TECHNICAL REPORT

AD 7Y39368

CONVENTIONAL AND HIGH FREQUENCY HEARING
OF NOISE EXPOSURE

OF NAVAL AIRCREWMEN AS A FUNCTION

Principal Investigator John L. Fletcher,

1 April 1972

Best Available Copy

Reproduction in whole or in part is permitted for any purpose

of the United States Gouvernment.

NATIONAL TECHNICAL
INFOPMATION STRVICE

Office of Naval Research
Engineering Psychology Branch
Contract N00OOl4-71-C-0354
Work Unit Number NR 197-002

\\

¢
{ !
\

'\
t
\l
Ll

\

i
[N

m ’\" o

Ld redooeet = m



UNCLADD L LR Y

Necunty Classificatninn

DOCUMENT CONTROL DATA-RA&D

Seaanetn s das sl atiegn of Gites Beedv ol strac Lol e sy o tatn e Ul entesed when the averall report 4y classifisd)
S B e O L T SN GRY PPNy Y PRRNTYY] | L@, B ECHY f LRIt Y CLASSHI I ATION
Memphis State University UNCTASEIFIED
Degt. of Psychology hoanon
Memphls, Tennessee 38111

VBt E DGy

Convent10na1 and High Frequency Hearing of Naval Aircrewmen as a
Function of Noise Exposure

4 ST g NO FS TN ol veport and a1 g

Technical Report May, 1971”: March, 1972

L ALTDR-SI kst name, maddle angtial, IASE nate

John L. Fletcher

T SR e T AL e Tt ALY kWD O RLFS
1 Aprll 1972 )
an ey T he B T o f Gt L i R R el T P Bl P V) £ S Y
NOOOl4 71 -C- 0354
bt HRL/L
"’ LS MU Tt D oss rAn ther nunhers that sy he 8csigned
<1
serremer swstatement ygnlimited. Qualified requesters may obtain copies

from the Cefense Documentacion Center, Cameron Station, Alexandria,
Virginia. Others should contact the author at Dept. of Psychology,
Memphis State University, Memphis, Tennessee 38111.

[ R T I R A RN

Engineering Psychology Branch
Office of Naval Research
Washington, D.C.

Conventional and high frequency audiograms for US Navy Prop, Jet,
and Rotary wing pilots were obtained and plotted as a function of a-
mcunt of flight time logged. Lack of sufficicnt audiocgrams of Prop
and Rotary pilots restricts discussion cf the relative hazard to hear-
ing of Prop, Rotary, and Jet flignt. However, for Jet aircrewmen,
losses appear to begin at the higher frequencies i.e., above 6 KHz,
and erode with cumulative flight time down to the lower frequencies.
Percent of persons detecting the high frequency signals is a more pre-
cise index of the progression of hearing loss than is mean hearing
level, primarily because of an artifact in scoring audiograms. Data
collection of aircrew candidates pre-training, during training, and
post-primary hearing are concurrently being collected by US Navy
Berospace Medical Research Institute (NAMI) personnel at Pensacola
NAS. " These data will be incorporated into the final report of this
joint MSU-NAMI project. (U)
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CONVENTIONAL Al'D HIGH FREQUENCY HEARING OF NAVAL
AIRCREWMEN AS A FUNCTION OF NOISE EXPOSURE™*

Jochn L. Fletcher
(Department of Psychology, Memphis Statc University)

Th. dircct and indircct effects of noise on man have been
documerted in great detail. The costs to industry and to the
government are staggering. Becausc noisc induced hearing losses
are gradual in both onset and progrcss, and in view of the fact
that protective devices and¢ proccdures to rcduce or eliminatc
noise induced hearing losscs are well known and readily avail-
able, early detection of noise induced hcaring losses should
help in institution of protcctive measurcs that would elimi-
nate or minimize occupational hearing locs.

It is known that, in ginceral, noisc induced hearing losscs
bhegin at higher frequencies and ecode gradually down into the
lower freQuencies, the so called speech frcquencics, where they
result in loss of ability Lo understand or dctect speech. These
losscs of ability to communicate rcesult in both a social and an
economic loss to the person incurring the hcaring deficit.

tntil recently, measurcment of hecaring at frequencies a-
bove about 8000 Hz was unreliable, primarily hecausc of the
difficulties in coupling thc ear and the transducer. Coupling
at high [requencies is extrcmcly criticcl because of the short
wave length of high frequency waves, therofore placement of
earphones upon the hecad was critical and if placcment varicd
from test to test threshold would vary from test to test.

Dr. Wavne Rudmose founcd a sclution to this prcblem, howcever,
and devised a rcliable high frequency audiometer. His solu-
tion, simple and effective, was to usec a capacitor microphone
insertced into the ear canal as the transducer in lieu of car-
phoncs. Fletcher (1965) found that thce Rudmosc high frequen-
cy hcaring audiometer produced morc reliable audiograms at
conparable frequcncics than did a conventional audiomcter and
that relliakility of high frocquency audio¢rams was sufficient-
ly high that such tests could be uscful. Latcr rescarch of

*Ruscarch supportcd by ONR Contract No. N0O0014-71-C-0354.
The statcements here made are those of the author and do not
nceessarily reflect thoso of the US Navy. A
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high frequency hearing (Northern, et al. 1971) has resulted in
standards for the high frequencies being recommended. Studies
have been made of the relation of high frequency hearing to age
and sex (2islis and Fletcher, 1966), of high freguency hearing
of meningitis patients (Fletcher, et al. 19€7), and of high fre-
aguency hearing and ototoxic drugs (Jacobson, et al. 19€9'. The
studies cited found high freaquency hearing to be a sensitive in-
dicator of trauma to heariny from meningitis and from ototoxic
drugs, and showed that information could be gained from testing
high frecuency hearing that would not be available through test-
ing confined to conventionai frequency limits. These results
suggest that high frecguency hearing mijht e a tensitive indi-
cator of hearing loss from noise exposure ‘n humans., If that

is true, it might be nossible by examining the high frequency
hearing of those exposed during work to potentially hazardous
noise, to detect hearing loss from noise e¥posure early in its
inception, and by early detection, institute appropriate pro-
tective measures tc minimize occupational hearing loss.

It is therefore the objective of this project to study the
hearing of US Naval aircrewmen from the beginning of their air-
crew training through their f.ying care=r with the aim of deter-
mining the onset and progress of hearing Zoss as a function both
of hours cf flight time and of tyve or aircraft flown,

METHOD

Hearing was tested at the frequencies 599, 1,079, 2,009,
3.209, 4,900, and 6,007 Hz using an ARJ - 4A Rudmose Audiometer.
Testing at 8.909, 9,070, 10,c00, 11,999, 12,919, 13,023, 14,000,
15,240, 16,20, and 18 07" Hz was accomnlished with an ARJ - 4BF
Rudmose Avdiometer. All testing vas done in IAC booths meeting
appronriate ANSI standards Alrcrew canc.-Cates will te -given a
reference audiogram at gJaval Aerospace Mecdical Institute, Pensa-
cola, Florida, facilities by NAMI personnel nrior to beginning
aircrew training, during training, and at the end of basic train-
ing. Testing thereafter was done at Millington NA5, Tennesseeg,
and Meridian NAS, Mississippi. The log book of each cualified
pilot was examined in detail for the number of hours of flight
time and for the tyne of aircraft flown and the total flight
time of each pilot was recorded and, hased on the tyne of air-
craft most flown, the re-ord was judged to be jet, nrop, or
rotary wing flight. After cxamination of the log books, pillots
were contacted, scheduled., ard called in and tested. At time
of test, each pilot was at¢ least 16 hrs. post-errosure from
signiiicant noise exposurc. The calibration of each audiometer
was checked biologically nrior to testing, pcriodically during
testing. and after testing by the technicians using the bio-
logica: technigue. An artificial ear was used to check calibra-
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tion of the ARJ - 4A about every two months during the testing
period, or as the need was felt to check calibration. All tests
were conducted by properly trained and gualified persons.

All S's were commissioned Wavy pilot:, on active duty, with
varying amounts of flight time. Scheduling of pilots was accom-
plished by working in co-operation with the Zenior Medical Offi-
cer - Flight Surgeon at cach installation, and through him, the
commanding officers of the various flight activities.

RESULTS

The results of incomnlete testing to date are shown in
Figures 1-4. The figures as shown are somewhat misleading. At
the high freguencies, or at any frequency for that matter, when
a ¢ could not hear a signal, he was given the numerical value
of the highest level possible at the fraquency, i.e.,, 70 dB on
the high frequency audiomcter, For thc higher freqguencies,
then, it is important not only to look at the mean hearing level,
but aiso at the vercent of 2's taking the test vho could hear
a given frequency. Figure . shows the percent of S's hearing
(i.e.. detccting the spzcific frequency and not being assigned
the maximum level).

In Figure 5 we can sce much better the progression of hear-
ing loss in pilots as a function of hours of flight timc than is
revealed in Figures l-4. Note for examole the crosion of high
frequency responsc from 100% at 6 KHz to iess than 50% at 18 KHz
in the Clacs I-1IV Jet Pilots. A rathcer clcar and marked decrease
in percent responding, goinjy in frequency downward, and at cach
frequency, getting progressively worse with hours of flight time.
Thus, in Jet pilots, it s~cms we very well may be able to detect
high frequency hearing losscs rather carly in the carcer of the
pilot and, with initiation of appropriatc tcsting and protective
measuics, at least slow down thc gradua! crosion of hcaring loss
into the critical speech rugion f.cquencics so vital for com-
munications.

Wot a great dcal can bo said about Prop and Rotary pilots
becausc of the relative peucity of data -oliccted to date. How-
ever, thc worst (i.:., lorng:st flying: ,ron pilots appear to be
less able to hear than the wourst Jot pilots, both in terms of
lowcr muan hearing lcoveis (sce Figures 2 and 30 and in tciws of
a lowcr prcrecent of pilnts hraring the highor f{rcquencics.

The Rotary and Jet VI oilots sc:m to ¢ fairly clesc, al-
though thc number of Rotary pilots and the amount of flight
time are such that no icgitimate comparison can be made.




Closer examination of Figurcs 1 and 2 shows that Jet groups
I through III, with accumulated flight hours oI from 58-795, are
very close together with regard to both mean hecaring l¢vels and
percent responding to t.e highor frequency signals. However,
more "sprcad" can be observed in both mcan hearing lcevel and in
percent responding.

DISCUSSION

The data from the Jet pilots shovw rather ¢leariy what it
had been suspected they would, that hcaring losses begin at
higher froquencics, cventually degrading »czcaprt.on of snecch.
This, of coursc, would affect the nerformance of pilots, who
must rely heavily upon speech communication: in pcrformance of
their mission. The data also show that mcan hiaring levels a-
lonc are not a true indicator. or at 1icach not a precisc index,
of hearing loss. This is truc beccause the highest score that
can be given to one who does not poerccirsze a signal is simply
the maximum level possible at the froquency with the audioneter
uscd. Thus, 1t 15 necessary to know not only mcan level, but
for the frc¢qucencics abovc 6 KHz at lcast, the percent of S's
perceiving the signal.

50 far, no firm conclusions can %c rcachzd rcgarding the
relative hearing hazards of Jet, 2rop, and Rotary wing noise
exposure. Much more data will have to Lo accumulated on Prop

and Rotary wing flyers in order to properly cvaluate the haz-
ards to which they are expos.d.

The data in the process of collcction at NAMI, “wvnsacola,
will be invaluable in tclling us of thc heasing hazards of basic
training and establishing for thc high frequencices an initial
level for those entcring training. Data are also necded for
advanccd s»necialized training and plans ar. made for testing of
those necessary to fill the gaps in our knowlcdge. When all the
data are in, wc should bc able to begin with c¢ntry into flight
training and follow the hearing of aviatocs through basic and
advancecd flight training, and then through a carcer as a Jet,
Prop, or Rotary pilot or indced, as a pilot flying combinations
of one or more types of aircraft. We should alse bo able to
point out crucial ages or points in thc career of the flyer
whizh in turn would suggest proventive m.oasures or procedures

to prolong thce hcaring and thcrcfore the <ffectiveness and usc-
ful carecr of the flycr.
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