/yEurachem
/; ;;t/:us for analyti 0,

al chemistry in Europe

The Fitness for Purpose of
Analytical Methods

A Laboratory Guide to Method Validation and Related Topics

Second Edition 2014






/yEurachem

A focus for analytical chemistry in Europe

Eurachem Guide

The Fitness for Purpose of Analytical Methods
A Laboratory Guide to Method Validation and Related Topics

Second edition

Acknowledgements

This document has been produced by members of the Eurachem Method Validation Working Group and others
co-opted for this task. Those who have contributed to this edition are listed below.

Project group

Vicki Barwick

Pedro P. Morillas Bravo
Stephen L. R. Ellison
Joakim Engman

Elin L. F. Gjengedal

Ulla Oxenbell Lund
Bertil Magnusson (editor)
Hans-Thomas Miiller
Marina Patriarca

Barbara Pohl

Piotr Robouch

Lorens P. Sibbesen (chairman)
Elvar Theodorsson
Florent Vanstapel
Isabelle Vercruysse
Aysun Yilmaz

Perihan Yolci Omeroglu
Ulf Ornemark (editor)

Copyright ©

LGC (UK)

Canal de Isabel II Gestion (ES)

LGC (UK)

National Food Agency (SE)

Norwegian University of Life Sciences (NO)
Eurofins Miljg A/S (DK)

SP Technical Research Institute of Sweden (SE)
Mersin (TR)

Istituto Superiore di Sanita (IT)

Merck KGaA (DE)

European Commission (EU)

Labquality International (DK)

University Hospital in Link&ping (SE)
University Hospital Leuven, Leuven (BE)
BELAB (BE)

Cevre Food and Industrial Analysis Laboratory (TR)
Okan University (TR)

Emendo Dokumentgranskning (SE)

Copyright of this document is held by the contributing authors. All enquiries regarding reproduction in any
medium, including translation, should be directed to the Eurachem secretariat. The text may not be copied for
resale.

Recommended citation

This publication should be cited* as: “B. Magnusson and U. Ornemark (eds.) Eurachem Guide: The Fitness for
Purpose of Analytical Methods — A Laboratory Guide to Method Validation and Related Topics, (2™ ed. 2014).
ISBN 978-91-87461-59-0. Available from www.eurachem.org.”

*Subject to journal requirements



ii



The Fitness for Purpose of Analytical Methods

Eurachem Guide

Contents

Foreword t0 the SECONA CAILION ........uuuueeeooneeesieosrnnsicsssnesiossssssiesssssssssssssssscsssssssssssssnssssssssssssss 1
Foreword 10 the firSt @AUIION .........uuueeonneeeoneeiesueicsseicsneesssnssssicssssssssssssssssssssssssssssessssssssssesses 2
ADDreviations ANA SYMBOLS.......ueeneeerossuerossveiossanssssanssssassssssnsssssssssassssssssssssssssssssssssssssssssssssssssnss 3
L IRIVOAUCTIO . .oaaaaaeeeennnnnnenneneeeiecesissessnssssescssssssonsssssssessssssossasssssessssssssssnsssssssssssssssnansassssssss 5
1.1 Rationale and scope for this Guide 5
1.2 Notes on the use of this GUIAE ....c.cccvvereivnrinsrercssnncscnrissssrsssnssssrsssssessssssssssessasssssssosssssssasssse 5
0 B < 41V 1T ) (07 PSSR 5

1.2.2 QUICK RETETENCES ....eeeiiiiiiieie ettt ettt et e et e e e e e tteetbeesaeessbeensaeensseenseeenses 6

2 What is MEthOd VAIIAAIION? .......auu.eennuaeeeconennnsicssnneiicsssnsicsssssnsscsssssssecssssssssssssssssssssssssssns 7
2.1 DEfINILIONS .ocoeeueieicniirirencssnnessnissssnsssssssssrossssesssssssssssssnsssssssssssssssssssssassssnsssssasessasssssssossassssasssss 7
2.2 What is the difference between validation and verification? 7

3 Why is method validation RECESSATY?....uuuueeeeeeevssvressersssssisssasisssassssssssssssssssssssssssssssssssses 9
3.1 Importance of analytical MeASUreMENTt ......cccceevverercueicsrarsssaressnsrcsssesssssssssesasessassossassssasssne 9
3.2 The professional duty of the analytical chemist 9
33 Method development 9

4  When should methods be validated or Verified? .............uuueenueenuevvuensueesuensaerssaessaensnne 11
4.1 Method validation 11
4.2 Method verification 11

5  How should methods De VALIAALEA? ...............ueeuueeeeeeeooiisorrsaneseeieessssscsassssrecssssssssssssssesssns 13
5.1 Who carries out method validation? 13
5.1.1  Approaches to method Validation............ccieevieiiiienieriese ettt ettt eesbeesseeseeees 13
5.1.2  Interlaboratory aPPrOACH .........cccviiiiiieriietieteeie ettt eae sttt e sttt e e b e e ebeetbeetaesreebeenbeenaeenaeenes 13

5.1.3  Single-1aboratory apProachi .........cccueeiiriieriieiieieeieetese ettt ettt tb et e et e ebeeraeenaeens 13

5.2 Extent of validation STUAIES ......coevrereveicscnrcsssencssnrcssnrisssiosssnssssssssssossassssssssssnsesssssssssssssnses 13
53 Validation plan and report 14
54 Validation tools 15
ST BLANKS..c.eetieiieiicieete ettt ettt b e e be b et e sat et e e st enbeeabe et b e etaeeseeseenbeenseeneeenes 15
5.4.2  ROULING tESt SAMPIES....eeiiiiiiiiiiiiiieeiert ettt et e st e te e e ebeeaesstesteesseesseesseessesssesssesseesseensesssesssesnes 15

5.4.3  Spiked mMaterialsS/SOIULIONS. ......cccviiieiieriietieteete ettt et e e eteeaeste st e steesseesseessesssessaesseeseesseessesssennes 15
544  INCUITEd MALETIALS. .. .ccviiitiiiieie et cte ettt ettt ettt et e ste e e e e eaeeseesaeesseesseenseesseessesssesseenseessenssesseensns 15

5.4.5  Measurement StANAAIAS ..........eceuiieriieeiieiieeiieeeeeiee et e et e et e e st e e e be e s be e s b e e sbeesebeeenbeeenbeesnreennnas 15
54,0 STALISTICS .uveeuiieitiieitieeitieeitte et e etteeteeeteeeteeebeeesseeesseeesseeasseesssaeasseesssaeasseesasaeasseesnsaeasseesnseeassaesnsaennses 16

5.5  Validation requirements 16
5.6  Method Validation PrOCESS........cuvrercreicsseressrrssssscssnsessassosssssssssssssssosssssssssssssassssasssssassssssssse 16

6  Method performance CRAFACIEFISHICS ....uueeeueeeessuseessureisssercsssrncsssessssssessssssssssssssssssssesses 19
6.1 Selectivity 19
6.1.1  Terms and defiNItiONS........ceecviiiiiiiiiieriet ettt se et eae sttt e steeteesseeebesssessaesseeseesseessesseennns 19
6.1.2  Effects Of INTEITEreNCES. .. ceviiieiii ettt ettt ettt e e etbesraesreebeesbeesseeseeens 19
6.1.3  AsSSESSMENt OF SCICCHIVILY 1uvieviiieiiiieiiieiieit ettt ettt te e et e ebessbessaesseesaesseenseeseeens 19

il



The Fitness for Purpose of Analytical Methods Eurachem Guide

6.2 Limit of detection and limit of quantification 20
6.2.1  Terms and defiNItIONS.......cceecviiiiiiieiiieietteie ettt se et eae st e st e steeteesbeeebessbessaesseesseesseessesseennns 20

6.2.2  Determination of the standard deviation at Iow 1eVelS ........c.ccevviiiiinienierieececeee e 21

6.2.3  EStimating LOD .......ccciiiiiiiiiiieie ettt ettt st st ae et e e nbeeeb et b e s ta e teebeenbeenaeeneeens 24

6.2.4  Estimating LOQ ...cc.oiiiiiiiiiee ettt ettt ettt e n e a e bt et et e et e enes 24

6.2.5  AltErnative PrOCEAUIES ....cc.eeiuieieiieitietiett et ettt et et et e e et e saee st e e et emteeneeeneeeseesseeseenseeneeeneeenee 25

6.2.6  Capability of detection for qualitative analysis .........ccceerierirriiiiiierieeee e 25

6.3 Working range 27
Y00 T B B 1< 1415 (o1 s USSR 27

6.3.2  Considerations for the validation STUAY ........c..ccvrvieriierierieiieie ettt ees 27

6.3.3 Method and instrument WOTrKing range............cceeverrereereerieenieseeseesteesseesseesesssesssesseesseessesssesseenses 27

6.3.4  Assessing inStrument WOTrKING FANGE........c..ecvieverruerrerreerreenseesesteseesseesseesseessesssesssesseessesssesssesssesses 27

6.3.5  Assessing method WOTKING FANGE.........cvevviervieiieiiiieieeeeieeteeteseesteeteeseesesssessaesseesseesseessesseennes 28

6.4  Analytical sensitivity 30
LY N D TS5 11 14 (o) § WU SRS 30

LR O N o o) V(e7: 15 0] TSRS 30

6.5 Trueness 30
6.5.1 Terminology to describe measurement QUALILY ........c.cccverreeriieeiiiieiienieie et eeis 30

6.5.2  Determination OF DIAS .......cciiriiiiiiiiicieriietietcete ettt e st e steeteesbeesbessbessaesseeseesseessesseennes 31

6.5.3  Interpreting bias MEASUICINICIILS .........ceeuierrierriereeterresteesseeteeseetesseesseesseesseessesssesssesseesseessesssesssesses 34

6.6 Precision 35
L B N o o7 1 o o A USRI 35
6.6.2  PreciSion CONAITIONS ....uiecviiiriieeitieeiieeitieeieeeteeeteeeeteeeteeebeessbeeesseesssaessseessseessseesssesssseesssesssseesseensses 35

6.6.3  PreCiSION LIMILS....eiiiiiiieiietieieeie et ettt et et e et e steeste e seesseesaesseesseesseesseenseessesssesssessaenseensenssesssenses 36

6.6.4 Simultaneous determination of repeatability and intermediate precision...........cceecververeerreeruesenenne. 36

6.7  Measurement UNCEItAINTY....ccccierrrercricssnressrrsssarcssasesssssossasssssssssssssssassssssssssassssasssssassssssssse 38
6.8 Ruggedness........cocceeescnressnnrcssnresnssce ... 38
LR 20 B D 1S5 101 14 (o) + WSS USRS 38
6.8.2  RUEZEANESS tESE....e.eiitietieiieie ettt ettt et e st et e bt e et e e e st e saeese e e et enteeneeenteeneesbeeseenbeeneeeneeenes 38
USing validated MeEtROAS .......u.eueeeeoneeoosnevnssnerossernssensssansssssssssssssssssssssssssssssssssssssssssssssnns 41

8  Using validation data to design quality CORIIOL ...............uueenneeenneeennnercnsnercssneressnenesnnnes 43
8.1 Introduction 43
8.2  Internal quality control 43
8.3 External quality control 44

9  Documentation of validated MEtNOAS .........ueueeeeeeeoonaesossaeiossavisssarssssarsssssnsssserssssessssssssses 45
9.1 From draft to final VErSion .........coeeieeveicivnrcssssncsssrcscnsissssissssnssssssssssossassssssssssnsssssssssssssssnses 45
9.2 Recommendations 45
9.2.1  Checking the INSTITUCTIONS ....eeveiieiieitieetiete ettt et et eae et e saee st e e bt enteeneeeneesseesbeeseanseeneeeneeenee 45

9.2.2 Recommendations in StANAATAS ............ccuerrieriieiieieiieiiee ettt esteese e seaeseaesseesseesseessesseeens 45

0.2.3  DOCUMENLE CONEIOL ... eeuiiiiiiiiiiiiiiteettestt ettt et e et e st e te e teebeesaessaesaeesseesseesseessesssesssesseesseessesssesseenses 45

10  Implications of validation data for calculating and reporting results........................ 47
Annex A — Method documentation ProtoCol ...........eeueeceeneeooaesossuensssanssssanssssssssssssssssessssssssses 49
Annex B — Statistical basis of limit of detection calculations.................ueeeeueeeeenneeessneresnenenns 53
Annex C — Analysis of variance (ANOVA) ..uecceeeecsseresssesssssnsssasssssassssssssssssssssssssssssssssssssses 54
Annex D — Notes on qUAlitAtive ARALYSIS......ueeeeeneeeeesueeessnicsseressssncsssssssssesssssssssssesssssossssseses 56
BIBDlIOGEAPRY «euveeneneronnerosverosaniossanisssansssssssssssssssssssssssssssasssssssssssssssssassssssssssssssssssssssnsssssnsssssnss 59

iv



The Fitness for Purpose of Analytical Methods Eurachem Guide

Foreword to the second edition

Since the first edition of this Guide in 1998, a number of important developments in analytical quality
have taken place. Firstly, the ISO 9000 series of standards, which is widely used to provide a basis for
a quality management system, has been revised. Its philosophy forms an integral part of international
conformity assessment standards and guides, which underpins competence requirements for
laboratories, proficiency testing (PT) providers and reference material (RM) producers. These
documents all stress the importance of using validated methods.

Secondly, several general or sector-specific guides on method validation have been revised or
developed. EU legislation contains mandatory requirements for analytical measurements in many
sectors.

Thirdly, much effort has been invested by the analytical community in implementing the uncertainty
concept. For example, in its Harmonized guidelines for single-laboratory validation of methods of
analysis (2002) IUPAC predicted that, “...with an increasing reliance on measurement uncertainty as a
key indicator of both fitness for purpose and reliability of results, analytical chemists will increasingly
undertake measurement validation to support uncertainty estimation...”. In the following years,
accreditation bodies issued policies and guidance documents clearly recognising the use of method
validation data in the measurement uncertainty estimation process.

Furthermore, the International vocabulary of metrology — Basic and general concepts and associated
terms (VIM) has been substantially revised, taking into account chemical and biological
measurements. Although terminology related to method validation is far from harmonised, the
situation has improved. VIM is also a normative document for laboratories accredited to, e.g. ISO/IEC
17025 and ISO 15189.

The second edition of this Guide aims to reflect changes in international standards and guidance
documents and puts less emphasis on terms and definitions. Instead the Guide refers to the VIM and
other readily available sources. As a consequence, the list of terms and definitions has been omitted
from the Annex. Literature cited in this edition of this Guide are listed in the Bibliography at the end.
Additional sources and literature related to method development and validation is available as a
‘Reading list’ under the menu item ‘Publications’ on the Eurachem website at www.eurachem.org.
Annex A is revised as a consequence of changes to ISO 78-2. This edition has also been extended to
include information on the statistical basis of limit of detection calculations (Annex B), analysis of
variance (Annex C) and qualitative analysis (Annex D).

It is becoming increasingly common among routine laboratories, especially in the clinical sector, to
use commercially available measuring systems. This means that the responsibility for validation
mainly lies with the manufacturer. The laboratory’s work will focus on verifying the manufacturer’s
published performance data and demonstrate that the method works on the end-user’s premises.

However, looking back to the foreword to the first edition, we conclude that the six principles stated
there are still relevant, and are consistent with the requirements of international standards such as
ISO/IEC 17025.

MV 2014 1
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Foreword to the first edition’

An initiative in the UK to promote good practice in analytical measurement has identified six
principles of analytical practice which, taken together, are considered to constitute best practice. The
six principles which are described in more detail in a separate guide’ are:

1.

“Analytical measurements should be made to satisfy an agreed requirement.” (i.e. to a defined
objective).

“Analytical measurements should be made using methods and equipment which have been
tested to ensure they are fit for purpose.”

“Staff making analytical measurements should be both qualified and competent to undertake
the task.” (and demonstrate that they can perform the analysis properly).

“There should be a regular independent assessment of the technical performance of a
laboratory.”

“Analytical measurements made in one location should be consistent with those made
elsewhere.”

“Organisations making analytical measurements should have well defined quality control and
quality assurance procedures.”

These principles are equally relevant to laboratories whether they are working in isolation or
producing results which need to be compared with those from other laboratories.

This document is principally intended to assist laboratories in implementing Principle 2, by giving
guidance on the evaluation of testing methods to show that they are fit for purpose.

" The first edition (1998) of this Guide was developed by a Eurachem Working Group from a draft originally
produced by LGC. The following persons were members of the Eurachem group at that time:

D. Holcombe, P. De Biévre, D. Béttger, C. Eastwood, J. Hlavay, M. Holmgren, W. Horwitz, M. Lauwaars, B.
Lundgren, L. Massart, J. Miller, J. Morkowski, B. te Nijenhuis, B. Nyeland, R. Philipp, P. Radvila, J. Smeyers-
Verbeke, R. Stephany, M. Suchanek, C. Vandervoorst, H. Verplaetse, H. Wallien, M. Walsh, W. Wegscheider,
D. Westwood, H. J. van de Wiel.

" The manager’s guide to VAM, UK Department of Trade and Industry, Valid Analytical Measurement
Programme. Published as VAM Principles M. Sargent. Anal. Proc., 1995, 32, 201-202.

MV 2014 2
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Abbreviations and symbols

The following abbreviations, acronyms and symbols occur in this Guide.

AMC

ANOVA

AOAC International
ASTM International
BIPM

ccQMm

CEN

CITAC

CLSI

CRM

EA

EC

EPA

EQA

EU

GUM

ICH

IEC
ISO
IUPAC
JCGM
LOD
LOQ
NATA
QA

QC
RSC
SANCO
SOP

PT

RM
RSD
UV/VIS
VIM

Analytical Methods Committee

Analysis of variance

a globally recognized standards developing organization

a globally recognized standards developing organization
International Bureau of Weights and Measures

Consultative Committee for Amount of Substance — Metrology in Chemistry
European Committee for Standardization

Cooperation on International Traceability in Analytical Chemistry
Clinical and Laboratory Standards Institute

certified reference material

European co-operation for Accreditation

European Commission

Environmental Protection Agency

external quality assessment

European Union

Evaluation of measurement data — Guide to the expression of uncertainty in
measurement

International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use

International Electrotechnical Commission
International Organization for Standardization
International Union of Pure and Applied Chemistry
Joint Committee for Guides in Metrology

limit of detection

limit of quantification

National Association of Testing Authorities

quality assurance

quality control

Royal Society of Chemistry

European Commission’s Directorate-General for Health and Consumers
standard operating procedure

proficiency testing

reference material

relative standard deviation

ultraviolet/visible

International vocabulary of metrology — Basic and general concepts and associated
terms

MV 2014
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b absolute bias

b(%) relative bias in %

ko multiplier used in calculating limit of quantification

m number of measurements

n number of replicate observations averaged when reporting results

ny, number of blank observations averaged when calculating the blank correction
r repeatability limit

R reproducibility limit

R (%) relative recovery (apparent recovery) in per cent

R' (%) relative spike recovery in per cent

s standard deviation

S0 estimated standard deviation of single results at or near zero concentration
54 standard deviation used for calculating an LOD or LOQ

S intermediate precision standard deviation

S, repeatability standard deviation

Sk reproducibility standard deviation

u standard uncertainty

X mean value (arithmetic average)

X reference value

Xref mean value of measurements with an alternative method, e.g. a reference method
x' mean value of spiked sample in a recovery experiment

Xspike added concentration in a recovery experiment

MV 2014 4
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1 Introduction

1.1 Rationale and scope for this
Guide

Method validation is an important requirement in
the practice of chemical analysis. Most analytical
chemists are aware of its importance, but why it
should be done and when, and exactly what
needs to be done, is not always clear to them.
Some analysts used to see method validation as
something that can only be done in collaboration
with other laboratories and therefore refrained
from it. Requirements in standards such as
ISO/IEC 17025 [1], ISO 15189 [2] and ISO
15195 [3] have helped in clarifying this. For
example, the need to demonstrate that methods
are fit for purpose is stressed in Clause 5.4.2 of
ISO/IEC 17025:

“The laboratory shall use test and/or calibration
methods, including methods for sampling, which
meet the needs of the customer and which are
appropriate for the tests and/or calibrations it
undertakes...” and further: “When the customer
does not specify the method to be used, the
laboratory shall select appropriate methods...”.

The purpose of this Guide is to discuss the
issues related to method validation and increase
readers’ understanding of what is involved, why
it is important, and give some idea of how it can
be accomplished.

The Guide is expected to be of most use to a)
laboratory managers responsible for ensuring
that the methods under their supervision are
adequately validated and b) analysts responsible
for planning and carrying out studies on methods
for validation purposes. Other staff may find the
guidance of use as a source of background
information — senior staff from a management
point of view and junior staff from a technical or
educational point of view.

The Guide focuses on single-laboratory
validation. It aims to direct the reader towards
established protocols where these exist and
where they do not, give a simple introduction to
the processes involved in validation and provide
some basic ideas to enable the reader to design
their own validation strategies. It includes
references to further material on particular
technical aspects of validation.

This Guide is aimed at the wvalidation of
quantitative methods. However, some of the
principles described here are also relevant for

qualitative methods for determining the presence
of one or more analytes, e.g. the concepts of
selectivity and limit of detection (LOD).

The Guide avoids emphasis on the use of
statistics although undoubtedly those with a
working knowledge of elementary statistics will
find the method validation process easier to
understand and implement. Several references
are made to publications on basic statistics for
chemists [4, 5, 6].

The analyst’s understanding of method
validation is inhibited by the fact that many of
the metrological and technical terms used to
describe processes for evaluating methods vary
in different sectors of analytical measurement,
both in their meaning and the way they are
determined. This Guide cannot say where a term
is used correctly or incorrectly although it is
intended to provide some clarification. The best
advice when using a term that may be
misunderstood, is to state the source and which
convention has been used.

It is implicit in the method validation process
that the studies to determine method performance
characteristics” are carried out using equipment
that is within specification, working correctly,
and adequately calibrated. Therefore, this Guide
does not cover specifically the concepts of
‘equipment  qualification” or  ‘instrument
qualification’. Likewise the analyst carrying out
the studies must be competent in the field of
work under study, and have sufficient knowledge
related to the work to be able to make
appropriate decisions from the observations
made as the study progresses.

1.2 Notes on the use of this Guide
1.2.1 Terminology

In the revision of this Guide the main focus has
been on updating the terminology and literature
references to reflect developments since the
Guide was first published fifteen years ago. With
regards to terminology we have, where possible,
followed the 3" edition of the VIM first
published in 2007 [7, 8]. This has been
supplemented, where necessary, with

" Commonly used synonyms for method performance
characteristics are ‘method performance parameters’,
‘metrological characteristics’ and ‘performance
properties’.

MV 2014
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terminology used in ISO/IEC 17025:2005 [1],
other ISO documents [9, 10, 11] and the IUPAC
Harmonized Guidelines for Single-Laboratory
Validation from 2002 [12] to reflect terms
commonly used in analytical laboratories.

In some cases it may be difficult to decide which
term to use when several similar terms are in use.
For clarity it has been considered important to
use a term consistently throughout the Guide.
One example is the term used to describe the
document that gives a detailed description of the
method to be validated using personnel and
equipment in a particular laboratory. For
quantitative analysis VIM refers to the
measurement procedure, in ISO/IEC 17025 this
is the method, in ISO 15189 [2] it is the
examination procedure and many laboratories
refer to their standard operating procedure
(SOP). The working group has decided to adhere
to ISO/IEC 17025 and use the generic term
method. Consequently, this Guide uses the
commonly recognised term ‘method validation’
although ‘procedure validation’ would be more
correct.

The terms ‘ruggedness’ and ‘selectivity’ are
preferred to ‘robustness’ and ‘specificity’ [13]
since the former are used by IUPAC [12].

Various terms, e.g. ‘calibration’, ‘measurement’,
‘testing’, ‘analysis’ and ‘examination’ are used
to describe laboratory work. This Guide uses
‘analysis’ in a general sense and specifies, where
necessary, the circumstances. Similarly, this

Guide often refers to a measured concentration
although several other quantities are regularly
investigated in the chemistry laboratory [14].

In the processes of sampling, sample preparation
and analysis terms such as ‘sampling target’,
‘primary sample’, ‘increment’, ‘composite
sample’, ‘subsample’, ‘laboratory sample’, ‘test
sample’, ‘test portion’ and ‘test solution’ may be
used [15, 16]. In this Guide we normally use the
general term ‘sample’ or ‘test sample’ [17]. The
most important terms used in the Guide are
defined in the text. Definitions in VIM, ISO 9000
[9] and IUPAC [17, 18] have been provided
wherever possible. The terms in VIM related to
analytical chemistry are further explained in the
Eurachem Guide “Terminology in analytical
measurement” [8]. Users should note that there is
still no universal agreement on the definition of
some of the terms used in method validation.

1.2.2 Quick References

In Section 6, the shaded boxes provide ‘Quick
Reference’ advice related to the specific
performance characteristic of a method.
However, it is recognised that in many cases
laboratories will not have the time and resources
to carry out experiments in the detail described
here. Carrying out the operations described in the
boxes, using less replication than suggested, will
still yield useful information and is certainly
better than no work at all. However, the
information provided will be less reliable than if
full replication had been utilised.

" Test sample: Sample, prepared from the laboratory
sample, from which test portions are removed for
testing or for analysis [17].

MV 2014
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2 What is method validation?

2.1 Definitions

Definitions of validation from three international
documents are given in Table 1. Method
validation is basically the process of defining an
analytical requirement, and confirming that the
method under consideration has capabilities
consistent with what the application requires.
Inherent in this is the need to evaluate the
method’s performance. The judgement of
method suitability is important; in the past
method validation tended to concentrate only on
evaluating the performance characteristics.

Method validation is usually considered to be
very closely tied to method development. Many
of the method performance characteristics (Table
2) that are associated with method validation are
usually evaluated, at least approximately, as part
of method development. However, it is important
to remember that formal validation of the final
version of the method (the documented
procedure) should be carried out.

Some sectors use the concepts of ‘primary
validation’ and ‘secondary validation’, the latter
in the sense of verification [19]. The concepts
‘qualification’ and ‘metrological confirmation’
[20] also seem to cover verification (Table 1).

2.2 What is the difference between
validation and verification?

ISO 9000 [9] defines verification as
“confirmation, through provision of objective
evidence, that specified requirements have been
fulfilled”. This is very similar to the definition of
validation in Table 1. The VIM [7] states that
verification is “provision of objective evidence
that a given item fulfils specified requirements”
and that validation is a “verification, where the
specified requirements are adequate for an
intended use”.

A laboratory may adopt a validated procedure
which, e.g. has been published as a standard, or
buy a complete measuring system to be used for
a specific application from a commercial
manufacturer. In both these cases, basic
validation work has already been carried out but
the laboratory will still need to confirm its ability
to apply the method. This is verification. It
means that some experimental work must be
done to demonstrate that the method works in the
end-user’s laboratory. However, the workload is
likely to be considerably less compared to
validation of a method that has been developed
in-house.

The terms validation and verification are further
discussed in the Eurachem Guide on terminology
in analytical measurement [8].

Table 1 — Definitions of the concept ‘validation’ in ISO 9000, ISO/IEC 17025 and VIM

Definition

Reference

confirmation, through the provision of objective evidence, that the requirements
for a specific intended use or application have been fulfilled

ISO 9000 [97°

confirmation by examination and provision of objective evidence that the
particular requirements for a specific intended use are fulfilled

ISO/IEC 17025 [1]

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

VIM [7T°

requirements”.

requirements”

*ISO 9000 defines ‘qualification process’ as “process to demonstrate the ability to fulfil specified

® VIM defines ‘verification’ as “provision of objective evidence that a given item fulfils specified
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Table 2 — Overview of performance characteristics commonly
evaluated during method validation

Performance characteristic

Selectivity

Limit of detection (LOD) and limit of quantification (LOQ)

Working range

Analytical sensitivity

Trueness
e bias, recovery

Precision
o repeatability, intermediate precision and reproducibility

Measurement uncertainty”

Ruggedness (robustness)

* Strictly, measurement uncertainty is not a performance characteristic of a
particular measurement procedure but a property of the results obtained
using that measurement procedure.
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3 Why is method validation necessary?

3.1 Importance of analytical
measurement

Millions  of  tests, measurements and
examinations are made every day in thousands of
laboratories around the world. There are
innumerable reasons underpinning them, for
example: as a way of valuing goods for trade
purposes; supporting healthcare; checking the
quality of drinking water, food and feed;
analysing the elemental composition of an alloy
to confirm its suitability for use in aircraft
construction; forensic analysis of body fluids in
criminal investigations. Virtually every aspect of
society is supported in some way by analytical
work.

The cost of carrying out these measurements is
high and additional costs may arise from
decisions made on the basis of the results. For
example, tests showing food to be unfit for
consumption may result in compensation claims;
tests confirming the presence of banned drugs
could result in fines, imprisonment or even, in
some countries, execution. Clearly it is important
to make a correct measurement and be able to
show that the result is correct.

3.2 The professional duty of the
analytical chemist

If the result of an analysis cannot be trusted then
it has little value and the analysis might as well
have not been carried out. When customers
commission analytical work from a laboratory, it
is assumed that the laboratory has a degree of
expert knowledge that the customers do not have
themselves. The customer expects to be able to
trust results reported and usually only challenges
them when a dispute arises. Thus the laboratory
and its staff have an obvious responsibility to
justify the customer’s trust by providing the right
answer to the analytical part of the problem, in
other words results that have demonstrable
‘fitness for purpose’. Implicit in this is that the
tests carried out are appropriate for the analytical
part of the problem that the customer wishes
solved, and that the final report presents the
analytical data in such a way that the customer
can readily understand it and draw appropriate
conclusions. Method validation enables chemists
to demonstrate that a method is ‘fit for purpose’.

For an analytical result to be fit for its intended
use it must be sufficiently reliable that any

decision based on it can be taken with
confidence. Thus the method performance must
be validated and the uncertainty on the result, at
a given level of confidence, estimated.
Uncertainty should be evaluated and quoted in a
way that is widely recognised, internally
consistent and easy to interpret [21]. Most of the
information required to evaluate uncertainty can
be obtained during validation of the method. This
topic is dealt with briefly in Section 6.7 and in
more detail in the Eurachem/CITAC Guide
Quantifying  Uncertainty in  Analytical
Measurement [22].

Regardless of how good a method is and how
skilfully it is used, an analytical problem can be
solved by the analysis of samples only if those
samples are appropriate to the problem. Taking
appropriate samples is a skilled job, requiring an
understanding of the problem and its related
chemistry. A laboratory should, wherever
possible, offer advice to the customer on the
taking of samples as part of its customer care.
Clearly there will be occasions when the
laboratory cannot themselves take or influence
the taking of the samples. On these occasions
results of analysis will need to be reported on the
basis of the samples as received, and the report
should make this distinction clear.

We have mostly (and rightly) focused on the
overall objective of performing method
validation, i.e. demonstrating that methods are
‘fit for purpose’. However, it should be
recognised that a method validation study gives
additional benefits to the laboratory undertaking
the validation. It provides a solid knowledge and
experience of the practical details of performing
the method, including awareness of any critical
steps in the process. Validation gives the
laboratory and its employees a greater
confidence in their own results.

3.3 Method development

The wvalidation work is preceded by a
development phase which may involve different
staff and which can take a number of forms.

At one extreme, it may involve adapting an
existing method by making minor changes so
that it is suitable for a new application. For
example, a method required to determine toluene
in water might be adapted from an established
method for benzene in water. The matrix is the
same, and the two analytes have broadly similar
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properties. It is likely that the same principles of
isolation, identification, and quantification that
are applied to benzene can also be applied to
toluene. If, on the other hand, a method is
required to determine benzene in soil, adaptation
of the benzene in water method may not be the
best option. Adaptation of some other method for
determining organics in soil may be a better
starting point.

At the other extreme, the analytical chemist may
start out with a few sketchy ideas and apply
expertise and experience to devise a suitable
method. This clearly involves a great deal more
work and a degree of doubt as to whether the

final method will be successful. It is not unusual
for method development to involve work on a
number of different ideas simultaneously before
eventually choosing one winner.

Regardless of how much effort has been invested
during method development, there is no
guarantee the method will perform adequately
during validation (or under routine conditions in
a particular laboratory). When different staff are
involved in the development and validation
phase this offers the possibility of checking that
the instructions (the measurement procedure) can
be understood and implemented.

MV 2014
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4 When should methods be validated or verified?

4.1 Method validation

A method should be validated when it is
necessary to demonstrate that its performance
characteristics are adequate for use for a
particular purpose. For example, it is stated in
Clause 5.4.5.2 of ISO/IEC 17025 [1] that the
laboratory shall validate:

e non-standard methods;
[ ]

laboratory-designed/developed methods;

standard methods used outside their intended
scope;

amplifications and modifications of standard
methods.

Validation must be as extensive as necessary to
meet the requirements in connection with the
given use or the given application 