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Foreword 

This report focuses on the technical evaluation of the REM (Radioactivity Environmental Monitoring) 2019 
gross alpha/beta activity concentration measurements in drinking water proficiency test. It contains details on 
the material characterisation, performance evaluation (the key scores of the participants), information on the 
participants½ organisation, the applied analytical methods and feedback from participants. 

The REM 2019 proficiency test was performed within the institutional work programme of the JRC 
Directorate G (Nuclear Safety and Security) as described in the H-2020 JRC-Work Package SELMER (Support 
to European Laboratories Measuring Environmental Radioactivity) in and the JRC-Project 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 Treaty and thereby also supporting Article 39. 
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Abstract  

A large scale Europe-wide proficiency test (sometimes referred to as REM2019 PT) on the determination of 
the gross alpha/beta activity concentration in drinking water was organised by JRC-Geel. The 154 participating 
environmental radioactivity monitoring laboratories were either nominated by their corresponding national 
authorities or invited by JRC to participate. 

One spiked water sample (JRC-GAB2) and a commercially available natural mineral water (JRC-GAB1) were 
selected as reference materials for this proficiency test after initial testing using nuclide-specific analyses and 
gross alpha/beta measurements. The JRC-GAB1 reference material (mineral water) had intermediate mineral 
content and gross activity above the parametric values defined in the E-DWD (Euratom Drinking Water 
Directive). The original mineral water was collected from a natural water source in France. 

Reference values were established in collaboration between the JRC-Geel and the Belgian Nuclear Research 
Centre (SCK CEN). The homogeneity, short-and long term stability of the batch of distributed PT reference 
materials were checked, their contribution to the uncertainty of the reference value was assessed. 

The assigned reference value for the spiked PT reference material was established by gravimetric spiking 
(often referred to as formulation by weighing). For the natural PT reference material, the assigned reference 
value for gross-alpha activity was established by radionuclide specific analysis whilst the gross-beta 
reference value was established by calculating the gross activity from several reference measurements using 
the power-moderated mean of the individual measurement results. For the homogeneity and short term 
stability study, three independent measurement methods were used: alpha-particle spectrometry (AS), liquid 
scintillation counting (LSC) and inductively coupled plasma-optical emission spectrometry (ICP-OES). The 
uncertainty of the reference values includes the uncertainty related to stability, between-bottle homogeneity 
and characterisation of PT reference samples. 

The performance of each participating laboratory was evaluated with respect to the reference value using 
relative deviations, z-score and zeta-score. Additionally, Youden plots and PomPlots were made to visualise 
reported data in comparison to the reference values. The reported results were evaluated and grouped by 
analytical methods to check for method dependency, accreditation, radionuclides used for efficiency 
calibration, time delay and if documented ISO standards were followed. 

It was found that the close to 50% of the gross activity results still deviate more than the standard deviation 

for proficiency assessment (sPT) which was set to 30% for JRC-GAB1 sample and 20% for JRC-GAB2 sample, 
respectively. The general measurement performance is thus not satisfactory regardless of the methods used. 
This suggests that the existing analytical procedures and international standards need to be critically revised 
and harmonised for gross alpha/beta measurement in order to obtain more reliable and comparable 
measurement results. Furthermore, when the reported value with its uncertainty was evaluated using the zeta 
score, even fewer acceptable scores were found: 41% and 55% for gross alpha activity concentration; 38% 
and 62% for gross beta activity concentration in JRC-GAB1 and JRC-GAB2 PT reference materials, 
respectively. A key problem is that many variables influence and might interfere gross activity measurements. 
This makes it difficult to keep the analytical conditions under control and can lead to poor repeatability which 
affects accuracy as well. Therefore, it is of great importance to harmonise methods by fixing as many 
parameters as possible via true standardisation of the analytical methods.  

However, in certain cases the performance of methods using LSC and proportional counting techniques seems 
to be better than those based on solid state scintillation counters or other detectors. On the basis of the 14 
best and most consistently performing participants (or methods), JRC is proposing ºBest practices» oj ajggjr 
briefly in this report. 
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1 Introduction , policy context  

This is a detailed technical report describing a large scale Europe-wide proficiency test (referred to as 
"REM2019 PT") on gross alpha/beta activity concentration measurements in water organised by the European 
Commission's Joint Research Centre in Geel, Belgium (JRC-Geel). The purpose of the REM2019 PT was to 
assess the analytical capabilities of European environmental radioactivity monitoring laboratories on the 
determination of gross alpha/beta activity concentration in drinking waters. 

The REM2019 PT was organised on request of the EU member states½ Euratom article 35/36 experts with the 
approval of the European Commission's Directorate-General for Energy (DG-ENER) as a repetition of the 
REM2012 exercise (Jobbágy et al., 2015, 2016). This European scale PT supports the EURATOM Drinking 
Water Directive (EURATOM, 2013)2 (referred to as the E-DWD) and was considered as a high priority project 
after the outcomes of the REM2012 PT. 

The G.2 unit of JRC-Geel organises on request of DG-ENER regularly proficiency tests (PTs) involving 
laboratories that monitor radioactivity in the environment. These support the implementation of the Euratom 
Treaty Articles 35 and 39. The aim is to check comparability of measurement results and verification of data 
submitted to the European 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 the E-DWD, which covers several naturally occurring 
radionuclides and gross alpha and gross beta activity concentration due to their impact on human health. 

Two types of PT reference materials were distributed to participants: (i) a natural mineral water containing 
naturally occurring radionuclides and minerals, named JRC-GAB1, and (ii) a spiked water sample prepared 
gravimetrically by spiking of demineralised laboratory water at JRC-Geel, named JRC-GAB2. 

In total, 154 participants registered for this PT. Out of 154 participants 145 submitted at least one gross 
alpha/beta activity concentration measurement result which totalled 709 individual measurement results. In 
addition to the gross alpha and gross beta activity concentrations, we requested the participants to determine 
the total dissolved solid (TDS) content of the PT reference materials which gives information about the 
mineralisation of the water samples. 

Due to the coronavirus pandemic, the initial deadline for reporting (20 March 2020) was extended by two 
month (17 June 2020) to allow participants to submit their measurement results. Since another closure was 
introduced at JRC-Geel in July 2020 and priority was given to quality management related tasks (e.g. 
accreditation) until February 2021, the preparation of the PT report was put on hold. 

Some of the REM PTs organised prior to JRC-involvement in 2003 displayed some deficiencies related to the 
lack of metrological traceability, a missing or incomplete homogeneity and/or stability study of the material. 
This PT provides reference materials with homogeneity and stability tested according to ISO Guide 35:2017, 
ISO 13528:2015 and included interference-free material with metrological traceable reference values from 
measurements/certificated of individual radionuclides. 

The REM2019 PT followed the ISO Guide 35:2017, ISO 17034:2016, ISO/IEC 17043:2010 and ISO 
13528:2015 standards on characterisation of reference materials, production of reference materials, 
organising proficiency tests and performance assessments, respectively. The gamma-ray spectrometry 
measurements at JRC-Geel were done according to ISO/IEC 17025:2017, the gross alpha/beta measurements 
and the methods for U, Pb-210, Ra-226 and Ra-228 measurements at SCK CEN are under ISO/IEC 
17025:2017 accreditation. 

This report focuses on the technical details of the PT preparation, data evaluation and analysis. Furthermore, 
the questionnaire associated with this PT is evaluated and the participants½ feedback is presented. 

As a very important milestone, this project passed a rigorous assessment during an external audit by the 
Belgian Accreditation Body (BELAC) in February 2021 as part of the JRC Directorate G.2 accreditation 
procedure for ISO/IEC 17043:2010. 

                                           
2 Council Directive 2013/51/EURATOM of 22 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
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2 Project management and organisation details  

2.1 Responsibilities and roles  

The REM2019 PT was organised by the European Commission, Joint Research Centre (JRC-Geel), 
Retieseweg 111, B-2440 Geel, Belgium. 

The communication between the organiser and the participants was mainly done using the functional mail 
account: JRC-GEE-REM-COMPARISONS@ec.europa.eu. 

The responsibilities amongst the involved staff of the organiser: 

- Viktor Jobbágy: PT coordinator, packing, logistics, liquid scintillation counting and alpha-particle 
spectrometry analysis, reporting. main author of report. 

- Mikael Hult: team leader, gamma-ray spectrometry and quality control. 

- Håkan Emteborg: team leader, PT reference material processing and storage, 

- Petya Malo: logistics assistant, administration, quality control. 

- Heiko Stroh: packing, logistics, gamma-ray spectrometry analysis. 

- Gerd Marissens: packing, gamma-ray spectrometry, logistics. 

- E\i K\`k`i5 k\^fdib' _\o\ q\gd_\odji ja k\mod^dk\ion½ k`majmh\i^`. 

- Kdjom Mj]jp^c5 lp\gdot ^jiomjg' _\o\ q\gd_\odji ja k\mod^dk\ion½ k`majmh\i^`. 

- Katarzyna Sobiech-Matura: internal review of the report. 

- Ulf Jacobsson: G.2 Unit Quality Officer, developer of the REMPES application. 

- Advisory group members: Arjan Plompen Head of Unit ad interim, Petya Malo ISO 17043 Quality 
management, Mikael Hult as Team Leader, Jan Paepen and Stefaan Pommé as Statistical advisors, 
Piotr Robouch as External advisor. 

2.2 Subcontractors, collaborators  

JRC-Geel subcontracted some of the tasks to other JRC directorates and an external expert institute in the 
field. The main contacts and the name of each collaborating entity are listed below: 

- Edmond Dupuis and Michel Bruggeman: SCK CEN (Belgian Nuclear Research Centre in Mol, Belgium): 
performing preliminary material characterisation, radionuclide specific and gross activity 
measurements. SCK CEN is accredited according to ISO/IEC 17025:2017 to perform gross alpha and 
beta activity measurements in waters, 

- Håkan Emteborg (JRC-Geel, F.6 Reference Materials Unit): PT reference material processing, packing 
and providing temporary sample storage rooms. JRC-Geel Dir.F.6 is an accredited Certified Reference 
Materials producer according to ISO 17034:2016, 

- James Snell (JRC-Geel, F.5 Food & Feed Compliance Unit): performing complimentary ICP-OES 
elemental analysis. 

Edmond Dupuis from SCK CEN actively contributed to the REM2019 PT by enabling access to the natural 
mineral water sample, performing preliminary material characterisation, radionuclide specific measurements 
and giving technical support throughout the PT. The measurement results from SCK CEN were either used to 
confirm the JRC-Geel measurement results or 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 Agency (IAEA) through their network. Priority was given to the environmental 
radioactivity monitoring laboratories nominated by the EU member states½ Euratom article 35/36 contact 
points and authorities. In total 154 laboratories from all over Europe participated in the PT (from 26 EU 
countries and 11 EU associated countries). In addition to the registered organisations, JRC-Geel received 

mailto:JRC-GEE-REM-COMPARISONS@ec.europa.eu
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additional participation requests by e-mail. Unfortunately, these requests were rejected because they were 
either received after the registration deadline or participation requests were coming outside Europe (USA, 
African or Asian countries) where other financial or logistics issues could have emerged (e.g. customs). The 
full list of all registered laboratories with their affiliations is presented in Annex 6. 

Participation in this PT was free of charge. All costs regarding the PT organisation were covered by the PT 
coordinator organisation (JRC-Geel), 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 the REM2019 PT exercise. 

September 2018 
EC Directorate for Energy and EURATOM Art. 35-36 
experts½ meeting: request to JRC 

July-Aug 2019 
JRC-Geel contacted national authorities, laboratories 
requesting nominations and expression of interest 

3 September 2019 
Invitation letter sent to the nominated/interested 
laboratories 

14 and 25 September 2019 Registration deadline 

7-14 January 2020 PT material shipment to participants 

20 March 2020 
Initial submission deadline for laboratories½ results 
and questionnaire 

17 June 2020 
Extended submission deadline due to Covid-19 
situation 

3 September 2020 Preliminary results sent to participants 

4-6 May 2021 Follow-up virtual-workshop on REM2019 PT 

2021 O`^cid^\g m`kjmo #ºFinal report»$ 

The announcements and communication documents are presented in Annex 1-6. 

Note: Due to the coronavirus pandemic many laboratories running at limited capacity so the initial deadline for 
reporting (20 March 2020) was extended until 17 June 2020, to allow participants to perform measurements 
and submit their measurement result. Since another closure was introduced at JRC-Geel in July 2020, the 
preparation of this PT report was further delayed. 

2.5 PT reference materials  

To run a representative PT, the selection of test items (PT reference materials) is a crucial step. Therefore, our 
first objective was to select waters as close to the samples European laboratories usually measure as 
possible. For this reason, an initial radioanalytical survey to study the naturally occurring alpha emitting 
radionuclides was carried out in some different mineral waters from the European market. The activity 
concentrations of the most abundant naturally occurring alpha-emitting radionuclides (226Ra, 210Po, 234U, 235U, 
238U and 228Th) were determined. In order to find representative water samples of natural origin for the gross 
alpha/beta PT, the following important parameters were taken into account during the PT reference material 
selection: activity concentration of the alpha-emitting radionuclides, salinity and the chemical composition. In 
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terms of salinity, the selected PT test items were preferably in the range where the majority of drinking 
waters are (~50-1500 mg L-1). It was also decided that apart from a natural matrix water, a spiked PT 
reference material would be prepared gravimetrically. The latter sample is one step away from the natural 
samples the European monitoring labs are measuring in their daily work but the reference activity 
concentration will have a lower uncertainty so it is useful to combine the two types of samples in a PT. Thus 
in total two types of waters were selected as PT reference materials, a natural origin mineral water (JRC-
GAB1) and a deionised water that was spiked (JRC-GAB2) with alpha and beta emitting radionuclides and 
inactive inorganic salts to better represent typical water sample3.  

Monitoring laboratories have to be confident in measuring activities near the screening levels of the recent 
WHO guidelines and E-DWD (WHO, 2017; EC, 2013) and should meet the recommendations on detection 
limits. Therefore, we selected the PT samples considering these performance quality parameters as shown in 
Table 2. 

Table 2. Sources and parameters used for establishing requirements for the REM2019 PT water selection. 

Parameter  Activity concentration (Bq L -1) References 

Limit of detection 

0.02-0.1 ISO 9696:2007; ISO 9697:2008 

Gross a = 0.04; Gross b = 0.4 EC, 2013 

Screening levels 
Gross a = 0.5; Gross b = 1 WHO, 2017 

Gross a = 0.1; Gross b = 1 EC, 2013 

Each water sample was filled in a 1-L bottle (See chapter 2.6). 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 with a balance during dispensing. This volume was expected to be sufficient for typical gross 
activity analyses. 

Major chemical characterisation of both PT reference materials was performed. They contained calcium, 
magnesium, sodium, potassium, chlorides and nitrates and non-interfering trace elements as carriers. Both 

water samples were acidified with nitric acid to adjust pH @ 1-2 following ISO 5667-3:2018 (section A.5). A 
detailed description of the preparation of the PT reference materials is described in Chapter 3.1. 

JRC-GAB1 PT reference material contained only naturally occurring alpha - and beta emitting radionuclides. 
JRC-GAB2 PT reference material contained mainly artificial (anthropogenic) alpha - and beta emitting 
radionuclides with 40K being the only naturally occurring radionuclide in the form of KCl (Merck, analytical 
grade, K assay content 99.5%). 

2.6 Logistics: packaging and shipment  

The PT reference materials were filled into regular acid proof 1L high-density polyethylene (HDPE) sample 
storage laboratory bottles. Crimp films were used to cover the screw caps serving as anti-tamper seal. They 
were in two different colours to facilitate visual identification of the two different PT samples. 

The individual PT test items assigned to different studies (homogeneity, stability and reference value) were 
selected using a random stratified selection strategy covering the whole batch. The selection was made using 
the Sample Number Assignment Program (SNAP) developed and validated at JRC-Geel. The 460 individual 
units of PT reference materials were 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 
(JRC-GAB1) or verifying formulation/spiking (JRC-GAB2), 

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

- 96 units per PT sample served as back-up. 

                                           
3 More details on the PT sample selection  for the previous PT are described elsewhere (Jobbágy et al., 2013).  
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An example of labelled storage bottles containing JRC-GAB1 PT sample is presented on Figure 1. 

Figure 1. REM2019 PT reference material (JRC GAB1) after dispensing into storage bottles. 

 

Since temperatures below freezing point could be expected in some cases, special precautions were taken to 
ensure that the PT material arrived at all the participating laboratories in good condition. Therefore, robust 
physical and thermal resistant packaging transport boxes were used (model: EXAM, HIGH-Q Pack 20L). They 
are insulated containers moulded in technical polyurethane foam accommodated in water-resistant 
cardboard. Double layered card board boxes were used for shipments where there was no risk of sample 
freezing. 

The package contained the two units of PT reference materials; a natural mineral water (JRC-GAB1) and a 
spiked ASTM (American Society for Testing and Materials) D1193-06 type-II laboratory water (JRC-GAB2). The 
HDPE bottles containing the water samples were put into a layer of spill adsorbing material and eventually 
into a sealable plastic foil to contain any spillage during the transport. 

Each package shipped to participants contained the following items: 

- 2-4 units of PT reference material in 1 L HDPE bottles, each wrapped in bubble foil sealed in a plastic 
bag, 

- accompanying letter, 

- material information sheet, 

- sample receipt form. 

The packages containing the PT samples were distributed by a logistics company. In general, the packages 
arrived to the participating laboratories within 1 to 10 days after dispatch. In some cases there were some 
delays due to e.g. customs procedure outside the Schengen area or internal procedure reasons at the 
participants½ organisation. The activity of the shipped PT samples were well below the exemption levels in 
terms of both activity concentration and total activity. 

Upon arrival of the package, the participants were requested to send back immediately the Sample receipt 
form (Annex 5) by e-mail to the PT coordinator. 

Participants were instructed to store their PT samples in a dark place between +4 oC and +20 oC.. The PT 
organiser recommendation was to store the sample bottle at room temperature prior to any analysis until it 
reached thermal equilibrium with its environment. 

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



11 

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 sent 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 participant: https://web.jrc.ec.europa.eu/ilcReportingWeb 

Participants had the opportunity to report results obtained by different analytical methods following the 
organiser½s instructions including: 

- the measurement technique used, 

- one mean result per measurement technique (in mBq/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 questionnaire (Annex 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 questionnaire was used 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.eu/ilcReportingWeb 

2.9 Data treatment  

All results were treated confidentially; identities were and will be kept anonymous even beyond the PT 
exercise. However, the results and performance of each nominated laboratory will 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 invitation e-mail (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 used as described in Clause C.4 and C.5 of 
the ISO/IEC 17043:2010. The aforementioned clauses warn the laboratories and accreditation bodies to use 
proficiency testing (especially results from only one PT) as the only tool in the accreditation processes to 
determine competence. Performance scores from a PT are momentary evidence of competence for that 
particular exercise and may not necessarily reflect general long-term competence of a laboratory. 

https://web.jrc.ec.europa.eu/ilcReportingWeb
https://web.jrc.ec.europa.eu/ilcReportingWeb
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3 Proficiency test  reference  material s: processing and characterisation  

3.1 PT reference  material  production  and processing 

The reference material processing and their treatment was identical for both PT-materials. The vessels used 
for PT reference material homogenisation and production steps are described in sub-chapter 3.1.1 and 3.1.2. 

3.1.1 Vessels for homogenisation and processing  

There were two large volume custom-made 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 strong acid and Type I ultrapure 
water. The wall of the vessels is a sandwich construction and consists of glass fibre reinforced plastic (GRP) 
as outer liner and Teflon® PFA (perfluoroalkoxy copolymer resin) as an inner liner. The dimensions of these 
vessels are such that the Dyna-mixer CM500 (WAB, Basel - Switzerland) can be used for easy cleaning of 
these vessels between projects. Consequently before filling with the water and the Type II pure water, the 
vessels were rinsed with >50 L Type II pure water and placed in the Dyna-mixer CM500. The whole system, 
when comprising of four inter-connected vessels, allows homogenisation of up to 2 m3 of water at the same 
time. The pneumatically driven bellow-pumps (Iwaki FS-30-HT2) are made so that all parts in contact with the 
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 m3 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 sample (JRC-GAB1) was provided by a mineral water supplier in a 1 m3 transport 
container, whilst the water for JRC-GAB2 was produced in-house as described in the next paragraphs. 

JRC-GAB1 PT reference material was produced from a commercial mineral water from France. For the 
homogenisation, one of the PFA-lined vessel with approximately 550 L was filled with the mineral water 

which was acidified to pH = 1.4 ± 0.1 with analytical grade concentrated HNO3. The acidified water was re-
circulated for few days at 15 L/min using the inert Iwaki bellow pumps. During filling an intermediate PFA 
buffer tank of 20 L was used and the water was pumped from the main 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 subsequently reaching a mass set-point. Prior to filling, the buffer tank was rinsed with 2 x 10 L of 
Type I r\o`m #,3)- H³ ^h' +)+01 ÊN*^h \o -0 ®> \i_ OJ> 7 0 ib*hG$ amjh \ Hdggd-Q Advantage system 
(Millipore, Billerica, MA, USA) and 20 L of mineral water. In this manner 460 bottles were filled. The 1-L 
bottles were made of high density polyethylene (HDPE) with a leak-proof HDPE-screw cap (Nalgene). 

JRC-GAB2 PT reference material was a spiked Type II water from a Millipore ELIX-.0 ntno`h #90 H³ ^h' +)- 
µS/cm at 25 °C and TOC < 30 ng/mL) with added inorganic salt mixture composed by KCl (Merck, assay 
content 99.5%), NaCl, CaCl2, MgCl2, Sm(NO3)3 and Sr(NO3)2. During several days, 500 L of Type II water was 
collected in portions into the main PFA-lined drum of 550 L. Subsequently the preliminary weighed salt 
mixture was added. Thereafter, analytical grade concentrated nitric acid was added to obtain the desired pH 

(pH = 1.4 ° 0.1) followed by 90Sr/90Y and 241Am spikes from standardized solutions. The 90Sr/90Y with massic 

activity of (121.4 ° 1.0) Bq/g, and 241Am (80.99 ° 0.40) Bq/g, radioactive solutions were standardized at the 
Czech Metrology Institute (Eurostandard). 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 the 1-L HDPE bottles (Nalgene) were 
filled in the same way as for JRC-GAB1 reference material. 

For both type of reference materials crimp films were used to cover the screw caps of the bottled materials 
serving as anti-tamper seal. The crimp films were used in two different colours to facilitate visual 
identification of the two PT reference materials. 

After bottling, the PT reference materials were transported into their interim storage room within JRC-Geel 
premises. PT reference materials were stored in a dark and dry storage place at 4 oC. 

Information on the radionuclide composition and chemical composition of the REM2019 PT samples are 
presented in Table 3 and in Table 4. 
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Table 3. The radionuclide composition and total dissolved solid contents of the REM2019 PT reference materials 

(uncertainties at k=1). 

JRC-GAB1 (Natural matrix)  JRC-GAB2 (QC Spiked water) 

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

Source of alpha activity contribution: 234U and 238U Source of alpha activity contribution: 241Am 

Source of beta activity contribution: 40K, 234Th, 234Pa Source of beta activity contribution: 40K, 90Sr/90Y in 
equilibrium 

Table 4. The chemical composition and concentration of JRC-GAB2 PT reference material from gravimetric weighing. The 

relative standard uncertainty on the chemical concentration was approximately 1.0%. 

Chemical 

element/ion  
Weighed amount (g)  

Chemical concentration 

(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 

ὔὕ (nitrate) 5.900 11.4 

Reference values for JRC-GAB2 PT reference material were determined by using gravimetric approach, where 
the standardized solutions were weighed on a calibrated balance which is traceable to the BIPM (SI) standard 
kilogram via JRC-Geel standard kilogram. The uncertainty on the weighing was approximately 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 samples performed at SCK CEN were based on 
ISO 10704:2019 standard evaporation and co-precipitation approaches. The direct evaporation method using 
an automatic evaporator where 200-250 mL of water was directly evaporated on the cup before being 
measured in a ZnS counter and or in a proportional counter. Another applied approach was to pre-concentrate 
samples with the Buchi Syncore system and after, evaporate it on a planchet to obtain a homogenous dry 
deposit. Thanks to a self-absorption curve, a correction factor was calculated and used in order to be able to 
convert this activity into activity concentration values. Sample preparation started with evaporation of 250 mL 
sample. To keep all the soluble materials in solution, 5 mL of 10 % acetic acid were added and evaporated 
under vacuum in a BuchiSyncore Analyst system with a flush back option. With this system all the activity and 
salt were concentrated in a small volume of about 3 mL. This sample volume was transferred into a stainless 
steel planchet and the water was dried on a (glass-ceramic) hotplate until complete dryness. The residue was 
weighed and measured with the gross alpha/beta system.  

Detector system for gross alpha counting: 5 inch (1 inch = 2.54 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 ³ 10000 s and 10 ³ 10000 s. Alpha background: 0.04 ̧ 0.09 cpm.  
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Detector system for gross beta counting: the samples were counted in a proportional counter 5 inch very low 
background Canberra LB4200 and low background Canberra Tennelec LB 5500 with sample changer. Typical 

measurement time: 6 ³ 3000 s and 10 ³ 6000 s. Beta background: < 2.5 cpm. For quality check purposes 
background is measured before and after each sample measurement. The efficiency of all the counters is 
controlled each month with a certified source made at SCK·CEN. Radionuclides used for calibration: 239Pu for 
alpha and 90Sr/90Y for beta. Self-absorption factor is determined by using NaNO3. 

3.2.2 Measurements performed at JRC -Geel 

The JRC-Geel method 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 approximately an aliquot of 250-
500 g of water was weighed into a glass beaker and acidified to approximately pH 2 using nitric acid if not 
acidified before. The sample was gently evaporated to approximately 20-30 mL on an electrical plate at 
maximum 80 oC . The beaker was cooled down and the remaining water was weighed. Then, an aliquot of 10 
mL of water sample was dispensed into a 20 mL low-diffusion polyethylene liquid scintillation vial containing 
10 mL of Ultima Gold AB liquid scintillation cocktail. A vial was closed with a cap and shaken vigorously by 
hand for 30 seconds. The LSC vial was placed 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 counter (Perkin Elmer). 
Alpha particles were counted in a window between channels 500 - 1000, and beta particles were registered in 
a window between channels 50 - 900. 

Before measuring a batch of samples the LS counter½s pulse shape analyser (PSA) value of the alpha/beta 
discriminator was adjusted by dispensing known activities of alpha emitting (241Am) and beta emitting 
(90Sr/90Y) radionuclide standard solution to a concentrated water sample and measuring alpha and beta 
spectra. For both water samples (JRC-GAB1 and JRC-GAB2) the optimum PSA values were found to be 70. 
Thus the same settings were used for the LSC measurements. 

Similarly, alpha and beta counting efficiencies were determined by dispensing a known activity of alpha or 
beta emitting radionuclide standard solution to thermally pre-concentrated water samples. Alpha counting 
efficiency (referred to 241Am) was 0.98 ± 0.01, and beta counting efficiency (referred to 90Sr/90Y) was 
0.96 ± 0.01. The alpha to beta spillover values for JRC-GAB1 and JRC-GAB2 samples were 1.12% and 1.24%, 
respectively. The beta to alpha spillover values for JRC-GAB1 and JRC-GAB2 samples were 0.97% and 0.89%, 
respectively. 

Blank samples were prepared the same way as the routine samples. An aliquot of 10 ml pre-concentrated de-
ionized water sample was dispensed into a 20 mL 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 241Am 

For both PT water samples a known amount of tracers (232U for JRC-GAB1 samples or 243Am for JRC-GAB2 
samples) were added gravimetrically before the pre-concentration step. Pre-concentration of radionuclides 
was done prior to the separation phase from 0.5 L water samples by Fe(OH)3 co-precipitation. The precipitate 
was dissolved in 15 mL 8 mol/L or 3 mol/L HNO3 and loaded onto the extraction chromatography columns. 
TEVA, UTEVA and DGA solid phase extraction chromatographic resins were used for the sequential separation 
of U isotopes and Am from the interfering radionuclides and matrix elements. 

Sources for alpha-particle spectrometry were prepared by electrodeposition from H2SO4/NaHSO4/NH4SO4 
media, uranium isotopes and 241Am were electrodeposited onto stainless steel discs and measured by alpha-
particle spectrometry. The detailed analytical procedures are described elsewhere (Jobbágy et al., 2013; 
Groska et al., 2016). 

3.3.2 40K measurement with gamma -ray spectrometry  

The water from three bottles for each of JRC-GAB1 and JRC-GAB2 were measured using gamma-ray 
spectrometry. The measurements were performed both in the 225 m deep underground laboratory HADES 
(Hult et al., 2021) and above ground at JRC-Geel. Due to the low count-rates, only the measurements from 
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detector Ge-5 in HADES were used for quantification. It is a 50% relative efficiency planar detector with a thin 
top deadlayer (so-called BEGe-detector). The count rates for 40K in both water samples were low which 
indicated very long measurement times (about 1 week per measurement) were needed with this technique 
but it is very robust as it requires no pre-treatment of the sample (water). The full energy peak efficiency 
curve was derived from a reference sample (liquid solution of mixed radionuclides) from NPL (National 
Physics Laboratory, UK). The efficiency transfer to correct for small differences in filling height was performed 
using the Monte Carlo code EGSnrc. The reported uncertainties are the combined standard uncertainties 
(k = 1) with major components being counting statistics and the full energy peak efficiency. The massic 
activities of 40K (as average of three bottles) are reported in Table 5. Due to the relatively high uncertainty 
(due to low count-rate) the value for JRC-GAB1 was not included in the determination of the reference values 
but served as a robust check of other methods. In addition, these measurements served to confirm the 
absence of other (gamma-ray emitting) radioactive impurities. 

Table 5. Massic activities of 40K from underground gamma-ray spectrometry. 

Sample Massic activity  (k=1)  

JRC-GAB1 (290 ± 100) mBq·kg-1 

JRC-GAB2 (480 ± 80) mBq·kg-1 

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 order to ensure that 
interference free measurements can be performed. The radionuclide-specific and gross activity 
measurements were done using independent measurement methods at JRC and SCK CEN. The measurement 
results of the individual radionuclides and gross alpha/beta activity concentration for JRC-GAB1 and JRC-GAB2 
samples are summarised in Table 6 and Table 7, respectively. 

  



16 

Table 6. Summary of the radionuclide-specific and gross activity measurement results for JRC-GAB1 PT reference 

material. The results are presented as activity concentrations [mBq/L], uncertainties are expanded uncertainties (k = 2). 

Radionuclide/parameter  Activity concentration  
Related 

measurement  

Gross alpha activity concentration (JRC) (282 ± 22) mBq/L alpha activity 

Gross alpha activity concentration (SCK CEN) 
Co-precipitation (354 ± 40) mBq/L 

Direct evaporation (350 ± 43) mBq/L 

alpha activity 

234U (JRC) (292 ± 22) mBq/L alpha activity 

234U (SCK CEN)  (295 ± 16) mBq/L alpha activity 

235U (JRC) (3.3 ± 0.6) mBq/L alpha activity 

235U (SCK CEN) (2.8 ± 0.4) mBq/L alpha activity 

238U (JRC) (76 ± 6) mBq/L alpha activity 

238U (SCK CEN) (79 ± 4) mBq/L alpha activity 

226Ra: RadDisk-alpha spec (JRC) <10 mBq/L alpha activity 

226Ra: LSC and Lucas method (SCK CEN) <3 mBq/L alpha activity 

Gross beta activity concentration (JRC) (432 ± 58) mBq/L beta activity 

Gross beta activity concentration (SCK CEN) Direct evaporation (330 ± 40) mBq/L beta activity 

210Pb (SCK CEN) < 9 mBq/L beta activity 

228Ra (SCK CEN) < 9 mBq/L beta activity 

40K by ICP-OES (JRC) (187 ± 19) mBq/L beta activity 

40K by ICP-AES (SCK CEN) (210 ± 10) mBq/L beta activity 

Total beta activity  
(sum of 40K, 234Th and 234Pa) 

(339 ± 17) mBq/L 
beta activity 

The mean results for JRC-GAB1 PT reference material obtained by different independent measurement 
techniques were consistent and within the corresponding measurement uncertainties. The gross alpha/beta 
activity measurement results were also in agreement with the radionuclide specific measurement results. It 
was confirmed that there were no interfering radionuclides in the JRC-GAB1 PT reference material that could 
cause significant bias from the reference value in this type of sample. 
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Table 7. Summary of the radionuclide-specific and gross activity measurement results for JRC-GAB2 PT reference 

material. The results are presented as activity concentrations [mBq/L], uncertainties are expanded uncertainties (k = 2). 

Radionuclide/parameter  Activity concentration  
Related 

measurement  

Gross alpha activity concentration (JRC) (635 ± 50) mBq/L alpha activity 

Gross alpha activity concentration (SCK CEN) 
Co-precipitation (750 ± 80) mBq/L 

Direct evaporation (670 ± 80) mBq/L 

alpha activity 

241Am alpha-particle spectrometry (JRC) (729 ± 56) mBq/L alpha activity 

241Am gravimetric spike (JRC) (731 ± 10) mBq/L alpha activity 

241Am gamma-ray spectrometry (JRC) (750 ± 60) mBq/L alpha activity 

241Am alpha-particle spectrometry (SCK CEN) (700 ± 110) mBq/L alpha activity 

241Am gamma-ray spectrometry (SCK CEN) (650 ± 160) mBq/L alpha activity 

Gross beta activity concentration, gravimetric 
spike (JRC) 

(1610 ± 24) mBq/L 
beta activity 

Gross beta activity concentration, LSC (JRC) (1625 ± 146) mBq/L beta activity 

Gross beta activity concentration, direct 
evaporation (SCK CEN) 

(1400 ± 80) mBq/L 
beta activity 

40K gamma-ray spectrometry (JRC) (480 ± 160) mBq/L beta activity 

40K gravimetric spike (JRC) (474 ± 10) mBq/L beta activity 

40K ICP-OES (JRC) (290 ± 88) mBq/L beta activity 

40K by ICP-AES (SCK CEN) (290 ± 10) mBq/L beta activity 

90Sr/90Y by LSC (SCK CEN) (1020 ± 180) mBq/L beta activity 

90Sr/90Y gravimetric spike (JRC) (1136 ± 16) mBq/L beta activity 

It can be concluded that the mean results for 241Am and 90Sr/90Y in JRC-GAB2 sample obtained by different 
independent measurement techniques were consistent and close to the reference value (gravimetric spiking). 
These results were all within the 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 40K measurement results obtained by ICP-AES and ICP-OES versus gamma-ray spectrometry 
and gravimetrics are seemingly different and in case of comparing ICP-AES and ICP-OES with the gravimetric 
value it is even not within the measurement uncertainties of the results from radiometric methods. The 
reason for this difference was not found yet but these inconsistencies did not jeopardize the proficiency test 
exercise. 

The following data were used for 40K activity calculation: 40K specific activity considering the beta particle 

emission probability was (27.9 ° 0.7) Bq/g of natural K (Maulard and Osmond, 2008; NIST and 
CIAAW websites). 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 homogeneity study 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, counting statistics and homogeneity. 

Both PT waters were homogenised for several days and bottled at JRC-Geel in November and December 2019 
as described in Chapter 3.1. For the homogeneity study a random stratified method was used to select 
bottles to avoid systematic errors within the batch. Bottles were selected with the help of SNAP excel 
application developed at Reference Materials Unit at JRC-Geel. From each batch of water, ten bottles were 
randomly selected and analysed using gross activity measurements and radionuclide specific analysis of the 
natural origin or artificial alpha and beta emitting radionuclides used for spiking as presented in Table 8. 

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

PT reference material  Parameters checked  

JRC-GAB1 Gross alpha/beta activity; uranium isotopes, 
stable K 

JRC-GAB2 Gross alpha/beta activity; 241Am, stable K and Sr 

The homogeneity and the short term stability of the radionuclides in the matrix was evaluated using the 
SoftCRM software version 2.0.21 (Linsinger et al., 2001; Bonas et al., 2003) following the certification 
principles for reference materials as given in ISO Guide 35:2006 and ISO Guide 35:2017. According to the 
software, all individual results were normally and unimodally distributed. SoftCRM did not identify any 

measurement results as outlier at a level of significance a = 0.05 using the single Grubbs' test. Therefore, the 
whole batch was considered homogeneous and retained for further analysis and use. The homogeneity study 
was performed by alpha-particle spectrometry after radiochemical sample preparation and ICP-OES technique 
for stable K and Sr measurements. The results were then evaluated by a one-way analysis of variance 
(ANOVA). The between-bottle standard deviation sbb and within bottle standard deviation swb were calculated 
with the following formulae (ISO 35, 2017) 

n

MSMS
s withinbetween

bb

-
=

 and  withinwb MSs =
   (1) 

Where: 

- MSbetween is the between bottle variance, 

- MSwithin is the within bottle variance of the measurements used in the between-
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 following formula 
(ISO 35, 2017): 
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Where: 

- nMSwithin  is the degree of freedom of MSwithin. 

This expression is based on the consideration that a confidence interval can be established for sbb, and 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 estimate of sbb (ISO 35, 2017). 
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The a priori requirement on the uncertainty from the between bottle homogeneity (ubb) was set to be 
maximum 10 %. When waters are bottled, the main contribution to their instability could be either from the 
adsorption of radionuclides to the container wall or from precipitation due to chemical reactions in the 
sample. Measurement results for homogeneity study are presented in Figure 2-5. 

Figure 2. Total uranium (sum of 238U and 234U) activity concentration in JRC-GAB1 PT reference material for 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 concentration and error bars indicate the ° 1sigma (k=1). 

 

Figure 3. The elemental potassium concentration in JRC-GAB1 PT reference material for homogeneity study. All 

uncertainties are combined standard uncertainties at the 1 sigma level (k=1). The blue dashed line indicates the average 
potassium concentration. 
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Figure 4. The 241Am activity concentration in JRC-GAB2 PT reference material for 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 

concentration and error bars indicate the ° 1sigma (k=1). 

 

Figure 5. The elemental potassium and strontium concentration in JRC-GAB2 PT reference material for homogeneity 

study. All uncertainties are combined standard uncertainties at the 1 sigma level (k=1). The blue dashed line indicates the 
average potassium concentration and the orange dashed line indicates the average strontium concentration. 
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3.6 Stability study  

According to the ISO/IEC 17043:2010 and ISO 13528:2015 standards, the uncertainty from a stability study 
originates from two types of stability: 

¶ The short-term stability of the PT reference materials which is related to sample transport (i.e. 
transport between the PT provider and the participants).  

¶ The long-term stability of the PT reference materials is linked to sample storage. 

The uncertainty contribution from short- and long-term stability of the material to the uncertainty on the 
reference values was determined. There are chemical processes that may lead to increased uncertainty from 
instability apart from decay. These are adsorption of radionuclides to the sampling container material, 
chemical precipitation or co-precipitation of radionuclides and due to biological activities in the sample. 

The short term stability was checked by measuring PT samples before and after shipment. Short term 
stability analysis was done when a small aliquot of PT sample was taken from the 1 L bottle and analysed 
using gross alpha/beta activity concentration measurements. 

The first stability measurements were done already before shipping the PT reference materials and the last 
stability samples were measured two weeks after the result submission deadline. During long term stability 
testing, five bottles (n = 5) were placed in a temperature controlled climate chamber (Memmert GmbH) and 
kept at 4 oC and one bottle was stored at ambient temperature (around 20 oC) in a laboratory room. Long-
term stability of the PT reference materials were studied by measuring activity concentrations of uranium 
isotopes in JRC-GAB1 and 241Am in JRC-GAB2 PT samples, respectively. In addition, gross alpha/beta activity 
concentration measurements were performed on both PT samples by liquid scintillation counting according to 
ISO 11704:2017. The stability study covered the whole period between sample processing and result 
submission deadline to confirm that there was no loss of radionuclides other than from the radioactive decay 
during the PT exercise. The potential loss of radionuclides can be hidden by the method repeatability. 
Therefore when the uncertainty components from stability studies are established, one has to correct for 
repeatability during calculation as the SoftCRM software does. On the basis of the SoftCRM calculation data 
the uncertainties due to transport and storage conditions (i.e. short term and long term stability) were found 
to be < 7.0% as summarised in Table 10 in Section 3.4. 

3.7 Assigned values and the standard deviation for proficiency assessment  

The reference gross alpha and beta activity concentration values ὼ  were calculated from the power-
moderated mean (Pommé and Keightley, 2015) of a series of reference measurements in case of JRC-GAB1 
water. While the reference gross alpha and beta activity concentration values ὼ  were calculated from the 
formulation (gravimetric spiking) for JRC-GAB2 water. By principle, decay correction is not possible on gross 
alpha/beta activities. Therefore, a reference date is not given. 

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

όὼPT = Ὧ× όὧὬὥὶ
2 + όὦὦ

2 +  όίὸί
2 + όὰὸί

2  

 

where 

- k: coverage factor (k=1) at  ~ 68% confidence interval, 

- όὼ : combined standard uncertainty from the characterisation study, 

- ό : uncertainty related to possible between bottles inhomogeneity, 

- ό : uncertainty related to the possible short-term instability of the samples, 

- ό : uncertainty related to the possible long-term stability of the samples. 

The relevant parameters needed for calculating scores were: the reference values/assigned values ὼ   of the 
proficiency test samples, its associated combined standard uncertainty όὼ  and the standard deviation for 
proficiency assessment „  as presented in Table 9. The standard deviation for proficiency assessment „  

was set to 30 % for PT reference material JRC-GAB1 and to 20 % for PT reference material JRC-GAB2, 
respectively. The „  for JRC-GAB1 was chosen higher than for JRC-GAB2 since JRC-GAB1 is a natural water 
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with lower gross activities. JRC-GAB2 is an easier-to-measure, gravimetrically spiked PT sample, free from 
interferences and with elevated gross activities compared to JRC-GAB1. 

Table 9. The reference gross alpha and beta activity concentration values ὼ  of the REM 2019 PT reference materials 

and each combined uncertainty όὼ  and the standard deviation for proficiency assessment („ ). 

PT reference material  code Parameter  ●Ἔἢ◊●Ἔἢ  ⱭἜἢ Ϸ ÏÆ ●Ἔἢ ◊●ἜἢȾⱭἜἢ 

JRC-GAB1 
alpha 372(29) mBq/L 112 mBq/L (30%) 0.26 

beta 333(27) mBq/L 100 mBq/L (30%) 0.27 

JRC-GAB2 
alpha 731(34) mBq/L 146 mBq/L (20%) 0.23 

beta 1610(53) mBq/L 322 mBq/L (20%) 0.16 

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

referred to the corresponding last digits of the quoted value ὼ044. The uncertainties on homogeneity, stability 
and characterisation were taken into account in establishing the uncertainties of the assigned reference 
values as presented in Table 10 . 

Table 10. Summary of the reference values and their uncertainty components (in brackets from alpha spectrometry). 

PT reference material code  Parameter  uchar uhom usts+ults  t=30 weeks  u (XPT) 

JRC-GAB1 

Gross alpha 0.031 0.02 0.069 (0.018) 0.078 

Gross beta 0.062 0.01 0.053 0.082 

JRC-GAB2 

Gross alpha 0.007 0.02 0.041 (0.022) 0.046 

Gross beta 0.007 0.004 0.032 0.033 

To be more cautious with 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 (see in brackets in Table 10). 

3.8 Metrological traceability  

Metrological traceability of the measurement values were established via a documented unbroken chain of 
calibrations and/or using certified reference materials with stated uncertainties on their property values 
characterised by metrology institutes (Czech Metrology Institute, National Physical Laboratory-UK). 
Furthermore, JRC participated in BIPM (International Bureau of Weights and Measures) key comparisons (K) 
and supplementary (S) comparisons. 241Am and 90Sr solutions were used from those exercises for certain 
measurements: 

¶ CCRI(II)-K2.Sr-90 solution, 

¶ CCRI(II)-K2.Am-241 solution, 

¶ CCRI(II)-S3: Radionuclide (241Am, 239,240Pu, 238Pu, 238U, 234U, 235U, 232Th, 230Th, 228Th, 228Ra, 137Cs, 210Pb, 
90Sr and 40K) activity measurements in reference materials ̧ shellfish. 

Another important milestone from a metrological point of view is that the JRC officially re-joined EURAMET 
which was a pending issue since the reorganisation of the JRC in 2016. 

                                           
4 Evaluation of measurement data ð Guide to the expression of uncertainty in measurement, BIPM, 2008. 
https://www.bipm.org/utils/common/documents/jcgm/JCGM_100_2008_E.pdf 

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 participants of which 140 from the European Union Member States registered for this 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 participants' performance using their 
calculated performance scores. 

The participants were requested to submit their results together with their combined standard uncertainties 
indicating the coverage factor (k) they used. To be able to compare the submitted results adequately, the 
organiser recalculated (when necessary) the reported uncertainties so that the same coverage factor is 
employed in all the graphs of this report. 

We have to note that for JRC-GAB1 there were 2 \i_ ,, ºg`nn-oc\i» q\gp`n ajm bmjnn \gkc\ \i_ bmjnn ]`o\ 
activity concentration, respectively. No less-than values were reported for sample JRC-GAB2. Ajm ºg`nn-oc\i» 
values, no scores (percentage deviation, z-score and zeta-score) could be calculated. 

ISO 13238:2015 (Annex 10) requires the uncertainty of the assigned value όὼ   to be smaller than πȢσ „  

for enabling the organiser to express the laboratory performance in terms of ᾀ- and ᾀὩὸὥ-scores. This was 
the case for all four „  of this PT (see last column of Table 9). The detailed calculation of performance 

evaluation scores including formulae is presented in Annex 11 . 

The z-score divides each participant's deviation from the assigned value with the standard deviation of the 

proficiency test assessment (sPT). 

Oc` Ô-score states whether the laboratory's result agrees with the assigned value considering both the 
reported uncertainty and the uncertainty of the assigned value) <i pin\odna\^ojmt Ô-score can be caused by an 
inappropriate estimation of either the reported value or its uncertainty, or both. 

The interpretation of the ◑░-score and ◑▄◄╪░-score was done according to ISO 13528:2015. The following 
scores and colour codes are used in Figure 6 and Table 21-23  in Annex 10  (in parenthesis the ISO/IEC 
17043:2010 synonym is given): 

- wn^jm`w ɥ - acceptable (or satisfactory) performance (green), 

- 2 < |score| < 3 warning (or questionable) signal (yellow), 

- wn^jm`w ɦ . unacceptable (or unsatisfactory) performance (red). 

For the percentage deviation a value is acceptable if the reported value is within ±sPT, i.e within ±30% of the 
assigned value for JRC-GAB1 and within 20% of the assigned value for JRC-GAB2. 

The gross alpha and beta activity concentrations ὼ in mBq/L are plotted in ascending order in Figure 6. (JRC-

GAB1 gross alpha), Figure 7 (JRC-GAB1 gross beta), Figure 8 (JRC-GAB2 gross alpha) and Figure 9 (JRC-

GAB2 gross beta). The uncertainties reported by the participants are presented as expanded uncertainties 
Ὗὼ , with Ὧ ς. 

The solid red line on the S-plots indicates the reference gross alpha or beta activity concentration (assigned 
value, ὼ ). The dashed red lines show the expanded uncertainty Ὗὼ  (with Ὧ ς) of the reference value, 
while the blue short-dashed lines represent the acceptance range ὼ04 ς „  for ᾀ-scores. 

Results without error bars on the S-plots (symbols at the right side of each graphs) represent results reported 
by the participants as "less-than" values. 
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Figure 6. The gross alpha activity concentration measurement results for JRC-GAB1 PT reference material, as reported by the participants, ὼ, and their expanded uncertainty ὟὼȟὯ ς. 

Solid red line: reference value (ὼ . Red dashed lines: assigned range (ὼ   Ὗὼ ȟὯ ς. Blue dashed lines: ὼ  ς „  acceptance range. 
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Figure 7. The gross beta activity concentration measurement results for JRC-GAB1 PT reference material, as reported by the participants, ὼ, and their expanded uncertainty ὟὼȟὯ

ς.Solid red line: reference value (ὼ . Red dashed lines: assigned range (ὼ   Ὗὼ ȟὯ ς. Blue dashed lines: ὼ  ς „  acceptance range.  
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Figure 8. The gross alpha activity concentration measurement results for JRC-GAB2 PT reference material, as reported by the participants, ὼ, and their expanded uncertainty ὟὼȟὯ ς. 

Solid red line: reference value (ὼ . Red dashed lines: assigned range (ὼ   Ὗὼ ȟὯ ς. Blue dashed lines: ὼ  ς „  acceptance range.  
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