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YBOJI

IIpoctop Kapmaro-6ankanuma y mmpeM CMUCITY TPeIcTaBha caMO MaJId CETMEHT TeTHjcKor
(Anncko-XuManajckor) OporeHor cucteMa. Y MEeTaloreHeTCKOM KOHTEKCTY, OBaj MPOCTOp MpHIlaaa
TerujckoM eypoa3ujckOM METaJIOTEHETCKOM I0jacy, CEKTOpY CeBepOMCTOYHOr Menurepana,
npernusnuje Kapraro-bankanckoj meranoreHerckoj npoBuHIMjU. OHA je Aajbe MOJeJbeHa Yy YeTHPH
MmeTanoreneTcke 30He (Jankovi¢, 1990). Ha oBoMm mpocTopy MpHCYTHa Cy Haj3Ha4YajHHja €BPOIICKA
nexuinTa Oakpa W 37ara, MoceOHO BezaHa 3a THMOYKM MarMaTrcKH KOMIDIEKC Tj. Bopcky
MeTaJIOTeHeTCKy 30HY. OBa 30Ha je €0 TOpHmO KpelHOr baHaTUTCKOT MarMaTcKO-MeTalOreHeTCKOT
mojaca (,,Banatite belt*) xoju ce ocum CpOuje, pocTupe n Ha TepuTOopHju PymyHuje u Byrapcke
(Heinrich and Neubauer, 2002). TTopex 6akpa u 371ata, y pejony Kapmaro-6ankanua ncroune Cpouje
3HayajHa Cy U JISKHIITA YpaHa ¥ KaMEHOT yTIJba.

HcrpaxuBamba W eKCIUIOATalMja MHHEPAIHHX CHUPOBHHA Ha OBOM IIPOCTOpPY Cy Beoma
MHTeH3MBHA. Pynapcka akTHBHOCT je Mope] MOBOJPHUX E€KOHOMCKHX M pa3BOjHHX edekaTra, OBOM
pErHOHy JOHEJa U HeraTHBaH YTHLA] Ha )KUBOTHY CpeAMHY, Kpo3 OpojHe mpumepe 3araljema Ba3myxa,
BOJIC M 3eMJpHIITa. HakoH 3aBpiieTka akTUBHOCTH Ha MCTPAXHMBAY M SKCIUIOATAlMjH MUHEPATHUX
CHPOBMHA, MHOTH PYIHUIM OWBajy HAIyIITeHH 0€3 MPETXOMHOT YCHOCTaBJbarba Mepa 3a 3aIITHUTY
KUBOTHE cpeauHe. Kao jemHa on mocienuiia OBaKBOT CTama, PyJHUYKE BOJE Koje ce GopMupajy y
OKBHPY HAIyIITCHUX pYJapCKUX pazoBa, ciI000aHO, O3 MNpeTXOTHOr TpeTMaHa HCTHYY Y
MOBPIIMHCKE TOKOBE.

[ToBpIIMHCKE WM TTOI3EMHE BOJIE, TPHIMKOM IUPKYIAIMje KPo3 pylapcke pajoBe nojas3e y
KOHTAKT ca PYJAHUM MHHEpAIMMa M OKOJIOPYJIHUM CTCHAMa Y OKCHIAIIMOHUM YCJIOBHMA, MPUIUKOM
Yera J0Ja3W 1O HUXOBOT pacTBapama. JlOMHHaHTHY yiory y (GOpMHpamy XEMHjCKOT cacTaBa
PYAHUYKHX BOJA, BE3aHUX 3a JISKHUIITA METAIMYHUX CHPOBMHA M yIJba, UMa OKCHJAAIMjA THPUTA
(FeS;) u mpyrux cynadpuaHux MUHepana. Y OBOM MpoLeCy Joyia3u a0 ociobahama joHa BOIOHHKA,
KOjM JI0OBOZIe IO CHIXema PH BpemHocTn Boje m 10 noehama KoHIEeHTpamnuje cyndara, Merana u
Metajonna y pynanukaMm Bomama (Lottermoser, 2007; Wolkersdorfer, 2008). Takolje, akTHBHOCTH
baxrepuja w3 rpyme Thiobacillus ferrooxidans u Thiobacillus thiooxidans y6psaBajy mporiec
okcuzanmje cynpuna U MOCHeIlyjy Moropuiamke KBajluTeTa pyIHHYKuX Boma (Savi¢ et al., 2005).
Hacympot oBoM, y okBupy BehuHe JexuITa HeMETaAINIHIX MUHEPATHUX CHPOBUHA, XUIPOIUTHIKO
pacTBapame je OCHOBHHU Mpolec (GpopMHpama pyIHHYKHX BOJa, KOje MpeMa XEMHUjCKOM CacTaBy He
OJICTYIIajy MHOTO OJ1 IPHPOAHUX, hoHCKHUX BpeaHoctu (Dragisic et al, 2012).

UcrpaxuBama Ha mpocropy Kapmaro-Oankanmma ucroune CpOwuje, koja cy oOyxBaTuia
UICHTU(HKAIM]y HAITyIITeHHX PYIApCKUX pajoBa ca IMPHCYCTBOM HCTHIAKka PYJHUYKHX BOAA M
BUXOBO Y30pKOBame, u3BeaeHa cy y nepruoay 2009-2010. Llwb n3BeNeHUX HCTpakuMBama OHO je
aHaNM3a KBAJIMTETa PYAHMYKUX BOJA U3 HANMYIITECHUX PYJapCKHUX PaJoBa M MPOLEHA MOTSHIN]aTHOT
HETaTUBHOT YTHIAja OBHX BOJAa HA JKMBOTHY CpeIMHy. Y paxy je IaT Tperjel OCHOBHUX
XHUAPOXEMH]CKUX KapaKTePUCTHKA aHATM3UPAHUX PYAHHUYKUX BOJA BE3aHHUX 3a HAIMYIITEHE PyJapcKe
pazoBe y OKBHPY Pa3IMuUTUX THIIOBA JISKHUIITA MUHEPATHUX CUPOBHHA.
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METOJE

HcrpaxuBambuma cy oOyxBahieHe pynHHMYKE BOJE M3 HANYIITCHUX pyIHHKa Oakpa, 3jara,
OJIOBO-IIMHKA, KAMEHOT yriba U ypaHa (cnuka 1). YKynHo je ananusupano 31 y30pak pyIHHYKHX BOJA
u3 23 HamylTeHa pynHuka. Mepeme pH BpeaHoctu, enexrponpoBoabuBoctu (Ep) m Temmeparype
BOIE Cy BpIIeHa Ha TepeHy ymotpebom Mi805 wuHCcTpymMenta ompemibenor ca MA851D/1
MYJITUIIAPaMETPCKOM COHJIOM. Y30pIH Cy CKJIJMIITCHH W TPACIHOPTOBAHU Y TMOJHETHICHCKHM
6onama 3anpemune 1,5 L u 0,5 L. Y3opuu mame 3ampeMuHe Cy 3aKUILE/LEHN Ca a30THOM KHUCETHHOM
na OM ce cHpedmwsio Tajoxkeme Merana. Kama cy y muramy MakpOKOMIIOHEHTE, aHAIM3HPAHU CY
rmapun katjorn u amjomn (Na', Ca?*, Mg®, K' COs© HCOs;, SO,%, CI, NOj3). Onx
MHUKPOKOMIIOHeHTH aHanusupanu cy Hemeramu (NH;*, NOy', P, SiO,) u metan u metanouau (Fe, Mn,
Cr, Zn, Cu, Pb, Cd, Ni, As). V pany cy npukaszaHe BPeTHOCTH Jelia aHAU3UPAHUX MapaMeTapa,
MHIVKATHBHUX 32 PYAHUUYKE BOJIE.

Cnuka 1. Jlokayuje y3opkosarba pyoHUuKUx 600a
Fig 1 Mine waters sampling locatin map

PE3VJITATU U JUCKYCHUIJA

Pesynratu pU3MYKO-XeMHUjCKHX aHAINM3a PYJHUYKHUX BOJA U3 HAYIITCHUX PYAApPCKUX PajoBa
(rabema 1) yka3yjy Ha 3Ha4ajHE pa3ivKe Y XEMHjCKOM CacTaBy, KOje Cy MOCIeIuIla KOMITJICKCHUX
ycioBa GopMmupama oBuX Bojma. CIMYHAM HCTpaXKHWBalkbMMa PYTHHYKHUX BoAa Ha mpocTtopy CpoOuje
(Atanackovi¢ et al, 2013; DragiSi¢ et al, 2012) yrphene cy crermpuIHOCTH ¥ lHXOBOM CACTaBy 3a
BehuHy aHamM3MpaHUX HamymTeHHX pyAHuKa. OBe pas3auKe Cy MOCIeAWIa TEOJOMKUX U
XHAAPOTEOJIOMKUX YCIIOBA M BEIITAYKHUX (DaKTOpa, KOjU yTHIY Ha (popMHpame pyAHHYKHX BOJA.

AHanM30M XEMHJCKOT cacTaBa pYIHHYKAX BOJA HAMYIITEHUX pYAApCKUX pajgoBa Ha
npoctopy Kapmnato-6ankanuna ucroune CpOuje, MOXKe ce H3IBOJUTH TE€HEpaiHa 3aBUCHOCT Y
caap)Kajy TJIaBHUX KaTjoHAa W aHjOHa Cca M3/[BOjJEHUM THIIOBUMa MUHEPATHUX CHUPOBHHA. Y OKBHPY
HANyIITEHUX pyAHuKa Oakpa u Pb-Zn mpeommaljyje Ca-SO, Tum Boma. 3a oOBe pyIOHHKE je
KapaKTepUCTHYHA I0jaBa KUCEIMX PYTHMYKHX BOJA Ca MOBUIICHOM MHHEpAIU3aLHUjOM, CaapiKajeM
cyndara, merana u meragouna (Acid Mine Drainage). MspaxkeHe pasivKke y XEMHjCKOM CacTaBy
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yTBpheHe cy 3a pyAHUUYKE BOJE M3 PyJHHKAa KaMeHOT yrijba. Ha XxeMHjcku cacTaB OBHX BOJa, MOpeEN
cajpikaja MUpUTA Y yIIbY, yTUYE U MHHEPATHH CACTAB Tj. BPCTA CTEHE Y MOJMHU U TIOBJIATH YIJBCHUX
CllojeBa W BUXOBa XUAPOTeoonika (yHKIMja. 3a HAMyIITeHe PyIapcKe pajoBe y OKBHUPY JIEKHIITA
3JlaTa M ypaHa, KapakTepCTHUHEe Cy MajoMuHepanu3oane, Ca-HCO; Bome, ca caapikajeM Mmerana
KOjH 0JIroOBapa MPUPOTHUM BPEIHOCTAMA.

Tabena 1. Bpennoctu unmexca pH, Ep (US/cm), muHepanusanmje u canpxaja cyiadara, Fe i Mn y mg/L y
aHaJIM3UPAHUM PYyTHUYKMM BoJaMa M3 HaIlyIITeHHX pyJapckux pajoBa y wuctounoj CpOuju, ca BpCTOM
npeosinal)yjyhe MuHepaiiHe CHpOBUHE

Table 1 Values of pH index, EC (uS/cm), TDS and concentrations of sulfates, Fe and Mn in mg/L of analyzed
mine waters from abandoned mining sites in eastern Serbia, with type of primary ore resource

MecTto 2
Ha3us Pyna HeTHIAmA Tun Boge | pH Ep M SO, Fe Mn
Mine name Ore type Water type | pH | EC M s0,” Fe Mn

Mg-Ca-

Csetu bophe IToTtkon SO,-HCO; 6,7 | 1800 1880 680 6,1 0,12
Braxo Momeon | CEMY 731 730 | 750 | 48 | 0004 | 0,003
110JbE K HCO;
ToasHc Zﬁﬁggﬁ? Morkon | Ha-HCO, | 7,3 | 2010 | 1970 | 420 | 0,005 | 0,003
Job6pa cpeha Ilotkom Ca-S0, 6,9 | >3000 | 2830 1200 4,76 0,53
Pakunra IToTkom Ca-HCO; | 6,8 510 500 78,2 0,27 0,11
Kosapriric Horkon | Ca-SO, [645| 810 | 650 | 260 | 67 | 04
IloTok
JIuna IloB. xon Ca-SO, 1,95| 8200 7400 4950 1650 | 19,94
Kynunoso TToTkom Ca-SO, 41 520 410 250,2 7,64 0,52
Hymutpu )
NOTOK Bakap lorwon | Ca-HCOs 17011 682 | 40072 | 93 | 003 |<0.01
Yoka kypyra Copper [oTkon Ca-S0O, 4 510 350 220 0,18 0,05
LepoBa ITos. kon Mg-SO, 3,3 | >4000 | 3500 | 13600 15,8 45
Mapxkos
Kamen Tomeon | Ca-50s | g5 | 1950 | 830 | 342 | 202 | 08
Csera
Gapatpa Tomcon | Ca-HCOs | 7 | 399 | 370 | 40 | 001 | 0004
I'paboBa peka 3 ITorkom Ca-HCO; |7,85| 710 650 94 0,008 | 0,005
Wujus Tpo6 G“;‘IT(;’ Motkon | Ca-HCO; | 7 | 510 | 540 70 | 0,002 | 0,003
JIatoBo ITorkom Mg-HCO; | 7,1 730 740 62 0,01 0,005
Pycman ITorkom Ca-HCO; | 7,1 740 690 112 0,01 0,005
l'uupyma ITorkom Ca-HCO; 8 440 435 40 0,11 0,01
Basa Caxka IToTkomn Ca-SO, (6,95 350 260 100,2 1,35 0,19
Yoka Mapun |Ioaumeranuuna | IloTkomn Ca-SO, 3 3500 2900 2260 18,3 1,28
EoecTopa Plymetallic IMorkon | Ca-HCOs;-

P 1 SO, 6,9 | 1250 336,9 | 0,0401 | 2,653
Mesnpeja VYpau IToTkom Ca-HCO; | 7,5 780 720 80,4 0,01 0,002
I'abpoBHwuIa Uranium ITorkom Ca-HCO; | 6,7 640 750 15,5 0,03 0,32
ZAHVALNOST

Ovo istraZivanje je podrzano od strane Ministarstva obrazovanja, nauke i tehnoloskog razvoja (kao deo
projekta 43004) i Ministarstva prirodnih resursa, rudarstva i prostornog planiranja
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INTRODUCTION

The Carpathian-Balkan region is a small part of Tethys (Alpine-Himalayan) orogenic system.
In a metallogenic context, this area belongs to Tethys Eurasian metallogenic belt, sector of
northeastern Mediterranean, specifically Carpathian-Balkan metallogenic province. This province is
further divided in four metallogenic zones (Jankovié¢, 1990). This area, especially Timok magmatic
complex or Bor metallogenic zone hosts Europe’s primer Cu-Au deposits. This zone is a part of Late
Cretaceous Banatitic magmatic and metallogenetic belt, extending from Romania through Serbia to
Bulgaria (Heinrich and Neubauer, 2002). Along copper and gold, significant anthracite and uranium
deposits are situated in the Carpathian-Balkan region of eastern Serbia.

Exploration and mining of mineral ores have been quite extensive in the area. Along with
economic benefits and development, mining activity brought negative impact on the environment in
the region, through numerous examples of air, water and soil pollution. Upon completion of
exploration and extraction of mineral resources, many mining sites have been abandoned without
previously putting environmental protection measures in place. As a consequence mine waters
originating from such sites are discharged freely into surface water.

Ground and surface waters that circulate through the mine come into contact with ore
minerals and surrounding rocks under oxidizing conditions and become dissolved. The dominant role
in the formation of the chemical composition of the mine waters from metal and coal deposits is
played by the oxidation of pyrite (FeS2) and other sulfides. This process results in the release of
hydrogen ions that lower the pH level and increase the concentrations of sulfates, metals and
metalloids in the mine waters (Lottermoser, 2007; Wolkersdorfer, 2008). In parallel, the activity of
certain bacteria, particularly Thiobacillus ferrooxidans and Thiobacillus thiooxidans, accelerates the
processes of sulfide oxidation and increases the deterioration of mine water quality (Savi¢ et al, 2005).
In contrast, within the deposits of most non-metallic ores, the hydrolytic process is the primary driver
of the formation of mine waters, which according to the chemical composition do not differ
considerably from naturally-occurring waters (DragiSi¢ et al, 2012)
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Research in the Carpathian-Balkan area in eastern Serbia, that comprised identification of
abandoned mining sites with mine water discharge and sampling of these waters, was conducted in a
period 2009-2010. The objective of the research was to assess the quality of mine waters originating
from historical mining operations and to estimate the potential negative impact of these sites to the
environment. This paper gives an overview of basic hydochemical characteristics of analyzed mine
waters originating from abandoned mining sites featuring different types of mineral ores.

METHODS

Research included mine waters from copper, gold, lead-zinc, anthracite and uranium
abandoned mines (Fig 1). Total of 31 mine water samples from 23 abandoned mining sites were
analyzed. Measurements of pH, electrical conductivity (EC) and temperature were performed in the
field with a Mi805 instrument fitted with an MA851D/1 multiparameter probe. Samples were
generally stored and transported in 1.5 and 0.5 liter polyethylene bottles. A smaller portion of each
sample was acidified with HNO; solution to prevent the sedimentation of metals. With regard to
macrocomponents, the analyses included the main cations and anions (Na*, Ca**, Mg®*, K*, COs*
HCO5, SO,%, CI, NO;3). The microcomponents analyzed were NH,", NO,", P, SiO, and metals and
metalloids (Fe, Mn, Cr, Zn, Cu, Pb, Cd, Ni, As). In the paper are considered only parameters that are
indicative for mine waters.

RESULTS AND DISSCUSION

Results of hydrochemical analysis of mine waters from abandoned mining sites (table 1)
indicate considerable differences in chemical composition, as a result of complex conditions that
governs the formation of these waters. Similar studies of mine waters in Serbia (Atanackovi¢ et al,
2013; Dragisic¢ et al, 2012) confirmed specifics in the composition of these waters for the majority of
analyzed abandoned mines. These differences are conditioned by geological, hydrogeological and
anthropogenic factors, which control formation of mine waters.

Analysis of chemical composition of mine waters from abandoned mining sites in the
Carpathian-Balkan region of eastern Serbia reviled general relationship in content of main cations and
anions in mine waters with type of mineral resource. Within the abandoned copper and Pb-Zn mines
prevalent is Ca-SO, type of water. General characteristics of these mines is formation of acid mine
waters with high TDS values, sulfate content, metals and metalloids (Acid Mine Drainage).
Pronounced differences in chemical composition are related to mine waters featuring stone coal
mines. Chemical characteristics of these waters are affected by content of pyrite in coal, mineral
composition i.e. type of surrounding rocks and their hydrogeological function. For abandoned mining
operations within gold and uranium deposits, typical are low-mineral, Ca-HCO; type waters, with
concentration of metals that corresponds to the naturally-occurring values.
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