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Conventional and high frequency audiograms for US Navy Prop, Jet,
and Rotary wing pilots were obtained and plotted as a function of a-
.ount of fligh~t tirc logged. Lack of sufficicnt audiograms of Prop
and Rotary pilots restricts discussion of the relative hazard to hear-
ing of Prop, Rotary, and Jet flight. 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
Aerospace 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 AIUD HIGH FREQUENCY HEARING OF NAVAL
AIRCREWMEN AS A FUNCTION OF NOISE EXPOSURE*

John L. Fletcher
(Department of Psychology, Memphis State University)

Th. direct and indirect effects of noise on man have been
documerted in great detail. The costs to industry and to the
government are staggering. Because noisc induced hearing losses
are gradual in both onset and progress, and in view of the fact
that protective devices an6 proccdures to reduce or eliminate
noise induced hearing losscs are well known anid readily avail-
able, early detection of noise induced hearing losses should
help in institution of protctive measures that would elimi-
nate or minimize occupational hearing lozs.

It is known that, in gý.nural, noise induced hearing losses
begin at higher frequencies and erode gradually down into the
lower frequencies, the so called speech frequencics, where they
result in loss of ability LW understand or dctect speech. These
losses of ability to communicate result in both a social and an
economic loss to the person incurring the hearing deficit.

Until recently, measurement of hearing at frequencies a-
hove about 8000 Hz was unreliable, primarily because of the
difficulties in coupling the ear and the transducer. Coupling
at high frequencies is extremely critical becausc of the short
wave length of high frequency waves, therefore placement of
earphones upon the head was critical and if placement varied
from test to test threshold would vary from test to test.
Dr. Wayne Rudmose found a :-olution to this prcblcm, however,
and devised a reliable high frequency audiometer. His solu-
tion, simple and effective, was to use a capacitor microphone
inserted into the ear canal as the transducer in lieu of ear-
phones. Fletcher (1965) found that tho Rudmosc high frequen-
cy hearing audiometer produced more reliablc audiograms at
conti}ciraLlc frequencies than did a conventional audiometer and
thlt r,.licbIdil-• of high fr(;quency audiocjrams was sufficient-
ly high that such, t'-ts could be useful. Later research of

*RoscLrch supportt-d by ONR Contract No. J0OO014-71-C-0354.
Thic statemcnts hcre madt are those of the author and do not

,L(gar) i~y reflcct thosc. of t,1t US Navy.
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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 (Zislis and Fletcher, 1966) , of high frequency hearing
of meningitis patients (Fletcher, et al. 1967), and of high fre-
auency hearing and ototoxic drugs (Jacobson, et al. 1969'. The
studies cited found high frequency hearing to be a sensitive in-
dicator of trauma to hearing from meningitis and from ototoxic
drugs, and showed that information could be gained from testing
high freauency hearing that would not be available through test-
ing confined to conventional frequency 1imits. These results
suggest that high freauency hearing might be a -ensitive indi-
cator of hearing loss from noise exposure 'n humans. If that
is true, it might be nosnible by examining the high frequency
hearing of those exposed during work to -:otentially hazardous
noise, to detect hearing loss from noise exposure early in its
inception, and by early detection, insti.tute appropriate Dro-
tective measures to 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 flying carer'r with the aim of deter-
mining the onset and progr-ss of hearing loss as a function both
of hours of flight, time and of type u,. a.;.rcraft flown.

METHOD

Hearing was tested at the frequencies 500, 1,0)0, 2,000,
39000, 4,000, and 6,000 Hz using an ARJ - 4A Rudmose Audiometer.
Testing at 8.)00, 9,000, 10,o(00, 11,090, 12,-)r0 , 13,0C)f, 14,000,
15,0C0, 16,o0O0, and 18.001) Hz was accomn'-ished with an ARJ - 4HF
Rudmose Audiometer. All t--sting was done In IAC booths meeting
appronriate ANSI standards Aircrew candidates will be -given a
reference audi.ogram at aaval Aerospace Me~i~al Institute, ?cnsa-
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 NAS, Tennessee,
and Meridian NAz, Mississippi. The log book of each cualified
pilot was examined in dutail for the number of hours of flight
time and for the tyne of aircraft flown and the total flight
time of each pilot was re:orded and, based on the tyoe of air-
craft most flown, the re,-ord war. judged to be. jet, prop, or
rotary wing flight. Aft'_r examination of the log books, pilots
were contacted, scheduled, and called in and tested. At time
of test, each pilot was at heast 16 hrs. post-eYnosure from
significant noise exposure. The calibration of each audiometer
was checked biologically nrior to testing, periodically during
testing. and after testing by the technicians using the bio-
logical technique. An artificial ear was used to check calibra-
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tion of the AJ - 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 qualified persons.

All S's were commissioned Navy pilotL, on active duty, with
varying amounts of flight time. qcheduling of Pilots was accom-
plished 'y working in co-operation with the '*enior Medical Offi-
cer - Flight Surgeon at each installation, and through him, the
commanding officers of the various flight activities.

RESULTS

The results of incomplete tcsting to date are shown in
Figures 1-4. The figures as shown are somewhat mi3leading. At
the high frequencies, 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 frequency, i.e., 70 dB on
the high frequency audiometer. For the hghcr frequencies,
then, it is imrortant not only to look aý- the mean hearing level,
but aiso at the percent o2 S'i taking the test who could hear
a given frequency. Figure 5 shows the percent of S's hearing
(i.e.. detecting the specific fre.quency and not being assigned
the maximum level).

In Figure 5 we can see much brtter the progression of hear-
ing loss in Pilots as a function of hours of flight time than is
revealed in Figures 1-4. Note for example the erosion of high
frequency responsc from 100% at 6 KHz to less than 50% at 18 KHz
in the Class I-IV Jet nilots. A rather cle.ar and marked decrease
in oercent responding, goinj in frequency downward, and at each
frequency, getting progressively worse with hours of flight time.
Thus, in Jet pilots, it seems we very w.l11. may be able to detect
high frequency hearing losses rather early in the carecr of the:
pilot and, with initiation of appropriat,- tcsting and protuctiv'
measur&es, at least slow down thc gradual erosion of hewaring loss
into the critical spctC'k rLgion foeucncic: so vital for com-
munications.

Not a great dcal can b.( said about Prop and Rotary pilots
becausu of the r-elative ,,ueity of data -olicctcd to date. How-
ever, the worst (i. -. , long_-st flying. , rio, pilots a-pzar to be
less able to hear than the 'vuLýt J-t pilot,, both in terms of
lower mian hearingq lcvves (see Figures 2 and 31 and in tcL,,,s of
a Iowcr rcrccnt of pilrts hfarinq the hkihtr frequencies.

The Rotary and Jet VI nilots sL-cm to -c fairly close, al-
though the number of Rotary pilots and the amouint nf fliight

time are such that no 3ugitimatc comparison can be made.



closer examination of Figur.ýs 1 and 2 shows that Jet groups
I through 1II, with accumulated flight hours of from 58-795, are
very close together with regard to both mean hearing levels and
percent responding to t.ie higher frequency signals. However,
more "spread" can be observed in both mean h,,..aring level and in
percent responding.

DISCUSSION

The data from the Jet pilots shov' rath.r .lear:.y what it
had been suspected they would, that hcaring losse3 begin at
higher frequencies, eventually degrading 'x_:ccption of sneech.
This, of course, would affect the nerforicant'e of pilots, who
must rely heavily upon spaech comrmunication.: in porformanct of
their mission. The data al8o show that mean h--aring levels a-
lone are not a true indicator, or at iea.t not a precise index,
of hearing loss. TI-s is true because kn highest score that
can be given to one who does not prcc4i• a signal is simply
the maximum level possible at the frcquency with thc audioneter
uscd. Thus, it i3 necessary to know not only mcan level, bnt
for the freque-ncies abovc 6 IHz at least, the percent of S's
perceiving the signal.

So far, no firm conclusions can bc reachcd rcegarding the
relative hearing hazards of Jet, Prop, and Rotary wing noise
exposure. Much more data will have to Lb accumulated on Prop
and Rotary wing flyers in order to properly evaluate thL haz- 1
ards to which they are exposAd.

The data in the process of collcction at NAMI, 'LQnsacola,
will be invaluable in telling us of the hea; ing hazards of basic
training and establishing for the high froqucncius an initial
level for those entering training. Data arc also neuded for
advanced agecializt.d training and plans aro made for testing of
those necessary to fill the gaps in our knowledge. When all thr
data are in, we should bc able to begin with entry into flight
training and follow the hearing of aviators through basic and
advancceA flight training, and then through a career as a Jet,
Prop, or Rotary pi?.ot or inded, as a pilot flyinq co-biiiations
of one or more types of aircraft. Wc should also be able to
point out cricial ages or points in the career of the flyer
whi:h in turn would suggest prcventive rmnasures or procedures
to prolong the hearing and thcicfor, the eff.-ctivcnvss and use-
ful carcer of the flyer.
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