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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.

The procgdures used to develop this document and those intended for its further maintenance-gre
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an expllanation on the meaning of ISO specific terms and expressiohsrelated to conformity assessmgnt,
as well as|information about ISO’s adherence to the World Trade Organization (WTO) principles in the
Technical Barriers to Trade (TBT) see the following URL: www:iso.org/iso/foreword.html.

ISO/TR 14476 was prepared by the ISO Committee on Reference Materials (ISO/REMCO).
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Introduction

Reference materials (RM), in particular when certified (CRM), are a major tool for assuring the quality
and reliability of results obtained in measurement and testing. CRM property values, in particular used
for assessing the trueness of a measurement procedure as implemented in a laboratory, also establish
traceability of the measurement result. Which reference the property values assigned to (C)RM should
be traceable to, and how this traceability should be established, demonstrated, and reported on
certificates is, therefore, a question of primary importance, mainly for RM producers. However, users of
(C)RMs should also know what the endpoint of their traceability chain is, in particular for all purposes
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vas therefore considered necessary to conduct a study into existing principles for, and\req
the traceability of (C)RM, in particular with a specific view to the current definition,of me
ceability given by the Vocabulary of International Metrology (VIM), edition 3, 20072
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TECHNICAL REPORT

ISO/TR 16476:2016(E)

Reference materials — Establishing and expressing
metrological traceability of quantity values assigned to
reference materials

1 _Scope

ThIis Technical Reportinvestigates, discusses, and specifies further, the general principles-.ofes

trg
M¢
do

a)

b)

c)

ceability of measurement results laid down in the Joint BIPM, OIML, ILAC and ISO Pecl3

tablishing
iration on

trological Traceability [1], in particular for values assigned to (certified) refer€uce matgqrials. The

Cument covers the following topics:

a study into existing principles for, and requirements to, the traceability-of the value assigned to the
property of a (C)RM, with a specific view to the current definition of nietrological traceability given

by the 2007 edition of the VIM (published also as JCGM 200:2008([2}and ISO/IEC Guide 99

2007[211);

the development of a sensible, widely applicable approach to thesunderstanding of the tifaceability

of a value assigned to (C)RM property;

recommendations on how traceability should be established, demonstrated, and reported on

certificates and other documents accompanying (C)RM.

Thie developed approach is exemplified for measurement procedures not covered earlier] by other

gujdance documents on the topic.
2 | The VIM definition of metrological traceability
Thi recent edition of the VIMI2L[21] defines metrological traceability (term 2.41) as

prloperty of a measurement result whereby the result can be related to a reference through a do¢gumented

urpbroken chain of calibrations,\each contributing to the measurement uncertainty

NOTE 1 For this definition, a ‘reference’ can be a definition of a measurement unit through its
practical realization, or a measurement procedure including the measurement unit for a
non-ordinal-quantity, or a measurement standard.

NOTE 2 Metrolegical traceability requires an established calibration hierarchy.

NOTE 3 Spécification of the reference must include the time at which this reference was ysed in
establishing the calibration hierarchy, along with any other relevant metrological infor-
mation about the reference, such as when the first calibration in the calibration hierarchy
was performed.

NQTE 4 For measurements with more than one input quantity in the measurement mode], each
Of The IMput quantity vatues sioutd 1tself be metrotogicatty traceabte and the catibration
hierarchy involved may form a branched structure or a network. The effort involved in
establishing metrological traceability for each input quantity value should be commensu-
rate with its relative contribution to the measurement result.

NOTE 5 Metrological traceability of a measurement result does not ensure that the measurement
uncertainty is adequate for a given purpose or that there is an absence of mistakes.

© IS0 2016 - All rights reserved 1
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NOTE 6 A comparison between two measurement standards may be viewed as a calibration if the
comparison is used to check and, if necessary, correct the quantity value and measure-
ment uncertainty attributed to one of the measurement standards.

NOTE 7 The ILAC considers the elements for confirming metrological traceability to be an un-
broken metrological traceability chain to an international measurement standard or a
national measurement standard, a documented measurement uncertainty, a documented
measurement procedure, accredited technical competence, metrological traceability to
the SI, and calibration intervals (see ILAC P-10:2002).

NOTE 8 The abbreviated term “traceability” is sometimes used to mean ‘metrological traceabil-
ity as Well as Oother CONcepts, SUch as sampie traceability or doCUment traceaniiity or
‘instrument traceability’ or ‘material traceability’, where the history (“trace”) of an iten;
is meant. Therefore, the full term of “metrological traceability” is preferred if there.ds any
risk of confusion.

NOTE 7 njakes clear that the measurement method/procedure is a part of the traceability statemdnt,
but insufffcient if taken alone. This implies that a measurement result or the assigned‘value of a (C)RM
can be trdceable to a method or a series of methods used, but not to the method ‘alone, although sych
statemenfs can still be found on CRM certificates. Without any doubt, the measurement procedure uged
will mostly be reflected in the definition of the measurand, but additionally;.the value assigned to the
measurar|d has to be made traceable to stated references given the procedure applied, thus, the latfer
cannot beg the endpoint of the traceability chain for the assigned valué._Recent presentations on the
topic (e.g.|Reference [3]) support this viewpoint.

As expregsed in NOTE 2, the definition as given above is governed by the (assumed) existence of a
straightforward, single-route top-down reference standard hierarchy. Reference [4], as a guidance| to
implemen|t the above VIM definition in chemistry, almost always assumes the existence of higher-order
reference|materials, conveniently certified at the highestilevel by using allegedly primary metho(ds.

This Techjnical Report does not go into further detailstof these situations since References [4] to [6]

provide s
graphs vi
Reference

The descr]

bualizing and illustrating traceability chains, including branched ones, can also be foun

[7].

lfficient guidance. Considerations and guidance on traceability hierarchies together wiith

in

ibed philosophy works fine for all levels which still have a “higher-order” level above, or fie|ds

where primary methods exist and can readily be used for a valid and reliable value assignment to the

measurarn
that for a
assigning
of (C)RMs
Clause 3.

NOTE
definitions

3 Chal

allocated at prominent places in the hierarchy. More critical points will be discussed un

An annotatiém-document is being developed. Its aim is to give further explanations to the V
; it will alsq provide advice regarding the application of these definitions.

leniges arising from the definition of metrological traceability

d. However, at some point,the top with no “higher-order” is reached. It may also be stated
huge amount of certified reference materials at this level, no primary method is available for
values to the measurands. This causes the general problem of traceability for property valijes

er

3.1 Conventions

For the purposes of this Technical Report, the following conventions apply.

“Traceability of an RM”

is in common and daily use, it is understood throughout as the traceability of the quantity value
assigned to a (certified) reference material.

— “(Ana

lytical) method”

is used in the sense of defining the instrumental implementation of the (most often physical)
principle of obtaining, from an appropriately pre-processed and/or transformed object under

© ISO 2016 - All rights reserved
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investigation, a signal (subject to further processing) reflecting the sought-after prop
implementations are, for example, ToF-IDMS, GC-FID, LC-MS/MS, HPLC-DAD, FT-IR, etc.

“Measurement protocol”

is used to refer to measurement procedures prescribed or standardized to an exten

:2016(E)

erty. Such

t that the

value(s) assigned to the material becomes senseless without direct reference to these prescriptions,

i.e. where not only the conditions under which measurements have to be taken but
structure, shape, size and/or composition of the specimen are prescribed.

“RM document”, sometimes also called “property value sheet” or “product information s

also form,

heet” (see

NO
thi
IS(

3.

In
Cl4
a
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NO
thd
est
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res
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ba

ISO Guide 31)

is used as an analogue to, and distinction from, the term “certificate” as defined-inISO
Certificates refer to CRM, while an RM document provides the necessary ,informati
properties of a (non-certified) RM.

“Matrix (C)RM”

an RM made out of natural-born substance(s) or synthetically re-constituted in
characterised for composition.

“Property (C)RM”

an RM characterized for a property other than the contént of main components and/or i
as e.g. tensile strength or Charpy impact for an alloyed'steel.

TE This Technical Report refers to the requirements‘of ISO Guide 34, in force at the time of pu
5 Technical Report. For traceability issues, the future-ISO 17034 will also follow the principles of
Guide 34.

(C)RM as the carrier of traceable values

the context of (C)RM production, a, basic problem of the definition of metrological tracea
use 2) is that it refers to traceability of a result of a measurement. (C)RMs are normally c
artefacts providing traceability of'a measurement result.

TE An RM which comesywithout a (measured) value attributed to its properties, e.g. in cg
material has an intended ;plrpose not requiring such attributed value, does not experience t
ablishing traceability.

e value and uncertdinty carried by an (C)RM are, in virtually almost all cases, combi
ults of variouS‘ measurements. These results may refer to the different steps of RM p
mely homogerneity and stability estimation, and to measurements taken in the characteriz
sed uponsindependent implementations of the same measurement procedure, or implemer

differentindépendent measurement procedures.

Ev

en-in cases when all of the single results obtained in an RM certification are traceable, 1

un

ladr to which evtent and nndpninf of the trarnabi]ify chain o r‘nmbinnd racu]i— is trac

Guide 31.
bn on the

predients,

mpurities

blication of
the named

pility (see
onsidered

ses where
he need of

hations of
roduction,
ation step
tations of

t remains
able. This

problem increases considerably if the results to be combined are traceable to different endpoints, or at
least via different pathways all having different lengths and reliabilities.

EXAMPLE

Karl Fischer titration and the oven (drying) method have different endpoints of their traceability

chains. It might be sensible to include the method in the definition of the measurand which solves the problem of
the traceability endpoint.

However, for the seemingly clear specification “water in a matrix”, the above mentioned problem arises.
A sensible traceability statement for the value combined from results of both methods might be based
upon the more direct oven method (see also 5.3.2).

©lI
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3.3 Implicit traceability to the unit of the measurement scale

The measurement procedure is a convention, it most often also includes transformation(s) of the
measurand. This holds for most areas in chemistry, biology, or life sciences. Different conventions (i.e.
different measurement procedures) for the same measurand may lead to different results, i.e. they
turn out to be incompatible. This is reflected in NOTE 5 to the definition saying that traceability is a
necessary condition for comparability of measurement results, but insufficient for their compatibility.

Generally speaking, the measurement procedure has a non-negligible influence on the value assigned.
The principal approach is that traceability can only be established “given the specified measurement
procedure-used—Thespeciticationof this preceduretna-writtenstandard,an-SOPeteisaneminal
prescription. Any implementation in a specific place, by a specific operator using specific equipment
will causqg inevitable deviations from the prescription, no matter whether these are negligibly, small
or introdyce a real contribution to the total uncertainty. The deviations should be assessed in/specific

investigatfions virtually considered as calibrations against the nominal prescription.

EXAMPLE ISO 148-3 describes the production of samples for Charpy impact tests. 1SO-148-3 provigles
nominal vdlues for the size of the sample and the location and shape of the V notch. DeSpite the fact that fhe
instrumenf measuring the size (e.g. a calliper) should duly be calibrated and introduces a measurempnt
uncertaintly, the machining tool also has a certain variability. Both should be considered.

NOTE In chemical analysis, a ruggedness test as part of a thorough method«validation assesses most of fhe
deviationsfoccurring from implementation of a method under real, and varying within specified limits, laboratry
conditions

All of thgse calibrations will normally not introduce real corrections to the measured value lput
contribut¢ to the overall uncertainty which makes the approach’compatible with the VIM definition.

It is comthonly accepted that the combination of metrological traceability and proper measurement
uncertainty is the only way how measurement result§ can legitimately be compared.l8] Moreover,
measurement uncertainty estimation of the calibrdtion steps is a mandatory prerequisite for the
establishipent of traceability. The concept of calibration against a nominal requirement closes the gap in
cases whdre the routes to measurement scales (Skand others) are considered “indirect”. Demonstratjon
of complifnce with nominal requirements has‘to be carried out using measuring instruments whjch
are, for the measurand they tackle, traceable to the corresponding unit of the scale (callipers, balanges,
volumetrik flasks, etc.). This concept is formalised as approach B under Clause 4.

The signifficance and influence of indivect pathways to measurement scales is also recognized in the Jojfint
Declaratign on Metrological Tracedbility[ll stating that “In general, ... references are the Internatiohal
System of Units (SI), but wheresuch traceability is not yet feasible, measurement results should be traceaple
to other irternationally agreed-references...”

It might spem viable teyattribute all the peculiarities of the measurement method or procedure to the
definition| of the me&surand as proposed in Reference [9]. In general, one should remember that the
VIM defines the measurand as the “quantity intended to be measured”, not as the procedures necessgry
lishing the intention. At the same time, the faults that might happen when the quantity is
measured arewnot considered.

Two other points have to be considered.

— Firstly, the approach of Reference [9] will work only with one single method of determination which
then (according to the requirements of ISO Guide 34) should be a primary method, a restriction
limiting the applicability of the approach to special cases.

— Secondly, it will limit the field of application of the material or its commutability and, thus,
considerably reduce its technical and commercial value.

A sensible and balanced distribution of method impact on the measurement result between the definition
of the measurand and the traceability chain(s) to units of scale is therefore crucial (see also 5.4).

4 © IS0 2016 - All rights reserved
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3.4 Traceability networks

NOTE 4 in the definition of metrological traceability (Clause 2) suggests that for measurements
with more than one input quantity in the measurement model (a situation which is daily practice in
chemical analysis and virtually all fields of testing), each of the input quantity values should itself be
metrologically traceable and the calibration hierarchy involved may form a branched structure or a
network. The effort involved in establishing metrological traceability for each input quantity value
should be commensurate with its relative contribution to the measurement result.

clean-up

extraction

'\U
comparison (ins{@ment)
@)

X

mole
pure substance

& ¢ .
purity P2 D - -

f weighing — weighing
check | R

J

.

Figure 1 — “Horizontal” traceability network relating the measured quantities ip a
measurement procedure model to a set of SI units

It fis assumed that this)eéxplicitly allows a “horizontal” networked strategy for establishing the
trgceability of a particular implementation of a measurement procedure as visualized in|Figure 1.
Thie concept formalized under approach B of Clause 4 is a consequence of NOTE 4 to the definition of
mgtrological traceability and implements this “horizontal” strategy. It is the only feasible[approach
when no higher=order reference is available in the vertical direction.

3.5 _Properties expressed in units of measurement scales other than the SI

M £ af + 2l i rwetlhonm +tbao CT oo oot ala iailaaeits bt lottar oo ol £ tth
oSt ortRe-StareSotnerttnattthet oraveRevereRere SSSHarit e S witn—tniecratteH TTarrCTy e ey are

realised by a single or a set of materialisations/artefacts with assigned values expressed predominantly
in real numbers (e.g. pH scale). Furthermore, fractions or multiples of the basic unit exist. Some scales
use ordinal numbers which express a cardinal “smaller-larger” relationship between the realizations of
the points on the scale (e.g. Mohs hardness, see Reference [10]) rather than an explicit proportionality
or a counting result. Here, specific problems with the resolution of the scale may arise. However, for
establishment of traceability to these scales the same rules and recommendations may be applied as
given in this Technical Report for traceability to the endpoint SI.

A prominent, widely used non-SI measurement scale is the series of natural numbers. It is the basic
measurement scale in all areas of measurement where counting is involved, e.g. of specified objects
(pollen in a certain amount of air, E.coli bacteria in a specified volume of a food product, etc.). The

© IS0 2016 - All rights reserved 5
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peculiarity of this scale is that no materialization of the unit exists to which traceability might be
established by direct comparison (calibration).

On the other hand, the unit “unity” can hardly be misinterpreted, and an interpretation of the unit in
one implementation will exactly match the interpretation in any other. The problems are rather object-
specific (misidentification of objects, double-counting, object overlap, etc.), and the resolution of the
scale always has to be taken into account. Furthermore, depending on the kind of the objects and the
background of the measurement, statistics different from those commonly accepted for continuous-
scale measurements may apply. Thus, the procedure and its specifications gain even more importance
for measurement results expressed in the unit of this scale, and the impacts of deviations from the
specified procedure—tas—to—be—thoroughty evatuated—However,—atso—witirthese—pecuttarities,the

principleg of Clauses 4 and 5 also apply here.

3.6 Prdperties other than quantitative

It is assujned that this is covered by NOTE 1 in the definition of metrological traceability (Clause|2)
which usgs the term “non-ordinal quantity” meaning that these measurement results*are traceable to
the measiyirement procedure alone. However, more guidance is needed for the4distinction of ordipal
and non-qrdinal quantities, in particular with a specific view to the fact that;modern measureme¢nt
procedurgs virtually always involve measurements of fully quantifiable (dnd, thus, not non-ordinjal)
quantitied and some nominal-valued decisions on the set of quantified measurement results.

Examples|are identity of a substance which materializes through measurement, and the sequence of
objects which involves identity and a series of ordinal numbers.

This Techhical Report solely deals with quantitative results.

3.7 Summary of an ISO/REMCO event on metrological traceability

In June 2p12, ISO/REMCO held a brainstorming session on recent views and approaches to (C)RM
traceability in Vienna/Austria, in connection with its 35th General Assembly. The session could |be
joined by |nterested parties world-wide via on:line (video and telephone) connections.

Issues covered during the session included the role of (C)RM in establishing traceability and traceabiliity
statements in certificates. Three major perspectives have been considered in presentations, namgly
those of ysers of (C)RM, the accreditation bodies, and the reference material producers (RMP). The
presentatjons and a summary are-ayailable on the ISO/REMCO webpage.

The user’g perspective referred-to the field of geoanalysis (in particular XRF analysis of minerals) and
emphasizgd a) the use of (E)JRM specifically tailored for use in the area and b) the impact of calibrat{on
pathways| (standard solutions versus matrix (C)RM), in particular unresolved inconsistent resylts
when usirg different calibrants.

Accreditafion bodies (AB) identify increased and evolving expectations to RMP (accredited under
ISO Guide|34), statements of traceability (required under ISO Guide 34), additional information on the
certificatipn procedure (certlflcatlon report) and the intended use of the (C)RM Users (accredl ed
under ISC 2 : : acea

their results. (C)RM are CI‘lthal consumables requlrlng a spec1f1c traceablllty evaluatlon 1f not sourced
from accredited RMP or a material included in KCDB Appendix C or the JCTLM RM database. It was also
stated that the AB implementation policy needs to be consistent with respect to traceability.

An RMP scrutinized the role of (C)RM in the delivery of traceability, providing examples of how (C)
RM can be used to validate results including measurement uncertainty assignments, demonstrate the
equivalence of measurements, establish comparability (in the VIM sense) to a measurement scale, and
evaluate and correct for bias.

Fully consistent with this Technical Report, participants of the event concluded that traceability

— cannot be established to an institution,

6 © IS0 2016 - All rights reserved
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— establishes comparability, not necessarily trueness of results, and
— is defined by, and potentially limited to, the certification method (for method-defined measurands).

Full information from the RMP on the certification procedure and the intended use is critical and
should be required by the users (e.g. in the form of a certification report). The challenge of propagating
a quantity through a traceability chain when the measurand changes is generally underestimated (see
3.3), implying a need to check with care for inconsistencies between “claimed” and “actual” quantity
measured.

The following conclusions have been drawn.

—| Current practice of reporting traceability on CRM certificates is very often not 'eonsistent or
sufficient.

—| A need for evaluation (by RMP and accreditors) of traceability statements to “higler-order”
references (including but not limited to SI) exists.

— | Traceability statements should avoid generic claims, and a concise‘summary of the|technical
basis/certification procedure used to obtain the property values should be available (3t least on
request of users or accreditors).

—| Intended-use statements are a critical component for appropriate use by end users.

—| Further workis needed on minimum requirements for thé content of certificates and supplementary
information. For possible approaches, see Clause 6.

4 | Approaches to metrological traceability’of (C)RM

4.1 General

Giyen the definition and the considerations made in Clauses 3 and 4, two approaches [to (C)RM
trgceability seem feasible in principle. Note that their citation (as A and B) should in no way bg¢ confused
with preferences given, or hierarchies attributed to, the approaches.

4.2 Approach A

Acfording to NOTE 2 in-the’definition of metrological traceability (Clause 2), metrological traceability
requires an established ealibration hierarchy. One might be tempted to define (C)RM as being endpoints
of the traceability ¢hain which do not need further traceability “upwards”. In particular, one might look
at [C)RM as being artefacts which establish their own measurement scales.

NOTE Asmall number of recent CCQM Key Comparisons might be interpreted into this direction although
bagically covering other aims. CRM from different NMI representing different amounts of substance ¢f the same
anglyte in-the same matrix have been compared for equivalence, thus, establishing a “scale” of this specified
anglytenn the specified matrix, say NO in N2, or amounts of ethanol in water.

The approach has a number of undoubted advantages and is used for the reference standards produced
and issued by the World Health Organization (WHO). Both the measurement uncertainty calculation
and the traceability chain start from the internationally accepted reference standard. The validity of
the standard is assured by a series of technical and assessment procedures,[11] namely:

— The need is recognized by scientific and medical community worldwide and a case formally made
by the WHO Secretariat to the Expert Committee on Biological Standardization (ECBS) on the basis
of public health impact.

— Working groups of experts are involved in setting the priorities and characteristics for selection of
the candidate reference preparations.

© IS0 2016 - All rights reserved 7
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— Aninternational collaborative study has to be carried outbefore any candidate reference preparation
can be considered for establishment by the WHO ECBS.

— The goal of such a study is to determine which candidate material is suitable to serve as a WHO
reference material for the standardization of a biological product or of an in vitro diagnostic tests.

— An internationally agreed unit is attributed to the first WHO Biological Reference Material for
biological activity characterization. The continuity of such a unit is ensured by replacement with a
new batch of reference material which is calibrated against the first or previous reference material.

— A requirement to be met by any batch of a WHO Biological Reference Material is that the content
in evetry ampoule in the batch should be identical in terms of composition, quantity, potency-and
stabiljity.

— TheBjological Standardization documentwhichreportstheinternational multi-method collaboratjve
study|is peer-reviewed before being submitted to the WHO ECBS. It has to be approved\by the E(JBS
for fijal release of the material.

An overviewl[12] of the fields of analytes and measurement areas covered by WH@ Standards is giyen
in Annex [, and an example of accompanying documentation for a primary standard shown. The WHO
creates a§ many scales as is needed in reality.

Propagating and multiplying this fit for the specific purposes appreach to the full spectrum| of
measurement and testing activities would create a very large (at least infinite) number of scales, dne
for each feasible analyte-matrix (in chemistry) or property-of-substance combination (in testing).
Although fhis treatment of the requirement for calibration hieraichies does also not fully coincide wiith
the netwqrk idea of NOTE 4 in the definition of metrological trac¢eability (Clause 2), where calibratigns
may be atjthe same level but go into different “horizontal” ditections, there are situations (in particular
for qualitative-property RM) which will make approach Atnandatory. This might be covered by format
D in 6.2. However, this is not further elaborated in this;Technical Report (see also 3.6).

4.3 Approach B

This apprpach is fully in line with the prineiples of the ISO Guide 35[20] and described by the optigns
given under ISO Guide 35:2006, 9.2. Traceability is stated “given the specified measurement procedyre
used”, i.e.the pathway and the endpoirit.of the traceability chain have to be specified. The specificat]on
of the prqcedure is nominal. Any implementation in a specific place will cause deviations from the
nominal prescription. These neéd)to be assessed in specific investigations virtually considered|as
calibratiohs against the nominal)(written) standard. For more detailed considerations, see the example
in Annex A.

The complete model formula describing the measurement procedure, at least for the majority| of
measurement procedures commonly used in chemical analysis, but also in testing, takes the form (see,
for exampyle, Reference [13]):

X
]_[pi 2

_ =1 -
Xmeas_m—'HFi with 1<k<m<n (@8]
i=m+1
1~
i=k+1

where the p;represent the directly measured/determined (explicit) parameters, and the F;the influences
from grouped/combined sources, both with and without corrective influence (i.e. values differing from
unity or not), and all with uncertainty contributions. Special cases, where model formulae include
additive terms or are non-linear, have to be considered separately. However, the division into directly
observed and indirect influential parameters equally applies.

The F;influences may, for example, represent the (used for correction or not) bias term from a calibration,
or the degree of compliance with a nominal prescription. As compliance is normally assumed, the value
assigned to the corresponding F term would be unity, but the uncertainty connected with this term
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would be assessed in a virtual “calibration” procedure by deliberately deviating from the prescription
and evaluating the influence on the measured value. In method validation, this is normally called
robustness or ruggedness test. Note that the model equation as above can be treated as a consequence
of NOTE 4 in the definition of metrological traceability (Clause 2).

With the model formula above, the relative uncertainty attributed to the measurement result would be

D+ D (F)

i=m+1

uf (Xmeas) - 2“5 (p (2)
i=1

fept possible correlation terms which have to be accounted for if the influential paramete

ex 'S are not,

(0]

—

NO

5

5.

Unlder approach B, the traceability of a (C)RM can be established within a framework of r

int

Co

not fully, independent of each other.

TE For RM coming without a (measured) value, see 3.2.

Establishing traceability of (C)RM property values (Approach B)

| Principles

erpretations of the basic VIM definition, namely:

Traceability of the assigned value of a (C)RM is a property of this value whereby the 3
consolidated set of measurement results obtained for the (C)RM can be related to a g
set of references through a documented unbrokefiichain of calibrations, each contribut
measurement uncertainty.

A reference can be an established and well:understood method/procedure, a written d
and specification of an operational procedtire, or an artefact/artefacts realizing a point
on the measurement scale of the quantity under consideration. Explicit reference has t
to the measurement procedures applied by citing the standard, protocol (e.g. AOAC Peer
Method), publication or text book!

Members of a set of references may refer to the same quantity (when defining a meg
scale) or of different but essential in the measurement process quantities (realizing a ty

A consolidated set_of measurement results is a measurement result combined fro
measurement reswlts using appropriate procedures which assure full compatibility be
results combined and the result consolidated from the former, all within an appropriately

value follows the commonly accepted rules and includes allowances for the “procedur
according to Clause 4.

mpatibility between the results combined may arise per se or may have to be estal]

network). This is partieularly important for more-dimensional measurands (e.g. spectra).

easonable

ingle or a
ingle or a
ing to the

bscription
br a range

be made
Reviewed

surement
aceability

m several
'ween the
r assessed

uncertainty’-The establishment of the total measurement uncertainty budget of the comsolidated

e impact”

lished by

int

roducing uncertainty_components which account for data discrepancies. Decision on th

1e level of

admissible discrepancy is case-sensitive and subject to expert judgment, meaning that starting from
a certain level of discrepancy, the measurement results may seem non-commensurable (and thus no
longer traceable to the same or the same set of references).

Establishment and statement of traceability of a CRM is mandatory; it is not for an RM fulfilling the
basic requirements only (i.e. coming without an assigned value). However, if any values are assigned to
an RM, their traceability should be assured as well (see [SO Guide 33:2015, 6.4.2).

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=6eaccf29845939abdbe8d1ecb37e6a3b

ISO/TR 16476:2016(E)

5.2 Traceability pathways

ISO Guide 34 and ISO Guide 35 in their current editions accept four general approaches for the
characterization of reference materials, namely

a) measurement by a single (primary) method in a single laboratory;

b) measurement by two or more independent reference methods in one laboratory;

c) measurement by a network of laboratories using one or more methods of demonstrable accuracy;

d) ametfiod-speciiic approach giving only method-speciiic assessed property values, using a network
of labpratories.

Traceability pathways may have different targets, namely

1) (diredt) traceability to the unit of the measurement scale,

2) tracegbility to the unit of the measurement scale via, and given by, a measturement method|or
proceldure, and

3) traceability to a protocol.

As arule, pathways and certification schemes combine as shown in Table\l.

5.3 Steps in establishing traceability

5.3.1 General

Table 1 — Certification/characterization schemes and pathways of traceability

Scheme Pathway
1) 2) 3)
a) X — X
b) X X -
) — X -
d) — X X

General steps to be taken, afd,provisions to be made are described in ISO Guide 35[20] and should|be

followed {trictly. Major points are as follows:

Transformation (of.the measurand): Although the determination of the property value itself dan
be made traceable to appropriate units through, for example, calibration of the measurement
equipment used, steps like the transformation of the sample from one physical (chemical) state to

y
In other cases, only a comparison among different laboratories using the same method is possible.
In this case, certification takes place on the basis of agreement among independent measurement
results (see ISO Guide 35:2006, Clause 10[20]).

Calibration should take place against measurement standards that are traceable to appropriate
references. CRMs may be used for this purpose, as long as they are suited for this purpose. The
calibration should be appropriate for accurate measurements, thus, notintroducingany unnecessary
extra uncertainty. The reference chosen may be an SI unit (e.g. for composition measurements and
many physical quantities), or a conventional scale (e.g. for method-defined characteristics).

— All aspects of the measurement procedure need to be under control, including sample weighing,

10

purity of reagents, solvents, “pure materials”, calibration status of common laboratory
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validated

statistical/mathematical techniques for doing calculations (e.g. calibration curves, interpolations),

and contaminations, losses, flaws in the measurement process.

— Method validation is a suitable tool for bringing aspects under proper control.

5.3.2 Combining results

This clause does not make reference to accumulation and consolidation, for statistical rea

sons, of a

number of measurement results from a single measurement procedure, a situation which will occur,

in ; :
trdceability pathways are straightforward. The Clause deals with combination of results obta
either one measurement procedure in several implementations, or several measuremeit pro
seyeral implementations.

It Is assumed that the general steps of 5.3.1 are followed for all measurement ptocedures
implementations of measurement procedures participating in the certification process.
as§umed that the “procedure impact”, i.e. the influences of an implementation deviating
nominal description, have properly been assessed following the principles of Clause 4 for al
anfl implementations involved.

Ge
Fr
wh

heral principles, approaches and tools for combining measuremeit results are given in Refe
bm the point of view of establishing traceability, the major problem is at which point
om traceability to a materialization of the unit concerned/has to be established. Theore
procedures in all implementations should provide resultsswhich are a) traceable and b) trace:
same artefact or c) have the same endpoint of the traceahility chain. While requirement a) is
requirement b) will apply only in a limited number ofcases. The alternative requirement c) ig
qujte difficult to fulfil, in particular in interlaboratory comparisons with external particip3
ar¢ normally not in the position to verify the fullbtraceability chain of the calibrators they u
demonstrate the validity and correctness of thé‘values assigned to their calibrators.

A feasible approach (illustrated in Figuré.2) would be a single traceability strand originati
reference laboratory capable to cope with the requirement of being able to demonstrate trac
th¢ calibrator(s) used.

| unit of scale

'y
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oth cases,
ned using
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from the
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se and/or
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eability of
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Figure 2 — Single-strand traceability to a common endpoint (unit of a measurement scale)

All measurement results provided by the participants are combined into an appropriate estimator
serving as the assigned value (in Figure 2: cert). Each contribution is considered a calibration
introducing an uncertainty, normally assessed as an average uq of the deviations of all single values
from the assigned value. The reference laboratory establishes traceability of the calibrator(s) used,
thus, defining a single endpoint of the traceability chain. It determines correction factors which may
apply when using the calibrator(s) (e.g. for purity), and applies it to the assigned value. The uncertainty
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cumulated in the traceability chain will normally be expressed as the uncertainty of the correction
factor ucor (even if the factor is unity), if not, both uncertainties should be taken on board. Finally,
an allowance & for the remaining misfit between the assigned value and the result of the reference
laboratory should be included in the final uncertainty budget, assessed as half of the difference between
both values. Thus, the uncertainty of the characterization is (expressed as relative uncertainties)

2 2 2

_ 2
uchar,r - ud,r + ucor,r + 5r T (3)

« n

where “...” indicates uncertainty sources other than those originating from calibration.

An alternative way of dealing with these ILC-like situations is certification based on characterizat]on
of the material using only the results from the procedure for which the traceability of the calibrator(s)
used can fully be demonstrated. The ILC is considered as supporting both the assigned value and the
commutability of the (C)RM. A specific “commutability” term, namely §, can be included‘in the total
uncertainfy budget of the material making all measured values compatible.

5.4 Summary

The basic|requirements to establishing traceability may be summarized in the-sense that metrologiral
traceability always consists of two parts:

— aclealr definition of the measurand that defines what is supposed<o be traceable;
— the trpceability of the property values themselves to the appropriate stated references.

Traceability of measurement results is assured through proper calibration of all relevant input
quantitieq against appropriate standards [revision of Referehce [13]; in progress], and in most cases
can only He established in a networked approach. This is,however, fully in line with the requirementg of
ISO/IEC 1§025:2005, 5.6.

6 Reporting traceability

6.1 Inquiry
An inquiny was carried out in April*2012 into the status of traceability statements in certificafes
of recently released reference materials. Around 200 certified reference materials from the data
base COMAR were screened following a selection criterion enabling a coverage of different typeg of
materials|and application aréds as wide as possible, as well as coverage of different locations of the
issuing institutes around the world (America, Asia, Australia, and Europe). Furthermore, different
types of i$suing institutes were considered including National Metrology Institutes (NMI), designated
institutes,;commercial associations and single commercial producers. Fifty six certificates
were selected forfurther analysis following the above principles. The scope of materials included
, physic-chemical CRM as e.g. pH standards, CRM certified for different analyte contents and
applications-inénvironmental or food analysis, and CRM for other (i.e. mechanical) properties.

6.2 Results of the inquiry

An important observation from the inquiry is that in 28 out of the 56 investigated certificates, no
traceability statement is given. These cases relate to the more complicated situations where the
measurand is method-related and/or model-dependent. Furthermore, sum parameters like proximates
in food and feed may constitute a certain problem. Nevertheless, traceability may be established given
an adequately defined measurand.

Some institutes follow Approach B as described herein under Clauses 5 also for matrix CRM and
distinguish between the measurand definition involving possible method dependence, and the
traceability of the eventually measured value to analyte realizations of known purity.
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Interestingly enough, the (high-)purity materials used for such purposes normally come without a
(further) traceability statement.

Most often, traceability statements are given in cases where primary methods are used, traceability is
taken from, and established to, the certified property value of another certified reference material, or
where the measurement has been done on, or could directly be traced back to, a National Measurement
Standard.

Some institutes tend to follow Approach A (see Clause 4) when omitting a statement for the traceability
of the CRM itself, but stating on its use: “This RM is used... to demonstrate the chemical traceability in

classicalandinstrumental analvsis”
Y

Finally, some institutes are probably unsure about endpoints of traceability chains. A-statgment like
“The value is traceable to units of the SI (S and m) using conductivity cell calibrated by‘the CRM.” circles
in |tself and does not provide added value to the potential user.

Geperal conclusions from the inquiry can be drawn as follows:

—| Regardless of the kind of the institute, issuers of certified reference materials (still) gxperience
problems in establishing value traceability, and expressing it inseertificates and accompanying
documentation.

—| Particular problems constitute (high-) purity materials, method-related/-defined measurpnds, sum
parameters, and property CRMs.

—| Guidance beyond the limits of this report might be necessary, including technical gujdance for
specific kinds of materials, in particular in the aboyementioned areas.

Sirfjce then, some reference material producers.may have changed their policies with fegard to
trgceability statements. A new inquiry should reasonably be undertaken a certain period of fime after
the publication of this Technical Report.

6.3 Requirements
Traceability statements for the cerfified or stated property values of a (C)RM are required
—| on the certificate provided.with the CRM

This statement should)be as compact as possible but still reflect the different pathways of
traceability. Short but comprehensive reflection of the traceability structure of a maferial may
be complicated,irCparticular in network situations. Suggestions for the different cases|are given
below. Admittedly, special cases may require explanatory notes to the traceability qtatement.
Instead of notes, explicit reference to a publicly available standard, document (e.g. the feport), or
publication-is acceptable.

Traceability statements are not required, but may nevertheless be provided on the RM dlocument,
ifapplicable.

— 1n the certification or characterization report of the (C)RM

In the summary part of a certification report, usually the statement used for the certificate will
be reproduced. The report shall contain a section on establishing traceability of the material
describing the traceability pathway within the particular certification/characterization layout,
the single-strand chain or network of traceability, and the contributing uncertainties of the chain.
Special cases may be dealt with in detail since no space limitations apply.

NOTE 1 Fitness for the intended purpose of a (C)RM implies traceability of the property values stated for the
material (if applicable).
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NOTE 2 ISO Guide 34 requires recording, archiving, and full retrieval of all information related to the
production of an RM/certification of a CRM, i.e. a “report” in the above sense, regardless of whether this report
is of internal use only or available to the customer. However, CRM normally should have a certification report
available.

NOTE 3 The requirement of a traceability statement on the certificate or RM document applies regardless
of whether this documentation refers to a single object or a batch of objects. For policies involving generic
certificates providing only specifications (ranges) for the property values and individual value sheets for every
single item produced (and certified) under the specification, the traceability statement may be included in the
specification provided the chain is properly described. The individual value sheets shall bear a reference.

Traceability statemrentsare ot Tequired i othrer documentation accompanying (€)RMwhateverthe

kind of th|s documentation is.
NOTE 4 |Documentation other than the certificate and report normally includes handling instructions, safety

warnings, safety sheets, and shipment documentation. It is obvious that these documents are not.required to
refer to thg specific issue of traceability.

6.4 Formats

Traceabil:ty statements recommended for the use on reference material gertificates depend on the
certificatipn approach used. Four cases are described below.

Case A) Measurands for which values may be assigned by using a prindary method (also called meth¢d-
independ¢nt measurands), where the on-site implementation of the'method is well understood, and|all
sources of uncertainty have been investigated and are accounted for. One would state

“The gertified value... is traceable to the unit of the measurement scale.”
The latterymay not necessarily be the SI, although this will'be the case in a large number of cases.
EXAMPLE Determination of the mass fraction of 10B{n-an aqueous boric acid solution using IDMS.

Case B) Measurands for which values may be assigned by direct comparison with a higher-order CRM,
using a well-documented method in a wellcunderstood on-site implementation, and all sources| of
uncertainty have been investigated and are accounted for.

B1: One wpuld state
“The gertified value... is tracéable to the property value assigned to CRM XYZ.”

B2: Depending on the endpoint which the higher-order CRM is traceable to, this might include that afso
the derivgd material is traeeable to the unit of the measurement scale, justifying a case A statement:

“The ¢ertified valué:. is traceable to the unit of the measurement scale.”

Such a stgtementxrequires that appropriate information on the traceability of the higher-order CRM
to the mepsurement scale is available, documented, and can be proved in case of necessity. However,
statemenfseferring to the unit of scale and based upon long chains of comparisons between different-

: 1 LORNM L 11
hlerarChy revertnmvrsare norencourageanetre:

Note also that the certified value is not traceable to the institute issuing the CRM and the RM certificate,
but to the unit of scale. In some cases, the value may be traceable to the realization of a measurement
unit as maintained by a certain institution. Again, the anchor point is the realization of the unit, not the
institute.

Case C) Measurands which include the definition of a specified measurement procedure.

C1: One measurement procedure in several implementations, all uncertainty sources for the measured
quantities combined, plus the biases arising from differences between the implementations, plus
uncertainties arising from non-compliance with the specifications of the measurement procedure. One
would state
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“The certified value of the measurand defined by the measurement method/procedure (ABC) as
specified (in standard...), ... is traceable to the unit of the measurement scale.”

The wording after “defined by..” may be adjusted according to the specific case. It may be
“measurement method” only, “measurement method” plus “after pre-processing, digestion or
transformation using XYZ procedure” or a generic term for the full procedure including the
(analytical) method.

However, traceability statements should be kept as short as possible. Mentioning the measurement

method (if decisive) in a traceability statement is, at least partially, a repetition of the specification
ofthe measurand It is cnppnri—ar‘ for anhanr‘ing r‘]nrify but should notbe misused. -Ifthe certificate

c2

unavoidably states a method-defined measurand, the wording starting with “defined by might be
omitted.

Several independent measurement procedures in several implementations) ‘all umcertainty

solirces for the measured quantities combined, plus the biases arising from|differenced between

thd
thg

def

Ca
co
wh
me

EX

Cake D) Measurands’solely defined by a protocol. One would state

e implementations, plus uncertainties arising from non-compliance with“the specifi¢ations of
e methods, plus the biases between measurement procedures (arising from different measurand
initions). One would state

“The certified value of the measurand defined by either of thé-set of measurement procedures
(ABC) as specified (in standard(s)...)... is traceable to the unit of the measurement scale.”

As in case C1, the wording after “defined by...” may be adjusted according to the specific case. It
may be “measurement method” only, “measurement niethod” plus “after pre-processingj digestion
or transformation using XYZ procedure” or a generic term for the full procedure including the
(analytical) method.

Asincase C1, traceability statements should be Keptas shortas possible. Mentioning the megsurement
method (if decisive) in a traceability statement is, at least partially, a repetition of the spe¢cification
of the measurand. It is supported for enhaticing clarity but should not be misused. If the ¢ertificate
unavoidably states a method-defined.measurand, the wording starting with “defined by...| might be
omitted.

e C2 describes the quite oftén)'implemented approach of certification in an inter-laboratory
mparison (ILC). Depending on'the selection of the methods used by the participants, in particular
en they comply with the mientioned under C2 criteria and all preparatory steps are tradeable, the
asurement scale can bethe’SI.

AMPLE An examplefor a CRM certified in an ILC and traceable to the Sl is given in Annex C.

“The certified value... is traceable to the unit of the measurement scale (defined by procedyire ABC).”

“Thevertified value... is a reference point on the measurement scale defined by procedurg ABC”.

If

e latter format reflects VIM[Z] [21] defmltlon 2. 43 for metrologlcal traceablllty to a measurgment unit.
' = ] v 2ly a Case

A statement may be used. An example for an artefact- defmed scale of Mohs hardness is given, and
described in detail in Reference [10].

Th

e formats align with the certification/characterization layouts and the traceability pathways in the

following form:

©lI
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Table 2 — Schemes, pathways and formats

Scheme Pathway
1) 2) 3)
a) A, B2 — D
b) A B1, C2 —
c) — B1, C1, C2 —
d) — C1,C2 D

A conside
particulaj

«

..dn

6.5 Further recommendations

Technical

1 the evaluation on the basis of the ... model.”

abfe part of MEaSUTEIMENtS Call oMty De IMade and;/or evaiuated under the assumptions gf a
model. In these cases, it is suggested to extend the statements (especially in format C)by

needs will, in some cases, require even more comprehensive explanations than those given in

the statenpents above. These should be included in the report for the (C)RM, and appropriately referenqed

to on the
and partig

certificate (e.g. through notes). Issuing a technical report for a ((JRM is thus recommended
ularly considered helpful for demonstrating traceability of the assigned value(s).
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Annex A
(informative)

Worked-out example

Thiis is an example where the measured result is seemingly directly traceable to the SI ¢ia a well-
established route of hierarchical calibrations. However, the result is meaningless for,'the measurand
without the specified procedure. The measurand is the combination of a certain set of measured
qupntities and the method used. In special investigations, compliance with the pF¢cedure, i.e. the stated
reference which in this case is a written standard, has to be established.

A.2 Flow chart of the method

Sampling
.
Sizing
L2
Conditioning
3
Clamping
3
Pre-tensioniffg Traceable standards
. .
Measurement Force calibration
| |
v
Result

Figure A.1 — Flow chart of the method

A.B Madel equation and uncertainty budget

ent of the
bmpliance

e model formula consists of a term related to direct, and directly traceable, measurem

term describing the influences of variation in the implementation of the prescribed method:

k
z fbr,h
= h_l .

for = F (A1)

k C

The compliance term F. consists of several terms describing compliance with the prescriptions
(tolerances) set for patch width and fabrics conditioning, as well as estimates for sample skew, slip
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avoidance, maximum-force determination, machine drift, and measurement repeatability (best: long-
term or intermediate precision).

Fc = pr ) Fskew ) Fslip ) Fcond ) Fd max Fdrift ’ Frep (A-2)
The full uncertainty budget is:
Quantity Value Uncertainty Relative uncertainty
mean fpy (A-type estimate) as per run — 0,041
forn — — 0,000
Fpw 1 0,01 0,013*
Fglip 1 0,01 0,01**
Fskew 1 0,034 0,034***
Fecond (A-type estimate) 1 0,015 0,015
Fdamax 1 0,01 0,0 1%
Frep (A-type estimate) 1 0,028 0,028
Farift 1 0,023 0,023
for accordng to specs as per analysis — 0,069 5
* - from fhe specification for width (50 mm * 1 mm) assuming a rectangular distfibution
** - undefected slip/nominal patch length
**#* - redudtion in effective width from skewing, max skew angle 2°, estimated\from 1/(1 + tan a)
***_ worst-case estimate

Provided

above budlget, these results are traceable to the Sl given the prescribed measurement procedure

used. Cer

comparisk]m scheme. All participating laboratories-should provide traceable values in order to establ

compara
traceable

It should
that at led
this calibt
F terms c
above bud

measurement results are reported together with the total uncertainty estimated from f{
fification of a breaking-strength reference material seems possible in an inter-laborat

ility of the data accepted for certification. However, the assigned value itself should be mz
using the network approach as described in 5.3.2.

be noted that the method_ exemplified here includes dimensional measurements, mean
st a second chain of calibfations (i.e. of the dimensional measurements) is involved. With
ation, the compliance with the nominal prescriptions and also uncertainties of most of {
hnnot be established. Its uncertainty is, however, at a level which allows neglecting it in {
get.
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