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ABSTRACT

In this work, the calibration factor for CR-39 solid state nuclear track detectors was determined, for furher
determination of radon exhalation rate of undamaged geological rocks samples using the sealed can-technique.
Four CR-39 detectors within and without diffusion chambers were exposed to known radon activities
concentrations and different integration periods inside a stainless steel calibration chamber with an inner
volume of 0.0144 cubic meters and a calibrated source of radium-226 operating as an intermittent source. The
activities varied from 0.67 kBq.m™ to 165 kBq.m™ and the exposure times from 20 h to 316.5 h. The mean
calibration factor and its standard deviation assumed for further use was 2.5 + 0.1. The results show a good
reproducibility of measures for a broad spectrum of radon activities concentrations.

1. INTRODUCTION

Almost 46% of exposure to mankind by natural sources is due to inhalation of radon and its
short-lived decay products. Radon is an inert gas with three natural isotopes occurrence,
222Rn, 2"Rn and **°Rn, originated from the natural radioactive series of 28, 25U and **Th,
respectively [1]. In terms of radiological concern, considering the short half-lives of **’Rn
(55.6 s) and *"’Rn (3.96 s) and that 2°U represent only 0.71% of the natural uranium, the
major contributor to exposure is the inert gas “*Rn (3.8 d) (in this paper, radon), unless for
places with high **Th concentrations when **’Rn contribution will be significant [2].

The release of radon from geological samples is considered to be both by emanation or
exhalation. Radon emanation is defined by Sakoda [3] as escape of a radon atom from a Ra-
bearing grain into pore space [1]. The radon in pore can leave it by diffusion or together with
a flow of air or water, this processes of release radon from material to air is named exhalation
[4, 1].

Exhalation from building materials or recovering materials is a potential source of radon in
the indoor environment, so, the knowledge of its contribution to the dose exposure is very
important. However, it is not possible to determine the radon exhalation rate simply from the
activity concentration of 2Ra. Rather then, one must measure radon exhalation rates directly
from the surface of the material [5].

Radon exhalation measurements are usually based on the principle of hermetically enclosing
the sample in a container and measuring the radon activity growth as a function of time inside



the container. In environmental studies, the most widely used technique for radon detection is
the passive one with CR-39 solid state nuclear track detectors (SSNTD).

Several brazilian rocks were assessed for radon exhalation determination by using the
“Sealed-Can Technique” [5, 6], a simple cylindrical polyethylene bucket with lid, tightly
sealed, where the sample is placed on bottom and the CR-39 detector on top. After a
predetermined exposure time, the bucket is open and the detector read. The correct radon
activity concentration depends on a well-calibrated detector. The aim of this study is to
determine the calibration factor for the CR-39 detector.

2. MATERIALS AND METHODS
2.1 Experimental procedure

In any physical measurement, the calibration factor (sometimes called efficiency factor) must
be determined for the same geometry conditions as the studied samples. As the samples of
interest are commercial, unprocessed ones, with dimensions of 15 x 15 x 2 cm, in order to fit
the samples for the “Sealed-Can Technique”, a cylindrical polyethylene bucket with a
diameter of 25 cm and height of 26.5 cm was used.

The calibration factor was determined in a stainless steel can, similar to the cylindrical
polyethylene bucket, with an inner (useful) volume of 0.0144 m®, adapted to (1) receive and
hold known amounts of radon, (2) allow that CR-39 detectors be placed inside. On the upper
lid of the calibration chamber (Fig.1) three outlets, pneumatic push-to-connect fittings, (two
for gas inlet and outlet and one for the leak valve) were adapted. Both outlet and inlet gas
fittings were needle valves.
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Figure 1: Calibration chamber for calibration factor for CR-39 indoor radon detector.

In order to evaluate the uniformity of radon in the chamber and the reproducibility of
measures, four detectors were placed inside the chamber, at different locations (Fig. 2). Two
CR-39 detectors inside NRPB/SSI diffusion chambers [7] were positioned at the bottom
(position 1) and top (upper lid) of the calibration chamber (position 2). On top, at position 3,
a bare CR-39 detector and at position 4, a CR-39 from a different manufacturer, inside a
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NRPB/SSI diffusion chamber. Detectors at positions 2, 3 and 4 on the upper lid were
equidistantly placed.
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Figure 2: Diagram of detectors inside the calibration chamber.

The radon calibrated source was a flow-through type (Pylon model RN-1025), with nominal
activity of 107.318 kBq of *6Ra, operating as an intermittent source (the quantity of radon
gas accumulated within the source cavity is transferred to the calibration chamber).

Known quantities of radon activities concentrations were transferred to the calibration
chamber that was sealed for a predetermined integration time, as in Table 1.

Table 1: Radon activity concentration transferred to chamber for calibration factor
determination and their respective times of integration.

Activity Radon integration time
(kBg.m™) (h)
0.67 +0.03 316.5

3.5+0.1 72
10.5+04 96
20.9+0.8 96
31.3+1.3 96
41.7+ 1.7 96
52.2+2.1 96
72.6+2.9 44
83.1£33 24
104.0+4.2 22.63
124.2+5.0 24
145.1+ 5.8 20
165.0 + 6.6 24
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For every radon activity transferred to the calibration chamber, a new set of CR-39 detectors
was used.

After exposure, the detectors were etched for 5.5 hours with a KOH 30% solution at 80°C [§]
and read under a Zeiss optical microscope [9].

2.2 Determination of the calibration factor

A calibration factor was obtained for each activity value transferred from the source cavity to
the calibration chamber, for the specific time of integration using eq. 1, modified by Orlando

[9]

D (H

with:

F = detector calibration factor (tracks.m®).(cm™2.Bq™.h™);
D is= tracks density (tracks.cm™),

Crp = radon concentration (Bq m'3)

t = exposition time (hours)

The uncertainty of the detector calibration factor (o) was calculated from equation 2,
considering the uncertainty of track density (op) and the uncertainty of radon concentration

(O-Ckn )
oy = F [("—J s (" ] } @)
D Cin

The calibration factors F1, F2, F3 and F4, for the CR-39 detectors 1, 2 3 and 4 were
calculated as the arithmetic mean of the individuals factors obtained for each radon activity
concentration to which they were exposed, with a standard deviation of =1c confidence level.

3. RESULTS
The tracks densities for each one of the four CR-39 detectors, placed in the bottom (1) and on

the 1id (2, 3 and 4) of the calibration chamber (Fig. 2), normalized by time and related to the
radon activities concentrations are shown in Fig. 1.
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Figure 3: Normalized track densities as a function of radon activities concentrations.

The good correlation between tracks densities and the respective activities indicates an
acceptable reproducibility of the results, considering the wide range of activities (from
0,67 kBq.m™ to 165 kBq.m™).

In Fig. 4, 5 and 6 the tracks densities of the top placed detectors detectors 2, 3 and 4 are
related to the bottom detector 1, respectively.

Detectors 1, 2 and 4 were exposed placed inside diffusion chambers, whereas detector 3 was
exposed plain.
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Figure 4: Track densities for top detector 2 as a function of track densities for bottom
detector 1.
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Figure 5: Track densities for top detector 3 as a function of track densities for bottom

detector 1.
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Figure 6: Track densities for top detector 4 as a function of track densities for bottom

detector 1.

Fig. 4 and 6 show the best fit, meaning that, even the detectors being from different
manufacturers, their efficiencies were similar. Also, the good correlation between the bottom
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and top detectors indicates that radon was uniformly distributed in the entire chamber. The
worst correlation (Fig 5) can be induced by the fact that detector 3 was exposed with no
diffusion chamber. However, the results can be used, as they present statistically acceptable
values.

The calibration factors F1, F2, F3 and F4, calculated from eq. 1 for CR-39 detectors 1, 2, 3
and 4, respectively, are presented in Fig. 7.

In Fig 7, the F3 values are higher than the others ones, also varying within a larger range,
from 3.44 £ 0.01 (tracks.m3).(cm'2.Bq'1.h'l) to 16.22 £ 0.03 (tracks.m3).(cm'2.Bq'l.h'l).
Considering the value 28.08 = 0.05 (tracks.m3 ).(cm'z.Bq'l.h'l) as an outlier, the mean value
with its standard deviation is 11.80 = 0.02 (tracks.m3).(cm'2.Bq'l.h'l).
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Figure 7: Calibration factor for all detectors exposed in the calibration chamber.

As in the assessment of radon exhalation rates, the detectors must be exposed in diffusion
chambers, the calibration factor is presented in Fig. 8, considering only the three detectors, 1,
2 and 4.

Assuming the values of 8.6 (tracks.m’).(cm®Bq'.h"') for detector 1 and
41 (tracks.m®).(cm™.Bq'.h™") for detector 4 as outliers, the results are in the range from
0.9 (tracks.m’).(cm?.Bq'.h™") to 5.9 (tracks.m’).(cm®Bq'.h"), with a mean value and
standard deviation of 2.7 £ 0.8 (tracks.m®).(cm™.Bq™".h™).

Finally, considering only detectors 1 and 2 from the same manufacturer, the results for the
calibration factors are presented in Fig.9.
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The two detectors of same origin show the best reproducibility with a mean value and
standard deviation of 2.5 + 0.1 (tracks.m3).(cm'2.Bq'l.h"l), even placed in different positions
inside the calibration chamber. This value has the same order of magnitude as Orlando [9]
suggested value of 2.8 + 0.2 (tracks.m’).(cm™?.Bq™".h™") for the same detector in environmental
measures (out of a sealed can), and Matiullah [10] value of 2.56 (tracks.m®).(cm?.Bq".h™")

for the same geometry.
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Figure 8: Calibration factors for detectors of different manufacturers exposed within

diffusion chambers.
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Figure 9: Calibration factors for detectors from the same manufacturers exposed within

diffusion chambers
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3. CONCLUSIONS

In this work, calibration factors for CR-39 detectors were determined using a calibration
chamber and the “Sealed Can Technique”, for further determinations of radon exhalation
rates in rocks.

The good correlation between the detectors tracks densities and the radon activities
concentrations indicates the reproducibility of measurements. The worst result (R, = 0,59)
was obtained for the bare exposed CR-39 detector, reinforcing the necessity of the use of a
diffusion chamber for an uniform distribution of radon progeny.

The calibration factors measured for detectors inside the diffusion chamber show an
acceptable statistical distribution. The largest deviation was obtained for detector 4, from a
different manufacturer that detectors 1 and 2, meaning that for detectors of different origins it
is necessary to determine their specific calibration factors.

As the purpose of this work is the direct application of the calibration factor in the
determination of radon exhalation rocks using CR-39 detectors type 1 and 2, the calibration
factor assumed was 2.5 + 0.1 (tracks.m®).(cm™.Bq™.h™), in good agreement with literature
values.
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