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Caxerak: MuHepanusanija Boja M HEHa CTPYKTypa y ciauBy lLlpBeHe peke 10 cajna Huje Owia mpeamer
HCTpaXXMBamba. Y30pKOBamba BOJa BplleHa cy y nepuoay anpuia 2008.- maj 2009. ronuna. YKynHa MUHepaiu3amja
j€ penaTUBHO HUCKA, IITO je Y CKiIaay ca npeosial)yjyinM MeTpoIomKiM cacTaBoM (MIEPMCKH LPBEHH Hewrdapu). Y
CTPYKTypH cyBor octatka momunmpa Ca’” jon, y3 mosehano yuenthe SiO,. Y Toky ocMaTpaHOr mepuoa mOCTOji
jacHo m3paxkeH ce30HCKH ytuiaj. OH ce Oriiefa He y HEeroBOM AMPEKTHOM, Beh y MOCpeqHOM yTHIEjy, IPEeKo
BOJHOCTH, aKTHBHOCTH BereTaluje U akTuomuiera. Ha ocCHOBY ofiHOCa MojeTHHHX joHa YTBPhEH je MOl MpoLeHe
nporunaja Ha ywhy Llpeene pexe y HumiaBy. OH Ou ce, ca M3BECHMM KOpEKIMjaMa, MOra0 NPUMEHHMTH U Ha
JPYTHM XUAPOJIOLIKYE HEU3YYCHUM CIIHBOBHMA.

Kiby4yHe peun: pacTBOpeHe MUHEpalIHE MaTepHje, Ce30HAIHOCT, napuujanu npurucak CO,, KOHIYKTHBHOCT, Slc,
tBproha Boxe, cnenuduann oTunaj, Lipsena pexa, Cpouja.

YBoa

Pasnmuunta McTpaxuBama IOKa3ana Cy Ha MOCTOjale CHAKHOT YTHIAja CE30HCKOT
LUKITyca pacTBapama creHa u muHepaina (Dixon J., Thorn C., 2005). Ce3oHcke durykTyaruje
y XeMH3MY BOJIe MOTY OWTH BHIIE WM Mambe U3pakeHe, a TOMUHAHTHU (HaKTOPH CpeIHHE
KOjU WX JCTEPMHUHUINY pa3NuuuTd. KBanuraTWBHE M KBAaHTUTATUBHE KapaKTEPUCTHKE
MOBPIIUHCKUX BOJA 3aBHCE y HajBeho] Mepu oj npupoaHuX (daxTopa. Y yCIOBHMA XJIaTHe
KIIMME TPEHJ CE30HCKOT TOIUbEHa CHera oJpeauinHu je (aktop dhopMmupama MHHEPAIU-
3anuje Boma (Campbell SW., et al. 2002; Anderson S.P, 2005). HN3pa3ura ce30HAITHOCT
XeMH3Ma BoJa Mo3e OWTH ycloBJbeHa KomarmHOM magaBuHa (Hren M. et al. 2007; Gao Q.,
et al. 2009, ). BapujaOUIHOCT pacTBOPEHHUX MUHEPATHUX MaTpHja MOXKE OMTH 1107 CHAYKHUM
YTHIIAjEeM BEreTallMOHUX M MEJ0reHeTCKUX nporieca (Zhao J., et al. 2009; Zakharova E.A. et
al. 2007). C mpyre crpaHe, Ha MPOMEHY XEMH3Ma BOJa y HEKUM CIIydajeBUMa OJPCIUIIHU
yTuiaj uma anrpornorenu ¢akrop (Siyue L., et al. 2011, Dragicevic S., et al. 2010).

I'enepanno, 3a nmpocrop CpOuje, TUPEKTaH yTUIA] TOIUIIBLUX 100a Ha MUHEpaIn3a-
uMjy Tekyhux Boja penaTuBHO je Manu. Pasnuke y KOHIEHTpaLUju MOjeIUHUX jOHA TOKOM
JeTa W 3UME, a 3a HWCTe WIM Majo pa3induTe creruduuHe ortumaje, m3Hoce +£10 %
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Pan mpencrapspa pesynTaTe HCTpaKHBama HayqHOT npojekTta 146005, koju puHancupa MUHHCTAPCTBO HAyKe
TEXHOJIOLIKOT pa3Boja Penyoiuke Cpouje.


mailto:peca@gef.bg.ac.rs

10

(Mamnojnosuh I1., 1998). N3paxxera ce30HATHOCT y XeMU3My BoJa (KOHIeHTpanuje Behe ox
MIPOCEYHMX HACTA]y TOKOM jECEHH, a Mambe TOKOM 3UME) Pa3yJiTar je yjela pa3iuuyduThX
(axTopa u MoanuKaTopa Koju Aeiyjy Ha Mpolece pacTBaparmha CTeHa U CeAMMEHaTa.

V¥ cnuBy llpBeHe peke HUKa/a paHUje HUCY BpIIEHE XEMHjCKe aHAIU3€e BOJE, TAKO 1a
j€ OBO IIPBO UCTPaKUBAHEC XEMHU3Ma OBOT BOJOTOKa. L[iib oBOr pana je ga ce 3amaxeHa
CE30HAJTHOCT y MPOMEHH XeMHU3Ma BoJla 00jacHU oAroBapajyhiM MHEPaKTUBHHUM YTHILAjeM
peNeBaHTHUX NPUPOTHHUX (DaKTOpPa JIOKATHE CPEIHE.

C 003upoM Ha KOMIUIEKCHOCT IPUPOJHHX YCJIOBa CPEIMHE HEONXOAHO je: 1. n3aBo-
juTH HajpeneBanTHHje hakTOpe N MoAau(UKaTOpe KOjH YTUUY Ha MPOMEHY MUHEpaJi3aluje
BoJa, 2. o0jacHUTH edekTe M3aABOjeHnX Moau(ukaropa u 3. 00jaCHUTH HHUXOBE Crieludu-
YHe KOMOWHAIMjE Y JaTHM YCJIOBHMA CPEIHHE.

I'eorpadcxn nosoxkaj ciimsa Ilpsene pexe

Lpsena peka je neBa mpuToka Humame y Kkojy ce ynmBa HU3BOAHO ox berme
IMamanke xox mecra llpeeHa Peka. bacen LlpBeHe jeman je on HajMapKaHTHHjHX HU3BOPH-
HUX 00JIyKa y OBOM Jielly 3eMJbe. [I371BojeH je kao caMocTaHa LiearHa 1 BehuM fneom, ca
Jyroucroka, jyra u jyrosamnana je orpalen Beniuma Cyse mianune. Ca 3amnaja je OTBOpeH Ka
Mam0] KOpUTHHYKO] KOTIMHM, a Ha UCTOKY YMHU 3alajHu Jeo NpocTpane benonananauke
KOTJIMHE.

Cnus 3axBarta mospumay of 92,3 km’, mMa 06IMK TPOYyIIa, acCHMETPUUHO je
pa3BydeH Ka 3amaiy, ca 3HadajHHje AYKUM JICBUM IPUTOKaMa KOje YCIIOBJhaBajy OBaKaB
obmuk. [Ipemucmonupan je pacenoMm koju npaTtu ceBepHHU BeHarl Cyse ruranuHe. [lonasehn
oz camor 6mna CyBe IIaHWHE TOK j€ paceZoM HajIpe yNpaBJbeH Ka CEBEPO - 3araay Tako 1a
Jj€ TOK peKe NMPUMAaKHYT y3 UCTOYHM IUIAHMHCKU BEHAll, 1 HEMa CTAIHUX MPUTOKA ca JIECHE
crpane. Ca JieBe CTpaHe ce INMpH JIeTe3acTa M3BOPHUINHA 4YEIEHKa IpeKo Jesepuiruile,
Pagemesnne n KocmoBcke peke u 6aceH ce y TOpmeM TOKy TomoHuYKe peke (M3BOPUIITHU
kpak LlpBeHe peke) pa3Buja aCUMETPUYHO.

Hajsehy mupuny Oacen mma Ha motely u3mel)y mspopumira [paryme u Bpena
Tomonnuke pexe koja m3nocu 12 km. Ilompeuyna oca ox noiwue LlpBeHe peke 1m0 Bpxa
IJIaBHOT TpebeHe u3HocH 9 km, a BUCHHCKa pasnuka je yak 1540 m, mro ykasyje Ha BEUKY
paswiameHocT nHa OaceHa. HajBuima tauka y OaceHy cimBa je u HajBumm Bpx Cyse
mianuHe-Tpem 1808 m Bucuue. Ha ceBepy 3emspuinte ce cmymTa ka koputy Humase y
KOjy ce peKa yJIuBa Ha BUCHHH 01 265 m H.B.

®us3nuko-reorpadgcke KapaKTepucTHKe CJIMBa

VY comBy LlpBeHe peke, MOjeqHOCTaBEHEHO, METPOJNIOIIKA CHUTyaruje je cieneha: y
BUIIMM [eJIOBMMa IOMUHHPAjy Kpeumald, Kao M I10jaC KPHCTATACTUX LIKpHJbaLa, y
CPEAUIIBEM TIEHIYapy, a Y HU3BOJHOM HEOTE€HH CEAMMEHTH. Y TEOJIOIIKOM IOrieny 6aceH
ciuBa L{pBeHe peke usrpaljeH je y Hajsehem geiny y crapium najieo30jCKUM CTeHaMa.

VY u3BOpUIIHOM OOJIyKY LIPBEHHW MelYapu IPeACTaBibajy HENpPEKUJaH KOMILICKC,
nyxkute 12 km, mmpune 1o 4 km. ¥ nonuan TormoHuyke peke OTKPUBEHH CY 10 AyOHHE 01
npeko 150 m mok ce mpema KyHOoBHIIC HCTamyjy, OTKpUBajyhul y MOJUHH MANC030jCKE,
IIKpUJbLIE KapOOHCKE CTapoCTH. Y LEHTPAJIHUM JIEIOBMMAa M3BOPHIIHOT OOJyKa LPBEHH
Nenyapy HajleXy Ha KpUCTalacTe LIKPWIbLIE, IOK Y MBHYHMM 30HaMa, IJIe CTapHje CTEHE
TOHY OHE YHHE MOJUHY Kpeumannuma. CBe Kpeumadke cepHje jako cy nopeMeheHn OpojHuM
paceanma W IpyrHM ITyKOTHHaMma. 3axBaTajy OOOJHH /€0 ClHBa, Tj. ImaBHU rpeder Cyse
IUIAaHWHE. AJyBHUjyM, TIPEICTaB/bEH NUbYHKOBHMA, IECKOM M TJIMHOM Mame OeOJbhHe,
pacipocTpameH je y HajHHU3BOAHHWjEM Jely ciHuBa, HenocpexHo npu ymhy y HwummaBy
(I'pyna aytopa, 1977)
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VYV Hajeehem nemy Oacena lLlpBeHe peke 3acTymubeHa je Tpyma cMmehux Kucemmx
3emupnmITa (AUCTpUYHKA KamOucom). OOpa3oBame OBHX 3eMJBHINTA BE3aHO je Hajuemrhe 3a
CHJIMKAaTHE TOAJOTe, alli MMa WX ¥ Ha JPYTUM TEOJOIIKMM MOAJoramMa, Tako JAa Cy
U3ABOjeHE TpW moarpyme: cmeha 3emMipMINTa Ha IIKPHJBLIMMA, HA MarMaTHTUMa H
ceauMmeHTHUM cTeHama (['pyma ayTtopa, 2008).

Ha npocrtopy cnuBa He NOCTOjU HUjeJHA METEOPOJIONIKA CTAaHUI[A, TAKO A3 KOJUYUHY
najaBMHa W TeMIlepaTypy Ba3llyxa MOXEMO J00uTH caMo KaHcTaryjyhu craHuune y
HEMOCPEeJHOM OKpyKemwy. [IpoceuHa BHIIETOMUINKAa KOJIWYMHA MajaBuHe Kpehe ce y
pactnony ox 635 mm y benoj [Mamarmu mo 707 mm Ha Kamennukom Bucy (Huxomuh M.,
2010). Y3umajyhun y o03up u3/1BOjeHE BepTHUKAIHE rpaaujeHTe manaBuHa 3a nojac Cyse
mwiannHe U okonHor TepeHa (PKuekoBuh H., Anhenkosuh I'.,2004) 3a w3BOpHIIHH IE0
TomoHWYKe peke ToMUIkba KONWYWHA MajaBHHA OM W3HOCWiIa Hemrto mpeko 1000 mm.
HajkumoBuTrju Mecernu cy mponehHr Mecenn Maj, jyH H alpiil Kaja je CTpyjame BIaKHIX
Ba3MyITHUX Maca ca 3amajga 3HavajHo. CropeqHH MaKCHMyM je y CenTeMOpy, IIOK je
HajMara KOMMYMHA TanaBuHa y Gpedpyapy. TokoMm 14 mecery, KOJHMKO je Tpajaio y3uMame
y30paka, yKylHa KOJIM4YMHa TaJaBiHa U3MepeHa Ha cTHullama bena [Tananka u Kamenndku
Buc m3Hocwna je 702,2 mm, omHocHo 884,7 mm. Ca acrmekra OTHIalka BOJA, CPEIEbH
BUILETOANIIBGY CHeNM(UYHE OTHIA] 32 MPOCTOP OBOT CJIMBAa Hajla3W ce y pacmony 5-10
I/s/km? (Manojnosuh I1., )Kuskosuh H., 1997).

Ha ocHOBy MeTonoiomkor mocrynka H3jBajama M (opMupama pejoHa Ipema
npupoxauM rpanunama (OKuekosuh H., Cmmspanuh C., 2005), cpenme BHIIErOIUIIE
BPEIHOCTH TEMITEpaType Ba3lyxa 3a npoctop ciamsa Lpsene peke kpehy ce y pacrony ox 11
°C 3a HajHWXKEe nenoBe TepeHa 1m0 3 °C 3a BucuHe mpeko 1600 m. Y HU3BOpHITHOM Iemy
Tononnuke peke koja ce Hamasw Ha 970 m HaxMOpcke BHCHHE NpeaBul)eHa cpenmba
TOIUIIERA TEMIepaTypa Ha OCHOBY BHIIETOIHIIIHET ITpoceka n3HocH npubmmkHo 8,1 °C.

MeTonoJi0rija HCTPAKUBAHA

VY3opkoBame BojAe BpiieHO je y mepuoay ox 17.04.2008. mo 31.05.2009. roamue.
Y30puu cy y3uMaHH Ha CBakux 7 JlaHa W yelihe YKOJIMKO OU ce IMPOMEHWIIN KIIMMATCKO —
XHUJIPOJIOIIKK YCJIOBH. Ha OCHOBY pellaTUBHO BENUKOT Opoja y3opaka (ykymHo 62) u 806
Jno0MjeHnX Tmapamerapa CTBOpeHe cy MoryhHocT mpenusHor yTBphHBama pelieBaHTHHX
npupotHUX (akTopa Koju yTudy Ha (opmupame onapeleHe MHHepalu3anuje U HEHe
CTPYKTYpE.

CBu aHanmuTHuky noctynuu ypahenn cy y Jlaboparopuju 3a ¢udmuky reorpadujy
T'eorpadckor dakynrera y beorpany.

DU3HIKO-XEMUJCKOM aHamm30M yTBphiBaHa je KoHueTpammja makpo joma: Ca’’,
Mg®, Na', K", HCO5, CI', SO,* u SiO,.

OnpehuBame Kkomrenrtpanuje jona Ca’’, Mg” u HCO; Bpmeno je meromom
TUTpalyje, 10K Cy HOTEHIMOMETPHjCKOM MeToioM oapeljene konuentpauuje jona Na', K u
CI'. 3a yrBphuBame konnerpanuje Na™ u K™ xopuctuie cy ce enexrpone Cole-Parmer Ionic
Strenth Adjuster (Illinois, USA) u To 3a: Na™ Tun 27504-30 LL8 u K* 27504-26 118. 3a
onpehuBame koHnerpanuje Cl' y y3opky kopuctu ce enektpona Cole-Parmer tum 27504-08
AA9. CriekTpooTOMETpHjCKa METO/Ia IPHUMEREHA je 3a yTBphuBame KoHuenTpamuja SO~
n Si0, CXomHO CHpPOBENCHUM AHAIUTHYKOM MOCTYMIIAMA M TPEIU3HOCTH AHATHUTHYKOT
MIOCTYTIKA JOOWM]CHNU PE3yNTaTH KaTjOHCKO-aHjOHCKOT OJHOCA BapUpajy y pachoHy ox +2.6
10 -5,6, I1a ce Kao TaKBH MOTY CMaTpaTH BeOMa TAYHUM.

[Tapamerpn kao mTo Cy Temmeparypa Boae, pH, KOHIYKTMBHOCT M YKyIHE
pacTBOpeHe MUHeEpaiHe MaTepuje yrBpheHe cy momohy mHCTpyMeHTa Quick guide multi-
parameter tester 35 (Oakton Instruments, USA).
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CBe BpCcTe HyMepHuKe aHaim3e, oOpala M MOJEIOBama T€OXEMHjCKHX ITO/IaTaka
u3BpIIeHO je corBepckoM nakery AquaChem 3.7.

ErzaktHO Mepeme mpotuiaja LlpBeHe peke HHje 10 caia BPIIEHO. Y TBPAjUBAEM
(U3MYKO-XEMHJCKHX U reorpackux KapaKTepHCTHKA CIHMBa OTBapa €€ HHTEPECaHTHA
MOTYRHOCT TIpolleHe NMpOTHIaja Ha XUAPOJIOIIKM HEU3yYeHUM CIIMBOBUMA, a Ha OCHOBY
KoayMeTpujckux Mepema (Manojnosuh I1., 1992a). OxnHoc usmenjy cnenuduyHe eIeKTpU-
ane mposowbnBoctd (LS cm’™), cBenene Ha pedepentrn HuBO ox 25 °C, moBeacHA je y
onHoc ca creruduunnm otunajem (I/s/km”). Koedurmjent nerepmunamuje ox 0,97 moxa-
3yje J1a je morpemnika MporHo3e NpoTHIdja a Ha OCHOBY M3MEpEHEe KOHJIYKTUBHOCTH BEOMa
Maia i u3HocH + 0,3 1/s/km’.
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I'padux 1. KonaykTuBHOCT y QyHKUMjU cienMpUIHUX OTHLAja.

Wnpekc 3acuhema Bojae KamumuToM m3paxkeH je mpeko Slc muaexa. Taj wmHOEKc
O3HayaBa Ja JHM j€ BOJA arpecMBHa WM HHKPYCTMBHA Y OJHOCY Ha KaJluT. Y
HajjeIHOCTaBHUjO] (OPMHU OH C€ H3paKkaBa Kao OJHOC MPOJYKTa JOHCKE AaKTHBHOCTH
KaJIUTa ¥ TEPMOIMHAMHUYKE CKBIJIHOPHjYMCKE KOHCTaHTE (TPOM3BOJY PacTBOPJHUBOCTH
KaJII[MTa Ha JaToj TeMIepaTypH).

SIc= log;o((Ca*"*(CO;™))-logo(K cacos)

[IpemMeTHH WHOEGKC je y BEJIHMKO] cpa3Mepd ca KOHIICHTAIMjOM KallllijyMa,
XuapokapOoHara, Temreparypom U pH Bpenaomthy.

PesynraTtn nerpaxkuBama U IUCKYCHja
CmpyKkmypa pacmeopenux MUuHepaiHux mamepuja

VY cnuBy llpBeHe peke cpeama yKylmHA MUHEpalIH3alldja aHAIM3UPAHUX TeKyhux
Boia m3Hocu 296,7 mg/l, a kpehe ce y pacniony 183,2 mg/l no 392,0 mg/l. [IpomeHsEUBOCT
CYBOT' OCTaTKa U FHEroBa CTPYKTypa 3aBHCH OJ BOJHOCTH CJHBA. Y MEPHOLY BUCOKHX BOJA
MUHepanu3alyja je HWKa, a y HeHOj CTPYKTYpH JOMUHHpajy amboHu. Temmepartypa Boje
TOKOM BpeMeHa Bapupaia je ox 5,4 °C no 18 °C. Io creneny pH BpexHoctr Boza je 6iaro
aJIKaJHA.
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Ta6ena 1. OcHoBHe (pu3NMUKO-XeMHjcKe KapaKkTepucTuke Boje LipBene pexe.

pH |t con | Ca¥ | Mg” | Na* | K | HCOy | CI | SO,” | SiO, | TDS
min | 79 [ 54 [ 2140 ] 440 571119 28 [ 1914 [ 13 23| 13,0 [ 1832
avg | 80 | 11,7 [ 3499 | 61,7 | 17,7 [ 154 | 49| 3030 62| 14,1 | 23,7 [ 2967
max | 82 | 18,6 [ 4840 | 749 [ 285 190 7,8 391,3 | 1455 | 259 | 37,2 | 392,0
sd 01| 46| 761 | 176 581 1,9 1.2 50,9 [ 33 521 6,1 ] 530
kv 061391 [ 21,7 122 ] 327 ] 123 [ 242 16,8 | 53,6 | 37.1 [ 258 | 17,9

Jlerenma: t — temmeparypa Boze (°C), con — xonayktuHOCT (uS/cm?), TDS — yKyIHe pacTBOpeHe MUHEpaIHe
matepuje (mg/l), sd - cranaapaHa neBujanmja, kv - koeuimjeHT BapHjabuIIHOCTH

I'naBHM KaTjoOHH y BOJM MpeMa 3aCTYIUbEHOCTH C€ MOTY paHTHpaTd y MPONOPLHUjU
Ca’">Mg’">Na"™>K", ok rnasau anjorn HCO5;>SO,*>CI" (rpadux 1).

Ca Ma HCO3 Cl

I'padux 1. TpuiamHeapHu Aujarpam oHOCA KATjOHA U AHjOHA.

V YKYIHOj CTpyKTypH MuHepammsaumje (rpaduk 2a) JOMHHAHTHH KaTjoHu cy Ca’™
(21 %), Mg*" (6 %), Na" (5 %) u K* (2 %). 360r cnenuduaHOr MHHEPAIOLIKOT CACTaBa
CIIBa yIEYaTJbHBA je BHCOKA KOHICHTpAlMja CUIIMKATA Y BHIY HCJOHH30BaHE OPTO-
CHJIMLHMjYMCKE KHCENHMHE, Koja unHH 8 % cyBor ocraTka. Pasnmor Te mojeBe je BelMKH
OpOoICHAT METaMOP(HHX CTEHA Y CPEIMINELEM JeNy CIHBa, KOje H3rpajjyje BEeTHKH
NPOICHAT KBAPIHHX Nelryapa ca BENUKHM YASOM aTyMOCHINKATa

VY anjonckoMm geny momuHmpa HCO; jon ca 50 % wm ca 3aHeMapJbMBOM KOHIICH-
Tpamujom kapbonaTa ox ceera 1 % mro je y ckiaay ca JoMuHaHTHOM pH BpenHomhy koja
je ucnon 8,3. 3HauajHuje yyemhe y albOHCKOM KOMIUIEKCY npunana cyndaruma (5 %), unje
je TIOPEeKJIO YITIABHOM M3 HEOTCHHM CEAMMEHTHMa 3acTyIUbEHHM Yy HAjHU3BOIHU]EM Iy
CIIUBA.

CacBuM je apyra CUTyallMja Kaja ce aHAJIU3Upa KaTjOHCKO-amhOHCKH OMIaHC JOHCKOT
cactaBa Boje (rpaduk 26). 36or Tora mro je SiO, y BOIACHOM pacTBOPY MPUCYTaH Yy BHIY
HEjOHM30BaHE OPTO-CUIIMIIMjYMCKE KUCEJIHMHE, TO CE€ HeroBa KOHIIEHTpaluja He ojpa)kaBa
Ha NPOLCHTYAJHH Y0 MaKpo eleMeHarTa u3paxeHux y meq/l.
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I'padux 2. CTpyKypa pacTBOpPeHHX MUHEPAJHHUX MaTepuja.
a) IPOLICHTYAIIHH YJIe0 MaKpoelieMeHaTa u3paxeH npexo mg/l
(1. Ca*"; 2. Mg*"; 3. Na'; 4.K"; 5. HCO57; 6. CO5™ ; 7.CI'; 8.50,% ;9. Si0,)
0) IPOLEHTYaIHN Y/Ie0 MaKpoelIeMeHaTa U3pakeH MpeKko MosapuTea meq/1
(1. Ca*"; 2. Mg*"; 3. Na" ; 4. K"; 5. HCO; ; 6, COs>; 7.CI ; 8.50,%)

Ymuyaj penesanmnux gpaxmopa u moouguxamopa
HA RPOMEHY XeMUMa 600e

Kako ce u3 rpaduka 3 mMoxe BHJIECTH, BPEJHOCTH KOHIIEHTpalWja yKyIHO PacTBO-
PEHUX MHHEpaTHUX MaTepuja BapHpajy TOKOM BpeMeHa. EBH/IEHTHA Ce30HATHOCT XeMu3Ma
BOJIa MOJXKE C€ TIPATUTH aHAJIMW30M BHUILE apameTapa.

Tlopumme noba xao ¢paxrop objammasa 57 % BapujaOMIHOCT pacTBOPEHUX MHHEpa-
THUX MaTepuja. JInHUja ommTer TpeHAa MoKasyje HajBehy MUHepamn3aIijy TOKOM JIETEHIX
MeECEIH U MMOYETKOM jeCeHH, 3aTHUM OJiar maJ TOKOM KacHe jeceHH, 1a OM HajHIKa BPEIHOCT
Ona 3a0ene)xeHa TOKOM 3UMe.

HajBuiie koHIEHTaIMje PaCTBOPEHIX MHHEPATHHX MaTepHja 3a0elie)KeHe Cy TOKOM
nposiehHUX M JIETHUX Mecel, a HajHWkKe TOKOM 3uMckuX. Cruter (pusnuKo-reorpadckux
(axkTopa TOKOM Ta JiBa FOJMIIKA J00a JoBea Cy 10 Te MojaBe.
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I'padux 3. Bapupame pacTBOpeHHX MHHEPAJHUX MaTepHja TOKOM BpeMeHa.
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[Maprujanaun nputncak CO, je jemaH of 3aHAa4YajHUX II0Ka3aTesba BapHpama
CE30HCKHMX BapHjalija KOHLEHTpAllMje pPacTBOPEHWX MMHEpPAIHUX Marepuja, OJHOCHO
CE30HCKUX yCJIOBa pacTBapamba MUHEpaa.
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I'padux 4. Bapupame napumjaanor nputucka CO; TokoM BpeMeHa.

I'enepanHo nmocmatpano mopact napuujanHor nputucka CO, noBoan mo nosehanor
pacTBapama MUHEpaa, KOju ce oJjpakaBa Ha yKyIHY TBpJIohy BoJe.

W3 pacnosnoXuBUX IoJaTaka MOXe Ce KOHCTAaTOBATH Ja y OJHOCY HA TeHEpaHU
npaBall perpecuje mocroje M3BecHa ojcTynama (rpaduk 5). Benuwko pactypame mojenu-
HAYHUX TOJaTaka y OJHOCY Ha IpaBall NOJMHOMHHAIHE PETpPecHje W Malil KOSHIIHjeHT
JeTepMHHAIje MOXKe ce 00jaCHHTH CIUIETOM HH3a (U3UYKO-reorpaCKuX IojaBa W IPo-
neca y cnuBy. OH ce MOTY 00jaCHUTH TPEBACXOIHO paszivKaMa Y BOJHOCTH CIIUBA, IOTOM Y
YTUIA]y CE30HCKOT (aKkTopa, aKTHMBHOCTH BereTaldje W MHKpOOpraHu3aMa M Cil., KOjH
Jieyjy, pe cBera, kao Moau(uKaTopu mpoieca. [IpuMapHu yTHIaj HaBeJCHUX MoauduKa-
TOpa BapHujabuiaH je TOKOM roanHe. TOKOM BpeMeHa jefaH oJl lbUX KOjU MMa JOMHUHAHTHY
yJIOTY, IPEIyIITa Ty UCTY YJIOTY APYroM MOJIU(UKATOPY.

Tako Ha npuMep, y TpyIH Mojaraka 03Ha4eHUX 1oj opojeM 1 u 2 3a UCTy U CIMYHY
TBpJIohy €BHJICHTHE Cy 3HAa4YajHE DPA3JIMKE Y NapIHjaIHOM NPUTHUCKY. Y TPBOj IPyIH HOAa-
Taka IPHUIAIAjJy jeCerbH Y30pIH BOJA, IOK y JIpyroj rpnu cy mposehne Boxe. Ilo nmutamy
BOJIHOCTH 00€ TpyIe Cy yjeAHaueHe U KapaKTepuIly ux maie Boje. Bemnka pasnuka y pCO,
MOXe€ C€ jelUHO 00jaCHUTH YTHIAjeM BereTalyje U MeJOreHeTCKUX MPOoIeca y 3eMJIBHIITY.
[Ipema ToM, opeaAnIIHY MOJU(UKATOP Y OBOM CIIy4ajy je WHTEH3UBHO pAacIiaJame OpraH-
CKe MaTepHje TOKOM JieTa, IITO ce oapakaBa Ha moBehany konmnentpaiujy CO, y 3emMibH-
mHoM Baznyxy (Zhao J., et al, 2009), unju je kymynaTHBHU edeKaT HAJU3PA3UJTUJU Y
jecemum MecenuMma (Roberge J., 1979).

Onpenuiian MOAU(UKATOP 3a TPYIHCAE MOJaTaka y IMOJACKYIY O3HAUCHHM IO
OpojeM 4 je BOJHOCT, Tj. HM3y3€THO BEJIMKa BPEIHOCT CHeUU(UYHOr OoTHIaja (cpenmba
Bpemnoct 18,2 1/s/km?). 3a npubmmkro jeanaky TBpaohy Boje Y MOACKYIy Mo GpojeM 3
pCO; je 3HATHO HIXKH, IITO je pe3ylTar mpe cBera HUCKUX TEMIIepaTypa.



16

0,0033

y = TE-06x” - SE-05x + 0,002 &
0,0031

*
R*=0,5623 N 1 & /
0,0029 * <
RNl
*

0,0027

0,0025

pCO2

0,0023

0,0021

0,0019

0,0017

0,0015

6,0 8,0 10,0 12,0 14,0 16,0 18,0

I'padux 5. 3aBucHoct ykynue tBpaohe soxe ( ° dH)
npeMa NapuMjajJHOM NPUTHCKY yI/beH Juokcuaa (pCOy).

Edexar yrumaja ce3oHCKOT (hakTopa Ha MPOLEC XEMHjCKOT pacTBapama CTCHa MOXKE
ce, uamel)y ocranor, u3pasuru u npeko SI nnnekca kanura (Wade A.J., i dr, 2002, Neal C.,
2002), koju mpencTaBiba MPOAYKT jOHCE aKTUBHOCTH U IPOHU3BOJA PACTBOPIEUBOCTH.

VY Toky aHammsupaHor mnepuona BpenHoctd S| kamnmrta Bapupajy, ajiM Ccy cBe
no3utuBHe. Hajehn omcer kpehe ce y pacnony ox 0,22 mo 0,98, ca cpeamom BpenHoiihy
on 0,67. PenatuBHO Mane mpomeHe u3Mel)y HHCKHX W BHCOKHX BOJA H3PaKCHE MPEKO
HUCKOT KoeduiujeTHa BapujabunHoctu (STDEV=0,21; KV=30,7), yka3yjy na je Boma
TOKOM LIEJIOT TIepro/ia npe3acuhieHa.
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I'padux 6. Bapupame SIc nHaeKkca TOKOM BpeMeHa.

Bucok crenen koeduuujeHta Kopenaiuje usMel)y SIc u ce30HCKOT (akTopa ¢ jeaHe
crpane (rpaduk 6), u Slc u cneunduyHor oTunaja ¢ apyre crpatne (rpadux 7), noxkasyje aa
cy Ta nBa (pakropa Haj3Ha4yajHHja 3a GOpMHUpame MUHEpaIH3anuje Boje. ['eHepaiHo Boaa
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Lpeerne peke je mpe3acuheHa KalIIWTOM, alld je MHOACKC 3achheHa BHIIH TOKOM JIETH-HX
mecenu (0,86), kaga je koHcTatoBaHa u noBehana muHepanuzauuja (303,4 mg/l). C apyre
CTpaHe, TOKOM 3WMCKHX Meceln uHaekc 3acuhema je mamu (0,49), mro je mpaheno
cMameHoM MuHepanu3aujom (236,8 mg/l).

1.00 y =-0,1936Ln(x) + 0,8424
B * 5

0,90 - : R =0.8459

0,80
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* .
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I'padux 7. Onnoc nnjaexca 3acuhemwa kaauura (Sle) u cnenmduynor oruuaja (q).

Bumm nnzaekc 3acuhiera TOKOM JIETEHUX MECElU yKa3yje Ha 3aBHCHOCT OJ] yCJIOBa y
peunom Toky (Wade A.J., et al. 2002, Neal C., 2002). Taga y TOKy JOMHHHUpAjy BOJE W3
HIDKUX XOpW30HATa 3EMJBMIITA, a Ipe cBera mnoj3eMHe Bojae. OjaHOC MOJAapHUX
KOHLIEHTpanja wu3Mel)y XHIpokapOOHAaTHOT W XJIOPUAHOT joHAa oTBapa MoryhHocT
onpehuBama ogHOCA TOBPIIMHCKE W MOJI3EMHE BoJe Yy YKymHOM oTuiajy (Manojlovic P.,
19926). KpanturaTWBHa perpecrmoHa aHaiW3a II0Ka3zyje BHUCOKY Kopaemammjy wusmely
OJIHOCA HAaBEJICHHUX jOHA W BOTHOCTH (Tpaduk §).

IIpu BucOKMM Bomama penatuBHH ynaeo konueHtpaiuja HCO; jona ce mosehasa, a
jona CI” cmamyje. 1110 je mUXOB 0fHOC BehH TO je y YKYITHOM OTHUIIA]y HOBPILIMHCKA BOJA
BUILIE 3aCTyIUbeHa, W OOpHyTO. MHOMPEKTHO Ha TakBe OJHOCE yKazyje U Koe(uIjeHT
BapHja0bMIIHOCTH KOHICHTpanuja aatux jona: kox Cl joma (53,6) oH je manexo Behu of
onrosapajyhe Bpeanoctu HCO; ™ jona (16,6).

1,60
1,40 y=2,0309x - 2,6932 '
1,20 7 R®=0,8657
1,00 °
o . *
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0201 0 1.20, o ".l 40 1.60 1.80 2,00 2.20)
=Y. 3 2 R
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-0,60
log ((HCO3/61)/(CV/35.453))

I'padux 8. OqHOC MOJIAPHUX KOHIEHTPAIMja XHAPOKAPOOHATHOT U XJIOPUIHOT jOHA
npema cnenuduunom otuuajy q (I/s/km?).
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[Ipema ToMe, MUHEpaNIH3aIija BOE je MO jaKHM yTHIajeM BOJAHOCTH CIIUBA. 3a CIINB
LpBeHe peke oBa 3aBHCHOCT JETEpPMHHHUCAHA je KoeuIMjeHTOM Kopenaruje o ckopo 91
%.

4300 =.51 42,11
400,0 | y =-51,6Ln(x) + 342,

2
35070 i R 20,9098

300,0 -
250,0 -
200,0 -
150,0 : ‘ ‘
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q (I/s/km2)

TDS (mg/l)

I'paduxk 9. 3aBucHocT pacTBOpeHux MuHepaanux Mmatepuja (TDS) oa cnennduynor otunaja (q).
3akibydak

CleACTBEHO KIMMATONONIKO-XUAPOJIOIIKUM MPUIIMKaMa OCMaTpaHu IEPUOA YIIa3H y
JOMEH CpedbUX BHUIICTOAWIIHBHAX BpeaHocTH. CxoaHo ToMme, ¢opMHpaHa je W yKyIlHA
MUHepanu3angja, Koja ce kpehe y pacmony 183,2-392,0 mg/l a ca cpeamHOM BpeaHomhy
ox 296,7 mg/l, 3a oaromapajyhm cpeame TOOUIIBH CHEUNU(UYIHA OTHIA] y ITaHHMA
y3opkoBama of 3,8 l/s’/km’. Y CTpyKTypH CyBOT OCTaTKa JOMHHHDA jOH KallHjyMma H
xuJpokapOOHaTa KOjU TOTHYE OJf Kpeumaka Yy IUIAaHMHCKOM 3ainel)y, kao M HeoreHmx
celyMeHara y JOmeM Jelly ciuBa. 30or Beher yzena NepMCKUX LpPBEHHMX Ielrdapa y
Cpe/IMIIBEeM ey cirBa He 3auyhyje nosehan yneo cunmkara.

Ha ocHoBy Benukor Opoja y30paukux JlaHa TOKOM Iepuoaa ox 14 mecenu morma ce
YCTAaHOBUTH M3paKCHa CE30HAIHOCT y XeMHU3My Boja. JleTepMuHHcame Haj3HA4ajHHjUX
(dakropa W MommpukaTopa, KOju YTHYy Ha (opMUpame MUHEpalIH3aldje U HEHY
CTPYKTYpY, OKa3aJIx Ha KOMILUICKCHE yCIIOBE Y CIIUBY.

Moske ce KOHCTAaTOBAaTH Ja je IUPEKTaH YTHUIIaj TeMIlepaType, a CIeICTBEHO XEHpH
JanToHoBoM 3akoHY MUHOpaH. HanMe, mocMmartpajyhu Temmneparypy Ba3ayxa O4eKHBaIH OU
CMO J1a je y 3UMMCKHM MECeUnMa, Tj. IPH HIKAM TeMIieparypama, pactBopssuBocT CO,, ma u
XEMHJCKH TpOLIECH pacTBapama CTeHa W MHUHepajla MHTEH3UBHHMjU. Mehytum, y ToMm
roJuIImkeM 100y HeMa JA0BOJBHO pacronoxuBor CO, Koju HacTaje pacmajameM OpPraHCKe
Matepuje. HberoBo ocnobahame je HajUHTCH3UBHH]C TOKOM JICTIbHX, a MOCCOHO jeCeHHX
Meceny. Jlpyrum pedynMa, y YCIOBMMa YMEPEHO-KOHTHHEHTAHE KJIMME HEH JIMPEKTHH
yTUIaj, U3paXeH NPEKO TeMTepaType W MajaBuHa je MuHOpaH. OHa ce M3pakaBa caMo
MOCPEHO, MPEKO BOJHOCTH CIIMBA M BEreTallMOHO-TIEIOXEMHJCKUM TPOIECUMa y 30HH
aeparmje.

VY 3aBHCHOCTH 0] KOHKPETHUX (U3MUYKO-reorpadCKUX yclIoBa Yy CBaKOM CIHBY
TpaHUYHa BPEIHOCT, H3Mel)y XHuapoxapOOHATHOT U XJIOPHIHOT jOHA Y YAy MOBPIIMHCKE H
NoA3eMHe Boze je pasnuuura. KoHKpeTHO, y cnuBy LlpBeHe pexe omHOC IaTuX joHa H
otunaja umajy 87 % 3ajenqHnukux BapHujadbmu. Kajga y pedHOM TOKYy AOMHHHpPAjy BOJE W3
HIDKMX XOpH30HAaTa 3eMJBHMINTA ¥ IIOJ3€MHE BOJAE, OAHOC MOJIADHUX KOHLEHTpaLuja
XUJPOKapOOHATHOT U XJIOPUAHOT jOHA UMa HUCKE BPEAHOCTH. TO 3HA4YM Jia ce Yy PEYHOM
TOKY y CYIITHHH Haja3W moja3eMHa Boma. OOpHYTO, MPHJIKMKOM IOBOIHa JOMUHHpale
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XUIPOKapOOHATHHU jOH, YCJeJ pelTaTHBHO KPaTKOT KOHTaKTa MHHEpaja W Boje, ma he u
oJHOC TIOMeHyTa 7Ba joHa Outu Behu. Kako Boma IlpBeHe peke mokasyje mpesacuhieHoct
TOKOM YHUTaBOT MEPHOJia OCMaTparma, INIAaBHU W3BOP BOJE U TOKOM JIeTa U TOKOM 3UMeE
motuue oj nom3eMHux Boaa Ooratux ca CaCOs;. Ona, mako je mpesaculieHa Kajlujym-
KapOOHATOM, HE MOKa3yje MHTPY3UBHH KapaKTep yciel MPUCYCTBa joHa TBoxkha KOju enyje
MHXUOUTOPCKH.

[Ipema ToMe, Mmodice ce 3arkmyuumu 0a ce OyrucuHa Konwmaxma cmere u 6oode (y3 THI
CTE€Ha, TEMIIEpaTypy M BEreTallMOHO-TICAOJIONIKE Ipollece Kao TJIaBHE MOIU(HKATOPE
carnemane npeko pCO,), uzodsajajy Kao HajOOMUHaAHMHUju akmopu @opmuparea
MuHepanuzayuje 6ode y ciugy L{psene pexe.
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datum pH t con | Ca** | Mg” | Na' K' | HCOy | COy Ccr | so. | sio, | TDS
17.04.2008 8,06 13,1 468 71,0 21,4 19,0 7,8 330,0 3,6 14,1 259 32,2 360,0
24.04.2008 8,05 13,1 319 55,0 11,9 16,9 5,2 250,0 2,6 5,0 18,7 20,7 261,1
30.04.2008 | 8.02 | 137 | 305 | 550 | 133 | 158 | 4.1 | 2550 | 23 | 43 | 122 | 210 | 2554
07.05.2008 8,13 13,6 384 72,2 24,8 17,8 6,3 363,0 3,7 9,2 19,6 274 362.,5
14.05.2008 | 8,15 13,4 418 74,9 28,5 17,3 6,2 382,0 4,0 8,0 19,5 27,2 | 376,6
22052008 | 8,09 | 146 | 405 | 650 | 204 | 169 | 5.7 | 3100 | 3.7 | 100 | 132 | 306 | 3204
30.05.2008 8,16 15,4 426 72,0 254 17,8 6,7 355,0 4,5 9,1 16,3 31,1 360,3
08.06.2008 | 8,12 14,9 453 67,2 25,3 18,6 7,0 338,0 4,3 10,1 17,7 33,6 | 3529
15.06.2008 8,11 16,0 396 63,0 17,6 17,3 5,9 295,0 3,8 7,3 20,6 243 307,3
28.06.2008 | 8,07 17,1 409 66,0 15,7 16,5 6,2 305,8 3,6 8,0 18,0 279 | 3148
06.07.2008 | 8.04 | 185 | 360 | 60.0 | 147 | 17.8 | 55 | 2850 | 32 | 55 | 192 | 214 | 2898
15.07.2008 8,06 18,1 392 67,3 14,3 17,7 5,5 290,0 3,5 7,3 20,6 23,7 305,0
20.07.2008 | 8,06 18,6 442 72,6 24,1 17,8 5,9 367,9 4,6 9,4 18,0 28,6 | 3648
27.07.2008 8,09 18,6 444 64,0 21,0 17,8 6,4 344.,6 4,5 8,7 16,8 31,2 342.8
03.08.2008 8,06 18,0 368 65,7 24,6 15,9 4,2 330,0 4,0 6,7 13,1 222 3214
09.08.2008 | 8.04 | 17.7 | 359 | 693 | 204 | 165 | 48 | 3265 | 38 | 67 | 169 | 243 | 3258
17.08.2008 8,10 17,9 460 74,4 21,9 17,3 6,4 3723 4,9 11,6 223 31,7 376,6
24.08.2008 | 8,10 17,3 464 67,5 27,1 16,9 5,1 363,4 4,8 9,5 15,8 34,0 | 362,5
21.08.2008 | 8,07 | 173 | 380 | 677 | 258 | 161 | 5.0 | 3450 | 43 | 73 | 172 | 239 | 3399
07.09.2008 8,05 17,5 433 67,5 233 16,5 5,4 360,0 4,2 9,0 19,4 294 354,7
14.09.2008 | 8,05 16,9 347 65,3 19,2 15,7 54 305,5 3,5 8,0 11,7 23,2 | 3048
21.09.2008 8,05 16,6 374 65,0 15,6 16,5 5,8 290,0 32 6,7 19,9 22,7 300,3
28.09.2008 8,08 16,7 405 62,6 18,1 16,1 5,0 335,0 4,0 7,0 13,3 31,2 3249
05.10.2008 | 8.07 | 17.5 | 473 | 700 | 200 | 17.7 | 5.7 | 3605 | 44 | 101 | 227 | 34.1 | 3659
12.10.2008 8,07 17,6 460 68,4 253 16,9 6,5 370,0 4,6 10,7 18,6 35,2 371,1
19.10.2008 | 8,07 17,1 418 71,4 24,0 15,7 4.4 370,1 4,6 8,2 17,3 264 | 357,1
26.10.2008 | 8.05 | 150 | 352 | 67.0 | 27.0 | 149 | 49 | 3545 | 40 | 6.7 | 140 | 249 | 3405
02.11.2008 8,07 14,5 308 57,0 19,5 16,6 4,9 3133 3,5 3,6 13,4 19,6 2947
09.11.2008 | 8,02 12,9 310 57,0 16,0 14,9 4.8 278,0 2,7 2,8 12,1 18,0 | 2672
16.11.2008 8,03 11,7 283 60,0 16,0 16,7 4,5 288.,6 2,7 32 16,5 222 286,1
22.11.2008 7,98 11,2 283 45,0 15,0 14,9 4,2 2359 1,9 2,5 12,1 15,3 2289
30.11.2008 | 8.02 | 9.0 | 276 | 52.0 | 19.0 | 149 | 46 | 2685 | 23 | 38 | 9.0 | 17.0 | 2568
07.12.2008 8,01 8,5 279 59,7 18,5 13,7 4,8 289,0 2,4 4,8 9,9 21,6 279.9
14.12.2008 | 8,01 7,6 276 59,7 14,2 13,0 4,6 302,3 2,5 4,9 9,0 204 | 2794
21122008 | 8.04 | 7.6 | 327 | 544 | 216 | 137 | 42 | 2850 | 25 | 54 | 143 | 187 | 2773
28.12.2008 8,04 7,1 294 60,0 16,8 13,4 4,2 272,1 2,3 4,2 15,0 20,5 2725
04.01.2009 | 8,06 73 330 58,1 20,2 15,4 4,8 290,0 2,6 42 12,8 19,5 | 282,6
11.01.2009 | 8,07 7,4 330 60,9 13,9 13,4 5,0 260,0 2,4 4,2 15,6 21,9 2673
13.01.2009 | 8,05 7,4 299 56,9 18,2 13,4 3,4 269,0 2,4 4,2 11,7 19,2 263.9
25012009 | 8,04 | 7.0 | 320 | 640 | 160 | 142 | 43 | 2850 | 2.5 | 3.5 | 125 | 224 | 2819
01.02.2009 | 8,08 7,0 334 64,7 16,3 14,8 4,0 285,0 2,7 5,5 10,3 224 2832
08.02.2009 | 7,99 7,0 245 58,5 11,3 13,4 3,8 279,0 2,1 2,7 5,0 17,2 | 253,5
15.02.2009 | 8,00 7,0 271 51,3 13,0 13,7 3,8 260,0 2,0 32 9,0 17,9 2439
22.02.2009 | 8,01 7,0 290 51,0 9,0 13,4 3,4 215,0 1,7 2,4 13,5 16,2 218,1
01.032000 | 8.02 | 7.0 | 291 | 57.6 | 119 | 13.7 | 32 | 2450 | 2.0 | 32 | 125 | 200 | 2466
02.03.2009 | 8,00 6,4 258 50,0 8,6 13,0 3,0 2240 1,5 2,2 10,4 15,9 216,6
03.03.2009 | 7,96 6,5 235 50,0 8,2 13,7 3,5 230,0 1,6 1,9 6,3 149 | 215,1
08.03.2000 | 8.00 | 64 | 289 | 538 | 13.01 | 13.0 | 40 | 2400 | 1.8 | 40 | 140 | 17.0 | 240.7
15.03.2009 | 8,01 6,3 293 55,7 10,7 13,7 3,4 240,0 1,8 3,2 10,0 19,4 238,0
22.03.2009 | 8,02 5,4 269 60,5 10,5 11,9 32 252,2 1,9 2,6 8,4 18,6 | 243,7
29.03.2009 | 8,02 5,9 307 63,7 12,6 14,5 3,8 2629 2,1 5,2 9,7 22,0 265,1
31.03.2009 | 8,02 6,2 299 59,7 13,1 13,0 4,2 260,0 2,1 3,3 6,9 21,0 2532
05.04.2009 | 8.03 57 | 302 | 550 | 160 | 135 | 34 | 2600 | 2.1 | 3.6 | 66| 215 | 2516
08.04.2009 | 8,00 6,7 252 54,1 12,7 12,3 4,0 270,0 2,0 2,4 5,7 16,6 2449
12.04.2009 | 7,96 7,0 237 56,9 7,8 12,6 3,6 267,2 1,8 2,2 4,0 17,5 | 240,1
18042009 | 7.92 | 7.6 | 214 | 440 | 7.5 | 123 | 3.0 | 2200 | 14 | 13 | 23 | 147 | 1964
25.04.2009 | 7,92 8,2 217 47,0 5,7 12,6 2,8 190,0 1,4 1,3 4,4 13,0 183,2
02.05.2009 | 8,06 9,1 398 68,4 21,9 16,1 5,7 3424 33 9,9 15,8 27,6 | 3399
09.05.2009 | 8,08 9,6 460 64,6 19,1 16,8 5,7 315,6 32 8,6 21,3 31,2 3282
16.05.2009 | 8,07 10,3 484 73,1 24,6 18,1 6,2 387,2 4,0 12,9 22,1 37,2 392,0
23052009 | 8.08 | 115 | 456 | 643 | 280 | 163 | 54 | 3750 | 41 | 9.6 | 17.0 | 33.1 | 365.3
31.05.2009 | 8,09 12,9 461 70,8 23,3 18,0 7,6 384,5 4.4 14,5 18,0 31,6 380.4
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SEASONAL VARIABILITY OF CRVENA RIVER WATER MINERALIZATION
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Abstract: The mineralization of water and its content in Crvena River so far have not been studied. Water
sampling was conducted from April 2008 - May 2009. Total mineralization is relatively low, which is
consistent with the dominant lithological structure (Permian red sandstone). Dry residue contains Ca”" ion,
with the increased participation of SiO,. During the observational period it is clearly expressed seasonal
effect. It is reflected not in the direct but the indirect impact. Based on the ratio of individual ions a model is
determined for estimation of water flow at the confluence of the Crvena River in Nisava River. It could be
applied to other drainage basins that have not been studied so far.

Key words: dissolved minerals, seasonality, partial pressure of CO,, conductivity, SIC, hardness, specific
runoff, Crvena River, Serbia.

Introduction

Different studies have demonstrated the existence of the strong influence of the
seasonal cycle of rocks and minerals dissolution (Dixon, Thorn, 2005). Seasonal
fluctuations in water chemical characteristics may be more or less pronounced, and the
dominant environmental factors that determine them are different. Qualitative and
quantitative characteristics of surface water depend largely on natural factors. In cold
climate areas trend of seasonal snow melt is important factor in water mineralization
(Campbell, et al. 2002; Anderson, 2005); Seasonality in chemical characteristics may be
caused by precipitation (Hren et al. 2007; Gao et al. 2009). Variability of dissolved
mineral substances can be strongly influenced by vegetation and pedogenetic process
(Zhao, et al. 2009; Zakharova et al. 2007). On the other hand, the change in chemical
content of water in some cases influenced by anthropogenic factor (Siyu et al. 2011,
Dragicevic et al. 2010).

Direct effect of the seasons on water mineralization is relatively small.
Differences in the concentration of certain ions during the summer and winter for the
same or slightly different specific runoff are = 10% (Manojlovic, 1998). Pronounced
seasonality in water chemical content (concentrations higher than the average occur in
autumn and less in winter) is the result of different factors and modifiers that affect the
process of dissolution of rocks and sediment. This drainage basin has never been
investigated in terms of water chemical characteristics, so this is the first study. The aim
of this paper is to study seasonal changes in water content in relation to natural factors
of the local area. Considering the complexity of natural environmental conditions it is
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necessary to: 1 separate the most relevant factors and modifiers of water mineralization
2. explain the effects of selected modifiers and 3 explain their specific combination in
the particular environmental conditions.

The geographical position of Crvena River drainage basin

Crvena River is a left tributary of Nisava River which flows downstream from
Bela Palanka, near the town of Crvena River. Drainage basin of Crvena River is
bordered by Suva Mountain and is opened to lower parts of Koritnicka valley and part
of the Belopalanacka valley.

Drainage basin covers area of 92.3 km?, is of rectangular shape, asymmetrically
stretched towards the west, with a significantly longer left tributaries that cause this
form. It is indisposed by the fault which follows the northern range of Suva Mountain.
Starting from the range of Suva Mountain the fault is primarily directed towards the
north - west, so it approaches the river along the eastern mountain range, with no
permanent tributaries on the right. On the left is fan-shaped spread over the source of
Jezerstica, Radesevice and Kosmovska River. The upper part of Toponicka River
(source arm of the Crvena River) develops asymmetrically. Basin has a maximum
width, between the springs and wells Dragusa and Toponicka River which is 12 km.
Transverse axis of the Crvena River valley to the top of the main ridge is 9 km, a height
difference is even 1540 m. The highest point in the basin area is the highest peak of the
Suv Mountain -Trem 1808 m. In the north, the land sweeps down towards the Nisava
River in which the river flows at a height of 265 m above the sea level.

Physical characteristics of the drainage basin

In the Crvena River basi the upper parts are made by limestone and crystalline
schist belt in the middle while Neogene sediments are downstream of the drainage
basin. In geological terms catchment area of Crvena River was built in the old Paleozoic
rocks.

Near the source red sandstone are dominating, longl2 km, and wide 4 km. In
Koritnjak village were discovered at a depth of over 150 m while the Kunovice those
are very thin, revealing in the Paleozoic, Carboniferous slates. In the central parts of the
source red sandstone inserted into the crystalline slates, while in the edge zones, where
older rocks are tertiary limestone. All limestone series are very disturbed by many faults
and other fractures. They cover the perimeter of the basin, the main ridge of Suva
Mountain. Alluvium, gravel, sand and clay with thin thickness are spread in the lower
part of the basin, just at the confluence to the Nisava River (Grupa autora, 1977).

In most of the Crvena River basin is represented by a group of brown acid soils
(Cambisols district). Of these soils is related mostly to silica surfaces, but there are also
other geological substrates, separated into three subgroups: brown soil on shale at
magmatites and sedimentary rocks (Grupa autora, 2008).

The area of drainage basin has no meteorological station, so the amount of
precipitation and air temperature can be obtained only using data from neighboring
stations. Average precipitation data are from 635 mm in Bela Palanka to 707 mm on
Kamenicki vis (Nikolic, 2010). Taking into account the separate vertical gradients of
rainfall from Suva Mountain to the surrounding terrain (Zivkovic and Andjelkovic,
2004) for the source of the river Toponicka annual rainfall amount is estimated to be
around 1000 mm. The greatest amount of rainfall is falling in spring months- May, June
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and April when western air masses are prevailing. Secondary maximum is in
September, while February is the driest. During 14 months, in sampling period , the
total amount of rainfall measured at Bela Palanka and Kamenicki vis stations was 702.2
mm and 884.7 mm. Considering runoff, data are from 5-10 I/s/km® (Manojlovic.,
Zivkovic, 1997).

Using methodology of separating natural regions applied by Zivkovic and
Smiljanic (2005), the average temperature in the area of drainage basin goes from 11 °
C for the lowest parts of the terrain to 3 © C over 1600 m. The source part of Toponicka
River which is located at 970 m above sea level provides a mean annual temperature of
about 8.1°C.

Methodology of the investigation

Water sampling was done from 17.04.2008 to 31.05.2009. Samples were taken
every 7 days or more often if weather conditions change. Based on the relatively large
number of samples (total 62) and 806 parameters it is created possibility of precisely
defining the relevant natural factors that influence the formation of specific
mineralization.

All analytical procedures were performed at the Laboratory of Physical
Geography at Faculty of Geography in Belgrade. Physical and chemical analysis has
been done by determining the concentration of macro-ions: Ca*" Mg2+’ Na’, K", HCO5,
CI', SO4”, and SiO,.

Concentration of ions Ca®", Mg®" and HCO;-was determined by titration, while
the potentiometric method was used for Na’, K' and CI. To determine the
concentration of Na” and K" were used electrodes Cole-Parmer Ionic strength Adjuster
(Illinois, USA) as follows: The type 27504-30 LL8 + and K + 27504-26 118", To
determine the concentration of CI in the sample are used electrodes Cole-Parmer
27504-08 9 type. Spectro-photometric method was used to determine the concentration
of SO4*-and SiO,. Parameters such as temperature, pH, conductivity and total dissolved
minerals were determined by the instrument Quick guide multi-parameter tester 35
(Oakton Instruments, USA). All kinds of numerical analysis, processing and modeling
of geochemical data has been done in AquaChem software package 3.7. The exact
measurement of flow of Crvena River has not been done. By determining the physical,
chemical and geographic features of the basin an interesting possibility arise to assess
the hydrological flow in unstudied catchments (P Manojlovic., 1992). The specific
electrical conductivity (us cm™), reduced to a reference level of 25° C, is put in a
relationship with specific runoff (I/s/km2). The coefficient of determination of 0.97
indicates that the error flow forecasts based on the measured conductivity is very low
and % 0.3 I/s/km’.

Figure 1. Conductivity as a function of specific runoff
Calcite saturation index of water is expressed through the SIC Index. The index
indicates whether the water is aggressive compared to calcite. In its simplest form it is

expressed as a ratio of ionic activity product of calcite and thermodynamic equilibrium
constant (solubility product of calcite at a given temperature).

SIc= logo((Ca™”*(CO3))-logip(K cacos)
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The subject index is in proportion to the concentrations of calcium,
hydrocarbons, temperature and pH.

Results and discussion
The structure of dissolved minerals

The Crvena River has total mineralization of the analyzed water of 296.7 mg /
1, and is in the range from 183.2 mg /1to 392.0 mg / 1. Variability its structure depends
on the basin of discharge. During high water mineralization is lower, and in its structure
is dominated by negative ions. Water temperature over time varied from 5.4 C to 18 °C.
By the level of water pH is slightly alkaline.

Table 1. Basic physical-chemical characteristics of the water of Crvena River.

The main positive ions are in range Ca "> Mg > > Na > K *, while the main
anions HCO3-> SO,*-> Cl-(figure 1).

In the overall structure of mineralization (Figure 2a) the dominant cations are Ca
2" (21%), Mg > © 6%), Na (5%) and K © (2%). Because of the specific mineralogical
composition of the basin there is high concentration of silicate in the form of silicon
acid, which comprises 8% of dry residue. The reason is large percentage of
metamorphic rocks in the central part of the watershed, which is building a large
percentage of quartz sandstone.

The anion part is dominated by HCOs-ion with 50% and with a negligible
concentration of carbonate of just 1% which is consistent with the dominant pH that is
below 8.3. Significant participation in the anionic complex belongs to the sulphate
(5%), originating mainly from Neogene sediments.

It is the opposite in cation-anion balance of the ion composition of water (figure
2b). Because the SiO , in solution is present in the form of ortho-silicon acid, its
concentration does not reflect the percentage of macro elements expressed in meq / 1.

Figure 2. Content of chemically dissolved substances
The influence of relevant factors in chemical properties change

Values of concentrations of total dissolved minerals that vary over time could be seen at
figure 3. Evident seasonality in water chemical properties water can be monitored by
analyzing several parameters. Season as a factor accounts for 57% of the variability of
dissolved minerals. The general trend line shows the highest mineralization during
summer and early autumn, then a slight decline during the late fall, while the lowest
value was recorded during the winter. The highest concentrations of dissolved minerals
were recorded during the spring and summer months and lowest during the winter.
Combination of physical and geographical factors during the two seasons led to this
phenomenon.

Figure 3. The variation of dissolved minerals over time.
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Partial pressure of CO2 is one of the Indicators zanacajnih varying seasonal
variation in concentrations of dissolved minerals and mineral dissolution of seasonal
conditions.

Figure 4 Variation of partial pressure of CO2 over time.

Generally, the increase in CO, partial pressure leads to increased dissolution of
minerals, which reflects the hardness of water.

From the available data, it can be concluded that compared to the general
direction of regression there are some discrepancies (figure 5). Distribution of
individual data in relation to the direction regression and a low coefficient of
determination can be explained by number of physical-geographical phenomena and
processes in the basin. It can be explained primarily by differences in the basin of
discharge, then the impact of seasonal factors, and vegetation. The primary effect of
these modifiers varied during the year. For example, in the data marked by numbers 1
and 2 for the same and similar hardness are evident differences in partial pressure. The
first group of data is belonging to the autumn samples of water, while in the second
GRPI the spring water. In terms of discharge in both groups were matched and they are
characterized by low water. The big difference in pCO, can only be explained by the
influence of vegetation and pedogenetic processes in the soil. According to this, the
destination modifier in this case the intense decomposition of organic matter in the
summer, which is reflected in increased levels of CO, in soil air (Zhao J, et al, 2009),
whose cumulative effect najizrazijtiji the autumn months (Roberge J., 1979).
Destination modifier for grouping data in a subset marked as number 4 is the water
level, ie. extremely high value of specific flow (mean 18.2 1/s/km’). For approximately
the same hardness in a subset of the number 3 pCO, was significantly lower as a result
primarily of low temperatures.

Figure S Dependence of the hardness of water (dH) the partial pressure of carbon dioxide
(pCOy).

The effect of seasonal factors influence on the process of chemical
decomposition of rocks can be expressed by SI index of calcite (Wade AJ, et al, 2002,
Neal C., 2002). In the analyzed period calcite SI values vary, but they are all positive.
The largest range is in the range of 0.22 to 0.98, with a mean of 0.67. Relatively small
changes between low and high water expressed by the coefficient of variability
(STDEV =0.21, CV = 30.7), indicating that the water saturated throughout the period.

Figure 6. SIC index variation over time.

The high degree of correlation coefficient between SiC and seasonal factors on
the one hand (figure 6), and SIC and specific runoff on the other side (figure 7) shows
that the two most important factors for the formation of mineralization of water. Crvena
River water generally is saturated with calcite, but index saturated higher during the
summer months (0.86), when it was identified, and increased mineralization (303.4 mg /
1). On the other hand, during the winter months of saturation index was lower (0.49),
accompanied by reduced mineralization (236.8 mg / 1).

Figure 7. The ratio of saturation index of calcite (SIC) and the specific runoff (q).
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Higher the index of saturation during the summer months, indicating dependence
on conditions in the river course (Wade AlJ, et al, 2002, Neal C., 2002). The relationship
between the molar concentration of chloride ion opens the possibility of determining the
ratio of surface and groundwater in the total flow values (P. Manojlovic, 1992).
Quantitative regression analysis shows a high relationship between these ions and of
discharge (figure 8).

When water levels are high relative HCOs-ion concentration increases while Cl-
ions decreases. What is their relationship to higher flow values in the total surface water
is more frequent, and vice versa. Indirectly related to these points and coefficient of
variation of the concentration of given ions: the Cl-ions (53.6) it is far higher than the
corresponding values of HCO;-ions (16.6).

Figure 8. Ratio of molar concentration of chloride ion and hidrokarbonatnog the specific flow
values q (I/s/km?).

Therefore, the mineralization of water is strongly influenced by discharge. Crvena River
Basin, this dependence is determined by the correlation coefficient of almost 91%.

Figure 9. Dependence of dissolved minerals (TDS) of the specific runoff (q).
Conclusion

Accordingly, formed the total mineralization, which ranges from 183.2 to 392.0
mg / 1 and the average value is 296.7 mg / | for mean annual specific runoff in the days
of the sampling of 3.8 1/ s/km®. The structure of dry calcium ions shows hydrocarbons
derived from limestone in the mountainous hinterland, and Neogene sediments in the
lower part of the basin. Due to a larger share of Permian red sandstone in the central
part of the watershed is not surprising increased proportion of silicate. On the basis of a
large number of sampling days over a period of 14 months seasonality in water
chemical properties could be identified. The determination of the most important factors
and modifiers, which affect the formation of mineralization and its structure, showed
the complex conditions in the basin.

It can be concluded that the direct effect of temperature, and consequently Henry
Dalton's law is minor. In fact, looking at air temperature we would expect in the winter
months, ie. at lower temperatures, the solubility of CO,, and chemical processes of
dissolution of rocks and minerals intensive. However, in this season does not have
enough disposable CO; resulting in decomposition of organic matter. Its release was
most intense during summer, especially the autumn months. In other words, the
conditions of a temperate-continental climate, its direct influence, expressed through
temperature and precipitation is minor. It is expressed only indirectly; through realize
water quantity and vegetation.

When the river is dominated by water from the lower horizons of soil and
groundwater, the ratio of molar concentrations hydro-carbonates and chloride ion has a
low value. This means that the river is essentially fed by ground water. Conversely,
when high flows dominated by hydrocarbon ion, due to the relatively short contact,
minerals and water, and the relationship of the two mentioned ions will be higher. As
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the water of Crvena River shows glut during the entire period of observation, the main
source of water during the summer and in winter comes from groundwater rich with
CaCQOs;. It is though saturated with calcium carbonate, does not show the intrusive
nature due to the presence of iron ions acting inhibition.

Therefore, it can be concluded that the length of contact rocks and water (with
rock type, temperature and vegetation-soil processes as perceived by the major
modifiers pCO2), emerge as the most dominant factors of the formation of
mineralization of water in the basin of the Crvena River.
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