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Atmospheric radon concentrations campaigns
within the EMPIR 19ENVO01 traceRadon project:
the ARMON monitor

C. Grossi, R. Curcoll and A. Vargas
in collaboration with WP1 participants

EURADOS WG3 Annual Meeting 2022



N
EURAMET

£ Dy

L
= sense limits

Institut de Técniques
Energétiques

g B
o, O The EMPIR initiative is co-funded by the European Union's Horizon 2020
:g,* o/) research and innovation programme and the EMPIR Participating States

Contents of this talk:

traceRadon

]

Problems

-

EURADOS Annual Meeting WG3 -215t June, 2022 Belgrade



TN
EURAMET

Institut de Técniques
Energétiques

o A
o, O The EMPIR initiative is co-funded by the European Union's Horizon 2020
:d* o/) research and innovation programme and the EMPIR Participating States

i
( /AN 75
i e Al
il iisy
e

= sense limits

First need: Identification of Radon Prone Areas (RPAs)
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The main aim is knowing the indoor 222Rn concentrations at which the people are exposed
in old building or may be exposed in new building

EXPERIMENTAL LONG-TERM CONTINUOUS
MEASUREMENTS ARE TOO DEMANDING FOR PRESENT
BUILDINGS AND NOT FEASIBLE FOR FUTURE BUILDING

Europaan Indoor Racan Map, April 2017

https:/remon jrc.ec europa

We could use outdoor (atmospheric) radon
measurements as proxy of indoor data or to
calculate radon exhalation maps (by inverse
modelling)!!!!
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Grossi et al., 2016, doi: 10.1002/2016JD025196
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Second need: High quality indoor radon concentrations below 200 Bg m-3
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The Solution: Design and build a full metrology chain for outdoor radon activity concentration measurements

The traceRadon Project started in 2020

Traceability to the Sl system

Radon and radon flux in maps for radiation WP4 & & - 7| validation of radon flux models and inventories WP3
protection issues Ac using radon flux and terrestrial data
— 1 . . “CH,
- Identification of RPA o - JeHy = JRa Acg + Radon flux maps in GHG and climate change studies
+ Quantifying the radon wash-out peak | =% I - * Inclusion of data from radiological early warning systems
= Data accessibility and public ﬁ = A R | S0 i + Validation of radon flux maps using radon flux
engagement -, SR 1 measurements and outdoor radon activity concentrations
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Radon flux measurements

activity concentrations

- Development of a transfer standard
= Calibration and long-term stability

» Development of a reference radon
flux monitor

= Test under field conditions

+ Measurement campaigns

- RTM application

A 1 | Y
Man coordinati WP6

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
communities. High interest by stakeholder community, expressed by 65 letters of support and a large group of 34 potential collaborators.
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The Solution: Design and build a full metrology chain for outdoor radon activity concentration measurements

A literature study carried out in the framework of the WP1 (Task 2) of the traceRadon Project shows
the existence of research monitors able to measure really low radon concentrations in air (few

hundreds of mBg m-3) with a counts uncertainty in the order of 10% (k=1)

o Most frequent used atmospheric radon
B—— measurements techniques in Europe
- ERELOEOUONTOR | awsToMONITOR el vz

- 50 : .’
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2-filters - Electrostatic collection

° 1-filter method
- portable -Large volume - Portable (20 L)
-214pg and need to assume an -22Rn decay products with large - 218Pg and 216Po from 22Rn decay
equlibrium factor between 2'4Po/222Rn error associated for low only in the detection volume

concentrations

Longitude
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The Solution: Design and build a full metrology chain for outdoor radon activity concentration measurements
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HRM, ARMON and ANSTO 1500L Monitors were
previously compared in the south of Paris by
short-term comparison campaigns and results
were really satisfactory

Grossi, C. et al., Atmos. Meas. Tech., 13, 2241-2255, https://doi.org/10.5194/amt-13-2241-2020, 2020.
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The Solution: Design and build a full metrology chain for outdoor radon activity concentration measurements

Requirements for the new Transfer Standard instrument

Table 2. Matrix of recommended properties for the in-field application of a transfer standard radon monitor for atmospheric measurements.

Property Recommended range for in field applicability
Environmental temperature T (°C) —25to +50°C

Environmental relative humidity rH (%) 10 % to 100 %

Atmospheric pressure p (hPa) 620 to 1030 hPa

Measurable atmospheric radon activity concentration ¢, (Bqm™2) 1to200Bgm—3

Sensitivity k (counts per 60 s per Bg m~) =0.3(60sBg m—3)~!

Total uncertainty u (%) <20%

for activity higher than 0 Bqm™> and less than 100 Bqm™> within 1 h (k = 2)

Detection Volume V (m3) and <lm?

welght G (kg) <70kg

Rottger, S., Adv. Geosci., 57, 37-47, https://doi.org/10.5194/adgeo-57-37-2022, 2022.
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The Solution: Design and build a full metrology chain for outdoor radon activity concentration measurements

Atmospheric Radon MONitor (ARMON): TS instrument

To be used for in situ atmospheric radon monitor calibration or as secondary standard monitor in radon calibration facilities

(traceRadon )

Electrostatic collection of 218Po and 21®Po on a PIPs detector
surface

MCA
" | ARMONV2.0
Armon Pre + Amplifier Out

Filter

Flow Meter
—)@-}I H20 sensor H T sensor

Dete:D

Datalogger

High Analog control

Voltage

- Allows radon and thoron measurements

- Zero background thanks to it high spectra
resolution

- Full alpha spectra analysis

- Real time data visualization
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The Solution: Design and build a full metrology chain for outdoor radon activity concentration measurements
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The Solution: Design and build a full metrology chain for outdoor radon activity concentration measurements

The ARMONv2.0 was compared with a previous ARMON model
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* Intercomparison at ETSEIB-UPC roof with an older ARMON (07-28/06/2021) 12
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The Solution: Design and build a full metrology chain for outdoor radon activity concentration measurements

INGOS_222Rn_Flux_Map._July_2010_GLDAS_Noah The ARMON v2.0 is being now compared with a new
— = SRS - - ANSTO monitor (200 L) at two stations (SAC and PTB)
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The Solution: Design and build a full metrology chain for outdoor radon activity concentration measurements
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Fuente-Lastra et al., in preparation
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ARMON v2.0 and ANSTO 200L at PTB (1 m above ground level)
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The Solution: Design and build a full metrology chain for outdoor radon activity concentration measurements

Rn Cane,

tHit
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ARMON v2.0, HRM, ANSTO 1500 L and ANSTO 200L at SAC (100 m above ground level)

ARMON

ATMOS 200L
ATMOS 2000 _new
ARMOMN 15001
HRM

Sampling line experienced several
problems (mainly leakages) and
data are currently under analysis

Fuente-Lastra et al., in preparation
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Conclusions and Next steps:

* Atmospheric radon activity concentrations may help to identify Radon Prone Areas and they could be used as proxy
for indoor radon concentrations;

e Currently there are not available commercial radon monitors able to measure really low radon concentrations with
small uncertainties;

* The project traceRadon wants to offer a complete metrology infrastructure for atmospheric radon measurements
including a transfer standard instrument to calibrate instrument in situ at atmospheric stations or to be used as
secondary standard within radon calibration facilities;

* A new high sensitivity radon instrument was designed and built at the Universitat Politecnica de Catalunya. This
instrument is robust, portable, allows a complete alpha spectra analysis of radon and thoron progeny and offers to
the users remote control and real time data of all variables;

* The instrument ARMON v2.0 was calibrated at the UPC radon chamber and it will be calibrated at the PTB facility in
September 2022 within the project traceRadon;

e The new ARMON 20L is being compared with a new two filter 200 L monitor from ANSTO at different heights above
the ground and at different stations (Germany and France) in the framework of the traceRadon project;

e A full uncertainties budget of the new ARMON is going to be performed by UPC and PTB.
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< 4 Edit profile Institut de Técniques Energétiques
@INTE_UPC
Energy Research Institute @EEBE_UPC & @ETSEIB_UPC @la_UPC
traceRadon project © Barcelona & inte.upc.edu [ Joined September 2020

@traceradon 631 Following 391 Followers

Thank You y ClaudiaGrossi4
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