N / ‘

EMPIR EURATIET EURAMET |

of \®
The EMPIR initiative is co-funded by the European Union's Horizon 2020 g %,
(o)
S %

research and innovation programme and the EMPIR Participating States

Calibration of a reference instrument — an example
by Stefan and Annette Roéttger

Training Course #1: ke
Precise and traceable Radon activity concentration measurements

Stefan und Annette Rottger Training Course #1, 2023, PTB
pau) = \Vam CZECH () - . g
. PTB Rua.\'?iw\"pilws m NEToLos .:\ :%.. ‘iﬁé AGE S\ll£ / o I c 0 S

Brachs i oen INSTITUTE

c b EEEEEEE //;{\“" = [ v |
ICOS|: INESC m = G B YC @ ideas

A mos; ph
Th ma ic




PTB 222Radon

Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

J &
g &
< %

» 22?2Rn: 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

(e.g. Darby et. al. 2008) L
» 2013/59 EURATOM Basic safety standards: Radon '“?Zscf/i?”
» indoor activity concentration < 300 Bg-m-3 52 0/
0

(1 atom out of 1018 atoms)
> Identification of Radon Priority Areas (RPA)

» Outdoor air activity concentration (1 — 10) Bg-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
» ldeal 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
] allows the GHG fluxes to be

c(CO,) [ ppm c(CH,) / ppm
P
|
T

R 'h . y estimated when the radon flux
NPV AW \J/f \ : is known

N B o " » Comparability only with

S o A AL w : traceable calibration!

% Z_‘MMW W el 3407 1217, August 1996 |

o E b b EMPIR: 19ENVOL1 traceRadon

date / d August 1996 e(*’Rn) | Bq m®
Rottger et.al. Strahlenschutzpraxis 2021
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222Rn is the bridge between climate observation and radiation protection

Traceability to the Sl system

Radon and radon flux in maps for radiation WP4 ;‘ Validation of radon flux models and inventories WP3
protection issues using radon flux and terrestrial data

. . Accn,
« |dentification of RPA o = JCHs = JRn H » Radon flux maps in GHG and climate change studies
» Quantifying the radon wash-out peak a‘,& AT R = * Inclusion of data from radiological early warning systems
« Data accessibility and public o= = IR oH, oo A » Validation of radon flux maps using radon flux
engagement “ ‘\ ’ measurements and outdoor radon activity concentrations

2000

425
400

A

Traceable measurements of outdoor radon WP1

AN LA L obes Radon flux measurements WP2
activity concentrations —

YN Fmo

T T T

{anpon f., E » Development of a reference radon
] i flux monitor
W w’ \f i \ « Test under field conditions
T :Eila'e v + Measurement campaigns
- _» RTM application

 Traceable low-level radon sources
» Development of a transfer standard
» Calibration and long-term stability
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Seven leading European NMI/DI in the field of climate observation and ionising radiation. ICOS, JRC and other stakeholders directly
involved as JRP-partners. Sufficient further external partners with high-level expertise to cover the broad spectrum of two scientific

Management and coordmatlon WP |

communities. High interest by stakeholder community, expressed by 65 letters of support and a large group of 34 potential collaborators.ﬁ‘)
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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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— Emanationsquelle 1
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222 i Rn —— Emanationsquelle 2

Rn and its B —— Emanationsquelle 3
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Preparation of EU-BSS by il u'.wl \ f ""'Lh\‘ R W{J ,- ,.,,Ii. |

PhDs of Diana Linzmaier and Florian Mertes ! *1 - o
A _,ﬁ W I 'mf Wi w‘"‘
emanation hosing i
LL-RRK: V=0.5 m’ 10 & 25
HPGE volume flow
detector | euament large volume B Low radon activity concentration measured

pUMp —

precisely for the first time

MNeues Messverfahren aus der PTB rechtzeitiq zur Verscharfung der EU-Strahlenschutzrichtlinie

[PTB/es] Man sieht es nicht, man riecht es nicht, man
schmeckt es nicht — aber es kann in hohen Dosen
tadlich sein: Das natiirliche 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 verursacht, ist langst bekannt —

I viele Arbeiter aus den Uran-Minen der Wismut-Werke

der DDR sind daran gestorben. Inzwischen schatzen

Sl

aber Wissenschaftler, dass Radon auch in niedrigen
Keonzentrationen eine Gefahr sein kann, und haben die

‘kkLlleuh“q: Strahlenwirkung darum offiziell hochgestuft: Das Gas
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classical design

Polyester-foil
Drop-cast ??°Ra
wrapped in PE-foll
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Electrodeposited Implanted
source Implantation of ??°Ra
Deposition at into W / Al after mass
30V <U<200V separation
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stainless steel p-type Si-wafer PIPS 450 mm?

deposition of %2°Ra from deposition of %2°Ra from 300 um thickness

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

active source

Stefan und Annette Réttger Training Course #1, 2023, PTB
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Primary Characterisation of sources
228Ra — 5 a (4.87 MeV) + %22Rn (86 keV)

226Ra Activity:

« DSA a-Spectrometry >  Primary 222Rn
« Autoradiography Source

Emanation Power: /

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

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

Stefan und Annette Réttger Training Course #1, 2023, PTB
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3 tunable Ti:Sa
“RISIKO” mass separator upto 1.5W

Dipole Magnet 4 Laser Beams

Separator Slit

/
Post-

focalisation
I

Deflectors

\

\

30 kV Extraction

\

Quadrupole Lens
Positioning ~

“
Einzellens /

Implantation Area with
Ion Current Measurement

Ion Source
—Sample Reservoir

T 226R3 on H-foil
resistive heating
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Implantation produces very defined distribution (3D-Gaussian)

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

Electrodeposition Implantation

15000
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ol-spectra - comparison

10— 226R3 —— Electrodeposited
' / —— Implanted
222Rn
— 218
0.8 l Po 214
| l
e 0.6=
x
S |
o 0.4 FWHM 226Ra
< 31 keV Electrodeposited
226R 17 keV Implanted
0.2 a
\ 21Ol|:)0
| | | [ |
3500 4000 4500 5000 5500 6000 6500

Channelnumber
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dependencies of emanation from

—— 1.5“ LaBr, 80
— HP Ge 4
_ 102 temperature
\5&31 00- ! H *
< -+L i e 1++
K
0.98-
0 éAt / d 10

relative humidity

0 10 20
At/ d
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Applied Radiation and Isotopes 181 (2022) 110093

Conienis lisis available ai ScienceDirect

Implanted
Implantation of 2?°Ra
into W / Al after mass

228134 for a primary “?in cmanation standard “ﬂ—"f Separat|0n

Applicd Radiation and Isoiopes

‘1.

: ¥ i Beas
ELSEVIER joumal homepage: www.elsevier.com/locate/apradiso

o implaniaiion of

'

Florian Meries ™, Nina Kneip b Reinhard Teinke ®, Tom Kieck ®, Dominik Siuder®,
tolix Weber °, Siefan ®bitger?, Annetie Rotiger?, Klaus Wendi®, Clemens Waliher ©

,n
* Physikalisch-1echnische surd It, Bundesallee 100, 38116, Jr howeidy, Germany

" Johannes Gutenbery.Universitii Mainz, Instivat fiir Physik, Staudingerwey 7, 55128, Muinz, Germary

© Leibniz Universicar [annover, Insiitur fir Rudioikologie und Sir 30419, , Germuny

ARTICLN INVO ABSTRACT

Keywords: Taser resonance ionixation ai the RISIKO 30 kV mass separaior has been used to produce isotopically and jiso-
]‘{::l implaniadon barically pure and well quantified *7n emanation siandards. Based upon laser specioscopic proparaton
D cmamation siudies, ion implaniaton inio aluminuom snd ungsten iargeis bas been carvied out, providing overall implan:

Tager ionization

taiion officiencios of 40% up o 60%. The absoluie implanted aciviiy of ***Ra was determined by the iechnique
Nedined golid-avngle alpha-partiels speeromery 'up ! D ¥ o d

of defined solid-angle a-particle spocromeiry, whore excollont energy rosoludon was observed. The *in
emanation confficiont of the produced argeis was studind wsing a-partcle and yray specitometry, and yieldoed
rosulis betweon 0023 and 0034, with relatdve uncerainiy on the order of 1%. No dependence oxceoding a 1%
changs of the emanaiion on humidiiy could be ideniified in the range of 15 %t to /2 %11, whoreas ihore wore
hins of a shight correlaidon beiween ihe emanation and temperaiure, Addidonally, and as expoecied, the
emanation confficiont was found to be dopendent on the targot matorial as well as ihe implanied dose.

1. Inireduciion ieehnique is commonly applicd ai on line radioaciive lon beam faciliiies
such as CHRN-ISOLDY (Fedosseev et al., 2017) or TRIUMISAC (Lassen

Naiioval and iniernaiional guidelines and reguladons drive ihe need et al., 2017) for officicni produciion of exoile nuclides as well ag off line
for $1-iraccable measuremenis of * o ai very low aciiviiy concenira for rare isotone purificaiion and corichoeni. A suitable faciliiy for ihe
iions (<300 By ™) in air. Yor such Jow conceniraiions, conventional laiier is ihe RISIKO mass separator ai Mainw University nsed for %10

Open Access:
https://doi.org/10.1016/j.apradis0.2021.110093
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r’ International Journal of /
5| Environmental Research m Pl
N and Public Health ’

Article
Development of 2 Rn Emanation Sources with Integrated
Quasi 27t Active Monitoring

\ diffusion

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 e 2etector ||

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

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 3 Ta tube z

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

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 27 Active Monitoring. T, | Keywords: 22Rn emanation; physical vapor deposition; silicon detectors

Environ. Res. Public Health 2022, 19, Open Access g p v

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

ferptonacsio https://mww.mdpi.com/1660-4601/19/2/840 - -
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Can o-spectrometry be used to make primary, extremely sensitive,
on-line emanation source?
== Modify PIPS with layer of RaCl, by thermal-PVD

UHV chamber \

B PIPS IR PIPS

e -
" /<05 efficiency for

Ta-Capillary dead layer

with RaCl, ,. ./ any o-particle from
Electrical A '/ 226Ra decay chain
feedthrough RaCIZ y
for joule / :
heating =~ 0.5 emanation
coefficient
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Primary, on-line
emanation sources
model and simulation
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Primary, on-line emanation sources first realisation of
suitable thermal PVD setup

> < 10°% hPa

» Low vapor-
pressure
materials (Ta)
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Braunschweig und Berlin
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Photograph of an IRSD based on a 450 mm? Canberra PIPS®
detector, modified with a layer containing 440 Bq 2?®RacCl, (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).

y/ mm
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IRSD oa-source / detector
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ol-spectra - comparison

10-15 2%
1 —— primary o-spectrometer (M10) 2pn 2185,
2' —— |IRSD (modified PIPS)
—~10":
% E EEERa
2 .
®
o 107
m
0 10%.
E 10 : IS
3 :
S _
10”
10-6 | I [ I T T
3500 4000 4500 5000 5500 6000
E | keV
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105 |
=
103 ]
10 - | ;
x*=1.880519 ;
S &
5 0- 3
—-10 ;
3 4 5 6 7 8
Peaks are reasonably well resolved E/MeV

=) Model with different mixtures of Exponentially Modified Gaussians
mmm) Deviations in tailings with penalty term (for low and high energy tailing)
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IRSD: A(2%°Ra) = (158.6+1.7) Bq -
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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?2 /300 mm 1.91+0.02 0.502 + 0.006 0.999 £+ 0.017
Ametek Ortec ULTRA® 450 mm?2 /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 Bg %?°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 %
*?%Ra rates; (stochastic) (0.9595 + 0.0004) s* 0.04 % 0.1%
ERa-226 0.502 + 0.006 1.2 %
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Radon detector calibration

anstalt

4
aPIB

=
=
=

£}

12.08.

23.07.

03.07.

13.06

date time

14.04.

Braunschweig und Berlin

| (ud,.)V

.w-bg

24.05.

04.05.

25.03.




N
EEPIB calibration of ANSTO 200L EURAMET |

J &
g &
< %

Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

L]

08 21.14(23) Bq-m”

07¢ & 18.09(17) Bq'm”

06}

[ 13.38(16) Bgq'm” ]
_ o5} 1
@ [ 7“5 4
204l . L .'
= 0.4} L ]
° A |
®o03 ' :l- 7-76(13) Byl -t -

2021-04 2021-05 2021-06 2021-07 2021-08
date time

Stefan und Annette Réttger Training Course #1, 2023, PTB




TN
PTB Background of ANSTO 200L J% EURAMET |

Physikalisch-Technische Bundes:
Braunschweig und Berlln

o T .ﬂ.
i i, . S
0.05 flushing charcoal cleaning d'etecto;; "internal logp ., 4
with aged (leakage, . {lea ggp, g-;. RIS
. artificial air contamination) 'fte.r{:ﬁl’g j"f'j-,'?n?' .
" OOV e | e e, :“3 Mo s 00 o 8
P t: - ... :‘ ) L] 't ..:. ’ .“. .. ’
I VR it e N 5 Nadser
&} 0.03} c}ss‘!-." ‘T.:- o.‘_'ia “{:. cwp oe ~.-1-:— ..' * of { v . l:. :. . 1] _;. .%.c
‘-f. ..-5;.-.! oy . J- ‘zl. \- # .: s : . .'; f: -ﬁf.“" . i . ; )
p° CA A ‘”‘* Bt A SRR “‘:a
e =% -i:. $ .‘:l.'-. ;ir :. =, ." " ; :
0.02} ... ':' .-?J:- _;*_s._:‘":- .
s %,

f ﬁlﬂlnlLla.h MLHMHLLLI'-LHHIHHMM;MMHHIM:LMMMIL.HH;ulhhih f
B i D s e L D

21-08-13 21-08-17 21-08-21 21 08 25 21 08 29 21-09-01 21-09-05
date time

.IIE.I'I\JQM

Stefan und Annette Réttger Training Course #1, 2023, PTB




aPIB Publication of results EURAMET

Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

https://doi.org/10.1016/j.apradiso.2023.110726

Applied Radiation and Isotopes 196 (2023) 110726

Contents lists available at ScienceDirect

Applied Radiation and Isotopes

journal homepage: www.elsevier.com/locate/apradiso
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Evolution of traceable radon emanation sources from MBq to few Bq “u?&l ‘ ) 4 |
Stefan Rottger™ , Annette Rottger®, Florian Mertes “, Viacheslav Morosch ®, Tanita Ballé*, v | 1 "__i- it *‘ ) / _/l( L

Scott Chambers"” 1 [ e’ 'k : y &
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b Australian Nuclear Science and Technology Organisation (ANSTO), New Illawarra Road, Lucas Heights, NSW, 2234, Australia
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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 iImplantation: + 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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