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METROLOGICAL TRACEABILITY OF COOMET REFERENCE MATERIALS.
PART. 1. INTERNATIONAL PRACTICE IN ESTABLISHING TRACEABILITY
OF REFERENCE MATERIAL CERTIFIED VALUES

S. V. Medvedevskikh,! E. P. Sobina,> O. N. Kremleva,
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Many countries are currently focused on expanding the range of national means for measurement unit
transfer characterized by established metrological traceability within international organizations. As well
as demonstrating the high level of measurement capabilities provided by organizations and countries, such
activities facilitate a solution to the global problem of ensuring the comparability of measurement results
obtained for different objects at various times in diverse parts of the world. The present article highlights is-
sues involved in establishing the metrological traceability of physicochemical measurement results. Curent
international practice in establishing traceability of reference material certified values is described. In ad-
dition, the authors provide a brief overview of internationally recognized concepts related to the metrolog-
ical traceability of reference materials.

Keywords: metrological traceability, certified reference materials, measurement standards, primary refer-
ence measurement procedures, interlaboratory comparisons.

Introduction. Global recognition of the role played by a particular country in terms of creating new technologies
and developing innovative scientific directions is validated by the national metrological traceability of measurement results.
In other words, the importance of measurement integrity and level of confidence necessary to support socio-economic activi-
ties in a given country under contemporary social conditions is recognized at the highest level of the metrological community.

Issues related to establishing the metrological traceability of measurement results are addressed by many internation-
al organizations including the International Bureau of Weights and Measures (BIPM), the International Organization of Legal
Metrology (OIML), the International Organization for Standardization (ISO), the International Laboratory Accreditation
Organization (ILAC), the Euro-Asian Cooperation of National Metrological Institutions (COOMET), etc.

The main approaches to demonstrating the metrological traceability of measurement results are regulated by inter-
national documents recognized in different countries by the metrological community:

ISO/IEC 17025:2017, General Requirement for the Competence of Testing and Calibration Laboratories,

ISO 17034:2016, General Requirements for the Competence of Reference Material Producers;

ISO Guide 30:2015, Reference Materials — Selected Terms and Definitions;

ISO Guide 31:2015, Reference Materials — Contents of Certificates, Labels and Accompanying Documentation;

ISO Guide 33:2015, Reference Materials — Good Practice in Using Reference Materials,

ISO Guide 35:2017, Reference Materials — Guidance for Characterization and Assessment of Homogeneity and Stability;

ILAC P10:07/2020, ILAC Policy on Metrological Traceability of Measurement Results;

ISO 17511:2020, In Vitro Diagnostic Medical Devices — Requirements for Establishing Metrological Traceability of
Values Assigned to Calibrators, Trueness Control Materials and Human Samples;
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Issues related to demonstrating the metrological traceability of measurement results in various industrial sectors are
widely covered in the literature [1-9].

In general, the only way for testing and calibration laboratories to demonstrate the metrological traceability of mea-
surement results consists in the use of reference materials (RMs), whose certified values must be traceable to a valid compar-
ison basis, i.e., a reference point, a fixed point, or a measurement standard. Researchers and technical experts working in the
field of metrology express interest in developing new and improving existing measurement procedures based on metrological
principles. Currently, metrological traceability can only be achieved by globally ensuring measurement unit transfer from
measuring instruments to the International System of Units (SI), internationally recognized artifacts, or primary reference
measurement procedures. The most accessible and portable transfer media are certified reference materials (CRMs). A sig-
nificant expansion of development and production activities in the CRM industry in Russia and abroad is based on the use of
CRMs to ensure metrological traceability to the SI. However, the rapidly growing market for CRMs results in a need to ensure
their metrological traceability.

In the present article, a comparative analysis of various international practices in establishing metrological traceabil-
ity of RMs is presented.

Different interpretations of the term “metrological traceability.” Definitions of metrological traceability can be
found in several basic international documents: ISO 17034:2016, ISO Guide 30:2015, ILAC P10:07/2020, ISO 17511:2020,
and JCGM 200:2008, International Vocabulary of Metrology — Basic and General Concepts and Associated Terms (VIM).
According to VIM, “metrological traceability — property of a measurement result whereby the result can be related to a ref-
erence through a documented unbroken 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.”

In common with the ISO Committee on Reference Materials (ISO/REMCO), ISO generally adheres to the term
presented in JCGM 200:2008 in terms of practice and developed documents. ISO 17511:2020, which comprises one of the
international standards on laboratory and clinical medicine, also uses the term “metrological traceability” as defined in JCGM
200:2008.

In legal terms, Russian regulatory documents provide a slightly different interpretation of “metrological traceabili-
ty.” For example, the Federal Law of 06.26.2008 No. 102-FZ, On Uniformity of Measurements (as amended on 07.21.2014
No. 254-FZ), states that “traceability constitutes a property of standards for measurement units, measuring instruments,
or measurement results, consisting in the documented establishment of their relation to a state primary standard or a for-
eign national primary measurement standard for the corresponding measurement unit via comparison of measurement stan-
dards, as well as verification and calibration of measuring instruments.” In terms of measurement unit correspondence, it
follows that the legal metrology of the Russian Federation adopts a stricter interpretation of the establishment of metrological
traceability, emphasizing the hierarchical chain of SI calibrations to the primary measurement standard for this particular
measurement unit.

The following sections present an analysis of several internationally recognized practices in ensuring the metrolog-
ical traceability of RMs (within the BIPM, ISO, and ILAC).

Provision of metrological traceability according to BIPM policy. National metrology institutes are tasked with
the creation of unified internationally recognized measurement standards. Therefore, the establishment of metrological trace-
ability to SI units is primarily based on international key comparisons of measurement standards, which serve as the basis of
declared recognition of the calibration and measurement capabilities (CMCs) of national metrology institutes (NMIs) within
the BIPM according to the CIPM Mutual Recognition Arrangement (CIPM MRA documents, BIPM, https://www.bipm.org/
en/cipm-mra/cipm-mra-documents). The CIPM MRA provides a technical basis for the mutual recognition of national mea-
surement standards and calibration certificates issued by NMIs.

In international chemistry, the technical basis for reference measurement procedures (as opposed to measurement stan-
dards) are generally constituted by those implemented at corresponding NMlIs; the BIPM Consultative Committee for Amount
of Substance mainly considers rational methods, less often empirical, giving preference to primary measurement methods.
Otherwise, CMCs are recognized in the field of chemistry under the CIPM MRA in the same way as for classical measurements.
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Data on all recognized CMCs for different types of measurements are presented in the KCDB 2.0 (BIPM Key
Comparison Database, http://kcdb.bipm.org), which provides information on CIPM MRA participants, key and supplementa-
ry comparisons, as well as peer-reviewed CMCs.

When measuring the amount of a substance, metrological traceability is usually established through the use of CRMs
that constitute the NMI calibration service. BIPM recognizes and takes into account measurement results traceable to the SI,
which is accomplished by using primary measurement methods. Such methods do not require pre-calibration involving mea-
surement units that characterize the content of components in liquid and solid substances and materials to enable the highest
accuracy in applying NMI CRMs (referred to as the primary reference materials of NMlIs). The characterization of RMs from
the KCDB 2.0 as means for demonstrating approved measurement capabilities should not be based on the use of commercial
(freely marketed) reference materials produced by (non-)accredited manufacturers other than NMIs. The BIPM does not gen-
erally address issues related to the metrological traceability of empirical methods (e.g., measurement of moisture content in
solids via thermogravimetric analysis); moreover, reference values may not be obtained using several measurement methods
implemented at one or different laboratories.

The main advantage of the BIPM approach consists in providing a valid demonstration of metrological traceability
to internationally recognized measurement standards.

However, when using this approach, it takes a long time to create national primary measurement standards and demon-
strate recognition of CMCs declared by NMlIs. Thus, while the respective countries may be significantly advanced in terms of their
technological development, NMIs do not always have enough time to support the global economy with the necessary CRM types.

Provision of metrological traceability according to the ISO/REMCO policy. In view of the difficulties experi-
enced by NMIs in creating an extensive range of CRMs, as well as the variety of objects and components to be determined,
ISO/REMCO offers superior capabilities than those offered by BIPM for demonstrating metrological traceability of commer-
cially produced (including matrix) RMs.

ISO/IEC 17025:2017, ISO 17034:2016, ISO Guide 30:2015, ISO Guide 31:2015, ISO Guide 33:2015, and ISO
Guide 35:2017 provide metrological traceability requirements designed for a wide range of international (including accredit-
ed) reference material producers (RMPs). Furthermore, according to ISO/TR 16476:2016, Reference Materials — Establishing
and Expressing Metrological Traceability of Quantity Values Assigned to Reference Materials, “horizontal traceability” is
permitted. With such traceability, one of the following options is assumed:

measurements performed at a separate laboratory using a separate (primary) method;

measurements conducted using two or more independent standard methods at the same laboratory;

measurement performed by a laboratory network using one or more methods of demonstrated accuracy;

measurements performed using a particular method estimating only the values of properties.

Thus, ISO/TR 16476:2016 permits measurements performed by a laboratory network, as well as the use of empirical
methods, which must be specified in RM certificates.

As compared to the BIMP policy, the ISO/REMCO approach offers a more flexible, cost-effective, and reliable
demonstration of metrological traceability for RMs. The main disadvantage of this approach is that, even in RM certification
cases where all the results obtained from the network of laboratories can be separately traced, the comparison extent and basis
of the traceability chain of the combined result remain entirely unclear. This problem is greatly exacerbated if results from
individual laboratories are traceable to different comparison bases or are obtained via different paths. The disadvantages also
include the “unclear” traceability of commercial RMs.

Provision of metrological traceability according to the ILAC policy. The main document specifying ILAC me-
trological traceability requirements is the international ILAC P10:07/2020 document. According to ILAC policy, metrological
traceability requires a continuous chain of calibrations traceable to recognized measurement standards or CRMs having es-
tablished uncertainty values.

A common misconception exists in the metrology community that traceability can be provided in relation to an or-
ganization (e.g., traceability to a certain NMI), contributing to a persistent misunderstanding of the traceability procedure (its
“nature”). The present authors argue that metrological traceability has to do with the reference values of measurement stan-
dards and results rather than the organization providing them.
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In [1], Mike Sargent analyzes the wording of metrological traceability statements in certificates for the CRMs of pure
substances, solutions, as well as matrix CRMs, of different producers. According to the analysis results [1], it is recommended
to include references to NMI CRMs to which the certified value of a particular reference material is traceable when drawing
up RM certificates, without the need to additionally clarify the traceability paths of the indicated NMI CRMs.

The ILAC policy on metrological traceability (ILAC P10:07/2020) to be provided by producers of reference materi-
als (RMPs) via CRMs states that the certified values assigned to CRMs establish valid metrological traceability in the follow-
ing cases:

“4) CRMs are produced by NMlIs using a service that is included in the BIPM KCDB.
or

5) CRMs are produced by an accredited RMP under its scope of accreditation and the Accreditation Body is covered
by the ILAC Arrangement or by Regional Arrangements recognized by ILAC.
or

6) The certified values assigned to CRMs are covered by entries in the Joint Committee for Traceability in Laboratory
Medicine (JCTLM) database.

Recognizing that the accreditation of RMPs is still developing and CRMs may not be available from accredited
RMPs, where CRMs are produced by non-accredited RMPs, Accredited Organizations shall demonstrate that CRMs have
been provided by a competent RMP and that they are suitable for their intended use.

When metrological traceability to the SI is not technically possible, it is the responsibility of the Accredited Organi-
zation to:

7a) Choose a way to satisfy metrological traceability requirements by using certified values of certified reference
materials provided by a competent producer
or

7b) Document the results of a suitable comparison to reference measurement procedures, specified methods, or con-
sensus standards that are clearly described and accepted as providing measurement results fit for their intended use. Evidence
of this comparison shall be assessed by the Accreditation Body.

Note 4. When metrological traceability to solely SI units is not appropriate or applicable to the application, a clearly
defined measurand should be selected. Establishing metrological traceability therefore includes both the proof of identity of the
property measured and the comparison of the results to an appropriate stated reference. The comparison is established by ensur-
ing the measurement procedures are properly validated and/or verified, that measuring equipment is appropriately calibrated,
and that conditions of measurement (such as environmental conditions) are under sufficient control to provide a reliable result.

Note 5. Surplus test materials are often available from proficiency testing (PT) providers. It should be checked
whether the PT provider can provide additional stability information to demonstrate the ongoing stability of the property value
and matrix of the test material. If this cannot be provided, these test materials should not be considered as an alternative way
to ensure the validity of results.”

Thus, guided by the BIPM principles, ILAC takes into account the problem of providing testing and calibration
laboratories only with CRMs produced by NMlIs. Therefore, it is permitted to use the CRMs of other RMPs provided their
metrological traceability can be demonstrated. In addition, ILAC supports approaches to demonstrating metrological trace-
ability recommended by ISO/REMCO documents without clearly defining reference points to which metrological traceability
is established, which leads to an inconclusive assessment by the accreditation body when evaluating the metrological trace-
ability of RMs.

Comparison of different approaches to establishing metrological traceability. The performed analysis of three
metrological traceability criteria applied by the BIPM, ISO/REMCO, and ILAC indicates conceptual differences in establish-
ing metrological traceability despite the common methodological approach. The differences mainly arise when it is impossi-
ble to trace measurement results back to SI units and/or when empirical measurement methods or interlaboratory experiments
are used in RM characterization.

Conclusion. The performed analysis of international practice in establishing traceability for RM certified values
reveals different definitions of the term “metrological traceability” found in international and national documents. A brief
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comparative review of the main internationally recognized concepts underlying the demonstration of metrological traceability
for RMs describes the advantages and disadvantages of the BIPM, ISO, and ILAC policies.
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