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Abstract. Within the framework of the SRNSFG FN-19-22022 project “ 222Rn Mapping and Radon Risk Assessment in
Georgia,” fieldwork was carried out to quantify 22Rn distribution in water and soil gas and to identify geological fac-
tors influencing 2?Rn concentrations in selected areas of Georgia. In Shida Kartli region, on-site 222Rn measurements
were performed at 78 soil gas sampling points and 90 water sources (63 springs, 27 boreholes) using the AlphaGUARD
PQ2000 PRO (Saphymo GmbH) radon monitor. Measured ?22Rn concentrations ranged from 0.08 to 51.76 Bg/L in wa-
ter and up to 46.6 kBg-m = in soil gas. Basic statistical analysis and visualization revealed that most water and soil gas
values fall in the low to moderate range, with occasional localized high values. All observation sites were georefer-
enced using GPS. The data were digitized and integrated into a GISto illustrate 22Rn distribution in water and soil gas
across Shida Kartli.

The works [8-11] present the results of our early studies of 222Rn content in soil gas and water in various regions of the
country.
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Introduction

Radon (***Rn) is a naturally occurring radioactive gas produced by the decay of uranium (***U) in soils
and rocks. Its presence in groundwater and soil gas poses environmental and public health concerns, parti-
cularly in areas with elevated uranium or thorium content. Mapping **?Rn concentrations in both water and
soil gas provides a basis for understanding local geological influences, hydrogeological pathways, and poten-
tial exposure risks.

Shida Kartli, located in central Georgia, features a complex geological setting comprising sedimentary,
volcanic, and carbonate formations. Previous studies indicate that radon concentrations in both water and soil
gas can vary significantly depending on lithology, structural features, and groundwater flow characteristics.
However, comprehensive regional datasets integrating both media have been lacking, motivating the present
study.

Geological and lithological data of the study area

Shida Kartli is characterized by a diverse geology, including Mesozoic and Cenozoic sedimentary se-
quences, volcanic deposits, and carbonate formations. Major lithologies include clay, siltstone, sand, lime-
stone, and basaltic volcanics [1]. Structural features such as faults and fractures enhance groundwater circu-
lation and can serve as preferential pathways for radon migration. This geological heterogeneity underlies the
variability in measured ’Rn concentrations across the region [2].

Measurement Methodology
Water

222Rn in water sources was monitored at 90 points, including 63 springs and 27 boreholes, using the Al-
phaGUARD monitor and the AquaKIT [3-4] consisting of the AlphaGUARD monitor, degassing vessel, se-
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curity vessel, and AlphaPUMP [5] (Fig. 1a). The components were connected in a closed circuit, and *’Rn
concentration was measured according to the manufacturer’s protocol [4]. ’Rn concentrations were calcu-
lated using established equations accounting for air-water partitioning and decay corrections.

a) b)

Fig. 1. Schematic views of AquaKIT, a) and soil gas, b) measurement set-ups

Soil Gas

222Rn concentrations in soil gas were measured at 78 sampling points in the vicinity of water sources and
additional locations to achieve dense spatial coverage. Measurements were conducted using the Al-
phaGUARD monitor coupled with a soil gas probe and the AlphaPUMP in a closed circuit, following the
standard procedure [6] (Fig. 1b). The probe was inserted to a depth of 0.7—1.0 m, and radon concentrations
were recorded after a 10-minute waiting period to allow for thoron decay. The mean values indicated on the
monitor were taken as the final concentrations.

All observation sites were georeferenced, and results were analyzed to examine spatial patterns in rela-
tion to lithology and hydrogeology.

Data Calculation and Results

A total of 168 observation sites in the Shida Kartli region were georeferenced using GPS.

Fig. 2. Location of water and soil gas sampling points on the geological map [7]

Radon in Water

The **’Rn activity concentration in the water samples was calculated using equation (1), accounting for
radon transferred from water to air within the measurement setup and the fraction remaining in the aqueous
phase [4]. Measurements were generally performed immediately after sampling; in cases of delayed meas-
urement, decay correction was applied according to equation (2).
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The **’Rn activity in water was calculated using:

V.S‘ystem - VSample

CAirx< +k)—co

VSample
1000

Where: ¢ Water — “2Rn concentration in water sample [Bg/L], ¢_Air — “?Rn concentration [Bq/m3] in the air
of the circuit, ¢ 0 — **’Rn concentration before sampling (zero level) [Bq/m3], V_System — interior volume of
the circuit [in our case 1.102 L], V_Sample — volume of the water sample [in our case 0.1 L], k — ***Rn
distribution coefficient [0.26, since the measurements were performed in the temperature range 10-30 °C].

If there was a delay between sampling and measurement, decay correction was applied:

€y

Cwater =

Co=Cxel2 At )
ti/2
Where Cy is the value at the moment of sampling, C is the measured value, t2 is the half-life of *’Rn, Aand t
is the time delay between sampling and measurement.

Basic statistical analysis for the sampled water points is presented in Table 1. Arithmetic mean (AM)
22Rn concentrations were higher in springs (12.79 Bq/L) than in boreholes (9.05 Bg/L). Concentrations
ranged from 1.24 to 51.76 Bg/L in springs and from 0.08 to 25.62 Bg/L in wells. These values are consistent
with ranges obtained in previous studies in Georgia [8-11].

Table 1. Basic statistical analysis for the sampled water points

222Rn concentration / Bq/L
Type No. points Min Max Median AM ASD GM GSD
Spring 63 1.24 51.76 9.97 12.79 10.47 9.62 2.19
Borehole | 27 0.08 25.62 5.38 9.05 8.50 4.39 4.75

Most measured ’Rn concentrations in water are in the low to moderate range, with the majority of
springs and wells exhibiting values below 15 Bg/L. Approximately half of the springs show concentrations
between 1 and 6 Bq/L, while about 30% fall in the 6-15 Bq/L range. A few points exhibit elevated values,
with one spring reaching 51.76 Bg/L and one well at 25.62 Bg/L. The cumulative frequency distribution ap-
proximates a log-normal pattern, with a long tail caused by these high values. One of the main factors con-
tributing to this variation is the presence of locally elevated radon, likely controlled by specific lithological
features and uranium/thorium-bearing formations along groundwater flow paths. Although the dataset is lim-
ited for detailed statistical analysis, it provides valuable insights into the spatial distribution of *’Rn and the
underlying hydrogeological processes in the Shida Kartli region, highlighting areas where localized geologi-
cal or hydrogeological conditions can lead to elevated radon concentrations in certain springs and wells.

Radon in Soil Gas

Measured soil gas *’Rn concentrations ranged from 0 to 47 kBq-m™, with an arithmetic mean (AM) of 9
kBq-m™ and a geometric mean (GM) of 5 kBq-m™. The standard deviation (ASD) is 8 kBq-m™, with a geo-
metric standard deviation (GSD) of 3.5 and a log-standard deviation of 0.5. The median value is 7 kBq-m™.
These values show substantial spatial variability, reflecting heterogeneity in lithology, soil properties, and
shallow hydrogeological conditions. Although localized anomalies were observed, the dataset provides a re-
liable overview of *’Rn distribution in the shallow subsurface. This information is critical for identifying
radon-prone areas and supports integration with GIS-based spatial analysis of radon risk in Shida Kartli.

Table 2. Basic statistics of ??Rn concentration in soil gas in volcanic rocks, Shida Kartli

222Rn concentration / kBq m

No

Min

Max

Median

AM

ASD

GM

GSD

78

0.09

46.60

7.40

8.79

8.43

5.12

3.49
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a. b.

Fig. 3. a) Frequency distribution of 222Rn concentrations in soil gas in the Shida Kartli region;
b) cumulative frequency in percent.

Most measured soil gas 2*?Rn concentrations (28 values) fall within the 1-6 kBq-m™ range, while a sin-
gle measurement is observed in the 21-51 kBq-m™ range, representing a localized anomaly. The cumulative
frequency distribution closely follows a log-normal pattern, with a minor deviation observed in the 9-13
kBq-m™ range. This distribution indicates that, although most sites exhibit low to moderate radon levels,
occasional high values reflect local heterogeneities in subsurface radon sources and migration pathways.

Conclusion

This study provides the first integrated assessment of ?Rn concentrations in water and soil gas in Shida
Kartli, Georgia. Water measurements revealed generally low to moderate radon levels, with isolated high
values in some springs (up to 51.76 Bq/L) and wells (up to 25.62 Bq/L). Soil gas measurements showed a
wider range (0—47 kBq-m™), reflecting local variations in lithology, soil properties, and shallow hydrogeo-
logical pathways.

Although most concentrations are below guideline limits, localized anomalies highlight areas where
radon migration is enhanced by geological or hydrogeological features. These findings provide valuable
insight into radon distribution, supporting targeted monitoring and risk management strategies in the region.

Acknowledgements. The paper is a part of the research done within the SRNSFG FN-19-22022 project
“222Rn mapping and **’Rn risk assessment in Georgia”. As recipients of the Research State Grant, the authors
thank the Shota Rustaveli National Science Foundation of Georgia.

References

1. Adamia S., Akhvlediani K. T., Kilasonia V. M., M. Nairn A. E., Papava D., Patton D. K., GEOLOGY OF THE
REPUBLIC OF GEORGIA: A REVIEW. // International Geology Review, 34(5), 1992, pp. 447-476.
https://doi.org/10.1080/00206819209465614

2. Evans J.P., Forster C.B., Goddard J.V., Permeability of fault-related rocks, and implications for hydraulic structure
of fault zones. // Journal of Structural Geology, 19, 1997, pp. 1393—-1404.

3.  AlphaGUARD PQ2000 PRO Portable Radon Monitor, Saphymo GmbH, Frankfurt / Main — Germany; User Man-
ual 08/2012

4. AlphaKIT Accessory for Radon in water measurement in combination with the Radon monitor AlphaGUARD.
User Manual, Genitron Instruments, Frankfurt/Main, Germany, 09, 1997.

5. AlphaPUMP, Technical Description, User manual, Genitron Instruments Germany, 2001.

6. AlphaGUARD Soil Gas Measurements. Short instructions for the use of the Soil Gas Probe in combination with
the Radon monitor, User Manual, Genitron Instruments, Frankfurt/Main, Germany, 2001.

7. Gudjabidze G.E., Gamkrelidze I.P. Geological map of Georgia, 2003, 1: 500 000.

8. Kapanadze N., Melikadze G., Vaupoti¢ J., Tchankvetadze A., Todadze M., Jimsheladze T., Chikviladze E., Gog-
ichaishvili Sh., Chelidze L., Radon-222 concentration levels in soil and water in different regions of Georgia — Ra-
don mapping, // RAD Conf. Proc., vol. 6, 2022, pp. 60—64.

81



10.

11.

82

Kapanadze N., Melikadze G., Tchankvetadze A., Todadze M., Jimsheladze T., Gogichaishvili Sh., Chikviladze E.,
Chelidze L., Vaupoti¢ J., Radon in soil gas in crystalline shales and volcanic grounds in selected regions of Geor-
gia // 16th International workshop GARM — Geological aspects of Radon risk mapping; September 19th — 21st,
2023, Prague, Czech Republic.

Vaupoti¢ J., Bezek M., Kapanadze N., Melikadze G., Makharadze T., Machaidze Z., Todadze M. Radon and tho-
ron measurements in West Georgia, Journal of Georgian Geophysical Society. / Physics of Solid Earth, Issue (A),
15a,2011-2012, pp. 128-137.

Amiranashvili A., Chelidze T., Melikadze G., Trekov 1., Todadze M., Chankvetadze A., Chelidze L., Preliminary
results of the analysis of Radon content in the soil and water in different regions of west Georgia. // Institute of
Geophysics, ISSN 1512-1135, vol. 60, Thbilisi, 2008c, pp. 213218 (in Russian).



