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Introduction

The uniform measurement, analysis and evaluation of noise at the workplace is important in order
to assess the potential effects of noise on the health, well-being, safety and working efficiency of
the worker. Although standards exist specifying the noise measurements at the operator positions
and in the environment of specific equipment and other standards describing the effects of noise on
specific human functions, the present International Standard provides general guidance for what
type of measurements at which positions are required for evaluation of the noise with respect to its
effects on the worker in order to monitor compliance with established documents and in order to
indicate the need for reducing noise by abatement measures.
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Acoustics — Guidelines for the measurement and
assessment of exposure to noise in a working envir

onment

1 Scope

This International Standard describes the determination of the acaustical quantities,
type and locations of sound pressure level measurements to be‘conducted, the time

pspecially the
sampling and

frequency analysis required and the special characteristics of’the noise to be co
purpose is to allow an assessment of the noise in the working environment with
various effects on the worker as a result of daily habitualexposure. This Internation
intended to be used by appropriate authorities responsible for specifying an
compliance with noise limits at the workplace ‘and for deciding on the need
conservation programmes and noise reduction”measures. It does not by itse
recommend acceptable noise limits. The standard does not specify statistical samplin
to characterize the noise exposure of groups;although references to such procedures
in the bibliography. The applications of the*'measurement results are described with

effects of noise on hearing, interferen¢e with communication and other effects of n

sidered. The
espect to its
| Standard is

monitoring
for hearing
f specify or
g procedures
are included
espect to the
oise. Special

requirements for the description/~of infrasound and ultrasound exposure dre included.

Applications of the Standard to.evaluate effects of the noise on health, working eff
being and the audibility of ‘warning signals are summarized in Annex A. A
examples of equivalent continuous A-weighted sound pressure level calculatid

ciency, well-
nex B gives
ns. Annex C

discusses calculation aof the rating level including tone and impulsive adjustmgnt. Annex D

specifies classes of adcuracy for noise measurements. All the annexes are informat

2 Normative'references

The following standards contain provisions which, through reference in this te
provisions of this International Standard. At the time of publication, the editions in
valid=-All standards are subject to revision, and parties to agreements based on this
Standard are encouraged to investigate the possibility of applying the most recent e

ve.

kt, constitute
dicated were
International
ditions of the

standards listed below. Members of IEC and ISQ maintain rpgiefarc of mlrrnnfl\,/ valid

International

Standards.
ISO 266:1975, Acoustics - Preferred frequencies for measurements'

ISO 532:1975, Acoustics - Method for calculating loudness level

ISO 1996-1:1982, Acoustics - Description and measurement of environmental noise -

quantities and procedures

Part 1: Basic
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ISO 1999:1990, Acoustics - Determination of occupational noise exposure and estimation of noise-
induced hearing impairment

ISO/TR 3352:1974, Acoustics - Assessment of noise with respect to its effect on the intelligibility of
speech

ISO 3891:1978, Acoustics - Procedure for describing aircraft noise heard on the ground

ISO 4869-1:1990, Acoustics - Hearing protectors - Part 1: Subjective method for the measurement

of sound attenuation

ISO 4869-2:19
pressure leve

ISO/TR 4870:1
ISO 7196:1995
ISO 7731:1986
1ISO 9921-1:14
level and c(

communicati

IEC 651:1979,
Amendment

IEC 804:1985,
Amendment

IEC 942:1988,
IEC 1252:1993

IEC 1260:1995

rotectors are worn

s when hang p
991, Acoustics - The construction and calibration of speech intelligibility tests

, Acoustics - Frequency weighting characteristic for infrasound measurements

, Acoustics - Danger signals for work places - Auditory danger signals

95, Ergonomic assessment of speech communication - Part 1: Speech interference
bmmunication distances for persons with normal hearifig capacity in direct

on (SIL method)

Electroacoustics - Sound level meters'
11993

Electroacoustics - Integrating-averaging sound level meters'
:1989. Amendment 2:1993

Electroacoustics - Sound calibrators'
, Electroacoustics - Specifications-for personal sound exposure meters

, Electroacoustics - Octave-band and fractional-octave-band filters

3 Quantities and definitions

The followin
definitions of

) quantitiesCaré used in this International Standard. Instead of repeating the
the quantitiés, reference is made to the relevant International Standards where the

definitions ar¢ given.

'Under rev

ision
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Quantity I Symbol l Defined in

sound pressure level L, ISO 1999
peak sound pressure level: level of the peak sound pressure Lpeak IEC 651
A-weighted sound pressure level Loa ISO 1999
C-weighted peak sound pressure level Lcpeak IEC 651
equivalent continuous A-weighted sound pressure level over the LAeq’T ISO 1999
eheHartrer—- 50 9921-1
IELC 804
percentile level Lan 1 ISP 1996-1
octave-band sound pressure level ISP 532
one-third-octave-band sound pressure level ISP 532
time interval of 8 hours To
normalizing time interval: that time interval to which an UN
equivalent continuous A-weighted sound pressure levélis
referred
time interval of the daily duration of workers effective exposure Te
to noise
A-weighted sound exposure over durations7 Ep T ISP 1999
noise exposure level Lex 7 ISP 1999
noise-induced permanent threshold shift NIPTS ISP 1999
impulsive noise ISP 12001
rating level La, ISP 1996-1
speech interference\level SIL ISP 9921-1
ISP/TR 3352
loudness level Ly ISP 226
perceived noise level Lpn ISP 3891
4. 'Measurements of noise in the working environment

4.1 General

This clause describes the procedure for measuring the sound pressure level at the work station. This
procedure includes the use of instrumentation (4.2) and microphone location, measurement time
interval and the determination of several noise quantities especially the equivalent continuous A-
weighted sound pressure level (4.3.4), the normalized equivalent continuous A-weighted sound
pressure level (4.3.5), the daily noise exposure {4.3.6) and rating level (4.3.10 and Annex C). A
method to determine the equivalent continuous A-weighted sound pressure level and its uncertainty
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by sampling technique is presented in Annex D.1. For the purpose of determining compliance with
prescribed noise limits and assessment of the uncertainty of measurement (Annex D.2), for
comparing the result to a limit (Annex D.3) and for contents of the measurement report (Annex D.4),
guidance is provided in annexes.

4.2 Instrumentation

4.2.1 Sound level meter

Sound level meters shall comply at least with the requirements for a type 2 instrument given in |[EC
651. Type 1 sound level meters are preferred.

Personal soun
overloaded b
preferred.

d exposure meters shall comply with IEC 1252. To indicate if the instrument is being
the peak sound pressure, instruments incorporating an overload indication ‘ané

Integrating-av|
instrument gi

eraging sound level meters shall comply at least with the requirements for-a type 2
en in IEC 804.
4.2.2 Octavd and one-third octave-band filters

Octave and of]
nominal centr

e-third octave band filters shall comply with the requirements'given in IEC 1260. The
b frequencies of the frequency bands shall correspond tothose of ISO 266.
4.2.3 Auxiliary measuring devices

A level record
e.g. the requi

pr used for registration of the level shall comply.with the relevant clauses of IEC 651,
ements on time weighting.

A statistical pnalyzer for the measurement of the ‘pefcentile level shall comply with the time
weighting F of IEC 651. The level intervals for the-classification shall be chosen in relation to the

overall range

Tape recorde
equipment at

Sound calibra
with class 2 s

bf noise levels but they shall notexceed 5 dB.

s or other devices to store.noise signals shall be such that the overall measuring
east complies with the spécifications for a type 2 instrument in IEC 651 and IEC 804.

tors used for calibrating and checking the sound measuring equipment shall comply
pecifications or pbétter as given in IEC 942.

4.2.4 Calibrgtion and checking

A recalibratio
IS recommend

A field check

h for compliance with IEC 651, IEC 804 or IEC 1252 shall be performed regularly. It
ed thatthe time intervals for the recalibration do not exceed three years.

At lnact haofara and aftar aanh cariae Af maac iramantc
Fe—aa—atte—eae—5SeHeS—or—eaSureeRts-

U PN N +h oo
Srran e Taut— oy o oot ot oaot oot

Electrical check of amplifiers, recorders and indicators shall be made as well as an acoustic check
of the whole system including the microphone (e.g., by applying a sound calibrator). The acoustical
check should be made on site wherever possible. The precision of measurement should be
determined (see Annex D).
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4.3 Measurements
4.3.1 General

The preferred basic measurement quantities are the equivalent continuous A-weighted sound
pressure level (Lpqq 7) and the A-weighted sound exposure (£, 7) during a stated time interval, 7.

Depending on the type of noise and the type of effect to be evaluated, additional measurement
guantities such as the maximum instantaneous sound pressure level unweigthed L, A-weighted

Lppeak: C-weighted Lcpg, Or other quantities, may be measured.

In some cases

measurement of octave or one-third-octave-band levels of audible, infra - or

ultrasound may be indicated. If communication capability is required speech interferen

signal to noise ratio (S/N) or other measures may be needed.

Depending on the purpose, the measurement may be made at fixed logatien(s) of

during work. For high accuracy the on-person method (microphone following the ex
may be preferred.

The exposure to noise at the working place comprises the noises“produced there a
arriving from other sources in the environment.

If some time intervals are excluded from the measurement, e.g. for assessments w
some effects such as annoyance or well-being, thissmust be stated in the test re
exclusions are time intervals with:

sounds produced at the specific working, place by the person at this place spe
persons;

noises consisting of communication signals addressed to the specific workir
telephone, public address system).

The measurement shall provide.quantitative description of the characteristic potenti
noise at the working placey Characteristic potential exposure to noise is given, if
occurrences, the type andvorigin of the noises at the working station are typical fg
place on a long-term basis. To support this statement, suitable information may be
sufficient number ¢findependent measurements (samples) be performed.

If the exposufeito noise is determined for a well-defined working location, the m
performed-at/this specific location. If the person occupies more than one worki
equivalefit-continuous A-weighted sound pressure level or the A-weighted sound exf
determhined either separately for the different working locations or for the person oc
warking locations, each for one period of time allowing determination of this persor
éxposure during the workshift.

ce level (SIL),

on person(s)
posed person)

nd the noises

ith respect to
port. Possible

bking to other

g place (e.g.

| exposure to
he number of
r the working
collected or a

Pasurement is
ng place, the
osure may be
cupying these
's cumulative

4.3.2 Microphone locations and measurement positions

Preferably the microphone location shall be the position of the head of the person occupying the

working place under consideration without the person present.
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In other cases, when the person has to be in this working place, the microphone should be located,
when practicable, approximately 0,10 m from the entrance of the external canal of the ear receiving
the higher value of the equivalent continuous A-weighted sound pressure level. The microphone of
sound exposure meters and sound level meters worn on a person shall be mounted on the helmet

or on the shoulder or collar at a distance approximately between 0,1 m to 0,3 m from the entrance

~f sl o
o1 e e

NOTES

xternal

[ S PR
I the ear.

canal o

1 To support the microphone, a helmet or frame may be used.

2 A shoulder loc

ation should be used for the microphone, when convenient.

If the measuri

the nerforman
the per !

UG

Lg instrument or parts of it are worn o

n the worker, care shall be taken not to distuth
ce of the person and especially not to introduce safety risks. Similarly, care shoutdBe

taken to avoidl misuse of the instrument during measurements.

If the head po
authorities, th

for standing f

for seated pe

For measuren
in accordance
direction of si

If the worker’
shall be preci

NOTES

3 Near the sound
If tones are clear
variations of the
of the sound ley
accordingly.

4 If the microph
be made by comg
components at hi
are higher than t

5 Care must be

sition at a working location is not well defined or otherwise stated by the-appropriate
e following microphone heights shall be used (see ISO 11201):

+

ersons 1,65 m = 0,075 m above the ground on which the-person is standing;

+

0,91 m 0,05 m above the middle of the seat/plane with the seat set
at or as near as possible to the midpoint.oftits horizontal and vertical
adjustment.

sons

ent positions at a specific location the reference ‘direction of the microphone shall be
with the manufacturer’s instruction. (If possible, the microphone should point in the
ght of the person occupying this working place).

5 locations are very close to the noise _sources, the microphone location and direction
ely stated in the test report.

source even small changes of the microphone location may result in variations of the sound pressure level.
y audible at the working place_(see Annex B), standing sound waves may occur. To determine the local
sound pressure level, the microphone should be moved over a range of 0,10 m to 0,50 m. The variations
el observed during the (ampvement of the microphone are treated as time varying levels and averaged

ne must be located very close to a person’s body, appropriate (sometimes elaborative) adjustments must
aring results optained with and without the person present. This applies particularly for noises with strong
bh frequencies and for small sources at a short distance. Normally values measured with the person present
ose without a person present.

aken when using a personal sound level meter with the microphone not located near the ear.

6 Special measurement procedures are required for the measurement of noise exposure under earphones (e.g. for secretaries,
telephonists, pilots, aircontrollers) or under helmets (e.g. flying and motorcycle helmets); these methods are not described
in this International Standard.

To reduce the measurement time in areas with a large number of working places the following
procedure may be used:

Zones of working places with equal exposure to sound are defined and the measurement is
performed at a sample of typical working places. The average of the measurement results at these
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that zone. Such a grouping is only
permissible if the levels Lpq, v determined at different places differ by not more than 5 dB. In
addition, compliance with noise limits shall be checked at all working places in case of doubt. For

some work areas, it may be more appropriate to define zones in terms of equal levels, LAeq T

working places with workers with equal activity;

working places where the noise exposure is essentially determined by noise sources at a large

distance from the working places (e.g. more than 5 m to 20 m in factory halls).

NOTE 7 - At a distance from the noise source (about 5 m to 20 m) the level decreases by about 2 dB to
of the distance from the sound source in normal factory halls with low sound absorption.

In factory halls with high sound absorption the level decrease per doubling of the distance may amount {

dB.

4.3.3 Measurement time

4.3.3.1 The normalizing/reference time interval, T, is that time interval representin
of one workshift (conventionally 8 hours (7)), over which aontinuous A-weighted s

level is determined.

The measurement time interval, 7, is that time interyval over which the squared A-w

pressure is integrated and averaged.
NOTE 8 - The time and day of the measurement and the\duration of measurement should be reported.

The measurement time intervals shall bé~chosen so that all significant variations of

the working place are measured and ifictfuded. Further, the choice of the measurement

shall be such that the measurementresult is consistent with repetition.

During the measurement time interval, sound which is characteristic of the specific
must exist (see 4.3.1). Twe-procedures may be used to acquire the characteristic noise

T = Ty: If the.measurement time interval is extended over the normalizing/
interval, the total exposure to noise of the workshift to be rated may be determ

i dB per doubling

p about 4 dB to 6

g the duration
ound pressure

eighted sound

noise levels at
time intervals

working place
exposure:

eference time
ned directly.

T < Ty<Ifd@ measurement time interval is less than the normalizing/reference tinje interval, the

charatteristic noise exposure being measured may be selected by experience.

4.3:322° If the measurement is extended over a shorter time interval only (
measurement time interval or the sample must be chosen such that the noise exposurg
which is characteristic of the working place and is representative for the normalizing

7T < Ty the
is determined
time interval.

It may be pOSSiDIe DY quebLiUIllldilc/bu“c\,LiUI| ofmformatromn regardmygthetypicat TTOTS

e sources (e.g.

working processes, machines, activities at the working place and in its environment) to determine
their time fraction of the workshift and contributed average level for each part time interval (see
Annex B).

The measurement time interval depends on the type of noise exposure. It may be subdivided into
part time intervals within which the exposure to noise is of the same type, e.g. corresponding to the
different activities at the working place or in its environment.
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The selected measurement duration shall depend on fluctuations of the noise. It shall be sufficiently
long for the resulting noise exposure level to be representative of the activities performed by the
employee. The duration shall be either the entire length of an activity, a portion thereof, or several
repetitions of the activity, as required to stabilize the readings of the sound exposure level or the
equivalent continuous A-weighted sound pressure level within 0,5 dB.

The minimum
duration shoul

The sampling
4.3.4 Determ
The preferred
measure the e
interval.

If a sound lev
the note), the

equal to the e

NOTE 9 - The noi
time weighting S

If the measurg
A-weighted sq

LAeq, T "

where:

LAeq,Tl

m

duration shall be 15 s. If the noise shows a pronounced periodicity, the minimum
d be at least one cycle; otherwise a multiple of complete cycles shall be used.

procedure may be extended to several workshifts and averaged (see Annex D).

method of measurement is to use an integrating-averaging sound level meter_tp
(quivalent continuous A-weighted sound pressure level, LAeq 7. during the stated time

el meter is used, and if the noise is such that the fluctuations in level/are small (see
hrithmetic average of the indicated reading of the meter (or recorder) issapproximately
Huivalent continuous A-weighted sound pressure level.

be may be deemed to have small fluctuations if the total meter excursion li€s\within a range of 5 dB with

ment time interval T is subdivided into smaller intervals\7,, the equivalent continuous
und pressure level is calculated by using the formula:

m
10 1g (L ¥ 71077y g
T i1
is the equivalent continuQUs A-weighted sound pressure level occurring over the
time interval T;;
m
is equal to (2NT; ;

i=1

is thé total number of sub-intervals of time.

4.3.5 Normalization of equivalent continuous A-weighted sound pressure level to a nominal 8 h

working day

In order to compare noise exposures from workdays of different durations it is desirable, for many
purposes, to normalize daily occupational noise exposure of shorter or longer duration, 7., to a
nominal 8 hour work day. In this International Standard, the time interval over the 8 hour period is

called 7,. The

normalized daily noise exposure level is obtained by using the formula:

ination-—of-eatival ntrous—A-weiahted-sotmd el
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L = L +10 1 o dB
EX8h ~ Aeq,T, g 70

NOTE 10 - A noise exposure level normalized to a nominal 8 h working day, in decibels, may also be calculated from the daily

A-weighted sound exposure, Ep 7, in pascal squared seconds (Pa? - s), using the following formula:

Epr
Lexen = 101g — .

= dB
1,15x10°5 Pa® s

SOME Selected Values of £, 7, WITT TNEIT COMTESpOTding vatues of TTOISE EXpUSUTE (EVETS ToTTTatizedtoa Tt
day are given for illustration in table 1.

minal 8 h working

Table 1 - Daily A-weighted sound exposure, £, 7, and corresponding values of noise gxposure levels

normalized to a nominal 8 h working day.

Ent Lgy,
in Paf\s ; 103 in d%h
0,364 75
0,458 76
0,576 77
0,726 78
0,913 79
1,15 80
1,45 81
N82 82
2,29 83
2,89 84
3,64 85
4,58 86
5,76 87
7,26 88
9,13 89
11,5 90
14,5 91
18,2 92
22,9 93
28,9 94
36,4 95
45,8 96
57,6 97
72,6 98
91,3 99
115,0 100

4.3.6 Determination of the A-weighted sound exposure, £, .

The preferred method is to use a personal sound exposure meter or an integrating-averaging sound

level meter. Ep 7, is related to LAeq,Te by the formula:
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OLAeq, Te/w

EA,Te=pg'Te x1

where p, = 2 x 105 Pa and T, is in seconds.

If the measurement time 7, is subdivided into smaller intervals T; for which the values £, ; are
measured, £, 7, is calculated by using the formula:

Ep,Te ZZEA,Te,»
i

4.3.7 Deternjination of the normalized daily noise exposure level over a number of days
If the exposyres averaged over n days are desired, for example, if nominal normalized inoise

exposure levels for weekly exposures are considered, the average value of Lgy g, overthe whole
period may bg determined from the values of (Lgy g;,); for each day, using the following“formula:

1 & ’
Lexgn =10 19 (; E 100”-Ex,an) dB

NOTE 11 - When gveraging over periods longer than a week, it is suggested that the maximum and minimum daily levels also
be provided.

4.3.8 Normalization of equivalent continuous A-weighted sound pressure level to a nominal 40 h
working weel]

If normalized eekly exposure levels are considered, thie)average value Lgy g, in dB, over the whole
week may be|determined. Using the formula in 4.3/ this results in:

n
Lexw =10 1g (% ¥ 10 ey gg
i=1

where
Lex w is the wegekly average of the daily values of Lgy gy,
n is the\number of working days over the week (may be different from 5).

4.3.9 Sound|exposure of groups

It is sometimeS appropriate to calculate sound exposure of groups. By doing so, not all individuals
need to be sampled to obtain reliable results. Procedures for statistical sampling of noise exposure
measurements of groups are included in the bibliography (Annex E).

4.3.10 Rating level
A rating level (see ISO 1996-1) is being used in some countries to characterize the overall effect of

noise in the working environment. For such applications where it is considered essential to give extra
weight to the tonal and/or impulsive character of the noise, the equivalent continuous A-weighted

10
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sound pressure level can be modified by adjustments for the tonal and/or impulsive character and

normalized to a nominal 8 h working day. The level so adjusted and normalized is
guidelines for tone and impulse adjustment in Annex C.

4.4 Frequency analysis

presented with

If information on the frequency spectrum of the noise at the worker’s position is required, e.g. to
plan sound barriers or sound absorption, a frequency analysis may be performed using octave or

one-third octave-band filters (see 4.2.2).

Depending on the purpose of the frequency analysis the measurement time shall be chosen

appropriately, e.g., time interval at which the highest L., 7 value occurs, time inte
operating conditions, time interval with the noise containing prominent tones.

To prevent erroneous results of a frequency analysis, averaging over @ numbe
independent measurements is recommended.

4.5 Infrasound, ultrasound

If infrasound (of less than 20 Hz) constitutes an essential partof the noise at the wo

itis recommended to perform additional measurements usingthird octave-band filters
with the characteristics specified in ISO 7196.

If ultrasound (above 16 kHz) or high frequency audible sound constitutes an essen

noise at the worker’s position, measurements shall be performed with one-third octa
or narrow-band filters with the centre frequencies covering the frequency range of i

least for the centre frequencies from 16 000Nz to 40 000 Hz. The sound level mete
sound level meter used shall be a type 1 instrument in accordance with IEC 651 and
frequency response above 12 000 Hz

The measurement time intervals:shall be chosen such that results represent the long
situation. At least information jabout the approximate levels in the infrasound a

frequency range shall be provided.

4.6 Special features(of-the noise

Where appropridte,“special features of the noise that cannot be derived from the
specified aboteyshall be described in the test report and be supported or complete
additional measurements, e.g., oscillograms, sonograms, percentile levels, level rec
values, £ajinax values, duration of noise bursts, sharpness, etc.

Examples of special features:

Origin of the noise: the machine to which the worker is related;

fval of specific

of repeated,

rker’s position
pr a band-filter

ial part of the
ve-band filters
hterest, but at
or integrating
have a known

term average
nd ultrasound

measurements
i by results of

brdings, Lpeak—

other machines in the same shop;
outside the shop (traffic, aircraft, ...);
people talking;

forklift or other trucks.

machinery noise;

speech, intelligible or unintelligible;
music;

animal sound;

Type of noise:

11
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Characteristics of the noise:

5. Applicat

5.1 General

Measurements

sound on hum

The particular
application of
the measurem|
desired will u
accuracy depe
describes the

respect to its

A summary ta

© 1SS0

telephone bells ringing;

traffic noise;

sirens or hooters indicating shift and break time.
steady;

non steady;

impulsive;

isolated impulses;

sudden bursts of noise;

rhythmic/cyclic;

broad band;

artruovv .lJalld,

tonal, low or high frequency;
shriek;

sharpness;

high information content.

on of measurement results

described in clause 4 may be applied to assess or rate various effects of occupational
an beings as described below.

sound measurements and sound measurementylocations required depend on the
the measurement results and the particular potehtial effect that is being assessed. If
ents are to be compared to specified guidelifes or limit levels the overall accuracy
ually increase the closer the measured levels are to the limit values. The overall
hds on the measurement precision and samipling technique (see Annex D). This clause
application of the measurements tocevaluate the various effects of the noise with
pffects on the worker.

ple is given in 5.5.

5.2 Effects om, and protection of, hearing

Quantities use

the noise ex

d to assess or rate’the effects of sound on hearing are:

posure level‘rdormalized to a nominal eight hour working day, Lgy gp:

- the A-weighted sound~exposure over a duration 7, usually eight hours, £, 7;
- the 8 h rating levelkwith tone adjustment K, = O, explained in Annex C;
- the peak solind¢pressure level, Lpeak;

the C-weigh

|ted peak sound pressure level cheak.

These quantities may be derived from measurements with integrating sound level meters or personal
sound exposure meters as described in clause 4. They are used for the determination of occupational
exposure to noise (1ISO 1999), for estimation of the potential noise-induced hearing impairment (ISO

1999) and for

risk evaluation (occupational noise regulations).

In addition, the maximum value of the sound pressure level and its duration may be required for risk
evaluation (occupational noise regulations). Associated requirements for A- and C-weighted sound

12
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pressure levels respectively are used for hearing protector evaluation (ISO 4869-2)
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, and frequency

analysis of the noise is required for engineering noise control and hearing conservation programmes.

Hearing loss can be either temporary or permanent. ISO 1999 is concerned with noise-induced
permanent threshold shift (NIPTS), an irreversible (sensorineural) loss of hearing that is caused by
prolonged noise exposure. NIPTS is the hearing loss attributable to noise exposure alone in the

absence of other causes. The permanent thresholds of hearing of a noise-exposed po

pulation depend

upon the hearing threshold levels associated with age and upon NIPTS. There is a considerable

variation in human sensitivity with respect to NIPTS as well as with respect to age-re

shifts. The hazardous nature of a noisy environment may therefore be described in te

lated threshold
rms of "damage

risk". This is expressed as the increase in the percentage of the people exposed to the noise in that

eNVITONIMent Wit a hearmng threshoiadfevelexceeding a given fence Tefative 1o
population not exposed to noise, but otherwise equivalent to the noise-exposed
impulsive noise with peak instantaneous sound pressure levels exceeding 140/dB,
estimates of ISO 1999 have not been confirmed by statistical data and should not

Based on the noise measurements according to clause 4, appropriatéJauthorities m

risk of noise-induced hearing impairment from the occupationalexposure and
requirement of a hearing conservation programme including monitoring audiometry

that value of a
population. For
he damage risk
be applied.

ay evaluate the
decide on the
the wearing of

appropriate hearing protectors, or engineering or administrative reduction of the indlividual’s or the

group’s noise exposure.

5.3 Effects on speech communication

A number of acoustic indices have been developed to indicate the degree of interference of noise

with speech perception. These include the fallowing:

percentile level (Lap 7). This is the séund pressure level exceeded on the aver
time, T.

500, 1 000, 2 000 and 4000 Hz (ISO 9921-1, ISO/TR 3352). It is an approxin
assessing the interfering effects of noise on speech.

articulation index-(Al). This is the most reliable prediction method and takes i
fact that some. frequencies are more effective in masking speech than others
range fromy260 Hz to 7 000 Hz is divided into twenty bands. The differen
speech and\ioise level in each of these bands is calculated and the resulting nun
to give @)single index.

A-weighted sound pressure level, LpA, and equivalent A-weighted sound pressure le
an-appropriate time are also convenient indices of speech interference, and are some
9921-1).

speech interference level (SIE): This is an average of the octave-band sound pr

age N % of the

essure levels at
hate method for

hto account the
The frequency
e between the
hbers combined

el, Lpeq, 7o OVer
times used (ISO

ISO/TR 4870 alSo addresses methods of assessing the mtettigibitity of speech:

5.4 Effects of infrasound and ultrasound

One-third-octave-band analysis or narrow band spectral analysis are recommended for the

assessment of the effects of ultrasound, up to 40 kHz. For airborne ultrasound the ¢

ritical organ will

generally be the ear; protection measures are thus modelled on procedures established for the
audible frequency range. Effects of solid or liquid borne ultrasound are beyond the scope of this

International Standard.

13
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Infrasound of sufficiently hi
Infrasoun urnicients )

0]

a h
reported by some to affect the personal well-being. |I| effects of a permanent nature have not been
attributed to oc ational exnosure. For the stan d rdized description of infra n
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used for evaluating auditory perceptions and non—specn‘lc reactions.

cu a
1 Hz to 20 Hz, a frequency weighting characteristic has been specified in ISO 7196, which is

Sometimes probiems arise with noise with prominent iow frequency components being stiii audibie
but attributed to infrasound.

NOTE 12 - As the G-weighting is restricted to the infrasonic range, it does not reflect the impact of such noise.

5.5

wn

ummary
The following| table provides a reference to applications of measurement results using SO
international Standards evaiuating the various effects of noise on the worker as described in®B:1 to

5.4. Other effgcts are discussed in Annex A.

Table 2 - Application of measurement results to 1ISO standards

ISO Standard

Application Acoustical quantity
Number Title (foéasured or calculated)
_— _  ———————————= —
Effects on hedring
Determination|of occupational 1999 Acoustics - Lpeq 7
sound exposufe, the estimation Determination of Lpeak
of noise-inducgd hearing occupationalnoise p,max
impairment and for risk exposure and Ley g
evaluation (ocgupational noise estimation-of noise-
regulations). induced-hearing
impairment
Determination| of the sound 4869-1 Acoustics - Hearing LpA
attenuation off hearing protectors - Part 1: Loc
protectors at the threshold of Subjective method
audibility by al subjective for the measurement
method. of sound attenuation
4869-2 Acoustics - Hearing LpA
protectors - Part 2:
Estimation of
effective A-weighted
sound pressure
levels when hearing
protectors are worn

14
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Application

ISO Standard

Acoustical quantity

respect to its effects on humans

Number Title {measured or calculated)
_———eeeeeeeeeeeeeeeeeeeeeeee =

Effects on communication and 9921 Ergonomic ass. etc. Lpegr Lpa
safety
Assessment of noise with TR 3352 Acoustics - Lan T
respect to its effect on the Assessment of noise | SIL
intelligibility of speech with respect to its Al

effect on the

intelligibility of

speech

TR 4870 Acoustics - The LAeq

construction and

calibration of speech

intelligibility tests
Standardization of auditory 7731 Danger signals for LAeq
danger signals in work places work places -

Auditory dangef

signals
Annoyance, comfort, morale
Calculation of loudness level 532 Acaoustics - Method Lp octave
(th|§ may be used for rating for calculating p,1/3-octave
devices). loudness level
Description and measurement of | 1996-1 Acoustics - LAeq T
environmental noise. To be used Description and
with appropriate criteria to rate measurement of
the noise level in a community environmental noise
to assess their response. - Part 1: Basic

quantities and

procedures
Measurement and.description of | 3891 Acoustics - LAeq, Lpn
aircraft noise~on’ the ground Procedure for

describing aircraft

noise heard on the

ground
Déscription of infrasound with 7196 Acoustics -

Frequency weighting

characterstic—for
infrasound
measurements

15
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A.1 Scope
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ANNEX A
(informative)

OTHER EFFECTS OF NOISE

Other effects of noise are at this time less amenable to standardization, but those for which the
methods given in this International Standard may be used, are summarized in this annex.

A.2 Extra-ay

The equivale)

approach in

levels can st

The relations
shown to prd

corticosteroi

hypertension|
increased ski
extent and at|
can result in
hypertension

A.3 Noise e

It is known t

accidents du
vehicles, fal

attention and
cues when h
which speed

communicat

A number o

vehicles, w
temporal pa

A.4 Effects

A frequently

over an app

ditory health effects

ht continuous A-weighted sound pressure level, LAeq 7. is usually used as a\first
he assessment of stress. However, the information content and variations fin,noise
ongly affect physiological responses.

hip between noise and stress is still unclear. In experimental studies, \noise has been
duce an increase in adrenocorticotrophic hormone (ACTH) release and an elevation of
i levels; effects on the systemic circulation including constrictionof blood vessels and
. and effects on the autonomic nervous system such as eye_difation, tachycardia and
n conductance. All of these effects are normal physiologicalresponses. If and to what
what levels, however, these temporary stress effects aftérlong-term habitual exposure
or contribute to, permanent health changes, such ds.increased blood pressure and
, is still unclear and more studies are required in thi§area.

ffects on safety

hat noise interference with speech and hearing in occupational situations may lead to
b to misunderstanding, non understanding; inability to hear warning shouts, approaching
ing objects etc. Communication \While wearing hearing protectors requires special
there is a need for some means of assessing and describing the perception of auditory
earing protectors are worn. The hearing ability of the listener also affects the level at
h may be understood in/noise. Other special cases requiring careful attention to
on of speech signals include classrooms and conference rooms.

International Stafidards are being developed on the noise emitted by emergency
rning signals and~alarms. An example of this is ISO 7731. These standards specify
ern, frequeney.and noise level, consequently requiring detailed frequency analysis.

on working efficiency

uséd descriptor is the equivalent continuous A-weighted sound pressure level, LAeq T

opriate time interval 7.

The effects of noise on working efficiency are dependent not only upon the quality of the noise but
also upon other variables such as task and individual. It is clear that when a task depends upon
auditory cues, masking of these cues by noise will interfere with the performance of the task. The
hearing handicapped also require additional signal level of the auditory cues. An assessment of
working efficiency must be based on individual experience and studies of particular environments.

Noise can act as a distracting stimulus, and may also affect the psycho-physiological state of the
individual. Impulsive sounds may produce disruptive effects as the result of startle responses. Noise

16
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can change the alertness of an individual and can increase or decrease efficiency. Pe

rformance of

tasks involving monotonous activity is not always degraded by noise. Mental activities involving
vigilance, information gathering and analytical processes appear to be particularly sensitive to noise.
The specific effects depend very much on the type of noise, its duration and the occupation.

A.5 Annoyance/comfort/morale

Noise annoyance may be defined as a feeling of displeasure evoked by a noise. The effect of noise

—mmmmmmwmﬁﬁvmmym—rr economic
circumstances, and there are considerable differences in individual reactions to the same noise.

A number of acoustic indices have been developed to assess the relationshipybetweer
noise and annoyance, among them loudness in sones or loudness level in.phdnes, ca
octave and one-third octave band analysis (ISO 532}, and the perceived(noise level, Ly
from one-third octave band analysis (ISO 3891, used mainly in aircraft noise assessmer
rating number, NR, calculated from octave-band analysis is one of rany indices develo
the noise level in a community in order to assess their response.Qther indices such a

of specific events are also useful to characterize the environment.

Whatever acoustic scale is used to assess annoyance, it must be recognized that react
greatly due to psychosocial differences. For example,“noise produced by people is ge
annoying than mechanically produced noise. Nevertheless, for both noises the equivaler
A-weighted sound pressure level over an appropriate period is a useful quantity f
annoyance, well-being and morale.

exposure to
culated from
N, Caicuiated
t). The noise
bed for rating
5 the number

ons will vary
nerally more
t continuous
pr assessing

It should be noted that noise is not always perceived as detrimental. Music at work may increase

morale, low level masking noise in an office may provide more privacy and reduce inter|
other noises (see A.4).

ference from
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EXAMPLE OF THE CALCULATION OF THE
EQUIVALENT CONTINUOUS A-WEIGHTED SOUND PRESSURE LEVEL

ANNEX B
(informative)

USING THE FORMULA IN 4.3.4

©|SO

At a working place (mounting place) the foreman and the persons concerned estimated the different
activities and their sub-intervals of time 7,. During each sub-interval of time the equivalent continous
A-weighted sound pressure level Lyg, 7; of the characteristic noise was determined. For the four

activities belgw themotseexpostre—was—deterrmined-bythe-reoisefromtheadiacentworkplaces-
Activities T; LAeq,Ti T
in min in dB 10 |g i 10LAeq.ri/’°
T
in dB
1: cutting holes 5 107 87,2
2. sawing tubes 285 91 88,7
(circulpr saw)
3. tighteqing screws 70 98 89,6
(electrjcal
screwfriver)
4: marking and 120 89 83
preparation

From the foqmula in 4.3.4, LAeq,Sh is

T=%XT 48h:

Lpeqen = 94CdB

calclilated with

18
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ANNEX C
(informative)

DETERMINATION OF THE RATING LEVEL

C.1 FORMULAE FOR THE CALCULATION OF THE RATING LEVEL

The rating level for each reference time interval is calculated from the following form

ula:

(LAr,Tr)i = (LAeq,Tr)i + Ky + Ky

the specified

al (see C.3).

ervai defined in

where:

T ie tha Adiratinn nf tha rafaranca tima intarval (coa C B

Ir 1O LU uuirauivit vi LIV TUiIVIiVIIVO LIiv mniLtvi vail \vuvuo \l-UI,

(Lpeq, 7e); is the equivalent continuous A-weighted sound. pressure level over
reference time interval; sample /;

K+ is a tone adjustment applicable to the reference time interval (see €.2);

K, is an impulsive adjustment applicable-to the /th reference time inter

NOTE 13 - For the purpose of this annex the reference time_intervai is identicai with the normaiizing time in

4.2.3.

If the tone or impulse characteristics are.present for only a part of a reference timg interval the
values K7 and K| may be adjusted in preportion to the duration or by applying the following formula:

N

(La7); = 10 1g Iy ."/'X10((LAc«:.rr)/+ Ko 4B

) 7'r 1:1

where:
(Lar 1), is the rating level of reference time interval /;
T, is the duration of a reference time interval,
I is a sub-interval of time (see C.5);

(Laeq,m); is the equivalent continuous A-weighted sound pressure level over the time

interval T;

K; = KT/- + K,/- is the sum of tone and impulse adjustment for the time interval T/

The result is rounded to the nearest decibel.
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c.2 TONE ADJUSTMENT, Ky

If tonal components are essential characteristics of the noise within a specified time interval, an
adjustment is applied for that time interval to the measured equivalent continuous A-weighted sound
pressure level when calculating the rating level L,,. The value of this adjustment must be stated.
Unfortunately there does not exist a simple procedure for the objective measurement of a tone
adjustment K.

NOTE 14 - In some practical cases a prominent tone component may be detected in one-third-octave spectra if the level of
a one-third-octave band exceeds the level of the adjacent bands by 5 dB or more, but generally a narrow-band frequency
analysis will be required for detailed analysis of the occurrence of one or more audible tones in a noise signal.

If tonal com
analysis the

bonents are clearly audible and their presence can be detected by a one-third-octave
adjustment may be 5 dB to 6 dB. If the component(s) are just detectable by-the

observer an
appropriate.
C.3 IM
If impulsive

adjustment i
pressure lev

One method

interval is t
averaged o
(measured V

The differen

This definiti
the impulse
impulse adjy

For noise W
described a

prominence

The charact
of the peak;
c4 LO

If the noise

H/or demonstrated by a narrow-band analysis a 2 dB to 3 dB adjustment mfay”be

PULSE ADJUSTMENT, K|

hess is an essential characteristic of the noise within a specified\time interval, an
5 applied for this time interval to the measured equivalent continucus A-weighted sound
el when calculating the rating level L,,. Its value must be stated.

of describing the impulsiveness of the noise within a\specified measurement time
b measure the difference between LA|eq 7. i.e. the Alkweighted sound pressure level
er the time interval 7, and Lpe, 7~ The sound pressure levels Lo, 7 and Lagq 7
vith the time-weightings | and S or 'F) shall be defermined simultaneously.

ce may be used as impulse adjustment: K|.5 LAqu,T - LAeq 7

n of K| has the advantage that the medsurement quantity LAleq rautomatically includes
adjustment into the result of the measdrement. In this case the explicit statement of the
stment K| is not required.

ith K, < 2 dB the impulsé adjustment can be neglected. If K| is not determined as
bove, an impulse adjustment of 3 dB or 6 dB is frequently used, depending on the

of the impulsiveness(in)the noise.

br of the noise may’also be illustrated by determination of the peak level and the number
within the speeified time interval.

NG TERM _AVERAGE RATING LEVEL

expesure at a given workplace varies from day to day by more than the uncertainty

related to ti

e required class of accuracy (Annex D), the characteristic noise exposure is given by

the long term average rating level:

LAr,LT = 10

20

N
g (%I Xi 10(LAr.Tr)il1o) dB
=
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where:

(LA,’T,),- is the rating level in the time interval number 7,

T, is the duration of time interval 7

N is the number of reference time intervals of duration T,.

r

The long term time interval must be so chosen that long term variations in the noise exposure are
covered. It will frequently be of the order of magnitude of one week.

c-5 S-h-RATFNGLEVELL
* =7 =Ar,8h

The 8 h rating level is calculated by using the method described in C.1 to C.4 witho7 [ = 8 h. This
method applies also to those situations where ZT/- # T,
If the exposure to noise varies from day to day and if it is desired to use'@an average pver N days,
for example if an average over the weekly exposure is considered, the average 8 h rating level is
calculated by using the formula:

N
1
(Laren Jav =101g N;1°(L""S“)"/1° dB
i=

where:
(LAr,8h)[ is the 8 h rating level of dayl/;
N is the total number of days.
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ANNEX D
(informative)

CLASSES OF ACCURACY FOR NOISE MEASUREMENTS

D.1 ASSESSMENT OF THE EQUIVALENT CONTINUOUS A-WEIGHTED SOUND PRESSURE
LEVEL LAeq,T BY SAMPLING TECHNIQUE
D.1.1 Pringcipte

A number of

T. The estim

D.1.2  Est

If nis the nu

LAeq, T

where

D.1.3

The confider

CL

Est

uncorrelated values, Lpq 7;. called here L;, are collected during the observation period
ation of Lagq 7 and of associated confidence limits are given below.

imation of LAeq,T

mber of the independent samples, LAeq’T is approximated by the felation:

n —
v 105 dB = L + 0,115 s2

j=1

10 1g
n

|}
™Ms

L,

. is the arithmetic mean, in decibels, and

1
n

=y

3

(L; - L)

-

] is the standard deviation, in decibels.
n_

mation of the confidénge limits

ce limits associated to the estimation of L., 7 are given by the relation:

,

s° \ 0,026 -s*

o n-1

n n-1

where t,,_ is the Student factor for (n-T) degrees of freedom and Tor a chosen probability a and

s is the

standard deviation, in decibels

Table D.1 presents the confidence limits for a 90 % confidence interval.
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Table D.1 - 90 % confidence limits, according to the number n of samples

and the standard deviation s of their levels

L

n 0,5 1 1,5 l 2 2,5 3 3,5 4 4,5 5 5,6
5 0,5 1,0 1,5 2,0 2,6 3,3 3.9 4,7 5,5 6,4 7.4 8.4
6 0,4 0,8 1,3 1,7 2,2 2,8 3,4 4,0 4,7 5,5 6,3 7.2
7 0,4 0,7 1,1 1,6 2,0 2,5 3.0 3,6 4,2 4,9 5,6 6.4
8 0,3 0,7 7,0 T.5 T.8 7.3 2.7 3.3 3.8 T 5,1 5,8
9 0,3 0,6 1,0 1,3 1,7 2,1 2,5 3.0 3,5 4,1 4,7 5,3
10 0,3 0,6 0,9 1,2 1,6 2,0 2,4 2,8 3,3 3.8 4,4 5,0
12 0,3 0,5 0,8 1.1 1.4 1,7 2,1 2,5 2,9 34 3,9 4,4
14 0,2 0,5 0,7 1,0 1,3 1,6 1,9 2,3 2,7 3,1 3,5 4,0
16 0,2 0,4 0,7 0,9 1,2 1,5 1.8 2,1 25 2.9 3.3 3,7
18 0,2 0,4 0,6 0,9 11 1,4 1,7 2,0 2,3 2,7 3,1 3,5
20 0,2 0,4 0,6 0,8 1,0 1,3 1,6 1,9 2,2 2,5 2,9 3,3
25 0,2 0,3 0,5 0,7 0,9 1.1 1,4 1,6 1,9 2,2 2,5 2,9
30 0,2 0,3 0,5 0,7 0,8 1,0 1.3 5 1,7 2,0 2,3 2,6
D.2 PRECISION OF MEASUREMENTS
The total uncertainty of the measurement (g)itakes into consideration the uncertainty due to the

instrumentation (v;) and this due to the procedure used.

D.2.1

Uncertainty due to the instfumentation: v,

This uncertainty (90 % confidence level) is estimated in table D.2, according to th
instrumentation used.

Table D2: Uncertainty u; due to the instrumentation

e type of the

1/)Seund level meter Type 1 Type 2 Type 3
according to IEC 651

2 Integrating sound level Type 1 Type 2 Type 3
meter according to IEC
804

3 Calibrator IEC 942 Type O Type 1 Type 2

4 Uncertainty y; negligible 1 dB 1,5 dB

NOTES:

15 - This uncertainty is estimated for conventional workshop noises having a wideband frequency spectrum limited to 8 kHz
and whose direction of incidence is known.
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16 - If Type 1 sound level meter is used, the uncertainty can be considered as negligible.

D.2.2  Uncertainty due to sampling (if used): u

The uncertainty due to the sampling (ug) is given as the 90 % confidence limits given in table D.1
or using the formula in D.1.3 witha = 0,1.

D.2.3  Total uncertainty of the measurement: &

- If the measurement is extended over the total time interval 7, the total uncertainty € shall be
considerpeeguat-totrghrerta—table-bB2-

- If samplipg is used, the total uncertainty € shall be considered as the root sum square on v and

¢ = \iF e if

- If no safnpling is used but if the measurement does not cover the total fime interval 7 (e.g.:
measurements made during specific time intervals containing typicalfoise), the total uncertainty
€ is giveph in table D.3 according to the class of the instrumentation used.

Table D.3: Total uncertainty €, if no sampling is:tised, nor measurement
during the total period+F

1 |Sound level meter Type 1 Type 2 Type 3
according to |IEC 651

2 |Integrating sound level Type 1 Type 2 Type 3
meter according to IEC
804

3 |Calibrator IEC 942 Type O Type 1 Type 2

4 |Uncertainty 1,5dB 3 dB 8 dB

According t@ the total unCertainty €, three measurement precision classes are defined, presented in
table D.4.

Table D.4: Measurement precision classes

24

Total <156 1.6 <e<3 3<e<8

Uncertainty € in decibels

Measurement 1 2 3

precision class

Designation Reference Engineering Survey
measurement | measurement [ measurement
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