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ABSTRACT

Within the framework of the SRNSFG FN-19-22022 project “***Rn mapping and Radon risk assessment in
Georgia”, the authors carried out fieldwork to quantify the *?Rn distribution in water and soil gas as well
as to ascertain geological factors influencing the *2Rn concentration levels in some geographical areas of
Georgia. On-site ?Rn concentration has been measured in soil gas (68 sampling points) and in various water
sources (boreholes and springs, 75 water points, 66- springs, 9 boreholes) using AlphaGUARD PQ2000 PRO
(Saphymo GmbH) Radon monitor. The ??Rn concentration ranged from 0.12 to 73 Bg/L in water and up to
36.9 Bqm~in soil gas. All observation sites were marked by GPS position. The data underwent basic statistical
analysis and were visualized using various plots. Subsequently, the field data were digitized and integrated
into a GIS system, which highlighted the ??Rn distribution in water and soil gas on the territory of Kvemo
Kartli.
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Introduction

Following the aims and tasks of the SRNSFG FN-19-22022 project “Radon mapping and Radon risk
assessment in Georgia”, during 2020-2022, the authors carried out fieldwork in order to quantify the ?2Rn
distribution, ascertain geological factors influencing the 22Rn concentrations in indoor air, water and soil gas
in different geographical areas of Georgia. With the project Georgia joined the countries that carry out
systematic Radon (??2Rn) surveys in indoor air, soil gas and water. In Georgia, 2Rn mapping in soil gas has
included ten regions. 2?Rn concentrations obtained in the Kvemo Kartli region are presented and discussed
in this paper. Of 143 locations, In soil gas, ??Rn concentration was measured in 68 locations and in water in
75 locations with AlphaGUARD monitor. For all observation sites, the geochemical properties have been
characterised, and their coordinates in GPS recorded.

The works [10-11, 13-14] present the results of our early studies of ?2Rn content in soil gas and water
in various regions of the country.

Geological and lithological data of the study area

Kvemo Kartli, located in the southeastern part of Georgia, is a region distinguished by its diverse
geology and lithology, shaped by tectonic, volcanic, and sedimentary processes. Situated within the tectonic
framework of the Lesser Caucasus, the region exhibits complex geological characteristics [1-2].

The area is dominated by volcanic rocks, including basalts, andesites, and tuffs, which are remnants
of ancient volcanic activity. Intrusive rocks such as granites and diorites are also present, formed through deep-
seated magmatic processes. These rocks frequently contain elevated levels of uranium and thorium, whose
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radioactive decay produces ?2?Rn gas. As a result, areas with volcanic and intrusive rocks are potential 222Rn
hotspots.

Sedimentary formations in Kvemo Kartli include limestones, sandstones, shales, and marls. These
rocks typically exhibit lower uranium content than igneous rocks, which reduces their 222Rn -emission
potential. The region also features conglomerates, indicative of high-energy river activity during their
deposition. Additionally, river valleys and plains in Kvemo Kartli are dominated by quaternary alluvial and
fluvial deposits, consisting of clays, silts, sands, and gravels, reflecting dynamic sedimentary processes.

Soils derived from ?22Rn -rich parent rocks, such as volcanic or granitic materials, may contribute to higher
222Rn emissions. Loose and porous soils, such as those from alluvial and fluvial deposits, can facilitate the
upward migration of 222Rn to the surface.

Kvemo Kartli's tectonic setting includes active faults and fractures, which serve as conduits for 222Rn
gas. Areas near fault lines often exhibit elevated 222Rn concentrations due to the migration of gas from deeper
geological layers. Groundwater flow in aquifers can either trap 222Rn or transport it to the surface. Volcanic
rock aquifers may have higher 222Rn levels due to dissolved ??2Rn in groundwater [3-4].

Homes and buildings located in 222Rn -prone areas, particularly those with poor ventilation and direct contact
with the ground, are at risk of experiencing elevated indoor 22Rn concentrations.

Measurement methodology
Measurements in Water

The field study was carried out by the mobile groups of researchers using an AlphaGUARD PQ 2000
PRO (hereafter “AlphaGUARD monitor”) portable ?2Rn monitor based on the measurement principle of the
pulse ionization chamber [2]. The instrument measures ?2Rn concentrations in air, soil gas as well as in water.
For water samples, the AquaKIT was used [3], consisting of the following components: AlphaGUARD
monitor, degassing vessel, security vessel and AlphaPUMP [4] (Fig. 1). The components were connected in a
closed circuit, and ??Rn concentration was measured according to the manual’s protocol [5-7]. First, the water
sample was collected from the source in a plastic bottle, which was filled entirely and closed tightly in order
to avoid #22Rn escape from the sample. Second, the water sample was injected into the degassing vessel. The
AlphaPUMP was turned on for 10 minutes with a flow rate of 0.3 L/min for degassing ?2Rn from water to air.
After turning it off, the AlphaGUARD monitor remained on for 20 minutes to carry out the measurements. As
a final value for determining ??Rn concentration in the sample, the indicated mean value in Bg/m3 on the
monitor screen was taken.

Degassing
vessel

Security
vessel

AlphaGUARD

AlphaPUMP
PQ2000 PRO

Fig. 1. AquaKIT measurement set-up [6].

The ?22Rn activity concentration in the water sample was calculated by equation (1), which considers
the 222Rn quantity diluted by the air within the measurement set-up as well as remains diluted in the watery
phase [8]:
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where:

c_Water = 222Rn concentration in water sample [Bg/L],

¢_Air = 222Rn concentration [Bg/m3] in the air of the circuit,

¢_0 =222Rn concentration before sampling (zero level) [Bg/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 = 222Rn distribution coefficient [0.26, since the measurements were performed in the temperature range 10-
30 °C].

As a rule, the measurements followed the sampling with minimum delay. In case of delayed
measurement, equation (2) was applied:

In2
Co=Cxe— At (2)
t1/2

where, C_0 is the value at the moment of sampling, C is the measured value, t_(1/2) is a half-life of Czech
Geological Survey. Praha, Rn, At is the time delay between sampling and measurement.

Measurements in Soil gas

The 222Rn concentration measurements in soil gas were performed in the vicinity of every sampled
water source and in the additional points without water sources to obtain dense coverage of the area. For the
measurement, the soil gas exterior probe (STITZ-by Geophysik GCD Leipzig) was used. The closed circuit
was set as follows: soil gas probe, AlphaPUMP, AlphaGUARD monitor and ?2Rn progeny filter (Fig. 2a),
following the user manual [8]. The soil gas probe, locked at the rivet at the tip, was hammered into the ground
approximately to the depth of 0.7-1.0 m. The AlphaGUARD monitor and AlphaPUMP were set to flow mode
with a 1 min cycle and flow rate of 1 L/min, respectively. The quantity of gas and the filling time of the
ionization chamber were assessed with the 1-litre balloon attached to the air outlet nozzle of the AlphaGUARD
monitor (Fig. 2b). Only the soil gas samples, with an extraction duration of less than 3 min, were measured.
After completing the waiting time of 10 minutes for the decaying of the thoron, the measurement process
continued for 20 min. As a final result, the mean value of the #2Rn concentration indicated on the monitor
screen in Bg/m3 was considered.
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Fig. 2. a) Schematic view of soil gas measurement setup [8]; b) Measurement by AlphaGUARD,
AlphaPUMP and 1-L balloon attached to the air outlet nozzle of the AlphaGUARD

b)

The ?22Rn survey was conducted during favorable environmental conditions, and the days with snow
cover and precipitation were avoided.
All observation sites were marked by GPS position. Results of analyses on 222Rn concentration were

marked on topographic and geological maps. In order to figure out the connection of ?2Rn anomalies to
geological and hydro-geological structures, the field data were digitized and transferred into the GIS system.

Data calculation and results

All 143 observation sites were marked by GPS position. Results of analyses on 222Rn concentration
were marked on topographic and geological maps. In order to figure out the connection of 222Rn anomalies
to geological and hydro-geological structures, the field data were digitized and transferred into the GIS system
for further analysis (Fig. 3).
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Fig. 3. Location of sampled water and soil gas points on (a) a topographic map and (b) a geological map [9]
of the Shida Kartli area.

Measured #22Rn concentrations in water and soil gas are provided in Table 1.

Table 1. 222Rn concentration values of samples water and soil gas points, Kvemo Kartli.

Water _ _ Rn(w)
N point Water, Soil gas Name of location Rn(G) kBg/m3
Type Bag/L

Bdl Rn_WI/S Ratevani 8.95 6.53
Bd2 mineral Rn_WI/S Rachisubani 0.81 9.49
Bd3 well Rn_WI/S Samtredo 0.37 20.6
Bd4 spring Rn_WI/S Savaneti 15.57 121
Bd5 spring Rn_WI/S Talavari 6.95 8.72
Bd6 Rn_WI/S Akaurta 7.01 13.2
Bd8 spring Rn_WI/S MuSevani 33.76 23.9
Bd9 spring Rn_W/S Kvemo KveSi 15.10 9

Bd10 spring Rn_WI/S Tandzia 20.51 11.8
Bd11l spring Rn_WI/S Bertakari 5.30 16.2
Bd12 spring Rn_WI/S Tsipori 12.01 3.1

Bd13 spring Rn_WI/S Darbazi 20.20 5.83
Bd14 spring Rn_WI/S Darbazi 2 0.47 22.1
Bd15 spring Rn_WI/S Balicha 15.26 14.7
Bd18 Rn_S Kazreti 14.3
Bd19 spring Rn_WI/S Didi Dmanisi 42.60 0.276
Bd20 spring Rn_W/S Boslebi 34.54 27.1
Bd21 well Rn_WI/S Gantiadi 2.24 6.02
Bd22 Rn_S lakublo 7.71
Bd24 spring Rn_WI/S Karabulakhi 9.29 7.52
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Bd28 spring Rn_WI/S Dagarakhlo 9.98 12.8
Bd29 spring Rn_W/S Dagarakhlo 2 1.09 2.05
Bd30 spring Rn_WI/S Saja 18.70 121
Bd32 spring Rn_WI/S Kvemo Karabulakhi 8.71 19.7
Bd35 spring Rn_WI/S Kizilgilisa 28.90 19.3
Bd36 Rn_WI/S Ormasheni 17.76 15.2
Tcl spring Rn_WI/S Koda 8.48 3.53
Tc2 spring Rn_WI/S Goubani 13.19 27.1
Tc3 spring Rn_WI/S Borbalo 9.48 7.46
Tcd spring Rn_W/S Vashlovani 14.74 5.76
Tch well Rn_WI/S AsureTi 8.38 22.3
Tc6 Rn_S EnageTi 22
Tc7 spring Rn_WI/S Ardisubani 1.56 2.28
Tc8 spring Rn_WI/S Sagrasheni 14.63 8.86
Tcl0 Rn_S TeTritskaro 10.8
TC11 Spring Rn W/S Arjevani 0.15 3.86
TC12 spring Rn W/S Cholmani 21.52 4.43
TC13 RnW/S Livadi 5.27 6.3
TC15 spring Rn W/S Tijisi 4.48 1.8
TC16 spring Rn W/S Sabechisi 6.60 1.87
TC17 RnS Tsalka 1.95
TC18 spring Rn W/S Akhalsofeli 3.19 32
TC19 RnS Sapudzvrebi 29.5
TC20 spring Rn W/S Algeti 13.19 11.2
TC21 spring Rn W/S Chinchriani 1.78 10.8
TC23 spring Rn W/S Shekhvetila 0.56 18.4
TC24 spring Rn W/S Manglisi 51.35 15.6
TC26 spring Rn W/S Didi Toneti 0.80 14.1
TC27 spring Rn W/S Mokhisi 10.71 1.23
Tc28 spring Rn W/S Tskluleti 0.95 541
TC30 spring Rn W/S Vanati 4.64 4.59
TC31 spring Rn W/S Shamta 8.30 111
Tc32 spring Rn W/S Orbeti 2.94 6.45
MAO1 | spring Rn W/S Sadakhlo 0.68 2.3
MAOQ2 spring Rn W/S Chamchakhi 0.21 1.72
MAO3 spring Rn W/S At Armenian border 0.12 34
MAO4 spring Rn W/S Khojorni 33.13 20.5
MAOQ5 spring Rn W/S Tsopi 24.07 13.4
MAO6 spring Rn W/S Tseraqvi 3.36 10.7
MAOQ7 spring Rn W/S Jankhoshi 8.39 30.1
GAO1 well Rn W/S Vakhtangisi 1.16 11.6
GA02 soil RnS Jandara 4.01
GAO05 soil RnS Gardabani 1.76
GA06 soil Rn S Gardabani 2 21.6
GAO07 spring Rn W/S Akhali Rustavi 12.87 5.29
GAO08 spring Rn W/S Kumisi 4.68 36.9
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222Rn in Water

In the Kvemo Kartli Region, ?2Rn in water sources was monitored at 75 points (66 spring and 9
borehole) in the period of May-October 2022 using the AlphaGUARD monitor and the AquaKIT, consisting
of the following components: AlphaGUARD monitor, degassing vessel, security vessel and AlphaPUMP [7]
(Fig. 1). The components were connected in a closed circuit, and ?2Rn concentration was measured according
to the manual’s protocol [6].

The #22Rn activity concentration in the water sample was calculated by equation (1), which considers
the 222Rn quantity diluted by the air within the measurement set-up as well as remains diluted in the watery
phase [6]. As a rule, the measurements followed the sampling with minimum delay. In case of delayed
measurement, equation (2) was applied.

Although the dataset for our ?22Rn concentration data in water is limited, the basic statistical analysis
for the sampled points is presented in the table 2. As noticed, arithmetic mean (AM) and geometric mean (GM)
222Rn concentrations are lower in boreholes than in natural springs. 22Rn concentration for all water points
ranges from 0.12 to 73.50 kBg m-® with AM of 12.43 kBq m™, The values are in the ranges obtained in our
previous study [10]. One of the main factors contributing to the variation in 222Rn concentrations is the
influence of anomalously high values, which are caused by specific lithological features and the presence of
local radioactive elements along the flow path from recharge to discharge areas. In our case, the ?2Rn levels
are indicative of the geological characteristics of the water sampling sites. Although ?22Rn concentration values
in water are generally not ideal for detailed statistical analysis, they still offer valuable insights into the
underlying geological and hydrogeological processes.

Table 2. Basic statistics of 22Rn concentration in water, Kvemo Kartli

222Rn concentration / Bg/L
Type No. Min Max Median AM ASD GM GSD
points
All 75 0.12 73.50 8.71 12.43 13.40 6.04 4.36
Spring 66 0.12 73.50 9.38 12.86 13.44 6.60 4.18
Borehole 9 0.37 32.72 2.24 9.24 13.40 3.15 4.58

Type: Type of water point; No: number of measuring points; AM: arithmetic mean; ASD: arithmetic standard
deviation; GM: geometric mean; GSD: geometric standard deviation; Min: minimum; Max: maximum.

For better visualization of ?2Rn concentrations, the values were represented using box plot graphs
(Fig. 4). These graphs reveal that natural springs exhibit higher 222Rn concentrations compared to boreholes.
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Fig. 4. The distribution of ?22Rn concentrations in sampled springs and boreholes is illustrated in two ways:
a) Including "outliers" to show the full range of variability. b) Excluding "outliers" to highlight the central
trend and reduce the influence of extreme values.

222Rn in soil gas

In the Kvemo Kartli Region, 222Rn in soil gas was monitored at 68 points in the period of May-October
2022 in the vicinity of every sampled water source and in the additional points without water sources to obtain
dense coverage of the area, using the AlphaGUARD monitor [2]. The closed gas cycle was set as follows:
probe-AlphaPUMP-AlphaGUARD, including ??Rn progeny filter and water break in accordance with the
user manual [5; 7-8]. The soil gas probe, locked at the rivet at the tip, was hammered into the ground to
approximately a depth of 0.7-1.0 m. The AlphaGUARD and AlphaPUMP were set to flow mode at 1 min
(cycle =1 min F) and 1 L min, respectively. The volume of gas and the filling time of the ionization chamber
were assessed with the 1-L balloon attached to the air outlet nozzle of the AlphaGUARD. Only the soil gas
samples with an extraction duration of less than 3 min were measured. After a waiting time of 10 minutes, for
short-lived radionuclides (thoron) to decay, the activity was measured for 20 min, and the mean value read
was taken as the representative >?Rn concentration. The measuring setup is shown in Fig. 2.

In general, the data on 222Rn concentration in soil gas is not rich because the measurements are more
demanding and complex than those in water and especially in indoor air [12].

Although the database of our 222Rn concentration in soil gas is modest, the summary statistic of 222Rn
concentration in soil gas is given in Table 3. As noticed, arithmetic mean (AM) and geometric mean (GM)
222Rn concentrations are lower than it is expected in volcanic rocks. 22Rn concentration ranges from 0.28 to
36.90 kBg/m?® with AM of 13.49 kBq /m3, The values are in the ranges obtained in the previous study [7; 9-
10]. One of the main factors which may cause the difference is soil permeability. Although volcanic rocks may
have high porosity due to the presence of vesicles, their permeability is often constrained by a lack of
connectivity among them [15-16].

Table 3. Basic statistics of 222Rn concentration in soil gas in volcanic rocks, Kvemo Kartli

222Rn concentration, kBg-m

No Min Max Median AM ASD GM GSD
68 0.28 36.90 11.15 13.49 11.02 8.65 2.91
No: number of measuring points; AM: arithmetic mean; ASD: arithmetic standard deviation; GM: geometric
mean; GSD: geometric standard deviation; Min: minimum; Max: maximum
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Frequency distribution of 222Rn concentration in soil gas, Kvemo Kartli
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Fig. 5. Frequency distribution of 222Rn concentration in soil gas, Kvemo Kartli.

Data, presented on the histogram plot (Fig. 5), show that the most of the measured concentrations, 19
values are 1-6 and 14-14 values are in the range of 6-11 and 16-21 kbg-m=,

Fig. 6 shows a cumulative frequency of 22Rn concentrations.

Cumulative frequency of 22Rn concentration in soil gas, Kvemo
Kartli

120.00%
100.00% 0000000000
80.00% 0".””
60.00%
40.00% ®

20.00% o®

Cummulative frequency %
°
°

0.00% -@
0 5 10 15 20 25 30 35 40

Rn kBg-m-3

Fig. 6. Cumulative frequency of 222Rn concentration

As seen from the figure, the values roughly fit a lognormal distribution. The values could be
distinguished into 4 groups. The first group, in the region of >12 kBg m=3, The 2nd group, in the region of 13-
19 kBg-m3, the third, in the region of 20-27 kBg-m=and the 4" group 28-37 kBg-m=. Due to the wide range
of permeability in volcanic and sedimentary rocks, such a result is expected [15-17], reflecting the area’s
geological structure.

Conclusion

From 143 %?Rn measurements carried out and water points within the project ?22Rn mapping and ***Rn
risk assessment in Georgia, in Kvemo Kartli region, 68 were in soil gas and 75 in water point. The arithmetic
means of 13.49 + 11.02 kBg-m~2 was obtained for 22Rn concentration in soil gas and 12.43 + 13.40 Bg/L, in
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water (for springs 12.86 + 13.44 Bg/L and for boreholes 9.24 + 13.40 Bg/L). The values in soil gas roughly fit
a lognormal distribution. The values could be distinguished into 4 groups. The first group, in the region of >12
kBg m3, The 2nd group, in the region of 13-19 kBq m=, the third, in the region of 20-27 kBq m=and the 4™
group 28-37 kBg-m=. The dataset for 22Rn concentrations in water and soil gas is limited and provides only a
general overview of Rn levels in the region. Therefore, further exploration of this area is recommended.
Analyzing the existing 22Rn data in water and soil gas, along with indoor air measurements and an evaluation
of site characteristics and geochemical data, will enable a more comprehensive assessment of 222Rn risk to
the population.
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650Mbol 3mb396GHMo30s IgMYgmds 0,12-00sb 73 Bq/L {goedo s 36,9 Bq-m3-d9 boosgol so6do.
g39ws Losd3300390wM 5EPO0Wwo dmbodbmwo ogm GPS 3mbogoom. 9mbszgdgdo ©sdw)dsgzs
LodsBoLM  BEIGOLGHOZMOO  bsEroBom s FoMImagbowo 0dbs  Lbgoabbgs  gMs9303900L
09939mdom. 999™ddo, 4399m JsMmol GH9MHoEHMM0sbg Fyowls s boswagol asHdo Mombols
39650 gdol 30BMeoB300LsM30L Jmbs b3y dMbo3zgdgdol 530B3MS s 0bEYAMOMYds GIS
LobGgdsdo.

1553356dm LoByzgdo: Rn-ob 5393399, 5050l 060, fysewo, GIS, J3gdm Jo®mnwo, bodsGmzgerm.

YpoBHH KOHIeHTpanuu *Rn B nouse u Boje B pernone Kpemo
Kaptuu, Ipy3us - kaprupoBanue “*’Rn

H. Kanananze, I'. Meaukanse, A. HankBeranse, T. [kummenanse, 3. Marpanse,
1. IN'ormyanmBuan, M. Toaanze, E. UnkBuaanse, JI. Yeaunnaze

Pe3rome

B pamkax npoekta SRNSFG FN-19-22022 «Kapruposanue 2’Rn 1 olleHKa pucKa pajgoHa B ['py3um» aBTopbl
IPOBENH TOJIEBBIE PAbOTHI MO KOJIMYECTBEHHON OILEHKE pactpeseseHus 2°Rn B BOjie ¥ MOYBEHHOM rase, a
TAaKKe M0 YCTAHOBJEHHMIO IEOJOTMYECKHX (DAKTOPOB, BIMSIOIIMX HAa YPOBHM KOHIEHTpanuu 2°Rn B
HEKOTOPHIX reorpaduueckux paiionax I'pysun. Ha mecte koHneHTpauus 2?Rn Obl1a n3MepeHa B IOYBEHHOM
rase (68 Touek oTOOpa mpod) M B Pa3IMIHBIX UCTOYHUKAX BOJBI (CKBRXMHBI M POTHUKH, 75 BOI03a00pHBIX
TOUEK, 66 POJAHUKOB, 9 CKBaXHH) C MCIOJIB30BaHKEM pajoHoBoro Monutopa AlphaGUARD PQ2000 PRO
(Saphymo GmbH). Konuenrpauus ??Rn Bapsuposanack or 0.12 1o 73 Bx/n B Boge u 10 36.9 bx'm® B
mouBeHHOM Taze. Bce mecra HabOmiogenus Obum oTMedeHbl MectomonokenneM GPS. Jlannbie mpommmu
0a30BBIi CTATHCTUYECKUM aHanu3 © ObLIM BU3yaJM3MPOBAaHBl C MOMOIIBIO PAIIUYHBIX T'PadUKOB.
BriocnencTBum mosieBeie JaHHbIe ObLIM OLU(poBaHbl 1 HHTErpupoBansl B [ IC-cuctemMy, KOTOpas BbISBHIA
pacnpenenenue 22Rn B BoJIe ¥ TIOYBEHHOM rase Ha TeppuTopun KBemo Kaptim.

KuroueBble cjioBa: KapTUpOBaHUE pajiloHa, MOYBEHHBIN ra3, Boaa, [ UC, Ksemo Kaptnu, ['py3us
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