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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International

organizations, governmental and non-governmental, in liaison with ISO, also take part in the wor

k.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance at

Any trade name used in this document is information given for the conveniénce of users and does n
constitute an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms arg
expressipns related to conformity assessment, as well as information about ISO's adherence |1
the World Trade Organization (WTO) principles in the Jechnical Barriers to Trade (TBT), s¢
www.isa.org/iso/foreword.html.

This document was prepared by Technical CommitteeSO/TC 147, Water quality, Subcommittee SC
Sampling (general methods).

Any feedback or questions on this document sheild be directed to the user’s national standards body.
completg listing of these bodies can be foundatwww.iso.org/members.html.
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Introduction

This document addresses the need for harmonized and reliable data on stability, which is essential
for the expression of recommendations for both normative and regulatory purposes. It describes
a methodological framework that enables laboratories to produce quality data that can be shared
and even monetized(Zl,

It enables laboratories to study the stability of parameters when using the physico-chemical parameters
measurement system: organic micropollutants, inorganic and organometallic micropollutants, nutrients
afid macropollutants In aqueous matrices (suriace water, ground water, residual urban and, ihdustrial
wjater and drinking water). It covers the sampling, transport and laboratory storage operations.

NPTE This document does not cover solid matrices from aquatic environments [(suspend¢d solids,
s¢diments).
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Water quality — Sampling —
Part 25:

Guideline on the validation of the storage time of water

samples

Scope

[ these test plans to define and verify the acceptable length of stability of a\Gubstance in

hder specified conditions of preservation (temperature, matrix, light, addition of a stabilizg
appropriate, type of preservation etc.) before starting analytical proto€els (chemicals and
chemicals analysis). Biological and microbiological methods are excluded.

1
The purpose of this document is to describe test plans and different operiating methd
0
u

Itlis necessary to have an analytical method with performances that’have already been char:
(gepeatability, intermediate precision, trueness, accuracy anduncertainty) in order to
the stability study and implement its test plans.

Normative references

2

The following documents are referred to in the ekt in such a way that some or all of theij
constitutes requirements of this document. For- dated references, only the edition cited
F

applies.

I§0/TS 21231, Water quality — Charasterization of analytical methods — Guidelines for the sele
rgpresentative matrix

3| Terms, definitions.dnd symbols
For the purposes of this.document, the following terms and definitions apply.

[40 and IEC maintain-terminology databases for use in standardization at the following addre;

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

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

3j1
apalytical process

dologies
h sample
1, where
physico-

icterized
perform

" content
applies.

br undated references, the latest edition of’the referenced document (including any amendments)

ction of a

Ses:

detailed description oI a measurement according to one or more measurement principles an

d to one

given measurement method, and including any calculations intended to obtain a measurement result

3.2
batch

<production, material> definite amount of test material prepared by the laboratory at a given point in

time under supposedly identical conditions

© IS0 2022 - All rights reserved
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chronological stability study
study in which individual samples prepared at the same time (i.e., as a batch), under identical conditions,
are measured as time elapses (e.g. one sample immediately, one after three months, the next one after
six months, etc.)

[SOURCE: ISO Guide 35:2017, 8.3.2.1]

3.4

homogeneity

uniformity of a specified property value throughout a defined portion of a reference material (RM)

Note 1 to
Note 2 to
Note 3 to
[SOURCH

3.5
influend
intrinsic
liable to
[SOURCE

3.6
influenc
characte
analyte ¢

Note 1 to
3.7

integrit)
property

altered dr lost in an unauthorized manner or subject to loss of representativeness

[SOURCH

3.8
interme

condition of measurement, out of a set of conditions that includes the same measurement procedur

same lod
of time, K

Note 1 to

entry: Tests for homogeneity are described in ISO Guide 35[21,
entry: The “defined portion” may be, for example, an RM batch or a single unit within the batch.
entry: See also IUPAC Compendium on Analytical Nomenclaturel®l,

: ISO Guide 30:2015, 2.1.12]

e parameter
characteristic of the matrix, independent of the analyte concentration, a variation of which
modify the analytical result

:ISO/TS 21231:2019, 3.3.1]

e parameter of the conditions of preservation
Fistic related to the conditions of storage and preservation of the sample, independent of t}
oncentration

entry: E.g. container material, storage temperature, influence of light and/or relative humidity.

y
that the parameter(s) of interest;/information or content of the sample container has not beg

: 1SO 5667-3:2018, 3.1]

diate precisioncondition of measurement

ation, and€plicate measurements on the same or similar objects over an extended perid
ut may ificlude other conditions involving changes

entry\The changes can include new calibrations, calibrators, operators, and measuring systems.

S

1

n

kg

Note 2 t

antryu: A cnocification faor tho canditions shauld contain the caonditions chanaod and yunchang
J |3 o t=}

to the extent practical.

Note 3 to entry: In chemistry, the term “inter-serial precision condition of measurement” is sometimes used
to designate this conceptl8l.

39

isochronous stability study
experimental study of “reference” material stability in which units exposed to different storage
conditions and times are measured in a short period of time

[SOURCE: ISO Guide 35:2017, 3.9]
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3.10
matrix
all the constituents of the laboratory sample other than the analyte

Note 1 to entry: By extension, a matrix is defined by the analyst as waters characterized by a homogeneous
behaviour with regard to the analytical method used.

[SOURCE: ISO/TS 21231:2019, 3.3.3]

3.11
i ble-delav-bef Lvsi
MaxADs

nmfaximum acceptable delay between the end of the sampling process and the start of\the|analysis
operations, resulting from the stability study, that the laboratory uses to plan the analyses

12

jJaximum acceptable deviation for the stability study
ADs

aximum acceptable deviation relative to the assigned value of the saniple at T, used to determine
le maximum acceptable delay before analysis

TS5 28 W

13

easurement precision
loseness of agreement between indications or measured{quantity values obtained by [replicate
easurements on the same or similar objects under specified) conditions

25w

(@)

1]
Npte 1 to entry: Measurement precision is usually expressed-numerically by measures of imprecisiop, such as
stlandard deviation, variance, or coefficient of variation under the specified conditions of measurement.

Npte 2 to entry: The "specified conditions" may he,-for example, repeatability conditions of meagurement,
intermediate precision conditions of measurement, or reproducibility conditions of measurement
(see 1SO 5725-1:1994M11).

Npte 3 to entry: Measurement precision is used to define measurement repeatability, intermediate measurement
ecision, and measurement reproducibility.

bte 4 to entry: Sometimes “measurement precision” is erroneously used to mean measurement accurgcy!8l.

p

N
3|14
nmjeasurement repeatability

nleasurement precision under a set of repeatability conditions of measurement

[JOURCE: JCGM 2@8;2012 (VIM), 2.21]

3|15

mjeasurement reproducibility

nleasurement precision under reproducibility conditions of measurement
N

bte_IM to entry: le., condition of measurement, out of a set of conditions that includes different [ocations,

operdtors measuring systems,and replicate measurements onthe same orsimilarobjects |
[SOURCE: JCGM 200:2012 (VIM), 2.25]

3.16

measurement trueness

closeness of agreement between the average of an infinite number of replicates measured quantity
values and a reference quantity value

Note 1 to entry: Measurement trueness is not a quantity and thus cannot be expressed numerically, but measures
for closeness of agreement are given in ISO 5725-1:1994(3],

Note 2 to entry: Measurement trueness is inversely related to systematic measurement error, but is not related to
random measurement error.

©1S0 2022 - All rights reserved 3
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Note 3 to entry: “Measurement accuracy” should not be used for ‘measurement trueness’.
[SOURCE: JCGM 200:2012 (VIM), 2.14]

3.17

minimum quantifiable deviation for the stability study (MQDs)

minimum deviation relative to the assigned value of the parameter in the sample at T, which can be
unequivocally imputed to the instability

Note 1 to entry: This deviation takes account of the inhomogeneity of the test material and the intrinsic variability

Of all the Mmaacuramant racultc oOVer tlme ucnr‘ to Aoferminn thn mqvimum accantable daviationc

oo r e e reotrey >ttt THore Proore-at vy ratroTios

Note 2 to|entry: The calculation of the minimum quantifiable deviation for the stability study depends-oirthe
type of sthdy (chronological, pseudo-isochronous or isochronous) (6.1.1).

3.18
pseudo-jsochronous stability study
stability| study in which some of the steps, in particular the preparation, are performed under
intermediate precision conditions, and in which the results of instrumental analyses are acquirqd
under repeatability conditions

3.19
repeatability condition
condition of measurement, out of a set of conditions that includes the 'same measurement procedurf,
same opgrators, same measuring system, same operating conditions‘and same location, and replicate
measurements on the same or similar objects over a short periodigf time

Note 1 tqg entry: A condition of measurement is a repeatability condition only with respect to a specified st
of repeatgbility conditions.

Note 2 tq entry: In chemistry, the term “intra-serial precision condition of measurement” is sometimes usg¢d
to designjte this conceptl8l,

3.20
representative matrix
sample fpr which all the intrinsic characteristics are characteristics of a type of water or the source pf
a group ¢f samples

[SOURCH: ISO/TS 21231:2019, 3.3.2]

3.21
reproducibility condition
conditi(zl of measuremeént,” out of a set of conditions that includes different locations, operator
measuring systems, and replicate measurements on the same or similar objects

[2)
~

Note 1 tofentry: Thedifferent measuring systems may use different measurement procedures.
Note 2 to fentryiA'specification should contain the conditions changed and unchanged, to the extent practicallé].

3.22
sample preservation

any procedure used to stabilize a sample in such a way that the properties under examination are
maintained stable from the collection step until preparation for analysis

[SOURCE: ISO 5667-3:2018, 3.2]

3.23

sample storage

process and the result of keeping a sample available under predefined conditions, usually for a specified
time interval between collection and further treatment of a sample

Note 1 to entry: Specified time is the maximum time interval [see ISO 5667-3].

4 © IS0 2022 - All rights reserved
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3.24

stability

characteristic of an analyte in an aqueous matrix, when stored under specified conditions, to maintain
its property value within specified limits for a specified period from sampling to laboratory operations

3.25

stability interval

interval defined on the basis of the assigned value at T and the maximum acceptable deviation for the
stability study

3[26

storage time
period of time between filling of the sample container and further treatment of theysamp|le in the
lIgboratory, if stored under predefined conditions

Npte 1 to entry: Sampling finishes as soon as the sample container has been filled with-the sample. Storage time
emds when the sample is taken by the analyst to start sample preparation prior to analysis.

Npte 2 to entry: Further treatment is, for most analytes, a solvent extraction or a¢idydestruction. The injtial steps
of sample preparation can be steps complementary to the storage conditions*for the maintenance ¢f analyte
cgncentrations.

—

JOURCE: ISO 5667-3:2018, 3.4]

4 Principle

The goal is to perform a series of tests, hereafter‘teferred to as the “stability study”, td analyse
thhe variations in the value of a given parameter,.between an initial time and a maximum [time, on
sgmples representative of the scope of application'of the measurement method of the paramgter. The
onclusions of these tests are used to determine the maximum acceptable delay before analy$is (3.11)
uhder the conditions of the study.

(@)

The stability study has six stages:

— Definition of the requiremerts*(analytes, matrices, levels of concentration, storage conditions,
length of storage, maximunr acceptable deviation for the stability study (3.12)), see Clause 5;

— Definition of the expériments plan (type of study, number of time intervals and totgl length
of the study), see Clause 6;

— Performance of.the tests, see Clause 7;
— Validation-of the data, see Clause 9;

— Usingdthe results (based on a maximum acceptable deviation, 3.12), see Clause 10;

— Expression of the stability in the form of a maximum acceptable delay before analydis (3.11)

and the duration of stability corresponding to the conditions and the criteria (maximum a¢ceptable
Aaxzia otud 2 121 ba

fioaa fo +1 talailitas L £ otiidas Cl 0
UL VIAUIVUIT IUL LIIC JLUU‘AILJ JLuu_y \_;}-LI_JJ Ul LIIC JLuuy, OSDUC UlIdUuoLe IU.

Since the stability study covers different stages of the data acquisition process according
to the organization of the measurement system, examples of the organization of the measurement
system are given in Annex A for reference.

The laboratory shall take the following factors into consideration:

— The method of determination used: for example, limit of quantification, repeatability, intermediate
precision, accuracy, influence parameters of the matrix (3.10) on the performance of the method;

— The “sample” material of the stability study: for example, homogeneity, physico-chemical properties;

— Suitability of the sample material for use as test material in accordance with storage time (3.26).

© IS0 2022 - All rights reserved 5
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5

5.1 Aim of the stability study

Based or] the scope of application of the method, the experimental plan shall clearly define the.airn of the
stability|[study by specifying the measured analytes, the matrices (3.10) and the target,concentratign
levels.

5.2 Se]ection of the maximum acceptable delay before analysis and thie acceptance
criterial

Respecting the maximum acceptable delay before analysis (3.11) may detérmine the quality of the
results of the analysis more than certain performance data of the measutement methods (bias). This fis
the reas¢n why the maximum acceptable delay before analysis shalkbe established and known before
the routine application of a laboratory analysis method.

The assdssment of the results of a stability study with the intension of drawing a conclusion on the
stabilityexpressed as a maximum acceptable delay before analysis, of a given analyte in arepresentatiye
matrix of the scope of application shall be based on the ifiterpretation of the results in perspective pf
the requjrements of the stability study. A maximum acg¢eptable deviation (3.12) shall be set in order o
come to f conclusion. This maximum acceptable deviation shall be chosen before the start of the study,
because |t determines the conditions of performance of the method and the admissibility of the data, In
particulgr with regard to the measurement method.

There arg five ways to determine the maximiim acceptable deviation. They are, in order of relevance:

a)
b)

d)

Definition of the influence parameters of the preservation conditions (3.6) assessed as part
of the stability study: for example, time, temperature, addition of stabilizers;

If studied, command of the storage and transportation conditions;

Clearly defined acceptability criteria (maximum acceptable deviation, 3.12), with which the results
of the study will be compared.

Definition of the scope of the stability study

The ppplication of a regulatory requirement, if one exists;

Twide the repeatability standard deviation for isochronous or pseudo-isochronous type 1 studig¢s
(Annex B), or twice the intermediate precision standard deviation for type 2 pseudo-isochronois
studlies (Annex B) or chronological studies; the values of the standard deviation of repeatability
and |ntermediate precision being the values defined during the characterization of the method.

Use pf the data frem the stability study: dispersion at T, of the stability study. See Formula (1):

Maximum acceptable deviation = Minimum quantifiable deviation (D

The thaice of an arbitrary value, determined according to the technical operational implementatidn
constraints (e.g., the best available method offering a precision of 15 %) or a value from a ring
trial (ISO 5667-3). In this case, the maximum acceptable deviation shall be greater than this value,
e.g., 25 %.

A value derived from the temporal operational implementation constraints (e.g., the impossibility
of performing an analysis before a given time due to the minimum transportation time). In this
case, the maximum acceptable delay before analysis is fixed and the maximum acceptable deviation
is based on the observations at the pre-determined time.

EXAMPLE If the temporal constraint is three days, (MaxADs =3 days) the maximum acceptable
deviation is estimated according to the observations (dispersion, for example) at Ts.

© IS0 2022 - All rights reserved
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If the minimum quantifiable deviation is greater than the maximum acceptable deviation, it is
impossible to draw any conclusions about the stability. In this case, the laboratory should identify the
causes (e.g., lack of homogeneity of the materials, lack of performances of the method, need to stabilize
the materials) and repeat the study (e.g., with a different maximum acceptable deviation, another
method, etc.).

5.3 Influence parameters of the maximum acceptable delay before analysis

This protocol applles to condltlons clearly deflned by the laboratory, whlch defines the maximum
, . ors likely

tg impact it.

Iy particular, these factors may include:

- The container: ISO 5667-3 or the analysis standards applicable to the targeted parameterys specify
the recommended containers for the transportation of samples based on‘current knpwledge.
However, for certain classes of molecules, for which no normative guidelineSexist, the compatibility
of these general recommendations on the container material (plastic;,-glass, etc.) that may cause
losses by adsorption, diffusion, the transfer of additives used in production, etc., should be|verified;

— The storage temperature (ambient, refrigeration, freezing, etés, which can impact the partition
of the substances between the dissolved and particulate phases, or the enantiomer form| or their
biological deterioration. ISO 5667-3 recommends that samples be preserved at 5 * 3 °C during
transportation. Therefore, this temperature range is_the reference temperature of the study,
in the absence of any other requirements. Other temperatures may be chosen for the gtudy, for
example when demonstrating the stability of analytical extracts in the laboratory. The temjperature
conditions of the study shall be clearly indicated; and they shall be monitored and documented
throughout the stability study;

— The influence parameters of the matrix: pH; suspended solids, etc;

— Light, which can cause the photodegradation of certain organic molecules, e.g.: Benzo[q]pyrene,
BDE209;

—t The influence of sample pre-tfeatment on site, e.g. filtration[13];

— The addition to the sample-of stabilizing chemical agents (e.g., acid for metals, sodium hydroxide
for cyanides, solvents, etc.).

4 Duration of the'study

he extrapolation of the MaxADs beyond T, ., is not permitted. It is thus recommended to collect data
byond theplanned MaxADs,

5

The duration ofth€ study shall cover the initially planned maximum acceptable delay before [analysis.
T max

b

Interpglation between the two ends of a time interval is not permitted in order to define the maximum

a ceptable delay before analysis. Therefore, it is recommended to acquire additional information at
d ffarant 1nta adistaintarualc

aftfinan
HHefrentthtermeatate-HtervarSoettHRe-

The laboratory shall adapt the number of the intervals of time (Figure 1) of the study according to its
initial knowledge of the stability of the analyte of concerned in order to minimize the risk of inconclusive
studies.

©1S0 2022 - All rights reserved 7
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Figure 1 — Example of a diagrammatic illustration of the notion of time laps

5.5 Concentration levels

The levdls of concentration to be tested (p) are chosen according to the @equirements of the
correspdnding sector of activity, any regulatory requirements that may exist; the occurrence of data
in the epvironment, for example, and the performances of the analyticallmethod and its scope pf
applicatipn.

The expdrimental plan selects one of the two following approaches, depending on the complexity of the
matricesland their knowledge of the method:

— Atlepst two levels of concentration (p= 2) by representative:sample (n= 2) of the matrix of the scope
of agplication of the method shall be considered:

12
]

— Pne low concentration level, different from the LOQ, < 25 % of the scope of the method for ong
Hecade methods or < 10 % for more-decades-meéthods,

— Dne high concentration level, in the second half of the scope of application of the method.

— A mjnimum concentration level of p =125 % of scope of the method for one-decade methods,
resp} < 10 % for more-decades methods, with several representative samples of the matrix (p x|n
> 4).|In this case two time laps should be taken.

The labdratory shall substantiaté its choice of n=2 by demonstrating that its scope of applicatiqn
is restriqted and, therefore, sufficiently described by two representative samples, in accordance with
ISO/TS 21231.

NOTE 1 | Performing stability studies at the limit of quantification (LOQ) is not generally relevar
The uncertainty of the methods at the LQ does not allow for the unequivocal interpretation of the data.

o

NOTE 2 | When répresentative samples free of any background contamination of analyte cannot be found
the envirgnmentalbackground noise should be considered to determine the lowest level of contamination test¢d
in the stapility study.

5.6 Definition of the matrices and selection of the representative samples

The experimental plan defines the matrices or group of matrices for the study by referring
to ISO/TS 21231. Consequently, the analyst selects representative samples of these matrices or group
of matrices. The laboratory shall substantiate its choice.

The representativeness of the samples for the stability study is critically important. Two strategies
can be considered:

— the use of natural samples, or
— the use of synthetic samples, which are natural samples whose physico-chemical characteristics

are varied using the recipes in ISO/TS 21231; or the addition of influence parameters.

8 © IS0 2022 - All rights reserved
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Each type of matrix in the scope of application of the method shall be studied. The influence parameters
of each sample shall be measured and recorded at least at T,

To guarantee the representativeness of the study and cover the entire range of the influence parameters
of the matrix for the parameter(s) of interest, these samples shall have different intrinsic characteristics
by type of matrix (surface water, ground water, for example), and include the extreme values of the
influencing parameters. For example, the content of suspended solids and the pH for the methods
used to analyse organic analytes, or the content of suspended solids and the conductivity for nutrients
(see ISO/TS 21231).

5|7 Guidelines to the stability studies of transformation products

Whenever a stability study is made of a parameter that is known to be a transformation| product
(thetabolite, by-products of oxidation or hydrolysis, for example) of a parent cempound [analyte)
that may be present in the sample, it is imperative to include the measurement ofthe’parent cgmpound
(dnalyte) in the stability assessment of the transformation product. Transformation productp usually
have longer half-lives than the parent compound. Consequently, the stability-study may errpneously
CInclude to the stability (Figure 2, b) of the transformation product. In réal sample, where the parent
codmpound is present, stability study will lead to instability conclusion'of the transformatior| product
tqgether with the parent compound (Figure 2, c).

©1S0 2022 - All rights reserved 9
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X

2a) Stability study - parent compound

C (ug/L)

=2

X
2b) Stability study - transformation product (alone)

C (ug/L)

t

2c) Stabilitystudy - parent compound/transformation product mixtures

X

Key

X time

1  instapility
2 stability

Figure 2 — Stability study of parent compound/transformation product mixtures

The maximum acceptable delay before analysis set for the transformation product cannot be longer
than the maximum acceptable delay before analysis of the parent compound, irrespective of the results
achieved in the stability study of the transformation product. If this condition is not met, there is a risk
of bias in the estimate of the concentration of the transformation product in the sample. The maximum
acceptable delay before analysis will be set at the shortest period of time. If this period of time
is incompatible with the imperatives of the laboratory, the laboratory shall use a means of stabilizing
the parent compound.
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Stability studies shall be associated with a homogeneity study of the material.

There are three possible approaches to stability studies: chronological, isochronous and an intermediate
approach, known as pseudo-isochronous (Annex B). Table 1 compares these approaches.

The study shall be documented (Annex C). In particular, every laboratory should substantiate its
choices in the corresponding records of this study.

Table 1 — Comparative description of the different approaches to stability studi¢s

Chronological stability
study

Isochronous stability
study

Pseudo-isochrjonous
stability study

Ease of implementation

Performance of measure-
ments under repeatability
conditions

Acquistion of the results in

Very discriminataoty

A flexjble approagh that is
compatible with the require-
hrents of the study and the
operational consfraints of
the laboratory and|the scope

Advantages the course of the study in order to highlightdinho- f avplicati
mogeneity and instability |°! @PP Ication
Production of the test material | Production of the-test ma-|Production of the flest mate-
in one batch terial in one patch rial in one batch or fn several
batches
Need for a measurement|Need totemporarily store | Availability of the fesults at
method with a very good in- |thessamples under condi- |the end of the studly
termediate precision tiohs of stability
Hrawbacks Less discriminator yfAvailability oftheresultsat|Need for a highly repro-
in order to highlight inho-|the end of the study ducible method tq prepare
mogeneity and instability the test materialg in order
to achieve good int¢grmediate
precision
The admissibility of the stability study:requires reliable results. Consequently, internal quality checks
are necessary throughout the study:blanks, yield, limit of quantification check, for example.
Moreover, all the equipment shall'imperatively be calibrated and checked before use.
6|1 Determination of-the value of the quantity of the material at T, and at other fimes
during the study
Table 2 exemplifies-the number of measurements of a study.

Table 2 — Examples of number of tests to be performed

Number of tests

n

p

r

number of representative samples

number of concentration levels

number of measurements to be made under repeatability conditions for each representative sample at each time
interval T;

number of measurements to be made under repeatability conditions for each representative sample at the initial point
in time T

Nuinbér of time inter- 1 1 2 3 3 4 4 2 1 1 7 7 4 2 2
vats

Key

m total number of measurements to be made under repeatability or precision conditions for the stability study

© IS0 2022 - All rights reserved
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Table 2 (continued)

Number of tests

als): n

Number of representa- | 2 4 4 2 4 2 4 5 6 3 4 2 5 6 3
tive samples (materi-

tions: p

Number of concentra- 2 1 1 2 1 2 1 1 1 2 1 2 1 1 2

Characterizationat T;: | 3 3 3 3 3 3 3 3 3 3 . 3 ; . ;
Number of measure-

ments to[be performed
under repeatability
conditiofs at Ty: r
Number pf measure- 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2
ments tofbe performed
under repeatability
conditions
ateachdpy T: g
Total nuthbers 24 | 24 | 36 | 36 | 36 | 44 | 44 | 35 | 30 | 30 | 68 68 | 55 | 42 | 42
of measufrements to be
performg¢d: m
Key
m total humber of measurements to be made under repeatability or precision conditions for the stability study
n  numbler of representative samples
p number of concentration levels

numbler of measurements to be made under repeatability conditions for each representative sample at each time
interval T
r  numbler of measurements to be made under repeatability conditions for each representative sample at the initial poinft
in time T}
The datg at T|, influences the acceptance and the interpretation of the stability study, so this data
shall be feliable. The measurements at Tj:dre used to determine the so-called reference value of the
concentrjation levels chosen in the study materials and their homogeneity. To this end, at least thrge
replicates r shall be made per material at the initial point in time T, i.e., r=12 at T,.

The labo

For the g

conditioms will depend on-the'test plan chosen by the laboratory (Table 2):

If there 4

conditions (q = 2) afie-taken per condition (material, time interval), therefore:

— atTy

— fore¢

Fatory shall check the hpmogeneity of the material prior to the characterization at T),.

ther time intervals, the minimum number of measurements g to be made under repeatability

re at least three-time intervals and n x p = 4, at least two measurements under repeatability

, the ntimber of measurements performed isn x p x rwith r=3,i.e.n xp xr=12;

ach)time interval after Ty, n x p x g = 8 measurements;

— for the 3-time intervals, n x p x g x 3 = 24 measurements.

The total number of measurements is m = 12 + 24 = 36, and m=r + q = 36 at least.

6.2 Te

st materials

6.2.1 Preparation

This step shall be properly controlled to avoid:

i. insufficient homogeneity of the test material that prevents the results from being interpreted and
requires the test to be repeated;

12
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ii. anunder-estimation or an over-estimation of the stability.
and, therefore, a wrong decision resulting in poor data quality.

Usually, the test materials for these studies are natural samples, synthetic materials or natural samples
that are spiked.

The notion of the representativeness of a sample includes the delay before the preparation of the
stability test materials at T,

The-materials usec stuc all be prepared as soon as possible afte > samples are
tdken in order to optimally preserve their representativeness(l2l, The means of preservatioh|between
tgking the sample and its preparation shall not alter the representativeness of the sample; e.g., if the

The experimental plans required to conduct the stability studies may require larges6lumes of samples
that, in a large majority of cases, shall be adjusted to meet the need for the representativengss of the
atrix. In particular, this may involve making additions (spiking) of the studied parameter. This step
irfvolves significant technical particularities, such as the need for a large(container that is compatible
ith the requirements of the analysis of micropollutants in the form of'traces (nature of the cpntainer,
cleaning and/or packaging).

When the method requires only small sample intake (a few millilitres), new sample intake cannot
bg taken in a container that has already been used for a pfevious time interval. The conditions of
preservation may have been modified (water/air exchangesjreturn to the ambient temperatute, etc.).

T

his preparation stage is determined by a consideration of the above factors, irrespective of the
approach adopted for the stability study (chronological,isochronous, pseudo-isochronous).

Spiking shall take place on a matrix at ambient temperature.

The gravimetric or volumetric means used to make additions shall be calibrated and |checked
beforehand.

TWo preparation methods can be used;‘spiking to a single batch or spiking in containers[10(11]

6/2.1.1 Spiking in batches to a batch

Spiking in batches consists-of spiking a large volume of samples that will then be put in [as many
containers as is necessary:

6/2.1.2 Spikingiin'containers

Spiking in containers consists of pouring the total volume of the matrix required by the study into
the numbetof containers specified in the study plan, then spiking each container.

Whatever the preparation methods chosen, before any sampling and sub-sampling, the materipl should
be made homogeneous and it is necessary to wait until an equilibrium is reached between thHe matrix

-l Ll
anetmeaaaitive:

6.2.2 Characterization of the test materials

Each type of matrix in the scope of application of the method shall be studied. The influence parameters
of each sample, as defined in ISO/TS 21231, shall be measured and recorded at least at T,

©1S0 2022 - All rights reserved 13
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6.2.3 MQD Evaluation

MQDs is calculated using Formula (2):

where:

S, being
studies
studies
and intef

MQDs sh|
6.3 De

6.3.1 (

Isochronfous studies are recommended. In view of the operating constraints of studies on aqueous
matrices
advisabl

There aj
in Annex

In all ins

S

MQD=2xS, /(1+1) (2)
roq

r

q

r

The
of th
the s
and

The
the 3
extr
with

(Annex B), or the intermediate precision standard deviation for type 2 pseudo-isochronoys

sthe rnpnnfnhi]ify orthe intermediate prnr‘icinn ofthe mnfhnﬂ;

s the number of measurement/sample at D;;
s the number of measurement/sample at D,.

equal to the repeatability standard deviation for isochronous or pseudo-isochronous type|1

Annex B) or chronological studies; the values of the standard deviation of repeatability
mediate precision being the values defined during the characterizationtofthe method.

nll be lower than MADs.
finition of the test plan

Lhoice of the type of study

and to minimize the effect of the intermediate*precision on the results of the study, it fis
e to opt for pseudo-isochronous studies by default.

e two types of pseudo-isochronous approaches, whose principles are described in detdil
| B.

first is similar to the isochronous approach, from which it differs in terms of the preparatign
e test materials, which are not prepared in a single batch at T, but at the different points pf
tability study. The advantage.of this approach is that the analyses (preparation of the sampl|e
nstrumental analysis) cafi take place under repeatability conditions;

second approach is similar to the chronological approach, from which it differs in terms pf
teps of the analytical pre-treatment that the samples undergo at each stage. The analyticpl
hcts are stored.tmder reference conditions until the end of the study, before being analysgd
measuring jnstruments under repeatability conditions.

Fances, the)choice of approach shall be substantiated.

6.3.2

andomization

Irrespective of the test plan, it is advisable to apply random sampling of the test material prepared
for the study in order to reduce or eliminate the influence of variables other than those being studied,
and in particular:

14

the preparation of the materials: spiking and sub-sampling;

the sampling of sub-units after each time interval in the study;

thei

nstrumental analysis, in order to minimize the impact of drift effects.
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7 Performance of the tests

7.1 General

The execution of the experiments in the study is determined by the choice of the type of stability study
(Annex B). Irrespective of the type of study chosen, the temperature of the containers used to preserve
the test materials shall be documented and recorded throughout the study in order to substantiate
the stability of the conditions of preservation.

Irrespective-of the tupne of apnproach-chosen-the phvsico-chemical parameters of the test aterials
r v J rr 4 ) Sfala r

that influence the studied parameter shall be characterized on at least n study samples.

If| the influence parameters of the study materials are likely to be modified by thé Jconcentration,
they shall be characterized on n x p containers. When amines are the analytes, e.g., their conc¢ntration
his an influence on the pH of the samples.

Ifrespective of the type of approach chosen, and if the impact of adding stabilizers is being studied,
wihenever the stabilizers are likely to affect the influence parameters of the matrix, these parameters
should be monitored on n x r samples at each stage of the study. For example; when studying hoj adding
Fid influences the stability of a parameter, measuring the pH of the téstymaterial at each stage{can help
ith the interpretation of the study.

he value of the studied parameter should be checked before starting the study in order §o decide

a
W

The complete analytical method is applied to all the test materials.
T

whether spiking is necessary and/or to define the value of the latter.

712 Chronological stability study

Alchronological stability study is illustrated.irpAnnex B, Figure B.2.

—3

he parameters influencing the tested”samples should be physico-chemically characterjzed and
r¢corded for a better understanding oflthe results of the study.

At T, for each sample:

_
5
o
w

=

— Prepare the entire batchwefcontainers required for the complete stability study, as defined i
— Randomly select r containers (at least three) from the batch;

— Keep all the otheP containers in the batch under the storage conditions specified for the|stability
study;

— Analysesthie r containers on the same day using the selected measurement method.

After eachstime interval in the study, including at T, ,,, for each sample:

ax’

— ~Randomly select q containers from the batch, as described in 6.3.1;

— Analyse the q containers on the same day using the selected measurement method. Before this step,
the g containers shall be returned to the analysis conditions (e.g., ambient temperature).

After each time interval, a given sample is analysed under repeatability conditions. The study data
is acquired under intermediate precision conditions.

7.3 Type 1 pseudo-isochronous stability study

It is important to draw the user’s attention to the experimental time intervals, which are reversed
in comparison with the order in the chronological approach. (Figure B.4).

© IS0 2022 - All rights reserved 15


https://standardsiso.com/api/?name=36666b359e1b9bc631e9a083eb0bca98

ISO/TS 5667-25:2022(E)

The parameters influencing the tested samples should be physico-chemically characterized and
recorded for a better understanding of the results of the study.

On the first day of the study (T), for each sample:

— Prepare the g containers required by the stability study, as defined in 6.3.1;

— Keep all the containers under the storage conditions specified for the stability study.

After each time interval of the study (intermediate T), for each sample:

— Prep
— Keey
AtT .o
— Prep
— Take
— Rety

— Anal

All the cgntainers in each sample of the study are randomly analysed under repeatability conditions.

7.4 Type 2 pseudo-isochronous stability study

Atype 2

Type 2
has conf

For a be
chemical

At T, for

— Prep

— Ranglomly take r containérs from the batch, as described in 6.3.1;

— Pre-
insti
that

— Keey

studyy.

for each sample:

are q containers required by on the intermediate T of the stability study, as defined in 6.3.4;

all the containers under the storage conditions specified for the stability study.

are the r containers required at T}, of the stability study, as defined in 6.3.1;
all the containers stored under the conditions specified for the stability&study;
rn all the containers to the laboratory conditions;

yse all the containers using the selected measurement method.

pseudo-isochronous stability study is illustrateddt-Figure B.4.

seudo-isochronous stability studies can onlybe chosen when the validation of the methdd
rmed extracts or digestates preservation.¢onditions.

tter understanding of the results of the study, a characterization of the matrix (physicp-
parameters such as suspended magter, organic carbon) should be carried out and recorded.

each sample:

are the m containers required by the stability study, as defined in 6.3.1;

'reat the r contdiners using the selected measurement method. Stop the protocol before the
umental step.Store the analytical extracts, digestates or samples under the specified conditions
cuarantee their stability (e.g., by freezing);

all the-ether containers in the batch under the storage conditions specified for the stability

After ea(]r\ Fimaintargal of b ot Ay (it diabn TN o Aach capnn]n.
THHR et e YarotttRe-Stayhttermeatate 516 eatn

JOUTITPTCS

— Randomly take g containers from the batch, as described in 6.3.1;

— Return the q containers to the laboratory conditions;

— Pre-treat the g containers using the selected measurement method. Stop the protocol before
the instrumental analysis step. Store the analytical extracts under the specified conditions that
guarantee the stability of the samples.

AtT

max’

for each sample:

— Randomly take g containers from the batch, as described in 6.3.1;

16
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— Pre-treat the g containers using the selected measurement method. Stop the protocol before

the instrumental analysis step;

— Continue the analysis on all the extracts, by including all the samples from T, and the intermediate

Ts in the instrumental sequence (in a random order).

All the containers in each sample of the study are randomly analysed under repeatability cond

7.5 Isochronous stability study

itions.

Aph isochronous stability study is illustrated in Figure B.3.

For a better understanding of the results of the study, a characterization of the matrix (physic
chemical parameters such as suspended matter, organic carbon) should be carried outand rec
AL TO, for each sample:

— Prepare the m containers required by the stability study, as defined in 6.3¢L;

— Randomly select the r containers required for the stability study at I as defined in 6.1 2
them under conditions in which stability is proven, or that have ‘instability kinetics
from those being studied (usually slower).

After each time interval, for each sample:

- Randomly selectthe g containers, as defined in 6.1 and stone them under conditions in which
is proven, or that have instability kinetics different from those being studied (usually slow
AF T

max for each sample:

— Randomly select the q containers required atf; .., as defined in 6.1;

ax’

— Return all the containers (r + g x j = m¥stored under the reference conditions to the
conditions (e.g., ambient temperature);

—+ Take measurements on all the eomtainers using the selected measurement method (in|
order).

Graphic representation of the data

8

A]l the sets of data)(different levels of concentration, different samples, different matrices)
performance (epeatability, precisions or uncertainty) shall be graphically represented, and
shall be individually identified, for example by using different colours or symbols. The ratio of t
ir] relatior to' the average of each condition or each study at T, can be calculated in order to
the graphic construction, especially when the stability of several analytes is studied simult
or by‘different operators/laboratories or at different levels of concentration.

orded.

nd store
different

stability
er).

analysis

random

All the containers in each sample of the study are randomly analysed under repeatability condjitions.

and the
each set
he values
facilitate
Aneously

These Tatios shati ot be used to catcutate the standard deviation of vatues fora sampte after
interval.

Figure 3 and Figure 4 show examples of graphical representations.
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Figure 3 — Initial representation of the data sets ratio vs. time
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Figure 4 — Initial representation of the data sets concentration vs. time

is necessary to compare the dispersion at each point in time with the performance of the
he analyst shall question any dispersion that is greater than the performance of the metho
fluence on the continuation of the analysis of the results.

one or more data sets are'visually different from the others, they can be processed se
hile remaining compatible with the goals of the study. A graphical representation of ea
htasets (different conceéntration levels, different samples, different matrices) each set being i
dividually, for exatnple with different colors or patterns, should be made.

his graphicalyrepresentation will allow the analyst to visualize obvious problems of repe
homogeneity between samples, to re-evaluate the time steps if necessary or not to consid
hta.

n exainple of a graphical representation is shown in Figure 5.
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Figure 5 — Initial representation of\the data sets concentration vs. time

If the dispersion of the measurements on Dyd$-greater than the dispersion of the measurement methqd
(repeatapility), the causes should be identified (points outside the repeatability interval). In any case, ||,
is not validated and the study stops.

If one or|more datasets is (are) visually different from the others, they can be treated separately while
remaining compatible with the dbjectives of the study.

9 Validation of theldata

9.1 Injtial validation of the study at T,

of stability-Ttwerifies the level of concentration and the dispersion of the measurements on the sampl

D

The ValiFation of the study data at T}, is a critical step, because it determines the entire assessmeft

It also makes sure that the target value is reached on material that has been artificially contaminated
by additives.

9.1.1 Calculation of the value assigned to T, (VA1)

The analyst checks for any abnormal data in the data sets at T,,. If the numbers of accepted values
for a sample is lower than 3 after this check, the sample is removed from the study plan.
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The value assigned to T, for a sample is the average of the r; results of the measurements given in

Formula (3):

VArg =Xrg

3

where X7 is the average of the results at T, data set, or of all the data sets (ratio of the concentrations)

If the dispersion of the measurements at T, is greater than the dispersion of the measurement method

(repeatability), the causes should be identified. In all instances, T is not validated and the study
i d

1

9
T
T
1]

W

T
t3

ckEarnn
) LUPPLU-

1.1.1 Estimate of the uncertainty of the value assigned to T, (u?,)

he measurement uncertainty of the value assigned to T, includes the standard deviatig
easurements at T, and the trueness component, are as given in Formula (4);

2 2 2
u (TO ) = urepeatability (TO )+ Utrueness (TO )
here

u2 . lis the standard deviation of the values at Tg;
repeatability

utzrueness is the uncertainty of the trueness compenent of the experimental values at T},
atic bias relative to the target valuejderived from a yield study, for example)

1.2 Verification of the accuracy

he data set at T is validated by verifyingthe accuracy of the value assigned to T in relati
rget value. This verification is conductedin the same way on natural or spiked samples.

eforehand, it is necessary to check that:
- minimum quantifiable deyviation (MQDs) < maximum acceptable deviation (MADs);

- the repeatability on thé samples is not greater than the intermediate precision of the met}

|VT0max _VTOmin | < k'Sr

here

k is a factor defined according to the risks;

S is the repeatability of the method;

T

he main components of the uncertainty at T, are the dispersion and the trueness of the measurements.

n of the

4)

(system-

bn to the

1od.
(5)

1L i

+la H ] | dad T
I I ITIAdATIIIUIIT VdIUu ITICU Lo §
14 TOmaX o LIIT d u d A\l vjujuey < d 0,

Vromin 1S the minimum value obtained at T,.

If this criterion is verified, the analysis of the study results can continue. If not, the laboratory has two
possible options:

— toinvalidate the study and conduct a new study under different operating conditions;

— to continue to use the results in order to acquire knowledge. The laboratory will substantiate

their subsequent use.

The dispersion of the measurements on D, also incorporates the heterogeneity of the batch of samples.
If the criterion is not verified, the laboratory shall also question the homogeneity of the batch of samples.

©
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9.2 Validation at times different from T,

It is necessary to check for any abnormal data in the data sets associated with the various points in
time. The analyst can observe the data visually, compare the standard deviations at each point in time
with that at T}, or use statistical tools (Annex C).

10 Using the results

10.1 Gr. phir view of all the data
A graphif view of the complete data set, i.e.; all the conditions tested in the experiments plan (Figure'§),
may illudtrate changes in the dispersion of the data for each condition, or a tendency of the average.
1,2 -
Y
1,1+ A
10 . © *
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- - - =2
0,9 a N ¢ 3
% ° 4
e e g_ P N ¥\ — A §
e T TR s 6
- $ @ ___ e g
® *
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016 I L I I I I 1
0 1 2 3 4 5 6 7
X
Key
X time |(days)
Y Cnormalised
1 MQDf
2  MAD
3  tests|seriésyl
4  tests|sefies 2
5 testsseries 3
6  tests series 4
7  assigned value

22

Figure 6 — Example of a graphic illustration of the data of a stability study
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10.2 Determination of the maximum acceptable delay before analysis by condition
The results are used as follows:

— The averages of r; and g; replicates by condition (sample and concentration) are calculated
at each point in time T};

— If all the averages, irrespective of the condition and the point in time, are included in the stability
interval (maximum acceptable deviation), the maximum acceptable delay before analysis of the
study corresponds to the T, ., of the study (Figures 7,9, 13 and 15);

— If, for one condition, all the averages are included in the stability interval (maximum' a¢ceptable
deviation), the maximum acceptable delay before analysis of this condition correspofids'tg the T,
of the study (Figure 8);

— If, for one condition, one average is not included in the stability interval ftnaximum agceptable
deviation) at a point in time T, the maximum acceptable delay before analysis of this ¢ondition
corresponds to the time interval T, ; (Figure 10 and Figure 11). If, at T;,, for,this condition with j > 2,
the averages are included in the stability interval (maximum acceptable deviation), the maximum
acceptable delay before analysis corresponds to T;,; (Figure 12 and Kigure 14);

— If, for one condition, none of the averages are included in the stability interval (maximum a¢ceptable
deviation), the maximum acceptable delay before analysis ofthis condition is lower than [the first-
time interval of the study (Figure 16).
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Figure 16 — Example of instability for a type of sample

10.3 Conclusion of the study

Ifl the maximum acceptable delays before analysis are identical for all of the conditions, the person
if] chafige of the study can apply this maximum acceptable delay before analysis to the entjre scope
of application. If not, they can:

— Apply a single maximum acceptable delay before analysis to the minimum value obtained for one
condition to the entire scope of application

— Apply several maximum acceptable delays before analysis within the scope of application according
to the conditions studied (concentration, type of sample), while making sure that the data sets meet
the requirements in Table 2.

When instability is observed, it is recommended to look for the causes that could explain these
observations. This can be done by adopting a statistical approach presented in Annex C, for example.

If the conclusions of the stability study are incompatible with the requirements, and the search for
influencing factors that could explain the observations does not reveal any paths of improvement,
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then techniques that could improve the preservation of the samples should be found (for example, the
addition of reagents, filtration, sterilization).

An example of a study stability of atrazine in water is given in Annex D.

11 Expression of stability

At the end of the stability study, at least the following shall be known and recorded:

a)

d)

f)

g)
h)

34

The

Test

dempnstrating their representativeness, including the physico-chemical characterization of the

sam

Cherpical analysis methods: principles and performances of the method justifying its use;

Choike of the type of execution of the stability study (see Clause 7) andgustification;

Initi
Use

The
anal
ism

Stability study conditions: containers, storage temperature, etc.

ed matrix/matrices: type, fraction, number of samples and description of the characteristigs

ple at T, and in particular the influence parameters of the matrix;

h] verification of the validity of the results of the stability study (see 9.1);
pf the results of the stability study (see Clause 10);

conclusion: stability (3.24) expressed in the form ef‘a maximum acceptable delay before
ysis (MaxADs, 3.11), plus: the maximum acceptable deviation criterion, whether the criterign
et or not, % of instability, influencing factors, opefational conclusion.
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Annex A
(informative)

Measurement process

Theintegrity of the sample shall guarantee that the measurement data properly reflects the ini

ir] the medium, matrix or material to be recorded. Integrity shall be guaranteed along t
nleasurement chain. The duration of stability shall extend from the end of the sampling 0
of the first operation of the analytical process (D). It determines the maximum accep aﬂ,e del
analysis. Several cases may occur, according to the diagram below that repres differs
of organization of the measurement chain. These cases include three possible opb’téﬁ’
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Annex B
(informative)

Fundamental notions

B.1 Measurement

An analyjtical method is basically characterized by its performances. These performances (spécificity,
limit of [quantification, repeatability, intermediate precision and reproducibility) shall-be‘knownp,
controlldd and have sufficient characteristics to meet the needs of the stability study. The use pf
analyticdl methods shall meet the requirements in terms of repeatability and intermediate precisign
(time effect).

Figure Bl1 shows the theoretical relations between the estimates of measurefment precision and the
differentf measurement conditions. The closer the analysis comes to the(repeatability conditions,
the greafler the measurement precision (reliable value) and, therefore, the gréater the reliability and the
relevanck of the observations and conclusions.

4

-— W

Key

Y dispgrsian‘scale

1 between injections

2 within batch (replicates)
3 between batches

4  between laboratories

5 repeatability

6  intermediate precision

7  precision/reproducibility

Figure B.1 — Theoretical relation between the estimates of measurement precision
and the different measurement conditions
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In this case the illustration is presented in terms of the scale of variability in each condition 0.

B.2 Stability studies

B.2.1 Theoretical principles of homogeneity studies

Homogeneity studies address the demonstration of inhomogeneity. There is an experimental limit
to the detection ofinhomogeneity. Itis strictly related to the repeatability and /or precision of the method.
The performances of the analytical method used and the impact on the assessment of homogeneity

slould be challenged, especially when only methods with poor repeatability are available.

2.2 Theoretical principles of stability studies

B

The basic goal of a stability study is to study the influence of the environmental conditions
nlatrix on the stability of the analytes, the matrix or the combination of the two(
T
p

he results of all stability studies are highly dependent on the repeatability and the inte
recision of the analytical method used.

et

40 Guide 35 on reference materialsl2] describes two approachescto-stability studies: The
chronological and isochronous approaches.

B{2.2.1 Chronological stability study

The samples are first exposed to different storage conditions, then the preparation and meag
steps take place in a laboratory under intermediate precision conditions (Figure B.2).

or of the

rmediate

50-called

urement
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Figure B.2 — Diagrammatic illustration of a chronological stability study

B.2.2.2 |Isochronous stahility study

To begin| with (¢ = 0 ox(T), all the samples of the stability study are transferred under the referenge
conditions, in which ‘degradation is considered to have very low probability. Samples are moved from
the refeence conditions at the test temperature at different times for each of the studied storage
temperatures. At the defined time, the samples are prepared immediately up until the analysjs
stage or|returned to the reference temperature before the analysis. The analyses are made undér
repeatalfility ‘conditions (i.e., in a single series). Consequently, the absence of a precision component

d 1 b - b Ll b Ll P LA Ll 1 LI D2
reauces T uIICeT talIty 0T UIC dSSTSSIITTIIC U1 tIT SCADTIICY OT UITC SallIplie (Mgule b.oJ.
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Figure B.3 — Diagrammatic illustration of an isochronous stability study

Bl22.3 Psendo-isochronous stahility study

Isochronous approaches are not widely adopted in environmental analyses, especially for aqueous
matrices. The stability studies are usually conducted at a temperature of:

— 3 2 °C, which corresponds to the reference preservation temperature of the samples after they
arrive at the laboratory;

— 5 % 3 °C, which corresponds to the reference preservation temperature of the samples during
transportation.

Freezing shall be avoided.

©1S0 2022 - All rights reserved 39


https://standardsiso.com/api/?name=36666b359e1b9bc631e9a083eb0bca98

ISO/TS 5667-25:2022(E)

Alternative compromises between the isochronous and the chronological approaches can be considered.

They are

illustrated in Figure B.4 and Figure B.5.

Type 1 pseudo-isochronous studies (Figure B.4) differ from the isochronous approach inasmuch
as the test materials are not prepared in a single batch at T ;;;,; of the study, but after the different time

intervals

in the study. The advantage of this approach is that the analyses (preparation of the sample

and instrumental analysis) can take place under repeatability conditions.
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ire B.4 — Diagrammatic-illustration of a type 1 pseudo-isochronous stability study

pseudo-isochronous. studies (Figure B.5) differ from the chronological approach inasmugh
mples are preparedafter each of the time intervals defined in the stability study. The analytich
are stored updgr reference conditions until the end of the study, before being analys¢d
isuring instriments under repeatability conditions.
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