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Introduction

In 1966 the working group "Relation between noise and noise-
induced hearing lose" of the Research Committee on Occupational
Health TNO started an investigation on the effect of noise during
working hours on the hearing of people exposed %o it. The investi-
gation was reatricted at first to the effect of steady-state
broadband noise and continuous expoeure during 8 hours a day, for
at leasi 5 days a ueek. The results of this work have been
published in 1968 {1, Then the inveatigation was extended to
situations with fluctuating noise levele;-the exposure still being
8 houre a day for 5 days a week. This work was not started before
1969, and at the momant that this text had to be sent in only one
example was available of the-effect; of fluctusting noise on the
hearing levels of people exposed to it. At the time of the lectury,
howsver, more data will be available.

In this: paper .we: give:

- the relations between noise and noime—induced hearing loms-
es” due io continuous exposure for & hours a day, at least
5 days a week

- the disagreement of these relatxons with the pr;neiple ol
egqual sound immission ¢ver long exposure pericds

- results of noise- and audiometric measurements in one
industry with fluctuating noise levels.

Continuous exposure to stesdy-state noiame

Data have been collacted from the available literature as well as
from measurements by members of our working group. Together they
Telate to 20 groups of employees: all in amll about 4600 people.

Each noise has been characterized by the noise rating number (NR)
of its octave band spectrum in the freguercy range of 500 to
2000 Hz [ 2]. Thie NR ie equal to the number .of the NR-ourve that
is just not surpassed by any of the octave band levels with mid-’
frequencies 5C0, 1000 and 2000 Hz of the octave band spectrum of
the, noise. Although the resulis are formulated in NR-terms, they
can be used with reascnable accuracy for sound levels in dB{A)
tooy the number obtained by adding 5 to the NR-value is numerical-
1y equal to the corresponding sound level in dB(4).

The noise-induced shift of the median hearing level at a certain
frequency of a group of people exposed io neise, i.e. the diffe-
rence between the median hearing level of that group and the
ledian hearing level of a non-noise exposed group with the ssme
hean age as the exposed group, is indicated by D » In Fig. 1,
For a number of frequencies and for an expcsure i?ﬁe of 10 years,



is given as a function of NR, Fig. 2 gives an example °fD50%’ |
fgr a longer exposure time: 40 years. From comparison of both
figurea it is clear that the inorease of D with exposure time
ig not the same for all frequencies. The avdilable material led
%0 the following concluaions:
- for each of the fregueneies 500, 1000, 2000 and 3000 He and
for exposure times longer than 10 yearse the increase of
per year is equsl to a NR-indepsndent percentage ef
tga I due to an exposure of 10 years;
- for 488% Ha there ie no increaaé at all after 10 years
exposure;
- for 6000 Hz and 8000 He the altuatlon is more comp11oated.
for NR's up to 92 there is no increase either, whereas for
_ NR'a larger than 02 the increase dependa on the ¥R,
In the following Table the resultis are summariged.
. Table

Increase per year of D for exposure times longer tham 10 years,
in percentage of 350% gua to ezpoaure for 10 years

500 Hz 1000 He 2000 Hz 3000 Hz 4000 Hz 6000 Hz 8000 Hz
2% 2,5% 106 1% 0% 0, 3(¥R-92)% 0, 3{FR-92)%
for NR<92 0% for NR<92

Frém Fig. 1 snd the Table given sbove ii is poesible to calculate
D for all exposure times between 10 and 40 years and all NR's
hégﬁeen 75 and 98.

Besxdaa the noise-induced shifis of the medlan hear:ng levels

ot also the noise-induced shifte of the hea. hearing levels not
e;ceeded in 90%, 75%, 25% and 10% of the people exposed have been
determined. These noise-induced phifts (indicated by D_, with x
equal to 90, 75, 25 and 10) are, analogously to D__.,, ®hch egual
to the difference beiween the hearing level not eéggaded_by x-
. percent of the people sxposed and the hearing level not exceeded
by the same percentage of non-noise axpoaad people, with the same
Mean. age.
Cur analya1s showed that for exposure times of at least 10 years,

(for I = 90. 75, 25,-10) is independent of expdsure

’ tf%a fo; all frequencies considered, but depends upon the NR.
The results are presented in Fig. 3. If D
and D, .7 show no or only slight différencgg%’thzg aazgﬁthagsﬁha
Bpreaaofn hearing levels.of people exposed is about the eame ad
that of non-exposed people, although the absolute valuas of the
hearing levels depend on the noise of course. .

For some Yaara now, the spsumptiom of "equal sound immlaalon“ is
in the picture, For continuous exposure of B hours a day and 5
days a week to steady-state broadband noime thie implies that in
all circumetances with squal values of ‘-NR + 10 log T (where T is
total exposure time in years) the noise-induced ehifte of the
median hearing levels ehiould be the pame. This is not oonfirmed
by our results for any frequency. To give one example: D at - —
4000 Hz is for NR 92 and T = 40 years equal to 30 dBj fo?oﬁﬂ

and T = 10 years egual to 50 4B, ‘This ip a difference of 20 dB:

according te the principle of egual sound immiseion , however,

the difference should have been zero. Although our resulis seem

to contradict the principls of equal sound immission over years,

it might be correct for a daily period, i.e. the daily sound

_immiesion may be decipive for the resulting hearing losses. Thera-

“fore our working group decided to work slong these lines teo rate
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fluctuating noise. To that end we introduced an equivalent scund
level L oq’ dafined as:

where I_ is the momentary sound level in dB{4a}, T, and T, the
begin ahd end of an 8 hours working day. The Institute f5r Applied
Physics TNO-TH {mr. Kleinhoonte van Os and cooperators) construc-
ted equipment to measure directly the in?egral.over'any period

" longer than one minute. This equipment will be and has been used
to measure fluctuating sound levels. The whole idea of an egquiva-
" lent sound level for fluctuating noise would be nonsenss, if the
" increases of the median hearing levele with exposure time at-all
frequencies of people exposed to fluctuating heoise would not be
identical to these of people exposed to steady-state noise, This
has been checked with some median aundiograma of people working

in very fluctuating noise (foundry-noise, riveting), At least in
these cases the increases of the median hearing levels with time
are indeed identicml to those for continuocus exposure to steady-
state noise. The spread in the hearing levels has not been con-
aidered up %ill now. -

Up till Nov.'69 L has been measured only for one situation and
the corresponding audlograms have been examined. The group con-
sists of 144 machine wood-workers, with exposure times of at least
10 years and without ear diseases and previous noise exposure.
They have been split up in subgroups accoerding to exposure time
{10-19, 20-29, 30-39, 3 40 years). In Fig. 4 the noise-induced
shifte of the median hearing levels of these subgroups are shown.
At 1000 Hz and below, hearing levels have been measured only 15dB
above normal -hearing and as most people had better hearing, ne
median values could be determined at 1000 Hz and below. Comparing
Fig. 4 with Fig. 1 and the Table, it turns out that at each
frequancy seperately the noise-induced shifts of the median
hearing levels of the subgroups are egual to those for KR 93 to
NE 94 with continucus exposure to steady-state noise, NR 93 to

NR 94 correaponds with & sound level of 98 to.99 dB(A). The mea--
sured values of L__ were between 98,4 and 100.6 dB(A), depending
upon- the place of ®Heasurement, Taking into account the accuracy
cof audiometric measurementg, and of noise measurements,thesa
figures agree very well. To give an impression of the fluctuations
of the noise: for the place where over the whole day the equiva-
lent sound level was 100.6 dB{A), the equivalent sound levels
determined per guarter of an hour were for about one third of the -
iime around 103 dB(4), for the rest of the time around 98 dB(4),

Although there is a good agreement beiween noise measurements and
audiometric measurements in this case, we want to investigate
whether it ie possible:toc rate fluctuating noise by an equivalent
gound. lavel in s1tuat10ns, where the aound level fluctuatlons

are larger, .
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