
Spatial Distribution of Isotopes 
in Groundwater of Slovakia*

P. P. Povinec1, A. �ivo1, M. Richtáriková1, R. Breier1, ¼. Lúèan2,
P. K. Aggarwal3, L. Araguás-Araguás3

1Department of Nuclear Physics and Biophysics, Faculty of Mathematics, Physics and Informatics,
  Comenius University, SK-84248 Bratislava, Slovakia
2Department of Applied Informatics, Faculty of Mathematics, Physics and Informatics, 
  Comenius University, Bratislava, Slovakia
3Isotope Hydrology Section, International Atomic Energy Agency, A-1400 Vienna, Austria,  
  Povinec@fmph.uniba.sk

Abstract: Spatial distribution of 14C, d13C and d18O in groundwater found on the territoty of Slovakia is
presented for the first time. Preliminary investigations suggest large isotopic heterogeneity, although the
data density is still not good enough to draw more precise conclusions. A vertical distribution of 14C in
groundwater of the �itný ostrov confirms that the majority of groundwater has 14C content below
20 pmc, except a small area on the north-west, where we see, at the surface and subsurface (around
500 m), younger waters with 14C values around 30 pmc. An interesting feature is the existence of old
waters with 14C values below 10 pmc, which are surprisingly seen from the surface down to 200 m water
depths.

1. Introduction

Isotopes as environmental tracers have been extensively used during the last decades to
study the water cycle, to better understand the origin, dynamics and interconnections of the 
different elements of the hydrologic cycle. It has been possible to study the present day
distribution of water isotopes in the atmosphere, in the rain water, river water,
groundwater, and then trace the past isotopic compositions affecting many processes, such
as atmospheric circulation, rain and snow formation, groundwater formation, ecology and
paleoclimatology [1]. Radioactive and stable isotopes have been used to address the key
aspects of the water cycle, e.g. the origin, dynamics and interconnections of the different
elements of the water cycle [2�5]. 

For tu nately, with the de vel op ment of the IAEA�s Global Net work of Iso topes in Pre cip -
i ta tion (GNIP) da ta base, it has been pos si ble to use iso topes in hy dro log i cal, eco log i cal and
cli mate stud ies, as in put func tions have been avail able for many ar eas of the world [6]. A lot
of iso tope data have been col lected and sev eral iso tope da ta bases have been de vel oped. The
GNIP da ta base (www.GNIP.IAEA.org) has pro vided the key data for the ap pli ca tion of iso -
topes in hy drol ogy, but also in cli ma tic and eco log i cal stud ies. Re cently this mon i tor ing ac -
tiv ity has been en larged to iso topes in the to tal wa ter cy cle, and the new iso tope da ta base
(Iso tope Hy drol ogy In for ma tion Sys tem (ISOHIS; www.ISOHIS.IAEA.org), cov er ing also
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ground wa ter data, en ables to gether with the GNIP da ta base, to study dy nam ics and spa tial
char ac ter is tics of ground wa ter [7].

How ever, a com plex ground wa ter data com pi la tion, eval u a tion and in ter pre ta tion
have been ab sent ing, and the ex ist ing data have been mostly used only for spe cific hy dro -
log i cal ap pli ca tions. With the de vel op ment of geostatistical meth ods of data treat ment,
which are based on the Geo graph ical In for ma tion Sys tem (GIS), it is pos si ble to map the
spa tial vari abil ity of the iso to pic com po si tion of wa ter in se lected re gions of the world [8]. 
It is pos si ble, in such a com plex sys tem, to trace the or i gin and path ways of dif fer ent wa ter 
masses on the ba sis of the de vel oped iso to pic maps, cov er ing tem po ral and spa tial dis tri -
bu tion of hydrochemical and iso tope data. In te grat ing iso tope data into a re la tional da ta -
base cov er ing also hydrogeology and hydrochemistry, it will be pos si ble, us ing GIS
to vi su al ize, and in this way to cre ate the tem po ral-spa tial iso tope maps of ground wa ter
[9]. Such an in te grated at tempt will gather new in for ma tion on tem po ral and spa tial vari -
abil ity of groundwater, on its dynamics, on anthropogenic and climatic impacts, and on its 
vulnerability.

Al though ra dio ac tive and sta ble iso topes have been ap plied in a few ground wa ter stud -
ies, e.g. [10�13], there has not been done an in te grated re search yet, which would cover in
full com plex ity the whole Slovakia, not to say that such a re search should cover all Cen tral 
Eu rope. The pre vi ous iso tope hy drol ogy work in Slovakia, e.g. on min eral and ther mal
wa ters [13], on for ma tion and ages of travertines [14], etc., con trib uted to un der stand ing
of ground wa ter or i gin, how ever, tem po ral and spa tial in for ma tion has been miss ing,
which could better char ac ter ize spe cific ground wa ter lo cal i ties, ground wa ter ages, in fil -
tra tion ar eas, re charg ing char ac ter is tics of ground wa ter res er voirs, dan ger of their con -
tam i na tion, cli ma tic changes, etc., all im por tant facts for pro tec tion and correct exploitat-
ion of groundwater from the long-term perspective.

De part ment of Nu clear Phys ics and Bio phys ics of the Fac ulty of Math e mat ics, Phys ics
and In for ma tics of the Comenius Uni ver sity in Bratislava has 40 years of ex pe ri ence in ra -
dio car bon mea sure ments. The Ra dio car bon lab o ra tory started its op er a tion in 1966 with
anal y sis of ra dio car bon in at mo spheric car bon di ox ide [15]. The de vel oped meth ods in -
cluded col lec tion and pre-treat ment of sam ples, sam ple prep a ra tion in the lab o ra tory,
lines for sam ple com bus tion, chem i cal dis so lu tion and prep a ra tion of la belled gases (car -
bon di ox ide, meth ane), low-back ground pro por tional coun ters with ac tive gas fill ing,
elec tron ics for reg is tra tion of pulses from proportional counters and low-background
shields [16�20].

Sam ples of min eral and ther mal wa ters, col lected mostly in the south-west ern and
north-west ern Slovakia [13] were ana lysed for sta ble iso topes and ra dio car bon. The ob -
tained re sults con trib uted to un der stand ing of or i gin of these wa ters, how ever, tem po ral
and spa tial in for ma tion, which could better char ac ter ize spe cific ground wa ter lo cal i ties,
ground wa ter ages, in fil tra tion ar eas and re charg ing char ac ter is tics of ground wa ter res er -
voirs has been miss ing. The pre lim i nary data show that ground wa ter was in creas ingly
flowing mainly during the inter gla cial periods [21].

We started in 2007, in the framework of the IAEA Coordination Research Programme
on �Geostatistical analysis of spatial isotope variability to map the sources of water for
hydrology stud ies�, a pilot study on the development of geostatistical tools for mapping
the spatial isotope variability of groundwater in Slovakia and the Central Europe. The
constructed isotope maps will be used to trace the origin of groundwater in the region,
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to iden tify ar eas, where additional isotope data are required, and to evaluate, assess and
better manage resources of groundwater in the region. In the ar eas, where limited isotope
data are available, new sampling campaigns and isotope analysis will be carried out over
the Slovakia territory, and new data will be merged with the compiled Central Europe
database. The radiocarbon ages plus 2H, 18O and 13C values will be determined in over
100 ground wa ter samples collected from about 70 localities. Geostatistical analysis of ex -
per i men tal data will be carried out with the aim to search for temporal and spatial
variations in the distribution of water isotopes. A new hydrological isotope database
for Slovakia and the Central Europe on the basis of all previous studies, as well as the data
collected whitin the framework of this CRP will be developed. The developed hydrogeo-
log i cal-iso tope maps of temporal and space variability of groundwater in Slovakia and the 
Central Europe will be important for the evaluation, assessment and management of water 
resources.

2. Sampling programme and methods

This work is based on samples collected in cooperation with the State Geological
Institute of Dionýz �túr in Bratislava. Mostly samples of Slovak thermal and mineral
waters were collected (sampling sites are visible in the accompanying figures). Further
sampling programme has been concentrated on the ��itný ostrov� in the south-western
Slovakia, north of the Danube River where over 100 samples of groundwater, river water
(the Dan ube, the Small Danube, Váh) and precipitation have been collected and analysed
for radioactive (14C) and stable isotopes (18O, 13C), as well as for anions, kations and trace
elements. The obtained data will form the basis for the development of a 3D hydraulic
model of the ��itný ostrov�, which will help to study the origin and flow of groundwater
in the re gion as well as their connection with the Dan ube water. Isotopes will form an
important part of the modelling exercise, especially from the point of view of calibration
and validation of the model.

Experimental methods included large volume water sampling (~50 L) for radiocarbon
dating, precipitation of carbonates in the form of BaCO3 and its transport to the
laboratory. Simultaneously small volume water samples (1 L) were collected for analysis
of stable isotopes. Field analyses included the tem per a ture, pH, Eh and electrical
conductivity measurements.

Laboratory analyses included: analysis of stable isotopes (18O, 13C) using mass
spectrometers; preparation of gas fillings (carbon dioxide was released from BaCO3 by
addition of H3PO4); preparation of methane labelled with 14C from a sample of carbon
dioxide [16] and 14C activity measurement by a gas proportional counter [17]. Quality
management of all the anal y ses has been assured by analysis of reference materials, and
by participation in intercomparison exercises.
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3. Development of the relational database ISODAT

3.1. Struc ture of the ISODAT da ta base

The sampling strategies are determined by the main objectives of the project which include
development of a relational isotope database of groundwater of Slovakia, which will cover
hydrogeological, hydrochemical and isotope data. Such databases, which enable to study
temporal and spatial characteristics of groundwater are under preparation in several
European countries.
The data evaluated in this paper were extracted from the Isotope Database (ISODAT) da ta -
base, which has been developed whitin the framework of this project. The basic concept of
the ISODAT database is described below to give an idea about the database structure and
in put-out put functions, important for possible supply of data from other institutions, as
well as for data extraction and use in research.

The ISODAT has been cre ated to serve the fol low ing im por tant func tions:
� To pro vide the snap-shot of iso tope data at any time, which may be used as the base -

line for any as sess ment stud ies,
� To pro vide im me di ate and up-to-date in for ma tion on the iso tope lev els in dif fer ent

en vi ron men tal ma tri ces,
� To per mit in ves ti ga tion of tem po ral and spa tial trends in en vi ron men tal iso tope lev -

els and iden tify gaps in avail able in for ma tion.
To sat isfy these aims, the fi nal sys tem should be flex i ble and ex tend ible and should be

able to be in ter ro gated by re gion, by time pe riod, by iso tope and by en vi ron men tal ma trix.

3.2. Data types and re quire ments

The data re quire ments for re cord ing iso tope mea sure ments are rel a tively com plex and
ex ten sive but can be func tion ally di vided into two categories: 

� def i ni tion of the en vi ron men tal sam ple and its pro cess ing,
� an a lyt i cal pro ce dures un der taken and their re sults; a com plete data pro file pro vides

suf fi ciently de tailed in for ma tion to en sure that the data ver i fi ca tion and eval u a tion
can be carried out.

Such detail requirements will help in the data in ter pre ta tion and analysis and forms the 
basis of the data validation. The division into these two distinct data categories is reflected 
in the database structure which has two primary data files. The further reason for this
structure is that a single sample will frequently give results on several isotopes.

Broad classes of sam ple type were de fined, namely: wa ter va pours, pre cip i ta tion, river 
wa ter, lake wa ter, springs, wells, soil, sed i ment. These are the main en vi ron men tal me dia
con sid ered for iso tope stud ies. As so ci ated with each are a num ber of fur ther data fields
which pro vide to gether the com plete sam ple profile consisting of:

� sam ple de scrip tion (in clud ing the vol ume, tem per a ture, con duc tiv ity, 
ox y gen con tent, pH, etc. as ap pro pri ate)

� sam pling lo ca tion
� sam ple pre-treat ment
� method of anal y sis
� re sults.
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The main considerations in the design of the data requirements were the different ways 
of reporting results, the difficulties in dealing with the limits of detection, the possibility
of decay-corrected results and various uncertainties which should be quoted.

The in for ma tion in cor po rated in the da ta base is both cur rent as well as ret ro spec tive.
It re flects the cur rent re search and en vi ron men tal pri or i ties, as well as those of the past.
In the ini tial de vel op ment of the da ta base, it was de cided to un der take a ret ro spec tive search
for data, mak ing use of pub lished lit er a ture and re search re ports. Cur rently, the da ta base
holds a great deal of his tor i cal data from a num ber of tech ni cal re ports and pa pers from
Slovakia. How ever, con sid er ation has been given to pro spec tive data en try, through elec -
tronic trans fer of data from the source lab o ra tory to the cen tral da ta base. Var i ous data trans -
fer pro to cols and programmes have been de vel oped to fa cil i tate the ex change of data. The
data re quire ments have been broadly clas si fied into several key areas, as presented below.

The general organisation of the database is shown in Fig. 1. The main relationship is
given by the files, e.g. WATERTYPE, ISOTOPE, UNIT, METHOD, WORV (Weight or
Volume), COUNTRY, REGION. Files MEASURE, LOCATION, LABORATORY and
REFSOURCE covering the results, location and the bibliography. The arrangement is
taking into account the intensity of the access into the database (the largest is for
MEASURE, the smallest for REFSOURCE).
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3.3. Da ta base in puts

Sam ple type. Eight sam ple types were iden ti fied: wa ter va pours, pre cip i ta tion, river
wa ter, lake wa ter, springs, wells, soil and sed i ment, cor re spond ing to the en vi ron men tal
me dia most com monly used.

Lab o ra tory in for ma tion. As the pri mary data source, lab o ra tory in for ma tion pro -
vides the nec es sary back ground in for ma tion. Only the very ba sic lab o ra tory de tails are re -
quired. Par tic i pa tion in pro fi ciency tests and intercomparison ex er cises pro vides a broad
in di ca tor of good lab o ra tory prac tice and may be used in in di vid ual cases to assess the
validity of the data.

Sam pling pe riod. The date of sam ple col lec tion is re quired. Since tem po ral fea tures
will be an im por tant anal y sis prod uct from the da ta base, these fields are es sen tial and form 
the ba sis for tem po ral interrogation.

Sam ple lo ca tion. All the data en tered in the da ta base are geo graph i cally reg is tered.
The de gree of spa tial reg is tra tion re corded is pre cise (i.e. lat i tude and lon gi tude). Pro vi -
sion has been made to in clude re gional information as well.

Sam pling method. In for ma tion on the spe cific sam pling method used to col lect the
sam ple is re quested. Al though not con sid ered as a cen tral data re quire ment, avail abil ity of 
such in for ma tion may be used in the data eval u a tion. A de scrip tion of the wa ter source is
also in cluded, e.g. well characteristics.

Lab o ra tory treat ment. A num ber of phys i cal and chem i cal treat ments may be ap -
plied to the sam ple prior to iso tope anal y sis. Gen eral in for ma tion on the pro cesses to
which the sam ple has been sub jected is re quired as part of the pro file. The pri mary func -
tion of these data is for data ver i fi ca tion and in cer tain cir cum stances, e.g. in the iden ti fi ca -
tion of out li ers, it may be used in the val i da tion pro cess. Again, when re sults from
dif fer ent lab o ra to ries are be ing com bined, such in for ma tion may be used to en sure the
com pa ra bil ity of the re sults and to explain any observed discrepancies.

Data source and ref er ence. Given a pri mary da ta base func tion as a data ar chive and
re pos i tory, it is im por tant that the source of any data be fully ref er enced, thus part of the
da ta base sys tem in cludes the full ref er ence to the pri mary source (a pub lished pa per or in -
ter nal laboratory report).

An a lyt i cal in for ma tion. The in for ma tion re quested here has a num ber of fea tures
which must be ac com mo dated within the pri mary data file. Key is sues which had to be re -
solved in cluded the dif fer ent un cer tainty struc tures, data re corded at the limit of de tec tion, 
be low de tec tion or not de tected and the in for ma tion con cern ing the dif fer ent an a lyt i cal
meth ods. The iso tope is iden ti fied by the stan dard convention using scientific notation.

Re sults and units. Al though an in ter na tional con ven tion on units does ex ist, it is no -
tice able and to be ex pected that re sults are pre sented in a va ri ety of units. The pri mary da -
ta base file holds the in for ma tion on re sults in the orig i nal units. Later, the data man age ment
sys tem con verts the data to a stan dard form for fur ther ma nip u la tion and anal y sis.

Un cer tainty and limit of de tec tion. Un cer tain ties in both ab so lute and per cent age
form are ac com mo dated (at 1s level). Mea sure ments made at the limit of de tec tion or re -
corded as be low de tec tion or not de tected are flagged in an ad di tional char ac ter field.

Method of mea sure ment. The par tic u lar an a lyt i cal method of sam ple anal y sis is in -
cor po rated. The an a lyt i cal data file also in cludes the sam pling date (a sec ond ary link to
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the en vi ron men tal data file), the date of mea sure ment, whether a de cay cor rec tion has
been made, and to which date.

Bib lio graphic ref er ences. The third ba sic in for ma tion type gives de tails of the bib lio -
graphic in for ma tion on the data source. It in cludes the au thors/source of the data, if from
a re port, the full ti tle and date of publication.

In puts and out puts. The for mat of in puts (Ac cess 2003) into the ISODAT da ta base
us ing fic tive data is pre sented in Fig. 2. The file MEASURE al lows for the same SAMPLE 
to in clude there all the mea sure ments done on a given sam ple. Out puts from ISODAT
cover tem po ral and spa tial data for a given iso tope, changes with time, 2D and 3D data
visu ali sa tion, iden ti fi ca tion of gaps, modelling, etc.

The ISODAT is constructed using the PostgreSQL 8.3 software and its GIS version
PostGIS, and based on the MS Access 2003 � first of all because of its easy availability
and cross-connection with the Microsoft Office Excel, Word, PowerPoint and GIS
visualisation software. The ISODAT will be available for users via the UNIBA web.

4. Results and discussion

Fig. 3 shows the preliminary distribution of d18O in mineral and thermal waters of

Slovakia. The d18O values have varied between -11.6 � and -5.8 �. Unfortunately,
there are still great regional gaps, therefore more data are required to assure reasonable
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Fig. 3. Pre lim i nary spa tial dis tri bu tion of d18O (in �) in groundwaters of Slovakia.

Fig. 4. Pre lim i nary spa tial dis tri bu tion of d13C (in �) in groundwaters of Slovakia.

Fig. 5. Pre lim i nary spa tial dis tri bu tion of 14C (in pmc) in groundwaters of Slovakia.



data density. Generally, it can be seen that in the north-western part of Slovakia the

samples have been enriched in d18O, while there are a few island with depleted values. We
hope to draw a better picture when more results will be available.

Spatial distribution of d13C in groundwater of Slovakia is presented in Fig. 4. The d13C

values have varied between -13 � and 1 �. Fortunately there the data density is better

than in the case of d18O, however, still too far from being an optimal. There is an
indication that in the north-western part of the Central Slovakia, where the samples have

been enriched in d18O, they are depleted in d13C, and probably the same is valid for the
northern part of the Central Slovakia.

The best avail able data den sity has been ob tained for 14C. The data are plot ted in Fig. 5
as per cent mod ern car bon (pmc). We see that ma jor ity of the sam ples rep re sent old
ground wa ter with 14C con tent be low 15 pmc. There have been only three lo cal i ties in the
Cen tral Slovakia with much youn ger wa ters, around 90 pmc.

Fig. 6 shows the first at tempt to con struct the ver ti cal dis tri bu tion of 14C in ground wa -
ter of the �itný ostrov. Gen er ally, the depth dis tri bu tion con firms that the ma jor ity of
ground wa ter has 14C con tent be low 20 pmc, ex cept a small area on the north-west, where
at the sur face and subsurface (around 500 m) youn ger wa ters with 14C val ues around
30 pmc (sim i larly in the cen tral part of the ba sin, at the wa ter depths around 1500 m) can
be seen. An in ter est ing fea ture is the ex is tence of old wa ters with 14C val ues be low
10 pmc, which are sur pris ingly seen from the sur face down to 200 m wa ter depths.
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5. Conclusions

Pre lim i nary in ves ti ga tions of spa tial vari abil ity of 14C, d13C and d18O sug gest large
iso to pic het er o ge ne ity in ther mal and min eral wa ters of Slovakia, al though the data den -
sity is still not good enough to draw more precise conclusions.

The ver ti cal dis tri bu tion of 14C in ground wa ter of the �itný ostrov con firms that the
ma jor ity of ground wa ter has 14C con tent be low 20 pmc, ex cept a small area on the
north-west, where at the sur face and subsurface (around 500 m) youn ger wa ters with 14C
val ues around 30 pmc can be seen. An in ter est ing fea ture is the ex is tence of old wa ters
with 14C val ues be low 10 pmc, which are sur pris ingly seen from the sur face down to 200 m
wa ter depths.

This new research approach will improve the capability and efficiency in using
isotopic tools for deeper evaluation, more rigorous assessment and more efficient
management of water resources in the region.

More detailed studies are underway and more information will be gathered when new
isotopic data will be available, including new chemical and isotope analyses of samples
collected during 2008 and 2009.
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