
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.

EMPIR 19ENV01 traceRadon

Overview on Radon Metrology
Annette Röttger1, Katarzyna Wołoszczuk2, Claudia Grossi3, Arturo Vargas3, Stefan Röttger1

1Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany, 
2Central Laboratory for Radiological Protection, Poland, 

3Universitat Politècnica de Catalunya (UPC), Barcelona, Spain

A. Röttger, Coordinator of 19ENV01 traceRadon ICOS Science Conference 2022



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.

Metrology: Why we need it
Sound and reliable 

measurements Fundamental research Innovation

Do you get 
what you paid 
for?

Are thresholds 
and regulations 
observed?

Should we trust data to
inform decision-making?

Are the constants
constant?

Quality monitoring

Competitive edge owing
to precision

Technology transfer

Efficiency?
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Metre convention

• Global metrology infrastructure
• Valid world-wide: CIPM-MRA

• 102 members and associated states
• 4 international organisations
• includes 155 designated institutes (DI)

97,6% of global economy

Basis of global trade

Pillar of International
Quality Infrastructure (QI)

Member states of the metre convention (62)
Associated member states (40)

+51 associated states via RMOs
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The SI System: Revised 

A historic moment!

26. General Conference on Weights and Measures
16th November 2018 (Versailles)



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.

The SI System: Revised

Hyperfine transition freq. 133Cs ∆ν
Speed of light c
Planck constant h
Elementary charge e
Boltzmann constant k
Avogadro constant NA
Luminous efficacy Kcd

Previously in the “old” SI:
Fix units → Measure constants of nature (uncertainty)    

Since 20th May 2019 in the revised SI:
Fix values of constants → Derive units from constants
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RMO: BIPM & EURAMET
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EMPIR: Funding 2019, Start 2020

 Calls:
 Health
 Energy
 Environment
 Industry
 Fundamental Metrology
 Standardisation
 Capacity Building
 Dissemination
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Traceable activity concentration 
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Traceability & Uncertainty
Motivation for dealing with uncertainty:

 compare results
 benchmark results
 accomplishment of decisions 
 development of metrological infrastructure…

The Berkeley Science Review
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ISO and IEC 

ISO/IEC 17025: General requirements for the competence of testing and 
calibration laboratories

 ISO/IEC 17025 was first released in 1999

 Based on ISO Guide 25:1990; 
Originally published in 1978, labeled a guide originally; CASCO (CASCO  - Committee on 
conformity assessment) was not given the authority to publish International Standards until late 
1980’s

 In 2005, ISO/IEC 17025 had minor revision to harmonize with ISO 9000:2000

 ISO/IEC 17025 was now 16 years old: Finally international majority for revision

 New in 2017
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ISO and IEC 
ISO/IEC 17025: Why is it so important? 

The CIPM (International Committee for Weights and Measures) agreed on a “Mutual 
Recognition Arrangement” (MRA) with the following objectives: 
 to establish the degree of equivalence of national measurement standards maintained by NMIs; 
 to provide for the mutual recognition of calibration and measurement certificates issued by NMIs; 
 and to provide governments and other parties with a secure technical foundation for wider agreements 

related to international trade, commerce and regulatory affairs. 

The process through which the CIPM MRA achieves these objectives involves: 
 international comparisons of measurements, known as key comparisons; 
 regional comparisons of measurements, known as regional key comparisons; 
 other regional or bilateral comparisons of measurements known as supplementary comparisons; 
 review of the technical competence of the participants based mainly on the results of comparisons; 
 the implementation and review of quality systems and demonstrations of competence by NMIs. 

http://www.bipm.org/en/cipm-mra/

The participating institutes are required to operate an appropriate 
quality management system which is subject to an approval 
process run by the relevant regional metrology organization.

The accepted standards are ISO/IEC 17025 and ISO Guide 34 
(for those institutes producing or assigning values to reference 

materials).

http://www.bipm.org/en/cipm-mra/approval-process.html
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New traceablity needed?

Climate change is one of the greatest challenges of our time.

The temperature rise of the atmosphere of our planet, due to the
greenhouse effect, is caused by the increase of GHG emissions.

 ICOS: Monitoring of GHG emissions, the dispersion of GHGs and
the resulting GHG concentrations in air, is of utmost importance for
appropriate climate change mitigation measures.

 EURDEP: Collection and exchange of radiological monitoring data
between participating countries of the radiation in the environment.

Both networks could profit from radon measurements at the outdoor
level. But traceability to the SI system is not established yet.
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New Sources
Electro-
deposited 
Deposition at 
30 V < U < 200 V

Implanted
Implantation of 
Ra-226 into W / Al 
after mass 
separation

PIPS
450 mm², 300 µm 
with 150 Bq 226Ra 
layer
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Source detector combination

Open Access:
https://www.mdpi.com/1660-4601/19/2/840 
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Established traceability for devices

Open Access
https://iopscience.iop.org/article/10.1088/1361-6501/ac298d
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GUM & VIM
ISO/IEC 17025 is fundamental for the quality assurance, it is supported by the Guide to
the Expression of Uncertainty in Measurement (GUM) and the International Vocabulary
of Metrology (VIM)

Free download of GUM and VIM!
http://www.bipm.org/en/publications/guides/#gum
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Formulation and calculation
Uncertainty is of fundamental importance
 Need for concepts and basic principles
 Need for procedures: Stages of uncertainty 

evaluation!
 The formulation stage
 The calculation stage

Example (formulation stage): 

𝐶𝐶𝑖𝑖= 𝑘𝑘𝑘𝑘 (𝐶𝐶𝑚𝑚- 𝐶𝐶𝑏𝑏𝑏𝑏)
Output quantity

Input quantities

𝐶𝐶𝑖𝑖 activity concentration

𝐶𝐶𝑚𝑚 measured activity 
concentration (indication 
value)

normal

𝐶𝐶𝑏𝑏𝑏𝑏 background reading rectangular

𝑘𝑘𝑘𝑘 calibration factor normal

Probability
distribution

All input quantities and the 
measurand are a sample 

from a probability 
distribution.

Doing measurements is 
obtaining random 
numbers from a 

distribution.
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Uncertainty budget

Measurement of radon;
direct method: decay of Rnα−

Measurement of radon;
indirect method: decay of 

progeny

scintillation 
detector

gas filled 
detector SSNTD

α
α
(+α)

α
(+α)

spectrometry 
is possible! βα

γ

semiconductor 
detector

spectrometry 
is possible!

α

scintillation 
detector SSNTD

Determination of C or 
t

dtC ⋅∫

Traceable calibration 

Field measurement of Rn-222

V
AC =

𝑘𝑘𝑐𝑐 = 1
𝑘𝑘

; 𝑘𝑘 = 𝑐𝑐
(Δ𝑀𝑀−Δ𝑀𝑀0)

;      Δ𝑀𝑀 = 𝑀𝑀
Δ𝑡𝑡

; Δ𝑀𝑀0 = 𝑀𝑀0
Δ𝑡𝑡

;

𝐶𝐶 = 𝐶𝐶𝑠𝑠 − 𝐶𝐶𝑏𝑏𝑏𝑏 − Δ𝐶𝐶; 𝐶𝐶𝑠𝑠 = 𝜒𝜒1220 𝐴𝐴1220
𝑉𝑉

quantity value standard
uncertainty

distribution

ARa1133 603 Bq 3 Bq normal
c1133 0.273 4·10-3 normal
M 593 1 normal
M0 55.92 0.13 rectangular
Δt 1800 s 1 s normal
ΔM 0.322530 s-1 6·10-4 s-1

ΔM0 0.0310702 s-1 8·10-5 s-1

Cs 7.76 Bq·m-3 0.12 Bq·m-3

Cbg 0.0 Bq·m-3 5.77·10-3 Bq·m-3 rectangular
ΔC 0.0 Bq·m-3 0.05 Bq·m-3

VRNK 21.2240 m-3 0.0163 m-3 normal
kc 0.0385 

1/(s·Bq·m-3)

7·10-4

1/(s·Bq·m-3)
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Summary
The key targets to be reached by the end of this project (and to be exploited in the 5 years
that follow the end of the project) are as follows:
 New SI traceability for measurement quantities used in climate observation and

radiation protection;
 New customer calibration services for new types of measurement and new types of

device. To develop a first standard protocol for the application of the radon tracer
method (RTM) to enable retrieval of greenhouse gas fluxes at atmospheric climate gas
monitoring stations and to use radon flux data for the identification of Radon Priority
Areas (RPA);

 To validate current radon flux models and inventories by the new traceable
measurements of radon activity concentration and radon flux. To support the validation
with dosimetric and spectrometric data from the radiological early warning
networks in Europe;

 To provide easy to use dynamic radon activity concentration and radon flux maps
for climate change research and radiation protection in line with Council Directive
2013/59/EURATOM, including their use to identify RPA and radon wash-out peaks;

 To facilitate the take up of the technology and measurement infrastructure.
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… to the 18 traceRadon-project partners:

Thanks… 

… to the 13 traceRadon-project 
collaborators:

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

… and for your attention!
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