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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO

member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

National laws and regulations require the assessment of the potential exposure of a worker to chemical
agents in workplace atmospheres. One way of assessing such exposure is to measure the concentration of
a chemical agent in the air in the worker’s breathing zone. The procedures used for such measurements
should provide reliable and valid results for the comparison purpose of exposure measurements with
occupational exposure limit values and for the provision of acceptable control strategies.

This document is based on EN 482:2012, amended by Amendment 1:2015, and introduces general
requirements to fulfil the measurement procedures in the process of quantitative exposure assessment.
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13205 (all parts)], diffusive samplers (ISO 16107 and EN 838), pumped saniplers
-term detector tubes (ISO 17621), personal sampling pumps (ISO 13137), metals an
'borne particles (EN 13890), mixtures of airborne particles and vapour, (EN 13936
ng instruments for toxic gases and vapours [EN 45544 (all parts)]. Incthese specifi
ional requirements have been included for the procedure or device in question, so thaf
rements of this document are not compromised. Where no specificlnternational and/

lard exists, only the general requirements apply.
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rmance requirements given in this document are intexded to apply under en
litions present at the workplace. However, because a wide range of environmental d
intered in practice, this document specifies requirements that have to be fulfilled by
bdures when tested under prescribed laboratory conditions.

the user’s responsibility to choose the apprepriate procedures or devices thg
rements of this document. One way of doing this'is to obtain information or confirmat
der of a procedure or the manufacturer of.acdevice. Type-testing or, more generally, a{
erformance of procedures or devices, can-bée undertaken by the manufacturer, user, t¢
search and development laboratory, as'is most appropriate. A number of existing pr
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Workplace air — General requirements for the
performance of procedures for the measurement of
chemical agents

1 Scope

This
the ¢
of m

document specifies general performance requirements for procedures for the detej
oncentration of chemical agents in workplace atmospheres. These requirements-apply
basuring procedures regardless of the physical form of the chemical agent (gds}, vapo

particles), measuring procedures with separate sampling and analytical methods; and di

devig
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ISO 1
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EN 8
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EN1
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document specifies requirements that have to be fulfilled by measuring procedures
r prescribed laboratory conditions due to a wide range of environmental conditions ¢
actice.

Normative references

following documents are referred to in the text intsuch a way that some or all of t
Fitutes requirements of this document. For datedreferences, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

8-2, Chemistry — Layouts for standards — Rart 2: Methods of chemical analysis
708, Air quality — Particle size fractiondefinitions for health-related sampling

3137, Workplace atmospheres —-Rumps for personal sampling of chemical and biologid
irements and test methods

6107, Workplace atmospheres'— Protocol for evaluating the performance of diffusive sar

7621, Workplace atmespheres — Short term detector tube measurement systems — R
est methods

38, Workplacecexposure — Procedures for measuring gases and vapours using diffusive
irements and.£est methods

076, Workplace exposure — Procedures for measuring gases and vapours using pumped,
irements and test methods

EN 1

mination of
y to all steps
ur, airborne
rect-reading

iwvhen tested
bncountered

heir content
applies. For
hts) applies.

al agents —

nplers

equirements

samplers —

samplers —

3205 (all parts), Workplace exposure — Assessment of sampler performance for meq

surement of

airborne particle concentrations

EN 13890, Workplace exposure — Procedures for measuring metals and metalloids in airborne particles —

Requ

irements and test methods

EN 13936, Workplace exposure — Procedures for measuring a chemical agent present as a mixture of
airborne particles and vapour — Requirements and test methods

EN 45544 (all parts), Workplace atmospheres — Electrical apparatus used for the direct detection and

direc
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and definitions

For the purposes of this document, the terms and definitions given in ISO 18158 apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[EC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

4 C(Classification

4.1 Gene

In this docuy
based upon

4.2 Scred

Screening
semiquantit
hazards, an

ral

ment, measurements are classified according to their purposes. These classification
the measurement strategy in EN 689.

ning measurements of time-weighted average concentration

measurements of time-weighted average concentration ate performed to o
ative information on exposure levels. Such information is used to identify potential h
1 to estimate the risk to health based on the likely severify of harm and the probabil

its occurrence. These measurements can also determine if the exposure is significantly below or 3

the occupat
measureme
reporting th

4.3 Scred

Screening 1
information
locations anf
the location
technical m
agents, that

4.4 Meas

Provided th
for compari
exceeds the
process, prd

ional exposure limit value (OELV). Apparatus intended for detection and concentr
ts of chemical agents, that meets the requirements of this document and is capalj
e time-weighted average, can be used.

ning measurements of variation of concentration in time and/or space

on the likely pattern of the conegntration of chemical agents in the air and to idg
d periods of elevated exposure.(The screening measurements also provide informatic
and intensity of emission sources and to estimate the effectiveness of ventilation or

meets the requirementgofthis document, can be used.

urements for caniparison with occupational exposure limit values

son with QELVs. Measurements can be taken to determine whether a worker’s expq
OELV initially and repeated after any significant change in working conditions, indu
ducts.6t themicals, or OELV.

5 are

btain
palth
ty of
bove
htion
le of

heasurements of variation of concentration in time and/or space are used to pr¢vide

ntify
non
bther

pasures. Apparatus intendéed: for detection and concentration measurements of chefmical

e method meets established acceptable uncertainty criteria, measurements can be made

sure
btrial

4.5 Periodi¢ measurements

Periodic measurements are used to determine whether exposure conditions have changed since the
measurements for comparison with OELVs were performed, or whether control measures remain
effective. The interval between measurements should be established based on the initial occupational

exposure as

NOTE

sessment or subsequent amendments to it.

Since the composition of the workplace atmosphere will have been investigated during the initial

occupational exposure assessment and the composition is known not to vary over time, it can be appropriate for
periodic measurements to use procedures with lower selectivity.
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5 Performance requirements

5.1 General

Performance requirements for measuring procedures depend on the purpose for which they are used.
The performance requirements for screening measurements are less stringent than for measurements
for the comparison with limit values and periodic measurements. Therefore, the performance
requirements for screening measurements in 5.2 and 5.3 are only given in general terms.

5.2 Screening measurements of time-weighted average concentration

The purpose of these measurements is described in 4.2. The measurement procedures shalll have
a) adequate selectivity for the chemical agent,

b) averaging time less than or equal to the limit value reference period,
c) easuring range that includes the limit value, and

d) ¢xpanded uncertainty that is fit for purpose.

5.3 | Screening measurements of variation of concentration in time and/or spgce
The purpose of these measurements is described in 4.3. Thé.measuring procedures shall hgve
a) adequate selectivity for the chemical agent,

b) ghort averaging time (for variation of concentration in time <5 min; for variation of cqncentration
1[\1 space <15 min),

9

d) ¢xpanded uncertainty that is fit fot\purpose.

easuring range that is fit for purposes(see 4.3), and

5.4 | Measurements for comparison with limit values and periodic measurements

5.4.1 Unambiguity

A measuring procedure-shall produce an unambiguous result for the concentration of the chemical
agenf being measured’in the specified measuring range, i.e. an analytically determined value shall
corrg¢spond to oné‘edncentration only within a known uncertainty.

5.4.21 Selectivity

The measuring procedure shall contain appropriate information about the nature and njagnitude of

That £
any imcerrerence:

NOTE1 Selectivity requirements vary from case to case, depending on what is known in advance about the
workplace air. If the identity of all contaminants present is not known in advance, then the measuring procedure
will need to have a high selectivity. If the identity of all contaminants is known prior to measurement and there
are no interferents present, then it might be possible to use a measurement procedure with a low or adequate
selectivity.

Where a particle size fraction, as defined in ISO 7708, is specified for an OELV, procedures for measuring
chemical agents present as airborne particles shall prescribe a method for sampling the specified
particle size fraction.

NOTE 2 In addition to samplers meeting the requirements of ISO 7708, there are samplers which themselves
define the sample [see [SO 13205 (all parts)].

© IS0 2016 - All rights reserved 3
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If different limit values are set for different species of a chemical agent, then the measuring procedure
shall determine the individual species concerned.

5.4.3 Averaging time

The averaging time is equal to the sampling time, which shall be less than or equal to the limit value
reference period. Depending on the sampling techniques, the sampling time can vary.

NOTE Afull shiftaverage concentration, typically the 8 h time-weighted concentration, gives a representative
description of the occupational exposure situation.

Exposure p
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term exposure limit conditions, if any.

5.4.4 Med

The measur

0,1 times to
value for sh

suring range

ing range of the procedure listed in Table 1 shall cover at least the contentrations
2 times the limit value for long-term measurements, and from 0,5 times to 2 times the
prt-term measurements. The relevant OELV shall be determined by‘the proper autho

where the njeasuring procedure is to be used.
NOTE Reference [10] provides a list of limit values from many jurisdictions,
5.4.5 Expanded uncertainty

The require

ments for expanded uncertainty are given in Tablel.

from
limit
rities

Table 1 — Expanded uncertainty requirements for measurements for comparison with limit
values and periodic measurements
Relative Relative expanded
Reference . uncertainty
. Measuring range expanded . .
period - (mixtures of airborne
uncertainty ;
particles and vapour)
Short—ter_m 0,5 times to 2times limit value <50 % <50 %
(elg. 15 min)
Lpng-term 0,1 times te,<0,5 times limit value <50 % <50 %
Lpng-term 0,5 times to 2 times limit value <30 % <50 %
NOTE Vdriation of expoSure to chemical agents in the workplace can be significantly greater than indicated

by the uncer
and spatial v

5.4.6 Che

ainty of a singlé measurement calculated according to this document. This is due to the tem|
hriability. of\workplace exposure.

micallagents where compliant methods are not available

poral

Limit value

are determined by authorities IMdependentty {Tom those devetoping Measuring procea

res.

If a measuring procedure is not available for a given limit value which meets the requirements given in
5.4.4 and 5.4.5, ameasuring procedure should be used whose performance is closest to the requirements.
The method employed should clearly state its limitations when measuring at the exposure limit.

5.5 Composite procedures

The performance requirements detailed in 5.2, 5.3 and 5.4 shall be fulfilled for the whole measuring
procedure even if the measuring procedure consists of several distinct steps, e.g. preparation of
equipment, sampling, transport and storage, sample preparation and analysis. Each step of the
measuring procedure may be tested individually and can be combined as a whole.

© ISO 2016 - All rights reserved
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Transport, handling and/or storage

Transport, handling and/or storage of samples, if appropriate, shall be carried out in such a way that
the physical and chemical integrity is maintained between sampling and analysis.

5.7

Environmental conditions

The effect of environmental conditions (e.g. temperature, humidity, atmospheric pressure, and/or air
speed) on the performance of the method shall be tested in the laboratory. Performance requirements
concerning unambiguity, selectivity, expanded uncertainty, minimum measuring range and averaging

time

shall be fulfilled under the conditions likely to be encountered in the workplace.

NOTH
of en
field

from

The

Due to the time, cost, and effort involved, it is not practicable to carry out a comprehensi
ironmental influences in the field and therefore laboratory tests are specified in this,docum
tests can provide valuable information on the performance of measurement methods”’(e.g.
nearby workplaces).

Fange of environmental conditions under which the performance requirements of 5/

fulfilled shall be specified in the measuring procedure.

5.8

The

whic
the 1
meas
rang
perfq

If cor
thesg

NOTH

5.9

The 1
be ad

This
time

5.10

Description of measuring procedure

measuring procedure shall be documented in accordance \with ISO 78-2. Any clause
h is unnecessary in a particular case may be omitted, and others, if required, may
nost appropriate places. The description shall contain*all necessary information to
uring procedure, including information about the,attainable expanded uncertainty

ve evaluation
bnt. However,
nterferences

2 to 5.5

are

r subclause
be added in
perform the

measuring

b, averaging time, interferences, and environmental or other conditions that can influence the

rmance of the measuring procedure.

rection factors are applied, e.g. for a known and explainable bias due to environmenta
 shall be justified in the measuring procedure.

An example for the structure ofamethod description based on ISO 78-2 is given in Anne

Dimension of result

l influences,

X A.

inal measurement result’shall be expressed in the same units as those of the limit value. This can

hieved directly or by.means of a suitable conversion.

requirement is.not obligatory for screening measurements of the variation of conc
and/or space;

Additional requirements

Inad

jtion'to the requirements givenin 5.2 to 5.9, further requirements specified in ISO 1313

entration in

7,150 16107,

1SO 17621, EN 838 EN 1076 _EN 13205 (all parts) EN 13890 EN 13936 and EN 45544 (all p

rts) shall be

met for particular types of measuring procedures and devices, as appropriate.

Table 2 lists additional requirements of testing parameters.
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Table 2 — Additional requirements of testing parameters

Standard Required testing parameters

1SO 13137 Features and mass of pumps, design safety, operating time, start-up and long-term
performance, short-term interruption of air flow, mechanical strength, timer accura-
cy, electromagnetic compatibility, explosion hazard, charger, and marking

ISO 16107 Bias relative to manufacturer-specified sampling rate, variation in sampling rate (e.g.
from poor sampler dimension tolerance), effects of: wind, temperature, humidity,
target concentration itself, and diffusive loss from sampler

I1SO 17621 Scale, packing of the tubes, interferences, overloading, evaluation of stain, shelf life,
marking and mechanical strength for detector tubes; Explosion hazard, stroke vol-
ume, leakage, and mechanical strength and durability for detector tube pumps

EN 838 Quantification limit of the measuring procedure, analytical recovery, nominalupgtake
rate, air velocity/sampler orientation, sampler leak test, shelf life, and mdrking

EN 1076 Quantification limit of the measuring procedure, analytical recoverygsampler legk
test, shelf life, marking, flow resistance, and sampler breakthrough\test

EN 13205 (all parts) Specimen variability, pump design safety and electrical safety, and.sampler evaluation

EN 13890 Pump design safety and electrical safety, sampler evaluation,detection and quarjtifi-
cation limit of the measuring procedure, analytical recovery;’and interferences

EN 13936 Comply with the requirements of this document, ISO,13137, EN 1076, EN 13205 (pll
parts), and EN 13890

EN 45544 (a]l parts) Instrument vibration and drop test, measurement of deviations, alarm system
including audible alarm, set point(s), and respohse time, flow failure warning, warm-
up time, time of response and recovery, addition of sampling probe, field verificafion
kit, gas concentrations above the measuring range, electrical fault signal, extendpd
operation under standard test gas, orientation, electrical tests including battery
capacity, mains power supply, time=wieighted average function, and electromagnptic
compatibility, and instrument drifttests

6 Test method

6.1 Estimpte the expanded uncertaintytof results obtained using the measuring procedure by carfying

out the test$ prescribed in the relevant International Standards or European Standards specific tp the

type of procgdure or device concerngd, as listed in Clause 2.

Carry out measurements at théZlower and upper ends of the measuring range specified in Table 1, and

for at least dne intermediatelcgncentration.

Prepare at lpast six repliecate samples for each set of tests and analyse the samples under repeatability

conditions.

Calculate thle expanded uncertainty, expressed as a percentage, according to the following procddure

(see, for exa

mplé; References [11], [12], [13] and ISO/IEC Guide 98-3):

a) specify the measurand;

b)

identify all possible sources of uncertainty;

¢) quantify the random sampling uncertainty u, and non-random sampling uncertainty u, ;

d)

quantify the random analytical uncertainty u a, and non-random analytical uncertainty u_

r nr

nr

’

e) calculate the combined random standard uncertainty u_. according to Formula (1) and the
r

combined non-random standard uncertainty u_
n

according to Formula (2);

r
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)

(2)

(3

q

q

g)

NOTH
non-J
stand

NOTH
uncel

NOTH
EN 1]

NOTH
contg
the N
to ac
uncel
this d

6.2
envil

6.3
samy
may
relat

combination of the uncertainties of all the independent steps.

NOTH
by m¢
Stand

alculate the expanded uncertainty U using a coverage factor k, typically rangingf

iccording to Formula (4).

I=2><uC

1  Alternatively, the random and non-random components of sampling yncertainty and th{
andom components of analytical uncertainty can be combined in a different-erder to calculate
ard uncertainty.

2 Annex B gives information about the different components-of sampling uncertainty a
tainty.

3
890.

For detailed calculation methods, see ISO 17621, EN 838, EN 1076, EN 13205-1, CEN/TR

4  Expanded uncertainty is related to the concept of accuracy used in some jurisdictions
ining 95 % of the measurements of any value measured. For example, accuracy estimates
[0OSH Manual of Analytical Methods[14] providé.values for the expanded uncertainty, adjusted
Count for all relevant variation sources. A method meeting the NIOSH accuracy criterion (w
tainty much tighter than 25 %) will likely therefore also meet the performance requirements
ocument.[15],[16],[17],[18]

Carry out further tests, as’ appropriate, to investigate the influence of interfe
onmental parameters, e.g-wind speed, wind direction or direction of sampling device.

For a measuring pracedure consisting of several independent steps, e.g. preparation o
ling, transport and-storage, sample preparation and analysis, each step of the measurin
be tested individually as an alternative to testing the procedure as a whole. In this case,
ve expandedruncertainty of the results obtained using the measuring procedure by an

For'some chemical agents, the performance of one or more of the steps might have to b
bans.other than direct testing with the chemical agent. For details, see the appropriate specific
ardyor European Standard.

rom 2 to 3,

(4)

random and
rhe combined

nd analytical

13205-3, and

as the range
published in
| if necessary
ith expanded
(see 5.4.5) of

rences and

f equipment,
g procedure
Calculate the
appropriate

b determined
International

7 Validation report

A validation report shall be prepared for each measuring procedure tested, containing at least the test
conditions, the results obtained and the extent to which the measuring procedure complies with the
requirements of this document and other relevant International Standards or European Standards.
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Annex A
(informative)

Structure of a method description

An example for the structure of a method description based on ISO 78-2 is given below. Any clause
or subclause which is unnecessary in a particular case can be omitted, and others, if required, can be
added in th¢ most appropriate places. The description contains all necessary information to perform

the measuring procedure, including information about the attainable expanded uncertainty, measiiring

range, avergging time, interferences, and environmental or other conditions that can influence the

performanck of the measuring procedure.

The following major clauses should be present, if applicable:

— Introduftion;

— Title;

— Warning and safety precautions (if any);

— Scope;

— Normatjve references;

— Terms dnd definitions;

— Principle;

— Requirdments including specified measutring range, transportation temperature stability,
interferences, environmental influences,explosion hazard, mechanical strength and durability,
instructions for use, etc.;

— Test conditions including reactions, reagents and materials, apparatus and equipment, generation
of test gas, and specified test cofiditions;

— Test mdthods including test-procedures, mechanical strength and durability, explosion hapgard,
sampling, transport and-storage, analytical procedure, and concentration calculation;

— Qualityjassurance afid-Control;

— Special pases (e:g.interferences);

— Uncertdinty.of measurement;

— Testreport,

— Annexes.

© ISO 2016 - All rights reserved
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ISO 2058
Annex B
(informative)

Calculation of uncertainty of measurement

General

1:2016(E)

The first step in estimating the uncertainty of measurement according to ISO/IEC Guidle 98-3 is to

determine potential sources of uncertainty and identify individual random and non-random

com

diag]

Proc

The
a)

b)

Each
estin

onents (see References [11], [12], [13] and ISO/IEC Guide 98-3). Constructionof'a caus
am can be helpful to identify components for which uncertainty estimates are requirg

d

bdures for the measurement of chemical agents involve two major steps: sampling

following is a typical, but non-exclusive, list of random and non-randem uncertainty c

Wincertainty from sampling, associated with:
)
2) the sampling efficiency (see B.3);
3)
uncertainty from analyses of gases and vapours (see EN 838 and/or EN 1076), associat|

)

1) sampled air volume or mass uptake (see B.2);

sample storage, handling, and/or transportatiah, if any (see B.4).

1) method recovery (includes several factors such as analytical recovery, method big

concentration, effect of temperature;-effect of relative humidity, etc.) (see B.5);

method variability (includesfactors such as method precision data obtained fro
of the replicate samples, coneentration of calibration solution, calibration functi
the sample solutions, if applicable, instrument response drift, etc.) (see B.7).

uncertainty from analysesof airborne particles (see EN 13890) and mixtures of airbof
ind vapour, associatedwith:

1) analytical recovery (see B.6);
2) analyticalvariability (see B.8);

3) blanksubtraction (see B.9).

of“these uncertainty components is estimated or calculated and then combined

o

uncertainty
e and effect
d.

nd analysis.
mponents:

ed with:

s, reference

the results
, dilution of

ne particles

o obtain an

pate of the uncertainty of the measurement method as a whole as described in Clause 6.

Assuming a rectangular probability distribution or a triangular probability distribution, a range + A
should be converted into a non-random uncertainty equal to 4 / \/g or A/ \/g , respectively.

B.2

B.2.

B.2.

Uncertainty associated with sampled air volume or mass uptake
1 Pumped sampling

1.1 Sources of uncertainty

For pumped sampling, the sampled air volume has the following sources of uncertainty: flow rate
measurement (see B.2.1.2), pump flow stability (see B.2.1.3) and sampling time (see B.2.1.4).
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B.2.1.2 Flow rate measurement

Flow rate measurements can be carried out using a range of different devices, for example, rotameters,
mass flow meters, bubble flow meters or dry piston flow meters. Flow rate measurement error
arises from three sources: the calibration of the flow meter (non-random), the reading of the flow
meter (random) and, where appropriate, correction of the flow rate reading to ambient pressure and
temperature.

The uncertainty of the flow rate calibration, U, should be estimated from the data given on the flow

meter test certificate.

The uncertginty of the flow rate reading, Ug., should be taken to be the coefficient of variati

measurements carried out under repeatability conditions.

Examples of uncertainty of flow rate measurement for different types of flow metersiare giv

Table B.1.

If the flow
uncertainty

measuremehts of the flow rate.

Table B.1 — Uncertainty of the flow rate measurement for different types of flow meter

rate is measured at several times and not only at the beginning-of‘the sampling
of the flow rate reading is reduced by a factor of 1/\/;, wherve n is the numb

(example data)

bn of

PN in

, the
er of

£

Flow meter(type Scale Uncertainty of Uncertainty of
flow.rate calibrationa flow rate readingp
% % %
Rotameter, 30 cm lengthc 100 1,6 0,23
50 2,0 0,45
10 5,2 2,3
Flow meter(type Flow meter Meéasured Uncertainty of Uncertainty of
measuring flow rate flow rate calibrationa flow rate readingp
range
1 - min-1 - min-1 % %
Mass flow mfter 0,1td 15 2,0 0,61 2,0
Flow meter|type Flow-cell Measured Uncertainty of Uncertainty of
measuring flow rate flow rate calibrationa flow rate readingb
range
1- min-1 1- min-1 % %
Bubble flow meter 0to 0,25 0,12 0,4 0,35
0,2to 6 2,0 0,12 0,1
21030 30 006 022
Dry piston flow meter 0,5to 5 2,0 0,59 0,26
0,5 to 25 3,0 0,41 0,07
a  The uncertainty of the flow rate calibration assumes a rectangular probability distribution and is calculated using
data from the flow meter calibration certificate.
b The uncertainty of the flow rate reading is based on 10 measurements.
¢ The uncertainty of the flow rate reading of an analogue flow meter depends upon the resolution of the scale of the
instrument.

B.2.1.3 Pump flow stability

Pumps for personal air sampling are usually self-regulating and maintain the set flow rate independent of
variation in back pressure. ISO 13137 requires that the flow rate be maintained to within 5 % of the set
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value throughout the sampling period. Assuming a rectangular probability distribution, the maximum
acceptable value of the non-random uncertainty component of the pump flow stability is 5 / \/5 %.

Actual values for the pump flow stability can be estimated from the value given by manufacturer or
from the results of the tests prescribed in ISO 13137, and can be less than 5 %. Assuming a rectangular
probability distribution, the value of the non-random uncertainty component of the pump flow stability
can be calculated according to Formula (B.1):

A
pfs
U _ (B.1)
fs,
pfs,nr \/g
whertte

is the value of the non-random uncertainty component of the pump flow istabiljty;

pfs,nr

is the difference between the mean reading of the flow rate at minimum and njaximum
Pfs  back pressure, in per cent.

B.2.1.4 Sampling time

Sampling time can be measured very exactly with a radio-controlled clock, a quartz clock or a stopwatch,
which has calibration traceable to the national time standard: The major source of unfertainty in
meagurement of sampling time is the accuracy with which the reading is taken, i.e. to|the nearest
minyte or second.

If the reading is taken to the nearest second, the non-random uncertainty component i$ very small
for bpth long-term and short-term measurementstand can be negligible. If the reading is faken to the
neargst minute, the non-random component is\very small for long-term measurements (e{g. >2 h) and
can Qe disregarded, but for short-term measurements, it needs to be taken into account.

For example, if time is recorded to the nearest minute, the coefficient of variation is 2,7 % fof a sampling
time|of 15 min (summing the maxim@n0,5 min biases at the start and end of the sampling period and

dividing by the sampling time and \/g ,assuming a triangular probability distribution).

In cafse of pumped sampling 4SO’ 13137 requires that the indicated time shall not deviate by more than
+0,5% from that of a calibrated timer. Assuming a rectangular probability distribution, the maximum

acceptable value of a ngrsrandom uncertainty component is 0,5 / \/g =0,29 %.

B.2.2 Diffusive:sampling

B.2.2.1 Sourees of uncertainty

For dliffusive sampling, the mass uptake has the following sources of uncertainty: uptake rate (see
B.2. A 2¥and sampling time (see B2 2 3)

B.2.2.2 Uptake rate

The random and non-random uncertainty components of the uptake rate should be estimated from
replicate samples obtained from a test atmosphere, as described in EN 838.

B.2.2.3 Sampling time
See B.2.1.4.
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B.3 Uncertainty associated with sampling efficiency

B.3.1 Pumped sampling methods for gases and vapours

Pumped sampling of gases and vapours can be influenced by the pressure, humidity and temperature
of the sampled air, the concentration of chemical agents in the sampled air and by the flow rate. These
factors can affect the sampling capacity and the performance of the sampling process. The uncertainty
associated with these effects is incorporated into the uncertainty component of the method recovery.
However, for pumped samplers, the sample volume is kept well below the experimentally established
breakthrough volume (see EN 1076), in which case the sampling efficiency is assumed to be 100 % and
the uncertainty of the sampling efficiency does not need to be taken into account.

B.3.2 Difllusive sampling methods for gases and vapours

For diffusiv
and exposui

e sampling, the sampling efficiency has the following sources of uncertainty: back difflision
e time.

Back diffusi
during the
agent, by th

agent sampled. (The latter is a function of its concentration in the sampled@ir and sampling time.

non-randon]
means of th
diffusive sal
is subsequel

The non-raj
analysis of 1

B.3.3 Aer

B.3.3.1 G¢g

For aerosol
closeness o
substrate.

B.3.3.2

Each collect
of the healt
methods h3
samplers us

pn can occur if there is a significant variation in the air concentration.ofithe chemical §
sampling period. It is influenced by the characteristics of the serbent and the che
e pressure, humidity and temperature of the sampled air and by the mass of che

uncertainty component due to back diffusion can be estimated from the difference g
e results in two sets of replicate samples. The samples)are obtained by exposure g
mplers for a short period of time to a high concentratioi.of the chemical agent, one of W
ntly exposed to clean air for a long period of time, as‘described in ISO 16107 and EN 83

ndom uncertainty component associated with<eXxposure time can be estimated by
eplicate samples collected from a test atmosphere, as described in ISO 16107 and EN 8

psol sampling methods

neral

sampling methods, the sampling efficiency has the following sources of uncertd
[ matching with the required sampling convention(s) and efficiency of the colle

pseness of matching with the required sampling convention(s)

h-related fractions for the airborne particles, as described in ISO 7708. Aerosol sam
ve randem and non-random uncertainty components that arise from how closely
ed match the required sampling convention(s).

h

ion stage of @ sampler for airborne particles should follow a sampling convention for

igent
ical
ical
The
f the
f the
rhich
8

y the
38.

inty:
ction

one

pling
' the

EN 13205-2

and EN 13205-4 describe test methods to determine whether a sampler collect

5 the

required aerosol fraction(s) correctly. In the EN 13205-2 method, this is done by determining the
mean sampling efficiency curve from the individual values of sampling efficiency of the tested sampler
as a function of particle aerodynamic diameter. The sampling efficiency is calculated based on the
aerosol concentration determined using samples from the tested sampler divided by ambient aerosol
concentration estimated from the isokinetic sampler values for at least nine particle aerodynamic sizes.
In the EN 13205-4 method, this is done by comparing the concentration measured by the candidate
sampler and that measured by a validated (reference) sampler for at least three test aerosols with
widely different particle size distributions. It is not possible to determine the sampling efficiency curve
by using the method described in EN 13205-4.
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B.3.3.3 Uncertainty components for aerosol samplers — Estimates for general use

Sampling efficiency data have been experimentally determined and published for different types of
inhalable, thoracic and respirable samplers. From these data, EN 13205-2 provides ranges for various
uncertainty components for inhalable, respirable and thoracic samplers. However, at present, combined
standard uncertainty for specific samplers has not been calculated as required by this document.

NOTE In place of combined standard uncertainty calculations for a specific sampler, the informative
estimates of uncertainty components, given in EN 13890, can be temporarily used.

B.3.3.4 Efficiency of the collection substrate

B.3.3.4.1 Filter materials

Filtel materials should be selected to have high collection efficiency for the particle size range of
interfest, in which case the uncertainty associated with collection efficiency is negligible.

B.3.3.4.2 Foams
Wheh a foam is used as the collection substrate, sampling efficiency and collection effficiency are

interrelated and no uncertainty components need to be added.

B.4 | Uncertainty associated with sample storage and transportation

B.4.1 Sample storage

The pon-random uncertainty component associated*with sample storage can be estimated by analysing
samples collected from a test atmosphere or prepared by spiking sampling media with the chemical
agenf of interest. It can be calculated from thedifference (Ast) between the mean results of the replicate
samples analysed immediately after the sampling/spiking and the replicate samples analy§ed after the
maximum storage period specified in thé.test method. Assuming a rectangular probability ¢listribution,

the difference Agt can be divided by \/g Storage tests are described in EN 838, EN 1076 andl EN 13890.

B.4.2 Transportation

B.4.2.1 Gas samples and'vapour samples

Wheh samples are transported in an appropriate manner as specified in the measuring prpcedure, the
unceftainty compgnéent associated with transportation can be negligible.

B.4.2.2 Aerosol samples

The transportat1on of substrates W1th collected aerosol samples normally has a component of
3 S : d s : : bstrate holder or
vice versa. Contam1nat1on of the samplmg cassette canbea ma]or source ofuncertamty, as the sampling
cassette is itself weighed. The test of transportation integrity is described in ISO 15767 and EN 13205-
6. Itis required that the relative dust loss due to transport shall be less than 5 % according to ISO 15767.
All relative mass changes shall be less than or equal to 5 % and 15 % for sample loadings corresponding
to concentrations in the range 0,5 times to 2 times and the range of 0,1 times to 0,5 times a relevant
occupational exposure limit value according to ISO 15767 or EN 13205-6. The upper limit for the loading
of the collection substrate can be determined as described in EN 13205-6. The non-random uncertainty
component is determined from the acceptance criteria for the upper limit of sample loading.
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