 231.6 270.1 686.5

Noise Effects on Sleep 40 0 50 90

Individual and Community
Response 990 1005 888.1 2880.1

Nolse-_nduced Hearing Loss _.
and _earing Conservation 2283.7 3120.8 3805.1 9209.6

Behavioral, Social, and
Performance Effects 340.3 233.6 210.0 783.9

Communication Interference
490.3 443.4 446.8 1380.5

Effects on Domestic Animals
and Wildlife 0 0 0 0

Noise Environment Detemminatior

and Exposure Characterization 1131.1 1654.3 1627 4412.4

Noise Concomitant with
Vibration 88 31 585,9 704.9

Fiscal Year Totals 5548.2 6719.7 7880

TOTAL 20147.9
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Figure IV-l. NOISE EFFECTS RESEARCH FUNDING BY CATEGORY

(In thousands of dollars)

J
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A detailed breakdown oE the research trends within each of these categories

reveals the followlng:

Noiee-Induced Hearing Loss and Hearing Conmcrvation (NIHL) received con-

siderably more funds than the other categorles--approximately 46 percent of

the total. In terms of sources of funding, a number of agencies contribute

most of the resources: DOD (especially the Army) and the National Institute

of Neurological and Communicative Diseases and Stroke (NINCDS) account for

about 70 percent of the spending outlay in this category. The Army's research

effort centers principally on its hearing conservation program and the develop-

meat of impulse noise hearing loss criteria. NINCDS's research program in

the NIHL area is concentrated on basic physiologic mechanisms of hearing loss.

A third contributor is the National Institute for Oqcupat£onal Safety and Health

(NIOS_), with a broad multltoplc research program which accounts for almost

16 percent of the funding.

In terms of distribution of funding by research initiatives or topics

within the NIHL category, only an approximate estimate can be made. In many

instances rather broad researnh projects were identified with multiple areas

of concern. Over the F¥ 1978-80 period the following research pattern emerges:

o $2.4 million or about 26 percent of the total Nolse-Induced Hearing
LOss and Hearing Conservation research funding of $9.2 million has
been spent on the development of more effective hearing conservation

programs and methods for the prevention of nolse-induced hearing loss;

o $1.9 million or about 21 percent has been spent investigating the
auditory effects of impulse noise and intermittent noise in order

to develop more responsive criteria for the prevention of hearing
loss due to nonsteady-state exposure patterns;

o $1.8 million or about 20 percent has been spent on microscopic studies

of the ear to determine the proces s by wh£ch noise damages the physio-
logical, mechanical and electroneural mechanisms of the ear;

<21
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o $I million or Ii percen_ has been spent to study the eommunicaslve
and social problems of the hearing impairedp including the development
of more effective hearing aids, diagnostic assessments, and rehabili-

tative methods;

o $800,000 or almost 9 percent of the funding in this category is being

spent examining the possible special susceptibility of children and
individuals with certein characteristics to noise-induced hearing loss.

Continuing our overview of the three largest categories, funding of Noise

EnviromRent Determination and E_posure Cha_actezization research accounted

for 22 percent of the total federal nolse-related health effects research

effort. Juse under 70 percent of the funding in this catngory is for the

comprehensive noise assessment programs of the Army (about $88OD000 ever three

years), Air Force ($1.5 million) and Navy ($560,000). These comprehensive

•_ programs include the development of measurement methodologies and prediction

methods, and noise exposure assessments, which are undertaken either directly

(doslmetry) or indirectly by combining noise level data with demographic _ata.

Among other agencies:

o The Mine Safety and Heal_h Administration has been running a significant
(about $550_000) program to improve the reliability of measurement
instrumentation such as dosimeters;

o EPA is conducting a long term national ambient noise survey to refine
the projections of the total U.S. population impacted by various levels
of environmental noise,

Finally! the Individual and Communlty Response category has received

$2.9 million or about 14 percent of total funding. The largest single compo-

nent has been NASA research on various aspects of human response to aircraft

noise ($1.3 million OE about 45 percent of all funding for this category).

The Army survey of response to helicopter noise adds another $250,000 to the

overall assessment of aircraft noise.
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The remainder of the research was the following:

o Noise sources under investigation besides aircraft noise include trans-
mission lines (DOE/NBS), blest noise (Army), mess transit (EPA/UMPTA),

construction sites (EPA/Army)j truck engine brakes (EPA) end road
traffic (DOT/NBS). About $720_000 has been spent on these projects.

o Integrally related factors being investigated include the relationship
between specific acoustlcel characteristics (such as duration, level,
spectral cherecterlstics, and intrusiveness of low-level sounds) and

the magnitude of human response.

o Some of the nonacoustlcal factors being investigated ere presence

of vegetative cover, subject activity, and time of day.

o There are also a number of general community noise studies essessing
overall response to noise.

Of the other six categories, less than one percent of the total was spent on

Effects of Noise on sleep_ while no research was _unded in the category Effects of

Noise on Domestic Animals and Wildlifs. The other categories each received between

three and seven percent of total funding. The category given the hlghes_

priority by EPA in its "Five-Year Health Effects Research Plan for Noise,"

Noneuditor_ Ph_slolugi_ Res_on_el received about $686,000, or only 3.4 percent

of _otal funding. Research in this category has been chiefly devoted to animal

end epidsmiologlc studies to identify possible essocletlons between noise

exposures end long term shi_ta in physiologic indicators or incidence of disease.

o 60 percent of the total fuoding has gone to animal studies to ascertain
blood pressure cheeses and mechanisms of change;

o 40 percent of the total funding has gone for epidemiologic comparisons
in human populations to identify poaslble asseclations.

,
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2. Funding by Agency

Table IV-2 shows funding levels for fiscal years 1978, 1979 and 1980

for noise-related health effects research according to agency. Figure IV-2

gives the same information graphically. It can be seen that the Department

of Defense and two of the egeucles within the Department of Health and Human

Services (NINCDS and to a lesser extent, NIOSH), provide most of the funding

for noise-related health effects research. The National Aeronautics end Space

Administration, and now the Department of Labor and EPA, are also significant

contributors, while the other agencies devote lesser amounts..To obtain an

overview of the general scope of the research interests of the various agencies,

refer to Table IV-3. While the typical agency is funding projects in two or

three categories, about a third (8 of 22 agencies) are relatively narrowly focused

on one category. At the other end of the spectrum are agencies with relatively

broad health effects interests. These include EFA (funding projects in 6 of 9

categories), the Army, Navy and Air Force (5 each), and the National Institute of

Environmental Health gciences_ NASA and DOT (4 each). The pattern reflects the

diverse noise research interests and noise control missions of each federal

agency to protect the public from the adverse effects of noise. The agencies'

responsibilities for controlllng certain sources of aoise end understanding

the effects of these sources on special populations, significantly affect

the research categories being investigated.
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Table IV-2. NOISE EFFECTS RESEARCH FUNDING BY AGENCY

(In thousands of dollars)

AGES=_ _ _"F_SGAL_--_I TO_AL., .. _978I _97911980
DEPARTMENT OF AGRICULTU_Z:

U.$. Forest Service 107 72.4 33 212.4

DEPAR_IMENT OF CO_CE:
Natlnnal Bureau of Standards 75.5 12.5 72.5 160.5

DEPARTmeNT OF DEFENSE:
U.S. Air Force 913.8 965.8 996,7 2876.3

U.S. Army 1196 1779 1865 4840

U.S. Navy 274.z 518.1 ; 578 1370.5
I

DEPARTMENT OF vnUCATION: Bureau of
i

Education nf the Handicapped 18t8 18.8

DEPARTMENT OF ENEROy 180 200 200 580

ENVIRONMENTAL PROTEcTioN AGENCY 328.2 339.9 680.8 1348.9
DEPT. OF HEALTH AND HUMAN SERVICES :

Center for Disease Control:

ND_ IA.4 6.6 21

NIO$_ 3&_. _ 538.1 907.6 1787.2

Fond and Dru 8 Admlnlstratlnn 2.2 _.2

_eal_h Services Administration 36_2 _6_2
National Institutes of NenL_h:

NK_BI 51.4 41.1 92.5

NICF/_D 38.7 19.7 ,58.4

NIE_S 171 273 269 713

NINCDS 695.7 821.4 789.3 2306.4

DEPARTMENT OF T_E INTERIOR:
U.S. Bureau nf Mines 282 282

5_AR_ OF_,_oR=
Mine Safe_y & Nenl_b Admln.
Employ_ann Standards Admin. 57,_ 217._ 561 836

I

_TIONAL AERONAUTICS & SPACE ADN_. 698 648 392 1738

NATIONAL SOTENCE FOUNDATION 56,7 38 36 130.7

DEPARTMENT OF TRANSPORTATION 358._ 197 176 731.9

VETERANS ADMZNISTRAT_ON* _ 5

YEARLY TOTALS
5548,2 6719.? 7880

TOTAL 20147.9 """
k_.

*Veterans Admlnlstra_ion Noise Research _s primarll 7 done with no speclal
prosmamma tic fundlnH.
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Table IV-3. AGENCY RESEARCH INTERESTS AT A GLANCE

AGENCY

DEPAET_NT OF AGRICULTURE: o
U.$. _oresc SerVice

DEPARTMENT OF COMMERCE:
Ha_ional Bureau of Standards • ®

" D_ oFD_NSE-
• • • • •

• @ " • •
u,s..a_ • • • •

DEPARTM_ITOF EDUC&TION: Sur_au of

Education of _he H_ndica_ped . •
D_2._aT_n_ OF ZNER_ 0

D_T. OF liZAITrl A_l_ I{VMANSERV[_Si
n

Ca_I:er for D18¢_84 Concrsl;

NIMli

_zos. • ®
Food and Dru B Admlnla_aclon •

Health Se_:v'ices Admlnlsc_ac$os •

National _m_Icuses of Healch;

NIC_KD i

DSPAK_NT OF TEE I_TER/OR:
U.S Sur,au of Nln._ •

DSPA_TM_T OF LABOR:
._,n. Safety and Hulch Admlala.
Employmesc Sczndards Ad_nia. O •

NATIONALA_RO_AUT_CS & SPACE ADM_N. • O • •

._zo_ scz,z_c__.tmATSO. @ .
D_A2-_T OF TRANSPORTAT¢ON O • • "

VETERANS _MI_ISTRAT_ON •

• Research Projects _o_allin8 $100 K or more in F_ 1978-80 period. _....
• Research Projects in FY 1978-80 period less than $i00 K.
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3. Funding by Nonfederal Sources

Federally sponsored projects probably account for greater than 90 percent

of all U.S. noise-related health effects research. As is pointed out in the

Introduction, the information in Appendix g on research sponsored by nonfederal

sources is in all probability a representative sample of ongoing research.

It should not be mistaken as a comprehensive compilation. It was not the

intention of this investigation to be comprehensive in the nonfederal area.

A fair amount of research is often conducted in university graduate degree

programs and in industrial settings but is not included here. Secondly, acous-

tic stimuli and noise components are often included in the research efforts

in other disciplines in the biomedical sciences. Thus it is extremely diffi-

cult to assess the total nonfederal research picture unless all environmental

rf._ and medical research efforts are surveyed.

For the FY 1978-80 periodp approximately $38OTO00 of nonfederally funded

projects were identified. This amounts to about 1.9 percent of the federal

total of $20.I million for the same period. Even if the actual funding of

nonfederally sponsored projects were doublep triple or five times the identified

amount, it would still amount to less than lO percent of federal funding.

States provide about 18 percent; local governments, 43 percent; an_

private organizations 39 percent of the total nonfederal research funding.

Most of this funding is in three categories: Nolse-lnduced Hearing

LOSS and Searing Conservation (49 percent)p Individual and Co.unity Response

(25 percent)_ and Noise EnvlroF_ent Determination and Exposure Characterization

(24 percent).

IV-If



4. Comparisons With Findln_s of the Previous Panel
(Second Panel_ 1978)

Thus far in this chapter, an overview of the most recent three-year

period has been presented. Roweverj it is also important to exa_mlne longer

trends in funding. Fortunately, the EPA reports published in 1975" and 1978"*

on federal noise research activities make such comparisons possible,

Activities of the Previous panel

Some background information on the Second Federal Interagency Noise

Effects Research Panel will assist the reader in,lnterpreting the findings

and reco_Juendations in the 1978 report.

Panel members included representatives from most of the same agencies

and departments represented in this report. Every major federal agency was

invited tO send a representative.

The Panel's function was to report on current federal research, and

than make recommendations to Congress and _he Office of Management and Budget

for the most effective use of federal resources. Towards this end specific

objectives were set, including:

O Review and assess the current state of research on health effects

of noise;

o Identify research gaps, areas of overlap, and areas where more
emphasis is needed; and

o Prioritise identified areas of need.

* Federal Noise Effect. Research: FY73-FY75, Report EPA-600/I-75-O01,
Prepared by In_eragency Noise Effects Research Panel, March 1975.

** Federal Noise Research in Noise Effects (Report of the Second Federal
Interagenay Noise Effects Research Panel). Report EPA 550/9-78-102,

February 197B. _:
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Information on the various agencies' research projects on the health

effects of noise was provided by Panel members. The recommendations presented

in the 197g Report represented a general consensus of the Panel members.

Although there was wide agreement that certain areas needed increased attention,

opinions On other areas were quite mixed and reflected the diversity of interests

and missions of the various federal agencies. These recommendations primarily

addressed areas that needed further research and the prioritizacion that should

take place within a coordinated federal program.

Trends in Fundln_

Table IV-4 shows trends in annual funding levels in each research

category during the periods in which the First (1975) and Second (1978) Federal

Noise Effects Research Panels were operational, compared with the present

period. Table 1V-5 shows trends in funding by agency. The numbers represent

the mean funding level in each three fiscal year reporting period.

Trends in Overall FundinR.--It appears that overall funding spent

on nolse-related health effects research has continued to grow, but recently

at a slower race. Overall funding increased only about 15,0 percent in current

dollarst from a three-year average of about $5.8 million per year in the FY

1975-77 period to about $6.7 million in the FY 1978-80 period. Thusp after

discounting for inflation, there has been little or no real increase in overall

funding. In the two previous three-year perlods_ overall funding increased

about 45 percen_ from a three-year average of $4.0 million to a three-year

average of $5.8 million. In fact, the actual growth between the 1975-77 perlnd

and the present period is probably even slower than the figures indicate,

because the previous surveys were not as comprehensive as the present one.

"!
It is likely that funding levels for the previous two periods are somewhat

underreported.
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Table IV-4.

TRENDS IN FUNDING BY CATEGORY

COMPARISON OF NOISE EFFECTS RESEARCH FUNDING BY

CATEGORY REPORTED BY THE FIRST TWO PANELS AND IN

THE CURRENT UPDATE

(In thousands of dollars)

^VERAGE _I_N_ PER ¥_AR

_IRgE-Y_R PERIOD)

First Panel Second Pane eurte.tupda_
1973-1975 1975-1977 1978-1980

Nonaudltory Physiologic Response 161 164 228.8

Noise Effects on Sleep 147 109 30

Individual and Community Response* 626 309 960

Noise Induced Hearing Loss and
Rearing Conscrvatlon* 1391 3082 3069.9

Behavioral, Social, and
Performance Effects* 276 1088 261.3

Communication Interference 309 478 460.2

Effects on Domestic Animals and
Wildlife 0 50 0

Noise Environment Determination

and Exposure Characterization* 1076 338 1470.8

New

Noise Concomltsnt with Vibration Category 219 235,0

TOTALS 3986 5837 6716

*Categories slightly revised for current update

IV-14



Trends in Fundin_ by Category.--The pat=am of funding by category

has remained remarkably stablej especially considering the alight revisions

of category daflnltlons the= have occurred. _olse-lnduced fleecing Loss and

_earing Conservation has remained the largest single category of research,

ehough funding has dropped sligh=ly, averaglng $3.1 million annually aver

the last three years, the same as for the FY |975-77 period.

While the overall spending in thls category has remained aC about
i

the same level, emphases within the category have shifted:

o Research on the "hearing conservation" toplc has increased

from about 14 percent of the fundlng for this category in
FY 1975-77 to about 26 percent in FY 1978-80;

o Research on "mechanisms of henrlng loss" has decreased from
a 35-percent share in FY 1975-77 to a 19-percent share in
FY 1978-80;

o Research on NIHL due to "impulse and inCermiCCent noise" has
.. increased slightly from an ll-percenC share in FY 1975-77

to a 20-percent share in FY 1978-80.

The next largest categories are Individual and community

Response and Noise En_iron_emt Determination and ExpOsure Chalacterizatio_,

averaging $I.0 million and $1.5 million, raspeaClvely. Both of these

have more than tripled since the FY 1975-77 period. This increaser

while realj has probably been exaggeraCed_ to some exten_, by redefinitions

of these categories.

_onaudlcory Physiologic Response has increased significantly

(by 40 percent) but remains at che relatively low average annual level of

$229_000.

Behavioral, PsgchologIcal and Performance Effects funding has

_-_ declined bY 76 percent to an average of $251,000 per year.

Funding of effects of noise on human sleep end on anlmala was

small and have been furCher reduced Co $30,000 per year and O, respeccively.
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Trends in Fundin_ by A_ency.--Table IV-5 reveals the overall

funding trends for each federal agency conducting noise research. Steady

growth is seen in the research funding for some agencies like the Department

of Defense, EPA, NIOSH, NIEHS, Department of Energy, U.S. Forest Service and

the Bureau of Mines. Within the Department of Labor, the Mine Safety and

Health Administration and =he Employment Standards Administration reveal

significant increases in funding.

Other agencies reveal a decline in funding levels (NINCDS, NBS,

NASA, NSF, and DOT) between the previous reporting periods and the present

reporting period. The funding pattern for the Veterans Adm_nistratlon is

less readily dlacernlhle since research efforts of personnel are combined

with their clinical responslbillties.

By a wider margin than everj the Department of Defense continues

to be the leading sponsor, averaging 45 percent of total funding for the

last three years. In fat6, DOD funding has increased 80 percent over the

previous three-year period. DOD funds are largely concentrated in the

Noise-Induced Nearing Loss and Hearing Conservation and Noise Envirozlment

Determination and Exposure Characterization categories.

In second place, with a three-year average of $769,000 per year,

is the National Institute of Neurological and Communicative Diseases and

Stroke (HINCDS) of the National Institutes Of Health. However, NINCDS funding

has declined 44 percent from ies average of $1.4 million per year in =he

FY 1975-77 period. The National Institute of Occupational Safety end Health

(NIOSH) is the third largest sponsor of nolse-related health effects research,

averaging $995,000 per year. This is an increase of 27 percent over the FY

1975-77 period. Taken together, all of the Department of Health end Human

Services programs (includlng NINCDS) have averaged $|.7 million per year C'

over the last three years, down 21 percent since the grevlous three-year period.
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Table IV-5. TRENDS IN FUNDING BY AGENCY

r_'_ Comparison of Noise Effects Research Funding by Category ReporCed
By the First Two Panels and in the Current Update

(in thousands of dollars)

AVENGEPJ_DINGPER TEAR

AGENC_ _mgE-YFAR PERIOD)

}'lrst Panel Second Pa_al Current If_date
1973-1975 1975-1977 1978-1980

, , _' ,
DEPARTMENT OF AGRICULTURE_

U.S, Foresc Service * 37 70.8

DEPARTMENT OF CO_CE:

National Bureau of Scandards 103.3 265 53.5

CONSUMER PRODUCT SAFETY CO_ISSION * I_ *
DEPARTMENT OF DEFENSE 948 1679 3028.9

, l ,

DEPARTMENT OF EDUCATION: Bureau of
• * 6.3

Education for the.Hnndicapped ,

DEPAR_NT OF ENERGY *.. 118 193.3

ENVIRONMENTAL PROTECTION AGEN_ 297 256 4_9.6
DEPT. OF HEALTH A_D _ SERVICES:

Center for Disease Control;
NLv_ * 12 7

_IOSH _9_ 468 595.7l

._ Food and DrUE Ad_.niscracien ,, * I * ,_

Health Services Admin£stracion .,. * { * 12. !
National _nscicutes of geal_h:

• * 30.B
_HLBI ,_,.,__j

NICHB_ , 36 19.5

NZEHS 216,3 222 237.7

NINCDS 768..5 .1379 768.8

DEPAR_NT OF HOUS_G AL_ URBA_ , ,
DEVELOPMENT 405
DEPARTMENT OF THE INTERIOR:

U.S. Bureau of Hines 32 65 94
,, l ,

DEPARTMENT OF LABOR:

Hine Safe_y &Healch Ad_Lnts_ra_ion , * 27S.7
Employment Standards Administration

NATIONAL ACADEMY OF SCZENDES * I 33I

NATIONAL AERONAUTICS AND SPACE

ADMINISTRATION 802 718 579.3

NATIONAL SCIENCE FOUNDATION ... ? ,5_ 4_.6

DEPARTMENT. OF TRANSPORTATION. v? ,I_4 244.0
VETERANS AD_INZSTRATION * 151 1.7

_ TOTALS: Three year Means 4018 5843 67[6

• NO_ rnpor|:ad
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Other lending agencies include NASA ($579,000 ! and EPA ($450,000).

Of these, the EPA program has increased by nearly 90 percent since the FY

1975-77 perlodt while the program of NASA has declined somewhat (19 percent).

Bureau of Hines funding has increased steadily--45 percent since the FY 1975-77

period.

5. Comparison With the 1978 Panel's Recommendations

Overall Funding Reco_endatlons

Based on comparison of three-year averages, overall funding (in current

dollars) has increased only about 15 percent instead of the 40 percent recom-

mended by the previous Panel.*

Recommended Priority Cate_orles /'-_

The previous Panel identified three categories requiring more funding

urgently.

Funding increased in the highest priority category identified by the

panel, Ronauditory Physiologic Response, from 2.0 percent to 3.4 percent

of total funding (three-year averages). While this represents a slgnlficant

in=tease in funding sharej the share of this category is still very small

considering the potential seriousness o£ the problem and the provocative

sclentifi¢ findings to date.

The other priority categorles identified by the Panel were E£fectz

o£ Roise on Sleep and Con_unit_ or Collective Response. The latter category

(now Individual and Communion Response) has received a substantial increase

in emphasia_ probably due to the fact that human response ¢riterln emanating

from this area of research have provided a strong foundation for environmental t-"

* 1978 Report, p. I.
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noise legislation at the federal, state, and local levels of noise control.
}

However, funding on Effects of Noise on Sleep has declined (by 72 percent),

i averaging only an infinitesimal 0.4 percent of total fundingover the last

three years. This fact is distressing considering that criteria in this

:: area have a large bearing on noise abatement strategies and actions.

The First Panel made largely the same recommendationsin 1975 as the

Second Panel did in 1978. Thus, the long term pattern has been that, with

the recant exception of Individual and comJnunityResponse, the priority cate-

gories have not received the additional emphasis recommendedby the Intsragency

Panels.

Recommended Priority Topics Within Categories

_ Besides the three high-priority categories identifed by the 1978 Panel,

selected topics within the categories were also identified as needing additional

emphasis--not only in the high-priority categories, but in the other categories

as well. It is therefore of interest to list each of these topics in turn,

describing in a summary fashion what work if any has occurred in the last

three years. This is done in the following discussion. The implications

of these comparisons should be interpreted with caution. The fact that

research has in some cases been initiated or continued does not necessarily

mean that the identified topic is now receiving sufficient emphasis. The

purpose of the discussion is not tp evaluate the adequacy of the research

per se, but to assess whether the resources being allocated seem to corres-

pond roughly with the levels of emphasis suggested by the previous Panel.

It should be noted that not ell applicable studies have been listed in this

.--_ analysis.
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Nonauditory Physiologic Response: Cardiovascular and other physiological /'_

chan_es due to noise (short-term) in the
general population.

Several studies have looked at the short term, cardiovascular (and other

physiological) changes. However, these have not been directed solely at the

general population. One study by NHLBI (I) examined the role played by noise

stress in the etiology of essential hypertension in young people. The VA

sponsored a similar study (2) on coronary-prone and non-prone young men.

Nonaudltory Physiologic Response: Worker safety and health

The Department of Defense has made this topic a component of many of

their research projects dealing with high intensity noise which is common

in military noise environments. Naval studies (3'4'5) also touched on the

subject byz (a) trying to determine whether Naval personnel resistant to

noise-lnduced hearing loss are distinguishable along any nonauditory dimensions; r_"

(b) testing the acute effects of work-related high intensity noise on nonaudl-

tory systems for aircraft maintenance crews and (c) measuring the interactive

effects of heat and noise stressors. An SPA-sponsored review (6) has sun_arieed

European research on the subjectj eoncludihg that there is substantial evidence

ths_ long term work under high level industrial noise exposures is associated

with chronic changes in cardiovascular function. EPA (7) is currently under-

taking a comprehensive review of existing epldemiological research on the

nonauditory physiologic effects of noise, utilizing data from industrial settings.

(I) "Orienting Response Deficits in Adolescents with Elevated Blood Presenter"
p. A-179.

(2) "Concept Identifioatlon in Stress," p. A-295.
(3) '*Individual Differences in Susceptibility to Noise-lnduced Hearing Loss

Among Navy Military and Civilian Personnel," p. A-IO0.

(4) "High Intensity Energy Effects on Physiological Behavioral and Subjective
Responsei" p. A-91.

(5) "Effects of Noise and Heat ae Combined Environmental Streseora on Performance

and Physiological States in Navy Machinery Spaces," p. A-93.

(6) "Extra-Auditory Health Effects of Industrial Noise: Survey of Foreign _'
Literature," p. A-125.

(7) "Epidemlology Feasibility Study: Effects of Noise on the Cardiovascular

System," p. A-127.
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Nonaudltory Physiologic Response: Nonaudltory health effects of impulse noise.

No projects specifically directed at this topic have been identified.

Nonaudltory Physiolosie Response: Lovs-term nonaudltory health effects.

This is the highest priority topic in the EPA "Five-Year Health Effects

Research Plan for Nolse," particularly the study of effects of noise on the

cardiovascular system. It partly overlaps the "Worker Safety and Health"

topic, because much of the nonclinical data comes from industrial settings.

Thus many of the studies mentioned under the previous topic are also pertinent

to thla topic.

Research on thls topic has grown over the last several years, though

not extensively. EPA_ NIEIISp and NIC_D have all sponsored projects in this

i_ area. Most notable is the study being performed at the University of Miami.

Jointly sponsored by EPA and N_EHS between 1977-79, (8) this project is using

Rhesus monkeys to examine the long term effects of everyday an_ industrial

i noise on blood pressure. Results from the first set of animals indicate that

? daily exposure to such noise produced sustained elevations in blood pressure.

Due to the complexity of this type of study_ mere work is clearly needed to

assess the long term effects of noise on the cardiovascular system. In an

indirectly related EPA study, (9) the 1971-1975 National Health and Nutrition

Examination Survey will be analyzed to investigate relationships between cer-

tain medically defined health conditions and selected demographic indicators

indicative of potentially higher level noise exposures.

(8) "Noise Exposure and Cardiovascular Function," p. A-187.

--_ (9) "Analysis of National Health Survey Data Bases," p. A-150.
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In eddltlon, NICIIHD(lO)" has been investlgstln E the effect of envlronmentel

noise on the physical growth of children in a community near an airport with

high volume activity. Physical growth is being used as a measure of child

health in the community.

Noise Effects on Sleep: Effects of chronic sleep interruption by noise.

This topic includes both the study of the disturbance of sleep by noise

and the consequent health and performance effects of such disturbance. EFA (II)

will be conducting e study to begin to describe and.quantlfy the functional

significance of chronic noise-disturbed sleep. Measures related to health

and physiologic function will be assessed in this study.

The Navy (12) has made the effects of sleep disruption, from Naval noise

environments a part of a larger study investigating physiologic and behavioral

responses of noise on aircraft maintenance crews.

NASA (13) has completed a study attempting to identify the acoustic .para-

meters of noise that are the best predictors of the degree to which aircraft

noise is likely to disturb sleep. This study also investigated the effects

of sleep disruption on performance.

(I0[ "Environmental Noise and Physical Growth o£ Children," p. A-183.

(II) "Health Consequences of Chronically Noise Disturbed Sleep," p. A-128.
(12) "Iligh Intensity Energy Effects on Physiologieal_ _ehavioral, and Subjective

Response," p. A-gl.
(13) "Acoustic Energy Effects on Sleep and Human Performance--Effects of

Certain Fundamental Parameters of Acoustic Stimuli," p. A-261,
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Noise Effects on Sleep: Effects of sleep interruption on special populations
(e._._ 111_ a_ed_ etc.).

No federally sponsored projects have been identified on this =ople.

Individual and Community Response: Sociological effects of (community) noise
in relation to quality of life.

A study related to this topic is being sponsored by NIHH(14) in order

to understand the significance of noise as an urban mental health problem.

This study focuses on the emotional distress, behavloral disturbances, and

difficulties individuals experience in adjusting _o highway noise.

Co.unity noise at=itudlnal surveys are also being sponsored by EPA(15)

to assess adverse reactions to community noise problems.

Topics in Noise-Znduced Hearin_ Loss and Hearln_ Conservation

Approximately one third of the $9.2 mi111on funded in FY 1978-80 under

this category has gone to research in topics identified by the last Panel

as needing more emphasis. Each topic recommended by the Panel is covered

in the following discussion.

(14) "Personal and Family Adjustment to Urban Noise," p. A-161.
(15) "Social Survey Around Construction Sitesz Phase I," p. A-13O; end

"Co_unlty Noise A_titudinal Assessments," p. A-139.

i
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Noise-lnduced Hearin_ Loss and Re#ring Conservation:
Effects of noise on children.

Major emphasis is being placed by EPA in investigating the auditory ef-

fects of noise on children. A longitudinal research study jointly sponsored

by the Air Force/EPA (16) is now in its fifth year. Changes with age in the

auditory thresholds of children are being investigated in relationship to

environmental noise exposures and developmental and physiologic variables.

Some initial auditory sensitivity trends are prevalent related to noise expo-

sure patterns_ age, sext and phyeiologic factors. This longitudinal study

is projected to continue to follow the children to adulthood.

EPA is also sponsoring a set of fleld and laboratory studies (17) to deter-

mine the magnitude of the TTS problem experienced by children in common high-

noise environments. An interrelated segment of the study will aseess the _.

conflequenoee of repeated occurrences of TTS.

NINCDS has recently initiated a study (18) to determine the possible ef-

fects of hearing aid amplification on the residual hearing of children, A DOT

project (19) is acquiring data on the relationship between children's hearing

levels and exposure to highway noise, although the focus of the project is

more directly related to noise exposure and academic achievement.

{16) 'CLongitudinal Study of Nearing Levels in Children," p. A-141.
(17) "Temporary Threshold Shift (TTS) Problems and Children," p. A-149.
(18) "Determination of Effects of Hearing Aid Amplification on Children,"

p. A-224.
(19) "EffeCts of Freeway Noise on Rearing Level and Academic Achievement of

Children," p. A_291.

J
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Nolse-Induced Hearin_ Loss and Hearln_ Conservation:

Effects of impulsive and intermittent noise.

Considerable work is in progress to better understand the auditory effects

of impulse noise. Partloular attention is being paid by the Department of

Defense (20) to the effects of impulse noises generated by military hardware.

These studies will deflne the physiologic effects of high intensity impulse

noise upon the auditory system and the acoustical characteristics of the noise

responsible for the injury.

NIOSH (21) has conducted a literature search and on-site industrial visits

to estimate _he number of American workers exposed to impulse noise as part

of a broader program to establish a scientific hasls for an impulse noise

C22) .
damage risk criterion. Another NIOSH study Is investigating the mechanisms

of impulse nolse-lnduced hearing losW.

'P" NIEMS (23) has a multl-element project to investigate the interactions

between continuous and impulse noise and vibration and impulse noise using

an animal experimental model, the chinchilla.

In the intermittent noise research area, a number of laboratory studies

are also being undertaken to assess the differing effects of intermlttent

and continuous noise exposures on the auditory system in terms of structural,

physiologic and biochemical changes. These studies are principally being

_!_ (20) "The Medical Effects of Blast Overpressure," (U.S. Army) p, A-65;
Functional Effects of Acoustic Exposure," (U.S. Air Force) p. A-17;

and "Changes in Auditory Performance from Exposure to Noise of Army
Materiel," (U.S. Army) p. A-61.

_ (21) "Impact/Impulsive Noise Data Base," p. A-I?4.
I_ (22) "The Effects of Impulse Noise on the Auditory System," p. A-168.
:_ (23) "Combined Impulse and Continuous Noise: Auditory Effect," p. A-191.
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funded by the Air Force, (24) HIOSH (25) and NINCDS. (26) In addition, NIOSH (27)

is undertaking a large field study in the paperworking.lndustry to quantify

the hearing abilities of workers exposed to defined intermlttency patterns.

Noise-lnduced Hearin_ Loss and Mearln_ Conservation_
Longitudinal studies of bearln_ in normal and nolse-exposed populations.

The only longitudinal hearing loss study presently being conducted with

federal funding is the ongoing EPA/Air Force (28) effort at Fels Research

Institute investigating changes in the auditory sensitivity of children with age.

Noise-lnduced Rharin S Loss and Mearin S Conservation=

Relationship between temporary and permanent threshold shift.

The Air Force, (29) NIEMS, (30) NIOSS, (31) and NINCDS (32) all have supported

projects concerned, in part, wlth the occurrence of TTS and the implications _-_

of thls occurrence for PTS. In the NIOSg study, an animal model has been

identified to study the effects of long term nolso on the inner ear of humans

in order to maximize the probability that the processes underlying the TTS

in the two species are similar. In addition, two studies are being funded

by NINCDS to evaluate the correlation between behavioral measures of hesrleg

impaicmenc_ neural responses, and anatomical damage to the cochlea.

(24) "Effects of Lons-Dura=ion Noise on Human Auditory Processes_" p. A-25.
(25) "Animal Model to Study the Effects of Noise on Humans," p. A-165.
(26) "Mechanisms of Hearing Loss," p. A-222.

(27) "Study of Noise/Hearing in the Paperworking Industry," p. A-169.
(28) "Longitudinal Study of Hearing Levels in Children," p. A-141.
(29) "Effects of Long Duration Noise on Human Audicory Processes," p. A-25.
(30) "Combined Impulse and Continuous Noise_ Auditory Effect," p. A-191.
(31)'"Animal Model to Study the Effects of Noise on Humans_" p. A-165.
(32) "Auditory Fatigues Neurobehsvloral Observations in Rhesus Monkeys,"

p. A-211; and "Effects of Noise on the Ear and Hearing/AudltoryCommunication and Its Disorders," p. A-212. #
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"':i _-_ ' _ Noise-Induced Hearln_ Loss and Hearin_ Conservation:

; .ii: , !,! Possible hi_h-rlsk and susceptible populations.

The Navy has been particularly interested in this topic. In two separate

studies (33) the Navy is inves=igatlng audiome=rically dlchoComous groups co

• determine what physical, psychological or behavioral measures might account

for their demonstrated difference in susceptibility to hearing loss• Another

Navy study (34) is developing a high frequency audiometric procedure to enable

early identification of noise-lnduced hearing loss. Joint EPA/AIr Force (35)

and NIEHS (36) investigation8 are assessing the susceptibility of the fetus

to hearing loss using sheep and guinea pigs as surrogates for human subjects.

(30)
AS pr_vlously mentioned) EPA is investigating the susceptibility of children

to noise-lnduced hearing loss. Little is known about the susceptibility of

children. NIGHS (37) is also sponsoring a study to determine the consequences

of early noise exposures on animal subjects by assessing differences in ana-

tomical and physiological damage. This research ls evaluatlng tbe notion

of "critical periods" in auditory development when the auditory system may

be more prone to damage.

(33) "The Relationship Between Selected Nonaudltory Measures and the Hearing
Threshold Levels of an Aviation Nolse-Exposed Population," p. A-99;

and "Individual Differences in Susceptibility to Nolse-Induced Hearing

Loss Among Navy Military and Civilian Personnel," p. A-100.
(34) "Susceptibility and Early Detection of Nolse-Induced Hearing Loss Through

High Frequency Audlome=ry)" p. A-101.
(35) "Effect of Noise on Pregnant Animals," p. A-32.

(36) "Prenatal Ezposure to High Noise Levels on Auditory Thresholds in Guinea
Pigs," p. A-199.

(37) "Physiologic Consequences of Noise Exposure in Young Animals)" p. A-It0.
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Noise-Induced Hearin_ Loss and Hearln_ Conservatlon:
Social and economic impact of noise-induced hearin_ loss.

_lis Coplc has yet to be thoroughly axamined_ although millions of persons

ace auf£ering the coosequence_ oE noise-induced hearing loss and millions

of dollars are annually paid out in workers compensation claims for hearing

loss, DOL is currently sponsoring a large literature review study (3g) to

determine the most scientifically applicable hearing loss criteria and related

provisions for awarding workers compensation for nolse-induced hearing loss.

The SPA £s supporting a small pilot field study (39) to identify the conse-

quences of hearing loss for workers dependent on verbal communication.

Applicable studies (40) are being conducted by the Army examining the communi-

cative problems of military personnel with nolse-induced hearing loss.

Communication Interference: Prediction of speech incelli_lbilicy in noise.

Everyday communication in lifellke noisy
envlronments.

NINCDS (41) and the Department oE Defense (42) have sponsored a number

of projects addressing the ability of hearing impaired and normal hearing

individuals to understand speech signals in the presence of noise under con-

ditions simulating real world environments. D0D is parClcularly interested

in this topic with regard to mission communication capability in noisy military

environments and the rehabilitation of military personnel with hearing loss.

(38) "Assessment, Examination, ned the Benefit Formula," p. A-251; "Presbycusls,
Recruitment end Tinnltus," p. A-2S2; end "Occupational Noise," p. A-253.

(39) ttSociel Handicap Caused by Noise-Induced Searing Least" p. A-151.

(40) "Evaluation of e Cor_unice_ion Self Assessment Inventory of the Hearing
Impaired Soldierj" p. A-70; and "Extended fflgh Frequency Amplification
Eor Heering Loss Above 2000 Ezp" p. A-69.

(41) "gvaluatlon o4 a Test of Speech Perception in Nolse_" p. A-234. r_,-p
(42) "Acoustic Cues for Speech Intelligibility and Discriminability," p. A-37;

and "Performaz_ce of nigh Frequency Impaired Listeners with Conventional
and Extended High Frequency Amplification," p. A-75,
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Connnunlcatlon Interference: Effects of noise on speech and message production.

No recent projects have looked at these effects specifically, though

DOD, as indicated, is concerned with communication requirements during military

missions and speech levels function as an experimental variable in these studies.

Noise Environment Determination and Exposure Characterization:

Development of standard methodologies to measure and characterize the
effects of noise.

Much work has been done by a number of agencies, particularly DOD (43)

and MSHA, (44) on developing standardized measurement methodologies and asses-

sing the accuracy of instrumentation and measurement procedures for determining

sound environments and individual noise exposures.

Noise Environment Determination and Exposure Characterization:
_. National baseline data bank on environmental noise exposure levels.

This topic was originally identified by the 1978 Panel ander the Comnunity

Response entegory_ but has since been moved to the present category. EPA (45)

has been primarily involved in this area. The most relevant effort is the

expansion of an existing EPA ambient noise data base. Results will provide

average ambient noise levels and contributing noise sources associated with "

different residential and commercial environments to permit projections of

national noise levels with greater accuracy.

In addition, the Air Force (46) is making a contribution in this area

with its very extensive NOISEHAP and NOISECHECK programs to predict the yearly

averaged noise environments produced by aircraft operations around USAF bases.

(43) "Noise Measurement and Monitoring," p. A-83.
(44) "Dosimeter Accuracy Study," p. A-254! and "Impact Impulse Sound Level

_ Meter Evaluation," p. A-256.
: (45) "National Ambient Noise Survey," p. A-155.

(46) Numerous separately listed projects under Air For.ca; pp. A-44, -45, -46,
-47, "481 -49, -51, -52, -53.
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Noise Environmen_ Determination and Exposure Characterization:

Audiometry (standardized methods and calibration).

This topic is now being addressed under the _oise-znduced _earlng LOSS

and Hearing Conservation category.

I IV-30
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Summary

In reviewing the various topics and categories it is clear, solely from

a consideration of resources being allocatedj that current research funding

levels for the Nonauditor_ Physiologic Response and Effects of Nolse on Sleep

categories have not received the additional emphasis recommended by the 1978

Panel, Funding in the Nonaudltor_ PhNsiologic Response category has increased

by a yearly average of only $651000, whereas sleep research has declined by

$80_000. Together, they are responsible for only 3.9 percent of total funding.

Considering that overall noise-related health effects research funding has

increased by 15 percent, research in the categories of Nonauditory Phgaiologic

Response and Effects of Noise on Sleep have lost further ground since the time

these recommendations were made.

/-_ Within the other categories, it is more difficult to make an assessment.

For example, in the Noise-Induced EearingLos_ category , some research is

ongoing in almost all topics identified by the Panel, but the question is

whether the relatively small funding shares devoted to some of the topics

are actually responsive to the Panelts recommendations. Only one third of

Noise-Induced Hearing Loss research funding now addresses Panel-recommended

topics. "Effects of noise on children," "longitudinal studies,""susceptible

populations," and "social and economic impacC' all seem to be underrssearched

areas compared to the variety of projects which could be undertaken.

Within the other categories for which the Panel identified topics--

Individual and Community Response, communication Interference, and Noise

Enviro_ent Determination a_d Exposure Characterization--a number of p_ojeets

responsive to the identified topics appsar to be ongoing.
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6. Continuln_ Research Needs

Recommendations Since 1978.

Besides the 1978 Panel Recommendations, several more recant' assessments

of research needs have been initiated.

The first was the result of the 1978 Third International Congress on

Noise as a Public Health Problem, held in Preiburg, Wast Germany, sponsored

by the _nternatinnel Commission on the Biological Effects of Noise (ICBN).

In the Proceedings* of this Congress, recommendations for further research

were made primarily on a scientific besis_ i.e._ research areas were identified

where there were unresolved questions which further work might elucidate.

The second assessmen_ was developed by SPA more in the context of both

prograr_natio and scientific needs. Proceeding from its mandate to carry out

the legislative requirements of the Quiet Communities Act of 1978 and coordinate

federal efforts to protect the public welfare from the adverse consequences

of noise, SPA has developed a Five-Year Plan for research on the health effects

of noise. The Plan identifies the key areas where more research must be done

to provide the dose-response criteria needed by policy makers to set adequately

protective standards.

Both the ICBN and SPA recommendations highlighted the need for additional

research on noneuditory physiolosioal effects, as did the 1975 end 1978 federal

_nterageney Panels. Their other recommendations were also consistent with

those of the Panels.

Likewise, a committee (CHA_A Working Group 81) of the National Academy

of Sciences has reoently recommended that investigation of the relationship

between noise and medically significant physiological responses be accelerated,

with cardiovascular _easures as the initial focus.

W _roceedin_? of the Third International Congress on Noise as a Public Health _'_
Prqble_, Freiburg, W. Germany, 1978. Washington, D.C.z American Speech
and Hearing Aesoeianion_ 1980.

_V-32



In addition to these three broad sets of recommendations encompassing

all categories of research on the health effects of noise, the National Institute

I

of Neurological and Communicative Disorders and Stroke (NINCDS) sponsored

a workshop in 1978 on research needs in the Noise-lnduced Nearing Loss category.

The top two areas identified by the workshop as needing more emphasis were

(I) obtaining epidemlologlcal data on the prevalence of noise-lnduced hearing

loss and (2) quantifying the social impact of nolse-induced hearing loss.

The latter recommendation is similar to that of the 1978 Panel Report. Only

limited research haB been initiated in these areas;

i Therefore, the overall picture which emerges from this review of the

: most recent federal research is tha_ expert recommendations for new research

emphases have remained nearly constant since 1975, while "the overall pattern

,/--_ of federally sponsored research continues to remain little changed from the

old pattern.

The Need for Improved Coordination

Such a situation suggests the importance of continued efforts to improve

coordination of the overall federal research effort, The update in this report

of the "data base" of projects is a necessary part of this coordination.

It reflects the research interests and activities of the various agencies.

Bet by itself it will not be sufficient. Also necessary will be increased

dialogue between the health professionals of the various agencies, including

aative planning of research programs and consideration of joint research ven-

tures in key areas. These efforts are needed to complement and support the

information requirements of each federal agency. Ultimately, a set of unified

+. interagency research plans should be developed to answer important questions

.... in each health category and derive the most applicable, health selects criteria.
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These health criteria would form the basis for noise control actions for all

federal agencies. Each agency would agree to support certain functional elements

of these plane through joint collaboration or individual research efforts.

_n this manner unified research goals and objectives can be established and

work undertaken in a concnrted and systematic federal research effort.

Some specific plane for joint research have already been implemented

(e.g., EPA/AIr Force, NBS/DOT_ EPA/NIEHS), and more cooperative projects are

being advocated in the EPA "Five-Year Health Effects Plan for Noise (1981-

85)," The further devnlopment of such plans must be encouraged as a part

of the overall coordination effort° The continued activity of the EPA-sponeored

"_nteragency Health Effects Advisory Group" will facilitate such collaboration.

By coordinating research needs with the resources and talents of each

federal agency, it will be far more possible to meet the recommendations made _'_'

by the First and Second _nterasency Panels.

C+
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DEPARTMENT OF AGRICULTURE

U.S. FOREST SERVICE

INDIVIDUAL AND COMMUNITY RESPONSE

Title: INFLUENCE OF VEGETATION ON MAN'S RESPONSE TO NOISE

Ob_ectlve: To l) determine whether man's response co noise is modified by
characteristics of the listening site, and determine which site characteris-
tics are influential and in what direction their influence is manifest;

2) determine what aspects of the sounds to which man is exposed in listening
sites are most effective in modifying his behavior and determine the direction
of influence_ and 3) determine which dimensions of behavior are subject to
noise-site interactions.

Descriptlon_ Five field sites were selected which varied in the extent of
vegetative cover. A set of tasks was performed by subjects at each site,
including a loudness estimation task, a tracking task combined with a high-
level cognitive task_ completion of an environmental aesthetics questionnalre,
and evaluation of naturalistic sounds played through a tape recorder.

f-x. .summary of Findinss| A site/task interaction with sex of subject was found
to be significant. Loudness estimations were found to vary as a function of
vegetative cover. Aesthetic reactions differed only between the most urban,

least vegetated site and all ether sites. Responses to naturalistic sounds
• w_re affected by sites.

Nhere Findings Publlshed: No publications yet; several papers presented
including two at the Annual Meeting of the Acoustical Society of America.

Period of Performance: 1978-1980.

Investigator: B.E. Mulllgan, Department of Psychology, University of Georgia,
Athens, GA 30602 (404/542-2174).

A_ency Contact: H.K. Cordell, USDA Forest Servlea_ Urban Forestry Research
in the South, Carlton Street, Athens, GA 30602 (404/546-2451).

Fiscal Year Fundln_ ($I0009: 1978 1979 1980 1981
7 7.4 7 (approx.)

/
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FOREST SERVICE (Cont'd) ,_

NOISE ENVIRONMENT DETERMINATION AND EXPOSURE CHARACTERIZATION

Titl.___es. NOISE POLLUTION PREDICTION METHOD

Objective| Develop a method to predict noise pollution impact on recreatlonlsts
in a forest environment.

Description: Noise pollution is the by-product of an increasing number of
recreatinnal_ transportation, and industrial activities on National Forest
System lands. The most serious environmental impact of noise in the National

Forests is the annoyance that it causes. The degree of annoyance is not
dependent on the level of the noise, but upon its signal-to-nolse ratio at
the listener location and certain tattErS intrinsic to the listener. Et is

imperative, therefore, that Forest Service land managers know how far the
noise of an activity carries through the Forest, what slgnal-to-noise ratio
the activity causes at the listener's location, and what internal characteris-
tics affecting subjective evaluation of the noise are likely to he typical
of listeners. The work done under this project has quantified these parameters.

The recreational opportunity presented is used as the main descriptor of the
likely "frame of mind" of the listener. The prediction method is presented

in an easy-to-use fore,at. Thus, in-the-fleld managers can utilize it for f--.
on-the-ground planning efforts.

S_mmar_ of Findings: The Noise Pollution Prediction Method has been field
tested in several forest reoreational settings. The main need existing is
for further simplification of the method, and programming of the method into

a programmable hand-held calculator so that untrained technicians may easily
uee it.

Where Findlnsn Published_ The method has been described in a Forest Service
publication entitled, "Predicting Impact of Noise on Recreationlsts," available

from the U.S. Forest Service Equipment Development Center_ San Dimas, California.

Period o£ Performance: 1978-1980.

Inveeti_atorl Robin Harrison, ESDA Forest Service, Equipment Development
Center, San Oimas, CA 91773 (213/332-6231).

A_ency Contact| Michael B. Lambert_ USDA Forest Service (703/235-8114).

Fiscal Year Fundln_ ($1000): 1978 1979 1980 1981
50 35 6

k_.
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_ FOREST SERVICE (Cont'd)

Title: IMPROVE THE ACOUSTICAL QUALITY OF URBAN ENVIRONMENTS BY USE OF FOREST
VEGETATION

Objsctlve: To determine ways in which forest vegetation influences sound
attenuation through a program of basic research on the relationship between

components of urban trees (canopy_ tree boles and forest floor) and sound
attenuationp and to apply results to urban forest management and planning.

Description: Predictive models will be developed to determine total attenua-
tion potential of using urban forest vegetationo Research will also include
effects of topography, atmospheric condlclons_ and urban structures on noise
attenuation properties. A number of basic studies have been completed on

the way in which components of urban forest stands influence sound attenuation.

Sg_.a_ Y of Pindln_s: The general conclusion is that trees can be effective
in reducing noise if they are planted in sufficiently wide strips. Space

availability in urban areas often reduces the potential to nee trees to reduce
noise. However_ when used in conjunction with topography and physical struc-
tures in urban environments_ trees can contribute significantly to noise
control. Results nf past reeearch are summarized in the publlcations listed

f"_! below.

Where Findings Published_

1) Heisler, G.H., "Trees Modify Metropolitan Climate and Noise."
J. Arborle., 3(11):201-207, 1977.

2) Reethof, _., HcDaniels O.H., and Heisler, G.M., "Sound Absorption
Characteristics of Tree Bark and Forest Floor." U.S. Dept. Astir.
For. Serv, Gen, Tech. Rapt. h_-25_206-217, 1977.

Period of Performances 1978-1980.

Investigator: Howard Halversoe and Gordon Helsler I USDA Forest Service_
State College_ PA (803/727-1935).

A_ency Contact: Howard Ralverson_ USDA Forest Service (803/727-1935).

Fiscal Year Fundln_ ($1000): 1976 1977 1978 1979 1980
50 50 50 30 20
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DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS

INDIVIDUAL AND COMMUNITY RESPONSE

Title: TRANSMISSION LINE AUDIBLE NOISE MEASUREMENTS*

Objective: To provide data bases and the accompanying psychoacoustlc research
required for managing, through land use planning and building design, the
noise emitted by extra high voltage and ultra high voltage transmission lines.

Description." This project is being done in cooperation with the Department of
Energy. Corona noise samples for different weather conditions and from dif-

ferent transmission lines are recorded with an already-developed remote tape
recording system. These recordings are returned to the laboratory where they
are processed along with recordings of other environmental sounds into stimulus
tapes. These stimulus tapes are evaluated by listeners under realistic condi-

floes approximating natural environments. The effects of the building shell
on the listener's response to corona noise are to be determined also. On the

basis of people's responses, criteria will be developed for characterizing

r_ the acoustic envlronmeet near transmission lines in terms that are relevant
to human response, so that decisions about land use planning, building design
and construction may be based on users' needs.

Summary of Findings: Five psychoacoustic experiments have been conducted so

far. The following are the major findings to date: I) Corona noise is equally
aversive to certain other environmental sounds 8 dB higher in sound level;
2) corona noise is roughly equal in eversiveness to the noise from a room air

conditioner| 3) A-weighted sound level predicts listener's response quite well,
but D-weighted sound level appears slightly better; 4) knowledge of the source
of the corona noise under laboratory conditions does not affect its relative
avereiveneas; 5) the hlgh-frequency hissing and crackling components a_e more

aversive than the low-frequency humming and buzzing components; 6) distinctly
different kinds of corona noise were found, differing both in frequency spectrum
end relative aversiveness; and 7) although corona noise heard indoors is less

aversive than the corresponding corona noise heard outdoors, indoor listening

conditions reduce the eversiveness of corona noise less than they do the
eversiveness of certain other environmental noises.

Where Findings Published:

i) Molino, J.A., Zerdy, G.A._ Lerner, N.D., and Narwood, D.L._ "Human
Response to Audible (Corona) Noise from Electric Transmission Lines."
J. Acoust. See. of Amer., 66:1435-1445, 1979.

2) Molino, J.A., Zerdy, G.A., Lerner, N.D., and Tremaine, S.C., "Initial
_ _sychoacoustlc Experiments on the Human Response to Transmission Line

_ Audible Noise." Dept. of Energy Rept. DOE/ET/6OIO-Ip pp. l-g0, 1979.

I * Project also listed under Department of Energy, p. A-fig.A-9



NBS (toni'd)

3) Mollno_ J.A.D Zerdy_ G.A._ Lerner_ N.D._ and Earwood, D.L._

Psyohoacous_ie Evaluation of the Audible Noise from EHV Power Lines."
7th IEEE/PES Transmission and Distribution Conference and Exposition.

IEEE Rept. 79CRI399-5-P_ pp. 95-98_ 1979.

4) Hollnot J.A., Zerdy, G.A._ and Tremaine_ S.G._ "Psychoacoustic
Evaluation of Transmission Line Audible Noise: BuildlnE Attenuation
Effects_ Methodology Comparisont and Field Study Feasibility."

Dept. of Energy Rept, (to be published).

Period of Performancez 1976-present.

Investigator: John A, Molino and Gerald A. Zerdy, Department ?£ Co_erce I
NBg_.Washlngton_ DC (301/921-3704).

A_ency Contant_ Mr, Alan Bulawka, U.S. Dept, of Enersy (202/633-9296).

Fiscal Year Pund_n_ ($1000)[* 1976 1977 1978 1979 1980
93 233 180 200 200

f--.
*-Funded by the Department of Energy.
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: NBS (Cont'd)

Title: HIGHWAY NOISE CRITERIA*

Objective: To provide data bases required for the development of procedures
for assessing human response to time-varylng traffic noise.

DeHcrlptlon: This study is jointly sponsored by the Federal Highway Administration
and NBR. Field data has been collected and analyzed on the time histories

and spectra of traffic noises corresponding to differen_ traffic situations.
In addition, on=door-to-indoor highway noise isolation data have been gathered

in the Washington, DC metropolitan area as have data on how traffic sounds
are received in buildings. Laboratory investigations of human response to

strings of time-varying highway noises will be conducted in FY 81. Further
psychoacoustlc studies are planned to evaluate existing rating schemes and,
if necessary, to develop an improved rating procedure. A questionnaire and

measurement plan will be developed to assess occupants' reactions co highway
noise based on the key parameters identified in the project (IT 82). The
questionnaire and measurement plan will be made available for validating
the results of the work done at NBS.

S.u._nary of Findln_s: From analyses of the psychoacoustlc data collected
thus far, it appears that none of the existing schemes predict human response

well and that both Leq and LIO do, as well as more complicated schemes that
take into account the rate of change of levels with time.

Where Findings Published:

l) U.S. Dept. of Com_erce, "Highway Noise Criteria Study: Traffic
Noise Data Base," NBS Technical Note 1113-i, April 1980.

2) U.S. Dept. of Commerce, "Highway Noise Criteria Study: Outdoor/Indoor
Noise Isolation," NRS Technical Note I113-2 (in press).

3) D.S. Dept. of Commerce, "Effects of Time-Varylng Noise on Human
Response: Whet is Known and What is Not," NBS Publication (in preparation).

4) Bauer, J.W., Danner, Wm. F., and Tanlv, S.L., "Annoyance Ratings
and Acceptability Judgments of Traffic Noises," J. Acoust. Soc.
Amer., 67(81):855, 1980 (Abstract).

Period of Performance: 1977-1982.

Investigator: Simone L. Yanlv, Jay W. Bauer, and Daniel H. Flycn, Department
of Comerce, NBS, Washington, DC (301/921-3704).

A_ency Contact: Simone L. Yaniv, NBS (301/921-3704).

Fiscal Year Fundin_ ($I000):

1975 1976 1977 1978 1979 1980 1981 1982 1983

12.5 12.5 12.5 12.8 12.5 1Z.5 12,5 12.5 (NB8)
75 75 75 75 75 75 75 75 (FHWA)

* Project also listed under Department of Transportation, p. A-289.
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NBB (toni'd)

Title: BUILDING ACOUSTICS TECHNOLOGY

Ob_egtlve: To develop design criteria for noise isolation of building spaces,
building shells, party walls and floor/ceiling assemblies. Noise management
through improved design criteria, when included at the early stages of the

basic design process_ will provide enhanced acoustical performance at little
or no cost and will eliminate the need for costly retrofltting of already
completed buildings and of sterilization of land around major noise sources.

_: Acoustic parameters affecting building users _ responses will
be identified through limited sets of field studies as a function of selected
outdoor environments_ huildlng types, noestructloe parameters and achieved

isolation. Using physical data obtained in the field and simulation of isola-
tion characteristics of actual and modified building structures_ psychoacoustlc
studies will he conducted under reallsric laboratory conditions to determine
design specifications.

_u_a.ry..of Findln_s: A cooperative preliminary psychoacoustle study between
NBS and the Centre Scientifique et Technique du Batiment has examined the

adequacy, of the French standard for indoor-to-lndoor noise isolation in which
it is specified that a wall must reduce noise levels by an A-weighted level _'_
of 51 dE. The approach taken in this study consisted of obtaining annoyance
judgments by subjects who llstened to a variety of samples of music that were

intruding throug_ party walls. The music heard simulated the isolation curve_
of typical and artificial party walls, Data obtained to date indicate that
none of the rating procedures used for party walls are adequate, including
the French standard.

Period. of Ferformanc,e: 19B0-1984.

Investlgator_ 81mone L. Yaniv_ 3ay W. Bauer t Gerald Zerdyp John Mollno_ and
Bill Danner, Department of Co_eree, HBS, Washington, DC
(301/921-3704).

Agency Contact: Simone L. Yaniv, NES (301/921-3704).

Fiscal Year Fundln S ($i000): 1980 1981 |982 ...... 1983 1984
50 60 80 60 60
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NBS (cost'd)

NOISE ENVIRONMENT DETERMINATION AND EXPOSURE CHARACTERIZATION

Title: NOISE EXPOSURE _ASUREMENT SYSTEM

Objective: To develop an automated and accurately calibrated measurement
system to be used in enforcing U.S. Department of Housing and Urban Development

noise policies and to provide technical assistance and consultation regarding
HOD noise abatement and control.

Description: During previous fiscal years_ 17 HUD noise exposure measurement
systems were provided for EUD by NES. HUD regional personnel were trained
by NBS in the use of the systems. The systems are estimated to have been

used in mere than 300 HUD building sites resulting in a savings to HOD of
approximately $400j000. NBS maintained systems in order to determine reliability
of hardware and software (operating system). In addition_ NSS provides e
continuing consultin E role on HUD noise measurement problems.

Summary of Pindln_s: A noise measureeen_ system can be specified and procured
that can be used by untrained field personnel to make unattended measurements
for 24 hours.

• Where Findings Published: Final report in preparation.

Period of Performance| 1978-1979.

Invest_agor: Donald S. Blomqulst, Department of Co_erce, NBS, Washlngtoe, DC
(301/921-3381).

AHency Contact: Principal Investigator.

Fiscal Year Pundln 8 ($1000): 1976 1977 1978 1979 1980
30
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NBS (toni'd)

Title: NOISE IN AND AROUND BUILDINGS

Objective: To _eview exlstins c=iteria that could be applied tO ratine the
noise environment in dwellings, to rating noise isolation between dwellings,
and to rating noise isolation _rom outside to inside a dwelllng.

Description: The project identified the e_fects of loud but infrequent noises
that may be introduced into living spaces, rate of change of noise levels,
end rise end decay times on users.

Summar_ of Findings: _t was concluded that the central problem is to select
appropriate criteria for retiesthe interior noise environment. Once this is
done, criteria for noise isolation can be derived directly end these in turn
can be used to derive performance requirements for buildinE elements, such
as partitions end exterior wells.

Where Piedin_s Published:

U.S. Dept. of Commerce, "Noise Criteria for Buildings: A Critinel Review,"

NBS Special Publication No. 499, January 1978. _'_,

Period of Performance| 1976-1978.

_nvesti_ator_ Simone L. Manly and Daniel R. Flynnt Department of Commerce,
NBS, Waahluston, DO (301/921-3704).

Agency Contact: Principal Investigator.

Fiscal Year Fundln_ ($i000): 1976 1977 ....1978' 1979 1980
33 33 33
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DEPARTMENT OF DEFENSE

U.S. AIR FORCE

NOISE-INDUCED HEARING LOSS AND NEARING CONSERVATION

Title: FUNCTIONAL EFFECTS OF ACOUSTIC EXPOSURE

Oh_ectlve_ To examine changes in the auditory system produced by exposure
to moderate levels of combined continuous and impulsive noise. The goal of

the research is to determine whether a synergistic effect exists between
continuous and impulsive noise at moderate exposure levels.

Description: Chincillas were exposed to combined continuous and impulse
exposures as well ns separate continuous and impulse noise exposures. In

addition to behavioral measures of threshold shift, conventional microscopy
techniques were employed to determine if microanatomic changes in the inner
ear resulted from these exposures,

Summary of Findinas: The results of this study indicate that the synergistic
interaction previously reported in the literature for combined exposures of

impulsive and continuous noise, with resulting inner ear psthology_ does not
occur when exposure levels are of moderate intensity.

Where Findings Published_

Hamnrnik,'R., Henderson, D._ and Salvi, R., "Functional Changes in the
Auditory System Following Exposure to Moderately Intense Stimuli'*
(AMRL-TR-80-68).

Period of Ferformance_ 1979-1980.

Investi_ator_ R. Hamernik and D. Henderson, University of Texas, Calller
Center, Dallas t TX 75235 (214/783-3105).

A_ency Contact_ T.J. Moore_ AFAMRL/BDA, Wright-Patterson AFB, OH 45433
(513/255-3664).

Fiscal Year Fundin_ ($I000)_ 1978 1979 1980 1981
37.5 20

A-17
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U.B. AIR FORCE (Cant'd)

Tiele: CHANGES [N THE ORGAN OF NEARING PRODUCED BY SOUND*

Objective: To examine changes in the auditory system produced by exposure
to excessive sound. _le project is co-sponsored by EPA/ONAC. The effort
will emphasize studles in the infrasound (1-20 Hz) region end long-term, low-

level exposures at mid-frequencies (600-2000 Ha). The goal of the research
is a reasonable hypothesis of the mechanism of injury production that provides
a rationale for treatment and prevention.

A total of 60 chinchillas were used to see if various infrasound exposures

(I Hz t i0 Ha, 20 Ha) can cause ear damage. Sound levels used were 150 dB,
160 dBp and 170 dB elther'continuous for Cwo mlnuces or impulsive for one
second. Long-term, low-level exposures are carried out on experimental animals
and human volunteer subjects at levels which do not produce permanent changes
in hearing. Techniques to be employed include light and electron microscopy

• of inner ear structures, elec_rophyslologlccl measures of middle ear muscle
activity and peychoacoustlc measures of changes in auditory acuity.

of Fznd_n_s. Although there are some inconsiscencles, about one-thlrdSun_nary ... ' ' "
of the 170-dN exposure group, regardless of type of exposure (continuous or
impulsive), showed varying degrees of inner ear damage such as ruptured round
window membrane, collapse of Reissner's membrane, strlal pathology_ and inner d"
ear bleeding. Perforation of saccular wall was also observed in a few cases.
Inner ear damage _rom the 160 dB and 150 dU exposures caused less damage,
but a few animals showed damage similar to that in the 170-dB group. Tympanic
membrane perforation and bleeding in the tensor tympanl muscle were also ob-
served in several cases. This study suggests that infrasound, particularly
at 170 dB for all frequencies tested, can cause both cochlear and vestibular
damage in chinchillas. Two dogs and two cats were also exposed to 170 dB
at 10 Hz. These results suggest that these animals are somewhat less susceptible
to infrasound than chinchillas.

Mere Plndin_s Published:

I) Lim, D.J.# Dunn_ V., Johnson, D.L., and Moore, T.J., "Trauma of the

Ear from Infraeound" (AHRL-TR-80-24), to be published in
Acts Otolar_n_olosica.

2) Lim, D.J., "Cochlear Anatomy Related to Cochlear Micromechanlcs"

(AMRL-TR-79-11); also published in J. Accuse. goc. Amer., 67(5), 1686-
1695, 1980.

3) Lim, D.J., and Dunn, D., "Anatomic Correlates of Noise-lnduced Hearing

Loss," Otolar_oloslc Clinics of North Amerleat 12(3), 493-513, 1979.

4) "Acoustic Trauma by lnfrasound Exposure_ An Animal Experlment,"
paper presented a_ AFOSR Annual Review olAF Basic Researchp September

1978. _,

Period of Performancet 1977-1980.

* Project also listed under Environmental Protection Agency, p. A-147
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U.S. AIR FORCE (ConC_d)

Investigator: D. Lim and W. Melnickp Ohio S_a_e University, Columbus, OH,

A_eney Contact: T.5. Moore_ AFAHRL/BBAI Nrlght-Patterson AFB_ OH 45433
(513/255-3664).

Fiscal Year Fundin_ ($i000): 1976 1977 1978 1979 1980
15 18 18 8 AFAMRL

8 1 EPA

j

I
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U.S, AIR FORCE (Coot'd).

Titler CHANGES IN THE INFORNATION PROCESSING CAPABZLITY OF COCHLEAR NBCLEU$

NEURONS FOLLOWING EXPOSORE TO MODEP_TELY INTENSE ACOUSTIC STIMULI

_:' To investigate_ in a pilot etudy_ whether the information processing
capabilities of the auditory nervous system may be altered by exposure to
moderately intense acoustic stimuli. This question has been extensively

studied under the general headings of "auditory fatigue" and "temporary
threshold shifts." Research ie the area has concentrated on behavioral changes
in sigeal detection thresholds and morphological and biochemical changes within
the inner ear. _"nere is some svidence that there are retrocoehlear components
to this f_nctional change in the performance of the auditory sysnem. The

elucidation of the mechanisms involved io this phenomenon will provide basic
information that will aid in the development of devices and criteria to protect
Air Force personnel exposed to noisy environments.

Seser_ptlon: The animal used was the guinea pig. During the course of this
pilot study a total of 32 neurons were studied using single unit electrophyslo-
logical techniques, Twenty-five neurons were located iu the ventral cochlear
nucleus and seven neurons were located in the dorsal cochlear nucleus.

Following determination of a neuron's tuning curve and collection of PST

histograms for pure tones and synthetic speech signals presented 40 dB above

the threshold of the neuron at its best frequency, the animal was exposed to [_"
five minutes of pink noise at an intensity 70 dB above the threshold of the
neuron at its beet frequency. PST histograms for pure tones and synthetic

speech were again collected following noise exposure.

Summar_ of Pindln_s_ Analysis of these data indicated that some retrooochlear
changes in the functional sensitivity of the auditory system occurred following
exposure to moderately intense acoustic stimuli. The changes were primarily
decreased amplitude of neural response co both pure tones and synthetic speech
elgnals and a diminution in spontaneous activity followin S exposure. No cheeses
were found _o occur in the response patterns of the neurons as a function of

acoustic exposure. The lack of detailed changes in the neural response patterns

to speech inputs was taken as evidence that _he information processing capa-
bility Of the auditory eysnem an the cochlear nucleus level was relatively
una£facted by moderate levels of acoustlc exposure. Those effects that were
noted were related to signal detection sensitivity or overall neural
responsiveness.

Where Fi_dlnss _ubllshed_ It was determined that the results of this pilot
study did not warrant publishing a Technical Report,

Period .of Ferfo rmauce_ 1977-1978.

Investi_ator_ T. Moore, AFAMRL_ Wright-Patterson AFE_ ON 45433 (513/255-3664).

ABenc _ Contact: Principal Investisator.

Fiscal Year Fundin_ ($I000): 1976 1977 1978 1979 1980 _
30 11
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U.S. AIR FORCE (tout'd)

Title| LONGITUDINAL STUDY OF HEARING LEVELS IN CHILDREN*

Objectlve: To analyze changes with age in the auditory thresholds of children
and to relate changes in auditory sensitivity to environmental noise exposures
end developmental and physiologic variables. This information is essential
to determine whether additional safeguards are needed to reduce the noise
exposures of children. Little is known about the susceptibility of children

to noise-lnduced hearing loss and the applicability of current damage risk
criteria for children.

Description: For the past four years_ EPA, in cooperation with the Air Force,
has funded a longitudinal study at Fels Research Institute of Wright State

University. Serial auditory thresholds, speech discrimination, blood pressure,
otnloglc, tympanometrlc, noise exposure history information and 24-hour noise
doslmetry measurements are being recorded at six-month intervals from 400
children and youths aged 4-25 years. St is expected that the children will

he monitored periodically through adulthood as well, to assess whether auditory
patterns and noise exposures measured during childhood are correlated with
hearing acuity later in Ills.

Summary of Findings: Almost four years of this longitudinal study have been
/-_ completed. Six-month incremental auditory thresholds have been obtained on

most shildren_ totalling 6 to 8 data sets per person. The vaean and median
hearing thresholds at almost all frequencies are 2 to 6 dg lower (better)
than those from recent U.S. national surveys for children. In each sex_

auditory thresholds tend to be highest at the frequencies of 4K and 6KHz.
There is a trend of increasing sex differences in mean thresholds with age
consistent with the trend of increasing sex differences in noise exposure
(hiBher in males). In preliminary analysis, elevations in thresholds were

obtained for participants reporting certain noise exposures (e.g., using farm
machlnery_ school bus noise, etc.) relative to children not reporting such
exposures. Some trends are also present relative to physiologic and develop-
mental indicators. Future expansion of this study is anticipated with support
from NINCDS.

Where Findings Publlshed_

i) Roche, A.F., Siervogel, R.M., Nimes, J.N., and Johnson, D.L.,

"Lonsitudinal Study of Nearing in Children: Baseline Data Concerning
Auditory Thresholds, Noise Exposure, and Biological Factors,"

J.. Acoust. Soc. Amer., 64(5), 1978.

2) Roche_ A.F., glmes, J.H., Siervogel , R.M., and Johnson, D.L.,
"Longitudinal Study of Human Nearing: Its Relationship to Noise
and Other Factors. _I. Results from the First Three Years,"
AMRL-TR-79-102, November 1979.

--_- Period of Performance: 1976-present.

* Project alan listed under Environmental Protection Agency, p. A-141.
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U.S° AIH FORCE (Cont'd)

Investigator: A.F. aoche_ Samuel S. Fels _nstltute, Nrlght State Unlvevgity

School o£ Medlcine_ Yellow Sprlngs, OH (513/767-7324).

Agency Contact: M. Stephenson, AFA_ WvighZ-Patterson AFB, OH 45433

(513/255-3660).

Fiscal Year Fundln_ ($1000):

1976 1977 1978 1979 1980 1981

15 33 .40 44 50 50 (EPA)

4 3 4 _ 4 5 (_I_M_L )
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U.S.AIRFORCE(Cost'd)

Title| ENVIRONMENTAL NOISE RESEARCH

Objective: To conduct research on selected contemporary bioenvlronmental
noise problems impacting on USAF operations and functions.

r': Description: These studlesj some of which are jointly supported by EPA/ONAC,i ieclude the evaluation of electrically-aided voice communications effective-
ness in various AF noise environments, the determination of human auditory

response to short duration acoustic stimuli and definition of typical 24-hourexposures of selected populations. Results of these studies support the
laboratory's program to determine auditory effects of various AF noises on
personnel, to establish exposure criteria, to evaluate and develop personel

protective devices and to incorporate these principles and data into guidelines,
specifications and regulations to control noise exposure within acceptable
levels.

Su_mar7 of PindinBs: The research conducted on contemporary bi0environmental
noise problems impacting USAF operations has been completed and progress
includes: (1) A ten-station AIC-25 Aircraft Interco_municatlon System is now

operational in the laboratory for in-house testing of inflight communications
_.. in A_ noises. Laboratory standard aircraft noises have been recorded on magnetic

tape to simulate typical operational noises. (2) The study of human auditory
response to very short duration noises is complete. (3) A study has been
completed of the 24-hour duration noise exposures of 50 subjects in 5 occupa-

tional groups. Analyses of the data suggest that the nonoccupational noise
exposure may be worse in some instances than the occupational exposure and

that the average 24-hour noise level experienced by people in this study is
around 76 dBA.

Nhere Pindln_s Published: Results of study No. (2) are published in:

Schori_ T.A., "Evaluation of Safe Exposure Guidelines for Moderate and
High Intensity Continuous Noise." (AMRL-TR-76-97)_ 1976.

Sehorij T.A._ and McGothap "A Real-World Assessment of Noise Exposure"
(AMRL-TR-77-96), August 1978.

Period of Performance: 1975-1978.

lnvesti_ato=: W.J. Hovey, University of Dayton, Dayton, ON.

A_ency Contact: C.W. Nixon, AFA}_IL, Wright-Patterson AFB, OR 45433
(513/255-3660).

Fiscal Year Fundin B ($I000): 1975 1976 ,TQ 1977 1978
i0 14 6 14 6 (AF)
i0 i0 I0 (EPA)
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Title: IMPLEMENTATION OF ANSI SPECIFICATION $3.19-1974 pERSONAL HEARING
PROTECTIVE DEVICES FOE USE IN NOISE ENVIRONMENTS

Objective: To identify requirements necessary to implement the new standardj
includlng specification of the instrumentation needed Co generate the test

signals and record the subjects' responses.

Desariptionz $3.19-1974 is the American National Standard Method for measuring
the amount of hearing proteotlon provided by devices such as earplugs_ _armuffst

helmets_ pressure suits, and the like. The Air Force is rgquired to use this
methodology in its evaluations of earmuffs in accordance with Military

Specification P-38268E_ Protector, Aural t Sound. A survey was made of existing
facilities to determine whethor modifications of those facilities was requlred_

as well as co determine poss£ble requirements Co procure additional
instrumentation.

Summary of PindSn_s| Durins the course of chls unlt_ all requirements neces-
sary Co implement American National Standard $3.19-1974 have been Identi£1ed
and met.

Period of, Per$ormance_ 1977-1978. /_

Invest_acorz M. Stephensnn and R. McKinley, AFAMRL, Wrlgh_-Fatterson APE,
OH 45433 (513/255-3864).

A_enoy Conta_Cz Principal Invescigator.

Fiscal.Year Fundin_ ($1000)5 1976 1977 1978 1979 1980
8 S
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Title." EFFECTS OF LONG-DURATION NOISE EKPOSURE ON HUMAN AUDITORY PROCESSES*

Objective.* To study the effects of long-duration noise exposure on the human
auditory process.

Description: This project was a joint effort with EPA/ONAC. The approach was

to measure safe temporary hearing losses induced in human subjects by long-
duration, low-level acoustic exposures and to analyze the hearing recovery
curves as additional indicators of risk. Human subjects were exposed to broad-
band noise with exposure durations of between 24 and 48 hours. Groups of

subjects experienced systematic variations of such acoustic parameters as the
intensity, duration, and duty cycle of the test stimulus. Effects of the

• stimuli were identified by monitoring the subjects' audlometrlc thresholds
at specific time intervals. Future efforts conducted under this work unit

will be accomplished under a new effort entitled, "Effects of Various Acoustic
Exposures on Human Auditory Processes."

Sum_ery of Findings: Analysis of the results of 24-hour exposure to continuous
pink noise at levels ranging from 65 to 85 dBA has been completed. Results
have demonstrated the greatest effect at 4 F_z for the 85.dBA condition. The

TTS values resulting from this exposure are in agreement with earlier exposures
to 85 dBA continuous pink noise. Exposure of 12 subjects to S5 dBA continuous
noise for 2_ hours and 48 hours, and to intermittent noise equivalent to 85 dB
for 48 hours has also been completed. Results confirm (a) 48-hour continuous

exposure does not produce greater Asymptotic Temporary Threshold Shift (ATTS)
than 24-hour continuous exposure, but the recovery from 4S-hour exposures

is slower than recovery from other exposures; (b) interraittent exposure pro-
duces less ATTS than continuous exposure to equivalent noise levels.

Where Findln_s Published:

: I) "Asymptotic Behavior of Human Temporary Threshold Shlft.and Recovery
Prom 24-48 Hour Noise Exposures!" Aviation Space Environ. Med. t
April 1977.

2) "Long Duration Exposures to Intermittent No_ses," Aviation Space
EnvLron. Med.., September 1976.i

3) "ldentification of the Minimum Level of Noise Capable of Producing

J: an Asymptotic Temporary Threshold Shift," Aviation Space Environ. Med.,
May 1980.

4) "Effects on Human Hearing of Long Duration Noise Exposure," Proceedings

of 3rd Internatl. Congress on Noise as Public Health Problem. Freiburg,
W. Germany, September 1978.

5) "Growth and Recovery of Temporary Threshold Shifts from 2/+Hour

_-_, Continuous, _8 Hour Contlnnous and 48 Hour Intermittent Noise Exposure,"
--, J. Arouse. SOc. Amer., 64(Suppl. I), 1978.

* Project also listed under Environmental Proteceion Agency, p. A-146.

A-E5
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6) "Long Duration (24-40 Hour) Exposure to Continuous and Intermittent
Pink Noise," AHRLTechnical Report #80-3, 1980.

Period of Performance: 1977-1978.

Investigator: H. S_ephenson and D. Johnson, AFAHRL_ Wright-PattersonAFB,
OH 45433 (513/255-3664).

A_ency Contact: Principal InvestlgaCo=.

_iscal Year Fundln_ ($1000): 1976 1977 1978 1979, 1980
17 30.6 (est.) AFA_RL
2 2 EPA

:ei

_
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Title: LOUDNESS BALANCE METHOD OF EVALUATING HEARING PROTECTORS

Objectlve: To assess nhe validity and accuracy of a suprathreshold loudness
balance method for evaluating hearing protectors. The hearing protection

features of helmets, headsets and hearing protectors are currently evaluated
by using standard methods that employ very low level signals. Evaluation

procedures that use high level test signals may provide mare valid estimates
of protector performance in intense noise fields.

Description: Among the loudness balance methods of evaluating hearing protector
performance (which use high level test signals), results of the procedure
used by the Union of South Africa differ greatly from results obtained by the

American National Standard Hethod employed by the Air Force (which uses low
level signals). The South African method was instrumented in the laboratory
and bearing protectors tested with thls system duplicated their results of

significantly lower protection than measured by the Air Force procedure.
Numerous elements of the specific loudness balance method were identified for
investigation to establish the reason for this unreasonably large difference

in results° Several parameters were investigated including altering the duty
cycle of the teat signal, modification of the reference signal and variations

(_ of the reference signal,

S,u_ary of Findings: None of these actions revealed the cause of the dlf-
,ferences between the two methods. However, it should be noted that this was
only a pilot etudyt conducted and completed 2 years ago. Since, as the above
text states_ none oE _he variables generated significant effects_ no follow-on,
formal study was attempted.

Period of Performance: 1977-1978,

Investigator: M. Stephensou and C. Nixon, AFAHRL, Wright-Patterson AFB_
OU 45433 (51_/255-3664).

A_ency Contact: Principal Investigator.

Fiscal Year Fundln_ ($1000)_ 1976 1977 1978 1979 1980
5 12

/'
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Title: HEARING PROTECTOR: EVALUATION, METHODOLOGY AND PERFORMANCE

Objective: To (I) maintain an ongoing program of investigating hearing
protection perfor1_ance of various auditory devices (hearing protectorst helmets I
communlcatlon headsets); and (2) maintain _urrent methodological procedures

and evaluate potential methodologies for determining hearing protector
effectlveness, to comply with current AF and national standards for sound
attenuation measurements.

Description: Human subjects will be employed in the laboratory evaluation
of a hearing protector's sound attenuation characteristics as measured by the
American National Standards Institute (ANSI) real ear attenuation at threshold

(PEAT) method. Hearing protectors, submitted by manufacturers to determine
their acceptability or suitability as devices meriting inclusion on the AF
qualified products list (QPL), will be evaluated in accordance with the require-
ments of Military Specification 38268B. Results of these and ocher evaluations
will be used to formulate recommendations to the Office of the A_ Surgeon
General concerning potential application for widespread or special purpose
AF use,

Sumary of Findings: During the course of this work_ numerous earmuffs as
well as earplugs, ground and inflight headsets and helmets have been evaluated
to determine their sound attenuation characteristics. Results of these evaluations
have been made available to users in the field. Results of these studies are

proprietary in nature. However_ persons with official need for the data may
contact AFAMRL/BBA directly.

Period of Performance: 1977-1982.

Investigator: M. Stephenson and Ro McKinley_ AFAMRL t Wrlght-Pattersun AFBI
OR 49433 (513/255-3664).

A_ency Contact: Principal Investigator.

Fiscal Year Fundin_ [$1O0O): 1977 1978 1979 1980 1981 1982
12 12 12 13 14 15

I
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_ U.S. AIR FORCE (Cont'd)

Title: EFFECTS OF VARIOUS ACOUSTIC EXPOSURES ON HUMAN AUDITORY PROCESSES

Objective: To identify responses of the human auditory system to various
acoustic stimuli.

Description; The stimuli include: (a) long duration (S hours or greater)
exposures to continuousp intermittent and impulse noise, (b) conununicatlon
signals during ground or inflight conditions and (c) any additional acoustic
signal for which there arises an operational requlremenc to define its effects

on man's auditory system. The approach will involve: (a) laboratory measure-
ments of acoustic signals under AF communication devices, (b) field measure-
ments under AF communication devices and (¢) exposure of human subjects under

laboratory conditions to various acoustic signals. Data will be analyzed in
the laboratory to identify operational situations with hearing damage risk
potential, factors =matrlbutlng to the problem and posslhle remedies. Once
responses to various stimuli are definedj the results will be used to quantify
the hearing damage risk and/or their effect on man's ability to communicate
in the various noise environments.

Period of Performance: 1979-1982.

Investi_ator; M. 8tephenson, AFAMRL, Wright-Patterson AFt, OH 45433
(5131255-3684).

• A_ene_ Contact: Prlnclpol Investigator.

Fiscal Year Fundin_ (_I000); 1979 1980 1981 1982 1983
18 17 18 20 21
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Title: HEARING RISK DUE TO CO_V_NICATION SIGNALS

Objective: To measure ambient noise and voice communication signal levels
under standard AF communication devices during a variety of air and 8round
operations_ to quantify the hearing damage risk, and to consider alternate
operatlng procedures that eliminate such risk. Effective voice communication
in high-level noise environments may require air and ground personnel to in-
crease the intensity of the signal to a level that is damaging to hearing.

Descriptinn: An initial pilot study was completed in which msasurements were
taken aboard F-IO0 aircraftt C-130 aircraft and the RU-153 helicopter.

Laboratory work is underway to reevaluate the instrumentation and methodology
for rellahillty and validity to confirm that the source Of the data varlatione
was attributable to the methodology/instrumentation, an accurate description
of the noise or an artifact.

Summary of Findings: Data may have an artifact due to the instrumentatlou.
Studies to determine the validity of the data have not been accompllehed to
date due to higher priority projects.

Period o£ Performance: 1977-1978.

Investizator: R.L. MeKinleyj AFAHRL, Wright-Patterson AFB, OR 45433
(513/255-3664).

A_enc7 Contact: Principal Inveatlgator.

_iscal Year Fundin_ ($1000): 1976 1977 1978 1979 1980
7 7
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r-h
Ti.tle: DSAF HEARING CONSERVATION PROGRAM

Objective: Many USAF weapon systems and support operations represent potential
risk to the hearing of both military and civilian personnel. Loss of highly
trained personnel and compensation for hearing loss continue to be major

AF problems. The primary objective of this effort is to monitor the OSAF
hearing conservation program, specifically as defined in AFR 161-35. The
prevention of noise induced hearing loss among AF members requires that these

personnel be included in.a comprehensive hearing conservation program and
the purpose of this research is to guarantee that the multifarious elements
of the program are effective. Also, research will he performed to validate

auditory risk limits_ determine the effectiveness of personal ear protection

devices and noise control measures, and insure adequacy of criteria and procedures
for disposition of noise-exposed personnel who demonstrate shifts in hearing.

Description: AF forms 1490/1491 and associated documents received at the
USAF hearing conservation data registry will receive quality control and

then be processed by automated techniques. Computer readouts on a routine
basis will be used to continually appraise and evaluate the effectiveness
of the overall hearing conservation program, The effectiveness of different

elements (military or civilian) at a single base will be continually appraised.
Instrumentation utilized in monitoring audiometry, personal ear protectlon I
and disposition procedures for personnel who demonstrate shifts will be assessed

on a continuing basis, Methods and techniques used to monitor individuals

exposed to potentially hazardous noise will also be continually evaluated

z'_ and deficiencies, once identifled_ will he carefully studied so that corrective
actlon(s) can be recommended. Auditory acuity of various groups and subgroups
of personnel who work in noise will be studied. Reco_endations for correction

of problem areas will be made to command surgeons and HQ USAF/SGP, as appropriate,

Sgmmary of Findings: Analysis of data obtained during Jan and Feb 79 provided
insight concerning the current status of the USAF hearing conservation program.
During this time, a total of 27,426 AF forms 1490 were received from 239

bases_ of which 7.2 percent were 9D-day audlograms, 76.7 percent annual,
5.7 percent were 15-hour follow-up testep 2.9 percent were 40-hour follow-

ups and 7.0 percent Were iother* (detailed follow-up, termination, etc.).
One of the most significant findings was that significant threshold shifts

(STS) were 16.0 percent for all annual examinations (military and civilian).
This means that STS on annual examinations has progressively declined from
24.8 percent during CY 1975, to 22.1 percent during CY 1976 and to 18.5 percent
during CY 1977. Although CY 1978 data is in the backlog and is not yet avilable

for study_ the fact that Jan-Feb 1979 revealed STS of 16 percenn documents
continued decrease in STS, Seventy four percent of all examinations where
STS existed were properly identified by examiners.

Where FindlnRs Published: Reports: USAF School of Aerospace Medicine Technical
Reports, Brooks Air Force Base, TX 78235

Period of Performance_ 1977-1980

Investigator| Donald C. Gasaway, OSAF School of Aerospace Medicine, Brooks
_ AFB, TX (512/536-2178).

"_' A_enc_ Contact: Principal Imvestlgator, i

Fiscal Year Fundin_ ($1OO0): 1977 1978 1979 ,, 1980
186.6 130.0 219.6 262.7
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Title: EFFECT OF NOISE ON PREGNANT ANIMALS*

Objective. To determine the effect of high intensity noise in the auditory
system of a developing fetus.

Description: Twelve pregnant sheep were exposed to broad band noise of 130
dB 4 hours a day, 5 days a week _or the period of pregnancy. Five sheep

were exposed with earplugs and 5 sheep were exposed without earplugs. Ten
non-exposed sheep, 5 with earplugs and 5 without earplugs are being used
as controls. The experiment will be undertaken at Wright Patterson Air Force
Base. Audio thresholds and evoked response audiometry will be conducted.

Ohio State University will study 20 Iambs for possible inner ear pathology
resul_Ins from intense noise exposure at various times during the gestation
period. Light and electron microscopy will be undertaken to investigate

whether there are any difference in the auditory system between the lambs
from the different groups. Some o£ the ewes will be preserved until maturity
in order to observe whether there ere any long range effects.

Period of Performance_ 1978-1980

Investigator: R. McKinley, AFMRL, Wright-Patterson AFB, OH 45433 (513/255-3664)

D. J. Lim t Ohio State University Research Foundation

A_ency Contact: R. McKinley (513)255-3660

Fiscal Year Fundln_ ($I000)I 1978 1979 1980
11 4.5 I (EPA)

25.7 12.2 (USAF)

* Project also listed under Environmental Protection Agency, p. A-148.

C
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BEHAVIORAL_ SOCIAL_ AND PERFORMANCE EFFECTS

Title: HUMAN CAPABILITIES IN ACOUSTIC ENVIRONMENTS

Ob_ectlve: To define noise exposure conditions which degrade and threaten
task accomplishment in order to specify safe operating parameters and eventually
exposure guide1ines. This effort will provide support for the whole body

exposure effects standards sections in AFR 161-35.

Description: The approach is to quantify cognitive and psychomotor performance
on specific tasks in acoustic environments to such a degree tha_ allowable
exposure conditions cnn be adequately defined. The nature and difficulty
of the performance tasks will be varied together wi_h the frequency, duration

and intensity of the acoustic stimulus in an effort to identify varlahles
in the stimulus, task or sub_ect that might resul_ in reduced human capabilities.

Post-exposure task performance will he examined for continuous and varying
acoustic signals. A substantial technology base describing human performance
in acoustic environments will be realized when these results are integrated
with those from earlier efforts. The voice communication testing of modified
H-133 headsets in high level noise, 130 dB and greater, is also part of this
effort.

Period of Performance: 1979-1982.

Investigator| C. Harris, AFAMRL, Wright-Patterson AFB, OH 45433 (513/255-3242).

Asency Contactz Principal Investlgacor.

Fiscal Year Fundin_ ($i000): 1978 1979 1980 1981 1982
24 24 25 25

©
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Title: ACOUSTICAL DEGRADATION OF HUMAN CAPABILITIES

Objective: To investigate the types of noise and exposure conditions which
contribute to decrements in cognltlve and psychomotor capabilities, Air Force
noise environments may affect motor performance, physiological function_

thought processes and contribute to fatigue in personnel as well as affecting
hearing.

Description= The approach is to measure the effects of noise on human
performance (using a battery of standard tasks such as visual search, tracking,

and memory) of acoustic stimuli that vary in degree of predictability. The
degree of predictability of interrupted continuous and of impulsive noises
will be determined by randomly varying the on and off times of abe stlmuli.

Persistency effects will be assessed by measurements taken at various periods
following ceaaatlon of the acoustic exposure patterns. Findings are to be
used to define the acoustical characteristics of Air Force operational environ-
meets that contribute to degradation of human capabilities. In the present

studyj three groups of subjects were exposed to various unpredictable noises
in three experiments. The noise stimulus used in the first experiment was the
sound of an automobile horn, and in the last two experiments various mixed
sounds were presented. In each experiment, there was (1) a control condition
(ambient 60 dgA), (2) a fixed intermittent condition (one 7.5 sec. pulse each /'_
minute at 105 dBA), and (3) a random intermittent condition (duration of pulse,
time of stimulus presentatlon_ and stimulus intensity were all varied randomly).
Testing was oonducted for a 30-minute period on an arithmetic addition task

during each noise exposure. Subsequent to the noise exposure, performance was
measured for 15 minutes on a proofreading task in Experiments i and 2 and on a
serial search task in Experiment 3. Eighteen subjects were tested in each of
the first two experiments and twelve subjects were tested in the third.

Summary of Pludln_s: Recent research suggests that unpredictable noise can
adversely affect human performance subsequent to the noise exposure. There
were no adverse effects of noise on performance in the addition task in any

of the three experiments. Similarly, no adverse aftereffects were obtained
in Experiment I (horn stlmulus-proofreading task) or in Experiment 3 (mixed
sound stlmulus-serial search task), gowever_ in Experiment 2_ the mixed sound
stimulus produced an adverse aftereffect on performance in the proofreading
task. The fixed intermittent noise condition produced statistically signifi-
cantly leas efficient proofreading performance than the control condition
and the random intermittent noise condition. This is directly opposite to
previous studies where the random intermittent noise condition (unpredictable)
produced the greatest effects. There were differences between the present
experiment and previous studies in subjects, experimental design, and proce-
dures for scoring the proofreading task. Nevertheless, the practical impor-
tance of all research reportedly showing adverse aftereffects of noise should
be strongly questioned. Addltionsl research is necessary before the relative
importance of intensity of stimulation and unpredictability of stimulation
can be evaluated. _'-,
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Where Findings Published:

Harris, C.$., "Effects of Predictable and Unpredictable Sound on Human
Performance," (AMRL-TR-78-81), International Conference on Biologlcal
Effects o£ Noise, Freiburg, W. Germanyp September 1978.

Period of Performance_ 1977-1978.

Investigator: C. Harris and C. Nixon, AFAMRL, Wrlght-Pa_terson AFB, OH 45433
(513/255-3242).

A_enc_ Contact: Principal Investlgator.

Fiscal Year Funding ($1000): 1976 1977 1978 1979 1980
17 17

4

©
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Title_ HUMAN CAPABILITIES _N INFKASOONO

Objectlve_ To systematically investiRate the effects of infrasound exposures
on the capabilities of human subjects to perform selected tasks. The threshold
of these effects, the nature and extent of the interference and the overall

performance limits will be defined in terms of the acoustic exposures. This
effort will provide support for the whole body exposure effects standards
sections in AFR 161-35.

Description_ The cognitive performance of 40 subjects was measured during
exposure to infrasound and nolse'In three experiments. In the first experiment,
12 subjects were exposed for 15 minutes to each of four experimental conditions
while performins a serial search task. The conditions werez 65 dB ambient

noise (AN)p a low-frequency background noise (BN) at 110 dB_ a 7-Hz tone at
125 dB + AN t and the 125 dE tone ÷ BN. The second experiment was the same

as. the flrst except a complex co,ntie E task was used and the exposure duration
was increased from 15 minutes to 30 minutes° In the third experlment_ the
Complex CountlnE Task was used and the subjects were exposed for 15 minutes
to each of the followlng four conditions: BN_ 125 dE at ? Ha plus BN, i32 dE
at 7 Hz plus BN, and 142 dE at 7 Hz plus SN°

Summary of Findlnss_ No decrements in performance were obtained in any of

the three experiments_ and there were no subjective reports of dizziness or
disorientation as suRgested in some of the previous literature. The authors
conclude that adverse effects of infrasound have been exagEerated and the
current levels of infrasound components as produced by modern jet aircraf_
are not considered in _hemselves s practical problem°

Where Findln_s Puhlished_

Harris, C.S.p and Johnson, D.L., "Effects of Infrasound on Coenltlve

Performance," Avlat. Space Environ. Med., 49(4):582-585, 1978.

Period of Performance_ 1977-1978.

Investi_ator_ D. Johnson and C. Harris, AFAMRL, Wrlght-Patterson AFB_
OH 45433 (513/255-3242).

A_ency Contact: Principal Investigator.

Fiscal Year Yundln_ ($1000)_ 1976 1977 1978 1979 1980
16 10
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CO_qUN ICATZON ZNTERFERENCE

Title: ACOUSTIC CUES FOR SPEECH INTELLIGIBILITY AND DISCRIMINABILITY

Objective: To study tactical voice communications intalligibillty, talker

discriminability and multi-party communications. Successful tactical air
operations demand sustained, effective voice communications for mission fulfill-

ment despite enemy disruption and jamming efforts.

Description: A series ef integrated studies in the AFANRL/SE communications
laboratory will investigate tactical voice communication parameters which
include (a) identification of critical acoustic cues in the communication

signal, (b) determination of the optimum number of competing messages for
i aonferencing, (c) impact of the ambient noise environment and (d) effects on

i voice communication of bandwidth,, signal-to-noise ratio, differential filtering,
i missing message segments and various other types of signal processing. Results

will specify requirements for optimum system design and operation of tactical
. voice communications.

! _nere Findln_s Published;

r-, I) "Evaluation of Word Intelligibility of Two Modems of a Spread Spectrum
Communication System in Presence o4 Simulated Cockpit Noise,"
AMRL-TR-78-54.

2) "Recommended Test Procedures for performing Relative Psychoacoustlcal
Evaluations of SEEK TALK Radio Systems_" _JqRL-TR-79-40,

3) "Comparative Intelligibility of Standardized Test Materials Processed
by ARC-164 and ARC-34 Ratio Systems in the Presence of Simulated
Ceckpit Noisei" AMRL-TR-79-108.

Period of Performance: 1977-1981.

Investi_atarg T.J. Moore and R.L° HcKinlay_ AFA_,j Wright-Patterson AFB,
OH 45433 (513/255-3242)o

A_ency Contact: Principal Investigator°

Fiscal Year Yundin_.($1OO0): 1977 1978 1979 1980
25 50 63 146
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Title: pEKFORMANCE LIMITS OF EAR INSERT COMMUNICATIONS

Objective: To establish the communication and protection performance limits
in high-intensity'noise environments of the ear insert communications concept.
Air and ground crew voice comunications are degraded by hlgh-level noise
environments that exceed the performance limits of present standard communica-

tion equipmeatp creating command and control problems and safety hazards in
routine as well as emergency situations.

neeeripti6n: The approach incorporates the laboratory simulation of specific
air,raft noise environsj the progressive evaluation of ear insert units at
increaslngly intense levels of these environs by measurement of hearing
protection characteristics and then communication effectiveness. A hearing
protectlon/voice comunleation envelope of the performance limits will be

developed based on these data for both monaural and binaural ceefiguratlons
o£ the Ear Insert Receiver and compared to the performance of current standard
items.

gummar_ of Findings: Durin E this effortt modifications to standard R-133
headsets were constructed. Voice communication testing of the modified headsets
in high level noisep 130 dB and greater, will be done under the project "Human

Capabilities in Acoustic Enviromments." Hearing protection evaluations of _'_
the ear insert units have been completed.

Where Findln_s Published: In-house pilot study; data not published.

Period of Performance: 1977-1978,

Investlgator_ R.L. McKinley and M.R. Stephenson, AFAMRLI Wright-Patterson AFB,
OH 45433 (513/255-3664),

Agency Contact: Principal Investigator,

Fiscal Year Funding ($1000): .1976 1977 1978 1979 . 1980
5 26
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Title: COMMUNICATION INTERFERENCE SYSTEM

Objective: To develop and implement a research and _estlng system to simulate

an operational communication environment and to develop standard research and
testing procedures_ and data reduction software for evaluation of AF voice

co_m_unicatlon systems and devices.

Description: The approach was to develop a laboratory aircraft voice inter-
communication system which is capable of reproducing a realistic and valid
simulation of the operational environment. Accurate simulation of the spectra
and levels of specific weapons systems air and ground noise environsj radio
static_ auditory warninE signals and various co_nunication situations such as

quiet to noise, noise to noise, etc.p was required. An automated display and
scoring approach is being incorporated into the system at this time. This
will result in siEniflcant cost effective use by greatly reducing testing time,

data collection and analysis and the number of items that can be evaluated per
unit time.

Summary of Findings: The communication interference system has now been named
VOCRES (Voice Communication Research and Evaluation System). Any portion of
the communication link between the talker and listener can be duplicated or

r_'_ modeled. The system uses a central processing unit for test admlnistration
• and data collection from i0 human subjects who act as talkers and listeners.

This system can be used to measure voice communication intelligibility in any
noise environment up to 130 dB.

Where Findings Published:

McRinley_ R.L., "Voice Communication Research and Evaluation System"
(A_AMRL-TR-80-25), May 1980.

Period of Performance: 1977-1978.

Investigator: R. McKinley s AFAMRL i Wright-Patterson AFB_ OH 45433
(513/255-8664).

A_enc_ Contact: Principal Investigator.

Fiscal Year Fundin 8 ($I000): 1976 1977 1978 1979 1980
13 24
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NOISE ENVIRONMENT DETERMINATION AND EXPOSURE CHARACTERIZATION

Ti.tle_ NOISE DOSI_TRY AND TYPICAL NUZSE DOSES*

Objective: To 1} evaluate the application of personal noise dosimetry in

Air Fores environments{ 2) determine the typical noise exposure of Air Force
personnel in order to define typical occupational and nonocsupatlonal noise
exposures| and 3) assess typical noise exposures relative to allowable expo-
sures specified in AFR 161-35. This work will be coordinated with the USAF

Surgeon General and with base-level bloenvlronmental engineers as well as with
the U.S. SPA.

Deserlption: Personnel noise doslmetry data was collected by the principal

iovestigetur at four different Air Force bases over a one-year period. The
information obtained included both occupational and nonoccupational noise
exposure data. This data was obtaised on military and civilian personnel who
were all volunteer subjects. All subjects were selected from AFSC's in the

primary noise exposure groups. Zn additlon_ da_a was received from other

Air Force bases that were using noise dosimetry.

Summary of Findin_sl A total of 418 8-hour occupational noise exposure measure-

ments were obtained on 120 different individuals. The range of these exposures _,
was from 66-111 dBA with the median level at 84.5 dBA. A total of 567 useful

measurements were obtained From the other bases and this data ranged from

60-101 dBA with a median level of 80.1 dBA. A total of 73 separate 24-hour
measurements were obtalmed on 16 persons who wore an equal energy noise dosi-
meter for several days to determine their nonoccupational noise exposure. The
medlam daily A-welghted average sound level was 77 dUA.

Where F indln_s Published:

l) Fairman, T.M. _ and Johnsons D.L., "Noise Dosimeter Measurements in

the Air Forces" Av. Sp. Env. Hod., pp. I150-1157, November 1979.

2) Fairman, T.M., "Occupational aod Nonoecupational Noise Doslmetry

Measurements on Air Force Persooneli" J.. Arouse. Soc. Amer.
65(Suppl. I):S125t Spring 1979.

Pgriod of Performancg: 1977-1980.

Inwestlgator_ T. Palz_aan and R. McKinley, AFAMRL t Wrlght-Patterson AFB,
OH 45433 (513/255-3664).

Agency Contact| Principal Investigator.

Fiscal Year Pundln_ ($I000): 197.6 1977 1978 1979 1980
7 6 8 6 (A_AMRL)

3.6 l (SPA) t_

* Pro_ec_ also listed under Environmental Protection Agency, p. A- 158
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U.S. AIR FORCE (Cont'd)

Title: ATTENUATION CHARACTERISTICS OF THE WOMB*

Objective: To define the'acoustlc protection provided to the fetus by the

maternal environment of several large laboratory animals. Virtually no infor-
mation is available about possible interactions of pregnant females in intense
noise exposure. Before a long-term research program on the fetal effects of
noise can be initiated, more information is needed on how much sound the fetus

actually receives.

Description: In order to obtain this information, AFAHRL measured the
attenuating properties of the womb in one to three fairly large mammals. The

i pregnant sheepj pig and dog were the animal models chosen for this research.
The work is being co-sponsored by EPA/0NAC.

Summary of Findings: The attenuation characteristics of the mother were
frequency-dependent. Below about 500 Hz there was very little attenuation
whereas above about 4000 Hz, the attenuation was greater than 40 dB. The
overall attenuation was on the order of 20 dB.

Where Findings Published:

/-_ McKinley, .R.L., "Changes in the Fetal Noise Environment Due to Noise,"
J. Acoust. Soc. Amer., 64(Suppl. l), Fall 1978.

Period of Performance: 1978-1978.

Investigator: R. McKinley, AFAMRLp Wright-Patterson AFB, OH 45433
(513/255-3654).

Agency Contact: Principal _nvestigator.

Fiscal Year Fundin_ ($1000): 1976 1977 1978 1979 1980
5 (8PA)

15 (AF)

* Project also listed under Environmental Protection Agency, p. A-157.
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U°S. AIR FORCE (Conc'd)

.Titlg: EVALUATE/REFINE METHODS FOR ASSESSING AF NOISE IMPACT ON COMMUNITY
RESPONSE

_: To provide technology to supplement the implementatlon/appllea-
finn/improvement oE existing guidelines for assessing and interpreting community
noise exposure. Additionally, the project seeks to insure that these guidelines
are reasonable and correct with respect to AF activities and facilities.

Description: This work unit is to aid in the implementation and application
of guidelines for assessing and interpreting community noise exposure to ensure
that these guidelines are appropriate for AF activities and facilities.
Specifically I exceptions and modifications to the average day-night sound level
(Ldn) will be determined.

Summary..of Findlnss: This work unit is primarily to support implementation
of the above-mentioned guidelines. A paper on "Highllghtn of the Guidelines
for Environmental _mpact Statements with Respect Co Noisej" was presented
to Committee E-33 on Environmental Acoustics of the Association of Scientific

Testing and Measurement in May 1978. AMRL personnel participated in a work-
shop on "Surface Mine Blasting and Public Policy." They discussed the use

of the guidelines paper for evaluating acoustic exposure to blast noise, April _-_
1978. AMRL personnel participated in an FAA/NASA-sponsored workshop on the

day/night penalty used in Ldn. A paper was given describing proposed AF
research in the area (Langley, Virginia, 1980). A general plan has "been
developed to evaluate the feasibility of an AF research program lu the area
of nonauditory health effects of noise. A magnetic tape of the health records
of flight personnel has been obtained for a preliminary assessmen_ of a pos-
sible association between hearing loss and various health parameters.

Where Findings Published;

I) Johnson_ D.L., "Highlights of the Guidelines for Environmental Impact
Statements with Respect to Noise," in R.J. Peppin and C.W. gndman,

Eds., Commnmlt_ Noise. American Society for Testing and Materials,
Philadelphia, 1979.

2) Johnson, D.L., and Harris, e.g., "A Procedure to Correct an Equal
Energy Noise Dome for Interrupted or Intermittent Noise Exposures,"

in Proceedings of the Technical Prosram_ Noise E.xpo, Chicago, 1979.

3) Harris, C.S., "The Nighttime Penalty for Noise, the Percent Highly
Annoyed, and the Size of Noise Contoursi" Joint FAA/NASA Workshop
on Noise Penalties, Langley, Virginia, 1980.

Period 0£ Performance: 1977-1980.
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U.S. AIR FORCE (Cont'd)

Investigator: D.L. Johnson and C.S. Harris, AFAR_, Wrlght-Patterson AFB,
OH45433.

A_enoy Contact: Principal Investigator.

Fis,cgl Year Yundln_ (81000): 1978 1979 1980 1981
32 32 32

,r7

/

J
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U.S. AIR FORCE (Cont'd)

Title: CONDUCT FIELD VALIDATION OF NOISEMAP

Objective: To further assess_ through long-term field measurements_ the
overall ability of NOISEM_ to predict the yearly averaged noise environments
produced by aircraft operations for the wide variety of missions and alrbase
locations within the Air Force as a whole. NOISEMAP is the computerized noise

prediction procedure that forms the cornerstone of the UEAF Air Installation
Compatible Use Zone (AICUZ) Program. The AICUZ Program is used by the Air

Force to beddown new weapons systems, select facility sltest evaluate existing
operations and determine the land use compatihilities of ell USA_ bases with
the neighboring communities.

D@scriptlon: This project is to conduct long-term field measurements of
total noise exposure at several locations around one or two USAF bases and
compare these measured values with thoee predicted by NOISEMAP. _is effort
ia being accomplished as follows: (i) A vrtltten plan was developed delineating
the exact numberj location and schedule of measurements to be made_ the teat

procedures to he followed and the rationale for each; (2) this plon was submit-
ted to AFAMRL for review and final written approval before any measurements
were made I (3) the long-term measurements were conducted of total noise expo-

sure and the field data are being analyzed in accordance with the approved p"_
plan; and (4) a final report will be submitted presenting the acquired data,
comparisons with the NOfSgMAP-predicted values and final conclusions about
NOISEMAP's overall effectiveness.

Summary of Findln_s: Field measurements were conducted at McChord AFB and
Norton AFB over a period of nine months. At least 25 weekday Ldn values were
acquired for each of 14 various looatlons. Complete operations data were also

acquired from the entire measurement period. The contractor is currently
analyzing the data and should hove the report ready before October 1980.

Period qf performance: 1979-present.

Investigator: J. Mabry, P. Oncley, J. Ott_ MAN-Acoustics and Noise Inc.,
2105 N. 45th St., Seattle, WA 98103.

ARenoy Contact: Robert A. Lee_ _AMRL/BBE s Wright-Patterson AFB, OH 45433
(513/255-3664).

F_scal Year Fundin_ ($1000): 1977 1978 1979 1980
48 22 (AFAMRL)

23 (AFESC)
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I us FORCE
i

Tit leG PROCEDURE TO PREDICT AIRCRAFT NOISE IN COMMUNITIES

Ob_eoEive_ To insure NOISEMAP remains the state-of-the-art tool for predicting
noiae exposure around air installatloneo

Des_rlptlon_ Areas of investlgation include improving the overall operatlng

efficiency, application guldellnes, and excess ground attenuaEion models.
The feasibility o£ expandin E NOISEFILE and NOISEHAP to include helicopter
operations was determined. A detailed test protocol for improving the curren_

mod_l used for excess sound attenuation was developed. S_udies were also made
to determine the practical engineering and economical problems inherent in
dev_lopln E and applyln E demographlc and compatible land use overlays with

NO_SEMAP as indices of relative environmental noise impact.

Summary of Findlnss: See contents of reports listed below.

Where Findlnss Published_

I) Dunderdale_ T.C., "Sensitivity of Aircraft Runup/Communlty Noise

Predictions to Excess Ground Attenuation," AFAMRL-TR-77-76j
December 1977.

2) Walker, D.G., "An Analysis o_ Aircraft Flyover Noise," AFAMRL-TR-78-8,
April 1978.

3) 8eldman, Hoj "Computer-Aided Collection o£ Demographic Data Within

Day-Night Level Contours: Two Test Cases," AFAMRLyTR-78-39,
August 1978.

4) Eeckman_ J.H._ and Seidman, N,j "NOISEMAP 3.4 Computer Program
Operator's Manual," AFAHRL-TR-78-109_ December 1978,

5) Galloways W.J. s "Helicopter Noise Level Functions For Use In Community
Noise Analyses," AFAMRL-TR-78-87, January 1979•

Period o_ Performance_ 1976-1979.

Investi_ator_ D.E. Eishop_ Bolt Beranek and Newman Inc._ Los Angeles, CA
(213/347-8360).

A_enc_ Contact: Jerry Speakman_ AFAMRL/BBE, Nrlght-Patterson AFB_ OH 45433
(513/255-3664).

Fiscal Year Fuedin_ (_10OO)| ,1976 1977 1978 1979 1980
45 45
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U,S. AIR FORCE (Cant'd)

Title: INCORPORATE ENVIRONMENTAL IMPACT INDICES INTO NOISEMAP

Objective; To develop the capability for combining census tract data with
NOISEMAP contours to output directly various indices of environmental noise

impact. The Air Force uses the NOISEMAP co.unity noise exposure prediction
procedure for planning compatible land use around airbases.

Descriptlon; NOISEMAP will be mated with commercially available programs for
deriving population and socio-economic status information from census tract
tapes, This demographic overlay capability _ill be demonstrated by determining
the environmental noise impact of proposed operational changes a_ two Air Force
bases,

Summary of Findings: Software modifications to NOISEHAP and co the CALCOHP
General Purpose Contouring Program have been completed and debugged.
Demonstration test cases for hypothetical aircraft mission changes at Shaw AFB
and McConnell AFB will be performed in August 1980 as part of a training course
to be held aC the Air Force Engineering and Services Center (AFESC),
Tyndall AFB.

Where, Findings Published; Final report due in September 1980, r"
P.erlo,d of Performancet 1979-present.

Investi_atort H. Seidman, gall Beranek and Newman _nc,p Los Angeles t CA
(213/347-8360).

Agency Contact: Jerry Speak.man, AFA_RL/BBE, Wrlght-Patterson AFB, OE 45433
(5131255-3664).

Fiscal Year Funding ($1000): 1977 .... 1978 .1979 . 1980
34 35 (AFESC)
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U.S. AIR FORCE (ConC'd)

Titles STUDY EXCESS SOUND ATTENUATION (ESA) AND DEVELOP ESA MODEL WITH RESPECT
TO AIREASE/COMMUNITY NOISE

Objective: To develop better models (at least one for ground to ground propa-
gation and one for air to ground for low elevation angles, this second one
referred to as flight-ESA) for more accuracely predicting ESA in forms suitable

for practical implementation in NOISEMAP, the handbook and NO_SEFILE. The
Air Force assesses the impact of noise around Air Force bases by applying

comunity noise predictive models and noise charts. The accuracy of these
models depends to a large extent on the accuracy of algorithms to account
for excess ground attenuation.

Desorlp_ion: AFAHRL will conduct airbase noise measurements over a I-2 year
period using 10-13 all-weather acoustic measuring stations. Data taken will
define ESA over a range of 75 meters to several kilometers from the source
with elevation angles from greater than O.O to less than 90.0 from the receiver
for times of day/night, various weather conditions, and for flat grassy land.
Statistical analyses will provide the basis _or new empirical ESA models which
better define such attenuation for specific classes of conditions (e.g,,
day/night, ruralsuburban, elevation angles).

_ Summar_ of Findlnes: Ground to Ground ESA - This portion of the study is
part-way through the data acquisition analysis phase. Initial findings will

be available in the fall of this year. Flight ESA - Analysis of the noise
from seven different Air Force aircraft performing level flyovers at Wright-
Patterson APE has been completed and used to develop ESA values for angles of

elevation from 3 degrees to 90 degrees. Addltional data are to be collected
for various weather conditions and different types of ground cover.

Where Findings Published: Flight ESA - Findings have been incorporated into
a proposed Aerospace Ind.stry Recommendation report for approval by the Society
of Automotive Engineers SAE A-21 Comities on Aircraft Noise.

Period of Performance: 1975-present,

Investigator: R.G. Powell, J.D. Speakman, and J.N. Cole_ AFAMRL/BEE,
Wrlght-Patterson AFS, OH 45433 (513/255-3664)o

A_ene_ Contactz Principal Investigator.

Fiscal Year Fundln_ ($1OO0):

1975 1978 1977 1978 1979 1980 1981 1982
44 64 95 137 176 203 182 109

.J
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U.,S. AIR FORCE (Cont'd)

Titlg: TECHNOLOGY TO DEFINE AND EVALUATE ADVERSE/HAZARDOUS AF CREW NOISE
ENVIRONMENTS

Objective; To develop in more effective form the database and me,hods neces-
sary to define these physlcal noise environments for use by MAJCOH bloenviron-

mental engineers and other agencies concerned about personnel safety and
performance.

Description: For the past several years noise environments were measured
at ground crew locations during ground operations of most aircraft and ground
support equipment in the USAF inventory. In-flight measurements were made
on-board most aircraft at pilot/crew and passenger locations during typical
operations such as engine start I tail, takeoff_ cllmb, orulse_ approach and

at lending. To acquire data on high performance single or two-seat aircraft

@ small self-contalned recording system was. developed and fabricated. The
system is worn and operated by the pilot or crewmember. Spectral analyses
were performed on all data and with OMEGA, a specialized computer program!
the required physical and psyehoacoustic measures were computed.

Summary of Findings: All data were incorporated into a multl-volume handbook
describing the typical noise environments produced h F major USAF systems.
This handbook provides a convenient and consolidated package of noise data _/_'.

acquired and processed in a uniform manner using establlshed engineering
practices. It is a tool to assist bioenvironmental and c_vil engineers,
flight and ground safety personneI and others concerned with noise in the
assessments of environmental noise.

Where Findinss Published:

Multi-volume USAF gloenvircnmental Noise Data Handbook, AMRL-TR-75-50.

Period of Performance: 1975-present.

Investigator: H.K. Nilie! R.G. Powell and T.H. Rau_ AFAMRL/BBE,
Wrlght-Patterson AFB, OH 454_3 (513/255-3604).

A_ency Contact: Principal Investigator.

Fiscal Year Fundin_ ($I000):

1976 1977 1978 i979 1980 1981 1982 1983

45 38 27 46 29 33 37 40
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! r_ u.s.AIRFORCECCont'd)

Title: FIELD STUDIES ON APPLICATION OF NOISEC_ECK TECHNOLOGY FOR MONITORING

AIRCRAFT NOISE

Objective: To field testI evaluate and modify, if needed t the aircraft noise
monitoring technology developed under other contract work. This technology
will then be banded off to Air Force Englneering Services Center (AFESC) for
their use in collecting field measured noise exposure data acceptable as
evidence in cases involving extreme controversy or litigation.

Description: Field studies to evaluate the NOISECHECK technology were con-
ducted at Laughlin APE in February, 1979 and at Homestead AFB in September_

1979. The NOISECHECK capability involves both the instrumentation and the
field test procedures required to accurately and efficiently measure the noise

exposure at specific locations. Several problems with the equipment were
encountered and ,ubsequently corrected through equipment and field procedure
modification. The methodology for conducting the measurements was found to
be location dependent due to the considerable variation in the noise sources

at the specific sites.

Sugary of Findings: The NOISECHECK methodology was found to be very effective
in uncovering the reasons for discrepancies between measured noise exposure

f'_ and the noise exposure predicted by NOISEMAP. It was found that the measure-
ment duration required for reasonable accuracy could be reduced considerably
by zeroing in on the major con_ributors to the noise at that particular loeatlon.
The NOISEMAP program cue be used to pinpoint these major contributors prior

to measurements being taken and thee the measurement program can be adjusted
to focus on those sources.

Where Findln_s Published: Program not completed. Results will be published
as an AFAMRL report.

Period of Performance: 1978-present.

Investigator: R.A. Lee and J.D, Speakmsnp AFAMRL/BBE, Wright-Patterson AFB_
OH 45433 (513/255-3664).

A_enc_ Contact: Prlneip,l Investigator.

Fiscal Year Fundin_ ($1000): 1976 1977 1978 1979 1980
8 26 8
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U.S. AIR FORCE (Cost'd)

Title: DETERMINE AIRBASE/OOMMUNITY NOISE FROM AF AIRCRAFT/ENGINES OPERATING
W_TH GROUND RUNUF NOISE SUPPRESSORS

Ob_eetive_ To acquire the data needed to define the noise radiated by A_
aircraft using standard runup noise suppressors in ways suitable for use by
NOISEMAP and also for incorporation into the Noise Data Handbook. Aircraft
ground runups are one of the major sources of noise on-base and in surrounding

communities. Many times aircraft runup noise suppressors are used to reduce
the radiated energy, The NOISEFILE used in NOISRMAP presently includes only

nominal design levels for such suppressors since adequate measured data as a
function of angle around the source are not available. HQ OSAF/pRE and MAJCOMS

clearly intend to use NOISEMAP as a tool for assessing the need for and poten-

tlal effectiveness of such multi-milllon dollar suppressors in specific
situations.

Description: Surveys were made on 11 different alrcraft/suppressor systems
st eight different Air Force and Air Ha,loan1 Guard bases. Measurements were

made on suppressor systems for the KC-135A, F-4s F-b, F-15p F-16, F-lOG, F-106,
F-Ill, T-38 and two suppressor systems for the A-? aircraft. These acoustic
data were analysed eccordies to AFAMRL/BBE Standard Procedures and incorporated
into our NOISEFILE (acoustic data base for all Air Force aircraft) and is now

being routinely used by the AFESC to run NOISEMAP, the community noise predic- t_-_ L
,ion procedure used under the URAF Air Installation Compatible Use Zone (AICUZ)
program.

Su_nr_ of Findlnas_ Near- end flr-field data are now ava_lable for the above
mentioned aircraft/suppressor systems in a standard format for use by the
general public for direct comparison with unsuppressed aircraft and/or other
suppressor systems.

Where Findln_s Published:

I) Lee_ R.A.p "Community Noise Exposure Resulting From Aircraft Operations:
Volume 7. Acoustic Data on Aircraft Ground Runup Noise Suppressorsp"
AMRL-TR-73-11Ot Vol. 7, December 1979.

2) Lee, R.A., "USAF Bioenviroumental Noise Data Handbook s Volumes IZE,
129, 130, 131, 132, 133, 134, 135, 136 and 140," AMRL-TR-75-50°

Contact AFAMRL/BBE for Index update for this series of reports.

Period of Performance: 1977-1980.

Investlaator: R.A. Lee and Cap, R. Gorman, AFAMRL/BBE, WriGht-Patterson AFB,
OH 45433 (513/255-3664).

A_enc_ Contact: Principal Investigator.

Fiscal Year Fundln_ ($1000): 1976 1977 1978 1979 1980
18 13 14 3 I"h
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('_ U.S. AIR FORCE ,(ConC'd)

Ti_le| MEASOREMENT AND ANALYSIS OF AIRCRAFT NOISE 8NVIRONHENTS FOR DEVELOPING
AF PROCEDURES TO PREDICT NOISE EXPOSURE AROUND AIRBASES

Objective: To determine the far-fleld noise characteristics of military air-
craft for flight and ground runup operations for use with the NOISEHAP environ-

mental noise exposure predictive procedure end the USAF Bioenvlronmental Noise
Data Handbook.

Description: Using standardized equipment and data analysis procedures_
measurements are conducted during controlled level flyovers and sround runups

at various engine power settings. Modifications to the NOISEFILES are done

systematically to reflect proven results on excess sound attenuation and
revisions in accepted national and international standards on nolse propagation
and prediction methodologies.

Su_mmr_ of Findings: See AMRL-TR-75-50 series of reports for far-fleld
greund runup characteristics of military aircraft and other major Air Force
noise sources such as ground or aux_liar F power units. See AMRL-TR-73-110
series of reports for aircraft flyower_ ground runup, and demountable suppres-
sor noise characteristics.

f-_ Where Findln_s Published:

1) "USAF gioenvironmeetal Noise Data Handbook,'* AMRL-TR-75-50p

approximately 150 volumes published to date, June 1975-Present.

2) "Co_unlty Noise Exposure Resulting From Aircraft Operatlons:
Acoustic Data on Military Aircraft," AMRL-TR-73-110, seven volumes,
November 1977-December 1979.

Period of Performance: 1972-present.

; _vesti_ator: J.D. Speakman, R.G. Powell, R.A. Lee, N.K. Nille, and J.N. Cole D
AFAHRL/BBE_ Wright-Patterson AFS, ON 45433 (513/255-3664).

A_ene_ Contact_ Principal Investigator.

Fiscal Year Fundin_ ($1000)I

1975 1976 1977. 1978 1979 1980 1981 1982 1983
120 120 116 117 98 122 140 151 145

I
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U.S. A_R FORCE (Cons'd) _

Title: IMPROVE TECHNOLOGY USED TO PREDICT AIREASE/OOMMUNZTY NOISE

Ob_ective_ To continue making those studies and modifications which are vital
to maintain the present techulcal credibility of _he NOISEMAF procedure. The
Air Force uses the NOISEMAP community noise exposure prediction procedure in
assassins environmental noise impact and planning compatible land use about
airbaaes. Such actions often involve controversy and even litigation.

Description: This effort is to: (1) perform analytical studies of available
measured noise data to determine the effects of excess sound attenuation on

predicted flisht noise levels of various types of aircraft| (2) develop the
capebillty for combining airhese noise contours w_th those such as for sonic

boom or bomb blast herin N variable grld spaclngs; (3) perform analytical
studies to quantitate the cheeses in typical Air Force NOISEMAP contours due

to uncertainties in the psyehoacoustie penalty associated with nighttime air-
craft operations; and (4) perform analytical studies to assess the relative
importance of uncertainties in the present rules for au_nlng for numbers of

operations when computing cumulative noise exposure.

Summary of Findin_s: Presently, NOISE}L%P assumes that excess sound attenuation

is limited to aircraft to ground observer elevation ambles of about 7 deBrees _._
or less. Reanalyses of FAR Part 36 sideline data for four aircraft indicates
assess sound attenuation effects are evident at elevation angles of 25 to

30 de&tees and depnndlnN on aircraft/eeglne type as high as 50 or fi0 degrees.
Spectral analysis of these data show conslderab_e differences when compared
with the results of controlled level flyover tests conducted by AFAMRL on
seven military aircraft types.

_here Findings Publishedz

i) Seidman, N., "Computer Program to Add N0_SEMAP Grids of Different
Spaningj" AFAMRL-TR-79-88, May 1980.

2) Bishops D._ and Beckman# Jo_ "Study of Excess Sound Attenuation As
Determined from FAR Part 36 Aircraft Noise Certification Measurements,"
AFA_IL-TR-80-65 (In Press).

Period of Performance: 1975-present.

Investi_ator_ D. Bishop, Bolt Beranek and Ne_an Inc., Los Angeles, CA
(213/347-8360).

Agency Contact: Jerry Speakman_ AFAMRL/BBE t NrIght-Pa_orson AFB, OH 45433

(S131255-3664).

_iacal Y_ar,Fu_dln_ ($I000): 1978 1979 1980 1981
50 39 (mAMRL)

t i
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U.S. AIR FORCE (rout'd)

Title: DEVELOP NOISECHEOK TECHNOLOGY FOR MONITORING AIRCRAFT NOISE

Objective= To develop the aircraft noise monitoring technology needed by
Air Force personnel to collect fleld-measured noise exposure data acceptable
as evidence in cases involving extreme controversy or litigation, A vital
part of Air Force environmental noise planning effort is the need to perform
spot-check noise measurements which provide data supporting predicted noise
exposure values and the corresponding decisions made regarding land use

compatibility and environmental noise impact,

Descriptlon_ The present state-of-the-art in aircraft noise monitoring tech-
nology will be reviewed. Specific procedures and instrumentation requirements
for use by Air Force personnel in collecting noise exposure data able to with-
stand the closest technical scrutiny will be developed. The adequacy of the

proposed AF NOISECgECK methodology will be demonstrated by performing an actual
field appllaatlon study at an AF base. Refinements in NOISECHEC_ will be
made after analysis of the data from the field application study,

Summary of Findings: MOISECHECK instruments were developed and are now
commercially available as Digital Acoustics Inc. Model 507P. The instruments
along with specific procedures were field tested at Barksdale AFt, LA. The

/_ results showed that if the aircraft operational parameters (engine power
settings, flight tracks, altitude profiles, etc.) are accurately modeled, then
excqllent agreement cam be obtained between predicted and measured values
of Ldn.

Where Findln_s Publ_shed_

I) "Development of NOISECRECK Technology for Measuring Aircraft Noise
Expoeuret" AFAMRL-TR-7g-125, July 1980.

2) "NOISECREOK Procedures for Measuring Noise Exposure From Aircraft

Operations," AFAMRL-TR-80-45 (In Press).

Period of Performance: 1977-present.

' Investigator= P, Rentz and H. Seidman, Bolt Beranek and NewmaR In¢.p
LOS Angeles, CA (213/347-8360).

Agency Contact: Jerry Speakman, AFAMRL/BBE, Wrlght-Patterson AFB, OH 45433
(513/255-3664).

Fiscal Year Fund_n_ ($I000): 1977 1978 1979 1980
55 47 14

/
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U.S. AIR FORCE (Cont'd) ,_-_

NOISE CONCOMITANT WITH VIBRATION

Title: COMBINED NOISE AND VIBRATION EFFECTS ON HUMANCAPABILITIES

Objective: To determine the single and combined effects of IO0 dBA broadband
noise and complex waveform vertical vibration on cognitive performance.

Descry: The performance of 12 subjects was measured on a complex counting
task (CCT) during exposure to each of four experimental conditions for a
duration of 30 minutes. Two levels of noise, 65 dBA and I00 dBA, were pre-
sented both with and without 0.36 R,M.S, Hz sum-of-sines vibration,

Su_#nary of Findings_ Combined 100 dBA noise and vibration produced less
adverse effect than the vibration combined with 65 dBA noise° In additionp

a clear-cut adverse effect of vibration on the CCT was obtalned, and sn adverse
effect of iO0 dBA noise on the CCT was demonstrated,

Where Findings Publldhed:

Harris, C. Stanley, and Shoenbergerp Richard W. "Combined Effects of
Broadband Noise and Complex Waveform Vibration on Cognitive Performance,"

Av. Sp. Env. Med., 51(I), January 1980.

Period of Performance: 1977-1979.

Investigator| C. Harris and R. 9hoenberger, AF_HRL, Wright-Patterson AFB,
ON 45433 (513/255-3242).

Agency Contact: Principal Investigator.

Fiscal Year Funding ($i000): 1976 1977 1978 1979 1980
29 23 30
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U.S. AIR FORCE (Cont'd)

Title: RESEARCH ON RESPONSE OF VESTIBULAR SYSTEM TO ACOUSTIC STIMULI

Objective: TO investigate the manner in which acoustic energy stimulates
the vestibular system and determine how high-intensit F noise affects equilib-
rlum and produces disorientation. Results will contribute toward the develop-
ment of threshold criteria for hazardous exposure to high-lntenslt7 sounds.

Description: Intense acoustical transients evoke reports of visual field
displacement in human subjects. The nature of the displacement reported
varies across subjects and as a function of stimulus characteristics (particularly

intensity and frequency). Experimental manipulations that increase the ability
of subjects to maintain visual fixation or that tend to evoke eye movements

in a direction opposite to that expected on the basis of the acoustical stimulation
increase the magnitudes of the visual field displacements reported. Disruption
of the visual fixation mechanism (e.g., by alcohol ingestion) or reduction

of the effective acoustical stimulus at the labyrinth by vibration tend to i
reduce the magnitudes of the visual field displacements reported by the subjects.
The influence of several variables on this phenomenon was examined in 93
subjects in five studies, i

Summary of Findln_s: Experiment I investigated the interaction between acous-
"_ tical stimulation and angular acceleration. The results of this experiment

support the view that the acoustical transients activate semicircular canal
receptors. The influence of head vibration on acoustical translent-evoked

visual field displacements was examined in Experiment II. Smaller visual

field displacements were reported when head vibration was present simultaneously
with the acoustical stimulation, probably because the head vibration activated
the middle ear reflex. No changes in acoustical stlmulus-evoked visual field
displacements following exposure to a rotating visual field (Experiment Ill)

or as a function of visual target iZlumi_atlon intensity (Experiment IV)
were observed. Finally, alcohol ingestion (Experiment V) reduded the magnitudes
of the visual field dlsplacement reported by the subjects.

Where Pindln_s Published:

I) Parker, D.E., et at, "Visual-Field Displacements in Human gelnge
Evoked by Acoustical Transients," J. Acoust. Soc. Amer., 63(6),
June 1978.

2) Parker, D.E., et el, "A Temporary Threshold Shift for Self-Motion
Detection Following Sustalned t Oscillating Linear Accelerations"

Perception end Psychophyslcs, 23(6), 1978.

3) Parker, D.E., "Effects of Angular Acceleration, Visual-Field Rotation

and Alcohol Ingestion on Visual-Field Shifts Evoked by InCense Acoustic
Stlmulatlont" AHRL-TR-79-81, Aerospace Medical Research Laboratoryp
Wright-Patterson AFB_ Ohio, August 1979.
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Period of Perform'ante: 1975-1979.

luvesti_atorl D.E. Parker, Miami Univerai_y_ Oxford, OH.

A_ency Cpntact_ C. Harris, AFAMRL, Wrlght-Patterson AFB t OH 45433
(513/255-3242).

Fiscal Year Fundln_ ($I000)_ 1975 1976 1977 1978 1979
I0 i0 15 15 I

J
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DEPARTMENT OF DEFENSE

U.S. ARMY

INDIVIDUAL AND COMMUNITY RESPONSE

Title: COMMUNITY RESPONSE TO IMPULSE AND HELICOPTER NOISE

Ob_ectlve: To address and understand community response for such Army-unique
noise sources as blast noise (e.g., artillery, tanks, demolition) and helicopters.
This work is part of the Armyls overall efforts to create the methods to pre-
dict and reduce _he noise impact within and adjacent to Army facilities.

Description: This effort is heine conducted primarily by means of community
attitudinal surveys. One attitudinal survey of over 2p0OO respondents has
been completed in the vicinity of a major Army base. In this survey, impulse

noise and helicopter noise is probed in a background of all noise sources,
such as fixed-win8 aircraft, traffic, and children.

Summary of Findin_s: Preliminary results have shown the community responses
to be similar or perhaps a little greater than cu_munity responses to sonic
booms in the Oklahoma City test. Growth rates for blast noise, _ixed-wlns

aircraft_ and ro_ary-wlns aircraft as a function of loudness, and as a func-
'r'h tion of frequency of occurrence are all consistent with one another and with

previous work in this area. This effort is also exploring the existence of
other correction factors such as nighttime penalties. Additional surveys will
be performed in =he vicinity of two or three other major Army bases during
the next five years.

Where Findln_s Published_ Report to be published 2nd quarter_ FY81.

Period of Performance_ 1977-present.

Investi_ator_ Paul D. Schomer, U.S. Army, CERL, Champaign_ IL (217/352-6511).

A_ency Con=act_ T. Flowe, DAEN-RDM (202/272-0259).

Fiscal Year Fundln_ ($I000):

1978 1979 1980 1981 1982 1983 1984 1985
50 150 50 135 163 81 140 33
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U.S. ARMY (Cont'd)

Titlel HUI.IA_RESPONSES TO IMPULSE NOISE

Objective: To better understand the various single parameters which correlate
with human response to impulse noise in the residential environment.

Description: This study will be performed in a special test facility at CERL,
wherein Subjects, in a residential structure, are presented blast sounds
created in effect by a giant loudspeaker. The facility is such that the out-
side of the structure is excited by blast levels with peaks on the order of
I lb. per square foot and durations from 20-40 ms. This study will concentrate
on human response as a function of blast wave form variation and also as a
function of variation in the rattles and shakes which are permitted within
the structure given the blast stimuli. Thls work will complement the attitudinal
surveys also belng performed by CERL.

Period of Performance= To begin in FY81.

!nveatiEator: Paul D. Schomer, U.S, Army, CERL, Champaign, IL (217/352-6511).

A_ency Contact_ T. Flowe, DAEN-RDM (202/272-0259).

Fiscal Year Funding (_IOO0): 1980 1981 1982 1983
20 45 45
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U.S. ARHY (Cont'd)

NOISE-INDUCED HEARING LOSS AND NEARING CONSERVATION

Titl.....__e:CHANGES IN AUDITORY PERFORMANCE PROH EXPOSURE TO NOISE OF ARMY MATERIEL

Objective: To elucidate the physiological mechanisms by which noise exposure
produces change in the peripheral auditory system. This information will be

applied to the design of safer weapons, improved design criteria, and a more
accurate damage-risk criterion.

Description: Using =he cat ear as a model for the human auditory system, and
electrophysiological indices of hearing performance (cochlear microphonic,
NI, and brain stem evoked responses) experiments have been directed toward
describing the ausceptlbillty of intracoehlear structures to damage from
intense sound (from 120 to 190 dg Peak SPL) and alterations in the sound

produced by the external and middle ears. Experiments have been both acute
and chronic and have used impulses from the 90_ recoilless rifle, 1054,
122mm_ and 155mm Howitzer, H-16 rifle, and tone pips.

Sgmmary of Findings: Susceptibility of structures on the basilar membrane to
spectrally narrow impulses (tone pips) has been shown to fall at about
5.4 dB/octave (when expressed in stapes displacements) which is consistent
with damage produced by mechanical displacemedt. If the transformation func-

tions of the external and middle ears are accounted for, this implies maximum

susceptibility in the 3.0 kHz region with a low frequency slope of 6.0 dg/octave
and a high frequency slope of 18 dB/octave. If applied to weapons-type impulses,

then it argues that the present DRC for impulse noise over-rates the hazard
from large caliber weapons and furthermore needs to ha restructured in a

theoretically consistent manner. Implications for the design of safer weapons
and hearing protective devices have been developed. A test of the relative
hazard from weapons impulses with a low spectral frequency peak (cannon) and

a higher spectral frequency peak (rifle) is presently under way.

Where Findings Published:

i) Price, G.R., "Toward a Theoretically Based DRC for Impulse Noise,"
J. Acoust. Soc. Amer., 62:$95(A), 1977.

2) Price, G.R., "Firing From Enclosures with 9O_n Recoilless Rifles:
Assessment of Acoustic Hazard," Technical Memorandum TM 11-78, U.S.

Army Human Engineering Laboratory, 1978.

3) Price, G.R., "Action Potentials in the Cat at Low Intensities:

Thresholds, Latencles, and Rates of Change," J. Acoust. Soc. Amer.p
64:1400-1405, 1978.

4) Price, O.R.t "Spectrum as a Factor in Rating the Hazard of Intense
Acoustic Transients," J. Acoust. Soc. Amer., 65:$30(A), 1979.

5) Price, G.R., "Loss of Auditory Sensitivity Following Exposure to
"_h Opec,rally Narrow Impulses," J. Acoust. Soc. Amer., 66:456-465, 1979.

6) Price, G.R., "A Critical Level for Auditory Damage at High Intenslties_"
J. Acosst. Soc. Amer., 66:$52(A), 1979.
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U.S. ARMY (Con_'d) _,

7) Hodge, D.C., Prlce+ G.R.I Dukes, N.L., and Murff, S.J.j "gffecte of
Artillery Noise on the Hearing of Protected Crew Personnel," Technical
Memorandum TM 17-79, U.S. Army Human EngineeringLaboratory, 1978.

8) Prlae, CAR., "Impllcatlons of Baals Research in Hearlug for the Design
of Safer Weapons," Technical Memorandum TM 20-79,U.S. Army Human
Engineering Laboratory, 1979.

9) Price, G.R., "Implications of a Critical Level in the Ear for
Assessment of Noise Hazard at Nigh Incensities,"J. Acoust. Sac. Amer.,
1980 (in press).

Period of Performances 1975-1980.

Inves_i_ator_ G.R. Prieet U.S. Army Human Engineering Laboratory, Aberdeen
Proving Ground_ MD21005 (301/278-4109).

A_enc_ Contact: Principal Investigator.

Fiscal Year Funding ($1000):

1975 1976 1,977 19?8 1979 1980 1981 1982
136 122 105 92 99 202
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Title: SURVEY OF MILITARY NOISE CRITERIA AND STANDARDS

Objective: To determine the types of noise criteria, limits and documentation
used by the U.S. military forces and those of friendly foreign natiQns. This
information will be used to recommend needed standardization of noise criteria

among countries desiring tO exchange weapons systems.

Description: Various nations' military forces employ different acoustical
design cri_erla for their equipment. This creates a problem when, for example,

a nation with a lax design limit desires to sell equipment to a nation with
a more conservative standard. In extreme cases, a weapon considered to be

"safe" in one country may be assessed as "hazardous" in another° This situation
could be ameliorated by the adoption of common acoustical design limits among
nations. Information about H.S. and foreign noise criteria and standards is

being found by personal contact and other means to determine what types o£
crlter_a are Sn use, the units used to state the criteria, the limits enforced,
the documentation that has been published, and the relation of the national

military standards to the appropriate civil (occupational) noise criteria.

Summary of Findln_s: The survey is as yet incomplete t but the preliminary
f _ results indicated that more countries have some sort of hearing conservation

standards than any other _ype. However, in _he impulse noise and blast area
(a very significant problem today) _here are at least four different types
of evaluative cri_erla in use.

Period @f PeFfqrmance: 1979-1980.

Investigator: D.C. Hedge, U.S. Army Human Engineering Laboratory, Aberd6en
Proving Ground, MD (301/278-3126).

A_ency Contact: Georges R, Garinther_ U.S. Army Human Engineering Lahorstory_
Aberdeen Proving Ground, MD (301/27H-3265).

Fiscal Year Fundln_ ($I000): 1978 1979 1980 1981
10 25

( •
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O.S, ARMY(toni'd)

Title: COMBAT VEHICLE CRENHEN (CVC) HELMET-IMPACT AND ACOUSTIC EVALUATION

Objective: To develop a CVC helmet that provides acoustic and impact protection
as well as hlgh-quality voice communication without hearing damage.

Deseriptionl This will be accomplishedby measurement _f the impulse noises
of combat vehicles; establishmentof sound attenuation requlremencs for ade-
quate protection in CVC environments (using ASA Standard S3.19-1974); establishment
of electroacousticcharacteristicsof equipment to assure compliance with
hearing conservation requirements; and the investigation of ear seal configuration
for maximum sound attentuation. In addition, impact hazards in combat vehicles
and specific criteria will be evaluated; the need for and design of a suspension
and retention system will be determined;and qualification test procedures
will be established.

Period of Performance: 1979-ongoins.

Bnves_igaeer| R.T. Camp and J.L, Haleyp Aeromedlcal Research Laboratory,
Ft. Rucker_ AL (205/255-5107).

Agency Contact: HAJ Jerod Goldstelnp Medical Service Corpsp U.S. Army,

Ft. Ruckerp AL (205/255-3083), _'_,

Fiscal Year Fundin_ ($1000): 1977 1978 1979 1880
164 IS5
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U.S. ARMY (Contgd)

Title: MEDICAL EFFECTS OF BLAST OVERPRESSURE

Objective: To defiee physiologic effects upon the auditory system of blast
overpressure generated hy firing Army weapon systems in terms of the physical
characteristics of the pressure waves responsible for injury to the auditory
system. Devices and mechanisms required to protect against these effects
will also be studied.

Deecription: The approach wiZl entail physical measurements; validation of
hearing protection; direct method of validation of hearing protection; and

basic animal and human studies of hearln 8 loss from high-lntensity impulse
noise to develop accurate tolerance limits.

Summary of Findln_s: Studies have been completed to define the distribution
of blast waves around Army weapons (artillery and antitank) during firing.
These studies involve standard blast measurement methodology. _*e results
yield s near-fleld map of the overpressures which has been used in determining
crew safety areas. Tn other studies_ hearing protective devices (earmuffs and

helmets) have been evaluated using ANSI 124.22 methods for determining real-ear
attenuation. These protective devices have electronic talk-through circuits

./_'h to aid in direct voice communication. They were also evaluated for speech
intelligibility end electronic characteristics.

Where Findings Published_

I) "Medical Evaluation of Sound Attenuation and Electroacoustics

Characteristics of a Prototype DN-178 Protective Helmet," USAARL
Report 78-12, June 1978.

2) "Blast Overpressure Produced by Prototype _M198, 155_ Towed Howitzer_"
USAARL Report 79-2_ December 1979.

3) "Medical Evaluation of Sound Attenuation and Electro-Acoustlcs

Characteristics of a NATO (Cosmocord) Peak Limiting Ear Protector,"

USAARL Report 79-13, July 1979.

4) "Preliminary Evaluation of the Blast Overpressure Field Around the
M198 15Su_n Howitzer Firing the M203El Propelling Charge," USAA_L
Report 80-3, October 1979.

Period of Performance: 1978-1985.

Investigator: J. Patterson, Aeromedical Research Laboratory, Ft. Rucker, AL
(205/255-5107).

A_enc_ Contact: MAJ Jerod Coldstein, Medical Service Corps, U.S. Army,
F_,_ Ft. Racker, AL (205/255-3083).

Fiscal Year Fundin_ ($i000): 1977 1978 1979 1980
425 500 600

(Proposed)
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Title: MEDICAL ASSESSMENT OF HEARING PROTECTIVE DEVICES

Qb_eetlve: To assess the sound attenuatinE characteristics of heerlnE
protective devices as to their suitability to meet the needs of the Army and

develop new hearin8 protective devices and methods of evaluating them.

De scriptlon: Real-ear attenuation characteristics of hearing protective
devices which may have application in the U,S, Army will be developed usin E
the ASA Standard $3.19-1974. Devices which are presently in the inventory

will be reevaluated ut_llzin E this method. An objective method to determine
attenuation characteristics of eircumaural hearln S protectors is bein E
developed. This method will be utilized primarily for quality ass.reuse

testlnE of helmets by the procurement activity.

Sugar,.of Findln_s: Data collection and testlng are still in proEress.
Preliminary findless are discussed in the documents listed below.

Where Findln_s Published:

I) "Medical Evaluation of Sound Attenuation and Electroacoustics

Characteristics of a NATO (Cosmocord) Peak Limiting Ear Protector," _-"
USAARL Report 79-13, Jul 7 1979.

2) '_Attenuatlon Variation Obtained With Trafnlng When Utilizins an

In-The-Ear Hearing Protective Device," USAARL Report 80-6, March 1980.

3) "Characteristics of Headsets used with DRIMS Systems_" DSAARL
LR-79-II-2-5, September 1979.

4) "Real-ear Attenuation Measurements of Selected Sound Protectors

_dentified in the DAF Qualifled.Products List," USAARL Report 79-10,
June 1979,

5) "Medical Evaluation of Sound Attenuation and Eleetroecoustic

Characteristics of a Prototype DH-178 Protective Helmet," USAARI,

Report 78-12, June 1978,

Period of Performance| 1977-1980,

Znvesti_atpr: B.T. Mozo, Aeromedlcal Research Laboratory, Ft. Rueker, AL
(205/255-5107).

Agency Contact: H_I Jerod Goldstein, Medical Service Corpsj U.S, Army,
Ft. Rueker, AL (205/255-3083).

Fiscal Year Fundin_ ($I000): 1977 1978 1979 1980

110 63 136 187 _._
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U.S. ARMY (toni'd)

Title: MILITARy ACOUSTIC HAZARDS: MECHANISMS OF HEARING LOSS

Objgctive: To explore relationships between the parameters of noise peculiar
to the military environment and psychophyslcal and physiological behavior
of the human auditory system. These data will be used to establish valid
damage-risk criteria to insure the adequate protection of personnel and to

maintain an effective hearing conservation program.

Description: Studies concerned with the adequacy of current damage-risk
criteria will be conducted with animal subjects using behavioral audlometry
and histology. Damage-rlsk criteria for impulse noise will be examined in

terms of specifying exposures with respect to spectral analysis of the impulses

rather than simply in terms of peak pressure level. The effect of exposure
to high-lntenslty low-frequency noise on the threshold of hearing will be
determined. These studies involve chinchillas and human subjects. Chinchillas
are tested using shock avoidance audlometry and are examined histologically
using surface preparation techniques.

Summary of Findings: Although this is an ongoing project, some preliminary
findings are discussed in the publications listed below.

• Where Findings Published:

I) Burdick, C.E., Patterson, J.H., Mozo, S.T., and Camp, R.T.j "Threshold

Shifts in Chinchillas Exposed to Octave Bands of Noise Centered at
63 and 1CO0 Hz for Three Days," J. Aeoust. Soc. Amer., 64:458-466, 1978.

2) "High-Frequency Hearing Loss Incurred by Exposure to Low-Frequency

Noise," Proceeding of the 1978 Army Science Conference, Vol. 1:187-199,
1978.

3) "High-Frequency Hearleg Loss Incurred by Exposure to Low-Frequency
Noise," USAARL Report 79-3t January 1979.

4) "Threshold Shifts in Chinchillas Exposed to Octave Bands of Noise
Centered at 63 and lOOO Hz for Three Days," USAARL Report 79-6,
March 1979.

5) "Hearing Loss in Chinchillas Exposed to Octave Bands of Noise Centered
at 31.5 and 250 Nz|" 99th Meeting of the Acoustical Society of
America, Atlanta, GAj April 1980.

6) "Acoustic Properties of the External Auditory Canal in Chinchilla_
Guinea Plg_ Catj and Man_" 99th Meeting of the Acoustical Society of

; America_ Atlantat GAp April 1980.

I .'-'_I 7) "Spectrum of the CM Produced by High-Intensity, Low-Frequency Noise
__/ Bands in the Chinchilla," 99th Meeting of the Acoustical Society of

America, Atlanta, GA, April 1980.
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Period of Per£ormance: 1977-1985.

Investigator: J.H. Patterson I Aeromedlcal Research Laboratory, Ft. Rucker, AL
(205/255-5107).

A_enc_ Contact: MAJ Jerod Goldstein, Medical Service Corps, U.S. Army,
Ft. Rucker, AL (205/255-3083).

Fiscal Year Fundin_ ($1000): 1976 1977 1978 1979 1980
105 193 183 214

cj
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Title: EXTENDED HIGH FREQUENCY AMPLIFICATION FOR HEARING LOSS ABOVE 2000 HZ

Ob_eetlve: To assess possible benefit of amplification for individuals whose
hearing loss is limited to frequencies above 2000 Ez.

Description: The subjects were nine individuals whose sensorlneural hearlsg
lose was limited to frequencies above 2000 Hz bilaterally. The mean age was

51.2 years ranging from 39 to 61 years. Custom in-the-ear aids with wide range
receivers were fitted monaurally. Aided and unaldnd performance in quiet and
noise was assessed using the California Consonant Test (CCT). In addition,

social hearl.g handicap index (SHI), developed by Ewertsen and Birk-Nielsen,
was used prior to and four to six months after hearing aid fitting to assess

subjective benefit from amplification. Results were compared to the performance
of normal hearing subjects as well as to the performance of individuals with
hearing loss above I000 Hz who are generally considered good hearing aid
candidates.

Summar_ of Findln_s: The results indicated that the hearin S aid evaluation
procedure using the Cal[fornla Consonant Test did not predict aided benefit

for most of the suhjecte with high frequency hearing loss limited to frequencies

/-_ above 2000 He. On the other band, follow-up assessment of daily usage and
subjective reports of improved daily communication suggested that many of these
fittings can be considered successful.

Where Findings Published:

Abstract of paper, ASHA, 21(9), September 1979.

Period of Performance: 1979-present.

Investi_a_or_ Rauoa K. Surf, Army Audiology & Speech Center i
Walter Reed Army Medical Center, Washlegtonp DC 20012
(202/576-1649).

A_enc_ Contact: Principal investigator.

Fiscal Year Fundin G ($I000): 1978 1979 1980 1981 1982
3
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Title: EVALUATION OF A coMMUNICATION SELF-ASSESSMENT INVENTORY OF THE
HEARING-IMPAIRED SOLDIER

ObiecCl.e: To evaluate the approprlatsneBsof the Hearing Performance
lnventoc9 (HPZ) (Giolas et el., 1979) fat use with the noise-lnduced hearing
loss population of the military. The desired applications of the self-
assessment communication inventory are to define the patient's communication
handicap_ to plan aural rehabilitation programs, to assess progress, and to
determine short-terraand long-term prognoses.

Description: The complete HPI is being administered to large numbers of
soldiers with noise-lnduced hearing loss prior to their attending a two-week
aural rehabilitation program. An extensive statistical analysis of the data
is bein_ conducted to determine the cast's reliability and appropriateness
far use with this population. Validation studies are also bring planned.

P_io 9 of.Performance: 1979-present.

Investi_a,tor_ Zrlan E. Walden_ Army Audiology & Speech Center_
Walter Reed Army Medical Center_ Washingtont DC 20012
(202/s76-1sss). C"

A_enc_ Contact: Prlnclpal'investigator.

_iscal,,YearFundin_ ($i000)_ 197,8 1979 1980 1981, , 1982
4 17
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Title: FACTORS INFLUENCING USE OF HEARING AIDS

ObjectlVe: To I) describe the hearing aid fitting and usage patterns obtained
from clinical records and questionnaire responses; and 2) examine the relation-

ship between reported hearing aid use and sudlometrlc'informatlon.

Description: A follow-up quesclonnalre was mailed to new hearing aid users.
The questionnaire responses of ego personst 73 percent of the sample, were
rela_ed to age_ audiometric t and hearing aid evaluation data obtalned.at the
time of fitting. Reported usage of the ai_s was also analyzed in terms of
the type of fitting and according to the length of post-fltting training.
Furtherp the reasons for limited or non-use were tabulated. The population

in the present study_ in comparison with Chat of previous investigstlons _
was characterized by relatively young age and predomlnantly eoise-inducedp

sensorineural type hearleg lose, with mild hearing loss fat speech; these
factors led to a hlgh proportion of selective ampli£1caEion fittings.

Summary of Findings: Reported overall use did eat differ among the types of
aids. Overall use declined with increasing age, and the majority of persons

in this population used their aids selectively rather than on a full-time
basis. Length of post-fltting training appeared to increase hearing aid use.

[_ Mean audiometrlc and hearln S aid evaluation data remained relatively constant
across usage cate8ories, Excessive background noise and lack of need consti-
tuted 63 percent of the reasons given for limited use or non-use.

Where Findings Published:

Surf, R.R._ "Factors In[luencing Use of Hearing Aids." Arch. Otolaryngol._

1O4p December i978, end reprinted by Hearin_ Instruments, October 1979.

Period of Performance: 1975-1978.

Investigator: Rauna K. Surf, Army Audiology & Speech Center,
Wal_er Reed Army Medical Center, gashington, DC 20012
(202/575-1649),

A_ency Contact: Prlnclpal invesclgator,

Fiscal Year Fundln_ ($I000)_ 1975 1975 1977 1978 i979
4 3 i
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Title; ELECTROACOUSTIC CORRELATES OF HEARING AID QUALITY JUDGMENTS

Ob_ectlve; To inveatlgate quali_y jud_ents of hearing processed speech in
hearing impaired llscenersp with a view toward defining perceptual dimensions
related directly to the electroacoustlc characteristics o5 the instruments.

Descry; Ten subjects with high frequency hearing loss and ten with flat
"_ judged quality of a speech sample processed through 20 hearing aids in a
paired-comparison paradigm. Perceptual dimensions underlying hearing aid
quality judgments were derived from multidimensional scaling and were corre-
lated with 15 electroacoustlc characteristics.

Sugar 7 of Findings: Results revealed that only one dimension of a three-
dimensional solution, low-frequency cutoff, formed the primary basis for quality
judsments for both persons wi_h flat and high frequency audlometrlc patterns.

Where Findings Published;

Presented at the Annual Convention of the American Speech and Hearing

Association, Atlanta, Georgia, November 1979 (manuscript in preparation).

Period of Per£ormance; 1978-1980. _'

Investigator; Daniel M° Schwartz, Army Audiology & Speech Center,
Walter Reed Army Medical Center, Washington, DC 20012
(202/576-1685).

Agency Contact| Prlnc_pal investigator.

Fiscal Year Fundln_ ($1000); 19_8 1979 1980 1981
8 18

C_
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J

Title_ TEST OF THE ASSUMPTIONS UNDERLYING THE COMPARATIVE HEARING AID

EVALUATION

Objective: To test the assumptions which underlie the Comparative Rearing Aid
Evaluation (CHAE). Speclflcally_ the research is designed to determine if:

i) sienlficant performance differences exist among preseleeted hearing aids;
2) the frequency with which interactions between patients and instruments are
observed; 3) the test-retest reliability of standard monosyllabic word tests
in CHAt's; 4) the stability of the performance hierarchy for preselected

instruments; and 5) the extent to which performance in the clinlcaP CHAt
predicts performance in daily use.

Description: Fifty subjects with noise-induced hearing loss will receive a
standard CH_ on two occasions separated by ten days, Between CHASms the

subjects will wear each of the hearing aids evaluated in the CHAt for a period
of a few days. Ratings of listener acceptance will be obtained during this
trlsl period, Results wile be analyzed to test the assumptions outlined above.

Suwmary of Findinss: Preliminary results from the test of assumption #I
suggest that s_atiatlcally significant differences among hearing aids selected

/_ to be appropriate to the patlent_s hearing loss rarely occur in a CHAE.
~ Data acquisition to test the remaining assumptions is underway.

Where, Findln_s Published:

Presented at the Annual Convention of the American Speech and Rearin 8
Association, Detroit_ Michlgan_ November 1980.

Period of Performance: 1980-present.

Investi_ator_ Brian E, Walden, Army Audiology & Speech Cen_er,
Walter Reed Army Medical Center_ Washlngtonj DC 20012
(202/576-1685).

A_ency Contact_ Principal investigator.

Fiscal Year Fundin_ ($I000): 1978 1979 1980 1981
i0 I0
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Titlez SOME EFFECTS OF TRAINING ON SPEECH RECOGNITION BY HEARING-IMPAIRED
ADULTS

qbjective: To determine some if the effects of consonant recosnitlon training
on the speech recognition performance of adults with noise-lnduced hearing loss.

Description: TwO groups of ten subjects each received seven hours of either
auditory or visual consonan_ recognition _raining, in addition to a _wo-week,
group-oriented, inpatient aural rehabilitation program. A thlrd group of
fifteen subjects received the two-week inpatient program, but no supplementary
individual consonant recognition training. An audiovisual sentence recognition
test, as well as tests of auditory end visual consonant recognitlon_ were
administered both prior to and following tralnins.

Summar_ of Findings| The results revealed that subjects in all three groups
significantly increased in their audiovisual sentence recognltion performance,
but that improvement for the subjects recelving the individual consonant
recognition training was significantly greater than for the subjects receiving
only the standard two-week program. A sisnlflcant increase in consonant
recognition ability was observed in the two Stoups receiving the auditory or
visual consonant reeosnitlon training. The date are discussed from varying
statistical and clinical perspectives.

Where Findings Published: Journal Speech Rearln_ Research (in press).

Period of Performance: 1977-1979.

lqyesti_ator: Brian E. Walden, Army Audiology & Speech Center,
Walter Reed Army Medical Center_ Waehlngton_ DC 20012
(202/576-1585).

A_enc_ Con_aa_z Principal investiEa_or.

Fiscal Year Fundln_ ($1000)_ 1977 1978 1979 1980 1981
5 i0 I0

_J
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Title: pERFORMANCE OF HIGH FREQUENCY IMPAIRED LISTENERS WITH CONVENTIOHAL
AND EXTENDED HIGH FNEQORNCY AMPLIFICATION

Objective: To determine if a hlgh-pass hearing aid can provide increased
improvement in word recognition and consonant discrimination over _hat of a
conventional high frequency emphasis hearing aid in listeners with hearing loss
limited to frequencies above 10US He.

Description: Word and consonant discrimination were assessed in quiet and in
the presence of 12-talker speech babble for iO subjects under three listening

conditions: I) unaided; 2) wearing a conventional high frequency emphasis
hearing aid; and 3) wearing an experimental high-pass instrument, The speech
testing materials included: i) Northwestern University Auditory Test No. 6;
2) California Consonant Test; and 3) eight voiceless English consonants.

Sum_narF of Findln_s: Results suggested that both instruments provided similar
benefit in quiet for improvlng word recognition and resolving consonant
error. For the noise conditlo,, however, the experimental high-pass aid

provided a considerable advantage in both word recognition and consonant
identlfica_ion and was particularly sensitive to reducing within- and between-

i_ manner voiceless consonant confuslons, Furthermore_ measurements of real-ear
gain revealed that the hlgh-pass aid afforded considerably greater acoustic
gain above 4000 Hz than that shown for the conventional high frequency emphasis

hearing aid.

Where Pindinss Published:

Schwartz, D.M.t "Performance of High Frequency Impaired Listeners with

Conventional and Extended High Frequency Ampllflcatlon." Audlolosy ,
Vol. 18, 1979.

Period of Performance: 1977-1979.

Investigator: Daniel M. Schwartz, Army Audiology & Speech Center,
Waiter Reed Army Hedical Center, Washington, DC 20012
(202/576-1685),

A_enc Z Contact: Principal inve_tlgator.

Fiscal Year Fundln_ ($1000): 1977 1978 1979 1980 1981
5 5 2

j i
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U.S. ARMY (Con_'d)

Title: RESEARCH OF I_ACT AND NOISE ATTENOATZNG CRASHWORTHY HELMET EARCUP

Objective: To design, construct end medically evaluate the impact and noise
attenuating properties of a crashworthy helmet earcup for Army aviators.

.Description: Twenty hand-made "test-bed earcups" will be fabricated. The
cups will be installed in helmets for in-flight evaluation by USAA/tL flying
personnel under all flying conditions. Theywill be subjected to accepted
standardized impact and acoustic protection evaluation techniques (ANSI Z24.22,

Z90.1, etc.) to determine the effectiveness in known physloal environments.

Summar_ of Findings: Preliminary "test-bed" earcups in a round configuratlon ,
not installed in helmetsp have been evaluated, and the most promising type of
corrusated aluminum was selected for further development. The aluminum proto-
type earoups will be installed in Army flight helmets and evaluated further
in 1980 and 1981.

Period of Performance: 1978-1981.

Investigator: J.L. Haley, Aeromedlcal Research Laboratory, Ft. guck_r, AL
(205/255-5107).

Agency Contact: MAJ Jerod Goldsteln, Medical Se_vlce Corps, O.S. Army,
Ft. Runker, AL (205/255-3083).

Fiscal Year Funding ($1000)5 1977 1978 1979 1980
34 20 29 3

C
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U.S. ARMY (toni'd)

Title: CONSONANT SIMILARITY JUDGMENTS BY NORMAL A/_D HEARING-IMPAIRED LISTENEgS

Objectlve_ To identify listener strategies or perceptual modes that might he
adopted by hearlng-impalred listeners when making s£milarlty judgments among
pairs of speech sounds. Further_ an attempt was made to describe the relation-
ship between similarity judgments and auditory confusions for such listeners.

Description: Groups of adventitiously (nolse-lnduced hearing loss) and
congenitally hearlng-lmpalred subjects provided slmilari_y ratings and

recognition responses =o consonant vowel syllable pairs.

Summary of Findlngs: The resulting similarity judgments were organized into
a variety of similarity matrices and analyzed via multidimensional scallnE
and hierarchical ¢lusterlng, as well as by traditional descriptive and inter-

pretative statistics. The analyses suggested thet, in makln 8 slmilari_y ratlngs
between consoeantep hearinE-impalred listeners apply phonemic labels to the
stimuli and base their ratings on these labels rather than on the unlabeled
acoustic characterls_ics of the speech sounds. Analysis of the recognition
data suggested that those consonants which are most confusable are no= neces-

sarily the most conceptually similar to the listener.

Where Findln_s Publishedl

Walden_ B.E., "Consonant Similarity Judgments by Normal and Rearing-

Impaired Listeners." Journal Speech Hearin_ Research, 23(1), Marc_ 1980.

Perlod of Performance: 1975-1979.

Investi_atorz Brian E. Waldenj Army Audiology & Speech Cen_er_
Walter Reed Army Medical Centerp Washlngton , DC 20012
(202/576-1685).

A_enc_ Contact: Prlnc£pal investigator.

Fiscal Year ?undin_ ($i000): 1976 1977 1978 1979 1980
9 iO 5 iO
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u.s. _ (Cont'd)

BEHAVIORAL t SOCIAL t AND pERFORMANCEEFFECTS

Title: NEURAL AND BEHAVIORAL RESPONSE TO SEHSORY STIMULATION

_: To establish and evaluate an animal model to measure the interrela-
tionshlps between sensory stimulation, nervous system responses (e.g., evoked
potential), and behavioral manifestations of stimulus control, attention and
vlgilanne,

Descriptions Emphasis will be on methods requiring minimal physical and chemical
restraint in order to permit realistic simulations of military environments
demanding prolonged vigilance and cognitive performance, and of the disruptors

(such as altered sleep and feeding patterns t and noxious stimuli such as noise
or exposure to chemical agents) which impinge upon task performance in those
situations. The data base generated will be part of our program to examine
the maintenance and decrement of satisfactory military performance in stress-
ful situations. Using the methods of animal psychophysics and eleetrophyslology,

methods will be developed to permit measurement of neural electrical potentials
_rom awake subjects attending and responding to auditory and other environ-

mental stimuli. Rats will be used initially_ while chinchillas will be used
as the study progresses. Interrelationships between these auditory and other
environmental signals and neural and behavioral responses will be established [_"
and then studied under conditions which interfere with optimal performance

such ms circadian desynchronlzatlon, sleep 10as, increased noise or decreased
signal resolution, or emotional disruptors,

Period of Performance: 19?8-continuing.

Investigator: C.F. Tyner mud S.R. Hursh_ U.S. Army Medical Research &
Development Command, Walter Reed Institute of Army Research,
Washington, DC (202/576-3037),

Agency Contact: Principal investigator.

Fiscal Year Ymndin_ ($I000): 1978 1979 1980 1981 1982
20 20 20

f'_.
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U.S, ARMY (Cont'd)

COMMUNICATION INTERFERENCE

Title: EFFECTS OF MULTI-TALKER COMPETING SPEECH ON THE CALIFORNIA CONSONANT
TEST

Ob_ectlvet To study the effects of background speech competition on
California Consonant Test (CCT) scores in a sound fleld t and to determine the

test-retest reliability of the CCT in quiet and under adverse listening condl-
riots in an effort to assess the variability in performance associated with
the introduction of a competing speech babble.

_: Performance on the CCT was assessed in the unaided sound fleld
tn quzet and at message-to-competltlon ratios (MCRs) of +12, +6, 0 and -6 dB
for 40 normal hearers and 30 listeners with high frequency sensorineural

hearing loss beginning at 1500 Ha. Further, recognition performance in quiet
and noise was retested for the 30 hearing impaired subjects to examine test-
retest reliability.

Summary of Findln_s: The noise interference functions for both subject groups
were characterized by a gradual decline _n recognition performance as the
listening condition became more adverse. Dispersion among scores for the

/_. hearing impaired subjects remained relatively constant regardless of the

listening condition as compared to the resul_s of normal hearing individuals.
Test-retest reliability across conditions was examined via correlational
analysis and by computing test-retest difference scores for each individual
subject. Results showed that testing in the presence of competing speech
served to increase experimental error to the extent that considerable dlf-
ferences among homogeneous hearing aids would be difficult to assess on the
basis of CCT performance scores, variability was also shown to be heightened

concomitant with using abbreviated llst presentation (i.e., 50 words). These
data are discussed relative to the use of the CCT in the hearing aid evaluation.

Where Findln_s Published: Being submitted to Journal of American Audlolo_y
Society.

Period of Performance: 1977-1978.

Investi_atort Rauna K. Surf, Army Audiology & Speech Center_
Walter Reed Army Medical Center_ Washlngton , DC 20012
(202/576-1649).

A_enn_ Contact: Principal investigator.

Fiscal Year Fundin_ ($I000): 1977 1978 1979 1980 1981
4 1 2
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U.S. ARMY (Cont'd)

Title: THREE EXPERIMENTS ON THE CALIFORNIA CONSONANT TEST

Ohjectivel To I) dete_nlne the performance-lntenslty function for the
California Consonant Test (CCT) for normal hearers and hearing impaired

listeners; 2) compare performance scores on the CCT with those of the N.U.-6
lists; and 3) examine internal consistency and spllt-half reliability of forms
i and 2 Of the CCT.

: Experiment I involved the determination of a performance-
nstlon for the CCT with 12 normal hearers and 12 listeners with

high frequency sensorineural hearing loss. Experiment II compared performance
scores achieved on the CCT to those of the N.U.-6 lists in 60 subjects with

high frequency sensitivity loss similar to those used in Experiment Z.
Experiment 111 examined the internal consistency and spllt-half reliability
of the CCT to assess the effects of shortening the number of test items.

Sugary of Findings: Results demonstrated almost a linear function for both

subject groups (approaching asymptote at 50 dE SL) as compared to the typical
sigmoidal function obtained with conventional word recognition tests.
Experiment 11 compared results of the CCT to those of the N.U.-6 lists in 60

subjects with high frequency hearing loss. Consistent with previous findings,
relatively high word recognition scores were obtained for the N.U.-6 materials F-.

whereas the range of ssorms on the COT approximated a normal dietribatlon.

Experiment IIl examined the internal consistency and split-half reliability
of the _CT. Despite significant (p = less than or equal to 0.05) correlation
coefficients# the wide variability between half-list scores among individual
listeners does not support the use of hal,-list testing.

Where Findln_a Pubiished:

Schwartz, D.M., "Three Experiments on the California Consonant Test."

Journal o_ Speech and Hearin_ Disorders, 44(I), February 1979.

Period of Performance_ 1977-1979.

Investigator: Daniel M. Schwartz_ Army A,diology & Speech Center,
Walter Reed Army Medical Center, Washington, DC 20012
(202/575-1685).

A_ency Contact: Prinaipal investigator.

Fiscal Year Fundin_ ($1000): 1977 1978 1979 1980
6 4
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U,S. AP_iY (Cont'd)

Titl_: HEARING PERFORManCE REQUIREMENTS OP ARMY PERSONNEL

Ob_ectlve: To establish the hearing skills required by soldiers in tactical
sltuationa, and to predict the effect of reduced hearing acuity on soldiers'
performance° This information will be used to improve existing noise criteria
and standardsp and provide hearin E loss tolerances for new damage risk criteria.

Description: An analysis of soldiers' functions in tactical situations published
in 1975 indicated that a critical performance area is detecting the presence

or nearness of enemy personnel. In the first phase of the project, detection
of personnel sounds in quiet was investigated. A model was developed to
predict sound detection, based on the ear's spectral sensitivity and temporal
integration abillties. Currently, the second phase (starmed 1977) is nearing
completion in which personnel sound detection is being investigated in quint
and in the presence of realistic outdoor masking sounds (wind_ insect sound,
etc.). The predictive model is also being restated in terms of I/3-octaves
rather than critical hands to simplify the sound analyses.

5ummar_ of Findings: An average correlation of .95 was found between predicted
and actual detection levels in the first phase, and indicated that the model

f-. predicted performance quite well. The results of the second phase indicated
that mid-range hearing (500-2000 Hz) is particularly important in the detection

• of personnel sounds under realistic listening conditions, Conversion of the
model*s spectral base to I/3-octavas seems to have reduced the accuracy of

prediction significantly, but this may be due to limitations of the available
analysis system,

Where Findings Published:

Results from Phase I are reported in HEL Technical Memorandum 35-76.
A report on Phase Zl results is in preparation,

Period of Performance: 1978-1980.

Investigator D,G. Hodge, U.S. Army Human Engineering Laboratory, Aberdeen
Proving Ground, MD (301/278-3126).

A_ency Contact: Georges R. Garinther, U.S. Army Human Engineering Laboratory,
Aberdeen Provin 8 Ground, MD (301/278-3265).

Fiscal Year Pundln_ ($I000): 1978 1979 1980 1981
75 75 75

L
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U.S, ARMY (toni'd)

NOISE ENVIRONMENT. DETERMINATION AND EXPOSURE CHARACTERIZATION

Title: ACOUSTZC MODEL DEVELOPMENT AND SOURCE DATA

Obiective: To provide the additional models required within the integrated
nozae contour syste_ (INCS). These models include rocke_s t vehicular sources

and fixed sources I and emission data on new weapons such as the Black Hawk
helicopter I rockets_ M-I tanks_ infantry-fighting vehicles_ etc,

Description: Acoustic models are derived in a standard manner which requires
_he means to predict source emissions_ to find propagation from source zo
re6eivert and predict the community or receivers response to the noise.

Rocket noise will be examined to determine the proper types of models. Weapons
are measured for their acoustic dlrectivity patterns and the relationship of
charge weight to sound emissions and previous measurements.

Summary of Findin_s: Models are currently incorporated for rotary-win E air-
craft and for impulse noise• These are based in part on emissions data for
large weapons and for helicopters.

Where Findings Published: _._

i) CERL Report N-603 Acoustic Directivity Patterns for Army Weapons.

2) CERL Report W-38, Rotary-Wins Aircraft Operational Noise Data•

Period of Performance: 1975-present•

Investigator: Paul D. SchEmer! O.S. Army, CERL_ ChampaiHn, IL (217/352-6511).

Agency Contacts T. Flows, DAEN-RDM (202/272-0259).

Fiscal Year Fundln_ (SlO0O):

1975 1976 1977 1978 1979 1980 1981 1982 1983

80 " 80 90 90 I00 80 150 182 156
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Title: NOISE MEASUREMENT AND MONITORING

Objective: The purpose of this effor_ is twofold. First, the noise monitoring is
to be used for validation of physical predictions of the noise emissions from

blasting activities and rotary-wing aircraft from A_my bases. Second, the
data, as it modifies predictions, is So be used to correlate with attitudinal
surveys dealing with blast noise and helicopter noise emanating from Army
faoillties. As e part of the monitoring methods_ this effort is also developing

a scientific basis upon which confidence values can be placed on temporarily-
sampled data which is used to estimate a true yearly Ldn or other community
measure,

Description: This work is being conducted uelnS two types of data. First,
data is gathered at and near Army installations using the CERL-developed true

integrating noise monitors and sound exposure level meters and secondly, by
ueln 8 long-tar_ manlier data gathered in the vicinity of airports such as
Lindburg Field (San Diego) _ Miramar NAS_ Los Angeles _nternational, Dulle8
International_ Washington Natlenal I and Boston Logan.

Summary of Findings: Although this is an ongoing project with no final report
available_ some preliminary findings are discussed in the documents listed
below.

Where Findln_s Publlshed:

i)' CEKL Report N-20_ Analysis of Envlrommental Noise Monitors.

2) CERL Technical Report N-41, True Isis@rating Environmental Noise

Monitor and Sound Exposure Level Meter (Volumes I through IV).

3) Darer, R.E., et al_ "Development of Temporal Sampling Strategies for

Monltorin 8 Noise," Journal of the Acoustical Society of America,
66(3), September 1979.

4) Schemer, P.D., and DeVor, R.E.p "On the Estimation of Long-Term Mean
Noise Levels in the Vicinity of Airports," submitted to Journal of

the Acoustical Society of America and currently availahle in draft
form as CEKL Technical Manuscript N-84.

Period of Performance: 1978-present.

Inves=i_atqr: Paul D. Schemer, A. Averbeohj U.$. Army, CERL, Champaign, _L
(217/352-6511).

Agency Contact: T. Flows, DAEN-R_M (202/272-0259).

Fiscal Year Fundin_($109O):

_ 1978 1979 1980 1981 1982 1983 1984 1985 1986
90 75 40 100 I00 iO0 .i00 II0 125

A-83



U.S. ARMY (toni'd)

Title: DEVELOPMENT OF THE INTEGRATED INSTALLATION NOISE CONTOUR SYSTEM (INCS)

Objective: To develop methods for the facilities engineer and districts to
quantitatively predict the noise pollution impact of all major Army operations_
iecludlns armor_ artillery and E0D operationa_ hellcoptar operatlonsj small
arms raegesp fixed-winE aircraft support operatlons, vehicular sources, and

industrial plants on the civilian and military populations.

Descriptions The prediction will be in the form of "equal nolsiness" Ldn
contours as suggested by the Federal EPA and the National Academy of Science

to be overlayed on area land use maps as well as the bane master plan, User
manuals and computer programs will be the products of this research which will
yield the Intesrated Installation Noise Contour System (INCS) capability.

For each of the Army noise source types, a data base will be compiled i a noise
prediction sub-model will be created and computerlzed_ and the results documented.
The initial helicopter sub-model will be computerized. Existin E vehicle nolne
data sources and models will be reviewed and the resultn incorporated into the
INCS Program (FYSl). Also homogeneous noise areas and rocket noise will be
investigated and added to the INC8 Program. A manual method to combine the

contours will be developed and documented.

Summary of Findln_s_ As of the end of FYS0, the Army's blast noise contour F-_
program BLAST MAP, the Air Force's NOISE MAP for flxed-wing aircraft t and

the Air Force's NOISE MAP prosram modified for Army rotary-wlns aircraft will
all be operational on one computer system. Output from the various contouring
modules will be able to be combined by computer.

Where Findln_s Published:

I) OERL Technical Report E-17_ Predicting Co_unlty Response to Blast
Noise.

2) CERL Report N-75, The Blast Noise Prediction Program_ User Reference
Manuel.

3) CERL Report N-82, Compilation of Operational Blast Noise Data.

4) Numerous documents by the Air Force relatlm S to the NOISE MAP proKram.

Period of Performance: 1975-present.

Investigator: Paul D. Schomer_ A. Averbuch_ U.S. Army, UERL, Champaign _ IL
(217/352-6511).

A_enc_ Contact: Principal investigator.

Fiscal Year Fundin_ (SlO00):

1975 1976 1977 1978 1979 1980 1981 1982 1983
100 1OO 125 60 90 55 150 182 156 _-_
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U.S. ARMY (toni'd)

Title: ACOUSTICAL PROBLEMS OF ARMY MATERIEL

Objective: To investigate techniques which might be used to predict the
blast levels and contour patterns which would result when firing artillery
and to investigate improved methods of protecting personnel. This effort is
in response to the fact that blast produced by large caliber weapons produces

hearing loss, other physiological damage and operational problems among Army
personnel.

Description: Preliminary tests have been conducted to determine the effective-
ness of various size barriers against the noise of a 155mm howitzer. Small
barriers have been investigated in an anechoic chamber to determine their

attenuation characteristics against steady state noise to aid in the prediction
for impulse noise. A computer model has been developed to predict the attenua-
tlon of various shaped barriers against noise.

Su_nary of Findln_s: Results indicate that barriers provide substantial

energy reduction at those frequencies where the ear is particularly sensitive.
Eowevers very little protection would he provided to other parts of the body
which are affected by the low frequency nature of large caliber weapons. A

computer program has been developed to perform a spectrum analysis of impulse
: I_ noise produced by weapoes, This program will be used to help provide an

improved me_hod of assessing hearing damage from impulse noise and to predict
the attenuation afforded by hearing protectorsj barriers, etc.

Period of Performance: 1979-1980.

Investigator: J.T. Ealb_ U,S. Army Human Engineering Laboratovy_ Aberdeen
Proving Ground, MD.

Agency Content: Georges R. Garinther, U.S. Army Human Engineering Laboratory_
Aberdeen Proving Ground, MD (301/278-3265).

Fiscal Year Pundln_ (_100O)_ 1978 1979 1980 1981
I00 lOG
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DEPARTMENT OF DEFENSE

U.S. NAVY

NONAUDITORY PHYSIOLOGIC RESPONSE

Titlex T}_ EFFECTS OF NHOLE-BODY EXPOSURE TO UNDERWATER SOUND ON TRE HEALTH
OF NAVY DIVERS

Objective: To develop safety standards for Navy divers working in intense
underwater sound field or to identify requirements for research-whlch will
lead to such safety standards. Navy divers are currently exposed to intense

sound in water which originates from active sonar systems tested in port and
from acoustic diver Cracking systems. More frequent exposure of divers is
anticipated as more acoustic systems are developed and deployed,

Description| This research was exploratory in nature consisting of a litera-
ture review_ consultations with experts in medical ultrasonics s and visits
to hioaeouscies laboratories. The literature review covered the field of

medical ultrasonics and whole-body immersion in underwater sound fields.

Consultants were employed to assist in assessing the relevance of such data
co the problem of whole-body immersion in underwater sound fields. Visits to

f various bioacoustics laboratories were made to gain knowledge of the methodo-

' fogies used in decerminlng safe dosage levels for acoustic radiation as well
as the results of those methodologies.

Su_nary of Findings: The relevance of existing biomedical ultrasonics fliers-
Cure to the problem of exposure of divers to incense sound in water was
explored. Noise levels Co which some divers are currently exposed and the
levels produced by the Portable AcousClc Tracking System (PATS) are above the
range of intensities ac which bioeffects occur. Insufficient data are

available co specify safe dosage levels. The PATS may be hazardous co un-

sulCed swimmers or decompressing divers. No basis exlscs for specifylng
general hearing conservation standards nor for escabllshlng performance inter-
ference levels for underwater noise exposure.

Where Pindln_s Published:

I) Rooney, James A., "Biological Effects of Ultrasound and Their
Relevance Co the Establishment of Safety Standards for Exposure of
Divers to Zntense Ultrasound," NSMP.L Report No. 893, Hay 9, 1979.

2) Smith, P.F., and Hunter, W.L., Jr., "On the Effects of Exposure to
Zntense Underwater Sound on Navy Divers: A Report of a Conference
on the Bin-effects of Sounds" NSMRL Memo Report No. 80-I,
February 20, 1980.

3) Smith_ P.F._ "Considerations for Establishing Nearing Conservation

Standards for Underwater Noise Exposurep" NSMRL Report No. 923,

d'--_ in preparation.

Period of Performance: April 197N-September 1978.

i
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U.S. NAVY (Cant'd)

luvesti_ator_ J.D. Narrls_ Auditory Department, Naval Submarine Hedical
Research Laboratory, Groton, CT 06340 (203/449-3398).

A_enc_ Contact: Principal investigator.

Fiscal Year Funding (91000): 1977 1978 1979 1980
24.9

,
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_, U,S, NAVY (Cont'd)

Title: HIGH INTENSITY ENERGY EFFECTS ON PHYSIOLOGICAL, BEHAVIORAL, AND
SUBJECTIVE RESPONSE

Objectlve_ To determine the degree of acute vestibular and vestlbulo-ocular
dysfunction due to noise as measured by brain stem auditory evoked potentials,
optoklnetic nystagmus, pendular eye tracking, and whole body balance (Phase
I). In addition, subjective reports including health perception, mood and

sleep characteristics will be obtained. This effort is in response to the
fact that aircraft maintenance crews at NAS, Miramar are exposed to very high
intensity noise and vibration as part of several routine jobs. Day-to-day
exposure on these jobs may induce acute effects on performance and possibly

chronic, degenerative or suppressed effects.

Description: For the purposes stated in Phase I of this study, a mobile van
was instrumented as a temporary test station and deployed to the region adjacent
to one of the noise suppressors near Hangar Ip NAg, Miramar in November 1979.
The physiological data that assess vestibular end veetibulo-ocular dysfunction

was obtained in the foam of direct computer prlnt-out and in anelog form on
magnetic tape recorders, The acute effects are being determined by applying

time series analysis to the balance, eye tracking and nystagmus data. Fourteen

volunteer subjects from the Air Intermediate Maintenance Department_ the Final
' Inspection Teamp and the Hush House Noise Suppressor were run through the

one hour test. In addition, 14 volunteers in other regions of the Miramar

station who are not around the high intensity noise were run. The test of
acute effects of work-related high intensity noise on nonauditory systems and
subjective response is being determined by comparing the responmes in two

groups. Statistical analysis consists of comparing the group mean spectra for
the measure nf balance from a blomechanlcnl force platform_ group mean cross-
correlogrnms for eye-tracking_ and group mean measures of abnormal nystagmus
as determined from polygraph print-outs. The group, mean brain stem auditory
response_ consisting of seven positive waves in the I0 millisecond epoch fol-

lowing an auditory stimulus, is similarly compared between groups. The second
part of this work which is directed toward the measure of chronic, degenerative
or suppressed effects of work-related high intensity noise is scheduled to
begin this year. Health records from personnel having long periods of noise
exposure will be compared to records from personnel not so exposed. The variables

of interest will include eardlovascular disorders, sleep problems and other
malfunctional medical or behavioral data. This part of the work will consist
of extracting pertinent information from existing data banks and utilizing a

multivariate statistical procedure, such es dlscriminent function analysls,
to determine the extent to which the variables of interest can classify indivl-

duals into uolse-related work histories. _n additiont it will be important
to measure the psychophysiological aspects of high noise work environments.
Cardiovascular malfunction, as measured by electrocardiograms and peripheral
vasomotor tone will be determined. Cognitive and sensory motor function will
be determined by a neuropsychological test battery, and sleep disorders, as
measured by sleep stage percentages will be determined.
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U.S. NAVY (Cont'd)

Snmmary of Findln_s: The data from the first phase of the study are currently
being analyzed. The coeclueion so far is that neurophysiologlcal damage

at the level of the brain stem and the major auditory sensory pathway is not
in evidence in this sample. Vestibule-ocular and whola body balance, as
measures o_ noise-induced acute effects, will be determined shortly. Somatic
complaintsl which are assessed with the Wahler Physical Systems _nventory,
have also been analyzed and show that the group exposed to high noise work

environments have no greater subjective level of physical complaints or nega-
tive mood than the control group. Graup mean dlffereucea were assessed with
studentfs t-test.

Perlod, o,_ Performance: 1979-1984.

Investigator| David Rerdp Environmental _hysiology Divlsion_ Naval Realth
Research Center_ P.O. Box 85122_ San Diego, CA 92138.

A_enc y Contact: Principal Znvestlgator,

Fiscal Year Funding ($!000)_ 1979 1980 1981 1982
80 80

C"
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U.S. NAVY (Conttd)

Title; EFFECTS OF NOISE AND HEAT AS COHBINED ENVIRON_NTAL STRESSORS ON
PERFORMANCE AND PHYSIOLOGICAL STATES IN NAVY HACHINERY SPACES

Objective; To i) determine whether the separate stressors heat and nolse_
when present simultaneeusly_ interact to produce greater effects on man than
either stressor applied alone; 2) measure the extent of such interactlve

effects; and 3) determine whether a need exists to modify existing threshold
limit values for heat and noise for those situations in which both stressors

are present simultaneously, l_leenvironments of immediate interest are sub-
marine and shipboard machinery spaces.

Descriptions An experiment will he conducted on human volunteers co measure

the effects of noise and heat stressors on physiological and paychologleal
variables known to he affected by these stressors operatlng slngly or in
combination. Subjects will he exposed to combinations of noise and heat levels
ranEin S from comfortable (65 dBA, 20 degrees C.WBGT) to uncomfortable C95 dBA_
32 degrees C.WBGT) while performing psychomotor tasks. Heart rate, blood

pressure, core _emperature and other variables will he measured throughout
the exposure and temporary auditory threshold shifts will be measured at the
completion of the exposure. These data will provide the basis for reco_endlng

f_ modifications to existlnE threshold limit values for heat and noise.

Period of Per£ormance: 1980_1982.

Investigator| P.F. Smith, Auditory Department, Naval Submarine Medical
Research Laboratory, Groton, CT 06340 (203/449-3398).

Agency Contact; Principal investigator.

il Fiscal Year Fundln_ ($1000): 1980 1981 1982
35 55

f
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U,S. NAVY (Cont'd)

NOISE-INDUCED HEARING LOSS AND HEARING CONSERVATION

Title: THE PREVALENCE OF HEARING LOBS AMONG VARIOUS NAVY RATED PERSONNEL

9b_ectlve: To determine the prevalence of hearing loss among various Navy
rated personnel.

Deaariptlon_ Rearing threshold _evels and noise history questionnaire data

were obtained on statistically significant numbers of Navy personnel working
in various Navy rated job specialties. Average hearing levels for the various
specialties were compared with baseline audiometric threshold data obtained

from young adult males entering the Navy and control groups o_ equivalent
time in service.

Su_nar_ ,of PindinBs: Hearing loss problems were more widespread than

anticipated. Ovor 12,5% of the control subjects and 25% o£ the experimental
subjects had significant high frequency hearing loss.

Nhare Findln_s Puhlished_

Robertson, R.M._ FORe, _.C._ and Williams, C.E._ "Prevalence of Nearing

Loss Among Varloue Navy Rated Personnel." NAHRL Report 1251, Sepcember
1978.

Fer_sd of Performance: 1977-1978.

Investi_ator_ R.M. Roberteon and J.C. Page, Naval Aeroepaco HedloaZ Research
Laborotory_ Pensacola, FL (904/452-4457).

Agency Contacc_ CHDR Parsons (Code 47), Naval MedlcaZ and Research
DeveZopment Cor_aed_ Bethesda, MD (301/295-1028).

Fiscal Year Fundln_ ($100D)_ 1975 1976 1977 197B 1979
40,8 109 102,5
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U.S. NAVY (Cont'd)

Title: ACUTE AND CHRONIC EFFECTS OF NOISE EXPOSURE ON COCHLEAR VASCCLATVRE

Objectlve: To evaluate the influence of brief (30 minutes) noise exposure of
high intensity on the various vascular elements of the inner ear. Immediate

effects are being compared to effects observed at various times up to one

month followlng exposure.

Description: Guinea pigs are used in this investigation. In the acute study
following a 30 minute exposure, the animals are immediately decapitated, the

cochleas are removed, the temporal bones decalcified, and prepared wlch a
"soft surface preparation" technique. Vascular elements in the lateral wall,
the basilar membrane and the modlolus are evaluated for density of blood cell

packing, the appearance of perlcytes s vessel wall thickness and avascular
channels,

Sum_ar_ of Findln_s: Nhile the studies are not yet completed, the evldence,
particularly from the acute exposure indicates primary effects on vessels
of the basilar membrane, consisting of a decrease in vessel lumen, and an
increase in the appearance of perlcytes. An increase in red blood cell packing
in both the basilar membrane vessels and vessels of the lateral wall have

_ • been observed.

Period of Performance: 1978-1980.

Investigator: All Axelssouj University of Coteborg t Sweden; Josef'M. Hiller,
University of Washingtonl Seattle, WA (206/543-5230).

A_ency ConCact: Leonard Libber, Office of Naval Research (202/696-4053).

Fiscal Year Fundln_ ($I000): 1977 1978 1979 1980
15 15
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U.S. NAVY (toni'd)

Title: EXPLORATORY ASSESSMENT OF AUTOMATED HEARING TEST SYSTEMS FOE 0SE IN
NAVY HEARING CONSERVATION PROGRAMS

Ob_ectlve: To assess selected prototype and/or production model automated
hearing test systems for potential use in Navy hearing conservation programs
and to develop basic performance requirements for the development of such a
system for Navy use.

Descrip_ion: Exploratory laboratory and field assessments of selected proto-
t-_'eand/or production model automated hearing test systems were conducted.
In addition to determining the relative merits of the systems, hearing thres-
hold levels on normal hearing individuals and individualswi_h seesorineural
hearing losses was obtained. Thresholds on the same subjects utilizing con-
ventlonal manual audiometry were also obtained. Thresholds and the time re-
quired to obtain them were compared. On the basis of the exploratory aasessments_
a set of performance requirements for the developmentof an automated hearing
test system for Navy use was developed.

Sugary of Findln_s: A laboratory and field assessment of several recently
developed microprocessor-controlled audiometers indicates that they produce,
within acceptable variation_ hearing threshold levels comparable to those
obtained with manual audlometry and within similar tlmeframes. The new genera- _'_*
tion of audiometers makes it possible for any threshold-seeklngprocedure to
be prosra_ned and standardized at all test locations. Moreover, these automated
hearing test instruments can also be programmed to provide fault detection
algorlthmawhioh make it difficult for individuals to falsify the audicmetric
data. Tentative performance specifications have been identified for the
development o£ a microcomputer-controlled audiometer for use in Navy hearing
conservation programs.

Where Findln_s publ_shed:

Roberteon, R.M._ "Exploratory Assessment of Automated Henrins Test
Systems for Use in Navy Hearing ConservationPrograms." NASRL Technical
Report No. 1263_ 1978.

Period of Performance: 1977-1978.

_nvestlgator! R.M. Robertson, Acoustical ScienceDivision, Naval Aerospace
Medical Research Laboratory, Pensacola, FL (904/452-4457).

Agency contact: CMDR Parsons (Code 47)p Naval Medical Research and
Development Command, Betheeda, ME (301/295-I028),

Fiscal Year Fundin_ ($IO00): 1977 1978 1979 1980
86
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U.S. NAVY (Cont'd)

Title_ DEVELOPMENT OF SPECIFICATIONS FOR A MICROPROCESSOR CONTROLLED AUDIOHETER,
DATA EANK AND DATA BASE MANAGEMENT SYSTEM FOR USE IN NAVY HEARING
CONSERVATION PROGRAMS

Objective_ To develop specifications for a microprocessor controlled audio-
meter for use in Navy hearing conservation programs. Develop a hearing
conservation data base and data base management system responsive to both
O&M and R&D needs.

Descriptions Four prototype microcomputer controlled group audiometers are
being field tested to include hearing tests on both military and civilian
government employees. Audiometer performance specifications for the Navy are

being wrltCen and input information requirements for the data bank are being
defined. The applicability of available hearing conservation data base manage-

ment systems for Navy use are being analyzed. A model data bank will be
established.

Period of Performance: 1978-1981.

Investigator: R.M. Robertson, Naval Aerospace Medical Research Laboratory_
Pensacolap FL (904/452-4457).

Agency Contact_ CHDR Parsons (Code 47), Naval Medical Research and

Development Command, Rethesdal MD (301/295-I028),"

Fiscal Year Fundin_ ($1OO0)_ 1977 1978 1979 1980 1981
103 133
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U.S. NAVY (tout'd)

Titln_ ASSESSMENT OF BIOMEDICAL AUDITORY INSTR_NTATION AND DEVICES FOR
NAVY USE

Objective: To enhance the selection and utillzatlon of biomedical Instrumenta-
tion and devices appropriate to specific Navy operational environments and
requirements.

Deecriptlon: Standardized methodologies and procedures will be utilized to
conduct assessments of biomedical auditory instruments and devices (e.g._ hearing
protective devices, noise dosimeters, audiometers, sound level meters, etc.).

In thmse instances where scandardized assessment methodologies are nou-
exlstent_ appropriate evaluative procedures will be developed _o obtain the

necessary data. A repository mf sound attenuation and speech intelligibility
date will be developed on Navy hearing protective devices and sound attenuating
headsets,

Sg,=nnry of Yindinss_ Laboratory test facilities have been modified and updated
to meet requirements specified in the new ANSI Standard for evaluating the
real-ear attenuation of hearing protective devlcea, Thus far, real-ear
attenuation data have been obtained on three hearing protnative devices.

Speech intelliglbillty data have been obtained on am engineering development
model of a new protective communications helmet. Preliminary laboratory data
and limited field data have been obtained on mee of the new generation of
statistical noise analyzers and profiling dosimeters.

Period of Per_ormancel 1979-1984,

Investi_ator_ C.E. Williams, Naval Aerospnae Medical Research Laboratory,
Pensacola, FL (904/452-_457).

Agency Contact| CMDR Parsons (Code 47), Naval Medical Research and
Development Command, Bethesde, HD (301/295-1028),

Fiscal Year Fundin_ ($I000): 1979 1980 1981 . 1982 1983
35 48
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U.S, NAVY (Con_'d)

Title| THE RELATIONSHIP BETWEEN SELECTED NON-AUDITORY MEASURES AND THE HEARING
THRESHOLD LEVELS OF AN AVIATION NOISE-EXPOSED POPULATION

Objectivez To determine whether normal-hearlng end impa_red-hearlng groups
of nolse-exposed naval aviators could be differentiated on the basis of selected
physlcal_ psychological, or behavioral measures.

Description: Two audlometrieslly dichotomous groups of retired naval aviators,

each averaging i4.4 years of flyin 8 time, were identified and compared alon8
a total of 33 nonaudltory dimensions including measures of cardiovascular

fitness, smoking history, alcohol use, social index_ psychological temperament_
and physical features.

Summary of Findings: Results indicated that the group with clinically normal
hearln H (n-97) had consumed fewer cigarettes for a shorter period of time

than the group with impaired hearln E (n-104) and that blue-eyed individuals
were over-represented in the impaired hearlnE group and under-represented in
the normal hearing group_ whereas the reverse was true for brown-eyed aviators.
The remaining variables failed to appear differentially in the two groups.

rf-h Where Findings Pubtlshed:

Thomas, S.B._ Williams, C.E., and Hoger, E.G., "The Relationship Between
Selected Nonaudltory Measures and the Hearing Threshold Levels of an

Aviation Noise-Exposed Population." EAMRL Report No. 1266, February 1980.

Period of Performsnee_ 1978-1979.

_nvesti_ator| Gerald B. Thomas and Carl E. Williams, Naval Aerospace Medical
Research Laboratory, Pensacola, FL.

A_ency Contact_ J.R. Sch_idt, Naval Medical Research and Development Command I
Bethesda, MD (301/295-1468).

Fiscal Y_ar Fundln_ ($1000)_ 1977 1978 1979 1980
30 28

J_
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U,S. NAVY (Cootqd)

Title_ INDIVIDUAL DIFFERENCES IN SUSCEPTIBILITY TO NOISE-INDUCED HEARING
LOSS AMONG NAVY MILITARY AND CIVILIAN PERSONNEL

Obieetlves To obtain basic paychoacouscie profiles of Chose individqals who
arc especially rnsletanC to deleterious audicory noise effects and Co deter-
mine whether these individuals are distinguishable along any nonaudltory
dimensions.

Description: AudiomeCrlc and noise exposure screening of several populatlons
has begun in order to identify individuals (and their controls) who have
suocesafully resisted the delecerlous effects of years of hazardous uolse
exposure. Target and control groups will be compared along several auditory
and nonaudltory dimensions and a basic psychoacoustlc profile of the healthy_
relatively noise-resistant ears will he obtained. It is hoped chat variables

relevant to the ultimate development of a multivariate noise susceptibility
test battery will he identified.

_erlod of Performance: October 1979-ongolng.

Investi_ator_ Gerald B. Thomas, Carl E. Willlams_ and Ronald M° Rnbertson_
Naval Aerospace Medical Research Laboratory, Pensacolaj FL
(904/452-&457).

Agency Contact! CMDR Parson, (Code A?), Naval Medical Reseerch and

Development Command_ geChesda_ MD (301/295-1028).

F_,s_%l_ear Fuudln_ ($1000): 1977 1978 1979 1980
45
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U.S. NAVY (Cont'd)

Titles SUSCEPTIBILITY AND EARLY DETECTION OF NOISE-INDUCED HEARING LOSS

THROUGH HIGH-FREQUENCY AUDIOMETRY

Objective: To I) develop a blgh-frequency'audlometrlc procedure for Navy
Hearing Conservation Programs that would enable early detection of noise-
induced bearing lose (NIHL), as well as identification of individuals that

are more or lees suecep=ible to this impairment; and 2) survey currently
available high-frequency audiometers and make recommendations as to the most
efficient and reliable device for use in a broadbased NIHL screening program.

Accomplishing these objectives could serve to improve prevention and rehabill-
tation of nolse-induced hearing Ioss_ and alleviate many conservation and
compensation costs,

Description_ Hearing sensltivi=y and presence of temporary and permanent
hearing lose due to noise exposure in the frequencies between 500 to 8000 Hz
end between 8000 to 1St000 Hs (hlgh-frequency audlometry) will be evaluated
in twa groups| l) a sample of Navy personnel currently workin S in hazardous
noise environments; and 2) a sample of applicants to Submarine School with

normal hearing, exposed to incense band-llmlted noise in laboratory conditions.
An analysis of the power of high-frequency audlometrlc tests to detect noise-

r_ induced hearing loss will be made, and their feasibility end cos=-effectlveness
will be evaluated.

Period of Performance| 1980-1982.

Investigator: P.F. Smith, Audisory Department t Naval Submarine Medical
Research Laboratory_ Groteu! CT 06340 (203/449-3390).

A_ena_ Contact: Principal investigator.

Fiscal Year Fuedln_ ($I000): 1979 1980 1981 1982
33 33
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U,S. NAVY (Gone'd)

Title: CONCURRENT VALIDATION OF AEDIOMETR[C COMPUTER PARADIGMS FOR NAVY

HEARING CONSERVATION PROGRAMS

Objective: To explore the utility of a compuCerlzed version of a self-
recording audlometric test. r

Description| The study will compare data obtained with the experimental
computerized self-recording paradigm and two additional experimental paradigms
with criterion daCa taken under existing standard fleld and cllnlcal practices,

These comparisons will yield a basis for recom_endlng the adoption of an
efficient, reliables and valid computer controlled audiometrlc technique for
use in Navy hearing conservation programs. Three experlmental computer ad-
ministered audlometrlc tests will he given to Navy personnel and civilian
employees included in the hearing conservation program at the Submarine Baze,
New London. Two eriCerion tests will also be administered, These will be

(i) a standard audlometric procedure adm_nlstered by hearing conBcrvmtion
program technicians and (2) a standard audiometrlc teat independently adminis-
tered by NSMRL clinical audiologists. The data will he analyzed to identify
the experimental paradi_ having the highest utility for hearing conservation
program purposes,

Period..of Pergormance: 1979-1980.

Investigator: P,F. Smi'th, Auditory Department, Naval Submarine Medical
Research Laboracoryt Gro_on_ GT 06340 (203/449-3398).

Agency ContacC| Principal investigator.

Fiscal Year Funding ($1000)_ 1977 1978. 1.979 .1980
29
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U,S. Navy (Cont'd)

Title: COMPARISON OF THE VALIDITY AND COST-EFFECTIVENESS OF COMPUTERIZED

INDIVIDUAL AND GROUP AUDIOMETRIC SYSTEMS

Objective: To develop a cost-effectlve group audiomstric system of the
highest Validity for use in Navy hearing conservation programs. This work

unit applied computer techniques to create the most efficient group testing
system which will (I) accommodate large numbers of persons with minimal reliance

on the intervention of audiometric technicians, (2) provide record-keeplng
and retrieval functions, (3) require the least time away from work for the
tested persons, and (4) he uniform throughout the Navy.

Deseriptlont Eight separate testing methods were under investigation. A com-
puter presents stlmuli_ records and evaluates responses, and stores data for

interrogation. Each method was compared with standard manual clinical
audiometry. Methods were assessed far cost-effectlveness on uniformed personnel
and on naval civilian employees in shipyards and shops.

Summary of Yindln_st Of several considered, three paradigms for individual
audlometry have been evaluated experimentally. All were found to be as reliable
as manual audiometry. A computer comtrolled version of the adaptive gekesy
paradigm was shown to excel in test-retest reliabillty_ ability to test diffi-

cult subjects, and to require the least time. It took an average 12.7 (!4)
f. seconds to measure a hearing threshold at a single frequency as compared to

30 seconds for commercial self-recordlng audiometers and a minimum of 40 seconds
for a computerized Nughson-Westlake procedure. Further work with pulse-count

audiometry confirmed its utility for large group testing. This method is
not efficient for individual testing.

Where Findings Published:

i) Harrlst J.D._ "Proem to a Quantum Leap in Audiometrlc Data Collection

and Management." J. Auditory Research, 18:1-27, 1978 (NSMRL Sept.
• No. 900).

2) Harrlsj J.D,, "Optlmum Threshold-Crossings and Time-Window Validation

in Pure-Tone Computerized Audiometry." J. Acoust. Sac. Amer.p 66(5):
]545-1547, Nov. 1979 (NSMRL Sept. No. 889, May 8, 1979).

3) l|arrls_ J.D., and Smith, P.F., "A Comparison of a Standard and a
Computerized Adaptive Paradlgm in Bekesy Fixed-Frequency Audlometry."
J. Auditory Research, 19:1-22, [979 (NSMRL Sept. No. S01).

4) Harris, J.D., "The NSM_L Group Pure-Tone Audiometer in 1979."
NSMRL Sept. No. 910.

Period of Performance: 1977-1979.

Investigator| J.D. Harrle_ Auditory Department, Naval Submarine Medical
Research Laboratory, Groton, CT 06340 (203/449-3398).

"_" A_eno_ Contact: Principal investigator.

Fiscal .Y@ar Fundlu_ ($100O)t 1977 1978 1979 1980
16.5 16.6
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U.S. NAVY (Cont'd)

Title: AIRBORNE NOISE REDUCTION

Objectivez To develop and fabricate a hearins protective device with the
followinE speciflcetlons_ shall provide 25 to 30 dB attenuation within speci-
fied frequency range, shall be comfortable_ and shall be easily cleaned.

Descrlptlon: Physical properties, acoustic atcenuation and criteria used for
the selection of materials chosen for the earcup end seal were evaluated.

Drawings with dlmenslone and approximate weights for the indlvldual components
were provlded as well as slzlns requlrements to fit the device to the 96th
percentile. Results of prototype testlns, demonstratlns the davlces's attenua-

tlon properties and proloaEed wearability were prepared.

_u,_ar_ of Findln_s: All objectlves were met. Tests and analys_s are complete.
The final report and 500 units of the prototype protector were del_vered.

Period of Performence_ 1978-1979.

Investigator| R°S. Harrah; M. Lepor9 Naval Ocean Systems Center.

Agency Contact_ Commander_ Naval Ocean Systems Center_ San Diego_ CA 92152
(Code 5121) Attention_ M. Lepor (714/225-7915). F",

F_ecal Year Fund_n_ ($1000): .1977 1978 1979 1980
15 15 (approx.)
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U.S. NAVY (Canard)

i BEI_VIORAL v SOCIAL AND PERFORMANCE EFFECTS

Title: DEVELOPMENT OF AHDITORY PERFORMANCE STANDARDS FOR NAVY AVIATION

PERSONNEL

Objective: To develop a workable sat of paychoacoustlc standards which reflect

the operational requirements for the human auditory system over a broad spectru M
of naval aviation tasks.

Description: The research will define the role of the human auditory system
in relation to task performance. Auditory requirements will be derived from

an operational model of task performance. Inputs to the model will come from:
I) analyses of oparatlonal tasks_ 2) analyses of operationally relevant auditory
sensory inputs and auditory processing requirements| 3) analyses of environ-
mental and psychophysioloEioal factors which influence auditory performance_

and 4) laboratory and field experiments utilizing military personnel to confirm
the applicability of the psyehoacouatlc standards.

Summary of Findings: Requisite auditory tasks have been tentatively identified
and are being tested in laboratory axperimentso

Period of Performance: 1976-1981.

Znvesti_ator: James D. Mosko, Naval Aerospace Medical Rasearch'Laboratory_
Pensacola, FL (904/452-4457).

AsencF Contact: CMDR Biersner (Coda 44)_ Naval Medical Research and '
Development Command_ Bathesda_ HD (301/295-1525)o

Fiscal Year Fundin_ ($I000): 1977 1978 1979 1980
23 52 46 55
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U.S. NAVY (toni'd)

NOISE ENVIRONMENT DETERMINATION AND EXPOSURE CHARACTERIZATION

Title: DEVELOPMENT AND VALIDATION OF SHIPBOARD NOISE EXPOSURE DATA ACQUISITION
PROCEDURES

Objective: To I) identify the Navy information needs on shipboard noise expo-
sure and occupational hearing loss, 2) assess the presently used shipboard

noise exposure compliance procedures , 3) develop a noise data acquisition
system that is compatible with present practice and the requirements of a
noise exposure data management system, and 4) validate the effectiveness and
accuracy of the proposed system.

Description: The study is to develop and validate a noise data acquisition
procedure which is consistent with the requirements of the noise exposure
model. A model was previously designed to calculate personnel noise exposure,
to rank order noisy shipboard locations in accordance with their contributions
to noise exposure and to compute minimum noise reduction requirements. This
procedure_ to be used by regional Environmental Preventive Medicine Units
(EPMU) would form the basis of a noise exposure data management system that
may be used in hearins conservation programs, individual ship compliance
inspections and be an aid in setting priorities for engineering noise control
programs. An evaluation of the present noise level measurement practices was
conducted at the regional EPMU's in San Diego, California and Norfolk, Virginia.
Rased on these results a set of forms and procedures was developed. These

forms, designed specifically to survey the engineering spaces of the FF1052
class_ contain all of the information necessary to compute noise exposure
includlng standardized measurement locations, personnel assignment data and

ship operating conditions.

Summary of Findln_s: To dace, 1O ships have been surveyed and the necessary
acoustic and manning information collected. Two additional ships will be
surveyed in the near future. UslnE the model, the personnel noise exposure of
the engineering personnel will then be calculated. An assessment of the

accuracy of the method will be made by comparing the calculated values with
dosimetry information.

Where Plndln_s Published: Relevant information can be found in the following
report. It ts not, however_ a final report.

Kuglerj B.A., Hale, M.E., and Rentz, P.E., "Occupational Noise Exposure
on FFI052 (Knox) and DD963 (Spruance) Class Ships," BEN Report 3410p

January 1977.

Period of Performance: 1978-1980.

Investigator: B. Andrew Kugler and E.G. Wilby, Bolt, Beranek and Newman, Inc.,
Los Angeles, CA 90305 (213/347-8360).

Asency Contact: D. Woodward, Office of Naval Research t Arlington, VA

c7o3/696-4os3). Q_
Fiscal Year Fundin_ ($I000): 1977 1978 1979 . 1980

60.9
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U.S. NAVY (Cont'd)

Title: AIRBORNE NOISE CRITERIA FOR SNIPS

Objective: To establish measurement methods and criteria for limiting airborne
noise in ship spaees_ and prepare enforceable specifications for acceptable
noise by ship equipment. Airborne noise on Naval vessels is a constant threat
to operational capability and crew safety. Noise interferes with hearing

verbal commands, produces hearing loss, and limits habitability of quarters.
Since noise quieting is costly t a constant review o_ Naval missions end tasks
as affected by noise is necessary to set cost-effective criteria for noise
on ships.

Descriptionl Measurements of airborne noise were to be obtained in various
ship interior spaces and compared with measures of performence and habitability.
Data were obtained on shipboard and in the laboratory. The adequacy of measure-
ment procedures were evaluated under actual shipboard conditions in the
laboratoryp in the field_ end in contractor plants.

Summary of Findings: Noise measurements and crew questionnaires providing data
on criteria in BSC spaces were obtained and are being analyzed for eight Navy
shipe. Reports on measured noise levels, a subjective data analysis method,
and requirements for sleep, solving problems, and speech communication in

,_-_ shipboard spaces have bean prepared. Data were collected to support ship
design. Noise data from Navy ships are being compared with similar data from

US merchant ships. Laboratory tests are underway which investigate the effects
of hearing protectors on threshold, localization, detection, and identification
of shipboard machinery sounds ("cues"). Tests use rooms wish controlled rever-
beration time, recorded ship engineering noise, and multiple loudspeakers.
The first threshold rest has been analyzed and a report is in preparation.
Additional tests are underway.

Where Findings Published:

I) Lambert_ D.R., and Nafner, F.S., "Behavioral and Physiological Effects
of Noise on People; a Review of the Literature," NOSC TD 267,
April 30, 1979.

2) Lambert, D.R., "Airborne Noise Levels on Merchant Ships," NOSC TD 243,
April 30, 1979.

3) Lambert , D.R., "A Simple Method for Predicting Subjective Response to
Noise oa Navy Ships_" NOSC TD 296, November 15, 1979.

Period of Performance: 1960-present.

Investigator: R.S. Gales, D.R. Lambert, and R.G. Klumpp (NOSC 5121)
(714/225-7255).

_-_ Agency Contact: Commander, Naval Ocean Systems Centerp San Diego, CA 92152
.J (Code 5121), Attention: M. Lepor (714/225-7916).

Fiscal Year Fundin_ ($I000): 1975 1976 1977 1978 1979 1980
50 50 72.5 50 60 II0
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O.S. NAVY (Cont'd)

Title: ENVIRONMENTAL NOISE DATA SYSTEM

Ob_ectlve: To validate technology and instruments for acquisition of environ-
mental noise data in the vicinity of Air installations, and be cost-effective
and compatible with current NAVSEA and DOD guidelines. Determine suitability

of equivalent continuous sound level (Leq) as basic noise measure for land.use
planning. Recommend adjustments were needed. Optimize procedures for applica-
tion of Leq criteria,

: Portable noise monitoring equipment was tested with direct
tout. The utility, cost and reliability was compared with that

of conventional instruments. The influence of local topography and weather
on noise was investigated. Also investigated was the utility of a continuous

noise monitor system for a Naval Air Statlonp compared with alternative moel-
torlng equipment. A cost-benefit matrix was developed for evaluating alter-
natives for procurement. NAS Miramar operations data was analyzed to specify

"average busy day." Laboratory llstenins tests were conducted to determine
helicopter "blade-slap" end ground run-up corrections. The effect of ground
run-up• noise duration on annoyance was studied.

Summary of Find ln_e: All work on specification and evaluation of portable (_"_I
noise monitoring equipment is completed. Studies of the effect of helicopter
blade slap on annoyance were completed. Recordings for the ground run-up

noise duration study have been obtained. Studies comparing noise of military
versus commercial airports will use data from Lindbergh Field, which was

recently obtained on a separate project.

_here Findings Fubllehed:

i) "Field Experience with Three Types of Portable Integrating Noise
Monitored" NOSO Technical Report 251, September 1977.

2) Klumpp_ R.G._ and Schmldt t D.R., "Annoyance of Helicopter Blade Slap,"

NOSC Technical Report 247, July 3, 1979.

3) "Aircraft Noise Monitoring at Naval Training Center and Marine Corps
Recruit Depot in San Diego in 1978 and 1979." NOSC-TR-465, September
1979.

4) (NOSC-nS)

Period of Performance: 1976-ongoing.

Investi_ator: N.S. Gales (NOSC 5121)(714/225-7255).

Agency Contact: Commander, Naval Ocean Systems Center, San Diego, CA 92152
(Cede 5121), Attention: M, Lepor (714/225-7916).

C
Fiscal Year Fundln 8 ($1000): 1977 1978 1979 1980

24 "
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U,S. NAVY (Cont'd)

Title_ MERCHANT MARINE OCCUPATIONAL NOISE

Ob_eetlve: To provide information on existing noise levels and vibration
levels aboard O.g. Coast Guard inspected and certificated vessels, inspected
and non-certlficated vessels, and outer continental shelf oil and gas drilling

platforms_ in order that the Coast Guard may promulgate the necessary regula-
tions or requirements to insure the safety of personnel involved in these
operations,

Description: Background information will be expanded on noise and vlbrarion
conditions on U.S. Merchant vessels and outer continental shelf drilling
platforms. This will involve conducting noise measurements on selected merchant
ships and e comparison with existing noise survey data. Noise end vibration
measurements will be taken aboard outer continental shelf all and gas drilling

platforms _elected to be representative of types and locations currently in
use. The occupational noise exposure problsm aboard these platforms will be
evaluated. A standardprocedure for measurement of merchant ship noise will
be developed and evaluated.

Summsr_ of Findln_s: Earlier data on shipboard noise measurements on large
f-- tankers, freighters J end ore carriers has been supplemented by measurements

on smaller vessels, which include tugs s ferries, fishing boatsp and assorted
work boats. Noise and vibration measurements have been made on two offshore

oil platforms. These include an all island and a fixed leE-supported platform.
A standard procedure for shipboard noise measurement has been prepared and
submitted to the U.S. Coast Guard.

Where Findln_s Published_

I) Gales_ R.S.j Schmldt, D.R._ and Lambert, D.R., "Noise on US Merchant

Ships," NOSC TD 257, April 30, 1979.

2) Gales, R.S., "Airborne Noise Limits for Merchant Shlps_" NOSC TD 254p
April 30, 1979.

3) Lambert, D.R., "Airborne Noise Levels on Merchant Ships," NOSC TD 243,
April 30, 1979.

4) Sohmidt, D.R., "Noise Levels and Crew Noise Exposure Aboard 0S Merchant
Vessels," NOSC TR _05, April 30, 1979.

Period of Perfomsnce_ 1978-ongolng.

Znvesti_ator_ R.S. Gales, D.R. gehmldt, and D.R. Lambert (NOSC 5121)
(714/225-7255).

_. A_ency Contact| Commander, Naval Ocean Systems Center, San Diego, CA 92152
(Code 5121), Attention; N. Lepor (714/225-7916).

¢ Fiscal Year Fundln_ ($1000): 1977 [978 1979 1980
56.6 93
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U.S. NAVY (Cont'd)

Title: ENVIRONMENTAL NOISE STUDY: MARINE CORPS RECRUIT DEPOT-NAVAL TRAINING
CENTER

Objective: To provide information on the impact of noise from aircraft
operations at Lindbergh Field on the Marine Corps Recruit Depot (NCRD) and

Naval Training Center (NTC), San Diego, Californla, for facilities plannings
and to determine compliance of Lindbergh Field with existlng agreements.

Description: Initial efforts determined the distribution of noise at various
loeationse and its variation with time of days and day of week at MCRD and NTC.
This was accomplished by placing portable, digltel recordlng noise monitors

at strategic locations at each base and measuring continuously at such loea-
tlons for sufficient time to determine the time dependence of the noise.
Loeatlone were selected to determine the effect of specific fllght patterns.
MCRD personnel assisted by observing specific flight patterns and aircraft

types. Data from the Lindbergh Field fixed monitor system was compared with
that from the Navy monitors. Future noise conditions will he estimated based

on predictions of Lindbergh Field traffic,

Summary of Findings: Aircraft noise from Lindbergh Field was measured durlng
1978 and 1979 at selected locatlons within the Naval Training Center (NTC)

and the Marina Corps Recruit Depot (MCRD) and compared with noise measured by
another organization in 1972. The comparison showed that at two locations the
noise level had increased and at one location it had decreased. Noise contours

based on the 1978-1979 measurements,were generated for NTC and MCRD using a

NOISEMAP computer program. Contours were then projected to 1985 by uslng
aeeumptlons concerning aircraft mix and numbers of operations.

Where Findln_s Published:

Schmidt! D.R., and Klumpp_ R.O., "Aircraft Noise Mooltoring at Naval

Training Center and Marine Corps Recruit Depot," NOSC Technical Report 465,
September 15_ 1979.

Period of Performance: January i979-September 1979.

_nvesti_ator: R,S. Oales (NeSt 5121) (714/225-7255).

A_oncy Contact: Commander, Naval Ocean Systems Center, San Diego_ CA 92152
(Code 5121), Attention: M. Leper (714/225-7916).

Fiscal Year Fundln_ ($I000): 1977 1978 1979 1980
13
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O.S, NAVY (toni'd)

Title: VIEQOES LITIGATION SUPPORT

Objective: To provide expert witness on envlronmencal impact of Navy-generated
noise at Vieques_ Puerto Rico.

Dsscriptlon: An environmental noise data base was escablished on Navy-
generated noise at Vieques by acoustical measuremen: and a literature search.

Sugary of Findln_s: Measurements of noise of Navy flieht and weapons operations
were made over a period of Ii days at four key locations on Vieques. These
data have been analyzed and inteErated with data available from other sources.
Testimony was delivered at the court sessions in October-November. A final

documentation of noise flndln 8 has been prepared.

Where Findings Published:

YounE_ R.W., "Noise Measurements on Isle de Vieques." NOSC TN 549_
January 1979.

Period of Performance| September 1979-January 1979.

Investigator| R.W. Young (NOSC 5121) (714/225-7915).

A_enc_ ContactI Commanderp Naval Ocean Systems Centert San Diego_ CA 92152
(Code 5121)_ Attention: M. Lepor (714/225-7916).

Fi.cal Year Pucdln_ ($1000): 1977 1978 1979 1980
I0.i

• I
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U.S. NAVY (Conc'd)

Title: NAVY NOISE POLLUTION A_ATEMENT

Objective: To I) define Navy's noise problems; 2) coordinate the Navy noise
pollution abatement efforts; and 3) promulgate cost-effective solutions while
maintaining mission readiness.

Description: Assigned programs were reviewed with program managers at NAVSEA,
NAVFAC, NAVAIRp and BUMED. Means for consolidatlng and coordinating the

overall abatement effort were developed. An optimal resource base for the
mitigation of the Navy's noise problems was also developed. Cost-effectlve
solutions were evaluated.

Summar_ of Findings: An Exploratory Development Program Plan for Navy Airborne
Noise Pollution Abatement was prepared. An Airborne Noise _nformatlon Exchange
was established to compile information in order to facilitate coot-effective
solutions. A Program Plan with responsible personnel at NADC, NAVSEA,
NAVFACENGCOMand BUMED was reviewed. A report for detailing hearing loss
compensation end projected savings of noise abatement strategies is in preparation.

Period of Performance: 197B-ongoing. . ./-_

Investigator: M. Lepor (NOSC 5121) (714/225-7916).

A_enc_ Contaet_ Principal Investigator.

Fiscal Year Funding ($I000): 1977 1978 1979 1980
35 50
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DEPARTMENT OF EDUCATION

NOISE-INDUCED HEARING LOSS AND REARING CONSERVATION

Title: THE CONDITION OF CLASSROOM AMPLIFICATION IN A PUBLIC SCHOOL PROGRAM

Ob_ective_ To I) investigate the types of classroom amplification systems that
are currently in use in the United States; and 2) examine several performance
aspects of thesn systems.

Description: The investigation primarily involved a questionnaire developed
especially for this study. Questions centered around the type of system used
as well as several performance parameters of those systems.

Sum_ary of Ylndinss: It has been determined that most programs use the wire-
less FM system, but the respondents expressed dissatisfaction with the system
or with the service needs of the equlpment and'repalr policies of the
manufacturer. A sample of the devices used in a typical school setting will
be evaluated for faulty components, and assess the electroacoustlc characterls-
tics of the aids used in nn actual school setting.

Period of Performance: July /979-December 1979.

Investigator: Fred ft. Bess, Vanderbilt University, Nashville, TN 37232
(615/322-2446).

A_eney Contact: Allen Dittmanuj Department of Education, Bureau of Education
for the Handicapped, Nsshington, DC (202/245-9836).

Fiscal Year Fundin_ (_iOOO): 1978 1979 1980 1981
13

!
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DEPT. OF EDUCATION (Cont'd)

Titlez ELBCTROACOUSTIC ASSESSMENT OF FM TRAINERS IN THE SCHOOLS

Objee=ive: To l) assess laboratory eleetroacoustlc performance charac=eristics
for contemporary FM auditory trainers, and 2) compare these lhboratory results
to the electroacoustlc findings measured under classroom conditions.

..Description: Classroom amplification systems for the hearing-lmpaired were
measured in this project under laboratory conditions and classroom conditions.

Included in this comparison were such variables on siHnal transmissien as
distance between teacher tTansmltter unit and student receiver unit, effects
of classroom lighting, and body baffle effects.

Period of Performance: July 1979-December 1979,

Investigator: Fred H. Bess and Jo Stephen Sinclair_ Bill Wilkerson Nearing
& Speech Center_ Nashville_ TN 37212 (615/320-5353).

A_ency Contact: Allen Dittmann, Department of Education, Bureau of Education
for the Handicapped, Washington, DC (202/245-9836)°

Fiscal Year Funding ($I000): 1978 1979 1980 1981
5.8

G_
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DEPARTMENT OF ENERGY

INDIVIDUAL AND COMMUNITY RESPONSE

Title: TRANSMISSION LINE AUDIBLE NOISE MEASUREMENTS*

Ob_ectlve: To provide data bases and the accompanying psyehoacoustlc research
required for managing, through land use planning and building design p the

noise emitted by extra high voltage and ultra high voltage transmission lines.

Description: This project is helm E done in cooperation with the Department of
Energy. Corona noise samples for different weather conditions and from dlf-
ferent transmission lines are recorded with an already-developed remote tape
recording system. These recordings are returned to the laboratory where they

are processed along with recordlngs of other environmental sounds into stimulus
tapes, These stimulus tapes are evaluated by listeners under realistic condi-
tions approximating natural environments. The effects of the building shell
on the listener's response to corona noise are to he determined also. En the

basis of people's responses i criteria will be developed for chnracterlzlng
the acoustic environment near transmlsslon lines in terms that are relevant

to human response_ so that decisions about land use planning, building design
and construction may be based on users' needs.

Summary of Findln_s: Plve psychoacoustlc experiments have been conducted so
far. The following are the major findings to date: i) Corona noise is equally
aversive to certain other environmental sounds 8 dB hi@her in sound level;

2) corona noise is roughly equal in aversiveness to the noise from a room air
conditioner; 5) A-weighted sound level predicts listener's response quite well,
but D-weighted sound level appears slightly better; 4) knowledge of the source

of the corona noise under laboratory conditions does not affect its relative
aversiveness; 5) the hlgh-frequency hissing and crackling components are more
aversive than the low-frequency humming and buzzing components; 6) distinctly
different kinds of corona noise were found t differing both in frequency spectrum

and relative aversiveness; and 7) although corona noise heard indoors is less
avensive than the corresponding corona nolse heard outdoors_ indoor listening
conditions reduce the aversiveness of corona noise less than they do the
aversiveness of certain other environmental noises.

Where Findln_s Published:

I) Nolino, $.A._ Zerdy, G.A.j Lerner, N.D._ and Harwood, D.L. i "Human

Response to Audible (Corona) Noise from Electric Transmission Lines."
J. ACOUSt. SOC. of Amer._ 66:1435-1445, 1979.

2) Nollno, J.A._ Zerdy, G.A., Lerner, N.D., and Tremaine, S.G., "Initial
Psychoacoustic Experiments on the Human Response to Transmission Line
Audible Noise." Dept. of Energy Rapt. DOE/ET/6010-1_ pp. 1-80p 1979.

_h

* Project also listed under NBS_ p. A-9.
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DOE (toni'd)

3) Holino_ J.A., Zerdy_ G.A._ Lerner_ N.D._ and Harwoodt D.L._
Psychoacouetin Evalustlon of the Audible Noise from EHV Power Lines."
7_h IEEE/PES Transmission and Distribution Conference and Exposition.

IEEE Rept. 79CH1399-5-PWR_ pp. 95-98_ 1979.

4) Hollno_ J*A.t Zerdy_ G.A.# and Tremnine_ S.G., "Psychoacoustlc
Evaluation of Transmission Line Audible Noise: Building Attenuation

Effants_ Methodology Comparison_ and Field Study Feasibility."
Dept. of Energy Rept. (to be published).

Period of Performance: 1976-present.

Investigator: John A. Hollno and Gerald A. Zerdy, Department of Comme_cej
NBS, Washingtbn, DC (301/921-3704).

Asency Contact: Alas 3alavkat U,S. Dept. of Energy (202/633-9295).

Fiscal Year Fundln_ ($I000): 1976 1977 1978- 1979 1980
93 233 180 200 200

A-120



f

U. S. ENVIRONMENTAL PROTECTION AGENCY

/f'_xL

A-121



h

U.S. ENVIRONMENTAL PROTECTION AGENCY

NONAUDITORY PHYSICOLOOIC RESPONSE

Title: NOISE EXPOSURE AND CARDIOVASCULAR FUNCTION*

Objective: To determine whether realistic patterns of long-term noise
exposure influence cardiovascular regulations.

Descrlption: In order to maximize the utility of the results for predicting
human reactions i the following methodological design has been employed:

a) Use of a primate model;
b) Careful control and specification of the stimulus: 24 hour

noise exposure sequence consisting of representative
transportation, household and industrial noises (Leq24 = 86 dB);

c) Exclusion or control of potentially confounding variables;
d) Computer-based sampling of cardiovascular responses; heart rate

and blood pressure sampled on a minute by minute basis;

_ e) A protracted exposure period.

The study will be expanded in FY 81 to increase the number of animals
a_d to begin to examine in detail the cardiovascular and biochemical
changes related to the observed blood pressure elevation.

Sucmary of Findln_s: Results from the first four animals indicate
that daily exposure over nine months to everyday and industrial noise
episodes, produced in the two experimental animals sustained elevations
in blood pressure but not in heart rate to return to control or pre-
exposure levels was observed during a 30-day post-exposure period.
An important facet of these flndlngs is that the cardiovascular changes
were produced in the absence of measurable hearing loss.

Nhere Findings Published:

1) Peterson, E.A., Tsnis, D.C., Augenstein, J.S., Seifer, R.A.
and Uromley H.R._ "Noise and Cardiovascular Function in Rhesus

Monkeys: II," In: Third International Congress on Noise

as a Public Health Problem. Ed. J.V. Tobias, et el,, ASHA
Monographs,

Project also listed under NIEMS, p. A-187.

i
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2) Peterson, E.A., "Noise and Laboratory Animals," In_ Definin_

Labnratory Animal and Ira Environment: Settln_ the Parameters
Ed.'E.C. Helby Jr., Laboratory Animal Science (In Press).

3) Peterson, E.A.; Augensteln, J.S.; Tanls, D.C.; end Augensteln,
D.C., "Noise Raises Blood Pressure without Impairing Auditory

Sensitivity," Science, (in press).

Period o£ Performance: 1978-1983.

Investi_ator: E.A° Peterson, University of Miami School of Medicine,

Miami, FL (305/547-6413).

A_ency Contacts David M. DeJoy, EPA/ONAC, (703/557-0592).

Fiscal Year Fundln_ (_i000)*_ 1977 1978 1979 1980
52 35 99 136 (EPA)
30 39 39 (NIEHS)

* Jointly funded study from 1977-79. ("%

C_
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U.S. EPA (Cont'd)

Title: EXTRA-AUDITORY HEALTH EFFECTS OF INDUSTRIAL NOISE: SURVEY OF FOREIGN
LITERATURE

Objective: To examine and interpret data from studies in the European literature
on the nonauditory physiologic effects of noise.

Description: The report is a summary of the author's interpretation of key
studies in the European literature on the nonaudltory physlologle effects

of noise. The literature review includes a cross-sectlon of Ions-term occupa-
tional noise exposure studies investlgatlng the nonauditory effects of noise
in a number of different nations and many different industries. The foreign

literature reviewed predomlnately includes studies investlgatlng the cardiovas-
cular effects of noise. Nowever_ studies considering the gastrolntestlnals
neurological, infectious dleease_ and reproductive effects of noise are also
desc=ibed.

Summary of Findin_s: Based on the literature reviewedt the author concludes
that there is very substantial evidence that long-term work under high level
industrial noise exposures is associated with chronic changes in cardiovascular
function. The bast documented change is an impaired regulation of blood

pressure, mostly manifested as an increased prevalence o_ hypertension in
the middle and latter decades of Ilia. Interpretation of these observations
is subject to the usual constraints inherent in the analysis of retrospective
data.

Where Findings Published:

Welch_ B., Extra-Audltory Health Effects of Industrial Noise: Survey
of Foreign Literature. Final Report Prepared for Aerospace Medical
Research Laboratory, AHRL-TR-79-41j June 1979.

Perio.d .of Performance: 1978-1979.

Investigator: Bruce Welch, Welch Associates, Woodbrldge_ CT 06525.

Agency Contact: David M. DeJoyp EFA/0NAC (703/557-0592).

Fiscal Year Fundin_ ($I000): 1978 1979 1980 1981
3.5
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U.S. EPA (ConcBd)

Title: HYPOTHESIZED RELATIONSHIPS BETWEEN NOISE, GENERAL STRESS RESPONSES,
AND CARDIOVASCULAR DISEASE

Objective: To provide a detailed analysis and assessment of the relationship
between noise exposure and cardiovascular system effects, taking into considera-
tion contemporaryconcepts o£ biologic stress and cardiovascular disease
processes.

Description: This project involved a critical review of relevant literature_
and the development of a coherent framework which attempted to synthesize
the results of research in the many disciplines relevant to underetending
stress-medlated cardlovaseular effects of noise. The results of this analysis,
in the farm of a working paper, served as the focal point of a workshop in
which experts from various disciplines (physiology, bioetatistice, bioacoustics,
etc.) addressed the major conceptual and methdologieal issues in this area.
The workshop resulted in modifications and/or elaborations of the framework,
and the identification of promising areas for future experimental and epldemlo-
logical research.

Summa_ of Findln_s: Although the possible relationships between noise, stress

and cardiovascular disease are extraordinarily eomplex_ the available informs-
• lion provides substantial grounds to suspect that under some circumstances
transient responses to high level noise exposure may contribute to cardiovas-
cular pathology. Evidence appears most prevalent for increased risk for
hypertentlon. Other evidence, although more indirect, tends to suggest the
possibility of the involvement of noise in other cardiovascular disease proces-
ses as well. Some conceptual problems and a number of promising research
approaches and methodologies are identified.

Where Findings Published:

"Noise, General Stress Responses! and Cardlovaseular Disease Processes:
Review and Reasaesameot of Hypothesized Relationships," EPA/ONAC Final
Report, June 1980.

Period of.Perfermanee: 1978-1980.

Inveeti_a_ort Nicholas A. Aehford and Dale Rattis_ Center for Policy Alternatives_

Massachusetts Institute of Teehnology_ Cambridge, MA 02139
(617/253-1667).

A_enc_ Contact: David M. DeJoy, EPA/ONAC (703/557-0592)°

Fiscal Year Fundin_ ($1OOO)l 197R 1979 1980 1981
28.7 10.3
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U.S. EPA (toni'd)

Title: EPIDEMIOLOGY FEASIBILITY STUDY: EFFECTS OF NOISE ON THE CARDIOVASCULAR
SYSTEM

: To assist EPA/ONAC in determining the feasibility of conducting
gical research on the nonauditory physiological effects of

noise_ particularly cardiovascular effects. The results will provide

guidance to EPA in developing a program of epldemiology research as
well as the general form that such a program should take.

Description: The components of this study wilt include:

A) Providing a review and critical analysis of existing foreign
and d_nestie epidemlological research on the nonauditory physiological
effects of noise.

Bi Reviewing the scientific literature on hypertensionl cardiovascular

diseaset and general stress for its applicability to noise
effects epidemiology.

C) Providing information and recommendations pertinent to a number

of substantive and methodological issues related to the design

and conduct of future noise effects epldemiology.

Period of Performance: 1980-1981.

Investigator: Dr. Shirley J. Thomsont Dept. of Epidemiology and Biostatlstlcst
University of South Carolina, Columbia, SC 29208 (803/777-7353).

Agency Contactl David M. DeJoy, 8PA/ONAC (703/557-0592).

Fiscal Year Fundln Z ($1OO0)_ 1978 1979 1980 1981
50 40

©
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O.S, EPA (Cont'd)

NOISE EFFECTS ON SLEEP

Title: HEALTH CONSEQUENCES OF CHRONICALLY NOISE DISTURBED SLEEP

Objective: To begin to describe and quantify the impact of chronic.
noise disturbance of sleep. While noise is known to produce disturbed

sleep patterns, the ultimate effects of this disturbance on health
and performance are not well knows, aside from subjective reports.

Descrip.tlon: The study will characterize the sleepp daytime sleepiness,
performance, respiratory and cardiac function, and response to stress,
throughout 24 hours in ten apparently normal male subjects, aged 40-50,

who are chronically exposed to airport noise during sleep. These results
will be compared to the data obtained from an identical study of ten
matched control subjects, not exposed to noise during sleep. The study

o£ the ten nolse-dlsturbed subjects will be repeated during five nlghcs
of sleep in an environment with low noise levels,

Period of Performances 1980-1981.

Investi_ato_z Will_am C. Dementj Sleep Hesearsh CenteTj Stanford Universlty l
School of Medicine, Stanford, CA 94305 (415/497-7859).

A_enc_ Contact: Raelyn Janssen, EPA/ONAC (703/557-0592).

Fiscal Year Fundin_ ($10OO): 1978 1979 1980 1981
50 60

f
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U.S. EPA (Cont'd)

INDIVIDUAL AND COMMUNITY RESPONSES

'r

Title: PSYDNOACOUSTIC STUDy OF ENGINE BRAKE NOISE

Ob_ectlve: To examine the ability of existing sOUnd descriptors to
acceptably account for anticipated human response to the peculiar char-
acteristics of engine brake nolse_ most notably repetitive-impulslveness.

Description: The investigator will acquire a data base of the character-
istics of engine brake operation and use. Once this information has
been obtained a psychoaeoustic test program will be initiated. The
laboratory test program will (I) comparatively evaluate listenerls

subjective (annoyance) responses to engine brake noise relative to
truck and bus noise without the brakej and to other automotive and
non-automotive stimuli, and (2) evaluate the effectiveness of various

measures of impulsiveness to predict subjectlve response. The test
signals will be in a ra.$e realistically approxlmatins community exposure
and will be presented to simulate indoor listening conditions.

Period of Performance: 1980-1981.

Investigator: Sanford Pldell, Bolt, Beranek and Newman, Inc._ Los Angeles,
CA (213/347-8360)

A_enc_ Contact: Jeffrey Golds_ein t EPA/ONAC t (703/557-0592).

Fiscal Year Fundln_ ($1OOO): 1978 1979 1980 1981
bO
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U.S. EPA (Cont'd)

Title: SOCIAL SURVEY AROUND CONSTRUCTION SITES

Objective= To acquire eom_nlty response data around construction
sites, and establish a relation between construction noise and degree
of community impact. No social survey data currently exists that are
directly applicable to construction noise.

Description: During Phase I, work will be conducted for the development

of the attitudinal survey questlonnaire and the noise measurement protocol.
This phase will concentrate on both the survey questionnaires as well
as the noise measurement protocol to accompany the survey. Two question-

naires will be developed. One wlll deal with community response to
construction site noise in the home, and the second will deal with

response to construction site noise in the office/work environment.
This phase will also consider the possibilities and the extent of the
questionnaires which might deal with the "man-on-the-street" exposed

to construction site noise. A noise measurement protocol will be developed
including necessary _nstrumentstion and preferred measurement procedures.
Phase II wiil include the conduct of a pilot study to pre-test the

Survey Questlonnelre and the noise measurement protocol, as well as
to collect preliminary data on the stability of longitudinal responses

to construction noise. Phases Ill and IV will encompass survey administration _._
and data analysis, respectively,

Period of Performance_ 1980-1893.

lnvestlgator_ Paul 8chomer, 8.$. Army Construction Engineering Research
Laboratory, Champaign, IL (217/352-651l).

A_enc_.Contact| Jeffrey Ooldstein, EPA/ONAC, (703/557-0592).

_iscet Year. Fundln_ ($I000): 1978 1979 1980 1981 1982 1983,% , ,
35 I00" 10O* 65*

* Providing EPA/ONAC receives minor financlal support from other agencies,
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U.S. EPA (Cont'd)

Title: SCALING ANNOYANCE FOR SOCIAL SURVEYS OF CO_dUNITYREACTION

TO NOISE EXPOSURE

Objective: To develop a closed response five point scale for describing
annoyance attributable to community noise source exposures. The scale
will be used in future community survey questionnaires.

Descrlptlon: Two studies were conducted to select a set of response
categories for self reports of degree of annoyance with community noise
in soclal'survey interviews administered by telephone. In the first
study, 55 people assigned the numerals one to five to each of 52 terms

in accordance with the degree to which the terms appeared to express
a degree of annoyance with community noise exposure. All terms were
presented aurally in the interests of deriving a scale from information

collected under circumstances similar to telephone interviewing. In
the second study_ 40 people used four different sets of response categories
(annoyance scales) to rate the annoyance of a set of co.on community
noise sources heard under free field condltlens at a wide range of
levels.

Summary of Findings: No appreciable differences among scales were

/-_ discovered. All correlated extremely well with signal presentation
. level and each other; none was sensitive to gender or order of presenta-

tion of category labels; the variance of judgments observed on different
scales was similar; and so forth. It was concluded that .continuity

and consistency of research methods provided the simplest criterion

for selectien of a scale for future _lrvey research. Since scales
employing category labels of "Not At All", "Slightly", "Moderately",
"Very" end "Extremely Annoyed" have been used extensively in prior
survey workf their use should be continued in the interests of standardina-
tion.

Where Findings Published:

Fideilp S., and Teffeteller, S.R., "Scaling Annoyance for Social
Surveys of Com_nity Reaction to Noise Exposure." BBN Report

No. 4211, February 1980.

Period of Performancel 1979-1980.

Investigator: Sanford Fidell, Salt, Bcranek and Newman, Inc., Los
Angeles, CA 213/347-8360).

A_ency Contact: Jack Shampan, EPA/ONAC, (703/557-0592).

Fiscal Year Fundin_ ($I000): 1978 1979 1980 1981
19.8
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U.S. EPA (toni'd)

Title: INDIVIDUAL NOISE MITIGATION TECHNIQUES APPLIED TO CITY TRANSIT
SYSTEMS*

Objective: To study various nolse mitigation techniques as applied
to city tronslt-bus systems. An integral part of the program was an
attitudinal noise survey. The intent of the survey component was to

determine the activity profiles of typical pedestrian plaza users,
their awareness and sensitivity to ambient noise levels, and noise
control p_eferences.

Description: An attitudlnal survey program was conducted in New York
City at pedestrion plazas of various design, construction and traffic
patterns to determine user's response to noxious factors including

noise. Various measures of noise abatement design were also evaluated.
The questionnaire took approximately l0 minutes to complete. Several
plazas were also monitored for noise. Once the traffic noise levels
and user responses had been determined, various noise mitigation techniques
were evaluated.

Summor_ of Yindin_sl Results indicated a substantial awareness of
the noise and overall annoyance to the user. The largest number of

respondents felt that trees would best alleviate the noise. A low
percentage were aware of barriers t yet barriers were determined to
provide the _ost effective reduction of noise. A variety of design
elements were ultimately used in the design of the Broadway Moll to

maximize traffic noise reduction. Also, a monograph end colculatlon
methodology were developed to assist planners in projecting noise levels
and speech interference levels for pedestrian projects.

Where Pindln_s Published:

"Noise and Urban Pedestrian Areas". Administration and Management

Research Association of New York City, Inc., in cooperation with
WAPORA, Inc., October 1979.

Period of Performance: 1977-1981.

Investigator: Staves Wolf, WAPORA, Zno.

A_enc_ Contact: Eugene Wyszpoleki, EPA/ONAC (703/557-2126), Joseph
Goodman, DOT/UMTAD (202/426-4984).

Fisca_ Year...Fundin_ ($i000): 1976 1977 1978 1979 1980
40 I0

* This program is part of a multl-million dollar grant to the city

of New York for the design and construction of the Broadway Transit "_
Malt. _
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U.E. EPA {Conttd)

Title: ANNOYANCE, LOUDNESS, AND MEASUREMENT OF REPETITIVE TYPE IMPULSE
NOISE SOURCES

Objectlvet To evaluate subjective and objective aspects of moderate
levels of noise from repetitive type impulse sources.

Description: The investigation included a review and evaluation of
the literature of subjective effects of impulsive noise with emphasls
on data relating to annoyance, noisiness, or loudness of repetitive
types of impulsive noise. The study also included a brief experimental

evaluation of measurement of a wide variety of simulated repetitive
impulsive-type signals varying in duty cycle, repetition rate, pulse

frequency, and ratio of peak impulse signal level to continuous background
noise level.

"Sugary of Findln_st Based on the most pertinent literature, it was
tentatively concluded that a subjective impulse correction factor of

+7 dB applied to the A-weighted equivalent sound levels of these types
of repetitive impulsive noise sources would better define their effective
level in terms of annoyance reactions. No additional correction was
identified for crest level or repetition rate. Research on subjective

_ correction _actors for helicopter blade slap was also reviewed and
potential reasons for the smaller subjective oorrection factors (i,e.,
O.to 6 dB) for annoyance response to this type of sound were discussed,
In the experimental component, when repetitive impulses were measured
using maximum values of A-welghted (slow) readings on an Impulse Sound
Level Meter, no objective correction was found to be necessary in order

to measure, with an accuracy of + 1.5 dB, the equivalent sound level
(Leq) of the wide variety of imp_Islve signals investigated.

Where Findla_s Publlshedt

"Annoyance I Loudness and Measurement of Repetitive Type Impulse
Noise Sources," EPA Report NO. 550/9-79-I03, 1979.

Period of Performance: 1978-1979.

Investigator: L.C. Sutherland, R.E. Burke, Wyle Research Laboratories,
El Segundo, CA (213/322-1763).

Agency Contact: Jeffrey Goldstein, EPA/ONAC, (703/557-0592).

Fiscal Year Funding ($1000): 1976 1977 1978 1979 1980
22.1 9.5
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U.S. EPA (Cont'd)

Title: RELATIONSHIP BETWEEN OETECTABILITY CALCULATIONS AND ANNOYANCE

OF INTRUSIVE SOUNDS

Objectlve_ To determine whether verbal descriptions of annoyance could
be systematically related to the intrusiveness of a subset of test
signals as a function of a foreground task.

pescriptlon: Using the original test signals developed from a previous
experiment (Fidell and Teffeteller, 1978, see p. A-135) the investigators

placed subjects in an absorbing foreground task. The task consisted
of challenging electronic games on a color television display with
the scores displayed to the subjects as a feedback measure of their

performance. The subjects were required to press buttons indicating
whether a sound had been detected and the degrees of the resultant
annoyance on a 5 category scale.

Sugary of Findln_sz The investigation concluded that_

I. The notieeability of low-level sounds heard in the presence

of background noise is strongly influenced by the degree of
cognitive involvement in a foreground task.

2. 'the judged annoyance of intrusive sounds heard can be related
to an objective scale of detectabillty of such sounds.

3. Criteria for predicting the annoyance of intrusive sounds
may be based on more definitive information collected from

larger numbers of people using refinements of the present
technique.

Period of Performances 1978-1979.

Investigator: Sanford Pidell, Bolt, geranek, and Newman, Inc., Los ';
Angeles, CA (213/347-8360).

Agency Contact_ Jeffrey Goldstelnt EPA/ONAC t (703/557-0592).

Fiscal Year Fundle_ ($i000): 1,978 1979 1980 1981
12.1
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U.S. EPA (Cont'd)

Title| THE RELATIONSHIP BETWEEN ANNOYANCE AND DETECTABILITY OF LOW-LEVEL

SOUNDS

Ob_eetlvez To investigate preliminary hypotheses about the relationship
between detectability and annoyance of low-level signals. The major
goal was to identify a relationship that was strong and orderly enough
to support justifiable inferences about the intrusiveness of low-level
sounds,

Description: The study examined the relationship between the predicted
detectability and judged annoyance of 25 low-level sounds heard in
three noise backgrounds using an adaptive paired comparison procedure
under free field listening conditions. The range of detectability

was maxlmlnzed by establishing absolute level, for the signals which
the subjects heard within a variance of 30 dB. A pilot study and subsequent

main study was implemented in which each of 30 subjects compared the
annoyance of twenty-four signals heard at fixed levels in an anechoic
chamber with the annoyance of an octave band of noise centered at I

kHz. The comparisons were made by a procedure requiring the subjects
to push a button corresponding to the more annoying of a pair of two
sounds) each four seconds in duration. A laboratory computer controlling

f-_ the equipment that generated the sounds adjusted the level of the I
kHe band of noise until it determined tbat the sounds were equally
annoying within i dB.

Summary of Findings: The predicted detectability of the set of sounds
accounted for almost 90 percent of the variance in the annoyanc_ judgments
in a conventional (falling spectrum) background noise environment.

This strong relationshlp between predicted detectability and annoyance
appears capable of supporting objective scales of the intrusiveness
of low-level sounds heard under everyday circumstances. However t the
study did reveal greater variability in subject detectability at low

levels, A decrease in the strength of _he relationship also appears
to be due to the relative detectability of the low and high frequency
portions of a signal's spectrum. (i.e., a signal is likely to be detectable

at high frequencies in the falling background, but st low frequencies
in the rising spectrum.

Where Findings Publlshed:

S.F. Pidell, et el.)"Predicting Annoyance Prom Detectability
of Low-Level _un'_s", J. Acoust. Soc. Amer., 66(5):1427-1439,
1979.

Period of Performance: 1977-1978.
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O.S. EPA (Cont'd)

_uveati_ator_ Sauford Fidell_ et al,, Bolt, Beranek, and Newmant
Inc., Los Angeles-? C_'(213/347-8360).

A_enc_ Contact{ Jeffrey Golds_eln, EPA/ONAC, (703/557-0592).

F.iscal Year Fundln_ ($1000): 1975 1976 1977 1978
67.7

_
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U.S. EPA (Cont'd)

Title: COMPARISON OF VARIOUS METHODS FOR PREDICTING THE LOODNESS AND

ACCEPTABILITY OF NOISE: PART II - EFFECTS OF SPECTRAL PATTERNS
AND TONAL COMPONENTS

Ob_ective: To (i) determine whether subjective judgments of particular
types of noise, categorized by spectral shape, are better approximated

by some descriptors (frequency weighting and calculation procedures)
than others; and (2) investigate the role of tonal components in these

studies and to assess the adequacy of several tone correction procedures.

_: The authors undertook a systematic analysis of the previously
compiled psychoacoustic data (Scharf, et. al. t 1977) in order to (a)
account for certain apparent anomalies in the data analyzed earlier

as part of this program, (b) examine the sensitivity of various frequency
weightlngs and rating schemes to spectral differences of the sound
stimuli used in the investigations, end (c) evaluate subjective response

to discrete frequency components superimposed over a background. The
authors identified and classified more than 600 spectra that e||compassed
a wide variety of natural and simulated noises. In addition, a statistical

analysis of subjective measurements produced by the noises in each
spectral category and across spectral categories was made based on

jf-_ four frequency weighting functions (A, Dl, D2, E) and four calculation
procedures (Stevens' Mark Vl and Mark VII Loudness Calculation, Perceived
Noise Level_ and Zwicker's Loudness Calculation Procedure).

Summary of Findings: The results provide partial but needed information
of the relative ability qf computational procedures and frequency weightings
to assess subjectlve loudness and acceptability of sounds with different

spectral shapes, the necessity oE tonal corrections at low and high
levels of noise, an indication as to the magnitude of a correction,

end the overall effectiveness of commonly used tonal procedures. The
analysis of the data by spectral shape produced a mixed outcome..Results
showed that no overall advantage would accrue from reRrouplng sets
of data across studies on the basis of similar spectral shapes. However,

although variability was not reduced when considered across nine spectral
categorles t the interaction between spectral shape and descriptor was

highly significant. The examination of the spectra with and without
tonal components provided only tentative support for the trends noted
in the literature. When the judged attribute is either loudness or
noiainess_ tonal components do not seem to add to the subjective magnitude

of broad-band noise below 80 dD sound pressure level.

Where Findings. Published|

Scharf, B., Hellman, R., "Comparison of Various Methods for Predicting
the Loudness and Acceptability of Noise - Part El," EFA Report
550/9-79=102, 1979.
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U.$. EPA (Cout'd) ___

Period of Performance; 1978-1979,

Investisatorsz B. Scharfp Auditory Perception Laboratory Northeastern
Un_ersity I Bostonl Massachussetts! R, Hellmant Department
of Speech Pathology and Audiology_ BoBton University,
BostontMA (617/437-3084).

A_ency Contact: Jeffrey Goldsteiu, EPA/ONAC, (703/557-0592).

Fiscal Year Fundln_ ($1000): 197B 1979 1980 1981
30

_
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U.S. EPA (Coot'd)

Titlez COMMUNITY NOISE ATTITUDINAL ASSESSMENTS

Objectlve: To enable communities to assess citizen attitudes towards noise and
determine the impact of noise using EPA's Social Survey Workbook. The administration
of these attitudinal assessment programs will enable cor_runities to define their
noise control problems, identify priorities for action and determine their
noise control needs. This information will assist in establishing a basis

for noise abatement action and designing a responsive noise control program.
Three of these assessments were funded under EPA's Quiet Communities Program.

Description: Five communities including Allentown, Kansas City, Spokane, Salt
Lake City and Philadelphia have administered attitudinal assessment programs

based upon EPA's Social Survey Workbook for noise. The survey program was
developed by the UCLA Institute for Social Science Research and Wyle Laboratories.
Detailed instructions are provided for the design and administration of a
comprehensive assessment program including a questionnaire, sampling plan,

administrative and training proceduresj and a survey data analysis program.
The total program can be totally self administered by a local government.
Some of the major areas investigated in the survey are:

o Perception of urban and environmental problems
o Awareness and evaluation of environmental programs and services
o Assessment of the adverse effects of noise on residents health

and welfare

o Identification of specific problem noise soruces and understanding
of factors causing adverse community response

o Determination of support of noise control in the community, most

_'_'_ supported noise control measures, and willingness to pay for program.

Spokane, Kansas Cityp and Allentown have also administered a community noise
measurement program for the determination of environmental noise levels throughout

these conmunitles. The noise measurement protocol used was based upon an
EPA Community Noise Measurement Workbook. The sampling procedures are compatible
in both workbooks for the integration of results.

Summary of Findings: Findings have been used to form the basis of specific
• noise control strategies in these communities and the design of responsive

noise control measures.

Where Findie_s Publlshed_ Findings published in technical reports of these
local govenmeets (See pages g-lO and 11). EPA protocol published as "Community

Noise Assessment Manual: Social Survey Work Book", Wyle Research and UCLA
Institute for Social Science Research, July 1978.

Period of Performancez 1977-Present

Investigator: Patti Frlcks, Salt Lake City, Utah (801/532-2002)
Cynthia Clark, Allentown_ PA (215/437-7561)

James Kusick, Kansas City, NO (816/274-1597)
Michael Wolf, Deleware Valley Regional Planning

Co,lesion, Phil, PA. (215/L0-73000)
Edward Pickett, Spokane, Wash. (509/456-3630)

"_. A_enoy Contact: Joseph Montgomery EPA/ONAC (703/557-9307).

Fiscal Year Fundin_ ($I000): 1977 1978 1979 1980
40 83 45 44
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U.S. EPA (toni'd)

Title: HEALTH AND WELFARE IMPLICATIONS OF GENERAL AVIATION AIRCRAFT
NOISE

Objective: To assess the applicability of existing health and welfare
criteria to noise from general aviation (GA) aircraft, taking into
consideration the partlcula_ acoustic and operational environments
of general aviation airports.

Description_ This project involved the identification and critical
analysis of existing health and welfare information and criteria applicable
to all noise sources, particularly aviation; a detailed analysis of

the acoustic and operational environment of GA with particular reference
to those characteristics most closely related to human response; and
a determination of the applicability of existing effects criteria to
CA noise. As part of this effort, consideration was given to assessing
the suitability of various noise descriptors in characterizing CA noise
impact, and to identifying additlonal data and information needs.

Summary of Pindlngs_ Based on the analysis of existing informations
the following concluslons were dra_u|

I. A-welghted sound level (LA).appeara to be an applicable single
event descriptor for assessing response to GA noise. Evidence

indicates that LA is as accurate and consistent as the more
complicated, calculated sound level measures, and it is also
the mas_ widely used descriptor at present. ,?"

2. Day-nlght average sound level (Ldn) appears to be an applicable

cumulative descriptor for assessing community response to
GA noise. Existing data suggests that Ldn correlates well

with community response as reflected in the percentage of
the population highly annoyed.

3. No recommendations can be offered concerning duratlon_ pure

tone, or background level corrections, although there is
some data which indicate that these factors may have a significant

influence upon community response. Accordingly, these factors
require further study.

4. There is a need for additional research. This research should

take the form of a) in-depth, psychoacoustic laboratory studies

examln_ng human response to noise from the current fleet of
CA aircraft, and comparing this with response to commercial

aviation noise, and b) large-scale attitudinal research around
several representative CA airports to examine community annoyance

response to CA noise.

Period of Performance_ 1978-1979

Investisator_ Larry A. Ronk, Science Applications, Inc., McLean, Vs.

Contact: David M. DeJoy, EPA/ONAC (703/557-0592) _'A_ency

Fiscal Year Pundln_ ($i000)_ 1978 1979 " 1980 1981
25
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U.S. SPA (toni'd)

NOISE-INDUCED HEARING LOSS AND HEARING CONSERVATION

Title: LONGITUDINAL STUDY OF HEARING LEVELS IN CHILDREN*

Objective: To analyze changes with age in the auditory thresholds
of children and to relate changes in auditory sensitivity to environmental

noise exposures and developmental and physlologic variables. This
information is essential to determine whether additional safeguards
are needed to reduce the noise exposures of children. Little is known
about the susceptibility of children to nolse-lnduced hearing loss
and the applicability of current damage risk criteria for children.

Description: For the past four years, EPA, in cooperation with the
Air Force, has funded a longitudinal study at Pels Research Institute

of Wright State University School of Medicine. Serial auditory thresholds,
speech discrimination, blood pressure, otologic, tympanometric, noise
exposure history information and 24-hour noise doslmetry measurements

are being recorded at six-month intervals from 400 children and youths

aged 4-25 years. It is expected that the children will be monitored

r_ periodically through adulthood as well, to assess whether auditory
patterns and noise exposures measured during childhood are correlaned
with hearing acuity later in llfe.

Summary of FindlnBs: Almost four years of this longitudinal study
have been completed. Six-month incremental auditory thresholds have
been obtained on most children, totalling 5 to S data sets per person.

The mean and median hearing thresholds at almost all frequencies are
2 to 6 dB lower (better) than those from recent U.S. national surveys
for children. In each sex, auditory thresholds tend to be highest

at the frequencies of 4K and 6KNz. There is a trend of increasing
sex difference in mean thresholds with age consistent with the trend
of increasing sex differences in noise exposure (higher in males).

In preliminary analysis, elevations in thresholds were obtained for
participants _eportin g certain noise exposures (e.g., using farm machinery,
school bus noise, etc.) relative to children not reporting such exposures.

Some trends are also present relative to physiologic and developmental
indicators. Future expansion of this study is anticipated with support
from NINCDS.

Where Findings Published:

I) Roche, A.F., Siervogel , R.M., RimesD J°H., and Johnson, D.L.,
"Longitudinal Study of gearing in Children: Baseline Data

Concenning Auditory Thresholds, Noise Exposure, and Biological

Factors". J. Acoust. Soc. Am_, 64 (6), Dec. 1978.

v * Project also listed under O.S. Air Force, p. A-21
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U.S. EPA (Cont'd)

2) Roche_ A.F._ Himes_ J.N.t Siervogcl, R.M., and Johnson_ D.L.,
"Longitudinal Study of Human Hearing: Its Relationship to
Noise and Other Factors. If. Results from the First Three

Years". AMRL-TR-79-102_ November 1979.

Period of Performance: 1976-Present.

Investigator: A.F. Rochej Samuel S. Fels Institute_ Wright State University
School of Medicine, Yellow Spring a, OH (513/767-7324).

A_cncy Contact: Jack Shampan, EPA/ONAC, (703/557-0592).

Fiscal Year Fundln_ ($I000)_ 1976 1977 1978 1979 1980 1981
15 33 .... 40 44 50 50 (E{A)

4 3 4 4 4 5 CAF/m_RL)

<._
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U.S. EPA (Cont'd)

Title: TEMPORARy THRESHOLD SHIFTS FOR ELDIENTARY SCHOOL CHILDREN AFTER RIDING

ON A SCHOOL BUS: A PROCEDURAL PILOT STUDY

Objeetlvel To develop and field test an experimental protocol to investigate

the relationship between noise source exposures of children and the resulting
75 in their hearing sensitivity. School bus noise was selected as the model
for this pilot effort.

Description: Each day Eor a five-day period, elementary school children
were given a SO minute ride on a typical school bus currently in use as part

of the Knoxville (TN) public school system, Noise dosimeters were placed
on selected students during the bus rides in the front, middle, and rear
of the bus. Ten subjects on each ride were designated as the experimental

subjects and were given two hearing tests and a tympanometric exam to establish
audiometric baselines. Then, immediately after the bus ride (within three
minutes of arrival at the school) and at intervals of 30 minutes, post-ride,

hearing tests were given until baseline values were reached.

Summer F of Findings: Since the study was of a pilot nature and was intended
to develop and assess the feasibility of an experimental protocol for measuring
ITS in children, the primary findings included methodological recor_nendations

for a larger-scale study. Although only a pilot study, the limited results
• did show some degree of susceptibility to TTS for a limited number of subjects.

Where Findings Publishedl

Final Report, "Temporary _hreshold Shifts for Elementary School Children

After Riding a School Bus_ A Procedural Study." University of Tennessee,
August 1979.

Period of Performsncet 1979-1979.

Investigator: David M. Lipscomb_ Department of Audiology and Speech
Pathology, University of Tennessee, Knoxville, TN 37916
(S15/974-4123).

A_enc_ Contact: Jack Shampan, EFA/0NAC, (703/557-0592).

Fiscal Year Fundin 8 ($I000)_ 1978 1979 1980 1981
6.5
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U.S, SPA (Cont'd)

Title: WORKERS COMPENSATION PROGRAMS FOR NOISE-INDUCED HEARING LOSS

Objective: To investlsate the status of Stats and Federal Workers
compensation program_ for nolse-lnduced hearing loss and the equity

and effectiveness of their hearing loss claims provisions.

: The study examined State and Federal hearing loss claims
eir specific claims procedures, the scientific and technical

basis behind the hearing loss criteria and provisions in use, and some
of the background judicial decisions and social, political, and economic
forces historically influential in the development of compensation
programs for nolse-lnduced hearing loss. Znfermatlon came from a review

of the scientific llterature_ correspondence with compensation officials
at the State and Federal levels_ and an analysis of a sample of Wisconsin
and Federal claims.

Summary of Findings: The main findings of the resultant report are
as follows:

I) Only nine states compensate more that a token number of claims.

Hearin H loss compensation represents only .3 of I percent
of the total workers compensation costs.

2) Approximately '70% of the nations manufacturin_ workers live
in States where compensation is not normally paid due to
restrictive state laws. Most States have few or no claims

because of a variety of restrictive criteria and unsubstantiated

provisions including their hearing loss formulas, deductions
for aging, definitions of hasardous noise exposure, short

filing limitations, long waiting periods, and the requirement
to prove economic loss or total impairment.

3) There is a need to adopt rules which reflect current scientific
knowledge and do not discourage rightful claimants. A number

of States have recently adopted hearing impairment criteria
which include high frequency components. Specific recommendations

are made for further research to improve the basis of claims
criteria and procedures.

Where Findin_s Published:

Ginnold, R.E., "Occupational Hearing Loss: Workers Compensation

Under State and Federal Programs", EPA 550/9-79-i01, August 1979.

Period of Performance: 1977-1979.

? j
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i U.S, EPA (Cont'd)

Investigator: R. Ginnold_ University of Wisconsin School for Workers
Madisonp WI (608/262-2111).

i AgencF Contact: Jack Shampan, EPA/ONAC_ (703/557-0592).

Fiscal Year Fundln_ ($i000): 1977 1978 1979 1980, 1931
I0 I0

jF
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U.S. SPA (Cant'd)

T_tle: EFFECTS OF LONG-DURATION NOISE EXPOSUR_ ON }[UMAN AUDITORY PROCESSES*

_: To study the effects of long-duratlon noise exposure on the human
auditory process.

Doscrlpt£on| This project was a joint effort with the Air Force. The approach
was to measure safe temporary hearing losses induced in human subjects by

ions-duration t low-level acoustic oxposures and to analyzo the hearing recovery
curves as additional indicators of risk, Ruman subjncts wore exposed to broad-
band noise with exposure durations of between 24 and 48 hours. Groups of

subjects experienced systematic variations of such acoustic parameters as
the intenslty_ duration_ and duty cycle of the test stimulus. Effects of

the stimuli were identified by monitorlng the subjects' audlometric thresholds
at specific time intervals.

Sorry Of Plndin_a; Analysis of the results of 24-hour exposure to continuous
pink noise at levels ranging from 65 to 85 dBA has been completed. Results
have demonstrated the Hreatest affect at 4 F_z for the 85 dBA condition.
The TTS values resultlng from this exposure are in agreement with earlier

exposures to 85 dBA continuous pink noise. Exposure of 12 subjects to 85
dBA continuous noise for 24 hours and 48 hours, and to intermittent noise

equivalent to 85 dE for 48 hours has also been completed. Results confirm ,
(a) 48-hour continuous exposure does not produce steerer Asymptotic Temporary
Threshold Shift (ARTS) than 24-hour continuous exposure, but the recovery
from 48-hour exposures is slower than recovery from other exposures| (b) inter-

mittent exposure pEoducos less ATTS than continuous exposure to equivalent
noise levels.

Where Findln_s Puhllshed_

i) "Growth and Recovery of Temporary Throshold Shifts _rom 24 Hour

Continuous_ 48 Hour Continuous and 48 Hour Intermittent Noise Exposurei"

J_,Acoust. Sac. Amer., 64(Suppl. I), 1978.

2) " nLo S Duration (24-48 Hour) Exposure to Continuous and Intermittent
Pink Noise_" AMRL Technlcal Report #80-3, 1980.

Pe/iod of Performance: 1977-1978,

Znvesti_ator_ M. Stephensen end 0. Johnson, AFA_L, Wrlght-Patterson AFB_ OH
45433 (513/255-3664),

A_ency Contact: _sck Shampsn, EPA/ONAC (703/557-0592).

Fiec%l Year P.ndin_ (_i000)t 1976 , 1977 1978 19_9 1980
17 30.6 (es_.) (AF.'%'iP,L)

2 2 (EPA)

* Project also listed under U.S, Air Force t p. A-25. ('_
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U.S. EPA (Coot'd)

Title: CHANGES IN THE ORGAN OF HEARING PRODUCED BY SOUND*

Objective: To examine changes in the auditory system produced by exposure

to excessive sound. The project is co-sponsored with the Air Force. The
effort will emphasize studies in the infraeound (i-20 Hz) region and lon E-

term, low-level exposures at mid-frequencles (600-2000 Hz). The goal of the
research is a reasenahle hypothesis of the mechanism of injury producrlon
that provides a rationale for treatment and prevention.

Description: Infrasound exposures are carried out only on experimental animals.
Lens-term, low-level exposures are carried out on experimental animals and
human volunteer subjects at levels which do not produce permanent changes
in haarln8. Techniques to be employed include light and electron microscopy

of inner ear structures, electrophysioloEical measures of middle ear muscle

activity and psyehoacoustie measures of change_ in auditory acuity.

Summary o£ Findings: Preliminary findings are reported in the publications
, listed below.

Where Findings.Published:

/-_ I) Limp D.J._ Dunm, D.t Johneon_ D.L.p and Moore_ T.J._ "Trauma of the
Ear from _nfrascund" (AMBL-TR-80-24), to he published in Acts
Otolaryngologlca.

2) Limp D.J._ "Cochlear Anatomy Related _o Cochlear Micromechanlcs"
(AMBL-TR-79-11), also puhllshed in J. Acoust. Soc. Amer., 67(5):1686-
1695, 1980.

3) Lim, D.J._ and Dunn, D._._ "#matomle Correlates Of Noise-lnduced Hearlng

Loss," Otolaryngologic Cllnlcs.o£ North Amerlca_ 12(3):493-513 t 1979.

4) "Acoustic Trauma by _nfrasound Exposure: An Animal Experiment_"

paper presented at AFOSR Annual Review of AF Basic Research! September
1978.

Perlod of Perfprmence: 1977-1980.

Investi_atorl D. Lim and W. Melnlckt Ohio State Unlversityt Columbus, OR.

Agency Contact: Jack Shampan, EPA/ONAC (703/557-0592).

Fie=el Year Fumdln_ ($I000): 1976 1977 1978 1979 1980
15 18 18 8 (AF)

8 I (8FA)

/-_ * Project also listed under U.S. Air Force, p. A-18.
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U.S. EPA (toni'd)

Title: EFFECT OF NOISE ON PREGNANT ANIMALS*

Ob_ective_ To determine the effect of hlgh intensity noise in the auditory
system of a developing fetus.

Descriptions Twelve pregnant sheep were exposed to broad band noise of 130
dB 4 hours s day, 5 days a week for the period of pregnancy. Five sheep

were exposed with earplugs and 5 sheep were exposed without earplugs. Ten
non-exposed sheep, 5 with earplugs and 5 without earplugs are being used
as controls. The experiment will be undertaken at Wright Patterson Air Force

Base. Audio thresholds and evoked response audiometry will be conducted.
Ohio State University will study 20 lambs for possible inner ear pathology
resulting from intense noise exposure at various tlmea during the gestation

period. Light and electron microscopy will be undertaken to investigate
whether there are any difference in the auditory system between the lambs
from the different groups. Some of the ewes will be preserved until maturity

in order to observe whether there are any lone range effects.

Period of Performance: 1978-1980

Investigator| R. McKinley, AFMRL, Wright-PattersQn AFB, OH 45433 (513/255-3664)
D. J. Lim, Ohio State University Research Foundation

A_ene_ Contactl J. Shampan, EPA/ONAC (703)557-0592

Fiscal Year Fundin_ ($I000)_ . 1978 1979 1980ii 4.5 I (EPA)

25.7 12.2 (USAF)

* Project also listed under U.S. Air Force, p. A-32.

CI J
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U.S. EPA (toni'd)

Title: TI_4PORARy THRESHOLD SHIFT (TTS) PROBL_S AND CHILDREN

Objective_ To design and conduct studies to determine the m_gnitude
and consequences of temporary reduction in auditory sensitivity commonly
experienced by children in certain noise source environments. The

TTS incurred by children in their daily activities may warrant special
consideration where the reduction in sensitivity interferes with ongoing
activities.

Description: _ne research investigation will include the following
work components:

I) Noise dosimetry measurementej diary and activity pattern assessments
and an analysis of available noise exposure data bases will
be undertaken to identify the most hazardous noise source

exposures of children and teenagers.

2) Well controlled field and laboratory TTS studies will be conducted
using children as subjects to determine the magnitude of the
TT8 problem caused by exposure to their five most hazardous
noise source environments. The results will be compared with
TTS data for adults under similar conditions.

3) A pilot study will be designed and performed to assess the
deleterious effects of repeated occurrences of TTS on the

._ performance, communication and achievement of children.

Period of Performance: 1980-1982.

Investigator: To be determined.

A_enc_ Contact: Jack $hampan_ EPA/ONAC, (703/557-0592). •

Fiscal Year Fundln_ ($i000): 1979 1980 1981 1982
50 50
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U.S. EPA (toni'd)

Title: ANALYSIS OF NATIONAL HEALTH SURVEY DATA BASES

Objective: To determine I) the prevalence of nolse-lnduced hearing
loss (NISL), 2) the medically significant illnesses, physiologic conditions,

and auditory difficulties associated with hearing loss and occupational
noise exposure, and 3) trends in the hearing status of the population.

Description: The principal data base for thls research will be provided
by the National Center for Health Statistics of the Publlo Health Service.
The results from the 1971-1975 National Health and Nutrition Examination

Survey (HANES) and to a limited extent, previous National Health Surveys

will be the focus of the analysis. The HANGS Survey is periodically
conducted to obtain national estimates of the health status of the

population, and the prevalence of certain defined illnesses. The project

will provide for the statistical analysis and interpretation of relevant
data sets. Particular emphasis will he placed in the analysis of data
from the hearing and cardiovascular components_ as well as demographic

variables and indices related to noise exposure. This information
will assist in determining the magnitude of the health problem caused
by noise.

It is expected that a noise exposure questionnaire component will be .e_'_,
added to the HANE$ Survey planned to start in FY 1982. With the addition

of this new component, future RANES Surveys will assist in describing
the exteht and severity of hearing loss due to different patterns of
noise source exposures. Analysis requirements during the FY 1982-85
period will be directed in this area.

Period of Performance: 1980-1985.

Investigator: J. Singer , Abt Associates, Boston, MA (617/492-7100).

Agency Contact: Jack Shampan, EPA/ONAC, (703/557-0592).

Fiscal Year Pundln_ ($I000): 1979 1980 1981
50 50

C/
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U.S. SPA (Cont'd)

Titlez SOCIAL HANDICAP CAUSED BY NOZSE-INBUCED gEARING LOSS

Objective: To determine the effects of varying degrees of hearing
loss on the social, emotional, psychological, aud economic functioning
of the noise-exposed individual.

Description: The study will include the following work components:

i. Review and evaluation of the previous studies investigating
the relationship between hearing loss and social and personal
handicaps. Studies investigating the handicaps caused by
other bodily impairments in the workplace will be included.

2. The design and pre-testing of self reporting questions to
assess hearing handicap and the associated social and economic
effects on workers who require significant interaction and
verbal co_nicatlon in their daily work responsibilities.

3. Development of a methodological design for a comprehensive
study in the future to assess the effects of hearing loss
on the total functioning of hearing impaired workers.

Period of Performance: 1980-1981.

Investigator: R. Gimoold, Labor Occupational Health Program, University
of California at Berkeley, CA (415/642-5507).

Agency Contact: Jack Shampaa,'EPA/ONAC, (703/557-0592).

Fiscal Year Fundln_ ($i000): 1978 1979 1980 1981
9.9
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U.S. EPA (teat'd)

COMMUNICATION INTERFERENCE

Title: FEMALE VOICE RECORDING AND PILOT TESTING OF NORTHWESTERN
SPEECH DISCRIMINATION TEST (NE #6)

9bjectlve: To re-record the NU #5 speech discrimination test using
a female speaker with babble noise in the background and conduct a

pilot study to provide normalized data for a young population. The
test will then he incorporated into the Fels longitudinal study* to
assess sensitive chanRes in the speech discrimination abilities of
children as a function of age.

Description: The pro_ect was completed in two phases:

I. Re-recordlng of the NU #6 using a female speaker in the same
format as recorded by Tillman (1966). Babble noise was recorded
on a separate channel for each speech llst at e signal-to-noise

ratio of O. Statistical analysis of recorded levels across
flats was also provided. _t"_'_

2. Pilot testing of a small sample of children 8 to 16 years

of age at varying signal to noise levels. Performance intensity
functions was also derived.

Summary of Findings: Children showed poorer speech discrimination
ability using female voice recording than would be expected under the
same conditions with a male speaker.

Period of Performance: 1979-1980.

Investigator: G. Donald Caueey, glocommuninetlone Laboratory,
University of Maryland, College Park, ND

A_ency Contact! Jack Shampant EPA/ONACj (?03/557-0592),

Fiscal Year Funding ($1OOO): 1978 1979 1980 1981
5

* See pass A-141.
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U.S. EPA (Cont'd)

NOISE ENVIRONMENT DETERMINATION AND EXPOSURE CHARACTERIZATION

Title: ANALYSIS OF HUMAN ACTIVITY PROFILES

Objective: To develop a flexible and easily-operated computer program that
allows a thorough investigation and analysis of human activity profiles from
two large existing data b_ses in terms of the relationships between people's
primary activities, secondary activities, location, activity duration, and
presence of human company (identified hereafter as simply company) throughout

the day. The results obtained from this program will greatly enhance and
supplement existing knowledge of human activities, and can he utilized for

developing daily personal noise exposures models and for environmental analysis
studies which may require knowledge of human activity profiles.

Description: The Human Activities Profile is composed of two human activity
bases which identify the respondents' and their spouses' use of time in terms
of their sequence of activities throughout the day, including each activity

duration, location, and presence of human company, and background information
on each respondent. In its entirety, the combined data base represents human

_" activities for over 3500 individuals covering a sample of over 8000 person-
days of activities. The data base for human activities has been stored in

a computer. The computer program developed in the study allows six main
types of analyses to be performed on any selected sample of respondents from
these two data bases, and also provides a systematic means of integrating

this unique data base on human activity so that it will be available for
any additional analysis not covered in the study. The six types of analyses
or output modules which can be performed on any specified sample to produce
the desired tables are: i) correlation of activity and location for any

specified company situation; 2) analysis of time duration of activity for
any specified location and company; 3) analysis of time duration with location

for any specified activity and company; 4) analysis of time sequence and
activity (time profile) for any specified location and company; 5) investigation
of the relationship between primary and secondary activities for any specified
location and company; and 6) analysis of activity sequence for any specified
location and company.

Period of Performance: 1979-1980.

Investigator| Marilyn Auerbach and Richard Petersen, Wyle Research Lab-
oratories, El Segumdop CA (213/322-1763),
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U.S. EPA (Con_'d)

A_ency Contact: Jeffrey Golds_elnl EPA/ONAC I (703/557-0592).

Fiscal Year Fundln_ ($1000): 1977 1978 1979 1980 198,1

38,9 5,2
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U.8. EPA (Cont'd)

Title: NATIONAL AMBIENT NOISE SURVEY

Objective: To provide for the development and expanslon of an ambient noise
data base which can permit projections of national noise levols of gradually

increasing accuracy. This will serve as the basis for EPA's planning and

will provide a means of assessing the impact of the Agency's noise control
efforts.

Description: Efforts in the first year will involve: Forty eight 24-hour
central measurement sites spread over the 12 selected residential noise environment

categories which form the main basis of the ambient noise survey; peripheral
(satellite) measurement sites with i/2-hour measurement samples which supplement
the "central site" noise measurements; noise source identifications and traffic
counts at a number of the above sltes_ and one continuous 6-month measurement

site to measure long-term temporal patterns. A sample of 16 non-resldentlal
measurement sites will also be selected to represent the outdoor commercial

noise environment to which people are exposed. Results from this study will
provide the average ambient noise levels and contributing noise sources associated
with 12 types of residential noise environments. A methodology has been
developed to extrapolate these results to the nation, based on Table 20 of

the 1970 Census of Population and the National Roadway Traffic Noise Exposure

_ Model. Prom this t the national population exposed to _he v_rious ambient
noise levels and contributing noise sources associated with each type of
environment can be calculated. Analysis of survey results will also provide
the relationship of ambient noise levels to such factors as urbanized area
alze_ urban zone pbpulatiom density, traffic impact (in terms of distance

from type of roadway and traffic flow), geographic region, weather conditions,
time of day and day of week.

Summary of Findln_s: The Survey Plan has been completed and monitoring has
begun. No reports have been published as yet,

Period of Performance: 1979-1980 (First Phase).

Investi_ator: Daryl Hayp Wyle Laboratories, E1 Segundo , CA (213/322-1763).

A_ency Contact= Joseph Montgomery, EPA/ONAC (703/557-9307).

,_ Fiscal Year Fundln_ ($I000): 1979 1980 1981 1982 1983
96.3 37 75 65 200
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U.S. EPA (toni'd)

Title: INDUSTRIAL MACHINERY NOISE MODEL

Objective: To l) develop a model of the industrial workplace that
has the capability of determlning, the daily noise exposure to industrial
equipment, as well as the sources of this exposure; 2) develop a model
that will support the establishment of priorities for noise reduction

among equipment baaed upon noise exposure impact; end 3) determine
the benefits to he gained from reducing the various machine sources,

Description: Basis model development has already been completed and
has been programmed for usa on the EPA IBM 360 computer. Because of

the large data impute and computations involved, computer usa of the
model is essential. The model calculates the contributions of each

industrial machine for each worker job classification. The model can

be applied to a given plant, but is being developed for application
to an industry at the twoj three, and four digit Standard Industrial
Classification (SIC) code levels (see codes below). Application of

the model to any one situation requires the taking of appropriate field
measurements. Original plans were to apply the model to five three digit
SIC industries. However, current plans now are not to model all five
industries, but instead to perform some addltlonal work (sensitivity
analyses), /--"

SlC CODES:

SIC242 Sawmill Mills and Planer Mills
SIC332 Irom and Steel Foundries

SIC221,222 Textiles
81C346 Metal Forgings and Stampiugs

81c341 Metal Cans and Shipping Containers

$ummar_ of Findings= To date, field measurements have been made for
SiC indsutries of 242 and 332. Measurements were made at plants representative

of industry operations.

Period of _erformanoe: 1979-1980,

_nvesti_ator: B. Andrew Kugler_ Bolt, Beranek and Newman _nc., Los Angeles
CA (213/347-8360).

A_enc_ Contact: Roger Heymann, EPA/ONAC (202/551-2126).

Fiscal Year Fundin_ ($lOOO)= I978 1979 1980 1981
88.3
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"_ U.S. EPA (Cont'd)

Title: ATTENUATION CHARACTERISTICS OF THE WOMB*

qb_ective: To define the acoustlc protection provided to the £etus by the
maternal environment of several large laboratory animals. Virtually no infor-
mation is available about possible interactions of pregnant females in intense
noise exposure. Before a long-term research program on the fetal effects
of noise can be initlated 7 more information is needed on how much sound the

fetus actually receives,

Descrlptlon: In order to obtain this informations AF_4RL measured the attenuating
properties of the womb in one to three fairly large mammals. The pregnant

sheept pig and dog were the animal models chosen for this research. The work
is being co-sponsored by EPA/ONAC.

Summar_ of Findln_s: The attenuation characteristics of the mother were
frequency-dependent. Below about 500 Bz there was very little attenuation,
whereas, above about 4000 Nz the attenuation was greater than 40 dB. The

overall attenuation was on the order of 20 dB. i

Nhere Findings Published:

_-_, . M=Kinley# R.L. s "Changes in the Fetal Noise Environment Due to Nolset"

- J. Acoust. Soc. Amer., 64(Suppl. I), Fall 1978. i

period of Perfprmance: 1978-1978. F

_nvest[_ator: R. McKinley i AFAMRL, Wrlght-Patterson AFB, 0B 45433
(513/255-3664).

A_ena_ Contaetz Jack Shampan, EPA2ONAC (703/557-0592).

Fiscal Year Fundin_ ($I000): 1976 1977 1978 1979 1980
5 (EPA)

15 (AF)

* Project also listed under U.S. Air Forces p. A-41
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U.S. EPA (Cont'd)

Titlet NOISE DOSI_TRY AND TYPICAL NOISE DOSES*

Objective: To l) evaluate the application of personal noise dosimetry in
Air Force environmencs; 2) deterralne the typical noise exposure of Air Force
personnel in order to define typlco1.aecupational and nonoccupational noise
exposures; and 3) assess typical noise exposures relative to allowable exposures
specified in AFR 161-35.

_: Personnel noise dosimetry data was collected by the principal
investigator at four different Air Force bases over a one-year period. The
information obtained included both occupational and nonoccupatiousl noise
exposure data. This data was obtained on military and civilian personnel
who were all volunteer subjects. All subjects were selected from AFSC's in

the primary noise exposure groups. In addition, data was received from other
Air Force bases that were using noise dosime_ry.

Summar_ of Pindin_st A total of 418 S-hour occupational noise exposure measure-
manta were obtained on 120 different individuals. The range of these exposures
was from 66-111 dBA with the median level at 84.5 dDA. A total of 567 useful

measurements were obtained from the 9ther bases and this data ranged from
60-101 dBA with a median level of 80,1 dSA. A total of 73 separate 24-hour

measurements were obtained on 16 persons who wore an equal energy noise dosi- _'_i
meter for several days to determine their nonoccupational noise exposure.

The median d, ily A-weighted average sound level was 77 dSA.

Where Yindln_a Published_

1) Yairman, T.H., and Johnson, D.L., "Noise _oslmeter Measurements

in the Air Force," Av. Sp. Env. Mad., pp. 1150-1157, November 1979.

2) Fairmen, T.M., "Occupational and Nonoecupational Noise Dosimetry

Measurements on Air Force Personnel," J. Acoust. Sac. Amer., 65
(Suppl. I):9125, Spring 1979.

Period of Performancet 1977-1980.

_nves_i_ator: T. Falrman and R. HcKinley_ AFAMRL, Wright-Patteroon AFS, ON
45433 (513/255-3664)o

AEency Contact_ Jack Shampan, EPA/ONAC (703/557-0592).

Fiscal Year Fundin_ (_lO0O)t 1976 1977. 1978 1979 1980
7 6 8 6 (USAF)

3.6 I (EPA)

* Project also listed under U.S. Air Force, p. A-40
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

NATIONAL INSTITUTE OF MENTAL HEALTH

BEHAVIORAL t SOCIAL AND PERFORMANCE EFFECTS

Title: PERSONAL AND FAMILY ADJUSTMENT TO URBAN NOISE

_:Ob'ective: To I) describe the initial short-term effects of the noise,
_be the level of adjustment achieved several months later, 3) test
and develop hypotheses about the factors which influence individual differences
in sensitivity to oolse, 4) test and develop hypotheses about the relationship
between different coplns mechanisms and eventual adaptation, and 5) contribute

to the understanding of the significance of noise as an urban mental health

problem.

Description: This is an exploratory study of the psychological impact of a
new community noise problem. One hundred and eighty residents of a community

in which a section of the Interstate Highway System is under construction
will be interviewed door-to-door before the highway is completed, shortly

after traffic begins, and then again four to six months later. The investiga-
tion will focus on the emotional distress and behavioral disturbances which

occur and the difficulties individuals experience in adjusting to the noise.

in this work, noise is viewed as a complex physical and psychosocial stimulus.
Its effects will be interpreted within the framework of theories of psycho-
logical stress and coping. Questions asked during the interviews will concern
attitudes toward the community, effective respons#s to the noise, and the
different methods of direct and intrapsychic coping people use.

Sugary of Findings: Preliminary findings show that attempts to use human
judgments to assess environmental quality are complicated by the fact that

people exposed to the same situation often report very different reactions.
The analysis of two community surveys shows that these individual differences
tend to be consistent across various environmental issues; people tend to be
critical or uncritical about all aspects Of their surroundings. About 20 per-
cent of the variability in ratings of such topics as air pollutlons noise,

privacy_ safety, community services_ neighbors, and neighborhood amenities
can be explained by a single variable which represents a person's location
along this critical-uncritical dimension. People at the critical end of this
dimension appear to make more differentiated judgments than those who are less
critical.

Where Findings Publlshed:

Weinsteiet N., "Individual Differences in Critical Tendencies and Noise
Annoyance," J. Sound Vibration, 68(2):241-248, 1980.

Period of Performances 1975-1979.

_-_ Investi_atorl N.D. Weinsteln, Rutgmrs University, New Brunswick, NJ
..... (201/932-9169).

A_ency Contact: Richard Wakefield, NIMH (301/443-337J).

Fiscal Year Fundin_ ($10OO): 1976 1977 1978 1979 1980
34.9 7.3 5.6
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NIMH (Cont'd)

COMMUNICATIONINTERFERENCE

Title: THE MASKING OF SPEECH BY SPEECH

Objective: To determine the efficiency with which the central auditory system
can separate out and attend tO competing auditory messages. These objectives

are important since the masking of speech by speech is a phenomenon which
depends upon and invokes the functioning of very critical information processing
mechanisms within the central nervous system.

Description: In the experiments, listeners will be required to respond to a
speech target presented (1) against a eompetlng speech babble of five voices

reading prose passages and (2) against a speech-multlplied noise -- that is_
a white noise shaped to have the same lonE-term spectral characteristics us

the five-voice speech babble noise. The speech stimuli are the list of thirty-
elx spondee words developed by Nirsh, et el. (J. Speech and NearlnR Disorders_
17:321-337, 1952). Subjects are twelve young adults with normal hearing and
twelve children, 6 to 7 years of age.

Summer 7 of Findings: For both the adults and children, more intensity was /-_
required to reach the SRT when the speech masker was used as competition com-
pared to when the noise masker was the competition. Specifically, the dif-

ferences in the SRT's when ob6ained aEalnst speech competition versus the
noise competition was 4.0 dB and 5.6 dg for the adults and children, respectively.
These differences were significant at the .05 level of confidence. This suggests
that the auditory system has more difficulty in separating a speech target
from u speech masker than it does from disentangling a speech target from a
noise masker. This increased difficulty is represented by the increased
intensity necessary to reach the Speech Reception Threshold when the babble is
the competition. However, the difference between the results obtained with
the children versus _bose yielded by adults were not siEniflcan_ly different.
Consequently_ it would appear _hac children_ at least by the _ime they reach
6.0 to 7.0 years of age, are jest as efficient as adults in separating a speech

target from a speech masker. Whether this is the ease for younHer children is
not known.

Where Findln_s publlsbed: To be presented at the annual convention of the
American Speech and HearlnE Association. Formal journal publication is not
planned until further studies are completed.

Period of Performance| 1978-1979.

Investigator: L.L. Young, Indlana Unlversityp EloomlnEton, IN.

A_ene_ Contact: E.S. Scover, NIMH (301/443-4337).

Fiscal Year Fundin_ ($1000): 1978 1979 1980 1981 (_
7.1
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

NOISE-INDUCED HEARING LOSS AND REARING CONSERVATION

Title: ANIMAL MODEL TO STUDY THE EFFECTS OF NOISE ON HUMANS

Objective: TO identify an appropriate animal model to study the effects of
long-term noise on the inner ear of humans. By finding an animal model whose
temporary threshold shift (TTS) data is similar to man's t it should be possible

to maximize the probability that the processes underlying the TTS in the two
species are similar,

Description: Three different institutions are combining their skills and faci-
lities to perform simultaneous testing o_ humans and monkeys under extremely

• similar conditions, andt for higher level exposurese to monitor anatomical

changes within the monkey inner ear concurrently. A variety of noises are
heine used_ including both artlflcially-generated noises and recorded factory

noises. Noise exposure durations replicate workday durations_ with each animal
and human subject, after.lnitial training, being exposed to each noise for two
8-hour periods, This permits the determination of subject rellabilities and

/"_ ranges of normal TTS's for both species for comparison purposes. TTS growth

is measured at I_ 2j 4 and 8 hours of exposure and at I and 16 hours of recovery.

In addltlonp future studies with humans will include dosimeters that will
allow measurement of differences in intra- and inter-subject TTS related to

differences in level of exposure at each ear. Also to be investigated is
whether overall SPL measures or dosimeter measures are best correlated with

the resulting TTS for a variety of noise exposures. Furthermore_ small groups

of squirrel monkeys will be exposed to selected industrial noises at high
levels thab will cause PTS to discover the behavioral and histological conse-
quences of such exposures.

Summary of Ylndln_s: To date, 22 humans and 12 monkeys have each been exposed
twice to tWO levels of five noises. The noises used are: two octave band

noises centered at 500 Hz and 4 kHz; pink noise; stamping mill noise; and
stall-wrench_ assembly line noise. Statistical analysis of the data is currently
being conducted. Preliminary results indicate that the growth of TTS for ale

exposures is similar for the two species s both showing great variability.
Different growth functions were found for the two factory nolses t which differed
in both frequency and temporal characteristics. The temporal bones of five

unexposed squirrel monkeys have been prepared for histological analysis to allow
u. to develop a new preparation technique for light and transmission electron
miaro,coplc evaluation of squirrel monkey cochleas which eliminates the harsh

decalcification effects normally caused hy removing the temporal bone.

Where Findings Publls.hed: Results are preliminary and have not yet been
published.

,-h
t , Period of Performance: 1979-1982.
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NIOSH (Cont'd)

Investlgator: Donald W. Hielsen, 7036 Education and Research Buildln8,
Otological Research Laboratory, Henry Ford Hospitalt Detroi_t MI

48202 (313/876-i016)_ Donald N. Elllott_ Wayne State Univerai_y,
College of Liberal Arts_ Office of _he Dean_ Detrolt_ MI 48202
(313/577-2809)! Ivan Hunter-Duvar_ Elm Street Wlngl Hospital

for Sick Childrenj 555 Uniueralty Avenuep Toron_o_ Ontarloj
Canada MSGIX8 (416/597-1500 ext. 5485)°

A_en¢_ Contact: Joseph W° Westp NIOSH_ Rockville, MD 20857 (301/443-3122).

Fiacal Year Fundin_ ($I000): 1978 1979 1980 1981
166.5 161

G
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NIOSH (Cont'd)

'_ Title: HEARIN0 CONSERVATION METHODOLOGY

Objective: To develop methodologies for protectln s industrial workers from
hearing loss caused by occupational noise exposure. Nearing conservatlon
programs are the central theme with special emphasis on the use of hearing
protectors on-the-job. Hearing protectors are beln 8 assessed for their on-

the-job effectiveness in reducing noise exposures.

Description: Pilot Studies concerning advanced engineering a,d administrative
noise control techniques, and the development'of instrumentation for fleld
use in evaluating the effectiveness of hearing proteotors in actual industrial
environments, have been accomplished.

Hearing protectors have been assessed for their effectiveness in reducing
occupational noise exposures. Results from tests performed using a standard
method (ANSI S3.19-1974) for determining the attenuation of hearing protectors
under "best-fit" laboratory conditions were initially used to document and

evaluate the noise reduction afforded by earplugs and ear muffs. Subsequently,
a field study was initiated to determine the effectiveness of earplugs as

they are fit and worn in the workplace. The field method of testing developed
to conduct this study utilizes an audinmetric test van which can be located
at the worksite. Testing has been conducted at six industrial plants to study

the performance of three different types Cdesigns) of earplugs, "twln-flanged,"
"V-51R," and "Swedish Wool." Additional testing will be performed on workers
using other types (designs) of earplugs.

'/-- gunnery of Findings: Comparison of preliminary field test atteeuatlon data
to corresponding data establlshed in the laboratory showed that half of the
workers tested in the field were receiving less than one-thlrd of the average

laboratory atte_uatlon value in terms of noise reduction in dBA. This reduced
performance probably was due to the workers using the wrong size earplugs for
their ear canals and/or improperly inserting the earplugs.

Where Plndin_s Published:

I) "Survey of Nearing Conservation Programs in Industry1" NIOSI! No. 75-178.

2) "List of Personal Nearing Protectors and Attenuation Data," NIOSN
No. 76-120.

3) "A Zeal-Ear Method for the Measurement of Noise Attenuation of Insert-

Type Hearing Protectors," NIOSN No. 76-181.

4) "A Field Investigation of Noise Reduction Afforded by Insert-Type
Hearing Protectoret" NIOSN NO. 79-115.

Pmriod of Performance: 1975-1980.

_nvesti_ator_ Barry L. Lempert, NIOSS, Cineinnati_ ON (513/684-8281).

A_enc_ Contacn: Princlpal Znvestlgator.

_'_ Fissal Year Funding ($I000):

19_5 1976 t977 1978 1979 1980
78.2 98.7 24.4 32.9 1.8
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NIOSH (Cant'd)

Title: THE EFFECTS OF 1MPULSE NOISE ON THE AUDITORY SYSTEM

Objgetlve; TO i) establish a scientific basis for an impulse noise damase
risk c_iterlon; and 2) understand the mechanisms of impulse nolse-induced
hearin 8 loss and delineate the differences between impulse and continuous
nolse-induced loss.

Description: To these ends we have developed an animal model of nolse-lnduced
hearing loss and are systematically studying the contribution of the various
parameters of impulse noise to the production of hearing loss, i.e., peak
pressure, duratlon_ number_ etc. Progress toward the second objective
(underlying mechanisms) involves anatomicalt hlstochemical, and physiological
analysis of cochleas damased by impulse noise.

Summar_ of Findings: Work on Asymptotlc Threshold Shlf=s (ATE) from impulse
noise sources have shown that an ATS state is reached faster_ that the level
of ATE as a function of stimulus level grows faster, and that the amount of
cochlear damage for equal amounts of ATE is greater for impulse noise than

for continuous noise. Research has also been conducted on extending the
"Equal Energy Hypothesis" to impulse noise_ and on the correlations between

behavioral, physiological _ and anatomical changes in the cochlea and VIII _nerveQ

Where Findings Published:

I) Henderson, D., Hamernlk_ R.P._ "Long-Te_m Impulse Noise Studies in

the Chlnchilla." International Scientific Noise Teams Symposium
on Noise as a Pu51ic Health Problem (II_), Freibers, Germany,
September 1978.

2) Blakeslse_ E.A.p Hynson, K._ Hamernlk_ R.P., Henderson, D.,

Asymptotic Threshold Shift in Chinchillas Exposed to Impulse Noise."
J. Acoust. Sac. of Amer.j 63(3), 1978.

PeTiod of Pe_fomnanee: 1976-1980.

Investigator: D. Henderson, E.A. Blakealee_ R.D. Hamernik, and R.J. Salvl;
State University of New York, Syracuset NY (315/473-5573)o

Agency Contact: Barry Lempert, NIOSH, Cincinnatit OH (513/684-8281).

Fiscal Year Funding ($1000): 1.978 1979 1980 1981
91.8 91.1 80.8

A-168



/_ ;: i ¸ '

NIOSH (Cont'd)

Title: STUDY OF NOISE/HEARING IN THE PAPERWORKING INDUSTRY

Ob_activ£: To fill research gaps rela_ing to non-steady noise identified in
the NIOSH Criteria Document on Noise and the OS|{Arecommended standard for
noise.

Description: This study was initiated in late 1973 following a request of
the United Paperworkers International Union. The data collection phase has

been completed in five different paper plants in the Greater Cincinnati area.
The study involved hearing tests and intermittent noise exposure measurements
on approximately 2_O00 paperworkers. Hearln 8 tests were given in the NIOSH

mobile hearing laboratory. The intermittent noise measuremenEs were obtained
with the NIOSH developed chronodoslmeter system.

The final year of the project (FY80) will be concerned with the analysis
of the hearing data and the correlation between _ime at a certain job and

the amount of hearing loss observed. These analyses can then be compared to
previous data showlns the amount of hearing loss associated with exposure to
a steady-state noise source.

Summary of Findln_s: To date, only the results of the factory noise measure-
_'_ meets have been analyzed. Zt was found that the equivalent eight hour levels
.... (based on the OSHA formula) ranged from 81 to 94 dBA for the various job

processes surveyed. The noise exposure to the worker appears to be intermittent;

however_ no consistent patterns of intermlttency for the same job from day to
day could be uncovered.

Where Findln_s Publlshedl Not yet published.

Period of Performance: 1975-1980.

_nvesti_ator: N. Tubbe, NIOSH_ Cinalnnsti, OH (513/684-8281). .

A_ency Contact: Principal Inves_igator.

Fiscal Year Fundin_ ($1000):

1975 1976 Ig77 1978 1979 igSO
41.1 37.0 63.1 64.4 83.7 57.2
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NIGSH (Cont'd)

Title: NOISE/CHEMICAL AGENTS EFFECTS ON HEARING

Objective: To explore possible interactive effects of lead and noise on

hearing. Background literature suggests that lead may be ototoxle.

Description: This project seeks verification of these findings and_ in addition_
will ascertain whether combination lead/nolse exposures will cause additive
or synergistic effects on hearing. Aspirin, a known ototoxlc agent s will

also be evaluated for its ototoxieity in this effort both slngly and in com-
bination with noise.

Overall_ the proposed experiment will test laboratory animals under sepa-

rate and combination treatment conditions involving lead_ noise and aspirin.
Answers to the following questions will be sought:

I) Do elevations in hearing threshold levels occur as a function of
increased lead intake?

2) Does lead in combination with noise produce greater hearing losses
than that found for either agent when presented by itself?

3) Does noise in combination with aspirin evoke greater hearing loss
in comparison to separate administration of these two agents?

4) If demonstratedt what are the mechanisms underlylng the nolse-lead
and/or nolse-aspirln interactions as described in 2 and 3 above?

Period of Performance: 1980-1982.

_nvesti_ator: To he determined.

A_enoy Contact: R. Tuhbs, NIOSH, Cinclnnati_ OH (513/684-8281).

Fiscal Year Fundln_ ($I000): 1979 1980 1981 1982 1983
149 150 101
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NIOSH (Cont'd)

Title: DAMAGE RISK CRITERIA FOR INTERMITTENT NOISE EXPOSURE

f'_, Obiective: To determine the relations between noise intensity and pattern
of intermittence that will just keep temporary threshold shift (TTS) at tolerable
levels, in order to establish valid exposure limits for industrial noises
that are not steady.

Description: Normal young adults were exposed to both broad-band and narrow-
band noises whose pattern of occurrence was varied over a large range of burst
durations, on-off ratios, and regularity. The intensity of the noise was

gradually increased in successive test sessions until the TTS2 (TTS 2 mln

after exposure) reached some safe criterion value. Attempts are now being
made to dete_ine the empirical laws that determine the growth Of TTS with

time, spectrump level, burst duration and on-off ratio, in order to specify
as succinctly as possible the limits of exposure that will lead to insignifi-
cant hearing losses.

Summary of Findings: A monograph covering the entire research program is
still being written. However, the chief practical conclusion is that the
present trading relation between time and intensity used by federal regulations
applicable to industrial noise_ namely, an increase of 5 dR being pe_itted

if the exposure time is cut by half, is basically correct when the reduction
in exposure time is by means of intermittence. For noise bands below 2000 HZ_

an even greater departure from the total-energy assumption (which implies a
3 dE per halving correction) would be appropriate. In the course of the

studies, other conclusions have also been reached. Intermlttent exposures,
llke steady exposures, develop asymptotic values of TTS in about 8 hours,

and further exposure (at these moderate levels) produces no additional effect,
,,'_'_ even on time until full recovery_ at least for exposures up to 24 hours in

duration. In a noise whose level fluctuates over a wide ranger the TTS will

he proportional to the average SPL of the noise, not the equivalent (in energy)

SPL. The TTS is dependent on the average burst duration and duty cycle of
the exposure pa_tern, whether these are regular or irregular. The TTSa produced
by pure tones, narrow bands of noise, and octave bands of noise are

indistinguishable. Alcohol ingestion does not affect TTS. Effective qulet--
the hlghest SPL that will neither produce a TTS that increases with time nor
retard recovery from an existing TTS--Is between 70 and 76 dBA, depending on
the specific spectrum of the noise.

Where Findln_s Published:

i) Ward, W.D., "The Hazard of Exposures to Intermittent Noise."
Proceedinss of the Eleventh World Congress on O_orhlnolaryngolmgy t
Buenos Aires_ March 1977.

2) Ward_ W.D., "TTS from Time-Varylng Noise: A Function of Average

Level, Not Equivalent Level." Proceedings of the Ninth International
Consress on Acous=ics_ Madrld_ 1977.

Period of Performance: 1971-I980.

Investigator: W. Dixon Ward_ University of Minnesota, HN (612/373-4565).

A_enc 7 Contact: R. Tubbs, NIOSIi, Cincinnati, OH (513/684-8281).

Fiscal Year Pundln_ ($1O0O):

1975 1976 1977 1978 1979 1980 1981
47 41 18.7
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Title| PREVALENCE 0P MIDDLE-EAR DISORDERS IN COAL MINERS

Objective: To determine whether coal miners have a higher incidence of middle
ear problems.

Description: In this investigation_ audiologie tests and middle ear and ear
canal physical e_aminations were performed on a sample of 350 underground
coal miners and 150 noise-exposed workers from other industries (controls),
This study is based upon a previous study that surveyed the hearing levels
of underground coal miners (NIOSH Publication No. 76-172_ "Survey of Hearing

Loss in the Coal Mining Industry").

Su_nayy of Findings: The results iodicated that there are no differences
between these groups in terms of the incidence of middle ear or ear canal

physical findings or in conductive hearing problems. The principal anomalies
found in these groups preceded their work experience. It is not possible to

relate these findings to the general population since so little is known about
the overall incidence and prevalence of middle ear disorders and conductive

hearing loss,

Whgre,,Findin_s Published: Not published.

Period of Performance: 1977-1979.

Investigator; Norms Hopkinson_ University of Pittsburght PA,

A_enc_ Contact: Barry Lempert, NIOSHt Cin¢innatit OH (513/684-8281).

Fiscal Year Pundin_ ($1000): 1977 1978 1979 1980
50 2.5
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Title: A SYMPOSIUM: THE EFFECTS OF NOISE ON HEARING

Objective: To conduct a symposium that examined the various effects of noise
on hearing.

Description: In the summer of 1975 a conference on "The Effects of Noise on
Hearing: Critical Issues," was held in Syracuse, New York. The conference was
attended by over 150 scientists, clinicians and government officials who are
involved with problems of noise and its effect on hearing. The direct product
of the conference was a book summarizing the results of the symposium

proceedings, This volume now serves as a valuable reference text for scientists
and government official dealing with noise problems. Since the original
sympoeiumt there have been a number of relevant research findings that have
important implications for audiological diagnoses and ultimately noise
standards. Furthermore, progress has been made on demographics of industrial

noise-induced permanent threshold shift (NIPTS), especially in several European
countries. In light of these flndlngs s the authors will conduct a three-day
symposium to provide a forum for discussing new basic science and demographic
data which are specifically germane to the issue of noise s_andarde and hearing

hazards. Special emphasis is to be given to impulse noise. The proceedings

of this conference, containing approximately 25 summary papers arranged in
five chapters, will be published and made widely ava_lable through a commercial

publishing firm (Raven Press).

Perlod of Performance_ 1979-1980.

Investigator: D. Henderson, R.P. Hsmernik, R.J. Salvl (authors), State

University of New York_ Syracuse, NY (913/473-5573).

Agency Contact_ Joseph West_ NIOSH, Roekville, MD (301/443-3122).

F_scal Year Fundln_ ($1000): 1978 1979 1980 1981
3B.3
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Title: IMPAOT/IMPULSIVE NOISE DATA BASE

Oh2ect%ye. This project is deslgned to develop a data base from which an
occupational noise standard on exposure to impact/impulse noise can be
generated.

: A literature search and on-slte inspections of industries where
Ise noise is present have been performed. Existing audlometrlc,

laboratory, environmental measurement techniques and instrumentation will be
critically examined to their usefulness relative to impact/impulse noise. If
necessary, modifications and/or new techniques will he developed in the labora-
tory for use during occupational field scudles. Field studies will include

epidemlological, audiometric, and environmental measures• Laboratory animal
research will be used to further assess the relative hazards of a wide variety

of occupational impactimpulse noise exposure• The use of an animal data base
is essential since occupational exposures to impulsive noise are too variable

to permit adequate determination of risk criteria for epldemlologlcal data.
Laboratory work using human subjects has been limited to temporary effects

studies for which no relationship has been estahllshed to predict chronic
effects.

Su_aryof FindinEs_ The results of the literature search and site visits _'_,

indicate that some 2.7 million workers in the United States are exposed to
occupational impact/impulse noise. In conjunction with The Ohio State
University, laboratory animals have been exposed to tape recordings of indue-

trial noise to provide baseline indices of damage to the auditory system•

_here Flndln_s Published:

Pouloa, A.O., Wassermant D.E.s and Doyle, T.E., "Occupational Impact/
Impulse Noise--An Overview," Bound and Vibration, 14(i):8-12, 1980.

Period of Performance: 1976-1980.

Investigator: Barry L. Lempert, NIOSH, Cincinnati, OH (513/684-8281)•

A_enc_ Contact: Principal Investigator.

Fiscal year FundinR.($1OOO)¢ 1977 1978 1979 1980
149.9 139,8 153.9
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NOISE CONCOMITANT WITH VIBRATION

Title: EFFECTS OF SEGMENTAL VIBRATION AND NOISE ON MINERs

Ob_ectlve| To develop permissible exposure limits to vibration impinging on
the hands from the use of vibrating hand tools. NIOSH estimates that there

are some 1.2 million workers in United States industries exposed to segmental
vibration of which 40,000 are estimated to be exposed in mines.

Description: An extensive field study will be conducted on vlbratlon and
noise-exposed hard-rock miners to determine both the incidence and prevalence
of Vibration White Finger Disease (Raynaud's Phenomenon) and the amount of

heerln N loss in the miners. The pneumatic hand tools yield vibration to the
hands as well as an intermittent noise source to the ears, These noise data

from mlners will be added to the developing NZOSH data base on the amount
of hearing loss associated with intermittent noise exposures. Alsot any
interrelatlonsblp between tool noise and vibration will be exsmlnsd, Workers'
exposure levels to vibration and intermittent noise will be measured to obtain
data to support recommendations for control of vibration and intermittent
noise levels.

/_'_ Period of Performance: 1980-1982.

Investigator: Donald E. Wasserman_ NZOSH_ Cincinnati, OH.

A_ency Contact: R. Tubbs_ NIOSH I Cinclnnati_ ON (513/684-8281).

Fiscal Year F=ndln_ ($1000): 1979 1980 1981 1982 1983
303.9 214.4 131.7
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DEPARTMENT OF HEATH AND HUMANSERVICES

NATIONAL HEABT, LUNG_ AND BLOOD INSTITUTE

NONAUDZTORY pHYSIOLOGIC RESPONSE

Ti!le: ORIENTING RESPONSE DEFICITS IN ADOLESCENTS WITH ELEVATED BLOOD PRESSURE

Ob_ectlve: To l) study the role psychological stress plays in the etiology
of essential hypertension in adolescents t and 2) investigate whether adoles-

cents with elevated blood pressure differed from adolescents with average
pressures In their response to stimuli designed to elicit orienting responses.

Description: A series of psychophysiological studies were conducted with a
group of 167 eighth-graders whose systolic or diastolic blood pressures fell

above the 95th percentile. Each subject was matched on the basis of age,
race, sex and ponderal index (height/cube root of weight) to a no_motenslve
control. Four intensity levels of s 600 Hz auditory tone (20, 40, 70 and
80 dB SPL) were presented to subjects as well as two levels of white noise
(one-second bursts of 90 dB SPL and 50 dg SPL noise).

Summary of Fin dln_s: In the series of studies conductedj adolescents with
elevated blood pressures showed larger magnitude and more stereotyplc autonomic
responses to psychological stimuli. Results of these and previously reported

experiments have indicated that adolescents with elevated blood pressure
respond with cardiovascular over_-actlvlty to both passive and active coping

.tasks and no not make fine cardiac discriminations to orienting stimuli. The
results are consistent with previous reports of an association between elevated
blood pressure and diminished baroreflexes. The authors sugggest that cardio-

vascular overreactlvity to psychological stimuli may predict a propensity to
develop essential hypertension.

Where Findings Published:

Texas Psychologist, (in press),

Perio,d of Performance| 1977-1980.

Imvesti_ator: Kenneth P. Prlce_ University of Texas Health Science Center_
Dallas, TX 75235 (214/387-4222).

Agency Contact: Thomas Blsszkowski_ National Heart_ Lungt and Blood _nstltute,
National InstituteB of Health, Bethesdat MD (301/496-1841).

Fiscal Year Fundin_ ($1OOO)| 1977 1978 1979 1980
51.4 41.1
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

NATIONAL INSTITUTE OF CHILD HEALTH AND HUMAN DEVELOPMENT

NONAUDITORY PHYSIOLOGIC RESPONSE

Title: ENVIRONMENTAL NOISE AND PHYSICAL GROWTH OF CHILDREN

Objective: To determine if exposure to relatively high noise levels produced
by nearby jetplane traffic has, in children, a detrimental effect on their
physical growth. Here, physical growth is a measure off child health in the

community. Children may be affected since they are likely to have spent a
large portion of their lives in the noisy environment and during that periodp

they are susceptible to many environmental influences.

Descrlptlon: Growth data are obtained through anthropometrlc examinations
on approximately 300-500 subjects (age 5 through 12 years) from co_unltles
near an international airport where noise levels have been measured and are
known to be high. Data on factors which may also affect growth (e.g., birth
order, family slze, family income, etc.) were obtained from personal interviews

with the children's families. The co,muoity has been divided into zones of
noise exposure based on measurements of noise levels in the community and
the analysis will compare physical growth in these zones to each other and

to a similar but more remote community. The influence of socioeconomic status
as a growth-affect_nH variable will be considered and, if neceseary_ controlled
statistically through an analysis of covarlance, or through a matched pair
study design.

Summary of Findln_s: Collection of baseline data through parental interviews
and anthropometric examinations of study subjects has begun with no findings
to date,

Where Findings Published:

|) "Environmental Noise and Human Prenatal Growth," (under editorial

review) Amer. J. Physical Anthro.

2) "Environmental Noise and Other Factors in Birth Weight," abstractj

Amer. 3. Physical Anthro., 50:479, 1979.

3) "Environmental Noise and Other Factors in Human Post Natal Growth,"

abetrsct_ Amer. I. Physical Anthro._ 52:277, 1980.

Period of Performance: 1977-1979.

Investigator: F.E. Johnson and L.M. Schell, University of Pennsylvanlal
Phlladelphiap PA (518/457-8404).

A_ency Contact: Gilman D. Gravel NICHD/CRMC (301/496-5755).

- Fiscal Year Fundln_ C$1OO0)| 1978 1979 1980 1981
38.7 19.7
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH SCIENCES

NONAUDITORY PHYSICOLOGIC RESPONSE

Title: NOISE EXPOSURE AND CARDIOVASCULAR FUNCTION*

Objective: To determine whether realistic patterns of long-term noise
exposure influence cardiovascular regulations.

Description: In order to maximize the utillty of the results for predicting
human reactions, the following methodological design has been employed:

a) Use of a primate model;
b) Careful control and specification of the stimulus: 24 hour

noise exposure sequence consisting of representative

[ransportationp household and industrial noises (Leq24 = 86 dB);
c) Exclusion or control of potentially confounding variables;
d) Computer-based sampling of cardiovascular responses; heart rate

._ and blood pressure sampled on a minute by minute basis;
e) A protracted exposure period.

The study will be expanded in FY 81 to increase the number of animals
and to begin to examine in detail the cardlovascular and biochemical
changes related to the observed blond pressure elevation.

Summary of Findin_e: Results from the first four animals indicate
that daily exposure over nine months to everyday and industrial noise
episodes_ produced in the two experimental animals sustained elevations
in blood pressure but not in heart rate to return to control or pro-

exposure levels was observed during a 3U-day post-exposure period.
An important facet of these findings is that the cardiovascular changes
were produced in the absence of measurable hearing loss.

Where Findln_s Published:

i) Peterson_ E.A._ Tanis s D.C. t Augenstelnt J.S., Selfer_ R.A.
and Bromley H.R., "Noise and Cardiovascular Function in Rhesus

Monkeys: II," In: Third International Congress on Noise

as a Public Health Problem. Ed. J.V, Tobias Iet a_l., ASHA
Monographs,

* Proje'_'c-_"_alsollsted under Environmental Protection Agency_ p. A-123.

I
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2) Peterson_ E.A.t *'Noise and Laboratory Anlmals_" In: Deflnin$

Laboratory Animal and Its Environment: Settln 8 the Parameters.
Ed. E.C. Helby Jr._ Laboratory Animal Science (In Press).

3) Feterson t E.A.; Augenstelnp J.S.; Tanls, D.C.; and Augensteinl

D.G., "Noise Raises Blood Pressure without Impairing Auditory
Sensitivity_" Science, (in press).

Period oE Performance| 1978-1983.

Investigator: E.A. Peterson, University of Miami School of Medicine,
Miami, Florida (305/547-6413).

Agency Contact_ T. Konlshi, NIRHS_ (919/541-3247).

Fiscal Year Fundin_ ($1000)*: 1977 1978 1979 1980 1981
52 35 99 136 175 (RPA)
30 39 39 (NZERS)

* Jointly funded study from 1977-79. _e_'_

b
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Title: STUDIES OF NONAUDITORY EFFECTS OF NOISE (TERATOGENIC, HORHONAL)
IN RODENTS

Ohjeetlve: TO l) identify the organs or systems affected; 2) determine the
levels and acoustic spectra at which effects begin to occur in various
species; and 3) the mechanisims through which the effects occur.

Description: Pregnant mice were exposed to noise systematically varied
in level_ temporal, and frequency content, covering both the human and

more extended rodent audibility range. Catecholamine and corticosterone
plasma levels were measured in some groups of mothers and all young were
checked for structrual and visceral alterations.

Sur_,ary of Findings: Teratogenic and reproductive effect of noise:
Significantly (p = less than 0.05) decreased pregnancy rates were noted

in all groups exposed to noise except in the group exposed to the very
high frequency noise from days 6-15 of gestation. Significantly decreased

maternal weight gain occurred in the group exposed to high intensity
startling sounds, from days l-6 of gestation. Significazlt embryolethal
effects occurred in the group exposed to the extremely high intensity
jet noise paradigm, from days I-6 of gestation_ and significant fetolethal

effects occurred in the group exposed to the very high frequency noise
paradigm from days 6-15 of gestation. No significant noise-related changes
were noted in the incidence structural alterations or in the concentration

.___ of plasma corticosterone. Catecholamine level measures, being accomplishedunder contract_ are not complete.

Where Findinss Published:

l) Kim_*elp C.A., Cook, R.O., and Staplesp R.E., "Teratogenic Po=entlal
of Noise in Mice and Rats." Toxlcolosy and Applied Pharmscolosy ,
36:239-245, 1976.

2) Nawrot, F.S.j Cock, R.O., and Staples, R.E. I "Embroyo and Fetotoxicity
of Various Noise S_imuli in the Mouse." Teratolo_, (In Press).

3) Nawrot, p., Cook, R.O., Hamm, C.W,. and Staples, R•E.j "Effects

of Continuous Random Onset and High Frequency Noise on Embryo Development
is Mice." d. Acous. Soc. Amer. 64(i), 1978.

Period of Performance: 1976-Present.

Investigator: R•O. Cook, P. Nawrot, T. Konishi, NIEES, Research Triangle
Park, NC. (919/541-3247).

A_enc_ Contact: R.O. Cookj NIEES_ (919/541-3247).

Fiscal Fear Funding (SIC00): 1976 1977 1978 L979 1980
5 5 15 I0 3
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N01SE-INDUCED HEARING LOSS AND HEARING CONSERVATION

Till%: PMYSIOLOGICAL CONSEQUENCES OF NOISE EXPOSURE IN YOUNG
ANIMALS

Ob3ective To ascertain the developmental consequences of early noise
exposure in animal subjects. A number of investigations clearly indicate
that the cochleas of young animals (mice, hamsters I rats, guinea pigs,

and kittens) are more susceptible to damage from noise exposure than

those of adults. More work, however, is needed to identify the peripheral
or central consequences of this early noise exposure and its long-term
effects.

Descrlption_ Mice subjects are exposed to one-octave band noise (8-
16 kNg, ll0 dB BPL, 90 seconds) at various test ages from 14 days through

65 days. Five days post-exposure, evoked actlvlty from the cochlear
nucleus is evaluated. Threshold levels of evoked activity are measured
as are evoked response tuning curves using a simultaneous masking procedure.
Thus, the effects of noise exposure on threshold sensitivity and frequency

selectivity is evaluated. The histopathology of the organ of Corti
due to noise exposure is further evaluated using the surface preparation

technique or scanning electron microscopy. _,,,,_,

Summary of Findings: Although the project is still in progress, some
preliminary results are reported in the publications listed below.

Where FindingsPublishedz

1) Saunders, J.C., and Beck, G.R., "Influences of Early Auditory
Trauma on Auditory Development," Stud lee on the Development
of Behavior and the Nervous System, Vol 4: Early Influences,
G. Gottlleb (ed.), New York: Academic Press, 1978, pp. 249-287.

2) Saueders, J.C., and Restlfo, L.L., "Changes in Auditory Threshold
Sensitivity and Frequency Selectivity After Noise Exposure
in Neonatal C57BL/SJ Mice," Soc. and Neurosci. Abstr., Vol.

5, 1979, p. 98.

3) Saunders, J.C., Dolgln, K., and Lowry, L.D.p "The Maturation

of Frequency Selectivity in C57NL/6J Mice Studied with Auditory
Evoked Responses Tuning Curves," Brain Res., 1980, (In Press).

Period of Performance: 1978-1980.

Investisator: James C* Saunders, University of Pennsylvania
School of Medicine, Philadelphia, PA.

Agency Contact: Edward Gardner, Scientifle Program Branch, NIEHS (919/755-9021)

Fiscal Year Fundln R (_1000): 1977 1978 1979 1980 "'_'_'_!
I0 . lO IS
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Title: COMBINED IMPULSE AND CONTINUOUS NOISE: AUDITORY EFFECT

Objective: To understand the conditions leading to, and the mechanslsms

underlylngj the synergistic interaction of ototraumatlc agents. The results
will also provide insights into the establishment of sclentlflcally-based
noise standards. There were six specific experimental objectives that were

pursued from March 1977 to the present time: (I) An evaluation of the acoustic

parameters of the impulse and continuous noise exposures that are required
for synergistic interactions; (2) explore the feasibility of initlatins
long-term impulse noise exposures (either 8 hours/day for five days or 24
hours/day for I0 days); (3) indirectly probe the mechanism of the holes-noise
interactions by studying the temporal properties of the two noises that control

the effect; (4) probe the mechanisms of the interaction by an evaluation of
the ultrastructural or histochemlcal changes in cochleas that were injured by
noise exposures_ (5) study the effects of combination exposures on the vestibu-
lar system; and (6) observe the acoustic reflex activity during combination
exposures.

Description: The interactions between continuous and impulse noise and vlbratlon
and impulse noise will he studied using an experimental animal model (chinchilla).

_-_ The rationale for these studies is that noise rarely exists as a sole hazard
to hearing in many industrial and military work environments. Specific studies
will include: (I) Long-term combination noise exposures leading to a state
of asymptotic threshold shift (ATS). The intensity and spectrum of both the

impulse and background noise will be varied to provide a perspective on the
noise parameters essential for the "interaction effect." (2) Using an ATS
exposure paradigm, the influence of acceleration on the interaction of noise

;. and vibration will be studied. (3) Psychophysical tuning curves will be used

to study changes in frequency selectivity resulting from some of the complex
patterns of damage induced by the noise exposures. The final format of the

data will include a comprehensive description of the noise exposure, a profile
of the animal's hearing capability before and after the treatment and a

detailed quantitative morphological analysis of the cochlea.

Summary of Findinss: The findings, as well as the objectives and descriptions,
of the subprojects are presented in the following _ive abbreviated abstracts.

Where Findings Published:

I) Hamernlk, R.P.# Henderson, D., Crossley, J.J., Salvl, R.J.,
"Interaction of Continuous and Impulse Noise: Audlometrle and
Histological Effects," J. Acoust. Soc. Amer., 55:117, 1974.

2) Henderson_ D., Namereik, R.F., Crossley, J.J., "New Data for Noise
Standards," Laryngoscope, 84(5):714, 1974.

3) Hamernikt R.P._ genderson_ D._ "The Uncertalnti_s of Present Noise

:_ Damage Risk Crlteria_" National Noise Exposition, Chicagop IL, 1974;
_" also Contributions of Animal Research to Noise Standards, Sound &

Vibration, September 1975.
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4) Hamernik, R.P., Henderson_ D._ "The Potentiation of Noise by Other
Ototraumatlc Agentsp" Proe. Internat. Noise Sy_posium_ The Effects of

Noise on Hearin_z Critical Issues," Henderson, D., Hamernik, _.P.,
Mills, J.H._ Doeanjh, D.S., gds., Raven Press, New York, 1976.

5) Woodford, ¢.W., Henderson, D., Hamernlk, R.P., "The Effects of
Combinations of Sodium Sallcylate and Noise on the Auditory Thresholds

of the Chlnchilla," Ann. Otol._ Rhin._ Lar_n_ol.p 87:117, 1978.

6) Hamernik, R.P., Henderson, O., Hynson, K., "Impulse Noise and
Synergistic Effects Aggravate Hearing Loss," Occupational Health and

Safe,2 , JanuaryFebruary 1978.

7) Henderson, D._ Hamernik, R.P._ "Long Term Impulse Noise Studies in
the Chinchilla," International Scientific Noise Teams - Symposium
on Noise as e Public Health Problem (III) Prelberg, W. Germany_

September 1978, ASHA monographs.

Period of Performance: 1974-1980.

Investi_ator_ R.P. Hamernik, S_ate University of New Yorks Syracuse_ NY _
(315/684-8291).

Agency Contaet_ Edward Gardner, Scientific Programs Branch, NIGHS
(919/755-9021).

Fiscal Year Fundin a ($1000):*

1974 1975 1976 1977 1978 1979 1980

35 35 35 35 35 35 35 (approx.)

*-Funding fisures are for all subprojects combined,
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The following are subprcjects under the overall program "Combined Impulse and
i Continuous Noise: Auditory Effect."

Title: ACOUSTIC PARAMETERS AFFECTING THE INTERACTION OF IMPULSE AND CONTINUOUS
NOISE

Objective: To study the intensity limits of the interaction of impul_e and
continuous noise.

Dgscriptlon: The relationships between the intensity of the impulse and tile
interaction effect was studied. In this experlment_ a 2-4 kHz background noise

was maintained at 95 dg SPL and a 40 mlcrosec A-duratlon impulse was varied
from 158t 147, 142 =o 137 dB peak SPL. In the last two and one half years,
the converse of the preceding study was finished, i.e., the impulse was
maintained at a constant 158 dB and the level of the 2-4 kHa noise band was

varied from 95, 92, 89 to 83 dB $PL.

Summary of Findln_s= The principle finding was that the interaction effect

requires an intensity of 147-142 dB for the 40 mlcrosec impulse. At the lower
impulse intensitlesy the interaction effect could be seen in the TTS measures,
but since all the animals recovered to pre-exposure threshold levels, the

/_'_ interaction effect was lost in the PTS measure. However, the TTS effect may
have implications for exposures which last for more than i hour. The results

are not clear cut as in the manipulation of impulse level. There is a systema-
tic reduction of TTSp PTS and hair cell loss as the background level is reduced
from 95 to 89 dB! however, three o£ the five animals exposed to the 158 dB
impulse in combination with 83 dB background noise developed somewhat greater
TTS and PTS than those exposed to the higher intensities. In order to deter-

mine if this is a real effect of simple variability, additional anlmals will
be exposed. In summary, the titration of noise levels showed that the interaction
phenomena was a persistent effect and that the severity of the interaction

_ecreased as intensity levels of both noises were reduced.

Title: SPECTRAL CONSIDERATIONS IN NOISE-NOISE INTERACTIONS

Objective: To indirectly probe the mechanisms of nolse-noise interactions.

Descriptlon: In the original noise combination experiment (Hnmernlk, etal.,
1974)_ the spectrum af the background noise and the impulse essentially
overlapped. In this case, the spectral loading of both the background and

impulse noise was varied in order to determine the spectral limits of the
interaction phenomenon. Impulse durations of either 30, 40 or 60 miarosea
A-duration were used and the continuous noise was either a 2-4 kHe or 0.35-0.7
kHz band of noise.

Su_ar_ of Findin_e'_ The tentative conclusion is that the largest interaccion
_-_ occurs when the spectrum of the two noises overlap in the frequency domain.
._ However_ even with mismatched spectra (e.g., 40 microsoc A-duration wave and

an octave hand of continuous noise cantered at .5 kHz)there still is an

interaction effeot_ but not as dramatic as when the two noises have the same

frequency range.
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Title_ LONG-TEFJ! NOISE EXPOSURES

Qbjpctive: To explore the feasibility of experimentally inltlating long-term
impulse noise exposures.

Descriptlon_ To test the feasibility of this approach_ a group of five chin-
chillas have been exposed to a I13 dg reverberant impulse (200 msec, B-duratlon)
presented at a rate of I/see for I0 days; a second group received the same
exposure_ but on a "work week" schedule, i.e., 8 hours/day for five days.

Summary of Findings: These experiments are important because they demonstrate
(I) that exposure to impulse noise could produce a state of asymptotic threshold
shift with an attendant reduction in varlability_ and (2) that the level of
ATS wee essentially the same for the 10-day group and the "work week" group

hut the animals for the _0-day exposure group were left with more PTS and
larger hair cell losses. Perhaps even more importantly_ it has been shown _hat
the time to reach ATS from impulse noise is about I hour while from continuous

noise it is about 8-24 hours. This result has important practical implications
and nay be used to further explain the variability seen in the l-hour experiments.

Eventually, these two groups will serve as a basis 'for comparison of future

combination exposures, e_ _

Ti_le_ NOISE AND VIBRATION

Objectlve| To study the interaction of impulse noise and vibration.

Description_ Two experiments have been completed. The first study showed
that I g vibration at 30 Hz measured at the chinchilla's head during exposure
to 50 impulses at 158 dg (40 microsecond A-duration) significantly increased
the damage to the cochlea and the size of the permanent threshold shift com-
pared to the effects of the noise and vibration alone. T_e enhancement of the

effects of the impulse noise by the vibration was very dramatic. A second

study has been completed which incorporated an ATS paradigm and which was more
realistic in terms of the levels of noise and vibration used. Three groups of
animals (5/group) were exposed to the following_ (I) i13 dg impulse noise
I/see for 19 days. The impulse has a broad spectrum with a peak at approxi-

mately 0.8 RHz. (2) Vibration of I g rms at the cage (0.3 - 0.4 g rms at the
animal's head) at 30 Ha for I0 days, and (3) the combination of the above.

Summary of Findin_s_ An increased bearing loss of both ATS and PTS is effected
by the addition of vibration. What makes the two noise and vibration experi-
ments particularly interesting is the fact that the vibration alone does not

seen to here a measurable effect on hearing thresholds, These experiments
show that a low-frequency sensitivity of the ear may manliest itself in
something other than threshold measures, Furthermore_ the emphasis placed
upon the A-welghting manipulations for evaluating noise impulses may lead to

an underestimate of the etotraunaCic power of low-frequency energy. ,_
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Title: TEMPORAL CONSTRAINTS OF THE INTERACTION

Objective; To examine the temporal constraints of continuous/impulse noise
interaction.

Descriptiont Early combination experiments showed that the potentiating effects
of the continuousimpulse noise combinations could be eliminated by interruptlng

the background noise for approximately 2 seconds and presenting the impulse
durlnE the quiet period. A precise knowledge of the minimum window necessary
to eliminate the interaction could give some clues to the mechanism necessary
for the interaction. To dater 12 chinchilla have been exposed to impulses

which are embedded within a silent window (i00 msec_ 500 mseo and 2000 msec)
in an otherwise continuous noise.

Summary of Findings: An interaction effect appears to persist out to a
100 msec silent window, although the magnitude of the effect is reduced. At
the 2-second condition, however t the animals generally recover to pro-exposure

conditions. These results may be revealing for understandlnE the mechanisms
of noise interaction. The lack of an effect with 2-second Saps susgests that
the background noise may induce a condition of vulnerability in the cochlea

that is exploited by the impulse_ but the condition is very labile and dissipates

quickly with a time constant between I00 and 500 ms.
_J

I
I S _,

!
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Title: AUDITORY EFFECTS.OF EXPOSURE TOLOW LEVELS OF NOISE

: To determine qualitative and quantitative factors of nolse-induced
oSS (NIHL)_ and to determine and assess the audiometric correlates

of NIHL.

Description: Human subjects are placed in a diffuse sound field for

durations ranging from a few hours to a few days. Measurements of
hearing are made before, during and following a noise exposure. These

measurements include auditory sensltlvity I temporal integrations, simultaneous
masking, and forward masking with and without suppressor tones. Physiological
measurements are made as well with focus on NI and Wave V. The masking

and physiological measurements are made usins a "tuning-curve" paradigm,

Sutnmar_ of. Findings: Several qualitative and quantitative factors
of NIHL have been documented_ and attempts to model NIHL are in progress.
For steady-state expsoure, growth and decay of TTS is exponential in

form, and TTS after 8 hours or so of exposure increases about 1.7 dB/dB
increase in noise level above a critical leveE. Critical levels are

frequency and species dependent. For non-steady-state exposures, the
trade off between time and intensity is complicated and ranges from
0-8 dE depending upon a number of factors. Studies of audiometrlc
correlates are in progress. The monk striking results to date are

large changes in behavioral psychophysical tuning curves and in suppression
areas even when the noise exposure has produced minimal or not measurable
changes in auditory sensitivity. While experiments with N1 and Wave

V are in progress, Nl appears to be especially sensitive to noise.
Correspondence between behavioral data and physiological data in some
cases is minimal end in others it is excellent.

Performaace_ 1979-1982.

Investigator: J._. Mills, Medical University of South Carolina,
Cherles_onp SC (803/792-3531).

Agenc_ Contact_ E. Gardner, Scientific Programs Branch, NIEHS, (919/755-9021).

Fiscal Year Fundi_ ($i000): 1978 1979 1980 1981
72 76
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I Title| THE EFFECTS OF NOISE AND DRUGS ON TEE ELECTROCHEMISTRY OF THE
COCHLEA

Objective: To find physlolosical correlates to account for the loss
of cochlear sensitivity during the initial stages of noise overexposure.

Description: Tee endoeochlear potentlall the tone-lnduced cochlear
responses and the activity of K+ in the endelymph of anesthetized guinea

/ pigs was monitored with liquid membrane K sensitive electrodes. The
endocochlear poten=ial was recorded from the ionlnsensltive barrel

i of the electrodes. Changes in K+ concentration, endocoehlear potential
; and tone-lnduced potentials were studied durln8 repeated 20 min exposures

to noise at intensities from 95 to 125 dBA.

Summary pf Findln_s: When overetlmulated with broad band noise at
I15 dEA, cochlear microphonlcs and action potentials were suppressed,
while endoeoehlear potential and K+ concentration in the endolymph

were slightly increased. With 125 dB noise K* concentration and the
endocochlear potential decreased after repeated 20 mln exposure.

• I'_ Where Findings Published:

Saltp A,N, and Konishlj T. "Effects of Noise in Cochlear Potentials

and Endolymph Potassium Concentration Recorded with Potassium

Selective Electrodes." J. Hearln_ Res. (i)|343-363, 1979.

Per£od of Performance: 1977-present.

Investigators: T. Konishl, A.N. Salt, and E. Lebetkin, NIEHS, Research i
Triangle Park, NC (919/541-3247).

A_ency Contactl T. Kouishl, NIEHS, (919/5gI-3247).

Fiscal Year.Fundln_ (_I000): 1977 1978 1979 1980 1981
i0 10 i0 i0 i0
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Titlg: COMPARISON OF IMPACT NOISE AND CONTINUOUS NOISE EFFECTS ON
COCHLEAR POTENTIALS

Objective: To test the validity of the equal energy concept under
controlled laboratory conditions. Proposed hearing loss standards
are based on the assumption that nolse-induced hearing loss may be

estimated from the acoustical energy of the noise.

Description: Impact noise with peak sound pressure up to 132 dB was
generated with a mechanical noise generator. Continuous broad band

nolse of equal energy was generated by a loudspeaker system. Changes
in cochlear potentials during 20 mln exposure to impact and continuous
noise of equal energy were compared in anesthetized guinea pigs or

guinea piss with chronically implanted electrodes.

Summary of Findig_s: Impact noise produced considerable suppression
of both cochlear microphonlcs (OH) and action potential but neither
potential was totally abolished. Continuous noise of equal energy
produced significantly less CH suppression than impact noise, while

the action potential was totally suppressed. The data suggest that

continuous and impact noise of equal energy do not have equivalent _'_
effects on cochlear responses. The equal energy hypothesis does not

therefore predict the suppression of cochleae responses under these
conditions of continuous or impact noise exposure.

_ere Findings Fubllshed:

i) Salt, A.N. Iet sl., "Comparlson" of Impact Noise and Continuous
Noise on Cochlear Function," J. Acoust. Soc. Amen., 64, S132,
1978.

2) Salt_ A.N., and Konishi, T. "Comparison of Impact Noise and

Continuous Noise on Cochlear Potential." (In preparation).

Period of Performance: 197S-present,

Investigators: A. N. Salt and T. Konishij NIENS, Research Triangle
Park_ NC. (919/541-32_7).

A_nnoy Contact: T. Konishi, NIGHS, (919/541-3247).

Fiscal Fear Fundin_ ($I000): 1978 1979 1980 1981
3 3 5 5
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Title: PRENATAL EXPOSURE TO HIGH NOISE LEVELS ON AUDITORY THRESHOLDS
IN GUINEA PIGS

Ob_ectlve: To determine whether hearing damage might be induced by
exposure to excessive noise levels (115 dBA) before birth. Evidence
for a period of enhanced susceptibility to auditory damage from noise

overload have been presented in several species. This period has generally
corresponded to the final maturation of an auditory system, which varies
from some months post-conceptlon in the human to some weeks after birth

in some animals occurring near birth in the guinea pig.

Descriptionz Pregnant guinea pigs were exposed to tape recorded textile
mill (weaving room) noise (115 dBA). The hearing level of offspring
were measured by BSER Techniques and compared with that of offspring
of otherwise identical mothers.

Summary of Plndin_s: Offspring of exposed mothers were found to have
significantly poorer hearing than offspring of mothers not so exposed.

Where Findin_s Published: Report in preparation.

r-, Period of Performance: 197g-present.C

Investigators: R. O. Cookl T. Konishi and A. Salt, NIEES, Research Triangle
Park_ NC. (919/541-3247).

A_ency Contact_ R. O. Cook, NIEHS, (919/541-3247).

= Fiscal Year Fundln_ (SlO00): 1978 1979 1980 1981
g 8 5

"-h

A-199



NIEHS (Cont'd) "-_

Title: STUDIES ON ELECTROP_SIGLOGICAL MECHANISMS UNDERLYING NOISE-
INDUCED HEARING LOSS

_: To study ion movement or transport mechanisms which are
directly linked to the mechanoeleetric transduction process in the

cochlea und@r normal conditions and their alterations under noise exposure
conditions.

: Guinea pigs were exposed to broad band noise for 7 days
n and 8 hours off). After exposure the cochlear potentials

were measured and the rate constants for exchange of 43K. 22Na and

36CI in the endolymph were estimated by perfusion of the perilymphatic
space. Results obtained from 20 noise-exposed animals were compared

with those from control guinea pigs.

Sugary of Findings: After 7 days exposure at a noise level sufficient
to suppress the cochlear potentials (I10-120 dBA, the dc endocochlear
potential and endolymph K+ concentration were elevated above the pro-
exposure level. The rate of K+ turnover were decreased, while the
rate constant for Cl- remained little changed. These results indicate

that ionic permeability changes of the endolymph-perilymph barrier

are a significant factor in the physiological mechanism underlying _.
noise-lnduced hearing loss.

Where Findings Publishgd:

i) Konishij T._ Walsh, P.J., and Hamrick, P.E., "Ion Transport

in Guinea Pig Cochlea, K+ and Na÷ Transport," Acts OtolarFngoL,
(Stockholm) 85:22-34, 1978.

2) Konlshi, T._ and Hamrlck, P.E., "Son Transport in the Cochlea
of Guinea Pig, Chlori_e Transport," Act9 Otglaryngol., 86:176-
184, 1978.

3) Konishlp T._ Salt_ A.N., and Namrlckp P.E., "Effects of Exposure

To Noise on Ion Movement in Guinea Pig Cochlea." J. Nearing

Res. I|325-342, 1979.

Period of Performance: 1977-present.

Investigator: T. Koniehi and A. N. Salt, NIENS Research
Triangle Park, NC. (919/541-3247).

A_ency Contact: Principle Investigator..

Fiscal Year Fundin_ ($I000): 1977 1978 1979 1980 1981

15 15 20 i0 I0 _'*'i_
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Title: DEVELOPMENT OF DEVICES FOR NEARING STUDIES

Ob_ectlve: To develop a variety of special devices for hearing loss studies.
Development of these devlces9 which are not commercially available, will make

it possible to investigate specific hearln 8 loss parameters not otherwise
possible.

Description:

(A) Impact noise generator: The purpose of this project is to refine

a previously constructed prototype impact noise generator to the
point where peak level, rise time, and decay can be experimentally
manipulated so that the effects of these parameters on hearing
loss can be studied in laboratory animals.

(B) Direct osslcular chain-coupled piezoelectric driver: The objectives

of this study were to determine whether waveforms not accurately
reproducible acoustically could be imparted onto _he ossicular chain
of guinea pigs by direct coupling, and whether the fidelity of speech

so delivered would be equal to that delivered by conventional acoustic
presentation.

.- (C) Linear high-level closed system electroacoustlcal activator:

The objective of this project is to develop a device that
can deliver 120 dE SPL_ across a 20 kEz bandwidth at no more

the. l'percent dlstortlon_ into a closed volume of about i-
2cc.

(D) Electronic Tone Burst Parameter Shaper: The purpose was to
deliver means whereby the on-off time and phase of tone bursts

used in basic hearing mechanisms studies could be systemat_cally
varied while eliminating transients,

(E) Speech discrimination test parameter manipulator: The purpose
was to develop a simple instrument with which speech segmeets could
be equated on either an rms (Leq) or peak basis and from which white,

pink, or speech spectrum masking noise could be obtained. Speech
or noise modulation capability was also included.

Summary of Findings:

(A) After several prototypes, a pneumatically actuated impact noise
generator having a low failure rate was fabricated and is currently

undergoing parameter testing (1978-1980 ongoing).
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(B) The direct activated ossicular chain coupled method was found equivalent

to acoustical presentation and superior to hearlng aids in maincainlng
speech fidelity (1976-]979, completed).

(C) Several prototypes which have approached, but not met requirements

have been constructed. Design iteration is contlnutin 8 (1978-1980).

(D) An instrument which met all design requirements was designed, constructed,

and put into use (1980).

(E) An instrument has been designed and constructed and is presently

undergoing parameter testing (1980).

Where Findings Published:

i) Akay, A. and Hodgson, T.W.,"Sound Radiation from an Accelerated

or Decelerated Sphere," J Acoust. Soc. Amer., 63(2): 313, 1978

2) Akay, A., "A Review of Impact Noise," J Aooust. Soc. Amer., 64(4):
977, 1978.

3) Cook, R.O.; Hemmj C.W.] and Thomas, W.G., "Discrimination of Acoustically f".
Coupled and Direct Ossicular Chain Coupled Speech." (Submitted).

4) "Cook, R.O.| Thomas, W.G.] Konlshi, T.] Hemp C.W.; and Yankwlch,

A.H., "Speech dlsorimination derived from guinea pl s CH initiated
osslcular chain coupled piezoelectric drivers, by hearing aids,

and by conventional acoustic presentation." J. AcousC. Soc. Amer.,
58(I), 1977.

5) Akay, Adnan; Cook, Reginald O.| and Ha,=n, Charles W., "Mechanical
impact noise generator for hearing loss studies." J. Acousc. Soc. Amer.,
64(i), 1978.

6) Akay_ Adnan; Cook, Reginald O., "Sound Radiation Due to Rapid Deformation
of an Impacted Plate." J. Acoust. Soc. Amer., 64(I), 1978.

Period of Performance: 1976-present.

Investigator: R.O. Cook, NIEHS, Research Triangle Park, NC. (919/591-3247).

Agency Contact: Princlpal Investigator.

Fiscal Year Fundin_ ($1000): 1976 1977 1978 1979 1980
15 15 21 21 22

4-_,
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Title: NONCONTACTINO, ANGSTROM LEVEL AUDITORY AND MECHANICAL SYSTEM
MOTION MEASURING INSTRUMENTATION DEVELOPMENT AND AUDITORY SYSTEM
PHYSICAL MEASURES

0b_ective: To develop unique instrumentation allowing convenient measurement
of physical motion quantities which currently prevent understanding of
complex signal processing by the auditory system and of sound radiation
from impacted machinery parts and other sources of hearing loss significance.
Although a few experiments utilizing these instruments are being accomplished

in our laboratory, the major aim is to release the _echnology for use
by others.

Description: State of the art electro-optic (including fiber optic)
technology is being coupled with similar very high speed, low .noise operational
amplifiers to produce economical non-contactlng motion measuring instruments
having subatomic resolution.

Sgmmary of Findings: Optimized ossicular chain creditory motion measurement
versions have been built and tested along with electronic circuiting
for continuous in situ calibration. Other versions optimized for the
study of mechanical parameters assocla=ed with impulsive sound radiation from
impacted plates have been similarly constructed and tested. Both have

sub-angstrom resolution and wideband frequency response.

Where Findings Published:

I) Cook, R.O., and 8amm, C.W. "The Fiber Optic Lever Displacement

Transducer", Appl. Optics. 18 (19):3230-3241, 1978.

2) Cook, R.O., Hamm, C. W., and Akay, A. "A Fiber-Optic Lever
for Noncontact Shock and Vibration Neasurements." J. Acoust.

Soc. Amer., 64(i):1978.

3) Cook, R.O. "Fiber Optic Level Optimized for Ossicular Chain
Motion Measures." In preparation.

Period of Performance: 1977-ongoing.

Investigator: R. O. Cook, NIERS, Research Triangle Park, NO (919/541-3247).

A_ency Contact; Principal investigator.

Fiscal Year Fundin_ ($i000): 1977 1978 1979 1980 1981
5 8 5 8 8
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BERAVIORAL_ SOCIAL r AND PERFORMANCE EFFECTS

Title: PHYSIOLOGICAL, MOTIVATIONAL AND COGNITIVE EFFECTS OF AIRCRAFT *
NOISE ON CHILDREN

Ob_ective_ To study the generality of laboratory effects of noise
on behavior in a naturalistic setting and co examine the course of

adaptation to noise over a one year period.

Description: The project consists of a longitudinal study designed
to assess the impact of noise on attentional strategies, feelings of

personal control and physiological processes related to health. Children
were tested on the same measures twice with a one year interval between
sessions. The study compares elementary school children under the

corridor of s busy metropolitan airport to a matched group of children
living in relatively quiet neighborhoods. This lon_itudlnal dat@ is
used to determine whether children adapt to the aircraft noise over
the one year period and to assess the effectiveness of noise abatement

interventions introduced in s number of noise impacted classrooms.
Cross-eec_ional data provides evidence of the effects of noise on the
entire sample (the attrition rate was about 33%) and provides further
information on the utility of noise abatement.

Summar Z of Findln_s,:

Crpss-aectlonal date - The entir9 sample: In general, the results
were consistent with laboratory work on physiological response to noise
and on uncontrollable noise as a factor in helplessness. Thus children

from noisy schools had higher blood pressure than those from matched
control (quiet) schools. Noise school children were also more likely
to fail on s cognitive task and were more likely to "give up" before

the time to complete the task had elapsed. The development of attentional
strategies predicted from laboratory and previous field research was,
on the whole, not found. Noise abstemen_ had small ameliorative effects

on performance of a cognitive task and on a standardized test of school
achievement.

Longitudinal Data -The attrition semple: In general, there was little
evidence for adaptation to noise over the one year period. Noise abatement
affected childrens' ability to hear their school teachers but had relatively
little impact on other tasks. (School achievement data were not available

one year later and thus were not included in this analysis.) Children

from noisy schools who hadhigh blood pressure were likely to move
out of the neighborhood Within a two year period after the original

testing. This was not true of children with high blood pressure from (_"
quiet neighborhoods. -_

• Project also listed under National Science Foundation, p. A-285.
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Where Findlnss Published:

I) Cohen, g. at al., "Physiological, Motivational and Cognitive
Effects of Aircraft Noise on Children: Moving from the laboratory

to the Field." American Psycholosist , 35(3), 231-243, 1980.

2) Cohen, S., and Weinstein, N., "Nonaudltory Effects of Noise on

Behavior and Health," invited paper, J. Social Issues, (special
issue on environmental stress t in press).

3) Cohen, S. etal., "Aircraft Noise and Children: Longitudinal

and Cross-Sectlonal Evidence on Adaptation to Noise and the
Effectiveness of Noise Abatement." Under editorial review.

Available from author.

Period of Performance: 1977-1980

Investigator: Sheldon Cohen, Department of Psycholozy , University of
Oregon, Eugene, Oregon, 97403 (503/686-4921).

f-_ Agency Contact: Edward Gardner, Scientific Programs Branch, NIEHSp
(919/755-9021).

Fiscal Year Fundin_s ($I000): 1877 1978 1979 t980
44 15 (NSF)

30 30 (NIENS)
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COF_dUNICATION INTERFERENCE

Title: EFFECTS OF OTOTOXIC INSULT ON CODING OF COMPLEX SIGNALS IN THE
AUDITORY SYSTEM

Objective: To use the rapid signal analysis ability of minicomputers
to determine the auditory response to speech and speech-like signals including
pseudo-random noise under normal conditions and conditions of auditory
fa=igue and permanent damage. Results of behavioral and audiological
tests with humans imply that the ability to understand speech and other

complex signals (particularly in a noisy listening situation) suffers
loss from noise insult in excess of what could be inferred from pure
tone thresholds measured in quiet. These findings suggest that ac complex
interaction between the various levels of the auditory nervous system
and functionally different receptors of the auditory end organ play a

vital role in "sharpening" the sensory process.

DescriptioB: Auditory fatigue and recovery processes of single nerve

fibers to speech and speech-llke stimuli will be studied. The requirement f_",
of high speed da_a throughput for nearly absolute phase matching of acoustical
input and physiological output signals, and for accurately processing
neural pulse =rains necessitated the design and building of complex peripheral
devices.

Summary of Findin_s_ Efforts to date have been in the design= construction
and debugging of the electronic devices and software necessary to accommodate

the high speed throughput for nearly absolute phase matching or acoustical
and physiological signals, and for processing neural pulse trains. Pilot
experiments are scheduled for Fall 1980.

Period of Performance: 1978-1981.

Investigators: T. gonishi, R. O. Cook, and C. Namm, NIERS, Research
Triangle Park, NC (919/591-3247).

A_ency Contact: R. O. Cook, NIEMS (919/591-3247).

Fiscal Year Yundin_ ($100O): 1978 1979 1980 1981
lO 10 15
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

NATIONAL INSTITUTE OF NEUROLOGICAL, COMMUNICATIVE DISORDERS I AND STROKE

NOISE-INDUCED HEARING LOSS AND HEARING CONSERVATION

Titlez 'MICROSCOPIC STUDIES OF THE INNER EAR

Objective: To enhance understanding 0f sensorineural hearing impairment
and vestibular dysfunction in man through the study of inner ear pathology
in a) human temporal hones obtained at autopsy from patients with a history
of noise-lnduced, preshycusic, ototoxlc, and other forms of sensorineural

bearing loss; and b) temporal hones from experimental animals especially
monkeys and guinea pigs, exposed to extreme noise and/or ototoxlc drugs.

Description: Human temporal bones from patients with sensorlneural hearing
loss due to noise exposure are examined by the method of microdlssection
and surface preparations as described by Hawkins and Johnsson (1976). Complete

counts are made of inner and outer hair cells present and absent, and cyto-
cochleograms are plotted indicating the percent of hair cells remaining in
the respective rows per millimeter of length throughout the extent of the
organ of Corti. Portions of the osseous spiral lamina in which a full comple-

ment of myelinated cochlear neurons appear to he present are also indicated
in the cytocochleograms, together with areas of neural degeneration. The

_ stria vascularis and spiral ligament are also examined for possible correlation
(usually not found) between areas of atrophy and of hair cell loss. In monkeys
and guinea pigs, temporary and permanent threshold shifts produced by noise
and/or ototoxic drugs are measured by behavioral audiometry with positive

reinforcement. Cochlear function is also assessed by measuring cochlear
potentials in waking guinea pigs by means of an electrode permanently implanted
on the round window membrane_ in accordance with the method of Aran and Errs
(1979). Inner ear tissues are examined by light microscopy (surface prepara-

tions and celloldln sections) and by electron microscopy (gEM, TE}I).

Summary of Findings: Cochleas from patients with a history of noise exposure
show the characteristic lesion at 9-13 _ associated with the 4-kHz dip.

This lesion may expand toward the apex and basalward, eventually forming
the typical pattern of hlgh-tone loss. After impulse noise, lesions may

be confined to the area below 9 rmn. In three monkeys exposed to noise of
relatively short duration at 120 dg or long duration at 120 dg SPL, juxeafenestral
lesions have been found without evldence of any tonotopical lesion, suggesting
that in primates the juxtafenestral lesion may occur first. Monkeys exposed

tO a recorded industrlal noise at 105 dBA showed essentlally normal hair
cell patcerns. With recorded impulse nolse_ hair cell bosses were slight°

Where Findln_s Published:

I) Johnsson_ L-G._ and Hawklns_ J.H._ Jr., "Degeneration Patterns in

Human Ears Exposed to Noise." Ann. GEOl. Rhlnol. Laryn_ol., 85:725-
739, 1976.
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2) Moody t D.B.p Stebbin6, W.C., Rawklns t J.E., Jr., and Johnssont L-O._
"Hearing Loss and Cochlear Pathology in the Monkey (Macaca) Following

Exposure to Hish Levels of No£se." Arch. 0to_RhinoqLaryn_., 220:47[72,
1978.

Period of Performance: 1964-|980.

Investigator: J.E. Hawklns_ Jr._ Kresge Hearing Research Instltute_ University
of Michigan Medical School, Ann Arborl Hl 48109 (313/764-0215).

AEeney Contact: Michael F. Malasz, Executive Secretary, CRSS_ NINCDSI

National Institutes of Health, Bethesda_ MD (301/496-7550).

Fiscal Year Fundln S (_100O): 1977 1978 1979 1980
49 51.3 74.8
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Title: AUDITORY FATIGUE: NEUROBEHAVIORAL OBSERVATIONS IN RHESUS MONKEYS

Ohjectlve: To develop a neural assay that can predict the deleterious effects
of loud sound on hearing function.

Description: Towards this end, in a series of behavioral and/or neural studies,
followinB determination of behavioral and neural (single cochlear nucleus
cells) thresholdsj monkeys are exposed to a few minutes of hlgh-level sound.
Immediately following sound exposuret behavioral and neural thresholds are
redetermined and the threshold shift is calculated for both measures and

compared. Additionally_ the respective recovery time courses are determined.
Using the awake and behaving rhesus monkey preparation, it is felt that field
and clinic conditions similar to those involving humans can be approximated.

Since a number of lines of evidence involving independently observed anatomical

and electrophyslologlcal findings, are suggesting that the routine pure-tone
audlogram is not sensitive enough to identify a potentially harmful sound
until a great deal of irreparable cellular damage occurs. The monkey model
which permits the simultaneous functional measurement of heating and its
underlying neural components promises to offer a direct comparison of the

sensitivity of clinical to basic science technlques.

Summary of Findings: These studies have not yet been completed; however_
_. the majority of the data has been collected and the findings suggest thatt
i indeedt the behavior of individual cells does suggest that a critical level

of damage is necessary before a behavioral hearing loss is demonstrated. In

every case (n-S0 auditory bralnstem cells), the neurophysiologlcal properties
of the cells were drastleally altered by sound exposures that-produced minimal"
and short-lasting changes t if anyp in auditory threshold_

Where Findln_s Published| These results are being prepared for submission
in the form of a two-paper report to the Journal of Neurophysiology.

Period of Performance: 1977-1980.

Investigator: Brenda L. Lonsbury-Martln, Glen K. Martin_ and Josef M. Mil|er_
Department of Otolaryngology, University Of Washington School
of Medicine, Seattle_ WA (206/543-5230).

A_enc 7 Contact: Michael F. Halaz, Executive Secretaryp Communicative Sciences
Study Sectlon, NINCOS_ Bethesda, MD (301/496-7550).

Fiscal Year Fundln_ ($10SO): 1978 1979 1980 198!
22 22 22 (approx.)
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Title2 EFFECTS OF NOISE ON THE EAR AND NEARING/AUDITORY CO_4UNICATION AND
ITS DISORDERS

Objec_ive_ To learn (i) the rules for the contributions of each of the
physical dimensions of exposures in noise to loss of hearing and to anatomical

injuries; (2) the variations in susceptibility to cochlear damage that may
depend on prior injury or inherited differences; (3) the changes in properties
of neural responses during and after noise exposurep and (4) the nature of
any changes in audlbility function other than simple loss of auditory sensi-
tivity that are manifested behaviorally durin E and following exposure to

noises that both do and do not lead to permanent threshold shifts.

Description_ This project consists of a number of separate projects which
are all part of a larger research program entitled "Auditory Communication

and Its Disorders." These individual projects are detailed separately in the
following five abstracts. However, common to all of them is the continuous
and intermittent exposure of chinchillas to noises of various durations to
produce changes in the ear and hearing, me ehangoB will be measured
behaviorally, physiologically, and anatomically.

Summary of Findin_e_ The findings of the individual projects are su._narlzed
in the five reports following this general description. _'_

Period of Performance| 1974-1984.

_nyesti_ator_ Co-Pcinelpal Investigator, Donald H. Eldredge (Principal
Investigator for program_ Ira J. Hirsh)| Subproject
Investigators| Barbara A. Bohne, William W. Clark,
Donald Ronken, Patrick M. Zurekp Central Institute for the
Deaf, St. Louis, MO (314/652-3200).

A_ency Contact_ J. Buck.minister Ranney, Communicative Disorders'Program,
NINCDS, Federal Building, Room IC11, 7550 Wisconsin Ave.,
Bethesda, MD 20205 (301/496-1806).

Fiscal Year Fundin_ ($1000)I

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
61 65 69 73 77 82 87 92 97 103

*-Funding figures presented here cover the following five projects.
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Title: A: GROWYH OF REARING LOSS AND COCHLEAR LESION WITH INCREASING DURATION
OF EXPOSURE

Objective: To (i) evaluate =he correlation between behavioral measures of
hearing impairment and anatomical damage =o the sensory cells of the cochlea,

(2) de=ermine the pc=tern and exten¢ of growth of damage to the cochlea with
increasing duration of exposure, and (3) discover the validity of the concept

of Asymptotic Threshold Shift (ATS)as a predictor of permanent hearing loss
produced by exposure to noise.

Description: Chinchillas were exposed for 2, 9, IS, 27, 36p 45, 54, or 1O8
days =o an no=ave hand of noise (OBN) with a center frequency of 500 He and a
sound pressure level (SPL) of 95 dB. In each of the 9-, 18-, 36- and 108-day

groups, =we of the animals were behaviorally trained by food-reward operant

conditioning techniques so that =heir pure-tone thresholds could be determined
before, during, and. after their exposure to noise. In addition, for the 36-

and lOg-day groups, temporal integration functions and psychophysical tuning
curves were obtained a= several frequeecles pre- and post-exposure. After

post-exposure recovery rimes of 90 days, =he animals were sacrificed, =he
cochlea dissected and plastlc-embedded flac preparations were prepared for

examination by phase contrast microscopy. Counts of missing inner and outer
hair cells were made.

Sugary of Findln_s: The longer =he duration of exposure, the greater was
the loss of sensory cells. In _he low-frequency region of the cochlea, outer
halt cell loss grew from 15% at 27 days to 31% at I08 days. In =he high-
frequency region, narrow areas of concentrated loss of hair cells, nerve fibers

and supporting cells were present and increased with increasing duration of
exposure. The level of behavioral threshold shift a= asymptote remained stable

our =o 108 days of exposure. PTS in =he high frequencies grew with increasing
duration of exposure; only 108-day exposure produced significant PTS _n =he
low frequency region.

Where Findings Published:

Clark, W.I_., and Bohne, B.A., "Animal Model for the 4-kHz Tonal Dip."

Annals of Otoln_y_ Rblnolo_v_ and Larvn_ology, 87:supp. 51, 1978.
Proceedings of =he International Symposium on the Effects of Nolse on
Hearing_ Cazenovia, NY, June 15-18, 1980. To be published by Raven Press.

Period of Performance: 1976-1978.

Investigator: William W. Clark and Barbara A. Bohne.

Fiscal Year Fundln_ ($i000):*

*-Included in "Effects of Noise on the Ear and Hearlng/Audi=ory Communication
end Its Disorders."

fw---,
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Title: B: CHANGES IN PSYCHOPHYSICAL TUNING CURVES _D TLMPORAL INTEGRATION

FUNCTIONS IN CHINCHILLAS EXPOSED TO NOISE

Objective: To evaluate hehavlo=ally-determlned psyehophysical tunlnE ou_es
and temporal integration functions in chinchillas before and after noise
exposure that produces moderate loss of outer hair cells in apical areas of
the cochlea without any corresponding elevarlon in pure-tone thresholds at

low frequencies. It was hypothesized that these measures may be more sensitive
to loss of outer hair cells than a simple measure of presence or absence of

response to an acoustic stimulus.

Descrlpelon: Temporal Integration: A posltive-reinforcement behavioral
procedure was used to determine thresholds at 0.25, 0.715, I, 2p and 4 ken.

The duration of the signal was varied in logarithmic steps from 15 msec to
1.5 seconds. These measures were made before and after exposure to an octave
band of noise centered at 0.5 ken at 95 dB SPL for 36 or 108 days.

Psychnphysical tuning curves_ Psynhophyslcal tuning curves with simultaneous
maskin E were obtained in behavlorally-tralned animals before and after the

noise exposure listed above.

i Sugary of Yindin_sz Temporal Incegratlon: Plomp and Bouman's energy-
integrator adequately described all the data. The time constant varied from
about 400 maec at the low frequencies to about 100 msec at the high frequencies.
After noise exposure, the function was unchanged if the threshold for 1ong-
duration signals (1.5 sec) was not elevated; if there was a threshold shift,
the new temporal integration, function was well-described by the equation named
above with only slight changes. Psychophyslcal Tuning Curves_ In animals with
elevated thresholds after noise, _he QIOdB of the psyehophyslcal tunlng was

elgnifioantly reduced (3.I to 1.5)| in animals exposed to noise but wlthou_
elevated thresholds the QlOdE was mildly reduced (3.1 to 2.9). Thus, the Q of
the psychophysical tunln E curve was not more sensitive to OHC loss than pure-
tone threshold shift.

Where Findings Published_

Manuscript in preparatlon; J. Acoust. Soc. Amer., 65:554-555, 1979.

Period of Performance: 1979-1984.

Investigator: Willlam W. Clark.

Fiscal Year Fundin_ ($1000)t*

*-included in "Effects of Noise on the Ear and Nearing/Auditory Communication
amd I_S Disorders."
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Title: C: ACOUSTIC COMBINATION TONES 2fl-f2 RECORDED FROM THE EAR CANALS OF
NORMAL AND NOISE-DAMAGED CHINCHILLAS

Objective: To evaluate the efficacy of measurin E the distortion product
2fl-f2 in the ear canals of normal and noise-exposed chinchillas as an indicator

of temporary or permanent hearing loss• A secondary objective was to deter-
mine =he usefulness of physical measures of the distortion product 2fl-f2
in the ear canal as a screening procedure before extensive efforts are made

=o train these animals wi=h behavioral techniques.

Description: The earpiece of a Grason-S=adler Oto Admittance Meter was used
as the three-channel probe to which =wo Knowles receivers and a Knowles micro-

phone were attached, ooe transducer =o each tube. The earplece was carefully
inserted and taped into the ear canal of anesthetized chinchillas. Primary

tones were presented in the following pairs: (i) fi-765 He, f2-915 HZ_
(2) FI=1530 Ha, f2=1830 He; (3) FI=3060 He, F2=3660 Ha. Measurements were
made at the frequency of the cubic difference Lone (2fl-f2) for all pairs at
levels from 40 dg SPL to I00 dB SPL. Measures were made in normal animals

and in animals exposed to: (I) a tone a= 1.0 kes at i10 dB SPL for I0 minutes;

(2) an octave band of noise centered a= 0.bkHz at 95 dB SPL for 9 days, with
measures before, i_medlately after, and 12 days pose-exposure; (3) the same
OBN for 36 or 108 days, with measures 90 days post-exposure.

Summar_ of Findings: From the results of this study, i= is clear that rela-
Lively small or moderate degrees of damage to the cochlea result in measurable

changes in the amplitude of the acoustic combination tone at 2fl-f2. These
changes were entirely consistent with behaviorally-measured changes in sensl-

tivity observed af=er similar exposures. Finally, the complete absence of
measurable combination =ones in ears in which =he cochlea was sursieally
destroyed lends support to the assumption that these combination tones are
produced in the cochlea.

Where Findln_s Published: A manuscript is in preparation.

Period of Perfo_maneez 1978-1980.

Investigator: Patrick M. Zurek and William W. Clark.

Fiscal Year Fundin_ (Sl000):*

*-Included in "Effects of Noise on =he Ear and Hearing/Auditory Communication
and Its Disorders."

C
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Title: D: CENTRAL NERVOUS SYSTEM CHANGES IN CHINCHILLAS DAMAGED BY EXCESSIVE
EXPOSURE TO N0ZSE.

Objective: To examine the correlation between changes in the cochlea and in
the cochlear nucleus, superior ollvary complex and inferior colliculus in
noise-exposed chinchillas.

Description: A series of chinchillas was exposed for one hour and 45 minutes
Co an octave band of noise with a center frequency of 4 kHz and a sound pres-
sure level of i08 dB. Half of the animals had had the malleus-lncus complex

removed from the left ear prior to the exposure. Two animals (one binaural
and one ossiaular removal) were sacrificed at i, 2, 4_ g_ 16 and 32 days fol-

lowing termination of the exposure. In each animal, the cochleas were fixed
in v_vo by perfuein 8 scala Cympanl with I_ osmium cecroxide in Dalton's buffer.

Following fixation of both ears, the animals were perfused intravasoularly
wi=h formolsaline. The cochleas were embedded in araldlte and prepared for

phase-contrast microscopic examination. The brainstams were prepared according
Co Nauca-Rasmussen and Protargol methods for identification of degenerating
axons •

Summary of Findln_s: In the cochlear nueleusr superior olivary complex and
inferior colliculus t sparse, fine degeneratlon made its appearance by the

fourth day. A distinct pattern of preterminal degeneration was found at 8 and
16 days, reaching i_s fullest expression at 32 days. The pattern of degenera-
tion in the CNS could be correlated with the pattern of hair cell loss in the
cochlea. No sisnlfiaant hair cell loss occurred in the operated ear and there

was no significant degeneration in the hcalnstem on the same side. In the
dorsal cochlear nucleus (DON) on the exposed side, heavy flne-flber degenera-
tion corresponded to lose of cuter hair cells. These findings were most common
in the basal one-half of the cochlea and the presumed hlgh-frequency region
of the DON. In the ventral cochlear nucleus (VCN)p outer halt loss could be
correlated with very sparse flne-fiber generation only. Loss of inner hair
cells was correlated with massive coarse and heavy flne-flber degeneration in

sharp bands in the ventral and dorsal cochlear nuclei. This finding was most
common in the 4-kHn region of the cochlea.

Where Findln_s Published: To be submitted Co Science.

Period of Performance: 1976-1979.

Investigator: Barbara A. Bohne, in collaboration wich D.K. Moresc,
University of Connecticut, Scarfs, CT.

Fiscal Year Fundln_ ($I000):*

*-Included in "Effects of Noise on the Ear and Hearing/Auditory Co_unlcatlon
and Its Disorders."
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Title: E: CHANGES IN COCHLEAR POTENTIALS AND RESPONSES OF AUDITORY NEURONS

PRODUCED BY EXPOSURES TO NOISE.

Objective: To provide measurements of changes in cochlear potentials and
neural responses in chinchilla st various stages in the acquisition and
recovery from temporary threshold shif=s (TTS) and after permanent threshold

shlf=s (PTS) produced by the exposures to noise used in the associated
behavioral and anatomical studies.

Description: Cochlear microphonic (CM) and whole-nerve action potentials (AP)
or responses of single auditory neurons are measured (a) at intervals during
the acquisition of TTS from exposures to noise, (5) at intervals during the
recovery from threshold shifts which may have only TTS or have included PTS,
and (e) after recovered thresholds have reached a stable stare of PTS.

Summary of Findin_sz Loss of CM sensitivity grossly reflects the loss shown by
behavioral measures of sensitivity for both TTS and PTS. Precision in chis

method of study is limited by the fact that when local OH responses near a
pair of differential electrodes are diminished, these electrodes may often
record residual voltages from more remote areas. During acute exposures to
a high-pass noise affecting primarily the basal turn of the cochlea, the

f-. normal tuning to a best frequency of CH responses in the second turn is
diminished or lost. The tips of frequency tuning curves of slngle audltory
neurons appeared in exploratory experiments to be more vulnerable to exposures
to noise than one would expect from measures of behavioral thresholds.

Where F_ndln_s Published:

Manuscripts in preparation and work in progress. See CID Research
Department Periodic Progress Reports No. 21, 22, and 23 for the period
I July 1977 to 30 June 1980.

Period of Performance: 1977-1984.

_evesti_acor: Donald H. Eldredge and Don A. Ronken.

giscal Year Yundin_ ($10OO):_

*-Included in "Effects of Noise on the Ear and Hearlng/Auditory Communication
and Its Disorders."
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Title: BIOCHEMICAL CORRELATES OF NOISE

Objective: To study the noxious effects of noise upon the hair cells of the
organ of Cortl (OC) which are caused or mediated chemically. This effort is
pert of a larger project studying the dynamics Of the inner ear.

D_scriptlon: Quantitaeivehlstochemlcal procedures were developed for the
study of metabolic substances in different cell types of the OC of the guinea
pig and chinchilla. These methods appeared ideally suited to the study of
noise effects. First analyzed were the adenine uucleotldes ATP and 5'A_ in
the chinchilla following exposure to an octave band noise centered at 300 Hz
at an SPL of g5 dB for 2 or 9 days. Because of the important role Of cyclic
A_ in the conversion of light into neural excitation in the retina, the
behavior of this substance was studied next. Because the amino acids glutamate
and aspartate are considered as putative afferent transmitter candidates in
the cochlea, these substances were tested in a different type of noise exposure
in the guinea pig (octave band noise centered st 500 Re at an SPL of I15 dB
for 6 hours). It should be pointed out that deoxyglucosa, a nonmetabolizable
sugar, is a widely used substance to test changes in the metabolic rate of
organs depending on glucose as nutrient, Drastic increases of incorporation

of the substances are seen in the auditory pathway of the brain Eollowing _.moderate levels of noise exposure. However, for various reasons it is not
certain that this technique can be applied in n meaningful way to noise studies
in the cochlea.

Summar_ of Findln_s: No slgnifi=ant changes in compounds ATP and 5'ATP were
seen in the inner or outer hair nails between exposed and nonexpoaed ears.
No significant differences between inner and outer hair cells (with
administration of _dP), and between exposed and nonexposed ear were seen.
Negative results were also obtained with the enzyme glucose-6-phosphata
dehydrogenase. No signlflcant differences were found with administration of
amino acids _lutamate. One should realize though, that all the methods used
reflect steady-state levels and do not necessarily reveal changes in turnover
rates, There are certain indications that the stria vascularls may play an
important role in providing the additional energy required in the auditory
trausduction process during noise exposure. It is believed than a vascular
perfuslon method of the cochlea with synthetic blood as developed in the labora-
tory can ptofltably be applied to this question. With this method, the glucose
concentration can be towered to the point where thn endolymphatic potential
is barely maintained (critical level i0-15 m_%). Under"such rate-limitlng
cnndltlous, the additional energy used under noise exposure might be manifested
by a deciine of the endolymphatlc potential or changes in the energy state
of the tissue.

Where.Pindln_s Published:

l) Thalmann, R.R._ "QuantltatiseBiochemical Techniques for Studying

Normal and Noise-De,aged Bars." In: Effects of Noise on Eearln_ _.,
(Rds. D. Henderson, R.P. Hamernik, D.S. Dosnajh, and J.H. Mills),
Raven Press, New York, pp. 129-155, 1976.
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• " 2) Thalmsnn_ R.I Thalmann_ Io, Ise, I., and Pslohelmo_ S,, ""Noxious

Effects Upon Cochlear Hetabotlsm." Larynsoscop_87:699-721_ 1977.

3) Thalmann_ R.p and Thalmann, I., "Noise and Chemical Agents." Proc.

3rd Intern. Congress on Noise as a public Health Problem, Ed. J. Toblas_
ASHA Monographs.

Period of Performsnce: 1975-1981.

Investisator: R, Thalmannp Wasblng_on University School of Mediclne_ St.
Louis9 MO (3141454-2426).

Fiscal Year Fundin_ ($I000):* 1977 1978 1979 1980 1981
78.8 83.5 88.3 93.4

*-The funding figures are for the enclre grant.
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Title: AUDITORY ADAPTATION FOR SUPRATHRESHOLD STIMULI

Objective: To measure the performance of the auditory system in various
supra-threshold tasks following exposure to intense stimuli.

Description: This project is part of a larger program entitled "Psychophyslcs
in Binaural Hearing." In this project, baseline psychophysical data are
obtained over the course of several weeks prior to any exposures. The expo-
sures are gradually increased in magnitude and/or duration in an attempt

to achieve about 20-25 dB of temporary threshold shift (TTS). Following
each exposure, TTS and some supra-threshold auditory tasks are monitored
in alternate 45-second intervals for about 45 minutes. Supra-threshold tasks

to be examined eventually are temporal integration, temporary pitch shift,
intensity discrimination, and psychophysical tuning curves, among others.
To date, the effort has concentrated on temporary loudness shifts (TLS) and
recruitment. An alternate binaural loudness balance (ABLB) technique has

been used for this work, and adaptive psychophyslcs is used for the threshold
measurements.

Summary of Findln_s: Much of the time to dace has been spent developing
and calibrating the psychophyslcal procedures. It is believed that powerful
enough, yet efficient, procedures for investigating a wide array of supra-

threshold phenomena is available. The data indicate that many subjects donot show the same half-octave shift in TLS that they show in TTS. For example,
following exposure to an intense tonal stimulus a subject may show no nITS
at the exposure, frequency (and about 20 dB of TTS a half-octave above the

exposure frequency), but as much as 15-20 dB of TLS at that frequency. That
is, there is a partial dissociation of ehreshold (TTS) and supra-threshold
(TLS) effects. Entire loudness contours post-exposure are being mapped out
for detailed comparison with the frequency pattern of TT8. A second, mlnorp
finding is that less variable matches are obtained wlth the ABLB technique

when a short interval (50-75 meet) is placed between the successive presentations
of the stimuli, a fact of potential value in the clinic as well as in the
lab.

Where Findings Published: Reports for publication are being prepared.

Period of Performance: 1979-1984.

Investi_atqr.* Dennis McFadden, Dept. of Psychology, University of Texas,
Austin, TX 78712 (512/471-4324).

Agency Contact: J. Buekminister Ranney_ Communicative Disorders Program,

N_NCDS, Federal Building, Room loll, 7550 Wisconsin Ave.,
Bethesda, MD 20205 (301/496-1806).

Fiscal Year Fundln_ ($i000):* 1978 1979 1980 1981
80 62,9

*-Funding figures for all projects in the program. Other program elements _ "
are on pp. A-221 and A-230.
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Title: SHORT-TERM AND LONG-TERH AFTEREFFECTS OF EXPOSURE TO NOISE BANDS
WITH STEEP SPECTRAL SKIRTS

Objective: To establish whether and to what degree the normal processes
of hearing are affected by intermittent exposures to waveforms having steep

spectral skirts.

Description: This project is part of a larger program entitled "Psychophyslcs
in Binaural Hearing." In this project, it was serendlpltously discovered

that for some listeners the psyehophysical tuning curve (PTC) is broadened
following intermittent exposure (4 min on, I min off; 2 hours/day, 5 days/week
for 8 weeks) to a noise band i000 Nz wide centered at 3500 Hz and having

a low-frequency skirt of about 415 dE/octave. The noise band was only about
65 dE SPL overall--well below the level generally viewed as necessary for

auditory fatigue. The changes in the PTC were greatest for signal frequencies
close to the lower edge of the noise band and diminished gradually as signal
frequency was lowered further. There was also some evidence of altered lateral

suppression in these subjects, but pre-exposure data were not obtained on
this task. Controlled exposures were initiated for additional subjects.
Broadening of the PTC persisted for as long as 20-3Omlnutes following exposure
to 15 minutes of the steep-sided noise band. Similar exposures using a noise

band with a low-frequency skirt of 70 dE/octave never produced a short-term
change in the PTC.

Su,=nary of Findings: The implication of this research is that waveforms

having steep spectral skirts have the potential to alter the normal hearing
mechanism. The effect is surely not cochlear. It is reversible, but the

process can be pFotracted. The effect is reminiscent of =he short-term and
: long-term aftereffects in the visual system originally reported by McCdllough.
: • Waveforms with very steep-slded spectra are increasingly more cc=aon in every-

! day llfe as synthesizers are being adapted to new applications.

Where Plndln_s Published: A preliminary report is scheduled to appear as
a chapter_ more complete reports are now in preparation.

McPadden_ U.t and Pnsanen, E.O., "Altered Psychophyslcal Tuning Curves
Following Exposure to a Noise Band with Steep Spectral Skirts." In
G. van den Brink and F.A. Bilsen (Eds.)p Psychophyslcal t Physiological

Behavioural Studies in Hearing. Delft University Press: Delft, The
Netherlands, 1980.

Period of Performance: 1978-1980.

Investi_ator: Dennis HeFaddenl Dept. of Psychologyj University of Texas,
Austinp TX 78712 (512/471-4324).

Agency Contact: J. Buckminister Rnnneyp Communicative Disorders Programp
NINCDSt Federal Building, Room ICI11 7550 Wisconsin Ave.,
Bethesda, MD 20205 (301/496-1806).

Fiscal Year Fundln E ($I000):* 1978 1979 1980 1981

80 62,9

•-Funding figures for a11 projects in the program. Other program elements
are on pp, A-220 and A-230.
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Title_ MECRANISMS OF HEARING LOSS

Ob_@ctlve: To study the relations between steady and intermittent noise
exposure and the resulting changes in behavioral auditory capabillties_ in
electrophysiologlcal characteristics_ and in structural and biochemical
features.

Description: Ten groups of four chinchillas have been trained, exposed to
various patterns of 700-2800 Hz noise, and examined histologically. Changes
in structure of the stria vasoularle and the constitution of the fluids of

the inner ear associated with both temporary and permanent hearing losses

will receive particular attention. Analogous studies will involve the action
of ototoxlc drugs+ and the synergistic action between drugs and noise.

The perception and mlsperception of auditory stimuli_ beth pure tones and
speech_ will be studied very intensively in s relatively small number of

human patients with selected specific sensory losses sad a few with more
central damage. Emphasis will be on temporal resolution, frequency discrlml-
natlon, and pitch perception. Finally, analysis of temporal bones from persons

with hearing losses of known etiology will he used to develop techniques
for differential diagnosis of types of sensorlneural loss.

Summary of Findings: Over the somewhat restricted range of these first
experiments, single uninterrupted exposures (exceeding 105 dB SFL for 220
minutes or its equivalent), resulted in cochlear damage determined only by ,_
the total energy of the exposure. For intermittent or repeated exposuree_

however, the total-energy hypothesis does not hold; the result of interrup-
tions being a reduction in the offedtive energy of the exposure by up to at
least 2/3 (5 dB)_ depending on the temporal pattern. As yet_ there is scant

evidence that the safety of a given exposure can be guaranteed solely on the
basis of the TTS produced by either that or any other exposure. Single-unit
recordings were made in the acouetlc nerves of normal chinchillas and of
chinchillas with damaged cochleas. Cochlear injuries were produced by acoustic
overetlmulation, kanamycin injection or surgical intervention. After I-6

months, automa£ed tuning curves and samples of spontaneous activity were ob-
talfled from 50-150 fibers in each animal. A systematic inverse relationship
exists between threshold at best frequency (BF) and level of spontaneous
activity. Cochlear regions with eubstsntlal outer-hair-cell loss were cor-

related with elevated thresholds, with tuning-curve-shape distortions or with
absence of responsive neurons in the appropriate best-frequency range. On

the other hand, severe physiological abnormalities were often accompanied by
only minimal hair cell loss.

Where _indlu_s Publlshed:

1) Nelson, D.A., and Keister, T.E., "Frequency Discrimination in the
Chinchilla." J..A¢oust. Soc. Amer., 64:114-|26, 1978.

2) Nelson, D.A., "Two-tone Masking and Auditory Critical Bandwidth."
Audiology, 18:279-306, 19797

3) Ward t W.D., Keister, T.E., and Turner, C.W., "Total-Energy Principle _'
Incorrect for Twice-Weekly Exposures." Q_ Acgust. gee. Amer.,65:SllT,
1979.
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4) Ruggero, M.A., *'Auditory Nerve Correlates of Acoustic Trauma."
J. Acoust. Soc. Amer., 64:S136, 1978.

5) Ruggero, M.A., "Tuning Curves fro_ Audltory-Nerve Fibers Innervating
Injured Cochleas." Assoc.. for Res. in Otolaryn_ol., Midwinter Mt S.
Abstracts: p. 8, 1979.

Period o£ Performance: 1977-1979.

Investigator: H.M. PaparellaI D.A. Nelson, W.D. Ward, A.J. Duvall, S.K. Juhn,
C. Speaks, N. Viemeister, M. Ruggero, and P.A. San,i, Univ.
of Minnesota, Ninneapollsp HN (612/373-4565).

A_eney Contact: Earleen Elklns, NINCDS (301/496-5061).

Fiscal Year Funding ($1000): 1976 1977 1978 1979
144.2 143.1 146.3
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Title: DETERMINATION OF EFFECTS OF HEARING AID AMPLIFICATION OF CHILDREN

Ob_ectlve: To determine the possible effects of hearing aid amplification
on the residual hearing of children with sensorineural hearing loss.

_: The study is designed to determine whether hearlnE aid amplifi-
cation s£gnlflcantly affects the residual hearing of the groups of children

under study and if the significant relative threshold shift (comparison of
pure-tone threshold shift over time between the aided and unaided ears) relates
to: (a) the electroacoustic characteristics of the hearing ald_ including,
saturation sound pressure levelp acoustic galnt basic frequency responses

frequency range r comprehensive frequency response t and harmonic distortion|
(h) the a_ount of hearin E aid usage in hours per week and number of months
and/or years; (c) the degree of hearing loss when the aid was introduced|
(d) the earmold or coupling system used with the hearing aid; (e) specific
or nonepeeiflc etiological information| and (f) progressive hearing deteriora-
tion in a signlficant _annero

Period of Performance: 1980-1983.

IDvesti_ator: C. Binnie_ Purdue University, W. Lafayette# IN.

Agency Contact: Enrlaan Elklnst NZNCDS (301/496-5061).

Fiscal Year Fundln_ ($I000): 1979 1980 19gl 1982
[51.6 120.7 IO9.3
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Title: CENTRAL PROJECTIONS OF RESIDUAL SPIRAL GANGLION CELLS

Ob_ectlye: To determine how the long-term loss of the organ of Cortl affects
the spiral ganglion, cochlear portion of the VrlI Nerve, and cochlear nuclei.
Primary concerns are to anatomically characterize the residual spiral gsngllon
cell bodies and axons, and to describe changes in the neuropil of the cochlear
nuclei.

Deserlpclon: While profound deafness in humans and other animals usually
results in a severe loss of nerve fibers and spiral ganglion cells, in most
cases some residual spiral ganglion cells persist. These surviving nerve

cellsp which represent less than 15 percent of the normal complement, are
the type II and type Ill spiral ganglion cells of Spoendlin. The present
investigation will use three groups of deaf guinea pigs: I) genetically deaf
waltzing guinea piss; 2) guinea plgs deaf from antibiotic administration; and

3) guinea pigs deaf from noise exposure. When these animals have been deaf
for at least I0 monthsj discrete lesions will be made in their spiral Eangllon
on one side only. The area of the lesion and at least one sample through
each half-turn of the spiral ganglion will be described. Using Fink-Neimer

techniques, the central projections of residual spiral ganglion cells will

F" be determined. The nature and location of these central projections may be
important in the search for an adequate cochlear implant prosthesls_ since
these residual spiral ganglion cells are the only nerves that are available
to be stimulated by such devices,

Summary of Findings: It has been shown that destruction of the guinea pig
organ of Corti by trauma_ drug iotoxicatlon_ nolsej and genetics all result
in a secondary loss of meet, but not all, spiral gangllon neurons_ and in
degenerative debris in the cochlear nuclei which persists for 9 to 15 months.

By lesionlng the cochlear portion of the VIII Nerve one year or more after
organ of Cortl destruetion_ it has also been demonstrated that the few residual
spiral ganglion cells project their axons to the same areas of the cochlear
nuclei as does the normal spiral ganglion populationt retaining the cochleo-

topic organisation. Data analyses indicate that neurons af the cochlear nuclei,
superior ollvsry complex, and inferior colliculus have significantly reduced
soma size following long-term organ of Corti loss.

Where Plndin_s Published:

I) Webster_ D.g.j and Webster, M._ "Cochlear Insults from Nolse_ Drugs!
and Genetics." J. Acoust. Soc. Amer., 63:$43, 1978.

2) Webster, D.B.p and Webster, H., "Cochlear Nerve Projections Following
Organ of Cortl Destruction." Otnlaryugology, 86:342-353, 1978.

3) Webster, M., and Webster, D.S. I "Cochlear Nuclear Projections from
Outer Hair Cells." Neuroscience, 4:11, I978.

_ Period of Performance: 1977-1979.
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Investigator: D,B. Webster and M. Websterp Leuls£ana State Un_vers£tyf
New Orleans, LA (504/947-6641).

A_ency Contact: Earleen Elkins, NINCDS (301/496-5061).

Fiscal Ye@r Fundln_ (_i000): [977 1978 _979 1980
36'.8 36.9 38.7

L

C _
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NINCDS (toni'd)

Title: INVESTIGATION OF AGENTS WHICH DAMAGE THE EAR - PHYSIOLOGICAL MEASURES
OF ACOUSTIC OVERSTLMULATION

Ohjective: To l) identify agents which exert deleterious effects upon the ear;
2) attempt to understand the mechanism by which the damage is produced and

3) seek ways to provide protection from, or relief from, or compensation for
the damaging effects.

Description: This project is part of a broader program (NS 09889-05AI) whose
summary states_ The purpose of the Kresge Hearing Research Laboratory is to
conduct intradisciplinary studies of the clinical problems produced by damage
to the ear. The identification and understanding of agents producing damage

includes those agents which interact with each other to produce damage as well
as the single offenders to the ear. The methods of investigation involve the

use of animal models as well as human subjects. The techniques utilized are:
l) recording Of electrophysiolosical events in the auditory system (At cochlear
pntentlalj endolymphatic potential, NI action potential of the V_llth nerve_
single unit activity of the lllrd nerve and evoked responses in the auditory

cortex)_ 2) behavioral measures of hearing in animals using operant condi-
tioning techniques; and 3) histological assessment of the inner ear including
hair cell counts by the surface preparation technique, serial sectioning using

f-'_ celloldin embedding and electronmicroscopy.

Summary of Findings: Following seven consecutive days of exposure to broad
hand noise and aminoglycoside drug treatment, four groups of guinea pigs were

studied by measurins cochlear electrophyslology and hair cell counts. Data
revealed a signiflcant interaction which is substantially greater than the
summation of the two individual insults. The same interaction effect is cur-

rently under study using kanamycin instead of neomycin. Frequency specific

NI potentials were used to assess the effect of acoustic overload upon the
auditory system. Overload was produced at 7 kHz using 85, 90 and 95 dB SPL
for durations extending from I to 20 minutes. The results revealed a time-
intensity relationship as expected. The maximum effect of the overload was
always at I/2 an octave above the overload frequency regardless of intensity
or duration of the overload stimulus. NI facilitation was often oheerved at

frequencies of approximately I/2 to I octave below the overload frequency.
N1 testing was conducted at every I/8 octave interval between 2 kHa and 20 kNz.
Other frequencies and SPLs of 100, 105, 110 and 115 are under study.

Where Pindin_s Published!

Vernon, J.A., Brown, J., Eeikle, M., and Brummett, R.E., "The Potentiation

of Noise-luduced Henries Loss by Neomycin." Trans. Am. Acad. Ophth.
Otolar_n_. 86:123-124, 1978.

Period of Perfqrmance_ 1976-1979.

_-_ Investi_at$r: J.A. Vernon, University of Oregon, Portland, OR.

A_ency Contact_ Earleen Elkins, NZNCDS (301/495-5051>.

Fiscal Year ?undin 8 ($1q00): 1977 1978 1979 1980
3_ 30.7
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NINCDS (toni'd)

Title: CRITICAL BIBLIOGRAPHY OF THE EFFECTS 0F NOISE ON HEARING

Qbjective: To develop a critical review of currently existing data and iden-
tifF specific areas in need of additional research on the effects of noise
on hearing.

Descriptions A critical revlewl analysis, and synthesis of currently existing
national and international data on the effects of noise on hearln 8 will be
prepared. The following concerns related to noise damage will be addresseds

(I) Anatomy and physlology , (2) Biochemistry, (3) Temporary Threshold Shifts
(TTS)_ Permanent Threshold Shifts (PT8), and Asymptotic Threshold Shifts (ATS),
(4) Noise and other ototraumatic agents, (5) Continuous, intermlttent_ and
impulse noise, (6) Differential dlaE_oels of hOles-induced hearln 8 loss,

(7) _ndlvidual differences and susceptibility, (8) Protection and conservation
of hearlng, and (9) Relation of existing seosorlneural hearing lose and PT8_
TTS, end ATS. A position paper which enumerates important queetlons concerning
the effects of noise on hearing and which outlines and discusses possible

research design and dana collection and analysis procedures will be completed,

Period of Performance: 1980-1982.

Investigator: TO he awarded. _"

Asenc _ Contacts Earleen Elklns, NINCDS (301/496-5051).

Fiscal Year ?undin_ ($1000): 1979 1980 1981 1982
58 140
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NINCDS (Cont'd)

Title: MECHANICAL PROPERTIES OF THE EAR

Ob_eetlve: To study the discrepancy between stimulus frequency and frequency
of maximal loss,

Description: Work is currently in progrese to investigate the mechanical
properties of the peripheral auditory mechanism by studying: (I) displacement
of the cochlear partitionp measured by laser interferometry; (2) power transfer
through the middle ear; and (3) nolse-lnduced hearin S loss.

Summary of Findings: Zt has been shown that the nolse-lnduced audlomatric
notch at 4 kHz is causally linked to the ear canal resonance at 3 kHz.

Evidence was given by lowering the ear canal resonance by extension of its
length. While in this frequency range the frequency interval between stimulus
and point of maximal TTS is approximately I/2 octave, the relation is different
in other frequency ranges. The same experimental technique is being employed

to explore the frequency interval between stimulus and point o_ maximal TTS for
other stimulatlng (pure tone) frequencies.

Whare Findin_s Published:

'f'" CalaBzo, A.J., and Tonndorf, J., "Ear Canal Resonance and Temporary

Threshold Shift." J. Acoust. Soc. Amar., 61, Suppl. No. l, 1977.

Period of Performance: 1978-1979.

Investigator: J. Tonndorf and S.M. Khanna, Columbia University_ New York, NY
(212/694-3993).

Agency Contact: Earleen Elklns, NZNCDS (301/496-5061).

Fiscal Year ?undin_ !$I000): 1976 1977 1978 1979 1980
8.5 28,4 35.8
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COMMUNICATION INTERFERENCE
NINCDB (Cont'd)

Title: DETECTION AND LATERALIZATION OF SIGNALS IN NOISE

Objective: To establish the limits of signal detection and laterallzatlon
in noise backgrounds.

Description: 1%is project is part of a larger program entitled "Psychophyslcs
in Binaural Hearing." In this project t a series of different experiments
measured subjects' ahilltles to decent and to lateralize (a form of sound

localization) tonal signals in nolss backgrounds of various sorts, Some
of these slgnal/masker configurations were ones known to produce the release
from masking known as the masking-level difference (HLD). MLDs exist whenever

the slgnal/masker configuration produces binaural cues for detection--interaural
time and/or intensity differences--the cues also used to localize unmasked

signals in space.

Summary of Findings: Obviously the presence of noise degrades lateralization

and localization performance, but the magnitude of the impairment depends
greatly on the particular signal/masker configuration chosen. In general,
a low-frequency tonal signal is best lateralized in inceraurally-correlated
noise when its interaural Level difference is large and its interaural time

difference small; a high-frequency tonal signal can be laterallzed only by
using level differences. Complex waveforms can be laterallzed using interaural

time differences in £helr fine structures (cycle-by-cycle time differences)
or in their envelopes, dependlng upon the relative availabilities of the

two. If the signal is spectrally sh, ilar to the noise background, laterallzation
performance does not vary monotonically with interaural time delay. Rather,
time delays correspondin S to negative values in the autocorrelatlon function

produce greatly depressed performance, depending upon the signal-to-nolse
ratio.

Where Findln_s Published:

l) McFadden, D., and Pasanen, E.G.p "Binaural Detection at Nigh Frequencies
with Time-Delayed lqaveforms." J. Acoust. Soc. Amer., 63:1120-1131,
1978.

2) McFadden, D., and Pasanen, E.G., "Laterallzatlon at Nigh Frequencies
Based on Interaural Time Differences." J:. Acoust. Soc. Amer.,
59:634-639, 1976.

Period of Performance: 1974-1980.

Investigator: Dennis McFadden, Dept. of Psychology, 0nlversi_y Of Texas,
Austin, TX 78712 (512/471-4324).

AEency Contact: J. Buckminister Ranney, Communicative Disorders Program,
NINCDS_ Federal Building, Room ICiI_ 7550 Wisconsin Ave._
Bethesda_ ND 20205 (301/496-1806).

Fiscal Year Funding ($1000):e 1978 1979 1980 1981 %-J
80 62.9,

*-Funding figures for all projects in the program. Other program elements
are on pp. A-220 and A-221.
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NINCDS (Cant'd)

Title: BINAURAL HEARING

Objective: To understand blnaural in'teractlon and to apply this understanding
to the problems of the hearin E impaired.

Descriptlon: The experimental research on normal listeners includes the study
of the discrimination of intsraursl parameters, of interactions between intersural
time delay and interaur_l amplitude ratio, of detection of signals in noise,
of lateralization and loudness in the presence of nolse_ and of techniques

for measuring the shape of the binaural image. The experimental research on
impaired listeners includes the study of localization, lateralization_ interaural
discrimination, and detection signals in noise. The _heoretieal research in-

cludes application of the theory based on audltory-nerve data =o further
experimental results on normal listeners_ further development of the central
structures postulated in the theory, and preliminary work on the application

of the theory to impaired hearing.

Period of Performancez 1978-1980.

Investigator: H.S. Colburn_ N.I. Durlach, W.M. Siebert, L.D. Bralda_ and
C.L. Thompson, Massachusetts Institute of Technolosy i Cambrldgej

If_' PL% (617/253-2575).

Agency Contact: Earleen Elkins, NINCDS (301/496-5061).

Fiscal Year Funding ($I000): 1976 1977 1978 1979 1980
20.5 28.3
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NINCD$ (Cant'd)

Title: FREQUENCY SELECTIVITY IN NORMAL AND IMPAIRED EARS

Ob_ective_ To investigate auditory masking in listeners with hearing los_
due to cochlear (sensorlneural) pathology.

Description: The abnormally protainent upward spread of masking observed with
listeners having sensorlneural hearing damage not only provides insight into

the nature of the underlying pathology_ but also serves as a partial explana-
tion of why impaired listeners report experiencing great difficulty under-
s=anding speech in the presence of competing background noise. These masking
results have been incorporated into an audiological test far predicting the
speech perception handicap in noise. In an expansion of the scope of the

8rantp an applied program directed toward development of a new approach to
hearing prosthesis has been initiated. In =hls effort_ a prototype for a
close-talking detachable-microphone hearing aid, utilizing infrared light

transmission of the acoustical signal, has been assembled.

Suunuary of PindlnEe: The pattern o£ tonal masking as well as speech
'intelligibility in noise was evaluated on a sample consisting of listeners
having normal hearing, presbyacusis, noise trauma and ototoxic poisoning.
In geaeral_ masked speech intelligibility thresholds (speech-to-noise ratio)

for the impaired listeners _ere about 1O dB higher than for the normal control _.
group. _n addltlon, there was a strong quantitative relationship between
masked speech intelligibility threshold and the upward spread of masking,
suggesting that the masking pastern could serve as_an audiological predictor

of the speech co_nunlcation handlc_p. Initlal audiological evaluation of the
prototype hearing aid indicates that it is far superior to the personal hearing
aid currently in use by many listeners.

Where Findings Published:

i) Leshowitzj B._ and Henderson, D., "Ssnsorlneural Hearing Loss:
Insights from Sensory Psychology." Oral Presentation: American
Speech and fleering Association, Chicago, October 1977.

2) Leshowitz s B., "Relationship of Tonal Masking to Speech Intelligibility
in Noise for Listeners with Sensorlneural Mearins Damase." Oral
Presentation: Acoustical Society of America, Miami, December 1977.

Period of Performance: 1976-1979.

Investi_ator_ B.H. Leshowlts, Arizona State University, Tempe, AZ (602/965-4687).

A_enc_ Contact: Earleen Elklns, NINCDS (301/496-5081).

Fiscal Year Fundln_ (Sl0SO): 1976 1977 1978 1979 1980
81.8 80.2 81.2
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NINCOS (toni'd)

Title: BINAURAL HEARING AIDS IN NOISE AND REVERBERATION

Objective: To compare binaural and monaural speech intelllglbillty and
localization of bearlng-lmpalred adults with and without hearing aids in the

presence of varying degrees of noise and reverberation. The results of the
study will identify the conditions in which the binaural advantage for
intelliglbility and/or localization of individual listeners can be reliably
measured. This study should provide the basic data for developing a clinical

test to identify those who can and cannot benefit from binaural hearing aids.

Description: Subjects will have sensorlneural binaural hearing losses with
various configurations of pure tone audlograms. The measurements of intelli-

gibility will be performed for five speech-to-nolse ratios, three reverberation
times, monaural and binaural conditions, and unaided listening (without hearing
aids) and aided listening (through ear-level commercial hearing aids). The
binaural and monaural localization, with and without hearing aids, will be

tested with phantom sources produced by two signals arriving to the subject
with a time difference. The position of the phantom source depends on the time

and intensity differences of the two signals. For the aided condition, the
gain controls of hearing aids will be adjusted to see if hearlng-lmpalred
subjects can achieve localization similar to that demonstrated by normal

_, hearing subjects,

Summer 7 of Findin_s_ Preliminary data with normal-hearlng subjects indicate
that localization in the binaural condition is easy for real and phantom sources,

However, with an increased noise level there is a tendency for a greater spread
of judements for the phantom sources, while the real sources seem to be more
resistant to the increased noise. In the monaural condition, the source

positions are judged incorrectly. All speech sounds are judged as coming from
the loudspeakers at the side of the open ear while the babble is judged as
coming from _he same loudspeaker as speech or from a position shifted toward

the mldllne. There is a tendency to separate the positions of the speech and
babble sources. There is no obvious relationship to the positions judged in
the binaural listening.

Where Pindln_s Published:

Nabelek, A.K., and Robinette, L., "Influence of the Precedence Effect
on Work Identification by Normally Hearing and Hearlng-lmpalred Subjects."
3. Acoust. So¢. Amer., 63_187-194p 1978.

Period of Performance: 1977-1980.

Investigator: A.K. Nabelek, L.N. Robinette, and D.L. Hasoe_ University of
Tennessee, Knoxville, TN (615/974-4123).

A_ency Contact: Earleen Elklns, HINCDS (301/496-5061).

"-_ Fiscal Year Fundin_ ($lOO0): 1977 1978 1979 1980
65.2 68.3 89._ 86.8
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NINCDS (Coot'd)

Title_ EVALUATION OF A TEST OF SPEECH PERCEPTION IN NOISE

Objective| To conduct experimental work to determine the interllst equivalency,
performance by signal-to-babble (S/B) functions_ and validity of the Speech
Perception in Nolee (SPIN) Test.

Descriptlon_ This study will establish the interllst equivalence for all
ten recorded forms of the SPIN Test on a sample o£ hearing-lmpalred subjects,
treating high- and low-predlctabillty words as two separate domains. The

effect of signal-to-babble ratio upon the SPIN Test scores of hearlug-lmpaired
and normal-hearlng subjects will be assessed. Finally, the validity of this
test as a predictor of the degree of benefit persons with acquired eensorl-
neural hearing loss will appreciate from a properly selected hearing aid will
be determined.

Summary.of Findingsz All ten forms of the SPIN Test have been presented to
128 hearlng-impaired listeners at a level calculated to correspond to the
loudness equivalent of 60 dB NPL for a normal-hearlng listener, and the babble
noise was set 8 dB lower. Half of the subjects heard the test through ear-
phones and half via loudspeaker; half were tested in a single session and half
in two sessions. Statistical analyses of these results indicated that (a)
transducer, (b) visits, and (c) order of testing had no influence on test

scores. The average reliability coefficient was 0.906 for the hlgh-probability
items and 0,848 for the low-probability items in each form, The ten forms

tested, however, do not constitute a set of equivalent for_s; and it is dlffi-
cult to identify a subset of equivalent forms, because of the large differences
in difficulty among forms with respect to the Iow-probabillty sentences.

Where Findings Publlshed_

gilger_ R.C., Rzeezkowski, C._ Nuenzel, J.M., and Rablnowitz, W.M.t

"Evaluation of s Test of Speech Perception in Noise (SPIN)." Oral
Presentation_ American Speech and Hearing Association Annual Meetingp
November 1979.

Period of Performancet 1977-1981.

Investigator; R.C. Bilger, University of llllnoisj Urbane, ZL.

ABency Contant_ Earleee Elkins_ NINCDS (301/496-5061).

Fiscal Year Funding ($1000): 1977 1978 _ 1979 1980
S0 90 122

r
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

U.S. FOOD AND DRUG ADMINISTRATION

NONAUDITORY PHYSIOLOGIC RESPONSE

Title: INVESTIGATION OF POTENTIAL HAZARDS OF AIRBORNE ULTRASOUND DEVICES

Objective: TO develop e risk assessment for use of airborne ultrasound devices.

Oescri_tlqn: A literature study is being undertaken to investigate research
efforts concerning possible adverse effects of airborne ultrasound on humans.

A survey of output levels of selected devices producing airborne ultrasound
is in progress.

Sugary p_ Find_9_s: Preliminary results indicate that ultrasound levels as
produced by devices in use (both industrial and consumer applicetlons) are
probably not high enough to cause harmful auditory effects. They can, however,
produce "subjective" effects (headaches, nausea, irritability, etc.) end levels
measured are# in some cases, above published exposure criteria. Indications
are that the high frequency, barely audible component Ls the major causative
factor. Little research has been undertaken to determine if levels high enough

f" • to induce "subjective effects" can, over a long time period, produce subtle
physiological damage.

Where Findings Published: Will be published as a BRR Report, probably in
early t981.

Period of Performance: 1979-1980.

Investigator: Bruce Herman# Bureau of Radiologlcal Health, Acoustics Branch_
FDA, Ronkville, MD (301/443-6113).

A_ene Z Contact: Dewltt Hazzard, FDA (301/443-4190).

Fiscal Year Funding ($I000): 1976 1977 1978 1979 1980
2.2
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FDA (Cont'd)

Title_ ENVIRONMENTAL FACTORS INFLUENCING INSULIN BIOASSAY

Objective: There were several objectives to this project. The first was to
determine the need for control of certain environmental factors in the insulin
bloassay. Secondly_ the effect of stimuli from altering environmental condi-

tions on parameters of the bioassay such as weight and validity was determined.
Finally_ the nature of blood sugar change, if any, and the time required for
stabilization following various stimuli such as noise production was investigated.

Description: Several trials were made during which animals received different
doses of insulin by subcutaneous injection. Blood sugar was measured at O,
l, and 2-i/2 hours after injection. At the last bleeding all animals were
exposed to a sudden noise level of 85 decibels with a 20-second duration. On

some octasions animals were exposed to elevated noise levels 2-i/2 hours
after receiving quantities of insulin sufficient to cause significant dif-
ferences in blood sugar values between doses and control animals. After
exposurn to elevated noise levels, blood sugar was determined at intervals of
up to I0 minutes.

Sugary of Findings: Only limited data could be generated on this project
because of the certification program test load. Deliberate noise generation
during a bioassay would violate compendial and legal requirements t so data _="
were acquired after the official test was over (i.e._ after 2-I/2 hours after

dose injection). It was found that the effect of noise was transitory and of
about 5 minute duration. It could not he determined if animals become tolerant

of the noise stimulus because of the mentioned workload. It is also not within

compeadial description to obtain blood every I0 minutes because the taking of
the blood sample is itself a stimulus. No plans are in effect at this time to
proceed further with the noise aspect of the factors influencinR insulin
bioassay.

Where Findings Publlshed_ Study was _ncomplete. Not enough data for
publication.

Period of Performance: 1977-1978,

19yesti_ator_ J.F. Reilly_ J.E. Collins, C.T. Dieter, and K.M. Drisgo,
Food and Drug Administration_ Washington, DC.

Agency Contact: John E. Collins, HFD 512 FDA_ 200 C St., S.W., Washington, DC
20204 (202/245-1217).

Fiscal Year Funding ($i000): No special programmatic funding.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

HEALTH SERVICES ADMINISTRATION

COMMUNICATION INTERFERENCE

Tit.le: LINGUISTIC SKILLS OF CHILDREN WITH MONAURAL DEAFNESS

Objective: To ascertain if childrea with unilateral hearing loss exhibit
deficits in their auditory and linguistic performance.

Description: More specifically, the purposes of this investigation were
twofold. The first was to determine the degree to which young children with
unilateral hearing loss exhibit auditory impalrments in a) word and sentence
discrimination under quiet and noise conditions; b) localization abilities
(quiet and noise), and C) auditory perceptual skills as determined from

selected subteens of the Soldman-Fristoe-Woodcock Auditory Skills Test Battery
(GFW Battery) and the tests of auditory temporal processing as discussed by
Tallal. The second was to determine the nature and extent of lingulstlc_

cognitive, and educatlonel problems in children with unilateral hearing loss,
as measured by assessment of left end right hemisphere perceptual and proces-
sing skills• The study assessed the horizontal sound localization skills of

•_ three groups of subjects: normal-hearlng adultsp normal-hearlng children,
and unilaterally hearing-lmpaired children. The ability of these subjects

to localize pure-tones of 500 and 3000 Hz in quiet and in background cafeteria
noise was evaluated.

Summary of Findln_s: Results indicated a significant effect of signal frequency
in all three groups of listeners. The hearlng-lmpaired children performed
poorer than their normal-hearing counterparts under all condltlons. Individual

differences in sound localization ability among the heavlng-lmpaired listeners
is explained largely through effects of age and degree of hearing impairment.
The study suggests that the unilaterally hearlng-impai_ed school-age child

has considerable difficulty in localizing sound and, therefore, will experience
a significant decline in communicative efficiency in many everyday situations.

Period of Performance: 1978-1979.

Investigator: F.H. Besss S. Allen_ P.F. Norllnt J. Culbertson, R. Norrlsp
Vanderbilt University, Nashville, TN (615/322-2446).

A_ency Contact: Adele Schwartzart, Health Services Administration/Maternal
Child Health Services.

Fiscal Year Fundln_ ($10OO): 1976 1977 1978 1979 1980
36.2

_241
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BUREAU OF MINES
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--- DEPARTMENT OF THE INTERIOR

BUREAU OF MINES

NOISE CONCOMITANT WITH VIBRATION

T_tle: ASSESSMENT OF WHOLE BODY VIBRATION LEVELS OF COAL MINERS

Oh_ectlve: To assess the extent and nature of whole body vibration for the
United States worker populatlon for above ground and underground coal mines.

Descri?tlon_ The extent to which miners are exposed to whole body vibration
is largely unknown. Alsop the sources o£ whole body vibration have not been
identlfle4 and characterized. The purpose of this contract is to identify
which mining occupatlons expose the workers to excessive whole body
vibrations and to document the vibration intensity levels. _dltiosally, a

literature search will be conducted to identify any documented cases where
exposure to whole body vibrations, similar to those found in the miming
environment, may have caused physiological changes. Field surveys will be
initiated during 1980 at an Eastern Kentucky surface mine.

Period o£ Perfermanoe_ 1979-1981.

Investigator: Paul Remington, Bolt, Serasek and Newman, 15 Noulton Street,

Cambridge, MA 02138 (617/491-1850).

A_eec Z Contact: Thomas G. Boblck t DOI/U.9. BeN, Pittsburgh Research Center,
Pittsburgh, PA (412/575-5673).

Fiscal Year.Fundln_ ($I000!: 1978 197@ 1980 1981
80

I A-245



DOI (Conrad)

Title: _UMAN RESPONSE TO BLAST NOISE AND GROUND AND STRUCTURE VIBRATIONS

Objective: To determine the subjective response of humans to surface mine
and quarry blasting by correlating human response with amplitude, frequency,
duration, and damping characteristics of the alr I ground, and structure
vibrations.

Descriptlon: Community attitude surveys will be made around mines to assess
reactions of the people to blastine, and will be followed by studies of sub-
jects' reactions to on-site blasts. Blast levels of vibration and noise will
be measured for correlatlnn so that annoyance levels can be established.

A laboratory phase of study will follow in order to obtain additional data
which cannot easily be collected in the field environment. Peoples' responses
to transient noise and vibrations, similar to blasting, will be assessed and
combined with the data obtained in the field studies in order to provide ade-
quate relationships between annoyance and blasting.

Period Of Performance: 1980-1982.

Investigator: Sanford Fidell, Bolt t Beranek and Newman, Inc., Los Angeles, CA
91305 (213/347-8360).

Agency Contact: John W. Ropp, Technical Project Officer, DOl/Twln Cities
Research Center, Twin Cities_ MN.

Fiscal Year Fundin_ ($I000): 1977 1978 1979 1980 1981
202 121
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DEPARTMENT OF LABOR

NOISE-INDHCED HEARING LOSS AND HEARING CONSERVATION

Title| EVALUATION OF METHODS FOR OALCULAT_ON OF ATTENUATION FACTORS OF

HEARING PROTECTORS

Objective| To evaluate various methods for calculating effective R-factors
for hearln E protectors.

Descriptlonz CurrenCly_ many miners ace wearlng personal hearin E protection
devices. For the MSHA inspector to accurately determine the noise exposure

of the worker, he _st know the dBA attenuation (R-factor) of a particular
protective device. The Eranch has been evaluating various methods for calcu-
lating the effective R-factor. Over the last several yeare_ there have been

numerous ways to calculate the attenuation or S-factor of hearing protectors.
Thie includes OS_A methods, NIOSH methods, EPA method_ 8oteford method_ etc.
Due to the uniqueness of the mining envlronment_ the nolee levels and frequency
distribution of the 'noise, a study has been in progress to determine which
method would be most applicable to the mining industry° Other studies done

by various people in other industries have also examined the problem of
on-the-job effectiveness of hearing protectors versus laboratory measurements.

_, Possibly this can also be taken into account in the nlnlng industry.

Period of Performance| 1974-present.

Investigator| L. Merraoelni_ Physical Agents Eranchp Pittsburgh t PA.

A_enay Oontact: Jerry Breech, MSHA/Office of Coal Mine Safety and Health
(703/235-|140).

Fiecal Year Fundtn_ ($1000):

1975 1976 1977 1978 1979 1980 1981 1982
2 3 3.2 3.5 4.0 4.0

Y
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DOL (Cont'd)

Title_ LABORATORY EVALUATION OF ACTIVEHEARZNG PROTECTORS

Objectlve_ To evaluate two active hearlnE pro_eetors (devices with small
microphones, speakers and electronic circultrywhlch attenuates or filters
out noise) and a passive hearing protector (comon commercially available
hearing protector) with regard to relative attenuation and speech intelligi-
bility effectiveness. The study was undertakenbecause many miners are exposed
to excessive noise levels in the mining industry and have listening problems
using the protectors.

Description: The Branch conducted an evaluationof two types of active or
discriminating ear protectors and a passive ear protector with regard to
relative attenuation and speech intelligibility effectiveness. The first
part of this evaluation involved using a standard anthropometric test dummy.
Each hearing protector was fitted on the dummy. Noise measurements were made
on the outside of the hearing protector and also under the hearing protector.
The relative attenuation between the various hearing protectorswas thus
determined. In the second part_ human volunteerswere used to determine the
speech intelligibility effectiveness while wearing the hearing protectors.
A modified Rhyme Test was given to the volunteers. This test included a
50--wordlist that had been tape recorded with various signal-to-nolse ratios.

Summary of Findln_s_ The active protectors attenuate relatively the same as
a passive hearing protector. However, duo to some electronic problema_ the
active hearing protectors were not very effective in speech intelligibility.
Possibly same modifications to the electronics incorporated in the active ear
protector need to be made.

Where Findln_s Published: To be publlshed at a later date.

• Period of Performance: 1978-1979.

Investigator: G. Durkt, L. Marracclnl,Physical Agents Branch, Pittsburgh, PA.

A_ency Contact: Jerry Broach, MSRA/Offlceof Mine Safety end Health
(703/235-I140).

Fiscal Year Fundin_ ($I000)_ 1976 1977 1978 1979 1980
13.8
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DOL (Cont'd)

Title: ASSESSMENT9 EXAMINATION AND _{E BENEFIT FOKMULA

Objectlve: To investigate and analyze the following: I) The appropriate
frequencies Co be used in assessing hearing impairment under a compensation
formulaj 2) the need for multiple examinations involving an otolaryngologlst
and/or audiologist in diagnosing hearing loss; and 3) the appropriate
mathematical formula for converting a hearing impairment into a compensatiun
benefit.

Description: An extensive literature review of the most current medical and
sclencifi= findings relevant to hearing loss assessment will be undertaken
which addresses three areas:

(i) The relationship between loss of sensicivlCy for pure Cones and

hearing for communication purposes which focuses on important frequencies
for hearing speech: Topics included in the review will include Federal and
State standards related Co assessmenc_ literature on psycboacoustlcs, speech

perception! and speech reception wlth hearing impaired individuals. In addiCion
hearing loss clalms records will be reviewed to determine impact estimates
of whatever options seem appropriate.

(2) ExsmlnaCloe procedures and protocols required to obtain reliable
and valid measures of hearing loss: Audiological test procedures necessary
for accurate assessment of organic and functioning hearing loss and the conditions

f_ under which these tests are performed will be evaluated and recommendations
will be made on appropriate test procedures and conditions. Data bases will
be examined to obtain a cost-benefit analysis of introducing such procedures.

(3) The relationship between hearing impairment and hearing handicap and
how handicap can be quantified (the benefit formula): The present OWCP benefit
formula will be reviewed with regard Co its approprlaCeness to realistic loss
in speech dlscriminacion as a result of hearing impairment st the 25 dg low
fence and 92 dB high fence for the average frequencies of 1,000, 2,000, and
3_000 Hz. Alnarnatlve methods for defining impairment and measuring the

quantifying handlcsp will be outllned and the romlfieatlons explored by applying
them to one or more data bases.

Where Findings Published:

Hardlck# E,J.p Helnlck_ W._ eL el., "Compensation for Hearing Loss for
Employees Under Jurisdiction of the O.g. Department of Labor: gennflc
Formula and Assessment Proced_res_" Final ReporC_ U.9. Department of

Labor, 1980.

Period of Performance: 1979-1980.

Investigator: _dwsrd J. Hardlck and William Melnick, Ohio SLate University,
Columbus, OH.

A_ency Contact: Donald Ridzon, DOL/Employment Standards Administration
(202/523-8509).

Fiscal Year Fundln_ ($I000): 1976 1977 t978 1979 1980
143.5
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DOL (ConS'd)

Title: PRESBYCUSlS, RECRUITMENT AND TINNITUS

Objective: To produce rocommendations on whether or not the relationship

between hearing loss and age should be taken into account in a compensation
formula and how much correction should be made end for whom. The project
will also assess the effects of recruitment and tinnitus on hearing loss
impairment end determine whether these conditions should be taken into account
as compensable items.

Description: A thorough literature review will be conducted and existing
hearing survey data on the correlation between hearing loss and age will
be examined. In the literature review, an assessment of the current opinion
on correction factors will be made to determine whether correction factors

can be derived frcm existing data and if so, the feasibility of deriving
such a factor for presbycusls in compensation cases for nolse-induced hearing
loss. The literature on recruitment will be reviewed to examine the incidence

and degree of recruitment among ind[viduals. If the presence of recruitment
merits consideration in evaluating compensation claims, audiometrlc techniques
will be proposed for identifying and quantifying its presence. Literature

on tinnitus will be reviewed to determine present knowledge between quality
and degree of tlnnitus and associated interference. The extent to which

the presence of tlnnitus contributes to hearing loss will be assessed.

Where Findings Published:

Herdiek, E.J., "Presbycusis, _ecrultment end Tinnltus," Final Report,

U.S. Department of Labor, 1979.

Period of Performance: 1978-1980.

Invgsti_ator: Edward J. Hardlck, Ohio State University, Columbus, OH.

A_enc 7 Contact: Donald Ridzon, DOL/Employment Standards Administration
(202/523-8509).

Fiscal,Year Fundin_ ($i000): 1976 1877 1978 1979 1980
83.8
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DOL (Cont'd)

Title: OCCUPATIONAL NOISE

Ob_ectlve: To determine what constitutes e potentially hazardous exposure
in individual cases for continuous and impactimpulse noise, and provide
information and guidelines on the level_ frequency, and duratlonal charac-
teristics of noise that are capable of causing hearing impairment, with which

the government can use to develop policy options to fairly and equitably
compensate employees with legitimate hearing impairments resultln E from occupa-
tional noise.

Description: Literature on the relationship between hearing loss and con-
tinuous noise exposure encountered in work-related situations will be reviewed

with emphasis on data which became available since 1974. This review will
be examined to evaluate various tlme-weighted exposure levels_ noise spectrum
weighting, and exposure durations. These factors will be described in relation

to the percentage of the population which will incur various amounts of hearing
loss. Where actual data are not available, statistical and mathematical methods
will be used to interpolate and extrapolate data points. Further review of
literature and research reports will be made to develop a data base to assess

the effects of impulse and impact noise. The relationship of various para-
meters of short duration noises including peak sound pressure levels rise and

/--h decay times t number of impulses and other parameters which affect hearing loss
will he investigated. Data from this review will he subjected to statistical

analysis to derive an appropriate mathematical method to describe the apparent
effects of impact noise in industry as well as the impulsive noise associated
with artillery and gunflre in the military.

Period of Performance: 1979-1980.

Investigator: William Melnlck, Ohio State University, Columhusj OH
(614/422-4004).

! A_ency Contact_ Donald Ridzont DOL/Employment Standards Administration
(202/523-8509).

Fiscal Year Fundin 8 ($1000): 1976 1977 i978 1979 1980
57.8
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DOL (Cant'd)

NOISE ENVIRONMENT DETERMINATION AND EXPOSURE CHARACTERIZATION

Title: DOSIMETERACCURACY STUDY

Object,lve: To show the degree to which noise exposure measurements _ade with
sound level meter techniques end noise dosimeters agree or disagree under
field conditions. Additionally, it will be determined why the results agree
or disagree.

Description: To accomplish this I noise exposure surveys will be conducted
simultaneously using noise dosimeters, sound level meterst and tape recorders
on test subjects in surface mlnes, underground mlnes_ and preparation plants.

Sound level mecers will follow the procedure MSHA Inspectors follow when
conducting inspections, The results will be compared as to the degree of
correlation between the different techniques.

Period of, Perform_nce_ 1978-1980.

Investigator: J.P. Seilert Physical Agents Branchp MS}IA, PitCsburgh_ PA
(412/621-4500)o

AEency Connactz _erry Breach, MS_A/Offlce of Coal Mine Safety and Heal_h _'_
(703/235-I140)o

Fiscal Year ?undin_ ($I000)_ 1976 1977 1978 1979 1980
6.9 36.1
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DOL (Conttd)

Title: CALIBRATION OF ACOUSTICAL CALIBRATORS AND NO_SE DOSIMETERS

Ob_ectlve: To develop techniques and implement a program for the annual
calibration of noise dosimeters and acoustical calibrators used by MSHA inspectors.

Description: To this end, calibration procedures are being developedj tested,
reviewed by outside experts, and implemented. Procedures developed will meet
MSHAcalibration needs as opposed to manufacturers * procedures which are for
production purposes.

SLum_ary of Yindle_s: Initial findings are that 90 percent of all acoustical
calibrators are within accuracy specifications between calibration cycles.
Results of the dosimeter program are inconclusive at this point. Thus, coupled
with a field verification program between calibration cycles, a high degree
of accuracy san be maintained for acoustical calibrators. Similar results
are expected for dosimeters.

Period of Performance: 1977-present.

Investigator: J.P. Seller, Physical Agents Branch, MSHA, Pittsburgh, PA
(412/621-4500)•

• Agency Contact: Jerry Braseh, MSHA/office of Coal Mine Safety and Health
(703/235-1140)•

., F,iscalYear Pundin_ ($I000): 1976 1977 1978 1979 1980

_i 53.7 49.3 265.7

[7

i

J

[
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D0L (ConC'd)

Title_ IMPULSE/IMPACT SOUND LEVEL METER EVALUATION

Ob_ectlve: To determine che suitability of impulse/impact sound level meters
for the measurement of impulse solse in surface and underground mines,

Descriptions Test procedures for evaluation are being developed. Three dlf-
ferent instruments are also being evaluated in the laboratory. Mining operacions
thought to he impulsive in nature will be measured uslnE co_nerelally available

test impulse/impact sound level meters and compared to standard measurement
techniques.

Period of Performance: 1979-1980.

Invesci_ator: M.E. Banks_ Physical Agents Branchp MSHA, Pi_tsburgh_ PA
(412/621-4500).

A_eney Contact: Jerry Brasehp MSHA/offlee of Coal Mine Safety and Health
(703/2_5-I140).

Fiscal Year Fundln_ (Sl000): 1976 1977 1978 1979 1980
32.6

b
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DOL (toni'd)

Title: EVALUATE A NOISE DATA LOGGER SYSTEM

Objective: To demonstrate the accuracy of and use of information from a
commercially available noise data logger system.

Description: The project will consist of evaluating the acoustical performance
of 4 dE-301 metrolosgers in the laboratory and demonstrating their use in
noise surveys performed in underground mines. The factors to be evaluated

in the laboratory include A-welghtlng response_ linearity_ and accuracy of

the noise dose accumulation. The field phase will compare the instruments
under actual in-mlne conditions.

Period of Performance: 1978-1980.

Investigator: J.P. Seller i C.A. Dirkmaat, Physical Agents Branch,
Pittsburgh, PA (412/621-4500).

A_ency Contact: Jerry Brasch, MSHA/Offlce of Coal Mine Safety and Health
(703/235-I140).

Fiscal Year Fundln_ ($1000): 1976 1977 1978 1979 1980
/-4 36.5 21.3
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DOL (toni'd)

Title: DEVELOPMENT OF A FIELD SYSTEM FOR DOSIMETER FREQUENCY RESPONSE
MEASUREMENT

Objective." To develop and evaluate a field syscem to indicate whether noise
doslmecers have response problems from I kNz - 8 kHz.

Description: A small reverberant test box was developed. Noise dosimeters
were exposed to I/3 octave bands of pink noise in the test enclosure, The
dosimeter response was measured and ANSI Type II tolerances applied. An
approximate determination of whether or not the instrumen_ was within specl-
fications was then made.

Summary of Findln_s: The test system measurements are repeatable and accurate
%n screening out faulty instruments. One can determine those dosimeters having

poor hiEh frequency response outside of an acoustical laboratory. The procedure
can be used as part of a screenin 8 system for checking dosimeters.

Where Findings Published: Findings not yet published| report currently hein E
prepared.

Period of Performance: 1978-1979.
/-.

Investigator: J.P. Seiler t C.A. Dirkmaatt Physical Agents Branch,
Pi_tsburgh_ PA (412/621-4500).

A_ency Contact: Jerry Brasch_ MSHA/Offlce of Coal Mine Safety and Health
(703/235-1140).

Fiscal Year Fundln_ ($1000): 1976 1977 1978 1979 1980
53.5

<v
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

EFFECTS OF NOISE ON SLEEP

Title: ACOUSTIC ENERGY EFFECTS ON sLEEP AND HUMAN PERFORMANCE--EFFECTS OF

CERTAIN FUNDAMENTAL PARAMETERS OF ACOUSTIC STIMULI

Objective: To perform a systematic investigation of the sleep disturbing
effects of aircraft noise with particular emphasis on studies of how specific
parameters of auditory energy cause arousal durin E sleep.

Description: Laboratory testing of subjects has been carried out over the
past several years on the nature and effects of an individual's response to
auditory noise during sleep. Studies were performed to determine whether

an individual responds similarly during sheep and wakefulness and whether
sleep disruption may carry over to wakefulness in terms of the individual's

estimate of sleep quality and overt performance.

Summary of Find_nssl The response of an individual to an auditory stimulus
when awake isp at bestj only minimally predictive of how he will respond when
asleep. Neither subjective loudness nor increased annoyance appear to be a

/_ particularly good predictor of sleep disruption. Rise time (onset of acoustic
signal) was found to be an important parameter in determining sleep disruption.

Sleep disruption was found to produce a fourfold to fivefold increase in
response time involving memory demands.

Where.Findln_s Published:

LeVere, T.E.t "Arousal From Sleep: The Uniqueness of an Individual's
Response and the Problem of Noise Control." Final Report NGL 34-002-095.
Proposed NASA CR, 1979.

Period of Performance: 1972-1979.

Investigator: T.E. LeVeret Department of Psychology, North Carolina State
Unlveralty_ Raleight NC 27650.

A_enc_ Contact: W.H. Mayes_ NASA Langley Research Center, Hamptonj VA
(804/827-3561).

Fiscal Year Pundln_ ($i000): 1976 1977 1978 1979 1980
30 30 40

&
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INDIVIDUAL AND COMMUNITY RESPONSE

Title: COMPARATIVE STUDY OF COMMUNITY REACTIONS TO ENVIRONMENTAL NOISE

Objective: To (I) develop a catalog of existing social surveys of community
reaction to environmental noise, (2) establish a data archive for selected

cormnunlty noise surveys, (3) identify survey designs which would improve the
precision of the surveys' coneluslons, and (4) consolidate the knowledge from
exlstlng surveys on selected topics.

Description: Over 150 surveys of people's response to environmental noise
in their residential environments have been identified. A catalo S of these

surveys is being prepared. The Social Science Research Council (SSRC) data
archive at the University of Essex, England is arehlvin S selected surveys.

Eisht environmental noise surveys are in the SSRC Archive now. Other surveys
are being prepared for the archive. A reanalysis of seven surveys together
with a review of existln 8 publications has consolidated exlsting information
about noise level and number of noise event relationships and about social

survey desiSes for time-of-day studies. The effects of sampling variability
and the noise measurement program's precision on community noise surveys'

results are heine quantified. /'_'_

Summary of Findin_s: The number of noise events increases noise annoyance
beyond that which would he expected from peak noise level alone. However, the
estimate of the form of the number effect and the relaclve importance of

number and peak level varies greatly from survey to survey. Some of the
inconsistencies between surveys on this and ocher noise index construction
issues is created by incomparable annoyance questlons_ variability in the
precision of noise level estimates, inappropriate analysls techniques, and
inefficient study designs.

Where Findings Published:

l) Plelds_ J.M._ "The Relative Importance of Noise Level and Number
of Events on Human Reactions co Noise: Community Survey Findings

end Study Methods." NASA TM 81795_ March 1980.

2) Fields, J.M., "Designing Co,unity Surveys to Provide a Basis for
Noise Policy." To he published as a NASA Technical Memorandum.

3) Clevenson I S.A., and Shepherd, W.T. (gds.), "Time-of-Day Corrections
to Aircraft Noise Metrics Workshop." To be published as a NASA

Conference Paper, July 1980.

Period of Performance: 1979-1981.
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NASA (Cont'd)

InvesCi_ator_ J.N. Fields, Noise Effects Braech_ AcousClcs and Noise Reduction
Division, NASA Langley Research CenCer_ Rampton_ VA.

A_eneF ContacC_ D.Q. Stephens_ NASA Langley Research Center, Hampton_ VA
(804/827-3561).

Fiscal Year Funding ($I000): 1977 1978 1979 [980
50 50

,©
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NASA (toni'd)

Title= COMMUNITY RESPONSE TO AIRCRAFT NOISE

Objective= To (i) quantify the relationship between subjective reaction and
aircraft noise within airport communities; (2) assess the variation in this

relationship attributable to time of day s ambient noise levelj and various
aircraft operation parameters such as aircraft type I operation mode_ flight

., tracker etc._ and (3) determine the validity of various noise descriptors or
metrics for quantifying the aircraft noise.

Description= The plans of this researsh program are to addross these objectives
in a series of airport co_munlty studiss in order to provide accurate informa-
tion for each ohjective_ test methods of successive studies will vary slightly.
Howevert all studies will be conducted within airport communities and will
involve simultaneous measurement of subjective reactions and aircraft noise.

The initial study of this research program provides for testlns 400 residents
within 100 homes (four residents/home).

Summary of Findle_s: Tests not completed; however_ preliminary findings have
been published below.

Where Findln_s Published= _m_

Dempsey_ T.K., DeLoasht R.r and Stephensj D.G.p "Supporting Statement
for Community Study Of Human Response to Aircraft Noise." NASA TM 81803,
March 1980.

Period cf Performance: 1979-1983.

InvestiBator: T.K. Dempsey, R. DeLoachp D.G. Stephens, NASA Langley Research
Center, Hampton, VA (804/827-3561).

Agency Contact= T.K. Kempsey, NASA Langley Research Center_ Namptont VA
(804/827-3561).

Fiscal Year Pundin_ ($I000)= 1978 1979 1980 1981
I00
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NASA (ConC'd)

Title: GENERAL STUDIES IN _UMAN RESPONSE TO NOISE

Objective: To provide background information on human response to noise.

Description: There are three activities underway. The largest involves a
grant with Columbia University to examine the methodology for conducting
environmental noise surveys. Additionally, two publications (The Effects

of Noise on Man and Handbook of Noise Ratings) will be revised and updated.

Where Findings Published:

I) Kryter_ K.D., The Effects of Noise on Man, Academic Press,
New York and London, 1970.

2) Pearsons, K.S., and Bennett, R.L., Handbook of Noise Ratings.
NASA CR-23761 April 1974.

3) Borsky, P.N., "Ressareh Plan for _stablishing the Effects of Time

Varying Time Exposures on Community Annoyance and Acceptability."

/_ NASA CR-159197_ January 1980.

Period of Performance: 1978-1980.

Invegtlgator: K.D. Kryter_ Stanford Research Institute (415/326-5200);
R. Bennett t holt, Beranek and Newma_ i Inc.; P. Borsky,

Columbia University, New Yorks NY (516/352-A906)o

Agency Contacts D.G. Stephsnst NASA Langley Research Center# Hampton_ VA
(804/827-3561).

Fiscal YeaF._unding ($1000)5 1_976 1977 1978 1979 1980
223 108
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NASA (Coot'd)

Title: THE EFFECTS OF AIRCRAFT SOURCE DIFFERENCES ON PASSENGER AND CO_UNITY
ANNOYANCE

Objective: To establish level_ of equal nola£ness for a variety of aircraft
including advanced turboprop,, general aviation, helicopters, and conventional
turbofan aircraft.

Description_ Human response to interior (passenger) noise and comunity
flyover situations will be examined both in the field and in the laboratory.
Varlable_ will include the noise levelj the tonal contentj and duration of

exposure. In add£tlon to defining effects of source differences on responses,
results will he correlated with current noise metrics to examine the effective-

ness of the metrics for predicting the noisiness of a variety of aircraft
noise sources.

Period of Performanee_ 1979-1981.

Investigator: In-house, NASA Langley Research Center, Hampton, VA.

Agency Oontact_ D.G. Stephens, NASA Langley Research Cen_er, Hampton I VA

c8o4/827-3561_,
Fiscal Year Funding ($1OOO)t 1978 1979 1980 1981

50

C

J

J
A-266



NASA (Cont'd)

Title: EFFECT OF HELICOPTER NO_SE ON PASSENGER ANNOYANCE

Objectlvez To determine the effects of helicopter interior noise on passenger
annoyance for both reverie and listening situations as well a0 the relative
effectiveness of several metrics (OSPL, dgA, SIL) for quantifying annoyance
responses for these situations.

Description: Subjects wore asked to make annoyance judgments (using a
nine-point unlpolar scale of annoyance) of various interior noise stimuli
while ensaged in a listening task or under a reverie (no task) condition.
The listening task required the subjects to listen to a record of phonetically-
balanced (PH) words presented within the various noise environments.

Su_ar_ of Findings: Results indicated tha_ annoyance during a listening
condition was generally higher than annoyance under a reverie condition for

corresponding interior noise envlronmencs. Attenuation of the tonal components
of the interior noise spectra resulted in increased listening performance hut
had only a small effect upon annoyance for a given noise level. The noise

metric found most effective for estimating annoyance response under both the
task and no-task conditions was the A-welghted sound pressure level.

Where Findings Publishedt

Clevenoen, S.A., and Leatherwoodj .T.D._ "Effect of Noise Spectra and

a Listenin s Task Upon Annoyance in a Helicopter Interior Noise Environment."
NASA TP-1590_ December [979.

Period of Performance: 1979-1979.

_nvesti_ator_ S.A. Clevonoon and J.D. Leatherwood, NASA Langley Research
Center_ Hampton, VA (804/827-3561).

A_ency Contact: Principal _nvestigator.

Fiscal Year Fundin_ ($1O0O): No special p_ogrammatic funding.
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NASA (Conrad)

Title: TIME-OF-DAY EFFECTS ON THE h_MERICAL REPRESENTATION OF COMMUNITY
RESPONSE TO NOISE

Objective| To identify factors that may alter the annoyance of aircraft over-
flights tha_ oscur at various times of the day.

Description: Annoyance levels and temporal variations in annoyance are being
collected from eommuni=ies differentially impacted by aircraft noise. In
sddi=iont people are being asked for their preferred hours for reduced noise
levels,

Summarz of Findings: Curves of relative annoyance to noise as a function of
time of day in hours have been generated for several communitiesherin8 dif-
ferent night time noise exposure. Results of these preliminary studies clearly
indicate a rise in annoyance (or a preference for quiet) in t_e evening hours
and a general decline in annoyance after midnlght.

Period of Performance: 1978-1987.

_nvesti_ator! E. Oalanter, Columbia University, New York, NY (212]280-4382).

A_eno_ ConCact: D.G. Stephenst NASA Langley Research Center_ Hamptonj VA
(804/827-3561).

Fiscal Year Fundin_ ($i000): 1976 1977 1978 1979 1980
50 50

i .

C_
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NASA CConc'd)

Title: FIELD STUDY OF THE EFFECTS OF TIME-OF-DAY ON _ RESPONSE TO AIRCRAFT
NOISE

Ob_ectlve_ To investlgatej in an actual airport co_unity_ the effects o£
tlme-of-day on human response to nolse. In particular, the nighttime correction
factors (penalties) are being studied.

_escription| Using a compact mechanical counter and preprinted postcard report
forms_ test subjects in the airport community recorded the number of times
they were annoyed by aircraft flyovers during various time periods of the day

as they went about their normal daily routines. The subject responses were
then correlated with measured noise levels in the community for various time
periods of the day.

guzary of Findlugs_ The significance of this study is that the results
should provide some insight into the validity of the iO dB penalty which many
noise rating indices assign to nighttime noise events. Although the study

has not been completed! some preliminary results are reported in the publication
listed below.

_ Where Findings Published|

Noronjeff, Richard D._ and Teffeteller, Sherrl R., "Initial Study of the
Immediate Annoyance of Aircraft Noise as a Function of Time of Day."
NASA Contractor Report 159167_ April 1980.

Period of Performance: 1978-1980.

Investigator: K.S. Pearsons, Bolt_ Beranek and Newman_ Znc._ Los Angeles, CA
(213/347-8360).

Agency Contact: D.A. MeCurdy, NASA Langley Research Cen_erp Hamptoet VA
(80A/827-3561),

Fiscal Year Funding ($10OO): 1976 1977 1978 1978 1980
48 3 7

©
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NASA (Cont'd)

Title: COMMUNITY RESPpNSE TO GENERAL AVIATION NOISE

Oh_eetlvel To define and assess the particular problems associated with
general aviation noise. Included will he an assessment of the impact and
annoyance caused by aircraft noise in general-avlatlon airport eor_munlties
and in mixed general evlation-CTOL airport communities.

Desc_i_tlon: Two independent but parallel contract studies are being con-
dueled which include tasks assoclated with problem definition, noise measure-
ment and analysis t noise modeling and comparison of measurement and modeling

results. In one study, in addition to the above parallel tasks, community
involvement meetings and interviews will be conducted with planning personnel
and managers at several airports in order to identify noise problems, community

opinions and attitudes associated with general aviation operations. In the
ether study, annoyance and activity interference information will be obtained
from a limited number of residents and will be related to the daily and cumu-
lative general aviation noise exposure over a 5-day penlod.

Period of Performance: 1978-1980.

Investigator: J, Stearns, Wyle Research, E1 Segundo, CA (213/322-1783)_ _'_
J. Mabry, MAN Acoustics, Seattle, WA (206/633-5913).

AReney Contact: C.A. Powell, NASA Langley Research Center, Hampton, VA
(804/g2)-3561).

Pisaal Year Pundin s (_i000)I 1977 1978 1979 1980
77 I12
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NASA (ContVd)

Title: EFFECTS OF SUBJECT ACTIVITIES ON ANNoyANCE DUE TO MULTIPLE-EVENT

AIRCRAFT NOISE SITUATIONS

Objective: To determine the influence of subject activity on laboratory
annoyance jud_nents,

_: In the in-house study, annoyance responses are being obtained for
typlcal home aircraft noise exposures while subjects are engaged in different
activities co_nouly associated with home llfe. Differences in response to
the same exposure but for different activities will be determined for incorpora-

tion in community response models. In the contract study, a battery of tasks
representative of the psychological processes inherent in a wide range of
human activities will be developed. These tasks will be used in a variety of
noise environments to assess possible relationships between activity inter-

ference and annoyance responses.

Summary of Findings: One in-house study has been completed in which annoyance
responses were obtained from subjects engaged in face-to-face communication
and reverie tasks. No significant differences in annoyance could be attributed
to the two tasks. Measurements of speech interference were also obtained

/_. during conversation periods.

Where Findings Publlsbed: Report in editorial process.

Period of Performance: 1979-1981.

Investisator: E.F. Key_ NASA Langley Research Center, Hampton, VA;
M.D, Arnoultt Dept. of Psychology, Texas Christian University,
Fort Worth, TX.

A_ency Contact: C.A. Powell_ NASA Langley Research Center, Hampton, VA
(804/827-3561).

Fis,cal Year Fundln_.($1000): 1977 1978 1979 1980
20 35
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_ASA (Cont'd)

Title_ EFFECTS OF NUHBERS AND LEVELS OF AIRCRAFT EXPOSURE ON ANNOYANCE IN
MULTIPLE-EVENT NOISE SITUATIONS

Objective: To determine the most effective descriptors for _itiple-aircraft
noise exposures.

Descriptlon_ Subjects are exposed to, and will make annoyance jud_nents of_
sessions of multiple aircraft noises, The number and level of the individual
noises vary between sessions. The subjective data are to be compared with
various physical measures and relationships to determine the most appropriate

community noise descriptor.

Summary of Findln_s: The findinEs thus far have indicated that enerEy average
measures such as Leq provide a seed measure of central tendency of _aboratory
annoyahce, The results of these studies should provide some insisht as to the
most appropriate descriptor of cumulative noise exposure or the need for new
descriptors.

Where Findings Puhlished_ Two reports are in editorial process.

Period of Ferfo_nancez 1975-1980.

Iuvest$_ator_ C.A. Powell, NASA Langley Research Center_ Hampton_ VA;
E.P. Shepherdt The Bionetics Corp., Hampton, VA.

Agency Contaett C.A. Powellt NASA Langley Research Centerj Hampton, VA
(804/827-3561).

Fisca_Year Fundin_ (_IO00): 1977 1978 1979 1980
90 30 40 30
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NASA (toni'd)

Title: EFFECTS OF SINGLE-EVENT HELICOPTER NOISE "ON ANNOYANCE

Objective: To determine the annoyance characteristics of noise sources pecu-
liar to helicopters. The findings of these studies are of particular signifi_
canoe to domestic and international noise certification of helicopters.

Description: Subjects will judge the annoyance of real and simulated helicop-
ter noises in tests covering a range of variables associated with helicopter

noise. The subjective judgments are compared with various physical measurements
to determine the most appropriate descriptor for the variable of interest. In

the present in-house study, simulated noises will be used which cover the range
of impulsiveness and repetition rate of main and tail rotors in carefully
planned factorial designs. In the grant study, noises of the same spectral

content and repetition rates but with differing phase relationships will be
compared for differences in annoyance characteristics. In the contract study,
recordings of actual and electronically modified helicopter flyovers will be
used. The prime objective of this latter study is to study the possible rela-

tionship between detestability and annoyance for a wide range of helicopter
and ambient noise situations. The helicopter noises will be selected especially
to reduce multi-colinearity between the chosen samples.

Summary of Findings: Findings to date in a study in which subjects judged
actual helicopter flyover noises and a study in which subjects judged re-
cordln_s of the same noises indicated no improvement in annoyance prediction
ability of descriptors with impulse corrections over th_ basic descriptors

" without specific impulse corrections.

Where Findings Published:

I) Lawton, B,W.j " 'Subjective Assessment of Simulated Helicopter
Blade-Slap Noise," NASA TND-8359_ December 1976.

2) Powell, C.A*, "Annoyance Due to Simulated Blade-Slap Noise, in
Nellsoptnr Acoustics." NASA Conference Publication 2052, 1978.

3) Powell, C.A., "A Subjective Field Study of Helicopter Blade Slap
Noise." NASA TM-78758, July 1978.

4) Shepherd, K.P., "A Laboratory Study of the Subjective Response to
Helicopter Blade-Slap Noise." NASA Contractor Report 158973,
December 1978.

Period of Performance: 1976-1982.

Investigator: C.A. Powell_ NASA Langley Research Center t Hampton t VA;
A. Ahaamdap Jr.p Stanford Bnlvereityt Pale Alto_ CA
(415/497-4061); D. May and J.B. Ollarheadt Wyla Research,

A. El Segundo, CA (213/322-1763).

Agency Contact: C.A. Powell t NASA Langley Research Center , Hampton, VA
(804/827-3561).

Fiscal Year Fuodln_ IglOO0): 1977 1978 1979 1980
30 60 50 120
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NASA (Cont'd)

Title: EFFECTS OF DURATION ON ANNOYANCE OF SINGLE-EVENTAIRCRAFT NOISE

Objective: To determine the effects of duration on the annoyance caused by
single-eventaircraft noise. The studies were designed to control for a number
of factorsbelieved to be responsible for the differences in results from
previous studies.

Description: Test subjects made annoyance judgments of recordings of a
variety of real and simulated aircraft noises having a wide range of durations.
The peak levelsof the stimuli ranged from 65 to 90 dBA. The research is
unique in that in most of the studies the duration, Doppler shift, and spectral
content of the noise stimuli were individually controlled. This was accom-
pllshed by specifying aircraft operational factors in s computer eynthesla of
the noises or by manually modifying recordings of real aircraft noises.

SummerF of Findin_s: The results are generally consistent with the equal
energy hypotheeia of an effect equivalent to a 3 dS increase in annoyance per
doubling of duration. These findings are significant in that they confirm the
duration correctionsused in the aircraft noise certification metric, EPNL.

Where Findln_s Published:

1) Shepherd, K.P., "The Subjective Evaluation of Noise from Light Aircraft." '
NASA CR-2773, December 1976.

2) McCurdy, D.A., and Powell, C.A., "Effects of Duration and Other Noise
Cheraeter£atlcson the Annoyance Caused by Aircraft-Flyover Noise."
NASA TP-1386, March 1979.

3) Shepherd, K.P., "The Effect of Duration of Jet Aircraft Flyover Sounds
on Judged Annoyance." NASA CR-159132, September 1979.

4) McCurdy, D.A., "Effects of Sound Level Fluctuations on Annoyance
Caused by Aircraft-Flyover Noise." NASA TP-1576, December 1979.

Period of Performance: 1976-1979.

InvestlsaCorl D.Ao MeCurdy_ NASA Langley Research Center, Hampton, VA;
K.P. Shepherd, University of Utah and the 81onetics Corporation.

Asency Contact: D.A. McCurdy, NASA Langley Research Center, Namptonj VA
(804/827-3561).

Fiscal Year Fundln_ ($I000): 1976 1977 1978 1979 1980
37 30 30

r
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NASA (Cont'd)

Title= EFFECTS OF TONAL COMPONENTS ON ANNOYANCE OF SINGLE-EVENT AIRCRAFT NOISE

Objective= To assess the contribution of tonal components in noise on the
magnitude of judged annoyance and noisiness. The results of this type of re-

search is of great importance in assessing whether tone correction procedures
are needed in aircraft certification noise descriptors or other resulatoty
noise descriptors.

Description: In these laboratory experiments, sobjects will judge the magnitude
of annoyance, noisiness, and loudness of bursts of broadband noises with added
tonal components. Broadband noises of different spectral character will be
used. Frequency and slgnal-to-noise ratio of the tonal components will be
the primary variables, The judgments will be compared with various models
accounting for su_ation and inhibition to determine when tone corrections

to noise descriptors are needed and how to implement such corrections.

Period of Performance= 1979-1980.

Investigator= R.F. Hellman, Boston University, Boston, MA (617/353-3188).

Agency Contact= C.A. Powell, NASA Langley Research Center, Hampton, VA
(804/827-3561).

Fiscal Year Fundln$ ($1000): 1977 1978 1979 1980
30 30

J
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NASA (Con_'d)

Title: EVALUATION OF SINGLE-EVENT AIRCR_T NOISE DESCRIPTORS FOR CTOL FLEET

Objective: To assess the ability of various metrics to quantify the noisiness
of the present CTOL Eleet during takeoff and landing operations. The ability
of the metrics to properly quantify tonal components is of particular interest,

Description: Subjects will rate the noisiness of a lares number of selected
aircraft noise recordings in environments which simulate outdoor and indoor

conditions. These ratings will he compared with acoustical analyses of the
noises in terms of the more co.on physical rating scales.

Period of Performance: 1979-1981.

Investigator: J.E. Mabry, MAN Acoustics and Noise _ne., Seattle, WA
(206/633-5913),

A_ency Contact: C.A. Powell, NASA Langley Research Center, Hampton, VA
(804/827-3561)o

Fiscal Year Fundin_ ($I000): 1977 1978 1979 1980
75
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NASA (toni'd)

NOISE ENVIRONMENT DETERMINATION AND E)_DSURE CHARACTERIZATION

Title: AIRCRAFT NOISE LEVELS AND ANNOYANCE MODELS

Objective: To develop the technology for noise impact assessment and
minimization in alrport communities.

Description: Focus for this program is an airport community computer
simulation model called ALAMO (Aircraft-Nolse Levels and Annoyance Model)
which is capable of overlaying distributions of aircraft noise level

(footprints) on the population distributions of any U.S. airport community.
A recently developed psycho-physical relationship between noise exposure level
and subjective response (annoyance) (Schultz_ 1978), is then invoked to predict
the overall impact of airport noise on the surrounding communityl based on

the number of individuals exposed to various levels of noise. A simgle-number
description of noise impact is computed using the Fractional Impact Method,

Guidelinesas described in the 1977 report of CHABA Working Group 69 entitled " '

for Preparing Environmental Impact Statements on Noise." Outputs of the
program include a prediction of the number of residents expected to be "highly
annoyed" with the airport nois% as well as several demographic variables
listed as a function of noise level, including population, population density,

and population growth rate. The ALAMO model can be used to quantify the degree
of noise impact reduction which can he achieved by various candidate noise

f_'_ abatement strategies. For example, a number of runway selection alternatives
might be compared with the imposition of a night curfew to see which strategy

results in the greatest reduction of highly impacted residents. Various fleet
mix and land-use alternatives can be assessed in a similar manner.

Summary of Findings: The feasibility of assessins noise impact in terms of
human subjective response for arbitrarily selected.airport communities has

i! been demonstrated.

Where Findln_s Published:

ii DeLoach, Richard_ "An Airport Community Noise-Impact Assessment Model."
NASA TM-80198, November 1979.

Period of Performance: 1977-1981.

Investigator: R. DeLoach_ NASA Langley Research Center, Hamptont VA;
I.D. Jacobson and G. Cook, University of Virginia, Charlottesville,

VA| L. Fralr, Virginia Polytechnic Institute and State Universityt
Blacksburg, VA.

A_ency Contact: R. DeLoachp NASA Langley Research Center, Mampton_ VA

Fiscal Year Fundln_ ($1000): 1977 1978 1979 1980
60 90 80 70

&
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NASA (Cons'd)

NOISE CONCOMITANT WITS VIBRATION

Title: MODEL OF PASSENGER RESPONSE TO COMBINED NOISE AND VIBRATION

Objective: To develop a generalized model for the estimation mf passenger
subjective discomfort response to combined interior noise and vibration
environments.

Descriptimn_ The development of this model required laboratory and field
testing of approximately 2,500 test subjects during which subjective reactions
to various vibration and/or noise stimuli were elicited. The ranges of noise
and vibration stimuli included the amplitudes and frequencies known to most
influence passenger comfort.

Summary of Findln_s: The resultant ride comfort model accounts for the effects
of combined axis vibrations (up to three axes simultaneously) and includes
cerreetlons for the effect of vibration duration and interior noise. The output
of the model consists mf an estimate of the passenger discomfort produced by

a given noise andor vibration environment. This discomfort estimate is
measured along a continuous scale that spans the ranse from below discomfort
threshold to values of discomfort that are far above the discomfort threshold,

The model has been implemented in a user-orlented computer program, and pro- . _'
rides a unique tool for use by design engineers in the development of new and
improved transportation vehicles.

Where Findlnss P.ublished|

I) Leatherwood, J.D.; Dempsey, T.K._ and Clevenson, S.A., "A Design
Toml for Estimating Ride Quality Within Complex Ride Environments."
To be published in Suman Factors (HFJ #6306) Vol. 22t No. 4, August
19a0.

2) Dempsey, T.K.; Leatherwood, J.D.; and Clevenson, S.A., "Development
of Noise and Vibration Ride Comfort Criteria." J. Acoust. Soc. Amer.,
65(I), January 1979.

3) Dempsey_ T.K.; Leatherwood, J.D.! and Clevenson_ S.A. "Discomfort
Vibratlons. NASACriteria for Single Axis ' " TP-1422, May 1979.

Period of Performance: 1974-1981.

Investi_ator_ T.K. Dempsey, J.D. Leatherwood, S.A. Clevenson_ NASA Langley
Research Center_ Samptonp VA.

ARency Contact: T.K. Dempsey_ NASA Langley Research Center_ Hampton, VA
(804/827-3561) •

Fiscal Year Funding ($1O00)Z No special programmatic fundins. ,"

A-278



--4

NASA (Coot'd)

Title: AIRCRAFT NOISE-INDUCED BUILDING VIBRATIONS

Objective: To determine the bu'ildlng vibrations resulting from aircraft and
oonaircraft events.

Description: Vibrations of windows, walls, and floors were determined for
aircraft including conventional jets, supersonic transports (Concorde),

propeller vehieles_ and helicopters as well as gro,nd vehicles and common
household events.

Sunnnary of Findln_s: The results of these measurements indicated that vibra-
tion levels resulting from aircraft overflights were directly proportional to

i unwelghted sound pressure levels and were independent of other noise source
i differences. In general_ vibration levels due to aircraft noise were lower

than vibration levels due to common domestic events and wel_ below established
structural damage crltera. Results of subjective measurements conducted as

' part of this program indicated that noise levels in excess of about I00 dB
(unweighted) induced floor vibration levels above the human detection threshold.

.Where Find.ln_s. Pub llshed:

l) Langley Research Center, "Nolse-lnduced Building Vibrations Caused

by Coucorde and Conventional Aircraft Operation at Dulles and
Kennedy International Airports." Final Report, NASA TM-78769,

:, August 1978.
!.

_ 2) Stephens, D.C., and Hayes, N.H., "Aircraft Noise-lnduced Building

"_ Vibration." Communlty Nolse, ASTM Special Technical Publication 692.
_ R.J. Feppin and C.W. Rodman (ed.), Philadelphlap PA, May 1978.

i_ Period of Performance.* 1976-1979.

loves.tide.tot: In-house, NASA Langley Research Center, Hampton, VA.

A_ency Contact: D.G. Stephans, NASA Langley Research Center, Hampton, VA
(804/827-3561).

_iscal Ye.r Fundin_ ($i000): 1977 1978 1979 1980
50

©
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NATIONAL SCIENCE FOUNDATION

NOISE-INDUCED HEARING LOSS AND HEARING CONSERVATION

Title: EFFECTS OF ACOUSTIC TRAUMA ON SINGLE AUDITORY NEURONS

Ob_e=tlve: To determine how various types of noise-induced cochlear _athelogies
alter hearing performance and the activity of single auditory nerve fibers in
the chinchilla. Behavioral conditioning techniques are used to estimate the

magnitude and type of hearing loss _ and cochlear pathologies are evaluated
from surface preparation and thick sections of the organ of Corti.

Descrlptlon: Chinchillas were exposed to octave bands of noise that produced
an asymptotic temporary threshold shift and some permanent threshold shift
as determined by behavioral conditioning techniques. Afterward, thresholdst

tuning curves_ spontaneous activity and poststimulus time histograms were
obtained from single auditory nerve fibers. Finally, the cochlea of each

animal was fixed_ embedded in plastic and analyzed by light microscopy.

Sum_.ary of Findings: The threshold shifts observed in single auditory nerve
fibers generally paralleled those measured behaviorally; howevert in some cases,
the threshold shifts in the fibers were coeslderably larger than one would

expect from the audiometric data. The tunlng curves of units in the noise-
_' exposed animals generally showed a greater loss in sensitivity near the charac-

teristic frequency than in the tail of the tuning curve so that the bandwidth
was wider than normal. _n addition, some units showed an improvement in
threshold in the tail of the tuning curve so that the tuning curve was "W"-

shaped. The response latencies of units from normal and noise-exposed animals
were the same when plotted in terms of absolute intensity of click stimulation;
however t the latencies were shorter in pathological units when plotted in terms
o2 intensity relative to threshold. The poststimulus time histograms obtained

with tone burete were not significantly altered by the noiee exposure. Further-
more, the rates of epontaneous activity were generally the same in normal and
nolse-exposed animals. Regions of the cochlea with missing hair cells were
always associated with units having elevated threshold and broad tuning curves|

however, some unite had elevated threshold and broad tuning curves wlthcut
significant hair cell loss. The later group of units were frequently associated
with other structural abnormalities in the cochlea.

Where Findings Published:

I) Salvi_ R.J., Hamernik, R.P.t and Nenderson_ D.t "Discharge Patterns
in the Cochlear Nucleus of the Chinchilla Following Noise-lnduced
Asymptotic Threshold Shift." Exp. gr. Res., (32):301-320t 1978o

2) Salvi_ R.J., Hendersont D-t Ramernik, R.P._ "SinNle Auditory Nerve
Fiber and Action Potential Latencies in Normal and Noise-Treated

Chinchillas," Hearin_ Res. (in p_ess).

_ 3) Salvi_ R.d.t Hamernik_ R.P. and Henderson, g., "Auditory Nerve Activity

_.- and Cochlear Morphology After Noise Exposure." Arch. Otorhinolaryn_ol.
(224):111-116, 1979.
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NSF (Cont'd)

Period of Performance: 1977-1981.
!

Investigator: Richard Salvi_ State University of New York_ Upstate Medical
Center_ Syracu.e, NY (315/473-5573). •

A_enc_ Contact: Terry Dolan_ NSF (202/634-1624).

Fiscal Year Fundin_ ($I000): 1977 1978 1979 1980 1981
40.6 41.7 38 36

Lf_,
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_'_ NSF (Coot'd)

BEHAVIORAL SOCIALL AND PERFORMANCE EFFECTS

Title: PHYSIOLOGICAL, MOTIVATIONAL AND COGNITIVE EFFECTS OF AIRCRAFT
NOISE ON CHILDREN e

Objective: To study The generality of laboratory effects of noise on
ehavior in a naturalistic setting and to examine the course of adaptation

to noise over a one year period,

Description; The project consists of a longitudinal study designed to
assess the impact of noise on attentlonal strategies, feelings of personal

cootrol and physiological processes related to health. Children wore
tested on the same moasures twice with a one year interval between sessions.
The study compares elementary school children uoder the corridor of s

busy metropolitan airport to a matched group of children living in relatively

quiet neighborhoods. This longitudinal data is used to determine whether
children adapt to the aircraft noise over the one year period and to
assess the effectiveness of noise abatement interventions introduced

_ in a number of noise impacted classrooms. Cross-.sectional data provides
' evidence of the ef£ects of noise on the entire sample (the attrition

rate was about 33%) and provides further information on the utility of
noise abatement.

S_u_..aryof Findings:

Cross-sectional data- The entire sample: _n genoral_ the results were
consistent with laboratory work on physiological response to noise and
on uncontrollable noise as a factor in helplessness. Thus children from

noisy schools had higher blood pressure than those from matched control
(quiet) schools. Noise school children were also more likely to fail
on a cognitive task and were more likely to "give up" before the time
to complete the task had elapsed. The development of attentiooal strategies

predicted from laboratory and previous field research was, on the whole,
not found. Noise abatement had small ameliorative effects on performance
of a cognitive task and on a standardized test of school achievement.

,. Longitudinal Data - The attrition sample: in generall there was little
evzdence for ada'_tation to noise over the one year period. Noise abatement
affected childrens' ability to hear their school teachers hut had relatively
little impact on other tasks. (School achlevament data were not available

one year later and thus were not included in this analysis.) Children

from noisy schools who had high blood pressure were likely to move out
of the neighborhood wi_hln a two year period after the original testing.
This was not true of children with high blood pressure from quiet neighborhoods.

v
* Project also listed under NIEHS, p. A-204.
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NSF (Con_'d)

Where Findings Published:

I) Cohen, S. et alo, "Physiological, Motivational and Cognitive

Effects of Aircraft Poise on Children: Moving from the' laboratory

to the Field." American Psychologist, 35(3), 231-243, 1980.

2) Cohen, S., and Weinstein, N., "Nonauditory Effects of Noise on
Behavior and Health," invited paper, J. Social Issues, (special
issue on environmental stress, in press).

3) Cohen, S. etal., "Aircraft Noise and Children: Longitudinal

and Cross-Sec=i0nal Evidence on Adaptation _o Noise and the
Effectiveness of Noise Abatement." Under editorial review.
Available from author.

Period of Performance: 1977J1980

Investigator: Sheldon Cohen, Department of Psychology, Unlvsrslcy of
Oregon, EugeneD Oregon, 97403 (503/586-4921),

A_enc_ Contact: Robert Baron, Social and Developmental Psychology Program,
NSF, (202/357-9485).

Fiscal Year Fundin_s ($I000): • 1977 1978 1979 1980
44 L5 (NSF)

30 30 (NIESS)
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DEPARTMENTOF TRANSPORTATION

INDIVIDUAL AND coMMUNITY RESPONSE

Title: RIGHWAY NOISE CRITERIA - A PSYCHOACOUSTIC STUDY*

Ob_ectlve: To i) identify and quantify important physical parameters which
effect human response to time-varylng traffic noise associated with varying

densities of both free-flowing highway traffic and stop-and-go traffic;
2) investigate and compare various measures and computational procedures for
rating time-varying traffic noise and to investigate which method (or methods)
best predicts the subjective response of people to the nolae from various

types of traffic sltuatlons; 3) develop, if necessary, improved procedures
for rating tlme-varylng traffic noise in terms of measurable parameters of
the noise; and 4) formulate procedures by which the most useful of the ahovo
rating procedures may be related to other commonly used environmental noise

descriptors.

Desorlptlon_ Data has been collected and analyzed on the time histories and
spectra of traffic noise from different traffic situations as has data on bow
traffic sounds are received in a building. Laboratory investigations are

,_ underway on the human response to the time-varying noises in the data base
described above. Prom analysis of the data collected in these experiments
and in conjunction with the analysis done on the physical data base, it will
be possible to evaluate existing racing schemes and, if necessaryj develop an
improved rating procedure. A questionnaire and measurement plan will be
developed to assess occupants' reactions to highway noise based on the key
parameters identified in the project just described. The questionnaire and
measurement plan will be made available for validating the results of the work
done at NBS.

Sum_aTy of Pindln_s: Analysis of psychoaeoustic experiments on tlme-varying
highway noise is now in progress.

Wh#re Plndin_sPublishedl

Interim analyses of the data base are published "Highway Noise Criteria
Study: Traffic Noise Data Base," (NBS 1113-I), Washington, D.C.

Perlod of P.erformance: 1977-1981.

Investigator: Simone L. Yanlv# Building and Cos_nunlty Acoustics Group,
National Bureau of Standards, Washington, DC 20234
(301/921-3704).

A_enc_ Contact: F,M. Romano I DOT/FHWA_ Washington, OC 20590.

Fiscal year, Fun_in_ ($IOS0):

1977 1978 1979 1980 1981 1989
75 75 _5 y5 7s 7s (PgHA)
12.5 12.5 12.5 12.5 t2,5 12.5 (NBS)

* Project also listed under Department of Co_erce, p. A-f1.
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DOT (Coat' d)

NOISE-INDUCED HEARING LOSS AND HEARING CONSERVATION

Title: EFFECTS OF COCKPIT NOISE (IN SELECTED AIRCRAFT) ON HUMAN HEARING

9b_gctlve: TO investisate the effects on human hearln S of noises considered
to be characteristic of those found inside the cabins and cockpits of exlsting
aircraft types (i.e.t subsonic CTOL jet) and of a future generation of aircraft
(i,e., STOL aircraft).

Descrlp=ion: This will be done by recordln 8 and/or syntheslzing noises repre-
sentative of twln-englne business jets_ 2- l 3-t and 4-engine _et powered STOL

alrcr_ft. The spectra for these recordlngs and syntheses shall be determined
along with exposure levels of _he noises expected for cabin and cockpit occupants.
This information shall be used in conjunction with research results from
st_dles of nolse-lnduced hearing loss to derive proposed damage rlsk criteria
(DRC) for exposure to the above described noises. These DRC shall be similar

to and shall account for the same assumptions used in derivation of the DRC
of the Committee on Hearlns, Bioacoustics and Biomechanlcs (CHABA) of the
National Academy of Sciences, for generalized noise exposures,

Period af Fe_fo;mance: 1980-1981.

_nvesti_ator_ Sanford Fidell_ Bolt_ Beransk and Newman_ _nc.p Los Angeles_ t_
CA 91305 (213/347-8360).

Aaency Contact: William Shepherd_ FAAOffice of Environment and Energy
(202/755-9027).

Fiscal Year Pundln_ ($1000): 1978 ....1979 1980 1981
20 15

I
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DOT (Con_'d)

BEHAVIORAL_ SOCIAL AND PERFORHANCE EFFECTS

Title: EFFECTS OF FREEWAY NOISE ON HEARING LEVEL AND ACADEMIC ACHIEVEHENT OF
CHILDREN

Objective: To determine a noise level limit inside classrooms that will
preclude adverse effects on the learning of elementary school children.

Description: About 90 classrooms in 15 schools of a single school district
were observed for about 3 days each. The schools (noisy and quiet) were
matched on a number of socioeconomic variables. Observations included tape-
recorded noise levels and concurrent indices of disruption of classroom behavior.
These indices included acts such as inability of the observer to hear the

teacher or student t a call to order of the class or a child, interruption of
a Ceaeherle lecture I and others. Standard Reading and Mathematics achlevemenC
scores constitute the dependent variables. Measurements of noise levels in

communities providing children for each school were also obtained.

Su=mar_ of Findln_s: The data ere currently being analyzed.

Period of Perfo_ance: 1977-1980.

Investigator: J.S. Lukaet California Department of Health, Office of Noise
Con_rolt Berkeley_ CA (415/843-7900).

A_ency Contact: Has Hatanot California Department of Transportation
(916/739-2413).

Fiscal Year Fundin_ ($1000): 1977 1978 1979 1980
3 239 107 81 (FHWA)

v.,
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IX]T(Cont'd)

NOISE ENVZRON_NT DETERMINATION AND EXPOSURE CHARACTERIZATION

Titles ASSESSMENT OF LOCOMOTIVE CREW IN-CAB OCCUPATIONAL NOlgE EXPOSURE

Objective: To assess the noise environment in locomotive cabs.

Description: Operational duty cycle and in-cab sound level data were presented
for 18 test runs made on 16 different locomotives used in a wide range of
operational modes (e.g., through freights and local transfer freights), varied
terrains (mountainous, undulating and flat) and varied trip lengths (6 to
12 hours).

Summary of FindinRs: The general conclusion of this study is that there does
not appear to be a widespread proble_ of overexposure to noise based on the
same type of evaluation as currently used by OSHA (only I out of 18 test runs
exceeded the criteria). The noise exposure is within acceptable limits because

the operational duty cycle is such that the sources which generate high sound
levels (horn and brake) are operating only for short periods of time and
because the locomotive spends a great deal of time in idle (diesel engine sound
levels below 90 dg) waitin E to get into or out of yards and on sidings for
other trains to pass. However t there was one test run for which Qn overexpo-

"sure to noise was measured. To pinpoint such cases where overexposure co noise
may occur# a simplified testing procedure was developed. This test consists

of making in-cab sound level measurements of engine notch 8 (no load), horn
sounding and brake application with the locomotive stationary. With these
three sound level measurements and an estimate of the time that the locomotive

is operating on-line_ the inservice noise dose can be estimated and a pass/fail
assessment made of whether the noise e_posure might exceed acceptable limits.

Where Findings Published: Final report to be published in the summer of 1980.

Period of Performances 1976-1980.

Investigator: Roger D. Kilmer_ National Bureau of Standardsj Department of
Commerce_ Washington t D.C.

Agency Oontacts D.A. Vaughn, DOT/PEA# Washington, DO 20590.

Fiscal Year Funding ($1000)s !977 1978 1979 1980
103 44.9 15 (F_)
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VETERANS ADMINISTRATION

NONAUDITORY PHYSIOLOGIC RESPONSE

Title: CONCEPT IDENTIFICATION IN STRESS

Oh_ectlve: To examine the effects of ndise stress and antecedent failure on
the psychophysiologlcal functioning and concept identification performance
of young men with two different types of behavior patterns.

: One hundred-two young, paid, volunteer men exhibiting Type A
rone) and Type B (nonprone) behavior patterns were selected and

studied for this project. They were subjected to various noise bursts while
perfozlnlng a variety of cognitive tasks.

Summer 7 of Findln_s: Type A men demonstrated early disruptions in task perfor-
mance due to initial exposure to uncontrollable noise burst. Type g men showed

disrupted performance only after extended exposure to take failure and loud
noise exposure. The Type A men show autonomic reactions indicative of stress
reactions to the noise and failure, suggestlng the presence of stress responses

that could lead to cardlopathology. Extreme A's showed reliably higher serum
cholesterol levels than B's, both prior to and after stress_ while A's who had

been exposed to loud noise showed higher post-stress serum trlglycerlde levels
'/-_ than those exposed to room noise. B's showed no such difference. Other
_ autonomic measures differentiated the groups as well. A's and B's showed

similar levels of skin conductance and rate of nonspeciflc response output

while at rest. Howevers during work on the cognitive tasks_ A's were signifi-
cantly higher in both of these indices. A's showed higher resting levels of
cutaneous vasoconstriction than g's, but the group did not differ during work
on the tasks.

Where Plndln_s Published:

:: I) Lovallo, W.R., "The Role of Stress in the Development of Heart Disease:
Theory and Research,*' giolo_ic=l Psychology Bulletin, 5:70-95, 1979.

_ 2) Lovallo_ W.R.p and Pishkln, V., "A Psychophysiological Comparison of

Type A and B Hen Exposed to Failure and Uncontrollable Noiset"

Psychophysiology! 17:29-35, 1980.

3) Lovnllo, W.R., and Pishklnt V., "The Effects of Initial and Extended

Uneontrollability in Type A and g Coronary-Prone Men_" Paper presented

at the 26th Annual Meeting of the Southwestern Psychological
Association, San Antoniop TX, 1979.

4) Lovallo_ W.R._ and Pishkin_ V._ *'Performance of Type A (Coronary-
Prone) Men During and After Exposure to Uncontrollable Noise and

Task Failuret" J. Personality & Social Psychology: Personallt_
Processes and _ndividual Differences, (In Press).
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VA (Cont'd)

5) Lovallo_ W,R.) and Pishkin, V., "The Relationship of Autonomic
Activity in Type A Men to a Measure of Self-Involvement and to the

Tralta of Neuroticlsm and Extraverslon," psychosomatic Mad. (In Press).

Period of Performance_ 1978-1980.

Investi_ator_ V1adimir Pishkin_ Behavioral Sciences Laboratories_ Veterans
Administration Medical Center_ Oklahoma City t OK (405/272-9876).

Agency Contac_ William Ro Lovallo_ Veterans Administration Hedical Centert
Oklahoma City_ 0K.

Fiscal Year Funding ($I000)_ No special progvammatlc funding.
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NOISE-INDUCED REARING LOSS AND HEARING CONSERVATION

Title: HEARING IMPAIRMENT AMONG RESIDENTS OF A VETERANS ADMINISTRATION NURSING

HOME CARE FACILITY

Ob_ectlve: To attempt to determine the incidence of hearing loss in a population
of nursing home care facility residents. Attempts were also made to determine

the types of audiological recommendations, to evaluate what was needed for
audlolegic rehabilitation, and to estimate staff needed facilities, equipment,
and costa involved.

Description: An initial audiological screenlns test was administered to I00
residents in the Nursing Home Care Unit. The residents ranged in age from
35 to 91 years, the average age being 71 years. Those who failed initial
screeelng were later given a complete audiological evaluation.

Summary of Findin_s| Sixty-nlne residents (61%) failed hearing screening.
An additional 20% failed at the higher frequency (4000 HZ). When a complete

audloloEical evaluation was administered to the 69 residents, 53 (76%) bad
sensorl-neural losses with the remaining 17 (24%) having a mixed loss.
Audiological recowmendations moat frequently made were: hearing aid evaluatlonl

'_" medical management, and audiological rehabilitation.

Where Findln_s Published: A thesis submitted to the Department of Co_amunlcative
I Disorders, University of Alabama.

Period of Performance| 1978.

InvestiRator: Judith Scott Charl_on_ Graduate Student, University qf Alabama,
Tusealoosa, AL.

A_enc_ Contact| Lara Peterson, Chief, Peycholosy Service,.Veterans Administration.

Fiscal Year Fundin R ($I000): No special programmatic funding.

©
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Title_ A QUESTIONNAIRE SURVEY OF TIE ATTITUDES OF WEARERS OF IN-TIIE-EAR
BINAURAL HEARING AIDS

Objective: To identify the possible differences between the subjective opinions
of hearing aid wearers relative to the advantages and disadvantages of the
In-the-Ear and Behind-the-Ear hearing aid arrangements in a questionnaire study.

Description: Sixty bilaterally hearing-impaired, male adults who were issued
binaural hearing aids through the Veterans Administration were used as subjects,
The subjects were divided into three groups. Group I included 20 inexperienced

subjects who were issued true binaural Behind-the-Ear hearing aids. Group II
included 20 inexperienced subjects who were issued true binaural In-the-Ear
hearing aids. Group IIl included 20 experienced wearers whose true binaural

Behlnd-the-Ear hearing aide were replaced by true binaural In-the-Ear hearing
aids. Two questionnaires, that contained the same items, were designed to
gather responses relative to improvements in the subjects' abilities to under-

stand speech in quiet and in noise and to localize sounds with their various
hearing aid arrangements, as well as comfort and/or eouvenlence of the dif-

ferent hearing aids. The subjects responded to the 24 situations described
in the questionnaires by marking a point on a scale which best reflected the
magnitude of positive or negative differences between listening experiences
with present hearing aid arrangements and past unaided or aided listening ("_',
experiences. The subjects were asked to respond to five open-ended questions
that pertained to all four areas,

Summar_ of Findin_s_ All three groups of hearing aid wearers reported improve-
ments in their abilities to understand speech in quiet and in noise and their

. ability to localize. They all responded favorably, indlaatlng that they are
satisfied with their present bearing aid arrangements. The results of this
study suggested that wearers of true binaural In-the-Ear hearing aids receive
more benefit from their hearing aid arrangements when listening to two or more
people in the presence of background noise than wearers of true binaural
Behind-the-Ear hearing aids. The results of this study also suggested that
wearers of true binaural Behind-the-Ear hearing aids were more often bothered

by wind-noise than wearers of true binaural In-the-Ear hearing aids, This
distraction may interfere with the wearers' ability to understand speech in
noise, It was found that inexperienced and experienced In-the-Ear hearing
aid wearers favored the appearance of their hearing aids more than Behlnd-the-
Ear hearing aid wearers.

Perlod.of Performance_ 1979.

Investi_ator_ Cynthia |{, Davis, Masters Thesis, University of South Florida, FL.

A_ency Contacn_ Frank X. Frueh_ Veterans Administration (FT$ 826-6265).

Fiscal Year Fundin_ ($I000): No special programmatic funding.
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Title: HEARING LOSS PATTERNS IN DIFFERENT GROUPS OF NOISE-EXPOSED VETERANS

Objectives To evaluate the hearlns loss patterns in varloum groups of
noise-exposed veterans. An attempt was made to determine if certain types of

noise hended to produce certain hearing loss configurations.

Description: This study was undertaken in 1976 as part of the routine hearing
assessment procedures at the Veterans Administration Medical Center, Indianapolis,
Indiana. The study was completed in 1979 with a total of 138 subjects.

Subjects were selected on the basis of a set of rigorous criteria insuring as
much as possible that the hearing loss exhibited was due to noise exposure.
The following primary noise-source groups were identified: I. Aircraft

engine exposure; 2. Frequent small-arms fire exposure; 3. High-level indus-
trial noise exposure; 4. Frequent artillery fire exposure; 5. Multiple
exposure (could not be placed into a single exposure category) ; 6. Noise trauma.

Pure tone results obtained at 250, 500, IO001 2000, 3000, 4000, 6000, and
8000 He for each subject were categorized into six general hearing loss confi-
guration groups and related to the noise-source groups. The six general hearing

loss configurations which emerged were: 3000 Rz notch; 4000 HZ notch, 6000 Hz
notch; 3000-4000 Hz notch; 4000-6000 Hz notch; and 3000-6000 Nz notch.

_' Summar_ of Findinls: The results indicate that the different primary noise
sources produce relatively different hearing loss patterns. The veterans
exposed to aircraft noise and those who experienced acoustic trauma had a
higher incidence of 6000 Hz and 4000-6000 Hz notches than the other groups,

while they had a lower incidence of 3000 Ha notches, The veterans exposed
primarily to industrial type noise, those exposed primarily to small-arms flre,

and those exposed primarily to artillery noise had a higher incidence of
3000 Ha and 3000-4000 Hz notches while they had a lower incidence of 6000 Hz
and 4000-6000 Hz notches than the other groups. The multiple noise exposure
group had a higher incidence of multi-frequency notches than the other primary
noise source groups.

Where Findln_s Published:

1) Hnpublished paper presented at the American Speech and Hearing
Association Conventlon, 1977 "Hearing Loss From Noise in a Group
of Veterans" (with William T. Brandy).

2) Poster session at American Speech and Hearing Association Convention,
1979 "Hearing Loss Patterns in Different Groups of Noise-Exposed
Veterans" (with William T. Brandy).

Period of Performance: 1976-1979.

Investigator| Henry A. Raymond, VA Medical Center, Indianapolis, IN;
William T. Brandy_ VAMedlcal Center, Danville, IL.

'_-_ A_ency Contacts Henry A. Raymond, Audiologist, VA Medical Center,
Indianapolis s IN 46202 (317/635-7401).

Fiscal Year Funding (810OO)I No special progra_natic funding.
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Titles PSYCHOMETRIC FUNCTIONS FOR NORMAL REARING LISTENERS AND LISTENERS WITH

NO_SE-INDUCED HEARING LOSS_ THE EFFECT OF TONE DURATION AND FREQUENCY

Objective| To determine whether the slopes of psychometric functions.for
listeners with noise-induced hearing loss differ from slopes obtained from
normal hearing listeners with respect to tone duration and frequency. This
information is essentla_ to the determination of those factors which dlfferen-

tiate audltory function in listeners with noise-lnduced hearlng loss from

listeners with normal auditory function.

Descripnlon: Eight listeners9 4 with normal hearing and 4 with nolse-lnduced
hearing loss were trained . minimum of I0 hours on a Two Interval Forced
Choice (21FC) protocol° 21FC psychometric functions were obtained from each
llstener for 500- and 20-msec tones at 250t i000_ and 4000 _z° Slope of the

psychometric funetlons was determined and an analysis of variance (2 groups x
2 durations x 3 frequencies).

Summary of Findings: The slope of psychometric functions for listeners with
nolse-lnduced hearing loss (NIL) differ from the slopes for normal hearing
listeners (NH), but such differences are dependent on frequency and duration.
For instanoe_ the slope for NH and NIL listeners at 250 and 1000 Hz did not

differ significantly from one another while at 4000 _ significant differences t"_,
were noted. More speoiflcally_ NIL listener slopes for 20-msec tones at
4000 HS (ll%/dB inorement) differ signlfloantly from slopes for NH listeners
at _000 Ha (7.SZ/dB Incremen_)D whereas 500-msec slopes for the two groups
at 4000 Hz were identical (7.5%/dg increment). It appears that listeners with

noise-induced hearing loss at this juncture of the auditory system respond
dlfferently to short durntion tones in the region of the hearing loss than
they do to long duration tones.

Where Findings Published: These results are being prepared for publication
in the Jo_nal of the Acoustical Society of America.

Period of Performance: 1979-1980.

Investi_ator¢ M.W. Valerlo_ VAMC Audiology Service_ $yracuse_ New York
(315/476-7461).

A_enn_ Contact: Prlnoipal Investigator.

Fiscal Ye%r Funding ($IO00)_ No special programmatic funding.
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Title: RELATIONSHIP BETWEEN TYMPANOMETRY AND AIR-BONE GAP

Objectives To investigate the relationships among parameters of acoustic
impedance audiometry with the presence of an air-bone gap at 250, 500 and
1000 HZ. Thln information would be helpful in developing screening programs

and in developing techniques for predlctory presence and degree of hearing
ioss in subjects who are either unable or unwilling to respond to traditional
methods.

Descr_ptlon_ Tympanogram type, peak pressure point of t/qnpanogram and static
compliance measurements were independent variables and in a regression equation
to predict presence of air-bone gap in 84 adult males. The tympanograms were
obtained with a co_erclally available impedance meter with a probe tone of
220 Hz at 95 dB SPL.

Sugary of Findings: Knowledge of the "type" or shape of tympanogram is the
best predictor of air-bone gap in this study, followed by peak pressure point

and then compliance. About 40% of the variability of the regression equation
was accounted for by these variables.

Where Findings Publlshed_ Submitted for presen_atlon to Annual Convention
of the American Speech and Hearing Association, to be held in Detroit, Michigan,
November, 1980.

Period of Performance: 1979-1980.

Invesci_ator_ E.L. Goshorn, VA Medical Center, Memphis, TN_ D. Wark, Memphis
State Onlversity_ Mcmphis_ TN.

Fiscal Year Fundin_ ($I000): No special programmatic funding.
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Title: RELATIONSHIP BETWEENTHE HEARING HANDICAP SCALE AND THE SPEECH
91SCRIMINATION ABILITY OF HEARING AID USERS

Objective: To obtain a more qualitative measurement of the handicap imposed
upon the individual by a physical hearln E lass.

Description: The Hearing Handicap Scale (HHS), Form A, followed by four tests
of speech discrimination were administered to 19 adult male hearing aid users.
Recorded speech stimuli were presented in the sound field at 50 dB HTL while
subjects wore their hearlnE aids. Noise, a generally unintelligible Babble,

was presented at plus i0 dB slgnal-to-nolse ratio.

Summary of Findln_s: HHS scores correlated siEniflcantly with all speech
tests: Speech Reception Threshold Test_ CID W-22 word test in quiet and in

noise_ and the C_D Everday Se,tence Lists in quiet and in noise. The CID W-22
word tests in quiet and in eolse were the speech discrimination tests found
to be most consistent with the HHS. For both words and sentences, _he noise

conditions were more closely correlated to the HHS than were the quiet conditions.
The HHS was found to he a useful instrument for meaeurlnB the communicative
function of hearing aid users when presented in the context of aided hearing
ability. The scale can provide the audiologist with inslgh_ into the specific

communication needs and difficulties of the individual client and can be used _'_
to assess _he effects of aural rehsbilltation therapy and the client's adjustment
to amplification.

Period of Perfo.rmance: 197S-present.

Invssti_ator: J.J. garp, Veterans Administration, Boston_ FIR.

Fiscal Year Fundin_ ($i000): No special prosrammat£c fundins.
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Title: CHARACTERISTICS OF IIEARING AID EFFECTIVENESS

Objective: Th_s study is being undertaken to isolate those ¢haracterlstlcs
of hearing aid ampllflcatlon that are most highly correlated to the needs of
the hearing impaired. This information is essential to permit the proper
selection of acoustic output characteristics needed to compensate maximally

for hear{ng loss.

Description; For a four-year perlodp veterans receiving hear{ng aids were
included in the study. Statistical analyses were generated by computer of the
relationships between the residual hearing characteristics of the ear to be
fit with a hearing ald_ the output characteristics of the two best hearing

aids as selected by the veteran_ and his answers to a questlo,naire concerned
with obtaining his opinion of the relative importance of the performance
characteristics of the selected hearing aid.

Sh_mary of Findln_s: The first phase of this long-term study has been completed.
The statistical analyses did no_ reveal any significant findings. The statis-

tical techniques utilized to define the important variables and their functional
relationships are unique and have been submitted to a professional journal
for publication, A second study is in the final plaenin E stages. This study

,_ has the same'goal as the first study°

Perlod. of Ferformanc,e: 1973-present.

Investigator: M. Engelberg, Audiology & Speech Pathology Eervlcep VAMC,
Cleveland, OH.

A_ency Contact: Marvln Engelbarg, VA 126W (FTS 294-7348).

Fiscal Year Fundin_ ($I,000): No special programmatic funding.
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Title: ELECTROPHYSIOLOGICAL CORRELATES OF NOISE AND DRUG-INDUCED THRESHOLD
SHIFTS

objective: To investigate the interaction of noise and various drugs'to
elucidate the mechanisms by which intense sound and ototoxlc'agents produce
cochlear dysfunction.

Description: The basic methodology involves the correlation of electrophyslo-
logical and audiometric measures of hearing sensitivity with light and electron
microscopic evaluation of cochlear structures.

Summary of Findln_s: Currentwork has described a potentlatlve interaction
between the aminoglycoslde antlbioCle kanamycln and a level of noise exposure
which_ by itself, produces only a temporary threshold shift. Preliminary

work has also shown that a history, or temporary threshold shift can enhance
the ototoxicity of kanamycin_ even when no permanent alteration in hearing
sensitivity is present. On the other hand, a pre-existing kansmycin-induced
hearing loss does not appear to lower the threshold of noise-lnduced cochlear
damage,

Further work concerning the interaction of noise exposure and in vlvo

staining for NADH-cytochrome C reductase indicates that nolse-induced cochlear _,
damage involves both alteration of hair cell membrane permeability and the
disruption of oxidative phosphorylation. Similar work with kanamycin damage
indicates that hair cell loss due to this ototoxic antibiotic is related to

alterations in membrane permeability,

In order to provide an additional model of nolse-induced threshold shifts,
the sensitivity of the mongolian gerbil (Herlones unguiculatls) to temporary
and permanent threshold shifts due to noise was characterized at three intensl-

ties of exposure. Preliminary work with a stimulant of oxidative phosphoryla-
tlon suggests that it is possible to increase the rate of recovery from noise-

induced temporary threshold shifts.

Period of Performance! 1977-1978.

Investigator: R.C. Bone and A.F. Ryan_ Veterans Adminlstratlonj San Diego_ CA.

Fiscal Year Fundin_ ($I000): No special progrmmmatlc funding,

%./
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COMMUNICATION INTERFERENCE

Title: THE EFFECT OF ALCOHOL ON INTENSITY DISCRIMINATION A31LITY

Ob_eetlve: To investigate (I) the relationship between auditory intensity
discrimination and chronic alcoholism, and (2) the relationship between impair-
ment and the return to full or partial auditory intensity discrimination

function following hospltol medical treatment.

Description: Sixteen chronic alcoholics were evaluated both before and after
s=andard V.A. Hospital detoxificatlon therapy. Ten non-alcohollcj normal
hearing listeners were evhluated by the same test techniques. Tests consisted
of procedures to measure difference llmens (DL) for intensity ond critical
bandwldths (CBW).

Suwmary of Findln_s: Impai_ment in DL and CBW were seen in chronic alcohollcs
in the form of increased threshold slgnal-to-noise (S/N) ratios. Following

one week of detoxificatlon therapy_ DL returned to normal at 40 dB SPL masker
levels and closer to normal at 55 and'?0 dE SPL masker levels. Followln 8
one week of detoxiflcation _herapy. no return towards normal CBN wos observed in

post-treatment alcoholics. Xt was concluded that efferent potholggy resulted
f'_ in an impolrment in both DL and CBN. This was reflected in the size of both

the difference llmen and the crltioal bond. Reoults indicate that results

obtained on audlometrls procedures involving either DL or CBW techniques should

not necessarily be compared to prevlously determined norms based upon a _on-
alcoholic population.

Where Findings Published: Currently submitted for presentation at the 1980
American Speech Language and Nearing Association (ASHA) Convention.

i Period of Performance| 1976-1979.

Investigator: Marsha S. Schwartz and Robert L. Zi_ermant Veterans
Administration.

A_ency Contact_ Principal Investigators.

Fiscal Year Fundln_ !$1000): No special programmatic funding.
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Title: T_E DIFFERENTIAL EFFECT OF NONE CONDUCTED BROAD BAND NOISE ON TEMPORAL
SUMMATION _N NORMAL NEARING AND HEARING IMPAIRED LISTENERS

Objective: To examine how bone conducted noise affects temporal su,maatlon
and to relate these finding s to other clinical audlometric and medical infor-

mation both from listeners with normal hearing and listeners with hearing
loss of different etiologies.

Descri lion: The parameters under study were type of listener (normal hearing,
_:aired), listening condition (masking noise not present), frequency
(250, 500, 1SO0, 2000, and 4000 He), and tone duration (500- and 20-meet).

Among the hearing impaired llsteners_ veterans with noise-induced hearing
loss were compared with those who had hearing less of different etiologies.
Ten normal hearing and fifty hearing impaired listeners participated in the
investigation.

Summary of Pindln_a: For normal hearing llstener% temporal summation is not
affected in a simple manner by bone conduction masking nolae. More specifically,
the effect of masking between listeners is greater than that within listeners.

Furthermore s masking affects thresholds for long tones in a different way than
it affects thresholds For short tones. Finally, thresholds for high frequency

tones, regardless of tons'duration, are influenced to a srnater extent than
low frequency tones. In general, the addition of noise appears to affect hearing
impaired listeners in the same manner as noise influences thresholds in the
normal hearing listener. Among the hearing Imparted listeners, veterans with

noise-induced hearing loss show the greater reduction in temporal summation
ability when compared to listeners with hearing loss due to other etiologies.
The date at this time imply that it may be necessary to develop specific norms
which account for the effect of bone-conducted masking noise (i.e. the clinical

Sensory Neural Acuity Level test - SAL) on the threshold for different duration
tomes,

Period of Performance: 1978-present.

lnvesti_ator: M.W. Valerlo_ Louis M. Di Carlo_ and P.L. McGrath, VAMC Audiology
Service, Syracuse, New York (315/476-7461); M.N. Wright,
Upstate Medical Center, Department of Otolaryngology and
Co_unicatiom Sciences, Syracuse, New York.

Agency Contact: Principal Investigator.

Fiscal Year Fundln 8 ($I000): No special programmatic funding.
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Title: AUDITORY DISCRIMINATION AND AZIMUTH POSITIONS

Ob_eetlve: To e_perlmentally determine the ability to discriminate the position
of a sound source at different azimuth locations. The aim of this project is to

obtain data with normal hearing subjects in order to serve as a base llne
condition for later evaluation of hearing impaired patients on ability to
localize.

Description: Ten subjects with normal and s_etric audlograms will be pre-
sented with a noise stimulus in a free-fleld situation at 4 azimuths (0, 90,
180, 270 degrees). The error of localization and the minimum audible angle
(M.A.A.) will be measured by a method of limits technique. Differences in

error and M.A.A. measures for the 4 azimuth positions will be evaluated statis-
tically in a repeated measure analysis of variance design.

Per.iod of Performance| 1978-present.

! Investigator: M.W. Altshulerp Chief, Audiology and Speech Pathology Service,
:_ Department of Otorhlnolaryngology, Mahnemann Medical College

and Hospital i Philadelphiap PA| P.E. Cemallip Department of

_'_ Psychology, Temple Universityp Philadelphia, PA.

A_ency Contact: M.W. Altshuler, VA Medical Center_ 1421 Cherry Street,
Philadelphia, PA 19102 (215/597-7187).

Pi@cal Ye@r Fundin_ ($1000): No special programmatic funding.
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Title: EFFECTS OF ACOUSTIC ENVIRO_NT ON SPEECH DISCRIMINATION IN A_HASICS

Objectives To isolate the specific effect of background noise as a potential
cause of impaired verbal receptive ability in aphasic patients. To this end,
the effects of acoustic environment on the speech discrimination ability of

aphasic patients were studied.

Descriptions A closed-set word recosniCion task desiEned for aphasic patients
was mixed with binaurally recorded cafeteria noise and administered to 8 adult

aphasles and 8 normal subjects. The test was divided into 7 subtests of 20
words each with each suhtest presented binaurally. Six of the seven conditions
consisted of speech presented diotlcally or lateralieed to the right or left
at a +IO or O siEnal-to-noise ratio| the seventh condition was n diotin pre-

sentation in quiet. Aphasic subjectu were identified as mild or moderate as
measured hy the UnderstandlnE portion of the "Functional Communication Profile."

Summary of Findln_s| An analysis of the mean response lateneies revealed a
midline preference for both mild (pc.004) and moderate (p=.035) aphaslcs.

As the noise increased the number of errors made by aphasic subjects increased.
The mild 8roup made an increased number of phonemic discrimination errors,
while the moderate nphaslcs made an increased number of phonemic discrimina-
tion errors and an increased number of referent category errors. There is .t_"_

some clinical evlde_ca for increased a_tention in the presence of noise.
This is seen in the nor_als t performance with a decrease in latency as the
intensity of noise increased in the nldllne conditlons and miEht account for

some of the performance of the aphasic subjects in the midline conditions|
althoush in the lateralized listenins conditions it appeared that noise caused
processinE difficulties for the aphaslcs, particularly for stimuli laterallzed
to the ear contralateral to the sight of lesion.

Period of Performance_ 1977-1978o

Investi_ator_ Kate _hittinEton and J.Co Malone, Audlolosy and Speech Pathology
Servlcet VA Medical Centerp Durham, NC (919/286-0_Ii).

A_ency Contact| R.G. Paul I VAMC, 558/125.

Fiscal Year Fundin_ (_100O)_ No special proErammatic fundins°
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Title: AUDITORY PROCESSING DEHANDS DURING A HEARING AID EVALUATION

Ob_ectlve| To study effects of hearlns aid use, speech intelllgibillty , and
age upon auditory processing demands of hearlng impaired persons. Previous

research focused primarily upon speech intelligibility as the major indicator
of differential benefit from hearing aid use. Yet, hearing aid users often

report notable differences in llstening effort required to achieve similar
speech intelligibility scores. This study is conducted in an attempt to identify
meaningful differences in listening effort required under various aided listening
conditions.

Description: The experiment involves a minimum of 30 audlometrically confirmed
hearing impaired listeners participating in hearing aid evaluations, The
primary task consists of speech intelligibility testing wherein subjects repeat
words presented in a background of competing speech. This task is performed
with and without hearing aid use. As the listener repeats test words (primary

task)_ he also watches for the periodic onset of a small light and presses
a button to turn off the light as quickly as possible (secondary task). As

the effort required to correctly repeat test words increasesp so does the
subject's reaction time to the light or secondary task.

f-_ Summary of Findln_s: The secondary reaction time task was found to be a
useful measure of the llstenlng effort required in a speech intelligibility
task. Coupled with scores indicating understanding for speech, such a measure
of listening effort enables the audiologist _o predict the degree of listening

. comfort one might enjoy with one hearing aid versos another instrument.

Where .Ylndin_s Published:

!
: Presented to the American Speech, Language, and Hearing Association,

Atlanta, Georgiap November 1979.

/ Period of Performance: 1977-1978.
J

Investigator: M.A° Crum, H.E. McClellan and D.W. Downs F Veterans Administration
Medical Center, Albuquerque, NH (505/265-171t).

A_ene_ Contact: Principal Investigator.

Fiscal Year Fundin_ ($I000): No special programmatic funding.

_J
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Title: COMFORTABLE EFFORT LEVEL: AN EXPERIMENTAL VARIABLE

Objective: To answer the experimental questionl "Bow constant are speaker
utterances from one experimental session to another when speakers arc asked
to repeat speech samples at a comfortable effort level?" The term comfortable

effort level implies that there is a level of vocal or speech output which
for the speaker is natural and/or optimum when repeatln E an utterance. It
would seem important, especially to investigators involved in acoustical or

physiological studies of speech behavior, to understand more exactly a speaker's
behavior when asked to produce a vocal or a speech utterance at a comfortable
effort level.

Description: Sixteen subjects, eight males and eight females were required
to repeat vocal and speech utterances at the same time of day for five succes-

sive days. Durin E each session, the subjects were asked to sustain the vowels
/a/ and /i/ three times each for approximately five seconds. They were also
asked tO repeat the phrases: "say /a/ again,[' "Jay /e/ agalnt" three times
each. Mensu;es of vocal intensity and speaking fundamental frequency ware

•obtained from the tape recordings. Relative sound pressure level values and

speaking fundamental frequency values were obtained through appropriate graphic
level or vislcorder analyses. Care was taken to retain the speaker's head in
a fixed .position using a rig consistin E of a steel rod attached to a microphone _'_
whiah allowed for the speaker's head to remain fixed.

Summary of Findings: The results of the analysis indicate that subject-to-
subject variability in both vocal intensity (SPL) and speaking fundamental

frequency (SFF) was significantly greater than var£ability from day to day
within speakers. This was true for all utterances. In addition, the variation
which occurred from day to day over the five day period was significantly

greater than the variation which occurred within each day over the three
repetitions for all utterances for both and SPL and SFP. Any experimenter
involved in the study of a particular physlological/aerodynamlc factor must

be aware of the potential variability in a speaker's utterance. This is
especially true if the experimenter expects or assumes vocal frequency or
intensity to remain essentially constant. Finally, in view of the present
findings _ variations in SPL and SFF over the five day period in a relatively
nolse-free environment suggest that the term "comfortable effort level" must
be considered an experimental variable.

Where FiDdin_s 'Published:

Murry, Thomasp "Comfortable Effort Level: An Experimental Variable."
J. Aooust. Soc. Amer,, 60:596-699, 1976.

Period of Ferformance_ 1975-1978.

_nvesti_ator: Thomas Murry, Veterans Administration.
f ....

A_enc F Contact: Principal Investigator. k,_,'

Fiscal Year Fundin_ ($I000): No special programmatic funding.

J
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Titl_| COMPRESSION AMPLIFICATION AND SPEECH INTELLIGIBILITY IN NOISE

Objective: To investigate the influence of various methods of compression
amplification on speech intelllgibillty , and to evaluate the effectiveness

of compression amplification in reducing tolerance problems for loud sounds.
The three types of compression amplification systems under study were the
AVC_ the fixed ratio (2 to l), and the variable ratio compression. Comparisons
were also made between the compression and the conventional linear amplification
system.

Descriptlan: A wearable master hearing aid with switch-selectable controls
was designed and built by a hearln S aid manufacturer for this study. The
hearing aid was housed in a pocket-slzed package which was connected via a

mini,ture cable to a post-auricular module. This module contains a forward-
facing omnidirectional microphone and a receiver. The frequency response of
the master aid was designed to approximate that of a typical commercial hearing
aid. Measurements of the elebtroaeoustlc characteristics of the master aid

were obtained using the 1976 ANSI standard. Furthermore, the amplitude non-
llnenritles of the four systems were measured uslns three different distortion
measurements; harmonic, dlfference-frequency I and intermodulation distortion.

Twenty-four subjects with mild-to-moderate bilateral sensorlneural hearing
losses were included. The master aid was worn in the aided ear and the test

words (N.U. Ms. 6) were presented at 70 and 85 dg SPL with a S/N of 6 dB
_-_ calibrated to a point representing the middle of the subject's head. The

volume control of the hearing aid was set separately to a most comfortable

listening level for each amplification system. The order of presentation of
test materials as well as experimental conditions was counterbalanced%

Summary of Findings: The compression amplification system was found to improve
the listener's discrimination ability in noise. Especially at the loud speech
level, the observed difference rea=hed 24%. Amen E the three types of compres-

sion amplification_ the 2 to I fixed ratio compression was found to exhibit
the best performan¢_ at both presentation levels. Furthermore_ the compres-
sion amplification system was found to increase the aided dynamic range and

thus effectively reduce the tolerance problem for patients with sensorineu_al
hearing loss. High level of DF (Difference-Frequency) and IM (Intermodulation)
distortions along with reduced aided dynamic range were the likely factors

that caused the decreased discriminatlon scores for the linear amplification
system,

Where Findln_s Published: Results being prepared for publication.

Period of Performance: 1976-1977.

Investigator: Richard (dinE) J. Sung_ Veterans Administration Medical Center_
Pittsburgh, PA 15240 (412/281-4233).

A_enc_ Contact: Veterans Administration, Department of Medicine and Surgery,
Rehabilitative Engineering Research and Development Service,

....."_ Washington, DC 20420; Veterans Adminlstration_ Research Center

for Prosthetlcs, 252 Seventh Avenue, New York, NY i0001.

Fiscal Year Fundln_ ($I000): 1976 1977 1978
5 S 5
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KEY TO AGENCY ABBREVIATIONS USED IN THIS LISTING

Abbreviation A_ency

Forest Service ...... DEPARTMENT OF AGRICULTURE (Forest Service)

NRS ................. DEPARTMENT OF COMMERCE (National Bureau of Standards)
DEPARTMENT OF DEFENSE

Air Force ........... Air Force

Army ................ Army
Navy ................ Navy
Education ........... DEPARTMENT OF EDUCATION
DOE ................. DEPARTMENT OF ENERGY

EFA ................. ENVIRONMENTAL PROTECTION AGENCY
DEPARTMENT OF HEALTH AND HUMAN SERVICES

NEMH ................ National Institute of Mental Health

NIOSH ............... National Institute for Occupational Safety and Health
NRLHI ............... National Heart_ Lungf end Blood Institute
NICHHD .............. Nacional Institute of Child Health and Human Development
NIERS ............... National Institute of Environmental Health Sciences

NINCDS .............. National Institute of Neurological and Communicative
Disorders and Stroke

FDA ................. Food and Dru E Administration
HSA ...... ,.......... Health Services Administration

BOM ...... ........... DEPARTMENT OF THE INTERIOR (Bureau of Mines) _/"_
DOL ................. DEPARTMENT OF LABOR
NASA ................ NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
NSF ................ .NATIONAL SCIENCE FOUNDATION
HOT ................. DEPARTMENT OF TRANSPORTATION

VA .................. VETERANS ADMINISTRATION
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HONAUDITORY PHYSIOLOGIC RESPONSE

Investigator/

Sponsoring Agency Pr,oject Title Pa_

Harris, J.D. The Effects of Whole-Body Exposure to Underwater A_S9

Navy .Sound on the Health of Navy Divers

Hord, D. High Intensity Energy Effects on Physiologicalp A-91

Navy Behavioral, and Subjective Response

Smith, P.F. Effects of Noise and Heat As Combined Environmental A-93

Navy Stressors on Performance and Physiological States

in Navy Machinery Spaces

Paterson, E.A. Noise Exposure and Cardiovascular F_nction A_123,
EPA A_187
NIEHS

Welch, S. Exera-Auditory Health Effects of Industrial Noise: A-125

EPA Survey of Foreign Literature

Ashford, N.A. Hypothesized Relatinnships Between Noise, General A-126

EPA Stress Responses, and Cardiovascular Disease

_ Thomson, S.J. Epidemiology Feasibility Study: Effects of Noise A_127

EPA on the Cardiovascular System

Price, K.P. Orienting Response Deficits in Adolescents with A-179
NMLBZ Elevated Blood Pressure

Johnson, F.E. Environmental Noise and Physical Growth of Children A_183
NICHRD

Cock, R.O, Studies of Nonaudltory Effects of Noise A-189
NIEHS (Teratogenic, Hormonal) in Rodents

Herman, S. Investigation of Potential Hazards of Airborne A-237
FDA Ultrasound Devices

Reilly, J,F. Environmental Factors Influencing Insulin Sioassay A-238
FDA

Pishkin, V. Concept Identification in Stress A-295
VA

&
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NOISE EFFECTS ON SLEEP

Inves_igatorl

Sponsorin_ Agency Project Title Fa_e

Dement, W,C. Health Consequences of Chronically Noise A-128
EPA Disturbed Sleep

LeVere, T.E. Acoustic Energy Effects on Sleep and Humsn A-261
NASA Performance--Effects of Certain Fundamental

Parameters of Acoustic Stimuli

,
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INDIVIDUAL AND COMMUNITY RESPONSE

Investigator/

Sponsorlng Agency Project Title Pa_e

Hulllgan, B.g. Influence on Vegetation on Man's Response to Noise A-3
Forest Service

Mollno, J.A. Transmission Line Audible Noise Measurements A-9p
DOE A-119
NBS

Yaniv, $.L. Nighway Noise Crlcerla A-II_
NBS A-289
DOT

Yanlv, S.L. Building Acoustics Technology A-12
NSS

Schomer, PoD. Colmunlty Response to Impulse and Helicopter Noise A-59
Army

Schomer, P.D. Human Responses to Impulse Noise A-f0
Army

Fidell, S.F. Psychoacoustlc Study of Engine Brake Noise A-129
EPA

Schemer, P. Social Survey Around Construction Sites A-130
EPA

Fidell, S.F. Scaling Annoyance for Social Surveys of Co_nunity A-131
EPA Reaction to Noise Exposure

Wolf, S. Individual Noise Mitigation Techniques Applied _o A-132
EPA City Transit Systems

Sutherlsnd, L.C. Annoyance, Loudness, and Measurement of Repetitive A-133
EPA Type Impulse Noise Sources

Fidell, S.F. Relationship Between Detectability Calculations and A-134
EPA Annoyance of Intrusive Sounds

Fidell, S.F. The Relationship Between Annoyance and Detectability A-135
EPA of Low-Level Sounds

Saharf, g. Comparison of Various Methods for Predicting the A-137

EPA Loudness and Acceptability of Noise_ Part II -
Effects of Spectral Patterns and Tonal Components

'U
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ICR (tout'd)

Investigator/

Sponsoring A_eney Pro_ect Title Pa_e

Fricks, P. Community Nolee Attitudinal Assessments A-139
EPA

Fieldsj J.M. Comparative Study of Community Reactions to A-262
NASA Environmental Noise

Dempsey, T.K. Co=mun_ty Response to Aircraft Noise A-264
NASA

Kryter, K,D. General Studies in Human Response to Noiee A-265
NASA

Stephens, D.G. The Effects of Aircraft Source Differences on A-266

NASA Passenger and Community Annoyance

Clevenson_ S.A. Effect of Helicopter Noise on Passenger Annoyance A-267
NASA

Oalanter, E. Time-of-Day Effects on the Numerical Representation A_268
NASA of Community Response to Noise

Pearsons, K.S, Field Study of the Effec£s of Time-of-Day on A-269
NASA Human Response to Aircraft Noise

Stearnst J. Community Respogse to General Aviation Noise A-270
NASA

Key_ K,F. Effects of Subject Activities on Annoyance Due 6o A-271

NASA Multiple-Event Aircraft Noise Situatlons

Powell, C.A. Effects of Numbers and Levels of Aircraft Expoeure A-272

NASA on Annoyance in Multiple-Event Noise Situations

Powell_ C.A. Effects of Single-Event Helicopter Noise on A-273
NASA Annoyance

McCurdy, D,A. Effects of Duration on Annoyance of Slngle-Event A-274
NASA Aircraft Noise

Hellman, R.P, Effect8 of Tonal Components on Annoyance of A-275
NASA Single-Event Aircraft Noise

Mabry_ J.E. Evaluation of Slugle-Event Aircraft Noise A-275

NASA Descriptors for CTOL Fleet

I ¸:'_¸ '
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NOISE-INDUCED HEARINg LOSS AND HEARING CONSERVATION

Investigator/

Sponsoring Agency Project Title Page

Hamernlk, Ro Functional Effects of Acoustic Exposure A-17
Air Force

Limt D. Changes in the Organ of Hearing Produced by Sound A-I8,
Air Force A-147
EPA

Moore, T. Changes in the Information Processing Capability A-20
Air Force of Cochlear Nucleus Neurons Following Exposure

to Moderately Intense Acoustic Stimuli

Roche, AoF. Longitudinal Study of Hearing Levels in Children A-21,
Air Force A-141
EPA

Hovey, WoJo Environmental Noise Research A-23
Air Force

Stephenson, Mo Implementation oP ANSI Specification $3.19-1974 A-24

Air Force Personal Hearing Protecclve Devices for Use in
Noise Envlromnents

Stephenson, No Effects of Long-Duratlon .Noise Exposure on Human A-25,
Air Force AudltoryProcesses A-146
EPA

S_ephenson, M. Loudness Balance Method of Evaluatlns Hearing A-27

Air Force Protectors

;! S_ephenson, M. Rearing Protectors Evaluation, Methodology and A-28
:' Air Force Performance

/ Stephenson, M. Effects of Various Acoustic Exposures on Human A-29
Air Force Auditory Processes

HcKinley_ R.L. Hearing Risk Due to Co_uuica_ion Signals A-30
Air Force

Gcsaway, D.C. USAF Nearing ConservaClon Program A-31
Air Force

McKinley, R.L. Ef£ec_ of Noise on Pregnan_ Animals A-32,
Air Force A-148
EPA

Price, G.R. Changes in Auditory PerPormance from Exposure A-61Army _o Noise of Army Ha_erlel
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NIHL (Con_'d)

Investigator/

Sponsorin_ A_ency Project Title Pa_e

HodEe , D.C. Survey oE Military Noise Criteria and standards A-63
Army

Camp, R.T. Combat Vehicle Crewman (CVC) Helmet-Impact and A-64
Army Acoustic Evaluation

Patterson, J. Medical Effects of Blast Overpressure A-65
Army

Mozo, B.T. Medical Assessment of Hearing Protective Devices A-66
Army

Patterson, J.H. Military Acoustic Hazards: Mechanisms of Hearing A-67
Army Loss

Surfs R.K. Extended High Frequency Amplification for Hearing A-69
Army Loss Above 2000 Hz

Walden, B.E. Evaluation of a Comunicatlon Self-Assessment A-TO
Army Inventory of the Hearing-lmpaired Soldier

Surf, R,K. Factors Influencing Use of Hearing Aids A-71 t_
Army

Schwartz, D,M. Electroacoustic Correlates of Hearing Aid Quality A-72
Army Judgements

Walden, g.H. Test of the Assumptions Underlying the Comparative A-73
Army Hearing Aid Evaluation

Walden, B.E. Some Effects of Training on Speech Recognition by A-74
' Army Hearing-lmpalred Adults

Schwartz, D.M. Performance of High Frequency Impaired Listeners A-75
Army with Conventional and Extended High Frequency

Amplification

Haley, J.L. Research of Impact and Noise Attenuating Crashworthy A-76
Army Helmet Earcup

Walden, B.E. Consonant Similarity Judgements by Normal and A ~77
Army Hearing -Impaired Listeners

Robertson, R.M. The Prevalence of Hearing Less Among Various Navy A-94
Navy Rated Personnel

Axelsson, A. Acute and Chronic Effects of Noise Exposure on A-95

Navy Cochlear Vasculature _,_.,
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NINL (Cont'd)

Investigator/
Sponsoring Agency Project Title Pa_e

Robertson_ R.H. ExploratoryAssessment of Automated Hearing Test A-96
Navy Systems for Ose in Navy Hearing Conservation Programs

Robertson, R.M. Developmentof Specifications for a Hicroprocessor A-97
Navy ControlledAudlometerj Data Bank and Data Base

Management System for Use in Navy Rearing Conservation
Programs

Williams, C.E. Assessment of Biomedical Auditory Instrumentation A-98
Navy and Devices for Navy Use

Thomas, G.B. The RelationshipBetween Selected Non-Audltory A-99
Navy Measures and the Nearing Threshold Levels of an

Aviation Noise=Exposed Population

Thomas, G.B. IndivlduslDifferences in Susceptibility to Noise- A-1O0
Navy Induced Hearing Loss Among Navy Military and

Civilian Personnel

Smith, P.P. Susceptibilityand Early Detection of Nolse-lnduced A-1Ol
Navy Hearing Loss Through Nigh-Frequency AudlomeCry

Smith, P.F. Concurrent Validation of Audlometrlc Computer A-1O2
Navy Paradigms for Navy Nearing Conservation Programs

_arrls, J.D. Comparisonof the Validity and Cost-Effectiveness o_ A-1O3
Navy ComputerizedIndividual and Group Audiometrlc Systems

Harrah, R.S. Airborne Noise Reduction A-104
Navy

Bess, F.H. The Condition of Classroom Ampllflcation in a A-II5
Education Public School Program

Bess, F.N. ElectroacousticAssessment o£ FN Trainers in the A-II6
Education Schools

Lipscomb, D.H. Temporary Threshold Shifts for Elementary School A-143
SPA Children After Riding on a School Bus: A Procedural

Pilo_ Study

Sinnold_ R,H. Workers CempensatlonPrograms for Nolse-Induced A-144
SPA Hearing Loss

Temporary Threshold Shift (I_S) Problems and A-149
EPA Children
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NIHL (toni'd)

Investlsator/

Sponsoring Agency Project Title . pa_e

Singer, J.D. Analysis of National Health Survey Data Bases A-150
EPA

Ginnoldt R. Social Handicap Caused by Noiae-lnduced Hearing Loss A-151
EPA

Nielsen, D.W. Animal Model to Study the Effects of Noise on Humans A-165
NIOSH

Lempertp B.L. Hearing Conservation Methodology A-167
NIOSH

Henderson, D. The Effects of Impulse Noise on the Auditory System A-168
NIOSH

Tubbo, R. Study of Nolse/Hearlng in the Paperworkins Industry A-169 .
NIOSH

NIOSH Noise/Chemlcal Agents Effects On Hearing A-17S

Ward_ W.D. Damage Risk Criteria for Intermittent Noise Exposure A-171

NIOSH ,,_

Hopkln0on, N. Prevalence of Middle-Ear Disorders in Coal Miners A-172
SLOSH

Henderson, D. A Symposium: The Effects of Noise on Nearing A-173
NIOSH

Lempertj B.L. Impact/Impulslve Noise Data Base A-174
NIOSH

Saunders, J.C. Physiologlcal Consequences of Noise Exposure i-190
NIEHS in Young Animals

Hamernikt R.P. Combined Impulse and Continuous Noise: Auditory A-191
NIEHS Effect

Namernlk, R.P. Acoustic Parameters Affeetlng the Interaction of A-193
NIEMS Impulse and Continuous Noise

Hamernlk, R.P. Spectral Considerations in Nolse-Nolse Interactions A-193
NIEHS

Hamsrnlk, R.P. Long-TezmNoise Exposures A-194
NIEHS
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r-, NIHL (Contld)

Investigator/

Sponsoring Agency Pro_ect Title Pa_e

Hamernikp R.P. Noise and Vibration A-194
NIEHS

Ramernlk, R.P. Temporal Constraints of the Intecactlon A-195
NIGHS

Hills_ J.E. Auditory Effects of Exposure to Low Levels of Noise A-196
NIGHS

Konishl, T. The Effects of Noise and Drugs on the Electro- A-197
NIGHS chemistry of the Cochlea

Salt_ A.N. Comparison of Impact Noise and Continuous Noise A-198
NIgHs Effects on Cochlear Potentials

CookD R.O. Prenatal Exposure to High Noise Levels on Auditory A-199
NIGHS Thresholds in Guinea Pigs

Koniahi, T. Studies on Electrophyslological Mechanisms A-200
NIGHS Underlying Noise-Induced Hearing Loss

W'_ Cook, R.O. Development of Devices for Hearing Studies A-201
NIEES

Cook_ R.O. Noncontactlngt Angstrom Level Auditory and Mechanical A-203
NIGHS System Notion Measurlns Instrumentation Development

and Auditory System Physical Measures

Hawkins, J.E.,Jr. Microscopic Studies of the Inner Ear A-209
NINCDS

Lonshury-HartlnpB. Auditory Patiguet Neurobehavloral Observations in A-211
NINCDS Rhesus Monkeys

Hirsh_ I.J. Effects of Noise on the Ear and Eearlng/Auditory A-212
NINCDS Conununication and Its Disorders

Clark, W.N. Growth of Hearing Loss and Cochlear Lesion With A-213

NINCDS Increaslns Duration of Exposure

Clark, W.W. Changes in Psyehophyslcal Tuning Curves and A-214
NINCDS Temporal Integration Functions in Chinchillas

Exposed to Noise

Zurek, P.M. Acoustic Combination Tones 2fl-f2 Recorded from the A-215
NINCDS Ear Canals of Normal and Nolse-Damased Chinchillas

323
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NIHL (Cont'd)

Investigator/

Sponsoring A_ency Project Title Pa_e

Bohnep B.A. Central Nervous System Changes in Chinchillas A-216

NINCDS Damaged by Excessive E_posure to Noise

Eldredge, D.H. Changes in Cochlear Potentials and Responses o£ A-217
NINCDS Auditory Neurons Produced by Exposures to Noise

Thalmann, R. Biochemical Correlates of Noise A-218
NINCDS

McFadden, D. Auditory Adaptation for Suprathreshold Stimuli A-220
NINCDS

McFadden, D. Short-Term and Long-Term Aftereffects of Exposure A-221
NZNCDS to Noise Bands with Steep Spectral Skirts

Paparella, D.M. Mechanisms of Hearing Loss A-222
NINCDS

Binnie, C. Decerminatlon of Effects of Hearing Aid A-224
NINCDS A_pllflcatlon of Children

Webster, D.B. Central Pro_ectlons of Residual Spiral Ganglion Cells A-225
NINCDS

Vernon, J.A. Investigation of Agents Which Damage the Ear - A-227
NINCDS Physiological Measures of Acoustic Overstlmulation

Critical Bibliography of the Effects of Noise on A-228
NINCDS Hearing

Tonndorf, J. Mechanical Properties of the Ear A-229
NINCDS

Marraceini, L. Evaluation of Methods for Calculation of A-249

DOL Attenuation Factors of Hearing Protectors

Durkt, G. Laboratory Evaluation of Active Hearing Protectors A-250
DOL

Nardick, E.J. Assessment, Examination and the Benefit Formula A-251
DOL

Hardick, E.J. Presbycusls, Recruitment and Tinnltus A-252
DOL

Melnlck, W. Occupational Noise A-253
DOL
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NIHL (toni'd)

Investigator/

Sponsoring Agency Project Title Pa_e

Salvl, R. Effeccs of Acoustic Trauma on Single Auditory Neurons A-283
NSF

Fidell, S. Effects of Cockpit Noise (in Selected Aircraft) A-290
DOT on Human Hearing

Charlton, J.S. Hearing Impairment Among Residents of a Veterans A-297
VA Ad_inlstratlon Nursing Home Care Facility

Davis, C.H. A Questionnaire Survey of the Attitudes of Nesters A-298
VA of In-The-Ear Binaural Hearing Aids

Raymond, H.A. Hearing Loss Patterns in Different Groups of A-299
VA Noise-Exposed Veterans

Valerlo_ M.W. Psychometric Functions for Normal Hearing Listeners A-3O0
VA and Listeners with Noise-lnduced Hearing Loss=

The Hf£ect o£ Tone Duration and Frequency

Goshorn_ E.L. Relationship Between Tympanometry and Air-Borne Gap A-301
VA

Karpt 3.J. Relationship Between The Hearing Handicap Scale and A-302
. VA the Speech Discrlmina_ion Ability of Hearing Aid

Nsers

Engelberg, H. Characteristics of Hearlns Aid Effectiveness A-303
VA

Bone, R.C. Electrophyslologieal Correlates of Noise and Drug- A-304
VA Induced Threshold Shifts
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BEHAVIORAL t SOCIAL AND PERFO_IANCE EFFECTS

InvestiHator/

Sponsoring AEency Project Title Pa_e

Harris, C. Human Capabilities in Acoustic Environments A-33
Air Force

Harris, C. Acoustical Degradation of Human Capabilities A-34
Air Force

Johnson, D. Human Capabilicies in _nfrasound A-36
Air Force

Tyner, C.F. Neural and Behavioral Response to Sensory Stimulation A-78
Army

Mosko, J.D. Development of Auditory Performance Standards for A-105

Navy Navy Aviation Personnel

Welnsteln, N,D. Personal and Family Adjustment to Urban Noise A-161
NIMH

Cohen, S. Physiological, Mo_iva=ional and Cognitive Effects A-204_

NIHHS of Aircraft Noise on Children A-285NSF

Lukas, J.S. Effects of Freeway Noise on Hearing Level and A-291
DOT Academic Achievement of Children
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COMMUNICATION INTERFERENCE

Investigator/

Sponsoring Agency Project Title Pa_e

Moore, T.J. Acoustic Cues for Speech Intelllglbility and A-37
Air Force Discrlmlnabillty

McKinley, R.L. Performance Limits of Ear Insert Communications A-38
Air Force

HcKinley_ R.L. Communication Interference System A-39
Air Force

Surr_ R.K. Effects of Multi-Talker Competing Speech on the A-79
Army California Consonant Test

Schwartz_ D.M. Three Experiments on the California Consonant Test A-80
Army

Hodge, D.C. Hearing Performance Requirements of Army Personnel A-el
Army

Causey, G.D. Female Voice Recording and Pilot Testing of A-152

f_'_ EPA Northwestern Speech Discrimination Test (NU #6)

I Young, L.L. The Masking of Speech by Speech A-162
_ NI_

Konlshl, T. Effects of Ototoxlc Insult on Coding of Complex A-206
NIgHs Signals in the Auditory System

McFadden, D. Detection and Laterallzatlon of Signals in Noise A-230
NINCDS

Colburn, H.S. Binaural Hearing A-231
NINCDS

Leshowitz_ B.H. Frequency Selectivity in Normal and Impaired Ears. A-232
NINCDS

Nabelek, A.K. Binaural Hearing Aids in Noise and Reverberation A-233
NINCDS

Bilger_ R.C. Evaluatlon of a Test of Speech Perception in Noise A-234
NINCDS

Bess, F.H. Linguistic Skills of Children with Monaural Deafness A-241
HSA
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CO_DNICATION INTERFERENCE (Cont'd)

Investlgator/

Sponsoring ARenc_ Project Title Pa_e

Sehwartz_ M.S. The Effect of Alcohol on Intensity Discrimination A-305
VA Ability

Valerlo t M°W. The Differential Effect of Bone Conducted Broad Band A-306

VA Noise on Temporal Su_ation in Normal _earlng and
Nearing Impalred Listeners

Altshuler, M.W. Auditory Discrimination and Azimuth Positions A-307
VA

Whittington, K. Effects of Acoustic Environment on Speech A-308
VA Discrimination in Aphasias

Crum, M.A, Auditory Processing Demands Durlng a Hearln8 Aid A-309
VA Evaluation

Murry_ T. Comfortable E_fort Level_ An Experimental Variable A-310
VA

Sung, R.J. Compression Amplification and Speech Intelliglbility A-3ll
VA In Noise
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NOISE ENVIRONMENT DETERMINATION AND EXPOSURE CHARACTERIZATION

Investigator/

Sponsoring Agency Project Title Fa_e

Mulligan, E.E. Influence of Vegetation on Man's Response A-4
Forest Service eo Noise

Halversonj M. Improve the Acoustical Quality of Urban Environments A-5
Forest Service by Use of Forest Vegetation

Blomquist_ D.S. Noise Exposure Measurement System A-13
NBS

Yaniv, S.L. Noise In and Around Buildings A-14
NBS

Fairman, T. Noise Dosimetry and Typical Noise Doses A-40,
Air Force A-158
HPA

Mcginley_ R.L. Attenuation Characteristics of the Womb A-41,
Air Eorce A-157
HPA

Johnson, D.L. Evaluate/Refine Methods for Assessing AF Noise A-42

Air Force Impact on Co,unity Response

Mabry, J. Conduct Field Validation of NOISSHAP A-44
Air Force

Bishop, D.E, Procedure to Predict Aircraft Noise in Co_unitles A-45
Air Force

Seidman, H. Incorporate Environmental Impact Indices into A-46
Air Force NOISEHAF

Powell, R.O. Study Excess Sound Attenuation (ESA) and Develop A-47
Air Force ESA Model with Respect Co Airbase/CommunltyNoise

Hille, H.K. Technology to Define and Evaluate AdverseHazardous A-48
Air Force AF Crew Noise Environments

Lee, R.A. Field Studies on Application of NOISECNSCK Technology A-49
Air Force for Monitoring Aircraft Noise

Leer R.A. Determine Airbase/Communicy Noise from AF Aircraft/ A-50
Atr Force Engines Operating with Ground Runup Noise Suppressors

Speakman, J.D. Measurement and Analysis of Aircraft Noise A-51

{e-_ Air Force Environments for Developing AF Procedures to Predict,.J Noise Exposure Around Airbases
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NEDEC (Conttd)

I

Investlgator/

Sponsoring Agency Pro_ect Title Pa_e

Bishop, D. Improve Technology Used to Predict Airbase/Community A-52
Air Force Noise

Rentz, P. Develop NOZSECHECK Technology for Monitoring Aircraft A-53
Air Force Noise

Schomer, P.D. Acoustic Model Development and Source Data A-S2
Army

Schomer, P D Noise Measurement and Moni_oring A 83
Army

Schomers P.D. Development of the Integrated Installation Noise A-84

Army Contour System (INCS)

Kalb, J T Acoustical Problems of Army Materiel A 85
Army

Kugler, B,A. Development and Validation of Shipboard Noise A-106

Navy Exposure Data Acquisition Procedures

Gales, R.S. Airborne Noise Criteria for Ships A-I07
Navy

Gales_ R.S. Envirommental Noise Data System A-108
Navy

Galeap R.S. Merchant Marine Occupational Noise A-109

Navy

Oalea_ H.S. Environmental Noise Study: Marine Corps Recruit A-110

Navy Depot-Naval Training Center

Young, R.W. Vleques Litigation Support A-Ill
Navy

Leporp M. Navy Noise Pollution Abatement A-If2
Navy

Auerbach, M. Analysis of Human Activity Profiles A-153
EPA

May, D. National Ambient Noise Survey A-155
EPA

Kugler, B.A. Industrial Machinery Noise Model A-156
EPA

<5
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NEDEC (toni'd)

Investigator/

Sponsoring Agency Project Title Pa_e

Seiler_ J.P. Dosimeter Accuracy Study A-254
DOL

Seilerp J.P. Calibration of Acoustical Celibr,tors and A-255
DOL Noise Dosimeters

Banks_ M.E. Impulse/Impact Sound Level Meter Evaluation A-256
DOL

Seller, J.P. Evaluate a Noise Data Logger System A-257
DOL

Seiler_ J.P. Development of a Field System for Dosimeter A-258

DOL Frequency Response Measurement

DeLoach, R. Aircraft Nolae Levels and Annoyance Models A-277
NASA

Kilmer, R. Assessment of Locomotive Crew In-Cab Occupational A-292
DOT Noise Exposure

f'h
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HUMAN RESPONSE TO NOISE CONCOMITANT WITH VIBRATION

Investigator/
Sponsoring Agency Project Title Paee

Harris, C, Combined Noise and Vibration Effects on Human A-54

Air Force Capabilities

Parker, D.E. Research on Response of Vestibular System to A-55
Air Force Acoustic Stimuli

Wasserman, D.E. Effects of Segmental Vibration and Noise on Miners A-175
NIOSH

Remington, P. Assessment of Whole Body Vibration Levels of A-245
BOM Coal Miners

Kopp, J.W. Human Response to Blast Noise and Ground and A-246
BOM Structure Vibrations

Bempseyp T.K. Model of Passenger Response to Combined Noise end A-278
NASA Vibration

8tephens_ D.G. Aircraft Noise-lnduced Building Vibrations A-279
NASA t_'_

/d__-,
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STATE, LOCAL, AND PRIVATE RESEARCH

NONAUDITORY PHYSIOLOGIC RESPONSE

Title: AGE-RELATED CHANGES IN BRAIN RNA LEVELS IN MICE SUBJECTED TO NOISE
STRESS - A PILOT STUDY

Objective: To perform cytophotometrlc analyses of auditory cortical RNA "
•changes in 10-week and 4U-week-old mice subjected to high levels of noise.

Description: Mice were subjected to a 30-mleute interval of continuous noise
stimulation (100 dB, 0.35 to 20 kHn). Treatment groups consisted of young
and old nolse-exposed mice killed at 0-_ i-_ and 4-hour intervals after
cessation of noise stimulation. Corresponding groups of control mice were

not subjected to noise stimulation. Quantification of neuronal RNA changes
was made on an individual cell basis using scanning-lntegratlng mlcrodenalto-
merry of azure B-stalned brain sections.

Summary of Findlnss: In noise-stlmulated sroups, it was found that auditory
cortical neurons from older mice exhibited increased RNA levels which were

comparable to those of younger mice. The elmilarity and extent of RNA augmenta-
tion in old and young mice after sensory stimulation sugggests there is no

marked age-related impairment in the capacity of cerebroeortlcal cells to
synthesize RNA.

.,.; Where Findings Published:

I) Anthony, A., Zerweck, C., " "Scannlng-lntegrating Nicrodeosltometric

Analysis of Age-Related Changes in RNA Content of Cerebrocortical

Neurons in Mice Subjected to Auditory Stlmulatlon," Experimental
Neurology, 65:542-551, 1979.

2) Anthony, A.p Brister, N.W., Colurso, G.J., "Cytochemical Bioassay and
Radlolmmunoasaay of ACTH in Noise Stressed Rats," Journal of

Ristochemistry and Oytochemlstr_, 27(10):1380-1381, 1979°

Period of Performance: 1978-1980.

_ Investigator: A. Anthony, R. Nitchell_ C. Zerweck, Penn State University,

!; gnlverslty Park, PA (814/865-4562).
li

Sponsor| DeFt. o£ Health and Human Services, Admlnlstretion of Aging.

• Fiscal Year Fundln_ (_10OO): 1977 1978 1979 19go
_: 2 2

i
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INDIVIDUAL AND COMMUNITY RESPONSE

Introduetion_ The following four studies were all part of a "Community Noise
Impact Evaluation of Norfolk, Virginlap" conducted by Norfolk's Health
Department. These evaluative studies were undertaken to define, quantitatively

and qualitatively, the specific attributes of the city's noise environment.
Each study is detailed separately below.

Title: CITIZENS ATTITUDES ABOUT NOISE IN THEIR ENVIRONMENT - A SURVEY

Objective: To determine, through a questionnaire study, if the citizens of
Norfolk viewed noise as e problem.

Description: To get this information in a usable form "a fixed response,
environmentally-oriented questionnaire" was developed which allowed the citizen
to make choices amon 8 six groups of co_mon pollutants which he or she might
encounter. Based on the reply, if noise was defined as a pollutant, e second,

subsequent "Noise Source _uestionnalre" was given. From these replies, across
the cityp an attitudinal profile was developed for the citizens. To avoid bias,
and to obtain equlvalent information across the city, each planning district
was surveyed if there were ten (i0) or more residential blocks in it. As a
result, 69 planning districts, represented by 680 households were identified.

Five hundred forty-nlne (549) single family nod 131 multiple family dwellingswere randomly chosen from the 69 planning districts and sample household
groups were queried in each of the four seasons of the year, Of the six
hundred eighty householdsj 100% responded and were included in the study,

Of this number, 37% (or 252 families) identified noise as the primary pollutant
in their neighborhood in the initial questionnaire. Of the 252 families
replying, aircraft, automobiles, trucks, and motorcycles were defined as the
major noise sources.

Summary of Plnd_n_s: In Norfolk, noise is viewed by a significant (37% of
responses) segment of the population as a negative environmental factor; as a
serious detraction from it's attractiveness as a place to llve; and as being

more detrimental in Spring and Summer than in other seasons. Based on these
findings, a quantitative evaluation of Norfolk's noise levels was deemed
necessary.

Where Plndlnss Published:

Norfolk Health Department, "Community Noise Impact Evaluation of Norfolk,
VA." Norfolkj Virginia, 1978.

Period. of Performaneel 1976-1978.

Znves_iSator: Norfolk Health Depertment_ Division of Environment and
Protection staff.

Sponsor: Norfolk Health Department; U.S. gPA/ONAC.

Fiscal Year Pundln_ ($I000): 1977 1978 1979 1980 _"
9* 8" (apprOx.)' '

*-These amounts include funding for all four studies.
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ICR (Oont'd)

Title: AN ATTITUDINAL ASSESSMENT OF NOISE IMPACT UPON PUBLIC SCHOOLS

NORFOLK_ VA - A SURVEY

Objeetivez To dete_ine the effect of this impact on the teachlng/learning
process, since investigation revealed that many of the city's 65 public schools
were being excessively impacted by jet aircraft noise from both military and
civilian airports.

Description: A "fixed response" questionnaire was sent to all teachers in
the public schools by the school system's Informstlon Office. 0f the 2,064
teachers polled, the office received 1,727 (84%) replies which could be evaluated.
This "fixed response" questionnaire permitted choices which measured the
amount of noise and _he intensity of feelings about the intrusion of that noise

for both "on" and "off" premise sources." Sixty-flve schools (100%) par_iclpated
in the survey.

Sum_aar_ of Plndin_s: As a result of the attitudinal survey amens Norfolk
school teachers, it was found that indeed noise interfered with learning,
[s) due to the creation of time gaps, (b) due to interference with phonetic
recognition, (c) due to the creation of a disturbance of "real time" utilization

f-_ of oral communication, and (d) due to breaks in attention span. Teacher
' responses identified 17 schools with unusually high noise impact effects on

the learning process. These schools had a 75% response rate by teachers to a

single noise in the "off school ground noise source" category. Eleven schools
were classified as having a high impact because of the influence of aircraft
noise. Six schools were impacted by other types of transportation noise. All

schools had some learnlns disruption identified due to the effects of student
mobility. Schools with high noise impact showed a significant shift in the
response curve toward verbal complaints to the high noise levels identified.

Where Findln_s Published:

Norfolk Health Department, "Community Noise Impact Evaluation of Norfolk,
VA." Norfolk, Virginia, 1978.

Perlod of Performance: 1976-1978.

Investigator: Norfolk Health Department, Division of Environment and
Protection scoff.

Sponsor: Norfolk Health Department| U.S. EPA/ONACo

Fiscal Year Fundln_ ($I000): 1977 197g 1979 1900
9* 8" (approx.)

*-These amounts include funding for all four studies.

&
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ICR (Cont'd)

Tic.Is: SU_/ARY OF PHYSICAL SURVEY - NORFOLK SCHOOLS

Ob_ectlve: To define the noise polluclon problem more exactly, a physical
monitoring survey was initiated in five of the most seriously nolse-lmpacted
schools.

Description: The initial moniicorlng was performed at four elemencary schools
and one junior high school, Monitoring was carried out using the gruel & Kjaer

precision Cape recorder which has the capacity of taping simultaneously the
indoor and outdoor noise enviromuente. By recordinN on magnetic tapesp these
two environments would he compared in order to find the primary source of
noise intruslon_ its level, and its apparent impact. Indoor tapln E was

performed in occupied classrooms to obtain an estimate of the daily noise
exposure of the studenCsp and to record _eacher/student reactions to specific
noise events emanating from within and outside the classroom. Further taping

was done in unoccupied classrooms to correlate outdoor with indoor ambient
noise levels.

S_mmary of. Fiedln_s: All of the Lgo (background) levels measured exceeded
the highest NPA recommended levels for occupied classrooms. These levels were
attained before the specific noise source impacting these schools were present. _'_
These levels by _hemeelvea are net considered indicative of a potential for
noise-induced hearing lose but they are at a level which interferes with verbal
communication. Zn .one school the levels reached 108 dSA which is 18 dBA louder

than is permitted in a steel mill unless hearing is protected by ear plugs.
The evidence derived from _heee _ive schools was subsequently replicated by
e_udles in the remaining 12 schools. By student, _eachsr and equipment

evaluation, Norfolk's schools were found to be extremely noisy. In 17 schools,
the noise caused the loss of up to one hour per day in teaching time according
to teacher logs kept to give an estimate of the "real time" lost to learnlng

due to noise. Some of the noise reached levels for short periods of time
potentially damaging to hearing.

Where Findings Publlehed:

Norfolk Neal_h Department, "Community Noise _mpact Evaluation of Norfolk,
VA." Nor_olk_ Virginia, 1978.

P£r£od o_. Ps;fgrmence: 1976-1978.

ZnyeetlBator| Norfolk Health Department_ Divieion 0£ Environment and
Protection staff.

Sponsor| Norfolk Health Department; U.S. EPA/ONAC.

Fists _ Year Fundln S ($I000): 1977 1978 1979 1980
9'' 8* (approx.) ,*--",

*-These amounts include funding for all four studies. "
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ICR (Cont'd)

Title: ASSESSINg CONSUMER REACTION TO PRODUCT SOUND

• gbjectlve: Te explore the use of psychophysical measurement teohnlquest
already in use by the coesumer industry in areas other than sound, in deter-

mining the acceptability of machine sounds and the perceived quality ef the
machine that produced the sound. Reaction to machine sounds has been con-

cerned with negative impacts identified with loudness, annoyance, and hearing
damage potential. Substitution of materials and new product designs related

to energy usage imply changes in the sound quality of familiar products
(automobiles, vacuum cleaners, sewing machines) that may affect consumer

acceptance that is more related to the quality ef sound ra_her than its
intensity.

Description: A sewing machine was used as the test vehicle. The various
mechanisms of the machine were operated separately (with simulated loads)
and their sound recorded on multi-track magnetic tape. Composed machine sounds

were then presented to e jury and judged according to aeceptabillty (of the
sound) and perceived quality (of the machine).

Summary of Findinsst It was possible to identify particular mechanisms (not

(_, necessarily the loudest ones) for which noise reduction would be quite beneficial_
• and other mechanisms (no_ necessarily the quietest ones) where little benefit

would be derived from noise reduction.

Where Findings Published:

R.N. Fleischman, "Aceeptabillty and Perceived Quality: Study of Machinery
Nelse Components Using Psychephysical Methods," M.8c. Thesis,
Massachusetts Znstitute of Technology, Department of Mechanical
Engineering, Cambridge, HA, January 1980.

Period of Performance: 1978-1979.

:_ Investiaator| Richard H. Lyon and Rebecca N. Fleischman, Massachusetts
Institute of Technology, Cambridge, MA.

Sponsor: Massachusetts Institute of Technology, Department of Mechanical
Engineering i Cambridge, MA,

Fiscal Year Fundin_ ($i000): 1977 1978 1979 1980
35 (approx.)
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ICR (Cont'd)

Title: THE HOME/NEIGNBORH00D NOISE SURVEY

Ob_ectlve: To provide a method of collecting precise local information in the
largest noism-source area affectln E the general public t co_unlty noise.
The noise sources identified in this survey affect people in the one environ-
ment in whlch they should have the most control, the home/nelghborhood area.

Description: The Home/Nelghborhood Noise Survey is a study of primarily
residential area noise disturbances offering generalities of approach that

can he applied in various co_unlty noise assessment situations. The survey
data was collected from carefully selected neighborhoods of Montclalr, New
Jersey in order to collect representative, controlled and thus more reliable
data. A three-page questionnaire (which was mailed to neighborhood households)

was deslgeed with simplicity and ease of completion considered as important
prerequisites. The deslgn of the Home/Nelghborhood Noise Survey is intended
mot only to identify the particular noise sources that are most disturbing to
the greatest number of pe0ple_ but also to confirm: a) that present methods
of controlling noise disturbances in the municipality are inadequate; b) that
the number of noise complaints received is not a reliable indicator at all
of the frequency of disturbance or of the degree of annoyance; and c) that
other variables inhibit people from attempting solutions on their owner from
using existing methods of noise control presently offered by the municipality.

Summary of Findings: The sample survey, which was distributed to a total of
80 residents, received a 25 percent response rate. The successful rate of
return in a situation where there was no accompanying town-wlde effort or
publicity indicates an even greater expected rate of return when a full-scale

progrnm is launched.

Where Findings Published:

Staniszewska, M., "The Extent of Noise Disturbance and the Awareness of

Noise Intrusion in the Home/Neighborhood." Research Paper, Nomtclair
State College, January 1979.

Period of Performance: 1979.

Investigator: M. Staniszewska, S_ate of New Jersey Office of Noise Control,
West Trenton, NJ (609/292-7697).

Sponsor: State of New Jersey Office oE Noise Control t West Trenton_ NJ.

Fiscal Year Funding ($I000): No special progra_matlc funding.
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_CR (Con_'d)

Title: COMMUNITY NOISE ATTITUDINAL ASSESSMENT OF SALT LAKE CITY,. UTAH

Objective: To I) provide Salt Lake City-County Health Department's Noise
Control Program with an estimate of individual and group variation in attitudes

and responses toward noise; 2) identify noise control measures supported 5y
community memhers_ 3) assess the effectiveness of current noise control

programs; 4) determine the health and welfare effects of noise on residents;
and 5) view residents' perceptions of noise as an environmental hazard in the
community.

Description: _he survey was based on the comprehensive community attitudinal
questionnaire developed for the Environmental Protection Agency by UCLA Institute
for Social Science Research.

Summary of Findings: Findings indicate that Salt Lake residents who are
annoyed by noise in their neighborhoods_ particularly surface transportation
noise, often take their own personal actions to reduce noise in their homesp
support stronger noise reduction effortsp but are not aware that noise can

affect physical and emotional health. Based on survey data, certain geographi-
cal locations and noise zones were identified as in need of program strategy

f-_ changes in the areas of public awareness_ land use planning and enforcement.
A report on the survey results is available from the sponsoring agency upon
request.

Period of Performance: May 1979-September 1979.

Investi_ator: Patti T. Pricks, Salt Lake City-County Health Departmentp
Noise Control Program, 610 South 200 East, Salt Lake City,
Utah 84111 (801/532-2002, Ext. 249).

Sponsor_ Salt Lake City-County Health Department; U.S. EPA.

Fiscal Y_ar Funding ($1000): 1977 1978 1979 1980
i0 (EPA)

4 (Salt Lake City)

- J
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ICR (Cant'd)

Title: NOISE ANNOYANCE SURVEY - JET AIRCRAFT

9_: To determine if high peak level, short duration sound levels created
by Jet englnes were as annoying as surface tranaportatloo and other surface

annoyances.

Desuriptloe: Three hundred individual survey questionnaires were distributed
within the northeast heights of Albuquerque. Seven questions were about degrees

of annoyance with the eighth leav£ng space and encouragement ta write in
ao_lee£s.

Summer 2 of Findln_s: Citizens indicate that jet airplane overflightsj at this
point in tlmn_ are noC a significant annoyance. Pour percent indicate soma

kind of annoyance during overfllghts and 96 percent were seldom or never
annoyed. Twenty-four percent, howevet_ indicated they would like to have

fllghts over the northeast heighCs dlscontlnuedp but 76 percent did not want or
did no_ care if flights were dlscontlnued,

Where Findln_s Publlshed:

"Albuquerque International Airport Nolse Level Surveys" Albuquerque W._Environmental Health Department, Albuquerque, NM, 1979.

Period of Performance: 1976-1979.

Investigator: Miles B. Ortont Msnagert Noise Control Program_ Albuquerque_ NH
(505/766-7435).

Sponsor: Albuquerque Environmental Health Department, Albuquerque, NM.

Fie'eel Year Fundin_ ($I000): No special programmatic funding.

B-g



ICE (teat'd)

Title: PERSONAL AND FAMILY ADJUSTMENT TO URBAN NOISE

Ob_eetlve; To I) describe the initial short-term effects of urban noise;
2) describe the level of adjustment achieved several months later_ 3) test and

develop hypotheses about the factors which influence individual differences
in sensitivity to noise; and 4) test and develop hypotheses about the relatlon-
ship between different coping mechanisms and eventual adaptation.

Description: This is a lonEitudlnal study investigating the psychologlcal
impact on, sod reactions of_ individuals to the noise of a newly-constructed
hlghway. One hundred and slxty-six individuals will be interviewed three
times; before the highway is completed, shortly after it opens and six months

after {t has been completed. The information gathered will then be coded and
analyzed.

Period of Performance: 1976-1979.

Investigator: N.D. Weinstein, The Rutgers State University of New Jersey,
New Brunswick, NJ 08903.

Sponsor: New Jersey State Government_ Trenton_ NJ; National Institute ofMental Health.

Fiscal Year Fuedln_ ($1000)_ Data not available.
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ICR (Cont'd)

Title: QUIET COMMUNITIES PROGRAM: SPOKANE COUNTY HEALTH DISTRICT COMMUNITY
NOISE REPORT

Objective: To promote the physical and mental health of all citizens throughout
the City and County of Spokane by the containment and abatement of harmful noise.

Description: The Spokane County Health District's Quiet Communities Program
is a local community noise program designed to be tailiored to the needs of
the City and County of Spokane. Both an attitudinal and acoustical survey were

conducted to assess the impact of noise in the community, assess noise control
needss and as a basis to launch an active informational and awareness campaign.
Along with this, a clearinghouse concept is hein E established to handle noise

complaints and concerns. Development of an educational package for use in
schools is also being considered as part of the Quiet Comunities Program.
An evaluation of current ordinances and enforcement pol_cles will be considered
along with zoning and land use approaches in the design of an effective noise

control program,

Summary of Findln_s: The survey results indicate that a community noise control
program for Spokane County has broad-based public support. Spokane County

citizens overwhelmingly favor various courses of action to reduce specific
noise problems, These include efforts to quiet noise sources, planning and _"_,
zoning, building codes, curfews, fines, barriers, traffic planning and public

information campaigns. A majority of Spokane County citizens further believe
that the problem of noise control is the responsibility of local government.
A majority also favors a noise control program in concept and declare a
willingness to pay additional taxes in support thereof.

Where Findings Published:

Perduo, W.D., Coates, R., _oise: Attitudes and Action, Center for Social
Research, Eastern Washington Oniversity_ August 1979.

Period of Performence: 1979-1981.

_nvesti_ator: Spokane County Health District, West 1101 College Avenue t
Spokane, WA 99201.

Sponsgr: EPA/ONAC.

Fiecnl Year Fundin_ (SlO00): 1978 1979 1980 1981
40 40
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ICR (Cont'd)

Title: A QUANTITATIVE ASSESSMENT OF NORFOLK'S OUTDOOR NOISE ENVIRONMENT -
A SURVEY

Objective: To create a noise profile for the city, for each site in each
mobility period. This permits Norfolk to plan for, modify, or treat areas of
high noise impact and to protect, adjust, or create areas of low noise impact.

qescrip=ion: In the 1971, Tidewater Regional Health Planning Council "Needs
Study" on the Tidewater's environment, a statistical sampling grid was made for
each co,unity, including Norfolk, This grid was so constructed that it iden-

rifled different types of urbaat suburbanj and rural populations, activities
and conditions. Among the items identified were =ransportalon routes and housing

groupings. Usin E this grld as a base, the Norfolk noise study group developed
a random samplln E which equally samples the human population of each of the
planning districts in the city. This grid identified 102 monitoring sites.
These sites were then divided into (a) residential, (b) commercial/industrial,

(c) transportation hub_ and (d) public land use areas. The sub-sets permitted
definition of noise impact on different categories of population as well as
giving a means of cross referencing and replication. Each of the 102 sites
was sampled at four different time periods during each 24 hour period and on
two different days. This resulted in 816 visits to i02 sites resulting in

f 81_600 noise samplings across the city.

Summary of Findings: In summary, based on this study it was found that Norfolk's
overall city wide Ldn noise average index was 77.8 dBA. Specifically, Norfolk_
based on it's average noise level would he classified as a "very noisy urban
residential =o,lmunity" which should have a population density exceeding 63,000

people per square mile. In fact Norfolk's population density is 5,600 people
per square mile yet, as mentioned, it's noise is equivalent to that of 63,000
persens/eq, miles.

Where Findings Published:

Norfolk Health Department, "Community Noise Impact Evaluation of Norfolk,

VA." Norfolk, Virginia, 1978.

Period of Performance: 1976-1978.

Investigator: Norfolk Health Department_ Division of Environment and
Protection Staff.

Eponeort Norfolk Health Department; U.S. EPA/ONAC,

Fiscal Year Funding ($10OO)z 1977 1978 1979 1980
9* 8* (approx.)

W-These amounts include funding for all four studies.
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NOISE-INDUCED REARING LOSS AND HEARING CONSERVATION

Title: INTERACTION OF NOISE WITH TWO REVERSIBLY OTOTOXID DRUGS

O5_activ%: To shad light on the mechanism whereby intense sound influences
the structure and function of the hearlnH end-organ t the cochlea. This know-

ledge may expedite further research into the prevention of intense noise-
induced hearing loss.

Descrlptlon: The three tasks to be completed in the first year of this inves-
tigation were to: I. axamlne the recovery of the alternatlnH current (ac)

cochlear potential and the compound action potential of the VIII Nerve (AP)
from exposure to intense sound and an administration of saline| 2. examine
the recovery of the ac cochlear potential and the A2 from intravenuus admlnls-

trations of amimooxyacetlc acid (AOAA) and e_haarynlc acid (SA); and 3. examine

the recovery of the ac cochlear potential and the AP from a combined-dru H and
intense sound-exposure treatment.

Summar_ of Findinss: A protoaol was developed to record both the ac cochlear
potential and the AP from chronic control and experimental gulnea plgs during
an initial surgical period and at 48 hours poet-surgery.

Period of Performance: January 1978-December 1978.

_nveati_ator: R.P. gohblnp Louisiana State University, School of Medicine,
1542 Tulana Avo._ New Orleansp LA 70112.

S?onsor: Deafness Research Fnundationt New York, NY 10017.

Pisc%l Year Pundin_ ($1000): 1977 1978 197,9 1980
10
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NIHL (Cont'd)

Title: HEARING AXD USAGE IN NOISE

Objective: To determine limiting noise levels as function of configuration
and amount of hearing level as part of an ongoing problem of evaluating hearing
aid fitting procedures.

Description: A critical review of the literature in this field, establishment
of criteria and evaluation of them in laboratory and real life situations.

Summary of Findln_s| Based primarily on the summary paper of Plomp (Journal
of the Acoustical Society of America, 66:533-549, 1979)j a tentative flow

chart relating speech frequency hearing levels with noise levels was presented
as part of paper SI (JASAp 66(Supplement I:$37, 1979), st the Salt Lake City
meeting in Novembe; 1979. In essence, hearing aid users are limited to noise
levels below about 55 dB. The greater the hearinE levels the less the
acceptable noise levels (down to 35 dBA). Evaluation of these levels for

NTID students is yet to be accomplished.

P_rlod of Performance: 1978-1981.

Investigator: J.C. Webster and D. Sims, National Technical _nstitute for Deaf,
Rochester Institute of Technology, I L,mb Drive, Rochester, NY
14623 (716/475-6418).

Sponsor: National Technical Institute for the Deaf.

Fiscal Year Fundin_ ($1000)5 No special progra_natic funding,

J
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NIHL (Cant'd)

Title_ PLASMA CORTISOL LEVELS AND AUDITORY FUNCTIONING IN HUMANS EXPOSED TO
SHORT AND PROLONGED D_RATIONS OF NOISE

Objective= To investigate audiometr[c and hormonal effec_s of noise exposure
in male and female subjects exposed to a moderately intense noise,

Description= Subjects were exposed to various noise stimuli (85 dBA, broadband,
pluk noise) for short (1/2 and 1 hour) and prolonged (4, 8_ and 16 hour)
durations.

Su_uar_ of Findings: It was established that noise exposure results in a
decreased ability to detect pure roues (threshold shifts), and increased
ability to detect changes in loudness (recruitment phenomana)_ and a decreased
ability to detect tones in the presence of background noise (discrimination
impairments). Increasing the duration of noise exposure caused a progressive
increase in the magnitudes of temporary threshold shifts, level of initial
masking shi_ta, end loudness discrimination index shifts. Female subjects
generally exhibit smeller noise-induced shifts than males at corresponding

exposure durations. None of the subjects exhibited any alterations in clreula-
tins plasma oortiool levels before, during, and after any of the short or

prolonged exposure durations, The overa_l data indicate that exposure of /_--.
humans to a sound pressure level of 85 dBA causes relatively marked altera-
tions in the three auditory parameters (i.e., threshold detection, loudness
diacrlminatiou, and level of initial maskins). On the other hand, exposure
to 85 dNA noise is not significantly stressful as as to cause meesureeble
elevations in adrenocortlcal activity in humans.

Where _indln_s Published:

Bennett, T.E°_ "Plasma Cortisol Levels and Auditory Functioning in Numans

Exposed to Short and Prolansed Durations of Noise." Ph.D. Dissertation
in Physiology, The Pennsylvania State Univerlity, Auguat 1979 (adviser,
A. Anthony).

Period of Performance_ 1976-1978.

_nvsati_ator: A. Anthony, P.L. Michael, T. Sennett_ G. Bienvenue;
_nv_ronmemtal Acoustiea Laboratory_ Penn State University,
University Park, PA (814/865-_562),

Spogsor| Rockefeller Foundationl New York, NY.

Fiscal Year Pundin S ($i000)_ 1976 1977 1978 1979 1980
25 25 25

t
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NIHL (Conttd)

Title: THE EFFECTS OF GARBOGEN INH_TION ON NOISE-INDUCED THRESHOLD SHIFT

Objective: To investigate the parameters involved in the inhalation of Carbogen
as associated with noise exposure.

: Human and animal (chinchilla) subjects are administered Carbogen
cent 02 and 5 percent C02) for designated periods before, during

or after high level sound exposure. Their threshold shifts are then measured

and the recovery process is monitored for several hours or days following

the exposure. Some animals were histologically prepared to investigate the
cell damage caused by noise stimulation. In all cases, control subjects
and/or conditions were used. The comparisons made were between control subjects/
conditions and Carbogen inhalation conditions.

Summary of Findings: Inhalation of Carbogen i_edlately before, during, or
after noise exposure resulted in generally less TTS. The more remarkable

finding was that Carbogen-treated subjects showed a more rapid recovery rate
from TTS than was seen with control subjects. In histology studies, the
amount of sensory cell damage in the cochlea was consistently less in Carbogen-

treated animals as compared to controls.

_/'_ Where Findln_s Publlnhed:

I) Joglekar, S., Lipscomb, D., and Shambaugh, C., "Effects of Oxygen
Inhalation on Nolse-lnduced Threshold Shifts in Humans and

Chinchillas," Arcb. Otol., 103:574, 1977.

2) Lipscomb, D., and W_tter_ H., "The Effects of Carbogen on Modifying
the _mpact of Noise Exposure," Third Internatlonal Congress on Noise
as a Public Health Nazard_ Freiberg, Germany, 1978.

3) Witterf H._ Dekaf R., Lipscomb, D., and Shamhaugh, G.t "Effects of

Pre-Stlmulatory Carbogen Inhalation on Noise-lnduced Temporary
Threshold Shifts in Humans and Chinchillas." In press, scheduled

publication April 1980_ Am. J. Otolaryngology.

4) Harris, G., Witter, N., and Lipscomb, D., "Effects of Post-Stimulntory
Carbogen Inhalation on Nolse-Induced BEER Thresholds in Chinchilla."
Submitted to J. Acoust. Soc. Amer.

Period of Performance: 1976-ongoing.

Investi_ator: D.H. Lipscomb, University of Tennessee, Knoxville, TN
(615/974-4123), and George Shambaugh, Chicago, IL.

Sponsor: Locally funded with budget provided by the Noise Research Laboratory
of the University of Tennessee Department of Audiology and Speech

_'_t Pathology through monies donated by individuals and industries.

Fiscal Year Fundln_ ($i000): No special programmatic .funding.
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NIHL (teat'd)

Title_ INTER-INDUSTRY NOISE STUbY: STEADY-STATE NOISE (PHASE I)|
INTERMITTENT NOISE (PHASE ll)

Objective: This project is being undertaken in two phases, The primary
objective of Phase I was to study "continuous" exposure, that is, exposure
during the whole of the working day, every day of the working year, in a range
of 82 dBA to 92 dBA, with no more than a five dBA range. Also (insofar as
practical industrial operation permits), =he noise was limited =o steady noise
with a relatively smooth spectrum, that is, to noise with no sharp peak of
sound pressure in any narrow frequency band. Phase II of the study, which
commenced in 1977, deals with the relationship between hearing loss and work-

place exposure to intermittent noise. It is hoped that the resulting data from
both phases will provide a sound and valid basis for general agreement on a
national occupational noise exposure standard which will protect employees from
occupational hearing loss without requiring wasteful or unnecessary expenditures.

Description: The Phase I study was done over a three-year period and involved
610 male and female workers. The study was carefully designed and controlled
to avoid the pitgalls of earlier studies, and to produce scientifically valid

data. The Phase IS study involved collecting and analyzing exposure data on
over 400 subjects exposed to intermlttent noise in a broad range of industries.
This is particularly relevant to real-world situations, since intermittent _'
noise is much more common in industrial settings than previously studied
continuous noise.

Where Plndin_s Published: The study protocol is discussed in detail in the
publication listed below.

¥erg, R.A., "Protocol 0£ the Inter-Industry Noise Study." Journal of

Occupational Medicine, 17(12):760-770, December 1975.

Period of Performance: 1974-197_ (Phase I);
1977-1981 (Phase II).

Investi_ator_ Joseph gataloff_ Jefferson Medical College, Philadelphia, PA.

Sponsor| Supported by a number of trade associations and industries.

Fiscal Year Yundln_ ($I000)_

1974 1975 1976 1977 1978 1979 1980 1981
Phase I 50 _0 50 50

Phase I1 50 50 50 (approx.)
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NIHL (toni'd)

Title_ EVALUATION OF INSERT REARING PROTECTOR PERFORMANCE AT THE BEGINNING
AND END OF A 3-HOUR USE PERIOD

Ob_eotivei To determine if certain types of hearing protectors work loose
with time.

Description: Ten subjects are heine tested four times each as follows:
Open Ear Test; Occluded Ear Test_ 3-hour Usage! Occluded Teat_ and The Open
Ear Test. Devices tested will be the E-A-R Plug_ a V-51R type insert and
perhaps o_hers.

Period of Performancez 1979-1980,

Investi_ator_ Elllott N. Berger s E-A-R Corporation, Indianapolis, IN
(317/293-IIII).

Sports.or: E-A-R Corporation, Indianapolis, IN.

Fiscal Year Fundin_ ($I000): No special programmatic funding.

(-h
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NIHL (Cont'd)

Title: CORRELATION OF A SUEJECTIVE AND AN OBJECTIVE HEARING PROTECTOR
ATTENUATION TEST

Ob_ectlve: To develop a better artificial head for measurin E insert protector
attenuation.

Description! Six sets of foam ear plugs of varying characteristics are being
measured for attenuation in an artlficial head_ using an ANS_ $3.19 procedure

o. five human sub,eats.

?ariod of Performance: January 1980-June 1980.

Investigator: Elliott H° Bargarj E-A-R Corporationj Indianapolls_ _N
(317/293-1111).

Spongor_ E-A-R Corpora_ion_ Indlanapolls_ IN.

Fiscal Year Fundin_ ($I000): No special programmatic fundinE.
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NIHL (Con_°d)

Title: APPROXIMATING THE REAL WORLD PERFORMANCE OF HEARING PROTECTOR DEVICES
VIA LABORATORY HEAL-EAR ATTENUATION TESTS

Objectlve_ To develop be_ter subjec_ selection, subjec_ instruction and device
preparation methods for performing ANSI $3.19 tests.

Description: A large number of subjects (over 75) are being tested on a
one-time basis. They are being administered a battery of four audiogram type
tests, with both open and occluded ears. Ear canal sizes are also being
recorded.

Summary of Findings: Preliminary findings indicate significantly lower (at
least I0 dB) perforumnce than is found by standard (manufacturer-sponsored)
ANSI $3.19 testing. Agreement with some curren_ fleld attenuation studies
appears good.

Period of Performance: 1979-1980.

Investigator: Elllott H. gerger, E-A-R Corporatloa, Indianapolis, IN
(317/293-1111).

_ Sponsor: E-A-R Corporation, Indianapolis, IN.

Fiscal Year Fundln_ ($i000): No special p_ogra_stlc funding.
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NIHL (Conc'd)

Titles STUDY OF POTENTIATING HA_UL EFFECTS OF LOW LEVEL NOISE AND }L%NA]4YCIN

ON GUINEA FIG COCHLEA

Ob_ectlve: To extend the knowledge of the interaction of noise and kanamycin
(an antibiotic) which are known to produce inner ear damage when presented
at certain levels. It has been shown that combining these two agents together

produces damage at levels which are safe when each is presented alone.

Description: Information about safe levels o£ noise in such combinations
was obtained. The time during which such damage oecursp whether or not this
is related to certain periods when levels of the antibiotic are highest in

the inner earp and whether or not animals of different ages are equally
susceptible to such damage was evaluated.

Period of P'erformance: 1977-1978.

_nvesti_ator: V.S. Duysl, University of Toronto, 76 Grenville St.p Torontop
Ontario_ Canada,

Sports,or| Deafness Research Fouedation_ New York_ NY.

Fiscal Year Fundln_ ($I000): Data not available. ,/'_

l_,

i
J
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CObR_UNICATION INTERFERENCE

Title: SPEECH AND NOISE CHARACTERISTICS OF NTID LEARNING CENTER

Objectivel To evaluate noise criteria for classrooms for the handicapped.

Description: Speech and noise levels were measured in representative NTID
and RIT classrooms and evaluated in terms of Articulatlon Index (AI) and

Speech Interference Level (SIL) criteria. Noise levels and teachers' speech
levels were measured at the beginning and end of hour-length classes in four

classrooms at RIT. Two were in NTID in classrooms specifically designed for

severely/profoundly deaf college students, and two in RIT in classrooms designed
for and used primarily by normal hearing students.

Sugary of Findln_s: Better classrooms at both NTID and RIT had A-weighted
noise levels thaC increased from 44dD to 45dB as the hour progressed. Poorer
classrooms increased in noise level from 48 Co 50dBA aC NTID and from 51 to
53dBA at RIT* Teachers' speech levels averaged 60 + or - 2dgA such that

Articulation Indices (AI) dropped from about 0.88 to 0.81 aC NTID and from
0.78 to 0.74 at RIT. There was an interaction among AI's, classification of
classroom (better/poorer) and school (NTID/RZT). The AI in the better class-
room at NTID resisted the drop shown by all ocher classrooms from the beginning

,_ to the end of the hour. However, the largest drop was from 0.86 to 0.68 in

NTID's poorer classroom. Not 6nly did the noise level increase, but the speech
level decreased. Any AI of 0.68 or greater results in adequate student speech
discrimlnability.

Nhere Findln_s Published:

Abstract as submitted to "Acoustics of Educational Buildings," a satellite

symposium (in Auckland, New Zealand) o£ the Tenth International Congress
of Acoustics (Sydney, Australia, July 1980).

Perlod of Performance: 1976-1980.

Investigator: J.C. Webster and Eaten Snell, National Technical Institute for
!_ the Deaf, Rochester Institute of Technology, I Lamb Drive,

Rochester, NY 14623 (716/475-6418).

_. Sponsor: National Technical Institute for the Deaf.

Fiscal Year Pundin_ ($I000): No special programmatic funding.
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SERAVIORAL_ SOCIAL AND PERFORMANCE EFFECTS

Title: EFFECTS OF NOISE ON READING COMPREHENSIO_ AND TASK COMPLET_0N T_ME

Ob_eeti,a: To l) identify and review materials which relate to the evaluation
of the effects of noise on the learning process_ 2) analyze the extant to
which reading comprehension is affected by increasing sound intensify; 3)
determine to what extent the time required for the completion of a task is
affected by increasing sound intensities; and 4) recommend appropriate
considerations for the control of noise pollution in vocational shops and
laboratories.

_escriptlonz This study will be conducted as a post-test-only control
group experiment utilizing a two-times-two factorial design. The design

requires randomization of the groups D and. therefore provides maximum control

of the relevant extraneous internal variables.

Period of Performances 1977-1978.

_uvesti_ator: L.R. JewclI, University of Missouri, Columbia, MO.

Sponsor: Missouri State Government, Jefferson City, MO.

Fiscal Year Fundin _ ($100U): Data not available.
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NOISE ENVIRONMENT DETERMINATION AND EXPOSURE CHARACTERIZATION

Title: NOISE ASSESSMENT FOR THE SAVANNAH-CRATHAM COUNTY URBANIZED AREA

Objective= To provide a sound level descriptor for the urbanized area of
Ohathmu County. This work will provide reliable data upon which _o base pos-

sible aotlon related to a local noise control program. The study will identi-
fy specific major noise sources causing noise impacts and noise impacted areas.

Description= The end product will consist of a "Noise Survey Map" which
displays the average noise level for various sections of each neighborhood

within the urbanized area of Chatham County. The Noise Survey Map will be
accompanied by a ¢echnical report which discusses the local noise problem
a_ the neighborhood level in relation to noise level standards established

by the U.S. Environmental Protection Agency. The first step will be nhe
preparation of a noise survey and assessment manual. This work will be accom-

plished by the Metropolitan Planning Commission (MPC) staff_ with assistance
provided by the staff of the Noise Control Division of EPA Region IV. The
manual will set forth step-by-step procedures to be followed in conducting
the noise assessment. EPA will provide the sound measuring equipment and will
train local survey crews in the proper use of the equipment and the recording

of the readings on the survey forms. The Noise Survey Map and supporting
technical report will be prepared by the MPC staff with cechnlcal assistance
provided by EPA.

Period of Performance: 1979-1980.

Investisator= Wm. Samman, Chatham County-Savannah, GA_ NPO (912/236-9523).

Sponsor= Chatham County-Savannah, Georgia Metropolitan Planning Commission, iI
with assistance from the O.S. EPA, Region IV.

i

Fiscal Year Pundln_ ($i000)= 1977 1978 1979 1980
43.2

I
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NEDEC (Cont'd)

Title: COMMUNITY NOISE SURVEY - ONTARIOj CALIFORNIA

Objective: To l) define the existing noise levels throughout the City;
2) define intrusion standards for similar noise zones of land use development

categories; and 3) acquire a good technical background for a nolse ordlnance.

Description: The survey was one of the initial steps recommended by the
California office of Noise Control and office of Planning and Research for

the update of the Noise Element of the Ontario General Plan. Monitoring was
performed in finite acoustical zones of the City in accordance with the
methodology described in the document listed in the Summary of Findings, below.
Sound pressure levels were determined in some 900 different locations.
Continuous monitoring varied from five minutes up to a full week at each
locatlo..

Sumary of Findinss; The monitoring phase of the program has been completed.
The activity was undertaken between June 1977 and November 1979 in accordance
with the following document_

"Test Procedure, Methodology and Data Analysis for Community Noise Survey -

Ontario, California," May 31, 1977. /_-_

The second phase of the program was completed in December 1979 and was a

presentation of the calculated data. This formed the appendix to the pending
final program report'.

Period of Performance_ 1976-1980.

Investigator| City staffers, Ontario, CA (714/986-I151).

Sponsor: City of 0ntar£o, CA.

Fiscal Year Fundln_ ($I000): 1976 1977 1978 1979 1980
51 15 15 15 15
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NEDEC (Cont'd)

Tit.lez ANALYSIS AND REDUCTION OF NOISE I_ZARDS FROM AGRICULTURAL MACHINES

Objoctlve_ To l) deteumine sound levels at the operator stations of tractors
and other farm equipment; 2) evaluate methods for reducing noise generationj
noise transmission, and noise-lnduced hearing damage| and 3) assist fa_era

in developing effective hearing protection programs.

Descriptions Noise levels on representative samples of tractors, implemen_st
and farmstead equipment were determined so projections could be made as. to
probable operator station noise levels for agricultural machines used in the

State of Washington. Data on techniques and materials for the reduction of
noise generation and transmission applicable to agricultural machinery were

completed. Personal ear protection devices and techniques were analyzed.
Noise test results, otolaryngologlcal data, and noise control information
were used to initiate an extension program to assist farmers in reducing noise
hazards and in initiating adequate hearln S protectlon practices.

! .

Su_uary of Findings: .Operator station noise level tests were made on farm
tractors and in a pea processing plant. Noise levels for farm tractors were
consistent with previous measurements, with noise levels generally above the
90 dBA level which is acceptable for an exposure duration of 8 hours per day.

'f'_ Of the tractors tested_ only the newer tractors with acoustically designed
cabs had operator station levels below 90 dBA. Operator station noise levels
for the pea processing plant were generally in the 90 dgA range or below,
except for the sacking area where a 100 dnA reading was recorded. It cannot
be concluded that workers will suffer hearing damage from the measured noise
levels since no measurements of exposure times were recorded. As a precaution,
however_ it would be well for workers to utilize personal ear protection devices
while operating tractors, combines, and other self-propelled equlpmeut with
engines mounted near operator stations unless the units are equipped with
acoustically designed cabs. A similar precaution should be observed for
workers in high noise level areas of agricultural processing plants, and near
noley processing equipment.

Period of Performance: 1977-1978.

Investisator: J. Simpson and H. Waelti, Washlngton State Universltyp
Pullman, WA.

Sponsor| Washington State Government, Olympia, NA.

Fiscal Year Pundln_ ($I000)_ Data not available.
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NEDEC (Contld)

Title: A SURVEY AND EVALUATION OF THE ACOUSTICAL LEVELS IN CUMBERLAND COUNTY

Objective: To I) determine sound levels existing in Cumberland County; and 2)
from the data collected evaluate the need for a noise ordinance in Cumberland

County.

Description: Information was provided by the Noise Section, Environmental
Protection Agency, Atlanta, Georgia, as to how such a survey would be most
effectively conducted. An EPA Noise representative made periodic visits to
Cumberland County to educate operators and monitor progress. The county was

dlvidedlnto .9 square mile sections; a sampling point was located at approxl-
me:ely the center of each section. Areas exempt from monitoring were those

unpopulated sections such as forest land and open farm land. Four readings
were taken each day at the sampling points. There were a total of 558 sampling
points, with a total of 2j232 readings (excluding special readings at industrial
end commercial sites). All monitoring was conducted at iS-second intervals up
to I00 total readings. Readings were recorded on a Standard Community Noise
Measurement Data Sheet, then transferred to an Leq Compute:lanai Norksheet
where the Leq, L0p LI0 and Lb0 figures were calculated. Other data included
tlme_ tamperaturem weather, wind velocity, date, operators and identifiable

noise sources. Care was taken not to monitor in directions where the meter _---
would record obvious reflected sound thus giving a false reading. A detailed
map of the sampling point location was drawn on the reverse side of the data
sheet to assure all succeeding monitoring would be achieved at the exact
location as the original. There were _hree monitoring _eams consisting of two
persons each - one monitor and one data recorder. All data was turned over to
EPA contacts for evaluation.

Summary of Plndln_s: The completed Leq calculations were interpreted by an EPA
representative with respect to the projected needs of the county implied by
their findings. The conclusions, expressed in percentages, were ascertained

through graphing the percent of total readings in Cumberland County against
the overall percentage of occurrence. These included daytime, nlghttlme and

weekend readings. The weekend readings were incorporated into the daytime
readings. The primary purpose of the weekend rending was to assure a good
sample was taken. The conclusions indicated that: I) more than 70 percent
of the sampling points had Leq'a lees than 60 dBA; 2) I00 percent of the total

daytime and nighttime readings were of 31 dBA or greater| and 3) 7,8 percent
of the total nighttime readings in Cumberland County were 55 dBA or greater.
These readings included traffic noises. Zf the readings which can be attributed
to traffic were removed, the percentage of total readings occurring at 55 dgA
or greater would be even lower. Subsequent to the findings, a noise ordinance
was drafted by Environmental Health Department personnel to preserve these lower
loyola. Nhnt must also be noted are the military inatallntlona (Ft. gragg Army
Beaeand Pope Air Force Base) which introduced special acoustical situations
or conditions.
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NEDEC (Con't)

• Period of Performan=e: 1979-present.

Investisator: In-houeet Environmental Health Division of the Cumberland
County Health Department; assisted by U.S. EPA Regional Officer
Atlanta_ GA (404/581-4861).

Sponsoc: Cumberland County Health Department_ Fayetteville, NC.

Fiscal Year Funding ($1000)| No special prosrammatie funding.
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