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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Committee ISO/TC 146, Air quality, Subcominittee SC 2,
Workplace atmospheres.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

This document provides a framework for assessing the performance of procedures for measuring
gases and vapours against the general requirements for the performance of procedures for measuring
chemical agents in workplace atmospheres as specified in ISO 20581. It enables manufacturers and
users of pumped samplers and developers and users of procedures for measuring gases and vapours to
adopt a consistent approach to method validation (see Annex B).
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Workplace air — Gases and vapours — Requirements
for evaluation of measuring procedures using pumped
samplers

1 Scope

This|document specifies performance requirements and test methods under prescrilsed
condjitions for the evaluation of pumped samplers used in conjunction with an air sampling

proc
This
NOTH

NOTH
parti

This
whic|

This

bdures using these samplers for the determination of gases and vapours in workplace a

document addresses requirements for method developers and/or manufacturers.

1  For the purposes of this document, a manufacturer can be any commercial or non-comm
2 For the sampling of semi-volatile compounds which can appear as.a-mixture of vapours
Cles in workplace atmospheres see EN 13936.

document is applicable to pumped samplers and measuring procedures using these
h sampling and analysis are carried out in separate stages.

document is not applicable to:

mped samplers which are used for the direet determination of concentrations, f

— pu
Eength-of-stain detector tubes;

q

2

The
cons
unda

ISO §

ISO §
of mé

ISO
agen

gamplers which rely on sorption into a liquid, and subsequent analysis of the solution (

Normative references

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this'document. For dated references, only the edition cited
ted references, the latest.edition of the referenced document (including any amendme

655-2, Piston-operated volumetric apparatus — Part 2: Piston pipettes

655-6, Piston*gperated volumetric apparatus — Part 6: Gravimetric methods for the dé
asurement.error

13137:2013, Workplace atmospheres — Pumps for personal sampling of chemical a
ts — Requirements and test methods

| laboratory
pump and of
tmospheres.

ercial entity.

and airborne

samplers in

or example,

bubblers).

heir content

applies. For
hts) applies.

termination

d biological

ISO

Q189 Waorknlace air Terminaloay
O T OT VIV OTTITp T et—orty &t OO gy

ISO 20581, Workplace air — General requirements for the performance of procedures for the measurement
of chemical agents

3 Terms 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:

— 1
I

© ISO

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at http://www.electropedia.org/
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4 Symbols and abbreviated terms

For the purposes of this document, the following symbols and abbreviations apply.

NOTE

CRM
LV
Ma1
Mma2

M3y, 1t
May,st

my

(Vr)'

Va

Ba

ﬂaR

.

See 8.4 and Annex C for symbols used in conjunction with uncertainty of measurement only.

certified reference material

limit value

mass of analyte desorbed from tube blank, in micrograms (ug)

mass of analyte desorbed from spiked tube, in micrograms (pug)

maximum mass uptake of analyte in a leak test performed on a sealed sampler used fi
making measurements for comparison with a long-term limit value, inanilligrams (m

maximum mass uptake of analyte in a leak test performed on a sealed sampler used fi
making measurements for comparison with a short-term limit yalie, in milligrams (n

mass loss from permeation tube, in micrograms per minuté{ug - min-1)

molar mass of analyte, in grams per mole (g - mol-1)

number of replicate samples

pressure of the test atmosphere sampled, in kilopascals (kPa)
method recovery

analytical recovery

relative humidity of the test atmosphere sampled, in percent (%)
hold-up time of the unretained substance, in minutes (min)
sampling time, in mifiutes (min)

temperature ofhe test atmosphere sampled, in Kelvins (K)
volume of thetest atmosphere sampled, in litres (1)

gas (vapour) hold-up volume (dead volume), in litres (1)

uncerrected retention volume, in litres (1)

pr

)

12)

corrected retention volume, in litres (1)

flow rate into the exposure chamber, for example, in litres per minute (1 - min-1)

volumetric air flow rate through the sampler, for example, in litres per minute (1 - min-1)

mass concentration of the analyte in the calibration gas mixture, in milligrams per cubic

metre (mg - m-3)

mean mass concentration of the analyte recovered from the test gas atmosphere, in mil-

ligrams per cubic metre (mg - m-3)

© ISO 2019 - All rights reserved
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Beg mass concentration of the calibration gas mixture, in milligrams per cubic metre
(mg - m3)
Yat temperature of the test atmosphere sampled, in degrees Celsius (°C)
Ky coefficient of variation (CV)
NOTE The predecessor term "relative standard deviation" is deprecated. See also
ISO 3534-1:2006, 2.38, Note 2.
PLV 1t long-term limit value given as concentration, in milligrams per cubic metre (mg - m-3)
PLV,s short-term limit value given as concentration, in milligrams per cubic metre fing - m-3)
ba volume fraction of the analyte, in microlitres per litre (ul - 1-1)
5 S$ampler types
Samplers for gases and vapours can be divided into type A samplers and type B samplers:
Typel A samplers rely on sorption onto a collection substrate which gan be impregnated with a reagent.
The ¢ollection substrate is always desorbed with a solvent, and subsequently analysed.
Type B samplers rely on sorption onto a solid, thermal desorption, and analysis of the desofbate.
6 Requirements
6.1 | General
Som¢ requirements (see 6.2) shall be initially verified by the manufacturer once for gach type of

samyj

Meas
use (
requ

Knoy
perfy
effec

NOTH
of w4
isoth

uring procedures shall meet the-requirements for measuring procedures specified i
f a sampler for measurement.of a particular gas or vapour is claimed, the sampler sh
rements specified in 6.2.

vn or suspected interferences shall be noted as required in 6.3.4.1. The results
rmed to evaluate interferences, including suitable and sufficient information to mi
ts shall be preseqted in the method report as required in 6.3.4.2.

No useful performance requirements can be given for the effect of interferents (with {

brm data‘or mixed systems which is normally unavailable.

6.2

ler. Other requirements (see 6.3) shall-be verified for each combination sampler/chemjical agent.

n 6.3. When
all meet the

bf any tests
himize their

he exception

ter vapour){The effect of interferents is difficult to predict for a non-ideal sorbent withoyt adsorption

Sampler requirements

6.2.1 Flow resistance

When tested in accordance with 8.2.1, at least 95 % of samplers shall have a back pressure less than the
appropriate maximum value indicated in Table 1. A minimum of 20 samplers shall be tested.

NOTE Typical back pressure values for type A samplers and type B samplers are given in [1].

© ISO

2019 - All rights reserved
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6.2.2

When teste
leakage, i.e.
my ¢ calcula

My =
where

Mat 19

fdq

PLV It i

]

240 is

0,01 is

10-3 id

td

1/3 is

When teste

leakage, i.e.

My st calculd

ma‘st lS
fq

:2019(E)

Table 1 — Maximum back pressures

Maximum back pres-
Sampler type sure
kPa
Type A (solvent desorption) <10
Type B (thermal desorption) <3,5

Sampler leak test (for Type B samplers)

in accordance with 8.2.2, for substances with a long-term limit value the maxi

um

the maximum mass uptake of analyte above the blank value (see 6.3.2.3), shall be less
ted according to Formula (1), in milligrams (mg), as follows:

% (0,1pyy x240x0,01x107

the maximum mass uptake of analyte in a leak test performed on a sealed sampler us
r making measurements for comparison with a long-term limitvalue;

etre (mg - m-3);

the reference period, in minutes (min);

the nominal minimum flow rate for type B safiiplers, in litres per minute (1 - min-1);

cubic metres per minute (m3 - min-1);
a factor applied to calculate thelmaximum permitted leakage.

 in accordance with 8.2.2,for substances with a short-term limit value the maxi
the maximum mass uptake of analyte above the blank value (see 6.3.2.3), shall be less
ted according to Formula’(2), in milligrams (mg), as follows:

= $(0,5py,5 x15x0,01x1073

the maximum mass uptake of analyte in a leak test performed on a sealed sampler us
ranaking measurements for comparison with a short-term limit value;

a factor applied to convert the nominalminimum flow rate from litres per minute (1/

than

@)

bd

the long-term limit value of the substance given as concentration, in milligrams per ciibic

nin)

mum
than

(2)

bd

PLV,st

metre (mg - m-3);

15 is

0,01 is

10-3

the reference period, in minutes (min);

the nominal minimum flow rate for type B samplers, in litres per minute (1 - min-1);

1) to cubic metres per minute (m3 - min-1);

1/3 s

a factor applied to calculate the maximum permitted leakage.

is the short-term limit value of the substance given as concentration, in milligrams per cubic

is a factor applied to convert the nominal minimum flow rate from litres per minute (1 - min-

© ISO 2019 - All rights reserved
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6.2.3 Shelflife

The manufacturer shall specify the shelf life of the sampler when stored in its original package. During
this period the sampler shall fulfil all requirements.

6.2.4 Sampler identification

Samplers shall be uniquely identified.

6.2.5 Marking

Samplers shall be marked with at least the following:

a) anufacturer’s name,

b) productidentification including batch identification, where available,

c) indication of the direction of air flow,

d) ghelflife (or expiry date), and

e) fumber of this document.

N.OTI e 2The marking with the number of this document implies enly that the sampler fulfils the
givenin 6.2.

If required due to limited space, the marking may be placed on the packaging of the sampl
at least the product identification, batch identificationywhere available, and direction of a|
be infdicated on the sampler.

6.2.4 Instructions for use

The instructions for use supplied with the'sampler shall be written in the principal langua
the cpuntries where the sampler is topesmarketed. They shall contain at least the following information:

a)

b)

‘)
d)

e)
f)
g)

r vapour, see 6.1),

where a blank valuie’is important),

irections for-proper handling of the sampler, including opening and closing,

eneral information on the principle of use, for example, sorbent type, reaction of
pregnatéd solid, desorption method,

information on the range of temperature where the sampler can be used,

requirements

er. However,
ir flow shall

re(s) used in

jﬂesignated use (general purpose for a number of gases and vapours or, specific, for a particular gas

dssurance that blankvalue meets specifications, where necessary for a particular gas or vapour,

the reagent

information on storage and transport, and

information on health or environmental hazards and method of disposal.

6.3 Measuring procedure requirements

6.3.1 Sampling procedure requirements

6.3.1.1 General

Sampling conditions (sample volume, flow rate and sampling time) shall be established according to
the LV assigned to the compounds of interest, for example, short-term limit value, long-term limit value
or both.

© IS0 2019 - All rights reserved
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6.3.1.2 Sample volume

The recommended sample volume which is calculated from the recommended flow rate and the
reference period should conform to the sampler capacity verification test (see 8.3.1.2).

6.3.1.3 Air flow rate

6.3.1.3.1 Determination of the maximum air flow rate (only for impregnated filters)

When tested according to 8.3.1.4, the maximum air flow rate shall be 90 % of the flow rate at which the
breakthrough volume drops by 5 %.

6.3.1.3.2 Determination of the minimum air flow rate (only for thermal desorption)

A minimum|air flow rate shall be established according to the test given in 8.3.1.5.

6.3.1.4 Stprage conditions after sampling

The storage| conditions after sampling shall be specified. When tested in aceordance with 8.3.1.6, the
mean value|of the method recovery after storage shall not differ by more:than 10 % from the yalue
before stordge.

6.3.2 Andlytical procedure requirements

6.3.2.1 Limit of quantification

The limit of|quantification shall be lower than or equal to'the calculated mass of analyte that woulld be
collected fof the minimum air sample volume specified”in the measuring procedure at the following

concentratiIns:
— 0,1 LV fpr substances with long-term limit value,

— 0,5 LV fpr substances with short-term liniit value only.

6.3.2.2 AIalytical recovery

When teste

in accordance with 8.3.2.2, the analytical recovery Ryy, shall be
— for Typ¢ A samplers, Ran 2’75 % with Ky < 10 % at each loading, and
— for Typ¢ B samplers;-Ran = 95 % with Ky < 10 % at each loading.

The values given for~analytical recovery are targets; lower values may be used provided equivplent
precision is pchieved.

6.3.2.3 Blank value

In order to obtain acceptable values for the limit of quantification of the method, the blank value of the
sampling media should be as low as technically possible.

When tested in accordance with 8.3.2.3 the blank value shall be less than one-tenth of the calculated
mass collected by the sampler during the recommended sampling time at the recommended air flow
rate and at concentrations of

— 0,1 LV for substances with long-term limit value, and
— 0,5 LV for substances with short-term limit value only.

NOTE Higher blank values can be allowed provided the requirement of 6.3.2.1 is met.

6 © IS0 2019 - All rights reserved
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Where it is known that the blank value is significant and varies between batches of samplers, it shall be
checked regularly.

In order to eliminate any contamination which could occur during storage before use, Type B samplers
should be cleaned by taking them through the thermal desorption procedure. This cleaning process
should be carried out as close as possible to the time when the samplers will be used.

6.3.3 Expanded uncertainty

When tested in accordance with 8.3 the expanded uncertainty, calculated in accordance with 8.4, shall
meet the requirements given in ISO 20581.

The ¢xpanded uncertainty requirement shall be met from 10 °C to 40 °C and at relative hunjidities from
20 % to 80 %.

6.3.4 Method description

6.3.4.1 Scope of the measuring procedure

The $cope of the measuring procedure shall give information about thefollowing:
a) principle of the method;

b) ¢hemical agents covered by the measuring procedure;

c) 4nalytical technique used;

d) orking ranges;

e) ¢hemical agents for which the measuring procedure is known to be adequate but nof completely
yalidated according to this document, especially in case of compounds of the same chemical family
or homologous series;

f) ¢hemical agents for which the méasuring procedure is known to be inadequate;

g) any known interferences.

6.3.4.2 Method performarnce
The measuring procedure shall give information about method performance, including thefollowing:
a) the chemicalagents for which measuring procedure has been shown to be effective;

b) the range.of concentrations of chemical agents in air, sample volume and range of enyironmental
¢onditions over which the measuring procedure has been shown to meet the performance criteria
or-expanded uncertainty prescribed in ISO 20581;

c) thelimit of quantification of the measuring procedure for chemical agents of interest;

d) full details of any known interferences, including suitable and sufficient information on how to
minimise their effects.

6.3.4.3 Apparatus and reagents
The measuring procedure shall
a) specify that the sampler used conforms to the provisions of this document;

b) contain a requirement that the sampling pumps used conform to the provisions given in ISO 13137
and specify any characteristics of the sampling pumps additionally required;

© IS0 2019 - All rights reserved 7
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c) definet

d) specify

:2019(E)

he required characteristics of the apparatus and test equipment to be used;

the quality of the reagents to be used.

6.3.4.4 Safety information

The measuring procedure shall provide suitable and sufficient information on the safety hazards
associated with the reagents and equipment used in the procedure.

7 Gener

7.1 Reag

Wherever p

7.2 Appa

7.2.1 Test

7.2.2 Usu

7.23 A dy
test gas or\y

simulta

position

NOTE1 It
least six pair

NOTE 2

an expoj
through

provisig
concent

W

al test conditions

ents

bssible, only reagents of analytical grade may be used.
ratus

equipment as stated in 7.2.2 to 7.2.7 shall be used.

hl laboratory apparatus and resources.

mamic system for generating, pre-mixing and delivering a known concentration
yapour in air (see [SO 6145-11), ISO 6145-4 and I1SO 6145-6), including at least:

sure chamber constructed of inert material suchas glass or polytetrafluorethylene (P
which the generated test atmosphere is passed, of sufficient capacity to accommg
heously at least six test samplers and six.§amplers of one independent method (see ]
ed in such a manner that there is no intésference between each sampler;

ns for measuring, controlling and.arying the air flow rate through the chamber an
ration, temperature and relativé humidity of the calibration gas mixture.

is also possible to use a smallérexposure chamber and to carry out repeat experiments to obt
5 of data.

9

here test gas or vapour atmospheres cannot be generated because of stability or

consideration, alternative procedutes for spiking samples can be considered.

7.2.4 App

7.2.5 Floy

with a meas

ropriate sampling pumps which meet the performance requirements of ISO 13137.

ymeter(s), calibrated, suitable over range(s) which include 10 ml - min-1to 2 000 ml - n
Lirement uncertainty less than +2 %.

of a

[FE),
date
.3.3)

d the

nin at

afety

hin-1,

7.2.6 Micropipettes or syringes, for applying known volumes of standard solutions, in conformance
with the requirements of ISO 8655-2 and with a calibration checked in accordance with I[SO 8655-6.

7.2.7
either the te

st sampler or an independent sampling procedure.

1) Under preparation. Stage at thetime of publication: ISO/DIS 6145-1.

8

Instruments for analysing the gas, vapour or a characteristic reaction product collected by

© ISO 2019 - All rights reserved
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7.3 Calibration gas mixture

7.3.1 Generation

Set up a calibration gas mixture at the concentration and values of temperature, relative humidity, etc.
specified in the appropriate test methods in Clause 8.

Ensure that the flow rate into the exposure chamber exceeds the combined sampling rate of all samplers
by at least 25 %.

Calcylate the mass concentration of the calibration gas mixture, Bcg, given in milligra
metrfe (mg - m-3), from the test atmosphere generation parameters.

For example, for a permeation cell system, the delivered mass concentration is calculated by

as fo

wherte

NOTE 1

lows:
ml
v

ny is the mass loss from permeation tube, in microgramns per minute (ug - min-1), and

mixtyires.

Detefmine the mean mass concentration “of the test atmosphere within the exposu
expefrimentally using the results of thelindependent method described in 7.3.3. A correc
applied for any known bias in the independent method.

Compare the determined meantsmass concentration with the calculated value. If the exj
determined value is within #10/% of the calculated value of the mass concentration of t
test atmosphere, take the caletilated value as the true value of the delivered mass concentr

requ
used

rement is not met,then adjustments shall be made or an alternative generation proce
or the independentmethod shall be verified.

If it 1s not possiblé-to calculate a mass concentration of the calibration gas mixture, for
reactive gasesythie value determined by the independent method shall be used as the true v

NOTE 2

There can be situations, where it is preferable to use the experimentally deter

concgntration rather than the calculated mass concentration.

7.3.3

7.3.2__Determination of mass concentration
s per cubic

Formula (3)

3

, is the flow rate into the exposure chamber, fer€%ample, in litres per minute (1 - mip-1).

The example does not give a preference>for permeation systems for generating callibration gas

re chamber
tion may be

erimentally
ne delivered
ation. If this
lure shall be

example, for
alue.

mined mass

Independent method

The mass concentration of the generated calibration gas mixture in the exposure chamber shall be
verified as follows:

a) by an independent method, which has been validated using an established protocol, for example, a
diffusive sampler method, bubbler method or a different sorbent tube method; or

b) by using an independently calibrated on-line instrument, for example, a flame ionization detector
or an infrared spectrometer.

NOTE For performance requirements for diffusive samplers see EN 838.
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8 Test methods

8.1 General

If it is known in advance that a certain type of sampler is unaffected by an environmental influence,
then the relevant tests in 8.3.3.2 to 8.3.3.4 may be modified to examine only the factors likely to have
an influence.

There are two levels of evaluation specified as follows:

level 1: A measuring procedure evaluated for the analyte of interest in accordance with the

a)
normat
b) level 2:
documg
upper a
NOTE Sd
homologous ¥

If it is know
an environn
performanc

8.2 Samyp

ve part of this document;

A measuring procedure deemed to be in conformance with the normative paht of
nt on the basis that the analyte of interest is an analogue within a homologous séries,
hd lower members of which have been tested and shown to conform with level1.

me special groups of substances (for example, toluene, xylenes) usually isomers, can be treat
when it is known that their chemical and physical properties are very similar)

n in advance, or through testing, that a certain sampler-analyteicombination is affectg
nental influence then the relevant tests in 8.3.3.2 to 8.3.3.4 may’be modified to invest
e over a more restricted range of conditions.

ler test methods

8.2.1 FloW resistance

Assemble a
differential

sampling train consisting of a sampling \pump (see 7.2.3), a representative samp

and a flow mpeter in front of the sampler. All connections shall be leak tight, having connecting tubi

short as pos|

Measure thd
the flow res
in Table 1 (s

sible and a minimum internal diaméter of 6 mm.

back pressure relative to ambient pressure with the differential pressure gauge, carr
istance test at the maximum-recommended flow rate and compare with the required Y
e 6.2.1).

8.2.2 Sanj
Expose a sef
concent

time: 4

Ipler leak test (for’Type B samplers)
of six sealed samplers to a test atmosphere under the following exposure conditions:
ration: 2 LV;

;

this
both

ed as

ed by
igate

er, a

pressure gauge, which is inserted via a T-piece between the sampling pump and the sanppler,

hg as

y out
ralue

relative

humidity: (50 = 5) %;

Analyse the

8.2.3

temperature: (20 + 2) °C;

set to determine any leakage.

Shelflife (for Type A impregnated supports)

Store the sampler at the limits of the environmental conditions specified by the manufacturer and/or
in the measuring procedure. At the end of the specified shelf-life, test the sampler under the following

exposure co

— time:re

10

nditions:

concentration: 2 LV;

commended sampling time;
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flow rate: recommended flow rate;
relative humidity: (80 + 5) %;

temperature: (40 £ 2) °C.

8.2.4 Sample identification

Perform a visual check.

8.2.5 Marking

Perfgrm a visual check.

8.2.4 Instructions for use

Perfgrm a visual check.

8.3

8.3.1 Determination of the recommended sampling conditions

8.3.1.1 Selection of sampler capacity test

Perform the sampler capacity verification test in 8.3.1:2 or the sampler breakthrough te
taking into consideration whether the capacity of thé.sampler is likely to be high for the s
be mleasured. This will depend upon the characteristics of the substance and the sampler,
natufe and amount of the sampling substrate, and’the limit value for the substance concern

8.3.1.2 Sampler capacity verification.test

Sample from a test atmosphere (genérated by using the apparatus described in 7.2.3) with
of three samplers under the followinhg exposure conditions:

Measuring procedure test methods

¢oncentration: 2 LV;

fime:

— For long-term’L.V: reference period plus a minimum of 1 h or the sampling period, i
+ For shortéterm LV: twice the reference period.
flow ratesrecommended maximum flow rate;

felative humidity: (80 + 5) %;

st in 8.3.1.3
ubstance to

for example,
ed.

a minimum

f longer,

temperature: (20 £ 2) °C.

For samplers without a back-up section use two samplers in series.

Analyse the samplers after the test. The amount of the test substance recovered in the back-up section
of sampler shall be less or equal than 5 % of the total amount recovered. If the amount recovered in the
back-up section of sampler is greater than 5 %, carry out the sampler breakthrough test specified in
8.3.1.3.

NOTE

If the amount recovered in the back-up section of sampler (or second sampler in series) is greater than

5 %, the test can be repeated at sequentially lower flow-rates or reduced sampling period until the test is passed.
The maximum flow-rate consistent with passing this test will be the recommended flow-rate in subsequent tests.

© IS0 2019 - All rights reserved
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8.3.1.3 Sampler breakthrough test

8.3.1.3.1 Direct method

Measure the breakthrough volume by sampling from a test atmosphere (generated by using the
apparatus described in 7.2.3) using a minimum of three samplers under the following exposure

conditions:

concent

ration: 2 LV;

flow rate: according to the sampler type;

EXAMPI
for impr

relative

tempers3

Do this whfilst monitoring the concentration of the test substance behind\the sampler wit]

instrument
infrared sp4

For substan|
measured a
two limit va|

For two-bed
section tubd

When it is 1
direct-readi
and analyse

8.3.1.3.2

For porous
described i1
volume. An

NOTE1 B
relative hum
humidity is a

E 50 ml - min-1 for Type B samplers, 200 ml- min-1 for Type A sorbent tubes and 1 000, raaly
bonated filters are examples for appropriate flow rates.

humidity: (80 + 5) %;
iture: (20 * 2) °C.

such as gas chromatograph equipped with a flame ionisation or ‘eguivalent detector
ctrophotometer. A suitable way of doing this is described in A.L

ces with both long-term and short-term limit values, thebpeakthrough volume shou
[ a concentration of two times the short-term limit value‘éspecially if the ratio betwee
[lues is greater or equal than 1,5.

Type A sorbent tubes, use only the first (primary) bed or use specially prepared si
S.

ot possible to monitor the concentration.of'the test substance behind the sampler us

d at regular intervals.

Chromatographic method

polymers and similar ¢hrematographic sorbents, instead of applying the procd
8.3.1.3.1, the breakthrough volume can be predicted from the chromatographic rete
bxample is given in Ahnex A.

eakthrough volume" determined by the chromatographic method does not take into ac
dity. Measurenients by the direct method indicate that breakthrough volume at high (95 %) re
bout a factor.of two lower for porous polymers.

min-1

h an
br an

Id be
n the

ngle-

ing a

hg instrument, breakthrough can be nionitored using a back-up sampler that is changed

dure
ntion

count
ative

NOTE 2  The chromatographic method is not suitable for reagent impregnated sorbents or activated carbon.
NOTE 3 Tlhe-chromatographic method is not suitable for very high mass concentrations (more|than
500 mg - m-3).

8.3.1.4 Determination of the maximum air flow rate (only for impregnated filters)

Repeat the test described in 8.3.1.3.1 for breakthrough volume at increasing flow rates up to a maximum
of 50 % above the recommended flow rate using a minimum of three samplers at each flow rate setting.
The breakthrough volume determined should be constant, independent of flow rate. As the experiment
to determine the breakthrough volume is repeated at increasing flow rates a point could be reached
where the breakthrough volume begins to decrease. If the breakthrough volume drops by more than
5 % from its initial value the maximum air flow rate for the sampler shall be 90 % of the flow rate at
which this occurs.

12 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=31f9ccbb63beb3273df148508e2e105c

ISO 22065:2019(E)

8.3.1.5 Determination of the minimum air flow rate (only for thermal desorption)

If a sampler is to be used at a flow rate below 10 ml - min-1 and an inlet restrictor is not used, perform
the following test to establish the flow rate above which the effect of diffusion can be disregarded. If
the sampler is to be used to measure a number of different substances, carry out the test using the
substance with the highest diffusion coefficient.

Prepare six blank samplers and simultaneously sample a test atmosphere (set at about twice the limit
value of the test substance). Use three of the samplers set at a low/moderate pump flow rate and three
at zero flow rate, but with a pump still attached. Determine the mean mass of analyte retained on the
three samplers set at zero flow. Subtract this from the mean mass of analyte on the samplers through

whic
masy
the t
detel
the iy

NOTIH
exam|
the ri

appr
samp
sorbd
20 m

8.3.1

8.3.1

Use {
folloy

q
1
f
1
— 1

The {

Anal
othe

rairwas drawrtodetermime-acorrected rass of anatyte retatred-by-thesesampt

to confirm the concentration of the test atmosphere. Having confirmed the cone¢
est atmosphere, use the mean mass of analyte retained by the three samplers.set at
'mine the diffusive uptake rate by these tubes in ml- min-1. Multiply this value:by 20 t
hinimum air flow rate to be used with this sampler type.

The level of the low/moderate flow rate to be used depends on the dimehsions of the
ple, for standard 4 mm to 5 mm bore, 6,4 mm outside diameter sorbent tubes with the sorbg
nge from 12 mm to 18 mm from the sampling end of the tube, a flow rate’of approximately 2
priate. For closer sorbent tubes or sorbent tubes with the sorbent bed “positioned further aj
ling end of the tube, a flow rate of less than 20 ml - min-1 is appropriate. For wider bore sor

nt tubes with the sorbent bed positioned narrower to the sampling.end of the tube, a flow rate
-min-1 is appropriate.

.6 Storage after sampling

.6.1 Direct method

wo sets of at least six samplers and withdraw a known volume from a test atmosphe
ving exposure conditions:

oncentration: 0,1 LV and 2 LV;

ime: recommended sampling.time;

low rate: recommended-flow rate;

elative humidity: (80.£ 5) %;

emperature: (20 2) °C.

torage conditions shall be specified in detail (e.g. storage time, temperature).

yse one:set within one day and the other set after two weeks storage at room tempe
r'wise\directed.

ers. Use this
entration of
zero flow to
o0 determine

sampler. For
ent bed set in

ml - min1is
way from the
bent tubes or
of more than

e under the

Fature, or as

Calc

1ot 41 £ 1 £ 21 4 4 £ 4 £ Je Jd 41 L 1 £ 41
IdlT LIIT 11ITdII 1UI Tdlll Ul LIIT LVWU S5TLS Ul LE3L 1TSUILS dllU UIITC UITITICIILT UTLVWCETILD Ul

e means, in

percent. Compare with the requirement in 6.3.1.4. If the requirement in 6.3.1.4 is not met repeat the test

with

NOTE

a shorter storage time or by using different storage conditions.

An alternative approach can be to carry out a more comprehensive set of experiments

determining

the method recovery after a range of different storage times, for example, one day, three days, seven days, ten
days and two weeks.

8.3.1.6.2 Sampling media spiking method

As an alternative to the procedure given in 8.3.1.6.1 sampling media may be spiked with an equivalent

loadi

© ISO

ng using a procedure based on one of those given in 8.3.2.2.
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After spiking the substrate investigate humidity effects by drawing humid air through the spiked
samplers according to 8.3.1.6.1.

8.3.2 Analytical procedure test methods

8.3.2.1 Analytical limit of quantification

For Type A samplers, spike ten unused samplers with appropriate masses of the analyte of interest,
such that the test solutions produced from them will have mass concentrations near their respective
anticipated limit of detection and analyse under repeatability conditions.

near

For Type B §
its respectiy

Estimate thle limit of quantification for each of the analytes of interest as ten times{the stan

deviation of]
8.3.2.2 Dq

8.3.2.2.1

Conduct thd
intermediat
conditions.

Concenf

For

For

Time:

For

For

Flow ra

The method|
B samplers {

8.3.2.2.2
Add a know

amplers, spike ten unused samplers with appropriate masses of the analyte of interest
e anticipated limit of detection and analyse under repeatability conditions.

the mean result. Compare with the requirement in 6.3.2.1.
ptermination of the analytical recovery

General

determination at the lower and upper ends of the measuring range and for leas
e concentration according to ISO 20581 as calculated from the following sam

ration:
long-term LV: 0,1 LV to 2 LV
short-term LV: 0,5 LVto 2 LV

long-term LV: recommended sampling time
short-term LV: reference period
fe: recommended flowrate

s given in 8.3.2.2:2\and 8.3.2.2.3 can be used to determine the analytical recovery. For
he method givenin 8.3.2.2.4 can be used as well.

bampling media spiking method from the vapour phase

n mass of analyte corresponding to the different loadings given in 8.3.2.2.1 into a ¢

dard

one
pling

Type

mall
2.6).

vessel (for e

kample, empty sampling tube, pipette reservoir), using a micropipette or syringe (see 7

The analyteTam be pure or dituted 1T a soivent (USuatly the desorption Sotvent). AlT 1S sampied from
the vessel by pumping onto the sampling medium (recommended flow rate and sampling time shall be
used, according to the type of sampling medium, type of sampler and analyte of interest). Check that all
the analyte has evaporated after sampling by rinsing the vessel with desorption solvent and analyze
the rinsate.

Desorb and analyze all the samples. Repeat the experiment six times for each sample loading. Calculate
the analytical recovery by dividing the mean mass recovered at each loading from the vapour spiked
samples by the mass applied and the coefficient of variation of the replicate samples.

NOTE1  For chemical agents with low vapour pressure moderate heating could be necessary. On the other
hand, for highly volatile chemical agents cooling as well as flow reduction could be necessary.

NOTE 2  Heating blocks with tubes allowing pumping or purging with a gas are commercially available.
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8.3.2.2.3 Sampling media spiking method from the liquid phase

Add a known mass of analyte diluted in a non-interfering solvent, if necessary, to at least six sampling
media for each loading, using a micropipette or syringe (see 7.2.6). When substances are added to
a sorbent tube, air shall be drawn through during or after the addition to ensure that the analyte is
properly sorbed. Analyze the samples and calculate the analytical recovery by dividing the mean mass
recovered at each loading by the mass applied, and the coefficient of variation of the replicate samples.

Compare with the requirement given in 6.3.2.2.

8.3.2.2.4 Sampling media spiking method (for Type B samplers)

Add

Type
direq
from
recoy
thet
the s

Load|
recoy
thesd
Comj
obta

NOTH
recoy
and ¢
due
react|

Calc

appl
in 6.]

8.3.2

Anal
requ

8.3.3

8.3.3

known mass of analyte to at least six sampling media at each loading, corresponhding to the
loadings in 8.3.2.2.1 and using the method described in 8.3.2.2.2 or 8.3.2.2.3.

Fery for Type B samplers cannot normally be determined in this way unless the ma
hermal desorber has provided a direct injection facility that does net\perturb any gas f
ampler in-line. If a direct injection facility is not available the following method may b

the analyte on sampling media, together with an internal standard known to have 4
rery of 100 % under the applied desorption conditions. n-pentane or n-hexane are suitg
e samples by thermal desorption as well as by direct liquid injection using a sepa
bare the relative detector response obtained from thérmal desorption with the relati
ned by a direct liquid injection of the analyte withhe internal standard.

Thermal desorption of an analyte from a Type B sampler is a non-equilibrium proce
ery is close to 100 % unless the desorption timg;is too short under the applied conditions off
hrrier gas velocity, or the desorption temperature is too low, or the analyte undergoes partial d
0 a chemical reaction with, for example,sthe sorbent or its catalytic or oxidising impurities
jon with any other material in the flow path.

late the analytical recovery by dividing the mean mass recovered at each loading

‘ired and calculate the coefficient of variation of the replicate samples. Compare with the 1

.2.2.

.3 Determination/of the blank value

yze six unused (samplers. Calculate the mean and the standard deviation. Compa
rements giveiin 6.3.2.3.

Method recovery and method precision

. “General

B samplers are part of the injection system of commercial thermal desorptioh instruments. A
t method is to compare analytical recovery with the spiked sampler in-lifieyversus the response
the introduction of analyte directly onto the gas chromatograph column. Absolutle analytical

facturer of
low set with
b used:

n analytical
ble. Analyse
rate device.
ve response

s. Analytical
temperature
Pcomposition
, or due to a

by the mass
requirement

re with the

The method recovery and method precision tests given in 8.3.3.2 to 8.3.3.4 require calculation of mass
concentration of the analyte, 8,, from the mass of analyte recovered from the samplers and the volume
of test atmosphere sampled. This calculation is made according to Formula (4):

m —m
ﬁa — RaZ Val (4_)
an %X Vat
where
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ma,1 is the mass of analyte desorbed from tube blank, in micrograms (pg);
ma,2 is the mass of analyte desorbed from spiked tube, in micrograms (pug);
Ran is the analytical recovery;

Vat is the volume of the test atmosphere sampled, in litres (1).

NOTE The mass concentration adjusted to specified conditions, S corr, for example, 20 °C (= 293 K) and
101,3 kPa, can be calculated according to Formula (5):

1n1"2 TdL
ﬁa,corr 5 ﬁax Pt X2_93 (5)

where

Tyt is the temperature of the test atmosphere sampled, in Kelvins (K);
pat is the pressure of the test atmosphere sampled, in kilopascals (kPa).

The concentration of the analyte, given as a volume fraction ¢, can be calculated according to
Formula (6)
24,1
M

(6)

0, = ﬁa,(orr X
a

where

24,1 igthe molar volume at 293 K and 101,3 kPa, iritres per mole (I - mol-1);

M, iJthe molar mass of the analyte, in grams$-per mole (g - mol-1).

8.3.3.2 Effect of the exposure concentration

Using at leaft six samplers for each concentration, withdraw a known volume from a test atmospghere
under the fgllowing conditions.

— concentfration: 0,1 LV, 0,5 LV and 2 LV;
— time: recommended sampling time;
— flow rafle: recommended flow rate;

— relative|lhumidityv(50 * 5) %j;

— temperatute: (20 = 2) °C.

Analyze the samples and, for each exposure combination, calculate the concentration (see 8.3.3.1) for each
of the replicate samples. Divide each by the reference concentration of the test atmosphere (see 7.3.2).
Calculate the mean method recovery and the coefficient of variation of the replicate samples for each
sample loading; and also calculate the overall method recovery and coefficient of variation of the means.

8.3.3.3 Effect of the relative humidity of the test atmosphere

Using at least six samplers for each combination of concentration and humidity, withdraw a known
volume from a test atmosphere under the following conditions:

— concentration: 0,1 LV and 2 LV;

— time: recommended sampling time;
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— flow rate: recommended flow rate;
— relative humidity: (20 = 5) % and (80 % 5) %;
— temperature: (20 + 2) °C.

NOTE The high and low values of the relative humidity are given for guidance only. If it is known that the
samplers are to be used in wider, or more restricted, ranges, the values may be adjusted accordingly.

Analyze the samples and, for each exposure combination, calculate the concentration (see 8.3.3.1) for
each of the replicate samples. For each exposure combination, calculate the mean result and divide it
by the reference concentration of the test atmosphere (see 7.3.2) to estimate the effect of the relative
humldity on method recovery. See C.5.5 for information on how to consider the effect pf humidity on
the gstimation of the expanded uncertainty of the measuring procedure.

8.3.3.4 Effect of the temperature of the test atmosphere

Using at least six samplers for each temperature, withdraw a known volume/from a test [atmosphere
under the following conditions:

— ¢oncentration: 2 LV;

— flime: recommended sampling time;

— fllow rate: recommended flow rate;

— relative humidity: (50 £ 5) %j;

— femperature: (10 + 2) °Cand (40 * 2) °C.

NOTH The high and low values of the temperatut€-are given for guidance only. If it is known that{the samplers
are t¢ be used in wider, or more restricted, ranges, the values may be adjusted accordingly.

Analyze the samples and, for each expostire combination, calculate the concentration (se¢ 8.3.3.1) for
each|of the replicate samples. Divide“each by the reference concentration of the test atmg@sphere (see
7.3.2)). Calculate the mean results for €ach temperature and the mean difference to estimafte the effect
of the temperature on method«é&covery. See C.5.6 for information on how to consider the effect of
temperature on the estimation.of the expanded uncertainty of the measuring procedure.

8.4 | Uncertainty of measurement

8.4.1 Identification of random and non-random uncertainty components

Identify all random and non-random uncertainty components of the measuring procedure, for example,
by cdnstructing a cause and effect diagram (see ISO/IEC Guide 98-3 and references [2], [3] and [4]).

NOTH See Annex B for a list of random and non-random uncertainty components that typica]lly need to be
considered:

8.4.2 Estimation of individual uncertainty components

8.4.2.1 General

For each of the significant uncertainty components identified in 8.4.1, estimate individual uncertainties
or calculate them from experimental data as prescribed in 8.4.2.2 to 8.4.2.5, following the guidance in
Annex C.
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8.4.2.2 Uncertainty associated with sampled air volume

Estimate the random and non-random uncertainty components of the sampled air volume, referring to

the guidanc

ein C.2.

If the measurement error is being estimated for the general use of a published method, make a worse

case estima

te of the uncertainty components concerned.

If the measurement error is being estimated for the use of the method under specific conditions, for
example, by a particular organisation using particular sampling equipment and a particular sampling
protocol, estimate the uncertainty components for the specific equipment concerned (for example, flow

meter, sam
protocol (fo

]ing aliiaal o8 Hmpr)’ f:\](ing account of any cpn(‘ifir‘ additional rpnlnirnmnnfc of the sam

ling

" example, number of flow rate measurements, sampling time).

8.4.2.3 Uncertainty associated with sample storage and transportation

Estimate th
using the re

cults of the test given in 8.3.1.6, referring to the guidance in C.4.

8.4.2.4 Uncertainty associated with method recovery

Estimate mg¢

using the re

sults of the test given in 8.3.3, referring to the guidance in’C.b.

8.4.2.5 Uncertainty associated with method variability

Estimate th

e random uncertainty components associated with method variability, using the resu

the test given in 8.3.3.2, referring to the guidance in C.6.

8.4.2.6 (Cglculation of the combined standard uncertainty

Calculate th¢ combined standard uncertainty, expressed as a percentage, according to Formulae (7) t

_ 2 2
uc,r - \ﬁls,r +ua,r

s,nr a,nr

_[] 2 2
uC_ uc,r +uc,nr

where

Usr 19

the random sampling uncertainty;

e non-random uncertainty components associated with sample storage and_transportation,

bthod bias and the non-random uncertainty components associated with method recagvery,

Its of

p (9):
(7)

(8)

(9)

Usnr is the non-random sampling uncertainty;

Uyr isthe random analytical uncertainty;

Uanr i the non-random analytical uncertainty;

Ucr 1S

the combined random standard uncertainty (associated with sampling and analysis);

Ucnr is the combined non-random standard uncertainty (associated with sampling and analy-
sis); and

Uc is

18

the combined standard uncertainty.
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8.4.3 Calculation of expanded uncertainty

Calculate the expanded uncertainty of the measuring procedure, U, using a coverage factor k = 2

according to Formula (10).

U=2xu,

NOTE An example for estimation of expanded uncertainty is given in Annex D.

9 Testreport

The {

a)
b)
‘)
d)
e)

f)
g)
h)
i)
j)
k)
1)

q

q

1

q

\

1

1

\

1

q

q

q

est report shall include at least the following:
| reference to this document (i.e. "ISO 22065");
omplete identification of the test atmosphere and its verification;

he type of pumped sampler used;

dletails of the pump used for testing;

3ll validation data obtained in the tests under 8.2 and/or 8:3 as applicable and the

ralues of the performance characteristics;

he statistical analysis of the test results;

he calculated values of the uncertainty components’and the expanded uncertainty;
vhether the acceptance criteria are met;

he level of evaluation;

gny unusual features noted during.the determinations;
gny operation not included in this-document that could have influenced the results;

dny omission(s) or deviation(s) from the test conditions, and the technical justification
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Annex A
(informative)

Examples for the determination of the breakthrough volume

A.1 Direct method

A.1.1 Apparatus
A.1.1.1 Flpw meter.
A.1.1.2 Difrect reading instrument (for example, flame ionization detector).

A.1.1.3 Samplers under test.

A.1.2 Det

Assemble a
concentrati
of interest,
reading inst

Pass the tes
sampling ra
Note the tin

When the ay
a5 % of th
calculate th

A.2 Chro
A.2.1 Gen

A.2.2 App

A.2.2.1 Or

Prmination

bas train consisting of a dynamic calibration gas mixture generator (see 7.2.2) deliver]
n equivalent to two times LV at (20 * 2) °C and (80 £5) % relative humidity for the an
h sampling section of the pumped sampler, a flow<meter in the suitable range and a d
rument (for example, flame ionization detector).

t gas through the sampling train at a known constant rate. Use a value appropriate fg
fe intended in the practical use of the sampler according to the manufacturer’s instruct
e that the flow was initiated.

jalyte begins to emerge, the detéctor will show a response. Continue the measurement
e inlet concentration is reached. Determine the time at which 5 % has been reached
e breakthrough volume.

matographic method
eral

aratus

dinary laboratory apparatus.

ing a
alyte
irect

r the
ions.

until
and

A.2.2.2 Gas chromatograph.

A.2.2.3 Thermocouple.

A.2.3 Pro

cedure

Connect a sorbent tube to the injection and detection ports of a gas chromatograph in place of the
normal chromatography column by means of narrow bore polytetrafluorethylene (PTFE) tubing.

Determine the corrected retention volume of a 1 ml aliquot of calibration gas mixture at least five
settings of the chromatograph oven temperature such that the retention time is convenient (between
2 min and 20 min). Repeat the determination five times at each temperature.

20
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A.2.4 Corrected retention volume

Inject a sample of an un-retained substance, such as methane, and calculate the gas (vapour) hold-up

volume Vy (dead volume) according to Formula (A.1):

VH =V, XtH

where

(A1)

vy is the volumetric air flow rate through the sampler, for example, in litres per minute (1 - min-1);

ty isthe hold-up time of the un-retained substance, in minutes (min).

Then determine the corrected retention volume (VR )’ ,in litres (1), according to Formua (4
VR ) =Vr —Vy
where

IR is the uncorrected retention volume, in litres (1);

Iy is the gas (vapour) hold-up volume (dead volume), in lifres (1).

A.2.5 Calculations

Plot the mean values of the logarithm of corrected retention volume at each temperatf
recifrocal absolute Kelvin temperature and extrapolate to 20 °C (3,413 x 10-3K-1). The br
voluime is assumed to be half of the corrected reténtion volume.

1.2):
(A.2)

ure against
eakthrough
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Annex B
(informative)

Experiments for method validation

Table B.1 and Table B.2 summarize the experiments for method validation of both sampling and

analytical methods for gases and vapours in workplace air in order to fulfil the requirements specified

in this docu

ment.

Table B.1 — Sampler requirements

Test PLV ts Va RH Yat n Requirement Clause
h % °C ref.
. recom- . 6.2.1
Flow not applicable mended not applicable 20 |[Type A <10 kPa [ hd
resistance maximum $.2.
flow rate Type B < 3,5kPa
long-term:
1 0'1PLV,lt X 240X
Sampler Valt < 5 -3
leakctest 2V | 4 not 1 5045) | (20£2) |56 ool st
(Type B applicable N N N short-term: 8l2.2
samplers) N
1 O,SpLV_St x15%x
My <7
310,01x1073
Shelf life ;E;?C{rel;i recom- 6[2.3
(Type A 2LV . mended _ |80 £5) | (40 £2) | n.s. |Indicated by manufacturer an
sampling
samplers) time flow rate 8|2.3
_Samp_le_ Uniquely identifiable samples,
identi-fi- marked with:
cation and . ' 612.4
marking not applicable Manufactures name, product ID, ahd
(visual flow direction (if applicable), batch 612.5
ID, shelf life, number of documents
check)
Instruc-
tion fo_r not applicable In language of countries where 6l2.6
use (visual used.
check)
NOTE For the symbols used see Clause 4.
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Table B.2 — Measuring procedure requirements

Test PLV ts Va RH Yat n Requirement Clause
h % °C ref.
long-
term:
reference )
period + With two subsequent
Sampler ca- >1h recom- samplers amount of
1p 2LV mended 805 202 >3 [analyte on back-u 8.3.1.2
acit y p
pacity fhort- flow rate sampler < 5 % of total
veR R recovered amount.
2 x
reference
period
di. . | according Measurement until
‘I?glel;lll(l:hrough 2LV notﬁsepdea tosam- | (80+5) | (20+2) | =23 [analyteis detected 8.3.1.3
pler type behind the sampleil
recom- .
. recom- Recovery difference 6.3.1.4
fitg;?ge condi ar(::ilZL\L/.V S?;n?fnd mended | (80+5) | (20+2) |~26 |beforeand after st¢r- and
i tirI;le & | flow rate age less than 10 %. 8.3.1.6
<0,1LV
Analytical for long-term LV 6.3.2.1
quantification a not applicable 10 and
limif <05LV 8.3.2.1
for short-term LV
; recom- Type A samplers:
Analytical ype A samplers
0,1LV ded
recovery up to2 LV sr:rig)lieng Ran275 %
(long-term)b time recomy - with K, < 10 % 6.3.2.2
mended not specified c and
Analytical re- flow rate Type B samplers: 8.3.2.2
0,5LV [reference
cove rgl (short- upto 2 LV| period Ran 295 %
ternp) with Ky <10 %
unused 6.3.2.3
Blank value samplers not applicable 26 |see6.3.2.3 and
p 8.3.2.3
Effect of expo- 0,1 LV; no specific require
surq concen- 0,5V (50+5) | (20+2) | =6 menﬁt’ q 8.3.3.2
tration and2 LV
recom-
recom- | (20%5) . .
Effe¢t of rela< 0,1LV mended no specific require
tive humidity-"| and 2 LV | sampling mended and (20£2) | =26 menrt) ! a.8.4.9
time flow rate | (80 £5)
i (10£2) . .
Effe tt of tem- 5 1% (50+5) ndd -¢ |nO sl:t)ec1f1c require 8.3.3.4
perature (40 + 2) men

a  Spiked samples near estimated LOQ.

NOTE For the symbols used see Clause 4.

¢ atleastthree concentration of measuring range (upper, lower end and intermediate).

b Wherever possible the effect of exposure concentration should be calculated from the results of replicate samples
taken from a test gas atmosphere (see 8.3.3.2) and the method bias calculated according to C.5.3. The method bias includes
the analytical recovery. In this case experiments for the analytical recovery can be omitted.
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Annex C
(informative)

Estimation of uncertainty of measurement

C.1 General

Methods fof measurement of chemical agents in workplace atmospheres usually involve two-thajor
steps: samp|ling and analysis. The following is a typical, but non-exclusive, list of randomt.and [non-
random uncertainty components:

a) sampling:

1) undertainty associated with sampled air volume (see C.2);

2) ungertainty associated with sampling efficiency (see C.3); and
3) undertainty associated with sample storage and transportation.(see C.4);
b) analysis:

1) undertainty associated with method recovery (see C.5);

2) uncertainty associated with method variability (see C.6);

3) undertainty associated with the calibration (sée C.6.3 and C.6.4); and

4) undertainty associated with instrument.response drift (see C.6.6).

C.2 Uncertainty associated with sampled air volume

C.2.1 Souprces of uncertainty
For pumped| sampling, the sampled air volume has the following sources of uncertainty:

— flow ratle measurementysece C.2.2),

— pump flow stabiliti{see C.2.3), and

— samplinjg time {See C.2.4).

C.2.2 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, the correction of the flow rate reading to ambient pressure and
temperature.

The uncertainty of the flow rate calibration ug. should be estimated from the data given on the flow
meter test certificate.

EXAMPLE For example, if the expanded uncertainty given on the flow meter test certificate, uce = 0,8 %,
whereas k = 2, the contribution to the uncertainty of the flow rate measurements is us. = 0,4 %.
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The uncertainty of the flow rate reading, ug, should be taken to be the coefficient of variation of
measurements carried out under repeatability conditions. If the flow rate is measured at several times,
and not only at the beginning of the sampling, the uncertainty of the flow rate reading is reduced by a

factor of 1/\/5 , where n is the number of measurements of the flow rate.

Examples of typical values for the uncertainty of the flow rate calibration and reading for different
types of flow meters are given in ISO 20581. If a generally applicable estimate of uncertainty is to be
made for a method that does not specify the use of a particular type of flow meter, the uncertainty
components for a mass flow meter given in ISO 20581 should be used, as this constitutes a worst-case
scenario if the use of an inappropriate rotameter is disregarded.

C.2.3 Pump flow stability

Pumps for personal air sampling are usually self-regulating and maintain the set flow rate independent of

varidg
valug

acceptable value of a non-random uncertainty component of the pump flow stabjlity is 5%/ N

Actu
by th
prob
can k

~

whet

C.2.4

Sampling time can be meastred precisely with a radio-controlled clock, a quartz clock o1

The
read

If thd
both
miny
can k

For ¢

tion in back pressure. [SO 13137 requires that the flow rate is maintained to w4ithin +5
throughout the sampling period. Assuming a rectangular probability distribution, th

h] values for the pump flow stability can be less than 5 %. It can be-estimated from thd
e manufacturer or from the results of the test in ISO 13137:2018;77.10. Assuming a
ability distribution, the value of the non-random uncertainty,component of the pump f
e calculated according to Formula (C.1):

_ Apfs
fsnr —
p \/g

e

pfsnr 1S the value of the non-random uncertainty component of the pump flow stabili

is the difference between thexmean reading of the flow rate at minimum and m
back pressure, in percent.

Spfs

. Sampling time

major source of uncértainty in measurement of sampling time is the accuracy wit
ng is taken, i.e. to.the nearest minute or second.

reading is taken to the nearest second, the non-random uncertainty component is ve
long-term and short-term measurements and can be negligible. If the reading is taken t¢
te, the non“random component is very small for long-term measurements (for examp
e disrégarded, but for short-term measurements it requires to be taken into account.

% of the set
e maximum

3.

value given
rectangular
ow stability

(C.1)

Ly, and

hximum

" stopwatch.
h which the

ry small for
the nearest
le >2 h) and

xample, if time is recorded to the nearest minute, the coefficient of variation is (6, 67%

\E) =2,7 %

for a sampling time of 15 min (summing the maximum 0,5 min biases at the start and end of the
sampling period and dividing by the sampling time and J6, assuming a triangular probability
distribution).

In case of pumped sampling, ISO 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 non-random uncertainty component is 0,5%/\/§ =0,29 %.

C.3 Uncertainty associated with sampling efficiency

The sampling of gases and vapours can be influenced by the pressure, relative humidity and temperature
of the sampled air, the concentration of chemical agents in the sampled air and by the flow rate. These
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factors can affect the sampling capacity and the performance of the sampling process. The uncertainty
associated with these effects is incorporated in the uncertainty component of the method recovery.

For pumped samplers, the sample volume is kept well below the experimentally established
breakthrough volume, 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. For the determination of
the breakthrough volume, see 8.3.1.3.

C.4 Uncertainty associated with sample storage and transportation

The non-ra

n be

estimated b
sampling co

Assuming a
given by Forl

A

Uge =

w

5

where

dom uncertaintv component associated with samnle storage and transportation ca
J r T o] T

y the analysis of replicate samples collected from a test atmosphere or prepared by Sp
|lection media with the chemical agent of interest (see 8.3.1.6).

mula (C.2):

e

uSt IS t

alyf
maj

C.5 Unce

C.5.1 Gen

Method rec
following th|

The experin
the factors (
the specifie
These data ¢

Measuring f
the results
samples tak

!

e relative standard uncertainty associated with sample‘storage, and

e difference between the mean results of replicate samples of both concentrations an{
ed immediately after sampling or preparation and¥eplicate samples analysed after th
ximum storage time, in percent.

rtainty associated with method@ecovery

eral

very is influenced by several factors (see C.3). The study of their influence is carrie
e tests described in 8.3.3.2te 8.3.3.4 by the use of test atmospheres.

nental data collected-wheén carrying out these tests give representative information 4§
ausing variation aridbias (relative to a reference value) that occur in routine applicatid
1 method of measurement, for example, concentration, temperature and relative hum
an be used to‘estimate the method uncertainty components as described in C.5.2 to C|

rocedures, for chemical agents using pumped samplers usually prescribe the correcti
for analytical recovery. In this case, method recovery is estimated from the results g
en from the test atmospheres corrected for analytical recovery.

king

rectangular probability distribution, the uncertainty associated with saniple storage is

(€.2)

D

H out

bout
ns of
idity.
5.6.

pn of

f the

C.5.2 An

lyticalrecovery

C.5.2.1 Analytical recovery can be calculated from the results of the analysis of replicate samples with
known mass of the compound of interest (known samples), dividing the mass of analyte recovered by the
known mass. The known samples can be certified reference material (CRMs) or sampling media spiked
samples at several loadings covering the range of the application of the method.

NOTE The uncertainty associated with the analytical recovery is calculated when no test gas atmosphere
for sampling tests is available and replicate samples are generated by spiking samplers according to 8.3.2.2.

The random and non-random uncertainty components associated with the analytical recovery can be
estimated from the results of the testin 8.3.2.2.
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C.5.2.2 When the results are corrected for analytical recovery and it is not level dependent, the random
uncertainty component associated with this correction is given by Formula (C.3):
2
(KV ra ) 2
Uy = — +(Uks) (C.3)
where
uyr is the relative standard uncertainty of the analytical recovery, in percent;
:[V,ra is the coefficient of variation of the replicate kKnown samples, in percent;
is the number of replicate samples;
Yks is the relative standard uncertainty of the known samples, in percent.
Whep CRMs are available ugg should be estimated from the CRM certificate:
EXANPLE The uncertainty of spiked samples with pure compound, assuring that the effect offtemperature
on the dispensed volume is negligible, can be estimated by Formula (C.4):
2 2
2 (Bmax,sy ) (Kv,sy )
Uks = (upu) 3 n (C4)
wherp
Uks is the relative standard uncertainty ef'the purity of analyte, in percent {for example, if
the purity is 299 %, the relative unéértainty is [(100 - 99)/ V3] %};
Bmax,sy 1s the maximum bias of the volume dispensed by the syringe used to spike th¢ blank sam-
pling media, in percent;
Kv,sy is the coefficient of variation of the volume dispensed by the syringe used to dpike the
blank sampling media, in percent; and
1 is the number ofreplicate samples.
If the amount of analytespiked to the blank sampling media is weighed, the uncertainty ofthe nominal
valug¢ is estimated-as’a combination of the uncertainty of the balance used and the cpefficient of
varidtion of the réading of the weight.
C.5.2.3 If.analytical recovery correction is not applied to the results, the analytical bigs should be
estinpated'and treated as an uncertainty component. The non-random uncertainty componernt associated
with|incomplete recovery can be estimated as the difference of the mean analytical recpvery of the
I‘epli eate oaulylco of allconcentrationsfrom3160 05 atrd-eonvertedtoastandardtreet taiut_'y. The relative

standard uncertainty of the analytical bias is given by Equation (C.5), see [5].

(8.)" (Kusa)”

2
Ugp = 3 + n +(uks)
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is the relative standard uncertainty of the analytical bias, in percent;
is the analytical bias calculated of the mean results of known samples (see 8.3.2.2);

is the coefficient of variation of the replicate known samples, in percent;

the number of replicate samples; and

the relative standard uncertainty of the known samples, in percent.

C.5.3 Method bias

Method biag
at the relat
significant,

The non-raf

results of the replicate samples from 100 %. The relative standard uncertainty ‘@ssociated wit

method bia{

ve humidity of 50 % and temperature of 20 °C (see 8.3.3.2). When the methiod bi
bias is estimated and treated as an uncertainty component.

can be estimated from the results of the replicate samples collected from a test atmosy

is given by Formula (C.6), see [5].

Kv,rm

n

Urc

NOTE If

C.5.4 Refq

In a prope
componentg

Prcent;

brcent (see C.5.4).

the measurement resultis bias corrected, the term By, becomes zero.

brence concéntration

rly designéd and performed experiment, the random and non-random uncert

on the syste

m used for generation and can be calculated by a propagation of errors from the uncert
of the paranlleters of the test atmosphere generation.

Bm

J3

)

JQ(KV,rm)Z

n
the relative standard uncertainty associated with-method bias, in percent;
the bias of the mean results from the referefice concentration, in percent (see 8.3.3);

the coefficient of variation of the replicate samples collected from a test atmosphere,

the number of replicate samples;-and

the relative standard uncertainty of the reference concentration of the test atmosphe

associated with the test atmosphere concentrations are expected to be small. They de|

here

as is

ijdom uncertainty component can be estimated as the difference, in percent, of the mean
h the

(C.6)

n

re, in

hinty
pend
hinty

The relative standard uncertainty uy. associated with the reference concentration of the test
atmosphere of a dynamic system is usually less than 3 %. uyc values of <4 % for spiking from a gas
sampling tube and <5 % for syringe spiking can be assumed.

C.5.5 Effect of humidity

The non-random uncertainty component associated with the effect of humidity can be estimated from
the difference between the mean results of replicate samples collected from a test atmosphere at the
relative humidity of 80 % and 20 % (see 8.3.3.3).
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Assuming a rectangular probability distribution, the uncertainty associated with the effect of humidity

is given by Formula (C.7):

up ZAT; (€7)

where

up is the relative standard uncertainty associated with the effect of humidity on the method
recovery; and

nh is the higher of the differences between the mean results of replicate samples collected from
test atmospheres at relative humidities of 80 % and 20 %, in percent.

C.5.6 Effect of temperature

Temperature affects mainly the adsorption capacity. The breakthrough volume decreases pt increased
temperature. In general, the influence of the temperature on the mass sampled is insignificgnt provided
that the sampled volume is well below of the breakthrough volume in-the range of temperatures of
interjest.

The hon-random uncertainty component associated with the efféct of temperature can be estimated
from| the difference between the mean results of replicate samples collected from a test atmosphere at
temperatures of 40 °C and 10 °C (see 8.3.3.4).

Assuming a rectangular probability distribution, the uncertainty associated with the effect of
temperature is given by Formula (C.8):

A
g = T; (C.8)

wherte

gt isthe relative standard uncertainty associated with the effect of temperature on the method
recovery, and

At is the difference between the mean results of replicate samples collected from testjatmos-
pheres at temperatures of 40 °C and 10 °C, in percent.

C.6 | Uncertainty associated with method variability

C.6.1 General

The uncertainty associated with method variability can be estimated from method pre¢cision data
obtalned from the results of the rnp]ir‘afn camp]pc collected from the test afmncphnrnc used in 8.3.3.2
as described in C.6.2. Separate uncertainty estimates need to be made for any sources of systematic
error, where applicable, for example non-random uncertainty associated with the concentration of
calibration solutions (see C.6.3), calibration function (see C.6.4), dilution of the sample solutions (see
C.6.5) and instrument response drift (see C.6.6).

The uncertainty associated with analytical variability is included in the method variability.

Independent uncertainty estimates associated with analytical variability can be made either from
analytical precision data either obtained under repeatability conditions (see C.6.7.1) or from data
obtained under reproducibility conditions (see C.6.7.2). In both cases, separate uncertainty estimates
need to be made for any sources of systematic error, where applicable, for example non-random
uncertainty associated with the concentration of calibration solutions (see C.6.3), calibration function
(see C.6.4), dilution of the sample solutions (see C.6.5) and instrument response drift (see C.6.6). When
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the analytical precision is determined from within laboratory reproducibility data, for example, using
quality control data, most random and randomized uncertainty components of the analytical variability
are included. See ISO 21748 for further guidance. When within laboratory reproducibility data are used
the values obtained for the analytical precision can be higher than when repeatability data are used
because, in this case, between days precision are included.

C.6.2 Method precision

Method precision can be calculated from the results of the replicate samples collected from a test
atmosphere at a relative humidity of 50 % and a temperature of 20 °C (see 8.3.3.2).

The random

U = [[Kvm )2 +(1—1J(Kvw)2 (€9)

where

ump igthe relative standard uncertainty associated with method precision,in percent;
Kym 19 the coefficient of variation of the means, in percent;
n igthe number of replicate samples (see also Formula (C.10});»and

Kyp,r idthe pooled coefficient of variation of the replicate samples, in percent, calculated accord-

ing to Formula (C.11).
n can be estjmated for an unequal number of replicate samples by Formula (C.10), see EN 13936:

NZ‘Z]-Zl("j)Z ]
n= / with N=Y"n; (C.10)
J-1)N p=

where

N is the total number of replicate’samples at all concentration levels;
J  isthe number of concentration levels;
n; is the number of repli¢ate samples at the concentration level j.

For both eqial and unegual number of replicate samples Kyp r can be estimated by Formula (C.11):

Koy - /[(m—1)><(KV'1)2}+[(n2—l)x(KV,2)2}+[(n3_1)X(KV'3)2}
' (ny =1)+(ny —1)+(ny —1)

T

C.11)

where

Ky 1, Kv2, Ky 3 are the coefficients of variation at the three tested concentrations;
ni, nz, n3 are the number of replicate samples at each test concentration.

NOTE When the number of replicate samples at all concentration levels are equal then n = n; and

\/[(Kv,l P (K0P + (K ) |
K = .
3

vp,r
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