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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 work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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The production of reference materials (RMs) is a key activity for the improvement and maintenance
of a worldwide coherent measurement system. As detailed in ISO Guide 33[1], RMs with different

characteristics are used in measurements, such as calibration, quality control, proficien

cy testing

and method validation, as well as for the assignment of values to other materials. Certified reference
materials (CRMs) are also used to confirm or establish metrological traceability to conventional scales,

such as the octane number, hardness scales and pH.

To be comparable across borders and over time, measurements need to be traceable to appro
stafed references. CRMs play a key role in implementing the concept of traceability of me
resfults in chemistry, biology and physics among other sciences dealing with substances.and
Lalhoratories use these CRMs as readily accessible measurement standards to estdblish t
of their measurement results to International Standards. The property values cartiéd by 3
be made traceable to the International System of Units (SI) or other internationally agreed
duging production. This document explains how approaches can be developedthat will lg
estpblished property values, which are made traceable to appropriate statedweferences.

Fo1l reference material producers (RMPs), there is an International-Standard and three I
support the production and certification of RMs to ensure that\the quality of the RMs
uirements of the end users.

[SO 17034 outlines the general requirements to be met byzan RMP to demonstrate compg

ISO Guide 35 provides more specific guidance on<technical issues and explains the
for processes such as the assessment of homogeneity, stability and characterizati
certification of RMs.

ISO Guide 31[2] describes the contents of cegtificates for CRMs, and of accompanying docy
other RMs, respectively.

ISO Guide 30[68] contains the terms.and definitions related to reference materials.

Alo
ady
pra
gre

ngside developments in RM production approaches, the range of classes of RMs is gro
ances in technology, increasing the need for more widely applicable technical guida
duction. In addition, increaSing use of ISO/IEC 17025[52] and ISO 15189I[71] by laboratories
ater demand for clear statements of metrological traceability.

Th
deg

Sp§

s document provides/detailed guidance on a larger range of homogeneity study de
cribes a wider range of stability management strategies than ISO Guide 35:2006. It als
cific provisions'cencerning the establishment of metrological traceability in RM producti

priate and
hsurement
materials.
raceability
h CRM can
references
ad to well

SO Guides
meets the

rtence.

concepts
n for the

hments for

wing with
hce in RM
has led to

signs, and
b contains
b1N.
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Reference materials — Guidance for characterization and
assessment of homogeneity and stability

1
Th

Scope

s document pr]ainc concepts and prnvidpc apprnqr‘hpc tothe fnl]nv\n'ng aspects ofthe prq duction of

refi

Th

brence materials:
the assessment of homogeneity;

the assessment of stability and the management of the risks associated with possible stab
related to the properties of interest;

the characterization and value assignment of properties of a referencé material;
the evaluation of uncertainty for certified values;

the establishment of the metrological traceability of certified property values.

lon|

Brief guidance on the need for commutability assessment (6.11) is given in this documse

e guidance given supports the implementation of ISO 17034! Other approaches may also
as the requirements of ISO 17034 are fulfilled.

technical details are provided. A brief introduction. for the characterization of qualitative

9.

tests (Clause 7). However, statistical methodsfor the assessment of the homogeneity and
reference materials for qualitative properties‘are not covered. This document is also not ap

m

2

Th
cor|

undlated references, the(latéest edition of the referenced document (including any amendment

ISQ
1IN0
ISQ
ISQ

to 9.10) is provided together with brief guidance on sampling such materials for ho

tivariate quantities, such as spectral data.

Normative references

stitutes requirements ‘of)this document. For dated references, only the edition cited a

3534-2, Statisties— Vocabulary and symbols — Part 2: Applied statistics
3534-3, Statistics — Vocabulary and symbols — Part 3: Design of experiments
Guide30yReference materials — Selected terms and definitions

/IEC.Guide 99, International vocabulary of metrology — Basic and general concepts and

ter

mc(VIM)

e following documents arereferred to in the text in such a way that some or all of the

lity issues

be used as

nt, but no
properties
mogeneity
tability of
[plicable to

ir content
pplies. For
s) applies.

associated

NOTE

3

The International vocabulary of metrology will hereafter be referred to as the “VIM”.

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO Guide 30, ISO/IEC Guide 99,
ISO 3534-2, ISO 3534-3 and the following apply. The definitions in ISO Guide 30 take precedence where
more than one definition for the same term exists.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

ISO Online browsing platform: available at http://www.iso.or

© IS0 2017 - All rights reserved
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3.1
reference
RM

IEC Electropedia: available at http://www.electropedia.org/

material

material, sufficiently homogeneous and stable with respect to one or more specified properties, which
has been established to be fit for its intended use in a measurement process

Note 1 to entry: RM is a generic term.

Note 2 to entry: Properties can be quantitative or qualitative, e.g. identity of substances or species.

Note 3 to
procedure,

Note 4 to
“measurem
includes qu

[SOURCE:

3.2
certified |
CRM
reference
propertieg
associated

Note 1 to €
sequence. U

Note2to e
others, ISO

Note3toe
Note4toe
[SOURCE:

3.3
measurer|
mathemat
[SOURCE:

3.4

property
<of a refer

|

entry: Uses may include the calibration of a measurement system, assessment of a measureni
assigning values to other materials, and quality control.

entry: ISO/IEC Guide 99:2007[3] has an analogous definition (5.13), but restricts the tg
ent” to apply to quantitative values. However, ISO/IEC Guide 99:2007, 5.13, Note 3 (VIM), specific
alitative properties, called “nominal properties”.

SO Guide 30:2015, 2.1.1]

reference material

material (RM) characterised by a metrologically valid procedure for one or more specif
, accompanied by an RM certificate that provides the Value of the specified property,
uncertainty, and a statement of metrological traceability

htry: The concept of value includes a nominal property-or a qualitative attribute such as identity
ncertainties for such attributes may be expressed asprobabilities or levels of confidence.

try: Metrologically valid procedures for the proeduction and certification of RMs are given in, am
17034 and ISO Guide 35.

try: ISO Guide 31[2] gives guidance on the contents of RM certificates.
try: ISO/IEC Guide 99:2007(3] has ant analogous definition (5.14).
SO Guide 30:2015, 2.1.2]

nent model

ical relation _among all quantities
SO/IEC Guide'99:2007, 2.48[31]

known to be involved

value
ence material (RM)> value corresponding to a quantity representing a physical, chemica

ent

brm
hlly

ied
its

png

in a measurement

or

biological

property of an RM

[SOURCE: ISO Guide 30:2015, 2.2.1]

3.5

certified value
value, assigned to a property of a reference material (RM), that is accompanied by an uncertainty

statement

and a statement of metrological traceability, identified as such in the RM certificate

[SOURCE: ISO Guide 30:2015, 2.2.3]

© ISO 2017 - All rights reserved
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3.6

indicative value
information value
informative value

:2017(E)

value of a quantity or property of a reference material, which is provided for information only

Note 1 to entry: An indicative value cannot be used as a reference in a metrological traceability chain.

[SOURCE: ISO Guide 30:2015, 2.2.4]
3.7

calibrant
reference material used for calibration of equipment or a measurement procedure

[SQURCE: ISO Guide 30:2015, 2.1.21]

3.8
quality control material
reference material used for quality control of a measurement

[SQURCE: ISO Guide 30:2015, 2.1.22]

3.9
isochronous stability study

expjerimental study of reference material stability in which units exposed to different storage
and times are measured in a short period of time

3.

production

<oflareference material (RM)> all necessary actiwvities and tasks leading to the release and m3
of gn RM (certified or non-certified)

Notle 1 to entry: Activities include, for example, planning, control, material handling and storag

processing, assessment of homogeneity andtstability, characterization, assignment of property valug
undertainties, authorization and issue ofRM certificates or other statements.

[SQURCE: ISO Guide 30:2015, 2.3.7]

4 | Symbols

a number 6freference material units in a homogeneity study
d meastrement bias
k coverage factor or (as subscript) index

Lq a limit of detection (minimum detectable value of the net state variable) calculatec

conditions

lintenance

e, material
s and their

using the

114042 17491

4] | L£I1CN
IHHITLITIUUS Ul ' 10U 1107071141

Nmin minimum number of RM units for a homogeneity study for batch sizes over 100 units

Nprod number of RM units produced in a single batch
ny number of runs in a blocked or nested homogeneity study design

p number of laboratory means in an interlaboratory certification exercise

Sbb between-unit component of variance from a homogeneity study, expressed as a standard

deviation

© IS0 2017 - All rights reserved
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Sr repeatability standard deviation

SR reproducibility standard deviation

tits duration of a long term stability study

Ucrm expanded uncertainty associated with a property value of the CRM

Upbb standard uncertainty associated with between-unit variability

Uchar standard uncertainty associated with a value assigned in a characterization study

UCRM standard uncertainty associated with property value of the CRM

Utrg target measurement uncertainty, expressed as standard uncertainty, for the valae of a prpp-
erty to be certified

Uhom standard uncertainty associated with heterogeneity

Ults standard uncertainty associated with long term stability

Umon standard uncertainty associated with a value obtained by mea$uring an RM at a monitor-
ing point

Utrn standard uncertainty associated with the transport stability of the material

Uwb standard uncertainty associated with within-unit heterogeneity

XCRM property value of a CRM

% estimated value obtained from a robust statistical estimator

Xmon value obtained by measuring an RM.property value at a monitoring point

x amount-of-substance fraction

Ychar value assigned to a referenee\material in a characterization study

Additional symbols used in particular subclauses are defined on first use in the text.

5 Conventions
In this doqument, thefallowing conventions are used.

a) A measurand:isspecified in such a way that there exists a unique "true value'.

b) All prti)bability assessments described in this document assume normality unless otherwise stafed.

c¢) Throughout this document, the law of propagation of uncertainty is used for the combination of
measurement uncertainty contributions. Other methods of evaluating measurement uncertainty
may also be applied, and in some cases it is necessary to do so. Further guidance on these matters
is given in ISO/IEC Guide 98-3, “Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)” and its supplements (see References [5] and [6]).

NOTE1 Variation between units associated with heterogeneity and changes due to instability might not
be normally distributed and can result in asymmetric distributions.

NOTE 2  The “Guide to the expression of uncertainty in measurement” will hereafter be referred to as
the “GUM”.

4 © IS0 2017 - All rights reserved
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An overview of reference material production

6.1 General

:2017(E)

The production and distribution of an RM require careful planning prior to undertaking any actual
activity in the project. The following subclauses provide a brief overview of the steps involved in the
production of a reference material followed by a description of the main issues involved in planning
each step. Detailed guidance on homogeneity assessment, stability assessment and characterization is
given in Clauses 7, 8 and 9, respectively.

6.2
Th

a)

b)

‘)
d)

e)

f)
g)
h)

i)
j)

k)

D)

Th

Summary of project design
e production of a reference material involves the following steps:

definition of the RM, i.e. the matrix, the properties to be characterized and their desired
intended use of the material, and for CRMs, the target uncertainty[Z2];

design of a procedure for the sourcing of the material;
design of a reference material manufacturing and/or preparation‘procedure;

selection of measurement procedures appropriate for characterization, homogeneity an
studies;

consideration of metrological traceability for each measured property, particularly for
which a statement of metrological traceability is required;

assessment of homogeneity;

assessment of stability;

assessment of commutability (if required);
characterization of the reference:material;

combination of the results from homogeneity studies, stability studies, and, for CRMs, ev
the measurement uncertainties of certified values;

preparation of a certificate or product information sheet and, if appropriate, a rep
production and/or-certification;

specification efstorage and transportation conditions;
post-production monitoring of stability.

e mainstages are shown schematically in Figure 1.

levels, the

d stability

CRMs, for

hluation of

brt on the

© IS0 2017 - All rights reserved
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NOTE 1
material. B

NOTE 2

distributiof.

NOTE 3

with a refefence material, including acertificate, product information sheet, certification report, etc.

6.3 Acq

The first t
with the

4 A
Definition
-
1
P
Acquisition of
material
-
1
P
Preparation
i
Packaging
- J
1
I Y.
1 N
Homogeneity i Commutability i
assessment i assessment |
. e e e o e 7/
[ (I \I
Stabili i .
v | Characterization’ !
assessment ! |
¥
Certificate
preparation
1

Stability
monitoriig

Che figure provides a schematic outline of the main steps in producing and maintaining a refere
bxes with dashed outlines are not alwaysinecessary.

Packaging’ in this diagram includes’ subdivision into individual units in suitable containers

n this diagram, ‘Certificate\preparation’ includes all types of documentation that could be provi

Figured- Schematic outline of a reference material project

uisition of starting material

iésired properties. The production of materials with particular properties is conside

nce

for

ded

iskin'an RM production project is the acquisition of a sufficient amount of starting materiall(s)

red

briefly in 9.3.4" The amount of material needed 15 determined by the following:

— the number of units of the RM needed for distribution over the expected life of the RM;

— the number of units needed for the homogeneity study;

— the number of units needed for the stability study;

— the number of units needed for the characterization of the candidate RM;

— the number of units required for monitoring stability over the expected lifetime of the material;

— the planned size of each RM unit, which has to be sufficient for at least one measurement;

— the need for one or more feasibility studies;

© ISO 2017 - All rights reserved
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— optionally, additional units to cover contingencies such as, for example, follow-up studies to respond
to customer queries, future recertification required by a significant change in the storage conditions,
or extension of the number of certified properties.

The number of units of a candidate RM that are needed for distribution is often, at least in part,
a commercial issue and should be carefully considered before commissioning the collection and
processing of the material. In addition, the expected long-term stability of the material in storage can
influence the amount of material that can usefully be produced. It may be prudent to limit the number
of units produced for less stable materials to avoid wastage due to unavoidable degradation over time.

6.4 Feastbiiity studies

Fedsibility studies are short studies intended to address concerns about the feasibility of [producing
and characterizing a sufficiently homogeneous and stable RM. For example, questions'such as the best
way of preparing the RM or ensuring sufficient stability of the material can be answered by §mall-scale
feafibility studies early in the projectlZl.

WHhere characterization is expected to be performed through the use ©f;an interlaboratory study,
a fpasibility study can identify possible sources of error and enable\participants involyed in the
chdracterization to optimize their equipment and procedures.

NOTE In a feasibility study intended to test or improve the capabilifies of participants in an inteflaboratory

characterization exercise (see Clause 9), use of a material differentfr¢m the candidate RM can avoidlundue bias
in garticipant results arising from prior knowledge of the candidate. RM.

6.3 Reference material processing

Prqcessing can involve a range of processes, including, for example:

— | synthesis, manufacture or formulation of @Synthetic reference material;
— | drying, lyophilisation, milling, and /or‘filtration for natural materials;

— | addition of stabilizing agents;

— | homogenization prior to packaging.

Th¢ particular proceduresmsed depend on the particular material and usually require expert guidance.

6. Homogeneity'assessment

Homogeneity is-an/important requirement for all RMs and includes both within- and beffween-unit
homogeneity. Bétween-unit homogeneity is important to ensure that each RM unit carrieq the same
valpe for each' property; within-unit homogeneity is important where subsamples can be taken for
mepsuremeént by users of the material. Clause 7 gives detailed guidance on homogeneity assgssment.

6. anhility assessment

RMs should be sufficiently stable for their intended use, so that the end user can rely on the assigned
value at any point within the period of validity of the certificate. Typically, it is important to consider
stability under long-term storage conditions, under transport conditions and, where applicable, the
storage conditions at the RM user’s laboratory. This can include consideration of stability after opening,
if re-use is permitted. Clause 8 provides detailed guidance on stability assessment.

6.8 Choice of measurement procedures

In a reference material production project, each step that requires measurements may use different
measurement procedures because, for example, characterization generally requires minimally biased
measurement procedures with low uncertainty; homogeneity studies primarily require the best
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available repeatability; and classical stability studies typically require measurement procedures that
show good precision over time within the same laboratory. The choice of measurement procedures
for homogeneity studies, stability studies and characterization is considered in Clauses 7, 8 and 9,
respectively.

6.9 Metrological traceability

Metrological traceability is key to ensuring the comparability of measurement results over time and
between locations, including those used to characterize reference materials. By definition, CRMs are
accompanied by a statement of metrological traceability for each certified property value. The proper

choice of the stated references to which metrological traceability of the property values is establis
is essentigl for CRMs, because CRMs are primarily used to make measurement results tracea
Establishment of metrological traceability is considered in detail in 9.2.

6.10 Ch

Character
as partof {
values are

acterization and uncertainty evaluation

hed
ble.

zation refers to the determination of the property values of the relevant.properties of an RM,

he production process. Characterization of an RM is described in Clause'9/For CRMs, certif
accompanied by a statement of measurement uncertainty; the eyaluation of uncertaint

considered in Clause 10.

6.11 Co

The coml\I

procedure
a second

important
test mater
classes of
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b) the refe
NOTE 1
quality co
biological

the referen

NOTE 2
obtained fr|

mutability assessment

(usually a reference procedure) to act as a calibratet or quality control (QC) material
measurement or testing procedure applied to .rgutine test materials. This is particuld
where different measurement procedures can respond very differently to different type
jals. Commutability assessment is not required for all RMs but is required for some import|
RM.

Current ISO/REMCO information on commutability assessment[9] states that:
b material producer should conductanassessment of commutability where

hded use requires commutability. of calibration or quality control materials,

rence material proddcerwarrants that the material is fit for the intended use.

Demonstration¢of commutability is usually required when the intended use includes calibratio
rol in biological'measurement, and is not usually required when the intended use does not inc

IE
easurement/and the procedure is known to be adequately specific for the measurand in the matri

e materialand the intended routine samples.

t is'not usually necessary to establish commutability when the reference material and its origin

ied
y is

utability of an RM relates to the ability of the RM;:characterized by one measuremient

for
rly
5 of
ant

or
de
of

are
[rix

pn1sources and handled the same as samples that would be tested for customers, for example, ma

reference materials.

6.12 Transport issues

Nearly all RMs have to be transported to the location of use. The means and conditions of transport of
an RM after production are relevant to the need for stability studies (see Clause 8) and it is therefore
useful to consider transport conditions at an early stage in the project.

NOTE 1

transport of some materials, or require specific packaging or precautions for safety or other reasons.

National and/or international transport regulations may limit the options for transport, prohibit the

NOTE 2  The time taken for official procedures such as customs or other border control clearance can increase
shipment times for some destinations.
8 © IS0 2017 - All rights reserved
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6.13 Value assignment

Value assignment is the process of combining the results from the homogeneity and stability
assessment with the results from the characterization studies to determine the assigned values and
their uncertainties. These values are subsequently issued on a certificate or product information sheet.

6.14 Stability monitoring

Most reference materials are stored for extended periods at the RM producer’s premises or by
distributors. Since stability assessment cannot usually anticipate all changes that may occur, it is usually

ne
val
on

6.1

Th
cor
est]

a)

b)

c)

d)

Conpsistent performance of the produgtion process should be checked, for example by com

prd

7

7.1
Mo
dis
as

ass

Ho

€35ary, as a part of managing the risksassoctated with possibie instability, to monitor [
lies of materials held for extended periods. Because the requirements for monitoring depe
knowledge obtained during stability assessment, 8.10 includes guidance on stability~moni

5 Reference materials produced in repeated batches

e need for experimental study of some characteristics (particularly_homogeneity, std
hmutability) can be reduced where the material is produced in a repeatproduction run fo
hblished procedure. Reliance on prior experience is reasonable so lohglas:

the process for producing batches of the RM has not changed infany way that might adve
the end use;

the materials used in production of the RM have not changed in any way that might adver
the end use;

materials previously produced by the same prdcess have shown no failures attributg
production process, either during routine monitoring or by users; and

the requirements for the material are reviewed regularly, taking account of the intended
material at the time of the review, to ensure that the production process remains fit for

perty values of samples from successive batches under repeatability conditions.

Assessment of homogeneity

Preamble

5t RMs are prépared as batches of ‘units’ (e.g. bottles, vials or test pieces). It is import3
fributed units-are the same within the stated uncertainty for each property value and,
bingle-use~linits, that the material within each unit is uniform. ISO 17034 accordingly re
essmentof the homogeneity of a reference material (RM).

moegeneity can refer either to variation of a property value between separate units of th

P property
nd in part
toring.

bility and
llowing an

sely affect
sely affect
ble to the
use of the

urpose.

paring the

nt that all
nless sold
quires the

b material,

or

ovariation "A'Yit]’\ih each unit-ltis 3]‘.".’3_‘,’° necessary to-assess thn bat"n'rnnn_unif variation

Where the

intended use permits the use of part of a unit - for example, a small portion of a solid or liquid material,
or a small region of the surface - it is also usually necessary either to assess the within-unit variability
of the material (within-unit heterogeneity) or to provide instructions for use that control the impact of
within-unit heterogeneity. These instructions can include, for example, remixing of the sample and, for
granular materials, a minimum sample size, because the within-unit heterogeneity is directly reflected
in the minimum size of subsample that is representative for the whole unit.

The assessment of homogeneity may include the use of prior evidence (including prior experimental
evidence) of the homogeneity of the material, performing an experimental homogeneity study on the
candidate reference material, or both. In most cases, an experimental study is necessary. Exceptions
include, for example, batches of a highly homogeneous material, such as a solution for which previous
experimental studies have demonstrated that packaging and storage do not affect the homogeneity; or
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the production of materials for which each reference material unit has a separate assigned value. 7.2
gives further details about the circumstances and types of material requiring experimental study.

The results of an experimental homogeneity study are usually also used for the calculation of one of the
uncertainty components in the certification model (see Clause 10). The magnitude of this uncertainty
component can vary widely compared with other components of the uncertainty, depending on the
nature of the RM and of the certified property.

To undertake a homogeneity study, a subset of units, typically 10 to 30, is chosen from the batch using
a suitable sampling scheme, property values are measured for each unit using a suitable measurement
procedure and the results are assessed using appropriate statistical methods to obtain information on,
for example, between-unit variability and within-unit variability of the material.

To obtain feliable results, it is important to

choosg the properties to be studied,

select|a representative subset of units,

choos¢ a suitable measurement procedure with sufficient repeatability and-selectivity,

make the measurements under suitable conditions following an appropriate’experimental design, and

condulct the statistical analysis using valid statistical methods.

7.3 to 7.7 grovide guidance on each of these steps. Examples of calculations are provided in Annex C

Historical
compared
not. This 4

ces
or
the

y, homogeneity studies have tested for statistically’significant between-unit differen
with measurement precision in order to decide“whether a material is homogeneous
pproach is not taken in this document; rather, emphasis is placed on deciding whether

between-y
significan
processing
precision.
detecting
measuren]

calculations (7.4.2) can assist in ensurting a sufficiently effective test.

7.2 Nee

Materials
typically 1
sometime
can rema
heterogen

RMs prep

nit standard deviation is sufficiently small;for the intended end use. Statistical tests
‘e may, however, be of use in RM productiar, for example in order to decide whether furt

If statistical tests are used, howevér, the homogeneity experiment should be capablg
important heterogeneity, in turhirequiring a sufficient combination of precision of
ent procedure, number of RM units and number of replicates per unit. Statistical poy

d for an experimentalhomogeneity study

of natural origin.‘er’with complex matrices, such as foodstuffs, soils, ores and alloys,
leterogeneous in“composition. Although the magnitude of between-unit differences
be small or_éven negligible after homogenization, in other cases, between-unit differen
n larger~than the uncertainty arising from characterization. RMs prepared from s
bous materials should therefore be subjected to an experimental homogeneity study.

hred\as pure compounds or solutions of pure compounds (if certified for purity; not

of
her

 is required to reduce heterogeneity tolinsignificance compared with routine measurement

of
the
ver

are
Can
ces
ich

for

impuritie

are expected to have a high degree of homogeneity. These materials can, however, d

Iso

show some heterogeneity, for example, due to a density gradient, localized contamination, evaporation
of solvent during processing or filling, variations in residual solvent content, or metals containing
variable amounts of occluded gases. Furthermore, certified values for such materials are often expected
to have very small uncertainties, making even a small amount of heterogeneity potentially important.
Even in cases where the material is expected to be sufficiently homogeneous for most intended uses,
homogeneity should be verified. Verification may include a complete homogeneity study or other check
(for example, a check on melting point consistency between units of a pure organic material).

An experimental study of the homogeneity of a material is not essential in the following cases:

— when the material is a repeat production run of a previous material that was produced following the
same procedure and that has been shown by experiment to be sufficiently homogeneous; or

10 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=4e3230bb19f4ac27c5163d916ff113e0

ISO GUIDE 35:2017(E)

— where the production process has been validated and thereby shown to consistently produce
sufficiently homogeneous batches of material.

Examples of materials that are sometimes produced in this way include ethanol calibration solutions or
elemental calibration solutions prepared by mass and thoroughly mixed to ensure that the mixture will
be sufficiently homogeneous for the intended use.

Where assurance of homogeneity relies on a validated production process, quality control procedures
should be used to confirm consistent operation of the production process. Such procedures may include,
for example, operation of a range control chart or standard deviation control chart for monitoring the

range o andard deviation of a small number of un measured, o eria for the range of values
foulnd in each characterization.

NOTE1  6.15 provides additional guidance regarding reliance on experience gained from previous|production
batfhes.

NOTE 2 IS0 7870-2[Z3] gives guidance on the use of range control charts and standarddeviation conjtrol charts.
7.3 Properties to be studied

WHhere homogeneity is to be determined experimentally it is usually necessary to determine the

homnogeneity for every property of interest, that is, every property-for which the material is claimed to

be pufficiently homogeneous for the intended use.

Th
sel

e homogeneity of all properties of interest may be asseéssed by examining a smaller humber of

ected properties when

It i
pra
exd

there is sufficiently high statistical correlationbétween particular property values in t
material of interest to allow useful prediction of one property value from one or more ot

because of their presence in a particularcomponent of a mixture) that measurement of on|
in such a group furnishes evidence-of homogeneity for other properties in the same grou

s essential that any subset of properties taken as representing homogeneity for a lai

mple, an inter-element conomitance in the mineral phases of an RM would support the a

that the RM also has a simitar-degree of homogeneity for the non-selected elements.

In

add
exq|
het]

NO
the

rases where homogeneity is assessed experimentally by using a subset of properties (¢
itional evidence-'should be gained about the homogeneity of properties that are n
erimentally. The”evidence should be sufficient to show that the uncertainty associ

[E Such evidence can be gained, for example, from literature relevant to the material in questi
stability study or the characterization of the material.

erogeneity iSnot underestimated for those properties that are not experimentally studied.

he type of
hers, and

it can be shown that particular groups of properties are sufficiently closely associated (for example,

e property

P

ger set of

perties be appropriately selected on the basis of established chemical or physical relatiopships. For

ssumption

f interest,
bt studied
ated with
|

bn, through

7.4

7.4.1 Minimum number of units for a homogeneity study

7.4.1.1 Homogeneity study for quantitative properties

Homogeneity studies for quantitative properties are typically intended to provide information on
the variance due to heterogeneity and on any (possibly nonlinear) trends arising from processing. To
achieve these objectives, the number of items should be sufficient to give a reasonable estimate of the
between-unit variance, and sufficient items taken to give a clear view of any trends present.

Based on current practice, an acceptable estimate of the between-unit variance for the purposes
of uncertainty evaluation can be obtained with nine or more degrees of freedom. For a simple
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homogeneity study design or a randomized block design (see below), this corresponds to the selection
of a minimum of 10 units. Where a nested design is to be used for measurements, in which a subset of
units is measured in each of several runs, additional units should be included in the study in order to
maintain the required degrees of freedom. 7.6.4 gives further details about the additional number of
units required for a nested design.

Trends arising from processing often appear as an initial trend followed by stable output, as a trend
developing late in the process, or as a combination of the two. Where these features occur, it is often
possible to provide a homogeneous material by discarding the affected units from the beginning or end
of the run. However, examining only 10 units might not provide sufficient information about the onset
of trends he
number df units examined as the total number of units produced, Nprod, increases. Typjcal

recommerdations are between 3/Njq and 3x3/Np.q [Z4. Taken together with the degreeq of

equirement above, this leads to a recommended minimum number of units Ny, for a
ity study of materials characterized for a quantitative property given by

= max(lO, 3/Npr0d )

(.., ..) indicates the maximum of the terms within the parentheses:

anr tha andc ~f 4 langth
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N Y

min

where ma

NOTE 1
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NOTE 2
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for the ho
described

Sampling

of defectiy
with high
have to be
1 % defec
reference

is likely td
defective)

t is not normally useful to examine more than 30 units of a reference material characterized fi
e property.

7.4.1.3 gives further guidance on the minimum number of\uhits for production batches of 10(

An RM producer prepares 3 000 units of a candidate RM and intends to undertake a homogen
ingle run. Then Nprod = 3 000 and N, = max(l(),3 3 000), which is 14,4. This study accordir

units of material for the homogeneity study.

Homogeneity study for qualitative-(*nominal”) properties

hce materials certified for a qualitative, or “nominal”, property, the number of units cho
mogeneity study should be.set based on sampling guidance for inspection by attributed
in the ISO 2859 series[8] dr similar guidance.

blans for inspection (by attributes lead to very high inspection numbers if low proporti
e units are to be.détected by sampling alone. For example, to detect a 1 % defective 1

inspected (this’'number is based on a statistical power calculation for 95 % test power
ives, assuring batch size much greater than 300 units). This is often unrealistic for typ
material’batch sizes. For qualitative materials, therefore, an experimental homogeneity stt

ra

or

Pity
18ly

DS
ate

confidence based)on one or more observed defectives, about 300 randomly chosen unpits

for
cal
h1dy

be limited to a check for unexpected gross heterogeneity (for example, greater than 1(
with other information on origin of material, processing, etc. used to support any state

of homoge|

neity.

%

m|ent

If a certified qualitative property is individually verified for every unit of such a material, it is not

necessary

to perform a further test of the homogeneity of that property.

7.4.1.3 Small production batches

Some reference materials are produced in small batches of 50 or fewer units, for example, secondary
gas calibration standards. For such small production batches, the minimum number of units specified
in 7.4.1.1 usually represents a very large fraction of the available units. Where the batch size is below
100 units, homogeneity should be assessed on the larger of three units or 10 % of the batch size,
randomly selected from the batch. Replication should be as high as practically feasible to provide the
best available test power for the number of units used. Power analysis (7.4.2) may be used to assist in
considering desirable replication levels. For example, with three units, four observations per unit gives
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approximately the same power of detecting normally distributed between-unit deviations as observing
10 units in duplicate, though with much lower probability of detecting occasional defective units in an
otherwise homogeneous batch.

7.4.2 Use of statistical power analysis

Statistical power analysis may be used to assist in choosing a suitable number of units and replicates for
the homogeneity study. Power analysis aims to control the probability of failing to detect a particular
level of heterogeneity given a proposed statistical test for significant heterogeneity. Power analysis is
a specialized topic but is increasingly available in software, some available without charge. The most

co
rep
tes

Alt
cor

nugnbers is very strongly dependent on the assumed distribution of any hypothésized betwe

dif
cor]

nuinber of units. This is a poor choice if the most likely pattern of hetérogeneity is a small prd

dis
likd
chd
NO

res
rep

NO
Ref

7.4.3

Th
sin
for

TMON example 0f power analysis Il this CONtext 15 the calcuiation of the NUMDers of test
licate measurements on the assumption that one-way analysis of variance (see 7.7.3) is.to
L for a significant between-unit effect.

hough statistical power analysis can be useful in comparing different preposed
siderable care should be taken in its use. In particular, the choice of replicate number

ference. For example, assuming a normal distribution for the (true)(means of differe
hmon default in power calculation software, leads to a high proposed itumber of replicates 4

Crepant units among a largely homogeneous population. In the‘absence of good informat
ly distribution of different (true) unit means, therefore, power-analysis is most useful a
osing replicate numbers after the proposed number of unitsjhas been decided.

E1 When using power analysis, a typical choice of test $ignificance and intended power is 95 9
bectively, though note that this provides substantially greater power than the minimum number
icates considered at 7.4.1.1.

[E 2
erence [57].

Sampling strategy for a homogeneity study

e sampling scheme used to pick the units (items, bottles) for a homogeneity study is typic
ple random sampling, stratified random sampling or systematic sampling. The general g
each, as applied to reference-material sampling for homogeneity studies, are as follows:

Simple random sampling takes a random sample from the batch.

Random stratified“sampling typically divides the batch into a number of segments of
(usually by preduction or packaging sequence or, sometimes, location) and takes an equ
of units (ofteén*one) at random from each such segment.

Systematic sampling sets an interval nsyst between sampled units and a random staj
between 1 and nsyst, and takes units at ny, ni+nsyst, N1+2nsyst ..., etc. ny and nsyst are cho
complete coverage of the production batch and the desired number of units.

items and
be used to

Strategies,
s and unit
en-sample
ht units, a
nd a small
portion of
ion on the
5 an aid in

b and 80 %,
f units and

Details of some simple power calculations:appropriate for reference material studies are given in

ally one of
rocedures

equal size

al number

t point ng
ben to give

Random samples should be defined using random number generation software or random number
tables. Manual arbitrary choice is not equivalent to random selection.

Simple random sampling is most appropriate when there is no known ordering, or for small batches
in which a large proportion of the units is used for homogeneity study. Stratified random sampling is
recommended for most situations, since this guarantees that the units picked for the homogeneity study
are approximately evenly distributed over the whole batch and avoids coincidence between sampling
location and any cyclic effects in processing. Systematic sampling may be applied when there is little
risk of overlooking repetitive effects or trends in the batch.

The sampling scheme should take into consideration potential weaknesses in the method of preparing
and storing samples (including, for example, processing and fill trends and possible settling on storage
prior to subdivision), thus allowing a critical examination of the prepared batch.
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Units should normally be numbered before sampling, or numbered in processing order after sampling,
to permit subsequent trend analysis.

Alternative sampling schemes may be used where it can be shown that the resulting variance estimates
are not biased by the sampling scheme chosen.

7.5 Cho

ice and conduct of the measurement procedure for a homogeneity study

7.5.1 Choice of measurement procedure

The measyrement procedure chosen to make measurements for homogeneity studies should be choken

primarily

repeatabil
run precis
uncertaint
homogene
if the targg
the repeat

Sy
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where ng)

Where thi
high replid
uncertainf

NOTE 1

increasing
finding infj
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obtained wj

NOTE 2
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extensive, ulti-stage, sample preparation.

7.5.2 Cd

It is impo}
dispersion
complete

sample pr
aliquot taK

t measurement uncertainty for the property value is u¢rg (expressed as stangdard uncertain|
hbility standard deviation for the procedure should ideally comply with

| Utrg
[ 3

5 precision requirement cannot be met in practice, for'example where RM units do not al
ation, every effort should be made to ensure that sg/Vna) does not exceed the target stand
Y Utrg, and consideration should be given to incréasing the number of units.

ncreasing the number of units is not as effective for overcoming the effects of poor precision a
the number of observations per unit or improving measurement precision, unless the focus ig
equent, highly discrepant units. Statistical.power calculations (see 7.4.2) can be of use in choos
umber of units and replicates to give ahlexperimental design that provides similar assurance to {
hen the precision requirements in Formula (2) are met.

An additional consideration in the choice of a measurement procedure is the amount and comple
preparation needed to get each' specimen into measurable form. Procedures requiring little o
paration (so-called non-destructive methods) can show better precision than procedures requiy

nduct of measutrements for homogeneity studies

tant, where\possible, to compare the dispersion of results for different RM units with
under repéatability conditions (7Z.6.1). “Repeatability conditions” involve replication of
measurenient procedure. It is therefore important that, wherever possible, the compl
pparation (“transformation”) and final measurement step be applied to each subsampld
ef{rom each unit (see Figure 2). If this is not done, any variation in sample preparation pj

s the number of observations on each of n aliquots takenfrom each unit for measurement].

for good precision during the expected duration of each measurement run (that is, 'a_good
ty standard deviation, s;) and, if units are to be randomized among several runs, goodbetween-
jon. The standard deviation for measurements should be small compared with _the-expecfed
y for the value for each property measured; ideally, the repeatability standard deviation for [the
ty study procedure should be less than one third of the desired standard ungertainty. Thaf is,

y),

(2)
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to replicateobservations withinftate theestinmmated betweenr-umnit ternr { Figure 3); Tesutting imamr over-
estimate of the uncertainty associated with heterogeneity.
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Figure 2 — Layout of a between-unit homogeneity study
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In Figure 2, an ideal case is shown in which subsampling of reference material units is pgssible and
mufltiple (n) test portions have been taken from each sample of the batch and individually prepared
(transformed) for measurement. In-this case, the variance within units includes the variatfion due to
suhsampling, preparation and measurement. From the perspective of obtaining an unbiasefl estimate
of the between-unit standard ‘deviation, this is the ideal situation because none of thg¢se effects

corjtributes to the estimated/etween-unit variance.

In Figure 3, a layout isshown for the case where subsampling of the items is impossible ¢r just not
carfried out; only one Supsample from each of the a reference material units is taken and prepared for
mepsurement, and @1heasurements are made on the prepared test portion. In this design, the effects
of pample preparation and any subsampling are included in the observed between-unif variance
calfulated from‘the experiment. The calculated within-unit variance includes only the repegtability of
the measureément. This procedure will result in a larger estimate of the between-unit variance, in turn

ovegr-estimating the between-unit heterogeneity.

It fpllows that wherever possible, homogeneity studies should be conducted so that all steps of the

measurement procedure are compieted on each subsampie.
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Figure 3 — Alternative layout of a betweeén-unit homogeneity study
7.6 Homogeneity study designs

7.6.1 Objective of a homogeneity study

A homoge

heity study uses statistical evaluation to compare the dispersion of observations on sevgral

standard deviation, which can then be used to calculate the uncertainty associated with heterogendity.

units of thf RM to the precision of thesmeasurement procedure in order to determine the between-ynit

This usual
in Figure 2
reference

under rep

a) condukcting all homogeneity measurements for a given property in a single measurement run, of

b) using
betwe

y involves making an-equal number of replicate measurements on each RM unit as illustrated
. To obtain the bestestimate of the between-unit term, the dispersion of values obtained|for
material units irahomogeneity study should be compared with the dispersion of resylts
patability conditions, wherever possible (see Reference [11]). This can be achieved by

an experimental design which allows separate estimation of within-run, between-run gnd
en‘unit variances. The most useful designs for this purpose are simple randomized blpck

desigr

s and balanced nested designs

The three

designs considered are illustrated in Figure 4. Typical experiments using these different

designs are described in more detail in 7.6.2 to 7.6.4. Data analysis is covered in 7.7.3 to 7.7.5, respectively.

16
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Key
a | Simple randomized design; a single run with all units observed in duplicate in random order.
b | Randomized block design. Each run includes one observation on-every unit, each run being separately
randomized.
¢ | Nested design. Four units are randomly allocated to each of three runs and duplicate observations gre made on
each, again in randomized order. Some observations from the.sdime unit are adjacent by chance; see 7.6.2, Note 1.
All fllustrations show designs for duplicate observations on 12 RM units designated from “a” to “1”.

7.6.2 The basic homogeneity study design - measurement in a single run

Figure 4 — Designs forhomogeneity studies

Where the measurement system is stable for the duration of the observations required, all obgervations
maly be acquired in a single measurement run. The within-unit and between-unit standard deviations
car] then be evaluated using a one-way ANOVA design (see 7.7.3, B.1 and C.1). Measurementg should be

carfried out in such a way that

RM prodileers may also use a systematic arrangement of replicate observations where
shqwn that

b)

y randomized order. Figure 4 a) shows an illustrative example of such a design.

reasonably expected patterns of measurement error, including trends and step changes in
within the run, will not cause appreciable bias in estimates of between-unit variance, and

trends in the measurement system are not misinterpreted as differences between RM uijits, and
a trend in the measurements can, if necessary, be separated from a trend in the batch of pamples.

s is best achieved by measuring the replicates of the samples used in the homogeneity [study in a

it can be

response

subsequent inspection and data analysis procedures are able to distinguish processing (including

packaging) trends from any measurement trends during the homogeneity study.

Arandomly chosen order can, by chance, lead to units ordered almost in processing order or with almost
all replicates for the same RM unit close together in the measurement sequence. A proposed random
ordering which produces obvious strong correlation with processing sequence or close grouping of
replicates for most or all units should be rejected and a new random ordering selected.

NOTE 1

A randomized order does not guarantee that individual replicates from the same RM unit are not

adjacent. Occasional instances of adjacent replicates are common and acceptable in a fully randomized design.

© IS0 2017 - All rights reserved
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NOTE 2

A systematic forward-reverse ordering of observations that does not cause appreciable bias in the

between-unit term in the presence of a simple linear trend in instrument response with timel12] is illustrated in
the following example.

EXAMPLE
scheme for

Replicate No. 1:
Replicate No. 2:

Replicate No. 3:

7.6.3 R{
In a randd
randomizég
in random
such a des
can then e

A random
be include]
a measure
precision

arandomi

NOTE 1

freedom fo
where a is
unit varian

NOTE 2
includes boj

7.6.4 Bg

In a balan
number a
the same 1

Nested de
these desi
This usu
a nested
further RN
RM units.

NOTE

aC;ILy requires.adding a minimum of one additional unit for each additional measurement ru

Suppose 10 samples are used for a homogeneity study, with 3 replicates. A possible systematic

conducting the measurements reads as follows:

1-3-5-7-9-2-4-6-8-10
10-9-8-7-6-5-4-3-2-1
2-4-6-8-10-1-3-5-7-9

Indomized block design

mized block design for ng replicates on each of a units of a reference material, the simp
d block design involves ng measurement runs and each unit is measured once-in each 1
order. Runs should be randomized individually. Figure 4 b) shows an illustrative exampl
ign. Two-way analysis of variance without replication, or other methods {s€e 7.7.4 and 7.7

zed block design is appropriate where the requisite number of replicates on all units can

ment process is prone to drift towards the end of longer runs; in that circumstance, bet
measured as the within-unit standard deviation) can be ebtained using several short run
ved block design than can be achieved in a single run.

n a classical statistical analysis (using ANOVA calculated from sums of squares), the degree
' the between-unit standard deviation remains equal\to a-1 for a simple randomized block des

Ce, is reduced by one per additional run.

n a simple randomized block design as described above, the calculated within-unit standard deviat
th variation due to the measurement procedure and variation due to any within-unit heterogeneit]

llanced nested design

red nested design for a units, a number of runs n; are conducted, each including the sg
of units, which are each nreasured with ng replicates, all replication being carried out wit
un. Each run is randgmized separately. Figure 4 c) shows an illustrative example.

igns reduce the degrees of freedom associated with the between-unit standard deviation.
bns, the numbér)of units studied should be increased to retain sufficient degrees of freed

stimate the within- and between-unit standard deviations independently of the run effect.

est
un,
b of
L6),

not

d in a single run due to time constraints or instrumental constraints. It is also useful where

ter
5 in

5 of
gn,

the number of units. However, the residual degrees of freedom, which is associated with the within-

ion

me

hin

For
bhim.

sign. Incaddition, if the statistical method to be used relies on a balanced design, suffic
1 unitssshould be added to ensure that every measurement run includes the same numbe

A

in
nt
I of

NOLL 1o Tl 1
TIITS ITIId NN

s it

1 pn S | 3 3 1: L 1 H H ] 3 1_A A pa| £
dalalitcTu \ACDISIID Dllllpllly auou_yala ualus CIassitdl AINU VA UadasSTU Ull SUlllS Ul a\,lucu TS,

advantageous to maintain the same number of units per group if analysis of variance is to be performed manually
or by software (such as spreadsheet applications that provide basic ANOVA functionality). More recent variance
estimation methods (see 7.7.6) are computationally more complex but much less affected by unbalanced designs
in which different numbers of RM units or measurement replicates appear in each group.

EXAMPLE An RM producer using a measurement procedure capable of obtaining up to 12 observations in
a single run prepares 2 000 units of a candidate RM. Formula (1) yields Npjn = 12,6, or 13 units, if the study is
completed in a single run. Because the RM producer cannot obtain duplicate observations on 13 units in a single
run, the RM producer elects to use a nested design with three runs. This involves adding two additional runs,
and the number of units is accordingly increased from 13 to 15. The RM producer therefore measures 15 units in
three groups of five units.
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7.6.5 Alternative strategies

It is not always possible to carry out one of the designs listed above. For example, reference material
units might not permit subdivision for replicate analysis, perhaps because the amount of material
provided is sufficient only for a single measurement, because units are insufficiently stable once opened,
or because the units are indivisible (for example, individual Charpy test pieces). Other situations include
very short measurement runs (for example, three observations per instrument run) or a need to allow
for a further source of variation in addition to run effects.

Where units cannot be subdivided, the most common strategy is to measure each unit once and

to

ompare the standard deviation (or, more commonly, variance) of those measureme

ts against

an

WHh
for

7.7

7.7

Th
in
in
ling
apy

A 1
wif

independent estimate of the measurement repeatability. For example, the variantce
hsurements on 10 units might be compared with the variance of 10 observations en a |

thod validation studies. The difference in variance is then taken as an estimate,0Pthe bef
iance.

ere the available run length is too short to permit a complete randomized block or nest
htegies may include, for example:

random allocation of replicates among short runs, followed by statistical analysis as fo
design. This can increase the calculated within-unit variance hegause the run effect is the
in the within-group term;

use of ‘balanced incomplete block’ designs in which a carefully chosen set of replicates is g
each of many short runs. Balanced incomplete block designs are beyond the scope of this
butare described in reference texts on experimental'design[11]. Statistical analysis may us
or other methods.

ere multiple sources of variation are to be controlled, other available designs may be used

Evaluating a homogeneity study

1 Initial inspection for measurement trends and outliers

.1.1 Measurement trends

e experimental dat&fincluding any quality control observations) should first be inspected
he measurementprocess. This is most effectively done by visual inspection of a plot
bxperimentalyrun order. Regression analysis, such as linear regression using a simpl
e model, may-be used to test for a statistically significant trend if an approximately line
arent.

heasurement trend in a properly randomized homogeneity experiment will generally
hinyunit variance, potentially obscuring important between-unit effects. If a significar

example, replicated Latin square designsi2} or other structured experimental designs(11].

of single
ooled and

efully homogenized preparation of the same material, or to a good estimate of precision based on

ween-unit

ed design,

I the basic
n included

btained in
document
e classical

including,

for trends
f the data
b straight-
hr trend is

nflate the
t trend in

the measurement results 1s confirmed, action should be taken to minimize its effects on subsequent
analysis. Typical actions include:

Reject the affected measurement run(s) and repeat the measurements after eliminating
of the trend.

the source

— Apply a correction to the data based on a suitable smoothing function (for example, a linear
regression) before conducting subsequent analysis of variance. Prior correction for a trend reduces
the residual degrees of freedom and this should be taken into account in subsequent variance

estimation.

Include the trend in the data analysis. This procedure adjusts properly for any loss in

degrees of

freedom, though special statistical software and appropriate statistical expertise are required.
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NOTE1 Examples of these options can be found in Annex C, example C.4.

NOTE2  The RM producer is expected to define criteria to determine whether a trend is significant. In the
absence of other criteria, statistical significance at the 95 % level of confidence is usually taken as an indication
of a significant measurement trend in homogeneity studies.

NOTE 3 In some cases, for example in a nested or randomized block design with three or more runs, omitting

a single failed run can, if the precision in remaining runs is sufficiently good, leave sufficient data for effective
homogeneity assessment without repeating the failed run.

7.7.1.2 Outliers in the basic homogeneity study

Many meafpurement results are generated as part of a homogeneity study and technical issues canregult
in occasiohal outlying results due to instrumental or other attributable causes. The cause pfoutliers
should be jnvestigated and appropriate corrective action should be applied. Corrective action‘in sugh a
case may include, for example:

— remoyal of a single outlying observation or of all results for a unit of material which’shows one sfich
obseryation (see NOTE 2 below);

— re-mepsurement of a suspect unit or subsample within a short period of time;
— repeating a complete measurement run or a complete experiment affected by several outliers.

It is not apgpropriate to reject homogeneity study results for a reference material unit on the basis of an
extreme njean value for that RM unit.

NOTE1 Putliers can be identified by visual inspection or by using outlier tests such as Grubbs tests.
ISO 5725-2[75] describes Grubbs tests. ISO 16269-4[76] describes graphical outlier tests and other tests|for
multiple outliers.

NOTE 2  Within-unit outliers can be caused by within-unit heterogeneity. If within-unit heterogeneity is likely,
itis prudentt to investigate further before discarding any outlying replicate result.

NOTE 3 Pmitting a single outlying value from(a*single unit will result in imbalance. Where the statistfical
method in yise relies on a balanced design, the data for that unit can be omitted provided that the non-outlying
values for that unit are consistent with the remainder of the data set and that the number of units remaining in
the study if sufficient.

NOTE4  Larger homogeneity studies)(for example, studies involving 20 or more RM units for a given property)
can naturally incur more than onfe within-unit outlier due to instrumental effects. After investigation into [the
cause of th¢ outlying values, it catbbe appropriate to discard more than one such observation.

7.7.2 InEpection for’processing trends

Plotting upit meafis)in processing order provides a simple method of checking for processing fun
effects. Alfernative methods include plots of residuals against unit number after fitting a model that
includes njeasurement run effects; this can be particularly useful after a balanced nested design as ynit
means car] be’/influenced by measurement run differences. It is not appropriate to apply mathematjcal
corrections to remove trends arising from the processing of the reference material. If such a trend is
detected and the material is still found to be useful, the uncertainty of homogeneity should be estimated
in such a way that it covers the observed trend as well as any random between-unit variation around
this trend.

7.7.3 Evaluation of the between-unit term - basic design

The basic design described in 7.6.2 may be analysed by one-way analysis of variance as described in B.1.
The calculation assumes there are a RM units and n; measurements on RM unit i, wherei=1, 2, ..., a.
Usually, simple homogeneity studies are intended to be balanced designs with the same number ng of
replicate measurements for all RM units, so that ny = ny ... = ng = ng. If a one-way analysis of variance
approach is then used as described in B.1, the between-unit standard deviation sp, can be computed
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from the between-group mean square Mpetween, the within-group mean square Myithin and the number

of replicates per unit ng using (with symbols as in Annex B).

|

Mbetween B Mwithin 0
nO ’

Sty = max[

3

In this simple case, the between-unit variance spp? is identical to the (squared) between-unit

homogeneity contribution to the uncertainty, ”gb (see 7.11 [16]).

NOTE1 Annex C, Example C.1 describes an example of a homogeneity study using one-way

analysis of

varjance.

NOTE 2  Itcan often be assumed that the true RM unit means are normally distributed, though'this
is not necessary for the calculation given at Formula (3). Likewise, it can often be assumed that the
random measurement error is normally distributed[13].

NOTE 3  Ifthe condition stated in Formula (2) in 7.5.1 is not met, see 7.8.

7.7.4 Evaluation of the between-unit term - randomized block design

A rpndomized block design involving a RM units with ng replicates, with one replicate per uj
and ny runs, may be analysed using two-way analysis of variancéywithout replication. The

where u is the population mean, A; the effect of unit< and B; the effect of run j on the res;
identical to the model for the basic design (B.1) except for the addition of Bj, the effect of r

resfults. The determination of the between-unitvariance Sgb is not dependent on the distri

or B, though large run effects could in principle affect the residual term, indirectly, if the
depends on mean observed level. Usually,‘however, run effects that are large enough to shg
effect would invalidate the study entifely. In addition, the analysis assumes that run effect
effects are independent and additiye;"This is also a reasonable approximation for the relati
effects (compared with the within- and between-group standard deviation) expected in ho
studies.

An
ong
bet

hlysis of variance applied-to a randomized block design, following the model at Formula (4
observation per uynit-per run, leads to a between-run mean square Mp together with, a
ween-unit meansguare Ma, and a residual mean square Myithin-

The analysis ofdariance table also includes associated degrees of freedom for each term. T}
On square~Mywithin iS an unbiased estimate of the repeatability variance sf , although ins

ANOVA-table will show that the number of degrees of freedom is (a-1)(no-1) rather than
he/basic design. The between-unit standard deviation spy, is calculated as in Formula (

the
in {

hssumption
within-unit

hit per run
statistical

(4)

hlt. This is
nj on the

I‘]:ution of A

precision
w such an
s and unit
vely small
mogeneity

) and with
s before, a

1e residual
pection of

a(no-1) as
b) and has

(a

1)-degrees of freedom.

My—-M

within ]

stz)b =max
Ny

NOTE

7.7.5 Evaluation of the between-unit term - balanced nested design

(5)

An example of treatment of a randomized block design can be found in Annex C, Example C.3.

Variance components for balanced nested designs using a units equally distributed among n; runs and
with myy, units per run may be calculated using analysis of variance methods described in ISO 5725-3[14],
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which includes nested designs, or by following standard statistical texts such as Reference [15]. The
statistical model is given by Formula (6):

where xijk is the kth observation for uniti (i=1, 2, .., my) inrunj (j = 1, 2, .., ny), Ajj is the effect of unit i
in run j, Bjis the effect of run j and gk (k=1, 2, ..,, no) the usual residual error term. Analysis of variance
for a balanced nested design with units nested in runs will again generate a between-run mean square
Mg together with a between-unit mean square My, and a residual mean square M. Assuming units
nested within runs and with ng replicates per unit, the between-unit term is again estimated using
Formula (3), though with a-n, degrees of freedom instead of a-1 as in the basic design.

Two way ANOVA for the nested design is described in B.2. For analysing a homogeneity study uging
a units equally distributed among n, runs and with my, observations per RM unit, aga:"and my,
respectively, replace p, all b; and all njj in B.2.

7.7.6 Other homogeneity designs and alternative estimation methods

Other designs will normally require analysis using specialized statistical softtware capable of variahce
componenjt analysis for awide range of designs. Some such software continueste use variance estimatjion
based on ¢omputing mean squares and equating the mean squares to expected mean squares; thif is
the method used in 7.7.3 to 7.7.5. Other statistical methods have become available, however; of most
interest arle maximum likelihood methods[15] and Bayesian analysisfZZl. Although detailed calculatipns
are beyondl the scope of this document, some guidance is given below for the selection of such methqds.

Maximum| likelihood methods are among the most general and widely used methods of variahce
componenjt estimation. The recommended maximum likélthood approach for estimating varianfces
in referenfe material work is the variant known as Restricted (or, sometimes, ‘residual’) Maximum
Likelihood estimation (REML). This provides essentiallyidentical results to those of analysis of variapce
for balancgd designs with no missing data, but also deals well with complex designs, missing data and
appreciable imbalance. REML may therefore be*used in place of the ANOVA-based methods abovd as
well as in § wider range of circumstances.

Bayesian gnalysis is increasing in popularity as advanced computational methods become availaple.
Bayesian pnalysis, however, depends ‘en the use of a prior probability distribution for estima
parameteys, including variance parameters. It also generally requires careful specification of [the
statistical{model and in general is_more computationally intensive. Although Bayesian methods give
good resufts in experienced hands, they can also give unexpected and misleading results when [the

small datd sets common/ini-Feference material production. Bayesian methods for variance compo
estimation in referencé€anaterial certification should therefore be used only with the assistance
qualified dtatistician experienced in Bayesian analysis of small data sets.

7.8 Insufficient repeatability of the measurement procedure

It is not dway easible—te—perform—ahomegeneity bdy sarith o meacurament nrocedura thar s
sufficiently repeatable (that is, that meets the requirement of 7.5). In those cases, an alternative
approach may be used that estimates an upper limit for the between-unit term.

Discussions of various approaches to obtain an uncertainty estimate that accounts for insufficient
repeatability of the measurement procedure are given in References [16] and [78]. An example of
application of the recommendations of Reference [16] is given as Annex C, Example C.2.
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7.9 Within-unit homogeneity

7.9.1 Assessing the need for within-unit homogeneity study

Within-unit homogeneity is an issue that arises when the minimum sample size specified in the
instructions for use is smaller than the size of a complete RM unit. It is always important to ensure that
the specified sample intake is sufficient, and a between-unit homogeneity study alone does not provide
such assurance. Where the minimum sample size is small and there is a high risk of appreciable within-
unit heterogeneity, an experimental within-unit homogeneity study should be carried out. Situations

involving a high risk of appreciable within-unit heterogeneity include one or more of the following:

sul
ana

WH
F-t
me
wh

minimum sample size substantially less than the unit size;
a material prepared by mixing powders or granular materials;
a material prepared by mixing a small quantity of one component into a bulk matrix; or

a material with previously known within-unit heterogeneity.

erimental assessment may consist of a test for significant within-unit heteroger

st for significant within-unit heterogeneity uses a deSign similar to between-unit ho
re 5 shows some possible designs for a within-unjthomogeneity study. In the simplest [F]

and each is prepared and measured ny, = 1 titnes. Where insufficient aliquots can be dra
ble RM unit, or in order to obtain more représentative information, more RM units can b
ically with reduced within-unit replication'[Figure 5 b)].

pst for within-unit heterogeneity sheuld provide at least five degrees of freedom for the
. This can be achieved by, forexample, taking six or more subsamples from a single U
Figure 5 a)]; taking three subsanmples from each of three or more units [a 2 3, m = 3 in Fi
by taking duplicate subsamples from each of five or more units [a 2 5, m = 2 in Figure 5
samples are taken from rhultiple units, the analysis should include a between-unit term if
logous to including a run/term in the balanced nested design at 7.7.5.

ere replicate analySes can be performed on each subsample, analysis of variance follo
st for significattbetween-subsample variance may be applied. For a single RM unit wit
hsured multipletimes, one-way ANOVA with subsample as the grouping factor can be use
pre multiple~units are subsampled and multiple aliquots taken, as in Figure 5 b), two-w

eity or a

mogeneity

ies, with the exception that the variance of interest\is the within-unit, between-subsample term.

gure 5 a)],
single RM
'wn from a
b included,

ithin-unit
nit [m = 6
cure 5 b)];
b)]. Where
a manner

wed by an
h aliquots
1 as in B.1;
ay ANOVA

nested-designs is appropriate (B.2). Where only a single observation can be made per

subsample

(nw = 1)sthe variance of the observations (or, from multiple units, the within-group term froin one-way
anglysis. of variance) should be compared with a reliable estimate of the repeatability of the procedure,
usy i - ignifi i i s. For the

case where the repeatability is well established with high degrees of freedom, such an assessment can
be done by comparing the observed variance with the known repeatability variance using a y2-test[1l.

NOTE Even where it is possible to perform replicate measurements on a subsample, it is not always possible
to undertake replicate preparation of a subsample as indicated in Figure 5 b), particularly where the subsample
size has been chosen to match the proposed minimum sample size. This results in a design intermediate between
those shown in Figure 5 a) and in Figure 5 b).
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b)‘Within-unit homogeneity study using multiple RM units

Key

A subsampling

B  preparption

C measurement

D  contributes to the observed between-unit variation

E  operations contributing to observed within-unit, between-subsample variation
F  operations contributing to observed within-subsample variation

Figure 5 — Schematic designs for within-unit homogeneity study
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7.9.3 Assessing minimum sample size

7.9.3.1 Experimental determination

The minimum sample size may be determined experimentally by carrying outa within-unithomogeneity
study for different sizes of sample intake. As the within-unit homogeneity standard deviation depends
on the number of particles carrying a certain property, the observed standard deviation is expected to
increase as the sample intake decreases and to converge to the measurement procedure repeatability
as the sample intake increases. This can form the basis for a sample intake study, such as the following
procedure:

a)

b)
‘)

Sin|

be
int
be

Where it can be shown that the between-subsample variance is inversely proportional td
taken, Ingamell’s sampling theory applies[1Z]\n this circumstance, the mass my required ta
pafticular between-subsample relative stafidard deviation s’ is given by Formula (7):

wh|

NO
sta

at dther subsample masses.

7.9.3.2 Othermethods

Mipimum sample size may be set using other data or by experience. Other data that may |1
chdice ofyninimum sample size includes, for example:

determine the observed standard deviation of replicates at a range of different samy
(mass or volume of subsamples);

plot the observed standard deviation against the sample intake;
either

— use the plot to demonstrate that the sample intake has no effect/on the observed
deviation in the range assessed, or

— choose a sample intake at which the estimated standard deviation is indistinguishab
repeatability standard deviation for the measurementprocedure.

ce the number of degrees of freedom is small, it is importahtthat the range of sample intaK

hkes covering a range of at least a factor of five (for example, from 10 mg to 50 mg) shoulc
ncluded in such an experiment, where possible,

mIZKI/(S')Z

ere K is Ingamell’s sampling-constant.

[E Ingamell’s sampling constant is the mass of material that leads to a between-subsam
hdard deviation of 0,01((1 %) and can be determined from the between-subsample relative standar

sample intake used for obtaining results with acceptable precision in a stability study;

le intakes

standard

e from the

es studied

sufficient to yield a significant difference if there is appreciable within-unit heterogeneity. Sample

therefore

the mass
achieve a

(7)

ble relative

d deviation

nform the

sample intake providing acceptable precision in a characterization study carried out in a single

laboratory;

sample intake from laboratories achieving acceptable precision in an interlaboratory

characterization;

sample intake used for the homogeneity study.
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7.10 Check for sufficient homogeneity

Having determined the between-unit and (where appropriate) within-unit standard deviation, the
RM producer should confirm that the variation within and between units is sufficiently small for the
intended use of the material. Such confirmation may include, for example:

a) comparison of the between-unit and/or within-unit standard deviation to the uncertainty
associated with characterization to confirm that the standard deviation(s) are small compared
with the characterization uncertainty (for example, spp < Uchar/3);

b) calculation of the combined uncertainty ucrym of the certified value, with allowance for
heterggeneity, and confirmation that the uncertainty of the certified value is acceptable for [the
intended use;

c) for reference materials where the combined uncertainty ucrm will not be calculatéd,-checkling
that the between-unit standard deviation sp}, is small compared with the typical interlaboratpry
reproglucibility standard deviation sg in the field of use. Ideally sp, should be less than sr/3;

d) confirjmation, for example by use of an F test, that the between-unit terti)is not statistically
signifjcant at the 95 % level of confidence.

NOTE1 Lack of statistical significance does not prove the absence of heterogeneity, but can be a useful
practical cgiterion when it is not intended to provide an uncertainty with a,property value and the procedure
used for th¢ homogeneity study is typical of procedures employed by end usefs of the material.

NOTE2 A method of confirming that the between-unit term is not significantly greater than a predetermihed
upper limit|is given in ISO 13528[10].

7.11 Ungdertainty evaluation from homogeneity studies

The uncerjtainty for a certified value (see 10.2) sheuld include an allowance upom for any detecfed
heterogenkity. unom should not be less than the between-unit standard deviation sp, determined friom
experimental homogeneity studies. spp can be-zero or negligible compared with other uncertaintied, in
which cas¢ the term upom may be omitted unless within-unit heterogeneity is important.

Where thdre is significant within-unit heterogeneity at the minimum sample size to be recommengled
in the instfuctions for use, the uncertainty associated with a certified value should be increased by [the
inclusion ¢f a further allowance ugp-that should not be less than the between-subsample term deriyed
from expgrimental studies (see.79, and Notes to B.2 for estimation of uyp). The uncertainty upom
associated with heterogeneity.isthen given by Formula (8):

2 . 2
Uhom FUbb +Uwb (8

The contriputionuet, to the uncertainty of a certified value may also be increased to allow for insufficient
precision ¢f the'mmeasurement procedure used for homogeneity studies, as provided for in 7.8.

8 Assessment and monitoring of stability

8.1 Preamble

Stability of the properties of interest is one of the key features of all RMs. It is important that the value
for each property of interest is, at the time of use, consistent with the stated value on the certificate or
other documentation accompanying the material.

The value of each property can change over time for a variety of reasons, to different degrees, and
at different rates depending on the conditions. Three sets of conditions are particularly important:
conditions during long-term storage at the RM producer’s facilities, conditions during transport to the
user’s premises, and the specified conditions of storage and use at the user’s premises.
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The form and rate of change can differ considerably for different materials. Some change little or not
at all under a wide range of conditions. Some change rapidly under ambient conditions and require
low temperature storage. The form of degradation can differ: some materials change almost linearly
over long periods; some can undergo autocatalytic or less predictable rapid change after a period of
stability. Some can change rapidly during an initial period after processing and then remain stable over
long periods. For some, change can affect some units of the material much more than others, leading to
changes in between-unit homogeneity rather than a consistent change in value for all units.

These very different patterns of change, under different conditions, can be hard to predict even after
extended experimental study. There is, therefore, always some risk that the value of one or more

properties—will-changevnexpectedly—during the life-of areference-materialoreven-during the life of

a pprticular batch of a reference material that is produced regularly. Accordingly, the RM\groducer is

expected to manage material processing, storage, packaging, transport conditions, post-cqrtification

mopitoring and advice to end users so that the risk of unexpected change is as small as feasonably
pogsible.

Th¢ RM producer should:

a) | assess, by experimentation if necessary, the stability of all relevant/properties of a| reference
material under proposed storage conditions and choose pre-treatment, packaging and storage
conditions accordingly;

b) | assess, by experimentation if necessary, the stability of{all relevant properties of a[ reference
material under planned conditions of transport, and,¢hoose transport conditions tq maintain
stability during transport;

c) | establish any necessary advice on storage and use,of the material to maintain stability af the user’s
premises;

d) | select a scheme for monitoring the stability* of materials held in long-term storage that permits
prompt detection of change, taking into account the possible rate of change;

e) | where the stability of a certified«value cannot be ensured, make due allowance in the stated
uncertainty for possible change.in-the value prior to use or, where the change with time can be
predicted, provide a means of cerrecting the certified value and its uncertainty for expected change
over time;

f) | where repeated sampling/from a reference material unit, or repeated use of an entirg reference
material unit, is permitted by the instructions for use, assess the possible effects on the $tability of
the material and take’appropriate action.

The following subclauses provide guidance on the need for experimental study and, in the cothmon case

where experimental studies are required, provide guidance on their nature and conduct. Guidance is

alsp provided, on the necessity for, and assessment of, uncertainties associated with possiblefinstability
for[those case’s where there remains an appreciable risk of steady change over time.

NOTE-1\ " Conformance with a) to f) above is a requirement of ISO 17034.

NOTE 2 It is expected that for most materials, RM producers will select a combination of pre-treatment,

packaging, storage, transport conditions and a monitoring scheme that lead to a reasonable expectation of
negligible change over time.

NOTE 3

related, RMs.

NOTE 4

additionally require the estimation of the uncertainty associated with the corrected value.

NOTE 5

A material can be stable with respect to one property, even though other property values

appreciably when measured over time.
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Any means of correcting assigned values for predicted change over time will, for certified values,

can change

27


https://standardsiso.com/api/?name=4e3230bb19f4ac27c5163d916ff113e0

ISO GUIDE 35:2017(E)

NOTE 6  Most statistical treatments for data describing change over time use a mathematical model to estimate
continuous change. However, while a model can be checked for adequacy across the time course of a given study,
the very wide range of forms for possible future degradation prevent reliable prediction. Nor is it practical to
include uncertainty components accounting for possible alternative degradation models; the large divergence in
behaviour of different models would render such uncertainties impractically large. In practice, the only reliable
way of estimating change over extended periods at a given set of conditions is to observe the material over the
complete period of interest. For this reason, whatever model is used to test for change during the study and to
predict future change, stability monitoring remains essential for any material intended to remain available for

extended periods.

8.2 Ass

essment of stability

8.2.1 Re¢quirement for stability assessment
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pes of (in)stability

of (in)stability are particularly relevant in the production of reference materials:
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the

user, a better product. Stability assessment can therefore be conducted to assess instability under more extreme
conditions than those expected on the basis of planned storage and transport conditions.

8.2.3 General methods for assessment of stability

The assessment of both long-term and transportation stability should include one or more of the

following:

reasonably affect stability, including the particular chemical or biological species certified;

— review of published literature data on stability of related materials;
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— review of stability assessment or monitoring data on related materials;
— planned experiments, whether real-time or accelerated stability studies;

— experiments to test the effect of different storage arrangements, including container integrity and
stabilization or preservation methods.

Where stabilization is used, the RM producer should define the method of stabilization and verify (by
any of the methods above) that the stabilization method used is appropriate for the use of the material
and effectivel18].

Staﬁﬂm;ndudmg
for|example, the effects of reopening, re-freezing or humidity) when this is permitted\under stated
corjditions for use. Where it is not feasible to include the effect of repeated subsampling-or refuse in the
stapility assessment, the instructions for use should not permit re-sampling or re-use.
NOTE1 “Related” materials above can include appreciably different materials from;the candidate reference
mafterial that share some, but not all, relevant characteristics. For example, the same certified prpperty in a

different matrix or solvent, the same matrix type but different certified properties,etc.

NOTE2  8.2.4 and 8.9 include further provisions related to repeated subsampling or repeated use.
8.2.4 Need for experimental study of stability

8.2.4.1 General requirements on the need for experimental study of stability

Foi reference materials for which the RM producer haslittle or no prior information on stabjlity under
the planned storage and/or transport conditions, orwhere the effects of permitted re-sampling or re-
usq are not known, an experimental assessment of stability should be conducted.

Experimental studies are not necessary if the RM producer has prior information on stability from
clogely similar materials held for an extendéd period under the same planned storage conditjons.

8.3[to 8.8 give guidance on the form aud tonduct of experimental stability studies.

NOTE “Closely similar” materials are materials characterized for the same properties, which shafe the same
mafrix composition, processing conditions, similar or less effective packaging, etc.

8.2.4.2 Need for experimental study of stability in repeated batch production

The RM producer should normally verify the stability of at least two batches experimentally, |n addition
to the batch chosenyfor experimental characterization of stability, when

— | an experimiental study is considered necessary,
— | the material in question is to be produced in repeated batches, and

— | the RM producer intends to use the stability data from one batch to represent the stabjlity of the
following batches.

NOTE Verification can be a simple test to confirm that different batches behave similarly or, for successive
batches, do not change over their lifetime, while the experimental assessment of stability typically involves an
extended study aimed at determining rates of change.

8.3 (Classification of stability studies

8.3.1 General
Approaches to a stability study can vary significantly. The simplest approach is to take two independent

measurements at different points in time, in order to draw conclusions about future stability based
on change over the elapsed time. Other approaches include multi-point approaches, which enable the
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RM producer to model more complex stability behaviour and/or draw conclusions about change over
shorter periods than the time elapsed between the first and last measurement in the stability study.

Stability studies can be classified into

stabili

classical and isochronous studies, according to the conditions of measurement,

ty under transport conditions or long-term stability in storage.

real-time studies and accelerated studies, according to the conditions and treatments applied, and

transportation and long-term stability studies, according to whether they are aimed at evaluating

In additio
humidity,

The follow
8.3.2 (1

8.3.2.1
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months, the next one after six months, etc.). This design, in which the'measurements are carried
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uncertaint
and the (W
conditiong
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A more de

833

h, it can be necessary to examine particular conditions, such as packaging features
hnd this can require special experimental designs.

ing subclauses provide guidance on these different design options.
hssification according to conditions of measurement

[lassical stability studies - Intermediate conditions of measurement

sical stability study, individual samples prepared at the same’time (i.e. as a batch), un
onditions, are measured as time elapses (e.g. one samplée immediately, one after th

rmediate conditions of measurement (sometimes called within-laboratory reproducibi
), can lead to a relatively high uncertainty when .instability of the measurement syst
s significantly to the dispersion of the measurement results.

sochronous stability studies - Repeatability‘conditions of measurement

1s designs use storage under reference.conditions to allow RM units exposed to differ
n conditions to be measured in_a“short period of time, ideally under repeatabi
[19], Reference conditions are a set©f conditions under which the properties of interest
expected to be stable, or can be(a chosen baseline level. The word “isochronous” emphasi
easurements are made at the 'same time, rather than distributed over the time span of
udy, as is the case in the classical approach. This use of repeatability conditions is expec
improved measurement precision over the course of the study, thus improving the poy

y than that of the~classical study, depending on the difference between the repeatabi
ithin-laboratory}.reproducibility of the measurements. A prerequisite for this design is 4
can be defined under which degradation does not occur, or at least occurs at a different 1
pnditions selected for storage.

failed deseription of isochronous studies is given in 8.5.3.

hssification according to stability study duration and conditions
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8.3.3.1 Real-time stability studies

In a real time stability study, the stability of a material is studied under the storage or transport
conditions that are intended for the RM. This means that one week/month/year of the stability study
gives information on the behaviour of the material over a one week/month/year period. This type
of study has the advantage that it does not require any assumptions about the effects of different
conditions on the stability, because the conditions used in the experimental study are the same as those
intended for use in transport or storage.
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8.3.3.2 Accelerated stability studies

In an accelerated study, multiple experiments are performed at conditions that are more extreme
than the storage or transport conditions intended for the RM and that aim at inducing more rapid
degradation than would be experienced under the intended storage conditions. The degradation rate
at the conditions of interest is then estimated, for example, by regression analysis over the various
experimental conditions. The most frequent example is testing at several temperatures and estimating a
degradation rate via the Arrhenius equation. This type of study has the advantages of reducing the total
time required and of increased confidence from the use of information from more extreme exposure
conditions. The major disadvantage is that the degradation mechanism or its rate-determining step can

Both real-time and accelerated studies can be organized as classical or as isochronous stuglies.

The use of accelerated studies can provide confidence in stability for periodsssubstantjally longer

thap the study duration and is particularly useful where early availability of the material is'required.

NOTE 3  Light, moisture and temperature are common examples of factors that canraccelerate degradation.

8.314 Classification by study objective

8.3l14.1 Transportation or other short-term stability studies

Transportation stability is a property of the material referping to stability under expected| transport
nder (as a
b intended

Hed in the

sportation
Hitions for

Unless there is reason to the contrafy;these conditions should include extreme temperatures

reflect the
premises.
that might

llowed for
thort-term

regsonably occur during international transport for a period that is at least as long as that a
trapsport of the RM. For example, if the proposed transport time is restricted to 3 weeks, a
stapility study of 3 to 4 weeks-will suffice.

controlled
backs), the

If ¢xperience of the stability of similar materials is available and indicates that closely
trapsport conditions*are required (for example, transportation packed with dry ice or ice-]
study may be restricted to the intended conditions of transport.

Oth
cor|

per
(se

er short-tépm studies can be necessary, for example to establish the suitability of expectpd storage
ditions'atthe end user’s premises. Studies to establish the suitability of alternative storage for short
iods at'the end user’s premises should reflect the conditions permitted by the instructigns for use
e 879).'It is not usually necessary to explore more stringent conditions for this purpose.

NOTE Itisassumed in this document that transport conditions will normally be sufficiently closely controlled
that the effect of transport does not significantly affect the property values and does not require an increase in
uncertainty for certified values. Transportation stability studies are therefore assumed to be designed primarily
to check for significant change rather than to provide an accurate quantitative estimate of change.

8.3.4.2 Long-term stability studies

Long-term stability studies are conducted to assess stability under storage conditions specified for
the lifetime of the product. Real-time long-term studies typically last 12 months or more; accelerated
studies are typically shorter but include more extreme conditions. The period of validity of the
certificate is also ensured by stability monitoring after release. In general, the fewer data that are
available about the stability of a property value in a material, the more extensive the long-term stability
and post-certification monitoring should be. Where time-to-market for new materials is crucial, it is
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possible to limit the long-term stability study to less than 12 months and perform frequent monitoring
to complement the limited data available before certification.

8.3.5 Designs for different storage and treatment conditions

It is sometimes necessary to examine the effects of more than one storage or treatment condition. For
example, it can be necessary to assess effects of high humidity, high and low temperature, different
stabilization methods, effect of exposure to light, or different packaging options.

Experiments for this purpose may include:

— indiviflual study of each possible effect on stability;

— multiffactor experiments intended to evaluate the effect of several storage and/or packaging
treatments simultaneously;

— ‘worst case’ studies that expose a material to the most extreme combination of cenditions, on fthe
basis that stability under the most extreme conditions provides evidence of stability under less
extrerne sets of conditions.

Where mulltiple storage and/or packaging conditions need to be studied, the uise of factorial or fractional
factorial designs is encouraged for efficiency reasons. Where used, such experiments should allow|for
the possibjility of interaction between different factors. Two-factor interactions, such as the combiped
effect of hiimidity and temperature, are often important and the experimental design should allow|for
estimation] or testing of these, where practicable.

NOTE1 [uidance on factorial and fractional factorial experimental'designs can be found in Reference [11] and
their use fof stability studies (of drug substances and products).is.déscribed in Reference [20].

NOTE2  Where an effect is found in a multi-factor experimerit} it is important to verify the effect by further styidy.
NOTE 3 n the experimental design literature, fractional factorial designs that allow for the estimation of nfain

effects without bias from two-factor interactions are‘sometimes known as ‘resolution 1V’ designs. Resolutign V
designs additionally allow separation of two-factor intteractions from other two-factor interactions.

8.4 General requirements for effective stability studies

8.4.1 Oyerview of requirements

To obtain feliable results in alstability study, it is important to

— select|a representatiyeé Subset of material,

— choosg a suitable\measurement procedure with sufficient precision and selectivity,

— make fhe measurements under suitable conditions following an appropriate experimental design, #and

— conductthe statistical analysis using valid statistical methods.

8.4.2 to 8.4.4 provide guidance on the first three of these points. Statistical analysis is considered in
detail in 8.5.

8.4.2 Selection of units

Units for a stability study on prepared and packaged materials should normally be selected randomly
from the set of packaged units.
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Preliminary stability studies may, however, be conducted on smaller batches of material in order to
establish appropriate packaging or pre-treatment. In such cases, it is sufficient to prepare units
specifically for preliminary studies and to study all, or a subset, of those so prepared.

NOTE1  Stability study interpretation is generally less dependent upon random selection of units than are
homogeneity studies or value assignment; useful indicative information about stability is likely to be obtained
from simple sampling strategies such as systematic sampling. It is, however, important to avoid any sampling
scheme which might result in unrepresentative stability information. For example, selection of units from the
outer regions of a large set of RM units - such as the top or side of a large container or storage area - can result
in selection of material exposed to light or more extreme temperature variation. Such units might have already
undergone some change and can behave unrepresentatively in further stability assessments, particularly if the

ma

NO

8.4.3

Irr
me

erial 1s susceptible to rapid early change and shows subsequent approximate stability.

[E2 7.4.3 gives examples of appropriate sampling schemes for selecting RM units for study

Suitable measurement procedure(s) for stability studies

pspective of the study design, the outcome is only meaningful if the-standard d¢
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For
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isochronous studies (see 8.3.2.2 and 8.5.3) or other designs which rely primarily
eatability, the measurement procedure(s) used should be selected primarily for good reg

studies which might be affected by run-to-run variatign$ in measurement, such as {
bsical design at a single storage condition, measurementfrocedures should be selected pr
d intermediate precision.

8.44 Appropriate experimental design
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ange of designs for the experimental studycof stability is given in 8.3. Alternative desig|
d where their effectiveness can be demonstrated.

e degree of replication required in a stability study and the duration of the study depend o
ctors. In particular, uncertaintiesin predicted degradation depend both on the study du
number of replicates. In deciding/the number of replicates, the number of different exposg
| the number and range of different sets of exposure conditions, consideration should be g

the precision available ;from the measurement procedure chosen for the study; ve
measurement procedures require low levels of replication;

the need to allowfor failures in individual observations or RM units. Allowing a minimum|
units for eack ¢combination of time and temperature (or other conditions) provides for r¢
and helps toavoid missing sets of conditions;

the planned lifetime and monitoring frequency for the material. Long monitoring interv
eitherlengthy stability studies or higher replication to provide reliable predictions of de

the need to verify linear (or other) model behaviour. To provide some check on linearity.

viation of
ween-unit

¥ on good
eatability.
he simple
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h a variety
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ure times,
iven to:

'y precise

of two RM
dundancy

ls require
bradation;

minimum

of three observation times is essential in an isochronous study; for non-isochronous studies, where

run effects may be important, a minimum of four points in time, with replication, is requ

ired;

the need to observe the material under proposed storage conditions. Studies should include (but

need not be limited to) exposure under the proposed conditions of storage;

the need to examine interactions between factors affecting stability.

For materials with little prior information available, the number of units and replicates used should,
in addition to the considerations above, be sufficient to provide small uncertainties for predicted
degradation.
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Where the available measurement procedures do not have sufficient precision for reliable determination
of stability, additional replicates at each combination of point in time and conditions and/or additional
points in time should be included. The preferred nature of replication depends on the principal sources
of variation, as follows.

— Where the measurement repeatability is the principal source of variation, the number of replicated

measurements on each unit and/or the number of units studied at each combination of point in time
and other conditions should be increased.

sourc

of variation, the number of units studied at each time/condition combination shoul

Where RM heterogeneity (represented by the between-unit standard deviation spp) is an important
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e measurement variation over time in a classical stability study is important, the numbe
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When between-unit heterogeneity arises from a known trend it is important to alldcate RM unit
brature treatments so as to avoid bias. This is usually achieved by ensuring randoinallocation of u
Fxposure times in a stability study are not necessarily equally spaced.

Che International Conference on Harmonization (ICH) describes somie efficient designs for stud
tors affecting stability[20].

uation of stability study results

neral considerations for stability study data freatment

'ment for stability studies should take.aecount of the particular study objective,
tal design used, and the sources of variation that might affect the results.

basic stability studies, the objective\is €ither to test for any important change over timg
to estimate the rate of change of property values over time. In studies that examine the eff

nificant effects. Some designs include elements of both of these objectives.

imental design used will affect the data analysis options. A design restricted to two s
ns - for example, two\eXtreme points in time - can (assuming replication at each point)

 case the two proeedures are equivalent. A design that follows a property value over time
bf storage conditions is typically assessed using modelling (such as linear regression, 8.5.7
e rates of change or by analysis of variance to test for significant differences over time,
hssessedby'a simple two-group test. An accelerated study, which follows a material over ti
storagéconditions, can require treatment using a more general model that allows estimat]
t rdtes of change under different conditions (for example, the temperature dependencg
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The sources of random variation that affect the result also affect data analysis. For the simplest design,
in which only a single source of random variation is present, simple linear regression as described
in 8.5.2 is usually sufficient. For studies involving measurements at different times, and in which the
measurement system might show run-to-run variation in addition to within-run variation, data analysis
should be chosen to allow for the additional source(s) of random variation. Data analysis for such cases
is considered in 8.5.5.

The following subclauses describe the analysis of stability study data. 8.5.2 describes the application
of linear regression in the simplest case, and provides guidance for more complex cases including
isochronous studies using one storage and one reference condition, accelerated studies, and studies
with more complex error structure.

NOTE Uncertainty evaluation for certified reference materials can also use the results of stability studies.
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8.5.2 The basic stability study: multiple points in time at a single storage condition

8.5.2.1 Applicability

This subclause applies to a situation where one or more measurements are taken at each of several
points in time, and the random errors in each measurement are independent and share the same
standard deviation and distribution (that is, errors are independent and identically distributed).

NOTE1 The assumption of independence is not valid when the measurements are taken at different times

and the intermediate precision standard deviation of the measurement system is greater than the repeatability
standard deviation.See 8.5 2 5 for furtherinformation

NO
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[E 2 Ifthe precision changes significantly from one time to another, the assumption of identical ¢
ot valid and this clause does not apply. Changes in precision can be detected by, for example, ap
s for homogeneity of variance or by inspection of residual plots. See 8.5.2.5 for further informatio

8.5.2.2 Procedure

Foi the basic case, using simple linear regression, the procedure is as follows:

Fit a preliminary model and inspect the fit and model residuals, Checking any assumptfions made

(see 8.5.2.4 and 8.5.2.5 for further detail).

If the assumptions apply, record the model parameters (usually slope and intercept)| and their

uncertainties and check the statistical significance of any trend found (see 8.5.2.6).
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ailed calculations for simple linear regression are“given in B.3 and are generally avail
eral-purpose statistical software packages and infiost commercial spreadsheet applicati
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['E Essentially all linear regression software;including commercial spreadsheet applications,
ce calculations automatically. ISO 17034 require$-that software, including any written by the RM p
purpose, be validated prior to use.

8.5.2.3 Model selection
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deg
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me

8.5

stability assessment where ‘the underlying kinetic mechanism is unknown and ch
ected to be small, a linear-approximation is usually a suitable model. The simple linear r¢
escribed in B.3.

ases where a well.defined nonlinear mechanism is the reason for the instability, the corr
radation modelis'to be preferred over the (empirical) linear model. The mathematics is
re complex formodels other than the straight line, but the evaluation runs in the same fas

AMPLE
thanism;inthis case a radioactive decay, which can be predicted by a well-known but nonlinear m|

.2:4~ Fitting the model

anges are
lationship

esponding
somewhat
hion.

An RM containing a radioactive isotope is an example of a property with a well-defined kinetic

odel.

The regression parameters can be computed using the procedures in B.3 or by suitable software. The
calculations provide estimates bg and b1, respectively, of the true intercept and slope ffp and 1, together
with the corresponding standard errors s(bg) and s(b1), which can be used in subsequent statistical
tests and in uncertainty evaluation.

8.5.2.5 Inspection and check of assumptions

The regression results should be inspected and the assumptions checked as indicated in B.3.3.

In reference material stability studies, it is particularly important to check for evidence of an
inappropriate degradation model. In the case of a simple linear model, evidence of nonlinearity is
therefore particularly important.
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Where serious departure from the assumptions is found, data analysis should be discontinued and any
anomalies should be resolved or alternative data treatment adopted.

Some common issues and courses of action are:

— Outlying data points should be inspected, and if appropriate, removed. Outlying data points
adversely affect both model fits and tests for significance. If attributable to measurement system
failures, outlying data points should be corrected or removed. However, outliers can also be due
to incorrect choice of degradation model or to RM units that have degraded individually; due
care should accordmgly be taken to con51der p0551b1e causes before removmg any observations.
Individual ou ] if the
materjal has already been shown to be homogeneous likely to 1nd1cate measurement fallure

— If thefe is significant between-unit heterogeneity (compared with the available measuremlent
precigion), it is necessary to allow for this in statistical assessment; in particular, significance fan
be ovgrstated if between-unit heterogeneity is not allowed for.

— Evidefce of run-to-run variation in the measurement system should be addressed by adopting
alternptive data treatment (see 8.5.5).

— Evidefce of curvature may be addressed using a different model or (sifce visible change implies
instalility) by concluding that the material is not sufficiently stable for.the intended use.

esting for significant instability

ple case above, the usual test for instability is a Studentt-test for slope significantly different
from zero jps described in B.3.4.

If the trend is statistically significant, it is also useful to.consider whether it is technically significgnt;
that is, whether it is sufficient to require an increase@f uncertainty in a certified value or to previent
certificatipn. Trends should be considered technicaly'significant if the predicted degradation over fthe
period of validity of the material is important conipared with the standard uncertainty of the property
value in qyestion.

If a technigally significant trend is observed,the provisions of 8.6 apply.
8.5.3 Ispchronous designs

8.5.3.1 $imple isochronous'study with one storage and one reference condition

In an isoclironous design;a-set of units of an RM is exposed to proposed storage conditions for a tijne,
and then hoved to reférence conditions, after the planned exposure time for each unit. When all units
have been exposed-for the intended time, the complete set of units is measured. This sequenc¢ is
illustrated schematieally in Figure 6.

Usually, tHe planned storage condition is at ambient or near-ambient temperature (for example, 4 [°C)
and the reference conditions include a much lower temperature at which degradation is considefed
extremely unlikely.

Since the study involves only a single exposure condition, data analysis follows the procedure for the
basic stability study at 8.5.2, using the time for which each unit is exposed to the planned storage
conditions as the time axis for the analysis.

NOTE In an isochronous study, it is also possible to move material from reference conditions to planned
exposure conditions to achieve the desired exposure time.
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Isochronous: no reference units
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['E The figure shows a schematic illustration of an isochronous study involving observd

osure for increasing times A, B, C and D, equally;spaced over the intended study period. A numl
ht, here) are reserved for the study. At time A{which may be at a nominal zero exposure time), a
moved to the reference conditions. An equal number are moved to reference conditions at each
ht in time. Finally, after all units have been éxposed for the desired time, all units are stored undg
ditions and are then removed and measured simultaneously. Note that measurements need not bg
er the reference conditions, provided that they are carried out within a short period of time.

Figure 6 — Illustration of an isochronous study

.3.2 Advantagesand disadvantages of isochronous stability studies

All measurements are made in a short period of time, usually under repeatability cond
singlerun. This provides for the best available precision for the study and avoids the poss
lorgér-term drift in the measurement system might be mistaken for instability.

bnt

tions after
ber of units
set of units
subsequent
r reference
conducted

chronous studies, including the simple arrangement at 8.5.3.1, have the following advantajges:

itions in a
ibility that

Val h 1l . . . 1 | . | . 1. L. 41 1
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laboratory resources.

The disadvantages include:

Deferring measurement until the end of the study means that instability is not identified
completion of the study.

Simple interpretation of results in the basic design of 8.5.3.1 relies on minimal change
reference conditions. If the material changes progressively under the reference cond

duling of

until after

under the
itions (for

example owing to progressive freezing effects), this can either be mistaken for change at the planned
storage conditions or can lead to an incorrect conclusion that the material is stable. Additional

evidence can therefore be needed for reliable interpretation.
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— The study design assumes that there is no adverse effect on transferring to, or from, the reference
conditions. If the material changes on moving between conditions, the results can be highly variable

or har

d to interpret.

Not all materials can be placed in conditions that are more effective at preventing degradation than

the planned storage conditions. Some cannot be cooled to low temperatures; others can require
storage at the lowest available temperature.

Not all degradation mechanisms are affected by changed conditions, including temperature.

The basic design at 8.5.3.1 has the additional potential drawback of including only one candidate

storage co

NOTE

8.5.3.3

ndition.

Che disadvantages listed above can be reduced by extending the design as described in 8.5:3.3.

Extensions of the basic isochronous design

Some of thle disadvantages listed in 8.5.3.2 can be addressed by extending the basic isochronous desi

Extension

a)
b)

Runni

Inclus
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meastu
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Measu
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desigy
in eac
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Data analy
regressior
apply. For
require st
measuren

854 Adg

8.5.4.1

This type
submittin

5 include:

Ing two studies with different durations can provide earlier results;if desired.

jon of multiple alternative exposure conditions, including ‘accélerating’ conditions. This
assessment of stability under a range of conditions and can‘additionally allow isochron
rements for an accelerated stability study. In addition, including additional RM units retait
intermediate conditions (that is, between reference andplanned storage conditions) provi
brotection against misinterpretation of unexpected ¢hanges under reference conditions.

ngle measurement run, the measurements;can be carried out using a randomized bl
. In this case, the effect of every exposure treatment is observed a smaller number of tir

peatability standard deviation, at the expense of a small loss in degrees of freedom. Thi
rous to the use of randomized bloek'designs in homogeneity studies (see 7.6.3).

sis for the extended designs,involved in b) and c) above is more complex than simple lin|
. For the treatment of a multiple-temperature isochronous study, the provisions of 8|
randomized block designs; the procedures used are similar to those of 7.6.3 and gener
ptistical software; hewever, a simple average of observations from each treatment acr]
ent runs permits simplified assessment as described above.

celerated stability studies with multiple exposure conditions

Description of accelerated studies

bf study accelerates the occurrence of degradation effects from possible influential factors

b the objects under test to more extreme conditions than the planned storage condition, t

h of several measurement runs. This provides for a test of stability-related changes agai

gn.

Can
bus
ned
des

rement using randomized block designs. Wherge‘there are too many observations to complete

bck
nes
nst
5 is

par
5.4
nlly
0SS

by
nus

shortening the time within which an observable change occurs[21l.[22] and /or increasing the observable
degradation.

Factors that may accelerate degradation include, but are not limited to:

environmental stress factors such as temperature, humidity, irradiation (usually light, especially

UV), oxidising agents (e.g. air), storage container properties (contaminated contact surfaces,
adhesive contact surface properties, leakage);

sample-specific factors such as reactive matrix constituents, in particular for natural matrix RMs.

Since temperature plays a major part in at least the majority of known degradation processes, including
chemical reactions, diffusion, evaporation, or adsorption, accelerated studies should normally test
for the stress factor of temperature. The temperature range studied should include at least the range

38 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=4e3230bb19f4ac27c5163d916ff113e0

ISO GUIDE 35:2017(E)

of temperatures the material might reasonably encounter under planned conditions of storage and
transport.

Stress factors other than temperature, particularly humidity and irradiation, should be included in
accelerated stability studies where there is no existing evidence that they can be neglected.

The following paragraphs are limited to the stress factor temperature, although the general approach
can also be applied for any other continuous stress factor.

NOTE If no change is observed in an accelerated study then it is not possible to fit a reliable predictive model.
It is therefore useful for subsequent mathematical modelling and prediction of change if the conditions included
in gn accelerated study can be chosen so that appreciable change is observed at [east at the extremes.

Foil pharmaceutical products, temperature and humidity, and in special cases irradiation} can have
an |impact on the stability of the material. Recommendations of the International’Conference on
Harmonization (ICH) describe accelerated degradation studies in which the material under test is
exposed to certain defined combinations of these factors[20],

EXAMPLE An example of a possible layout of an accelerated ageing study for,a-candidate material is given
in Table 1. Depending on the expected behaviour and the rate of degradation, afayout might contdin more or
fewer stress points in time and temperature, and ranges may vary according-to the kind of measufand under
investigation.

Table 1 — Accelerated ageing example: Temperatures and exposure times

Temperature (°C) 4 20 40 y0
Exposure time (months) 1,3,6,12,(24) 1, 3, 6, 12:(24) 1,3,6 05,1

NOTE  Exposure times in parentheses show sampling times/for'the first post-certification monitoring (see 8.10)

8.5.4.2 Mathematical models for assessingaccelerated stability studies

This time dependence g(t) of the temperature-driven degradation of an analyte under corlsideration
is most commonly modelled using . the-basic assumption of proportionality between the rate of
chgnge of analyte with time (dx/d¢) and the total amount of the analyte available in the sgmple. The
prdportionality coefficient is the temperature-dependent reaction rate keff(7T). Thus, from Formula (9),

d
d_:z_keff(T)X 9)

with x being the valueZaf the measurand under investigation, one obtains an exponential dgpendence
on [time. Although-this assumption is not universally applicable, it describes a very large pumber of
degradation processes. Simple linear modelling following this assumption should therefore refer to
In[x(¢)] rather than the value x(¢) itself, and the regressions as mentioned below should be carfried out in
a lgg-linearspace or should use nonlinear curve fitting appropriate to the model chosen.

At i given temperature, the effective pseudo first-order reaction rate keff(7) can arise from more than
ong¢ concurrent degradation process, each with a different dependence on temperature. Temperature-
driven degradation processes often follow an Arrhenius model, biological/microbial processes
can follow an O'Neill model and diffusion-driven changes in a sample can follow Fick’s law. If prior
information on possible degradation processes is available, the dynamic reaction kinetics can serve
as the basis for describing the dependence of the reaction rates on the level of experimental factors.
Empirical models (without a physico-chemical rationale) are acceptable in cases when a larger number
of individual processes overlap and can (at least partially) compensate.

An appropriately selected model is then regressed over the whole set of data (referring to all stress
levels) from the stability study providing, for any stress level, an estimate for the model parameters.
These estimates then will allow the RM producer to

— estimate a final expiry date for materials with detected instabilities (under storage conditions at
the RM producer’s site);
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— estimate an uncertainty of stability for materials;

— estimate the maximum admissible re-testing interval for seemingly stable materials (post-
certification monitoring);

— assess

maximum admissible stress loads (temperature and time) during delivery of the material to

the customer.

Subject to

8.4.3 and to appropriate study design (8.4.4), where no degradation is found at any stress

level in an accelerated study in which the highest temperature is at least 20 °C above the planned
storage temperature, the degradation rate under planned storage conditions may be assumed to be

negligible,

Extrapolat

subject to confirmation by appropriate monitoring arrangements (see 8.10).

ion beyond the range of storage conditions tested (for example, predicting degradation rdtes

at =20 °C from an experiment involving only temperatures above 0 °C) can be unreliable:and is pot

recommern

ded.

NOTE1 Processes behind degradation/deterioration of a material can be complex and can’require diffeent
models. In many cases, complex dependencies of the form x(t)=F(T,t) can, for stability’study purposes| be

decomposed into a relationship of the form

x(t)4

EXAMPLE
content in 4

F(T,t)=f(T)g(t)

Figure 7 shows an experimentally obtained dependency for total petroleum hydrocarbon (TPH)
n environmental CRM.

40
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NOTE The figure shows an Arrhenius plot for a CRM certified for total petroleum hydrocagbon (TPH)
content in soil. The figure shows the dependence of the effective degradation rate keff(7T) (solid circles ) on the
inverse temperature and the 95 % confidence interval for the line. Note that the final data point (empty circle ©)
was excluded from the regression analysis for technical reasons; the regression line is nonetheless ¢xtended to
show the predicted change at that temperature and better illustrate the confidence limits. The fitted rjelationship
is gpod for the higher temperatures-represented by the first four points.

Figure 7 — Results for an accelerated stability study

NOTE 2  More application examples are given, and comprehensively described, in References [23] and [24].

8.5.5 Additional sources of random variation in stability studies

Often,4here can be more than one random effect; for example if multiple RM units are observed in
duplieate at each point in time, there is (in principle) a between-unit term, as well as the resjdual error
term. Specialised treatment, ideally using statistical software, 1s required to take tfull account of such
an error structure. The most common approach is mixed-effects modelling using maximum likelihood
methods, which allows for multiple random effects and calculates the variances for the random effects
and the required standard errors for fixed effects (slope and intercept) accordingly(251.[26], However, a
simple treatment when the number of replicates per RM unit is identical is to average multiple replicates
to give a single value per RM unit; this can then be treated as a statistical model with a single residual
error term. The disadvantage is that this reduces the apparent number of degrees of freedom and can
consequently increase the uncertainty associated with regression coefficients.
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8.6 Action on finding of a significant trend in a stability study

If a technically significant trend (see 8.5.2.6) is observed, one of the following approaches should be

adopted:

a)
b)

the property value for which the degradation was observed is not certified;

that the change in value is not technically significant;

<)

the period of validity of the certified value is decreased, based on the model prediction, to ensure

the expected extent of degradation over the intended period of validity is estimated, converted into

a stan
the un

d) thece

and it

)
NOTE 1

a com
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time due to
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for the property value (see 8.7.4).

8.7 Und

8.7.1 Gq

Where va
the certifi
supported,
may be sef

In other d

(dard uncertainty and included, together with the uncertainty of the expected degradation
certainty of the assigned value;

Ftified value and its uncertainty are given as a function of time, reflecting the estimated tr
b uncertainty;

bination of two or more of b), c) and d).

Che approach in c) above is equivalent to including an uncorrected bias in ameasurement uncertai
Approach d) above requires a well-established degradation model.

B.7.4 gives further details of the evaluation of uncertainties in thegresence of a significant trend.

A CRM is certified for the concentration of 242Pu in solution. This concentration decreases d
the well-established radioactive decay of the isotope. The gertificate states that the value is valid|
ay (the day on which the measurements were performed) and states the yearly loss of the isot
b per year), with the half-life used and the uncertainty @f the half-life, to allow calculation of an e}
b date of use as well as an uncertainty for the value atthat time.

An RM for quantitative microbiology is found’to lose, on average, 0,05 log cfu per month of stor
Certainty of this loss of 0,01 log cfu per month' (as standard uncertainty), and the loss is considé
ompared with the uncertainty of the property value. The initial property value is the value obtai
of characterization. To allow for loss on'sterage, certificates are issued with a value corrected for
e since characterization and the uncertainty of the correction is included in the claimed uncertai

ertainty evaluation from stability studies

neral considerations’for uncertainty evaluation from stability studies

id technical r€asons demonstrate that the potential change over the period of validity
Cate is negligible compared with the certified uncertainty (e.g. less than ucrm/3), and thi
by experience and observation, then the component of uncertainty due to long-term stabi
to zerpor omitted from the uncertainty in the certified value.

ireumstances, where stability data analysis produces estimated rates of change, usu
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change based on the model. Such predictions can inform the choice of monitoring regime. In addition, it
becomes possible to make an estimate of the uncertainty associated with predicted changes in certified
values over time. Where little prior information is available about the behaviour of the material over
extended periods of time (that is, larger than the stability study duration), and the RM producer
chooses to employ comparatively infrequent monitoring (e.g. yearly or less), it is prudent to estimate
these uncertainties and, for certified reference materials, to include them in the uncertainty associated
with the certified value(s).
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This subclause (8.7) provides basic guidance on the sources of uncertainty to be considered in these
circumstances and on the general procedure for estimating uncertainty associated with possible

change over time.

NOTE 1

Matrix degradation can affect measured values obtained by some measurement proce

where the (true) value of the property remains stable.

NOTE 2

Judgement about stability based on valid technical reasons, supported by experience and o

dures even

bservation,

includes consideration of the size of possible changes in relation to the size of the uncertainty required for the
intended use of the material.

8.7

.2 Sources of uncertainty in predicted change over time

A stability study includes the following sources of measurement variation:

a) | repeatability of measurement;

b) | between-run variability of the measurement system;

c) | between-unit heterogeneity (in batch characterization).

All|the sources of measurement variation (a to c, above) contributé to uncertainty in prediction,
with the exception that in isochronous designs run-to-run variability is only present where multiple
mepsurement runs are necessary. Where these sources of variation are present and contribpute to the
vaijiation in measurement results during the study, the standard errors in estimated model cpefficients
will, if properly fitted, take due account of these uncertainties.

Ungertainties associated with random variability during the study should be included in any estimate
of the uncertainty associated with a predicted change over time.

Where a predicted change uses several model coefficients, the estimated uncertainty should take
acdount of the complete covariance matrix for the coefficients used, as errors in model coeffiicients are
often highly correlated.

In gddition, systematic effects are present, including (but not limited to):

uncertainties in model coefficients arising from measurement of time, or measurement of

uncertainty arising from-the choice of model, for example an assumption of linear d¢
rather than exponential’change or (more severely) instead of an autocatalytic model.

Conmtributions associated with systematic effects on the measurement of time and response 3

mu
cor|
pru

Th
tim

ch smaller thanythose arising from random variation. It is not common practice to inc
tributions inestimating prediction uncertainties used solely for uncertainty evaluation, t
dent to de,so when estimating a correction to be included on a certificate or in instructio

e model*used for extrapolation from the conditions of the accelerated study to the effe
e~under defined storage conditions should be valid, and the uncertainty of this mo

be

response,

poradation

re usually
lude these
hough it is
hs for use.

cts in real
Hel should

aorsidered. Uncertainties assaciated with choice of nndprlying model are not ncn:ﬂ]y i

cluded in

estimating prediction uncertainties. Instead, alternative candidate models may be fitted and their
predictions used to inform the selection of the monitoring regime.

NOTE

8.5.5 discusses the treatment of multiple sources of variation in stability studies.

8.7.3 Estimation of stability uncertainties in the absence of significant trends

When there is technical justification for stability (see 8.7.1), it may be assumed that the material is
stable and the uncertainty associated with stability may be set to zero along with adopting a monitoring
regime that can detect unexpected change promptly, ideally before it can adversely affect the use of the
material. The choice of initial monitoring point and subsequent intervals are discussed in 8.10.
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Where there is no technical justification for stability that is supported by experience, and where
the RM producer elects to use longer monitoring intervals, an uncertainty associated with possible
instability should be estimated and included in the uncertainty associated with any certified value. The
uncertainty associated with possible instability should then be based on the uncertainty associated
with prediction of the change in value at a time equal to the first monitoring point plus the time to
expiry of any certificate issued up to that time. The prediction should use an appropriate model fitted
to the available stability data and the uncertainty should take due account of all relevant sources of
random variation (see 8.7.2).

For a simple linear model applied to a classical stability study over several points in time, the uncertainty
U] A550C I phedwith-thepredictedehancets ohven by

et ToITS T SIVCIT oy

Us =§(b1 )(tm1 +Ecert ) (110)

where s(b1) is the standard error for the estimated slope, calculated as in B.3, tp,1 is the time interjval
between vjalue assignment and the initial stability monitoring point and tcert is the period of validity of
a certificafe issued during that time.

Some RM [producers do not provide an expiry date specific to each certificate issued, preferring to
set an expliry date based on a planned lifetime for the material. In such casés;the term (t;1 + teert) in
Formula (10) may be set to the planned lifetime (that is, tcert) or, at the RM<producer’s discretion, to the
second planned monitoring point, relying on immediately informing users of any chapge

following B.6, provide a time-dependent certified value or may provide a time independent certiffied

e-dependent value is provided,.the function for the certified value should reflect the Hest
estimate df the trend and the functiomfor the uncertainty should reflect the uncertainty of the tr¢nd
(or, if appropriate, a correction), taking into account the sources of uncertainty listed in 8.7.2.

When a cefrtified value is givenindépendently of time, the RM producer should increase the prediction
uncertainty to allow for expected change. A period of validity (usually (1 + tcert) as in 8.7.3) is chofen
and the exfent of degradation-over that time is estimated. This is converted into a standard uncertaipty
(e.g. using|a rectangular‘distribution if one observes a linear trend) and this uncertainty is combined
(using ungertainty propagation rules) with the uncertainty of the predicted change.

NOTE he resulting uncertainty for a time-independent certified value can be applied only to one side of|the
interval, as|degradation tends to be in one direction only, thus resulting in asymmetric uncertainties.

8.8 Estimation of storage lifetime Tom a stability study

Where it is possible to set an acceptable level of change due to lack of stability for a certified value, it is
possible to estimate a storage lifetime within which the value is expected to remain acceptable for use.
The principles are described in B.4.

NOTE An acceptable level of change can be set from, for example, a specification limit

8.9 Instructions for use related to management of stability

The instructions for use of the material should include detailed information on how the material should
be stored by the user to ensure that the material does not deteriorate beyond the stated uncertainty
during the period of validity. This information should include recommended storage conditions prior to
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and (explicitly, if the material may be used more than once) after opening. Any necessary restrictions
on time of use after opening a unit should be included. The instructions for use may include instructions
for verification of the integrity of a reference material prior to first use; such verification might, for
example, be based on package seal inspection or temperature logging equipment included in the
packaging.

Where repeated subsampling is permitted, the instructions for use should include any precautions for
prevention of contamination and for storage of opened units of the RM that are necessary to ensure
that the remaining material remains fit for use and, for CRMs, that the stated uncertainty is not
compromised. If property values can be affected by repeated subsampling, for example, by evaporation

ces of heat
hat require

Instructing the end user to store reference materials away from light, away from-soui
in dry conditions is good practice. Such instructions also minimize the range of conditions t
experimental study to verify required storage conditions.

8.10 Stability monitoring

8.10.1 Requirements for monitoring

Mopitoring should be planned for during the lifetime of the RM. As fioted in 8.1, the behavious
RM over its lifetime is difficult to predict reliably from typical stability studies. Because the bg

" of a given
thaviour is

hard to predict, it is usually necessary to monitor the stability of the material. Monitoring of
following release is accordingly an important part of the overall management of stability for
erials with long usable life.

xperience of stability from previous RM production batches is to be used to inform stabi
future batches, including shelf life, rates of degradation or uncertainty due to long-term s
P should have evidence to support claims ef-stability. In these cases, the monitoring te
ude a measurement made at the expiry date for previous batches.

Mopitoring is, however, not always essential. Some materials are certified for use with
lifeEime and early expiry dates, withoreplacement materials in near continuous produc
maferials expire before any reasonable monitoring point. The RM producer should therefore
nedd for post-release monitoring. The assessment should consider:

the duration and results'of stability studies;
experience of the stability of related materials (or previous batches of essentially identical
the expected sales lifetime or availability lifetime of the material;

whether allowance for change is to be included in any statement of uncertainty for the pr
interest;

the strength of other evidence, for example from literature studies, for the assumptiqg
property value(s) will remain stable.

a material
reference

lity claims
forage, the
sts should

very short
tion. Such
assess the

material);

bperties of

n that the

Monitoring is not necessary where the expected lifetime is short compared with known degradation
rates for the same or closely similar materials. In most other cases, some monitoring is normally
considered necessary and should be undertaken at least once over the lifetime of the material to
confirm stability.

8.10.2 Choice of initial monitoring point and monitoring interval(s)

8.10.2.1 Relevance of prior information

Where monitoring is considered necessary, the RM producer should set an appropriate initial
monitoring point and intervals for further monitoring. Both choices depend heavily on the availability
(or otherwise) of information acquired over extended periods on closely similar materials.
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8.10.2.2 Monitoring plans where extensive prior information is available

Where there is sound, relevant information from stability studies and/or monitoring of closely similar
materials, covering a period similar to (or longer than) the expected lifetime of the material in question,
the RM producer may set an initial monitoring point and intervals that are

— simila

— based

r to those used successfully on closely related materials, or

on the observed change over time for the previous materials.

In the latter case, intervals should be set so that reasonably expected change between monitoring

points, ba
certified v

In assessi

Fed on prior information, 1S Not more than one third of the uncertainty associated,w
alues.

ng the possible change, the uncertainty of any experimental assessment should be ta

into accoulnt, for example, by selecting shorter intervals when the uncertainty is large. Relevant pi

informatid
assessing

n from published literature, experience or other sources may also be takendnto accoun
'he possible change over time and for selecting a monitoring interval.

8.10.2.3 Monitoring plans where extensive prior information is not availdble

8.10.2.3.1]

Where the
materials,
of stabilit
monitorin
for compa

There are

General considerations for monitoring where prior information is not available

bre is insufficient information from stability studies andy/or monitoring of closely sim
and in particular, where no similar material has been:available for longer than the duraf]
y studies carried out on the material(s) in question; the RM producer should set ini

ratively frequent monitoring at least for the firstthree monitoring points.

fwo basic strategies for choosing initial maoditoring points in the absence of extended datd

closely sinpilar materials:

a) predid
affect

b) usea

8.10.2.3.2

t possible change and set the initial-monitoring point prior to any change that advers
5 end use;

imple multiple of the stability study duration.

hnd 8.10.2.3.3 provide farther details of these strategies.

In both ca
should be

NOTE
expected li

8.10.2.3.2

Get following review of the results of measurement at the first three monitoring points.

Strategy b) is.net appropriate if the long-term stability study time, tjts, is long compared with
fetime of thematerial.

Use'of a predicted change to set the initial monitoring point

ith

ken
ior
[ in

lar
ion
tial

b points based on the stability study results for thezmaterial in question, and in addition pllan

on

ely

bes, a) and b), interyals'for subsequent monitoring points (that is, after the first three points)

the

], a

ple.

First, a two-sided confidence interval for the change in certified value is constructed for a series of
times following value assignment. Second, the earliest point at which one of these limits intersects
the limits of the specified tolerance is determined, either graphically or numerically. This point, or a
convenient earlier time, is taken as the first monitoring point. Details are given in B.4.

NOTE The specified tolerance for a reference material can be based on considerations for intended use.
For a CRM, such an interval is usually based on the expanded uncertainty. For example, choosing a tolerance
of one third of the expanded uncertainty gives a low risk of the certified value moving outside of the expanded
uncertainty prior to the first monitoring point.
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8.10.2.3.3 Use of a simple multiple of the stability study duration

This strategy [strategy b) in 8.10.2.3.1] is simple but can result in shorter intervals than strategy a). Itis
based on multiples of the long-term stability study duration t|ts. The multiple used should be chosen to
limit the risk of a change that might affect the end use before the first monitoring point.

EXAMPLE
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An example of an application of strategy b) is given below.

Set the first monitoring point at the later of the value assignment date plus tjs and the date of th
long-term stability study plus tjts.
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0.3 Experimental approaches and evaluation for stability monitoring

0.3.1 Classical monitoring design

hitoring often takes place using the classical design. This involves measurement of R

erved value.

ersely affected by long-term variations in the measuremeftyprocess.

0.3.2 Evaluation of stability monitoring results

e basic evaluation of a single stability monitoring@eXperiment applied to a CRM relies on ¢
he new measured value with the certified value. The approach requires the standard un
n and ucrm associated with xmon and xcrufdespectively, and an appropriate coverage {3
] of confidence of approximately 95 %. Using this method, if the condition

|2 2
XCRM _Xm0n|gk UcRM T Umon

ot met, then it should be concluded that there is evidence of instability.

ere previous monitoring results on the same value are available in addition to the certifi
ck for a trend in the g¥alues should be performed. A check for a trend in the values over ty
hitoring points (in‘addition to the certified value) may be performed using simple linear g

ignificant atthe’95 % level of confidence, it should be concluded that there is evidence of
values.

ere the eriterion in Formula (11) is not met or where there is evidence of a trend, thijs
hificant degradation of the material and action should be taken. Possible modes of action c

A 1-

mal storage at planned points in time. The evaluation of the results invelves a comparis
ban) monitoring result with the certified value and, over time, a check for any significant ti

e advantage of the classical design is simplicity; the principal disadvantage is that the rest

M units in
on of each
‘end in the

11ts can be

bmparison
rertainties
ctor k at a

(11)

ed value, a
/o or more
egression.

ights may be applied if the uncertainties at different points differ appreciably. Where thle gradient

atrend in

indicates
hn include:

performmng confirmatory studies twithor without temporary suspemnsiomof Rdistriba
halting distribution and discarding the material;

re-certification of the material.

tion);

Following evaluation, new monitoring data may be added to the collected stability data for the material in
order to revise future monitoring points or amend the estimated period of validity of the certified value.

NOTE Meeting the criterion in Formula (11) cannot, in isolation, be taken as positive proof of stability,
especially future stability, or that no change at all has occurred. It can only be concluded that the change, if any,
was not large enough to detect with the available uncertainty.
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8.10.3.3 Isochronous stability monitoring

An alternative to classical monitoring is to use a variant of the isochronous experiment design to
carry out a type of semi-continuous stability study. This involves storing some units of the material
under reference conditions at which the material is expected to be extremely stable, typically at
very low temperatures. At each monitoring point, units kept under normal storage conditions are
measured together with units from the reference conditions under (ideally) repeatability conditions of
measurement. Data processing should include one or more of the following:

a test for significant change compared with the units stored under reference conditions;

inspe
storag

NOTE
temperatuf
temperatui
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combined
the claims
Internatio
used. Met

ensure traceability*to defined metrological references by proper calibration.

NOTE

modelling that allows for run-to-run variation in the measuring process.

e and samples held under reference conditions;

Reference [18] suggests an alternative scheme in which fresh RM units are placedzat the refere
e at each monitoring point. This avoids the necessity of a large stock of RM units held at the refer¢
e for possible future monitoring requirements, at the expense of more intricaté-data analysis.

Acterization of the material

hmble

hce in this clause is intended mainly for the measurenients performed to assign the certif
Falues of a material (ychar). Studies for the determindtion of non-certified property val
named), may also follow the principles outlined~ifl this clause, but will in general requ
, especially with respect to evaluation of measurement uncertainties and establishmen
al traceability (see 9.11).

tant to note that a certified property yalue should be a good estimate of the true value §

cessing), or an individual value may be assigned to each unit in cases where a numbe
facts are being produced.

ed values, the associated<uncertainty of characterization (uchar) should be determirn
requires an RM produger-to provide evidence of the metrological traceability of the certi
tated reference. Thisymeans that whatever the approach chosen, the metrological traceabi
ified values shoulddeé-Clearly defined. Traceability can only be achieved if the values that
have been show1to provide valid estimates of the value of the measurand (as defined) wit
d uncertainty‘and the results are traceable to the same metrological reference. Ideally,
hal System.of Units (SI) is the preferred metrological reference, but other references can
ological<raceability also applies to operationally defined quantities; it remains essentia

D 2-gives guidance on establishing metrological traceability for reference material characterizatiop.
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nce
nce

ied
Les
ire
[ of

ind

e average of a population. The certified value may be the same for many individual umits

- of

ed.
ied
ity
are
hin
the
be
| to

=]

Characterization can be achieved by using one or several methods in one or several laboratories[2Z].

ISO 17034

lists several basic approaches to characterization:

laboratory;

demonstrable accuracy in one or more competent laboratories;

performed using a single measurement procedure performed by one laboratory;

48

using a single reference measurement procedure (as defined in ISO/IEC Guide 99) in a single

characterization of a non-operationally defined measurand using two or more methods of

characterization of an operationally-defined measurand using a network of competent laboratories;

value transfer from a reference material to a closely matched candidate reference material
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— characterization based on mass or volume of ingredients used in the preparation of the reference
material.

This clause provides guidance on these basic principles, as well as on the conduct of collaborative
studies, characterization of purity and characterization by direct comparison with closely matched
CRMs. While the current state-of-the-art is not sufficiently evolved to give detailed guidelines for
the characterization of qualitative (nominal) properties (e.g. identity of the substance), some general
principles are also listed in this clause.

9.2 Establishing metrological traceability

9.21 Principle

Metrological traceability is a characteristic of a measurement result. In practice, the traceability of a
mepsurement result of a property value consists of two parts, namely the clearly’defined f[dentity of
the measurand and the traceability of the property values of this measurand to“the stated geferences.
Estlablishing traceability therefore includes both the proof of identity of the property measured and the
corpparison of the results to an appropriate stated reference. The comparison is established bl ensuring
thdt measurement procedures are properly validated, that measuring equipment is apgropriately
caljbrated, and that any conditions of measurement (such as test material preparation, environmental
corjditions, etc.) are under sufficient control to provide a reliable-tesult. An RM producer dan ensure
this in a number of ways, including validation of procedures afid calibration of equipment ynder their
corjtrol, or verification of traceability through the use of-materials of known value. The| following
clapises give further guidance on these principles.

NOTE Further guidance on metrological traceability,for chemical measurements is given in|References
[28],[79] and [80].

9.2 Metrological references

The traceability of measurement results is-usually ensured through proper calibration of alll relevant
input quantities against appropriate méeasurement standards and/or certified reference [materials.
Qugntity values can be traceable to

— | a generally accepted systemiof units [e.g. the SIJ;
— | measurement standards; including CRMs.

In most cases, laboratories will use measurement standards that carry values traceable tp a higher
reference (e.g. SI). This should be attempted wherever possible. Values obtained by calibrption with
sudh a standard.are traceable to this higher reference via the standard, if all other input factors have
begn duly calibrated.

NOTE1 <Typical items to be calibrated include balances, thermometers, torque-wrenches, |volumetric
instruments, vernier calipers and stopwatches.

NOTE=2 In many cases, measurement standards, including CRMs, will be used as calibration standards for the
measurement procedures. Examples are working standards (traceable to the primary standard) or conventional
scales like pH, for which the agreed primary realization is the Harned cell and for which routine calibration uses
buffer solutions. Values obtained by calibration with this standard are traceable to this higher reference via the
values of the standard, if all other input factors have been properly calibrated.

NOTE 3  If the certified value of a CRM used for calibration is itself traceable to a higher reference (e.g. the SI),
then the new CRM will be traceable to this higher reference via calibration with the CRM, if all other input factors
have been properly calibrated.

NOTE4  The relevance of input quantities is usually evaluated against the combined standard uncertainty

of the measurement result. A common rule of thumb is to consider the uncertainty contribution of one input
quantity relevant if it is larger than a third of the combined standard uncertainty.
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9.2.3 Types of measurands

A measured property can be

defined without reference to a particular procedure for measurement. This is the case for basic
physical properties (length, mass) and concentrations of clearly defined substances, which can be
directly linked to the amount of substance (mole). In this case, the measurand is meaningful without
reference to a particular measurement procedure.

operationally defined. In this case, the measurand is defined by reference to a documented and
widely accepted measurement procedure and only results obtained by the same procedure can be
compgdred.

Whether ¢r not the measurand is operationally defined, the establishment of traceability,requi

the same activity; every quantity that materially affects the measurement result should e stbject

calibration or should be kept under suitable control, usually by use of calibrated instruments[81l.

EXAMPLE

are two va
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showing thpt the measurand is not operationally defined and that the certified value is traceable to the st3

reference.

EXAMPLE }

study in which all participants apply ISO 6865. All measurement conditions (temperatures, volumes, mass, ¢

were prop§

EXAMPLE ]
instrument
defined (m

of ISO 6863.

NOTE
procedure

uncertainties arising from use of the NIR procedure, including allowance for possible procedure bias on
particular aterial.

9.2.4 Effect of sample preparation or pre-treatment

For many
of the pro
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only be compared\with a reference procedure (when available), or among themselves. This makes

clear defin

a)
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atrix reference materials, the situation is complex. Although the instrumental determinat]
gr:erty value cap-bemade traceable to appropriate units by the calibration of the measuremient

The concentration of Cd in a sample is to be certified. The measurement procedures cho
idated procedures based on acid digestion followed by ICPMS and neutron dgctivation analysis.
nts are calibrated using certified solutions of cadmium. The results from twe veéry different princij
ment agree within their respective uncertainties. Together with the validation data and evide
bn, this provides confidence that bias for either procedure is small ¢compared with the uncertai

The mass fraction of crude fibre as defined by 1SO 6865[29] is determined by an interlaborat

rly calibrated. The measurand is operationally defined (ISO" 6865) and results are traceable to the

The mass fraction of crude fibre is determined by near-infrared spectrometry (NIR).
is calibrated using measurement results obtained-following ISO 6865. The measurand is operation
hss fraction of crude fibre as determined by NIR)'and the quantity values are traceable to the res

Che results from the NIR procedure;will usually have larger uncertainty than the defir
because the uncertainty must include'the uncertainties of the calibration values as well as additid

used, pre-tfeatment steps such as extraction, pre-conditioning or transformation of
m one physical or chemical state to another cannot easily be calibrated. Such treatments

itiontof'the measurand somewhat complicated. Generally, three possibilities exist:
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in characterization studies to provide a certified value defined by reference to the reference
measurement procedure. This gives an operationally defined quantity.

A second possibility is the use of two or more independent procedures to assess the procedure bias.
If the results from independent procedures agree within their respective uncertainties, the RM
producer may conclude that the values obtained are not significantly influenced by the individual
procedures and hence the measurand is not operationally defined.

In other cases, only a comparison among different laboratories using the same procedure is
possible. In this case, it is impossible to demonstrate absence of method bias; therefore, the result is
an operationally defined measurand.
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EXAMPLE The mass fraction of Cd in soil was determined in several laboratories that all used

2017(E)

aqua regia

extraction and subsequent quantification by ICPMS. The measurand is operationally defined as “obtained by

aqua regia extraction and subsequent quantification by ICPMS”.

The definition of the property on the documentation provided to the users should reflect the

characterization approach chosen.

9.2.5 Verification of traceability

In many cases, itis dlfflcult to demonstrate the proper calibration of each and every piece of equipment.

NOTE

Characterization using a single reference measurenient procedure (as defis
/IEC Guide 99) in a single laboratory

9.3.1 Characterization by a reference measurementprocedure without direct compar
a CRM of the same kind

9.3.1.1 Concept

In this approach, a value is assigned by-one laboratory using only one measurement
without direct comparison of a closely matched CRM. This limitation on the number of g
and laboratories greatly limits the possibility to detect unexpected effects. Therefore, this
requires the availability of a measufement procedure that is sufficiently well understood thaf
effects can be ruled out.

NOTE “CRM of the samelkind” refers to a CRM which matches the CRM to be charactery
characteristics that might have an influence on the measurement result (matrix, measured proper
valtie of the measured property, etc.).

Th¢ results and theiruncertainty are then used to determine the assigned value.

.1.2 Measurement procedure requirements

it7is completely understood, meaning that all steps have a sound theoretical foundati

 measurement procedure used for this approach should fulfil the following requirements}:

o) uently in

hlibration)
F sufficient

ries.

ned in

ison with

procedure
rocedures
approach
unknown

ized in all
y, quantity

on so that

systematic error 1s negligible relative to the intended use;

linking the measurand to the properties actually measured, all of which can be expressed
influence on the measurement result (e.g. “recovery rates”);

the equation;

the constants contained in the equation are known with a low uncertainty, which can be
in SI units;
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it is completely described by a measurement equation containing all relevant influence factors

in SI units;

the measurement equation does not contain empirically determined factors that have a major

there is no relevant influence of the measured quantity on any of the influence factors contained in

expressed
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— a realistic uncertainty budget can be written down in terms of SI units based on the individual
quantification of the influence factors contained in the equation;

— the measurement uncertainty of the results obtained by the measurement procedure is sufficiently
small for the intended use of the RM.

Establishment of the above requirements should be demonstrated by, for example, third party
assessment, appropriate validation studies and measurement uncertainty evaluation in accordance
with ISO/IEC 17025, verification of performance by comparison with other laboratories, proficiency

tests, and so on.
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ned value is the result obtained by the reference measurement procedure. The stand
y of the result is expressed as Uchar-

1 to measurements with the reference measurement procedure, it is highly recommen
h confirmation measurements with an independent measurement procedute)to conf
Ce of gross errors. While confirmation by an independent measurement procedure is
cessary, it is nevertheless highly advisable to provide additional confidence in the resu
confirmatory measurement results have a higher uncertainty than those from the refere
ent procedure. The confirmatory procedure can also be used to deménstrate the applicabi
erial to measurement procedures other than the reference measurément procedure used
zation.

potential confirmation measurements do not need to<be*combined with the results
nce measurement procedure, as their uncertainty is_generally much higher. Instead,

agree with those from the reference measurement procedure. If this is the case, there ig
f method bias. If this is not the case, the cause (either a bias in the confirmation proced
pected effect in the reference measurement procedure) should be identified and the res
if necessary.

aracterization by value transfer from-a reference material to a closely matched
reference material using a singleimeasurement procedure performed by one

y

Principle

proach, values are assigned to a “secondary CRM” by directly comparing results on
CRM with those onahalready characterized and closely matched CRM (the “primary CRN
for such materials include trace element solutions measured against certified solutig

Fach measdrement on a candidate CRM that requires calibration in fact compares it with anof
hlibrater). This clause deals entirely with the case where the two CRMs are so closely matched th
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m the different procedures are tested to determine whether the results of the independent
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measured against Pharmacopoeia standards or absorbance standards measured against
certified apsorbance standards.

her
At a
RM

direct comparison in one laboratory using one method can be sufficient to assign a certified value. Using a G
of a different ki o i ali i o o ; - ;

k the
other characterization approaches.

For this approach, the secondary CRM should be sufficiently closely matched to make material-specific
bias negligible, within the claimed uncertainty, from the primary CRM in all characteristics which
have a significant influence on the measurement result. In this respect, the following aspects should be
considered.

a) The primary and secondary CRMs consist of the same matrix. Small differences to allow for the
establishment of calibration curves are acceptable, as long as the main characteristics of the
material remain unchanged. The primary and secondary CRMs present the same analytical
challenges for the method used.
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EXAMPLE 1 It is possible to characterize a solution of Cd in HNO3 against a certified solution of Cd in
HNO3, as the matrix (diluted HNO3) of both CRMs is the same. It is not possible to characterize Cd in granite
as a secondary CRM against a solution of Cd in HNO3 as the matrix differs. For many methods, the digestion
step also adds an additional analytical challenge.

EXAMPLE 2 If chromatograms of secondary CRMs show co-elution with the analyte of interest, it is
impossible to characterize them as secondary CRMs. If the primary and secondary CRMs differ in complexity
(e.g. multi-component secondary CRMs characterized against a series of unmixed single-component primary
CRMs), the RM producer should demonstrate that this added complexity does not influence the result.

If the measurand is not operationally defined, the matrix is ofa kind that, for the measurement in
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EXAMPLE 3 The chromatographic determination of a solution of benzo[a]pyrene ‘is
understood, as no co-elutions or matrix effects occur. Determination of the benzo[a]pyrene in
soil extract) is not fully understood, as a multitude of factors can influence extractiofnrefficienc
co-elutions can occur.

The difference in the quantity level of the measured property does not result in a signi
between the measurement results of the primary and secondary CRM{

[E2  For chemical measurements, these conditions practically restrié¢tthe production of secor
ure substances, solutions/dilutions of pure substances or operationally defined properties.

P measurement procedure used for characterization should-falfil all criteria for traceabili
17034 and address the measurand for which the primary €RM is characterized.

ondary CRM.

.2.2  Assigned value and ucpar

e assigned value is calculated by direct comparison between the results obtained on the p1
ondary CRMs. Valid methods include bracketing, multi-point calibration curves with th
M, one point calibration with a primary CRM of closely matched certified value and :
hsured difference to the certified yalue.

r consists of a combinatien of the uncertainty of the certified value of the primary]
ertainty of calibration according to the chosen calibration model (which includes contril
he selectivity of the technique), and the effect of repeatability on the results of the secon
e calculated uncertainty should take account of the particular statistical treatment used
assigned value.

.2.3 Traeceability

b certifiedvalues of the secondary CRM are traceable, via the primary CRM, to the same re
values of the primary CRM.
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A-solution of Cd in I—”\]f\n fcnr‘r\nr‘ary CRM)is characterized ]r\u measurement -Jrran‘\c

a certified

solution of Cd in HNO3 (primary CRM) The certified values of the prlmary CRM are traceable to SI units.
Therefore, the certified value of the secondary CRM is traceable to SI units as well.

9.3.

3 Selection of RM units for single-laboratory characterization

The RM producer should use a measurement scheme (number of RM units, number of replicate results,

etc

.) that is capable of achieving the intended uncertainty for each certified value.
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9.3.4 Formulation methods

This approach is usually applied for the production of calibration solutions from pure substances and
also for gas mixtures, the production of which is described in a separate standard[30]. The approach is
sometimes also used in the production of matrix materials.

The value of the measurand and its uncertainties, in all materials to be mixed, has to be known in order
to calculate a certified value and uncertainty. In many cases, this is equivalent to determining the
purity of the material of interest (see 9.6) and confirmation of the absence of the material of interest in
the material to which it is added (for example, a solvent or 'blank’ matrix material).

[t is impor]
loss or upf]

If gravimg
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this clausg.

Volumetri
but entail
example, g

tant to guard against change in content between acquisition and mixing; for example, w4
ake should be excluded, where appropriate.

tric mixtures of several materials, all of which contain the measurand in question, arg
bd, each of the materials should be characterized using one of the approaches.describec

C production follows similar principles in the calculation of the assigned ¥altue and uncertai
b an additional need to pay close attention to non-additive volumésyin mixing liquids
thanol/water mixture volumes are not the simple sum of the waterand ethanol mixed) :

other fact

rs affecting measured volume, particularly temperature.

For the cdse of purely gravimetric production to certify a mass fraction, the assigned value yn3|
calculated|from the masses m; of the individual components and the mass fractions w; of each mate
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me procedure, the uncertainty uchar comprises all the uncertainties from the weighing st
the uncertainties of the individual mass-fractions. For the most common case of mixing t

5, this may be calculated from:
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Formula (13) does mot/include the covariance terms for correlated errors in weighing or
ion of w;. Positive correlation effects can result in an increase in the combined uncertainty.

the result from/the production is in principle sufficient for value assignment, it is hig
fo check theresult of the gravimetric production by measurement to detect any mistake
sing steps,

A comprehensive discussion of the use of gravimetry in gas analysis is found in the literature (see
pferences [31] and [32]).
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9.4 Cha
methods

racterization of a non-operationally defined measurand using two or more
of demonstrable accuracy in one or more competent laboratories

9.4.1 Concept

9.4.1.1 For many measurands, no reference measurement procedures are available that provide
accurate results at the appropriate level of uncertainty. In these cases, it is necessary to find other means
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of improving the reliability of the assigned value. The approach described in this clause uses a number of
data sets, obtained using different measurement procedures and/or in different laboratories to

a) demonstrate absence of significant bias in measurement procedures by showing that independent
procedures yield the same results;

b) demonstrate the absence of significant laboratory bias for each laboratory by agreement among
results;

c) improve the reliability of the assigned value by averaging results, thus reducing the effect of
repeatability and randomizing and reducing the effect of between-laboratory or between-method
variation.

9.4(1.2 The concept of the determination of the method-independent property values,of anf RM based

on pgreement among different measurement procedures, potentially performed in different laboratories,

is Hased on at least two assumptions:

a) | There exists a population of procedures and/or laboratories that is-capable of determining the
characteristics of the RM and providing results with acceptable accuraey.

b) | For most data evaluation approaches, it is assumed that the diffexences between individgal results,
both within and between measurement procedures/laboratories, are random in nature fegardless
of the causes (for example, variation in measurement proc€dures, personnel or equipment).

9.4(1.3 For this approach to be valid, all results of all measurement procedures and/or laboratories

invplved should determine the same measurand and the-results should be traceable (see 9.2.2) to the

same system of units. This requires careful selection of’calibration standards and careful inves
thelmeasurement procedures used. 9.4.2 describes Selection of calibration standards.

NOTE 1

pr

NOTE 2

pr

for the setup and evaluation of the various studies. It is therefore important to keep the goal of charg

in

testing exercise (see A.3).

9.4.1.4

difi
san
me

Even at the “state-of-the-art” level, differences in performance characteristics of m{
edures as well as differences in the magnitude of uncertainty can exist between laboratories.

There can be different objectives of interlaboratory comparisons, among them method
iciency testing and characterization of reference materials. The goal of the study has important i

ind and not to mix it with othér purposes, even if it is logistically combined with, for example, a

Inter-laboratoty) and multiple-method characterization rely in part on averag
erent sources of bias;/to achieve a reduction in uncertainty. Effective averaging relies on repf

hsurement pfocédures:

Where possible, measurement procedures should be selected to give a good represe
diffexent principles of measurement.

The choice of participants should be representative of competent laboratories.

tigation of

basurement

validation,
mplications
cterization
proficiency

ng across
esentative

pling for different effects. This has important implications for the choice of participants and

ntation of

The choice of measurement procedures is discussed in A.1.1. The representative selection of participants
is discussed in A.1.3.

9.4.2 Study design

At least two substantially different measurement principles should be included in a multiple-method
study. For interlaboratory studies using many participants with free choice of measurement procedures,
a good representation of measurement procedures suitable for the determination of the particular
characteristic should be sought.
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Consideration should be given to the choice of the calibration standard, i.e. whether each participant
should use a standard of its choice or whether a common calibrant is provided to all participants. The
purity of the calibrants used should be given due consideration.

Laboratories should be selected based on demonstrated competence. Therefore, participating
laboratories should provide evidence of competence for the measurand in question independent of the
measurements on the candidate CRM, ideally before commencement of the study. It is thus impossible
to use data on the candidate CRM from the same study as demonstration of competence and for value
assignment of a CRM (e.g. using the consensus value of results of a proficiency test study for value
assignment of a CRM). (See also A.3.)

The RM pfoducer should set a documented minimum number of technically valid results for #Hich
value assignment will be considered. The number of data sets should be large enough to provide a|fit-
for-purpoge uncertainty in the estimated value after allowing for the possibility of failure‘to report,
exclusion ¢f results for technical reasons and the intended statistical evaluation.

he number of participating laboratories is less important than the number of independent data sts.
ratory might be able to provide several data sets, all obtained by independent precedures, calibrgnts

The organfizer should implement adequate quality control measures to aseertain the quality of fthe

— instructions on reporting of individual observations, averagés, or both;
— the m¢asurement units required for quantitative results;

— the nymber of significant digits required for quantitative results;

— wherd appropriate, the form of measurement uncertainty required;

— the ndture and form of additional information required by the RM producer (such as measuremlent
proceflures and measurement standards\used, dates and times of measurement, or run order).

Reportlng can consist of individual results for each replicate measurement with or without uncertaipty
gle result with stated ungertainty, which leads to different approaches to review and
(see Annex A).

The form
should co

f reporting may alse’/include preformatted reporting forms for participants. The repqrts
tain sufficient detail to check the technical validity of results, including information|on

traceabili
NOTE 2 hen reports-are submitted in spreadsheet form, unintentional alteration can often be prevented by
the use of 'locking' orprotection’ facilities incorporated in the spreadsheet software.

The organizer.should provide sufficient guidance for participating laboratories and/or operatorg to
ensure th¢ smooth implementation of the work. To be successful, the interlaboratory study shojuld
have a well-defined objective, be effectively designed and be efficiently organized with clear, concise
guidelines with which all involved can readily comply. Participation, either as operator or as laboratory,
in such a programme implies agreement to adhere to these guidelines.

NOTE3  Additional guidance on the organization of multiple-method studies in one or more laboratories is
given in Annex A, which is an extension of this clause.

9.4.3 Evaluation

9.4.3.1 Technical and statistical evaluation

Data sets should be inspected visually and graphically. Data submitted by each laboratory should
be checked for completeness and any observed anomaly should be examined carefully for possible
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trivial (transmission error, misprint, etc.) and non-trivial reasons (drop-out, equipment failure,
etc.). If transcription errors are suspected, the laboratory in question should be contacted to query
the reported values, but the expected value should not be given at this time. If errors or failures are
confirmed, the corresponding results should be corrected or rejected.

All results should be checked for evidence of technical errors based on the information on the
measurement procedures provided by the study participants. The technical evaluation should lead to a
set of technically valid data, i.e. data that each taken alone would be regarded as an unbiased estimate
of the true value.

NO
on
set

a set based
m the data

E1 The term technical errors refer to measurement results that can be excluded from the da
bcientific evidence. The term does not refer to measurement data that is shown to be outlyingAr
based solely on statistical considerations.

NO
ide

[E 2 Inclusion of quality control materials, with known values, in such studies hasbeen fourld useful to

(tify technical problems.

Th
to

dif
Ap
WH
rev

e pool of technically accepted data sets should be evaluated statistically,giving due con
evidence of between group differences (particularly between-method-and between-
ferences), the underlying distribution of values, presence of clusters gfiresults and potenti
bropriate statistical methods for the data set and property to be c€rtified should be select|

ere the producer requires reporting of measurement uncertainty, the technical and
iew should also consider the validity of any reported uncetfainty information. Conclusi

take due account of the reported measurement uncertainties.

9.

Val
for

NO
refé
or

Ins|

Th
sul
the

4LS.2 Assigned value and uncertainty

e assignment should use appropriate statistical procedures. The procedure used shou
the particular data set.

['E Validation of statistical proceduresycan include evidence of a sound theoretical basis
rence to appropriate literature), known performance under the expected conditions of use and a
onditions which can be shown to apply(to the data sufficiently for the purpose at hand.

truction on the use of two commonly used procedures, the mean and weighted mean, is giv

e uncertainty of charactérization can be estimated either by using the uncertainty s
mitted by the laboratotyJor from the submitted data, ignoring the uncertainty statement
laboratory, or from. 4 combination of both. More information is given in A.2.5.

9.

.4 Single-laboratory multi-method studies

In fome casesyorganisations have invested an exceptional amount of effort in method dey
sudh that ‘the metrological control of the measurement procedures approaches that of
mepsurément procedures. In such cases, data sets from only a few of these measurement p
giver-that their measurement principles are sufficiently different, can be sufficient for charac

Underthese circumstances:

sideration
aboratory
hl outliers.
ed.

statistical
bns should

d be valid

(usually by
ssumptions

en in A.2.4.

tatements
s made by

relopment,
reference
rocedures,
terization.

a) the RMP islikely to have access to the complete quality assurance and validation data, which should
be taken into consideration for the technical evaluation;
b) the number of data sets is small. Therefore, more emphasis should be put on the assessment and

proper treatment of measurement uncertainties. The evaluation should rely on the asses
use of measurement uncertainties associated with each measurement procedure.

sment and

Where results agree within the claimed uncertainties, the weighted mean (A.2.4) and corresponding
uncertainty may be used. Where apparently valid results do not agree well within the claimed
uncertainty, one should carefully reconsider whether the metrological control of the measurement
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procedures is indeed sufficient for this approach. If this is confirmed, the effect of the excess dispersion
of results should be allowed for in the certified value uncertainty.

NOTE

and Ruhkin, Birge and others. Details can be found in Reference [34].

9.5 Characterization of an operationally defined measurand using a network of
competent laboratories

9.5.1 Concept

Approaches that make allowances for excess dispersion include those of Mandel and Paule[38], Vangel

This apprtl)ach is applicable to the production of RMs certified for operationally defined measurar

As in this
laboratory
defining p
uncertaint

This appr
the same f

The assun
question €
by the me3

9.5.2 St

A well-des
method, id
be instruc
the proced

NOTE 1

some paraipeters) results in principle in a modified procedure and the measurand’s identity is then defineg

reference t

NOTE 2
corrected 4

NOTE 3
fulfils all sg

9.5.3 Ey

In the cas

pach is largely similar to that described in 9.4, with the exception that(all laboratories ap

case the measurement procedure defines the measurand, demonstration of absence
bias is often only possible by combining data from several laboratories. In_gddition,

ds.
fa
the

rocedure is often relatively imprecise and the only practical means of obtaining a small

y is to average many results from different laboratories.

rocedure.

\ption is again that a number of laboratories exist that can perform the measuremenf
qually well. The approach aims at randomization of all influgnce'factors within the limits
surement procedure.

ndy setup

cribed measurement procedure should be chesén. This should be a published stand
eally an internationally agreed procedure (e.g.ISO, ASTM, AOAC or IFCC). Participants sho
Led to follow the procedure exactly, allowingonly those variations that are permitted wit
ure.

Any modification of such a procedurelagreed by all participants (e.g. tighter specifications
the modified procedure.

Preliminary studies can show:uhintended departures from the standard procedure, which car
efore proceeding to charaeterization in order to ensure adherence to the standard procedure.

Quality control samples can also be used in this case to demonstrate that a particular instruni
ecifications.

aluation

and itis t
uncertain

Ty evaluation.

e of operationally defined measurands, the defining procedure is (by definition) unbia
en neeessary only to consider possible laboratory bias and within-laboratory effects in

ply

in
set

hrd
uld
hin

for
by

be

ent

The approaches described in A.2 apply for the evaluation of results.

9.6 Purity

9.6.1 General

Pure substances constitute the primary measurement standard and ultimate source of higher-order
metrological traceability for most traceability chains in chemistry, thermometry and calorimetry in
general and for the certification of solution and matrix reference materials in particular. The adjective
“pure” refers to an idealised situation: no substance is 100 % pure, there will always be impurities
present at some level. The appropriate certification of substances for purity is thus an essential
cornerstone of traceability in chemical measurement.
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Pure substances are an important class of CRMs in their own right. They are used by laboratories either
to disseminate higher order traceability to calibration standards used in measurement procedures, or
in the certification and production of other CRMs, such as solutions or gas mixtures.

The purity of substances can either be determined directly (by measuring the amount of the substance
in question) or indirectly by subtracting the mass or mole fractions of all impurities from 100 %.

When characterizing the purity of a material, the identity of the material should additionally be
confirmed.

9.6;

In

Sui
cas
put

Me
pri
reg
is d
Th
the

Confirmation of these values by independent measuremerts is highly recommended.

9.6.

Pul
det]

a)

ome cases, the mass or mole fraction of the substance in question can be determine
able methods can include coulometry, titrimetry and calorimetry (freezing point depress
e of organic analytes the use of the technique of quantitative NMR for the direet'certification of the
ity of reference materials is increasingly being implemented[39],[40].

thods requiring calibration with the substance in question (e.g. HPLC, GE; ICP-MS or A
hciple be used for purity assignment, but they are secondary measurement procedures.
uire a standard of known purity, the application of such methods fer.direct determinatio
ften limited to the assignment of values to working standards.

e purity determined by the procedure used is adopted as thé-assigned value and the unc
purity determination is adopted as uchar-

3 Indirect determination of purity

ity can be determined by difference, usingra set of orthogonal analytical techniques
ecting and quantifying all the major classes of impurities in the material, as follows:

a suitable range of possible impurities are investigated, often including residual organi
water, inorganic and organic jmpurities. The types of impurities to be investigated

d directly.
on). In the

AS) can in
Since they
h of purity

brtainty of

capable of

c solvents,
are often

informed by the manufacturing-process for the substance;
the amount of each of thepessible impurities is determined in the substance to be certified;
the purity of the main component is computed by difference.

P measurements-necessary to determine the impurities can be challenging, since most
be close to theydetection and/or determination limits or can be difficult to resolve in
impurities closely related in structure to the main component. Furthermore, different me
mefhods camgive results in non-compatible units (mass fractions for volatiles; mole frqctions for
totpl impurities by calorimetry), which makes the combination of such results in a strict metrological
serlse impossible if the structures of the impurities are not known. Quantification of eacl impurity
agdinst ‘specific calibrants is ideal, but can be impractical or impossible if sufficient rejources or
ap i i i i ; i o be made
for the uncertainty introduced as a result of assumptions regarding the identity and response factors of
individual impurities[41].

impurities
he case of
hsurement

NOTE The ICH harmonized tripartite guideline Q3A “Impurities in new drug substances”[42] requires that
impurities above 0,05 % (depending on the daily uptake of the substance) be identified.

Although high relative uncertainties can be obtained for the quantification of individual impurities,
provided the absolute level is small, the contribution to the uncertainty of the final value for the main
component is usually low.
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The model for the certified value ychar of the amount of substance or mass fraction of the main
component y as a function of k, impurities with amount of substance or mass fractions w; is given by

Formula (14):

Y char =1—2W1-

(14)

Assuming independence among measurements of the mass fractions of the impurities (which is often
the case), the combined standard uncertainty associated with the amount-of-substance or mass fraction
of the main component is

2
Uchar 7

where u(W
of substar
truly abse
a value for
another v3
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problems,
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other evidence of the origin of the material,that shows an unbroken chain of evidence from origir

final pack

Identity

D ut(wy)

;) is the standard uncertainty in w;. It frequently happens that some of the impurity’amo
ce fractions or mass fractions w; are zero, due to the fact that either these impurities

an impurity is below the detection limit, the value is sometimes set to zeto-and other tiy
lue is assigned, often related to the limit of detection, with an associatéduncertainty.

ition of the uncertainties can also be complicated by the proximityCef physical limits (amo

including estimates for some contributing impurity classes/that include nominally negat
> also Reference [51]).

hterials certified based on provenance

e material may be characterized based onkKnowledge of the origin of the material, i.e.
e of the material.

t characterization based on provenarce, the RM producer should obtain documentary

ging. The documentation should be maintained for the lifetime of the material.

15)

unt
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nt, or that their levels are below the detection limit of the measurement procedure. Whiere

nes

unt

ice and mass fractions are only defined between 0 and 1), Wwhich can create additional
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the

or
to

RM producers should have procedunes in place to ensure that handling of the material (including

sampling,
does not c

Whenever
expert inj
provenang

EXAMPLE
isolated frd
checks for

homogenization, packaging, storage, etc.) prevents contamination by other materials :
hange the response.of typical test methods for which the material is intended.

possible, RM producers should undertake experimental verification (including measurem¢
pection or qualitative testing, as appropriate) to confirm the identity assigned ug
e.

DN#A-extracted from a bacterial culture grown from a single bacterium, which in turn has b|
m & bank of reference strainl43], could be certified based on provenance, subject to confirmat
obtamination.

ind

ent,
ing

een
ory

9.7.2 Materials certified for identity based on measurements

9.7.2.1 General

When characterizing the identity of a substance based on measurements, several aspects should be
borne in mind, including:

a) Identity is usually not a measurement result, but a conclusion drawn based on measurement results
from one or several methods. For example, chemical shifts and the heights of peaks in an NMR
spectrum, or a combination of colour, melting point, molar mass, etc., can inform an assignment of
identity. While measurement uncertainties can be assigned to the individual measurement results,
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combining them to give any numerical indication of uncertainty in the identity (for example, a
probability that the assigned identity is correct) is not straightforward.

EXAMPLE 1 Identification using DNA sequencing illustrates the difference between uncertainties in
identity and uncertainties associated with measurement results. The DNA sequence is a result of a sequence
determination experiment, and the probability of base pair and other errors in the sequencing as well as
the presence of mutation differences between different DNA molecules can in principle be estimated.
However, identity of a biological species can often be established with considerable confidence at relatively
low percentage of homology with a reference sequence. Individual sequencing errors therefore might not
materially affect the assignment of identity.

b A DN VIO s IS DA PR S ) 1 £.1 0.1 T loilie 41 lusi :
7T GV CeTTITIea TOT TaentIty 1S T practice oMty usSerut IT tire e Tor provastiity o tire cojiclusion 1S

negligible.

c) | Slight heterogeneity and instability of the material does not necessarily change'the conclusion of
identity. The guiding principle for the assessment of homogeneity and stabiliti’is applicability of
the material, i.e. whether it still allows unequivocal identification.

d) | Different substances can share the same properties for the identification methods chosen.
Information on the source of the raw material and on the processing-steps of the matgrial to be
characterized is therefore vital for the certification of identity.

e) | As with any material, the project planning should establish a clear definition of the need fpr identity
information based on the intended use of the material.

EXAMPLE 2 For DNA, the intended use could require'only a statement of species identity|a complete
sequence, or additional information on the degree of methylation.

NOTE Identity is sometimes determined by expert judgement (e.g. for asbestos fibres or microbjal species).
Hoyvever, this judgement is usually based on observations'and comparison with specifications. Experfjudgement
based on observations falls within the scope of this clause.

9.7.2.2 Specification

Tedting for identity of a material invel¥és comparison of a set of measurement results on thyt material
witlh specifications (for example, melting point range; percentage of homology with a reference DNA
sequence) for these measurement results.

EXAMPLE An organic polymer material might be identified based on comparison with a refererfce infrared
(IR) spectrum using the following criteria:

— | all peak frequenciesin the reference spectrum are matched within 3 cm-1;
— | relative peak<nténsities match the reference spectrum within 5 % absorbance;
— | no peaks-infthe reference spectrum are absent;

— | all peaks present in the candidate RM spectrum are present in the reference spectrum.

Soyrces of specifications can include internationally recognized compendia (e.g. Phafmacopeia
sources[44] and other collections of reference datal45]). Such information can change outside the
control of the RM producer. RM producers should therefore clearly state the specifications used for the
assignment of identity, either as a set of values or as a dated reference on the certificate to an external
specification.

When compiling specifications, RM producers should compare various literature data, establish the
range of reported values and establish and document specifications for each measurand reflecting the
ranges and reliability of the information used. Preference should be given to reference data which have
undergone peer review.

9.7.2.3 Characterization of identity by a combination of methods

This approach is especially suitable for defined chemical substances of a small to medium molecular mass.
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A number of methods should be chosen that probe different properties of the candidate reference
material. Frequently used methods include, for example, determination of melting point, molar mass,
UV, IR, NMR and mass spectra. Together with information on the raw material and its processing steps
and the sampling and transport to the RM producer, the collection of methods should be sufficient to
establish the identity of the material beyond any reasonable doubt. If detailed published specifications
(e.g. Pharmacopoeial criteria for identification) exist, the choice of methods may be restricted to those
listed in these specifications.

NOTE1 The nature and number of methods required to establish identity varies with the number of
potentially similar products (e.g. there are more organic than inorganic substances) and the information on the
origin and processing steps

1fil
uld

All test and measurement procedures used should be properly validated and the results should. fu
the requirpments for traceability laid out in 9.2. Where available, appropriate control materials’sho

be exami

The resulf
for the pr
available.
of the spe(
account.

If the resu

NOTE 2

d alongside the RM, during characterization.

s of each of the tests and measurements made should be compared with the specifica]

ion

pposed substance. Published procedures for such comparisons should befollowed, whiere

Where no such prescribed procedures exist, measurement results should’not differ from
ified values when taking the combined uncertainty of measurement and specified value i

ts agree with the specification, identity is established with a negligible uncertainty.

A judgement on whether the accumulated measurement and’ provenance information is suffic

to establish identity beyond reasonable doubt is somewhat subjective. RM producers are therefore stroi

hiny
nto

ent
gly

encouraged to establish a system of peer review.

9.8 Presence/absence

Presence/pbsence is an example of a quantitative\measurement that is evaluated in a qualitative
manner. Results above a predetermined threshold are classified as “presence”; results below pre
classified s “absence”.

NOTE1 Many measurements are evaluated)as present/absent but are never quantified. Even for these
methods, hpwever, there is usually a limit for the response to be regarded as indicating “presence”. Existencp of

such a limif indicates the quantitative nature of the measurement despite the qualitative evaluation.

Quantitative evaluation of the measurements is one solution to this problem. Although the measuremlent
uncertainty is frequently high\(which is the reason for the qualitative evaluation), this approach has
the advantage of being conceptually simple. The simplest case is characterization of a material [for
the absenge of a substance for which quantitative methods exist (e.g. a contaminant in a foodstuff)} In
this case, all measurements on the material should give results below the critical value for declaring a
substance|present and the certified value is stated as “< Lq”, with Lg being the limit of detection. If fest
results ar¢ not quantitative, all measurements should provide the result “absent” to certify a matefial
for the abgence 'of-a certain substance and the reference value in this case is stated as “absent”. Also, the
limit of defection of the measurement procedure should be given.

NOTE2  The term “Limit of Detection” is used in its IUPAC definition as “smallest measure that can be detected
with reasonable certainty for a given analytical procedure”[46]. This refers to the (true) concentration where
one is reasonably certain to detect a substance if it is present and corresponds to CCS (in European Commission
Decision 2002/657EC [47]) and to the “minimum detectable value of the net state variable” (as defined in
ISO 11843-1[48]). For a given procedure, this limit depends on the number of replicate measurements.

For CRMs, the uncertainty statement should state the confidence level for any upper limit given for the
concentration.

If several measurement procedures are used, and the results all agree, the limit of detection of the most
sensitive procedure may be used as the certified value.

EXAMPLE Three different measurement procedures give results stated as < 2 mg/kg, < 5 mg/kg
and < 4 mg/kg. As all results agree, the certified value is set as < 2 mg/kg. For an example, see Reference [49].
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NOTE 3  Use of different procedures and/or laboratories can help to avoid misinterpreting losses

:2017(E)

during the

analytical procedure as absence. Furthermore, inclusion of information on the processing of the material can be

used to support the statement of absence of a certain substance.

NOTE 4
is below the limit of quantification. See for further guidance 1ISO 11843-1[48],

9.9 Ordinal scales

It can be necessary to declare a substance to be present if the result is above a critical value, even if it

Some properties are expressed on an ordinal scale, which usually places items in ordered classes.

Example he Mohs hardne 3 0 Kin ation ied N0 response
redness/significant irritation/severe reaction. These scales are often defined by refer
paffticular method of classification. The only possible characterization approach in that ease i

chdracterization by several laboratories using the same method.

In nany cases, an RM will only be useful if it is put into one class without any disputes. To ad
all technically accepted measurements by all participating laboratories should piit the mater
same class.

If spme results deviate and the deviation cannot be explained by technical errors, no class c
be jassigned. It can, however, be useful to give the median and/or-thé mode of the techni
resjults as an information value.

9.10 Qualitative properties

Materials can be characterized for qualitative properties 'such as colour, odour or shapel83
cades, these properties can be quantified and are @n practice often used in this quant
Exgmples are the shape parameters of particles ‘or ‘colour according to the Hunter syste
trahsforms the problem to the characterizationtof a method-defined measurand as descril
Foi colour especially, characterization of the absorbance/reflectance spectrum may also be c

9.11 Characterization of non-certified values

Acgording to the definition of “reference material” and “certified reference material”, onl
valpes need to be accompanied by a measurement uncertainty and a statement of m
trafpeability. Apart from the—certified values, non-certified values (named, for example

valpes”, “information valu€s”or “informative values”) may be assigned, which, however, cann

’

as q reference in a metrglogical traceability chain.

As [there is no requirement for uncertainty and traceability (i.e. no requirement for compa
sudh values, a wiéler range of approaches can be used for value assignment, including use of
datfa about typical properties, circumstantial data from single laboratories or pooled data fr
labpratories. The closer the chosen characterization approach resembles an approach appr
cerftified values, the more reliable this assigned non-certified value will be.
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Fability) of
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It isctecommended to give information on the origin of the non-certified value, and wh
corkif o ey — L
and statements of uncertainties increase the usefulness of these values.
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10 Evaluating measurement uncertainty

10.1 Basis for evaluating the uncertainty of a property value of a CRM

y it is not
tatements

The basic principles for evaluation of the uncertainty of the certified value in this document are
the general principles set out in the GUMI4l. The GUM provides a procedure for combining different
contributions to uncertainty, each expressed as standard uncertainties. A summary of the procedure is
given in Annex D.

© IS0 2017 - All rights reserved 63


https://standardsiso.com/api/?name=4e3230bb19f4ac27c5163d916ff113e0

ISO GUIDE 35:2017(E)

This detailed procedure is appropriate where a complete measurement model can be written and
where all sources of uncertainty are associated with influence quantities in the model. In many cases in
RM production, however, some or all of the major uncertainties are not associated with measured input
quantities and a simplified model, such as that given in 10.2, is appropriate.

10.2 Basic model for a batch characterization

The value of a certified property in a single unit of an RM when delivered to the user can, in principle,
be affected by the characterization process, by real variation between individual units (heterogeneity),
change over time and changes during transportation and subsequent storage. The model used for
evaluating the uncertainty associated with a certified value should allow for all of these effects whiere

they are significant. A convenient simple model for this purpose is as follows:
XCRM F Y char T Ohom *Oits (fL6)
where
XCRM denotes the property value;
Ychar denotes the property value obtained from the characterization‘of the batch or, in the cgse
of a single artefact characterization, the property value obtained for this artefact;
Shom denotes an error term due to heterogeneity which includes between-unit variation to-
gether with any necessary within-unit heterogeneity allowance;
Olts denotes an error term representing the stabilityseffects under storage conditions.
Usually, anjy homogeneity and stability studies are designied in such a way that the values of these erfror
terms can|be assumed to be zero, but their uncertainti€s might not be zero.
Formula ([L6) provides a simple additive ‘measutement model’ to which the GUM principles can| be
readily applied. Assuming independence of the-variables, the uncertainty associated with a property
value of a LRM can be expressed as
2 2 2
UcrM T \/uchar +Uphom TUJts (17)
using the|law of propagationof uncertainty in the GUMI4]l. The evaluation of these uncertaipty

components is covered in thisdocument in 7Z.11 (for unom) and 8.7 (ujts). Additional guidance is given in

Clause 9 (d

of the property value.

NOTE 1
example, W
effect S¢rn 3

haracterization}-on the evaluation of the uncertainty uchar arising from the characterizat]

n some eireumstances, it can be desirable to include additional terms to Formulae (16) and (17).
here transportation cannot be sufficiently well controlled to guarantee negligible change, a furt
nd associated uncertainty ug-y can be added to the model given here.

ion

For
her

NOTE 2

Che combined standard uncertainty associatedwith the prnpnrfy value of the CRM can be relate

 to

the period of validity of the material (see 8.6).

NOTE3  Sometimes, the property value is a function of time, such as for reference materials certified for
radioactive isotopes. In these cases, ISO 17034 requires due allowance to be made in the stated uncertainty
for possible change in the value prior to use or, where the change with time can be predicted, that a means of
correcting the certified value and its uncertainty for the expected change over time be provided.

10.3 Uncertainty sources

The characterization uncertainty uchar should consider all the relevant uncertainty sources encountered
in the measurement procedure(s) used for characterization. Both the GUMI4] and Reference [51] list
common uncertainty sources. Often, the measurement procedures have already been evaluated in

64 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=4e3230bb19f4ac27c5163d916ff113e0

ISO GUIDE 35:2017(E)

terms of measurement uncertainty, and the resulting uncertainty evaluation can be applied for the
evaluation of the uncertainty of a property value of a CRM.

Often, uncertainty models of measurement procedures contain aggregated components, i.e. uncertainty
components which depend on several others. These aggregated components can lead to covariances (see
10.1), even if these do not appear when the measurement procedure is used for a routine measurement.
The evaluation of covariances and correlations is crucial to obtain a correct estimate of the combined
standard uncertainty associated with the property value of a CRM. To facilitate the process of
detecting covariances, it is recommended to document which uncertainty components are contained

in the aggregated uncertainty components. This documentation allows relatively quick identification
Of oscibla conrcac Af cauariancac and ~arralatiane T +tho CITM (ISO/IEC Cide 0Q .2:.2009 A nnex F [il’])
e SeHFe ovaria d-eorrelations—tnthe- GUM-ISOHECGuide- 98-3:2008A ,

TITOTC ToOT T TICC ST

sorhe further guidance is given on how to evaluate the resulting covariances.

Any change in a particular measurement procedure should be accompanied by‘a Teview of the
ungertainty model.

10}4 Coverage intervals and factors

Following calculation of the standard uncertainty ucrm in Formula (7], it is usually nefessary to
calfulate an expanded uncertainty Ucrym in order to provide an inter¥alxcrm = Ucrm includjng a large
fraftion of the values that could reasonably be attributed to the property being certified. The expanded
ungertainty is calculated using Formula (18):

UcrM = kucrm (18)

where k is a coverage factor.

The coverage factor used is determined on the basis of the distribution function assumgd and the
coverage probability required. In many cases¢the distribution can be assumed to be approximately
nofmal and the required coverage probability:is 95 %; this leads to a coverage factor k = 2.

WHhen the effective degrees of freedoth. associated with ucrMm is low (less than 10), thg Student’s
t-d|stribution should be used instead-efassigning a coverage factor of 2.

In ¢ases where the assigned distribution of the property value is considered to be asymmettic, such as
in fhe case of the result of a ceunt following the Poisson distribution, a confidence interval (of a specific
prdbability, i.e. 95 %) should be stated rather than the expanded uncertainty and a coverage ffactor.

NOTE Coverage intervals for asymmetric distributions will usually be asymmetric.
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Des

Annex A
(informative)

ign and evaluation of studies for the characterization of a

method-independent measurand using two or more methods of
demonstrable accuracy in one or more competent laboratories

A.1 Stu

ly design

A.1.1 Sellection of measurement procedures

When sele

cting measurement procedures, variation of among others the following-aspects should

considered:

quant

sample preparation, for example grinding/milling, extraction or cleanzup steps;

samplp introduction and/or separation, for example using LC or GG;

fication principles, for example molecular or atomic abSorption, mass spectrometry, fla

ionizaftion or fluorescence;

calibr
or bea

In many cg
should be
then the s
temperaty

The RM pi
validated

To allow

variation,
the partic
a targeted
results ob

A.1.2 Ch

Animport

htion procedures, unless one approach has clear advantages, because of its metrological rig
ause of achieving lower measurement uncertainties.

ses, variation of all aspects will be impossible. In these cases, the maximum possible variat
sought. For example, if gas chromatography is the only available separation technid
tudy should at least aim to includetdifferent injection techniques, different columns §
re programs and quantification by different detectors.

oducer should require that all measurement procedures used in the campaign are propg
ind that a reasonable estimate of the measurement uncertainty can be provided.

laboratories the free-choice of measurement procedures while ensuring the necess
the RM producer sheuld obtain information about the measurement procedures applied
pants before thestart of the study to obtain the necessary range of procedures. If requiy
search for labgratories offering specific methods should be performed to avoid receiv
ained by only one method[83].

oice o6f calibration standards

hitdecision is whether all laboratories should use the same calibrator or whether laboratoj

be

me
pur

ion
ue,
hnd

rly
ary

ed,
ing

ies

should be

given Iree choice or the calibrator. Using a single calibrator reduces variation caused

by

different calibrators from different suppliers. On the other hand, any bias in this single calibrator will
translate into the same bias in the certified values. Therefore, use of a single calibrator requires very
careful characterization of this calibrator, requiring in many cases independent confirmation of purity
or composition. Allowing laboratories the free choice of calibrator is logistically easier, does not require
tests for independent confirmation and allows laboratories to apply their procedures unchanged, but
means that some way of checking the appropriateness of the calibration should be included in the study.
As a general guideline:

— for well-established measurements, where experience shows that the quality of available calibration
standards is sufficient, giving laboratories the free choice of standards is usually preferable;
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— in cases where there is significant doubt about the quality of standards on the market, the efforts
needed to characterize a common standard are often justified.

In some cases, different producers of commercial standards obtain their pure material from the same
company. It is therefore useful to establish whether the original sources differed.

A.1.3 Selection of laboratories

Laboratories should be selected based on demonstrated competence. Appropriate evidence for the
demonstration of competence may include the following:

results from proficiency tests;

results on independent CRMs (possibly distributed as quality control materials togethgr with the

candidate CRM);

method validation data;

a full and credible uncertainty budget;
previous participation in other RM certification campaigns for the same measurand; and

third party assessment of conformance with ISO/IEC 17025[52}er other relevant standafds for the

determination of the measurand in question.

Th
lab
thi

e performance of externally assessed laboratories can_differ in the same way as other
pratories. It is therefore prudent to obtain information on performance in addition to e
d party assessment of conformance with ISO/IEC £7025.

competent
vidence of

The RMP should ensure that the measurements jn éach laboratory are performed in accordance with

IS
of 4

Int
shd

NO
the

/IEC 17025. In particular, the provisions of ISO/IEC 17025 regarding competence of staff,
quipment and authorization (official release for usel52]) of methods and results should bg

he absence of independent assessmetiit, information on the extent of the laboratory's quali
uld be obtained.

[E1 Potential gaps in fulfilling-the requirements of the respective standard can sometimes
RM producer (e.g. an RM preducer can archive the laboratories' raw data, if they do not have a

ralibration
met.

[y systems

be filled by
h archiving

system).
NO
Agy
relg

[E2 Obtaining calibration certificates for each and every instrument is in many cases impractical.
eement of results-on-quality control samples can be used as demonstration of sufficient calibration of all
vant input factors.

A.1.4 Number of independent data sets

The number of participating laboratories is less important than the number of independent data sets. A
single’Taboratory might be able to provide several data sets, all obtained by independent measurement
pracedures. The remainder of the discussion focuses on data sets, regardless of whether each data set
was provided by a different laboratory, some laboratories provide more than one data set or all data

sets are provided by the same laboratory.

Complete independence of results is difficult to achieve if measurements are performed in a single
laboratory. The RM producer should critically review the variation of all critical steps as outlined in
A.1.1 to check whether sufficient method variability is present to demonstrate absence of bias for each
individual step. This includes checking whether the same critical chemicals, equipment, calibrators, etc.,
were used by the various measurement procedures. The organizer should also remind the laboratories
at the onset of the study not to censor data, i.e. not to suppress/change data from one procedure without
notification after a crosscheck of results between the various procedures.

The RM producer should set a documented minimum number of technically valid results for which
value assignment will be considered. The number of data sets should be large enough to provide an
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adequately small uncertainty in the estimated value after allowing for the possibility of failure to
report, exclusion of results for technical reasons and the statistical evaluation intended.

For interlaboratory studies using a network of testing laboratories, the characterization should include
five or more participants providing technically valid data.

NOTE A characterization uncertainty less than one third of the interlaboratory reproducibility standard
deviation requires at least nine participants unless laboratories are selected for exceptional performance.

The following considerations affect the number of data sets required in order to achieve the desired
uncertainty for certified values.

— Uncelltainty required: The uncertainty of assigned values usually decreases with the number of
technically valid data sets, requiring more data sets for smaller uncertainties.

— Technical difficulty: The less well established or the more technically challenging amieasuremlent
is, the|larger the between-data set variation can be expected to be.

— Likelihood of technically invalid results: Even experienced laboratories camdeliver technically
invaligl results which cannot be used for certification. Such results are more-tikely for unfamiliar
materjials, new or modified measurement procedures, challenging measurements or unusual
repor{ing requirements. The number of participants or (for single labgratory studies) independent
measyrements should be increased where the risk of technical errorsis higher.

— Reprqducibility/repeatability ratio: Where between-data,set variation is known to be fhe
primajry source of variation, preference should be given to alarger number of data sets rather than
higherf number of replicates for each data set.

— Statisftical evaluation: Different data treatment.fmethods can require larger numbers| of
obseryations to provide good numerical stability and/or achieve sufficiently small uncertainty.

— Validation results from a CRM: Results of consistent high quality obtained from one or mpre
similalr CRMs, used for quality assurance at eaeh laboratory, serve to demonstrate the validity of all
data spts and to provide information on bjas-among laboratories and measurement procedures.

A.1.5 Nymber of units and replicate determinations

The numlber of units of the candidate CRM sent to each participant, the number of replidate
determindtions performed by eéach participant and the condition of these determinations pre
determingd by practical as well as’evaluation considerations.

— Ifthe Yariation betweemindividual units of the RM is large, single measurements on several different
units are preferable to’several replicate measurements on a single unit. If contamination, breakhge
or hetprogeneityare not an issue, sending a single unit is sufficient.

— In the| absenee*of reliable uncertainty evaluations by the participants, requesting measurements
under]| conditions of intermediate precision can provide an indication of the reliability of [the
partidipants’ results or a check on the reliability of the participants' uncertainty estimates.

— Ifeach laboratory receives more than one unit, more measurements can be made on the remaining
unit(s) in case of breakage of one unit, which eliminates the need for a new dispatch.

A.1.6 Quality control materials

Inclusion of additional samples for quality control has been found to be highly beneficial. Results on
these samples can identify technical problems and aid the technical evaluation.

— RMs,inparticularnatural matrix RMsand quality control (QC) materials,maybe used todemonstrate
the validity of the measurement result when measured alongside the unknown material to be
characterized.
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— Spiked materials, spiked blanks, etc., may be used to check parts of the measurement procedure or
to assist in the process of assigning values to a material.

— Blank matrix materials, blank extracts, etc., may be used to demonstrate that the measurement
procedure provides a result not significantly different from zero when the characteristic of interest
isnotpresent (as often done in composition measurements), or to establish a correction or correction
factor together with the uncertainty of the correction factor.

NOTE Sometimes CRMs used for quality control in an interlaboratory study are supplied without the original
label to avoid identification. However, as the number of reliable CRMs is limited, experienced laboratories can
recognize the material from the visual appearance and/or the values.

A.1.7 Instructions for participants
Guldelines to participants should contain:
a) | a clear outline of the goal of the study;

b) | instructions to refrain from comparing results with other participants,-including the rgasons for
discouraging collusion (that is, cooperative exchange of information);

c) | the number of units to be tested;
d) | the number of replicate determinations to be performed;

e) | any restrictions or specific details of measurement procedures to be used; for example, any need
for prior drying and moisture correction;

f) | the minimum test portion size;

g) | requirements with respect to quality and traceability of the measurement results;
h) [ the time schedule (distribution of samples, delivery of results);

i) | the mode of dispatch;

j) | instructions for intermediate-storage of samples;

k) | specific instructions forSample treatment, if applicable;

1) [ instructions on quatity control measures to identify potential bias; and

m) [ information oncthe producer’s policy on identification of laboratories and use of data; fofr example,
whether laboératories will be identified, whether results will be identified with a [particular
laboratory and whether the results may be used for purposes other than the characterizalttion study.

NOTE1 <Aureeting with the laboratories/groups involved (prior to distributing the samples and performing
the|measuréements) can help all parties involved to align all actions to be carried out during the cgllaborative
stufly-and to discuss possible problems and/or pitfalls.

In an interlaboratory study the RM producer should take reasonable steps to prevent collusion between
laboratories, including but not limited to b) above.

NOTE 2  Different labelling of materials for each participant can make it harder for participants to compare
results.

A.1.8 Reporting

The use of preformatted reporting forms can be useful as it has the advantage of structuring the report
and (if transmitted electronically) allows copying of the results, which can reduce transcription errors
in the RM producer’s collation of results. Disadvantages of preformatted reporting forms are that they
often force laboratories to depart from their usual reporting practices, which can lead to transcription
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errors. If reports are submitted electronically, the requirements of ISO 17034 on the integrity of

electronic

NOTE
the use of 'l

records, especially of reports of test results, should be adhered to.

ocking' or 'protection’ facilities incorporated in the spreadsheet software.

When reports are submitted in spreadsheet form, unintentional alteration can often be prevented by

Laboratories can be requested to report individual results (not only averages over all samples),
regardless of whether an uncertainty statement is reported or not, although reporting of an average
and an expanded uncertainty and its coverage factor can be sufficient.

Where there is an option for correction of a known procedural bias, such as extraction recovery, the

RM produfer should state clearly whether results should be corrected or not. The RM producep 0
also requife participants to report bias checks (e.g. from spikes) and use these to correct results
detected bias. Where a correction is applied by the participant, any reported uncertainty should-inclj

the uncer

Participa

likely to o
hand, rep
Where re;s
report the
should add
or results

Instructio
be reporte

inty associated with the correction.

ts should be instructed on how to report results near detection limits, ifi.sich results

Fcur. Results reported as “less than” make statistical evaluations more difficult. On the ot
prting of results near detection limits contradicts many laboratories “quality procedu
ults near detection limits are likely, RM producers should either require laboratorieg
observed (including negative) results instead of, or in addition to,'their normal reporting]
pt statistical procedures that allow for “left-censored” results stich as “less than” stateme
festricted to values above zero.

hs to participants should specify the measurement unitS/aand number of significant digits$

d for quantitative results.

It is reco

detail to permit an understanding of all stages in the measurement process (e.g. in chemical analyj]
the digestion/extraction of the sample and separation of the analytes of interest, clean-up, :
quantificafion). Participants should be requested to.give literature references, where applicable.

A.2 Evalluation

A.2.1 Ge

In the col
concerned

stage of the evaluation process:”If a participant is contacted, it is recommended that initial cont
specify the natuise of the anomaly (for example, the direction of deviation of the results);

should no
rather, the

If data sef]
inspection
laboratori
laboratory

hay
for
1de

are
her
"es.
to
or
nts

to

mended that an outline of the measurement-fprocedure used is reported in sufficient

neral considerations forwevaluation

rse of evaluation, anomalies can arise that require communication with the particip
. The producer may ceontact participants to assist in the investigation of anomalies at

participant shonld initially be invited to investigate and report any errors discovered.

s from more than one measurement procedure are provided by a single laboratory, ini
should-consider the data sets individually (that is, as if independently reported by differ

Sis,
ind

ant

hny
act

tial
ent

bs),«The RM producer should nonetheless take account of all data sets submitted b

y a

Wwhen drawing conclusions about which of the data sets to retain when anomalies are f011|nd.

A.2.2 Initial screening

A.2.2.1 General

Information from each participant should be examined on receipt or as soon as practicable after receipt.

Initial examination of individual participant results should check for evidence of basic reporting or
procedural errors such as missing data (including any requested information that is absent); incorrect
numbers of replicates; inappropriate conditions of measurement (for example, repeatability versus
reproducibility conditions); incorrect identification of test items (e.g. through accidental mislabelling)
and incorrectly reported units of measurement. Apparent errors at this stage should, where possible,
be referred promptly to the participant for checking and possible correction (see A.2.1).
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Unexpectedly high or low results or uncertainties can also be apparent on receipt and may be referred
to the participant for checking at this stage.

A.2.2.2 Technical evaluation

Further technical examination to identify potential problems may include (but is not limited to)
grouping results by techniques (measurement procedure and principle, sample pre-treatment methods,
etc.) or the calibration technique used. In addition, comparison of the expanded uncertainties with
the confidence interval of the mean of the submitted results gives an indication of whether the stated
uncertainty is realistic, as the expanded uncertainty should be at least as large as the confidence
intgrvar.

Ted
of
tre

I evidence
fre or pre-

hnical examination of individual participant results should, as far as possible, chéck fo
brrors in procedure such as: reported use of an inappropriate measurement, procedu

€Xd
me
un

htment procedure; inappropriate calibration; inappropriate conditions of-measure
mple, repeatability versus reproducibility conditions) and incorrect units of’measuremg
hsurement uncertainty is reported, the examination should check foridnusually hi
ertainty compared with typical expectations and, where uncertaintysbudgets are av{

omjission of significant contributions to uncertainty or inappropriate uncertainty evaluation

Ted
me

NO
inv
wh

hnically invalid results should be removed from the data setvor corrected, by rep
hsurement, if possible and necessary.

E1 A technically invalid result is not necessarily an outliervnor is every outlier necessarily
hlid. A result can fall well within the range of valid results,.even when it is evident that the condif
ch the result was obtained, were not in good order. Conversely, a result deviating significantly frg

ment (for
nt. Where
bh or low
hilable, for
methods.

pating the
technically

ions, under
m all other

resfilts can be the only technically valid result of the data set.

NO
evel
fur

E2  Appropriate choice of statistical procedures for value assignment can allow useful value
n when reported uncertainties show evidence(of, for example, under-estimation. Reference [3]
her guidance on such procedures.

hssignment
L] provides

A.2.3 Statistical evaluation

A.2.3.1 General principles for statistical evaluation

omization
heasurand

Characterization by a collaborative study or by multiple measurement procedures aims at rand
of hias between data sets. 'Statistical evaluation typically assumes that the true value of a 1
corresponds to the true'value of a population parameter, usually the population mean.

lether the
aboratory
onsidered

Different procedur€s intended to estimate the value of a particular measurand - wh
mepsurand is operdtionally defined or not - can be systematically biased as well as showing
spdcific bias per-data set. The possibility of between-method differences should normally be ¢
in ¢valuating measurement uncertainty.

WHhere\ measurement uncertainty is reported, statistical evaluation should check for [unusually
high*or low measurement uncertainty, uncertainty/location anomalies such as results far from any
central estimate compared with their reported uncertainty, and any evidence of generally inadequate
uncertainty evaluation (for example, greater dispersion than accounted for by reported uncertainties).
Anomalies related to reported measurement uncertainties should be resolved where possible, for
example by referral to participants for checking and possible correction.

A.2.3.2 Distributions

Finding appropriate estimators for the expected value is closely linked to the (either assumed or
determined) underlying distribution of values.

Determining a probability density function from a data set requires significantly more data than can
practically be obtained, whereas checking for consistency with an assumed distribution and calculating
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parameters from it (e.g. average of a normal distribution) is possible with the number of data sets
usually available in characterization studies.

The RM producer should therefore check whether there is evidence of deviation from the assumed
distribution using, for example, visual methods (histograms, kernel density plots and normal probability
or, more generally, Q-Q plots) or statistical checks for departure from particular distributions, including
tests for normality or determination of skewness and kurtosis. An approximately normal distribution
of data sets is often observed for results well above the limit of quantification; other distributions
include Poisson distributions (e.g. microbe counts) or a Weibull distribution (e.g. mechanical failure of
ceramics). The selected distribution should be in agreement with the reported data as well as with the

theoretlcf\] and hictarical bnawvladon of tho ymanciiraraant 19 annctinys I +ebhacn Aiffor cignificant]y no
dp—aHaTHSte e oWt g o+t eadSUr e et que St oSt er—Srg it Cattery;

value shoyld be assigned unless technical reasons for the unexpected distribution can be given.

EXAMPLE Theoretical considerations as well as a multitude of interlaboratory comparisons iddicate that
results for frace elements in soil follow normal distributions (unless the level is close to the limit of glvantificatipn).
Deviation (f the observed data from normal distribution (e.g. tailing) indicates technical problems. If it is|not
known whgther the problem lies with the majority or with the tails, no value is assigned.

In some cdses, the results can be transformed so that they become approximately(normally distributed.
Some commonly used transformations include logarithmic, square root and exponential forms. There
should be|a technical basis for such a transformation, as deviation of the.r€sults from the expecfed
distributign may indicate technical problems.

A.2.3.3 Qutliers

Outlying fesults can occur at all levels of a collaborative study: single observations, subgroupg of
observatiqns (e.g. grouped per bottle), or the results from, complete methods/laboratories can|be
observed fo be outlying. Outliers may be identified by, for example, appropriate outlier tests for outlyling
means and variances, graphical inspection of raw data, ahd use of Mandel’s h and k statistics[24].

Outlying gbservations or mean values should not be removed solely on the grounds of a statist]cal
outlier tesf, but may be removed if there is a technical reason to do so.

NOTE1 [lechnical reasons include inadequate” calibration, inadequate measurement procedures, usg of
inadequate|reagents, failure to account for intexferences and deviation from the certified value of an independent
quality confrol material.

NOTE 2  Putlier tests usually ignore measurement uncertainties. An outlying data set can agree with the other
data when the respective uncertainties’are taken into account.

NOTE3  Pata points, with iinusually large uncertainty, can be removed on technical grounds, if they agree
with the other results withintheir uncertainties, and if the uncertainty is so large compared with the other
reported uncertainties thatit indicates a technical problem. They can also be retained, because they agree with
the rest of fhe results.

NOTE 4 Pata séts*that show a high outlying variance can indicate a lack of method repeatability or lack of
intermediafe precision, which can justify rejection on technical grounds.

NOTE 5 FeHET rementprocedures-may s 0 dHtea porta
for a relatively imprecise procedure in order to retain a representative collection of procedures.

NOTE 6 A special case of extreme variance is a set of results having zero variance. This can arise when
laboratories report too few significant digits. This can be prevented by appropriate instructions to participants
(A.1.7) or corrected by reference to the participant. Use of the mean or median of such a group of identical data
can also be valid, for example where between-group effects dictate the use of group means.

A.2.3.4 Robust statistics

Robust statistics provide a large collection of statistical methods that explicitly allow for the presence of
outlying values in an otherwise approximately normally distributed data set. Typically, robust methods
assign weights that decrease with the distance from the main body of the data. Robust methods exist
for estimating the mean and standard deviation for simple outlier-contaminated data sets, as well
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as for many other parameters of interest. Robust methods also exist for other situations including,
for example, sets of reported values with appreciably different uncertainties, or the analysis of data
consisting of multiple replicates for each data set.

Robust estimators provide high resistance to the influence of extreme outlying values. For symmetric
‘heavy-tailed’ distributions (that include a larger proportion of values far from the mean than would
be expected from a normal distribution), robust statistics typically provide unbiased estimates of
the mean with lower variance than the simple arithmetic mean. This approach results in an unbiased
estimate with smaller uncertainty than the arithmetic mean would give in the same circumstances. For
data with extreme outllers robust statlstlcs can be a Very con51derable 1mprovement over the mean.
use in RM

identifying

out]iers in larger data sets containing several extreme values.

A.2.3.5 Grouping (“clustering”)

Statistical evaluation should check for the occurrence of grouping,of‘results, for example along
mepsurement procedure, calibrants, reagents or regions.

a) | If the difference between means for different groups is statistically significant and is tpo large to
permit a sufficiently small uncertainty for the intended us€.of the material, then no singlg property

value can be assigned. Where grouping is along reagents/calibrants, the technical evaluation should

b)

NO

check whether all of them are appropriate. Where the grouping is along measurement j
the producer may provide an assigned value for each. measurement procedure.

If there are significant differences and the difference between the means of these
relatively small, one single value may be assigned. An additional uncertainty term accd
the between-group variation should thenbe added to the uncertainty of characterizat
are several approaches to this estimationproblem described in the literaturel531,[54],

If the difference between these clusters is large and there is no correlation of these clu
measurement procedures or pther technical explanation for the differences, no val
assigned. A larger pool of results can be necessary to overcome the relatively poor agi
measurement proceduresavailable.

[E

differences in application 0f'\a‘procedure or use of different calibration standards.

A.Z

WH
uny

4 Assignedvalue (weighted /unweighted mean)

ere the data-Set means follow an approximately normal distribution and no weighting is a
veightedlarithmetic mean of the p data set means y; is applied as assigned value ychar-

2)’1

Yohar =

Visible grouping camarise from other causes, including chance (especially in small data sef

brocedure,

groups is
unting for
ion. There

sters with
ue can be
eement of

s), regional

pplied, the

(A1)

The mean value of individual results may also be adopted as the assigned value where differences
between data set means are insignificant compared with the effects of variation within each data set.

A weighted mean is usually calculated using the general form of Formula (A.2):

14 14
Ychar :ZWiXi Zwi
i=1 i=1

(A.2)

Where w; is the weight applied to each data set mean (or, where a value and uncertainty are provided,
to a single value) x;.

© IS0 2017 - All rights reserved
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The simplest choice of weights w; is given by Formula (A.3):
wi=1/ui? (A-3)

where u; is the reported standard uncertainty for the value x;. This scheme should be used only when
the reported uncertainties can be shown to be reliable and where it is clear that differences between
groups can be wholly accounted for by the reported uncertainties. Where the uncertainties do not
account fully for the observed dispersion of values x;, alternative schemes should be used. Alternative
approaches to weighting that are less susceptible to the effects of unreliable uncertainty evaluation
are described in, for example, References [33] and [34]. Where reliable weights cannot be ascribed, the
simple mefn is often a useful conservative alternative.

If the resylts do not follow a normal distribution but can be transformed into normally distribufted
data, the ﬁata can be evaluated according to the following steps: transform the raw data; apply [the
calculatiofs as in Formula (A.1); calculate the assigned value and confidence interval; apply the reverse
transform| to the assigned value and confidence interval. If a standard uncertaintyj§also required,
either refdr to statistical texts on the variance of distributions, or use the GUM to obtain it, bearing in
mind that|first-order error propagation can fail badly for relative uncertainties dver 15 % and higher-
order ternps can be needed.
]

If the resuflts do not follow a normal distribution and cannot be transfornmied'into normally distribufed
data, a statistically sound approach that is consistent with the observed distribution should be appljed.

A.2.5 Agsigned uncertainty

A.2.5.1 Use of analysis of variance for uncertainty evaluation

Analysis df variance (ANOVA) may be used as a tool te\process the data. The use of ANOVA can| be
particular]y helpful when assessing uncertainty components such as the between-bottle homogengity
or the betjween-laboratory standard deviation. Otherwise, the mean of means may be computed |for
these strafegies instead.

A.2.5.2 Uncertainty-based evaluation

It is theor¢tically possible to combinéithe results, including their uncertainties, into a single value (the
property yalue) and a combined standard uncertainty.

Approachgs described include-weighting results by uncertainties[35], determining detailed expressipns
for the unfertainties[34], least’squares fitting (for example Reference [36]) or splitting uncertainties
into comnjon and individualparts[3Z].

NOTE Chese approaches are possible in theory, but are often difficult to implement in practice and hav¢ so
far rarely been used,

A.2.5.3 lfvaluation without the laboratories' uncertainties

Where Formula (A.1) was used to calculate the certified value, where the data set means follow an
approximately normal distribution and no weighting is applied, the standard deviation of the mean of
the p data set means y; can be applied as uchar-

U, :S(Y):L. Z(yi_ychar)z (A.4)
char \/E \/E p—1

where s(y) denotes the standard deviation of the p data set mean values.
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If the results do not follow a normal distribution and cannot be transformed into normally distributed
data, a metrologically and statistically sound approach that is consistent with the observed distribution

should be applied.
NOTE Formula (A.4) only covers the between-laboratory parts of the uncertainty. The uncertainty of the

assigned value of the calibrant can be added if many or all data sets were obtained by calibration with the same
material, the uncertainty of which is significant compared with the result of Formula (15).

A.3 Use of collaborative studies for multiple purposes

A3
ref
chd
of

the
chd
the)
dis

A.3
chg

a)

b)

f)

.1 There can be different purposes for interlaboratory comparisons, including value ass
brence materials, evaluation of the performance of laboratories and evaluation of the ‘pe
racteristics of a measurement procedure. In general, a particular study is best nised fo
these purposes; to do otherwise can compromise one objective in favour ofydnother,

purpose of the study for the participants. Nonetheless, it can be useful to Consider

racterization studies for RMs with other studies to save costs, providing that due care is tak
principal disadvantages and that certain conditions are met. A.3.2 provides’‘guidance on th
hdvantages; A.3.3 provides conditions for combination of such studies-with RM characteriz

.2 Potential incompatibilities or conflicts when combining PT,¢r method performance st
racterization studies include the following.

PT studies aim to assess the competence of a laboratoryywhereas participation in chara
studies is restricted to laboratories of demonstrated ¢competence. A combination of a PT
a characterization study might therefore assume the very fact of demonstrated compete
purpose of characterization that should be assessed in the PT part.

The requirements of proficiency testing de;not normally require extensive replication
permit specification of equal replication by all participants.

cannot be guaranteed.

Participants often pay for participation in a PT study and the motivation for particij

detailed study setup, requirements for traceability and quality assurance, calibration, p
uncertainties, etc., requiired in a characterization study.

The results of PT'can be used for demonstration of competence to potential customers, acd
bodies and others. Participants therefore can be less willing to discuss freely and t
technical pteblems required in a characterization study for the technical evaluation of r¢

gnment of
rformance
r only one
br confuse
combining
bn to avoid
e principal
htion.

udies with

terization
study with
nce for the

and rarely

PT results are typically treated as; confidential and access to details of experimental methods

bation can

sometimes be commercially driven. Participants are therefore often unwilling to adhere to the

rovision of

reditation
admit to
esults.

PT studies usually assess laboratory performance in comparison with other laboratori

s or with

an externally set criterion, whereas a characterization study aims at getting a good estimate of
tHetrue value and its uncertainty. This leads to different approaches in evaluation, especially in

dealing with extreme values/outliers

g)

h)

© IS0 2017 - All rights reserved

PT studies are typically open to any laboratory willing to participate. RM producers therefore often
have little control over the measurement procedures applied by the participants, which can result
in receiving results from only one procedure even if other procedures exist.

While feedback on the results for the purpose of checking anomalies cannot commence before a
PT study closes, this information is required for following up apparent anomalies of results in a
characterization study.

The evaluation of a PT study also focuses very much on statistics, whereas characterization studies
place more emphasis on the technical evaluation.
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j) Method performance studies evaluate the performance of a measurement procedure immediately
after development, so there is little prior information on typical performance.

k) Method performance studies typically apply to only one measurement procedure and are therefore

not suited for assigning values to method-independent measurands.

A.3.3 Because of these potential conflicts, where a reference material is to be certified using data

collected from participants in a PT scheme the RMP should:

a) decide, before the start of a study, which subset of data from specified laboratories will be used for

eolarnr-ante

value p

SSTSTITITCTIT,

b) demonstrate the competence of these laboratories independently of this study, e:g.“from

performance in previous rounds of the scheme or by other means;
c) organjze the study for these selected laboratories according to the criteria described in A.1.3;

d) evalugte the results of these laboratories according to the criteria laid out in A.2;

e) notify|proposed participants that results may be used in a certification studyyand obtain permission

to access technical detail.

76

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=4e3230bb19f4ac27c5163d916ff113e0

Co
of
be
dat
dat]

On

wh|

0ji
dev
wif
is 4
ob4

Th
ang
res
est

gre

sums of squares’. These sums of squares express the scattering at various hierarchical le

ISO GUIDE 35

Annex B
(informative)

Statistical approaches

sider the case that there are a groups, and each of them contains n; members. Ideally, t}

embers in the groups should be equal, but in practice, this is not always the casey som
‘missing” for a variety of reasons. Expressions have been developed to accountfor the
al551.[56] and are recommended for treating incomplete data sets; however, tlig more inco
a set becomes, the poorer the quality of the estimates.

Xjj  isobservationjin group i;

is the true mean value of the population of possible results (from which the obsery
xjj are assumed to arise);

U

o; is the (true) deviation of the group-imean from y;

gjj  istherandom error for observation j in group .

5 assumed to arise from a population (usually normally distributed) with mean zero anc
iation Opetween and &jj is assumed to arise from a population (again usually normally di
h mean zero and standard.deviation owithin. Note that the true standard deviation for €
ssumed to be the samefor-all groups. These two standard deviations account for the sprg
erved; the purpose of ANOVA as applied here is to estimate these two standard deviation

e scattering of data can be expressed in terms of sums of squared differences, also

lysis of variaticel25]. The so-called within- and between-group mean squares Myithin ang
pectively;as obtained from a spreadsheet or statistical software program, can be convert
mated:variances following Formulae B.2 to B.4:

2

s M

within — ™ within

© IS0 2017 - All rights reserved

p-way ANOVA applied to reference material studies is usually based en the statistical modiel

:2017(E)

e number
e data can
e missing
mplete the

(B.1)

led results

| standard
stributed)
ach group
ad of data

b.
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vels in the

Mpetween,
bd into the

(B.2)
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_ M between — M within

Sbetween = (B.3)
Ny
where
_ L
2
e S
no=— > n— (B4)
a-11:3 N
= Zni
L i=1
and Spetwepn and Swithin are the estimates of opetween and owithin, respectively.
When there are no missing data in a study planned to contain n observations per grouping becores
equal to n.
Where negessary, the grand mean x may also be estimated from Formula B.5:
= | a
X=—t— Xjj (B.5)
Z n, i=1 j=1
i=1
In the absgnce of any between-group effect, Spetween iS expected to be (close to) zero. If, for experimental
reasons, ajnegative value is obtained for s%etween , then it should*be set to zero.
NOTE When the initial estimate of Slz)etween is negative, \$patween =0 and Swithin = S(x), where s(x) is|the
standard dpviation of all the observations x;;, form the maximum likelihood estimates of the two paramefers
(identical tp the restricted maximum likelihood estimate):Fhis is also a statistically valid procedure.
B.2 Two factor ANOVA for nested designs
This moddl may be used when the results 0fa collaborative study are used to confirm the homogengity
of the material, as well as to charactetize it, and where the repeatability is constant across groyps.
The experjimental scheme is illustfated in Figure B.1 for the particular case of an inter-laboratpry
study. When a campaign consists'‘of different measurement procedures, the layout for the campaigh is
essentially the same.
The results can be described by the model Formula (B.6):
Xi]'k:’L+Ai+Bl'j+8ijk (E6)
where
Xijk sthefthresultof oaluylc uuitj rcyurtcd frot }JrUdeurC/laburatur_y i
u is the true mean value of the population of possible results (from which the observed results
Xjjk are assumed to arise);
A;  isthe error due to procedure/laboratory i;
Bjj  isthe error due to the jth sample unit within procedure/laboratory i;
&jjk  is the random error for observation k in group .

The A; are assumed to be drawn from a population with mean 0 and standard deviation oy, Bjj from
a population with mean 0 and standard deviation opp and &jjx from a population with mean zero and
standard deviation or. As before, the measurement error term is assumed to have the same variance,
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not only within each RM unit, but also within each laboratory. It is usually also assumed that the
populations are normally distributed. The parameters to be obtained are the corresponding estimated
between-laboratory standard deviation s, between-unit standard deviation sp, and repeatability
standard deviation s;.. Formula (B.7) shows how they are related to the error terms.

s, =4/Var(4;)

spb =+ Var(B;) (B.7)

S, :‘/Var(sijk)

Foi the between-unit homogeneity (spp), the same considerations apply with respeetito the inability to

detlect batch heterogeneity as for the homogeneity study itself (see 7.8).

All
ift

these parameters can be estimated simultaneously by the analysis of variance (ANOVA) nmethod[55],
here are sufficient results of equal replication (the same number of replicate determinations from

eadh unit and the same number of units per procedure/laboratory) after any technically or statistically
invplid results have been excluded. If this ANOVA requirement cannot-be met because of the number of
invplid and/or missing results, the significance of the between-unitwariance should be detefrmined by

otHer means (see Clause 7).

Th

poretical details and additional methods for balanced and unbalanced ANOVA are given i standard

texitbooks (see, for example, References [15], [57], [58] and'[59]). A discussion of ANOVA in the context

of 1
[55

e

he certification of reference materials is given in the literature (see, for example, Refer¢nces [16],
|, [60] and [61]).

[
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between-laboratory variation
between-unit variation (large containers indicate RM units)
measurement repeatability (small containers indicate individual extracts)

Figure B.1 — Outline of a collaborative study, combined with batch homogeneity study
[characterization of an RM (2-way layout)]
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The formulae for computing sy, spp, and sy are as follows[13],[16],[62]. The grand mean X is computed

using Formula (B.8):

><

p

. n
i U

e izzxuk

22

=1
where

j=1

i=1 j=1k=1

(B.8)

p is[the number of laboratories;
b; is|number of units used by procedure/laboratory i;

njj is|the number of replicate measurements on unit ij.

SL, Sbb, AN

N

sy are given by

within

Ny

_ VIB B Mwithin

.2
. —1'0 Sbb — Mithin

where

I

N NIE
~
N

~

(nb)

n0:

(3.9)

(B{10)

(BL1)
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e mean squares (M) should be obtained using published methods (for example, Refer
| [62]) or a suitable statistical software package. The expfessions given account for miss
noved (invalid) data. For complete data sets, the simpler formulae of ISO 5725-3[14] may b

lowing computation, spp, as calculated here, may be used for the assessment of uncertainty
h heterogeneity in the same way as that calculated-in Clause 7.

en applied in an interlaboratory context, it is;important to check the assumption of consta
up variance. This assumption can be chegked using statistical tests such as Bartlett’s o
Es[57].[62],

['E The same model can be used.fo process data from a study of within-unit homogeneity
strated in Figure 5 b), by replacing feferences to laboratory with RM unit and references to RM unit]
rences to within-unit aliquot. In a.study of within-unit homogeneity, Formula (B.11) estimates th
[ term spp, Formula (B.10) estimates the within-unit term syp, (Which can be used as a compo
uncertainty for the certifiedvalue) and Formula (B.9) estimates the measurement repeatabilit
iation.

3 Linear regression (univariate linear model)

.1 Thebasic model

ear regression is used in reference material studies to determine simple rates of chang
ir statistical significance. This clause describes the simplest case.

ences [16]
ng and/or
b used.

hssociated

nt within-
r Levene’s

bf the form
above with
e between-
nent uyp of
y standard

e and test

The simple linear modell2€] can be expressed as in Formula (B.12):

Y=By+B1X+e

(B.12)

where fp and f1 are the intercept and slope, respectively, and € denotes the random error component,
usually assumed to be normally distributed with a mean of zero.

Given a set of n pair-wise observations of Y versus X, individual observations (x;, y;) are related by

Formula (B.13):

Yi=Bo+B1x; +¢;

© IS0 2017 - All rights reserved
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EXAMPLE For a basic stability study, x; corresponds to an observed time and y; to the corresponding
observed value of the property of interest.

B.3.2 Fitting the model

The regression parameters can be computed from Formulae (B.14) and (B.15):

_i=1
by == (B.14)
—Z
2. (x;=X)
i=1

where bg dnd b; are the estimated intercept and slope, respectively, and x and y~“are the mean of the
respectivd observations.

The standard errors s(b1) and s(bg) in b1 and bg can be computed using Formulae (B.16) to (B.18):

s(by) (B/L6)
where
)
s =1 (BJ17)
and
s(by)F (B.J18)

B.3.3 Inppection and check of assumptions
Typical reyiew ofithé preliminary fitted model includes:

— calculption of residuals [r; = y; - (bo + b1x;)] and plotting against time, followed by inspection|for

EVidE' canfonruatiirn yaan tn i A ffacte cnhotantial iffarancnc 1 Aicnarcinn frams Ana Finan g int
Iee-erevathre, a0 Fuah- e ee5- SunStatrthar e renee s spersiohrom-onRe+vHe po

to another, or for outlying values;
— preparation of a normality (or “Q-Q”) plot of residuals and inspection for evidence of non-normality;

— optionally, tests for significant differences in dispersion, significant between-group differences in
residuals, or for nonlinearity.
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B.3.4 Testing for statistically significant change

For the simple case above, after confirming the validity of the basic regression assumptions, the usual
test for a statistically significant gradient is a t-test for slope significantly different from zero. This is
conducted by calculating the ¢ statistic in Formula (B.19):

_ ||

tp, = s(by) (B.19)

and comparing this with the two-tailed critical value of Student’s t for n — 2 degrees of freedom at the

95 vammmmm—mmmh—ﬂwm—VMe slope is
corjsidered to be significantly different from zero at the 95 % level of confidence.

B.3.5 Confidence interval for the regression line

Th¢ fitted values bg and b1 may be used to provide an estimate y of the valug’of the response for a
pafticular value x, using

y=by+bx (B.20)

It i$ sometimes useful to obtain a confidence interval for the prédicted value y.A two-sided ¢onfidence
intgerval at the 95 % level of confidence is given by

(x-%)°
Y Etgs 25 %m—z (B.21)
2 (x; -%)
i=1

where tos -7 is the two-tailed critical valué for Student’s t with n-2 degrees of freedom. (onfidence
intgervals for different levels of confidehce may be similarly obtained by using the appropriate critical
valpe for Student’s t.

NOTE This interval is not the prediction interval for individual values y;.

B.4 Predicting shelf life or choosing initial monitoring point based on stapility
stydy results

B.4.1 Principle

Where there is'an acceptable range, described by upper and/or lower specification limits, fof change in
a property.value over time in storage, it can be useful to estimate either the storage lifetimg (or ‘shelf
life[) of\a‘reference material, or set a first monitoring point, using the results from a stability [study.

The principle 15 to estimate the 95 % coniidence interval for future vatues, taking account of the
estimated degradation rate, and to choose the shortest time at which one of the confidence limits (upper
or lower) intersects a specification limit. This principle is illustrated schematically in Figure B.2.

For a CRM, any acceptable range chosen for the certified value should be less than the expanded
uncertainty, ideally less than Ucrm/3. For other reference materials, any acceptable change should be
sufficiently small to avoid adverse effects on the intended use.

B.4.2 Prediction of shelf life in the case of a linear trend

Let the upper and lower limits of an acceptable range of values for an RM property be Lypr and Liwr,
respectively. The confidence interval around a predicted future value of an RM when the degradation
follows a simple linear form is given by Formulae (B.20) and (B.21), taking x as the time from the
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