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Ab stract: In this pa per the vari a tions of the 222Rn ac tiv ity con cen tra tion in bore hole wa ter are dis cussed
in com par i son with wa ter level changes, snow melt ing and pre cip i ta tion. The three bore holes V-1
(10 m), V-2 (40 m) and V-3 (10 m) have been drilled in the Lower Tri as sic quartz ite in the area of the
As tro nom i cal and Geo phys i cal Ob ser va tory of Comenius Uni ver sity at Modra-Piesok (40 km NE of
Bratislava). Dur ing the year 2006 the sam ples of wa ter from all the bore holes were taken reg u larly and
the anal y ses of 222Rn ac tiv ity con cen tra tion were per formed. Si mul ta neously, the state of wa ter level in
the bore holes was mea sured. The vari a tions of ra don con cen tra tion in bore hole wa ter were stud ied in
re la tion to the wa ter level changes and the pre cip i ta tion amount. In V-1 and V-3 bore holes the
pre cip i ta tion caused sig nif i cant changes of wa ter level and strongly af fected the val ues of 222Rn ac tiv ity
con cen tra tion in wa ter in com par i son to V-2 bore hole. The high est val ues of ra don con cen tra tion were
de ter mined in wa ter from V-1 and V-2 bore holes. In V-3 bore hole the ra don con cen tra tion in wa ter was
low. Ra don is prob a bly trans ported into bore hole wa ter from the un der ly ing granodiorite of Modra
mas sif, but with dif fer ent in ten sity in each bore hole.
Key words: ra don, bore hole, wa ter, pre cip i ta tion.

1. In tro duc tion

The nat u ral ra dio ac tiv ity of wa ter is de ter mined by a con tent of dis solved solid and
gas eous nat u ral radionuclides, mainly by 40K, 238U, 234U, 232Th, 226Ra and 222Rn. 222Rn is
an in ert ra dio ac tive gas pro duced by al pha de cay of 226Ra with a half-life of 3.82 days. Ra -
don does not chem i cally re act with its en vi ron ment. It can only be en gaged in phys i cal
mech a nisms [1].

In rock en vi ron ment the ra don is trans ported mainly via con nected cracks and fis sures
filled with un der ground wa ter. Ra don can be trans ported by this wa ter to far larger dis -
tances than dif fu sion pro cesses alone would per mit.

The anal y ses of 222Rn in wa ter are per formed mainly in the con text of po ta ble wa ter,
be cause of ra don high sol u bil ity in wa ter. Ex po sure to ra don is as so ci ated with health risk.
The most ob vi ous path ways for ex po sure to ra don are due to in ges tion and in ha la tion of
ra don de gassed from wa ter in house hold ap pli ances [2, 3].

Within the scope of nat u ral ra dio ac tiv ity in ves ti ga tion in Slo vak Re pub lic the mea -
sure ments of ra don con cen tra tion in 5271 sam ples taken from un der ground and sur face
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wa ters have been per formed. The maps of nat u ral wa ter ra dio ac tiv ity have been con sti -
tuted [4].

In the last years an in creased at ten tion is fo cused on the use of ra don as a nat u ral pro -
cesses tracer. The pos si bil ity of ra don mon i tor ing in wa ter for an earth quake and vol cano
pre dic tion have been stud ied [5-8] and also in hy dro log i cal in ves ti ga tions [9].

The aim of our in ves ti ga tion is to study the vari a tions of ra don con cen tra tion in bore -
hole wa ter and bore hole air in re la tion to the wa ter level changes, the pre cip i ta tion
amount, at mo spheric pres sure and tem per a ture. This in for ma tion had to be known, if the
re sults of ra don mea sure ments in bore hole en vi ron ment should be used for the mon i tor ing 
of var i ous geo phys i cal and hy dro log i cal pro cesses. Par tic u larly, the re sults of the reg u lar
222Rn ac tiv ity con cen tra tion mon i tor ing in bore hole wa ter from one year of the ob ser va -
tion are pre sented in this pa per in the re la tion to pre cip i ta tion amount and snow melt ing.

2. Meth ods

The wa ter sam ples for the 222Rn ac tiv ity con cen tra tion anal y ses were col lected from
three bore holes sit u ated at the area of As tro nom i cal and Geo phys i cal Ob ser va tory at
Modra-Piesok (AGO Modra). The AGO Modra is sit u ated ap prox i mately 40 km NE of
Bratislava in the Lit tle Carpathians Mts (Fig. 1). Re gard ing a ra don risk, the Lit tle
Carpathians fall into the me dium ra don risk cat e gory [4].

Fig. 1. Sche matic map of Slovakia with marked mea sur ing site Modra.
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The bore holes V-1 (10 m), V-2 (40 m) and V-3 (10 m) are drilled in the Lower Tri as sic
quartz ite folded in the granodiorite of Modra mas sif [10, 11]. The in ner di am e ter of these
bore holes is 80 mm. They are cased with a PVC pipe with 10 % per fo ra tion along the
whole length. Since 2003 the con tin ual ra don mon i tor ing in bore hole air have been per -
formed in V-2 and V-3 bore holes by the al pha de tec tor Barasol [12]. Now a days the al pha
de tec tor is placed only in V-3 bore hole at the depth of 3 m [13].

The wa ter sam pling was ex e cuted reg u larly by a plas tic bot tle with a vol ume of 200 ml
three times a week dur ing one year. Si mul ta neously, the wa ter level state un der the sur face
was mea sured in ev ery bore hole. The 222Rn ac tiv ity con cen tra tion in wa ter was de ter mined
in the lab o ra tory at the De part ment of Nu clear Phys ics and Bio phys ics at Fac ulty of Math e -
mat ics, Phys ics and In for ma tics of Comenius Uni ver sity in Bratislava. Ra don in cluded in a
sam ple of 7 was trans ferred into a scin til la tion cell of Lucas type DS 401M [14]. Af ter the
ra dio ac tive equi lib rium of ra don with its daugh ter prod ucts was achieved, the ra don counts
were mea sured and the 222Rn ac tiv ity con cen tra tion in wa ter was cal cu lated.

The vari a tions of ra don con cen tra tion in wa ter were stud ied in re la tion to ap pear ance
of the pre cip i ta tion and snow cover. The me te o ro log i cal data for our in ves ti ga tion were
kindly pro vided by the staff of AGO Modra.

3. Re sults

Since Jan u ary to De cem ber 2006 to tally 296 sam ples of wa ter were in ves ti gated from
the bore holes at AGO Modra. The most sam ples (130) were col lected from V-2 bore hole,
where wa ter oc curred dur ing the whole year. From V-3 bore hole 87 sam ples were gath -
ered, be cause there was no wa ter since the be gin ning of Sep tem ber. Only 79 wa ter sam -
ples were col lected from V-1 bore hole. Dur ing our re search the wa ter level de creased
un der the bot tom of this bore hole for four times.

3.1. Wa ter level

The in flu ence of soak ing pre cip i ta tion wa ter to the state of the wa ter level and to the
val ues of the 222Rn ac tiv ity con cen tra tion in wa ter from both V-1 and V-3 bore holes was
con firmed dur ing the whole year of our in ves ti ga tion at AGO Modra.

Wa ter orig i nated by in ten sive pre cip i ta tion with amount more than 20 mm per day. In
this case the water was able to in fil trate through the soil and rock en vi ron ment into the ad -
e quate depth to mod ify the orig i nal pa ram e ters of a bore hole en vi ron ment. The re sponses
of both V-1 and V-3 bore holes to the pre cip i ta tion were well dis cern ible.

Af ter the pre cip i ta tion the wa ter level in the bore holes started to rise. The growth of
wa ter level in V-1 was up to 3 m, while only up to 1-2 m in V-3 in com par i son to the pre vi -
ous state. The ob served in crease of a wa ter level was con sid er ably faster than its de crease
in both bore holes. The growth of the wa ter level in V-3 was not so quick in com par i son to
V-1. In gen eral, the val ues of the wa ter level state in V-1 and V-3 bore holes were higher
since Jan u ary to June than in the sum mer months.

All three bore holes are sit u ated in a for est en vi ron ment in a slope of the hill, but V-1 is
sit u ated at a po si tion roughly 9 m lower than V-3 and V-2 bore holes, which have been
drilled at ap prox i mately the same level. Dur ing the in ten sive pre cip i ta tion a cer tain
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amount of rain fall wa ter is not able to soak into the soil and it drains away to the val ley.
This soak ing wa ter, to gether with pre cip i ta tion, dropped di rectly to the sur round ings of
the V-1 bore hole and caused the more in tense rise of the wa ter level in this bore hole.

In the sec ond de cade of July the un der ground wa ter level in V-1 was un der the bot tom
of this bore hole. Since the be gin ning of Au gust wa ter ap peared in this bore hole again, but
within a month the wa ter sank un der the bore hole bot tom again. Due to a very low amount
of pre cip i ta tion in au tumn there was no wa ter un til the half of De cem ber. Sim i larly, there
was no wa ter in V-3 bore hole since Sep tem ber.

Since Jan u ary to March 2006 the area of our re search was per ma nently cov ered with
snow layer up to 1 m. At the end of March the snow melted very rap idly and it com pletely
dis ap peared dur ing ten days. It re sulted in a re mark able in crease of the wa ter level in all
bore holes, about 3.5 m in V-1, the wa ter level reached up to 0.8 m un der the sur face. In
V-3, this rise was of the same rate as af ter the pre cip i ta tion.

In com par i son to V-1 and V-3, the sit u a tion in V-2 bore hole was dif fer ent. The wa ter
level in this bore hole was sit u ated con sid er ably deeper (26.5 ± 1.5) m un der the sur face to be 
af fected by pre cip i ta tion. How ever, at the end of March, due to the snow melt ing ac com pa -
nied with pre cip i ta tion, the rapid rise of the wa ter level in V-2 bore hole up to 4 m was ob -
served. It was sta bi lized later at the po si tion about 2 m higher than in pre vi ous the months.

The sea sonal changes of the wa ter level were no ticed. The high est wa ter level was
achieved af ter the snow melt ing and in the fol low ing spring months. Dur ing the sum mer
the wa ter level started to de crease and it reached its min i mum in the win ter months.

3.2. 222Rn ac tiv ity con cen tra tion

3.2.1. V-1 bore hole
Im me di ately af ter the pre cip i ta tion the 222Rn ac tiv ity con cen tra tion in bore hole wa ter

in V-1 in stantly de creased. Af ter wards, the ra don con cen tra tion started to rise. Re versely
to the course of wa ter level, the ra don con cen tra tion in bore hole wa ter in creased slowly,
but its drop was very rapid (Fig. 2).
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Modra 2006 V-1 (10m)
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Fig. 2. The courses of 
222

Rn ac tiv ity con cen tra tion in bore hole wa ter and the state of wa ter level in V-1
bore hole in re la tion to the pre cip i ta tion and snow cover.



The dif fer ence be tween the ra don con cen tra tion in wa ter be fore and af ter the pre cip i ta -
tion was up to 70-80 kBq.m-3. The max i mal val ues of 222Rn ac tiv ity con cen tra tion
reached about 100 kBq.m-3.

As it fol lows from the data mea sured for V-1 bore hole, the neg a tive cor re la tion be -
tween the state of wa ter level and the val ues of 222Rn ac tiv ity con cen tra tion were cal cu -
lated from Jan u ary to June (R2 = 0.68).

At the end of June the sit u a tion in V-1 changed. The in ten sive de crease of wa ter level
was ob served, due to a warm and dry weather to gether with es ca lated evapotranspiration. At 
the same time also the val ues of 222Rn ac tiv ity con cen tra tion started to de crease.

3.2.2. V-2 bore hole
The course of the 222Rn ac tiv ity con cen tra tion in the bore hole wa ter in V-2 was not af -

fected by pre cip i ta tion wa ter in the same de gree as it was ob served in the case of V-1 and
V-3 bore holes (Fig. 3).

The val ues of 222Rn ac tiv ity con cen tra tion in the bore hole wa ter in V-2 reached the
high est val ues among all the in ves ti gated bore holes. Two sig nif i cant peaks were ob -
served. The first ap peared at the be gin ning of snow melt ing in March. Af ter the be gin ning
of the snow melt ing the 222Rn ac tiv ity con cen tra tion in wa ter started to in crease. The fol -
low ing pre cip i ta tion, to gether with pro ceed ing melt ing, in creased the wa ter level and the
ra don con cen tra tion in bore hole wa ter de creased si mul ta neously.

The sec ond and mark edly higher peak was no ticed in au tumn. In the half of No vem ber
the sig nif i cant growth of the 222Rn ac tiv ity con cen tra tion was reg is tered. Dur ing two days
the ra don con cen tra tion in wa ter in creased by a fac tor of two and it stayed at this level for
ap prox i mately three weeks. In that time the val ues of the 222Rn ac tiv ity con cen tra tion
reached the high est level dur ing the whole year of our re search. The val ues of 222Rn ac tiv -
ity con cen tra tion re turned to the pre vi ous state at the end of the year.

The neg a tive cor re la tion (R2 = 0.55) be tween the state of wa ter level and ra don con -
cen tra tion in the bore hole wa ter was con firmed af ter the snow melt ing in March (day 92)
un til the half of No vem ber (day 330), when the sec ond peak ap peared. 
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Modra 2006 V-2 (40m)
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Fig. 3. The courses of the 
222

Rn ac tiv ity con cen tra tion in the bore hole wa ter and the state of wa ter level
in V-2 bore hole in re la tion to the pre cip i ta tion and snow cover.



3.2.3. V-3 bore hole
The mea sured val ues of ra don con cen tra tion in V-3 bore hole were the low est among

all the in ves ti gated bore holes, they do not ex ceed 30 kBq.m-3. Con trary to V-1, the ra don
con cen tra tion in V-3 bore hole started to in crease sub se quently af ter the pre cip i ta tion. The
max i mum of ra don con cen tra tion was achieved for about two weeks or less. The growth
of ra don con cen tra tion was less con sid er able like in V-1, it was only about
10-20 kBq.m-3. The re ver sion to the pre vi ous state arose af ter ap prox i mately 2-4 weeks
(Fig. 4).

Un til the snow melt ing at the end of March, the pos i tive cor re la tion be tween the state
of wa ter level and re lated val ues of 222Rn ac tiv ity con cen tra tion were ob served
(R2 = 0.67).
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Modra 2006 V-3 (10m)
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Fig. 4. The courses of 
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Rn ac tiv ity con cen tra tion in bore hole wa ter and the state of wa ter level in V-3
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Af ter the rapid snow melt ing at the end of March the ra don con cen tra tion in bore hole
wa ter de creased to gether with in crease of wa ter level. In the fol low ing months the pos i -
tive cor re la tion ap peared again (R2 = 0.48).

Since June the val ues of 222Rn ac tiv ity con cen tra tion in bore hole wa ter in V-3 reached
very low val ues. As a con se quence of the low amount of pre cip i ta tion the wa ter level in
this bore hole started to de crease rap idly.

The in crease of the ra don con cen tra tion af ter the pre cip i ta tion in July was not of the
same range as in the pre vi ous months.

Dur ing the pre dom i nant part of the year the ra don con cen tra tion changes in V-1 and
V-3 bore holes ap peared in ap prox i mately the same time (Fig. 5). In com par i son to V-1, the 
growth of the ra don con cen tra tion in V-3 bore hole was less in ten sive and it lasted for a
shorter time.

4. Con clu sion

The sig nif i cant wa ter level changes to gether with the vari a tions of the 222Rn ac tiv ity con -
cen tra tion in bore hole wa ter in V-1 and V-3 bore holes were con firmed. The in crease of the
wa ter level was well dis cern ible, if the pre cip i ta tion amount was more than 20 mm per day.

Af ter the snow melt ing the in crease of wa ter level was no ticed in all the bore holes. The 
222Rn ac tiv ity con cen tra tion in wa ter de creased simultaneously.

The changes of the 222Rn ac tiv ity con cen tra tion in the bore hole wa ter in V-1 and V-3
bore holes oc curred in ap prox i mately the same time. The ra don con cen tra tion mea sured in
V-3 was lower in com par i son to V-1. Also the dif fer ence be tween the ra don con cen tra tion
be fore and af ter the pre cip i ta tion was no tice ably lower in V-3 than in V-1 bore hole.

 At the end of sum mer, the wa ter level de creased un der the bore hole bot tom in both
men tioned bore holes, V-1 lost wa ter as the first.

 The neg a tive cor re la tion be tween the slow and long term changes of wa ter level and
re lated val ues of the 222Rn ac tiv ity con cen tra tion was ob served in V-2 bore hole.

Wa ter oc curred dur ing the whole year of our re search in V-2 bore hole. The wa ter level
main tains at ap prox i mately (26.5 ± 1.5) m un der the sur face. Nei ther the wa ter level nor
the ra don con cen tra tion changes caused by pre cip i ta tion were ob served in this bore hole.
How ever, the neg a tive cor re la tion be tween the slow long-term wa ter level changes and
the vari a tion of ra don con cen tra tion in wa ter were no ticed.

The 222Rn ac tiv ity con cen tra tion in wa ter in V-2 was in flu enced by ex ter nal pa ram e ters 
in the least de gree among all the in ves ti gated bore holes. It sug gests that ra don con cen tra -
tion mon i tor ing in wa ter from this bore hole could be used for the subsurface hy dro log i cal
and geo dy nami cal pro cesses in ves ti ga tions in this lo cal ity.

Ac knowl edge ments

This study was sup ported by Sci en tific Grant Agency of Min is try of Ed u ca tion of Slo -
vak Re pub lic (VEGA pro ject 1/3046/06, 2/4042/24). The au thors are in debted to the staff
of the Modra AGO for pro vi sion of the pre cip i ta tion data.

MONITORING OF THE 222Rn ACTIVITY CONCENTRATION               131



Ref er ences
  [1] V. V. Gudzenko, V. T. Dubincuk, 1987: Izotopy rádia a radónu v prírodných vodách. Nauka. Moskva.

158 p. (in Rus sian)
  [2] R. Borio, A. Rongoni, D. M. S. Saetta, D. Desideri, C. Roselli: Ra don and Tri tium Mea sure ments in

Drink ing Wa ter in a Re gion of Cen tral It aly (Umbria). Jour nal of Radioanalytical and Nu clear Chem is try, 
266 (3) (2005) 397-403.

  [3] B. Frengstad, A. K. Skrede, J. R. Krog, T. Strand, D. Banks, 2003: Ra don in Po ta ble Ground wa ter:
Ex am ples from Nor way. In: Bolviken, B.: Nat u ral Ion iz ing Ra di a tion and Health. Pro ceed ings from a
Sym po sium Held at the Nor we gian Acad emy of Sci ence and Let ters, Det Norske Videnskaps/Akademi,
Oslo, 27-38. 

  [4] J. Daniel, L. Lucivjanský, M. Stercz, 1996: Geochemický at las Slovenska, èast IV: Prírodná rádioaktivita
hornín. Geologická slu�ba Slovenskej republiky, Bratislava, 88p.

  [5] M. Noguchi, H. Wakita: A Method for Con tin u ous Mea sure ment of Ra don in Ground wa ter for
Earth quake Pre dic tion. Jour nal of Geo phys i cal Re search 82 (8) (1977) 1353-1357.

  [6] U. Koch, U. Heinicke: Ra don Be hav iour in Min eral Spring Wa ter of Bad Brambach (Vogtland, Ger many) 
in the Tem po ral Vi cin ity of the 1992 Roermond Earth quake, the Neth er lands.
Geologie en Mijnbouw 73 (1994) 399-406. 

  [7] P. Theodórsson: A New Method for Au to matic Mea sure ment of Low-level Ra don in Wa ter.
Appl. Radiat. Isot. 47 (9/10) (1996) 855-859.

  [8] V. M. Choubey, P. K. Mukherjee, R. C. Ramola, 2004: Ra don Vari a tion in Spring Wa ter be fore and af ter
Chamoli Earth quake, Gahrwal Himalaya, In dia. In: Pro ceed ing of 11th In ter na tional Con gress of the
in ter na tional Ra di a tion Pro tec tion As so ci a tion. Ma drid, Spain, 1-7. 

  [9] M. M. Monnin, J. L. Seidel, 1993: Ra don in Soil-air and in Ground wa ter Re lated to Ma jor Geo phys i cal
Events: a Sur vey. In: G. Furlan, L. Tommasino (Eds.): Pro ceed ings of the Sec ond Work shop on Ra don
Mon i tor ing in Radioprotection, En vi ron men tal and/or Earth Sci ences. World Sci en tific Pub lish ing.
Sin ga pore, New Jer sey, Lon don, Hong Kong, 274-285.

[10] B. Cambel, J. Valach, 1956: Granitoidné horniny v Malých Karpatoch, ich geológia, petrografia a
petrochémia. Geologické práce, Zo�it 42. Bratislava, SAV.

[11] B. Cambel, V. Vilinovic, 1987: Geochémia a petrológia granitoidných hornín Malých Karpát. Veda.
Bratislava.

[12] I. Smetanová, K. Holý, I. Túnyi, A. Polá�ková, G. Steinitz, 2003: Mon i tor ing of ra don in tec tonic ac tive
zones in the Malé Karpaty, Mts. In: Zborník V. Bansko�tiavnické dni. ISK Senec, 92-97. 

[13] I. Smetanová, K. Holý, I. Túnyi, G. Steinitz: The 222Rn Ac tiv ity Con cen tra tion in Bore hole Wa ter and its
Cor re la tion to Raifall - a Pre lim i nary Re sults. In Acta Facultatis Ecologiae 14 (1) (2006) 49-53.

[14] H. F. Lucas: Im proved Low-Level Al pha-Scin til la tion Coun ter for Ra don. The Re view of Sci en tific
In stru ments 28 (9) (1957) 680-683.

132    I. SMETANOVÁ, K. HOLÝ, M. MÜLLEROVÁ, A. POLÁŠKOVÁ


