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Foreword

The Fitness for Purpose of Analytical Methods - Abbratory Guide to Method Validation and Related
Topics (2nd ed.) was published in 2014. Since thenMethod Validation Working Group has identified
areas where extra guidance would be appropriates. &ttra guidance has been prepared in the form of
supplementary documents. This supplementary docuisi@ot intended to be used in isolation; it skidu
used in conjunction with the Guide.
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1 Abbreviations and symbols

The following abbreviations, acronyms and symbaisuo in this supplement.

ANOVA analysis of variance

(CORM (certified) reference material

ILC interlaboratory comparison

IQC internal quality control

LOD limit of detection

LOQ limit of quantification

PT proficiency testing

%RSD percent relative standard deviation

coverage factor used to calculate
expanded measurement uncertainty

multiplier used in calculating LOQ

standard deviation used for calculating
an LOD or LOQ

intermediate precision standard
deviation

repeatability standard deviation

MV Planning 2019
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2 Introduction

This supplement is intended to serve as guidancehéoplanning and reporting of validation studi€be
aim is to provide a clear plan for the entire vation study, covering the performance charactesdtiat
will be studied, the target value for each perfarogacharacteristic, the materials that will be psed, the
level of replication and order of the experimerasy statistical analysis that will be used, and hbw
method will be judged as being fit for purpose. éthat the example planning and reporting document
contained in this supplement (see section 5) shoolde considered as a definitive template. A latooy
should produce its own template(s) taking into aot@ny specific regulatory or accreditation reguients.

The planning and reporting document is structunesiich a way that when the experimental work has be
completed, it can be easily converted into a vébdereport.

The document contains the following sections:

» Title page: Includes the method title and refereaoel an overview of the method status and purpbse
study.

* Analytical requirement: To provide information dretrequired scope of the method and its application
the purpose of the study, the performance chaistitasr to be studied, the method performance
requirements, any existing performance data andhtiterials available for the study.

» Performance characteristics: There is a separat@osefor each performance characteristic. These
sections should include the detail of the validat&iudy (the performance criteria, materials to be
analysed, number and order of the measurements, thewdata will be evaluated, and how the
performance will be assessed).

e Summary: To provide a summary of the values anaotteer information obtained for each performance
characteristic and a final statement on whetheriims of the study have been achieved and whdtker t
method is fit for purpose.

» Approval: Sign off of the validation plan and thalidation report.

» Learning points: To highlight any key informatidmat has arisen from the validation, such as ctitica
steps in the method or requirements for futureiguedntrol.

The document provides guidance on how to complath section of the validation plan. It also incleide
references to the relevant sections of the EuradBeitle: The Fithess for Purpose of Analytical Methe-

A Laboratory Guide to Method Validation and Relalaxpics for guidance on the number of measurements
required and data analysis [1].

MV Planning 2019 Page 2
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3 Points to consider when planning a validation stu dy

Appendix 1 provides a checklist to assist withdatiion planning.
3.1 The method to be validated

Before starting a validation study a detailed writfprocedure (such as a standard operating pragedur
describing the method to be evaluated should bdahle The formal validation should be considered
separately from any method development activitigs. the ‘final’ version of the method — after cpletion

of method development — that is validated.

3.2 Ciritical steps in the method and instrument req uirements

Before starting the validation study the analystubth be familiar with the method and aware of ariioal
steps that require particular attention. Any speciequirements relating to equipment/instrumeatati
should also be considered.

3.3 Supporting information

There may be existing information available whiadn delp with planning the validation study and/or
demonstrating the fitness for purpose of the metfibis includes data from participation in intedadtory
comparisons (ILC), such as proficiency testing (Bdjemes, results from internal quality control@)@nd
results from previous routine use of similar method

3.4 Extent of the validation

One of the main issues facing laboratories whemrptey a validation is deciding which performance
characteristics should be studied and the levekplication required. The Eurachem Gujdlg provides
guidance on this topic.

3.5 Order of evaluation of performance characterist  ics

With careful planning it is possible to obtain inftation on a number of performance characteristars a
single set of experiments (see for example the rgrpatal plan outlined in Appendix 2). However, rihe
are some characteristics which should ideally muated before carrying out a full precision orsbsaudy.
Selectivity is generally studied very early in thadidation process as without knowledge that tHecsieity

is acceptable, other performance characteristids b&i of little value. In some situations it may be
advantageous to carry out a ruggedness study b#fer&ll precision and bias studies as it will yode
information on the critical steps in the measurenpeocess that need to be controlled. However,|a¢ory
requirements in some sectors (reference 2, for pb@rstipulate that a ruggedness study should béeda
out as the final stage of the validation.

3.6 Materials to be analysed

Guidance on the types of materials (e.g. referematerials (RMs), test samples) which can be andlise
given in the sections for the individual performaraharacteristics. When planning the study, thpeas

the method should be taken into account. The aiforishe validation to cover a representative raofje
sample types in terms of matrix and analyte leVals may require the analysis of a number of déffeer
materials including certified reference materiaRMs), spiked samples and test samples. It is also
important to establish how much of each materidl bé required during the validation to ensure that
sufficient material will be available.

3.7 Experimental design

Choosing suitable experimental designs is a keygdaralidation planning. With appropriate planniitgs
possible to maximise the amount of information olgd from a particular experiment. For examplenaty

be possible to obtain information on more than peeormance characteristic. There are a number of
experimental designs which can be used in a vadidatudy. These include:

» Simple replication: This involves making a seriésneasurements on a single material. It is useful f
estimating precision (particularly repeatabilityf).a reference value is available (e.g. if the mate
being analysed is a CRM) the results from a simggbdication study can also be used to evaluate bias
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e Linear calibration: This type of design is commoniyed for instrument calibration, and studies of
linearity and working range. This type of desigwdlves observations at a range of levels (usually
different analyte concentrations).

« Nested design (also known as a hierarchical design$ is an experimental design in which eachlleve
of a given factor appears in only a single levelanfy other factor. For example, in a study of
repeatability and intermediate precision, replicaasurements obtained in a short period of tiree ar
‘nested’ within days or analytical runs. Figurehbws an example of a single factor nested design.

Group 1 Group 2 Group p

.

X411 .-- X1n X214 ... Xop Xp1-~-Xpn

Figure 1: Example of a nested design for an experiemt from which different precision measures
can be evaluated if the groups represent differerdanalytical runs (ideally carried out on different
days).

This type of design is discussed in Appendix 2. fid=ilts from this type of experiment can be arelys
using one-way analysis of variance (ANOVA), as désd in Annex C of the Eurachem method
validation guide [1].

« Fractional factorial design: This is a factoriakwm* from which some carefully chosen combinations
of levels have been removed. This reduces the nota@ber of measurements required in a study while
still providing useful information. A fractional ¢éorial design commonly used in method validat®a i
simple seven-factor design, known as a Plackettraardesign [3]. (*Factorial designs allow the study
of multiple parameters at two or more levels. A fattorial design is one in which all combinaticofs
levels are studied.)

MV Planning 2019 Page 4
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4 Notes on completing the validation plan for each performance
characteristic

In the example planning and reporting documentti@@®®) each performance characteristic has a aepar
section where information relating to the perforo@nriteria, planned experiments and data anatysiald

be documented. Once the study is complete the sant®ns can be used to summarise the data andlireco
the outcomes of the validation. The notes belove gjuidance on the information to be included inheac
section.

4.1 Performance criteria

Specify the criteria against which the performacbaracteristic will be assessed (e.g. target valaes
precision, bias or limit of detection (LOD)).

4.2 Experiments

Outline the experiments that will be carried out dealuate the performance characteristic. Include
information on:

* The materials that will be analysed — e.g. (C)Rtdst samples, calibration standards
* The experimental design, including:
o The number of replicate measurements that will aderon each material

o0 The measurement conditions and order of analysis {lethe measurements are to be made on
different days, and/or by different analysts, and&ng different measuring instruments).

4.3 Evaluation of data

Outline how the data will be evaluated. Includeiniation on:

» Any statistical parameters to be calculated froendata (e.g. mean, standard deviation)
* How values for performance characteristics arestoddculated form the data

» Any statistical tests that will be used

* How the ‘fitness for purpose’ of the performancaretteristic will be assessed.

4.4 Notes

* Include any other information relevant to the eaéibn of the performance characteristic.
* Include information on any historical performanegedthat may be available.

4.5 Conclusions

* On completion of the evaluation of the performarmte@racteristic, this section should include a
statement of whether the performance criteria e met.
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5 Example planning and reporting document

Method Title

The determination of A {analyte or measurand} in the presence of B interference}
in C {sample type/matrix} using D {principle}

Include method reference number if applicable

A: What quantity is being measured?
B: Are there any known interferences that can lmaonodated by the method?
C: What sample types/matrices will be analysedgudie method?
D: What measurement technique/measuring instrumiinive used?
Method status

Is the method, e.g. a published standard methoochddlified), based on a published
standard method (with modification), a method depet! in-house?

Purpose of the study

Outline the purpose of the study, e.g. to validateew in-house method, to verify the
performance of a published standard method, talasdi the extension of the scope d
the method.

=
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Analytical requirement

Analyte

Specify the analyte(s) (e.g. copper, creatiningabalent chromium).

Measurand

State the measurand (the quantity intended to lasuned). E.qg. is it the
‘total’ concentration of the analyte(s) present teaf interest, the
‘amount extracted’ under specified conditions,a tesult obtained
from a specified (standard) measurement procedure?

State the units in which the measurement resultd@/ireported.

State required range (e.g. concentration ranganpkes).

Matrix and form

State the matrix/matrices of the samples and pitgisical form.

Purpose of measurement

Specify why the measurements are required (e cheok compliance
with a particular regulation or a manufacturingafpeation).

Purpose of the study

State the purpose of the study, e.g.:

¢ Full validation of a method developed in-house

« Verification of implementation of a published meathor which data
on performance characteristics are available

< Validation of change of scope of a method

¢ Re-validation following change in operating cormfits

< Re-validation after period of non-use.

Performance characteristics

List the performance characteristics (e.g. sel#gtizOD, LOQ,
precision, etc.) to be evaluated during the study.

Justify any omissions (e.g. ruggedness not releasuat published
standard method is being used).

Performance requirements

How does the method need to perform to deliverltesoat are fit for
purpose?

Summarise the performance target values for thiempeance
characteristics to be evaluated during the study.

State and justify how the performance requiremesi® defined.
Performance target values may be:

« Defined in standards/regulations

¢ Stated in a published standard method (can thedspetrformance
be achieved?)

* Related to a product specification in manufactuguoglity control

« Based on performance of similar procedures thakrog/n to be fit
for purpose

« Defined as the current state-of-the-art (what ésrttethod capable
of?).

MV Planning 2019
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Other considerations

Is there any historical data on method performavedable?

Is sampling/subsampling required (and will thisdo@e within the
laboratory)?

Are there any restrictions on sample size or aviiig?
Is the analyte dispersed or localised within theEas?
Are there any known interferences?

List any CRMs that are commercially available vatmatrix and
property values that are similar to the test sample

Identify any other (C)RMs that may be used durhmy\alidation study
(e.g. pure substance reference materials useddpapng spiked
samples).

See section 5.6 of the Eurachem Guide [1] for furdér information on
specifying the analytical requirement.

MV Planning 2019
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Performance Selectivity
characteristic
Description Ability of a method to respond only to the targealyte(s) in the presence of

other components expected to be present in theleamp

Performance criteria

Demonstrate that other components likely to begmieis the test samples dd
not affect the measurement results.

Experiments

* Analyse reagent blanks and blank samples (i.e. lesngpntaining matrix
components but none of the analyte of interest) [4]

« Analyse test samples and RMs by candidate and wttlependent
(confirmatory) methods.

« Add a known amount of possible/suspected interfsrenrepresentative
test samples (at levels expected to be found itetftesamples).

0 Apply the method to the tests samples with andautlihe
interferent.

e For multiple possible interferences, consider ayedamess study to screelp
for the effect of a number of interferences.

o Compare results for test samples with and withioeiinterferent
present to establish whether there is a signifieffett on results.

Evaluation of data

See the following sections of the Eurachem Guidiédrifurther information:
Section 6.1 and Quick Reference 1 — Selectivity.

Section 6.8 and Quick Reference 8 — Ruggedness.

Notes

Conclusions

On completion of the evaluation of the performacicaracteristic, state
whether the performance criteria have been met.

MV Planning 2019
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Performance Limit of detection (LOD)
characteristic

Description Lowest concentration of the analyte that can beadetl by the method at a
specified level of confidence.

Performance criteria State required LOD (this is generally expressetiénsame units as the
measurement results).

If the concentration of the analyte in test sam@espected to be well abovq
the LOD, an indicative value is required to demaatstthat this is the case.

Experiments « Make replicate measurements on a suitable matérakim is to obtain
an estimate of the precision near zero):

o If blank samples give a response, analyse a blamipke (a sample
containing matrix components but none of the aeabftinterest).

o If a blank is not available, or the standard déeraof blank
measurements is zero, analyse a low concentrasgbsample or
low concentration spike.

« In both cases, replicate the whole measuremenegure, including any
sample preparation. Typically the measurementsnaide under
repeatability conditions.

See section 6.2 (Limit of detection and limit of gantification) and Quick
reference 2 (Limit of detection) of the Eurachem Gidle [1] for guidance
on the number of replicates.

Evaluation of data See the following section of the Eurachem Guidddf further information:

Section 6.2, Quick reference 2 and Annex B.

Notes It may also be necessary to establish the instrutx@D prior to the full LOD
study, to establish the instrument’s capabilitieghis case a prepared sample
is analysed (i.e. only the end measurement stegpigated, not the sample
preparation).

For methods with a scope covering very differentrives it may be necessary
to determine the standard deviation and calculetd.©OD for each matrix
separately.

If the LOD is a critical performance characteristiis recommended that the
estimate obtained during the validation study isficmed during routine use
of the method.

Conclusions On completion of the evaluation of the performacicaracteristic, state
whether the performance criteria have been met.
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Performance Limit of quantification (LOQ)

characteristic

Description Lowest concentration of the analyte that can betified with acceptable
method performance (e.g. acceptable measuremeaitaimty).

Performance criteria Typically the lower end of the working range. Dersipate that the LOQ is
compatible with the working range specified in #malytical requirement.

Experiments Typically, LOQ calculations are based on the steshdaviation estimate
obtained from the LOD study.

Evaluation of data See the following sections of the Eurachem Guidiédrifurther information:
Section 6.2 (Limit of detection and limit of quantfication) and Quick
reference 3 (Limit of quantification)

Notes If the LOQ is a critical performance characterigtishould be confirmed that
any estimate obtained via calculation (for exanyslieag LOQ =Ko x s; as
described in the Eurachem Guide) is achievables Gdun be done by analysihg
a sample in the precision study with a concentnatiose to the calculated
LOQ.

Conclusions On completion of the evaluation of the performacicaracteristic, state
whether the performance criteria have been met.
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Performance Working range
characteristic
Description The interval over which the method provides reswlth an acceptable

uncertainty.

Performance criteria

The working range of the method should be specifigtie method scope.
Instrument working range

» Confirm that the proposed calibration model (argedr fit) is appropriate.

» Demonstrate that the instrument working range mpgatible with the
analytical requirement (i.e. the range of analgiecentrations expected in
test samples).

Method working range

» Demonstrate that the method can be used over tvwah specified in the
method scope.

» Confirm that the proposed instrument calibratioocedure specified in thd
method is adequate.

Experiments

Instrument working range

* Prepare a blank plus a range of standards withectrations evenly spacsd
across the required working range (prepare thelatds independently if
possible).

» If possible, carry out at least duplicate measurgmen each standard (th
allows an initial assessment of repeatability).

* Randomise the order of analysis of the standanoisss§ible.

Method working range

o Calibrate the instrument according to the propasdithration procedure.

* Analyse a blank sample plus number of referencemadd or spiked
samples with concentrations spaced evenly acressitige of interest.

» The samples can have different matrices (e.geiftlare certain sample
types that would always have a low concentratiothefanalyte and others
that would always be high).

» If possible, carry out at least duplicate measurgmen each sample.
* Randomise the order of analysis of the sampless§iple.

See section 6.3 (Working range) and Quick Referen&s(Working and
linear range) of the Eurachem Guide [1] for guidane on the number of
standards and level of replication.

[

Evaluation of data

See the following sections of the Eurachem Guidédrifurther information:

Section 6.3 (Working range) and Quick Reference 8Norking and linear
range).

MV Planning 2019
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Notes For assessment of instrument working range stasgaapared in a solvent
(rather than the sample matrix) are acceptable.

If data are available from bias and precision gtsidnat cover the range of
interest, a separate method working range studymogie required.

Experiments to assess instrument working rangealgtd provide information
on the analytical sensitivity (slope of the caltiwa curve).

Conclusions On completion of the evaluation of the performadicaracteristic, state
whether the performance criteria have been met.
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Performance Bias
characteristic
Description Difference between mean of measurement resulta aefitrence value.

Performance criteria

State the acceptable bias, specified in termsasf r relative bias) or
recovery.

Experiments

Evaluation of bias requires comparison of measunémesults with a
reference value. There are three main approaches:

« Analysis of certified reference material(s)
« Analysis of spiked sample(s)

0 Analyse the unspiked matrix to confirm it is blamkestablish
baseline concentration

e Comparison with alternative method

0 Measure RM or test sample using candidate methddkernative
method.

More than one material may need to be analyseept@sentatively cover the
scope of the method.

Simple replication studies and nested designsareronly used in the
evaluation of bias.

See section 6.5 and Quick reference 6 (Trueness)ioé Eurachem
Guide [1] for guidance on the number of replicates.

Evaluation of data

See the following sections of the Eurachem Guidiédrifurther information:

Section 6.5 and Quick reference 6

Notes

In general, the analysis of a CRM is the prefemggroach if a suitable
material is available.

Comparison of results against an alternative megioes a measure of bias
relative to that method. The alternative method bea reference method of
if the intention is to replace one method with &eotand there is a need to
demonstrate equivalent performance, a method diyri@ruse in the
laboratory. The alternative method may itself kasbd, in which case the
experiment will not provide an absolute measurgugness.

In cases where the measurand is defined by theooh¢itle. an empirical
method is being validated), comparison with a exfee method is not
applicable.

Conclusions

On completion of the evaluation of the performadicaracteristic, state

whether the performance criteria have been met.

MV Planning 2019
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Performance Precision: Repeatability
characteristic
Description Precision: The closeness of agreement betweenéndept measurement

results obtained under stipulated conditions.

Repeatability: Measure of the variability in resulithen measurements are
performed in a single laboratory by a single artakging the same equipment
over a short timescale (‘within-run’ precision).

Performance criteria

State target repeatability (expressed as a stamdardtions or relative
standard deviation %RSD

Experiments

The following materials are suitable for precisgindies:
e Surplus test samples

e Spiked samples

* RMs

More than one material may need to be analyseept@sentatively cover the
scope of the method.

When evaluating precision, a reference value igemiired. Precision studie$
can therefore be based on the analysis of surptisamples. Note that using
RMs to estimate precision can underestimate theigpoe achieved for test
samples. This is because RMs are usually much hmmegeneous than
routine test materials. However, if RMs or spikadples are used during a
precision study, it will also be possible to evadubias.

Simple replication studies and nested designsarermnly used in the
evaluation of precision. A simple replication studyder repeatability
conditions will provide an estimate of repeatapifir the material studied. A
nested design will also allow the evaluation oéimediate precision (see
intermediate precision section).

See section 6.6 (Precision) and Quick ReferenceRefpeatability,
intermediate precision and reproducibility) of the Eurachem Guide [1] for
guidance on the number of replicates.

See also Appendix 2 in this document.

Evaluation of data

See the following sections of the Eurachem Guidédrifurther information:

Section 6.6 (Precision), Quick Reference 7 (Repehility, intermediate
precision and reproducibility) and Annex C (Analyss of variance
(ANOVA)).

Notes If no prior information is available about the petan of the method it is
advisable to complete a limited repeatability st(glgnple replication) before
carrying out a full repeatability/intermediate pssan study.

Conclusions On completion of the evaluation of the performacicaracteristic, state

whether the performance criteria have been met.

MV Planning 2019
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Performance Precision: Intermediate precision
characteristic
Description Precision: The closeness of agreement betweenéndept measurement

results obtained under stipulated conditions.

Intermediate precision: Measure of the variabilityesults when
measurements are made in a single laboratory logrgonditions that are
more variable than repeatability conditions (measwants made on different
days, and e.g. by different analysts and/or usifigrdnt instrumentation).

Performance criteria

State target intermediate precision (expressedstendard deviatiog or
relative standard deviation %RJD

Experiments

Identify suitable materials —surplus test sampp#sed samples, RMs, —
covering the scope of the method (analyte levelsamiple matrix).

An efficient approach for obtaining an estimatentérmediate precision is to
use a nested design. Data from such a study vallige the information
required to evaluate both repeatability and intetiate precision, using one-
way ANOVA.

Nested design
For each material:

« Analytical runs (carried out under repeatabilityditions) repeated on
different days.

» If possible, runs are made using different analgatsequipment.
¢ A minimum of 2 replicates per material per rundquired.

o Number of replicates within each run will need &ihcreased if thg
number of runs is decreased (to give sufficiena diait the
repeatability estimate). Conversely, 2 replicasescceptable if the
number of runs is increased.

» Consider preparing fresh reagents/calibrationsdstais, etc. between the
runs.

« Randomise the order of analysis of the differentemials within a run if
possible.

See section 6.6 (Precision) and Quick ReferenceRefpeatability,
intermediate precision and reproducibility) of the Eurachem Guide [1] for
guidance on the number of replicates.

See also Appendix 2 in this document.

14

Evaluation of data

See the following sections of the Eurachem Guidédrifurther information:

Section 6.6 (Precision), Quick Reference 7 (Repehthty, intermediate
precision and reproducibility) and Annex C (Analysk of variance
(ANOVA)).

MV Planning 2019
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Notes

There are many different ways of planning a nede=ign (number of
‘groups’ of data and number of replicates per gjolipe aim is to have
sufficient data (degrees of freedom) for a reaslenestimate of the within-
and between-group variation. For example, 6 greuifis3 replicates per
group results in 5 degrees of freedom for the bewgroup variance estimat
and 12 degrees of freedom for the within-group tédowever, 11 groups wit
2 replicates per group gives 10 degrees of frecfdoithe between-group
variance estimate and 11 degrees of freedom fowittén-group term.

If the study involved different laboratories thegision estimate obtained wil
represent reproducibility rather than intermedaeision.

—

Conclusions

On completion of the evaluation of the performacicaracteristic, state
whether the performance criteria have been met.

MV Planning 2019
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Performance Ruggedness (robustness)
characteristic
Description Measure of the capacity of a method to remain estétl by changes in

operating conditions.

Performance criteria

Identify the experimental parameters likely to veuying the application of
the method that might have an effect on the measemeresults. Some typicg
parameters are listed below:

e Mass of sample

* Time
* Temperature
. pH

e Concentration/volumes of reagents.

Determine whether pre-defined variations of tham@ameters have a
significant effect on measurement results.

Experiments

To screen the effect of a number of parametersli&amepusly, experimental
design tools provide an efficient solution.

For example, a Plackett-Burman design (a typeadtional factorial design)
allows 7 parameters to be studied in 8 experiments.

See section 6.8 and Quick Reference 8 of the Eurash Guide [1] for
guidance on planning ruggedness studies.

Evaluation of data

See the following sections of the Eurachem Guidiédrifurther information:

Section 6.8 and Quick Reference 8

Notes

A ruggedness study is not generally required fandrd (published) method
or well established methods.

A ruggedness study does not require a CRM (althomghcan be used if
available). Since the ruggedness study assessegeshia results when the
method parameters are varied, the exact concanmtratithe analyte in the
sample used does not need to be known. A ruggedhads can therefore be
carried out using test samples.

V)

Conclusions

On completion of the evaluation of the performacicaracteristic, state
whether the performance criteria have been met.

MV Planning 2019
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Performance Measurement uncertainty*

parameter

Description Parameter associated with a measurement resulbweRfresses the range o
values that can reasonably be attributed to thatgudeing measured.

n

Main sources of uncertainty

ources of information

Produce a list of main sources of uncertainty:

« Input quantities appearing in the equation used to
calculate the measurement result

« Other steps in the measurement procedure (e.glsamp Bias estimate and its uncertainty

extraction and clean-up)
¢ Environmental conditions

¢ Instrument parameters.

Make use of data from validation study andfor

internal quality control:

 Intermediate precision estimate

« For uncertainty sources not adequately
covered by precision/bias data, obtain
additional information:

o Manufacturer’s information
o Published data
0 Additional experiments.

Express uncertainty estimates as standard devsafoon
relative standard deviations).

Obtain combined standard uncertainty using theasgu
root of the sum of the squares’ rule.

Report as expanded uncertainty — multiply combined
standard uncertainty by coverage fackor,

Typically k=2 for an expanded uncertainty at a confide
level of approximately 95 %.

nce

Notes Measurement uncertainty is

For detailed information on uncertainty estimatisee the Eurachem/Citac
guide on Quantifying uncertainty in analytical me@snent [5].

*Strictly, measurement uncertainty is not a perfance characteristic of a
particular measurement procedure but a propertlyeofesults obtained using
that measurement procedure.

covered in section BtlAeoEurachem Guide [1],

Conclusions Include a statement on whether the measurementtaimtg is fit for purpose.
Guidance on setting a target for the measuremegrtainty is available in th
Eurachem/Citac Guide, ‘Setting and using targeetamty in chemical

measurement’ [6].

1%
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Summary
Performance Include a summary of the values/evidence obtaineddch performance
characteristics characteristic and a statement on whether the rpeaiace criteria have been
achieved.
Comments Include any additional comments on the validatism avhole.
Conclusion Include a final statement on whether the aims efstludy have been achievef
and whether the method is considered to be fiptopose.

Approval

Final sign-off The validation plan should be approved beforeistpeny experimental work]

Once the study has been completed the final step the validation to be
‘signed-off’ and the method approved as fit forgmse.

Learning points from the validation

It is also helpful to document any specific leaghpoints identified during the
validation. These may include:

 Information on critical steps in the method

« Requirements for quality control when the methoid ioutine use.
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Appendix 1: Checklist for a validation study

Method validation should always be a planned agtivihis supplement and the associated Eurachem
Guide [1] provide guidance on planning and comptetialidation studies, with a focus on choosingedué
materials and appropriate experimental designsduition to these considerations, the planning gssc
should also involve careful evaluation of the stati the laboratory with regards to its readiness f
performing the study. This includes assessing thalability of staff with appropriate knowledge and
experience, ensuring access to appropriate equipamehunderstanding the complexity of the taskdo b
accomplished. Laboratories must take responsildhitytheir own validation studies and develop pcole

that meet the requirements of a particular study.

The following checklist aims to help laboratoriesdnsure that all the key aspects have been address
during the planning process and to identify anyoastthat need to be taken.

A. Analytical requirement

A.1 | Analyte specified? O YES [ NO | Action:
A.2 | Measurand specified? O YES [ NO | Action:
A.3 | Matrix and form of samples specified? O YES [ NO | Action:
A.4 | Expected levels/required working range O YES [ NO | Action:
specified?
A.5 | Purpose of method well understood? O YES [ NO | Action:
A.6 | Use of results clearly specified? O YES [ NO | Action:
A.7 | Any specific regulatory requirements? O YES [ NO | Action:

A.8 Are results to be used for critical decisions? | 0 YES [ NO | Action:

A.9 | Performance characteristics to be studied O YES [ NO | Action:
identified?

A.10 | Target values for performance O YES [ONO | Action:
characteristics stated?

A.11 | Extent of routine use of the method known? | (0 YES [ NO | Action:

A.12 | Any deadline for start of routine use of O YES [ONO | Action:
method?

Other comments/actions:

B. Purpose of validation study

B.1 | Purpose of validation exercise stated? O YES [ONO | Action:

B.2 Method to be validated for use in another OO YES [ NO | Action:
laboratory?

Other comments/actions:
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C. Knowledge of selected method

C.1 | Method/similar methods well known in lab? O YES [ NO | Action:

C.2 | Clear and unambiguous method description | J YES [ NO | Action:
available (e.g. standard operating
procedure)?

C.3 | Any known/foreseen critical steps? O YES [ NO | Action:

C.4 | Any supplemental standard operating O YES [ONO | Action:
procedures required?

C.5 | Any health/safety issues? O YES [ NO | Action:

Other comments/actions:

D. Specific requirements for performing the method

D.1 | Any specific requirements for sample O YES [ NO | Action:
handling/storage?

D.2 | Any specific requirements for sample O YES [ NO | Action:
preparation?

D.3 | Any specific requirements for equipment O YES [ NO | Action:
calibration?

D.4 | Any specific requirements for environmental | O YES [ NO | Action:
monitoring?

Other comments/actions:

E. Competence for validation

E.1 | Responsible person for the study O YES [ONO | Action:
appointed?

E.2 | Analyst(s) carrying out validation familiar O YES [ NO | Action:
with the method?

E.3 | Supplementary training required? O YES [ NO | Action:

E.4 | Supervision during validation required? O YES [ONO | Action:

Other comments/actions:

F. Equipment and facilities

F.1 | Particular equipment required for sample O YES [ONO | Action:
preparation?

F.2 | Required measuring equipment available? O YES [ NO | Action:

F.3 | Measuring equipment properly calibrated? O YES [ NO | Action:

F.4 | Measuring equipment properly maintained? | O YES [ NO | Action:

F.5 | Facilities appropriate for the application of O YES [ NO | Action:
the method?

F.6 | Environmental conditions under control? O YES [ NO | Action:

Other comments/actions:
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G. Tools available for validation

G.1 | Suitable blanks available? O YES [ NO | Action:

G.2 | RMs/CRMs available? O YES [ NO | Action:

G.3 | Spiking of samples possible/required? O YES [ NO | Action:

G.4 | Surplus test samples available? O YES [ NO | Action:

G.5 | Stability of validation materials under O YES [ NO | Action:
control?

G.6 | Reference method(s) available? O YES [ NO | Action:

Other comments/actions:

H. Evaluation of individual performance characteris tics

H.1 | Performance target specified? O YES [ NO | Action:

H.2 | Materials to be analysed specified and O YES [ NO | Action:
sufficient material available?

H.3 | Experimental plan defined (number of O YES [ NO | Action:
replicates, order of analysis)?

H.4 | Data analysis defined (including statistical O YES [ NO | Action:
tests)?

H.5 | Criteria for assessing fitness for purpose O YES [ NO | Action:
specified?

Other comments/actions:

|. Supplementary information to support assessment of method performance

1.1 Any historical data available (e.g. IQC or O YES [ NO | Action:
results from routine application of method)?

1.2 Possible to participate in PT during O YES [ NO | Action:
validation?

1.3 Possible to participate in/arrange other ILC? | J YES [ NO | Action:

Other comments/actions:

J. Approval of validation plan

J.1 | Validation plan signed off by appropriate O YES [ NO | Action:
person?

Other comments/actions:

K. On completion of study

K.1 | Assessment of fitness for purpose O YES [ NO | Action:
completed for each performance
characteristic and method as a whole?

K.2 | Validation report signed off? O YES [ NO | Action:

K.3 | Final method documentation (e.g. standard | O YES [ NO | Action:
operating procedure) prepared and signed
off?

K.4 | Ongoing quality control requirements O YES [ NO | Action:
established?

Other comments/actions:
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Appendix 2: Experimental plan — example of a nested experimental
design

There are many ways in which experiments can bigued to provide the data required for a validation
study. With careful planning it is possible to dbtdata on a number of performance characterigtittén a
single set of experiments. The plan shown in Tdbls an example of a nested design. The replicate
measurements on each material are grouped by maalyin (1 top) and are carried out under repeatability
conditions (withn replicates per run). If the runs are carried autiferent days (and by different analysts
using different equipment, if possible) an estimaterepeatability and intermediate precision can be
obtained. By including CRMs (1 ) and/or spiked samples (1pin the experiment it is also possible to
obtain an estimate of the bias. The materials dediuwithin a study will depend on the scope ofrtiethod,

the scope of the validation and the materials algl Typical materials are included as examplés. dim
should be to cover the scope of the method in teframalyte level and sample matrix.

Key to Table 1

p number of runs

n number of replicates within each run

Blank sample sample containing none of the ae@y of interest

Sample 1...Samplms surplus test samples used to evaluate precision

CRM 1...CRM(q certified reference materials used to evaluads.iCan also be used

to evaluate precision

Low level spiked sample sample spiked at levedeltw expected/previously estimated LOQ
to confirm it is achievable

Spiked sample 1...spiked sample  spiked samples used to evaluate recovery (notetthall also be
necessary to analyse the materials before spikmy).also be used
to evaluate precision.

The plan allows for a number of different rups With replication ) within each run. The runs should be
carried across different days, but all the run:dbhave to be completed on different days. Fomgte, if

10 runs are planned, it would be acceptable to tenphe study in 5 days by carrying out two ruesgny.
However, the factors that are varied between each(analyst, measuring instrument, etc.) should be
considered to ensure a reliable estimate of intdiae precision is obtained.

To obtain reliable estimates of the performanceasttaristics, between 5 and 14 degrees of freedem a
desirable for the estimates of within-run and betweun variability. Data from the experimental plan
shown above can be analysed using one-way ANOVA @&ppendix C of the Fitness for Purpose
Guide [1]). Applying ANOVA, the degrees of freeddor the within-group term ig(n-1) (assuming the
same number of replicates within each group), wfdlethe between-group term it 1. There are
therefore a number of combinations of number ofraind within-run replication that will provide sigfeént
data.
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