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Precise and traceable Radon activity concentration measurements
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PTB 222Radon

Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
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U 222Rn: colourless and odourless radioactive noble gas (t;,, = 3.8 d),
naturally occurring in 238U decay chain

U Can be concentrated indoors
U largest contribution to natural radiation exposure
U important cause of lung cancer

(e.g. Darby et. al. 2008) o
i 2013/59 EURATOM Basic safety standards: Radon e
U indoor activity concentration < 300 Bg-m-3 52 0/
0

(1 atom out of 1018 atoms)
U identification of Radon Priority Areas (RPA)

U Outdoor air activity concentration (17 10) Bg-m-3 Exposure to natural radiation

UNSCEAR 2008
Total average individual dose:
3 mSv-al
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U0 222Rnis generated in the ground and takes part in atmospheric transport
processes, but has only one well-defined sink (radioactive decay) because it is
Inert

U Temporal / spatial distribution is determined by atmospheric transport
U ldeal proxy / tracer for modeling atmospheric processes
U Validation / improvement of transport models
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- Radon Tracer Method (RTM):
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- U The strength of the correlation
allows the GHG fluxes to be

c(CO,) [ ppm c(CH,) / ppm
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R 'h . y estimated when the radon flux
A NS \J/f \ : is known

N B o " U Comparability only with

F o A AL w : traceable calibration!

% Z_‘MMW W el 3407 1217, August 1996 |

o E b b EMPIR: 19ENVOL1 traceRadon

date / d August 1996 e(*’Rn) | Bq m®
Rottger et.al. Strahlenschutzpraxis 2021
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222Rn is the bridge between climate observation and radiation protection

Traceability to the Sl system

Radon and radon flux in maps for radiation WP4 ;‘ Validation of radon flux models and inventories WP3
protection issues using radon flux and terrestrial data

. . Accn,
« |dentification of RPA o = JCHs = JRn H » Radon flux maps in GHG and climate change studies
» Quantifying the radon wash-out peak a‘,& AT R = * Inclusion of data from radiological early warning systems
« Data accessibility and public o= = IR oH, oo A » Validation of radon flux maps using radon flux
engagement “ ‘\ ’ measurements and outdoor radon activity concentrations
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Traceable measurements of outdoor radon WP1

AN LA L obes Radon flux measurements WP2
activity concentrations —

YN Fmo

T T T

{anpon f., E » Development of a reference radon
] i flux monitor
W w’ \f i \ « Test under field conditions
T :Eila'e v + Measurement campaigns
- _» RTM application

 Traceable low-level radon sources
» Development of a transfer standard
» Calibration and long-term stability
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Seven leading European NMI/DI in the field of climate observation and ionising radiation. ICOS, JRC and other stakeholders directly
involved as JRP-partners. Sufficient further external partners with high-level expertise to cover the broad spectrum of two scientific

Management and coordmatlon WP |

communities. High interest by stakeholder community, expressed by 65 letters of support and a large group of 34 potential collaborators.ﬁ‘)
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The representation of the activity concentration in the range of 300 Bg-m-3
IS a challenge to metrology!
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222 i Rn —— Emanationsquelle 2

Rn and its B —— Emanationsquelle 3
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Preparation of EU-BSS by il u'.wl \ f ""'Lh\‘ R W{J ,- ,.,,Ii. |

PhDs of Diana Linzmaier and Florian Mertes ! *1 - o
A _,ﬁ W I 'mf Wi w‘"‘
emanation hosing i
LL-RRK: V=0.5 m’ 10 & 25
HPGE volume flow
detector | euament large volume B Low radon activity concentration measured
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precisely for the first time

MNeues Messverfahren aus der PTB rechtzeitiq zur Verscharfung der EU-Strahlenschutzrichtlinie

[PTB/es] Man sieht es nicht, man riecht es nicht, man
schmeckt es nicht — aber es kann in hohen Dosen
tadlich sein: Das natiirliche radioaktive Edelgas Radon
tritt vor allem dort aus dem Boden aus, wo der
Untergrund aus Granit besteht. Es kann aber auch in
Baumaterialien vorhanden sein. Dass Radon in hohen
Dosen Lungenkrebs verursacht, ist langst bekannt —

I viele Arbeiter aus den Uran-Minen der Wismut-Werke

der DDR sind daran gestorben. Inzwischen schatzen

Sl

aber Wissenschaftler, dass Radon auch in niedrigen
Keonzentrationen eine Gefahr sein kann, und haben die

‘kkLlleuh“q: Strahlenwirkung darum offiziell hochgestuft: Das Gas
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PTB 222Rn emanating sources (1)
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classical design

Polyester-foil
Drop-cast ??°Ra
wrapped in PE-foll
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Electrodeposited Implanted
source Implantation of ??°Ra
Deposition at into W / Al after mass
30V <U<200V separation
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stainless steel p-type Si-wafer PIPS 450 mm?

deposition of %2°Ra from deposition of %2°Ra from 300 um thickness

226Ra(NO,), via tPVD 226Ra(NO,), via tPVD deposition of 226Ra from
226Ra(NO,), via tPVD

active source
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Primary Characterisation of sources

{40 5 8 Jmy -

226Ra Activity:
A DSA a-Spectrometry > Primary 222Rn
A Autoradiography Source

Emanation Power: /

A gSpectrometry (HPGe, LaBr,, CeBr,, Srl,)
mPortablliendi@anmeasuri ng system
A Calibration of on-line system with enclosed / capsuled
source of the same type and geometry
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PTB lon implanted sources

3 tunable Ti:Sa
ARI SI KO0 mass separ AW

Dipole Magnet 4 Laser Beams

Separator Slit

/
Post-

focalisation
I

Deflectors

\

30 kV Extraction

\

\
Quadrupole Lens
Positioning ~

4
Einzellens /

Ion Source Implantation Area with
Ion Current Measurement

—Sample Reservoir

T 226Ra on Hf-foil
resistive heating
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BEP1B Deposition vs implantation
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Implantation produces very defined distribution (3D-Gaussian)

== Beneficial for a-spectrometry (FWHM, MC-calculations)

Electrodeposition Implantation
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a-spectra - comparison
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< 31 keV Electrodeposited
. 26R4 17 keV Implanted
' \ 210Pg
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dependencies of emanation from

—— 1. 5dA,LaBr| [80
—_— HP Ge *

102 . temperature

relative humidity

Stefan und Annette Rottger Training Course #1, 2023, PTB




