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The coatents of this report ruflect the professional cpinions
A of the authors who are responsible for the facts and the
; accuracy of the data presented hereim. The contents do not
3 necessarily reflect the official views or policies of the
Department of Transportatioa or the Department of Health,
Education, and Welfare. This report does not constitute a
3 standard, specification, or regulatiom.
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EVALUATION OF HCARING LEVELS OF RESIDENTS LIVING NEAR A MAJOR AIRPORT

TIICY

IXTRODUCT ION

The heavy volume of jet air t¢raffic at major airpocrts im the United
States and elsewhere exposes surrounding neignboihiccds to frequent and
significant fly-over noise and other operational aircrsft sounds.
- Adverse community reaction to these anoise intrusions is now well
e 1 documerted (1-4). This has prompted several approaches tovard allevi-
E £ ation of sircraft noise disturbance. One has been to reduce jet aircraft
21 noise at the source through angine redesign and improved acoustic
treatmeat of nacelles (5-7). Another has involved certain changes in
atrport operations and in-flight aircraft operating procedures intended
g to minimize the frequency and level of fly-over noise produced in
3 neighborhoods adjacent to airports In sowme instances, surrounding
residential properties have been purchased and reallocated for nom-
residential land use. Still another effort has entailed investigations
of human respouse to aircraft sounds for the purpose of defining tolerance
limits or accaptance levels for such noise exposures (1-4, 8-10). The
latter determinations represent the goals for the moise reductiom
meaguras ncoted above.

LA

b | The human zesponse research connected with aircraft noise has con-

E centrated on measures of speech interference, aisruption of slesp,

p and judgments of relative annoyance or acceptability. This is to be

' expacted since these obvious factors are usually referenced in complainis
N of aircraft noise annoyance. Whether community aircraft noise expssure
can also cause hearing scositivicy changes, admittedly a less cbvious,
insidious effect of noise exposure, has not beer comt’ dared ia the

ER context of these evaluatioms.l It is the question under study here.

A Noise-induced hearing loss congstitutes a significant hazard in industry
2 wvhere workers may be exposed to intanse noises for prolonged periods
each work day. Airport workers, particularly those servicing aircraft,
can axperience such conditions, Figure 1, for example, compares the
range of sound levels in dBA for noises eacountered in aircort loading

1., In actuality, there exist soms cursory observations with an indication
that persons liviag on a hlock adjacent to a small aixport with
frequent ground run-up oparations on jet engines had poorar hearing
relative to both Mational Health 3urvey data and that or neighbors

¢ who spent most of the day away from this area (15). These observations

. were not extensively documented.
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and maintenance aveas with daily time limits for safeguarding hearigg
against workplace noise as cited in a Federal labor regulatiom (1i)“.
Also shown for reference ara ranges of noise levels found in other

jobs and work environments. These aasorted occupational noise conditions
readily attain levels necessitating restrictions on exposure time in
order to meet the imposed limits for presevving hearing. Most occupational
exposures, owing to their sustained nature, can exceed these noise level-
time limits and thereia pose & hearing loss ris't to unprotected ears.
Surveys have already confirmed increased prevalence of hearing impairment
in workers involved in several of the job operations shown in Figure 1
when comparsd with persoms in quieter work (12-14).

hlso plotted in Figure 1 are ranges of maximum sound levels in aBA
measured outdoors for aircraft operations observed a: the boundaries of
airpori neighborhoods. These outdoor levelr reach values indicating

a need for reduced exposure time to offset any possible harm to hearing.
Aircraft noise events in an airport commnity are of very short duration
(less chan 30 seconds within 20 dB of the maximum value) for the levels
noted in Figure 1, and, though multiplied many times during the day,

may not sum to a value exceeding the time limits for ear protection.
Even 1f the summcd exposure time to aircraft noise surpassed these limits,
there is reascn to suspect that the intermittent nature of the exposure
would also reduce the potential harmfulness to hearing.

These considerations imply that community aircraft noise exposures do

not endanger hearing. However, noises around busy airports, while
intermittent, may be quite frequent and spread over a 24-hour day instead
of confined to the 8-hour daily periods which are typical for industry.
Ear tolerance for round-the clock noise exposure, either continuous or
intermittent, is only now being investigated (16-17). Imn fact, all
presently available criteria for hearing comservation are still related
to the daily working hours and assume quiet surroundings for auditory
recovery during off-job hours. Regarding this latter point, even if
airport noise or other non-occupational noise exposures caused no threat
of hearing loss, they could conceivably deprive a worker of a sufficiently
quiet environment to allow hearing recovery from the more severe occupa-
tional noise exposures.

2. Sound level readings in decibels observed on the A-weighting network
of a sound level meter are termed dBA. This network provides a
frequency-weighted meagure of overall sound pressure level im that,
akin to the ear, it is more responsive to middle and high frequency
sound pressures rzlative to those of low frequency. Noise measurements
in dBA show correlation with human reactions including hearing change,
loudness and annoyance and, as such, are used in standards or proposed
rating schemes for evaluating real or potential noise problems.
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It should bs moted slso that existing industrial noise liwits, as
exemplified by those shown im Figure 1, are primarily aimsd at preserving
hearing in a restricted raage of frequeancies, mamely 500 to 2000 Hz,
wvhich is believad critical to understanding everyday spsech. Hearing
for frequancies above this range, though aven more noise sensitive,
receives only indirect and limited protectiom. Further, adharence to
industrial noise standards will not protect the entire porulation from
develuping hearing loss even for the critical spasech frequemcies. As
much as 151 of the work force exparienciang noise conditions rated as
safe by the current Federal labor regulation way still suffer hearing
impairment for speech sounds after 30 years of exposure (12,18). For
these reasons, hearing loss risks from frequsat or undue comsmunity
aircraft noise exposures cannot be dismissed dy judgments based on
industrial hearimg comservation criteria,

The preseat study sought to msasure hearing level changes in residents
living near a major airport with a high volume of ajrcraft traffic.

This was to be assessed through comparisons vith the hearing of persons
living in a similar community free of significant aircraft noise
exposures, and also with hearing data dewveloped in national surveys.

As a secondary part of this work, an attempt was also made to estimate

the amount of 20ise exposure received by the airport resideats as
contrasted with that experienced by persons living in more typical
neighborhoods. This overall investigation was deemed important in
furnishing information in the interest of considering hearing conservation

as well as acceptsbility criteria for aircraft moise exposures to which
airport communities may be subjected.
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DESCRIPTION OF AIRPORT AND CONTROL RESIDENTIAL ARRAS SELECTED FOR

THE SURVRY

AIRPORT NEIGHBORHOOD

Residents situated in the Plays del Rey "island" area {PDR) bordering
the western boundary of Loe Angeles International Airport (LAX) were
selected as the aircraft noise axposed group for this survey. As seen
ia Pigure 2, this area liscs between the extended centerlines of the main
south (25%, 25L) and north (24R, 24L) pairs of tekeoff runways. Aircraft
take-offs from each runway producs noise experisnced throughout the
"islend" area.

There were 362 single-famiiy homes located im this sukject area covering
about 16 square blocks3. Most of the houses in this section weré
constructed within. the past 26 years snlthough a few date back to the
early 1930's. These residences are typically single-level structures
with stucco exteriors built eccordimg to characteristic Southern
California comstruction. Very few of the residemces include air con-
ditionming due to the close proxiwity to the beach, vith moderate
temperatures throughout the ysar. This mssns, of course, that windows
are usually opened during the summer mouths. (This practice as well
as outdoor activities, has bscoms severely limited by the moise from
the incraasing number of jet over-flights. This adversely affects cne
of the more desirable aspects of this neighborhood).

Currxent census data were not :vailable on the Playa dal Rey area but
the Los Angeles County Assessor's Office amd real estate groups indicatad

that the population of the Plays del 2ey island area numbered approximately

1,000 persons. Interviews with neighborhood association lesders suggestad
that the residents reflected a preponderance of so-called white collax
occupations with most of the older resideats being of upper middle class
socio-economic status. The appraised value for ths majority of homes
found in this area rangad from $40,000 to $60,000. Those appraisals

were based on estimsted values of the property im & comparable location
free of the airport moise probleme®.

3. The inhabited area, in question, is bounded by Avalomia Streei
on the north, Killgore Street om the south, Trask Street om the

east, and the Vista del Mar on the west overlookimg the Pacific
Ocean.

4, This information was obtained from the Los Angsles County Property
Assessor's Office and the plammimg section of the Los Angsles
Department of Airports.
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The first commercial jet oparations affecting the “island" area began in
Jamuary 1959 off the souri runway comples (25R, 25L). The initial rate
of ome jet takeoff and lasding per day rosé within six moaths to 19
takeoffs and lanaings of jet-type aircraft each day. By the end of 1960
over 50 jet aircraft took off daily over the Playa del Rey community.

The grouth of operatioms from 1960 to 1969 was quite steady with 3 slight
decline evidemt in early 1970. The nueber is curreamtly rising again.

ot SO et

it
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The average daily number of takeoffs durims tha years 1961 to 1970 is
shown in Table I, including percentages of jet aircraft operatioms.

' It is noted that priov to 1967, only the south set of takeoff runways
were in use. In 1967, the first of the north set of runvways (24L) was
opened, and on the average has handled about 20% of takeoff traffic
since that date. In July 1970, the northern-most rurway, 24R, became
operational. It should be added that landiags sometimez occur over the
Playa del Rey community but comprise approximately 1% of total aircraft
opsrations. For this reason they are not comusidered in this or sub-
sequent assessments of the noise probiem in the Playa del Rey area.
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The magaitude of takeoff noise levels together with the frequency of
such events in recent years (in excess of 500 per day) have produced

an intolerable aircraft noise condition iu the Piaya del Key community
considered in this study. Por this reasom, the City of Los Angeles in
1970 approved condemnation of the island area with all residential
structures to be acquired by the City and eventually removed. The survey
of residents in Playa del Rey described in this report took place during
the time period in vhich assessors were in the area to determine compen-
sation fotr parcels of private property. Access to this population, soon
to migcate elsevhere, offered a unique opportunity to a¢udy hearing
levels of a group having experiencea freguent high level exposurss to
jet aircraft sounds over a mumber of years,
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CONTROL NEIGHBORHOOD

A beach community lying just to the north of Santa Monica in the Pacific
Palisades region (PP) was chosen as the ontrol neighborhood for sampling
a comparisou test group for the hearing evaluation required iz this
surveyl. ‘The exact boundaries of this area are showa im Figurc 3.
Preliminary noise level observations subsequently coafirrmed by more
extensive measurements (see next section) found this naighborhood to be
free of significant noise {ntrusions from aircraft as well as other

noise sources., Iun addition, the homes were simiiar in construction style
and assessed values with those found in the Plays del Ray "island" area.
Information gathered from realtors and local civic groups on the residents
in this neighborhood suggested that they vere comparabls to Playa del Rey
residents in socio-economic status and general demographic features,

5. This site appears to be somevhat north of the flight corridors noted

in a recent report showiug significant noise lovels under LAX approsch
and departure routes (21). Aircraft fly-over noise, was lower in

level and less frequent in the cont:zol area described here as compared
with the aforementioned published Jata. The control area in question
was bounded by Muskingham Avenue on the north, Northfield Street on the
east, Erskine Drive on the soutl. and Asilomar Boulevard on the west
overlooking the Pacific Ocsan.
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ENVIRONMENTAL NOISE EXPOSURE IN THE TEST AND CONTROL AREAS

WOISE MEASUREMENTS - AIRPORT NEIGHBORHOOD

Actual sound levels for individual aircraft fly-overs were measured at
ground level outdoors in the Playa del Rey community, These measurements
were taken by Public Health Service engineers at each of six locations

in the island area as shown in Figure 2., The measurement data at each
locaticn allowed for subdivisions into exposures to aircraft sounds
originating from movements from the north and south runway complexes.
Distributions of the observed maximum sound levels in dBA are shown in
Table II by individual locations and by pairs of locations corresponding
to the north, ceantral and south sectors of the "island" area.

These data were collected on three separate days, representing a togal
of 12 hours of obsarvation time between the hours of 0800 and 1900.

A total of 1307 fly-over events were observed during thie period. One
set of observations were direct readings of A-weighted sound pressure
levels from a General Radio 1565A Sound Level Meter. A second system
utilizing & Bruel and Kjaer ( B & K) 2203 Sound Level Meter and

Kudelski Negra III magnetic tape recorder was utilized to make direct
unweighted recordings for subsequent leboratory analyses. These analyses
included playback of the tapes through an A-weighting network to obtain
sound levels for each fly-over event. A time history of these dBA levels
was plotted at one second intervals for each of the discrete fly-over
events recorded at each of the measurement stations. These time history
plots were all normalized with (t,) representing the maximum A-weighted
sound pressure level achievad for each discrete event. All events were
combined for the three pairs of measurement stations in line with the
runways, i.e., 1 and 2, 3 and 4, 5 and 6 (see Figure 2). This resulted

in three sets of composite time histories representing the averege maximum

rms A-weighted level occurring over the three sections of the Playa del
Rey Island area, These aircraft noise exposure levels aze shown in
Sigures 4, 5 and 6.

The Public Health Service data were supplemented by additional on-site
measurements ccnducted by Environmental Acoustics personnel using a

B & G 2204 Sound Levcl Meter system and Uher 4000L Magnetic Tape Recorder.
In addition, mean values foi indoor/outdoor attenuation were established
in order to assess the ncise exposurs of residents indoors during over-
flights.

6. Plans for more extensive measurements of aircraft noise in the
Playa del Rey area were curtailed at the request of thie Federal
Aviatiou Administration and the local airport authorities.
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EVALUATION Of NGISE EXPOSUWE PATTERHS IM FLAYA DEL REY

Measurement locations 1 and 2 {Table II) receive the highest nnise levals
f ym the north runway complex at LAX (runways 24L and 24R). Locations
and 6 receive the highest levels from the svuth complex (xunways 25L
and 25R) while locations 3 snd 4 receive about equally high ievels from
either complex. In absolute terms, locations 1 and 2 receive, on the
average, the highest meximsm noise levels (median or 50th centile vualue
of 91 dBA), This cccurs hecause aircraft from the north compiex have
not reached as grest an fltitude as those from the south complex relative
to the measuremeat locarions in the community. Operations £rom the
scuth complex, however, ccmprise the majority of takcoffe at LAX. Con-
sequeatly, in terms of total integrated ncise exposure, the southern
portion of the study area is the most heavily impacted.

As shown in Table 1I, the median values of t'e maximum sound levels

for measurad aircraft noise range between 85 and 71 dBA across the island
area. These data, and those for other centiles show: in Table II, are
reprasentative of noise exposures in the community during the period
since 1967 when Runway 24L was opened, The history of jet operations
over the island area has been described previously. The frequency of
takeoffs during the period 1961 and 1970 was summarized in Table I.

Noise exposure for particular individuals will depend not only on the
outdoor noise levels and numbers of exposures but also on the degree

of attenuation afforded by residential structures. It was, of course,
impossible to mcasure attenuation afforded by each separate structure
withis the commmnity. Work done previously by Environmental Acoustics
(22), supplemented by measurements made during the course of the present
work, have indicated that representative. average values for indoor/
outdoor attenuation are 12 to 14 dBA witn windows open and 20 to 24 dBA
wvith windows and doors closed, although variation around these figures
will depend upon location of the particular structure within the
community as well as differences in construction.

It is only grossly possible to estimate the total noise exposure for

a person spending most of each day in the Playa del Rey community, both
indoors and outdoors. In 1970, an average of one overflight occurved
every 150 secoads during daytime hours. Referring to Figures 4-6, it
is esvident that the noise levzl f{or each overflight exceeds 80 dBA for
approximately 20 out of every 150 seconds with average maximum levels
of the ordsr of 90 dRA. This represents an exposure to aircraft noise
(outdoors) 1n exces3 of 80 dBA for a period of 3.2 hours per day. For
a person indoors with windows opcn, the levels may be expected to
exczed 70 dBA for approximately 20 seconds out of every 150 seconds.
For the same person with windows and doors closed, the levels exceed

60 dBA for this same period throughout the day. Actual noise exposures
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will, of conurse, reprzsent some weighted combination of these exposure
< patterns since residents spsnd varying amounts of time indoors and

: outdoors. By comparison with 1970, noise exposures in 1965 were

F slightly more than 50% of curreat valuec.

WS

PO

AMBIENT NOIS™ MEASUREMENTS IN PLAYA DEL RKY

At R\

3 Ambient noise levels in the test neighborhood (those normelly present

3 exclusive of unusual intrusive noises) are typical for a suburban

community and rangs batween approximetely 40 to 50 dBA below the maxioum
sound levels observed during jet overflights. These lavels vary between

43 and 56 dBA #s a function of measuremsnt time and location (See Tabls 11).

baiadl

AMBIENT NOISE MEASUREMENTS IN PACIFIC PALISADES

Noise surveys were conducted in the Pacific Palisades area to assess
the typical noise exposures experienced im the neighborhood. These
measurements were conducted at the six locations shown in PFigure 3.
Equipment used for these msasuremants was identical to that described
previously. Approximately 5 hours of observation time was spent at
each oi the six msasurement locations sampling morning, mid-aftermoon
and early evenimg periods during the day.

DO an CEAIAELIR P ihet] e i Y Yt B N RS L s A,

The predominant noise sources in the area are local surface street
treffic, a ssarby high speed surface street (Sunset Boulevard) and
occasional high altitude (greater than 2000 feet) commercial jet air-
craft fly-overs. These aircraft pass over Pacific Palisades after :
denarting from LAX, making & turn back to the sast while over the ccean, 3
and climbing to a cruise sltitude. Comsequently, the cutdoor noisc P
levels experienced in the Pacific “alisades arxea are of the order of ;
70 dBA, substantially lower im level and much less frequent than those :
experienced in Playa dec! Pay (sse also Footnoce 5 on page 8 ).

LSy

Distributions of ambient noise levels imsasured in the Pacific Polisades
control area during periods of quiet sad peak surface traffic activity
are shown in Table III. There is & close correspondence between the
median values in the Pacific Palisades and the ranga of ambient sound
levels observed in the I'laya del Rey area in the abscnce of datectable
aircraft sounds (ses Table 1X).
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4 IDENTIFICATION AND RECRUITMENT OF TEST SUBJECTS

AIRPORT NEIGHBORAROOD

3 The initial effort in obtaining airport residents for the project was

to attempt to identify the precise number of individuals living in

the "island" area and determine their approximate length of residence.
Invescigation of the Los Angeles County Assessor’s records showed numerous
property owners who did aot live in the area but rented the houses in
Playa celi Rey to others. Census records were not used since the 1970
dats tapss had not been prepared at the time this work was initiated.

T TR T R TR TR
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The method decided upon for contacting people in the area involved
use of 8 telephone street address directory giving street addresses, ;
names and telephone numbers. From this reference directory it was :
poasible tc semd out ar introductory letter in the muil to each address ;
3 describing the nature of the project, advising that it involved a k
} questionnaire, a medical check of the ear and a hearing test, and
: soliciting the participation of all residents. This initial mail ,
coatact was followed by a telephone call to each family listed in the K
directory. These telephone contacts were made by a long time resident

of the area retained by Euvironmente! Acoustics on this project. This
individual was eangaged for this work in an added attempt to foster
confidence in the objsctivity of the invastigation and assure the residents
that it did not represent an attcupt te obtain information detrimental

to their interests.

LYR

The initial telephone contact vas employsd as & preliminary screening
procedure. During this iaitial conversstion, a determination was made
as to the number of individuals in the household meeting the general
requirements for inclusion in the survey testing., These criteria in-
cluded residency in exceso of ona ysar, absence of knowm ear pathology,
age above 16 ysars (this was later chamged to 10 yesars) and no unusual
occupational nofse exposura. Puople meeting these requirements were i
encouraged to participate ia the survay and scheduled for testing. i

The process of recruiting participsants in the tests proved co be the
most difficult aspect of this project. Attempting to ceal with a
substantial nuaber of people on sa individual basis introduces signifi-
cantly more problems than heariang testing with organized groups such

a8 in industrial or military organizstions where thers is some control
over scheduling. Participation in the program was on a voluntary basis
with a small incentive fee of $3.00 par test paid to each individual.

A further incentive of providing the fndividuals with results of their
hearing tests and medical check was slso included.

P
b
%
b

Approximately 51% of the individual hioussholds were represented by the
: Playa del Rey residents taking part in the survey. Telephone contact
& was made with the occupants of 292 homes in this neighborhood, and
E individual addresses identified with the participants totaled 148 in
the final tabulation. Those addressss were distributed evemly across
the "island" area.
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COWTROL MEIGHBORNOOD

The approach used im comtacting amd gainimg ths participatiom of Pacific
Palisades residents ia this survey was similar to that dascribed sbove
for Playa del Bey. BMacruitueat fia thiz comtrol area begam after more
thas half of the airport residemts had been tested, and an attempt was
aade to select persoms here who, a&s & group, would match the compositiom
of the Playa del Rey participaats im tarms of age, sex, and leagth of
residency. Success in this natchiag effort was omly partly sucoessful
(see Table VI). Pacific Palisades participants were drawn from about 52%

of the households contacted by phoms, the Zotal mumber of homs comtacts
being approximstely 32°.
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PHASES OF HEARING SURVEY

All subjects in both study groups was to receive a threes phase¢ examination
including otoscopic examination, quontioﬁnatvo and audiometric evaluation.
The purpose and extent of each test phass is described .n this sectiom.

OTOSCOPIC EXAMINATIONS

These were performed by a team of three physicians. The purpose of

this examination was to detect any abnormality that might reasonably

be expected to cause functionmal hearing losses not related to noise
exposure. Examination was by otoscopic inspection of each ear.

Disposable specula were used to insure that no communicable disorders
would be transmitted from omne subject to another. Additionally, the
physiciana questioned each subject concerning any history of ear dis-
orders or other factors that might affect hearing levels. This infor-
mation supplemented the questionnaire itcms relating to medical histories.

Search for the following abnormalities was emphasized during the medical
check.

(1) Retraction of the tympanic mewbrane
(2) Myringitis
(3) Chaik deposits

(4) Evidence of rupture of the tympanic
membrane

(5) Aerotitis Media

(6) Secretory Otitis Media

(7) Hemotympanum

(8) Serous Otitias Media and Adenoids

(9) Tympanosclerosis

(10) Otosclerosis
Evidence for any of the above disorders was followed up by questioning
the subject relative to symptomatic evidence. The physician judged
wvhether or not the patient suffered from any otologic disorder. This
information was duly recorded and utilized in screening subjects for
inclusion in the subsequent statistical analyses. Screening criteria

utilized in determining subject data to bs included in analyses are
described in a subsequent sectiom of this report.
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ESTIOKRAIRE

Rach subject was additiomally required to fill out a questiommaire
containing items related to previous moise exposure amd medical history.
For most subjects, the questionmaire was completad im the presemce of

the testing persomasl. Im some cases, however, subjects took the guastiom-
naire form to their home for reference aad completiom. They either
returned the completed forms by mail or at the tims of the audiomstric
test. Each questionmaire was then examined clossly by the experimsnters
and any omissions or ambiguities resolved by telephona or persomal visit
to the subject. A questiommaivre form is appended to this report for
refarence. Information from the questiounaires was numerically coded

for subsequant machine analysis and use in screening imdividual subject
factors of significamce to this haaring evaluation. The scorimg and
coding rules ars illustrated in the Appemdix.

AUDIOMETRIC EVALUATION

Pollowing (im soms cases precesding) completiom of the questiommaire,
subjects were given am air conduction heariang test with discrete
frequencies fixed at 500, 1000, 2000, 3000, 4000 and 6000 Hz., Pive
aucomatic audiomsters were utilized durimg the test program (four at
any given time). These units were calibrated to 1969 ANSI reference
levels (23). As many as 4 subjects were tested at ome tims. Wwhen
multiple tests were conducted simultamscusly, each audiometer uait was
operating imcependently. This required comtimuous momnitoring of the
slectronic amd mechanical opsration of the umit by the techaical
persoanel conducting the tests im ordar to rectify amy malfunctiom with
a minimum loss of tims. Audiograme were recorded om stamdexd forms

for the particular machime used and head scored for subsaguent amalysis.
A sample audiogram is showm im Pigure 7,

AUDIOMETRIC RETEST

Approximately ome-half the subjucts in the Playa del Rey group and ome-
third of those im the Pacific Palisades sample were recalled for sudio-
metric retest. The purpose of this activity vas primarily to provide
& check of the xeproducibility of the heari~g threshold data obtaimed
for the two groups. Tims elapsed between test and retest sessioms was
variable, but im most cases exceeded two momths.

ASPECTS OF SCHEDULING AMD PRICEDURE

Each subject was advised at the outset that the results of the test

he was to receive were only his individual haaring data amd mot collective
values for the test area. This was dons to preclude any immmdiate
attempts to utilize the data im the comtimuing litigation associated
with residences adversely affected by aircraft moise. Ralease of anmy
collective test data was ackaowledged to be the responsibility of the
contracting agemncy. While maay of the resideats were quite cooperative,
the matter of acheduling a compatible test times proved to be a difficult
task., The most efficient test procedure for this type activity iavolves
testing mulitiple imdividuals on a consistemt rigorous schedule, e¢.g.

a group of four each 10 or 15 minstes. The comsisteat problem im this
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project was ome of individuals failing to appsar at & scheduled time
or im mamy cases failimg to appear at all. Im the latter imatamce this
imvolved rescheduling at a later date.

TR ALY TRE VTR

The initial sequence of testing comsisted of admimisterimg the quastiom-
s maire and medical check and scheduling a hearimg tes: for < later date.

E This resulted im numerous missed appointmenis amd some loss of questiomn-~
E . naire data when subjects deferred completing certain of the items until

factors such as house counstruction or dates of lemgth of vesidemcy vere

chacked before including them im the questiommaire.

After determining that most test subjects required ome or more rescheduled
: appointments, a differest approach was adopted. The medical check was

i conducted with large groups (20 or more) amd questionnaires and hearing
tests were then carried out with each imdividual in s separate session.
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HEARING TEST EQUIPMENT AND METHODS

MOBILE UNIT AND AUDIOMETRIC EQUPMENT

Since this program was dependent primarily on accurata and repeatable
measurements of hearing thresholds for the individuals testad, it was
necessary to assemble instrumentation which could be readily calibrated
and would prove relisble over an extended time period under a variety
of testing conditions,

It was not possible to plan to conduct hearing threshold testing in the
Playa del Rey area because of the frequent interruption from aircraft
noise during takeoff operations. These noise levels were sufficiently
high to preclude any attempts at isolating a room for hearing threshold
wmcasurenent in the immediate area. Any other methods such as interrupting
the hearing testing during a fly-over and then resuming testing were
rejected as being unworkable because of the frequency and duration of

the interruptions as well as the potential for introducing an addicional
variable element in the hearing threshold measurement process.

In an atteapt to maintain the greatest consistency in the test equipment
and procedures, a mobile hearing test unit was obteined from the
Auditest Company of Ssnta Monica, Csliformia. This unit was leased

for the test program and a plan was de.eloped to utilize this facility
in both the Playa del Rey and Pacific Palisades areas.

The mobile test unit consists of a room module made up of 18 1b/£t2
sound attenuating panels with gasketed doors opening into the room.
This assembly {s mounted on a heavy duty truck frame. Connections on
the exterior of the assembly provide for am extermal power source. The
unit includes an air conditioning system in addition to the basic
exhaust fan. Because of the location of the test areas close to the
ocesn, the air conditioning system was not used during any of the testing.
This eliminated consideration of any increases in the interior noise
levels in the unit due to the operation of the air conditioaning system.
A photograph of the Auditest Unit and the floor plan of the imterior

of the unit are shown in Figuze 8.

Audiomatric equipment used with the Auditest Unit consisted of four
Medicel Measurements, Inc., (MMI) Model 1000 automatic recording
audiometers, with a fifth unit for back-up. These units included the
test frequencies 500, 1000, 2000, 3000, 4000, and 6000 Hz. These five
units were located as shown in Figure 9 with patch connectors led through
conduits to the individual listening stations. The earphones (TDH-39
receivers) were inserted in MX 41/AR cushions with the entire assembly
mounted in Otocups manufactured by Tracor, Inc. The Otocups were
utilized to provide additional sound isolation during testing. Attenuatiom
properties expressed in dB per octave band are shown for both the van
wall structures and the Otocup earpieces in Table IV. Also indicated
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Figure 8. Exterior &7 interior views and floor plan of the audiometric
test van we: in the study.
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to Attain Non-masked
Hearing lLevels re
ANSI '0' reference.2

TABLE IV Attenuation Values in dB Afforded by the Test
Van and Otocups and Maximum Allowable Backgrcund
Levels to Insure Non-Masking of Hearing levels
3 re ANSI '0°',
OCTAVE BAND CENTER FREQUENCIES
250 500 1000 2000
: Mobile VQn with
18 1b/ft° wall 4l 51 58 63
construction
Circumaural
Otocup + MX41l/AR 17 23 30 40
cushion (MAX)
Range of Outdoor
Sound levels (in
dB re 0.0002 55-62 50-58 52-56 48-55
microbar)
Range of Indoor
Sound Levels (in 32-47 20-42 15-22 15-20
db re 0.0002
microbar)
Maxdmun Allowable Sound
Leveis in Test Room
When Wearing 37 43 48 49

D0 2 A it e R i e

3Represents prescribed maximum allowable levels for audiometer
rooms {S3.1-1960, American Standards Association, N.Y.) adjusted to
reflect increased attenuation of the Otocups relative to the standard

earpiece and differences in ANSI 1989 and ASA 1951 reference threshold
levels.
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are ranges of octave band sound levels for noise m2asured in the van's
intericr as contrasted with those found concurrently for ambient con-
ditions cutside. These measurements were taken as performancs checks
on the van. The interior sound levels, particularly for tha higher
octave bands centered at 1000 and 2000 Hz, do not reflect completely

the structural attenuation of thc van owing to interior generated noise
of unknown origin becoming predowinant, Noted in Table IV are astimated
maximum permissible octave band sound levels for a test area when
Otocups are used in an attempt to attain non-masked threshold readings
as low as the 1969 ANSI reference for '0' hearing level at test
frequencies 500 Hz and above. Sound levels measured inside the Auditest
van during the audiometric testing did not exceed the limit fer the

500 Hz centered octave by more than 5dB and were well below the limits
for the higher octave band frequencies. This permitted non-masked

hearing level readings for the test frequencies of interest within 5d4B
of the 1969 ANSI 'O’ refersnce or better.

The mobile van was located several miles from the Plays del Rey "island"
area to minimize possible test intzrfereace from the high level aircraft
fly-over sound in the course of surveying this neighborhood group. At
this location there were some aircraft sounds found audible inside the
mobile unit which originated from low-flying military aircraft operating
from a nearby airfield. These 10-15 second overflights never exceeded
two in a given day, and when they were experienced, the hearing testing
was interrupced and restarted after the event., The van was situated

on a residential street in the Pacific Palisades neighborhood from which
the control resident group was drawm.

CALIBRATION

Calibrations of the hearing msasurement system were conducted at

frequent intervals during the test program. Both biological calibrat.omns
and artificial ear calibrations were performed. For each test session
one of the examiners would conduct hearing threshold measurements for
both of his ears on each of the audiometers. These data were compared
with previous tests for thc same individual under the same conditions &s
a check for consistency. These comparisons served tc confirm consistent

performance from the audiometer or, in some instances, to identify a
defective unit.

Calibrations carried out with a B & K Type 4152 Artificial Ear with a
6cc coupling cavity are shown in Table V in terms of corrections to be
applied to measured hearing threshold levals for agreement with 1969
ANSI standard sound pressure levels for audiometric zero levels. These
corrections were included in the initial phase of the analysis program

so that all data could be treated similarly following incorporation
of these corrections.
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TABLE V Correction Factors in Decibels Applied to Hearing
Level Data to Conform to 1969 ANSI Refererce Sound
Pressure levels at each of the Audiometric Test

Stations Used in the Study.

STA.

FAR

TEST FREQUENCY (HZ)

500

1000

2000

3000

4060

69G0

-l

-5

-3

=6

ol

=10

-1

=4

-7

-8

-13

-8

-5

=5

-l

-6

-8

-6

-3

=4

=7

-y

=12

ol

-2

-3

-2

-l

-7

=3

-1

-3

=5

-5

=3

=2

+6

+1

-2

=12

+2

+9

+2

-10

+3

+3

+1

-13
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SCREENING CRITERIA

As noted, subjects were scrassned for inclusion in the major amaiyses

with respect to & nuwber of criteria relating to msdical history,noise
exposure¢ histery, ctc. This was done because of the relatively small
nuwber of total subjects tested zo that non-noise induced hearing losser
or those hearing losses reasounably attriduted to occupaticanal or other
non-sircraft environmental noise exposuresr would not bias the subsequent
anslys:s, These criveria are listed below. In addition, malingering

and inconsistency were the basis for exclusiom in soms cases. All audio-
peters were equipped with a malingering test designed to detect persons
vho could not nexrform the task or those who actively tried to feign

their test results, Whila there were only a fiv subjects in the latter
category, there were a significant aumber of subjucts who experienced
difficulty with tite tast procedurs with erratic results. Subjects judged
to fall in theae two categories were not included ia any further analyses.
The nominal screening critc.ia were:

1. Rssidential Background: PFailure for a resident in the airport
community to rate his present living area as the noisiest
he hag lived in would question any hearing loss in the
sudiogram as being dus to aircraft noise sxposure. It
night be due to & previous community noise experience
acknowledgad by the resident to be even more severe in
nacure.

2, Occupational Roiss Exposure: Exclusior based on two or
more years of exposurs to a noisy work eaviromment im which
one had to shout in order to be heard by fellow workers
even at close distances. Regular use of ear protection in
such situations would allow for imclusiomn.

3. Military Service: Exclusion here was dictated bt :; &) Wookly
exposures to wsapon-type nois¢c for one or more yzars;
b) One or more years of actual combat (front-line) experience;
¢) Routine daily exposurs to noise cf vehicles or mechanized
equipment (aircraft or armored vehicles, field generators
for missile systems). Those who indicated that their only
weapon noise sxposure was ia basic training and/or who
routinely wore ear protection when firing or operating noisy
equipnsnt were not eliminated,

4, MNon-Occupational Noise Exposure: Shooters exposad to weapon
noise for 1000 rounds per year for one or xore years and who
wor2 no esr protection when firing were excluded. Participatiom
in noisy off-jod activities such as rock music playing, drag-
racing, cycling, sport flying at least three timss per week
for on® or more years were also eliminated.
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5. Vehicle Noise Exposure: Persons who have ridden on motor-
cycles, streetcars, subtways, airplanes at least three times
per week for rouadtrips of one or more hours and for three
or more years were eliminated.

1 6. Abnormal Medical History: Exclusion if there was a history
¥ of severe head trauma, chronic ear infecticns, or evidence
of hereditary deafriess in family. Certain other conditions

3 such as Meniere's disease, protracted use of mycin drugs amd
; aspirin or history of ear surgery also were grounds for

3 elimination. Persons having severe head colds at times of

§ hearing testing were scheduled for testing at a different

: time.

7. Otologic Irregularities: Total closure of the ear canal by
cerumen, excessive scar tissue on tympanic or brane, perforated
tympanic membrane, otitis media or otosclerosis served as a
basis for excludimg hearing data., The team of physiciane
made judgments as to exclusion in questionable cases.

TEPTRAATT

8. Audiometric Irregularitias: Exclusions here were based on,

g a) Audiograms revealiug as zuch or greater low frequency

hearing loss than high frequency loss (suspected conductive

: disorder) in one or both ears; b) Haaring loss in one ear

4) dB greater than the other ear at two or more test frequencies.
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A total of 312 persons living in Playa del Rey entered into all phases

of the testing, and 377 residents of the Pacific Palisades neighborhood

3 did likewise./ Of these totals, 43 persons in Playa del Rey and 67

: persons in the Pacific Palisades were disqualified from all data analyses
. largely because of active malingering or inability to provide an

- interpretable, reasonably stable audiomstric recoxrd. The remaining 3
; number of participants, 269 from Playa del Rey and 310 from the Pacific ;
3 Palisades, itius provided the corxe data for this survey. Table VI ;
; showe the composition of these two residential groups by age, sex, and %
K. leagth of residency in the two meighborhoods in question. A fair match ;
L of these two groups is indicated for the different variables, the
greatest difference appearing in the youngest age group where there

E are more participants from the Pacific Palisades.

Application of the abovementioned screening criteria to the otologic
and questionnaire data and to the audiogram traces obtained for these ;
sub jects revealed a number of persons whose hearing could have been
affected by fectors other than the environmental noise under study. An E
inventory of such cases appears in Tal:le VII., learing data from thege )
individuals were excluded from those analyscs attempting to isolate as much

as possible any hearing level changes attributable to aircraft noise exposure. ¥

7. These numbers io not include some residents who started iu che test
program but did not complete all of the required phases.
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TABLE VII Number of Persons Failing Screening Criteria
in Playa del Rey (PDR) and Pacifin Palisades

(PP) Groups.
Criterion Nunber Number
Reason for Excluded Excluded
Exclusion in PR in PP, Totals
1. Other residential areas judged 0 -2 0
noisier than current comumity
2. Undue Occupational Noise Exposure 6 17 23
3. Undue Non-Occupational Noise 39 46 85
Exposure
4, Abnormal Medical History 18 25 43
5. Observed Orologic Irregularities 7 12 19
6. Audiametric Irregularities-Inferred 28 18 u6
Etiology (Suspected conductive loss)
Totals 98 118 216

@his was not an exclusion criterion for the Pacific Palisades Residents.
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EVALUATION OF HEARING LRVEL DATA

RELIABILITY OF AUDIOGRAMS

R P X T LT

As mentioned earlier in the methodology, approximately one-half of the
participants from Playa del Rey and one-third of those from the Pacific
Palisades neighborhood were given a second audiometric test sometime

after the first one. These test-retest determinations were intended to
ascertain the reliability of the hearing level data. Tables VIII-IX
summarize the results, indicating that differences between mean hearing
levels for the original and repeat tests arz quite small in both subject
groups. Most mean differences were less than 2 dB and none exceeded 3.5 dB.
Standard deviation magnitudes independently computed for the test and retest
findings, showed close similarity also. In addition, Pearson product-
moment correlation coefficients were computed at each audiometric frequency
and for each ear to establish the degree of correspondence between the

test and retest hearing levels observed for both neighborhoed groups (24).
Greater coefficients are noted at the higher frequencies (2000 Hz and
above), reflecting more consistency in these threshold readings rela-

tiwes to those obtained at the lower frequencies. Reasons for this result
are only conjectural. All such correlation coefficients were significant
and, together with the small differences in mean test-retest values,
suggest a good degree of reliability in the audiograms obtained in the
survey.
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HEARING DATA FOR TOTAL AND SCREENED SUBJECT GROUPS

Hearing levels and standard deviations were initially computed for all
subjects in each test neighborhood by age, sex and right and left ears.
These data are shown in Tables X-XII. These data are subsequently to

be referred to as "total" or "unscreened" group measures as distinguished
from similar values computed for only those subjects who survived the
exclusion criteria outlined above. The latter are termed "screened"
group measures which are presented in Tables XIV-XVIIL, Primary emphasis
was placed on the examination of the screenad group data since it
provided the least contaminated picture of hearing level differences, b
1f any, between residents in the airport and contrel communities.

forstsaslamdn N

With few exceptions, total versus screened group means for the Playa
del Rey and Pacific Palisades samples.show the screened values to be
lower, reflecting better hearing irrespective of ears, sex, and test
frequency (compare Tables X and XI with XIV and XV). Inspection of the
standard deviations for the total group and screened group data also
show the latter to be less variable (compare entries in Tables XII and
XIIl with those in Tables XVI and XVII. Hence, the net effect of the
screening process was to remove deviant hearing values, probably of
non-noise origin (e.g., otologic disorders) or if due to noise, apart
from the neighborhood exposures in questirn, Centile distributions of
the unscreened and screened data, to be discussed later (Tablas XXI-XXIV)
are even more revealing of this result.
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COMPARISONS OF SCREENED HEARING DATA FOR AIRPORT AND CONTROL ARFA RESIDENTS

This evaluation was guided by several working hypotheses. First, that

if community aircraft noise exgesure in Playa del Rey did in fact, cause
hearing loss, the mean hearing lavelis of the residents should be elevated
(poorer) relative to those observed for the control asrea residents not,

so exposed. Second, cwing to this aircraft ncise expcsuce, the airport
neighborhood residents should also exhibit increased variance in their
hearing levels as a result of individual differences in cmount of aircraft
noise actually received, susceptibility to noise-induced hearing loss,
etc, Lastly, it was expected that these noise related changes in the
hearing of the airport group would be frequency dependent. That ie,
these wuuld be more likely to occur at the higher frequencies in the
audiogram which are more vulnerable to noise damage,

Table XVIII shows differences in mean hearing levels between screened
groups of Playa del Rey and Pacific Palisades residents by age, ear, sex,
and test frequency. Close examination of these differences shows them

to be equivocal for most age groups. The older age categories, more
notably in the males, show the largest differences, which are in a
direction suggesting uore heering loss in the airport neighborhood. This
interpretation must be tempered, however, due to the few numbers of subjects
in these older age groups (from 3 to 7 subjects) which can make the re-
sulte unrepresentative. For mest of the other age groups, differences in
mean hearing levels between the test groups of residents at frequencies

of 2000 Hz and below are slight and show no systematic variation for

males or females., For test frequencies of 3000 Hz and above, however,
somewhat greater differences appear. The direction of such differences

is not always comsistent. The two youngest groups of female subjects

from Playa del Rey (10 to 17 years and 18 to 24 years) show as gocd or
better hearing than their counterparts in Pacific Palisades. On the other
hand, for middle age categories (above 24 and less than 64 years), most

of the differences for the high frequencies show Playa del Rey hesring to
be worse than that of the Pacific Palisades.

Bearing on the latter zoint, a Wilcoxen signed-rank test {24) was applied
to the differemces irn Table XVIII to obtain a composite view of their
direction relative to the questiom of hearing changes caused by the
community aircraft ucise. In these amalyses, differences for ears and
ages were individually ranked in magnituds within a low frequeacy cluster
(500, 1001, and 2000 Hz) and ¢ high frequeacy cluster (3000, 4000, 6000 Hg)
separately for sales and females. This high and low frequency groupimg
wvas responsive to one of the workiag hypoideses suggesting that hearing
changes related to noise woswld be more evideamt at the high frequamncias.
Determivation of the sux of ranks for the aforemsntionsd msan differeices
ind:icating poorer hearisg for the Playa dal Rey group were, in fact,

found significant in the high frequency group for both males and females.
These results are susmarized in Table XIX.
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TABLE XIX Summary of Sign Test Evaluations of Mean Differences
and Standard Deviations fcr Hearing levels of Playa
del Rey and Pacific Palisades Commumity Residents.

MALE FEMALE
500 3000 500 3000
1000 4000 1000 4000
2000 Hz 6000 Hz 2000 Hz 6000 Hz
No. of Mean
Differences 18 (out 30%* 17 (out 25% (out
in Direction of total (out of of total of total
Showing PDR of 42) total of u42) of 42)
with Poorer of 42)
Hearing 2
No. of ++
Standard Dev- 24 (out 3ot 3 25 (out
iations in of total (out of (out of of total
Direction Show- of 42) totzl total of u42)
ing PDR having of 42) of u2)

greater Vamablllty

3pvaluated for statistical significance by Wilcoxen Signed-Rank Test (24)
and found significant € p «& .05 for one-tailed test ( *) and @ p< .01
for one-tailed test ( #%),

Prvaluated for statistical significance by simple 81% test (24) and
found significant @ p & .01 four one-tailed teet (
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Also showa im Table XIX are the results of a simple siga test evaluatiom (24)
for the number of stamdaxd deviation values for the Playa del Rsy group 3
which exceed those foumd for the Pacific Palisades residemts uader com- 3
parable conditions as shown in Tables XVI and XVII. Directiomal trends 3
toward more variable hearing levels are moted for the Playa del Rey

group at the high frequencies for the males and at the low fraquencies
for the females.

These initial results offer some evidence for suggesting poorer as well

as more variable hearing levels for the airport meighborhood residents.

; As already mentioned, however, the magnitudes of the actual differences

F in hearing levels between the airport and control test groups were
neither great mor consistemt across various age and sex groups. More

: axtensive statistical aenalyses were thus undertaken to ascertain the

; significance of differences between the hearimg levels of the two neigh-
borkcod groups. These consisted of separate three-factor (Neighborhood X

: Age X Sex) analyses of variance applied to the screened hearing data at

i each test frequency amd ear. There were twelve such analyses whose

3 individual summaries are tabled in Appemdix II. Am overall view of the

3 findings fron thess separate evaluations is shown in Table XX, Significant

{ differences associated with the meighborhood factor as a main effect are

evideat at soms but not all of the high frequemcies snd even occur at

one relatively low frequemcy, In some instances, these significamt

seighborhood differences in hearing levels occur for only ome ear at a

given frequeacy. Some significamt interactioms of the maighborhood factor

vith age and sex also appear, suggesting systematic age and sex variations

in the hearing level differences hetween meighborhoods. These latter

effects ars specific to certain frequencies and ears and do mot hold

throughout. Im fact, a clear pattern of significance for the saighborhood

factor, either as a main or imteractiom effszct, doss mot altogether emerge

in Table XX. At sost, the results only partially comfirm che reliabilily

of hearing level differences found between niighborhoods at the high

frequences where noise related effects would sees most likely. The

differences ia hearing levels at the specific high frequemcy conditions.

showing significant neighborhood effects wvere in directions revealiag the

airport neighbors to have poorer hearing.

FOUTRVSSNRAWR R AL 2L RPN T ]

- e bR BAKGI L AL o Pt
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Age and sex, as main effects, siguificantly influeace hearing levals
particularly at the high frequencies. Examination of the hearing levels
poolad for these factors show, as reported elsewhere (25), increasing

hearing level with advancing age aad males to have poorer heurimg than
females.
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TABLE XX Significant F-ratios for Main Effects and Interaction

Terms Found in Separate 3-Factor Analyses of Variancs b

of the Screened Hearing Data Performed at Each Test Fre- :

qQuency and Ear. 5

Test Frequency (Hz)

" 500 00 7000 3000 M) 5000 3

i

Neighbarhood (N) Right 1.84  115.86%4 g.78%%| 8. 2uMA 0,55 | u.86% 3
Left 0.64 2.81 L, 9u* §,93% 1.42 1.96 3

Right 1.26 | 4.15% 11.u8%*| 1,64 | 28,11%* |20.79%* A

pge (&) 3
left 1.26 | 3.39%| 1,30 | 2u.00% 33.us%% |ou, geas :

Bex (S) Right 0.31 0.07 .24 7.52%% 16.68%% | 2.45 3
Left 0.72 0.34 6.41% | 15.43%% 16.80%% |10,76%* é

i x A Right 1.56 1,78 3,10%*| 1,57 2,42% | 1,05 g
Left 2.39% | 2.32% | 2,77% | o0.82 0.56 0.53 ;

ight ] 2. . ) L35% | 1.47 4

iy s Right 0.00 29 3,16 1.87 5,35 5
left 7.66%% | 2,64 7.90%*| 0,88 2.27 1.69 ;3

* E

h x5 Right 2,20 1,40 1.81 0.74 1.47 0.76 %
left 1.39 1.84 1.72 1.72 1,67 0.90 ‘ *

- * H

A x s Right 2.60 1.38 1.34 1.26 0.48 0.40
left 3.86%% | 1,38 1.69 | 0.uy 0.88 | 1.05

* F-ratio significant p<,05 ;
** F.ratio significant p<.0l 3
3
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CENTILE DISTRIBUTIONS OF HEARING DATA FOR THE AIRPORT AND CONTROL GROUPS

Several additional evaluations of the hearing level data obtained from

the Playa del Rey and Pacific Palisades residents were undertaken to
clarify further apparent differences. In this regard, Tables XXI-XXIV
show centile distributions of hearing threshold levels by audiometric
frequency, sex and ear for both the total and screered groups of residents
sampled from the two neighborhoods. Indicated are hearing level values
above or below which certain percentages of the individual hearing thresh-
olds fall. For example, 25% of each test group had hearing threshold
levels better than the values specified at the 25th centile; conversely
75% of the same group had threshold levels which were poorer than the
values cited at this centile., The 50th centile represents the midpoint

in the different tabled distributions and defines the median threshold
level at the different test frequencies., Examination of Tables XXIII

ard XXIV shows the median levels for the screened Playa del Rey and
Pacific Palisades data to be quite comparable, especially for frequencies
below 3000 Hz. Differences in median hearing levels between these groups
at frequencies 3000 Hz and above while notable are not large. Much more
obvious are the differences between cthe Playa del Rey and Pacific Palisades
values at the 75th and 95th centiles, again at the high frequencies.

Iavariably higher hearing levels for the Playa del Rey listeners at these
points indicate the presence of more deviant hearing thresholds in this
group. Aside from the factor of aircraft noise exposure, another possible
explanation for this latter finding may lie in the age make-up of the
screened groups of neighborhood residents. The screened sample of Pacific
Palisades includes more young persons than the Playa del Rey sample. As
such, its distribution may be shifted toward more sensitive hearing levels
and limited in spread., Centile distributions of the hearing data for the
total or unscreened groups of Playa del Rey and Pacific Palisades residents

also show differences akin to the screened data as described above (see
Tables XXI-XXII.

COMPARISONS WITH NATIONAL HEALTH SURVEY ESTIMATES

Shown at the bottom of Tables XXI-XXIV are median hearing levels at
different test frequencies and ears estimated for males and females
ranging in age from 18 tov 79 years based on the National Health Survey

of 1960-1962 (NHS (25) ). The median hearing levels observed for the
Playa del Rey and Pacific Palisades groups in these same tables, both
screened and unscreened, are generally more sensitive than the NHS values,
especially at the higher frequencies,

More specific comparisons of the NHS estimates of typical hearing levels
against those observed for the two test groups in this survey are plotted
by age, sex, and ear in Figures 9 to 22. Generally, the screened mean
hearing levels for both the airport neighbors and the control group are
better (more sensitive) than median estimates from the NHS data at the
high frequencies (Figures 9 to 15). These different sets of data show
near similar threshold values at the low frequencies. Thus, the hearing
levels for the Playa del Rey residents, though somewhat poorer than that
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found for the control community, are still equal or bettzr than typical
values found nationally for the same agea and sex groups.

The unscreened hearing level values for the two neighborhood groups are
close to the NES median levels at the high frequencies and are slightly
pooxer at the two lowest frequencies of 500 and 1000 Hz (Figures 16 to
22)°, This holds irrespective of sex, age and ear. That no exclusion
criteria were used in the NHS to eliminate otologic disorders and other
probable hearing loss cases may explain its better agreament with the
unscreened data observed in this survey.

CORRELATIONS OF HEARING LEVELS WITH LENGTH OF RESIDENCY

Logically, if aircraft noise exposures were a causal factor in the poorer
hearing displayed by the Playa del Rey group relative to the comtrel,

then systematic positive relationships should exist between length of
residency in this airport neighborkood, i.e., the duration of exposure,
and elevations in hearing level. Pearson product-momenrt correlations were
compated tc determine the degree of such correspondence for the screened
subject groups in both Playa del Rey and the Palisades communities. The
results are shown by age group and sex in Tables XXIV-SSV, No strong

evidence igs indicated in the Playa del Rey correlations. Indeed, coefficients

were generally small and none statistically significant. Moreover, the
direction of many such measures was counter to that expected. Differences
in the amount of time actually spent in the neighborhood, or indoor versus
outdoor activity, could have marred the strength of these pogssible correl-
ations. In «n atteupt to evaluate further one c¢f these aspects, two
subsamples were drawn from the screened group of Playa del Rey residents
each consisting of persons who had lived in the area ten or more years.

One subsample however, was composed of those participants whose questionnaires

indicated that they spend three or less days in the community whereas the
other included residents who stated that they stay in the community six

to seven days per week. Membars of these two subsamples were otherwise
matched one-to-one in terms of sex, age, and years of residency in the
zirport neighborhood. Table XXVII summarizes this evaluation. Differences
in hearing levels between thase two subgroups are largely equivocal despite
the greater possibility for one group to receive a much greater amount

of aircrcft noise exposure, It is likely that the varisble nature of the
residents’ activities over the years may also nullify the meanimgfulness
of this type of romparison. That is, more time could heve baen spent
outdoors in the airport neighborhood five to ten years ago before the
upsurge in jet air traffic. Those who spend most of their time at home
now, may vemain indoors longer, thus receiving an attenuated exposure

to the aircraft sounds. The questionnaire proved inadequate to yield
meaningful information bearing on these considerations. Under these
circumstances, consideration of the means, variances, and distributions of
hearing levels for the airport area residents relative to those of the

8. The elevated hearing levels at 500 Hz and 1000 Hz may be an art{fact
of using circumaural headsets (Otocups) as opposed to standard supra-
aural earpieces. The Otocups may inflate threshold levels at low
frequencies by 2 - 5 dB (27).
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control neighborhood remain the only basis for making judgments about
possible aircraft noise effects on the sazr.

Correlatior coefficients tabled for the Pacific Palisades group also show
no systematic relations emerging betwsen lemgth of residency and measurad
hearing levels, and none were expected (sas Tables XV, XXVI).
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1 SUMMARY AND CONCLUSIONS 3
A three-part hearing evaiuation consisting of a discrete frequency 7

audiometric test, an otologic check, and a questionneire referencing sural B

3 history and related matters was udministered to residents drawn from twon 2
F, neighborhoods in yreater Los Angeles, California. One neighborhood lay ;
1 at the West boundary of Los Angeles International Airport and had been 3
) subjected over the years to frequent takeoff noise of jet aircraft. On- 4

site measurement of the aircraft sound levels in this area found them to
range from 76 to 101 dBA with typical median values of 88 dBA. Deter-
minations of the volume of air traffic indicated that more than 500 3
takeoffs per day currently affect this region. Additional information ¥
gathered showed that the community aircraft noise exposure has become
more extensive over a period of ten year. due to a continuous increase

in the number of jet aircraft operations out of Los Angeles International 7
Airport. 3

L3 Al SR s s L )

The second (control) neighborhood was similar to the aircraft test
community in demography but essentially free of significant jet aircraft
sounds or other major noise intrusions. Noise measurements here, even
during peak activity hours, rarely exceeded 60 dBA end averaged 50 dBA

; or less.

R CART P8 AL

1 Hearing threshold data acquired from the control neighborhood residents,
screened to eliminate cases of suspected ear disorders or extraneous
noise induced hearing loss, were compared '..th similarly screened data
from the alrport neighborhood to determine it any differences in hesring
threshold levels existed between the two groups. Evaluations were also
made using the Naticnal Health Survey estimates of hearing threshold
levels. The principal results of these analyses are described below:

1. At the more noise sensitive higher froquencies on the audiogram
(3000, 4000, 6000 Hz), differences between the nean hearing
levels of the airport and control groups were small but tended ;
to be in directions suggesting poorer hearing for the airport 3
neighbors. Differences {r hearing leveis between the two groups
at low frequencies on the audiogram (500, 1000, 2000 Hz) were
e¢quivocal.

13 iaierit LS

2. The hearir- data for che airport group were relativeiy more
variable ¢: laying more spread in their distributions and more
deviant vali:s.

>. Despite apparent poorer hearing levels for the airport group
relative to cthe control group, such threshold values were still
equal to, or even better at certain frequencies, than those
reported in the National Health Survey (1960-1962)., Abseace

of s.reening criteria for excluding abnormal ears in the latter
survey could be the basis for this finding.
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4, Correlations betwsen length of residency in the airport uneigh-
borhood and hearing lewvels did not show close correspondence
as might be expected if aircraft noise exposure were a causal
factor for the poorer hearing in the airport neighbors. Com-
parisons of the hearing levels of matched subgroups of these
persons who spend few versus many days per week in their
community also failed to yield significant differences in the
expected direction. Variability im living habits over the
years, coincident with the upsurge in jet aircraft traffic,

may confound or obscure possible associations among the afore-
mentioned factors.

In terms of concluding statements, the observed aircraft noise levels

in the airport neighborhood are generally less intense or short-lived

in compdarison (o those fcund in mechanized workplaces where evidence for
noise-induced hesring loss among workers is well documented. Nevertheless,
ratings of these community aircraft noise conditions asgainst industrial
hearing conservation critevria cannot dismiss the risk of possible hearing

loss for those residents who may be exposed daily, perhaps frequently
throughout the day, over a period of years. Evidence of such hearing changes
in this atudy is suggested by differences between the hearing threshold
levels of the airport neighbors and a control group at csrtain test frequencies.
The actual amounts of loss indicated by these differencas, however, are
neither substantial nor siatisticslly significant in all instarces. Moreover,
the overall findings cannot definitively isolate aircraf: moise exposure

as the cause of these apparent hearing level differences, Other unique
features of cthe particular airport meighborhood surveyed may heve been
responsible though not identified in the quustionnaire data or other
infcrmation which was collected. Conciusions about aircraft noise as a
possible cause of hearing changes in residents in airport neighborhoods

will have to await the outcome of still more definitive surveys {.a other

commnities with a long history of such exposures. It is recommended that
these additional evaluations be underiaken,
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OMB No. 85-570025
Approval Expires May 31, 1971

DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE
Environmental Health Serxrvice
Environmental Control Administration
Bureau of Occupational Safety and Health
Cincinnati, Ohio 45202

COMMUNITY. NOISE AND HEARING STUDY

ASSURANCE OF CONFIDENTIALITY

The U.S, Public illealth Service hereby gives its assurance that your
identity and your relationship to any information obtained by reason of
your participation in the Community Noise znd Hearing Study will be
kept confidential in accordance with PHS regulations {42 CFR 1.103(a))
and will not otherwise be disclosed except as specifically authorized
below. A copy of this regulation will be made available to you upon

request, ‘ Z | A lhg

Director, Bureau of Qfcupational
Safety and Health
ECA, EHS

CONSENT

I hereby voluntarily agree to participate in the Community Noise and
Hearing Study which will be conducted by the U,S. Public Health Service.
It has been explained to me that in addition to my answering a question=-
naire, there will be a routine medical examination of my ears ana a
standard hearing test, I have been advised that I may withdraw fromw
this study at any time {f I sc desire.

Signature Date

AUTHORIZATION TO RELEASE MEDICAL INFORMATION

I hereby requect the U,S, Public Health Service to inform my personal
physician should there be any evidence from this study of an active ear
disorder,

Dr.
Street
City State Zip Code
Telephune
ECA-134 (CIN)
9/70 Signature vate
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; Page 2 “

g 4

3

Name of Comsunity 4

y Participan” Number ;

4 ;

g (Note: uestions 1-8 below are to be completed by staff intexrviewer any- !

time before hearing exaw). ;

1

E (1) Name: }
i (2) Address:

3 (3) Age: (4) Sex: ;

E- &

4 4

1 (5) Residential Background: %

a. When did you move into this community? i

b. In what other communities have you lived for at least 3 years? 3

- Location Type of Area Period of Residence £

3 (City/State) (Urban/Suburban/Rural) (From (Year)-To (Year)) é

i 1 T,

] ii !

: §

4 111 :

0f the following which do you consider the least attractive feature

of your present commmunity? (Check one) Crowding ; Litter ___
Noise _ ; Smoke and Soot .

Is your present community quieter than the previous ones in which

you have lived? Yes No

Typically, how many days during the week are you at home (or in tne
community) for most of the day? (Circleone) 1 =2 ~3 =4 -5 6 =7
Typically, how much time per day do you spend outdoors when you are
home? (Number of hours)
What period of the day do you most frequently spend cutdoorxs when
you are at home? (Circle one) Morning - Afternoon - Evsning
wWhat is the loudest type of sound you hear most frequently when
outdoors in this community?
Is this the Joudest type of sound you alsc hear most frequently
vhen indoocs? Yes Nn

1f not, specify loudest noise heard indoors.
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Page 3

Name of Comownity
Participant Number

i
j. Does your home have any special festures such as double-pane windows,
extra insulation of attic-ceiling sreas, weather-stripped door and
window frames? If s0, specify as ncted below:

i co G

A i Double )ane windows. Yes No
3 ii Acoust. insulation of attic=ceiling areas. Yes No
: 1ii Weather-stripping of door and window frames. Yes No

3 iv Other (specify)
v Were these features purposely installed to reduce the passage of

outdoer noise into your home? Yes No
3 k. 1s your home centrally air-conditioned? Yes N
: l. If not, do you use individual window units? Yes No

: (6) Occupational Conditions
4 a. Is your present job a nuisy one in that you have to shout to have

vour fellow workers hear what you are saying? Yes No
b. Have you ever held a job where you had tv shout to be heard even
at close distances? Yes No

c. If yes tc (a) or (b), we should like to list these jobs and the

number of years in which you were employed in them. We shall start
with the most recent one.

Type of Job Place of Work Source of Period of Employment Did you use
cribe (plant, hospitai, _ Nois=» (From (Year)-To_(Year)) Ear Protection
schoel)
i
ii
1is
iv
v

(7) Military Service:

a. Were you in military service? Yes No Specify Service
b. What was your unit assignment? (e.g., infantry, armored)
¢. Did you fire weapons? Yes No

d. If so, what kinds?
e, For how long?

f. Were you exposed to weapon noise even if you did not fire them?
Yes No

g. If so, for how long?

h. Were you 2:2xposed frequently to noise from aircraft, armored vehicles
or large engines? Yes No

i, 1f so, for how long?

ECA-134 (CIN)
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Participant Number
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(8) Non-Occuggtiaul Noise Exposure:

Have you used firearms as a civilian? Yes No

b. 1f so, what kind(s) of weapons?
c. When (e.g., childhood, 10 years ago, currently)?

d. For how many years have you used such weapons? N

e. How frequently?

f. How many rounds per year?

g.
Yes No

Do you routinely wear ear protectors when you fire weapons?

h. Do you participate in hobbies or other off~job activities that are

typically noisy or have loud sounds (e.g., motorbike racing,
rock-roll music playing, machine work, etc.,)? Yes

i. If so, specify?

No

). For how many years have you taken part in this hobby or activity?

k. How frequently? (daily, weekly, monthly)

1, Whet types of vehicles or forms of transportation have you used at
least three cays a week? (check as many as apply and record other

required information)

For how many years

at_this frequency

Vehicle

Average Time par
Day in Vehicle

Actual Frequency
of Use Per Week

Automobile

Bus

Truck

Motorcycle

Streetcar

Subway

Airplane
Motorboat

Other (Specify)

(Note: Questions 9 and 10 below will be completed by staff medical doctor

just before scheduled hearing test).

(9) Relevant Medical History:

Have you had any of the following:

Yes

(a) Head noises

(b) Deafness in family

(c) Hearing test

(d) Treatment by MD for
ear trouble

(e) Running ears

(f) Earaches

~~ PO PN PN PN
o’ e S P

Ta~134 (CIN)
G

-
ke . -

No Yes No

« ) (g) Hearing aid C) )

« ) (h) Do you routinely take any

(¢ ) medication? () )

« ) What type and for what
reason?

« )

« ) (1) Do you think you have normal
hearing? ) )
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(10) Ogologic Check:

(a)
(b)
(c)

(d)
(e)
(f)

‘Note:
sudb ject

DRIt o o s

s

Page 5

No

Perforation of drum head
Drainage from ear
Malformation or growth
in ear

Ear occlusion

Ear disease

Other (specify)

Question 11 below will be completed by audi .metrist just before

takes hearing exam).

R(ight) L(eft)

R
R

R
R
R

Nawe of Community
Participact Number

)

Abnormal ( )

|l ol il

(11) Time and Duration of Last Notable Exposure:

(a) What was your most recent exposure to loud noise (specify, e.g.,

horn, airplane, workplace, gunshot, etc.)?
(b) How long ago did this exposure take place?
(c) How long did the exposure last?

(12) Hearing Level Data:

Pure Tone 1

Date: Tester:

Time: Station:

e ——— Aty

Freq R L

250 -

500

100

1500

Lild

2000

3000

4000

6000

8000

ECA~134 (CIN)
9/170

Elaborative Comnents:

(in days)

(minutes or hours)

Pure Tone 11 (optional)

Date:

Tester:

Time:

Station

Freq

R

L ;

250

500

1000

1500

2000

3000

4000

6000

8000
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Source of Variance

Neighborhood (N)
Age (A)

Sex (S)

NxA

NxS

AxS

¥NxAxS

Error

abdts
“aw

ANALYSIS OF VARIANCE® OF HEARING LEVELS
BY NETGHRORHOOD, AGE, AND SEX
LEFT EAR - 500 Hz

336

significant p«<z,05
significant p<_ 01

Mean Square

.0125
L0zus
.0140
.oush
.1490
0271
.07u9

.0193

E}Ratio

0.6
1.26
0.72
2,39%
7.68%*
1.39

3.86%*

8See Anderson and Bancroft (29) for a description of this variance analysis.
For this analysis, individual subject hearing data were =2xpressed in log
transformations to reduce apparent non-homogeneity of variance among the
sample celis constituting the matrix.
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ANALYSIS OF VARIANCE? OF IHIARING LEVELS
BY NEIGHBORHOOD, AGE, AND SEX
LEF?T EAR - 1000 Hz

] Source of Variance

af Mean Square F-Ratio
Neighborhood (N) 1 .0900 2.81
: Age (A) 6 .1085 3.39%%
3 Sex (S) 1 .0108 0.3u
’ NxA & L0741 2.32%
NxS 1 .0846 2.64
3 AxS 6 .0588 1.84
NxAxS 6 .0uL3 1.38
Error 336 0320 0 m=——-

* significant p<.05
** significant p«,0l

3See Anderson and Bancroft (29) for a description of this variance.anaiysis.
For this analysis, individual subject hearing data were expressed in log

transformations to reduce apparent non-homogeneity of variance among the
sample cells constituting the matvrix.
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| ANALYSIS OF VARIANCE® OF HEARING LEVELS

. BY NEIGHHORHOOD, AGE, AND StX

5 LEFT EAR - 2000 Hz

é

3 Source of Variance af Mean Square F-Ratio

' Neighborhood (N) 1 .1975 4, 9uk
Age (A) 6 .0525 1.31
Sex (S) 1 .2561 6.41*
NxA 6 .1107 2.77%
NxS$S 1 .3160 7.90%%
AxS 3 .0688 1.72
NxAXS 6 .0676 1.69
Frror 336 .0400 ————

o

significant p<,05
#* significant pag,01

3See Anderson and Bancroft (29) for a description of this variance analysis.
For this analysis, individual subject hearing data were expressed in log
transformations to reduce apparent non-homogeneity of variance among the
sample cells constituting the matrix.
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s ANALYSIS OF VARIANCE® OF HEARING LEVELS
| BY NETGHBORHOOD, AGE, AND SEX
3 LEFT EAR - 3000 Hz
2
o
3 Source of Variance af Mean Square F-Ratio
Neighborhood (N) 1 .2201 4,93%
; Age (A) 6 1.0755 24, 09%#*
: Sex (S) 1 .6887 16.43#%%
3 NxA 6 .0365 0.82
. NxS 1 .0395 0.88
;| AxS 6 .0770 1.72
| NXAXS 6 .0197 0.4k
Error 336 0446 ————
significant p«£.05
** gignificant p&£.01
‘ 3See Anderson amd Bancroft (29) for a description of this variance.analysis.
3 Fer this analysis, individual subject hearing data were expressed in log
] transformations to reduce apparent non-homogeneity of variance among the
sample cells constituting the matrix.
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ANALYSIS OF VARIANCE? OF HEARING LEVELS 4
BY NEIGHBORHOOD, AGE, AND SEX 1
LEFT EAR - 4000 Hz

Source of Variance daf Mean Square F-Ratio
Neighborhood (N) 1 .0738 1.42
Age (A 6 1.7373 33, 45%%
Sex (S) 1 .8725 16.80%*
NxA 6 .0293 0.56
NxS 1 .1180 2.27
AxS 6 .0870 1.67
NxAxS 6 .0u58 0.88
Error 336 .0519 —————

#% significant p<.01

3see Anderson and Bancroft (29) for a description of this variance analysis.
For this analysis, individual subject hearing data were expressed in log
transformations to reduce apparent non-homogeneity of variance among the
sample cells constituting the matrix.
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ANALYSIS OF VARIANCE® OF HEARTNG LEVELS
BY NEIGHBORHOOD, AGE, AND SEX
RIGHT EAR - 6000 Hz

Source of Variance

Neighborhood (N)
Age (A)

Sex (S)

NxA

NxS

AxS
NxAxS

Error

% significant p<Z05
¥ significant p<01

.2017
.8620

~ o g
;
:

.1016
.0436
.0608
.0317

(2 B B )

.0164
336 .0415

#See Anderson and Bancroft (29) for a description of this variance analysis.
For this analysis, individual subject hearing data were expressed in log
transformationsto reduce apparent non-homogeneity of variance among the

sample cells constituting the matrix.
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F-Ratio

y,86*
20,79%*
2.45
1.05
1.u47
0.76

0.u40
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ANALYSIS OF VARIANCE? OF HEARING LEVELS
BY NEIGHBORHOOD, AGE, AND SEX
RIGHT EAR - 500 Hz

i T LI B e h ] SRR

Source of Variance

Mean Square F-Ratio
0u1k 1.84

Neighborhood (N)
Age (A)

(=2}

.0285 1.26

Sex (S) 1 .0071 0.31
NxA 6 .0352 1.56
NxS 1 + 0000 0.00

NxAxS 6 .0587 2.60%

Error 336 .0226 —_

*significant p<l.05

\ AxS 6 .0496 2.20%

3See Anderson and Bancroft (29) for a description of this variance analysis.
For this analysis, individual subject hearing data were expressed in log
transformationsto reduce apparent non-homogeneity of variance among the
sample cells constituting the matrix.
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ANALYSIS OF VARIANCE? OF HEARING LEVELS

BY NEIGHBORHOOD, AGE, AND SEX
RIGHT EAR - 1000 Hz

Source of Variance af Mean Square F-Ratio
Neighborhood (N) 1 .4819 15.86%*
Age (A) 6 .1261 Y, 15
Sex (S) 1 .0022 0.07
NxA ~ 6 .0542 1.78
Nx$S 1l .0696 2.29
AxS 6 .0u26 1.40
NxAxS ) .0u20 1,38
Error 336 0308 000000 eee—-

** significant p<,01

4See Anderson and Bancroft (29) for a description of this variance analysis.
For this analysis, individual subject hearing data were expressed in log
transformations to reduce apparent non-homogeneity of variance among the
sample cells constituting the matrix.
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ANALYSIS OF VARIANCE? OF HEARING LEVELS
BY NEIGHBORHOOD, AGE, AND SEX
RIGHT FAR - 2000 Hz

Source of Variance af Mean Square F-Ratio
Neighborhood (N) 1 .3335 8.78%*
Age (A) 6 4358 11.u48%%
Sex (S) 1 .1270 2.34
NxA 6 <1177 3.10%*
NxS 1 .1199 3.16
AxS 6 .0686 1.81
NxAxS 6 .0511 1.34
Error 336 .0380 ———

*rsignificant p<&£.01

3See Anderson and Bancroft (29) for a description of this variance analysis.
For this analysis, individual subject hearing data were expressed in log
transformationsto reduce apparent non-homogeneity of variance among the
sample cells constituting the matrix.
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ANALYS'S OF VARIANCE® OF HEARING LEVELS
.. NEJGHBORHOOD, AGE, AND SEX
RIGHT EAR -~ 3000 iz

r Soun . £ Vewdars: df Mean Square F-Ratio
| Neiglachood (N 1 .3422 8., ukk
Age (A 6 .0682 1.64
Sex (S) 1 .3121 7.52%
NxA 6 .0654 1.57 1
N xS 1 .0777 1.87 ’
; AxS 6 .0306 0.74
_ NxAxS 6 .0524 1.26
| Error 336 L0415 ——
3 **significant p«Z.01 j
4See Anderson and Bancroft (29) for a description of this variance analysis.
For this analysis, individual subject hearing data were expressed in log

transformationgto reduce apparent non-homogeneiyy of variance among the
sample cells constituting the matrix.
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: ANALYSIS OF YARIANCE? OF HEARING LEVELS
BY NEIGHBORHOOD, AGE, AND SEX
RIGHT EAR - 4700 Hz

LAY TR T

AT

Source of Variance df Mean Square F-Ratio
Neighborhood (N) 1 .0308 0.55
Age (A) 6 1.5713 28.114%
Sex (S) 1l .9332 16,68**%
NxA 6 .135G 2.42%
Nx3S 1 .2988 5.35%
AxS 6 0824 1.47
HNxAxS 6 .0266 0.48
Error 336 .0553 - -

* gignificant p<.05
#* significant p<,01

#See Anderson and Bancroft (29) for a description of this variance analysis.
For this analysis, individual subject hearing data were expressed in log
transformationsto reduce apparent non-homogeneity of variance among the
sample cclls constituting the matrix.
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ANALYSIS OF VARIANCEa OF HEARING LEVELS
BY NEIGHBORHOOD, AGE, AND SEX
LEFT EAR - GOOO Hz

Source of Variance af Mean Square
Neighboriiood (N) 1 .0795
Age (A) 6 1.008Y4
Sex (S) 1 L4363
NxA ) .0216
NxS 1 .0686
AxS 6 .0367
NxAxS 6 ou2u
Error 336 .0u05

&

significant p«;.05
significant p<.01

LY. 3
Bxt

F-Ratio

1.96
24 ,88%*
10, 76%*

0.53

%See Anderson and Bancroft (29) for a description of this variance analysis.
For this analysis, individual subject hearing data were expressed in log

transformations to reduce apparent non-homogereity of variance among the

sample cells constituting the matrix.
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