Validation of Traceability of
European Radon Calibration
Facilities
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Interlaboratory Comparisons

* 300 Bg/m3 to 10 000 Bg/m?3 (coordinator BfS)

* 100 Bg/m?3 to 300 Bg/m?3 (coordinator
SUJCHBO)

 Determine degree of agreement in realization
of activity concentration of radon-222 in air in
facilities of participating laboratories or in
reference laboratory
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Chart of traceability of European calibration facilities for radon, status
at start of the interlaboratory comparison (2018)



Short Name Institute and Address Country
BEV-PTB, Physikalisch-technischer Priifdienst, Bundesamt fur Eich-
BEV-PTP und Vermessungswesen  Austria
Arltgasse 35, 1160 Wien Bfs
SUJCHBO Statni ustav  jaderné, chemické a biologické ochrany Czech Republic
(Coordinator) Kamenna 71, 262 31 Milin ?
i BEV-PTP I%
Radiation and Nuclear Safety Authority )
STUK Lai ie 4. 00880 Helsinki Finland £
aippatie 4, elsinki E— SUJCHRO
IRSN Institut de  Radioprotection et de Slreté Nucléaire France 8
31 avenue de la division Leclerc, 92262 Fontenay-aux-Roses g STUK
-
BfS German Federal Office for Radiation Protection =]
. L . Germany ri IRSN
(Coordinator) Kopenicker Allee 120 — 130, 10318 Berlin mE
~
Budapest Févéros Kormanyhivatala o BfS
BhkH Németvdlgyi it 37-39, 1024 Budapest IAVTREEETRY g
' BFKH
ENEA CRE ENEA Casaccia Ital IS
via Anguillarese, 123 - Santa Maria di Galeri, 00123 Roma ay fé
- ENEA
Bureau of Metrology 2
1 Arsenija Boljevi¢a bb, 81000 Podgorica RICHICISElS g
Central Laboratory for Radiological Protection G
Lok Konwaliowa 7, PL 03-194 Warsaw icland % CLOR
Institutul National de Cercetare-Dezvoltare pentru Fizica si Inginerie él
IFIN-HH Nucleara “Horia Hulubei”  Romania 9 TR
30 Reactorului St., 077125 Magurele, IIfov County, POB MG-6 >
“CONSTANTIN COSMA” RADON LABORATORY, Babes — Bolyai S ise UBB
UBB University, Faculty of Environmental Science and Engineering Romania g
Fantanele 30, 400294 Cluj-Napoca 5 > SMU
Slovak Institute of Metrology, Dept. of lonizing Radiation . 3
S Karloveska 63, 842 55 Bratislava Slovak Republic = 5| uniean
Radon Group, Laboratory of Environmental Radioactivity of the
LARUC-UNICAN  University of Cantabria (LARUC)  Spain UPC
C/ Cardenal Herrera Oria S/N, 39011 Santander, Cantabria
Laboratory of 222Rn studies (LER) of the Institut de Tecniques SSM
UG Energétiques (INTE) of the Universitat Politécnica de Catalunya pai
(UPC), Campus Diagonal Sud, Edificio PC (Pavelld6 C) pain
Av. Diagonal, 647, 08028 Barcelona
Stralsdkerhetsmyndigheten (Swedish Radiation Safety Authority),
SSM Métning av joniserande strdlning (Radiation Measurements) Sweden

Solna strandvég 96, SE-171 16 Stockholm

SUJCHBO

Interlaboratory comparison in range from 100 Bq/m? to 300 Bq/m?
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EMPIR Project Metrology for Radon

Radon Intercomparison & Validation of Traceability

Validation of the traceability of existing European radon calibration
facilities at NMI/DI and other calibration laboratories over the range from
300 Bg/m3 to 10 000 Bg/m3.

Comparison of the radon activity concentration in the air realized in
different European calibration facilities (Radon Intercomparison).

Verification that calibrations for airborne radon activity concentration
are traceable to appropriate primary standards through an unbroken

chain.
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EMPIR Radon Intercomparison

Comparison device calibrated with

a primary radon gas standard was
shipped to European radon ‘

calibration facilities for a
comparison with their existing
secondary standards.

Shipment from BfS to the
participant and return to BfS
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EMPIR Radon Intercomparison
Transfer comparison device: AlphaGUARD PQ 2000 PRO TTL

Co LROI1

l‘b —» Diffusion mode ——
> Integration time 10ymin
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EMPIR Radon Intercomparison

Participants

15 Laboratories

(12 EU countries +
Montenegro)

NMI & DI: 7

\INS
BEV-PTP
IRSN
STUK
SUJCHBO
BFKH
CLOR
SSM
UNICAN
SMU
UBB
IFIN-HH
UPC

Montenegro
Austria
France
Finland
Czech Rep.
Hungary
Poland
Sweden
Spain
Slovakia
Romania
Romania
Spain

National Authorities: 5 _
Universities/Research: 3 BfS Germany 4 Coordinator

ENEA ltaly
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EMPIR Radon Intercomparison
Laboratory Reference (Status 2018/2019)

AlphaGUARD (various models),

3 participants use additional instruments like scintillation cells (2
participants) or Atmos (1 participant) as working standards or for
other verification purposes.

Atmos

Radon Scout
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EMPIR Radon Intercomparison

Exposure levels

Nominal value Accepted deviation

400 Bg'm 350 Bq-m= - 450 Bq'm-3

1000 Bg-m?3 900 Bg'm= - 1100 Bg-m?3

6000 Bg-m-3 5500 Bg-m3 — 6500 Bg-m-3
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EMPIR Radon Intercomparison: Data Assessment

Quantity of Comparison, R;, R;

Ratio of radon activity concentrations C_'p —
. articipant,i

determined by participant i and by R, = —
transfer device Cerans fer,i

Quantity for Comparison

Variance of R;
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Performance of European calibration services

Results indicating the deviations from the common mean

~ 6000 Bg/m*
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Radon activity concentration as indicated by the comparison device (Bq.m'3)

All uncertainties are given with the extension k=1.
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Performance of European calibration services

Variance of R; for quantifying the closeness of agreement

Radon Level Variance extended by a
[Bg/m?3] factor of 2 (k=2)*
400 6,3

1000 4,0

6000 3,4

All levels including the

. 3,4
singular exposures

* Confidence interval for a coverage of 95%

» The radon activity concentrations realized by the European calibration
facilities fluctuate around a common mean value.
The range of variation is about 4 % for above 1000 Bg/m?® and about 6 %
for a level of 400 Bg/m?®.
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Performance of European calibration services

Comparison with the results of the EUROMET Project 657
(final report 2005)

Radon Level Confidence Interval at 95% (k=2)

3
[Ba/m’] This work :
.. Project 657
(all participants)

0,063
0,040

0,034

» As lower the concentration as higher the deviations
Little improvement comparted to the former comparison
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Verification of Traceability

Information on traceability was taken from participants' reports.
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Standards of

Chart of traceability of European calibration services for radon

Host of Primary

Radon Activity
Concentration

Dissemination by means of reference

Standards

instruments

LNHB

Activity
Radon-222
Gas standard

PeaRlSRaes

NIST

Activity
Radium-226

Emanation source

C PTB
Activity
Volume Radon-222
Gas standard
B/
abandoned in 2016 A y
PTB BfS
Reference Chamber Reference Chamber

y

Y

D207

Status 2018/2019

IFIN-HH

BfS
Calibration Unit

IRSN
Reference Chamber

ENEA-INMRI
Reference Chamber

LARUC-UNICAN
SUJCHBO

UPC

National Metrological Institutes or Designated

//////// Factory calibration

Traceability also via other recognised bodies
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Test for Correlations between the Participants

Coefficient of Determination

Pearson correlation coefficient between participants x and y

- i1 (x; =)y —¥)
R — 022 (i — 9)?

o. Number of observations, radon levels (0=3)

Coefficient of determination: rxz,y = Tx,y Tx,y

Quantile of the t distribution for the significance level 1 — % (two-sided t-test)

Is used for testing the hypothesis of no correlation between the participants
xandy
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Chart of traceability of European calibration services for radon

Host of Primary

Standards of
Radon Activity
Concentration

Dissemination by means of reference

Standards

instruments

LNHB

Pt
NIST

C PTB
Activity
Volume Radon-222
Gas standard
B/
abandoned in 2016 A y
PTB BfS
Reference Chamber Reference Chamber

STUK

CLOR

Status 2018/2019

IFIN-HH

BfS
Calibration Unit

LARUC-UNICAN
SUJCHBO

Activity Activity
Radon-222 Radium-226
Gas standard Emanation source
4 J
y A
IRSN ENEA-INMRI
Reference Chamber Reference Chamber

National Metrological Institutes or Designated
Institutes

//////// Factory calibration

--------- Traceability also via other recognised bodies

For a significance level of @ = 0,05, correlations
between SUJCHBO and IRSN, BFKH and LARUC-

UNICAN, and SSM and UPC are observed.
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Performance of European calibration services

Results indicating the deviations from the common mean

0 Bg/m® ; ;'

~ 6000 Bg/m*
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Radon activity concentration as indicated by the comparison device (Bq.m'3)

All uncertainties are given with the extension k=1.

| Verantwortung fiir Mensch und Umwelt |

&

Bundesamt fiir Strahlenschutz



Verification of Traceability

Correlations between participants

The different calibration hierarchies and the associated
different traceability chains do not influence the quality of
calibrations.
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Conclusions

European calibration services realize the quantity radon activity
concentration within a range of 4 % to 6 % (k=2) around the
common mean value.

AlphaGUARD instruments are often used as reference standards. In
some cases other types of instruments are also used.

Calibrations are traceable to primary activity and volume standards
housed at PTB, LNHB and NIST. The standards are passed on to
secondary laboratories, which realize the combined quantity of
radon activity concentration. Secondary laboratories are operated at
BfS, IRSN and ENEA.
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