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systems. To maintain their currency, all Standards are periodically reviewed, and
new editions are published. Between editions, amendments may be issued.
Standards may also be withdrawn. It is important that readers assure themselves
they are using a current Standard, which should include any amendments which
may have been published since the Standard was purchased.

Detailed information about Standards can be found by visiting the Standards
Australia web site at www.standards.com.au and looking up the relevant Standard
in the on-line catalogue.

Alternatively, the printed Catalogue provides information current at 1 January each
year, and the monthly magazine, The Global Standard, has a full listing of revisions
and amendments published each month.

We also welcome suggestions for improvement in our Standards, and especially
encourage readers to notify us immediately of any apparent inaccuracies or
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Executive, Standards Australia International Ltd, GPO Box 5420, Sydney, NSW
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PREFACE

This Standard was prepared by the Australian members of the Joint Standards Australia/Standards
New Zealand Committee AV-003, Acoustics Human Effects. After consultation with stakeholders in
both countries, Standards Australia and Standards New Zealand decided to develop this Standard as
an Australian, rather than an Australian/New Zealand Standard.

This Standard is identical with and has been reproduced from ISO 1999:1990, Acoustics—
Determination of occupational noise exposure and estimation of noise-induced hearing impairment.

The objective of this Standard is to specify a method for calculating the expected noise-induced
permanent threshold shift in the hearing threshold levels of adult populations due to various levels and
duration of noise exposure.

AS/NZS 1269 series, Occupational noise management provides requirements and guidance of all
facets of noise management.

It is the intention of Committee AV-003 that where there is a conflict between provisions of this
Standard and the provisions of AS/NZS 1269, the AS/NZS 1269 series should prevail.

As this Standard is reproduced from an International Standard, the following applies:

(a) Its number does not appear on each page of text and its identity is shown only on the cover and
title page.

(b) In the source text ‘this International Standard’ should read °‘this Australian Standard’.
(¢) A full point substitutes for a comma when referring to a decimal marker.

(d) The word ‘handicap’ should be replaced by the work ‘impairment’.

o

(e) The symbol * Ly, * should be replaced by the symbol “ L, . g, -

This Standard provides for the use of the following Australian and Australian/New Zealand Standards
as equivalents to particular International Standards referenced herein:

Reference to International Standard Australian/New Zealand Standard

ISO AS/NZS
389 Acoustics—Standard reference zero 1591
for the calibration of pure tone air

Acoustics—Instrumentation for
audiometry

conduction audiometers 1591.1  Part 1: Reference zero for the
calibration of pure-tone bone
conduction audiometers
1996 Acoustics—Description and 1055 Acoustics—Description and
measurement of environmental noise measurement of environmental noise
1996-1  Part 1: Basic quantities and procedures  1055.1  Part 1: General procedures
1996-2  Part 2: Acquisition of data pertinentto  1055.3  Part 3: Acquisition of data pertinent to
land use land use
IEC AS
651 Sound level meters 1259 Acoustics—Sound level meters
1259.1  Part 1: Non-integrating
804 Integrating-averaging sound level 1259.2  Part 2: Integrating—Averaging

meters
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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 hearing impairment 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 hear-
ing capability has been measured or estimated. (NIPTS is treated here as an additive
term independent of other components of hearing threshold levels. It is usually zero in
the absence of noise exposure, and, for any given noise exposure, it has a range of
positive values representing the variability of noise-damage susceptibility between
individuals of a population.)

Persons regularly exposed to noise can develop hearing loss of varying severity. Due to
this hearing loss their understanding of speech, perception of everyday acoustic
signals or appreciation of music may be impaired. With the exception of exposure to
blast, high-impulse noise and extremely high levels of steady noise, permanent impair-
ment of the hearing organ takes time and is progressive over months, years or decades
of exposure. NIPTS is usually preceded by a reversible temporary effect on hearing,
called noise-induced ““temporary threshold shift” (TTS). The severity of TTS and
recovery from it depend upon exposure level and time. For a single individual, it is not
possible to determine precisely which changes in hearing threshold level are caused by
noise and which changes are caused by other factors, although, in doubtful individual
cases, the data in this International Standard might provide an additional means for
estimating the most probable causes in audiological diagnosis. However, for a large
population exposed to a specific noise, changes in the statistical distributions of hear-
ing threshold levels can be determined. Parameters such as the mean NIPTS, the
median NIPTS, etc., can be used to describe differences in hearing threshold levels
between two populations that are similar in all relevant respects except that one
population has had a well defined (usually occupational) noise exposure. Throughout
this International Standard, the term “NIPTS” is applied to changes in the noise-
induced permanent threshold shift of statistical distributions of groups of people; it is
not to be applied to individuals.

This International Standard can be applied to calculation of the risk of sustaining hear-
ing handicap due to regular occupational noise exposure or due to any daily repeated
noise exposure. In some countries hearing handicap caused by occupational noise
exposure can have legal consequences with respect to responsibility and compen-
sation. The hearing threshold level at the various frequencies, at which a hearing
handicap is deemed to exist (‘’fence”), depends not only on the impairment per se, but
frequently on legal definitions and interpretations based on social and economic con-
siderations. In addition, the definition of a hearing handicap depends on the quality of
speech intelligibility desired, the average level of background noise and, with respect to
the relative importance of the various frequencies, perhaps even on the language.
Consequently, this International Standard does not stipulate (in contrast to the first
edition of ISO 1999) a specific formula for assessment of the risk of handicap, but
specifies uniform methods for the prediction of hearing impairment, which can be used
for the assessment of handicap according to the formula desired or stipulated in a
specific country. The results obtained by this International Standard may also be used
for estimating the permanent effects of noise on the perception of everyday acoustic
signals, the appreciation of music or the effect of one specific frequency not necess-
arily stipulated by a hearing handicap formula.
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Since noise-induced hearing impairment is the result not only of occupational noise
exposure but of the total noise exposure of the population, it may be important to take
the non-occupational exposure of individuals {during commuting to and from their
jobs, at home and during 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 impairment
due to occupational noise exposure. Otherwise, it should be used to calculate the hear-
ing impairment 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 impairment can then be estimated, if desired.

The selection of maximum tolerable or maximum permissible noise exposures, and pro-
tection requirements as well as the selection of specific formulae for handicap 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.

For reasons given above this International Standard by itself does not comprise a com-
plete 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 fac-
tors which are here left open.
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AUSTRALIAN STANDARD

Acoustics — Determination of occupational noise
exposure and estimation of noise-induced hearing

impairment

1 Scope

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 handicap according to various formuiae
when the hearing threshold levels at commonly measured
audiometric frequencies, or combinations of such frequencies,
exceed a certain value.

NOTE 1 — This International Standard does not specify frequencies,
frequency combinations or weighted combinations to be used for the
evaluation of hearing handicap; nor does it specify a hearing threshold
level {*“fence’”’) which must be exceeded for hearing handicap to exist.
Quantitative selection of these parameters is left to the user. All sound
pressure levels stated in this International Standard do not consider the
effect of hearing protectors which would reduce the levels effective at
the ear.

The measure of exposure to noise for a population at risk is the
averaged A-weighted sound exposure (time-integrated squared
sound pressure), E, 7, and the related equivalent continuous
A-weighted sound pressure level, Lo, 7, Over an average
working day (assumed to be of 8 h duration), for a given
number of years of exposure. This International Standard
applies to audio frequency (less than approximately 10 kHz)
noise which is steady, intermittent, fluctuating, irregular or
impulsive in character. Use of this International Standard for
instantaneous sound pressures exceeding 200 Pa (140 dB
relative to 20 [tPa) and for higher sound pressures should be
recognized as extrapolation.

For the assessment of hearing impairment due to exposure to
noise, formulae are presented to calculate the NIPTS for
audiometric frequencies from 0,5 kHz to 6 kHz for 8 h per
day daily A-weighted sound exposure of 364 Pa2-s to
1,15 x 105 Pa2-s (equivalent continuous A-weighted sound
pressure level for a normal 8 h working day from 75 dB to
100 dB), and periods of exposure lasting from 0 to 40 years.
Extrapolations to higher levels are not supported by quan-
titative data. The median values of NIPTS as well as the
statistical distribution above and below the median value from
the 0,05 to the 0,95 fractile are specified. The NIPTS data are
the same for male and female populations.

NOTES

2 Although the NIPTS data are based on data assumed to stem from
primarily occupationally noise-exposed populations, they may be used,
with some caution, for estimating the effects of comparable non-
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occupational and combined exposures. (The length of the working day
should be stated.)

3 The prediction method presented is based primarily on data col-
lected with essentially broad-band steady non-tonal noise. The appli-
cation of the data base to tonal or impulsive/impact noise represents
the best available extrapolation. Some users may, however, wish to
consider tonai noise and/or impulsive/impact noise about as harmful
as a steady non-tonal noise that is approximately 5 dB higher in level.

To calculate hearing threshold levels and the risk of acquiring
hearing impairment or handicap due to noise exposure, the
threshold of hearing of a non-noise-exposed population of
comparable age has to be known. Since different criteria can be
applied to the selection of this population, this international
Standard allows for two possibilities presented by two different
data bases :

a) an otologically normal population, that is, “highly
screened’’ (see 1ISO 7029);

b) any other population selected by the user of the Inter-
national Standard as being appropriate.

NOTE 4 — AIl data and procedures presented in this International
Standard are based on deliberate simplifications of experimental data
where the daily sound exposure duration did not exceed 12 h. The
resulting approximations restrict the validity to the stated ranges of the
variables, fractiles, sound exposure levels and frequency ranges.

This International Standard is based on statistical data and
therefore shall not be used to predict or assess the hearing
impairment or hearing handicap of individual persons.

Annex A gives the procedure for calculating the age-related
hearing threshold levels for an otologically normal population
(“"highly screened”) in accordance with ISO 7029.

Annex B gives as an example of the second data base the pro-
cedure for calculating the age-related threshold levels for an
unscreened population of a typical industrialized society.

Annex C gives an example of selected values of the hearing
threshold levels of a specific unscreened population, which,
when used with the procedures of this International Standard,
results in approximately the same risk of hearing handicap as
the one predicted by the first edition of ISO 1999.

Annex D describes an example of hearing risk assessment using
this International Standard.
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Annex E presents tables with examples of NIPTS as a function
of exposure time (10, 20, 30 and 40 years) and daily
A-weighted sound exposure (3,64 x 103, 1,15 x 104, 3,64 x 104
and 1,15 x 105 Pa2-s, or equivalent continuous A-weighted
sound pressure level for nominal 8 h working day of 85, 90, 95
and 100 dB) for six frequencies (0,5, 1, 2, 3, 4 and 6 kHz) and
three fractiles (0,1, 0,5 and 0,9).

A bibliography is given in annex F.

2 Normative references

The following standards contain provisions which, through
reference in this text, constitute provisions of this International
Standard. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties to
agreements based on this International Standard are encour-
aged to investigate the possibility of applying the most recent
editions of the standards indicated below. Members of IEC and
ISO maintain registers of currently valid International Stan-
dards.

1SO 389 : 1985, Acoustics — Standard reference zero for the
calibration of pure tone air conduction audiometers.

ISO 1683 : 1983, Acoustics — Preferred reference quantities for
acoustic levels.

ISO 1996-1 : 1982, Acoustics — Description and measurement
of environmental noise — Part 1. Basic quantities and pro-
cedures.

1ISO 1996-2 : 1987, Acoustics — Description and measurement
of environmental noise — Part 2: Acquisition of data pertinent
to land use.

1ISO 2204 : 1979, Acoustics — Guide to International Standards
on the measurement of airborne acoustical noise and evalu-
ation of its effects on human beings.

ISO 7029 : 1984, Acoustics — Threshold of hearing by air con-
duction as a function of age and sex for otologically normal per-
sons.

IEC 651 : 1979, Sound level meters.

IEC 804 : 1985, /ntegrating-averaging sound level meters.

3 Definitions
For the purposes of this International Standard, the following
definitions apply.
3.1 sound pressure level, L, : The level, in decibels, given
by the equation

L, = 101g (p/p,)2

where p is the sound pressure, in pascals. The reference sound
pressure, p,, is 20 UPa, in accordance with ISO 1683.

3.2 A-weighted sound pressure level, L,,: The sound
pressure level, in decibels, determined by using frequency-
weighting A (see IEC 651), from the equation

Ly = 1019 (pa/po)?

where p, is the A-weighted sound pressure, in pascals.

www.standards.com.au

Full document details: AS ISO 1999-2003

3.3 A-weighted sound exposure, E, 1: The time integral
of the squared A-weighted sound pressure over a specified
time period, T, or event, expressed in pascal squared seconds
(Pa2-s). A-weighted sound exposure is given by the equation

5] .
EAJ:S pile) de
4

where pa(¢) is the instantaneous A-weighted sound pressure of
the sound signal integrated over a time period T starting at ¢,
and ending at 7.

The period, T, measured in seconds, is usually chosen so as to
cover a whole day of occupational exposure to noise (usually
8 h, 28 800 s) or a longer period that is to be specified, for
example a working week.

NOTES
1 The sound exposure level, L'EA, 7. in decibels, is
Ly 7 = 1019 (Ep 7/E,)
with E; = 4 x 10-10 Pa2-s, as given in ISO 1996-1 and |EC 804.
2 The noise exposure level normalized to a nominal 8 h working day,

Lgy, gn. is obtained with E, = 1,15 x 10-5 Pa2-s and is 44,5 dB less
than Lg, - (see 3.6).

3.4 daily A-weighted sound exposure, Ep p: The total
A-weighted sound exposure sustained in a single 24 h day,
expressed in pascal squared seconds (Pa2-s).

NOTE — If it is desired to take into account significant non-
occupational noise exposure, the total value of A-weighted sound
exposure is obtained by summing the occupational component and a
corresponding component from the non-occupational exposure. See
the Introduction.

3.5 equivalent continuous A-weighted sound pressure
level, Lpg, 1: The level, in decibels, given by the equation

Law 7= 1d| ! stz Pal) dr
Aeq, T 9 -1 ), pg

where ¢, — ¢, is the period T over which the average is taken
starting at £; and ending at 5.

NOTES

1 The period, , — ¢, used for direct measurement or calculation of
L peq, 7. Should be chosen to give results representative of the whole
period.

2 For continuous noise, unvarying in level, L peq 1s numerically equal
to L,

3.6 noise exposure level normalized to a nominal 8 h
working day, Lgy g : The level, in decibels, given by the
equation

LEX,Bh = LAeq, T, + 10 |g(Te/To)
where

T, is the effective duration of the working day;

T, is the reference duration (= 8 h).
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If the effective duration of the working day, T,, does not
exceed 8 h, Lgx gp is numerically equal 10 Lagq, gh-

NOTES

1 The noise exposure level normalized to a2 nominal 8 h working day,
Ley gn: in decibels, may be calculated from the A-weighted sound
exposure E,, T, in pascal squared seconds (Pa2-s), using the follow-
ing formula:

E T,
1,15 x 10-%
Selected values of sound exposures with corresponding values of noise

exposure levels normalized to a nominal 8 h working day are given for
illustration in table 1.

Lex, gh = 101g

Table 1 — A-weighted sound exposures and
corresponding noise exposure ieveis normaiized to
a nominal 8 h working day

Ep 7, Legx, g

Pa2-s dB
0,364 x 108 75
0,458 x 103 76
0,576 x 103 77
0,726 x 103 78
0,913 x 103 79
1,15 x 108 80
1,45 x 108 81
1,82 x 108 82
2,29 x 108 83
2,89 x 103 84
3,64 x 108 85
4,58 x 103 86
5,76 x 108 87
7,26 x 108 88
9,13 x 108 89
11,5 x 103 90
14,5 x 108 91
18,2 x 108 92
22,9 x 108 - 93
28,9 x 108 94
36,4 x 103 95
45,8 x 108 96
57,6 x 103 97
72,6 x 108 98
91,3 x 108 99
116 x 108 100

2 If the exposures averaged over n days are desired, for example if
noise exposure levels normalized to a nominal 8 h working day for
weekly exposures are considered, the average value of Lgy g, in
decibels, over the whole period may be determined from the values of
{Lgy, gn); for each day, using the following formula:

n
2 100,1 (LEX,Bh)l]

T 1
Lexgn = 101g [ X
i=1

The value of k is chosen according to the purpose of the averaging pro-
cess: it will be equal to n if an average value is desired; it will be a con-
ventional fixed number if the exposure is to be normalized to a nominal
number of days (for example, & = 5 will lead to a daily noise exposure
level normalized to a nominal week of 5 eight-hour working days).

3.7 hearing impairment : A deviation or a change for the
worse of the threshold of hearing from normal.

NOTE — Impairment is usually understood to refer to structure or

function. Throughout this International Standard only impairment
of function is considered.
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3.8 hearing handicap : The disadvantage imposed by hear-
ing impairment sufficient to affect one’s personal efficiency in
the activities of daily living, usually’ expressed in terms of
understanding of conversational speech in low levels of
background noise. A numerical representation of hearing
handicap is given by a combination of hearing threshold levels
as described in 6.2.

20 fanca: A hoarina

e wiive

hearing handicap (or disability) are deemed to exist.

threshold level above which de

: A hearing th ove wi egrees of

3.10 risk of hearing handicap: The fractile of a populatlon
sustaining hearing-handicap (see 6.3). :

3.10.1 risk of hearing handicap due to noise: The risk of
hearing handicap in a noise-exposed population minus the risk
of heanng handicap in a population not exposed to noise, but

uivalent to the noise-exnosed nnnulnflnq

WISTTUAMVSTU (P =80

Ity ARV TT PR URPIPY TR S N ERY J SRR SUUPI. Sy

noise (HTLAN), H': The permanent threshold of hearing, in
decibels, of a population [as defined as hearing threshold level
(HTL) in ISO 389].

The value HTLAN is a combination of the components
associated with noise (NIPTS, see 3.12) and with age (HTLA,
see 3.13) as defined in 5.1,

3.12 noise-induced permanent threshold shift (NIPTS),
N : The permanent shift, actual or potential, in decibels, of the
hearing threshold level estimated to be caused solely by
exposure to noise, in the absence of other causes.

3.13 hearing threshold level associated with age
(HTLA), H : The hearing threshold level, in decibels, observed
solely in association with age without any influence of noise
exposure.

HTLA can be directly observed only in the absence of other
causes of hearing impairment; for example, pathological con-
ditions or noise exposure.

3.14 impulsive noise: Although impulsive noise can be
defined in different ways (see ISO 2204 and I1SO 1996-2}, for
the purposes of this International Standard all non-steady
noises in industry usually characterized as impact or impulse

noise are to be included in a measurement of sound exposure
(see notes in clause 1).

4 Description and measurement of exposure
to noise

4.1 General

To estimate hearing impairment and risk of hearing handicap as
a result of exposure to noise, the average A-weighted sound
exposure, Ep g, and/or the noise exposure level normalized to
a nominal 8 h working day, Lgx gp, shall be either measured
directly by sound exposure meters or integrating sound level
meters or calculated from sound pressure measurements and
exposure time. Such measurements may be made with in-
struments that are either stationary or attached to the person.
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