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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

ISO/IEC 17025 defines expectations for verification and validation of test methods. These expectations are
based on definitions in ISO/IEC Guide 99 and aim to ensure that test methods are suitable for their intended
use and that test results have a known, documented level of quality.

This document describes protocols that have been used within ISO/TC 146 and other technical committees
on air quality to verify and validate measurement methods. It also establishes guidance intended to be used
for method validation. This document seeks to establish a consistent framework for method validation
within [SO/TC 146 and its subcommittees.

© IS0 2024 - All rights reserved
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Air quality — Validation of air quality measurement methods

in the standardization process

1 Scope

This doerrrert—provides—an—overview he—validation sir—aualitv—measurement—mrethod
standardization process.

This doqument deals with robustness testing and interlaboratory testing as the two main‘steps ¢

Given thp informative aim of this document, it does not contain detailed procedures for perfor
validatign tasks, such as number of laboratories, number of samples;etc.

This dociment is relevant to measurement methods in ISO/TC:146 and all of its subcommittees.

2 Normative references

The following documents are referred to in the textitrsuch a way that some or all of their content co
requirenmients of this document. For dated references, only the edition cited applies. For undated re
the lates} edition of the referenced document (in€luding any amendments) applies.

ISO 42235, Air quality — General aspects — Vocabulary

3 Terms and definitions
For the gurposes of this document, the terms and definitions given in ISO 4225 and the following ay
[SO and |EC maintain terminology databases for use in standardization at the following addresses:

— ISO Qnline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

s in the

f partial
nethods,
alysis or

lation to
rasks for

ning the

hstitutes
ferences,

ply.

verification

provision of objective evidence that a given item fulfils specified requirements
[SOURCE: ISO/IEC Guide 99:2007, 2.44]

3.2
validation
verification, where the specified requirements are adequate for an intended use

[SOURCE: ISO/IEC Guide 99:2007, 2.45]

© IS0 2024 - All rights reserved
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3.3

method

measurement procedure

detailed description of a measurement according to one or more measurement principles and to a
given measurement method, based on a measurement model and including any calculation to obtain a
measurement result

[SOURCE: ISO/IEC Guide 99:2007, 2.6, modified — Notes to entry omitted]

34

measurement method

method of measurement

generic description of a fogicat organization of Operations UsSed in a measurement

[SOURCH: ISO/IEC Guide 99:2007, 2.5, modified — Note to entry omitted]

3.5
referen¢e method
RM
measurement method taken as a reference, which gives the reference value of theitheasurand

Note 1 tofentry: A reference method is fully described.
Note 2 tofentry: A reference method can be a manual or an automated method.

3.6
alternative method
AM
measurement method which complies with the criteria giverrby the reference method

Note 1 tofentry: An alternative method can consist of a simplifigation of the reference method.
Note 2 tofentry: Alternative methods can be used if equivalence to the reference method has been demonstrated.

3.7
evaluation
<analytifal chemistry> examination of validation data to determine suitability for intended use(s)

3.8
sensitivjty
<analytifal chemistry> change (in instrument response which corresponds to a change in the njeasured
quantity

3.9
selectivjty
<analytifal chemistry> extent to which the method can be used to determine particular analytes in mixtures
or matriges with@ut'interferences from other components of similar behaviour

3.10
linearity
<analyticat chemistry>"abitity o Use a Straigit He to describe the Tetationsip between a measurement
result and concentration of the analyte of interest

3.11

robustness

<analytical chemistry> measure of the capacity of an analytical method to remain unaffected within
specified limits by small, but deliberate variations in method parameters

© IS0 2024 - All rights reserved
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3.12

repeatability

measurement repeatability

measurement precision under a set of repeatability conditions of measurement

[SOURCE: ISO/IEC Guide 99:2007, 2.21]

3.13

repeatability condition

repeatability condition of measurement

condition of measurement, out of a set of conditions that includes the same measurement procedure,
same operators, same measuring system, same operating conditions and same location, and replicate

measurement reproducibility
measurement precision under reproducibility conditions of measurement

[SOURCH: ISO/IEC Guide 99:2007, 2.25, modified — Note to entry omitted]

reproducibility condition

reprodugibility condition of measurement
condition of measurement, out of a set of conditions that includes/different locations, operators, mgasuring
systems)and replicate measurements on the same or similar objects

Note 1 tofentry: The different measuring systems can use different measurement procedures.

[SOURCH: ISO/IEC Guide 99:2007, 2.24, modified — In'Note 1 to entry, “may” changed to “can”; alsp, Note 2
to entry pmitted]

4 Abbreviated terms

For the gurposes of this document, the following abbreviated terms apply.

AAS atomic absorption spectrometry

AM alternative method

CRF controlledrelease facility

FAIR findableraccessible, interoperable and reusable
FID flame ionisation detector

FTIR Fourier-transform infrared

ICP inductively coupled plasma

ICP-AES inductively coupled plasma atomic emission spectrometry
ICP-MS inductively coupled plasma mass spectrometry

LDAR leak detection and repair

LIDAR light detection and ranging

LOD limit of detection

© IS0 2024 - All rights reserved
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limit of quantification

limit value

mass selective detector

National Physical Laboratory
occupational exposure limit values

optical gas imaging

P-AMS
QA/QC
RDM
RH

RM

SOF
ST-OELV|
STEL
TDL
TEM
TDLAS
TWA
uv

voC
WP

portabteautomated mreasuring systents
quality assurance and quality control

reverse dispersion modelling

relative humidity

reference method

solar occultation flux

short-term occupational exposure limit values
short-term exposure limits

tuneable diode laser

transmission electron microscopy

tuneable diode laser absorption spectrescopy
time-weighted average concentration
ultra-violet

volatile organic compounds

work package

5 Purposes for validation

Validatid
consider
objectivg
of this p
the inter

n is the process of defining an analytical requirement and confirming that the methgd
ation hag-capabilities consistent with what the application requires in view of the meas
(s). Thissis often referred to as the method being fit for its intended purpose. An imporf
rocess’is determining the uncertainty of the measurement results and whether this is su
ded use, e.g. a maximum specific limit. It is also important to determine if it provides §

d under
urement
ant part
table for
ufficient

confiden

T 1T CONCIUSIONS to be drawr fronT the MeaSurement Tesuits:

Often, validation campaigns are designed to determine both an uncertainty associated with the entire
measurement method and individual uncertainty components (i.e. various bias and precision terms)
associated with individual components of the method. Either selectivity, limit of detection or limit of
quantification, or a combination, can also be relevant. This supports the elaboration of the measurement
method in terms of providing confidence that any maximum permissible uncertainty that is required for
the entire method is fit for the intended application. It also supports the specification of any uncertainty
requirement for individual components of the measurement method. Furthermore, validation campaigns
confirm that reliable measurement results can be achieved by competent end users. Subsequently, this also
serves to ensure that fit for purpose and achievable requirements are set by proficiency testing providers

© IS0 2024 - All rights reserved
4


https://standardsiso.com/api/?name=52af458eb7cf56e69c994854e420f439

ISO/TR 24107:2024(en)
(and equally importantly local competent authorities and national accreditation bodies) in assessing the
competence of end users.

In the absence of full or partial validation, requirements in the measurement method are based on expert
opinion. With no evidential data there is therefore a higher level of uncertainty at a given level of confidence
that the measurement method has capabilities consistent with what the application requires, and that
requirements placed upon end users by the measurement method are realistic and achievable.

6 Objectives for validation

The main objectives of validation are confirming that:

— the measurement method meets the requirements specified in the measurement objective;

— the measurement method specified in the standard is clearly described and practicable))or if dollecting
of improvement proposals is needed;

— theresults are comparable when different testing laboratories or institutes use thelmeasuremenf method
for the same task.

NOTE Comparability can be quantified by e.g. repeatability and reproducibility,

Method yalidation is a process to verify that a measurement method fulfils:specified requirementq that are
adequatg for an intended use.[2] It is a series of actions, following develgpment of a method but pireceding
routine implementation of the method, that demonstrates and docuidents the fitness of the method for the
intended use.

The primcipal benefit of validation is to provide confidence that measurements made by using the
measurement method provide data which can be relied upon,by the end user(s) for making correct dlecisions
in one orl more of the following areas:

— prodess control;
— poli¢gy making;

— compliance with regulatory requiremeénts (e.g. limit values for emissions or occupational expogure);
— suitgbility of modelling (e.g. atmaspheric modelling).

Measurement methods contained_in documents prepared by technical committees on air quaplity are
intended for use in a variety of\locations and with a variety of sampling and laboratory equipmjent. It is
expected that a standard method, when properly used, provides consistent measurement results wherever
it is used. Additionally, since”ISO/IEC 17025 recommends the use of standard methods when availpble, it is
incumbent for those whoyestablish such methods (e.g. ISO/TC 146) to ensure a sufficient degree of vhlidation
to suppoyt their use in“this manner.

Additionl considerations are given in 8.2.

7 Typesiof validation

7.1 Validation of reference methods

Reference methods (RM) are measurement methods that have been validated and of which the quality of
the measurement method is, given a specific field of application, fit for its intended purpose and accepted by
experts and users. Knowledge on and documentation of the quality of the measurement method is essential
to define it as a RM. Validation is therefore an essential step in the standardization process.

RM can be used as a legal reference in either legislation, regulation or in contracts between two or more
parties, or a combination thereof. They need, therefore, to be self-supportive. RM are not necessarily of the

© IS0 2024 - All rights reserved
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highest metrological quality. However, experts define a reference method as "reliable" and a good basis for
decisions. In general, RM are "fit for purpose" in view of the measurement objective.

Validation of measurement methods is generally performed in two steps including performance
characteristics relevant for the considered measurement method:

— robustness testing;
— interlaboratory testing.

As the first step is based on a first draft of the standard and each of the validation steps result in a revised
draft standard, the implementation of validation in the standardization process normally relates to three
different draft standards, the last one of which is published as a standard

Cases can occur where the current state of the art is not sufficient for the efficient further.devé¢lopment
of the erjvisaged standard. In such a case, a so-called pre-normative research can be needed’pri¢r to any
standardization with validation.

The robystness testing is generally performed by one or more competent laboratorieswhich ideally already
have exgerience with the new measurement method. The performance characteristics of the meaqurement
method sire determined through inter-laboratory experiments. Both steps are neéded and contribyte to the
evaluati<Ln of the uncertainty of the measurement results.

The comparability of measurement results obtained by the standardized nieasurement method is|ensured
by metrological traceability of the measurement results by means ofb’a documented unbroken |chain of
calibratipns, each contributing to the measurement uncertainty, linkifig them to an appropriate reference.

Metrological traceability to the International System of Units (SI) can be achieved through:
— calibration provided by a competent laboratory; or

— cert]fied reference materials with a stated metrolegical traceability to the SI units; or
— direftrealization of the SI units.

When metrological traceability to the SI units_is not technically possible, the metrological tracealjility can
be ensured by use of an appropriate reference, e.g.

— reference materials without a stated metrological traceability to the SI units;

— resullts of RM, specified methods or consensus standards that are clearly described and acdepted as
proyiding measurement results fit for their intended use and ensured by suitable comparison.

Unfortunately, there is a clear disadvantage with certified reference materials as these are only pvailable
for a limjted number of-components and matrices and are, in general, so expensive that it is not fihancially
possible|to use certified’reference materials for validation or routine checks. Therefore, it is impprtant to
specify ih the standardized measurement method the appropriate reference.

The uncdrtainty.of the measurement results obtained by the standardized measurement method cqnsists of
the uncefrtainty contributions resulting from the unbroken chain of calibrations. Therefore, it is itnportant
to specifydn the standardized measurement method the minimum requirements for these ungertainty
contributions.

In specific cases the introduction of a new RM results in the withdrawal of a previous RM. For example,
due to the general application of new analytical instruments, the old RM is in practice no longer applicable.
Validation of the new RM and cross-comparison of the results of both the old and the new RM allows the
continuous use of data collected in the past (the "historical" data).

When a Technical Committee (TC) or Subcommittee (SC) starts a work item, this is generally given to a
dedicated working group (WG). The aim of the work is to harmonize as far as possible the practices on a
specific topic. Through a series of steps, consensus among the experts is achieved resulting in a first draft
standard that, to the opinion of the experts, reflects the state of the art (in terms of standardization) and is
assumed to be fit for purpose.

© IS0 2024 - All rights reserved
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This first draft standard is used as a starting point for the validation work, or, if funds or means for validation
are not sufficiently available, can be adopted by the TC or SC members and published as a Technical

Specification (TS). When published as a TS, the document states that the measurement method has
validated.

In general, at least the following different levels of validation can be distinguished:

not been

— full validation by sufficient funding, which means that robustness testing and inter-laboratory testing
(e.g. repeatability and reproducibility) as well as evaluation of the uncertainty are acceptably performed;

— partial validation in cases where results of a full validation are not available due to lack of funding, but a

set of validation data provided e.g. by at least one member country or one testing laboratory, on

meapurement method has been validated on a national level and expert assessment justifies the
of thiese data.

7.2 Vallidation of alternative methods

In specif]c cases it can be necessary to standardize an alternative method (AM).te the already existin
if a simplification of the RM is desirable or a different measurement technique‘is available. The sco
AM can He limited in comparison with the scope of the reference method, butis covered by the scope

With respect to validation, an AM is treated as outlined in 7.1 for the/RM, but often with a limited
comparison with the RM. In addition, the equivalence of the AM with the RM is demonstrated for
of the ANL. The three steps for demonstration of equivalence are:

— desdription of the AM and setting of the field of application;

— determination of the performance characteristics of the AM and calculation of the expanded un
where appropriate and check of compliance with the maximum expanded uncertainty allowed fo

— chedk of repeatability and lack of systematig{deviation of the AM in comparison with the RM.

methods

ambient pir quality measurement methods[=l.

The field
if it cov
needed, ¢.g. in the case of multi‘component measurement methods like FTIR.

of application of an AM gan/partially or completely cover the field of application of the RM. |

The definition of the fieldef application depends entirely upon the body specifying the AM and the ki
acquired during the dévélopment of the method. It is sometimes preferable to segment a field of ap
rather than to attempt to validate an overly general method. In this case, a validation file for eac
application is conipiled.

7.3 Validation in the absence of certified reference materials

the basis

gse data;

'here the
 validity

b RM, e.g.
pe of the
of RM.

scope in
he scope

certainty
r the RM;

urement

and in the “Guide to the demdnstration of equivalence of ambient air monitoring methods” for

However,

rs the fields of applicatien of several RM (horizontal method), several evaluations of eaclh RM are

owledge
plication
h field of

While metrological traceability of a measurement method to the SI is typically accomplished by use of

certified reference materials, in some situations a certified reference material might not be ava
these situations, alternative approaches can include one or more of the following:

— inter-laboratory studies;

— recovery experiments using spiked samples;

ilable. In

— comparison with results obtained from another measurement method for the same measurand.

These alternatives do not necessarily establish metrological traceability.

© IS0 2024 - All rights reserved
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8 Objective, design and documentation of a validation study

8.1 General

A validation study generally includes, at a minimum, the following aspects:

— objective(s) of the validation study (8.2);

— design of the validation study (8.3);

— documentation of the validation study (8.4).

NOTE

PR | 1 : 11 P £l h I PR 1 : T u 1 1
UUIUATILT UITUTSIZITN dITU UUTUITITIILAUTTUIT UT UIT VAITUAdUUIT STUU Y 1S5 d15U gIVEITTITN CUT dUITTTIT UUTUITIT

8.2 Objective of a validation study

8.2.1

(G:eneral

The initipl step in the validation process is the analysis of the measurement objective (measurem

and the
the mea

example

hssociated measurement method to identify the specific elements and“associated require
gurement method. The validation concerns the following elements of the measurement me

— sampling;

— sample preparation including e.g. sample transfer and storagg;

— analjsis;

— perfprmance characteristics;

— determination of the result of measurement andhe associated measurement uncertainty;

— docymentation and reporting.

8.2.2

Because

Purpose(s) for performing the measurement

the objective of validation is to demonstrate fitness for purpose in view of the meag

objectivg, it is necessary to establish the purpose(s) for performing the measurement so that v

activitie$

can be properly designed to establish that the measurement method is fit for the

purpose(s). If the measurement method is to be fit for a single, narrow purpose, validation activitig
more nafrowly defined. If liowever, the purposes are broad or numerous, or both, validation activ

need to

intended to be suitable.'For example, validation activities for a measurement method intended to n
single aif pollutant tight not need to be as extensive as for a method intended to measure concent
multiplelmetals innan air sample.

8.2.3

1ts.

ent task)
ments of
thod, for

urement
hlidation
intended
bs can be
ties also

be sufficiently broad to address the full range of purposes for which the measurement nethod is

easure a
ration of

?epresentative sampling

It is important to develop sampling strategies that result in samples that reflect the properties of interest
of the overall population being sampled. If this is not accomplished, even a reference method might not be
able to produce reliable results for decision making. Method validation needs to include consideration for
collecting representative samples.

8.2.4 Sample preparation

For many measurement methods, some preparation of the sample is necessary in advance of analysis.

© IS0 2024 - All rights reserved
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8.2.5 Analysis

The analysis can be carried out in-situ or remotely in the laboratory.

Key considerations include assessment of the performance of the analytical method.

8.2.6 Performance characteristics

The performance characteristics of the measurement method determined in the validation process can

include:

— required detection sensitivity;

— limit
— sele
— intel
— lined
— reps§
— mea

— roby

8.2.7 1

[t is imp
measure

The mea|
and the 4

828 1
[t is imp
meet the
8.3 D¢
The valid
The follg

— an y
pury

— appl

s of detection and quantification;

tivity (i.e. ability to measure the analyte of interest in the sample matrix);
ferences;

rity;

atability and reproducibility;

surement uncertainty;

stness.

Determination of the result of measurement and the.associated measurement uncerts

brtant that the procedures for the determination pf the result of measurement and the as
ment uncertainty are fit for purpose and are givifig correct results.

surement uncertainty expressed as an expanded uncertainty requires that the level of cg
ssociated coverage factor are properly specified.

Documentation and reporting

prtant that the documentation and reporting procedures specified for the measurement
measurement objective.

sign of the validationstudy
lation study is designed on the basis of the results obtained in 8.2.
wing factors/are considered when designing a validation study:

nderstafding of how the method will be used and what is required to demonstrate fi
0se;

inty

sociated

nfidence

method

ness for

cable requirements derived from either the measurement objective, legislation or regula

[ion, or a

com

bination thereof;

— amount and types of data that need to be collected, and how that will be accomplished;

— reference materials to be used (see 7.1) or, in the absence of reference materials, an acceptable alternative

(see

7.3);

— time to complete the validation study;

— cost

and financing of the validation study;

— whether samples can or cannot be replicated, and how that impacts the validation study;

© IS0 2024 - All rights reserved
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— whether the true value is or is not known, and how that impacts the validation study.

The validation plan details the elements described above and specifies the organization plan and planning of
the validation experiments.

The organization plan includes the following tasks:
— coordination of the entire validation programme;
— specification of the number of experiments and the number of participants;

— selection of the participating testing laboratories and communication with them;

— desifning the validation experiments:
— prganizing an inter-laboratory test for the validation experiments in the laboratory;
— planning and preparation of the validation experiments in the field;

— cost|calculations;

— repdrting requirements.

The planning of the validation experiments covers the design of the laboratory and field tests. This|includes
the specification of the number of testing laboratories and the number ofitests to be performed with respect
to the supsequent statistical analysis of the data.

8.4 Dgcumentation of the validation study

8.4.1 Report on the validation study

In the ddcumentation of the results of the validation study including the underlying raw data the following
elementd are included, if applicable:

— field|of application;

— meapurement method;

— meapured component;

— meapurand;

— crosp-sensitivities;

— meapuring range;

— perfprmance characteristics and acceptance criteria;
— meapurement uncertainty;

— validation range.

8.4.2 Storage of results of the validation study

Storage of the results of the validation study including the underlying raw data following the principles of
FAIR (findable, accessible, interoperable and reuseable) allows future use of these data.

© IS0 2024 - All rights reserved
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9 Examples of validation procedures for specific types of measurement method

9.1 General

In the following sub-clauses, the key parameters of relevance for each type of measurement method (by
subcommittee) and references to the corresponding annexes for the additional details and examples are

presented for:
— stationary source emissions (9.2);

— workplace atmospheres (9.3);

— ambjentatmospheres (9.4];
— metgorology (9.5);
— indojor air (9.6).

9.2 Stationary source emissions

9.2.1 General

A validafion for emission measurement methods depends on the typé«of the measurement met

hod, e.g.

manual pr automated method, and on the compound of interest, e.g-/gaseous or particulate measured

compongnt.
General Issues are described in 9.2.2 to 9.2.6.

Examplefs for the validation of emission measurement methiods are presented in Annex A.

9.2.2 anual measurement methods

The validation of the analytical method is essential for manual measurement methods. This usually
the use df calibration standards and samplesin different concentrations and solutions containing in
substandes, if appropriate, in inter-laboratery studies. It also includes stability tests of samplg
tests arg often carried out with samples‘prepared under controlled conditions and with known prj

includes
terfering
s. These
operties,

distribufled to the participating testing laboratories. If the measurement method includes different analytical

methods, each of the analytical methods is included in the tests.

9.2.3 utomated measurement methods

correspdnding analysersby use of test or calibration gases with known properties in different conce

trations

The valiglation of the measuring principle of automated measurement methods includes the applrifation of

and compositions. It;also includes tests for cross-interferences caused by chemical interfering co
and physical influence quantities such as temperature and pressure. The tests are often carrig
appropriate test.benches. If the measurement method includes different measuring principles, ea
measuring principle is included in the tests.

ponents
d out at
ch of the

9.2.4 Test bench validation

Test bench experiments are carried out under controlled conditions with different pollutant concentrations,

different humidity (but without droplets) and different interfering substances. All participants
measurement method described e.g. in the draft standard. If the measurement method includes

use the
different

analytical methods or measuring principles, each of them is included in the tests. The evaluation of the test

results of the complete measurement method provides information on possible implications for the fi

© IS0 2024 - All rights reserved
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9.2.5 Field test validation

Field tests with the complete measurement method are carried out at real industrial sites with e.g. different
influence parameters and waste gas abatement systems. If the measurement method includes different analytical
methods or measuring principles, each of them is included in the tests. The evaluation of the test results of the
complete measurement method provides information on the applicability of the method in the field.

9.2.6 Final evaluation

The final evaluation of the entire validation programme provides the results as per 8.4 for the specification
of the measurement method within the standardization work.

9.3 Workplace atmospheres

Annex B provides an example of method validation for workplace air measurements,prepgared by
ISO/TC 146/SC 2, Workplace atmospheres. Key aspects of the validation process for thesé meaqurement
methodginclude the following (see Figure B.1 for details):

— detefmination of basic properties of the substance to be analysed, including)physical properties (e.g.,
gas/vapour, particulate, or semi-volatile) and any applicable occupational ekposure limit valueg;

— seleg¢tion of the analytical method and sampling method to be used;
— determination of the conditions for sampling, transport, and storage;
— determination of the sample preparation and analytical conditions;
— perfprmance testing to determine analytical recovery, limits of detection and limits of quantififation;
— calcylation of the components of method uncertaintyy

— compilation of the results as described in ISO 20581.

9.4 Ambient atmospheres

Currently none of the measurement methods elaborated by ISO/TC 146/SC 3 have been validated py intra-
laboratofy or inter-laboratory testing. Details of selected measurement methods are provided in Ajpnex C.

9.5 Meteorology

To date,| ISO/TC 146/SC 5,-meteorology standards have not been subject to intra-laboratory pr inter-
laboratoty precision testing’validation. However, regarding wind measurements, ISO 17713-1 gpecifies
wind tunnel test metheds-for rotating anemometer performance. It contains well formulated and $pecified
acceptarice testing. Ann€x D presents details.

9.6 Indoor air

The standagrds work in ISO/TC 146/SC 6 primarily concern indoor air (ISO 16000 series) and the vehicle
indoor arquatity {tSO—12215eries;, unmder a joimt-Working Group withr 1SO/T€22)—Theseseries cover
organic and inorganic gases and particulates as well as odours.

In the two primary methods for organic gases, ISO 16000-3 and ISO 16000-6 validation is generally referenced
as voluntary and an internal function of the testing laboratory, with mention of external validation as a
suggestion. Where data are presented in the informative annex of the standard, it is usually reprinted from
published technical papers that are referenced in the bibliography for the measurement method.

Validation of particulate and odour measurement methods is not generally referenced. Where data related
to the measurement method are included in the informative annex of the standard, those data are reprinted
from published technical papers.

© IS0 2024 - All rights reserved
12


https://standardsiso.com/api/?name=52af458eb7cf56e69c994854e420f439

ISO/TR 24107:2024(en)

For a more detailed discussion of the validation recommendations in ISO/TC 146/SC 6 refer to Annex E.
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Annex A
(informative)

Stationary source emissions

A.1 General

This annlex provides three emission measurement method validation examples:

— planpingavalidation programme for the full validation of a manual formaldehyde emissionuméeaqurement

method (see A.2);

— presentation of a summary of the results of a validation study for a manual emission meadurement

method (see A.3);

— presentation of a summary of the results of a validation study for an automated emission meaqurement

method (see A.4);
— presentation of a validation programme for diffuse emission measurement methods (see A.5).

Referendes specific to this annex are given in A.6.

A.2 Example for planning a validation programmie for the full validation of a mlanual

formaldehyde emission measurement method

A2.1 Iackground

For the dletermination of formaldehyde concentrations in stationary source emissions different a
methodg are used worldwide. These methods have been bundled in one Technical Specificati
TS 1763B elaborated by European Standardization Organization (CEN). The conversion of the
Europeah Standard (EN) requires the validation of the measurement method described in the TS.

The principle of this manual mgasurement method is at first sampling and absorbing form
from walste gas in water samplésyand subsequent analysis of the samples with analytical metho
laboratory. These analytical méthods are calibrated with analytical standards.

nalytical
on CEN/
TS to a

hldehyde
s in the

The plapning of the validation program is described in the following. Additional informatiof on the

validatign of the measiirtement method can be found at [93].

A.2.2 Validation programme

A.2.2.1 | Géneral

The validation program starts with the validation of the described analytical methods. The next

step is a

test bench validation where test gases are sampled and analysed. Finally, a sampling of real waste gases

with subsequent analysis of the samples completes the validation programme.
The validation programme is structured as follows:

— specification of the organization plan;

— analytical method validation;

— test bench validation;

© IS0 2024 - All rights reserved
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— field test validation;

— final evaluation of the validation programme.

A2.2.2

Organization plan

The organization plan includes the following tasks:

— coordination of the entire validation programme;

— specification of the number of required experiments and the number of participants;

— selectionofthe pnrtiripnfing fpcfing laboratories and communication with them:

— desi

— repg

A.2.2.3

P11 of measurements:

Ffime frame;

selection of the analytical methods for the bench and field tests based on the tesults of the a
method validation;

selection of suitable industrial plants for the field test validation;

bperators; schedule for the field test experiments;

rting.

Analytical method validation

The anallytical method validation includes the fellowing tasks:

— cooy
— stab

— intej
forn{

— prep

dination of the analytical method-validation;
lity test of samples;

ference study: fixation.oef_.¢compounds which can interfere (or cause a cross sensitivity)
aldehyde signal of the sample;

aration of a standard test sample reporting sheet;

— sett

ng up an inter‘laboratory test: preparation and distribution of formaldehyde test sai

aqudous samplés-with three different formaldehyde concentrations for each selected analytica
and plank samples;

— analfsisiof each sample three times (triple analysis) and analysis of the blank sample by the part
labofatories (in total four analyses per sample);

brganization of an inter-laboratory test for the validation of the analytical metheds in¢luding a

nalytical

blanning and preparation of the test bench validation experiments with the test bench owner and
with the participants of the validation programme; schedule for.thetest bench experiments;

blanning and preparation of the field test validation experiments and agreements with the plant

with the

mples as
| method

icipating

— performance of the laboratory analyses directly at the location of the test bench (if possible) or after
transfer to the laboratory facilities;

— evaluation of the results and selection of the analytical methods for the bench and field tests.

For statistical reasons 10 testing laboratories are required for each of the 4 analytical methods which leads
to the following number of samples required for the laboratory test:

— 4 samples x 4 analytical methods = 16 samples;

— 16 samples x 10 laboratories = 160 samples.

© IS0 2024 - All rights reserved
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Test bench validation

At a test bench, gases with different known concentrations of formaldehyde are fed into a ring line from
where the participating laboratories take their samples. These test gases are offered with different humidity
and different interfering substances. All participants are using the same non-isokinetic sampling method
according to the TS and each of the selected analytical methods is used. At the end, the results obtained by
the complete measurement method are evaluated and possible implications for the following field test are

defined.

The test bench validation contains the following items:

— operation of a test bench: the test bench provides the different test gases under homogeneous conditions

(Validatcd befot c),

— prep
— cont

—  simy
and

— tran

— double determination (analysis) of each sample in the laboratory.

A.2.2,5

For the f
measure
field test
Specificd

For the f
wood dr
are spec

The field

— prep
fort

— sche

— tran

— double determination (analysis) of each sample in the laboratory.

A.2.2.6

The eval

aration of the test programme including a time table for the allocation of the differenttest
rol of the stability of the generation of formaldehyde concentrations;

ltaneous sampling with a sampling duration of usually 30 min by all participants at the tg
subsequent analysis in their laboratories using the selected analytical methods;

sfer of the samples under controlled conditions to the laboratory for,ehemical analysis;

Field test validation

ment method is intended for use at plants with €ompletely different waste gas comp
s at different plants are necessary. The samplingdnethod is applied as specified in the ]
tion. Each of the selected analytical methods is tised.

ield test validation experiments can be performed e.g. at wood panel production plants
ying systems) and at a biogas engines. At,the wood drying plants, high humidity in the wa
al challenges.

test programme includes the following:

aration of the field test validation experiments and agreements with the plant operators;
he field test experiments;

duling a timetable fof the experiments;

sfer of the samples'under controlled conditions to the laboratory for chemical analysis;

Evaluation of the entire validation programme

hation of the results of the entire validation programme includes:

gases;

st bench

ield test validation experiments with real waste gases, of industrial plants are carried out. If the

ositions,
'echnical

(at their
bte gases

schedule

— stati

stical evaluation of the validation data of each validation stage;

— determination of performance characteristics and uncertainties;

— final assessment of the methods or parts of it; identification of restrictions for the application in general
and for the analytical methods in particular;

— reporting;

— impl

ementation of the results into the standardization work.
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A.3 Example for the presentation of a summary of the results of a validation study

for a manual emission measurement method

A.3.1 Background

The manual measurement method for the determination of ammonia in stationary source e
specified in ISO 21877 was validated on the basis of existing validation data provided by one ISO

missions
member

country where the measurement was validated on a national level. These data were evaluated and accepted

by an ISO technical working group.

The following example (A.3.2 and A 3. 3) for the presentatlon of a summary of the results of a validation

and the performance characterlstlcs determlned in the entlre evaluation of vahdatlon of the mead
method @re shown.

A.3.2 Validation of the measurement method in the field

the field
urement

The meapurement method has been validated by comparative measurements, which'were carried ojut on the

waste gds of a cement plant, with eight test laboratories (teams) participating, hese measuremg
place in fwo campaigns (campaign 1 in Winter 2013, campaign 2 in Autumn 2014), with four par
each. The measurements were carried out as point measurements after a homogeneity test accq
[SO 152
cover a greater range of concentrations.

Sampling was carried out according to ISO 15259. Identical devices were used for the sampling
analytical methods specified in ISO 21877:2019, Clause 9, were used during subsequent analysis.

The results of one test laboratory were not included in the analysis based on the results of a Grubl

nts took
ticipants
rding to

9. Two different operational conditions were measured at the cemeént plant at both campaigns to

. All the

s outlier

test and|the plausibility assessment of the data. There wére thus 165 individual results available for the

determination of the performance characteristics.

The medsurements cover a concentration range\from 7,6 mg/m3 to 60,5 mg/m3 (mean valug
individupal measurements). Figure A.1 and Figur€A.2 show the graphical illustration of the results.

The meapurement uncertainty was determined on the basis of the results of the comparative measy

for the

rements

accordinig to ISO 20988 (Experimentdl design A8 “Parallel measurements with identical mgasuring

systems’). The expanded measurement.uncertainty was calculated for a coverage probability of A
The resullts of the comparative measurements are given in Table A.1 and Table A.2.

Based or] the results of the measurements of the first campaign, a combined standard uncertainty o
m3, an eypanded uncertainty 8f3,2 mg/m3 and a relative expanded uncertainty of 12 % have been c
(see Table A.3).

Based o the results_ofthe measurements of the second campaign, a combined standard uncer
0,8 mg/m3, an expawded uncertainty of 1,6 mg/m3 and a relative expanded uncertainty of 11 % h
calculatgd (see Table A.3).

=95 %.

f1,6 mg/
hlculated

tainty of
hve been
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Figure A.1 — Graphical illustration of theresults of the comparative measurements (campaign 1)
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Figure|A.2 — Graphical illustration df the results of the comparative measurements (camp;
Table A{l — Results of the comparative measurements conducted on the waste gas of a ceme
(campaign 1)
Measurement Number of Mean value of the |Standard devi-
number parallel ammonia ation
measurements concentration
in mg/m3 in mg/m3
1 3 7,6 1,8
2 4 319 1,8
3 4 58,9 61
4 4 60,5 2,3
5 4 37,7 0,8
6 4 33,6 0,9
7 4 33,0 1,1
8 4 34,5 1,6
9 4 15,2 1,3
10 4 131 0,7
11 4 15,6 0,7
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Table A.1 (continued)
Measurement Number of Mean value of the |Standard devi-
number parallel ammonia ation
measurements concentration
inmg/m3 in mg/m3
12 4 24,5 0,7
13 4 28,2 1,1
14 4 21,7 2,2
15 4 20,5 1,1
16 4 15.2 1.6
17 4 11,6 0,8
Mean value: 27,5 1,6
Bias: 0,9 —
Table A2 — Results of the comparative measurements conducted on the wasté)gas of a cement plant
(campaign 2)
Measurement Number of Mean value of the ( [Standard devi-
number parallel ammonia ation
measurements concentration
in mg/m3 in mg/m3
1 5 12,9 1,1
2 5 11,0 1,4
3 5 10,8 0,3
4 5 10,7 0,4
5 5 10,0 0,5
6 5 10,6 09
7 5 9,9 0,4
8 5 10,1 1,2
9 5 11,6 0,2
10 5 12,2 0,8
11 5 11,0 0,3
12 5 26,5 1,2
13 5 31,1 1,5
14 3 30,2 0,7
15 5 29,1 1,6
16 5 11,9 1,4
17 5 11,3 0,6
18 5 11,6 0,3
19 5 12 6,5
20 5 11,5 0,2
Mean value: 14,4 0,8
Bias: 0,5 —
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Table A.3 — Results of the uncertainty evaluation

Campaign 1 Campaign 2
Number of degrees of freedom, v: 51 80
Standard uncertainty, u: 1,6 mg/m3 0,8 mg/m3
Coverage factor, k0‘95: 2,0 2,0
Expanded uncertainty, U os: 3,2 mg/m3 1,6 mg/m3
Relative expanded uncertainty, U, ¢ 95 12 % 11 %

A.3.3 Performance characteristics

Table A.4

and Table A.5 give an overview of the performance characteristics and the associated petf

criteria ¢

Table A.4

Table A

f the measurement method deduced from the validation study.

t shows the performance characteristics and performance criteria of the sampling\system.

4 — Performance characteristics of the sampling system to be determined in the lah
(L) and in the field (F) and associated performance critéria

pormance

oratory

Performance characteristic L F Pérformance criterion

solution

Determination of the volume of the absorption X <1,0 % of the’volume of solution

Gas volulne meter:

two calibi

¢ The
calibratio
several v

d  This
quantify g

e Ifthe
in the sec

— stanjdard uncertainty of sample volumeP Xa <2,5 % of the volume of gas sample?
— standard uncertainty of temperature¢ Xa <1,0 % of the absolute temperature?
— standard uncertainty of absolute pressurec¢ Xa <1,0 % of the absolute pressure?
Absorptipn efficiencyd e X  |295%

Leak in the sampling line X <2,0 % of the nominal flow rate
Field blapk value X <10,0 % of assessment standard

a  Perfofmance criteria corresponding to the uncertainty of calibration.

b The ucertainty of the sampled volume is a conibiration of uncertainties due to calibration, drift (random drift, drift between

ations) and resolution or reading.

ncertainty of temperature and absolute pressure at the gas volume meter is a combination of uncertaint
h, drift (random drift, drift between two calibrations), resolution or reading, and standard deviation of the nj
lues are used to get the resujt.

Characteristic is a quality assurance check to quantify the absorption efficiency in the first absorber; but i
possible loss of absorption, and therefore it is not included in calculation of expanded uncertainty.

criteria for the absorption efficiency for the first absorber cannot be met at very low concentrations, the con
nd absorber will'be below the analytical limit of quantification.

es due to
ean when

I does not

entration

Because
the test
standarg

all the components of uncertainty attached to the analysis are difficult to identify and to ¢
laboratory can determine the expanded uncertainty due to analysis by taking the reps
deyiation determined in an interlaboratory test. A maximum performance criterion is

Table A.§.

bstimate,
atability
given in

Table A.5 — Performance characteristic of analytical procedure to be determined in the laboratory

(L) and associated performance criterion

Performance characteristic L Performance criterion

<2,5 % of the measured value

lue of tity of NH, ions in th
Repeatability standard deviation X (value of quantity of NH, fons in the

solution; in milligrams of NH, per litre
of solution)
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A.4 Example for the presentation of a summary of the results of a validation study
for an automated emission measurement method

A.4.1 Background

This example shows a summary of the results of a validation study for an automated measurement method
for the determination of the concentration of gaseous hydrogen chloride (HCI) in waste gases emitted by
industrial installations into the atmosphere. The measurement method has been validated during the
elaboration of the corresponding EN 16429 on a test bench, on a waste incineration plant and on a large
combustion plant. Four different European accredited testing laboratories took part to this validation.

Four different types of portable automated measuring systems (P-AMS) were involved, Two P-AMS

used the

FTIR tec

hnique and two used tuneable diode lasers (TDL) technique. For sample gas conditioning;3

used corffiguration 2 specified in EN 16429 (temperature of the sampling line maintained up-tath

analyser).

Only ong P-AMS was on the market, which was using FTIR and was certified according-to EN 15

perform

One FTI

hnce characteristics already determined are fulfilling the criteria fixed by EN\15267-4.

R and two TDL systems did not always meet the expectations during the field te

developrhents or improvements of the existing systems are necessary. A similar validation work p¢

with cer

From ob

ified instruments would have led, most likely, to much better results:.

servations noticed during the validation campaigns instructioris)'to manufacturers were d¢

The follqwing example for the presentation of a summary of theyresults of a validation study con

EN 1642

O, where the instructions to manufacturers (A.4.2), characteristics of the reference gase

charactefristics of installations (A.4.4) and repeatability and teproducibility in the field (A.4.5) are {

Additionfl information on the validation of the measurenient method can be found at [82].

A.4.2 'I[‘lstructions to manufacturers

The ma
from on

facturers were instructed to pay the greatest attention to ensuring that the transfer of t}
e sampling platform to another one does not affect the rigidity of the connections (bety

different parts of the measuring system;probe, heated line, pump, conditioning system, analyser,
the integdrity and efficiency of the associated insulation.

The effidiency of the insulation caf be tested by injection a wet span gas.

The manufacturers were instructed to avoid the use of any material that could adsorb or desorb |
some P-AMS using stainless)steel (probe, filter, connections) desorption phenomena has been
when th¢ probe is insertedinto the duct that could affect the signal during more than 30 min.

A.4.3 (haracteristics of the reference gases

The meajsurement campaign performed to validate this document has shown that a generator of

instead g

11 P-AMS
e heated

167-3. Its

5ts. New
rformed

duced.
hes from

5 (A4.3),
hown.

1e P-AMS
veen the
etc.) and

[Cl. With
bserved

et gases

f adry gas injection improves the quality of the adjustment. The advantages of a wet adjustllnent are:

— response times are significantly reduced,;

— for Analyser A: from 20 min with a dry gas to 3 min for a wet gas, at the inlet of the probe;

— for Analyser B: from 27 min with a dry gas to 8 min for a wet gas, at the inlet of the probe;

— possibility to use the water vapour generator with an HCl solution instead of a calibration gas bottle and
the water vapour generator;

— adjustments with wet gases are more repeatable, which is essential to detect if a drift is significant

duri

ng the measurement period;
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— losses due to cold points in the connections between the probe / filter / heated line / pump / heated line
/ analyser can be detected during the check of the sampling system using span gas and the appropriate

repa

ir carried out.

A.4.4 Characteristics of installations

The following field tests were performed:

Field test 1: NPL test bench at Teddington (United Kingdom);

For each type of the 4 P-AMS selected, two systems A and B were provided by the manufacturer (except

foro

ne of the P-AMS).

For ¢ach P-AMS, the tests have been implemented, by a technician of an accredited laboratory
support of a technician from the manufacturer providing a selected measurement system (P<A

The [first day was dedicated to the installation and adjustment of the P-AMS and the three
days, 14 trails have been performed with HCI concentrations varying from 3 to 61 mg7m3 simul
incifjeration or combustion plant gas matrix. One of the trials was interrupted by a power fa

not

Field
mea
The

Field
mea
The

rocessed.

Fepeatability from the first field test was used to determine the feproducibility;

repeatability from the first field test was used to determine the reproducibility.

test 2: waste incinerator in Belgium. Two teams took part to(the field test and pg
surements simultaneously with the four P-AMS. A total of twelve‘measurements were pefformed.

test 3: coal fired power plant in United Kingdom. Two teamstook part to the field test and p4g
surements simultaneously with the four P-AMS. A total‘ef twelve measurements were pefformed.

with the
MS).

Illollowing
ating an
lure and

rformed

rformed

An overyiew of the flue gas characteristics is given in TableA.6.
Table A.6 — Flue gas characteristics during field tests
Field Installation Fuel Flue gas characteristics
test
T 0, NO, S0, o H,0 HCl
°C % mg/m3 mg/m3 mg/m3 % mg/m3
1 [est bench Mix of gases %150 11to 13 160 to 290 30to 210 20to 215 0,3 to 20 3to 61
2 [Vaste incinerator | Municipal 1400 150 6,2t07,6 40 to 100 3to 87 0,5to 4 17 to 20 2,5 to 27
waste
3 ower plant Coal 130 to 140 5,7t06,2 210 to 275 150to0 214 |[675to1500| 10,5to 11 3to5
A.4.5 Repeatability-and reproducibility in the field
Repeatability standard deviation s.; and reproducibility standard deviation sg; are determined from data
obtained during.inter-laboratory tests at the three installations. They are mentioned in Tables A.7 to A.9 for

the threg¢ field-tests.

Repeatability in the field r; (see Formula (A.1)) and confidence interval of repeatability (see Formula (A.2))

are calculated according to ISO 5725-2, from the results of the double measurements implemented by the
same laboratory:

rj =\/2t1_g><sr]
2

Clr] :itl-gxsrj
2
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where
Srj is the repeatability standard deviation;
X; is the ith measured signal;
x is the average of the measured signals x;;
t o is the Student factor for a level of confidence of 95 % and a degree of freedom of n-1 with n the
= number of double measurements;
I is the repeatability in the field during the validation of the method at the level of concentration j;
Cl,; is the confidence interval of repeatability.

Reprodufibility standard deviation sp; used to estimate the expanded uncertainty U (see Hormu
ibility in the field R; (see Formula (A.4)) and confidence interval of repeatability(see Formula (A.5))

reprodu
are calcy

U=t
Rj=

Clg;

where

lated according to ISO 5725-2, from the results of parallel measurements performed simult3
1_2 X SRj (
2
V2 Xt1- o X SRj (
2
— i tl-g X SRj (
2

2 2
Sy~ +51 (

is an estimate of the expanded uncertainty;
is the reproducibility standard-deviation;
is the interlaboratory standard deviation

is the Student factoryfor a level of confidence of 95 % and a degree of freedom of n-
the number of measurements;

is the repro@ucibility in the field during the validation of the method;

is the confidence interval of reproducibility.

la (A.3)),
neously:

A.3)

A.4)

\.5)

A.6)

1; with n
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Table A.7 — Repeatability and reproducibility in the field — (NPL test facility)
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Table A.8 — Repeatability and reproductibility in the field — (waste
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Table A.9 — Repeatability and reproducibility in the field — (power plant)
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An estimate of the expanded uncertainty can be deducted from Table A.7 to Table A.9. See Figure A.3.
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Between 0 mg/m3 and 10 mg/m3 the estimates of expanded uncertainty are significantly different from one
plant to the other. This can be explained by several reasons:

— the number of available P-AMS has a rather high impact on the level of uncertainty. 7 sets of data were
available in NPL test facility, 5 on the waste incineration plant and 4 at the coal power plant. Student
coefficient used to expand the uncertainty differs from one campaign to another (t = 3,18 or 4,303 for
field test 1, 2,776 or 3,182 for field test 2 and 3,182 or 4,3 for field test 3);

— data from two extra P-AMS (one FTIR and one TDLAS implemented by the laboratory in charge of controls
of the plant) reducing the t factor of 40 % (between the coal power plant and the waste incineration plant);

— higher level of interferent gases in the power plant and in some NPL test compared to the waste
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Figure|A.3 — Estimate of the expanded uncertainty determined from the results of the thre¢e field
test campaigns

A.5 Example validation programme for measurement methods for diffuse and
fugitive volatile organic compounds (VOC) emissions

A.5.1 General

This annex describes an example validation programme based upon an actual validation carried out
for EN 17628 covering measurement of diffuse and fugitive volatile organic compounds (VOC) emissions
applicable to measurement techniques including:

— light detection and ranging (LIDAR);
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— solar occultation flux (SOF);

— optical gas imaging (OGI) camera;

— tracer gas;

— reverse dispersion modelling (RDM).

The standard was applicable to petrochemicals, oil refining, and chemical industries receiving, processing,
storing, and/or exporting of volatile organic compounds (VOC), and included the emissions of VOC from the
natural gas processing/conditioning industry and the storage of natural gas and similar fuels, including
methane. All large industrial sources of VOC emitted into the atmosphere were in principle within scope,
with the exception of transport

The Valijlation was carried out across two field campaigns. The first was (by design) at a decémnjissioned
refinery|plant which enabled a controlled release facility (CRF) to be deployed emitting kiiown reference
fluxes from known locations. Embedding the CRF within the decommissioned plant ensyred the
standardized method and techniques would be challenged with a realistic measurement scene a§ the site
topography would influence the wind field and therefore flux. The second campaignWvas carried put at an
active refinery where diffuse and fugitive emissions were real, i.e. unknown fluxes)from unknown lpcations.
Hence, whilst the first campaign involved absolute comparison to known reference values and| allowed
biases td be determined, the second campaign was a relative comparison but with real-world diffuse and
fugitive ¢missions.

The example programme that follows has been amended and genepalised from the actual validation that
was carified out in order to provide broader applicability and a more, general example for validatinig diffuse
emission measurement methods.

A.5.2 Structure of validation project

The validation programme is structured as follows:

— WP1a: Collation and review of available technigal'information and stakeholder consultations;
— WP1b: Specifications for the initial performance requirements of the remote monitoring technjques;
— WPZ: Coordination of the field measurement programme;

— WP2a: Appointment of a field'\coordinator, initial consultation with suitable candidate indugtrial site
bperators, and planning;

— WP2b: Supportforthéselection ofthe firstindustrial site for the specified field validation programme;
— WP2c: ObjectiveS-and specifications of the second field trial;
— WP3: Meteorological measurements (with wind speed and direction);
— WP4: Opticaligas imaging camera suitable for field work;

— WP3: Implementation of the remote monitoring techniques and estimation/calculation method§ at a site
wherea controlled release facility providing VOC emissions can be deployed and operated in the field;

— WP6: Implementation of the remote monitoring technologies and estimation/calculation methods at the
second industrial site;

— WP7: Complete evaluation of all the monitoring data available after the field trials, including the LDAR/
0GI/Other technology data;

— WP8: Comprehensive specifications of the performance requirements for remote monitoring techniques
for use with the standard;

— WP9: Reporting on the validation programme and on progress with the European Standard.

© IS0 2024 - All rights reserved
29


https://standardsiso.com/api/?name=52af458eb7cf56e69c994854e420f439

A.5.3

A5.3.1

ISO/TR 24107:2024(en)

Work programme

WP1a: Collation and review of available technical information and stakeholder

consultations

This work package entails:

— collation and review of technical information from previous field work using the remote monitoring
techniques listed above, with a view to defining an appropriate field validation programme;

— consultation with stakeholders with a view to finalising the scope and methodology of the field validation
programme, and of the standard;

— deliy

meapurement data, and a comprehensive set of references to the available field work.

A.5.3.2

techniques

The initjal performance requirements of the remote monitoring techniquesare specified base
review of the previous field work carried out above. The first field campaignris\planned to test these initial
performance requirements with a view to subsequent recommendations Beinng made for finalisati
draft standard later in the work programme.

This woik package entails:

— rep

— pre

drt on the initial performance characteristics for the remote monitoring techniques;

sentation of the initial performance characteristicsto the WG;

— WG fo agree upon a set of initial performance characteristics for planning for the first campaig

A.5.3.3

industripl site operators, and planning

The role|of coordinator is carried out byran organisation that has the project management expert
as the coprdinator of the field measurements, and the technical expertise to provide advice on releyant field

measur

— pro

— identification and discussions with candidate industrial sites for the first and second campaigns;

ement tasks. This work package entails the following:

ject management and te¢hnical coordination of the entire validation programme;

— idenfification of any)leak detection and repair (LDAR) programmes at the candidate sites as

pra

dtical, where the sites have active emissions (this is most relevant to the second campaign);

WP2a: Appointment of a field coordinator, initial consultation with suitable candidate

ery of a report covering a review of the available monitoring techniques, exampleq of field

WP1b: Specifications for the initial performance requirements of the remote monitoring

1 on the

bn of the

3

se to act

far as is

— whefe thereis‘an LDAR programme in place it is important for the field coordinator to review the use of

the
pro

qll‘amme(s) are made available to the WG for review prior to any field tests being carried out

onitoring equipment and its calibrations; it is important that the status and the results of the LDAR

1sing the

i 14 3 rs loaas
remULC ITIUITILUT llls LCblllllbluCD’

— technique critique of the results from the two campaigns and appropriate checking to ensure robust

con

clusions are drawn;

— attendance of the coordinator at working group meetings, ensuring progress is reported and key

dec

isions are made in consultation with the WG.

© IS0 2024 - All rights reserved
30


https://standardsiso.com/api/?name=52af458eb7cf56e69c994854e420f439

A.5.3.4

ISO/TR 24107:2024(en)

WP2b: Support for the selection of the first industrial site for the specified field validation
programme

A site is selected where it is possible to carry out controlled releases of VOC providing known reference
fluxes and know locations enabling the biases of the remote monitoring techniques to be determined. It is
important for the site to have characteristics commensurate with the type of industrial areas covered under
the draft standard (storage / process areas / VOC handling). Even if the site is not fully active, it is important
for it to have:

— suitable locations for installation of the controlled release facility and deployment of the remote
monitoring techniques; an ideal location would a disused or de-commissioned part of a site with no
active VOC handling and/or storage; the whole area is optimally flat for roughly 500 m x 500 m to allow

depl
—  suitd
— idea
— Suit
prog

— supy
sped

— alloy
stru

The rele
and preg

pyment of the monitoring techniques,
ible for the deployment of the gas tracer technique;
ly a LDAR or VOC emissions programme with results that have demonstrated credibility;

ible locations to deploy the meteorological equipment that is being defined\Within the v
ramme, in order to provide a first assessment of its capabilities;

lementary data, (e.g. appropriate meteorological monitoring, passive sampling, cani
iated VOC sampling), or locations exist in the industrial site where these can be effectively i

v for results from the controlled releases to be unambiguous.{e.g. it is best if the site i$

Cturally complex).

hlidation

sters for
nstalled;

not too

yant advantages and limitations of the identified possible first campaign site(s) will be prepared

ented by the validation coordinator to the WG. Theé«initial performance characteristics p

rovide in

WP1b arfe considered when deciding on the site for the fir§b campaign. The decision of the site for]the first

campaigh is made by the WG.

A.5.3.5 | WP2c: Objectives and specifications of-the second field trial

A site i selected where there are active emissions to atmosphere with relatively complex industrial

operatinE processes where there are diffetent sources of fugitive and diffuse VOC emissions. The following

factors afre considered in the selection of\the second site:

— an eptablished LDAR programine with results that have credibility and can be assessed beforehand
by the WG;

— prevlious OGI data imaginig-inaccessible emission sources in support of the LDAR programme;

— suitable access for the-remote monitoring techniques;

— suitable for thetdeployment of the gas tracer technique;

— suitgble loé&ations to deploy the meteorological equipment;

— supq lementary data, (e 8. approprlate meteorologlcal momtormg, passwe samplmg, canisters for

Speudwu Vot deIlpll[lg), (8] lULdLlUIlb eXISti LIIU l[luub LI ldl Site WIIUI [S] LIlet‘ Cdll U€ UlchLlVbly lIlStaHed

The relevant advantages and limitations of the identified possible second campaign site(s) will be prepared
and presented by the validation coordinator to the WG. The decision of the site for the second campaign is

made by

the WG.
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WP3: Meteorological measurements (with wind speed and direction)

At least four meteorological sensors are deployed at different elevations (up to 15 m) due to the topography
of the two campaign sites, and at different locations covering different site areas. The required sensor
characteristics include:

— calibrated to a traceable standard;

— accuracy of 0,1 m/s at wind speeds up to about 10 m/s;

— capability to be deployed at different elevations of up to 15 m above the ground.

A portable wind LIDAR to determine a vertical profile in the 40 m to 200 m range is also deployed, which

when co

A.5.3.7

An optic

most appropriate spectral wavelengths for the selected VOC to be monitored at thergampaign siteg
required plume detection capabilities in the industrial environments.

Specificqtions for the optical gas imaging camera will be prepared, including requirements for the v|
of the m¢thod.

This wil

effective]y the LDAR programme that is in place at these sites.

A.5.3.8

A validation work programme for the first selected campaign site will be specified from the outpt
work pag¢kages above and includes:

— draf} first campaign work plan:

—_— pre_
that

mbined with the meteorological sensors will enable more accurate vertical wind speed prg

WP4: Selection of optical gas imaging (OGI) camera for campaigns

hl gas imaging camera is selected from those commercially available. Consideration is giv|

| be implemented at the selected sites to identify significant’emission sources and to

WP5: First field validation campaign

dentification of the location to be used for the controlled release facility, remote m
fechniques and meteorological equipment;

controlled release facility releases of VOC suitable for testing the remote monitoring te
with release rates up to 50%gy/h (propane equivalent) and controllable down to about 5 k
known release rates; releases are for periods of at least 30 min;

fests over a period ofithree to four days, with at least five releases per day;
plan for deploymént of OGI camera specified in WP4;

blans for pracessing and analysis of required data, including paying particular attention to g
the validity of the initial technique performance characteristics identified in WP1b and det{
hn updated set of performance characteristics for the techniques;

Campaign visit to the site by qualified scientists, and discussions with the plant owners

filing.

en to the
, and the

hlidation

support

ts of the

nitoring

chniques
5 /h with

ssessing
brmining

0 ensure

the defined vatidation work prograimime 13 practical and achiievabte during the setected t

within the allocated time scale;

— finalisation of first campaign work plan post site visit;

— exec

ution of first campaign.

mes and

The coordinator will prepare a report for the WG containing results and conclusions from the first field
validation campaign.
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A.5.3.9 WP6: Work programme for second campaign site

A validation work programme for the second selected campaign site is specified from the outputs of the
work packages above and includes:

— draft first campaign work plan:

— identification of the locations to be used for the remote monitoring techniques and meteorological
equipment. The areas to be covered are preferably such that a valid measurement of the total fluxes
of emissions from the complete industrial plant is achievable;

— plan for deployment of OGI camera specified in WP4;

— plans for processing and analysis of required data, in particular comparing the agreement between
the techniques to the updated performance characteristics determined from WP5.

— pre-fampaign visit to the site by qualified scientists, and discussions with the plant-Owiiers, to ensure
that|the defined validation work programme is practical and achievable during the'selected tjmes and
witHin the allocated time scale;

— finalisation of second campaign work plan post site visit;
— exedution of second campaign.

The cooydinator will prepare a report for the WG containing results and-conclusions from the secpnd field
validatign campaign.

A.5.3.10( WP7: Campaign data analysis

This work package includes the analysis of all the results acquired over the two validation campaigns. This
analysis|includes:

— critigue of LDAR results where available from the two sites;

— sumfmary of lessons learnt from the OGI camera deployment and how the application of this technique
might be improved;

— analjsis of advantages.and limitation of DIAL, SOF, tracer gas and RDM measurements;
— comparison of DIAL/SOF, tracer gas, RDM and site LDAR data;

— identfificatiod of'possible improvements that could be made to the draft standard.

A.5.3.11] WP8: Defining performance characteristic requirements and uncertainties

This work package includes reviews of the initial performance characteristics from WP1b and defines
performance characteristic requirements for each of the techniques from the data from the two campaigns.
Consideration is given to how such performance characteristics might change at different industrial sites
within the scope of the draft standard and allowance made for this in the requirements.

In addition to the defined performance characteristics requirements, it is also considered if any additional
QA/QC are to be added to the draft standard in order to control the technologies within these requirements
on an ongoing basis.

This work package, with reference to the performance characteristic requirements, also provides an
evaluation of the uncertainties associated with each technology and define an overall maximum permissible
uncertainty for each technology.
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The coordinator will summarise the above work in a report and present this to the WG.

A.5.3.12 WP9: Reporting on the validation programme
This work package covers the reporting of the validation work. The following reports are included:

— interim month 12 report covering the analysis of the applicability of the selected methods for monitoring
the different fugitive and diffuse emission sources, and a definition of the optimum field validation
programme;

— interim month 24 report covering:

— pompletionofthefirstfietd-vatidation-programmeanditsresultsand-conetustons;
— ptatus of the second field validation programme;
— pummary of progress with the drafting of the standard;
— interim month 36 report covering:
— fompletion of the second validation programme together with its results\and conclusions;
— production of performance specifications for the selected methodsused;
— pummary of status on the drafting of the standard;

— repdrt on preparation of the standard.

A.5.4 Validation campaign

For finaljsed performance characteristics, see Table A.10;

Table A.10 — Tested and validated méasurement criteria for main equipment,
size (10 m to 50 m) x (10 m to 50 m); emission source localization and quantification|

Characteristics DIAL 0GI RDM SOF TC
. e e . 5 5
Limit of gpantification, in kg/h 1 Not applicable (1 not tested) (1 not tested) 1

Achieved pincertainty, at 95 % level

i a b b
of confidehce, in % 10t0:20 Not applicable 302to 80 33 30
Number of individual observations 4 Not applicable >10 12 12
Time peripd to achieve quantifica- 0,5to1 0|5to1
tion with fhe required uncertainty, 1 1; localization only | 3 to several days on each of 3 sepa- | on¢achof3
inh rate days ocfasions

a2 wind §peed > 2 m/s, emiSsion rate 10 kg/h.

b validated against{he measured data, for repeated releases at 10 kg/h.
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Annex B
(informative)

Workplace atmospheres

B.1 General

Referendes specific to this annex are given in B.7.

B.2 Introduction

Measure
ISO 205§
Some re
measuri
particulg
standard

— gas¢
— met§
—  mixt
NOTE

Measure
measuri
twice th
and anal
time and
with ISO

As for t
quantifig
calibrati
isthenu

ment methods need to fulfil certain requirements stated in International Standards
1. In the course of a method validation, it is determined how those requirements can be
quirements for the measurement methods are universal as for examplé the relevant n
g range. Other requirements depend on the state in which the analyte'is present, e. g. v|
te, and are described in the related international standardizations? The following inte
izations describe the trials needed for validation:

s and vapours: 1ISO 22065, ISO 23320;

ils and metalloids: ISO 21832;

ure of airborne particles and vapour: [SO 23861.
Terminology used in this annex is defined in ISO 18%58.

ment methods are developed in accordance to a limit value which determines the relevant i
\g range and the concentration levels for the validation trials and is usually between a t
b limit value (ISO 20581). The majority of measurement methods consists of two parts:
ysis. During the validation process;the sampling conditions are determined. This includes
a volume flow for active sampling/and determined with appropriate sampling pumps in ac
13137.

he analytical methods;~several measurement quantities are determined such as the
ation, recovery, precisioni and reproducibility. It is necessary to take into account that the

sed for all further-samples.

The metIod is checkédor either interferences with the sampling or analytical process, or both. Intef

that can

After th
uncertai

ot be eliminated are considered in the sample’s evaluation.

b validation process, the expanded uncertainty of measurement needs to be determi
hty of results includes two main steps, the estimation of the uncertainty components of

such as
obeyed.
hinimum
apour or
national

hinimum
bnth and
sampling
sampling
rordance

limit of
range of

bn does not have teomatch the measuring range, if samples can be diluted. This range of callibration

ferences

hed. The
sampling

and ana]/cic Forthe estimation of c:\mp]ing uncertainty components, the uncertainty can be deter

ined in

relation to the sample air volume and sampling efficiency according to ISO 22065:2020, Annex C, ISO 23320,
[SO 21832 and ISO 23861 depending on the hazardous substance present at the workplace. The combination
of the random and non-random uncertainty components for sampling represent the major part in the

measure

ment uncertainty.

The uncertainty components of the analysis cover the entire analytical preparation including sample
preparation, if applicable dilution, calibration, recovery and precision. The concentration-dependent
uncertainties of analysis according to this Annex are based on the ISO/IEC Guide 98-3.

The combination of all uncertainty contributions leads to combined measurement uncertainties of the
expanded procedure. Examples for the calculation of the expanded uncertainty are given in Annexes of the
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specific International Standard. The relative expanded uncertainty has to meet the requirements stated in
ISO 20581.

The measuring procedure is documented in accordance with ISO 20581:2016, Annex A, as a method
description.

[SO 20581 is based on EN 482 and provides general requirements for the performance of procedures for the
measurement of chemical agents. ISO 20581 includes clauses on the following topics:

— method classification (e.g. screening methods versus measurements for compliance with occupational
exposure limit values);

— perf
sele

— test

nrmance requirements (for comparison with occupational exposure limit values, these ca

n include

tivity, measuring range, and acceptable expanded uncertainty, and dimension of result);

method;

— validation report;

— anngxes on structure of a method description and calculation of measurement uncertainty.

This incl

— carr
intel

— bprep
cong

ides the following considerations:

mediate concentration;

itions;

— calcyilate the expanded uncertainty;

— carr
para

— for §
sam
can

— valig
whid
othe

meters;

bling, transport and storage, sample preparation and analysis, each step of the measuring p
pe tested individually as an alternative to testing the procedure as a whole;

ation report contains, at a minimum, the test conditions, the results obtained and the
h the measuring procedure.complies with the requirements of this document (i.e. ISO 20
I relevant International Standards or European standards.

A systenpatic scheme of the validation process for gases and vapours, metals and metalloids and

of airbofj
hazardot

ne particles and wapour are given in Figure B.1. Further information for the different
s substances aregiven in [SO 23320, [SO 21832:2018 and ISO 23861:2022.

y out measurements at the lower and upper ends of the measuring range, and for at least one

are at least six replicate samples for each set of tests and@nalyse the samples under repdatability

y out further tests, as appropriate, to investigate'the influence of interferences and envirgnmental

i measuring procedure consisting of several independent steps, e.g. preparation of equipment,

rocedure

bxtent to
h81) and

mixture
types of
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Measurement methods for
workplace air

!

Basic properties of the hazardous substance
OELYV, STLV, dust, gases/vapours, semi-volatiles

!

Definition of the minimum requirements according to ISO 20581
e. g. minimum measurement range

1 1

gases/vapours
ISO 22065 (active sampling)
1SO 23320 (passive sampling)

particulates (metals/metalloids) mixture of airborne particles and

vapour
1SO 21832 1SO 23861

Basic determinations

selection of the analytical

hod selection of the analytical selection of the analytical
GC FIDng l\(/)[S HPLC-UV method method
€ 8 G-tD, UL, Y e. g. AAS, ICP-OES, ICP-MS e. g HPLC, GC
HPLC-MS

Y Y Y

selection of the sampling selection of the sampling selection of the sampling
method method method
e. g. sampling tube, impinger, sampler type forinhalable or sampler type fore. g.
diffuse sampler type, respirable dusbsampling, and combined filter/tube
sampling conditions, e. g. air e. g. filteramaterial, air flow sampling, impregnated

flow, adsorption material sampling media, sampling

conditions, e. g. air flow
Y Y Y

determination of the determination of the determination of the

sampling conditions sampling conditions sampling conditions
Y Y Y

determination of transport
(and if necessary storage

determination of fransport

determination of transport
and storage ¢onditions

and storage conditions

conditions)
Y Y Y
sample preparation sample preparation

sample preparation

$alvent, desorption method digestion solution and method

(ifnecessary dilution steps) (e. g. microwave, hot block) or solvent, desorption method
herm;}l]desorption ps)h ( fe' 8 Suspenzii)n method ) (if necessary dilution steps)
t if necessary dilution steps
Y Y Y

analytical conditions
e. g. injection volume,
nebulizer gas flow

analytical conditions

analytical conditions
e. g. column, injection volume

e. g. column, injection volume
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Method validation
gases/vapours particulates mixture of airborne particles
manufacturer of the sampler: (metals/metalloids) and vapour

- flow resistance

sampler leak test

- shelf life of the sampler
method development:

- sampler capacity

- analytical repeatability
- instrumental detection

- analytical LOD

and precision

limit IDL

- validation according to
ISO 22064 (gases and
vapours - active
sampling)

- additional tests on sample

blank value (if applicable)
analytical LOQ

method LOQ

analytical recovery (long-
term and short-term)
effects of: exposure
concentration, relative
humidity and
temperature

- sample transport and
storage conditions

active sampling only:
break-through volume
diffusive sampling only:
sampling efficiency:
uptake rate, back

- analytical LOQ

- method LOQ

- analytical recovery

- reproducibility

- sample transport and

storage
(if applicable)

transport and storage

- if two sampling substrates
are used:
blank values of each
substrate

- if two sampling substrates
are used and analysed
seperately:
analytical recovery of
each substrate

- effects Of exposure
condentration, humidity
and temperature only for
the'whole mounted
sampler

diffusion
Y
Calculation of uncertainty Calculation of uncertainty Calculation of uncertainty
components components components
- calculation of analytical - calculation of analytical - calculation of analytical
uncertainty uncertainty, uncertainty
- sampling uncertainty for - sampling uncertainty for - for the inhalable
vapour particulates particulates: sampling

- combined standard
uncertainty of the
measuring procedure
expanded uncertainty

- combilred standard
uhcertainty of the
measuring procedure

= expanded uncertainty

uncertainty
combined standard
uncertainty of the
measuring procedure
- expanded uncertainty

Compilation of the results and verification of basic requirements

according to ISO 20581

!

Writing a method description according to ISO 20581 — Annex A

Figure B.1 — Validation scheme for measurement methods for workplace air

The following documents from ISO/TC 146/SC 2 provide additional information:

— SO 22065 provides requirements evaluation of measuring procedures for gases and vapours using
pumped samplers;

— IS0 23320 specifies measuring procedures for gases and vapours using diffusive samplers.
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B.3 Validation of a measurement method for metals and metalloids - Description

B.3.1 General

Table B.1 gives an example how to perform experiments for method validation of both sampling and
analytical methods for metals and metalloids in workplace air.

Table B.1 — Method validation example (ISO 21832:2018, Annex B)

Objective Analytes? Determination N:al:lnbp?;:f Requirements
Analvtichl filterspiked-with eeefficient of var-
yeg 0,1; 0,5; 2 OELV standard deviation 6 iation'lgss than
repeatabylity 0,5; 2 ST-OELV 5 %
. - totdl mags of ana-
Instrume nfcal. blank solutions three times stapdard deviation =210 lyte less han 0,03
detection limit (blank calibration standard) OELV
Limit of blank sample three times (for LOD) and ten times
detection, solution wri)th (for LOQ) standard deviation £%0 LOQ less|or equal
limit of filter (blank samples or spiked samples at h than 0,1 OELV
quantifidation the estimated LOQ)
fencil‘}/’;(: il filter spiked with
. Y . 0,1; 0,5; 2 OELV pure compounds >6 more than 90 %
(includinfg particle 05 2 ST-OELV
digestior]) "~
[ s a) certified referencé.\ material C )
R_eprod_u ,1b111ty_ filter spiked with (preferred) cpef_f1c1emt of var
(1_ncluc_11ng particle 01 OFLV to 2 OELV 26 iation lgss than
digestior) b) reference air'samples 5 Yo
Sample sforageP g’l{;e; Sopléliﬁld with storage test atdeast for four weeks > 3/day re(t:}c;;/relrglorr;/co)re
a  QELV|8 h: 0,1; 0,5; 2 OELV for 0,1 OELV x 30 min, 0,5 OELV x 120 min, 2 OELV x 480 min, respectively; ST-OELV:(0,5; 2 ST-
OELV for (,5 ST-OELV x 15 min, 2 ST-OELV x 15 min, respectively.
b Ifnecpssary, the storage test can be shortened\(e:g. for As,05, CrVl).

B.3.2 Validation according to ISO. 21832

The minimum requirements and testing for the determination of metals and metalloids in airborne particles
are descfibed in ISO 21832. An example on validation according to ISO 21832 is e. g. described ih B.6 for
determination of metals andinetalloids in airborne particulate matter by inductively coupled plasn]a atomic
emissior] spectrometry~This validation is described in ISO 15202-3:2004, Clause 10, and applies fimilarly
to other|analytical methods for the determination of metals and metalloids, such as atomic absorption
spectrometry or inductively coupled plasma mass spectrometry. ISO 15202-2 describes the parft sample
preparatlion in detail. ISO 30011 describes in detail the determination of metals and metalloids in pirborne
particuldate matter by inductively coupled plasma mass spectrometry.

Additionpldocuments have been developed by ISO/TC 146/SC 2 for evaluation of measurement methods for
workplace air quality.

B.3.3 Detection limits and quantification limits
Factors that can influence LOD and LOQ for metal analysis include the following:

— sampling matrix, e. g. filter, foam or wipe (due to the unknown content of workplace atmospheres, the
LOQ can differ for the analysis of real workplace samples);

— sampling volume;
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— sample preparation method, e. g. digestion media and volume:

— analytical wavelength(s) selected (AAS);

— analytical wavelength(s) selected and, if necessary, adjustments like inter element correction or
multi spectral fitting (ICP-AES);

— analytical mass selected and, if necessary, adjustments like numerical corrections or measurements
in kinetic energy discrimination or dynamic reaction cell mode (ICP-MS).

Other parameters based on the instrumentation used, e. g. injection volume for AAS methods or type of
spray chamber, nebulizer and flow rates for ICP techniques.

B.3.4 ]ixpanded uncertainty of sampling and analysis methods
It is best if each sampler airborne particle collection stage follows a sampling conventiofn|for one of the
health-r¢lated fractions for the airborne particles, as described in ISO 7708. Aerosol§anipling imethods
have rarldom and non-random uncertainty components that result from how closeljxthe samplers used
comply the required sampling convention(s). ISO 21832:2018, Annex C, provides the expanded meaqurement
uncertaipty for selected inhalable and respirable samplers as well as estimates faf’the general use.
A detaildd example for estimation of the expanded uncertainty is given in IS@21832:2018, Annex E
B.4 Validation of a measurement method for gases/vapours - Description
B.4.1 General
Table B.P gives an example how to perform experiments“for method validation of both sampgling and
analytical methods for gases and vapours in workplace air:
Table B.2 — Method validation.example (ISO 22065:2019, Annex B)
Test pLV t, V., RH L n Requiremgents
inh in % in°C
long-term: )
reference pe- with t;/vo sub eqlfcenft
riod +<1h i i samplers ampunt o
Sampler [capacity 2LV Zedccf)lrgvf/n::i (80%5) (20 2) >3 analyte on back-up
shert-term: sampler < 5 9% of total
2 teference recovered aount
period
Break-throueh according measurement jintil an-
§ 2KV not specified | to sampler (80%5) (20 2) >3 |alyteis detectgdd behind
volyme
type the sampller
Storagd condi- }Q)T LV and | TéCOM™mend- | o mend- recovery difference
& ’ ed sampling (80%5) (20 2) 26 |before and aftefr storage
tions 2LV . ed flow rate
time less than 10 %.
<0,1 LV for lohg-term
. - Ny
Ar'la.lytllcal quan a not applicable 10
tification limit < 0,5 LV for short-term
LV
a  Spiked samples near estimated LOQ.
b The effect of exposure concentration can typically be calculated from the results of replicate samples taken from a test gas
atmosphere (see IS0 22065;2020, 8.3.3.2). The method bias can be calculated as described in ISO 22065;2020, C.5.3.
¢ Atleastthree concentration of measuring range (upper, lower end and intermediate).
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Table B.2 (continued)

Test pLV tg v, RH 9.t n Requirements
inh in % in °C
Analytical recov- 01LVu recom-mend- Type A samplers:
ery "co 2 va ed sampling Ran = 75 % with
(long-term)P time recom-mend- Kv<10%
o c
] ed flow rate not specified Type B samplers:
Analytical recov-| 0,5 LV up reference Ran > 95 % with
- b i 2 0
ery (short-term) to2 LV period Kv<10 %
Blank value o:liujicjo not applicable 26 see 6.3.2.3
samplers
Effect df expo- 0,1LV;
sure corjcentra- | 0,5 LV and (50 £5) (20 2) 26 |no specificyreqhirement
tign 2LV
. 0,1LV recom-mend-
Effect offrelative and ed sampling recom-mend- | (20 + 5) and (20+2) | =6 |ho specific reqpirement
humjdity . ed flowrate| (80%)5)
2LV time
: (10+2)
EffeCtaif E'eemper 2LV (50%5) and 26 |no specific reqhirement
(40 2)

a  Spiked samples near estimated LOQ.

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

b The efffect of exposure concentration can typically be calculated from the results of replicate samples taken from|
atmospheyre (see IS0 22065;2020, 8.3.3.2). The method bias can be calculated as described in ISO 22065;2020, C.5.3.

a test gas

B.4.2 Validation according to ISO 22065

The miﬂimum requirements and testing for the determination of gases and are described in

validati

Additionfl documents have been developed by ISO/TC 146/SC 2 for evaluation of measurement me

workplage air quality.

B.4.3 (Quantification limits

Factors that can influence LOQ forlgases and vapours analysis include the following:

sampling volume;

n of gases and vapours is described in Table®B.2.

sample preparatién method, e. g. extraction volume;

B.4.4 qlxpanded uncertainty of sampling and analysis methods

sampling matrix (e.g. activated carbon tube, silica gel tubes, impregnated filters);

o

thods for

analltical instruments and detectors (e.g. flame ionisation detector (FID), mass selective detectof [MSD]).

In addition to the components stated in B.2, the uncertainty associated with the influence of the relative
humidity and temperature is essential to consider. For pumped samplers the sampling efficiency is assumed
to be 100 % if the sample volume is kept below the break-through volume, and therefore the uncertainty of
the sampling efficiency is not taken into account.
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B.5 Validation of a measurement method for mixtures of airborne particles and
vapours (mixed phase aerosols) — Description

B.5.1 General

Table B.3 (taken from ISO 23861) gives an example how to perform experiments for method validation of
both sampling and analytical methods for gases and vapours in workplace air.

Table B.3 — Spiking and transfer conditions in function of the required tests and the extraction mode

Tests Joint extraction Separate extraction
FiTsSt collection sub- | subsequent collec- | FIrst collection sub- | subsequent collec-
strate tion substrates strate tion subs{rates
D .
150 ZE‘g615'22019’ spike & pumping air at spike & pumping.air at
s NS (20 + 2) °C and (80 * 5) % RH (20 + 2) °C and (80 % 5) % RHi
ampler capacity
ISO 22065:2019, spike & pumping air spike & pumping air
813.1.6.1 spike at (20 = 2)°Cand spike at (20 £ 2)pCand
Storage conditions (80£5)%RH (80£5) % RH
ISO 22065:2019, . . . spike & pumping air
spike & pumping air at : 5
g4.3.2.1 o o spike at (20 £2)pCand
Limit of quantification (20£2)°Cand (50 £ 5) % RH (50 £5) % RH
ISO 22065:2019, spike & pumping air spike & pumpping air
g4.3.2.2 spike at (20 = 2) °C and spike at (20 = 2)pC and
Analytical recovery (50 £5) % RH (50 £5) % RH
B.5.2 Validation according to ISO 23861
The testp to be carried out are essentially based on the procedure for the development of meadurement
methodg for gases and vapours according to ISO 22065. The minimum requirements and testing for the

determination of gases and are described in ISO 22065.

However, since the substances are not exclusively present as vapour, but rather as a mixture of partficles and
vapour, the tests are modified accordingly:"Possible approaches to sample mixtures of airborne partficles and
vapour are described in ISO 23861:2022,"Annex B.

Since th¢ ratio of vapour to partieles’is a dynamic equilibrium, the influence of temperature on $ampling
is taken finto account. In the casé of polar substances, the humidity can also have a very large inflience on
the distifibution. Special attention is also paid to the behaviour of the semi-volatiles during transport and
storage ¢f the samples.

Additionl documents have been developed by ISO/TC 146/SC 2 for evaluation of measurement methods for
workplage air quality:

B.5.3 Quantification limits

Factors that)can influence LOQ for semi-volatiles analysis are similar to the factors of gases and|vapours
given in B4.3"

B.5.4 Expanded uncertainty of sampling and analysis methods

Additional to the components stated in B.2, the uncertainty associated with the influence of the relative
humidity and temperature are considered. For the collection efficiency, in contrast to the collection of gases
and vapours, the influences of the particle collector are also considered. Since particle-vapour mixtures are
to be collected as an inhalable fraction, the uncertainty components are given in ISO 21832:2022, Annex C.
For the sampling efficiency of the vapour partis assumed to be 100 % if the sample volume is kept below the
break-through volume, and therefore the uncertainty of the sampling efficiency for the volatile part of the
mixture does not need to be taken into account.
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B.6 Example: Validation of ISO 15202-3

B.6.1 Description
This example is based on validation of the method described in ISO 15202-1, ISO 15202-2 and ISO

15202-3,

for determination of metals and metalloids in airborne particulate matter by inductively coupled plasma
atomic emission spectrometry. This validation is described in B.6.2 and in ISO 15202-3:2004, Clause 10.

Additional documents have been developed by ISO/TC 146/SC 2 for evaluation of measurement methods for

workplace air quality.

B.6.2 Validation details

B.6.2.1 | Method detection limits and quantification limits

Factors jhat can influence limit of detection (LOD) and limit of quantification (LOQ) for inductively
plasma gtomic emission spectrometry (ICP-AES) include the following:

— sampling matrix (e.g. filter or wipe);

— sample preparation method (several options are provided in [SO 15202-2);
— analjtical wavelength(s) selected;

— other parameters based on the instrumentation used.

The valiglation of ISO 15202 was based on mixed cellulose ester filters and a sampling flow rate o
(ISO 15702-1) and the closed-vessel microwave procedure in\ISO 15202-2. Ten blank test soluti
prepared from unused filters using the closed-vessel microwave procedure, and then analysed in ac
with [S0[15202-3. LOD and LOQ values were determined:for 18 metals and metalloids.

B.6.2.2 | Overall uncertainty of sampling and analysis methods

Method validation for ISO 15202 was performed by the U.K. Health and Safety Laboratory [94]. La
experimgnts were performed, and uncertainty from the analytical measurements (using the
ISO 152(2-3 available at the time) was(combined with uncertainty from the sampling method
[SO 152(2-1:2000) and sample preparation (utilising ISO 15202-2:2001). The combined uncerta
compared with requirements in EN-482 using the protocol for metals and metalloids found in EN 13
comparison with occupational expesure limit values (OELV), the upper limits of measurement un
are 50 % for measurements between 0,1 and 0,5 times the OELV, and 30 % for measurements bet
and 2,0 times the limit value.

The ovefall uncertainty,-data are depicted in Table B.4 and Table B.5 (taken from Referen
Comparigons with the-EH 40/2002 [95] short-term and long-term exposure limits are provided
tables. The requirenients of EN 482 were met for all measurements involving comparisons with sh
exposur¢ limits(STEL), and in most cases involving comparison with OELV based on an 8 h time
average foneentration (TWA) and a sampling period of 30 min. In a few cases, a sampling period o

coupled

f 2 1/min
ns were
rordance

boratory
draft of
(utilising
nty was
890. For
fertainty
veen 0,5

ce [94]).
in these
ort-term
veighted
[ 2 h was
son with

required to-meet the EN 482 criteria; these included arsenic, selenium and tellurium in compari

U.K. EH I‘C/IZCGZ }illlit Va}blCD-
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Table B.4 — Overall uncertainty of measurements for comparison with EH 40/2002 short-term
exposure limits?

Air concentra- Sample mass Analytical Overall uncertainty for analytical
Substance . . e .
tion inug precision bias

0% 5% 10 %
0,1 x OELV 0,075 4,0 % 18,2 % 23,0 % 27,7 %
Cadmium Oxide’ 0,5 x OELV 0,375 3,1 % 17,3 % 22,0 % 26,8 %
fume 0,5 x OELV 0,375 2,8% 17,0 % 21,7 % 26,5 %
2 x OELV 1,5 2,6 % 16,7 % 21,5% 26,2 %
0,1 x OELV 0,9 6,7 % 22,0 % 26,7 % 31,5%
Indium alhd com- U,5 x OELV 7,5 7% T8,5 % 723,2% 78,0 %
pounds 0,5 x OELV 4,5 4,2 % 18,5 % 23,2 % 28,0 %
2 x OELV 18 2,8% 17,0 % 21,7 % 26,5 %
0,1 x OELV 30 2,8% 16,9 % 21,7 % 26,4 %
) 0,5 x OELV 150 1,4 % 15,9 % 20/7.% 25,4 %

Iron oxide, fume -
0,5 x OELV 150 1,4 % 15,9 % 20,7 % 25,4 %
2 x OELV 600 0,8% 15,7 % 20,4 % 25,2 %
0,1 x OELV 9 1,2 % 15,8 % 20,5 % 25,3 %
0,5 x OELV 45 0,6 % 15,6 % 20,4 % 251 %

Mangangse, fume 3
0,5 x OELV 90 0,6 % 15,6 % 20,4 % 25,1 %
2 x OELV 180 0,3 % 15,6 % 20,3 % 251 %
0,1 x OELV 12 5,5 % 20,2 % 249 % 29,7 %
Tin comy Ounds' 0,5 x OELV 45 2,9 % 17,0 % 21,8 % 2 3,5 %
inorganig¢ 0,5 x OELV 60 2,9'% 17,0 % 21,8 % 26,5 %
2 x OELV 240 1,7 % 16,1 % 20,8 % 25,6 %
0,1 x OELV 9 2,0 % 16,3 % 21,1% 25,8 %
Vet 0,5 x OELV 45 1,5% 16,0 % 20,7 % 25,5%

rium

0,5 x OELV 45 1,5% 16,0 % 20,7 % 25,5%
2 x OELV 180 1,2 % 15,8 % 20,6 % 25,3 %
0,1 x OELV 30 2,0 % 16,3 % 21,0 % 25,8 %
) . 0,5 x OELV 150 0,8% 15,7 % 20,4 % 25,2 %

Zinc oxide, fume 5
0,5 x OELV 150 0,8% 15,7 % 20,4 % 25,2 %
2 x OELV 600 0,4 % 15,6 % 20,3 % 251 %

a  Sampling time was 15 min.
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Table B.5 — Overall uncertainty of measurements for comparison with EH 40/2002 long-term
exposure limits

Substance Air concentra- | Sampling | Sample | Analytical | Overall uncertainty for analytical
tion time mass (ug) | precision bias
0% 5% 10 %
. 0,1 x OELV 30 min 3 4,0 % 18,3 % 23,0 % 27,8 %
Antimony and 0,5 x OELV 8h 240 0,5 % 15,6 % 20,3 % 25,1 %
antimony com- -
pounds 0,5 x OELV 30 min 15 1,9 % 16,2 % 21,0 % 25,7 %
2 x OELV 8h 960 0,3% 15,6 % 20,3 % 25,1 %
0,1 x OELV 30 min 2 0,6 18,4 % 43,2 % 479 % 52,7 %
;1< OEEV 2 pip:: 9,29 26,29 36;99% 36,7 %
Arsenic dnd com- 0,5 x OELV 8h 48 2,1 % 16,3 % 21,1 % 25,8 %
pounds 0,5 x OELV 30 min 2 3 8,2 % 24,5 % 29,3 % 3%,0 %
0,5 x LV 2h 12 4,1 % 18,4 % 23,1 % 2[7.9 %
2 x OELV 8h 192 1,0 % 15,7 % 20,5% 25,2 %
] 0,1 x OELV 30 min 0,012 49 % 19,4 % 24,2 % 28,9 %
Berylliuth and 0,5 x OELV 8h 0,96 3,2 % 17,3 % 22,1 % 25,8 %
berylliuth com- -
pounds 0,5 x OELV 30 min 0,06 4,2 % 18,5 % 23,2 % 2B,0 %
2 x OELV 8h 3,84 2,8 % 16,9 % 21,7 % 26,4 %
0,1 x OELV 30 min 0,15 4,0 % 18,2 % 23,0 % 2[7,7 %
Cadmiunh and 0,5 x OELV 8h 12 2,1 % 16,3 % 21,1 % 25,8 %
compour}ds 0,5 x OELV 30 min 0,75 2,8 % 17,0 % 21,7 % 2b,5 %
2 x OELV 8h 48 1,7 % 16,1 % 20,8 % 2b,6 %
) 0,1 x OELV 30 min 3 330.% 17,2 % 219 % 26,7 %
Chromium metal, | ¢ 5 oLy 8h 240 0,7 % 15,6 % 20,4 % 251 %
Cr(II) anfl Cr(III) -
compour|ds 0,5 x OELV 30 min 15 1,7 % 16,1 % 20,9 % 2b,6 %
2 x OELV 8h 960 0,4 % 15,6 % 20,3 % 26,1 %
0,1 x OELV 30 min 0,6 4,7 % 19,2 % 23,9 % 2B,7 %
Cobalt arn d Cobalt 0,5 X OELV 8 h 48 1,2 % 15,8 % 20,5 % 25,3 %
compourjds 0,5 x OELV 30 min 3 2,8 % 17,0 % 21,7 % 2b,5 %
2 x OELV 8h 192 0,7 % 15,6 % 20,4 % 26,1 %
0,1 x OELV 30 min 1,2 4,0 % 18,2 % 23,0 % 2[7,7 %
c A 0,5 x OELV 8h 96 1,6 % 16,0 % 20,8 % 26,5 %
opper, fume
PP 0,5 x OELV 30 min 6 2,8 % 17,0 % 21,7 % 2b,5 %
2 x OELV 8h 384 1,2 % 15,8 % 20,6 % 25,3 %
0,1 x OELV 30 min 0,6 7.5 % 23,3 % 28,1 % 3,8 %
Indium amd com- 0,5 x QELEV 8 h 48 2,1 % 16,4’ % 21,1 % 25,9 %
pounds 0,5 0DELV 30 min 3 4,7 % 19,2 % 239 % 2B,7 %
2 % 0ELV 8h 192 1,4 % 15,9 % 20,7 % 26,4 %
0,1 x OELV 30 min 30 2,8 % 16,9 % 21,7 % 26,4 %
] 0,5 x OELV 8h 2400 0,4 % 15,6 % 20,3 % 26,1 %
Iron oxide, fume -
0,5 x OELV 30 min 150 1,4 % 15,9 % 20,7 % 26,4 %
2 x OELV 8h 9600 0,2 % 15,6 % 20,3 % 26,1 %
0,1 x OELV 30 min 0,9 9,4 % 26,6 % 31,4 % 36,1 %
Lead and com- 0,5 x OELV 8h 72 1,3 % 15,9 % 20,6 % 25,4 %
pounds (except -
lead alkyls) 0,5 x OELV 30 min 4,5 4,5 % 18,9 % 23,7 % 28,4 %
2 x OELV 8h 288 0,7 % 15,6 % 20,4 % 25,1 %
0,1 x OELV 30 min 6 1,4 % 15,9 % 20,7 % 25,4 %
0,5 x OELV 8h 480 0,2 % 15,6 % 20,3 % 25,1 %
Manganese, fume -
0,5 x OELV 30 min 30 0,7 % 15,6 % 20,4 % 25,1 %
2 x OELV 8h 1920 0,1% 15,5 % 20,3 % 25,0 %

a  EN 482 requirements not met (uncertainty <50 % for measurements between 0,1 and 0,5 times the OELV, and <30 % for
measurements between 0,5 and 2,0 times the OELV).
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Table B.5 (continued)
Substance Air concentra- | Sampling | Sample | Analytical | Overall uncertainty for analytical
tion time mass (ng) | precision bias
0% 5% 10 %
0,1 x OELV 30 min 3 5,4 % 20,1 % 24,8 % 29,6 %
Nickel and insol- 0,5 x OELV 8 h 240 0,9 % 15,7 % 20,5 % 25,2 %
uble compounds 0,5 x OELV 30 min 15 2,8 % 17,0 % 21,7 % 26,5 %
2 x OELV 8h 960 0,5 % 15,6 % 20,4 % 25,1 %
0,1 x OELV 30 min? 0,6 16,9 % 40,4 % 45,1 % 49,9 %
0,1 x OELV 2h 2,4 8,6 % 25,2 % 30,0 % 34,7 %
SeleniunTamd 0-5<0OELY Sh 48 2-0-%% 16304 21004 25,8 %
compour]ds 0,5 x OELV 30 min? 3 7.7 % 23,7 % 28,5 % 3B,2 %
0,5 x OELV 2h 12 2,8% 17,0 % 21,7 % 2b,5 %
2 x OELV 8h 192 1,0 % 15,7 % 20,5 % 25,2 %
0,1 x OELV 30 mina 0,6 29,8 % 65,6 % 70,3.% 76,1 %
0,1 x OELV 2h 2,4 13,4 % 33,7 % 38,5 % 4B,2 %
Tellurium and 0,5 x OELV 8h 48 2,4’ % 16,6 % 21,3 % 26,1 %
compour}ds 0,5 x OELV 30 min? 3 11,8 % 30,8 35,5 % 4D,3 %
0,5 x OELV 2h 12 5,3 % 19,9 24,7 % 20,4 %
2 x OELV 8h 192 1,1% 15,8 20,5 % 25,3 %

a  EN 482 requirements not met (uncertainty <50 % for measurements between 0,1 and 0,5 times the OELV, and 30 % for
measurements between 0,5 and 2,0 times the OELV).
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Annex C
(informative)

Ambient atmospheres

C.1 General

This anrex provides information about aspects of the validation of ambient air measurement_methods.

Analysis

of ambient air uses instrument-based measurements of compounds or electron’ mifroscopy

methodginvolving the counting of inorganic fibres. These two groups of analyses have differgnt crjteria for

validatign as described in the following sections.

C.2 Example of an instrument-based method: ISO 13964

c21 :[.epeatability

Studies
+1 x 10~

ave shown that for UV photometric ozone calibrations the repeatability can be as low as{+1 % or
when expressed as a volume fraction, whichever is greater, if cate is taken in operating th¢ system.

Even thgdugh there are some variabilities associated with the ambient analyser and calibration system, it is

expected

C2.2 4

The accu

that the repeatability of the ozone analysis of ambient dir ¢an be within +3,5 % [96].

\ccuracy

racy of the method is estimated to be better thanr+4 % of the measured concentration.

The acciiracy of the ambient ozone UV photometric method will be dependent on the accurady of the

procedu
will be 1
transmi
used, ad

C.2.3 (

‘e to which it is referenced. The accuracy of the UV photometer primary reference procedure
mited by the accuracy of the coefficient of absorption (¥1,5 %) and the measurements df the UV
tance, pressure, temperature, ozoné losses, etc. [97]. When a secondary reference progedure is
itional inaccuracies inherent to\tlie procedure will be introduced.

ontinuing validation

The ozone absorption cross section in wide use, including in ISO 13964, was determined to be higher than

the mor
value, fo

e recently determined value [98]. This newly published value, referred to as the CCQM|03.2019
F the ozone absdrption cross-section per molecule is 1,132 9(35) x 10717 cm? and is recompmended

based on statistical analysis of the weighted data. This new cross-section value is 1,23 % lowef and its

uncertai

hty sixfoldssinaller than the uncertainty of the conventionally accepted reference value feported

by Hearn, and cutrently referenced in International Standards. The CCQM.03.2019 value has been|adopted

by the in
ozone alj

ternational metrology community, through CCQM recommendation 1 (2020), as the valule for the
sorption cross-section per molecule at 253,65 nm (air) for use in ozone measurement standards

maintairj

ed)at the BIPM and for the calculation of the reference value for the BIPM.QM-K1 jon-going

comparison of surface ozone measurement standards, used to establish uniform measurements of surface
ozone worldwide, ensuring SI traceability of these measurements highest accuracy achievable. ISO 13964
is being revised to replace the older ozone absorption cross-section per molecule with the newer value of
1,132 9(35) x 1017 cm?2.
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C.3 Electron microscopy methods

C.3.1 General

Most electron microscopy methods for ambient air measurements pertain to “asbestos”. These elongated
mineral particles are referred to as “fibres” or “structures” in the ISO methods developed by ISO/TC 146/SC 3.
“Fibers” and “structures” will be considered equivalent during discussions in this annex.

C.3.2 Validation challenges of electron microscopy methods

Several characteristics of electron microscopical analysis make rigorous validation difficult.

C3.2.1

Airborng
Distribu
counts. A
a samplg

independent values for the mean and variance. Where the sample estimate of variance exceeds tha

in the Pq
most cor

An assu
particle

be an ad
volume (

Determi
dimensig
three di
will hav{
distribut
be meas
distribut
concenti

C.3.2.2

Microsca
fibres. T
compari

C.3.2.3

Referend
and havg
and crys|

Statistical considerations for particle-counting results

particles deposited on filters are not usually uniformly distributed across the|filter
ion generally follows a Poisson distribution and this is factored in when eyaluating §
[t high structure counts, where there are adequate numbers of structures per, grid opening
estimate of the variance to be made, the distribution can be approximated to a Gauss

issonian assumption, use of Gaussian statistics with the variance defined by the actual d4
servative approach to calculation of confidence intervals (see ISO 10312:2019, Annex F).

mption is made that airborne fibres collected on a filter are-an accurate representatig
bopulation in the air at the time and place of sample collectign. This has not been validated
litional source of uncertainty when fibre counts per surfdce area are converted to fibre cd
f air.

ning mass of asbestos typically adds variability to thefibre count because it relies on individ
ns. Small differences in fibre dimensions are amplified because the mass is a derived by my

b a mass four times greater than a fibre that,is only twice as big (5 um x 1,0 um). If the
ion is narrow, such as that found in a dispersion of chrysotile fibrils, the mass concentrd
ired with approximately the same preeision as that of the numerical concentration. If the
ion is broad, mass concentration estimates derived from TEM examinations to determine n
ations are statistically unreliable (see ISO 13794:2019, D.6).

Electron microscopy method bias

pe operating conditions-such as resolution can affect the ability to correctly detect and
his is usually contrelled by microscope adjustments to standardized conditions and moni
son between microseopes in the same laboratory and by interlaboratory studies.

Reference materials

e materials for asbestos analysis have typically been processed ore samples of commercial
been’most useful in validating the optical properties (polarized-light microscopy) and e
talline properties (electron microscopy) of the different asbestos types. These reference 1

surface.
tructure
to allow
an, with
L implicit
ita is the

n of the
and can
unts per

ual fibre
Itiplying

mensions (length x width x width). Thus, a fibre with a length of 5 um and a width of 0,5 pm

liameter
ition can
liameter
umerical

identify
tored by
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lemental
naterials

have als
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quality-

control validation and for interlaboratory proficiency testing [103]. ISO/TC 146/SC 3/WG 1 has determined
that standard traceable reference materials previously available from national standards organizations
(USA-NIST and UK-HSE) for microscopical asbestos analysis have been exhausted or are at very limited
supply [100]. Other potential asbestos reference materials are available but most lack funding for proper
standard reference characterization and distribution. There is a small program for the characterization
of new asbestos reference materials on-going through the Research Triangle Institute in North Carolina,
United States [101].

There are no reference materials that relate directly to concentrations of asbestos in the air. Thus, there is no
accepted reference material suitable for determining the bias (accuracy) of an air test method for asbestos.
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