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Abstract: In today’s economy goods and information are being exchanged globally, international travel is com-
monplace as is the cross-boarder transport of livestock and agricultural products, and this trend is set to con-
tinue. Just as important are issues that impinge on our quality of life, such as health care, the environment and
food quality. A strong international measurement and standards infrastructure is critical to assure equity in trade
and a high quality of life, by ensuring that products and services meet their specifications. In the field of chemi-
cal measurements, certified reference materials (CRMs), measurement standards and reference measurement
results provide stated references upon which analytical laboratories can anchor their measurement results. The
traceability of measurement results to internationally accepted stated references, together with their stated mea-
surement uncertainties, as described in ISO/IEC 17025, provides the basis for their comparability and global ac-
ceptance. Recent global activities which are succeeding in developing a system for the international acceptance
of chemical measurements are described, notably: activities of the National Metrology Institutes and the BIPM;
the Mutual Recognition Arrangement of the International Committee of Weights and Measures (CIPM MRA) for
National Calibration Certificates and Measurement Capabilities; the Inter-Laboratory Comparisons organised
through the working groups of the Consultative Committee for Amount of Substance — Metrology in Chemistry
(CCQM), and the activities of the Joint Committee for Traceability in Laboratory Medicine (JCTLM).
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1. Introduction

International trade, globalisation, quality
of life, and cross-border issues are con-
cerns of today. In today’s economy goods
and information are being exchanged glo-
bally. Just as important are issues that im-
pinge on our quality of life, such as health
care, the environment and food quality.
A strong international measurement and
standards infrastructure is critical to en-
sure equity in trade and a high quality of
life, and to facilitate global recognition of
measurements to promote international
trade and the economic growth of a nation.
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In such a climate, measurement disagree-
ments between countries are viewed as an
unacceptable barrier to trade. To overcome
such problems it is necessary to have an
international infrastructure within which it
is possible to make comparable measure-
ments. This is true for all areas of mea-
surements including chemical ones. Such
a system requires measurement standards
that have long-term stability and are inter-
nationally recognised. The International
System of Units (SI) represents such a sys-
tem, and by the use of traceable measure-
ments provides an international infrastruc-
ture for comparable measurements. An
international programme for metrology in
chemistry is extending this infrastructure
to the field of chemical measurements.

2. Metrology: The Science of
Measurement

Metrology is the science of measure-
ment, embracing both experimental and
theoretical determinations at any level
of uncertainty in any field of science and
technology. Within a robust metrological
system the values of measurement stan-
dards and measurement results are linked
via comparisons or calibrations which take
into account the measurement uncertainty
of the linking processes. Measurement un-
certainty is the parameter associated with
the results of a measurement, that char-
acterises the dispersion of the values that

could reasonably be attributed to the mea-
surand. The ISO Guide to the Expression
of Uncertainty in Measurement (GUM)
and the EURACHEM guide on measure-
ment uncertainty provide guidance on the
evaluation of measurement uncertainty.!!-21
The property of the result of a measure-
ment or the value of a measurement stan-
dard whereby it can be related to stated
references, usually national or interna-
tional measurement standards, through an
unbroken chain of comparisons all having
stated uncertainties, is termed (metrologi-
cal) traceability. Where these stated refer-
ences are realisations of the SI units the
term Sl-traceable is used.

Traceability is the basis of the com-
parability of a measurement: whether the
result of a measurement can be compared
to the previous one, a measurement result a
year ago, or to the result of a measurement
performed anywhere else in the world.

Traceability is most often obtained by
calibration, establishing the relation be-
tween the indication of a measuring instru-
ment and the value of a measurement stan-
dard. In the field of analytical chemistry the
term Certified Reference Material (CRM)
is more often used than measurement
standard. A CRM is a reference material,
accompanied by a certificate, one or more
of whose property values are certified by a
procedure which establishes traceability to
an accurate realisation of the unit in which
the property values are expressed, and for
which each certified value is accompanied
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by an uncertainty at a stated level of confi-
dence. Metrological traceability may also
be established to a reference method, de-
fining the measurand and fixing a number
of influence parameters, the results of
which are expressed in SI units, and an ap-
proach that has been documented for the
field of laboratory medicine.[3!

The Reference Materials Committee
(REMCO) of the International Organiza-
tion for Standardization (ISO) formed in
1975, has been active in developing a se-
ries of guides to support best practice in the
production and certification of reference
materials. The committee has developed
two guides to assist in the establishment
of facilities to produce and certify refer-
ence materials and ensure their quality.
ISO Guide 34 outlines the requirements to
be met by a CRM producer to demonstrate
competence, and ISO Guide 35 provides
guidance on general and statistical princi-
ples related to the certification of reference
materials, and cites models for the homo-
geneity testing, stability testing, and the
characterisation of a candidate CRM.

In the field of metrology in chemistry
the role of a National Metrology Institute
(NMI) involves establishing programmes
which facilitate traceable measurements
to be achieved, including the provision of
certified reference materials, both as pure
materials and calibration solutions as well
as matrix reference materials for method
validation or calibration in particular when
the commutability of the reference mate-
rial is an issue. Additionally NMIs may
provide Reference Measurement Services,
where customers require a traceable meas-
urement value with small uncertainty, e.g.
for the reference value assignment of a
proficiency testing sample, or a manufac-
turer’s primary calibrator.

3. An International Infrastructure
for Chemical Measurements

The foundations of the International
System of Units were set with the estab-
lishment of the Bureau International des
Poids et Mesures (BIPM), an international
Treaty organisation, at the signing of the
Meter Convention in 1875.141 The task of
the BIPM is to ensure world-wide uniform-
ity of measurements and their traceability
to the SI, and to facilitate international col-
laboration and agreement on metrological
issues. Today, there are 53 Member States
of the BIPM and 27 Associate States and
Economies of the General Conference on
Weights and Measures (CGPM). Experts,
drawn generally from national metrology
institutes (NMIs), meet at the BIPM’s Con-
sultative Committees to reach international
agreement on specific areas of metrology.
Itis noted that in many countries additional

expert institutes are designated to carry out
all or part of the tasks and responsibilities
in the field of metrology in chemistry.
These, so called Designated Institutes, act
as the NMI within the defined and agreed
field of metrology. All rights and obliga-
tions that apply to the NMlIs are also ap-
plicable to the Designated Institutes (DIs).
In this paper the term NMIs also includes
the DIs.

The BIPM’s Consultative Committee
for Amount of Substance — Metrology in
Chemistry (CCQM) is responsible for is-
sues related to metrology in chemistry.l!
Created in 1993 by the International Com-
mittee of Weights and Measures (CIPM),
the CCQM has seven established working
groups on organic analysis, inorganic anal-
ysis, gas analysis, electrochemical analy-
sis bio-analysis, surface analysis and Key
Comparisons and CMCs. An important
part of the work of the CCQM has focused
on investigating the required approach to
establish a measurement infrastructure for
chemistry based upon Sl-traceable mea-
surements. These discussions have led to
the definition of primary methods and pro-
cedures of measurement, where a primary
reference measurement procedure (also
termed primary method of measurement)
is a method/procedure having the highest
metrological qualities, whose operation
can be completely described and under-
stood, and for which a complete uncertain-
ty statement can be written down in terms
of SI units. Later, a differentiation was
made between primary direct methods,
which measure the value of an unknown
without reference to a standard of the same
quantity, and primary ratio methods, which
measure the value of a ratio of an unknown
to a standard of the same quantity; its op-
eration must be completely described by
a measurement equation. In addition to
having studied how these concepts may be
applied in their specific areas, the CCQM
working groups are involved in the identi-
fication, development and execution of a
series of international comparisons that are
the technical basis for the mutual recogni-
tion of measurement capabilities among
the NMlIs.

4. Mutual Recognition of National
Measurement Capabilities

The CIPM Mutual Recognition Ar-
rangement (CIPM MRA) established in
October 1999 has now been signed by
the representatives of 74 institutes — from
47 Member States, 25 Associates of the
CGPM, and 2 international organisations
— and covers a further 123 institutes desig-
nated by the signatory bodies. The text of
the arrangement and the list of signatories
are both available on the BIPM website.l6]

The CIPM MRA provides the framework
for ‘mutual recognition of national meas-
urement standards, and of calibration and
measurement certificates issued by nation-
al metrology institutes’. The objectives of
the CIPM MRA are to: establish the de-
gree of equivalence of measurement stan-
dards maintained by NMlIs; to provide for
the mutual recognition of calibration and
measurement certificates issued by NMlIs;
thereby to provide governments and other
parties with a secure technical foundation
for wider agreements related to interna-
tional trade, commerce and regulatory af-
fairs. It is founded on the efforts of each
individual national metrology institute to
base its measurements and measurement
uncertainties on SI units.

The CIPM MRA is underpinned by in-
ternational comparisons that are known as
key and supplementary comparisons, and
will result in the publication of lists of cali-
bration and measurement capabilities of the
NMIs. The CIPM MRA is overseen by the
Joint Committee of the Regional Metrol-
ogy Organizations and the BIPM (JCRB).
This committee includes representatives
of the following regional metrology or-
ganisations (RMOs): APMP (for the Asia/
Pacific region), EURAMET (for Europe),
SIM (for the Americas), COOMET (for the
Euro-Asian region), and AFRIMETS (for
Africa).

5. The BIPM Key Comparison
Database (KCDB)

The principal output of the CIPM
MRA is the BIPM key comparison data-
base (KCDB), which can be found at the
BIPM website (www.bipm.org). The da-
tabase, which is maintained by the BIPM,
contains Appendices A (signatories of the
CIPM MRA), B (the results of interna-
tional comparisons), C (Calibration and
Measurement Capabilities) and D (a list of
all international comparisons) of the CIPM
MRA. The statements of the calibration
and measurement capabilities (Appendix
C) include a full description of the service
in question, and, most importantly, the un-
certainty with which it is offered to cus-
tomers. These uncertainty statements are
examined carefully during the process laid
down in the CIPM MRA and are reviewed
in the light of the results of key compari-
sons and other factors that contribute to the
reliability of the measurements.

The statements of measurement capa-
bility of each NMI, supported by their per-
formance in the key comparisons provide
the framework for underpinning the inter-
national comparability of measurements.
The traceability of results of measure-
ments to these stated references provides
the basis for their comparability.
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6. Key Comparisons for Chemistry
and BIPM Laboratory Activities

The working groups of the CCQM have
been active in organising key comparisons
in the field of chemical measurements.
Over the period 1997-2009, ninety-eight
key comparisons have been nominated in
addition to one hundred and fifty-seven
pilot studies, equating to approximately
twenty international comparisons run each
year in the field of chemistry and the bio-
sciences. The key comparisons cover the
range of interest of the working groups,
and have included: measurements of cho-
lesterol, glucose, creatinine, calcium in
serum; natural gas and automotive emis-
sion gas standards; gas standards for the
monitoring of air pollutants and green-

a limited number of comparisons which
will evaluate the core competencies NMIs
need to have in place to deliver their mea-
surement services.

An example of a key comparison and
the measurement capabilities that it can
underpin is CCQM-K49, the determina-
tion of toxic and essential elements in bo-
vine liver, which was conducted under the
auspices of the CCQM Inorganic Analysis
Working Group (IAWG).I1 Measurands
for this study consisted of elements that
were expected to be relatively easy to
determine (Fe and Zn), moderately dif-
ficult to determine (Se, Cd and Pb), and
very difficult to determine (Cr and As).
All elements were present at naturally oc-
curring levels, and in naturally occurring
(non-spiked) forms in the material. Six-

14.5 (Thin Films), 14.6 (Coatings), 14.9
(Adhesives) and the possible exception of
14.8 (Rubber).

The BIPM laboratories have estab-
lished a programme of international com-
parisons for metrology in chemistry, in
support of the strategic plans developed
by the CCQM Working Groups, based on
facilities that would not readily be sup-
ported at the National Level. Activities
in the BIPM Laboratories are targeted in
two areas: the International equivalence of

Table. National calibration and measurement
capabilities for categories covered by metrolo-
gy in chemistry

Measurement Category N° of Claims

house gases; sulfur in fuels; drugs of abuse teen National Metrology Institutes (NMIs) in the KCDB
in urine; elemental and anion calibration submitted data for the study using a vari- 1. Pure chemicals 206
solutions; organic calibration solutions ety of analytical methods. The results of
including PAHs and PCBs; pure organic the comparison for zinc and arsenic are 2. Inorganic solutions 330
materials; heavy metals in rice, fish, oil, shown in Fig. 1a and Fig. 1b. The CCQM ) )
water, wine, sediment, tissues and algae; working group concluded that the results S Organic solutions 351
constituents of steel, nickel, copper and of the comparison could provide evidence 4 Gases 1641
aluminium; organic contaminants in fish for underpinning claims on measurement
and sediments; DNA and protein quanti- capabilities for the elements analysed in a 5. Water 132
fication; trace elements in food and food number of matrix categories (Table), no-
supplements; pH primary buffers and elec- tably: Category 10 (Biological fluids and 6. phi 96
trolytic .c.onductivit‘y standards; thin film materials) with the pgssible except'ion of 7. Electrolytic conductivity 31
composition and thickness. 10.5 (Bone). The bovine liver matrix also

The data provided in a comparison re-  was a direct fit for Category 11 (Food) with 8. Metals and alloys 276
port include the measurement results and  the exception of 11.3 (GMOs). In addition, - -
their uncertainties, and a calculation of the it was decided that if an NMI had aggres- :
degrees of equivalence between the mea-  sive digestion capabilities and experience,  10. Biological fluids and 332
surements of the various laboratories and the comparison would underpin claims on materials
the reference value for the comparison. measurements capabilities for the relevant

Although the key comparison pro- elements in some matrices in Category 12 U e 2
gramme for chemistry is extensive, it will ~ (Fuels), with the possible exceptionof 12.2 15 Fieals 47
not be possible to cover all analytes and all ~ (Petroleum Products), Category 13 (Sedi-
matrices in a one to one fashion. Therefore ments, Soils, Ores and Particulates), with ~ 13. Sediments, soils 422
in a number of CCQM working groups, the possible exception of 13.3 (Ores), and

. . . . 14. Other 34
strategies are being developed to undertake  Category 14 (Other), with the exception of
a) CCQM-K49 Mass fraction of Zn in bovine liver b) CCQM-K49 Mass fraction of As in bovine liver
Degrees of equival , Dj and d uncertainty Uj at a 95% level of confidence Degrees of equi ,Dj and uncertainty U; at a 95% level of confidence
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Fig. 1. a) CCQM-K49 results for zinc. The graph of equivalence is shown, with the difference between the laboratories’ reported values and the
reference value plotted together with the associated uncertainty of this difference. The nominal mass fraction of zinc in bovine liver was 180
mg-kg~'. b) CCQM-K49 results for arsenic. The graph of equivalence is shown, with the difference between the laboratories’ reported values and
the reference value plotted together with the associated uncertainty of this difference. The nominal mass fraction of arsenic in bovine liver was

0.02 mg-kg™.
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Fig. 2. a) Ozone Comparison Results. The graph of equivalence is shown, with the difference between the laboratories reported value and the
reference value plotted together with the associated uncertainty of this difference. The nominal mass fraction ozone in air was 420 nmol-mol-,

and all measurements were performed between January 2007 and December 2008. b) Improvement in laboratory performance for Surface Ozone
Standards. The results of three comparisons are represented in the graph: EUROMET 414 performed in 2002; CCQM-P28 completed in 2006; BIPM.
QM-K1 (first cycle) completed at the end of 2008. For all comparisons the relative spread of all participants’ results, plotted as the relative standard
deviation of all participants’ results is compared to the standards uncertainty of a Standard Reference Photometer (SRP). Only the results of the
BIPM.QM-K1 demonstrate a consistency between the stated uncertainty of the standard and the results of the comparison.

gas standards for air quality and climate
change monitoring; and the International
equivalence of primary organic calibra-
tors, for health, food, forensics, pharma,
and environmental monitoring. In the pe-
riod 2005-2008 BIPM coordinated the fol-
lowing comparisons: CCQM-P28 (Surface
ozone standards); CCQM-P73 (Nitrogen
oxide standards — for emissions and air
quality); BIPM.QM-K1 (Surface ozone);

CCQM-P20.e (Theophylline — pure ma-

terial calibrator); CCQM-P20.f (Digoxin

— pure material calibrator); CCQM-KS55.a

(Estradiol — pure material calibrator).[8-10]

The results of BIPM.QM-K1 (2008/2009)

are shown in Fig. 2a, where national ozone

reference standards, used for underpin-
ning air quality monitoring networks, are
compared with the standards maintained
at the BIPM. The level of agreement for
the standards is now very good, and of suf-
ficient consistency to enable reliable long-
term monitoring of tropospheric ozone
levels, having improved from previous
comparisons, shown in Fig. 2b, following
development work at the BIPM and the

NIST to overcome systematic biases dis-

covered in earlier comparisons.[!!]

Thirty participations from NMIs in BI-
PM coordinated comparisons are expected
each year. BIPM technical activities ben-
efit the National Metrology Programmes in
a number of ways:

i) They provide international compari-
sons and data to underpin all NMI
Calibration and Measurement Capabil-
ity Claims for Organic Primary Cali-
brators, currently 12% of all Chemical
CMCs, and by consequence underpin
the traceability of measurement results
in Clinical, Environmental, Food, Fo-

rensic and Pharma application areas.

ii) They provide international facilities for
the on-going comparison of surface
ozone standards, as well as Nitrogen
Monoxide, Nitrogen Dioxide, and
Formaldehyde and thus support Na-
tional Air Quality Monitoring networks
and Pollution Control Strategies.

iii) They will provide an international fa-
cility for the comparison of ambient
methane gas standards, assuring the
stability and reliability of measure-
ments for the long term monitoring of
the greenhouse gas, and their use in ra-
diative and climate change models.

iv) They promote the development of
higher order reference materials, meth-
ods/procedures and services by NMIs
and their use by the IVD industry by
maintaining the JCTLM Database of
Reference Measurement Systems for
Laboratory Medicine and the review
process for nominated entries.
They are delivering a study on the
measurement service and comparison
needs for metrology in the biosciences
and biotechnology, and thereby provid-
ing input into the formulation of Na-
tional Programmes in these fields of
activity.
The BIPM laboratory programme re-
sponds to, and is in support of, the CCQM
strategy for developing and maintaining
a series of comparisons to underpin Na-
tional Measurement Capabilities. Impor-
tant drivers to which the BIPM laboratory
programme is responding and which will
require the development and maintenance
of an international infrastructure for me-
trology in chemistry and the biosciences
include:

V)

— climate change and air quality moni-
toring requirements and the control of
emissions that lead to global warming
and air pollution, which are being in-
corporated into national legislation and
have been identified by the major in-
tergovernmental or international bod-
ies concerned such as the WMO, the
Intergovernmental Panel on Climate
Change, and UN Agencies;

— the development of a measurement in-
frastructure to support the implementa-
tion of a hydrogen economy and the use
of biofuels;

— requests for measurement programmes
to support traceability requirements
from the clinical, food, forensic, sports
drug testing and pharmaceutical com-
munities;

— advances in measurement technologies
allowing the full characterisation of bi-
ologicals by physico-chemical means,
and the subsequent requirement for ref-
erence measurement systems for the di-
agnostic and therapeutic communities
to improve the accuracy, comparability
and reliability of measurement results
used in diagnosis and healthcare.

The future strategy developed by the
CCQM’s Gas Analysis working group
(GAWG), envisions the regular execution
of core and analytical challenge compari-
sons to underpin National Measurement
Capabilities. Analytical Challenge com-
parisons include species for which the lab-
oratory measurement performance cannot
be inferred between species. Comparisons
within this category require dedicated fa-
cilities. Species for which there is an in-
ternational requirement to maintain such
facilities include:
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— greenhouse gases, including methane,
with renewed commitments at the
governmental level to address climate
change, often through regulation for
emissions with their impact assessed
through long-term ambient monitor-
ing;

— air quality relevant compounds such as
formaldehyde or other volatile aromat-
ic hydrocarbons which have been iden-
tified in National Air Quality Strategies
and the WMO-GAW Strategic Plan;

— trace species in hydrogen fuel, which
have been identified as critical param-
eters to control for the success of the
hydrogen economy; impurities such
as ammonia and organic sulphur com-
pounds will poison fuel cells, reducing
their lifetime or rendering them inoper-
able.

The CCQM GAWG has organised
comparisons for the range of gases rel-
evant to air quality, notably NO, NO,, O,,
CO, SO, and C H,. Fig. 3 summarises the
comparisons carried out under the aus-
pices of the CCQM GAWG for nitrogen
monoxide, from mole fractions which are
relevant to the monitoring of emissions,
down to concentrations that are relevant to
the monitoring of air quality and pollution
and concentrations found in urban areas.
The Calibration and Measurement Capa-
bility Claims of an NMI providing stan-
dards across this range of concentrations is
shown, and compared with the uncertainty
of the degree of equivalence with the refer-
ence value for each comparison, indicating
that the performance claimed by the labo-
ratory is consistent with its performance in
international comparisons.

The CCQM Organic Analysis Working
Group’s primary focus is the critical eval-
vation and benchmarking of NMI capa-
bilities for the execution of ‘higher order’
measurement procedures for well-defined
organic molecular entities for which the
SI-traceable amount of substance is to be
determined. In carrying out these activities
over the last ten years the working group
has undertaken twenty key comparisons
targeting 50 measurands and 41 pilot stud-
ies on 126 analyte-matrix combinations.
The OAWG is developing a strategy to
limit the number of international compari-
sons required to underpin a broad range
of measurement capabilities, by focusing
comparisons on core competencies rather
than individual species. The value assign-
ment of pure substance primary calibrators
is the basis of traceability within the organ-
ic field, and is one of the core competen-
cies identified by the OAWG, and which is
being underpinned by comparisons coordi-
nated by the BIPM Laboratories. A recent
survey of NMI programmes identified that
national measurement services would be
developed to underpin traceability require-
ments in the food and clinical areas in ad-
dition to activities in environmental moni-
toring, forensics and pharma. The BIPM
coordinated comparisons will continue to
underpin all Organic Calibrator claims in
the organic field, based on a model that
tests principal methods of purity analy-
sis depending upon the molecular weight
and polarity of analytes. Analytes for
the comparisons are selected because of
their importance to NMI programmes and
measurement systems for particular sec-
tors in addition to their physico-chemical
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Fig. 3. NO comparison results and CMC claims. The expanded uncertainty within CMC claims

of an NMI for standards of nitrogen monoxide in nitrogen over the mole fraction range 0.01 mol
mol~' to 100 nmol'mol- are plotted (dashed line) and compared to the uncertainty in the degree of
equivalence U(D) achieved by that laboratory in three comparisons (CCQM-K1.c, CCQM-P73 and
CCQM-K26.a). The uncertainties claimed by the laboratory are consistent with their performance

in the comparisons.

properties. Primary calibrators of particu-

lar importance for the future comparisons

include:

— monitored therapeutic drugs and vita-
mins, required for the establishment
of Reference Measurement Systems in
Laboratory Medicine, and to enable the
in vitro diagnostic devices industry to
meet measurement traceability require-
ments within regulations;

— contaminants and residues within
foods including food contact materials,
required to meet traceability and un-
certainty requirements for maximum
permissible limits;

— active ingredients and impurities with-
in pharmaceutical products and herbs
and botanicals, for compliance with
the safety and efficacy requirements of
regulations.

One of the most recently formed
working groups of the CCQM has been
on surface analysis. Its first comparison,
CCQM-K32/P84 (Gate oxide, SiO, on Si),
addressed the need for traceable determi-
nations of the thickness of gate oxides in
the semiconductor industry. A suite of nine
samples of nominal thickness in the range
1.5 nm to 8 nm on (100) and (111) Si sub-
strates have been analysed in the compari-
son. Eleven NMIs produced results that
were in good agreement at 1.5 nm surface
thickness with an expanded uncertainty of
1.5% relative. As a consequence of this
study, the first CMCs in surface analysis
have been claimed by a number of NMIs.
Other comparisons currently being coor-
dinated by the group included: CCQM-
K67/P108 (Amount of Fe and Ni in (200
nm) Fe-Ni alloy film on Si); CCQM-P80
(Carbon in precipitates in Fe); CCQM-PS§1
(Nitrogen in surface layers of Fe); CCQM-
P95 (Determination of nitrogen in doped
diamond like carbon (DLC) films).

The Electrochemical Analysis Working
Group (EAWG) comparisons have concen-
trated on pH and electrolytic conductivity,
and for pH now span the range 1.5 to 10.
Similarly, the suite of key and pilot stud-
ies undertaken for electrolyte conductivity
span nearly five orders of magnitude with
seawater on the one extreme and pure wa-
ter on the other although lying 100-fold be-
low the lowest conductivity comparisons
undertaken to date.

The CCQM Bio-analysis Working
Group (CCQM-BAWG) is assessing mea-
surement capability and comparison needs
in a number of areas, notably: nucleic ac-
ids; proteins; cells and tissues; epigenom-
ics; nano-biotechnology and polysaccha-
rides. The first CMC claim covered by the
comparisons coordinated by the Working
Group has been made based on CCQM-
K61 (Quantitative PCR Calibration), and
underpins key DNA measurements. Inter-
national comparisons carried out by the
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7. A Searchable Database of = j) end-user’s routine manufacturer EE—
/ measurement procedure and/or end-user

National Chemical Calibration and
Measurement Capabilities

A searchable database of the Cali-
bration and Measurement Capabilities
(CMCs) of NMIs for chemical measure-
ments is included in Appendix C of the
CIPM MRA, listed under Amount of Sub-
stance.

The chemical categories to be covered
are: high-purity chemicals; inorganic solu-
tions; organic solutions; gases; water; met-
als and metal alloys; advanced materials;
biological fluids and materials; food; fuels;
sediments; soils; ores and particulates; pH
and electrolytic conductivity; and other
materials. As of 8 April 2009, there were
4314 CMCs published in the chemical cat-
egories of the BIPM key comparison data-
base (KCDB), and distributed across these
categories as indicated in the Table.

In searching the database, the user is
able to select a country name and a chemi-
cal category from lists of all the countries
and chemical categories for which CMCs
have been declared. Additionally a key-
word search is available for entries related
to a specific analyte. The search can be
performed on the name (complete or par-
tial) of the desired analyte. The results of a
search for ‘cholesterol’, for example, will
include the concentration range and un-
certainty at which this service is delivered
within the chosen country or countries.
The traceability of measurement results to
these stated references provides the basis
for their comparability.

An important objective for the database
is for it to be utilised by accredited labora-
tories for the acceptance of one another’s
results. One of the aims of a mutual rec-
ognition arrangement being established by
the International Laboratory Accreditation
Cooperation (ILAC) is for signatories to
recognise one another’s accredited labora-
tories.[?] In this arrangement, one of the
principle elements in establishing confi-
dence among the participating systems is
confidence in the metrology institutes of

routine sample

™~

° RESULT

end-user

end-user

Fig. 4. Calibration hierarchy and metrological traceability to the Sl, from 1SO17511:2003 In vitro
diagnostic medical device — Measurement of quantities in biological samples — Metrological
traceability of values assigned to calibrators and control materials. (Reproduced with permission
from the International Organization for Standardization, ISO. This standard can be obtained from
any ISO member and from the website, www.iso.org; © ISO.)

the signatory economies to which trace-
ability is claimed by accredited labora-
tories. The KCDB provides the technical
basis for this to be realised.

8. Reference Measurement
Systems for Laboratory Medicine

The need for reliable and reproducible
measurement results in the diagnostic field
is well understood, with, for example, the
Scientific Division of the International
Federation of Clinical Chemistry and Lab-
oratory Medicine (IFCC), representing
professionals in the field, developing ref-
erence methods for key measurands. The
importance of metrological traceability for
diagnostic measurements has also been
recognised in legislation with the imple-
mentation of the European Directive 98/79/
EC on in vitro diagnostic medical devices,
which included the requirement for the
traceability of values assigned to calibra-
tors and control materials for in vitro diag-
nostic devices to be assured through avail-
able reference measurement procedures
and services and/or reference materials of
higher order, which collectively constitute
Reference Measurement Systems for labo-
ratory medicine. The concept of metrologi-
cal traceability is particularly well devel-
oped in the field of laboratory medicine,
and ISO 17511 ‘In vitro diagnostic medi-
cal devices — Measurement of quantities in

biological samples — Metrological trace-
ability of values assigned to calibrators
and control materials’, describes reference
measurement systems, which ensure trace-
ability to the SI via reference measurement
procedures and certified reference materi-
als. A calibration hierarchy with traceabil-
ity to the SI is depicted in Fig. 4.

The European Directive 98/79/EC on
in vitro diagnostic medical devices was a
major driving force for the establishment
of the Joint Committee for Traceability
in Laboratory Medicine (JCTLM), by the
Bureau International des Poids et Mesures
(BIPM), together with the International
Federation of Clinical Chemistry and Lab-
oratory Medicine (IFCC) and the Interna-
tional Laboratory Accreditation Coopera-
tion (ILAC). The JCTLM has established
a framework which lays down a process
whereby reference materials and reference
measurement procedures are examined
with respect to conformity with appropri-
ate international documentary standards
(ISO 17511, 15193 and 15194).

The outputs of the framework are da-
tabases of available higher-order reference
materials and higher-order reference mea-
surement procedures as well as reference
laboratories (operating in compliance with
ISO 15195 and 17025) that can be used by
the IVD industry and other users to meet
requirements for traceability for in vitro
diagnostic and laboratory medicine mea-
surements.
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The database classifies entries for
Higher Order Reference Materials and
Reference Measurement Procedures in two
lists (http://www.bipm.org/jctim/):

List I Certified Reference Materials
and Reference Measurement Procedures
for well-defined chemical entities or inter-
nationally recognised reference method-
defined measurands. Reference Materials
and Measurement Procedures included in
this category are those that provide val-
ues that are traceable to the SI units; e.g.
electrolytes, enzymes, drugs, metabolites
and substrates, non-peptide hormones, and
some proteins.

List II: International Convention-
al Reference Materials, i.e. where the
measurand(s) is/are not SI traceable and/
or no internationally recognised reference
measurement procedure is available; e.g.
WHO reference materials for coagulation
factors, nucleic acids, and some proteins.

As of May 2009, the JCTLM Database
contained:

— 208 available certified reference ma-
terials that cover nine categories of
analytes. Amongst these reference ma-
terials 33 are currently listed as List II
reference materials;

— 146 reference measurement methods or
procedures that represent about 75 dif-
ferent analytes for eight categories of
analytes;

— and, 128 reference measurement ser-
vices that can be delivered by 16 ref-
erence laboratories from 10 countries
covering 6 categories of analytes.

9. Links with Other International
Programmes and Stakeholders

A number of international organisations
and industrial sectors have stringent meas-
urement requirements. The CCQM contin-
ues to make efforts to meet these require-
ments without duplicating activities already
underway. CCQM activities have included:
i) the organisation of sector specific

workshops to identify measurement,

traceability and standards needs;

ii) and encouraging the participation of
organisations in CCQM comparisons
as working group members or as expert
laboratories.

Recent workshops organised by the

CCQM have included:

i) Reference Measurement Systems for
Food Analysis (2004), with participa-
tion from the Codex Alimentarius Com-
mission, International Organisation of
Vine and Wine (OIV), International
Olive Oil Council I00OC), and the In-
ternational Dairy Federation (IDF);

ii) Higher-Order measurement methods
for physiologically-significant mol-
ecules (2005), with participation from
the National Institute of Biological
Standards and Control (NIBSC) UK, a
WHO Standards Custodian laboratory;

iii) Pharma and Bio-Pharma Workshop
(2008), with participation from the
Unites States Pharmacopeia (USP)
and the European Directorate for the
Quality of Medicines and Healthcare
(EDQM).

Furthermore, measurement and mea-
surement standard requirements have been
presented to the CCQM by the World Anti
Doping Agency (WADA); the European
Network of Forensic Science Institutes
(ENFSI); the World Meteorological Or-
ganization’s Global Atmosphere Watch
(WMO-GAW) programme and the Inter-
national Federation of Clinical Chemistry
and Laboratory Medicine (IFCC) and the
World Health Organization (WHO). Ex-
pert laboratories from other international
organisations have also participated in
CCQM comparisons, notably: WMO-
GAW World Calibration Centres and Cen-
tral Calibration laboratories in CCQM-P41
(Greenhouse gases, carbon dioxide and
methane at ambient levels), CCQM-P28
(Ozone at ambient levels), CCQM-K68
(N,O at ambient levels); United States
Pharmacopeia (USP) in CCQM-P20.e
(Theophylline — pure material calibra-
tor), CCQM-P20.f (Digoxin — pure mate-
rial calibrator), CCQM-K55.a (Estradiol
— pure material calibrator), CCQM-P110
(Glycan species measurement in digest of
glycoproteins); NIBSC in CCQM-P110
(Glycan species measurement in digest of
glycoproteins) and CCQM-P102 (Quanti-
fication of Cells with specific phenotype
characteristics).

The comparisons CCQM-P68 (Ana-
bolic steroids in urine: 19-norandrostone
in human urine), CCQM-K69 (Anabolic
steroids in urine: Testerone glucuronide),
CCQM-P115 (Anabolic steroids in urine:
Testerone glucuronide and epitestosterone
glucuronide) were all performed on ma-
terials that were candidate CRMs for the
WADA.

By continuing to maintain close co-
operation with the experts in the different
sectors CCQM can ensure that its activities
remain fit-for-purpose and satisfy needs in
trade, industry and society, adding to eco-
nomic welfare and to the quality of life.

10. Conclusions

The work of the CCQM and the imple-
mentation of the CIPM MRA are providing
an infrastructure which enables the compa-
rability of national chemical standards and

calibration and measurement services to be
demonstrated and this has been strength-
ened in the area of laboratory medicine
through the work of the JCTLM. The data
contained with the BIPM key comparison
and calibration database and the JCTLM
database will facilitate the acceptance of
calibration or measurement certificates,
providing confidence in chemical mea-
surements, and facilitating equity in trade
and a high quality of life, by ensuring that
products and services meet their specifica-
tions.

Received: June 25, 2009

[1]1 ‘Evaluation of measurement data — Guide to
the expression of uncertainty in measurement’,
JCGM 100: 2008.

[2] ‘EURACHEM/CITAC Guide CG4 Quantifying
Uncertainty in Analytical Measurement’, Eds.
S. L. R. Ellison, M. Résslein, A. Williams, 2nd
Ed., 2000.

[3] ISO17511:2003, ‘In vitro diagnostic medical
device — Measurement of quantities in
biological samples- Metrological traceability
of values assigned to calibrators and control
materials’.

[4] www.bipm.org.

[51 R. Kaarls, T.J. Quinn, Metrologia 1997, 34, 1.

[6] http://www.bipm.org/en/cipm-mra/.

[71 R. R. Greenberg, Metrologia 2008, 45, Tech.
Supp., 08016.

[8] J. Viallon, P. Moussay, M. Esler, R. Wielgosz,
W. Bremser, J. Novik, M. Vokoun, A. Botha, M.
J. Van Rensburg, C. Zellweger, S. Goldthorp, A.
Borowiak, F. Lagler, J. Walden, E. Malgeri, M. P.
Sassi, P. M. Gomez, R. F. Patier, D. G. Madruga,
J.-C. Woo, Y. D. Kim, T. Macé, C. Sutour, A.
Surget, B. Niederhauser, D. Schwaller, B.
Frigy, I. G. Véraljai, S. Hashimoto, H. Mukai,
H. Tanimoto, H. P. Ahleson, A. Egelgv, N.
Ladegard, L. Marsteen, K. Tgrnkvist, F. R.
Guenther, J. E. Norris, T. L. Hafkenscheid,
M. M. Van Rijn, P. Quincey, B. Sweeney, S.
Langer, B. Magnusson, J. Bastian, V. Stummer,
M. Frohlich, A. Wolf, L.A. Konopelko, Y. A.
Kustikov, D. V. Rumyanstev, Metrologia 2006,
43, Tech. Supp., 08010.

[9]1 R.I. Wielgosz, M. Esler, J. Viallon, P. Moussay,
S. H. Oh, B. M. Kim, A. Botha, J. Tshilongo, I.
S. Mokgoro, M. Maruyama, T. Mace, C. Sutour,
V. Stovcik, M. Valkova, S. Musil, A. Pérez
Castorena, V. Serrano Caballero, F. Rangel
Murillo, L. A. Konopelko, Y. A. Kustikov, V. V.
Pankratov, E. V. Gromova, W. J. Thorn, F. R.
Guenther, D. Smeulders, G. Baptista, F. Dias, R.
M. Wessel, G. Nieuwenkamp, A. M. H. van der
Veen, Metrologia 2008, 45, Tech. Supp., 08002.

[10] J. Viallon, P. Moussay, R. Wielgosz, B.
Niederhauser, ‘Final report, on-going key
comparison BIPM.QM-K1: Ozone at ambient
level, comparison with METAS, 2008’,
Metrologia, 2009, 46, Tech. Supp., 08016.

[11] J. Viallon, P. Moussay, J. E. Norris, F. R.
Guenther, R. I. Wielgosz, ‘A study of systematic
biases and measurement uncertainties in ozone
mole fraction measurements with the NIST
Standard Reference Photometer’, Metrologia
2006, 43, 441.

[12] http://www.ilac.org.



