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Abstract

Radon (**’Rn) and thoron (**’Rn) in air were monitored in a tunnel, and several dwellings, public
buildings and spas in Tbilisi, and in the Sataplia and Prometheus caves, using an RTM 1688-2
Radon/Thoron Monitor (SARAD, Germany). While measurement at each point in the cave lasted 20—
30 minutes, it did about a day at other places, in order to see the diurnal variations. Highest radon
and thoron activity concentrations were found in the Sataplia Cave, being 3094 + 340 Bq m™ and 347
+ 239 Bq m™, respectively. Lower values were in the Prometheus Cave (1472 + 236 Bq m™ and 144 +
88 Bq m) and at a swimming pool in the Tskaltubo Health Resort (1110 £ 115 Bqg m > and 681 + 475
Bq m™), and were below 200 Bq m™ elsewhere. Thoron/radon activity ratios ranged from 0.03 to 0.17
in the caves and were in the range of 0.09—0.90 at other places, the highest value found in a monk
room in the Vardzia-Cave monastery.
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1. Introduction

For decades, extensive investigations of radon (**Rn, 7,,=3.82 days) in various environments
worldwide have been performed, while thoron (22°Rn, t1,=56 s) was mostly ignored, based on an
assumption that at usual **Th levels in the ground and building material, its activity concentration in
indoor air is negligible, because of its short half-life as compared with that of radon. This assumption
appeared to be wrong when papers started to report thoron levels, comparable [6] or even higher than
those of radon, such as in traditional Japanese houses [3], in Italian buildings made of volcanic
material [2], or in cave dwellings in China [9], [11]. It is now well recognised that thoron may
contribute significantly to the dose and therefore its inclusion in radon survey is highly recommended
[1]; [8]; [10]. Following this recommendation, at several places in Georgia radon and thoron have
been simultaneously monitored. In the paper, measurements are described and results presented and
commented on.

2. Experimental

For this preliminary study, different places have been selected, from dwellings to public buildings and
karts caves. While in a building measurement was carried out in one room, in caves it was done at

several points along the tourist path. The survey was performed in summer time (from end of June to
middle of July).

A portable RTM 1688-2 Radon/Thoron Monitor (SARAD, Germany) was used. Air is pumped
continuously through the chamber at a flow rate of 0.3 dm’ min™', the positively charged *'*Po and
*1%pg jons, created by “**Rn and **’Rn a-transformations, respectively, are deposited on the detector,
and based on a-spectrometry, activity concentrations of ***Rn and **’Rn are obtained. The analysis
frequency was ones in 30 minutes. Measurements at various points in the cave lasted 20—30 minutes,
while those at other places from one to several days.
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3. Results and Discussion

Table 1 shows average values of radon (Cg,) and thoron (Cr,) activity concentrations and Cr,/Cr,
ratios, as obtained with continuous measurements in air at selected places. Although measurements
were carried out at ten points in the Sataplia Cave and at fourteen points in the Prometheus Cave, only
two results are included. Highest radon and thoron levels were observed in the Sataplia Cave, lower in
the Prometheus Cave and in the Tskaltubo Health Resort, and were below 200 Bq m™ elsewhere.
Thoron/radon activity ratios ranged from 0.03 to 0.17 in the caves and were in the range of 0.09—0.90
at other places, the highest value found in a monk room in the Vardzia-Cave monastery.

Table 1. Average values of radon (Cy,) and thoron (Cr,) activity concentrations and Cr,/Cy, ratios, as
obtained with continuous measurements in air at selected places (for the Sataplia Cave and

Prometheus Cave, only two results are included)

Place Datein 2012 Cr, in air Crnin Crn/
Bqm™ airBqm~ | Cra

Thilisi, Guest house (1* floor) 24.6.11:26 —25.6.20:26 | 129+54 | 72+55 0.56

Thilisi, Tunnel 26.6.11:42-27.6.11:42 | 115+£20 |28.7+16.5| 0.25

Thilisi, Turkish bath (ground floor) 27.6.12:55-28.6.16:55 | 10.0£5.5 6.6+4.6 0.66

Thilisi, Institute of Geophysics 29.6. 14:55 - 2.7. 14:55 101 £17 | 13.4+10.1 | 0.13

(basement)

Thilisi, Private house (basement) 2.7.17:53 -4.7.10:53 190+24 | 17.3+11.8 | 0.09

Vardzia, Cave monastery 7.7.19:34 - 8.7. 10:34 168 +25 151 +36 0.90

(monk room)

Vardzia, Cave monastery 8.7.19:33 -9.7. 8:33 83 +24 193+12.7 | 0.23

(cave, at water reservoir)

Tskaltubo, Hotel Imereti 12.7.00:01 — 12.7. 9:01 34+ 10 6.3+6.0 0.19

(guest room, 1* floor)

Tskaltubo Health Resort 12.7.11:39-12.7.12:29 | 1110+ 115 | 681 £475 | 0.08

(room with swimming pool)

Satalpia Cave (at the end of left 10.7.2012 15:13 1995 +£279 | 347+239 | 0.17

branch)

Satalpia Cave (at Stony Heart) 10.7.2012 15:43 3094 £340 | 127+ 88 0.04

Prometheus Cave (Pass) 11.7.2012 16:40 1472 £ 236 55+38 0.04

Prometheus Cave (at Iberia) 11.7.2012 17:20 1297 £220 | 144 + 88 0.11

Figure 1 presents diurnal variation of radon and thoron activity concentrations in the basement of the
Institute of Geophysics (Figure 1a) and in the basement of a private house (Figure 1b). While at the
institute both concentrations were highest overnight and lowest at noon, as expected, this pattern was
not observed at other places, including also the tunnel. Because the source and behaviour of radon and
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thoron are different, a good correlation between radon and thoron levels can hardly be expected, thus
resulting in a wide range of Cr,/Cr,. Our range of Cr,/Cr, is narrower than 0.93-2.0 observed in
Serbia [12], or 0.05—7 in Hungary [4], [5] or 0.6—6 in Japan [7].
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Figure 1. Diurnal variations of radon and thoron activity concentrations in the basement at: a) the
Institute of Geophysics and b) in a private house

From average values in Table 1 only, it is not evident that at some places and during some periods of
time, thoron level exceeded that of radon. An example is shown in Figure 2 for the monk room in the
Vardzia-Cave monastery.
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Figure 2. Diurnal variations of radon and thoron activity concentrations in a monk room in Cave
monastery

In both caves, radon levels are higher than at other places surveyed, as expected for the caves [9], and
are also considerably higher than those of thoron. The tunnel, though underground, is obviously well
ventilated and consequently radon levels low (Table 1).

4. Conclusion

According to these preliminary results, Georgia may be considered as a country with moderate thoron
levels. Therefore, thoron will not be ignored in our future radon investigations and its contribution to
the dose will be considered.
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