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The concept of the CD/DVD method

o Possible to use “detectors” that are already available
in (almost) any dwelling.
e Absorbs radon, which further diffuses in depth;

o Alpha particles create tracks on it (ECE is the best
suited etching procedure for the method);

First the method was considered as a tool for radon
epidemiology, but later... it was found useful for many
other applications.
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Theequipment for processing CDs/DVDs (FP7-
EURATOM Project DoReMi). Capacity to etch up to
50 CD/DVD specimens in parallel.




CD/DVD method: data processing

n—mny no w(€) [uZ(ng) u(CF) u(t)
— — ¢ |m T e
CF.t CF.t 0
45 +
40 -
35 A
Track-counting statistics : :
(Poisson); 20 -
Disk dating (t; A= t,,qx — tmin. ;5) |
u(t) = 0.2894); |
Calibration (CF): standard and 04—
R - O P L PP X
individual (a posteriori). L FELF TS

CF (cm2/kBg h m)



Calibration laboratory in SUBG. Calibration at different temperatures within
-159 = +60° C. Pure and mixed ?22Rn/??°Rn atmosphere at static and dynamic
exposure conditions (Journal of Environmental Radioactivity 166 (2017) 181-187).
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In particular the influence of following factors
was studied:

Pressure (within 0.5 — 1.5 atmosphere);

Humidity (0-100%);

Temperature (2 — 40° C);

Dust deposition;

Ciggarette smoke;

Mode of storage of CDs/DVDs (bare, in jewel case, in envelope etc.);
Effect of 21°Po growth in the detector volume alter long exposure times;
Detector fading (for up to 20 years);

Effect of laser light used to read/write CDs/DVDs.

New (addressed within MetroRADON): Test under extremely
variable %22Rn concentrations and temperature.



Calibration factor for %2°Rn can be adjusted for the temperature
during exposure. If the temperature is not known a posteriori

correction can be applied. It is important to calibrate under
realistic environmental conditions!

Calibration factor (cm*kBq h m™)
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CD/DVD method and MetroRADON
priorities: sensitivity and uncertainty...
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Quiality assurance of the CD/DVD method for %?Rn: STAR
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Basic applications:

e Before MetroRADON:;
e Within MetroRADON:;
e And beyond...



CDs/DVDs used to identify radon prone areas: 462 CDs/DVDs from
336 private houses analyzed (Journal of Environmental Radioactivity

196 (2019) 274-280)
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European Council Directive 2013/59/EURATOM: the reference

levels are based on the annual average radon concentrations. By

CDs/DVDs the annual average concentrations can be determined
fast (e.g. even within one day from the decision to test).
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« “Traditional” prospective measurements: [ [Fp—
3-12 months. Too long time just to tell
whether there is a problem;

e CD/DVD method: one working day (8
hours). Radon problem (> 100 Bg m3!)
can be identified by any home stored
CD/DVD that is more than one year old;

e The probability for false alarm with
CDs/DVDs is 5% with one year old disk
and even less with older. No probability to 0
skip the problem, provided that the disk is Building (arbitrary code

correctly dated.
« RESULT: Timely communication and a

option for prompt mitigation.
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CD/DVD method in mines and caves: Cost-efficient option for
passive radon monitoring in the heavy underground environment
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Radon in water: possibility for measurement directly
In the source
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*’Rn concentration (a.u.)
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CDs/DVDs and energy-efficiency retrofit: two disks of different
age can be used to see retrospectively the effect of building
reconstruction on radon levels (Journal of Environmental
Radioactivity 143 (2015) 76 - 79).
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The CD/DVD method within MetroRADON: Testing
under extremely variable %2Rn concentrations.
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Temperature and concentration profile during

the exposure

222Rn activity concentration
(Ba/m?)
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Correspondence with reference
measurements
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Weak correlation between 222Rn concentrations and
the temperature
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Correction for the correlation leads to almost perfect
agreement with the reference 22?Rn exposure

222Rn exposure (kBg h m3)
At 80 um At 120 pm Reference

With CF at 12.6 2C 118000 + 12000 106000 = 12000
122500 + 6100

With CF adjusted for real exposure 122000 £ 12000 110500 £ 12000



Within MetroRADON and beyond: highly sensitive
detection options. DVDs have a very low background on
their internal polycarbonate surface

Surface with very
low background:
1.1+0.3cm?

The background can be further reduced by thermal annealing and special modes
of track-counting that discriminate defects different from alpha tracks



Within MetroRADON (and beyond): a novel method for
passive 222Rn measurements with sufficient sensitivity for use
even in low background nuclear laboratories

The novel method employs DVDs-based

The polycarbonate half ~— o . 5 detector modules of:
of aDVD S k_
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y > large total detection area (S)
> increased sensitivity (CF)
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QA of the method: performance at the Public Health England
(PHE-UK) 2017/2018 radon inter-comparison
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Possibility for unigue sensitivity with stack of
detector elements: MDAC for one year
exposure (blank detectors should be stored In
radon-free air)
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The problem: substantial temperature
dependence of the response...

CF/CF(21.5°C)
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Beyond state-of-the art: A module can be designed
with R(T) that compensates that of CF(T) so that
CFxR =~ const.:
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Proof-of-the-concept: the “module” Is a hermetic
package of foil of 75 um low density polyethylene
with controlled V/S ratio (= 4 cm)




Results...
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NB: The module (package) is also an effective barrier
against humidity and thoron interference!



Minimum detectable activity concentration after one
week exposure (disk element surface area = 200 cm?)
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Thank you!
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