Radiation Measurements 45 (2010) 183-189

Contents lists available at ScienceDirect

Radiation Measurements

Radiation Measurements

journal homepage: www.elsevier.com/locate/radmeas

About ageing and fading of Cr-39 PADC track detectors used as air radon
concentration measurement devices

M. Caresana?, M. Ferrarini®*, L. Garlati?, A. Parravicini®

2 Dipartimento di Energia, Politecnico di Milano, via Ponzio 34/3, 20133 Milano, Italy
b Mi.Am srl, via De Amicis 5, 29029 Rivergaro (PC), Italy

ARTICLE INFO ABSTRACT

Article history:

Received 23 May 2009
Received in revised form
16 January 2010
Accepted 17 January 2010

PADC detectors are widely used as air radon concentration measurement devices and the typical
procedure that a Radon Service Laboratory uses to manage the detectors provides a calibration phase
followed by the field measurement. The calibration is performed in a reference radon concentration
atmosphere, using high radon concentration values in order to achieve typical exposure values of few
MBq h m~3 with an exposure time of few days. On the other hand the field measurement is characterized
by long term exposures lasting up to six months and by radon concentrations that are quite lower than

Ic(ggmrds" the ones used in the calibration.

Ageing The aim of this study is to check whether the calibration procedure is actually representative of a field
Fading measurement, or, in other words, whether and how much ageing or fading can affect the calibration
Radon factor.

Calibration We found that the ageing and fading effect can produce a decrease in the detector sensitivity leading to

an underestimation of the radon concentration up to 40% for exposure lasting few months. An important
issue is that both ageing and fading can be ascribed to a decrease in the track etching velocity V.
In the paper we also provide an algorithm to compensate for the sensitivity variation due to fading/

ageing effect.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Since the radon concentration may strongly vary from one
season to another, a general accepted criterion to assess the risk due
to radon exposure is to perform a long term measurement spanning
over one year. This criterion is also implemented by the Italian act
(D.Lgs 241/00).

This implies that a radon monitoring service supplies detectors
that stay for several months out of the laboratory. Moreover the
detectors undergo uncontrolled and unmonitored environmental
conditions. A Radon Service Laboratory should prove that the
detector sensitivity is unaffected by different environmental
conditions, or modify its analysis systems in order to compensate
the sensitivity changes due to the storage before (ageing), after
(fading) and during the exposure.

The aim of this work is to understand the mechanism involved
in the variation of sensitivity and to supply a suitable analysis
algorithm to compensate it.
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2. Theory

The classical theory of track formation (Fleischer et al., 1974)
provides that complex effects of track repair can lead to an
annealing effect on latent tracks; nevertheless a simple approach
shows that fading is a function of the temperature according to
a Boltzmann equation. This effect was also confirmed, particularly
in CR39 plastics, by recent studies (Diwan et al., 2003; Rana, 2007).

A partial repair of a latent track can lead to a drop of the track
etching velocity Vi.

This heavily affects the detector sensitivity because, according to
Egs. (1) and (2), reduces the limit angle ¢ and, consequently, the
detection efficiency e.

.V 1
@ = arc vat = arcsing; (1)
e =1-sin —1—l (2)

where V= VW,
The above equations hold under the hypothesis of constant V..
Eq. (2) can be written expressing V as a function of track
parameters (Nikezic, 2000).
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Table 1
Scheme of the FAT.
Group Subgroup No of detectors No of detectors unexposed Exposure date Etching date Storage Exposure value (kBqh m~)
exposed (background)
A Al 10 2 Jul-08 Jul-08 freezer 1391
A1_Cf 2 = Jul-08 Jul-08 freezer 252¢f
A2 10 2 Jul-08 Oct-08 freezer 1391
A2_Cf 2 = Jul-08 Oct-08 freezer 222t
A3 10 2 Jul-08 Jen-09 freezer 1391
A3_Cf 2 = Jul-08 Jen-09 freezer 252¢f
B B1 10 2 Jul-08 Jul-08 Ambient 1391
B1_Cf 2 = Jul-08 Jul-08 Ambient 232¢f
B2 10 2 Jul-08 Oct-08 Ambient 1391
B2_Cf 2 = Jul-08 Oct-08 Ambient 222t
B3 10 2 Jul-08 Jan-09 Ambient 1391
B3_Cf 2 = Jul-08 Jan-09 Ambient 252cf
C C1 10 2 Oct-08 Oct-08 freezer 1455
2 10 2 Jan-09 Jan-09 freezer 1288
c3_cf 2 = Apr-09 Apr-09 freezer 252¢f
D D1 10 2 Oct-08 Oct-08 Ambient 1455
D2 10 2 Jan-09 Jan-09 Ambient 1288
D3_cf 2 - Apr-09 Apr-09 Ambient 222t
E E2 10 2 Jul-08-Jan-09 Jan-09 Ambient 1288 + 1391
7 F1 10 1 Jul-08-0Oct-08 Oct-08 Ambient 410
F2 10 1 Jul-08-Jan-09 Jan-09 Ambient 921

A3 Cf

B3 Cf

Fig. 1. Frame grabs of the surface of detectors exposed to 2%2Cf.
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