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Caxerak: Ha npocropy CeBepHor baHaTa 1 leHOT perHoHaIHOT IEeHTpa, rpaga Kukunzae, yrBpheHo je moctojame
BHIIE HATHUX I0JbA KOja Ce Y APYroj MojoBHMHH XX BeKa MHTCH3UBHO HUCTPaXyjy M ekciuioaruury. [Ipucycrso
HaTHUX OyHIOTHHA y 30HM rpajga KukuHIe MoXe Ja yrpos3u CTame KMBOTHE CPEJMHE, Ka0 M KBAIMTET JKMBOTA
CTAQHOBHHKA. 3a yTBphUBabe NPUCYCTBA MONULIHUKINYHUX apOMaTHYHHUX YIJbOBOJOHMKA, KopuiilieHa je TeXHUKa
GC/MSD, 10k je 3a yrBphuBame NpUCyCcTBa apOMaTHYHUX YIJbOBOJOHHKA yrnoTpebibeHa Texanka GC/MSD Purge
and trap. XemujckMM aHanM3ama y3opaka Boje ca moapydja Kukunzme, Huje noka3aHo 3araheme MOA3EMHHX
BOJIOHOCHHX CepHja HaGTOM.
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YBoa

IMoTpaxma 3a HapTOM M TacoM y CBETy mocTaje cBe Beha, a caMUM THM H
HercKopHIheHa JeXHIITa OBUX €HepreHara MpecTaBibajy MIAHCY 3a Pa3Boj JpiKaBa Koje
uX mocenyjy. YOp3aHu pa3Boj MPUBPEAHUX ACTATHOCTH Kao W Ha)THE MHIYCTpHje, YCKO je
moBe3aH ca noBchamem Opure 3a moryhe mpoOieme y odyBamby KBAIMTETHE XUBOTHE
cpenuae (CrankoBuh, 2003). Hapount 3Ha4yaj MMa 3amITuTa NOA3EMHHUX BOJA jep OX BHUX
JTUPEKTHO 3aBHcH omncTaHak oko 80% ceercke momymnarmje (Moore, 1989). V mociemmux
HEKOJINKO JElleHMja, HajBUIE MaXike ce IOocBelyje OmacHOCTH o W3NInBama Hadre
(Newton, 1991) u menux mpoaykara (Cheremisinoff, 1991). Aunanuze u3 2001. roaute
MOKazyjy Zia o/l YKyITHe KOJM4YHMHe 3araljuBaua y Bojama mMpoM cBera, bux 21,4% notude
on HadTHEX jenumberba (Meshcheryakov et al, 2005). 3abesexxeHu cy U HCTpaKeHH OPOjHU
HecpehHU citydajeBu ca u3nmBameM Hadre (Smyth, 1999; Skanavis, 1999) u Ha ocHOBY
BUX, 3aKJby4CHO je na HadTHA jeAMIbEeHha H3a3uBajy 030WJbHE (H3HMYKE, XEMHUjCKEe U
ouonomke npomeHe y mom3emuuMm xuapocucremuma (Testa, Winegardner, 1991; Atlas,
Bartha, 1992; Fine et al, 1997). YnackoMm y nenomomku cucteM, Hadta 1 HadTHA jeTUHCHA
Be3yjy ce 3a 3eMJbHINTe Memajyhu My CTpYKTypy M (PHU3MUKO-XEeMHjCKe KapaKTepHCTHKE
(Fine et al, 1997; Kowalska et al, 1994; Chaineau et al, 2000). Y massem TOKy, 3arahjeme
JIOJTa3M Y KOHTAKT Ca MOJ3EMHOM BOJIOM, TJIe CE JCTMMHUYHO Be3yje 3a KOJIEKTOPCKY CTEHY H
pazmuBa y xuapocucreM (Drummond, Israelachvili, 2004). Ilocmeaniie Ha yKymHH
TIE/I0JIONIKOTCOJIONIKH M XUAPOTCONIONIKH CUCTeM ¢y (artaine u ayrotpajuae (Chaineau et al,
1995; Chaineau et al 2003), a BHIICTOOUIIBUM HCTPAXKHUBamUMa je yTBphHeHO na je
u3y3eTHo Mana moryhHoct Ouopasrpaame HagTHUX 3arahjuBaya u mszHocu cBera 10-30%
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(Kartoshkin, 2003). ¥ cny4ajy ma ce yrBpam 3araljeme, mocroje OpojHH yTBpheHH H
HCTPaKeHW METOJOJIOIIKY TPHUCTYIIN KOJU MMajy 3aJaTak Ja ACIMMHYHO YKIOHE Win Oap
cupedye ngajke mmpeme 3arahyjyhmx wartepmja. CBe MeTone, OJ HajCaBPEMEHHjUX
Omonomkux, Koje Kopucrte Omooprancke akxtuBHe KommoHeHTe (Konseisao et al, 2007),
MPEeKO MEXaHWYKUX Koje ce Oa3mpajy Ha BuOpammjama (Schwab et al, 1999) u ¢puzmuxo-
MEXaHWYKHX Y BUJAY IOJI3EMHHX Oapujepa HanmpaB/beHUX O] aKTMBHHX Marepujana (Starr,
Cherry, 1994; Vidic, Pohland, 1996; Mcgovern et al, 2002) uMajy mnojenuHe 3ajeZlHUYKE
KapaKTEepUCTUKE: CKYIIe Cy, U3y3€THO OIPaHUYEHOr eeKTa M e(hUKACHOCT YECTO J0Ja3H y
MUTake yClel pasIuYuTUX (U3UUKUX, XEMHJCKUX U OWOJIOIIKMX KapaKTepHCTHKa
uctpaxkuBanux tepena (Starr, Cherry, 1994; Vidic, Pohland, 1996; Schwab et al, 1999;
Mcgovern et al, 2002; Konseisao et al, 2007). [Tocnenmux roanHa, pa3Bujajy ce CTynuje
XaBapHjCKUX Cllydaja Kao TpHUIpeMa Op3WX peakmnuja W pemiema 3a moryhe Hecpehe y
kojuMa ce odekyje HadrHO 3araheme (Liu et al, 2004). [IpegHocTn OBOT MpHUCTyma Cy
OpojHe. AHaTM30M WHAYCTPH]CKUX U TPAHCIIOPTHUX CHCTEMa CMamyje ce MOTYRHOCT caMor
exoHecpeha, a OMIITOM aHATU30M TeOCpPEHHE, CEANMEHAaTa, MOPO3HOCTH, MaJ0Ba TEPEHa,
MOJI3€MHUX BoJa M OpojHUX APYyTHX (hakTopa, JePUHUITY ce MOTYhH IpaBIH MUpPEHa Kao U
nocnenure 3arahema (Hixson et al, 1993) Ha ocHOBY dera ce MOry ne(UHICATH aKTUBHOCTH
u Mepe y ciydajy xaBapuja (Liu et al, 2004). Ha mpocropy Cesepnor banata u meHOTr
peruoHaHOT 1eHTpa, rpana Kukuune, yrBpheHo je nmocrojame Buile HaQTHUX 0Jba KOja ce
y Opyroj nosoBuHu XX BeKa MHTEH3WBHO HCTPAXYy]y M eKCIUIoaTuIly. Benrku u mpoctpanu
IManoHcku OaceH y neHTpamHoM jgeny EBpore Ouo je mo3Hat kao HadToHocaH Beh y XIX
Beky. Kpajem XIX Beka Oyie ce npBe HCTpaskHE OYIIOTHHE U TIOYHELE MTPBaA EKCIIIoaTalHja
HadTe Ha npocTopy BojBoanne. O kpaja XIX Beka pajoBu Ha UCTPAXKHUBAY HAPTOHOCHUX
cepuja Ha TepuTOpUju BojBomMHE ce HENpeKUJHO 00aBJbajy a pe3yNTaTH OBHX
WCTpaKMBama BUIJBUBH Cy KPO3 YMTAaB HU3 HA(PTHUX M TaCHUX MOJba y Pa3HUM JEIOBUMA
oBor Oacena. Kpajem XX Beka, Ha)Ta U rac mocrajy neUIMTapHA €HEPreHTH, a BUXOBE
LICHE Ha CBETCKOM TPXXHINTY HEMPEKUIHO pacTy. Ycie[ OBaKBOT TpeH/Ia 3Haya] HAQTHHUX H
TacHMUX TOJka Ha moApy4jy BojBomamne, banata ma caMuM THM W Ha TEPUTOPHjH Tpana
Kukunne nocraje cee Behu. 1 nmopen unmbeHKIIE O TIOCTOjamby JEKHIITA HAPTE HA IPOCTOPY
BojBoauHe mpBa ekcmioaranuoHa Oyliema Cy H3BpIICHA pelaTUBHO KacHO. Hemauko
npenysehe ,,Petrole A. G.“, 1942. u 1943. roguHe BpIIK PETHOHAJIHA TPaBUMETPHUjCKa
UCIUTHBama Lene Tepuropuje baHara, KOjOM NPWIMKOM je KOHCTATOBAaH YHTaB HH3
IpaBUMETPHJCKUX MaKCHMMyMa, YIJIaBHOM TIpyXama Yy TpaBily cesep-jyr. OBwu
IpPaBUMETPHJCKH MaKCHUMYMH TIOJi TIOBOJbHMM YCJIOBMMa MOTY O3HA4yaBaTH IOCTOjabe
MOjeAMHNX CTPYKTYPHHUX OOJMKa MOTOJHMX 3a akyMyiauujy Hadre u raca (Akcuh, 1957).
3a Bpeme II cBerckor para (1944. ronuHe) HEMIM Cy OCTABWIIN IIPBY UCTPAXKHY OyHIIOTHHY
Ha Teputopuju banata kox cema Bemmka I'penma. Ilocne Il cBerckor pata Ha OCHOBY
MIPUKYTIJREHNX HEMAuKUX [0JaTaka IPUCTYNWIO CE JaJbUM HCTPaKUBamUMa Ha(THUX
cepuja Ha oapy4jy banara. Jlaska ucTpakuBarma Ha OBOM II0JBY, CBOjUM OCHUBameM 1949.
roanHe HacTaBJba npexysehe Hadrarac.

W nopen unmennie o cee Behem 3Hauajy eHepreHara y CaBpeMEHHM €KOHOMCKUM U
MPUBPEAHNUM TOKOBHMA, IPHCYCTBO Ha()THHX OyIIOTHHA y IpaJICKOj 30HHU TJIABHOT I'pajaa
CeBepHO-0aHAaTCKOT OKpyra MOIJIO OW Jia JIOBEAe /0 yrpokaBama KBAJIUTETa >KUBOTHE
CperHe, Kao ¥ yCJIoBa )HBOTa CTaHOBHMKA KukuHe.
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Kapra 1. 'eorpadcku nosoxaj Kuxknnge; 1-nnanune, 2- nemruape, 3-jiecHe 3apaBHH.

MeTtomo0mKku NpUCTYI

TepuTopHja UCpaXXUBAHOT MOJPYYja Be3aHa 3a OBaj pal je rpaiucka 3oHa Kukunne.
Ha xpajmem ceBepy penyoOmuke CpOuje, Ha Teputopmju CeBepHO-O0aHATCKOT OKpyTa,
HajBehu rpajgcku u nmpuBpenHn neHTap je rpan Kukunna. Ha rpagckom noapydjy Kukunme
Hamaze ce 83 wHadTHe OymormHe. Of M3rpaame MpBHX OyIIOTHHA OMWIO je TPHUCYTHO
HE3aJ0BOJECTBO rpaljana. 300T CBOT MOJI0XkKaja y TPaJCKOM MOAPYYjY, Kao U CBOje (QyHKIIHje
eKcIuroarTaije HaQTHUX CepHja ImocTojaja je 60jazaH 1a MOTY Ja yrpo3e KBaIUTET )KUBOTHE
cpenuHe rpanga. Jla OM ce MCIUTaIM OBM HABOJM OWJIO je HEONMXOIHO KOPHUCTHUTH OpojHE
pe3ysiTtare TepeHCKUX HCTPaXKHBama, Kao M Ja0OpaTOpUjcKe aHaiu3e CepTUHHKOBAHUX
nabopartopuja. bpojuu Hayunu pamoBu ynyhyjy Ha TO Ja je ompaBiaHa Opura 3a 3apaBibe
CTaHOBHUILTBA YKOJHMKO C€ IMOTBPAM HpucycTBo 3aral)yjyhux marepuja u3 cupoBe HadTe.
JlokazaHo je Ja JyroTpajHO yHOIIEHE y OpraHuzaM BoJie 3araljeHe M MajoM KOJHYHHOM
3araljuBaua w3 cupoBe Hadre (eTHOCH30J7, OCH30J, TOJNYOJd, KCHJION) H3a3MBa TpajHA
omrehema TkuBa, pak jerpe u yeykemujy (Budavari et al, 1989), a cama jenumema ce
JIYTOTPajHO 33ApiKaBajy y TKHBHMA, IIpe CBHUX y jeTpu u OyOpesuma (Nadim et al, 2000).
Iupa teputopuja onmruae KukuHAa 1pnu Booy 3a BOJOCHAOICBAEmE CTAHOBHHUILNTBA U3
BOJOHOCHHUX cepuja Ha myounn ox 190-210 m (npuroe 1), koja ce Kpo3 CHCTEM TPaICKOT
BOJOBOJIAa AUCTpHOyHpa KopucHunuMa. C 003upoM aa ce HaTHA 1M0Jba Halla3e y IMOAWHU
HEOreHHX CepHja, eKCIUloaTaluMoHe Ha(THe OYyIIOTHHE CBOjUM IIeBHMa IpoJia3ze Kpo3
apTellKe XOpU30HTe, Kako IIMhUX Tako U JyOJbUX M3IaHCKUX cepuja. CBakako /a OBaKaB
CHCTEM He Y)KHBa roBepeme rpahana Kukunie noceOHO ako ce y3me y 003Hp Jia caMo jeiaH
JUTap cupoBe HadTe je y cramy Aa 3aranu oko 2 000 000 m?* monzemue Bone (Nadim et al,
2000) yemy AompuHOCE OCOOCHOCTH MU CHENU(UUHOCTUH KpeTama M aKyMyjaluje BOJC Y
reoxuzpo konekropuma (Nadim et al, 2000). JonatHu npoOiieM MOXKe Ja MpelcTaBba
3araljeme 3eMJBUINTA HATOM YHME Ce JOBOJAM y MHUTAHkEe KBAIUTET OPTraHCKe MPOH3BOMIEHC
Ha Yrpo>kKeHOM monpyd4jy. 3a yTBphuBame oBor Tuma 3araljema xopuctu ce EPA meron
(Bruce, Hall, 1995; Parr et al, 1996), cmexrpomerpujcka (Nadim et al, 2002),
racxpomarorpadeka (Parr et al, 1996) u rpaBumerpujcka (Villalobos et al, 2008) ananm3a,
IITO MOXXE OWUTH OCHOBA METOJOJIOLIKOT IMPUCTYNa KACHHjUX HCTPaKHBaba 3EMIBHILTA
YKOJIMKO Ce MOTBPAM 3araljerbe Moa3eMHIX BoJa. TepeHCKUM paJoM BPLICHO je Y30PKOBAbEe
MTOJI3€MHUX BOJIa Ca BHUIIIE JIOKAI[Hja UCTPAKUBAHOT MoApydYja. la O ce OTKIOHWIA CyMEba O
MoryhHOcTH 3arallema BOJOHOCHHX cepHja MamHM WM BehnM KonmumHama Hadre,
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kopumheHe cy yciayre cepTHudukoBaHe NabopaTopwje 3aBojma 3a 3alITHTy 31paBjba Y
Kukuaam, Koju nMa 1 3aKOHCKY 00aBe3y Jla PeIOBHO BPIIM OCHOBHY aHAJM3y BOJE KaKO M3
TpaZCKOT BOJOBOJAA TaKO M M3 apTEMIKMX OyHapa (jaBHHX decMHu) Ha mpoctopy OmmrnHe
Kuxunna. Cynepananm3y y3opaka BpIIMia je W akpeOuTOBaHa Jaboparopuja 3a
UCIIUTUBAE IPaJICKOT 3aBOJIA 32 jaBHO 31paBJbe, LIEHTPA 3a XUTHjeHY U XyMaHy eKOJIOTHjY,
nmabopaToprja 3a XyMaHy €KOJOTHjy M CKOTOKCHKOJOTHjy y beorpamy. 3a yrtephuBame
IIPUCYCTBA MO KIINYHUX apOMaTHYHUX YIJbOBOJIOHUKA, kopuirheHa  je
racxpomarorpadcka TexHHKa ca MaceHuM jerektopoM - GC/MSD, nok je 3a yrBphuBame
NPUCYCTBa apOMaTHYHHMX YIJbOBOJOHHMKA YNOTpeOJbeHa racxpoMarorpa)cka TeXHHKa ca
MaceHuM netekropom - GC/MSD Purge and trap. [lopen oBux mapamerapa, y BOIH je
aHAJIM3MPAHO U MPHUCYCTBO YKYNHHUX YJba W MAacTH, Ka0 M IPUCYCTBO MHHEPAIHUX YJba.
CnvyaH WM MCTH METOJOJOIIKM IPUCTYIN NpoOjieMy KBanuTeTa Boja, kopuutheH je y
OpOjHUM CTPYYHHMM U Hay4YHHM PaJIoBUMa, Kako Ipu ojpehuBamy npucycTa 3arahuBaya y
Boxu (Newton, 1991; Beatriz et al, 1999; Xie et al, 1999), Tako u npu onpehuBamy creneHa
3araljema Boma W 3emspmmra (Xie et al, 1999; Nadim et al, 2000; Nadim et al, 2002;
Villalobos et al, 2008).

Bpojan reomopdomomkn, xuaponomkw, codpahajau, memorpapCKd W MPUBPEIHU
YUHHAOLM YTHIATIH cy Ha Mopdoiorujy Kukunze. I'pax ce pa3Buo Ha 1Ba reoMop¢oIIonKa
obnmka. Hiku neo rpaia Hajta3u ce Ha alyBHjalHOj paBHU peke ['anarke koja qenu rpan Ha
OpUOIIIKHO JIBE jelHaKe, CUMeTpuuHe mojoBuHe. OBaj 1eo rpaja ce Halasd Ha
aricoiyTHUM BHcuHama 1o 80 m. Hajumxu neo rpaza ce Hanasu oko llIteBaHueBe Oape 78
m (Byrapcku, 1985). Bumu nemoBu rpaja ce Haja3e Ha JIGCHO] 3apaBHH Koja je OJyiaro
3arajlacaHa ca HajBUIIMM JICIOBMMAa Ha M3IYXXEHHUM JIECHMM Trperama. Hajpumm je
CEBEPOMCTOYHH JIe0 Tpaja, ca arncoilyTHoM BucuHoM 83 m (Byrapcku, 1985). Anysujanna
paBaH ["ananke 3ajeHO ca JICCHUM CeIMMEHTHMa YMHU TOINOTPadCKy MOBPIIUHY I'PaJICKOT
noapy4ja Kukuane. OBakaB MuUKpopesbed rpaickor noapydja Kukunae Moxe na yrude Ha
HayMHE Kao W mpasle Moryher mupema 3aralema. 13 BUIIMX genoBa rpana, nparehu maj
Tonorpad)cke OBPILIHE, MOXKE Ce OYEKUBATH JIENe3acTO OTHLAke 3arahyjyhux marepuja Ka
HIDKAM aTyBHjaTHUM cenuMeHTHMa. OBakaB TPEeHI MIMpema 3arajuBada 3a0eiiekeH je Ha
MeCTHMa CIMYHHX IeOMOP(OJIOMKIX KapaKTepPUCTUKA INie Cy HUCTPAKEHH EeKLUHUIOCHTH ca
AaHTPOIIOTEHNM 3aral)ermeM MoI3eMHIX BOJIOHOCHUX ceprja (Beatriz et al, 1999). Ksaprapau
CeIMMEHTH NMPUCYTHHU Cy Ha ueloj Teputopuju Kukuuacke ommrune. Ha moapydjy rpaaa
wuxoBa neospuHa ce kpehe m3melly 300 u 400 m. Hbux mpeTexkHO cayumbaBajy cepuje
IJbYHKOBA PA3JINYUTHX ;u/IjaMeTapa " IICCKOBa KOjI/I CYy IrJIaBHU KOJICKTOPH MOA3EMHHUX BOJa
JIOK 3arJIUECHU MECKOBH U TIIMHE YHMHE XHIPOTeoJionike uzonarope (AkcuH u jp, 1976).
[TnuornieHcke cepuje Cy pa3BHjeHE Ha IeJI0] TEPUTOPUjU BOjBOJMHE M3y3eB IUIAHUHCKHX
nenoBa @pymke rope u Bpmaukunx mmanunHa. Ha moxpydjy Kukuupme npucytHu cy
TIAJTyJUHCKH CJIOJ€BU Kao M JOHH M TOPHH IOHT, BEJIMKE Cy MONHOCTH KOja Ha MHOTHM
nenosuma nipenasu 1000 m. VY HajcTapujuM ciiojeBuMa, cepHje IUTMOLEHA MPEACTaBIbeHE Cy
JIaropiyMa 1 JIAOPOBUTHM TJIMHAMa KOj€ Cy YeCTO HCIIpeceliaHe IPOCiIojiuuMa CHTHO3PHUX
memrgapa. Y cpeImuM M HajMiauM ciojeBHMa, TUTHOLIEH MPENCTaBIbajy CepHje MECKOBa,
3aINIMBCHUX TIECKOBAa, MEKWX memdapa W TiuHa (AxcuH, 1957). Ha wucrpaxxuBanom
MOJIPy4jy KOHCTATOBaH j€ TEepIHjap Kpo3 CEIMMEHTE MHOILEHa M IUTHOILeHa. MuoLeH je
o0po pa3BHjeH Kpo3 OaaeHCKe, capMaTCKe U MAaHOHCKE CeANMMEHTE a OyIIeHEeM je yTBpheHO
Jla OBM CEIUMEHTH IIOCTOje M Ha TpaackoMm mpoctopy Kukuupme. HbuxoBa neGipmHa je
n3y3erHo manma u kpehe ce oko 100 m. MHOLEHCKM CEIMMEHTH NpEACTaBJbEHH CY
KOHIJIOMEpaThMa, memrdapuma u Oenum nanoprmuma. Ha monpyujy Kukunae nemrdapu u
KOHIJIOMEpaTH IMpPEJACTaB/bajy KoJiekTope HadTe W raca. lIpeTepijaJHy OCHOBY
UCTPaXMBAHOT TIO/IpyYja CauMibaBajy KPHCTAJIACTH IIKPHIBIM I1al€030jCKE CTapOCTH |
MarMarcke CTeHe HEMO3HaTe TeOJIOIIKe CTapOCTH. MarMaTcke CTeHe y TOAJI03U TepLujapa
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Ha mnoapydjy KukumHme mnpencraBjbeHe Cy TpaHUTAMa M HMajy 3HATHO Mambe
pacrpocTpamemhe 0]l KpHcTalacTUX MKprubamna. JlyObokuMm Oymiemnma yTBpheHo je na
Me3030jCKe CeIMMEHTHE CepHrje Yy OCHOBH Teplinjepa HUCY NMPUCYTHE Ha noapy4jy Kukuune.
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KBapTapHe ceJUMEHTHE cepHje CauMIeHE OJl NECKOBa M IUbYHKOBA Pa3IMYUTOT
IPaHYJIOMETPHjCKOT CacTaBa YMHE KOJIEKTOPCKE 30HE IOJ3eMHE BOAE Ha HCTPaKMBAaHOM
noapy4jy. M3omaTopm OBHX KOJEKTOPCKMX 30Ha Cy TIJHMHOBUTE cepuje. [lpBu
XHUJPOTEOJIONIKK CUCTEM Ha OBOM IOJpYy4Yjy 4MHe (pearcke, cybapTelmike M apTelIKe
U3JaHCKe 30HE YHMja je KapaKTepUCTHKA IIHPOKO PaclpocTpamerme U Oorate pesepse BoIe
(npunoz 1). Cn4HU XUIPOTCONOIIKM CUCTEMH KOHCTaTOBaHW Cy M y JAPYTHM JEJIOBHUMa
BojBogune (3epemcku, 2002; onunaj, Pucranosuh, 2008). Kapakrepuctuke Bojie U3 OBE
W3JIaHU Cy Majla MUHEpaJIH3allija U OACYCTBO racoBa y Boau. Ha ucTpaxuBaHoM noapydjy
OBa 30Ha ce mpoctupe 10 ayomnHe on oko 1500 m (Yauuku, 1985). Ha noapydjy Kukunne
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0Baj XMIPOTEOJIONIKH CHCTEM je U3Y3€THO H0OpO pa3BHjeH U Oorat BoJOM. Y CBOM CacTaBy
MMa Ha JIECETHHE MECKOBUTHUX XOPU30HATA KOJU WMajy H3y3€THO BEIIMKE KOJEKTOPCKE
moryhuoctu (npunoe 1). Y3 oBor cucrema rpaj ce Haraja BOJOM Kako 3a noTpede rpajackor
BOJIOBOJIA TaKo M 3a MOTpede apTenikux OyHapa. [Ipyry XuIpOJOIIKy 30Hy YHMHE TOA3eMHE
Bone wucrnox 1500 m ayOuHe W WYy YMHE TEPMOMHHEpalHE BOJE KOje ce Hajaze y
pasnuuuTUM oOnaMuMMa u3zaHd. [IpennocraBiba ce na neO/bMHA OBOT TEPMOMHHEPATHOT
XHIIPOTeOJIOMIKOr crucTema m3HocH oko 1000 m. Jlexwuinra mHadre W raca Ha TrpajckoM
moapyujy Kukunme npoctupy ce Ha ayomnama wmimelly 1200 u 2000 m (Axkcum,
MuocasibeBuh, 1982).

Hpuior 3. Jeana ox 83 HadrTHe Oymorune y Kukunau.

Pe3yaraTu u auckycuja

Jomr on mouerka Oymiera HA()THO-MCTPOKHHUX OYIIOTHHA HAa TPAJCKOM MOAPYYjY
Kukunne mnojaBuina ce Ooja3aH CTaHOBHHMKA OBOI TIpaja Ja IIOCTOJU ONACHOCT O
YIPOKEHOCTH MOJ3EMHUX BOJA O Ha()Te U CAMHM THUM YIPOXKECHOCTH 3/[paBjba KOPHCHHKA
BOJE M3 cHUcTeMa KoMyHaiHor mpenys3eha BonoBoa. OBaj cTpax CTaHOBHHKA IOKPEHYO je
OBO HCTPaXXMBambE y KOME aHAIN3UPAH KBAIUTET y30paka BOJE O] CTPaHE aKpeIUTOBaHE
nabopaTopyje 3a UCIUTUBAKE PAJCKOr 3aBOJA 33 jaBHO 3[paBJbe LEHTPA 3a XUTHjEHY U
XyMaHy €KOJIOTH]y, JTabopaTopuje 3a XyMaHy €KOJOTHjy M €KOTOKCHKOJIOTHjy ¥ beorpamy.
Teperckum pagom TokoM Maja 2008. roanHe W3BPIIMIA CMO Y30PKOBAF-€ BOJE Ca BHIIIE
nokanuja, n3 OyHapa jaBHOT KoMmyHamHor mpernyseha Bomosoz. IlpummapHO y3opkoBame
BO/Ie, ca JIOKalje Koja OW MoKasajia WIM OHOBpria 0oja3aH Koja je MOKpEHylIa OBO
ucTpaxuBame, je Oymenu Oynap (K1) y macessy lymune y Kukuaou (npunoz 2). la 6u
CMO TIOTBPIOWIN HOOWjeHE pe3yiTare ca MpHUMapHEe JOKalWje OIPEOIN CMO jOII TpH
nokanuje y okonunu rpaga Kukunne. [Tonanm ca oBux jokanuja he nqokasaru ia i ocToju
3araljere OBOT THNA U y mHpeM npoctopy. Ha cBe Tpu nokanuje Hanase ce trakohe OyrieHu
OyHapy HCTOT jaBHOI KOMYHauHOr mnpeny3eha BomoBon y KHKHMHAM, KOjU M3 HCTOT
BOJIOHOCHOT XOPH30HTa LpIe BoAy. [IpoCTOpHO Cy paBHOMEpPHO YAaJbeHW O MPHMapHE
nokanyje (K1), a BUXOBO HO3ULUOHUpAkE Y reorpackoM MpocTopy je y MpaBlly 3amaja,
jyra u ucroka (kapma 2). IlpBa koHTponHA JIoKanuja ce Hanasu 15 km 3amagno ox K1,
Oymenu 6ynap (M1) y mecty Uhom. /Ipyra koHTposHa jTokanuja ce Hanaszu 20 km jy»xHo ox
K1, 6ymenu oyHnap (b1) y mecty bamann. [lok ce Tpeha koHTposHa JOKaluja ce Hayasu 18
km wncrouno ox K1, 6ymenun O6ynap (HK1) y mecty HoBun Koszapiu. CBu mocmarpanu
OymeHn OyHapw Haja3e ce y BOJOBOAHOM cucreMy KomynamHor mpemyseha BomoBonx m3
Kukunpe.
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Ta6ena 1. Xemujcka ananu3a Boje ca jgokanuje Kuknnna, Hlymuue (K1).

HaljeHa BpeqHoct | o3Haka Merone | MDK Boxe 3a muhe
VYkynHa yspa 1 MacTH mg/l <0,005 HE SM 0029 0,1
Mumnepainsa yjpa mg/l <0,005 HE SM 0029 0,01

[ToMHUIMKINYHE apOMaTHYHU yriboBogoHoim (ug/l) - rexuuka GC/MSD

Hal)eHa BpeJJHOCT

0O3HaKa METoae

MDK Boze 3a nuhe

ITAY ykynHO <0,01 HE DM 0005 0,2
diryopaHTeH <0,01 HE DM 0005 0
benso 3, 4 - payopanteH <0,01 HE DM 0005 0
benzo 11, 12 - payopanTtex <0,01 HE DM 0005 0
Benso 1, 12 - nepunen <0,01 HE DM 0005 0
Wuneso (1,2,3 wn) nupen <0,01 HE DM 0005 0
ben3o (a) nupen <0,01 HE DM 0005 0

ApOoMaTHYHU YIIbOB

ononuny (pg/l) - Tex

nuka GC/MSD Purge and trap

Hal)eHa BpeJHOCT

0O3HaKa METoac

MDK Boze 3a nuhe

benzon <0,10 DM 0002 1
ETtnbenson <0,10 DM 0002 2
Kcwon <0,10 DM 0002 50
Crupon <0,10 DM 0002 200
Tonyon <0,10 DM 0002 700

Ta6ena 2. Xemujcka ananusa Boje ca jgokanuje Hhowm (A1),

HaljeHa BPeIHOCT

O3HaKa METoC

MDK Bojie 3a nnhe

VYkynHa yspa 1 MacTi mg/1

<0,005

HE SM 0029

0,1

Munepanna yspa mg/l

<0,005

HE SM 0029

0,01

TMoMIUKINYHE apOMaTHYHH yriboBogoHoH (pg/l) - rexauka GC/MSD

Habhena BpegHocT | o3Haka Merozne | MDK Boze 3a muhe
ITAY ykynHo <0,01 HE DM 0005 0,2
DryopaHTeH <0,01 HE DM 0005 0
Benso 3, 4 - pnyopanren <0,01 HE DM 0005 0
benzo 11, 12 - payopanTeH <0,01 HE DM 0005 0
benso 1, 12 - nepuiien <0,01 HE DM 0005 0
Wupeno (1,2,3 wn) nupen <0,01 HE DM 0005 0
Benso (a) nupex <0,01 HE DM 0005 0

Apomatuysu yriboBogoHuIM (ug/l) - Tex

Huka GC/MSD Purge and trap

Hahena BpegHocT | o3Haka Merozne | MDK Boxe 3a muhe
benson <0,10 DM 0002 1
Etn6enson <0,10 DM 0002 2
Kcunon <0,10 DM 0002 50
Crupon <0,10 DM 0002 200
Tonyon <0,10 DM 0002 700
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Kako je wucTpaxkmBame IIOKpEHYTO Ja OM ce aHaNM3Mpao KBAJHUTET BOAE Y
BOJIOHOCHHM CcepHjaMa M3 KOjuX ce cHabjeBajy BOJOM CTaHOBHHIM Tpana Kukuuze,
HajBOXHUJU JIOKAJUTET 3a Y30pKOBamkmE HAla3W C€ y 3alaJHOM TPaJCKOM MOIPYYjy
Kuxunge. Ty ce nanasu Oymenn OyHap koju xopuctu KomyHnamuo mpemnysehe Bomosox —
Kuxunna u 3a motpebe oBor nCTpakupama HocH 03HaKy K.

Ha y3opky ca npumapue nokanuje K1, Oymenu Oynap y Hacespy lymmune y
KukuHnu, HHUCY yTBpheHM Kako apOMaTHYHU YIJbOBOJOHHIM TaKO HHU MOJHIUKINYHH
apOMaTH4YHU YTJbOBOJOHHUIM (mabena 1). Yiba M MacTH, Ka0 ¥ MUHEpATHHUX yJba HEMa Y
aHATM3UPAHOM Y30pKY (mabena 1). Y y30pKy ca OBe JIOKallMje HUCY MpoHal)eHW TparoBu
HadTHOT 3aralema.

Y aHanmm3um y3opka ca mnpBe KoHTposnHe Jiokauuje M1 Mhom, nHucy Hahenu
ApOMAaTHYHU YrJHOBOJOHHIM U MOJUIMKINYHA apOMATHYHU yIJHOBOJOHHIH Ka0 HU MAacTH,
yJba M MUHEpAIHA yJba (mabena 2).

Tabesa 3. Xemujcka anajiu3za Boje ca jiokauuje bamaug (b1).

Haljena BpeqHoct | o3Haka Meroge | MDK Boze 3a muhe
YkynHa yipa 1 MacTi mg/l <0,005 HE SM 0029 0,1
Munepanna yipa mg/l <0,005 HE SM 0029 0,01

[ToMHIHMKINYHYA apOMaTHYHH yriboBogoHoIm (pug/l) - rexuuka GC/MSD

Hahena BpeqHoct | o3nHaka meroge | MDK Boze 3a muhe

ITAY ykynHO <0,01 HE DM 0005 0,2
DiryopaHTeH <0,01 HE DM 0005 0
benso 3, 4 - ¢pnyopanTeH <0,01 HE DM 0005 0
benzo 11, 12 - payopanten <0,01 HE DM 0005 0
benso 1, 12 - nepunen <0,01 HE DM 0005 0
Wuneno (1,2,3 wn) nupex <0,01 HE DM 0005 0
ben3o (a) nupen <0,01 HE DM 0005 0

Apomatnunu yriboBogoHuIH (pug/l) - rexuuka GC/MSD Purge and trap

Halena BpeagHocT | o3Haka Metozme | MDK Boge 3a mihe

benzon <0,10 DM 0002 1
ETtunbenson <0,10 DM 0002 2
Kcumnon <0,10 DM 0002 50
Crupon <0,10 DM 0002 200
Tonyon <0,10 DM 0002 700

VY y30pKy y3eToM Ha JIpyroj KOHTpoJiHOj Jokauuju b1, Oymenu OyHap y bamanny,
HUCY TpoHa)eHH TMONHUUKIMYHA apOMATUYHH YIJbOBONOHHIM, KA0 HHU apOMATHYHH
YIJbOBOJIOHHIIN, a HUCY NpoHa)eH! HU TParoBW MacTH, yJba U MUHEPAIHUX yJba (mabena
3).

Kao u Ha mperxomHWM JOKaldjama, Tako ¥ Ha Tpehoj koHTponHOj mokanuju HKI,
Oymenu Oynap y HoBum Kozapumma, y y30pKy Boje HHCY NpoHal)eHH HOJHIHUKINYIHU
ApPOMATUYHHU YTJHOBOJOHHIN H APOMATUYHH YIJHOBOJOHUIH (mabena 4).

Amnanmza y3opka ca nokaruje K1 (mabera 1) nokasyje ma He mocrtoju 3araleme
YKYIIHUM YyJbUMa W MacThuMa, MHUHCPAJIHUM YJbUMaA, MMOJUUOUKINYHHUM apOMaTUYHUM
YIJbOBOJOHUIIMMA KAa0 HHU apOMATHYHUM YTJbOBOJOHHIIMMA. Hcte peyirare HOKa3yjI/I u
aHaJIM3e y3o0paka ca KOHTpoJjHuX Jiokanuja U1 (mabenal), b1 (mabena3) u HK1 (mabena
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4). OBuM je moka3aHO [1a He OCTOjU 3aralerme MOA3eMHNX BoJla HAPTOM, T1a je CaMHM TUM
U CTpax 3a 37paBJjbe CTaHOBHMKA KUKHHIE HEolpaBIaH M HEMa HHKAaKBOI OCHOBa 00ja3HH

O]l IpUCyCTBa HaQTHUX OyIIOTHHA HA TIPOCTOPY Tpaja.
Tabesa 4. Xemujcka anayim3a Boje ca jokauuje Hosu Kozapuu (HK1).

HaljeHa BpegHocT | o3Haka Merone | MDK Boze 3a muhe
VYxynHa yipa 1 MacT mg/1 <0,005 HE SM 0029 0,1
Mumepainna yiba mg/l <0,005 HE SM 0029 0,01

TToMMIMKIMYHN apOMaTHYHHU YTiboBo0HOIM (Lg/l) - Texnuka GC/MSD

Haljena BpexHocT | osnaka metone | MDK Bone 3a nuhe

MAY ykynHo <0,01 HE DM 0005 0,2
®diryopaHTeH <0,01 HE DM 0005 0
benso 3, 4 - pnyopanTeH <0,01 HE DM 0005 0
benzo 11, 12 - ¢payopanTen <0,01 HE DM 0005 0
benso 1, 12 - nepuieH <0,01 HE DM 0005 0
Wuneso (1,2,3 un) nupen <0,01 HE DM 0005 0
ben3o (a) nupen <0,01 HE DM 0005 0

Apomaruunu yriboBogoHuIH (Ug/l) - rexunka GC/MSD Purge and trap

Haljena BpenHocT | osnaka metone | MDK Bone 3a nuhie

benzon <0,10 DM 0002 1

Etubenzon <0,10 DM 0002 2

Kcumon <0,10 DM 0002 50

Crupon <0,10 DM 0002 200

Tonyon <0,10 DM 0002 700
3akibyyak

Wunycrpujanuszanyja ka0 ¥ pa3Boj CaBPEMEHHX JpyIITaBa y MHOrOME YrpoKkaBa
JKUBOTHY CpCAUHY, a CaMUM THUM H KBAJIUTCT XMUBOTAa CTAaHOBHUKaA I'pajioBa. Ha mmnore
rpajioBe na 1 Ha rpaja KukuHzIy yTuiao je oBaj npoliec, To ce BUAXU N0 OpOjHMM HaQTHUM
mwiarpopMamMa Koje Ce Hajuase y Tpajuckoj cpeauHu. [IpHCyCTBO OBHX HWHIYCTPHjCKHUX
o0jekaTa je HOBENO J0 MOTroplliama KBaIUTETa )KHBOTA CTAHOBHHMKA Ka0 U IO YrpOKaBarba
JKUBOTHE cpenuHe. be30eHOCHe Mepe Koje Cy CIPOBEICHE MPU M3rPaJbU OBHX O0jekara,
Kao M OHE KOje Ce W Jajbe CIPOBOJIE JIOBeNe Cy N0 o0Oe30ehuBama MOI3EMHHX BOJA O]
eBeHTYAIHUX 3araljerba HaTOM, IITO JOKAa3yjy MPHKa3aHu pe3yaTaT. TBpAme CTAaHOBHHUKA
rpaja ia oBo 3araljere MOCTOjH HeMa YIOPHUINTE Yy pe3ysiTaTuMa HUCTPAKHUBAbA KOjH CY
MPUKa3aHU Yy OBOM pajy. AHanu3a y3o0paka Joka3syje Ja He MOoCToju 3araljerbe macTuma,
yJbUMa U MHUHEPAIHUM YJbUMA, MOJUIUKINYHIM apOMaTHYHUM YTJHOBOJOHHUIMMA KA0 HH
apOMAaTHYHUM YTJROBOAOHHUIMMA (mabena 1; mabena 2; mabena 3; mabera 4), ma camum
THM HHje JA0Ka3zaHO 3aral)eme moma3eMHnX Boxa HadroMm. llopen oBora, mpucyTaH je jemaH
o0k 3araljerba Ha Koju ce y paxy HUCMO ocBpTaiid. [IpucycTBo MHAYCTPHjCKHUX O0jekaTa y
rpajcKoj CPeIuHH JOBOIM A0 BU3yelHOr 3araliema (nmpuioe 3), IITO CBaKako yTHYE Ha
MPUCYTHO HE3aJ0BOJHCTBA CTAHOBHUKA Ipana Kukunme.
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HAIIOMEHA

AyTopH ce 3axBaJbyjy KoMyHanHOM mpenysehy Bomosox u3 Kukxunne u I'pagckom 3aBomy 3a jaBHO 31paBibe U3
Kuxunne; I'pagckoM 3aBomy 3a jaBHO 31paBibe, LleHTapy 3a XurmjeHy U XyMmaHy ekonorwjy, Jlaboparopuju 3a
XyMaHy €KOJIOTHjy U eKOTOKCHKOJIOTHjy U3 beorpana Ha npyskeHoj moMohs IpH TEPEeHCKHM HCTPaXKUBABHUMA, Ka0
u 1p Cresany Casuhy (LlenTap 3a KIMMAaTOJIOIIKA U XUAPOIIOIKa HeTpakuBamka, [IM®, Hosu Cax), mp Miaheny
JoBanosuhy (/lemaptman 3a reorpadujy, Typusam u xorenujepctso, [IM®, Hosu Can) u np Cphany Ponuenhy
([Jenmaptman 3a xemujy, [IM®, Hosu Caj) Ha CTpy4HO-TEXHUYKO] TOAPIIIIH.
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Abstract: Numerous oil fields were discovered in the area of North Banat and its regional centre, the city of
Kikinda. These oil fields were explored and exploited in the second half of the XX century. Oil rigs in the area of
the city zone can endanger the environment, as well as the quality of life of the citizens. In order to discover the
presence of polycyclic aromatic hydrocarbon we have applied GC/MSD technique, whereas we have applied
GC/MSD Purge and trap. technique to discover the presence of aromatic hydrocarbon. Chemical analyses of water
samples from the area of Kikinda did nit prove that underground water was polluted with oil.
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Introduction

Oil and gas demand in the world have become greater. Therefore, unexploited
areas of these sources of energy represent chance for further development of countries rich
in them. Development of industry as well as of oil industry are closely connencted to greater
concern about possible problems of environmental protection. (Stankovic, 2003). Protection
of underground water is very important, since 8§0% of world population depends on it.
(Moore, 1989). In the past decades attention has usually been paid to the danger caused by
oil spill (Newton, 1991), as well as the spill of its products (Cheremisinoff, 1991). Analysis
from 2001 show that 21,4% of total pollutants in water all over the world are caused by oil
compounds. (Meshcheryakov et al, 2005). Numerous accidents caused by oil spill have been
noticed, too (Smyth, 1999; Skanavis, 1999). Therefore, it was concluded that oil compounds
cause serious physical, chemical and biological changes in underground hydrosystems.
(Testa, Winegardner, 1991; Atlas, Bartha, 1992; Fine et al, y1997). Oil and oil compounds
influence pedologic system and soil. They change the structure of the soil and its physical
and chemical characteristics. (Fine et al, 1997; Kowalska et al, 1994; Chaineau et al, 2000).
Pollutants reach underground water, partially unite with collector stone and spill into
hydrosystem. (Drummond, Israelachvili, 2004). Consequencies upon general pedologic and
hydrogeological systems are fatal and longlasting. (Chaineau et al, 1995; Chaineau et al
2003). Research has shown that there is posibility of 10 to 30 % that oil pollutants could be
dissolved. (Kartoshkin, 2003). In case of pollution there are numerous methodological
approaches whose aim is to partially remove or prevent further pollution. All methods, from
contemporary biological methods based upon bioorganic active components (Konseisao et
al, 2007), to mechanical methods based upon vibrations (Schwab et al, 1999) and physical
and mechanical methods based upon underground barriers made of active materials (Starr,
Cherry, 1994; Vidic, Pohland, 1996; Mcgovern et al, 2002) have some mutual
characteristics: they are expensive, their effect is restricted and their efficacy is often
questioned because of different physical, chemical and biological characteristics of explored
terrains (Starr, Cherry, 1994; Vidic, Pohland, 1996; Schwab et al, 1999; Mcgovern et al,
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2002; Konseisao et al, 2007). The aim of these studies is to prepare us to react quickly and
find possible solution. This approach has numerous advantages. The analysis of industrial
and transport systems lowers the possibility of ecoaccidents, whereas general analysis of
geoenvironment, sediments, porous characteristics, terrain slope, underground water and
numerous other factors define possible directions of development of further consequencies
of pollution. (Hixson et al, 1993). Thus, activites and measures in the case of accidents
could be defined. (Liu et al, 2004). Numerous oil fields were discovered in the area of North
Banat and its regional centre, the city of Kikinda. These oil fields were explored and
exploited in the second half of the XX century. Huge and spacious Pannonian basin in the
central part of Europe was famous for oil presence in the XIX century. In the end of the XIX
century there were first oil rigs and oil exploitation in the area of Vojvodina began. The
results of these researches were noticeable in numerous oil and gas fields in different parts
of the basin. In the end of the XX century there was lack of oil and gas and their prices in
the world market started to become higher. Therefore, oil and gas fields in the area of
Vojvodina, Banat and the area of Kikinda, too, have become more important. Even though
there was information on oil fields in the area of Vojvodina first exploitations started
relatively late. German enterprise “Petrole A. G.” did first regional gravimetric exploration
in the area of Banat in 1942 and 1943. Numerous gravimetric maximums were discovered in
this period, mainly in north-south direction. These gravimetric maximums under favourable
conditions can denote existence of certain structural forms favourable for oil and gas
accumulation. (Aksin, 1957). During the Second World War the Germans made first oil rig
in the area of Banat near the village Velika Greda. After the Second World War further
research of oil fields in the area of Banat was done according to the data collected by
Germans. Further research in this area was done by enterprise Naftagas which was founded
in 1949. Oil and gas are very important in contemporary economy and industry, but the
presence of oil rigs in the city area could endanger environment as well as life conditions of
citizens of Kikinda.

Map 1. Geographical position of Kikinda; 1-mountains, 2- sandy terrains, 3-loess plateaus.
Methodological approach

This paper deals with the teritory of city area of Kikinda. This city is situated in the
north of the Republic of Serbia at the teritory of North Banat district and it represents the
biggest industry and economy centre. There are 83 oil rigs in the teritory of Kikinda.
Citizens showed their disontent from the moment firs oil rigs appeared in the city area.
There was concern that oil rigs could endanger environment beacause of their position and
their function. In order to investigate these statements it was necessary to use numerous
results of researches as well as laboratory analyses of certificated laboratories. Numerous
scientific papers show there is justified concern about health of city population if the
presence of pollutants is stated. It was proved that drinking of water polluted with small
amount of pollutants from crude oil (etibenzol, benzol, toluol, xylol) causes permanent
damage of tissue, liver cancer (Budavari et al, 1989), and compounds remain present in
tissue, mostly in liver and kidneys (Nadim et al, 2000). Population of Kikinda uses water
from water series from the depth of 190-210 m (Supplement 1). Oil fields are situated in the
level of neogene series so that exploited oil rigs go through artesian horizont, both of
shallow and deeper groundwater series. Citizens of Kikinda naturally do not trust this
system, especially if we take into account the fact that only one litre of crude oil can pollute
around 2 000 000 m* of underground water (Nadim et al, 2000). Special characteristics of
water flow and accumulation in collectors contribute to this procss, too (Nadim et al, 2000).
Soil pollution can represent additional problem which questions the quality of organic
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production in the endangered area. EPA method is used to define this type of pollution
(Bruce, Hall, 1995; Parr et al, 1996), as well as spectrometric (Nadim et al, 2002),
gaschromatographic (Parr et al, 1996) and gravimetric (Villalobos et al, 2008) analyses
which could be used as the basis of methodological approach in further researches, if
pollution of underground water is stated. We have taken samples of underground from
different locations of investigated area. We have also used services of certificated laboratory
of Institute for Health Protection in Kikinda which has legal responsibility to analyze water
from city plumbing system as well as water from artesian wells (public fountain) in the city
area in order to state if there is pollution of water series with smaller or greater amounts of
oil. Accredited laboratory of city institute for public health, centre for hygiene and human
ecology, laboratory for human ecology and ecotoxicology in Belgrade did superanalyses of
samples. Gaschromatographic technique with mass detector - GC/MSD was used for
detecting polycyclic aromatic hydrocarbons, whereas gaschromatographic technique with
mass detector - GC/MSD Purge and trap was used for detecting of aromatic hydrocarbons.
We have also analyzed total presence of oil and fat, as well as the presence of mineral oils.
Similar or the same methodological approach was used in numerous scientific papers which
dealt with the problem of water quality, as well as in the studies which stated the presence of
pollutants in water (Newton, 1991; Beatriz et al, 1999; Xie et al, 1999) and in the studies
which tried to define the level of pollution of water and soil (Xie et al, 1999; Nadim et al,
2000; Nadim et al, 2002; Villalobos et al, 2008).

Morphology of Kikinda was influenced by numerous gemorphological, hydrological,
demographical and industrial factors. The city developed in two geomorphological forms.
Lower part of the city is situated in the alluvial plateau of the Galacka river which divides
the city in two symetrical parts. This part of the town is situated at the absolute heights up to
80 m. The lowest part of the city is situated around Stevanéeva moor (78m) (Bugarski,
1985). Higher parts of the city are situated in the loess plateau, whereas highest parts are
situated at lenghtened loess beams. North east part of the town is the highest, with the
absolute height of 83 m (Bugarski, 1985).

Alluvial plateau of Galacka together with loess sediments form topographic area of
Kikinda. This type of microrelief of city area can influence possible directions of further
pollution. Pollutants could be expected to flow from higher parts of the town to lower
alluvial sediments. This situation was noticed in the places of similar geomorphological
characteristics where accidents with antropogene pollution of underground water series was
investigated (Beatriz et al, 1999). Quartary sediments were present in the teritory of Kikinda
municipality. Their thickness varies from 300 to 400 m. Sereis of gravel of different
diametres and sands which represent main collectors of underground water made them,
whereas clay sands and clay represent main hydrogeological insulators. (Aksin et al, 1976).
Pliocene series are present at the teritory of Vojvodina, apart from mountanious parts of
Fruska Gora and Vrscke planine. There are paludene layers, as well as lower and upper
ponts, which are very strong (up to 1000 m in some parts) in the teritory of Kikinda. Marl
and marl clay made series of pliocene in the oldest layers, whereas marl clay is often
interwined with layers of smal-grained sandy terrain. Series of sand, clay sand, soft sandy
terrain and clay made pliocene in the middle and younger layers. (Aksin, 1957). We have
stated that there is terciar through the sediments of miocene and pliocene in the research
area. Pannonic sediments represent miocene, and drilling showed that these sediments are
present in the city area of Kikinda. Their thickness is very small and it is up to 100m.
Conglomerates, sandy terrains and white marl represent miocene. Sandy terrains and
conglomerates represent oil and gas collectors in the area of Kikinda. Crystal slates of
paleosoic origin and magmatic rocks of undefined geological age represent pretercial basis
of expolerd area. Magmatic rocks in the base of terciar in the area of Kikinda are
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represented with granites and they are less present than crystal slates. Drill showed there
were no mesosoic sediment series in the basis of terciar in the area of Kikinda.
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Figure 1. Litological profile of K1 rig.

Figure 2. Satellite image of Kikinda and position of reserach rig K1
Map 2. Position og K1 rig in comparison to control rigs 11, B1 and NK1

Collector zones of underground water made quartary series made of sand and gravel
of different granulometric composition. Clay series represent isolators of these collector
zones. The first hydrogeological system in thus area is made of subartesian and artesian
groundwater zones which are abundant in water (Supplement 1). Similar hydrogeological
systems were noticed in other parts of Vojvodina (Zermeski, 2002; Dolinaj, Ristanonic,
2008). There are no gases in this water, but there are small amount of minerals. This area
stretches to the depth of 1500 m in the research zone (Udicki, 1985). Hydrogeological
system in the area of Kikinda is extremely well devoloped ad abundant in water. It has
dozens of sandy horizonts of considerable collecting possibilities. (Supplement 1). The city
uses this system for water supplying as well as for artesian wells.
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Underground water below 1500m makes second hydrological zone. It consists of
termomineral water in different forms of groundwater. The thickness of termomineral
hydrogeological system is supposed to be 1000m. Oil and gas deposits in the city area are
situated in the depths from 1200 and 2000m (Aksim, Milosavljevic, 1982).

Figure 3. One of 83 oil rigs in Kikinda.
Results and discussion

Citizens of Kikinda showed their concern when the first oil exploitation started in this
area. They were concerned about safety of underground water as well as about health safety
of city population which uses water from public utilities Vodovod. This research was done
in order to analyze quality of water sample. Water analyses were done by accredited
laboratory for research of city institute for public health, centre for hygiene and human
ecology, and laboratory for human ecology and ecotoxicology in Belgrade. In May 2008 we
took water samples from diffferent locations from the wells of public utilities Vodovod.
Primary samples were taken from well (K1) in Sumice area in Kikinda (supplement 2). In
order to confirm obtained results from primary location we set three more locations in the
city area. Results from these locations will prove if there is this type of pollution in broader
area. Wells of the same public utility Vodovod, which use water from the same water
horizont are situated in these locations, too. Their distance from primary location (K1) is
approximately the same, whereas they are situated in the direction of west, south and east
(map 2). The first control location is situated 15 km west from K1, drilled well (1) in
Idjos. The second control location is situated 20 km south from K1, drilled well (B1) in
Basaid. The third control location is situated 18 km east from K, drilled well (HK1) in Novi
Kozarci. All drilled wells belong to plumbing system of Public Utilities Vodovod in
Kikinda.

Table 1. Chemical analysis of water from Kikinda, Sumice location (K1).

obtained value

method mark

Total amount of oil and fat mg/I <0,005 HE SM 0029 0,1
Mineral oil mg/I <0,005 HE SM 0029 0,01
Polycyclic aromatic hydrocarbons (pg/l) - GC/MSD technique
obtained value | method mark | MDK of drinking water
PAU total <0,01 HE DM 0005 0,2
Fluoroanten <0,01 HE DM 0005 0
Benzo 3, 4 - fluoroanten <0,01 HE DM 0005 0
Benzo 11, 12 - fluoroanten <0,01 HE DM 0005 0
Benzo 1, 12 - perilene <0,01 HE DM 0005 0
Indeno (1,2,3 cd) pyrene <0,01 HE DM 0005 0
Benzo (a) pyren <0,01 HE DM 0005 0

Aromatic hydrocarbons (ug/l) - GC/MSD Purge and trap technique

obtained value | method mark | MDK of drinking water
Benzol <0,10 DM 0002 1
Etibenzol <0,10 DM 0002 2
Xylol <0,10 DM 0002 50
Stirol <0,10 DM 0002 200
Toluol <0,10 DM 0002 700

MDK of drinking water
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Research was started with the aim to analyze water quality in water series which
supply citizens of Kikinda. Therefore, the most important location for sample analysis is in
the western part of the city area. Drilled well used by Public Utility Vodovod Kikinda is
situated in this area. It was marked as K1 in this research.

There were no aromatic hydrocarbons and polycyclic aromatic hydrocarbons in the
sample from the first location K1, well in Sumice in Kikinda (table 1). There were no oil, fat
and mineral oils in the sample, too (table 1). There were no traces of oil pollution in the
sample taken from this location.

Table 2. Chemical analysis of water from Idjos location (H1).

obtained value | method mark | MDK of drinking water
Total amount of oil and fat mg/l <0,005 HE SM 0029 0,1
Mineral oil mg/l <0,005 HE SM 0029 0,01

Polycyclic aromatic hydrocarbons (pg/l) - GC/MSD technique

obtained value | method mark | MDK of drinking water

PAU total <0,01 HE DM 0005 0,2
Fluoroanten <0,01 HE DM 0005 0
Benzo 3, 4 - fluoroanten <0,01 HE DM 0005 0
Benzo 11, 12 - fluoroanten <0,01 HE DM 0005 0
Benzo 1, 12 - perilene <0,01 HE DM 0005 0
Indeno (1,2,3 cd) pyrene <0,01 HE DM 0005 0
Benzo (a) pyrene <0,01 HE DM 0005 0

Aromatic hydrocarbons (ng/l) - GC/MSD Purge and trap technique

obtained value | method mark | MDK of drinking water

Benzol <0,10 DM 0002 1
Etibenzol <0,10 DM 0002 2
Xylol <0,10 DM 0002 50
Stirol <0,10 DM 0002 200
Toluol <0,10 DM 0002 700

There were no aromatic hydrocarbons and polycyclic aromatic hydrocarbons, fats, oil
and mineral oil in the sample analysis from first control location U1, Idjos (table 2).

There were no polycyclic aromatic hydrocarbons and aromatic hydrocarbons in the
sample taken from the second control location B1, drilled well in Basaid, as well as there
were no traces of fat, oil and mineral oils (table 3).

Thus, there were no polycyclic aromatic hydrocarbons and aromatic hydrocarbons in
the third control location HK1, drilled well in Novi Kozarci. (table 4), as well as their
presence was not discovered in previous locations.

Sample analysis from location K1 (table 1) shows there is no pollution caused by oil
and fat, mineral oils, polycyclic aromatic hydrocarbons and aromatic hydrocarbons. Sample
analyses from control locations W1 (table 2), b1 (table 3) and HK1 (table 4) show the same
results. Therefore, it is confirmed there is no underground water oil pollution and fear for
health protection of citizens of Kikinda is not justified. Thus, oil rigs in the area of city
should cause no concern.
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Table3. Chemical analysis of water from Basaid location (b1).

obtained value | method mark | MDK of drinking water
Total amount of oil and fat mg/I <0,005 HE SM 0029 0,1
Mineral oil mg/I <0,005 HE SM 0029 0,01

Polycyclic aromatic hydrocarbons (pg/l) - GC/MSD technique

obtained value | method mark | MDK of drinking water
PAU total <0,01 HE DM 0005 0,2
Fluoroanten <0,01 HE DM 0005 0
Benzo 3, 4 - fluoroanten <0,01 HE DM 0005 0
Benzo 11, 12 - fluoroanten <0,01 HE DM 0005 0
Benzo 1, 12 - perilene <0,01 HE DM 0005 0
Indeno (1,2,3 cd) pyrene <0,01 HE DM 0005 0
Benzo (a) pyrene <0,01 HE DM 0005 0

Aromatic hydrocarbons(pug/l) - GC/MSD Purge and trap technique

obtained value | method mark | MDK of drinking water
Benzol <0,10 DM 0002 1
Etibenzol <0,10 DM 0002 2
Xylol <0,10 DM 0002 50
Stirol <0,10 DM 0002 200
Toluol <0,10 DM 0002 700

Table 4. Chemical analysis of water from Novi Kozarci location(HK1).

obtained value | method mark | MDK of drinking water
Total amount of oil and fat mg/l <0,005 HE SM 0029 0,1
Mineral oil mg/1 <0,005 HE SM 0029 0,01

Polycyclic aromatic carboxydronates

(png/) - GC/MSD technique

obtained value | method mark | MDK of drinking water
PAU total <0,01 HE DM 0005 0,2
Fluoroanten <0,01 HE DM 0005 0
Benzo 3, 4 - fluoroanten <0,01 HE DM 0005 0
Benzo 11, 12 - fluoroanten <0,01 HE DM 0005 0
Benzo 1, 12 - perilene <0,01 HE DM 0005 0
Indeno (1,2,3 cd) pyrene <0,01 HE DM 0005 0
Benzo (a) pyrene <0,01 HE DM 0005 0

Aromatic hydrocarb

ons (ug/l) - GC/MSD Purge and trap technique

obtained value | method mark | MDK of drinking water
Benzol <0,10 DM 0002 1
Etibenzol <0,10 DM 0002 2
Xylol <0,10 DM 0002 50
Stirol <0,10 DM 0002 200
Toluol <0,10 DM 0002 700
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Conclusion

Fast development of industry as well as general development of contemporary society
endanger environment as well as the quality of life of city population. Numerous cities, as
well as Kikinda, have been influenced by this process. Numerous oil rigs in cities confirm
this fact. These industrial capacities negatively influence quality of life of city population
and endanger environment. Safety measures that were taken while these capacities were
built, as well as further safety measures protected underground water from possible oil
pollution, which is proved by obtained results. Statements of citizens that there is pollution
were not confirmed by this research. Sample analysis proves there is no fat, oil and mineral
oils, polycyclic aromatic hydrocarbons and aromatic hydrocarbons pollution (tables 1,2,3,4).
Thus, oil pollution was not stated. However, there is one type of pollution which was not
discussed in this paper. Industrial capacities in cities cause visual pollution ( supplement 3)
which causes dissatisfaction of citizens of Kikinda.
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