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RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, Environ-

mental Protection Agency, have been grouped into five series. These
five broad categories were established to facilitate further develop-

ment and application of environmental technology. Elimination of

traditional grouping was consciously planned to foster technology
transfer and a maximum interface in related fields. The five series

are:

I. Environmental Health Effects Research

2. Environmental Protection Technology
3. Ecological Research

4. Environmental Monitoring
5. Socioeconomic Envlronmen_al Studies

This report has been assigned to the ENVIRONF_NTAL _ALTH EFFECTS

RESEARCH series. This series describes projects and studies relating
to the tolerances of men for unhealthful substances or conditions.

This work is generally assessed from a medical viewpoint, including

physiological and psychological studies. In addition to toxicology

and other medical specialities, study areas include biomedical instru-
mentation and health research techniques utilizing animals-but always t

with intended application to human health measures.

This report has been reviewed by the Office of Research and Development.

Approval does not signify that the contents necessarily reflect the
views and policies of the Environmental Protection Agency, nor does
mention of trade names or commercial products constitute endorsement
or reco_nandation for use.
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ABSTRACT

potential effects of noise on the public health and welfare are

descrlbed_ limitations and gaps in necessary knowledge of those effects
are identified as research needs, and eight categories for analyzing

noise effects research are presented. The current Federal research

programs are summarized for each of the eight categories.

The Noise Effects Research Panel through its collective knowledge

of the needs and the current research has identified specific research

areas which need additional emphasis i_,order to provide accurate and
thorough information on effects of nolse. The Panel concluded that

the current programs need continued and in some instances expanded
support in order to provide necessary information on the effects of
noise. Some areas of concern which are not currently being addressed
are also identified.
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I. SUMMARY

Potential effects of noise on the public health and welfare are
described, limitations and gaps in necessary knowledge of those effects

are identified as research needs, and eight categories for analyzing
noise effects research are presented. The current Federal programs

are summarized for each of the eight categories, and research needing
additional em_msis is identified.

Known or suspected effects of noise discussed included effects on

hearing, other effects which may (or may hoe) lead to permanent health

impairment, effects on behavior such as performance or annoyance,
speech and other con_unlcatios interference, sleep disturbance, social/

economlc/polltical/legal/behavloral community responses, and effects on

animals. Cause-effect relationships, however, have been identified by
the Federal government only for hearing, annoyance, and speech interfer-
ence. The information identified in these three areas is also discussed.

Limitations in this information and lack of information in other areas

are shown and research needed to provide thorough and accurate informa-
tion on all effects of noise is identified. Such information is

necessary for setting standards for protection of public health and
welfare, assessment of _he benefits to be derived from noise reduction

in light of the costs, assurance of safe, productive work environments
and adequate communications, and decisions at all levels affecting the

quality of llfe. Away of categorizing current and needed noise effects
research is presented. The current Federally-supported noise effects

research is summarized for each of eight categories.

Although an In-depth analysis and assessment of the current Federal
noise effects programs is not made, the Noise Effects Research Panel

through its collective knowledge of the needs and the current research

has identified specific research subjects which need additional emphasis
in order to provide accurate and thorough information on effects of

noise. These include subjects not currently receiving enough attention
and those not currently being addressed. It is further pointed out that

the currant programs need continued and in some instances expanded
support in order to provide necessary infornmtlon on effects of noise.
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If, INTRODUCTION

EPA has established four noise research panels consisting of
representatives from Government departments and agencies to provide

informational exchange, a forum for intcragency discussion, and advice
to aid EPA in its role as coordinator of Federal noise research in

accordance with the Noise Control Act of 1972. The panels and panel
membership reflect the umJor thrusts of the Federal noise research

programs as follows:

Noise Research Panel Current A_ency Membershi£*

Aircraft NASA_ DOT, DOD, HUD, DOC, EPA

Surface Vehicles DOT, HUb, DOD, DOC(NBS), EPA

Noise Effects** HEW (NINDS, NIOSH, NIGHS), DOT, NSF,

HUb, NASA, DDD, DOL, DOC(NBS),EPA

M_chlnery HEW (NIOSH), DOl(Bureau of Mines),

DOD, DOL, DOC(NBS), NSF.

These panels provide the formal mechanisms for interagency consider-

atlon_ review and assessment of research in the four technical areas.

The primary functions of the panels in their respective areas are:

- Review and assessment of the state of science and technology

relating to noise.

Review and assessment of the status of solse research and

technology development.

Identification of technology gaps and research needs.

Preparation of recommendations concerning ongoing research
activities.

Receipt and review of pertinent selentlfle and programn_atic
advice from communicating with other standing bodies and

experts in the field of noise.

Noise effects includes not only health effects of noise such as

hearing loss, but also many other known or suspected offsets of noise
on the woll-belng of humans and aniumla such as interference with

* Glossary of Agency Acronyms in Appendix B.D
n ** List of Noise Effects Panel Members in Appendix C.
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co._unlcation, disturbance of sleep, annoyance, and any other results of

noise exposure which can affect the quality of life, For the purposes

of this report and this research panel, the term "noise effects" does
not include effects on structures or other inaniTnate objects.

A. PURPOSE AND SCOPE

This is the first report prepared by the Noise Effects Research
Panel. It will serve as an information base for developing a coordinated

national plan for reseerch leading to needed information on the effects
of oolse, Such information relatlng the various effects of noise to

the physical characteristics of noise exposure such as level_ frequency,

and duration, as well as to the psychological content of the noise is
needed for several reasons. These cause-effect relationships provide

the necessary bases for setting standards to protect the public health

and welfare, the data for assessing the benefits of noise reduction in

light of the costsj and guidelines for personal and Government decisions
affecting the quality of Ills.

A eoordlna_ed national plan wit]* the various involved agencies

working in cooperation can achieve the following objectives:

research funds targeted on critical problems and issues
coordinated and complementary efforts

research accomplished in the most productive and

scientifically viable manner.

To develop such an overall plan, limitations and gaps in the current

understanding of the effects of noise must be identified. _|e current

programs must be examined to determine which subject areas are not being
adequately addressed. Programs and projects can then he identified for
correcting inadequacies and addressing the gaps. The agencies* capabill-
ties for and interests in undertaking these programs and projects can

also ha de,ermined. Finally_ priorities of research needs must be

established. Then a national plan for noise effects research can be

developed in a meaningful manner. To this end, the report specifically
addresses:

- Effects of noise

- Current Federal information on effects of noise
- Limitations in the information and research needs

- A way of classifying noise effects research
- The current Federally-supported noise effects research

- Research needing additional emphasis.

The report does not consider: t

! - The adequacy of current research

- Detailed programs and projects fo_ addressing gaps

3



Capabilities of various agencies for addressing research gaps
Priorities of research needs

Development of a coordinated national plan.

This document also will he used by the Ez_ironmental Protection
Agency to satisfy Section 4(c)(3) of the Noise Control Act of 1972.

EPA is required to report on the status and progress of Federal activities
relating to noise research and control and to assess the contribution

of such activities to the Federal Government's overall efforts to control
noise.

Activity for fiscal year (FY)1974 is emphasized, program continuation

through fiscal year 1975 is noted where possible, and funding and work
carried out during fiscal year 1973 is reported.

The data on which the report is based came from two sources, agencies'
responses to a 1972 request* from EPA on Federal noise activities, and

information supplied by the panel members in the spring of 1974, The

fiscal data is reported consistent with each agency's budgetary process.
As there are variations in the way agencies report the costs _or their
in-house research, exact comparisons between agencles I fiscal data cannot

be made. A =hart illustrating this problem is contained in Appendix D.

The data for FY 75 estimated funding is incomplete for two reasons.

First, the DOD computer data base used to generate the a=ency fiscal data
did not inelude_FY 75:estlmates. Therefore, at the DOD panel member's
suggestien_ the FY 75 levels have been estimated the same as FY 74.

Secondlyj NSF carries out research only through unsolicited grants. Thus,

is it impossible for NSF to predict what researcb proposals may be receiv-
ed and funded.

Care must also be exercised in examining project and program titles
and funding. Ti_les often do not convey the extent and kind of research

beln s fundmd[and convey, no inform_ti6n ,of the seep@ of wo=k_ Thus,,
similar titles may involve very different work scop@s and furthbrmore

may not mean the subject is being adequately addressed.

Conclusions and recommendations made in this report are the cell=c-

tlve opinions of the panel members and do not necessarily represent their

agencies' polleles.

*In December of 1972, a questionnaire survey of Federal noise research
and noise control actlvlties was initiated by EPA. A contract report

was prepared from this data in October 1973 but was not published.
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g. EFFECTS OF.NOISE

Exposure to noise may have various effects on the public health and

welfare. Some of these are well-known but the complexity of both expos-
ure and response has prevented definitive cause-effect relationships in

many a_eas. Other effects are suspected hut not yet well-proven.

i. Hearing Damage

It has been well established that noise exposure of sufficient

intensity and duration can produce hearing damage, Hearing loss result-

ing from intense noise exposure can either be temporary or permanent.
In general, it is believed that noise of brief exposure that can produce

a significant temporary hearing loss or thresheld shift is capable of
producing permanent hearing loss if the noise exposure is extended in

duration or recurrence. That is, daily exposure to a noise which

produces a temporary hearing loss presents a risk of permanent hearing

loss because the ear may not he able to fully recover to its original
threshold from recurrent exposures. The exaee relationship between

temporary and permanent hearing loss, however3 is not yet clearly defined,

Hearing loss which is caused by noise occurs first in the high

frequency ranges. This impacts seriously on speech understanding, and
good hearing in the higher frequencies is necessary far discriminating

the information=carrying, consonant sounds of human speech. Hearing less
is known to result from exposures to: continuous noise in industrial

settings, impulsive sound, gunfire, end loud music far extended periods,
the last is found especially among young people. The effect from

_luctuatlng, intermittent or shorter-term exposures is not cnmpletely
understood.

2. Other Health Effects

The only permanent adverse efface upon health from noise exposure
that is well-establlshed is noise-induced hearing loss. However, there

is evidence., although Incomplete, to indicate other effects can result
from exposure of aufflclent intensity and duration. Noise can alter
the function of the endocrine, cardiovascular and neurologic systems.

It may effect equilibrium and may produce changes such as: constriction
of blood vessels in the body and vaso-dilaeion in the brain, rise in

blood pressure and changes in heart rhythm, and change in rate of stomach
acid secretions. Noise also has been shown to produce the same physlo-

logical reantiens as other strangers, such as emuelenel stress and pain.
There is not clear evidence, however, to indicate that continued activa-

tion of any of these responses leads to irreversible changes and permanent
health effects.



3. Behavior Effects

When a task requires the use of auditory signals, noise that masks

these signals will interfere with the performance of she task. High
level continuous noise exposures appear to have potentially detrimental

effects on human performance, particularly vigilance tasks, informs=Ion
gathering, and analytical processes. Noise may also increase the

variahillty of work rate and affect the accuracy of work requiring

mental concentration. Additionally, noise may he disruptive of per-
formance if the noise is high frequency, intermittent, or unexpected.

Noise throughout the audible range can_ under various circumstances,

be annoying and disruptive of activity. However, prediction of individ-
ual annoyance due to noise is difficult, probably due to the many

psychological and social factors that contribute to individual sensitivity.

4. Sleep Interference

Noise can interfere with sleep by preventing sleep, by causin_

awakaning,.and by _*angin 8 the level or pattern of sleep. Any of these
kinds of interference may have effects on behavior and performance during

waking hours as well as long term health effects if repeated. Survey
data indicate that sleep disturbance is often the principal reason given

for annoyances and some experts believe that sleep disturbance is one of
the most severe effects of noise on health.

5. Communication Interference

In addition to the reduced understanding of speech resulting from

nolse-induned hearing loss, noise can ietsr£ere directly with speech
communications. Verbal communication i_ terms of noise level and vocal

effort is extremely difficult in backgrounds of high noise level and

can adversely affect the accuracy, frequency, and quality of verbal
exchange. This can be important in formal education in schools, occupa-

tional efficiency, family llfe patterns, and quality of relaxation.

6. Com_unlt_ Re_ction

The preceding effects of noise all deal _ith various effects on

indivldnals, although statistical descriptors must he used to average
out i_dlvidual differences in reaction or response. However, when a

ce_mnunity of individuals is exposed, a different kind of reaction may

take place. This reaction may take several forms such as complaints to
authoritles,.polltical action against noisy activities, reduction in
land values o_ socio-economic level, high property turnover rates, or

changes in family recreational patterns. Thus the consequences of

community response to noise can be social, political, and economic, as
well as the collective individual responses noted above. To date, only

conmmnity annoyancQ resDonses to aircraft nolse have been studied
extensively andheveheen shown to correlate well with noise exposure.
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The number of complaints due to noise in a community_ however, is small

in comparison to the number of people annoyed.

7. Effects on Animals

In general, noise has the same types of effects on animals as it does
on humans. Hearing loss and physiologic changes have been noted in

laboratory animals. Possible effects on farm animals include changes in

size, weight, reproductivity, and behavior. Changes in mating behavior,
predator-prey relationships, and territorial behavior have been observed

in some wildlife species exposed to noise.

C. C.URRENT FEDERAL INFORMATION ON NOISE EFFECTS

There are at present three informational documents relative to

health effects from noise exposure which have been published hy Federal
agencies. The first to be published was "Criteria for a Recommended

Standard...Occupatlonal Exposure to Noise" in 1972 by the National Insti-

tute for Occupational Safety and Health (NIOSH), Department of Health,
Education and Welfare. This was in accordance with Section 20(_)(3) of

the Occupational Safety and Health Act of 1970 (29 U.S.C. 656). In 1973,
the Environmental Protection Agency published "Public Eealth and Welfare
Criteria for Noise" in accordance with Section 5(a)(1) of the Noise Control

Act of 1972 (PL 92-574). In addition, Section 5(a)(2) of the same act
called for a document identifying environmental noise level goals. That
document, "Information on Levels of Environmental Noise Requisite to Pro-

test the Health and Welfare with an Adequate Margin of Safety" (EPA Levels

Document) which was published in March 1974, alan E with the EFA Criteria
Document, are to serve as d_e basis for establishing standards and regula-
tions called for by the Noise Control Act.

The NIOEH document, specifically directed to the occupational environ-

ment, presented information about various effects of noise exposure, but
information for support of their recommended standard was available only in
the area of noise-lnduced hearing loss. The EPA "Poblie Health and Welfare
Crlt_ria for Noise" defines criteria as "descriptions of cause and effect

relationships." _le document addressed direct effects of noise on the

physical and mental well-bein E of human populations, including hearing 1os8
and other health effects, and indirect effects such as annoyance and eommu-

n_catlon interferen¢_ .aswell as noise effects on.wildlife and other animals.

Nevertheless, EPA identified only three areas for which criteria exist.
AccordinE to the EPA Levels Document,

"There are a multitude of adverse effects that can be

caused by noise which may, both directly or indirectly,
affect public health and welfare. However, there are

only three eatesories of adverse relationships in which
the cause/effect relationshlps are adequately known and

7



can be Justifiably used to identify levels of
environmental noise for protection of public

health and welfare. These ar_: (I) the effect
of noise on hearing, (2) the effect of noise

on the general mental state es evidenced by
annoyance, and (3) the interference of noise

with specific activities."

Although information in these three areas was presented in the EFA
Criteria Document and used in the EPA Levels Document, both documents

indicated limitations in the information. A short description of the
current Federal information in each of the three areas, as contained by

the three documents, is presented below.

I. Nolee-lnduced Hearln_ Loss

The Criteria Document produced by NIOSH for employee protection

during the work period addressed recommendations for a work place standard
to protect against hearing impelrment. No attempt is made toward the

protectlon of the worker from non-audltory effects of noise exposure;
however, the producers of this document have stated that meeting proposed

criteria for the protection of auditory effects will reduce the risk of
non-audltory effects. Thus, the meier aim of this document is to recom-

mend and support a work place noise exposure standard for the protection

of hearing, i.e., that the effective noise level permitted during a
normal eight hoar work period should not exceed 90 dBA for the time being
end should be reduced to 85 when technologically feasible. At this clme

the Department of Labor has-_roposed a revised standard with the 90 dBA

eight hour exposure level and hearing conservation measures beginning
at 85 dgA. In support of the NIOSH recommendation, incidence of hearing

impairment was compared between noise exposed and non-noise exposed
employee groups of comparable ages and experience.

The EFA Criteria Document presented Information for predicting

permanent hearing loss resulting from exposure to continuous noise of
certain levels for eight hours a day over 1O and 40 year_. The information,

llke the NIOSH criteria, aloe compared noise exposed and non-nolse exposed

employee groups. Further, llke the NIOSH document, the EPA criteria is
based only on industrial exposures.

The EPALevels DOcument used this information to identify noise

levels requisite to protect the human population from significant noise-
induced hearing loss with an adequate margin of safety. The levels
identified do sot include consideration of economic and technological

feasibility and thus should not be construed as Federal standards.

In identifying its level for protection against hearing loss,

however, EPA found certain limitations in the available data. Thus, EPA
had to extrapolate from industrial exposure data to community noise as it

8



affects hearing, from eight hour exposure to 24 hour environmental expos-

ure, and from exposure data mainly above 80 dEA to levels below 80.

2. Community Annoyance

Although community reaction to noise may be evidenced by social or
economic measures as well as political or legal action, the available

information, as reported in the EPA Criteria Document, deals nminly with
statistical surveys of annoyance, The document concluded, among other

things_ that (I) "the degree of annoyance due to noise exposure expressed
by the population average for a community is highly correlated to the

magnitude of noise exposure in the community," and (2) "the numbers of

complaints about noise registered with the authorities is small compared
to the number of people annoyed, or who wlsh to complain. However, the

number of actual complaints is highly correlated with the proportion of

people in the community who express high annoyance." The EPA Lsvels
Document used this available information about community annoyance to
supplement speech interference data, discussed in the next section.

3. Communication Interference

The EPA Criteria Document identified data which predict fairly

accurately how noise will affect the perception of speech in the outdoor
environment, The data represents conditions in which talker and listener

speak the same dialect and presumably hear normally. The document also
indicated that data are available in the literature to suggest a reasonable
background noise level for the design of rooms where oral communication is

important.

The EPA Levels Document used these data to identify levels of noise

requisite to protect public health and welfare against activity interfer-
ence with an adequate margin of safety, since "the primary effect of noise

on human health and welfare due to interference with activity comes from
its effect on speech co_municatlon." The document also identified speech

interference as one of the primary reasons for adverse co_unlty reactions
to noise and long-term annoyance, It is again important to note that the

levels thus identified to protect against activity interference do not

include consideration of economic and technological feasibility and thus
should not be construed as Federal standards.

D. RESEARCH NEEDS

Although information has been identified and/or used in three Federal
documents for three of the many known or suspected effects of noise, the

documents plainly pointed out the limitations and deficiencies in the i

available information. The lack of necessary information on other effects i
of noise was also discussed as well as the lack of methodologies available

to adequately relate the noise exposures to the effects. Even though

9



there are many gaps in today's knowledge on the effects of noise, some

states and many local governments are in the process of setting noise

limits in regulations/ordinances to reduce noise. Accurate and compre-
hensive inforrmtlon relating noise and other contributing factors to
all its effects is needed to insure that the extent of the reductions

is appropriate, and that the reductions may be accomplished with minimum
expenditures of public and private money. Such information is also

needed to assess the cost of noise reduction in light of benefits and

to provide guidelines for personal decisions affecting the quality of
life or corporate decisions affecting working conditions. Limitations
in or lack of needed information on the various effects of noise are
discussed below.

The research needs discussed are for information on which to base

protection of public health and welfare in the general sense. It is

important to note that in comparing these general needs with the research
conducted by the various agencies, it should be remembered that specific

agency missions dictate the research that agency conducts and supports,

and that specific research projects, while fulfilling an important agency
objective, may not be specifically directed toward fulfilling one or more
of the general needs discussed below.

I. Noise-lnduced Hearing Loss

The current Federal information on nolse-lnduced hearing loss, as
presented in both the NIOSH and the gPA Criteria Document and used in

support of the NIOSH recommended standard and the EPA identified levels.
is based on several cross-sectlonal industrial studies that have been

criticized for various reasons. These criticisms include: insufficient

determination of daily noise exposure, problems &n. or, lack of screening
for evidence of ear disease, inconsistent test practices, audiological

testing in noisy areas, and audiological testing without sufficient time
for recovery from temporary hearing loss. The studies also mainly

considered continuous eight hour exposures. Thus, there is limited
information on intermittent or partial daily exposures and practically

no date on exposure to noise beyond an eight hour period. Inconclusive
information exists as to whether older people or younger ones are more

susceptible to noise-induced hearing loss. Little evidence is available
on exposures to various other types of noise, such as impulsive noise,

hi,resound, and infrasound. Little is known, also, about the effects on
hearing of the combination of noise and other factors such as heat,

vibration, end Ototoxic (hearing damaging) drugs and chemicals.

2. Health _ffects Other Than Hearin_ Loss

The EPA criteria Document identified several short-term physiological

effects which may result from noise exposure. It is known that noise can
elicit different physiological responses, but there is not clear evidence

tO indicate that continued activation of these responses leads to Irrever-
sible changes and permanent health effects. Adequate scientific data are
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not available to confirm or refute speculations that noise may be a

contributor to circulatory difficulties or heart diseases. There are
not any well-established data relating noise exposure to fatigue or

insomnia, even though it is believed that soles exposure can contribute
to these factors. Noise has been considered to be detrimental to the

recovery of hospital patients.

Although noise exposure, either alone or in conJunctlon with other
stressors, is presumed to cause general stress, neither the threshold

nolse level nor duration at which stress may appear has been adequately
determined. FurthBr, the effects of chronic noise-produced stress are
not known.

Thus, some indicators of potential effects of noise on health have

been studied and some have shown definite cause-effect relationships over

the short term. Quantitative relationships need to be determined for
many indicators of noise effects on health, and all potential effects of

noise on health must be studied over the long term. Clear relationships
between noise exposure and its potential effects on health must be proved

or disproved, so that decisions - government, corporate, or private - umy
be made on protection of health from noise.

3. Effects on Individual Behavior

Most information available on Indivldual behavior effects of soles

concerns either performance or annoyance. Noise is also considered as
contributing to other behavior effects such as irrltnbility, instability,

argumentativeness, reduction in sex drive, anxiety, and nervousness, but

quantitative evidence is lacking in these areas.

Although affects of noise on performance have been shown in the
laboratoryp little work has been dose in _eal-life situations, As per-
forumnee effects of noise could be significant and costly in today's

economy, there is a pressing need for field studies under typical condi-
tions. _le information derived is needed for determlnlng the extent of

noise reduction that is cost-beneficial in performance situations.

AS individual annoyance in response to noise can lead to the economic

or social effects or the political or legal actions discussed under

community reaction, as well as to general effects on mental or physical
health, a better understanding is needed of the factors that control the

degree of annoyance of individuals. Further, as most of the available
information on nolse/annoyance relationships deal mainly with conventional
aircraft noise, annoyance in response to other major sources of noise,
as well as new end future aircraft, needs to be determined.

Other behavioral effects of noise mentioned above are less clear-cut

and noise is but one of many factors which cnuld contribute to these
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effects. These effects_ however, are serious indicators of reduction in

quality of life and could be significant contributors to deterioration

of men=el and physical health. The relationship of noise to these effects
as well as the relative contribution of noise in combination wlth other
causes needs to be determined in order that government, corporate, or

private decisions nmy be made concerning health and the quality of life.

4. Effects on Sleep

Disturbance of sleep by noise resulting in changes in level, patterns,

or quality of sleep, or even awakening may affect behavior during waking
hours and cause long-term health effects. Most of the available infor-
mation on effects of sleep interference, according to the EPA Criterla

Document, "comes from laboratory experiments that involve very few
people, and 'responses' are evaluated in terms of physiological measure-

ments such as EEG" (electroencephalogram, a measure of electrical voltages
in the brain). As it is dzfflcult to generalize from the laboratory to

real-life conditions, hut also very costly to study sleep in everyday
settings, bot_ types of studies are needed to develop definitive relation-

ships between noise from various sources and its effects on sleep, both

in the short-term and long-term.

5. Communication Interference

The available information concerning a cause-effect relationship
for noise interference with speech represents conditions for normally

hearing young m_le adults speaking the same dialect, when they are in

a non-reverberant noise field, whereas the actual cause-affect relation-
ehlp may change with many variables. The EPA Crlterla Document states,

"lower noise levels would be required if the talker has imprecise speech
(poor articulation) or if the talker and the listener speak different
dialects. Children have loss precise speech than do adults, and their

relative lack of knowledge of language often makes them less able to

'hear' speech when some of the cues in the speech stream are lost. Thus,
adequate speech Conmunication with children requires lower noise levels

than are required for adults. One's ability to understand partially-
masked or distorted speech seems to begin to deteriorate about age 30

and declines steadily thereafter. Generally, the older the listener,
the lower the background must he for nearly normal communlcation...it

is known that persons with hearing losses require more favorable speech-
to-noise ratios than do those with normal hearing." The data availsbla

have no information on the reception of female Speech or on the effect

o_time-varying noise an speech understanding. Quantitative data are
lacking whlch show how all these variables affect the relationship

between noise and interference with speech.

The available data on speech interference furthermore do not account
for the reverberant buildup of sound by reflections from the walls of a

room, and thus are not valid for design criteria. According to the EPA

12



Levels Document, "Recommended values for acceptable sound levels in various

types of spaces have been suggested by a number of authors over the past

two decades. These recommendations generally have taken into consideration
such factors as speech intelligibility and subjective Judgments of space

eccupants. However, the final values recon_nended were largely the result

0£ judgments on the part of the authors..."

Finally, noise can interfere with the reception of auditory warning
signals. However, there are little data to show how loud the signal should

be in various noise fields in order to effectively perform its safety
function.

Research is needed in order to quantify design criteria which can

assure proper reception of speech and warning signals in a variety of
situations, e.g., in offices, schools, workplaces, and recreational areas,

and for a variety of human characterlstics, such as poor or dialectic

speech, age, and hearing ability.

6. Communit_ Response

Although information is available relating noise exposure fairly well
to community annoyance and resulting complaints to authorities, the data

are based mmlnly on responses to conventional takeoff and landing aircraft
noise. The information needs to be expanded to include response to other

enviroemental noise sources, such as vertical or short takeoff and landing

aircraft, military aircraft and other vehicles, industrial plants, surface
transportation, construction equipmentj home appliances, end more. Since

annoyance has been shown to lead to complaints, not only does its relation
to these other sources of noise need to be studied, bat also its relation

and the relation of noise exposure to responses such as legal or political
actions, change in land values, neighborhood stability, feeling of community,
and other social or economic measures. Studies are also needed to determine

effect on overall community health and other possible group responses.
These relationships are needed to provide input for local government decis-
ions on land-use, corporate decisions on plant location, and private '
decisions on home and recreational locations, to nam_ s few.

7. Effects on Anlmals

Although some studies have indicated that noise affects animals in the
laboratory in the same way as humans, and behavior chan_ee resulting from
noise have been observed in some wildlife species, few quantitative cause-

affect relationships have been established. Relatloeshlps between noise
and changes in reproduction, weight gain, egg and milk production, for

example, should be determined so that the economlc benefits of rnducln g

the noise exposure of domestic animals may be evaluated. Further, the
offset on wildlife is important for preservation of endangered species and
consorvatlen and thus should be determined.

13



S, Heasurement

Determination of definitive, quantitative cause-effect relationships
demands accurate and reproducible measurement af both cause and effect.

Further, the appropriate characteristics af noise must be emphasized in

terms of the various effects, but at the same time, inexpensive instru-
mentatian and easily used methods must be available for characterizing
the noise enviranment and for enforcement,

Thus_ instrumentation needs to be developed for monitoring noise

exposures and standard methodologies developed for characterizing
various noise environments and sources in terms of their possible

effects. To refine and support hearing lass data, audlometrle instru-
mentation, methodologies, and calibration procedurgs need.to be improved.

Finally, a national baseline af community noise levels is needed in
order to compare various communitles in terms of noise levels and to

determine whether the overall national noise levels are impravin E or
deteriorating.

E. RESEARCH CATEGORIES

To address, a_alyze, and make recammendations effectively on nalse
effects research in terms of the needs identified above, a system for

classifying the research had to be devised. Such a system has been
developed by the Noise Effects Research panel. By consensus, the Panel

identified the eight major categories outlined in Table II-l.
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Table ll-i

CATEGORIES OF NOISE EFFECTS RESEARCH

I. Nolse-Inducod Hearln_ Loss
A. Epidemiologic
E. HUmu_

C. Animal

D. Mechanisms of Hearing Loss
E. Protection

11. Non-Auditory Health Effects
A. Epldemiologlc
E. Nu_a_
O. Animal

Ill. Individual Behavior Effects

A. Annoyance
B. performance
C. Other

IV. Noise Effects on Sleep

V. Co=_uni_ation ,Inter,ference
A. Speech Communication

B. Effecti_eneos of Auditory

Warning Signals in the
Presence of Noise

Vl. Community oz Collective Response

VII. Domestic Anlmuls and Wildlife

VIII. Measurement Me thodoloRy _nd Calibration
A. Noise Environment
B. Noise Source Characterization

C. Audlom_try

.... i

! 15



III. SUMMARy OF CURRENT PROGRAMS

The current Federal research programs and projects on effects of

noise address all but one of the research categories identified in

Table II-i. At the present ti_e there is no ongoing research reported
on the effects of noise on domestic animals and wildlife. Tho funding

for research in the other categories, however, is presented in Table III-l.
Table III-2 shows the overall effort of each agency in effects of noise,

and Table III-3 relates each agency's involvement in categories of
research. The following discussions sunmmrlze the current effort of the

Federal government in addressing the research needs In each category of
noise effects research. Each agency's current program is described in
Appendix D.

A. NOISE-INDUCED HEARING LOSS

Noise has long been known as a contributor to hearing loss, and
many studies in the past few decades have attempted to establish a

definitive cause-effect relationship, particularly in the occupational

environment. However, the effects of different types of noise and
exposure patterns are still not well understood. Variations in suscept-

ibility due to age, drugs, and environmental factors further complicate
the problems.

The need for knowledge about nolse-lnduced hearing loss is reflected

in the current flecal data. Almost $1.4 million, over one-quarter of the
total Federal expenditures on health effects of noise, was spent on

hOles=induced hearing loss research in FY 74. Current research programs

in this area, carried out by five different agencies, are addressing
the following specific problems:

- Cross-sectlonal studies in various environments

(occupational, military, recreational, etc.).

- Relationships between permanent and temporary
threshold shifts.

- Susceptlbility to hearing loss.

- Combination of noise and other stressors

(work, heat, vibration, etc.).

= Combination with ototoxic drugs, other ototoxlc

agents, and abnormal physiology, i

- gffects on children, i

- Impulse noise, intermittent noise, and high i
intensity noise.

1
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Table llI-I

NOISE EFFECTS RESEARCH FUNDING BY CATEGORY

(Thousands of Dollars)

Category FY.73 FY 74 FY 75*

Noise-Induced Hearing Loss 1,084 1,366 1,979
Non-Auditory Health Effects 126 294 61
Individual Behavior Effects 381 361 443

Noise Effects on Sleep 217 254 159

Communieatinn Interference . 275 316 296

Community or Collective Response 410 821 1,114
Domestic Animals asd Wildlife 0 0 0

Measure_nt Methodology and

Calibration I_073 IF344 916

TOTALS 3,566 4,756 4,968 e

Table III-2

NOISE EFFECTS RESEARCH FUNDINO BY AGENCY

(Thousands of Dollars)

Agency FY 73 FY 74 FY 75*

I_N(NINDS) 526 622 1,157
NEW,NIgHS) 153 258 239
HEW_NZOSN) 395 507 481
DG9 984 930 930_

NASA 1,127 1,154 1,200
DOT 50 130 50
NSF 20 0 0

DOC_NBS) 98 117 142
h"JD 117 638 460
EPA 24 377 309

DOl_SuMines) 72 23 0

TOTALS 3,566 4,756 4,968*

*DOD FY 75 Estimated the same as FY 74
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Table III-3

CURRENT AGENCY I}rqOLVEMENT IN RESEARCH CATEGORIES

Agency

Research

Category

olse-lnduced

_earing Loss x x x x x x

'on-addltory
Health Effects x x x x

ndlvidual Behnvlor
_f£ects x x Ix x x

Noise Effects

on Sleep x X

Communication

Interference x x x x

Co_=_unlty or
_olleetlve

Response x x x x

Domestic Ani_is

end Wildllfe

MeseuEe_ent

Methodology and ,x x x . x x x
_allbratlon
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- Permanent effects of occupational and longer

environmental exposures.

- Mechanisms of hearing loss (biochemical, physio-
logical, etc.).

- Hea_ing protection.

Funding levels for noise-lnduced hearing loss research are shown in
Table lII-4.

B. NON-AUDITORY. HEALTH EFFECTS

D_ny studies have been conducted which tend to indicate noise to be
a cause of numerous non-audltory health effecs8 in humans which might

influence physical or mental health. These include: orientation and
startle reflexes, disturbed sense of balance, pain, and general stress,

One cannot rule out the possibility that noise exposure amy pose some

non-audltory health hazard if no attempt is made to reduce individual
exposure to noise. Caution must be exercised in interpreting the results

of studies in this area, however_ for controls are exceptionally difficult

to exercise. It is also extremely difficult to quantify the non-audltory
health effects of noise because of the following complexities and

conditions: the wlde variety of conditions and mental states involved .
in personal health; the complexity of the human body and the hemen mental
function; individual and temporal variations in susceptibility to phyalcal
and mantel health conditions; and the occurrence of noise in combinntlon
with other stresses.

Despite many quastions that cannot now be answered regarding the
non-audltory health effects of noise, Federal expenditures in this category
have been modest. Current and recent research in this category, conducted
by four different agencies, address the followlng problems;

- Worker safety and health.

- Susceptlbillty to mental and physical illness.

-Cardiovascular and other physiological changes.

- Effects on the vestibular (sense of balance), cardiovascular
(heart and circulatory), endocrine (internally-secrstlns
glands), and neural systam_.

- Effects on drug uptake.

Funding levels for non-audltory health effects research are shown in
_able III-5.
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Table III-4

FEDERAL RESEARCH FUNDING FOR NOISE-INDUCED HEARING LOSS

(Thousands of Dollars)

Agency FY 73 FY 74 FY 75

HEW(N_'DS) 447 482 1,057
HEW_NIOSH) 224, 341 352
HEW(NIEHS) 145 '192 199

DOD 248 301 301"
NSF 20 0 0

EPA 0 50 70

TOTALS 1,084 1,366 1,979"

*DOD FY 75 data estimated the sames as FY ?4

Table III-5

FEDERAL RESEARCH FUNDING FOR NON-AUDITORY HEALS! EFFECTS OF NOISE

(Thousands of Dollars)

Agenc_ FY 73 FY 74 _Y 75

}_W(NIEHS) 8 66 40

HEW(NIOSH) I_8 42 21
DOD IO 0, 0*
EPA 0 186"* 0

TOTALS 126 294 61*

_DOD FY?5 data eeti_aated the same as FY 74

**2 year project

C. INDI_//DUAL 3RHAVIOREFFECTS

Zndlvlduol hnhavi.r affects are of interest in a variety of environ-

m_nte 'whore adverse rnf_ actions, or•behavlor may/result in accidents •
or unfavorablo _rformanee, o.g., oacupational, military and vehicle
handlln E. Various studios have indicated that noise my have negative,

neutral, or even positive effects on performance.

The effects of noise on performance havebeen, studled in theilabora-
tory and in the actual work situation, with more emphasis on laboratory

_, rasaarch. Generalising •from tholaborato_y to real lifa's_tuatlons, is
difficult since, in the laboratory, exposures are short and the novel

i tasks employed cause subjects to be fairly wel'l _tlvated. By contrast,
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office and factory workers usually work below their maximum efficiency and

respond to noise in combination with other stimuli. The lack of well-

controlled field studies is still a very real problem in the evaluation of
the effects of noise on human performance.

Current research programs in this category, conducted by five agencies,

are addressing the following specific problems:

- Annoyance factors, e.g., loudeess, noisiness, and
averslvsness

- Performance capability in:
High levels of noise exposure

Environmental noise (from transportation
systems, etc.)

Occupational noise levels
Con_inatlon with other strsssors (heat,

vibration, etc.) in various environments

- Startle effects on performance

- Human adaptation to noise

-.Measure= of averslveness and annoyance

Fundln s levels for research on individual behavior effects of noise are
shown in Table III-6.

[

D. NOISE EFFECTS ON SLEEP

Survey data indicate chat sleep disturbance is often the principal :

reason given for noise annoyance.

There are indications that sleepln E in noisy surroundings does produce

soma effects on sleep, either in the form of awakening, if the noise is loud

enough, or in the form of shifts in the stages of sleep. Usually, however,
much of our data comes from laboratory experiments that involve few people

and "responses" are evaluated in terms of physiological messuremeats such
as the electroencephalogram, whlch, measures, nervous _ystem electrlc voltages
in the brain. Caution must therefore be exercised in drawing conclusions

regarding the effect of noise on sleep for the general population. Even

greater caution must be exercised in making references about the long-range
effect of sleep disturbance since there exls_ very little experimental date

reEardlng these effects.

I _o agencies reported research directed solely or primarily to noise
I effects on sleep.
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Tabla III-6

FEDERAL RESEARCH FUNDING FOR INDIVIDUAL BEHAVIOR EFFECTS OF NOISE

(Thousands of Dollars)

A_ancy FY 73 FY_74 FY 75

}U_W(:_IOSH) 0 28 o
DOD 233 166 166*
DOT 50 0 O
EPA 0 50 135

DOC(NBS) 98 117 142

TOTALS 381 361 4t,3.

WDOD FY 75 data estimated the same as FY 74

Table III-7

FEDERAL RESEARCH FUNDING FOR NOISE EFFECTS ON SLEEP

(Thousands of Dollars)

Agency FY 73 FYll.74 FY 75

NASA 217 254 142
EPA 0 0 17

,,, ,.

TOTALS 217 254 159
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Current research in this category is being addressed to the following
specific problem:

- Nonawakenlng effects (change in pattern and

quality of sleep)

- Sleep disturbance by aircraft noise

- Correlational analysis of foreign and do_nestlc
scientific data on the effects of noise on human

sleep,

Funding levels reported for research directed solely or prinmrily to
noise effects on sleep are shown in Table III-7, Page 22.

E. C05_UNICATION INTERFERENCE

Noise can interfere with speech by changing its perceived quality,

shifting its apparent location or loudness, or by making it partially or

completely inaudible.

Unfortunately, most of the available knowledge is often of limited

assistance in predicting the intelligibility of ordinary speech which
actually consists of a complex sequence of sounds whose overall intensity

end spectral distribution a_e constantly varying. The intelligibility of
ordinary speech is rather complex and must often be predicted on the basis
of results with isolated words.

Current Federal research in communication interference by noise, con-

ducted by four different, agencies, is addressing the following problems:

- Effects of noise on speech production

- Methods for predicting speech intelligibility
in noise

- Speech cowmunicatlon in special environments

- Speech discrimination in normal and pathological

hearln_ groups

- Nearing aid performance in noisy environments

- Warning signals in coal mines.

Funding levels for research in communication interference by noise
are shown in Table III-8.
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Table IIl-S

FEDERAL RESEARCH FUNDING FOR COMMUNICATIONS INTERFERENCE OF NOISE
(Thousands of Dollars)

Agency FY 73 FY 74 FY 75

HEW(NINDS) 79 140 i00
DOD 124 I09 109"

EPA 0 59 87

DOl(BuMines) 72 8 0

TOTALS 275 316 296*

WDOD FY 75 data estimated the same as FY 54.

Table III-9

FEDERAL RESEARCH FUNDING FOR CO_4UNITYOR
COLLECTIVE RESPONSE TO NOISE

C/housands of Dollars)

Asency FY 73 =FY,174 _ 75

DOD 32 0 O*

NASA 378 491 654
DOT O 130 50

HUD 0 200 410

TOTALS 410 821 I,I14"

*DOD FY 7'5 data estimated the same as FY 74.
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P. COMMUNITY OR COLLECTIVE RESPONSE

Numerous techniques have also been devised to measure annoyance from
a simple scale of annoyance level to complicated techniques involving

social surveys. Many studies have addressed the relation between noise
and annoyance. Most of this work has been related to conventional air-

craft operations, Other noise sources axlst which appear to warrant

additional consideration. Other social and economic responses such as

political actions or change in land values also need to be examined,

Fou_ different agencies were conducting research in community or

_ollective response in the FY 73-74 ti_ period, addressing the following
problems_

- National baseline data bank of environmental

noise levels-unlfied _easurement system

- Community response studies

- Military operations noise.

Funding levels for research in co_munlty or collective response to

noise are shown in Table III-9, Page 24,

G. DOMESTIC ANIMALS AND WILDLIFE

Noise producus Lhe sa_ general types of effects on animals as it

does on humans, namely: auditory, masking of communication, behavioral,
and physiological. These effects have not yet been definitely described.
No criteria have been developed for these effects.

Recent research in this category, one proJecc concluded in FY 73,

was addressed to hearing levels of fowls. No funding data are listed
herein for that project.

H. MEASIrRENENT METHODOLOGY AND CALIB.RATION

Research in _easurement methodology and calibration is conducted
by agencies to support neise health effects research prosrame, to support
implementation of noise control legislation, and to maintain a defensible
posture regarding measurement technology,

., This entails n broad range of activities involved in establishing
measurement systems to define the environments and determine the effects

• on humans: defining nieasurement requirements, analysis and evaluation of
alternate methodolsgies, and the development of hardware, software and

procedures.

25
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The significance of this effort is reflected in the current fiscal

data. More then $1.2 million, 28 percent of total Federal funding on

noise effects research, was expended on research in measurement method-
elegy and calibration in FY 74. Six agencies conducted research in this

category in FY 74, largely directed to the following problems:

- Defining the noise environment through:

' Monitoring methodology
Monitoring inetrumentation

- Noise source characterization - rating schemes

- Audiom_try

- Characterization of vertlcal/short takeoff and

landln_ aircraft nolee

- Portable calibration of Audiodoei_ters.

Funding levels for research in meaeure=_nc methodology and calibra-
tion are shown in Table llI-lO.

., .=, -., ,,

Table Ill-10

FEDERAL RESEARCH FUNDING FOR NOISE MEASUREMENT METHODOLOGY
AND CALIBRATION

(Thousands of Dollars)

A_ency FY 73 FY 74 FY 75

HEW(NIOSH) 63 96 108
DOD 337 354 354*

HUD 117 438 50
EPA 24 32 0

DOI(BuMinee) 0 15 O
NASA 532 409 404

TOTAL 1,073 1,344 916"

*DOD FY 75 data estimated the sam_ as FY 74

i
: 26



IV. CONCLUSIONS

A. SUMMARY O[DISCUSSIONS

Known or suspected effects of noise inch*de effects on hearlng,

other effects which m_y (or may not) lead to permanent health impairment,

effects on behavior such as performance or annoyance, speech and other
communication interference, sleep disturbance, soclal/economlc/polltlcal/

legal/behavloral community responses, and effects on animals. Quantita-

tive cause-effect relationships, however, have bean provisionally defined
by the Federal government only for hearing, annoyance, and speech inter-
ference. The information identified in these three areas is also
discussed. Llmltatlone in this information .in other areas are shown

and research needed to provide thorough and accurate information on all
effects of noise is iden_ifled. Such information is necessary for setting

standards for protection of public health and welfare, assessment of the

benefits to be derived from noise reductien in light of the costs_ assur-
ance of safe, productive work environments and adequate co_munlcatlon,

and decisions at all levels affecting the quality of Ilia. A way of

categorizing current and needed noise effects researmh Is presented.
The current Federally supported noise effects research is summarized for
each of eight ¢ategorles.

B. RESEARCH SUBJECTS NEEDING ADDITIONAL EMPHASIS

Although an In-depth analyels and assessment of the current Federal
nolse effects programs has not been made, the Noise Effects Research

Panel through its collective knowledge of both needs and current research
has identlfled specific research subjects which need additional emphasis

in order to provide accurate and thorough information on effects of

noise. These include subjects not currently receiving enough attention
and those nee aurrently being addressed. They are compared for each

category with a sumamry of the current research (as discussed in Chapter 3)
in Table IV-I. Since the adequacy of the current research has not been

addressed, it should not be assumed that the subjects listed under Current
research are being thoroughly covered. On the contrary, the current

prograK, need continued, and in eom_ instances expanded, support in order
to provide necessary information on effects of noise.

C. FVFu'REPANEL_ACTIVITIES

Since the Noise Effects Research Panel has been in existence only a

short time, its work has Just begun. In the future, it expects to
address: adequacy of current research, new starts, agency imterests and

capabilities, and _rlori_iae of research needs, With these activities,

the panel hopes to move toward a coordinated plan for Federal noise
effects research which can direct research toward critical problems and

27
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issues, assure coordinated and complementary efforts, and promote

research accomplished in the most productive and scientifically
viable manner.

Prior to establishment of thQ panel in early 1974, the various

agencies accomplished much in gaining understanding of the effects

of noise. The panel hopes that the overall rate of research progress
will accelerate as these agencies participate mutually in this

planning process,

Table IV-I

SUMMARY OF NOISE EFFECTS RESEARCH NEEDS BY CATEGORY

I. No.ise-lnduced Hearin_ Loss

Current Research Research Needing Additional

Emphasis

i. Cross-sectlonal studies in I. Longitudinal studies of normal
various environments, (occu- hearing

pational, military, recrea-

tional, etc.) 2. Longitudinal studies of n01a_
exposed populations

2. Relationships between
permanent and temporary 3. Analysis of cross-sectional and

threshold shifts retrospective audiometric data
from known occupational exposure

3. Susceptibility to hearing
loss 4. Definition and quantification of

presbycusis

4. Combination Of noise and
other stroseors (work_ heat_ 5. Possible high-risk and susceptible

vibration, etc.) populations

5. Comblnation wl_ ototoxic 6. Social and economic impact of

drugs, other ototoxlc agents, noise-induced hearing loss

and abnormal physiology

6. Effects on children

7. Impulse, intermittent, and

high intensity noise
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Table IV-1 (Cont.)

Current Research Research Needing Additional

Emphasis

8. Permanent effects of occupational
and longer environmental exposures

9. Mechanisms of hearing leas (hie-
chemical, physiological, etc.)

lO. Hearing protection

II. Non-Aud,ltory Health Effects

Current Research Research Needing Additional

,, Emphasis

I. Worker safety and health i. Non-Audltory long-term health
effects

2. Susceptibility to disease

a. Epidemlologle (physiolog-
_._ Oardlovascular and other ical and mental health)

physiologic changes b. Longitudinal studies Dn

subhuman primates
4. Effects on the vestibular,

cardiovascular, endocElne,

_nd neural systems 2. Health effects of impulse noise

5. Effects on drug uptake 3. Health effects of infrasound and
ultrasound

III. Individual Behavior Effects
•, ,,,,

Current Research Research Needing Additional
Emphasis

1. Annoyance - loudness, 1. Effects on task performance in
noisiness and averslveeess specific environments

• 2, Performance capability in: 2, Pure tone and time-varying
corrections for annoyance

a. High level exposure evaluation
b., Environmental noise

c. Occupational noise 3. Effects of noise in learning
d. Combination with other situations

- atressorS in various
environtnonts
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Table IV-i (Cont.)

Ill. Individual Behavior Effects (Cont.)

Current Research Research Needing Additional

Emphasis

e. Intermittent and impulse 4. Annoyance in susceptible

noise populations (e.g., hospital
environments)

3. Startle effects on performance

5. Cognitive components Of annoy-
ing noise

IV° Noise Effects on Sleep

Current Research Research Needing Additional

.... Emphasis

I. Non-awakenlng effects i. Chronic sleep interruption by
noise

2. Sleep disturbance by aircraft

noise 2. Sleep interruptions on specla_

, populations (ill, aged, etc.)
3. Rome environment

V. Communication Interference

Current Research Research Needing Additional

Emphasis.

l. E fleets on speech production I. Everyday speech communication
in real-llfe noise situations

2. Methods for predicting speech a. Various vocabularies
intelligibility in noise b. Various populations

(children, females,

3. Speenh communication in special aged, foreign dialect,
environments hearing impaired, etc.)

4. Speech discrimination in normal 2. Criteria for speech communication
and pathological hearing groups in rooms

5. Hearing aid performance in 3. Effects of noise on speech and
noisy environments message production

4. Effectiveness of auditory warning

signals inlthe presence of noise

3O
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Table IV-I (Cont.)

VI. Commun[t_ Collective Response

Current Rosear_l Research Needing Additional

Emphasis

I. National baseline data bank I. Community surveys to address
of environmental noise levels- annoyance as a function of

unified measurement system exposure patterns

2. Co_mmnlty response studies 2. Noise, its soclologlual effects

! in relation to quality of llfe
3. Military operations noise

3. Criteria for land use

compatibility

Vll. Domestic Animals and Wildllfe

Current Research Research Needing Additional

Emphasis

i. Hearing levels of fowls i. Identification and development
of criteria with respect to
behavlorlal effects of:

a. Endangered species
b. Other wildlife
c. Domestic animals

VIII. Measurement Methodology and
calibration

Current Research ReSearch Needing Additional

Emphasls

I. Noise Environment I. Development of standard

methodologies

a. Monitoring methodology
b. Monitoring instrumen- 2. characterisation of noise

ration in terms of environmental

impact

2. Souzee characterization- 3, Characterization of noise

I noise rating schemes effects of specific sources

I 3. Audlomotry 4. DeVelopment of monltorlng
ins_rumentatlon for evaluation

: of complex noises

]
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APPENDIX A

GLOSSARY

Term Definition

Audlometry The measurement of hearing.

Auditory Relating to or pertaining to the sense

of hearing.

Broad-band Noise Noise whose energy is distributed over

a broad range of frequency.

Cardiovascular Pertaining to the heart and blood
vessels.

Chronic Long term continuous or frequently
repeated.

Cochlea; Cochlear A spiral shaped cavity in the temporal

bone, resembling a snail shell, which
forms part of the inner ear and contains

the end organ of hearing; pertaining to
the cochlea.

Continuous Noise On-going noise, the intensity of which
remains at a measurable level (which may

vary) without interruption over an
indefinite period or a specified period

of time. Loosely, nonlmpulslve noise.

Croee=sectlonal Pertaining to a sample of e population
at a given time.

Decibel (dB) A measure on a logarithmic scale, of the
magnitude of a particular quantity (such
as sound pressure, sound power, or inten=

sity) with respect to a standard reference

value (20 micropasoals for sound pressure).

dBA A unit of sound level with A-weighted
characteristics,

Endocrine Pertaining to the Internally-secreting
glands whose products are distributed via
the blood rather than through ducts.

I
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Epidemiologlc Pertaining to studies of humans in their
natural environment.

Frequency The number of times per second that a
periodic sound repeats itself. Now

expressed in Hertz (Hz), formerly in

cycles per second (cps).

Nearing Impairment Hearing loss exceeding a designated

criterion (e,g,, 25 dB hearing threshold
level, averaged from the threshold levels

at 500, iO00, and 2000 Hz).

Hearing Loss Impairment of auditory sensitivity; an
elevation of a hearing threshold level,

Hearing Threshold Level The amount (in decibels) by which the
threshold of hearing for an ear (or the

average for a group) exceeds the standard
audiometric reference zero (ISO 1964;

ANSI 1969).

Impulse Noise Noise of short duratlon (typically less

(Impulsive Noise) than one second) especially of high
intensity, abrupt onse_ and rapid decay,
and often rapidly changing spectral

composition.
NOTE: Impulse noise is characteristically
associated with ouch sources as explosions,

impacts, the discharge of firearms, the

passage of supersonic aircraft (sonic boom)

and many industrial processes.

Infrasound Sound with frequencies below the audible
range, traditionally below 16 Hz.

Intermittent Noise _luetuating noise whose level falls one
or more times to very low or unmeasurable

values during an exposure,

Ldn A one-number scheme for designating the
24-hour equivalent noise exposure adjusted

so that nighttime noise is given more

weight.
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Level In acoustics, the level of a quantity
is the logarithm of the ratio of that

quantity to a reference quantity of the
same kind. The base of the logarithm,

the referonce quantity, and the kind of
level must be specified.

Longitudinal Studies Long-term surveying and monitoring of a
given group of the population.

Noise Exposure A combination of effective noise level

and exposure duration.

Nolse-Induced Pers_nen_ A permanent _hreshold shift (PTS)
Threshold ghlft (NILUS) caused by noise exposure, corrected

for the effent of aging.

Ototoxlc Poisonous or damaging to the auditory
(hearing) organ.

Permanent Threshold Shift A permanent elevation in the hearing
threshold level.

Physiological Pertaining to the functions and activities

of a living cell, tissue or organism.

Sound Level (SL) Weighted sound pressure level, obtained
by the use of metering characteristics
and the welghtlngs A, B, or C as specified

in the American National Standard Speclfi-

cation for Sound Level Meters, ANSI-SI.4-
1971, The weighting employed must be
stated.

Temporary Threshold Shift A short duration elevation in the hearing

(TTS) threshold level.

Threshold of Hearing The minimum effective sound pressure level
of an acoustic signal capable of excltins

the sensation of hearing in a specified

proporation of trials in prescribed condi-
tions of listening.

Ultrasound Sound with frequencies above the audible
range_ i,e., above 16,000-20,000 Nz.

Vestibular Pertaining to the sense of balance organs

I in the inner ear.

l
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APPENDIX B

GLOSSARY OF AGENCY ACRONYMS

Symbols Agencies

DOC Department o£ Commerce

DOC(NBS) National Bureau of Standards

DOD DepartmentofDefense

DOl Department of the Interior

DOl(BuMines) Bureau of Hines

DOL Department of Labor

DOT Department of ITansportation

EPA Environ_ntal Protection Agency

}_KW Department of Health, Bducstion,
and Welfare

_W(NIEKB) National I_stit_te Of Environ-
mental Health Sciences

HEN(NINDS) National Institute of Neurolog-
ical Diseases and Stroke

HEW(NIOSH) National Institute for Occupa-
tional Safety and Nea_th

HUD Department of Housing and Urban

Development

NASA National Aeronautics and Space
AdminiBtratlon

NSF National Science Foundetion
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APPENDIX C

NOISE EFFECTS RESEARCH PANEL PEMBERS

George R. Simon (Chairmen) (RD-6g3) 202/755-0626 v
Health Effects Division /_
Office of Research and Development

Environmental Protection Agency
Washington, D.C. 20460

Jacob Seek* 202/6_2"4264 OIF'_f_""Division of Biological and Hedical Sciences
National Science Foundation

1800 G Street, N.W.

Washington, D.C. 20550

Reginald O. Cook 919/549-3247 u//

Bin-Physics Section
National Inatituta of Environmental Health

Sciences
P. O. Box 12233

Remearch Triangle Park, North Carolina 27709

Stephen Cordle (RD-6S1) 202/755-0448 _/
Noise Technology Staff /\
office of Research and Development

Environmental Protection Agency
Washington, D.C. 20460

Derek Dunn 513/684-3416 /_
Physical Agents Branch

f %

National Institute for Occupational Safety
and Health

1014 Broadway
Cleveland, Ohln 45202

Lois Elllott //V_'L./4_-_ 301/496-5061 _4 _Co_munloatlve Disorders

C&FR, NINDS
National Institutes of Health

Building 36, Room 4A23
Bethesda, Maryland 20014

Daniel Flynn 301/921-3381 _//"
Applied Acoustics Section
National Bureau of Standards

" Room A149, Sound Building

Washlngtonl D.C. 20234

*now at Universi_y of Oregon
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Oene Ly_an 202/755-2370
Aeronautical Hen-Vehicle Technology Division
NASA Headquarters

ashlngton_ D.C. 20546

llce Surer (AN-571) 5131255-3660
Office of Noise Control Programs
Crystal Mall Building 2

1921 Jefferson Davis Highway
Arlington, Virginia 20460

_ Floyd Van Atta 202/961-5005
Occupational Safety and Health Administration
U.S. Department of Labor
Washington, D.C. 20210

_enning E. Von Gierke 513/255o3602

\/ 6570th Aerospace Medical Research Laboratory
" Biodynamics and Bionics Division (AMRL/BB)

Wright-PattersonAFB, Ohio 45433

John Nesler 202/426-9503

/_ Department Transportation
of

Transpolar Building, Room 5222
2100 Second Street, S.W.
Washington, D.C. 20590
Ate: TST-53

George Winzer 202/755=0268

/_ Managor, Environmental Research

Room 4210

Department of Housing and Urban Development
451 Seventh Street, S.W.

Washington, D.C. 20410

I .
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APPENDIX D

DESCRIPTION OF PROGRAMS AND PROJECTS

Section Page

i. NINDS D-3

I.i Nolse-lnduced Bearing Loss D-4
1.2 Nonaudltory Health Effec=s D-6
1.3 Communication Interference D-7

2. NI_{S D-7

2.1 Nolse-lnduced'Heariog Loss D-9

2.2 Nonauditory Health Effects D-If

3. NIOSH D-I3

3.1 Noise-Induced Hearing Loss D-13
3.2 Nonauditory Health Effects D-17
3.3 Individual Behavior Effects N-17

3.4 Measurement Methodology and
Callbratlon D-19

4. DOD D-21

4.1 Noise-Induced Hearing Loss D-21

4.2 Nosauditory Health Effects D-24
4.3 Individual Behavior Effects D-24

4.4 Communication Interference D-27

4.5 Community or Collectlve Response D-28

4.6 Measurement Methodology and
Calibration D-30

5. NASA D-32

5.1 Noise Effects on Sleep D-32

5.2 Community or Collective Response D-34

6. DOT D-35

6.i Individual Behavior Effects D-35

6.2 Community or Collective Response D-37

. • 7. DOC/NBS D-37

8. HVD D-38

_ 8.1 Co_anlty or Collectlve Response D-38
*" 8.2 Messuresen_ Methodology and Calibration D-40



Section Pa_e

9. EPA D-40

9,1 Nolse-lnduced Bearing Loss D-41

9.2 Nonaudltory Health Effects D-41
9.3 Individual Behavior Effects D-41

9.4 Sleep Interference D-41
g. 5 Communication Interference D-42

9.6 Measurement Methodology and Calibration D-42

i0. DOl/BuMines D-42

I0.i Communication Interference D-42

iO. 2 Measurement Methodology and Calibration D-4&

TABLES

No. Pa_e

D-I In-House Research Cost Items by Agency D-3
I)-2 NINDS Re.search on Nolse-lnduced Hearing Loss D-5
D-3 HINDS Research on Communication Interference D-8

D-4 NIEHS Research on Nolse-Induced Hearing Loss D-IO

: D-5 NIEHS Research in Honauditory Health Effects D-12
D-6 NIOSL _ Re_arch on Nolse-Induced Hearing Loss D-15

D-7 NIOSH R_esarch in Nu_lauditory Health Effects D-18
D-8 NIOSH Research On Individual Behavior'Effects D-18

D-9 NIOSH Research in Measurement Methodology and
Calibration D-20

D-10 DaD Research in Nolse-lnduced Hearing Loss D-22
D-II DOD Research on Individual Behavior Effects D-26

D-12 DaD Research in Communication Interference D-29

D-13 DaD Research in Measurement Methodology
and Callbration D-30

D-14 NASA Research on Noise Effects on S]asp D-33

D-15 NASA Research in Communlty or Collective
Response D-33

D-16 NASA Research in Measurements D-35
D-17 DOT Research an Indlvldual Behavior Effects D-36

D-18 HUD Research in Community or Collective

Response D-39
D-19 HUD Research in Measurement Methodology and

Calibration D-39

D-20 DOI(BuMinss) Nolse Effects Research D-43
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DESCRIPTION OF PROGRAMS AND PROJECTS

This appendix presents a summary of Federal research programs and
projects in noise effects.

Program and project information is grouped according to agency and,
within each agency_ according to research categories.

The fiscal data are reported for each agency consistent with its
own budgetary process. As there is considerable variation among the

various agencies in such processes, eomparisoe of funding levels cannot
be made. Table D-1 illustrates this difficulty by showing what is

included in each agency's funding reporting.

_e project and program titles reported convey little information

on scopes of work. Thus similar titles may have widely varyi,_g funding
levels and may involve completely different kinds and extent of research
activities.

Table D-I

IN-HOUSE RESEARCH COST ITEMS BY AGENCY

Asenc [
Cost Items NINDS NIEES NIOSH DOD NASA NBS EPA HUD DOT NSF

EQUIFMS.T AND
SERVICES X X X X X X X
SALARIES X X X X* X X

FRINGE BENEFITS X X X X X X X

ADMINISTRATIVE X X X X X
FACILITIES X X X X

TRAVEL X X X X X X
NO CURRENT IN-

HOUSE RESEARCH
IN NOISE EFFECTS x x X

_ivilian salaries included, but not military salaries

i. NINDS

NINDS has major research efforts on-going in two categories, noise

induced hearing loss and communication interference, and plans to initiate
a major effort in a third category, nenaudltory health effects,



i.i Noise Induced Hearln_ Imss

NINDS has three organizational divisions which relate to noise-induced

hearing loss, and ten speciflc projects (some in tileplanning phase) dealing
with that research category. The program-project relationship and funding
are shown in Table D-2.

Effects of Noise on People - The NINDS program, Effects of Noise on People,
is part of the directed research program in Communicative Disorders which

has as its overall goal the diagnosis, treatment, amelioration, and pre-

vention of con_unicativo disorders. The thrust of the noise program is
best understood in the context of the other major program areas which

include hearing, sensory aids for the communicatively handicapped, and
language and speech problems of children and adults.

Specific nolse-related goals include: prevention of handicapping
conditions in young children which are attributable to noise exposure;
improved understandlng of the economic and social impacts of nolse-induced

hearing loss; improved understanding of the possible interactions between

health, nutrition, and noise exposure in producing nolse-lnduced hearing
loss; improved understanding of the possible effects of noise on suscept-
ibility to disease.

This noise program has recently been initiated, Through interagency
agreement in FY 74, interdisciplinary planning was initiated on the effects
of noise on children. Specifically, the National Research Council/Natlonal

Academy of Sciences Committee on Hearing, Bioacoustics, and Biomechanlcs
(CHAB_) is reviewing existing information. NINDS will make the review

document available to the general public. New research projects expected
to be implemented in FY 75 are: animal studies of the effects of noise on

young ears and a study of auditory responses, in noise and in quiet, of

children ranging from the very young to age six. Planned for initiation in

FY 75 is a detailed study of auditory sensitivity and discrimination among
children (8-12 year age range) who have lived in noisy environments for a
number of years and of children from quiet environments.

Another research project on noise-lnduced hearing loss will he initiated

in FY 76 (in FY 75, if additional funds become available). This will involve

a study of the economic and aoolal impacts of noise-lnduced hearing loss and
will investigate such areas as numbers of persons experiencing nolae-lnduced

hearing loss by type of employment activity, reduction in earnln 8 potential,
reduction in retirement benefit potential, and change in patterns of activity
outside the working environment,

Finally, a study of presbycusis and its relationship to noise exposure,
circulatory factors, nutrition, etc., is scheduled to he planned in FY 77
and initiated in FY 78.
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Table D-2

N_DS RESEARCH ON NOISE-INDUCED HEARING LOSS

Noise-lnduced Hearin_ Loss Projects Fundin_
(Thousands of Dollars)

Program: Communicative

Disorders (Effects of FY 73 FY 74 FY 75
Noise on People)

I. Effects of Noise on Children ...... 0 20 0
2. Experimental Studies of Effects of

Noise on young Ears (Primates) . . . 0 0 340
3, Auditory Responses in Quiet and

Noise Among Very young Children , . 0 0 120
4. Auditory SensiCivity and Discrim-

ination Among Children Living in
Noisy Environments ......... 0 0 120

5. Economic Impacts on Nolse-lnduced

Nearlng'Loo_ I ............. 0 0 0
6. Presbyousls _ . ............ 0 0 0

Laboratory of Nnuro-

Otolaryngology

(Being established) .......... 0 28 15

Qrents Program

i. Susceptibility to Hearing Loss .... 45 47 49
2. Causes of Deafness .......... 365 387 413

3. Auditory Con_unlcatlons
end Its Disorders ........... 4612 5862 5982

4. Noise Effects on Audlogram and
Cochlea ................ 37 0 0

TOTALS 447 482 1057

IZn planning phase"
21p_o_eet funding covers work not holes-related
and is not included in totals.

+
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Laboratory of Otolaryngology - The objectives of this program include
increased understanding of the auditory system in order to understand

the full significance of noise-lnduced destruction of cochlear hair cells,
to seek possible prevention of noise-lnduced hearing loss, and to seek

methods of treating persons who have already experienced noise-induced

hearing loss.

As this program is currently being established, no specific projects
have been identified. However, the funds reported are noise-related only.

Grants Program - NINES support of research on the effects of noise exposure
has continued for a number of years throu_ the extramural grant program.

These studies_ concerning both biologic effects of noise on the auditory

system and human responses to noise, constitute a large portion of present-

ly available data.

Several laboratories are presently conducting research on the basic

mechsnls_ of destruction of the cochlea (or inner ear) resulting from

exposure to noise. Procedures have been developed for using animals in
this work since recordings are mode of the electrical responses of cells

and histological analyses of cellular tissue can be completed. This means

that investigators have also needed to develop procedures for obtaining
"hearing tests" from these animals so that the perceptual effects of noise

damage could be studied together with the physiological effects. One

grantee has demonstrated that levels and durations of noise which do not

produce lasting impairment in behavioral response to pure tone (no lasting
effect on the "hearing test") are nevertheless sufficient to produce

considerable cellular damege to the cochlea. In addition to research on

the physiological damage incurred to the hair (or receptor) cells of the
cochlea, investigators are attempting to understand the exact process by

which this happens. For example, it is not clear whether exclusively
mechanical factors are involved in destroying the receptor cells or whether

biochemical or his-electrical factors must also be considered.

Another area under Investigation is the relationship between temporary

shift of the auditory threshold resulting from noise exposure and permanent
noise-induced hearing loss, One investigator has anticipated that measure-

ment of temporary threshold shift in human populations exposed to noise

might warn of impending permanent hearing less, but the usefulness of that

diagnostic strategy is now being reconsidered.

1.2 Nonauditor_. Health Effects

NI_DS is developing a new program concerned with the effects of noise
on health. Initial emphasis, planned to begin in FY 76, will concern

increased susceptibility to disease as a result of noise exposure. This

new project will utilize all resources of the major NIH facility, located
In Betheeda, Maryland. At the present, responsibility for planning this

• research zests with the Communicative Disorders program.

D-6



1.3 Con_nunlcatlons Interference

Understanding and defining the impact of noise on human communication,

with particular emphasis on speech communication, is a major NINDS
objective. NINDS is concerned with the intelligibility of everyday

speech for both normal listeners and for listeners with communica=Ive

disorders. For this latter population, NINDS also emphasizes the objec-
tive of ameliorating ability to understand speech in noisy envlronmen=s.

Through its grants program NBNDS has previously funded research on
masking and speech interference. Initiated in FY 74, by contract, is

research directed to the development of a new test for speech dlscrimlna-
tlon in anise. This work was undertaken in recognition of the limitations

of pure tone tests of auditory sensitivity (i.e., audiograms) and of most

existing "speech tests '_ which do not adequately measure the cognitive
aspects of understnndlng speech. This project is developing an instrument

for measuring discrimination in noise of connected speech containing key
test words that vary in predictability and familiarity. Speech discrim-

ination will be measured in the presence of a competing speech message

at several slgnal-to-nolse ratios and at least two widely different signal
levels for groups of subjects with normal hearing, conductive hearing

Impair_et, and acquired sensorineural hearing impairment.

A study of m_ssase transmission in noise is planned for ini£1ation in
FY 79.

Project funding levels for this effort are shown in Table D-3.

2. NIGHS

NIGHS has a major research effort in nolse-induced hearing loss and
also pursues work in nonauditory health effects.

The Noise Effects Program of the National Institute of Environmental

Health Sciences is on integral facet of the Instltute's concern with the

effeata of adverse environmental agents and energy _chanisms. The Noise
Effects Program is designed to make maximum use of the Institutn's multi-
disciplinary makeup to facilitate the study of the effects of this
ubiquitous environmental insult.

The noise effects laboratory is located in the Environmental Biophysics
Branch where personnel with research backgrounds in auditory and neuro-
physiology, acoustics and medicine form a core from which investigations

have been and are being carried out, not only in traditional histopatho-
logical and eleetrophysiologlcal effects of noise on the inner ear, but
have extended into teratogenle effects and pharmacologic effects end

into the underlying biochemical dysfunctions which precede hearing loss,

Other nonRnd_tory effects.incLudlng enddcrine and immuniologica[ disorders
are also being studied,
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Table D-3

NINDS RESEARCH ON COMMUNICATION INTERFERENCE

Projects in Communications Interference Fundin S Levels
(l_nousasds of Dollars)

Communicative Disorders

Program FY. 73 FY 74 FY 75
(Effects of Noise on People)

i. Development of Test Instrument for Assessing

Speech Discrlmlns£1on in Noise ......... 0 140 100

2. Message Transmission in Noise (in plsnnlog

phase) ..................... 0 0 0

Gran_s P_ogrsm

Nolse-lnduced Deafness: Masking and Speech

Perception ................... 79 0 0

TOTALS 79 140 i00
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Nearly all of the NIGHS work is done via research animals. Fortu-

nately_ the peripheral auditory Systems of most mas_als including man
are very similar. Thus research animals can be confidently utilized

for the study of the inner ear-sensorlneural looses which are the charac-
terlotlc effect of excessive noise insult.

Moot hearing looses from noise are characterizod by gradual deterior-

orlon from repeated exposures. A major part of the present on-golng
program in a continuing study of how these repeated exposures affect

the ear's ability to recover and what 51ochemlcal and physiological
disruptions hold the key to understanding the process.

The Instltute'a interdisciplinary capabilities have recently been
focused on the study of synergisms between noise and other ototoxic

agents, both intramurally and extramurally. Noise has been found to

greatly potenCiate the effect of the family of amlnoglycoslde antibiotics

(neomycin, etc,). The mechanisms of this synergism is the subject of an
investlgatlon by one of our contractors. Other ototoxlc agents studied

include salicylic acid (aspirin) and certain heavy metals including
lead end _rcury.

2.1 Nolse-iInduced Hearing Loss

NIGHS has one program of studles, initiated about July 1972, on the
effects of noise and o_her ototaxic agents on the auditory and nonaudltory

systems. Five specific projects in noise-lnduced hearing loss were in
effect on this program in the FY 73-74 period. One additional project

in n01se-lnduced hearing loss was performed on a grant in FY 74 under

the agency's extramural program. Programproject relationships and
funding levels for this effort ore shown in Table D-4.

Specific projects conducted in the FY 73-74 period on the NIEHS

research program include:

• A comparative investigation of the hearing loss
threshold curve for young and mature animals,

being conducted in response to evidence Indloetlng
greater eugceptibillty of young cochlea to noise-

induced physiological (tissues, muscles, cello, etc.)
and pathological (disease) alterations. Firm

recommendations regarding criteria for maximum noise
exposures for prnventlon of noise-lnduced deafness

in newborns cannot presently be made because of the
paucity of data. It appears medically prudent to

take extreme precaution to avoid exposing newborns
to excessive noise.

• A study of the combined effects of noise and sallcy-

letes'(_uch as aspirin) on cnchloar morphology and
the auditory threshold. Studlns thus far indicate

D-9
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Table D-4

NIEHS RESEARCH ON NOISE-INDUCED HEARING LOSS

No_se-lnduced Hearing Lass Projects Fundln_ Lave]
(Thousands of Dollars)

Program: Effects of
Noise and Other Ototoxlc FY 73 FY 74 FY 75

Agents on the Audltory
and Nonaudltory Systems

I. Investigation of Hearing Loss Threshold

Curve for young vs. Mature A_imals ...... 25 25 0

2, Combined Effect of Noise and

Sallcylates on Cochlear Morphology

and Auditory Threshold ........... 20 0 0

3. Identification of Physiological

Dysfunction in Neurosensory Hearing
Loss Induced by Ototoxlc Agents ....... 0 S 29

4. Physiological Study of Auditory

Fatigue (Induced by Noise) .......... 0 8 26

5. IntaEactlon of Nolee and Ototoxlc

Drugs on Hearing Loss in Animals . , ..... 100 i00 i00

Extramural Program

I. Combined ImpuIBe-Contlnuous Noise:

Auditory Effect ............... 0 51 44

TOTALS 145 192 199
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that a profound ototoxic interaction is not taking

place, though a clinically significant interaction

is a distinct possibility.

m A study of the changes in energy utilization and
production under the influence of known ototoxlc

agents (e.g., noise, ethacrynic acid, etc.) by

utilizing elentrophyslolsglca]*, biochemical, and
radioactive tracer techniques and to pinpoint the

specific mechanism by which these actions occur
in the cochlea.

• A study of auditory fatigue in which the Iocl or

nature of the physiological changes underlying
the temporary or permanent threshold shift are

being investigated, as well as the potential of

auditory fatigue by subtoxlc doses of antibiotics.

e A study to determine the nature of the interaction
between noise and ototoxic drugs in experimental

animals, and to investigate the biochemical
mechanisms involved in such losses.

The following project was conducted by a grantee on the NIEI{S extra-

mural program:

a A study of _he effects of combined impulse and
continuous noise on hearing sensitivity and cochlear

anatomy. The extent of soise-induced trauma from
these combined sources cannot be explained by
addition of the acoustic power of the sources.

These data are a necessary prerequisite for the

ultlmare establishment of damage risk crl_etla for

i_pulse-nostlnuous noise combinations.

2.2 Nsnauditory Health Effects

NIEHS has one current program w_th five specific projects on

nonauditory health effects rnsnarch. Programs, projects, and funding
for this research are shown in Table D-5.

One of the objectives of this NIGHS program in to Invnstlga_e, through

animal models, specific physiologic mechanlsms*ewhlch may be effected by
chronic noise exposure.

•Electrical techniques for measuring responses

_Ineluding endocrine (glandular) Irm_nologic, pharmacologic

(dtug)_ teratogenlc (spontaneous birth malformation),
cardiovascular (heart and circulatory), and others.
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Table D-$

NIEES RESEARCH IN NONAUDITORY }_ALTII EFFECTS

Nonauditory Health Effects Research Projects Fundin S Level
(Thousands of Dollars)

Program: Effects of Noise and
Other Ototoxlc Agents on the FY 73 FY 74 FY 75

Auditory and Nonaudltory Systems

i. Teratogenic Effects of Noise Exposure and

Deprivation .................. O i0 8

2. Effects of Noise on Corticosterone Secretion

in the Rat ................. 0 16 0

3. Noise Polymorphonuclear Leukocyte Function 0 12 8

4. Noise and Cellmedlated Immunity ....... 0 28 24

5. Noise in the Hoepltal ............ 8 0 0

TOTALS 8 66 40

; i
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Under this program, NIGHS is concerned with the investigation, through
studies on research animals, of effects of noise and nolse-drug interaction

on physiological systems and processes other than the auditory systems.
NIGHS pursued work on noise effects on the cardiovascular and neural

functions in animals which is directed toward determining the exact noise

levels at which effects occur, the progress of effects with time, and the

ulti_te extent of functional impairm_st. Other systems and processes of
interest in current research include:

• A study of the effects of continuous and intermittent
noises on adrenal corticold secretion and of the long-

term effects after cessation of noise. Experimentation
is being conducted with rats.

• Direct study of the effects of noise of differing

duration, both constant and intermittent, on leukocyte

(white blood cell) functions such as locating and

destroying bacteria and viruses,

@ An effort to replicate work of foreign scientists which

has shown various immunological deficiencies after
chronic noise exposure in experimental animals and in
human workers.

• Research to determine whether background noise levels

in gestating animal quarters have any role in producin S
spontaneous birth malformations and to assess these

teratogenl= effects of increased noise stimuli from a
controlled source.

FY 73 NIGHS work on noise in hospitals has been publlshed in the

professional literature. Results included data on noise levels found

in various types of rooms as a functloe of occupancy and the relationships
between these levels and nonauditory health effects on the hospitalized

patient.

3. NIOJ

NIOSH has _ major research effort on noise-induced hearing loss and
also does research in three other categories: nonauditory health effects,
individual behavior effects, and measurements methodolosy and calibration.

3.1 Noise-lnduced Re_rin_ Loss

- NIOSH involvement in holes-induced hearing loss stems from the

Occupational Safety and Health Ace of 1970 (public Law 91-596) and the
Federal Coal Mine Safety and _ealth Act of 1969 (Public Law 91-973) which

charge the agency with undertaking research and related activities basic
to assuring safe and healthful workplace conditlons. Research directives
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under this auchorlty emphasize criteria development efforts for furnishing

new health and safety sCandards and acknowledge needs for _ore effective
cachnlques of hazard control. The NIOSH effort is in accordance with the

goal of identifying and characterizing adverse effects of occupational noise

exposures for purposes of defining health and safety requirements for setting

noise standards at the workplace.

NIOSH has two general research activities in nolsellnduced hearing loss
under which eleven specific research efforts are currently being pursued

Projects and funding levels for these are shown in Table D-6 Prom 50 to
60% of NIOSH noise research manpower Is given to these two general activities

with inhouse studies being supplemented by grants contracts and special

foreign currency research agreements (Public Law 480)

Items in parentheses in the following tables reflect best estimates of
NIOSH funding in FY 73 but may have been drawn from projects whose titles

differed slightly from those listed in the tables Furthermore there may
be some FY 73 funding which was missed in eompillnK these data because it

was funded t*eder I projects tarmluating in FY 73.

Occupational Hearln_ Less - NIOSH has conducted numerous field surveys to
interrelate noise conditions in various industries, years of exposure to
such noise and the incidence and magnitude of hearing loss in working groups

These data, together with that gained from controlled laboratory studies of

hearing changes caused by specific exposure variables, became a part of the
basis for a NIOSH criteria document and a suggested new occupational noise

standard for safeguarding hearing. This recommended standard is currently
under review by the Department of Labor.

The applicability of the proposed standard for coal mieing is also being
considered in llght of the results of a Joln_ NIOSH-Bureau of Mines survey

of noise and hearlng loss in coal miners.

Special efforts currently being pursued on this program include the

following:

• Epidemlologlcal studies of ]tearing loss due to occupational
noise, analysis of existent data on the swbJec_, and field
studies for development of hearing risk criteria. This

emphasizes intermittent fluctuating and impact noise and

exposures greater than eight hours per day.

• Developmont of a coal mine audlogrem data bank and analysis
ef data from a hearing and noise survey of coal mimare.

This work is aimed toward development of coal mine noise
standards

• Epldemlologiual study of noise-lnduced hearing loss and
vibration disease among workers using powered saws, b_Ing
pursued on a foreign currency agreement with Poland.

D-14
3



T_ble D-6

NIOSN RESEARCII ON NOISE-INDUCED HEARING IOSS

Specific Nolse-lnduced Nearin_ Loss Efforts I Fundln_
(Thousands of Dollars)

General Research Activities: I

Epldemiologlcal Studies, Data FY 73 FY 74 FY 75

Evaluation and Develop_nt of
Health Criteria

I. Evaluation of Hearing Risk Due to Industrial

Noise ..................... (75)5 79 104

2. Short-Term Physical Agents Research: Coal

Mine Noise .................. (35)5 10 0

3. Effects of Noise and Vibration on Health

of Woodcutters2 ................ -.....

4. Exposure td Noise in the Cotton and Flax or

Textile Industry 3 ............... -.....
5. Noise and Hearing in the Paperworklng

Industry ................... 0 0 41

General Research Activities: 1

Experimental Studies of the Effects
of Occupational Noise on Nearing

I. Laboratory Studies of Noise-Induced Hearing
Loss ......... ............ 0 87 91

2, Combined Effects of Noise, Work, and Heat on

Humn Hearing ................. (24)5 18 0

3. Aspects of Ear Tolerance to Noise ....... 50 0 O

4. Laboratory and Field Study of Impact Noise . . 40 0 To be de-
termined

5, Damage Risk Criteria for Intermittent Noise

Exposure .................. 0 56 47
6. Noise and Heat Effects on Man 4 ....... [ ......

7. Effects of Impulse Noises on the Auditory Sysgem 0 91 69

TOTALS 224 341 352

INIOSH does not use the terms "program" and "project" in the sas_ sense as
this report. Thus the use of those terms has been avoided.

2Total funding of $212,600 for the period 7/68 to 9174

3Total funding of $ 99,400 for the period 7/71 to 7/75
4Total funding of $167,000 for the period 5/72 to 4/77

51ToJect titles were not the same in FY 73.
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• Epidemiological study of noise levels and hearing

acuity of exposed workers to develop safe-level

criteria for long-term exposure to steady noise.
This project is being conducted on a foreign

currency agreement with Egypt.

Experimental Studies o] Occupational Noise Effects on Hearin_ - Research in
this problem area for FY 73, continuing through FY 74,and planned for FY 75
is a£temptlng to supply evidence confirming the need for and nature of differ-

ent exposure limits to take account of certain noise conditions commonly
found in industry, e,g., repeated impact sounds as opposed to steady-state
soundsj intermittent or vsrlable exposures as distinct from continuous or

constant exposures, and work-shlft noise exposures lasting longer than eight
hours per day.

Other related work expected to end in FY 74 or early FY 75 involves
identification of (1) added hear'and workload effects on nolse-lnduced thresh-

old shifts, (2) factor8 underlying increased ear resistance to noise-induced
hearing change, and (3) hearing loss and other potentialhazards from indus,

trial equipment emitting ultrasonic energy.

Specific research efforts conducted in FY 73-74 include:

• Laboratory studies of occupatlonal noise effects
including temporary and permahent hearing loss and
anatomical damage to the inner ear. The work

emphasizes impact noise, fluctuating noise and
methods of measuring hearing loss. Both animal

and human subject research are involved. This
project includes both in-house and contract effort.

• gvaluatlon of physiological, audiological, and

otologleal data obtained from selected groups of

industrlal workers to identify particular factors
which differentiate susceptible from nonsusceptlble
workers in terms of their tolerance to noise

exposure,

• Laboratory tests of human subjects and measurement

of indus_rlal noise exposures to obtain data to
aid in developing criteria for a health standard

on impact noise.

• Laboratory studies of temporary hearlng threshold

shift from intermittent noise exposures in order

to evaluate and develop damage risk criteria for
I occupational exposures.
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• A study to determine the health consequences to
workers exposed to both heat and noise at the work

site and establish under controlled laboratory
conditions the auditory and cirnulatory interac-

tions elicited by noise and heat exposure. This

work is being perforu_d on a foreign currency
agreement with Poland.

• Studies of changes in anatomy and physiology of
the inner ear, as well as temporary hearing loss,
due to exposure to impulse or impact noise at

high levels. This work involves animal test
subjects.

3.2 Nonaudi_ory Health Effects

NIOSH has one current general research activity with the three specific

research efforts in nonaudltory health effects. The goals are to determine
whether adherence to occupational noise limits for safeguarding hearing can

also minimise problems of performance errors or accidents, stress-related
ailments, end sick-absenteelsm also reputed to be caused by high workplace
noise levels.

Funding levels for the agency's research in nonaudltory health effects
are shown in Table D-7.

%_e following specific research efforts are being pursued under the
agency's program on extra-auditory effects of occupational noise:

• A study of worker safety and health in which a

comparison is mode of entries in the medical,

attendance, and safety r_cnrds of workers in

noisy Jobs before and after the advent of a
company hearing conservation program.

• Laboratory studies to exemlne the effects of
noise exposure at maximum permissible oceupa-

tional levels upon visual, tactile, thermal,
vestibular, and klnesthetln senso;y functions.

3.3 Individual Behavior Effects

NIOSH is concerned with the bnhavorlal response of workers to noise,

particularly as it may lead to performance error and accidents.

Funding levels for research in individual behavior effects are shown
in Table B-8. These represent NIOSH-spomsored grants.
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Table D-7

N_OS_ RESEARCI[ INNONAUDITORY HEALTH EFFECTS

Speciflc Nonauditory Health Effects Research

Effort_ i Fundin_ LevQ!
(Thousands of DoilarB)

Gener_l £ctlvlty: E_tra_Audttory
E_fects of Occupational NoiDe FY 73 FY 74 FY 7_

1. Effe_t_ of a Company RearlnE Conservation

Frog_a_ on No1_eoRela_ed _xtra-Audlto_y
Diaturbances in Workers ............ 0 42 0

2. Effects of NoiBe on Nan_uditory Sensory
Function8 and Pe.rfo_m_nce .......... 78 0 21

3. Effects of Noise _nd _eat and Health o_

Workers _ Meta_ Industry (PL-480 Research
As_ement) .................. 30 0 0

TOTALS 108 42 21

_OS]i doe_ no_ u_e _he t_ms l'p_oS_" a.d _proje_t" _n the s_me
se_s_ as _his _epo_ Thus th_i_ use h_ been avoided.

Tnble D-8

NIOSH RESEARCII ON INDIVIDUAL BE_L%VIOREFFECTS

Sp_¢1£1c Xndividual Eemvio= E£fe_ts
E_fo_ts_ Fundi_L_vel

Ge_e_al Act_vit_ _tra-Audito_y
Ef£ects of Oecup_tion_l No_e 2 I_73 _ 7_ F¥ 75

l, Effects of'_e_ Sound Envt_ora_nts on
_u_ Behavio_ .... , ........... 0 E O

2. Not._e _nd H_n per_a_a_nce ......... O 20 0m

TOTALS 0 28 0

1NEOS[I do_ not ume the te_ Itpro_l_" a_d *lp_o_" Sn the
oa_ _e_e a_ _h_s _epor_, Thu_ thot_ us_ ha_ be_n avoided.

2Th_ NIOSH actlvity al_o l_cludes _esea_ch ef_o_t_ catogori_ed

_ nonaudi_ol:'y health efEects in thi_ _epo_t,
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The following grant research projects are just complete or continuing:

• A study of the effects of three sound environments

on human behavior, deslgned to _dentlfy the various

conditions of a noise stimuli on performance in a

realistic work situation. This study was initiated
in recognition of the fact that: nolse-induced

performance effects are specific to the tasks used_
and, that work requirements and work schedules of

moat noise-related research projects have little
resemblance to actual work conditions.

• A study of noise and human performance, primarily

concerned with the relationship between the meaning
which my be associated with particular sounds or
noise and the effects of these sounds on human

performance. Through various techniques, including

conditioning, meaning will be attached to particular
sounds. The effects of these sounds on various

types of performance tasks, which have a number of
built-ln subsidiary tasks, will be determined.

Starting in FY 76, NIOSH is planning a new study of worker accidents and

near-accidents in noisy job settings relative to implicating noise as a
contributing causal factor.

3.4 Measurement Methodology and Calibration

NIOSH conducts research to improve instrumentation, test systems and
survey m_thodologies to support research in industrial hearing conservation

and occupational noise control and to improve acoustic measurement tech-
niques in general. _e agency has two research projects in n_aaurement

methodology and calibration. Funding level for this effort are shown in
Table D-9.

The following speclfi= research efforts are underway:

• Work on the NIOSH audlometrlc measurement activity

includes the study of alternative _thods of
measuring occupational hearing loss, construction

of a programmble electro-acoustic test system,
and investigation of methods for automatic process-
ing of audlometrle data.

• The agency's current project on improved methods for

occupational noise survey includes: laboratory and
field tests on noise dosimeters, development of im-

proved methods for their usage, and development of

performance tests for use in the NIOSH certificatlon
program.
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Table D-9

NIOSN RESEARCH IN _ASURE_NT _THODOLOGy AND CALIBRATION

Specific Measurement Methodology and Calibration
EffortsI Fundin_ Level

(Thousands of Dollars)

General Activity: Industrial Nearing
Conservation Practices, Acoustic Meas-
urements, and Occupational Noise Control FY 73 FY 74 FY 75

i. Industrlal Audlometrlc, Hearing Conservation
Technolosy and Noise Control .......... (31)2 52 80

2. Measurement of Occupational Noise ....... (32)2 44 28

TOTALS 63 96 108

1N_OSt{ does not use the terms "program" and "project" in the
eam_ sense as this report. Thus their use has been avoided,

2The project titles were not the snme in FY 73,
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4. DOD

DOD pursues current major research efforts in the following categories:

• Noise-induced hearing loss

• Individual behavior effects

O Co,=nunicatlon interference

• Measurement methodology and callbrat_on.

DOD also conducts current research efforts in the following categories:

e Nonauditory health effects

e Counrunlsy or collective response.

9.1 Nolse-lnduced Hearin_ Loss

Military agencies of DOD are involved in research on noise-induced

hearing loss by personnel in a wide variety of environments, including:

• Firing of weapons

• Aeronautical operations

• Shipboard compartments.

i The overall goal of this research is the conservation of hearln E of

i personnel by setting and adhering to exposure criteria where possible and
providing protective devices in other cases.

i The Army, Navy, and Air Force each have research programs in noise-
induced hearing loss with a total of thirteen specific projects. These
ere listed together with project funding levels in Table D-1O.

U.S. Army Program - The goals of the Army program in n01se-lnduced hearing
loss are to identify the causes and relationships between hearing loss and

exposure to noise in the environments of the various army branches and to
determine how to protect the hearing of Army personnel.

The Army prepared three technical reports in FY 73 on its work on the
relationship of hearing change to acoustic inputs which present findings

which seriously question existing theories of auditory damage risk and
could result in significant changes in theory if verified.

The following specific projects are being pursued under the Army

program of research in noime-lnduced hearing loss:
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Table D-IO

DOD RESEARCH IN NOISE-INDUCED HEARING LOSS

Noise-Induced Hearln_.L0ssProJeets Fundin_ Level
(ThousandB of Dollars)

U.S. Army Program FY 73 FY 74 FY 75*

I. Military Performance-Traumatic Origin8
of Hearing Loss ................ 0 0

2. Relationship of Hearing Chanse to
Acoustic Inputs ................ 62 66

3. Prevalence of Hearing LOSS Within

Selected U.S. Army Branches .......... 0 20
4. Hearin E Conservation: Intense Acoustic

Stimulation and Noise Susceptibility in

the Military Environment ........... 46 0

U.S. Navy Program

i. Communications: Hearing of Naval Personnel

as a Function of Noise Exposure ........ 20 0
2. Study of Anatomic Changes in the Middle Ear

Associated with Noise-lnduced floating Loss
and Acoustic Trauma .............. 1O 19

3. Middle Ear Compliance and Its Relationship
to Milltary-Related Nolse-lnduced Hearing
Loss and Acoustic Trauma ........... 8 13

4. The Incidence of Hearing Lose Among Various
Navy Rated Personnel ............. 0 50

5. Development of Damage Risk Criteria and

Habitability Standards for Exposure to Sonar
Transmissions ................ 20 25

U.S. Aim Force Program.

i. Effects of Noise on Air Force Personnel in

Operational Environments ........... 20 49

2. Research on Permanent and Temporary Shifts in
Hearing Thresholds Produced by Exposure to
Air Force Noise ................ 0 2

3. Auditory Responses to Acoustic Energy Experienced
in Air Force Activities ............ 24 22

4. Human Subjects for Operating Acoustic Research 38 35

TOTALS 248 301 301"

*DOD 'FY 75 data estimatsd the same as FY 74.
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a Analysis of causes of hearing lose, beginning with
the cochlea a•d proceeding to higher levels of the

nervous system. Changes in sensitivity are followed

•s animal ears are exposed to high intensity pure
tones and impulses, followed by histology.

• Investigation of the prevalence of hearing loss in

selected Army branches (infantry, artillery, and
armor) and its relationehlp to the length of time
in the service.

• A study of premature hearing lobs by Army troops.
This work includes an evaluation of current nolse

sources and the effectlvenees of protective devices

and current hearing conservation practices in the
field.

U.S. Navy Program - The U.S. Navy program of research in nolse-induced

hearing loss is directed to development of increased knowledge of the
mechanisms of anatomic change involved t to define the incidence of noise-

induced hearing loss in Navy Job specialtles, and to develop he•ring
tonservation standarde_for specific 3oh specialties. The following

specific projects are being pursued under _he Navy pregram:

• A study of anatomic changes in the middle ear

associated with nolse-lnduced hearing loss

and acoustic trauma, g_stologlc examinations
of temporal bones frem autopsies are evaluated

for changes in the auditory nerve and organ of
cortl, results of which are then correlated with

the background of noise exposure and acoustic
trauma as well as with clinical findlngs

including the audlogram.

a A study correlating middle ear compliance audio-
grams and.nolse exposure histories_deaigned to

provide new and productive data regarding euscep-
tiblllty to nolse-induced hearing loss in military
personnel. .,

• A study of the incidence of noise-induced hearing
loss among Navy personnel working in various Navy

rated job epecialtles.

N.S. Ai ! Force Program - The Air Force research program is directed toward
defining risks of noise-induced hearing loss in Air Force envlronments and

for developing regulations and guidelines for hearing conservation.

_e Air Force prepared a comprehensive document for establishment of
criteria for limiting noise levels to protect hearing of personnel and a
review document on infraeound and hearing.
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Research on affects of noise on Air Force personnel has resulted in

auditory damage risk criteria published in AFR 161-35 titled Hazardous Noisa

Exposure. It was found that all categories of Air Force aircraft studied

contained definite degrees of auditory risk to unprotected ears according

to the newly adopted auditory risk limits.

Air Force research on temporary threshold shift for 16-hour exposures
has been submitted for publication in the professional literature. Subjects

tested showed varying response including some with an asymptote-type response

after eight hours, some with a continued sharp rise of TTS for the entire 16

hours and a few with asymptotic effects after one-hour exposure. Data have
not been fruitful in predicting nolse-lnduced permanent threshold shift. It

was being considered that the magnitude of ssymptotlc levels of TTS or the
rate at which the asymptote is approached may be an appropriate predictor for

noise-induced hearing loss.

The following specific projects are being pursued under the Air Force
program:

• A study of the hearing status of Air Force personnel

in the operational environment and development of
special tests for selection and continuance of person-

nel in career fields involving noisy environments.

• Research on permanent and temporary shifts in hearing

threshold produced by exposure to Air Force environments.

m An investigation of hearing loss, personal sound protec-
tive devices, infrasonic and impulsive slgnale, and

related subjects. The work is directed tew=rd development

of regulations and guidelines for rlsk tO hearing.

4.2 Nonnudltory, Health Effects

The Air Force had a single research project in FY 73 on the effects of

acoustical energy on vestibular functioning. Goals of this research were to

develop an understanding of the conditions and _nner in whlch high intenslty
noise @fleets the equilibrium and produce• disorientation and to contribute

to the development of threshold =rltarla for hazardous exposure to high

intensity sound.

A review paper on Air Force research on the effects of infrasound on the
vestibular system was prepared on thls project.

Funding level on this project was $i0,000 in FY 73.

4.3 Individual Behavior Effects

This agency's research efforts are directed towardldeflnlng and analyzln E
the effects of exposure on personnel, evaluatlng and optimizing the performan_
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under the exposures encountered in th_ military services and evaluating
protective devices for mitigating response to noise. _%e Army, Navy,

and Air Force each have research programs in this category. The current
Air Force program includes research of a more fundamental nature.

Six specific research projects were underway in the FY 73-74 period.
for which funding levels are shown in Table D-12.

The following specific project activity was pursued:

U.S. Arm_z - The army project is directed toward developing predictive
models of noise effects on soldiers' performance and improving existing

noise criteria, including effects of long-term exposure. A sew Army
Materiel Command noise standard was published and the first Army-wlde

military standard on nols_ limits was fully coordinated and published.

U.S. Na%_ - Gurr_nt Navy research on individual behavior effects of
noise is dlrected toward evaluating and optimizing human performance
under exposure to noise in submarine and aircraft environments.

Laboratory evaluations have been conducted on headsets proposed for

use by acoustic sensor operators in antlsubmarlne warfare patrol and on

military noise cancelling microphones. Experiments have been conducted
on the effects of high noise levels on sonar dappler and on auditory

tracking of a signal under perceptual arrangements. The following two
specificprojectsare currently in progress_

• In its work on auditory performance in submarines,

the Navy is studying the physical characteristics

of sound systems and the performance of operators.
This includes work on hearing sensitivity and

auditory vigilance by behavioral and electrophyslo-

logical maams under various conditions of complex
auditory displays. Parameters in target detection
are to he specified and their quantitative effect

on target detection determined.

• The second project is directed to optimizing auditory
performance in naval acoustical environments and
minimizing problems arising from the many forms of
eound/emn interaction, including auditory fatigue

due to prolonged exposure to flight operation
noises. New tests and procedures are being devel-

oped and evaluated to assess man_s ability to
perform auditory tasks and otherwise enable individ-
uals to operate efficiently in naval aviation
acoustical environments.

N.S. Air Force - Air Force concerns regarding individual behavior effects

hover a wlde range of intense noise environments affecting motor
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Table D-If

DOD RESEARCH ON INDIVIDUAL BEHAVIOR EFFECTS

Projects on Individual Behavior Effects Fundin_ Level

(Thousands of Dollars)

U.S. Army Program FY 73 FY 74 FY 75

i. Improved Weapon Noise Exposure Criteria 62 66

U.S. Navy Program

I. Optimization of Performance in Submarine 54 44

2. Optimization of Auditory Performance in
Naval Aviation 40 35

U.S. Air Force Program

i. Simultaneous Exposure to Acoustic Energy and
Other Stressors Found in Air Force Environments 7 3

2. Whole Body Effects of Air Force Noise on people 24 18

3. Research on Intermittent Noise Effects on Air

Force TargetDetectionTasks 46 0

TOTALS 233 166 166.

*FY '75 data estimated the sam_ as FY 74
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performance, vestibular functioning, physiological functioning, thought
procoeees_ and the contribution to apprehension and fatigue of personnel.

Eight years of in-house research on whole body effects of Air Force

noise environments on people were published in Air Force reporce and
eum_arlzed in a paper published in the Proceedings of the International

Congress on Nolee as a Public Health Problem sponsored by EPA. A study

of human performance effects of impulsive noise, randomly varlod with

respect to intensity, duration and time of oeeurence, has been prepared.

The following specific projects are currently under underway:

s A research study on si_itaneous exposure to acoustic
energy end other stresses found in Air Force environ-

meats which combines controlled acoustic exposures

with mechanical whole body vibration of volunteers to

determine effects of the combined exposures on psycho-
motor task performance, m_ntal or cognitive performance,

temporary threshold shlft,'and posslble subjective Judg-
ments of acceptability. Single stress effects are being
compared to the measured multiple stress effects to

determine differential contributions of the respective
stress conditions.

s A study of whole body effects of Air Force noise on

people that involves investigation of numerous types

of noises and exposure condltione in which accomplish-
_nt of the Air Force missloomay be threatened. The

approach is to measure thn effects of the many kinds
of noise (infrssound, audio frequencies, impulses) on
standard and speclal performance t_sks, circulation

in the peripheral members, on physiological processes,

on men_al tasks ouch as memory, and on various measures
of vestibular functioning such as equilibrium, counter-

rolling of thm eyes and nystagmus. Findings are used
to establish exposure limits beyond which undeslrable

effects may occur. Much of this work is possible only
because of the unique stimulus generators available at

the Aerospace Medical Research Laboratory.

4.4 Co_unioation Interference

DOD research _in communication Interference ie directed toward enhanc-

ing or optimizing intelligibility of epeech and signals in military
acoustical environments. Current interests are in air/ground and ground/
alr communications and personnel communlcaEions in submarine and shipboard

_oba_equlrlng high levels of auditory acuity. Another goal of DOD
research in co_municatlon interference is to reevaluate criteria and

validate eudiometrie standards for Navy ehips_
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The Navy and Air Force have current program activity related to co_n-

icatlon interference and the Army.has also done prior work in this category.
Funding levels for DOD research in this category are shown in Table D-12,

The following specific projects are bolng pursued on the current DOD
programs:

a Nork on optimlzaClon o_ speech naum_unlcstlon in naval
avle=ioa involves development and evaluation of sew

tests and procedures to assessing the ability of air-
crewmen to cow_unlcate in various navel aviation

acoustical environments and ¸the capability of elf-to-

ground and ground-to*air communicating systems to

transmit intelligible speech. Investigations to date

indicate thac preferred llstenin S levels for speech of
aviators and alrcrew personnel probably represent speech

levels where maxlmum intelligibility can be achieved.

Preferred signal-to-soles ratios have been identified
for certain noise levels.

• A second Navy project is directed toward development

of auditory screening and acoustical tolerance stnndards
for submarine and shipboard personnel. Experimental

studies are being conducted to assess audltsry perception

of a variety of speech materials and signal stimuli,
embedded in various background sound fields, for personnel

of differing levels of acuity, Longitudinal studies are
conducted to assess changes in hearing abilities among

submarine personnel to identify predic_ive indices of

hearing loss and the habituation process which enhances
operator'auditory acuity. _e latter is of potential

benefit in =he desigs of training programs, auditory
aids, or acoustical characteristics of submarine environ-
mont.

Data were collected to evaluate the proficiency of several different
speech reception tests. Four new tests of speech in muls¢ and in quiet have
been constructed. Results of this work are published in a aeries of reports.

• The current Air Force project involves _nvestlgatlon
of the response of human subjects to pure tonms_ speech
and noise. Evaluations are being made of new techniques
and instruments for measuring the auditory ftlnctlon of

flying personnel with. or without hearing impairment,
Simulated infllght hearing tests are involved.

4.5 Commu,,q_,tyor ,Collective Respons,s

i Within DOD the Air Farce had, in the past, a very conslderablo involve°
ment in research on communlty or collective response. Hownver_ the USAF hod
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Table D-12

DOD RESEARCH IN COf_IUNICATION INTERFERENCE

Pcojeots in Communlca_ion Interference Fundin8 Levels
(Thousands of Dollars)

U.S. Navy Program FY 73 FY 74 FY 75*

I. Optimigatlon of Speech Communication in
Naval Aviation 40 40

2. Develop_ot of Auditory Screening and
Acoustical Tolerance Standards for Sub-

marln_/Shlpboard Personnel 30 33

3. Sound Conduction in the Ear Affecting

Military Communications 26 0

U.S. Air Force Program

I I. A,ueus_ent of Hearing in Flying Personnel 28 36

TOTALS 124 109 109-

wlrY 75 d&_a estimated the same as FY 74
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only a single project, Effects of Air Force Noises en Populations Surrounding

Air Bases, active in FY 73 at a funding level of $31,6OO.

4.9 Measurement Methodology and Calibration

The Army, Navy end Air Force each have research programs in measurement

methodology. Objectives of this work are to provideapeoializad support of
noise health effects research through development and upgrading of measurement
systems, procedures, equipment, and faelllties. AetivIE_ea pursued on these
programs include:

• Development of new measurement methodology and teat

procedures and criteria

• Evaluation/validatlon of ¢easurement procedures

• Instruc_ntation development

• Development of conceptual computational procedures

and major computer soft, are

e Developing procedures for assessing/predictln S
effects

• Establishing and operating environmental noise
data banks

a Developing instrument calibration techniques and
equipment.

a Developing equipment and procedures for evaluating

human response.

Seven current research projects are underway. P_ogram/proJect relations

and funding levels for this effort are shown in Table D-13.

The following seven specific projects were underway in the FY73-74

period:

U.S. ,_/my Program

• _e Armyt_ research on psychoaooustlc problems in
aviation included development of a new measurement

methodology and quality control test for real-ear
sound attenuation eharaoteris=ios of helmets and

a test for an advanced volta conm_mlcation system.
A n_ helmet for tank crewmen was tested and

accepted as a standard.
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Table D-13

D0D RESEARCH IN MEASUREMENT METHODOLOGY AND CALIBRATION

Projects in Measurement Methodology

end Calibration Fundin_ Levels
(Thousands of Dollars)

U.S. Army Program FY 73 FY 74 FY 75*

I. Research In Psychoacoustlsal Problems
Medically Significant to Army Aviation . . 85 195

U.S. Navy Program

i. Airborne Noise Criteria for Ships and
Submarines ................ 69 74

U.S. Air Force Program

i. Mechanics of Noise Generation, propagation

and Reception as Related to Air Force
Bioacoustte Problems ........... 3 2

2. Btoacouettc Environments o£ USAF Aerospace
Systems ................. 92 d8

3. Rtoenvtronnmntal Noise/Research Program 43 0

4. Development and Updating of Air Force Land
Use FlenninE Procedure with Respect to
Aircraft Noise .............. 32 O

5. _asuremsnt and Analysis of Aircraft Noise
Environments for Developing New Air Force
Procedures to Forecast Noise Exposure . . 13 15

TOTALS 337 3.54 354*

*FY 75 data estlmated the same as FY 74
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U.S. Navy Program

a The Navy's research on noise orlterla for ships and
submarines emphasizes the establishment of measurement

methods and criteria for limiting airborne noise in
ship spaces and enforceable apeclficatlons for acceptable

noise by equipments produced for use on naval vessels.
Work included obtaining and comparing measurements of

airborne noise in various ship compartments with measures

of perfornmnce and habitability, and the evaluation/

validation of the adequacy of measurement procedures
under actual shipboard conditions, in the laboratory,

in the field, and in equipment contractor plants.

U.S. Air Force Program

• A bloanvironmental noise research project to provide

technical procedures, data and software required to

define the hlgh-level noise environments generated by
Air Force weapons systems, determine the effect on men,

and provide such information to user groups.

This involved establishment and operation of a data
bank for staring and retrieving bioenvironmental nolse

data and developing extensive major software to process
and extrapolate measured environmental soise data.

A wide variety of environmental and laboratory test
sti_ull were also measured and analyzed, including air

bag transients, aircraft engine noise, and speech
samples. Equipment and procedures were developed for

evaluating effects of noise and performance.

Special techniques and nquipment were developed to
calibrate various types of acoustic instrumentation.

• A project on mechanisms of noise generation, propagation
and reception to provide engineering methods necessary

to compute high noise level envlronn_nts (e,g., ground

runup). This work was undertaken to improve the algorithms
used to predict far-fleld noise levels for application in
beth the Bioenvlronmental Data Handbook and the noise

exposure forecast program.

• A study of bloacoustlc environments of aerospace systems
in which noise environments are measured, analyzed_ and

simulated by means of precision analog and digital
instrumentation.
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A very small noise recording system, called Micropak,
was developed to be worn by pilots for obtaining noise
data where space limitations are severe. A unique

pistonphone was developed for calibrating microphones

at infrasonic frequencies.

• The measurement of noise from numerous types of

military aircraft and analysis and processing for

use in calculating noise exposure forecasts. This
work was undertaken to improve the acourecy and relia-

bility of noise exposure forecast computations based
on data files which had contained only estimated data

on many aircraft systems,

• A project to develop a fully computerized computational
methodology to automatically plot contours of equal

exposure levels about an air base.

s. N_S,A

NASA conducts current n_Jor research efforts in three categories, noise
effects on sleep, community or collective response, and measurement method-

ology.

5.1 Noise Effects ,on Sleep.

The objective of NASA research in this category is to understand the
relationship between aircraft noise exposure and sleep interference.

The agency's work in this area is part of an ongoing research program on

human response to noise which includes projects devoted largely to aircraft
noise effects on sleep as well as other major projects in conmmnity and

collective response and mu_surement methodolosy.

NASA'B project on the human response to the aeronautical environment
is directed toward understanding the paychephyslological effects of air-

craft noise on people and to develop a quantitative understanding of

individual response to noise exposure. This includes assessment of

eubjeetlve reactions and effects on sleep, effects on hearing, and develop-
meet of research evaluation techniques and measuring scales. Emphasis is

placed on laboratory studies with complementary studies in co_munitles

exposed to noise and wlth special overflight programs where selected Juries
are exposed to noise. Studies are concerned with responses of people
during both awake end sleep periods and under background noise conditions
associated with outdoor, indoor and infllght situations.

Laboratory studies re evaluate noise effects on sleep are supplemented

by initial studies Of Sleep responses Of people living In communities
exposed to commercial flight operation .else. Studies are being conducted
i= contractors' laboratories to evaluate both awakening and nonawakening

effects of noise on sleep.

Funding levels for this effort are shown in Table D-14.
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Table D-14

NASA RESEARCH ON NOISE EFFECTS ON SLEEP

prp_ect in Noise Effects on Sleep Fundln_ Levels

(Thousands of Dollars)

Program: Human Response* to Noise FY 73 FY 74 FY 75

Human response to the Aeronautical Environment 217 254 142

TOTALS 217 254 142

*Total program includes work in community or collective
response and measurements.

Table D-15

NASA RESEARCH IN CO_4UNIEy'OR COLLECTIVE RESPONSE

P/,o_eets in Connnunicy or Collective R_sponse Fundln_ Levels
(Thousands of Dollars)

Program: Human Response to Noise PY 73 FY 74 FY 75

i. Acceptance of Aircraft Operations - Technology
Assessment 173 172 232

2. Acceptance of Aircraft 0peracions = Communlty
Noise 205 319 422

TOTALS 378 491 654
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5.2 Community or Collective Response and Measurements

NASA research is conducted under its Human Response to Noise program

whose overall goal is to develop an understanding of the relatlonship

between aircraft noise exposure and annoyance, e.g., to define and
quantify those properties of aircraft noise exposure that cause negative

individual and aonmlunity response to air transportation systems.

i Specific targets set for the NASA program are:

• Devising proper methodologies for laboratory and

field studies of human response to aircraft oper-
ations. FY 1975,

• Determining effects of multlevent noise exposure

characteristics on human response to aircraft
operations. FY 1975.

• Quantifying the effects of background environ-

mental noise exposure on the human response to

aircraft-generated noise. FY 1975.

• Studying the effects of low frequency noise

characteristics generated by present and future
aircraft on auditory and nonauditory responses
of people. FY 1979.

• Developing a model for reliable prediction of

responses of people to aircraft operations that
will satisfy laboratory and field conditions..
FY 1980.

The NASA program includes two specific projects in eo_unlty-solle=tlve
response plus project work in other categories. Pro_nm/proJect relation-

ships and fundlng levels for NASA research in this category are shown in
Table D-15 on page 34.

The following specific projects are currently underway:

• NASA has a technology assessment project for develop-
ing an understandln S of the social effects of large-
scale air transportation systems and to design

technology leadin 8 to improved safety and comfort

of aircraft crew end passengers. This project includes
in-house studies of the human response ta aircraft
sound stimuli. Human test subjects will be asked to

give category Judgment of aircraft sounds, including

STOL signatures.
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s NASA also has a current com,unicy noise study which
includes evaluation of: noise characteristics of

advanced VTOL sod STOL aircraft; acoustic retrofit
systems for CTOL aircraft; and noise alleviation

procodures for aircraft and airport operations.

This work will provide criteria for prediction of

commonity acceptance Of aircraft operatlons/community
noise; Emphasis will be placed on laboratory studies

and airport-communlty studles/surveys whlch.my be

supplemented by programmed overflight studies. These
studies will be closely interrelated with, or in support

of, NASA project activities (STOL) and with the DOT/FAA
programs to control aircraft and airport noise. The

laboratory techniques employed range from listening
room testing with trained subject, to real-llfe

sltuatlons.where test envlron_nts represent the
alrport-co_unlty/home and where the test subjects

may be people plagued by aircraft noise. These efforts
efforts are summarized in Table P-16

Table D-16

NASA RESEARCH IN MEASUREMENTS

l_o_ee,t_in Measurement Methodology and Calibration Funding Level
(Thousands of Dollars)

Program: Human Response to Noise FY 73 FY 74 FY 75

Acceptance of Aircraft Operations (Characterization
Of V/STOL Noise) 532 409 404

6. DOT

DOT has had recent research efforts in two categories, individual behavior

effects and community or collective response.

6.i Individual Behavior Effects

DOT had no project work under way in _his category in FY, 74. 'A program
on startle effects of sonic boom was underway in FAA in,FY 73, consisting
of two specific projects. The U.S. Coast Guard also had foghorn aversive-

ness under investigation at NBS in FY 73. Funding levels for these projects
are shown in Table D-17.
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, Table D-17

DOT RESEARCH ON INDIVIDUAL BEHAVIOR EFFECTS

Projects on Individual Behavior Effects Fund,ln_.Levels
(Thousands of Dollars)

FY 73 FY 74 FY 7.5

i. Field Study of Sonic Boom Startle
EffectB 18 0 0

2. D_terminants of Startle Response to
Simulated Sonic Booms 27 0 0

Foghorn Averaiveness Study _ 0 0

TOTALS 50 0 0
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6..2 Community or Collective Response

DOT research in this category is concerned with providing a valid
measure of effectiveness for assessing relative benefits of alternative
means for reducing transportation-related noises. DOT is concerned with

all modes of transportation in this regard.

DOT has had a considerable program involvement in this area in the past.

The agency's program now consists of one current proJcc_ in the category

which is scheduled for completion in June 1975. This consists of testing i
the feasibility of a technique developed on the project to assess the relative

importance of various noises to the public, particularly transportation [
noises, and to determine _he validity of a "personal noise exposure index"

model for oonu_unlty noise impact representation. Specific resesrch work
consists of: developing the "personal noise exposure index" model; measuring

the daily noise exposure of 30 to 50 individuals; correlating noise exposure,
noise sources and reported annoyance; evaluating the usefulness of the ana-

lytical medal and developing a plan for its refinement if the concept is
Judged be"eficlal.

Two alternative approaches to meaourln_ hunmn response to nolso have

been tested, and two separate plans developed for a national noise measure-

ment program. Results of this research are published in a series of four
Government technical reports.

Funding levels for this project are $130,000 for FY 74 and $50,000 for
FY 75; about $295,000 was funded for this program prior to PY 73.

7. DOC(NBS_

NBS has a _jor research effort in individual behavior effecte.

NBS _ objectives in noise health effects are to: establish a mere con-
sistent and valid psychophysieal foundation for measuring the effects o_

sound o_ people with application to noise abatement and control; develop
na_ meaeuremsnc procedures for obtaielng psychoacoustie data and elaborate

through empirical nxperlments an interlocking system of tnchnlquee for
assessing httman response to sound with built-in opportunities for cross-
validation.

The NBS program in peychoacouetic measurement has one currant project,

titled psychoacoustic Measuremeet Tschnlques, and funded as follows:

FY 73: $ 98,000
FY 74: $I17,000

FY 75: $142,000.

Specific NBS project activity on loudness measurement includes:

analyzing previous research on loudness, noisiness, and averslveness of
sounds; nvaluatlng the psychoacoustic measurement _ec_nlques as applied
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to standardizing methods for calculating the loudness, noisiness,

annoyance, etc., of sound; and developing new psyohoacoustic measureeent

techniques based on operational definitions of behavioral responses
with the biases due to verbal instruction minimized.

Equal aversion levels have been established for pure tones and

i/3-octave measures, the avers iveness of three full-octave bands were

determined and compared with audltory-evoked potential brain wave

recordings from the subjects; the preference relations among various
acoustic stimuli were examined hy means of a binary switching response

not involving verbal descriptors. In addition, a variable interval
schedule was used to determine the relative averslveness of several

pure tone stimuli.

Extension of the work calls for establishing preference relations

among sounds of varying frequency and intensity using pure tones and
white noise; determining the relative aversivensss of sound of different

spectral content and cross-validating by different methodologies.

8. mm

HOD has major research efforts in two categories, community or
coileetlve response and measurement methodology and calibration.

8.i Community or Collective Response

HUD pursues research in co,unity or collective response in order to

provide the necessary RD&D to technically support the Department's policies

and operating programs and to provide guidance for land usage near major
noise sources. Prior HUD research has provided technical background for

the preparation of two documents, "HUD Noise Abatement Guidelines" and
"HUD Noise Assessment Guidelines" which have been widely distributed for

use in implemantlng the supporting Department policy.

HUD's current program of research on community or collective response
consists of two projects, funding levels for which are shown in Table D-18.

The following specific project work is being performed:

• HUD is conducting a comprehensive nationwide study and

systematic evaluation of the effectiveness and impact
Of the Department,s nolsep01icy and of. lts "Ndi_e.
Assessment Guideline." The work is being pursued with
a view toward their revision and improvemsnt.

• HUD also expscLs to initiate a broad study of the
effects of noise on community development in FY 75.

' This will include work on acoustical crlterlafori

various land use ordinances and building codes, the
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Table D-18

HUD RESEARCH IN COMMUNITY OR COLLECTIVE RESPONSE

Projects An Community or Collective Response Funding, Level
(Thousands of Dollars)
F¥ 73 FY 74 FY 75

ii Evaluation of HUD Noise Policies and
Guidelines 0 200 185

2. Effects of.Noise,on community Development 0 0 225

TOTALS 0 200 410

Table D-19

HUD RESEARCH IN _ASUKE_NT METHODOLOGy AND CALIBRATION

Projects in Measurement Methodology and
and Calibration _ Funding Leye,l

'- (Thousands of Dollars)
FY 73 FY74 FY 75

Ii HUD U_ban Noise Measurement System 117 263 O

2. Development of Noise Attenuation Measures 0 175 50

TOTALS 117 438 50
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effects of noise on housing markets and land values,
and the noise compatibility of Intra- and inter-

urban transportation with community development.

8.2 Measurement Methodology and Calibration

HOD research in measuremsnt methodology is directed toward developing

measurement systems for us• in enforcing HUD departmental standards on
noise abatement and control. Th• agency has one program of two specific

research projects in this category as shown in Table D-19 on page 40.

Under this program HOD funded a pr•Ject performed by NBS in FY 74

to develop an inexpensive portable urban noise exposure measure-
ment system which separates potential housing sites into "clearly

acceptabl•" or "clearly unacc•ptable" for HUD housing and to demonstrate

a measurement system for evaluating •it•s not clearly within either of
these cat•gorles as an alternative to acquiring needed data through a
full-scale survey.

In pursuance of HUD goals, NBS is developing an Instrumentation
system consisting of two units, an outdoor "menltor" which i• left on

_h• bui_dlng site and a "r•ad•r" which interrogate• the mealier. The

monitor will be a self-contalned, batt•ry-op•rated unit which registers,
on internal memory, the times in any 24-hour period during which the

noise level exceeded 45, 65, 75, and 80 dBA. Sevent•en units are being
procur•d by HUD for field test by NBS in cooperation with HUD field

offlc•s. Additionally, the instructlonmanual developed by NBS will
be field tested.

NBS is also assisting }IUD in th• c•mprehen•iv• evaluation of the

n•isc measurement systems in HUD Reglonal, Area and Insuring Offices
across th• cation.

BPA has current r•search efforts in six of th• eight categories of

_ealth effect• research. This includes a major research effort in

individual behavior elf•ors plus research effort• in the following

categ•ri••:

• Nolse-lnducad hearing loss

• Nonauditory health effects

a Individual behavior effects

• Noise effects on sleep

O Con_unlaatlon interference

s Measurement methodology and calibration.
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9.1 Nolse-Induced Hearins Loss

Determination of effects of noise and vibration on hearing sensations
and on human performance. This included investigation of the effects on

human performance of whole body vibration combined with s random amplltude

modulated pure tone presented to the auditory system (FY 74 $25,000).

Effects of long exposure to noise on hearing threshold, Research

includes investigations Co determine whether recovery from an asymptotic
auditory temporary threshold shift is independent of the duration at

which temporary threshold shift is maintained at an asymptotic level.

Exposures are made for continuous noise for 24 and 48 hours. Intermittent

exposures will he included in subsequent experiments. Other studies are
to he conducted in natural living envlronmante under controlled noise

exposures of 48-60 hours (FY 74 $25,000), (FY 74 970,000).

9.2 _Nonauditor Z Health Effects

Determination of nonaudlrory system adaptation effects to long-term

repetitive and varying noise, studies explore the role of various stimulus,

psychological and methodological variables in the ellclCation and adaptation
of nonaudltory physiological system reactions to sound or noise. Peripheral
blood volume and heart ra_e of groups of people will he monitored where

ambient acoustic conditions are interrupted with intrusive auditory stimuli

(FY 74 $186,000-2 year study).

9.3 Indlvlduel Behavior Effects

Study of behavioral correlates of varying noise envlronmenes. A system-
atic review of the literature for the past five years is being made of the

effects of specified noise parameters on motor skills performance. Studies

are being conducted to evaluate the behavioral effects of speclfied nelse
environments on motor skill tasks of varying complexity across subjects

ma_ched on relevant personality and motor skills characteristics (FY 74

950,000), (FY 75 950,000).

Studies on the time varying noise effects on human responses. These
studies include the relationships between human responses and physical
parameters of noise for evaluating descriptions of envlronmenral noise.
Verbal and non-verbal descriptors are utilized in determining and evaluating

re.pooses (FY 75 975,000). Vigilance performance in the presence of
unwanted intermittent noise is being studied using primates (FY 75 $I0,000).

9.4 Sleep Ingerference

Correlational analysis of foreign and domestic scientific data on the
effects of noise on human sleep (FY 75 917,000).
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9.5 Communication Interference

Determination of improved criteria for verbal communication including
schools, home and laboratory. Analyses of speech and ambient noise levels

are being made at the ear during normal and relaxed conversations in the

home, schools, and laboratory. Additionally, category scale ratings of

the noise environments are being conducted in terms of overall rating of

the noise environment and in terms of speech conm_unication (PY 74 $59,O00),
(FY 75 $62,000).

Obtain more complete data on the spectrum and temporal distribution
of speech. A wide range of speakers, including male, female, adult,, and

children, will be used (FY 75 $25,000).

9.6 Measurement Methodolo_ and Calibration

EPAIs program in measurement methodology included one project

titled "Instrumentation and Measurement Systems" (FY 73 $24,000),

(FY 74 $32,000). This project was directed toward development of a
personal noise exposure meter with the work being performed at NBS,
Specific project activity included an evaluation of instruments and

measuranmnt systems for recording exposures of individuals and developing

and demonstrating the capabilities of a measurement system which will
record the integrated level above a threshold of dBA over each one-hour

period during a 24-hour day. The system consists of a monitor worn by

the individual and a reader which interrogates the monitor.

i0. DOl(BuMines)

Bureau of Mines has three projects in effects of noise in relation

to mine safety and health. Two projects address the problem of the

miner's ability to hear "roof talk" warning signals while wearing hearing
protection, and the other p_oJect is the state-of-the-art in portable

calibration of audiodosimeters. The titles and funding are shown in
Table D-20.

I0.I Co_unicatlon Interference

The project "Aspects of Noise Generation and Heating Protection in
Underground Coal Mines" was begun in FY 72 and was completed in FY 73.

The objective of this study wee to quantitatively identify the spectral
and amplitude characteristics of coal mine warning signals and assess
the feasibility of using personal ear protection to minimize noise

exposure hut not impair miners' safety. A report (NTIS No. PB219087)
with the same title as the project was published in November 1972. Roof

talk warning signals and roof talk and speech discrimination with ear
protection wer@'quant£fied for the'Pittsbur_h.coalbcdo The Study,indicated

that ear protection is acceptable when there are high background noises

but that the ear protection should be removed_when noise sources are no_
present.
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Table D-20

DOl(BuMlnes)
NOISE EFFECTS RESEARCH

Fundln_ Levels
(Thousands of Dollars)

FY 73 FY 74 FY 75

Pro_ects in Co_nicatlon Interference

i. Aspects of Noise Generation and Rearing

Protection in Underground Coal Mines I O 0

2. Study of Roof Warning Signals and the

Use of Personal Rearle 8 Protection in
Underground Coal Mines 71 8 0

Projects in Measurement Methodolosy and
Calibration

_ortable Calibration Instrumeeta_ion for

Audiodonim_ters - Feasibility Study 0 15 0

TOTALS 72 23 0
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The project "Study of Roof Warning Signals and the Use of Personal

Hearing Protection in Underground Coal Mines" extended the previous
study of roof warning signals to other (high-accident) eoalbeds. It also

determined the effects of personal hearing protection on miners' safety

with a larger number of subjects. A training course in the use of
personal hearing protection in coal mines was also developed.

10.2 Measurement Methodology and Calibration

The Bureau of Mines' project in this category is intended to determine
the state-of-the-art in audio acoustic couplers and the associated elec-

tronic interface. The output will be a report giving the state-of-the-art

ttho specifications achievable with existing technology for a portable
calibration instrument for audio dosimeters, and a proposal for design
and fabrication of an achievable calibrator.
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APPENDIX E

PROJECT LISTING BY AGENCY

Agenc,y Page

NINDS E-3

NIEHS E-6

NIOSH E-8

DOD E°13

NASAQ E-19

DOT E-20

NSF E°21

NBS E°23

HUD E-24

EPA E-25

USDA E-29

DOI (BuMines) E-29



TABLES

Number P._e

E-I National Institute of Neurological Diseases endd E-3
Stroke

E-2 Natlenal Institute of Environmental 2ZealthSclences E-6

E-3 National Institute £or Oeeupatlonal Safety and Heal_h E-8

E-4 Department of Defense E-J3

E-5 National Aeronautics and Space AdmlzListration E-_9

E-6 Department of Transportation E-20

E-7 National Science Foundation E-2L

E-8 National Bureau of Standards E-23

E-9 Department of Housing and Urban Development E-24

E-IO U°S, Envlronmental Protection Agency E-25

E-II D_partmont of Agrlculture E-29

E-k2 Bureau of Mines E-29

• E-2

F
i
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Table E-1
RESEARCH FUNDING BY AGENCY

(page i of 3 pages)
NATIONAL INSTITUTE OF NEUROLOGICAL DISEASES AND STROKE

(Thousands of Dollars)

Category Project Number Project Title Total Prior Co
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-78 FY-79

4403-12(Grant) Susceptibility 220 45 47 49 51
to Hearing
Loss

3705-09(Grant) Causes of 2,480 365 387 413 440
Deafness

NO1 NS 03-56- Auditory (3,773) I (461)I (586) (598)I (615)I (613)I (642)I
ii (Grant) Communications

m and its Dis-

& orders

Noise- NS-09983(Grant) Noise Effects 37 3_

Induced on Audlogram
Hearing and Cochlea

Loss Planned Economic ! 150 300 300
Contract and Social

Impacts of
Noise Induced

Nearing Loss

NS-74-0001 Effect of 3 20
(Contract) Noise on

Children

In-House Laboratory of 4 28 15 15 20 21 21

Research Otolaryngology

E

i
• ,,, ., ........................... ___



Table E-.I

RESEARCH FUNDING BY AGENCY

(Page 2 of 3 pages)
NATIONAL INSTITUTE OF NEUROLOGICAL DISEASES AND STROKE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year
Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-T8 FY-79

Planned Work Experimental 340 550 500 600 350
Studies of

Effects of
Noise on

Young Ears
(Primates)

Planned Auditory 120 250 400 440 500

Contract Responses
in Quiet and

Noise Among

Very Young
Children

Presbycusis 40 125 250

Planned Auditory 120 300 330
Contract Sensitivity and

Discrimination

Among Children
Living in Noisy
Environments

Non-Audl- Planned Work Effects of Noise

tory Health on Susceptibility
Effects to Disease 120 200 250 400

I
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Table E-I
RESEARCH FUNDING BY AGENCY

(Page 3 of 3 pages)
NATIONAL INSTITUTE OF NEUROLOGICAL DISEASES AND STROKE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-78 FY-79

NS-07908-07 Nolse-Induced 461 79
Deafness:

Masking &
Speech Perception

Communi- N5-74-2322 Development uf 140 I00 i00 i00 I00

cation (Contract) Test Instrument
Inter- for Assesaln E
ference Speech Disnrlml-

nation in Noise
&

Message 130
Transmission in

Noise

Subtotals Noise-Induced gearing Loss 447 482 1057 1756 1590 1486 1121
by

Category Non-Audltory Health Effects 120 200 250 400

Co_munlcatlon Interference 79 140 i00 i00 _00 _O

TOTALS 526 622 1157 1876 1890 1836 1751

IproJect funding covers work in other areas and Is not included
2
Initiated in FY-75 only if additional funds become available

3

Includes study of non-audltory effects of noise

Portion of laboratoryts effort oriented towards effects of noise



Table E-2

RESEARCH FUNDING BY AGENCY

(Page I of 2 pages)
NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH SCIENCES

(Thousands of Dollars)

Category Project Number Project Title Total Prlor to
Initial Year

! Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-78 FY-79

! NIENS-EB-O02 Investigation 25 25

of Hearing
I Loss Threshold

Curve for Young
! versus Mature

Animals

NIENS-EB-O02 Combined Effect 20
of Noise a_d Sall-

i cylates on Cochlear

Noise- Morphology& Auditory
Threshold

Induced

Hearin8 ROI ES 969 Combined Impulse- 51 44 44 45Loss
Continuous Noise:

Auditory Effect

NIENS-EB-O09 Identification of 8 29 29 29 29

Physiological Dysfunction
in Neurosessory Hearing
Loss Induced by Ototoxlc
Agents

NIEHS-EB-008 Physiological Study of 8 26 26 26 26
Auditory FatlKue (Induced

by Noise)



Table E-2
RESEARCH FUNDING BY AGENCY

(Page 2 of 2 pages)
NATIONAL INSTITUTE OF ENVIROnmENTAL HEALTH SCIENCES

(Thousands of Dollars)

Category Project Number Project Title Total Pr_.or to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-7S FY-79

NOL-ES-2110 Interaction of I00 100 100

Noise & Ototoxic

Drugs on Hearing
Loss _nAnimals

i NIEHS-EB-01I Effects of Noise 16

: on Cortlcosterone
i

Secretion in the

_ Rat
#

NIEHS-EB-OI2 Noise Polymorpho- 12 8
nuclsar Leukocyte
Function

Non-
Auditory NIEHS-EB-013 Noise & Cellmediated 28 24

Health Immunity
Effects

NIEHS-ET-003 Teratogsnic Effects i0 S
of Nolss Exposure

and Deprivation

NIEIIS-EB-004 Noise in the 8

Hospital

Subtotals Nolse-Induced Hearing Loss 145 192 199 99 I00 55
by
Category Non-Audltory Health Effects 8 66 40

TOTALS ].53 258 239 99 i00 55

r,

L

i



Table E-3

RESEARCH FUNDING BY AGENCY

(Page 1 of 5 pages)
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

(Thousands of Dollars)

Category Project Number 2 Project Title 2 Total Prior to
Initial Year
Indicated FY-72 FY-73 FY-74 FY-75 ! FY-76

Noise- Evaluation s 75 79 104

_mduced of Hearing
Nearing Risk due
Loss to Industrial

Noise

Short Term Fhy -3 35 I0 0
sieai Agents Re-

&. search: Coal
Mine Noise

NSM 99-72-125 Evaluation 40 0
of Industrial

Acoustic Radi-
ation above

i0 KH z

HSM 99-72-32 PTS and TTS 24 O

Resulting
from Industrial

Noise Exposure

PL 480 Effects of Noise 213 X X X

Foreign Cur- and Vibration 7/68-9/74
rency Agree- on Health of
m_nt No, Woodcutters
05-005-3

! ..... i .....



Table E-3
RESEARCH FUNDING BY AGENCY

(Page 2 of 5 pages)
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

(Thousands of Dollars)

Category Project Number _ Project TltlJ Total Prior to

InitialYear I
Indicated FY-72 FY-73 FY-74 FY-75 FY-76

PL480 Foreign Exposure 99 X X X X X

Currency Agree- to Noise in 7/71-7/75
ment @03-002-03 the Cotton &

Flax Textile

Industry

Laboratory 87 91
Studies of

m Nolse-lnduced
a

HearingLoss

3
Combined Effects 24 18

on Noise, Work
• & Heat on Human

Hearing

HSM 99-72-131. Aspect of Ear 50 0 0
Tolerance to

Noise

NIOSN-IA-73-6 Laboratory & 40 0
Field Study of
Impact Noise

Grant (EOA) Damage Risk 56 47 41
Rol-0HOOO350 Criteria for

Intermlt_ent

Noise Exposure



Table E-3

RESEARCH FUNDING BY AGENCY

(Page 3 of 5 pages)
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTN

(Thousands of Dollars)

2
Category Project Number Project Title Total Prior to

Initial Year
Indicated FY-72 FY-?3 FY-74 FY-751 FY-76

PL480 Foreign Noise and 167 X X X X

Currency Agree- Heat Effects 5/72-4/77
meat #05-0142 on M_n

Grant (OEA) Effects of 91 69 76
i ROI Impulse Noise
0H00364 on the Auditory

System

i
Noise and 41O
Nearing in the

Paper Working

Industry

Non- Extra Auditory 42

Auditory Consequence to
Nealth Worker Safety
Effects and Health

Effects of 78 21

Noise on

Non-Auditory
Sensory Func-
tions and
Performance

Health Impact New
of Industrial

Noise



Table E-3

RESEARCH FUNDING BY AGENCY

(Page 4 of 5 pages)
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY _/_D }IF_tLTH

Category Project Number _ Project Title 2 Total Prior to
Initial Year

Indicated FY-72 _Y-73 FY-74 _-75 FY-76

Effects of 30

Noise and

Heat on
Health of

Workers in

Metal Industry

Individual Grant 1101 Effects of 8 0
Behavior 0H-00366 Three Sound

Effects Environments
a

on Human Be-

harlot

0rant ROI Noise and 20 0
01{-00365 Human Per-

fsrmnnca

Noise and New

Industrial
Accidents

Measure- Industrial _ 31 52 80

ment Meth- Audiometrlc

odology & & Hearing
Calibration Conservation

Technology



Table E-3

_SEARCH FUNDING BY AGENCY

(Page 5 of 5 pages)
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

(Thousands of Dollars)

Category Project Number 2 Project Title _ Total Prior to
Inltial Year
Indicated FY-72 FY-73 FY-74 FY-751 _X-76

Measurement 3 32 44 28

of Occupa-
tional
Noise

Sub- Nolse-Induced Hearing Loss 64 224 341 352 117
totals

by Non-Auditory Health Effects i08 42 21
m Category
' Individual Behavior Effects 28

MeasurementMethodology and 63 96 108
Calibration

TOTALS 64 395 507 481 i17

Figures Approximate

NIOSH does not use the term "Pro_ect" for this level of research activity

3Project titles were not tho same in FY 73

i
......



Table E-4

(Page 1 of 6 pages)
DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated _q-72 _-73 FY-74 FY-75

DAOA-6082 (USA) Military Performance - X
Traumatic 0riEins of
Nearing Loss

DNOA-4956 (USA) Relationahlp of Nearing 62 66
Change to Acoustic Inputs

DAOC-7028 (USA) Prevalence of Hearing Loss 20

within Selected U.S, Army

L Branches

DAOB-?030 (USA) Hearing Conservation Zntease 46
Acoustic Stimulation and

Noise Susceptibility in the

Military Environment

Noise- DN-123487 (USN) Communications: Hearing of 20
Induced Naval Personnelas a Function

Nearing of Noise Exposure
Loss

DN-240004 (USN) Study of Anatomic changes in I0 19
Middle Ear Associated with

Nolse-lnduced Hearln g Loss
and Acoustic Trauma

DN-240059 (USN) Middle Ear Compliance and 8 13

Its Relationship to Military

Related Noise-lnduced Hearing
Loss & Acoustic Trauma



Table E-4

RESEARCH FUNDING BY AGENCY

(Page 2 of 6 pages)

DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75

DN-477001 (USN) The Incidence of Rearing 50
Loss Among Various Navy
Related Personnel

DN-140504 (USN) Development of Damage Risk 20 25

Criteria and Habitability
Standards for Exposure to
Sonar Transmissions

DF-311650 (USAF) Effects of Noise on Air 20 49
Force Personnel in

Noise - Operational Environments
Induced

Hearing DF-314140 (USAF) Research on Permanent 2

Loss and Temporary Shifts in
Rearing Threshold Produced

by Exposure to Air Force
Noise

DF-313060 (USAF) Auditory Responses to Acoustic 24 22

Energy Experienced in Air
Force Activities

DF-317610 (USAF) Human Subjects for Operating 38 35
Acoustic Research

I'



Table E-4

RESEARCH FUNDING BY AGENCY

(Page 3 of 6 pages)
DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 DX-75

Non- DR-313120 Research on Response of Vesti- X i0
Auditory bular System to Acoustic Sti-
Health mull

Effects

BADE-4955 (USA) Improved Weapon Noise 62 66
Exposure Criteria

DN-840511 (USN) Optimization of Performance 54 44
in Submarines

DN-040711 (USN) Optimization of Auditory 40 35
Performance in Naval

Indivi- Aviation
dual

Behavior DR-313100 (USAF) Simultaneous Exposure to X 7 3

Effects Acoustic Energy and Other
Stressors Found in the Air
Force Environments

bF-313070 (USAF) Whole-body Effects of Air X 24 ].8

Force Noise on People

DF-028540 (USAF) Research on Intermittent Noise X 46

Effects on Air Force Target
Detection Tasks



Table E-4

RESEARCH FUNDING BY AGENCY

(Page 4 of 6 pages)
DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project N_ber Project Title Total Prior to
I,itlal Year
I,dieated FY-72 FY-73 FY-74 FY-75

DAOA-6085 (USA) Military Performance: X
Auditory Perception and

Psychopbyslcs

(USA) E_man Englneerlng Studies of X
the Head and Headgear. Helmet
Acoustics. Weight. plus Other

Factors Affecting Performance
i

Covamanl- (USN) Sound Conduction in the Ear X 26

cation Affecting Military Co[_munlcetlons
Inter-

ference DN-040713 (USN) Optimization of Speech Communi- 40 40
cations in Naval Aviation

DN-140502 (USN) Development of Auditory Screening 30 33
and Acoustical Tolerance Standards

for Submarlne/Shlpboard Personnel
J.

DF-311640 (USAF) Assessment of Hearing in Flying 28 36
Personnel

Communl- DF-313140 (USAF) Effects of Air Force Noises on 31

ty or Population Surrounding Air Bases
Collec-

tive

Response

I
I

1
I

I

!



Table E-4
RESEARCH FUNDING BY AGENCY

(Page 5 of 6 pages)
DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project Number Pro_ect Title Total Prior to
Inltial Year
Indicated FY-72 FY-73 FY-74 FY-75

DAOD-6739 (USA) Research on Psycho- X 85 195
acoustical Problems

Medically Significant to
Army Aviation

DN-612146 (USN) Airborne Noise Criteria for 69 74
Ships and Submarines

DP-314500 (USAF) Development and Updatlmg of 32
' Air Force Land Use Planning

Measure- Procedure with Respect to
Aircraft Noise

ment

Metho-

dology DF-316600 (USAF) Measurement and An_lysls of 13 15Aircraft Noise Environments
and Call-

for Developing New Air Forcebration
Procedures to Forecast Nmise

Exposure

DF-313020 (USAF) Mechanisms of Noise Generation 3 2

and Reception as Related to Air
Force Bloacoustlc Programs

DF-313030 (USAF) Bioacoustle Environments of UEAF 92 68

Aerospace Systems



Table E-4
RESEARCI{ FUNDING BY AGENCY

(Page 6 of 6 pages)
DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 _-73 FY-74 FY-75

DF-317570 (USAF) Bioenvironmental Noise

Research Program 43

Nolse-Induced Bearing Loss 248 301 301'

Sub- Non-Audltory Health Effects 10 0 0 *
totals Individual Behavior Effects 233 ].66 166'

by Communication Interference 124 109 109.
Category Community or Collective Response 32 0 0 *

Measurement Methodology and Calibration 337 35___4 354*

TOTALS 984 930 930*

• DOD FY 75 data estimated the same as FY 74



Table E-5
RESEARCH FUNDING BY AGENCY

(Page 1 of i page)
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-73 FY-74 FY-75

Noise Effects 504-09-02 Human Response to the Aero- 217 254 142
on Sleep nautical Environment

Community or 504-29-01 Acceptance of Airearft Opera- 173 172 232
Collective tlons-Technical Assessment
Response

504-29-11 Acceptance of Aircraft Opera-

tions-Con=nunicy Noise 205 319 422

Measurement 504-29-11 Acceptance of Aircraft Opera- 532 409 404
Methodology tions
and Call-
bratlon

Noise Effects on Sleep 217 254 142
Subtotals

by Category Community or Collective Response 378 491 654

Measurement Methodology and Calibration 532 409 404

TOTALS 1,127 1,154 1,200



Table E-6

RESEARCH FUNDING BY AGENCY

(Page 1 of i page)
DEPARTMENT OF TRANSPORTATTON

(Thousands of Dollars)

Category Project Number Project Title Total Prior to

Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Work at DOC/ Foghorn Aversiveness 5
NBS (USCG) Study

Indlvld- AH-B-73-PSY-41 Field Study of Sonic Boom X 18
ual (FAA) Startle Effects
Behavior

Effects AM-B-73-PSY-31 Determinants of S_artle X 27
(FAA) Response to Simulated

Sonic Booms

O

(DOTIFAAIDOD/ Animal Response to Impul- 38 0
USAF) slve Acoustic Stimuli

Co_uni- Contract 036369 Measurement of Community 295 130 50
ty or (Trals No.) Noise and Associated Human

Collective (ONA) Response

Response

Subtotals Individual Behavior Effects 38 50
By Category

Community or Colleotlve

Response 295 __ 130 5_0

TOTALS 295 38 50 130 50

k



Table E-7

KESEARCN FUNDING BY AGENCY

(Page 1 of 2 pages)
NATIONAL SCIENCE FOUNDATION

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Inltisl Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Noise - GB-36652 Noise Trauma, 20
Induced Ototoxiclty and the

Rearing Olivocoehlear Bundle
Loss

8-72 Permanent Effects of X
Noise on Low and Mid

m' Frequency Ilearlng
I

Ol Interaction of Ototoxie X

Drugs with Acoustic
Trauma

Non- Ol Effect of Noise on X

Auditory Cardiovascular

Health Changes in Non-

Response Cardiac patients in
ICU

Ind_vl- GS-33216 Collaborative Research 34

dual Be- on Social Psychological
harlot Reactlons to Stress
Effects

GS-2405A @2 Collaborative Research 42

on Social Psychological
Reactlons to Stress



Table E-7

RESEARCH FUNDING BY AGENCY

(Page 2 of 2 pages)
NATIONAL SCIENCE FOUNDATION

(Thousands of Collars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76

GS-34329 Collaborative 39
Research on

Social Psycho-
logical Reactions
to Stress

Subtotals by Nolse-Induced 20

m Category Hearing Lossi

Non-Audltory
Health Response

Individual Be- 115

i harlot Effects

I TOTALS X 115 20

r



Table E-8

RESEARCH FUNDING BY AGENCY

(Page i of 1 page)
NATIONAL BUREAU OF STANDARDS

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 PY-75 FY-?6

Individual Psyehoacoustlc 64 98 117 142 140
Behavior Measurement

Effects Techniques

f



Table E-9
RESEARCH FUNDING BY AGENCY

(Page 1 Of I page)
DEPARTM£NT OF HOUSING AND URBAN DEVELOP_fENT

(Thousands of Dollars)

Category Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-78

Communl- Evaluation of HUH 200 185

ty or Noise Policies &
Collective Guidelines

Response Effects of Noise on 225

Community Development

Measure- HUD Urban Noise 117 253
' I

meat Herb- Moasurement System

odology &
Calihra- Development of Noise 175 50
tlon Attenuation Measures

Subtotals Community or Collec- 200 410

by tire Response

Category Measurement Method- 117 438 50

ology & Calibration
TOTALS 117 638 460

I

I

tJ



Table E-10

RESEARCH FUNDING BY AGENCY

(Page 1 of 4 pages)
U.S. ENVIRONMENTAL PROTECTION AGENCY

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Noise- lAG Evaluation of Effects 25

Induced of Noise Exposure
Nearing Combined with Other

Loss Stressing Agents on
Hearing & Performance

IAG & Contract Evaluation of Long-term 25 70
Noise Exposure on Nearing

i Differentiation between

Noise-Induced Nearing Loss

and Presbycusls

Auditory Effects from
- Moderate Noise Levels

Auditory Effects from

Intermittent Daily 600
Exposures

Longitudinal Studies of
Auditory Effects From

Noise Exposure



Table E-10
R_SEARCH FUNDING BY AGENCY

(Page 2 of 4 pages)
U.S. ENVIRONMENTAL PROTECTION AGENCY

(Thousands of Dollars)

Category Project Number Project Title Total Prior to Initial
Year Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Non- Interactive Effects %

Auditory of Noise and Other |
Health Influences

{Effects 700

Contract Studies of Non-Auditory 186"
Physiological Effects

Indlvl- IAG Behavior Correlation of

dual Varying Noise Environments 50 50
Beh_vlor

Effects In-House Vigilance Task Performance
in Presence of Intemittent

Unwanted Noise in Primates 10

IAG Time-Varylng Effects on Human 75

Response { 150

Effects on Task Performance

Noise Quality of Sleep & Effects

Effects Neleted to Psysiological &
on Sleep Psychological Implications 150

Contract Correlation of Foreign & 17

Domestic Data on Human Sleep

* 2 Year Period



Table E-10
P_EsEARCH FUNDING BY AGENCY

(Page 3 of 4 pages)
U.S. ENVIRONMENTAL PROTECTION AGENCY

(Thousands of Dollars)

Category Project Number Project Title Total Prior to Initial
Year Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Communl- Contract Improved Criteria for 59 62
cation Verbal Co_m_unication

i

Interfer- Prom Noise in Schools

ence and Home Environment

_AG Voice Levels & Environ- 25
mental Noise Conditions 200

that Permit Adequate

Speech Communication

Effect of Age, Speech
w Level, Hearing on

Reliable Communication

Com_unlty or
Collentlve

Response Effects of Noise on

Co_munity Response
Related to Annoyance

IdentifyEnvironmental 200
Noise Levels for

Determining Cumulative

Dose Exposures for Different
Population Segments

Identify Sociological Effects
of Noise



q

Table E-10

RESEARCH FUNDING BY AGENCY

(page 4 of 4 pages)
U.S. ENVIRONMEN_I'AL PROTECTION AGENCY

(Thousands of Dollars)

Category Project Number Project Title Total Prior to Initial
Year Indlcatad FY-72 FY-73 FY-74 FY-75 FY-76

Measure- Work at Instrumentation 24 32

ment Meth- DOC(NBS) & Measurement Systems

I odology & for Noise Exposure of
Calibration Individuals

Subtotals Nolse-Induced Hearing Loss 50 70 600
By Non-Auditory Health Effects 186. 0 700

I Category Individual Behavior Effects 50 135 150
Noise Effects on Sleep 17 150

m Co._unlcatlon Interference 59 87 200

Co_unlty or Collective Response 200
Measurement Methodology & Calibration 24 32

i TOTALS 24 377 309 2,000

I

• * 2 Year Period

r



Table E-If
RESRARCH FUNDING BY AGENCY

(Page i of i page)
DEPARTMENT OF AGRICULTURE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to Initial
Year Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Domestic 0057475 The Effect of Noise X X X X
Animals & SC-00945 Pollution on the
Wildlife Fowl

Table E-12

•ESEARCH FUNDING BY AGENCY

DEPARTMENT OF THE INTERIOR
BUREAU OF MINES

(Thousands of Dollars)

Category Project Number Project Title FY-73 FY-74 FY-75

Co_nunlca- GO 122004 Aspects of Noise Generation & 1 0 0

tion Inter- Nearing Protection in Under-

ferenee ground Coal Mines

GO 133026 Study of Roof Warning Signals & 71 8 0
the Use of Personal Hearing

Protection in Underground Coal
Mines

Subtotals for Com_unleatlon Interference 72 8 0

Measurement SO 144091 Portable Calibration Instrumentation 0 15 0

Methodology & for Audiodos_meters--Feasibility
Calibration Study

Agency Total 72 23 0



APPENDIX F

PROJECT LISTING BY CATEGORY

Table Cat@gory PaLe

F-I Nolse-lnduced Hearing Loss F-I

F-2 Non-Audltory Health Effeecs F-lO

F-3 Individual Behavior Effects F-13

F-4 Noise Effects on Sleep F-17

F-5 Communication Interference F-18

F-6 Do.unity or Collec_ive Response F-22

F-7 Domestic Animals and Wildlife F-24

F-8 Measurement Methodology and Callbr_tlon F-25



Table F-I

NOISE-INDUGED }IFJ_RINGLOSS

(P_g_ I of 9 P_ges)

Reported Punding, Thousands of Dollar_

A_ncy project No. Project T_le To_a! Prl- FY I_ FY _ _ F%' FY W

o_ to Inl- 72 73 74 75 76 77 78 79
_nl Year

Indicated

I_4/ 4403-12 (Gront) Su_eptlbility to

NI_S Hearlng Loss _20 45 47 49 51

5785-O9 (Gr_nt) C,_u_e_ of Deafness 2,_80 365 387 413 440

_01 NS 0_856-iI Auditory ¢o_munlca- 3.773 _ 461 _ (586> I (59s) _ (615) _ (513) _ (64_) I
(Grant) _ian_ and _t_ D_s-

_-09983 Noi_ Effe_ on Aud_c- 3_ ._7

f_ran_) gr_m ,rid Cachl_a

Plann_d Econom:_c and Social I_ -_ O 150 300 300

Con_:_ac_ p_ct.s of .No_.s_-rnduced
llearl_,g Los_

NS-74o0OO1 Sff_ of No_e an _ 20 O 0 O O

(Con_r,ct) Children

I_-hou_e Laboratory _f Ot_lary_ o_ 28 I5 15 20 21 21
Ilesearch golo_y

Planned work E_Rer_mental S_ud_es 0 0 0 0 340 550 500 600 350
o£ Effects of Noise

on Young Ears fPrim_te)

_ProJ_t [un_ing covers work _.*1 other categories and _._ not Included in _:otal_.
Initiated _n g'/ 75 only if add_lo_lal [und_ become awif],ble.



Table F-I

NOISE-INDUCED HF_RING LOSS

(PaRe 2 of 9 pages)

Reported Funding, Thousands of Doll_cs

Agency Project No. pcoJoct Title Total Pri- FY FY FY FY F¥ _ FY FY
or to Inl- 72 73 74 75 76 ?7 78 79
ti_l Yenr

Indlca_d

IIEW/ PlannQd work Audltory Responses in O 0 S O 120 250 400 440 500

SINDS Qule_ and Nolse A_ong

Very Young Children

Planned work Presbycusls O 0 0 0 0 O 40 125 250

Planned work Auditory $ensltlvlty 120 IOO 330
and _i_crlmination

Among C3_ildren Livln_
in Nalsy Envlronmen_s

Suhtotal_ 2,7_7 447 482 1,057 1,756 1,590 1,486 1,121

I1_/_ Evaluation of _[earing _ (75) _ 79 104 I
SLOSH R_sk due _o Industrial

Noiae

Shoot Tern phystcal 3 (35) _ i0 0
Agen_ Research: Coal
_line Noise

_NIO_I] does no_ use _he te_ "project" for this level oE cesea_ch _=t lvl_y,
pcoJect tl_les were not _he s_In_ _n P/ 73.



Table F-I
NOISE-INDUCED iIEARINGLOSS

(Page 3 Qf 9 Pages)

R_po_ed _ndlng, Thousand_ of Dollars

Agency pro_ect No.t ' P_oJect Title_ Total Prl- FY _ t_Y FY1 FY FY _"/ FY
or to Ini- 72 ?3 74 75 76 ?7 78 79
t_al Year
Indicated

HEW/ Noise und IIe_rlngin 0 O 41
NIOSH _he Paperworklng

Industry

II_ 90-72-125 Evaluation o_ Industrial 40
AecouRt_= I_d_at_oI_above

l(t KI_z

•w _SM 99-72-32 l,rs a_d TTS R_s_1_t_n_ 24
from Indus_c_alNoise
Exposure

Erb4BO FOC. E£fec_s of No_se a_d 213 X x x

_ign Currency Vibrn_£on o_ Health 7/68-
A_r_ement No. o_ Woodcutters 9/74
0_-005-3

EC_4B0 For- .ExDosureto NOtB_ in 99
e£_ Curcency the cotton and FLnx 7/71- X x x x x
A_reem_n_ No. T_xtile Indust_ ?/75
03-002-O3

Laboratory Studles of
No£_-Ind_ced IIearlng
Loss 87 91

_NIOSH does not uae the term "project" for th_s leve_ o£ re_earch activity,



T_blu F-I

NOISI!-INDUCED IfEARING LOSS

(Fage 4 of c; pagan)

Reported Funding, T]lousand_ of l)ol]ar_

A_ency Project No. _ ProJec_ 'F_IJ Total _rJ- I_ _' F_' FY I _' F_' /A' FY
o_ co Into 72 73 74 75 76 77 78 79

t_l year

IzldlcaC_d

][EW/ Combln_d EfE_cts o_ (_)_ I_

N_OSH NoLle, Work aod }lea_ on

_lum_n He_rlng 1

HSM 99-72-131 Aspe_t_ of Ear Toler- 50
anc_ _o Nols_

N_OS}I-LA-73-6 _ahoracory _n_ Ft_Id
Study of Imp_ _o_s_ _O

Gr_n_ (OEA) Damage ]_Isk O_teri_ 56 4? _l
ROI-OHOOQ350 for Inc_rmi_c_n_ No_

E_po_u_e

PL-_80-For- Nals_ and Heac Ef_ I_7 _ × × x

e_gn Currency on _I_n 5/72-

A_re_men_ NO. _/77
05-O1_2

_r_n_ (OF_) E_fe_s o_ Impu1_e 91 69 7_

IROI OH 00364 Nols_ on _h_ Audlcor_,

System

2NIOSH do_s no_ uae _he term "project" _or _h£s 1_vel of r_sear_h _e_v_cy.

_Pro]ec_ _Ie8 w_re _oc _h_ s_me _n FY 73,

,ll " _ ....................

nJ....



Tablo F_I
NOIS_:-INDUCgD ]I_RING LOSS

(Pago 5 of 9 pages)

Ropor_ed Funding, Thousands of Dollar_

_gen=y ProJec_ No° Projec_ Till0 Tot_ll Pri- FY FY FY FY 1_ FY FY FY
or to ln_- 72 73 7_ "_5 76 77 78 7_
tial _r
Indicatod

H_/ NIEI$-E_-O02 Invee_iSe_on of Ilear_ng 25 25
•_IE_ Lo_a Threshold Curve for

Youn_ vs. _ture Anl_,_ls

,_E_-_°002 Combined Ef/e¢_ of _oi_ 20

_ud_to_ Thre_bol_

ROI°E$- 959 Combined _pulso_ _1 4_ 4_ _5

_udSt_ry E_fec_

NIEI_S-_-O09 _dent_f_ca_on o_ _y- 8 29 29 39 29

etolog_cal Dys/_nctton
_n Neurosen_or_ ]learin_
Loss _nduced by Oto_oxlc
A_en_s

N_E_-_-O08 Physiolog_cal S_udy of 8 26 2_ 25 35" .

Auditory Fa_t_u_ (In-
ducad b_ NoLae

_0L-_-2110 Interaction of Nolle 100 100 100

and O_oto_c DrtL_s on
_learin_ LO_S £n

___=_ _............. .. .... _ ........... _ _,.__._._.._._,_. • _,._,.,w_.._. t

I
L



Table F-I
NOISE-Z_UCED ]IF.ARINGLOSS

(paga S of g l'ages)

R_port_d _ndlngj Thousa.ds of Dollars

Agency FroJect No, Projec_ Title Tocnl Prl- FY FY FY FY FY FY FY FY
or to _nl- 72 73 74 75 76 77 78 79
tlnl Year
Ind£c_ed

DOD I_OA-6082 N£1£_ary _er£ormance- x
(USA) Trnu_Ic Orlglns of

He_r ing _oBs

DNOA 4956 R_In_1on_hlp of ]lesr- 62 6fi
(USA) £ng Chanse to _cous_Ic

InpuCs

DAOC 702B Prsv_IQnc_of ]learln8 20
(USA) Loss wL_hlu S_lected

U,S° Army BrarLches

DA0_ 7030 Hearlng Canservac_orl 46

In_on and No£_ Susc_p_-
bl11_y In _hQ _[£11_ary•

D_123487 _or_n£cnt _ons_ H_nrlng 20
(_SN) of _va! _rso_nel aa

Func_lon o_ No_e

Expo_u_

_24000_ Study of An_c Changes 10 19
(_SN) in N_dl_ Ear Assoclated

w_th Nalse-_nduc_dSAar-
Ing Loss and A_ous_la
Tr_u_

_f



Table F-I

T_OISE-INDUCED ][F_JI[NCLOSS

l_por_ PL1nditlg,Tllou_ai_d_ o_ Dol]nr_

Agency Project No, P_ojee_ Ti_l_ To_al P_i- FY FY _ _'Y FY I:¥ FY FY
oI: to InL_ _ 73 7_ 7_ 76 77 78 _'_
t_a! Year

_ndie_ted

_OD _N-340059 Hiddle Ear Compliance 8 13

(USN) and Its R_latlonshi_ _o
Hili_ary _ela_d Noi_e-

Induced ]learing Lo_
_lld _,_oustle Tr_im_

(USN) Ing Loss Amon_ Wrlou_
"_ Navy R_l_ted Personn_l

DN 140504 Developlnent of D_ge 20 25
(USN) Ri_k Criteria an_ IIn-

bft_ilit_ Standard

for _xposuro to So_ar
Tr_n_mlss_ons

_F-_I1550 Effects of _oise on 20 49
(USA_) Air _orce _sonn_l

in Operational EL_o
V _op_ilent_

DF-314t40 Research on i_erm_nent 2

(USAF) _nd Temporary Shlf_ in

H_aring Threshold Produc-

ed by Exposure _0 Air



Table F-I

NOISE-INDUCED HFJIRING LOSS

(Page 8 sf 9 Pages)

Reported Funding, Thousands o_ Doll_r_

Agency Project No. Project Tftlo Total Prl- _ FY FY FY FY FY IV FY
or to Tni- 72 73 74 ¸ 75 76 77 78 79

tfal Year

Indlcated

DOD DF-313060 Auditory Nesponses to 24 22

(USAF) Acoustic Energy Ex-

perlenced in A|r Force
Act£vi_fes

DF-317610 lhlman Subjects for Opera- 3R 35

(USAF) ring Acoustlc Research

Sub_o_nl_ 248 301 301
0m

NSF GB-36652 Noise Trnu_, Oto_ox- 20

Iclty nnd th_ Olivocho-
chlear _lJndle.

8°72 Permansnt Effects o£ x

Nolsa on Low and _Rd

Frequency }I_rlng

01 Interaction of Ototoxlc x

Drugs wlth Acoustic
Traunm

Subtotals 20

* DOD FY 75 data estimated the sam_ as FY 74.



Tit[lieF-I

NOISJ_-IND[ICED HF.ARING _OSS

(page 9 o_ q PI1ges)

R_ported Fuud_nl_, Th_u_i_nd_ of Ilo1_ars

A_ency ProJec_ No. Projec_ TL_Ie 'L'_tI_LPrl- _ _ I"Y VY FY FY _ F_'
or _a In_- 72 73 7_ 75 7_ 77 78 7!_

tlal Yenr

Indicated

E_ IA_, Eva1_auLon of Eff_c_ 25

o_ _qil_ ExpoBur_ CoI1_-
bLnell _Lth Other Str_._-

lu_ A_,n_s oll l_e_rln_.

IAG and Evalun_£_n o_ Lon_-Tcrm ;_ 7'._

Con_ac_ No_s_ Expo_ur_ on _l_ar-
Ing

DLE_er_nt L_tlon Be-

tween Noi se_ Induced

l[_arlng Lo_s and Prosby-

_uditory E_fec_s from
Hod_r_ No_se L_Wls 600

Auditory Effects from

po_ur_s

L0ng_ud£nal S_ud_es o_

Auditory E_Eec_ from

Nolso Exposure

Subtotals 50 70 60_

Tota_ for Mols_-

Induced _I_ar_ng Lo_ ._1737 54 IoOS_ 1,_66 I,_79 2,57_ 1,690 1,5_I L,121



Tnb].u F-2

NON-AUDITORY IIPALTi[EFFECTS

(FUSe I of 3 Passe)

"RepOrted Fundlngp ThoI1sand8 of Dollars

Agengy p_oJect No. 2 Project Title _ Total Pri- FY VY _ FY l FY I_' F%' F?
or to _nl- 72 73 74 75 76 77 78 79
tial Year

_ndic_ted

}_W/ Extra-Audltory Effects 42

NIOSH of Nola_ of Consequence

to Worker Safety and
Health

Effects of Noise o, 78 2[

Non-Aud&tQry Sensory "

Functions ,,d perform-

anCl_

llealth Impact of i[ndus- _:ew
trial Noise

Effects of Noise and 30
IIeat on Health of Workers

itl Metal _'nduat_'y

Subtotals [08 42 2]

I'_st ll_at ed ,'
_NZOSH dOeS not use _he t_rm "project" for £h_s level of research activity.



TIIbl::1_-2

NON-AUDITOkY IP"_LTIIKFFECI',q

(l_a[_t_ 2 of 3 Pagus)

Eeported Fulldln_j Thousand8 of Doll_Jrs

Agoncy Pl'ejoct I_o° Projac_ Ticl_ To_LI Prl- FY FY ]_Y F? FY FY I:Y _Y

or to [n£- 72 73 74 75 76 77 7_ 79
t_al Yoac

Indicated

_lh_/ NIEHS-En-OII Effo=_ of No£se on 16

NIEi_S co_t _co._toroue S_-

crot_on lu _I_o r_a_

NIEHS-EB-OI2 Nolso Pe_orpho- 12 8

nu=lear L_llko_yte
Ftln_t _on

NIE_IS-EE-OI3 Noise o_d Cell_od[- 2_ :'4

_ed Ir_nuni_y

NIE_IS-EB-{}O4 Noi_e in _he Hospital 8

NIE_Lq-ET-OO3 Terotogen_c E_e_t_ of [0 8

No_o Exposure ond

_eprlvat _on

Subto_al_ _ 66 40

_I_/ Pl_nned E_fe¢_s of No_se on 120 200 ;75(I 40_

NZND$ Work Susceptibility _o

120 200 250 400



Table F-2

NON-AUDITORY IlI_ALTIIEFFRC'I'S

(Pa_e 3 nf 3 PaI_us)

A_ncy project No. Pro_ec_ Title To_al Prl- FY FY FY [=Y FY _ J'Y I.'Y
or Lo I_IL- 72 73 7_ 75 76 77 7B 7_

_Inl Yenr

IrDdfcate_]

I)OD DR-3t3120 I_rctl on !_c_i_nn_i_ ]O
Con_r_c_ of V_AtII_iJlar .gypSum

F33615-69-C- to Acmi_tic S_|m.iL

1246 (USAF)

Sut_Cot_Is IO

N,_F 01 I_ff_cL _ No_se c_C_ril[ova_cu_r Chan_s
Ln Noi_c_rdi_c P_CLents

i_ I(:U

EPA Interactive l_ffec_s of 700

N_i_ _nd Ochcr I_-

f11Lence_

Con_r_c_ S_udL_s _f N_n°At1_itory IB6_I:

Phys_o1_gLcal ['.'ffee ts

Subtotal s 186 0 700

To_al_ _o_ N_n-_udLtory 126 29_ 61 820 200 250 _00
i_e_ic]__ffect_

_Projec_ _unda_ f_r 2 y_r p_rio_i



1'able ]'-]

[NI)]V_DUAL B_FLAVIO_ EI_FCI_.'I'S

Reportud Fundlngp Thousands _f Bo[lnrs

ARmlcy Project: No, 1 Project TICl_ i To_al Prt- FV FY FY F¥ F_ F? F¥ !'Y
or to rn£= 72 73 74 75 7_ 77 "_8 7q

_lld [cared

_lr_/ Gran_ _0). Eff_ct_ of 'rllre_ 8
NIONI[ 0}[-00366 Sound I_nvLronmon_s

on [[ulllan }hl[l_v[or

_ol_t R0[ NoLle _ll_d IhlI_n _r- 2(I
Oli-{i0365 £_l:m_nc_'

NoLle hnd D*du_l'r_a_ N*_
acctdmlts

Subtotal_ 28

I NIOSI[ doo._ uoc u_o the ten. "pro]occ" for thfs l_vol of re,catch actfvlt 7,

DOD DAOl1=4955 Improved Reopen Noise 62 b6
(USA) Exposure Criteria

DN 8t_0511 Opr/mtzatLon or _o,.- sa 44
(usR) ron,_.c_, in Submarines

D,_l 0407].1 Opetm£zaC_on of audt- 40 35
(USN) tory performm_eo in

Naval Aria Lion



Table F-3

INDZVIDUAL BE][AVIOS EFFELN'S

(Pn_o 2 of 4 pa_es)

Roported Funding, Thousands of Dollars

Agency Project No. Project Title To_al Pri- FY FY FY FY FY FY FY RY
or to In£- 72 73 74 75 76 77 78 79

tial Yoar

Indicated

DOS DR-313100 S£multnnoous Exposur_ 7 3

(USAF) to Acoustic Energy nnd
Other Str_ssors Found

in Air Force Envlron_

m_nts

DF-313070 Whol_Body Effocts of x 24 18

(USAF) Air Forc_ Nois_ on

T- P*ople

DF-028540 Research OE_ Intermlttent x 46

Contract Noiso Effects on Air

AFOSR-1822- Force Target Detec-

69 (USAF) tlon T_sks

Subtotals 233 166 166 _

}DOD FY 75 data estlmated the same as FY 74

DOT AD_B-73-PSY-41 Field Study of Son$c x 18

(FAA) Boom Startl_ Effects

AD_B-73-PSY-31 Determinants of Startle x 27

(FAA) Rospo.se to SimulRted

Sonic Boom

, ,,,,,,,,, ,.

H



Table F-3

INDIVIDUAL BE]_VIOR EFFECTS

(P,ge 2 of 4 Fag,_)

II_portc_dI'undLn_, Thousands of Dol_i_

Agency Project Nc_, Pro i_ct T1.t_a To_al [_[- FY _ FY FY FY I_Y F_ FV
L_r to Ini- 72 73 ?_ 75 76 77 7_ 79

_i_l Year

Ind_¢nt_sl

DOT DOT/TAA/DOD/ AnLIml II_._pon_e_ 38 0

AF Impuls £,.,_Acoustic
S_imuIL

IlorI_at_ DOC./ Foghorn Av_rsiv_n_ss

NSF GS-3_216 Co|.labo_at lye Research _

on So=ial Psycholog£cal
Reactions to S_rcss

on So_la_ Psy_hologlcal
Re.actions _o S_re_

_S- 34329 Collaboratlve Research 39

on So=£_l Psychological

Reac_iona _o S_r_ss

NBS In-house Psychoacous_ic _I_asu_e- _8 17 142

me.n_ Techniques

N , ,



Table F-3
INDIVIDI_L BEI_VIOg EFFECTS

(page & of 4 Pages)

Reported Fundlng, Thousand_ of Dol|_rs

Agency Project No. Project Ti_l_ To_al Prl- FY F¥ F¥ FY FY FY FY FY
or _n In! 72 73 7_ 75 76 77 7_ 79

tial Year

Indi_ntod

EPA L4G gebavloral Co_rel_t_s 50 50

o_ Varying Noise En-
vi_onman_s

_n-hous_ Vi_[lance Task Per- I0
fotmanc_ in P_s_nc_

of _n_rmi_te.t Un-

wanted Noi_e in pri-

nt matQB
0%

IAG Tim_ varying _£f_ctS 75

On human r_spons_

Effects on Task Pe_- 150

forman_e

Subtotals 50 135 150

To_Is for I.di- 217 381 361 44_ 290

vi4u_1 _ eh_vlo_

Effects

2



Table F-4
NOISE EFFECTS ON SLEEP

(Page I 0£ 1 Page)

Reported Ftlnding, Thol_nd_ of Dollurn

Agency P_oJect No. Project Title Total PrI- FY FY FY _' RY FY F¥ FY.
or tu Int- 72 73 74 75 76 77 7g 79
tial Yc_r
Indicated

NASA 504-O9-02 t]uman Rcepon_e to 217 254 142 _50 150
the A_ronnutical En-
vironment

gubtotnls 217 254 142 150 150

EPA Contract quality o£ Sleep _ 0 17
Effects R_lac_d to
Physiologzcal & P_y-
ehological Impl_ea-
tionB

Eo_te_atLon of FoteL_n
and Domestic Dat_ on

NotoQ Effects on 5I_p

Subtotals 0 17

Totals for Nol_ Effect_ 217 254 159 300 150

on Sleep

, rll



'I'n_IQ F-5

CO_MUN _U,AT ION INTI_RFERENCE

(Pa_ I of 4 pi1_)

rlepor_ed Fund_n_ Tholi_nnd_ o[ DolIQr_

_gency Project No. projQc_ Tttle To_l Pr_ FY FY F_' FY FY Fy FY FY
o_ _o Ini_ 72 73 74 75 7G 77 78 7_

tf_l Y_ar

Indlc_d

_/ NS-0790_07 IIolse-Znduced D_nf- 4_i 79

N_NDS flees: Maskfng and

Speech Perception

NS_74-2322 Dewlopm_n_ o_ T_t I_O lO0 i00 I00

(C_n_rac_) Ine_rumen_ £o_ A_-

¢r_mi_on i_ NoLsv

_e_e Tr_n_mlss Lon 0 O O 0 _ O 0 130
fn No_se

_ubt_c_ls 461 7_ 140 [_0 0 I00 I00 230

DOD DAOA° 6085 HiltL_ry P_r[_rm_nce:

(USA) Auditory p_rc_p_on

a_ _Bychoph_Ic_

(USA) _]uma_F.n_n_e_fng

F_e_or_ A[fecLLn_ _-
form_nce

L -- ..............•...... ... .__1............ ............

/



9'abte F-5

COI_ET_[C.J_'£TON INT EI{FERENCE

(Page. 2 of 4 Pages)

(_ported Funding, Th_l._ndl_ of ho___r*_

Agency P_oj_ct No, Proj_c_ Tf.tlo Total Pr_.- FY FY FY FY FY PY FY FY
_r to Tn_- 72 T3 ?4 ?_i 76 77 78 79
tia]. Yoa_"
ll_dLca_d

DOD DN-O40713 Opt tJn£zat £ou of 40 40
Speech Coat, tun _.ca-
_Lons _n N_'la_ Avin-
t I.Qn

_t_) l)evelopment of _udL- 30 33

,_ _o_y Screening a_d

._t_nd_rd_ _ox ¸ Sub-

_/.ne/Shiphoard
Personnel

(USN) Sound Comduc_£on Ln 26
th_ Ear Af_ec_Ln_ M_l£-

t_lry Cu_nui_ f.c_. t:L_n _

DF-3116_O A_se_sment of H_rf._g 28 36
(USAF) Ln Fly_.ng P_sonnel

Subtotals 124 109 109 _



Tabl_ Fo5

CO_ErNICAT ION INTERFERENCE

(Pa_e 3 of 4 p_es)

R_ported Fundln_, Thousand_ of Do_Inrs

Ag_n=y Project No. project Titl_ Total Pr[- FY FY FY FY FY FY FY FY
or to Inl- 72 73 74 75 76 77 78 79

ti_l Year

Indlcat_d

EPA Cont tact Improved Crlterla 59 6_
for V_rbal Con_fluni-

=atlon from No_se in

School.s and Hom_ En-

vironment _

IAG Voice L_v_18 _nd En- 25

v_ronment_1 Nois_ CondL=

i _ons Th_ P_rmi_

Adequate Speech Cm_uni-

Effec_ of Age, Speech 200

L_vel, li_ring on Reli-
_ble Corm_unl=_tio_

Sub_ot_is 59 87 200

DOI/ G0122004 Aspects of Nois_ _n_r- l O 0

BuMines _fon & IIearing pro-

_ctLon In Umd_rg_ound
Co_l Min_s

G0133026 S_udy of Roo_ W_rning 71 B O

Signals & the U_ of

P_rson_l H_nrin 9 pro-

to¢_or_ _n Underground

Coal Mine_

_ w___-- r



Table F-5

CO_N ICAT ION I_[I'EIiFERENCE

(P_R_ & of 4 Pap.t_s)

R_por_d l_ndin_, Thou_a.ds of DolIar_

A_y p_oJe_ No, Pco_c_ Tit_e Ta_al Pri- IX IX IX [_! I_ FY IX IX
o_ _o In_- 7_ 73 74 75 76 77 78 7_

_[al Year

_41caced

Sq*b_otal_ 7Z 8 O

c_t _on In_nr fe_oc_ 461 675 316 296 200 I00 IOU 230



'l'_ble F-6

CO_IUNEY OR COLL]!CI'_I! RI_SI_ONSI'."

(pn_e [ o£ 2 P_g_s)

Reported Ftlndin_. Th_Ll_ands _ Dol]a_l_

Agency _roj_c_ No. Pro lec_ Title Tel:al Prl- _' _' ]_ I_' F_' l."l' ]'Y F_'
or _o _n_- 72 73 74 75 76 77 7_ 7{)

Incl lcnt_d

DOT Con_r_e_ _fe_surelnent oE C_lr_ 295 131} 50

036369 _mfty Noise _nd Assc-
_Tr_s No.) cLu_d _li_n Response

$ub_o_s 295 [_10 50

N4SA 504-29-01 Acc_p_,n_0 _ _l_o 17_ [72 212 160 If,fl
cr_f_ 0peta_on_ Te_h-

50_-29-11 Acc_p_nc_ of A_rcr_ :!(15 319 _22 "_U 150

Sub_o_[_ 378 491 6_ 5]0 5_0

DOD D_ 313140 Eff_c_ of _ Forc_ {2 O 0

Noises on Pop,ill,ion
Sur_ollnd_ng Al_ _aes

Sub_ot_|_ _2 l) 0

I



1'able F-6

COMMU)IIEY OR COLLEC_'IVE RESPO_:SE

(P,_Bc_2 oC 2 l'nges)

II_iJortedFL1nd_n_, Thou_nd_ nf [loli_rs

A_ency proJrt_ No. Pro_ct Titl_ T_t_l P_L_ FY _ FY E_ FY _ I'_' FY

ti_l Y_nr

Indicat _d

EoL_e Pulicle_ and

Cuid_l Ln_'_

E_fect_ of NoLle on _._5

Co_i_n_ty D_ve_opme_

t_

EPA F,_ect_ of _oi_ _n

C_ula_i_ D_ Ey,po-
sures _or D|_er_

Sub_o_aL_ _.I_O

T_tal_ £oc COc_unlty

o_ Coll_ive Re_pone_ 29_ 4LO _I 1,114 _.00 51Q

L

*:..... k •



'['able F-7
DOMI_STIC ANINALS AND I¢ELDLIFE

(l'a_e I o_ I page)

R_porLed rondln_, Thousands of Dollars

Asen=y ProJec= No. ProJec_ Tf_I_ To_l PrL- I'_ l_ F_' FY E_t FY I_t FY
or Lo In£- 72 7] 74 75 ?6 77 7_ 79
tial Year
_nd_cated

DOA 0057_75 The Effect of _'olse _ × x

$C-00845 Pollution on _he
Fo_l

i



T_bl_ F-8

_II_SUR_II_ _I]_IIIODOLOGYAND G_L_BI_TIOI4

(P_o 1 of 4 P_go,_)

ltep_rLe_ _ndingp Thou_nd_ o[ Dollnr_

Agency Project _o, 7 Projf_ct _1_ _ Tot_1 Pri- I_Y FY FY F_"1 _ _' b_' ._Y
or to Int- 72 73 7_ 75 76 77 78 7_

_I(ISII "[ndu_;l:'.'i i11 _ ud f,lme _;- _! 52 b.O



Tabl_ FoB

NEASUR_IENT METHODOLOGY _ND CALIBI_ATION

(PagQ 2 of 4 Pag0_)

l_epo_t_d Fundlng_ Thousan4_ nf Do]Inrs

Agency Project No. P_oJe¢_ Titl_ Ta_al Pri- FY _ FY I_' FY FY V_' FY
o_ to Ini- 72 73 7_ 75 76 77 78 79

_[al year

flEW/ Mea_uremen_ of Oc- 32 4_ 28

NIOSH ¢upa_Lonal Nolse

SuStot_IB 63 96 108

DOD I DAOD-5739 Research on psychO- × 85 195

(USA) ac_ustic_l Problems

Medlcally Slgnlfl-

cant to At_y Av[at_o.

D_612146 Airborne Noise Crlcer_a 69 74

(OSN) for Ships and Sub-
marln_

DF _13020 _echanisms o_ No£_ ten- _ 2

(USAF) ¢r_tlon and R_cep_ion
_s Rcl_ed to Air Forc_

Bioacous_c p_ograms

DF _I_030 Bioacouatlc Environments 92 68

of USAF Aerospace Systems

DF 317570 _ioenvlronmen_al Noise

_esearch Program

;DOD FY 75 data e_=l_ced the _m_ as FY 74.

,,,,,.,



Table F-8
bIF_SURE_IENT M[_711ODOLOGYAND CALIBRATION

(page _ o_4 _s)

I_port_d Funding, Dollars

Agency Project NO. project Titl_ Totnl P_i- FY F¥ I.W FY FY FY F¥ FY
or _o In_- 72 73 74 75 76 77 78 79
_ial Year

Indic_ted

DOD DF 314500 D_wlo_en_ and Up- 3_
(USAF) dating of Air Force

Land Use Planning

Procedure with Re_pec_
to Aircraft No_se

DF 316600 Measurement and Analysis I3 15

(USAF) of Airc_a£t Nol6e En-
vironments for D_v_lop-
ing New Air Forc_ Pro-
c_dur_B to Fo_ca_

Noise E_posure

[
Subtotals 337 354 354

IDOD F¥ 75 d_t_ _s_imated the s_ au FN 74

HUD Ilud Urban Noisa Me_sure- 1_7 263

m_nt System

Developm_n_ of Noise At- 17_ 50

Subtotals _17 438 50



Table F-8

MEASUREMENT M£'fi(ODOLOGY AND C._.LIBEATION

(Page 4 of 4 Pa&=8)

Re_orted Fu_dino, Thousands of Do_lars

Ao_ncy Project No, project Title Total Pri- _ FY F¥ FY FY FY FY FY
or to [hi- 7_ 73 7& 75 76 77 78 7g

ti_ Year

Tndicated

NASA 504-29-I1 Cba_act_riz_tion of 532 4Og 404

V/STOL Noises

EPA Work _t InstrumentatLon nnd 24 32 O

DOC/N_S DIeasurement Systems
for Noise Expooure of
[ndlvidu_ls

7
DOI/ 00144091 Portable Calib_tion 0 15 0
B_ne0 _n_rumentatlon for

Audlodos_metere--Fea_i-

b_llty St*_dy

Tot_s for M_surem_nt

Methodology & C_l_bratlon 1,073 1,344 9L5



m

APPENDIX G

ADDENDUM

This appendix is included in the interest of being complete. It
contains a project received too late to be incorporated into tile report.

The project would have been considered in the measurement methodology

and calibration category. Fiscal data in the report do not reflect
the funding for this project.

I • I



Prediction and Reduction of the Noise Impact
Within and Adjacent to Army Facilities

US Axmy Construction Engineering Research Laboratory

ProjectNo: 896-O6-001 1 July1974

i. TECHNICAL OBJECTIVE: To develop methods to quantltativoly prodlot
the noise pollution impact of Army operations, including blasti_ig, heli-

copter operations, industrial plants, ann transportation, on civilian
and military populations and re develop an_ assess means to reduce the

noise impact of such operations.

2. APPROACH: In conjunction with other Army and governmental agencies

such as the Environmental Protection Agency, the means to predict the

noise impact of Army activities and/or facilities will be created and
tested. The prediction will he a composite of all noise sources and will

form "equal noisiness" contours which can be overlayed upon land use maps
to graphically expose incompatible zones. Based upon the predictions,

operational and physical means to reduce the noise impact will be con-
sidered and evaluated for cost, effect upon Army operations, and effec-

tiveness in noise mitigation.

3. PROGRESS: 7S 07 to 74 06. The noise prediction model for blast noise

has been completed and initially tested. Field noise measurements have

5nnn completed on the Army inventory for rotary wing aircraft. _%en ana-
lyzed, this data will 8° into the Tri-Servlce Aircraft Noise Impact Pre-
diction Computer Program and enhance the Army's ability to predict noise

impso_ of =otary wing aircraft operations. Construction has b=gun on
u_.mann_d noise _nitorlng equipment which will be placed in the environs

of a fatillty to tsst the noise impact prediction technique. Work has

be_n In, flared to qusntlfy the human reaction to blast noise into terms

and units =ooognizsbls and relatable to other noise sources.

4. OVE_ALLP_:

n. Thm _ann to predict and reduoe the noise impact of military fa-

cilities will be afeared. One physical measure will be used to rate all
of the various noise sources from the following classes:

(i) Blast noise;

(2) Fixed wing aircraft;

(3) Rotary wing aircraft;

G-2



(4) Mobile equipment;

(5) Fixed equipment and installations.

To the extent applicable, measures recommended by the Federal Environmen-

tal Protection Agency will be employed.

b. This work is patterned after Air Force work on the prediction
of noise impact from fixed wln_ aircraft. Essentially an iterative

procedure must be followed for each of the above clssses of sources
(except fixed wing which the Air Force has completed) in order to de-

velop an accurate prediction method.

e. Actually there are two predictions involved; physical and psy-

choacouetlecl with the psychoacousticel prediction based upon the results

of the physical prediction. Thus, in the iteratlve testing for accuracy
two specific tests must be employed; one for the overall physical pre-

diction, the other for the predicted psychoacoustloal response of the

community.

d. The following program steps must occur within each class of
sources in order to create an accurate prediction submodel for that class.

(1) First of all, a trial noise impact model is created for the

class and a computer prediction program is created based upon the model.
Initial deficiencies In the data base are identified. These data de-

ficiencies are of two types: psychoaeoustlcal data and physical data

which include data about the source s the path, and hhe receiver.

(2) Documentatlon is prepared for the computer program explaining
its use. This documentation includes creation of a manual that informs

faoilltles of the manner in which they are to compile operational data

for submission into the computer program and subsequent generation of

impact contours, ereatlon of an operations manual dealing with the use
and operation of the program, and creation of a programmers manual deal-

ing with the detailed program description stlch that other military ac-
tivities can implement the program at various data processing centers.

(3) Compoter generated results are obtaleed for use by the various
installations and for testing the accuracy of the prediction. Bused

upon the prediction model and the computer programs a manual is created
so that the facilities are able to interpret the computer results and

can understand the noise impact that their facility creates.

(4) Electronic instrumentation is created which monitors the phy-
sical (acoustical) energy arriving to various points in space. This

measured energy is compared with the physical prediction. Discrepancies
• in the prediction dictate the need for slteratlon of the model and the

need for addltionsl physical data.



(5) Community surveys are conducted to assess the community re-

sponse to its acoustical environment. The results of tile surveys are

compared with the prediction of the community response. Discrepancies
in the prediction dictate the need for alteration of the model and the

need for additional psychoaeoustlcal data.

(6) A manual is prepared on the means to lessen adverse noise

impact.

(a) These means include a variety of methods such _s scheduling

changes, location of changes, orientation changes, equipment changes,

attenuation structures, attenuation devices, and land us_ changes.

(b) All of the mitigation methods are evaluated with respect to

the attributes of ability to reduce noise impact, cost, and impact on

Army programs.

e. As the submodels for the various classes of sources are created

and tested they will be combfned into a single overall prediction model

with its associated computer program and implementation manuals. These
manuals are similar in nature to the manuals described above but deal

with the entire prediction rather t|mn subclass.

5. WORK TO BE ACCO_LISHED IN FY 75:

(i) Analysis and reduction of physical dn=a including:

(a) Correlation of 20,000 blast data with BOO weather-sound velo-

city data points. (December 1975)

(b) Reduction of rotary wing data into raw i/3 octave data and
into units which correlate w_th human response. (April 1975)

(2) Adapt and create software for using complete rotary wing air-

craft data using the Air Force Program as a point of beginning. (Air
Force Program onl 7 considers frequency above 50 hz - helicopter may

pmak a_ abopt 25 hz_) '(February 1975)

(3) Psychoacoustical tests and data analyals including:

(a) Results of rotary wing test. (December 197_)

(b) Results of pilot blast noise tests. (January 1974)

(4) Umar manual to describe form and presentation of helicopter

data to the computer from the installation will be created. (July 1975)

(5) Pregra_er and opera,lens documentation of the blast noise

computer program (contour portion) will be created. (February 1975)
- , }
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(6) As a special eossideratlon of mobile sources, the effects of

traffic noise to residential (barsaeks and family housing) structures
(quantified in distance from traffic areas will be considered using IIUD

data as a base or point of beginning). (June 1975)

(7) Testing of the physical blast noise prediction will be imple-
mented by:

(a) Constructing measuring system (same as being built for EPA) -

our testing equipment will include blast monitoring capabilities while
EPA's will not. (January 1975)

(b) Test of the system in the field and evaluation of monitoring

results. This will be an on-going activity with periodic evaluations.

(8) Set up for new blast measurement to explore the effects of

different climate and terrain. The measurements will take place in
FY 76. (July 1975)

(9) Initiate 5y contract community surveys to assess the response
to facility blast noise. (March 1975)

6. WORK TO BE ACCOMPLISHED IN FY 76:

(i) Results of initial social survey/community response with re-

spect to Blast noise, (January 1977)

! (2) R_sul_s of blast noise psychoaeoustlca! tests. (.Ianu.ry 1977)

(3) Inclusion of vehicular and fixed sources. (All Year)

(4) Additional blast and possible rotary-wlng measurements. (All

year, including analysis)

(5) Implementation of blast noise and rotary wing aircraft classes
with ths DOD manual (omit vehicle and fixed noise sources), (All Year)

(6) Continued base monitoring to test physical prediction. (All
Year)

(7) Preliminary attenuation and mitigatloa_ work with respec= to

blast noise and rotary wing aircraft. (All Year)
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7. Funding Sumr_ry (Dollar8 in Thousands)

Cormnit- To
ment FY74 FY75 FY76 FY77 FY78 FY79 comple_:e

CFY-I CFY BFY BFY+I BFY+2 BFY+3

In- 195 175 250 250 250 250
House

Out-of- 35 75 45 45 45 80

House

Other 20 I0 85 80 80 80

250 260 380 375 375 375 450
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