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OcmaTtparbe KBa/IMTAaTUBHUX U KBAHTUTAaTUBHUX KapaKTEPUCTMKA MOA3EMHUX BOAA HA TepuTOopuju
Cpbuje nU3BpLIEHO je Y CKNOMY HAUMOHANHOT NpojeKTa ,,OnepaTMBHM MOHUTOPUHT MOBPLUMHCKUX U
noasemHux Boga Penybnuke Cpbuje” Tokom 2017. roguHe. Unsb umnaemeHTaumje onepaTusHor
MOHWUTOPWHIA NOAPa3yMeBao je yHanpehere 3awTuTe BoAa [lyHAaBCKOr CMBA U MMMJIEMEHTaUM)y
OkBUpHe anpekTuse o sogama (O B) npowmpebem noctojehe MOHUTOPMHT MPEKe NoA3e MHUX Boda
Cpbuje, ay cknagy ca 3axtesuma O1B (CIS guid. No. 15), oaHoCcHO AMpeKTMBE O 3aLITUTU NOA3EMHE
BOAe 0f 3arahiuBarba U Noropluakba KBanuTeTa. HaumH noctusama aAeprHMCcaHOr unsba 0byxBaTao je
yBohere ucnutuearba napameTtapa KBaHTUTATMBHOT U XEMWjCKOT cTaTyca (PU3INYKOT U XeMMjCcKor
cactaBa) noA3eMHUX BOZa Ha 04abpaHMM MOHUTOPUHT 06jeKTUMA, KOju 40 Cafla HUCY CUCTEMaTCKU
npaheHun Ha TepuTopuju Penybnmke Cpbuje,a npunagajy noje AMHa4HMM BOAHUM TETMMA N0A3€ MHUX
BOJa KOja Cy ouer€eHa aa cy noa NPUTUCKOM WUAW NOTEHUWjaNHO Mo NPUTUCKOM Ha KBanuteT u
KBaHTUTET.

KOHLUENLLMIA MOHUTOPUHTA

OcHOBHa Hayesia NPUANKOM aedUHMCaHba KOHLUENLMje MMNAeMeHTaLNje onepaTUBHOT MOHUTOPUHIA
npowusuina cy ns obasesa Penybnunke Cpbuje npema EBponckoj yHuju (EY) Ha ocHoBy Mornassba 27y
CKNOMy NPUCTYNHMX NperoBopa o npuapyxunsarby Cpbuje EY kao nyHonpasHe YnaHuue. MNpsu Kopak
Y KOHUENTY OpraHun3aLmje onepaTMBHOr MOHUTOPUHIA NOA3eMHUX BOAa NoApasyMeBao je ogabuvp
HajpenpeseHTaTUBHMjUX MOHUTOPUHT NYHKTOBA Y OKBUpY 20 (rpyna) BoAHWX Tes1a NoA3e MHUX BOAA.
3a oppehuBarbe xeMujcKOr cTaTyca noA3eMHUX BoAa, 6uno je HeonxogHo AeduHUCATU
penpeseHTaTMBHE KBAIMTAaTUBHE NapameTpey cknaay ca OB, Baxkehum npasuaHuLmma nypesbama
Penybnunke Cpbuje BesaHUM 3a KBanuteT Boga. OBM napameTpu cy noapasymeBanun npaherbe
OCHOBHUX (PU3MUYKO-XEMMjCKMX NapameTapa, CafprKaj a30THUX jeaurberba, OPraHCKUX MaTepuja,
TELWKUX meTana U nectmumaa. MapameTpu 3a OUEHY KBAaHTUTATMBHOI CTaTyca MoOA3eMHUX BOAa
nogpasymesanu cy npahere HMBOA NOA3EMHMX BOAA Y ByHapMma 1 nNujesomeTpmma U n3gaHocT
0fabpaHnx KapcTHMX nssopa. Mmajyhm y suay aedpuHuumjy onepaTtMBHOr MOHUTOPUHIA, OCHOBHA
noa/iora NPUANKOM Kpeunpara Mpexxe MOHUTOPUHIa bune cy KapTe xasapa 1 pusmKa og 3arahema
noA3eMHUX BoAa nspaheHux y MNpojekTy npoLlmnperba Mpexke cTaHuLa noa3eMHux soga Cpbuje 3a
notpebe Penybanykor xuapomeTeoposiolKor 3aBoga Cpbuje (CteBaHosuh & [okmaHosuh, 2015),
Npu Yemy Cy CaMo HajyrpoXKeHuja BogHa TeNa y3eTay pasmatparbe. Tako je, y Ckaagy ca ycanoBmMma u
KpUTepujymmma Koju npousmnase us OB EY, HaumoHanHUx nponuca, nocrtojehe mpexke PXMS3,
€BUAEHTUPAHUX HEMOCPEAHMX KOPUCHMKA NoA3eMHUX BoAa Y Cpbuju Koju nmajy obasesy npahetba
peXnma noa3eMHUX Boga n apyrmx nognoraogabpano 20 nyHKTOBA 3@ MOHUTOPUHT KBaHTUTeTa n 20
NMyHKTOBa 33 MOHMWTOPUHI KBanuTeTa y OKBUpY (rpyne) soaHux Tena (MBT) (Cn. 1). 36or
paunoHanusauuje TPOLWKOBA, ajiM MU PeanHOr CTakba YrPOXKEHOCTUM KBanuUTeTa W KBaAHTUTETa
nogseMHux Boga, ogpeheH 6poj BOAHMX Tesia YK/bYUYEH je U Y KBAHTUTATUBHMU U Y KBAJIUTATUBHU
onepaTMBHM MOHUTOPUHT NOA3EMHMX BOAA. TOKOM UCTParKMBakba, KBaIMTAaTUBHOM MOHUTOPWUHIY je
004aT jow jedaH objeKkaTt. KoHuenuuMja nctTpaxkMBara nogpasymeBasa je y30pKoBake Noa3eMHUX
BOJQ, U3pady XeMMjCKMX aHanm3a u/nnm ocmaTparba HUBOa NoA3eMHUX BoAa. 360r KpaTKMX POKOBa,
OMHaMMKa peanunsaumje obyxsaTuna je ABe cepuje y30pKoBaka Boge NoTpebHe 3a XeMMjCKe aHaNuse,
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0AHOCHO nNpahetbe HMBOA NOA3e MHMX BOAA OF, NoYeTKa peannsaumje. KoHLeNT y3umara y30paka 3a
XeMujcKe aHanm3e obyxBaTao je y30pKOBakba BoAa Yy Nepuoay Manux Boda (asrycr-centembap) u
BE/IMKUX BOAA HaKOH KMLWHOr nepuoaa (oktobap-HoBembap).Ca Apyre cTpaHe, meperba HMBOA
noA3eMHUX BOAA CYy NAaHMpaHa Kao KOHTMHyMpaHa TOKOM Nepuoaa asrycr-geuembap, AMHaMUKOM
Koja je 3aBMCHO Of, BpCTe BOAHOT Tesa, AedUHMCAHA ca JIOKASIHMM M3BOPUWTMMA. Ha Taj HauwH
MOKYLIaHO je Aa ce WTO npeuusHuje aeduHuLLe ce30HCKa GayKTyalumja XxeMMjCKOT cacTaBa U HUMBOA
noA3emHUX Boda, MMajyhu y BuMAy BPEMEHCKY JIMMUTUPAHOCT Y3POKOBAHY KPaTKMM POKOM
MMMNeMeHTaLMje NPOojeKTa, ain U NepUoa0M HEONXOAHMM 33 U3Pady XeMMjCKMX aHann3a.
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Cnuka 1. lokaumje objekaTa y OKBUPY OnepaTMBHOr MOHUTOPUHra MB
Figure 1. Locations of objects within groundwater operational monitoring

PE3YNTATU U OUNCKYCUIA

Hajsehu 6poj ocmaTtpaukumx objekaTa je noumpaH n ogabpaH y nogpydjuma nocrojehnx M3BopuLLTa,
anurae rog je To 6uno moryhe nssaH HenocpeaHe 30He yTuuaja byHapay pasy . TakaB KOHLENT MOXe
0aTVN peneBaHTHE M aXKypHe NoAATKE O CTakby N0A3€ MHMX BOAA M MPU TOM YMHOTOME paunoHanmsyje
M ONaKLlaBa opraHM3aumjy MOHUTOPUHI Mperke. M36op NoKaumja 33 ocmaTparbe KBanuteTa bumo je
OMPUTOBaH CTEMEHOM YIPOXKeHOCTU NoA3e MHMX Boda o4, 3arahera, Tako Aa je Hajsehu 6poj nokaupja
KOHLIEHTPMCAH Ha Teputopujy BojsogunHe, 3atum anysujoHe LipHor, benor u Benunkor TUMOKaQ,
3anagHe u Benuke MopaBe Kaga je pey o ueHTpanHoj Cpbuju. Y tabenmn 1 gatm cy 6pojesm
MOHUTOPUHT 0bjeKaTa rae Cy yCTaHOB/bEHE MOBULLEHE KOHUEHTPaLMje HEKUX MapaMeTapa KBaauTeTa
nogsemMHux Boga. NeHepasiHO, OLLeHEHO je Aa CYy HajyrpoKeHuja BogHa Tena y BojsBoguHKM Koja
npunaaajy ,,0CHOBHOM BOAOHOCHOM XOPW30HTY” (MaZa ce paau O yTULajy reoreHeTCKUX ¢aKkTopa),
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OZIHOCHO BOAHa Tena popmupaHa y anyBnjoHnma Behnx peyHMx TOKOBa Kada je pey 0 LeHTPasHoj
Cpbujn.

Tabena 1. YnopeaHu npukas 6poja MOHUTOPUHI BOAHMX ObjekaTa y ogHocy Ha 21 y3opak y Kojuma cy
KOHCTaTOBaHe NOBMLUIEHE KOHLUEHTpauuje ogpeheHnx napametapa KBauTeTa Nnoag3eMHUX BOAA

Table 1. Comparative review of the number of monitoring water points out of 21 samples in which high
concentrations of certain parameters of groundwater quality havebeen recorded

Mepuog, / Period NTU Ec NH3 NOs. KMnO4 Fe Mn As B
Mane Boge /

10 3 11 1 15 7 7 4 4
Low-water
Bervke  soge /|, 0 10 1 8 9 8 4 4
High-water

KoHcTaTtoBaHO je npucyctBo noBehaHWMx KOHUEHTpauuja rsoxkha M mMaHraHa y HewTo nanhum
n3gaHnUMa MHTeprpaHynapHor Tunay BojsoanHu. Takohe, notBpheHo je npucycTBo apceHa 1 bopa 'y
ay6/eMm M3gaHnma GopmmpaHmm Ko 3peraHnHa n Hosor beueja. Cagpikaj 6opa npatu cagpraj
apceHa u Be3aH je 3a ucTe Nokaumje. Caaprkaj a3oTHe Tpujage un yTpowak KMnO, je y nosehaHom
cafiprKajy npeTexkHo y BojsoanHu, oaHOCHO y anyBujoHnMa Behux peka. Kaga je pey o XxeMujckum
aHa/M3ama NoA3eMHUX BOAA Y OKBMPY BEIMKMX BOAQ, Takohe je youeH noehaH cagpkaj reoxha u
MaHraHa, roToBO Yy UCTMM BOAHUM TENMMA, KOJIMYMHE apceHa M bopa cy 3abenerkeHe Ha UCTUM
MOHUTOPUHT NYHKTOBMMA, KOje cy Tpu, o4HOCHO 8 nyTa Behe o4 [03BO/beHEe KOHLUeHTpaumje. OHo
LUITO j& YOU/bMBO TOKOM TEPEHCKMX UCTPAXKMBaHa N U3pade XEMU|CKUX aHA/IN3a, jecTe Aa je CafpiKaj
necTMumaa Koz CBUX TeCTUpPaHMX y3opaka BMo Mcnos MaKcMmasiHe [03BOJ/bEHE FPaHMULE, YaK U
rpaHuLe geTekumje, LWTO MOXKe YKasnMBaTh UK Aa NOCTOjM 3alUTUTHU NOBIATHU C0j U3a4aHW J06puX
pPeTeHUMOHMX U Pasrpas/bMBMX CNOCOHBHOCTU MAKN Ha peslaTUBHO c1abo Kopuwhere nectuunaa y
nosbonpuspean. Ca gpyre cTpaHe, WTO Ce TUYE KBAHTUTATMBHUX KAapPaKTEPUCTUKA, Ha HEKOJMKO
BOAHMX TeNayoueHo je 6aaro onagare HUBOA NOA3E MHMX BOAA TOKOM Nepuroaa ocMaTpakba aBrycrt —
Aeuembap, WTO ce MOXe 06jacHUTU FeHepasHo CYyWHMM NeTOM, KaZa Huje 6uno [0BOJbHO
aTMmocdepcKMX NagaBuHa Koje 6 omoryhune agekBaTHo npuxparbmBarbe. CyLHM Nepuogje noTpajao
y Behem geny Cpbuje cee oo noyeTka HoBeMbOpa MeceLa, Kaaa je Ha NPOCTOPY HEKOIMKO BOAHWX Tena
fowno fo nosehaHMx NaZlaBnHa LLITO je Y3POKOBaIo U AeIMMUYHO NONYHaBakbe Pe3epBu NoA3e MHUX
Boga. OcMm Tora, HEONXOAHO je HAaNOMEeHYTM [a 32 M3Yy3eTHO KPaTaK POK O, CBera Tpu MeceLla Koju je
OCTaB/beH 33 OCMATPakba HMBOA NOA3E MHUX BOAQ, HMje Bnno moryhe y noTNyHOCTU cCarne4aTh peXiM
BOZ03aMeHE U KBAaHTUTETA U34aHU, MOTOTOBO Kaja je pey 0 KapCTHUM U3gaHnma, anu he y Hape AHUM
¢dbasama peanusaumje npojektaTo bUTK Mmoryhe.

3AK/bYYAK

OnepaTUBHU MOHUTOPUHT Nog3eMHUX Boga Penybanke Cpbuje nsBpLueH je y apyroj nososmHu 2017.
roAvHe Ha YKyMnHO 28 MOHUTOPUHT MYHKTOBA Ha KOjMMa Cy BpLUEeHa ocMaTpakba KBanauteta u/uam
KBaHTUTETa NoA3eMHUX BoZa. MMajyhny Buay KpaTak nepmoa umniaemeHTaumje, KOHLLE NT OCMaTpakba
06yxBaTao je y30pKOBah€ NoA3e MHUX BOAA TOKOM NepMoaa Maamx U BEIMKUX BOAA Y ABa HABPaTa,
[OOK je KBaHTUTEeT OCMATPaH KOHTUHYMPAHO TOKOM 3 Meceua. leHepanHM 3aKk/byydaK je Aa cy noA3e MHe
Boge Penybnnke Cpbuje nobpor KBanutTeTa y3 NPUCYCTBO NOBULIEHUX KOHLEHTPaunja oapeheHmx
KBa/IMTAaTUBHMX MapameTapa KOju Cy MaxOM ayTOXTOHOT reoreHeTcKor nopekna. Ca gpyre crpaHe,
KBaHTUTATMBHM OMNEPaTUBHN MOHUTOPUHT je NMOKa3ao MUHUMANHe GNYKTyaLmje HUBOA NOA3E MHUX
BOZa M pe3epse Behe o4 TpeHyTHe eKcnsoatauuje. Jpyrum peumma, onepaTUBHU MOHUTOPUHT je
YKa3ao aa ogpeheHa BogHa Tenamory npehu ns onepaTMBHOTy HaA30PHU MOHUTOPUHT .
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INTRODUCTION

The monitoring of qualitative and quantitative characteristics of groundwater in the territory of Serbia
was carried out in 2017, within the framework of the national project “Operational monitoring of
surface and ground water of the Republic of Serbia”. The objective of the implementation of said
operational monitoring was to improve the protection of the waters of the Danube River basinand
the implementation of the Water Framework Directive (WFD) by further developing the existing
groundwater monitoring network, in accordance with the requirements of WFD and the Directive on
the protection of groundwater from pollution and deterioration of quality. The method of achieving
the defined objective included testing the parameters of quantitative and chemical status (physical
and chemical composition) of groundwater at selected monitoring points that so far have not been
systematically monitoredin the territory of the Republic of Serbia, assessed by previous analyses as
being potentially orinfactunderthreat

CONCEPTANDIMPLEMENTATION OF OPERATIONALMONITORING

The main principles of definingthe concept of implementation of operational monitoring came as a
result of the obligations of the Republic of Serbia to the European Union (EU) under Chapter 27, as
part of the negotiations on Serbia's accessionto full EU membership. The first stepin the concept of
organisation of groundwater operational monitoring was to select the most representative monitoring
points within (agroup of) 20 groundwaterbodies. To determine the chemical status of groundwater,
itwas necessary tofirst definerepresentative qualitative parametersinaccordance with WFD and the
valid regulations of the Republic of Serbia related t water quality. These parameters included
monitoring of the main physical-chemical parameters, the content of nitrogenouscompounds, organic
matter, heavy metals and pesticides. The parameters for assessing the quantitative status of
groundwater were to monitorthe groundwaterlevelin wells and piezometers, as well as the discharge
of selected karst springs. Having in mind the definition of operational monitoring, the basis for the
creation of the monitoring network were the maps of hazards and risks to the pollution of
groundwater (Stevanovi¢ & Dokmanovié, 2015), where onlythe mostendangered groundwater bodies
were takeninto consideration. Thus, in accordance with the conditions and criteria deriving from the
WED of the EU, the national regulations, the existing RHMZ [Republic Hydrometeorologic Service of
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Serbia] networks, the registered direct users of groundwater in Serbia obliged to monitor the
groundwater regime, as well as others, 20 points for quantitative monitoring and 20 for qualitative
monitoring were selected within the group of groundwater bodies (GVT) (Figure 1). Due to the
rationalisation of the costs and the real state of groundwater vulnerability, a certain numbe r of
groundwater bodies were included in the quantitative and qualitative groundwater operational
monitoring at the same time. One additional monitoring point was added to the qualitative monitoring
in the course of the research. The concept of the research involved groundwater sampling, chemical
analysis and/or groundwater level monitoring. The implementation dynamics included two series of
groundwater sampling needed for chemical analyses and monitoring of the groundwater level from
the beginning of the implementation. The concept of sampling for chemical analyses included
sampling of waterin thelow-water period (August-September) and the high-water period after a rainy
period (October-November). On the other hand, continued measurements of groundwater | evel were
planned during the period August-December, with the dynamics of sampling defined by the local
groundwater sources. In this way, an attempt was made to precisely define the seasonal fluctuation
of the chemical composition and groundwater level, taking into account the time limitation caused by
the short projectimplementationdeadline, as well as the period necessary for performing a chemical
analysis.

RESULTS AND DISCUSSION

The majority of the monitoring points were located and selected in the areas of existing groundwater
sources, but - wherever it was possible - outside the radius of wells. Such a concept can provide
relevantand up-to-dateinformation on groundwater status, significantly reducing and facilitating the
organisation of the monitoring network. The selection of locationsfor groundwater quality monitoring
was conducted based on the degree of groundwatervulnerability, and therefore the largest number
of locations were concentrated in Vojvodina, in alluvial sediments of the Crni, Beli and Veliki Timok
rivers and the Zapadna and Velika Morava rivers in central Serbia. Table 1 shows the number of
monitoring points where high concentrations of some parameters of groundwater quality have been
recorded. Generally, itis estimated that the most vulnerable groundwater bodiesin Vojvodina belong
to the “basic aquifer” (although geogeneticfactorsalso play a role) and groundwaterbodies formed
in alluvions of larger rivers in central Serbia. The presence of high concentration of iron and
manganese was noted in somewhat shallowintergranularaquifersin Vojvodina. Also, the presence of
arsenicand boron was confirmed in the deeper aquifers formed in Zrenjanin and Novi Becej. The
content of boron follows the content of arsenic and is related to the same locations. The content of
nitrogen compounds and the KMnO4 consumption was found in increased concentration mostly in
Vojvodina and in the alluvials of larger rivers. As regards chemical analyses of groundwater during
high-water periods, there was also an increase in the content of iron and manganese, almost in the
same groundwater bodies, while the quantities of arsenicand boron that are three, sometimes even
eighttimes higherthan the allowedconcentration limitwere recorded at the same monitori ng points.
What was noted during field research and chemical analysis was that the pesticide content of all the
tested samples was belowthe maximum allowed concentrationlimit, even below the detection limit,
which may indicate either that there is a protective overlying layer with good retention and
degradability capabilities, or that the use of pesticides in agriculture is relatively low. On the other
hand, when it comes to quantitative characteristics, a slight decrease in the groundwater level was
observed on several groundwater bodies during the observation period from August to December,
which can be explained by the generally dry season without sufficient atmospheric precipitation to
allow adequate recharge. In most parts of Serbia, the drying-out period lasted until the beginning of
November, when the increased precipitation occurred in some areas, causing partial replenishment
of groundwater reserves. Besides the above, it is also necessary to note that the exceptionally short
period of only three months, assignedfor the observationof the groundwater level, was not sufficent
to fully considerthe waterregime, especially in the case of karst aquifers.
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CONCLUSION

Operational groundwater monitoring of the Republic of Serbia was performed in the second half of
2017, at the total of 28 monitoring points where observations of the quality and/or quantity of
groundwater were carried out. Bearing in mind the short period of implementation, the concept of
observation included groundwater sampling during the low-water and high-water period on two
occasions, while the quantity was observed continuously for three months. The general conclusionis
that the groundwater of the Republic of Serbia is of good quality, with the presence of high
concentration of certain qualitative parameters that are mostly of autochthonous geogenetic origin.
On the other hand, quantitative operational monitoring has shown minimal fluctuations of
groundwater levels, and reserves that are greater than the current exploitation. In other words,
operational monitoring has indicated that certain groundwater bodies can be switched from
operational to surveillance monitoring.
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