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Abstract. Slovenian karst areas extend over 43% of theand it supplies around half of the country’s needs. In general,
country; limestones and dolomites of the Mesozoic era prethe quality of karst groundwater is satisfactory, although it is
vail. In Slovenia karst groundwater contributes up to 50% extremely vulnerable to pollution. According to their intrin-
of the total drinking water supply. The quality of water is sic characteristics, not all of the karst regions are sensitive to
very high, despite the fact that it is extremely vulnerable togroundwater pollution equally. Despite relatively favourable
pollution. The present article is a study and a review of theconditions for water protection (scarce population, less in-
potential and actual sources of pollution to the groundwatertensive agricultural activities, etc.) compared with regions,
in the selected karst aquifers (the Kras, Velika planina andwhere potable water is pumped up from the granular aquifers,
Snénik plateaus), which differ in their natural characteris- many important karst springs in Slovenia are, due to insuffi-
tics. Unlike the other selected plateaus, the Kras plateau isient groundwater protection policy, improperly protected.
inhabited. There are several settlements in the area and the The present article is a study and a general review of the
industl‘ial, agricultural and traffic activities carried out that potentia| and actual hazards to the groundwater in the se-
represent a serious threat to the quality of karst groundwatected karst aquifers, which differ in regional range, hydro-
ter. The Velika planina and Sheik plateaus do not have |ogjcal characteristics and types of karst. Thus we present an
permanent residents, however there are some serious hazargguifer of the Alpine karst (the Velika planina plateau), an
to the quality of the karst springs arising from sports, tourist, aquifer of the High Dinaric karst (the Sk plateau) and
construction and farming activities, as well as from the traf- an aquifer of the Low Dinaric karst (the Kras plateau). For
fic related to them. Despite relatively favourable conditions|ocations see Fig. 1.

for protection, many important karst aquifers and springs are In the context of groundwater contamination, a hazard is

improperly protected |n.SIoven|a. The reason is the lack Ofdefined as an existing and potential source of contamination
k_nowledge about sus_tamablg wgter managemen_t n ka_rst rer'esulting from human activities taking place mainly at the
glons and the confusion in drinking water protection policy. land surface (Zwahlen, 2004). Hazard classification in the
present article is based on type of human activities placed
in the background of associated karst resources and sources.
1 Introduction The main issue of this paper is not a complex study and the

) ) precise classification and characterization of hazards in the
In Slovenia karst regions extend over 43% of the country,sejected karst aquifers, but more a qualitative description of
spreading from the Karavanke range and the plateaus ofe most serious potential and actual polluters. The goal of
the Julian and Kamske-Savinjske Alps at an altitude of he naper is to present the distinction and to discuss the dif-
2500 m to the shore of the Mediterranean Sea. Tectonicallyjerent form of possible and actual anthropogenic impact to
karst regions mainly belong to the Dinarids; limestones a”dgroundwater quality in chosen three karst aquifers, showing

dolomites of the Mesozoic era prevail. In Slovenia karsthe |ocations and the types of hazards coming from different
groundwater is extensively used for drinking water supply ,yman activities.

Correspondence td\. Ravbar One of the major criteria for selecting these aquifers is also
(natasa.ravbar@zrc-sazu.si) the availability and quality of the data of bacterial and chem-
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" / the responsibility of local communities. Consequently, ade-
quate protection of many important karst aquifers was and
still is hindered by administrative borders between these
communities. There was no legal basis set up in the above
mentioned act for establishing a uniform methodology for
the determination of water protection areas, which led to con-
fusion and consequently resulted in non-comparable water
protection areas and regimes for different water resources.
In practice three different methodologies were used (Prestor,
2002). Their common characteristics are the transfer time of
a contaminant from the point of injection to the target (spring
CROATIA or a well), which defines different water protection zones and
the division of the hydrogeological background of drinking
water resources into three basic protection zones. In some
cases also the fourth zone is added that coincides to the pos-
Cartography: Kovacic & Ravbar sible influence area of the related water resource.
_ ) » o In most cases groundwater protection zones in Slovene
F_lg. 1. Geographical position of the selected karst aquifers in Slove-y , . regions are often not established on a solid hydrogeo-
nia. logical basis, meaning that the different protection zones are
in most cases delineated on the basis of available information

ical characteristics of some springs, effluents and of ground®n geological structure, though tracer tests or measurements

water sensitivity gathered by previous investigations (Novak 0f water table in wells are needed for the adequate valida-

1994/1995; Kogosek, 1996; Portila o preskusu pitne vode tion of assessed extents of individual protections zones. In-
za zajetje Bistrica, 1999-208)3 creasing conflicts between land use and demands for water

Geographical position, geological and hydrogeological protection .often lead to a situatipn where t.here are no wa-
characteristics of the selected aquifers are explained in th&" Protection areas and regulations established. It must be
text and also shown on the simplified maps. In the case oftressed that even in cases where water protection zones and
the Velika planina and Sieik karst plateaus the actual and '€9imes are established the implementation of regulations is
the potential polluters are additionally illustrated on the samel’€duently not effective. Thus many important karst springs
maps. Because of the variety and density of occurrence, thi#PPed for water supply are still not properly protected.
locations of potential and actual polluters of groundwater on
the Kras plateau are shown on additional map.
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. . 2 The Kras plateau
1.1 Karst groundwater protection in Slovenia

. o - . 2.1 Natural characteristics
Basic legislative provisions concerning groundwater protec-

i licy in SI i ly th i f :
tion po ey n Slovenia and consequently the proteqtlon ° The Kras plateau covers about 440%mit extends mainly
karst aquifers are part of the new Waters Act, proclaimed in.

. in the Dinaric northwest-southeast direction and inclines up-
July 2002. Pursuant to articles 74 to 76 of the Act, the gov ward from northwest to southeast. It lies between the Gulf of

ernment and its institutions are responsible to establish Wate{'rieste o the west and southwest, the alluviaiSualley to
rotection areas and regimes and to ensure the implementa- . '
P 9 P ?he north, and the flysch Vipava valley to the northeast. In the

Lo e roviin I each Oleclon 1one (616 A st bordrsonhe Pika besinand toward e souteaston
L . : . the Brkini hills and the valley of the Reka river. Only towards
mination of water protection zones and protection of springs hits border is less distinct. The Kras blateau reaches
and wells is in the hand of different public institutions and ﬁzzjthtls?rom 200 10 600 ™M abové the sea Ievgl (Kranic et al
also accredited private institutions. Since the new Waterslggg) I o
Act has been in force for only a relatively short period, reg- 7 . i )
ulation acts for standardizing the methodology and rules for 't IS composed primarily of Mesozoic and Tertiary car-
defining the water protection zones of groundwater resourceB0nate rock. These are mostly limestone and dolomite of
intended for human consumption are still in preparation andh€ Cretaceous and Paleocene age (Kranjc et al., 1999). The
have not yet been adopted. most kar;tlfled are heavily fractured and well permeable Cre-
According to the old Waters Act (1981) and its amend- taceous limestones. To the north along the Vipava valley,

ments, the delineation of water protection zones fell within the carbonate rock of the Cretaceous age changes into less
permeable layers of Tertiary sandstone, plate limestone and

1 Water quality monitoring reports of the Bistrica spring cap- f.IySCh, an(_j to the south and southwest, through Paleocene
ture, Health protection institute of the Republic of Slovenia, Koper, limestone into Eocene flysch. Paleocene layers of a more re-
1999-2003. sistant limestone also compose the highest elevations on the
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Fig. 2. Simplified geological map of the Kras plateau with proved Studied arsa.
and supposed groundwater connections (based on: Buser et al.
1963; Buser, 1964; Pletar et al., 1965, source: Timeus, 1928;
Gemiti, 1984; Civia et al., 1995).
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Fig. 3. Simplified hazard map of the Kras plateau.

northern border of the plateau (Buser, 1973; Jusietet al., ) .
1996). supply is founded on the effective karst groundwater pump-

In the studied area the cave density is among the highest if'g hear Klarti.

Slovenia and reaches from 1.5 up to 2.4 caves pé. io-
cording to the Cadastre of Caves (200)%26 caves, among

which Thaﬁsh prfvzlil, were rggi;t;redti)n the Istugieg irea. AV-The Kras plateau is relatively disperse and scarcely inhab-
erage length of the caves is 83m, but only 8 of them argoy _ e density of population is 44 inhabitants per’km

longer than 500m. Average depth of the caves is 30m, bUtI'here are clumpy little villages with up to 200 inhabitants
only 5 of them are deeper than 200 m. Registered caves arg

v distributed he ol Biocianske | nd five settlements with more than 500 inhabitants. The
evenly distrl utg over the p ateau._ TB&ocjans € jame largest settlement is 3ana (4800 inhabitants), which is also
caves are the biggest cave system in the area with passag

) . . fie administrative and cultural centre. It is also a seat of the
in a total length of 5.8km. They are also included in UN-

ESCO's list of World N | and Cultural Her , | industrial (food, textile, chemical and construction industry)
s list of World Natural and Cultural Heritage sites. In . ities Divaa (1300 inhabitants) is an important railway

spite of very big density of caves in this area the majority of iunction

underground water channels is, unfortunately, not accessible. Sources of pollution of karst groundwater result from
Permanent or periodical water flow can be reached only in 7settlements mainly because of sewage from households
caves. Ther.ef(.)re information on underground water CirCUIa'poIIuted waters from roads and traffic, industrial polluted ’
tion is very limited. ) wastewaters, from illegal dumps and other. Direct outflow
~ There are no waters running on the surface of the Krassf the discharge waters into the karst aquifer without prelim-
limestone plateau. The aquifer of the Kras plateau is fed byinary cleaning slowly but persistently poisons stock of karst
the autochthonous precipitation waters and from the sinkingyroundwater. The most serious potential and actual hazards
rivers at its border (Reka, Safeki potok, SendeSki potok  of groundwater in the Kras aquifer are briefly described be-
and streams from Brkini hills) (Kri\(ic etal., 1989). Onthe |ow and also shown on the Fig. 3. The diffuse sources of
northwestern part the Kras aquifer is also fed by undergroung,gjytion, for instance more intensive agriculture areas with

infiltration from the intergranular aquifer of the Vipava and high demand of fertilizers and protective means as vineyards,
Sccarivers. The Kras aquifer empties in numerous small sur4e que to the legibility of the map not illustrated.

face and submarine karst springs on the western and north- |, yhe settiements of the studied area sewage systems are

western edge (see Fig. 2). On the basis of these data we CaRry limited. All settlements on the plateau except&e,
deduce that the groundwater level is inclined from southeashyjaza and Seriete still do not have regulated sewerage
to northwe_st and from the east to west (I-_tab1984). and treatment of sewage. Wastewaters from households in
The aquifer of the Kras plateau is an important source ofother settlements are drawn off to cesspits and there is only a
drinking water in southwestern Slovenia, but the advantagesmall portion of such which have impermeable bottoms.
of its capacities are not yet fully taken (Krivic, 1983). Water | andfill of waste materials in $ana is intended for dis-
posal of waste materials from households and of special
2Cadastre of caves, Speleological association of Slovenia anavaste materials from industry, and of craft and other activ-
Karst research institute SRC SASA, Ljubljana, 2003. ities under conditions which are paraphrased by the Rules

2.2 Description of hazards
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on the management of waste of 1998. The landfill of wastepharmaceutical products in intensive viticulture, for achiev-
materials in SEana has legally regulated status, but it doesing bigger yields winegrowers usually use too much of these
not entirely meet the demands of the new Slovene legislapreparations (Rejec-Brancelj, 2001).

tion (Decree on the emission of substances in the discharge o, the Kras plateau constant sources of pollution are also
of landfill effluent, 2000) and European guidelines. The ex-gisorderly-manured dung heaps, cesspits and stocks of stable
isting dump is already old and urgently needs rebuilding andyanyre, from where discharge waters drain into the under-
widening. An enlargement of the dump place to the west anc:ground. Diffuse sources of pollution are immoderate fertil-
to the northwest for additional 5ha is foreseen. Analyses ofizing of fodder plants, above all with mineral fertilizers, use
discharge waters from the Zna dump have shown high or- ¢ gther agrochemical means for protection of plants and un-

ganic pollution (Kogogek, 1996). COD and BOfhave ex-  controlled fertilizing with manure during the wrong time of
ceeded the limit value. Evaluations of the tracing tests havgpe year.

shown that discharge waters from th&&ea dump can reach
sources of the Timavo river within three to twelve days.
There have been 59 illegal dumps registered on the surfac
of Kras and another 55 of them in the caves. lllegal garbag
dumps derive from times when collection of waste was not

organized. Many of them are, unfortunately, still in use to- . .
g Y Y ment, and then directly into nature. The analyses of the

day. Among waste material building and excavation mate- ? o
y 9 9 outflow showed that this source of pollution immoderately

rial, rural and furniture waste material prevail. There are also . :
contaminates the environment. Measured values of COD,

dangerous materials. In spite of restrictions and interdiction X o

of definite activities on the protected area we found that inf’opg’ total phosp;:orus, guspended ;ol!g;s, nltlrltes and tzt.al

the second water protection zone of the Kiawater source enzides surpass the maximum permissiole values according
to the Decree on the emission of substances in wastewater

there is an abandoned illegal dump of building material. Ind_ h dqf b " ter treat ¢ plants (1996
the third water protection zone, where spreading of certain ischarged from urban waste water treatment plants ( )-

activities is strictly forbidden, we identified 12 more illegal  Industrial production on the Kras plateau is limited and
dumps that mostly consisted of rural, building and also ofconcentrated above all in bigger urban areas. Among indus-
dangerous waste materials. tries the biggest pollutant of karst waters is the ham-curing
The Kras plateau lies on the crossroads of importantPlant Kras inSepulje, the leading meat processing industry in
routes, which connect the Po lowland, respectively, North-Slovenia. The collection and drainage system of its wastewa-
ern Adriatic Sea with the Panonian basin and connectionder is not built. The analyses of discharge waters have shown,
also link the Northern Mediterranean and the Central Eu-that they contain too big toxicity for water fleas and too high
rope. Average daily traffic on highways crossing the plateauvalues of oil and grease, total phosphorus, chloridey,AO
reached 12 812 vehicles in 2001. On the Kras only highwayCOD and BOIR3.
sections and a main road in Zma have regulated roadside  Mitol, the glue factory, is also one of the biggest potential
channels, where meteoric waters are collected and drainegolluters of karst groundwater because of possibility of pour-
off. From the other roadways dirt is washed directly under-ing out of chemical substances. They store 250-300 tons of
ground. Therefore transport of dangerous material signifiesiangerous material, which is kept in entrenched reservoirs.
special danger in freight traffic. Especially the consequencegheir technological sewage is at first drawn off to their own
of accidents could cause uncontrolled leakage of this matewater treatment plant and then to the public water treatment
rial into environment. Although transport of dangerous ma-plant, where they do not exceed values stipulated by the De-
terial by railway is safer than transport by road, the biggercree on the emission of substances in waste water discharged
part of transportation is still based on road transport. Slovefrom urban waste water treatment plants (1996).
nian Railways estimate that over 9 million tons of goods have
been carried over border crossings Fegietnd Vrtojba and

The stud farm and tourist recreative center Lipica is known
as the biggest polluter of the karst groundwater. It pollutes

nderground water with disorderly discharges of dirty water
rom the stables and with sewage. Wastewaters are drawn
off to obsolete water treatment plant with mechanical treat-

Tourist potential on the Kras is extraordinarily high, how-
ever its offer and service is very moderate. The area has

frorg/to the I;’cgg/of Kopler n 2082d. 6% .Of I W_?r;s Chem'(;al big possibilities for the development of different ways of
products an 0 petroleum and derivatives. The most aNfourism, because it lies in the hinterland of important coastal

gerous materials have been carried over the section Ljubljan@owns. In order to reduce the potential pollution of Karst

— Koper that crosses Kras. groundwater to minimum, reasonable regulation of dispersed

tA%rlgl:Iturelt_ls ?O Ior;ger ?l}_lr::jportapht abct|¥|ty ar;c(jj IS T€ tourist centers is necessary. It would be necessary to consider
stricted o cultivation of small Tields on the botiom ot depres- carefully, what degree of tourist visiting Kras can accept in

sions on the plateau. Production is therefore directed to self—Sense of increased consumption of drinking water and the

§uﬁ|0|ency. Vltlcu!ture is coming tp the fore and is becom- consequent enlarged amounts of wastewaters.
ing the most profitable rural activity in the past few years.

Intensely cultivated vineyards and orchards, where a lot of

fertilizers and pI’OteCtive means are Used, are the areas most 3 Report on discharge water Samp"ng and field measurements,
exposed to suspended pollution. Because the quantity andam-curing planfepulje, Health protection institute of the Repub-
quality of the crops depend completely on use of the phyto-ic of Slovenia, Koper, 10, 2001.
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3 The Velika planina plateau

N

A

Kamniska

Kamniska
Bistrica
600 m

3.1 Natural characteristics

Sedem

studencev. Dovnikov

Lucka Bela
the altitude between 1300 to 1600 m. It is mainly inclined
towards the east. The studied area, which forms a geograph
ical unit named Velika planina, encompasses three moun
tain meadows with the associated pastures (Velika, Mala anc
GojsSka planina).

The relatively recognizable bordered karst aquifer is sur-
rounded by the valley of Kamgka Bela on the northwest,
Kamnika Bistrica on the wesgrna on the south, Volov-
jek on the southeast, the valley of Biluca with the spring
of Lucnica on the east and the valley ofdka Bela on the
northeast (see Fig. 4). On the northern side Velika planina is
connected with the eastern side of the KaskriSavinjske
Alps across the mountain Rzenik (1833 m). Excluding the

3
Potok
- Krivéevo

1 H Jhaft Cartography: Kovacic& Ravba
eastern side of the plateau, slopes on all margins are rathe L€gend O Shalt gy Rovacie Ravbar
[ Slope rubble and breccia ®  Karst spring & Mountaineerine hut. small hotel
Steep. Glacial deposits BE Captured spring lar(;l!: :I,I\]\L;:zb RO
In the geotectonic sense the studied area belongs to the = cuonaerocks  —7, Proved - nal @ Wastewdisposal dump
Southern AIpS Vellka planina iS a blg Sha”OW SynCline Of the [] Non-carbonate rocks =~ underground water connection

Savinja thrust sheet, composed mainly of Middle and Upper
Triassic carbonates and pushed southward on Tertiary layEig. 4. Simplified geological and hazard map of the Velika planina
ers of the Tuhinj syncline. It is bordered by faults on all plateau with proved and supposed underground water connections
sides (Premru, 1982). Along the northern edge of the syn{Pased on: Novak, 1994/1995).
cline anizic clastites, marl and breccia appear.

Several expressive dish-shaped or funnel-shaped dolines,
collapse dolines and dry valleys are to be found on the vebranch in the warm season is stockbreeding, but above all
lika planina plateau. Also other characteristic karst featuregourism occurs all the year round. However, on all mountain
appear on the plateau, such as snow kettles, solution pans af@stures of the Velika planina plateau pasturing is strongly
karren. According to the data of Cadastre of caves (2003) connected to tourism and most of the pastoral houses have
there have been 16 caves registered in the studied area. Avdpeen changed into mountain lodging houses.
age length of these caves is 120 m, however more than 80% In the second half of the #0Century more mountain huts
of them are shorter than 100 m. Average depth of the caves iand a cableway with load capacity 400 people/h and some
26 m among which more than one half does not extend morehair lifts were built. There are many trails, footpaths and
than 10 m in depth. The longest and the deepest cave is Jantately more and more tractor roads have appeared. With new
v Kofcah that is 1090 m long and 103 m deep. infrastructure tourist development accelerated. There are 244

At the edge of Velika planina some more sufficient springsbeds registered altogether, but the actual number of beds is
can be found. Tracings have shown that waters mostly outeven bigger while there is a possibility of cottage rental.
flow toward the Lénica spring (see Fig. 4). Numerous  The one-day guests mostly visit Velika planina, only dur-
sources that are on the margins of the plateau supply smalléng the summer and winter months also stationary tourism is
areas with drinking water. Also numerous small springs onpresent. In 2001 almost 40 000 people were carried by the
the plateau are captured for the local water supply of nearbyableway (one forth of the total in August), at least double

lodging houses. this number come to the mountain on foot. Of the illusory
o plans to modify the Velika planina plateau into a ski center
3.2 Description of hazards in the 1970s only the construction of ski lifts have been real-

ized. Today there are about 40 ha of ski slopes and 7 km of

The Velika planina plateau does not have permanent résigyi routes (Kopé, 1991).

dents. There are around 170 holiday huts, some mountain On the Velika plani lat int h d 1D
lodging houses and some pastoral houses still used by herds- ? tﬁ e Ida p amng p ateau poin a;)zar s I;l)rfeva| . Dan-
men. Settlements of holiday huts are restricted to the north €' 10 € underground water comes above all from perco-

western part of the plateau (aroué'ulnnovec), where itis not :a‘;eo_l wz;ters from (;:essrt)lts.l rl]—|ol|day dsettletr;:ents, r_r:okt)Jlntaln

so convenient for pasturing. The most important economic 2@9!Ng nouses and pastoral houses do not have sultable sys-
tems for the wastewater drainage. Only the biggest moun-

4 Cadastre of caves, Speleological association of Slovenia andain hut regularly sends away wastewaters to the central water

Karst research institute SRC SASA, Ljubljana, 2003. treatment plant. Faecal waters flow into permeable cesspits
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N in two springs, that is an index of organic pollution. Higher
A concentrations of P©2and NG in a few springs indicate pol-
lution from domestic sewages or products of decomposition.
Increase of tourist capacities could mean strong enlargement
of the wastewaters amount.

P(SS) P’ 1 79AG m
o Snezmik

Seakig 4 The Snanik plateau

4.1 Natural characteristics

The Snénik plateau extends over 293 kniThe plateau is a
deeply karstified area, built mostly of Cretaceous and Juras-
sic limestones, dolomites and dolomite-limestone breccias of
well and medium permeabilitySikic et al., 1972Siki¢ and
Plentar, 1975). Tectonically, the Shaik plateau is part of
F|g 5. S|mp||f|ed ge0|ogica| and hazard map of the Bmk p|ateau the Snén|k thrust Sheet and belongs to the northWestern D|'
with the extent of the Bistrica karst spring background (based on:narids (Placer, 1981). The plateau is situated at the south-
Sikic et al., 1972; Petauer et al., 2002). eastern part of the belt of High Dinaric Karst, where uninter-
rupted landscape of the High Karst in Slovenia is continuing
beyond the Slovene-Croatian border in the area of Gorski

and flow unclean directly into the underground. Many of Kotar mountains. In the west the Smek plateau borders

the pastoral houses also have their own manure heaps, whidg the tertiary impermeable flysch (shales, marlstone, sand-
are not regulated according to the water-protection standard$tone, calcarenites, breccias and conglomerates) of the Reka
The upper limit of cattle number on each mountain meadowVvalley and Brkini hills, which forces the karst water to out-

is traditionally limited and consequently cattle density doesflow in several springs (see Fig. 5). The limitation of the
not pose a threat to the quality of groundwater. Diesel gen®lateau to the south and north is not evident, while it is well
erating set that is driving the ski lifts presents a potentialobservable at the west and also at the east margin, where the
threat to the groundwater. Since the natural snowfall is com-Plateau is bordering to the karst poljes of Notranjska region.
monly insufficient and artificial snow is not created, the ski The central part of the plateau lies at an average elevation of
lifts mostly stand idle. For that reason ski slopes and cable1000 to 1400 m; the highest peak is 3ni« (1796 m). Due

way are not identified as potential threats to the quality of thet0 an orographic barrier, precipitation in the central parts of
groundwater. the Sné&nik plateau is rather abundant and the peaks of the

There are several illegal waste-disposal dumps. On vemountains reach approxmately 3000 mm peryear. ,
The plateau karst surface is characterized by conical-

lika planina only, there were 40 garbage dumps registered in

2002. Their common volume amounted 25 @hiwaste ma- shaped hills, deep dolines of various shapes, size and mor-
terial. The dumps are most frequent in the vicinity of tourist phogiqfi;s’ _(i]eelp §h|ac1;tsba_n<: typ|(r:]al IgIaC|c|)-k{irlst|(;] depl:es-
settlements, where the frequency of visitors is the highest ang'ons e \?”t 9‘?‘;""1 ebris from tde adstG acial w "enlt €
where holiday huts are owned by different public and privateMuntain of Snenik was ice-capped and some small slope
companies. Northward and southwardSimnovec private ~9/2ciers were activeSifrer, 1959). On some spots small

holiday huts prevail, therefore also illegal dumps are less 1‘re—_moraines can be found as well. There are around 318 reg-

quent. Least of all dumps are present in the pastoral settle!St€red Karst caves in this area, among them shafts prevail
verage depth of the caves is 28 m, but only 12 of them

ment. On the dumps domestic, building and furniture wast q h he | d the d .
material prevail, while there is no dangerous waste materiaft'® @€eper t an 10(.)Vm' T € ongest and the deepest cave Is
(Pakit, 2002) Brezno Bogumila BriBka that is 585 m long and 506 m deep.

Average length of the caves is 39 m. Intensive karstification

Wastewaters represent the most dangerous hazard Bnd poor soil cover on the limestones enable the precipitation

groundwater contamination and the first signs of Contam'water to drain underground quickly by concentrated recharge

ination have already been recorded in the respective karg}ia dolines, shafts and karrenfields. Consequently, the pro-

SF””%SH S.O'T;e ocfj tger? a_mla a_lsol captlured fofr w?ter ;ulofective cover of the overlaying layers is completely bypassed
Py emical and bacleriological analyses of water ( 9~ and such locations are naturally more sensitive and particu-
vak, 1994/1995) have shown, that the capturings are threatl-arly exposed to pollution

ened due to the different human activities taking place on In addition to running towards the Bistrica karst springs

the plateau. However, the water is still suitable for drink- (mean annual discharge 1.88fs), the autochthonous pre-

INg. C_oncentranons of chemical pc_)llutn_)n did not exceed Val'cipitation water which percolates into the deep karst aquifer
ues stipulated by law. Also bacteriological analyses of water

have been acceptable. Chemical and bacteriological analyses SCadastre of caves, Speleological association of Slovenia and
of spring waters showed increased consumption of KMNO Karst research institute SRC SASA, Ljubljana, 2003.
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runs towards other karst springs in its margin. The under-of a single cartridge (24 g) as few as 150 bullets fired would
ground watershed between several karst springs and also bbe enough to exceed the aforementioned annual maximum
tween the Adriatic and Black Sea basins is found in the aregermissible value on the active shooting ground. However,
of the plateau, but they are not yet defined. Although thein the case of the abovementioned trapshooting ground this
local erosion base of the Reka valley, which drains karstnumber is far exceeded each year. While percolating through
springs in the western margin of the plateau, is among thehe thin layer of soil, the infiltrating precipitation water be-
lowest (400 m), the majority of abundant precipitation runs comes, to some extent, contaminated with lead, which is a
towards the catchment area of the rivers Ljubljanica (555 m)result of weak acids. The earlier physical-chemical exami-
and Rij&€ina (350 m) in Croatia. nations of the spring water showed a concentration of lead,
The next section deals with the description of hazards inwhich was still within the maximum permissible values. Ac-
the background of the Bistrica karst springs (major outflow cording to analyses carried out later (July 2002), however, a
on the west margin of the plateau), which, accordingly toslight increase in the values of lead is recordeg ¢4) and
Petauer et al. (2002) stretches over 9Gkaithough the ex-  the trend is not encouraging (P@&ila o preskusu pitne vode
tent of the suggested water-protection zones is slightly overza zajetje Bistrica, 1999-2008). The maximum permissi-
estimated, but it is rational in terms of water protection. ble concentration of lead in the drinking water is/Adgyl. It
Since one of the springs (Bistrica karst spring) is captureds impossible to determine the total quantity of lead in the
for the water supply of a nearby community, its catchmentsoil cover, in addition to the fact that there are no data avail-
area has therefore been more investigated than other parts able on the amounts of lead and other toxic substances which
the Snénik plateau. Nevertheless, it is the authors’ opinion already entered the karst during the earlier period while the
that the more serious potential polluters of groundwater onmilitary shooting ground was still active. No analyses of the
the Snénik plateau are mostly found in the catchment areasoil have been carried out so far in order to study the be-

of the abovementioned springs, and rarely elsewhere. haviour of lead as a specific contaminant and to examine the
intrinsic processes of the soil for its possible physical atten-
4.2 Description of hazards uation. The closure of the trapshooting ground and the re-

mediation of the contaminated surface and the soil cover are

Due to its elevations, geological, geomorphological and connecessary to ensure quality drinking water in the future.
sequently climate conditions the Sk plateau is most in- In the catchment area of the Bistrica karst spring there are
convenient for agriculture and for this reason uninhabited.two quarries, but one of them is no longer operational for ac-
Thus it is relatively favourable for water protection. The tive mining. Although the lower quarry, located only 200 m
plateau is densely wooded, but on lower elevations someo the north from the capture, is no longer functioning, it is
pastures are still in use. The $mék plateau is an excel- still used for milling the limestone carried from the upper
lent example showing that even in uninhabited karst areagjuarry. Inappropriate oil storage and several other unsuit-
some serious potential hazards can be found, which constiable activities that increase the potential risk of pollution can
tute a threat to the quality of groundwater. The respectivepe found in the working area of the lower quarry. Until re-
captured Bistrica karst spring is threatened by sports (trapcently the quarry was for a short period also used as a waste
shooting ground), construction (two quarries), tourist (smalldump for construction material. Among this material also
tourist resort), forestry and farming activities taking place in some hazardous waste could be found, such as car accumu-
its catchment area, as well as traffic related to them. Watefators, used lacquer and colour cans, etc. Chemical analyses
quality analyses recorded a slight increase in the values off the water captured from the spring show sporadically in-
lead (trapshooting ground), however the concentrations argreased values of mineral oils, which are likely to result from
still within the maximum permissible values for drinking wa- inappropriate limestone exploitation in the past, which did
ter. not meet water protection standards. The remediation of the

In the area of former military shooting ground situated lower quarry is therefore essential for a long-term protection
in the vicinity of the Bistrica karst springs (700 m to the of drinking water. The upper quarry, situated about 5 km
northeast of the spring), since later 1980s, a trapshootingastward from the spring, is still operating. Its average an-
ground has been operating. Although trapshooting is a sportaual production of limestone is around 50-100 0G0 fiRor
such activity is the most serious hazard for groundwater andvater protection the activities carried out in the abovemen-
should not be placed in the catchment areas of drinkable wationed quarry should also comply with water protection stan-
ter resources. The active shooting range is situated in a shalfards.
low doline, where, in comparison with the surroundings, the  The Snénik karst plateau has no permanent inhabitants,
soil layer is thicker. Estimates show that the concentration ofhowever in the part of the plateau which coincides with the
lead (the element with which cartridges used for trapshoot-hackground of the Bistrica springs, there are several moun-

ing are filled) in the soil is rather high. According to the taineering huts and weekend houses and also the tourist set-
Decree on the input of dangerous substances and plant nu-

tfitienFS: into the soil of 1996, maximum gnnual permissible  6water quality monitoring reports of the Bistrica spring cap-
quantities of lead entered into the soil is 2.5 kg/ha. Con-ture, Health protection institute of the Republic of Slovenia, Koper,
sidering to the size of the shooting ground and the weight1999-2003.
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tlement SviCaki. Svitaki is a tourist resort with a small the quality of karst groundwater can be found even in unin-
restaurant and some 90 weekend houses. Although it is situRabited areas, like in the case of the Velika planina and the
ated in the central part of the plateau, it should be considere@néenik karst plateau.
as a potential source of pollution because the eastern bound- As karst aquifers are very dynamic systems and monitor-
ary of the catchment area has not yet been precisely delining points of groundwater pollution scarce, the detection of
eated. In addition, the inadequate sewerage infrastructurgctual hazards is very difficult. Possible are analyses per-
which does not meet water protection standards, represenfermed at springs and wells at different depths. Although ex-
a possible threat to underground water quality. Wastewatensive exploitation of karst aquifers has often been avoided
ters from the restaurant and weekend houses are drawn offntil now, some signs of contamination have already been
to cesspits, but the quality of their construction is doubtful. recorded in several karst springs in Slovenia.
Wastewaters probably infiltrate into the subsurface of karst In all three selected karst aquifers point and line haz-
aquifer, which is a possible threat for drinking water. The ards prevail coming from either sports, tourist, construction,
quantity of wastewater is small. forestry, farming, industrial and other activities as well as
Apart from pollution from construction, sports, tourism from the traffic related to them. Agriculture and farming are
and forestry activities the Bistrica karst spring is also en-not intensive on the selected plateaus, therefore they do not
dangered by traffic. In the Sheik plateau there are many significantly affect the quality of the karst groundwater, ex-
macadam roads used mainly for forestry activities and the locept in the case of viticulture on the Kras plateau. The in-
cal road connecting llirska Bistrica with $aki. The road fluence of the extensive usage of fertilizers and protective
runs right above the capture and is not built according to wa-means for viticulture on the quality of karst groundwater
ter protection standards, which means that the meteor waterlgas not been researched so far. Roads, highways and rail-
from the road are freely entering the subsurface, without preways that are crossing the recharge areas are serious poten-
vious treatment. Since the traffic density is very low, the tial sources of accidental pollution. Landfills in karst terrains
influence of traffic on the quality of the spring water is neg- may influence the quality of groundwater by bacterial and
ligible, but the potential risk of the contamination in the case chemical load as well. Sources of pollution are also industrial
of an accident is anyway high. Since the local road is drawneffluents on the Kras plateau, specially in the cases, where
off in the vicinity of the capture, in the case of an accident wastewater collection and drainage systems are not built. An
the contaminants would reach the spring very quickly, mak-example is the ham-curing plant.
ing efficient emergency action impossible. Since the protection regimes of drinking water sources are
The influence from the forestry and farming activities to often established inappropriately and control over the imple-
the quality of karst water is negligible. In the Smék plateau ~ mentation of protective measures is inefficient, obvious of-
the sustainable forest management has a tradition of severf¢nders of water protection measures are usually not prose-
hundred years. Possible threat to the quality of groundwateguted because of inefficient inspection. Mapping of the po-
is the traffic related to the forestry activity. Some parts of tential and actual sources of pollution is a valuable practical
the Sné&nik plateau in the background of the Bistrica springs tool for further land-use planning and groundwater protec-
are used for sheep pasturing, but the sheep density is low arigbn but many of them can not be yet confirmed.
does not pose a threat to the quality of the karst groundwater. Slovenia has a unique opportunity to preserve qualitative
guantities of karst groundwater for exploitation in the future.
In order to ensure appropriate quality of this unique natural
5 Discussion and conclusion resource it is necessary to establish adequate protection,
which consists of the determination of different water
Karst aquifers in Slovenia, specially High Dinaric Karst and protection zones with respective regimes. It is above all
Alpine Karst are, due to scarce population, less intensiveessential to educate the population of the significance of
agricultural activities, etc., more convenient for water protec-sustainable water management in karst regions. However,
tion as compared with the intergranular aquifers (dense popgood co-operation between scientists, planners and deci-
ulation, intensive industry, traffic and agriculture activity, im- sion makers is needed to avoid land use conflicts and to
moderate groundwater exploitation, etc.). Slovenia is knowrwork together in a framework of the integral karst protection.
for abundant resources of relatively high quality drinkable
water, which is not exploited as a whole. Therefore karstEdited by: M. Parise
groundwater is often considered as a self-evident and plentiReviewed by: two referees
ful natural resource despite the fact that it is extremely vul-
nerable to pollution. Evident differences in types of potential
and actual hazards and their spatial distribution between in-
habited and uninhabited karst regions are explained in the
text, showing that the inhabited Kras plateau is threatened
by more diverse types of hazards, coming from different hu-
man activities. Contrary to the common opinion, the present
article also confirms that some serious potential hazards to
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