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Abstract. Hydrogeological survey of wider Majdanpek mining area in the
Carpathian mountain arch of eastern Serbia, including open mine pits, tailings
sites, and major karstic springs and caves has been undertaken in order to es-
timate environmental conditions in groundwater body (GWB) “Krs-sever”,
groundwater quality, and to investigate causes of their earlier indicated poor
chemical status. Bearing in mind that Majdanpek copper mine field is directly
bordering the karst aquifer and delineated GWB “KrS$-sever”, the two karst
springs namely Valja Fundata and Kaludjerica were in situ measured and sam-
pled in high and low-water periods (spring 2019, late autumn 2019 and spring
2020). Sampling and analysis of groundwater were carried out under the
frame of project “Operational Monitoring of Groundwater of the Republic of
Serbia”, established by the Ministry of Environmental Protection of Serbia. The
field measurements of unstable chemical components and physical properties
as well as laboratory analyses confirmed very poor and even hazardous water
quality of both surveyed springs Valja Fundata and Kaludjerica. Registered
concentrations of some ions, such as Fe?*, Mn?*, Ca**, SO,%-are high above maxi-
mal permitted level for potable water in Serbia. High turbidity rate also con-
firms impact of colloidal suspensions from the tailing which is located in
karstic blind valley. Leakage of mine water passes through joints, open cavities
and even large cave system Valja Fundata. Results of undertaken survey con-
firm that low-water period results with worse water quality and much higher
concentration of hazardous substances than that characterized high-water
season when infiltrated rainy water and/or melted snow dilute tailing’s waste-

Key words: water. Strict application of environmental protection measures and de-
Hazardous substances, sign/construction of the smaller water treatment facility at both surveyed
karst aquifer, copper, tailing, springs should possibly mitigate the impacts of mining activities to karst
Majdanpek, Serbia. groundwater and dependant ecosystem.

AncTpakxr. Y iu/by olieHe CTama »KUBOTHE CpeiIMHe U pa3yMeBama MOTeH-
LMja/IHUX Y3POKa joll paHHje eBUAEHTHUPAHOT JIOLIer XeMHUjCKOT cTaTyca
BOJZIHOT TeJa MOo/3eMHHUX Boja ,Kpiui-ceBep”, n3BpleHa je Xugporeosiouika
MpoCHeKIja IUpe OKOJIMHE JIeXKHUIITa 6aKkpa MajaaHIek, Koja je YK/byduia
HCTpakKMBakbe NOBPIIMHCKOT KOMa, GJIOTAI[MOHOT je3epa U IJTaBHUX KapCTHUX
Bpesa U nehuna. Umajyhu y BuAy fja ce ekcnsioaTalMoHO MOJbe PyAHUKA
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K/byuyHe peyu:
OnacHe cyncmaHye,
KapcmHa u3oaH, bakap,
¢dromayujcko jesepo,
Majoaunek, Cpébuja.

6akpa MajaHIeK JUPEKTHO TPaHUYH Ca KAPCTHOM H3/IaHHU U BOZHUM TEJ0M
noj3eMHUX Boja ,Kpii-ceBep”, mapaMeTpH KBaJUTeTa MO/J3EMHE BOJE Cy
aHasin3upan (in situ v 1TabopaTOPHjCKK) Ha JIBa IJlaBHa KapcTHa BpeJa — Ba-
Jba Oynjata u Kanyhepuia y meproarMa BUCOKHX M HUCKHX Bojia (poJiehe
2019, kacHa jeceH 2019. u nposiehe 2020.), y iU/by OlleHe YTHLAja PYAAPCKUX
aKTHUBHOCTU Ha KBAJIUTET MO/3EMHUX BO/A. Y30pKOBakhe U aHa/JMU3a MO/J-
3eMHUX BO/la U3BPIIEHA je Y OKBUPY MpojekTa ,OnepaTUBHU MOHUTOPUHT
no/i3eMHUX Boja Peny6sinke Cp6uje’, MHUIMpaHOT 0/ cTpaHe MUHKUCTapCTBa
3alITUTE JKUBOTHe cpeauHe Peny6srke Cpbuje. TepeHcKa Meperha HeCTaOMI-
HHUX XEMH]jCKUX KOMIIOHEHTHH ¥ GU3UIKUX KapaKTEPUCTHKA, Kao U JJabopaTo-
pHjCKe aHa/M3e MOTBP/UJIe Cy BEOMa JIOIl, [la YaK ¥ omacaH KBaJIMTET BOZa
o6a ocMaTpaHa KapcTHa BpeJia. PerucTpoBaHe KOHIEHTpal[Hje HEKUX jOHa,
Kao ro cy Fe*, Mn%, Ca%, SO,% jajieKo cy U3Ha/J MAKCHMAJIHO [J03BOJ/bEHUX
KOHIleHTpamnuja 3a Boay 3a nuhe y Cpouju. 3HaTHO nMoBehaHe BpeHOCTH
MyTHohe yKa3yjy Ha npojiop Bojia u3 ¢uiotanuje Baba OyHzmaTa sornupane y
Jy60K0j KapCTHO] [IENMPECHjH CJiele JOJMHE HCTOT UMeHa. [IponypuBatbe u
aKTHBHa QpUITpalMja OTIaJHUX Bojia pJioTaluje oCcTBapyje ce MPeKo MyKOTH-
Ha, KaBepHU M KPYHHUX MeNUHCKUX KaHasa Basba ®yuaTe. PesyataTu cpo-
BeJIEHHX UCTPakKBakha MOTBPhHYjy Aa Mepruoau HUCKHUX BOJa Pe3y/aTHpajy
JIOIIUjUM KBAJHUTETOM BOJZE U MHOTrO BehOoM KOHIEHTpPAIHjoM OMaCHHUX
MaTepuja, Hero IITO je cjaydaj y Mepuojy BUCOKHX BOJa Kaja /J0Ja3u [0
pasbJsiaxkerba yciie/ nosehane nHQUITpaIyje BojJa 0/ KUIIE /WU TOT/bekha
cHera. Jloc/ieJHOM TPUMEHOM Mepa 3allTUTE KUBOTHE CPeJIMHE U U3Tpa/-
OM MHHH TOCTPOjetba 3a npeunnrhaBambe Bojia Ha 06a ocMaTpaHa U3BOPa,
Moryhe je yOIaKUTH yTUIIAj PyAapCKUX aKTUBHOCTH Ha MO/J3eMHE KapCTHE
BOJie Y HU3BOJHH €KO-CUCTEM.

Introduction

Pre-Cambrian to Early Paleozoic age are locally in-
truded by granites (Hercynian orogeny). The big

Mining has a very long history in eastern Serbia.
Traces of extraction of copper minerals, malachite
and azurite and early metallurgy at the archaeolog-
ical site Rudna Glava date back to five millennia B.C.
Although exploitation of copper minerals continued
during the Roman and Ottoman Empires, the period
that lasted from the middle to the end of the 19
century was marked by the opening of new and
modern copper mines. One of them, Majdanpek
(meaning: Mine at River Pek) is still in active opera-
tion with two open pit mines and a flotation tailing
lake. The main ore resource is copper, and, to a
lesser extent, silver and gold.

The geological setting of the Majdanpek ore field
(Fig. 1) is complex. The area belongs to the Carpa-
thian-Balkanides, a geologically heterogeneous and
morphologically very dissected orogenic belt of the
Alpine system (PETKovVIC, 1935; GRUBIC, 1974). The
oldest metamorphic rocks, gneisses and schists of
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transgression, which started in Middle Jurassic, re-
sulted in thick carbonate deposits of mostly Upper
Jurassic-Tithonian age (ANTONIEVIC, 1979). During
the period between Turonian and Paleogene, a vol-
canogenic-sedimentary series called Timok Mag-
matic Complex (TMC) were formed in the eastern
part, in a tectonic trough. The TMC is about 85 km
long, and up to 25km wide (BANJESEVIC, 2010), with
the Majdanpek area in its northernmost part. An-
desites, pyroclastics and tuffa rocks, followed by rich
porphyry-type copper deposits, prevail in this com-
plex which is more than 2,000 metres thick (Janko-
viC, 1990; KARAMATA et al., 1994; JELENKOVIC & KOZEL],
2002).There were several phases (at least two) of
volcanism, and the volcanic processes were sub-
aerial to submarine eruptive, with hypabyssal intru-
sion and rarely explosive (BANJESEVIC, 2010). The
regional tectonic pattern is composite. Long regi-
onal faults elongate in the direction of NNW-SSE, in
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Fig. 1. Location and hydrogeological maps of the studied Majdanpek mining area.

parallel to the main geological structure (longitudi-
nal) and are intersected by a group of perpendicular
(transversal) faults that are younger and shorter
(Fig. 1).

The karstification process in the Carpathian
karst was intensive and, in the Majdanpek area, it
resulted in specific landscapes (sinkholes, blind val-
leys, ponors, stone bridges) and long caves (Rajkova,
Paskova, Valja Fundata) (LAzAREVIC, 1976). The karst
aquifer formed in the carbonate rocks of Upper
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Jurassic (Tithonian) is rich in groundwater, and is
recharged mainly by rainfall and by sinking flows
that gravitate from higher altitudes and imperme-
able Paleozoic rocks toward lower-positioned Meso-
zoic limestones (STEvaNovi¢, 1991). The springs
issuing from the three above-mentioned caves and
a few others (Kaludjerica, Ba$¢ao, Stameta; Fig. 1)
are the main drainage points of the karst aquifer
and are used for local potable water supply
(FiLipovic et al., 1975).
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The fissure aquifer of TMC is not rich in ground-
water. The groundwater flow pattern is linked to
joint and fissure systems as well as main faults. Pa-
leozoic formations, magmatic and metamorphic
rocks mostly represent aquitards or aquifuges and
in most cases act as a barrier to groundwater flow
(Fiuipovic et al,, 1975).

Methodology

The ongoing process of the Republic of Serbia’s
(RS) European Union (EU) accession requires many
steps toward improving environmental conditions,
primarily in the water sector. Adaptation to the
Water Framework Directive (WFD, 2000) and EU
standards, especially in the area of environmental
regulations, has thus become one of the priorities.
The project of the Ministry of Environmental Pro-
tection of Serbia - “Operational Monitoring of
Groundwater of the Republic of Serbia”, which aims
to create new bases, expand the groundwater mon-
itoring network and improve the protection of wa-
ter resources in the RS (StevaNoviC et al., 2020), has
been completed (2017-2020).

The Serbian Environmental Protection Agency
(SEPA) is in charge of systematic monitoring of the
quality of groundwater in the RS, while monitoring
the quantity of groundwater falls within the compe-
tence of the Republic Hydrometeorological Service
of Serbia (RHSS). However, the monitoring situation
is far from satisfactory. Only about 30 delineated
groundwater bodies (GWB), or 20% of the total, are
subjected to systematic observation. Moreover,
there is a noticeable disproportion in the spatial dis-
tribution of relatively dense piezometers located in
alluviums or large rivers and the Vojvodina provin-
ce, and karst aquifers and artesian aquifers in Neo-
gene sedimentary basins, which are both largely
unobserved.

The undertaken project of operational monitor-
ing has increased the number of observed ground-
water bodies, comprising - in the last stage - 50
additional groundwater bodies, including the one
located in the Majdanpek area (GWB “Kr$-sever*).

Operational monitoring consists of field visits, in
situ measurements and laboratory analyses. All the
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selected sites are visited in both high-water and
low-water periods, in order to assess the differences
in water discharge, groundwater table position and
physical-chemical composition. Two springs - Valja
Fundata and Kaludjerica - were visited in an at-
tempt to assess the impact of mining activities on
the quality of groundwater of GWB “Krs-sever”. The
water quality of these springs was measured in situ
and sampled for laboratory analyses.

Groundwater samples were collected on three
occasions: in the spring of 2019, in late autumn of
2019 and in the spring of 2020. The low-water sea-
son (smallest discharge at the springs) correspond-
ed with the late autumn period of 2019. Standard
procedures for sampling, transport and storage of
groundwater samples were applied.

Field parameters such as turbidity, water tem-
perature, electrical conductivity (Ec), pH, oxidation-
reduction potential (Eh) and dissolved oxygen (DO)
were measured by use of WTW measuring instru-
ments 355 Turb IR and 340i SET (pH/Conductiv-
ity/Oxi), while the total hardness and total alkalinity
of water were measured using the instrument called
Exact Micro 20 (ITS Inc.). Concentration of Ca?* and
HCO5;was measured using the MColortest (Merck
Millipore). Groundwater samples were collected
when the measured field parameters of fresh
groundwater at the karst springs were stable.
Groundwater samples were taken in PVC bottles for
the purpose of conducting the analyses of relevant
major ions and pesticides, and in glass bottles pre-
served with acid (2 ml of conc. HNO3) for metal ions
analyses.

Major ions, metal ions and pesticides were anal-
ysed in the accredited laboratory of the Institute of
Public Health in Kragujevac (ATC 01-169 SRPS
ISO/IEC 17025:2006; IQ NET Certified Management
System; ISO 9001: Q-1644-1VR). Volumetric titrime-
try was used to determine the concentration of chlo-
rides and to quantitatively determine the total
oxidisable organic material. The concentration of ni-
trites was determined using the molecular absorp-
tion spectrometric method. The spectrophotometric
method was used to determine the amount of ni-
trates and ammonia. Sulphate was determined
using the method of liquid chromatography. Deter-
mination of elements, by inductively coupled
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plasma optical emission spectrometry (ICP-OES),
has been used for selected ions: iron, manganese,
cadmium, nickel, zinc, copper, mercury and arsenic.
Gas chromatography-mass spectrometry (GC-MS)
was the analytical method that was used to deter-
mine organochlorine pesticides (OCPs) in ground-
water samples.

Several earlier studies were collected and evalu-
ated for the purpose of assessing the environmental
conditions. Some available information on previous
pollution accidents were studied as well.

This analysis and the assessment of pressure on
the quality of water in GWB “Krs-sever” required an
important step in the form of hydrogeological con-
ceptualisation. Therefore, hydrogeological explo-
ration of the wider Majdanpek area was undertaken,
including a survey of open mine pits and tailings,
while visits to major karstic springs and caves were
steps that were necessary for the creation of the
conceptual model and the assessment of the envi-
ronmental conditions and groundwater status.

Results
Conditions on Site
In the previous period, very thick TMC deposits

required a combination of underground mining
works and removal of rocks and minerals in the
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open pits. The former method has in the meantime
been completely abandoned. The two open pits -
“Northern” and “Southern” - were caused by long
and intensive exploitation at great depth. The bot-
tom of the latter is more than 200m deeper than the
surrounding terrain and the riverbed of the nearby
stream Mali Pek, which in natural conditions and
prior to the deepening of the open mine used to rep-
resent the erosional base. The flotation tailing is lo-
cated above the “Southern” pit, in the hill with an
altitude of approximately 500 m a.s.l. The site was
chosen in the late 1960s, to be closer to the under-
ground mine works and the then newly opened pit.
Deep and blind valley Valja Fundata, formed in
Jurassic karstified limestone, was found to be a suit-
able place for the deposition and flotation of ex-
tracted ore material and rocks (Fig. 2). On the
southern side of the Valja Fundata valley lies the val-
ley of the perennial stream Valja Mastaka (Fig. 1).
Some 25 m above the valley there is a large orifice
of the Valja Fundata cave (Fig. 3a), which is passable
for a few dozen of metres (FiLipovi¢ et al,, 1975). This
cave also functions as a permanent spring which is
most probably connected with the blind valley of
Valja Fundata (Fig. 2). Aware of this fact, to prevent
leakage from the tailing, the mining engineers of the
Majdanpek Mine have constructed a form of a bar-
rage gate inside the cave, in its last accessible part.
Initially, some registered larger faults, fissures and
ponors in the blind valley were also plugged with

Fig. 2. Hydrogeological cross-section of the Valja Fundata tailing and cave. 1, Karst aquifer; 2, Fissured aquifer; 3. Intergranular aquifer;

4, Tailing’s water table; 5, Jurassic limestones; 6, Andesites; 7, Ore and crushed - fragmented rocks and clays; 8, Fault (according to

FiLipovic et al,, 1975).
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clays or cement. Further deposited excavated an-
desite material in tailing today is more than 100 m
thick and is fully saturated. The floatation tailing
Valja Fundata is a mixture of crushed fragments and
particles with copper and magnetite minerals and
fluid mass. The solid phase of the tailing has a fine
grain distribution, with diameters ranging between
0.002 to 0.6 mm (DRAGISIC, 1992).

Due to the presence of sulphide mineralisation,
groundwater is often acidic (low pH), with a high
content of SO,%-, Fe?*, Mn?* ions and several metallic
micro-constituents. Mine waters, pumped out di-
rectly to riverbeds, pollute the surface waters and
dependent eco-systems (DRAGISIC, 1992; ATANACKOVIC,
2018). Nicely coloured water (light green to azure-
blue), such as that of the Valja Fundata tailing, is the
result of oxidation of pyrite minerals and sulfidation
(Fig. 3b).

the contamination of karst groundwater draining at
the speleological site of Valja Fundata. Discharged
from the cave, the tailing’s fluid entered the Valja
Mastaka stream, reaching the river Veliki Pek near
Debeli Lug (Fig. 1). Rapid waste water outflow killed
the entire river’s fauna for several tens of kilome-
tres, all the way to its confluence with the Danube
(STEVANOVIC & DRAGISIC, 1995). Information about this
accident was published in one of the most-cited
books on karst, written by Forp & WiLLiaMS (2007).

Another accident took place in 1996. After the
Valja Fundata accident, the management of Majdan-
pek decided to create a new tailing, smaller in size,
in the head watershed of the Saska River. This area
is away from the karstic rocks, and not very far from
the open pit, which made ore transportation feasi-
ble. However, after a long and heavy rain on 8 and 9
May 1996, the flotation dam broke and 100,000 m?

Fig. 3. a, Valja Fundata a large cave orifice; b, Valja Fundata tailing dump site (springtime 2019).

Earlier Accidents

The first big accident happened in 1974, after
several years of the tailing’s operation, when the ac-
tivation of some of Valja Fundata ponors at the bot-
tom (or banks?) of the tailing provided a path for the
flow of the tailing’s dense fluid, which resulted in
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of waste fluid came out, polluting Sagka River down-
stream, and later Porecka reka all the way to its con-
fluence with the Danube (Dracisic et al., 1997). The
water intake used for the downstream tourist town
Donji Milanovac and several villages in the Majdan-
pek municipality was abandoned as a direct conse-
quence of polluted alluviums. The Saska tailing site

Geol. an. Balk. poluos., 2020, 81 (2), 49-61
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has not been in use since this accident, and only
Valja Fundata is used now for the flotation process.
In the meantime, the volume and surface of the lake
expanded; in Fig. 1, is possible to see the contour of
the lake in its earlier stage (mid 1970s) and how it
looks today.

Groundwater Quality of the Two Observed
Springs

Field measurements of unstable chemical com-
ponents and physical properties, as well as labora-
tory analyses, confirmed very poor and even
hazardous water quality of the two surveyed karst
springs - Valja Fundata and Kaludjerica.

Registered concentrations of some ions are high
above the maximum permitted level (MPL) for
potable water in Serbia (SL. GLASNIK RS, 1999,
2019). Electrical conductivity in all the samples
(3+3 of each spring) was above 1000 puS/cm. Table
1 shows only components with concentrations
above MPL.

riod, reaching the value of 12 NTU (MPL = 1 NTU),
which is very rare for karst springs and their often
dynamic regimes.

The low-water period results in worse water qual-
ity than the high-water period, as evidenced by the
concentration of several other chemical constituents.
For instance, the concentration of ammonium ion
(NH37) is above MPL during the periods of low-water
(0.71 mg/1), similar as NO,~ 0.036 mg/1. The content
of the SO,* ion, which is dominant in anion compo-
sition, is regularly high above MPL (250 mg/1), reach-
ing its maximum value of 1152 mg/l again during the
low-water season (Fig. 4a). Water of the Valja Fun-
data spring is characterised by a high concentration
of Fe?* and Mn?*ions throughout the year, but the
highest value is noted once again during the low-
water season, when the concentration of Fe?* is six
times higher than permitted (1870 pg/1vs. 300 ug/1),
while that of Mn?*is even ten times higher than per-
mitted (504 pg/1vs. 50 pg/1) (Fig. 4b).

In high-water periods, water samples from the
Kaludjerica spring had turbidity values of 25.99 and
122.2NTUin 2019 and 2020, respectively. However,

Table 1. Chemical composition of spring water of Valja Fundata and Kaludjerica.

Valja Fundata Kaludjerica

Component Perl\rfla]i((.evel High-water | Low-water | High-water | High-water | Low-water | High-water

2019 2019 2020 2019 2019 2020
NTU 1 2.31 12 5.54 25.99 694.8 122.2
El. Conductivity (uS/cm) 2500 1945 1888 1934 1056 1138 963
Ca*" (mg/1) 200 355 394 410 187 238 83
NHs- (mg/1) 0.5 0.18 0.71 <0.05 <0.05 1.27 <0.05
NO;- (mg/1) 0.03 0.027 0.036 0.039 0.016 0.059 0.025
S0.* (mg/1) 250 356.2 1152 1064 1084.3 487.2 419.3
Fe** (ug/1) 300 <15 1870 506 828 53462 3937
Mn (ug/1) 50 23 504 293 135 4175 126
Ni (ug/1) 20 <15 <15 <15 <15 47.5 <15
Zn (ng/1) 3000 17.9 355 <10 <14 159.6 32
Cu (ug/D) 2000 <17 55.0 17 <17 234.8 17

Examined during periods of high-water; turbidity
of water of the Valja Fundata spring has values of
2.31 and 5.54 Nephelometric Turbidity Units (NTU)
in 2019 and 2020, respectively. It is interesting that
turbidity is even higher during the low-water pe-
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as in case of Valja Fundata, the water’s turbidity is
the highest during the low-water season, reaching
all of 694.8 NTU (Fig. 5).

During low-water periods, four chemical compo-
nents of the Kaludjerica water are above MPL. They
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Fig. 4. a, Concentration of major ions (HCO,, Ca, SO,) in water of karst springs Valja Fundata (VF) and Kaludjerica (K); b, Concentration

of Fe, Mn, Zn, Cu ions in water of karst springs Valja Fundata (VF) and Kaludjerica (K).

Fig. 5. Muddy, heavily polluted water of the Kaludjerica spring

during low water season (December 1°" 2019).

are: Ca?* and all three Nitrogen ions NH;~ NO,™ and
NO; (Table 1). The content of SO, is regularly above
MPL, varying from 419.3 to 1084.3 mg/1 (Fig. 4a). The
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concentration of Fe?* and Mn?* ions in the Kaludjerica
spring water is enormous, especially during the low-
water season: Fe**is 200 times higher than permitted
(53462 pg/1), while Mn?* is 80 times higher than per-
mitted (4175 pg/1) (Fig. 4b).

The heavily polluted water of these two karst
springs pollutes the streams Valja Mastaka and Veliki
Pek. The impact of the poor quality of river water can
be observed far downstream. For instance, in the al-
luvial groundwater of the latter river, which is tapped
to supply water to the town of Kucevo, the concen-
tration of SO,* during the low-water period is about
two times higher than permitted (363 mg/1). This
could be the result of old accidental pollution, but it
could also mean that new waves are “refreshing” the
pollution of this alluvial aquifer.

In contrast, other examined karst springs, which
belongs to other karstified blocks such as those is-
suing from Rajkova and Paskova caves (Fig. 1) char-
acterized by very good water quality and are
utilized for potable water supply. No treatment pro-
cess except chlorination is applied. The dislocation
from mining activity and pure catchments are main
factors of such water quality.

Discussion

The Majdanpek copper minefield is directly bor-
dering the karst aquifer and the delineated GWB of

Geol. an. Balk. poluos., 2020, 81 (2), 49-61
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“Krs-sever”. Waste consisting of crushed and defrag-
mented rocks mixed with pre-processed low-copper
ore, disposed in the Valja Fundata tailing, are in the
catchment area of the Valja Fundata cave and spring
and the Kaludjerica karst spring. The distance is
very short, as the total catchment area of this tec-
tonically relatively isolated limestone block is only
about 3 km?. Such conditions enable direct hydr-
aulic communication of the waste mine and tailing’s
waters with karst groundwater. An attempt to close
this communication by a barrage gate inside the
cave or by plugging some ponors on the tailing side
would be “a mission (that is almost) impossible” in
the case of the karst aquifer in question. Due to per-
meability of karst, developed large cavities, limited
attenuation capacity and a high gradient, remedial
measures to prevent leakage can only partly amor-
tize and slow this undesired flow from the tailing.
The natural chemistry of karst groundwater in
the Carpathian karst is of high quality. Within open
karst structures groundwater is just slightly miner-
alised, with intensive water exchange and rapid fil-
tration. The developed channels and caverns of the
karst system provide a short contact between water
and rock, and the geogenic factors are therefore in

Open mine:pit

Tailing site

favour of good water quality. This was confirmed at
numerous sources, where local waterworks apply
only chlorination for water distributed to con-
sumers (STEVANOVIC, 1995). In contrast, groundwater
in the zone of oxidation of copper deposits depends
primarily on geologic and hydrogeologic conditions,
chemical-mineralogic composition of the deposits
and the existing climatic factors (DRracisi¢, 1992;
DRAGISIC et al, 1994). Complex physical-chemical
processes take place during the interaction between
water and sulphide ore bodies. They are reflected in
the change of anion-cation composition, the decrease
of pH values, and the increase of the values of miner-
alisation (electrical conductivity) and enrichment of
microelements (NDORO & WITIKA, 2007; SCHULTZE et
al,, 2011).

Rock wastes in Majdanpek consist of fragments
and blocks of mineralised hydrothermally altered
volcanic rocks and crystalline schists (DRAGISIC et al,,
1994). Degradation of sulphide minerals in waste
rocks provides groundwater with specific physical
and chemical properties. In parts with waste dumps,
mine water directly percolates into karstified lime-
stones, mixing with original karst aquifer’s waters
of the GWB “Krs$-sever” (Fig. 6a). Tailing fluid con-

Fig. 6. a, Position of main objects in Majdanpek area on satellite image (Source Google Earth); b, Conceptual model of mixture of fresh

groundwater and tailing water in Majdanpek area.
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taminates fresh groundwater to a certain extent, en-
dangering the local habitat and biocenose. The con-
ceptual model of this mixing mechanism is shown
in Figure 6b.

Earlier accidents confirmed that the higher the
pressure in the aquifer system, the higher the risk
of pollution. For instance, high-water level in the
tailing, plus intensive rainfall which fully saturates
the aquifer and increases the water table, are defi-
nitely factors that could initiate a new wave of pol-
lution. However, intensive rainfall dilutes hazardous
substances and reduces their concentration. Further
survey and monitoring should be focused on estab-
lishing more precisely the ratio/equilibrium be-
tween these two aquifer recharge components.

Results of the undertaken survey confirmed that
low-water periods are more problematic, resulting
in lesser quality water and a much higher concen-
tration of hazardous substances than that which
characterises the high-water season. Moreover, the
main threats to the dependent and sensitive riverine
eco-system are the low flow in the downstream
rivers (Valja Mastaka, Veliki Pek) and the higher pol-
lution rate.

Although there are not too many topographically
suitable locations surrounding the mine works in
Majdanpek, the decision to choose a blind valley in
a karstic terrain that is not completely fossilised
(still with temporary flows) for a dumping site is ab-
solutely unfeasible and dangerous from the environ-
mental point of view. This was confirmed in the
years that followed. Unfortunately, remediation and
rehabilitation of the existing tailing, even if a new
location is found, is not only very expensive but also
difficult to implement. For instance, drying the lake-
and installing an impervious cover with new soil
layers and forestation may be possible in certain sit-
uations, but not in the case of Valja Fundata, because
of its dimensions. However, mitigation is possible at
two water outlets of the flotation lake - sources Valja
Fundata and Kaludjerica. A small treatment plant,
including a retention pit, a filtration chamber and
an aeration facility, could improve the quality of
water or at least prevent pollution peaks during pe-
riod of low-water.

This example of “poor practice” is, however; a les-
son learned and should be conveyed to technical
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staff involved in similar projects and environmental
impact assessment studies related to mining.

Conclusions

In Serbia and former Yugoslavia, the period after
the World War Il was marked by intensive develop-
ment of the industrial and mining sectors. Many
new mines were opened, and ore extraction and
metal production were stressed. The Majdanpek
mine functioned with two open pits, a waste dump
and a flotation lake - the Valja Fundata tailing. Many
decisions taken during that period of fast industri-
alisation aimed to increase employment and sup-
port the economic development of the then socialist
country. Not only in Majdanpek and Bor mining cen-
tres in eastern Serbia, but all across ex-Yugoslavia,
not much attention was being paid to the environ-
ment and the consequences of intensive mining on
natural resources and local eco-systems. Today,
when the approach involving sustainability and en-
vironmentally safe activities is dominant in the en-
tire Europe, locating a mine tailing directly on karst
and in a deep depression with a blind valley on the
bottom would not be considered justifiable under
any circumstances.

Great damage suffered by the water, environ-
ment and local biocenose as a result of two major
accidents in 1974 and 1996 in the Valja Fundata and
Saska tailings was never completely remedied.
Groundwater stored in alluviums of upper water-
sheds of Veliki Pek and Porecka reka and their trib-
utaries Valja Mastaka and Saska is not usable, or is
used just for individual water supply (dug wells)
and with caution. Permanent seepage from the tail-
ing to the adjacent karst aquifer and springs Valja
Fundata and Kaludjerica, evidenced during the sur-
vey campaigns in 2019/2020, requires special at-
tention and systematic monitoring beyond the
project “Operational Monitoring of Groundwater of
the Republic of Serbia”.

If EU WFD is fully transposed in Serbian legisla-
tion, with strictly applied one of its main principles
- “the polluter pays”, many industrial and mining
factories will be obliged to pay more attention to
their technological processes, and to construct their
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facilities in line with environmentally friendly re-
quirements. As for the Majdanpek Mine, it should be
mandatory to have a water treatment facility de-
signed and installed at the two surveyed springs -
Valja Fundata and Kaludjerica.
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Pe3ume

OnacHe cyncraHie y BogaMa KapCTHUX
U3/JaHM - jeJaH OA pe3y/ITaTa
ONepaTUBHOT MOHUTOPUHIA MOA3€MHHX
Bojaay Cpouju

Pynapcka akTUBHOCT Ha noAapydjy MajaaHneka
“Ma Ayry Tpaaunujy. TpeHyTHO ce eKCIioaTulle
py/Zla 6aKpa U y Mamk0j MepH pyJie cpebpa u 3J1aTa.
[llupa okosMHA JiexuinTa 6akpa MajraHnek y reo-
soikoM (Civika 1) u MOpdOJIOLIKOM CMHUCTY TPE/I-
ctaBJba Aeo Kapnato-bankauuga (PETKOVIC, 1935;
GRUBIC, 1974). Ha vCTpa>XHOM TepeHY Cy MPUCYTHHU
NpeKaMOPUjYMCKH U CTapHje Naje030jCKU IHajceBU
Y LUKPU/bLIA, MECTUMUYHO UCTIPOOUjaHU TPaHUTUMA
XepLUUHCKe oporeHese. /le6esu KOMIJIEKC Kap6o-
HaTHUX ceuMeHaTa GOpMHUpaH je HajsehHUM JiesioM
TOKOM ropwe jype (TutoH) (ANTONIEVIC, 1979).
W cTo4YHM J1e/I0BU TepeHa Cy HacTaJkd TOKOM Jyror
nepuojia TypoH-NajeoreH, kaza je ¢opMupaH T3B.
TUMOYKM BYJIKAHOT€HO-CEJUMEHTHU KOMILJIEKC
(TBK) o aHze3uTa, IMPOKJIACTUTA, TydoBa U Mop-
dupuTa 60oraTux pyAoM 6akpa Koju JOCTHXKe Jie-
6spuHe U 0 2000 m (JaNkovic, 1990; KARAMATA et al.,
1994; JELENKOVIC & Ko0ZELJ, 2002; BANJESEVIC, 2010).

dopmMupame 6pOjHUX MOBPIIMHCKUX U M10J3€M-
HUX KapCcTHUX 06siMKa (PajkoBa u [lackoBa nehuHa,
Basba @yH/iaTa) M KapCTHE U3/JaHU Y OKBUPY TUTOH-
CKUX Kpeumaka mupe obyactu Majaanneka pesyJi-
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TaT je UHTEH3WBHOI Ipolieca KapcTudukauuje
(LAzAREVIC, 1976; STEVANOVIC, 1991). KapcTHa usaaH
ce mpuxpamyje NnajJjaBUHaMa, ajid U NOHUpPyhuUm
NOBPIIMHCKUM TOKOBUMa Koju ce dopMupajy Ha
BO/IOHEINPONYCHUM [1aJI€030jCKUM CTEHaMa U CTeHa-
ma TBK. 3HauajHuju u3Bopu U kapcTHa Bpesa (Ka-
aybepuna, Basma ®ynparta, bamryao, lllTamera,
BpeJsia PajkoBe u [lackoBe nehuHe) HacTaja cy Ha
KOHTAKTY TUTOHCKHUX KpeutbaKa 1 CJ1abonponycHUX
[1aJ1e030jCKUX U BYJIKAHOT'€HO-CeJUMEeHTHHUX CTEHa.

Y nu/by Kpeupawa KBaJMTETHHUjUX MOJJIOra 3a
npucTynHe nperosope ca EBponckom Yuujom (EY) y
006J1aCTH >KUBOTHE CpeJiiHe, Kao U NMpOoLIMpeha Mo-
HUTOPHWHT MpeXe MoA3€MHHUX BOAd paau IMpUMEHe
OkBupHe aupekTHBe o Bogama EY (WFD, 2000),
peasr30BaH je npojekat ,OnepaTUBHU MOHUTOPUHT
nos3eMHux Bojia Peny6sinke Cp6uje” koju je moap-
»kaJ1o MUHHUCTApCTBO 3a 3alUTUTY )KUBOTHE CpeJiiHe
Cp6uje (STEVANOVIC et al., 2020). Y ck/10my HOMEHyTOT
npojekTa JijBa KapcTHa Bpesa - Bapa ®yHjaTta u
Kanybhepuna, y o0KkBUpy BOZHOT TeJia NOJ3EMHHUX BoJa
,Kp1u-ceBep*, 6uJ1a cy yK/byuyeHa y T3B. OllepaTHBHHU
MOHUTOPHUHI Yy LUJ/bY OLieHe yTHlaja pyAapCKUX
AKTHUBHOCTH Ha KBaJIUTET IIOA3€MHHUX BOJA.

YTunaj pysapckux akTUBHOCTU Ha NOJA3EMHe
BO/le HACTao je ycjeJ oCTBapeHe XU/ poreoJioLiKe
Be3e usMehy ciene kapctHe fosuHe Baba OyHaTa
(FiLipoviC et al., 1975), koja je ofabpaHa Kao JioKa-
nuja 3a dopmupame ¢GJIOTAIUjCKOT OJJaraau-
mra/jesepa u ucroumeHe nehune (Ciuka 2, 3),
onHocHO Bpesia Kanyhepuna (Ciuka 5). TepeHcka
Mepera apaMeTapa KBaJIUTeTa, Kao U U3BpLIEHE
XeMUjCKe aHA/IM3€e Y aKpeJUTOBAaHOj JIabopaTopUju
WHcTuTyTa 32 jaBHO 37]paBsbe Kparyjesar (Tabesa
1, Crvka 4), noTBpAWJE CYy Ja MOCTOjU 3HAYajaH
AHTPOIIOreHU yTHUIIAj Ha KBAJIUTET NIOJ3E€MHUX BOJa
y OKBUPY UCTpaKMBaHe KapcTHe u3JaHu. KoHLeH-
TpalUje HUTPUTA, aMOHMjaka, cysdara, rBoxkDha,
MaHraHa M HUKJa 3abesiexkeHe Cy U3HaJ, MaKCH-
MaJTHO J103BOJ/beHUX KOHLleHTpanuja (M/IK) 3a Boxy
3a nuhe (SL. GLasniK RS, 1999, 2019). 3HaTHO
noBehaHe Bpe/JTHOCTH MyTHONe yKa3yjy Ha IPoAop
BUCOKOKoJlouZHOT duayuga u3 ¢uoranuje Baspa
®dyHpaTa JouUpaHe Y KapCTHOj AeNpecuju cierne
JloJIMHE 3a Kojy je jomr 1974. KoHCTaTOBaHO Ja je
[JIABHU Y3POYHUK €KOJIOIIKOT MHLUJEHTa KOjU je
Jl0Beo /10 yHUIITewa ¢sope U dayHe y BOLOTOKY
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Benuvku Ilek cBe fo mwerosor yuwha y JlyHaB (STE-
VANOVIC & DRAGISIC, 1995). [IpouyprBame U akTHBHA
duntpaumja ornagHux dsayuaa ¢psoTanuje ocTpa-
pyje ce U ;JaHac NpeKo MYKOTUHA, KABEPHU U KpyII-
Hux nehuHckux kaHasa Basba @yHiaTe. Pesyntatu
CIPOBE/IEHUX UCTPAXKUBAKa, TaKohe, yKasyjy aa je
KBaJIMTET NOA3€eMHHUX BOJaA JIOLWIHUjU Y MEPUOLY
HUCKUX BOJa, HETO ILITO je TO CJydaj Yy Iepuoay
BUCOKHUX Bojia. PasJior je pa36yiaxkuBame MoJ3eM-
HUX BoJja UHQUITPUPAHUM BoJaMa oJf MaZlaBuHa U
OJl TOIlJbeHba CHera. TOKOM CIIpoBeleHUX UCTPaXKH-
Bakha Mo/I3eMHa BoJia Bpesia Basba OyHpaTa je y
CBMM y30pLiMMa MMaJla BUCOKe KOHIleHTpaluje
joHa rBoxkha ¥ MaHraHa, ZI0K je y Y30pKY, Koju je
y3eT y IepruoJly HUCKUX BOJd, KOHLI|eHTpalHja I'BO-
»kha 6usia IecT MyTa, a MAaHraHa JeceT MyTa BUIIA
of MK (Ciuka 4). Jow HenmoBoJbHUja CUTYaLHja je
3abesiexxeHa 3a noJ;3eMHe Boie Bpesia Kanyhepuua,
y MepHo/ly HUCKHX BO/ia KOHIIEHTpalyja reoxba je
6usa yak 200 nmyTa, a MmaHrada 80 nyTa Beha of
M/IK (Cnuka 4).

Y HeusmewmeHUM NpUpoOAHHUM YyCJIOBHUMa IO/~
3eMHa BO/]a KapCTHe HU3/laHU je 0OUYHO OJJINYHOT
kBasiuTeTa (STEVANOVIC, 1995), mehyTuM, y KOHTa-
KTy Ca pyAHUM TeJIOM J0Jla3U [0 lbeHe H3MeHe
ycJie[l KOMILJIEKCHUX PU3UIKO-XeMUjCKUX peaKLyja
M3MeHe joHa, cMawewa pH BpefHOCTH, noBehamwa
MuHepasnusanuje (DRrAGISIC, 1992; DraciSiC et al,,
1994; Nporo & WiTIka, 2007; ScHULTZE et al., 2011;
ATANACKOVIC, 2018). Y cay4ajy dioTanujckor jesepa
pynHuKa MajgaHnek foJ1a3u 0 OKCHUJaLuje Cys-
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buaHUX MUHepaJia, KOju MOropuiaBajy KBajJUTeT
bayusa koja ce MHGUATPUPA Y KapCTHY U3JaH U
3aTUM IM0jaB/byje Ha Bpesuma Baba OyHpgaTa u
Kanyhepuna (Ciuka 6).

Bucok HUBO dioTanujckor jesepa y KOMOUH-
aluju ca MHTEH3UBHUM MNaJlaBUHaMa noBehaBa
pHU3HK 0/ Ipofiopa 3araherma y KapCTHY U3/iaH, IUITO
je 3abesiexk€HO Y NMPETXOJHUM HHIMJEHTHMA U3
1974.n 1996. ronuHe (STEVANOVIC & DRAGISIC, 1995;
DRAGISIC et al. 1997). Mako y OKOJIMHU pYAHUKA He
MOCTOjU MHOrO MOrOAHUX JIOKaLMja 3a ¢JioTa-
LIMjCKO je3epo, CBOjeBpeMeHa OJJIyKa Ja Ce OHO
JIOLlMpa y CJelny KapCTHY LOJIMHY, KOja je u fasbe
XUJIPOTEO0JIOIIKU aKTHUBHA, [I0Ka3aJja ce Kao Heo-
npaBJaHa U Y JaHalllke ,eKOJIOUIKO“ BpeMe
CUTYpHO He 64 yoniuTe 6uia moryha. ¥ cajjlaiisbum
yCJI0BHMA peMejujalnuja mocrojeher jasoBuiiTa
Basba PyHzaTa, 0CMM 1ITO 61 U3MCKUBaJa OTPOMHA
duHaHCHUjcKa CpejCcTBa, CKOPO je W TEeXHUYKH
HeW3BOA/bUBA. A 6U MOTJIO U Tpebaso Aa 6yxae
peasv30BaHO NpPOjeKTOBame W HU3Tpajiltba MUHH
CUCTeMa 3a TpeTMaH BOJla KOHTAMUHHUPaHUX KapCT-
HUX M3BOpa. Y LWJby yOJ1akaBamwa yTULaja pyLap-
CKHUX aKTHBHOCTHU Ha II0/jI3eMHe KapCTHe Bo/ie Tpeba
NpUMeHUTU U npuHuun OKBUpPHE JUPEKTUBE O
Bozama EY koja je TpaHCIOHOBaHA U y Hally JIeTU-
CJIaTHBY, /1M Ce He IpUMelbyje JOCJIeIHO - ,3arahu-
Bau m1aha‘
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