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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

This document provides a framework for assessing the performance of procedures for measuring a
chemical agent present as a mixture of airborne particles and vapour against the general requirements
for the performance of procedures for measuring chemical agents in workplace atmospheres as
specified in ISO 20581.

This document enables manufacturers, users of samplers, developers and users of procedures for
measuring a chemical agent present as a mixture of airborne particles and vapour to adopt a consistent
approach to method validation.

This|document is based on EN 13936.
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Workplace air — Chemical agent present as a mixture
of airborne particles and vapour — Requirements for
evaluation of measuring procedures using samplers

1 Scope

This|document specifies requirements for the evaluation of measuring procedures using
the determination of a chemical agent present in the workplace atmosphere as a mixture
particles and vapour.
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3 Terms and definitions

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

ISO and [EC maintain terminology databases for use in standardization at the following addresses:
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— IEC Electropedia: available at https://www.electropedia.org/

3.1

mixed-phase sampler
sampler or sampling train that is used to collect airborne particles and vapours onto one or more
collection substrates

[SOURCE: ISO 18158:2016, 2.2.2.1.7, modified — the given cross-references have been removed.]

3.2

joint extraction mode

procedure t

at cimnlf:mpmlc]y extracts and ;m;llycpc all collection substrates contained in the m
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3.3

separate ey
procedure t
sampler (3.1

er (3.1), resulting in a unique quantification of the analyte for each air sample

traction mode
hat separately extracts and analyses the collection substrates contained imxthe mixed-
, resulting in multiple quantifications for each air sample that are summed to give the

)ls and abbreviated terms

r symbols used for calculation of combined standard uncertainty/see C.2.

he United States environmental protection agency

he coverage factor

he coefficient of variation

he limit value

he minimum mass which shall be guantified

he mass determined on the.collection substrate for airborne particles, in milligrams;
he mass determined on(the collection substrate for vapour, in the same unit as for m,
he recommended air flow rate of the mixed-phase sampler

he analytical recovery

he relative humidity

bhase
final

he number of extracdtions realized to analyse all collection substrates, control sections excluded

semi-uvolatile nrganir r‘nmpnnnd

he minimum sampling time
he combined standard uncertainty

he expanded uncertainty

is the distribution coefficient for airborne particles, in percentage;

is the distribution coefficient for vapour, in percentage;

is the limit value considered

is the fraction of LV
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5 Sampler types

Samplers are classified based on differences in the collection substrate because of differences in the
analytical procedures.

Where the vapour phase is collected on a sorbent bed, the mixed-phase sampler is classified as type A
sampler.

Where the vapour phase is collected on an impregnated filter, the mixed-phase sampler is classified as
type B sampler.

NOTE Other systems, for example denuder and filter or impinger and filter, can be used alternatively for
specific chemical agents. See Annex B.

6 Requirements

6.1 | General

The measuring procedure used shall comply with the requirements of:fSO 20581 and those clauses of
ISO 13137,1S0 21832, ISO 22065 and EN 13205-1 which apply.

When the use of a sampler for measurement of a particular mixture of airborne particles apd vapour is
clainpjed, the sampler shall meet the requirements specified in6.2. Measuring procedures shall meet the
requjrements specified in 6.3.

Known or suspected interferences as well as the results @f any tests performed to evaluate irffterferences,
including suitable and sufficient information to minimize their effects shall be presented in the method
description as required by 6.3.4.

6.2 | Sampler requirements

6.2.1 General

The §ampler shall comply with the'general requirements given in EN 13205-1 and with the gerformance
requjrements for pumped saniplers prescribed in ISO 22065:2020, 6.2.2 to 6.2.6.

6.2.1 Flow resistance and stability of the air flow

The back pressureof the mixed-phase sampler shall not exceed the maximum values spedified for the
pump performance-test in ISO 13137, unless the combination of mixed-phase sampler and pump has
been|tested and\shown to be able to sample for the required sampling period.

The air flew through the sampling train associated with the pump shall be measured ovgr the entire
sampling\period and not deviate more than 5 % as specified in ISO 13137.

Pumps used with size-selective mixed-phase samplers shall also meet the requirements of the pump
pulsation test as specified in ISO 13137.

6.2.3 Connecting parts

The volume of any connecting parts between collection substrates within the mixed-phase sampler
shall be kept to a minimum and any connection shall be made of an inert material that

— does not retain the chemical agent of interest,
— does not react with the chemical agent of interest,

— does not emit chemical agents that can interfere with the one of interest, and

©1S0 2022 - All rights reserved 3
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— isresistant to solvents, if applicable.

6.2.4 Pumps

Pumps used in the measuring procedure shall conform with ISO 13137.

6.3 Meas

uring procedure requirements

6.3.1 Sampling procedure requirements

6.3.1.1 Gg

Measuring f

fraction of dirborne particles, as defined in ISO 7708, and vapour.

The require
substrates t

NOTE
given in 6.3.1

Due to the particularity of mixed-phase samplers, some requirements are . adapted from ISO 220

tneral

rocedures shall specify the use of a mixed-phase sampler designed to collect the.inha

ments specified in ISO 22065:2020, 6.3.1, shall apply according to the types of colle
hat are used in the mixed-phase sampler.

.2 and 6.3.1.3.

6.3.1.2 Air flow rate

FortypeAs

exceed the maximal air flow rate of the sorbent tube. If not, the air flow should be split to achievg

requiremen

For type B
[SO 22065:2

6.3.1.3 St

When teste
storage sha

6.3.2 Ana

6.3.2.1 Gg

The requirg
substrates t

NOTE
stated in 6.3

I

Dtie to the particularity of mixed-phase samplers, some requirements are adapted from ISO 220

hmplers, the air flow rate constrained by the particle-size selector of the sampler shoul

.

samplers, the maximum air flow rate ¢to ensure complete sampling accordin
020, 6.3.1.3.1, shall comply with the air flow rate required by the particle-size selector

prage condition after sampling

in accordance with the procedure prescribed in 8.2.2, the mean analytical recovery
not differ by more than 10.%-.from the value before storage.

lytical procedure requirements

tneral

ments givendin 1SO 22065:2020, 6.3.2, shall apply according to the types of colle
hat are used in the mixed-phase sampler.

P 2106.3.2.5.
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6.3.2.2 Extraction of the collection substrates

The extraction procedure shall ensure that all phases are extracted and presented for analysis of total
mass of the analyte(s) of interest.

When collection substrates are extracted and analysed separately, the masses determined on each
collection substrate shall not be interpreted as an accurate separation of a particle fraction or vapour
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fraction as these fractions were not stabilized during the sampling period and thus, transfer can occur
between collection substrates.

NOTE A preponderance of analyte on the portion of the sampler intended for either particulate or vapour
collection can give valuable guidance regarding the environment and the control measures, including respiratory
protection measures, which can be needed for implementation. Samplers which consist of a filter and adsorbent
are not able to give an accurate assessment of partition, but samplers have been and are being designed to
provide more accurate information.

6.3.2.3 Analytical limit of quantification

B SRt Fhe—inbmaum mass of

.................. T
analyte m,,;, that would be collected for the minimum air sample volume specified imth¢ measuring

procedure at the following concentrations is calculated by Formula (1):
_(x-py)

min — T Q- Erin (1)

~

g

where

Mnin 1S the minimum mass which shall be quantified;

K is the fraction of LV considered as follows:
— x=0,1 for substances with long-term limit value, and

— x=0,5 for substances with short-term limit value;
DOy is the limit value considered;

N is the number of extractions realized to analyse all collection substrates, control sections
excluded;

) is the recommended air flgw;rate of the mixed-phase sampler;

Lhin 1S the minimum sampling time.

6.3.2.4 Analytical recovery

For gxtraction when testéd in accordance with ISO 22065:2020, 8.3.2.2.3, the analytical recovery R,,
shallfbe 275 % with K, < 10 % at each loading.

The yalues given for analytical recovery are targets; lower values may be used provided equivalent
precision is:achieved.

6.3.2.5- Blank value

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

When tested in accordance with ISO 22065:2020, 8.3.2.3, the total of the blank values shall be less than
one-tenth of the mass calculated by Formula (1).

NOTE Higher blank values can be allowed provided the requirement of 6.3.2.3 is met.

Where it is known that a blank value is significant and varies between batches of samplers, it shall be
checked for each batch.

© IS0 2022 - All rights reserved 5
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6.3.3 Expanded uncertainty

When tested in accordance with ISO 22065:2020, 8.3, the expanded uncertainty of the measuring
procedure as a whole, including the measurement of airborne particles and vapour, shall comply with
the requirements of ISO 20581. For the uncertainty budget of the airborne particles, the numbers given
for inhalable samplers in [SO 21832:2018, C.3.4, can be used.

When fractions are analysed separately, the expanded uncertainty can be calculated according to
Clause C.3.

6.3.4 Method description

ISO 22065:2020, 6.3.4, shall apply.

7 General test conditions

7.1 Reagents

Use only reggents of recognized analytical grade.

7.2 Apparatus

Test equipmlent as stated in ISO 22065:2020, 7.2.2 to 7.2.7, shall besused except for 7.2.3.

NOTE1 A
atmosphere

technically d
The apparaty
climatic cond

NOTE2 Td
to lower cond

in the test atinosphere are relevant to the sampling situations at workplaces.

8 Testm

8.1 Spiki

8.1.1 General

The spiking
conditions.
the spiking

dynamic system for generating, pre-mixing and delivering a known concentration of 3
that contains known concentrations of vapour and* particles of a semi-volatile compou
fficult to obtain compared to a test atmosphere centaining only vapour as prescribed in ISO 2
s described in [SO 22065:2020, 7.2.3, can be used’to generate the test atmospheres of pure air
itions required by the tests.

st atmospheres generated at high concéntrations tend to bias towards the aerosol phase comj
entrations that can be observed in theworkplace; therefore, it is important that the concentra

ethods

ng method

method allows the deposit of the analyte on the collection substrates under contr
Dnly if-ho standard atmosphere chamber for mixtures of vapour and aerosols is avai
method described in 8.1.2 shall be used.

test

hd is

2065.
n the

bared
tions

olled
lable

Tests prescribed in 8.2 need the analyte to be spiked on the collection substrates. Due to the semi-
volatile characteristic of the analyte, this spiking shall be made as required by 8.1.2 to 8.1.4.

8.1.2 Deposit of the analyte on the first collection substrate

8.1.2.1 Type A samplers

The first collection substrate of a type A sampler is a filter. A deposit of the analyte in the form of a spot
with micropipette or syringe shall be avoided due to the dramatic reduction of the evaporation surface
in comparison with the one presented by the micrometric airborne particles collected on the surface of
the filter during the sampling period. If so, the transfer of the analyte from the filter to the sorbent bed
will not be realistic.
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The analyte shall be deposited on the filter by a syringe with a volume of solution that permits to wet
80 % to 90 % of the front surface of the filter. To do so, the analyte can be diluted in a non-interfering
solvent to deliver the appropriate mass of analyte on the collection substrate.

To prevent any loss of the analyte of interest, a volatile solvent should be used that evaporates at room
temperature within a short period. If this is not possible, the solvent used shall not interfere with the

sorbent bed or the analytical method.

8.1.2.2 Type B samplers

As far as possible, the analyte shall be homogeneously deposited on the impregnated filter to ensure

that

The 4
colle

8.1.3

Duri
(see
subs

The

analy
samyj
in a

volaf]
onto
the 3
solve

In th
can k
solvg

8.1.4

he analyte can react with the reagent of impregnation.

inalyte can be diluted in a non-interfering solvent to deliver the appropriate mass$.of‘an
ction substrate.

Deposit of the analyte on the other collection substrates of a type’Aj'sampler

hg tests regarding the analytical method (see ISO 22065:2020, 8-3.2.1), the analyti
SO 22065:2020, 8.3.2.2), the verification of sampler capacity (see'lSO 22065:2020, 8.3
bquent collection substrates of a type A sampler, which are sorlsent beds, require to be

spiking of those collection substrates may preferentially-be realized by adding a kng
te corresponding to the required loading of the corresponding test into a small vesse
ling tube, pipette reservoir), using a micropipette or syringe. The analyte can be puj
Kolvent (usually the desorption solvent). The vessel 'shall be heated enough to perni
ilisation of the mass of analyte deposited inside,‘while air is sampled from the vessel
the collection substrate (recommended flow.rate and sampling time shall be used). C
nalyte has evaporated after sampling by rifsing the vessel and any connections with
nt and analysing the rinsate.

b case where this technique is not suitable due to the physical properties of the analyte
e spiked directly in the sorbent/bed by a micropipette or syringe and diluting in a nox
nt, if necessary.

Transfer of the analyte

In function of the extraction method and the type of the sampler, air shall be sampled

samy
subs

Wha
8.3.2
ISO 2
hum

ler during or after-the spike to allow the analyte to be transferred through all tH
[rate as it does/during a sampling session.

fever the sampler type, the tests regarding the limit of quantification (see 1SO

.1), the recovery (see ISO 22065:2020, 8.3.2.2), and the evaluation of the conditions of
2065:2020, 8.3.1.6.1), require to pump pure air through the samplers at (20 + 2) °C a
dity of (50 £ 5) % during the recommended sampling time at the recommended flow 1

alyte on the

ral recovery
1.1) and the
spiked.

wn mass of
| (e.g. empty
e or diluted
it the rapid
by pumping
heck that all
| desorption

the analyte
I-interfering

through the
e collection

2065:2020,
storage (see
hd a relative
ate.

The sampler capacity verification test (see ISO 22065:2020, 8.3.1.2) requires pumping pure air
through the samplers at the recommended maximum flow rate at (20 * 2) °C and a relative humidity of
(80 = 5) %.

Table 1 summarizes the spiking and transfer conditions in function of the required tests and the
extraction mode used.
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Table 1 — Spiking and transfer conditions in function of the required tests and the extraction

mode

Tests

Joint extraction mode

Separate extraction mode

First collection
substrate

Subsequent collec-
tion substrates

First collection
substrate

Subsequent collec-
tion substrates

1SO 22065:2020,
8.3.1.2

Sampler capacity

Spike and pump air at (20 + 2) °C and
(80 +5) %RH

Spike and pump air at (20 + 2) °C and
(80 £5) %RH

ISO 22065:%020, Spike and pump air Spike and pump air
8.3.1.¢:1 Spike at (20 £ 2) °C and Spike at (20 = 2) °C and
Storage conjditions (80 +5) %RH (80 % 5)%RH
1SO 22065:2020, . _ . Spikerahd’pumy air
8.3.2(1 Spike and pump air at (20 + 2) °C and Spike at(20* 2) °C and
Limit of qud ntifica- (50 + 5) %RH p (50 +_5) %RH
tion T
ISO 22065:2020, Spike and pump air Spike and pumyp air
8.3.22 Spike at (20 +2) °C and Spike at (20 + 2) °C and
Analytical jecovery (50 £5) %RH (50 £5) %R

The temper
from the req

8.2 Evalu

hture chosen should be a temperature considered normalfor workplaces and this can
ommended temperature given in ISO 22065.

ation of measuring procedures

8.2.1 General

Perform the
in 8.1 rathe
storage test

8.2.2 Sto1

tests given in ISO 22065:2020, Clause 8,@sing the procedure and conditioned air presc

(see 8.2.2).

age after sampling

Perform stofrage tests on samples dcgording to ISO 22065:2020, 8.3.1.6.1, then stabilize the colle

substrate a
from the c(

prescribed in the sampling method and verify that the analytical recovery detern
mbined results frain the collection substrate for airborne particles and the colle

substrate fofr vapour meets-the requirements of 6.3.1.3.

Multiple mg
substrates |

close wi

thods canbe used and combined as needed to stabilize the analyte on the colle
see also B.6):

thoutdeakage the sampler train, allowing vapour to be passively collected on sorbentb

vary

ribed

" than sampling a known concentration of vapour as required in ISO 22065, except for the

ction
1ined
ction

ction

ed or

impreglllated collection substrate,

cool the

close without leakage each collection substrates individually,

collection substrates below 4 °C,

additional pure air through the sampler train, until complete transfer, and

place in

extract the analyte right after the sampling session.

a black box in case of photo-sensitive analyte.

transfer the analyte collected on the first filter of a type A sampler to the sorbent bed by pumping
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Uncertainty of the measurement

8.3.1 Calculation of the combined standard uncertainty

Calculate the combined standard uncertainty u, taking into account the relevant uncertainty
components associated with airborne particles and vapour, according to Annex C.

8.3.2 Calculation of the expanded uncertainty

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

Loraaa {21

aCco

{

Test report

2P~ EEW= S N 1o
ulll& COUL VI IITUIA | & ]

/ =2Xu,

est report shall contain at least the following information:
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Annex A
(informative)

Physical behaviour of a mixture of airborne particles and vapour

A.1 Generation of a mixture of airborne particles and vapour

The behavig
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There is no

ur of a mixture of airborne particles and vapour at workplace air has been studied
[] to [3]). Theoretical models which can calculate the behaviour of such a mixturg
the literature, but they are limited to the conditions underlying the mixture“whicl
most cases of workplace atmospheres.

e compounds are present as a mixture of airborne particles and vapour in workplac
al that the physical characteristics of the chemical agent of interest are investigat
e the state of the chemical agent at the workplace. Even if semi*velatile compounds
bressure at room temperature, volatility increases with increasiig process temperatu
Ccess can result in forming aerosol-vapour mixtures. The satpling of a mixture of airQ
d vapour is strongly influenced by the sampling conditiens’(e.g. sampling time, flow

mperature, most semi-volatile compounds are liguids but there are also solids w
yapour pressure (e.g. arsenic trioxide). At roemtemperature, semi-volatile compo
ve quite a low vapour pressure; nevertheless;the way in which a compound is used i
an result in forming droplet-vapour-mixtures. There are two principal mechanisny
ture of airborne particles and vapour is formed:

bl evaporation of chemical agents used as a liquid or solid;

Processes in which liquids are nebulised during the machining of metals, ceramics etc., prog
ts are generated by gas-bubbles breaking on the surface of liquids (e.g. electroplating) and
Cesses (e.g. paint spraying).

tes and, subsequently-cools down to ambient temperature.

Hot bitumen application, laser cutting and metalworking processes.

reticakidentification of the semi-volatile behaviour of a chemical age

genefally accepted definition of semi-volatile compounds. The U.S. EPA defined a ;

volatile orgs

(see
can
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e air.
bd to
have
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rate)

ith a
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1s by

esses
iquid
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nt

emi-

ni0compound (SVOC) as a compound having a boiling point ranging from 240 °C to 4(

0°C.

The advantage of this definition is that boiling point is available for almost all compounds present in
the workplace atmospheres. EN 13936 defined a SVOC with the vapour pressure of the compounds,
ranging from 0,001 Pa to 100 Pa. The advantage of this definition is that saturated vapour pressure
is the real parameter that governs the evaporation of a chemical agent rather than the boiling point.
Disadvantage is that the vapour pressure is not available for many substances. EN 13936 also indicates
that this corresponds to a range for the boiling point from about 180 °C to about 350 °C.

Figure A.1 presents the saturated vapour pressure of 254 compounds registered in the Metropol
database (see Reference [8]), according to their boiling point. Volatile compounds show a good
correlation between those parameters. As the volatility decreases, this correlation becomes less clear,
likely resulting from the difficulty of making measurements of low vapour pressure.

Experience in recent years has shown that the limits for vapour pressure originally set in EN 13936
were well chosen for semi-volatile materials, but that the limits for the boiling point range are too
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broad. From the literature, it can be derived that significant amounts of droplet-vapour-mixtures only
occur from a boiling temperature of about 200 °C and that substances with boiling points above 320 °C
at room temperature only have a low vapour content.
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Figure A.1 — Saturated vapour pressure in function of the boiling point of 254 compounds
registered in the Metropol database (see Reference [8])

A.3 | Experimental determination of the semi-volatile behaviour of a chemical
agent

A.3.1CGeneral

When saturated vapour pressure is not available in the literature, the theoretical considerations above
cannot be applied. Thus, an experimental protocol is proposed to determine if a chemical agent should
be sampled and collected as a mixture of particles and vapour or not.
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A.3.2 Sample distribution between the collection substrate for airborne particles and

the collect

ion substrate for vapour

A.3.2.1 Calculate the mass of analyte to be loaded onto the collection substrates in the sample

distribution

tests for each combination of concentration and time prescribed in Table A.1.

Table A.1 — Concentration and time used for calculation of mass of analyte

Time

8hor
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A.3.24 Jus
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o

2-times limit value recommended sampling time

short-term 1-times limit value for example, 15 min

humidity: (50 £ 5) %j;
iture: (10 + 2) °C and (40 * 2) °C;

: recommended flow rate.

16
One way to obtain air with the required conditions of temperature and relative humidity is to

Chamber as specified in EN 60068-3-11.
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m
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d the analyte using a micropipette or syringe, if necessary, with the analyte diluted

peat A.3.2.3 and A3.2.4 for each of the sample loadings calculated in A.3.2.1 and U

Fion coefficients for vapour and airborne particles according to Formulae (A.1) and (A.]
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Yav = 100- Yd,p

where
yd,p is

7d,v is

is

is

12

the distribution coefficient for airborne particles, in percentage;
the distribution coefficient for vapour, in percentage;
the mass determined on the collection substrate for airborne particles, in milligrams;

the mass determined on the collection substrate for vapour, in the same unit as for m

(A.2)

p"
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Calculate the mean and the coefficient of variation of the replicate samples.
Consider the distribution coefficients between the collection substrates used:
— ifjinall cases y4, <10 %, the collection substrate for airborne particles does not need to be analysed;

— if, in any case 10 % < Yap <90 %, the collection substrates for airborne particles and vapour shall

be analysed;

— if,in all cases Yap >90%, only the collection substrate for airborne particles needs to be analysed.

©1S0 2022 - All rights reserved 13
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Annex B
(informative)

Possible approaches to sample mixtures of airborne particles and

vapour

B.1 Gene€

General corj
reviewed by
vapour reqy
sampler. As

ral

siderations for the sampling of mixtures of airborne particles and vapour have

' Perez and Soderholm (see Reference [4]). Sampling mixtures of airborne. particleg
ire an efficient combination of an airborne particle sampler placed in series with a va
basis of this document (see 6.3.1.1), a mixed-phase sampler with an inletfor the inha

aerosol accarding to EN 481 shall be used. The aspiration characteristics of the syStem inlet for inha

sampling lij
a given flow
and vapour
example, thg

For the sani
B.2), reage

hits the design flow rate of the sampler (for a given geometry) andits inlet geometry
rate). In general, it will not be possible to quantify the distribtition of (airborne) pa
components separately at the moment of sampling, unless specific conditions are me
e particle component is non-volatile.

pling of mixtures of airborne particles and vapour, filter plus pumped sorbent tubg
-impregnated systems (see B.3) are the techniqueSsmost frequently used. Impinger

t
used occasirlnally and a recent approach using denuder is under'development.

B.2 Filte

B.2.1 Gen

A filter is a
inhalable fr
vapour.

This sampli
demonstrat

In general, &
pumped sor
sampler, for
value. The f]
sorbent tub

 plus pumped sorbent tube

eral

particle collection substrate which is used in combination with a device that sample
ction according to ISO 7708%r EN 481. A sorbent tube mounted in series is used to sa

hg train will require asspecified design flow rate that cannot be altered unless it has
bd to meet the perforimance requirements for inhalable samplers at other flow rates.

bent tubes_(stich as breakthrough volume). To combine the sorbent tube and the inha

example;nthe flow downstream of the filter can be split in order to achieve the de
ow split:can only be maintained without active flow control if the pressure drop acros
e remains constant during the sampling period.

Volatile and

sorbent tube regdires a lower flow rate in order to meet the performance requirement

been
and
pour
lable
lable
r (for
rticle
t, for

(see
5 are

s the
mple

been

s for
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s the

rawn

semi-volatile comnounds fparhr‘]nc\ collected on the filter can nvannrafp whenairisdr

through the sampler. Some chemical agents in vapour form can also be adsorbed by the filter or particles
collected on the filter. Thus, the original separation of the chemical agents between the particle and
vapour phases cannot always be preserved; only the sum of particles and vapour can be quantified.

B.2.2 Sampling flow rate

Inhalable samplers meeting the requirements of ISO 7708/EN 481 often operate at flow rates of 21 min!
or more. This flow rate is higher than for typical pumped sorbent tubes; channelling and therefore loss
of sample can occur if these are used outside their recommended flow rate range.

To use filter plus pumped sorbent tube at flow rates of 2 1 min~1 or more, either a longer pumped
sorbent tube should be used to counteract the loss of sampling efficiency, or a wider pumped sorbent
tube should be used at a more optimal flow velocity, or the flow should be split.
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In recent years, sampling systems have been developed especially for the sampling of a mixture of
airborne particles and vapour. These sampling systems have a miniaturized sampling head for inhalable
aerosols and work with flow rates that are common for adsorption tubes (see References [9], [10] and
[11]). These can also be combined with thermal desorption tubes with the designed flow rates for this
type of tubes.

NOTE

requi

B.3

A longer pumped sorbent tube increases the back-pressure, whereas a wider pumped
res more sorbent.

Reagent-impregnated sampling system

sorbent tube
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Hand
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methodology includes coated filters, coated foams, coated sorbent beds. and of
paches and is only suitable for reactive substances. The type and amount’of reage
ent-impregnated sampling system should be suitable for the intended purpose.

foated substrate is used in an inhalable sampler which has a specified-design flow ratg

one coated collection substrate to avoid sample loss.

Impinger
mpinger sampler consists in the collection of thesparticles and vapour in a liquid b

with the analyte to form a non-volatile analyte solubilized in the liquid. A filter sho
1stream the impinger to collect particles geréerated by the explosion of the bubbles. Thg
he filter should be analysed, and the quantities summed to determine the total qud
yte.

Collection efficiency of the impinger depends on the airflow, the quantity of the liqui
hger, the time of sampling, the speed of the reaction between the reagent and the c

eter larger than 0,3 pm,

ling an impinger as(a)personal sampler requires some caution as the liquid could
pment of the worket’and generate risks of explosion in case of organic solvent use aj
e workers. Furth€rmore, the impinger as an aerosol sampler should respect the reqy
708 and IS0720581 to assess the exposure of workers, regarding the fraction of partig
he expanded uncertainty of the method. However, the real fraction sampled by the

n the same

her similar
ht used in a

that cannot

tered. In order to collect vapour efficiently, in some instances it can'be necessary to cqgmbine more

y impaction
at is able to
d be placed
n, the liquid
intity of the

d inside the
bmpound to

ct, and the size of the partigcles. The use of impingers is limited to particles with an derodynamic

spill during
hd exposure
lirements of
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mpingers is

not mentioned,

B.5 | DPenuder

A denuder consists of one or multiple, parallel or concentric tubes coated with a sorbent allowing to
collect the vapour of an aerosol and transmit the particles to another collection device, with minimal
particle losses. This technique was firstly developed to eliminate water and organic vapour from the
particle phase of an aerosol to correctly analyse the particle phase only. Recent research developed
denuders that are associated to a filter plus sorbent or an impregnated filter to collect the particle
phase of the aerosol after passing the denuder. That association allows the quantification of the vapour
phase and the particle phase separately and provide valuable information on the real exposure of the
workers.

A denuder is characterized by its vapour collection efficiency and the particle transmission efficiency
through it. The vapour collection efficiency depends on the residence time in the denuder, the length
of the denuder, the size of the channels and the collection capacity of the sorbent. It is possible to
characterize the particle fraction and vapour fraction knowing the transmission efficiency within
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the sampler. The transmission efficiency of the particles depends on the size of the particles and the
Reynolds number of the flow inside the channels.

A denuder used for personal sampling of a mixture of airborne particles and vapour is reported by
References [5] and [6].

B.6 Transport and storage

Compounds that can form a mixture of airborne particles and vapour at ambient temperature are
difficult to handle after sampling, i.e. during transport and storage. Methods are required to ensure
that there are minimal lasses in total mass 2 fter camp]ing (cnn g) 1f different collection suhst ates
are used to|collect airborne particles and vapour, the potential for losses or gains for each subsfrate
shall be addressed. The method description shall provide detailed information on the procedurejused
for stabilizafion of the samples.

Several methods are available to minimize post-sampling changes. For example, samples‘can be cgoled
or stored in|a fixing solution immediately after sampling. Clean air can be drawn thréugh the samqpler
after workplace sampling in order to carry volatile compounds from the particle collection substfates
of the sampliing system onto the vapour collection substrates. Substrates containing volatile compounds
should be trjansported and stored together with a sorbent medium to capture‘evaporative losses [from
the system.
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(informative)

Estimation of uncertainty of measurement

C.1 Uncertainty components

C.1.1 General

The following is a typical, but non-exclusive, list of uncertainty components:
a) gampled air volume;

b) sampling efficiency;

c) gample storage;

d) ¢ffects of temperature and humidity;

e) 4nalytical recovery;

f) 4nalytical variability;

g) (¢alibration;

h) ih[wtrument response drift;
i) bl
The ¢stimation of these uncertainty components is based on ISO 21832 and ISO 22065.

ank subtraction.

C.1.2 Sampled air volume-and sampling efficiency

The yincertainty associated\with sampled air volume (flow rate measurement, pump flow stability and
sampling time) and samplirig efficiency for vapour can be determined according to ISO 220p5.

The yincertainty associated with sampling efficiency for airborne particles can be determingd according
to EN 13205-1 and#S0 21832, respectively.

C.1.3 Sample storage

The yincertainty associated with storage of airborne particles and vapour samples can be|determined
accordingte150-21832-and1S0-22065

T tUToY T O ZZ U000

C.1.4 Effects of temperature and humidity

The fraction of a chemical agent in the vapour phase depends on the temperature and the humidity. It
is not possible to estimate the effects of temperature and humidity on the collected masses of airborne
particles and vapour separately.

Calculate the relative uncertainty components associated with temperature and humidity as follows:

a) Calculate the mean of the results for each exposure combination and the maximum difference
between means.

b) Divide the maximum difference by the mean results of vapour samples at the reference conditions.
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c) Calculate the relative standard uncertainties associated with temperature and humidity effects
assuming rectangular distributions.

C.1.5 Analysis

The uncertainty components associated with the analysis (analytical recovery, analytical variability,
calibration, instrument response drift and blank subtraction) can be estimated according to ISO 21832

and ISO 220

65.

C.2 Calculation of combined standard uncertainty

C.2.1 Saanles analysed separately

See ISO/IEC
uncertainty

The mass cd

as a final re
the same foi

Guide 98-3:2008, 5.1.5 and 5.1.6 and Reference [7] for the calculation of combined stan

ncentration for the inhalable fraction of the mixture f,,;, of airborne particles and v4

bult is given by the Formulae (C.1) or (C.2) depending on whether the.sampled air volu
both (see C.2.2).

. my, +m _ Miniy
mix Vt Vt
m m
—_|P v _
Bmix —‘V—+V——l3p +PBy
p v
where
m,, my and m,;, are the collected masses of*airborne particles, vapour and mixture of bot]
spectively;

Vo, V, gnd are the air volumes for-airborne particles, vapour and both, respectively;
B, and (B, are the mass cangentrations of airborne particles and vapour, respectively.

C.2.2 Sanje sampling volume/for airborne particles and vapour

Calculate se
Upp and th
similar way
associated

parately the relative standard uncertainty associated with the collected mass of par
e relative standard uncertainty associated with the collected mass of vapour u,,

yith sampled air volume (see C.1.2).

Calculate t

relative standard uncertainty associated with the collected mass of mixture of airh

dard

pour
me is

(€.1)

(€.2)

N, re-

ficles
in a

to thatrdéscribed in ISO 21832 and ISO 22065 without the uncertainty compoments

orne

particles ané

18

AN oL usino Egrmula (C 21,
vVapott—t BSH g Ferttha o
P m,mix b I )

up o mrul my ©3)
(my +my ) |
is the relative standard uncertainty associated with the collected mass of airborne
particles;
is the relative standard uncertainty associated with the collected mass of vapour;
m, are the collected masses of airborne particles and vapour, respectively.
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