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Contribution to analysis of time courses of radon volume activity in soil air

Abstract: The article is devoted to evaluation of dependence between measured values of *?Rn and ?°Rn volume activity

in soil air and some meteorological parameters (temperature and humidity of atmospheric air) in two annual cycles from

3.2.2000 to 30.10.2001. The year around evaluation of observed dependencies by means of linear regression is supplied

by more detailed visual correlation of time courses of soil *>’Rn and **°Rn volume activity and time courses of atmospheric

temperature and humidity in the form of their polynomial fits. The correlation shows time lag of approximately 2-3 months

between soil *?Rn and °Rn volume activity curves and atmospheric temperature curve as result of complex interactions

between both environments. A tight dependence between radon content in pore space of soil cover and meteorological

parameters of atmospheric environment in dependence on weather changes in a year cycle was documented.
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Pritomnost a mnozstvo oboch najbeznejsich rddioaktivnych
izotopov plynného radénu (***Rn a **’Rn) v pé6dnom vzduchu
pérovych priestorov je dané hlavne obsahom ich pevnych ma-
terskych radioizotopovradia (***Ra a ***Ra) v okolitej mineral-
nej mriezke. Hlavny smer pohybu plynného radénu z miesta
jeho vzniku procesom radioaktivneho rozpadu radia, je nahor
k zemskému povrchu cez péry, pukliny, praskliny, poruchy
arozvolnené altera¢né a tektonické zony. Mnozstvo radénu
v podnom vzduchu sa zvycajne meria in situ na zdklade odbe-
ru vzoriek pédneho vzduchu z pripovrchového horizontu do
hibky cca 1 m a zavisi vo vyznamnej miere od zmien teploty
pody, obsahu podnej vlhkosti a objemu volnych pérov, ¢o sil-
ne kore$ponduje s varidciami meteorologickych parametrov
atmosférického vzduchu. Tieto zmeny st pri¢inami dennych
a roénych varidcii objemovej aktivity **Rn a **’Rn v pédnom
vzduchu.

Ulohou je podat §tatistické zhodnotenie nameranych tidajov
za roky 2000-2001 a zistit najvyznamnejsie zavislosti medzi
hodnotou objemovej aktivity **Rn a **’Rn v pédnom vzduchu
ameteorologickymi parametrami.

2.POUZITE METODY A STUDOVANA
LOKALITA

Opakované merania objemovej aktivity **Rn a *’Rn v pddnom
vzduchu boli realizované manuélne na jednom mieste z hibky
0,8 m raz tyzdenne v obdobi od 3. 2. 2000 do 30. 10. 2001.
Tyzdenny stibor bol vi¢sinou reprezentovany paticou namera-
nych hodnot z okamzitych merani vzoriek pédneho vzduchu
odoberanych z tej istej sondy v 10-13 minutovych intervaloch.
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Celotyzdiiové meranie tak pokryvalo priblizne 1,5-hodinovy
¢asovy tsek dria zvycajne medzi 8. a 10. hodinou dopoludnia.

Na meranie bol pouzivany prenosny impulzny scintilaény
radénovy detektor LUK-3R (SMM Praha) pracujici na béze
vymienatelnych Lucasovych komorok.

V tych istych ¢asovych usekoch boli pomocou prenosnej
meteorologickej stanice zaznamenévané aj teplota a vlhkost
atmosférického vzduchu na lokalite.

Vsetky spracované udaje boli ziskané z jediného meracieho
miesta — sondy instalovanej v aredli Prirodovedeckej fakulty
Univerzity Komenského v Bratislave. Lokalita lezi v jz. ¢as-
ti mesta na jz. orientovanom svahu vybezku pohoria Malych
Karpit s jemnym sklonom do terasy rieky Dunaj. Podlozie je
budované zmesou svahovych hlinitych sedimentov a pies¢ito-
$trkovitymi sedimentmi rie¢nych terds (Poldk et al., 2011). Naj-
vrchnejsi horizont je heterogénnou zmesou stavebnej navézky.
Podiel jemnozrnnych ilovitych ¢astic do hibky cca 1 m je pribliz-
ne 49 %, ¢o predstavuje prostredie so strednou priepustnostou
pre podny radén (Mojzes, 2004).

3. VYSLEDKY PRACE A DISKUSIA

V obdobi od 3. 2. 2000 do 30. 10. 2001 bolo realizovanych
celkom 609 merani po¢as 81 dnf (80 tyzdhov). Casové prie-
behy nameraného obsahu izotopu ***Rn, resp. **’Rn v pédnom
vzduchu st zndzornené na obr. 1, resp. 2 v dolnej ¢asti (veli¢ina
objemova aktivita ***Rn, resp. **’Rn v kBq-m®). Fitovacia poly-
nomick4 krivka (hrub ¢iara) prelozend nameranymi hodno-
tami dobre zvyraziiuje roény priebeh zmien (varicii) oboch
izotopov v zhode s opisom v odbornej literature a star$ich pra-
cach (Matolin & Prokop, 1992; Holy et al., 1995; Mojzes, 2004,
2007; Mojze$ & Putiska, 2006).
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Krivka objemovej aktivity **Rn (Obr. 1, dole) za¢ina prudko
narastat zo svojho minima za¢iatkom februdra 2000 do malého
lokélneho maxima na prelome februdra a marca 2000 ako vysle-
dok kratkeho obdobia intenzivneho topenia snehovej pokryvky.
Variabilita meranych hodnot je najvyssia s najvy$$imi namerany-
mi hodnotami objemovej aktivity *’Rn pocas celého ro¢ného
obdobia. Podobny rys je mozné pozorovat vo februdri 2001, ale
s niz$ou intenzitou a bez lokdlneho maxima. Obidve ¢asti indi-
kujt obdobia s vyraznymi zmenami v pérovom priestore pody
v dosledku sezénnych zmien. Zvy$ok meranych hodnot vykazuje
niz$iu variabilitu a vytvéra krivku vinového tvaru s dvomi ma-
ximami v rovnakych ¢asovych poziciach (september/oktéber
2000 2 2001) s malo sa lisiacimi amplitddami (cca 12 kBg-m?®
a 15 kBg:m®). Keby nebolo pritomné spominané malé maximum
vo februdri/marci 2000, fitovacia polynomicka krivka by mala
vlnovy tvar s dvomi spominanymi maximami a dvomi minima-
mi v oboch februaroch na trovni cca 9 kBq-m®. V porovnani so
star$imi pracami (Holy et al., 1995; Mojzes, 2004, 2007; Mojze$
& Putigka, 2006) je zaujimava nepritomnost letného maxima
v obdobi letnych dazdov maj—jul. Iba zopar dazdovych dni s vyso-
kymi nameranymi hodnotami je mozné vidiet (napr. 27.7.2001).

Krivka objemovej aktivity *’Rn (Obr. 2, dole) m4 priebeh
jednoduchsi, ale tiez vytvara podobne ako krivka ***Rn vlnovy
priebeh s minimélnymi hodnotami v mesiacoch februir-ma-
rec 2000 a 2001, a maximami v obdobiach prelomu septembra
a oktébra 2000 a v auguste 2001).

Pre moznost porovnania ¢asovych priebehov objemovych ak-
tivit*Rn a **’Rn s ich pravdepodobnymi pri¢inami, uvddzame
vhornej ¢astiobr. 1 a2 ¢asové priebehy snimanych parametrov
atmosférického vzduchu, t.j. teploty a vlhkosti, prelozené fitova-
cimi polynomickymi krivkami (hrubé krivky). Ich stvis je dob-
re zndmy zo star$ich prac (napr. Matolin & Prokop, 1992; Holy
etal., 1995; Mojzes, 2004, 2007; Mojze$ & Putiska, 2006). Tlak
atmosférického vzduchu nebol snimany a jeho vplyvv$tudova-
nom obdobi nebol analyzovany, nakolko z citovanych prac vy-
plyvajeho najmensi vplyv na variacie objemovej aktivity **Rn
a*Rnvpéddnom vzduchu v roénom cykle v porovnaniss teplo-
tou a vlhkostou atmosférického vzduchu (Matolin & Prokop,
1992; Mojzes, 2004, 2007; Mojze$ & Putiska, 2006). Naopak,
jeho podstatny vplyv na varidcie objemovej aktivity ***Rn v pod-
nom vzduchu dokumentuje Holy et al. (1995) po¢as denného
cykluy, ¢o nebolo objektom ndsho zdujmu.

Pre uplnost podédvame v tab. 1 formou koeficientov linedrne;
koreldcie z4vislost objemovej aktivity ***Rn a **’Rn na jednot-
livych meteorologickych parametroch.

Zo $tatistického hladiska su hodnoty koeficientov linedrnej
korelacie v tab. 1 nizke a zavislosti by bolo mozné vyhodnotit
ako $tatisticky nevyznamné a hladat pri¢iny ro¢nych variacii
objemovych aktivit **?Rn a **’Rn v pddnom vzduchu niekde
inde. Ale uZ z predchddzajtuceho vizudlneho zhodnotenia ¢a-
sovych priebehov kriviek objemovych aktivit **’Rn a **’Rn
v pédnom vzduchu a ich vizudlnym porovnanim s ¢asovym
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priebehom kriviek teploty a vlhkosti atmosférického vzduchu
(hlavne prostrednictvom ich polynomickych fitov) vyplyva, ze
pri¢inou nizkej linedrnej koreldcie je ¢asovy posun medzi nimi.
Ten je zvlast dobre viditelny ako ¢asové zaostdvanie objemovej
aktivity za teplotou. Jednozna¢nejsi je v pripade ***Rn (Obr. 2)
apredstavuje v oboch rokoch rovnaky interval zaostivania o cca
2 mesiace. Dobre ¢itatelny je viak aj v pripade **’Rn (Obr. 1),
kde predstavuje priblizne 2 mesiace v roku 2000 a asi 3 mesiace
vroku 2001.

Domnievame sa, ze pri¢inou zisteného ¢asového posunu
medzi meteorologickymi parametrami atmosférického pro-
stredia a objemovou aktivitou **’Rn a **’Rn v pddnom prostre-
di su zlozité procesy interakcie tychto systémov. Akumuldcia
tepla slne¢ného svitu pédou pocas hortcich letnych mesiacov
je vystriedand uvoliiovanim tepla pddou pocas nasledujucich
chladnejsich jesennych mesiacov, ¢o ma za nasledok konvek-
ciu teplého podneho vzduchu do chladnejsej atmosféry, a tym
vynos radénu z hlbsich partii horninového prostredia do pripo-
vrchovej podnej vrstvy, kde jeho zvysené hodnoty registrujeme
v neskorych letnych a skorych jesennych mesiacoch.

4. ZAVER

Vysledky dokumentujt uzku stvislost medzi obsahom radénu
v pérovom priestore pédneho pokryvu a meteorologickymi
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parametrami vzdu$ného atmosférického prostredia v zavislosti
nazmendch pocasia v priebehu roka. Tab. 1 podéva koeficienty
linedrnej korelacie medzi skimanymi veli¢inami objemovej
aktivity **Rn a **’Rn v pddnom vzduchu a teplotou a vlhkos-
tou atmosférického vzduchu na $tudovanej lokalite v priebe-
hu celého skimaného obdobia od 3.2.2000 do 30.10.2001.
Detailnejsia vizudlna analyza ¢asovych priebehov meranych
veli¢in na obr. 1 a 2 za pomoci ich polynomickych fitovacich
kriviek ukazuje, Ze pri¢inou nizkej linedrnej koreldcie je ¢asové
zaostavanie priebehu objemovej aktivity podneho **Rni***Rn
za priebehom teploty atmosférického vzduchu o cca 2-3 me-
siace. Potvrdenie a vysvetlenie pri¢in a dynamiky zistenych
procesov interakcie poddneho a atmosférického prostredia si
vyzaduje meranie a zhodnotenie dal$ich ro¢nych cyklov mera-
nia porovnanie ¢asovych hranic zistenych posunov. Vysledky
ukazujt potrebu porovnévat namerané objemové aktivity ***Rn
a*"Rnvpodnom vzduchu s teplotou a vihkostou nielen atmo-
sférického vzduchu, ale tiez podneho vzduchu do hibky odberu
jeho vzorky.

Podakovanie: Tento prispevok bol vypracovany v ramci rie$enia pro-
jektu VEGA 1/0468/10 ,Priestorovy a ¢asovy prejav nenasytenej zony
v geofyzikalnych poliach®, VEGA 1/0747/11, VEGA 1/0095/12, VEGA
2/0067/12 a projektu APVV-0194-10.
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Tab. 1. Koeficienty linedrnej korelicie medzi meranymi veli¢cinami v celom meranom obdobi 3.2.2000-30.10.2001 a jednotlivych rokoch.

Vysvetlivky: a,(**’Rn) - objemova aktivita *’Rn v pddnom vzduchu [kBq-m*]; a,(***’Rn) - objemov4 aktivita *’Rn v pédnom vzduchu [kBq-m®].

Tab. 1. Coefficients of linear correlation between measured variables for whole measured period 2000-02-03-2001-10-30 and single years. Legend: a,(**’Rn)

- ?22Rn volume activity in soil air [kBg-m’]; a,(**’Rn) - *°Rn volume activity in soil air [kBg-m’].

3.2.2000 - 30. 10. 2001 a,(**Rn) (**Rn)
a,
Teplota atmosférického vzduchu
s 0,41
Temperature of atmospheric air
Vlhkost atmosférického vzduchu
Humidity of atmospheric air 013
Pocet merani
609
Number of measurements
3.2.2000 - 20. 12. 2000 a,(**Rn) (**Rn)
a,
Teplota atmosférického vzduchu
s 0,27
Temperature of atmospheric air
Vlhkost atmosférického vzduchu
Humidity of atmospheric air 0,19
Pocet merani
261
Number of measurements
11. 1. 2001 - 30. 10. 2001 a,(**Rn) a,(*°Rn)
Teplota atmosférického vzduchu
s 0,52
Temperature of atmospheric air
Vlhkost atmosférického vzduchu
Humidity of atmospheric air 0,10
Pocet merani
348

Number of measurements
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Summary: The presence of both most common radioactive isotopes of
radon gas (**Rn and **°Rn) in the soil air inside the pore spaces is mainly
regulated by content of their solid parent radioisotopes of radium (**Ra
or **Ra respectively) in surrounding mineral matrix. The main direction
of radon gas movement from the point of its appearance through the
process of nuclear disintegration, is upward to the ground surface via
pores, fissures, joints, clefts and loosened fault zones. The amount of
radon in soil gas is usually measured in situ by soil air sampling from
the subsurface layer up to depth of about 1 meter. It depends to an
important extent on changes of soil temperature, moisture content and
free pore spaces volume which strongly correspond to variations of me-
teorological parameters of atmospheric air. Those are reasons of diurnal
and seasonal variations of soil radon volume activity.

The target of this article is to give statistical assessment of measured
data within the years 2000-2001 (exactly from 3.2.2000 to 30.10.2001) and
to find out the most important dependencies between the values of ?Rn,
resp. *°Rn volume activity in soil air and single meteorological parameters.
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Monitoring measurements of *’Rn and *°Rn volume activity in soil
air were carried out manually in single place from the depth of 0.8 m
once per week. This kind of weekly statistical file (set) is mostly repre-
sented by 5 values (quintuplet) acquired by immediate measurements
of soil air samples taken from the same probe in 10-13 minutes intervals.
Whole week’s measurements were covering in this manner a time period
of approx. 1.5 hours long and usually were carried out between 8:00
and 10:00 in the morning. The portable radon detector LUK-3R (SMM -
Prague) was used to perform the measurements. At the same time inter-
vals also temperature and humidity of atmospheric air were registered.

All processed values were taken from one measuring station — probe
installed inside the Faculty of Natural Sciences campus. 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 mixture of slope loams and sandy-gravel old terrace
sediments (Poldk et al., 2011). But the uppermost layer is a heterogene-
ous building made-up ground. The clay particles content is approx. 49 %
what means a middle permeable environment for radon gas moving
(Mojzes, 2004).

There were 609 measurements carried out during 81 days (80 weeks)
in the period from 3.2.2000 to 30.10.2001. Time courses of measured
content of ?Rn, resp. *°Rn isotopes in soil air are presented in Figs. 1 and
2 in bottom part (the **?Rn, resp. *°Rn volume activity in kBg-m?). The
polynomial curve (bold line) fitted through measured values underlines
seasonal course of both isotopes changes (variations) in good correla-
tion with description in research literature and former works (Matolin
& Prokop, 1992; Holy et al., 1995; Mojze$, 2004, 2007; Mojze$ & Putiska,
2006).

The ?*?Rn curve (Fig. 1, bottom) starts very steeply from minimum
in the beginning of February 2000 to small local maximum (February/
March 2000) as a result of short period of intensive snow cover melting.
The variability of measured values is the highest one with the highest
measured values of *?Rn volume activity in whole annual range. Similar
feature can be seen in February 2001 but with lower intensity and with-
out local maximum. Both parts could indicate periods with extensive
changes in soil pore spaces due to seasonal changes. The rest of meas-
ured values shows lower variability and forms wave fitted curve with two
maxima at the same time positions (September/October 2000 and 2001)
with slightly different amplitudes (approx. 12 kBg-m? and 15 kBg-m?).
Finally, if the small maximum in February/March 2000 is not present the
fitted curve is wave line with two mentioned maxima and two minima
in Februaries at approx. 9 kBg-m? level. It is interesting from comparison
with former works (Holy et al., 1995; Mojzes, 2004, 2007; Mojzes & Putiska,
2006) an absence of summer maximum in rainy period May-July. Only
few rainy days with high measured values can be seen (e.g., 27.7.2001).

The *°Rn course (Fig. 2, bottom) is more uniform but forms very simi-
lar to #?Rn wave line with minimum values in months February-March
2000 and 2001 and with maximum in September/October 2000 and in
August 2001).

For the possibility to compare the time courses of radon volume activ-
ity with their probable reasons there are also presented the time courses
of observed atmospheric air parameters, i.e. temperature and humid-
ity in the top of Figs. 1 and 2 together with their polynomial fits (bold
lines). Their dependence is well known from former works (e.g., Matolin
& Prokop, 1992; Holy et al., 1995; Mojze$, 2004, 2007; Mojze$ & Putiska,
2006). The pressure of atmospheric air was not monitored and its influ-
ence was not analyzed in the study period because it follows from cited

works that this influence on soil *?Rn and *°Rn volume activity in year-
around cycle is the smallest one in comparison with temperature and
humidity of atmospheric air (Matolin & Prokop, 1992; Mojzes, 2004, 2007;
Mojzes$ & Putiska, 2006). On the other hand, very important influence
of the atmospheric pressure on soil ?Rn volume activity variations in
day-around cycle is documented in work Holy et al. (1995) but this was
not subject of our study.

For completeness the dependence of the *2Rn and **°Rn volume ac-
tivity on single meteorological parameters by the coefficients of linear
correlation is presented in Tab. 1.

Values of coefficients of linear correlation presented in Tab. 1 are very
low from the statistical point of view and dependencies could be evalu-
ated as statistically not important. However, it follows from previous
visual evaluation of time courses of ??Rn and *°Rn volume activity in soil
air and from their visual comparison with time courses of temperature
and humidity of atmospheric air (mainly through their polynomial fits)
that the right reason of low linear correlation is time lag between them.
The time lag is strongly evident as time delay of the volume activity
curve behind the temperature curve. It is more unique in the case of
2Rn (Fig. 2) and represents the same lag interval of approx. 2 months
length in both years. But it is also good readable in the case of *’Rn
(Fig. 1) with time lag length of approx. 2 months in year 2000 and of
approx. 3 months in year 2001.

We think the reason of time lag between ??Rn and *°Rn volume activi-
ties in soil air and meteorological parameters of atmospheric environ-
ment is based on complex processes of interactions of these systems.
Accumulation of sun heat by soil during hot summer months is changed
to releasing of heat from soil in following colder autumn months. This
results in convection of warm soil air into colder atmosphere and in
carrying of radon gas out from deeper parts of rock environment to
nearsurface soil layer where we can register its higher values during late
summer and early autumn months.

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
ayear cycle. Tab. 1 presents the coefficients of linear correlation between
observed variables during whole year-around cycle from 3.2.2000 to
30.10.2001. More detailed visual analysis of time courses of measured
variables in Figs. 1 and 2 through their polynomial fits comparison shows
that the reason of low linear correlation lays in time lag of soil *’Rn and
2Rn volume activity curves behind the atmospheric temperature
curve of approx. 2-3 months length. Confirmation and explanation of
reasons and dynamics of observed interaction processes between soil
and atmospheric environments requires additional measurements and
evaluation of another year-around cycles. The results show the need to
compare the measured **Rn and *°Rn volume activities 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.





