CHEMISTRY & CHEMICAL TECHNOLOGY

Vol. 9, No. 2, 2015

Chemical Technology

Kseniia Bystrevskal, Valentina Pidlisnyuk! and Stefan Aschenbrenner?

RESEARCH OF THE RADIOACTIVE AND PHYSICO-CHEMICAL
CHARACTERISTICS OF THERMAL GROUND WATERS
IN THE SLOVAK REPUBLIC AND TRANSCARPATHIAN REGION,
UKRAINE

1Department of the Environment, Faculty of Natural Resources, Matej Bel University in Banska Bystrica,
55, Tajovskeho str., 97401 Banska Bystrica, the Slovak Republic; valentina.pidlisnyuk@umb.sk
2Slovak Water Management Committee, branch in Banska Bystrica,
69, Partizanska cesta , 97498 Banska Bystrica, the Slovak Republic

Received: November 06, 2014 / Revised: November 17, 2014 / Accepted: February 20, 2015

a Bystrevska K., Fidlisnyuk V., Aschenbrenner S, 2015

Abstract. The thermal ground waters used for spa
complexes in Zilinsky and Banskobystricky regionsin the
Slovak Republic and in Beregovo, Transcarpathian
region, Western Ukraine, were analyzed for gamma-
radiation level, content of selected radioactive dements
and physico-chemical characteristics. Comparative
analysis of the thermal ground waters showed that waters
in Beregovo had the highest radiation level in terms of
gamma spectrum, which was about two times higher than
the limit; in contrast, radiation levels of research sitesin
the Slovak Republic were within Slovakian standard
limits. The concentrations of radioactive elements Ra™®
and U in the thermal ground waters in Beregovo, Ukraine
and in Turéianske Teplice, the Slovak Republic were
within the limit.

Researched thermal ground waters in the Slovak
Republic and Ukraine had similarities in geomorpho-
logical characteristics and tectonic background. However,
physico-chemical characteristics of waters were diverse:
while SO,% and HPO,> concentrations were close for all
research tests, waters in Beregovo showed highest levels
of concentrations of Ca?*, Na*, Fe**, NH,", and Cl” ions
concentrations. Recommendations on improvement of the
environmental Stuation at the research sites and further
use with respect to sustainability were devel oped.

Keywords: thermal ground waters, gamma-radiation le-
vel, radioactive e ement, physico-chemical characteristics.
1. Introduction

Thermal ground waters have global distribution in
the crust, continuously receiving heat from the depths of

the Earth, and occur in the areas of current and extinct
volcanic activity in tectonically active mountain-fold areas
and adjacent marginal troughs and intermountain basins
[1]. Such areas are closely connected with ground water
springs in the Slovak Republic and Western Carpathian,
Ukraine [2]. Thermal ground waters, migrating from the
depths of the Earth by tectonic disturbances, react with
rocks and geological materials, become saturated with
different chemicals, including radioactive isotopes. Such
waters are usualy sated with radioactive isotopes in
places reaching the surface (spring or well) and often have
increased gamma radiation. Due to prolonged spa use of
ground waters gamma radiation background can rise [3].

Slovakian and Ukrainian thermal ground waters
have many features in common: the nature of their origin,
the geomorphological and hydrological structures, and
climate conditions. Changes of natural conditions of
ground waters in terms of radiation and physico-chemical
characteristics were shown [5-8].

Nowadays, spa complexes located in Transcar-
pathian region, Ukraine and Zilinsky and Banskobystricky
regions, the Slovak Republic are among the most
intensive users of thermal groundwater resources. It may
be assumed that such exploitation may negatively
influence and alter the natural ground water systems. The
main goal of the research was to explore the radioactive
and physico-chemical characteristics of selected spa
complexes located in the Slovak Republic and Western
Ukraine and to provide a comparative analysis regarding
impact of their exploitation to the state of thermal ground
water and to develop recommendations for further use
with respect to sustainability. In the Slovak Republic
Siac, Turcianske Teplice, and Rajecke Teplice were
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explored, and in the Transcarpathian region, Western
Ukraine, Beregovo was explored [4].

2. Experimental

In order to overview the main radicactive and
physico-chemical characteristics of thermal ground waters
at spa complexes in the Slovak Republic and Ukraine the
sampling of groundwater and sludge were collected at the
selected sites during January-March, 2014. Samplings
were analyzed for content of the radioactive elements. At
all selected sites the measurement of gamma-ray spectrum
and exposure rate were accomplished, as well as determi-
nation of the total specific activity of radionuclides. The
physico-chemical characteristics of selected ground
waters were analyzed as well.

2.1. Determination of the Exposure Rate
of Gamma Radiation

Estimation of gamma radiation exposure rate of
groundwater samples and gamma-activity in soils located
close to the thermal ground water sources were provided
by use of devices radiometer RKS-20.03 “Pripyat” and
dosimeter DBG-06T (0071). Radiometer RKS-20.03
“Pripyat” allows to detect radiation in general and quickly
whereas dosimeter DBG-06T allows to measure
radioactivity more precisdly and for longer time.
Combination of data received by using of both devices
alows to receive the broad and sharp data; error of
measuring (in %) by using RKS-20.03 “Pripyat” was £ 25
and by using DBG-06T + 15.

Measurement of gammaray radiation was
provided along profile lines, equally pointed in the
researched areas. Such approach was proposed in
accordance with Requirements for natural radioactivity in
mineral resources during Geological Prospecting and
Exploration [9-12]. Overall profile lines length was about
8000 m. Consequently, for four selected research sites 31
separated profile lines were set and drawn out,
specificaly, there were 7 profile lines in Beregovo, 7
profilelinesin Slia¢, 9 profile linesin Tur¢ianske Teplice,
and 8 profilelinesin Rajecke Teplice.

Altogether 101 fixed points for measurement were
made along all profile lines, specifically, there were 30
points in Beregovo, 25 points in Slia¢, 26 points in
Turcéianske Teplice, and 20 pointsin Rajecke Teplice.

2.2. Methods of Sampling and Labo-
ratory Analysis of Water Samples

Water samples and sludge were taken for two water
sources, located close to spa facilities in Beregovo,
Ukraine and Turcianske Teplice, the Slovak Republic.
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1-liter glass bottles were used for sampling,
preliminary treated by 50 ml of HNO;. After collection of
water samples bottles were tightly closed and kept at those
conditions during transportation. Such approach ensures
preservation of immutable quality of the water in
accordance with Ukrainian standards.

Analysis of water samples and sludge was done at
the certified laboratory of the State Enterprise "Ukrainian
Geological Company”, Kyiv, Ukraine, error of measu-
rement for al tested samples was below 8 %.

Water samples taken from other water sources:
Sia¢ and Raecke Teplice were andyzed a Slovak
Hydrometereological Ingtitution in accordance with EU
standard approach [13-16].

3. Results and Discussion

Results of gamma-radiation survey, accomplished
aong research profiles for four selected places are
presented in Fig. 1 and Table 1, where surpassing of
estimated gamma-radiation over standard one is shown. It
may be seen that research points in Beregovo, Ukraine has
rather high radiation level in terms of gamma spectrum,
which is about two times higher than the limit. In contrast
all research sites in the Slovak Republic in accordance to
gamma-radiation survey are within Slovakian standard
limits[10, 7]. However, in Turcianske Teplice the level of
gamma radiation has a tendency to increase.

Gamma-radiation survey
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Fig. 1. Comparative analysis of gamma-radiation survey, uR/h

The estimated concentrations of radioactive
elements Ra? and U in the thermal ground waters for
two research sites: Beregovo, Ukraine and Turcianske
Teplice, the Slovak Republic, are presented in Table 2.
The radioactive values are within the limits, however, in
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terms of Slovakian categorization of radioactive risk
(Table 3 [17], Beregovo site could be defined as
B-category concerning the levels of Ra®. That fact
requires further research and analysis in order to explain
the source of pollution.

Physico-chemical characteristics of all ground
waters researched are summarized in Table 4. It may be
concluded that despite ground waters similarities in terms
of geomorphological characteristics, tectonic background
and close location, physico-chemical characteristics for all
watersare rather different.

Concerning the concentration of single dementsit is
seen that concentration of Ca®* in Beregovo is the highest
one. Concentrations of SO, and HPO,” ions are rather
close for all researched waters. Therma ground waters in
Beregovo show extremely high level of Na’, Fe**, NH,",
and ClI” ions concentrations as compared to other sites.
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The data about changing of some physico-chemical
characteristics (pH, concentration of CO, and anions SO,%)
of the thermal ground waters in Turéianske Teplice are
shown in Figs. 2-4. It may be concluded that since 1968
till 2012 those characteristics changed greatly; in
particular that effect is essential for concentration of CO,,
which may be connected with intensive use of the thermal
ground waters.

The practical recommendations for mitigation of
situation are about cleaning up the places of radioactive
contamination in Beregovo, Ukraine and treating the
wastewater and dludge before discharge. Another
recommendation is about stabilization using of the
thermal groundwater in Sliag, Turcianske Teplice,
Rajecké Teplice, the Slovak Republic for prevention of
further deterioration. Regular monitoring and control
enforcing will assist positively aswell.

Tablel
Compar ative analysis of gamma-r adiation survey, uR/h
Location Min Max Average Standard
Beregovo 175 59 38 30
Sia¢ 85 16 12 30
Turcianske Teplice 75 23 155 30
Rajecke Teplice 105 15 13 30
Table 2
Radioactive assessment of groundwater, Bo/l
Indicator/Location Beregovo Turcianske Teplice Limit
Ra™® 0.137 0.036 19
) 0.035 0.037 12.1
Table3
Categorization of radioactive risk for groundwater [17]
Indicator Category A Category B Category C
Ra™>°, Bg/l 0.05-0.1 0.1-05 0.5 and more
Table4
Compar ative analysis of physico-chemical assessment of groundwater
Indicators Units Beregovo Siat Tur¢ianske Teplice | Rajecke Teplice Standard
Temperature K 313.0-328.0 285.5-317.0 302.2-316.6 311.0 —
pH pH 6.3-6.8 6.5 6.7-7.0 74 6.5-8.5
Ca” Mg/l 180.0-270.0 722.2 256.9-258.1 119.0-120.6 > 30.0
Mg” Mgl 60.0-133.0 180.5 60.9-62.8 54.1-54.5 10.0(30.0)-125.0
Na’ Mg/l 7306.0-9818.0 56.7 475 41-85 200.0
Fe™ Mg/l 0.3-1.0 <0.01 0.014 < 0.005-0.006 0.2
NH, Mg/l 2.5-38.0 0.05 0.12 <0.02-0.3 0.5
CI Mg/l 8686.0-13472.0 51 41 28-7.0 100.0-200.0
SO~ Mg/l 891.0-1484.0 1598.1 530.0-535.0 56.0-66.3 250.0
HPO,” Mg/l 0.03-0.05 <0.03 0.02 0.02-0.05 3.5
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Fig. 2. pH changes, Turcianske Teplice, spring Modry Bazén,

well TM-19
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Fig. 3. Changes of CO, concentrationsin Turcianske Teplice,

spring Modry Bazén, well TM-19
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4. Conclusions

The thermal ground waters used for spa complexes
in Zilinsky and Banskobystricky regions in the Slovak
Republic and in Beregovo, Transcarpathian region,
Western Ukraine, were analyzed for gamma-radiation
level, content of selected radioactive elements, and their
physico-chemical characteristics. The possibility to
implement the method of profiles for deep monitory of
radioactive contamination of thermal ground waters in the
Slovak Republic was confirmed.

It was established that Slovakian and Ukrainian
thermal ground waters have features in common: the
nature of their origin, the geomorphological and
hydrological structures, and climate conditions. However,
physico-chemical characteristics of waters were diverse:
while SO, and HPO,* concentrations were close for all
research tests, waters in Beregovo showed the highest
levls of Ca®* , Na', Fé®, NH,, and CI" ions
concentrations. The high level of radiation in Beregovo,
Ukraine, was detected at amost all research points, which
was two times above the limit. For all research sitesin the
Slovak Republic the radiation level were lower than
standard, however, in Turcianske Teplice the level of
radiation has tendency to increase. It was established that
state of thermal ground waters in Turéianske Teplice has
deteriorated during the years of observation. The practical
recommendations for improvement of the environmental
situation at the research sites were developed, which are
about cleaning up the places of radioactive contamination
in Beregovo, Ukraine and treatment of wastewater and
dudge before discharge. Another recommendation is
about stabilization of using of thermal groundwater in
Sia¢, Turéianske Teplice, Rajecké Teplice, the Slovak
Republic, for prevention of their observed deterioration.
Regular monitoring and enforcing of the control of waters
will assist positively as well.

The future research should focus on the monitoring
of thermal groundwater in Turcianke Teplice, the Slovak
Republic, where the effects of increasing gamma radiation
and changes of physico-chemical characteristics were
detected.
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JOCJI/UKEHHSA PAAJIOAKTUBHUX TA ®I3UKO-
XIMIYHUX XAPAKTEPUCTHUK TEPMAJIBHUX
I'PYHTOBUX BOJ Y CJIOBAYYNHI
TA 3AKAPIIATCBKIN OBJACTI YKPATHUA

Anomauia. Ilposedeno ananiz mepmanvHUX [pyHmMosux 600,
AKI 8UKOPUCMOBYIOMbCA 0Nl Cha-Komniekcie 6 JKunincoxomy ma
banckobucmpuyvxomy pecioni  Crosayvxoi Pecnyoniku ma 6
Bepezoso 3axapnamcokoi oonacmi (3axiona Ykpaina), wjooo pigns
2aMMa-6UNPOMIHIOBAHHS, 8MICMY OKpeMux paodioakmueHux eie-
Menmig I pizuxo-ximiunux xapakmepucmuk. Iloxazano, wo naiigu-
wull pieeHv paodiayii 6 medxicax Cnekmpy 2amma-6unpomiHIO8aHHs
Mmaroms 600u y bepezoeo, pisenv axux npubnuswo 6 0sa pasu
SUULL, HIDIC donycmuma medxca; pieens padiayii 600 6 Cnosauuuni
3HAX00AMbCA 8 Medicax Hopmu. Bemamnoeneno, wo xonyenmpayii
padioakmuenux eremenmie Ra226 i U 6 mpynmosux eodax ¢
bBepecoso  (Vkpaina) i ¢ Typuiancke Tenniye (Crosawuuna)
3HAXOOSAMBCA 8 MENCAX HOPMU.

Tloxazarno, wo Oocniodcysani mepmanvHi PyHmMosi 600u 8
Cnosauyuni ma Yxpaini maioms cxoxci eeomopgonoziuni ma
MEKMOHIYHE  0COONUBOCME, npome  GIOPI3HAIOMbCsL 34 (DI3UKO-
XIMIYHUMU CKIAOOM: NpU Matixce 0OHAKOBUX KOHYEHMPAayiax 8342' i
HPO,> ons ecix 3paskis, 6oou y bBepezosi marome uuy xonyenm-
payio Ca®*, Na', Fe?", NH4" i CI" itionis. Pospobneno pexo-
MeHOayii Wo0o NONINUWEHHST eKOI02IYHOI cumyayii ma nooanbui02o
CMano2o po3eUMKY 00CIiON#CYBAHUX TMEPUMOPILL.

Knrwouosi cnoea. mepmanvui ipynmosi 600u, pieeHv camma-
BUNPOMIHIOBAHHS, — PAOIOAKMUGHULL  enemMenm,  (DI3UKO-XIMIUHA
Xapaxkmepucmuka.
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