JAHRBUCH DER GEOLOGISCHEN BUNDESANSTALT

9
Jdby Giad [ &

IREM WAG TRO0

M 142 I Tl 4

5891 GIR Wien, Desgndes 00

Danube Aegion Envirenmenlal Geology Pregramme DANREG — Explanalory Holes

lerens BOROVICATNY {ed.)
Stanislav BAPANT

Dusan 13015

Gyiérgy TOTH

Isivan HORVATIT

Craedagical Survey of Aaslria
gl prise 73, A—IE 1 Yienig

Tiealngical Survey of Slovak Repmidil
Mlbvnsha Deding 1, 17 1 Bratislava

reohesaal Instivube of Dlunea y
11 1143 Hndapesr . Srefinia or 14

Water Quality

Intraeductiomn
Assessmoent of the different
iypees ol mwalural walers
Review of the natural waters
ol 1he IPAMNREL nren
Precipitation warer
Snrface walers in ARsivia
Surface wavers in Novakio
Pringipal river  the ke
Sceond order rivers
‘Lhird enler rivers
other streams
Surface warers i Hunmany
{ernamresdwendtinr s Awsiricr
Croamchaaier i Slovakia
Plain gemeli Lypes of
groundwalers
Cernnmenshwater of Thenpery
Bank or river bed filtration
syslermy

Edilor: G. Gsfscar

Cirpunwater parly rechared
b surlbce walers

Sprimgs, reprosenting the infilivatinn
watcrs (“onld” aprings)

Intermedite Muw syslems

Teginnal flow sysfcims

Stagrmanl (slowly migraling) wialers

Altcred shallow oroundwater

Mineral waters of Ausiria

Mincral warer ar the castem hoarder of
e Wiepu Dhasin

Transiticd arca boelwecn the Vienna
Basin emd the Punnonian Basin

The Pannonian Basin

Thermad and mineral warsrs
ol Slovakiin

Creplhermul walers

Muneral wilers

Conclusions




©Geol. Bundesanstalt, Wien; download unter www.geologie.ac.at



Introduction

A brief overlook of the chemical composition of the
different waters of the DANREG programme area charac-
terizes the present-day status of the natural waters. The
chemical characteristics of the natural precipitation, the
surface and the groundwater, as well as the mineral and
thermal waters are demonstrated. The natural, geological-
ly influenced situation of the water quality can be observ-
ed as well as the men-made contamination. Some decades
ago only the drinking water in wells was regularly inves-
tigated. The region includes one of the largest drinking
water reservoires in Europe and there is also an important
water mangement work — the Gabeikovo dam — operat-
ing for several years and influencing the regime and the
quality propertie of ground- and surface water.

The terrific progress of chemical analytics revealed
dramatic contents of toxic components in waters, which
never have been expected, e.g. chlorinated hydrocar-
bons.

In 1991, based on the Federal Law of Water Quality
Survey, a systematic surveying of the water quality was
started in Austria. The basis of that study is the Annual
Report 1994 on Water Quality in Austria (SCHWAIGER &
GRATH 1995).

Assessment of the different types of natural waters

According to the agreement of the hydrogeochemical
experts of the DANREG countries the common guiding
principle of the water quality study was to follow the main
genetic types of natural waters. These are:

— precipitation water,

— surface waters,

— groundwater (common type),
— thermal and mineral water.

This principle was applied in the Austrian and the
Slovak territories.

In the Hungarian part of the region it is possible to
describe or characterize the evolution of these waters, by
means of their hydrodynamic position. Based on a large
number of the water and oil well data from different
depths and horizons, the local, intermediate and regional
flow systems as well the major stagnant or slow migra-
tion zones are delineate (TOTH 1982, TOTH et al. 1985).
As a consequence instead of subheadings: “groundwa-
ter” and “thermal and mineral water the following ones
are used:

Bank (or river bed) filtration waters

Groundwater partly recharged by surface waters

Springs, representing the infiltrating waters

Intermediate flow systems

Regional flow systems

Stagnant or slowly migrating waters

Altered shallow groundwater.

Under these subheadings above in part the surface
water is also concerned.

Review of the natural waters of the DANREG area

Precipitation water

The precipiation water represents one of the region’s
principal inputs into the hydrogeological cycle. Its assess-
ment is based on the chemical composition of winter pre-
cipitation and of snow. Since the mineral content in the
precipitation water can either be natural, or anthropogenic,
its chemical composition can serve as a source of infor-
mation on the infiltration water and on the pollution of the
atmosphere.

There are no published data of precipitation stations
of the Austrian part. The influence of precipitation can
be demonstrated by the contamination of Lake Neusiedl/
Fertd with phosphorus. It is, calculated to the surface of
the lake, 503 mg/m? per year. The portion of precipita-
tion is 25 mg/m?, that is 5% (PESCHEK & HERLICSKA,
1990).

The winter precipitation in Slovakia can be character-
ized on the basis of the long-term national monitoring using
the GSSR network of stations installed within, or next to the
Slovakian region or, it can be characterized from the results
of detailed research into the quality of snow, carried out by
VRANA and others (1992) between 1990 and 1992. The
snow as sampled as much as 3—4 times at 207 localities in
the broader surroundings of Bratislava (Table 1).

This regional research has shown that the mean min-
eralization for the DANREG, including the Bratislava
area reaches the values of 30-60 mg/l, which 3-5 times
exceed the background (forestry areas) and rank among
the highest. The mean pH value of snow is around 5.5
and indicates a fairly strong alkalization relative to the
average of Slovakia, which is around 4.4. These distinct-
ly increased values indicate the distribution of atmos-
pheric pollution sources, represented mainly by the dry
depositions. In the higher grounds, the pollution is pro-
gressively dispersed. As shown by the predominating
ions, the chemical composition of snow in the region
indicates an Na>Ca>NH,>Mg and SO,ACI>NO, chemi-
cal type.

In the Hungarian part of the DANREG area there is no
suitable observation site to characterize the chemical com-
position of precipitation waters. In winter 1996/97 100
snow samples were collected and analyzed in the city and
surroundings of Budapest (Table 2). shows three represen-
tative results, one from the western part of Buda, one from
the downtown and one from the eastern part of Pest. The
downtown sample shows stronger contamination of traffic
origin. The two peripheral samples have very low pH,
indicating external air contamination.

Surface waters in Austria

To demonstrate roughly the water quality of flowing
surface waters the parameters ammonium —nitrogen,
orthophosphate— phosphorus and atrazin were chosen.
By means of these parameters the anthropogenic influence
can be recognized (Table 3, 4).
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Surface waters in Slovakia

Most surface waters in the monitored DANREG area
are represented by the running waters of rivers and of
other surface streams. They may by assigned, by their size
and importance, to three groups, as follows:

— principal river — Danube

— second order rivers — Morava, Vah, Hron, Nitra,
Ipefl/Ipoly and Mal” Dunaj

— third order rivers — other streams

As already mentioned in the chapter on groundwaters,
the importance of surface waters in large DANREG itself
—especially those in the Danube River— is seen in the
fact that most groundwaters of the >itn” ostrov Island are
supplied from these waters, their chemical composition
reflects an initial state of mineralization and of the self-
purifying processes that take place in the host rock. The
reported qualitative properties of surface waters are based
on the gauging studies made during the period 1989-1990
throughout the national SHMU network.

Principal river — the Danube

The Danube, as the principal river, has an Alpine type
of flow and maintains in this area a relatively very stable
chemistry. Basically, the water is medium mineralized
(around 350-400 mg/l), of an indistinct Ca-Mg-HCO;,
type and has relatively low degree of contamination.

According to the oxygen regime index, the Slovak sec-
tion of the Danube falls within the 2™ to 3™ class of water
quality. However, the basic chemical contamination index
and the biological and microbiological contamination
indexes match it with the 3 class of water quality and the
chemical supplementary indexes rank it to the 4 class.

Generally, the water quality over the Slovak section of
the Danube River is steady.

Basing on the results of extensive monitoring of the
Gabéikovo waterwork during the period 1992—-1994 a con-

clusion may be drawn that this waterwork does not sub-
stantially influence the water quality in the Danube. In the
old channel, as well as in the dam and in the supply chan-
nel, the properties of surface water stay within the limits
of the long-term gauging studies.

Second order rivers

Qualitative properties of the second order rivers —the
Morava, Vah, Hron, Nitra, Ipefl/Ipoly and Mal” Dunaj,
that are the main tributaries to the Danube, have one fea-
ture in common— a higher degree of anthropogenic con-
tamination than in the principal river.

MORAVA

A decisive role in the water quality in the Slovak sec-
tion of the Morava River plays the regime effective beyond
the Slovak territory. Throughout its Slovak section, the
water quality is adverse — it falls within the 5% class. The
oxygen regime indexes shift it into the 4% class and the
basic chemical and biological indexes into the 5" class.

VAH

The Vah River is the biggest and the water-richest trib-
utary to the Danube. Taking the biological and microbio-
logical indexes as criteria the water in the lower course
falls within the worst, 5" quality class. Using the oxygen
regime indexes, it falls within the 3"-4% class and using
the basic and supplementary indexes it should be assigned
to 4%, or 5™ class. According to several indexes, its lower
course tributaries — the Dudvéah and Trnavka, have the 5"
class ratings and can be ranked with the most contaminat-
ed streams of Slovakia.

NITRA

The Nitra River belongs to the dirtiest streams in
Slovakia. Using the oxygen regime and the basic chemi-
cal, biological and microbiological indexes its water falls
into the 5™ class, except of a short lap near Nové Zamky.
The supplementary chemical indexes rank it with the
415t water quality class and the heavy metal contents
rank it with the 4th quality class.

HRrRON

The Hron River also belongs among the most contam-
inated streams of Slovakia. Most contaminations in its
upper and middle course comes from the large-scale
industry, while in the lower Hron course, which is a part of
the DANREG area, it comes from the large-scale agricul-
tural production.

Using the oxygen regime indexes the Hron water in the
DANREG falls within the 3™ quality class and using the
basic chemical indexes it falls into 4" to 5% class.
According to biological and mirobiological indexes, the
monitored section was assigned to the worst, 5" quality
class, mainly because of a high amounts of psychrophilous
and coliform bacteria.
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Ipefl/IPOLY

The Ipefl/Ipoly River is the last direct confluence of
the Danube River that drains the Slovak territory.
Inasmuch as the Ipefl/Ipoly drainage system does not have
an important industrial source of contamination, the agri-
culture is considered to be its major contaminator.

The water quality in the Ipefl/Ipoly, as well as in its trib-
utaries, is adverse. Taking the biological and microbiologi-
cal contamination as criteria the water falls within the 5%
quality class throughout the DANREG monitored sections.
The reason is the insufficient recycling of waste waters and
an extensive agricultural production. The oxygen regime,
the basic chemical composition, the supplementary indexes
and the heavy metal contents place this water into the 314"
quality class.

MaL” DuNAJ

The Mal” Dunaj also represents one of the worst, long-
term contaminated rivers of Slovakia. The oxygen regime
indexes show that its water falls within the 3™ quality class
(only the Bratislava section has the 2" class). According to
the other index groups it falls within the 5" quality class
(only the Bratislava section has the basic chemical and bio-
logical indexes indicating the 4" class).

Third order rivers — other streams

The chemical composition and the quality parameters
in other streams of the region differ from the main rivers

by a considerable heterogeneity and instability of their
chemical composition. Since the waters in the small dis-
charge streams are most vulnerable parts of the hydros-
phere and the DANREG area belongs to the regions with
a considerable anthropogenic load, the secondary con-
tamination belongs to characteristic features of the other
streams. Owing to both the instant and the latent con-
tamination, practically, all the components relevant from
the water management point of view can be found in
these waters in excessive amounts. At the same time, not
only the iron and mangenese, but also a number of other
metals, such as the Cr, Cu, Hg, Pb and Zn become mobi-
lized. Relatively better is the situation in the mountains
and foothills —in the Malé¢ Karpaty Mts and in the
Ipefiskéd pahorkatina Upland— where the surface waters
represent an average of very good quality groundwaters.
However, over most of the DANREG area the small sur-
face streams are strongly contaminated due to a large-
scale industrial production and indicate an overall and
heavy environmental impact.

Surface waters in Hungary

In the Hungarian part of the DANREG area one major,
some second-order and several third-order rivers collect
and feed the groundwater. The chemical composition of
these rivers is discussed from the point of view of their
relationship to the groundwater only.

Fig. 1. Periodicity of the chloride and nitrate content of the Danube water, measured data and mean
(Gyodrzamoly, Medve bridge 1990-99)
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The principal river of the territory is the Danube. Its
chemical characteristics play a very important role in the
drinking water supply of Hungary. The river water is uti-
lized usually through a bank filtration system. In the
Szigetkdz area the Danube was a loosing river before it
was diverted in 1992. After 1992 the surface water system
of this area became basically artificially influenced and its
role of the forming groundwater is being studied exten-
sively.

The chemical composition of the river displays sea-
sonal variation. The fluctuation of some components
(Fig. 1) can serve as a natural tracer to study the transport
parameters of the connecting alluvial aquifer.

The second order rivers in Hungary (Moson-Danube,
Raba, Rabca, Marcal) are the main tributaries of river
Danube. Their quality in the low-flow periods is strongly
influenced by the base-flow components (e.g. the chem-
istry of groundwater) and the urban, agricultural and
industrial impacts as well. The third order rivers
(“creeks”) show more characteristically these effects.
(Table 5)

Groundwater in Austria

<dl 3.2

7.1
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Groundwater in Slovakia

The relatively complicated geological setting of the
DANREG area, notably of its marginal parts, coupled with
a strong influence of secondary pollution are the factors
determining the development of different genetic types of
groundwater with varied chemical composition. The influ-
ence of secondary factors is very strong and in most cases,
especially in the lowland areas and in the upper parts of
aquiferous horizons, it strongly overlaps and modifies the
chemical composition of groundwaters, which they
acquired through primary factors.

Main genetic types of groundwaters

Petrogenic groundwaters, with the water component
of vadose origin and with close genetic links to the chem-
istry of the host rock.

Fluviogenic waters of alluvial plains and terraces,
(especially those of the Danube, Hron, Vah, Morava
and Ipefl/Ipoly rivers) with the water component origi-
nating from a surface stream and with a close hydro-
geochemical relationship to the surface stream waters.

The groundwaters of the petrogenic type, bound to
crystalline, Palacozoic and Mesozoic rocks of the Malé
Karpaty Mts, are only marginally represented. The sili-
catogenic waters, bound to the crystalline and Palaecozoic
rocks, are characterized by their lowest total mineraliza-
tion of around 200 mg/l and by their indistinct, Ca-Mg-
HCO,; type of chemical composition. The carbonatogenic
waters, bound to the calcareous sandstones, clayey and
sandy Jurassic limestones and dolomites, are character-
ized by the total mineralization of 300-600 mg/l and by
a distinct, A,, Ca-Mg-HCO, type of chemical composi-
tion. The groundwaters in the Neogene formations rank
among the three types that relate to lithology. The first
type are the waters bound to Neogene sediments of the
Zahorska niQina Lowland, clearly A, types with a fairly
high total mineralization of 600-800 mg/l which is due
to the calcareous nature of most host sediments, such as
the Badenian limestones, calcareous sandstones and
breccias. The majority of them also contains an anthro-
pogenic mineralization characterized by increased con-
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tents of HN,, Fe, Mn, sulphates, nitrates and chlorides.
The chemical composition of waters contained in the
sedimentary-volcanogenic, Sarmatian-Badenian forma-
tions, including the “tiavnica stratovolcano periferal
zone, the Ipeflska pahorkatina Highland, the Krupinska
vrchovina Upland and the Burda Mts, ranges between a
Ca-Mg-HCO, and Ca-Mg-SO, type. Commonly, the Na-
HCO; component is increased and the total mineraliza-
tion values in the predominantly volcanic formations are
around 300 mg/l, while in the pyroclastic members they
reach as much as 600-700 mg/l. In the groundwaters
of the Danubian Neogene sediments that are composed
of sands, marly sands, clays and silts with marine and
brackish sedimentary intercalations, we encounter
the groundwaters with the total mineralization of around
800 mg/I' In the deeper horizons, subject to a high degree
of infiltration degradation, the values even exceed 1 g/l
and there is an increased rate of S,(Cl) brackish-water
mineralization. In most Quaternary groundwaters, bound
to deluvial, proluvial-deluvial to proluvial-fluvial sedi-
ments of the foothill areas and to the aeolian sediments
of the Zahorska niQina Lowland, are the highest values
of anthropogenic contamination, exceeding 1 g/l of the
total mineralization. They also contain excessive
amounts of the components monitored by the Water
Management.

Fluviogenic waters, that is, the waters having a direct
hydrochemical relation with the surface stream waters,
can be assigned to two basic types — the central depres-
sion type (>itn” ostrov Island) and the alluvial type of
other rivers (Morava, Vah, Hron, Nitra and >itava). The
alluvial waters of other rivers (excepting the Danube) are
noted for their high degree of anthropogenic contamina-
tion, with the values of around 1 g/l , but in the settle-
ment interiors, near landfills, agricultural farms etc. these
may soar as high as 2-3 g/I. Practically, their chemical
composition is unpredictable and depends mainly on the
character of pollutants entering the groundwaters.

Most important hydrogeological and water manage-
ment units of the DANREG area are the fluvial sediments
of the Danube River, notably the gravel-sands in the arca
of >itn” ostrov Island. Apart from a narrow, Danube River
zone, the first, roughly 25 m of this assemblage are subject



to relatively high degree of secondary contamination.
Generally, the total mineralization values range between
500 and 700 mg/l and the contents of NO,, Cl, SO,, Fe,
Mn and NH, ions are increased. However, the deeper part
contains a good quality potable waters with the mineral-
ization of 350-500 mg/l and with a of Ca-Mg-HCO, type
chemical composition. In the deepest parts, down to some
100 m, or deeper, the character of water does not change,
but excessive amounts of Fe and Mn, or the NH, ions may
occur due to the oxygen deficit.

Groundwater of Hungary
Bank or river bed filtration systems

NATURAL BANK (OR RIVER BED) FILTRATION SYSTEMS (SZIGETKOZ AREA)

After the diversion of the Danube, in the Szigetkdz
the recharge and drainage conditions of subsurface
waters changed considerably. Earlier, the main source of
recharge was the Danube, with its gravel bed (Table 6).
After the diversion this role was transferred to the
Eudovo—"amorin reservoir. Later the situation became
more complex through the effect of different recharge
measures and regulation by the underwater weir (at 1843
rkm). Consequently, the branch system of the active
flood plain and the protected side, the seepage channel
and the upper reaches of the Moson Danube, as well as
the 1 km reach of the main channel immediately
upstream of the underwater weir were also involved in
groundwater recharge. From the early 90’s The
Geological Institute of Hungary studied and character-
ized the relationship in the quality of surface and ground-
water by means of special sounding along the channels.
This sounding method is capable essentially of detecting
short-distance (1-2 m) and short-term (a few days)
changes in water quality occurring during infiltration
from channels toward the groundwater. (See “Recharge
channels...” in Table 7). It can also indicate some poste-
rior changes in the water quality occurring in farther and
deeper aquifers. Additionally, in channel reaches drain-
ing groundwater it reveals the quality of water coming
from longer distances (from the background). (See
“Discharge to the Danube” in Table 7).

ARTIFICIAL BANK (OR RIVER BED) FILTRATION SYSTEMS

The artificial bank (or river bed) filtration systems
along the River Danube serve as the largest water-works
and largest drinking water reserves of Hungary. Usually

these water-works produce a mixture of waters of differ-
ent origin. The best indicators of these components are
TDS, nitrate and chloride (HORVATH & TOTH 1984, TOTH
1982). A typical example is shown in Table 5. The analy-
sis from observation wells situated between the pumping
wells and the Danube indicates a strong decrease of
nitrate content due to the muddy-gravel riverbed. Two
types of water come from the background: a contaminat-
ed nitrate rich one from the nearby settlement and an
other, with low TDS, nitrate and chloride content, from a
smaller loosing stream (feeding by a spring of the
andesitic hills). Almost all bank-filtration type water-
works aresimilar to this case, but of course with different
weight of the different sources.

Groundwater partly recharged by surface waters

In the margin of the Dunazug Mountains there are
some smaller loosing rivers (creeks or streams) which
recharge through their alluvial fan the Danube alluvium
and modify the chemical character of the groundwater
here. A fine example was shown in Table 8.

Springs, representing the infiltration waters (“cold”
springs)

The shallow groundwater in the recharge areas (hills
and mountains) is the starting-point of the different flow
systems. To know the chemical composition of this water
(the starting value) is important for the characterization of
the flow system as a whole (EGERER ef al. 1985, TOTH et
al. 1985). The cold springs with simple character and geo-
logically—pedologically uniform catchment area can serve
to determine this type of water. Five different main soil
forming rock types have been distinguished in the
Hungarian part of the DANREG region, namely lime-
stone, dolomite, loess, metamorphites and andesite
(Table 9).

Intermediate flow systems

Thousands of wells have been drilled in the upper 200-
300 m of the Pannonian sedimentary sequence. Some of
them are near the inner part of the hills and mountains,
where the groundwater is directed towards the deeper
zones or the farther lowland areas (TOTH 1982). The
undisturbed hydraulic potential of these confined aquifers
is usually higher then 160 m asl. (recharge zones). The rest
of the wells weredrilled in the discharge zones, where the
groundwater flow has an upward component. These two

[ 32 ]
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large zones combined make up the so called intermediate
flow system in this territory (Siross & TOTH 1989). The
differences in the chemical composition of the water of the
two zones clearly show the evolution of groundwater qual-
ity (Table 10).

Regional flow systems
UPPER PANNONIAN (UPPER MIOCENE) AQUIFER COMPLEX

There are two regional flow systems in the Hungarian
part of the DANREG area: one in the Upper Pannonian
porous aquifer complex (Pannonian Basin), and the other
in the main karst of the Transdanubian Range (KARPATI et
al. 1999, LIEBE et al. 1984). The recharge and discharge
zone of the Upper Pannonian porous aquifer complex was

presented in Chapter “Intermediate flow systems”. In this
chapter additional information will be given on the transi-
tional deep part (the main thermal water bearing horizon)
of this system, because of it large economic importance
(Table 11). The wide variety of the chemical composition
of the waters within this complex offers various utilization
possibilities (e.g. as mineral and medicinal waters).

MAIN KARST-AQUIFER (TRANSDANUBIAN RANGE)

a) Recharge zones (cold karst waters).

In the inner part of this system, near the old and partly
closed brown coal and bauxite mines, there is considerable
cold karstic water withdrawal. The chemical composition

3.74 |
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of these water supply wells well represent of the recharge
zone of this regional flow system (EGERER et al. 1985,
Siposs & TOTH 1989).

b) Discharge zones (thermal karsts).

The discharge zone of the huge Transdanubian
karstic system can be characterized by some chemical
data of its springs and wells (Table 13.) Note the high
fluorine content of these waters. Their relatively low
TDS values indicate an intensive groundwater circula-
tion also in the covered part of the basin. Most of the
wells are used in spas or for bottling mineral water
(LIEBE et al. 1984).

Stagnant (slowly migrating) waters

The chemical composition of the groundwater of the
aquifers of the deepest part of the Pannonian Basin is
known from oil exploratory wells. Because of their high
salinity it is supposed that this area contains fossile, stag-
nant water from the Late Miocene age (KARPATI et al.
1999, TOTH 1989).

Altered shallow groundwater

The shallow groundwater is very vulnerable and often
altered by different effects. In this chapter some extreme
examples will be presented. In the discharge zones, where
the groundwater table is near to the surface the evapotran-
spiration from the groundwater can cause some alteration.
If the shallow aquifer is clayey, very high magnesium and
sulfate content can be expected (TOTH 1989) (Table 15).

One of the most comon form of alteration is the conse-
quence of the lack of sewage system in the settlements:
high nitrate, potassium and chloride content (TOTH &
FEDER 1996) (Table 16). An other typical alteration is the
serious contamination by wastes. Good example is shown
in (Table 17). This water was collected close to the
Kobanya waste dump site (the biggest communal waste
dump of Budapest)

Mineral waters of Austria

In the Austrian part of the DANREG three areas with
occurrences of mineral water can be distinguished. They
are closely bound to local tectonics. The mineral water
sources of Mannersdorf and Deutsch-Altenburg (1) are
related to faults at the eastern border of the Vienna Basin.
The “Roemerquelle” in Edelstal (2) is situated in the tran-
sition area between the Vienna Basin and the Pannonian
Basin. Connected to faults at the western border of the
Pannonian Basin (3) there are mineral water occurrences
at Morbisch, Rust, Oggau, Purbach, Neusiedl am See,
Podersdorf and Illmitz. All faults mentioned are basin-
forming faults of the Vienna Basin and the Pannonian
Basin.

Mineral water at the eastern border of the Vienna Basin

MANNERSDORF

The thermal springs are at the north-western border of
the Leitha Hills.

mg/I
11.2 6.2 85.5 286.5 16.8  830.6 2553
Trace elements (m g/l):
Fe Al Br J B
660 20 300 20 817

Calcium-magnesium-sulfate-bicarbonate thermal
spring (22,8 °C). Analysis by W. CARLE 1975 (in ZOTL
& GOLDBRUNNER 1993, p. 268).

BAD DEUTSCH-ALTENBURG

The the medicinal spring is situated in the Hainburg
Mountains on the eastern border of the Vienna Basin.
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Sodium-calcium-chloride-bicarbonate thermal
spring (24.6 °C). Analysis of the “Well of the
Directorate” by RABER 1980 (in ZOTL & GOLDBRUNNER
1993, p. 272).

Trace elements (pg/l):

Li Be Ba U B As F Br J
1555 6800 850 0.2 4900 37 5950 3620 1300

Analysis by the Geochemical Laboratory of the
Geotechnical Institute Arsenal Vienna (in ZOTL
& GOLDBRUNNER 1993, p. 273).

Transition area between the Vienna Basin and the
Pannonian Basin

EDELSTAL—-ROEMERQUELLE (“ROMAN SPRING”)

This spring is situated in the Hainburg Mountains,
which are part of the Little Carpathians.

29.5

Trace elements (pg/l):

Li Cu Zn B F Br ]
23 9 33 65 370 30 36

Calcium-magnesium-bicarbonate-sulfate mineral
water. Summary of the complete water analysis by A. J.
STEHLIK 1992 (in ZOTL & GOLDBRUNNER 1993, p. 275).

The Pannonian Basin
MORBISCH

The springs occur at the eastern foot of the Ruster
Hohenzug.

130
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Sodium-sulfate-chloride mineral water. Analysis of the
Caroline Spring (Morbisch I) by E. ScHrRoLL and H.
KRACHSBERGER (in ZOTL & GOLDBRUNNER 1993, p. 229).

Rust

The springs are situated at the eastern foot of the
Ruster Hohenzug.

Sodide and ferruginous sodium-sulfate-chloride min-
eral water. Analysis of the well Rust 1 by E. SCHROLL and
H. KRACHSBERGER (in ZOTL & GOLDBRUNNER 1993,
p. 230).

A hydrochemically peculiar groundwater with rather
high potassium content is known to occur in flat wells in
Rust and Illmitz:

1810

Potassium-sodium-calcium-bicarbonate-chloride miner-
al water. Analysis by W. CARLE 1975 (in ZOTL & GOLD-
BRUNNER 1993, p. 230).

OGGAU

1259

Ferruginous sodium-sulfate-carbonated spring with a
content of free CO, >1000 mg/l. Analysis by H.
KRACHSBERGER Vienna 1963 (in ZOTL and GOLDBRUNNER
1993, p. 231).

PURBACH

Purbach is situated at the eastern foot of the Leitha
Hills.

10

604

Magnesium-sodium-sulfate-chloride mineral water.
Analysis by E. SCHROLL and H. KRACHSBERGER, Vienna
1963 (in ZOTL & GOLDBRUNNER 1993).

NEUSIEDL AM SEE

Neusiedl is situated at the northern shore of Lake
Neusiedl/Fertd.

2080

Magnesium-sodium-calcium-bicarbonate carbonated
spring. Analysis by H. KRACHSBERGER, Vienna 1963 (in
ZOTL & GOLDBRUNNER 1993).

PODERSDORF

Podersdorf is on the eastern shore of Lake Neu-
siedl/Ferto.

40.0

Sulphureous sodium-bicarbonate-chloride-sulfate min-
eral water. Analysis of Well 1 by H. KRACHSBERGER, 1963
(in ZOTL and GOLDBRUNNER 1993, p. 233).

ILemirz

I1lmitz lies south of Podersdorf in the “Seewinkel”.

Sulphureous sodium-bicarbonate-chloride mineral
water. Analysis by W. CARLE 1975 (in ZOTL and
GOLDBRUNNER 1993, p. 233).

Thermal and mineral waters of Slovakia

The DANREG is extraordinarily rich in geothermal,
and fairly rich in cold mineral waters.



The geothermal waters are bound to the following
areas:

— Danube Basin central depression,

— Komarno block,

— Levice block,

— Lab—Malacky elevation with adjoining down-
thrown blocks.

The mineral waters are widespread in the following
areas:

— Santovka—Turovce Ridge,

— Ipeflska kotlina Depression.

The only mineral water spring in the area of Malé
Karpaty Mts occurs at Svit” Jur.

Geothermal waters

DANUBE BASIN CENTRAL DEPRESSION

Based on the chemical composition, the geothermal
waters of the Danube Basin central depression can be
assigned to five groups, the character of which does not
change suddenly, but gradually in relation to structural-
lithological, hydrodynamic, palacohydrogeologic, tectonic
and other factors. The basic hydrogeochemical features of
the individual groups defined by their chemistry, is shown
in Table 18.

The first group is represented by the distinctly sodium-
chloride-enriched geothermal waters, with the mineraliza-
tion exceeding 10 g/l. They typically occur in the fairly
deep, Badenian, Sarmatian and Pannonian aquifers. The
total mineralization values range between 11.63 g/l and
126.40 g/1. They are characterized by the S,(Cl) compo-
nent and by a relatively low, or totally absent, A, compo-
nent.

The second group represents the geothermal waters of
a distinct sodium-chloride type with the mineralization
ranging from 5 g/l to 10 g/l. Genetically, they are bound to
the Pannonian and Pontian sands to sandstones.

The third group comprises the geothermal waters of
sodium-chloride type with the A1 component exceeding
30 mmol.%, or of the sodium hydrogencarbonate type
with the S,(Cl) component exceeding 30 mmol.%.
Genetically, most of them are bound to the aquifers situat-
ed in hydrogeologically medium-closed structures. Their
total mineralization ranges from 2.72 g/l to 8.73 g/l and
relates mainly to the degree of degradation.

The fourth group of geothermal waters are of the sodi-
um hydrogen carbonate type with the mineralization rang-
ing from 1 g/l to 5 g/l. They are characteristic for the
Pontian and Dacian aquifers.

And finally, we can specify the geothermal waters of a
sodium bicarbonate type with the mineralization below
1 g/l, bound predominantly to Pontian and Dacian
aquifers. Their total mineralization does not depend as
much on the common mineralization processes as on the
CO, partial pressure in the system. The sodium chloride
component is very low and depends on the depth of
aquifers, or on their degradation, respectively.

THE KOMARNO BLOCK

The Komarno block may be divided into two parts:

— Komarno high block,

— Komarno marginal block.

The Komdarno high block is characterized by the waters
of Ca-Mg-HCO, type with the mineralization of around
0.7 g/l. Genetically, the waters are petrogenic (carbonato-
genic) and their mineralization, temperature and chemical
composition are almost identical with those on the
Hungarian side, e.g. at Dunaalmas, or Esztergom.

The Komarno marginal block is represented by a
water of mixed type with mineralization of 2.2-3.8 g/I.
The water is of a combined origin, a mixture of sulpha-
to-carbonatogenic waters from the Mesozoic rocks and
from the marinogenic waters from the overlying
Miocene, distinctly degraded by infiltration and soaked
into the carbonate assemblages, mainly during the initial
stage of a transgression. In the adjoining part of Hungary
(Komérom, Acs), the waters are hydrogeochemically
identical with those in the Komarno and its surround-
ings.

LEVICE BLOCK

The geothermal waters in the Levice block are geneti-
cally bound to the Triassic carbonates, or to the Lower
Triassic conglomerates, or to the Badenian clastics. They
are, in fact, genuine marine waters which soaked into the
bottom of the sedimentation area during the Neogene
period (probably in the Badenian).

These waters are of a distinct sodium chloride type and
their total mineralization is of 19.2 g/1. Based on their isotope
composition, they are enriched in oxygen and deuterium in
comparison to the meteoric waters. Thus, they are bound to
a hydrogeologically and hydrogeochemically closed struc-
ture and represent the natural reserves, not the resources.

THE LAB-MALACKY ELEVATION WITH ADJOINING DOWNHROWN BLOCKS

Within this structure of the Slovak part of the Vienna
Basin, brines were identified with total mineralization

Contents of ions in mg/l.
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ranging from 109.8 to 129.7 g/1. They are distinct sodium
chloride chemical types with a minimum value of the A,
component and with a characteristic, although, varied
S,/Cl/ component. The sulphate contents in the brine are
low, not exceeding 600 mg/l, despite the presence of
anhydrite in the aquiferous rocks.

Mineral waters
SANTOVKA—TUROVCE RIDGE

In the Santovka—Turovce Ridge two types of mineral
water occur acratotherms and carbon dioxide waters. The
natural springs of mineral waters discharge at the intersec-
tions of longitudinal and transversal faults. The best
known mineral waters occur at Kalinéiakovo, Santovka—
Malinovec, Dudince, Slatina and in their surroundings.
While the mineral waters in Kalin¢iakovo and Malé
Krrkany are acratotherms of a HCO;-SO,-Ca-Mg type
with mineralization not exceeding 1 g/l, the mineral waters
in the area of Bory—Horn¢ Turovce are carbon dioxide
waters of predominantly HCO;-Cl-Ca-Na and HCO,-CI-
Na-Ca type, with mineralization ranging from 1.6 to —9.6
g/l. The acratotherms are bound to the Mesozoic carbon-
ates of the Choé—Gemericum Unit and belong to the
waters with transitional, carbonate-sulphatogenic mineral-
ization.

The carbon dioxide mineral waters are bound to the
Permian and Triassic sediments that are part of the
Mesozoic envelope of the Vepor Unit, or to the Badenian
sediments.

By chemical composition they can be assigned to three
types, the Dudince, Slatina and Santovka types. The
Dudince type is represented by the waters tapped in the
boreholes S—3 in Dudince, B-3 in Santovka and M-2 in
Mackan. Characteristically, all have increased tempera-
tures (26.2-33.1 °C) and combined presence of CO,
(1.23-1.45 g/l) and H,S (4.7-11.2 mg/l). Their chemical
composition is steady, the mineralization ranges between
5.6 and 6.0 g/1), S,(Cl) (20.1-21.8) and the HCO,/CI val-
ues range between 2.1 and 3.3).

The Slatina type is represented by the mineral waters
in Slatina, by the waters in boreholes M—1 and M-5 in
Mackan settlement, by the waters in the borehole S—6 in
Dudince and by the waters from several sources in Horné
Turovce. The temperature of the water is low (7.3-22 °C),
the CO, content is, in turn, relatively high (0.84-2.16 g/l)
and the H,S occurs only sporadically. The mineralization
is unsteady (1.3-7.0 g/l) and the chemical composition is
determined by the ratio of mixing of more mineralized
waters of the Dudince type with the less mineralized
waters from the Quaternary alluvia.

The Santovka type is represented by the waters a bore-
holes B—4 to B-9, B-11, B-14 to B—1 and from the bore-
hole HG—4. The temperature of waters ranges between
12.1 and 16.0 °C, the content of CO, between 1.4 and 2.43
g/l, H,S may or may not be present. The mineralization is
relatively steady (2.4-6.5 g/l).
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IPEfISKA KOTLINA DEPRESSION

The carbon dioxide waters of the Ipeflska kotlina
depression are bound to the Tertiary—Kiscellian—Egerian
(sandy marls, silts-schlieren and sands), Eggenburgian
(sands, sandstones, conglomerates), Ottnangian (produc-
tive sands), Karpatian (Rzehakia bearing and manganifer-
ous sands) and Badenian (amphibolic sands and pyroclas-
tics) sediments. Chemically, most of them are HCO,-Ca-
Mg types with the mineralization ranging from 0.43 to 2.0
g/1. In most carbon dioxide waters the CO, content ranges
between 1,1 and 2.0 g/l and sporadically between 0.26 and
0.66 g/l. The temperature of waters ranges between 7 and
18 °C. The yields of small springs are negligible (as much
as 0,11/s), but greater yields, ranging between 1.5 and 6.0
1/s, were also tapped in the boreholes.

Conclusions

The anthropogenic contamination of the waters is of
great importance. It is difficult to determine the geogenic
portion of contamination of waters instead of dispropo-
tionate investigation detailed ones in the catchment area
are necessary, but practically no exclusively geogenically
influenced water does exist any more. Even in the most
remote regions of the area of study there is a partly of
anthropogenically influenced contribution of air pollu-
tion.

The most common anthropogenic contamination in the
Austrian part of the DANREG area (like in Slovakia and
Hungary) are nitrate, chloride, phosphate, sodium and
potassium, additionally herbicides and chlorinated hydro-
carbons.

Nitrate may occur punctually according to infiltration
of polluted water and infiltrates of wastes. Diffuse, larger-
area-springs are mainly contaminated by fertilizers in agri-
cultural regions.

Increased values of chlorides may be of geogene
nature or can be man-made. In the latter case the contam-
ination may be due to deicing thaw salts along roads, infil-
trates of waste deposits or fertilization. Chlorides of natu-
ral salt deposits represent geogenic contamination.

The source of phosphate contamination could be
sewage and liquid or solid manure. Fertilization can also
be responsible for increased phosphate values.

The increased contents of sulfates in the Tertiary hill
district south of the Danube are of geogenic nature (evap-
orites).

Sodium and potassium: Increased values of both ele-
ments may be of geogenic nature. The increased values of
potassium may be due to leaching of potassium fertilizer
or wine residues. If there is contamination by manure,
sodium and potassium values are increased together with
chlorides, but the values of potassium are higher than
those of sodium. In non polluted waters the sodium con-
tent is higher.

Atrazin is used as herbicide for the cultivation of corn,
apples and for wine-growing.



It has to be concluded that injuries of the extended
groundwater resources in the Quaternary basin sediments

are mainly influenced by herbicides and fertilizers used in
agriculture and by waste disposal.
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