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A historic moment!
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Hyperfine transition freq. 133Cs
Oﬂ\ts Speed of light
2?:32%1‘3 é Planck constant
Elementary charge

v v Boltzmann constant
Qabe Avogadro constant
@B Luminous efficacy

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

Since 20" May 2019 in the revised SI:

Fix values of constants — Derive units from constants
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EUROPEAN METROLOGY PROGRAMME FOR INNOVATION AND FIND OUT MORE
RESEARCH (EMPIR)
About EMPIR

EMPIR is the main programme for European research on metrology. It coordinates research projects to address grand EMPIR Calls and Projects

challenges, while supporting and developing the Sl system of measurement units.
g PP g ping y EMPIR Publicity

Events
EMRP
Strategic Research Agenda

EMPIR follows on from the successful European Metrology Research Programme (EMRP), which issued its final call for projects in
2013. There is an increased focus within EMPIR on innovation activities to target the needs of industry and accelerate the uptake of
research outputs.

The inclusion of capacity-building activities in EMPIR is helping to bridge the gap between countries with emerging metrology
systems and those with more developed capabilities.

CONTACT US
s see the current plan for calls in EMPIR > Calls:
« submit ideas for metrology research in re A » Health
« submit project proposals in response to : ® zZ s
s register as an expert to help EURAMET ¢ » Environment
« read guides to the call, evaluation, negoti >
Fundamental Metrology
EMPIR H -

Standardisation
Capacity Building
The EMPIR initialive is co-funded by the European Union's §
research and innovation programme and the EMPIR Partici

To take part in EMPIR, please visit the EMPIR F

>
>
>
>

Dissemination
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Motivation for dealing with uncertainty:
» compare results
» benchmark results
» accomplishment of decisions
» development of metrological infrastructure...

M SORRY MAN,
I 10 - BUT WE JUST ANT

)
N

Jfrue value” i
or how to hit the target AB CoD

The Berkeley Science Review
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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/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 NMlIs;
» to provide for the mutual recognition of calibration and measurement certificates issued by NMls;

» and to provide governments and other parties with a secure technical foundation for wider agreements
related to international trade '

lEGEIOERVInlE Ry quality management system which is subject to an approval

ol EUEVISIIIE process run by the relevant regional metrology organization.
other regional or bilateral co

review of the technical comy
the implementation and revi

YVVVVY

The accepted standards are 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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e = Climate change is one of the greatest challenges of our time.
o @O ° i The temperature rise of the atmosphere of our planet, due to the
-1 e g, - —  greenhouse effect, is caused by the increase of GHG emissions.

Sy e ~ > ICOS: Monitoring of GHG emissions, the dispersion of GHGs and
Clifate Obsetvation Network  the resulting GHG concentrations in air, is of utmost importance for
R = appropriate climate change mitigation measures.

» EURDEP: Collection and exchange of radiological monitoring data
b5 1= between participating countries of the radiation in the environment.

Both networks could profit from radon measurements at the outdoor

Gees o =i level. But traceability to the Sl system is not established yet.
“::Radiological Network::
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Development of ??Rn Emanation Sources with Integrated
Quasi 27t Active Monitoring

Florian Mertes *\U, Stefan Rottger and Annette Rottger

Physikalisch-Technische Bundesanstalt, National Metrology Institute, 38116 Braunschweig, Germany;
stefan.roettger@ptb.de (S.R.); annette.roettger@ptb.de (A.R.)
* Correspondence: florian.mertes@ptb.de

Abstract: In this work, a novel approach for the standardization of low-level Z?Rn emanation is

presented. The technique is based on the integration of a 22Rn source, directly, with an o-particle

detector, which allows the residual 222Rn to be continuously monitored. Preparation of the device — —

entails thermal physical vapor deposition of 26RaCly directly onto the surface of a commercially L A 1

available ion implanted Si-diode detector, resulting in a thin-layer geometry. This enables continuous o detector ||

collection of well resolved o-particle spectra of the nuclei, decaying within the deposited layer, with a 9 aperturs

detection efficiency of approximately 0.5 in a quasi 27 geometry. The continuously sampled a-particle

spectra are used to derive the emanation by statistical inversion. It is possible to achieve this with high ?u‘"

temporal resolution due to the small background and the high counting efficiency of the presented 8 Ta tube B

technique. The emanation derived in this way exhibits a dependence on the relative humidity of up g u ] 3

to 15% in the range from 20% rH to 90% rH. Traceability to the Sl is provided by employing defined -

solid-angle x-particle spectrometry to characterize the counting efficiency of the modified detectors. g E

The presented technique is demonstrated to apply to a range covering the release of at least 1 to g %

210 22Rn atoms per second, and it results in SI-traceable emanation values with a combined standard 3 3
E'I;edc:tfeo; uncertainty not exceeding 2%. This provides a pathway for the realization of reference atmospheres Cree

Citation: Mertes, E; Rottger, 5. covering typical environmental ?Rn levels and thus drastically improves the realization and the

Rottger, A. Development of 22Rn dissemination of the derived unit of the activity concentration concerning 222Rn in air.

irel
T

Emanation Sources with Integrated
Quasi 27t Active Monitoring, Tnt. J. Keywords: 222Rn emanation; physical vapor deposition; silicon detectors

Environ. Res, Public Health 2022, 19, ODEI’I Access: q P v

840. https://doi.org/10.3390/

Jexph1902084 https:/Mmww.mdpi.com/1660-4601/19/2/840 - -

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. 19ENVO01 traceRadon denotes the EMPIR project reference.




Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

1OP Fublishing Maasurameant Science and Technology
Maas. Sci. Technol. 32 (2021) 124008 (13pp) hitps-iidoi_org/10.1088/1 36 1-6501/ac2a8d

New metrology for radon
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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)

Bureay Free download of GUM and VIM!

- the intergovernmental organization through which Member States act together
PQidS et on matters related to measurement science and measurement standards.

e u http://www.bipm.org/en/publications/guides/#gum
ABOUT US  WORLDWIDE METROLOGY  INTERNATIONAL EQUIVALENCE  MEASUREMENT UNITS  SERVIC]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Bureau -
Iniernﬂﬁonﬂl des - the intergovernmental organization through which Member States act togsther I—
--------------------------------------------------------------------------- T Po‘lds et on matters related to measurement science and measurement standards.
Vocabulary of Metrology (VIM) ‘ * Mesures ‘ I

ABOUT US WORLDWIDE METROLOGY INTERNATIONAL EQUIVALENCE MEASUREMENT UNITS SERVICES
BJF | In order to benefit fully from the hyperlinking between the documents, the reader is advised to
==, | download all 1ICGM documents presently available in cne ZIP file.

The fundamental reference document is the

Overview | Uncertainty in Measurement (GUM) RIGGELITETRR GG BT R AUIT)]

Evaluation of measurement data — Guide to the expression of uncertainty in

t
(measuremen JEGM 100:2008 The following, corrected version of the 3rd edition cancels and replaces JCGM 200:2008 (see the
(GUM 1995 with minor corrections) | 23 JCGM 200:2008 Corrigendum) and the 2nd edition (1993). It can be downloaded as a PDF file or
Mote: JCGM 100:2008 is also available in HTML form from the JCGM portal on [SO's browised online complete with annotations.
website.
The 1CGM Working Group 1 (JCGM-WG1) is producing a series of documents to accompany the Inrem_anonaf Vecabulary ofMeanogy - Basic and General Concepts and
GUM. The first four of these documents have been approved and are available for download as PDF Associated Terms (VIM 3rd Ed‘t'on_) . . @
files. Printed copies are available for purchase from 150. JCGM 200:2012 (JCGM 200:2008 with miner corrections)

Eva]”am”.af”?easumme”rdarf - An introduction fo the "Guide to the expression N See also: VIM Definitions with Informative Annotations (html format)
of uncertainty in measurement™ and related documents @

ICGM 104:2009 (last updated 27 August 2016)

Evaluation of measurement data — Supplement 1 to the "Guide to the expression of
uncertainty in measurement” — Propagation of distributions using & Monte Carlo @
method

The annotations are developed exclusively by JCGM-WG2.

JCGM 101:2008

The VIM, published by the JCGM in English and French, has been translated into a number of other
Evaluation of measurement data — Supplement 2 to the "Guide to the expression of languages, including:
uncertainty in measurement” — Extension to any number of output quantities @

ICGM 102:2011 Catalan, Croatian, Czech, German, Hungarian, Ttalian, Japanese, Portuguese (Portugal and Brazil),

Evaluation of measurement data — The role of measurement uncertainty in Romanian, Russian, Serbian, Spanish (Spain and Peru), Thai, Turkish, and Ukrainian.
conformity assessment @

JCGM 106:2012 For more information, please contact your NMI.
Evaluation of measurement data - Concepts and basic principles
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Uncertainty is of fundamental importance
» Need for concepts and basic principles
> Need for procedures: Stages of uncertainty
evaluation!
v The formulation stage ©
v" The calculation stage

Ce

o
Example (formulation stage):
_ = 7 - Probability
Ci activity concentration Sstibution
— _ Cn measured activity normal
Cl - kk (Cm Cbg) concentration (indication

/’ value)
Output quantity / Chg background reading rectangular

.. k) calibration factor normal
Input quantities

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
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Field measurement of Rn-222

1 c M M
kC:E; k=m; AM:E’ AMO:A_I(E);
e C = C,— Cpy — AC; C, = Dot
a (04
B B B quantity value standard distribution
Comy || S | uncertainty
Lo’ @« B o
' v Ara1133 603 Bq 3 Bq normal
semconductr) scotlton | soto C1133 0.273 4-10° normal
sl M 593 1 normal
Mo 55.92 0.13 rectangular
i ) [C.dt At 1800 s 1s normal
Determination of C or t AM 0.322530 s-L 6.10 51
AM, 0.0310702 st 8-10°5 s
C, 7.76 Bg-m3 0.12 Bg-m
Cpg 0.0 Bg:m™ 5.77-10%Bg-m= rectangular
Traceable calibration 4c 0.0 Bg-:m* 0.05Bg-m>
S Ve 21.2240 m3 0.0163 m3 normal
T - k. 0.0385 7.10*
"@ 1/(s-Bg-m-3) 1/(s-Bg-m3)
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The key targets to be reached by the end of this project (and to be exploited in the75 years

that follow the end of the project) are as follows:

>

>

>

New Sl 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.

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
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