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Threshold shifts in chinchillas exposed to octave bands of
noise centered at 63 and 1000 Hz for three days® -

Charles K. Burdick, James H. Patterson, Ban T. Mozo, and Robert T. Camp, Jr.
Bioycoustics Division, Box 577, U.S. Army Aeromedical Research Laboratory, Fort Rucker.

Alabema 36362
(Received 11 October 1977, revised 19 January 1978)

Audiograms were obtained on eight binaural chinchillas trained on a shuttlebox avoidance procedure. Four
of the animaly were exposed to three successive levels of an octave band of noise centered at 63 Hz: 100
dB SPL (74 dBA), 110 dB SPL (84 dBA4), snd 120 dB SPL {94 dBA4). The other four animals were
also expused to three successive levels of an octave band of noise centered at 1000 Hz: 75 dB SPL (73
dBA), 85 dB SPL (85 dBA), and 95 dB SPL (95 dHA). All exposure durations were 72 h, Little
threshold shift (TS) resulted from the lower two exposuze levels of the 63-Hz noise band. At the 120-dB
exposure level, maximum TS of 43 dB occurred at 2000 Hz. Permanent threshold shifts (PTSs) of 16 dB
at 2000 Hz and 11 dB at 1400 Hz were found. Exposure to the three levels of the 1000-Hz noise band
produced TSs of 20, 45, and 61 dB at 1400 Hz The 95-dI3 expasure level resulted in PTSs of 6 dB at
1400 Hz and 9 dB a1 2000 Hz, The major results were (1) high-frequency hearing loss to 8 low-frequency
noise and (2) that noise bands matched within | dBA were not equally hazardous as dictated by damage-
risk criteria. The 63-Hz noise band produced nearly twice as much PTS as the 1000-Hz noise band.

PACS nombers: 43.66.Ed, 43.66.Gf, 43.80.Lb

INTRODUCTION -

While there have been many sfudies on Lhe effects of
noise on hearing, little has been done with noises domi-
nated by low-frequency energy. The emphasis of re-
search to date has either been with wide bands of noise -
or octave bands of noise with center frequencies of 500
1z and above. There are several reasons, however,
why the elfects of noise bands having center frequencies
below 500 Hz should be studied,

First, all damage-risk ¢riteria (DRC) are currently
expressed in fermg of dBA levels rather than unweighted
ottave-hand leveis, The effect of A-weighting Is to de-
emphasize the levels of low-frequency sounds, Levels
are reduced by A-weighting by as much as 70 dB at 10
Hz, to 26 dI3 at 63 Hz, to as little as 0.8 dB at 800 Hz
(ANSI, 1971}. By specifying DRC in terms of A-weight-
ed levels, the implicit assumption is that high-level,
low-frequency sounds are not as harmful to hearing ag
are high-level, high-frequency sounds. We know that
loudness, annoyance, masking, and speech interference
all increase substantially when very low frequencies
reach sufficient levels. It seems that the same effect
could occur with threshold shifts,

Second, most hearing protectors characteristically
provide poor attenuation at low frequencies., Conse-
quently, it is more difficult to protect hearing from
high-intensity, low-frequency sounds than from high-
intensily, high-frequency sounds.

Third, a dearth of information exists concerning the

Ay condueting the rescerch deseribed in thls report, the In-
vestipators adhered W the “Guide for the Care and Use of
Laboratory Animals,” as promulgated by the Comm fttee on
Revision ot the Guide for Laboratory Animal Facilities and
Care ¢f the listitute of Laboratory Animal Resources, Na-
tional Rescarch Council, Thesc results were presented ot
the 93rd Mceting of the Acoustical Society of Amcrlca
[J. Acoust, Soc, Am. 6L, S 78(A) (197N1.
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effects of high-intensity, low-frequency ncise on hear-
ing.

The present experiment provides data relevant to these
issues.

I. METHODS AND PROCEDURES

A. Subjects

The subjects were eight male, binaural chinchillas
that ranged from 11 to 32 months of age at the start of
the experiment. The chinchillas were purchased from
a local fur rancher,

8. Apparatus

1. Audiometric

Behavioral testing was done in a 1200 Series Indus-
trial Acoustics Company {(IAC) sound room. A double
grille cage similar to that described by Miiler (1970)
was located in the center of the room. The cage was
constructed of §-in. (0, 64 cm} stainlesg-steel rod and
was 18 in, (48 cm) long, 7 in. (18 cm) wide, and 9.5 in,
(24 ¢cm) deep. A barrier 1in, (2.5 c¢m) high divided the
cage into two compartments, A light bulb mounted in 2
block of Plexiglas was attached to each side of the bar-
rier. A metal frame supported the cage so that the cen-
ter of the cage was 30 in. (76 cm) above the floor of the
room. On one side of one compartment were mounted
three amall lights (type 222) and on the oppoasite side
were mounted three photocells. These photocells were
uged to detect the location of the animal in the cage. A
TDH-39 earphone was mounted near the center of the
cage and was used to deliver a 250-Hz square wave sig-
nal which served as an electronic buzzer, Pure tone
test signals were delivered through a cabinet-mounted,
15-in. (38 ¢m) coaxial loudspeaker (Altec 418B) which
was placed on the floor of the room with its diaphragm
oriented at a 45° angle to the cage and 36 in. (91 cm)
irom the cage. This configuration provided the most
uniform sound field within the test cage.

@ 1978 Acoustical Society of Amerira 458
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A Hewlel! ~Packard pushbulion oscillior (model 241A),
a Hewlell — Packard altenuador (model 350D), and a
Crown amplifier {model DC300) were used to generatle
and adjust the signal level, The signals were exponen-
tially gated by a circuit utilizing an Analog Devices
531L1 mulliplier. The control, duration, and seguenc-
ing of evenls, as well as response recording, were ac-
complished with a ProLog PLS 401 microprocessor.
The subjecls were observed on closed circuit television,

2. Exposure

Broadband noise was generated by a Briiel and Kj®r
(B & K) random noise penerator (type 2402) and passed
through an velave-band filler set (B &K type 1612).
Levels were controlied by an Altec 15908 amplifier,
The level of the noise bands was continuousty monitored
with 2 B &K level recorder (type 2305) and the spectra
of the noise bands were checked in the sound field at
least twice daily by using a time series analyzer {Time
Data model 1923A). The subjects were exposed to the
noise bands in a 1200 series JAC sound room which had
been modified by covering its walls and ceiling with tem-
pered masonite. The noise bands were delivered to the
room through four Altec 9844A speaker systems; a total
of eight, 15-in. loudspeakers. Four chinchillas were
placed in individual compartments of a cage constructed
of hardware cloth, The dimensions of each compart-
ment were 12 in. (30 cm) long, 7 in. (18 cm) wide, and
7.5 in. {19 c¢m) high, and the dimensions of the total
cape were 24 in. (61 cm) long, 14 in. (36 em) wide, and
7.5 in. (19 cm) high.

C. Training and testing procedures
1. Threshold testing

Before thresholds were determined, the sound field
within the double grille cage was carefully calibrated
uging an array of four B&K 3-in. condenser micro-
phones {type 4134). The level of each frequency was de-
termined at 36 locations within the cage. The mean and
median sound pressure levels for each frequency, as
well as the range and the semi-interquartile range are
given in Table [. These values are comparable to those
reported by Miller (1970),

During the first stage of training the subjects were
presented a pure tone with a duration of 3.84 a. U the
animal crossed from one compartment to the other dur-
ing this interval, electric shock was avoided. The ex-
ecution of an avoidance reaponse resulted in the imme-
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diate termination of the signal and the illumination of
the lights at Lhe barrier for 1,28 5. If the animal
failed to cross from one compartment to the other dur-
ing the 3.84-8 signal presentation, ac shock at a nomi-
nal current level of 0. 7T mA and buzzer were simulta-
neously presented until the erossing response (escape
response) occurred, The escape response resulted in
the immediate termination of shock, buzzer, and the
auditory signal, and the 1.28~s illumination of the bar-
rier lights, The subjects received five sessions during
this stage of training. Each session consisted of two
presentations ot each of the eight frequencies for which
threshold was to be determined for a total of 16 trials
per sessifon, Trials were presented every 60 s on the
average (range, 45~75 s). The intensity of the tones
was ungystematicaily varied from trial to trial over a
15-dB range (80-75 dB SPL).

The subjects received five sessions in the next stage
of training, The only changes were a gradual reduction
of the average intertrial interval from 60 to 20 s and
the intensities of the tones varied over a 40-dB range
(50-90 dB}.

The final training stage consisted of two sessions.
The only change was the introduction of pulsed tones.
Each trial congistad of three tone pulses with 720-ms
on times separated by §560-ms off times, The avoidance
response interval elapsed at the omnset of the fourth tone
pulse which occurred 3. 85 s after trial onset, The tone
pulse had an exponential rise and decay function with a
first time constant (83% full on) of 14 ms,

The {requencies tested were 0,063, 0.09, 0.125, 0.5,
1.0, 1.4, 2.0, and 4.0 kHz. Thresholds for these fre~
quencies were determined using a modified method of
limits (Miller, 1970). On the first trial of a threshold
determination, the signal was presented at a level of
about 70 dB SPL. If the ftone was correctly responded
to, the level was decreased by 20 dB and ancther trial
was pregénted. This continued until the subject failed
to make an avoidance response. On the trial following
a miss, the level of the tone was increased 10 dB and
the threghold wan tiken as the level halfway between the
lowest level at which the subject correctly responded
and the highest level at which it failed to respond to the
signal. After enough dats were collected to estimate an
animal’s threshold, a threshold value which was dis-
erepant from that estimate by 16 4AB or more was dis-
carded and a second determination was made. The
threshold obtained on the second determination was al-

TABLE 1. Means, medians, ranges, and geml-Interquartile ranges (SIQRs) of meagyrements
made at 36 locations within the double grille ¢cage. Measurements made with 10~dB sitenuation

in audiometric circuit.

Frequenoy {cHz) ‘
0.063 0.09 0.126 0.256 0.5 1.0 1.4 2.0 4,0 5.7 8.0
Median® 80.1 97.6 92,1 95,2 102,7 98,2 103.0 108.8 93,1 90.2 @8B.8
Mean® 80.6 97.4  92.1 94.8 102.8 9B.0 102.8 108.2 93.2 B9.B 68,6
Range® 7.1 6.7 7.7 7.7 4.2 12.8 8.8 10.0 14.6 14,4 14.2
SIQRP 2.8 1.8 3.5 2.8 1.5 1.1 1.6 2,5 8.0 4.8 5.8

*Means and medians are in dB SPL »e 20 xPa,
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ways accepled. A sham trial always followed the last
teial of each threshold determination, This was done
to get an estimate of the rale of “spontaneous respond-
ing.” These trials were identical to regular trials ex-
cept that the oscillator was unplugged from the circuit
and shock and buzzer were lurned off.

On those {rials near threshold, shock was presented
intermittently., However, the buzzer was always pre-
sented and appeared to function as a potent secondary
reinforcer making it necessary to shock the animals at
subthreshold tevels only on a small proportion of the
trials (5~10%).

2 Exposure conditions

The eight subjecls were divided unsystematically into
lwo groups of four animadls.” One goal of the present ex-
periment was to delermine if bands of noise which were
nearly equal in A-weighted level but had large discrep-
ancies in octave-band level (OBL) would have similar
effects an the abselute hearing threshold of the chinchil-
la. Two oclave bands of noise were selected which ful-
filled these requirements: an eclave band centered at
63 Hz and an octave band centered at 1000 Hz. In the
conversion from OBL o A-weighted level at 63 Hz, the
OBL is reduced by 26 dB, while the OBL and A-weighted
level at 1000 Hz are cqual (ANS1, 1971). Therefore,
when these two-noise bands are equated in A-welghted
level they have a 26 dB difference in OBL. The spec~ -
tral characteristics of the two noise bands as measured
in the sound field, are shown in Fig. 1. The highest
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harmonie of the 63-Hz band occurred at about 200 Hz
and was 40 dB down from the peak of the noise, All
other harmonics were either 75, 80, or greater than

80 dB down from the peak., The levels of the noise were
calibrated at each of the four corners and the center of
the exposure cage. The levels of both of the noise bands
were uniform +2 dB across these five locations,

Threshold shift (TS) has been found to grow mono-
tonically during the first 24 h of exposure and to reach
a plateau or asympiote shortly thereafter {e.g., Carder
and Miller, 1871, 1872; Mills and Talo, 1972; Miils,
1973). Therefore, in order to maximize the possibility
that asymptotic threshold shift (ATS) was aitained, the
exposure durations in this study were all 72 h.

The subjects exposed to the 63-Hz octave-band noise
(OBN) were first exposed at a level of 100 dB SPL, then
at 110 dB SPL, and finally at 120 dB 5PL,, The subjects
exposed to the 1000-Hz OBN were exposed to successive
levels of 75 dB SPIL, 85 dB $PL, and 95 dB SPL. Dur-
ing exposure the growth of TS was measured at Inter-
vals of 4, 8, 12, 24, 48, and 72 h. At each interval the
subjects were removed from the noige for 15 min. Dur-
ing the firet 2 min the animal sat in the test cage. Two
threshold determinations were then made at the frequen-
cy approximately cne-half octave above the center fre-
quency of the exposure band (B0 and 1400 Hz, respec-
tively), These two measurements were done from
minutes 2 to 8 and were averaged to derive a TS, mea-
sure, During minutes 6-14, one threshold measure -
ment was made at 63, 80, 125, and 500 Hz for the 63-

43—-Hz OCTAVE—BAND NOISE A
of
@
= -10}
zg =
e
B3 20
M Py
>T
= 308
4z
[
™ 40
| FIQ. 1. Power spectrum characteristics
. : . of the octave bands of noise used for ex-
—50p= - — —— posure as measured in the sound field.
L] . 10Kz OCTAVE-BAND NOISE Panel A deplots the octave band with a
0 center frequency of 63 Hz and panel B
% depicts the cotave band with a center
z 2 —10) frequency of 1000 Hz.
—
a. o
“
gz -2
=2
55 -3
[]
[
—40
= 5 0flute o0 0K

FREQUENCY IN Hz

J. Acoust, Soc. Am., Vol. &4, No. 2, August 1978




461 C. K. Burdick 1 ./ © Thrashold shifts i chinchillas

Hz QBN subjects and al 1O, L4, 2.0, and 4,0 kHz for
the 1,0-kHz OBN subjects. These frequencies were
tested in random order. The amount of shift at these
frequencics was interpreted as TS,y {78 an average of
10 min aftfer removal from the noise). The subjects
were lhen returned to the noise during the [ilteenth
minute of the test period.  After Lhe 4-h test the animals
were relurned (o the noise and remained in the noise

for four more hours before Lhe 8-h test and so on, The
test sehedule was adjusted by 15 min each time during
exposure so that the animals had received an actual ex-
posure of the stided amount of lime. The recovery time
given the 63-1Tz OBN proup between exposures was nine
days between 100 and 110 dB, and 77 days between

116 dB3 and 120 dB. The recovery Lime given the 1000-
Hz OBN group belween exposures wils 13 days between
75 df3 and 85 dB, and 66 days between 85 dI3 and 95 dD.
All four animals in each group were simultaneously ex-
posed dn the four compartment exposure cage. The cage
was regularly rolated 180° so that the location of the
subjects was nol fixed throughout the exposure,

3 Recovery conditions

After 72 h the animals were removed from the noise
and tested, Thresholds were determined at intervals of
4, 8, 12, 24, 48, and 72 h as well as at regular inter-
vals for longer periods of time as required for either
complete recovery or asymptotic recovery to be attained.
During the recovery cycle a complete audiogram at all
eight frequencies was obtained at each recovery inter-
val.

I, RESULTS
A. Preexposure audiograms

Al subjects correctly performed the avoidance re-
sponse at a level of 90%—100% within four to seven Ses-
sions (64—112 trials). This acquisition time is compara-
ble to that reported elsewhere (Saunders, Mills, and
Miller, 1977), and again indicates the speed with which
the chinchilla learns a shuttle avoidance response,

The amound of TS is each exposure was determined
by taking the difference between baseline thresholds and
thresholds during exposure and recovery. Baseline
thresholds were determined prior to each of the three
exposures. This was done to assure adequate represen-
tation of the animals’ hearing at the successive leveis
of exposure. The baseline audiogram for the first ex-
posure condition was the average of five audlograms and
for the second and third exposures was the average of
three audiograms. All baseline audiograms were esg-
sentially the same. The auwdiograms depicted in panels
A and B of Fig. 2 are the average thresholds over all of
the baseline audiograms. Panel A shows the audiograms
for the two groups, Each thresheld point in each group
is the average of 44 measurements (¢ subjects x11 audio-
grams). There was egsentially no difference between
the two groups. The audiogram for all eight subjects
combined is shown in panel B of Fig. 2. Each data
point is based on 88 threshold measurements. The ver-
tical bars represent one standard deviation above and
below the mean, Also shown are the thresgholds for

1. Acoust. Soc. Am., Val. 64, No, 2, August 1878
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monaural chinchillas repurted by Miller (1870). The
audiogram for the binaural animals of the present study
closely resembles that for Miller’s monaural animals.
The audiogram is also comparable to the average audio-
gram reporied by Miller for two groups of binaural ani-
mals. The variability of the present threshold measure-
ments is also comparable to the measurements made

by Miller.

The false-alarm rate during the preexposure thresh-
old determinations for the subjects exposed to the 63-
Hz noise band was 0. 11 and for the subjects exposed to
the 1000-Hz noise band was 0.12, Both groups had
false-alarm rates of 0, 11 during the exposure and re-
covery phases of the experiment. This indicates that
the two groups were comparable in terma of a low-level
of spontaneous activity, and that their behavior did not
change during the exposure and recovery phases of the.
study.

B. Exposure to octave-band noise centered at 63 Hz
1. Growthof TS

The growth of T8, at 90 Hz for the three exposure
levels is shown in Fig. 3. ‘The 100 dB exposure level
failed to produce any TS, with the maximum shift (TS,,,)

40( A
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FIG. 2. Precxposure audiograms for binaural chinchillas.

Panol A shows the preoxposure audiograms for each expoaure
group. FPanol B shows the audlogram for all subjects. The
vertical bars indicate one standard deviation above and below
these valuea. Algo shown are the thresholds of monaural chin-
chillas reported by Miller (1970},
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measured being 2 dB. The maximum amount of TS,
measured for the 110-dB exposure level was 5 dB. -Both
of these shifts were within the range of measurement
error and indicate lhat essentially no TS, occurred at
90 Hz in the 100-d1 exposure and that perhaps a very
small amount of TS, oceurred at 80 Hz in the 110-dB
exposure, In the 120 dB3 SPL exposure, 8 dD of TS, de-
veloped during the first 24 h and 21 dB had developed

at 72 h. Unlike TS, to higher frequency bands of noise
{e.g., Carder and Miller, 1971, 1972; Mills, 1973),
asymplotic shift was apparently not reached in 24 h, If
the 21-dB shift at 72 h is assumed to be maximum and
to reflect the first measurement at asymptote, then the
value of the first lime constant of the growth of TS, is
approximalely 36 h, If the 21-dB shift ia, ir {act, be-
low asymplotic level, then the time constant becomes
even longer. In either case, the time constant of growth
of 36 h iy considerably longer than previously reported
for the chinchilla {Carder and Milier, 1972). The first
time constanls of growth and recovery for all conditions
showing TSs are given in Table I,

The level of TS at each of the eight frequencies at the
termination of the 72 h exposures is shown in Fig, 4.
For the 100~ and 110-dB exposure levels little TS oc-
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EXPOSURE LEVELS
so b o 100 dB 5PL (74 dBA)
) & U0 da SPL {84 4BA)
e 120 dB SPL (94 dBA)
4w}

ao Bk

THRESHOLD SHIFT IN dB AFTER 72-HR
EXPOSURE TO 63 Hz-OCTAVE-BAND NOISE

N .0_90

L _l L 2 2 F)
063 125 .5 1101420 40
¥1G, 4, Threshold shifts between 0,063 and 4, ¢ kHz after a

three-day- exposure to octave-band noise with a center frequency
of 83 Hz at three exposure levels.

curred at any of the eight frequencies tested, The pos~
slbie exception may have been at 4. 0 kHz, but again,
only 2 small T8 occurred. On the other hand, the TS
produced by the 120-dB exposure level across frequency
was large, From the fraguencies of 63-500 Hz, the
amount of TS was about 20~dB. There was a sharp, un-
expected Increase in TS at 1,0 to 4, 0 kHz with the TS,

- of 43 and 41 dB at 2.0 and 4, 0 kHz, respectively.

Unlike any previous findings with the chinchilla that we
are aware of, the frequency region of TS,,, was not
found one-half to one octave above the center frequency
of the noise band used for exposure. Rather, the fre-
quency reglon of TS,,, was five to six.octaves above the
center frequency of noise.

2. Recovery from TS

The recovery curves for 80 Hz at all three exposure
levels and for 2, 0 kHz at the 120-dB exposure level are
shown in Fig. 5. The course of recovéry was followed
until it appeared to stabilize. All TSs at 90 Hz com-
pletely recovered within 48 h postexposure. The time
constant for recovery at 90 Hz for the 120-dB exposure

TABLE li. ‘The first Lime ponstants in hours for growth and recovery of T8,

Expostre band
63 Hz 1000 Hz
Test froguency Expasurc lovel Firat time con=- Test frequency Exposure level Flrat time con-
(k1i) [dB SPL (dBA)] stant th) (kHz) ) {dB SPL (dBA)] stant th)
Growth 0,09 120 (94) “ v 38 i.d 75 (76} Y
1.4 86 °(85) <4
1.4 95 {95) <4
Recovery 0.09 120 {54) 12 1.4 75 (75) 12
120 (94) 73 1.4 86 (85) 24
1.4 85 {95) 36
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EXPOSURE T3]
LEVELS FRICUINGY
sor o0 100 d8 SkL (74 dBA] 80 Ha
& HO db SPL (84 dBA] 90 Hi
ea 110 dB SPL (F4 dBA} PO Wi
so e 120 dB SPL {94 dBAY 70 kK

THRESHOLD SHIFT IN dB FOLLOWING

EXPOSURE TO 43— Hz OCTAVE_BAND-NGOISE

DAYS POST-EXPOSURE

FIG. 5. Recovery of threshold shifts at 90 Hz over the 30-day period following the three-day exposures to octave-band noise with
center frequency of 63 Hz at three levels. Recovery at 2.0 kHz lg also shown for the highest exposure level, .

was aboul 12 h (see Table [1}), The average TSs at 1.4
and 2,0 kHz for the 120-dB exposure over the last three
data points (days 22, 24, and 26) are given in Table III,
These shifls are interpreted as permanent threshold
shifts (PTSs). As canbe seen, the maximum PTS was
16 dB at 2.0 kHz. The time constant of recovery at

2.0 kHz was about T2 h (see Table II). It is interesting
that the time constant for recovery at 2000 Hz was six
times iarger than at 90 Hz for the same exposure level,
indicating a very rapid recovery at the low frequencies.
This is particularly interesting considering Lhe very
slow growth pattern found at 90 Hz. The thresholds for
all other frequencies completely returned o preexposure
levels,

TABLE IIL. Threshold shifta in dBB
following Lhree days of exposure to
oelave-band noise centered at 63 He
al 120 di 8P (84 dBA) and to oclave-
band poigse contered at 1000 He at

495 (B SPL (95 ARA), Lach value is
the average shift found over the last
threc days lested, averaged over days
22, 24, and 30 postexposure for the
GA-Ilz exposure and days 19, 25, and
30 postexposure [or the 1000-1Hz ox-

posure,

requency (kifz) 1.4 2.0
G3 Hz

Fixposure bl 1L 14
1000 He

Fxposure hand 6 49
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C. Expowure to octave-band noise centered at 1000 Hz
1. Growth of T8

The accumulation of TS, at 1. 4 kHz, one-half octave
above the center frequency of the 1.0-kHz band, is de-
picted In Flg. 6. Both the 75 dB SPL and the 85-dB ex-
posures reached asymptotic levels in about 24 h, Little
change was found after the first 4 h of exposure at the
756-dB exposure level while there was a 10-dB increase

EXPOSURE LEVELS

o T3 dB SPL (75 dBA)
A& U5 40 5pL (08 dRA)
s 93 48 SPL (95 dBA)

o p

40

“ay

THRESHOLD SHIFT IN dB AT 1.4 kHz
DURING EXPOSURE TO 1.0-kHz OCTAVE —BAND NOISE

30 f
20'\/—‘,_,’————“’/‘
0¥
o}
N0 T & i a
4317 14 48 72

HOURS OF EXPOSURE
FlG. 6. Growth of threshold shift at 1,4 kHz during exposure
to octave-band nolse with a center frequency of 1000 Hz at
three exposure levels,
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FIG. 7. The relationship between threshold shifts at asymp-
tole for a ione of 1,4 kHz and the level of an oclave-band noise
centered at 1000 He,

in T8, between 4 and 24 h at the 85-dB exposure level.
The levels at ATS, calculated by averaging the TS, found
at 48 and 72 h was 19.0 dB for the 75-dB exposure con-
dition and 42,5 dB for the 85-dB exposure condition,
The Lime constants for the growth of TS, at 1. ¢ kHz for
the 75- and 85-dB exposures were less than 4 h for both
cxposures {see Table IT). Since tests were not done
prior Lo the 4-h exposure time, the exact value of the
time conslants are unknown. It is not clear whether
TS, in the 95-dB condition reached asymptote. How-
ever, it seemed reasonable to assume that asymptote
could be closely approximated by averaging TS, for 48
and 72 h. This yielded ATS, of §7.5 dB. The time con-
stunt for this ATS, was slightly less than 4 h (see Table
. ‘

It has been proposed that the level of ATS, for the
chinchilla grows linearly at a rate of about 1.7 dB for-
each dB of exposure-band level above a certain frequen-
¢y dependent level (Carder and Miiler, 1971, 1072;
Mills, 1073; Mills and Talo, 1972; Milts, Talo, and
Gordon, 1973; Saunders, Mills, and Miller, 1877).
Fitting a regression line to the three levels found for
the 1. 0-kliz exposures at 1.4 kHz reveals a rate of
growth of 1.9 «B and a subtractive conatant of 64 dB.
This means that for every dB ingrease In exposure level
above 64 the level al ATS, will increiase by 1.9 dB,

This is shown in Fig. 7. This agrees with the previous
dula. In fact, 7 3-dB increase in the ATS; of the 75-dB
oxposure [ovel (un increase within the measurement
error) would produce a constant of 1.7 dB.  Although
loss siraightforward, it appears that the shifts at 80 Hz
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" found with the 63-Hz exposures also clasely follow these

values,

The levels of TS at each of the eight audiogram fre-
quencics alter the three 72-h exposures are shown in
Fig. 8. The largest shifts were found between 1.0
and 2.0 kHz with the TS,,,, at 1.4 kHz for the 75- and
85-dB exposures and at 2.0 kHz for the 95-dB exposure.
There was also more TS at €3 Hz and 90 Hz than at 125
Hz in all conditions. The least amount of T'S was shown
at 125 Hz in ail exposures. The reason for this is un-
known. Generally, these data resemble those found by
others with exposure noise bands centered at 500 Hz
and 4000 Hz {Carder and Miller, 1971, 1972; Mills,
1973).

2 Recovery from TS

The course of recovery from ATS, at 1.4 kHz is shown
in Fig. 8. Thresholda completely recovered in two to
five days after termination of the exposure at the 75-
and 85-dB levels, At 30 days postexposure there was
still TS evident after the 95-dB exposure. There was,
as shown in Table III, a PTS of 8 dB at 1.4 kHz and a
PTS of 0 dB at 2.0 kHz., The time constants for re-
covery for the 75-, BB-, and 95-dB exposure levels were
12, 24, and 36 h, respectively (see Table II), A 10-dB
inerement in exposure level produced a 12-h increment
in the time constant for recovery, The level of recovery
for the 95-dB exposure was essentially constant after
four days.

70
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D. Comparison of the two exposure bands quency shifts. The exact nature of the mechanism

The growll of TS Lo the 1000 FHz noise band was ap-
parently much more rapid than to the 83 Hz noise band.
This was Lrue al least for the development of TS at the
half octave above the exposure bands. ‘The titme con-
stant for the growth of TS at 90 Hz for an exposurc level
of 120 dB SPI. (94 dBA) was more than nine times larg-
er than the time consiant at 1400 Hz at 95 4B SPL {95
dBA}, This is a large unexpected difference for two
noise bands having only a 1 dBA dilference. Unfor-
tunately, the high frequencies were not monitored during
the growth phase of the 63~Hys exposures. Consetjuently,
the prowlh chiracteristies at these frequencies are not
known.

The high-Trequency TS produced by the low-frequency
exposure wits much siower Lo recover than any of the
TSs produced by Lhe high-frequency exposure. The
time constinl for recovery at 2,0 kHz [or the 63-Hy
cxposure al 120 di SPL (94 dBA) wuas twice Lhat at 1.4
kHz [or the 1000-1{z exposure ol 95 dB SPL (95 dBA).

With regard to the hearing loss incurred by exposure
Lo the noise binds, little or no TS and no PTS was found
for the 63-Hx hand cxposures at 100 dB (74 dBA)Y and at
110 dB SPL (84 dBA). Modest amounts of TS and no
PTS were found for the 1000-Hz band exposures at 75
dB SPL (15 dBA) and at 85 dB SPL (85 dBA). However,
TS and PTS were produced by bolh noise bands at their
hirhest levels. Allhough the amount of TS at 1.4 and
2.0 kMiz produced by the 1000-Hz band was 20 dB greater
than that produced by the 63-Hz band, the 63-Hz ex-
posure produced nearly twice the PTS as did the 1000-
Hz exposurc. {See Figs. 4 and 8, and Table L)

Hi. DISCUSSION

The mosl interesling finding was the high-Irequency
hearing loss produced by the low-frequency noise. We
propose that nonlinearities caused by overdriving one
or all of the components of the auditory system (e.g.,
middle ear, basilar wembrane) produced the high-fre-
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awaits further study. The effect appears to have a rath-
er steep level dependency as evidenced by the almost
complete absence of effect at the 100-dB SPL (74 dBA)
and 110-dB SPL (84 dBA) cxposure levels and the ab-
rupt TSs and resultant PTSs found with the 120-dB SPL
(94 dBA) exposure level. These data are quite different
from those found by others with bands of noise having
higher center frequencies. The data for the three ex-
posures with the noise band centered at 1000 Hz were
consistent with previous data. Another interesting
finding was that the substantially larger TS produced

by the 1000-Hz exposure resulted in a smaller PTS

than that produced by the 63-Hz exposure, Further in-
vestigation is obviously needed to verify these results
and to clarify the growth and recovery characteristics
of exposure to high-intensity, low-freguency noise.

The present findings are suggestive of low-frequency
noise being an insidious cause of high~frequency hearing
loss. This is of particular importance since DRC are
specified in A-welghted levels. Out results indicate
that the use of A-weighted levels to prescribe “safe”
auditory environments may be inappropriate to areas
with intense low~frequency components present. Not
only do the present findings indicate a high-frequency
hazard from low-frequency noise, but also that the low-
frequency nolse may be more hazardous than high-fre-
guency noise having equal A -weighted levels. At the
exposure level that produced PTS, the 83-Hz noise band
was 1 dB lower in level when measured in dBA than the
1000-Hz noise band, 1. e., 84 versus 95 dBA re-
spectively, and the 83-Hz nolse band produced nearly
twice the PTS of the 1000-Hz noise band. This demon-
strates that, contrary to the dictates of DRC using 4-
weighted levels, all sounds with equal A -weighted levels
may not be equally hazardous. The adequacy of the
A-weighting scheme to depict all noise hazards has also
been questioned by Cohen, Anticaglia, and Carpenier
(1972) in relation to noises with various sloped spectra,

The argument can be raised that the effects found are
appropriate fpr chinchillag only, and should not be ex-
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trapolited Lo man. Cerlainly this 15 true Lor our results
is Jor any study using an animal modetl,  In teems of
low-frequency noise producing high=lroguency hoaring
Woss, Jorper of ale {1966) exposced s Lo tones
ringing in frequency from 2 to 22 Uy at levels of 119~
144 dB 51’L. The subjecls received up Lo seven 3-
min exposures separated only by a tracking nudin- -
gram Laken in the exposure room. Temporary thresh-
old shifts (I'TSs) were found in 11 of 19 subjeets.  All
TTHs occurred between 3,0 and 8,0 kllz,  This shows
that the effect is nol confined (o the clhunchilla but utso
oceurs in man. The question of tevel cannol be an-
swered as vet. With the exception of one subject, all
TTSs found by Jerger ! al. were produced by levels
from 137 1o 141 dB SPL.. We do not yot know the re-
sponse of the human ear to the 63-Hz band of noise at
the levels used with the chinchillas.

In conelusion, it appears highly probabie thit high-
froquency hearing loss can be produced in muan by low-
frequency sounds and that the use of A-woiphted levels
to specily DRC for all noise sources may he inappro-
priate. The present findings raise questions concerns
ing the eflects of exposure to high-intensity, low-fre-
quency noise and provide sufficient loundation for fur-
ther study and concern for the adequate recognition of
a potential health hazard.
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