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1. INTRODUCTION

The United States Air Foroe, in order to be responsive to extant public
health laws and public concerns, has developed a research plan to study the
effects of military aircraft noise on human health. This paper presents a
brief background of this type of research, some of the rationale for the
approach presented, and a summary of the steps to be taken to determine the
faasibility of the research.

Military strategy requires that Air Force pilots be prepared to fly high
speed, low-altitude missions in a wartime envirorment. In order to be
proficient at flying these missions, pilots must train using similar
operational tactics. There exists throughout the United States Military
Training Raates (MIRs) specifically designed for pilots to perform low-level
training missicns. The National Bwircormental Protection Act requires that
the US Alr Force assess the envirormental impacts of newly proposed MIRs
pricr to their operation. The Noise and Sonic Boam Impact Technology
(NSBIT) Advanced Development Program Office is tasked with the research amd
develomment of envirormental noise impact assessment technology. The NSBIT
mission includes research on the effects of alrcraft noise an humans,
animals, and structures.

Residential aircraft noise exposure has been alleged to be associated with
adverse health effects ranging from blood pressure changes to mental
hospital admissions, increased druagy use, birth defects, and even death
(Cohen et, al., 1980; Jerkins et. al., 1979; Khipschild and Oudshorm, 1977;
Jones and Tauscher, 1978; Meecham and Shaw, 1979). Many such allegations
are based on meager scientific evidenca and are highly speculative. Although
a large body of research treating the effects of noise on physical and
psycdhological health has aoccumilated over the last few decades, even the
best of this work fails to provide clear evidence of adverse health effects.
Much of the research has concentrated on health effects of high level, long
duration, continuous noise exposure in the workplace, rather than on
intermittent residential exposure to transportation noise. No ane would
argue that noise can affect people physiclogically in varying degrees,
producing responses ranging from transient elevations of pulse rate and
bloocd pressure to lang term hearing damage. Fhysiological responses of
this sort are pot, however, specific to aircraft noise exposure, and are
generally considered as signs of unremarkable hameostatic processes. Yet,
there are still many wknowns, Iincluding: dosage-effect relationships,
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demonstrations of causality, indications of clinical significance, and
dooumentation of the effectiveness of noise-relatad interventions
reducing health hazards,

Determination of potential health oonsequences of military aircraft
overflight noise has proven to be especially difficult for a mmwber of
reasans, The technical literature contains rumerous controversial reports
Sxgesting that noise exposure (not necessarily that produced by aircraft
overflights) can have adverse effects on human health, including hearing
effects. The fact that most of these reports deal with levels and
ciroamstances of noise exposure very different from residential exposure to
aircraft noise from low altitude overflights does not necessarily lessen the
contraversy.

There are two major reasons why the existing epidemiolegic literature does
not provide adequate or suitable answers to tha issues being addressed in
the current study. The first is that previous research has predominately
studied occupational noise exposure, with some stidies being done arcund
airports, rather than residential exposure to military aircraft overflight
noise. Occupaticnal studies normally involve an 8-hour day of contimous
noise exposure, with the Day-Night Average Socund Level (INL) often being
above 75 dBA. Thus, the vast majority of previcus studies have not
addressed noise exposure characteristic of that experienced under
low-altitude military training conditions. The one major exception is the
series of laboratory and field studies sponsored by the Federal Republic of
Germany (FRG) Envirommental Agency (inmter alia, Curie, Ising, et. al., 1986;
Spreng, Lapold, et. al., 1988; and Ising and Spreng, 1988).

For airport studies, although the noise is not contimuous, such as it is in
a factory setting, there may be hundreds of flights per day and a INL
usually above 65 dBA. In low-altitude military training areas, the flights
are sporadic and unpredictable. In some areas, there may only be a few
overflights per week. The noise characteristics also differ considerably
between an airport or ooccupational setting and the military training
envirorment. In the latter case, the noise usually has very fast anset
rates, short durations, very high peak levels and unpredictable scheduling.
Because of this and cother reasans, there are seriocus questions about
applying the results of studies from occupational settings and arcund
airports to the very different case of exposure to military low-altitude
aircraft overflight noise.

The second reason why previous research does not provide the type of
information being scught concerns methodolegical considerations relevant to
this type of research. The majority of previous epidemiologic studies of
noise exposure effects have used cross-sectional or ecologic designs, rather
than more robust etiologic research designs (such as a prospective cahort
study). The latter methodological approach (i.e., the use of etiologic
research designs) is necessary in order to be able to adequately be able to
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infer that a cause and effect relationship exists between the roise exposure
ard any observed health effect outoomea, if any are discovered. As discussed
at length in Thompson et. al. (1989), a great deal of thoughtful
consideration has been given to the methodological (research design options)
and pragmatic (such as availability of a sufficiently large sample size)
issues involved in plamning the curent shady, leading to the requirement
that the epidemioclogic stady being contemplated be designed using a
prospective, etiologic type of methodology.

Although there are few published epidamiclogic studies of residential
exposure to noise, both the Caerphilly and Speedwell Collaborative Heart
Disease Studies arnd the Barn Traffic Noise Study (whid':werepraem:adat
the 5th Intermational Congress on Noise as a Public Health Problem in
Stockholm in 1988) wused prospective research designs. Sme quite
interesting data is resulting from these well-designed, large-scale field
research efforts. However, major differences in noise exposure
characteristics between residential traffic noise exposure and exposure to
low-altitide military aircraft overflicht poise make generalization of the
results fraom the former type of source mnoise to the latter highly
questionable.

Despite a considerable amount of research on the effects of noise on health,
the scientific literature en this subject provides no conclusive proof as to
the presence or absence of noise-induced extra-auditory health effects and
only rough guidelines for even the plamning of this type of research. As
stated in the NATO OMS final report for the Pilot Study on Aircraft Noise
in a Modern Society (MATOD, 1989), "Humans produce a mumber of physiological
respcmestomisemtasyetthereismclearevidemematmpeated
elicitaticn of these responses leads to irreversible changes and permanent
health effects." (p. II-11}.

Other reasons include the lack of definitive empirical data to support or
refute the existence of a causal relationship between noise exposure and
human health, and the absence of a quantitative dose-respanse predictive
model. Not withstarding the lack of credible jnformation, the Adir Force
mist often respord to claims of consequential health effects of moise
exposure produced by its flight operations. Since there is a lack of
corclusive evidence to support the view that military flight operations does
not pose a meaningful hazard to health, the Adr Force must respond to
allegations by documenting the logical, procedural, amd statistical flaws of
published studies. The need to find more persuasive responses has grown as
thereoenttrerﬂtm:ﬂnmasedtrainmgofaucrewsinlaualnhﬂe
flight operations has created greater residential noise exposure.

2. NATURE OF NOISE EFFECTS ON HEALTH
The weight of evidence (inter alia, Hattis, et. al. 1980; Thompson 1981;
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Thampson, et. al. 1989) suggests that if residential ajrcraft noise exposure
does have long term adverse health consequences, tha cardiovascular system
iz the most likely physiclogical system in which such consequences might be
detected. On the other hand, if these effects do exist, they are
undoubtedly very subtle, long term, and indirect. Any linkage between
residential aircraft noise exposure and cardiovascular damage is almost
certainly mediated by psychosocial and other nonaomustic factors, The most
plausible means for production of dissase frum residentisl alrcraft noise
exposure is through anncoyance or startle effects, which could arguably cause
an unknown degree of physiclogical stress that might be capable, by
incompletely understood means, of adversely affecting cardiovascular
furctioning. ’

Frevious research on extra-auditory effects includes studies of both
industrial and residentjal mnoise expoxwe; the latter focusing on
transportation noise (both street traffic noise and a few stixiies aroumd
airports). Several reviews of this extensive literature have been published
{Welch, 1979; Hattis, et. al. 1980: Taylor, et. al. 1980; Thoampson, 1981;
Relm, 1983; Dejoy, 1984; Kryter, 1985; and Thompson, et. al. 198%), althoxh
no definitive conclusions can yet be drawn from the published stixly results.

Research on hearing less includes both temporary threshold shift (TTS) and
noise-induced permanent threshcld shift (NIPIS) as noise exposure effects. A
considerable amount of research has been conducted en hearing loss, although
it focuses primarily on cccupational noise exposure, and a variety of medels
exist for predicting these effects (see Kryter, 1985, for a discussion of
relevant research and available prediction schemes). After many years of
research and intermational discussicns, ISC 1999 (1988) is now the interna-
tionally accepted document used for predicting hearing loss as a function of
noise exposure parameters, age, and sex., However, for United States MIR
overflights, the duration, absoluta level, and frequency of ocowrrence of
indoor aircraft noise intrusions are insufficient to damage hearing,
roise-induced hearing loss is not a plausible consegquence of residential
exposure to low-altitude aircraft noise.

3. FACTORS COMPLICATING THE STUDY OF HEALTH EFFECTS

Many factors complicate the design of studies of health effects of
residential aircraft noise exposure. These include 1) an  incomplete
urnderstanding of biological mechanisms and the clinical significance of
potential effects of moise exposure 2) difficulties in measuring and
estimating long term, source-dependent perscnal exposure to aircraft noise
3} the long latency period and small magnitude of the more plausible effects
(i.e. cardiovascular disease) 4) the difficulty of controlling or otherwise
acoounting for the effects of numercus covariables 5) the lack of sites at
which adequate populations of exposed and nonexposed persons can be
distinguished and studied, and ) the ethical and pragmatic impossibility of
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conducting controlled experimental investigations amd/or controlled
Wminﬂnpmﬂatimarﬂmcimmofgmatest
relevance. The practical canseguences of these chstacles imply considerable
risk of misclassification bias, ecologic fallacy, and low statistical power.
This also implies that any credible study requires costly, long term, and
technically difficult studies.

4. FESEARCH METHODS FOR STUDYING HEALTH EFFECTS

Three basic approaches to the study of health effects of aircraft noise
exposure can be identified: 1) an epidemiologic approach, in which evidence
is sought in commity-based etiologic studies of differences in specified
health conditions between exposed and nonexpeosed populations; 2) a clinical
approach, in which closely controlled, short term obsarvations are made of
relatively small mmbers of people exposed to alrcraft noise; ad 3) a
physioclogical approach, in vhich experiments may be performed on infrahuman
species to elucidate potential biological mechanisms and demonstrate the
effectiveness of interventions. Each of these approaches has both
advantagesamdisadvantages,mt}smdwsatopmepidmiolcgic
smdisbecauseﬂmeyammednecuyrelevantforpmdictj:qemimtal
inpactsardrefuthgallegedadversekaltheffectsjna@nsednsidemial
populatiens. An epidemioclogic approach has the advantages of the results
applying directly to mman populations in residential settings, providing a
credible basis for estimating disease prevalence rates, amd permitting
direct refutation of many alleged health consequences of noise exposure.
Unfortunately, there are drawbacks to this approach. Fpidemiologic ressarch
methodelogy is not optimal for the study of weak effects lacking biological
markers, miltiply-caused diseases with long latency periods, effects with
incompletely understood causal mechanisms, and effects subject to miltiple
covariables,

To adequately and accurately predict huan health effects in response to
military aircraft overflight noise, an inferential cause-effect relationship
betweenthehonmtbastmtoexistmﬂaqantitativedosage—effect
mlatimﬁhipmstbedevelqaedralatingumémdeperﬂentarddeperﬂant
variables. In order to establish a causal inference, should one exist, the
shﬂyapproadnistouseaodmxt—typadsignasq:pcsadtoa
cross-sectional or ecologic study., This etiologic design will be a
ocammnity-based, prospective study in order that actual noise exposures and
health end-points can be measured.

Before implementing a study to obtain the required data, however, it is
inmportant to have a general process model of a plausible mechanism by which
aircraft noise could potentially affect human health. The model presented
in Figqure 1 addresses, at a conceptual level, imdependent wvariables,
covariables, and dependent variables (health consequences) that oould
conceivably be involved in a causal chain between aircraft noise expoaure
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and potentia! human health impacts. This figqure provides a model of a
potential chain of events linking moise exposure and human health impacts
and was originally presentad in Thampsen et al. (1989). The full details
ard a discussion of this model may be found in that doaument. The primary
concept underlying development of the general process model is that noise
acts as any cther physiological or psychological stressor to the human
system. Thus, what is generally known about human responses to
enviramental stressors could potentially be applied to the present study.
There are several implications for a study design developed fram this
general process model. The first, and most important, is the camplexity and
poorly understood nature of the covariables. Many of thesa hava high
correlations with either the independent or dependent variables, making them
diffieult to control for in an experimental design.

INDEPENDENT
VARIABLES
NOISE EXPOSURE I
DUE TO COVARIABLES
AIRCRAFT TOTAL RISK FACTORS HEALTH
DISEASE STATES CONSEQUENCES
NOISE INCREASED
[+ GENETIC —
EXFPOSURE PREDISPOSITION 8LOCD PRESSURE
BUFFERS HYPERTENSION
CONFOUNDERS
ENHANCERS
OCCUPATIONAL & I
REGREATIONAL
NOISE EXPOSURE

FIGURE 1: A general process model for CVD

As is the case with the majority of previous related studies, the
extra-anditory dependent variasbles in the present effort will comsist of
cardjovascular-related health consequences (see Table 1 for a listing of
potential variables). The proposed causal pathway, however, is not a direct
physiological link between exposure amd effect. With the exception of
possible hearing damage from very loud noise, the general process model
being adopted assumes a significant involvement of cognitive psychological
processes (and, to same unknown extent, emoticns) as part of the general
process model. It may not be the physical properties of the noise that are
important to the individual’s health, but rather tha persan’s interpretation
ard evaluatien of the noise which are posited to determine the health
effects. Such 2 conclusion implies that noise is not inherently harmful,

but only potentially harmful, unless it is found to ba amoying or
stressful.
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TAELE 1. VARIABLES IN CAUSAL CHAIN

Hypothesized Health
Potential Covariateg Consequences

Genetic predispesition * Hypertension
(race, family history)

* Increased Blood
Behavior type Pressure
(Type A, B behavior)

* Hearing Loss
Discase states
(diabetes, ete.) Arrhythmia

-‘Myocardial Infarction
Ocoupational & recrea- |
tional noise exposure Mental Illness

Conventional cardiovas- Depression
cular rick factors {acute, chronic)

(cigarette smokirgy,
Reproductive cutocmes
(low birth weight,
teratism)

Sudden cardiac death
Other physiological
erhancers (excessive
autoncmic system
activation)

- Psychological enhancers
{octher psychological

healthy diet, young age,
good physical condition)

Annoyance
*+ Potential health cutcames will be addressed in the current study.
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There are also differernces between reversible, short term and more

persistent, long term responses to noise. The long term responses are of

primary interest for the current stidy, since these would probably be more 4
prone to progress to a variety of pathological states. Tha ocourrence of

both short and long term responses depends, among other things, on the

oorbinations and/or levels of situaticnally-specific mediating variables.

Only defined disease states are considered for inclusion as dependent

variables for several reasons. First, measurable disecase states are more

amenable to study using epidemiclegic reseaxrch strategles in large

populations than are reversible short term reactions. Ultimately, disease

end points are of interest to the general public for intervention or

mediation efforts. Secondly, even though it is now possible to

similtanecusly measure biochemical and hormomal responses, patterms of

responses to specific stressor events are poorly understood. It is nbt

yet possible to establich a threshold separating those changes which have

significance for health from those which do not, =ince it is not known at l
what poimt irreversible physiological changes begin to make a significant

coantribution to an eventual disease process.

5. PRESENT STRATEGY

The present strategy imvolves several steps. Flrst, a study will be
performed to determine the feasibility of prospective epidemiologic
research an the effects of low altitude aircraft overflight noise on human
health. This feasibility study will imvesticate the presence of
popualations within  appropriate noise exposures, determine tha
accessability of health records of the same population, determine the
appropriate control populations, and estimate the probability that the
noise exposure will exist for approximately five to ten years.

Once the feasibility study is complete, the results will be examined
against previously established criteria required for an epidemiclogic
research project. The results of this examination will be evaluated
independently by a comittea of tha National Academy of Science. The
results of the feasibility study amd the independent evaluation will
determine if a prospective epidemiologic shidy is feasible. Should the
study be infeasikle, the Air Force will evaluate the possibility of
epidemjologic studies of aircraft noise near civilian airports or military
airbases.
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