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INTRODUCTION

Military personnel are often exposed to noises that include (,ontinous and impulsive components. Separate Damage Risk
Criteria (DRC) exist for each type of noise, but present operating procedure's do not include provisions for evaluating the

combined effects of impulse and eontinuous noise, Moreover, research on animal models (chinchilla) has shown that ex.
posure to combinations of high level impulse (158 di p.e. SPL) and high level continuoiks noise (85 dB SPL 2.4 KHz OBN)
can produce grenter hearing loss and cochlear damage than would be expected from the sum of the effects of exposure to
each noise alone (Hamernik et al., 1974, and Hunt et al., 1976).

A practical issue in the studying the relationship between noise exposure and hearing loss is deciding on the parameters
of noise that lead to a just measurable temporary threshold shift tTTS). Some have assumed if a noise does not lead to a
measurable TTS then the noise will be safe for long term exposures; conversely, others have hypothesized the amount of
TTS after 8 hours of noise exposure may be equal to the Permanent Threshold Shift (PTS) that can be expected after years
of exposure to the same noise. The actual exposure threshold for the beginning of noise-induced hearing loss is difficult to
determine because of the extreme amounts of variability. For example, one source of variability may be related to the con.
cept that individuals have some unique critical level (MeRohert and Ward, 1973). Noises above this level cause hearing loss,
whereas noises below the level do not cause hearing loss, regardles.' o.f the duration of the exposure. Traditionally, attempts
to determine the threshold of hearing drmage have either been retrospective demographic studie, of noise-exposed popula.
tions or controlled laboratory studies that created mild temporary threshold shifts,

This report summarizes the results of an experimental program directed toward measuring the potential for synergistic in-
teractions of continuous and impulse noise at moderate to low levels of exposure. The experiments were done on chinchilla
because it is possible to get reliabl, measures of hearing function from this animal. Also, we probably have a better
understanding of how noise affects the chinchilla than any odher animal model. The noise exposure was patterned to mimic
a work-week, i.e., an exposure of 8 hours per day for 5 days for 8 weeks. The noises were "pink noise" and iapact noise
set at levels that would produce reliable but relatively low threshold shifts. The results )f such experiments may be useful
in setting guidelines for limiting exposure in the work environment

METHODS

SUBJECTS
Twenty-three adult chinchillas were used as subjects. All animals were made monaural by surgical destruction of the left cochlea
under a sodium pentobarbital anesthesia (50 mg/kg, I.P.). The animals were divided in.o six groups, with four-five animals per
group as shown in Table 1.

APPARATUS

Behavioral testing
Behavioral testing is based upon traditional shock-avoidance conditioning principles. The animal is placed in a restraining
device and is held in a standing position in the soind field. The chinchilla's reflexive tendency to jump when shocked on the tailis used as the avoidance response. Figure I shows the animal in the restrainer which positions the animal's head 9 in. above the
floor and 25 in. directly below the loudspeaker (Dynaco A-25). Responses of the animal were recorded by means of a microswitch
which registered upward movement (approx. 0.5 in.) of the restraining ycke. Shock was delivered to the animal's shaved tail by
means of two disk electrodes taped to the tail with a separation of appro) imately 2 in. Electrode paste was used under the elec-
trodes to insure good conduction to the skin. Electric shock was produced by a constant-current, 60-Hz shocker at a level of 5 mA
for all animals and conditions. A safety signal, which indicated successful shock avoidance to the animal, was a 40-W light
mouated on the wall of the sound booth facing the animal. The audiological test environment consisted of a single-walled sound
booth (IAC 400) with 3-in. foam (Soundfoam) on the floor. The sound field was calibrated with a 1-in. condenser microphone posi-
tioned (at normal incidence) at a point approximating the center of the animal's head.
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Figure 1. A \ ica Witllai the Sound Booth ofia Chinchilla lRcstraiIlt'l b., thvJ .Iuilp-Staold
Condit diiio n ing A 1 1,- ra t is Shlo %%in1g: (a) M icroswi tch for 1)vIvctcIti ng It s Ii 1  vi-s: 0 1) E t.

S ~~~troilts Attached'( to Tail with Tlap-, (c) Supp'-t Grid.

4 Signals were generated by standard audio equipment consisting oif an oscillator. electronic switch, amplifier, attenuatvr,

impeoiance-matching transformer, and loudspeaker. T.one bursts were gated with it 5-mis rise-fall time, The attenuator was check-

ed for linearity at low signal levels by means of a wave anialyzer and was found to be correct with ± I dIB for the en~tire ran ge of

requiredl attenuation. The harmonic content of the loudspeaker was also checked and for all test frequencies, the levels of the

tiarmonics were found to be at least 40 dB below those of the fundanmentals. Timing and control of 6~e test sequenice was provid-

ed by solid-state programming equipment.
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Exposure:
An outline of the noise exposure protocol for each animal is given in Table I. Eacb animal was exposed to a noise environment
tor 8 hours per day; 5 days per week for 8 weeks. For all six groups the impulse noise was the same, i.e.: 103 dB pe, SPL ± 2 dR
presented at the rate of I per sec. The impulse pressure-time profile and spectrum is shown in Figure 2, The continuous noise
varied from group to group as indicated below, The specific expoeure protocol for each group was as follows:

Group 1: Weeks 14 impact noise exposure at 103 dB pie. SPL, Weeks 5.8 85 dB SPL continuous noise exposure combin.
ed with the 103 dB impact noise. The continuous noise had the spectrum shown in Figure 3.

Group 2: Continuous noise alone at 85 dB for weeks 14. A spectrum of this continuous noise is shown in Figure 3. The in-
tensity of the continuous noise was vAried in an attempt to produce a stable level of threshold shift. On days I
througL 10 the level was 75 dB SPL; days II through 13 the level was increased to 80 dB SPL; and on day 14
through to the end of the group I exposure the level was kept at 85 dB. During weeks 5.8 the exposure was a
combination of the 103 dB p.e. SPL impulse plus the 85 dB SPL continuous noise.

Group 3: Weeks 14 continuous noise exposure at 85 dB SPL using the spectrum shown in Figure 3. Weeks 5.8 a com.
bination nf 85 dB continuous noise and 103 dB p.e. SPL impact noise.Group 4: Weeks 14 impact noise exposure at 103 dB p.e. SPL. Weeks 5.8 a combination of 76 dB SPL continuous noise

and 103 dB p.e. SPL impact noise. The continuous noise spectrum was changed from that used for groups 1.3,
to the more nearly "pink noise" spectrum shown in Figure 4.

Group 5: Weeks 14, impact noise exposure at 103 dB p.e. SPL. Weeks 5.8, a combination of the 76 dB SPL continuous
noise and the 103 dB p.e. SPL impact noise. The 76 dB SPL continuous noise spectrum was evened out using a
B & K spectrum equalizer. The new spectrum is shown in Figure 5.

Group 6: Weeks 14, continuous noise exposure at 76 dB SPL having the spectrum shown in Figure 5. Weeks 5.8, a com-
bination of the 76 dB SPL continuous noise and the 103 dB p.e. SPL impact noise.

Figures 6 and 7 illustrate the noise generation and measurement set-ups.

TABLE I

AN OUTLINE OF THE NOISE EXPOSURE PROTOCOL FOR FACH EXPERIMENTAL GROUP

Group Chinchilla No. Continuous Noise(-) Impulse Noise i
t
potaur,

'Week 1-I Week 5 8
1 703, 706, 754, 756 85 dM SPI. (77 IBA) 103 -+ 2 dR p.e. SPi. Impulse Imlplse & Coot.

2 84, 758,* 757, 841 75-85 dB SPI.- (&o9.dA) 103 2 d8 pH . SPI. Cottinutu Impulse, u , tCoot.

3 839, 806, 853, 857, 856- 85 lB SPL 77 dBA) 103 2 d8 pR. SPL Cntstinuoos htoptuls & Cont.

4 881, 891, 893, 904, 908 76 dB SPI. (70 (BA) 103' 2 do pe., SpI, l,..kt Impulse & Cot.

5 758, 841, 952, 956 76 3it SPK (70 IBA) 103 2 dl p.. SPI. Itmolst' Imitlai & C.mt.

6 905, 997, 908, 856 75 dB SPi. (70 JBA) 103 2 dIt p.,. SPil. Contioilos hlttulkt & Citl.

These animals were used in groups 5 or 6 also (See page 12),

(a) The speera of the continumos notice for groups 1.3 differed frot that of grups 46 (S"e ptge 8.,),

Thi, was the first Iroup (if omitoils exposed to the continuous noise. During the first Ifur weeks the toise wa., adjusted fron 75 1t SPI. (wek,, 1.3j I,, 85 tll SPi. hIr Il .1fourth week anti all other times.
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Figure 3. Relative Spectrum Level of the Continuous Noise Used in the Exposure of Groups 1.3. Ti'e noise had a

band level of 85 dB during the exposure, but the spectrum was computed at a band level of 77 dB to facilitate
comparison with the noise used in Groups 4,5 and 6.
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PROCEDURE

F INITIAL TRAINING
During the first adaption session, the animal was placed in the restraining apparatus and allowed to staid for 30 min. At the endi
of this session the " .- shwed. During the second adaptation session, the animal was again placed in the restrainer, this time
with electrodes in t i*. the tail. On the third day, the animal was placed in the restrainer, electrodes were attached and ten
trials with an in" '- " terval of I min. were presented. A trial consisted of a train of eight tone bursts (500 ms on, 500 ma off,
5-ms rise.fall', ,eshold ( 60dB SPL) intensity, At the onset of the sixth tone burst, pulsed shock was delivered to the
tail (5 m% .,; ns off). At the end of the 8-tone burst, the shock was terminated. If the animal responded during the 1
first 5-tone t au wcessfully avoided shock, the signals were terminated, and the safety signal was turned on for 20 s. If the
animal respo.rite I ,iri ig the shock period (ast three tone bursts), the signals were terminated and it escaped further shock.
Once the animaZ avoded f-r q total of five trials, frequency was randomized, followed by gradual randomizations of intensity.
The fourth and fifth t, aininý. tessions consisted of 25 trials each, during which the chinchillas were trained with correction pro.
cedures to make avoidace rcsponses for signals (approximately 20-80 dB SPL in 10.dB steps). When the animal learned to avoid
shock during trials with rarn 2ized frequency aud intensity, the paradigm was changed. Instead of five warning signals, the
animal received only two signals before the onset of shock. Training was conducted with this paradigm until nearly perfect per-
formances were obtained (errors less than 5%). The entire training procedure required from five to seven 30-rnin sessions after -
which the animal was ready for threshold testing.

PRE-EXPOSURE THRESHOLD TESTING
The psychophysical method used in threshold testing was a modified method of limits, similar to that used by Miller (1970). At
each frequency to be tested, testing commenced at a high intensity (approximately 60-80 dB SPL) and after each successful '1
avoidance, the intensity was lowered by 20 dB. When the animal failed to avoid, the intensity was raised by 10 dB. Threshold was
defined as halfway between the lowest intensity at which the animal avoided and the highest intensity at which it failed to avoid.
The intertrial interval (ITI) was randomly varied between duration of 30-90 s. The shock was turned off approximately 20 dB
above the expected threshold. No secondary reinforcer, such as a buzer, was used and the animal was never intentionally shock.
ed at or near threshold. The animal was allowed one false response during each ITI. If the animal responded twice during the
ITI, the automated interval timer was shut off and the experimenter waited until a period of 30 s without responding passed

before initiating another trial. This insured a false response level of less than 6.7 %. False response level is defined as the ratio of
the timrn interval for a possible avoidance (2 a) over the entire period in which false responses can be made (30 s, as a minimum).

Auditory thresholds were measured at five frequencies: 0.5, 1, 2,4, and 8 kHz. The order in which these frequencies were run
each day was randomized and the initial signal level at which testing commenced was varied. Twelve measurements were made at
each frequency. Using a unit attenuator (0-9 dB in l-dB steps) in series with the main attenuator (0-100 dB in 10-dB steps), the at-
tenuation values used eac& day wvre randomly incremented by from 0-9 over the ten days of testing. This presumably moved the I
10-nD threshold "window" about the "true" threshold and was inteaied to provide a better estimate of threshold. In the man-
ner of Miller (1970), when the chinchilla failed to respond at a signal level more than 20 dB above the estimated threshold (in the
range where shock would be given), that trial was run again. The results of the second run were always accepted. Thresholds
from the first 2 days of testing were not used. The results c f the follov 'ng 8 days of testing were averaged regardless of any par-
ticular threshold's divergence from the expected value. F gure 8 shows the mean pre-exposure audiogram for each of the six ex-
perimental groups and for all 23 chinchillas.(B)

20-

-JJ
to -

e-e ALL ANIMALS

o-- GROUP I 6- GROUP 4

(A-20 GROUP 2 oaGROUP 5A
-RO P--.Uo [ (A) GROUP 3 H GROUP 6

4 10-

O.5 I 2 4 8

FREQUENCY (kHz)
Figure 8. Mean Pre-Exposure Audiograms

(A) Group Means
(B) Mean Audiogram From all Experimental Animals (N =23)
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EXPOSURE AND fTS MEASUREMENT
After the pre.exposure thresholds were obtained the animals were exposed to noise for 8 weeks. At the end of each day exposure
thresholds were measured twice at 4.0 kHz. The mean of these two measures was accepted as a measure of the effect of the nuise
exposure. During the 41h week at.d 8th week (i.e. days 15-20 and 3540) thresholds were measured daily at 0.5, 1, 2,4 and.8 kIlz.

After the 8th week of exposure the anin.:!s were allowed to recover for 30 days, at that time thresholds were again measured
eigh! times in each animal at 0.5, 1, 2, 4 and 8 kHz.

HISTOLOGY
After the final 30 day post.exposure thresholds were obtained each animal was killed by decapitation. The right bulla was remov-
ed and opened widely on its ventral and lateral surface to expose the cochlea. The cochlea was perfused through the round win.
dow with a 2.5% gluteraldehyde solution in 0. 1 M PO4 buffer (pH of 7.3). The stapes was removed and additional fixative was
perfused through the oval window for 5 min. The cochleas were left in the fixative, refrigerated for at least 12 hours, then washed
in PO4 buffer and postfixed in 1% OsO4 (in PO4 buffer) for 1/2 hour. The cochleas were washed in buffer and dehydrated to 70%
ETOH. The entire sensory epithelium was dissected from the cochlea, mounted in glycerine, and counts of hair cells present or
absent were made using a light microscope. Cochleagrams were plotted using average hair cell populations over 0.4-mm
segments of the organ of Corti. A hair cell was counted as present if the cell-body cuticular plate complex was intact.

RESULTS

PRE-EXPOSURE AUDIOGRAMS
Figure 8 illustrates the average pre-exposure audiograms for each of the six groups and the overall mean audiogram for the 23
experimental animals along with the standard deviations. The pre-exposure audiogram was defined for an individual animal as

the average audiogram obtained from 10 days of corsecutive testing. Tabulated thresholds for individual animals and the six
groups is presented in Tables 2 and 3.

The variability across groups is quite small i.e. group thresholds ranged from 0-15 dB SPL. The individual audiograms, also were
quite consistent and the standard deviations were approximately 6 dB across the whole frequency range tested. Furthermore, the
group audiogram agrees closely with the normative data for the chinchilla published by Miller (1970).

Three of the animals (758,841 and 856) were used in two groups (see Table 1). Before inclusion into the second group, their
thresholds were tested and found to be within experimental error. Consequently, the group audiogram is based on an N =23, but
the total number of subjects in all of the experimental groups equals 26.

TABLE 2

GROUP MEAN PRE-EXPOSURE THRESHOLDS - dB SPL

FREQUENCY- 0.5K 1K 2K 4K 8K

GROUi' I X 5.2 35 2.5 4.5 3.8

N =4 8.1 4.8 7.7 7.0 5.4 A

GilOUP 2 X 12.2 7.5 8.2 9.2 8.8

N -A4 a 4.2 6.0 4.0 1.5 3.9

(;ROUP 3 X 3.4 1.6 0.2 1.8 34.

N-•5 o 2.2 1.1 2.6 3.5 3.8

CROUP 4 X 10.4 9.0 5.4 7.6 7.6

N 5 o 4.1 3.2 4.9 7.4 6.5

GROUP 5 N 14.2 14.2 12.2 13.2 7.2

N=4 a 5.7 4.1 5.0 2.8 3.3

GROUP 6 X 10.8 4.8 3.2 5.5 1.5

N - ,a 4.9 2.5 1.7 2.4 7.6

AIL.L GROUPS X 9.2 6.6 5.1 6.8 5.1

N 2(, 6.0 5.4 5.8 5.7 5.5
N-.23 X 8.5 6.2 4.7 6.4 5.0

a 5.9 5.6 5.7 5.9 5.6

12
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DAILY MEASURES OF 17s AT 4 kHz
Figures 9 through 14 illust.'ste the daily magnitude of the median threshold shift and the range measured at 4 kHz over
the course of the 40 days of noise exposure. On the figures, the daily noise exposures are numbered cons8•cu,'.vely 140.

4 However, remember that the animals are being exposed on a "work week" schedule; thus after every 5th day, there are two
I -days without an exposure or threshold test. Tables 4 and 5 summarize the individual animal 4 kHz threshold shifts as well

as the group median shifts. 'The table below summarizes the mean threshold shift at 4 kHz for the six exposure groups.

Group TTS20 TTSO Group TTS,, TTS40

1 12 32 4 11 10

2 5 29 5 32 28

3 26 34 6 16 21

TTS20 = mean temporary threshold shift at 4 kHz for the first 20 days of exposure

TTSo = mean temporary threshold shift at 4 kHz for days 21 through 40.

The average additional threshold shift incurred during the combination exposure (days 20 through 40) is about 17 dB for
groups 1-3 while it is about 0 dB for groups 4-6.

On the basis of the results of groups 1-3, it appears that the final threshold shift for the combination exposure reflects the
sum of the threshold shifts from the continuous noise and the impulse noise. However, for groups 4-6 the situation is quite
different. The effect of combininLthe impulse and continuous noise does not significantly change the TTSw. If anything, it
appears as if the final level of TTSU is determined by the noise exposure that produces the largest shift. The differences
between groups 1-3 and groups 4-6 may reflect the different spectra and levels of the continuous noise that was used. See

Figures 2 through 4.
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Figure 9. Mediau and Range of the Daily Threshold Shift Measured at 4 KHZ for Group I.
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Figure 11. Median and Range of the Daily Threshold Shift Measured at 4 KHZ for Group 3.
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Figure 12. Median and Range of the Daily Threshold Shift Measured at 4 XHZ for Group 4.
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Figure 13. Median and Range of the Daily Threshold Shift Measured at 4 KHZ for Group 5.
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Figure 14. Median and Range of the Daily Threshold Shift Measured at 4 KHZ for Group 6.
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TABLE 4

MEDIAN THRESHOLD SHIFTS AT 4 KHr (DAYS 1.20)
(dB)

DAY GROUP I GROUP 2 GROUP 3 GROUP4 GROUP5 GROUP6

I 4,5 10 20.5 2 29.5 26

2 is 10 30 3 32 19

3 12 -4.5 37 4 35 9

4 10 5,5 25 4 34.5 21

5 20 -3.5 27 9 .35.5 341

o 26 --2.5 29 2 30 5

7 20 - I 27 10 33 29

8 13 -9 27 is 37.5 27

9 5.5 -9 29 14 32,5 36.1

10 10 -3.5 34 12 35.5 19.5

II 7 - I 19 7 36.5 10

12 9.5 0 22 12 36.5 8

13 4.5 -2.5 20 Is 33 5

14 4 3.5 27 14 30.5

Is 8 13 30 22 2b.5 10

16 13 14 21 9 32 10

17 10.5 19 21 14 20 14.5

18 14.5 29.5 21 12 27.5 7.5

19 16 17 22 14 25 ).5

20 14.5 22.5 22 19 27.5 t.5
12 5 26 I1 32 11,

!I
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TABLE 4 (cont'd)

MEDIAN THRESHOLD SHIFTS AT 4 KHt (DAYS 21.40)
(dB)

DAY GROUP I GROUP 2 GROUP3 GROUP4 Gioups GROUP I
21 22 29.5 24 19 27.5 34.5

22 28 32.5 31 19 29 24.S

23 30 39 37 5 30.5 30

24 37 35 37 8 35 24.5

25 37 34.5 41 3 34 2

26 36 31 27 12 29,5 13.5

27 35 28.5 32 12 32 25

28 36.5 32.5 31 7 30.3 26

29 37.5 34,5 36 I0 36.5 303

41.5 34 37 11 I6.5 33

31 26 29 27 I 29 19

32 31 23 34 4 26.5 19

33 3, S 23 32 i2 24.5 15.5

34 38.5 21.5 44 7 23 25.5

35 33.5 23.5 37 12 20.5 18.5

36 25 24 3t I 27.5 2.5

37 28.5 28.5 31 12 s5 15

38 27.5 20 34 ,15 I 7.5

39 28.5 27.5 34 14 20.5 18

to 28.5 .30 42 14 27.5 4.5
32 29 34 10 28 21

I
4!
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TABLE 5

INDIVIDUAl, THRESHOLD SHIFTS AT 4 KHz (DAYS 1.20)
(dB)

(Grup I Croup 2

Allimal No. Ai.inwl No.

I)C. 703 706 754 75 757 758 840 841

1 13 -I 5 4 31 5 4 M

2 16 14 5 25 II -8 II 9

3 28 14 IL I I - 14 --9

i 18 13 7 7 2 2

5 26 18 22 I --8 i -

18 34 37 7I II -9

7 28 31 12 9 I -3 6 -II

8 8 14 12 19 -II -6 - -9

1 10 4 7 2 -9 -10 -1 9

10 18 II 7 9 -4. -3 I -II

II 8 6 IS 1 -t 2 4 -II

12 is t 18 I 21 II

13 5 -2 25 4 I 8 1 ,(

14 3 4 12 4 21 3 .| -I

15 13 Q -3 7 21 10 I h q

16 18 1 8 24 16 2 I1 I1

17 13 I 12 9 2f, 12 2t I t

18 13 II 32 24 24 35 12 12

19 13 II 32 19 25 21 !3 13

20 18 II 37 4 28 19 II 2t,

20
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TABLE 5 (conl'd)
iNDIVIDUAL THRESHOLD SHIFTS AT 4 KHs (DAYS 21-40)

(dB) a

Ii

Group I Group 2

Animal Nu. A.iirnal N..

703 706 734 756 757 758 M40 841

21 25 14 32 1y 35 29 .30 Is

22 tB 16 35 34 60 29 14 36

23 25 24 35 39 73 36 42 1

24 28 36 38 39 73 37 33 12

25 30 36 38 42 72 36 33 13

26 30 21 42 47 73 39 23 11

27 28 26 t2 47 30 29 28 23

28 36 34 35 42 41 37 28 16

29 43 36 35 39 48 3( 30 Is

30 43 36 40 49 41 37 31 I.I

"31 23 9 37 29 29 12 29 36,

32 25 II 44 37 .16 12 31 I

33 28 1I 14 39 3.1 12 39 9

34 38 21 44 39 21 22 30 0

35 28 26 44 39 21 17 36 20

36 28 I 22 29 71 22 24 24

37 23 21 52 34 21 22 35 41

38 23 II 32 39 16 32 24 14

39 28 II 34 29 2(. 32 29 14

,10 28 16 42 29 31 3X 29 24

41

21
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TABLE 3 (-ont'd) j
INDIVIDUAL THRESHOLD SHIFTS AT 4 KHi (DAYS 1.20) I(dB) A

Group 3 Group 4

Animal No. Animal No.

DAY 839 853 8,6 837 MI 891 893 904 9081

19 4 22 II 17 -I 4 2 -2

2 25 42 34 26 7 2 19 2 3

3 24 37 39 37 10 7 4 32 2 1

4 25 42 19 41 17 9 4 30 sI

S 24 32 24  
41 22 9 24 26 2 8

6 14 37 29 37 22 -5 27 14 2 -

7 19 37 27 31 27 9 34 34 10 5

8 20 44 27 26 32 7 27 42 2 Is

90 29 24 40 14 IR 44 -3 II

10 19 42 34 19 42 12 19 42 0 II

II 19 22 14 16 22 7 7 39 -3 3

12 14 32 22 19 30 12 22 47 t 3

13 19 42 27 16 20 14 27 .14 t 15

14 II 42 32 26 27 14 1? 54 t 5

is 19 39 34 26 3022 29 54 7 8

16 IIt 32 17 21 22 9 4 44 12 8

17 19 32 22 21 2 14 -I 34 IT 8

18 19 37 37 21 1. 19 4 44 12 8

it 13 32 37 21 22 9 14 04 22 8

20 19 27 32 21 22 19 24 Ig 22 4

22
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TABLE 5 (cont'd)

INDIVIDUAL THRESHOLD SHIFTS AT 4 KHs (DAYS 140)
(dB)

Group 3 Group 4

Animal No. Animal No,

DAY 139 8o46 883 86 837 IIl 891 893 904 908

21 9 19 24 44 21 7 19 27 4 I I

22 31 21 29 39 40 7 24 19 16 33 -E

23 34 27 37 46 42 4 29 4 7 S

24 34 29 42 41 37 14 34 -3 3 a

25 44 34 42 41 37 9 2 17I 3

2b 19 24 29 39 27 12 17 9 12 3

27 31 29 34 36 32 14 12 2 27 3

28 29 24 32 31 37 12 7 -8 17 3

29 26 24 37 36 37 4 14 29 10 8

30 34 27 42 44 37 12 14 8 10 I1

31 19 29 27 34 22 7 17 4 12 II

32 29 34 42 41 32 24 2 - I 4 8

33 29 32 42 44 30 12 9 16 12 I .

34 34 44 44 46 37 7 19 4 9 1 A

35 34 37 44 46 37 14 9 14 12 I

36 19 27 37 36 37 19 - I -I 4 - 4

37 29 27 42 31 32 14 - I 14 12 8

38 34 22 42 36 22 4 14 - I 22 3

39 34 27 42 36 32 14 4 14 32 8

40 49 32 42 31 42 14 4 4 22 28

23i
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TADLE 3 (cont'd)

INDIVIDUAL THRESEOLD SHIFTS AT 4 KH& (DAYS 1.20)(dB)

Group 5 Group 6

Animal No. Animal Nti.

DAY 'S8 841 9S2 956 995 997 998 856

1 34 24 37 25 9 34 53 -2

2 38 34 30 38 19 19 3

3 41 31 32 38 9 16 0

4 36 36 30 33 39 21 -2

5 33 36 35 41 37 31 50 0

636 34 42 36 5 34 3

7 33 34 52 33 22 36 40 -7

8 28 39 40 36 27 34 -2

9 26 34 37 31 27 16 73 -5

10 33 34 35 33 29 44 10 -5

1I 43 36 37 33 -I 41 15 S

12 36 44 37 33 4 54 3 3

13 36 39 30 2b 17 S 5
14 31 31 30 1a 7 13 I

Is 33 14 30 23 19 10 5

16 33 3) 37 13 9 20 WI;

17 33 II 27 13 9 21 20 5

18 33 21 27 28 4 18 30 5

19 38 21 22 28 14 28 5 5

20 33 !6 27 28 -I 23 I0 5

24



TABLE 5 (cont'd)

INDIVIDUAL THRESHOLD SHIFTS AT 4 KHz (DAYS 2140)
(dB)

Group 5 Group 6

Animal No. Animal No.

DAY 758 841 952 956 995 997 998 856

21 36 26 27 28 22 39 45 30

22 36 24 30 28 39 59 15 18

23 33 19 35 28 37 54 25 15

24 38 14 37 33 29 41 18 20

25 38 21 37 31 29 49 13 I5

] 26 31 26 32 28 12 41 15 13

27 36 9 40 28 27 29 23 13

28 38 19 57 23 29 44 23 20

29 38 9 30 33 39 21 33 28

30 38 9 25 28 37 31 35 23

31 31 16 27 33 22 16 25 13

32 33 21 25 28 12 36 20 18

33 28 16 30 21 17 14 23 20

34 28 4 30 18 27 24 30 20

35 28 16 27 16 9 19 28 18

36 38 16 27 28 - 1 16 0 5

37 38 11 32 38 19 11 20 -5

38 23 6 27 28 29 12 20 15

39 13 11 32 28 29 26 20 15

40 33 16 22 38 19 21 0 0

25
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4TH AND 8TH WEEK AUDIOGRAMS
Hearing thresholds were measured in each animal at 0.5, 1, 2, 4 and 8kHz daily during the 4th and 8th week. Figures 15
through 20 illustrate the 4th and 8th week median audiograms for each experimental group. Threshold shift data for the in-
dividual animals and median data for the six groups are tabulated in Tables 6 and 7.

The audiograms of group 1-3, show that, on the basis of the group I animals, the impulse noise exposure for days 1-20 pro.
duced a relatively flat median threshold shift of about 10.15 dB across the 0.5-8.0 kHz test frequency range. Adding the
continuous noise background to the group I animals causes a 15-20 dB increase in threshold shift across the entire fre.
quency range. The 8th week audiogram for the group I animals looks very similar (except at high frequencies) to the 4th
week audiograms from groups 2 and 3. The continuous noise exposure during days 1-20 in groups 2 and 3 causes a
threshold shift of around 30-35 dB between 0.5 and 2.0 kHz and a smaller but a more variable shift at 4 and 8 kHz. In
groups 2 and 3 the addition of the impulse noise during weeks 5.8 does not appreciably affect the shape of the audiogram
between 0.5 and 4 kHz, however, there is an average increase in the threshold shift of about 15 dB at 8 kHz. Thus on the
basis of the 4th and 8th week audiograms, the noise causing the greatest shift dominates the final pattern of hearing loss
across the 0.5.8 kHz frequency range.

For groups 4-6, median threshold shifts wtre less consistent and variability was greater. Groups 4 and 5, in particular, had
the same sequence of exposures. Group 4 had less than 10 dB losses from 0.5.8 kHz while group 5 had from 20-30 dB
losses. Group 6 was in between with 5-20 dB losses. During the last 20 days, on the average, no discernable effect was seen
in the audiograms when the animals were exposed to the combination environment.

26
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Figure 15. Group 1 Median 4th and 8th Week Temporary Threshold Shifts. Medians were calculated from the mean values of
the individual animal data measured over 5 days during the 4th and 8th week of exposure (bars indicate the range).
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-j Figure 16. Group 2 Median 4th and 8th Week Temporary Threshold Shifts. Medians were calculated from the mearl values of
the individual animal data measured over 5 days during the 40- and 8th week of exposure (bars indicate the range).
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Figre 7. rou 3Median 4th and 8th Week Temporary Threshold Shifts. Medians were calculated from the mean values of
the individual animal data measured over 5 days during the 4th and 8th week of exposure (bars indicate the range).
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Figure 18. Group 4 Median 4th and 8th Week Temporary Threshold Shifts. Medians were calculated from the mean values of
the individual animal data measured over 5 days during the 4th and 8th week of exposure (bars indicate the range).
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Figure 19. Group 5 Median 4th and 8th Week Temporary Threshold Shifts. Medians were calculated from the mean values of
the individual animal data measured over 5 days during the 4th and 8th week of exposure (bars indicate the range).
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Figure 20. Group 6 Median 4th and 8th Week Temporary Threshold Shifts. Medians were calculated from the mean values of
the individual animal data measured over 5 days during the 4th and 1th week of exposure (bars indicate the range).
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TABLE 6

THE MEAN AND THE GROUP MEDIAN THRESHOLD SHIFTS MEASURED DURING THE 4TH
EXPOSURE WEEK

GROUP II

Animal No,.'

kHM 703 706 754 756 MED RANGE

0.5 X II -6 17 5 8 -6 17

o7 3 9 5

I X 12 8 12 10 II 8 12

o 5 3 7 2

2 X 15 22 14 17 16 14 22

o 7 6 14 3

L X 15 7 24 16 15.5 7 24

0 3 5 12 8

SX 151 2 12 8 10 2 15

a8 4 5 8

GROUP 2

Animal No.

kHz 757 758 840 84l MED RANGE

0.5 X 2' 26 36 33 29.5 23 36

o 6 2 6 4

I X 22 39 25 41 32 22 4!

o 6 5 8 4

2 X 32 34 27 38 33 27 M3

o 6 6 6 6

I X 24 18 15 22 20 15 24

0 4 II 5 12

8 X 21 7 9 13 II 21

o O 9 II 19

3O
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TABLE 6 (cont'd)

THE MEAN AND THE GROUP MEDIAN THRESHOLD SHIFTS MEASURED DURING THE 4TH
EXPOSURE WEEK

GROUP 3

Animal No.

kHz 839 P46 853 85 , 857 MFD HAN(;CE

0.5 X 33 27 30 35 21 30 21 35
o 

7 5 6 6 2

I X 34 45 43 34 24 34 2t 15

a 7 4 5 7 17

2 X 31 54 46 34 30 34 30 3t

O 5 2 4 2 3

4 X 31 32 29 21 17 29 17 32

0 7 3 8 0 8

8 X 2 0 2 -3 - 0 - 2

o 7 18 3 4 2

GROUP 4

Animal No.

kHz 881 891 893 904 908 MEI) RANCIE

0.5 X 4 2 18 I -6 t -6 I

o 6 9 12 10 2

I X 2 1I 17 2.2 -. 1 2.2 -4 IT

o 4 1I 13 5 4

2 X -8 I1 25 II 0 1I H 2 ,5

o 4 12 12 ,1 5

4 X 6 9 37 17 9 0 37

o 4 I. II 5 2

8 X -5 7.4 29 4 13 7.4 5 2')

o 8 8 19 15 6

31



TABLE 0 (cont'd)

THE MEAN AND THE GROUP MEDIAN THRESHOLD SHIFTS MEASURED DURING THE 4TH
EXPOSURE WEEK

GROUP 5
Animal Noo.

kHt 7531 841 952 956 MED RANGE

0.5 X 6 30 19 21 20 16 30

5 10 8 5

I X 24 25.2 is 19 21.5 15 25.2

o 5 II 7 5

2 x 32 27 29 37 30.5 27 37

1 10 9 7 4

- X 34 20 28 22 25 2034

a 2 7 5 8

8 X 25 47 40.4 23 32.7 23 4"i

o 8 6 8 7

GROUP 6

Animal No.

kHz 995 997 998 856 MED RANCE

X 6.6 20 .25 -9 3.4 Y 20

0 9 is 2 4

X 3 14 5 0 4 0 I,.

o 6 13 t0 4

X 8 22.5 7 6 7.5 b 22.5

o 4 5 4 9

X 7 21.8 13 4 10 41 21.8

a 6 5 7 5

X 8.6 39.2 17 4.6 12.8 4.6 39.2

o 4 18 13 16

32
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TABLE 6 (cont'd)

THE MEAN AND THE GROUP MEDIAN THRESHOLD SHIFTS MEASURED DURING THE 8TH
EXPOSURE WEEK

GpOUp I

Animl No.

kHa 703 706 754 756 MED RANGE

0.5 X 27 I1 40 :7 27 11 40

a 4 4 10 13

X 3se 26 34 33 33.5 26 M

0 3 2 6 9

2 X 35 21.2 33 36 34 21.2 36

a 0 4 5 7

4 X 26 14 37 32 29 14 37

o 3 4 I1 4

8 X 22.4 17 27 27 24.7 17 27

0 I 9 10 6

GROUP 2

Animal No.

kHz 757 758 840 8411 M ED) RANC(E

0.5 X 19 25 25 29 25 19 29

o 6 4 74

I X 18 35 20 37 27.5 IH 37

o 5 2 3 4

2 X 20 29 21 26.2 23.(, 20 29

o 7 3' 2 5

4 x 33 28 214 24 28 21 Tis

o 22 5 4 12

8 X V9 21 24 25 22.5 1) 25

o 10 35 30 8

33
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TABLE 6 (cont'd) TH

THE MEAN AND THE GROUP MEDIAN THRESHOLD SHIFTS MEASURED DURING THE 8TH EXPOSURE WEEK
GROUP3

Animl No.

klt 839 8416 83 856 887 IED RANGE

0.5 X 38 30 38 31 22 S1 223 8

o 0 4 8 2 4

I X 31 37 40 36 26 36 26 40

a 7 3 3 4 7

2 X 26 43 41 32 26 32 26 43

o 7 3 6 4 2

X 33 27 41 34 33 33 27 41

a II 4 2 3 7 2

Sx 14 3 la 21 20 18 3 21

8 3 8 4 5 10

GROUP

Animal No.

kill. 8Ra 891 893 904 908 MED RANGE

0.5 x 9 a 9 B2 9 2 13

4 8 7 14 5_

x 0 4 2 6 -2 2 -2 6

0 4 6 4 7 4

2 X 0 - 8 13.4 6 6 -4 13.4

o 7 5 .4 16 8

, 6 18 9 7 4 18

0 5 6 8 II

8 x 5 5 12.4 7.4 12 7.4 5 12.4

o 6 4 10 6 4

34
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TABLE 6 (cont'd)

THE MEAN AND THE GROUP MEDIAN THRESHOLD SHIFTS MEASURED DURING THE 8TH
EXPOSURE WEEK

G t.Itl.!P 5

Animal No.

kHz 758 R41 952 956 M[') HANK;E

05 X 14 22 13 10 13.5 10 22

a 8 II 5 10

X 25 21 17 18 19.5 17 25

o II 8 11 5

2 X 32 21.6 30.2 23.2 20.7 21.fL 32

a 7 7 10 6,

4 X 29 12 28 32 218.5 12 32

11I 4 4 5

8 21.4 26 41 21 23.7 21 tI

o 13 6 4 151 31

GROUP 6

Animal No.

kHz 995 997 998 856 MEt) RANC;F

0.5 X 9 7 7 .-4 7 -t 4)

a 8 6 10 2

I x 14.2 3 5 I1 I3 11.2

o 9 4 6 8

2 X Is 13 23.2 13.6 14.3 13 23.2

a 2 3 10 - .

4 X 19 is 12 7.2 13,5 7.2 I1

a 12 4 II t0

8 X 5.6 23 37 17 20 5., 317

o 7 ,I 3 __- _ 5

35
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TABLE 7

INDIVIDUAL ANIMAL THRESHOLD SHIFT DATA MEASURES AT 5 FREQUENCIES
DURING THE 4th EXPOSURE WEEK

(dB)

Group I Group 2
Animal no. Animal no.

kH#t dav 703 706 754 756 757 758 040 841 7
0.5 36 12 -9 5 -2 14 25 46 29

17 12 -4 10 4 24 25 36 29

18 22 -9 20 14 29 28 36 39

19 7 -4 30 4 29 25 36 34

20 2 -4 20 4 21 28 26 34

1 16 30 10 4 9 13 36 32 47

17 5 5 14 9 18 31 22 37

38 20 5 4 9 20 41 27 42

19 30 10 20 9 28 41 32 37

20 I5 30 19 14 23 44 12 42

2 16 I5 13 -5 14 30 23 27 4.4

17 30 18 5 14 30 33 37 29 4

18 20 21 20 19 35 40 27 44 |
19 5 28 15 39 25 33 27 38

20 25 28 3S 19 42 40 37 39

4 16 18 1 7 24 16 2 14 14 |

17 13 I 12 9 26 12 24 14

18 13 33 32 24 26 3S 14 44

19 13 13 32 19 26 22 14 14

20 18 13 37 4 26 17 9 24

8 16 23 1 4 2 24 4 5 -3

17 3 1 14 17 4 4 30 -3

18 13 -4 14 -3 34 24 5 34

19 13 6 9 17 24 - 1 5 -3

20 23 6 19 7 19 4 0 39

36
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TABLE 7 (cont'd)

INDIVIDUAL ANIMAL THRESHOLD SHIFT DATA MEASURED AT 5 FREQUENCIES DURING THE 4th
EXPOSURE WEEK

(dB)

Group 3 Group 4

Animal No, Animal No,

&kH bay 839 84w 883 856 857 881 891 893 9D4 908

0,5 16 21 26 25 40 18 -3 -5 8 -4 -7

I7 36 21 20 45 23 2 -10 8 6 -7

18 31 36 35 30 23 2 5 18 -9 -7

19 41 26 35 30 1B 7 I0 1B 1b -2

20 36 26 35 30 23 12 I0 38 -4 -7

I16 36 44 37 1 16 9 3 -s

17 31 44 42 40 -9 -4 6 9 3 .-1O

18 46 39 42 35 51 6 4 9 - 6 -5

19 31 49 42 20 31 1 1_ 39 3 0

20 26 49 52 40 31 6 26 It h 0

2 16 40 51 40 32 s0 -9 I 25 9 - b

17 30 56 45 37 30 -4 I 25 9 --6

18 30 56 45 37 25 -Q II IS 9 4

19 25 56 s0 32 30 -14 I1 45 19 4

20 30 51 50 32 35 -4 31 Is 4 4

4 to 19 32 17 21 22 3 1. 44 12 8

17 34 32 22 21 2 a -I 34 I? 8

18 29 37 37 21 17 13 4 .4 12 8

19 39 32 37 21 22 3 14 ,M 22 8

20 34 27 32 21 22 3 24 Iy 22 3

a 16 -9 -10 2 -1 -6 --7 2 20 -5 $

17 I -10 -3 -I -6 -7 -3 0 -10 8

18 6 -5 2 -I -II -7 7 U) 25 13

19 I -10 7 -l -11 -12 14 50 15 23

20 13 35 2 -II -II 8 17 35 -5 13
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TABLE 7 (cont'd)

INDIVIDUAL ANIMAL THRESHOLD SHIFT DATA MEASURED AT S FREQUENCIES DURING THE 4th EX.
POSURE WEEK

(tin)6
SGroupl 5 Group 6

Animal No, Animal No.

kH# . . 738 041 932 956 99S 997 94 1156

(05 16 12 23 17 16 -4 -I -IS

IT 12 [a 12 16 6 20 -10

In 22 38 47 26 16 25 - 1 -3

19 22 43 32 26 16 0 - 1 -10

20 12 28 17 21 - 1 35 4 -5

I is 21 l8 45 44 -2 20 - I

I7 49 48 5 19 3 29 -6

1i 19 23 I5 24 -2 - 1 0 4

i19 2q 4.4 28 24 13 19 0 -i

2(. v• 23 Is 111 3 9 0 4

It. 19 30 22 35 4 2 0

I17 24 Is 32 30 9 •50

18 39 35 32 4o 9 Is 7 20

19 39 35 22 40 4 25 7 10

20 39 20 37 40 14 25 12 0

1 16 33 31 37 13 9 20 to

1 33 11 27 13 9 18 20 5

18 33 21 27 28 4 t8 40 5

19 38 21 22 28 14 28 5 5

20 33 16 27 28 - 1 23 10 -5

8 16 23 45 30 3 0 29 -,4

I7 13 4o 50 48 14 37 29 -4

t8 23 55 40 28 6 27 9 -12

49 33 ,15 47 .8 0 27 - I -'2

20 33 so 35 28 1 6 fi -9 h
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TABLE 7 (cont'd)

INDIVIDUAL ANIMAL THRESHOLD SHIFT DATA MEASURED AT 5 FREQUENCIES
DURING THE 8th EXPOSURE WEEK

(dB) i

Group I Group 2 IAnimal No. Animal No.

kHz day 703 706 754 756 757 758 840 841

0.5 36 32 17 30 34 9 20 '6 24

37 22 12 40 19 19 25 36 29

38 27 7 30 9 24 30 21 29)

39 27 12 50 39 24 25 21 34

40 27 7 50 34 19 25 2i 29

36 40 25 29 24 9 31 22 37

37 35 25 29 44 19 36 22 32

38 40 25 34 34 19 36 17 37

39 4) 30 34 39 19 3o 17 42

40 35 25 44 24 24 36 22 37

2 36 35 14 25 44 30 23 22 20

37 35 23 35 39 10 18 22 24

38 35 23 35 29 20 33 22 24 .

39 35 23 35 39 20 33 17 29

40 35 23 35 29 20 38 22 34

4 36 28 iU 22 29 71 22 24 24
37 23 21 52 34 21 22 34 4-4

38 23 i 32 39 16 32 24 22 439 28 I1 37 29 26 32 29 I t
40 28 16 42 29 31 32 29 24

836 20 11 19 22 10 4 10 12
37 23 6 14 27 1 A 14 35 22
38 23 16 34 37 15 14 25 22

39 23 26 34 27 30 34 20 27

40 23 26 34 22 30 39 30 22
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TABLE 7 (cont'd)

INDIVIDUAL ANIMAL THRESHOLD SHIFT DATA MEASURED AT 5 FREQUENCIES
DURING THE 8th EXPOSURE WEEK(dB)

Group 3 Group 4

Animal No. Animal No.

kllz Day 839 846 853 856 857 881 891 893 904 908

0.5 36 30 30 50 30 28 12 20 3 1 3

37 35 25 30 30 I8 12 0 8 I 3

38 40 30 35 30 18 7 5 13 II 8

39 30 30 35 30 23 12 5 18 16 -7

40 40 35 40 35 23 2 10 -2 36 3

1 36 25 34 42 35 36 -4 -4 4 -2 .-5

37 25 39 42 40 26 6 6 -I 3 5

38 30 34 37 40 26 I II -1 3 -5

39 35 39 42 35 26 I 6 -I 13 0

40 40 39 37 30 16 -4 I 9 13 -5

2 36 25 41 41 32 25 -9 -9 10 -1 4

37 20 41 46 32 30 1 I 0 -1 -1

38 20 41 46 37 25 -4 - 1 10 9 4

39 30 46 31 32 25 6 I 10 31 4

40 35 46 41 27 25 6 -Y 10 29 19 I
4 36 19 27 37 36 37 13 -I I 2 -2 1

37 29 27 42 31 32 8 -1 14 12 8

38 34 22 42 36 22 -2 14 -I 22 3

39 34 27 42 36 32 8 4 14 32 8

40 49 32 42 31 42 8 4 4 22 28

8 36 1. -5 17 16 19 13 2 10 15 8

37 16 5 22 21 9 3 2 0 5 8

38 16 -5 22 26 24 8 7 15 5 13

39 II 5 12 26 14 -2 2 27 12 13

40 16 Is 17 16 34 3 12 10 0 18Ii

I

J
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TABLE 7 (cont'4)

INDIVIDUAL ANIMAL THRESHOLD SHIFT CAT. i, EASURED AT 5 FREQUENCIES DURING THE 8th
EXPOStuitE WEEK

Group 5 Group 6

Animal No. Animal No.

kHz Day 758 841 952 956 995 997 998 856

0.5 36 2 8 7 II II 0 24 -5

37 12 18 17 -4 I 5 4 -5

38 12 1I !7 6 21 10 4 0

39 22 28 17 16 6 5 4 -5

40 22 38 7 21 6 15 -I -5

36 24 18 10 14 13 -3 5 9

37 39 18 10 14 13 2 15 14

38 9 13 15 14 29 7 0 4

39 24 33 25 24 8 2 0 4

4 29 23 25 24 8 7 5 24

23 39 28 20 18 14 16 32 0

37 39 20 20 lB 19 II 27 15

3 29 10 32 20 14 II 12 20

39 29 25 42 30 14 11 32 15

4 24 25 37 30 14 16 13 18

36 38 16 27 28 -I 16 0 5

37 38 I1 32 38 19 II 20 -5

38 23 6 27 28 29 II 20 18

39 13 II 32 28 29 16 20 18

40 16 22 38 19 21 0 0

8 36 33 20 45 8 -4 21 34 lB

37 15 20 40 38 II 21 341 18

38 3 25 35 3 14 21 39 8

39 23 30 40 2H 6 21 39 18

40 33 35 45 28 1 31 39 23
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PERMANENT EFFECTS
Mean permanent threshold shifts (PTS) for each of the six groups are shown in Figures 21 through 26. Th.,
Saudiograns from groups 1-3 were generally flat with a consistent 5-10 dB PTS at each frequency tested. Represen.
taive co'h, eagranis for seven of the chinchilla from groups 1-3 are shown in Figures 27 through 29. The
cochleagrapm were variable, but the animal- generally had a low.level outer hair cell ioss throughout the extent of
the cochlea. Losses amounted to only around 10% with some animals showing small lesions of up to 50% outer
hair cell loss. Three of the animals from these groups are still alive (no. 758,841,853) while the remaining three
animals whose cochleagrams are not shown were essentially normal (no. 754,840,839). Overall, the cochleagrams
are reasonably conistent with the 10 dB PTS measured across the test frequency range.

Groups 4-6 received a somewhat milder continuous noise exposure, which is reflected in the final audiograms for
these groups shown in Figures 24 to 26. Groups 4 and 6 showed virtually no permanent effects, in fact the group 6
post-exposure thresholds show improvements by as much as 10 dB. This improvement is difficult to explain con-
sidering that the pre.exposure thresholds for group 6 animals are reasonably low and well within acceptable limits.
Cochlhagrams for groups 4 and 6 show little ( < 5%) loss except for a single animal (no. 891) that showed a basal
lesion of outer hair cells (Figure 29). The relatively normal appearance of the organ of Corti in groups 4 and 6 is
typified by the cochleagram of animal 995 shown in Figure 29.

The four animals in group 5 showed a 5-10 dB permanent threshold shift. All four animals in group 5 are still
alive, and are being used for further psychophysical experiments, thus cochleagrams are not available.
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Figure 21. Group I Mean Permanent Threshold Shifts Measured 30 Days Post-Exposure

The bar indicates ± I S.D.
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Figure 22. Group 2 Mean Permanent Threshold Shifts Measurc-d 30 Days Post-Exposure

The bar indicates ± I S.D.
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Figure 23. Group 3 Mean Permanent Threshold Shifts Measured 30 Days Post-Exrosure
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Figure 24. Group 4 Mean Permanent Threshold Shifts Measured 30 Days Post-Exposure
The bar indicates I I S.D.
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Figure 25. Group 5 Mean Permanent Threshold Shifts Measured 30 Days Post-Exposure
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TABLE 8

4 GROUP MEAN 30.DAY POST-EXPOSURE THRESHOLDS (db.SPL) and PTS
(dB) FOR FIVE FREQUENCIES

FREQUENCY. 0.5K 1K 2K 4K 8K

GROUP I I 1.8 12.0 10.5 15.8 14.2

N=4 0 7.7 9.8 15.0 10.8 10.6

GROUP 2 19.5 15.2 10.5 9.2 9.2
N=4 I 1.1 11.1 4.2 1.5 3.1

GROUP3 12.8 12.2 9.8 9.2 11.0

N=5 0 8.3 2.4 4.1 2.7 6.4

GROUP4 , 13.8 10.6 7.0 10.0 10.2

N=5 a 1.8 3.4 3.5 4.6 5.0

GROUPS 25.2 22.5 25.0 20.2 17.5

N =4 6 6.7 4.1 10.5 10.4 5.7

GROUP 6 3.5 -3.5 4.2 -5.0 -12.5

N A4 a 5.2 4.0 3.5 3.4 5.6

.30 dia post-exposure threxholds - dR SPL

FREQUENCY. 0.5K IK 2K 4K 8K

GROUP I X 9.5 8.2 8.0 11.2 10.S
Na4 a 4.7 7.1 10.7 9.5 7.6

2 X 7.2 7.8 2.2 7.0 0.8

N=4 a 7.8 7.2 2.6 7.3 1.0

GROUP 3 X 9.4 10.6 9.6 7.4 7.6
N =S a 9.8 2.9 3.5 3.6 6.6

GROUP. X4 3A4 1.6 1.6 2.4 2.6

N-5 a 3.4 SA 4.8 5.6 5.4

GROUP 5 X 11.0 8.2 10.2 7.0 10.2

N=4 2.9 4.1 5.4 9.9 5.3

Cli. • X -7.2 -8.2 1.0 -10,5 -14.0

"3 a 3.2 2.1 2.7 2.1 8.6

Permanent threshold shift -dH
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TABLE 9 4

MEAN INDIVIDUAL ANIMAL 30.DAY POST.EXPOSUlRE THRESHOLDS (dB SPL) and PTS
(d B)

(FOIl FIVE FRFQUENCIES)

Crimp I (Gruip 2

Anli, Nu. A iinimal No.
703 a 75t 75o 757 758 8,0) 84 1

0.5k 6 I 23 8 33 12 2,4 €)

o 5 I Ill I ' 4 .I I

I1'S 6 6 IsI I5 0 13 I

Il 11I 2t, 7 31 6 15
a 3 12 4 8 4 4 4

Il'S 2 4 18 4) IT 0 5 0

2k -3 12 31 2 15 10 12 5

6 3 is 6 4 6 6 5

Trs 1 2 23 8 2 0 6 I

lk I0 10 32 I I 28 10 Is 12
0 34 6 16 5 "1 3 4 6

PTI II - I 22 13 17 0 7 4

Hk 13 4 2 I1 12 II 10 5

a 6 14 9 II 4 3 0

III'S II 0 18 13 I 0 0 2

(;roup 3 Group 4
Animal No. Animal N,.

8:13 8.16 853 856 857 881 891 904 803 008

0.5, 2 21 6 17 18 14 16 14 11 11

o 7 5 I 4 7 0 6 9 5

rrs -5 1') I 15 I 8 -1 5 3 '2

lk 13 13 13 8 II Is 0 12 6 II

o 5 5 5 1 7 6 3 9 5 4
PTS II 10 13 6 13 10 -2 I 3 4

2k 13 6 1I4 5 II 0 12 6 3 5

o 8 t 6 8 6 7 7 5
II'S 10 9 12 4 13 10 0 -2 -1

Ik II 13 8 9 ill 6 aI
0 8 4 1 5 5 6 4 4 3 6

PTS 3 7 13 7 II 0 -2 -2 5

8k 0 22 6 7 II 12 18 8 5 8

o 7 8 5 t 5 8 5 5 8 6

PTS 0 17 3 8 10 0 0 3 -5 6

(roup 5 (Group 6

Animal No. Aninal No.
758 a41 952 056 995 097 908 856

0.5k 24 20 22 35 - t 7 4 7
o 6 16 5 10 7 7 3 3

PT'S II 12 14 10 -5 -4 --1O

Ik 26 18 20 26 -7 - 3 -6 2
a 13 7 4 8 II II 1( 3

IPT'S 13 9 3 8 -11 -8 -8 -6

2k 33 II 23 33 3 6 0 8
o12 7 10 is 10 6 4 3

il'S 17 6 10 18 2 2 -3 3

U4k 21 9 17 34 -7 -6 - 7 0

a 16 4 7 12 9 4 7 4
1"" II -3 1 19 - II -13 -10 -8

20 Q 21 20 -16 -10 - 18 -6

a 15 6 0 5 9 5 6 5
Irl's 8 4 16 13 -25 -4 -14 -13
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DISCUSSION

PRE-EXPOSURE
The pre.exposure thresholds were homogenous across the 23 chinchillas. Furthermore, the thresholds were in good agree.
ment with estimates of the audibility curve of the chinchilla published by other laboratories (Miller, 1970), The relatively
small inter. and intrasubject variability (across 10 days of testing) provided a measure of confidence when testing each of
the animals during and after the noise exposure. Also, as a corollary, when there is significant variability in thresholds dur.
ing and after the noise exposure, the variability can be assumed to be a consequence of individual differences in suscep.
tibility to noise rather than a problem in measurement.

INTERACTION OF CONTINUOUS AND IMPULSE NOISE
rhe primary aim of this study was to learn if there is an interaction between continuous and impulse noise when both
noises alone produce only minor threshold shift (TTS < 20 dB), There are essentially two sets of results because the con.
tinuous noise for groups I, 2 and 3 was set at 85 dB SPL and the continuous noise for groups 4, 5 and 6 was set at 76 dB
SPL, However, both groups received the same impulse noise which produced only 12-15 dB TTS across all the frequencies
tested- in the same period group I received the 103 dB impulse noise which produced only 12.15 dB TTS across all the
frequencies tested; in the same period groups 2 and 3 received the continuous noise which produced 30 dB TTS for low
and mid.frequencies. In the last 4 weeks when all the animals were exposed to the combination of continuous and impulse
noise they developed a pattern of TTS that was the same as the TTS from the continuous noise alone. One interpretation
of the results for weeks 5.8 is that the level of TTS is simply determined by the continuous noise that is the most traumatic
agent and there is no interaction between the effects of the two noises.

For groups 4, 5 and 6 the situation is somewhat differer~t. The continuous noise was lowered front 85 dB to 76 dB. During
weeks 1.4, group 6 was exposed to the continuous noise and developed 10-15 dB TTS across all frequencies. The pattern of
TTS during weeks 1.4 for group 6 was essentially the same as the pattern of TTS produced by impulse noise along (we ks
1-4 for groups I and 4). During weeks 5-8, when all the animals of groups 4, 5 and 6 were exposed to a combination of ira.
pulse and continuous noise, the pattern of TTS did not reflect any interaction.

The lack of any interaction between the continuous and impulse noise in these six groups is in contrast with other studies
of combinations of impulse and continuous noise (Hamernik et al., 1979, Hunt et al., 1976), thus it would be instructive to
compare conditions in the exposures that show interactions and those that don't. In the first study to show interaction ef.
fects (Hamernik et al., 1974), the impulse was a blast wave with a 40 usec initial over pressure and a peak equivalent SPL
of 158 dB. The background noise was an octave band of noise (2.4 kHz) set at 95 dB SPL. Both the impulse and con.
tinuous noise alone produced a TTS of 30 dB or more at the high and mid-frequencies; however in the present experiment
both controls produced less than 30 dB of TTS, Also, the actual modus operandi of the impulse noise is probably different
in the two experiments.*

It has been hypothesized that the cochlea is damaged by excessive metabolic activity when stimulated by continuous noise.
However, with high levels of impulse noise the cochlea is probably damaged by mechanical or inertial forces, as well as by
exhaustive metabolic processes, Thus, in a study by Hamernik et al., the Phinchillas were stressed both metabolically and
mechanically. in the present study, the levels of TTS were lower for both types of noise and it is not likely that the peak
level of the impulse was high enough to inflict direct mechanical damage.

Spectral considerations may be another reason that there is no interaction in the present experiment. In the Hamernik ct
al. (1074) experiment both the impulse and continuous noise overlapped in the 2 to 4 kHz range. In the present experi.
ment, both the impulse and continuous noise have a maximum in their spectra at low frequencies (-500 Hz) and a gradual
attenuation with higher frequencies (- dB/octave). It is possible that the interaction effect seen ly Hamernik et al. may be a
consequence of localizing acoustic energy to the basal regions of the cochlea, rather than sprea.iing it throughout the
cochlea, as was done in the present experiment.

*Luz and Hodge (1970) hypothesized that impulse noise damages the cochlea by direct mechanical destruction as well as
front excessive metabolic demands. They base their hypothesis on the non-linear recovery curve often found after ex-
posure to impulse noise. Frequently, after a period of recovery of sensitivity there is a large rebound to a higher level of
hearing loss about 3-3 hours post.exposure. Luz and Hodge suggest that the delayed reaction is consistent with the time
course seen in the edementous reaction of seft tissue following voncussion. Histological studies (Spoendlin) give further
support to the position that impulse noise destroys the cochlea by direct mechanical disruption.
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I PRIORITIES FOR FUTURE RESEAACH
The lack of an interaction in the present experiment and the robust interaction found in other experiments dictatesj that further research be done to determine the boundary conditions leading to synergistic Interaction between the
continuous and impulse noise. In the present experiment we use broad band stimuli with the intent of mimicking
real life exposures. The desire to create real life situations in the laboratory has a certain face validity, but may
complicate the data to the point that it is diffIcult to get a perspective on the phenomenon in question. Consequently
a first priority would be to conduct experiments utting simpler acoustic conditions, e.g., narrow band noises and
impulses consisting of either Friedlander waves or damped sinusoids.

The amplitudes of these simpler signals could be adjusted so that they cause either metabolic or mechanical
damage. It would then be desirable to use these signals in long term mxposurea that lead to stable levels of ATS
and low variability. Systematic investigations could then be carried out to determine whether the interaction is baa-
ed upon either a reaction at localized region in the cochlea or some generalized response.

ASYMPTOTIC THRESHOLD SHIFT (ATS) FROM BROAD BAND NOISE

The phenomenon of asymptotic threshold shift is interesting and potentially useful. It is interesting that with con-

tinuous exposure, threshold shifts stabiliced rather than continue to grow as would be predicted by a Total Energy
Model. The condition of ATS is potentially useful because the level of ATS has been hypothesized to represent the
eventual P1'S that could be expected with years of exposure to a given noise. The ATS phenomenon is also very
orderly. Recently, a quantitative relationship was described between the maximum ATS resulting from continuous
exposure to octave band noi a and the level and spectrum of that noise (e.g., Mills, 1979). Saunders (1977) extend-
ed the Mill's prediction to cover intermittent exposures. He reported that 8-hour (daily) exposures for several daysI;' produce a form of ATS, but at alower level than would continuous exposure to the same noise. He suggested that
the maximum ATS is a simple function of the equivalent power of noise exposures.

The long term, 8 hour per day exposures to broad band noise used in the present experiments would be expected to
produce a condition of ATS. Therefore, it might be interesting to extrapolate from Saunder's suggestion and deter.
mine if the threshold shifts produced by octave bands contained within the broad band noise used here are consis-
tent with those which would be predicted to occur from exposure to the octave bands alone.

Comparisons of predicted and obtained "ATSs" for the three groups (no. 2, 3 and 6) are shown in Table 10. (The
rationale for the listed predictions is explained in the captioJn.) The two sets of values do not generally agree. For
groups 2 and 3 the smallest difference between predicted and obtained values is about 5 dB (for the 4kHz octave
band noise). For group 6 (for the same noise exposure) the difference is larger and in the opposite direction.

These experiments were not designed specifically to test or expand upon Saunders' hypothesis, but the comparisons
of the experimental data with the predictions which can be made indicates that either the assumptions used to
predict ATS in the current study are erroneous, or that ATS at a given frequency varies in level depending on
whether the appropriate octave band is imbedded in a wider band of noise or stands alone.
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COMPARISON OF "'t1E PIREICTEI) AND OI Al'AINEI)"I'HIIESIIOI.IDS

GROUP Noise Expo sure Ovum Hl , and Inhtercept Slope " Predicled Ol .im rned-

OC la w, Band Level Critical AIS AIS

Cenler Freq. L~evel a 1/2 .)elauu , alpos Noise CV

(kHz) (dil SPIL) C* (d0) (WR) (.B1 -1

2 0.5 70 65 1.7 7.0 31

I 68 64 1.7 58 32

4 56 48 1.7 11.2 16.
5

3 0.5 70 65 1.7 7 32

I 68 64 1.7 5.8 31

, 56 48 1.7 11.2 17

6 0.5 63 65 1.7 0.1 3

I 63 64 1.7 0.8 5

.1 62 48 1.7 20.6 II

"73he predicted ATS values were derived from the equation:

+I
ATS 1.7 10 log,() +

/ = Intensity of the intercept Critical Level
/ = Intensity ol the Noise Exposure Band

Since this equation predicts ATS for a continuous noise exposure, a correction was made to account for the intk.rmiltent
nature of the exposure in these experiments. Saunders (1977) suggested that the ATS for intermittent exposures will i
lowered by: ... 4.4

10 log,, T,17,
i

where Te is the duration of the exposure (8 hours) and Ti is the period of integration for the effects of the noise, Saunders
observed the closest fit between predicted and obtained values when Ti was assumed to be 18 hours, so that value has been
used here with the result that the AT's listed values are reduced by approximately 3.5 dB relative to those predicted for
continuous exposures.

* From Mills et at., 1979

"**Note that the maximum ATS occurs about 0.5 octave above the noise hand center frequency, so the "observed"
threshold elevations listed had to be interpolated from the obtained threshold measures.
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