








5.3 Calculation of noise-induced permanent
threshold shift, N

5.3.1 Calculation of Ny g

The median potential noise-induced permanent threshold shift
(NIPTS) values to be used in 5.1 are functions of audiometric
frequency, the exposure time, the ratio @/@, and the noise ex-
posure level normalized to a nominal 8 h working day, Lgx gn
(see 3.6), averaged over the exposure time ©. For exposure
times between 10 and 40 years the median potential NIPTS
values, Nyg,, in decibels, are given for both sexes by the
equation

Noso = [u + vig (0/0,)] (Lex, gh — Lo)?
where

L, is a cut-off sound pressure level defined as a function
of frequency in table 2;

© is the exposure time, in years;
O, is one year;

u and v-are given as a function of frequency in table 2.

The equation applies for Lgy g, greater than L,. In cases
where Lgy gy, is less than L, it shall be deemed to be equal to
L, so that Ny 5 is zero.

For exposure times less than 10 years, N shall be extrapolated
from the value of N 5 for 10 years using the equation

ig(@ + 1)

Noso;0<10 = g (1) 0,50; @ = 10

Table 2 — Values of ¥, v and L, used to determine the
NIPTS for the median value of the population, Ng g

Frequency L,
Hz u v dB
500 -0,033 0,110 93

1 000 -0,020 0,070 89
2 000 —0,045 0,066 80
2 00N +NN12 0 037 77

5.3.2 Statistical distribution of N

For the purposes of this International Standard, the statistical
distribution of N is approximated by two different halves of two
normal (Gaussian) distributions. The upper half for the fractile
with hearing worse than the median lies above the median
value N 5o and is characterized by the parameter d,;; the lower
half lies below the median and has the smaller dispersion
characterized by the parameter d,. For a fractile of Q of the
population such that 0,05 < Q < 0,50 the NIPTS is given by
the equation

NQ = N0,50 + kdu
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For a fractile of Q of the population such that 0,50 < Q < 0,95
the NIPTS is given by the equation’

NQ = N0,50 - kdl
The values for the multiplier k£ corresponding to the normal

(Gaussian) distribution are given in 5.3.2.1; d,, and d, shall be
calculated in accordance with 5.3.2.2.

NOTE — Tails of the statistical distributions for0 < Q < 0,05 and for
0,95 < Q < 1 are unreliable and should not be estimated since few
experimental data exist to validate these ranges.

5.3.2.1 Values of k

Values of the multiplier k are given in table 3 in intervals of 0,05

for Q.

Table 3 — Values of the multiplier £

Q k
0,05 0,95 1,645
0,10 0,90 1,282
0,15 0,85 1,036
0,20 0,80 0,842
0,25 0,75 0,675
0,30 0,70 0,524
0,35 0,65 0,385
0,40 0,60 0,253
0,45 0,55 0,126
0,50 0
NOTE — Interpolations between the values
presented can be obtained from ISO 7029.

5.3.2.2 Parameters d, and d|

The parameters d,, and d, to be substituted in the equations are
calculated as follows :

dy = [X, + Y,1g(60/0,)] (Lgx, gn — Lo)2

d = [X, + Y1lg(@/0,)] (Lex gh — Lo)z

X,, Y,and X,, Y| are given as a function of audiometric
frequency in table 4;

Lex gn is the noise exposure level normalized to a nominal
8 h working day (see 3.6);

@ is the exposure time, in years;
©, is one year;

L, is the cut-off level (see 5.3.2) given in table 2 for
Ly, g greater than L. Should Ly g be less than L, it
shall be deemed equal to L,,.
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Table 4 — Values of X, Y, and X|, Y| used to determine
respectively the parameters d, and d, characterizing the

of the statistical distribution of

NIPTS (N0105 < N< N0,95)

unnar and lowar narte
UPPer ang :ower parss

Freq:zency X, Y, X Y,
500 0,044 0,016 0,033 0,002
1000 0,022 0,016 0,020 0,000
2000 0,031 -0,002 0,016 0,000
3000 0,007 0,016 0,029 -0,010
4 000 0,005 0,009 0,016 -0,002
6 000 0,013 0,008 0,028 -0,007

6 Assessment of noise-induced hearing
impairment and handicap

c1 [%]
U. i

Potential hearing impairment due to occupational exposure to
noise is directly assessed by the noise-induced permanent
threshold shift calculated in accordance with 5.3 for the
exposure conditions and popuiations under consideration. The
NIPTS can be

a) considered separately for each frequency of interest;

b) added for a certain number of frequencies to result in a
“total”’ threshold shift;

c) averaged for a number of selected frequencies usually
representing the main speech intelligibility frequency range
(see note in 6.2).

6.2 Hearing handicap (or disability)

For the calculation of hearing handicap, a combination of hear-
ing threshold levels at specified frequencies shall be used. The
hearing threshold levels for the populations, their fractiles and
exposure conditions of interest shall be calculated in accord-
ance with clause 5.

NOTE — Commonly used or proposed equations for the assessment of
hearing handicap for conversational speech use one of the following
frequency combinations (in kHz) for averaging hearing threshold
levels:

a) average of HTL at 0,5, 1 and 2 kHz;
b) average of HTL at 0,5, 1, 2 and 3 kHz;
c) average of HTL at 0,5, 1, 2 and 4 kHz;
d) average of HTL at 1, 2 and 3 kHz;

e) average of HTL at 1, 2, 3 and 4 kHz;
f) average of HTL at 2 and 4 kHz;

g) one-tenth of (2 x HTL at 0,5 kHz, 4 x HTL at 1 kHz, 3 x HTL
at 2 kHz and 1 x HTL at 4 kHz);

h) HTL at 2 and 3 kHz;
i) average of HTL at 2, 3 and 4 kHz.

The equations may apply to individual ears, average of both ears or a
weighted average of both ears.

Other procedures for determining the overall percentage of loss of
hearing for compensation purposes require the hearing threshold level
of both ears measured at 0,5, 1, 1,5, 2, 3 and 4 kHz. The percentage
loss of hearing for each frequency may then be determined from tables
with the hearing threshold level of the better and of the worse ear as
variables. The overall percentage loss of hearing may be obtained by
adding up the percentages contributed by each frequency.

6.3 Risk of hearing handicap

The risk of hearing handicap due to noise exposure and age, or
due to noise exposure alone, are frequently used measures of
the harmful effects of noise exposures on a population. A fence
may be seiected for the hearing thresholid level above which a
hearing handicap is deemed to exist. Then the fractile of the
population which has an average hearing threshold leve!l equal
to or exceeding the level selected for the fence may be
calculated. The risks of hearing handicap due to the combined
effects of noise exposure and age and the risk of hearing
handicap due to noise alone may then be derived according to
their definitions.

NOTES

1 The choice of equation and the height of the fence, though deter-
mined primarily by medico-legal considerations, may be also influenced
by economic and ethical considerations.

2 An example for the assessment of risk of hearing handicap due to
occupational noise exposure is illustrated in annex D.

3 Therisk of hearing handicap due to noise should not be regarded as
a single number descriptor. It varies with choice of frequency combi-
nation, choice of fence and choice of HTLA. When quoting the risk of
hearing handicap due to noise, the parameters mentioned should be
quoted as well.

4 The risk of hearing handicap due to noise gives the fractile of a
population whose HTLAN exceeds the fence. It does not indicate the
severity of the hearing handicap as such.

5 In the fractile of a population affected by hearing handicap due to
noise, the HTLAN is still a combination of components associated with
both age and noise, of which the relative importance varies.

6 With some data bases for HTLA and certain choices of frequency
combinations and fence, the risk of hearing handicap due to noise may
decrease after a number of years of exposure. This is an inherent
disadvantage of the concept “risk of hearing handicap”. It should not
be interpreted as if the harmful effects of noise cease to exist. The
explanation is that people who have crossed the fence because of age-
related threshold shifts are no longer eligible for a risk of hearing handi-
cap due to noise. See also notes 4 and 5.
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Annex A
(informative)

Calculation of data base A, hearing threshold level assocated with age
(HTLA) for an otologically normal population (”highly screened”’)

A.1 Specification of data base A

The values for data base A are identical with the normal
threshold of hearing by air conduction specified as a function of
age and sex in ISO 7029. The equations applicable for the hear-
ing threshold level H as a function of age Y (years) for the
various ranges of the fractile Q having hearing threshold level
exceeding the value H, are

For0,06 < Q < 0,50 Hpy = Hysy + kS,

For Q = 0,50 H0,50 =al(Y- 18)2 + HD,SO; 18

For0,50 < Q < 0,95 Hg = Hysy — kS

H)j g5, 1g is the median value of hearing threshold of otologically
normal persons of the same sex aged 18 years, which for prac-
tical purposes is taken as zero as specified in ISO 389. Hence,
for the purpose of this International Standard, Hp has been
termed the hearing threshold level associated with age.

The values for the coefficient @ are presented in table A.1. The
values for the multiplier k£ are the same as the ones given in

5.3.2.1 and in table 3. The parameters S, and S; are given by
the equations

SU = bU + 0,445 H0,50
S| = b| + 0,356 H0'50

Values of b, and b, are listed in table A.2.

Table A.1 — Values of the coefficient a

Frequency Value of a
Hz Males Females
125 0,003 0 0,003 0
250 0.003 0 0,0030
500 0,003 5 0,003 5
1000 0,004 0 0,004 0
1 500 0,005 5 0,005 0
2 000 0,007 0 0,006 0
3000 0,0115 0,007 5
4 000 0,016 0 0,008 0
6 000 0,0180 0,0120
8 000 0,022 0 0,0150

Table A.2 — Values of b, and b, used to determine respectively the upper and lower parts
of the statistical distribution HQ

Frequency Value of b, Value of b
Hz Males Females Males Females
125 7,23 6,67 5,78 5,34
250 6,67 6,12 5,34 4,89
500 6,12 6,12 4,89 4,89
1 000 6,12 6,12 4,89 4,89
1 500 6,67 6,67 5,34 5,34
2 000 7,23 6,67 5,78 5,34
3000 7,78 7,23 6,23 5,78
4 000 8,34 7,78 6,67 6,23
6 000 9,45 8,90 7,56 7,12
8 000 10,56 10,56 8,45 8,45
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A.2 Selected values from data base A

Selected values are given in table A.3.

Table A.3 — Selected values of hearing threshold level, in decibels, from data base A

Hearing threshold level, dB
Age, years
Frequency 30 40 I 50 60
. Fractiles
0,9 0,5 0,1 0,9 0,5 0,1 0,9 0,5 0,1 0,9 0,5 0,1
Males
500 -6 1 9 -5 2 1 -4 4 14 -3 6 18
1 000 -—6 1 9 -5 2 11 -4 4 14 -2 7 19
2 000 -7 1 1 -6 3 15 -4 7 21 -1 12 29
3 000 -7 2 13 -5 6 19 -2 12 29 3 20 42
4 000 -7 2 14 -4 8 23 0 16 37 7 28 55
6 000 -8 3 16 -5 9 26 0 18 41 8 32 62
Females
500 -6 1 9 -5 2 11 -4 4 14 -3 6 18
1000 -6 1 9 -5 2 1 -4 4 14 -2 7 19
2 000 -6 1 10 -5 3 13 -3 6 18 -1 1 25
3 000 -7 1 1 -5 4 15 -3 8 21 0 13 30
4 000 -7 1 12 -6 4 17 -3 9 25 1 16 35
6 000 -8 2 14 -6 6 21 -2 12 31 2 21 45

10
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Annex B
(informative)

Example for data base B

This example for data base B comprises hearing threshold levels associated with age of a typical unscreened population (males and
females) of an industrialized country (data are for the better ear).

NOTES

1 The data are adapted from the results of a particular survey (see annex F, [3] and [13]). Some subjects in the population tested have to be assumed
to have had unreported occupational or other noise exposure. For another example for data base B, see [18].

2 The hearing threshold levels associated with age are in decibels with reference to audiometric zero as defined in ISO 389.

Table B.1 — Hearing threshold levels, in decibels, of an unscreened population

Hearing threshold level, dB
Age, years
Frequency 30 40 50 80
Hz
Fractiles
0,9 0,5 0,1 0,9 0,5 0,1 0,9 0,5 0,1 09 0,5 0,1
Males
500 -1 7 15 0 8 19 1 10 21 2 12 26
1 000 -5 0 10 -4 3 15 -3 5 16 -2 6 21
2 000 -4 2 13 -3 4 19 -2 8 28 0 10 43
3 000 -1 9 20 2 13 41 5 19 51 9 30 62
4 000 -1 10 38 4 17 50 8 26 54 12 36 68
6 000 8 18 32 1 24 62 17 31 62 22 46 80
Females
500 -1 6 15 0 7 19 1 10 23 4 14 29
1000 -6 1 9 -5 2 13 4 4 16 -2 7 21
2 000 -6 0 10 -4 2 13 -2 6 23 0 8 29
3000 -4 4 13 -2 6 18 0 9 26 6 16 37
4 000 -5 4 16 -4 6 18 -1 9 26 4 17 43
6 000 3 12 25 5 15 31 8 20 45 15 29 57

1
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Annex C
(informative)

Selected hearing threshold levels associated with age

This annex comprises average HTLA values for three values of Q averaged for the frequency combination 0,5, 1 and 2 kHz which,
when used with the NIPTS values calculated in accordance with this International Standard, results in approximately the same
hearing risk as predicted by the first edition of ISO 1999. [The fit is reasonable for exposures to A-weighted sound pressure levels of
95 dB, but the risk may deviate up to 10 percentage points for other levels, see table 25 in [13] (see annex F).]

Table C.1 — Average HTLA values, in decibels

Age 28 years Age 38 years Age 48 years Age 58 years
Fractiles 0,90 0,50 0,10 0,90 0,50 0,10 0,90 0,50 0,10 0,90 0,50 0,10
HTLA 8 15 21 9 16 23,5 9 17,5 26 10 22 32

12
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Annex D
(informative)

Example of assessment of risk of noise-induced hearing impairment

Calculate the risk of noise-induced hearing impairment for a
male population, 50 years of age, which was exposed to an
average daily noise exposure level, Lgx gn = 90 dB
(Epgn = 11,6x103 Pa2-s) daily for 30 years (8 h/day,
5 days/week, 50 weeks/year).

For handicap assessment the frequency combination 1, 2 and
4 kHz is assumed. The age-related hearing threshold level Hg
for the non-noise-exposed population is calculated in accord-
ance with data base A (see annex A) and averaged for the fre-
. quencies 1, 2 and 4 kHz.

Ho’g;so = [(-4) + (-4) + 01/3 = —-2,7dB
H0,5;50 = (4+7+ 16)/3 = 9,0dB
H0'1;50 = (14 + 21 + 37)/3 = 24,0dB

For the frequencies of 1 000 Hz and 2 000 Hz and the 0,9 and
0,5 fractiles of 4000 Hz, the noise-induced permanent
threshold shift in this case can be directly taken from table E.2
in annex E, since

N-—=N
120
For the frequency of 4 000 Hz, the sum of H + N for the frac-
tile of 0,1 is greater than 40 dB. Therefore, the value of 19 dB
from table E.2 in annex E is reduced as follows:

_37x19

1
9 120

= 13,1dB

The noise-induced permanent threshold shift values are
therefore:

Nog:30 =0+ 3 +10/3 =43dB
Nos:a=(0+5+ 14)/3 =63dB
No1.30=1(0+9+131)/3=74dB

and consequently results in the distribution of the hearing

threshold level associated with age and noise (HTLAN) for the
noise-exposed population as follows:

H’0,9 = 1,6 dB
H'ys = 15,3 dB
H'yq = 31,4dB

The resulting relationship is plotted in figure D.1 on Gaussian
coordinates with the various risks of handicap illustrated for an
arbitrary ‘‘fence’” of 27 dB. The dependence of the risk values
on the magnitude of the fence can easily be studied with such
an illustration.

13
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Figure D.1 — Example of hearing risk assessment: noise exposure level Lgx g, = 90 dB for 30 years

exposure with HTLA data from data base A
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Tables with examples for NIPTS data
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Tables with examples for NIPTS as a function of exposure time, in years, and noise exposure level, Lgy gp, (85, 90, 95, 100 dB) and
corresponding A-weighted sound exposures for six frequencies (0,5, 1, 2, 3, 4 and 6 kHz) and three fractiles (0,1, 0,5 and 0,9)
calculated in accordance with 5.3 of this International Standard.

Table E.1 — LEX, 8h = 85 dB (EA,8h = 3,64 X 103 Paz-s)

NIPTS, dB
Exposure time, years
Frequency 10 20 l 30 40
Hz
Fractiles
0,9 0,5 0,1 0,9 0,5 0,1 0,9 0,5 0,1 0,9 0,5 0,1
500 0 0 0 0 0 0 0 0 0 0 0 0
1 000 0 0 0 0 0 0 0 0 0 0 0 0
2 000 0 1 1 1 1 2 1 1 2 1 2 2
3 000 2 3 5 3 4 6 3 4 7 3 5 7
4 000 3 5 7 4 6 8 5 6 9 5 7 9
6 000 1 3 4 2 3 5 2 3 6 2 4 6
Table E.2 — LEX, 8h = 90 dB (EA,Sh =115x 103 Paz-s)
NIPTS, dB
Exposure time, years
Frequency 10 20 | 30 40
Hz
Fractiles
0,9 0,5 0,1 0,9 0,5 0,1 0,9 0,5 0,1 0,9 0,5 0,1
500 0 0 0 0 0 0 0 0 0 0 0 0
1 000 0 0 0 0 0 0 0 0 0 0 0 0
2 000 0 2 6 2 4 8 3 5 9 4 6 10
3000 4 8 13 7 10 16 8 1" 18 9 12 19
4 000 7 1 15 9 13 18 10 4 19 1 15 20
6 000 3 7 12 4 8 14 5 15 6 10 15
Table E.3 — LEX, gh = 95dB (EAlgh = 36,4 x 103 Pa2-s)
NIPTS, dB
Exposure time, years
Frequency 10 ] 20 | 30 40
Hz
Fractiles
0,9 0,5 0,1 0,9 0,5 0,1 0,9 0,5 0,1 0,9 0,5 0,1
500 0 0 1 0 0 1 0 1 1 0 1 1
1 000 1 2 4 2 3 5 2 3 5 2 3 6
2 000 0 5 13 5 9 17 7 12 20 9 14 22
3000 8 16 25 13 19 31 16 22 34 18 23 37
4 000 13 20 27 16 23 32 18 25 34 19 26 36
6 000 5 14 23 8 16 26 10 18 28 12 19 29

15
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Table E.4 — Ly gn = 100 dB (Ep g, = 115 x 103 Pa2-s)

NIPTS, dB
Exposure time, years
Frequency 10 20 | 30 40
Hz
Fractiles

0,9 0,5 0,1 0,9 0,5 0,1 0,9 0,5 0,1 0,9 0,5 0,1

500 2 4 8 3 5 9 4 6 1 5 7 1

1000 3 6 12 6 9 15 7 10 17 8 1 19

2 000 0 8 23 8 16 31 13 21 35 16 24 39

3000 13 26 41 21 32 51 26 35 56 29 38 60

4 000 _20 31 42 25 36 49 28 39 53 30 1 56

6 000 9 23 37 14 27 42 17 29 46 19 30 43

16
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