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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proced e ) d e are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval crlterla needed fbr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

4. ISO shall not be held responsible for identifying any or all such patentwrights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received. www.iso.org/patents

Any trade ngdme used in this document is information given for the convéniénce of users and do¢s not
constitute ar} endorsement.

The commit];ae responsible for this document is ISO/TC 43, Acoustics:

This third edlition cancels and replaces the second edition (ISO 1999:1990), of which it constitfites a
minor revisipn.
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Introduction

This International Standard presents, in statistical terms, the relationship between noise exposures and
the “noise-induced permanent threshold shift” (NIPTS) in people of various ages. It provides procedures
for estimating the hearingloss due to noise exposure of populations free from auditory impairment other
than that due to noise (with allowance for the effects of age) or of unscreened populations whose hearing
capability has been measured or estimated. NIPTS is treated here as an additive term independent of
other components of hearing threshold levels. For any given noise exposure, it has a range of positive
values representing the variability of noise-damage susceptibility between individuals of a population.
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hold shift of statistical distributions of groups of‘people; it is not to be applied to indi

nternational Standard can be applied tothe calculation of the risk of sustaining
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ries, hearing loss caused by occupational noise exposure can have legal conseg
ct to responsibility and compensation. The hearing threshold level at the various fr
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n01se lnduced hearmg loss is the result not only of occupatlonal noise exposure b

it also of the
exposure of

individuals (during commuting to and from their jobs, at home and durlng recreational activities) into
account. Only if this non-occupational exposure is negligible compared with the occupational exposure
does this International Standard allow prediction of the occurrence of hearing loss due to occupational
noise exposure. Otherwise, it should be used to calculate the hearing loss to be expected from the
combined (occupational plus non-occupational) total daily noise exposure. The contribution of the
occupational noise exposure to the total hearing loss can then be estimated, if desired.

The selection of maximum tolerable or maximum permissible noise exposures and protection
requirements, as well as the selection of specific formulae for impairment risk assessment or
compensation purposes, require consideration of ethical, social, economic, and political factors not
amenable to international standardization. Individual countries differ in their interpretation of these
factors and these factors are therefore considered outside the scope of this International Standard.
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For reasons given above, this International Standard, by itself, does not comprise a complete guide
for risk assessment and protection requirements, and for practical use, it has to be complemented by
national standards or codes of practice delineating the factors which are here left open.
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Acoustics — Estimation of noise-induced hearing loss

1 S

cope

This International Standard specifies a method for calculating the expected noise-induced permanent
threshold shift in the hearing threshold levels of adult populations due to various levels and durations
of noise exposure; it provides the basis for calculating hearing disability according to various formulae
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the hearing threshold levels at commonly measured audlometric Irequencies, or coq
requencies, exceed a certain value.

1 This International Standard does not specify frequencies, frequency combinations
nations to be used for the evaluation of hearing disability; nor does it specify@hearing t

which itis necessary to exceed for hearing disability to exist. Quantitative seleetion of these
the user. All sound pressure levels stated in this International Standard do net consider the ef|
tors which would reduce effective exposure levels and modify the spectrumvat the ear.

neasure of exposure to noise for a population at risk is the noise exposure level nor
nal 8 h working day, Lgx gh, for a given number of years of ekposure. This Internatio
s to noise at frequencies less than approximately 10 kHz which is steady, intermittent

irregiilar. Use of this International Standard for sound pressures exceeding 200 Pa (140 g
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a) is recognized as extrapolation.

1lae are presented to calculate the hearing loss{ including statistical distribution,

ure (in years). The formulae do not distinguish between male and female population

2 Although the models of hearing loss‘are based on data assumed to stem primarily fro
bd to occupational noise, they may be used; with some caution, for estimating the effects of co
htional and combined exposures.

3
, non-tonal noise.

culate hearing threshold’levels and the risk of acquiring hearing loss due to noise e
sary to make use of ‘a-comparable population. This International Standard contains
jghly screened otologically normal population (in accordance with ISO 7029) and th
screened populations of three typical industrialized societies. The users of this

ard may choese a comparable population according to their particular requirements

4 Alldataand procedures presented in this International Standard are based on deliberate S
erimental data where the daily sound exposure duration did not exceed 12 h. The resulting a

hbinations of
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The prediction method presented is based primarily on data collected with essentially broadband,

xposure, it is

a definition
ree examples
nternational

implifications
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tthewalidity to the stated ranges of the variables, percentages, sound exposure levels, and frequency ranges.

$

This International Standard is based on statistical data and therefore cannot be applied to the prediction
or assessment of the hearing loss of individual persons except in terms of statistical probabilities.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 7029, Acoustics — Statistical distribution of hearing thresholds as a function of age

IS0 9612, Acoustics — Determination of occupational noise exposure — Engineering method

ISO/TR 25417, Acoustics — Definitions of basic quantities and terms

© IS0 2013 - All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions in ISO/TR 25417 and the following apply.

3.1

A-weighted noise exposure level normalized to a nominal 8 h working day

LEX,8h

level, in decibels, given by the formula

Lix gh = Lpneqre + 101g (Te /Tp) dB

where
LpAeq,Te
Te
To
Note 1 to entr]
“daily noise e3
Note 2 to entr

anominal 8 h
whole period

Lgx gnh =

The value of ¢
is desired; it W
(for example,
hour working

3.2
hearing loss
deviation or

Note 1 to entr]

3.3
hearing dis:
effect of heai

Note 1 to entr]

is the A-weighted equivalent continuous sound pressure level for Tg;
is the effective duration of the working day in hours;

is the reference duration (7o = 8 h).

y: The quantity “noise exposure level normalized to a nominal 8 h werking day” may also be
(posure level”.

: [f the exposure averaged over n days is desired, for example ifnoise exposure levels normal

working day for weekly exposures are considered, the average value of Lgx gh, in decibels, oy
may be determined from the values of (Lgx,sh); for each day using the following formula:

n
10 1g lzlooll(LEX,Bh )i dB
C
i=1

is chosen according to the purpose of the averaging process: it will be equal to n if an average
rill be a conventional fixed number if the exposure is to be normalized to a nominal number g
when n = 7, c = 5 will lead to a dailyneise exposure level normalized to a nominal week of 5
days). For consideration of irregularexposures over an extended time period, see ISO 9612.

h change for the worse\of the threshold of hearing from normal
y: The term hearing)loss may sometimes only refer to a change.
pbility

ing loss-en activities in daily living

T his is sometimes called “activity limitation” (WHO).

3.4
fence

hearing threshold level above which degrees of hearing disability are deemed to exist

3.5

risk of hearing disability
percentage of a population sustaining hearing disability

3.6

risk of hearing disability due to noise
risk ofhearing disability in a noise-exposed population minus the risk of hearing disability in a population
not exposed to noise but otherwise equivalent to the noise-exposed population

called

zed to
er the

value
f days
eight-
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ng threshold level associated with age

HTLA

H

for a specified fraction of a population, the hearing threshold level observed as a function of age without
any exposure to occupational noise

Note 1 to entry: HTLA can be directly observed only in the absence of other causes of hearing impairment, for
example, pathological conditions or noise exposure.

3.8
noise

-induced permanent threshold shift

NIPT
N

foras
thres

39
hearti
HTLA
H
perm

Note 1

Note 2

with age (HTLA, see 3.7), as defined in 6.1.

4 P
Anne
relati
norm

Anne
thres
Thesq

significantly from those ef.database B in the previous edition of this International Standg
jut otherwise

the e3
repre
and e

Anne

Anne

J

pecified fraction of a population, the permanent shift, actual or potential, in de€ibels, d
hold level estimated to be caused solely by exposure to noise, in the absencé-of other

ng threshold level associated with age and noise
W

hnent hearing threshold level for a specified fraction of a population
to entry: Hearing threshold levels (HTL), as defined in ISO 389, are expressed in decibels.

to entry: The value HTLAN is a combination of the compoients associated with noise (NIPT

rinciple

k A gives the procedure for calculating the statistical distribution of hearing thr
ve to the hearing threshold levels.atthe age of 18 years as a function of age for ary
h1 population (highly screened) inaccordance with ISO 7029.

k B gives three examples of the'second database representing the statistical distributi
nold levels as a function of.age for unscreened populations of three typical industriali
databases are derived-Arom three recent studies in different countries and th

kamples, the test-subjects have not been exposed to hazardous occupational noise b
sent all other factors that may affect hearing, e.g. age, genetic dispositions, non-occup
hr diseases. The'third database concerns a completely unscreened population, as exp

k C describes an example of hearing risk assessment using this International Standar

k D'presents tables with examples of NIPTS as a function of exposure duration (10 ye

fthe hearing
causes

S, see 3.8) and

bshold levels
otologically

pn of hearing
ved societies.
b data differ
rd. In two of

htional noise,
lained in B.3.

d.

hrs, 20 years,

30ye

h1'S/and 40 years) and daily A-weighted sound exposure (3,64 x 103 Pa2s,1,15 x 104 Pa

s, 3,64 x 104

Pa2s and 1,15x 105 Pa2s or equivalent continuous A-weighted sound pressure level for nominal 8 h
working day of 85 dB, 90 dB, 95 dB, and 100 dB) for six frequencies (0,5 kHz, 1 kHz, 2 kHz, 3 kHz, 4 kHz,

and 6

kHz) and three percentages (10 %, 50 %, and 90 %).

5 Description and measurement of noise exposure

Methods for the determination of occupational noise exposure are specified in [SO 9612.
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6 Prediction of the effects of noise on hearing threshold

6.1 Statistical distribution of hearing threshold levels of a noise-exposed population

The hearing threshold level, in decibels, associated with age and noise (HTLAN), H’, of a noise-exposed
population is calculated, for the purposes of this International Standard, by using Formula (1):

H'=H+N-

where

HXxN
120

M

H

N
bels

This formula

NOTE Th
accurate enoy
modify the re

6.2 Datab

6.2.1 Gen¢

The hearing

factors besid
exposure of
screening su

is the hearing threshold level, expressed in decibels, associated with age (HTLA);

is the actual or potential noise-induced permanent threshold shift (NIPTS), expressed in

is applicable only to corresponding percentage values of H’, H, and"\:

e relationship expressed in Formula (1) isan approximation to the biolggical eventsand is cons
gh for the purposes of this International Standard. The term (Hx* N)/120 starts to signifi
ult only when H + N is more than approximately 40 dB.

ases for hearing threshold levels associated with age (HTLA)

ral

bf a non-noise-exposed population as a function of age depends on the degree to which
es aging are inadvertently included; dis€ases, history of ototoxic drugs, and unknown
occupational or non-occupational origin may modify the HTLA. Different approac
rh data have been used and the selection of the most appropriate database depends

purpose of the application (see 6.2.4). This International Standard permits two databases (datab4

and B) to be
of the user. T

NOTE Thi
countries. Thd
Even if there

non-occupatid

ised for HTLA in 6.1. Databa$e A is fully specified, whereas database B is at the disc
hree examples of database B are presented.

e databases presentedgdn Annexes A and B are from populations of European and North Am|
se populations may©r,may not be representative for the populations of other geographical
hre no differences’invnatural aging between different ethnic populations, differences in life
nal noise exposuné, incidence of disease, and ototoxic drugs are nevertheless liable to occur.

6.2.2 Dat

Database A
free from al

ase A

erjves from otologically normal persons, i.e. persons in a normal state of health w}
signs or symptoms of ear disease and from obstructing wax in the ear canals and

deci-

dered
cantly

other
noise
es to

ﬂ:n the

1ses A
Fetion

erican
areas.
style,

10 are
| who

have no history of undue exposure to Noise.
screened populations have been standardized in ISO 7029 separately for male and female populations.
Formulae for calculating database A are specified in A.1. The selected values of the statistical distribution

of hearing th

reshold levels (in decibels) from database A are provided in Table A.3.

6.2.3 Database B

1ighly

For database B, a set of data collected on a control population not occupationally exposed to noise of
the country under consideration, but exposed to other risk factors to a degree similar to occupationally
exposed populations, is recommended. When such an ideal control population is unavailable and in
countries where risk factors such as non-occupational noise are more prevalentin occupationally exposed
populations than in the general population, a totally unscreened control population may be preferable.
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A separate HTLA database for both men and women is required unless it can be shown that there are no
substantial gender differences. It is essential that the sample size be large enough to allow calculations
of a valid statistical distribution.

Therefore, the user should apply appropriate selection criteria to compile a database of hearing threshold
levels to compare to the levels given in Annex B of this International Standard. For instance, the average
HTLA of both ears or the ear showing the greatest hearing loss can be taken as the basis for database B.

Three examples of database B are presented in Annex B for an unscreened population (males and
females). These examples are compiled from representative data from three industrialized countries:
Sweden (B.2), Norway (B.3), and the United States (B.4).

Itis ein

of angise-exposed population will largely be a function of the accuracy of the selected datab
Since
technfique should be used in the establishment of a specific HTLA database as might be use
verify

6.2.

Whet
B in

of co
otolo
cases

popul

6.3

6.3.

The 1
funct
norm
eXxpos

For

decib

wher

phasized that for practical situations the accuracy of the prediction of the hearingth
audiometric measurement techniques affect threshold measurements, the Sgme 1

the threshold of hearing of the noise-exposed population.

4| Choice of database

her database A or B is the more appropriate (or whether the(cnumerical examples
innex B are suitable) depends on what question is to be ah$wered. For example, i

pensation that could be due to a population of noise-expoased workers is to be es
pical irregularities and non-occupational noise exposure are not considered in c
and in most cases when the occupationally exposed pepulation is not highly screened
ations will form the more appropriate databases,

Calculation of noise-induced permanent threshold shift, N

1| Calculation of N5

hedian potential noise-induced pérmanent threshold shift (NIPTS) values to be us
ons of audiometric frequency,.the exposure duration, the ratio t/to, and the noise ej
hlized to a nominal 8 h werking day, Lgx gh (see 3.1), and 5 days per week, avera
ure duration t.

ekposure durations between 10 years and 40 years, the median potential NIPTS vz

bls, are given for both genders by Formula (2):

Nio — [u+v 1gdt/to)|(Lex gh —L0>2

reshold level
hse for HTLA.
neasurement
1 to obtain or

for database
F the amount
timated, and
pmpensation
,unscreened

ed in 6.1 are
kposure level
ced over the

1lues, N5, in

(2)

EX8h s the noise exposure level normalized to a nominal 8 h working day (see 3.1)

, expressed

im decibels;

Lo

decibels, below which the effect on hearing is negligible;
t is the exposure duration, expressed in years;
to is 1 year;

uandv are given as a function of frequency in Table 1.

is the sound pressure level, defined as a function of frequency in Table 1, expressed in

This formula applies to Lgx gh greater than Lo. In cases where Lgx gh is less than Lo, it shall be deemed
equal to Lg so that N5 is zero.
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For exposure durations less than 10 years, N shall be extrapolated from the value of N5g for 10 years
using Formula (3):

Nsg 10 =

lg(t+1)

m 50,t=10

(3)

Formula (3) is valid for exposure durations between 1 year and 10 years. For exposure durations of less
than 1 year, the results of Formula (3) represent an extrapolation.

Table 1 — Values of u, v, and L used to determine the NIPTS for the median value of the

population, Nsg

Frequency u v Lo
Hz dB
500 -0,033 0,110 93
1000 -0,020 0,070 89
2000 -0,045 0,066 80
3000 0,012 0,037 77
4000 0,025 0,025 75
6000 0,019 0,024 77

6.3.2 Stati

For the purp
two differen
hearing wor

dispersion characterized by the parameter percentage d). For a percentage of, Q, of the populatioj

that5< Q<

For a percen
The values f
of 6.3.2.1; dy

Tails of the sf
not be estim

stical distribution of noise-induced permanent threshold shift, N

oses of this International Standard, the statistical distribution of N is approximat
L halves of two normal (Gaussian) distributiens. The upper half, for the percentage
e than the median, is characterized by the’parameter dy; the lower half has a sy

0 %, the NIPTS is given by Formula (4):
+kd,

age of, Q, of the populatiofn'such that 50 % < Q < 95 %, the NIPTS is given by Formula
—kd,

and d shall be-calculated in accordance with 6.3.2.2.

atisticaldistributions for 0 % < Q < 5 % and for 95 % < Q < 100 % are unreliable and s
hted since few experimental data exist to validate these ranges.

Ng has a ranjgeZof positive values representing the variability of noise-damage susceptibility bet

ed by
with
naller
1 such

(4)

(5):
(5)

r the multiplierk-Corresponding to the normal (Gaussian) distribution are given in T|

ween

individuals of a population. Following the calculations, negative Ny may occur, mostly for percentages
of 55 % to 95 % for exposure durations less than 12 years and for percentages 5 % to 45 % for exposure
durations less than 1 year. In such cases, Ny should be set to zero.

6.3.2.1 Val

Values of the

ues of k

multiplier k are given in Table 2 in intervals of 5 % for Q.
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Table 2 — Values of the multiplier k

Q k
%

5 95 1,645
10 90 1,282
15 85 1,036
20 80 0,842
25 75 0,675
30 70 6,524
35 65 0,385
40 60 0,253
45 55 0,126

50 0
NOTE Interpolations between the values presented can be obtainedfrom ISO 7029.

6.3.2]2 Parameters d, and d;

The parameters dy and d], expressed in decibels, which are uséd in Formulae (4) and (5),
are cglculated as follows:

dy [ Xy +Y,1g (¢/t0)](Lexsn —Lo)2

dj =[X1 +Y)lg (t/to)](LEx,sh —Lo)z

wher¢
X|, Yuand Xj, Y1 are given as dfunction of audiometric frequency in Table 3;

LEX 8h is the naiseexposure level normalized to a nominal 8 h working day
expressed in decibels;

t iSthe exposure duration, in years, =1 year;
t 1s 1 year;
Lh is the cut-off level (see 6.3.1) given in Table 1 for Lgx gh greater than L

in decibels. Should Lgx g be less than Ly, it shall be deemed equal to /

respectively,

(6)

(7)

see 3.1),

0, expressed
0-
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Table 3 — Values of X, Y, and X, Y] used to determine, respectively, the parameters d, and d|
characterizing the upper and lower parts of the statistical distribution of NIPTS (N59 < Q < Ngs)

Frequency Xu Yu Xl Y1
Hz
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
4000 0,005 0,009 0,016 -0,002
6000 0,013 0,008 0,028 -0,007

7 Assessment of noise-induced hearing loss and disability

7.1 Hearipg loss

Potential hegring loss due to occupational exposure to noise is directly assessed by the noise-influced
permanent threshold shift calculated in accordance with 6.3 for the exposure conditions and populations
under consideration. The NIPTS can be

a) considerfed separately for each frequency of interest,
b) added for a certain number of frequencies to result in a “tetal” threshold shift, and

c) averaged for a number of selected frequencies usuallyirepresenting the main speech intellig}bility
frequendy range (see 7.2).

7.2 Hearing disability

For the caldqulation of hearing disability, a~combination of hearing threshold levels at specified
frequencies fhall be used. The hearing threshold levels for the populations, their percentages, and
exposure conditions of interest shall b€ galculated in accordance with Clause 6.

Users should| consult national guidelines or criteria to determine how to assess hearing disability.

7.3 Risk df hearing disability

The risk of hdaring disahility due to noise exposure and age, or due to noise exposure alone, is a freqiently
used measurfe of the-harmful effects of noise exposure on a population. A fence may be selected fpr the
hearing threphold:level above which a hearing disability is deemed to exist. Then the percentage pf the
population which has an average hearing threshold level equal to or exceeding the level selected fpr the
fence may be[calculated. The risks of hearing disability due to the combined effects of noise exposufe and
age and the risk of hearing disability due to noise alone may then be derived according to their definitions.

NOTE1 The choice of formula and the height of the fence, though determined primarily by medico-legal
considerations, can also be influenced by economic and ethical considerations.

NOTE 2 An example for the assessment of risk of hearing disability due to occupational noise exposure is
illustrated in Annex C.

The risk of hearing disability due to noise should not be regarded as a single number descriptor. It varies
with choice of frequency combination, choice of fence, and choice of HTLA. When quoting the risk of
hearing disability due to noise, details of these parameters should also be provided.

NOTE 3  Therisk of hearing disability due to noise gives the percentage of a population whose HTLAN exceeds
the fence. It does not indicate the severity of the hearing disability as such.
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NOTE4 In the percentage of a population affected by hearing disability due to noise, the HTLAN is still a
combination of components associated with both age and noise, of which the relative importance varies.

With some databases for HTLA and certain choices of frequency combinations and fence, the risk ofhearing
disability due to noise may decrease after a number of years of exposure. This is an inherent disadvantage
of the concept “risk of hearing disability”. 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 disability due to noise. See also Notes 3 and 4.
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Annex A
(informative)

Calculation of database A, statistical distribution of hearing
thresholds as a function of age (HTLA) for an otologically normal

population (highly screened)

A.1 Specification of database A

The values for database A are identical with the statistical distribution of normal thresheld of hed
ction specified as a function of age and sex in ISO 7029. The formulae ‘applicable f
shold level, H, as a function of age, Y (years), for the various ranges-ef the percenta3

by air condu
hearing thre
having heari

hg threshold level exceeding the value Hg are:

for Q =50 %
2
Hpnay =94(Y = 18)" +H a8
for 5% < Q 450 %:
HQ :Hmd,Y +kSu
for 50 % < Q[ 95 %:
HQ :Hmd,Y —kSl
where
Su is the standard deviationyof the upper half of the distribution;
S1 is the standard detiation of the lower half of the distribution;
Hmd,18 |is the mediantalue of the hearing threshold of otologically normal persons of the sa

sex aged 18 years, which for practical purposes is taken as zero, as specified in the
ISO 389<eries. Hence, for the purpose of this International Standard, Hp has been te
the hearing threshold level associated with age.

aring
br the
ge, O,

(A1)

(A.2)

(A.3)

me

rmed

The values fd

41 el e . PR T 11 A1 1 1 £ 41 ) . L 41
I'UHIC COTITICICIIU U AT C PICSTIILCU TIT I4dUITC AL L. TTIT V4dIUCS 101 LT HIUIUPIICT K dI' T UIT 5d

me as

the ones given in 6.3.2.1 and in Table 2. The parameters s, and s) are given by Formulae (A.4) and (A.5):

Sy=by+ 0,445H, 4y

51:b1+

0,356 Hpyqy

Values of by and bj are listed in Table A.2.

10

(A4)

(A.5)
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Frequency a

Hz dB/year?
Males Females
125 0,0030 0,003 0
250 0,003 0 0,003 0
500 0,003 5 0,003 5
1000 0,004 0 0,004 0
1500 0,005 5 0,005 0
2000 0,007 0 0,006 0
3000 0,0115 0,007 5
4000 0,016 0 0,0090
6 000 0,0180 00120
8000 0,022 0 0,0150

Tabl¢ A.2 — Values of b, and b) used to determine, respectively, the upper and lower{parts of the
statistical distribution/ij
Frequency by b
Hz dB dB
Males Females Males Females
125 7,23 667 5,78 5,34
250 6,67 6,12 5,34 4,89
500 6,12 6,12 4,89 4,89
1000 6,12 6,12 4,89 4,89
1500 6,67 6,67 5,34 5,34
2000 7,23 6,67 5,78 5,34
3000 7,78 7,23 6,23 5,78
4000 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

A.2 Selected values from database A

Selected values are given in Table A.3.

© IS0 2013 - All rights reserved
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Table A.3 — Selected values of the statistical distribution of hearing threshold levels in

decibels, from database A

Frequency Hearing threshold level
Hz dB
Age
years
30 40 50 60 70
Percentages
90 | 50 | 10 |90 | 50| 10|90 | 50| 1090|350 10/ 90|50/ 10
Males oX
500 6 | 1 52 |11]|-4]4|1a]3 18 | -1 |09 23
1000 6| 1 s 2|11 ] -a] a1l 19 | oy V11 || 25
2000 7116|3537 21| a]12]|2 3] 19]s39
3000 7| 2135|619 2]12]20] 3 ]2/ 4] 9]s3]s
4000 7| 2 1448|230 |16|36] 7 |28fm5]15]a3]79
6000 8| 3 16| 5|9 26| 0]18]4a| 8 |32]62]17]49]>80
8000 9| 3 |19 5|11 ]3] 1 23|49 1043 |75 22]60|[>80
RS
Females $\<>\‘
500 6 | 1 s |21 |-a]alf] 3|6 18] ]9z
1000 6| 1 sl 2 || 4] sl 27 ]19]0]n|zs
2000 6| 1 ]10]-5]3[13]3L% |18|-1]11]25]2]16]34
3000 7)1 |1n|-s| 4|15 «®] 8 21]0][13][3]4]2][xn
4000 7|1 |12 -6 4 |1zd=3] 9 24| 1[16]35]| 5 |24[us
6000 8| 2 | 14| -6|6 |Q@ | -2]12[31] 2 |21]45] 9 |32 |6
8000 10| 2 |17 | 7] a\'2s| 3 | 15|38 ] 4 |27 )55 | 11| 4|7
<
53
QO
Q~
T
O
s
)
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Annex B
(informative)

Examples for database B

B.1 General

This annex includes three examples of database B for an unscreened population. These ¢xamples are
compjled from data from three industrialized countries: Sweden (B.2), Norway (B.3), anld the United
State§ (B.4). B.2 and B.3 represent populations who have not been exposed to occupational noise, while
subjefts with occupational noise exposure are included in B.4.

B.2 |Selected values from database B2

This gxample for database B comprises hearing threshold levels associated as function of age of a typical
unscrieened population (males and females) of an industrialized country where subjects withfoccupational
noiselexposure have been excluded. Data are for all the ears of thesubjects tested in this stlidy.

NOTE The data are adapted from the results of a particular sutvey (see Reference [17]). The heafing threshold
valued were determined using insert earphones calibrated accerding to ISO 389-2 and the measurements followed
the asfrending procedure in 5 dB steps according to ISO 8253~1.

© IS0 2013 - All rights reserved 13
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Table B.1 — Selected values of the statistical distribution of hearing threshold levels in decibels

of an unscreened population in Swedenl17]

Frequency Hearing threshold level
Hz dB
Age
years
30 40 50 60 70
Percentages

90 | 50 | 10 | 90 | 50 10 90 50 10 90 50 10 90 50 10
Males
500 -1 5 12 0 7 15 2 9 20 5 13 27 8 17 37
1000 5 14 1 7 18 3 11 24 5 15 33 8 20 43
2000 5 16 1 8 24 4 13 35 7 20 49 P 30 63
3000 -2 5 21 0 9 31 4 16 44 10 28 57 19 43 69
4000 -2 5 23 1 11 34 5 21 48 13 36 62 25 51 73
6 000 -2 5 21 | -1 9 33 2 19 48 10 36) 64 | 22 53 76
8000 -2 4 16 | -1 9 31 4 23 55 16 £\ 46 76 35 65 87
Females
500 -1 5 13 6 15 1 2% 4 13 30 8 20 42
1000 -1 5 12 6 14 2 20 5 14 32 9 23 48
2000 -1 5 13 7 17 3 10 26 6 18 39 11 30 53
3000 -2 4 13 | -1 6 18 1 11 27 6 19 41 12 32 55
4000 -4 4 13 | -3 5 17 0 9 27 5 20 43 14 36 59
6000 -5 3 12 | -4 5 1% 1 10 28 5 22 | 48 14 41 66
8000 -5 2 12 | -3 5 19 1 13 37 9 31 61 21 55 77
B.3 Selected values from-database B3
This exampld for database Beomiprises hearingthresholdlevelsasafunction ofage ofatypical unscrgened
population (males and fethales) of an industrialized country where subjects with occupational|noise
exposure haye been excliuded (data are for the more sensitive ears as determined for each test frequiency
and test subject).
NOTE The data are adapted from the results of a particular survey (see Reference [18]). The hearing thrgshold
values were detépmined using supra-aural earphones calibrated according to ISO 389-1 and the measurements

followed the ascending procedure in 5 dB steps according to ISO 8253-1.

14
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Table B.2 — Selected values of the statistical distribution of hearing threshold levels in decibels
of an unscreened population in Norway[18]

Frequency Hearing threshold level
Hz dB
Age
years
30 40 50 60 70
Percentages

90 | 50 | 10 | 90 | 50 10 90 50 10 90 50 10 90 50 10
Male$
500 -5 3 13 | -3 5 14 -2 6 16 -1 8 19 2 12 25
1 00 -5 2 11 | -4 3 13 -3 5 15 -2 7 19 1 12 30
2 00d -7 1 13 | -6 3 16 -4 6 19 -1 10 28 5 20 46
3 00d -8 1 13 | -5 4 19 -3 8 26 1 15 45 9 31 60
4 00( -9 2 15 | -4 7 25 1 13 35 6 24 56 17 45 68
6 00(¢ -4 9 23 2 13 29 5 19 41 12 31 61 23 53 76
8 00(¢ -6 4 19 | -2 | 10 28 2 16 42 10 31 63 24 58 81
Femdles
500 -3 5 14 | -2 6 16 0 8 20 2 11 24 5 16 31
100 -5 2 11 | -4 4 14 -3 6 18 0 9 23 3 15 33
2 00( -7 2 12 | -5 4 15 =3 7 20 0 11 28 5 20 41
3 00( -8 0 10 | -6 2 14 -4 6 20 0 12 29 6 21 45
4 00¢ -8 1 12 | -6 4 16 -3 8 23 2 14 34 8 26 52
6 00d -3 8 21 0 12 25 3 16 32 9 22 46 15 36 65
8 00d -5 7 17 1 10 25 4 16 39 10 26 | 58 16 48 74
B.4 |Selected values.from database B4
This gxample for database Bcomprises hearingthreshold levelsasafunction ofage ofatypicdlunscreened
population (males’ahd females) of an industrialized country (data are for the more sengitive ears as
determined for each test frequency and test subject). These data represent a completely unscreened
group) that alse/includes subjects with occupational noise exposure. The argument for sfyich a control
group) is that occupational noise exposure may be significantly associated with a numbgr of factors,
including'educational level, non-occupational noise exposure, and smoking (see Reference [20]). In such
caseslaeontrol population that simply excludes people with accupational naise expasure will have lower

prevalence of these and other risk factors for hearing loss than are found in the general population and
especially in typical occupationally exposed populations. Such associations may, however, differ from
country to country.

NOTE The data are adapted from the results of a particular survey (see Reference [19]). The hearing
threshold values were determined using supra-aural earphones calibrated according to ISO 389-1 unless potential
for collapsing ear canals was noted on the otoscopic examination. In such case, insert earphones were used,
calibrated according to ISO 389-2. The measurements followed the ascending procedure in 5 dB steps according
to ISO 8253-1.
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Table B.3 — Selected values of the statistical distribution of hearing threshold levels in decibels
of an unscreened population from the United States[191[22]

Frequency Hearing threshold level
Hz dB
Age
years
30 40 50 60 70
Percentages
90 | 50 [ 10 |90 50| 10 |90 ] 50 | 10 [90 | 50 [ 10| 90 | 50 | 10
Males 04
500 1| 7 16|18 |19 1][10]2|2]11[23] 4 |as]zs
1000 24 ||l ale| 1] 98] 1] 11]23] aplhs |l
2000 5| 4 |14 362001024314 ]38[cH] 21|54
3000 sl a7l aol290] 31545 | 7|25 5713/ 37 [|e6
4000 2| 7 |23 2]13|30 [ 6| 22|57 |13]35 |%5]| 2 | 49 [|73
6000 0o |11 |27 4 17| 41| 9| 25| 64 |16] a00] 74| 26 | 56 || 84
8000 2| 8 21| 2 |14a|4 |7 ]23] 61 |134842 78] 30] 60 ||86
NN
Females ‘b\‘
500 o |7 w7719 1] 9 |@9]4]|13]27] 5] 173
1000 342l 2s5 |15 74319 1] 10]26] 3 | 13]|33
2000 4 a4 |2] 25 6| a2t 1] 1128|417 ]]3s
3000 6| 2 |1n|2]a5 |27 [21|2]12]33] 8] 2 ||
4000 5| a4 |27 | 1900 | 10] 2| 4|16 |4a] 10] 27 []as
6 000 0o |10 223 [12| 2] 4173 ]9 2 a0]17]37 [|61
8000 2| 7 1711025 | 4] 16| 39 |10] 26 58] 16 | 48 || 74
C)U
&
Q
Q~
T
RS
e
)
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Annex C
(informative)

Example of assessment of risk of noise-induced hearing loss

Calcu

and disability

late the risk of noise-induced hearing loss for a highly screened male population, 50

years of age,

which
30 ye
ear di

For d
relatd
mean|
unscr
thres

H|

H|

H|

The n|

N|

(see 6

The t
dB.T

the 90 %, 50 %, and 10% for 1 kHz and 2 kHz, and the 90 % and 50 % for 4 kHz.

was exposed to an average daily noise exposure level, Lgx gh = 90 dB (Ea,gh = 11,5
ars (8 h/day, 5 days/week, 50 weeks/year). The population is characterized by-the
sease; no non-occupational noise exposure; and, no other hearing loss risk factors.

sability assessment, the frequency combination 1 kHz, 2 kHz, and 4 kHz)is assumn
of the hearing threshold levels at 1 kHz, 2 kHz, and 4 kHz, which are taken from Table
eened industrial populations, it would be more appropriate to calculate the age-rel
hold levels using the data in Annex B.

boso= [(—4) + (-3) + 0]/3dB = -2,3dB

bos0= (4 +7 +16)/3dB = 9,0dB

10,50 = (14 + 21 + 36)/3dB = 23,7 dB
oise-induced permanent threshold shiftN is given by:
_HN

120
.1).

erm HN/120 only starts to have a significant impact on the result when (H + N) > appr
nerefore, when (H#%) <40 dB, the NIPTS can be taken directly from Table D.2. This i

103 PaZ2s) for
following: no

ed. The age-

d hearing threshold level, Hy, for the non-noise-exposed population is calculated as the arithmetic

A.3. For most
ated hearing

€.1)

(C.2)

(C.3)

(C.4)

pximately 40
s the case for

For 10 % at 4 kHz, (H + N) > 40 dB; therefore, the NIPTS value of 19 dB from Table D.2 is reducgd as follows:
(36%19)
19dBS>~—~+dB = 13,3dB (C.5)
120
The NIPTS is taken to be the arithmetic mean of the NIPTS decibel values at 1 kHz, 2 kHz, and 4 kHz
taken directly from or modified from the data in Table D.2 as follows:
Ngoz0= (0 + 3 + 10)/3dB = 4,3dB (C.6)
Ngg30 = (0 + 5+ 14)/3 dB = 6,3dB (C.7)
© IS0 2013 - All rights reserved 17
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Nig30= (0 +9 +13,3)/3dB = 7,4 dB

(C.8)

The hearing threshold level associated with the age and noise, H’, for the noise-exposed population is

calculated as the sum of the age-related hearing threshold levels (H) and the NIPTS values (N
Formula (1) in 6.1) as follows:

H'gp= (-2,3) dB + 4,3dB = 2,0dB

H' o= 9,0dB + 6,3dB = 5,3dB

) (see

(C9)

(C.10)

H' ;= 28,7 dB + 7,4 dB= 31,1dB

The resulting relationship is plotted in Figure C.1 on Gaussian coordinates with the #arious ri
disability illystrated for an arbitrary fence of 27 dB. The dependence of the risk valuesion‘the magr
of the fence dan easily be studied with such an illustration.

(C.11)

ks of
itude
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