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Foreword

This report focuses on the technical evaluation of the REM (Radioactivity Environmental Monitoring) 2019
gross alpha/beta activitgoncentration measurements drinking water proficiency test. It contains details on

the material characterisation, performance evaluation (the key scores of the participants), information on the
participantd®rganisationthe applied analytical methods and&dback from particignts.

The REM 2019 proficiency test was performed within the institutional work programme of the JRC
DirectorateG (Nuclear Safety and Security) as described in Hh2020 JRCEWork Package SELMER (Support

to EuropeanLaboratories Measuring Environmental Bactivity) in and the JRCProject SARA (Science
Applications of Radionuclides and Actinide materials). It is conducted on request of DG ENER to support their
work in implementing Article 35 and 36 of the Euratom Treaityd thereby also supporting ArticZ9.



Acknowledgements

The authors want to express their sincere appreciation to all the 154 participating laboratories (listed in
Annex 6) for their acive collaboration.

This proficiency test exercise would not have been completed without the commitment and coopeaodtion
Edmond Dpuis, Michel Bruggemarand his technical stafffrom the Low-level Radioactivity Measurements
(LRM) expert groupt SCK CERKBelgian Nuclear Research Centre in Mol, Belgiiam@ioing gross alpha/beta
measurementsand nuclidespecific analysis.

Also many thanks to the following JRC colleagdiessupporting the PT exercise

- JRCGGeel, F.6 Reference Materials Unit: Hakan Enmgbloma Huybrechts, Diana Vernelen, Heidi
Dierckx (Tecnubel) and John Seghdos material processing, packing and providing temporary
storage rooms,

- Members of the advisory group (Head of Unit ad interim: Arjan Plompen, 17043 Quality
management: Petya Ma, Project Leader: Mikael Hult, Statistical advisor: Stefaan Pommé, Jan
Paepen, External advisor: Piotr Robouch from- @€l Directorate F.5 Food & Feed Compliance Unit),

- JRGGeel, F.5 Food & Feed Compliance Unit: James Snell and Geert Van Britsonrfiompe
complimentary ICROES elemental analysis

- Radionuclide Metrology team in JRE&gel Unit G.2. Standards for Nuclear Safety, Security and
Safeguardsfor helping in many stages of this PT proje@h particular Heiko Stroh, Petya Malian
Paeperand Gerd Marissens)

- Georgios Dalakoglou, Giacomo Maretti and Patrick Vande PaeiGéRIHealth Physics Service,

- Heiko Stroh, Mikael Hult, Gerd Marissens -B®€l, Directorate G.2 for gammray spectrometry
measurements,

- JRCGeel Directorate R.6 Resoartlanagement Geel, Central Store staff: Pascal Vergucht, Sigrid
Beutels, Ellen Weckx.

- Brigitte FontenelleJRCGeel Directorate F.6 Reference Materials Unit,

- Aneta Stroh JRGeel, Directoratd-.5 Food & Feed Compliance Ufat providing support linked to
on-line reporting,

- Maurizio Forte, RosellRusconi from ARRPBombardia(ltaly), Jasmina Kozatogar from the Josef
Stefan Institute (Slovenia)and Simon O'Tooldrom the Envionmental Protection Agency (ER@
Irelang for the discussions andomments

- Sandor Tarjan from the International Atomic Energy Agenigrrestrial Environment Laboratofgr
forwarding the REM2019 Pannouncement to the European members of the ALMBR#vork,

- Gilles Oehler and Arnaud Collignon at Spadel,
- Marc de Cort from JRGpra, G10 Knowledge For Nuclear Safe8ecurity and Safeguards unit,

- Vesa Tanner and Michael Hubel from European Commission Directorate General Energy, (DG ENER)
D.3 Radiation protection and nuclear safety unit for the good collaboratioimplementing Artile
35.

Authors
Viktor JobbagyEdmond Dupuis, Hdkan Emteboljkael Hult

! Since July 2021 freelance expert and available at dupuis.edmond@gmail.com



mailto:dupuis.edmond@gmail.com

Abstract

A large scale Europwide proficiency testgometimes referred to alREN019 PT) on the determination of

the gross alpha/beta activitgoncentrationin drinking water was organised by JR&2el. The 84 participating
environmental radioactivity monitoring laboratories were either nominated by their corresponding national
authorities or invited by JRC to participate

One spiked water sampléJRCGAB2)and a commercially availabl@atural mineral water(JREGAB1)were
selectedas reference materials for thigroficiencytest after initial testing usingnuclide specific analyss and
gross alpha/beta measurement$he JRESAB1 reference material (imeral waer) had intermediate mineral
content and gross activity above the parametric valudsefined in the EDWD (Euratom Drinking Water
Directive) Theoriginal mineralwater was collected from a natural water source in France.

Reference values were establishéul collaborationbetween the JRGeel andthe Belgian Nuclear Research
Cente (SCK CENThe homogeneityshort-and longterm stability of the batch of distributedPT reference
materialswere checkedtheir contribution to the uncertainty of the referens@lue was assessed

The assigned reference valuer the spikedPT referencematerial was established by gravimetric spiking
(often referred to asformulation by weighing)For the naturaPT referencematerial, the assigned reference
value for grossalpha activity was established byradionuclide specificanalysis whilst the grossbeta
reference value was established by calculatitige gross activity fromseveralreferencemeasurements using
the powermoderated mean of theindividual measurement resultsFa the homogeneity andshort term
stability study, threeindependent measurement methods were usedpha particle spectrometry(AS) liquid
scintillation counting(LSC)and inductively coupled plasmaptical emission spectrometrylGROES. The
uncertaintyof the reference values includes the uncertainty related to stapjlbetweenbottle homogeneity
and characterisation of PTeferencesamples

The performance of each participating laboratory was evaluated with respect to the reference value using
relative devations, zscore andzeta-score. AdditionallyYouden plots and?omPlotswere made to visualise
reported data in comparisonto the reference values Thereportedresults were evaluatecand grouped by
analytical methodsto check for method dependengcyaccreditation, radionuclides used for efficiency
calibration, time delay and if documented 1SO standards were followed

It was found that theclose to 50% of the gross activity results still deviate more than the standaeViation

for proficiency assessmentgy) which was set to 30% fodRCGGAB1sample and 20% forJRCGAB2sample,
respectivelyThegeneralmeasurement performance ithus not satisfactoryregardless of the methods used.
Thissuggests thatthe existing analtical proceduresand internationalstandards need to be critically revised
and harmonisedfor gross alpha/beta measurement in order to obtain more reliable and comparable
measurement resultsiurthermore, when the reported value with its uncertainty wasleated using thezeta
score,evenfewer acceptable scores were found: 41% and 55% for gross alpha activity concentration; 38%
and 62% for gross beta activity concentratioin JREGAB1 and JRGAB2 PT reference materials
respectively A key problem is thamany variables influence and might interfere gross activity measurements
Thismakesit difficult to keep the analytical conditions under control and can l¢acpoor repeatabilitywhich
affects accuracy as well. Therefore, i$ of great importance to Brmonise methods by fixing as many
parameters as possible via true standasdtion of the analytical methods.

Howeverjn certain caseghe performance ofmethods using-SCand proportional counting techniguegems

to be better than tlose based on solid state scintillationountersor other detectors. On the basiof the 14

best andmost consistently performing participant® methods), JRG proposing’Best practices 0 j ajggijr
briefly in this report



1 Introduction , policy context

This & a detailed technical report describing large scale Europaide proficiency test (referred to as
"REM2019PT) ongross alpha/beta activity concentration measurements in wateganised by the European
Commission's Joint Research Centre in Geel, BeldiliR€Geel).The purpose of the REM20I3T was to
assess the analytical capabilities dEuropeanenvironmental radioactivity monitoring laboratories on the
determination of gross alpha/beta activity concentration in drinking waters.

TheREM2019PT was orgaised on request of the EU member statdsuratom article 35/36 experts with the

approval of the European Commission's Directer&@eneral for Energy (BENER) as a repetition of the
REM2012 exercise (Jobbagy at., 2015, 2016. This European sde PTsupportsthe EURATOM Drinking
Water Directive (EURATOM, 2C¢1@¥ferred to as the EDWD)and was considered as a high priority project
after the outcomes of the REM2012 PT.

The G.2 unit of JRGeel organises on request of PENER regularly proficiency tss(PTs) involving
laboratories that monitor radioactivity in the environment. These support the implementation of the Euratom
Treaty Article 35 and 39. The aim is to check comparability of measurement results and verification of data
submitted to the Eupean Commission (EC) by European Union (EU) Member States (following Article 36).
These PTs are usually linked to regulation dealing with radioactivity in environmental matrices, food or feed.
One of the fundamental EU directives in this field is theDB\D, which covers several naturally occurring
radionuclides and gross alpha and gross beta activity concentration due to their impact on human health.

Twotypes of PTreference materialswere distributed to participants: (i) a natural mineral water contagin
naturally occurring radionuclides and mineralsamed JRCEGAB1, and (ii) a spiked water sample prepared
gravimetrically by spiking of demineralised laboratory water at I&€e| namedJRCGAB2.

In total, 154 participants registered for this PT. Out of 4participants 145 submitted at least ongross

alpha/beta activity concentratiomeasurement result which totalled 709 individual measurement results.
addition to the gross alpha and gross beta activity concentrations, we requested the participadtéomine

the total dissolved solid (TDS)ontent of the PT reference materials which gives information about the
mineralsation of the water samples.

Due to the coronavirus pandemic, the initial deadline for reporting (20 March 2020) was @&ty two
month (17 June 2020)to allow participants to submit their measurement ressiltSince another closure was
introduced at JR@eel in July2020 and priority was given to quality management related tasks (e.g.
accreditation)until February 202]1the preparatia of the PT report wagut on hold.

Some of theREMPTs organisegbrior to JRGinvolvement in2003 displayed some deficienciezlated to the

lack of metrological traceability, a missing or incomplete homogeneity and/or stability study of the material.
This PT provideseference materiad with homogeneity and stability tested according to 1$&vide 35:2017

ISO 13528:2015and induded interferencefree material with metrological traceable reference valué®m
measurements/certificated of individual radionuclides

The REM2019 PT followed the ISGuide 35:2017, ISO 17034:2016, ISEC 17043:2010 and 1SO
13528:2015 standards on chaacterisation of reference materials, production of reference materials,
organising proficiency tests and performance assessments, respectivEiee gammaray spectrometry
measurements at JRGeelwere done according t6SOQIEC17025:2017, the gross alpha/leta measurements
and the methods for U, RB10, Ra226 and Ra228 measurementsat SCK CEMNare under ISO/IEC
17025:2017 accreditation

This report focuses on the technical details of the PT preparation, data evaluation and analysis. Furthermore,
the questicnaireassociated with this P15 evaluated and the participantéeedback is presented.

As a very important milestone his project passed a rigorous assessmeathitiring an external audit by the
Belgian Accreditation Body (BELA@)February 2021as part of the JRC Directorate G.2 accreditation
procedure for ISMEC17043:2010.

2 Council Directive 2013/51/EURAT®@K22 October 2013 Laying Down Requirements for the Protection of the Health
of the General Public with Regard to Radioactive Substances in Water Intended for Human Consumption



https://eur-lex.europa.eu/legal-content/GA/TXT/?uri=CELEX:32013L0051

2 Project management and organisation details

2.1 Responsibilities and roles

The REM2019 PT was organised by the European Commission, Joint Research Cent@ed)RC
Retiesewed 11, B-2440 Geel, Belgium.

The communication between the organiser and the participants was mainly done using the functional mail
accountJRCGGEEREMCOMPARISONS @ec.europa.eu

The responsibilities among¢ihe involved staff of the organiser:

- Viktor Jobbagy: PT coordinator, packing, logistics, liquid scintillation counting and-pdpticle
spectrometry analysis, reportingnain author of report

- Mikael Hult; team leadegammaray spectrometryand qualitycontrol

- Hakan Emteborg: team leader, PT referemsaterial processingnd storage,

- Petya Malo: logistics assistant, administration, quatitntrol.

- Heiko Stroh: packing, logistics, gamirey spectrometry analysis

- Gerd Marissengacking gammaray spectrometrylogistics

- EViIi KV kTis5 k\~Afdib' _\Vol glgd_Vodji ja k\mod~rdk\
- Kdjom Mj]l]jp~rc5 I pVgdot ~jiomjg'. _\Vo\ qg\lgd_\Nodji |
- Katarzyna SobieciMatura: internal review of the repart

- Ulf Jacobsson: G.@nit Quality Officer developer othe REMPES application

- Advisory group members: Arjan Plompen Head of Unit ad interim, Petya 18&d 7043 Quality
management, Mikael Hult as Team Leader, Jan Paepen and Stefaan Pommé as Statistical advisors,
Piotr Roboah as External advisor.

2.2 Subcontractors, collaborators

JRCGeelsubcontracted some of the tasks to other JRC directorates and an external expert insiitutee
field. The main contactand the nameof each collaborating entityare listed below:

- Edmond Dupis andMichel BruggemanSCK CERKBelgian Nuclear Research Centre in Mol, Belgium)
performing preliminary material characterisation, radionuclide specific and gross activity
measurementsSCK CENMs accredited according to 13l8C17025:2017 to perform gross alpha and
beta activity measurements in wateys

- Hakan EmtebordJRGGeel, F.6 Reference Materials YnRT referencematerial processing, packing
and providing temporargamplestorage rooms JREGeel Dir.F.6 is an accredit€krtified Reference
Materials producer according to ISO 17034:2Q16

- James Snell(JRCGeel, F.5 Food & Feed Compliance YJrnerforming complimentary ICBES
elemental analysis

Edmond Dupuis fronSCK CEMctively contributed to the REM201BT by enablingaccess to the natural
mineral water sample performing prelimmary material characterisationradionuclide specific measurements
and giving technical support throughout the PT. The measurement results 8 CEMere either used to
confirm the JR&Geel neasurement resultor used solely for assigning reference value

2.3 Participating organisations, participation fee

The participation in the PT was based predominantly on nominations and direct invitation by either JRC or the
International Atomic Energy AgenglAEA) through their network. Priority was given to the environmental
radioactivity monitoring laboratories nominated by the EU member stéd€sratom article 35/36 contact
points and authorities. In total 154 laboratories from all over Europe particigate the PT (from 26 EU
countries and 11 EU associated countries). In addition to the registered organisations;d&Ceceived
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additional participation requests by-mail. Unfortunately, these requests were rejected because they were
either received afer the registration deadline or participation requests were coming outside Europe (USA,
African or Asian countriesihere other financial or logistics issues could have emerged (e.g. custorhs).

full list of all registeredlaboratories with their affilidions is presented ilAnnex 6.

Participation in this PT was free of charge. All costs regarding the PT organisation were covered by the PT
coordinatororganisation JRCGee}, except the sample analysis related costs.

2.4 Timeline and announcements
Table 1 shows the REM 2019 PT tentative time line.

Table 1. Timeline of theREM2019PT exercise.

EC Directorate for Energy anHURATOM Art. 356

September2018 expert¥meeting: request to JRC

JRCEGeel contacted national authorities, laboratori¢

July-Aug 2019 requesting nominations and expression of interest

Invitation letter sent to the nominated/interested

3 September 2019 laboratories

14 and 25 September 2019 Registration deadline

7-14 January 2020 PT material shipment to participants

Initial submission deadlinefor laboratoriedAresults

20 March 2020 . )
and questionnaire

17 June 2020 Extended submission deadline due to Covi®

situation
3 September 2020 Preliminary results sent to participants
4-6 May 2021 Followup virtual-workshop on REM2019 PT
2021 O ~ci d~ \Fipal repoib j mo  # ©

The announcements and communication documents are presentéghirex 1-6.

Note:Due to the coronavirus pandemioany laboratories running at limited capacity $iee initial deadline for
reporting (20 March 2020) was extendadhtil 17 June 2020, to allow participants tperform measurements
and submit their measurement result. Since another closure was introducedR&Geel in July2020, the

preparation of this PT report was further delayed.

2.5 PTreference materials

To run a representative PT, the selection of test ite(R3reference materiad) is a crucial step. Therefore, our
first objective was to select waters aslose to the samples European laboratories usually measase
possible For this reason, rainitial radioanalytical surveyto study the naturally occurring alpha emitting
radionuclides was carried out isome different mineral waters from the European mket. The advity
concentrations of the most abundamtaturally occurring alphamitting radionuclides?*Ra,?'°Po,?3*U, 23U,
238y and??Th) were determinedn order to find representative water samples of natural giri for the gross
alpha/beta PTthe following important parameters were taken into account during € referencematerial
selection: activity concentration of the alphemitting radionuclidessalinity and the chemical compositionn



terms of salinity, the selected PT test items wepeferably in the range where the majority of drinking
waters are (~501500 mgL?). It was also decided that apart from a natural matrix water, spiked PT
reference materialwould be preparedyravimetrically. The latter sample is one step away from thatural
samples the European monitognlabs are measuring in theirdaily work but the reference activity
concentration will have a lower uncertainty so it is useful to combine the two types of samples in aes.

in total two types of waters were selectd as PTreference materials a natural origin mineral water (JRC
GAB1) and a deionised water that was spiked (JR&BZ2) with alpha and beta emitting radionuclides and
inactive inorganic salts to better represent typical water saniple

Monitoring laboratoies have to be confident in measuring acti@$ near the screening levelsf the recent
WHOguidelinesand EDWD (WHO,2017; EC, 2013) and should meet theecommendations on detection
limits. Thereforewe selected the PT samples considering thgeeformance quality parametersis shown in
Table 2.

Table 2. Sourcesand parametersused for establishingequirements for theREM2019 PT water selection.

Parameter Activity concentration (Bq L 1) References

0.02-0.1 ISO 9696:2007; ISO 9692008
Limit of detection

Grossa = 0.04;Grossb = 0.4 EC, 2013

Grossa =0.5;Grossb = 1 WHO2017
Screening levels

Grossa =0.1;Grossb = 1 EC, 2013

Each water sample was filled in a-L bottle (See chapte2.6). After filling, each bottle was wiped dry
carefully using towels and paper tissues. There was approximately 1 kg of water in each bottle which was
controlled wih a balance during dispensing. This volume was expected to be sufficient for typical gross
activity analyses.

Major chemical charactésation of both PT reference materialsvas performed.They contained calcium,
magnesium, sodium, potassium, chlorides amittates and noninterfering trace elements as carriers. Both
water samples were acidified with nitric acid to adjust p@ll-2 following 1SO 56673:2018 (sectionA.5. A
detailed description of the preparation of the PT reference materials is described in Chater

JRCGABI1PT referencenaterial contaired only naturally occurmg alpha- and beta emittingradionuclides
JRCGAB2PT reference materialcontaired mainly artificial (anthropogenic)alpha - and beta emitting
radionuclides with*°K being the onlynaturally occurring radionuclide in the form of KCI (Merck, analytical
grade, K assay content 99.5%)

2.6 Logistics: packaging and shipment

The PTreference materialswere filled into regular acid proof 1L higHensity polyethylene (HDPE) sample
storage laboratory bottlesGrimp films were used to cover the screw caps serving agi-tamper seal They
werein two different coloursto facilitate visual identification ofthe two different PT samples.

Theindividual PT test itemsassigned to different studieghomogeneity, stability and reference valuelere
selected using a randorstratified selection strategy covering the whole batch. The selection was made using
the Sample Number Assignment Program (SNAP) developed and validated €6 The 460 individual
units of PTreference materialsvere split in the following way:

- 308 units per PT sample were sent to the participants,

- 10 units per PT sample were assigned for the homogeneity study and assigning reference value
(JREGABL) or verifying formulation/spiking (}3AB2)

- 6 units per PT sample were used in the stability study,

- 96 units per PT sample served as baak.

3 More details onthe  PT sample selection for the previous PT are described elsewhere (Jobbagy et al., 2013).



An example of labelled storage bottles containidBCGAB1PT sample is presented dfigure 1.

Figure 1. REM2019 PTeference material (JRC GAEdfjer dispensing into storage bottles.
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Sincetemperatures below freezing pointould beexpectedin some casesspecial precautions were taken to
ensurethat the PT material arrived aall the participaing laboratories in good condition. Therefore, robust
physical and thermal resistant packaging transport boxes were used (model: EXAMQHRatEk 20L). They

are insulated containers moulded in technical polyurethane foam accommodated in wagéstant
cardbard. Double layered card board boxes were used for shipments where there was no risk of sample
freezing.

The package containethe two units of PT referencematerials a natural mineral water (JRGAB1) and a
spikedASTM (American Society for Testing andtéials) D119306 type-1l laboratory water (JRGAB2)The
HDPE bottles containing the water samples were put into a layer of spill adsorbing material and eventually
into a sealable plastic foil tawontainany spillage during the transpart

Each packageldpped to participants contained the following items:

- 2-4 units of PTreferencematerial in 1L HDPE bottke eachwrapped in bubbldoil sealed in a plastic
bag,

- accompanying letter,
- material information sheet,
- sample receipt form.

The packages containinghe PTsamples were distributed by a logistics company. In general, gjhekages
arrived to the participing laboratories withinl to 10 days after dispatch. In some cases there were some
delays due to e.g. customs procedure outside tBehengenarea or internal procedure reasons at the
participantd/prganisation.The activity of theshippedPT samples were well below the exemption levels in
terms of both activity concentratiorand total activity.

Upon arrival of the package, the participants were req@esto send back immediately th&ample receipt
form (Annex 5) by email to the PT coordinator.

Participants were instructed to store theRT samples in a dark place between +€ and +20 °C..The PT
organiserrecommenetion was to store the sample bote at room temperatureprior to any analysisuntil it
reached thermal equilibrium with its environment.

All samples arrived at the participants without any major problems. Qomlg participant requested additional
samples to do extra measurements.

10



2.7 Reporting of the results

The reporting of laboratory results was done via the JRC online reporting tool. Participants were requested to
fill in the online questionnaire about their organisation and technical details of the analytical method(s) used.
The link was ent via e mail to the participants.

Participants were asked to submit their results via the following weblink using the personalised password key
provided to each participanhttps://web.jrc.eeuropa.eu/ilcReportingWeb

Participants had the opportunity to report results obtaineég different analytical methodsfollowing the
organisek instructionsincluding

- the measurement technique used,

- onemeanresult per measurementechnique (in mBg/L),

- associated uncertainty and the coverage factor of k.
Note on reference date: in theory, decay correction is not possible for gross alpha/beta parameters. Therefore,
reference date was not given.
2.8 Questionnaire

Participants were asked to fill in a questionnaif@nnex 7) which was composed of four main parts
concerning the information on the laboratory, experience, technical details on measurement methods,
feedback. Information provided in the questionnairaswsed to evaluate the results of the proficiency test in
detail. The questionnaire was available via the following link on the REM2019 PT result reporting website:

https://web.jrc.ec.europa.daReporting\Web

2.9 Data treatment

All results were treated confidentially; identities wesnd will be kept anonymouseven beyond the PT
exercise However, the results and performance @ch nominated laboratorwill be made available to the
laboratory, its national representative(s) (the nominating authority) and to the relevant services of the
European Commission at Directorate General for Energy as announced in the invitatiail Annex 1).

Participants had to agree with our data treatment and privacy policy during the registration to comply with
the European General Data Protection Regulation (GDPR). The participants were informed that the name of
the organisation will appear in the final report.

2.10 Use of proficiency testing results by participants and accreditation bodies

The results and scores of a proficiency testing exercise should be usetkasribed inClause C.4 and C.5 of
the ISO/IEC 17043:2010The aforementionedclauses varn the laboratories and accreditation bodies to use
proficiency testing (especially results from only one PT) as the only tool in the accreditation processes
determine competencePerformance scores from a PT are momentary evidence of competence for that
particular exercise and may not necessarily reflect general kieign competence of a laboratory.
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3 Proficiency test reference material s: processing and characterisation

3.1 PTreference material production and processing

The reference material processing and their treatment was identfoalboth PFmaterials The vessels used
for PT reference materidiomogenisation and production steps are described in-shipter3.1.1and 3.1.2

3.1.1 Vessels for homogenisation and processing

There were two large volume custemade vessels used for homogenisation and processing (one vessel for
each material) (Teblick, Antwerp, BE). Each vessel fulfils the requirements for trace elements in water
reference materials since they can be rigorously cleaned with a sequence of strodgaaci Type | ultrapure
water. The wall of the vessels is a sandwich construction and consists of glass fibre reinforced plastic (GRP)
as outer liner and TeflohPFA (perfluoroalkoxy copolymer resin) as an inner liner. The dimensions of these
vessels are soh that the Dynamixer CM500 (WAB, BaselSwitzerland) can be used for easy cleaning of
these vessels between projects. Consequently before filling with the water and the Type Il pure water, the
vessels were rinsed with >50 L Type Il pure water and platethe Dynamixer CM500. The whole system,
when comprising of four inteconnected vessels, allows homogenisation of up to 2 oh water at the same

time. The pneumatically driven bellepumps (lwaki FS80-HT2) are made so that all parts in contact withe

water are made of PFA or PTFE. The vessels are also equipped with a level sensor and via a feedback circuit
the pumping speed is individually controlled so that the level stays the same in all vessels during recirculation.
A full re-circulation of 2 n¥ can be achieved in approximately one hour with a flow of about 30 L/min per

pump.

3.1.2 Production and p rocessing

The natural mineral water sampléJREGGAB1)was provided by a mineral water supplier in a 1®nransport
container whilst the water for JRGAB2was produced irhouse as described in the next paragraphs.

JRCGABL1PT reference materialvas produced from a commercial mineral water from Frandeor the
homogenisation, e of the PFAlined vessel with approximatelp50 L was filled with the mineral waer

which wasacidified to pH = 1.4 + 0.1ith analytical gradeconcentrated HN§ The acidified watemas re-

circulated forfew days at 15 L/min usimg the inert Iwaki bellow pumpsDuring filling an intermediatePFA

buffer tank of 20 L was used and the wat was punped from themain tank into the buffer tank.The buffer

tank was placed inside a clean bench and the water bottles were filled automatically when placed on a
balance subsequaly reaching a mass sepoint. Prior to filling, the buffer tank wa rinsed with 2 x 10 L of
Typelr\ o m #,3)- H3 ~h' +)+01 EN*~h \ oQ AdOant®e system_ 0OJ >
(Millipore, Billerica, MA, USA) and 20 L of mineral water. In this mad6érbottles were filled. The 4L

bottles were made of lgh dersity polyethyleng(HDPE) with a leakroof HDPEscrew cap (Nalgene).

JRGGAB2 PT reference material was a spiked Type Il water from a Millipore.EDIX nt no ™ h #90 H3 ~»
puS/cm at 25 °C and TOC < 30 ng/mL) with added inorganic salt mixture composedbyMerck, assay
content 99.5%), NaCl, CaCMgC], Sm(NQ); and Sr(NG).. During several days, 500 L of Type Il water was
collected in portions into the main PHifed drum of 550 L. Subsequently the preliminary weighed salt
mixture was added. Thereafteanalytical gradeconcentrated nitric acid was added to obtain the deslineH

(pH = 1.4° 0.1) followed by®°Srf°Y and?*!Am spikes from standardized solutions. TH&rF°Y with massic
activity of (121.4° 1.0)Bg/g, and®**Am (80.99° 0.40) Bg/g, radioactive solutions were standardized at the
Czech Metrology Institute (Eutamdard). Reference date for both standardised solutions was 10 September
2019. The contents were thereafter mixed as previously described using the Iwaki inert bellows pump of the
water handling system for 16 hours at 15 L/min. Subsequently, 460 of thé HDPE bottles (Nalgene) were
filled in the same way as for JRGABL1 reference material.

For both type of reference materialgienp films were used to cover the screw cap$ the bottled materials
serving as antitamper seal. The crimp filmswere used in two different colours to facilitate visual
identification of the two PTeference materials

After bottling, the PT reference materials weteansportedinto their interim storage room within JRCeel
premisesPT reference materialaere stored in a darkad dry storage placat 4 °C.

Information on the radionuclide composition and chemical composition of the REM2019 PT samples are
presentedin Table 3 andin Table 4.
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Table 3. The radionuclide composition and totakdgolved solid contents of the REM2019 Rference materials
(uncertainties at k=1

JRGGABL1 (Natural matrix) JRGGAB2 (QC Spiked water)

Total dissolved solids content: (966 + 27) mg/L Total dissolved solids content: (356 = 20) mg/L

Source of dphaactivity contribution 234U and8U Source of dpha activitycontribution 2*1Am

Source of leta activity contribution “°K, 24Th 34Pa Source of leta activity contribution “°K, ®°°Sy*®Y in
equilibrium

Table 4. The chemical compositioand concentratiorof JREGAB2PT reference materidtom gravimetric weighingThe
relative standard uncertainty on the chemical concentration was approximately 1.0%.

Chemica} Weighed amount (g) Chemical concentration
element/ion (mg/L)

Na (sodium) 19.650 38.1

Ca (calcium) 23.140 44.9

Sr (strontium) 4.160 8.1

Mg (magnesium) 10.750 20.8

K* (potassium) 8.890 17.2

Sm (samarium) 0.611 1.2
Cl(chlorine) 110.660 214.5

0 0 (nitrate) 5.900 114

Reference values fodlRCGGAB2PTreference materialwere determined by usingravimetric approach, where
the standardized solutions were weighed on a calibrated balance which is traceable tBI# (SI) standard
kilogram viaJRGGeel standard kilogramThe uncertainty on the weighing wapproximately 0.1%.

3.2 Gross alpha/beta activity measurements

3.2.1 Measurements performed at SCK CEN

The gross alpha/beta activity measurements in water samplesrformed at SCK CENvere based on
ISO10704:2019 standard evaporation and eprecipitation approacks. Thedirect evaporation method using

an automatic evaporator where 26@50 mL of water was directly evaporated on the cup before being
measured in a ZnS counter and or in a proportional counter. Ana@pplied approachvasto pre-concentrate
samples with the Buchi Syncore system and after, evaporate it on a planchet to obtain a homogenous dry
deposit. Thanks to a selibsorption curve, a correction factor was calculated and used in order to be able to
convert this activity into activity concentration kaes.Sample preparation started with evaporation of 250 mL
sample. To keep all the soluble materials in solution, 5 mL of%(cetic acidwere added and evaporated
under vacuum in a BuchiSyncore Analyst system with a flush back option. With thisrsyalt the activity and

salt were concentrated in a smallolume of about3 mL. This sample volumeas transferred into a stainless
steel planchet and the watewas driedon a (glassceramic) hotplateuntil complete dryness. The residueas
weighed and measurkwith the gross alpha/beta system.

Detector system for gross alpha counting: 5 inch (1 inel2.54 cm) ZnS(Ag) low background detector. To
reduce the background of the counter, the counting cell is flushed with a low flow of dry nitrogen gas. Typical
measurement time: 5 10000 s and 103 10000 s. Alpha background: 0.040.09 cpm.
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Detector system for gross beta counting: the samples were counted in a proportional counter yeénghow
background CanberraB4200 andlow background Canberra Tennelec LB 5500 with sample changer. Typical
measurement time: & 3000 s and 103 6000 s. Beta background: < 2.5 cpm. For quality check purposes
background is measured beforand after each sample measurement. The efficiency of #ie counters is
controlled each month with a certified source made at SCK-CEN. Radionuclides used for calibf&iofor
alphaand®SrfY for beta. SeHabsorption factor is determined by using NalNO

3.2.2 Measurements performed at JRC -Geel

The JRG5eelmethod for the determination of gross alpha/beta activity concentrations in water samples was
based on the ISO 11704:2018 standard. In the sample concentration step approximatebliquot of 250-

500 g of water was weighed into a glass beaker and acigifito approximately pH 2 using nitric acid if not
acidified before. The sample was gently evaporated to approximately320mL on an electrical plateat
maximum 80°C. The beaker was cooled down attte remaining water was weighed. Thean aliquot of 10

mL of water sample was dispensed into a 20L low-diffusion polyethylene liquid scintillation vial containing
10 mL of Ultima Gold ABiquid scintillation cocktail. A vial was closed with a cap and shaken vigorobgly
hand for 30 seconds. The LSC vial wasaced into a cooled tray of the liquid scintillation (LS) counter for
minimum 3 hours to reduce events from photoluminescence. Then samples were measured for 6 hours and
the alpha/beta spectrum was recorded using the low background Quantulus 1220 co(iRekin Elmer)
Alpha particles were counted in a window between channels 50000, and beta particles were registered in

a window between channek0 - 900.

Before measuring a batch of samples the LS coufggpulse shape analyser (PSA) value of thera/beta
discriminator was adjusted by dispensing known activities of alpha emittiff§A(m) and beta emitting
(°°SrfYY) radionuclide standard solution to a concentrated water sample and measuring alpha and beta
spectra. For both water sampleSRCEGABland JREGAB2 the optimum PSA values were found to be 70.
Thus the same settings were used for the LSC measurements.

Similarly, alpha and beta counting efficiencieere determined by dispensing known activity of alpha or
beta emitting radionuclide stashard solution to thermally preconcentrated water samples. Alpha counting
efficiency (referred to?**Am) was 0.98: 0.01, and beta counting efficiency (referred t&Srf°Y) was
0.96+ 0.01. The alpha to beta spillover values fdRCGABland JREGAB2sampes were 1.12% and 1.24%,
respectively. The beta to alpha spillover values d#fGGABland JREGAB2samples were 0.97% and 0.89%,
respectively.

Blank samples were prepardtie same way as the routine samples. An aliquotkif ml pre-concentratedde-
ionized water samplewas dispensedinto a 20mL low-diffusion polyethylene liquid scintillation vial and
mixed with 10 mL of Ultima Gold AB scintillation cocktail. Blank samples were measured before and after
measuring a batch of samples.

3.3 Radionuclide-specific m easurements

3.3.1 Alpha-particle spectrometry measurements of uranium isotopes and **Am

For both PT water samples a known amount of tracét®U for JREGAB1samplesor 2**Am for JREGAB2
sampleg were added gravimetrically before the preoncentration stepPreconcentration of radionuclides

was done prior to the separation phase from 0.5 L water samples by Fe(€d-Precipitation. The precipitate

was dissolved in 15 mL 8nol/L or 3 mol/L HNQ and loaded onto the extraction chromatography columns.
TEVA, UTEVand DGA solid phase extraction chromatographic resins were used for the sequential separation
of Uisotopesand Am from the interfering radionuclides and matrix elements.

Sources for alphgparticle spectrometry were prepared by electrodeposition fromSEL/NaHSQ@NHSQ
media, uranium isotopes ant#*Am were electrodeposited onto stainless steel discs and measured by alpha
particle spectrometry.The detailed analytical procedures amescribed elsewherg¢Jobbagy et al., 2013
Groska et al., 2016

3.3.2 %K measurement with gamma -ray spectrometry

The water from three bottles for each of JRGAB1 and JRGAB2 were measured using gamsanay
spectrometry. The measurements were performed both in the 225 m deep underground laboratory HADES
(Hult et al., 2®1) and aboe ground at JR&eel Due to the low countates, only the measurements from
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detectorGe5 in HADES were used for quantification. It i5@% relative efficiencyplanardetector with a thin
top deadayer (secalled BEGedetecto). The count rate for “°K in both water samples were low which
indicated very long measurement timg@&bout 1 week per measurementyere needed with this technique
but it is very robust as it requires no preeeatment of the sample (water). The fullnergy peak efficiency
curve was derived from a reference sampléiquid solution of mixed radionuclides) from NPL (National
Physics Laboratory, UKJhe efficiency transfer to correct for small differences in filling height was performed
using the Monte Carlo code E@8 The reporteduncertainties are the combined standard uncertainties
(k=1) with major components being counting statistics and thal energy peak efficiency The massic
activities of “°K (as average of three bottlesare reported inTable 5. Due to the relatively high uncertainty
(due to low countrate) the value for JREGAB1 wasot included in the determination of the reference values
but served as a robust chec&f other methods. In addition, these measurements served to confirm the
absence of other (gammaay emitting) radioactive impurities.

Table 5. Massic activities of°K from underground gammaay spectrometry

Sample Massic activity (k=1)
JRCGAB1 (290 + 100) mBqg-kd
JRCGAB2 (480 + 80) mBq-kg

3.4 Summary of the radionuclide -specific and gross activity concentration
results

It was important to confirm the radionuclide composition of the two PT samples in ordeersure that
interference free measurementscan be performed The radionuclidepecific and gross activity
measurements were done using independent measurement methods at JRC an@BdKhe measurement
results of the individual radionuclides and gross alpha/betadtticoncentratiorfor JREGABland JREGAB2
samplesare summarised imMable 6 and Table 7, respectively.

15



Table 6. Summary of the radionuclietspecific and gross activity measurement results fiRCGAB1PT reference
material. The results are presented as activity concentrations [mBath¢ertainties arexpandediuncertainties k = 2).

Radionuclide/parameter Activity concentration Related
measurement
Gross alpha activity concentration (JRC) (282 £ 22) mBg/L alpha activity

. . Coprecipitation (354 + 40) mBg/L  alpha activity
Gross alpha activity concentratioSCK CEN .
Direct evaporation (350 + 43) mBqg/l

24U (JRC) (292 + 22) mBg/L alphaactivity
24U (SCK CEN (295 + 16) mBq/L alpha activity
25U (JRC) (3.3 +0.6) mBg/L alpha activity
25U (SCK CEN (2.8 £ 0.4) mBqg/L alpha activity
28 (JRC) (76 £ 6) mBg/L alpha activity
28U (SCK CEN (79 £ 4) mBg/L alpha activity
225Ra RadDiskalpha spec (JRC) <10 mBg/L alpha activity
226Ra LSC and Lucas metho8CK CEN <3 mBg/L alpha activity
Gross beta activity concentration (JRC) (432 £ 58) mBg/L beta activity

Gross beta activity concentratio®CK CEN  Direct evaporation (330 #0) mBg/L beta activity

210phH(SCK CEN <9 mBg/L beta activity
228Ra(SCK CEN <9 mBg/L beta activity
40K y ICPOES (JRC) (187 + 19) mBg/L beta activity
40K by ICRPAES $CK CEN (210 £ 10) mBg/L beta activity

Total beta activity
(sum of “°K,Z*Th and?**Pg)

(339 + 17) mBg/L beta activity

The mean results forJREGAB1PT reference materiabbtained by different independent measurement
techniques were consistent and within the correspondmgasurementuncertainties.The gross alpha/beta
activity measurement results weralso in agreement with the radionuclide specific measurement results. It
was confirmedthat there were no interfering radionuclides the JREGAB1PT reference materiahat could
cause significant biagrom the reference valuen this type of sample.
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Table 7. Summary of the radionuclidspecific and gross activity measurement results fiRCGAB2PT reference
material. The results are presented as activity concentrations [mBg/L], uncertaintiesxg@andeduncertainties k = 2).

Radionuclide/parameter Activity concentration Related
measurement
Gross alpha activity concentration (JRC) (635 £ 50) mBg/L alpha activity
o } Coprecipitation (750 = 80) mBg/L  alpha activity
Gross alpha activity concentratioSCK CEN )

Direct evaporation (670 £ 80) mBqg/I
2Amalphaparticle spectrometry (JRC) (729 £ 56) mBg/L alpha activity
2LAm gravimetric spike (JRC) (731 + 10) mBq/L alpha activity
21Am gammaray spectrometry (JRC) (750 + 60) mBq/L alpha activity
21Amalphaparticle spectrometry 8CK CEN (700 + 110) mBg/L alpha activity
2Am gammaray spectrometry 8CK CEN (650 + 160) mBg/L alpha activity

Gross beta activity concentration, gravimetr
spike (JRC)

(1610 + 24) mBg/L

beta activity

Gross betaactivity concentration, LSC (JRC

(1625 + 146) mBg/L

beta activity

Gross beta activity concentratipndrect
evaporation §CK CEN

(1400 + 80) mBg/L

beta activity

40K gammaray spectrometry (JRC)

(480 = 160) mBg/L

beta activity

40K gravimetric spike (JRC)

(474 + 10) mBg/L

beta activity

40K |CROES (JRC)

(290 + 88) mBg/L

beta activity

%K py ICPAES $CK CEN

(290 + 10) mBg/L

beta activity

2059y py LSC$CK CEN

(1020 + 180) mBg/L

beta activity

90S%0Y gravimetric spike (JRC)

(1136 = 16) mBg/L

beta activity

It can be concluded that thenean results for?*:Am and *°Sr*°Y in JREGAB2sample obtained by different
independent measurement techniques were consistentl close to the reference value (gravimetric spiking).
These reslts were all within he corresponding uncertainties except JRC gross alpha activity measurements.
In case of the measurement results of gross beta and beta emitting radionuclides, more inconsistencies were
observed.The “°K measurement results obtained blCRAES andCROESversus gammaray spectrometry

and gravimetricsare seemingly different and in case of comparing KFBESand ICPOESwith the gravimetric

value it is even not within the measurement uncertainties of the resulfsom radiometric methods. The
reason for this difference was not found yddut these inconsistencies did not jeopardize the proficiency test
exercise

The following data were used fot°K activity calculation:*°K specific activity considering the beta partcl
emission probability was (27.90.7) Bqg/g of natural K (Maulard and Osmon@008; NIST and
CIAAWvebsites).The beta particle emission probability data was taken from the Decay Data Evaluation
Project(Bé et al., 2010; LNHB website).
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3.5 Homogeneity study

Since inhomogeneity may occur within a batch and can lead to discrepant results, it had to be demonstrated
that these samples are identical within the whole batch such that each laboratory receives samples with the
same parameters. Therefore, a homogeneitydy between bottles was necessary to establish its contribution

to the uncertainty budget of the reference values. The uncertainty budget was built with respect to all
contributing parameters like weighing, volumetric measurements, dogrstatistics aad homogeneity.

Both PT waters werbomogenisedor several days and bottledt JREGeelin Novemberand December 2019

as described inChapter 3.1. For the homogeneity study a random stratified method was usedsklect
bottles to avoid systematic errors within the batch. Bottles were selected with the help of SNAP excel
application developed at Reference Matds Lhit at JRCGGeel From each batch ofvater, ten bottles were
randomly selected and analysed using graastivity measurements and radionuclide specific analysis of the
natural originor artificial alphaand betaemitting radionuclidesised for spikingas presented infable 8.

Table 8. Parameters/analytes checked during the homogeneity and stability studies.

PT reference material Parameters checked

JRCGAB1 Gross alpha/betaactivity; uranium isotopes
stable K
JRGGAB2 Gross alpha/beta activity*Am, stable K and Sr

The homogeneity and the short term stability of the radionuclides in the matrix was evaluated ubieg
SoftCRM softwareversion 2.0.21(Linsinger et al.2001; Bonas et al., 2003Yollowing the certification
principles for reference matials as given in ISO Guide 35:2006 and ISO Guide 35:2@kccording to the
software, all individual results were normally and unimodally distributed. SoftCRM did not figlesmiy
measurement results as outlier at a level of significanae= 0.05 using the single Grubbs' test. Therefore, the
whole batch was considered homogeneous and retained for further anabystsuse The homogeneity study
was performed by alphgarticle spectrometry after radiochemical sample preparation and-ICES technique
for stable K and Sr measurements. The results were then evaluated by awme analysis of variance
(ANOVA). The betwedrottle standard deviatiors,, and withinbottle standard devation s, were calculated
with the following formulae (ISO 35, 2017)

— Msnetween_ MSNithin
S \/ n and wa = V MSWithin (l)

Where:
- MSewmeen IS the between bottle variance,

- MSimin IS the within bottle variance of the measurements used in tHsetween
bottle homogeneity study,

-n is the number of observations per group.

The inhomogeneity that could be hidden by the method repeatability is calculated by the follofeingula
(1SO 35, 2017):

- MSWithin 2
Uy = n 4 n
MS\Mlhm

- Muswitin IS the degree of freedom oMSinin.

7))
Where:

This expression is based on the consideration that a confidence interval can be establishsg, fand that
the half-width of the 95% confidence interval, converted to a standard uncertainty, can be taken as a
measure of the impact of the repeatability of the method on the estimatessf (ISO 35, 2017).
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The a priori requirement on the uncertainty fronthe between bottle homogeneity @) was set to be
maximum10 %. Whenwaters are bottled the main contibution to their instability could be either fronthe
adsorption of radionuclides to the container walk from precipitation due to chemical reacti@nin the
sample Measurement results for tbmogeneitystudy arepresented inFigure 2-5.

Figure 2. Total uranium (sum of%8U and?3*U) activity concentration idRCGGABIPT reference materidor homogeneity
study. All uncertainties are combined standard uncertainties at the 1 sigma level (k=1). The blue solid line indicates the
average total uraniumactivity concentratiorand error barsindicate the® 1sigma (k=1).
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Figure 3. The elemental potassium concentrationJRCGABIPT reference materidbr homogeneity study. All
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Figure 4. The?**Am activity concentration ilRCGAB2PT reference materidbor homogeneity study. All uncertainties are
combined standard uncertainties at the 1 sigma level (k=1). The blue solid line indicates the average total uranium activity
concentrationand error bardndicate the® 1sigma (k=1).
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Figure 5. The elemental potassium and strontium concentrationJREGAB2PT reference materidbr homogeneity
study. All uncertainties are combined standard uncertainties at the 1 sigma level (k=1). The blue dashed line indicates the
average potassium awcentration and the orange dashed line indicates the average strontium concentration.
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3.6 Stability study

According to the IS@EC17043:2010 and I1ISO 13528015 standards, the uncertainty from a stability study
originates from two types of stallity:

1 The shoriterm stability of the PT reference materialsvhich is related to sample transport (i.e.
transport between the PT provider and the participants).

1 The longterm stability of the PT reference materialis linked to sample storage.

The uncertainty ontribution from short and longterm stability of the materialto the uncertainty on the
reference valuesvas determined There are chemical processes that may lead to increased uncertainty from
instability apart from decay. These are adsorption of radiclides to the sampling container material,
chemical precipitation or cprecipitation of radionuclides and due to biological activities in the sample.

The short term stability was checked by measuriJ samples before and after shipmentShort term
stability analysis was done when a small aliquot &Tsample was taken from the 1 L bottle and analysed
using gross alpha/beta actity concentration measurements.

The first stability measurements were done already before shipping thed?¥drence materialsand the last
stability samples were measured two weeks after the result submission deadinging long term stability
testing, five bottles(n=5) were placed in a temperature controlled climate chamlfdtemmert GmbHand
kept at 4°C and one bottle wastered at ambient temperature (around 2@C) in a laboratory room. Lorg
term stability of the PTreference materialswere studied by measuring activity concentrationgf uranium
isotopesin JREGABland **Amin JREGAB2PT samples, respectively. In additigmoss alpha/beta activity
concentration measurementaere performed on both PT sampléy liquid scintillation countingiccording to
ISO 11704:2017. The stability study coverette whole period betweersample procesing and result
submissiondeadlineto confirm that there was no lossf radionuclides othethan from the radioactive decay
during the PT exercise€lhe potential lossof radionuclidescan be hidden by the method repeatability
Thereforewhen the uncertaint components from stability studies are established, one has to correct for
repeatabilityduring calculation aghe SoftCRM software doe®©n the basis of the SoftCREhlculation data
the uncertaintiesdue to transport and storage conditions (i.e. shortrteand long term stability)were found
to be <7.0%as summarised ifmable 10 in Section3.4.

3.7 Assigned values and the standard deviation for proficiency assessment

The reference gross alpha and bettivity concentration valueso were calculated from the power
moderated mean(Pomné and Keightley, 2015pf a series of reference measurementa case of JRCGAB1
water. While the reference gross alpha and bedativity concentration valueso were calculated from the
formulation (gravimetric spiking) fodRCGAB2water. By principledecay correction is not possible on gross
alpha/beta activities. Therefore, a reference date is not given.

The combined uncertainty &  of the assigned reference values can be estimated as

~
¥

0 Gpr = QX 0% + 0%+ Ofy + 0%

where
- k: coverage factor (k=1) at- 68% confidence interval
- 0 w :combined standard uncertainty from the characterisation study,
- 0 :uncertainty related to possible between bottles inhomogeneity,
- 0 :uncertainty related to the possible shetérm instability of the samples,
- 0 :uncertainty related to the possible lorgrm stability of the samples.

The relevant parameters needed for calculating scores were: the reference values/assigned talues the
proficiency test samples, its assot¢é combinedstandarduncertaintyd @w  and the standard deviation for
proficiency assessment as presented infable 9. The standard deviation for proficiency assessment
was set to 30% for PT reference materiallREGAB1 and to 206 for PT reference materialRCEGAB2,
respectively. The for JREGAB1 vas chosen higher than for JRGAB2 since JRGABL is a natural water
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with lower gross activities. JRGAB2 is an easieto-measure, gravimetrically spiked PT sample, free from
interferences and with elevated gross activities compared to-IRAB1.

Table 9. The reference gross alpha and beta activity concentration values of the REM 2019 PTeference materials
and eachcombined uncertainty @ and the standard deviation for proficiency assessment ().

PT reference material code Parameter o O o Qe P T AR, 0 ogs Tagp
alpha 372(29) mBg/L 112 mBqg/L (30%) 0.26
JRCGAB1
beta 333(27) mBg/L 100 mBg/L (30%) 0.27
alpha 731(34) mBg/L 146 mBg/L (20%) 0.23
JRCGAB2
beta 1610(53) mBg/L 322 mBg/L (20%) 0.16

In Table 9, the number in parentheses is the numerical value of the combined standard uncertairty

referred to the corresponding last digits of the quoted valug 4. The uncertairies on homogenéy, stability
and characterisation were taken into account in establishing the uncelisndf the assigned reference
values as presented ifiable 10.

Table 10. Summary of the reference values and their uncertainty compondimsrackets from alpha spectrometyy

PT reference material code  Parameter Uchar Unom UsistUis t=30 weeks U (Xp7)
Gross alpha 0.031  0.02 0.069 (0.018) 0.078
JRCGABL1
Gross beta 0.062 0.01 0.053 0.082
Gross alpha 0.007 0.02 0.041 (0.022) 0.046
JRCGAB2
Gross beta 0.007 0.004 0.032 0.033

To bemore cautiouswith the uncertainty on the reference values we decided to use the higher uncertainty
values from the stability study obtained by LSC gross alpha/beta measurements instead of the values from
radionuclide specific measurements (seebrackets inTable 10).

3.8 Metrological traceability

Metrological traceability of the measurement values were established via a documented unbroken chain of
calibrations and/orusing certified reference materialswith stated uncertainties on their propertyalues
characterised by metrology institutes (Czech Metrology Institute, National Physical Labotakry
Furthermore, JRC participated in BIPM (International Bureau of Weights and Meakeyespmparisons (K)

and suppémentary (S) comparisong**Am and ®°Sr solutions were used from those exercises for certain
measuremens:

1 CCRI(HK2.S¢90 solution,
1 CCRI(HK2.Am241 solution

1 CCRI(HB3: Radionuclid@**Am, 23°240py, 238py, 238, 234, 235, 22Th, 23Th, 228Th, 228Rq, 137Cs, 1P,
%S and“°K) activity measurements in reference materialsshellfish.

Another important milestone frona metrological point of view is thathe JRC officially rgoined EURAMET
which was a pending issue since the reorganisatiortef JRC in 2016.

4 Evaluation of measurement data 0 Guide to the expression of uncertainty in measurement, BIPM, 2008.
https://www.bipm.org/utils/common/documents/jcgm/JCGM_100_2008_E.pdf
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4 Participants' results, scores and evaluation of results

In total, 154 participantsof which 140 from the European Union Member Stategjistered for ths PT.From
the 154 participants 145 submitted at least one measurement result which totalled 709 individual
measurement results. This chapter presents the evaluation of the particggnerformance using their
calculated performance scores.

The participnts were requested to submit their results together with their combined standard uncertainties
indicating thecoverage factor(k) they used To be able to compare the submitted results adequatelye t
organiser recalculated (when necessary) theported uncertainties so that the samecoverage factoris
employed in all the graphs of this report

We have to note thafor JREGABltherewere2 \ i _ ;o,c\% @ mn gp n ajm bmjnn \ gk
activity concentrationrespectively. No lesthan valueswere reported for sample JRGAB2A|] m -8 g\ in»
values, no sores(percentage deviatiorg-scoreand zetascorg could be calculated

1ISO13238:2015Annex 10) requiresthe uncertainty of the assigned valué @  to be smaller thanti® ,,

for enabling the orgaiser to express the laboratory performande terms of & - and & ‘Q és@ores This was
the case for all four, of this PT(see last column ofTable 9). The detailed calculation of performance
evaluation scores including formulae is presenteddinnex 11.

The zscoredivideseach participant's deviation from the assigned value with the standard deviation of the
proficiency test assessmenséy).

Oc '-scofe states whether the laboratory's result agrees with the assigned vatoesidering both the
reported uncertainty and the uncertainty of the assigned value < i p i n \-scatencan\bé caysedtby a®
inappropriate estimation oéitherthe repated value orits uncertainty, or both.

The interpretation of the»-score and» g sgore was done according to 1ISO 13528:2015. The following
scores and coloucodes are used irFigure 6 and Table 21-23 in Annex 10 (in parenthesis the ISQEC
17043:2010 synonymis given:

- wn " j nacceptalnje (or satisfactory) performance (green),

- 2 <|score| < 3warning(or questionable¢ signal {ellow),

- wn ~j niiiaReeelor ISEHSEEIOR) performance (red).

For the percentage deviation a value is acceptable if the reported value is withig £e within £30% of the
assigned value for JRGAB1 and within 20% of the assigned value for JBBB2.

The gross alpha and beta activity concentratiomsin mBg/L are plotted in ascending orderRigure 6. (JREC
GABL1 gross alphafigure 7 (JREGABL gross betakigure 8 (JREGAB2 gross alpha) anBigure 9 (JRE
GAB2 gross beta). The uncertainties reported by the particpane presented as expanded uncertainties
Yo ,withQ c.

The solid red line on the-Blots indicates the reference gross alpha or beta activity concentration (assigned
value,® ). The dashed red lines show the expanded uncertaiitgp  (with 'Q ¢) of the reference value,
while the blue shordashed lines represent the acceptance ramge, ¢, for & -scores.

Results without error bars on the-8lots (symbols at the right side of each graphs) represent results reported
by the partcipants as'lessthan" values.
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Gross alpha activity concentration [mBq/L]

Figure 6. The gross alpha activity concentration measurement results for-@XB1PT reference materials reported by the participantsy, and their expaded uncertaintyY o AQ ¢.
Solid red line: reference valuey( . Red dashed lines: assigned range (  "Y& HQ ¢ . Blue dashed lineso ¢, acceptance range.
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Gross betaactivity concentration [mBg/L]

Figure 7. The gross beta activity concentration measurement resultsTRGGABIPT reference materials reported by the participantsy, and their expanded uncertainfy o AQ
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Gross alpha activitgoncentration [mBqg/L]

Figure 8. The gross alpha activity concentration measurement results for-GXB2PT reference materiahs reported by the participants), and their expanded uncertainfy & hQ ¢.
Solid red line: reference valuey( . Red dashed lines: assigned range (  "Y& HQ ¢ . Blue dashed liness ¢, acceptance range.
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