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Training Course #1: 

Precise and traceable Radon activity concentration measurements



222Radon

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

naturally occurring in 238U decay chain

ü Can be concentrated indoors

ü largest contribution to natural radiation exposure

ü important cause of lung cancer

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

ü 2013/59 EURATOM Basic safety standards:

ü indoor activity concentration < 300 Bq·m-3

(1 atom out of 1018 atoms)

ü identification of Radon Priority Areas (RPA)

ü Outdoor air activity concentration (1 ï10) Bq·m-3
Exposure to natural radiation

UNSCEAR 2008

Total average individual dose:

3 mSv·a-1
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222Radon and climate

ü
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

ü Temporal / spatial distribution is determined by atmospheric transport

ü Ideal proxy / tracer for modeling atmospheric processes

ü Validation / improvement of transport models

Radon Tracer Method (RTM):

ü The strength of the correlation 

allows the GHG fluxes to be 

estimated when the radon flux 

is known

ü Comparability only with 

traceable calibration!

EMPIR: 19ENV01 traceRadon

Röttger et.al. Strahlenschutzpraxis 2021
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traceRadon

222Rn is the bridge between climate observation and radiation protection

Traceability to the SI system
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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!
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Detector development

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
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222Rn emanating sources (1)

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
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222Rn emanating sources (2)

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
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Characterisation

226Ra Activity:

ÅDSA a-Spectrometry

ÅAutoradiography

Emanation Power:

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

Portable ñon-lineò measuring system

ÅCalibration of on-line system with enclosed / capsuled 

source of the same type and geometry

Primary 222Rn

Source

╡╪O ♪ Ȣ ╜▄╥ ╡▪ ▓▄╥

Primary Characterisation of sources
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Ion implanted sources

226Ra on Hf-foil

resistive heating

3 tunable Ti:Sa

up to 1.5 WñRISIKOò mass separator
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Deposition vs implantation

Implantation produces very defined distribution (3D-Gaussian)

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

Electrodeposition Implantation
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Deposition vs implantation

226Ra

226Ra 210Po

222Rn
218Po

214Po

FWHM 226Ra

31 keV Electrodeposited

17 keV Implanted

a-spectra - comparison
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environmental parameter

dependencies of emanation from

relative humidity

temperature

1.5ñ LaBr3

HP Ge
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