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SUMMARY

In this Report the influence is determined of steady-state broadband noise
on the hearing levels of people exposed to noise for 8 hours a day, at
least 5 days a week. For this purpose, literature data are analyzed that
relate to 20 groups of employeess all in all about 4600 people. Noise-
induced shifts of hearing levels are considered for exposure times between
10 and 40 years and for no’.se with Noise Ratings for 500 to 2000 Hz between
75 and 98, or sound levels between 79 and 102 4B (A)n

First the median noise-induced hearing losses (D50%) at 500, 1000, 2000,
3000, 4000, 6000 and 8000 Hz are examined as a function of exposure time.
The increase of D5o% with exposure time varies with frequency. The results
are:

- D5o% at 4000 Hz remains constant at exposure times of at least 10 years.
The only exception is the female group, for which D50% increases slightly
after 10 years of exposition.

- D5o% at 2000 Hz is a linearly increasing function of exposure time from
the very beginning of exposure.

= D59 at 500, 1000 and 3000 Hz increases, for exposure times of at least
10 years, per year with respectively 2%, 2.5% and 1% of the median hearing
loss caused by an &posure to noige for 10 years. If D5o% after 10 years
is zero, then DSO% remains zero at longer exposure times.

- D50% at 6000 and 8000 Hz does not increase after 10 years of exposure, if
the NR for 500@ to 2000 Hz is at most 92, At higher NR's for 500 to 2000 .
Hz, D509, at 6000 and 8000 Hz increases per year with about 0.3(X-92)% of
the median noise-induced hearing loss after 10 years of exposure, where
X is equal to the NR for 500 to 2000 Hz.

Our analysis showed that the relation between noise and median noise-
induced hearing losses is most accurate, if the NR for 500 to 2000 Hz is
taken as a parameter of the noise. To estimate the median noise-induced
hearing losses, the sound level in dB (4) can be used too, of the octave
band speetrum contains sound pressure levels in the two highest octave bands
(midfrequencies 4000 and 8000 Hz) that are relatively low compared with the
sound pressure levels in the other octave bandsg if the sound pressure
levels in these two octave bands are about as high ag the other sound preg—
sure levels, the median noise-induced hearing losses will be estimated too
high.

The only difference found between the median noise—induced hearing losses

of men and those of women, is a slight increase of D5pg, at 4000 Hz for the
female group at longer exposure times, At the other frequencies there was

not any difference between the Dsog-values of men and women. However, the

data on only one female group could be considered.

As the mean hearing levels of four groups were given in the literature, the
mean noise-—induced hearing losses of these four groups have been calculated.
It appeared that there was no difference between these four mean values and
the median values of the noise-induced hearing losses, if all these values
are related to the NR for 500 to 2000 Hz. However, we do not exclude the
possibility that curves based on mean values only have a shape, different
from curves based on median values only.

Considering the median hearing losses caused by an exposure to noise for

10 years as a function of frequency, our analysis shows that these hearing
losses are maximal at 4000 Hz and decrease with increasing and decreasing
frequency. After 10 years of exposure, differences between the hearing losses
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at 3000 Hz and 4000 Hz are slight. With increasing exposure time the median
noise-induced hearing loss moves from 4000 Hz towards lower frequencies at
higher NR's for 500 to 2000 Hz. At NR 98 the median hearing loss caused by
an exposure to noise for 40 years is even maximal at 2000 Hz. If the NR
for 500 to 2000 Hz is at most 80, the median noise-induced hearing losses
are generated during the first 10 years of exposure. At NR 85, D5o%
increases at longer exposure times — mainly at 2000 Hz. AF higher NR's for
500 to 2000 Hz the increase of D5og, at all frequencies, except 4000 Hz, is
congiderable after 10 years of exposure. At exposure times of at least 10
years, the spread of hearing levels of people exposed to noise is indepen-—
dent of exposure time, at least when are considered the values limited by
the hearing levels not exceeded in 75% and 25% of the people exposed to
noise. The spread of the hearing levels does depend upon the NR for 500 to
2000 Hz; it is an increasing function of the NR for 500 to 2000 Hz, at each
frequency, except at 4000 Hz. At 4000 Hz the spread is a decreasing function
of the NR for 500 to 2000 Hz, 4 consequehce is that NR's of at most 80 at
all frequencies, except 4000 Hz, the spread of the hearing levels of

people exposed is just as large as that of people not exposed. The reverse
occurs at high NR's (at least 96) where the spread of the hearing levels at
4000 Hz is the same for people exposed and people not exposed, but at the
other fequencies the spread of the hearing levels of the people exposed is
larger, If the spread of te hearing levels of people exposed to noise is
larger than that of people not exposed to noise, this increase in spread is
caused by noise. So, it is possible that in addition to an increase in
median hearing level the spread of the hearing levels increases too as a
result of exposure to noise.

Next the approximations of the noise-induced hearing losses not exceeded in
75% and 25% of the people, have been calculated. We subtracted from the
hearing levels not exceeded in 75% and 25% of the people exposed, the
median hearinz level of those people not exposed to noise that had the same
mean age as the people exposed. This implies an approximation,as the spread
in the hearing levels of people not exposed to noise has not been taken
into account. Calculation of the exact values of the noise-induced hearing
losses not exceeded in 75% and 25% of the people is impossible, ag it is
not known exactly what could have been the hearing level of a person, when
he had not been exposed to noise, However, it is possihle to calculate the
noise-induced increase in the hearing levels not exceeded in 75% and 25%

of the people. When we indicate these shifts by D75% and Dp5g, then D75%,
D5Q% and D25% are equal if the spread in the hearing levels do not increase
as a result of exposure to noise, and they are different if the spread in-—
creases. The differences between D759 and D504 and between D504 and Dos54
are independent of exposure time, at exposure times of at least 10 years.
These differences increase with the NR for 500 t02000 Hz at all frequencies
except at 4000 Hz, where they are decreasing functions of the NR for 500 to
2000 Hz,

To the Report an appendix is added; it gives all data necessary to estimate

from noise measurements:

- the median noise-induced hearing loss;

~ the approximations of the noise-induced hearing losses; not exceeded in
15% and 25% of the people

~ the noise~induced shifts of the hearing levels not exceeded in 75% and
25% of the peoples

~ the distribution of the hearing levels of a group exposed to neise, with
an arbitrary mean age.

All these estimations can bo nade for exposure times between 10 and 40 years

and NR for 500 to 2000 Hz between 75 and 98,



I. INTRODUCTION

Sound is essential to human gociety. It gives information on what is
happening in our surroundings. Sounds are imporitant because they serve as
signals in our work, at home and in traffic. Moreover, the voices that
daily surround us are important in our contacts with other people. We may,
in fact, conclude that sounds tc a large extent affect everything we do.
Sounds have either positive or negative influences. At high sound levels,
even "noise deafness" can be generated, Formerly 'noise deafnegs" was
mainly restricted to that of boilermakers, shipbuilders and weavers.
However, industrialization has spread and intensified, and noise sources in
varioug fields have become so much stronger that nowadays there ig a dis-—
tinct danger that noise gives rise to unacceptable hearing losses in the
employees of many industries.

Of course, one can apply different criteria to judge whether or not a given
hearing loss, so generated, is acceptable or unacceptible. Actually, speech
intelligibility is frequently taken as a standard. The criterion then
applied is often that the speech intelligibility to a large percentage of
the people exposed ghall not be influenced. Once a criterion is accepted
for unacceptable hearing loss, the next problem is: which sound levels
generate unacceptable hearing loss and which sound levels do not. For years
already, several investigators have made attempts to establish a limit
between noise that does not cause unacceptable hearing loss (safe noise)
and noise that does (unsafe noise).

For some years now the International Organization for Standardization
(I.S.0.) has dealt with draft proposals in which a like limit is mentioned,
the so-called NR 85 limit. In these draft proposals it is said that if the
sound pressure levelg in the octave bands with midfrequehcies 500, 1000 and
2000 Hz do not exceed 87.5 , 85 and 82,8 dB resp., after many years of
exposuredg most 10% of the people exposed will have a hearing loss that
affects gpeech intelligibility. In another draft proposal a sound level of
90 @B (A) has been mentioned as a limit between safe and unsafe noise.
This limit is based on the same speech intelligibility-criterion as the

NR 85-limit; only the unity in which the noise is expressed has been
changed.

The determination of these limite has been based on a relation between the
temporary threshold shift (T.T.S.) of young people with normal hearing and
the noise~induced permanent threshold shift (P.T.S.) of pcople that are
exposed to noise for years. This has the advantage that the laborious col-
lection of data about P.T.S. can be omitted and that, instead, young
people are exposed to noise in an experimental situation. Only at 4000 Hz
does an obvious relation exist between P.T.S. and T.T.S. At this frequency,
the permanent threshold shift caused by exposure to noise for 10 years is,
on an average, cqual to the T.T.S. of young people measured two minutes
after cessation of an exposure for one working day. At other frequeneies,
however, less is known abow} the P.T.S. ~ T.T.S. relation.

Therefore, the working group called: "Relation between Noise and Noise
Deafness" of the Research Committee on Occupational Health TNO (CATGO) has
aimed at testing the NR 85 and 90 dB (A) limits by determining the perman-—
ent threshold shifts caused by exposure to noise for a long time. In the
bresent Report, these threshold shifts are determined for noise with Noise
Ratings between 75 and 98 or sound levels between 79 and 102 dB (4). The -
deternination is based mainly on findings distilled from atticles in the
pertinent literature.

~ II. Data -
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IT. DATA

From a multitude of published data about noise and threshold shifts, those

data have been selected that deal with rather large groups of employces,

working in noise. With respect to noise we limited ourselves to

- noise whose cnergy is spread rather evenly over the acoustic spectrum and
does not contain audible tones: broadband noise;

~ noise with a rather constant noise level during the working day as well
as in the course of the years: steady-state noise.

Furthermore,vwe have only congidered groups of employces that worked continuously
in noise for 8 hours per day, and that at least 5 days a week.

The people whose data we examined had neither been exposed to noise in
previous jobs,nor did they have a congenital or gsustained hearing damages
they had, however, some noise-induced hearing loss. Through this procedure
of data sclection we found eight authors,whose publications are within the
scope of this Report. Their names are given in the first column of Table I.
"Relations" does not indicate the name of an author: it is an abbreviation
for the title of the Report on "The Relations of Hearing Loss to Noise
Exposure", Altogether, these 8 authors published data about some 4600
audiograms , and scme of them published data about more than one group of
subjects. These groups are often distinguished by differences in sound
level to which their work subjected them. The indications of the groups
are presented in column 2 of Table I. All but one groups consist of men;
group P consists of women. The total number of audiograms per group is
mentioned in column 3 of Table I.

At which frequencies useful data about the audiograms are published is
indicated in the last seven columns of Table I.

Since many symbols will be used in this Report, a list of these symbols is
added on page 18.

Table I
i
croup total nunber of| useful data about audiograms at
author indication sudiograns ] 500 #z}1000 Hz {2000 Hz§3000 Hzl$000 Hz [6000 Hz [3000 Hz
. . | 1

barms [1] |4 | 44 | - |- |+ | - |+ | - |-
Gallo [2] | B 400 + + + |+ + ] =
Relations[3]| Cy 132 - + + - + = &
" Co i 42 - |+ + - 5 = =
N | Cy | 12 | - + + - + - -
Poservinké [ 4] D ! 540 E + + + + + o+ -
Nixon [5] B 1948 L - - + B A A
" LB 490 - - + - + | = -
" B 21 - S - b b= =
Taylor [6] F 461 + + + + + + +
Kylin [7] | G4 14 + + + + + + g
" e 44 + + + + + + +
i | G3 50 + + + + + + +
g L Gy 46 + o+ + + + + +
R l a5 24 + + + + + + +
F.v.Laar] 8] | H 49 | - - + ! P Il + =
" | Ho 11 | - - - | 4+ + + |-
! Hy 11 - - + + |+ + |+
" Hy - = - + + + R
: | Hg 18 i - - + + &+ + +
- The -




III. MEDIAN AND NEAN NDISE-INDUCED HEARING LOSSES

IIT. 1 HNoise~induced hearing losses ag a function of expogure time

Twelve of the groups mentioned in Table I, consist of employees who have
worked about the same time in noise (at least 10 years), The remaining

8 groups consist of employees, who have worked in noise either some
months up to 40 till 50 years. The indications of these eight groups ares
A, B, C3, D1, Ey, Eo, E3y and F, Their data were used to examine in which
way the hearing losses increase in the course of years. For this purpose,
these eight groups were split up into sub-groups according to exposure
time.,

The authors quoted gave the mean or median hearing level of each sub-group
at the frequencies shown in Table I, The median hearing level, i.e. the
hearing level which is just not surpassed by 50% of the hearing levels,

at a certain freguency is indicated by Lg 50%3 the mean hearing level is
indicated by Lg. Le,50% was given for the sub-groups of six groups and
T, for the sub-grcups of the other two groups (C; and D).

In general, an increase of hearing levels of people exposed to noise is
not caused only by such exposure during working hours. Also people not
working in noise exhibit an increase of hearing level when they grow older.
f'rom a number of publications by several authors, Spoor [9] compiled, for
frequencies between 250 Hz and 8000 Hz, curves which give the relation
between the median hearing level and the mean age of groups, whose subjects
had not been exposed to noise during working hours, nor did they display
any congenital or sustained hearing damage. This median hearing level at

a given frequency is indicated by Ln,5Oo° In Figures 1 and 2, L, 50% is
plotted as a function of frequency, With the mean age as parametér, for
men and women. Spoor's publication reveals hardly any difference between
mean and median hearing levels.

The mean age of every sub-group is given by the authors quoted. From the
mean age of a sub-group Ln,50% was calculated at the frequencies where
Le,50% or I is known, The difference between Le,50% and Ly 450% is the
median threshold shift caused by noise. This increase in median’ hearing
level is called: "mean noise-induced hearing loss"; it will be indicated
by Drod. The difference between Lg and LIn,50% is called:"mean noise-induced
hearing loss!" and this is indicated by D.

Le,50% = In,50% = D50% (1)
Le - Ly,50% = D (2)
In Figures 3 ... 9, for each group, Do, or D of the sub-groups is shown

as a function of the mean exposure time of the sub-groups for these
frequenciess 4000 Hz, 2000 Hz, 3000 Hz, 500 Hz, 1000 Hz, 6000 Hz and
8000 Hz.

4000 Hz (Figure 3) _

From Figure 3 it follows that D5o% and D increase as a function of exposure
time (T) until about 10 years; after an exposure time of 10 years, D504
and D remain more or less constant with exposure time, Group B is an
exception due to the low D5o% -value at T = 39 years. For each group, the
best fitting line was caleoulated according to the method of least squares
from the Dgpg~ and D-values of the sub-groups with exposure times of at
least 10 years. These best fitting lines are the lines for which the
vertical distances of the points to the line are minimal. The slopes of
these lines can be taken from Table II, For group B, two best fitting

~ lines -
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lines are calculated, one (slope -0.15) with D5O% at T = 39 years
excluded and the other with Dsog at T = 39 years not excluded (slope

- 0.55). Under a hypothesis that the slopes of the best fitting lines do
not differ from zero, it was found that this hypothesis is correct for 6
of the 8 groups at a significans level of 5%. The lines of groups B and
F are the exceptions. However, when we ignore the value at T = 39 years,
our hypothesis can also be accepted for group B. For the exceptionally
low value of D5o% at T = 39 years we cannot give any explanation. for
group F the hypothesis is rejected; the chance that this conclusion is
incorrect is of the order of 1%. Group F is the only group that consisted
of women., With respect to men we conclude that D5O% and D are independens
of exposure time for exvosure times of at least 10 years. D5o% and D for
exposure times of at least 10 years are indicated by D50% (T = 10) and

D (T 2 10).

Dgog (T = 10) and D (T 2 10) are characteristic parameters of the noise-
induced hearing losses at 4000 Hz.

2000 Hz (Figure 4)

From Figure 4 it follows that at 2000 Hz D5o% and D are increasing
functions of exposure time; a constant course at longer exposure times
cannot be perceived, Therefore, at this frequency we determine the best
fitting lines per group from the D50%- and D-values of all the sub-gwoups.
The slopes of these lines can be taken from Table III.

Table IT Table III

| Slope at 4000 Hz Group | Slope at 2000 Hz |
l
| 0.0 dB/year A 1.33 dB/year

(-0.15)-0.55 " | B 0.62 "
0,01 | ¢ 0.76 v
0.05 " D 0.32 n
0.05 " Bl 0,10 "
k 0.02 " Eo 0.31 "
-0,05 1 E3 1.19 "
{ 0.26 " oo 1,10 o

At 2000 Hz the slopes of the lines Dgpg, versus T and D versus T are the
characteristic parameters of the noise~induced hearing losses. These
slopes are indicated by 8504 and A ,respectively

3000, 500, 1000, 6000 and 8000 Hz (Figs 5 ... 9)

From Figures 5 ,.. 9 it follows that D5o% and D at the frequencies
mentioned above are neither linearly increasing functions of exposure
time (see 2000 Hz) nor do they remain constant for longer exposure times
(see 4000 Hz). However, it is found that D50% and D increase more rapidly
during the first 10 years of exposure than during longer exposure times.
Therefore, at these frequencies the best fitting lines were calculated
for exposure times of at least 10 years. The equations of these lines are

-~ ghowvm -~
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shown in Table IV and the lines are drawn in Figures 5 ... 9.

Table IV
group | best fitting line for T 2 10 years

l - ey o ne —— —_— e

! 500 Hz } 1000 Iz 3000 Hz 6000 Hz 8000 Hz

i D= 0.06T 41,1 | D= -0.0370 11| 00,087 4120 [0-0.05 o 10.1 :
‘f B | Dgyre -0.07743,3 ' Dipe0.12T + 1.7 | Dgge 0,207 o 25,5(Dgpe -0.027421,5 .
’ 1 ! i 0=0.17T « 3,4 . . .
P | D= 07T 6.2) Dare0. 3T k. | Dggzr= 0,407 + 33.0|Dgpy= 0. 47T« 21.3| Degge0.387410.8

Under the hypothesis that the slopes of the lines do not differ from zero,
it was found that this hypothesis is correct at a significans level of 5%
for the lines of group D at 500, 1000 and 6000 Hz and group B at 500 and

6000 Hz.

To characterize the noise-induced hearing losses at 500, 1000, 3000, 6000
and 8000 Hz, we have chosen the following two parameters: the mean or

median hearing loss caus
or D(T=10)) and the increase per year of D509 or D for exposure times
longer than 10 years.

ed by exposure to noise for 10 years (D5p¢(T=10)

Twelve of the groups mentioned in Table I consist of employees who have
worked aboui the same time in noise. In Table V the mean exposure times
of these 12 groups are presented.

Table V
| mean exposure time
group | in years
I
Co | 17
03 18
Gy 12.5
Go 12.5
Gy 12.5
Gy 12.5
Gy 12,5
H1 15
Ho 15
Hy 15
Ha 15
Hs 15

For these 12 groups the mean or median noise-induced hearing losses have
been calculated at the various frequencies. As the exposure time of every
group is more than 10 years the value calculated at 4000 Hz for a given
group is equal to D509 (T2 10) or D(TZ 10). For all groups split up into

- sub-~groups -
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sub-groups, the mean value of Ds5q¢ or D has been calculated from the D50%
or D values at 4000 Hz of all the sub-groups with exposure times of at
least 10 years.

It goes without saying that[55o% or Z at 2000 Hz of a group has been
calculated by dividing D5o% or . D by the mean exposure time of the group.

As can be seen from Table I, Dsof or D at 500, 1000, 3000, 6000 and

8000 Hz could not be calculated for each of the twelve groups. The mean
of the mean exposure times of the groups with data at 500 Hz is 13 years
and, at the other frequencies, 14 years. Therefore, we consider the
calculated values at 500 Hz representative for an exposure time of 13
years and, at the other frequencies, for an exposure time of 14 years.
The DBO%‘ and D-values of the groups split up into sub-groups, have been
calculated by substituting T = 13 or T = 14 in the best fitting lines,
calculated in ITII.I. _ -

Although Dgog, (T = 13), D (T = 13),D5094 (T = 14) and D (T = 14) are not
the characteristic parameters of the noise-induced hearing losses at the
frequencies 500, 1000, 3000, 6000 and 8000 Hz, the difference between
these values and the values of characteristic parameters D50% (T = 10) or
D (T = 10l is rather small; this can be seen from the best fitting lines
D509, (or D) versus T, calculated in IIT.I1.

Noise

Tn the preceding paragrarhs the values of the characteristic parameters
of the noise-induced hearing losses have been calculated. Ve want to
relate these vaelues to noise; therefore we have to characterize noise in
some way. 1t is for instance possible to characterize nolse with the
sound level in dB (A) or with an octave band spectrum. The sound level in
dB (A) gives the overall sound level, although the intensities of the
high and low frequencies are attenuated in a standardized way. In this
way, noise is characterized with one number. To characterize an octave
band spectrum in one number we can for instance use the "noise rating"
system. This number can be determined by comparing the octave band
spectrum with a set of noise rating curves, some of which are shown in
Figure 10. For some years the I.35.0. has dealt with a draft recommendatidn
in which noise was characterized by the noise rating number for the three
octave bands with midfrequencies 500, 1000 and 2000 Hz. The NR for 500

to 2000 Hz of a noise is equal to the number of the noise rating curve
that is just not exceeded by the part of the octave band spectrum in
these three octave bands. The NR for 500 to 2000 Hz of the spectrum,
drawn in Figure 10, is equal to 96. Although the I.S.0. related only the
hearing losses at 500, 1000 and 2000 Hz to the NR for 500 to 2000 Hz, we
shall examine whether there is also a relation at other frequencies.

The octave band spectra of the noise in which the groups worked, are
plotted in Figures 11 and 12, From these spectra have been calculated
the sound level in dB (A) and the NR for 500 to 2000 Hz. The results are
presented in Table VI.

For most of the groups, the numerical difference between gsound level and
NR for 500 to 2000 Hz is about 4; for group C1 this difference is T.

- Table VI -
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Table VI
group | sound level | NR for 500 to 2000 Hz
in dB(A) 1

A | 102 98
B 97 92
01 102 95
Co 95 92
Cy | 97 94
| D | 86 82
By | 86 82
Ex | 94 90
Ey | 100 96
F 102 ! 98
G 79 5
Go 84 80
G3 89 86
Gy 9T 93
Gs 100 96
| 86 82
Ho 86 g2
Hy 95 ' 92
Hy 100 97
Hy 100 97

Most of the spectra have about the same shape: relatively low octave band
levels in the lower octave bands, a maximum at 500, 1000 or 2000 Hz and
relatively low octave band levels in the two highest octave bands. is

the relative low levels in the lower octave bands are attenuated in
determining the sound level, these levels do not attribute to the value
of the sound level. The levels of the two highest octave bands hardly
attribute either, as these levels are relatively low compared with the
levels of the octave bands with midfrequencies 500, 1000 and 2000 Hz.
Since the levels of the two highest octave bands of group Cl1 are relatively
large, these octave bands attribute to a large degree to the dB (4)-value
for this group.

In Figures 13 ... 19, D509 (T210) and D (T2 10) at 4000, A50% and B at
2000 Hz are drawn as a function of the NR for 500 to 2000 Hz, and go are
D5og (T = 13) and D (T = 13) at 500 Hz and D5og (T = 14) and D (T = 14)
at the remaining frequencies.

In Figures 20 ... 26, these values are plotted as a function of the sound
level in dB (4).

With reference to Figures 13 ... 26 we will now answer the following
questions:

1. Which noise guantity gives the most accurate relation between noise and
noise—induced hearing loss?

2. Is there any difference between mean and median values of the noise-
induced hearing losses in relation to noise?

3. Is there any difference between noise—induced hearing losses of men

and women?

- Ag -
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As_to 1. Considering Figures 13 ... 19 it is found that the deviations of
the points from the curves are small, although the NR for 500 to 2000 Hz
only depends upon the sound pressure levels in the octave bands with
midfrequencies 500, 1000 and 2000 Hz., Evidently the sound pressure levels
in the other octave bands do not affect the hearing level. For the octave
band with midfrequency 8000 Hz this can be demonstrated by means of the
D-values of group C1, known at 1000, 2000 and 4000 Hz. Group Cj is the
only group that worked in noise with a high level in the 8000 Hz octave
band. If this level had originated any hearing loss, then the points of
group C1 would have to be found above the curves.

Since the deviations of the pointe from the curves in Figures 13 ... 19
are rather small, the NR for 500 to 2000 Hz is a gquantity from which the
noise~induced hearing losses can be estimated accurately. When we ignore
the points of group C1, it i8 not surprising that the deviations of the
points in Figures 20 ... 26 (sound level in dB (1)) and those in Figures
13 ... 19 are about the same, as the numerical differences between sound
level and NR for 500 to 2000 Hz ig about 4 for all groups. The deviation
of the D-values of group C1 in Figures 20 ... 26 is, of course, caused by
the high level in the 8000 Hz octave band; it affects the gound. level, but
not the hearing level. Therefore, for spectra with an arbitrary shape,
the relation between noise—induced hearing loss and NR for 500 to 2000 Hz
is more accurate than that between noise~induced hearing loss and sound
level.

As_to 2. The mean noise-induced hearing losses of 4 groups (c1, C2, C3
and D) are plotted in Figures 13 ... 1. The vertical distances of the
mean values to the curves in the Figures are about as large as the
distances of the median values to the curves, although the curves are
mainly based on median values. Although there is no difference between
mean and median values, we cannot cxclude the possibility that curves
based on mean values only, will have a different shape, Since the curves
in Figures 13 ... 19 are mainly based on median values, we consider these

curves representative for the median noise-induced hearing losses.

As_to 3. The D5o% values of the female group (F) hardly deviate from the
curves in Figures 13 ... 19, although these curves are mainly based on
noise—induced hearing losses of men. This means that the noise-induced
hearing losscs of this group of women do not differ from those of men.
However, we should rcemember that the noise~induced hearing losses at
4000 Hz of women increas:c for exposure times longer than 10 years. For
the rest, this increasc is rather small, viz. about 9 dB during the whole
exposure time (36 years), which means a variation of 4.5 dB around the
mean value drawn in Figure 13.

.-—____.._...___.__..—_———_.__—_—_._—_————_——_._._—

In III.1 has been calculated the increase of Ds50% and D

1000 and 3000 Hz for exposure times of at least 10 years. These increasges
per year are equal to the glopes of the best fitting lines, calculated in
ITII.1. The increase per year of Dgog and D_for exposure times of at least
10 years is denoted by As5og% (T2 %Og and A (T2 10). In Figure 27, )
rs0%(T21@)and 3 (T7210) at zoo, 1000 and 3000 Hz are plotted as a function
of FR for 500 to 2000 Hz. We will relate & 50% (T2 10) and & (T2 10)
with D54 (T = 10)s this relation will turn out to be very simple.

— Therefore -
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Therefore, first Dro% (T = 10) at 500, 1000 and 3000 Hz has been calocul-
ated by subtracting from D50% (T = 13) at 500 Hz (Figure 16) 3 times

A50% (72 10) and from D o7, (T = 14) at 1000 Hz and 3000 Hz (Pigures 17

and 15) 4 times A50% ?T_ 10); ABO% (T> 10) is taken from Figure 27.

For some NR's for 500 to 2000 Hz the Tesults are presented in Table VII.
Wext has been caloulated the relative increase of Dgogf for exposure times
of at least ten years in relation to D50% (T = 10). This relative increase

. A50% (T% 10)
er r iss z
P year 1 100 x D50% (T = 70) %

The results are shown in the last columns of Table VII

Table VII
500 Hz
. | : l By (T 210)
UR for 80 | Deys (T-13) | gz (T2 000 | Degg (T=10) | 100 % =2y
to 2000 Mz | L 1 g7 T - 10)
8 | 0.0dB | 0.0 dB/Year | 0.0 dB ~ 9 per year
85 ' 0.0 " | 0.0 " 0.0 " - "
90 !' O O 4] r OoO 1 ‘ O°O u . "
92 | 1,5 " . 0,0 " 1.5 " 0.0 " i
94 3,4 " 0,06 " l 3,20 1.9 1
96 5.5 v | 0,11 " 5.2 " 2.1 "
98 8.5 n | 0.7 " | 8.0 2,1 n
1000 Hz
iR for 500 | Degy (T = 14) | dgpr (T 210) E Dep; (T = 10) | g (T2 10)
to 7000 Hz | ‘ | ey (T=10)
80 i 0 aB 0.0 dB/year 0.0 dB ] - % per year
85 0 "n 0,0 1 0,0 M i - 1
90 3.0 " 0.07 " 2.8 " I 2.5 3
92 5.0 " 0.11 " 4.6 " : 2.4 "
94 6.5 " 0,15 " 4.9 " L 2.6 n
96 8.5 0,19 " M7 i 2.5 i
98 10,5 0.23 " 9.5 " . 2.5 A
3000 Hz
IR for 500 [Dgg (T - 14) | & g7 (T2 10) | Dgyg (T-10) begz (12 10)
t0 2900 . | ' Y e U )
80 | 6.2 4B 0.09 dB/yearl 5.8 dB 1.5 % per year
85 13.0 " 0.13 v | 12.6 o 1.0 v
90 21,0 " 0.17 " 20.3 " 0.9 '
92 o5,2 M 0,21 24.8 0.9 n
94 30.0 " 0.26 M 29,0 M 0.9 g
96 35,2 © 0.32 34,0 " 1.0 " |
98 41.5 " 0.40 " 39,9 1.0 n ?

Table VII shows that at 500 Hz Aspg (T 210) is about 2% of Dso% (T = 10)
If D54 (T = 10) is zero, then p50% (T 210) is zero too. At 500 Hz we
assume that the increase per year of D509 for exposure times of at least
ten years is equal to 2% of Dspg (T = 10). The maximal mistake (0.03dBfear
is at R 92, where we assume that the increase is 2% whereas zero % has

— been -
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\]
been calculated. At 1000 Hz and 3000 Hz we assume that the increase of
D509 per year for exposure times of at least 10 years is equal to 2.5%
and 1% of Dy (T = 10); the maximal mistake is at NR 94 (0.01 and
0.03 dB/yearg

In paregraph III.1 it was found that at 6000 Hz Ago (T2 10) below

R 92 is equal to zero, and that at NR 98 the relative increase of Dgpg
is equal to 1.7% of Do (T = 10). The only thing which can be said about
8000 Hz is that at NR'98 the relative increase of D50% is equal to 2. 2%
of Dsog (T = 10).

In Table VITII the results are presented about the relative increase of
D50% for exposure tines of at least 10 years.

0

Table VIII
P i
Frequency 1 Increase of D5O% at T2 10 years in 1
| relation to_D50% (7 = 10)
500 Hz 2 % per year
1000 " 2D i
2000 " | 10 L
3000 " ' 1 L
4000 0 1
6000 " " " below NR 92
1.7 at NR 98
. 8000 " 2.2 " gt NR 98

With respect to Table VIILI some restrictions have to be made. In Figure
2Ty  B50% (T2 10) is plotted as a function of the NR for 500 to 2000 Hz
both for men and for women (working at NR 98). However, we cannot accept
without further evidence that Asgog (T2 10) of men and women is equal,
as this is incorrect at 4000 Hz. Actually, at A000 Hz the relative
increase of D500 for men is 0.0% and Tor the female group O.5%.At 2000 Hz
A50% of men ahd women ig equal. Table VII and Figure 27 show that at
1000 Hz for men working in noise with an NR of at most 95, the relative
increase is equal to 2.5% and for women working at NR 98 it is also
equal to 2,5%. It seems safe to state that for men working at NR 98 the
relative increase of D500 is also equal to 2.5%. The same reasoning can b
be made for 3000 Hz. Accepbting that the increase of D5o% for men and
women is equal at 1000, 2000 and 3000 Hz, it seems reasonable to suppose
that this is also correct at 500 Hz. We have to be more cautious with
conclusions about the increase of Dsod at 6000 and 8000 Hz. At 6000 Hz
it has beoen shown that for men A O% (TZ 10) is equal to zero below WR 92.
However, by assutning that A5O% (% 2 10) above NR 92 is equal for men and
women, we can make a mistake at cannot be verified from our data.
However, in view of the relative small difference at 4000 Hz between the
data of men and women (difference 0.5 dB/&ear) we accept that at NR 98
the value of A50% (72 10) for men is the sane as that for women. This is
also done at 8000 Hz. Further, we will show that i% is most improbable
that D 0% at 8000 Hz would still increase after 10 years of exposure at
NR's o% 5t most 92. To cstimate the increase of D50% at 6000 Hz and
8000 Hz, for NR's between 92 and 98, we assume that Dgo¢ increases
linearly with the FR. Then the increase of Ds09 relative to D50 (T=10)
at NR's of at least NR 92 is:
at 6000 Hz : 0.28 (NR - 92) % per year
at 8000 Hz : 0.37 (NR - 92) % per year.
~ From -
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From the data of Table IX, and from Figures 13 ... 19, the median hearing
losses caused by an exposure to noise for 10 years and 40 years have been
calculated. In Figures 28 and 29 Dsog (T = 10) and D507 (T = 40) are plotted
as a function of the NR for 500 to 2000 Hz.

e am — — o m— — vt frniindicdadinfgiiiagidpphonipniluie gl N i e

Up till now we have considered the data of the median hearing losses at
fixed frequencies. Finally we will relate the results at the various
frequencies., Therefore, the median hearing losses caused by exposure to
noige for 10 and 40 years are plotted as a function of the frequency at
NR 75, 80, 85, 90, 95 and 98 in Figures 30, 31 and 32, At the same time,
D50% (T = 25) at NR 98 hag been plotted. In these Figures it can be escen
that Dgog, (T = 10) at each NR for 500 to 2000 Hz increases with frequency
up til? 4000 Hz, but decrcases for still higher freguencies. This means
that D50% (T = 10) is maximal at 4000 Hz for all NR's congidcred; this

could alrcady be conclvded from Figure 28.

At ¥R 75 and NR 80, Dsoq (T = 10) and D5g% (T = 40) are equal at each
frequency, except at 3000 Hz; then D504 (T = 40) is only one dB higher. S0
both at NR 75 and NR 80 the median hearing losses are causcd by noise
during the first 10 years of cxposure and remain constant at longer

exposure times,

At NR 85, D5o% docs increase after 10 years of exposurc at 2000 and 3000 Hz
and at NR 90 at 1000, 2000 and 3000 Hz. At NR 90 the maximum of D5o%
changes from 4000 Hz to 3000 Hz in the course of years. At NR 95 there is

a distinct incrcase of D50% at all frequencies cxcept at 4000 Hz for longer
exposure times. Finally at NR 98 the maximum of D5o% moves from 4000 Hz
towards 2000 Hz in the course of ycars.

III. 5 Review of III.1 ... II1.4

Below follows a short review of the subjects trecated in this chapter.

In the first part of Chapter IIL, we considered the dependence & themnn and
median noige-induced hearing losses on cxposure time., We found that this
dependence varied with frequency. Characteristic parameters at the various
frequencies of noise-induced hearing losscs have been determined from the
relation between noise-induced hearing loss and exposurec time,

The values of the parameters can be estimated nost accurately if the noise
is expressed in NR's for 500 to 2000 Hz, although the sound level in dB(A)
can be used for spectra with a certain shape as well,

The calculated mean noise-—induced hearing losses quite well fit the curves
mainly based on median noise-induced hearing losses. Further, the median
noise-induced hearing losses of the only female group are about equal to
those of men, although a slight increase of Dgog at 4000 Hz for longer
exposure times has been found for the female group. As there are only data
on one female group, it is not justified to conclude that at each sound
level the medisn noise-induced hearing losses of men and women are equal.
Therefore, we consider our results valid for men only.

For simplification,the increase of the median noise—~induced hearing losses
for longer exposure times have been expressed in the median hearing loss
caused by an cxposurec vo noise for 10 years.

In III.4 we considered the median nolse-induced hearing losses as a function
of frequency for various NR's for 500 to 2000 Iz aud exposuru *ineg.

- Median -~
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Median noise-induced hearing losses do give important information about

the damage caused by noise, but we should not base on it a limit between
safe and unsafe noise. To do this it is necessary to have information

about the maximum hearing losses caused by noise, i.e., we have 1o be infor-
med about the hearing losses which are less favourable than the median
values. These problems are elaborated in the next chapter.

IV SPREAD OF NOISE-INDUCED HEARING LOSSES

This part of the Report deals with the spreed of the hearing levels and
hearing losses. Unfortunately, some of the authors whose data were elabor-
ated in Chapter III, do not give information about the spread in the hear-
ing levels and hearing losses. Table IX shows for which groups, at which
frequencies, spread-quantities are known.

Table IX
Group Frequency in Hertz

500 1000 2000 3000 4000 6000 8000
B + + + + + + -
Eq - - + -~ + - -
Eo - - + - + - -
E3 - - + = + . -
F + + + + + + +
G1 + + + + + + +
Go + + + + + + +
G3 + + + + + + +
Gg + _ + + + + + +
Gy + : + + + + + +
o - = - + + + -
Ho - - + + + + -
Hy - = + + + + +

H - -
4 | + i + + + +

r ;
IV.1 Spread as a function of exposure time
For each of the groups from Table IX, Le}75%, Le,50% and Le’25% are

known at the given freguencies. Le,x% is the hearing level that is just not
exceeded by x% of the employees. Both the differcnce between Le,75%
and Le,50% and that between Le,SO% and Le,25% are measures of the spilead in

the hearing levels. These differences will be denoted by:
+
8"Le 50% = Le 75% ~ Le,50%

b Le,50% = Le,50% — Le,25%

i}

First we examined in which way A+Le’5o% and. A—Le 50% Vvary with exposure
time for exposure times of at least 10 years. ! Therefore, the

A+Le,50%‘ and A_Le,5o%~va1ues of the sub-groups with exposure times of at

least 10 yecars of the groups split up into sub—groups+ were considered as
a function of exposure time. Figures 33 ... 41 give A Le,50% and A Le,50%

- of -
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of the sub-groups as a function of exposure time for the frequencies 500,
1000, 2000, 2000, 4000, 6000 and 8000 Hz. Table .X prescnts the-best fitting
linesg, calcu}ated according to the method of least squares, and the mean
values of A Le%5o% ang 5 Le,50% (it goes without saying that these values
are the mean of the O Lg,50% and of the A Le~’5o%—values of the sub-

groups with exposure times of at least 10 years).

Table X
| Freg Broup | Best fitting Tine of | liean value of | Best fitting line of | llean value of |
’ A Le, 5% versus T A '-;.,5071, ALe 507 versus T A Le, 509
} T 2710 years T2710 Yyears | T2 "10 years T > 10 years
i i SR———
| | i -
| 500 Mz ! B A:Le’5gg L0 06T « &2 5,3 A Le,sog «  § 12T« 9,6 1.4
! ! | F L = 0,077 « 3.2 5.1 " . 0077« 2,6 4.5
006 H: | 8 " =037« 58 8.4 " . 0,067 56| 6.7 g
" F i = 0,147 « 4.9 8.8 "oe 0,017 . 7.0 6.1
2000 Hz Eq " -« 00T« 7.3 7.5 v 0,09T+ 3.6 5.7
" E2 " 20,037 + 12,6 12.0 "o 00T« 69| 8.8
" 3 " «-0,33T + 19,0 10,7 " . 0,007 « 13,1 13.1
i B u e 0.32T « 7,0 13.0 "oa 0,207 . 3.7 T4
i F " 2-0,00T 4 141 11.6 "oa 02T+ 6,8 10.3 E
3000 Hz | B " 20,121+ 18.0 15.8 Too. 0.05T « 115|124 1
) F : =-0,10T + 0.8 7.0 o< 0,107 + 13.3 10.5
4000 Hz £ ' =-0,26T « 21,0 15.0 voow 0,20 17,7 13.1
" ) " =0,10T + 7.9 9.8 "o 0,017 « 11,4 11,6
" Es g =-0,06T + 8.4 6.9 "= 20,107 + 10,3 1.8
" B L =-0,10T « 12,9 11.0 "o« 0,087 + 13.2 11.6
" | F ) =-0,05T + 8.0 6.6 o= 0,177 « 12.8 8.1
6000 Hz | B ) =-0,35T « 20,3 13.6 "oe 0,187 + 146 11.8
) i F b =-0,04T + 11.0 9.9 "o 0,047 + 9,1 10.2
8000 Hz i F ! = 0,067 « 12,0 13.7 vt - 0,047 + 10.3 1.4

At each frequency, the mean of the slopes of the best fitting lines were
calculated (see Table XI).

Table XI
Frequency llean of the slopes of the best fitting . flean of the slopes of the best fitting
lines [fLe,SUZ versus T Tines A-Le,BO% versus T -_j
|
500 Hz 0.07 dB/year - 0,03 dB/year a
1000 " 0.14 " + 0.03 " :
2000 " - 0.02 " 0.10 L \
{3000 " - 0.11 " -~ 0.03 " '
| 4000 " - 0.08 " ~ 0.11 " !
| 6000 ™ - 0,20 " + 0,11 " [
8000 " 0.06 " 0.04 " |

Table XI shows that there is hardly an increase oI decrease of A+Le;5o%
and of A Le-50% with exposure time. Under a hypothesis that the slopes
of the best fitting lines do not differ from zero, we can accept this
hypothesis for all best fitting lines independently on a significans-level

of 5%.

— Therefore, -
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Therefore, our final conclusion iss the spread of the hearing levels is
independent of exposure tinme, at least for the range that embraces 50% of

In Chapter III, the median noise-induced hearing loss is defined by:

D50% = Le,50% ~ Ln,50% (1)
In the present chapter we now define:

D'75% = Le,75% = In,50% (5)

D' 257 = Le,25% = In,50% (6)

The accent at DX% indicates that D'75% and D'25% are only approximations of

the noise-induced hearing losses, not exceeded in 75% and 25% of the people

exposed. We have accepted, as it were, that each employee working in noise,

would have had a hearing level equal to the median hearing level at his age,
if he had not worked in noise.

Congider the difference between D'75% and D5o% and between D5o% and D'25%g
(Lo, 5% = Tn,50%) = (le,50% = In,50%) = Le,75% = Le,50% =

It

1
D 15% = D50%

= A+Le,50% (7)
Dsog, — D' 259 = (Le,50% = Ln,50%) = (Le,25% = In,50%) = Le,50% ~ Le,25% =
= & Le, 50% (8)

In IV.1 we have already seen that A+Le95o% and A_Le,5oo are -independent
of exposure time, If we know the difference between D'75% and D504
and between D5pg and D'25% at a certain exposure time, then we know these
differences at any exposure time. In which way these differences Cepend
upon noise is not yet known. In the following we will examine this point.

Caloulation of D'75¢ and D' 25¢

D'75% and D'25% of the groups, not divided into sub-groups, are calculater
by subtracting Ln95o% from Le,75% and Lesg5%n Ln95o% belongs.to the mean
age of the group (see formulas 5 and 6). The mean exposure time of each
group is between 10 and 20 years. D'75% and D'25% of the groups that are
divided into sub-groups, are determined by calculating the mean of the
D'75%— and of the D'25%va1ues of the sub-groups with exposure times
between 10 and 20 years. (At 500 Hz, 7 values of D'75% and of D'2 g, are
known, at 1000 Hz 9 values, at 2000 Hz 13 values, at 3000 HZ 11 va%ues,
at 4000 Hz 14 values, at 6000 Hz 11 values and at 8000 Hz T values.)

As the mean of the mean exposure times of the groups considered at 500
and 1000 Hz is 13 years, and at the remaining frequencies 14 years, we
consider the values at 500 and 1000 Hz representative for 13 years and at
t@e remaining frequencies for 14 years. In Figures 42 ... 48 D'75% and
D 25% are plotted as a function of the NR for 500 to 2000 Hz, and so are

Ds 09 (T = 13) at 500 and 1000 Hz and Dgof (T = 14) at the remaining

frequencies,

— In -
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In Figurc 49 the diffcrence between D'75% and D50, ( A+Le’5o%) and the
difference between Dgog and D'75% (6"Le,50%)9 are plotted as a function
of NR for 500 to 2000 Hz. These differerices come from Figures 42 ... 48.
Although these differences are calculated for a certain exposurc time,
they can be used for every exposure time of at least 10 years, as we have

already indicated in the foregoing.

To calculate D'75% and D'25% for any exposure time, the following formulas
are applied, which are derived from formulas T and 8¢

D' 75%(T) = D5o%(T) + AiLe,5o%
D 25%(20) = D5o%(‘l‘) - b Lg,50%

To calculate the hearing levels of a group of men exposed to noise, with
any nean age A and exposure time T1, we use these formulas:

Le, 75%(4,T1) = D5og(T) + L, 50%(4) + 8"Le, 50%
Lo, 505(4,T1) = D50%(T) + In 50%(4)

Le, 25%(4,11) = D50%(T) + In,s04(4) = & e, 50%

TV.3 HNoise-induced shifts of hearing levels exceeded in 75% and 25% of

Analogously to the definition of Dso%, we defines

D754 = Le,75% ~ In,75% (9)
D25% = Le,25% ~ In,25% (10)

where Ly X% is the hearing level not excecded by x% of a group of people
not exposed to noise, with the same mean age as the group exposecd.

Dreq and Dogg are the noise-induced shifts of the hearing levels not
exceeded by %5% and 25% of the people exposed.
We now state that:

! +
D 759 = D75% = In,75% — In,50% = & Ln,50%
Dosgs - D'25% = Ln,s0% ~ In,25% = & In,50%

In continuation of the article by Spoor [9] ;, & publication will be edited
by the Research Institute for Public Health Engineering TNC, in which
estimations of A*Lp 50% and N Lp,50% are given. ALy, 50% and A7Ly, 509 are
somewhat increasing functions of age. These increases, however, are rather
small. The values of A+Ln,5o% and A 7Lp,509 shown in Table XIT are repres-
entative for an age of 45 years. B '

Table XII

" Z
| Frequency s Im,50% A In,50%

L
| 500 Hz
11000 " |
2000 " |
| 3000 " ;
!4000 1 |

|

|

5

!6000 "
‘8000 "

OO \O\O VI
\O 00 O O

— Figures -
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Figures 50 ... 56 plot D 5%3 DSO% and D25% as & function of NR for 500 to
2900 Hz. D7g% ig calculated from D75% in"Figures 42 ..o 48, by subtracting
ALy, 50% and Do5g is calculated from D'pgg by adding 4 Lyn,50% (see
formulag 9 and 10).

Pigures 50 ... 56 show that the differences bhetween D75%, Dsod and D25%

are small. D759 — D507, is independent of exposure time, for D'759 ~ Dgoq

and D'75% - D75% are independent of cxposure tinme. D5o% - D25% ig indep-
endent of exposure time as well. At each frequency, D75% - D5o% and

D5og — Dogg, are increasing functions of the NR for 500 to 2000 Hz, only
4000 Hz i& an exception. At this frequency, D72% = D5O% and D50 - D25%
are decreasing functions of the NR for 500 to 00 Hz, while D75%, D5o%
and D25% are even equal at very high NR's.

IV. 4 DNoise-induced shifts of hearing levels and approximations of noise-

To illustrate the results of Chapter IV we cshall ccnsider the noise-induced
shifts of hearing levels (D75%, D50%s D25%) and the approximations of the
noise-induced hearing losses (D'75%s D50%, D'o5¢) as a function of
frequency. The values of these quantities are cdependent upon exposure time
and noise (NR for 500 to 2000 Hz). Therefore, we consider D7sdg, D50%,D25%
and D! 5%s D5009 D'zg% at different exposure times (10 and 40 years) and

2t diffdrent WR's (NR 75, 80, 85, 90, 95 and 98). The results are presented
in Figures 57 ...80.

Figures 57 ... 60 show that at NR 75 the noise-induced shifts of the
hearing levels are small. The maximal shift is at 4000 Hz for both exposure
times. 4000 Hz is also the only frequency at which a spread in the hearing
levels is caused by noise, since D75¢ is larger than Dog. From these four
Figures it is found that already at the rather low NR of 75 noise causes
hearing losses.,

At NR 80 (Figures 61 ... 64) therc is hardly any shift at 500, 1000 and
2000 Hz, not even with a 40-years exposurc to0 noise. At NR 85 noise-induced
shifts of hearing levels occur, especially at an exposure for 40 years.
Further we see that at T = 40 years the shifts at 3000 Hz and 4000 Hz arc
about equal.

From TIigures 69 ... 72 it 1s seen that at NR 90 the threshold shifts gpread
over a larger frequency range with increasing exposure time, although D75%,
D5o% and Dpsg at 500 Hz are still zero for an exposure time of 40 years.
The maximum of D7sq, Drod and Dpgg, moves with increasing exposure time

from 4000 Hz towards 3000 Hz.

At WR 95 (Figures 73 ... 16), D75%, D5o% and D25% at an «posure time of
10 years are maximal at 4000 Hz and, at an exposure time of 40 years,
D75%, D50% and Do5g are about equal atb 4000, 3000 and 2000 Hz. There is
only a slight difference betwecn D75%, D50% and D25% at 4000 Hz. ’

At NR 98 it is striking that D75%, D50% and DZB% at 4000 Hz are equal.
Apparently the whole distribution of “the hearing levels increases with

50 dB, but the size of the distribution remains constant. There is a large
difference in shape between the curves for 10 years and those for 40 years.
At T = 10 years the large threshold shifts are localized at 4000 Hz and
3000 Hz, but at T = 40 years the threshold shifts at 2000 Hz are very
large asg well.

At the same time we draw attention to the fact that at T = A0 years the
approximations of the noise-induced hearing losses are maximal at 2000 Hgz.

- IV.5 -
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IV. 5 Review of IV.1 ... IV.4

Chapter IV is now concluded with a short review of the subjects treated in
this ochapter.

First, it was found that the spread of the hearing levele is independent

of exposure time, at least for the range in which 50% of the hearing levels
are located. The spread depends upon the NR for 500 to 2000 Hz and
increases with the NR for 500 to 000 Hz at all frequencies, except at

4000 Hz where it is a decreasing function of the NR for 500 to 2000 Hz.

Next were calculated the approximations of the noise-induced hearing losses
not exceeded in 75% and 25% of the people exposed to noise. From these
values the hcaring levels of a group men ecxposed to noise can be calculater
by adding to these values the median hearing level of non-exposed people
with the same nean age as the group exposed.,

At the same time were calcoulated the noise-induced shifts of the hearing
levels not exceeded in 75% and 25% of the people exposed. Dysg ~ D504, and
D o% - D25% are independcent of exposure time, but increase with the NR for
500 to 2000 Hz at cach frequency. Only at 4000 Hz the differences mentioned
above decrcase with increasing NR in such a way that at very large WR's
D73%, D504, and D25%.are aqual. Aﬁ low NR's for 500 to 2000 Hz D75%, D50%
and Dp5g, at the various freguencies are equal, except at 4000 Hz.

Conclusions

Using the data of this Report one can cgtimate from a noise measurement:

- the median noise-induced hearing loss of men exposed to noisej

- the approximations of noise—-¢nduced hearing losses, not exceeded in 75%
and 25% of men exposed;

— the noise-induced shifts of hearing levels not exceeded in 75% and 25%
of men exposeds

— the distribution of hearing levels of men e¢xposed.

Conditions are *that the exposure time is between 10 and 40 years and the

NR for 500 to 2000 Hz is between 75 and 98.

Notes

To avoid time-consuming search in the Report an appendix is added; it
presents all ‘the data that are necessary for the estimations specified
above.
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Hearing level, not exceeded in x% of the people
exposed to noise (x = 75, 50 and 25)

Mean hearing level of people exposed to noise

Hearing level not exceeded in x% of
exposed to noise (x =

the people not
75, 50 and 25)

Mean noise-~induced hearing loss

Medidn noise—induced hearing loss

Noige-induced shift of the hearing level not
excecded 1n x% of the people exposed to noise

(x = 75 and 25)

Exposure

time

DX% caused by an exposure to noise for at least

10 years

Dx% caused by an exposure o noise for T; years

D caused by an eposure to noise for at least

10 years

D caused by an exposure to noise for T years
Increase per year of D50

Increase per year of D

Increagse per year of D5O% at exposure times of
at least 10 years

Increase per year of D at exposure times of at
least 10 years

Approximations of

not exceeded in x%
75 and 25)

(x =

the noise-induced hearing losses
of the people exposed to noise

= Le,50%
= Le, 25%
= In,50%

= In,25%
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APPENDIX

1. AMm

The aim of this appendix ig to give the data that are necessary to estimate
from noise measurements:

- the median noise-induced hearing losses;

- the approximations of the noise-induced hearing losses;

- the noise-induced shifts of the hearing levels of men exposed to noise;

- the distribution of hearing levels of men exposed to noise.

The said data are to be used only for:

- steady state broadband noisej

— continuous exposure to noise for & hours a day,and at least 5 days a
week, only interrupted by normal rest and meal periods.

2. Terms and definitions

Steady-state noise is noise with a rather constant intensity and spectral
composition, both during the working day and in the course of years.

Broadband noise is noise, the energy of which is spread rather evenly over
at least several octave bande of the acoustic gpectrum and does not contain

audible tones.

2.3 . Noise sxposure

Noise exposure 1s specified Dby:
- the Noise Rating for 500 to 2000 Hzj
— the number of years worked in noise with the same Noise Rating for 500

to 2000 Hz.
2,4 Noise Rating for 500 to 2000 _Hz

The Noise Rating (NR) for 500 to 5000 Hz of noise is equal to the nurber
of the noise rating curve, just not exceeded by the octave band spectrun
of the noise in the 3 octave bands with mid-frequencies 500, 1000 and
2000 Hz.

2.5 Median noise-induced hearing 1oss

_...-—__-._..-._.._.--_._._._.—_..—_.-

The noise-induced hearing loss (D50%), not exceeded in 50% of -the people
exposed to noise, 18 the difference between the hearing level not exceeded
in 50% of the people exposed, and the hearing level not exceeded in 50%
of the people not exposed to noise with the same mean age as ‘the group
exposed.

5,6 Noise-induced shift of hearing level

The noise-induced shift (Dggt) of the hearing level not exceeded in x% of
4he people exposed 1O noise, is the difference between the hearing level
not exceeded in % of the people exposed and the hearing level not exceeded
in x% of the people not exposed to noise with the same mean age as the
exposed. group.

Note:
If x = 50, the noise—induced shift of the hearing level is equal to the

nedian noise-induced hearing loss.

=27 -
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The approximation of the noise-induced hearing loss (D'4¢) not exceeded

in x% of the people exposed to noise, is the difference éetween the hearing
level not exceeded in x% of the people exposed to noise and the hearing
level not exceeded in 50% of the people not exposed to noise, with the

game mean age as the group exposed.

Note:

If x = 50, then D'5o% = Dyo%. If X % 50, D'5O% is only an approximation of
the noise-induced hearing loss, as it is actepted, as it were, that each
man working in noisey would have had a hearing level equal to the median
hearing level belonging to his age, if he had not worked in noise.

3. Noise measurements

An octave band level 1is cstablished by determining the mean of the
frequently occurring maximal readings of the indicating instrument, the

instrument set at '"fast responge'.

4. Relation between NR for 500 to 2000 Hz and median noise-induced hearing
loss
Figure A gives for 500, 1000, 2000, 3000, 4000, 6000 and 8000 Hz the

relation between the median hearing loss (D5O% (T = lO)) caused by an
exposure to noise for 10 years and the NR for 500 to 2000 Hz.

From Table A and Figure A, the median hearing loss caused by an exposure
to noise for Ty years can be determined, with Tq between X0 and 40 years.

Example. From Figure A it is found that the median hearing loss at 3000 Hz
caused by an exposure to nolse with NR 96 for 10 years, is egual to 34 dB.
Prom Table A it is seen that the increase per year of the median hearing
loss is 1% of Dgo(T = 10); so, in this case, 0.34 dB/year. Therefore, the
median hearing loss at 3000 Hz cauged by exposure to noise with NR 96 for
40 years is 34 + 30 x 0.34 = 44.2 4B,

5. Noise-induced shift of hearing levels not exceeded in 75% and 25% of
people exposed to noise

Prom the data of Figure A and Table A, only D5o%(T = T1) can be determined.
The noise-induced shift D759 (T = Tl} of the hearing level not exceeded in
75% of the people exposed to noise for Tp year is calculated by adding to
Dsog (T = T,) the appropriate number of Table B, while Dp5% (T = T) is
caleulated by subtracting from D50% (T = Tl) the appropriate number of
Table B.

Example In the example of point 4 has been calculated that the median
hearing loss at 3000 Hz, caused by an exposure to noise for 40 years with
NR 96, is equal to 44.2 dB. From Table B it is found that the shift of the
hearing level not exceecded in 75% of the people, 1s equal to 44.2 + 4.5 =
48.7 dB and the shift of the hearing level not exceceded in 25% of the

people, is equal to 44.2 - 3.5 = 40,7 dB.

6.  Approximations of noise-induced losses not exceecded in 75% and 25% of
people exposed to noise

To calculate the approximation (D'75% (T = T1)) of the noise-induced
hearing loss not exceeded 1n 75% of “the people exposed to noise for

..Tl_
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Tq years, the appropriate number of Table C has to be added to D5 %CTrTl)
one can calculate D'25% (T = T;) by subtracting frou D5o% (T = T1) the
appropriate number of Table C.

Example. In point 4 we have calculated that Dsog (T = 40) at 3000 Hz,
caused by exposure to noise with NR 96, is equal to 44.2 dB. Using Table
C, it is seen that the approximation of the noise-induced hearing loss
not exceeded in T5% of the people, is equal to 44.2 + 13.5 = 57.7 @B, and
that the approximation of the noise-induced hearing loss not exceeded in
o5% of the people, is equal to 44.2 - 11.5 = 32.7 4B.

7. Relation between NR for 500 to 2000 Hz and hearing levels of people
exposed to noise

To calculate the hearing levels not exceeded in 75%, 50% and 25% of the
people exposed to noige for Tq years, with a given mean age, the median
hearing level of people not exposed to noise, but with the same mean age,
has to be added to D'75% (T = T1), Do (T = T ) and D'osg (T = T1) resp.
In Figure B, the median hearing levels of people not exposed to noise has
been plotted as a function of frequency, with the mean age as parameter.

Example. In points 4 and 6 we calculated that at WR 96 D'75% (T = 40),
D50% (T = 40) and D'25% (T = 40) at 3000 Hz are equal to 57.17, 44.2 and
32,7 dB. Suppose that the mean age of the group is 60 years; from Figuré

B it then follows that the median hearing level of people not exposed to
noise is 22.5 dB at 3000 Hz and 60 years. So, the hearing levels at 3000 Hz
not exceeded in 5%, 50% and 25% of the people exposed for 40 years to
noise with NR 96 and having a mean age of 60 years, are 80.2 dB, 66.7 dB
and 55.2 dB.



Table A
‘ Freguency Increase of Dgpg in relation to Dgog (T = 10) i
i for exposure tvimes of at least 10 years |
[ !
500 Hz d % per year 5
1000 " 2,5 "
2000 " 10 " l
3000 " 1 " f |
4000 0 " !
6000 " 0 " NR <92 }
0.28 (NR-92) " NR 2 92 ,
8000 " 0 n | DR < 92 5
0.37 (§¥R-92)  NR 2 92 :
. |
Table B
NR for 500 Number of decibels to be added to Dgyg, in order to calculate Dysy
2
0, 2000 iz 500 Hz 1000 Hz 2000 Hz | 3000 Hz 4000 Hz 5000 Hz | 8000 Hz |
_
75 0 0 0 0 4 0 0 \
80 0 0] 1 0 3.5 1 il
85 0 0] | 2 2.5 3 2.5 2
90 0 0 3 4.5 2 3.5 3
94 0 Y 4.5 4.5 0.5 4 3
98 | O 0.5 1 4.5 0 5 3
NR for 500 { Number of decibels to be substracted from D5ggZ ,in order to calculate D257 ;
L i 500 Hz 1000 Hz 2000 Hz | 3000 Hz I 400 Hz 6000 Hz 8000 Hz |
!
5| 0 0 0 ] 5 1 0
80 | © 0 0 il | 5 3.5 0
85 | © 0 0.5 25 | 5 6 0
90 Y 0 3 3.5 4 fl 0
94 0.5 0.5 4 3.5 | 2 7.5 0
98 | 1.5 | 1.5 | 5 3.5 | 1 8 0
| |
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Table C

MR for 500 Number of decibels to be added to Dggg, in order to calcutate D'ys7
to 200 2 T cp EZE [ 2000 Hz | 3000 K2 | 1000 Wz | 6000 Hz asmom
| )

5 a4 |5 155 s 13 | 8 | 8

80 I 5 i 5 PoT 8 | 12,5 | 10 10 1

85 15 | 5 I 8 11.5 L 12 11.5 | 11 -

90 L 5 | 5 | 9 12.5 | 11 12,5 | 12

94 5 | 5 . 10.5 13.5 9.5 13 12 i

98 5 1 5-5 i 13 l 1305 7n5 14 ) 12 I
-
i NR for 500 Nunber of decibels to be subtracted from DgyZ, in order to calculate D'557 l
| o W00 M [0 R | 20 F 3000 Kz | 1000 Az | 6000 Az | 6000 Hz {

5 4 ! 4 } 3 9 13 9 | 6 E

80 4 i 4 |3 9 13 11.5 | T |

85 4 4 . 5.5 | 10.5 13 14 7.5

90 4 4 | 8 11.5 12 15 T.5 |

94 I 4.5 4.5 | 9 11.5 10 15.5 8 |

98 | 5.5 i 5.5 | 10 1.5 | 9 16 8.5 ]

: l . . |

TNO—21~3~68
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MEDIAN HEARING LEVELS OF MEN NOT EXPOSED TO NOISE, AS

A FUNCTION OF FREQUENCY ;
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MEDIAN HEARING LEVELS OF WOMEN NOT EXPOSED TO NOISE, AS
A FUNCTION OF FREQUENCY; AGE 1S PARAMETER.
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NOISE RATING CURVES, ACCORDING TO C.W. KOSTEN AND G.J. VAN 0S
SHADED PART : UNSAFE NOISE ACCORDING TO A DRAFT 1.5.0.
RECOMMENDATION.
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MEDIAN AND MEAN HEARING LOSS CAUSED BY EXPOSURE TO NOISE

FOR AT LEAST 10 YEARS, AS A FUNCTION OF THE NOISE RATING
FOR 500 TO 2000 HERTZ.
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INCREASE IN MEDIAN AND MEAN HEARING LEVEL, CAUSED BY
EXPOSURE TO NOISE, AS A FUNCTION OF THE NOISE RATING
FOR 500 TO 2000 HERTZ.

1.5
2000 Hz
oz
<
Lt
>
(14
wl
[
2 40
=z
{ =
0 oC‘]
[+]
Q
S o C3
<] Czo o
I 0.5
0.0 —0 O
70 80 90 100
— = NR FOR 500 TO 2000 HERTZ
68B 73 iG-TNO AFD. GELUID EN LICHT

R35~- 14




MEDIAN AND MEAN HEARING LOSS CAUSED BY EXPOSURE TO NOISE
FOR 14 YEARS, AS A FUNCTION OF THE NOISE RATING FOR 500 70
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MEDIAN AND MEAN HEARING LOSS CAUSED BY EXPOSURE TO NOISE
FOR 14 YEARS, AS A FUNCTION OF THE NOISE RATING FOR 500 TO

2000 HERTZ.
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MEDIAN AND MEAN HEARING LOSS CAUSED BY EXPOSURE TO NOISE
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INCREASE IN MEDIAN AND MEAN HEARING LEVEL, CAUSED BY

EXPOSURE TO NOISE, AS A FUNCTION OF SOUND LEVEL.
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MEDIAN AND MEAN HEARING LOSS CAUSED BY EXPOSURE TO NOISE
FOR 14 YEARS, AS A FUNCTION OF SOUND LEVEL.
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MEDIAN AND MEAN HEARING LOSS CAUSED BY EXPOSURE TO N0|SE
FOR 13 YEARS, AS A FUNCTION OF SOUND LEVEL.
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MEDIAN AND MEAN HEARING LOSS CAUSED BY EXPOSURE TO NOISE
FOR 14 YEARS, AS A FUNCTION OF SOUND LEVEL.
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INCREASE IN MEDIAN AND MEAN NOISE -INDUCED HEARING LOSS AT
EXPOSURE TIMES OF AT LEAST 10 YEARS, AS A FUNCTION OF THE
NOISE RATING FOR 500 TO 2000 HERTZ.
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MEDIAN HEARING LOSS CAUSED BY
EXPOSURE TO NOISE FOR 40 YEARS,
AS A FUNCTION OF THE NOISE RATING
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MEDIAN NOISE - INDUCED HEARING LOSS, AS A FUNCTICN GF
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MEDIAN NOISE - INDUCED HEARING LOSS, AS A FUNCTION OF

FREQUENCY.
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MEDIAN NOISE - INDUCED HEARING LOSS, AS A FUNCTION OF
FREQUENCY.
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THE DIFFERENCE (A% Le, 50% ) BETWEEN Le, 75% AND Le, 50 %
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THE DIFFERENCE (A% Le 50% ) BETWEEN Le,75% AND Le, 50°0
AND THE DIFFERENCE (A~ Le, 50% ) BETWEEN Le, 50°/ AND
Le,25% » AS A FUNCTION OF EXPOSURE TIME.
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THE DIFFERENCE (A% Le, 50% ) BETWEEN Le,75% AND Le, 50 %
AND THE DIFFERENCE (A”Le, 50% ) BETWEEN Le,50% AND
Le,25 % , AS A FUNCTION OF EXPOSURE TIME.
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THE DIFFERENCE (A¥Le 50% ) BETWEEN Le,75% AND Le 50%
AND THE DIFFERENCE (A~ Le, 50% ) BETWEEN Le,50°0 AND
Le,25 % , AS A FUNCTION OF EXPOSURE TIME.

A 2000 Hz
A
20 —0
= / o
(]
C)o /
[Fg]
a; /
- 10 S —
Lol e ;
(&) A
b A
010 20 30 40 50
— = EXPOSURE T|ME IN YEARS
o
l \b
K A
% 10 A : f
z 2 i
\O _N_-N"‘\_
N F
mn
o
|
|
<
20 Ji)
L 68 B 90 IG-TNO AFD. GELUID EN LICHT R35- 36




THE DIFFERENCE (A%tLe,50% ) BETWEEN Le, 75°% AND Lg¢, 509,
AND THE DIFFERENCE (A” Le,50% ) BETWEEN Le,50% AND
Le,25°% , AS A FUNCTION OF EXPOSURE TIME.
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THE DIFFERENCE (A% Le, 50%0) BETWEEN Le,75% AND Le, 50%
AND THE DIFFERENCE (A~ Le, 50%) BETWEEN Le, 50% AND
Le,25% , AS A FUNCTION OF EXPOSURE TIME.
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THE DIFFERENCE (A+Le'50°/°) BETWEEN Le,75°/o AND Le,50"’°/o
AND THE DIFFERENCE (A—Le'50°/‘o) BETWEEN Le, 50 %% AND
Le;25 °%,, AS A FUNCTION OF EXPOSURE TIME.
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THE DIFFERENCE (A*Le,50% ) BETWEEN Le,75% AND Le, 50 %
AND THE DIFFERENCE (A~ Le, 50%) BETWEEN Le,50% AND
Le,25°% » AS A FUNCTION OF EXPOSURE TIME.
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THE DIFFERENCE (A% Le, 50% ) BETWEEN Le,75°% AND Le, 50°%
AND THE DIFFERENCE (A™ Le,50°,) BETWEEN Le,50% AND

Le,25°% , AS A FUNCTION OF EXPOSURE TIME.
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THE DIFFERENCE (A*Le,50% ) BETWEEN Le,75% AND Le, 50%
AND THE DIFFERENCE (A”Le,50% ) BETWEEN Le 50°% AND
Le,25% , AS A FUNCTION OF EXPOSURE TIME.
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THE DIFFERENCE (Dy o, (T=14)) BETWEEN Le, x 9, OF PEOPLE
EXPOSED TO NOISE FOR 14 YEARS, AND Ln, x%, OF PEOPLE NOT
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THE DIFFERENCE (Dx % (T=14)) BETWEEN Le, x °% OF PEOPLE
EXPOSED TO NOISE FOR 14 YEARS, AND Ln’x °o. OF PEOPLE NOT
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THE DIFFERENCE (D'x ®%) BETWEEN Le, x o OF PEOPLE EXPOSED, AND
Ln, 50 OF PEOPLE NOT EXPOSED.
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THE DIFFERENCE (D'x ¢/o) BETWEEN Le, x°6o OF PEOPLE EXPOSED, AND
Ln, 5009/ OF PEOPLE NOT EXPOSED.
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THE DIFFERENCE (D'x o)

BETWEEN Le, x /o OF PEOPLE EXPOSED, AND

Ln, 500/ OF PEOPLE NOT EXPOSED.
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THE DIFFERENCE (D'yxo/,) BETWEEN Le,x ®0 OF PEOPLE EXPOSED, AND
Ln,5009o OF PEOPLE NOT EXPOSED.
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THE DIFFERENCE (D'x o/s) BETWEEN Le, x 9 OF PEOPLE EXPOSED, AND
Ln, 5009, OF PEOPLE EXPOSED.
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THE DIFFERENCE (D' o;) BETWEEN Le, x oo OF PEOPLE EXPOSED, AND
Ln, 509 OF PEOPLE NOT EXPOSED.
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D'959/, ,D500/6 ,D'750/, IN dB —=——

D250/6 D509/ , D75 0/ IN dB ~———

THE DIFFERENCE (D'x o/o) BETWEEN Le x o/, OF PEOPLE EXPOSED, AND
Ln, 50 % OF PEOPLE NOT EXPOSED.
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THE DIFFERENCE (D'x o/o) BETWEEN Le,x o/ OF PEOPLE EXPOSED, AND
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68B110

Ln,s50¢% OF PEOPLE NOT EXPOSED.
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D259/, . D5goso D750/ IN 4B =———

THE DIFFERENCE (Dyxo/,) BETWEEN Le, x /o OF PEOPLE EXPOSED, AND

Ln,x °/%o OF PEOPLE NOT EXPOSED.
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THE DIFFERENCE (D'x o/o) BETWEEN Le,x °/o OF PEOPLE EXPOSED, AND

Ln,500°/ OF PEOPLE NOT EXPOSED.
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THE DIFFERENCE (Dxo/o) BETWEEN Le,x 9o OF PEOPLE EXPOSED, AND
Ln, x ¢ OF PEOPLE NOT EXPOSED.
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THE DIFFERENCE (D'x ©/o) BETWEEN Le, x o/ OF PEOPLE EXPOSED, AND
Ln,50°/, OF PEOPLE NOT EXPOSED.
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THE. DIFFERENCE (Dy o/s) BETWEEN Le, x °/o OF PEOPLE EXPOSED, AND
Ln, x °% OF PEOPLE NOT EXPOSED.
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D25 o/5, D50 0/ ,D'75 0/ IN dB ~=——

THE DIFFERENCE (Dy o/,) BETWEEN Le,x ©/c OF PEOPLE EXPOSED, AND
Ln,50°/ OF PEOPLE NOT EXPOSED.
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D259/ ,D500/5 ,D750/, IN dB —=———

THE DIFFERENCE (Dx o%) BETWEEN Le,x 0 OF PEOPLE EXPOSED, AND
Ln, x ° OF PEOPLE NOT EXPOSED.
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THE DIFFERENCE (D'y o/o) BETWEEN Leg, x o/, OF PEOPLE EXPOSED, AND
Ln, 50% OF PEOPLE NOT EXPOSED.
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THE DIFFERENCE (Dxojo) BETWEEN Le, x o/ OF PEOPLE EXPOSED, AND

Ln,x °% OF PEOPLE NOT EXPOSED.
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4000 Hz
MEDIAN HEARING LOSS CAUSED BY
EXPOSURE TO NOISE FOR 13 YEARS, _
AS A FUNCTION OF THE NOISE RATING
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