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Abstract

The article is devoted to the evaluation of the dependence between the measured values of the ?Rn and *Rn activity concentration
in soil air and some meteorological parameters (temperature, humidity and pressure of atmospheric air and precipitation) in 3 annual cycles
from 21.1.2003 to 23.6.2005. The graphs show the annual course of the observed variables, and the tables provide a basic statistical
evaluation and overview of the dependences based on linear regression. The results confirmed the main dependence of the “?Rn and “°Rn
content in the pore space of the soil cover on the atmospheric temperature and humidity in the annual cycle. The values of the linear
regression coefficients are not significant due to the time delay of the course of the ??Rn and °Rn activity concentrations in the soil behind
the course of the atmospheric temperature. The time shift is 2 to 3 months. In accordance with literary sources, it documents the existence
of predominantly diffusive transport of soil gases in a quasi-homogeneous geological environment without tectonics.

Abstrakt

Clanok je venovany vyhodnoteniu zavislosti medzi nameranymi hodnotami koncentracie aktivity ’Rn a *°Rn v pédnom vzduchu a
niektorymi meteorologickymi parametrami (teplota, vlhkost' a tlak atmosférického vzduchu a thrn zrazok) v 3 ro¢nych cykloch od
21.1.2003 do 23.6.2005. Prezentovan¢ grafy zndzoriiuji ro¢ny priebeh pozorovanych premennych a tabul’ky poskytuju zakladné Statistické
vyhodnotenie a prehlad zavislosti na zaklade linearnej regresie. Vysledky potvrdili hlavnt zavislost’ obsahu radénu a torénu v pérovom
priestore pddneho krytu od teploty a vlhkosti atmosférického prostredia v roénom cykle. Hodnoty koeficientov linedrnej regresie nie su
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vyznamné z dévodu ¢asoveého oneskorenia priebehu koncentracii aktivity “““Rn a ““Rn v pode za priebehom najma teploty atmosférického
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vzduchu. Casovy posun je 2 az 3 mesiace. V sulade s literdrnymi zdrojmi dokumentuje existenciu prevazne difiizneho transportu pédnych
plynov v kvazihomogénnom geologickom prostredi bez tektoniky.
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seasonal variations
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1. Introduction

Radon (ggRn) is natural colorless, odorless and tasteless inert radioactive gas, one of the heaviest gases in nature. Three isotopes of
radon are common in the natural decay series: 2Rn (radon sensu stricto) originates in the ?*®U decay series and has a half-life of 3.82 days,
220Rn (thoron) is in the ***Th chain with a half-life of 55.6 s and, *°Rn (actinon) is in the **U series with its half-life of 4.0 s. All are alpha
particle emitters. Actinon “*°Rn, due to its short half-life and the comparative scarcity of its long-lived parent **U, can usually be omitted
from any radiological considerations (Wilkening, 1990). The common isotopes of radon are present in the environment because they are
produced continuously by the decay of longer-lived nuclides found in minerals containing uranium, thorium, or actinium. Once formed in
the Earth’s crust the radon is free to diffuse into soil air or pore-water filling and then by pressure driven flow or further diffusion to the
atmosphere or empty underground spaces and human houses. Soil gas infiltration is recognized as the most important source of residential
radon. Other sources, including building materials and water extracted from wells, are of less importance in most circumstances. Radon is a
major contributor to the ionizing radiation dose received by the general population. Recent studies on indoor radon and lung cancer in
Europe, North America and Asia provide strong evidence that radon causes a substantial number of lung cancers in the general population.
Radon is the second cause of lung cancer after smoking (WHO, 2009).

The chief source of radon in indoor air is from the soil under and around the basement and/or foundation. Soil gas transport to
the interior far exceeds the combined contribution from building materials, drinking water, natural gas, and other sources (Wilkening,
1990). Elevated radon activity concentrations indoors are often associated with particular geological formations; however, the only way to
accurately determine the concentration of radon in a particular building is to measure it inside (IAEA, 2019).

However, another approach to suppose indoor radon level in new buildings is the radon risk assessment of building sites in the
form of the radon index (RI). A building site’s radon index indicates the level of risk of radon release from bedrock and can be expressed
numerically as the radon potential (RP) of a building site, which depends on the soil characteristics and the building’s foundation type.
Determining the radon index (RI) of a building site is based on the assessment of radon (**’Rn) activity concentration in the soil gas and of
the permeability of the underlying soils (Neznal et al., 2004).
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The rate of radon release depends on many factors including radium (Ra) concentration, soil grain size, soil porosity and
permeability, soil moisture content, atmosphere pressure and precipitation conditions. Thanks to meteorological parameters” changes the
soil radon activity concentration shows the short-time variations during a day and the long-time seasonal variations in a year cycle. It seems
that the seasonal variations of soil radon activity concentration depend on climate conditions as some authors report the higher values in
wet cold autumn and winter months, and the lower values in dry warm spring and summer ones (Titov et al., 1985; Matolin & Prokop,
1992; Matolin, 1994; Holy et al., 1995, 1997; Winkler et al., 2001; Mojzes, 2004, 2005, 2007; Mojze$ & Putiska, 2006, 2012; Petersell et
al., 2017; Szab¢ et al., 2013) while the others oppositely (Zmazek et al., 2002; Al-Shereideh et al., 2006; Choubey et al., 2011; Inan et al.,
2012; Kamra, 2015). More complicated seasonal soil radon course could be developed under the conditions of faulty site (Font et al., 2008;
Moreno et al., 2016; Miklyaev et al., 2021), permeable glacial sediments (Sundal et al., 2008), volcanic areas (Cigolini et al., 2009),
groundwater saturated soils (Perrier et al., 2009) especially in hilly regions.

The annual variations of the radon (*’Rn) and thoron (*°Rn) activity concentration in soil air belong to the long-range changes. The
measurements are carried out inside the shallow near-surface layer up to a depth of maximally 1 meter for the purposes of applied
geophysical, geochemical and geological practice. The reason for the long-range radon and thoron variations lies on strong influencing by
intensive changes of meteorological parameters of close atmospheric environment in a year sun cycle. The knowledge of these time
changes character in connection with the information about the geological environment properties is the key to both the right assessment of
the radon and thoron activity concentration values and to the correct interpretation of the results for studied geological situation anytime
during a year cycle.

2. Object of study

The target is to evaluate the results of repeated measurements of the radon and thoron activity concentration in soil air of studied
geological environment within the years 2003 — 2005, to give their statistical assessment and to find out the most important dependencies
between the values of #?Rn, resp. “’Rn activity concentration in soil air and single meteorological parameters (temperature, humidity,
pressure and precipitation).

3. Methods used and area of study

Measurements of “’Rn and #°Rn activity concentration in soil air of 0.8 m depth were carried out manually in a single place once per
week during the period from 21.1.2003 to 23.6.2005 when these measurements were stopped. This kind of weekly, resp. daily data set is
mostly represented by 5 values (quintuplet) acquired by the immediate measurements of soil air samples taken from the same probe in 10 —
13 minutes' intervals. This way, one week’s, resp. one day's measurements were covering an approX. 1.5-hours' long day period and usually
from 8:00 to 10:00 in the morning. Several interruptions of radon and thoron measurements (from 20.3.2003 to 5.6.2003, from 24.6.2003 to
14.8.2003 excluding 16.7.2003, from 19.12.2003 to 12.1.2004 and from 10.8.2004 to 6.9.2004) were caused by personal absence of the
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author for another project works. This is the risk of one-man manual measurement. Even though the lack of 2003 data is considerable, the
attempt of its regular evaluation within the 2003 — 2005 data set overview is undertaken.

The portable radon detector LUK-3R (producer Special Measurement Methods Ltd., Prague, Czech Republic) based on scintillation
Lucas cells detection was used.

All radon and thoron values were taken from one measurement station — a probe installed inside the Faculty of Natural Sciences
(Comenius University in Bratislava) campus (Fig. 1, site Rn). The area lies on the southward oriented slope of the Malé Karpaty Mts. with
easy gradient to the Danube River terrace in the SW part of Bratislava. The basement is built by the mixture of slope loams and sandy-
gravel Quaternary terrace sediments. The uppermost layer where the soil radon and thoron measurements were performed is a
heterogeneous building made-up ground. Its clay particles content is approx. 49 % what means a middle permeable environment to radon
and thoron gas movement (Regulation of Ministry of Environment of Slovak Republic No.1/2000-3).

All meteorological data were provided by close meteorological station managed by the Department of Astronomy, Physics of the
Earth and Meteorology of the Faculty of Mathematics, Physics and Informatics located approx. 300 m away from the radon and thoron
measurement station in the same university campus (Fig. 1, site Meteo). The atmospheric temperature, humidity, pressure and precipitation
data cover the period from 1.1.2003 to 30.6.2005 with hourly frequency.

4. Results of study and discussion

There were 519 measurements carried out for 104 days (104 weeks) in the period from 21.1.2003 to 23.6.2005. Time courses of
measured content of %Rn, resp. *°Rn isotopes in soil air are presented in Figs. 2 and 3 in the bottom part (the ?’Rn, resp. “°Rn activity
concentration in kBq-m™). The polynomial curve (bold line) fitted through measured values underlines the seasonal course of both isotopes'
changes (variations).

For the possibility to compare the time courses of ??Rn and #°Rn activity concentration with their probable reasons there are also
presented the time courses of observed atmospheric air parameters, i.e. temperature, humidity and pressure in Figs. 2 and 3, and also the
precipitation deposit in Fig. 4b,d. Their dependence is well known from former works, e¢.g. Matolin and Prokop, 1992; Holy et al., 1995;
Mojzes, 2004; Mojzes and PutiSka, 2006 and Mojzes, 2007.

Basic statistical characteristics for all studied variables are presented in Table 1.

For completeness the dependence of the ??Rn and ?°Rn activity concentration on single meteorological parameters by the
coefficients of linear correlation is presented in Table 2.
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Fig. 1 Localization of the measurements” stations on
the background of A) Bratislava — Orthophotomap 1:10
000 (VKU & GEODIS SLOVAKIA, 2002) and B)
Regional geological maps of Slovakia 1:50 000 (Polak
et al., 2011) (Explanations: Rn — site of soil air radon
measurements (N 48°08°56.07”, E 17°04°10.07”),
Meteo - site of meteorological measurements;
geological legend: 1 - anthropogeneous deposits:
embankments, waste and mine dumps (subrecent —
recent), 2 — fluvial, lithofacially undivided loams, sandy
loams, loamy sands to gravels of the lower flood-plain
level (Late Holocene), 8 — fluvial, lithofacially
undivided loams, sandy loams, loamy sands to gravels
of valley alluvial plains of rivers and streams, 15 —
deluvial-fluvial outwash (rainwash) loams with gravels,
16 - deluvial-fluvial outwash (rainwash) loams with
rock fragments, 21 — deluvial loams to sandy loams, 24
— deluvial loamy and sandy-loamy gravels and rock
fragments, 31 — eolian silty, subsidiary fine-sandy loams
— loess (Wiirm), 35 — fluvial sandy gravels of lower
middle terraces (Late Riss) with cover of loess (Late
Wiirm), 36 — fluvial sandy gravels of lower middle
terraces (Late Riss), 39 — fluvial sandy gravels and
gravels of the upper middle terraces (Early Riss) with
loess cover (Late Wiirm), 40 — fluvial sandy gravels and
gravels of upper middle terraces (Early Riss), 44 —
fluvial sandy gravels of undivided two levels of upper
terraces (Mindel undivided) with loess cover (Late
Wiirm), 45 — fluvial sandy gravels of undivided two
levels of upper terraces (Mindel undivided)).
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Fig. 2 Time courses of single measured and calculated
variables of ?’Rn (radon)

The **Rn curve (Fig. 2, bottom) presents repeated maxima in autumn and
winter months while minima appear in spring months. The most expressive
maximum (approx. 15 kBq'm™ with single peaks up to 24 kBq'm™) was
measured in October 2004 — January 2005. The second less expressive maximum
(approx. 12 kBq'm™ with single peaks up to 16 kBq'm™) was recorded in
September — October 2003. There is possible to see three minima on the curve:
the first one in January — March 2003 (approx. 9 kBq-m™ with single drops up to
around 4 kBq'm™), the second one in January — April 2004 (approx. 10 kBq-m™
with single drops up to around 4 kBq-m™) and the third one in February — April
2005 (approx. 11 kBq-m™ with single drops up to around 4 kBq-m™). It can be
seen slight increase in average values of both minimum and maximum in time.
The average minimum starts from approx. 9 kBq-m™ in 2003 to 10 kBq-m™ in
2004 and 11 kBq-m™ in 2005. The average maximum starts from 12 kBq-m™ in
2004 to 15 kBq'm™ in 2005. The baseline (mean) drawn in *’Rn, resp. *°Rn
activity concentration graphs in Figs. 2 and 3 at the average annual levels (Table
1: 11.8 kBq-m™ for *?Run, resp. 36.2 kBq-m™ for ?°Rn) divides the fitted course
of both variables into two parts in each year: the periods from November-
January to May-July are usually below the mean baseline level and the periods
from May-July to November-January are usually above the mean baseline level.
It seems that the rainy season which is more or less typical in May — July period
is the beginning of soil radon increase during the year cycle. It could follow from
previously that the ?*’Rn activity concentration in soil air should have the
strongest dependence on measured humidity of atmospheric air. But the values
of coefficients of linear correlation presented in Table 2 are not very significant.
The #*Rn activity concentration shows the most stable positive correlation to
temperature of atmospheric air (from 0.23 to 0.40 in single periods), less stable
negative correlation to humidity of atmospheric air (from -0.05 to -0.27 in single
periods) and variable one to pressure of atmospheric air.
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In the case of °Rn measurement with LUK-3R, the radon detector gives
only estimated value of activity concentration in soil air sample with average
assessment error of about 25 % (Plch, 1994). The ?*Rn course (Fig. 3, bottom)
shows that the values have higher range (Table 1), the curve is more uniform
and forms a wave line more expressive than the ?Rn one. The same intensive
maxima were measured in August — October 2003 and September — November
2004 accompanied by three intensive minima in January — March 2003 and
February — April 2004 and 2005. They correlate very good with ??Rn minima
and maxima, resp. they are slightly preceding in time. It follows from Table 2
that the °Rn activity concentration has the most stable positive correlation to
temperature of atmospheric air (from 0.29 to 0.40 in single periods) which is a
little stronger than in “*’Rn case. Next stable positive correlation is to
atmospheric pressure (from 0.27 to 0.29). No significant correlation exists to the
humidity of atmospheric air.

The strongest correlation for both ?’Rn and #°Rn activity concentration is
the positive dependence on temperature of atmospheric air and it is a little
stronger for *°Rn. At the same time their phase delay behind the curve of
atmospheric air temperature is evident in Fig. 2 and 3 (Mojzes, 2004; Mojzes
and Putiska, 2006; Mojzes, 2007). Polynomial fits of the **’Rn and *°Rn activity
concentration and air temperature courses in Fig. 4a,c allow easily estimation of
time shift approximately between two - three months (Mojzes and Putiska,
2012). The delay is simultaneously the reason for low linear correlation values.

Fig. 3 Time courses of single measured and calculated

variables of ?°Rn (thoron).
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Tab. 1 Basic statistical parameters for all measured variables for whole measured period 21.1.2003 — 23.6.2005 and single years

whole period year 2003
21.1.2003 — 23.6.2005 21.1.-18.12.2003
Rn| Tn T H P |PD|Rn| Tn T H P PD
No. 519 | 519 | 421 | 421 | 421 | 413 | 151 | 151 | 144 | 144 144 | 144
Min 37 | 45 | -122 | 320 | 7281 | 00 | 39 | 45 -84 | 410 | 7300 | 00
Max 236 | 831 | 318 | 1000 | 7613 | 359 | 178 | 772 | 318 | 1000 | 759.8 | 29.4

Range 199 [ 78.6 44.0 68.0 332 | 359|139 | 727 40.2 59.0 29.8 29.4
Mean 118 | 36.2 10.3 744 7451 | 3.2 | 108 | 4038 113 73.1 745.2 3.0

SD 31 | 1538 9.3 15.0 6.0 48 | 25 | 161 | 101 | 154 5.9 43
Var 99 | 2480 | 863 | 2252 | 354 | 234 | 62 | 257.8 | 1014 | 2375 348 | 180
CoV 027 | 044 | 090 | 020 | 001 |150)|023| 039 | 089 | 021 001 | 1.42
year 2004 year 2005
13.1. - 31.12.2004 4.1.-23.6.2005

Rn| Tn T H P PD|Rn| Tn T H P PD
No. 243 | 243 192 192 192 | 184 | 125 | 125 85 85 85 85
Min 3.7 6.6 122 | 320 | 7281 | 0 41 7.3 7.1 40.0 7303 0
Max 226 | 831 | 266 | 970 | 7585 | 359 | 236 | 59.0 | 274 | 97.0 761.3 | 16.2

Range 18.9 76.5 38.8 65.0 304 | 359 | 195 ( 517 345 57.0 31.0 16.2
Mean 12.2 36.2 10.7 75.6 7452 | 3.6 | 124 | 306 7.7 74.2 744.7 2.9

SD 32 | 162 | 88 | 146 | 59 |56 | 34 | 124 | 86 | 151 6.1 3.9
Var 102 | 2637 | 769 | 2139 | 352 | 314|117 | 1527 | 747 | 2287 | 374 | 152
CoV 026 | 045 | 082 | 019 | 001 | 158|028 | 040 | 113 | 0.20 001 | 133
Legend: Rn - activity concentration of ?2Rn in soil air [kBq-m™],

Tn - activity concentration of *°Rn in soil air [kBq-m™],

T - temperature of atmospheric air [°C],

H - humidity of atmospheric air [% r.h.],

P - pressure of atmospheric air [mm Hg],

PD - precipitation deposit [mm],

No. - number of measurements,

SD - standard deviation (o),
Var - variance,
CoV - coefficient of variation (V).
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The detailed view on the #?Rn, resp. *’Rn activity concentration curve (Figs. 2, 3) shows that it consists of a chain of 5-points'
clusters of values measured within a single day (week) which are separated from each other by approx. one week. The clusters of daily
measurements (quintuplets) have different consistence — the points in some quintuplets are near to each other but in another ones, they are
more scattered. For the evaluation of variability of the radon activity concentration inside 104 quintuplets of daily measurements the
coefficient of variation V, was used

Vi=0/9, (1)

whereo — standard deviation, ¢ — mean.

Time course of the coefficient of variation is presented as the second graph from bottom up in Fig. 2 for the ?*’Rn activity
concentration and in Fig. 3 for the ?°Rn activity concentration. Their polynomial fits are presented in Fig. 4b,d together with the
precipitation deposit amount.

Higher importance in evaluation is given to the coefficient of variation of the *Rn activity concentration because these values are
determined with higher reliability. The year course of the coefficient of variation of the Rn activity concentration shows three usually 1 —
2 weeks long periods with higher values. The first period is in June — July 2003, the second one in April/ May 2004 and the third one in
June 2005 (Fig. 4b). The higher variability of daily measurements” values here could be caused exactly as the result of starting rainy season
(higher precipitation).

In the case of time course of the coefficient of variation of the ?°Rn activity concentration (Fig. 3, 2nd graph from bottom) there is
evident negative correlation to “°Rn measured quantity — higher and unstable values of the coefficient of variation are connected with low
?Rn content in soil air but lower and more balanced ones are in periods with sufficient “’Rn production in soil air which shows expressive
dependence on environment temperature probably through the coefficient of emanation (Fig. 4d).

Tab. 2 Coefficients of linear correlation between measured variables for whole measured period 21.1.2003 — 23.6.2005, single years and
smaller periods

whole period “22Rn activity concentration | “°Rn activity concentration
21.1.2003 — 23.6.2005 in soil air in soil air
Temperature of atm. air 0.19 0.40
Humidity of atm. air -0.07 -0.00
Pressure of atm. air 0.07 0.21
Precipitation deposit 0.01 -0.05
Number of correlated pairs 104
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year 2003 “?Rn activity concentration | “’Rn activity concentration
21.1.-18.12.2003 in soil air in soil air
Temperature of atm. air 0.48 0.49
Humidity of atm. air -0.38 -0.17
Pressure of atm. air 0.10 0.28
Precipitation deposit -0.03 0.17
Number of correlated pairs 31

year 2004 “?Rn activity concentration | “’Rn activity concentration
13.1. - 31.12.2004 in soil air in soil air
Temperature of atm. air 0.16 0.31
Humidity of atm. air -0.01 0.11
Pressure of atm. air 0.18 0.19
Precipitation deposit -0.04 -0.13

Number of correlated pairs

48

year 2005 “2Rn activity concentration | “’Rn activity concentration
4.1. —23.6.2005 in soil air in soil air
Temperature of atm. air 0.03 0.42
Humidity of atm. air 0.14 -0.14
Pressure of atm. air -0.14 0.18
Precipitation deposit 0.11 0.13
Number of correlated pairs 25

1% half of year 2003 “*2Rn activity concentration | “°Rn activity concentration
21.1. —30.6.2003 in soil air in soil air
Temperature of atm. air 0.41 0.92
Humidity of atm. air -0.58 -0.75
Pressure of atm. air 0.01 0.28
Precipitation deposit 0.08 0.29
Number of correlated pairs 12

2" half of year 2003
1.7.-31.12.2003

“*’Rn activity concentration

in soil air

“Rn activity concentration
in soil air
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Temperature of atm. air 0.58 0.22
Humidity of atm. air -0.42 -0.23
Pressure of atm. air -0.01 -0.04
Precipitation deposit -0.11 0.39

Number of correlated pairs

19

1°" half of year 2004 “’Rn activity concentration | “’Rn activity concentration
1.1.—30.6.2004 in soil air in soil air
Temperature of atm. air 0.45 0.47
Humidity of atm. air -0.26 0.15
Pressure of atm. air 0.11 -0.10
Precipitation deposit 0.00 0.09
Number of correlated pairs 24

2" half of year 2004

“’Rn activity concentration

“®Rn activity concentration

1.7.-31.12.2004 in soil air in soil air
Temperature of atm. air -0.33 0.03
Humidity of atm. air 0.18 0.01
Pressure of atm. air -0.05 -0.02
Precipitation deposit 0.24 0.09

Number of correlated pairs

4

winter 2003 “’Rn activity concentration | “’Rn activity concentration
21.1.—20.3.2003 in soil air in soil air
Temperature of atm. air 0.51 0.66
Humidity of atm. air -0.59 -0.44
Pressure of atm. air -0.02 0.56
Precipitation deposit -0.09 -0.26

Number of correlated pairs

spring 2003
20.3. —21.6.2003

“?Rn activity concentration
in soil air

“®Rn activity concentration

in soil air

no measured data

summer 2003

| “’Rn activity concentration | “’Rn activity concentration
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21.6. —23.9.2003 in soil air in soil air
Temperature of atm. air -0.15 -0.74
Humidity of atm. air 0.28 0.42
Pressure of atm. air -0.32 0.45
Precipitation deposit 0.34 -0.58

Number of correlated pairs

autumn 2003

“2Rn activity concentration

““%Rn activity concentration

23.9.-21.12.2003 in soil air in soil air
Temperature of atm. air 0.55 0.40
Humidity of atm. air -0.42 -0.53
Pressure of atm. air 0.12 -0.12
Precipitation deposit -0.08 0.57

Number of correlated pairs

13

winter 2003/2004 “’Rn activity concentration | “’Rn activity concentration
21.12.2003 — 20.3.2004 in soil air in soil air
Temperature of atm. air 0.38 -0.17
Humidity of atm. air -0.34 0.14
Pressure of atm. air -0.30 -0.58
Precipitation deposit 0.03 -0.03

Number of correlated pairs

10

spring 2004 “2Rn activity concentration | “’Rn activity concentration
20.3. — 21.6.2004 in soil air in soil air
Temperature of atm. air 0.39 0.74
Humidity of atm. air -0.14 0.34
Pressure of atm. air 0.52 0.28
Precipitation deposit -0.07 0.13

Number of correlated pairs

13

summer 2004 “’Rn activity concentration | “’Rn activity concentration
21.6. —23.9.2004 in soil air in soil air
Temperature of atm. air -0.68 -0.29
Humidity of atm. air 0.49 -0.07
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Pressure of atm. air

-0.15

0.25

Precipitation deposit

0.66

0.16

Number of correlated pairs

12

autumn 2004

“2Rn activity concentration

““%Rn activity concentration

23.9.—21.12.2004 in soil air in soil air
Temperature of atm. air -0.38 0.68
Humidity of atm. air 0.14 0.17
Pressure of atm. air -0.30 0.23
Precipitation deposit 0.19 0.11

Number of correlated pairs

winter 2004/2005

“’Rn activity concentration

““%Rn activity concentration

21.12.2004 — 20.3.2005 in soil air in soil air
Temperature of atm. air 0.47 -0.01
Humidity of atm. air -0.28 -0.01
Pressure of atm. air -0.03 0.49
Precipitation deposit 0.08 0.06

Number of correlated pairs

16

spring 2005 “2Rn activity concentration | “’Rn activity concentration
20.3. — 23.6.2005 in soil air in soil air
Temperature of atm. air 0.21 0.75
Humidity of atm. air 0.29 0.29
Pressure of atm. air -0.35 0.04
Precipitation deposit -0.05 -0.01

Number of correlated pairs

14
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Fig. 4. Polynomial smoothed time courses of single measured and calculated variables of “Rn (radon), °Rn (thoron), air temperature
and precipitation deposit with marked time shifts
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5. Conclusions

The results document a close connection between radon content in pore space of soil cover and some meteorological parameters of
aerial atmospheric environment in dependence on weather changes in a year cycle. The known wave character of the ??Rn and “*Rn
activity concentration courses during whole year-around cycle was confirmed: the highest values during autumn and the lowest ones during
spring months what reflect also the highest values of linear correlation to the temperature of atmospheric air.

The monitoring site is located in the Quaternary slope deposits on the left bank of the Danube River and, as can be seen from the
geological situation (Fig. 1), is not affected by any tectonic fault. This allows us to conclude that the predominant way of radon release and
movement in the porous soil environment is diffusion. This assumption is also confirmed by the variability of the measured values of the
activity concentration of ”Rn and “°Rn in the soil air, which is significantly lower compared to tectonically based localities (Mojzes,
2004).

An attempt to express the dependence of the measured values of soil radon activity concentration on temperature, humidity and
atmospheric air pressure by means of linear correlation was not successful (Tab. 2) since most of the coefficients were not significant. The
reason is the time shift of the course of changes between the measured physical parameters of the atmospheric and soil environment. This is
most obvious when comparing the concentration of soil radon activity with atmospheric temperature. As can be seen from Fig. 4a,c, the
time lag of the ?’Rn and #°Rn activity concentration curves behind the atmospheric air temperature curve is between 2 and 3 months. This
finding agrees very well with the results of monitoring and modeling of heat diffusion in groundwater (Hodasova et al., 2020): “The
measurements manifest a seasonal change in temperature (sinusoidal course) with a phase shift (maximum) of approximately 3 months
(maximum air temperature is reached in August and groundwater in November). The phase shift and magnitude of the amplitude were the
same in all three wells, indicating that the groundwater heat comes from the same source. In our case, it can be said that the main source of
heat for groundwater was heat transferring from the surface.”

An attempt at a more detailed analysis of the causes of the variability of the daily measurement sets (Fig. 4b,d) may indicate that, in
addition to the contribution of the fluctuation of radioactive alpha decay itself, both temperature and soil moisture may participate in the
variability, in our case represented by the temperature of the atmospheric air and the amount of precipitation deposit entering the soil.
However, these dependencies are not entirely clear from our results and require further study. For example, Fig. 4b,d could indicate a
positive correlation of the coefficient of variation of *’Rn activity concentration with both temperature and precipitation, and in the case of
?Rn there could be a negative correlation with temperature. Variability of daily measurements (represented in the form of coefficient of
variation of radon and thoron activity concentrations) is the highest exactly during transitional period from cold to warm part of the year, in
the period from April to July when also the rainy season appears.

The results show the need to compare the measured ?’Rn and ?°Rn activity concentrations in soil air with temperature and humidity
not only of atmospheric air but also in soil layer down to the depth of soil air sampling. Then this dependence could be presented even more
strongly through the comparison with the temperature of the soil environment that is delayed after atmosphere.
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In conclusion, it is necessary to state what was already mentioned in the introduction of the contribution, that the observed variations
and their course are typical for similar geological environments and especially for areas with similar one’s climatic conditions, and in other
environments and in other climatic conditions may be different. For example, the existence of a wet rainy period in May to July is
mentioned for Bratislava region (the works of Holy and Mojze$), which are not mentioned by the authors of measurements from other
regions (for example, the works of Matolin, Titov and others).
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