T T'IF'IF :,l & Europe
1 the h"lrl I"' I

TN
EMPIR ﬂ E”““'U ﬁ EURAMET |

Evolution of traceable Radon emanation sources
from MBq to few Bq

by
Stefan Rottger, Annette Rottger, Florian Mertes
on behalf of the traceRadon Consortium
Coordinator: Annette Rottger (PTB)
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» 22?Rn: colourless and odourless radioactive noble gas (t,, = 3.8 d),
naturally occurring in 238U decay chain

» Can be concentrated indoors
» largest contribution to natural radiation exposure

» important cause of lung cancer G .
(e.g. Darby et. al. 2008) 16 % TE;rgigial
Ingestion

> 2013/59 EURATOM Basic safety standards: Radon 129
» indoor activity concentration < 300 Bg-m-3 52 © )

(1 atom out of 10'® atoms) 0

> identification of Radon Priority Areas (RPA)

» Outdoor air activity concentration (1 — 10) Bq-m-3 Exposure to natural radiation

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

» Temporal / spatial distribution is determined by atmospheric transport
» Ideal proxy / tracer for modeling atmospheric processes
» Validation / improvement of transport models
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Radon Tracer Method (RTM):
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» The strength of the correlation

E 204 M ot

“’k-'""“*"' allows the GHG fluxes to be
- . estimated when the radon flux
§ A~V is known
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» Comparability only with
traceable calibration!
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222Rn is the bridge between climate observation and radiation protection

Traceability to the Sl system
A .'L ‘r 1

Radon and radon flux in maps for radiation WP4 ; Validation of radon flux models and inventories WP3
protection issues ; Ac using radon flux and terrestrial data
. : ACCH
+ Identification of RPA .ﬁ l JCHy = JRn * —0 : + Radon flux maps in GHG and climate change studies
= Quantifying the radon wash-out peak ,u"." : o * Inclusion of data from radiological early warning systems
+ Data accessibility and public . ﬁ" R Fl + Validation of radon flux maps using radon flux
engagement ol I g oo A S measurements and outdoor radon activity concentrations
¥ ﬁ%—ﬁ-q,.p” AN 1 -
i L LT
Traceable measurements of outdoor radon L Radon flux measurements WP2
I

activity concentrations

« Development of a reference radon
\ flux monitor
« Test under field conditions
#' .- + Measurement campaigns
P — . + RTM application
r.r! f __H ?l:l"

BT SE = ;.F-

'r Management and coordination WPE

Seven leading European NMI/DI in the ﬂeld of cllmate obsewatlon and |::-n|5|ng radlatmn ICDS JRC and other stakehnlders n'chne-::tlgn.»r
involved as JRP-partners. Sufficient further external partners with high-level expertise to cover the broad spectrum of two scientific
communities. High interest by stakeholder community, expressed by 65 letters of support and a large group of 34 potential collaborators. |

+ Traceable low-level radon sources ?_
+» Development of a transfer standard =
+ Calibration and long-term stability ]
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The representation of the activity concentration in the range of 300 Bg-m-
IS a challenge to metrology!
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222Rn and its ‘?RIH
short-lived progenies i
o
*Po | Py ""Pa
b L

m .

Preparation of EU-BSS by
PhDs of Diana Linzmaier and Florian Mertes

emanation housmg

HPGE
~ | detector

LL-RRK: V=05 m’

volume flow

control and large volume
measu rement detector

PUMp —

_ Detector development

— Emanationsquelle 1

—— Emanationsquelle 2

—— Emanationsquelle 3
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B Low radon activity concentration measured

precisely for the first time

Heues Messverahren aus dar PTB rechizedtio zur Verschardung der EU-Sirahlenschutamchifinia
[FTE/es] Man sieht e nicht, man riecht es nicht, man
schmeckt es nicht — aber es kann In hohen Dosen
tadlich sein: Das natiriche 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 verursachy ist Bngst bekannt -
wiele Arbelter aus den Uran-Minen der Wismut-Werke
der DOR sind daran gestorben. Inzwischen schitzen
l aber Wissenschalfter, dass Radon auch In niedrigen
“IL | Honzentrationen eine Gefahr sein kann, und haben die

Swrahlenwirkung darum offiziell hochgesiuft Das Gas

Stefan Rottger
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

- /\.
BPIB 22, emanating sources (1) ﬁ EURAMET

classical design Electrodeposited Implanted
Polyester-foil source Implantation of #°Ra
Drop-cast 226Ra Deposition at into W/ Al after mass
wrapped in PE-foil 30V<U<200V separation

Stefan Rottger ICRM-LLRMT 2022-05-06
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dIs 222Rn emanating sources (2) ﬂ EURAMET

stainless steel p-type Si-wafer PIPS 450 mm?

deposition of 226Ra from deposition of 226Ra from 300 um thickness

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

active source

Stefan Rottger ICRM-LLRMT 2022-05-06
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a PTB Characterisation ﬁ EURAMET

Primary Characterisation of sources

22°Ra — 5 a (4.87 MeV) + %32Rn (86 keV)

226Ra Activity:
« DSA a-Spectrometry >  Primary %%2Rn
* Autoradiography Source

Emanation Power: /

« y-Spectrometry (HPGe, LaBr;, CeBr,, Srl,)
== Portable “on-line” measuring system

« Calibration of on-line system with enclosed / capsuled
source of the same type and geometry

Stefan Rottger ICRM-LLRMT 2022-05-06
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3 tunable Ti:Sa
“RISIKO” mass separator upto 1.5 W

Dipole Magnet 4« Laser Beams

Separator Slit

/
Post-
focalisation

|
\
Quadrupole Lens .’
Positioning -~

Einzellens /

Implantation Area with
Ion Current Measurement

Deflectors

X

30 kV Extraction

\

Ion Source
—Sample Reservoir

T 226Rg on H-foil
resistive heating

lon implanted sources JE
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PTE) Deposition vs implantation  J%

Implantation produces very defined distribution (3D-Gaussian)

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

Electrodeposition Implantation
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o-spectra - comparison
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. / —— Implanted
222Rn
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dependencies of emanation from

— 1.5" LaBr;

— HP Ge
1.02
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relative humidity
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P TB Mass separated ion implanted 22°Ra
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Applied Radistion and |sciopes 187 (20067} ) 10065

Conicuin les availibile: ai ScieneeDirect

Implanted
Implantation of 22°Ra
into W / Al after mass

Ton implantation of “®Ra for a primary *1n emanation standard e Sepa ration

Applicd Radiation and Isoiopes
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Development of **Rn Emanation Sources with Integrated
Quasi 27t Active Monitoring

Florian Mertes *(, Stefan Ritiger and Annette Raltiger
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Abstract: In this work, a novel approach for the standardization of low-level "Ro emanation s
presented. The technique is based on the integration of a 22Rn source, directly, with an a-particks
detector, which allows the residual *2Bn to be continuously monitored. Preparation of the device
entails thermal physical vapor deposition of Z*RaCl: directly onto the surface of a commercially
available ion implanted Si-diode detector, resulting in a thin=layer geometry. This enables conlinuous
collection of well resolved a-particle spectra of the nuclei, decaying within the deposited layer, with a
detection efficiency of approximately (L5 in 4 quasi 2m geometry. The continuously sampled a-particle
spectra ane used to derive the emanation by statistical inversion, 1t is possible to achieve this with high
l:.lmpt:lral resolution due to the small bac LH rownd and the hlﬁ]'l tl!LI.II.l.II:I.HHrE’II."II."I:IL'_I" of the rmwnlt"l.l
technique. The emanation derived in this way exhibits a dependence on the relative humidity of up
to 15% in the range from H% rH to 9% rH. Traceability to the S i= provided by employving defined
solid-angle a-particle spectrometry to characterize the counting efficiency of the modified detectors,
The presented technique is demonstrated to apply to a range covering the release of at least 1 to
210 2R atoms per second, and it results in Si-traceable emanation values with a combined standand
'|.||1|.1.-rl..1:||1|'_\- il n‘hL‘L"l'dIﬂH X, This anll.tﬂ- a _p.1|:|1.l.n.'.j:|.- for the realization of reference ..!I:ml.ml,‘ﬂ'mn!n
covering typical environmenial Zgn levels and thus drastically improves the realization and the
dizsemitmation of the dertved aiit of the :n'||1.':|l_1.' ciicenfbration n1n-n-rni|1g mﬂn it alr

Kevwords: 2Ry emanation: physical vapor deposition; silicon detectors

Open Access:
https://www.mdpi.com/1660-4601/19/2/840

P TB Integrated Rn Source Detector (IRSD) ¢
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Can a-spectrometry be used to make primary, extremely sensitive,

on-line emanation source?
mm) Modify PIPS with layer of RaCl, by thermal-PVD

UHV chamber \

B PIPS I PIPS

aperture r P 4
<"/ =0.5 efficiency for

Ta-Capillary dead layer

with RaCl, ./ any a-particle from
Electrical 7 '/ 226Ra decay chain
feedthrough RaClZ y
for joule / .
heating =~ 0.5 emanation

coefficient

Stefan Rottger ICRM-LLRMT 2022-05-06
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Primary, on-line
emanation sources
model and simulation

Stefan Rottger ICRM-LLRMT 2022-05-06
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Primary, on-line emanation sources first realisation of
suitable thermal PVD setup

» < 10% hPa

» Low vapor-
£ pressure
. materials (Ta)

". | > est. up to 2000 °C

Stefan Rottger ICRM-LLRMT 2022-05-06
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Photograph of an IRSD based on a 450 mm?2 Canberra PIPS®
detector, modified with a layer containing 440 Bq 226RaCl, (left).
A digital autoradiograph obtained from such a deposit where the
inner diameter of the recessed Si-surface is given in yellow and
the diameter of the shadowing aperture is given in red (below).
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aPIB Primary 42°Ra characterisation

e
- g e
Physikalisch-Technische Bundesanstalt *:F %
Braunschweig und Berlin %, "':’

o-spectra - comparison
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Peaks are reasonably well resolved E/MeV

=) \odel with different mixtures of Exponentially Modified Gaussians
mmm) Deviations in tailings with penalty term (for low and high energy tailing)

Stefan Rottger ICRM-LLRMT 2022-05-06
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PTB Gaussian process SLDS-decon.
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Produced IRSD systems:

Detector Type Active Area / Depletion Depth A(**°Ra) / Bq Era226 / CPSBq'  observed mzznt / atomss™
Mirion PIPS® 450 mm? / 300 mm 1.91+0.02 0.502 + 0.006 0.999 £ 0.017
Ametek Ortec ULTRA® 450 mm? /300 mm 66.4+0.5 0.494 £ 0.004 see ove
Mirion PIPS® 450 mm? / 300 mm 158.6 +1.7 0.494 + 0.005 see figures above
Mirion PIPS® 450 mm?2 /100 mm 442 + 4 0.492 £ 0.005 209 4
IRSD uncertainty budget for 2 Bqg %?°Ra:
Description and type Value and uncertainty Rel. uncertainty Rel. contribution
Solid angle (systematic) (0.00940 + 0.00006) 4r sr 0.6 % 28.4 %
Backscatteringpsa (systematic) 1+0.002 0.2% 3%
Tailingpsa (systematic) 1+0.003 0.3% 6.7 %
Tailings; (systematic) 1+0.003 03% 6.7 %
226Ra ratepsa (stochastic) (0.01796 + 0.00015) s 0.8% 55.1 %
*2%Ra rates; (stochastic) (0.9595 + 0.0004) s* 0.04 % 0.1%
ERa-226 0.502 £ 0.006 1.2%
Stefan Rottger ICRM-LLRMT 2022-05-06
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traceRadon
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> 222Rn emanation sources from MBq to few Bq are feasible
» Variety of production techniques with different features:
» drop-cast: + cheap, easy, high emanation
- not primary, strong dependence
» electrodeposition:  + cheap, easy, high emanation
- dependence
» lon implantation: + highest quality, least dependency
- difficult to produce, expensive,
up-to-now not active
» integrated Radon Source/Detector: + high quality, active, easy
to produce, not too expensive, high
sensitivity
- slight dependence, more difficult to use
» Wishlist: mass separated ion implanted IRSD with soft landing
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... to the traceRadon-project partners:
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... to the traceRadon-project collaborators:
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... to the traceRadon-project Stakeholder Committee, Stakeholders, MSU,
EURAMET,

... and for your attention!

This project 19ENVO01 traceRadon has received funding from the EMPIR programme co-financed by the Participating States and from the European Union's Horizon 2020
research and innovation programme. 19ENV01 traceRadon denotes the EMPIR project reference.
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