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222Radon
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➢
222Rn: colourless and odourless radioactive noble gas (t1/2 = 3.8 d),

naturally occurring in 238U decay chain

➢ Can be concentrated indoors

➢ largest contribution to natural radiation exposure

➢ important cause of lung cancer

(e.g. Darby et. al. 2008)

➢ 2013/59 EURATOM Basic safety standards:

➢ indoor activity concentration < 300 Bq·m-3

(1 atom out of 1018 atoms)

➢ 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-1



222Radon and climate

Stefan Röttger ICRM-LLRMT 2022-05-06

➢
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

Radon Tracer Method (RTM):

➢ The strength of the correlation 

allows the GHG fluxes to be 

estimated when the radon flux 

is known

➢ Comparability only with 

traceable calibration!

EMPIR: traceRadon

Röttger et.al. Strahlenschutzpraxis 2021



traceRadon
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222Rn is the bridge between climate observation and radiation protection

Traceability to the SI system



222Rn gas standard
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The representation of the activity concentration in the range of 300 Bq·m-3

is a challenge to metrology!



Detector development
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222Rn and its 

short-lived progenies

Preparation of EU-BSS by

PhDs of Diana Linzmaier and Florian Mertes

Low radon activity concentration measured 

precisely for the first time



222Rn emanating sources (1)
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classical design

Polyester-foil
Drop-cast 226Ra

wrapped in PE-foil

Electrodeposited 

source
Deposition at 

30 V < U < 200 V

Implanted
Implantation of 226Ra

into W / Al after mass 

separation



222Rn emanating sources (2)
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stainless steel
deposition of 226Ra from 
226Ra(NO3)2 via tPVD

PIPS 450 mm²

300 µm thickness
deposition of 226Ra from 
226Ra(NO3)2 via tPVD

active source

p-type Si-wafer 
deposition of 226Ra from 
226Ra(NO3)2 via tPVD



Characterisation
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226Ra Activity:

• DSA a-Spectrometry

• Autoradiography

Emanation Power:

• g-Spectrometry (HPGe, LaBr3, CeBr3, SrI2)

Portable “on-line” measuring system

• Calibration of on-line system with enclosed / capsuled 

source of the same type and geometry

Primary 222Rn

Source

𝟖𝟖
𝟐𝟐𝟔𝑹𝒂 → 𝟐

𝟒 𝜶 (𝟒. 𝟖𝟕 𝑴𝒆𝑽) + 𝟖𝟔
𝟐𝟐𝟐𝑹𝒏 (𝟖𝟔 𝒌𝒆𝑽)

Primary Characterisation of sources



Ion implanted sources
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226Ra on Hf-foil

resistive heating

3 tunable Ti:Sa

up to 1.5 W“RISIKO” mass separator



Deposition vs implantation
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Implantation produces very defined distribution (3D-Gaussian)

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

Electrodeposition Implantation



Deposition vs implantation
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226Ra

226Ra 210Po

222Rn
218Po

214Po

FWHM 226Ra

31 keV Electrodeposited

17 keV Implanted

a-spectra - comparison



environmental parameter
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dependencies of emanation from

relative humidity

temperature

1.5“ LaBr3

HP Ge



Mass separated ion implanted 226Ra

Open Access:

https://doi.org/10.1016/j.apradiso.2021.110093

Implanted
Implantation of 226Ra

into W / Al after mass 

separation

ICRM-LLRMT 2022-05-06Stefan Röttger



Integrated Rn Source Detector (IRSD)

Open Access:

https://www.mdpi.com/1660-4601/19/2/840 
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IRSD – idea
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Can a-spectrometry be used to make primary, extremely sensitive,

on-line emanation source?

Modify PIPS with layer of RaCl2 by thermal-PVD

≈ 0.5 efficiency for 

any a-particle from 
226Ra decay chain

≈ 0.5 emanation

coefficient

UHV chamber

PIPS

Electrical

feedthrough 

for joule 

heating

aperture

Ta-Capillary

with RaCl2

PIPS

dead layer

Si

RaCl2



IRSD – production model

ICRM-LLRMT 2022-05-06Stefan Röttger

Primary, on-line
emanation sources 
model and simulation



IRSD – thermal PVD setup
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Primary, on-line emanation sources first realisation of
suitable thermal PVD setup

➢ < 10-6 hPa

➢ Low vapor-

pressure 

materials (Ta)

➢ est. up to 2000 °C



Integrated Rn Source Detector (IRSD)

Photograph of an IRSD based on a 450 mm2 Canberra PIPS®

detector, modified with a layer containing 440 Bq 226RaCl2 (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).



Primary 226Ra characterisation
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IRSD a-source / detector

DSA a-detector



Primary 226Ra characterisation
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a-spectra - comparison



a-spectrum of the IRSD
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Peaks are reasonably well resolved

Model with different mixtures of Exponentially Modified Gaussians

Deviations in tailings with penalty term (for low and high energy tailing)



Gaussian process SLDS-decon.
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count-rate of Rn

determined emanation

SLDS-decon.=Switching Linear Dynamic System-deconvolution

IRSD: A(226Ra) = (158.6±1.7) Bq
➢ 15000 spectra

➢ à 600 s



Gaussian process SLDS-decon.
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count-rate of Rn

determined emanation

SLDS-decon.=Switching Linear Dynamic System-deconvolution

IRSD: A(226Ra) = (66.4±0.5) Bq

➢ 9000 spectra

➢ à 600 s



IRSD – characteristics
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Produced IRSD systems:

IRSD uncertainty budget for 2 Bq 226Ra:

Detector Type Active Area / Depletion Depth A(226Ra) / Bq eRa-226 / cps Bq-1 observed mean h /  atoms s-1

Mirion PIPS® 450 mm² / 300 mm 1.91 ± 0.02 0.502 ± 0.006 0.999 ± 0.017

Ametek Ortec ULTRA® 450 mm² / 300 mm 66.4 ± 0.5 0.494 ± 0.004 see figures above

Mirion PIPS® 450 mm² / 300 mm 158.6 ± 1.7 0.494 ± 0.005 see figures above

Mirion PIPS® 450 mm² / 100 mm 442 ± 4 0.492 ± 0.005 209 ± 4

Description and type Value and uncertainty Rel. uncertainty Rel. contribution

Solid angle (systematic) (0.00940 ± 0.00006) 4p sr 0.6 % 28.4 %

BackscatteringDSA (systematic) 1 ± 0.002 0.2 % 3%

TailingDSA (systematic) 1 ± 0.003 0.3 % 6.7 %

TailingSi (systematic) 1 ± 0.003 0.3 % 6.7 %
226Ra rateDSA (stochastic) (0.01796 ± 0.00015) s-1 0.8 % 55.1 %

226Ra rateSi (stochastic) (0.9595 ± 0.0004) s-1 0.04 % 0.1 %

eRa-226 0.502 ± 0.006 1.2 %



Radon detector calibration
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traceRadon
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Conclusion
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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

➢ ion 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



… to the traceRadon-project partners:

Thanks… 

… to the traceRadon-project collaborators:

… to the traceRadon-project Stakeholder Committee, Stakeholders, MSU,  

EURAMET,

… and for your attention!

This project 19ENV01 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.


