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Foreword
This meeting report is based on the notes taken during the meeting and email-discussions afterward.
All the views, opinions and recommendations expressed in this report solely reflect the opinion of the
meeting participants concerning the development, production and planning of reference materials
and related reference products (e.g. training, knowledge transfer etc). These can neither be
considered as official recommendations nor as official opinion of the International Atomic Energy
Agency (IAEA).

1. Introduction
1.1.
Background Information
The measurement of stable isotope ratios is a powerful analytical tool used in different fast growing
application areas, such as climate change, food adulteration and origin identification, or forensic
studies. Samples of various isotopic composition, different compounds, and different matrices are
analyzed all around the globe on a daily basis. To assure that all these measurements are
metrologically sound, there is a need for a range of reference materials for calibration covering
different isotopic ratios, different matrices and suitable for different sample preparation analytical
techniques as well as a need for validated/fit for purpose analytical methods.
Over the decades the IAEA has taken a leading role in developing and applying stable isotope
measurement techniques. This resulted in the production and international distribution of reference
materials (RMs) for stable isotope measurements of light elements C, H, N, O and S (as 2H, 13C, 15N,
18O and 34S respectively), including those which are used to realize the entire calibration schemes
(e.g. VSMOW2/SLAP2), thus enabling and safeguarding comparability of isotope measurements
carried out at laboratories worldwide. Presently all stable isotope measurement results (i.e.
atmospheric monitoring, environmental applications, climate change, food origin and food
adulteration studies, health and biological studies, etc.) are traceable to the RMs aimed at realization
of stable isotope scales (directly based on these, or traceable via the use of other RMs).
Nearly all the IAEA RMs have been produced in collaboration with expert laboratories. The
development of new materials and various aspects of their characterization have been addressed at
several Technical Meetings on stable isotope RMs held at the IAEA in Vienna since 1967. These
meetings were the major forum of the user-community providing: (i) review of the past
activities/calibrations and present status of RMs, (ii) recommendations towards updating reference
values for IAEA RMs; (iii) evaluation of needs for new RMs, including prioritization and planning of new
characterization exercises by expert laboratories; (iv) recommendations to end-users on the proper
use of RMs and on data treatment and data reporting. As stable isotope ratio measurement is applied
to a range of specific scientific research areas, the past meetings were attended by, and the follow-up
activities performed by, experts representing mostly the user-community rather than representatives
from metrology institutes.
The technical meeting held in 2016 followed up the meetings held in previous years (the last meeting
in 2014), with a particular goal to improve metrological understanding of stable isotope RMs and
connect stable isotope referencing activities with the expertise accumulated for other types of RMs
including requirements documented in ISO Standards/Guides, and by bringing in experts from the
BIPM and National Metrology Institutes (NMIs).
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1.2.
Objectives of the technical meeting and expected results
In the light of recent developments in the field of stable isotope RMs and given the need to address
metrological requirements for RMs, develop related products aimed to help end-users in proper use
of RMs, and following IAEA technical meetings on stable isotope RMs in 2014 and previous years, the
following objectives were set for the meeting.
•
•
•
•
•
•
•

To discuss contemporary metrological requirements for stable isotope reference materials
(RMs), particularly traceability to the scale-realization RMs and generic hierarchy of all RMs.
To discuss requirements for the value assignment and uncertainty characterization schemes
for all RMs.
To present new IAEA produced RMs and the IAEA capacities for RM production and
characterization.
To identify needs in providing new parameters (e.g. values for 17O, clumped isotopes) for
existing RMs and needs for new RMs.
To discuss demands and requirements for stable isotope RMs for greenhouse gas monitoring.
To discuss future collaborations with external expert laboratories on RMs production and
characterization.
To discuss practical aspects of uncertainty propagation for everyday laboratory practice and
use of RMs by end-users.

It was expected the meeting would produce documentation describing the discussions around these
objectives and recommendations for how these could be met, in the form of a meeting report (this
document) and an Executive Summary (to be a journal publication). Further anticipated outputs are
documents (potentially journal papers) on the production and characterization of stable isotope RMs
and “end user” advice on the use of RMs, including the propagation of uncertainty in everyday
practice.

1.3.
Format of the meeting
The International Atomic Energy Agency (IAEA) Technical Meeting on the development of stable
isotope reference products has been conducted on 21-25 November 2016 in Vienna as the 10th of a
series of IAEA meetings on the stable isotope reference materials started in 1967; the previous
meeting was in 2014. Re-wording of the title (compared to previous meetings), namely stressing
“reference products” has been done to highlight the need further develop methodologies linked to
reference materials, including related information products and expert advice and recommendations
on the methods in use.
The meeting was a 5-day workshop attended by participants from different countries and the IAEA
(Appendix 1) that brought together experts in stable isotope applications, experts in stable isotope
analytics and method development, as well as in metrology (BIPM and four National Metrology
Institutes). Scientific secretary of the meeting was S. Assonov of the IAEA.
The Meeting was arranged into Sections (meeting Agenda, Appendix 8.2) that were based on short
presentations highlighting major problems followed by discussions. Specific attention was given to
metrological aspects, concepts of measurement traceability and hierarchy of RMs, ways to evaluate
combined uncertainty as well as analysis of lessons learned in the past.
It was agreed that presentations would be available to the meeting participants only and would not
be distributed externally.
This document is based on notes taken by D.Besic, A.Zaks and C. Hillaire-Marcel during the meeting
and email discussions afterwards.
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During the meeting several Working Groups were created (Appendix 8.3) that are expected to operate
after the meeting, resulting in specific outcomes and products. The Working Groups are to report back
to the next of these meetings on their activities.
The meeting participants recommended for the IAEA to hold these meetings every two years to
remain current. Due to operational reasons, the IAEA decided to organize the next of these meetings
in 2019.

1.4.
On the use of terminology
It has been recognized that correct use of terminology is essential, in particular when experts from
different areas, such as geology, analytical chemistry and metrology are meeting together. Before the
meeting, the draft1 on suggested use of metrological terminology and metrological concepts (as based
on Vocabulary in Metrology, VIM3) was emailed to participants. During the meeting, A. Fajgelj (IAEA)
stressed the importance of standardizing terminology and vocabulary and that terminological clarity
is essential in the stable isotope user-community. It was suggested that this will also result in
synchronizing requirements to measurement results, in particular important for RM characterization.
A short list of abbreviations and metrological concepts used in this document is given in Glossary
(Section 6). As the next step, actions by the Working Group on the use of terminology may be needed.

2. Meeting summary and recommendations
Summary and recommendations listed below summarize the opinions expressed by participants
during the meeting concerning production and development of stable isotope reference materials and
related products. As the area of stable isotope RMs is multi-faceted, the items below are grouped
according to the activities involved.
Maintaining the stable isotope ratio measurement scales:
All the participants explicitly expressed the opinion that the IAEA is seen as custodian of stable isotoperatio measurement scales for the light elements (H, C, N, O and S) and of primary reference materials
used for the realization of these scales. In this regard the following actions were recommended:
•
•
•

to pay utmost attention for maintenance and monitoring of the primary reference materials
used for the scale realization2 and introducing their replacements, as necessary, avoiding any
drift(s) and make value assignment for replacement materials in a metrologically correct way.
to examine the possibility of developing a formal relationship with BIPM and also entities like
IUPAC-CIAAW, in order to strengthen the role of custodian of stable isotope ratio
measurement scales.
to work closely with the international measurement community and National Metrology
Institutes in order to explore ways to realize stable isotope-ratio scales to be traceable to the
International System of Units (SI-traceable) and determine absolute isotope ratios of primary
(highest) RMs used for the scale-realization.

It was recommended by all the meeting participants that the IAEA lead international discussions on
scale-relevant issues and stay ahead of developments to initiate proper decisions relevant to scale
maintenance. In particular it was suggested for the IAEA to lead the VPDB 13C scale revision and also

1

The draft created by S.Assonov and A. Fajgelj (IAEA) may be later used by the Working Group on Terminology,
(see Section 3.6)
2
In many cases, historical artefacts or conceptual models have been used for scale-definition (e.g. PDB, SMOW)
whereas physically existing materials and their replacements are used for the scale realization.
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re-check values of all δ13C-RMs (presently available and new ones) for consistency with the LSVECreplacement (Section 3.8).
It was recommended the IAEA maintain and disseminate primary stable isotope RMs (the highest level
standards with the lowest uncertainty) and also coordinate production and characterization of stable
isotope RMs by other producers, as based on the IAEA highest RMs.

Production of stable isotope reference materials:
The highest level reference materials aimed at the practical realisation of the international scales for
isotope ratio measurements should be available and accessible to users worldwide. As a result, it was
recommended that the IAEA coordinate the distribution of these primary standards, ensuring their
availability worldwide; and their storage under appropriate and defined conditions, if feasible at more
than one location.
It was recommended that IAEA ensures its own activities establish an effective and efficient system
for the dissemination of secondary and tertiary RMs. Some would be produced by the IAEA, while the
majority of these RMs are to be produced in collaboration with other laboratories and/or by other RM
producers (ideally RM producers that have suitable accreditation).
It was recognised that a clear structure of collaboration and task distribution between the IAEA and
other RM producers that reflects responsibilities of the RM producers needs to be clearly documented
and made available. Such a document should be transparent and understandable to end-users and
easily available (preferably on the IAEA web site).
In the same way, the hierarchy of RMs needs to be well documented and be available to end-users.
It was acknowledged that standardization of procedures used for development, production and
characterisation of all RMs is urgently needed, and needs to be consistent with the requirements laid
out by ISO Standards 17025 and 17034. Procedures for production of, and value assignment to, RMs
should be created and made available to laboratories collaborating with the IAEA in the area of RMs
production in advance. This information should also be freely available to the stable isotope usercommunity. This is critical in order to address increasing demands for high quality of RMs in the future
and also demands for RMs with the lowest possible (achievable) uncertainty.
Implementation of a Quality Control / Quality Assurance (QC/QA) system addressing ISO Standard
17034 requirements for RMs producers as well as accreditation of the IAEA as RMs producer or selfdeclaration with peer/cross departmental review (this was exemplified by NIST within the CIPM MRA3)
is needed. The QC/QA System should also include a detailed project and experimental design prior to
RM production as well as work to be outsourced to external laboratories/contractors. Collecting and
analyzing user feedback on existing RMs is needed.

Operational model at the IAEA:
It is recognised that the IAEA is not a commercial RM producer, and all costs related to RM
development and production are covered from its regular budget. Stable isotope reference materials
are distributed at a certain nominal price, often lower than that set by other RMs producers or
distributors. In order to keep RMs available for a longer time period, the number of units distributed
to a single laboratory in a specific time period is limited. The income generated by sale of the RMs is
treated as miscellaneous income by the IAEA and is not redirected to the RM production and
development.
3

Mutual Recognition Arrangement of national measurement standards and of calibration and measurement
certificates issued by national metrology institutes, see also Glossary & Abbreviations and references.
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In order to expand production of stable isotope RMs and address growing demands for high quality
certified materials, the IAEA is encouraged to develop and set up a structure with external laboratories
and agencies to increase the production capacity of secondary reference materials. Review of the
operational business model of RM-production at the IAEA is also suggested (see Section 3.3 and other
Sections), aimed at ensuring sustainable operation and developing the capacity to expand or adjust
production according to the actual needs. In this regard it is suggested to:
•
•
•
•

Expand existing collaboration with analytical laboratories taking part in RM development,
production and characterisation.
Look for new collaborations.
Outsource technical work or steps where appropriate.
Expand or develop collaborations with National Metrology Institutes operating as RM
producers which could have accreditation for RM production (NIST, LGC Ltd, NPL, NRC).

Information related to stable isotope reference materials:
To assure the best use of RMs and correctness of values obtained by end-users, all the values assigned
to RMs should be published (or given in Reference Sheets) together with detailed description of
recommended method(s) for use (e.g. conditions of the carbonate–H3PO4 reaction) and/or Standard
Operating Procedures (SOPs). The IAEA is recommended to be an advisor of a good laboratory
practices and methods in the use of RMs. This may also include recommendations on sample
preparation methods and/or SOPs in order to obtain correct results for RMs and samples by end-users.
It was also be recommended that this documentation be assigned digital object identifiers (DOIs) to
allow easy access and appropriate reference.
It was recommended to provide on the IAEA web-page in a consistent manner the up-to-date values
assigned to the key RMs and, whenever possible, to verify these values independently. This will serve
analytical laboratories and end-users in improving the consistent use of RMs and the overall quality
of analytical results.

RM development for new specific fields:
Attention should be paid to the development of RMs for some specific applications, such as
atmospheric greenhouse gas measurement, and to emerging fields, such as “clumped isotopes”
(multi-substituted isotopic molecules), in order to create fit-for purpose RMs with required properties
and uncertainties.
In particular, in order to create 13C-RMs with low uncertainty, revision of the VPDB 13C-scale by
introducing a replacement for the second anchor point, LSVEC, is urgently needed. In addition, it is
desirable to introduce additional new secondary RMs in a number of matrices (carbonates, pure CO2)
with low uncertainty. It was suggested for the IAEA to lead the VPDB 13C scale revision, LSVECreplacement and later re-check values of all δ13C-RMs (presently available and new ones) (see Section
3.8).
New oxygen RMs and also existing RMs (carbonates and waters) are recommended to be
characterised for their 17O content on the existing oxygen stable isotope scales (given as a combination
of 17O and 18O). Reporting 17O-excess values without reporting 17O data appears to be confusing
(presently there are several ways to calculate 17O-excess).

Disseminating good knowledge and good laboratory practices:
8

The IAEA, as RM producer, is recommended to disseminate good knowledge and good practices on
stable isotope methods and/or to take a leading role in this area. This needs to cover various aspects
of analytical methods, data treatment and uncertainty propagation, method validation, Quality
Assurance, guidelines on how to establish a new laboratory, practical aspects etc. This may be done
by adopting recommendations covering certain areas as developed by, or in collaboration with, other
groups (NIST, LGC Ltd, the FIRMS Network, NRC, IUPAC-CIAAW, etc).
In general, guidelines for stable isotope measurements should be created in a clear manner and
passed on to the end users as well as to the producers of secondary RMs.
Proficiency tests, inter laboratory comparisons and related activities:
The IAEA is recommended to consider organizing proficiency tests and inter laboratory comparisons
for stable isotope materials other than water. However, it was recognised that organising proficiency
tests and inter laboratory comparisons for materials other than water is presently constrained by very
limited resources available at the IAEA RM-group and the large range of possible materials.
The IAEA is recommended to support developing and underdeveloped countries by establishing and
providing training and educational packages in establishing best laboratory practices, correct use of
RMs, data processing etc.
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3. Minutes of extensive discussions during the meeting.
The minutes below are based on the notes taken during the meeting (mostly by D. Besic, D. Zaks and
C. Hillaire-Marcel) and are organized according to the discussion topics. In cases when discussion
deviated from one aspect to another one, notes are arranged according to the key issue under
discussion.

3.1.

Metrology of stable isotope RMs (focus on 13C RMs).

The topic was introduced by presentations from S. Assonov (IAEA), A. Fajgelj (IAEA) and R. Wielgosz
(BIPM).

Metrology and hierarchical structure of stable isotope RMs:
Stable isotope measurements for carbon, hydrogen, oxygen, or sulfur are traceable to scale-defining
artefacts whose values have been set using historical artefacts. For example, today, the hydrogen and
oxygen VSMOW scale is set by assigning consensus values to VSMOW (later to VSMOW2) so that zero
in such scale best matches the historical SMOW concept of isotopic composition of well-mixed
reservoir of al ocean waters.
In practice, the scale realization is done via the use of the primary RMs. The best approach is to involve
two RMs, namely the primary RM used for realization of the zero point of the scale and another RM
defining the scale-span. For the VSMOW-scale of 2H and 18O these are VSMOW2/SLAP2. (Note,
these two water RMs are of the same physical-chemical nature, well mixed and homogeneous).
On the VPDB 13C scale, NBS19 (replaced by IAEA-603 in 2016) is used for the realization of the scale
zero point and LSVEC for the scale-span at 13C=-46.60 ‰4. Both NBS19 and IAEA-603 are marble
(geological material) which is very homogenous and stable to alterations. In contrast, LSVEC (Licarbonate, of chemical origin) is found to be inhomogeneous and unstable in 13C and needs to be
replaced (see Section 3.5). This may result in revision of the present realization of the VPDB scale.
In general the hierarchical structure of RMs consists of a historical artefact material (or “pseudomaterial” such as VPDB), primary RMs (used for scale-realization), secondary RMs (characterized
against primary or often against primary & secondary RMs), and in-house laboratory working
standards characterized by end-user labs. (There may also be materials with values assigned via
proficiency testing (PT) schemes or other inter-laboratory exercises5.) Any measurement result is
traceable to the respective isotope scale through the use of RMs (a traceability chain). The uncertainty
assigned to a measurement result should be propagated to the scale, as based on the traceability
chain. When any RM is in use, the uncertainty assigned to this RM should to be taken into account,
either by end-user laboratories and/or for characterization of a new RM. For 2-point data
normalization (e.g. example in Skrzypek, 2013), the final uncertainty should include the uncertainty
due to the normalization procedure as well as due to the uncertainty of RMs used for calibrations
(both in the assigned value and in the measurements, the latter includes the uncertainty associated
with the analytical method used6).
4

NBS19 and LSVEC have been used for the VPDB scale realization (Coplen et al., 2006; Wieser, 2006). In a similar
way, the VSMOW 18O scale is realized by VSMOW2 (0 ‰) and SLAP2 (-55.50 ‰).
5
If a new RM has been characterization vs. secondary RMs (such as IAEA-CH-7 and NBS22), then it becomes a
lower level, eg tertiary, RM. Laboratory standards are usually at this level and, in general, a lower position in the
hierarchical structure of RMs leads to a higher uncertainty associated with the isotope delta value of the RM
and, therefore, of subsequent measurements.
6
See e.g. Skrzypek et al. (2010). Meija and Chartrand (2017) is devoted to uncertainty evaluations and provides
an Excel spreadsheet with R-interface; see https://doi.org/10.1007/s00216-017-0659-1.
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Primary RMs and scale realization:
The VSMOW/SLAP scale for 2H and 18O is currently realized via the primary RMs VSMOW2/SLAP2.
The values for previously used RMs VSMOW/SLAP were introduced without uncertainty (‘zerouncertainty’ concept) and without ampoule-to-ampoule homogeneity study. Their replacements
VSMOW2 and SLAP2 bear an associated uncertainty due to characterization measurements vs.
VSMOW/SLAP and due to ampoule-to-ampoule inhomogeneity assessment. Notably, the two RMs
VSMOW2/SLAP2 being of the same chemical and physical nature (waters) are physically well mixed.
The initial historical artefact PDB was replaced by the VPDB 13C scale. VPDB is a concept based on a
hypothetical, physically non-existing material; the VPDB scale has been realized by acceptance of the
values 13C = +1.95 ‰ and 18O = -2.20 ‰ for NBS19 as measured against the PDB material (Values
assigned without uncertainty as the concept-related values. Note: because NBS19 marble is
homogeneous and stable, its uncertainty component related to potential inhomogeneity being close
to or below the analytical error of many techniques was never assessed.) Later, the pair NBS19/LSVEC
was introduced without uncertainty (‘zero-uncertainty’ concept) and, in fact, without homogeneity
study on LSVEC (Coplen et al., 2006). The LSVEC-problem found in 2014-2015 (inhomogeneity, storage
effects and drifting 13C, see Section 3.5 and also Assonov et al., 2015) brings forward the need to
introduce a replacement and also revise the concept of 13C scale realization.
The presentation by R. Wielgosz (BIPM) suggested that the model used for the realization of a practical
temperature scale is also a concept that could be applied to stable isotope scales. The current
temperature scale, ITS-90, includes several realization points, each well-defined. If the scale is to be
changed/revised, for example with a change of a fixed point, it would be re-named and calculations
must be made available for transitions between the scale(s). R. Wielgosz (BIPM) also commented that
agreeing on the scale definitions is probably the most important and urgent task. Tying all RMs to one
scale is the basis for their compatibility. There should be a clear distinction between the DEFINITION
of a scale and its PRACTICAL REALIZATION. The document(s) and/or publications resulting from this
meeting should clarify scale-definitions and their realization and associated measurement
uncertainties. R. Wielgosz proposed that the scale description (with explanations) should be available
on the IAEA web-site, as the IAEA is a provider of the primary standards. R. Vocke (NIST) mentioned
that we should be using the existing 13C scale in order to keep consistency with the data produced
up today.
S. Assonov (IAEA) stressed that when we discuss the past transitions from one scale realization to
another one (PDB to NBS19, later NBS19 to NBS19/LSVEC) and (potentially) introduced data
inconsistencies, one needs to keep in mind the uncertainty of RMs used for the scale realization and
the measurement uncertainty which has improved over years; the variability in measurement results
of, say, 0.1 - 0.2 ‰ was considered insignificant in the past but is now considered as significant. The
transition from PDB to the NBS19-based realization of the VPDB 13C scale is historical and cannot be
critically assessed in terms of related uncertainty. (Note: In general, if a measurement has been made
resulting in a delta value on a particular scale realization, any conversion to a different scale or scale
realization will introduce an additional uncertainty, regardless of whether this conversion is starting
at the new scale and converting to an old one or vice versa.)
It was suggested that a detailed description of developments of the VPDB 13C scale (see discussion
on IAEA-603, Section 3.4) and its realization (see further actions, Section 4) needs a separate
publication7.

7

In 2015, IUPAC-CIAAW has committed to similar publications to clarify the delta scales, this project is in
progress (ciaaw.org/temp-delta-scales.htm)
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3.2.

Stable isotope RMs production and characterization: general aspects and
requirements.

RM production:
The presentation by A. Fajgelj (IAEA) described contemporary requirements by the ISO Committee on
reference materials (ISO REMCO) for RM producers. The IAEA is moving towards accreditation as a RM
producer, however, the Quality System has not yet been fully applied to all aspects of the stable
isotope RM production. Changes are needed, including coordination of the work outsourced to
external laboratories/contractors. Assigned values have to be supported by well-characterized
uncertainty; the RM lifetime has to be defined and, if needed later, revisions to be performed. Several
presentations described RM production at NPL, LGC Ltd and NIST, uncertainty assignment and RM
planning process.
A. Fajgelj (IAEA), R. Wielgosz (BIPM), P.Dunn (LGC Ltd) and R. Vocke (NIST) stressed the need to have
a detailed project and experimental design prior to RM production. Experimental design should cover
all facts relevant to RM production8 including data normalization, target uncertainty and uncertainty
calculation scheme(s). This experimental design should be communicated with collaborators,
regardless of whether they are producers of secondary RMs9 or participants of the proficiency tests
(PTs). A. Fajgelj (IAEA) suggested the importance of defining the intended use of RMs for certain
purposes and/or for a given range (type) of samples. The intended use of RMs has to be specified in
the Reference Sheets, together with the analytical method to be recommended, operational
conditions and sample size. Following the basic requirements of ISO Guide 34/ISO Standard 17034
would be a good starting point.
An important aspect of the RM production process is short-term and long-term monitoring of RM
assigned value(s) and properties (e.g. sintering, moisture content), potentially it may be possible to
develop and perform accelerated stability tests. The IAEA should conduct such tests and communicate
their findings on its web site; this may be an effective way to avoid the “LSVEC problem” in the future.
It was noted by P. Dunn (LGC Ltd) that short-term and long-term monitoring needs to be a part of
project planning of RM production. In other discussions, R. Wielgosz (BIPM) noted that one may design
tests for “accelerated alteration”.
All attendees agreed that the process of RM production, including the analytical method(s) in use,
must be clearly described and defined in the document provided (Reference Sheet or Report of
Investigation). The method described in Report of Investigation/ or recommended for use in the
Reference Sheet should be referred to as Reference Method10; it is to be given with recommended
sample size. The importance for the unification of methods was stressed by R. Wielgosz (BIPM) as one
of the metrological requirements. H. Moossen (Max-Planck Institute), T. Röckmann (Utrecht
University) and A. Fajgelj (IAEA) and others supported this; A. Fajgelj (IAEA) suggested giving
recommended methods in a clear unambiguous way, e.g. as Standard Operation Procedures (SOPs) to
be followed.
It was understood and agreed that RM characterization is often based on collaboration between the
IAEA and several institutions and laboratories. When designing RM characterization as a collaborative
work, one needs to address contemporary requirements to RM production and characterization as
well as ISO Guides, including Quality Management Systems. A document describing major critical steps
8

This needs to also include the number of units to be produced, number of units taken for assessing
homogeneity, short term stability and long term stability. Stability studies have to be designed in advance.
Potentially, one needs to estimate different uncertainties depending on the size of the aliquot.
9
Secondary RMs are those characterized against primary RMs. The majority of international stable isotope RMs
are at secondary level. Next, other RMs (produced by commercial companies and/or developed by communities
themselves) and characterized against secondary RMs are at lower level.
10
Not always possible, as characterization method and usage method may differ.
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of characterization of new RMs is needed; in particular data handling when combining results from
different laboratories should be decided upon at the planning stage of a new RM. Participating
laboratories should know in advance what data they are to provide (including raw data, identity of
RMs used for scale calibration/realization including their delta-values introduced for calculations, etc.)
and those laboratories that do not provide all required data would be excluded from the assessments.
R. Vocke (NIST) also stressed, and all agreed, that it should be agreed beforehand to collectively share
and mutually publish everyone’s raw data as supplementary tables/materials.

Uncertainty assigned to RMs and uncertainty associated to the use of RMs.:
Uncertainty characterization being a necessary part of any measuring process is even more critical for
the RM characterization. However, there are different opinions and questions still open about what
components of uncertainty to include and how these should be characterized.
The major related question was whether the uncertainty assigned to a RM should characterize the RM
as its bulk or give the uncertainty of a single aliquot taken from a random sample or randomly elected
unit. The most relevant aspect of this can be summarized from a message sent to the meeting by J.
Meija (NRC; IUPAC): –(when one needs to) “quantify the spread and variability of the data, then
standard deviation is the metric to use. If, however, one is indeed interested in the precision of the
means, then standard error is the relevant metric. These two estimates are often indiscriminately
conflated which leads to inadequately small uncertainty estimates. In fact, many often use the
standard error not because it is the proper metric but because it leads to smaller uncertainty estimates.
Guidance in this matter is necessary as the choice between the standard error and standard deviation
has a significant effect on the perceived quality of the results”.
During the discussion it was expressed that characterization of any RM should be made on the final
product (units ready for distribution) rather than on the bulk or sub-bulk materials. The measurements
would include the characterization, homogeneity and stability assessments. Homogeneity (at various
aliquot sizes) and minimal aliquot size are the major aspects to be addressed.
It was stressed that the uncertainty of a RM should be properly characterized, with its Reference Sheet
clearly stating which components are included, along with the method to be recommended and the
recommended and/or minimum aliquot size. The uncertainty given in Reference Sheets needs to be
realistic and helpful for every day practice. For gases or liquids this is not a serious problem. However,
for solid RMs the assigned uncertainty should address its homogeneity and thus be valid for any
random aliquot taken from a randomly selected unit; potentially one needs to estimate different
uncertainties depending on the size of the aliquot used (e.g. various techniques used for carbonates
require different sample size, from 20 g to 10 mg). Note, specifying a minimum sample size is not
always possible.
During RM characterization studies several inconsistencies in data submissions and initial data
evaluation have been observed, these are:
•

Not including the analytical uncertainty associated with measurements on primary RMs. In
fact, analytical uncertainty/data scatter associated with measurements on primary RMs
should always be reported. (Continual use of the ‘zero-uncertainty’ applied to
measurements11 of primary RMs was used in the past, presently it is not recommended and
should be discontinued).

11

Primary RMs bear uncertainty components such as: (i) potential in-ampoule heterogeneity (applicable for
solids, e.g. at single grain level for NBS19 and IAEA-603, see Nishida & Ishimura, 2017); (ii) ampule-to-ampoule
heterogeneity (applicable both for waters and solids) and (iii) due to potential alteration effects. Though being
rather small, uncertainty for primary RMs cannot be neglected.
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•
•
•
•

Ignoring uncertainty components due to material homogeneity and material long-term
stability/alteration.
Inconsistent use of Type A and Type B evaluation of measurement uncertainty.
Not fully propagating the uncertainty associated with the RMs in use.
Inconsistent use of primary and secondary RMs for characterization of new RMs.

It was pointed that there are advantages in moving to more rigorous data analysis and data processing
tools outside of Microsoft Excel. Software tools such as R, SPSS, MATLAB, Mathematica, Python, etc,
could resolve many of the problems with developing an advanced statistical approach. More rigorous
and flexible data processing tools outside of Excel can give significant benefits, such as the ability to
perform errors-in-variable regressions.12 Notably, some users are limited by the software choices
available inside their organizations and/or cost.
At the same time, identification of major uncertainty components, agreement on their quantification
methods and simplified uncertainty propagation schemes is still a major task. Supplying test data for
specified algorithms may be another valuable option.

3.3.

Practical aspects of stable isotope RMs production and characterization

Manufacturing and distributing RMs at the IAEA:
M. Gröning (IAEA) briefly informed about RM-related activities and achievements of the IAEA in the
last two years. All processes of RMs production, characterization and distribution are performed in
the IAEA Terrestrial Environmental Laboratory which is located in Seibersdorf, 45 km from Vienna.
Next, S.Assonov (IAEA) briefed the attendees about capabilities13 available for RM production and
characterization including the stable isotope laboratory with its recently installed MAT253, which is
currently focused on accurate carbonate-related work (see sections on IAEA-603 and LSVEC).
As site event, participants had a ½ day visit to the RM stable isotope laboratory in Seibersdorf.

Production of primary and secondary RMs, certification, quality control.
R. Wielgosz (BIPM) asked if there is a strategy at the IAEA to expand the activities in stable isotope
area. M. Gröning (IAEA) stressed that current space and budget constrains are limiting factors. Further,
R. Vocke (NIST) mentioned that RMs produced by NIST are more expensive than that of IAEA because
costs of storage and shipping are included in the final price of the NIST RMs. The IAEA, on the other
hand, does not charge the users for shipping and storage cost. This results in lower prices for the enduser at the IAEA. The IAEA price model is driven by considerations of an international organization
serving all its Member States worldwide, rather than commercial considerations.
R. Wielgosz (BIPM) pointed out that the same discussion had been held on the meeting which took
place two years ago, and in case the current business model adopted by IAEA was leading to questions
of the sustainability of the reference material production activity, then he suggested that a review of
the model should be considered.
R. Vocke (NIST) stated that the pricing policy (percentage of costs of production of RM recuperated
from sales) could also be reviewed. Users would always request lower prices but higher prices may
12

A recent trend is to integrate Excel with the statistical software, e.g. see Meija and Chartrand (2017).
In 2017 the IAEA capabilities for stable isotope RMs include the following: 1 senior scientist and 1 technician,
2 mass-spectrometers (MAT253 and Isoprime), several TC-EA peripherals, carbonate-prep line (5-12 mg level),
CO2-in-air extraction line (under construction), one Picarro water stable isotope analyzer L2130-i (shared with
another lab); one semi-automated ampouling machine, storage area, web-shop and dispatch.
13
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prompt the stable isotope user-community to be more cautious with the use of primary RMs and could
stimulate the development and use of secondary RMs (instead of primary ones) thus ensuring
international RMs were used for their intended purpose (establishing traceability) and not for daily
runs.
During the discussion R. Vocke (NIST) stressed that in fact the IAEA distributes primary RMs to all users.
Primary RMs are of the lowest uncertainty and the most difficult to replace, thus actually of higher
value. Is it necessary to make them available to all stable isotope laboratories world-wide? (Note-1: A
consequence of a large price increase could be the development of “cheap” third party products
without quality assurance. Note-2: The end-users need to be educated over how to assess one RM,
e.g. lab-standard, against another when it comes to quality, traceability and measurement
uncertainty.)
A comparison was made (R. Wielgosz, BIPM and R. Vocke, NIST) with the dissemination of mass
standards where fit-for-purpose secondary, tertiary etc., level standards exist which leads to an
effective and efficient system. How could the same be achieved for stable isotopes without
distributing the primary reference material to everyone? This would also result in different prices
levels for different RMs, typically the higher the quality/lower the uncertainty, the higher the price for
RMs.
A number of participants expressed the view that one option for expanding the range of secondary
RMs is for the IAEA to review its business model including how revenue generated by RMs sales could
be linked to RM development, the stable isotope laboratory and RM production, to ensure a
sustainable supply of RMs. Another option would be to expand collaborations. The IAEA was
encouraged to develop and set up a structure to multiply efforts across more laboratories to increase
production capacity of reference materials - secondary references, etc.
Thus, from the meeting participants a revision of the RM production and distribution scheme could
be suggested. One important aspect to be addressed - perhaps distribution of the primary RMs should
be restricted (these are the most difficult to produce, monitor and introduce replacements) and at the
same time, one needs to develop and release a range of high-quality and low-uncertainty international
secondary RMs; users need to be very confident in these secondary RMs available. (Note, this opinion
was not supported by all the meeting participants.) The idea to restrict the use of primary RMs is
related to the need to teach users how to characterize lab standards in a metrological correct way
(see section 3.6).
Metrology of secondary RMs needs to be addressed in more detail, including contemporary
requirements for RM characterization and uncertainty propagation. In particular it was agreed that a
clear hierarchical structure of RMs has to be available to end-users; assigned uncertainties should be
reliable and represent actual sample size and the methods in use. Besides, the concepts need to be
transparent and understandable to the end users, namely what kind of uncertainty component is
included, what is type A and Type B uncertainty evaluation, etc.

Quality Management System:
As stable isotope measurements become more commercially relevant, pressure to enforce
metrological reliability, consistency, and cost efficiency will increase. Participants agreed that the
implementation of an appropriate quality management system would be an essential tool in ensuring
the quality of reference materials produced, and that the accreditation of RM production is one of
means of demonstrating that quality requirements are met.
R. Wielgosz (BIPM) noted that the IAEA was a signatory of the CIPM Mutual Recognition Arrangement
(CIPM MRA) of national measurement standards and of calibration and measurement certificates
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issued by national metrology institutes, and should use the mechanisms of this arrangement
additionally to ensure the quality and international acceptance of its certified reference materials.
R. Vocke (NIST) noted that self-declaration of compliance with quality system requirements and
peer/cross departmental review of quality systems and documents for RM-production is implemented
at NIST (also a signatory of the CIPM MRA). Participants agreed that this model to be considered, and
details have to be discussed at the next meetings.

Maintaining and updating the dataset of RM values:
It is of particular importance for the IAEA to maintain and constantly update the dataset of values
assigned to RMs, as much as possible to validate these values as well as sample preparation methods
to be recommended for RMs.
It is the key to establish recognized protocols, in particular on the use of RMs by end-users, in order
to guarantee correct results. An important step to take would be for the IAEA to formalize and make
public the specific methods used to define and realize the stable isotope delta scale based on RMs in
use (methods to be used in order to guarantee correct values to be obtained on RMs).
Participants suggested for the IAEA to collect and analyze user feedback on existing RMs, which is
already in place.

3.4.

Realization of the VPDB scale for δ13C. IAEA-603 as a replacement for NBS19

IAEA-603 characterisation:
S. Assonov (IAEA) reported on the production and characterisation of IAEA-603, a new carbonate
material, intended as a substitute/replacement for NBS19. The aim is for IAEA-603 to become a
primary RM, replacing NBS19 in the revised VPDB 13C-scale and VPDB 18O-scale (the latter used for
carbonates) and for VPDB-CO2 18O-scale (for CO2 gas data reporting for only).
IAEA-603 is the first stable isotope RM with well characterised uncertainty including the assessment
of its homogeneity which fulfils the WMO-GAW Data Quality Objectives for the atmosphere
monitoring measurements (0.01 ‰ in 13C and 0.05 ‰ in 18O for air-CO2, see Section 3.9). The
homogeneity of the material was addressed at the IAEA on the final product (random selection
of 52 ampoules out of ~ 5000 produced) at the 10-12 mg sample size, and also at the 120 µg level
during the feasibility study (at GEOTOP laboratory, Canada). The data obtained at the IAEA are in good
agreement with the data obtained by several participating laboratories (see IAEA-603 Reference
Sheet).
The IAEA was informed of concerns from P. Dunn (LGC, Ltd), R. Wielgosz (BIPM) and S. Walsh (IAEA)
for not having explicitly expressed type B uncertainty, degrees of freedom and potential difference in
the carbon isotope delta scale based on IAEA-603 compared with NBS19. Answering questions, more
details of the characterization study were provided by S.Assonov (IAEA) including: (i) the type B
uncertainty is expressed in the Reference Sheet as the uncertainty component related to the IAEA603 characterization against NBS19; (ii) no long-term monitoring or stability studies (e.g. accelerated
at elevated temperature) have so far been performed. As alteration of 13C and 18O is known to be
due to carbonate isotope exchange with air moisture and air-CO2, IAEA-603 has been sealed in glass
ampules under argon thus preventing any contact with air. Remaining IAEA-603 bulk-material was
sealed under argon in four glass containers, 2.8 kg each. The IAEA-603 stability tests will involve
remaining NBS19 and various IAEA-603 aliquots; (iii) selection of the IAEA-603 material was done in a
way that the VPDB scale-realization based on IAEA-603 makes no practical difference compared to the
realization based on NBS19 (see below on the release of IAEA-603).
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C. Hillaire-Marcel and JF Hélie (GEOTOP) addressed small sample size homogeneity and potential
grain-to-grain inhomogeneity and stressed that IAEA-603 may have deviations in 18O at the 1 to 5
grains level14. Notably, users have to test acid-reaction reaction time and adapt accordingly to the
material and system in use.
Release of IAEA-603 and consistency in maintaining the 13C scale:
Discussions focusing on the 13C scale-realization and scale-consistency were going on during the
whole meeting. The aspects potentially affecting the scale realization and questions include the
following (with replies provided below):
(i)

IAEA-603 as replacement for NBS19. This new RM is designed for the VPDB scale-realization
(for 13C and also for 18O in carbonates and CO2). Does IAEA-603 create another scale or
another scale realization? (R. Wielgosz, BIPM) Consistency and continuity of the VDB scalerealization?
(ii) Consistency of the VPDB 13C scale-realization over years. The transition steps include:
NBS19 => NBS19/LSVEC => IAEA-603/XXX (new material in the near future).
(iii) Consistent use of 17O correction (addressed by C. Hillaire-Marcel, GEOTOP). Have numerical
values used for the 17O correction been modified when introducing IAEA-603 or stayed the
same? Are 13C values the same, when calculated from the raw mass-spectrometry data
based on NBS19 or IAEA-603 calibration? In particular, when the new accepted 17O
correction values were introduced, then the VPDB scale was intrinsically changed.
(iv) Alterations/drifts found in LSVEC (second RM aimed at 2 point data normalization at 13C = 46.60 ‰) and the need to replace LSVEC. What will this affect? The scale consistency or scale
realization only?
(v) How well documented are the historical aspects relevant to maintaining the VPDB scale and
scale realization?
Replies and comments were mostly provided by S. Assonov (IAEA):
(i)

(ii)

(iii)

By replacing NBS19 with IAEA-603 (both are natural marbles), the IAEA group maintains the
VPDB scale in the same way as it was realized based on NBS19/LSVEC, as introduced in
(Coplen et al., 2006). IAEA-603 has its 13C and 18O values very close to NBS19 (the same to
be valid for 17O), with the major difference that the IAEA-603 values bear the uncertainty
estimated in a realistic way.
Consistency of the VPDB 13C scale realization over years involves (a) consistency of the 17O
correction and (b) consistency of 13C values for RMs used for the scale realization. In fact,
the paper by (Coplen at al., 2006) has two functions, namely (a) applying the 17O correction
re-defined by (Assonov & Brenninkmeijer, 2003) systematically to all 13C-RMs and (b)
introducing the second primary RM aimed at 2-point data normalization. Since (Coplen at
al., 2006) there is no change in the 17O correction. Introduction of IAEA-603 changes neither
the 13C value for VPDB 13C-zero, NBS19, LSVEC nor for other 13C values (when calculated
from raw 45R-46R data, see Assonov & Brenninkmeijer, 2003; Brand et al., 2010); all this
may be demonstrated numerically. All in all, IAEA-603 does not lead to a new scale, so we
keep the consistency with the NBS19/LSVEC scale realization.
Introducing a new set of values for the 17O correction done by IUPAC in 2006 (see also (ii)
above) did not change the value of VPDB-zero (on the VPDB 13C-scale) – the physical
meaning of the correction is to correct for 18O deviations from zero on the VPDB scale.

14

Recently Nishida & Ishimura (2017) confirmed the bulk value of IAEA-603 and demonstrated that up to 2 single
grains out of 100 grains of the material have a lower and more variable 13C and 18O content to the bulk.
However, a typical samplle size of 1 mg will contain more than 200 grains.
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(iv)

(v)

Hypothetical VPDB-material does have this zero value, regardless of the 17O correction.
(Note: in fact the 13C value was fixed for NBS19; the value of historical PDB, if measured,
may vary due to inhomogeneity of original PDB material, uncontrolled storage and other
effects). Introduction of IAEA-603 does not change any 13C value, if calculated consistently
from raw 45R-46R data (see above).
Introducing a replacement for LSVEC will indeed introduce changes in the 13C scale
definition, including scale-realization and related uncertainty (see also Section 3.5).
Consistency of the scale realization has to be demonstrated separately.
Addressing the historical aspects of the VPDB 13C scale and its realisation, including the
development of 17O correction and RMs in use will require a separate report/review paper.
This may be a task for a separate Working Group (to be created) and separate publication(s).

R. Wielgosz (BIPM) stressed that it is important to maintain consistency of scale names. There is a
need to establish different protocols/methods for different scales and different scale usages.
Delineating a methodology of application of isotope scales would improve data consistency
significantly.

3.5.

LSVEC-problem and necessary steps

LSVEC problem:
Background: LSVEC was initially introduced at NIST as Li-isotope standard. Later on, it was used as
secondary RM for 13C. In 2006, LSVEC was introduced as the second anchor on the VPDB 13C scale
(Coplen et al., 2006), to be in general use for the 2-point normalisation of 13C data.
S. Assonov (IAEA) reported on the LSVEC problem, namely on observations (made in 2014-2015 by
S.Assonov, at the IAEA laboratory) demonstrating large 13C scatter observed among the LSVEC bulk
stored at NIST (3 containers sampled by R. Vocke) and samples taken from several vials (the IAEA
stock) having not been in use. The total scatter range of about 0.35 ‰ (data not under 2 point
normalisation) was independently confirmed by USGS and MPI-BGC, Jena DE. A short description of
these results can be found in (Assonov et al., 2015)
LSVEC, being Li-carbonate, is hygroscopic by its nature. Experiments performed by S. Assonov (IAEA)
confirmed that water absorption followed by CO2 chemisorption from the headspace is the major
cause of 13C drifts. LSVEC exposed to close to 100 % relative humidity and high CO2 content
demonstrated 13C shift of 3 ‰ over 7 days. Given that the relative humidity of the ambient air is 50
to 70 % and the plastic caps used for glass bottles in storing LSVEC allow air diffusion driven by air
pressure fluctuations, it is clear that air-CO2 chemisorption or formation of LiHCO3 causes the problem.
Unfortunately, the initial homogeneity of LSVEC was not assessed when it was suggested as RM for
13C and the second anchor on the VPDB 13C scale.

Implications to RM-users:
It is agreed that a high quality RM is needed for 2nd point data normalisation. In fact, for practical
everyday users it is not relevant whether a RM they use in practice is the one designated for the scale
definition or it is a secondary RM. In fact, a broad group of customers would be sufficiently served by
using one of the secondary RMs characterised in Coplen et al. (2006), or in Schimmelmann et al.
(2016). In this way, consistency of the VPBDB scale realisation as based on NBS19/LSVEC in Coplen et
al. (2006) will be guaranteed. Revision of the VPBDB scale and the corresponding revision of values for
all secondary RMs will take a few years.
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Next steps:
A Working Group has been created to deal with the LSVEC problem and to suggest options regarding
the next steps. Below we outline the discussions at the IAEA Meeting (other developments are listed
in footnote15)
As an immediate solution, this WG suggested to re-release LSVEC for sale with expanded uncertainty
for 13C to be based on the variability range observed by measurements done at the IAEA. This will
cover the high demand of the majority of users, and also may be satisfactory in terms of the
uncertainty.
Several options what to do next have been discussed, as a mid-term and potentially easier option is
to remix LSVEC bulk from one of the containers at NIST and seal it under argon in ampoules. R. Vocke
(NIST) is going to explore the feasibility of this option. In 2016-2017.
All agreed that both remixed LSVEC and LSVEC-replacement should be well characterised for its
uncertainty.
Further discussions regarding exploring for new materials/synthetic materials are needed. Carbonates
are considered as a superior material in all aspects, but finding suitable, stable and homogeneous
carbonates of the desired 13C is difficult. In the future, a move to CO2 and/or carbonates and CO2
sealed in ampoules may be considered.
It is important to inform the user-community of the current state of the issues. Initial action plan
proposed by the WG on LSVEC included steps as following, which included short-term and long term
solutions:
Releasing LSVEC (units existing on stock) for sale with updated certificate and stating its
actual/realistic uncertainty.
NIST will consider providing an exchange of “affected” units.
NIST will consider re-mixing LSVEC-bulk material and making a new batch (in collaboration with
the IAEA).
It will be publicly communicated what happened to LSVEC and what was decided by the IAEA
WG as a publication or short announcement (e.g. in RCM) and to all recorded
purchasers/recipients of LSVEC16.
In the long-term, careful tests for replacement materials are necessary. Performing testing and
characterization according to metrological requirements and general requirements for RMs will be
essential. Potentially a range of RMs of the equal hierarchical level (similar to the current temperature
scale realization ITS-90, Section 3.1) need to be considered and introduced; this will also facilitate
monitoring of potential drifts in isotopic values assigned to RMs.

15

Since November 2016, several developments on LSVEC have taken place (mostly still in progress), namely:
• T. Coplen (USGS) started testing a Merck carbonate of negative 13C (value near -42 ‰) as a potential
LSVEC replacement (candidate-RM USGS44).
• During the IAEA consultants meeting on stable isotope fractionation factors (September-2017) the CO2carbonate system was discussed and the need for several well-characterized RMs was stressed. The
meeting report is in preparation.
• Debates on 13C-scale realisation and LSVEC replacement occurred at the IUPAC-CIAAW meeting in
Groningen, September-2017.
• Ongoing discussions on creating a new CCQM working group on stable isotopes (e.g. see CCQM-2017).

16

In Dec-2015, a short message describing the problem was sent to the LSVEC-purchasers at the IAEA.
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3.6.

Service needed by user labs. Dissemination of knowledge

Proficiency Tests:
R. Vocke (NIST) was interested in IAEA conducting Proficiency Tests (PTs). S. Assonov (IAEA) was
uncertain on stable isotope PTs until a well-developed framework for the propagation of uncertainty
can be established / recommended for end-user laboratories. M. Gröning (IAEA) stated that PTs are
established for radiogenic isotopes. It would be good to have such PTs for stable isotopes as well, but
as they are costly and time consuming, further discussion and planning are needed.
P. Dunn (LGC Ltd) noted that the FIRMS Network runs a PT scheme which is administered by LGC Ltd
and is accredited to ISO 17043; external participants may take part, under conditions to pay the
associated fee.

Use of RMs, Quality control RMs:
Expert advice on the best use of RMs, associated preparation methods and SOPs (how to obtain a
correct value on RMs) are needed; these may be either part of RMs Reference Sheet and/or part of
web-page disseminating the knowledge and best practice (see below).

Laboratory standards:
C. Hillaire-Marcel (GEOTOP-UQUM) expressed the opinion that users may need a (central?) analytical
service to check characterization of their lab standards (solids) and quality control materials. Could
the IAEA take on this role? (Note: in isotope hydrology, the IAEA did perform this role for a long time.)
Another option expressed by E. Barkan (Hebrew University) would be for the IAEA to teach users how
to make correct characterization measurements of laboratory standards at user laboratories. R. Vocke
(NIST) seconded that the IAEA and other RMs producers need to educate users, thus minimizing the
number of RMs units to be distributed, in particular primary RMs. (Note: some technical documents
were developed at the IAEA on preparation and storage of laboratory water standards, these may be
requested from the IAEA Isotope Hydrology laboratory.)

Uncertainty propagation at end-user labs.
G. Skrzypek (UWA) demonstrated a difference between calibration and calculated uncertainties
depending on the number of RMs in use, their associated uncertainties and the delta value range they
cover. He stressed that end-users need expert advice on the use of RMs and uncertainty propagation
(e.g. Skrzypek et al., 2010).
Inconsistency in the use of different normalization methods and the selection of different RMs may
lead to substantial differences in the results obtained by different laboratories. Therefore, unification
of the data processing protocols is important. Each stable isotope study should clearly report the
normalization technique that was used, what RMs/standards were used for normalization and the δ
values of those RMs (both measured and assigned). If in-house calibrated standards were used, the δ
values of the laboratory standards and the δ values of the international RMs used for their calibration
need to be reported. This will allow recalculation of results in order to match data sets from different
years.
B. Vocke presented several uncertainty-propagation tools developed at NIST for the public use (see
uncertainty.nist.gov). An Excel-based tool was presented by M. Gröning (IAEA) (see Gröning, 2011;
also
https://nucleus.iaea.org/rpst/ReferenceProducts/Analytical_Methods/index.htm).
Other
participants stressed that numerous users of water optical stable isotope analyzers and users from
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new labs do not know what to do (in terms of data treatment) and how to make the best calibration
including selection and storage of lab standard waters (see above on the laboratory standards).
Participants suggested addressing education aspects, e.g. explaining type A and type B evaluation of
uncertainties and the related difference in the uncertainty propagation; in particular this is relevant
for adequate use of RMs and characterization of lab standards.

Dissemination of knowledge and expert expertise:
During the discussion it was expressed that dissemination of knowledge, best practice, best use of
RMs, data handling advice (when and how to apply corrections to data, e.g. for drift, linearity, blank,
memory etc.) and advice on the uncertainty propagation schemes and urgently needed. Numerous
materials are available (not-systemized web resources, resources at NIST, IUPAC17 etc.) but users
would benefit from a web-tool or another mechanism to get proper and well-structured advise. The
task is multifaceted and aims to bridge different areas. In particular, this includes providing
educational support and well-structured collection of information (analytical methods, advice on
instrumental and other tests, on the use of RMs, on the uncertainty propagation schemes and tools,
on the use of published fractionation factors etc.) as well as some kind of validation for these sources
of information. (Simplified algorithm and set of test-data for uncertainty propagation will be a valuable
contribution.) Potentially, this has to be located at the same web-page as the IAEA RM web-portal and
be a live document (constantly updated) or bear unique DOI.
Expert advice/collection of good advice may be needed on the installation of new labs and acceptance
tests of instruments, as well as on regular performance tests.
Developing courses on the stable isotope methods and educational resources is needed; B. Vocke
(NIST) stressed the need to educate users to make tests and understand reasons of instrumental
biases/undesirable effects and not prompt user to apply stretching factors (e.g. data normalization).
A Working Group on “knowledge dissemination” was discussed, to start working after the meeting on
further developing the topics raised.

3.7.
18O-isotope scales and their consistency. 17O tracer.
E. Barkan (Univ. of Jerusalem) presented the summary of methods developed in order to analyse
oxygen isotopes 17O - 18O with high accuracy and precision on O2 gas, either extracted oxygen from
H2O (fluorination) and/or using equilibration between CO2 and H2O (followed by H2O fluorination) and
catalytic equilibration between CO2 and O2 (analysis of O2 gas). Linear responses of the system and the
mass-spectrometry were carefully tested. This method consistently gives 18O = -55.10 ‰ for SLAP
and SLAP2 thus questioning the consensus value of 18O = -55.50 ‰ accepted (see below).
H.A.J. Meijer (Univ. of Groningen) presented results based on the CO2-H2O equilibration technique and
the “well-calibrated” mass-spectrometry approach (in fact, well-tested and corrected for known
instrumental effects such as memory and cross-contamination) demonstrating that his laboratory
consistently obtains 18O = -55.80 ‰ for SLAP and SLAP2. This resulted in debates about the trueness
of the commonly accepted value of 18O = -55.50 ‰ for SLAP as based on the mean of measurement
results obtained about 40 years ago (Gonfiantini 1978; Hut, 1987). The disagreement between 18O
values observed on SLAP and SLAP2 by E. Barkan (Univ. of Jerusalem) and H.A.J. Meijer (Univ. of
Groningen) appears to be systematic and needs to be resolved. If the accepted 18O value of SLAP is
not correct, other 18O values based on the VSMOW2/SLAP2 scale-realisation may appear to be

17

IUPAC offers some advice in this matter at ciaaw.org.
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somewhat in error (a systematic bias) also effecting the accuracy of the relationship factor between
the VSMOW 18O and VPDB 18O scales, in particular at negative 18O values.
We note that the officially recommended value of 18O = -55.50 ‰ for SLAP/SLAP2 is not changed;
this mutually agreed upon value is simply used to set the reference point for 2-point data
normalization, regardless of the actual true value. The intended use of the value 18O = -55.50 ‰ for
SLAP is to synchronise inter-laboratory calibrations; this value initially taken with zero uncertainty
does not address a (potentially small) bias vs the “true” value. Obtaining the “true” value is more a
fundamental, rather than practical, issue; when 18O-enriched waters (e.g. IAEA-609) are characterised
on the VSMOW/SLAP scale in agreement with 18O = -55.50 ‰ for SLAP, this may play a role. Should
such a potential bias be real and for example be 0.30 ‰, it would result in an unrecognized bias of up
to 10 ‰ for IAEA-609 water18O = 1963.7 ± 2.2 ‰ (1) as expressed on the VSMOW/SLAP scale with
18OSLAP≡ -55.50 ‰).
During this section and other discussions it was stressed that consistency between the VSMOW 18Oscale-realisation based on VSMOW2/SLAP2 and the VPDB 18O scale-realisation (either by using NBS19
or IAEA-603) needs to be tested and validated.
In addition to the VSMOW 18O-scale and the VPDB18O-scale, scientists use the VPDB-CO2 18O scale
and the air-O2 18O scale. The use of multiple scales allows much room for data inconsistencies to
arise.
In relation to these discussions, M. Gröning (IAEA) reported the plan to launch a Coordinated Research
Project at the IAEA, aimed to re-determine major fractionation factors use in climate-relevant models
(mainly CO2/H2O-liquid, H2O-liquid/H2O-vapour) and consistencies between H2O and CO2 based
oxygen isotope scales18.The aim is to explore the major fractionation factors and their temperature
dependencies that were determined in the 1960s-1970s, with old instrumentation and without 2point data normalisation.

3.8.

RMs developments and future plans.

The need for new carbonate RMs, several RMs in the form of CO2 gases with low uncertainty:
During the meeting it was suggested that the IAEA should lead the 13C scale revision, in particular due
to the high importance of δ13C for greenhouse gas observations (in air CO2 and air-methane) and
climate change reconstructions in the past (based on carbonate RMs). In fact the IAEA is invited 19 to
develop and provide adequate international RMs aimed to reach the WMO-GAW Data Quality
Objectives for stable isotope measurement results for greenhouse gases (see some details in Section
3.9). For this purpose, the IAEA plans to develop and release several new RMs in the form of
carbonates and CO2 gases with low uncertainty. One will also need to re-check all δ13C-RMs (presently
available and new ones) for consistency with the LSVEC-replacement. Joint effort by the IAEA with
IUPAC-CIAAW will be helpful to solidify any resulting recommendations in this area.

N2O gases (topic was introduced by J. Mohn, EMPA and N. Yoshida, Tokyo Institute of Technology):
N2O characterisation (in particular for site-specific 15N) is difficult and there are no international N2O
RMs with stated uncertainties available. The best site-specific 15N characterisation of N2O is done by
18

The consultants meeting to discuss the main scientific facts, major fractionation factors and the major
problems to be addressed was held at the IAEA (September 6-9, 2017). Summary and report of this meeting is
in preparation.
19
This was discussed at the 19th WMO/IAEA Meeting on Carbon Dioxide, Other Greenhouse Gases, and Related
Measurement Techniques (GGMT-2017) (27 – 31 August 2017, EMPA, Switzerland). The GGMT-2017 report and
recommendations are in preparation.
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S. Toyoda and N. Yoshida (Tokyo Institute of Technology) but the current procedure is subject to
incomplete reaction and fractionation effects and therefore needs to be improved. New RMs in the
form of pure and diluted (pure air matrix) N2O will be created under the EMPIR project “Metrology for
Stable Isotope Reference Standards (SIRS)” (project launched in 2017). The user-community would
benefit if the N2O RMs could be distributed by IAEA. Note, for this task a revision of 15N/14Nreference
material values and their consistency appears to be needed.

Clumped isotopes in carbonates: This initiative for the user-community is led by Prof S. Bernasconi
(ETH Zürich) who has prepared a few suitable carbonate materials. E. Barkan, representing the group
of Prof. H. Affek (Univ. of Jerusalem), volunteered to co-coordinate these activities. The call for
participation in this lab-comparison has been launched on October 19th 2017 (see below on Working
Groups).
NMR developments aimed 13C: N. Yoshida (Tokyo Institute of Technology) briefed on the latest
developments in this field and needs for suitable RMs.

18O in phosphates: F. Fourel (Univ. Lyon) has sent to the meeting the presentation aimed to describe
the situation with 18O in phosphate materials and his suggestion to create a range of phosphate RMs
characterised in 18O. This presentation was distributed to the meeting participants together with
PDFs of other presentations.

3.9.

RMs in the form of gas mixtures: Addressing the WMO-GAW Data Quality
Objectives.

The most important task in this area is to address the WMO-GAW (Global Atmospheric Watch) Data
Quality Objectives (DQOs) for stable isotope data in greenhouse gases. (Often DQOs are called as data
compatibility targets.) Presently DQOs (considered as the long-term data compatibility targets20) for
remote/baseline locations are set at 0.01 ‰, 0.05 ‰ and 0.02 ‰ for 13C (air-CO2), 18O (air-CO2) and
13C (air-CH4) respectively (GAW Report No. 213). (The compatibility targets for measurements made
at other locations, e.g. an urban or forest location, are less strict.) These challenging targets require
the long-term compatibility of data obtained in different labs in different years, these in turn imply a
low uncertainty required for laboratory calibrations. Therefore the uncertainty of highest-level RMs
in use and/or calibration mixtures has to be near to (better lower than) the DQOs values stated above.
New RMs in the form of CO2 and N2O gas mixtures are planned to be created under the EMPIR project
“Metrology for Stable Isotope Reference Standards (SIRS)” funded by EURAMET. The project led by
NPL involves several NMIs, several analytical laboratories such as MPI-BGC (Jena, DE), University of
Groningen (NL), EMPA (CH) and other partners. Within the project several pure and diluted CO2 and
N2O RMs (in the form of gases and gas-mixtures) will be developed. One of the novelties of the project
is to produce RMs as gas mixtures in an air matrix in large amounts (high pressure cylinders) aimed for
measurements of stable isotopes in atmospheric CO2 and N2O using optical analysers, also trying to
address the WMO-GAW Data Quality Objectives. R. Brown (NPL, UK) delivered a presentation on the
project structure, mixture preparation and J. Mohn (EMPA, CH) on the N2O isotope characterisation.

20

The DQO-concept implies the data compatibility targets (the largest discrepancy allowed) for averaged data
sets obtained by laboratories, both for a given time-spot and also over years of observations. This in turn implies
the strict request for consistency of the VPDB scale realization, both among laboratories and in time.
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(Status in September 2017: the project has been funded, the kick-off meeting took place in June at
NPL in London, UK; in August 2017, at GGMT-2017 at EMPA, CH, a first stakeholder meeting was held).
In order to reach WMO-GAW Data Quality Objectives for stable isotope measurement results in
atmospheric CO2, MPI-BGC (Jena, DE) has developed a small-scale production of CO2-in-air mixtures
(JRAS mixtures) characterised in 13C and 18O with low uncertainty. H. Moossen (MPI-BGC, DE)
presented the status of this project and ways for further developing. The discussion was focused on
the metrologically correct way for uncertainty assignment for 13C and 18O.
R.Wielgosz presented the work that had been performed at the BIPM to validate the calibration
strategies and standards necessary for accurate measurements of CO2 isotope ratios in air using
optical techniques (FTIR and laser based techniques), using gas standards that had been produced by
NIST and NPL, and values assigned for their isotopic composition by MPI-BGC (based on the JRAS-06
scale realisation). The published work (Flores et al., 2017) emphasised the need for two standard
calibration, with standard value assigned for amount fraction values of individual isotoplogues, using
gases in an air matrix matched for atmospheric composition. The amount mole fractions of
isotopologues could be matched to the delta scale by appropriate calibration, but the two standards
could be produced with CO2 with the same isotope ratio, provided the standards had different amount
fractions which bracketed the measured values. This activity supported the international Key
Comparison21 CCQM-K120, being coordinated by the BIPM, on CO2 concentration measurements,
where the analyser response needed correction for the isotope ratio of the gas. Future work, in
collaboration with the IAEA, is aimed at coordinating a Comparison of isotope ratio measurements of
pure CO2 gas in 2020.
It was stressed that independent validation of JRAS mixtures may be needed, including the uncertainty
assignment to each mixture produced (or to each batch) as well as providing the live-link
documentation and protocols of the production.

3.10. Cost considerations of RM production at the IAEA
In discussion, both R. Wielgosz (BIPM) and B. Vocke (NIST) commented that there were significant
costs associated with the development of primary (and secondary) reference materials, and
organizations undertaking this work needed to develop policies on which costs would be passed on to
the user, and which would be borne by the entity funding the development of the RM.
In the current situation at the IAEA all RM project funds at the IAEA come from a fixed budget, which
is completely decoupled from any revenue derived from RM. Concerns were raised that this structure
may not be optimal in allowing the IAEA to maintain its RM programme and to be reactive to the needs
of UN Members States for such materials. Indeed, the current structure could provide a disincentive
for increasing sales to meet Members States’ needs if the additional costs for production,
characterization, and storage related to increased sales of materials could not be met from a fixed
budget.
As explained before by M. Gröning (IAEA) (see Section 3.3), both the existing space and budget
constrains are major limiting factors.

21

Key Comparison is the highest metrological work performed by National Metrology Institutes participating
under CCQM.
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4. Action Plan
1.

Several Working Groups (WGs) have been created, aimed to address the problems being under
extensive discussions. Details of the WGs and their objectives are given in Section 8.3, below brief
summaries are given:
(i) WG on the LSVEC problem: replacement material(s), short-term and long-term solutions.
(ii) WG on the production and characterisation of RMs: production protocols, RMs and scales
for light isotopes.
(iii) WG on dissemination/communication of best knowledge: user-advising web-page
(potentially at the IAEA) on good calibration practice, use of RMs, best methods & best
operational conditions, instrumental tests, uncertainty propagation, creating new lab etc.
This WG, being under the umbrella of the IAEA RM-related activities, should be a custodian
of the best, not just good, practice.
(iv) WG on clumped isotopes: determination of calibration practices and internal/provisional
RMs,
(v) WG on the scale maintenance and primary stable isotope RM aimed scale-realisation (at the
inter-organisational level; another WG may be created later): long term monitoring of RMs,
SI traceability, absolute stable isotope ratios of RMs.
(vi) WG on terminology: list of metrological and other terms, guidelines for consistent use of
terms.
(vii) WG on developments: critical research areas, new technologies.

2.

Participants committed themselves to keep documents up to date and to communicate internally
to discuss changes. (See Appendix 8.3 for the list of Working Group participants).
It was suggested to implement the meeting Recommendations (Section 2) in practice.
It was further recommended that this meeting be repeated on a biennial basis.

3.
4.
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6. Glossary & Abbreviations
CIPM - International Committee for Weights and Measures (in French: Comité International des Poids
et Mesures).
CCQM - Consultative Committee for Amount of Substance.
CIPM MRA - Mutual Recognition Arrangement signed between BIPM and National Metrology
Institutes, Paris, 1999 (updated in 2003; available at https://www.bipm.org/utils/en/pdf/CIPMMRA-2003.pdf)
CIAAW - The Commission on Isotopic Abundances and Atomic Weights (CIAAW) is an international
scientific committee of IUPAC under its Inorganic Chemistry Division.
FIRMS Network - Forensic Isotope Ratio Mass Spectrometry (FIRMS) Network, see at
http://www.forensic-isotopes.org/
IAEA-603 - marble CaCO3 is the primary reference material prepared from Carrara marble, with the
aim to replace the reference material NBS19; and thus it becomes the primary reference
material. (Note, the source of NBS19 marble is unknown.)
International RMs – (mostly) secondary RMs being characterized at the international level, in fact
these are used for realization of scales. By definition all primary RMs are international.
ISO - International Organization for Standardization.
ISO REMCO – ISO Committee on Reference Materials.
IUPAC – International Union of Pure and Applied Chemistry.
LSVEC – (Lithium – Svec) carbon and lithium isotope reference material in the form of lithium
carbonate (Li2CO3); for 13C this RM is intended to define the span of the VPDB scale at 13C = 46.60 ‰
LGC Ltd - LGC Limited (Registered in England), formerly the Laboratory of the Government Chemist, is
an international life sciences measurement and testing company.
NBS19 - primary reference material intended for 13C/12C and 18O/16O isotope-ratio analysis of
carbonates (replaced by IAEA-603).
NIST - National Institute of Standards and Technology (NIST) is NMI belonging to the United States
Department of Commerce.
NMI - National Metrology Institute.
NPL - National Physical Laboratory is the UK's National Metrology Institute.
NRC - National Research Council (NRC) is the Government of Canada's premier research organization
supporting industrial innovation.
Primary RMs – the highest-level RMs used for the practical purpose of scale realization and 2-point
data normalization; for the 2H and 18O VSMOW-scale currently these are VSMOW2 and
SLAP2; for VPDB 13C these are IAEA-603 and LSVEC.
PT - proficiency tests.
RMs - reference materials.
Secondary RMs – RMs being characterized directly against primary RMs.
VPDB scale (Vienna PDB) - the scale in use for 13C and 18O isotope-ratios. The scale is historically
based on the Chicago PDB (Pee Dee Belemnite, marine carbonate) standard which is scale-unit
defining artefact. Later, the VPDB concept was introduced as based on NBS19-artefact. Today,
the scale is defined by assigning consensus values to NBS19 and the scale-span to LSVEC (for
carbon). In 2016 NBS19 was replaced by IAEA-603.
VIM3– International Vocabulary in Metrology: International Vocabulary of Metrology – Basic and
General Concepts and Associated Terms (VIM 3rd edition) JCGM 200:2012 (JCGM 200:2008 with
minor corrections), available at https://www.bipm.org/en/publications/guides/vim.html
VSMOW/VSMOW2 - Vienna Standard Mean Ocean Water 2) is an international measurement
standard for stable isotope analysis.
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7. Contributors to the report
All the meetings participants (see 8.1) contributed to this report and the summary and have agreed
with the final text. The report draft was circulated several times and numerous comments have been
discussed and implemented in the text. The report has been updated to include all relevant
developments until December 2017.
Following intensive discussions on 13C RMs and the VPDB scale realization taking place at the 19th
WMO/IAEA Meeting on Carbon Dioxide, Other Greenhouse Gases, and Related Measurement
Techniques (GGMT-2017) in August 27-31, 2017, EMPA, Switzerland, Dr. C. Allison (see Section 8.1)
was invited to contribute to the discussions on this final report. C. Allison has contributed to previous
IAEA meetings on stable isotope RMs.
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8.2.

The meeting Agenda

Note: The agenda has not been fully updated according to the actual deviations from the
initial agenda and schedule. Gaps in the timeline indicate time reserved for discussions.
Monday, Nov-21, 2016
Day, Time
Presentations /Discussions

General Part,
chaired by N.Yoshida

9:30 – 10:00

• Welcome
• Brief info on the previous Meeting on the IAEA Stable Isotope RMs (hold in 2014)
• General information, introduction of agenda and expected results of meeting.
by S.Assonov

10:00–10:30
10:30–11:00
11:00–11:30

Introduction of participants
Coffee Break
Introduction of RMs activities at TEL, overview of its capacities and activities.
Stable Isotope Lab at TEL: latest developments and future plans.
by M.Gröning and S.Assonov

11:30–12:00

State of the current problems to be addressed at the meeting.
Fit-for-purpose RMs.
by S.Assonov, M. Gröning

12:00–12:30

Questions, Discussion.

12:30–13:45

Lunch break
Section-1: Metrology and general requirements for stable isotope RMs
chaired N.Yoshida

13:45–14:00

Metrological traceability and hierarchy of stable isotope RMs.
by S.Assonov

14:15–14:30

Metrological traceability and measurement uncertainty concepts applied to reference
material characterization.
by A. Fajgelj

14:45–15:00

The 13C-scale maintenance and 2-point data normalization. Do we need a revision?
by S.Assonov,

15:15–15:30

Comments from the metrology-side: how to create a hierarchical scheme aimed
correct uncertainty propagation.
by R.Wielgosz

15:30–16:00
16:00–16:15

Coffee Break
Problems found with the 2H-13C calibration of 18 new RMs.
by M. Gröning

16:25–16:40

Challenges related to RMs characterisation – how to synchronise calibrations in
expert labs including data treatment and uncertainty propagation.
by S.Assonov

16:50–18:00

Discussion: Metrological traceability of RMs and their hierarchical structure.
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Tuesday, Nov-22, 2016
Day, Time
Presentations /Discussions

Section-1 (cont.): Requirements for RMs producers
chaired by R.Wielgosz

Question of the day: uncertainty stated on the RMs certificate - what does it
mean?
9:00 – 9:15

Uncertainty stated on the RM’s certificate.
(An example of 2 concepts, example of IAEA-603 characterisation.)
By S.Assonov

Letter to the
meeting as
print-out
9:30 – 9:45
10:00 – 10:15

Why do we need a correct uncertainty statement(s) for RMs?
By J. Meija

ISO REMCO requirements for reference material producers.
by A. Fajgelj

10:40–11:10
11:10 –11:20

Coffee Break
RMs production and RMs characterisation at NIST.
by B.Vocke

11:30 –11:40
11:50 - 12:00

LGC as RMs producer
by P.Dunn

12:00 – 12:30

12:30–13:45

Discussion:
What has to be addressed in order to provide an adequate uncertainty on the RMs
certificate? Move towards well-characterised & fit-for-purpose RMs in the future.
Lunch break
Section-1 (cont.): creating a paper on production and characterization of
international Stable Isotope RMs
chaired by J.Meija

14:00 – 14:15

LSVEC-problem and the need to introduce its replacement.
Possible options for 2-point data normalisation.
by S.Assonov and others participants

14:30 – 14:45

Points for discussion: Do we need 2-RMs or several RMs for 2-point data
normalisation? Do we need to look for another realisation scheme of the 13Cscale? (Absolute ratio, something else?)
Interaction between the IAEA and other RMs producers, collaborations on isotope
RMs.
by M. Gröning

15:00 – 15:15

Needs for well-structured collaborations aimed RM production. Lessons learned
from the past - example of NIST RMs 8562-8564. Where to pay attention now?
by S.Assonov

15:30–16:00
16:00–16:20

Coffee Break
A project aimed to re-evaluate major stable isotope fractionation factors as
relevant to climate change models (Coordinated Research Project planned at the
IAEA). Fractionation factors for water/vapour/ice and water/CO2 as independent
way to fix the stable isotope scales (parts from the 2014-talk by R.Gonfinatini)
by M. Gröning and S.Assonov

16:20–18:00

Drafting the manuscript on production and characterization of international Stable
Isotope RMs.
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Wednesday, Nov-23, 2016
Day, Time
Presentation s/Discussions

Section-2: Uncertainty propagation in everyday practice. Calibration strategies
based on RMs in use.
Chaired by R.Wielgosz

9:00 – 9:15

Question-1 of the day: Uncertainty propagation in everyday practice - what users
need to know and take care of? Uncertainty related to 2-point data normalisation.
Question-2: Does one need advice/guidelines on the “best” use of RMs and related
“best” measurement conditions?
What do users need to be aware about for everyday practice:
Normalization procedures, standard selection and uncertainty propagation.
by G. Skrzypek

9:30 – 9:45

Optical isotope analysers for D & 18O in waters. How to estimate the uncertainty?
Jointly by meeting participants

10:00-10:15

Excel-based tool for the calibration and uncertainty propagation developed at TEL.
by M.Gröning

10:30–10:45

NIST uncertainty-tools for the public use.
by B.Vocke

10:45–11:15

Coffee Break

11:15–11:30

Raw data treatment & uncertainty propagation included in the mass-spectrometry
instrumental software. (What has to be checked / taken care of by the end-users?)
By S.Assonov, based on JESIUM-meeting and discussions

11:30–12:30

Discussion: How to teach users to use correct approach(es)?

12:45–13:45

Lunch break
Section-2 (cont): Uncertainty propagation in everyday practice and the best
calibration strategies based on RMs in use.
Chaired by A. Fajgelj

14:00–14:15

Service needed by end-user labs at the international level:
•
•

Proficiency tests (inter-comparisons) and/or check of their lab standards
Advise on uncertainty propagation and best calibration practice
Recommendations on the use of RMs

•
by C.Hillaire-Marcel and JF Hélie

14:30–14:45

15:00–15:30

RMs and RM-gases produced by commercial companies: Examples of RMs and
questions about the property value and uncertainty assignment.
by S.Assonov and other participants
Discussion on the best calibrations strategies (best use of RMs) and the practical
realisation of 2-ponit calibration.
by all participants

15:30–16:00

Coffee Break

16:30 -16:45

Discussion on the uncertainty propagation in everyday practice and the best
calibrations strategies.
by all participants

17:00-18:00

Drafting the manuscript (or meeting document) on the uncertainty propagation in
everyday practice and the best calibrations strategies/best use of RMs.
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Thursday, Nov-24, 2016
Day, Time

Presentation s/Discussions

Section-3: Latest RMs developments.
Chaired by N.Yoshida

9:00 – 9:15

NPL as RMs producer.
by R.Brown

Report on IAEA-603 (replacement for NBS19), present status.
by S.Assonov

9:30 – 9:45

Water-RMs: production and characterisation of small ampoules.
by M.Gröning

10:00 - 10:15

Works aimed to determine absolute ratio 13C/12C.
By P.Dunn

10:30 – 11:00

Coffee Break

11:00 - 11:15

High precision measurements of triple oxygen isotopes in H2O, CO2 and
carbonates.
by E.Barkan
17

O-18O– what to do, how, who may collaborate? (may be shifted to the afternoon)

By all participants.

11:30 - 11:45

Open questions related to 18O scales?
Do we need to revise the 18O value for SLAP/SLAP2 and/or the link between H2O
and CO2 scales?
by H.Meijer

12:00 – 13:00

Lunch break
Section-4: visit to IAEA Laboratories in Seibersdorf

13:00 – 14:00
14:00 – 14:20

Travel to IAEA laboratories in Seibersdorf
Introduction about the Seibersdorf-labs.

14:20 – 15:30

Visits to the TEL labs, in 2 groups

15:30 - 16:00

Coffee Break

16:00 –17:30

Visits to labs (continued),
Discussion.
Travel from Seibersdorf to the IAEA, Vienna

17:30 – 18:30

Friday, Nov-25, 2014

Note: posters were discussed during the morning coffee-break followed by one-by-one discussions.
Day, Time

Presentation s/Discussions

Section-5: RMs Developments and new characteristics.
Chaired by C.Hillaire-Marcel

9:00 – 9:15

Question of the section: How to address the demands for ultra-low uncertainty 13C
RMs aimed 13C in air-CO2 and air-CH4 measurements (WMO-GAW Data Quality
Objectives) and RMs needed by climate reconstruction studies.
A need for carbonate RMs (or several different ones) for climate reconstruction
studies. Need for pure CO2?
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Jointly by C.Hillaire-Marcel & JF Hélie, and other participants

9:25 – 9:40

JRAS-2006 scale (CO2–air mixtures): Existing situation and plans to address GAWData Quality Objectives (data compatibility targets) for 13C in air-CO2.
By H.Moosen

9:50 – 10:05

Results of specific tests of the mass-spectrometer used to characterize high-level
RMs at the IAEA. Developing a concept of “primary reference measurement
procedure” (“primary method of measurement”) to be applied to stable isotopes?
By S.Assonov

10:15–10:45
10:45–11:15

Discussion on 13C materials: how to establish a reliable link between carbonates &
pure CO2 and CO2–air mixtures, addressing needs for ultra-low uncertainty.
Coffee Break.
Discussion on posters during the coffee.
Posters (potentially a few more posters):
Evaluation of 13C in air-CO2 in the gulf of Trieste.
By N.Ogrinc

Capabilities of the MAT253 ULTRA: dealing with multiple substitution of
indistinguishable atoms in a molecule.
By T. Roeckmann

11:15–11:30

N2O as important tracer. Inter-laboratory assessment of N2O isotope composition by
IRMS and laser spectroscopy. Needs for international N2O-RMs.
by J.Mohn

11:40-11:55

Calibration strategies for FTIR and other IRIS instruments for accurate δ13C and δ18O
measurements of CO2 in air
R. Wielgosz

12:05- 12:20

The HIGHGAS proposal: collaboration of metrological institutes aimed to produce
isotopically characterised gas-mixture RMs.
by R.Brown, P.Brewer (NPL,remotely), J.Mohn and by other participants.

12:30- 13:00
13:00–14:00

14:00–14:15

Discussion on new RMs and candidate RMs. Collaborations.
Lunch break
Section-5 (cont): RMs Developments and new characteristics.
Chaired by S.Assonov
Creating RMs for 18O in phosphates. What can be done and how?
F. Fourel (delivered to participants by email)

14:30–14:45

NMR isotope techniques and new future demands
By N.Yoshida

15:00–15:15

Carbonates: Calibration of “clumped” mz 47-signal, lab-to-lab-discrepancies. Needs
for synchronisation of calibrations, needs for new-additional characteristics of
carbonate RMs.
Sharing by N.Yoshira and S.Bernasconi.

15:30–16:00
16:30–17:30

17:30–17:45

Coffee Break
General discussion on the future Stable Isotope RMs.
Drafting the meeting document’ parts on (i) other isotope signals to be
characterised on existing RMs, plans for new RMs; (ii) collaborations between IAEA,
metrological institutes and expert laboratories. The way forward.
Closing the meeting.
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8.3.

Appendix-3: list of the Working Groups created.

WG1:
LSVEC Group
carbonate RMs)

WG2:
WG3:
(cf. Characterisation and Communication &
Production of RMs
Knowledge
Dissimilation

WG4:
Clumped Isotopes

H. Meijer

S. Assonov

P. Dunn

S. Bernasconi

S. Assonov

M. Gröning

M. Gröning

E. Barkan

J.F. Hélie

A. Fajgelj

S. Assonov

N. Yoshida

H. Moossen

S. Bernasconi

D. Besic

S. Assonov

G. Skrzypek

R. Vocke

N. Ogrinc

R. Vocke

P. Dunn

R. Vocke

M. Gröning

G. Skrzypek

J.F. Hélie

C. Allison22

C. Allison22

J. Mohn

D. Malinovskiy22

J. Meija
D. Malinovskiy22

WG5:

WG6:
Terminology Group

WG7:
Attention to
Developments

S. Assonov

S. Assonov

S. Assonov

M. Gröning

A. Fajgelj

N. Yoshida

R. Vocke

P. Dunn

C. Allison22

R. Wielgosz

J. Meija

J. Meija

D. Malinovskiy22

Scale maintenance and
primary RMs aimed at
scale-realisation

C. Allison22

22

After the meeting, C. Allison (CISRO) and D. Malinovskiy (LGC) have agreed to contribute to WGactivities. C. Allison has contributed to several IAEA meetings since 1993 and contributed to this
Report. Involvement by D. Malinovskiy (LGC) was suggested due to his expertise in metrology,
reference material production, stable isotope methods and absolute ratio 13C/12C determination.
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8.4.
Plans drafted by Working Groups
NOTE: These plans are not final and will be modified as the groups progress.

General outcome, actions proposed:
Communication about the meeting outcome:
- Meeting report (Executive Summary), communication at EGU and a journal publication;
- Full document (e.g. IAEA Analytical Quality Series, similar to former IAEA Tecdoc) with special
attention to development plan and effective outcomes (e.g. LSVEC issue).
WG1, LSVEC- task group (cf. carbonate RMs), actions proposed:
• Report to be available;
• Expand uncertainty (interim);
• Release of material from one of the available botells with reassessed uncertainty;
• Replacement: work in progress (e.g., Merck carbonate), set up a longer term working group
with major players and manage to have it accredited by appropriate bodies;
• Targeted deadline: Summer 2017 for LSVEC-a (cf. deadlines in the specific rpt).
WG2, Characterisation and Production of RMs, actions proposed:
• Draft a general protocol for the production and characterisation of new/replacement primary
RMs for delta scales for the light elements (H, C, N, O and S);
• Draft a general protocol for the production and characterisation of secondary RMs using
primary RMs to ensure traceability;
• Draft guidelines for end-users over how to find, store and use RMs that are suitable for their
applications.
WG3, Communication & Knowledge Dissimilation, actions proposed:
General ideas:
• Living document;
• Covering 5 “light elements” (HCNOS);
• Open access (and where external information is linked to this would be open access too);
• Web-based to allow information to be written once but linked to multiple times;
• Aimed at low level and high level user experience applications;
• Filterable (by element or user level or specific topic – e.g. measurement uncertainty may be
mentioned in various sections, but it would be nice to be able to extract all of the information
in one go rather than having to find it by reading through each section);
• A search functionality that works well;
• An index – perhaps the vocabulary section could also be used for this whereby each term would
have a short definition, but then also links to where it is used.
Framework:
1. Vocabulary. A united/consistent/coherent summary of definitions of terms, abbreviations etc.
2. Historical Perspectives
3. Authorities (to be based on / directly linked to the WG “Scale maintenance and primary RMs”)
4. Infrastructure
5. Reference materials
6. Planning analyses
7. Method Development
8. Acceptance Criteria
9. Method Validation
10. QA and QC
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11. Getting from raw data to meaningful data
12. Reporting of Data
13. Troubleshooting

WG4. WG-clumped isotopes, actions proposed:
The WG should pay attention and organise inter-comparisons, fit-for-purpose RMs and other related
activities. On October 19th 2017 a call for participation was lunched through the IsoGeoChem mailing
list to participate to an interlaboratory calibration exercise23.
WG5, WG on Scale maintenance and primary RMs aimed scale-realisation, actions proposed:
• Come up with a way to monitor primary RMs on long term, to monitor the possible occurrence
of drift in their assigned values;
• Exploring options to get SI traceability for the absolute isotope ratios of the primary RMs. This
will also be a way of achieving how to monitor values of primary RMs on long term.
WG6, WG on Terminology, actions proposed:
• Creating a list of metrological terms and concepts used in the stable isotope community;
• Promoting a consistent use of clear and correct terminology;
• Writing a manuscript about delta scales, namely artefact-based definitions, RMs used for scale
realization;
• Providing a summary of IUPAC and ISO terminology guides for analytical chemistry/ mass
spectrometry that are relevant to stable isotopes.
WG7, WG- Attention to Developments, actions proposed:
The group should pay attention to resent developments and critical applications, such as:
• Use of stable isotopes in GreenHouse Gas (GHGs) measurements;
• Potential requirements coming from with new technologies, e.g. such as optical isotope
analysers;
• Specific aspects related to use of NMR techniques;
• Absolute ratio determinations, e.g. for 13C/12C ratio of the VPDB scale.
In August 27-31, 2017, the 19th WMO/IAEA Meeting on Carbon Dioxide, Other Greenhouse Gases,
and Related Measurement Techniques (GGMT-2017) took place. S. Assonov (IAEA) has chaired the
session on stable isotopes and led the discussion on calibrations and use of RMs (pure CO2, CO2-air
mixtures), uncertainty requirements and related metrological aspects. Calibration of optical isotope
analysers for CO2, N2O and CH4 was also discussed. The GGMT-2017 meeting document (Summary and
Recommendations) is in preparation.

23

One of the main goals of the test is to quantify the inter-laboratory consistency of carbonate clumped isotope
analyses corrected using carbonate standards exclusively. Due to their widespread use in different laboratories,
the standards used to anchor the carbonate reference frame in this exercise will be ETH-1, ETH-2, and ETH-3,
corresponding to “Iso A”, “Iso B”, and “Iso C” from Meckler et al. (2014). Three additional samples ETH-4 “IsoR” (from Meckler et al., 2014), IAEA-C1 and the vein calcite UCL-V1 provided by A. Tripati (UCLA, Los Angeles)
will be distributed to the participating laboratories. An optional additional sample an aliquot of a synthetic
chemical carbonate from Merck with a δ13C and δ18O, of approximately -41.7 ‰ and -15.5 ‰ (VPDB),
respectively, will also be distributed to test inter-laboratory consistency for a sample with very low bulk isotope
composition. The inter-laboratory calibration effort is led by S. Bernasconi (ETH Zürich) K. Bergmann (MIT,
Boston), M. Bonifacie (IPGP Paris), M. Daëron (LSCE Gif sur Yvette), A.N. Meckler (Univ. Bergen), B. Rosenheim
(US, S. Petersburg).
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