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TERC History

* Chemistry Unit >
 Analytical Support for Chemistry: Reference materials & Proficiency Tests
* Programs of Chemistry and Human Health )
~
* Development of Environment Program
« Terrestrial environment topics emerged
S
* Terrestrial Environment Laboratory (TEL) A
» Created merging Chemistry Unit and Reference Material part of Isotope
Hydrology Unit )
~

* Terrestrial Environmental Radiochemistry (TERC) Laboratory

« Current configuration within the Division of Physical and Chemical Sciences
S




l  TERC's Mission

The key task of the TERC Laboratory is to provide
expertise, training and support to the Member States
(MS) dealing with radioactive, industrial and other
pollution and to assists MSs in preparing for Training
emergencies.

Expertise

Support
TERC supports the MS’s laboratories in improving their : .
PP e : proving Reference Material Production (ISO17034)

measurement capabilities in environmental monitoring
and in providing reliable analytical results: Organization of a Worldwide Proficiency
« By providing Reference Materials (RMs) on both Testing exercise

radionuclides and stable isotopes to laboratories

worldwide

« By organizing Worldwide Proficiency Testing (PT)
exercise (once per year).




Laboratory infrastructure

Alpha-particle ! Liquid scintillation
spectrometry counting

Inductively-coupled
plasma mass
spectrometry

Isotope ratio mass
spectrometry

Radiochemistry laboratory

Reference material
production

Reference material
storage and distribution




TERC s measurement capabilities

) . : Stable Isotopes Trace Element
Radionuclide Analysis - : :
\- ——r | Analysis Analysis
: ICP - Mass
Spectrometry

Gamma-ray Spectrometry :\r/]lzzfesdpfgézmetry;

(7 HPGe detectors) y sl spectrometry

Alpha-particle & Beta
Spectrometry
(36 alpha detectors; 3 LSCs)

Radiochemistry labs

Low background gross
alpha/beta counting

(2 gas-flow proportional
counter)



Reference materials (RM)

 Definitions
« Usage and role in measurement process



RM related definitions

ISO 17034:2016
General requirements for the competence of reference material producers

JCGM 200:2012
International Vocabulary of Metrology — Basic and General Concepts and

Associated Terms (VIM) JCGM 200 2012.pdf

(Joint Committee for Guides in Metrology JCGM-WG2, 2021
International Vocabulary of Metrology VIM4; VIM4 CD 210111c.pdf)

ISO Guide 30:2015
Reference materials — Selected terms and definitions


https://www.bipm.org/documents/20126/54295284/VIM4_CD_210111c.pdf

ISO 17034:2016

neumonst 10| Reference material (RM) - material sufficiently homogeneous and stable
with respect to one or more specified properties, which has been
established to be fit for its intended use in a measurement process.

Certified Reference material (CRM) — RM characterized by a metrologically
valid procedure for one or more specified properties, accompanied by a RM
certificate that provides the value of the specified property, its associated
uncertainty, and statement of metrological traceability.

Certified Value - value assigned to a property of a RM that is accompanied
by an uncertainty statement and a statement of metrological traceability,
150 o identified as such in the RM certificate.




International Vocabulary of Metrology

JCGM 200:2012

International vocabular y of
metrology = Basic and general

oncepts and associated terms
(Vimy

Reference material (RM) - t
v" RMs can be used for measurement precision evaluation and
quality control
v RM to be used as a measurement standard for calibration
purposes it needs to be a CRM
v" A given RM can only be used for one purpose in a measurement,
either calibration or quality control, but not both.

Certified Reference material (CRM) - t
v" Metrologically valid approaches for characterization of RMs are
givenin ISO 17034:2016
v" Only CRMs can be used for calibration or for assessing
measurement trueness.

Certified Value - f



International Vocabulary of Metrology

Metrological traceability — property of measurement result whereby the
result can be related to a reference through a documented unbroken chain
of calibrations, each contributing to the measurement uncertainty.

v" Metrological traceability requires an established calibration

hierarchy
v For measurements with more than one input quantity in the
T AN measurement model, each of the input values and their
It uncertainties should itself be metrologically traceable
v" Metrological traceability of a measurement result does not ensure
i S " that the measurement uncertainty is adequate for a given purpose
or that no mistakes have been made

""""""""""""""""""""""" v ILAC considers the elements for confirming the measurement
traceability to be unbroken metrological traceability chain to an
international or a national measurement standard, a documented
measurement uncertainty and procedure.




Use of RM - 1S0O 17034:2016

INTERNATIONAL 1S0
STANDARD 17034

nnnnnnnnnn

Reference material (RMs) are used in all stages of measurement
process, including for method validation, calibration and quality
control. RMs are also used in Interlaboratory comparisons for
method validation and for assessing laboratory proficiency.

ISO/IEC 17025:2017 - General requirements for the competence of testing and
calibration laboratories - Normative Reference in ISO 17034.




Use of RM - ISO 17025:2017

6. Resource requirements

INTERNATIONAL 1S0/IEC
STANDARD 17025

v' Measuring equipment shall be calibrated
v" Metrological traceability of measurement results shall be
maintained
v" Measurement results shall be traceable to the
International System of Units (SI) through ...
v
v Certified values of CRMs provided by a competent
RM producer with stated metrological traceability to

the SI
v
150 IEC
Bq
=) National Standard of Activity of Radionuclide (efficiency calibration of
Traceability of IAEA Radionuclide RMs gamma spectrometer)

=——) National Standard (regularly calibrated balance)

kg



Use of RMs - Calibration

Calibration - operation performed on measuring system that
establishes a relation between values with measurement

International Vocabulary of Metrology =) uncertainty provided by standards and corresponding —) Traceability
indications with associated measurement uncertainty and

use this information to obtain measurement result from an
indication.

Gamma-ray spectrometry
« Experimental

* Numerical

« Semi-empirical

A 4

(C)RMs for validation/verification of method (including efficiency calibration)

CRMs for efficiency calibration



Use of RM - ISO 17025:2017

7. Process requirements

INTERNATIONAL 1S0/IEC

STANDARD 17025 v' Selected method fit for purpose
v" Method verification
v" Validation of non-standard methods, lab-developed
methods and standard methods modified or used outside
their intended scope
v" Method validation
oo
v’ Calibration or evaluation of bias and precision using
reference standards or RM

v

— v' Assurance of the validity of the results

1591 v" Use of RM or QC samples

v" Use of check or working standards with control
charts

v Intermediate checks on measuring equipment




Use of RM - IS0 17025:2017

« Calibration (CRM)
QA/QC activities

— Method verification
— Method validation

General requirements for the
tingand cali

comp
laboratories




Reference Material Production

ISO 17034:2016 T —
General requirements for the competence of
reference material producers ——

identifikationsnummer [ iD-number: 0415

Hersteller / Refere.

uuuuuu of 18.05. 2012

TERC - Accredited RM producer (2022) s—————

4 Qual Antoine ler, 58000 Monaco

International Atomic Energy Agency - Terrestrial
Friedensstralie 1, 2444 Selbersdorf

Aikreditier fang und & d Aust bout the
and. Austrio By benchw gy

Die Aldkreditierurg id erteilt und damit bestatigt, dass die
gefihrien Anforderungen erfllt. Diese Bestitigung darf nur
v wes gronted by o decree which confirms,
thot the Conformily Assesiment Body fulfi fis the given . This f 2




Reference Material Production

Scope
production of matrix CRMs characterized for activity concentration of (gamma-ray emitting)

radionuclides

supported by analytical techniques, operated in accordance with ISO 17025:2017 requirements:
gamma-ray spectrometry
particle size analysis
dry-weight determination

Purpose
 to ensure consistent quality of IAEA CRMs provided to MS laboratories through

internal harmonization and documented processes and requirements
 international harmonization through compliance with ISO 17034 requirements

Objective
to be accredited as a reference material producer as per requests from MS laboratories. They will

benefit from the added value to the CRMs the IAEA provides (e.g., for their own accreditation as
testing laboratories).




Quality Management System

Quality Manual
and supporting
documentation

Well-established QMS Systemor Trainedan
- To support RM production A records o
- To ensure fulfillment of the scope

and objective of accreditation

Validated, fit- Quality
for-purpose Assurance

methods Operations

Instrumentation:
calibrated and
regularly checked




I Internationally harmonized requirements (ISO)

°®

General...

O-
)
oo

Structural...

Resource...

... requirements

Qo

oY%
J
<O

Technical and
production...

e —IF’_E
Management
system...

INTERNATIONAL
STANDARD

150
17034




Overview of Clause 7

- . ke A 7.8 Data integrity and
|_'- fez Pl E-i evaluation
7.14 RM documents and
E labels
Q 7.3 Production control ‘-L 7.9 Metrological traceability
¢ EmET
7.4 Material handling l-i-i-i-l 7.10 Assessment of
and storage homogeneit
‘-' J J Y 7.16 Control of quality and
v p— - technical records
_ monitoring of stability 7.17 Management of non-
conforming work
7.6 Measurement N
:é 7.12 Characterization
@ 7.18 Complaints
7.7 Measuring ) 7.13 Assignment of property
1 equipment ) values and their uncertainties




I Project design

Homogeneity

assessment
. . Material Value Preparation of ili
Specification L Processing Packaging Characterization . P Stalb'l't_""
acquisition assignment RM Document monitoring
Stability
assessment

§
%\ Commutability “,I
! assessment !

—— =

Adapted from ISO 33405:2024, Figure 1




Reference Material Project Planning Form
MNAEL.RM.F.00.01 Rev.0d

1. General information on the candidate CRM

I Planning

Cade TAEA-XXX
Planned nams Short name

Diescription Short description, e.g. analyte type; matrix; origin

2_ Project Management Details
« Processes which directly affect quality of RM Responsieproe o

Altermate project officer

» Documented production plan

Project team members

« 217 items to be addressed project approval

3. Selection and specification of candidate CRM

5.1. Origin of production request and justification

Requested by ., reason for preparztion (reference to customer neads)

3.2. Matrix and sampling infarmation

enViron mental COnditionS L Deszcription, including origin of bulk material, sampling details, supplier, etc
labelling equipment calibration F2 L veresten f eney
. . . Short description, e.g.: bazed on accompanying doocuments, visual check, ...
.... homogeneity acceptance criteria 33, Planned messurands
Sta bi I it testi n ) ) ::e_:surand: please specify, e g. activity concentration, mass fraction, isctope amount ratio, activity
y g uncertainties - _ _
. . Measurand/Analyte Target value range Target uncertainty Metrological grade
characterization storage
Choose
post-distribution services ... =

Choose

Choose

Choose




Material handling and storage &

» Ensure integrity of candidate RMs throughout
production process

» Adequate packaging and labelling

» Appropriate storage location — controlled
conditions

« Assessment of condition of RM at appropriate
intervals throughout storage period




Material processing -

* Drying

« Milling/grinding

« Sieving

« Homogenization (bulk homogeneity assessment)
» Protection from contamination

« Stabilization (sterilization by irradiation)

« Packaging (bottling)




I Measurement procedures & e

In accordance with relevant requirements of
ISO/IEC 17025:2017

foses



I Data integrity and evaluation

« Data security

« Calculations and data transfers = appropriate checks

- Four-eye principle

« Validation of spreadsheets and software

NAEL.RM.F.006.03 Uncertainty C: ions Template - Formulation property values

Material code IAEA-482 Data Entry Name Date
Matrix Fish Prepared by Sian Patterson 2/29/2024
Spiking reference (MSS/DRSS preparation) Checked by Ivana Vukanac 5/30/2024
Radionuclide K-40 ‘C9134 |C5—137 ‘Pb—210 |Ra—225 Ra-228 ‘Th—228 |

Uncertainty components (coverage factor k=1)




I Assessment of homogeneity

ISO 33405

prior evidence « experimental assessment
‘...in its final packaged form...’ IS S =l
‘...every property of interest...” (exception: evidence of similarity)

"...measurement of a representative number of randomly chosen
units...’

validated measurement procedures

between-unit and within-unit homogeneity
» between-unit — to ensure all units are equal
» within-unit — to ensure uniformity when using subsamples

determination of minimum sample size

[cert. values]
uncertainty contributor from heterogeneity (or shown to be negligible)



I Stability of assigned property values

pre-release

ISO 33405

» Assessment of stability during transport

 short-term (= transport time)
 transport conditions (e.g., elevated temperature)

+ Assessment of stability during storage

* long-term (typically = ~12 months)
 storage conditions

Experimental design —

selection of representative subset of RM units
choice of suitable measurement procedure
(precision, selectivity)

measurements under repeatability conditions
statistical evaluation

Estimate the uncertainty of certified
value due to instability

Predict shelf-life / assign appropriate
period of validity / monitoring
scheme to detect any changes in a
timely manner

Establish instructions for users

» storage conditions,

 repeated use (aliquots from
one unit)



Stability of assigned property values

Long term stability monitoring — appropriate scheme

* Control measurements — confirmation of certified values
* Extension of validity

post-release




I Characterization

- Determination of the property values
- Determination of associated uncertainty
- Provide evidence of the metrological traceability

Examples for appropriate characterization strategies

1. using a single reference measurement procedure in a single laboratory
a) without direct comparison to a similar CRM
b) value transfer from an RM to a closely matched candidate RM performed using a single
measurement procedure performed by one laboratory;

2. characterization of a non-operationally defined measurand using two or more methods of
demonstrable accuracy in one or more competent laboratories

ISO 33405

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

4. characterization based on mass or volume of ingredients used in the preparation of the RM



I Characterization considerations

« measurement plan with clear description and communication

« demonstrated competence of involved laboratories
“by using data from each laboratory that was not obtained on the
material to be characterized”

« > 2 substantially different measurement principles (case 2) — where
possible

» Technical evaluation of received data and documents
to confirm adherence to the measurement plan



Assignment of property values and uncertainties

Directly dependent on choice of characterization approach

Value assignment by characterization (e.g. network of expert laboratories)
Description

- experimental design and statistical techniques

- policies on treatment of anomalous results

- use of weighting techniques (considering different procedures / different measurement
uncertainties)

Consider available technical information including reported uncertainty information and
evidence of laboratory performance



I Assignment of property values and uncertainties

Statistical techniques ‘ ]\

Choice depends on study design and
obtained dataset

. Weighted
* number of datapoints ean
 independence of individual points A.2.4. of 1ISO33405
- e Power-
« Comparability of uncertainties of Mandel- moderated
measurement / variability Paule mean mean
Robust
statistics

Certified value shall be a good estimate of a true
value and not just the average of a population.



Uncertainty of certified values

« ldentify uncertainty contributors — as a minimum from:
—  Ugpqr Characterization
— Uy between-unit and within-unit heterogeneity
— uys changes of property values during storage
u.:s changes of property values during transport

_ 2 2 2 2 2
Ucrm — \/uchar + uhet + ults + Usts [+uother]

Ucrm = K - Ucgrum




RM Document

Certificate (CRM)

Content in accordance with 1ISO 33401:2024

Reference sheet (RM)

Containing all information essential to the
use of RM

Certification Report (not requirement of
ISO17034)

Containing information essential to the use
and production of RM

Title
CRM identification and name
Material description

Assigned property values and uncertainties

Metrological traceability statement

Period of validity

Instructions for storage and handling
Producer information

Name and function of approving officer

page 1 of n




Reference Materials-Radionuclides

Radionuclides

Reference Materials under ISO 17034 accreditation
Certified Reference Materials

Reference Materials

IAEA

.

ied Reference Material
CERTIFICATE
IAEA-464

RADIONUCLIDES IN BROWN RICE
Centified values for activity concentration

{based on dry mass}
Radionuclide  Gertified valug™  Uncertaimty Halfdifa [1] Romark
[Bg kg ]
o 721 az 1. 2504420010 yesars:
s ‘e oe 30.018(22) years.
{a) Certifed values are cakculated from the sach being

accepied data sets.
cbtained by a diferent laborsory falowing IS0 33405 (21
B} hummyuwum as a combined standard uncestai

nty
or k = 1) estimated in accordanoe with e JOGM 100-2008
r: ED!!QM [ -

Information valugs for activity concantration
(based on dry mass)

Hai 3o [1]
1B k7| [Bokg')
ey 120 04 2.0644{14) years
fal Infomunmum are calculated from the accepied data sets, each
a iffer ¥ g IS0 33405 (2]
thl The ummyuswum as a combsned standard

ncestainty
k= 1) estimatied in sccordanos with the JOGM 100:2008
[y "

FReforonce date for all specified radionuclide decay comections: 01 January 2015

Fage 15

Certified Reference Material
CERTIFICATE
IAEA-434

RADIONUCLIDES IN PHOSPHOGYPSUM
Certified values for activity concentration

{based an dry mass)
Radionuclide Cortified valus Uncertainty™ Half iife [1]
[Bg k| [Ba kg
TP [ ] 2223(12) years
““pa TED =] 1600(7) years
= 21 El T.54(3) x 10" years
g 120 ] 2.4558) x 10° years
sy 120 1 4.48845) x 10° years

{a) The uncertainty bs expressed as a Mixure madel median based
standand deviation S{MM-medan| at 95% confidence leved [2].

Reference date for all specified radicnuciide decay corrections: 01 January 2008
Origin and preparation of the material

The material in Gdansk (Poland) in 2003, The
maberial wars dried and miled by:narp! millin Iesm:n‘ﬂﬂum and homegenized.

Bomting of LAEA 434 was camied aut under nomal mnmmryounmm uung all
Paortons

rions of

Sealed wih securty pofyeSyiene caps and labetied wits he code AEA-&34, mrmnmg
by gamma. with a sotal dose of 24 kGy using a Co-

60 scurce o ensure long.berm stabilty of he material by inhibiing microtal actcn.

Homogeneity of the material

For e 10 bofles wese randho
sekecied, nmnmmmma!z:glmmmm:mwzﬂm
gamma-ray spectometry for ““Pb, “*Ra, ““Th, **U and “*U. The homageneity of ““Ra
was. alsa tested by analy npl gram from fve batties using alpha

RE_WEALI_Rev.01 | 20230206 Page 1ai8

WAGL Rl F.007 £ Fowe 4_Tampinte for ot ficats (ad bectites)

% International Atomic Energy Agency
b } Analytieal Quality Control Services

Wgramer Strasse §, FO.Box 1040, A-1400 Vienna, Austria

REFERENCE SHEET

REFERENCE MATERIAL
IAEA-312

“Ra, Thand U
IN SOIL

Dae of fssmsc: Janmary 2000

Becommendod Valucs
(Based an dry weight)
Reference Dare: 36 fanwary 1985

. N Recommended YValue 95% Cenfidence luterval N
*Ra 269 250 - 287 3
. " kmnl:ﬂﬂﬁl Value 95% Confidence Interval N
Th LI H15-10L5 n
u 165 157174 »

Namber af sccepied laborstory mesnr which were ared 10 colulase the recommendea valaer avd confidence
praerh

Revinion of he ortgenal refenence shert dted fnasry 181

The values listed showe were established on the basis of statistically valid results
subasitied by laborawsies which had panicipated in an isternational iezcomparizon exercise
organized during 1990 The details concerning the criterin for qualificstion os a recommended
value can be fowsd in the report (IAEA/ALIG36) “Repont oo the Inercomparison Run
IAEA-312: o, Th ond U in Seil” [L]. This repant is availsble free of charge upon
request.

[


https://analytical-reference-materials.iaea.org/radionuclides

I IAEA Reference Material Certification Committee
(RMCC)

Clause 7.2.1 of ISO 17034:2016: RM producer can establish a technical advisory group to make
recommendations on part or all of the processes, i.e., to check that all work, data and documents
(related to a certain reference material) are fit for their purpose.

« To overview all aspects of RM production (characterization, selection of subcontractors,
homogeneity and stability testing);

« To approve certified or information values;

« To approve release of the IAEA RMs;

» To ensure that RMs comply with ISO standards and related internal QMS documents;
« To assign the selling prices of the IAEA RMs;

« To check and revise the status of RM over the material lifetime (extending, withdrawing from sale,
discontinuing, introducing a revision of reference sheets, requests for re-characterization)



l  RMPin TERC

 Long tradition (since the 1960s)
« Worldwide provider of CRM and RM
 Accredited RM producer (since 2022)

« The TERC holds the primary reference
materials for H, C, O, N and S stable
isotope ratios




Reference Material activities in TERC

AEAorg  NUCLEUS

{\@} IAEA | Reference Products for Envir ¥

cides  Trace Elements  Organic Compounds  Stable Isotop) " | N \ " 'I!. . . | - l We b_s h O p fo r R M S

Reference Materials Chare

e Storage, logistics & dispatching

Production, processing, splitting
*  Monitoring existing RMs

* Replacement RMs

* Planning new RMs

* Feasibility studies, homogeneity
and stability tests &
characterization of new RMs




Reference materials can be ordered at:
https://nucleus.iaea.org/sites/ReferenceMaterials/

Reference Products for Environment and Trade

The IAEA provides reference materials (RMs) to laboratories world-wide to assist them in the quality assurance of the results they obtain by nuclear analytical techniques. More than 90 different reference materials are
distributed by the Agency. Each of these is characterised for analytes belonging to one of the following groups: Radionuclides, Trace Elements and Methyl Mercury, Organic Compounds, Stable Isotopes. The IAEA is the world's
largest supplier of matrix reference materials characterised for radionuclides. Some of the IAEA reference materials characterized for isotope ratios are at the highest metrological level as international measurement standards

Reference Materials Catalogue

Reference materials characterized for:

 Trace Elements (and Methyl Mercury)
+ Radionuclides

« Stable Isotopes

* Organic Compounds

Documentation for Reference Materials that are no longer available
« Archive

Note: For general inquiries, please continue to use our contact point at: Analytical| -Materials. Contact-Point@iaea.org,

Radioactive (top) and stable isotope
(bottom) reference materials


https://nucleus.iaea.org/sites/ReferenceMaterials/

~ 100 Reference Materials are available

H Org.Contamin.

M TraceElements
= RadioNuclides

W Stablelsotopes

About ~2000 RM u
from ~80 countries

B



TERC s Worldwide Proficiency Testing exercise

«  Support the MS’s laboratories in improving their measurement
capabilities in environmental monitoring and in providing reliable
analytical results

 One of the first services to Member States since the IAEA had been
established (Intercomparison)

«  Connection to the RMP (value assignment through organized
interlaboratory comparison)

« It supports quality assurance within the laboratory including
ISO17025

» Facilitates continuous development in analytical quality

»  Provides new challenges such as simulating nuclear emergencies
or demonstration of real environmental situations

«  Gap analysis and follow-up training
« PT 2024 ~ 500 laboratories

Proficiency Tests can be ordered at:

Reference Materials-Proficiency Tests A proficiency test sample kit (top) and

sample kits ready for dispatch (bottom)



https://analytical-reference-materials.iaea.org/proficiencytests

Conclusions

* RMs play an important role in measurement process — used in all stages,
including for method validation/verification, calibration, quality control and
quality assurance

« The quality of the RMs used in the analytical laboratory directly reflects on the
quality of the obtained results

« High quality of RMs is ensured through compliance of RM production process
with relevant standards and recommendations

» Certified RMs must meet high requirements regarding homogeneity and
stability, as well as the uncertainty and traceability of certified values

» Usage of RMs contributes to ensuring accurate and reliable results for
environmental radioactivity measurements - providing a basis for informed
decision making in management of environmental contamination or to ensure
the safety of food and drinking water



I References

« IS0 17034:2016 General requirements for the competence of reference material producers

« |ISO/IEC 17025:2017 General requirements for the competence of testing and calibration
laboratories

e SO Guide 30:2015 Reference materials — Selected terms and definitions

« IS0 33401:2024 Reference materials — Contents of certificates, labels and accompanying
documentation

« 1S0O 33405:2024 Reference materials — Guidance for characterization and assessment of
homogeneity and stability

« JCGM 200:2012 International Vocabulary of Metrology — Basic and General Concepts and
Associated Terms (VIM)



() 1AEA

International Atomic Energy Agency
Atoms for Peace and Development

Thank you!
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