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o TEBlEQUAL-EJERGI HYPOTHESIS RELATIVE TO DAMACE-RISK
CRITERIA IN THE CHINCHILLA

by
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Vith the steady accumulation of data relating tmaring loss
to yeara of 8-hr exposures to continuous industrial noises (e.g.,
Baughn, 1966; Robinson, 1968; Passchier-Vermeer, 1958), the specifi-
cation of damape=risk criteria (DRC) for such exposures becomes
baged on increagingly firm grouwnd. It seems clear from these sur-
veys that camon industrizl nolses below BO dBA (80 dB on the A-
waighted scale of the sound-lsvel meter) are quite innccuous, but
that an lneresase in risk occurs, both in terms of the number of
pargens affected and the degree of hsaring loss mroduced, as 80 dBA
is exceeded, Whethsr one takes as the baslc DRC a levsd of 80, 85,
90, or 9% dBA, therefore, demands only an arbitrary decision as to
Just how much loss in how many pesople is congiderad tolsrabla, In
the United States, for example, the most recent DRC is one of %0
dBA for continucus 8-l exposure (the WalsheHealsy Act); this DRC
will vresumably result in soms slight losses in the average worker
after 20 ywars of exposure, tut will produce compsnsable damage in
only a few eare.

The problem of how to treat shorter and intermittent expo-
gres is still plapguing ws, however. Clearly, if ths workers must
be in the noise only half the workday, a slightly highlesr level can
be tolerated. It also seems reascnabls to expmet that if this 4 hr
of noise exposure were broken down into, say, 8 30-min exposures
with 30=-min regt parieds between, an even higher level could be perw

. mitted. It 1is lmown that the tempor effects of noise conform to
these expectationss the temporary tﬁaeshold-slﬂ.i‘t- {TTS) produced by
an intermittent exposwre 1s less than that produced by the same
total éxposure in a singls chunk {Ward, 1963), Furthermore, the
generation of a given TTS requires less and lsss time, the higher
the level, In fact, an entire’set of DRC for continuous and inter-
rupted nolse exposwres, the so-called CHARA DRC, was based on such
relations—~the underlying assumption was that all noise sxposures
that produce the same TTS3 (the TTS messured 2 min after the end of
the workday) are equally dangerous in regard to permanent threshold
ghift, or PTS (Kryter, Ward, Miller and Eldredge, 1956).

Infortunately, the CHARA DRC, essentially involving separate
criteria for each octave band of nolse, are very camplicated, The
trading relation between intensity and time for constant TTS simply
15 gurvilinear, and there is nothing we can do about it. 'The equi-
valent of an B-hr continuocus exposire to 1200-2Lk00-Hz nolse at 85
dB SFL, for example, 1s 2 lL-hr exposure at 87 dB, a 10-min exposure
at 105 dB, and a 5-min exposure at 112 4B. In other words, the
trading ralation in TTS for thls octave band of nolse varles con-
timougly fyrom 2 to T dB per doubling tims, And if the neolse is on
only in short {ca. 1 min) bursts Just half the time, an S=hr expo-
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aura at 96 dB will produce the same TIS, as 8 Ir of 85 dB steady
noise (or L hr of 87 dB, etc.)

Pocause of this complexity, the CHABA curves are not widely
accepted, and there is a movement afoot to retwn to the egqual-
energy hypothesis. This hypothesis, which served as the basis for
asgessing intermittent noises in one of the first DRC formally es-
tablished in the USA (AFR 160-3, 1956), simnly considers the total
tolerabls energy to be constant, regardless of lavel, duration, or
temporal pattern separately, so that the trading relation is always
3 dB per doubling tima, As in the CHABA DRC, an 8-hr exposure to
1200-2L00-4z noise at 85 dB SPL was considered in AFR 160-3 1o be
acceptable,but also L hr at 68 4B, 2 hr at 91, etc., down to § min
ab 105 dB {compared to the CHABA DRC's 112 dp). Whether the 2 hr
at 91 db came in bursts or in one blast was ignored--only the total
enargy mattered. .

The basis for adopting the EEH (equal-energy hypothesis)
was a serles of guinea-pig studies by Eldredge and Covell (1958).
They found that to a first awproximation the same amount of cochlear
damage, as indicated by changes in the cochlear microphonic, was
produced by a S00-Hz tone for 1 min at 140 4B SPL or exposures
aquivalent to it in energy, down Yo 118 4B for 160 min of exposure.
The histological picture, it may be noted, was not nearly so clear;
all the exposures they used, including some with somgwhat leas to=
Tdl energy, produced sizable areas of hair-cell destruction, S0
that the EEH could neither be confirmed or denied. .

Thers is -alse no anplicabls data on hearing loss in man,
because sxposures in industry other than steady ones are penerally
so variable from person to persen that it is difficult to get an
adequate sample from which to draw conclusions. -Indeed, non-steady
exposures are usually carefully eliminated from the data. But even
in animals, strangely enough, there is very 1little that has been
reported, since Eldredpge and Covellts early experiments, that bears
on the validity of the FEH, especially in terms of actual hearing
losses as measured with behaviouwral techniques. One important ex-
ception is Miller's (1963) study on cats, in which the FIS produced
by 2 ' of white noise at 115 aB SPL was three times as great when
. the exposure was continuois ag when it was broksn up into 156 7.5-min

bursts with an hour of recovery between successive tursts.

In ghort, the truth or falsity of tha mroposition that equal
amounts of acoustic energy (in a particular frequency ragion) will.
produce equal amounts of PIS is still undecided, I dare say that
if cne-tenth of the time and gnergy that hag-baen squandered in
standards committees arguing the polnt-#ad instead been devoted to-
relevant experiments, we wuld have at least some idea of whether
ths ¥EH is reascnably accurate in some respects or only represents
wishful thinlcing on the part of those who admire its one wndeniably
desirable aspect: its simplicity. ) ' . )

_ FRACEDURE : ‘

& series of exposures ol mnauralized chinchillas to a
special hroad-band neise especially tailored to give equal TTS at
all frequencias from 1 to 8§ kHz had shown that a 2=hr exposwre to
11}, dB SPL .just barely produced a significant PIS {after 1 wesk of
recovery, the average remsining shift at 1, 2, h and 8 ki had
dropped to 10 dB) and that 123 dB for 2 hr produced average FISs
of &0 dB, which wes somewhat more than we desired in our study of
individual differences in susceptibility--soms of the ears showed
organs of Cortl nearly devoid of halr cells eve re except at
the very apex {Vard and Nelson, unpublished datal.

Tt was thereforse docided to mm a small test of the ERH
gimltaneously with atiempts to determine an optimm exposwe for
produsing an average of 30 dB of PIS (this would, wo estimated, glve
us a large range of individual PrSs without obliterating half the
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organ of Cortl). 4ccordingly, L groups, of b chinchillzs each, were
exposed Lo tha following moises, respectivelyr 11h dB for b kr, 117
B %o 2 hr, 120 &B for 1 hr, aud 123 4B for 0.5 kr. In energy,
these vare all twice 2s gh as the 11i~dR 2-hr exposure that just
froduced PTS. The animals were exposed i a special pillory-type
regirainer that hels the head in 2 relztively fixed position irmed-

iately in front of an Altac Veice of the Theater spealeer. DBehaviour-

z1 thresholds vere obtained, wsing e method of conditicned avoid-
ance, before mé for three mmiks after the noise exposwre. The
pre—exposure thresholds were used inm assigming animals to groups, 5o
that each group kaxd the same average pre-exposure threshold.

RESULES

My expectation, frankly, was that 11h dB for L b vould be
only slightly more danpgerous ther 11 6B for 2 hr, and that 0.5 hr
at 123 dB would rrodece mearly as mach PIS as 2 hr at 123 dB, thus
glving a good contiruum of damage. I have diffieunlty, in retro-
spect, in explaining why I expected this result; X guess I had fin-
ally succumbed to the blandishmewts of the "critical intemslty”
wropments, who insistently aver that there is a certaln level—in
this case somsvhere between 1lh and 123 dB—uhich mmt be exceeded
tefore one gets permment damage, and that the duratiom of exposure
is of only secopdary importance,. . ’

At any rate, the results did not confirm the critical-inten-
eity notian, since woderately severe losses were produced by all b
exposures. Instead, the equal-energy hypotbesis is supported by
thege 15 chinchillas (one died 3 weeks after exnosure). Although
there was a trend in the directiom that the critiecal-intensity
notion might mrediect, the spread of values of PIS was so great that
a very large difference would be required to become significant at
even the 10% level. '

Figure 1 makes the point clsarly. In this figure are plotted

the averaga PISs (over 0,5, 1, 2, h & 8 kis) for each animal in the

fowr groups, While the mean PTS in tha lowest-intensity (langest
duration) group is 35 dB, and that for the highest-intensity is b7
dB, the difference is dus mainly to one animal in the 1138 h-hr
group, whose injury threshold apparently was just barely exceeded
and so who showed almost complete recovery. '
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Fig. 1. Average PIS for each animal at 0.5, 1, 2, 4 and
8 xAs (ordinate) 60 days after single exposure to noise
‘whose_SFL and duration are given on the sbscissa,
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DISCUSSION .

These results tend to confirm the equivalence of time and
intensity reported by Eldredge and Covell for single uninterrupted
exposures, using behevioural threshold changes rather than histo=
logical damage as the indicator. Thus it appears that the use of a
constant product of intensity and time (™immission®) as the limit
for a single dally cantinuous exposure is supported.

t does not follow, however, that we may extrapolate from
this to a general acceptance of the equal-energy hypothesis, M1l
er's results clearly indicate that interruption of the dally expo- .
sure by frequent noise-free periods not only reduces the TIS but
also tha PIS produced. . '

Above all, we are not yet Justified in adding up all the
dadly expogures in such a fashion that 10 years of exposurs, 8 hr/
day, 5 days/wk to a noise at 80 4B SPL is Judged equivalent in haz-
ard to a single 8=hr exposure to 11, dB, as the most extreme use of
the EFH would indicate. In our original group of chinchilles, for
exampla, daily 2-ir exposures to the 1lh-dB noise for a wesek pro-
duced no preater TTS; or slower recovery on Friday than on Monday,
whersas tha EEH mulg predict that Tuesday's exposure should be
enough to produce the same FIS as in t =dB L=hr group in Fig.
1. That is to say, recovery processes that are allowed to proceed
for at least 16 hr must have scme effect on the ability of the aude
itory mechanism to withstand the next day's nolsy onslaught.

The outcome does seem to imply the existence, not of a crit-
ical intensity, but of a eritical single immiggion, in chinchillas.
An exposure to this varticular noise is nearly safe when the level
is 11 4B and the duration is 2 hr, but produces nearly L0 dB of
PrS when either the intensity or the duration is doubled, Tt is
interesting to note that a very similar discentinuity can be seen
in Miller's cat data--the mean PIS produced by 115-dB neise Jumped
from 10 4B following 30-min exposures to 35 dB after 2-hr exposuras.

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 cumue~
lates from expesure to exposure is even clsarer, - Over some ranges

of parameters, the 3 dB per doubling tims may be correct, In others:

perhaps the 5 df par doubling time used in the 1969 ¥alsh-Healey Act
may be more aporopriate; that particular relation ls also only a
guesstimate compromise of a politieal, not a scientific, nature.
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