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ON THE BQUALaEEKRGY HYPOEESIS RELATIVE TO DAMAGE-UK
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With the steady accumulation ofdata relating harin loss
to years of B-hr exposures to continuous industrial noises e.g.,
Baughn, 1966; Robinson, 1968; Passchier-Venneer, 1968), the specifi-
cation of damage-risk criteria (DRE) for such exposures becomes
based on increasingly firmground. It seems clear from these sur-
veys that cannon industrial noises below 80 dBA (80 dB on the A-
weighted scale of the sound-level meter) are quite innocuous, but
that an increase in risk occurs, both in terms of the number of
persons affected and the degree of hearing loss produced, as 80 dBA
is emeeded. Whether one takes as the basic DEC a level of 50, 85,
90, or 95 (IRA, therefore, demands only an arbitrary decision as to
just how much loss in how many people is considered tolerable. In
the United States, for example, the most recent BBC is one of 90
dBA for continuous 8-hr exposure (the Walsh-Henley Act); this DRC
will presumably result insome slight losses in the average worker
after 20 years of exposure, but will produce conpensahle dosage in
only a few ears.

Tl: problem of how to treat shorter and intermittent expo-
sures is still plaguing us, Mover. Clearly, if t}: workers must
be in the noise only halfthe workday, a slightly higl'er level can
be tolerated. It also seems reasonable to expect that if this 1: hr
of noise exposure werebroken down into, say, 830-min exposures
with 30-min rest periods between, an even higher level could be per-
mitted. It is known that the temarfifl effects of noise conform to
these expectations; the temporary 1; es 1d shift (rrs) produced by
an intenvdttent exposure is less than that produced by the same
total exposure in a single chunk (Ward, 1963). Mhemore, the
generation of a given TI'S requir less and less time, the higher
the level. In fact, an a‘ntine’set of on: for continuous and inter-
rupted noise exposures, the so-called CHABA DRC, was based onsuch
relations—the underlying wsumption was that all noise emposures
that produce the some '1'ng (the ms measlo-sd 2' min after the end of
the workday) are equally dangerous in regardto permanent threshold
shift, or PIS (Kryter, Ward, Miller and Eldredge, 1966).

Unfortunately, the GHABA DRE, essentially involving separate
criteria for eechbctave band of noise, are very canplicated. The
trading relation between intensity and tine for constant 'i'i‘S simply

is curvilinear, and there is nothing we can do about it. The equi-
valent of an B-hr continuous exposure to 1200-2h00-Hz noise at 35
dB SPL, for example, is a h-ln‘ exposure at 87 dB, a 10-min exposure
at 105 dB, and a 5-min exposure at 112 dB. In other words, the
trading relation in 'l'i‘S for this octave band of noise varies con-
tinuously from 2 to 7 dB per doubling time. And if the noise is on
only in short (ca. 1 min) bursts just half the time, an 5-hr expo-
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noise (or ’4 hr of 87 dB, etc.)
Because 01‘ this complexity, the CHABA curves are not widely

accepted, and there is a movement afoot to return to the equal-

energy hypothesis. This lvpothesis, which served as the basis for

assessing intermittent noises in one of the first DRE fomally es-

tablished in the USA (AFR 160-3, 1956), simply considers the total

tolerable emery to be constant, regardless of level, duration, or

temporal pattern separately, so that the trading relation is always

3 dB per doubling time. As in the Drum DRE, an 8-h- exposure to

lZOO-ZhOO—Hz noise at 85 dB SP1. was considered in AFR 160-3 to be

acceptable,but also h hr at 88 dB, 2 hr at 91 etc., down to 5 min

at 105 dB (compared to the CHAEA Dm's 112 6135. Whether the 2 hr

at 91 dB came in bursts or in one blast was ignored—only the total

energy mattered. -

The basis for adopting the EEK (equal-enery hypothesis)

wu a series of guinea-pig studies by Eldredge and Covell (1958).

They found that to a first aoproximation the same anth of cochlear

damage, as indicated by changes in the cochlear microphonic, was

produced by a SOD-Hz tone for l min at 1110 dB SPL or exposures

equivalent to it in energy, down to 118 dB for 160 min of exposure.

The histological picture, it may be noted, was notnearly so clear;

all the exposures they used, including some with sonnewhat less to-

tal energy, produced sizable areas of hair-cell destruction, so

that the EEH could neither be confirmed or denied. .

There is also no anphcabla data on hearing loss in man,

because exposures in industry other than steady ones are generally

so variable from person to person that it is difficult to get an

adequate sample from which to draw conclusions. Indeed, non-steady

exposures are finally carefully eliminated from the data. But even

in animals, strangely enough, there is very little that has been

reported, since Eldredge and Covell's early experiments, that bears

on the validity of the EEH, especially in terms of actual hearing

losses as measured with behavioural techniques. One important ex-

ception is Miller's (1963) study on cats, in which the PPS produced

by 2 hr of white noise at 1.15 dB SPL was three times as great when

v the exposure was continuous as when it was broken up into 16 75-min

bursts with an hour ofrecovery between successive bursts.

In short, the truth or falsity of the proposition that equal

amounts of somatic energ (in a particular frequency region) will

produce equal amounts of P‘I‘S is still undecided. I dare say that

if (me-tenth of the time and enerythat madman squandered in

standards committees arguing the point-rad instead been devoted to-

relevant experiments, we would have at least some idea of whether

the EEH is reasonably accurate in some respects or only represents

wishful thinking on the part of those who admire its one undeniably

desirable aspect: its simplicity. ' ' .

_ Pame '
A series of exposures of monauralized chinchillae to a

special broad-band noise especially tailored to give equal l'l‘S at

all frequencies from 1 to 8 kHz had shown that a 2-hr exposure to

11!; dB SPL .just barely produced a significant PTS (after 1 week of

recovery, the average remaining shift at 1, 2, h and 8 kHz had

dropped to 10 dB) and that 123 dB for 2 hr produced average P158

or 60 dB, which was somewhat more than we desired in our study of

individual-differemcea in susceptibility-4cm oi the ears showed

organs of Corti nearly devoid of hair cells eve to except at

the very apex (Ward and Nelson, unpublished data .

It was therefore decided to run a small test of the SSH

ailmltaneomly with attempts to determine an optimum exposure for

producing an average 01 30 dB of P15 (the would, we counted, give

us a large range or middml PI‘Se without obliterating halt the   
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W expectatinn, mm,_m—Et 111; dB for h hr would he
mflyehghtlymdamustmmflrorZM, and tmtOJhr
atHJdBuunldproduuneai-lyas thI'Sas 2hrat123dB, tins

giving a good comm-mm of damage. I have difficulty, in retrc»

spect, inexplnimngvtwlerpectsdufiaresult; Igllese Ihadfin-

ally succummd to the hlarxdislrun‘fs of tin "critical hmity"

nropunents, who insistently aver that there is a certainlevel—ih

this case someuhare batsmen DJ; and 123 dB—uhich mt he succeeded
before one gets mat damge, and flat the duration of exposure

is of only secondary iguana-Ice. _
At any rate, the results did not confim the critical-inten-

sity notion, since mderately severe 10555 were produced by all ’4

exposures. Instead, the equal-mug hypothesis is supported 27':

these 15 chinclfillas (one died 3 weeks after ernosure). Although

there was a trend in the direction that 1.12 critical—intensity

notion might predict, the spread of values of PIS was sogreat tint.

a very large difference muld be required to become significant. at

even the 105 level. '
Figure 1 makes the point. clearly. In this figure are plotted

the average PISS (over 0.5, l, 2, I: (x 8 kHz) for each animal in the
four groups. While the man P15 in the lowest-imity (longest

duration) group is 35 dB, and that for the highest-intensity is 117
dB, the difference is due mainly to one animal in the Illa-dB h—hr

pony, whose injury threshold appaxently was jmt bamly exceeded

and so who showed almost. complete recovery. '
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Fig. 1. Average PIS tor each animal at 0.5, 1, 2, la and
8 lab (ordinate) 60 days after single exposure to noise
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mum). Maw,hm,cfhddncmnes eschew
exposed Lathe following misses, respectively: D11 dBforh hr, 117
dBtoZln',lZDdBKarlhr,andlZ3dBfor0.5h-. lumen-y,

thesewmallhficeaflghathsllh—dflZ-hrmmthatjm

moducedfi's. mmalsmemsadinaspecialpfllm'y-type

resmimflwthemthemdinankuvflyflmdpositimimd-

imlyinfrmdanfltec Veins ofthe'fireater speaker. Schwinn-

21 thresholds were obtained, usingthemflndof conditiouedavoid-

ance, before and fol-threemmths after the noise exposure. T12

rare-exposure timest Here \sadinassigfing'aninalstoyoups, so

that eechgroupl’adthesameavmgem-estmth‘abld.
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DBCIBSION .

These results tend to confirm the equivalence of time and

intensity reported by Eldredge and Covell for single \minterrupted

exposures, using behavioural threshold changes rather than histo-

logical damage as the indicator. Thus it appears that the use of a

constant product of intensity and time ("inmdesion") as the limit
for a Binge daily continuous emsure is supported.

1'. use not 0 ow, ousver, t we may extrapolate from

this to a general acceptance of tha equal-energy vaothesis. Mill-

er's results clearly indicate that interruption of the daily expo- .

sure by fiequsnt noise-free periods not only reduces the TTS but

also the PPS produced. - '
Above all, we are not yet Justified in adding up all the

daily exposures in such a fashion that 10 years of exposure, 8 hr/
day, 5 dws/wk to a noise at 80 dB SPL is Judged equivalent in has-
ard to a single 8-hr exposure to uh dB, as the most extreme use of

the EH would indicate. In our original group of chinchillss, for

example, daily 2-hr exposures to the llh-dB noise for a week pro-

duced no greater T‘I‘S or slower recovery on Friday than on Monday,

whereas the BER souls predict that Tuesd ’3 exposure should be

enough to produce the same PIS as in t -dB h-hr group in Fig.

1. That is to 3w, recovery processes that are allowed to proceed

for at least 16 Yu- must have some effect on the ability of the aud-

itory mechanism to withstand the next day's noisy onslaught.

The outcome does seem to imply the existence, not of a crit-

ical intensity, but of a critical single mission, in chinchillas.

An exposure to this particular noise is neat-E 53's when the level

is 1le dB and the dumtion is 2 hr, but produces nearly LO dB of
HS when sitter the intensity or the duration is doubled. _It is-

interesting to note that a very similar discmtinuity can be seen

in Miller's cat data--the mean PIS produced by llS-dB noise Jumped

from 10 dB following 30-min exposures to 35 dB after 2-hr exposures.

In summary, it seems clear that the equal-energy rule is
applicable in determining equivalent single daily exposures to

noise. However, the need for further research on how damage cumu-
lates from exposure to exposure is even clearer.- Over some ranges

of parameters, the 3 dB per doubling time may be correct. In others

perhaps the 5 dB par douhldng time used in the 1969 Walsh-Healey Act

may be more appropriate; that particular relation is also only a-

guesstimate compromise 01' a political, not a scientific, nature.
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