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Abstract

Member Sates of the European Union together with the European Commission have been funding research in
the field of metrology (measurement science) under the EMPtigramme (European Metrology Programme
for Innovation and Research), which is administered by BAHIA

In the 2016 call metrology for environment a consortium of European institanesuniversitiegcomposed of
BEV/PTP, Austria; BFKH, Hungary; CEA, France; CMI, Czech Repthbhic;RBINania; PTB, Germany; STUK,
Finland; VINS, Serbia; AGES, Austria; BfS, Germany; CLOR, Poland; IRSN, France; JRC, European Commiss
SUBG, Bulgaria; SUICHBO, (Rephablic; UC , Spain; METAS, Switzerland) were grastedr3unding for a
project named MetroRADO{netrology for radon monitoring) which deals with the study and development of
novel techniques for metrology of radon monitoringAn importantobjective of this project was to develop
reliable techniqgues and methodologies to enable traceable radon activity concentration measurements and
calibrations at low radon concentrations (16B00 Bgm®) and highradon concentrations (308qm™ to
10000Bgm™® in air. For more information on the project objectives and results visit
www.metroradon.euThe European Council Directive 2013/59/EURATOMBER)laying down basic safety
standards for protection against the dangers arising from exposur®nisingradiation has evoked new
challenges for the metrology of radon measurements and calibrations in Europe. SinceMentbdrSi | ( S & Q
levels of relevant activity concentration that are laid down in theB8$ shall not exceed 300 Bd, new
calibration praedures for existing commercial radon monitors have been developed within this profest.

Jint Research ProjecMetroRADON has provided S| traceable metrological resources (calibration and
measurement) for the monitoring of radon, which essentiallylitatéd the harmonized implementation of

the new EUBSS in Europe. In addition, the composition of the partners has contributed to the creatloa of
metrological infrastructure for radon in Europe suitable for the requirements of the radon action plan
requested by the new European Directive.

In the framework of MetroRADON two intercomparison exercises have been conductedlidate the
traceability of existing European radon calibration facilitiesational metrology institutes and designated
laboratories, accredited laboratories, other calibration laboratories and universities over the ranges from
100Bg/m?to 300 Bg/nt and 300 Bg/mto 10 000 Bg/m.

This document provides results from the validation of the traceability of European radon calibration facilities
at stable radon atmosphere in the range from 1B@m™to 300Bgqm™ and in the range from 30Bqm™ to

10000 Bgm™ conducted in the framewrk of the EMPIR Projestc 9 b+mn daSGiNRf 238 F2N
(MetroRADON).

Data from European radon calibration facilitiess collected using questionnaire created especially for the
validation of the traceability the Project MetroRADORMe purpose of the questionnaire was to seldwt
appropriate institutes for intercomparisonperformed bythe German Federal Office for Radiation Protection
(BfS)andthe National Institute for Nuclear, Chemical and Biological Protection, v.v.i, Kan(8od&€HBO)

From March 2018 to February 2020 an interlaboratory comparisdhe range from 30Bqm™ to 10000 Bq

mwas conductedin total 15 calibration facilities from 12 different countries of the European Union and one

from Montenegro (MNE) participateith the comparison Among those wer& national metrological institutes

and designated institutes (BERTP, STUK, BFKH, ENIEy), IFINHH, MNE(Montenegro) SMJ (Slovac
Republic), 5 national authorities for radiation protection (BfS, SUJCHBO, IRSN, CLOR, SSM) and 3 participants
from universities (UBBRomania) LARU@NICANSpain) UPC(Spain). The comparison was conducted by

BfS

Verification of secondary standards of European calibration laboratdmige range from 10Bqm™ to

300 Bg m® was performed bySUJCHB@ the period from October 2019 to April 202Bight European
laboratories have participated in thiatercomparison of secondary standards, including SUJCHBO, and nine
measuring devices were calibrated.
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Scope

Radon is estimated to cause between 3 % and 14 % of all lung cancer cases, depending on the average radon
level in the country. For Europe, thisroesponds to about 15 to 20 thousand people dying per year by lung
cancer caused by radon exposure. The legal implementation of the neBSBlEtlaims a metrological sound

basis of radon protection for European citizens. This is one of the main objectittes mew ELWBSS, which

have to be implemented by national legislatives in the coming years.

The traceability of measurements plays an important role in many quality systems. The desire to improve and
harmonize radon measurements in air arose during tisé dmarter of the 28 century.

The aim of this work haseen to validate the traceability of existing European radon calibration facilities at
NMIs/Dls, accredited laboratories, other calibration laboratories and universities over the ranges from
100Bgm™to 300 Bgm™and 300 Baqn™to 10 000 Ban™®.

Two comparisons have been performed. They have allowed the operators of radon calibration facilities to
reduce the relative uncertainties related to their facilities. These international comparisons have fulfilled the
need to provide confidence in the caplity of European radon calibration facilities in the field of radon
activity concentration measurements in air.

The traceabilityto primary standards used for radon activity concentration in air measurement to European
radon calibration facilities havieeen established by using existing primary radon gas standards and new radon
activity standarddeveloped in MetroRADQMNNd two different approaches for validation have been used:

1. the first way of validation has been designed for one reference dewadibrated with a
primary radon gas standard was shipped to European radon calibration facilities for a
comparison with their existing secondary standards. Intercomparisons have been conducted
using a calibrated instrument to validate the traceability amaffprmance of European radon
calibration facilities in the range from 300 B& to 10 000 Bq i,

2. secondary standard devices used by European radon calibration facilities were calibrated in the
same place with traceability to the new radon gas standamthe performance of European radon calibration
facilities have been validated using a reference device calibrated in a stable reference atmosphere of the range
from 100 Bq rif to 300 Bq ritwith traceability to a primary standard.

The comparison athree different levels of radon activity concentratio®00Bg/m3, 1000Bg/m3 and

6 000Bg/m3) was conducted by the German Federal Office for Radiation Protection (BfS). The results of the
interlaboratory comparison show that, taking into account the istital uncertainties, the ratios of radon
activity concentrations are identical for all exposure values and for the summary of all .vilwas be
assumed that radon activity concentration realized by the European calibration facilities fluctuate axound
common mean valueThe intercomparisorperformed by the staff of SUJCHBO was realised at two levels of
radon activity concentrations, at 200 Ba® and at 300 Bqn™. The analysis of individual parameters of the

LI NI A OA LI yiQa LIS NF 2k lofytikieSsecénda?y sstandaidk bfthe &ufoPean calibration
laboratories are at a very good levéhe detailed results of these two performed validations and results from
the questionnaire are given in the Annex.
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Summary

The traceability andjuality assurance of radon calibration facilities as well as the development of methods
have been concernedvithin the MetroRADON projeciThe dectronic instrumens of the type AlphaGUARD
were selectedas compaison device due to their commonnessThe devices were comparei each
participanQa & S 02 y R lwhigh ara iisedyfoR theNeRliBration of the ender devices.

In total 15 calibration facilities from 12 different countries of the European Union and one from Montenegro
participated inthe validation of the traceability in the range fra8300 Bgm™to 10 000 Ban™. The comparison

device of type AlphaGUARD was sent to each participant by German Federal Office for Radiation Protection
(BfS). The participants were to expose the comparison devicahate different levels of radon activity
concentration: 40Bg/m3, 1000Bg/m3 and 6000Bg/m3. It can be assumed that radon activity concentration
realized by the European calibration facilitiescfluate around a common mean value. For exposures above

1 000Bg/m3 the range of variation of the common mean value was abdtwith a coverage interval of 95.

For the exposure level of 4@y/m3, the 95% coverage interval increased to abou%6The mrticipants
performed their measurements under different climatic conditiorfhe statistical analysis revealed a
correlation between the results of the intercomparison and the air pressure at an exposure level of

6 000Bgm?3. The European radon calibrati facilities trace back their primary quantities to the national
metrological institutes PTB (Germany), LNHB (France) and NIST (USA). The statistical analysis did not show any
evidence that the different traceability chains influence the result of therc@mparison or the performance

of the calibration facilities in Europe.

Eight European laboratories participated in the intercomparisoie range fron800 Bgm™to 10 000Bgm™®.

The calibratio was performed by th&UJCHBO using the unique equipmaexeloped in MetroRADON for

testing of measuring devices at ldevel radon activity concentrations. The intercomparison was realised at

two levels of radon activity concentrations, at 200 B and at 300 Bgm®. The analysis of individual
parameters ofi KS LI NG AOALI yiQa LISNF2N¥YIFyOS akKz2g¢a GKFG Gf
European calibration laboratories are at a very good level.

The interlaboratory comparisonf secondary standardef European radon calibration facilitider radon

calbration is a powerful tool to detect discrepancies in traceability and to ensure the quality of radon
measurements in Europ@raceability of European radon calibration facilities was found to be good overall.
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List of Attachments

The results of these two performed validatioaad results from the questionnairare summarized in the
followingreports (see attachments and G:

1 A: Activity No. 5.1¢ Questionnaireto selected European calibration facilities for radon
concentrationmeasurement in ajr

1 B: Activity No. 5.2¢ Validation of the traceability, performance and precision of European
radon calibration facilities in the range from 300 B4 to 10 000 Bqn?,

1 C Activity No. 5.3 Validation of the traceability of Europeaadon calibration facilities at
stable radon atmosphere in the range from 100rBtjto 300 Bgm™.
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Attachment A: Activity No. 5.1¢ Questionnaireto selected European calibration
facilities for radon concentration measurement in air
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Introduction

The Member Sates of the European Union together with the European Commission funding research in the
field of metrology (measurement science) under the EMBtiRgIramme (European Metrology Programme for
Innovation and Research), which is administered by EURAMET.

In the 2016 calbmetrology for environmer#t a consortium of European institutesas granted a 3year
funding for a project named MetroRADON. A main objective of this project is to develop reliable techniques
and methodologies to enabl8ltraceable radon actity concentration measurements and calibrations at low
radon concentrations (100300 Bgm®) and high radon concentrations (30000 Bgm®).

About the questionnaire

The main objective of this questionnaweasto serve European radon calibration facilities in a better way
by identifying needs and worto provide solutions to thateffect. The project consortium wagery open to
requests and suggestions on what needs to be improved with regards to measurementaaaitoring of
radon.

Each partner institutewas in charge of collecting data from European radon calibration facilities in its
country (and in some cases neighboring coes)t The data were then transferred to the BFKH, Hungary, who
compiled the dataThe data is handled confidentially.

Participants and characterization

The questionnaire was completed by the following institutes:

A Czech Metrology Institute (CMICzech Republic

A National Institute for Nuclear, Chemical and Biological Prote¢&hICHBQzech Republic

A Metrology and Technical Supervisory Department, Government Office of the Capital City Budapest
(BFKH) Hungary

A Physikalischechnischer Prifdienst (BERTP) Austria

A Federal Office for Radiation Protection (BfSgrmany

A Cental Laboratory for Radiological Protection (CLOR)land

A Horia Hulubei National Institutéor Research and Development Rhysics and Nuclear Engineering
(IFINHH)- Romania

A Institute for Radiological Protection and Nuclear Safety (IRBid)ce

A Joint Rsearch Centre (JRGuropean Union

A Radiation and Nuclear Safety Authority (STAFHland

A University of Cantabria (UEBpain

A Hungarian Academy of Sciences Institute for Nuclear Research (ATGMHRgary

A National Public Health Centre (OSSKiyngary

A Silesian Centre for Environmental Radioactivity, Central Mining Institute {8tG)nd

A PhysikalisciTechnische Bundesanstalt (PTBermany

A Slovak Institute of Metrology, Department of lonizing Radiation (UNMSS®)ak Republic

A a/ 2yaidaayvilagy wkrR2y [F02NF 02NB> .FoSa .2feltA ! yAQD
Engineering Romania

A Laboratory of Ri222 studies of the Institute de Técniques Energétiques of the Universitat Politécnica
de Catalunyg Spain

A Institute of Radiochemisy and Radioecology , University of Panneiangary

Nine of these participants are national metrology institutes (BFKH, CMI, PTB, UNMS SR-Bfé)B&V
designated institutes (IFINH, IRSN, STUK and BfS). Among the participants are four resedatatesmsbur
universities and a national public health centre.
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Four participants are accredited for radon measurements, two organizations areestdired for this
activity, three institutes are accredited but not for radon measurements exactly, imstEutes have no
accreditation status at all.

Results

Measuring instruments:
Radon measurements require special equipmeiihe following instruments represent the highest
metrological level of radon activity concentration:
1 ten participantsuse AlphaGuard
1 two institutes use liquiescintillation counting (LSC) technique with radon standardization
1 oneparticipant uses special scintillation chamber combined wihuclear spectrometeand
1 one organization reportasingAtmos 12DPX

AlphaGuard LSC, scintillation chambéxtmos 12DP)can be used as working standatab.

Standard materials of calibration
For accurateradon measurementsthe use ofcalibrated or standard materidior calibration of radon
monitorsis necessarylhe mentioned méhodsare the use of
1 standard transfer instruments (with Ra226 sourcg whichwere applied by nine participand
1 radon gas standardshichwere applied bysix participants.

Both solutions together are used only by one institute.

Calibration rangeand uncertainty:
Fig 1. illustrates the reported calibration ranges.

Measuring ranges
1000000

100000
10000
1000
100

10

1

Measuring range Bg-m-3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
participants

Fig 1.Calibration rangeseported by the participants.

Broad values are covered by the calibration ranges (1 Bg/rh MBg/nT). Typical calibration rangeof
individual instituteswvere two to three orders of magnitudelhe participant covering the largest measurement
range can measursix orders of magnitude whichcan be reachedy employing acombination of various
measurement devices. Radon measurement below 10 Bigm challengefor most participantsand it could
be reached by three participants.

Uncertainties weraeported by ten organizations (Fig 2J)he lowest reportedneasurement uncertaintyas
about2.5%(k = 1), but thisvalueis dependert on the concentration of measured radon
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Uncertainties
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Number of calibratios

The number ofradon calibratiors performed by the participants shownin Fig 3. The biggerpart of the
participants typically perform 1 to 10 calibrations per year. The reported maximum amount of yearly
calibratiors was 206,which is assumed tonean that a calibration was performed for every measoeat
point.

Number of calibrations per year
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participants

Fig 3.Number of calibrations per year

9ze of the radon chamber

For sandardization of radon measuremeatpropery defined volumeis necessaryThe type of chambers
was reported in various sizes by the participaifise minimum size of the reported equipment was 0.2amd
the maximum size was 20°m
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Climatic condition and other parameters
An mportant part of the standardisation work is the appropriate monitoring and controllafg
environmental conditions. The temperature and humidity values are shown by TahteThble2.

Table 1.Range of calibratioremperaturesreportedby the participants

Temperature (°C)
- Monitoring Control
Participant

from to from to
1 20 23 -2 40
2 5 50
3 15 25
4 18 24
5 21 23 10 30
6 15 25
7 10 35
8 4 22
9 15 25
10 10 30
11 -20 60
12 19 25
13 15 25

Table 2.Range of calibratiohumiditiesreportedby the participants.

Humidity (rel. %)
. Monitoring Control
Participan

from to from to
1 30 65 10 90
2 20 90
3 20 90
4 0 10
5 45 55 30 80
6 30 60
7 0 80
8 10 99
9 20 50
10 10 95
11 20 90
12 40 60
13 20 90

Some participants monitor additional parameters like the aerosol partmdacentration and size
distribution, the radon decay products concentration and fractionalization, equilibrium factor of radidan
and gammearay dose or dose rate
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Conclusion

Nationalmetrologyand designated institutes, researatstitutions, universities and a national public health
centre have participated and filledn the questionnaire form. A part of these organizations is accredited for
radon measurements.

AlphaGuards the most commoly used instrument for radon measuremerand is wth used asa highest
level standard for metrology andworking standardA troad measurement range can be achieved with the
combination of measurement devices. The number of calibratiper year shows significant differences
among the institutes. Benchanking of calibration quality needs more observation and information. Radon
chambers arean important part of the calibration processnd very different sizes (0.2 20 n?) are used
among the institutes

16ENV10 MetroRADON ActivityNo.5.1 5



Attachment B Activity No. 5.2¢ Validation of the traceability, performance and
precision of European radon calibration facilities in thange from 300 Ban™ to
10 000 Bgn*®
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Immary
TaskA5.2.1

BfS will select a suitable reference instrument for use as the transfer standard apcepalte it for the intercomparison.
The instrument will be a calibrated instrument with good linearity, a high measurement range (at least from 36®d3q/m
10000 Bq/n), good repeatability of the measurement indication, sufficient mechanical robustmessase of use.

BfS selected an electronic instrument from type AlphaGUARD PQ 2000 PRO TTL which measures the activity
concentration ofradon222 in air. The instrument is robust and reliable under various environmental
conditionsand is easy to uself'hemeasurement results are stored unchangeably in an internal memory with
sufficient capacity for comparison exercises.

Before the comparison started, the instrument was calibrated at BfS in three atmospheres with stable radon
activity concentations in the ange between 308g/mé and 1200Bg/ms3. The calibrations in stable
atmospheres were repeated in January 2019 and after therlastof the comparison in March 2020 he
linear relationship between the indicated value and the radon activity concentratiair was proven.

TaskAb.2.2

BfS together with CMI will ask a representative number of European radon calibration facilities (around 10) selected in
A5.1.3 to participate and the intercomparison will be scheduled. The target is to include at feeiiti@s. In particular,

the calibration facilities of the WP5 partners (BEW, BFKH, CMI, IFHN, STUK, BfS, CLOR, IRSN, JRC, SUJCHBO and UC)
will be considered for parijgation in the intercomparison.

BfS with CMI and IRSN will develop the protémothe comparison, including developing a form for the participants to
complete documenting their calibration procedures and the accompanying measures for quality assurance, which are
carried out at their calibration facilities.

In total 15 calibration &cilities from 1&ifferent countries of the European Union and one from Montenegro
participated in the interlaboratty comparison. Among those weneational metrological institutes and
designated institutes, national authorities for radiation protectiondaparticipants from universitiesA
protocol was developed which was handed out to each participant in advance to inform them about the
course of the comparison and the handling of the comparison device. The participants were requested to
record the check of the comparison device carried out-site and essential data to verify the exposures. In
order to facilitate these records as well as the report of the results standardiepdrting forms were
developed.

The EMPIR project collaborators acted as an advisory group. The basic design of the interlaboratory
comparison was developed in consultation with the members of the advisory groupcobndinator (BfS)
regularly reported on the current status to the EMPHgject collaborators

TaskA5.2.3

BfS will send the reference instrument prepared in A5.2.1 to the selected radon calibration facilities that agreed to
participate in A5.2.2 for therto carry out the calibrations.

Each participant in the intercomparison will calibrate the reference instrument over the measurement range from
300Bg/m3 up t010000 Bg/m3. Each participant will then send their results on a calibration certificate and accompanying
documentation to BfSAfter a participant has completed their calibrations, the reference instrument will be sent back to
BfS for an intermediate check of the instrument before it is sent to the next participant.

The comparisondevice was sent to each participant and made add to the participant for a preefined
period of time to carry out the exposures. The participants were to expose the comparison dévdce
different levels of rdon activity concentration: 40Bg/ms3, 1000Bg/m3 and 6000Bg/m3. In certain cases
other exposures were also alloweRegular checks and controls during the comparisamnried out by BS
ensured the quality of the measuremen®fS established provisions for safe transport and the integrity of the
comparison device.
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TaskA5.2.4

BfS, CMI, IRSN and SUJCHBO will analyse the results of the calibrations from A5.2.3 regarding their closeness of agreemen
(precision). The assessment will be based on a statistical analysis. The deviations of the calibration results wiildde identi

and analysed, ancconclusions drawn for the readizon of radon activity concentration in air at the European radon
calibration facilities in the rangizom 300 Bg/nito 10 000 Ba/r

The performance and the measures for quality assurance of the respediluation facilities will be assessed based on

the infformationabout the calibration procedures obtained from the forms and the calibration certificates

The results of the interlaboratory comparison show that, taking into account the statistical uncertainties,
the ratios of radon activity concentrations are identical for all exposure values and for the summary of all
values includingsingular exposures. Itcan be assumed that radon activity concentration realized by the
European calibration facilities fluctuate around a common mean value. Its range of variation is a measure of
the degree of agreement between the participants. For exposures ab0®® Bg/m3the range of variation of
the common mean value is about4 with a coverage interval of 95. For the exposure level of 4Bg/m3,
the 95% coverage interval increases to abo®6

The patrticipants performed their measurements under different climaticditions. Although no influence
should be observed, the statistical analysis revealed a correlagbneenthe results of the intercomparison
and the air pressure at an exposure level &0® Bg/ms3.This effect could not be clarified in this study and
requires further investigations.

The European radon calibration facilities trace b#wdir primary quantities to the national metrological
institutes PTB (Germany), LNHB (France) and NIST (USA). The statistical analysis did not show any evidence
that the dfferent traceability chains influence the result of the intercomparison or the performance of the
calibration facilities in Europe.

The interlaboratory comparison of European radon calibration facilities is a powerful tool to detect
discrepancies in tra@bility and to ensure the quality of radon measurements in Eurdpes strongly
recommended to carry out the interlaboratory comparison regularly.
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1 Introduction

In the context of the implementation of the European Council Directive 2013/59/EURATOM into national
law, in particular the related regulations on protection agaiagposure to radon (RA22) at home and at
work, the European metrological institutes are requested to establish a harmonised quality level for the
measurement quantity radon activity concentration. Thalieation of the quantity with a high degree of
agreement between the metrological institutesneures that calibrations ofneasuring instruments are
comparable and thus the measurement results are mutually recognised in the European member states.

In the framework of the EMPIR Projet6ENV10Metrology for radon monitoring (MetroRADOIN an
interlaboratory comparisorwas initiated in order to validate the traceability of European radon calibration
facilities and to demonstrate their performance in calibrating radon measuring instruments in the range from
300Bg/m® to 10000 Bg/ni. Calibration services from different EU member states, which preferably represent
the respective national reference for the quantity radactivity concentration irair, were encouraged to
participate in the comparisoriThe European Metrology Programme for Innovation and Reasearch (EMPIR) is
an integrated part of Horizon 2020, the EU Framework Programme for Research and Innovation.

2 Obijective

The objective of the interlaboratory comparison was to determine the degreegséement in the
realization of the activity concentration oddon222 in air in the facilities of the participating laboratoriesr
this purposethe same measurement device with appropriate metrological characteristics was made available
to each paricipant to measure this quantity. The participants ensured that the quantity was performed in
atmospheres oftheir own facilities establishedaccordingto their own procedures and requirements on
traceability. The measurement device, which is denotedcasnparison devicgin the following, wa exposed
in these atmospheres.

After completngthe exposurs, the measured valusascertaned by the comparison device wecempared
to the values of the radon activity concentration specified by the participafite compilation of the
comparative values obtaed from each participant showetthe mutual differences in the edizationof the
radon activity concentration and thus the uncertainties at the dissemination of the quantity to third parties by
calibration of hstruments.Thedegree ofagreementbetween the participantén the realization of the quantity
was analysed

According to the information provided by the participants, the traceability chainthe quantity radon
activity concentration in Europe werautlined. Influences on the calibrations due to the different traceability
chains were assessed.

The interlaboratory comparison was conducted by the German Federal Office for Radiation Protection (BfS)
and took place in the period from March 2018 (firstrficipant) to February 2020 (last participant).

3 Participants

In total 15calibration facilities frond.2 different countries of the European Union and one from Montenegro
(MNE)patrticipated in the interlaboratory comparisorMost participantswere amonghe collaboratorsof the
project MetroRADONgexcept ENEA, UBB, UPC, S8MI SMJ. Table 1 collocates the calibration facilities
involved in the comparison.

The pool of participants encompass7 national metrological instituteand designated institute(BEVVPTR
STUK, BFKH, ENEA, -HHNMNE, SMU), 5 national authorities for radiation protectiorBfS,SUJCHBO, IRSN,
CLOR, SSMnNd3 participants from univernsies (UBB, LARUAINICAN, UPC).

As assumed at the beginning of the study atgbconfirmed at the end, the traceability chain for the quantity
radon activity concentratiorwas heterogeneous, so that even metrological instituteere traced back to
institutions that carry a secondary standard, but whiere not recognised by nationalrointernational
agreements for the ralization of the quantity. For this reason, it was decided not to excluckibration
entities that expressed an interest from the comparisohhus the original objective of the project was
achieved.
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The considerableumber of participants from various European countries with different positions in the
metrological hierarchy and thus different positions in the traceability chithe considered quantity allowed
a representative validation of the performance and gtyailn the calibration of radon measuring devices.

Tablel: Calibration facilitieparticipatingin the interlaboratory compariso(sorted alphabetically by countjy

Short Name Institute and Address Country
BEVPTBPhysikaliscliechnischer Prifdienst, Bundesaffit Eich und
BEVPTP Vermessungswesen Austria
Arltgasse 35, 1160 Wien
Statni Gstav jaderné, chemické a biologické ochrany .
SUJCHBO Kamenna 71, 262 31 Milin Czech Republic
Radiation and Nuclear Safety Aaotity .
STUK Laippatie 4, 00880 Helsinki Finland
IRSN Institut de Radioprotection et de Sdreté Nucléaire France
31 avenue de la division Leclerc, 92262 FontemayRoses
BfS German FederdDffice for Radiation Protection German
(Coordinaton Kopenicker Allee 12€130,10318 Berlin y
. dzREFLIS&al C! @t NP& Y2NXNt yeKAGEGE |
BFKH Németvolgyi Gt 3739, 1024 Budapest Hungary
CRE ENEA Casaccia
ENEA via Anguillarese, 123Santa Maria di Galeri, 00123 Roma ltaly
Bureau of Metrology
MNE | NESYA2F .2{280A6F 003 ymnnn t 2§ Montenegro
Central Laboratry for Radiological Protection
CLOR Konwaliowa 7, PL 6894 Warsaw Poland
Institutul National de CercetarBezvoltare pentru Fizica si ingrie
IFINHH bdzOf SF NI &l 2NRF | dzf dzo SA ¢ Romania
30 Reactorului St., 077125 Magurele, lifdaunty, POB M®
a/ hb{ ¢! be¢eLb /h{a!é¢ w! 5dBolya]Univelsity! ¢
UBB Faculty of Envinemental Science and Engineering Romania
Fantanele 30, 400294 CiNppoca
Slovak Institute of MetrologyDept. of lonizing Radiation .
SMU Karloveska 63, 842 55 Bratislava Slovak Republic
Radon Group, Laboratory of Environmental Radioactivity ofthigersity
LARUGINICAN of Cantabria (LARUC) Spain
C/ Cardenal Herrera Oria S/N, 39011 Santander, Cantabria
Laboratory of 222Rn studi€sER) of the Institut de Técniques Energeétigt
UPC (INTE) of the Universitat Politécnica de Catalunya (UPC), Campus Diag Spain
Sud, Edificio PC (Pavellé C) P
Av. Diagonal, 647, 08028 Barcelona
Stralsékerhetsmyndigheten (Swedish Radiation Saatiority), Matning
SSM av joniserande stralning (Radiation Measurements) Sweden

Solna strandvag 96, 9KF1 16 Stockholm
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4  Organization and methodology

4.1 The comparison device

BfS selected an electronic instrument from type AlphaGUARD PQ 2000 PRO TTL (SN 1336) which measures
the activity concentration ofadon-222 in air Figure1l). This typeof measurement devicés a standard
instrument for radon measurements and, iherefore, especiallysuitable as a comparisodevice As the
comparison shows, most participating institutions use the same type of instrument as a labaedtwgnce.

The instrument is robust and reliable under various environmental conditions is easy to useThe
measurement results are stored unchangeably in an internal memory with sufficient capacity for comparison
exercisesDuring the comparisgrthe instrumentoperated in the diffusion mode with an integration time of
10 minutes.

The instrument was calibrated and checked before, during aner dfte interlaboratory comparen in
order to ensure the repeatability and traceability of the measurement®relevant settings anéhformation
for participants aresummarisedn Table2.

Table2: Relevant settings of theomparison device anisfformation forparticipants

Parameter Value Remarks

Calibration Factor 1 The value of the calibration factor does not represent the value
ascertained by BfS. Therefore, the indicatafithe devicedoesnot
correspond to the true value.

Integration time 10 minutes The participating laboratory must make sure that the tichegation of
each exposure is long enough to ensure that the indication of the devi
is representative for the radon activity concentration, and to obtain a
good statistic by taking a sufficient number of measurements.

Date and Time  Central European When the device is used in other time zones, the participating laborat
Time shall take into account the time shift in comparison to the time basis o
local instruments.

Mode of Diffusion
Operation
User background 0 The measurement data will bmanually reduced by the background afte
(USRBGR) exposure.

" In contradiction to the discussions at the EMPIR meeting in Braunschweig, February 2018, it was decided to set an ititegratib@ minutes.
This enablednore measurementto be takenduring the deisive duration of exposure. The larger variations of the single valaesaccepted.

Figurel: The comparison device, AlphaGUARD (Type PQ 2000 PRO TTL, SN 1336)
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Table3: Calibrations of the comparison device at fixe

Al phaGUAR

10 AlphaGUARD integration time 10 min’ levelsof the radon activity concentratiofs
Date Cer e Uk
3
e (Ba/m?)
° 330 0,98 0,08
° 102 Dec 1480 0,97 0,06
" 2017 5750 0,97 0,05
< 10 11800 0,98 0,05
- NS Jan 470 0,93 0,08
Empirical decrease rate: 0,007550(14) h* = * 2019 5630 0,99 0,06
100 : ‘ ‘ ‘
200 400 600 800 1000 347 1,00 013
Time from reference date [h]
Figure2: Linearity check of the comparison device
2020 5582 1,00 0,05
10710 0,98 0,05
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Figure3: Frequency distribution of background Figure4: Results from repeated background
indications measurements taken during the course of the

interlaboratory compaison
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Before the comparison started, theomparison devicavas calibrated at BfS in three atmospheres with
stable radon activity concentrations in the range between 300 Bg/m3 and002Bg/m3. The calibrations in
stable atmospheres were repeated January 2019 and after thadt run in March 2020. The results of these
calibrations are summarised ifable3. The calibration factorQ, is givenasQ 6 7O O 1, ,where
0 s the reference activity concentration odidon222 establishedn the BfS calibration facilityO is the
indication of the comparison deviceexpressed in the unit Becquerel peubic meter. The background
indicationis represented byO j . As shown iTable3 and taking into account the uncertainty, the calibration
factor is constanbver the entire range examined. Its value is a few percent below 1, which indicates a slightly
higher measured valuthan the reference valuelable3 shows that the calibration factor was not subject to
any changes during the period of comparison.

A calibration factorwhich is constant over the entire range, points out the linear relationship between
indicated value and the radon activity concentration in akis the linearity of the indication is a key
requirement for the use of the comparison device in the itdboratory comparison, an additional test for
linearity of the indication was performed. Rad882 supplied by a gas standard was transferred into an
airtight chamber in which the comparison device was previously placed to measure the radon decrease. The
results of the measurements are shownhigure2. The radon activity concentration decreases from about
10000Bg/m? to below 10Bqg/m3. When the atmosphere is confined in an airtight chamber, the decrease
follows the radioactive decayith a rate,which is equivalent to the radioactive decay constantamfon-222.

The empirically found rate of decrease corresponds to the decay constaatiofi-222 Figure2). On a semi
logarithmic scale, the measured radon activity concentration is linearly correlated with time, which represents
the actual radon activity concentration in the atmosphere. Figigure2 it follows that the indication of the
comparison device is linear over the entire rangetloé radon activity concentration relevant for the
interlaboratory comparison.

The calibrationmeasurements were flanked by regular background measurements. For this purpose, the
device was enclosed in a volume that was flushed with-iason air. Lowradon air was attained by ageing
the air. For this the air delivered in pressure bottlesas stored for several weeks before use. The thus
resulting radon concentration in the volumeas considered negligiblézero) and the device indicatettie
datum error for zero value foradon activity concentrationFigure 3 shows exemplarythe frequency
distribution of thebackground measurements. Wasassumed that the background indicatioase normally
distributed around the average. Due to dev&eecific déa processing, the background can also have negative
values. The background of the comparison device was measured before each run. The results are shown in
Figure4. The background was constant over the whole period of the interlaboratory comparison and was
determined with T v Bg/m3
Visual inspections of the comparison device for damage, including damage to the diffusion filter, checking for
proper functioning and checking the set measurement parameters (e.g. calibration factor) coohplete
regular checks before deploying the device for the next run. The checks performed were recorded in the
documentation of the comparison.

4.2 Procedure

The interboratory comparison was conducted by the German Federal Qdfideadiation Protection (BfS).
The EMPIR project collaborators acted as an advisory group. The basic design of the interlaboratory
comparison was developed in consultation with the memberthefadvisory group. Theoordinatorregularly
reported on the current status to the EMPIR project collaboratéysprotocol was developed which was
handed out to each participant in advance to inform them about the course of the comparison and the
handlirg of the conparison device The protocols givenin Annex A: Information for the participants on the
course of the interlaboratory comparison

The selected comparison device is owned by B&® legal protection, a cooperation agreement on mutual
rights and obligations was concluded between the BfS and each participanbek B: Cooperation
agreement).

The comparison devicevas sent to each participant and was made available to the participant for a
predefined time duration, in order to perform the expass. After performing the exposures, the device had
to bereturnedto BfS(Figure5). During the intermediate timeyhenthe device is at BfS, the proper operation
of the device and its compliancetvimetrological requirements werehecked.
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Figure5: Scheme of the course of interlaboratory comparison

BfS ordered a parcel service for shipment of the comparison device from BfS to the participant and back.
Arrangements were made to pack the device and accessories safeinsport box was used for the dispatch.

A list of all shipped items was attachékhe participant ensured that the device and any accessories supplied
were packed in the transport box by the specified return date and time and that the transport baxavied
for shipping.The device was turned off during transport.

As thecoordinator, BfS took up a special roie the intercomparisorby providingthe comparison device
Theexposurescarried out by the other participants were set in relation to ttmmparison devicewhichwas
calibrated by the BfS in advancéhe comparison device served to transfer the quantity and thus enabled the
mutual comparability of their realizations at different locatioii$ie device dichot represent the comparison
reference value.

4.3 Exposures

Theobjectiveof the project requiredhe validation of the performance of European calibration facilities in
the range between 308g/m3 and 10000Bg/m3. However, the best possible comparison of the results of
different facilitieswill only be achieved if the dispersion of the exposures imposed on the aosom devices
kept within a narrow range. In order to meet the requirements of the project, thesadyigroup decidedn 3
different exposure leveloone each at a low, medium and high value in #pecifiedrange of radon activity
concentration Table4). As the focus of the overall projeatason improving the metrology for radon in the
low range between 100 Bg/m3 and 300 Bg/m3, for which calibration methods tbhabe developed, the
nominal value of 400 Bg/m?3 was clasfor the comparison. It coverdatie lower range of the required radon
activity concentration and establishettie connection to tlese activity concentrations which weie the focus
of the overall project.

Table4: Nominallevelsof the radon activity concentratios
for the exposure of the comparison device

No. Nominal value Range of accepted
deviation
(Ba/m3) (Ba/m3)
1 400 350-450
2 1000 900-1100
3 6 000 5500- 6500

The medium and high nominal values of0d0 Bg/m3 and ®00 Bg/m3 represen radon activity
concentrations, whiclare frequently requestedalibration points by endisersand can be measured with less
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statistical uncertainty. fie value of 00 Bg/m3 was included in a previous comparison of calibration facilities
for radon activy concentration, which was carried out within the framework of the Euromet Projec{B857

In practice, the participantsamnot exactly adhere to the specified nominal values, deviations must be
accepted. Thereforethe advisory group decided on accepted ranges within which the respective activity
concentration should be realized. These ranges are givéahie4.

With the exception of a few participants, most of the participants were able to meet these requirements.
The main reasons for not achieving the nominal radon activity concentrations within their accepted deviations
were generally

1. the participants werenot able to keep the activity concentration constant over the duration of

exposure, as the activity concentration decreases over time, mainly due to radioactive decay

2. the radon sourcs available in the participaflaboratories and/or the methods used to create the

radon atmosphere were not suitabfer reaching predetermined concentrations
It was decided to take also into consideratite results fromexposures outside the accepted deviations from
nominal valuesHowever, only those results were included in the evaluation of this comparison for which the
exposures were within the accepted deviatio&nce most of the participants met the specified requirements
for the level of radon activity concentration, thisgeedure did not affect théinal resultof the interlaboratory
comparison Singularresults obtained with values outside the accepted gas complement the final result
and show that the conclusions can be extended to the whole range of radon concentration from low to high
values according to the original requirements of the project.

4.4 Reports provided bythe participants

The participants were requested to record thizecks of the comparison device carried outsite andthe
essential data to verify the exposurds. order to facilitate and standardize the recordlse form given in
Annex Cwas developedlIn addition to checking the proper functioning of the comparison device, the
participant had to provide the data of the relevant reference periotise relevant referenceeriod wasthe
time interval within which the radon atmosphere of the participanét the quality requirements for carrying
out his comparative measurementd/ith the information on the relevant referengeeriod, the data read out
from the comparison device could be selected for the same time interval so that the comparability of the
measuement results of the participant and those of the comparison dewiasensured.

The information on the comparative measurements of the participants as well as the results and
uncertainties weregiven in the standard report of results. The form is incldda Annex D. In order to
determine the metrological status, the participant was asked to provide a brief description of the procedures
to establish theexposurs, information on the type of local reference instrument and how it works, and
information on taceability to primary standard3.he exposure data were presented in a table containing the
values of the radon activity concentratipGerap being averaged over the respective relevant reference period
and theattributed measuement uncertainty GrerapiS determined with the equipment of the participarihe
results should be reported for the local climatic conditions at the time of exposAuditionally, the mean
values of temperatureair pressureand relative humidity should be give®ptionaly, the participant could
also make a correction for climatic conditions to correct the results for standard room conditions (temperature
of 20°C, relative humidity of 5% or air pressur of 1013hPa). With one exception, the participants gave the
results for the climatic conditions prevailing during the exposures.

The measurement uncertaintiesad to be given as extended uncertainties resulting from the standard
uncertainties of measurementalculated according to the procedures of the participant amdtiplied by a
coverage factoiQ ¢.

45 Methods for evaluation

The quantity, which makes the performance of the participant comparable, is the Rtiof the radon
activity concentrationCresap provided by the participant as average value for thewvant reference period to
the mean radon activity concentration of the comparison devigg, measured within the same time interval,
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| The standard uncertainty YY 6 'Y is calculated from theuncertainty propagation ofEquation (1). The
relative uncertainty is given by

SJ’_Y SJléwé’r’[ I o S’/0/ 5 @)
Y bwstrro O s
o) 00 is the combined uncertainty for a coverage factor © p as provided by the

participant determined accordintp its own pocedures. The uncertainipcludesthe statistical variation from
repeated observations (type A evaluation of standard uncertainty) and contributions from other sources, in
particular from dita provided in calibration and other certificates (type B evaluation of standard uncertainty)
[2]. ¥6 i 6 is the uncertainty of the mean radon activity concentration determined by the
comparison device. It is given by the standard deviasod, , of the mean,

B o
£

©)

5
Y

™| =

6 i is thej™ of n measurements taken with the comparison devi€her contributions to the uncertainty,
particularly due to calibration factor were not considered. This is due to the basic purpose of the comparison
device, which is not to measure the exact value of the radon activity concentration, but to provide an
indication that depends linearly on the true value of the radon activity concentratidnearityhas to be
warranted at least within the accepted ranges of nominal valeésthe radon activity concentratianThe
preliminary investigations of the comparisdevice showd that the linearity can be assumexler the entire

range up to a radon activity concentration of Q00 Bg/m3.

It should be noted that the simple averaging of the measurements performed with the comparison device
and the use of Equatio8) is valid if the activity concentration is kept constant during the relevant reference
period. If this cannot be ensured by the participant, the change in activity concentration over time must be
well known and taken into account when determining the comapiae value Cep In such casethe participant
had toprovide information on how the comparative valisedetermined from the readings of the comparison
device. In general the radon activity concentration established in a confined atmosphere decreasts du
| radioactive decayThecomparative valuat the reference timed is given by averaging the measured values
corrected for the reference time

0 7Q 4

where 0 represents the measurement time 6f ; and® the decay constant faradon222.Equation(4) must
be modified accordingly if the rate of decrease differs from that of radioactive decay.

When the parameterY denotes the ratioY calculated for the™ of n participantsand ¢ is the standard
uncertainty attributed toY, the collective averageY , is determined by

Y.ooe Y,
0 0
Y - 0Y ©®)
P, E P,
0 0
where0 represents the weighting for the ratiy,
P 0
0 —F—- 6
5 p (6)

16ENV10 MetroRADON ActivityNo.5.2 11



Asin the calculation of the collectivaveragethe ratio of the individual participant iweighted accordingo
the attributed uncertainty the impact on the collectiveaverageof participantswith lower uncertainties is
stronger than for other participantsAssumingthat Y is normally distributed with weights defined in
Equation(6) and thatthe Y are independentthe corresponding variance is given[By;, [3]
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5 Results

5.1 Inspectionand compilationof data

Table 5 lists the laboratory reference instruments used by the participants for the comparison
measurements. Most participants deploy an AlphaGUARD type instrument. An ATMOS 12DPX is used by two
participants and a Radon Scout by one participant. AlphaGUARD and ATMOS use ionization chambers (single
or multi-wire) for radiation detection. The Radon Scout works with high voltage enrichment and alpha pulse
counting by means of a semiconductor detectorcémtrast to AlphaGUARD and Radon Scout, which operate
in diffusion mode, the ATMOS type instrument operates in flbmugh mode.

The vast majority of the participants were able to prove the traceability of the quantity through an
unbroken chain of calilations at recognised bodieExcluded from this are participants 10 and 11, who have
traced back their measurements through factory calibratibactory calibration is a service provided by the
manufacturer

Table5: Laboratory refeence instrument used for the comparison

Participant  Laboratory reference Remarks

code

1 AlphaGUARPQ2000 Pro

2 Scintillation Cells/Reference: Scintillation cells used as working
AlphaGUARD PQ2000 standard, traced back to AlphaGUARD

3 AlphaGUARD P30

4 AlphaGUARD

5 AlphaGUARPQ2000 Pro Comparison device

6 AlphaGUARPQ2000 Pro

7 AlphaGuard/MR1 MiAm (Lucas Simultaneous measurements with two
scintillation cell). different instruments

8 AlphaGUARD D/DF 40

9 AlphaGUARDP Q2000

10 Radon Scout

11 AlphaGUARDP Q2000

12 AlphaGUARDF2000

13 AlphaGUARD/Atmos 12DPX Atmos operates in flovthrough mode

14 Atmos 12 DPX Atmos operates in flovthrough mode

15 AlphaGUARP Q2000 Pro
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Table6: Exposureand climaticdata, and their allocation to the different exposure levels (Exp.Lev.); data without
allocation are given as singular exposuyiRs the ratio of the radon activity concentration determined by the participant
GrefLan 1O that of the comparison devig€p sis thestandard deviation of the mean; uncertainties are givena
coverage factor o p

Exp. | Part.| Comparison Degé Participant Ratio Temp. | Pressure| rel. Hum.
Lev. | Code| Cep SO Greftab | U(GrefLa) R u(R T p r.H.
(Ba/m3) | (Ba/md | (Ba/md) | (Ba/m3) 9 (hP3 (4]
1 424 15 400 22 0,943 | 0,065 22,6 995 46
2 386 5 392 12 1,016 | 0,033 20,9 948 65
3 381 4 404 10 1,060 | 0,026 200 1002 47
o 4 384 2 392 5 1,021 | 0,014 29,0 996 <10
% 6 435 16 441 60 1,014 | 0,140 25,5 1000 35
@ | 9 393 8 432 22 1,099 | 0,056 18,3 1006 35
§ 10 | 353 12 438 66 1,241 | 0,154 24,5 1015 20
12 416 13 400 15 0,962 | 0,049 25,8 982 57
13 409 12 402 29 0,984 | 0,078 17,7 1022 43
14 435 8 458 18 1,053 | 0,043 20 1013 50
15 418 5 407 10 0,974 | 0,028 19,0 990 32
1 1033 16 1024 32 0,991 | 0,035 22,8 994 45
2 1015 13 1039 22 1,024 | 0,025 20,7 949 63
3 1015 6 1065 23 1,049 | 0,023 19,9 1007 54
4 987 6 1009 12 1,022 | 0,013 28,0 999 <10
2 |6 977 46 1032 113 1,056 | 0,120 25,7 1004 36
= | 8 1099 24 1072 52 0,975 | 0,053 - - -
@9 902 11 964 56 1,069 | 0,059 20,2 1015 56
S [10"]| 955 20 1093 109 1,145 | 0,102 24,8 1076 22
< 11" [ 879 3 859 2@ 0,977 | 0,004 | 241 974 40
12 934 25 965 36 1,033 | 0,046 26,4 980 56
13 | 1034 10 1034 58 1,000 | 0,057 18,0 1024 44
14 | 1112 11 1163 44 1,046 | 0,039 20 1013 50
15 | 1056 9 1046 26 0,991 | 0,026 19,0 1017 34
1 6144 52 6189 156 1,007 | 0,027 22,9 1000 46
2 5783 47 6030 120 1,043 | 0,021 21,1 952 62
3 5807 38 5993 134 1,032 | 0,023 20,1 998 43
. 4 | 6168 22 6224 65 1,009 | 0,011 29,0 996 <10
E | 6 6424 126 6378 440 0,993 | 0,072 25,2 1008 37
@ | 9 5650 45 5580 195 0,988 | 0,036 22,0 1021 34
S | 10" | 6516 56 7916 317 1,215 | 0,041 23 1015 30
S | 11" | 5151 24 4926 23¢ 0,956 | 0,007 | 252 974 50
12 | 5575 57 5637 211 1,011 | 0,039 26,9 979 53
13 | 6133 62 5981 171 0,975 | 0,030 18,7 1028 46
14 | 6094 41 6265 228 1,028 | 0,037 20 1013 50
15 | 6772 31 6775 162 1,000 | 0,024 20,0 1016 23
11 | 184 1 180 1@ 0,978 | 0,008° | 24,9 971 51
s 8| 7 1456 8 1452 36 0,997 | 0,026 24 999 67
3 § 8 2691 63 2594 69 0,964 | 0,035 - - -
S| 7 | 4129 13 4184 105 1,013 | 0,025 245 1007 46
wi g 8872 32 9044 30 1,019 | 0,005 - - -
7 9096 29 9096 227 1,000 | 0,025 23,4 998 74

Values were rounded to the last indicatdit.
Participants withfactory calibration
(zlncomplete uncertainty budget
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and ispart of the manufacturing or delivery procegdthough manufacturers also trace their measurements
back to recognized bodies, compliance with quality standards and their independent surveillance need not be
demonstrated.The values of these participants show that either the ratios or dbBsociateduncertainties

differ significantly from the values of the other participants.

Table6 compiles the exposure and climate data and their allocation to the different exposure levels. The
exposure data comprise the comparative values of radon activity concentrations and the tetiribu
uncertainties. The values provided by the participarits, , are assigned to the respective comparative
values,0 , determined from measurements of the comparison device. The uncertainties are given for a
coverage factor ofQ p. The standard deation of the meanj 6 , is the attributed uncertainty of the
comparative valuey . The uncertainty ob is determined by the participants according to their own
procedures. In this interlaboratory comparison, the methods used for calcul#tmgncertainties were not
evaluated. An exception is participant 11 with very low uncertainties. It was found that these uncertainties
represent the statistical deviation from repeated observations, but not the contributions of other sources.

Figure 6 outlines the ratiosY (except for participants 10 and 11) for the different radon activity
concentrations as determined by the comparison device. The error bars indicate the uncertaintias for
coverage factor o p.

5.2 Consistency check

A check of mutual consistency is required by the BIPM consultative committee L.QM\imMs to test the
hypothesis that the participants have a common mean value and thatdthéations from this value are
normally distributed.

The consistency check is performed by a-sthiared test over the number afi measurements (or
participants).The observed test parameter. is calculated by

A ®

According to CCQNR] the test parameter is compared with the quantile of the-shjuared distribution for
the significance levgd | with| it uThe following decisions have to be made:
a) If ... ¢ p the results are mutually consistent and the uncertainties account fully for the
observed dispersion of the values;
b) Ife p .. ..q n the data provide no strong evidence that the reported uncertainties are
inappropriate, but there remains a risk that additional factors are contributing to the dispersion;
c) If.. .-q n the data should be considered as mutually inconsistent.
Theresults of the consistency checks are summarisetiinle7. The tests were performed for each exposure
level and for the complete data set of all levels includimgularexposures. All participants of the respective
levels were included in the calculations, with the exception of participants 10 and 11.

Table7: Chisquared consistency check for the different radon levels and for all levels

Number of
Exposure level measurements
n

"T "H F oy R
(observed) (tabulated)

400 Bg/m3 10 10,45 16,92
1000 Bg/m3 11 5,49 18,31
6 000 Bg/m3 10 5,16 16,92

All levels including

) 36 25,17 49,80
singular exposures
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| Table7 shows that with exception of the radon level of 4BG/m3 the criterion... ¢ pis fulfilled.
Therefore, the conclusion can be drawn thiaé results are mutually consistent and the uncertainties account
fully for the observed dispersion of the values. For the radon level oB40®3 the observed test parametés

below the tabulated value..; . Atthe stated significance level.gimutual consistency of the data can be
assumed. However, the test parameter is greater than p. According to CCQM it cannot be excluded that

an additional factor contributes to the dispersion. The higher value of the observed test parameter is caused
by results that have increased deviations from the collective mean without being compensated by a
corresponding uncertainty. In these cases, the attributed uncertainty is too small for the observed deviation
from the mean value.

A possible reason for this ol be higher uncertainties in the reproducibility of low radon activity
concentrations by the measuring instruments used. It must be assumed that the uncertainties of the
reproducibility at repeated exposures are not or not fully reflected in the unaastabudget of the
instruments. For higher radon activity concentrations these uncertainties are obviously too small to have a
decisive influence on the measurements.

Regarding the data set used, it can be concluded that there is no evidence of sigmifozargistency both
for each of the radon levels and in the overall exposure range.

However, he consistency of the data set &if the results of participantl or the result of participant 10
for the exposure level of 600 Bg/m? were included. In comst, the resultsof participant 10for the exposure
levels of 400 Bg/m and Q00 Bg/m3do not affect the consistency of the data séh order to ensure the
consistency of the data set and to increase the degree of representativeness of the intercomptimisdata
of participants 10 and 11 wemot included in thedeterminationof the collective average and theomparison
reference valueDue to its special status, the coordinator (BfS, code S)ainle6 is also disregarded and
excluded from further consideration.

5.3 The uncertaintyweighted collective average

Table8 shows the uncertaintyveighted collective averagéy , for the different exposure levelsY is
calculated fom Equation(5). The square root of the variance from Equation (7) is the standard uncertainty,
0'Y ,given in column 3 ofable8. The values of the collective average obtained for the various exposure
levels agree very well, taking into account the standard uncertainties.

Assuming that the data of the comparison devadeays determine the respective true value of the radon
activity concentration over the whole range and the measurements performed by the participants are
normally distributed around this true value, thdahis expected that the uncertaingyveighted colletive
average is compensated, resulting’th  p. However, the calculated shows a significant bias of about
1,5% above the expected compensation value. In fact, the comparison device does not determine the true
value, but an

Table8: Uncertaintyweighted collective average and its standard uncertainty for
the different exposure levels

Uncertainty-weighted Standard uncertainty
Exposure level collective average associated With=| 7
gk 0 4+

400 Bg/m? 1,018 0,010
1000 Bg/m3 1,021 0,009
6 000 Bg/m? 1,012 0,007

3. ;
6_000 Bg/m3 including 1,015 0,004
singular exposures
All levels including 1,016 0,003

singular exposures
" Indicated by blue straight lines Figure6
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Figure7: Weights of the different participants calculated according to their repottedertainties; given for the 3
nominal exposure levels; participants with singular exposures are not included; numbers identify the participants

estimate of the true value, since its measurements and calibration are subject to uncertainties. The slight
increase ofY indicates that tle measurements of the comparison device are on average 1.5 % too low to
compensate for the measurement deviations of the participants.

Figure7 shows the weiglt of the respective participarior the different exposure levels. The weights were
calculatedfrom the reported uncertainties according tequation 6 The lower the reported wmcertainty, the
higher the weight of theeorrespondingesult inthe calculation othe collective averagd=romFigure? it can
be concluded that the most participants report the results with similar uncertainties. Exceptions are
participant 4 and participant 6[he former reported significantly lower uncertaies, giving the participant a
higher weight and thus a greater influence on the collectaserage Participant 6 reported higher
uncertainties, which lead to lower weights.

6 Discussions

6.1 Thekeycomparison reference value

The key comparison reference value (KCRV) igdhe of thequantity representing the specific property of
a material under consideratioj2]. The specific property, which is under consideration in this interlaboratory
compaison, is the activity concentration ahdon222 in air. Thechallengehere is thatthe atmosphere
containing radonwas established in the facilities of the participant$he levels of the radon activity
concentrationwere not equal, but diffeent for each participant. Furthermore, the purpose of this comparison
is to cover a range over two orders of magnitude. Tiés eventually realized by 3 different main ranges of
the radon activity concentration and additional singular exposure levels.

In order to verify the performance of the participants a comparator was neededbling the normalization

of the different levels of the radon activity concentration. The comparison device provided lopdndinator
was used as the comparatofs thecomparism device is characterized by an indication, which is verifiably
linear over the entire rangethe comparison of the different radon activity concentrations found in the
participant's facilities is made possible by their ratio to the indication of the coisqpa device as is given in
Equation(1). From the ratios theuncertaintyweighted collective averagey , is calculated b¥quation(5).

The application ofY as KCRWas however varioudisadvantags:

1. TheobservedY has a bias ofibout 1,5% (Table8) comparedto the expectedvalue ofY  p, which
would result if the comparison device were to represent the collective mean and thus all individual
contributions were compensated’he analysislso shows that the mean value of the radon activity
concentrations supplied by the participants is slightly higher than the corresponding mean value of the

comparison devicejl 6l . This norequivalencemayhave the following reasons:
a) There isa systematic bias in the realization of the radon activity concentrabipthe participating
facilities.

b) The measurements taken by the comparison instrument differ systematically from the
measurements of the participants.
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2. The standard uncertainty assotd with the weighted collective average is associated with the
reported values according t&quation (7). The dispersion of the reported measurement values is
obviously smaller than expected on the basis of their stated uncertainties. This leads to too small values
for 6 'Y as given inTable8. Consequently, the reciprocal square root of the sum of the weights
becomes too small with increasing number of participants, so that many laboratories are outside the
uncertainty interval [3][4], [5].

The measurements taken by the comparison device are subject to uncertainties, which in turn are caused by
uncertainties in the realisation of the radon activity concentration in the facility ofctherdinatorand the
calibration of the device in it. For this reason, greater importance is attached to the average value, which
includes all participants. This average value should therefore be used as a reference for the interlaboratory
comparison. As a consequengdeis assumed that the comparison device measures values that are on average
about 1.5% too low compared to thalues of theparticipants.

In order to overcome the above disadvantages &mdevicea balanced mean that is accepted as a reference
value the parameterY’ is calculatedor the i participant defined by the ratio

Yoo )

The expectation valué& Y , isthe weighted sum overachparticipant,

oY oY 2 o o (10)
Ys

The weightsv , are given byEquation(6). The new parametelY’ excludes the influence of the comparison
device. It implies that theatios"Y calculated for the participants are normally distributed around the common
mean value given by the expectation valoeY’ p. The expectation value is the comparison average and
represents the KCRV.

The variance of the KCR\the weighted root mean sa@ue deviation

, 0Y p 0Y <Y p oY p (11)

After replacing the weights bigquation(6), it follows

B PB

(0]
» P (12
B

AN
0

O|_<'

The standard uncertainty associated with the KCRV is the square root of the valiamgeesses the range of
variation within which a certain radoactivity concentration is reakd in the atmospheres of European radon
calibration facilitiesand is thus a measure of the degree of agreement between the particip@hts.95%
coverage intervabf the range of variation igiven inTable9. At lower exposure levels the detection interval is
higher than at higher exposure kefg. The distribution of the single daifter adjustment for thecomparison
average § 0 'Y w p)is shown irFigure8. The KCRV and the coverage intervals are represented by blue lines.
Although single participants lie outside the coverage interval, they cannot be considered outliers. Taking into
account thei uncertainties, the deviation is not significant (see also chapter 6.2).
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Table9: Standarduncertainty and coverage interval for the different exposure levels

95% coverage interval
. ) for the realization

Standard uncetainty

Exposure level associated with KCRV = . of the radon activity
(%9 concentration
(%)
400 Bg/m? 32 6,3
1000 Bg/m? 2,0 4,0
6 000 Bg/m3 1,7 3,4
6 000 Bg/m3
including singular 1,2 2,4
exposures

All levels including
singular exposures
Indicated by blualashedines inFigure8

17 3,4

TablelO: Coverage interval for thezalizationof the radon activity concentration
obtained in this study and in the EUROMET Project 657

95% Coverage Intervag §

Exposure level This _st_udy EUROMET Project 657
(all participants) (Final Report 2005)
400 Bg/m3 0,063 --
1000 Bg/m3 0,040 0,057
3000 Bg/m? - 0,075
6 000 Bg/m?3 0,034 --
10000 Bg/m? - 0,081

Already in 2005, a comparison of calibration facilities for radon activity concentration was carried out within
the framework of the Euromet Project 63I]. The comparison of the 9 coverage intervals for the KCRV
obtainedin this and in the previous study is shownTiable10. Regardless of the different exposure levels as
well as the calculation of the coverage intervalsslight improement in agreement on the reatiion of the
guantity can be assumedhis is particularly evident at higher exposures.

6.2 Alternative selection of the key comparison reference value

Since the values fob 'Y as given irTable8 are not reasonable for quantifying thancertainty of the
KCRWhe method of the powermoderated mean was proposexsan alternativefor the determination of the
uncertainty[5]. The method applies to data which are mutually independent and normally distributed around
the same valuelts results are generally intermediate between arithmetic and weighted nigaihe method
is recommended in cases whetke conditon&¢ p ... is obtained This concerns the data fohe
exposure level of 40Bg/m3.

The calculatios of the powermoderated mean were performed using the Excedheet
MET511639suppdatalm, which is availabldor download on the Interne{6]. The automatic algorithm for
moderating the relative weighting was uselhblel1 shows the values of the powenoderated mean and the
corresponding standard uncertainties calculated with the Egbekt. Participants 10 and 11 were excluded
from the calculations.
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Tablel1: Powermoderated mean and its standard uncertainty for the different
exposure levelsalculated using the ExegheetMET511639suppdata.xim

Standard uncertaint
Powermoderated mean y

Exposure level associated with] . 5 ¢
=| fi i 0 =| o
of i
400 Bg/m3 1,016 0,013
1000 Bg/m?3 1,021 0,009
6000 Bg/m? 1,011 0,008

6 000 Bg/m?3 including

: 1,014 0,004
singular exposures

All levels including

. 1,016 0,004
singular exposures

The comparison with the complementary data of the uncertaiiighted collective average ihable8
does not show relevant differenceBue to the consistentlata setsthe powermoderated meanapproach
the classical weighted meanThe method of powemodulated meansoffers no improvementand will
therefore not be discussed further in this study.

Theapproach provided by th&xcelsheet MET511639suppdata.xIm was also used for the identification of
extreme valus. Extreme values are indiad when the difference between theneasuredratio and the
power-moderated meanQ Y Y j ,exceeds the constrairgpecified byf5]

NVs QDY j o P (13)

For a coverage factoR ¢, noextreme valuesvere found in theunderlyingdata set.However, if the results
of the participants 10 and 11 are included, tbetcome isthe same as fothe consistency check irhapter
5.2: All results of participant 11 and the result of participant 10 for the exposure levelG08g/m3 are
clasified as extreme values (outliers)

6.3 Influence of climatic conditionsluring the calibrations

Most participants reported their results for the climatic conditions (temperature, relative humidity and air
pressure) in the laboratory at the time ekposure. Corrections for standard room conditions (temperature of
20°C, relative humidity of 5% or air pressure of 1013 hPa) were required Only one participant (code 14)
reported his results for standard room conditiorBigure 9 presents a dlimensional plot of the climatic
conditions prevailed during the exposurefielexposures at the facilities were performed within a wide range
of climaticconditions ranging for temperature from about 18 to 28C, for air pressure from 930Pa to
1024hPa and for the relative humidity from below ¥to 63%.

The different climatic conditions raise the question of their influence on the results of thity.sfThe
multiple correlation method was used for the test. It describes the power of the association between a
specified random variable and a group of independent random variables. The multiple correlation coefficient is
always between 0 and 1 and theosér it is to 1, the more the specified variable is determined by a linear
combination of the other variables.

Only those participants were included in the test who could be assigned the nominal exposure values of
400Bg/m3, 1000Bg/m3 and 6000Bg/m3 andwhose climatic conditions deviated from the standard room
conditions. This was fulfilled by 9 participants.
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Figure9: Average values of temperature, air pressure and relative humidity dthiang
exposures, as reported by the participants

For a given exposure level, the multiple correlation coefficient, ; , of the ratios'Y" according to

Equation (9) and the group of the climatic parameters temperatiie 4ir pressurer]) and relative humidity
(i "Dis determined from the square root ], [8], [9]

¢ ¢

(14)

py
¢
py
O o« =«
=y

wherei  represents thePearson correlation coefficielfif] for the variablesc andy. The Pearson correlation
coefficientis a measure of the strength of a linear association betwbertwo variablesandis calculated by

. B & o @& O a5
" B ® 4 B o o

The summations run over the numbef participants€  « involved in the testThe parameteri 5 is
also denoted as coefficient of determinatiofthe multiplecorrelation
In order to assess the significance of a giveny; , the ratio'Gis computed a$§7], [8], [9]
Lirr € P N

. A
O -
P U nnin

J

(16)

S| o

Tablel2: Results of the test for multiple correlatipnumber of observedharacteristics (temperature, air pressure,
relative humidity)j o, degreeof freedomé p 1 v, & T UL

Ccefficient of determination (pairwise) Pargmeter of . Quantile,
multiple correlation tabulated
Exp.
Level sk P i sl ]l sl Al L 1 hnh
400 0,052 0,021 0,042 0,039 0,122 0,270 0,157 0,311
Bg/m3
SO, 0048 0001 0072 0099 0221 0148 0391 1068 5409
6000
0,003 0,746 0,123 0,079 0,131 0,251 0,857 9,990
Bg/m3
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Figurel0: Dependency between ratiY’ and air pressure for the three different exposure leyelsorrelationmust be
assumedor the level of 00 Bg/ms3; the correlation is rejected ftine lower exposure levels

The ratio™Ois distributed under the null hypothesis as a Fisher distribution wittnd ¢ p 1 degrees of
freedom. The value forj is the number of the independent variables temperature, air pressure and humidity,
therefore, 1 0. The coefficient of determinationi ; y , is significant for a levep & if 'O

O .

Tablel2 shows the results of the calculatiarBesides the values for multiple correlation, the coefficients of
determination for the pairwise correlations , are also givenThe ratio'Ois compared to the tabulated
quantile, "Orpr , of the Fisher distribution for mit v Since™O "Ornp  for the exposure level of
6 000Bg/m3, a correlation must be assumed. The coefficient of determination for the pairwise correlation
indicates a dominant dependency of the rati6 from the air pressuref). This dependency is also obvious in
Figure 10 representing the dependency between the ratdé and the air pressure for the three different
exposure levels.

The correlation betweenthe ratio 'Y and the air pressureat the exposure level of 800 Bg/m3was not
expected and is surprisingoth the participants' instruments and the comparison device use the principle of
ionization of air molecules for meagmment, and in most of the cases, the type of instrument used by the
participants is the same as that tfe comparison device. It shouttierefore be assumed that the climatic
conditions affect the instruments in the same way and the effects on the meamneresults cancel each
other out when calculating the ratio$n opposite to the lower exposure levels, this was not the case for the
exposure level of 600Bg/m3. This effect could not be clarified in this study and requires further
investigations.

6.4 Traceability and correlations between the participants

The participants weraequesed to provide informationon how the traceability of theadon activity
concentration is realed. From thsinformation thechartin Figurell was developedwhich shows the status
of the traceability at the start of the interlaboratory comparison in 2018.
The radon activity concentration is a combirgpgantity consisting of the activity of the gaseous nucliddon
222 (**Rn)and the volumeThe volume is the capacity of the enclosed space containing the atmosphere for
the realization of thequantity. There are three main branches through which the quantitiivég is traced
back. The roots of the branches are the national metrological institutes(8&€Bnany) LNHB(France)and
NIST(USA) which hdd the primary quantitiesThe combined quantity radon activity concentration is realized
in secondary referencéacilities operating at PTB (Germany), BfS (Germany), R8ht¢ and ENEA (ltaly).
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Figurell: Chartof traceability of European calibration facilities for radetatus at the start of the interlaboratory
comparison2018

only provided information on the traceability of the activity. It should be noted that PTB has abandoned its
reference chamber in 2016. Facilities, which had used the PTB reference chambeur® thestraceability,

will have to undertake a rearrangement after the validity of the traceability has expired. Since 2020, the
referencechamber of the BfS has changed the traceability of the quantity activity to LNHB by means of a gas
standard. In ordeto adjust the radon activity concentrations to predetermined values that remain constant
over a long period of time, emanation sources will gain increasing importance.

The chart inFigurell reveals that the secondary reference facilities that realize the combined quantity are
not exclusively operated by metrological institutes, but also at bodies that are not recognised byahation
international agreements. Regular comparisons between the secondary reference facilities should therefore
be initiated in order to harmonise the realization of the relevant quantity. This will help to ensure the quality
of radon measurements in Eurep

A prerequisite of the previous discussions was that the results reported by the participants were normally
distributed around a common mean valueue to the existence of three different branches in traceability, it
cannot be excluded that discrepancias the realizations of thejuantity are transferred to the following
facilitiesin the traceability chain. Suatorrelations would affect the prerequisitef a normally distributed data
set.

The data set was tested for correlation using the Pearson atiwel coefficien{7]. The coefficienfi f ,is
calculatedusing the relevant dataccording to

A —— — (17)

where 'Y and'Y ; are the ratioscorresponding toEquation (9) forthe exposure leve] of the i or K"
participant respectively.Yy and 'Y ; are the respective mean ratios for thé€ or k™ participant. The
summatiors run acrossthe nominalexposure levelsf 400Bg/ms3, 1000Bg/m?and 6 000Bg/m?3, represened
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by the number of observationd,

o. Participants with exposures that were not assigned to each of these

nominal levels were not included in the test.

Tablel13: Matrix of the coefficient of determinatiori, j , calculated for the considered participants

LARUE

SUJCHBC STUK IRSN BEV BFKH CLOR UNICAN SSM SMU UPC
SUJCHBC( 1,00 0,81 1,00 0,71 0,41 0,97 0,42 0,89 0,18 0,89
STUK 1,00 0,85 0,99 0,06 0,92 0,06 0,99 0,61 0,99
IRSN 1,00 0,75 0,36 0,99 0,37 0,92 0,22 0,92
BEV 1,00 0,02 0,84 0,02 0,94 0,72 0,95
BFKH 1,00 0,26 1,00 0,12 0,18 0,12
CLOR 1,00 0,27 0,97 0,32 0,97
IL_J'?\:I?(;JEN 1,00 0,13 0,17 0,12
SSM 1,00 0,49 1,00
SMU 1,00 0,50
UPC 1,00

Tablel4: Correlationdetween different participant$ound for a significance levef| Tip (indicated bya)

LARUE

SUJCHBC STUK  IRSN BEV BFKH CLOR SSM SMU UPC

UNICAN

SUJCHBC F

STUK

IRSN

BEV

BFKH

CLOR

LARUE
UNICAN

SSM

SMU

UPC

The hypothesis that there is no correlation between tffeand k™ participant is tested against the
hypothesis that there is a correlation using the test paramg§tér

0 —— (18)

The hypothesis of no correlation has to be rejecteghdf 0 7, whered0 p 5 isthe quantile of
0KS { { diittdbytiorXér the twosided test with a degree of freedom éf ¢ p at the significance

levelp | c
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Tablel3 shows the matrix of the coefficient for determination given as the squared correlation coefficient for
the participants included in the test. The resulting correlations between different giaatits, which are
significant on a level  1ip, are highlighted in
Table14. As no other correlations were found between participants in the same traceability emairthe
other correlations found cannot be reasonably explained on the basis of the information available, it is
assumed that these are random correlations. If the significance level is increased taft v only the
correlations between SUJCHBO and IBEIKH and LARWMICAN, and SSM and UPC remain, for which there
is still no reasonable explanation.

There are no serious objections to the assumption of a normally distributed data set. Discrepancies in the
realizations of the quantity that may occur betwethe different traceability chains do not affect the result of
the intercomparison or the performance of the calibration facilities in Europe.

7 Conclusion

From March 2018 té-ebruay 2020 an interlaboratory comparison was conduciedhe framework of the
EMPIR Projed¥letrology forradonmonitoring In total 15 calibration facilities from 18ifferent countries of
the European Union and one from Montenegro participated in the interlaboratory comparison. Among those
were national méological institites and designated institutesiational authorities for radiation protection
and participants from universities

The comparison was conducted by the German Federal Office for Radiation ProtectioBfBE&)ected an
electronic instrumet of the type AlphaGUARD as a comparison device. The device was sent to each
participant The participants were to expose the comparison dewdte different levels of radon activity
concentration: 40Bg/m3, 1000Bg/m3 and 6000Bg/m3. In certain casesther exposures were also allowed.

The parameterallowing to assess the performance of the participawts the ratio of the radon activity
concentrationrealized in the facility othe participant for the relevant reference period to the meahthe
values measuredby the comparison device over the same period.

The inspection of the resultsdentified two participants whose results were to be classified as extreme
values (outliers).The extreme values occurred the results of participants who had tracedack their
measurements using factory calibration

The results of the interlaboratory comparison show that, taking into account the statistical uncertainties,
the ratios of radon activity concentrations are identical for all exposure values and for thmany of all
values includingsingular exposures. It can be assumed thadon activity concentration realized by the
European calibration facilitiefuctuate around a common mean value. Its range of variation is a measure of
the degree of agreement betvem the participantsFor exposures above@0Bg/m? the range of variation of
the common mean value is about?dwith a coverage intervadf 95%. For the exposure level of 4@y/ms,
the 95% coverage interval increases to abo®6

The patrticipantgperformed their measurements under different climatic conditioddthough no influence
should be observed, the statistical analysisealed a correlatiotetweenthe results of the intercomparison
and the air pressure at an exposure level df08Bg/m3. This effect could not be clarified in this study and
requires further investigations.

The European radon calibration facilities trace backirtpeimary quantities to the national metrological
institutes PTB (Germany), LNHB (France) and NIST (USA)afitieatanalysis did not show any evidence
that the different traceability chains influence the result of the intercomparison or the performance of the
calibration facilities in Europe.

The interlaboratory comparison of European radon calibration fesliis a powerful tool to detect
discrepancies in traceability and to ensure the quality of radon measurements in Europe. It is strongly
recommended to carry out the interlaboratory comparison regularly.
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Annex A Information for the participants on the course of the interlaboratory
comparison

MetroRADON
Task 5.2

Validation of traceability, performance and precision of European radon calibration
facilities in the range from 300 Bg/fito 10 000 Bg/nd
(Radon intercomparison)

The aim of this task is to validate traceability of Europeaton calibration facilities and to demonstrate their
performance in calibrating radon measuring instruments in the range from 300°8a/&® 000 Bg/m, as well
as the closeness of agreement between the calibration results (precision).

An intercomparisomwill be conducted for that purpose of validation of the traceability. The participating
calibration facilities selected in Task 5.1, will preferably be situated in different Member States and should
represent the respective national reference for the gtignradon activity concentration in air. A suitable

transfer standard will be selected and the organisations selected in Task 5.1 will be contacted with the aim of
ensuring participation of at least 7 radon calibration facilities. The protocol for thgpadson will be

developed and agreed, the transfer standard circulated to the participants for their measurements and the
results analysed.

Contact person for the radon intercomparison:

Thomas Beck

Bundesamt fir Strahlenschutz
Radonmetrologie UR1
Kopenicker Allee 129130
10318 Berlin

Germany

e-mail: tbeck@bfs.de
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[. Instrument and Methodology

The German Federal Office for Radiation Protection (BfS) provides an electronic radon instrument
ALPHAGUARD (Type PQ 2000 PRO TTL, SN 1336) as trapsiesa@oigtevice for the intercomparison. The
device is owned by BfS, and will be made available to the participating laboratory for a predefined time
duration, in order to perform the exposures. After performing the exposures, the device has to be setd back
BfS.The total time for which the transfer comparison device will be placed at the disposal of the laboratory is 2
weeks (10 workdays) at the maximum.

The transfer comparison device will be sent consecutively to each of the participating laboratong tha
intermediate time, where the device is at BfS, the proper operation of the device and its compliance with
metrological requirements will be checked.

In advance of the intercomparison, BfS will conclude a Cooperation Agreement withbadécipating
laboratory (see appendix). Only after signing this agreement, the laboratory is entitled to participate.

Because of the large number of laboratories that request participation and the short time scheduled, the
intercomparison will be carriedut in two stages. In the first stage mainly the national metrological institutes
are involved. The second stage will expand the intercomparison to the other laboratories. It is intended to
accomplish the first stage by June 2019. The time schedule fdirghstage is given in the appendix.

[I. Transport

BfS will order a parcel service for shipment of the transfer comparison device from BfS to the participating
laboratory and back to Bf8fS bears the costs for shipment.

The device and accessories peeked safely and shipped in a transport box. A list of every item shipped will
be included.

The participating laboratory shall ensure that by the date and time set for sending back, the device and every
included accessories are packed in the transportdouk labelled for shippind:he goods will be collected by
the parcel service ordered by BfS.

During transport, the device shall be turned off.

lll. Exposures

After receipt of the transfer comparison device, the participating laboratory should checkritdotness. The
device is delivered with fully charged battery. The data memory is empty.

The device is capable for operation without external power supply over several days. In order to recharge the
battery or to operate under continuous external powarpower supply is provided.

BfS has preset every setting for the device (Pdb. The participating laboratory should not change any of the
settings. Even the background of the device is already determined by BfS. Although ALPHAGUARD provides
measurement®f the temperature, the humidity and the air pressure, these measurements are not evaluated
and discarded. Climatic parameter should be monitored by the laboratory with its own equipment.

TabAl: Relevant settings of the transfer comparison device ahdces to the laboratory
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Parameter Value Remarks
Calibration Factor 1 The value of the calibration factor does no
represent the value ascertained by BfS.
Therefore, the indication at the device will
not correspond to the true value.
Integration time 10 minutes The participating laboratory must make su

that the time duration of each exposure is
long enough to ensure that the indication g
the device is representative for the radon
activity concentration, and to obtain a gooq
statistic by taking a $ficient number of
measurements.

Date and Time

Central European Time

When the device is used in other time zong
the participating laboratory shall take into
account the time shift in comparison to the

time basis of local instruments.

Mode of Operation

Diffusion

User background
(USRBGR)

0

The measurement data will be manually
reduced by the background after exposurg

"In contradiction to the discussions at the EMPIR meeting in Braunschweig, February 2018, it was decided to set an ititegaitibd
minutes. This enables to take more measurements during the decisive duration of exposure. The larger variations of tadussgle

accepted.

TabA2: Nominal levels of radon activity concentration to be established for
the different radon atmoshperes and accepted deviations

No. | Nominal Level | Accepted Deviation
(Bq m?) (Bq m®)

1 400 350 to 450

2 1000 900 to 1100

3 6000 5500 to 6500

When turning on the transfer comparison device, an initializing phase starts, which lasts about 10 minutes.
After this, the device is in the operation mode, taking measurements of the radon activity concentration. The
device indicates 90% of the radon activity concentration after 30 minutes. The laboratory should check the
indication of date and time. If necesgathe laboratory should record the time indicated by the device and the
local time, as well.

The transfer comparison device is placed in the corresponding radon atmosphere to perform exposures in
agreement with the procedures of the laboratory. According to Pa&hthe device has to be exposed in three
radon atmospheres each with different radantivity concentration. The target levels of the respective radon
activity concentration should be the nominal levels of Tath. The actual level can deviate from the nominal
level in the ranges specified in column 3 of Tah.

The laboratory shall recdrall relevant information accumulated during the course of performing the

exposures. A provisional draft for recording the exposure stages is given in the appendix (see Records on the
Intercomparison). It should be extended by the laboratory. The recomdbe intercomparison should be

delivered to BfS.
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It is not intended that the laboratory will read out the exposure data from the transfer comparison device.
Instead, the read out of the data ascertained from the device and stored in its memory wdtied out by
BfS after returning.

IV. Reporting of Results

After arrival of the transfer comparison device at BfS, the stored data of exposure will be read out. The times
and the values of the single radon activity concentrations determined by the deilldee collocated in an

Excel sheet, and delivered viarail back to the laboratorylhe single measurement data are provided with a
correction for background and the application of the calibration factor of BfS. It should be noted that the BfS
will check the calibration of théransfer comparisomlevice at the end of intercomparison. Subject to a final
correction, the results should therefore be considered as preliminary.

The laboratory will issue a report on the intercomparison. The report shall cotitaifollowing information at
least:

- name and address of the laboratory
- name and email of the person(s) in charge
- ashort description of the procedures of the laboratory, information about the local reference instrument
for the radon activity concentrain, information about traceability to primary standards
- operating conditions during the exposures: average values of temperature, rel. humidity and air pressure
- measurement results specified for each exposure:
(1) The mean value of radon activity concetitba measured by the transfer comparison device. This
value is determined from the collocated list of single measurement data provided by BfS after reading
out the data from the device. The single measurement data are provided with a correction for
backgraind and the application of the calibration factor of BfS.

(2) The measurement uncertainty of the value given under item (1).

(3) The mean value of the radon activity concentration established in the radon atmosphere of the
laboratory. This value is determad with the equipment of the laboratory.

(4) The measurement uncertainty of the value given under item (3).

The measurement uncertainties shall be givenxgsaadeduncertainties resulting from the standard
uncertainties of measurement multiplied by a coverage factor k=2.

The results are given for the local climate conditions (temperature, rel. humidity and air pressure) in the
laboratory at the time of exposure.ttie laboratory were to take the view that a correction for climate
condition is necessary, it should correct the results for standard room conditions (temperature of 20°C, rel.
humidity of 50% or air pressure of 10tBa).

A draft of the report of resultss outlined in the appendix. The draft can be individually adapted to the needs
of the laboratory. In cases where the laboratory has an own standard form for reporting of results, the
laboratory should use the standard form.

Thereport of results shall be delivered to BfS vimail.
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Annex B:Cooperation egreement

Cooperation Agreement

In the framework of theEMPIR Project Metrology for Radon Monitoritg German Federal Office for
Radiation Protection (Bundesamt fUr Strahlengehinereinafter referred to as the "BfS") conducts a radon
intercomparison to validate the traceability, performance and precision of European radon calibration facilities
(hereinafter referred to as the "Facility").

The BfS provides an electronic radostinment ALPHAGUARD (Type PQ 2000 PRO TTL, SN 1336 hereinafter
referred to as the "Instrument") for the intercomparison. The Instrument is the property of BfS.

BfS makes the Instrument available to the Facility exclusively for the purpose of the intertsonpzarried
out in the framework of theEMPIR Project Metrology for Radon Monitoritgproper use, in particular the
use for other purposes than agreed with BfS and the dissemination to third parties, is not permitted. The
Facility does not acquirewnership rights to the Instrument, included accessories, software or data.

BfS will place the Instrument at the disposal of the Facility for 2 weeks (10 workdays) at the maximum. The
Facility is liable for loss and damages during that period of time. @ppiry of the time of disposal, the
Instrument has to be sent back to BfS. In cases of late provision of the Instrument including accessories, the
Facility bears all associated costs for shipment.

The services of BfS and those of the Facility, performedhle purpose of the radon intercomparison, are
free of charge each other.

This Agreement shall be governed by and construed in accordance with the laws of Germany.

For the BfS: For the Facility:
XXXXXXXXXXXXXXXXXXX XXPOPXXXXXXXXXXD
Date and Signature Date and Signature

Dr. Frank Wissmann
Head of Depdment UR
Bundesamt fir Strahlenschutz (BfS)

Please add name of the subscriber in capital lette
position of the subscriber,
name of the facility

Please print out the Cooperation Agreement and send it back to BfS after signaturemaie tbeck@bfs.de)
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Annex C:Standardisation of the records made by the participants
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Records on the
Intercomparison

Name of Laboratory:

Transfer comparison device

Designation ALPHAGUARD
Type PQ 200PRO TTL
SerialNo. 1336

1 | Checking the device for measurement capability

Records and statements

Battery power

0.k.? (green light is on after turning on device)

Mode of operation

Diffusion (preset)

Time interval of integration

1o minutes(preset)

Indication of date and time

0.k.?, time difference to local time?

Check diffusion filter for damages

Damages:yes/no

Visual inspection of general state

0.k.?

Date and Signature
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Records on the
Intercomparison

Name of Laboratory:

Exposures

Records and statements

2.1

Exposure No. 1

Level of radon activity concentration in
j ®Y

Turn on the device
Place device in radon atmosphere,
(Plug in power supply, if necessary)

0.k.?

Date and time of commencement of
exposure

Local date and time

Further relevant information about theperation of the
facility and monitoring the atmosphere (e.g. air pressure in
hPa, temperature in °C)

Date and time of finalizing the exposurg

Local date and time
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Records on the
Intercomparison

Name of Laboratory:

2.2

Exposure No. 2

Level of radon activity concentration in
j ®Y

Turn on the device
Place device in radon atmosphere,
(Plug in power supply, if necessary)

0.k.?

Date and time of commencement of
exposure

Local date and time

Further relevant information about the operation of the
facility and monitoring thetmosphere (e.g. air pressure in
hPa, temperature in °C)

Date and time of finalizing the exposure

Local date and time
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Records on the
Intercomparison

Name of Laboratory:

2.3

Exposure No. 3

Level of radon activity concentration in
j ®Y

Turn on the device
Place device in radcstmosphere,
(Plug in power supply, if necessary)

0.k.?

Date and time of commencement of
exposure

Local date and time

Further relevant information about the operation of the
facility and monitoring the atmosphere (e.g. air pressure in
hPa,temperature in °C)

Date and time of finalizing the exposure

Local date and time
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Records on the

Intercomparison

Name of Laboratory:

3 | Preparation for Shipment

Records and statements

Turn off the device

0.k.?

transport box?

Are the device and included accessorie
(according to list) safely packadthe

0.k.?

(tightly closed and labelled)

Prepare the transport box for shipment

0.k.?

Date and Signature

16ENV10 MetroRADON
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Annex D:Standard results report
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Report of Results

Name of Laboratory:

Transfer comparison device

Designation ALPHAGUARD
Type PQ 2000 PRO TTL
SerialNo. 1336

Short description of the procedures applied for exposing the transfer comparison device,
Information about the local reference instrumefar the radon activity concentration,
Information about traceability to primary standards

The results of the intercomparison are summarized in the table. Besides the exposure data, the mean values of
temperature,T, air pressurep, and relative humidityr.H. of the radon atmospheres are given. This serves the
purpose to characterise the measurement conditions during the exposures.

Table: Summary of results for the exposures No. 1, 2 and 3

No C}\/I,net U(G\/I,net) CRefLab U(QRefLal) T p r.H.
O. Y oL (Y o Y & iy [ [hPa] [%]
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Report of Results

Name of Laboratory:

Gunetis the mean value of radon activity concentration measured by the transfer comparison device. This value
is determined from the collocated list of single measurement data provided by BfS after readiti al#ta

from the device. The single measuremenrdta are provided with a correction for background and the
application of the calibration factor of BfS. For the determinatiorGgfe: only those measurement data are
considered, which are taken in the decisive reference period.

GrefLanis the mean valueof the radon activity concentration established in the radon atmosphere of the
laboratory. This value is determined with the equipment of the laboratBoy.the determination 0Gzes as0Nly
those measurement data are considered, which are taken in tloésole reference period.

The measurement uncertainty given asgpardeduncertainty resulting from the standard uncertainty of the
corresponding mean value multiplied with a coverage factor k=2. The standard uncertainty of the mean value
is calculated from the statistical variation of the single measurements around this wada®. The following
expandeduncertainties are included in the table:

U(GrefLay Measurement uncertainty 0fxkerap

U(Gu net) Measurement uncertainty oy net

XXXXXXXXXXXXX)D
Date and Signature

Name and email of the person in charge (usapital letters)
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1 Introduction

Task 5.3:Validation of the traceability of European radon calibration facilities at stable
radon atmospheres in the range from 100 Bg®o 300 Bq-n?

The aim of this task is to validate the traceability of the European radon calibration facilities by
comparison of the sendary standards used by European radon calibration facilities in the range
from 100 Bg-m to 300 Bq:riito the reference device calibrated in a reference radon atmosphere
traceable to a primary standard. The validation exercise will be organized, setheshd a reference
laboratory selected. The European radon calibration facilities will send their secondary standards
which are used for the calibration of the enser devices to the reference laboratory, which will
compare the secondary standards agaiaseference device calibrated in A1.3.2 and tested in A1.3.3
in the range from 100 Bg-fio 300 Bq-rii. The reference laboratory will evaluate any deviations in
the existing calibration of the secondary standard. A report will be produced for eaclatoatiliyy

the reference laboratory detailing results and any deviations, and the reports will be sent to the
relevant European radon calibration facilities. A validation report on the traceability of primary and
secondary radon calibration facilities inr&pe will be produced together with a guideline and
recommendations on metrologically sound calibration and measurement procedures for the
determination of radon concentration in air.

Activity number 5.3.1:Following the development of constant radon activity concentrations in
reference chambers and calibration procedures in A1.3.1, A1.3.2 and A1.3.3 respectively, CMI with
BFKH, BfS, IRSN and SUJCHBO with support of other WP5 partn@$RBEVOR, IR, JRC,

STUK and UC) will organise an exercise to validate the traceability of the secondary standards used by
the European radon calibration facilities selected in A5.1.3. The schedule for the validation exercise
will be produced and agreed and any necegsircumentation produced for the exercise.

In WP 1, the National Institute for Nuclear, Chemical and Biological Protection (SUJCHBO),in
cooperation with the Czech Metrology Institute (CMI) has developed a unique device for the
calibration of measuring imimiments at lowlevel radon activity concentrations (Levevel Radon
Chamber, LLRCH). The evaluation and calibration of measuring devices for radon requiteisriong
stable conditions of radon activity concentratioburing many experiments which requirdtie
adjustment of a various lotevel radon activity concentrations, the dightness and the
sustainability of longerm stable radon atmospheres in the LLRCH was veriBaded on these
findings, it was possible to organize an intercomparison exergseerify the traceability of
secondary standards used by European radon calibration laboratories selected in A5.1.3. For this
Ay i SND2YLI NR aaliddioniofiHe tracdatylitzloffEurdpean radon calibration facilities

at stable radon atmospherein the range from 100 Bg-ihto 300 Bg-n?é was prepared together

with the schedule of the intercomparison. The exercise, in which secondary standards of European
calibration laboratories were calibrated, was performed by SUJCHBO in the period from rOctobe
2019 to April 2020.
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Activity number 5.3.2:A reference laboratory will be selected by BFKH, CMIHIFINBfS, IRSN, and
SUJCHBO from BFKH, 4#HN BfS, IRSN, and SUJCHBO. European radon calibration facilities selected
in A5.1.3 will send their radsecondary standards to the selected reference laboratory. The selected
reference laboratory will compare and calibrate the secondary standards received from the European
radon calibration facilities to the reference device calibrated in A1.3.2. Theneddaboratory will
evaluate any deviations in the existing calibration of the secondary standards in the range from 100
Bg-m® to 300Bqg-n. A report will be produced for each calibration by the reference laboratory
detailing the results and angeviations, and the reports then sent to the relevant European radon
calibration facilities. The reference laboratory will keep partners informed of the progress by e mail.

SUJCHBO was selected as the reference laboratory to organize the intercomparasurament.

Selected European laboratories sent their secondary standards for the calibration to the SUJCHBO
reference laboratory according to a pagproved schedule during the period from October 2019 to

April 2020 (see Appendix A). Eight European lalooieg have participated in the intercomparisqn

BEVPTV, UPC, IRSN, STUK;HHNCLOR, BfS, and SUJCHBO. The instruments were calibrated at two
levels of radon activity concentration 200 Bg-rif and 300 Bg-iid ! & GKS &l YS GAYSE
backgroundin an atmosphere with zero radon activity concentration was recorded. Results of the
OFfAONIGA2Yy 2F &4SO2yRIFINE &dFyRIFINR&a 6SNB SgIFfdz i
YSGK2R& F2NJ G4KS dzaS 27F LINRTA OA S K Cubbratios éedificafed o6& A
was issued for each participant.

2 Purpose

The main purpose of verifying the secondary standards of European calibration laboratories was to
determine the value of reproduction in the implementation of the radon activity conegiatn in air

in the range from 100 Bg-tto 300 Bq-rif. The equipment for testing of secondary measuring

devices at lowevel radon activity concentrations is owned by SUJCHBO. The equipment was
RSOSt 2LISR FyR (SaiSR 4AlKA yices SéreNRpodedin tvo |évelswofd t | NI
radon activity concentration, at 200 B¢nand 300 Bg-m. During the calibration process, the
background of the device in the atmosphere with zero radon activity concentration was determined.

3 Participants

Eight Eurpean laboratories have participated in the intercomparison of secondary standards,
including SUJCHBO, and nine measuring devices were calibrated. In seven cases, AlphaGuards
operated in diffusion mode were used. One AlphaGuard was calibrated iftHtowgh mode. In one

case, a RadonScout was used for the intercomparison. Table 1 gives a list of participants.
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Tablel5 ¢ List of participants

Institution Address E-mail address

PTP/BEV ¢ Physikaliscitechnischer Prifdienst
BEVPTP | Bundesamt fir Eictund Vermessungswesen AlphaGuard PQ2000 Pro
Arltgasse 35, 1160 Wien
Austria
Laboratory of 222Rn studies (LER) of the Institut
Tecniques Energetiques (INTE) of the Univers

UPC Politecnica de Catalunya (UPC) AlphaGuard PQ2000 Pro
Campus Diagonal Suddificio PC (Pavello C)

Av. Diagonal 647, 08028 Barcelona
Spain
PSEENV/SEREN/BERAD
IRSN 31 avenue de la Division Leclerc B.P-92262 AlphaGuard PQ2000
FontenayauxRoses Cedex
France

STUK Radiation and Nuclear Safety Aotity

Finland
IFINHH

IFINHH 30 Reactorului St. RadorScout
077125 Magurele, lifov County, POB G

Romania
Central Laboratory for Radiological Protection

CLOR | Konwaliowa 7PL 03194 Warsaw AlphaGuard DF2000
Poland

Bundesamt fir Strahlenschutz
BfS Radonmetrologie UR1 AlphaGuard DF2000

Kopenicker Allee 126130, 10318 Berlin Germany
National Institute for Nuclear, Chemical al

SUJCHBO  Biological Protection AlphaGuard DF2000
Kamenna 71262 31 Milin AlphaGuard PQ2000
Czech Republic

4 Used equipment

To verify the secondary standards of European calibration laboratories, which are used for the
calibration of enduser devices, the National Institute for Nuclear, Chendadl Biological Protection,

v.v.i, Kamenna (SUJCHBO) was selected as reference laboratory. As part of the WP1 task, SUJCHBO in
cooperation with the Czech Metrology Institute, Prague (CMI) have developed a device for the
calibration of measuring devices abw-level radon activity concentrations (Levevel Radon
Chamber, LLRCH). The equipment consists of a radon chamber LLR@KEv@ldradon Chamber)
with a volume of 324 liters (Figure 1), a fltwough source of radon type RF 5 with an activity of 4
955 Bq(certificate No. 10355E4045619, CMI Prague), a calibrated mass flow controller type
Bronkhorst E{Flow (calibration sheet 601RI1-M040619, CMI Brno) and a humidifier. The
equipment meets the condition of relative uncertainty less than 5k (1) for calibration of
measuring instruments at lovevel radon activity concentrations (1@&&-m?®to 300 Bq-ri).
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NATIONAL INSTUTUTE
FORNUCLEAR,
| CHEMICAL AND BIOLOGICAL
PROTECTION

SUJCHBO, v,

Figureg 1 LowlLevel Radon Chamber LLRCH in SUJCHBO laboratory

Simultaneously with the participant's device, the AlphaGuard DF2@0tte (owned by SUJCHBO,
henceforth referred to as reference device) was placed into the-Level Radon Chamber as a

reference device. This AlphaGuard was calibrated by BfS Berlin in March 2019 (Calibration Certificate
R19-1). In some cases, an Alpha@L&Q2000 device (owned by SUJCHBO) was also placed into the

[ [ w/ NI R2y OKIFYOSNI 023SGKSNIJ gAGK | LI NIAOALN yi
calibrated by BfS Berlin in October 2017 (certificate 1218) and calibrated by PTB Braunschweig in
October2012 (certificate PTB.13-77-Rn222S).

Figure 2 represents a simplified scheme of the equipment construction for testing of measuring
devices at lowevel radon activity concentrations.

16ENV10 MetroRADON ActivityNo.5.3 6



Outdoor
Atmosphere

o

A

o i L O O P A Y2 O 2 A 2 A . A 12 [}
i

i Sensors:

I Pressure

fl Temperature

1

4

Y S [ v o S P o P

- >y | —><{

Humidity
Pressure
Temperature

Aerosol Mass Flow Radon

filter Controller source

Figure 2; Schematic of equipment for calibration of measuringrimaents at lowlevel radon activity
concentrations

5 Method

Verification of secondary standards of European calibration laboratories was performed by SUJCHBO,
v.v.i. Kamenna in the period from October 2019 to April 2020. For these purposes, the manual
Gt ARFGAR2Y 2F GKS GNIOSIFoAtAdle 2F 9dz2NRPLISIHY NI Rz
the range from 100 Bq-fhto 300 Bq-rif was prepared. This manual was senthe participants by

e-mail. This document (AppendiX) Aescribes all contdons of the intercomparison including the
transport of instruments, exposures of instruments and the evaluation of results. The document also
includes the'Exposure Recoed 0 FAf € SR 2dzi o6& {!W I .h NBFTFSNByOS
O 2 Y LJ NAlad2ofitéby individlual participants). The calibration of secondary standards was
performed according to a previously prepared schedigee Appendix A) at two levels of radon

activity concentration: 208q-m® and 300 Bg-m. During the calibration procesthe background of

the device in an atmosphere with zero radon activity concentration was determined. Temperature,

air pressure and relative humidity were monitored during all exposures. The exposure was conducted

at SUJCHBO for at least 24 hours for daehl of radon activity concentration. During all measuring
campaign, the average value of temperature was 22,3 °C, the average value of air pressure was 955,8
hPa and the average value of relative humidity was 51,2 %. The processing of results wag done b
each participant using their individual process
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6 Results

6.1. Measurement results with AlphaGuard DF2000

The reference device was placed in the LLRCH radon chamber together with an individual calibrated

LI NIAOALI yiua RSOAOS® 9EOSLII FT2N) 2yS OFasSs | ff
OFrasSs Gé2 LI NIAOALN YOG QARSI efatime.SNE OF f Ao NI GSR
The following Figures show the measurement results obtained with the reference device (SUJCHBO's
AlphaGuard DF2000) for each exposure in individual measuring campaigns due to the schedule for
radon atmospheres with radon activitponcentrations of 20@8q-m® (Figure 3) and of 300 Bgin

(Figure 4). The average value of the radon activity concentration for atmospheres of 208\@agm

(202+4) Bg-m®. The average value of the radon activity concentration for atmospheres oBg60

% was (302+3) Bg-ni. The mean background value under the condition with air free from radon

inside the LLRCH wéis9+ 0.2 Bg-n?’.

Radon activity concentration 200 Bq-n?
220 I e . i

p | SRS SR S— SR N |

210 R fffffffffffffff I fffffffffffffff
ol

Radon activity concentration(Bg-m-=3)

[ | | ]
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| I I | f |
195 |--nnmmmeeeeeaas T SIS e SRS
| . e
i R s s e S 1
180 ‘ ‘ ‘ 3 ‘ ‘ ‘
0 1 2 3 4 5 6 7

M easuring campaignnumber

Figure 3 Measurement results of the reference device for 200 éq-m
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Figure 4¢ Measurement results of theference device for 300 Bq'?’m

6.2 Results of the participants

The exposure was conducted at SUICHBO for at least 24 hours for each level of radon activity
concentration. The processing of results was done by each participant using their individuakproce

6.2.1. Results of participants in an atmosphere with zero radon activity concentration (background)

The following Table 2 and Figure 5 summarize results of measurements in an atmosphere with zero
radon activity concentration (instrument background measurements). The Table also includes two
RSOAOSa 2¢gySR o6& {! W | .h3 L} N&enceMpha@und HDF2@e RS vy
ONBEFSNBYOS RSOAOSUOL FyR O2RS o G2 {!W Il.hQa !t LJ
values from individual measurements. The average radon activity concentration (reference level of

radon activity concentration) was calateéd from values obtained in five measuring campaigns by

the reference device AlphaGuard DF2000.

Table16 ¢ Results of participants in an atmosphere with zero radon concentration

L < = | ay,Rn S(a,rn)
e NS (O () (Bg-n?) (Bgm®) arX GKS F@SNI IS LI
1 4 3 radon activity concentration in the
2 1 0 exposure period (results were sent
3 2,1 0,2 SUJCHBO by the participant after tk
4 5 3 device exposition)
5 6,8 1,2 L
7 154 1.4 uncertainties (results were sent tc
8 19 0.2 SUJCHBQoy the participant after the
device exposition)- it is an expanded
uncertainty ¢ the product of the standard
9 26,2 3.0 measurement uncertainty and the

coverage factork = 2

16ENV10 MetroRADON ActivityNo.5.3 9
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Figure 5¢ Background values of individual participants' devices

The results of the verification of secondary standards are processed in accordance with the standard
2{b L{h mMopHy a{dFGAAGAOIf YSOIKZRNEJIZDEN LK WA ISR % X

Based on data from participants, the following are calculated for each level:

1) Determination of&x score

OQwno
1 Nno
where @ Q A& LI NIAOALI yiQa NBa&dzZ
wn o isreference value
1 n o isstandard deviation (in this case 10 %)

The level of standard deviation 10 % was determined based on experiences with previous rounds of
proficiency testing for the same measurement with comparable property values, and where
participants use compatible mearement procedures.

Interpretation oféiscore

s ¢ the result is considered acceptable
2m DS om the result is considered a source of warning
s o the result is considered unacceptable
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2) Deviation estimation (measurement error)

Deviation estimate calculation

, OQmn o
Oom p MBE——F-—
wno
where OQ A& LI NIAOALI yGQA NBadzZ

wn o isreference value

6.2.2. Participants' results for level 200 Bg-m
The measurement results are shown in the Table 3.

In order to obtain more results for evaluation and imprdte statistics, the number of devices was
increased withtwo devices owned by SUJCHBO, participant code 8 was assigned to AlphaGuard
DF2000 (reference device) and code 9 to AlphaGuard PQ2000.e$his rgiven in Table 3 are
average values from individual measurements. The average radon activity concentration (reference
level of radon activity concentration) was calculated from values obtained in six measuring
campaigns by the reference device Al@heard DF2000.

Tablel7 ¢ Participants' results for level 200 qufm
t F NIAO., a S(arn) = Z-ScCOre " armX O0KS I @SNI 3

code (Bg-n®)  (Bg-nid) (-) (%) value of radon  activity
1 201 9 0,1 0,5 concentration in the exposure
2 203 6 0,3 1,5 period (results were sent to
3 196 6 0,4 2,0 | SUJCHBO by the participant aft
4 208 18 0,8 4,0 the device exposition)

5 194 9 -0,6 -3,0

6 201 15 0,1 05 | S@rd X LI NJ
7 202 3 0,2 1.0 measurement uncertainties
8 202 4 0,2 1.0 (results were sent to SUJCHE

by the participant after the
device exposition) - it is an
expanded uncertainty ¢ the

9 199 6 0.1 0,5 product of the standard
measurement uncertainty ano
the coverage factor k = 2

Measurement results, values afscore and participants measurement deviations for exposures to
radon atmospheres of 200 Bg-are shown in Figures 6, 7 afd

16ENV10 MetroRADON ActivityNo.5.3 11
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Figure 6¢ Results of individual participants for radon atmospheres of 200 '%q-m
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Figure 7¢ z-scores of individual participants for radon atmospheres of 200 %q-m
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Figure & Values for estimating the deviation D of individual participants from the reference value (obtained
with the reference device) for radon atmospheres of BQ0ﬁ3

6.2.3. Participants' results for level 300 Bg-m

In order to obtain more results for evaluation and imprdte statistics, the number of devices was

increased withi 62 RS@A0Sa 2¢gySR o6& {! W I .hX LI NIAOALN y(
DF2000 (reference device) and code 9 to AlphaGuard PQ2000. Results mentioned in Table 4 are
average values from individual measurements. The average radon activity concen{rafemence

level of radon activity concentration) was calculated from values obtained in six measuring
campaigns by the reference device AlphaGuard DF2000.

Tablel8 ¢ Participants' results for radon atmospheres of 300 Bﬁ-m

t I NIAO. anm S(arn) = Z-SCOre T armX OGKS | @SNI 3
code (Bg-n®)  (Bg-nid) (-) (%) value of radon activity
1 306 12 0,6 2,0 concentration in the exposure
2 290 6 -1,0 -3,3 | period (results were sent to
3 288 8 1,2 -4,0 SUJCHBO by the participant afts
4 202 18 0,8 2.7 | the device exposition)
5 290 10 -1,0 -3,3 .
6 291 21 0,9 30 | S@rd X LI NI A
7 300 10 0 0 measurement uncertainties
8 302 3 0.2 0.7 (results were sent to by the
9 289 6 1.1 3.7 participant after the device

exposition) - it is an expanded
uncertainty ¢ the product of the

standard measurement
uncertainty and the coverage
factor k = 2
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Measurement results, values afscore and participants measurement deviations under the
level of 200Bq-m® are shown in the following Figures 9, 10 drid

Radon activity concentration 300 Bg-n?
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Figure & Results of individual participants for radon atmospheres of 300 '%q-m
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Figure 10; z-scores of individual participants for radon atmospheres of 300 Bg-m
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Figure 11¢ Values forestimating the deviation D of individual participants from the reference value (obtained
with the reference device) for radon atmospheres of 300 L%q-m

7 Conclusion

The calibration of secondary standards of European calibration laboratories was perfduriagd

the period from October 2019 to April 2020. Eight European laboratories participated in the
intercomparison. The calibration was performed by the staff of SUJCHBO using the unique
equipment developed in MetroRADON for testing of measuring devicésaaevel radon activity
concentrations. The intercomparison was realised at two levels of radon activity concentrations, at

200 Bg-if and at 300 Bg-d 5dzNAy 3 GKS OFfAoONFrdGA2y LINRPOS&ax
determined.

The z score and the estinmtioon of deviation were the main parameters for comparison of
participant's performance.

For the level of 200 Bg-mthe values of the score vary from0.6 up to 0.8 and the value of the
deviation estimation ranges fror3.0 % up to 4.0 %.

For the levebf 300 Bq-i, the values from the score range from1.2 up to 0.6 and the value of the
deviation estimation ranges fror4.0 % up to 2.0 %.

The analysis of individual parameters (maximmiscore, maximum estimation of the deviation) of
0KS LI Npdf@rmande $hpws that the results of the secondary standards of the European
calibration laboratories are at a very good level.

Verification of secondary standards of European calibration laboratories for radon calibration is an
effective tool for deteting discrepancies in traceability and ensuring the quality of radon
measurements in Europe. It is strongly recommended that calibrations and verifications are
performed on a regular basis.
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