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MMPOHOC XEMUJCKH PACTBOPEHOT HAHOCA
Y XUJPOJIOIIKHA EKCTPEMHHUM YCJIOBUMA
Y CJIABY IPHUIE

CABA MyCTAOUR] ", TABA JIOBPOCABIBEBUT |, [TPEJIPAT MAHOWIOBUER' ",
MuAH CPEJUR'

'Vuusepsumem y Beozpady - I'eozpagcxu paxynmem, Cmyoenmexu mpe 3/3, 11000 Beozpad, Cpéuja

Casxerak: Toxom 2010. rogune u3 ciuBa L{pHune nporero je 62065,3 t XeMHjCKH PacTBOPEHHX MHHEPATHHX
Mmarepyja, wro je 5,1 myra Beha BpeAHOCT O BHILIETOJHINELEr POCEKA. Y XHAPOJOIIKOM IMOIJIEAy MpoydaBaHa
roavHa Owna je crenuuyHa. Y mepuoly O[] jaHyapa 0 Maja KOJIMYMHA OTUIajHE BOAE OWia je 3HATHO HM3HAX
MIPOCEYHNX BHIIETOMUIIIBLHX BPEAHOCTH, JOK Cy y IEPHOAY OJf aBI'ycTa 0 HOBeMOpa Omiia HCIIOJ| BUILIETOJUIIHET
npoceka. CX0HO XHUAPOJIOIIKKM yCIOBHMA y TIEPHOLY jaHyap-Maj TpaHCIIOPTOBaHO je 82,3 % a y mepuoay aBrycr-
HoBeMOap camo 5,1 % romumme konuumHe HaHoca. Hajsehum nemom rommme (54,2 % Bpemena) crnenubuIHH
oTHuaju 6mmn cy Mamu ox 10 1/s/km’ mpoceuna MuHepanm3anuja Boja M3HOCHIA je 374,9 mg/l, a 3a To BpeMe
YKYIIHO je eBakyncaHo 13 % roaumme cyme xemujkor Hanoca. C apyre cTpaHe criennduyuHy oTuiaju Behu ox 50
s/km® wunnmm 13,4 % romuime yqecTanocTy, MpoceyHa MHHEpATH3alja Bojia M3HOCKIa je 263,3 mg/l, anu je
3a Taj BPEMEHCKH IEpUOJ eBaKyHcaHo 4ak 53,9 % romumime KOIMYMHE XEMHJCKH PACTBOPEHHX MUHEPATHUX
Marepuja.

KbyuHe peuHm: eKCTPEMHH XHIPOJIOIIKH YCIOBH, pAacTBOPEHE MUHEpAIHE MaTepHje, INPOHOC XEMH]jCKH
pactBopeHor HaHoca, ciuB LpHuue, Mcrouna Cpbuja.

YBoxa

XemH3aM TOBPIIMHCKMX BOJa M IPOHOC XEMHUJCKH pPAacTBOPEHOI HaHOCa
JleTepMHUHHKCaH je OpojHuM (akTopuma cpeanHe. Kao HajaoMuHaHTHHjU (GaKTOpH CpeanHe
W3/Bajajy ce TEOJIOUIKM cacTaB M KOJIMYMHA oTunajue Boje (Manojlovic P., 1992).
MebhyTtum, n npyru dakropu uMajy Behu wim Mamu 3H4aj. Tako je oxpeaumHu Qaktop
(bopMupama MUHEpaIH3alyje BoJa y YCIOBUMa XJIQJHE KIMME CE30HCKO TOTUUBEEHE CHEKHOT
mokpuBada (Campbell S.W. et al., 2002, Anderson S.P, 2005). BapujaburHOCT pacTBOpeHUX
MHHEpaJHUX MaTepHja MOKe OUTH IOJ] CHAXKHUM YTHIAjeM BEereTallHOHHUX U MEeJOreHETCKUX
nporeca (Zakharova E.A. et al. 2007, Zhao J. et al. 2009), nox mojeanHe cTynuje yKasyjy Ha
yTHIaj eBamopandje Ha xemm3aMm Boga (Zhu B. et al. 2012). IIpu ucTuM WK CIWIHUM
TEOJIONIKMM M KIMMAaTCKUM  KapaKTepucTUKama, Ha (QopMHUpame TI'e0XeMH]jCKUX
KapakTepUCTUKa BOJia BEJIMKM yTUIA] UMajy U reomopdosoiku Qakropu, mpe ceera

" E-mail: sanjam@gef.bg.ac.rs ; peca@gef.bg.ac.rs

OBaj paj je pealn30BaH y OKBUPY MPOjeKTa ,,MicTparkuBame KIMMAaTCKHX MPOMEHA Ha )KHBOTHY cpequHy: npaheme
yTulaja, ananranyja u yonaxasame™ (43007), moanpojekra Op. 9: ,,Yuectranoct OyjudHUX IMOILIaBa, AErpajalija
3eMJBHUIITA M BOJA Ka0 MOCIEANIA TI00ATHUX MpOMeHa™, KOju (puHAHCHpa MMHHCTAapCTBO 3a IPOCBETY M HAYKY
Peny6nke Cpouje y okBupy mporpama ViHTerpucaHux ¥ HHTEpAMCUUIUIMHAPHUX HCTpakuBama 3a mepuox 2011-
2014. rogune.



18

BeIMYMHa OaceHa, Harud TepeHa W IpeHakHa ryctuHa peuHe mpexe (Lecomte K.L. et al.
2009). C npyre crpaHe 3ApPYXKEHO [EJIOBalE BEIUKE KONMYMHE IaJaBHHA, yOp3aHO
TEKTOHCKO M3[M3amke, BENMKM HAarMOM pPEYHHX TOKOBA W BEJHMKAa CHEpruja TOKOBa
yCJIOBJbABAjy BHCOK TPAHCIOP XeMujcku pactBopeHor HaHoca (Hren M.T. et al. 2007). Anu
nopen; (usnuko-reorpad)CKUX KapaKTEPUCTHUKA, W PA3INYUTE JbYACKE aKTUBHOCTH MOTY
MOJATHO Ja YTHYy Ha MPOMEHE KapakTepucTHka xemusMa peka (Roy S et. al. 1999,
Dragicevic S. et al. 2010, Siyue L. et al. 2011). Mehytum, uzpasuta Ce30HATHOCT XeMHU3Ma
BOJIa M TPAHCIOPTa XEMHUjCKH PAaCTBOPEHOI HAHOCA YCIIOBJbEHA j€ KOJMYMHOM I1aJaBUHA
(Hren M. et al. 2007, Gao Q., et al. 2009). KonuunHa majgaBuHa He TpEACTaB/ba CaMo
yJla3HM Napamerap WHTeH3uTeTa eposuje. OHa je BHIIE OX TOra, y CajejcTBY ca Tekyhum
METCOPOJIOIIKAM TIpWIMKaMa ¥ CTamky Bereramuje oHa Momuukyje, Tj. MOIenyje
MHTCH3UTET pacTBapamba MHHEpaja W HMHTCH3UTET HHHXOBOI HW3HOLICHKHA M3 CIIUBA
(Manojlovi¢ P. et. al. 2012a, 20126). Y ToM cMmucity, IWJB OBOT paja je a ce YTBPIH YTHIA]
Ce30HCKOT (haKkTopa, YCIOBJBEH EKCTPEMHHM KIMMATCKO-XHIIPOJOIIKAM Jorahajuma a
U3pOKEH INPEeKO KOJMYMHE OTHIajHE BOAE, Ha XEMH3aM BOJAa M IPOHOC XEMHjCKH
pacTBOpPEHOr HaHOCA.

Pusnuko-reorpadgcke KapaKTepuCTHKE CINBA

Pexa llpauua je jenqHa on Haj3Ha4ajHUjUX JI€CHUX IpuTOoKa Benmke Mopase.
INoBprmua cinuBa u3Hocu 338 km?, a myxuna toka 32 km (['aBpwiosuh Jb., ykuh 1.,
2002). Ipoctupe ce usmely 43° 49 u 44° 00' cesepue reorpadeke mupune u 21° 21' u 21°
43', ucroune reorpadceke ayxunae. Ha Cpenmem Kydajy ce Hanmasu u HajBUIA Tadyka CIIMBA
Heb6emno Bpao (1005 m), mok je Hajamxka Tauka (120 m) na yurhy y Benuky Mopasy.

VY TeoJomKOM NOINeAy OX 3amaja Ka HUCTOKY CMEHYjy Ce KpeIHH Kpedmalld,
LPBEHU NEUIYapH, jypcKH Kpedrballl, HSOTeHN CeIMMEHTH, a y HajHIKUM JeJIOBUMA CIIUBA
ayBHjalTHe Hacyiare. XeTeporeH IeosOMIKH CacTaB yCIOBHO j€ TI0jaBy Pa3lIN4UTHX THIIOBA
3emspuiITa. Hajeehe pacnpocrpamerme uMajy ckeleToniHa U cKeneTHa 3amibuinTa (36 %) u
LPBEHMIIA, KOje CY paclpoCTpameHa y WCTOYHOM ey CiuBa. AJyBHjaJHa 3eMJbHUILTA
Mpy’kajy ce ca 00e cTpaHe peke U 3axBaTajy oko 7 % moBpiiuHe ciuBa. CEeBepHO Y jy)KHO 0]
alyBHjaIHUX HaHOCa 3acTyIUbeHa je cMoHuua (7 %), a y MamHM 0a3aMa M OrajiaucHa
CMOHHMIIA U rajimave. JlenyBHjanHo 3eMibHIITe 00yxBaTa OKo 4 % IOBpILIMHE CIIHBA, JOK
camo 1 % y ceBepHoM jeny cnmBa mpunaga noazoiamma (IIpocTopHH TUIaH OMINTHHE
[Mapahwun, 2006).

Hanmopcka BHCHHA pacTe ol 3amaja Ka HCTOKY, Te y TOM MpaBly Omaaa H
TeMIeparypa Basayxa. IIpocedHo cMambeme Temieparype Basayxa usHocu 0,60 °C/100 m.
Wsorepma ox 10 °C nanasu ce Ha 245 m, uzorepma oz 8 °C na 578 m, a uzorepma ox 6 °C
Ha 904 m Hagmopcke BucuHe (JKuekosuh H., Cvumanuh C., 2005).

Kopucrehun Bucuncku rpagujeHT nagasuna og 33 mm/100 m npema perpecnioHOM
mozeny (XKuskosuh H., Auhenkosuh I'., 2004), npoceyna kKoJMYMHA TaJaBUHA Y HajHIKHUM
JieNioBUMa ciuBa n3Hocu 590 mm, 0K ce y HaBHIIEM IUIAHMHCKOM JIeNTy MPOCEYHO U3ITYUH
880 mm nagaBuHa.

MeTo0J10r1uja MCTPAKUBAHA

Y30pKoBame BoJE BpIICHO je y meproxy ox TokoM 2010. roxuHe, mpocedHo aBa
IyTa HEJEJbHO, Ca NMEePMaHEHTHUM CBAaKOJHEBHUM Y3UMAambEeM Y30paKa TOKOM E€KCTPEMHHX
xugpornomkux porahaja. Ha ocnoBy 100 y3opaka aHanm3umpaHa je KOHLEHTpAILHja
makpoenemenara (Ca®’, Mg®", Na', K', HCOy, CI, SO,*), pH, Temmeparypa Bome u
KOHAYKTUBHOCT. CBH aHaNMTWYKK moctymuu ypahenu cy y JlabGopatopmjm 3a ¢Gu3HUKy
reorpa¢ujy I'eorpadckor dakynrera y beorpany (Manojnosuh I1. u np., 2010).
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Pacnonena meceru mpema roguiimeM 100y H3BpIICHA je Ha cienehn HaunWH: 3uMa
(meuembap, janyap u ¢ebdpyap), nposehe (Mapt, anpui ¥ Maj), Jieto (jyH, jyJI U aBrycr) u
jeceH (cenreMbap, okToOap 1 HOBEMOap).

Pesynrarn ncrpaxxnpama

Knumamcko-xuoponowku ycnoeu u munepanuzayuja éooa 2010. godine

Anamm3upana 2010. roguHa y XHIPOJIOMIKOM M KJIMMAarcKOM TOTJeny je
cnemuduyHa. Y 1uiby yTBphHUBama ofcTynama JlaTe TOJUHE O] BULIETOAUIIHET IIPOceKa,
nporunaju (crnenuduyHu OTUIAjH) CYy pa3MaTpaHu Ha XuaposomkoM npoduiny [lapahuwn, a
KOJIMYMHA IaJJaBUHa Ha MEPHOj CTaHWuIM Rympuja.

[Ipoceuna romuima KOTMYUHA MagaBrUHA 3a epuoxa 1961/2010. uznocu 661,3 mm.
Hajmame cpenme Mecedne magaBuHe Cy y Mapty (43,5 mm), a mpuOIMKHO UCTE BPEAHOCTH
nMajy pedpyap (45 mm), janyap (45,4 mm) u aBryct (46 mm). HajkumoBuTuju Mecenm cy
Jjys (84,3 mm) u maj (72,3 mm), koju uuHe 24 % yKynHE TOAWINKE CyMe IagaBHHA. Y
TOJIHIIEL0] PACIIONEIIH, aJaBUHE [TOKa3y]y 3HATHY BapUjaOMIHOCT, KOja je Haju3pakeHHja y
arycry (Cv=73) u centembpy (Cv=67,5), mto ce MOxxe 00jaCHUTH 110jaBOM HM3HEHAJIHUX
IUBYCKOBUTHX Kuma. HacynmpoT muMa HajpaBHOMEpHHja KOJMYMHA MaJaBHHA jé TOKOM
anpwia (Cv=47,6) u neriem6pa (Cv=49,8).

Amnanusupana 2010. roquHa ca yKyITHOM TOJHUIIB-OM KOIWYMHOM MajaBHHA off 764
mm, npunajga M3HaJ NpOocevYHUM roanHama. [locmarpaHo mnojeWHAa4YHO, MO MeECenrMa,
TOKOM ceJaM Mecelr KOJMYMHA TajaBuHa je Owmia Beha oJ mpoceyHe MeceyHe cyMe
(rpadux la). Hajehe mosutnBHO oncryname uMa edpyap, y KOME je KOJIMUMHA 11a/1aBUHA
ckopo 2,5 myrta Beha ox npoceka. Y NpBOj MOJOBUHM TOJMHE W3HAJ MPOCEYHU Cy MECEIH
anpwi, Maj W jyH. Y jecemeM IepuoIy H3HAANPOCEUYHY KOJIMYUHY IaJIaBUHA HCKazyje
okTo0ap. Y omHOCY Ha MPOCEK Mamy KOJIMYMHY I1aJaBUHAa MMajy aBIyCT, CENTeMOap H
HOBeMOap, ajau U MapT
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I'padux 1. OacTyname KOJIMYMHE NaAaBUHA (2) M CPelBbUX MeceYyHUX nporunaja (6) 2010. roquxe
0/1 IPOCEYHUX MeCeYHUX BpeaHocTH 3a nepuoa 1961/2010. roquna
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I'paduk 2. Meceune komaune nagapuna X (Mm) H cpembeMecednu npoTunaju Q (m’/s)
2010. rogune.

JlaT TagaBUHCKH YCIIOBU OJIPA3UIIH CY CE Ha XUIPOJIOIIKE CIEeLHPHIHOCTH TOKOM
2010. rogure. Cpearsn roaumsu npotrnaj y 2010. roxunn je 61o 6,8 m*/s, mro je ToToBO
2 myra Beha BpegHOCT y OHOCY Ha Tpocek 3a meprox 1961/2010. romuue (3,5 m’/s). Ilo
CBOjUM XHJPOJIOIIKHM KapaKTepUCTHKaMa IpoydaBaHa TOAMHA OJUIMKYje ce II0jaBOM
U3Pa3UTHX eKCTpeMHuX jgorahaja. Haume, y roquiimoj pacnoaeny KOJIMYMHE OTHLAjHE BOJIC
u3aBajajy ce mapa mepuoaa (rpaduk 10): mpBU TEPUON (jawmyap - Maj) KapakepuIry
MPOTHIAjH KOjU CYy 3HATHO HW3HAA MpPOCEeKa 3a JaTe Mecele W Apyru mnepuon (aezycm-
HOGembap) TOKOM KOTra Cy MPOTHUIIaji OUIIK UCTIO/] BUILIETOAUIILET TIPOCEKA.

Cpenma romumima MuHepainn3anyja Bojga Lpaume Tokom 2010. ronuHe W3HOCHIA
je 341,1 mg/l, mTo je BpegHoct 3HaTHO M3HAA mpoceka Cpomje (250 mg/l) (Manojmouh I1.,
1998). Kperana ce y pacrony ox 237,1 mg/l mpu cpeameHeBHOM HpoTUIajy o1 67 m’/s
10 408,4 mg/l kama je mporuuaj mzHOcHo 0,48 m’/s. CTPyKTYpy MHHEpaIM3alije UMHE
KaTjoHH Yy BOAM IIpeMa 3acTYIUbEHOCTH C€ MOTYy paHTupaTd y IPONOPLUjH
Ca*">Mg?">Na"™>K", nok ce amjonn Hanase y mponopuuju HCO;> Cl"> SO,>. Joun Ca®*
YuHE TOTOBO 1/3 yKynHe MUHepanu3auuje, Tadnuje 27,6 %, oK cy KoJ aHjoHa JOMHHHpA
HCO;5 jou ca ykymaum ymenom ox 51 %. Jomm Mg®* u Na® ckopo cy momjemmaxo
3actymbeHu ca no 4,7 %, omHocHo 4,3 %. Cnuuan yaeo umaju u jouu Cl u SO,%, ca
yaesnom of 5,9 %, onnocHo 4,5 %. KanyjymoB joH 3acTymbeH ca camo 1,9 %.
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I'padux 3. F'ogumma Bapujaduanoct nporunaja Q u Sle.

Edexkar yruiaja ce30HCcKor (haktopa Ha MPOLEC XEMHjCKOT pacTBapama CTCHAa MOXE
ce m3pasutH u npeko SI unpekca kamura (Wade A.J. et. al. 2002, Neal C., 2002). Panuja
ucrpaxubamwa (Manojnosuh u ap., 2010) nokazana cy Ja y HallkMM KIMMaTCKHM yCJIOBUMa
MHJEKC 3aculicha BOJa KAIIMTOM j€ BHIIM TOKOM JICTHUX MECelH, Kajla je KOHCTaTOBaHA U
noBehaHa MUHepanu3alyja, a 3HATHO HIDKM TOKOM 3MMCKHX MecelH ITo je mpaheHo
CMambCHOM MHHEPaIH3alijoM.

['eHepaiHO, TakaB TpeHI yO4eH je u Ha mpuMmepy Boxa Llpumne. Hajsehem nemy
roauHe BpeqHocTH Slc cy nosutuBHe. To ykasyje Ha H3pa3UTy HHKPYCTHBHOCT BOJIE, KOja je
TOCIeUIa ¢ jeHe CTPaHe TEOJOMIKOT CacTaBa, a ca APyre CTpaHe XUAPOJIOMIKUX YCIIOBa.
Mehytum, y TOKy aHamu3upaHor mepuona y Bomama Llpamme Bpemnoctn SI kammwmra
Bapupajy y pacmony ox - 0,33 mo 1,26, ca cpemmom BpegHomhy on 0,50. Herarusue
BpeaHocTH Slc BesaHe cy HMCKIJBYYMBO 3a IIEpHOJE H3PA3HTO BHCOKUX Boja. OBakBH
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eKCTpPEMHH XHUIposomkn aorahaju mpu kojuMa je Slc Omo HeraTHMBaH jaBWIH Cy Ce Y
janyapy u ¢ebpyapy, 0K Cy c€ TOKOM MajCKOT ITIOBOAHA MPUOIMKUIN EKBUINOPHjyMY.

Wzpaasuro Bucoke Bpemnoctu Slc mHAekca y Boam LlpHuie momepeHe cy of
yoOn4ajeHnx JIeTHHX Ka jecelmuM Mecenmma. OBo (a3HO moMepame MaKCHMAalTHIX
BpenHoctu Slc MHAeKca pe3ynrar je M3pasuTo Ayror Tpajama CYLIHOT Mepuoja U C TUM Y
Be3u xujponomike penecuje. C 003MpoM /1a BUIIM MHAEKC 3acHlieha TOKOM JIETHUX MECEIH
yKa3yje Ha 3aBHCHOCT OJI YCJIOBa y PEYHOM TOKY KaJa JOMUHHPA]y BOJE M3 HIKHX
xopm3oHata (Wade A.J. et al. 2002, Neal C., 2002), To 3a mOCJIeWIly UMa TI0jaBy BHCOKE
MHUHepanu3anuje Boxa. KoHkperno y ciywajy 2010. roanHe, MakCUMyM MHHEpaIH3LHje
BOJa Be3aH je 3a moderak jecenum (cemremOap 397,2 mg/l), anmm cy 300r moMeHyTe
XHIPOJIONIKE peLiechje BPEIHOCTH BEOMa BUCOKE M TOKOM OCTAINX jecemHX Mecenu. Tako
cpeama MeceuyHa MUHEpann3aluja y okrodapy n3Hocuia je 396,5 mg/l, a y HoBem6py 3924
mg/l.

Mugpepenyujayuja zooumrmwux 0ooa

VYV kiauMaTckoj reoMopdoNIOrHji YeCcTO C€ IOCTaBjba MUTAWmE AuUEpEHIH]januje
yTUIaja OpOjHUX KIMMAaTCKUX (DaKTOpa, KBAIUTATHBHO CAAPXKAaHUX y TEPMHHY TOJHIIE
no6a. Y ToM HMJby U3BpIICHA je aHall3a MaplujaHux KoeduijeHara kopenauuje (pkk). 3a
mudepeHMjamjy ce30HCKOT (akTopa y3eTa Cy TpW NapameTpa: WHIeKca 3acuhiema BoOJe
kanmuroM (Slc), nporunaj (Q) u Temmeparypa Bojae (t). OHM TOKa3yjy 30HpHH YTHUIIA]
ce30HCKHX (hakTopa Ha uHIeKCe Slc. MelyyTuM, y 1iby AeTepMUHAIIM]E CE30HCKOT (hakTopa
aHaJM3a Iapamerapa je M3BpIICHA Y3 MCKJbYUCHM yTHIaj npoTunaja. OBO je yUYHEmEHO u3
pasiora Jia ce OTKJIOHH HEOCIIOPHO BHCOKa IIOBE3aHOCT IMPOTHIAja ¥ IOMEHYTOT MHAEKCa. Y
aHaJIM3MPaHOj ToAMHY HajBehn creneH kopenammje namehy Q u Slc 610 je TOKOM 3UMCKUX
Mmecenn (-0,72) u nermux mecenu (-0,58). Mehytum, pkk y3 uckipydeHn yTHIlaj IPOTHIIAja
mokasyjy Apyradujy cutyaiujy. Hajeehu ctemen moBesanoctn m3meljy mHmekca 3acuhiema
BOJIC KaJIATOM U TOIUIIKET 100a, a y3 NCKJBYYCHH YTHUIIA] IPOTHIaja, je v mpouehe (-0,75)
ny jeces (-0,56), TOK cy BpeIHOCTH 3a 3UMY H JIeTo Oe3HadajHe (Tabena 1).

Tat6ena 1. Koepuuujentu xopenauuje () v napumjainu koepuuujeHT Kopesauuje (pkk)
MO TOMIIIBLUM J100HMa.

3uma / winter Ipoaehe / spring | Jero/ summer | Jecen /autumn
r Q-t -0,4 -0,86 -0,77 -0,54
r Q-Slc -0,72 -0,06 -0,58 0,33
r t-Slc 0,83 0,12 0,87 -0,85
pkk_Slc-t.Q -0,05 -0,75 -0,06 -0,56

Hymepnukn merton aHanmm3e MOTBphyje M Aomymyje rpaduyky mpuKas mojaTaka.
Tako cy Ha rpaduky 4 mpuka3zaHe BpeIHOCTH U oqHOC m3Melhy cnenmmuduyanx otumaja (q) u
Slc mHAeKca. AKO ce W3 aHajm3e U3y3My €KCTPEMHH XHIPOJIOIIKU rorahaju y jaHyapy H
(hebpyapy (xama Slc mMa HeraTUBaH Mpea3HAK), OJI0XKA] OATOBAPajyRNX BPEeIHOCTH yKazyje
Ha jacHy auepeHmupaHoctT u3Mel)y roaummux noba. JpyruMm pedmma, moiapusaiyja
TOJMIIBUX 100a je TakBa Ja Ce MO CBOJUM KapaKTepUCTHKaMa H37Bajajy JBa €KCTpeMHa
(mponehe u jeceH) U J1Ba MpenasHa TUMA (JIETO U 3UMa).

MebhyTtum, y noriieny uHAekca 3aculiera KaalluTOM, MUHEPAIH3AIlije U BOTHOCTH
U3pakeHe MpPEeKo CHeuuUYHOr OTHLAja, mposehe W jeceH ce pas3liuKyjy MO MHOTHM
Bpennoctuma. Ilocmarpajyhm y3opaduke BpeIHOCTH y CBAakOM OJf TONUIIBHX J100a,
npomehyje ce na cy jeceme BPeJHOCTH MHOTO BHIIE Ipymnucane oj mnposnehnux. Pazior e
1ojaBe je BEJIMKa IOCTOjaHOCT XHAPOJIOIIKO-METCOPOJIONIKMX YCJIOBA TOKOM jECCHHX
Mecely, MTO Haj0oJke WIYCTPYjy Majie BPEeTHOCTH Koe(HIMjeHTa BapHjaOMIIHOCTH IaTHX
napamerapa. C apyre cTpaHe, TOKOM IpoJieha OMIIo je BUIIEKpaTHUX IPOMEHA TeMIeparype
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Ba3lyxa W KOJMWYMHE IaJaBUHA, a CAMHM THM M INPOTHIaja LITO C€ OXpa3Mio Ha Behy
MIPOMEHJBHBOCT JaTHX MapamMeTapa (Tabena 2).
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I'padux 4. Onnoc uzmelhy cniennduunor oruuaja q i Sle magekca (a),
croenu(pUIHOr 0THIIAja q H PACTBOPeMHX MHHepaaHux MaTepuja TDS (6)



23

H NIPOHOCA XeMHUjCKM pacTBopeHor HaHoca Qh u pacTBopeHux MuHepajJHux matepuja TDS (u).

Ta6ena 2. OcHOBHe KapaKTepucTHKe NpoJiehHuX u jecemux Boaa.

ITpoaehe / Spring Jecen / Autumn
TDS TDS

(l/s/(ll<m2) mgny | ST (1/s/ﬁm2) (mgn | ST
average 47,8 | 283,6 | 0,23 2,45 | 363,5 | 1,01
min 10,7 | 212,0 | -0,20 1,66 | 370,1 | 0,38
max 222,1 | 362,9 | 0,51 398 | 422,6 | 1,31
[ 41,4 36,0 | 0,18 0,41 16,4 | 0,28
Cv 86,6 129 | 77,5 1,68 4,1 | 28,0

Y Ttoky 2010. rommue w3 cinuBa llpHunme wusHero je 62065,2 t Xemujcku
PAacTBOPEHOT HAHOCA, IITO YMHHU CIIEHHpHUHY XeMHjCKY epo3ujy o 214,8 t/km?/rox, mro je
y OTHOCY Ha BHIIeroqummBu npocek (Manojnosuh I1., 1993) 3a 5,1 myra Beha BpemgHOCT.
O6pauyHatd creuupUYHA OTHIAjH 10 Xuaponomkor npoduaa Ilapahun (289 km?)
nojieJbeHu cy y aeBeT kiaca (rpadux 5). Hajehum nenoM rojunHe JOMHHHMpajy BOAe ca
Mambe of1 5 I/s/km’. One umne 34,2 % BpemeHa, yKyllHa MUHepaIH3alija BOJAE je y TOM
nepuoly OWia HajBUINA, aly jé MHTEH3UTET XeMHUjCKe epo3uje Ono HajHWxkH, cBera 5,3 %
roauiime Bpeanoctd. C apyre cTpaHe, CeUUPUYHN OTUIAjW jeJHAKH WiIM BUIIK ox 150
I/s/km” jaBumu cy ce cera 11 myTa TOKOM aHAIM3MPAHOT NEPUOJA, IITO YMHU cBera 3 %
BpEMEHA, alli CE 3a Taj BPEMEHCKH IEPHOJ M3 CliMBa cBakyucano 19 % XeMHjCKH

PACTBOPCHUX MUHCPAJIIHUX MaTepnja.
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I'padux S. YuecranaocTt cnenudpuuHor otunaja (q)
M NPOLEHTYAJIHH y/1€0 MPOHOCA XeMHjCKHU pacTBopeHor HaHoca (Qh) 3a narte kiaace q.

Tabena 3. luctpudyumja pacteopeHux MuHepaaaux matepuja (TDS)
M NIPOHOCA XeMUjCKH pacTBopeHor HaHoca (Qh) 3a naTe kiace cneuudpuuHor oruuaja (q).

klase q frekvency q frekvency q TDS Qh Qh Qh
(I/s/km?) (%) (mg/l) ) (t/km?) | (%)
<10 198 54,2 374,9 8063,2 27,9 | 13,0
10-50 118 32,3 317,1 | 20571,0 71,2 | 33,1
> 50 49 13,4 265,3 | 33431,1 115,7 | 53,9

HeszaBucHO mnocMaTpaHo oj TONMIIBLHX 700a ako ce crnenuduYHd OTHIaju
KJIacuuKyjy Ha Malle, cpe/iibe M BellMke Boje (Tabena 3), cuTyanuja je AajeKko jacHHja.
Mase Bone (Mame ox 10 I/s/km®) cy unnme 54,2 % roqumImer BpeMeHa, ajlu Cy yCIOBHIIE
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ceera 13 % romummer obmma xemujcke eposmje. C napyre cTpaHe, BEIMKE BOJE, Ca
cneuduyHuM otrnajuMa Behnm o 50 I/s/km? umne cBera 13,4 % romuIIme yIecTanocTHy,
any y3poKyjy 6mu3y 54 % roauiime BpeAHOCTH epo3Hje.

[TocmatpaHo 1o ce30HaMa 10 MUTalky epo3uje YOeUbUBO ce u3/Bajajy nposiehHu u
3uMCKH Mecer. TokoM mposicha u3 cinuBa je usHero 30866,8 t XeMHjCKM pacTBOPEHOT
HaHoca, mTo YuHU 49,7 % ToAMIImbE BPSIHOCTH., IOK je 3a TPH 3UMCKA Mecella eBaKyHCaHO
je 23247,6 t nanoca. Jlero kao ce3oHa umao je 2,6 myta Behu npoHoc ox jeceHu. Tako je
TOKOM JIETH-HX MECeLH MpoHeTo 5756,8 t, a TokoM jecemux 2194,1 t xeMHjCKH pacTBOPEHUX
MUHEPAITHUX MaTepHja.
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25000,0 +

20000,0 +
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I'paduk 6. Ce30HCKH NPOHOC XEMHCKH PACTBOPEHOT HAHOCA

Jou u3pakeHHju CE30HCKHU aCHEKT, cariie/laH MPEKO METEOPOIIONIKO-XHUAPOIOIIKUX
ycloBa y CJMBY, OIJie[ia c€ y IMPOLCHTYAIHOM YJely MPOTHIAaja U IIPOHOCA XEMHJCKOT
HaHOca. YHyTap HCTE TOJIMHE, KOja je Yy IEJIMHH 10 BOJHOCTH HM3HAJ BUILETOHIIHET
mpoceKa, M3/IBajajy ce JBa OMpeuHa Meprojia KOju Cy MO KapaKTepUCTHKamMa BOIHOCTH U
MIPOHOCA y EKCTPEMHHUM oJiHocHMa. Tako je y mepuony janyap-maj (KOju MICTOBpEMEHO UMa
W3HAJIIIPOCEYHE BPEIHOCTH IMPOTHUIIaja), oTeksIo 89 % yKyIlHe roAulikbe KOJIUYUHE BOJE, a
TpaHcrmopToBaHo 82,3 % TOAMIIHE KOJHYMHE HaHOca. KonmuyuHa OTHIIajHE BOJE Y APYTOM
Jlely TOAHMHE, Tj. y TEPUONY aszycm-Hogembap (3a KOra ce Be3yjy HCHOINPOCCUHE
BPEJHOCTH TPOTHIAja) M3HOCWIA je caMo 3,7 % TONWIIbEe KOMUYUHE, NMPU YeMy je
eBakymcaHo cBera 5,1 % xemujckor HaHoca. [Ipyrum pednMa, ogHOC m3Mely ekcTpeMHIX
meproia y TMOMNIeAy BOTHOCTH H3HOCHO je 1:24, a y moriemy IpOHOCAa XEMHjCKU
pacTtBopeHor HaHoca 1:16,2.

3akbydak

C o63upom ma je mpoyuaBana 2010. ronnHa Kpajibe eKCTPEMHA KaKO y BHCOKHM,
TaKO M HUCKHUM NIPOTHUIIAjUMA, Y CKJIaLy ca BbUMa Ouiie Cy M MUHepalIu3anyja BoJa H IPOHOC
XEMHjCKH PacTBOPEHOr HaHOCA. Y IPETSKHO XJIaAHUjeM A€y TOAUHE M3Ty4YHia ce BeJIMKa
KOJIMYMHA MaJaBHHA INTO je Pe3yJNTHpPAI0 HAINPOCEYHHM MpOTUIajuMa. Y TOIUIHjeM
HepHoIy TOJUHE U3Ty4YHiIa ce eKCTPEMHO Majla KOJIMYMHA afaBUHa, ITO je Pe3yaTupaio y
€KCTPEMHO HUCKUM NPOTHUIIAjUMA.

30upHM yTHIa] CBUX YMHMJIALA KOjU Ce MOTY JAe(HHUCATH Kao CE30HCKH (aKTop
Mory ce u3pasutu npeko Slc muzaekca. Ha mera yrnuy pH Bozxe, meHa Temneparypa u
KOHIIEHTpaIlMja KaJI1jYMOBOT M XUApOKapOoHaTHOT joHa. CBe Te BPEAHOCTH CY y BHUCOKO]
Kopenmanuju ca mnporunajeM. CarnenaBame yTHIAja CE30HCKOT (Qakrtopa Moryhe je
W3BPIUUTH, TEK HAKOH OJCTPambHBaba yTHIAja BOXHOCTH CIHMBa. HakoH M3BpIICHEe aHANH3e
3aKJbYUCHO j€ Ja Ce KIMMATCKO-BEreTallHOHH (PaKTOp HajBUILE OJpakaBa HA XEeMHU3aM BOZA
y mponehHuM m jecemnM MecennMma. Hajehm cremeH moBesanoctn m3Mmel)y wHaekca
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3acuherma BoAe KaNIMTOM M TOAWIIEkEr 100a, a y3 HCKJbYYeHH YTHIA] MPOTHIAja, je Y
nponehe u y jeceH.

Kako cy mo XuJpoJOIIKUM KapaKTepUCTHKama OBa JiBa MEPUOJa Y SKCTPEMHHM
OJTHOCHMa, TaKBa CHTyalldja c€ OJpa3uiia U Ha MPOHOC XEMHJCKH PAacTBOPEHOI HaHOCA.
Tokom mposeha u3 ciuBa je nponero 49,7 %, a TOKOM jeceHu camo 7,6 % roaunime cyme
XEMH]jCKH PaCTBOPEHOT HaHOCA.

AKO ce y pa3Marpame y3My MECCIH KOjH CY y OIHOCY MpeMa KOJIMYMHU OTHIIajHE
BOJIE M3HAJ M WCIIOJl BUILETOJUIIHET NMPOCEKa, TOKOM aHalIW3UpaHe TOAWHE M3]BOjEeHa CY
JIBa TIEPHOJIA: NIPBHU TIEPUO] (janyap - mMaj) KapaKTepHIly NMPOTHLAJH KOjU Cy 3HATHO M3HAM
MpoceKa W JPYrH TNepuon (aseycm-Hosembap) TOKOM KOra Cy TPOTHIAjU OWIM HCIOJ
BHUIIErOUIIIEbEr poceka. OaHoC u3Mel)y OBUX eKCTPEMHHX XHIPOJIOIIKUX nepuoja je 1:24,
IITO j€ 0/Ipa3wiIo Ha OHOC M3Mel)y MpOoHOCa XeMHUjCKH pacTBOpEeHOT HaHoca ox 1:16,2.
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TRANSPORT OF DISSOLVED LOAD IN THE HYDROLOGICALLY EXTREME CONDITIONS IN
THE CRNICA RIVER BASIN

PREDRAG MANOJLOVIC'*, TANJA DOBROSAVLIEVIC', SANJA MUSTAFIC', MILAN SREJIC!

"University of Belgrade - Faculty of Geography, Studentski trg 3/3, 11000 Belgrade, Serbia

Abstract: During 2010, 62065.3 t of the dissolved load were transported from the Crnica Basin, which was 5.1
times higher than the long-term average value. In hydrological terms the studied year was specific. In the period
from January to May the amount of runoff water was significantly above the average perennial values, while in the
period from August to November the amount was below the perennial average. According to the hydrological
conditions in the period January-May 82.3% were transported, and in the period August-November only 5.1% of
the annual dissolved load amount. Most of the year (54.2% of the time) the specific runoff was less than 10 I/s/km?,
the average water mineralization was 374.9 mg/l, and in that time 13% of the total annual amount of the dissolved
load was evacuated. On the other hand, the specific runoffs greater than 50 1/s/km® represented 13.4% of the annual
frequency, the average water mineralization was 263.3 mg/l, but for that time period even 53.9% of the annual
quantity of the dissolved load was evacuated.

Keywords: extreme hydrological conditions, dissolved minerals, transport of the dissolved load, Crnica Basin,
Eastern Serbia.
Introduction

Chemistry of surface waters and dissolved load transport is determinated by a number of
environmental factors. As the most dominant environmental factors distinguish the geological
composition and amount of runoff water (Manojlovi¢ P., 1992). However, other factors are also of a
greater or lesser importance. Thus, the target factor of forming the water mineralization in conditions
of cold climate is a seasonal melting of snow (Campbell S.W. et al., 2002, Anderson S.P., 2005).
Variability of dissolved minerals can be strongly influenced by vegetation and pedogenetic processes
(Zakharova E.A. et al., 2007, Zhao J. et al. 2009), while certain studies show the impact of evaporation
on water chemistry (Zhu B. et al. 2012). In the same or similar geological and climatic characteristics,
the formation of geochemical characteristics of water is greatly influenced by geomorphological
factors as well, primarily the basin size, terrain slope and drainage density of the river network
(Lecomte K.L. et al. 2009). On the other hand, a combined effect of large amount of precipitation,
rapid tectonic uplift, steep slopes of river flows and high energy of flows cause high transport of
dissolved load (Hren M.T. et al. 2007). But in addition to physical-geographical characteristics,
various human activities may also further affect changes in the characteristics of the rivers chemistry
(Roy S. et al., 1999, Dragicevi¢ S. et al., 2010, Siyu L. et al. 2011). However, a distinct seasonality of
water chemistry and transport of dissolved load is caused by amount of precipitation (Hren M. et al.,
2007, Gao Q. et al. 2009). The amount of precipitation is not only an input parameter of erosion
intensity. It is more than that, in conjunction with the current weather conditions and the state of
vegetation it modifies, i.e., models the intensity of minerals dissolution and intensity of their transfer
from the basin (Manojlovi¢ P. et al. 2012a, 2012b). In this sense, the aim of this study is to determine
the influence of seasonal factors, caused by extreme climatic-hydrological events and expressed by the
amount of runoff water to the chemistry of waters and transport of the dissolved load.

Physical-geographical characteristics of the basin

The Crnica River is one of the most significant right tributaries of the Velika Morava. The
basin area is 338 km?, and the flow length is of 32 km (Gavrilovi¢ Lj., Duki¢ D., 2002). It stretches
between 43° 49 'and 44° 00' of the north geographical latitude and 21° 21" and 21° 43' of the east
geographical longitude. On Srednji Kucaj is the highest point of the basin Debelo Brdo (1005 m),
while the lowest point (120 m) is at the confluence in the Velika Morava.

In geological terms, from west to east interchange Cretaceous limestone, red sandstone,
Jurassic limestone, Neogene sediments, and in the lowest parts of the basin alluvial deposits.
Heterogeneous geological structure has caused the emergence of various types of soil. The largest
distribution have skeletoidal and skeletal soils (36%) and red soil, which are widespread in the eastern
part of the basin. Alluvial soils are stretched on both sides of the river, occupying approximately 7% of
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the basin area. North to south from the alluvial deposits vertisol is represented (7%), and in small
patches also brownized vertisol and cambisol. Deluvial soil covers about 4% of the basin area, while
only 1% in the northern part of the basin belongs to podzols (Spatial Plan of Para¢in Municipality,
2006).

Altitude increases from west to east, and in that direction air temperature decreases. Average
air temperature decrease is 0.60 °C/100 m. Isotherm of 10 °C is located at 245 m, isotherm of 8 °C at
578 m, and isotherm of 6 °C at 904 m above sea level (Zivkovié¢ N., Sminjanié S., 2005).

Using altitude precipitation gradient of 33 mm/100 m per the regression model (Zivkovié N.,
Andjelkovi¢ G., 2004), the average amount of precipitation in the lowest parts of the basin is 590 mm,
while in the highest mountainous part 880 mm of precipitation is excreted on the average.

Research methodology

Water sampling was carried out in the period during the year 2010, twice a week on the
average, with permanent daily sampling during extreme hydrological events. Based on 100 samples,
the concentration of macroelements (Ca®*, Mg®*, Na*, K", HCO5", CI, SO,%), pH, water temperature
and conductivity were analysed. All analytical procedures were done in the Laboratory of Physical
Geography of the Faculty of Geography, University of Belgrade (Manojlovi¢ P. et al., 2010).

Distribution of months according to the season was done as follows: winter (December,
January and February), spring (March, April and May), summer (June, July and August) and autumn
(September, October and November).

Research results
Climatic-hydrological conditions and water mineralization in 2010

Analysed year of 2010 in hydrological and climatic terms is specific. In order to determine
the deviation of the given year from the perennial average, the discharges (specific discharges) were
considered in the hydrological profile of Para¢in, and the amount of precipitation on measuring station
of Cuprija.

The average annual amount of precipitation for the period 1961/2010 is 661.3 mm. The
minimum average monthly precipitation is in March (43.5 mm), and approximately the same value
have February (45 mm), January (45.4 mm) and August (46 mm). The rainiest months are June (84.3
mm) and May (72.3 mm), representing 24% of the total annual precipitation. In the annual
distribution, precipitation shows a considerable variability, which is highest in August (Cv = 73) and
September (Cv = 67.5), which may be explained by the occurrence of sudden rain showers. Unlike
them the most balanced amount of precipitation is during April (Cv = 47.6) and December (CV =
49.8).

Analysed year of 2010 with a total annual amount of precipitation of 764 mm, belongs to
above normal years. When viewed individually, by months, during seven months the amount of
precipitation was higher than the average monthly amount (Graph 1a). The largest positive deviation
has February, where the amount of precipitation is nearly 2.5 times higher than the average. In the first
half of the year above average months were April, May and June. In autumn, the above average
amount of precipitation is in October. Compared to the average, lesser amount of precipitation is in
August, September and November, but in March as well.

Graph 1 Deviation of amount of precipitation (a) and average monthly discharges (b) in 2010 from the
average monthly values for the period 1961/2010

Graph 2 Monthly amount of precipitation X (mm) and average monthly discharges Q (m*/s) in 2010

Given precipitation conditions reflected in the hydrological specificities in 2010. Average
annual discharge in 2010 was 6.8 m’/s, what was almost 2 times higher value than the average for the
period 1961/2010 (3.5 m’/s). According to its hydrological characteristics, the studied year is
distinguished by the appearance of very extreme events. Specifically, in the annual distribution of
runoff water amount, two periods are distinguished (Graph 1b): the first period (January - May) is
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characterized by the discharges that are significantly above the average for the given months and the
second period (August-November) during which the discharges were below the perennial average.

Average annual water mineralization of humus in 2010 amounted to 341.1 mg/l, which was
significantly above the average value for Serbia (250 mg/l) (Manojloi¢ P., 1998). It ranged from 237.1
mg/l at average daily discharge of 67 m’/s to 408.4 mg/l, when the discharge was 0.48 m’/s. The
mineralization structure consists of cations in water which, according to the presence, can be ranked in
the proportion of Ca?*>Mg?*>Na*>K", while anions are in the proportion of HCO;> CI"> SO,%. Ca*"
ions are almost 1/3 of the total mineralization, namely 27.6 %, while the anions are dominated by
HCO5 ion with the total proportion of 51 %. Ions Mg”" and Na' are almost equally represented with
4.7 % or 4.3 %. A similar proportion have also CI" and SO4* ions, with the proportion of 5.9 % and
4.5 %. Potassium ion is represented with only 1.9 %.

Graph 3 Annual variability of the discharges Q and Slc.

The influence effect of the seasonal factor on the process of chemical decomposition of
rocks can be expressed through SI index of calcite (Wade A.J. et al. 2002, Neal C., 2002). Previous
researches (Manojloi¢ P. et al., 2010) have shown that in our climatic conditions the water calcite
saturation index was higher during the summer months, when the mineralization was identified and
increased, and significantly lower during the winter months, which was followed by the reduced
mineralization.

Generally, such a trend was observed in the example of the Crnica waters. Most of the year,
the Slc values are positive. This indicates a significant inkrustivnost water, which is the consequence
of the geological composition on one hand, and the hydrological conditions on the other. However,
during the analysed period, in the Crnica waters, the SI calcite values vary from - 0.33 to 1.26, with
the average value of 0.50. Negative Slc values are associated exclusively for the periods of extremely
high waters. Such extreme hydrological events in which the Slc was negative appeared in January and
February, while during the May flood approached to the equilibrium.

Extremely high levels of the Slc index in the Crnica water were moved from the usual
summer to autumn months. This phase movement of the maximal Slc index values is the result of
extremely long duration of the dry period and in this regard, the hydrological recession. Considering
that higher saturation index during the summer months indicates a dependence from the conditions in
the river flow when the waters from the lower horizons are dominated (Wade A.J. et al. 2002, Neal C.,
2002), this results in the appearance of high mineralization of waters. Specifically in the case of the
year 2010, the maximum water mineralization is related to early autumn (September 397.2 mg/1), but
due to the aforementioned hydrological recession, the values are also very high during the other
autumn months. Thus the average monthly mineralization in October was 396.5 mg/l, and in
November 392.4 mg/l.

Differentiation of seasons

The climatic geomorphology is often questioned about the differentiation of the numerous
climatic factors influences, qualitative contained in the term season. In that purpose, an analysis of
partial coefficients correlation (pcc) was done. To differentiate the seasonal factor, three parameters
were taken: water calcite saturation index (SIc), discharge (Q) and water temperature (T). They show
the cumulative influence of seasonal factors on the Sic index. However, in order to determine the
seasonal factor, the parameters analysis was performed with the excluded discharge influence. This
was done in order to eliminate the undisputed high correlation of discharges and the aforementioned
index. In the analysed year, the highest degree of correlation between Q and Slc was during the winter
months (-0.72) and summer months (-0.58). However, the PCC with the excluded discharge influence
show a different situation. The highest degree of correlation between the water calcite saturation index
and season, and with the excluded discharge influence, is in spring (-0.75) and in autumn (-0.56),
while the values for winter and summer are insignificant (Table 1).

Table 1 The correlation coefficients (r) and partial correlation coefficient (pcc) by seasons.
Numerical analysis method confirms and complements the graphical representation of data.

Thus, Graph 4 shows the values and relationship between specific runoffs (q) and Slc index. If we
exclude from the analysis the extreme hydrological events in January and February (when the Slc has
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a negative sign), the position of the corresponding values indicates a clear differentiation between the
seasons. In other words, the polarization of the seasons is such that according to their characteristics
distinguish two extreme (spring and autumn) and two transitional types (summer and winter).

However, regarding the calcite saturation index, mineralization and water level expressed
through the specific runoff, spring and autumn are different in many values. Looking at the sampling
values in each of the seasons, it can be noticed that the autumn values are much more clustered than
the spring ones. The reason for this phenomenon is the high stability of hydrological-meteorological
conditions during the autumn months, which is best illustrated by small coefficient of variation values
of the given parameters. On the other hand, in the spring there were multiple changes in air
temperature and amount of precipitation, and thus the discharges, what reflected in greater variability
of the given parameters (Table 2).

Graph 4 Relationship between the specific runoff q and Slc index (a), specific runoff q and dissolved
minerals TDS (b) and dissolved load transport Qh and dissolved minerals TDS (c).

Tabel 2 Basic characteristics of the spring and autumn waters

In 2010, from the Crnica Basin, 62065.2 t of the dissolved load was carried out, what made
the specific chemical erosion of 214.8t/km*/year, which was, compared to the annual average
(Manojlovi¢ P., 1993), 5.1 times higher value. The calculated specific discharges to the hydrological
profile of Para¢in (289 km?) are divided into nine classes (Graph 5). Most of the year is dominated by
the waters with less than 5 /s/km®. They make up 34.2 % of the time, the total water mineralization in
this period was the highest, but the chemical erosion intensity was the lowest, only 5.3 % of the annual
value. On the other hand, the specific discharges equal to or higher than 150 1/s/km® were reported
only 11 times during the analysed period, accounting for only 3 % of the time, but for that time period
19 % of the dissolved load were carried out from the basin.

Graph S Frequency of the specific runoff (q)
and percentage proportion of the dissolved load transport (Qh) for the given classes q

Tabel 3 Distribution of the dissolved minerals (TDS)
and dissolved load transport (Qh) for the given classes of the specific runoff (q)

Observed independently from the seasons, if the specific runoffs classify as low, medium
and large waters (Table 3), the situation is far clearer. Low waters (less than 10 1/s/km?) formed 54.2
% of the annual time, but caused only 13% of the chemical erosion annual volume. On the other hand,
high waters, with the specific runoffs of more than 50 I/s/km* make only 13.4 % of the annual
frequency, but cause nearly 54 % of the annual erosion value.

Observed by the seasons, when erosion is in question, the winter and spring months stand
out by far. During the spring period, 30866.8 t of the dissolved load were carried out from the basin,
which was 49.7 % of the annual values, while during three winter months 23247.6 t of the dissolved
load were carried out. Summer as the season had a 2.6 times greater transport than autumn. Thus,
during the summer months 5756.8 t were carried out and 2194.1 t of the dissolved load during autumn.

Graph 6 Seasonal transport of the dissolved load

Even more pronounced seasonal aspect, observed through the meteorological-hydrological
conditions in the basin, is reflected in the percentage proportion of discharges and dissolved load
transport. Within the same year, which is wholly by water level above the perennial average, we can
single out two opposite periods which, by characteristics of the water level and transport, are in
extreme relationships. Thus, in the period January-May (which at the same time had above-average
discharge values ), 89 % of the total annual amount of water ran off, and 82.3 % of the annual quantity
of dissolved load were transported. The amount of runoff water in the second half of the year, i.e., in
the period August-November (for which the discharge values below average were associated) was only
3.7 % of the year amount, with only 5.1 % of transported dissolved load. In other words, the
relationship between the extreme periods regarding the water level was 1:24, and in terms of dissolved
load transport 1:16.2.
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Conclusion

Since the studied year of 2010 was supremely extreme in high, and also low discharges, in
correspondence with them were the water mineralization and dissolved load transport as well. In
mostly colder part of the year secreted a large amount of precipitation, which resulted in above-
average discharges. In warmer period of the year excreted extremely small amount of precipitation,
which resulted in extremely low discharges.

Cumulative effect of all the factors, which can be defined as a seasonal factor, can be
expressed with the Slc index. It is influenced by the pH of water, its temperature and the concentration
of calcium and hydro-carbonate ions. All these values are highly correlated with the discharge.
Recognizing the influence of seasonal factors can be made, only after removing the influence of the
water level of the basin. After the analysis was done, it was concluded that the climate-vegetation
factor mostly affects the chemistry of waters in the spring and autumn months. The highest degree of
correlation between the index of calcite saturation of water and the season, and with the influence of
discharges excluded, was in the spring and autumn.

As per the hydrological characteristics, these two periods are in extreme relationships, such
situation reflected in the dissolved load transport. During the spring, 49.7 % of the annual sum of the
dissolved load were carried out from the basin, while in the autumn only 7.6 %.

If we take into consideration the months which are in relation to the amount of runoff water
above and below the perennial average, during the analysed year two periods were singled out: the
first period (January - May) characterized by the discharges that were significantly above the average
and the second period (August-November) during which the discharges were below the perennial
average. The relationship between these extreme hydrological periods is 1:24, which reflected in the
relationship between the dissolved load transport of 1:16.2.
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