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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 |
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Attention is d
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ISO 9612 was

This second ¢

Flectrotechnical Commission (IEC) on all matters of electrotechnical standardization.

btandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
k of technical committees is to prepare International Standards. Draft International Standards
he technical committees are circulated to the member bodies for voting)yPublication gs an

btandard requires approval by at least 75 % of the member bodies casting a vote.

awn to the possibility that some of the elements of this document may be the subject of patent
all not be held responsible for identifying any or all such patent rights.

prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

dition cancels and replaces the first edition (ISO 9612;1997), which has been technically r¢vised.
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Introduction

This International Standard provides a stepwise approach to the determination of occupational noise exposure
from noise level measurements. The procedure contains the following major steps: work analysis, selection of
measurement strategy, measurements, error handling and uncertainty evaluations, calculations, and
presentation of results. This International Standard specifies three different measurement strategies: task-
based measurement; job-based measurement; and full-day measurement. This International Standard gives
guidance on selecting an appropriate measurement strategy for a particular work situationand purpose of
investjgation. This International Standard also provides an informative spreadsheet to allow'|calculation of
measyirement results and uncertainties. ISO is not responsible for errors that may arise or.occur with the use
of this| spreadsheet.

This Ipternational Standard recognizes the use of hand-held sound level metersJas well as pgrsonal sound
exposjure meters. The methods specified optimize the effort required for obtaining a given accurgcy.
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ISO/IH
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IEC 6

cope
hternational Standard specifies an engineering method for measuring workers’ exposure
jhted levels but is applicable also to C-weighted levels. Three different strategies for mea
ed. The method is useful where a determination of noise exposure to enginéering grade is
ailed noise exposure studies or epidemiological studies of hearing damage)or other advers
easuring process requires observation and analysis of the noise exposure conditions so t
measurements can be controlled. This International Standard, provides methods for ¢
ainty of the results.
nternational Standard is not intended for assessment of masking of oral communication g

ure of the ear when hearing protectors are worn.

s of the measurements performed in accordafice with this International Standard can §
ation when defining priorities for noise contrel\measures.

ormative references

bllowing referenced documents. are indispensable for the application of this docume
hces, only the edition citéd)applies. For undated references, the latest edition of th
DO9, Acoustics — «Détermination of occupational noise exposure and estimation of

g impairment

EC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
irement (GUM:1995)

D942:2003, Electroacoustics — Sound calibrators

to noise in a

g environment and calculating the noise exposure level. This International) Standafd deals with

surement are
required, e.g.
e effects.

nat the quality
stimating the

r assessment

hsound, ultrasound and non-auditory effects of noise. It'does not apply to the measurement of the noise

rovide useful

ht. For dated
e referenced

hoise-induced

Uncertainty in

IEC 61252, Electroacoustics — Specifications for personal sound exposure meters

IEC 61672-1:2002, Electroacoustics — Sound level meters — Part 1: Specifications

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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31
A-weighted t

Lp,A,T

ime-averaged sound pressure level

A-weighted equivalent continuous sound pressure level

Lp,A,eqT

ten times the logarithm to the base 10 of the ratio of the time average of the square of the A-weighted sound
pressure, p,, during a stated time interval of duration T (starting at 7, and ending at t,), to the square of a
reference value, p,, expressed in decibels

1%
2
— | paZ(1)ae

Lyar =

t
[, Aeqr =101g ! dB

2
Po

where the reference value, p, is 20 yPa

NOTE Adapted from ISO/TR 25417:2007 [9],

3.2
A-weighted

oise exposure level normalized to an 8 h working day

daily noise ekposure level

Lex gn
(occupational

Lex gh =

where

Lp,A,eqTe

Te

Ty

NOTE 1 If the effective duration of the working day, T, is equal to 8 h, then Lgy g, equals Lp,A,eq,Bh‘

NOTE 2 If the average.or normalized exposure over a number of days is desired, Equation (3) can be used:

noise) level, in decibels, given by the equation:

T
L, Aeqr, +10 Ig{T—:} dB

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

is the reference duration, 7= 8 h

1 <0 0 e, |
old N 1001 LExgha 4B

LEx8h =

uLXﬁ

(1)

()

@)

The value of X is chosen according to the purpose of the averaging process. For example, X =5 leads to a daily noise
exposure level normalized to a nominal week of five 8 h working days.

NOTE 3  This definition differs from that given in ISO/TR 25417:2007 (€],

3.3
nominal day

working day over which it is chosen to determine the noise exposure
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NOTE 1 The nominal day is determined from the work analysis and depends on the purpose of the measurements. For
example, it may be a typical day representing the work performed over several days or the day with the highest noise
exposure. See also 7.3.

NOTE 2  The noise exposure level is normally calculated on a daily basis, but there may be circumstances where the
use of weekly or longer periods of noise exposure is considered appropriate.

3.4

C-weighted peak sound pressure level

Lp,Cpeak

ten times the logarithm to the base 10 of the ratio of the square of the C-weighted peak sound pressure,
PCpeak: to the square of a reference value, py, expressed in decibels

2
PCpeak
.Cpeak =101g—="2 dB (4)
Po

[

wherd the reference value, p, is 20 yPa.

3.5
task
(occupational noise) distinct part of a worker's occupational activity

Figurg 1 illustrates the hierarchy of jobs and tasks.
3.6
job
(occupational noise) overall occupational activity thatss carried out by a worker, consisting of all the tasks

performed by the worker during the entire working dayor shift

NOTE A worker often has a job title that describes his or her job, sometimes complemented with an additional
description to ensure clear identification, e.g. “welder - process line A”.

Figurg 1 illustrates the hierarchy of jobs and tasks.

Enterprise

=) () G ) o] | (=[]
[ Task 1 ] [ Task 2 ] [ Task 3 ] [ Tasks ]

Key

Job 1 scaffolders Task 1 planning
Job 2 welders Task 2 grinding
Job 3 painters Task 3 welding

Job 4 store keepers

Figure 1 — An example illustrating the hierarchy of jobs and tasks

© 1SO 2009 — All rights reserved 3
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4 Symbols

Ci
€1
C1a,m
C1b,m

)
G

sensitivity coefficient related to each input quantity

sensitivity coefficient associated with job noise level sampling
sensitivity coefficient associated with noise level sampling of task m
sensitivity coefficient associated with estimation of duration of task m
sensitivity coefficient associated with measurement instrumentation

sensitivity coefficient associated with microphone position

i

T

tasksample number
the total number of task samples

number of observations of task duration

total number of observations of task duration

coverage factor related to a confidence interval

denominator as given in C.3.3, Note 2

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

A-weighted noise exposure level normalized to a nominal 8hworking day averaged
over a number of days

A-weighted noise exposure level of task m contributing*to the daily noise exposure level
estimate of the true A-weighted equivalent continuous sound pressure level for task m
A-weighted equivalent continuous sound pressure level over a period T

A-weighted equivalent continuous sound-pressure level for task m

arithmetic average of a number of samples of the A-weighted equivalent continuous
sound pressure levels for task m

A-weighted equivalent continuous sound pressure level of job sample n

A-weighted equivalent continuous sound pressure level for the effective duration
of the working day

C-weighted peak Sound pressure level
task number.

total number of tasks

job sample number

tetal number of job samples

mumber of workers in a hnmngnnnl IS-eXpOosSuUre-group

dB

dB
dB
dB
dB
dB

dB
dB

dB
dB

Pcpeak

reference value; py=2 x 107 Pa

A-weighted sound pressure

C-weighted peak sound pressure

correction for measurement instrumentation
correction for microphone position

duration of measurement as described in Figure 2
time period over which an average is taken

reference duration; 75 =8 h

Pa
Pa
Pa
dB
dB
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’.j

3

N

C

<

effective duration of the working day
duration of task m

duration of sample ; of task m
duration of job sample n

expanded uncertainty

combined standard uncertainty

standard uncertainty of each input quantity

ISO9

612:2009(E)

> T T oS

dB
dB
dB

standard uncertainty of the energy average of a number of measurements of A-weighted

u1a,m
Uib,m
Uz
u2,m
us

X

X

5

5.1

Measlirements can be made by using(either integrating-averaging sound level meters or pe

expos

Soung
IEC 6
used

Note ]

Perso
in IEQ
recom
by hig

equivalent continuous sound pressure level

continuous sound pressure level

standard uncertainty due to the instrumentation

standard uncertainty due to the instrumentation

day number

total number of days

nstrumentation

ure meters.

672-1:2002, class 1 or. class 2 instrumentation. Class

).

h frequencies (see also Notes 2 and 4).

NOTE

meet the acoustic requirements of IEC 61672-1:2002.

NOTE

NOTE

estimated standard uncertainty of a number of measurements of A-weightédyequ

standard uncertainty due to noise level sampling of task m

standard uncertainty due to the estimation of duration of task m

standard uncertainty due to microphone position

Sound level meters and personal sound exposure meters

level meters, including-the microphone and associated cables, shall meet the req
when measuring at verydow temperatures or when the noise is dominated by high frequen
hal sound exposure meters, including the microphone and cable, shall meet the requirem

61252. Personal sound exposure meters fulfilling the requirements of IEC 61672-1:20042
mended and should be used when measuring at very low temperatures or when the noisg

in the task’method

1 instrumentation is preferred a

dB

ivalent
dB

dB

dB
daB
dB

rsonal sound

Lirements for
nd should be
cies (see also

ents specified
, class 1, are
is dominated

C60651:200411011) and IEC 60804

P000 [1111) also

2 “Personal sound exposure meter” is often referred to as “noise dose meter” or “noise dosimeter” (North
America).

3 For IEC 61672-1:2002, class 1 instruments, the specified tolerance limits are applied for the temperature
range from —10 °C to +50 °C. For instrumentation in accordance with IEC 61672-1:2002, class 2, and for personal sound
exposure meters in accordance with IEC 61252, the influence of variations in the air temperature on the measured signal
level is specified over the range from 0 °C to +40 °C. In order to maintain accuracy when performing measurements
outside this temperature range, it can be necessary to use an instrument for which the manufacturer specifies compliance

1) Superseded.
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for a wider temperature range. Alternatively, a sound level meter in accordance with IEC 61672-1:2002, class 1, may be
selected. In cold conditions, the measuring instrument may be kept warm, e.g. under clothing, such that only the
microphone is exposed to low temperatures.

NOTE 4  The choice of the instrumentation influences the uncertainty of the measurements.

NOTE 5  For personal sound exposure meters, IEC 61252 allows wide tolerances in the frequency characteristics
above 4 000 Hz, which can lead to incorrect measurement of high frequency sound such as that from air nozzles. In order
to reduce the uncertainty when measuring noise dominated by high frequencies, it may be necessary to use a measuring
instrument for which the manufacturer specifies high frequency characteristics within a narrower tolerance range.
Alternatively, a sound level meter specified in accordance with IEC 61672-1:2002, class 1, may be selected.

er this

Personal sou
influences thgd measurement result.

5.2 Calibrator

The calibrator] shall meet the requirements specified in IEC 60942:2003, class 1.

5.3 Periodic verification
The calibratipn of the sound calibrator and the compliance of the instrumentation system with the
requirements|of IEC 61672-1, IEC 61252 and other relevant standards.Shall be verified at interval$ in a
laboratory mgking calibrations traceable to appropriate standards.
Unless national regulations dictate otherwise, it is recommended that the sound calibrator and the compgliance
of the instrumentation system with the requirements of IEC 61672-1 be verified at intervals not excgeding
2 years.

The date for [he last periodic verification and the name ofithe laboratory that performed it shall be regorded
and given in the measurement report.

6 Methodology — Chronological steps

6.1 Step 1} Work analysis
The work andlysis shall provide sdfficient information about the work and the workers under consideratjon so

that an appropriate measurement'strategy can be selected and measurements can be planned. Work analysis
shall be carrigd out in accordance with Clause 7.

6.2 Step 2 Selection of the measurement strategy

A measuremgnt strategy shall be selected from task-based measurement, job-based measurement or flill-day
measuremen{ as)specified in Clause 8. More than one measurement strategy may be used, if relevant (see
Clause B.6).

6.3 Step 3: Measurements
The basic measurement quantity shall be L, 5 ¢qr In addition, L, coq0o¢ shall be measured, if relevant. The

measurements shall follow the chosen strategy as specified in one of Clauses 9, 10 or 11 and comply with the
requirements of Clause 12.

6.4 Step 4: Error handling and uncertainties

Sources of errors and uncertainties that may influence the result shall be evaluated in accordance with
Clauses 13 and 14.

6 © 1SO 2009 - All rights reserved
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6.5 Step 5: Calculation and presentation of results and uncertainty

Calculate Lgy g, as specified for the selected strategy (see Clauses 9, 10, and 11) and the uncertainty as
specified in Annex C. The results and uncertainties can be calculated by using the spreadsheet provided with
this International Standard.

The results shall be presented as specified in Clause 15. Annexes D, E, and F provide practical examples for
the task-based, job-based, and full-day measurements, respectively.

7 Work analysis

7.1 [Introduction

Work pnalysis is required in all situations. It shall provide the information necessary to:

a) describe the activities of the enterprise and the jobs of the workers under consideration;
b) dgfine homogeneous noise exposure groups (see 7.2), if relevant;

c) dgetermine a nominal day or days for each worker or group;

o
-
o)

identify tasks which make up the jobs, if relevant;

identify possible significant noise events;

L
5

=
@)

noose the measurement strategy;

stablish the measurement plan.

e
@

The work shall be analysed with emphasis put:on production, process, organization, workers anq activities.

The measurements may be performed by using the task-based, job-based or full-day strategy. Whichever
strategy is used, it is essential to identify all events which are significant with regard to noise exposure and to
make [sure that the measurement/plan takes them into account. See Annex A for an example of & checklist.

NOTE The order in which(the items above are performed can depend on the complexity of the situation on site. The
items are strongly connectedsand the process can therefore be iterative in complex situations, i.e. increased knowledge
about pne of the items can_result in a new description or redefinition of others.

7.2 |Defining homogeneous noise exposure groups

workefs that are performing the same job and are expected to have similar noise exposurgs during the
working-day. If used, the homogeneous noise exposure group shall be clearly identified and ¢an consist of
one or more workers.

Mease’\Frement efforts can be reduced by defining homogeneous noise exposure groups. These [are groups of

NOTE A homogeneous noise exposure group is also called similar noise exposure group US.

Homogeneous noise exposure groups can be defined in a number of ways. For example, it may be possible to
define such groups according to job title, function, work area or profession. Alternatively, the groups can be
defined by analysing the work according to production, process or work activity criteria.

In whichever way the groups are defined, they should be verified in consultation with the workers and
supervisor, and ultimately by evaluating the measurement results, see 10.4.

© 1SO 2009 — All rights reserved 7
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7.3 Determination of a nominal day

A nominal day, including work periods and breaks, shall be determined in consultation with both workers and
management. The work shall be studied in order to obtain an overview and understanding of all factors which

can influence

the noise exposure. See Annex A for more details.

Issues that shall be addressed are:

ntent and duration) and variation within tasks;

main noise sources and noisy work areas;

a) tasks (co

b)

c)

d) number
nominal

Measurement

it shall be req
ensure that si

In some casq
typical daily ¢
nominal day
and 3.3.

Any indicator
Examples of
adjustment; s

If the purpose

nominal day
accordance w

8 Selecti

8.1 Gener

The selection
the measurer

work patfern and any significant noise events, resulting in a change of the noise level;

nd duration of breaks, meetings, etc., and whether they should be regarded as(a part
ay.

orded when it occurred, its nature, duration and daily frequency. An example of a check
gnificant noise events are detected during the work analysis is given inj/Annex A.

s, the work and consequently the noise exposure, varies from_day to day so that there
xposure, e.g. for workers who work in different locations or_jébs each day. In these casq
can be defined from work situations during several days, &.g. 1 week. See also Notes

5 that characterize the work with respect to noise shall be identified, quantified, and rep
such indicators are: type of production in process; materials; quantities; thickness of work
beed; and number of workers involved.

of measurements is to estimate the long-term risk of hearing impairment of workers, th

hosen shall be representative of the average exposure over the period under considerat
ith ISO 1999.

pn of measurement strategies

Al

of an appropridte measurement strategy is influenced by several factors such as the purp
nents, complexity of the work situation, number of workers involved, effective duration

working day, {ime availablé for measurement and analysis, and amount of detailed information required.

8.2 Meas

rement strategies

of the

s shall be planned to ensure that all significant noise events are included. Foer)each of the ¢vents,

list to

is no
s, the
to 3.2

orted.
piece;

en the
on, in

pse of
of the

Three measurement sirategies for the deferminafion of workplacé noiS€é exposure are oifered by this
International Standard. These are:

task-based measurement: the work performed during the day is analysed and split up into a number of

representative tasks, and for each task separate measurements of sound pressure level are taken (see

nce of particular jobs (see Clause 10);

a)

Clause 9);
b)

performa
c)

Clause 11).

Detailed guidance on the choice of the measurement strategy is given in Annex B.

job-based measurement: a number of random samples of sound pressure level are taken during the

full-day measurement: sound pressure level is measured continuously over complete working days (see

© 1SO 2009 - All rights reserved
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9 Strategy 1 — Task-based measurement

9.1 Dividing the nominal day into tasks

For the workers or homogenous noise exposure groups under evaluation, the nominal day shall be divided
into tasks. Each task shall be defined such that L, 5 oo is likely to be repeatable. Care shall be taken to
ensure that all relevant noise contributions are mcluded %)etalled information regarding the duration of tasks is
particularly important for noise sources with high noise levels.

Identification of the noise sources and tasks that give the highest peak levels is important to obtain a correct
determination of both L, o gq7and L, cpeak-

9.2 |Duration of tasks

The dprations of the tasks, 7,,, shall be determined. This can be done by:

a) ifterviewing the workers and the supervisor;

b) opserving and measuring durations during noise measurements;

c) gpthering information regarding operation of typical noise sour¢es (e.g. work processgs, machines,
a

Ctivities at the workplace and in its surroundings).

the tagk can be observed and the duration recorded, for instance, three times. Alternatively, mudltiple workers

Optio:EaIIy, the duration of a task can be regarded as a variable) To determine possible variatiofs in duration,
and slipervisors may be asked to indicate the most reasonable duration range.

If J ofyservations of the task duration 7, ; are available, the arithmetic average value of task dyration, T, ,is
given py Equation (5):

1
1, :7ZTm,_j ()

The sum of individual durations, of tasks, T,,, which make up the nominal day, shall correspond tp the effective
duratipn of the working day. The-effective duratlon of the working day, T, is given by:

M —_—
T =T, 6)
m=1
where
1,,~is'the arithmetic average duration of task m;

m is the number of a task;
M is the total number of tasks.

NOTE Task-based measurements can, for instance, be combined with full-day measurements to verify that all
relevant sources are included.

9.3 Measurement of L, p o7, for tasks
For each task, the L, s ¢q7,, representative of the noise exposure of the worker shall be measured in

accordance with Clause 12. The measurements shall cover variations in noise level within each task in time,
space and working conditions.

© 1SO 2009 — All rights reserved 9
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The measurement technician shall ensure that the work situation is representative. The worker under
consideration shall be observed during the measurements whenever possible. If the operating or work
conditions deviate from the normal situation, this shall be recorded and reported.

In cases when it is difficult for the measurement technician to follow the worker’s activities without interfering
with them, the activities during the measurements shall be registered by other means, e.g. by interviews or
reviewing work records, and reported.

The duration of each measurement shall be long enough to represent the average equivalent continuous
sound pressure level for the actual task. If the duration of the task is shorter than 5 min, the duration of each
measurement shall be equal to the duration of the task. For longer tasks, the duration of each measurement

shall at least

e 5 min. The duration of each measurement may. however, be reduced if the level is fo

be constant ¢
noise exposu

If the noise d
cycles. If the
duration of eq
Task 2.

If the noise is
ensure that th

For each tas

recommendji to measure at different times during the task or on different workers within a group.

T

~

e, see Figure 2, Task 1.
iring the task is cyclic, each measurement shall cover the duration of at least three well-d

ch measurement shall always correspond to the duration of a number of full-cycles, see Fi

randomly fluctuating during a task, the duration of each measurement shall be long eno
e measured L, A oq7,, IS representative of the whole of the task, See Figure 2, Task 3.

, at least three measurements shall be made. To coversthe real variation in noise levg

T4 Ty T3

Mt | \

nd to

r repeatable, or if the noise from the task is considered to be a minor contributor tocth¢ total

efined

duration of three cycles is shorter than 5 min, each measurement shall be at least 5 min. The

jure 2,

igh to

l, it is

h f )
[,S
Key
L  noise level as a function of time t time
T, duration of task 1 ty,  duration of measurement 1: nearly constant noise
T, duration of task 2 ty duration of measurement 2: cyclic fluctuating noise
Ty duration of task 3 t3 duration of measurement 3: randomly fluctuating noise

10

Figure 2 — An example of three periods with different noise situations and
actual duration of each measurement
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If the results of the three measurements of a task differ by 3 dB or more:

a) perform three or more additional measurements of the task; or

b) subdivide the task into further tasks, and repeat 9.2 and 9.3; or

c) repeat this subclause with a longer duration of each measurement.

NOTE Additional measurements do not reduce the range of measured values but can reduce the partial uncertainty.

Calculate the A-weighted equivalent continuous sound pressure level for task m from [ separate
measurements IP A .. as follows:

T
TGO, MT

1, 0 1xL i
I, Aeqr.m =10 Ig(7210 pAeqT, ]dB @)
i=1
wherg
L}, peqrmi is the A-weighted equivalent continuous sound pressure levelduring a task of dufation 7,;

i is the number of task sample m;
1 is the total number of task samples m.

Calculate the uncertainty in accordance with Clause C.2.

9.4 |Calculation of contribution from each task to daily noise exposure level

The dalculation specified in this subclause is\optional and may be performed if a value fgr the relative
contribpution of each task to the daily noise exposure level is required. Otherwise, proceed to 9.5.

The npise contribution from task m to thedaily A-weighted noise exposure level, Lgx g ,,, €an|be calculated
from:

)

T,
EX,8h,m = Lp,A,eqT,m +00 |9[T—'Z] dB ®8)

wherg

L} Aeqr.m is )the A-weighted equivalent continuous sound pressure level for task m |as given by
Equation (7);

~

is the arithmetic average duration of task m as given by Fquation (5):

I

Ty is the reference duration, 7 = 8 h.

9.5 Determination of daily noise exposure level
Calculate the daily A-weighted noise exposure level, Lgy gy, from Equation (9) or from Equation (10).
Equation (9) allows the calculation of daily A-weighted noise exposure level from the L, A oq7,, and the

duration of each of the tasks. It uses the level calculated from Equation (7) and the duration in accordance
with 9.2.
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Lgxgn =10 |9[

where

L

p.A.eqT,m

09(E)

M =

ZTm

m=1 TO

100'1XLp,A,eqT,m dB

©)

is the A-weighted equivalent continuous sound pressure level for task m as given by

Equation (7);
is the arithmetic average duration of task m as given by Equation (5);

is the reference duration, 7, = 8 h;

M
Equation (10)

each of the
accordance W

Lexgnh =

where

Lex gh,m
m

M

10 Strateg

10.1 Gener

The principle

Lp,A‘equurlng

10.2 Measurement.plan — Number, duration and distribution of measurements

The measurg

is the task number;

is the total number of tasks m contributing to the daily noise exposure level.
allows the calculation of the A-weighted noise exposure level from the ngise contribuf

asks. It may be used if the relative contribution from each task m has been calculg
ith 9.4 using Equation (8):

m'g[ J -

is the A-weighted noise exposure level of task m contributing to the daily noise exposure Ig

M
Z 10 0,1% LEX 8h,m

m=1

is the task number;

is the total number of tasks contributing:to the daily noise exposure level.

y 2 — Job-based measurement

Al

pf this measuremént strategy is that random samples of noise exposure are taken by mea
the performance)of jobs identified during the work analysis.

exposure groyps-shall be established (see also 7.2). For each homogeneous noise exposure group:

ment ‘plan shall be established as follows. From the jobs identified, homogeneous

jon of

ted in

(10)

vel;

suring

noise

a)

of the homogeneous exposure group;

b)

exceeds the minimum duration determined in the step above;

c)

duration of the working day.

NOTE

to ensure that specific noise events are included. Increasing the number of samples reduces the uncertainty.

12

determine from Table 1 the minimum cumulative duration of measurement for the number of workers, ng,

select a sample duration and number of samples, at least five, such that the cumulative duration meets or

plan to take samples which are distributed randomly among the members of the group and across the

Results of the work analysis, professional judgement, and practicability may guide the choice of a few samples
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Table 1 — Specifications for the total minimum duration of measurement to be appli
homogenous exposure group of size g

Number of workers in the

Minimum cumulative duration of
homogenous exposure group

measurement to be distributed over the

ng homogenous exposure group

ng <5 5h

5<ng <15 5h+(ng—5)x0,5h

15 < ng < 40 10 h + (ng — 15) x 0,25 h

612:2009(E)

ed to a

(&)}
~
—

r.

10.3

17 h

4
ng > 40 or split the group

rement plan was as follows:

e number of samples was chosen to be 10, which resulted in a duration of 33 min each;

ree workers were randomly chosen among the six workers;

e working day because work analysis had shown that these\periods have a significant contri
posure;

e eight other samples were spread randomly over the restof the working day.

Measurements

Measlirements shall be carried out in accordance with Clause 12.

10.4
grou

Calcu

Determination of daily noise exposure levels for workers in a homogenous e
D

ate the A-weighted equivalent continuous sound pressure level, L, a eqr,. for the effect

the working day, 7, from Equation (11):

N

wherg

n=1

T, 01xL .
el :10'9(WZ10 pAal, ] dB

PLE A measurement plan was to be made for a homogeneous exposures;group of siq workers. The

e minimum cumulative measurement duration of samples was determined to be 5;5 h (in accordancg with Table 1);

e first sample was chosen to start right at the beginning of the working day and the last one to incude the end of

bution to noise

Xposure

e duration of

(11)

n

ABaLs is the A-weighted equivalent continuous sound pressure level of sample n;

is the job sample number;

N is the total number of job samples.

Calculate the daily A-weighted noise exposure level, Lgx gh of the workers in a given homogenous exposure

group

T
LEX,Bh = Lp,A,eqTe +10 lg[T_e] dB

from Equation (12):

0
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Calculate the

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

is the effective duration of the working day;

is the reference duration, 7y = 8 h.

uncertainty in accordance with Clause C.3.

of the

If the uncert
modifications
be increased

11 Strateg

11.1 Gener

Full-day mea
day. It is prac
similar instrun

H - ' <l 4 L L oo ol £, T alal oA\ 4 4lo

iy CUImIrmoutun (,1141 Uuc U oditipinlty (do Uudinicu 1murit Taduic U.5 ) 1o yrcdlcl uiarll
to the homogeneous exposure group should be made or the number of measurementis')s
o reduce the uncertainty.

y 3 — Full-day measurement

Al
surement shall cover all work-related noise contributions and_duiet periods during the w

hentation.

When using tlhis measurement strategy, it shall be ensured that the ghosen days are representative for

defined as the

For practical
measurement
noise exposu

NOTE Sin
contributions (s

relevant work situation.

reasons, it may not be possible to measuré& over the entire working day. In these
s should be made over as large a part of the“day as possible, covering all significant peri
e.

ce this measurement strategy collects™all contributions, it also has the highest risk of includin
ee Clause 13). This risk can be reduced by carefully observing the worker during measurements, by

spot measurenjents and/or by asking the workertat the end of the shift about the tasks he/she performed or the lo

he/she worked

11.2 Obsen

Workers sho

at.

ving work activities and monitoring measurements

uld be observed7during the measurements. If this is not possible, the validity
s should be checked by one or more of the following actions:

ng supervisors and workers;

bt measurements to verify the levels measured using personal sound exposure meters;

,5dB,
thould

prking

tical to perform these long-duration measurements by using personal sound exposure mefers or

hat is

bases,
bds of

y false
taking
Cations

bf the

assessing the exposure of selected workers using the task-based measurements as specif

ed in

an examination, by the worker and the measurement technician, of the personal sound exposure meter

log (time history) at the end of the shift, in order to identify the different tasks and events. For this reason,

f logging personal sound exposure meters is highly recommended.

measurement
a) interview|
b) taking sp|
c)

Clause 9;
d)

the use o
11.3 Measu

rements

Measurements shall be carried out in accordance with Clause 12. Initially, three full-day measurements of

L,

14

AeqT representing the sound exposure of the workers shall be taken.
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If the results of the three measurements differ by less than 3 dB, calculate the A-weighted equivalent
continuous sound pressure level during the nominal day as the energy average of the three measurements.
For calculation, see Equation (11).

If the results of the three measurements differ by 3 dB or more, take at least two additional full-day

measurements, and calculate the A-weighted equivalent continuous sound pressure level during the nominal
day as the energy average of all measurements.

11.4 Determination of daily noise exposure level

Calculate the daily A-weighted noise exposure level, Lgy gy, from Equation (13):

[

T
exsh =L pAeqr, +10 |g[ﬁj dB (13)

wherg

Ll A eq7.. 18 the A-weighted equivalent continuous sound pressure leve| derived in accordance with 11.3;
pAeqle

1}, is the effective duration of the working day;

T} is the reference duration, 7 = 8 h.

Calculate the uncertainty in accordance with Clause C.4.

12 Measurements
12.1 [Selection of instrumentation
Meastyirements shall be performed using(the following types of instrumentation (see also 5.1):

a) personal sound exposure metér-worn by the worker whose noise exposure is being determined;

b) integrating-averaging sound4evel meter placed in discrete positions, or held in the hand whilst following a
mobile worker.

Persohal sound exposuré meters may be used for measurements in all types of work situatjons. It is the
preferred method when making long duration measurements for a mobile worker engaged ih complex or
unpreflictable tasks-or carrying out a large number of discrete tasks.

For measurements of single or multiple tasks at fixed workstations, hand-held or fixed sound lev¢l meters may
be usTd.

12.2 Field calibration

Field calibration includes an acoustic calibration check of the entire measuring system, including the
microphone, and is a distinct survey procedure separate from laboratory calibration. A field calibration shall
consist of applying a sound calibrator meeting the requirements of IEC 60942:2003, class 1, to each
microphone and recording the measured level at one or more frequencies within the frequency range of
interest. Field calibration shall be carried out in a quiet location.

Before each series of measurements and at the start of each daily series of measurements, a field calibration
with appropriate adjustment shall be performed. At the end of each series of measurements and at the end of
each daily series of measurements, a field calibration without adjustment shall be performed. If the reading at
any frequency at the end of a series of measurements differs from the reading of that frequency at the
beginning of the series by more than 0,5 dB, the results of the series of measurements shall be discarded.
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12.3 Instrument worn by the worker

The microphone shall be mounted on the top of the shoulder at a distance of at least 0,1 m from the entrance
of the external ear canal at the side of the most exposed ear and should be approximately 0,04 m above the
shoulder. The microphone and the cable shall be fastened in such a way that mechanical influence or
covering by clothing do not lead to false results.

Care shall be taken not to disturb the work performance and especially not to introduce safety risks. Similarly,

care shall be taken to avoid false contributions. See also 13.2.

NOTE 1
close to a worl

ker's body. the measurement result is affected by screening effects and reflections by the body.

When using measuring instruments worn by the worker or in other cases when the microphone is placed very

This is

especially valig
measurements
of the most ex

NOTE 2  Thg
be followed clo

The worker b
not to remov
normally.

The personal
This shall be

for high-frequency noise and small noise sources at a short distance from the ear. In such ¢as
should be performed with microphones placed at both sides of the head in order to establish the\ex
osed ear.

b advantage of using personal sound exposure meters is that the workers being monitored do not
sely and several workers can be tested simultaneously.

ing monitored shall be informed of the purpose of the measurement, dVorkers shall be a
the measuring instrument during the entire measurement period. and to perform thei

a)
-
aY
e

sound exposure meter shall be reset and started according)to’the manufacturer's instru

the micropho

personal soynd exposure meter. The starting time of the me€asurement shall be noted. Whe
measurements are finished, the instrumentation shall be stopped.according to the manufacturer’s instry
before the removal of instrumentation and microphone. The {ime when the measurement was stoppeq

be noted.

Any high pes
investigated g

12.4 Integrating-averaging sound level meter

The measure
precise meas

Measurement
normal perfor

worker's head, on a line.with the eyes, with its axis parallel to the worker’s vision, and without the

present. Vari
sound pressy
sweeping) in
along a path {

Hone after the calibration has been performed, the measuring instrument has been attachs
e has been installed in place to ensure that no extraneous'noises are introduced while fitti

k sound levels recorded by the instrument which were not validated by observation sh
nd commented on in the report.

J levels shall be representative of the noise level at the worker's ear. If the sound field is ur
Lirement position is less-critical.

s should be made-with the microphone positioned at the locations of the worker’s head
mance of the job)or task. Preferably, the microphone shall be placed at the centre plane

bus relevant space positions of the worker’'s head shall be taken into account. The ay

he area of interest. The sweep may be performed by moving the microphone at constant
haped like the infinity sign: oo.

bs, the
posure

ave to

vised
work

ttions.
d and
ng the
n the
ctions

shall

all be

iform,

during
of the
vorker
erage

re level-at the workstation may also be found by moving the sound level meter around (by

speed

In cases where the worker has to be present at his/her workstation, the microphone shall be placed or held at
a distance between 0,1 m and 0,4 m from the entrance of the external ear canal and at the side of the most
exposed ear.

If the worker’s activity or the workstation configuration makes it impossible to keep the distance within 0,4 m,
the use of an instrument worn by the worker is recommended.

If the worker’s location is very close to the noise sources, the sound field should be carefully investigated and
the microphone position and direction chosen shall be precisely stated in the test report.
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If the head position at a workstation is not well defined, the following microphone heights may be used (see
ISO 11200 21, 1SO 11201 [3], 1ISO 11202 [4], ISO 11203 5] and ISO 11205 [6]):

a)

b) S

Standing worker:

1,55 m £+ 0,075 m above the ground on which the worker is standing;

eated worker: 0,80 m + 0,05 m above the middle of the seat plane with the seat set at

possible to the midpoint of its horizontal and vertical adjustment.

or as near as

Even if the worker is working at a fixed workstation, measurements with a fixed microphone position can give
an over- or underestimation of the real exposure in cases where the worker moves about the machine. In

these

cases, a personal sound exposure meter should be used.

Close
of the
To de
relevd
the m
used 1
with a
whole
these
with 1

Speci
(e.g.f

helmg
with |9

13 S

13.1

Some
Uncer

The m

to the sound source, even small changes of the microphone position can result in signifig
sound pressure level. If tones are clearly audible at the workstation, standing soundswav
termine the local variation of the sound pressure level, the microphone should_be/move
nt area of occupation close to the source. The variations of the sound pressurellevel ob
pvement of the microphone are treated as time-varying levels and averagediaccordingly
or investigating the variations in an area, the noise level as a function of time, L(¢), should
suitable time resolution. Noise data for the uncertainty evaluations can-then be obtained I
measurement into three or preferably six periods with the same duratien; and using the le
in the calculations. Supplementary measurements with an instrument fixed to the worker
P.3 reduce the uncertainty associated with the noise exposure from this source.

bl measurement procedures are required for the measurement of noise exposure undernes
br secretaries, telephonists, pilots, air traffic controllers) or'uinderneath helmets (e.g. pilot a

ts). For noise sources close to the ear, measurements;in the ear canal may be performed
50 11904-1 ["1 or ISO 11904-2 [8],

ources of uncertainty

General

sources of uncertainty need specific consideration in order to reduce their influence as fa
tainties can be caused bothby-errors and by natural variation in the work situation.

ain sources of uncertainty in the result are:

ant variations
es can occur.
d through the
served during
. If ascan is
be measured
y splitting the
el for each of
n accordance

th earphones
hd motorcycle
n accordance

r as possible.

a) variations in the dailyywork, operating conditions, uncertainty in sampling, etc.;

b) instrumentatientand calibration;

c) microphone position;

d) false)contributions, for instance from wind, airflows or impact on the microphone and the microphone
rubbing on clothing;

e) lacking or faulty work analysis;

f)  contributions from non-typical noise sources, speech, music (radio), alarm signals and non-typical

behaviour.

Item a) depends on the complexity of the work situation. These variations are expected to be the highest for a
mobile worker among non-constant noise sources. Item b) depends on where the microphone is fixed and
what class of instrumentation and calibrator is used. Items c), d), and e) should be reduced by good practice
as specified in this International Standard. Regarding item f), such possible sources of uncertainty shall be
identified during work analysis and it shall be decided whether they are to be included or not.
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The relevant noise contributions shall be identified during the work analysis and the measurements. If
significant contribution from sources of error is detected, the measurements shall be rejected or corrected.

The measured noise exposure level and the associated uncertainty in the result depend on the measurement
method used. A personal sound exposure meter can include contributions from speech, radios, etc. which can
increase the measured noise exposure level. The use of a hand-held sound level meter ensures that such
sources are excluded, e.g. by pausing the measurement. Measurements at fixed positions can lead to an
underestimation of the worker’s noise exposure due to the difficulty in handling noise contributions from sound

sources close to the ear, such as hand-held tools.

13.2 Mechanical impacts on microphone

Errors due to
windscreen is
personal sou
microphone 3
objects.

The measure
where availal
peak levels o
the result is

peak levels o

mechanical impacts on the microphone shall be avoided by ensuring that the microphehée
not being touched or hit by anything. This effect can be more difficult to observe when u
nd exposure meter. Many measuring instruments record high sound pressure levels
nd/or the connecting devices are touched, rubbed or otherwise come into centact with

ments shall be checked for such uncertainty by comparing the detailed/measurement resu
le, with observations during the measurements (e.g. notes in a handwritten log). If unexp
ccur, the influence on the result shall be investigated, and the measurement shall be repe
significantly affected. In cases where non-logging instruments.are used and unexplaine
cur in the final result, the measurement shall be repeated.

13.3 Wind 3and airflows

Measurement
be taken to m
by measurem

inimize the flow-induced noise. If possible, the-contribution of flow noise should be invest
ents made in similar work situations without\ airflows. If not, the airflow-induced noise d

assessed by measuring in places without the occupational noise but with similar flow.

Airflow-induce

d noise shall be reduced by usingia windscreen on the microphone. For personal

exposure meters, the size of the windscreen is usually limited. By using a hand-held sound level meter

larger windsc

Hand-held so
the effect of a

NOTE Co
sound pressuré
windscreen is @

13.4 Relevd

Care shall be

een, the potential effect of airflow-induced noise can be controlled.

ind level meters should be ;equipped with windscreens of a minimum 60 mm diameter to 1
rflow or wind.

htributions from wind.and airflows depend on the wind speed and the size of the windscreen. A-wg
levels around 80°dB" are usually not significantly influenced by airflow speeds up to 10 m/s, provid
f 60 mm diaméteror more.

nce of-sound contributions

taken in defining the sounds that are relevant for the noise exposure. Noise from sources

or the
sing a
if the
other

t (log)
lained
ated if
i high

s in airflows with high flow velocity, e.g. wind, shall*\be avoided. If this is not possible, car¢ shall

gated
an be

sound
with a

educe
pighted

ed the

5 such

as radios, sp

. ol 1 + 1 laall i 1ol al l P 4 l 1 + la lo oot Ll
CUTTL alfu aidallin oSigridis oshiall DT LCUTISITUTITU as TTITVAIIt I WUTR diidly oSlo Tidos STTUWIT Uiat il

ey are

part of the normal work condition. However, if the person who carries out the measurement has good reasons
for considering such a contribution as being irrelevant, he/she may exclude it from the measured data,
provided that this is reported.

If non-typical behaviour is observed at the workplace during measurements, an evaluation of possible
influences on the measurement result shall be done. If the influence is regarded as significant, new
measurements shall be performed.
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14 Calculation of measurement uncertainties and presentation of the final results

The uncertainties associated with measuring occupational noise exposure shall be determined in accordance
with Annex C.

The final result shall be given as both the measured value and the value of the uncertainty.

The expanded measurement uncertainty, together with the corresponding coverage factor, shall be stated for
a one-sided confidence interval of 95 %.

15 IpformmationmtobeTeported

The report of noise exposure measurements carried out in accordance with this Internatienal §
provide the following information:

a) general information:

1

b) work analysis:

name of the client (company, department, etc.) of the investigation,

identification of the worker(s) or group(s) of workers (such as*name or worker nu
exposure has been determined,

btandard shall

mber) whose

name of the person(s) and company or institution who carried out measurements and cdlculations,

purpose of the determination,

reference to this International Standard and the ‘strategy that has been applied;

description of the work activities investigated,

hen the task-

cal approach

bnents of the

2) size and composition of homogenh&ous noise exposure groups, where relevant,

3) description of the day(s) investigated, including the tasks comprising the nominal day w
based measurements havebeen made,

4) measurement strategy/strategies employed, together with a reference to the statist
used;

c) inptrumentation:

1) identification and class of instrumentation used (manufacturer, model, serial number),

2) configuration of the system, e.g. windscreen, extension cable, etc.,

3) Cealibration traceability (date and result of the most recent verification of the comp
|||cqawi||y oyotclll),

4) documentation of calibration checks performed before and after each measurement;

d) measurements:

1)
2)
3)
4)

identification of worker(s) whose noise exposure was measured,
date and time of measurements,

instrumentation used for each measurement (if various instruments are used),

description of work undertaken by the worker during the course of the measurements, including

duration of work activity and, if relevant, duration of cyclic events contained within the w
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e)

20

10)
11)
12)
13)
14)

15)

results and conclusions:

1)

2)
3)

4)

report of any deviations from the normal work conditions or normal work behaviour during the course
of the measurements,

production indicators related to the work being undertaken, where relevant,
description of the sources of noise contributing to the noise exposure,
description of any irrelevant sounds included in or deleted from the measured results,

description of any events observed which may have influenced the measurements (e.g. airflows,
impacts on the microphone, impulsive noise),

relevant information on meteorological conditions (e.g. wind, rain, temperature),

posiIIion and orientation of microphone(s),
numper of measurements at each position,

duration of each measurement,

duration of each task in the nominal day, and the associated uncertainty, whén)using the task-pased
apprpach,

results of each measurement, to include at least the L, Aeqr and, ,optionally, the highest L
valugs;

,Cpeak

A-wgighted equivalent continuous sound pressure level L), Aeqr and, optionally, C-weighted peak
sour|d pressure level L, o5 for each task/job,

when using the task-based measurement, the values’of Lgy g, ,, for each task, if relevant,

A-wgighted noise exposure level Lgy gy, for the nominal day(s), and the highest C-weighted peak
sour|d pressure level L, ceq if measured during all tasks, rounded to one decimal place,

uncqrtainty associated with Lgy g, and-L, cpeak. if available, for the nominal day(s), rounded fo one
decimal place (noise exposure and the measurement uncertainty shall be reported as separate
valugs).

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=60b58c57fca29dddadffa69aa095f4a8

ISO 9612:2009(E)

Annex A
(informative)

Example of a checklist to ensure that significant noise events are
detected during the work analysis

Yes No
Are any-of these situations encountered?
e use of compressed air jets a O
e compressed air releases a )
e hammering a )
e intense impacts a a
e occasional use of very noisy machines and tools a a
e noisy vehicles passing by a a
Are thiere very noisy operations during particular phases?
o at the beginning of shift ) )
e atthe end of shift a a
e during adjustment, supply phases a a
e during start-up and shut-down activities or production a0 )
e during cleaning phases a a
e other a a
Are thiere very noisy activities at neighbouring workstations? a a
e type:
e exposed workstations:
See a|so 7.3.
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Annex B
(informative)

Guide to the selection of measurement strategy

B.1 General

This annex |
appropriate (s

B.2 Strate

This strategy
duration requ
split into well
Care should,
measurement
the working d

The strategy
continuous v4g
tasks produci

Task-based measurements provide information on the contributions from the different tasks to the daily

exposure. Th
control progra
from the mea
effort compar

The use of this strategy gives significant'time savings of measurement when large groups of worke

doing similar
controlled.

If the work sit

B.3 Strate

rovides details of basic measurement strategies and guidance on selecting the one
ee Clause 8).

gy 1 — Task-based measurement

focuses on the tasks producing significant noise exposure and on minimizing the measur|
red for a specified uncertainty. Task-based measurement is most useful when the work g
defined tasks with clearly definable noise conditions during which measurements can be
however, be taken to ensure that all relevant noise contfibutions are included

period, which requires knowledge of any short-duration highsexposure acoustical events

Y.

is based on a detailed work analysis in order to understand all tasks. Further, it requ
lidation of the measurements. This allows a smaller‘number of measurements to be made
ng little variation in noise level.

s is advantageous if the purpose of the.measurements is to determine priorities for a
mme. It also opens the possibility of calculating the noise exposure for working days di
surement day as regards the distripution and durations of tasks. It can reduce the measur|
bd to the other methods.

activities in similar acoustical environments. The measurements can also be more

Lation is complex{-the work analysis can be time-consuming.

gy 2 —Job-based measurement

Job-based m

it is not desirable’or practical to perform a detailed work analysis. It is not recommended to use this me

asUrements are most useful when typical work patterns and tasks are hard to describe or

most

ement
an be
made.
n the
during

ires a
of the

noise
noise
ferent
ement

Is are
easily

when
thod if

a job consists

of a small number of very noisy tasks.

Job-based measurements can result in a reduced effort required for work analysis. Care should be taken in
defining the jobs to ensure that the noise exposure of any worker within a given job is representative. This
strategy can be time-consuming due to the time required for the measurements, but produces a smaller
uncertainty in the result obtained.

As with task-based measurement, care should be taken to ensure that major noise contributions are included
in the measuring period. Job-based measurements do not necessarily provide any information on the relative
contribution of different tasks within a job to the daily noise exposure, since they do not take into account
tasks being carried out within the defined job.
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If the work situation is simple, this strategy can require a longer measurement duration than the task-based
strategy.

B.4 Differences and similarities between task-based and job-based measurement

B.4.1

General. These two strategies are not mutually exclusive. Task-based and job-based measurements
are both based on sampling of noise levels. A given work situation can, in many cases, be handled using one
strategy or the other with the same quality of result.

The main differences between these strategies are described in B.4.2 to B.4.4.

B.4.2
noise
tasks
work

than i
the w
along

B.4.3
easiel
to be

B.4.4
periog

B.5

Full-d
hard {
situati

Full-d
unpre
wherg

Full-d
check
calcul

By us
obtain
to ren

exposure groups can have a different content than for task-based measurements. As a-joh
performed by one worker, job-based measurement does not require a detailed, breaking
hctivity into tasks. Establishing homogeneous noise exposure groups is therefore’less tin
N the case of task-based measurements. Task-based measurements also reqQire a better
Drk situation than the other strategies, so that all tasks that contribute te the noise leve
with their respective durations.

Different measurement plans. For job-based measurements{ithe measurement pla
to implement than for task-based measurements because there\is no need to isolate each
measured during the working day.

Different durations of measurements. Job-based\measurement requires longer
s than task-based measurement.

Strategy 3 — Full-day measurement

by measurement is, like job-based measurement, most useful when typical work patterns
p describe. However, it requires evén-less effort in analysing the work. On the other han
bn is simple, this strategy can requiré a longer measurement duration than any of the other

By measurement is recommended when the noise exposure pattern of workers
Hictable or complex. It is @lso’ possible to use this strategy for any pattern of noise exposu
it is not necessary or desirable to perform a detailed work analysis.

by measurement(can also be useful to verify that all the major contributions are inclug
ng purposes, <the” daily noise exposure level can be determined directly without 3
ations.

ng a logging instrument, information about the fluctuations in noise level during the workir
ed, and-it may be possible to determine the contributions from different tasks. It also gives
hove “irrelevant sound contributions from the measurement results. Use of a logging

therefbr

Different homogeneous noise exposure groups. For job-based measurements, the lLomogeneous

is a group of
down of the
ne-consuming
knowledge of
| are clarified

n is normally
task that has

measurement

and tasks are
d, if the work
S.

is unknown,
re, especially

ed. For such
ny additional

g day can be
the possibility
instrument is

hicakhh/ racamama AnA maina full Ao
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Measurements of long duration are most likely to be performed with a personal sound exposure meter or
similar instrumentation that is worn by the worker whose noise exposure is being measured. In these cases,
there is a high likelihood that measurements contain some artefacts that are not related to the typical noise
exposure of the worker, e.g. impacts on the microphone (accidental or deliberate), or deliberate interference,
such as shouting by work colleagues or attempts to work in a deliberately noisy manner. For these reasons, it
is highly recommended that the measurements be directly observed by the measurement technician, or that
some other equally effective means of identifying and accounting for these artefacts be used. Measurements
that are unobserved are highly prone to such measurement artefacts, in which case the best approach may be
to perform measurements over a number of days in order for the “novelty” of the measurement process to
diminish.
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B.6 Using more than one measurement strategy

There are occasions when it is necessary or desirable to use more than one measurement strategy. For
instance, if the nominal day tends to be complex, the calculated noise exposure from task-based
measurements can be checked by performing full-day measurements of selected workers.

There can be situations during full-day or task-based measurements where some tasks are not performed,
although they are a part of the nominal day. In those cases, additional measurements of those tasks are

necessary.

As a further example, some workers may work in different patterns during a day. This may require the use of

job_based m suramant forwark in thao mnrning, and-task-based-measurementforwork-inthe-afternocon,
B.7 Selection of measurement strategy for different work patterns
Table B.1 prqvides guidance to the selection of the basic measurement strategy depending on thg work
pattern.
Table B.1 — Selection of basic measurement strategy
Measurement strategy
Type f° r paI:tern Strategy 1 Strategy 2 Strategy 3
orwor Task-based Job-based Full-day
measurement measurement measurement
Hixed workstation — o - .
Simple or single task
Hixed workstation — o v v
CGomplex or multiple tasks
obile worker —
redictable pattern — v 4 v
mall number of tasks
obile worker —
redictable work — v v o
large number of tasks or
mplex work pattern
I\hobile worker — o v v
Unpredictable woerk pattern
Hixed or mabile’worker —
Nlultiple tasks’with — v'* v
unspecified duration of tasks
Hixed or mobile worker — s v
otacke accianad —
tasks-assigned
v/ Strategy can be used.
*  Recommended strategy.
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Annex C
(normative)

Evaluation of measurement uncertainties

C.1 General

This @nnex specifies the procedure for determining the expanded uncertainty of the Asweighted noise
exposure level normalized to an 8 h working day, Lgy g, or, alternatively, of the meastred| value of the
A-weighted equivalent continuous sound pressure level, L, p oqr-

The procedure is in compliance with ISO/IEC Guide 98-3. The uncertainties can be calculated by using the
spreagisheet provided with this International Standard.

Strict fulfilment of the requirements of this International Standard, in particularthose relating to {he avoidance
of faulty contributions to the measured noise exposure level (see Clause 13), ensures that no systematic
errors|due to such faulty contributions are present in the final result.

Sources of uncertainty considered in this annex are indicated in Table C.1.

The uncertainty due to the selection of measurement day(s) is not included in Table C.1, as in many cases
this can only be determined by extensive measurements:over longer periods. However, strict fulfiiment of the
requirements of this International Standard, in particulanregarding work analysis, keeps this uncertainty under
contrdl.

Table C.1 — Sources of uncertainty.considered in determining the expanded uncertainty of
A-weighted equivalent continuous sound pressure levels or noise exposure
levels(normalized to an 8 h working day

Source of uncertainty Application Subscript ? Clause
Jampling of task noise levels Task-based measurement 1a C.2
Hstimation of task durations Task-based measurement 1b C.2
Jampling of job noise-evels Job-based measurement 1 C.3
Ipstrumentation All strategies 2 C.5
Nlicrophonelocation All strategies 3 C.6
NOTE Table C.1 covers uncertainties listed against items a), b), and c) in 13.1. When the measurgments are
perfofmed in accordance with this International Standard, it is assumed that the uncertainty due to errors listed in {13.1 d), e),
and-f)is reduced to be insignificant and/or included in the noise level sampling.

&  Usedin symbols for partial uncertainties and sensitivity coefficients.

In cases where there is evidence that a source of uncertainty not considered in this annex is playing a major
role, its contribution can be included in the calculation of the combined standard uncertainty by adding lines to
Table C.2 or Table C.3.

NOTE 1 The uncertainty for C-weighted peak sound pressure levels cannot be given due to insufficient background
data. In most cases, the uncertainty for the peak sound pressure level can be expected to be greater than the uncertainty
for the A-weighted equivalent continuous sound pressure level.

The contributions to the combined standard uncertainty, u, associated with the value of the noise exposure
level depends on the standard uncertainty, u;, of each input quantity and the related sensitivity coefficients, c;.
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The sensitivity coefficients are measures of how the noise exposure level is affected by changes in the values
of the respective input quantities. Mathematically, they are equal to the partial derivatives of the functional
relationship [see Equations (C.2) or (C.8) and ISO/IEC Guide 98-3] with respect to the relevant input quantity.
The contributions of the respective input quantities are given by the products of the standard uncertainties and
their associated sensitivity coefficients. The combined standard uncertainty, u, is obtained from the individual
uncertainty contributions, c;u;, using Equation (C.1)

u? =% c2u? (C.1)

The expanded uncertainty, U, is given by U= ku, where k is a coverage factor that is a function of the
confidence interval. For the purpose of this International Standard, one-sided confidence interval of 95 % is
considered, WRICh resultS in £ = 1,65. ThiS means that 9o % Of the values are below the uppef limit,

[Lex gn + Ul.

This Internatipnal Standard allows the use of statistical approaches for calculating the uncertainty other than
the methods ppecified in this annex, e.g. methods based on scientific assessment (expert knowledge|about
uncertainties)| or Monte Carlo simulations. If such methods are used, they shall be indul compliancg with
ISO/IEC Guide 98-3. It shall also be demonstrated that they do not underestimate the uncertainty. The method
used shall be(indicated in the test report.

NOTE 2 Arl explanation of the statistical background of the methods given in this annex‘is given in Reference [1#].

C.2 Determination of the expanded uncertainty for task-based measurement

C.2.1 Functional relationship for task-based measurement

The general gxpression for the determination of the A-weighted noise exposure level, Lgy g, Using task-pased

measurement is:
Lexgn =[101g i T 10O Lpearn | g (C2)
m=1"0
where
T, is the arithmetic @verage duration of task m;
Ty is the reference duration, 7 = 8 h;
m is thetask number;
M is.the total number of tasks;
L;’A,eqnm is the estimate of the true A-weighted equivalent continuous sound pressure level for task m,

L, peqrm [58€ Equation (7)];

Lp,A,eqT,m = Lp,A,eqT,m + QZ + Q3
in which

O, is the correction for the measuring instrumentation used for the determination of the
A-weighted continuous sound pressure level,

03 is the correction for the microphone position used for the determination of the A-
weighted equivalent continuous sound pressure level.
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*

NOTE As the estimates of both O, and Q; are approximately O, L, a eqrm * L) Aeqr,m - Under these conditions,

Equation (C.2) is identical to Equation (9).

C.2.2 Calculation of the combined standard uncertainty, «, and the expanded uncertainty, U

Considering that quantities involved are not correlated, the combined standard uncertainty for the A-weighted
noise exposure level Lgy g, u(LExqgh) shall, in accordance with ISO/IEC Guide 98-3, be calculated from the

numerical values of uncertainty contributions, ciu;, as follows:

(C.3)

where

Uyam is the standard uncertainty due to noise level sampling of task@a, see C.2.3;

Ulp.m is the standard uncertainty due to the estimation of duration of task m, see [C.2.3;

up is the standard uncertainty due to the instrumentation used for task m;

up is the standard uncertainty due to microphone) position;

¢lam andcqp ,, are the corresponding sensitivity coefficients for task m;

m is the task number;

M is the total number of tasks.

The ekpanded uncertainty is U= 1,65 x u.

NOTE Due to the linear relation between the measured noise level and the estimate for the noise leve], the sensitivity
coefficlents for instrumentation, ¢, ,,,, microphone location, c3 ,,,, and noise level sampling, ¢4, ,,, have the same values, i.e.
€2 m =F3,m = €1a,m- The coefficients cp 5-and c3 , are therefore replaced by ¢4y ,, in Equation (C.3).

NOTE|2  Equation (C.3) is strictlyvalid for the case where M A-weighted equivalent continuous sound pressure levels
are determined using different /instrumentation for each measurement. Nevertheless, since the main uncertainty
contrifutions of instrumentation, such as influences of level linearity, frequency response of the microghone, angle of
sound |incidence and spectral weighting, are different in different sound field positions for the same instrymentation, it is
assumed that Equation (C.3) is appropriate.

The cprresponding uncertainty budget is shown in Table C.2.
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Table C.2 — Uncertainty budget for determining noise exposure levels for task-based measurement

Standard Sensitivity (:Jonn?:irt:zlt?;ﬁ
: : uncertainty Probability coefficient _
Quantity Estimate distribution ¢ u;
ul. Ci
dB
Energy average of | u4,,, for each task, Cya,, fOr €ach task, o u
L, Aeqr,m | measured L p oor, to be determined Normal to be determined 1 va:jén :—:'ar’?ask
for task m using Eq. (C.6) using Eq. (C.4) P
Estimated value of | uy, , for each task, ¢4y, , fOr each task, o
Tm duration Tm tobedetermined NU""G: tobedetermined 1 Va:l.t,l)emJé%;IaSk
for task m using Eq. (C.7) using Eq. (C.5) R
u2,m
o) 0 as given by Normal €2m = Clam la,mh2,
Table C.5
QS 2 0 “s Normal €3.m = “1am Cla,mH3
as given in C.6 ' ’ ’
a8  ltis expected that 0, will be in the range from -1,0 dB to 0,5 dB. For simplicity, the arithmetic ayerage estimate of O, is taken equal
to zero. The stapdard uncertainty related to microphone positions, 5, is assumed to cover this extra uncertainty.
C.2.3 Contiibutions to measurement uncertainty and the uncertainty budget
For task-basgd measurement, the sensitivity coefficients are asfollows:
oL, T, . 01%(Lyaeqrm—LEXh
C’]a‘m:_’\*Ei:—m’IO ( P.A.eqlm ! ) (C4)
Ay Aeqr,m Ty
Crpm = EX,8h ~ 434 1a,m (C5)
m m
The standard|uncertainty, u,, ,,, in neisé’level due to sampling for task m is given by:
1 / _ 2
Uta,m Y (Lp,A,eqT,mi -LpAeqTim ) (C6)
1(1-1)| 4
=1
where
LpAeqr,
I
.= 1 ]
levels for task m, i.e. LpAeqrm = YZLP,A,eqT,mi’
i=1
i is the number of task sample;
1 is the total number of task samples.
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The standard uncertainty, 4y, ,,, due to duration of task m can be calculated from the measured durations from
independent measurements as follows:

1 4 2
Upm = m ;(Tm,j_Tm) (C7)

where J is the total number of observations of task duration.

NOTE If a time range has come out of the work analysis, an estimate is 4y, , = 0,5 x (7,54 = Tyin)-
C.3 DPetermination of the expanded uncertainty for job-based measurement
C.3.1| Functional relationship for job-based measurement
The general expression for determination of the daily A-weighted noise.(exposure level, |Lgx g, UsiNg
job-bgsed measurement is as follows:
Te | 1 & 0v1><quAean
Hex gn =101g—2 | —>"10 Aealn | gB (C.8)
To | N &
n=
where
T} is the effective duration of the working day;
T} is the reference duration, 7 = 8 h;
n is the number of job sample;
M is the total number of job-samples;
l;,A,eqTﬂ is the estimate of the.true A-weighted equivalent continuous sound pressure leyel for the job
sample n, L, A ed7h
Lp,A,eqT,n = Lp,A,eqT,n + QZ + Q3
n which
0O, s\ithe correction for the measurement instrumentation used for determinatijon of the A-
weighted equivalent continuous sound pressure level,
05 is the correction for the microphone position used for determination of the A-weighted
equivalent continuous sound pressure level.
NOTE As the estimates of both 0, and O, are approximately 0, L;YAquT’n ~ L, peqr,n - Under these conditions,

Equation (C.8) gives the same result as Equations (11) and (12).

C.3.2 Calculation of the combined standard uncertainty, «, and the expanded uncertainty, U
The combined standard uncertainty for the A-weighted noise exposure level Lgy g, u(Lgxgp), shall, in

accordance with ISO/IEC Guide 98-3, be calculated from the numerical values of all uncertainty contributions,
c;u;, taken from Table C.3 as follows:
uZ(LEX,Sh)=c$u12+c§(u§+u§) (C.9)

The expanded uncertainty is U= 1,65 x u.
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NOTE Equation (C.9) is strictly valid for the case where N A-weighted equivalent continuous sound pressure levels
are determined using different instrumentation for each measurement. Nevertheless, since the main uncertainty
contributions of instrumentation, such as the influences of level linearity, the frequency response of the microphone, the
angle of sound incidence and the spectral weighting, are different in different sound field positions for the same
instrumentation, it is assumed that Equation (C.9) is appropriate.

C.3.3 Contributions to measurement uncertainty and the uncertainty budget
For job-based measurement:

— The uncertainty contribution, cqu4, of job noise level sampling is given in Table C.4 as a function of the
number, N, of job noise level samples and the standard uncertainty. u4. of measured values L, s gor.,;

— The sengitivity coefficients, c, and c3, for the uncertainty due to the instrumentation and that”due to
imperfec{ selection of measurement position, respectively, are as follows:

o =1 C.10)

g =1 C.11)

Table|C.3 — Uncertainty budget for determination of noise exposure levels for job-based

measurement
Quantity Estimate Standard Probability Sensitivity Uncertainty
uncertainty distribution coefficient contribution
ul. Ci cl.ul.
dB
L
pAeal f Uq Cqltq
energy average o . X .
Lp,A,eqT th(g)r/neasur?ad to be determined Normal ¢4 as given|by
I using Eq. (C.12) Table .4
p,A.eqT,n
U3
0! 0 asgiven by Normal cp=1 Uy
Table C.5
05° 0 "3 Normal c3=1 Uz
as given in C.6
@ ltis expected that 0, will be in¢herange from -1,0 dB to 0,5 dB. For simplicity, the arithmetic average estimate of Q, is taken equal
to zero. The stapdard uncertainty.retated to microphone positions, 5, is assumed to cover this extra uncertainty.

The uncertairfty contribution, c4u4, of job noise level sampling is obtained directly from the energy average of
the measured values of the job noise level samples, L, A oq7,, @nd the standard uncertainty, u,, of|these
values using Table C.4.

The standard uncertainty, x4, is given by Equation (C.12):

N

2 1 7 2
uy = w1 =1(Lp,A,eqT,n —LpAear) (C.12)

n

where

L, neqrn 1S the A-weighted equivalent continuous sound pressure level for job noise level sample 7;
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Zp,A,eqr is the arithmetic average of N job samples of the A-weighted continuous equivalent sound

N
- 1
pressure level, i.e. LpAeqT :ﬁzLP,A,eqTﬂ’
n=1

N is the total number of job samples.

NOTE Equation (C.12) is used to calculate u,, the entry value of Table C.4. The resulting «, is denoted here as
standard uncertainty to maintain similar terminology for all u, terms, but usually it is denoted standard deviation.

Table C.4 — Uncertainty contribution, c,u, of job and full-day noise level sampling, in decibels,

—ammmmbﬁmwnmwaamhmmﬂanﬂyﬂn
Uncertainty contribution c,u, of measured values LP’AquT’n
N dB
0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6

3 0,6 1,6 3.1 5,2 8,0 11,5 15,7 20,6 26,1 32,2 39,0 46,5
4 0,4 0,9 1,6 2,5 3,6 5,0 6,7 8,6 10,9 13,4 16,1 19,2
5 0,3 0,7 1,2 1,7 24 3,3 4,4 5,6 6,9 8,5 10,2 12,1
6 0,3 0,6 0,9 1,4 1,9 2,6 3,3 4,2 5,2 6,3 7,6 8,9
7 0,2 0,5 0,8 1,2 1,6 2,2 2,8 3,5 4,3 51 6,1 7,2
8 0,2 0,5 0,7 1,1 1,4 1,9 2,4 3,0 3,6 4,4 5,2 6,1
9 0,2 0,4 0,7 1,0 1,3 1,7 21 2,6 3,2 3,9 |4,6 5,4
10 0,2 0,4 0,6 0,9 1,2 +5 1,9 24 2,9 3,5 I4,1 4,8
12 0,2 0,3 0,5 0,8 1,0 1,3 1,7 2,0 2,5 2,9 3,5 4,0
14 0,1 0,3 0,5 0,7 0,9 1,2 1,5 1,8 2,2 2,6 3,0 3,5
16 0,1 0,3 0,5 0,6 0,8 1,1 1,3 1,6 2,0 2,3 P,7 3,2
18 0,1 0,3 0,4 0,6 0,8 1,0 1,2 1,5 1,8 21 2,5 29
20 0,1 0,3 0,4 0,5 0,7 0,9 1,1 1,4 1,7 2,0 P,3 2,6
25 0,1 0,2 0,3 0,5 0,6 0,8 1,0 1,2 1,4 1,7 P,0 2,3
30 0,1 0,2 0,3 0,4 0,6 0,7 0,9 1,1 1,3 1,5 n,7 20

When| c4u, as obtained from Table C.4 is greater than 3,5 dB (values indicated in bold in Table C.4), it is

reconm{mended that the measurement plan be revised or changed to reduce u, (see 10.4).

NOTE The values for N = 3 and N = 4 are given only for use with full-day measurements (see Clause ¢.4).

NOTE Z In field situafions where there is a need fo evaluate whether more measurements are necessary, a simpler
estimation of u, can be made. The estimated standard uncertainty, u1*, can be calculated by using the following equation:

« Ly aeqramax) = LpAeqr,nmin)
e K
N

where
Ky=22ifN<6
K, =25if N <[6, 15]
K, =3,0if N € [16, 30]
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C.4 Uncertainty calculation for the full-day measurement

The procedure for calculation of uncertainty for full-day measurement is the same as for the job method. Thus,
the uncertainty for full-day measurement is found from the uncertainty budget in Table C.3 and by using

Equation (C.9

) with cqu4 from Table C.4, and u, and u3 from Clauses C.5 and C.6.

C.5 Standard uncertainty, u,, for the instrumentation used

The standard

uncertainty, u, (or u, ,, for the task m), of instrumentation is given in Table C.5.

Table C.5 — Standard uncertainty, u,, of instrumentation

Standard uncertainty
Type of instrumentation up (Or uy )
dB
Sopnd level meter as specified in IEC 61672-1:2002, class 1 0,7
Pefsonal sound exposure meter as specified in IEC 61252 1,5
Sopnd level meter as specified in IEC 61672-1:2002, class 2 1,5
NOTE 1 The standard uncertainty listed in Table C.5 is only valid for Lp,A,eqT' The uncertainty for ijcpeak

considerably hi

NOTE 2 The
that these stan

The uncertaint
conditions. Thq
and IEC 61252
was based on
calculated.

C.6 Stand;

The standard

her.

p standard uncertainties, u, (or u, ), given in Table’C.5 are based on empirical data. Experience
Jard uncertainty values of instrumentation are representative for most relevant situations.

of instrumentation in use depends on the-characteristics of the noise exposure and the environ
se values cannot be derived directly from-the tolerance limits given in instrument standards IEC 6
which include the expanded uncertaintiés of the test laboratory. If the uncertainty of instrumentation
the tolerance limits given in the instrument standards, then rather large combined uncertainties wd

ard uncertainty, G, due to measurement position

uncertainty, us;\due to measurement position is 1,0 dB.

NOTE Thg
by the worker

b given value for standard uncertainty is based on empirical data. For cases when the microphone i
nd whén-the microphone is placed close to the worker's body, the uncertainty is due to screening

can be

shows

mental
N672-1
in use
uld be

S worn
effects

and reflections|from the body. For cases when measurements are performed with the worker absent, the uncertinty is

due to the mic
and 12.4 with r

32

0 12.3

phone position(s) not being fully representative of the true position(s) of the worker’s head. See alg
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An example showing calculation of daily noise exposure level using

D.1 Step-1:-Work-analysis

In this
using

a) w
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All weg
group

Accor
and g

The W
on a
0,5h

Based

task-based measurements

example, the noise exposure level for welders working in a mechanical workshapyis g
task-based measurements. The working day consists of the following sequence of tasks:

brk planning (quiet);

Vo periods of cutting, grinding and welding of steel plates;

nch (in this case, the lunch is regarded as part of the working day);

ork planning (quiet);

Vo periods of cutting, grinding and welding of steel plates;

Iders perform the same work and therefore they can be regarded as one homogenous n
ding to information from the supervisor, the.work can be split into three separate tasks: w
inding, and quiet operations (breaks and planning).

elders say that they spend between st 'h and 2 h a day on cutting and grinding, and betwes
ay on welding. The rest of the day is spent on planning and breaks. The uncertainty is es

or cutting and grinding and 1sh¥for welding.

on this information, the neminal day is defined in Table D.1.

Table D.1 — Welder’s nominal day

etermined by

hise exposure

blding, cutting

tn 4 h and 6 h
timated to be

Task Duration
h

Work planning, breaks (quiet) 1,5

Cutting and grinding 1,5

Welding 5,0

Total 8,0

NOTE The time spent on each task is calculated using the average of the range
of values given by the welder and his or her supervisor.

D.2 Step 2: Selection of strategy

Since the number of tasks is limited and well-defined, the situation is suitable for performing task-based
measurements.
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D.3 Step 3: Measurements

The noise contribution from work planning and breaks is of no importance to the overall noise exposure level.
It is therefore sufficient to make some simple noise measurements with a sound level meter, just to ensure
that the sound pressure level in these working periods (task) has negligible influence. In this example,
L, neqr=70dB is set as a conservative estimate for such periods, provided that the check shows that the
levels are at or below this level.

Since the noise contribution from both grinding and welding is highly dependent on the location of the worker’s
ears in relation to the noisy tool, it was decided to measure during these tasks using a personal sound
exposure meter.

At the
ration
ration

The measurgment period should cover at least three work cycles. Observations have shown (ih
measuremen{ duration for noise from grinding should be at least 7 min. Similarly, the measurement’du
for noise from welding should be at least 4 min. However, in accordance with 9.3, the measurement du
should be at Ipast 5 min. Hence, the measurement duration for welding is set to 5 min.

task.
made

Since the range of measured values exceeds 3 dB, three additional measurements are made for each
However, sing¢e the noise from quiet activities is negligible, only some brief samples-of-hoise level are

during these

The first mea

sks.

surements resulted in the following values:

Noise level dyring planning and breaks L, p eqr,11 < 70 dB
Noise IeVelS f'Om Weldlng Lp,A,eqT,21 = 80,1 dB Lp,A,eqT,22 = 82,2 dB Lp,A,eqT,23 = 79;E dB
Noise levels ffom cutting and grinding L, peqr31 =86.90B L) poqr3p=924dB L, pcq733=289,3dB

Since the diff¢rence between the measured noise levels from cutting and grinding exceeds 3 dB, at leas

additional me

Additional noi
grinding

D.4 Step 4

In this examp|
measurement

D.5 Step 5

Asurements are performed giving thefollowing results:

5e levels from cutting and I

» L

,A,eqT,34 = 93,2 dB D

Aeqr,35 =878 dB L, p oqr36 =86,
: Error handling

errors.

: Calculation and presentation of the results including uncertainty

three

dB

e, observations during the measurements showed that there were no significant risks of mpaking

D.5.1 Calculation of daily A-weighted noise exposure level

The noise level from each task is calculated using Equation (7). The noise level from welding is then as

follows:

Lyneqrz =10 |g|:%><(100,1><80,1+1OO,1><82,2+100,1><79,6 )} dB = 80,8 dB

Similarly, the

noise level from cutting and grinding was found to be 90,1 dB.

The noise level during planning and breaks was initially defined to be 70 dB.
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