
Report SAM-TR- 76-8 /
HEARING OF PERSONNEL INCLUDED IN THE
USAF HEARING CONSERVATION PROGRAM:

00JANUARY-MARCH 1975

LillC

February 1976

Progmes Report for Period January-October 1975 LL,- . . JU U Lb•,•. T LL'•
D

Approved for public release; distribution unlimited.

USAF SCHOOL OF AEROSPACE MEDICINE
Aerospace Medical Division (AFSC)
Brooks Air Force Base. T.xaos 78235 4Ib



NOTICES

This progress report was submitted by personnel of the Otolaryngology
Branch, Clinical Sciences Division, USAF School of Aerospace Medicine,
Aerospace Medical Division, APSC, Brooks Air Force Base, Texas, under job
order 7755-08-02.

When U.S. Covernment drawings, specifications, or other data are used
for any purpose other than a definitely related Government procurement
operation, the Government thereby incurs no responsibility nor any obliga-
tion whatsoever; and the fact that the Government may have formulated, fur-
nished, or in any way supplied the said drawings, specifications, or other
data is not to be regarded by implication or otherwise, as in any manner
licensing the holder or any other person or corporation, or conveying any
rights or permission to manufacture, use, or sell any patented invention
that may in any way be related thereto.

This report has been reviewed by the Information Office (01) and is

releasable to the National Technical Information Service (NTIS). At NTIS,
it will be available to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.

Project Scientist Supervisor

ROBERT G. MCIVER, Colonel, LEAF, MC
Conmander



Unclapsified
ECURITY CLASSIFICATION Of THIS PAGE (Whesn Data Entered) __________________

READ INSTRUCTIONS
REPOR rwI OM UAENTATIONUf PAGE BEFORE COMPLETING FORM

I. KEPOAT mu"" 2. GOVT ACCIESSION No. 3,. CIP"1- "S C~k 'LO'G %"419ER

SAM-TR-76-8

TITLE~~~KbD nmdSb~l)~~0CO ERED(4 EARING OF PRSONNEL ;NCLUDED IN THE USA ANG Porsi ao
q tONSERVATIOW'PR0P JanW=EARING Progress

(I Donald C. 'Gasaway, Lt.Col., USAF, BSCRCTOGATNUER)
Harrell C./Sutherland, i-_ Jr /A1~d
RoyVDanford, Jr IM"

9. PRFOMIN ORGNIZTIO NAE AN ADRES - 10. PROGRAM ELEMENT. PROJECT. TASK
9. PFORINGORGAIZAIONNAMEANDADDESSAREA ft WORK UNIT NUMBERS

USAF School of Aerospace Medicine (NGEA)
Aerospace Medical Division (AFSC)
Brooks Air Force Base, Texas 78235 F-77_450-02

i1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

USAF School of Aerospace Medicine (NGEA)
Aerospace Medical Division (AFSC)
Brooks Air Force Base, Texas 78235 23_____________

T4. MONITO G AGENCY NAME 6 ADDRESS(II different fmnw Controlling Olie~*) 15, SECURITY CLASS. (9f this report)

16 I S JUINSAEET (of this R@I.ort)

Approved for public release; distribution unlimited. -

17. DISTRIBUTIO04 STATEMENT (ot th, abstract entered In illoel 20. if different from Report i............'

WS SUPPLEMENTARY NOTES

Hearing

Hearing conservation
ffcts of noise

Noise-exposed personnel
ABSTRACT (Continueon arverose old* It necsoeae, andI idmiltiy br. bloclt nusifwe)

sults of annual audiometric monitoring of 26,446 personnel (22,817 military
and 3,629 civilian employees) during January through March 1975 are reported.
Mean and median hearing levels are reported separately for military and civilian
pers~onnel at test frequencies of 500 through 6000 liz for right and left earn.
Age groupings included in this study ranged from 17-19 and 5-.year intervals
thereafter up to age 49, withi a final age group of 50 and older. Median hearing
levels are reported for current annual and reference (audiomnetric baseline)
audioqrams. Results revealed that 98.9% of both left and right ears of 22,8i

DD , 1473 toITION Or I NOV $I IS O@5OLETSUcasiid _______

SECURITY CLASSIFICATION Or THIS PAGE fWhon Does w.*setsUj

lie J~•K



unclassified
SECURITY CLASSIFICATION OF THIS PAGE(Whan Data Euitored)

*,plitary personnel and 95.05% of left ears and 94.84% of right ears of

civilian employees that routinely work in potentially hazardous noise showed

hearing levels at 500, 1000, and 2000 Hz that averaged 30 dB or betterx.

Unlssfe

19IIVC&WCTO FTI A3MaDt ##d



AtCCESSIN W I
•): NTIS WftII sectlln

,,' ..... ..HEARING OF PERSONNEL INCLUDED IN THE
USAF HEARING CONSERVATION PROGRAM:

JANUARY-MARCH 1975
.ii . ............. ... ....

: -•. A. z. •. ••LAL INTRODUCTION

In October 1956 the U.S. Air Force established a formal hearing
__ conservation program that employs threshold monitoring audiometry (1).

A Hearing Conservation Data Registry was also established by the Air
Force to study and accumulate hearing data on military and civilian
personnel who routinely work in noise. Recent revisions of this pro-
gram have resulted in increased emphasis on hearing conservation studies
and evaluations (2). The intent of this report is to describe the re-
sults of a survey of annual audiometric monitoring of 22,817 military
and 3,629 civilian personnel who are included in the Air Force hearing
conservation program.

The Air Force program requires annual audiometric monitoring of
t all military and civilian personnel who routinely work in potentially

hazardous noise. Approximately 27,000 personnel receive audiometric
monitoring each month. Of this number, about 14,000 are annual evalu-
ations. The intent of the annual audiometric monitoring is to identify
personnel who may be acquiring noise-induced hearing losses. The form
used for this purpose has been carefully designed so that the current
hearing of each individual can be directly and immediately compared to
the hearing levels established as an individual audiometric reference,
or baseline. This procedure has been in effect since October 1956, but
entry of current and reference hearing levels on the same form beqan in
1973. Fortunately, with proper use of monitoring audiometry, most people
who develop a hearing loss due to noise can be identified early enough
in their careers so that a sensor inoural hearing loss in the speech ranqe
can be prevented (3). Simply stated, the Air Force uses audiometric
monitoring techniques and threshold shift criteria that identify "signif-
.lant threshold shifts" before they progress to "significant hearing
losses."

This report contains a detailed description of the hearing of per-
" sonnel for whom hearing thresholds were obtained durinq annual audiometric
evaluations reported to the USAF Hearing Conservation Data Registry dur-
ing a 3-month period (January through March 1975). The authors are respon-

;ihblo for monitoring the effectiveness of the hearing conservation
program performed at Air Force bases, and results of studice arc intended
to identify areas which require revision and correction. This initial
study is intended to describe the hearing of personnel who routinely work
in noise so that. a basis for later evaluations of the effectiveness of the
program can be established. .
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CURRENT STUDY

A duplicate copy of Air Force Form 1490 (Hearing Conservation
Data), completed on each individual who receives routine audiometric
monitoring, is forwarded to the Data Registry. Quality control assess-
ment is performed on each incoming form and acceptable forms are key--
punched and loaded into the computer. Each form contains information
concerning the individual's noise history and other pertinent informa-
tion, and a complete audiometric threshold record is reported for both
the current as well as the reference audiometric test. As a result,
longitudinal hearing data are available on each individual who is moni-
tored using the AF Form 1490.

For purposes of this evaluation, military and civilians are treated
separately. All audiometric data represent ANSI S3.6-1969 calibration
standards. Forms containing errors cr incomplete data were not includ-
ed in this study.

Table 1 shows mean hearing levels at six test frequencies (500
through 6000 Hz), for each ear, obtained from hearing data recorded on
22,817 annual hearing tests performed on military personnel.

Table 2 provides detail.s relative to the age groupi.ngs used in the
study of the hearing of military personnel. The age distributions in-
dicate that more than half the military sample were 29 years of age or
younqer. Although this finding was to be expected, the distribution
within 5--ear intervals indicates a slightly older population than is
couzionly found in the military.

Tables 3 and 4 provide similar information for 3,629 civilian per-
sonnel who were monitored durinq the same period. Table 3 shows wean
hearing levels, and Table 4 provides a breakdown of the agu distribution.
The distribution of ages indicates an older population than that report-
ed for the military, which is to be expected. Figure I illustrates the
data or ago groupings contained in Tables 2 and 4. The mean hearing
levels contained in Table I are illustrated in Figure 2, and Figure 3
shows those reported in Table 3.

Study of the data reported in Tables I and 3 must be approached
with caution since mean hearing levels are recorded. Medians are more
commonly used for reporting central tendencies in hearing threshold
levels because of the marked skizwing of data. We believe that both
statistics are of valuej therefore, both means and medians are reported
in this study.

Table 5 gives median hearing levels for the military personnel,
and Table 6 gives data for the civilian personnel. Figures 4 and 5
illustrate the data reported in Tables 5 and 6, respectively. One

additional bit of information is provided in Tables 5 and 6z the

2



difference between the current and reference audiogram is noted. The
differences between median hearing leveis at 4000 Hz tend to exhibit
the most noticeable change that is commonly attributed to noise-induced
hearing loss. Figure 6 serves to illustrate this phenomenon. Mean
values of threshold shift noted between current and reference audio-
grams on 22,817 military personnel are illustrated.

Table 7 provides a comparison of mean and median data for both
military and civilian personnel, using two age groups (30-34 and 40-44).
Within the same age group, civilian personnel generally reflect poorer
hearing acuity than do the military, especially in the higher frequencies.

Although this study is not intended to provide a comparison with
other populations, it is evident that the hearing levels (medians) re-
flect reasonably good hearing acuity, especially for a population which
routinely works in noise. Also, the hearing levels obtained during an
annual audiogram (identified in this report as current) frequently re-
flect the results of auditory fatigue. This factor becomes even more
evident when we consider that 28% of the total sample included in this
study revealed current threshold audiograms that, when compared against
their threshold reference, demonstrated significant threshold shift.
Discovering the presence of auditory fatigue is an extremely valuable
bit of information when conducting audiometric monitoring of persons
who work in noise, since the presence of auditory fatigue reflects either
inadequate ear protection or inappropriate encounters with excessive
noise. Each base hearing conservationist is specifically instructed to
provide careful counseling and stringent followup monitoring of any in-
dividual who demonstrates auditory fatigue. In any event, it is encourag-
ing to find hearing levels of the type reported in this study.

In an attempt to provide simple descriptions of the hearing of a
given population, several m'othods for averaging hearing threshold levels

rf have been proposed. We selected three of these methods for purposes of
comparison. The averaging technique most co:only used by audiologists
and otolaryngologists is an average of hearing levels at 500, 1000, and
2000 liz. A second method, currently propx)sed by a working group of CHABA
S(Coeittee on floaring, Bioacoustics, and Biomiechanics) , averages hIar-I ing levels at 1000. 2000,pand 3000 liz (5). The third method, similar to
a proposal by personnel at the Occupational Safoty and Health Administra-
tion for computing the presence of significant amounts of hearing loss,
averages hearing lovels at 2000, 3000, and 4000 hW (4).

Table 8 identifies the cumulative pereontaqlo, of 22,817 military
persotnel who demonstrate average hoarinq levels (within 5-dD intervals)
from equal to or less than 0 dB throuqh 81 dB or more. The cumulative.
-- rcitttagos of the sample are shown for each ear, under eachi of the three
threshold averaging technique,;. For example, 95.26% of the 22,017 per-
sons in the sample revealed average hearing at 500, 1000, and 2000 ||z,
equal to or better than 20 dO iia their left ears.

3



The information in Table 8 allows generalizations to be made
concerning the more detailed hearing data already described. For ex-
ample, among Air Force military personnel who routinely work in noise,
98.90% of the left and right ears had hearing at 500, 1000, and 2000
Hz that averaged 30 dB or better. This means that 1.10% demonstrated
hearing levels that averaged more than 30 dB at these three frequencies.
In the same sample, 97.60% of the left and 97.98% of the right ears
averaged 30 dB or better at frequencies of 1000, 2000, and 3000 Hz;
with 2.40% of the left and 2.02% of the right ears revealing average
hearing levels that exceeded 30 dB. For the highest of the three test
frequencies studied (2000, 3000, and 4000 Hz), 92.43% of the left and
94.31% of the right ears averaged 30 dB or better; with 7.57% of left
and 5.69% of right ears demonstrating average hearing levels that ex-
ceeded 30 dB. Figure 7 iliustrates that data contained in Table 8. For
simplicity, hearing levels (averages) of 51 dB or more are grouped into
one interval.

Table 9 shows cumulative percentages of 3,629 civilian employees
(tabulated in the same way as for military personnel). Using the same
average hearing range (30 dB) as previously used when inspecting the
hearing of military personnel, differenc-" become evident. Among the
civilians, the percentage showing average hearing of 30 dB or better
was: 95.05% of left and 94.8416 of right oars at 500-2000 lHz; 86.39% of
left and 88.81% of right ears at 1000-3000 lIz; and 70.08% of left and
75.21% of right ears at 2000-4000 Hz. Figure 8 illustrates data contained
in Table 9. As with Figure 7, the average hearing levels of 51 dB, or
moru, are grouped together.

The data in Table 10 (obtainod by taking Lhe remainder of the pro-
portions reported for respective hearinq lovol. in Tabless 8 and 9) pro-
vide a comparison of the uroportio|, of military and civilian persol•oil
who demonstrated average hearing levels not as good as 20, 25, or 30 d8
for each of the three averaqinq techniques. In each eompari.-o:, the

- average hearing of civilian porsonnel is conWistontly tkorer than that
of the military. Civilians r sunt an older population group (Tables
2 and 4), but although this would account for some of the difforences
in hearing levels noted in Table 9, it is doubtful if age alone can 1W

J1 considered as the reasun for generally poorer ht,|rinq. This contention
is partially based on the findings shown in Table 7. Although the civi-
lian population reveals somewhat poorer hearing than% thit ailitary for
the same ago range, the hearing levels are not too bad. l•ater research
will be directed at uore definitive studies of the hearing of Air Force
parsonnel who work in% noitue.

DISCUSSION

This study, the first of many on the hearinq of p|rnons who work
in noise, provide-, dleta il atid a data base againt•t which subsequont
studies can bt, 'onpt-•i'. Althoutih it is not theo pjur.poiv of thi.' -Atud%

to compare the Ait' Forco sanp )l with oIlter jopulat iot1 groups, the dattt
reptorted can be usod for such comparisnot..
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TABLE 8. AVERAGE HEARING LEVELS FOR 22,817 MILITARY PERSONNEL
(SHOWN BY CUMULATIVE PERCENTAGES). DATA OBTAINED
FROM AF FORMS 1490 ANNUAL AUDIOGRAMS REPORTED TO
THE USAF HEARING CONSERVATION DATA REGISTRY DURING
JANUARY-MARCH 1975.

Left Ear (%) Right Ear (%)
Average Test frequencies (Hz) Test frequencies (Hz)
Hearing 500 1000 2000 500 1000 2000
Level 1000 2000 3000 1000 2000 3000

(dB) 2000 3000 4000 2000 3000 4000

<-0 9.91 12.88 11.15 13.66 15.64 13.02

1-5 42.29 42.67 35.24 50.63 50.07 41.35

6-10 72.25 68.41 57.53 77.94 74.47 64.67

11-15 88.59 83.64 73.32 91.09 87.47 78.90

16-20 95.26 91.52 82.96 96.10 93.64 86.76

21-25 97.89 95.51 88.94 38.05 96.56 91.49

26-30 98.90 97.60 92.43 98.90 97.98 94.31

31-35 99.36 98.67 95.07 99.28 98.71 96.14

36-40 99.60 99.22 96.88 99.53 99.23 97.46

41-45 99.73 99.50 98.O0S 99.69 99.54 98.39

46-50 99.80 99.68 98.75 99.77 99.66 98.96

51-55 99.83 99.78 99.93 99.83 99.77 99.44

56-60 99.87 99.85 99.57 99.87 99.82 99.60

61-65 99.90 99.90 99.73 99.90 99.88 99.75

66-70 99.93 99.93 99.84 99.94 99.90 99.82

71-75 99.94 99.95 99.88 99.95 99.93 99.87

76-80 99.95 99.95 99.92 99.97 99.96 99.91

> -81 99.97 99.99 100.00 100.01 100.00 99.99

13
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TABLE 9. AVERAGE HEARING LEVELS FOR 3,629 CIVILIAN PERSONNEL
(SHOWN BY CUMULATIVE PERCENTAGES). DATA OBTAINED
FROM AF FORMS 1490 ANNUAL AUDIOGRAMS REPORTED TO
THE USAF HEARING CONSERVATION DATA REGISTRY DURING
JANUARY-MARCH 1975.

Left Ear (.) Right Ear (%)
Average Test frequencies (Hz) Test frequencies (Hz)
Hearing 500 1000 2000 500 1000 2000
Level 1000 2000 3000 1000 2000 3000

(dB) 2000 3000 4000 2000 3000 4000

< 0 3.17 4.99 3.31 5.40 6.45 4.63

1-5 27.01 22.76 13.97 33.89 28.63 18.55

6-10 53.22 42.52 28.33 59.96 49.43 34.89

11-15 74.47 58.94 42.11 77.87 65.00 49.25

16-20 85.49 70.68 52.50 87.27 76.99 59.64

21-25 91.80 79.83 61.79 92.06 83.55 68.02

26-30 95.05 86.39 70.08 94.84 88.81 75.21

31-35 96.70 91.38 76.56 96.58 92.36 80.80

36-40 97.86 94.58 81.99 97.52 94.95 85.48

41-45 98.55 96.23 86.92 98.32 96.55 89.26

46-50 98.85 97.64 90.81 98.79 97.62 92.62

51-55 99.21 98.58 94.12 99.29 98.50 94.71

56.--60 99.54 99.05 96.41 99.59 99.05 96.86

61-65 99.79 99.41 97.87 99.76 99.33 98.02

66-70 99.93 99.63 98.56 99.82 99.72 98.68

71-75 99.96 99.82 99.11 99.90 99.80 99.15

76-80 99.99 99.90 99.55 99.90 99.88 99.48

- 81 100.02 100.01 100.02 100.01 99.99 100.00
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TA~LE 10. COMPARISONS OF AVERAGE HEARING LEVELS 'FOR
MILITARY AND CIVILIAN PERSONNEL WHO WORK

IN NOISE (PERCENT OF SAMPLE OF 22,817 MILITARY
AND 3,629 CIVILIAN PERSONNEL)

t

Lef t Ear Right Ear
Test f requencies (Hz) Test f requencies (Hz)

Average 500 1000 200050100 20

Hearing 1000 2000 3000 1000 2000 3000
Level 2000 3000 4000 2000 3000 4000

120dB
IMil 4.74 8.48 17.04 3.90 6.36 13.24

Civ 14.51 29.32 47.50 12.73 23.01 40.36

25 dB+
Mil 2.11 4.49 11.06 1.95 3.44 8.51
civ 8.20 20.17 38.21 7.94 16.45 31.98

30 dB+
Mil 1.10 2.40 7.57 1.10 2.02 5.69

*1Civ 4.95 13.61 29.92 5.16 11.19 24.79

*is

* 11.

* I'
[4

b1
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"Figure 1. Percentages of 22,817 military (M) and 3,629 civilian (C)
personnel included in 8 age groups.
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Frequency in Hz
SLeft Ear Right Ear

500 1000 2000 300040006000 500 1000 2000300040006000
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Age in years
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S- - 25 - 29 Mean Hearing Levels

---....... 30- 34 for 22,817 MilitaryrT -- 35 - 39
: 80 -----40 - 44

;;! ; .... 45 -49

. 50 and older

•l100 •

Figure 2. Mean hearing levels of 22,817 current (annual) audiograms

obtained on military personnel.
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Frequency in Hz
Left Ear Right Ear

500 1000 2000 3000 4000 6000 500 1000 2000 30004000 6000

0
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2 - 24Mea n Hearing Levels

...... 30- 34for 3629 Civilians

- ~ ~ ~ ~ 4 - - .. 4 .44 - -

-50 and older

Fi~gure 3. mean heairng bL~vels of 3,ro29 current (annual) (I Udioaq

obtained on civilian personnel.



Frequency in Hz
v, ~ .Left Ear Right Ear

500 1000 2000 3000 4000 6000 500 1000 2000 3000 40006000
A, 0
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40
'A Median Hearing Levels for 22,817 Military

Age in years
6017-1

- ___ - -- 20 -24-
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80 35-3
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Figure 4. Median hearing levels of 22,817 current (annual) audiogranis
obtained on military personnel.
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Frequency in Hz
Left Ear Right Ear

500 1000 2000 300040006000 500 1000 2000 30004000 6000

bAge in years

- -20 - 24 Median Hearing Levels
_ -- --- 25-•29 -

- 30 - 34 for 3629 Civilians

80 \ -- ,3

-,-40- 44
-1457 - 49

50 and older

Figure 5. Median heari.ng lvu0s of 3,629 cur ent (aninual) audiograuvs

obtained on civilian pers3onnel.
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Frequency in Hz
j Left Ear Right Ear

500 1000 2000 3000 4000 6000 500 I0 2000 300040006000
-10

! 0 - - -

10 -

30 -- - --- - -

*1 ~~~~50 -- - --- - - -

Mean TS for 22,817 Military Personnel
(Comparison between Current and
Reference Audiogram I

90 - ! I I .

r, 1 'igure 6. Mean values of threshold shift noted between currornt and

reference audlograms on 22,817 military personnol.
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SFiguro 7. Plottings of cuzmulative percent of 22,817 military personnuel

with average hearing levelP (usiinqi 3 averaging methods)

J *' equal to or better than those suhown alwog bottom of chart.
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Figure 8. Plottings of cumulative percent of 3,629 civ lian personnel
with avei'age hearin-g levels (us inq 3 averaging methods) equal
to or better than those shown along bottom of chart.
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