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Foreword

2020(E)

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

The purpose of this document is to propose a characterization protocol for the validation of a quantitative
analysis method in the cosmetic field and thus responds to the requirements of ISO/IEC 17025, i.e.
using the performance goals as a basis. The theoretical principles of this approach can be found in
Reference [1]. This document is based on the French Standard NF V 03-110(2],

Analytical methods for analyses of cosmetics need to be validated. Validation has been long considered
as a process consisting in individually verifying several different criteria, i.e. selectivity, repeatability,

linearity, i 1] ror
concept and the term “global” means that only a single criterion should be checked to validate a methpd:
the agreement between a future experimental result and the true value. This approach has alreadybden

applied irf the domains of pharmacy[1ll9], agricultural chemistryl2], and is in agreement with-quality
assurancg guidelines such as GLP or ISO/IEC 17025. This validation process applies generallizto alregdy
developed methods and includes evaluations of the following criteria: specificity/selectivity, precisipn,
trueness, |inearity range, LOD/LOQ, stability, ruggedness.

The large number of cosmetic products and the variety of matrices present a challenge for an analytical
laboratory requiring that standardized methods to be adapted for each type of samples. Additiohal
difficultief are linked to the very low concentrations to be measured, generally of the order of the mg/
kg (ppm) pr ug/kg (ppb). In such context, criteria such as accuracy and ungertainty of measurement of
the analytical results are of utmost importance.

When the| concentration of a substance is determined by an analytical laboratory, it is important to
evaluate the gap between the measured value and the known true value. This difference indicafes
the truengss of the analysis. If cosmetic samples are analysed several times in different conditigns
(laboratoty, instrument, operator), the individual results:ill present a dispersal around the average
value which represents the precision of the measurement. As for the individual measurementj it
representp an error with the average value and an indccuracy with regard to the reference value (fi.e.
the true vhlue).

Individual result

-
L TSRS 2

Tvue value @

Mean

Precision

Figure 1 — Illustration of the concepts of accuracy, precision and trueness

When a laboratory measures the concentration of a given substance in a cosmetic product sample, the
value which is obtained is thus characterized by a given accuracy which includes at the same time the
notion of trueness and precision (see Figure 1). It can also be considered as total error. The insurance
that the accuracy of a result is below acceptable limits, is thus one of the ways to make sure of the
validity of a measurement.

The accuracy profile (plot of accuracy versus concentration), such as it is developed in numerous
domainsl3]te [9] js thus the way to know the accuracy on a result obtained with a given method applied
to a type of sample in the environment of a given laboratory.
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To reach this accuracy profile, it is necessary to undergo a specific assay allowing to demonstrate the
validity of the analytical method, as well as the accuracy of the measurement for a given substance. In
this approach, it is necessary to determine a tolerance intervalll%l which contains a given proportion
(B) of future measured values inside (in average). If this tolerance interval is located inside a limit
of acceptability defined a priori, taking into consideration several parameters such as the type and
concentration of analyte, type of matrix, of analysis and conditions of the experiments, in this case, the
method will be considered as valid, and if it goes outside this limit of acceptability, the method will be
considered as non-valid (see Figure 2).

Proportion 3

S

- ~~

Tolerance interval . ,'I
limits N //
. Acceptance limits A .
Validated method Non validatedimethod

Key
® meanvalue

® truevalue

Figure 2 — Illustration of the.validation principle
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Cosmetics — Analytical methods — Development of a global
approach for validation of quantitative analytical methods

construction and interpretation of an accuracy profile, and specifies its characterizatien |

Thiis procedure is particularly applicable for internal validation in a cosmetic testing labo
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scope can be extended to the interpretation of data collected for an interlaboratépy study
ording to the recommendations of the ISO 5725-1. It does not apply to microbiological {
esent approach is particularly suited to handle the wide diversity of matrices in cosme
rument only applies to already fully-developed and finalized methods for which s
ecificity have already been studied and the scope of the method to be‘validated has alr
ined, in terms of matrix types and measurand (for example analyte).concentrations.

Normative references

e following document is referred to in the text in such a way that some or all of its content c
irements of this document. For dated references,~only the edition cited applies. Fo
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lzrences, the latest edition of the referenced document (including any amendments) appliey.

/IEC Guide 99:2007, International vocabulary“of metrology — Basic and general con
ociated terms (VIM)
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3 | Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC Guide 9P and the
following apply.

IS and IEC maintain®erminological databases for use in standardization at the following addlresses:
—| ISO Online bfowsing platform: available at https://www.iso.org/obp

—| IEC Eleetropedia: available at http://www.electropedia.org/

311

measurement

praocess of experimentally obtaining one or more quantity values that can reasonably be attributed to a

quantity

[SOURCE: ISO/IEC Guide 99:2007, 2.1, modified — Notes to entry have been excluded.]

3.1.2

measurand
quantity intended to be measured

Note 1 to entry: The term “analyte”, employed in chemistry, is a synonym of measurand, and is used more
generally.

[SOURCE: ISO/IEC Guide 99:2007, 2.3, modified — Original notes to entry have been excluded and a new
note to entry has been added.]

© IS0 2020 - All rights reserved
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3.1.3

measurement trueness

trueness

closeness of agreement between the average of values obtained by replicate measurements of the same
or similar objects under specified conditions and a reference quantity value

[SOURCE: ISO/IEC Guide 99:2007, 2.14, modified — Notes to entry have been excluded.]

3.14

measurement precision
precision
closenesilof agreement between indications or measured quantity values obtained by replicpte
measurenients on the same or similar objects under specified conditions

[SOURCE:|ISO/IEC Guide 99:2007, 2.15, modified — Notes to entry have been excluded.]

3.1.5
repeatabjlity condition
condition|of measurement, out of a set of conditions that includes the same measurement procedyre,
same opefator, same measuring system, same operating conditions and same\ocation, and replicpte
measurements on the same or similar objects over a short period of time

[SOURCE:|ISO/IEC Guide 99:2007, 2.20, modified — Notes to entry have been excluded.]

3.1.6
measurement repeatability

repeatabjlity

measurement precision under a set of repeatability conditions(3.1.5) of measurement

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

3.1.7
intermediate precision condition
condition |of measurement, out of a set of comditions that includes the same measurement procedyre,
same locTnion, and replicate measurements,on the same or similar objects over an extended period of
time, but may include other conditions involving changes

[SOURCE:|ISO/IEC Guide 99:2007, 2(22, modified — Notes to entry have been excluded.]

3.1.8
intermediate measurementprecision

intermediate precision

measurenient precisiomunder a set of intermediate precision conditions (3.1.7) of measurement

[SOURCE:|ISO/IECGuide 99:2007, 2.23, modified — Notes to entry have been excluded.]

3.19
reprodudibility condition of measurement
reproducibitity comdition

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

[SOURCE: ISO/IEC Guide 99:2007, 2.24, modified — Note to entry has been excluded.]

3.1.10

measurement reproducibility

reproducibility

measurement precision under reproducibility conditions of measurement (3.1.9)

[SOURCE: ISO/IEC Guide 99:2007, 2.25, modified — Note to entry has been excluded.]
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3.1.11

measurement accuracy
accuracy

closeness of agreement between a measured quantity value and a true quantity value of a measurand

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified — Notes to entry have been excluded.]

3.1.12
verification
provision of objective evidence that a given item fulfils specified requirements, taking into account any

:2020(E)

measurement nnr‘nr‘fninfy

[SOURCE: ISO/IEC Guide 99:2007, 2.44, modified — Notes to entry have been excluded.]

3.1.13

validation

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

Nofe 1 to entry: The term “characterization” applies to the method, whereas the térm “verification” applies to the
oufcomes. Validation of the method therefore consists of checking if the results-are adequate for an intended use.
[SOURCE: ISO/IEC Guide 99:2007, 2.45, modified — Example has been-éxcluded and a Note tolentry has
begn added.]

3.1.14

selectivity

property of a measuring system, used with a specified.imeasurement procedure, whereby if provides
mdasured quantity values for one or more measurands such that the values of each measurand are
independent of other measurands or other quantities'in the measuring system

Nofe 1 to entry: The IUPAC considers specificity ashe final stage of selectivity.

[SOURCE: ISO/IEC Guide 99:2007, 4.13, mladified — Examples and original notes to entry have been
ex¢luded. A new note to entry has beenadded.]

3.1.15

reference value

qupntity value whose associated measurement uncertainty is generally considered small ¢nough so
that the value may be usedaga basis for comparison with quantity values of the same kind

[SOURCE: ISO/IEC Guide-99:2007, 5.18, modified — Notes to entry have been excluded.]

3.1.16

scope

<of the methgod>all of the types of matrix (3.1.22) to which the method applies, taking into a¢count the
ramge of eoneentrations involved in validation

3.1.17

scope of validation
all of the types of matrix (3.1.22) to which the method and range of concentrations involved in
validation applies

3.1.18

scope of validity
all of the types of matrix (3.1.22) to which the method and range of concentrations involved in validation
applies, and for which future outcomes obtained via the method will be considered valid

3.1.19

qu

antitative method

method of analysis which determines the quantity or weight fraction of an analyte so that it may be
expressed as a numeric value in the appropriate units

© IS0 2020 - All rights reserved
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reference method
method of analysis recognized by experts or used as a reference by agreement between parties, which
gives, or is supposed to give the accepted reference value of the measurand

3.1.21

alternative method
method of analysis used by the laboratory instead of one or several reference methods (3.1.20)

3.1.22
matrix

set of prO]I)erties of the sample and its components other than the analyte

Note 1 to g
on the ins
of analysis|
recognized

3.1.23
series
set of meg

Note 1 to ¢
operator.

3.1.24

accuracy
combinati
different ¢

3.1.25

B-expectation tolerance interval

tolerance
interval v
according]

Noteltoe

Note 2toe
the interv4d

3.1.26

acceptan
specificat
the refere

Note 1 to
according {

ntry: The matrix effect reflects the possible influence that these properties or components|¢an h
rumental response. For practical reasons, since the matrix effect can vary in the different sta
(e.g. before or after mineralisation), a type of matrix is defined as a group of matenials or produ
by the analyst as having consistent behaviour with regard to the method of analysisjused.

surements carried out under a set of repeatability conditions

profile
on, in a graphic form, of one or several -expectation tolerance intervals (3.1.25) calculated
oncentrations, and of one or several acceptancesintervals (3.1.26)

interval
Uhich contains, on average, a defined proportion, § %, of future measurements, obtair
to a given procedure and for a given concentration

htry: The limits of the interval are calculated based on trials conducted for the purpose of validatig

htry: A value of 80 % for (% means that, on average, one out of five results will be outside the limit
| at the limit of quantitation (3.1.29). See 5.10.

Ce interval
on of the performance required for the method, expressed as an acceptable deviation aroy
hce value

entryi>The limits of the interval are set by the client or by statutory requirements, sometir
othe.concentration. They are expressed as A as absolute values and in the units of the measurand

hve
bes
cts

ntry: For example, a series includes measurements carried out on the'same day and/or by the same

at

ed

n.

5 of

nd

nes
or

(1+)x1

0 as relative values.

3.1.27
linearity

<of the method> establishment of a linear relationship between the deduced (or quantified) quantities
in the samples and their reference values

Note 1 to entry: Linearity of the method is different from linearity of the response function of the measuring
apparatus, which only characterizes the instrumental response during calibration and is not essential for
accurate quantitation.
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validation sample

control sample

material to which the reference value may be assigned, either because it is a reference material (certified
or uncertified), or because the molecule to be assayed has been subjected to standard addition

3.1.29

limit of quantitation
the lowest and/or highest concentration of analyte that may be quantified under the experimental
conditions of the method. It corresponds to the lowest and/or highest concentration of the scope of

Lol L£23 1. 1.0
vagarty (o -10J

Note 1 to entry: Note 1to entry: According to the SFSTP (French society for pharmaceutical/sciences and
tedhnology), the limit of quantitation is the smallest quantity of analyte in a sample that may be assayed under

thg experimental conditions described with a defined level of accuracy.

3.1.30

limit of detection
mdasured quantity value, obtained by a given measurement procedure;*for which the pro

bability of

falgely claiming the absence of a component in a material is b, given a probability, «, of falsely claiming

1ts|presence

Note 1 to entry: The notation b used in this definition incurs a risk oftype Il error.

[SOURCE: ISO/IEC Guide 99:2007, 4.18, modified — Original\notes to entry have been omifted and a

nev note to entry has been added.]

3.2 Symbols

A geries of i measurements (i varying from 1 t6¥), includes k concentrations (k varying from 1 to K),
for] which j repetitions have been performedy(j varying from 1 to J). The subscripts are wriften in the
following order: i,j,k. The random variables)are written in upper case letters and their valugs in lower

cage letters. Description of abbreviations-used in formulae is given in Table 1.

Table 1 — Meaning of the different abbreviations used in formulae

Symbol Description
Reference value-assigned to a calibration standard for series i (1 <i <), repetitionj (1 $j<J) and
concentration k (1 <k<K)
X or
Referénce value assigned to a validation sample for series i, repetition j and concentratiop k.
Measurement of the instrumental or experimental response observed for a calibration standard or
Yij validation sample for series i, repetition j and concentration k.
2 Deduced value for a validation sample for series i, repetition j and concentration k, obtained either
y by inverse prediction using a calibration model or by direct measurement.
b Blas expressing the trueness error for a validation sample between the deduced value and its
ijk reference value by =z - X

© IS0 2020 - All rights reserved 5
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4 General principles

4.1 Reminder

The accuracy profile allows a statistical approach to validation. Formula (1) is used to describe a
measurement, z, of a measurand, Z, from a laboratory:

Z=m+B+e

where

M

the overall average for the homogeneous sample sent to the laboratories;
the bias component of the laboratory under conditions of repeatability;

the random error occurring in each measurement, under conditions of repeatability.

As part of
come fro
instrume

In additio

any other source of uncertainty in an intralaboratory study, such'as the day, operat
t, etc.

provides details of the organization of data collection and precautionsyto be taken.

4.2 Var

According
is quantif

ious conditions for the estimation of precision

to its definition, precision can be estimated under various conditions. In any case, precis
ed based on a standard deviation, be this for\repeatability s,, intermediate precision s;p

an interlaboratory study, the bias component B comes from the labatatory, but it may also

or,

h to the statistical methods for calculating the accuracy criteria, the present document allso

on
or

reproducipility sp. A complexity scale may be established between these different standard deviations,
according|to the number of sources of uncertainty, Figure 3 illustrates this gradation, from conditig
of repeatgbility where there is no identified variation factor and/or systematic variation component
calculating the deviation between repetitions,,to the various possibilities for estimating intermedi

precision

To simplif
of repeatg
the same

are highly
series wil

and, finally, conditions of reprodticibility for which the number of sources is not known.

y presentation, the notion ef'series refers to a set of repetitions performed under conditig
bility: a series groups together all of the measurements made under the same conditions,

lay, the same operator or.a short period of time. For certain methods applying to samples t
unstable over time, the chosen series effect should be the operator rather than the day;
thus include repetitions performed by the same operator:

ns
for
hte

ns
g,
hat
he
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Fr¢om_ the intermediate precision or reproducibility standard deviation, calculated accord
calcGhations described in Annex A, the B-expectation tolerance interval can be obtained, whid

Figure 3 — Various estimations of the precision of a method'according to the sourt

variation involved

re complicated models may be used, as in the following example, in which different laQ
s, operators and instruments are combined to give feur series in a multi-factorial design y

Series | Laboratories Days Operators Instruments
1 1 Day1*(-) |Operator1 (=) |Instrument1 (+)
2 1 Day 2 (+) |Operator 1 (=) |Instrument?2 (-)
3 1 Day 1 (-) |Operator 2 (+) |Instrument?2 (-)
4 1 Day 2 (+) |Operator 2 (+) |Instrument1 (+)

For the purposes described in this document, it is essential to collect data in several se
trol the sources of variation. Otherwise, it will not be possible to construct an accuracy profile.

Accuracy profile

beneral, the choice of sources’of variation for the measurement series should reflect as bes
components of variahility that are likely to arise upon routine application of the met]

res of

oratories,
vith three

t possible
hod to be

ries and to

ng to the

h includes

a proportion, 3, of fUtUre outcomes.

All calculations are performed separately for each concentration k, allowing k precision standard
deviations and then k tolerance intervals to be obtained, which are brought together to construct
the accuracy profile. Figure 4 shows an example of an accuracy profile constructed using three
concentrations, 0,4 mg/L, 2,0 mg/L and 4,0 mg/L, which defines the scope or scope of validation of the
method to be validated.

The accuracy profile includes the following graphic elements:

— on the horizontal axis: the theoretical concentrations (the concentration reference values);
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— on the vertical axis (simultaneously):

— the limits of the f—expectation tolerance intervals, calculated from the deduced concentrations
and expressed as percentages (recovery rate or relative accuracy);

— the acceptance intervals, defined according to the method's objective and expressed in the same
way as the tolerance intervals.

The interpretation strategy for this graph is described in detail in 5.10. Nevertheless, both the
acceptance limits and the proportion 3, which is used to calculate the tolerance intervals, are strictly
dependent on the method's context of use and shall be adapted to each individual case. In Figure 4, in
the area Between the broken vertical lines, the method is capable of producing a mean proportion
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= XK 0NN oUW N e

recovery (mg/L)
Figure 4 — Accuracy profile created using three concentrations

Each grey circle represents the ratio of the mean deduced concentration for the level, expressed as a
mean recovery rate (%) for the concentration, and quantifies the trueness. The dotted lines delimit the
acceptance interval, and the solid lines delimit the tolerance interval, calculated from the intermediate
precision standard deviations for each concentration. The vertical lines delimit the scope of validity,
within which the method is capable of producing a high and known percentage of acceptable results.
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Generally speaking, in order to comply with the statistical models used, repetitions shall be performed
under intermediate precision or reproducibility conditions, using homogeneous validation samples.

5

Procedure

5.1 Definition of the measured quantity

Define the measured quantity according to the procedure for the method, specifying the formulae
used to calculate the final result and the method used to reach this result. In the field of cosmetics,

A\

are oiten 1n the case oI 1ndirect or rational methods, which require prior calibration.id

the concentration of the unknown samples. These methods involve a two-step approach;f
calibration curve shall be plotted, using the same physicochemical principle used £fop the

me
us
evi

pr

It i
me
sin

|

asurements are then made using the unknown samples, and their concentratipns” are
ng the calibration model. In case of direct methods, which do not require calibration, the s
e simpler as there is no need of a calibration curve and the measurement oh|the unknow
vides the concentration directly.

s essential that the quantity measured during the trial corresponds-te that which will be
asured. In particular, if the procedure dictates that the final odtcome be expressed fq
gle measurement, the result of a validation trial shall not be expressed as the mean value

repetitions.

L
4

5.

5.2

De

e.g
ch
de
me
SC(

pre
Th

If 4
the
cal
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teq

5.2

Definition of objectives

.1 Choice of the scope of validation

fine the scope of validation of the method in the\form of a range of absolute or relative concs
. between 1 g and 60 g or between 1 pg/land 500 pg/L. Practically speaking, it is th
pices made — in terms of the range of concentrations for one or several types of matri
eloping the experimental design thateit is possible to demonstrate the scope within
thod is effectively valid and whetlier it is able to provide acceptable outcomes (5.4 and
pe concerned by this demonstration is called the scope of validity and may be smalle]
bviously defined scope of the method.

e choice of the method's scope may correspond to a legal requirement.

amples are encountered during routine use of the method with concentrations that do not
scope of validity,€xtrapolation is not permitted. In this case, a complementary study
ried out to extendithe scope, or a dilution may be performed if it can be shown that this has

br definition-of the scope of the method can have significant consequences on validity, es
ms of specificity, interference and cross-reactivity.

.2”\.Choice of acceptance limits

calculate
irstly, the
samples;
ralculated
ituation is
n samples

routinely
llowing a
of several

ntrations,
frough the
k — when
which the
5.5). The
- than the

lie within
should be
no impact.

pecially in

Acceptance limits are expressed as + A, when expressed as absolute values in the same units as the
measurand, or (1 £ A) x 100 as relative values. Wherever possible, define the acceptance limits by
referring to a document, a professional practice or a client's requirement.

For information purposes, it could be mentioned that for pharmaceutical products the A value is usually
set at 5 %[111[12], However, in cosmetics, due to the complexity and the diversity of the matrices, it could
be proposed for ingredient metering (above 0,1 %) a reference value for A of 10 %. For trace analysis in
cosmetics, it could be between 20 % and 40 %[13].[14],

Acceptance limits are generally expressed as percentages. To simplify the presentation of the examples
thatillustrate this document, a fixed value has been chosen for the entire scope of the method. However,
if the scope is wide, values that vary according to the concentration may be used.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=8bf7a4c259f5e9e071c7feccfea62df8

ISO/TS 22176:2020(E)

5.3 Selection of validation samples

5.3.1 Choice of the type of matrix or types of matrices

The validation samples should be materials that best represent the scope of the method.

Choose a sufficient quantity of stable and homogeneous materials to carry out all of the trials provided

in the cha

racterization plan for validation.

5.3.2 Methods for establishing reference values

To estimalte the trueness of the method, validation samples should be available whose concentrat
are known as accurately as possible and with known uncertainty (ISO 11095:1996). This coneentrat
corresporlds to the reference value assigned to the validation sample and shall be (establish
independgntly of the method to be validated. It is expressed as X. There are several pogsible methg
for establishing the reference value for a validation sample. These include the following:

1) use c¢rtified reference materials (CRMs), external or in-house; the traceability’of these materi
decrepses, respectively;

2) perform standard addition using a standard molecule of known purity,“If the reference matef
alreadly contains endogenous analyte, the experimental design should dhclude a level with no addit
so thdt the measured concentrations may be taken into account in-tlie calculations (see 5.7.3);

3) prepdre spiked or synthetic samples. The spiking should be:carried out in the earliest stage of
mateifial preparation to account for the analyte-matrix interactions.

on
on
ed
ds

als

ial
on

he

To preparg validation samples by standard addition of various concentrations, it is important to redfice
dependenty between the different preparations as much as possible. Standard additions may be]

liquid for

If success
correlatio
is therefo
standard

(by adding a standard solution) or in solidform (by weighing).

ve dilutions are prepared using the same stock solution (1/2, 1/4, 1/8, etc.), this create
h between the measurements and- exacerbates the consequences of errors in trueness
e not recommended to use this-approach. This note also applies to the preparation of
bolutions.

The rational choice of reference valuesis crucial in the application of this document, since it influen
the truengss of the method.

5.4 Cha

541 O
The chard

condition$

For this, 4

racterization plan for validation

rganization

cterization plan is used to estimate the routine performance of the method under rout
of implementation.

in

S a
it
he

fes

ne

trial consists in pprfnrming a measurement on a validation Qnmp]p’ with a reference va

ue

with known uncertainty. The reference values assigned to concentrations levels k can be obtained via
the techniques described in 5.1.

The following elements are required for this plan:

— Iseries of measurements (1 <i<1I);

— forea

ch series, perform J repetitions (1 <j <J);

— K concentrations (1 < k < K) to cover the scope of the method.

Fill in a copy of Table 2 with the raw data. In this table, the reference value X of the validation samples
is expressed in absolute units (mg, g, etc.) or relative units (mg/kg, ng/kg, mg/L, etc.). For indirect

10
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methods, the response Y is expressed in the units corresponding to the instrumental method used
(peak area, peak height, absorbance, etc.).

Table 2 — Organization of measurements for the characterization plan for validation

C . fvalidati Measurements (instrumental
Levels Series oncentrations of validation responses) ¥
samples (Reference values) X 1 2 i
1 1 X141 Y111 Y121 Y1
2 1
I
K 1
! Xix Vi

5.4.2 Choice of the number of series, repetitions and cofnicentrations for the characterjzation
plan for validation

(=

In the context of this document, the minimum requirements for the number of series are:

—| a number of series, I, equal to 5, possibly reduced to 4 or 3 if this can be justified. A serllfs may be
represented by a particular day, but also by-aicombination of various sources of uncertainty, such as
multiple devices, multiple operators and multiple days;

— | aconstant number of repetitions per series and per concentration, /, equal to or greater than 2;

—| anumber of concentrations, K,€qual to or greater than 3. It is essential that K > 3 as this pllows the
linearity between the concentrations of the reference values and the deduced concentrations to be
checked: three concentratiens are required for this check. However, when it is necessary to validate
the method close to itslimit of quantitation LOQ, it is recommended that a K equal to or greater than
4 be chosen.

If | =5, ] =2 and K =3/the experimental design will involve 30 tests. Apart from a minimum limit of
3, a high degree of flexibility is allowed in the choice of the number of tests.

As|a remindetythe higher the number of tests, the better the estimates of the validation criteria, i.e.
the intervdl will be narrower and validation easier. However, to improve the results, it is| generally
preferabledo increase the number of series rather than the number of repetitions or concentifations.

5 ;S Calihy
COIToT

5.5.1 Organization

The purpose of the calibration plan is to allow the coefficients of the calibration curve model to be
estimated. This plan is only compulsory for indirect methods requiring calibration for quantitation.
The experimental design (number of calibration concentrations, repetitions per concentration and the
calibration range) should reflect the routine procedure as best possible. The calibration range is not
necessarily the same as the scope of the method. To begin with, reagents or standard materials are
required, and shall be in one of the forms described in 5.1. For the purpose of the calibration plan, the
measurement of a standard of known concentration will be referred to as a “trial”.
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For this plan, the following is required:

— I series of tests (1 < i< [). Depending on the intermediate precision conditions chosen, the series
will consist of tests carried out under repeatability conditions, i.e. on the same day and/or by the
same operator and/or using the same instrument. It is essential that this number be the same as for
the characterization plan for validation. If the series is represented by a particular day, calibration
measurements shall be carried out on the same days as the validation measurements;

— for each concentration, perform J' repetitions (1 < j < J’). J' may be different to J chosen for the
characterization plan for validation;

— for ealch series, K’ standard concentrations (1 < k < K’) of known concentration are required, whjch
cover|the calibration range.

et

Draw up 4 copy of Table 3, which summarizes all of the trials and measurements to be pérfermed| In
this table the concentrations of the calibration standards are expressed in absolute units\(mg, g, etc.) or
relative units (mg/kg, ng/kg, mg/L, etc.).

After performing the trials under conditions of repeatability, the results are noted’down in the units
given in the instrumental method (peak area, peak height, absorbance, etc.).

Table 3 — Organization of calibration plan trials

. . . Measurements (instrumental
Standard Series Concentrations of calibration responses) ¥’
levels samples (reference values) X’ 1 5 Iz

1 1 X' Yin V121 Yy
I
2 1
I
K’ 1

1 X Yk

5.5.2 Choice of the numiber of series, repetitions and concentrations for the calibration plan

The desirgd value for~K' depends on the type of expected instrumental response function, shown| in
Table 4. The reconimended rule is to use at least one more concentration than the number of coefficients
in the calibratiennmodel. This constraint is related to the use of a least squares regression method to
estimate §he‘coefficients of the model (see 5.7.2). However, it is also possible to use the minimum vajue
in the sanetable. The K’ calibration standard concentrations should allow a good statistical estimate of
the response function parameters. The least squares method, which is used in the calculations, is very
sensitive to the experimental design, and this should therefore be given careful consideration[13].[16],

The number of repetitions J' for each calibration standard in each series is free of choice. However,
the recommended number is /' > 2. During routine use, the standard procedure of the method can be
modified according to the conditions that have been proven capable of providing acceptable results.

The values of K’and /' may be different to those of K and J.

If the method requires calibration, it is necessary to ensure that none of the responses, Y, obtained
from the validation samples lies outside of the highest or lowest response entered in Table 3. In other
words, the calibration model shall not be extrapolated beyond the concentrations for which it has been
designed.
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The measurements described in the characterization plan for validation should be carried out by applying
the method as it will be routinely used, ensuring that these measurements are as independent as possible.
In particular, the calibration conditions should be applied as best possible, even if they may be modified
in light of the results obtained from the accuracy profile. In contrast, the number of “repetitions” used to
express a final outcome should be faithfully adhered to. For example, if each final outcome is expressed as
the mean of two repetitions, each trial shall be performed according to this method.

The purpose of the trials is to allow the calculation of the method's performance criteria, which will be

us
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ifferent number of experimental designs; in the second case a calibration plan is not neces

cases where matrix effects have been revealed during the development of the niethod,
cessary to implement several characterization plans for validation in order to calcilate a
tor that will be routinely applied (except in the case of statutory prohibition)."Two charag
ns should thus be implemented using two independent samples, and the results of the first]
Calculate the correction factor that will be applied to the second plan.

E role of the accuracy profile is to estimate — based on the results olitained — the likelihod

plemented in compliance with the following conditions:

Intermediate precision or reproducibility conditions. The measurements shall be mj3
intermediate precision or reproducibility conditions andaim to take into account as many
uncertainty as possible. Since these sources of uncertainty depend on the method and th

diagram be created to choose the most compreliensive conditions.

In most cases, the measurements may be-made over several days, provided that one
account the sources of uncertainty (see-Annex E) due to the measuring apparatus (ins
settings, calibration and preparation ©Of reagents), the staff, the preservation of the s3
However, for very unstable samples, measurements may be made over a single day wi
operators or instruments.

NOTE Reproducibility cenditions. This document also applies to measurements m
reproducibility conditions,and‘therefore coming from several laboratories.

Coverage of the scope. By definition, intermediate precision is estimated by repeated meas;
using the same objeet'or similar objects, i.e. using a homogeneous sample or several simila
A validation study-should cover the entire scope of the method. There are several possi
dealing with<hese two constraints:

use-a\sSingle sample whose concentration can be varied, e.g. by means of standar
(preferred approach for indirect methods);

use multiple samples (or even several similar matrices) with various concentrations
the case for direct methods):

efls require
sary.

it may be
rorrection
terization
plan used

d that the

er will obtain acceptable results when using the method routinely. Eor this reason, the planps shall be

hde under
sources of
b matrices

analysed, it is impossible to define a single strategy. It is recommended that a causes and effects

takes into
trumental
mple, etc.
kh several

hde under

urements
[r samples.
bilities for

] addition

(typically

prepare synthetic matrices (raw materials or chemicals);

use external or certified reference materials.

In all cases, sufficient quantities of samples for all of the repetitions shall be obtained before beginning.

©lI

Synchronization of the plans. If two plans are necessary (calibration and characterization), it is
essential to carry out the trials for the same factors of intermediate precision. For example, if the

day is the chosen source of variation, calibration and characterization measurements sha

11 be made

on the same day. The calibration data for this day will be used to predict the concentrations from

the characterization data of the same day.

S0 2020 - All rights reserved

13


https://standardsiso.com/api/?name=8bf7a4c259f5e9e071c7feccfea62df8

ISO/TS 22176:2020(E)

5.7 Calculation of predicted inverse concentrations for indirect methods

5.7.1 General

Prior to any numerical processing, it is recommended that an initial graphic illustration and visual
examination of the data be carried out in order to detect any blatant errors, such as an incorrectly
recorded piece of data. These graphs can be placed in the annex of the assessment file. Abnormal data
may be an indication of a poorly-developed method and may nullify validation.

5.7.2 Calculation of the calibration models

For indirpct methods, the instrumental response, Y, shall be expressed as a function-‘af the
concentraftions, x, of the calibration standards, using a mathematical model, f, as shown in Formula (£):

Y = fix (2)

The most typically-used ffunctions are summarized in Table 4, but this list is not exhaustive. Parametgrs
a;, a,, etc|are known as the model parameters.

The parameters of the calibration model from data collected for each i sexjes, are calculated so aq to
obtain I s¢ts of parameter values. The same type of model shall be used fprall of the data, regardlesg of
the series|but the parameters may differ from one series to another. This approach allows any observed
inter-seri¢s variations to be taken into account.

Table 4 — Main types of possible response functions

Type Formula Desirable for K’ Minimum for K|
Line passipg through zero Y=a;x 2 1
Line Y=a,+a.x 3 2
Quadratic|function Y = ay%d;x + a,x? 4 3
a,+a
Y:ao +#
Logistic fynction with 4 parameters a. Y1 5 5
1+( —2]
X

Calculatign of the calibration medél coefficient estimates may require various conventional statistical
techniques detailed in the reference works:

1) Regrgssion using theleast squares method Reference [11]
2) Weighted regréssion Reference [11]
3) Nonlipear régression Reference [12]
The easiest-frethedis-theleast-squares—method,becauseitis—easitravalable—Weightedregression

applies in cases where the response variances are not homogeneous between concentrations. The
model parameter estimates for each series are summarized in Table 5.

If the type of calibration model was clearly established during the development of the method, the
minimum number for K’ may be used. However, it is best to use the desirable number, or more, in order
to check whether a more complex model may be more suitable.

It can be noted that from the data of the calibration plan, it is possible to estimate several calibration
models and thus create multiple accuracy profiles. The model which provides the most favourable
profile can then be selected. It is then necessary to modify the procedure according to the model chosen,
without having to change the acceptance limits A.

NOTE For direct methods, this calculation is not possible.
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Table 5 — Model parameter estimates according to the series

Series

1

I

o

aq

5.7.3 Calculation of back-calculated concentrations by inverse prediction

For

md

Th inverse function is called the inverse prediction formula, and the valiies thus obtained, z,
defluced concentrations. Table 6 shows these formulae for each of theresponse functions in Tj

Usg the data of the validation plan and the parameters of the-galibration models estim
calibration plan to calculate the deduced concentrations<of the validation samples. Pe
calculations series by series, with the model for the corresponding series. This method of g
unferlines the fact that it is essential for the trials of the calibration and validation pl
performed for the same series i, that is on the same day*and/or by the same operator and

the

del, according to the Formula (3):

f=z2=fF1(Y)

saine laboratory (see 4.2).

indirect methods, the calibration models (see Table 4) are used to calculaterthe
cofcentrations from the data of the validation plan by using the inverse function of\the d

deduced
alibration

(3

are called
able 4.

hted from
rform the
alculation
ans to be
or by the

Table 6 — Inverse prediction equations‘according to the type of response function

Response function

Reverse function for back calcu-
lated concentration calculation

Logistic function with 4 parameters

Y
Line forced through zero z=—
4
Y—a0
Line zZ=
4
. : —a, ++/a?, —4a,(a,-Y
Quadratic function 7= 1 1 2( 0 )
Za2
a

[03 ~9 1 )"1
Y—aq,

5.8 Calculation of the validation criteria by concentration level

5.8.1 General

Present the raw data and the final outcomes (deduced concentrations) as described in Annex B and

illustrated in Annex C on a true example.

5.8.2 Trueness criteria by series

Summarize all of the data in a copy of Table 7. In this table, it is possible to include one or several
trueness criteria (in the form of bias). These criteria are:

©lI
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Absolute bias as shown in Formula (4):

by =Zij = Xiji (4)

Relative bias as shown in Formula (5):

Zo —X.
b %=—2K "Ik 100 (5)
y X
ijk
Recovery as shown in Formula (6):
4.
Re=1%x100 (6)
X
Table 7[— Concentrations deduced by inverse prediction from the data of the yvalidation plah
. - Theoretlc?l ! Deduced Absolute Relative
Level Series Repetition concentration . . -
X concentration Z bias bias
1 1 X111 Z111 byjk byjx %
1 2
1
]
1 I 1
1 I 2
1 I
1 I ]
K [ J Xk ZyKk bk by %

If differenjt calibration models are tested, a-table is required for each model.

Use the “2” data from Table 7 to calculate the repeatability, inter-series and intermediate precisjon
(or reproducibility) standard deviations. This calculation is performed independently for egch
concentraltion k (where 1 < k <(K),"as described in Annex A.

5.8.3 Tfueness and preeision criteria by concentration

Calculate fhe precision-criteria, as described in Annex A. Summarize these together with the truengss
criteria inja copy ef.Table 8.

Table 8 — Precision and trueness criteria by concentration

L Levels
Criteria Symbol
1 K
Mean reference value Ek
Mean back-calculated concentration Ek
Repeatability standard deviation Skr
Inter-series standard deviation Skp
Intermediate precision standard deviation =.[s2 +¢2
P Skip =N Sir TSk
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Table 8 (continued)
- Levels
Criteria Symbol
1 K
. . . Skip
Intermediate coefficient of variation ——x100
Xk
Mean absolute bias z, —X,

Moaanralativa bhiac
vrec oty e oiatS

5.8

Fo
als
[111

k.1
Ex

shown in Formula (7):

Ca

wh

wh

Z
Mean recovery rate _—k><100

.4 Calculation of the tolerance intervals

- the purpose of this document, the method of calculation proposed.hy* Meell0l was chos
0 adopted by a committee of the French society for pharmaceutical:seiences and technolog
7], The calculation is performed using the data in Table 8, and independently for each cond
‘or simplification, the subscript k has been omitted from Formulae (7) to (11).

press the tolerance interval as a symmetric interval aroundthe mean calculated concentr

Zx kyop % Sy

culate the standard deviation of the tolerangesinterval s;; using Formula (8).
1
Sy =S 1+———
TI IP[ Ix X B2 ]

B:{ R+1
JXR+1

2

s
ere R="5

5t
antity k,,; is thexceverage factor of the tolerance interval and is obtained using Formula (1

k. .=t
tol v'l +B
2

ere

en. It was
y (SFSTP)
entration,

htion, z, as

(7)

(8)

9)

(10)

©lI

1 ,p Is the quantile of Student’s  distribution with v degrees of freedon;
v, >
B is the expected probability of the content of the tolerance interval.
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The number of degrees of freedom, v, is calculated using the Satterthwaite approximationl4], shown in

Formula (11).

2
o= (R+1) (11)
1% .1
R+7 1—7
-y

For each concentration, k, the standard deviation of the tolerance interval, sy, the coverage factor,
k., and the lower and upper limits of the tolerance interval are calculated. All of the calculations are
summariged in a copy of Table 9.

Table 9 — Tolerance interval limits by concentration

L. Levels
Criteria Symbol
1|..|K
Mean reference value X,
Low tolerance limit Zy = ko1 Xspy
High tolerance limit z +k, Xsp

z, -k, /Xs
Relative low tolerance limit [M }< 100
X

z, +k _,x$§
Relative high tolerance limit [M }< 100
X

Relative low acceptance value (®-2) x 100

Relative high acceptance value (1+2A)x100

It can be rjoted that v (see Formula 11) is rarely,airinteger, and it is necessary to use Student tables that
include fractional values of degrees of freeddm. However, it is possible to approach the quantile value
via linear [interpolation between the two whole degree of freedom values surrounding v.

2

s
NOTE The ratio R:—l; between\the inter-series variance and the repeatability variance interveneg in

N
r

several formulae. It reflects therelative importance of the series effect. For example, in the case where the gay
effect is the series effect, if the.method is very stable from one day to another and is capable of providing very
similar reqults for the same sample, R is close to 1 and will only play a secondary role. However, if this rgtio
increases, the number of degrees of freedom decreases, and the smaller the number of degrees of freedom, fhe
higher the guantile of Student's t distribution and the wider the tolerance interval.

The pararpeter frepresents the probability of obtaining outcomes outside of the acceptance limitg at
the LQ. Bgyond the LQ, the probability of obtaining unacceptable outcomes is much lower than (3.

5.9 Construction of the accuracy profile

The accuracy profile may be constructed in different ways, according to the type of data being
processed. The most conventional method when dealing with relative concentrations is that presented
in Figure 4 in which performances are expressed relatively, as a recovery rate.

To construct the accuracy profile, the following data are required:
a) on the horizontal axis:

— the mean reference values.
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b) on the vertical axis:
— the lower relative tolerance limits;
— the upper relative tolerance limits;
— the mean recovery rates;
— the lower relative acceptance limits;

— the upper relative acceptance limits.

Tthe data are plotted on a graph, with the reference values on the horizontal axis, as showf'in Figure 5.
130% -
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110%

1
—_

Y 100% T T T » m— T T —

90% - 4

80%

©

70%

60% -

mean recovery rate
upper tolerance limit
upper acceptance limit
lower tolerance }Jimit
lower acceptance limit
recovery (%)

X< Ul s W N R

concentration

Figure 5 — Accuracy profile expressed by the recovery rate

5.10 Interpretation of the accuracy profile for validation

5.10.1 General
To use the accuracy profile to validate a method, the following two decision criteria shall be set:

— Acceptance limits. These reflect the practical objectives of the users. They delimit an interval
either side of the reference value. These limits are usually regulatory requirements. However, if
there is no set reference value, the expectations of the end users should be considered, such as a
given limit of quantitation (see 5.2.2.);
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— B proportion. This represents the proportion of future outcomes that will lie, on average, within
the tolerance intervals. Based on the B values found in the literature for different domains, the
recommended value for 3 in cosmetics is 80 %. It means that, in average, 4 out of 5 experimental
results will fall inside the tolerance interval.

5.10.2 Decision rules

Plot the acceptance limits on the accuracy profile graph to allow direct visual interpretation of the
results. Figure 6 illustrates a typical situation in which most of the tolerance intervals fall within the
acceptance interval. If the tolerance interval does not lie within the acceptance interval, the method is
considerefl unable to provide a sufficient number of acceptable outcomes based on the choices madég at
the start ¢f the study. For example, for = 80 % and an acceptance limit of + 25 %, the method may|be

consideref valid between about 0,2 mg/kg and 4,0 mg/kg.
This graph also gives other indications. In particular, in Figure 6, it can be seen that trueness varfies
with concentration. The recovery rate which reflects trueness is around 108 % at low)concentratigns
and is cloge to 100 % at high concentrations. Various elements explaining the behaviour of the method's
bias can ble found using the statistical results in Table 8.
140 4
130 % -
120 %
1104 A
Y 100 % T
45 X
90 %
80 %
7094 1
60 9%q -
Key
1  mean fecovery rate
2 upper|tolerante limit
3 upperfacceptance limit
4 lower kolerance limit
5 lower acceptance limit
Y recovery (%)
X  concentration (mg/kg)

Figure 6 — Example of a validated method for a limited area of scope of validation

In the case illustrated in Figure 7, the method has high systematic bias - the recovery rate is around 70 %
- which may be due, for example, to an uncontrolled matrix effect. It should therefore be concluded that
the method is not valid within the scope of the study. Professional practices and regulations permitting,
a correction factor may be applied to correct this bias.
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Mo Ul W N R
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Figure 7 — Example of an accuracyprofile for a method having a high systematic bias,
characterized by a recovery rate around 70 %

5.10.3 Definition of the scope of validity

The scope of validity is detéermined by the area of the scope of validation within which the method
provides an acceptable percentage of results, at least equal to B. It is delimited by a lower boundary that
cofresponds to the lewer limit of quantitation, and an upper boundary that corresponds to [the upper
lin}it of quantitations

5.10.4 Choice of a calibration procedure for the routine

Prpvide@d;~for indirect methods, that calibration data are available, it is possible to creale several
acquracy profiles with the same set of data, but using different calibration models, e.g. a model running
threteh—zere—based—oen—a—single—standard—selution
calculated from three standard solutions. It is thus possible to select either the most favourable profile
or the simplest calibration procedure that allows the set objective to be achieved.

can ha coyanaend it o cosanlars 1 bar model
oot Comparea— Wit —a—€othprece—iie

5.10.5 Influence and significance of the § proportion

As described in 5.10.1, the parameter 3 represents the proportion of future outcomes that are expected
to lie within the tolerance intervals. The risk of error does not produce inaccurate results. It is rather
the risk that the analyst takes of having to repeat a full analysis because the method does not produce
an acceptable result for a sample of known concentration. A value of 80 % means that the risk of this
occurring is, on average, one in five. Of course, a higher value reduces the risk, but makes for a more
stringent validation process. Annex D shows the influence of 3.
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5.10.6 Identification of outliers

The method of calculation proposed in this document requires that the experimental design for
validation be balanced (see Annex A). That is why it does not provide for any methods of detecting and/
or rejecting atypical data values (outliers).

Nevertheless, if the person in charge of validation considers the rejection of outliers necessary following
a visual examination of a graph, he/she is free to implement the procedure that he/she feels best suited.
It is also always possible to do again measurements for a given concentration or data series.

NOTE A high number of outliers indicates poor_ implementation of the method of analysis and can
compromige its validation.

6 Management of the outcomes during routine use

During rgutine application of the method thus validated, it is necessary to regularly) check that the
results ohtained remain acceptable. This can be done, for example, by means of a leontrol chartfin
particulay if a correction factor is used.

Ineffectivg corrective measures may also result in a need to revalidate thesmethod. Revalidation may
be compldte or partial; partial revalidation requires an experimental desighfor a single concentratjon
to check whether the tolerance interval obtained remains between the acceptance limits.
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Annex A
(normative)

Calculation of repeatability, intermediate precision and
reproducibility standard deviations

A.Il General

Calculations shall be carried out independently for each concentration k, using the concentrations
defluced by inverse prediction for indirect methods or the deduced concentrations for direct methods.
In [both cases, the deduced concentrations are written Z;. By convention, thelsubscript i (1 <i <)
represents the number of the seriesandj (1 <j <)) the num{)er of the repetition in the series. To simplify
notation, the subscript k (1 < k < K) for the concentration is omitted in th€ following formulag.

For each concentration k, calculate the following:
1) | the repeatability standard deviation, written s,;

2)| the inter-series standard deviation, written sg;

3)| the intermediate precision standard deviation, s, =«/Sr2 +S§ .

A.R Case of a balanced plan

It fakes into account experimental designs for' which the number of repetitions per series, I, i$ the same
for] all of the series. The total number pof\repetitions shall be equal to IJ. However, this total may be
diffferent for each concentration.

Cajculate the overall mean for a concentration using Formula (A.1):

1 J
;_21‘:1 Zj:1Zij
- Ix]

Cajculate the repeatability, inter-series and intermediate precision standard deviations usinga random
effects model analysis of variance (ANOVA), according to the principles described in ISO 5725-2:1994,
namely by decomposition of the total sum of squared deviations into two sums of squared deyiations:

DI TR YD R U D WD R U]

55D 55D 55D
t r B

(A1)

(A.2)

Formula (A.2) is conventionally written in an abbreviated form, involving three sums of squared
deviations (SSDs).

SSD, =SSDg + SSD,.  General analysis of variance equation,

for which each of the sums is defined as follows in order to facilitate interpretation:
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— SSD, Total sum of deviations from the overall mean for the concentration;
— SSDg Sum of inter-series deviations;
— SSD, Sum of intra-series deviations.

It is not necessary to develop the three sums of squares in order to perform the calculations; SSDj is
calculated by subtraction. This method can be problematic if the result is negative. If this is the case,
impose a value of 0 for SSDp,.

SSD_—¢SSD - SSD ifSSD_> 0
b [ r b
SSD, = 0ifSSDy < 0

Calculate |the repeatability variance for the concentration from the repetitions Z;, aS~shown|in

Formula (A.3):

5SD
s2=1-5 (A.3)
1(J-1)
Calculate fhe inter-series variance — written Sf? — as follows:
:‘SDB 2
_ r
sz=4=1 A4
J
Finally, callculate the intermediate precision standard deviation for the concentration:
—¢2 2
Sp=45+S- (Al5)

See Anney C for an example of calculation using Exeel.

A.3 Casge of an unbalanced plan

Since this|document does not cover tests for the rejection of atypical data values, but rather leaves usprs
the freedom to disregard values thatthey consider atypical, this may resultin an unbalanced experimerftal
design. In [this case, this alternative algorithm is proposed in order to avoid the loss of any data.

If the number of repetitionsyv; is not the same for all of the series for a particular concentration, yise
Formula (JA.6) instead of Formula (A.4) to calculate the inter-series variance:

(1—1)[%—52]

=1 7
2 _
Sg= IS (A6)
where
I
2"
N=N-“=i=1 !
N
N —21 n
T L=l
Use the conventional formulae for the other precision criteria.
NOTE An alternative to this calculation method is to use a variance estimation algorithm that uses the

restricted maximum likelihood method (REML); this is available in most specialized statistical software
programs.
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Annex B
(normative)

Contents of the validation file

[—Documentary part

Depcribe the procedure in enough detail for any competent person to be able to use.it (inhc
calculations). Draft it according to the following outline, which is not exhaustive:

title;

warnings and safety precautions;
introduction;

purpose and scope;

normative references (if applicable) and bibliographical reférences;
definitions;

principle;

reagents and products;
equipment;

sampling and sample preparation;
procedure;

expression of results;

specific cases;

notes;

test report;

bibliography;

appendices.

.2 Experimental part

Choice of the scope of acceptance and acceptance limits

Validation materials and setting of target values

Characterization plan for validation

Calibration plan (for indirect methods)

Estimation of calibration model coefficients (for indirect methods)

Calculation of predicted inverse concentrations and calculation of trueness
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g) Calculation of precision data and tolerance intervals

h) Construction of the accuracy profile

i) Interpretation

Table B.1 — Summary of performance criteria

Criteria Concentration A | Concentration B | Concentration C | Related section
Upper acceptance limit 5.2.2
Lower acceptance [imit 522
Referencefvalue (X), 5.3.2
Deduced mean value (Z), 5.8.2 and5.8.3
Trueness (X-Z), 5.8.2and 5.8.3
Repeatability standard deviation Annex A
Inte.rm.ediate precision standard Annex A
deviation Annex A
Coefficient of variation of
intermedipte precision (%)
Repeatabi]ity limit
Table B.2 — Other useful criteria
Other criteria Related section

Limit of quantitation (LQ)

Limit of detection (LD)

Specificity (Yes/No)

Mean recovery rate (%) 5.8.3
j)  Conclisions
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Setting-up an assay for determining the accuracy profile in the

case of NDELA in cosmetic samples

C.1 General

The measurement of N-nitrosodiethanolamine (NDELA) in cosmetics has been already de
twp International Standards (see ISO 15819 and ISO 10130). In order to complete. the valida
mgthods, it is then an opportunity to describe here what could be done with NDELA using th¢
profile approach. This study has been carried out according to ISO 15819,in a single lab
inermediate precision conditions.

To follow the validation procedure described in Clause 5, below dre the different items s¢

De
m4

termination of an accuracy profile for method ISO 15819 to qudntify NDELA (see 5.1) in on
trix (see 5.3.1) between 25 and 400 pg/kg of NDELA (see 5:241).

As
do

this is an indirect analytical method (see 5.1) and accerding to its description in the ISO 1
fument, calibration curve was performed by using a‘line response function (see 5.7.2).

Ac
pr

Va
dif

Ceptance limits were set at A = + 20 % (see 5.2:2) and tolerance intervals will be calcula
portion § = 80 % (see 5.10).

idation samples were prepared by spikihg a same cosmetic matrix with NDELA (see
ferent concentration levels between 25'and 400 pg/kg.

5 series were considered and differed by the day (see 5.4.1).

" each i series, measurementswwere collected the same day (see 5.6) as follows:

for calibration standards-with K’ =5and ]’ = 1 (see 5.5.1), see Table C.1 for details of K’;
for validation samples with K=4 and ] = 4 (see 5.4.1), see Table C.2 for details of K.

TE 1
andard.

Deuterated’NDELA d8 is used in every calibration solutions and validation samples

scribed in
fion of the
P accuracy
bratory in

t up.

b cosmetic

b819:2014

fed with a

5.3.2) at

hs internal

ent NDELA

itions, two
>ay sample

kg respectlvely For VS 3 and 4, assay sample solutlons were dlluted at 2 % in order to detect a conce
NDELA equivalent to 3 pg/kg and 8 pg/kg respectively. In every case, attention was paid to also int
internal standard NDELA d8 at 20 pg/kg.
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Table C.1 — Levels of calibration standards (equivalent to Table 3)

Levels’of CS Concentrations of C’S l}’iii:::fnr:;ﬁ?;ls
(k) Series (i) (Reference values) X' responses) Y'j;,
NDELA NDELA d8
cs1 1 X'i1| 10lpg/kg | 20pg/kg V'
2 X'p1| 101pg/kg | 20ug/kg You
3 X'311| 101pg/kg 20 pug/kg Y311
* X Hotwerke 26 mgrke ¥
5 X's11| 1,01 pg/kg 20 pg/kg Y's11
€S2 1 X'112| 2,02pg/kg 20 pug/kg Y12
2 X'512| 2,02 pg/kg 20 pg/kg Y'212
3 X'312| 2,02 pg/kg 20 pg/kg Y'312
4 X'412| 2,02 pg/kg 20 pug/kg Va2
5 X's12| 2,02pg/kg | 20 pg/kg Wsi2
Cs3 1 X'113]| 506pg/kg 20 pg/kg Y13
2 X'513] 506pg/kg 20 pug/kg Y13
3 X'313| 5,06 pg/kg 20 ug/kg V'313
4 X3 | 506pg/kg 20 ug/kg V'3
5 X's13| 506pg/kg 20 pg/kg Y's13
CS 4 1 X'114| 1012 pg/kg |20 ug/kg V114
2 X'314| 10,12 pg/kg 20 pug/kg Y214
3 X'314| 10,12 pgikg 20 pug/kg Y'314
4 X414 | 10,12\ag/kg 20 pug/kg Y14
5 X's14| 1012 pug/kg | 20 pg/kg Y's14
CS5 1 X'115520,24 pg/kg | 20 pg/kg Y115
2 X'os| 20,24 pg/kg 20 pg/kg Y215
3 X'315| 20,24 pg/kg | 20pg/kg Y'315
4 X'ys| 2024pg/kg | 20pg/kg Vs
5 X's1s| 20,24 pg/kg 20 pg/kg Y'sis
Table C.2 ~levels of validation samples (equivalent to Table 2)
L(:,vsels of Series (i) NDELA concentrations of VS %ii:::ﬁ:gﬁ?;ls
(k) (Reference values) Kijk responses) ¥,
Ys1 1 X111 = X191 = X131 = X149 = 23,4 ug/kg Y111 =Y121=Y131 = V1
2 X311 = X221 = X331 = Xp4q = 23,4 ug/kg Y211 =Y221 V231 =V241
3 X311 = X391 = X331 = X341 = 23,4 ug/kg Y311 Y321 = V331 =V341
4 X411 = X421 = Xy31 = Xyqq = 23,4 ug/kg Ya11 = Va21 = Va31 = Vas
5 X511 = X521 = X531 = X540 = 23,4 18/K8 | V511 =Y521 =V531 = V541
VS 2 1 X112 = X122 = X132 = X142 = 46,7 08/Kg | Y112 =V122 =V132 = V142
2 X212 = X322 = X332 = X345 = 46,7 pg/kg Y212 =V222 =232 = V242
3 X315 = X395 = X335 = X347 = 46,7 ng/kg V312 =V322 =332 V342
4 X412 = X423 = Xyzp = Xyyp = 46,7 ng/kg Y412 = V422 = V432 = V442
5 X512 = X592 = X535 = X545 = 46,7 g/kg Y512 =V522 =532 V542
VS3 1 X113 = X123 = X133 = X143 = 146,1 pg/Kg | Y113 =V123=V133 =V143
2 X313 = X323 = X333 = X543 = 146,1 ug/kg Y213 =V223 =233 V243
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Levels of . . NDELA concentrations of VS M_easurements
Series (i) (instrumental
VS (k) (Reference values) Xijk
responses) Y,
3 X313 = X393 = X333 = X343 = 146,1 ug/kg Y313 =323 =333 =343
4 X413 = Xap3 = Xy33 = X443 = 146,1 ug/kg Y413 = V423 = V433 = V443
5 X513 = X3 = X533 = X543 = 146,1 ug/Kg | Y513 =Vs523 = V533 =Vs543
VsS4 1 X114 = X124 = X134 = X144 = 389,7 ug/kg Y114 = V124 = V134 = V144
2 X = A500 = A3 = 4244 = 30K T M/ RS T Vo1 Vs~V 234~V 2k
3 X314 = X394 = X334 = X344 = 389,7 pg/kg Y314 = V324 = V334 = V344
4 X414 = X424 = X434 = X444 = 3897 pg/kg Y414 V424 = V4347 V444
5 X514 = X594 = X534 = X544 =389,7 Ug/Kg | V514 =V524 =Pis54 = V524

C.2 Calculation of predicted inverse concentrations (5.7)

1) | For each i series, regression parameters were determined according to a line response function
(see 5.7.2) and summarized in Table C.3. Data were also checked@ith a graphical illustyation (see
example for Series 1 in Figure C.1).

Table C.3 — Measured values for calibration standards and corresponding regression
parameters (equivalent to Table 5)
(alibration | Concentrations Measurements Y’
standard
X'y Series/Day 1 | Series Day 2 | Series Day 3 | Serie Day 4 | Series/Day 5

Cs1 1,01 pg/kg 0,048 0,040 0,052 0,051 D,053
CS2 2,02 ug/kg 0,085 0,089 0,090 0,101 0,103
cs3 5,06 pg/kg 0,215 0,234 0,218 0,246 ,222
CS4 10,12 pg/kg 0,438 0,485 0,463 0,462 D,460
CS5 20,24 ng/kg 0,868 0,967 1,014 0,910 D,859

Slope. aj 0,042 9 0,048 2 0,0503 0,044 4 0,042 0

y-intércept a, 0,0013 -0,0079 -0,0191 0,012 3 0,016 0

R2 0,999 9 0,999 9 0,997 2 0,999 8 0,998 9
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Key
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Figure C.

2) Then
inver
serieq

NOTE
3 and 4, th

For V§

For V§

where C,,

See example for Series 1 in Table €.4 and all deduced concentrations for all series in Table C.5.

y =0,042 9x + 0,001 3
R?=0,9999

é T

10 15 20
burement

\ concentration (ng/kg)
| — Graphical illustration of line response function for calibration’standards of Serie

for each i series, back-calculated concentrations of validation,samples were deduced by us
e prediction equation indicated in Table 6 and corresporditig regression parameters of
(see 5.7.3).

For VS 1 and 2, the calculation took into account the real assay concentration at about 10 %, and for
e calculation took into account the real assay concentration at about 2 %:

Yik=%0 100
X

with C

1 and 2: Zijy = amyzw%

a;q assay

100
X

assay

Yik Yo

a;q

with:€

assay

=2%

3 and 4: Zijk =

Loy is assay concentration of'sample, expressed as a percentage (a mass fraction).

51

ng
he

VS

Table €.4 — Calculationsdone for Series 1 to deduce concentrations for validation samples
Validation Repetition # Assay sample Measurements VS deduced
sanjples ] conc. Yiik conc. Zy

1 10,38 % 0,114 25,3 ug/kg

i 2 10,12 % 0,096 21,8 ug/kg
Vet 3 10549 0105 220 ol
4 10,28 % 0,100 22,4 pg/kg

1 10,48 % 0,225 49,8 ug/kg

Vs 2 2 10,20 % 0,179 40,7 ug/kg
3 10,20 % 0,188 42,8 pg/kg

4 10,06 % 0,209 48,2 ug/kg

1 2,22 % 0,138 143,4 pg/kg

vs3 2 2,29 % 0,134 135,6 pg/kg
3 2,32 % 0,131 130,6 pg/kg

4 2,26 % 0,144 147,1 pg/kg

30

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=8bf7a4c259f5e9e071c7feccfea62df8

ISO/TS 22176:2020(E)

Table C.4 (continued)
Validation Repetition # Assay sample Measurements VS deduced
samples ] conc. Yiik conc. Zyy
1 2,43 % 0,428 409,3 pg/kg
VsS4 2 2,31 % 0,405 4079 pg/kg
3 2,11% 0,349 385,1 pg/kg
4 2,12 % 0,322 353,4 ug/kg

ble C.5 — Deduced concentrations for validation samples and their correspondh% bsolute

bias and relative bias (equivalent to Table 7) q,
Level | Series | Repetition | Theoritical Deduced ('l/ bsolute ||Relative
(k) (1) 0)) concentration concentra{@ bias bias
X Zy \ bi]-k b,-]-k %
(ng/kg) Re)
1 1 1 234 . \253 1,9 8,1 %
1 1 2 234 | O 218 -1,6 6,6 %
1 1 3 234 ) 229 -0,5 2,2 %
1 1 4 234X 22,4 -1,0 4,4 %
1 2 1 280 21,2 -2,2 9,6 %
1 2 2 234 20,0 -3,4 -14,5 %
1 2 3 . 234 26,1 2,7 114 %
1 2 4 @ 234 23,9 0,5 2,1%
1 3 10 234 23,5 0,1 0,5 %
1 3 | A2 234 24,9 1,5 6.4 %
1 3 [N 3 234 251 1,7 7.5 %
1 3. 4 23,4 22,0 -1,4 -5,8 %
1 | & 1 234 25,3 1,9 8,0 %
1 (U4 2 234 25,8 24 10,3 %
2O 4 3 234 19,5 -39 -16,8 %
ot 4 4 234 279 4,5 19,2 %
1 5 1 23,4 27,5 4,1 17,6 %
1 5 2 234 26,3 2,9 12,3 %
1 5 3 234 25,4 2,0 8,5 %
1 5 4 234 234 0,0 0,1%
2 1 1 46,7 49,8 3,1 6,7 %
2 1 2 46,7 40,7 -6,0 -12,9 %
2 1 3 46,7 42,8 -3,9 -8,3%
2 1 4 46,7 48,2 15 31%
2 2 1 46,7 45,7 -1,0 -2,2 %
2 2 2 46,7 42,0 -4,7 -10,1 %
2 2 3 46,7 44,3 2,4 -51%
2 2 4 46,7 47,5 0,8 1,7 %
2 3 1 46,7 42,9 -3,8 -8,1%
2 3 2 46,7 43,5 -3,2 -6,8%
2 3 3 46,7 489 2,2 4,7 %
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Table C.5 (continued)

Level | Series | Repetition | Theoritical Deduced Absolute | Relative
(%) (1) ) concentration | concentration bias bias
X H By bijx %
(ng/kg)
2 3 4 46,7 48,2 15 3,3 %
2 4 1 46,7 51,9 5.2 11.2 %
2 4 2 46,7 42,8 -3,9 8,394
2 4 3 46,7 54,3 7,6 1649
2 4 4 46,7 50,6 39 b 84%
2 5 1 46,7 44,8 -1\ -4
2 5 2 46,7 41,5 SRV | 1129
2 5 3 46,7 46,1 A6 1,29
2 5 4 46,7 198 (' 31 6,6 %
3 1 1 146,1 1434 N7 -27 -1,89
3 1 2 146,1 135,60 -10,5 7,2 %
3 1 3 146,1 30,6 -15,5 -10,6 %
3 1 4 146,1 ~ 1471 1,0 0,7 %
3 2 1 1461 « 1362 9,9 6,89
3 2 2 146,10 133,6 -12,5 -8,6 9
3 2 3 1461 126,0 20,1 -13,8%
3 2 4 46,1 115,0 -31,1 -21,3%
3 3 1 O 1461 122,4 237 | -162%
3 3 2 b 161 131,6 -14,5 9,99
3 3 N 161 146,3 0,2 0,1%
3 3 4 146,1 143,5 2,6 -1,89
3 4 |1 146,1 118,0 -28,1 -19,2 %
3 4 ()7 2 146,1 129,0 -171 -11,7 %
3 | A4 3 146,1 138,7 74 -5,19
3 4 4 146,1 124.9 -21,2 -14,5 %
3N 5 1 146,1 142,3 -3,8 2,69
PR 5 2 146,1 149,3 3,2 2,2 %
\V'3 5 3 146,1 1371 -9,0 6,29
3 5 4 146,1 159,2 13,1 9,0 %
4 1 1 389,7 409,3 196 5,0 %
4 1 2 389,7 4079 18,2 47 %
4 1 3 389,7 385,1 -4,6 -12%
4 1 4 389,7 353,4 -36,3 -9,3%
4 2 1 389,7 361,2 -28,5 ~7,3 %
4 2 2 389,7 348,8 -409 | -10,5%
4 2 3 389,7 340,6 -491 | -12,6%
4 2 4 389,7 316,1 736 | -189%
4 3 1 389,7 341,5 482 | -124%
4 3 2 389,7 431,0 41,3 10,6 %
4 3 3 389,7 351,3 -38,4 -9,8 %
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