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PO eCUOHATHOM PA360j)Y.

p bpanxku  Oerwanosuh, pedosnom npogpecopy Ilpupoono-mamemamuuxoz
Gaxyrimema Ynusepzumema y Kpazyjesyy, u
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nouemxa.
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gaxynmema Ynusepzumema y Kpaeyjesyy, xseana na unmepecogary 3a MOj pao,
KOHCMPYKMUBHUM PA32080PUMA U CABEMUMA.

lpaze konece, Cumona, Munena, Hamawa, Ana, Hesena, Tujana, Mapko, Bumo,
Munowe u bojane, xeana éam wmo cme my, 3a lene mpeHymre, ocmexe u He3abopasHe
ycnomene. bes sac u eaue noopuike, caceum cucypHo ou cee OUI0 MHO20 medice.

Ha kpajy, éenuxy 3axeannocm oyzyjem Mojoj nopoouyu, pooumesuma u cecmpamd,
Ha Cmpnaersy, pazymesarsy, NOOpUYU U, npe ceéead, 8eUuKoj HYy0asu Kojy Mu npyxicajy ceux
osux coouna. 3oho, ysex cu my 3a cee u MHO20 mu xgaia wmo cu y3 mene! Muxauno, xeana
mu wmo cu ysex u Hajeuuie eeposao y menel Bu cme moj ocnamay u 3amo eam xeana Ha
ceemy wmo cme Mu npyx#cunu y sxcusomy!
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IIpocTopHH MOHUTOPMHI TeIIKHX MeTaja KomHeHux Boaa CpoOuje Ha OCHOBY

OmoakymyJanuje y pudama

Pesnwme:

AKBaTHYHM CKOCHCTEMH C€ Hajla3e MO HAjHHTCH3MBHUJHUM AQHTPOIOTCHUM YTHIIAjeM
Koju je noBeo A0 moBehaHor mpucyctBa 3araljyjyhux wmarepuja, ma W BeJIHMKOr Opoja
TOKCHUYHUX 3ara1)HBaqa, MNPBCHCTBCHO TCHIKKWX MCTAJlda, UIITO 3axTCBa I[ICPMAaHCHTHU

MOHUTOPHHT.

buoakymynanujcku  MOHUTOPUHT (OMOMOHHMTOPHMHI) j€ HEONXOJaH JI0/aTak
XEMHUjCKAM aHaIM3aMa yclieZ MOryNHOCTH MHTErpalyje yTHIlaja Ha pa3IniuTe TAKCOHOMCKE
rpyrne TOKOM JIyXer BPEMEHCKOI IepHoja, Tako Ja je OoJbM IOKa3aTesb IMpOMEHa Y
aKBaTUYHO] cpenuHu. Pube mpencraBibajy jean ol HAJUHAMKATUBHU]UX (DaKTOpa 3a MPOLIEHY
3araljersa BoJa TEIIKUM METalMMa, a TO jeé BaKHO HE CaMO y TPOLECY 3alITUTE KUBOTHE

cpenuHe, Beh U y IpoIieHN KBaIMTETa Meca U MOTCHIIN]aJTHOT PU3HUKA 32 JbYJICKY MOITYJIAIH]y.

[{nspeBHM OBOT UCTpaKMBamba OWIIM Cy: aHAIM3a HUBOA aKyMyJalnje TEIIKUX MeTana y
MUIIMNHOM TKHMBY MCHHMTHBAaHUX BpcTa puba, mopeheme akymylnupaHHUX TEIIKMX MeTajla y
MUIIMhHOM TKHUBY u3Mel)y pasnuuutux BpcTa puba, Be3a u3Mel)y KOHIIEHTpaluja TELIKUX
MeTajla aKyMyJUpaHUX Y MHITUNHOM TKHBY MCIHTHBAHUX BPCTAa W KOHIICHTpPAIMja TEIIKUX
MeTajga y BOJU, M300p TOTEHIMJaTHO OCETJ/bHUBE pUOJbE€ BPCTE 32 MOHHUTOPUHT CTYIH]E
TEIIKKX MeTana, MOryhHocT mpuMeHe uHaekca 3araliema TemkuM metainuma (ewen. Metal
Pollution Index - MPI) y mnpouenn 3araljerba Boga TEIIKUM MeTajiuMa, (GopMmupame
npenuMuHapHe Mare 3arahjema Boma TemkuM Metanmmma 'y CpOwju u  mopeheme
KOHIICHTpAaIlja aKyMyJUPaHUX TEMIKUX MeTajda y MHITUNHOM TKHBY MCIMTHBAaHHX puba ca
MaKCHMAITHO JT03BOJbeHUM KoHIeHTparujama (M/IK) nmpornucanux 3aKOHCKHM peryiaTHBaMa

EVY u Penybnuke Cpouje.

Hajpaxxauje komepuujaiae Bpcte pubda cmyl), coM, neBepuka, MpeHa, cko0asb U KJICH
Cy Ipoy4aBaHE y peKama, JOK Cy Yy aKyMmylalgjama mpoydaBaHe cMyl), com, neBepuka u
6abymika. Takohe, moryhHocT ynotpebe ykinje ka0 OMOMHAMKATOpa KOHTaMHHAIMje BOJA

TEIIKUM METaJMMa je Takohe ucruTaHa.



Ananuze metana u meraigonna Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb u Zn cy
ypahene ICP-OES Thermo Scientific iCAP 6500 Duo ICP (Thermo Fisher Scientific,

Cambridge, United Kingdom) cnekrpomeTpom.

Osga ctyamja je ykaszana Ha 1o0ap oAroBop puba Ha MPOMEHE )KUBOTHE CPEIUHE, HITO
X YMHU TOTOJHMM OMOWHAMKaTOpuMa 3aralema BOJa TEIIKUM MeTaianMa. bentodarne
BpCTE JIeBEpUKAa M MpPEHa, KOjeé Ce XpaHe y OJIM3MHU JHA, NPEHNO3HATe Cy Kao OCETJbUBU
OuomHIMKaTOpH 3aral)era akBaTUYHHUX €KOCHCTeMa TeIKUM Metanuma. [Ipenatopcka Bpera
COM, ald W OMHHBOpHA Bpcra 0alymika, Takohe, IMOKa3yjy BakaH OMOWHAWKATOPCKU

MOTEHIIH]jall.

Taxohe, jacHo je mokazano ga je MPI moysman unzmekc 3a oapehuBame craTyca
3araljerra MUIIMNHOT TKMBa TEIIKMM MeETajnMa, IMpeacTaB/bajyhu jacHy ciuky 3aralema
AKBaTUYHUX EKOCHCTeMa TemKkuM MetanmuMma. HWwmajyhu Tto y Buay, MPIl wungekc
MOTEHIMjaTHO MOXe Ja OyJae YKJbydeH Y KOMIUIEKCHE IMpOorpaMe MOHHTOPWHTA TEIIKUX
MeTana y komHeHuM Bogama CpOuje. Y3 kopuuthewe MPI BpegHocTu, mpemioxeHa je
kiacudukanyja 3arahema Boja TeMKUM MeTanuma Behux peka u akymynanuja y Cpouju koja
yKa3zyje Ha IMPOCTOPHHU paclopesa MeTala, IITO je JIOBENO 10 WACHTHU(QHUKAIU]je JOKAIUTETa
0e3 yTuilaja TUPEKTHOT 3araljerba TEUIKMM MeTajlMMa, He3HATHO 3aral)eHuX M 3aral)eHux
nokanutera. Kao pesynrar oBe kinacudukanuje, popMupana je Mamna 3araljemba Boaa TEHIKUM
metanuma y Cp6uju. [Ipema oBoj kiacudukanuju, pexka Truca moxe na Oyne kaTeropucaHa
Kao JIOKaJIUTET 0€3 yTHIlaja AUPEeKTHOT 3aral)ema TEIIKUM MeTaluMa, oK 3anajaHa Mopasa u
[lex mory na ce kateropuiry kao 3arajeHu ekocucremMu. OCTany JOKAJUTETH HA peKkama Cy
He3HaTHO 3araheHu. Akymynauuje I'pyxa, boBan n AnekcanapoBall MOTy /1a ce CBPCTajy y

HC3HATHO 3araljeHe CKOCHUCTEMA.

Konnenrpanuje As, Fe, Cu u Zn y mecy (MumuhHOM TKUBY) CBUX BpcTa puba y 0BOj
cryauju cy omne ucnox MJIK nponucanux on crpane EBpornicke Komucuje (1881/2006/EC)
u Peny6nuke Cpb6uje (Cnyx6enu rimacauk PC 2011). Konuentpanuje Hg, Cd u Pb Oune cy
m3Haa M/IK na Bume nokanmutera. 3aBaja ce Pb ca koHIeHTpanrjama koje cy Ouiie u3Haa
MJIK y Mecy BpcTa KieH, MpeHa M ckoOasb Ha HajBuIIe Jokaiaurera. Kamga cy y nutamy
akymynanuje, 3abenexxeHe cy konueHtpauuje Cd wmsnan MJIK y mecy neBepuke wu3
Anekcannposna. Konnenarpanuje Pb cy 6une uznan MJIK y Mecy neBepuke u3 akymysiainmja
boBan m Anekcanaposarl, 10K je KoHIeHTpanuja Fe Owmma m3nag MJIK y mecy cmyha u3

akymynanuje boBan. ¥V yknuju Hucy 3abenexeHe KoHUEHTpaluje metana usnag MIK.



Spatial monitoring of heavy metals in the inland waters of Serbia based on

bioaccumulation in fish

Summary:

Aquatic ecosystems are under extremely intense anthropogenic pressure that has led
to an increased presence of pollutants, primarily a large number of toxic pollutants, especially

heavy metals, which requires permanent monitoring.

Bioaccumulation monitoring (biomonitoring) is a necessary addition to chemical
analysis because it can be used to integrate impacts on different taxonomic groups over an
extended period of time, so it is a better indicator of changes in the aquatic environment. Fish
are one of the most indicative factors for the assessment of heavy metal water pollution, and
they are important not only in the process of environmental protection, but also in assessing

the quality of meat and the potential risk to the human population.

The objectives of this research were: to analyze the level of accumulation of heavy
metals in the muscle tissue of the fish species examined; to compare the accumulated heavy
metals in the muscle tissue of different fish species; to make a connection between the
concentration of heavy metals in the muscle tissue of the fish species examined and the
concentrations of heavy metals in the water, to select potentially sensitive fish species for
monitoring the study of heavy metals, to investigate the possibility of applying the index of
heavy metal pollution (Metal Pollution Index - MPI) to the assessment of heavy metal water
pollution; to make a preliminary map of heavy metal water pollution in Serbia; and to
compare the accumulated concentration of heavy metals in fish muscle tissue with the

maximum permissible concentrations (MPC) established by EU and national legislation.

The most important commercial fish species, catfish, bream, barbel, nase and chub,
were studied in rivers, while perch, catfish, bream and Prusian carp were studied in

reservoirs. Bleak were also studied as bioindicators of water contaminated with heavy metals.

The analysis of metals and metaloids Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb and
Zn was performed with an ICP-OES Thermo Scientific iCAP 6500 Duo ICP (Thermo Fisher
Scientific, Cambridge, United Kingdom) spectrometer.



This study indicated a good response of fish to environmental changes, making them
suitable bioindicators of heavy metal pollution in aquatic ecosystems. The benthophagous
species bream and barbel, which feed near the bottom, were identified as sensitive
bioindicators of heavy metal water pollution in aquatic ecosystems. The predatory fish
species catfish and omnivorous fish species Prusian carp were also shown to have important

bioindicator potential.

It was also shown that the MPI is a reliable index for expressing the status of heavy
metal pollution in muscle tissue, presenting a clear picture of heavy metal pollution in aquatic
ecosystems. With that in mind, the MPI index can be potentially included in complex
programs of monitoring of heavy metals in freshwater ecosystems in Serbia. With the use of
MPI values, a classification of heavy metal water pollution in the major rivers and reservoirs
in Serbia was proposed, showing the spatial patterns of heavy metals. This led to the
identification of sites unaffected by direct pollution with heavy metals, slightly affected and
affected. As a result of this water quality classification, a map of heavy metal water pollution
in Serbia was formed. According to this classification, the Tisa River can be categorized as a
site unaffected by direct pollution with heavy metals, while the West Morava and Pek can be
categorized as affected. Other rivers are slightly affected. The Gruza, Bovan and

Aleksandrovac accumulations can be classified as slightly affected ecosystems.

The As, Fe, Cu, and Zn concentrations detected in all of the fish muscle were below
the MPC established by both the EU and the Republic of Serbia. The concentrations of Hg,
Cd and Pb were above the MPC at several locations. Pb stands out with concentrations above
the MPC in chub, barbel and nase meat at most sites. Cd concentrations were above the MPC
in bream meat from the Aleksandrovac accumulation. The Pb concentrations were above the
MPC in bream meat from the Bovan and Aleksandrovac accumulations, while the Fe
concentrations were above the MPC in perch meat from the Bovan accumulation. In the bleak

meat, metal concentrations were not above the MPC.
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3araheme, npoy3pokoBaHO HCIHyIITameM 3aralyyjyhux warepuja wiam eHepruje,
MPUPOJHUM IPOIIECUMA UM aHTPOIIOT€HUM aKTHBHOCTHMA, Y Ba3llyX, BOAY WJIM 3€MJBUIITE
MOJKE J1a M3a30B€ aKyTHH (KPAaTKOPOYHH) WIM XPOHHYHH (JyrOPOYHM) YTHUIA] HA KBAJHTET
KUBOTHE cpeauHe. 3aral)yjyha martepuja mpencraBba (GU3NUYKY, XEMH]CKY WM OHOJIOIIKY
CYIICTaHIly Y )KUBOTHO] CPEIMHU U AUPEKTHO WM MHAUPEKTHO j€ IITETHA 3a )KUBE OpraHU3Me

U XyMaHy MOMyJIalujy.

[Ipemna 3araljeme XKUBOTHE CpEIMHE IIOCTOJU BEKOBHMA, 3HAYAjHU]y MaXby je
NOOWIIO HAKOH MHIYCTpHjcKe peBonyije y XIX BeKy, MITO JOBOIU 10 3aKJbydka Ja je
JbyAcku (aktop omnmydyjyhu y mporecy 3arahema. XunepnpoAykiifja JbyACKe MOIyaluje
ca coboM Hocu cBe Behu Opoj 3aralyyjyhux marepuja. Kaga nosehame konuunne 3aralyjyhux
MaTepHja mpeBa3uiaa3d MOTyhHOCTH KamaluTeTa XMBOTHE CpEIUHE, OHa IMocTaje 3araleHa.
Wupyctpujcky peBonynmjy u mopact 3aral)yjyhux marepuja UCTOBPEMEHO HpaTtu M pas3Boj
NPUPOIHUX HAyKa, KOjU je JOBEO 10 0OJper pa3yMeBama HETraTUBHHX edekara 3aralema Ha

JKUBOTHY CpCIHHY.

3araheme KUBOTHE CPEJIMHE jaBJba CE Y BUILIE Pa3IMUUTUX OOJIUKA:

e 3araljeme Bazayxa,

e 3araljeme BOJIE,

e 3araljeme 3eMJBHIIITA,

® paJMOAKTUBHO 3araleme,

e Oyka,

® TOIUIOTHO/TepMaHO 3araheme,

® CBETJIOCHO 3araheme.

bes 063Hpa Ha OOJIMK 3ara1jeH>a, MUTAkbC KBAJIUTCTA KUBOTHC CpPCAUHC HOCTajC
I7100aIHO CJIOJKEHO M TEIIKO 3a pfuiaBamE, KaKo 'y paSBI/IjeHI/IM 3€MJbaMa, TaKO U y 3€MJbaMa

y pa3Bojy, ma u'y Cpouju.
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1.1. 3araheme Boaa

AXBaTHYHM €KOCHCTEMH C€ Hajase 0]l HAjHHTCH3UBHUJUM aHTPOIIOTCHUM yTHUIIAjEM.
3arahjuBaun Koju ce Haja3e y 3eMJBHILITY M Ba3AyXy Ha Kpajy JocneBajy y Boay. Ilpemaa cy
Kpajibll PELUNMjeHTH DPAa3ITUYUTHX BpCTa 3arahjuBada, akBaTUYHM EKOCHUCTEMH Cy BeoMa

pamuBu (Udosen, 2006).

I'maBHn w3Bopm 3araliema BOAA, NHpeMa IPOCTOPHOM IMOPEKITYy HAacTaHKa W
UCITyIITama, JIeJie ce Ha TauykacTe W Heraukacte (audysne). Taukactu u3Bopu 3aralema
ucnymTajy 3aralyjyhe matepuje Ha oapeleHoj Jokanuju Kpo3 1EBU WM OJIBOJHE KaHAle y
MOBpIIMHCKE Bojie. HeTaukacTu M3BOpH, Kao MITO je OTHIAKE, Cy MUPy3HH U HAN3MEHUYHH,
U TI0J] yTHIIajeM OpojHHUX (aKTOpa Kao IITO Cy KOpUIINeme 3eMIBHUINTA, KINMa, XUAPOJIOTH]a,
Tornorpaduja, Bereranuja U reojoruja. YoobuyajeHn ypOaHM HETauKacTH HU3BOpH 3arahema
YKJbYUYjy OTHLAEkE U3 YJIMIA WM YETBPTH; TAaKBO OTUIAKE CAAp)KU CBE BpcTe 3aralhuBava,
Ol TEUIKWX METajla JI0 XEMHUKalIWja U MyJba. PypasHM W3BOpH HeTaukacTor 3arahema cy
YIJIaBHOM TIOBE3aHU Ca MOJHOIPUBPEIOM, pynapcTBoM, win mymapctBoMm (Botkin & Keller,
2007). U Taukactu u nudy3HH HW3BOpH 3araliema TONPHHOCE YKYIHOM onTepehemy Bozaa

3araljuBaunma.

1.1.1. Bpcre 3arahuBaya y akBaTHYHUM €KOCHCTEMHMA

Slobodnik (2013) naBoau 1a y KMBOTHY cpeauHy gocreBa oko 150 000 paznmuyutux
CYIICTaHIIM aHTPOIIOTeHOT Topekia. Taj O6poj ce cBake roaune yBehasa 3a 400-500 HOBHX
jenumema. 3arahuBaun BoJa MOTy IIMPOKO Jla c€ KJIACU(UKYjy y IJIaBHE KaTeropuje:
OpPraHCKH, HEOPTaHCKM, CYCIIEHJOBAHE YBPCTE€ YECTHUIIE U CEIUMEHT, TEUIKH METalH,

paanoakTUBHU MaTepujainu u TormioTa (Botkin & Keller, 2007).

W3nBajajy ce aBe rpymne 3arahuBaua - HEOpraHCKE U OpraHCKe CYICTaHIle. Jexan ox
AOMHUHAHTHUX CKOJIOIIKHUX IIPHUTHCAaKa Ha aKBATUYHEC €KOCHUCTEMC je IPHUCYCTBO TOKCHYHHUX
opranckux 3arahuBaua. OpraHcku 3arahuBaun MOTy rpy0o n1a ce mojeine y JBe TpyIe:

MPUOPUTEHTHE TOJIYTaHTE U MOJyTaHTe ,,HOoBe TeHepanyje (Dalmacija & Agbaba, 2008).
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VY rpynu opraHckux 3araljBada Hamasze ce ACTEPUCHTH, MHCEKTHLUAN, XEpOULIUIN,
MOJUIMKINYHA apOMAaTHYHA jeIUIbCHhA, MOIUXJIOPOBAaHU OM(DEHWIN, TPUXJIOPETUICHH WU
MEPXJIOPATH, TOK KOJ HEOPTaHCKUX JOMHHHUPA]y aMOHHjak, ¢pochaTu, HUTpaTH, HUTPUTH U

METaJIu.

JeqHy O Haj3HAYAjHHjUX TPyNa jeAWIbCHa Y OKBHPY MPHOPUTETHHX OPTraHCKUX
3araljpBaya YnMHE MEP3UCTEHTHH OpraHCcKu 3arahjuBaum (eme. persistent organic pollutants,
POP) kao mro cy mnojiuxiopoBanu Oudenwnun (ene. polychloro biphenyls, PCB),
opranoxyiopuu nectunuan (DDT u memy cnuuna jenumena), ald U HU3 APYTruxX NecTUINI

U TOJIUIMKIMYHUX apOMAaTHYHHUX YTJbOBOJOHUKA (ene. polyaromatic hydrocarbons, PAH).

[lep3uctentnu oprancku mnonyrantu (POP) mpencraBibajy mpeTmy 3a akBaTUYHE
€KOCHCTEME jep Cy OTIIOPHU Ha Jerpajalujy y >KUBOTHO] CPEAMHU OHUOJIOIIKUM, XEMH]CKUM U
(GOTONIMTHUKUM MEXaHU3MHMa M HMMajy CHOCOOHOCT Jla ce€ aKyMyJlupajy y CEOIUMEHTy U
O0MoaKyMynupajy y TKHBY )KMBHX OpraHu3aMa U JbyJd U OMOMarHUQUKYjy y JaHIy UCXPaHe,
Ha Taj HauuH orncTajyhu aenenujama y xkuBotHoj cpeannu (Hodgson, 2004). [TocToju Benuku
6poj POP u cBu cy cunTeTtucanu oJ crpane jbyau. OCHOBHE KapaKTEpUCTUKE KOje UX YHMHE
yrpoxkaBajyhum 3a >KUBOTHY CPEJUHY Cy BEJIMKa XEMHjCKa M OMOJIOIIKA CTAOMIIHOCT, HUCKA
pacTBOpJEMBOCT 'y BOJM W BHCOKAa pAacTBOPJBUBOCT Yy JUOHAAMA. 1O WX YHHHA
OMOaKyMyJlaTHBHMM Yy TKHBHMa OpraHM3aMa, MOJyWCHapJbUBUM, IITO UM omoryhasa
IIPEHOILIEHE Ha BEJIMKE YNAJbeHOCTH Y aTMoc(epu Ipe TajloKema, TaKo Jla Ce jaBibajy Y
o0yacTMa Koje HHMKaJla HUCY OuJie M3JI0KEHE OBUM XeMuKanujama. VcnapaBajy Ha BHILIUM
TeMIlepaTypaMa a KOHJIEH3Y]y Ha HHU)KMM, TOCTHKYyhH HajBHIlIe KOHLEHTpaLK]je Y XJIaJHUJUM
pernonnMma cera. POP cy TOKCHYHM 3a KHBOTHY CpPEIMHY W OpPTraHW3Me, YKJbY4yjyhu u

xymany nomnynanujy (Sankar et al., 2006; Kasiotis, 2009).

[MomuxnopoBanu 6udenmnu (PCB) cy y mmpokoj ynorpeou on 1950-ux u 1960-ux
300r XemHjcke CTaOWIHOCTH, J00pe TOIMJIOTHE MPOBOJJBMBOCTH M €JIEKTPHUYHHUX
M30JIAIMOHUX OCOOMHA, INTO WX YHHHU WICATHUM 32 MPUMEHY Kao TEYHOCTH 3a XJaheme y
TpaHc(hopMaTOpuMa M KOHACH3aTOPUMa, TUTACTH(PHUKATOPUMA, TEYHOCTH 3a TIPEHOC TOIUIOTE Y
MallliHaMma, CpPeJICTBY 3a XHUIPOHM30Jalnjy, TaKo Jla ce HmHUXoBa ynorpeba Besyje 3a ypbaHe
IEHTpe. YHOC Yy HUBOTHY CpeOuHy JOCTHrao je BpxyHanm 1960-ux kama je, ycien

3a0pUHYTOCTH 3a 3AIITUTY XUBOTHE CPEOUHE, U JbYACKO 3/IpaBJbe JOILIO J0 O30MIbHUX



Anexcanopa Munowkoeuh Jlokmopcka oucepmauuja

orpanndema ynorpede 1970-ux. Ha xpajy je monuio g0 motmyHe 3a0paHe, Maja je u J1ajbe y

yIoTpedu onpema Koja cafpKu MOJUXIOpoBaHe OudeHuIe.

On mouerka XX BeKka KOHIIEHTpPALMja MOJUIUKINYHAX apOMAaTHYHUX YTIJbOBOJIOHHUKA
(PAH) y HBOTHO] CPEIMHH CTAJIHO j€ y MOPACTy YCJIeJ aHTPOIIOTCHEe EMHUCH]je, TaKO Ja Cy
IIMPOKO TPUCYTHHU Y CBUM JICIOBMMA XHBOTHE CPEIUHE, A M Y aKBATHYHO]. AHTPOIIOTEHO
MOPEKJIO MOKe Ja Oyle W3 NMHPOTeHHMX WM TEeTPOXeMHjCKHX Tmporeca. Kama nocmy y
aKBaTUYHY CPEIUHY, BPJIO Op30 IMOMJICKY COPIIUjU HA CYCIICHIOBAHMM YECTHIIAMA W/WIIH
CeIMMEHTY, yCIIe]] TCHICHIH]Ee 1a Ce BEXKY 3a UYBPCTY MaTepHjy, TaKo Ja y CIOO0IHO] BOAH

ocraje oko 33%.

Oprancku 3araljiBauu reHepajiHO YKJbY4yjy U HECTULHIE, TOCEOHO OHE CcTaOuiIHE Y
’KMBOTHO] CPEIMHH, Ka0 OCHOBHH mpoOiem. ,llecTuiman® je TepMUH KOjU ce KOPUCTHU 3a
IIMPOK CIEKTap XEMHUKalWja, CHHTETUYKHX WIA TPHPOJHUX, KOje CIyKe 3a KOHTPOIY
WHCeKaTa, TJbUBUIIA, OaKTepHja, KOpOBa, HEMaToja, Tiojapa u Apyrux mreroyuHa (Izu-
Iyawu et al., 2007). Ca TexXHOJOLIKUM pa3BOjJeM M KOHTHHYHPAHHUM pPAacTOM JbYJACKE
nomnyJnaiuje JoUuio je A0 NpOIIUpema 0O0MMa NPOM3BOJKE OCHOBHUX MOJHOMPUBPETHHUX
KyJITypa, YMjU Y3roj 3aXxTeBa INPUMEHY XEeMHUKalHja opraHckor nopekia. Ilectunuan ce y
MOJBOTPUBPETN MIMPOKO KOPHCTE 32 KOHTPOJIY MITETOUYNHA, OOJIECTH M KOPOBa KOjH MOTY Jia
yTHUy Ha KBaJUTeT M mnpuHoc yceBa. lllupoka u decra ymorpeba OBUX XEMUKalIuja je
pesyaTupana 3araljemeM JKUBOTHE cpefuHe, foBojaehu 10 pesuaya uctux y xpanu (José et

al., 2004).

YerpeceTux W TMeJeceTUX TOAMHA TMPOUUIOr Beka JOUUI0 je JI0 yBOohema
WHCEKTUIMAa Ha 0a3W XJIOPOBAHMX YIJhOBOJOHHWKA, Kao mTo cy AT (auxmop-mudenun-
TPUXJIOPETaH), METOKCUXJIOP, XJIOpAaH, XeNTaxjaop, ajJApuH, AUEIAPUH, CHAPUH, TOKcadeH,
mupekc u JuHgad. JJIT je Ouo mnoceOHO edukacaH 3a KOHTPOJIY ULITETOYMHA H
HCKOpEHhHBakhe Majlapuje IIMPOM CBETa, ajlM j€ CeAaMJIecCeTuX Hherona ynorpeda 3abpameHa
y 1IeJIOM CBETY ycJieJ] IEP3UCTEHTHOCTH U INTETHUX yTHIIaja Ha xUBOTHY cpeauny (Hodgson,

2004; Darko et al., 2008).

KOM6HHaHHja TOKCHYHOI' OpraHckor oTmaaa ca MCTalnMa HWIN BUXOBUM
JjenumbemIMa MOXKE J1a M3a30Be mpobieMe 300r dopmupama TokcuuHujux 3arahusaua (Ural

etal., 2012).
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1.2. Temkn MeTaJIu Y aKBAaTHYHUM €KOCUCTEMHUMA

Temku Metanu cy pa3anuuTo neUHUCAHU y aKaJeMCKoj 3ajennunu. [Ipemnoxene cy
pasnuuuTe AePUHHIN]C - jeJHE CE 3aCHUBAjy Ha T'YCTUHU, APYre Ha aTOMCKO] TeKHHHU, a HEKE
Ha XEMHjCKUM CBOjCTBHMA MJIM TOKCHYHOCTH. YTJIAaBHOM je onmrenpuxsaheHo aa ce TepMuH
TEIIKA METAJIM OJHOCH Ha TPYyIly MeTaja M MEeTaJoujJa ca aTOMCKOM TeXnHoM Behom on 4
g/cm® win 5 wim Bume myra Behom o Boge (Duruibe et al., 2007). Takohe cy MO3HATH H Kao
CJIEMEHTH Yy TparoBUMa, jep Ce jaBJba)y y HHUCKAM KOHIICHTpaIMjamMa y OHOJOIIKHM
cucrtemuma. Temku Meranu cy Mel)y 3arahuBaunMa koju cy TOOMIIN BEJIUKY MaXXHkY Y CBETY.
CwMmarpajy ce HajolmacHUjOM KaTeropujoM 3arahuBava y cilaTKUM BojJama jep IMpelCTaBbajy
nocebaH mpoobieM 300T CBOje TOKCHYHOCTH, TIEP3UCTEHTHOCTH, IIUPOKE PACIPOCTPAHEHOCTH
1 OMoakyMylaije y BUCOKUM KOHIIEHTpaIfjamMa y akBaTHUHUM opranuzmuma (Golovanova,

2008; Dragun et al., 2010).

Mertanu umHE 1e0 3eMJbHHE KOpE W Y JKMBOTHY CpEIMHY YIJIaBHOM JIOCIIEBajy
mpolecuMa Kao IITO Cy XEeMHJCKO paclajame CTeHa M chnupame 3emibumTa. Crora,
KOHTaMHUHAIMja BOJAE METaJluMa MOxXe J1a Oyjie reoJIOUIKOT OpeKIIa, U3 pyAa U paclagHyTHX
CTeHa, IIyMCKHX nokapa wiu Beretanuje (Fernandez & Olalla, 2000). Mehytum, yuectanoct
¥ WHTCH3UTET KOHTAMUHAIMjE€ BOJE TEIIKUM METaJMMa YIJABHOM 3aBHCH O] JbYACKHX
aKTUBHOCTH M pacTe ycien ypOaHu3anuje, HHIYCTpUjalu3aluje, MOJbONPUBpPENE HIU
pyaapcTBa. AHTPOIIOT€HH W3BOPU CY YIJIaBHOM IOBE3aHU Ca MHIYCTPUJCKUM M OTMAIHUM
Bo/IaMa u3 ToMahMHCTaBa, MOTUIABHIUM BOaMa, OIIeIHUM BOJjamMa M BoJlama U3 PYJAHHKA yriba
u pyna (Zarazua et al., 2006). Mcnymrame oTmagHuXx Bojga W3 noMahimHcTaBa MOXe Ja
noBeha KOHIIEHTpalje MeTajla y aKBaTUYHMM EKOCHUCTeMHMa jep IIUPOK CIEeKTap
MIPOU3BO/Ia, Kao IITO Cy CPe/ICTBa 3a yuillheme, MacTe 3a 3y0e U KO3METHKa MOTY Jla Cajipike
KoHUeHTpauuje Zn, Pb u Fe y tparoBuma (Sorme & Lagerkvist, 2002; Alloway, 2013).
Takohe, nocneBajyhu u3 mocrpojema 3a mpepaay OTHaIHUX BOJA, OPTAHCKE CYIICTAHIIE KOje
caJip>ke MeTaje Cy MOAJ0KHEe OMOJIOIIKO] Ierpaialiiji, Tako J1a Cy METali Takohe MpUcyTHU
y mnpupoaHuM exocucremMuma (Maceda-Veiga et al., 2012). Cnupame ca cycemHux
MOJFONIPUBPETHUX MOBPIIIMHA Takohe Moske na Oyxae pasior nojase Zn, Cd, Hg u Pb, npemna

Cy OBH METalld 4YeCTO MPHUCYTHH Yy hyOpuBuma wim mnectunmauma (Alloway, 2013).
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I'enepanno, Temku Metanu cy mel)y Hajuenthum 3arahjuBavyrimMa >KMBOTHE CpeIWHE, a

IbUXO0BA 110jaBa Y BOJH U KHBOM CBETY YKa3yje Ha MPUCYCTBO MPUPOJHUX WIH aHTPOIIOTEHUX

u3Bopa (Cnuka 1).
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Camka 1. OGpa3ail KpeTama TeIKUX MeTajla U3 aHTPOTIOTEHUX M3BOpa Y aKBaTUYHO]

cpenuan (Chalermsupanimit, 2006)
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Teruku MeTanu y CIaTKHM BOjiaMa MOTY Jla Ce Hajla3e y BHIY KOJIOH/A, PACTBOPCHOM
wi cycrnernoBanom obnuky (Miller et al., 2003). 'enepanHo, CyclieHIOBaHE YECTHUIIE CY

yecrtuiie Behe ox 100 pm, konouane 1-100 pm, a pacTBopene cy yectuiie Mame o 1 pm.

VY 3aBHCHOCTH 0] OHMOJIOIIKE YJIOre, METald MOTY Ja C€ IOJeliec Ha €CEHIMjaHe
MeTajie, ca II03HATOM OHOJIOIIKOM YJIOrOM, W HEECEHIHjaJHe MeTaje, ca HEIO03HATOM
dyukuujom (Carvalho et al., 2005; Gao et al., 2010; Fallah et al., 2011). Yak u ecenuujannu
METaJIH, 10 MHUIJBEHY HEKHX ayTopa, MOTY Ja IIOCTaHy IITETHH Kaja Ce Y OpraHu3aM yHeCy

y Behum komunnama (Watanabe et al., 1997; Carvalho et al., 2005, Golovanova, 2008).

Temku meranu, Takohe, MoTy 1a Oyay KaTeropucaHH Kao: MOTCHIUjAaIHO TOKCHYHH,
NOMYT alTyMHHHUjyMa, apceHa, KaJMHUjyMma, OJIOBa, KUBE M AaHTUMOHA, I10JIy-E€CCHLIUjalTHH,
MOMYT HUKIIA, BaHAJMjyMa, KoOaJITa U €CeHIIMjalTH| Kao ITo cy Oakap, IUHK, T'BoXhe, celeH
Y MaHTaH KOju ¢y OWTHHM 3a )KMBOTHE IPOLIECE y KUBUM OpPraHM3MUMa. MeTanu Kao mMTo Cy
Oakap, IMHK, KoOanT W TBOkhe HE MOry Ja MpeAcTaBibajy OIMACHOCT 33 aKBATUYHE
€KOCHCTEME U OpraHN3Me YKOJIMKO HE JOCTHTHY BUCOKE KOHIICHTpAIIKje jep Cy HEOIXO/IHH 32

HOpMaTHO (hyHKIMOHHUCame xuBuX Orha (Canli & Atli, 2003).

HacynpoT ToMe, MeTanu Kao IITO Cy KaJMHjyM, KUBA U OJOBO Cy YBEK TOKCHYHH
MeTanu y opranusMmy (Amundsen et al., 1997; Kojadinovi¢ et al., 2007). 300r excrpemHe
TOKCUYHOCTM OPraHCKMX OOJMKa, CIIOCOOHOCTH OHOakyMmylanuje Yy aKBaTMUYHUM
OpraHM3MUMa U MOCTOJaHOCTH y ceaumeHty, Hg (moceGHO pacTBOpJbMBU OOJIMK, METHII-
KMBa) ce TeHepaJlHO CMaTpa jeIHUM OJ1 INIaBHUX 3arahuBaya y akBaTMYHO] cpeaunu (Burger
& Gochfeld, 2007). V nBoBaneHTHOM 00dMKY Pb je crabuiHM MeTan KOjU ce 4YecTo
OnoakyMynupa y akBaTMUHUM opranu3muma. [lo3HaT je kao KaHIEpOreHUW MeTall, Kako 3a
aKkBaTMYHE oOpraHm3Me Tako W 3a 4oBeka (Malik et al., 2010). I'enmepamHu mnopenak
TOKCHUYHOCTH MeTalsia Moxe Ja ce npeacraBu Hg > Ag>Cu>Cd>Zn>Ni>Pb>Cr>Snu

tako nasbe (Luoma & Rainbow, 2008).

Temkn MeTtanu y akBaTUYHO] CpPEAMHHM MOTy Ja Oyay HpOHM3BOJ IPHUPOJHOT
UCrHpama U3 3eMJBHINTA/CTEHA, KOje jé OOMYHO CHopo, Ha HUCKOM HUBOY M HE HM3a3uBa
030MJbHE M IITeTHE e(deKTe Ha 37apaBibe Jbyau. MeTanu U3 MPUPOAHUX W AHTPOIOTEHUX
M3BOpa KOHCTAHTHO JOCIEBajy y akBaTwuHy cpeauny (Saygi et al., 2012), ekonomku cy

CBENPUCYTHH, JIAKO CE€ PACTBapajy M TPAHCIOPTYjy Y BOAM M JIAKO UX yCBajajy aKBaTHUYHU
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opranusmu (Alam et al., 2002). ¥V akBaTHYHO] CpPEeIHHH, TOKCHYHOCT METajga MOXKe Ja Oyje
MOJI yTUIAjeM pa3IMYUTHX abWOTHYKUX (pakTopa Kao INTO Cy KUCEOHHWK, TBpAoha, pH,
ankanuter U Temreparypa Boje (Ghillebaert et al., 1995; Adhikari et al., 2006). YTuuaj
MOBHIIICHUX KOHIICHTpallMja MeTaja Yy JKMBOTHOj CPEIUHH je JOJaTHO TIojavyaH
HeMmoryhuomhy pasrpagme MeTana, IITO 3a IMOCIEAUIly UMa OHOaKymyJalujy,
OMOKOHLIEHTpAIM]y, TPAHCHOPT MeTaja JyX JaHIAa HCXpaHe H OMOMarHU(pHUKAIH]jy

nojenuaux merana (Ciesielski et al., 2010).

Bruoakymynamnuja je ONMIITH TEPMUH KOjU OIKCYje ANCOPIIHjy TEHIKUX METana W3
KUBOTHE (aKBaTUYHE) CpeOUHE, Ha jeJaH WM cBe Moryhe HauuHe (Tj. OUCame, TyTalkbe U
MyTeM KOXe, U3 OUII0 KOT M3BOpa Y aKBaTUYHO] CPEeIMHHU ). BUOKOHIIEHTpalrja je Mpeu3Huju
TEPMUH KOjU C€ KOPHCTHM 32 OIHCUBAmkE arcopiiyje MeTajla camMo U3 BOJE.
buomaraudukamnyja npeacraBiba IopacT KOHIEHTPAIMje MeTalla Y OpraHu3My, OJ1 HIKET Ka
BUIIEM TPO(GHUYKOM HHBOY y OKBUPY MCTOT JIaHIIAa UCXpaHe, a yclel Onoakymylaiuje u3

xpane (McGeer et al., 2004).

Temku meranu y akBaTW4YHO] CPEAMHU MOTY Jla OCTaHy y PAacTBOPEHOM OOJIHKY Y
BOJM, MOTY J€ C€ HCTaJOXe M BEXYy 3a CEAUMEHT WIM HUX aKyMylupajy akBaTHUYHU
opranuzamu. C o03upoM J1a HHCY OWMOpPA3rPaavBH, TEIIKM METAIW CYy INTETHU 3a OUIbKE,
aKBaTHYHE YXKMBOTHIHEC W 3/paBJbe XyMaHE IOIMyNanrje Ha oJpel)eHOM HHBOY H3JI0KEHOCTH
(Mustafa & Nilgun, 2006). Temxku MeTanu MoOCTajy TOKCHYHHU Kaja ce He MeTaOonuIly y
OpraHu3My, Ia cé caMUM THUM aKyMYJIMpajy Y MEKUM TKMBHMMa, TaKO Ja MOCTajy 030MJbHA
NpeTmka, yClel KapaKTepUCTHKa Kao IITO Cy TEepP3UCTEHTHOCT, OHOaKymynanuja u

omomarnudukanuja y saniy ucxpane (Papagiannis et al., 2004).

Kao mTo je cimywaj m y OpyruMm oOpraHusMuMa, TEIIKM MeETajld HEe MOry Jia ce
HEYTPaJIMIIy KOJ YOBEKa. YMECTO Tora, OHM MMajy TEHJCHIM]Y Jla c€ aKyMyJIupajy y Temy,
CKJIAJUILTE Y MEKUM U TBPJIUM TKHBUMA Kao LITO CY jeTpa, MUIIUNK U KOCTH U Ha Taj HAUYUH
yrpoXkaBajy 37paBibe Jbyau. [IpaKTHYHO CBU METalIM MOTY Jia MPOU3BENy TOKCHYaH edekar
Kajia ce y OpraHu3aM yHecy y onpeheHHMM KOJMYMHaMa, ald MOCTOje HEKH OJ HBHX KOjU Cy
nocebHo BakHU (kao mro cy Hg, As, Pb, Co u Cd) jep nmpousBose TokcuuaH edekar u npu

HUCKUM KOHIICHTpalujama.
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1.2.1. KapakTepucTuke MeTaja W MeTAIOWAa MCTPAKUBAHUX Yy OBOj

CTYAUjH

Kao mro je HamomMeHyTo, TEUIKM METaJld MPOU3BOJAE TOKCHYAaH e(eKaT Kajaa ce He
MeTaboIHIy Y OpraHU3My U aKyMYJIHpajy ce€ Y MeKUM U TBpAuM TKuBuMa. Knacuduxarmja

CJIEMEHaTa IpeéMa TOKCHYHOCTH M HAYHUHY pecopnuﬂje n JOCTYIIHOCTH OpraHnu3MnmMma,

npukasana je y Tabenu 1.

Ta6ena 1. Knacudukanuja ereMenara nmpeMa TOKCHUYHOCTH U gocTynHocT (Wood, 1974)

TOKCH‘IHM, ACJIUMHNYHO
BeoMa TOKCHYHHU U
Heroxcuunu pacTBOPEHH WJIH JIAKO
JAKO0 I[OCTyl'lHI/I
JOCTYITHH
Na, C, F, K, S, Ti, Ga, Hf, Rh, Be, As, Au, Cu, Pd, Pb
Sr, H, Cl Nb, Ir
P, Li, Mg, Al, La, Zr, Os, Ta, Co, Se, Hg, Zn, Ag, Sb
O, Br, Si Ru, Re
Fe, Rb, Ca, N W Ni, Te, TI, Pt, Sn, Cd, Bi

W3abpanu MeTany ¥ METAJOUIM y OBOj CTyAMjU cy: anyMuHHjyM (Al), apcen (As),
kanamujym (Cd), kobant (Co), xpom (Cr), 6akap (Cu), reoxhe (Fe), xxuBa (Hg), manran (Mn),
Huki (Ni), onoso (Pb) u sk (Zn).

10
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1.2.1.1. Anymunujym (Al)

AJyMUHUJYM je HAaj3aCTyILUbEHHU]U €NeMEHT y 3emibuHO] kopu (8.1%) u Ttpehu
HajpacnpOCTPambCHUJU CIIEMEHT, IOCIIe KUCCOHWKA M CWIMIUjyMa, ajd C€ PETKO Hala3u
camocTanHo y npupoau. OOMYHO ce Hajla3u y MUHEpaluMa allyMUHUjyM CHJIMKaTa, Kao MITO
Ccy OOKCHUT M KpUOJUT. AJTYMUHHUJYM je CpeOpHO-Oenu MeTana ca MHOTOOPOjHUM KOPHUCHUM

KapaKTCpUCTUKaMaA.

Y KHMBOTHY CpEOUHY JOCIEeBa M3 MPHUPOTHHUX MpOIeca W JbYACKUX AKTUBHOCTH.
[Tpuponuu npouecu uymHe BehuHy amymMuHUjymMa y JKMBOTHOj CpPEOMHH, a pe3yinTar Ccy
criMpama CTeHAa M MHHEpala y KOjUMa je alyMHUHHUjyM NpUCYTaH. /JUPEKTHO aHTPOIIOTeHO
UCIYIITAake jeANbEeha ATYMHHHUjyMa je YIIIaBHOM Yy Ba3AyIIHY CPEIUHY M IOBE3aHO je ca
unayctpujckuM mporecuma (Krewski et al., 2007). AaTponiorena ynorpeda aryMuHUjyma je
Beha o Ouo kor apyror metana (u3y3eB I'Boxha). ATyMHHH]YM J1ako (opmupa Jerype ca
eNeMEeHTHMA, Kao HITO Cy Oakap, IMHK, MarHe3ujyM, MaHra u cuumiujyM. Ca eleKTpuYHOM
npoBoasbuBolIhy 60% 01 BpEeAHOCTH €NEKTPONPOBOJJBUBOCTH Oakpa M MHOIO Mambe
T'YCTHHE, MTHTEH3UBHO CE€ KOPHCTH 3a €JIEKTPHYHE NaneKoBoje. YNCT aJyMHUHHUjYM je MEK U
pacTerJbUB ajld MOXKE Jla C€ oOjaya MellameM, [oJaBambeM Majie KOJIM4YMHe Oakpa,
MarHesujyma u cuiauiujyma. Takole, anyMuHHjyM ce KOpHUCTH 3a u3pagy mnocybha, 3a

paznuuute 60j€ Y KO3METHIIN, XpaH! U PpapMaiiuju.

W3narame anmymMuHUjyMy OOMYHO HMj€ LITETHO, MehyTHM BHCOKE KOHIIEHTpaluje
MOTy Jia M3a30BYy 030MJbHE 37paBCTBEHE MpoOjeMe, TaKo Ja OBaj MeTal Mpuraja Ipymnu
MOTEHIMjaTHO TOKcHMYHUX. Kama je y muTamy akBaTWMYHA CpEeIWHA, aJyMUHHUJYM je, TOJ
oapeheHuM yciaoBMMa, TOKCHYAH 3a BEIMKH Opoj opranuszaMa. Pube cy moceGHO oceTsbuBe
Ha TOKCHYHOCT ajlyMHHHjyMa, 3HAaTHO BHILIE HEro IUTO je TO Cly4a] ca aKBaTUYHUM

oecknumemanuma (Dalmacija & Agbaba, 2008).

C 003upoM J1a aJyMUHH]yM HHUj€ KOPUCTAaH HU y J€THOM OMOXEMH)CKOM IpOLECYy Y
OpraHu3My, UMa TE€HICHIIM]Y Jla C€ aKyMyJIMpa Yy MO3TY U, Y Mamk0j MEpH, KOCTUMA. 3HATHO
Mame je TOKCHYaH Of >KHMBE, apCceHa, 0JI0Ba W KaJIMHjyMa ajlM je MEep3UCTEHTHUJU O] HUX,

TaKoO J1a CC OIMACHOCT HCII0JbaBa HAKOH JYKEI' BPECMCHCKOT IICprUoaa.

11
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1.2.1.2. Apcen (As)

ApceH je MeTaou/I KOjH je MPHUCYTaH Yy KMBOTHO|] CPEIHHH, TOKCHYAH je 3a OUJbKE,
KUBOTHIEC M YOBEKa, MEhyTUM HEeroBa TOKCHYHOCT BapHpa YCIeI Pa3IMYUTHX XEMH]CKUX
obmmka (Devesa et al., 2008). Illupoko je pacmpocTpameH, jaB/ba C€ y 3€MJBUIITY, BOIU U
Ba3yxy. Y BOJU CE jaBJhba Y OPTaHCKOM M HEOPTaHCKOM OOJIMKY, Maja HEOPTaHCKH OOJIMK

npeonahyje (VukasSinovi¢-Pesi¢ et al., 2005).

YoBek yTHye Ha KOHIICHTpAIlMje apceHa y MPUPOIM YCIIe] aKTUBHOCTH Kao IITO Cy
yrnoTpeba nectunuaa u hyoOpusa, caropeBame (HOCHIHUX TOPHBA, OJJIararbe KOMYHAIHOT,
WHIYCTPHjCKOT U IPYTOT OTIIaJla, HABOIHaBamke. APCEH j€ PeIOKC-CEH3UTUBHU €JIEMEHT KOjU
Ce KOPHUCTH 3a BaTPOMET, CTAKIIO, KepaMUKY, HHIyCTpHUjcke 0oje n y mequimau (Dalmacija &
Agbaba, 2008). berosa cynbuna, kao u gopma Kojy 100Hja y KUBOTHO] CPEIUHH j€ TOJ
yruajeM pH BpeaHOCTH cpeuHe, peoKC peakiiyje, TMCTpUOyInje IpyruxX jOHCKUX 00JIHKa,

XeMH3Ma BoJie B MUKpoOuoomke aktuBHOCTH (Shih, 2005).

I'eHepaiHO, M3TIOKEHOCT JbYJCKE IOIMYyJAIMje apCeHy je YITIaBHOM IPEKO XpaHe U
Bozie 3a nuhe. CaMO HEKOJIMKO IMpOIIeHaTa OJ] YKYIHOI apceHa y pubama je y HEOpraHCKOM
00MKy. XpOHUYHA U3JI0)KEHOCT HEOPTaHCKOM apceHy MOXe Jla M3a30Be 030MJbHE yTHUIlaje Ha

nepudepHH U eHTpaTHU HepBHU cucteM (Jarup, 2003).

Pesynratu mokasyjy n1a ja KOHIEHTpalMja apceHa Hucka y Behunu puba, anu ga je
yBEK HajBHIIAa KOHIeHTpauuja y muimnhHom tkuBy (Has-Schon et al., 2006; Falco et al.,
2006; Visnji¢-Jefti¢ et al., 2010; Squadrone et al., 2013).

1.2.1.3. Kaamujym (Cd)

Kangmujym je yoOuuajeHa mpuMeca CIOXXEHMX OKCHAa, cyinduaa u KapOoHata y
pyldaMa LIMHKa, 0JIoBa M 0akpa, KOju ce Hajuemrhe M30iyje MPHIUKOM MPOU3BOJIHE IIMHKA.
Heke pyne nunka cagpxe no 1.4% xagmujyma (Finkelman, 2005). ExctpemHo je TOKCH4aH
3a BehnHy OMJbaka M JKMBOTHEHA, HAPOUUTO Y opmu ciaoboanux jona (Denton et al., 1997).
['maBHUM M3BOpH KagMHjyMa YKIJbYUYyjy METATYPLIKYy WUHIAYCTPHjY, OTIAJHE BOJE U3 TPalloBa,

KaHaTU3allMOHU MYJb M OTHAJ U3 pyJHUKA, ocuiiHa ropuBa U hyopusa koja caapsxke docdop.

12
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VY cemMMeHTy, KaJIMHjyM C€ H3Ijeda He Be3yje 3a KOJIOMJHE YeCTHIle, ajlu CY
OpraHcKe MaTepHje TJIaBHE 3a ariCOPIIIHN]Yy OBOT MeTalla I/Ie C€ CHAXXHO arcopOyjy IMTO MOXKeE
na Oyae M3y3eTHO omacHo jep ce moBehaBa yHocoMm XpaHe. Kagmujym je mMame MoOuIaH y

ankaiaHuM ycimoBuMma (Fergusson, 1990).

N3 cegumenTa OWJbKe JIaKime ycBajajy KaamMujym kama ce pH BpemHocT moseha.
Takohe, kagmujym ce Ouoakymyiupa y IIKOJpbKama, MYXEBHUMa, pPaKoBHMMa W pubama.
OceTspMBOCT aKBaTHYHHUX OpraHM3amMa Ha KaJMHjyM Bapupa M OIIITE je MO3HATO Ja Cy
MOPCKH OpPTaHU3MH OTIOPHH]H Ha TPOBamke KaJMHjyMoM. KaamujyMm ce Hajpe TpaHCTIopTyje
y jeTpy IyTeM KpBH, TJe ce Be3yje 3a MPOTeHHE ca Kojuma (hopMHpa KOMILIEKCE KOjU ce

TpaHcmopTyjy 1o OyOpera, rae omrehyjy mexanusme punrpupama (Squadrone et al., 2013).

1.2.1.4. Kob6aaTt (Co)

Kobant je 33. HajpacmpocTpameHHjU €JIEMEHT KOju je mpoHaheH y pazIuuuTHM
MeIujuMa, YKJbydyjyhu Ba3yX, MOBPIIMHCKE BOJE, OIIEIHE BOJIE Ca JICTIOHHW]a OIMACHOT
0TIa/a, TOJ3eMHE BOJE, 3eMJBHUINTE U ceAUMEHT. [locTojaH je y uBpcTOM cTamby Ha COOHO]

TeMIepaTypH.

W3Bopu koOanTa M HEOPraHCKUX jelumema KobanTa Mory jaa OyAy NpPUPOAHU H
a"TpororeHu. [IpupoHu U3BOPH Cy BETPOM pasHeceHa MpalliHa, paclpiieHa MOpCcKa BOJa,
BYJIKQHHU, IIYMCKH TIO’Kapu U OMOTE€HA eMHUCH]a. AHTPOIIOTEHU W3BOPU YKIbYUY]y CHaJbUBAbE
(dbocnIHMX ropuBa, KaHAIM3AMOHU MYyJb, ¢ochaTHa hyOpuBa, pyne kobaira y pyaapcko-
TOIMMOHUYAPCKUM TIpOLIECHMa, Tpepaay JIerype Kobaiara U HMHIYCTPUJy KOja KOPHCTH
jenumema kobOanta. Kobant ucmymren y armocdepy ce TaJOXKH Ha TIO, JOK KOOalT
WCIYIITEH y aKBaTHYHY CPEIMHY C€ Be3yje 3a YECTHIIC W TAJIOXKH Yy CEAUMEHT MM Ce TaK

AUPCKTHO TAJIOKU Y CCAUMCHT.

MukpoeneMeHT KOOalT je 0J] CYIITHHCKOT 3Havaja 3a YOBEKa W OCTajie cucape jep je
CacTaBHM 10 KOMIUIeKca BUTaMuHa bjy. Hemocrtarak xom Jbyau je cIMYaH HEJOCTaTKY
BuTaMuHa by, ca cumnToMuMa Kao MITO Cy aHeMHja U mopeMehaj Hepsror cuctema (Gal et
al., 2008). Mehyrtum, y BumuMm koHmeHTpanujama Co je TOKCHYaH 3a OUJbKE, KUBOTHILE U

yoseka (ATSDR, 2004).
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1.2.1.5. Xpom (Cr)

Xpowm je cjajaH, TBpA alu KPT MeTall. 300T MIMPOKE WHIYCTPUjCKe yroTpebe, cmaTpa
ce 030mspbHUM 3arahjuBaduem XUBOTHE cpenuHe. HecrtaOwiaH je Ha Ba3dyXy, oaMax CTBapa
TaHaK CJIOj OKCHJIA KOJH HE TMPOMYIITa KUCEOHUK MPU YeMy ITUTH MeTan ucnoja. CtabumHu
ob6munu Cr cy tpoBasienTHH Cr (III) m xexcaBanmentnu Cr (VI), anu mocroje u pasHe apyre
BaJICHIIEC KOj€ Cy HecTaOuiaHe U KpaTkoxkuBehe y omonomkum cuctemuma. Cr (VI) ce cmarpa
HajTokcnyarjoM ¢opmom Cr. Cr (III) je mame MoOMIIaH, Mambe TOKCUYAaH M YIIIABHOM Be3aH

3a opraHcke marepuje y semsbHnmty (Becquer et al., 2003).

XpoM U BEroBa jeIumbeha UMajy pa3InuuTe yroTpede y uHAYCTpuju. IHTEH3UBHO ce
Kopuctu y mpepaan koxke (Nriagu, 1988), y nHpouW3BOIKBM BAaTPOCTATHHX YENHKA, Y

IIPpOU3BOAKBLU XPOMHE KUCCIIMHE U CHeI_II/IjaJ'IHI/IM XeMI/IKaHHjaMa.

YMepeHo je TokcuyaH 3a akBaTuuHe opranusme. Ca apyre cTpaHe, Heke ocobe cy
uzysetHo ocetsprBe Ha Cr (VI) mnu Cr (III). lecToBanieHTHU OONHK ce cMaTpa TOKCHYHOM
dhopmoMm xpoma jep Jlako mpoJia3zu Kpo3 henujcke memOpane. YHyrap henuje, 1mecToBaJIeHTHH
o0NMK ce peayKyje y TpOBAJEHTHH KOjU TpaJad KOMIUIEKCE ca WHTpaIelyIapHUM
MaKpOMOJIEKYJIMMa, YKJbY4yjyhu M TeHeTCKHM MaTepujai, a Takohe je M OAroBopaH 3a
TokcuyHe U MmyrareHe Moryhnoctu Cr (Goyer & Clarsksom, 2001). I'maBHu pasnor
tokcuyHoctu Cr (VI) je mpousson peaykuuje Cr (V). Cr (V) je no3HaTH KapLEeHOTreH U MOXe
Ja ce akyMyJupa y TKuBuMa, rae Gopmupa kanueposne uspaciube (Cohen et al., 1993).
W3noxeHoCcT XpoMy MpeacTaBba pacTyhu mpobieM 3a KBAJUTET aKBaTUYHE CpPEAUHE

(Squadrone et al., 2013).

1.2.1.6. bakap (Cu)

baxkap je jenan on Hajuenthe kopumrheHWx MeTasa, CAaBUTJHUB, PACTETJBHB U U3Y3ETHO
nobap MpPOBOAHMK €NEKTpUYHE M TOIUIOTHE eHepruje. Kopuctu ce 3a mnpousBoiamYy
eJIEKTPUYHE OIpeMe, U3Tpajiiby, Kao IITO Cy MOKPHBamhe KPOBOBA U BOJIOBOJA, UHIYCTPH)CKa
MOCTpOjerha, Kao MTO Cy MU3MEHmHBauu TorwuioTe. Behu neo jenumema Oakpa ce Hanasu y

Ba3/yXy, 3eMJBHUINTY U BOIM TJ€ Cy UBPCTO BE3aHa 3a MpalluHy Wik yrpaheHa y MuHepale.
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Jlo aKkBaTMYHUX EKOCHUCTEMa JIOCIIEeBA W3 AHTPOINOTCHHX W3BOpa Kao IITO Cy
UHAYCTPHja, pyJapcTBO, KopHIIheme OakapHUX CONM 32 KOHTPOJY BOJCHE BEreTaluje WM
hyOpuBa xoja caapxe Oakap. Anrunuan u 00je MPOTUB o0pacTama Cy UACHTH(PUKOBAHU Kao
KJbYYHU H3BOpH Oakpa y Boju. bakap uMa BHCOK aHUHHUTET TpeMa MUHEPATHUM
¢dbpakuurjama, 1moceOHO OHMM ca OoraTUM oOyiorama Koje CaJp)Ke€ OpPraHCKH YIJbeHHK H
MaHTaH-OKCHJ W Kao Pe3yiTaT 4YecTO Cy JIOKAJIM30BAaHO IMOBHIICHE KOHIIEHTPALHUje OBOT
MeTaJia y CeIUMEHTY, Ko MecTa yHoca (Denton et al., 1997). Crora, ciioboaau jonu 6akpa ce
pPETKO Halla3e, OCUM Yy YHCTOj, U Y KHUCEJO0] U MeKoj Boau. M3moxkeHocT Oakpy je myTem
JMcama, UCXpaHe WM BoJie 3a muhe Koja caapyku Oakap, Kao W MyTeM KOXKe U3 MPOU3BOjIa

KOjU caapke Oakap.

Bakap je eceHIujaiHu eIeMEHT 3a (PYHKIIMOHUCAE KUBUX OpraHn3aMa, YKJbydyjyhu
¥ YOBEKAa M MaJie KOJMYMHE OBOI' €JIEMEHTa Cy HEOIXO/IHE Y HCXPAaHU KaKo OM ce OCHTYpallo
100po 3apaBibe. Melhytum, npeBuine 6akpa MOXKe Ja W3a30BE IITETHE eeKTe Ha 3/paBibe

YOBeKa, I7ie MoXke Ja Oyze y Be3u ca omrehemeM jeTpe u Oonect Oydera.

1.2.1.7. Teoxhe (Fe)

I'Boxhe je mo3naro kao 10. HajpacIpOCTpamkEHUJU €IEMEHT U HajpaclpoCTpambeHU]H
eJeMEeHT 3eMJbHHE Kope. Texak je cpeOpHO CHMBH METall, CjajaH, CaBUTJHUB U PACTETJbUB.
Moxe 51a ce jaBM y /IBa OKCHJAIMOHA CTama: (epo (Fe?*) u tbepu (Fe*h). ®epo reoxhe
pearyje ca KUCEOHHKOM CTBapajyhul TOKCHYHE XHUIPOKCHII pajuKaie KOju M3a3uBajy 3HaTHA
omrehema hennja, Hamagajyhu nmpoTenHe, HYKJIEMHCKE KUCEIIMHE, JTUMUIC U YIJhbeHEe XUIpaTe

(Hentze et al., 2004), nox je ¢gepu rBokle MPaKTUIHO HEPACTBOPIHUBO Y BOJIH.

Opn cBux Merana, TBOXhe ce HajBuIle KOPUCTH 300r uBpcTohe M HHCKE LieHe. MMa
IIMPOKY TMPUMEHY, Of MOCyAa 3a XpaHy OO0 ayromoOuia, oA mpaduurepa 10 MallvHa 3a
Ipame Bellla, 0]l TEpeTHUX OpojioBa /10 crajanuia 3a nanup. Hajmo3naruja nerypa reoxba je

YelluK, a Apyru oonuiu reoxkha cy cupoBo reoxle, TMBeHO IBoXkhe U KoBaHO rBokle.

YOpKoc TOKCHYHOCTH, TBOXKHE je HEONMXOIHO 32 HEKOJIUKO >KMBOTHHX IIpoIleca,
ykipyuyjyhu cuntesy JIHK, kao ngeo xemornoOuwHa 3a CKIQIUINTEHE KHCEOHHKA |

Tpancnoprta. Hemocrarak reoxha y henuju noBoau no henujcke cMpTH.
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1.2.1.8. ’Kusa (Hg)

’KuBa je jemaH o HAJTOKCHYHUJUX MeTaja y >KUBOTHO] CpeAWHU, YKJby4dyjyhm
mutochepy, atmochepy, ouochepy u xuapocdepy. 300r eKCTpEeMHE TOKCUIHOCTH OPTaHCKUX
o0vKa, cocoOHOCTH OMOaKyMylaldje y BOJEHUM OpraHH3MUMa M TEP3UCTEHTHOCTH Y
cequmenty, Hg (moceOHO pacTBOpJHMBU OOJIMK, METHII-)KMBA) C€ TCHEPATHO CMaTpa jeTHUM

O/l IIaBHMX 3araljuBaua y akBatuunoj cpeaunu (Burger & Gochfeld, 2007).

Metun-xuBa (MeHg) je Haj3acTynbeHHju 00IHK skuBe. [Ipon3Boau ce OHOIOMKOM U
XEMHjCKOM MeTWJIanujoM Heoprancke Hg m MohaH je HEypOTOKCHKAHT KOJ KHBOTHHbA U
yoBeka. CHa)XXKHO ce Be3yje 3a MPOTEHHE U CTOra ce akyMyjHpa M 3aAp:KaBa y OMOJIOIIKUM
tkuBuMa (US EPA, 1997). Heoprancky Hg u oprancky MeHg mory na arncop0yjy akBaTH4HU
OpraHu3MH, TUPEKTHO W3 Boje WM myteM xpaHe. [Iponopunja MeHg y omHocy Ha yKynmHY
koHIeHTpaunjy Hg moehaBa ce kpo3 manar ucxpane. HajHmka je y BomeHHM OWIbKama,
cpeAme IpuUcyTHa y OecKkMuMemalliMa, a HajBUIA Yy MNpPeJaToOpCKUM BpcTrama pubda u
nuciuBopHuM nituiiama u cucapuma (US EPA, 1997). [Tocneamu akymynupajy Behu geo Hg
Kpo3 ucxpany. Konnenrpanuja Hg y pubama Bapupa y 3aBUCHOCTH O]l BPCTE, HE CaMO Y
OJIHOCY Ha TIOJIOXKAj Y JIAHIly UCXpaHe, Beh u ycnen OmoxemujcKkux pasinuka um3Mmely Bpcra.
KoHneHnrpanuja xuBe y OpraHu3My pacte ca crapomrhy, Kao pe3yiaTaT IyKer BpeMeHa
n3noxkeHocTH. OBaj eJIeMEHT ce M3y3eTHO OMoakymyiupa U OHMoMarHugukyje Kpo3 JaHall
ucxpane y Boau (Carrasco et al., 2011). Baxxuu nunaukaropu 3aralema )KMBOM y aKBaTUYHO]
cpeauHu cy pude, rie HajBHIlE KOHIIEHTpalMje Mory Ja ce Hal)y yriaBHOM y MUIIMhHOM

tkuBy (Celechovska et al., 2007).

Hajuemhn myT yHOCa XMBe y opraHuh3aM 4HOBeKa je ymorpeda pube u3 moapydja
3aral)eHOTr JKUBOM y MCXpaHH, a HajBehy OMmacHOCT 3a 3/[paBJbe YOBEKa MPEICTaBIba OPTaHCKU
obmuk, T1j. Metwi-xkuBa (Clarkson, 1990; WHO, 1990; Shimshack et al., 2007). 13 tor
pasJiora, maxKma je ycMepeHa Ha pube Kao IJIaBHU U3BOP JbYACKE M3JI0KEHOCTH METHII-KHUBH.
MeTua-KuBa y Tely HETaTHBHO yTHYe HAa HEPBHM, KapJAHOBACKYJIAPHH M MMYHH CHCTEM.
Kako cy pube BaxkaH 7o JbyJICKE UCXPaHE, HEOXO/IaH j€ MOHUTOPHHT YKYITHE KUBE U HhCHE

oprancke ¢opme MeTHI-)KuBe Y MUIInhHOM TKUBY puba (Sedlackova et al., 2013).
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1.2.1.9. Manraun (Mn)

MasnraH je 6enmuvacto-cuBe 00je, BEOMa KPT U Y IPUCYCTBY KHUCEOHUKA TMTOBPITHHCKH
okcuaupajyhu meran. Y >KMBOTHOj CPEJUHM, MAaHTaH C€ PETKO jaBjba y Cl000IHO] (opMH,
Beh yrimaBHOM y KOMOMHOBaHOM OOJUKY. Y YHCTOM CTalkby MaHTaH je PeaKTHBaH, a Kao Mpax

rOpH Y IPUCYCTBY KHCEOHHKA.

Masras ce 4ecTo Haia3u y MeTaMop(HUM, CETMMEHTHIM U MarMaTCKUM CTeHama. Y
MHAYCTPHjJU UMa MHOT'O NPUMEHA, KOPUCTH C€ 3a MPOU3BOIbY (DepOMaHraHCKOT YeIuKa, Kao
€JIEKTPOJIMTUYKM MaHTaH-IMOKCH]l y OaTepujama, Jlerypama, KaTajau3aTopuMa, MMIMEHTUMa,
cyllapama, CpeICTBUMA 3a 3aIITUTY ApBETa. Y Ba3[ylLIHY CPEIUHY CE YIJIABHOM HUCIIyILITa Y
YeCTUYacTOM OOJIMKY, a CyJOMHA U TPAHCIOPT YECTHIlA 3aBUCE O] BEJINYMHE U I'yCTUHE, Ka0
u Op3uHe U npasua BeTpa. Heka jenumerma MaHraHa Cy JIakKO pacTBOpPJbUBA Y BOJM, TaKo Ja
3Ha4yajHa M3JI0)KEHOCT, Takohe, MoXKe J1a ce jaBU MHIeCTHjOM KOHTaMHMHUpaHe Boje 3a mnuhe.
MaHras y KOMHEHUM BOJiaMa MOYKeE J1a OKCUIUPA WIH J1a CE BEXKE 3a YECTULIE U UCTAIOXKH Y

CCIHUMCHT.

Kao eceHnmjaiHm eleMeHT y TparoBuMma, IpUCyTaH je y CBUM XHUBUM OpPraHU3MHMA,
i MOXe Jla JIoBele A0 HHu3a 030MJBbHHUX TOKCHYHHUX peaklyja yciel AYKer H3Jlarama
MOBMILIEHUM KOHIIEHTpAIMjaMa OBOI' eJeMeHTa. TOKCHUHU e(EeKTH UCIO0JbaBajy C€ Yy BEIHKO)]
MepH MPUIMKOM PYJapCKUX B MTPOU3BOJIHUX aKTUBHOCTH 300T HACTaHKa YeCTUYHUX MaTepHja
ca oBuM eneMmeHToM y Ba3ayxy (Francis & Forsyth, 2005). OBaj meran je yecTo moBe3aH ca
pesepBama reoxkha. ¥V JKMBUM cHCTEMHMMa JOCTHKE 3HATHO BHILE KOHLEHTpalMje y jeTpu
HEero y MUIIMNHOM TKHBY yciel meroe (GpyHKIMje Ko(akTopa 3a akTHBAIUjy jeAHOT Opoja
enzuMa (Wagner & Boman, 2003). 3a Heke >KMBOTHI€ CMPTOHOCHA KOHIIEHTpal{ja OBOT
eJIEMEHTa je TPWIMYHO HUCKA, ITO 3HAYM J]a UMajy Majie IIaHce Ja MPEeKUBE YaK U HUCKE
KOHIIEHTpallKje MaHraHa. MaHran Mo>ke J1a U3a30Be CMeTH-e y QyHKIMOHUCawy miayha, jeTpe
Y BacKyJapHOT CUCTeMa, MaJl KpBHOT MPUTHUCKA, HETOCTATKE Y Pa3BOjy KUBOTUICKUX (eTyca

" omrrehema Mo3ra.
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1.2.1.10. Huxa (Ni)

Huki je penaTMBHO HIMPOKO PACIpOCTpameH y JKUBOTHOj cpenwnu. Hamasu ce y
MHOTHM pyAaMa Kao CyJI(HI, apCeHU], AaHTUMOHM[, CUJIHMKAT U OKCHA. XEMHJCKOM H
(GU3MYKOM JerpaialijoM CTeHAa W Tia, aTMOCHEPCKUM TAIOKEHEM YeCTHIAa KOje calpike
HUKJI U UCIYIITalkeM MHIYCTPHjCKUX M KOMYHAJIHHX OTHAIHHUX Boja ociobaha ce y Bomy.
['MaBHU aHTPOIIOT'CHU U3BOPH HUKJIA Y BOIHU Cy MPUMapHa MPOU3BO/Iba HUKIIA, METATYPIIKA
MPOLIECH, CaropeBame M ClajbuBambe (POCHIHUX IOpHBa, KA0 M XEMHUjCKa M KaTallu3aToOpCKa

npousBoama (USEPA, 1986).

Huxi je jenan o HajMOOMIHMjUX MeETala y aKBaTUYHO] CPEIWHU. JOHM HUKIIA TEXe
na ce pactBope npu pH BpenHoctu ucnon 6.5, 10K U3Ha OBE BPEAHOCTH yriaBHOM (popmupa
HEpacTBOPJbMBE HMKJI XHUApPOKcHIe. 3aralere HUKIOM Yy aKBAaTUYHO] CPEAMHU 3aBHCU
YIJIaBHOM Of] MaJaBUHA U copOIMje XUAPOKcuaa reokha u MaHraHa. Y KOIHEHUM BoJama,

CEIMMEHT YTIJIABHOM CaJIp KM BUIIIEe HUKJIAa Hero Boaa (Weiner, 2008).

VY nopehewy ca BehnHnoM mertana, Ni je Mame TOKCH4aH M pacTBopsbuB. Kana je y
MUTalky aKBaTUYHU CBET, TOKCUYHOCT HUKJIA 3HA4YajHO Bapupa m3Mmely BpcTa, anum u ycien
pasnmuuutux BpeaHoctu pH u TBprohe Bone. Huki je ymepeHo TokcuuaH 3a BehuHy BpcTa

aKBaTUYHUX OMJbaka, MpeM/a je HajMamke TOKCHUYaH 3a OeCKUUMemake u puode.

Y ManuM KOJIMYMHAMa HMKJ je €CEHIMjaJHH eJEeMEHT KOjU je HEeONXOJaH Yy
MIPOM3BO/IbY LIPBEHUX KPBHHMX 3pHALA, ajllM MOXKE Ja OyAe omacaH MO 37paBjbe YOBEKa Y

BHIIIUM KOHIICHTpAIIMjama.

1.2.1.11. Os0B0 (Pb)

OJ10BO je HeeceHLMjalHu MeTall U yoOu4ajeHH UCTOPH]CKH M CaBpeMeHHU 3arahjuBau
mmpoM cBeta. OBaj elEeMEHT je jelaH O]l Haj3acTYIJbeHUJUX M HaJKOPUCHHUJUX MeTaja KOoju
MoOJKe J1a ce Hal)e y MPaKTHIHO CBUM JIEJIOBUMA KUBOTHE CPEMHE, KA0 U y CBUM OHOJIOIIKAM
cucremuma. [IpupoaHo ce jaBiba y KMBOTHO] CpPEeIWHH, MeyTMM BelMKa KOJIWYHMHA OBOT
MeTaja je MOCJIEHNa JbYICKUX aKTUBHOCTH, Kao IITO je CaropeBame OJIOBHUX TOpHBa Y

ayromoOmnuma. CBake TOAWMHE, KPO3 HMHIYCTPUJCKE aKTUBHOCTU C€ IMpPOU3BeAEe OKO 2.5
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MUWJIMOHA TOHA OJIOBA IIMPOM cBeTa. Behu meo onoBa ce kopucTu 3a akymysarope, 0K ce
OCTaTak KOpPHUCTU 3a objore kabioBa, BOJOBOJHE WHCTAJalMje, MYHHUIIH]Y, MPOU3BOIY
KPUCTAJTHOT CTaKJIa U NECTUIIUAA. JEHOM KaJia Ce HCITYCTH Y KUBOTHY CPEIUHY, IUPKYIIHUILES
y pazauuuTHM oOnuimMa u3Mmely Basmyxa, Bojze, 3emibMINTa M KMBOT cBeta (Altindag &

Yigit, 2005).

OnoBo JocrieBa y akBaTUYHY CPEOUHY Kao IOCIEAMIIA €po3uje U HCIHpama U3
3eMJBMILITA, paclajama OJIOBHE IpAILIMHE, caropeBama OCH3MHA, UCHYyIITama KOMYHAIHHUX
WHIYCTPHUjCKUX OTHAJHUX BOJA, CIHUpPama Hacjiara ca yjaula W JPYruxX MOBPIIMHA, Ka0 U
nafgaBuHa. Bosia yrimaBHOM cap)Ku HUCKE KOHIICHTpAllHMje OJIoBa, YaK M KaJga Cy BUCOKE
KOHIIEHTpallMje MPUCYTHE y CEAMMEHTY, TAaKO Jla XpaHa MpeACTaBiba 3Ha4YajaH U3BOP OBOT

Mmetaia 3a pube (Javed & Hayat, 1996; Clearwater et al., 2000).

Jenan o Merana Koju MMa HajBHILE IITETHUX e(dekara Ha 37]paBjbe YOBEKA j€ YIPaBo
0JIOBO. Y OpraHm3aM MOXKE Jla Ce yHece KpOo3 XpaHy, BOJIY WM Ba3lyX a aKyMyiupa ce y
CKeJeTHOM cuctemy. Jlema ucnoj 6 roavHa CTapocTH U TPYAHMIIE CY HAjOCETJbUBHJU Ha
HeXeJbeHe ehekare 0J10Ba Ha 3/1paBJibe. [ TaBHM HaUMH M3JIarama oJIOBY 3a IIUPY MOMYIalujy
cy XxpaHa u Bazayx (Squadrone et al., 2013). JegHnom kama ce amcopOyje, BHCOKE
KOHIICHTpAIlMj€ OJI0OBa C€ aKyMyJMpajy y KOCTUMa, 3yOuma, jeTpu, ruryhuma, OyOpesuma,
MO3TY | CIIE3UHH, TIPOJIa3e KPo3 KPBHO-MOXIaHy O6apujepy u mianenrty (Goyer & Clarsksom,
2001; Gwaltney-Brant & Rumbeiha, 2002). ITo3Hato je jAa MHAYKYje CMambCHU KOTHHUTHBHH
pa3Boj M MHTEJIEKTYaJIHH pa3Boj KoJ Jelne U nosehaBa KpBHU MPUTUCAK U KapIMOBACKYJIApHE

6onectu kox oapaciux (Commission of the European Communities, 2001).

1.2.1.12. Iunk (Zn)

[{uHK je mmaBuUYacTo Oesir, MEeKaH MeTall, YeTBPTH IO TOJIUIIH0] MOTPOIIBU Y CBETY
(u3a Fe, Al u Cu). Beoma je yect y )KHBOTHO] CpeJUHH U OOMYHO MOJKe J1a ce Halje 3ajeHo ca

onoBoM u kagmujymoM (Finkelman, 2005).

I'maBHM W3BOpH IIMHKA Y aKBAaTUYHO] CPEIUHU 00YyXBaTajy UCHYIITamkEe OTHAIHUX
BOJIa, TPOM3BOIHE MPOIIECE KOJU YKIbYUY]Y METalle M Taloxkeme u3 armocdepe. [IpubanxHo

jenHa TpehuHa emmcuje nuHKAa y atMochepy je W3 TPUPOJHHMX H3BOpA, a OCTaTak W3
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caropeBama roprBa U KOMYHAJTHOT OTIIaJa, MPOU3BOC BEIITAYKUX lyOpHBa W IIEMEHTA.
TokcHYHOCT [HMHKA 3aBUCH OJ] XEMHUJCKHX OCOOWHA BOJE, YKJbYy4yjyhu KOHIEHTpaIujy
pacTBopeHOr KHceoHWKa, TBpmohy, pH u temmepartypy. Bucoka temmeparypa W HHCKa
KOHIICHTpAIlja KHCCOHNKA Y BOJU MMOBehaBajy TOKCUYHOCT IIUHKA, JTOK MOpacT TBpaohe Boe

penyKyje akyTHy CMPTHOCT.

[IMHK je eceHIMjalHu €JIEMEHT 3a JbYACKY TMOIMyIaljy, *XHBOTHILCKE BpPCTE H
nojenuHe BpcTe Omibaka. HeomxomaH je 3a HOpManHO (DYHKIMOHHCAEKHE MMYHOT CHCTEMA,
henmujcky neo0y v CHHTE3y NMPOTEUHA U KOJIATCHA KOjH je OMTaH 3a 3apacTame paHa U 3JIpaBy

KoxKy. Mehyrtum, Behu yHOC LMHKa MOXe Jja M3a30BE€ aHEMHUjy M oluTeheme MaHkpeaca

(Finkelman, 2005).
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1.3. MOHI/ITOpHHF KBaJIUTETAa KOITHCHUX BOJdAa

[Ipema neduHMIMjN areHuHje YjeAUBEHUX HallMja 3a 3aIITHTY JKMBOTHE CPEIUHE
(UNEP), MOHUTOPHHT IIpeJCTaB/ba KOHTUHYUPAHO Npaheme, y3 jacHo AepHuHHCaHE ITHIbEBE,
JEIHOT WJIM BHIIE XEMHUJCKUX WM OMOJIOMIKMX eJeMeHaTa, mpemMa yTBp)eHOM BpEMEHCKOM U

MIPOCTOPHOM pacropeny, y3 momMoh ynopeauBuX U CTaHIapAU30BAHUX METOAA.

[Ipemaa cBe Behe 3aralieme akBaTHYHMX EKOCHUCTEMa DPA3UYUTUM HPUPOAHUM U
aHTpornoreHnM 3arajuBaunma, melhy Kojuma Cy M TEIIKM METalld, OCTaje BEeJMKa OIMacHOCT
3a )KUBOTHY CpPEIMHY M 3/IpaBJbe JbYJACKE IIOMYyJaIije, MOHUTOPHHI KBAJUTETa KOITHEHHX
BOJIa j€ OJl M3Y3eTHOr 3Hauaja. VIHTEeH3WBHA WHIyCTpHjajH3alMja W Pa3InIuTd OOIHIN
AHTPOTIOTEHOT yTHIIaja JoBenH cy 1o noehanor mpucycrBa 3aralyjyhmx wmarepwja y
aKBaTUYHUM €KOCHCTEMHMa, IITO 3aXTeBa NEPMaHEHTHU MOHUTOPHHT TPHCYyCcTBa 3arahjuBaya
u wuxoBor yrunaja (Nachev et al., 2010). Crora cy npojekTn MOHUTOPUHIA CTamba )KUBOTHE
CpeAMHE yBEK MMajHM Ba)KHY YJIOTY Kako Ou ce oOe30emmia HaydHa ca3Hama y MPOLECHU
crama u oapkuBocT exocuctema (Tigano et al., 2009; Copat et al., 2012a,6; Tomasello et
al., 2012). MOHUTOpPHUHT U MpeBeHIM]ja 3aral)emba TEIIKUM MeTaluMa Cy HajaKTyelH’je TeMe y

HUCTpAXKKUBAKBLUMA 3alITUTE ) KUBOTHE CPCAUHC.

1.3.1. Pa3iu4uTH NPUCTYNH Y MOHUTOPUHTY KBAJUTETA BO/AA

[TocTroju mer mpuctyna y MOHHUTOPHHIY CTama >KMBOTHE CpPEJIMHE KOjU MOTY Jia ce
CIpPOBOZIE y IIMJbY IpOLIEHEe pU3MKa O] 3araljuBava 3a OpraHu3Me M Ja ce Kiacudukyje

KBAJIUTCT ) KUBOTHE CPCIAUHC:

® XEMHUjCKM MOHUTOPUHT KOJU TPEICTaB/hba MPOLEHY H3IOXKEHOCTH 3araljuBaumma
MepemeM KOHIIeHTpalja ojabpador Opoja mo0po Tmo3Hatux 3arahuBada y

a0MOTUYKUM ACJIOBUMaA )KMBOTHE CPCIAUHC,

e OMOaKyMYJaIlMjCKM MOHHTOPHUHT KOJU TPEACTaBJba MPOIEHY HM3JI0KEHOCTH
3araljiBaunMa MepemeM KOHILIEHTpaluja 3arahuBaua y Oumorama uinu oapehuBame

KPUTHYHE J]03€ Y KpUTHYHOM MecTy (OnoakyMmyrnaiuja),
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® MOHHUTOPHHI OHOJOWIKOr e(eKkTa KOju NpeACTaB/ba MPOLEHY H3I0KEHOCTH H
MOCIIEANLIE M3JI0KEHOCTH 3arajuBaunma onpehuBameM paHuX HEXEJBEHHUX NMPOMEHa

KOje Cy ASITMMUYHO WJIH MOTITYHO peBep3uOuiIHe (OnoMapKepH),

® MOHHUTOPHHI 3JIPaBCTBEHOI CTama KOjU MPEJCTaBJba MPOLEHY e(peKTa U3JI0KEHOCTH
3araiBauMMa WCIUTUBAKEM I[0jaBe TpajHUX OosiecT wiaM omrehema TKUBa y

OpraHu3smMuma,

® CKOCUCTCMCKH MOHHTOPHHI KOjI/I MpeacTaBjba MPOLUCHY CTalkba YUTABOI' CKOCUCTEMA
HU3JI0KCHOT SarahI/IBa‘lI/IMa IOMUCUBamkEM, Ha HOpPUMEpP, BpCTa, TYCTHUHEC U

Pa3HOJIIMKOCTH.

Jla Ou ce mpoueHwie nocienuie 3arahema OTINAAHUM BOjJaMa Ha JKUBU CBET U
JbYJICKY MONyJalujy, y IHJby noBehama pazymeBama JUHAMUKE 3araljiBaya y akBaTUYHUM
€KOCHCTEMHMa, OJ] KJbYYHOT j€ 3Hauyaja Ja ce YTBPJAE pa3IMuKe y KOHIIEHTpaIujama
3arahiBaya y YMTaBOM €KOCHMCTEeMY Kao u u3Mely cBux nenoBa exocuctema (Monroy et al.,
2014). Jennom kana ce Hal)y y akBaTU4YHOj CpeIHH, TEUIKH METaIH ce pacnopelyjy nzmehy
pasnuUUTUX JeloBa (BOJA, CYCIIEHIOBAaHE Marepuje, CEAMMEHT M OHuoTa), Tako Ja
KOHTAMUHAIMja aKBAaTHYHUX EKOCHUCTeMa TEUIKMM MeTalliMa MOXKE Ja Cce€ TpaTd y
a0MOTHYKUM [IeJIOBUMa >KUBOTHE CpeluHe (BOJa, CEAMMEHT) U OMOTHYKUM (KMBH

opranu3mu) (Agarwal et al., 2007).

IIpBu u Hajuenthu mpUCTYN y MOHUTOPUHTY TELIKUX METala y BOJH j€ XEMH]CKH
MOHUTOPHUHI KOjU O0yXBaTa Y30pKOBam€ BOJE Yy OJpeheHuM BpPEMEHCKMM HHTEpBalUMa.
TpenyTHa KOHILIEHTpalMja OUIIO KOje XeMHUKaJIMje MOXKE J1a BapHpa, YIIIaBHOM yclie] IPOToKa
BOJIE, a caMUM TUM M pazonaxema (Johnson, 2010). Ilonekaa pa3nuuuTe KOHIICHTPAIIH]jE
MOTY Jla C€ PETUCTPYjy 4YaKk U y JeHOM JaHy, Ha Impumep 300r Op3ux MpoMeHa MpOTOoKa
TOKOM OJlyja WIM TpWIMBA KaHAIM3ALMOHUX M OTMAJHUX BoJa y TOKy naHa. OBa
BapMjabMIIHOCT MOXK€ Ja ce Uu30erHe MOHOBHMM Y30pKOBambEeM W/HMIM MPUMEHOM

KOMITO3UTHHUX y30paka, KOju Mopa3yMeBajy 10JaTHE Hanope U rnosehasajy TPOIIKOBeE.
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BehuHa cycrnieH0BaHMX 4ecTHIIA y BOJU MMa BHCOK aQ)MHUTET BE3WBama 3a METaJe,
TAaKO Jia Ce METAIM KOjU C€ UCHYIITajy y BOJIY TaJoXke y ceauMeHTy, ¢dopmupajyhu
KOMIUICKCE Ca CYCIICHIOBAaHUM 4YeCTHIlaMa Koje omoryhaBajy akymysamnujy MeTaia y
cequmenty (Yilmaz et al., 2007). KonTamuHMpaHu CeIMMEHT HE OCTaje 3ayBEK 3ap0o0JbeH Ha
JHY aKBaTHYHOT €KOcucTeMa, Beh mpoiiecuma Koju J0BOJIE /10 Y30ypKaBama BOJIe MOXKE Jia Ce
pecycrieHayje y cioboaHy BOIY Kaja CBH, a He caMO OEHTOCHU OpraHU3MH, OUBajy AUPEKTHO
M3JIOKEHNU TEIIKUM MeTanuma. Takole, opraHM3Mu KOju y UcXpaHu mpepalyjy ceaumeHT
MOTY Jla PECYCICH/Yyjy TEUIKe METajle U3 CEIMMEHTa y CIO00AHY BOIY. YcCJel Tora IITO
CEeIMMEHT aKyMylupa MeTaje udja je KOHIEHTpaluja Mame BapujaOuiHa HEro y BOAH,

CeIMMEHT je TIOrojiaH 3a JyropoyHo mnpaheme TalokKema MeTala y eKOCHCTeMUMa

(MacDonald et al., 2000; Alloway, 2013).

OnpehuBameM KOHIIEHTpallMja MeTala y BOJAW WIM CEIUMEHTY He a00mjajy ce
uHpopmaldje O PUMKY KOjU HacTaje yciel OMOKOHIEHTpaluje, Ouoakymynanuje WU
ounomaruudukanuje metana (Ricart et al., 2010; Maceda-Veiga et al., 2013). OBu mporiecu ce
HajIpe Mmokpehy pacrnonoKuBUM MeTaluMa 3a JKUBU CBET (OMOJIOCTYIHOCT), ITO C€ OAHOCU
Ha KapaKTepUCTHKE BOJE, Kao mTO cy pH, KOHIEHTpamuja KHCEOHHWKa, TBpAoha Boje U
TeMmIepaTypa, U KapakTepUCTHUKE CEAMMEHTa, Kao IITO Cy CaJp»Kaj OPraHCKOI YrJbeHHKa
(Kotze et al., 1999; Canli & Atli, 2003; Adhikari et al., 2009). Ocobune BpcTa, Kao LITO Cy
TpodUYKH TOJIOXKA], CTAPOCT, BEIUYMHA TeJa WM PACIpOCTpamEemhe Takohe Moaudukyjy
obpa3ar 6roakymynaije merana (Mason et al., 2000; Gammons et al., 2006; Kojadinovi¢ et
al., 2007), nokazyjyhu na koMOHMHalMja OCET/BMBHX BpPCTa Ca Pa3IMYUTUM EKOJIOIIKUM
cBojcTBUMa 00e30elyje HajOoIby CIHMKY pu3MKa Of 3araljema TeIIKHMM MeTajlnMa 3a >KHBa
6uha (Jorgensen, 2011). Kako naBonu Golovanova (2008) akBaTHUHU OPTaHU3MU CY y CTamby
Jla aKyMyJIMpajy TEIIKe MeTajie JO KOHIIEHTpalrja Koje Cy JecCeT, IMa 4ak W XWbady ImyTa

BHUIIIE O] KOHIIEHTpalllja y aKBaTUYHO] )KUBOTHO] CPEANHH.

MOHHTOPHHT KBAaJTUTETa aKBaTHYHE >KHBOTHE CpPEIUHE CKOPO €€ y MOTIYHOCTH
3aCHHMBA Ha O/ipehuBamy (PU3NUKO-XEMH]CKUX KapaKTEPUCTUKA, JIOK CY CaMO MOBPEMEHO Y
MOHHUTOPHHT YKJbYYeHE U OHMOJOIIKe Bapujadie. XeMHjCKH MOHUTOPUHT MMa OTpaHUYCHa
KOja yKJbY4Yy]y: TIOIMCHH KapakTep, WIACHTH(PUKOBaWKE OrpaHuyeHor Opoja 3arahuBaua, u
KOHCTAaTOBaHE KOHIICHTpaIlH]je 3araljuyBada caMo y TPEHYTKY Mepeba. JOII jeTHO OTpaHuuYCHe

MOHUTOpPHUHIA aKBaTMYHE XMBOTHE CpellMHE Koje ce 0a3upa Ha XeMHjCKUM aHaju3ama je TO
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ITO HE Jaje nHpopMalHje Koje Ccy MmoTpedHe 3a mnpoleHy edexra 3arahupada Ha OpraHu3Me
Ha pa3IMYNTHM HUBOMMA OHMOJIOIIKE OpraHW3aIyje, Kao IITO Cy, MOJIGKYIapHHU, hemujcku,
XUCTOJIOIIKH, HHIUBUYaTHH, MOMYIAIU]jCKH W €KOCUCTEMCKU. XEMH]jCKE aHAIIN3€ KUBOTHE
CpelMHe, Kao IITO Cy aHaJIM3a BOJC M CEIUMCEHTA Cy HAjIUPEKTHUJU PUCTYIIH Y OTKPUBAY
craryca 3araljema XHBOTHE CpPEIUHE TCIIKAM MeTaiuMma, MehyTUM He Jajy jacHy CIHKY O

MHTETPUCAHOM YTHIIA])y 1 MOTyho] TOKCMYHOCTH TaKBOT 3aral)erma Ha JeJJHHKE U EKOCUCTEM.

bruoakymynanujcku  MOHUTOPHHT (OMOMOHHTOPWHT) j€ HEONXOJaH JoJaTak
XeMHJCKAM aHaiu3amMa ycieq MOTryhHOCTH Ja WHTETpUIle YTUIAje Ha pa3ndyuTe
TaKCOHOMCKE Tpyle TOKOM JyKEeT BpPEMEHCKOI MepHoja, Tako Ja je OoJbH MoKa3aTesb
MIpOMEHa y aKBaTU4HOj cpenuHu. OBa HayyHa TEXHUKA 32 MPOIEHY CTama )XKMBOTHE CPEIUHE,
YKJbY4yjyhu M3II05K€HOCT JbYIM MPUPOJHUM U CUHTETUYKUM XEMHUKajHjama, Oa3upaHa je Ha
Y30pKOBamky M aHAJU3W TKHBA U TEYHOCTH TMOjeJMHAYHHUX OpraHu3ama. 300T KOH3UCTEHIIH]je
u3mel)y m3abpanux opraHuzama u ojaronapajyhe 3XKUBOTHE cpenuHe, OWOMOHUTOPUHT
JUPEKTHO Jlajeé TMOoJaTKe O WHTErPUCAHUM, I[OTCHLHUjalHUM U CTBapHUM e(eKTuma
TOKCHMYHOCTH 3arahjuBaua, oapakaBajyhm wucToBpemMeHO ojroBapajyhu cremeH 3arahema
KUBOTHE cpeuHe. BHOIOIKY MOHUTOPHHT TEIIKUX MeTajla ce Takole MMPOKO MpUMEmbYje U

IIpEnopyyyje jep je pelaTUBHO je(pTHH U jeTHOCTaBaH 3a IPUMEHY.

Kaxo naBoau Burger (2006) najuenthe kopumthenn 6uonnaukaropu (npexo 40%) 3a
MOHUTOpPHUHI 3araljema akBaTHMYHE >KMBOTHE CpEAMHE MeTaluMa YIJIABHOM YKJbY4yjy
OpraHu3Me IOMYT IUIAHKTOHA, WHCeKaTa, MeKyluana, puba, Ouspaka, ntuna utia. CBaku of
MMOMEHYTHX OMOMHIAMKATOPCKUX OpraHuW3ama Ioka3yje oapehene ocobOuHe koje My Aajy
MPEeTHOCT y OJHOCY Ha JApyre OpraHM3Me y OWOMOHHMTOPHHTY 3araljera akBaTHYHUX

CKOCHCTCMA TCIIKUM MCTaJInMa.

Anre, Kao TMpPUMApHHU TPOAYIEHTH Y BOAH, Wrpajy KJbYYyHY YJOTy Yy IEJIOM
eKOCHCTEMY, TaKO Jia BPCTE€ il W Opoj 3aCTyIUbCHHX JCTUHKH JTUPEKTHO Opa)kaBajy
kBanuTeT Boje. L1ITo je jour BaxkHU]e, JeTHOM KaJla aKyMyJaupajy TeIIKe MeTalle, OHU yiia3e y
JaHal MCXpaHe W MOTy Ja TpeACTaBibajy O30MJbHY MPETHY 3a KUBOTUIE U JbYICKY
MOMYyJalnjy, a CBe ycien mpoiieca buomaraudukanuje. Bpcra u cremnen 3araljema Mory na ce
MPENU3HO HICHTU(DHKY]y aHAIU30M BPCTE, OpPOJHOCTH, (UZHOJOMKOT W OHUOJIOIIKOT

OJITOBOpA M cajipkaja MeTana y jenuHkd. Mimajyhu y Buay cBe rope HaBelIeHO, ajire MOTy Jia
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Oyay o 3Havaja HE caMo 3a CTyauje OMmoMoHHUTOpHHTA Beh U y mporecy gutopeMenujanuje
ycie BUCOKHX OMOAaKyMYJIAaTUBHHUX CIIOCOOHOCTH. MelyTum, mako cy n0o0ujeHu 3Ha4YajHU
pe3yaTratu y OMOMOHHTOPUHTY y3 MoMoh OBHX BpCTa, OHMOJIOIIKE KapaKTEPUCTHKE TOMYT

CJIOKEHHX TIOIyJallKja Tl ¥ CUTHUX JEIMHKH, OTPAHUYEHO j€ IBUXO0BO Kopulheme.

Cenenrapue MakpoduTe MMajy IpeIHOCTH Y OMOMHIUKAITM]U 3aral)ema Boa TeIIKUM
MeTanuMa Kao INTO Cy BHCOKa TOJIEpaHIMja Ha 3araljeme, BENMKe Cy W jeJHOCTAaBHE 3a
y30pKOBame. TOKCHYHU e(EeKTH y aKBaTHUYHUM OHMJbKaMa H3JI0KEHUX TEIIKUM MeTaluma
yIJIaBHOM 00yxBarajy henmujcke mpomeHe, MHXHOMIH]Y (OTOCHHTE3e, IPOMEHE y AHCAY,
uHxubuuuje pacra uta. OnpehuBame akyMyJaupaHuUX MeTana y OusbKama je OOMYHO
oOyxBaheHo y OuomMoHuTOpUHTy 3araljema Boja. Heku Qaxrtopu, mehyrum, orpanuyaBajy
npuMeHy MakpoduTa kao OmonHankaropa. Ha npumep, merabonnyka ak THBHOCT M3JI0KEHUX
MakpoguTa Moke a ocinadu edekre merana. MHTEepakuje Koje ce jaBibajy u3Mel)y pasHux
METaJHUX jOHAa aKyMyJUpaHHX y MakpouramMa MOTy Ja IOpeMeTe OYCKHBAaHE pPeakIiyje.
WNuxubunmja pacta Makpodura HM3a3BaHa TEHIKMM METalMMa MOXKE Y H3BECHOj Mepu Ja
yTh4Ye Ha KOHAYaH 3akJbydak. Pa3iWuuT CTENmeH pacta MOXKe Ja C€ jaBh KOJ HCTHX
MakpOUTCKUX BpPCTa y Pa3IUYUTUM OONACTHMa, YMME ClIadh HHXOBA CIIOCOOHOCT Y

OMOMOHUTOPUHTY 3araljera MeTaluMa y akBaTUUHO] CPETUHH.

3oomnaHkToH Koju oOyxBata Protozoa, Crustacea, Amphipoda, Copepoda wutn.
o0yxBaTa BaKHY KOMIIOHEHTY aKBaTHUHUX €KocucTeMa. MHOre 300IUIaHKTOHCKE BPCTE MOTY
Ja aKkymynupajy M Merabonumry 3arahjuBaue, Tako Ja Hyae MoryhHocT kopumihema y

OMOMOHHMTOPHHTY 3aral)erma TeIKUM MeTalumMa.

[TxospKe cy nmpeno3HaTe Kao OMOMHIMKATOPH 3aralema BoAa TEIKUM MeTaauma 300r
TOTa IITO aKyMYJIHpajy BUCOKE KOHIIEHTpallMje TEIIKMX MeTaja y TKHMBHMa y OJIHOCY Ha
JOCTYITHOCT Y aKBaTM4YHO] cpeauHu. [lo3HaTo je na mKkosbke, Kao (pUATpaliMoHH OpraHu3MU
aKyMyJIupajy MeTaie KOoju MOTry Ja mpousBeny mretHe edekre. llIupoko pacnpoctpameme,
JOCTYIHOCT, CeJIEHTapHU HAYUH KMBOTA, TOJEPAHTHOCT HA MPOMEHE Y KUBOTHO) CPEIUHHU,
OTIIOPHOCT Ha pa3iIuuuTe 3araljuBaye, BUCOK OWMOKOHIIEHTPAIM]CKU (PaKTOp, BENHMKE U
cTa0WiIHE TONyJalyje, peJaTUBHO KpYHMHE JeJUHKE W CIWYHO, YUHE HUX J00puUM

OMOMHIUKATOPHMA.
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1.3.2. Pube ka0 6MOMHAUKATOPH KBAJINTETa BOAA

Nneannn OMOMHIUMKATOPCKKM OpraHU3MH Tpeba 1a 3a70BoJbaBajy  cliezehe

kpurepujyme (Zhou et al., 2008):

e akymynanuja onpeheHux KoHIEHTpanuja 3arahuBava, ©0€3 BHCOKE CTOIIE

MOPTAJIUTETA,

® CECHJIHM HAYMH JKMBOTA, I cjalda MOKPEeTIbUBOCT, Kako O JOOHMjeHH OATrOBOp OHO

BE3aH 3a ojipel)eH JTOKaIUTET,
e [IMPOKA PACIPOCTPAILEHOCT Tj. MPUMEHUBOCT Ha ITUPEM IPOCTOPY,
e JIOBOJHHO JYT )KMBOTHH BEK Kako O ce J1ejcTBO 3aralBada UCIIOJBHIIO,

e BHCOKa a0yHJaHIa /WK TOBOJHHO BEJIHKE jJeMHKE Kako Ou ce 00e30enuna 10BoJbHA

KOJIMYMHA MaTepujana (TKUBa), y KOJIMYUHU NOTPEeOHO] 3a aHaIu3e,
® jeJHOCTaBHO Y30pPKOBame,

® jeJHOCTaBaH y3roj y 1a00paTOPHjCKUM YCIOBHMA.

Pube mpencraBipajy jemaH o HajUHAMKATUBHUjUX (aKkTOpa 3a MpOIeHY 3arahema
Boaa temkuma Metanuma (Alhas et al., 2009), a To je BakHO HE camMO y MPOIECY 3aIITUTE
KMBOTHE CpeiHe, Beh U 3a MPOIeHy KBaJUTeTa Meca pude U MOTEHIIMjATHOT PU3HKa, YCIea
HCXpaHe, 3a JbYJACKY momynanujy. Pearyjy Beoma oceTspHBO Ha moBehame KOHIICHTpaIuja
3aralyyjyhux matepuja (meranu, opraHcka 3arahema) y BoAU. AKyMYJIHpaHU MeETaau y
OopraHuMa M TKHMBHMa 3aBHCE O]l TaKCOHOMCKE IPHUIATHOCTH PUOJBUX BpCTa, Y3pacHe
Kareropuje, Gpu3nuko-0MOXEeMHUjCKUX KapaKTepUCTHKA puba U XeMMJCKOI CTaTyca >KHBOTHE
cpenune y xojoj xxuBe (Meche et al., 2010). Jlako ux je cakynmuTH y BETUKUM KOJIMYUHAMA,
MMajy TIOTEHIHjajl la aKyMYJIHpajy MeTaje, ONTUMAalTHE Cy BEJIHMUYMHE 3a aHAIM3Y U JIAaKO ce
y30pKkyjy (Batvari et al., 2007) Ttako na mpexacraBibajy no0pe OHOMHAMKATOpE.
KoHneHnTpanyje Temkux merana y puOM 3aBUCE O]l BHUILE (PAKTOpa, KAao IITO Cy HAYMH

HWCXpaHe W ToHamame BpcTe mnpuiamkoM wucxpaHe (Obasohan & Oronsaye, 2004) u
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Tpoduuku craryc. Takohe, u3Bop oapeheHor Merana, ynabeHOCT OpraHHM3Ma O] M3BOpa
KOHTaMHUHAIIMje W MPUCYCTBO JPYTHX jOHA Yy KUBOTHO] cpenuuu (Giesy & Wiener, 1977);
onoMaraudukanyja u/unm ouonerpaganuja onpehenor merana (Barlas, 1999); noctymHocT
XpaHe, METAJIOTHOHEWHA M JIPYI'MX NpPOTeMHA 3a JCTOKCHKAIM]Y y TelIy >XUBOTHHE;
TeMIIepaTypa, TPaHCIIOPT MeTana Kpo3 memoOpane u metabonusam (Oronsaye, 1989). Takobe,
¢u3MUKa U XeMHjCKa CBOjCTBA BOJIE M CE30HCKE MPOMEHE yTUUY Ha KOHIIEHTPAIMje TEIIKUX
Metana y pubu. Kamauurer pube 3a mpuiarohaBame BeaHKoM omnrtepehermy BOAE TEHMIKHM

MeTalrMa 3HATHO yTHYE Ha KOHIEHTpallMje TeHKKX MeTaia y teny pube (Shah & Altindag,

2005).

[Mpennoctn ymoTtpebe puba y mnporpaMuma OHOMOHHTOPHHIA Cy: JOOpH Cy
MoKa3aTeJbu JTYropoyHux edekara (HEKOJIMKO rOJMHA) M MIMPOKHUX YCIIOBAa CTAHUIITA jep Cy
peaTHBHO AYTOXUBEhH M MOKPETHH; JIAKO C€ MPUKYIIbajy U HASHTH(HKY]Y 1O HUBOA BPCTE;
MMajy TEHJEHIU]y Ja HHTerpuiry edekTe HIKUX TpOo(UYHMX HHUBOA Tako Ja pubdiba

3ajelHUIa OJ[pakaBa IEJIOKYITHO CTame KUBOTHe cpeaune (Barbour et al., 1999).

Temkn Meranu cy moceOHO BHCOKOI pH3MKa 3a KUBOTHY CpEAMHY 300T Iyror
3a/IpKaBamba y mpupoau U Moryhe omoakymynainuje u 6uomarnudukamnuje (Demirak et al.,
2006; Ivanci¢ et al., 2006; Agah et al., 2009; Uysal et al., 2009). buoakymynanuja merana
oJpaXkaBa KOJMUYMHY METalla YHETHUX Yy OpraHu3aM, HauMH Ha KOjU ce MeTallu pacropelhyjy
n3Mely pasnuuuTHX TKMBa M y KOJO] MEpHU C€ 3aJp’KaBajy y CBaKkoM TKHUBY. Y pubama ce
0JIBUja AUPEKTHO M3 BOJE U MHAMPEKTHO nyreM xpane (Barron, 1990) u crora je mHaexc
3araljema opel)eHor akBaTHUHOT €KOCHCTEMa Takol)e M KOPHUCHO CPEJICTBO 3a MpOydaBame
OuoJIOIIKE yJore TIOBUIIEHUX KOHIEHTpalMja MeTala y akBaTMYHUM OpraHu3MHUMa,

Hapouuto pubama (Tarrio et al., 1991).

[Toctoje Tpu HauMHa yjaacka TEHIKUX MeTaja y Tejao pube: MpeKko Koxe (MOBpIIMHA
Tena), mKpra u racrpouHrectuHanHor tpakrta (Dallinger et al., 1987). Jow jeman moryhu
HauuH je myTeMm cenumenTa (Bervoets et al., 2001) xoju npeacTaBba HajBAXKHUJU pe3epBOap
MeTajla M JIpYTHX OTPOBHUX MaTepHja KOjH JIOCIIeBajy y akBaTM4YHY cpeiuHy. Pube koje ce
XpaHe OEHTOCHHM OpPTaHW3MHMA CY JUPEKTHO M3JI0KEHE KOHTAMHUHUPAHOM CEIUMEHTY JIOK
Cy OCTalld W3J0KEHH TOKCHYHHUM MaTepujaMa KoOjeé C€ M3 CeAMMEHTa pacTBapajy y

akBaTHuHOj cpemuuu. Zarski et al. (1995) n Svobodova et al. (1999) 3akbyunin cy aa cy
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OeHrodarne BpCTE KoOje ce XpaHe ONu3y JHA, y 3aBUCHOCTH OJI CTElEeHa JIUPEKTHE
M3JI0KEHOCTH KOHTAMUHUPAHUM dYecTHI[aMa W CTeNeHa TIyTama CeAUMEHTa MPHIMKOM

UCXpaHe, OCETJHbUBHjHU MHINKATOPH KOHTAMUHAIM]E KHUBOTHE CPEIUHE.

bruomarHudukanmja npeAcTaBba IMOPACT KOHIGHTpaIMja TEIIKMX MeTaia Yy
OpraHu3My yHyTap JIaHI[a HCXpaHe, OJf HWXKEr TPO(QUYKOr HHMBOA Ka BHIIEM, YCIE[
OuoakyMmynaluje TEHMIKMX MeTaja W3 XpaHe. M3paxaBa ce Kao OJHOC KOHLEHTpAIHje y
OpraHu3My Ha BHIIEM TPO(GUYKOM HUBOY Yy OJHOCY Ha KOHIICHTPALMjy y OpraHM3My Ha
HUKeM TpoduukoMm HHMBOY. Mako je mpermocraBka aa ce OmomarHuduKaluja 3acHHBa Ha
OroakyMyJnaiyju caMo U3 XpaHe, y CTBapHu MOCTOjU BHIlIE U3Bopa (Boda, cenumeHT) (McGeer
et al. 2004). Ilpounec OumomarHudukamnuje Koju MmojapasymeBa oBehame KOHIEHTpAIIH]je
MeTajla y OpraHM3MHMa Ha BHIIMM HUBOWMMA JIAHIIA HCXPaHE HAjBUIJbUBUJU j€ Y aKBAaTHYHO)]
CpelMHH, cTora ce pude Kao jelHa oJ KpajihHX KapuKa y JIaHIly UCXpaHe cMaTpajy J00pum
OMOMHIIMKATOPHMAa KOHTAMHUHAIIM]jC aKBAaTUYHE JKMBOTHE CPEIUHE TEHIKUM MeTauMa

(Spodniewska & Barski, 2013).

[lyteBn ymacka Merajna y axKBaTUYHE OpraHU3ME€ 3aBUCE OJ XEMH]JCKHUX
KapaKTepUCTHUKA BOJE, CEJUMEHTA M OMOJIOIMIKMX KapaKTepPUCTHUKA aKBaTMYHHMX OpraHu3ama.
Mely O6HMONOIIKUM KapaKTepUCTHKaMa Koje yTUdy Ha OMOJOCTYIHOCT MeTaia, crenupuyHe
pasnuke m3Mely BpcTa, Kao IITO Cy HaYMH WMCXPAHE W CTAHUIITE MOTY Jla WIPajy BaXKHY
ynory. Ilopex Ttora, OMOZOCTYIMHOCT MeTajla MoXe Ja Oyne MoauduKoBaHa yclen

PA3JIMIUTUX KAPAKTECPUCTHUKA BOJAC ITOMYT CAIMHUTCTA, TCMIICPATYPEC U pH BpPCAHOCTHU.

Ecenuyjannun meranu ce oOMYHO Hajla3e y HUCKUM KOHLIEHTpAlMjamMa y >KHBOTHO]
CpeIMHYU ¥ KOPHCHU Cy y KOHIICHTpalyjama y Tparopiuma. KomnunHa eceHIijaTHiuX MeTaa y
OpraHM3My HE Mpela3d HUBO KOjU j€ HEOMXOJaH 3a HOPMAalIHO (DYHKIMOHHMCAKE EH3UMA.
Bumak yHeTuX TEIIKMX MeTaja y OpraHu3aM MOKe Jla ce peryJuiie MpolecoM XOMeocTase,
aJli aKo Cy KOHIIEHTpallMje TEIIKUX MeTajla y M3BopuMa cHaljeBama, Kao HITO Cy BoJa U
XpaHa TMPEBHUCOKH, MEXaHU3MU XOMeOocCTaze NpecTajy Aa (YHKUMOHHILY U €CEHIIMjaTHU
METaJM T10CTajy aKyTHO WJIM XPOHHYHO TOKCHYHHU. llopacT eceHIMjaTHUX MeTaia y
onpeheHuM jenMHKamMa Ha 3araleHUM JIOKaJUTeTHMa MOXe, Takohe, aa Oynae mpumucaH

yuemthy Zn, Co u Fe y merabonmuukum ¢yHKIMjama (IpOLIECH JETOKCHKaluje) Kako Ou ce
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n3bopwiie ca mociaeauiiama 3arahema (Hnp. okcuaatuBHU cTpec) (Bervoets & Blust, 2003;

Cogun et al., 2006).

[TocToje nBa paziauymMrta MPUCTYNa y OMOMOHUTOPHUHTY, IN Situ m ex situ. Y in situ
CTyAWjaMa, MOHHTOPHHT CE€ CIPOBOIHM IHPEKTHO Y JKUBOTHOj CPEIMHH, Ha ojapeheHoM
JIOKAJUTETY, MOK ce y €X Situ cryamjama mpoyuaBame yTHIAja oApeheHHX CyNCTaHIM

CIIPOBOJI Y 1a00PAaTOPHjCKUM YCIIOBUMA.

Y in situ cryaujama, TOpuUMEBYjy C€€ CTpaTerdje MacHMBHOT WM aKTHBHOT
MoHHUTOpHHTa. KO MacMBHOT MOHUTOpPWHTA, eeKkaT CpeaUHCKOT cTpeca, Tj. 3araljuBada ce
onpehyje Kon jeOUHKH KOje HacesbaBajy oJpeheHu JOKalWTeT, AOK KOJ aKTHBHOT
MOHUTOPHUHIrA jEeJMHKE KOje W3JIaxeMmo 3araljemy MoTHuy M3 ,,4UCTUX', Tj. MHHUMAIHO
3aralleHUX cpeaMHA WIM W3 JIAOOPATOPHjCKUX YCIOBAa KOjU IOAPA3yMeBajy OJCYCTBO

3arahuBaya.

Pube u3 oTBOpeHHX BOJa Ce€ CMaTpajy ,,AUBJBUM™ jep HE MOCTOju MOryhHOCT aa ce
KOHTPOJIMIIIE CacTaB JKUBOTHE cpeauHe y ko0joj pacty (Clarkson, 1998). CnoGoanoxusehe
(,,IuBJbE™) BpCTE pruda aKyMyJaHpajy TEIIKe MeTalle U3 XpaHe, BOJE, Ma U CEIMMEHTa TOKOM
YHUTABOT KMBOTHOT IMKiIyca. OBakBa MHAMKAIMja ce JOOMja U3 MPOCEYHUX KOHIIEHTpaluja
TOKOM HEKOJIMKO TOJMHA ¥ KOHIICHTPAIMje TEIIKUX MeTajla Cy 4e€CTO MHOTO BHIIE Y pubama
HEro y BOJM Y KOjOj JKMBe€, UnHEehM UX JaKIIMM 32 MEpPEHEe YIPKOC CII0KEHM]O] MaTpHUIH.
Arncopnimja TEIIKUX MeTaia u3 3araljeHe Bozxe W XpaHe W MypuduKanuja, Kajga cy Boja
XpaHa OIeT YHCTH, MOTyhu Cy, ajdM HUjemaH Ol OBHX Ipolleca HHje TPeHyTaH. Yclen
HaBEJICHUX TpoIleca, IIe je YeCTo mypudukaimja Crioprja HeTo arcopiiifja, KOHIICHTPAIIN]je
TENIKUX MeTaja y pudama HUCY Y PABHOTEKH ca TPEHYTHHM KOHIICHTpalyjama y BOJ!, HUTH
Cy TayHa Mepa IpoceyHe KOHIIEHTpaIMje TOKOM YHTaBOT KMBOTa pube, Beh, ako He mocToju

3HavajaH yTullaj 3araljeHe xpaHe, mpe Herje nu3Mehy Te 1Be BpeIHOCTH.

OnpehuBame KOHIIGHTpallMja TEIIKUX MeTayia KoJ puba, Kako Ou ce goluiaa TadHa
KOHIIEHTpallMja y BOJU CTOra HHje NpaKTHYaH Mpeasior, mehyrum ako je paszior 3a
MOHHUTOPHHT 3arahjuBaua 3amTuTa ciI000JHOKUBehux BpcTa puba o INITETHUX edekaTa
3araljBaua, OH/1a KOHIIEHTPAIMje Y BOAU U CEAUMEHTY HUCY HajBakHUje, Beh KOHIIEHTpaluje
y TkuBuMa puba. [locToje MpemHOCTH W MaHEe CBHX CTpaTervja Y MOHHUTOPHHTY TEIIKHX

MeTasia KOMHEHUX BOJA U CTOra Cy CBU MPUCTYIH BaJIUAHU Y oApe)eHUM OKOJIHOCTUMA.
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OBO WCTpaXHBamke C€ 3aCHMBAa Ha IACHBHOM MOHHUTOPHHTY TEIIKHMX MeTana y
cnobonHokuBehuM (,,IMBFUM ) BpcTama puba, Tako Ja O JAPYT'MM MpUCTynuMa jnajbe Hehe

OWTH TUCKYTOBAHO.

1.3.2.1. buouHaMKaTOpPCKE BPCTEe puda y 0BOj CTyAMjH

bpojue crymmje cy mokaszane na je akymyJaldja TEHIKMX MeTaja y pubama 1o
CHOXHHUM YTHIIAjeM KOHIICHTPAIlMja HCTUX Y )KUBOTHO] CPEIMHU, BOIU U ceanuMeHTy (Blevins
& Pancorbo, 1986). Takohe ce y nmuTeparypu HaBOAM J1a BHIIE O] jeHE BPCTE Tpebda na Oyne
YKJbYYCHO U aHAJTM3UPAHO Y KOMIIAPATUBHUM CTY/HMjaMa )KMBOTHE CPEIIMHE YCIIe ] 3Ha4YajHUX
Bapujanuja y mporecuma 3arahema (Burger et al., 2002). Mynrucnerjcko nopeheme Koje
MOKPHBA Pa3UYUTe BPCTE MCXpaHE pUOAa W IMUPOK CIIEKTAp CTAPOCHUX KaTeropvja mma
MOTCHIIMjaJl J]a HAIPaBu pa3iuKy u3Mel)y HelaBHE M3JI0KEHOCTH M AYropodHOr ontepehema

BOJC TCIIKMM MCTajlnMa.

Pube mMory na akymynupajy pa3iuuuTe KOJIWYWHE TEIIKMX MeTaia YCiel pa3jinka y
BEJIMYMHU jeIMHKU, TPOPUUKOM HUBOY, CTAHUINTY U HAYMHY HcxpaHe. M300p HHAUKATOPCKE
BpcTe He Tpeba na Oyae orpaHudeH camo Ha oapeheHM HUBO JaHla ucxpane. [Iporpamu
MOHHUTOPHHTA PAHOT YIO30pema Tpeba na Oyay MPBEHCTBEHO YCMEPEHH HA TON MpelaTope
HIDKE CTAapOCHE KaTeropuje, aliu He 3aHemapyjyhu napyre, yriiaBHOM OeHTOdarHe BpcCTe
(Roméo et al., 1999; Mason et al.,, 2000; Dusek et al., 2005; Agarwal et al., 2007
Kojadinovi¢ et al., 2007; Yilmaz et al., 2007, Agah et al., 2009). Pube koje ce xpaHe
OEHTOCHUM opranusMrMa Cy OUPCKTHO H3JIOKCHEC KOHTAMHUHUPAHOM CEAMMCECHTY OOK CY

ocTajie U3JI0KEeHE TEIIKUM MeTajJnuMa KOjU Ce U3 CEMMEHTa UCIIUPA]y Y aKBaTUUHY CPEJIUHY.

Nmajyhu y Buy cBe HaBeJIeHO, Y OKBUPY OBOT UCTpakuBama KopuiheHe cy cienehe
Bpcre puba: cmyh Sander lucioperca (Linnaeus, 1758), com Silurus glanis (Linnaeus, 1758),
nesepuka Abramis brama (Linnaeus, 1758), 6a6ymka Carassius gibelio (Bloch, 1782), xien
Squalius cephalus (Linnacus, 1758), mpena Barbus barbus (Linnaeus, 1758), ckobasb
Chondrostoma nasus (Linnaeus, 1758) u ykmuja Alburnus alburnus (Linnaeus, 1758), koje cy

yjeIHO ¥ KOMEpIIHjaIHe U eKOHOMCKH BaxkHe BpcTe puda y Cpouju (Cruka 2).
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1.3.2.1.1. Cmyh Sander lucioperca (Linnaeus, 1758)

OBa BpcTa je MIMPOKO pacrpocTpamkeHa y Bomama CpOuje, y BEITHMKUM U MYTHHM
pekama u eyTpoHUM jeseprma. AyTOXTOHA je puba J[yHaBckor civBa U ciimBoBa banTudkor
u CeBepHOT MOpa, allv je yCIenHO HHTpoyKoBaHa mupoM EBpone. CtaTyc yrposkeHOCTH je:
Maja 3abpunytoct (eng. Least concern, LC) (IUCN, 2012). Xpanu ce y OTBOPEHHM Bojiama,
peTKo Kaja Moke na ce Hahe y imuTopanHoj 30HH oOpacioj Beretarujom (Vehanen & Lahti,
2003). I'enepanHo je myrajyhw mpemaTop KOjH TOCTaje OOJUTAaTHU THCIHBOP y JAPYroj
romunan (17) sxmBota (Vehanen & Lahti, 2003; Specziar, 2011). Kao Tom npeaaTop mHpoko ce
KOPHUCTH Y MOHUTOPUHT cryaujama Temkux merana (Giil et al., 2011; Nabavi et al., 2012,

Suboti¢ et al., 2013a,0 u npyru).

Kao mpunamauk [ xareropmje kBamutera, y CpOuju je BpIO IICHCHA BpCTa

(Simonovi¢, 2001).

1.3.2.1.2. Com Silurus glanis (Linnaeus, 1758)

Com je HajBeha eBpomcka ciaTkoBoAHa puba, mopekioM u3 HMcroune EBpome u
3amanHe A3suje, HajpaclpocTpameHrja y peuHuM ciauBoBuMa JlynaBa u Bonre. Hacramyje
JUTOPAITHY 30HY BEJIIMKUX U CPEIIHbUX PaBHMUAPCKUX peka U 100po obOpacia jesepa (Kottelat

& Freyhof, 2007). Craryc yrpoxenoctu je: LC.

OmnopTYHUCTUYKH j€ TpeaaTop, Yvja Ce MCXpaHa YEeCTO 3aCHMBA Ha 3aCTYINJbEHUM
pubama y CTaHMIITY, IITO CE€ OJpa’kaBa Ha JOCTYMHOCT OBHMX BpCTa, a Takohe ce XpaHH
BOJIO3EMIIMMA, NTUIIaMa U MambuM cucapuma (Stolyarov, 1985). ma TenaeHuujy aa JIOBH U
Jla ce XpaHu puOOM MamOM HEro ITO OM ce OYEKHBAJIO 33 HETrOBY BEIUYMHY M YCHHU OTBOP
(Adamek et al., 1999; Wysujack & Mehner, 2005). Com je HOhHUM TIpenaTop, y MOTpa3u 3a
XpaHOM je y OJM3UHU JTHA U Y cl1000/AHOj BoU. XpaHH ce pakoBMMa, puOOM, BOJAO3EMIINMA,

BOACHUM IITUI[aMa U CUCApHMa, HajBI/IH_IC IMMOCJIC CyMpaKa U Ipexa 30py.

KomeprmjanHo je Beoma 3HauajHa puoa.
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1.3.2.1.3. leBepuxa Abramis brama (Linnaeus, 1758)

HacespaBa pa3nmuunte BpCTE je3epa M BEIHMKE 10 Cpeiibe Bennke peke. TokoM 3ume
dopmupa jarta, Bpio uecto ca npyrum Bpcrama (Kottelat & Freyhof, 2007). Craryc

yrpoxxenoctu je: LC.

JleBeprKa je BpcTa ca peslaTUBHO HUCKHM 3aXTEBUMa KaJia je y MUTamky YhcToha Boje
U CaJIpKaj KHCCOHMKA, TAaKO Ja y TAKBUM YCIOBHUMA I0CTaje JOMUHAHTHA U 3HAa4ajHa BPCTa y
eBporickuM pekama (Zarski et al., 1995). Kana je y muramy HCXpaHa, jyBEHIJIH CE XpaHe
YIIIaBHOM 300ILUIAaHKTOHOM JIOK C€ OZIpaciie jeIrHKe XpaHe OCHTOCHUM HHBEpTeOpaTHMa Koje

HCKOIIaBajy U3 CEAMMEHTAa, aJli U Moryckama (Simonovi¢, 2001).

Wwma 3Hauaj y mpuBpeIHOM puOOIIOBY Kao Tako3BaHa ,,0emma puda“.

1.3.2.1.4. ba6ymxka Carassius gibelio (Bloch, 1782)

babymka je y Bome CpbOuje mHTpojaykoBaHa H3 Asuje, a y Bomama CpOuje je
WHBa3WBHA BpcTa. Moe /1a ce Hal)e y MEpHUM BOZaMa M paBHUYAPCKUM peKama, rie 0opaBu
y cyOMep3HO] Bererauuju. Bpio je TosnepaHTHa Ha HeEIOCTaTak KUCEOHMKA U 3araheme

(Kottelat & Freyhof, 2007). Craryc yrpoxenoctu je: LC.

OMHI/IBOpHa je BpCTa, XpaH! CC INIAHKTOHOM, OCHTOCHUM I/IHBepTe6paTI/IMa, OMJEHUM

MaTepUjajIoM U AETPUTYCOM.

babymika uma, kao mpuMagHUK Kareropuje ,.0ema puda“, oapeheH npuBpenHO-
pubonoBHM 3Hauaj. OmabpaHa je ka0 OMOMHIMKATOPCKAa BpPCTa 300T HUCKE OCETJHUBOCTH U

BHUCOKEC OTTIOPHOCTHU HA HECTIOBOJHLHE YCJIOBC )KUBOTHE CPCANHE.

1.3.2.1.5. Kaen Squalius cephalus (Linnaeus, 1758)

Krnen je decra ciaTkoBoAHa LMIPUHHUAHA BPCTA, HAjpaclpocTpambeHHja Yy MaluM
pekaMa W BEJIMKUM TIOTOIMMAa Yy 30HH MpeHe, Takohe mayx obane croporekyhux
pPaBHUYAPCKUX PEKa, YaK U Y BEOMa MaJIUM TUIAHMHCKUM MoToIMMa. CTaTyc yrposKeHOCTH je:

LC.
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JyBeHWIN ce XpaHe Pa3IMYUTUM OMJPHHM W JKMBOTHISCKUM MaTepHjajioM, IOK ca
nosehameM Mace Tena BUXO0Ba MPOXKIPJEUBOCT PACTe U MOCTAjy MPETEKHO MPEAATOPU KOjU

ce XpaHe MambUM jeJuHKama prla JOCTYITHUX Y BOJIH.

Nwma 3HaTaH ciopTcKO-puO0I0BHM 3Ha4aj. CMaTpa ce HajIOTOHUJUM MOJICIIOM pruda
3a MOHUTOPHUHI aKyMyJialldje TeIIKUX MeTalla y peKaMma jep HacTamyje W 4hcTe U 3araleHe
Boze (Barus & Oliva, 1995), jaBmpa ce nyx BehmHe y3ayXHHX Mpoduiaa eBPOICKUX peka
IlenTpamae EBporie u uMa Telio JOBOJHHO BEIIMKO 32 Y3UMAamke y30paka MUIIMNHOT TKHBA 3a
aHaMTHIKe y30pke. OcHM TOora, ca TMpaKTHYHE TAadyke TJEAWINTA, KJICH HUje 3amrTuheHa

BPCTa, LITO j€ jOII jelaH PasJior 3a u300p OBE BPCT€ y MOHUTOPHUHT CTY/Hjama.

1.3.2.1.6. Mpena Barbus barbus (Linnaeus, 1758)

MpeHa ce jaBJ’ba npu JOHY aKBATUYHOI' CKOCUCTEMaA, OJ IUIAHUHCKHUX IO
PaBHHUYAPCKUX, YUCTUX, TOILUINX, CPCABLUX O BCIIMKHUX PCKA, 6p30F TOKa U NIJbYHKOBHUTOT

nHa. [ToBpemeHo ce jaBiba y jesepuma. CtaTyc yrpoxeHoctu je: LC.

XpaHu ce HMIMPOKUM CIIEKTPOM OEHTOCHHX OpraHu3amMa: JiapBe MHCeKara, paduhi,

pBU 1 MeKymu. [Tonekan Mory y ncxpaHu aa KOpUCTE U alre.

N3y3eTHO Cy aTpakTHBHE 32 CIOPTCKH PHOOJIOB. Y MOHUTOPUHT CTyJIHjaMa TEIIKUX

MeTaJia ce IMIMPOKO KOPUCTE yCiiea HaurHa KHUBOTA KOJH je Be3aH 3a JHO.

1.3.2.1.7. Ckxobass Chondrostoma nasus (Linnaeus, 1758)

HacespaBa CpeamkEe 0 BCIHMKE PCKE, YMCPCHOT MO0 6p3OF TOKa, KaMCHUTOI' H

NUJBYHKOBUTOT JTHA. bopaBu n3Han qHa, y jatuma. Craryc yrposxkenoctu je: LC.

JlapBe ¥ jyBeHWIN ce XpaHe CUTHHjUM OeckuuMemanuma. Ozpacie jeluHKe ce XpaHe

OCHTOCHHMM JIMjaTOMaMa U JIETPUTYCOM KOj€ CKHa]y ca KaMema.

VY Cp0Ouju, ckobask je aTpakTUBHA pUOOJIOBHA BPCTa, MOCEOHO Y TUTAHMHCKUM peKama,
JIOK Kao TPUTIATHUK ,,0erne pube” y paBHHYApPCKUM peKaMa MMa TPHUBPEIHO-PUOOIOBHU

3Ha4aj (Simonovié, 2001).
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1.3.2.1.8. Ykamja Alburnus alburnus (Linnaeus, 1758)

Hacrtamyje oTBOpeHe BojJe je3epa U CpeAmHX 10 BEIMKUX peka. bopaBu Onu3y
noBpmuHe Boje, y jarmma. Craryc yrpoxkeHoctu je: LC. XpaHu ce IJTaHKTOHCKHM

pathMMa, JlapBaMa MHCCKATa U UHCCKTUMaA Ca NOBPIIMHE BOAC.

Nwma onpehen npuBpenno-pudonoBau 3Hauaj y Cpouju.
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JleBepuka (Abramis brama) bab6ymika (Carassius gibelio)

Vxauja (Alburnus alburnus)

Cauxa 2. VctpaxxuBaHe BpcTe puda y 0BOj CTyIUjU
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1.3.2.2. U360p oaroBapajyher Tkusa pude 3a norpedbe MOHMTOPUHT CTyIHja

TCIIKUX M€TaJ1a Yy aKBATUYHUM €KOCUCTEMHUMA

JlokazaHo je ma aHanmu3a puOJber TKHBa TOKa3yje Marme BapHjaluje HEro aHalin3a
napaMmerapa >KUBOTHE CpeluHe, Ia ce cMaTpa Ja je y LHbY OMOMOHHTOPHHra MOTPEOHO,
OCUM XEMHJCKHUX aHaJlh3a BOJIe, CHCTEMAaTCKHU MPATUTH Callp)kKaj aKyMyJIHpaHUX TEUIKUX
metana y pubsbem TkuBy (Teodorovi¢, 2000). buounnukaiujy je moryhe cripoBOIWTH Ha
CBUM HHBOMMA OpTraHM3allMje >KUBHUX CHCTEMa, IIOYEBIIM OJf MOJIEKYJIAPHOT, MPEKO
O1OXeMH]jCKO-(DU3UOIOIIKOT, ETYyIapHOT, WHAWBHUIYAHOT, IOIMYJIAlMOHOT, CIIELH]jCKOT,
OMOIICHOJIOMIKOT (€KOCUCTEMCKOT), OMOMCKOr, ma cBe 10 OuocdepHor. [IporeHa mmpokor
CIeKTpa mpoMeHa y henmjckoj mim OMOXEMHjCKOj KOMITOHEHTH, MPOLECY, CTPYKTYpH HIIU
¢bynkuuju (OMomapkepu) y OCETJBHMBHM OpraHum3MuMa (OMOMHAMKATOpHUMAa) H3a3BaHa
KCEHOOMOTHIIMMA j€ BeoMa BakHa y OTKpHBamy IOTEHIMjalHEe TOKCHYHOCTH 3araluBaua.
HajyOenspuBuju pasnor 3a xopuirthewme OMomapkepa je Taj LITO, CEM IITO KBAaHTU(DUKY)Y
KOHIIEHTapluje 3arahBadya y >KMBOTHO] CpPEAWHH, Najy U WH(OpMaiuje o0 OWOJOUIKUM
edexTrMa 3arahuBava. buonHaukaropu u OMomMapkepu MOry epHUKacHO Ja c€ NMpUMEHE 3a
cabo Mo3HaTe WM MEIIOBHUTE 3araluBaue, MITO UX YMHHU HWCATHUM 32 MPOLIEHY KBaJUTETa
KMBOTHE CpeIUHE U MpoleHy edekTa cyOieranHux 3arahuBava, kako OM ce 00e36e1uo
CHUCTEM 3a paHoO ymo3zopeme. Mehyrum, ynorpeda Gumomapkepa y MOHUTOPHUHT CTyJIujaMa
MOKa3yje MPUCYCTBO WYy OJACYCTBO 3arahuBaua, ajqu HE W KOJUX Jep j€ OpraHuzam y

aKBaTI/ILIHOj CpCaAHU U3JIOKEH CMCIIIN 3ara1jHBaqa.

Kao mTo je panuje momeHyrto, pube Koje >kuBe y 3araheHoj akBaTMYHO] CPEIUHH
uMajy TeHJIEHIM]Y Ja aKyMyjlHMpajy Tellke MeTaie y opranuMa. OyHKIHja arncoprniuje u
eKcKpeuuje kox puba oxpehyje akymynaiujy merana, Tako Ja JO JCTMOHOBamba TEIIKHX
MeTaja y OpraHu3My J1oja3u Kajaa je Op3vHa ycBajama 3HATHO Beha o7 Op3uHE eKCKpelHje.
Hlkpre amcopOyjy Merane U3 BOJE yciel BelIMKE IMOBPIIMHE M HEmocpenHe OMu3uHE ca
CMOJBAIIEOM cpeanHoM. [IpencTaBsbajy INIaBHO MECTO pa3MEHE racoBa KOJ T'OTOBO CBHUX
Bpcra puba. Ilopen pecnmpaTopHe (QyHKIHMje, IIKPre Urpajy BakHY YJIOTY Yy €KCKpeluju
oJpeheHNX IITETHUX MaTepHja Kao U y OJp:KaBamy paBHOTEke coiu y Teny pube. Hlkpre
puba ce cacToje O Pa3NUYUTHX BPCTa EMHUTENA, BPJIO BEJHKE IMOBPIIMHE CEKyHIApHOT

enuTeNa, KOju HeMa 3aIUTUTHHU CJI0j Kao KOXa, WITO je M TJIABHU PasJior 3a H3PaXeHy
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0CeTJbMBOCT mKpra koxa puba (Watson et al., 1987; Poleksi¢ & Mitrovi¢-Tutundzi¢, 1994;

Wong et al., 2000; Garcia-Santos et al., 2006; Cinir et al., 2009).

VYHyTap opraHusMa, CTENeH aKyMyJlaluje y pasIuuyuTHM TKUBHMAa 3aBUCH Of
Be3MBamka MeTana M crneunpuyHux nuraHana. [lopex mkpra, W jeTpa Kao METa0OIHMYKU
aKTHBHU OpraH, je OuTHa 3a akymynamnujy merana (Yilmaz et al., 2007), ok je akymyJsaiuja
y mutrhaom tkuBy Huka (Poleksic et al., 2010; Visnjic¢-Jeftic¢ et al., 2010; Jari¢ et al., 2011).
Jerpa je Hajoosbm akymymnatop merana, u3y3eB Hg (Farkas et al., 2002; Gammons et al., 2006;
Cogun et al., 2006), a pazmor 3a oBo Oum Morao na Oyae Bucok adpuHuTeTr Hg mpema
cyndxuapuinum rpynama (R-SH) mpotenna (Miller et al., 1992; Mason et al., 2000), kao u
HU3aK HUBO Be3yjyhux mpoTenHa (OAHOCHO METAJIOTHOHEWHA) y MuIIMhuMa y OJHOCY Ha

jerpy (Roméo et al., 1999; Karadede et al., 2004; Kojadinovi¢ et al., 2007).

MumhHo TKHBO je €0 pube KOju YOBEK YIJIaBHOM HajBHILE KOPUCTH y UCXPaHHU.
I'moGanHo, craTkOBOJHE puOe Cy HajBUIIE €KCIUIOATHCAHH BOJHHU PECypC, IITO MPEACTaBIba
OKO 4eTBpTHHY (0KO 20 MIJIMOHA TOHA rOJIMIILE) cBeTcke xpaHe u3 Boje (FAO, 2008), Tako
7la je TOTpeOHO J1a ce MPOBEPH J1a JIM Cy KOHIEHTpanuje 3arahuBaya nomnyT TEHIKUX MeTaja y

OKBHpY MPENOPYyYEHHUX TpaHuLIa 3a JbYACKY ucxpany (Shinn, 2009).

Nako mummhy HECY aKTUBHO TKHBO y aKyMyJalMju TeMKHX Merana (Amundsen et
al., 1997; Tekin-Ozan & Kir, 2008; Visnji¢-Jefti¢ et al., 2010), 06MuHO Cy aHANM3MPAHU Yy
JUTEPaTypu jep Cy OCHOBHHU JI€0 y JbYACKO] HMCXpaHM M CaMUM THM U 3HA4yajHU [I€0
3npaBcTBeHOr pu3uka (Yilmaz & Dogan, 2008). 13 cBera HaBeieHOT, 3ak/by4ak je Aa
MUIIMNHO TKMBO HajOOJbE OfpakaBa Mocienuie 3aralema MeTaluMma y KOIHEHHM BoJama,

oOyxBarajyhu yjenHo U 31paBCTBEHH pU3HK 3a yoBeka (Monroy et al., 2014).
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1.4. llpersuen pocagamimbUX HCTPaKUBamba y ceery u Cpouju

Pube cy Hajuemhe kopumiheHe rpyre OHOMHAMKATOPA Y EKOTOKCHKOJIOMIKHM
cryaujama. EKOTOKCHKOIIOIIKE CTy[dje KOje ce CIPOBOJAC y3 YHMOTpeOy pa3IMYUTHX BpCTa
puba, Kako Ou ce yTBpAMIN TOKCUYHM edekTH 3aral)yjyhnx xeMukanuja, moJbONpUBpPETHIX U
WHIYCTPHjCKUX OTIAIHUX BOJA M CTyAHje 3araljema y pekama u jesepuma yBeneHe cy 1930-

tux (Valavanidis & Vlachogianni, 2010).

3araljere KOMHEHUX BOJA TEHIKUM METalIMMa paslior je€ BeJIHUKe 3a0pUHYTOCTH
MOCJICIIbUX HEKOJMKO JICIICHUja, HE caMo 300T IPETHE 3a BOJHE 3aIMXe, Beh U mTere Kojy
HAHOCE JKUBOM CBETY Yy aKBaTW4YHO] CPEJMHH M JbYACKO] MOIMYJAIUjU KOja ce HhUMa XpaHHU.
[Tocnenmux peneHuja, mpoOIeM pacBeTJbaBama IMpoleca akyMyjlaluje U OUOJIOIIKE YIore
MHUKpOEJIeMeHaTa y aKBaTUYHUM OpPraHM3MHMA, y YCIIOBMMAa 3arahema W aHTPOIOTrCHUX
TpaHchopMalMja aKBaTHYHUX CKOCHUCTEMa, je MPUBYKIO BEJIMKY MaXkby HayYHHKA HIHPOM
cBeTa, 4MHehM jeqHY OJl HAjaKTyeJHUjUX OOJacTH y HXTHOJOTHMJU M EKOJOTHjH, ca

TEOPETCKUM U IMPAKTUYHUM 3HAYA]EM.

[TpucycTBO TEMKUX MeTalla y aKBaTUYHO] CPEMHH M BbUXO0BA aKyMyJaluja y pudama
cy OuiM 3HauajHU MpeaMeT Maxmwe cBeTcke HayuHe jaHocTH (Dallinger et al., 1987; Kalay et
al., 1999; Rashed, 2001; Demirak et al., 2006; Has-Schon et al., 2006; Yilmaz et al., 2007,
Terra et al., 2008; Uysal et al., 2009; Kensova et al., 2010; Ural et al., 2011; Maceda-Viega et
al., 2013; Monroy et al., 2014 u MHOTH ApYTH).

Jeman nmeo mocamammux ucTpakuBama y CpOHjHU je IPBEHCTBEHO OMO YCMEPEH Ha
oJpehuBame KOHIIEHTpaIMja TSIIKUX MeTaa y Boau U ceaumenty. Ctyauja Milenkovic et al.
(2005) je nmokazana ga mocroju pu3MK 3a ekocucteM (peka Jynas, 1 112 no 851 km Toka) ox
uctpaxkuBanux merana As, Cd, Cr, Cu, Fe, Pb u Mn y ceiuMeHTy aiu HEJOBOJLHO BHCOK Ja
Ou ce mpeny3ene onpeheHe akTUBHOCTH TOMyYT peMmeanjanuje. Y cryauju Sakan et al. (2011),
on ucrpaxkuanux merana Ca, Cd, Co, Cr, Cu, Fe, Mn, Pb, Ni, Zn, Be u V, KxoHCTaTOBaHE CY
BUCOKE KOHIIeHTpanuje cBux, nocedbHo Cd, Pb, Cu u Zn y cenuMeHTy UCTpaKMBaHUX peKa
Hynas, Casa, Tuca, Ubap, Benuka MopaBa, 3anagna Mopasa, Jyxkna Mopasa, Humaga,

Tamum, xkanan JIT/], Komy6apa, [1ex u Tormmuna.

38



Anexcanopa Munowkoeuh Jlokmopcka oucepmauuja

Heke crymuje cy ce omHocwie W Ha yTBphUBame KOHIICHTpalWja elieMeHaTta y
ceMMeHTy /Ui Boau U oxpehennm puGibuM BpcTama. JenHa on BEX je cTyamja Strbac et
al. (2014) rze cy Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Sr u Zn ananusupanu y
cemuMeHTy U jerpu Bpcta mmryka (ESox lucius), xeumra (Acipenser ruthenus), nesepuka
(Brama brama) u mapan (Cyprinus carpio), y3opkoBaHux y pemu Tucu. Pesyaratu cy
MOKa3aJid J1a y30pIHU CEIMMEHTa UMajy CPElbe 10 3HaYajaH €KOJIOIIKA PHU3MK, IITO JTOBOIH
710 030MJbHE OMACHOCTH 10 akBaTW4yHe opranusme. Ca apyre crpaHe, KOHCTaTOBaHE Cy CaMo
konueHrpanuje Pb u Cd usHan makcumanHo m03BosbeHHMX KoHieHTpanuja (MIK) y jetpu
[IapaHa U Keuure. JOIII jeiaH o1 3aK/bydaka CTy/Huje je Ja OMHHBOpHE (IIapaH) i OCHTUBOPHE
(keunra u JeBepUKa) BPCTC aKyMYJIMpPajy BUIIE KOHIEHTpALMje MeTajlla U eJIeMeHarta O]

MUCHUBOPHUX (IITYKA).

Morina et al. (2016) y ctynuju enemenara Al, As, B, Ba, Co, Cr, Cu, Hg, Mn, Mo, Ni,
Pb, Se, Sr u Zn y cenumenty peka Jlynas, 3amagna Mopasa u Jy)xaa MopaBa U mkprama,
mumuhuma, IpeBHOM TPaKTy U jeTpHu pedune mpene (Barbus barbus), sxenenu cy na Buae na
JIM OBa BPCTa MOXKe Ja Oyjie MOTEHIHjaIH ONOWHINKATOP KBAJUTETA CEAMMEHTA, Kala Cy Yy
UTaky METald. Pe3yarararu ¢y MOTBPIMIN MOTYhHOCT yroTpebe oBe BPCTE€ Y MOHHTOPHHT

CTYI[I/Ij aMa MCTaJla y CCAUMCHTY.

Behu neo crymmja y Cpbuju je copoBeieH y LuJby IMpOoHalaxewma oOpasia
aKyMyllalje MeTalia y JKMBOM CBETYy Y AaKBaTH4YHO] CpPEIMHHM, 33jeJJHO ca MpolecuMa
OnokoHIeHTpanuje U Onomarnudukamnuje. Pazne Bpcre puda cy epuxkacHo KopuirheHe kao
OMOMHJIMKATOPY KOHTaMHUHAIMje TeIIKMM MeTanuma. JlocTymHa JuTeparypa OTKpHUBa
pasnuumTe MPHUCTYIIE 3a N300p HajaJeKBaTHUje BpCTe pube M TKUBA 32 MOTpeOe MOHUTOPUHT

CTyauja.

VY crynuju Visnjic-Jefti¢ et al. (2010) ananusupane cy konmnentpamnuje Al, As, Cd, Cu,
B, Ba, Fe, Mg, Sr, Zn, Li, Co, Cr, Mn, Mo, Ni u Pb y mumnhHoM TKUBY, JeTpH U IIKprama
paomopcke xapunre (Alosa immaculata Bennet, 1835) na 863 km peunor toka [lyHaga.
3abenexene cy Hajpuie koHueHTpanuje Al, Sr, Ba, Mg u Li y mkprama, Cd, Cu, Zn, Fe u B
y JeTpH, JOK Cy HajBWIIE KOHIEHTpaIje As 3a0eiekeHe y MUIITMNHOM TKHWBY HMCIIUTHBAHE

BpcTe, Kao u koHneHnTpamnuje Cd u As nznag M/IK.
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Al, As, B, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, Pb, Se, Sr u Zn ananusupasu cy y
jeTpu, mKprama, MuIIMhnMa U roHajgaMa y Bpcrama cuBu toicronoouk (Hypopthalmichthys
molitrix), nesepuka (Abramis brama), xpynaruma (Blicca bjoerkna), mapan (Cyprinus
carpio) u com (Silurus glanis) u3 JlynaBa y okonuuu beorpama. JJuctpuOynmja merana u
enemMenara m3Mmely WCTpaKMBaHMX TKHBa MMa HUCTH oOpaszan mehy Bpcrama. Cusu
TOJICTOJIOOMK C€ M3/[Baja O] IPYrUX MCTPAKUBAHUX BPCTA IO BUCOKUM KOHIEHTpaujama Al
u Fe y jerpu, a mapan ca BUCOKMM KOHIIEHTpauujama Zn y IIKprama, MUIIUhUMa U jeTpH.

KoncraroBane cy konnentpauuje Fe u Zn usnag MJIK y jetpu u ronagama.

Suboti¢ et al. (2013a), ananuzupajyhu konuentpauuje Al, As, B, Ba, Cd, Co, Cr, Cu,
Fe, Hg, Li, Mn, Mo, Ni, Pb, Se, Sr u Zn y MummhHoM TKHBY, Je€TpH U IIKprama Bpcta cmyl
(Sander lucioperca), com (Silurus glanis), manuh (Lota lota) u mapan (Cyprinus carpio) u3s
Hynasa (1 170 km pedHor Toka), UCTAKJIM Cy Ja IMOCTOjH 3HAYajHA pa3iuKa y aKyMmyJaiuju
TEUIKUX MeTajla U eleMeHara u3Mmely BpcTa W TKHMBa, HarniamaBajyhu Ja ce HMUCIHUBOpPHE
BpcTe (cMyl) M coM) MCTHUY MO 3HATHO BUIIMM KoHuUeHTpauujama Cr u Hg y jetpu, Hg y
mKprama, JoK ce mnoiudartse Bpcre (MaHMh M IIapaH) MCTUYY [0 3HATHO BHIIUM
koHUeHTpauujama B u Fe y mkprama u As y mumunhsom TkuBy. Takole Harnamasajy aa cy
3HaTHO BuIle KoHIeHTpauuje Cd, Cu 1 Zn KOHCTaTOBaHE y JeTpH LIapaHa y OJHOCY Ha Jpyre
uctpaxupane Bpcte. Konnenrpauuje uznax MJIK y oBum Bpcrama y oBoMm aeny [lyHaBa

HUCY KOHCTaTOBAHE.

Kox Bpcra cmyly (Sander lucioperca), com (Silurus glanis), mapan (Cyprinus carpio)
u rimaBoun (Neogobius gymnotrachelus, Neogobius melanostomus) u3 Jynasa kox beorpama
aHaAJIM3UPaHU Cy jeTpa, MUIIUNKY U KOMIIOCT YUTABOT Tena (y Cllydajy IJlaBo4a) Ha IPUCYCTBO
As, Cu, Fe, Hg, Mn u Zn y crynuju Suboti¢ et al. (20136). Ayropu cy xenenu 1a yTBpAe
OJTHOC TEIIKMX MeTajla W eJeMeHaTa Ha pelaluju MpeaaTop-IUieH M MpeaaTop-npenaTop.
YT1BpheHo je na cy koHnenTpamnuje Hg Bumie y npegatopckum Bpctama (coM, cMyl)) y 0JTHOCY
Ha IieH (11apaH, I1aBo4M), IITO je AoKa3 OuomarHugukanuje opor meraia. Konnenrpamnuje
Cu, Fe, Mn u Zn cy BuIlle y jeTpd HEro y MHUIIMNHOM TKHBY KOJ| CBHUX BpCTa, JIOK CYy
BpenHocTH As 1 Hg jennake (M3y3eB KOJI IIapaHa, I/ie ¢y KoHLeHTpanuje Hg Hinke y jerpn).

Nznag MJIK 3a6enexene cy Bpennoctu camo Hg u Zn.
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Paznuunra TKMBa W opranu (MmIMhHO TKHBO, IIKpre, ClIe3WHA, jeTpa, OyOpesw,
I[PEBHU TPAKT, JKeTyJall, cpIie, MO3akK, KydHa Keca, puOJbH MEeXyp, MPIIJLEHOBH, OTIEPKYITYMU
u ronazne) coma (Silurus glanis) u3 Jdynara (1 169 km peuHor Toka) aHalIM3MpaHH Cy Ha
caapxkaj As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se u Zn y crynuju Jovici¢ et al. (2015).
KoHcTaToBaHo je 1a moCTOju pa3iiuKa y akymyJanuju u3mel)y TkuBa u opraHa, ca HajBUIIIM
KOHIIEHTpalldjaMa y MPIILEHOBUMA, TOTOM OyOpe3uma u jerpu. CBe BpEIHOCTH MeTalla Cy

owne ucnogq MJIK.

Manu 6poj cryauja y Cpbuju 0HOCHO C€ U Ha XHUCTONATOJIOIIKM OATOBOpP PHOJbUX
BpCTa HM3JIOKEHHX 3aralierby TEHIKMM MeTajluMa. Pe3ynTaTd jemqHOr TakBOT HCTpaKMBamba
npencraBibeHu ¢y y crynuju Poleksi¢ et al. (2010), rme cy ayropu aHanmsupanu epekre
3arahjema temkuM Metaiuma Cd, As, Pb, Cr, Hg, Cu, Ni, Fe, Mn u Zn Ha xeuury (Acipenser
ruthenus) y cnuBy [lyHaBa, ka0 W NMPEAHOCTH YHOTpeOE Pa3IMYUTHX OpraHa W TKHBA Kao
MHIUKATOpa KOHTaMUHAlMje TEUIKMM MeTaluMa. AHaiu3a je, Mopel TEeIIKUX MeTana y
HIKprama, MuInuhnuma, jeTpu U IPEBHOM TPAKTYy, YKJbYYHMBaIa U XHCTONATOJOIIKE aHAIN3E
Koje cy oOyxBarajie MpOIeHy U CTENeH MHTEH3UTETa MPOMEHA Yy KOXKH, IIKpramMa U TKUBY
jetpe. IlokazaHo je 3Ha4ajHO MPHCYCTBO CYOJETATHUX XHUCTOMATOJOMIKUX MPOMEHa, Koje Cy

HajU3paKeHM]j€ y JETPU M KOXKHU U MoBehaHa akyMmyJaluja TEIKUX MeTalla y jeTpu.

Raskovi¢ et al. (2015) cy ucTpaxuBaiu CIMYHOCT XUCTOMATOJOIIKOT OJATOBOpa Ha
3araleme y mkprama u jerpu usmel)y nse 6enrodarue Bpcre, peune mpere (Barbus barbus)
u keuure (Acipenser ruthenus) u3 ynaea (1 173 km peunor Toka) u ymopehuBamu ca
koHieHTpanujama As, B, Ba, Cd, Co, Cu, Fe, Hg, Li, Mn, Mo, Ni, Pb, Se, Sr u Zn y jetpu,
mkprama ¥ mummhuma. OBa rpymna ayropa H3BeNa je 3ak/bydak Jla Cy JETEKTOBaHE
KOHIIEHTpAIlFje MeTalla y3pOK pa3IMuUuTUX OATOBOpA TKMBA JETPE U IIKPra JBE UCTPAKUBAHE
Bpcte. [locToju jacHa pasznuka umel)y 1Be BpCcTe Ha OCHOBY aKyMyJallije MeTajla U CTETIeHa
XUCTOTATOJIONMIKKX MTPOMEHA y IIKprama M jeTpH, CTOTa OBH ayTOpHU M3]IBajaj]y peUHY MpPEHY
Kao OoJber mokazaresba 3araliema Ha CHelU(UYHUM, BHINE YCKUM JIOKallMjama, JOK je
Keuura 0oJbH MOKa3aTesb 3aralema Behux akBaTUYHUX MoBpiiMHA. KoHIIEHTpaluje Merana
6wie cy uznag M/IK y Benukom Opojy aHaM3MpaHUX y30paka, IITO yKa3yje Ha 3Hadyaj] OBHX

BPCTa Y MOHUTOPHUHTY.
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Jenan neo McTpakMBama OJHOCHO CE€ M Ha MPOydYaBamhE MPUCYCTBA TEHOTOKCUYHUX
edekara y pubama y mpucyctBy merana. lusb ctymuje Sunjog et al. (2012) 6mo je nma ce
ananmsupa 16 enemenara Al, As, B, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, Pb, Stru Zn y
pasnuuuTUM TKHBHMa Mpene (Barbus barbus) us /lynasa, y 6nusunu beorpana, u aerekryje
MIPHUCYCTBO TEHOTOKCUYHUX edeKara y epuTpoIMTMA y3 TOMOh ajKaJHOT KOMeTa TecTa, jep
je Ouna mpeTmnocTaBKa Ja jeé HCIYIITAamke HETPETHUPAHUX KOMYHAIHUX BOJA Yy OBOM JEITY
JlynaBa mpowu3Besno HeraTuBHe edekre koa puba. Pesynratu ykasyjy ma cy muialhe jeauHKe

MPCHC HOFO,I[HI/IjC 3a MOHUTOPHUHTI 3ara1')eH>a AKBATUYHC JKHUBOTHC CPCIANHC.
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Crynuja 3arahema Boje M puba TEIIKMM MeTajluMa je OJf BUTAJTHOTI 3HAdaja 3a
MPOLIEHY TPEHYTHOT CTama KBAJUTETAa BOJAE M MOTCHIIMjaTHE MPETHe Koje pube onrepehene

TEIIKKM METaJIMa MPEICTaBIbajy 3a 3/IPaBJbe JbYIH.
Y CpOuju jom yBeK HE IOCTOJH CTyaWja Koja OW maja CcBeOOyXBaTHY CIIMKY O

IIPpOCTOPHOM 3araljeH,y KOITHEHHUX BOJa TCIIKHUM MCETaJIMMa. HI/IJ'beBI/I OBOT' HCTPAXXKUBAKA CY:

L4 daHaJlIu3a HHBOa aKyMynaque TCHOIKUX METalla Yy MuIIrhHOM TKUBY

HCIIUTHUBAHUX BPCTa puda U KOMIIO3UTHOM y30PKY YKIIH]e,

. nopeheme aKyMmylnMpaHUX TEIIKAX MeTajla y MHUIIMNHOM TKUBY u3Mely

pa3IMYUTUX BpcTa puba,

. Be3a m3Mel)y KOHIICHTpalWja TEIIKAX MeTala aKyMYJIHpaHHX Yy MHIIUNHOM

TKUBY UCITUTUBAHUX BPCTA U KOHLIeHTpaI_[I/Ija TCIIKUX MCTaJIa Y BOJH,

o 1300p MOTEHLIMjAIHO OCETJbUBE PUOJbE BPCTE 32 MOHUTOPHUHT CTY/IUj€ TELIKUX
MeTana,
. MoryhHOCT TpuMeHe uHIeKkca 3araljema TemkuM Metaiuma (ewe. Metal

Pollution Index - MPI) y mpouenu 3araljema BOjga TEIIKMM MeTaluMa,

. dbopmupame mpenTuMUHaApHE Mame 3arahema BOJAa TEIIKUM MeTaluMma Yy
CpOuju,
. nopeheme KOHIEHTpalUja aKyMyJIUpaHUX TEIIKUX MeTaja y MHIIHhHOM

TKUBY WCHUTHUBAHMX pHOA ca MaKCUMajgHO JI03BOJAEHUM KOHIICHTpaIlijaMa

IMPOIMHMCAHUX 3aKOHCKHM pEryjlaTuBaMa.
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3.1. KapakTepucruke noapyija ucTpaxuBama

[Toapydje ucTpakuBama y OBOj CTyaWju oOyxBaTa HajBehe W HajBaKHHjE peKe
Cpbuje: Hynas, Tuca, CaBa, Benmuka Mopasa, 3anagna MopaBa, JyxHa Mopasa, Mo6ap,
Hpuna u Tumok, kao u Komybapa, MnaBa u Ilek. Takohe cy ykibydeHe u akymyJaiuje:

I'pyxa, boan, Anekcanaposai, Mehyspuije, 3aBoj u Biacuna.

3.1.1. KapakTepucTike HCTPAKUBAHUX peKa

3.1.1.1. Aynas

JlyHaB je npyra 1o BenuduHU peka y EBponwu, ca gyxuHoM 2 826 KM u qyxuHOM
Toka kpo3 Cpoujy ox 588 km. Cnus Jlynasa mpoctupe ce Ha 87% Tteputopuje Cpouje, mTo

npencrasiba 11% ykynHe nospiumHe.

Peka JlynaB cakymba Boy U3 JeBeTHaecT 3eMasba (Sommerwerk et al., 2009), Tako
Jla je W3JI0KEeHa NPUIMBY BEIMKUX KoiuunmHa otnaaHux Boja (Teodorovi¢ et al., 2000).
Cpbuja je jeqHa oA PETKUX IMOJYHABCKUX 3€Majba Ha 4M]O] TEPUTOPUJU j€ KBAJUTET BOJE
JlyHaBa 3HaTHO OOJbM HETO y JPYTUM 3eMJbaMa Kpo3 Koje nporude. OBakBo crame /[yHaBa je
pe3yaTar 3HaTHO Mamer 3arahema Ha Teputopuju CpOuje, amu M CIIOCOOHOCTH
npeuninhaBama, MOCEOHO y aKyMyJalvju bepaar, koja aenyje MOmyT BEIUKOT TaJ0KHUKA.
Mebhytum, O6pojun unayctpujcku uentpu (Milanovié et al., 2010), xao mro cy Hosu Cap,
beorpan, ITanyeBo u bop, KOHTHHYHpaHO HCIyIITaj)y pa3nuuute 3arahuBadye y Tok /lyHaBa
kpo3 Cpobujy (Stani¢ et al., 2006). Heku enemeHTH Cy BelUKH MpoOieM 3araljema KOMHEHUX
Boja u cenumenTta y JlynaBy y Cpouju (Teodorovi¢, 2009). leo pexe nzmelhy HoBor Cana u
Beorpana nmprMa BelnHKy KOJHMUMHY HENPEYHITNEHUX WU CJIa00 MpeduInheHnX KOMYHAITHIX
U UHAYCTPUjCKUX oTnagHux Boja. CenuMmeHT y Onm3uHM beorpama caipxu mHOBHIIEHE
koHnenrpauuje As, Cu u Hg, ycnen 3arahiema koje noHocu peka CaBa M HEIOBOJHHO
TpeTUpaHuX OTMaJHKUX Boja u3 rpaga (Babi¢-Mladenovi¢ et al., 2003; Crnkovi¢ et al., 2008;
Triebskorn et al., 2008). 3araljewe Bojie U3a3BaHO BEIMKOM I'yCTHHOM HACEJbEHOCTH M TEIIKE

MHAYCTpHjalu3alyje y CIuBY je r1aBHU npodiem JlyHaBa.
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3.1.1.2. Tuca

CmuBao moxapydje Tuce (966 Km pedHor Toka) IpOCTHPE Ce HA TEPUTOPH]H IIET
3eMaspa: Ykpajuna (8%), Pymynuja (47%), CnoBauka (10%), Mahapcka (29%) u Cpbuja
(6%). Kpo3 Cpbujy nmpotuye y nyxunu o 164 km u najseha je npuroka [lynasa (Gavrilovié
& Dukic, 2002).

AHTpOTIOTEHH YTHUIA] MPOY3POKyje TMEPMAaHEHTHO 3araljele OBEe peKe, Tako Ja Cy
MelhyHapoaHe WHCTUTYIM]je eBUACHTHUpalle Yak 447 moTeHyjanHux 3araljuBada oJl KOjux cy
42 Bpno pusnuHa: y Pymynuju 24, Ykpajunu 6, Cnoaukoj 1 u Mabhapckoj 11. Tuca je
KOHTaMHUHHUpaHa Kpo3 OpojHE MHIYCTPHjCKE aKIHUAeHTe U3 KapnaTcKor MmiIaHMHCKOT peruoHa
y PymyHuju, koju uMa Iyry Tpaauiujy pyaapcTBa, mocebHo 3mara (Au), cpedpa (Ag), omosa
(Pb), nunka (Zn), 6akpa (Cu), kaamujyma (Cd) u manrana (Mn). Kaga Tome nonamo u Hare
MOTeHIIMjamHe 3araljuBayde, Kao U rpajacke pexanHe kaHaau3alje Koje Hemajy ocTpojema 3a

npeunnthaBame, jacHO je aa je Tuca kpajme yrpoxeHa 3arahpBadanma.

Beoma pa3BujeHa nosponpuBpeia y NaHOHCKOM JIeTy CIMBHOT noapy4ja Tuce takohe
JTOTpUHOCH 3aral)emy, TaKo Jla Cy €KOJIOIIKK YCIIOBH JIOIIN M OBa peKa crajaa y Haj3araheHuje

TokoBe y CpOuju.

3.1.1.3. CaBa

[Mpoctupe ce 940 km nyx Jyrosamanue Espore. Tok kpo3 Cpoujy obyxBata 204 km.
[Tonmymanuja cranopHumTBa y ciauBy CaBe je oko 8.2 wmwimoHa (46% on yKyImHOT
CTAaHOBHHUIITBA y YETHPHU 3€MJb€ KOje Jiesie 0aceH) W IJIaBHU MpoOJieM NMpeAcTaBiba BEIHMKA
KOJIMYMHA OTHAJHUX BOJA KOje C€ Yy HEKUM JeJoBHMa mpepalyyjy JOK ce y ApYyruMm He
npepal)yjy yomimre, ycien pasIMdMTUX 3aKOHCKMX U €KOHOMCKUX CTaHJapAa 3eMajba Kpo3

Koje oBa Mel)yHapoHa peka mpoTuye.

Kao mnoBHa u tpamsutHa peka, CaBa je y CpOuju HemTo umctHja onx JlyHaBa, a
3HauyajHO je Oosber kBanurera on Tuce. CaBa, ka0 TUIIMYHA paBHUYAapcKa peka U HajBeha
nputoka JlynaBa, mo 1990-ux je Ouna moroljena TemkuMm 3arahemeM U3 HHIyCTpHje:

METaypruja, XeMHjcKa, HHIYCTpHja KOXK€, TEKCTHIIHA, XpaHe, LEeNyJl0o3¢ U HHAYCTpHja
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nanupa, Kao U MOJbOIPUBPEAHUM akTUBHOCTHMA. VcTo Tako, CaBa je IJITaBHU pPELUIN)jEHT

OTITaJHUX BOJA U3 MHOTHX TPaJIOBa, allv j& ¥ MMOJ yTHIlajeM 3araleHe BojIe U3 MPUTOKA.

3.1.1.4. Besiuxka MopaBa

Benuka MopaBa je HajBeha peka Koja ce ILETUM CBOJUM TOKOM IPOCTHUPE Ha
teputopuju  CpOHuje W TIpeAcTaB/ba BeOMa 3Ha4YajHy JecHy mnputoky JlyHasa. Hacraje
cnajaweM JyxxHe u 3ananne Mopase, a ayra je 185 km. Tunuuna je paBHMuUapcka peka Koja

npoTHue Kpo3 Hajryuthe HacesbeHe nenose Cpouje.

Benmuka MopaBa npornue kpo3 Hajrymhe HacesbeHy obOinact Ilentpamne CpOwuje-
[TomopaBsbe, prMa HETPETHpPAHE WM HEMOTIYHO TPETHpaHE OTHaJHE BOJAC M3 ypOaHUX
MOJIPyYja U KUBOTUELCKUX (hapMHU, IITO TOBOIM JI0 030MJBHOT HapylllaBama KBAIUTETA BOJIC.
[Mocnenmwux roguna Benmuka MopaBa v¥Ma TEHACHIH]Y JaJber MOrOpIlamka KBaJIUTETa BOJIE,
jep ce y ’beHOM CIIUBY Haja3ze OpojHa Hace/hba M MHIYCTPH]CKU KomIuiekcH. [lospompuBpena
je Beh myro rmaBHuM ocnonar, npuBpene CpoOuje. [losbompuBpeaHe MOBpIIMHE 3ay3UMajy
ckopo nBe Tpehune teputopuje Cpouje. Mako je Cpbuja jeman on HajBehux mpousBohaua
XpaHe Ha bamkany, camo 1-2% oOpaauBOor 3emJpuINTa ce HaBOAmaBa. Hajpehu neo
MIPOU3BOIHOT TIOJHOTIPUBPEIHOT 3eMJBUIIITA MTPEACTaB/ba 001acT BojBOIMHE U CYyCEIHN HUKU
nenoBu jy:kHo on Case u JlyHaBa, ykjbydyjyhu u nonuHy peke MopaBe, MITO MpeacTaBiba

jo jenau of (pakropa 3aralema oBe peke.

3.1.1.5. 3anagna Mopasa

Cnajamem berume u ['onujcke MopaBulle, HacTaje peka 3amagHa MopaBa JIyKuHE
Toka 308 km (mepeno onx m3Bopa ['ommjcke MopaBuiie), JOK je Ay)KHWHA caMe 3amagHe

Mopase 208 km.

CnuB 3anagae Mopase je 6oraT pynamMa, Tako Jia ce Ty Hajlaze pYJHHUIIN TBPAOT YIba,
Marfesujyma, xpoma uta. Kao pesynrar, MHAyCTpHja je BeoMma pas3BHjeHa ca HHU30M BpJIO
WHIyCTpUjann3oBaHuX rpajaosa: [loxera, Yauak, KpamweBo, Tpcrennk u Kpymesai. ¥V ciauy

3anagHe MopaBe XHBHU Mpeko 1.5 MUIMOHA CTaHOBHUWKA, T/I€ j€ perucTtpoBaHo mpeko 170
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3arahuBava. Pe3ynrar cBera HaBeleHOT je Beoma 3araljeHa peka, a oceTHHje 3araheme Boje

jaBiba ce y Yauanckoj, KpasbeBaukoj, Tpcrennukoj u KpyieBaukoj KOTIHHH.

3.1.1.6. Jyxxna Mopasa

Jyxxna Mopasa je myra 295 km. Koxg Cramaha, ca 3amagnom MopaBom ¢opmrupa
Benmuky Mopany. Jy:kna MopaBa je Hekaza mpejacTaBibaia 1yxKy npuToky Bemnnmke Mopage,

mehytum, nanac je ckpahena 3a ckopo 30 km,tako na je nocrana kpaha on 3amagae Mopage.

U nopen kpaher Toka, Boga Jyxue Mopase je somujer kBanurera. Mako nuumyctpuja
y oBoMm neny CpOuje BHINIC HHMje HA HMBOY Ha KOM je HEKaja Owia, 300 HEKOHTPOIMCAHUX
W3IMBa Hempepal)eHuX OTIAaTHUX BOJA U3 NOMahWHCTBA W WHAYCTpHje, KBAIMTET BOJIE je

3HATHO HApYUICH.

3.1.1.7. ipuna

Kao najeeha mpurtoka CaBe, ca ayxuHoMm on 346 km, [Ipuna je Hekaga Owa
TJTAHUHCKU BOJIOTOK Ca BEJIMKUM TAJOM M BEJIMKUM TOTEHIHjaJIOM ayTonypQuKaimje.
Mebhytum, y mocnemUX HEKOJMKO TOAMHA, TeIIKW MeTanu (yrylaBHOM TBoxbe, apcew,

MaHraH, HUKJI U 0JIOBO) JocnieBajy y JpuHy u3 omreheHux jaJoBUHA.

3.1.1.8. Ubap

Noap, ca ny>xuaom Toka 272 km, je Hajpeha necHa mputoka 3amagne Mopage.

Hako je TUIaHMHCKH BOJOTOK Ca BEJIMKHUM TMaJ0BUMa W MajlOM TYCTHHOM
HaceJbeHOCTH ciuBa, Mb6ap je jeman on 3arahenujux tokoBa y Cpbuju. Mbap ce HajBuiie
3aralyyje u3 unaycrpuje ca Kocoa, mocpeacrsom nputoke CUTHHUIIE, KOja je BeoMa 3araleHa
Beh ox ymha [IpumreBke (BOJAOTOK BaH KJace), a MOTOTOBO M3 MOBPIIMHCKUX DPYAHHMKA
JUTHUTA, TepMoesekTpana y Obunuhy u ¢adbpuka cynepdocdara y KocoBckoj Murposuiu.
NbGap je monm yrumajem 3aralema OJOBOM M IIMHKOM, IOIITO CE€ Y OBOj OOJIACTH Haja3u

BEJIMKHU JI€0 MPOU3BOAE U MPOU3BOJAHUX IIOTOHA PyIapCKO-METAIypIIKOr cuctema, Tpemnya-
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JICBET PYJHHKA OJIOBA W IIMHKA, TP (IIOTAI[MOHA, JIBa METAIyprUje, XeMHUjCKEe UHIYCTpH]E,
Kao U ¢abpuka akymynaropa. Jenan neo OTmagHMUX BOAA MOTHUYE U3 MHIYCTpPHUjE, 1€0 yCIen
MOJbONPUBPETHIX AKTUBHOCTH, JI€O0 M3 MHIYCTPHJCKHX M KOMYHAJIHHMX JICTIOHHja Ha OBOM
oApy4jy, a €0 O]l CAaHUTApHHX, (PEKATHUX BOJa KOje ce HCImyITajy 6e3 TpermaHa. CBe 0BO

YTHU4YC HA KBAJIUTET BOAC I/I6pa N BEIOBUX ITPHUTOKA.

3.1.1.9. Koaxybapa

Komny6apa je pexa y 3anagnoj Cp6uju, myra oko 123 km, Tako na mpumanga pekama

cpeame BenuunHe ciuba. [locnenma je nputoka Case, npe ynusa y JlyHas.

Komnybapa npotrnde kpo3 MHOroOpojHA Hacesba, IPaJCKa U CEOCKa, y KOjuMa IpHuMa
bekamHe W OTMAAHE BOJAC M3 HMHIAYCTPHje, Kao MITO Cy IOBPIIMHCKH KOIMOBU U
TEpMOEJIEKTpaHe, TaKo Ja je jelHa O peka ca HajBehnM CTeneHoM Jerpajaalije KBajJuTeTa

BOJAC.

3.1.1.10. Beauku Tumok

Oga peka ykynHe ayxute 88 Km je mocnenma aecHa npuroka JJynasa y Cpouju.

Benuku Tumox u merose npuroke benn n Upuu Tumok cy ontepehene ornagHum
BOoJamMa, jep cy moja yrtunajem wuHayctpuje y bopckom, BbosseBaukom, 3ajeuapckom u
KmaxeBaukom Oaceny. [locnenmux neneHnja peka je 3HaTHO 3araljiBaHa OTIaJHUM Bojama
u3 bopckor Gacena mTO je MmociaeIM4yHO M3a3Bajo 3araleme JlyHaBa 0JI0OBOM, OakpoMm H

KaJIMH]YMOM.

3.1.1.11. Ma1aBa

Mnaga je pexa y Cpb6uju, nmyxxune 158 km u gecHa je mpurtoka JlynaBa. I'maBuu
13BOpH 3aral)ema KOMyHaJTHUM U UHAYCTPUJCKUM OTIIAIHUM BojlaMa cy rpanoBu [loxkapenaig
(70 000 cranoBHUKa, y ToWmeM TOKY), [lerpoBary Ha Mnasu (8 000 craHOBHUKA, Y CpeambeM
Toky) u Haceibe Karybunma (2 600 craHoBHHMKA, y TOpHEM TOKY). TepmoenekTpaHa

,Kocroma“ (TE ,,Koctonam“) m moBpmuHCKM KON pyIHUKa yriba ,,JIpMHO® ce Hamaze y
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JOBEM TOKY peKe, y ONu3uHU HheHor yiiha y JlyHaB, ITO yThuYe Ha KBaJUTETE BOJIE pEKe
ycien yauBa oTnagHux Boga. Ocum tora, 6aceH peke U cama peka, moceOHO y CpellibeM TOKY,
Cy MOroh)eHu UCTTPakEeM Ca TOJbOIIPUBPEIHUX 3EMJBHINTA U KOMYHATHUM OTHAJHUM BOJama
u3 OpOojHHUX MamHX Hacesba. TakBUM AHTPONOTEHH MPUTUCIHU CY MOCEOHO TElKH 300r

npeonalyjyhe auckor Bojgocraja y cnuBy (Manojlovié et al., 2003).

3.1.1.12. I1ek

ITex ce yOpaja y HajBehe peke y ceBepounctounoj CpOuju, yKymHe qyKuHE Toka 129
km.

AHTPONOTeH! NPUTHCAK HA OBY PEKY je BEIMKW. BelMKW HeraTWBaH yTHUIA] MMa
uHaycTpuja y oBoM neny CpbOwuje. Jenan on HajBehux 3arahupaua Ileka je pyaauk Oakpa y

Majnanmnexy.

3.1.2. KapakTepucTiKe HCTPAKUBAHUX aKyMYyJialuja

3.1.2.1. I'pyxa

Hanasu ce y nenrpannoj Cpbuju, y Omusunu rpaga KparyjeBna, Ha HaIMOPCKO]
BUCUHHM 07 269 m. ['pykaHcKa akymyalyja umMa 3anpemMuny of 64.5 munuona m*, oOuM oko
42 km, a mupune je ox 300 go 2 800 m. dyxuHa akymynanuje je oko 10 km a moBpuuHa
oko 900 ha. Makcumanna ayouna je 31 m u To kox OpaHe, 10K je mpoceyHa TyOuHa 6.3 m.
Bemrauka akymynanuja I'pyka je ¢popmupana nperpahuBameM cpelmer Toka peke ['pyxe,
ca MPUMapHOM YJIOI'OM Y BOJIOCHa0/1eBamby BOJIOM 3a Nuhe CTAHOBHUILTBA Y OBOM PETUOHY, Y
CBpXY BOJIONIPUBpE/E, KAao 3allTUTa O] MOIUIaBa, 3aJp)KaBambe HAHOCA, aJli M Kako O ce
1000JBIIIA0 BOJHU PEXUM JIOHET TOKa peke ['pyxke y n3y3eTHO HEMOBOJbHUM XUAPOJIOMIKIM

yClIOBUMa.

OBa akyMmynamgja je IOJ BEJIUMKHM aHTPONOreHuM mputuciuma. Dopmupame
aKyMyJalgje je 3aXTeBaJIo M3Tpajiiby HOBE MH(paACTPyKType, Ma je 3a moTpede oaprkaBama

HecMeTaHor caoOpahaja wm3rpahen MocT Ha MarucTtpasiHOM TipaBily KparyjeBam-Uagak.
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3eMJBUINTE OKO aKyMyJalHje ce€ WHTE3MBHO oOpalyje y3 ymorpeOdy WHBa3WBHUX
arpoTeXHUYKHX Mepa (TmpeTepaHa yrnoTpeda mecTunuia, U To xepouuuaa u pyarununa). Y

ONM3MHU TTOCTOje U JIBe (haOdpuKe, 3a Mpepaay Meca U XJIalikada 3a Bohe.

3.1.2.2. boBau

boBan je BemTauka akyMmynamdja Koja ce Halla3u y cpeameM ToKy Cokobamcke
Mopagutie, n3mehy Cokobame u Anekcunia. Akymynanuja je ayra 8 km, Hajseha mmpuna je
500 m, a nybuna 50 m. Msrpanma boBHa mianupana je ka0 MynTH-(QYHKIIMOHAIHU CHUCTEM,
ca OCHOBHUM IIMJbEM peryjucama ciiuBa peke Mopase u akymynauuje bepnan II. Mako y
MOYETKY HUje Omiia MIaHupaHa 3a BOJOCHa0/AeBame, 300 BEIUKOr MOTEHIIM]jaja, 10aTo je
MOCTpOjeke 3a mpeuninhaBamke BOJAEC TAKO Ja aKyMyliandja cHaOaeBa mujahom BojOM

MOMYJAIHA]y Y PETHOHY, TpajJ AJIEKCHHAII.

OBa akyMmynainuja je Mmoj jakuM yTHIajeM 4oBeka. Y boBaH KOHCTaHTHO JOCIIE€Ba
3Ha4yajHa KOJIMYMHA BojJe Oorare opraHckuM marepujama u3 Cokxobamcke Mopaswuie, Kao
pe3yaTaT AMPEKTHOT UCIYIITama HempeuniheHnX OTHaJHuX BOJa W3 TOMahMHCTBA Y PEKY.
3eMJbHILITE OKO aKyMyJaluje HWHTEH3UBHO ce oOpahyje y3 ymnorpeOy HHBa3UBHUX
arpoOTEXHUYKUX Mepa (MpeKoMepHa yrmoTpeOda MEeCTUInaa, U TO XepOunuaa u QyHTUIUIA).
Hcrto Tako, mmpeme BHUKEH] Hacesba Ha 00aaM akymynaluje, Koja IeHepaJHO Hemajy

3aKOHOM PETyJIMCAHO 9yBabE U UCITYIITAKLC OTIIAAHUX BOAA, JOIIPUHOCHU 3araljeH,y BOJIC.

3.1.2.3. AnekcaHapoBan

AJekcaHapoBauKa akyMmyJjaldja Halasu ce y Hajjykuujem aeny CpoOwuje, Ha 7-8 km
jyrozamagHo ox Bpama. Jlyra je 500 m, Hajeha mupuna je 250 m, a HoBpIIMHA U3HOCU OKO
2 km? Tlpoceuna 1y6uHa akymyiammje je oko 2.5 m, a Hajay6isa 4 m. Hampasibena je 3a
notpebe HaBOAmaBamka [0 CHCTEMY ,Kalm 10 Kam'™“ TOJHONPUBPEAHOT KOMOMHATA
,, [ [0THOTIPOTYKT, KOje ce MpBOOUTHO cTapajio o jesepy. KacHuje je modeno kopuinheme y

CIIOPTCKEC U PCKPCATHUBHC CBPXC.
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VY Buie HaBpara je OWJIO0 BEJIMKUX TOMopa pube, BWINE IyTa je caHWpaHa, Ipema
pa3NMYUTAM TEXHUYKHUM pelieluMma, u mnopudspaBana. Mcmpaxmena je 2009. rogune, a
MOTITYHO OOHOBJbeHA U HamymeHa 2010. roaune. Ilocneamu BEIUKH ITOMOP pude JJOTOHO Cce

y neuemopy 2012. rogune, ucnoa 3anehenor jesepa.

3.1.2.4. MehyBpiuje

Jenna ox Hajcrapujux akymynanuja Gpopmupana Ha 3anagHoj MopaBu, Haia3u ce Ha
nsnacky u3 OBuapcko-kadiapcke kiucype. Hajpeha myouna akymynaiuje je HermocpeaHo Ko

TEMEJHHOT MponycTa, oko 20 m. JIHO akymyraluje je MyJbeBUTO-TIECKOBUTO.

V3 necHy obamy akymysanuje MPOTEKE €€ MAruCTPalHH ITyT, JKEJIEe3HWYKa Ipyra
npoJiazu Ha 00e crpane. [lopen caoOpahajHuX aKTMBHOCTH, €KOCHCTEM yrposkaBa Behm Opoj
Y3BOJHO JIOIIMPAHUX HHAYCTPUjCKUX M ypOaHux 3arahuBaya. XeMHjCKH KBaJIUTET BOJIC
OJICTyIIa OJ] KBAJIHWTETA, PETUCTPOBaHA Cy onTepehema aMOHHMjaKOM, HHTpPATHUMa, TCIIKHM
METaJIMMa U IPYTHM MOJTyTaHTHUMa. VIcUTHBameM MyJba ca JIHA, YCTAHOBJHEHO je 1 Y IheMy

HnMa A0CTa MaHT'aHa.

3.1.2.5. 3aBoj

Axymynanuja 3aBoj Hanasu ce y jyrouctounoj Cp6uju, Ha Crapoj mnanunu, 17 km
ceBepouctouHo ox [lupora, y cpenmweM neny Toka peke Bucounnie. Hacrana je 1963. ronune,
KaJa je BEJIMKO KJIM3UIITE HANpaBWJIO NPUPOAHY OpaHy, KOja je KacHHMje HaJBHIICHA
U3rpagmboM BemTauke Opane. Cajanrma Bemrayka OpaHa Hanasu ce oko 1 km HuU3BOAHO o1t
HEKaJallkber cena 3aBoj, KOje jeé HAaCTAaHKOM aKyMmyJalfje MOTOIJbEHO, M IO KOME je U
no0usI0 Ha3uB. 3HATHA KOJWYWHA BOJIE M3 3aBOjCKE aKyMyJalje ce MOJ3EMHHM TYHEIOM

OJIBOJM 10 XUJIpoeseKTpaHne ,, [ [upot* 3a mokperame reneparopa.

I'otoBo HHjenHo ceno Ha moapyd4jy Ilupora Hema KaHanu3alujy, HHUje peIIeH
npobieM oTmagHuX Bojga M3 cena. I[Ipobmem nuBbe rpaame Ha NOAPYYjy 3aBOjCKe
aKyMyJianuje pemieH je caMo JEIMMHUYHO jep ce y ONM3MHU Hajla3W TMOTIYHO HEJIETaTHO
JTMBJbE BUKCHJI HAceJbe YMjU OTMHaJ TpaBUTHpa Ka akymynanuju. CBe cy OBO yrpokaBajyhu

aHTPOIIOTreHH (PaKTOPH 3a KBAIUTET BOJE 3aBoja.
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3.1.2.6. Biaacuna

Brnacuna je Bemrauka akymyianuja Ha jyrouctoky Cpouje ca moBpmmHOM of 15 km?
u gyomroM 10 35 m. Hanasu ce Ha moapy4jy ommtune Cypaynuia. BracuHcka akymynamuja
je ¢dopmupaHa Ha HEKaJalllbUM TpecaBama, MO3HATHM kao Bnacuncko Omato. Ilocie
W3rpajme akymynamnuje TpehwHa jesepa je Ouna mop ,,uioBehum ocTtpBUMa“, 3ampaBo
JIeIOBUMa TpeceTa, KOju ce OTKHMHYO ca HOBOOOpa3oBaHOT JiHA akymysanuje. /laHac ce Ha
0] Halla3W HEKOJHMKO jeIWHCTBEHUX ,IuloBehmx ocTpBa™ Koja AONpHUHOCE JIENOTH U

aTpakTUBHOCTU Biacune.

Heno3BosbeHNM akTUBHOCTHUMA MPOTEKIINX JelieHrja Biacuna je 3HaTHO yrpokeHa. Y
HEMOCpeAHO] OJIM3MHM aKyMyllalldje MOCTOje HHTEH3UBHE IMOJHOMPUBPEHE aKTHUBHOCTH,
JMBJbA BUKEH]| HACEJha, XOTEJIH, HEPEUICH KAaHAM3AIMOHN CUCTEM U BEJIMKH OpOj JIOKAITHUX

nyTeBa.
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3.2. MeTtoge NpPUKYI/balkha Y30PaKa, KapaKTePUCTHKe JIOKAJUTETa M

Nepuol Y30pKOBamba

PenyOnuaky XuApoOMETEOpOsIONIKA 3aBOj je OWO HAUIeKHUW OpraH 3a 3BaHUYHU
MOHUTOPHHT KBajuTeTa Boae y PenmybOmunu Cpbuju no mapra 2011. roguHe kaga je oBy
HaJJISKHOCT TIpey3ena AreHnuja 3a 3amTuty kuBoTHe cpeaune (CEITA) u nHeBHM, HEleJbHH
Y TOAMIIEL-H U3BEIITAjH, KA0 U MpeKa CTAaHHIIA Y30PKOBama U CIIMCAK NTapaMeTapa KBaIUTeTa
Bojie (ca eKOJOIIKUM CTaHJapJuMa H KPHUTEPHjyMHMa) Cy JOCTYIHH jaBHOCTH
(http:/www.sepa.gov.rs/index.php). [logamnu 3a KOHIIEHTpaIMje TEIIKUX MeTaja y BOAHU Koje
Cy MepeHe UCTOT Mecella, TOKOM PYTHHCKOT MOHUTOPUHTA, Ha 0Ja0paHUM JIOKaTUTETHMA, 32

oTpede OBOT UCTPAKUBAKA CY IIPEY3ETH Ca OBOT CajTa.

LemokyrHa TepEeHCKa UCTPAKUBAKHA Y OKBUPY OBE TOKTOPCKE TUCEpTanrje 00aB/beHa
cy y nepuony ox 2011. mo 2014. rommHe, TOKOM HCTE Ce30HE Maj-okToOap. M3yserak je
aKyMmylnanuja AJekcaHapoBall, I/ie je puba y30pKoBaHa HAaKOH IOMOpa, y aeuemopy 2012.
roguHe. JlokanuteTn cy OupaHu ca IUJbeM Ja ce o0yxBare HajBehe U Haj3HAYajHUjE peKe y
Cpbuju, 3a Koje ce ImpeTnocTaBjba Ja Cy ontepeheHe TemkuM MeTaanuMa U aKkyMyJiaiuje 3a
KOjeé ce cMarpa Ja Cy pasnuuuTo onrtepehene temkum wmetanuma. M3abpano je 17

JokanuTera pacnopeheHux ayx 12 Benukux peka u 6 JlokanuTeTa Ha akymyinanujama (Cinka

3).

y30pKOBaH>e pH6a je CIIPpOBCACHO PAaA3JIMYUTUM TCXHUKAMa Yy 3aBUCHOCTH O[

KapakTepuCcTHKa n3abpanux jokanurera (Tabena 2).

Enextpopu0osioB je TeXHHKa KOja Ce KOPHUCTH Y HAyYHO-MCTPAKUBAuKe CBpXE U
3aCHHBA C€ Ha MPUMEHHU EJIEKTPUYHOr MoJba M3Mel)y eNeKTpojaa, CTBOPEHOr arperarom ca
UCIpaBJbaueM WIH aKyMyJaTOPOM ca MHAYKTOpoM. Merona enekTpopubosioBa je U3BpIIeHa

y3 nmomoh esekTpoarperara ,,Aquatech” IG 1300 (2.6 kW, 80-470 V).

Kopumihene cy u cranmonapHe Mpexe ,,IUIMBapuIle’ ¥ MOBJIaYHE MPEXKE Pa3THIUTHX
IOy’KHMHa, 1yOuHa (BUCHHA) M MPEYHUKA OKalla Y 3aBUCHOCTH OJ] BOJIa y KOjUMa ce pubde JIoBe.
Jenan neo y3opaka je cakylmbeH O] IPUBPEAHUX pudapa U CopTcKkux pudososana. Crucak
JIOKAJIUTETa ca KOOpJAMHATaMa, JaTyMHMa Y30pKOBamba M HauMHHMa y30pKOBama JaTH Cy y

Tabenu 2.
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Cimka 3. Mana uctpaxxuBanux jJokanurera. O3HaKe JOKaIUTeTa ca HA3UBUMa peKa U

akymynaiuja nate cy y Tabenu 2
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N31m0eHoCT JbyIu TEHIKUM METalrMa ce IPBEHCTBEHO Joraha ucXpaHoM, Ia je 3aTo
yTBphUBame KOHTaMUHAIMj€ TEMIKMM MeTajluMa KOJ| KOMEpIHjaHO 3HayajHUX pPHOJBUX
Bpcra o m3yserHor 3Havaja (Erdogrul & Erbilir, 2007; Yilmaz et al., 2007; Meche et al.,
2010). C apyre cTtpaHe, BHIIIE O] jeIHE BpCcTe Tpeda 1a Oyjae aHAIU3UPAHO Y KOMITapaTUBHUM
CTyZIMjaMa )KMBOTHE CpEJIMHE yCJIe]l 3HaYajHUX Bapujairyja y nporecuma 3arahema (Burger et

al., 2002).

HajBaxxauje koMepiujasiHe BpcTe puda cmyl), coM, IeBeprKa, MpeHa, cko0alb H KIICH
Cy IpoydaBaHe y OKBHUpPY OBe aucepranuje. Y pekama Jlynas, CaBa u Tuca, y30pKOBaHU Cy
cmyl), coM U JeBepuKa jep MpeacTaBibajy MPBY KaTeropujy KBaauTeTa (coM u cmyh)) u apyry
KaTeropujy kBamutera (Bpcre poxa Abramis) puba Kojy U3I0B/baBajy KOMEpIUjaTHi prOapu
y oBuM pekama (Smederevac-Lali¢ et al., 2012). [Tocnenmux roxuHa 6poj KOMEpUHjaTHUX
pubapa je IpacTUYHO CMameH, JOK je Opoj peKkpeaTMBHUX pubojioBama y TOPacTy
(Smederevac-Lali¢ et al., 2011). Crora cy MpeHa, cko0asb U KJIeH YKIbYYCHHU Y HCTPAKHUBAHE
u y3opkoBaHu y Bemmkoj Mopasu, 3anagnoj Mopasu, JyxxHoj Mopasu, Hpunu, WU6py,
Benukom Tumoxy, Kony6apu, Mnasu u Ileky kao BpcTe Koje Cy 3HauajHE y peKpeaTHBHE
cepxe. Kama cy akymynaumje y nutamy, y ['pyxu u boBHy cy y3opkoBaHu cMmyl), cowm,
nesepuka u 6adymka. Hakon nomopa pube y nenem6py 2012. roaune, y AnekcaHIpoBavKo)j
aKyMyJlallju Cy Y30pKOoBaHe camo 0alyllka M JeBepHKa jep ocTajie BpcTe puba y OBOj
aKkymyJjanuju He Mmory pga ce Hahy. MoryhHoct ynorpebe yknuje kao OMOMHIMKATOpa
KOHTaMHHAIIMj€ TEIIKMM MeTalliMa j€ HCIUTHBaHa y akyMylamujama 3aBoj, BracunHa u

Mehyspije.

Haxon u3moBa, u3MepeHe Cy ToTalHa AyXnHa (M3pakeHa y cm, TagHocT + 0.1 cm) u
Maca (M3pakeHa y g, TauHocT *+ 1 g) u ogaOpaHe Cy jeAMHKE 3a Jlajby aHAIIU3y, a y CKJIaay ca
KOMEpIHMjaIHOM BEIMYMHOM (MUHHMMAajHAa BEJIMYMHA jEAMHKM J03BOJbEHA 3a W3JIOB) Ha
OoCHOBY 3akoHa 0 pubapctBy (,,Cimyx0enu rmacauk PC* 6p. 35/94, 38/94, 101/05 - npyru
3akoH). [loTomM je cBaka jenMHKa HWCIpaHa JIECTUIIOBAHOM BOJOM U Y CBEXEM CTamy je€
u3BpiieHa aucekuyja (Cnuka 4). Jlop3anno mummhHO TKMBO ca JecHE CTpaHe JiehHor nepaja
(+ 5 g) je u3ABOjEHO NEKOHTAMHMHHMPAHMM HOXXEM U TpPAaHCIOPTOBAaHO Yy TOCEOHUM
IJIACTUYHUM ,,zipper KecaMa Ha Jie[ly, y IPEHOCHOM py4HOM Gprxuaepy y jiadoparopujy,
r€ Cy y30pIHY 3aMp3HYTH U 4yBaHU Ha Temmneparypu -20 °C no mamse aHanuze. Ycien majie

BEIMYMHE, CBaka I0jeJMHAYHA jEeJMHKA YKIMje je MOCeOHO caMJIeBEHa Y CTEpPUIIHOM
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naboparopujckoM xomoreHuzatopy Sterilmixer 177 (International P.B.I. S.p.A.)) y

naboparopuju ¥ KOMIIOCT Y TOCEOHUM TUIACTUYHUM KecaMa 3aMP3HYT Mpe aHau3e.

Cauka 4. TepeHcka UCTpaXHBamka - Y30PKOBAKE U TUCEKIIH]ja
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Tabena 2. Onuc ucTpakMBaHUX JIOKAJIMTETA, 1aTyM, HAUMH Y30PKOBamha U Y30PKOBAaHE BPCTE

Eooi
Jlokaaurer Osnaka Koopannate Hatym Hauun y3opkoBama Y3oprosaie POl ,y30pK0BaHHX
JIOKAJTUTETA y30pKOBama BpCTE jenuHKH
45°14'10" N Cry -
Hynas - Horu Can Iy 18.10.2013. rogx. PubGonopim JeBepuka 10
19°50'55" E
Com 10
44°51'18" N Cray 10
JyHaB - 3emyH H, 5.09.2013. ron. Mpexe JeBepuxa 10
20°23'51" E
Com 10
. 44°16'23" N Chayh 10
Hynas - PanyjeBan s 18.09.2013. rox. Mpexe HeBepuka 10
22°40'39" E
Com 10
Cmyh 10
44°44"13" N M
Caga - OcTpyx’HHIA C 27.07.2013. rox. Ree Jesepuka 10
20°18'60" E (mpuBpemHU pUOOIOB)
Com 10
Cmyh 10
4 (] r " M
Tuca - Hosu Bevej T 2°3530"N 19.10.2013. rox. pee TleBeprka 10
20°07'60" E (mpuBpemHU pUOOIOB)
Com 10
Knen 7
Benuka Mopasa - 44°35'08" N
BM 20.10.2013. roz. E M
JhyGiecki Moct 1 21907'53" E 0.10.2013. rox JIEKTPOpHOOIIOB peHa 9
CkobaJb 9
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Benuka Mopaga -
barpnan

3anagna Mopasa -
Kpameso

3anagna Mopaga -
Jacuka

Jy>xHa Mopaga - Hum

Jyxna Mopasa -
Pucrosan

Ho6ap - KpaseeBo

Hpuna - banoBuHuu

Komy6apa -
Mucnohun

Benuku Tumoxk -
BpaxnorpHarg

BM,

3M;

3M;

IM;

IM;

JIP

BT

44°05'00" N
21°1126" E

43°43'53" N
20°44'39" E

43°36'38" N
21°17'56" E

43°22'30" N
21°46'11" E

42°28'23" N
21°50'18" E

43°43'08" N
20°4126" E

44°46'42" N
19°20'31" E

45°14'10" N
19°50'55" E

44°37'58" N
20°1230" E

20.10.2013.

15.06.2011.

24.08.2013.

17.10.2013.

27.09.2013.

15.06.2011.

TOox.

TOox.

rond.

rond.

Trond.

rona.

7.05.2013. rox.

28.07.2013.

TOo.

1.08.2013. rox.

EnextpopnbomoB

EnextpopnbomoB

Enexrpopubonos

Enexrpopubonos

Enexrpopubonos

Enexrpopnbonos

PubonoBuu

PuOomoBun

PubosnoBuu

Knen
Mpena
Cko0aJb
Knen
Mpena
Cko0aJb
Knen
MpeHa
Cko0aJb
Knen
MpeHa
Cko0aJb
Knen
MpeHa
Cko0aJb
Knen
Mpena
Cko0aJb
Knen
Mpena
Cko0asb
Knen
Mpena
CkobaJb
Knen
MpeHa
CkobaJpb

00O N ~N 01 OO 0 O O

=
o

~N O W oW ol NN NOo oo NN NN oo
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MuaBa - bpatuHan

ITex - Hepecnuna

Axymynanuja ['pyxa

Axkymynanuja boBan

Axkymynanyja
Anekcanzponaig
Axkymynanyja
Melhyspije

Akymynanyja 3aBoj

Axkymynaryja
Biacuna

A

BA

AA

MA

3A

BA

44°38'42" N
21°13'12" E

44°26'42" N
21°40'49" E

43°55'19" N
20°4120" E

43°38'46" N
20°4228" E

42°2922" N
21°53'58" E
43°55'07" N
20°13'17" E
43°14'32" N
22°40'15" E
42°42'27" N
22°2032" E

8.07.2013. rox.

8.07.2013. rox.

8.07.2011. rogx.

4.05.2012. rox.

22.12.2012. rox.

26.07.2014. rox.

5.07.2014. ron.

28.06.2014. rogx.

Enextpopubonos

Enexrpopnbonos

Mpexe

Mpexe

[Tomop pube
Mpexe
Mpexe

Mpexe

Kien 3
Mpena 3
CkobaJb 3
Knen 3
Mpena 3
CkobaJb 3
Cmyh 10
Com 10
HeBepuxa 10
babymka 10
Cmyh 13
Com 10
Jesepuka 3
Bbabymika 3
Hesepuxa )
babymka 5
Yxiuja 10
Yxauja 10
VYxiuja 10
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3.3. [Ipunpema y3opaka, TH0(pUIN3ANUja 1 MUKPOTAJIACHA IUTeCTHja

VY naboparopuju, y30puu Cy Hajipe MOABPrHYTH mpoiecy auopummszanuje (Christ
Alpha 2-4 LD, Harz, Germany), npu 4emy je ¥ mpe ¥ mociie JHOoPHIn3aiije MepeHa Maca

CBaKOT' y30pKa, Kako OW ce yTBP/HO MPOICHAT I'yOUTKa BOJIC.

HajBehu 6poj aHamTHUKKUX METO/1a 32 ofjpeuBame KOHIIEHTPAIMja TIIKAX METalla 1
METaJIonIa y Y30pKY 3aXTeBa Ja y30pak Oy/Je pacTBOPEH/MUHEPAIN30BaH, TAKO Ja Cy, HAKOH
maodmmsanuje, yzopuu (~1.5 @) npomecyupanu y wMukporanmacHo] nehm (Cnmka 5).
KommietHum — pacTBapameM/MUHEpaTU3alldjoM  y30pka o0e30ehyje ce  KomrIuieTHa
JOCTYnHOCT aHanuTa. CHCTeM 3a MUKPOTaJacHy IUIeCTH]y CE€ CacTOju O MMKpOTajacHe
nehnune, portupajyhe I1uiode ca HEKOJIMKO TUTeCTalMOHHMX ,,00MOM“ W cucTemMa 3a
BEHTHJIAIH]Y, Ca CUCTEMOM 3a KOHTpoiy. CHCTeM 3a KOHTpOIy oMmoryhaBa MOHUTOPHHT U
CHMMame TeMIlepaType U MPUTUCKA Y KUBeTHU 3a aurectujy. Kusere (3anpemune 100 ml) cy
HanpaBJbeHe 0J1 nosiuMepa (TeduioHa) OTIOPHOT Ha BUCOKE TEMIIEpAaType U MOTY J1a M3ApKe
BUCOK mpuTHcak. [IpemqHoCTH aurecTwje y3opaka y 3aTBOPEHHM Tocynama (KuBeTama) y
MUKpOTajgacHo] nehHunm cy HeMOryhHOCT KOHTaMHHAIM]j€ y30paka MpaliiHOM W3 Baayxa,
3aTBOpEHE KUBETE MOJ| MPHUTUCKOM KOje yMamyjy HCIapaBame Ma je Mambe KUCEIUHCKOT
pacTBOopa MOTPEOHO 3a JUTECTHjy IITO yMamYyje cieny npody, eTMMUHALKja TyOuTaKa JaKo
WCTApJPUBUX METAIHUX jeAWIbEha, EIEKTPOHCKAa KOHTpoJia Koja omoryhaBa KOHTPOIY
JMTECTHje, ayTOMAaTU30BaHH CHCTEMH KOjH HE 3aXTeBajy MOCeOHYy Maxmy omeparepa U

KOHTPOJIMCAHU UCITYCT racoBa I(OjI/I CaJIpiKe Mmape KUCCJIINHA.

CucreMm je HaMEWmEH 3a pacTBapame/MUHEpAIHM3aAllM]y y30paka y JaKuM
KOHIIEHTPOBAaHUM HEOPTaHCKUM KHCEIMHAMa Y KOjuMa ce KacHUje aHAIM3Upajy MeTanu. Jake
KHCETTMHE KOje€ Ce KOpPUCTEe MOTY Ja Oyay M3BOp KOHTaMHUHAIIHMje 3a Y30pKe, Tako Ja ce y
MPOIIeCy JTUTECTHje KOPHCTE WCKJbYYHMBO KHCEIMHE BHCOKe dmcTohe. CBaka KWBeTa MMa
BEHTWJI 3a NMPUTHCAK KOJH C€ OTBapa y MPUKJBYYHY IIeB. [Ipe ymorpeOe, KMBETE ce YMCTE

KHCEJIMHOM U MCTINPA]jy J1€JOHU30BAaHOM BOJIOM.
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MuxkporajiacHa JurecTuja:

Tun anapama: ETHOS 1, Advanced Microwave Digestion System, MILESTONE, Italy
Pomop: HPR-1000/10S high pressure segmented rotor
Y3opak: ~1.5¢
Peazencu: 10 ml HNO3; 65% (Suprapur®, Merck, Darmstadt, Germany)
2 ml H,0, 30% (Suprapur®, Merck, Darmstadt, Germany)

Mukpomanacuu npozpam: 20 munyta Ha 200 °C

Cauka 5. Mukporanacua nieh (ETHOS 1, Advanced Microwave Digestion System,

MILESTONE, ltaly), neBo u murecraruona ,,6om6a“, necuo. ®oto: A. Munonikopuh

[TuTame NOTEHIMjaTHOT MIPUCYCTBAa aHAM3UPAHUX €JIeMEHAaTa y JIECTHIIOBAHO] BOIH
U XeMHUKanhjama Koje cy KopuintheHe 3a JUTecTHjy, PelIeHO je MpaB/bEHEM BHIIE
KOHTPOJHHX (,,01aHK") y3opaka. Hakon murectuje u xnahema 10 coOHe Temmeparype u 6e3
buntpupama, pacTBOp je pasdiaxkeH 10 GHUKCHe 3ampeMuHe (HopmainHu cya, 25 ml) Bogom
enexTponpoBoaAsbuBoOCcTH 011 0.055 puS cm™ (ultrapure, Barnstead™ GenPure™ Pro, Thermo

Scientific, Germany) (Cnuxka 6), npe ananusze ICP-OES anapaTtom.
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Cauka 6. /lurectuja y3opaka, JIeBO U paCTBOPEHHU y30pIH, fecHo. @oro: M. Munomkosuh
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3.4. NHCTpyMEHTA/IHA aHAJIM3a - METOAa MHAYKTHBHO KYILUIOBaHe IJia3Me
ca ONTHYKOM €eMHCHOHOM cnekTpoMmerpujom (ene. Inductively Coupled

Plasma-Optic Emission Spectrometry - ICP-OES)

OnTuyke MeToJe XEMHjCKe aHaIM3e Ce 3acCHMBAjy Ha Mel)ycoOHOj HMHTEpaKuuju
€JIEKTPOMAarHeTHOT 3payeha M MCIUTHUBAHE CYyNCTaHle. JenHa oa WHHX, HHIYKTHBHO
KYyIJIOBaHa Iu1a3Ma-onTU4Ko eMucuona criekrpomerpuja (ICP-OES) uma vu3 npennoctu, kao
TO cy MOTyhHOCT CUMyJNITaHE MyJITHEeNIeMEHTapHe aHaiu3e (Buiue of 70 eneMeHaTa), HUCKU
nerekquoHu JuMuTH (1-100 ppb) M mupok nMHAMUYKU orcer jJuHeapHocTu (4-6 pemosa
BEJINYMHE) 332 MHOTE €JIEMEHTE, aHAJIM3€ PEaTUBHO KPAaTKO Tpajy a Mepema Cy BHCOKE

TAa4HOCTHU U IIPCIHU3HOCTH.

ICP-OES onrtmuka MeTofga ce 3acHMBa Ha TEOPUJU AaTOMCKE EMHCHOHE
CIIEKTpOMETpHje, IJle je TajJlacHa Jy)KHHAa €MHTOBaHE CBETJIOCTH ojpeheHa cneuuduyHoMm
CTPYKTYpOM €JEeKTPOHCKOI OMOTaya, Ia TaKO CBAaKd €JIEMEHT HMa KapaKTepUCTHYaH
JUHUJCKU cHekTap Koju emutyje. CaMo MpHCYCTBO €JIEMEHTapHE aTOMCKE JIMHHjE 3a
WCIIUTUBAHU €JIEMEHT j€ JI0Ka3 HEroBOr MPUCYCTBA Y aHAJTU3UPAHOM Y30pKY M MPEACTaBIba
IIPUHIUI Ha KOME ce 3aCHMBa KBAJIMTATHBHA aHajau3a. KBaHTUTaTHBHA aHAIM3a Ce 3aCHUBA
Ha YMEHUIM /12 je UHTEH3UTET CBETJIOCTH aTOMCKE EMUCHOHE JIMHU]e JUPEKTHO cpa3MepaH
Opojy dYecTulia y H3BOPY KOJH €MHUTYje 3pauere, OJHOCHO KOHIEHTpAIHju eJeMEHTa Y

aHAJIM3UPAHOM Y30PKY.

ICP-OES je OesenekTpoaHa mia3mMa Ha arMOC(HEpPCKOM MPUTHCKY H OJpKaBa ce
WHIYKTUBHUM CIIPE3ameM raca ca pajuo(peKBEHTHUM eNeKTPOMAarHEeTHUM MoJbeM. Kao u
CBaK{ IJIEMEHUTH Tac, aproH jé MOHOATOMCKH €JIEMEHT Ca BHCOKOM EHEPTHjOM jOHM3AIlH]e
(15.76 eV) u xeMHjCKH je HHEpPTaH, Tako Ja Hema (OopMHUpama CTAOMITHOT jeAnberba n3Melhy
aprona u anamurta. [lma3sma ce dopmupa y mmamenuky (torch-y), xoju ce cactoju om Tpu
KOHIIEHTpUYHE KBapIiiHe 1eBU. Kpo3 yHyTpallmky-IeHTpaliHy 1eB Y IU1a3My ce yBojae ¢GuHe
YeCTHUIIe aepocojia TEYHOI y30pKa Koje Cy HOIIEHE CTPyjoM aproHa. AproH 3a ¢gopmMmupame
IUIa3Me ce YBOJIM KpO3 cpeauuimy eB. Kpo3 crnospamimy, HajIIMpy LEB ¢ TaHTEHIH]aTHO
YBOAM apToOH KOjU CIYXKH 3a XJal)eme 3u0Ba KBapIlHE 1IEBH TJIaMEHUKA U 32 CTa0MIN3alln]y
miasme. OKO croJpalllikhe 1eBH TJIaMeHuKa 0OMoTaHa cy 3-4 HaBOja MHIAYKTUBHOT Kajema,

KOjH Cy ITOBE3aHH ca paAno(pPEKBEHTHUM I€HEPATOPOM.
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Y 3aBHCHOCTM O] THIAa Yy30pKa, MaTpUKca, HAuyWHA TPUIPEMe, KOHIICHTpAIHje
TPaKEHOT eJIeMeHTa, BUCKO3HOCTH, canuauTera utia. ICP-OES je ompemiben momammma 3a
yBoheme y3opaka y IuiasMy, a TO Cy JIUPEKTHO YBOhEHE TEUHOr Y30pKa y IUIasMy u
XHUIPUIHA TEXHUKA. XHUIPUIHA TEXHUKA CE KOPUCTH 32 MEpEHhe eieMeHara y Tparopuma (110
100 pg/l) xoju Ha cOOHOj TeMIiepaTypu B aTMOCHEPCKOM MPUTHCKY TPajie TACOBUTE XUAPHUJIE,

ato cy Hg, As, Pb, Se, Ge, Sn, Bi u Te.

EdukacHoct yBohema y3opka y ICP je o1 orpoMHe BaKHOCTH 3a MPEIHU3HY U TaYHY
JICTEKIM]y elleMeHaTa, jep yTude Ha e(UKacHOCT Mpolieca aToMH3aIije/jOHr3aIuje, a caMuM
TUM M Ha cTabmiHOCT t1a3me. Cuctem 3a yBoheme y30pka ce crainHo yHamnpehyje, u To cBe y
uMby moBehama Opoja pa3NIMYMTHX BPCTa aHAIWTa KOjU JOja3e 10 HU3Bopa (4ume ce
noBehaBa 0CETJBMBOCT) M CMamkEha IyMa KOjU je KapaKTepUCTHYaH 32 HCITUTHBAHU CHUCTEM.
VY3opuu xoju ce anamusupajy Ha ICP-OES ce yriaBHOM mpeBoje y pacTBOp, KOjU ce Y
OOJIMKY aepoCcoi YBOJIM Yy TUIa3My. 3a TEUHE Y30pKe ce Hajuenihe KOPUCTH CUCTEM KOjH ce

cactoju o1 HeOyIaj3epa (pacnpinuBaya) u crpej komope (chamber-a).

OcHoBHa (yHKIMja HeOyaj3epa (pacnpiiMBaya) je TpaHchopMalrja TeYHOT Y30pKa
y ¢uHe uectuue aepocona. Y KOMOPH 3a pacHplUIMBame€ y CTPYjU aproHa ce OjBHja
cerapanyja KarsbHila aepocosia y30pKa 10 BEIMYMHU U JI03BOJhAaBA C€ YHOC y IJIa3My Camo
JecTulla oJroBapajyhe BenmumHe, KOje HaKOH yjacka y IEHTpajJHH KaHal Hehe HapylmwTh
CTaOMJIHOCT IJIa3Me. YKOJMKO OM ce y30pak u3 HeOyiaj3epa TUPEKTHO YBOAMO Y IIa3my,
BEJIMKE Kalubulle OW HM3a3Bajie TpeNeperme IUla3Me M HEMPELU3HOCT MEpema, pazinyuuTe
uHtepdepeniie 0u ce mojaBuwie Kao mocieauna xiahema 1miazMe, a Moryhe je u raimeme

I1a3me.

Ha n3nacky u3 cripej KoMope, YecTHIIe aepocoiia MposIa3e Kpo3 NHjeKINOHY [IEBUHILY,
koja je cactaBHu jaeo ICP mmamenuka (torch-a) m ymase y 0a3y rmasme. Y 1uia3Mu 1mocroje
pa3nuumuTe TeMIepaTypHe 30He, 1a ce Tako y oJpeheHuM [eloBUMa OJUTPaBajy Pa3IuYUTH
npouecu. Ha yrmacky y IumasMmy Joiasw 10 JIecoyIBaTaldje y30pKa, YECTHIE aepoCoyn ce
npeBojie y uecTuiie conu. HakoH Tora, yaackoM y TOIUTHje JIeNIOBE TUIa3Me OBE YECTHIIE COMH
ce pa3lia)ky Ha aToMe U JOHE U MPEBOJIE Y FaCOBUTO CTame. TpaHcdep eHepruje Ha aTome u
JOHE BOJM Ka EKCIMTAIMjH HHUXOBHUX €JIEKTpOHa Ha BHIIE eHeprercke HuBoe. Kako ce

eJeKTPOHH Y TOOYHEeHOM cTamy Haja3e BeoMa KpaTKo, jep Cy Y €HEePreTCKU HeCTAOWITHH]|O]
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TTO3MIIMjH, BPJIO Op30 J0JIa3M JI0 HHUXOBE pellakcanuje ¥ Bpahama y OCHOBHH €HEPreTCKH
HUBO, MIPH YEMY €MHTY]y €JICKTPOMArHETHO 3pavyeHhe yATpabyOHMuacTor W BUJJBUBOT Jeja

CIIEKTpA.

Haxon emucuje 3padema u3 mia3me, nmorpedan je crekrpoMeTap Koju he u3aBojuTu
aHAMUTUYKY JuHU]Yy. Hajsehn Opoj aHaIuTHYKKX JIMHH]a €JIEeMEHATa Ce€ Hajla3e Yy OTCEry O]l
190-450 nm, tako ga cy cBH crekrpoMmerpu koju ce kopucre kojx ICP-OES rtexnuke

OINITUMU30BAHU 34 pad y OBOM OIICCTY TaJIaCHUX AYy>KHHA.

Hakon ojBajama TamacHUX MAyXKHHA, 32 J00Hjamke CIEKTpATHUX HHpOpMaImja,
notpeban je amerekrop. 3a gereknujy y ICP-OES ce kopuctu ypehaj ca KymioBaHUM
naenektpucamweM (CCD) u ypehaj ca yOpusraBamem Haenektpucama (CID). Hbuxosa
yrnoTpeda omoryhaBa BHCOKY OCETJBMBOCT ojpehHBama M TOKPHBAHKE IIHPOKOT OIcera

TaJIaCHUX NYKHUHA Yy UV u BUJbUBOM JCIIY CIICKTpA.

Cauka 7. Anapar 3a HHIYKTHBHO KYIUIOBaHY IJIa3MY - ONITUYKO EMHCUOHY CIIEKTPOMETPH]Y
(ICP-OES, Thermo Scientific iCAP 6500 Duo ICP, Thermo Fisher Scientific, Cambridge,
United Kingdom). ®oro: 3. Anekcanaposuh
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ICP-OES ananusa merana u meranouna Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb

u Zn je ypahena Thermo Scientific iCAP 6500 Duo ICP (Thermo Fisher Scientific,
Cambridge, United Kingdom) ciekrpomerpom (Cnuka 7) onpemsbenuM ca RACID86 Charge
Injector Device (CID) nperekTopoM, MHEYMAaTCKHUM pacHpIIMBadyeM ca KOHIEHTPUYHUM
NPOTOKOM,  KBapUHUM  IUJJAMEHUKOM U QJIYMHHUJYM-OKCHJHHUM  HHjEKTOPOM.
WNHcTpymMeHTallHU YCIIOBU Cy ONTHUMM30BaHM Kako Ou ce J00mia JOBOJbHA OCETJHBUBOCT U

MPEIU3HOCT U IIpUKa3aHu cy y Tabemu 3.

Kamga ce HampaBe CTaHmapIHH pacTBOPH 3a KaluOpanujy y OICe3MMa KOju CY
OYEKHMBaHHU 3a KOHIICHTpAIIMje eJIeMeHaTa y Y30pIMMa, Kpeupa ce METOoja 3a KajauOpariujy
armapara U CHUMame y3opaka. M3abepy ce eleMEeHTH KOju Ce CHMMAjy M TajacHe IY)KUHE
E€MHUCHOHE CBETJIOCTH THX elleMeHaTa. bupajy ce 2-3 eMUCHOHE JIMHUje CBETJIIOCTH 3a jellaH
CNIEMEHT TIjie¢ HeMa WHTep(pepeHIdje OJ OUYCKHMBAHUX €JIEMEHATa KOjH Cy MPUCYTHH Yy
MYJITHCTAHAAPIy WK CE OYCKYjy y Y30pKY WM Cy MOTBpHEHH MPETXOMHHUM CHUMAmEM
KBAJIUTATUBHE CIUKE y30pKa M JUHH]jE KOj€ MMajy pa3INuuT pelaTUBHU HHTeH3uTeT. Kama ce
3aBpIIM Ca CHUMAbEM, aHAIM3Mpa Ce KAaKO Ce CBaka MEpeHa eMHCHOHA JIMHHUja Y30pKa
OJTHOCH TIpeMa EMHCHOHUM JIMHHjaMa CTaHJapJHUX pacTBOpa Ha HMCTOj TaJlacHO] JYXKUHU
(0MHOC TIO3aWHE W CHWTHAJIA, TI0J0XKa] CUTHAlla, HHTEH3UTET CHUTHaJla, IIUPUHA CUTHAJIA Ha

MOJIyBUCUHM curHana). [loTom ce paau MHTErpajbemhe CUrHana.

Jlea MynTHeneMeHTapHa craHmapaa Multi-Element Plasma Standard Solution 4,
Specpure®, 1000 pg/ml u Semiquantitative Standard 1, Specpure®, 10 pg/ml (Alfa Aesar
GmbH & Co KG, Germany) cy kopumtheHu kako 61 ce HallpaBUIM KaJluOpallMoOHH pacTBOPU

3a ICP-OES u HG-ICP-OES mepema.

KBanuter aHamIUTHUYKOT Tpolieca je KOHTPOJIHMCAH AaHaIH30M CepTU(UKOBAHOT
pedepentror matepujasa (CRM) mporenna pude (DORM-4; National Research Council of
Canada).

Konmentpanuje cBakor ejleMeHTa Yy pacTBOpYy Ce€ JUPEKTHO jJo0ujajy ca
KanuOpannone mpase y mg/L. Ha ocHoBy mace y3opka Koja je pacTBOpPEHa y IO3HATO]

3alpeMruHU (HOPMAJIHU Cy[) IpepadyyHaBa ce Maca TPaKEHOI' €JIeMEHTAa y JeAMHUYHO] Macu

y3opka (mg kg™).
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Tabena 3. UnctpymenTaau oneparuonn yciosu 3a ICP-OES caumame enemenara

IMapamerap Bpeanocr
CHara paguodpekBeHTHOT Tenepatopa (P®) | 1150 W
OpujeHTanyja miazme AkcujaiHo

PacnpmmBau

PacnpmuBauka komopa

Lpesa 3a mymny (Tygon)

IlenTpanna kepaMuyKa LEB

Hocehu rac

[TpoTok aprona Kpo3 pacnpiuBay
[TpoTok aproHa 3a popmupame miazMe
[Iporok aprona 3a xnaheme

Bpeme ncnupama

bpoj oOpraja mymre TOKOM aHaIu3e
Bpeme unterpanuje

Hucke (166-230 nm)

Bucoxke (230-847 nm)

bp3una ananuse

IIporpam

CraHJap/iHU KOHIICHTPUYHH (CTAKJICHH)
CraHIap/iHU LUKJIOHCKHU (CTaKIICHH)
V3opak (Hapauuyacro-6e10)

Ortnan (beno-6emo)

2mm

Apron

0.50 L/min

0.50 L/min

12 L/min

40s

50 rpm

15s
5SS
bp3a (eng. speed)

ITEVA
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3.5. buokonnenTpanujcku daxrop (ene. Bioconcentration factor, BCF) n

HHeKc 3arahema meranauma (eunz. Metal Pollution Index, MPI)

BuokonuenTpanujcku (axrop (ene. Bioconcentration factor, BCF) ce nepuunie

Kao pe3yJTaT arncopiinje, TUCTPUOyIHje U eTUMUHAIH]Ee CYIICTAaHIN Yy OMJI0 KOM OpraHu3My
HaKOH u3iarama mytem Boje (Lau et al., 1998). Pauyna ce kao oJHOC Cpeliibe KOHIICHTpAIH]je
Mmetana y muinhHoM TkuBy (C y pubn), u3paxxeHe kao mg kg'1 CBE)XE Mace U KOHLIEHTpaIyje

merana y Bomu (C y Boam), u3paxene kao mg L™
BCF = C puéa IC 600a

WNunekc 3arahema metanuma (ene. Metal Pollution Index, MPI) ce pauyHna xako Ou ce
VIIOPEONO YKYINaH Caapikaj MeTala y pa3iuuuTHM BpcTaMa puba, Kao M yKyHaH cajpxkaj

MeTaJla Ha pa3InYUTUM JoKanuTeTuma y3 nomoh cneaehe jennaunne (Usero et al., 1997):
MPI = (cf; x cf X cfy x ...cf)"

rze je Cfy KoHLeHTpalMja MeTaia y n-ToM Y30pKY.

MPI ce kopuctu kako OM ce MOjeJHOCTaBWIM NOJalM W A0OMIa jeTUHCTBEHA

BPEHOCT YMECTO MHOTOOPOJHUX CPEIHUX BPEAHOCTH KOHIIEHTpAIlja MeTaia.
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3.6. 3akoHcka peryjdaTuBa 0 MAaKCUMAJHO 103BO/bEHUM KOHIIeHTpa]_lI/IjaMa

Mertasa (MK) y mecy puda

Kako Ou ce yTBpAMIIO Ja M je MecO MCIUTUBAHUX BpcTa 0e30eaHo 3a ymoTpely y
JbYJICKO] UCXpaHW, KOHIICHTpAaIMje TEIIKUX MEeTalla U METaJoua y y30pIHMa MUIIMhHOT
TKUBa puba ce mopeae ca MaKCUMaTHO J03BOJbeHMM KoHueHTpaijama (MJK) y pubibem
MeCy 3a MPUMEHY Y JbYACKO] UCXPaHH, YCTaHOBJbeHUM 0] cTpane EBporicke yuuje (EY) u
HaIMOHAJTHOT 3akoHoaaBcTBa. IIpema mpormmcuma EY (PerymatmBa EBpomncke Kommucwje,
2006), MJIK 3a Cd, Hg u Pb cy 0.05, 0.50, 0.30 mg kg™ no jemumuumu cBexe mace. MJIK 3a
As, Cd, Hg u Pb y pubmem mecy cy 2.0, 0.1, 0.5, 1.0 mg kg™, nox cy MJIK 3a Zn, Cu u Fe
(3a pubibe IIpou3Boe y JauMeHoj ambanaxu) 100.0, 30.0 u 30.0 mg kg™ 1o jequunim cBexe

Mace Kako je MPOIMKMCAaHO HAIIMOHATHUM 3akoHOAaBcTBOM (Ciryx06enu rnacauk PC, 2011).

3.7. CTaTHCTHYKE AaHAJIHU3E

Cpenme BpeTHOCTH U CTaHJApJHE JAEBMjalldje Cy M3padyyHaTe 3a CBAaKU €JIEMEHT 3a
cBaky Bpcry. Quctpulyuuja cBux Bapujadbmu je aHanusupana Kolmogorov-Smirnov trectom
HOPMAJIHOCTU IucTpuOynuje. Y 3aBUCHOCTH OJ JUCTpUOylLHMje BapujaliIu, mapaMmeTapcKu
(ANOVA) wm nenapamerapcku (Kruskal-Wallis H) tectoBu cy xopumhenu 3a nmopeheme
KOHIIEHTpallKja TeIIKUX MeTana U MeTanouaa uMmely pasimuuTux BpcTa y UCTPaXKMBaHUM

aKyMmylnangjama. Y napoBuma, cBake JiBe rpyme aasse cy nopehene Mann-Whitney U Tectom.

Bpcre cy Takohe ynopehuBane u myreM KaHOHHMjCKE TUCKPUMUHAHTHE aHAIU3E, PaIu
onpehuBama creneHa IU(EPEHIMPAHOCTH YETUPH aHAJIM3UpPaHE BPCTE Y30pPKOBaHE Yy
aKymyJaiyjama y OJHOCY Ha HMBOE aKyMmyjalMja TEIIKMX MeTala U TpU aKyMmyjanuje y
OJTHOCY Ha HMUBOE aKyMyJIallija TeIIKuX MeTana y ykiuju. Kao ynazHu nojanu 3a aHajiuzy cy
KopuuiheHe OCHOBHE BpEIHOCTH KOHLIEHTpAIMja TEIIKUX MeTajlla M MeTallouJa y CBaKoj

BPCTH.

Amnanuza koBapujancu (ANCOVA) je nmoce6HO kopuitheHa 3a CBakd MeTal Kako Ou
ce YTBPAWJIO Jia JIM ce KOHLEHTpALMje eJIeMEHTa pa3sinKyjy u3mel)y Bpcra u3 MCTpaKMBaHUX

peka, T7ie Cy KOHIICHTpalldje MeTaja W MeTaJoWJia 3aBHCHE Bapujabiie, BpCT€ HE3aBUCHE
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Bapujalie a JOKAIMTETH KoBapujabiie (MHTepakiyja je 3HaudajHa 3a p<(.05). XOMOTeHOCT
pPErpecuoOHMX KOCHMHA 32 KOHLIEHTpAIMje MeTalu-pude M JIOKAJIUTET je TeCTHpaHa Ipe
ANCOVA-e. Hajmame 3nauajue pasnuke (LSD) post hoc TecroBa cy kopumihene y

napoBuMa nopehema.

Kako 6u ce mpouenmiie 3nauajue pasznuke mdmehy BCF u MPI Bpegnoctn mu3mel)y
BpCTa W JIOKAJUTETa NpUMEHmHBaHU cy mnapamerapcku (ANOVA) wiam HemapaMeTapcKu
(Kruskal-Wallis H) tectoBwu, y 3aBucHOCTH 0 AUCTpuOyIHje Bapujadau. Post hoc mopehema
BCF u MPI (u3mel)y mapoBa Bpcra u okanureta) cy ypahena Mann-Whitney tectom 3a n8e

HC3aBUCHC BPCIHOCTH.

Cae cratuctiuke aHanuse cy pahene y nporpamy SPSS v. 16.0 (SPSS, Inc., Chicago,
Ilinois).
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4.1. KOHHeHTpaHI/Ije TCIIKUX M€TaJIa 1 ME€TaJIOua Yy BOJAN

Ha ocHOBY jaBHO IOCTYIMHHMX MHOAaTaka ATEHIMje 3a 3alliTHTy >KUBOTHE CpPEIUHE
Peny6muke Cp6uje (CEITA), y Tabenu 4 cy nmpukazane KOHICHTpalWje TEIIKUX MeTaja U
MeTalonJa y BOJAM HAa WCTPAKHMBAHUM JIOKAJIUTETETHMa Yy pekama. [IpeacraBibeHe
KOHIICHTpAIIMje TeUIKUX MeTalla 1 METaJou/1a Y BOaU ojipehuBaHe cy UCTOT Mecela Kajia cy U

Y30pKOBaHE pa3IHduTe BpCTe prba y 0BOj CTyIuju 1 m3paxkene y mg L™

[Tomauu mpencraBibenu y Tabenu 4 jacHO MoOKa3zyjy na cy 3a0erekeHe HajBUIIe
KOoHLeHTpauuje Fe y cBuM wmcTpakuBaHMM pekama, ceM Ha Jiokanutery 3M; rae cy
KOHCTaTOBaHe Hajpuine koHneHTpamuje Al u Ni. Ca apyre crpane, Ha nmokanureruma [, o,
C, T, BMj, BM;, 3M;, JM;, I, BT, M u II cy 3ab6enexene Hajuuxke koHrnenTpamnuje Cd, a Ha

nokanutery Jlz HajHMKaA KOHLeHTpanuja Hg.

JlokanuteT JM; Ha Jy)xHoj MopaBu Moke Jja ce u3/BOju 1o HajeheM Opojy HajBUILINX
KOHIIeHTpanrja Temkux Metana u metanounaa (Al, Cr, Fe, Mn u Pb). Jlokanuter 3M; Ha
3anagHoj MopaBu ce u3iBaja ca HajBumuM koHieHTpanujama Al, As, Cd, Co u Ni, 1ok ce
peka Tuca uznBaja ca HajBUIIMM KoHIeHTpanujama Cu u Zn. Jlokanmuretn [ Ha JlyHaBy,
BM; na Benukoj Mopasu, 1 na U6py u K na Komybapu ce u3nBajajy ca HajBUIIUM

koHneHTpanujama Cr ([, u 1), Fe (BM;) u Mn (K).

Konnenrpanuje Hg cy yjennauene y cBuMm pexama, Maja ce jokanurer [z Ha JlyHaBy
W3/IBaja ca HAJHWKUM KOHIIEHTpalujama oBor Merana. Hajpehu 6poj HajHMKHX
KOHIIEHTpallMja TEMIKMX MeTana u Mmetanouaa 3abenexeH je y puam (Al, As, Co u Ni),
3aTuM Ha JokanuteTy 3M; Ha 3anaanoj Mopasu (Fe, Mn, Pb u Zn), Benukom Tumoxky (Co,

Cu u Ni), u Ilexy (Al, As u Ni).
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Tabena 4. KoHueHTpaIyje TENKUX MeTaia ¥ METAJIONAa Y BOJAM HCTPAKUBAHUX PEKa, U3paKEHE y mg Lt

Pexa/JlokaTurer Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn
Hyuas - JI; 0.15 0.001  0.00004  0.0005 0.002 0.006 0.26 0.0001 0.02  0.0014  0.0006 0.02
Hyuas - I 0.15  0.0006  0.00002 0.0005 0.009 0.006 0.21 0.0001 0.03 0.003  0.0005 0.02
Hyuas - I3 0.08 0.002  0.00002 0.0005 0.007 0.006 0.08  0.00001 0.01  0.0009  0.0005 0.009

Casa - C 0.23  0.0006 0.00003  0.0007  0.0005 0.02 0.38 0.0001 0.02 0.001  0.0008 0.03
Tuca-T 0.33 0.002  0.00005  0.0005 0.004 0.07 0.53 0.0001 0.05 0.02 0.002 0.34
Benuka Mopaga - BM; 0.47 0.006  0.00005 0.001 0.003 0.008 0.94 0.0001 0.18 0.01 0.005 0.02
Benuka Mopasa - BM, 0.17 0.005  0.00004  0.0008 0.002 0.005 0.31 0.0001 0.06 0.005 0.002 0.01
3amagna Mopasa - 3M; 0.32 0.002  0.00003  0.0009 0.005 0.005 0.55 0.0001 0.05  0.0075  0.0008 0.01
3anagna Mopaga - 3M, 0.6 0.25 0.05 0.005 0.002 0.01  0.0002 0.0001 0.003 0.65  0.0003 0.006
Jyxua Mopasa - JM; 0.13 0.004  0.00002 0.0005 0.001 0.005 0.29 0.0001 0.06  0.0013  0.0008 0.01
Jyxua Mopasa - JM, 0.59 0.009 0.0002 0.001 0.008 0.005 131 0.0001 0.29 0.004 0.01 0.03
N6ap - U 0.17 0.008 0.0001 0.0007 0.008 0.003 0.5 0.0001 0.04 0.006 0.006 0.02
Hpuna - JIP 0.07  0.0005  0.00002 0.0005 0.002 0.004 0.11 0.0001 0.01 0.0005  0.0007 0.02
Komny6apa - K 0.33 0.03 0.0005 0.001 0.005 0.004 0.54 0.0001 0.27 0.006 0.001 0.01
Benuku Tumok - BT 0.035  0.0024  0.00002 0.0005 0.005 0.002 0.08 0.0001 0.046 0.0005  0.0005 0.006
Muaga - M 0.34  0.0024  0.00008 0.001 0.007 0.005 0.53 0.0001 0.01  0.0015  0.0007 0.007

Iex - IT 0.05  0.0005  0.00006 0.001  0.0036  0.0063 0.073 0.0001 0.03 0.0005  0.0005 0.016

* [IpBEHOM U IJ1IaBOM 00joM y Tabesn Cy 03HaueHE HajBUIIE U HajHIKE 3a0eie)keHe KOHIIEHTpalllje MeTajla y BOAU
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[lpempa Hema mnojaraka 3a KOHLEHTpalWje MeTaja M METaJouaa y BOIAH Y
akymynanujama boan, Melhyspuije, 3aBoj u Bmacuna 3a 2012. u 2014. roguny, kaga cy
aHaJIM3e TMPHUCYCTBA TEUIKUX METajla W MeTalouaa y MumuhHOM TKHBY puba ypahene y
OKBHPY OBE JOKTOPCKE IUCEpTalyje, Mpey3eTH Cy MoAanu AreHIHje 3a 3aIliTUTY >KUBOTHE
cpenune PemyOomumke Cp6uje (CEITA) 3a 2011. roguny. Y TabGenu 5 mnpukazaHe cy
KOHIICHTpAlLlMje TEIIKUX MeTaja M METaJIOHJa y BOJAM TOpe HaBEISHHX aKyMmyjaluja u
mpaxene y mg L. Amanuse Boxe akymynammje AJeKCaHIpoBall HEKaa HHCY paljene y
OKBHPY MOHHMTOPHHIA KBAJINTETa BOAAa ATreHIMje 3a 3alITUTY )KUBOTHE cpeluHe PemyOmuke
Cpobuje (CEITA). Takohe, y OKBHpY MOHMTOPUHIA KBAJUTETa BOJE y OBUM aKyMyJjalujama

HUCY aHanu3upane konnerTpanuje Al u Co.

HajBumie koHneHTpanuje As KOHCTaTOBaHE Cy Y BOAM akymyinamnuje boBaH, OK cy
CIIMYHE KOHIICHTpaluje 3abenexeHe y akymynanujama ['pyxa u Mehyspuije. 3HaTHO HUXe
KOHIIEHTpaLyje 3alenexeHe cy y akymyianuvjama 3aBoj U Biacuna. Y Bonu akymynanuje
Mehyspiuje 3abenexxeHe cy HajBuile koHuentpauuje Cd, nok je y akymynanuju Bracuna
konnentpanuja Cd O6wmna ucnon HuBoa aerekuuje. Konmentparmuje Cr y Boau cy Oune
npuOmKkHe y cBUM akymynainujama (~ 0.00052 mg L'l). JenuHo je y BOAM akymyJaiuje
Melyyspmije 3abenexena kowmuentparmja 0.0008 mg L. V Boam axymymammje Bopan
KkoHIeHTpauuje Cu cy Ouie HajBuIle, MOTOM Yy akyMmylanuju ['pyxka a HajHMKE Yy BOIM
octanie Tpu akymynanuje (~ 0.00064 mg L'l). VY Boau akymynanuje bosan 3abenexene cy u
Hajuiie kouneHtpanuje Fe. Konuenrpanuje Hg cy Ouiie Hucke y BoaM, ca BpEAHOCTUMA
ucnox 0.00001 mg Lt y boBny n ncnoxn 0.0001 mg Lt y OCTaJIMM akymynanujama. Hajsuia
KOHIEHTpaIKja Mn 3abenexena je y Boxu akymynanuje Bracuua (0.11 mg L™). 3aGenexena
KOHIIeHTpauuja Ni je Ouia HajBUINAa y BOAM akymyianuje boBaH a HajHmka y Boau
akymynanuje Bnacuna. Konmentpamnuje Pb cy Owne cnuunHe y CBUM akymysarnujama (~

0.0005 mg L™). Zn je 3aGenesxeH y HajBUIINM KOHIGHTpaLijaMa y BOAM aKyMyJiaLje 3aBoj.
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Ta6ena 5. KoHneHnTpanyje TeMKNX MeTala 1 METAION/1a y BOJIM HCTPAKUBAHUX aKyMyJIallija U3pakeHe y mg Lt

Axymyaanmja As Cd Cr Cu Fe Hg Mn Ni Pb Zn
['pyxa 0.0014 0.0004 < 0.0005 0.008 0.02 <0.0001 0.04 0.0027 < 0.0005 0.012
bogan 0.002 0.0002  0.00052 0.0097 0.2 <0.00001 0.03 0.003  0.00054 0.013

Mehyspmje 0.0013 0.0043 0.0008 0.0063 0.04 <0.0001 0.01 0.0029  0.00051 0.0155
3aBoj 0.0005 0.0003 < 0.0005 0.0064 0.11 <0.0001 0.01 0.0012 < 0.0005 0.019
Brnacuna 0.00053 HII <0.0005 0.0064 0.04 <0.0001 0.11 0.001  0.00051 0.014

* IpBEHOM U TUTAaBOM 00jOM Cy O3Ha4YEHE HajBUIIIC U HAJHIKE 3a0eIeKeHe KOHIIEHTpAIlfje MeTala Y BOAN

* H]I - HUje eTeKTOBaH, UCTIOJ] TPAHUIIE JETEKIIH]e
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4.2. KoHlleHTpal4je TeIIKUX MeTaJIa U MeTaJIon1a y pudama

4.2.1. Batuganuja aHAJMTHYKOT Mpoleca

Kako Ou ce o0e30enuiia KOHTpOJIa KBAIWTETA, Y IHJbY BalUAallUje aHAIUTHYKOT
nporeca, aHanuza DORM-4 pedepentHor wmatepujasia je ypahena u pesyinratu cy

npencrasibenu y Tabenu 6. 3a Al, Co u Mn He nocToje cepTu(UKOBaHE BPETHOCTH.

Ta6esa 6. Pesynraru anaimze DORM-4 pedepenTHOr Marepujaia

S CepruduxoBana Ouurana BpeIHOCT »Recovery*
Bpeanoct (mg kg™) (mg kg™) (%)
As 6.80 £ 0.64 6.52 +£0.33 95.88
Cd 0.306 + 0.015 0.254+0.54 83
Cr 1.87 £ 0.16 1.99 + 0.45 106.42
Cu 159+0.9 15+ 0.65 94.34
Fe 341 + 27 333.96 + 25.87 97.93
Hg 0.354 +0.031 0.31 + 0.087 87.57
Ni 1.36 £ 0.22 1.48 +0.17 108.82
Pb 0.416 + 0.053 0.394 = 0.023 94.71
Zn 522 +3.2 549+238 105.17

IloHoB/beHA aHanM3a pedepeHTHOr MaTepujajia MokKasajia je A00py Nperu3HOCT

TOKOM aHaiu3e, y3 ,,Recovery*y pacnony ox 83 go 108.82%.
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4.2.2. Toranna xy:kuHa U Maca puda

ToramHe nyXWHE CBHX Y30pKOBaHHMX BpcTa puba OwWiie Ccy W3HAJA MUHHMAJIHE
JI03BOJHCHE JTY’)KUHE 32 U3JI0B Ipornucane 3akoHoM o pudapctBy (Ciyx6enu rimacauk PC 6p.
35/94, 38/94 u 101/05-ap. 3akoH). ToranHa qyxuHa (Cpelma BPEIHOCT y Cm + cTaHAapAHA
JeBUjallMja) U Maca Tela JeIWHKU (Cpelama BPEAHOCT y g + CTaHIapiHa JeBHjaIja),

aHAJIM3UPAaHUX Y OKBUPY OBOT HCTPaKMBamba, MprKa3aHe cy y Tabenu 7.

TaGena 7. Toranna nayxuHa (y cm) U maca tena (y g) y30pKOBaHUX BpcTa puba 1o

JIOKAJIUTETY, U3paKeHa Kao cpeiha BPEIHOCT + CTaHIap/iHa AeBHjallHja

Jlokanurer Bpcra Maca TorajHa QyKUHA
cmyh 506.67 + 121 41.66 + 1.041
Hynas - [1; oegepuxa 241.33 £ 115.9 26.33+5.48
com 1548 + 333 60.4 £ 5.7
cmyh 642 + 58 425+ 2.62
Hynas - [, oegepuxa 953+ 178 425+ 6.5
com 1777 + 296 69.8 £ 6.3
cmyh 570.33 £ 26.65 4051
HyHas - JI3 Oegepuxa 221.66 * 25.65 26.66 + 0.58
com 1355+ 176.78 62.2 £ 9.62
cmyh 1085 + 493.87 50.167 £ 5.48
Tuca-T Oegepuxa 640 + 234.7 37.5%+3.75
com 1 483.33 + 28.87 66 £ 3.5
cmyh 603.4 £ 25.9 42.8£2.52
Capa -C oesepuxa 212.35 + 16.84 254+28
com 1796.5+1135 65.2 £5.25
KJleH 168.33 £ 66.01 23.57 £ 4.07
Komnyb6apa - K Mpena 163.33 £ 9.24 25.56 + 4.07
cKobasm 107 £ 2.58 23+3.3
KJleH 128.66 = 26.54 23.83+£1.04
Bemmnka Mopasa - BM; MpeHa 373.66 £ 72.42 37.83+£1.44
cKobasm 238 +10.31 30214
KJeH 128.66 £ 26.54 23.83+£1.04
Bemmnka Mopasa - BM, MpeHa 743.33 £50.33 4573 £3.11
cKobaAsw 265.8 + 13.9 29.5+1.56
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Jyxna Mopaga - IM;

Jyxna Mopaga - IM,

3anagaa Mopaga - 3M;

3anagna Mopasa - 3M,

Wbap - U

Tumoxk - T

Hpuna - J[P

Miasa - M

Ilex - I1

I'pyxa akymymanuja - A

BoBan akymymnaiigja - BA

AJnexkcaHapoBall akyMyJanuja -
AA
Mehyspiije akymynanyja - MA
3aBoj akymynamnyja - 3A
Biacuna akymynaimja - BA

KJIeH
MpeHa
CcKo0Ab
KIIeH
Mpena
CcKo0A/b
KIIeH
Mpena
crobasm
KJleH
Mpena
crobasm
KIeH
MpeHa
crobasm
KIen
MpeHa
cKo0Ab
KIen
MpeHa
cKo0ab
KJleH
MpeHa
cKo0ab
KJleH
MpeHa
crobasm
cmyh
com
Odesepuka
babdyuwxa
cmyh
com
oesepuxa
babywka
oesepuxa
babdywxa
yKauja
VKAUja
yKauja

268 +48.13
361.33 + 258.75
312.66 + 153.96

89.5+21
174 +5.9
137 +35
95+4.33

188 + 47.57
476.33 £ 239.54

230 + 26.45

202.5 +£53.03
331.66 +171.78
181.66 + 90.4
519 + 58

484 + 23.7

75+24
176.2+5.8

101.4 £ 3.45

186.66 = 61.61

753 +151.43

145.66 = 34.27
307.33 £ 86.2
228.7+534
143.3 + 63.41

118.7 £ 6.31

222.3+7.99
156. 33 £12.04

595 + 256. 6

1120+ 353.9
608 + 205
1120+ 389.8
722.7+348. 8
4 650 + 3.934
585.33 + 213.71
883.66 + 534.42
103 + 3.4

200 +£16.8

10.93 £ 0.56

12.46 + 0.67

12.36 £ 0.3

29.23+1.61
34.66 + 8.52
30.83+6.3
21.5+0.5
255+0.5
25+13
28 £1.45
31.66 + 3.82
35.83 +5.53
26.83 +1.26
28 +141
34.5+10.83
25.3+3.72
39+34
37+6.8
20.8+0.7
26.5+0.35
226+3.9
26 + 3
39.6 £3.3
255+1.8
28.73+2.8
254 +3.8
251+28
235+1.84
25.6 +2.32
208+1.74
58 +£8.3
43 + 2.87
38+4.3
43 +4.44
446+75
83.2+22
33 +3.04
44.3 +10.25
185+0.9
235+17
6.9 + 1.66
16.65 + 3.56
17.25+3.14
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4.2.3. KoHueHTpauMje TeNIKUX MeTaJla U MeTajlou1a y pudéama

KoHImeHTpanyje TemKMX MeTajlla M METajJoujJa IO BpcTaMa U JIOKAIUTETHMA Cy
cyMupaHe U TpenctaBibeHe y Tabenu 8 3a BpcTe y3opkoBaHe y Behmm pexama CpOuje, u
Tabenrn 9 3a BpcTe Yy30pkKoBaHe Yy wu3abpaHuM akymyianujama. CBe BpEIHOCTH
KOHILICHTPALMja TEIIKKX MeTala i MEeTalonaa m3paxere cy y mg kg cBexe mace (cpeama

BPEIHOCT + CTaHJap/JHa JICBHjaIuja).

Ananuza Temkux Merana M meranounaa y Behum pekama y Cpb6uju (Tabena 8) je
MoKazajia Jla Cy Ha CBUM HCTPOKUBAHUM JIOKAIUTETHMA, KOJ CBHUX BpCTa, 3aCTYILbCHE
HajBuIIe KoHUeHTpanmje Zn u Fe. Cnemehm mertanm kxoju je akyMmyiawpaH y HajBUIIAM
KOHIIEHTpanrjaMa y cBuM Bpcrama jecte Al. Ca apyre crpaHe, HajHW)KE KOHIICHTpAIUje
metana Cd, Co u Ni cy 3abenexxene kona cBux Bpcta. Konnenrpamnuje Co cy Omiie ucmnoj
rpanune aerekuuje (H/) y y3opuuma cmyha u coma u3 [lynasa (nokamutet 1), cmyha u3
HynaBa (nokamurter [lp), mpene u3 Jyxxne Mopase (mokamutetu JM; u JMy), 3amamne
Mopage (nokamutetr 3M;), M6pa u Komybape u ckobama u3 Bemnke Mopase (JokanuTeT
BM,), Kony6ape u [leka. As je 6uo ucrnop mpara AeTeKIfje y y30pluMa KieHa U MpeHe U3
Mnage, Al y y3opuuma kiena u3 Ileka, moxk Hg Huje 3abenexeHa y y3opiuma KjieHa U

ckoOaspa u3 Ileka.

Kao mto ce Buan y Tabenu 8, He mocToju jacaH oOpasall AMCTpUOYLHUje TELIKUX
Mertana u metanouaa usmelyy Bpcra. Mmak, 3a onpehene metane mocToju MPaBWIIO J1a CE€
aKyMyJIMpajy y HajBUIIUM KOHIIEHTpalujama (03HaueHO IpBeHoM Oojom y Tabemu 8) y
onapehenum Bpcrama, na cy tako As u Cu akyMmyJHpaHU y HajBUIIMM KOHLIEHTpalHjama y
nesepurit, Al y cmyhy (u3y3eB nokanureta /I3 Ha JlynaBy) a Cd u Hg y comy Ha cBuM

HUCTPpAXUBAHUM JIOKAJIUTCTUMA.

Taxohe, kana cy y nuTamy HajHM)KE KOHIEHTpalMje TEIIKUX MeTaja M MeTalouaa
(o3HaueHo mnaBoM 60jom y Tabenu 8), jaBiba ce oOpasarll 3a cBera HEKOJIMKO TEHIKUX MeTaja
u Mmeranouga. Hajuwke koHuentpauuje Hg jaBipajy ce y nemepunu, As, Al (u3yseB
nokanurera [{; u/lo Ha [{ynaBy) u Pb (u3y3eB nokanutera T Ha Tucu) y comy u Cd (u3y3eB
nokanuteta I, Ha [lyHaBy) m Zn (u3y3eB nokaimrera [, m [I3) y cmyhy Ha cBuM

HUCTPAXKUBAHUM JIOKAJIUTCTUMA.
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3HaTHO Mame o0pa3zala akyMylialydje TeIIKUX MeTaja U MeTajlonja je yTBpheHo kox
BpCTa KJIeH, MpeHa u ckobasb (Tabena 8). Cd (u3y3eB nokamurera JM; Ha JyxHO] MopaBu,
3M; Ha 3amagHoj Mopaswu, JIP na [Ipunu u I1 na Ilexy) u Co (u3y3eB nokamurera JM, Ha
Jyxunoj Mopasu, 3M; Ha 3anagnoj Mopasu, [P na [puau, M na Mansu u Il Ha Ileky) cy
aKyMYJIMpaHU y HajBUIIIUM KOHIIEHTpalljaMa y KJIeHY (03Ha4eHO IpBeHOM OojoMm y Tabenu
8). Hg u Mn (u3y3eB nokanurera BM, Ha Benukoj Mopasu u JM; Ha Jy)xHoj Mopasu) cy
aKyMyJIUpaHU y HajBUIIUM KOHIEHTpauujama y MpeHu. Kon ckobasba HHje 3abenexeH

HUje1aH oOpa3all akyMyJalyje TEIKUX MeTala 1 MeTajlon/ia y HajBULIIMM KOHIEHTpalyjama.

Kana cy y nuramy HajHIKE KOHLEHTpALUje TEHIKUX MeTalla U MeTanonaa (03Ha4YeHO
wiaBoM 6ojom y Tabenum 8), oOpaszar ce jaBiba 32 Mn KOjU je aKyMyJIHpaH y HajHUKHM
KOHIICHTpallMjaMa y KJIEHY Ha CBUM JIOKaluTeTnMa (M3y3eB Jiokanutera 3My Ha 3amanHoj
Mopasu u BT Ha Benukom Tumoky) m Hg koja je akymynupaHa y HajHHKUM
KOHIIEHTpaljaMa Koj CKoOaJba Ha CBUM JIOKanuTeTHMa (u3y3eB yokanureTa I1 Ha Ileky).
Kon mpene Huje perucrtpoBaH oOpazal akyMmyljaluje TEMKHX MeTajla M MeTalouna y

HaJHIKUM KOHIICHTpallljama.
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TaGeaa 8. KoHIeEHTpalyje TEMIKAX METala U METANOUAa y UCTPaXMUBAHUM pubama m3paxeHe y mg kg™ (cpemma BpemHOCT + craHzapiHa

nesujauuja) y Behumm pexama CpOuje, IpBeHOM M TIJIaBOM O00joM Cy O3HAu€HEe HAJjBHIIE M HajHIKE 3a0eJekeHe KOHLIEHTpaIHje

Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn
Jynas
- M
0.003 + 0.01 +
) 022402 0.11+0.02 o HI 018+006 009+002 081+012 015+01 0.06+0.01 e 025%006 274%07
0004+ 0004+ 315+
Sz 0.84+02 0.16+0.04 oy T 023006 02£004 231123 0164003 017008 0.02%002 021003 oy
0.09 + 0.145 + 009+ 0074+
G 03+0.14 0.1+003 s HIL 007003 095+008 033:01 O o 017005 76206
JdyHnas
-,
) 06+03 013+0.04 0.04+006 HA 018+01 011£024 235:04 03011 0112004  po° 023:011 376£06
0004+ 0005+
desepuxa  0.13+014 0.21+0.04 Y o 02006 0143003 232%12 008+002 017008 002+002 025002 39+0.44
0001+ 0003+ 009+ 0016+
. 0.18+013 0.09+0.03 oo T 013012 007+002 133024 02001 oy O 018%006 2974002
JdyHas
- 3
045+ 0002+ 0003+ 0.11+
) 193421 o Y o 0a1x01 463415 0284012 019017 0084008 01801 307021
015+ 0004+ 0002+ 0.26 + 0.17 +
s EE20.93 e s e o Tt 16605 015301 016007 005+002 023004 464207
0004+ 0008+ 0.07 + 0.08 0.03+
. 0114016 0.11+0.06 s R 014009 O 055013 06204 T O 0.16+003 3+0.4
CaBa
-C
0006+ 0003+ 0.7+
&) 033404 0.19+011 R N 01006 02%007 133%026 e 009001 005%001 026006 37031
desepuca  069+045 018+007 V00T OO0 0114000 0224000 1464007 0064004 016+005 008+007 021£007 376+043
0007+ 0009+
o 04+035 01+026 o O 015014 032+011 232033 0183007 024012 01002 018002 482081
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Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn
Tuca
-T
0.004 + 0.004 +
cmylh 0.29+0.39 0.15+0.05 0.0002 0.007 0.14+0.06 0.11+0.02 09+0.03 0.26+0.02 0.07+0.01 0.03+£0.02 0.2+0.08 3.24+0.3
0.005 + 0.005 + 0.14 +
oesepura 0.26 £0.46 0.16 +0.08 0.0005 0.004 0.18 £0.03 0.008 132+01 0.14+0.02 0.17+0.08 0.06+0.04 0.22+0.06 3.97+1.37
con 008+008 011004 oot O00L 0224012 0124003 134:012 028+013 0120009 005003 0.29%003 4.26%067
Benanka
Mopasa
- BM;
0.006 + 0.001 +
KJleH 1.12+0.42 0.14+0.02 0.0003 0.001 0.28+0.15 0.20+0.08 3.48+246 01+001 0.2+0.06 0.07+0.02 0.15+0.03 4.67+0.69
0.004 + 0.001 + 0.04 +
mpena 0.49+0.43 0.11+0.02 0.001 0.001 0.29+0.05 0.24+0.05 352+303 0.32+0.17 0.29+0.07 0.009 0.22+0.04 353+0.2
0.07 £ 0.006 + 0.05 + 0.04 + 0.11 +
ckobasm 0.008 0.3 +0.05 0.0007 HI 0.34+0.15 0.27+0.06 1.49+0.98 0.002 0.22 £ 0.08 0.005 0.003 4.32+£0.88
Beauka
Mopasa
- BM,
0.006 * 0.001 +
KJleH 0.93+0.81 0.1+0.01 0.0006 0.001 0.23+0.05 0.16 +0.04 1.23+0.3 0.13+0.04 0.11+0.02 0.06+0.04 0.21+0.05 46+0.8
0.005 + 0.0002 + 0.16 +
mpena 0.28+0.29 0.17+0.11 0.001 0.0002 0.28+0.14 0.34+021 1.74+1.16 0.003 0.29+0.26 0.05+0.01 0.27+0.03 4.39+0.76
0.005 + 0.0007 + 0.35+ 0.004 + 0.01 + 0.11 +
ckobasm 1.33+0.08 0.12+0.01 0.0006 0.0005 0.13+0.01 0.009 2.68 + 0.58 0.004 0.70 £ 0.05 0.008 0.007 8.16 + 2.86
Jy:xna Mopagsa
-JM,
0.005 + 0.001 + 0.03
KJleH 0.01+£0.02 0.15+0.09 0.001. 0.001 0.22+0.06 0.27+0.06 1.75+0.32 0.19+0.05 0.08+0.03 0.007 0.25+0.03 5.01+0.26
mpena 0.15+0.26 0.08 +0.02 Odogosoé HI 0.35+006 0.28+0.01 286+1.77 024+006 040+0.12 0.04+£0.02 0.23£0.03 4.15+0.65
0.005 + 0.0008 +
ckobasm 0.3+05 0.19%0.1 0.0008 0.0005 0.14+0.04 0.26+0.05 2.23+056 0.05+0.02 0.35+0.18 0.04+0.02 0.17+0.11 4.58+0.20
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Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn
Jyxna Mopasa
- IM,
0005+  0.002+ 5,523 +
xien 0.62+007 010+001 0.10%001 oo 0253012 304+068 003+001 038011 004002 0.21%001 2
P 0.46+045 012 0.02 odoggoz HI 034+006 033+005 268+096 011+009 052+0.1 Odogog 0264006 594083
0005+  0.0006 + 0.004 + 0.04 +
cxo6ar 09+035 0.16+0.08 e . 020£008 026%001 422%14 o 0762025 O 024011 4713082
3amagna
MopaBa
-3M,
015+ 0007+ 0002+ 0.07 + 0.007 +
xen 0.30 + 0.56 o o 021006 0213008 151%063 e 0.11%002 e 032£002 36047
0.024 + 2503 + 22.89 +
wpena 0.34+055 0.40+0.58 o HI 141+180 278+4.18 s 078099 1864258 017022 082076 B
0096+ 0005+ 00022
o 0.76 + 0.24 o o . 015009 0264012 215119 005+002 03202 007+007 027009 522382
3anmagna
Mopasa
-3M,
006+ 0006+ 0003+ 0.074 + 0.35 +
xen 0.92 + 0.24 T o o 029017 035%026 35:168 0114003 036+025 o 411066
B 061+£086 026+015 0007 0009+ o 000 09+03 8144358 017+004 044002 0.11+0.05 032+ 2o/ om
e il 0.0007 0.004 032%0. S el sz Dl=b. 0008 34%2
cxoba 042401 0.07+0.02 0608(?0? 0'800202 0274003 016+005 17+1.06 008+002 013+005 006+003 031+006 4.98%085
HNoap
n
006+ 0009+ 0001+
xen 0.79 + 0.47 T o s 023015 0214002 394170 0074008 012004 0074002 035011 439032
B 0234003 013+007  0005% HIL 0.18% ) 1»+015 247+085 0.13+0.04 022+ 131,012 034007 4.38%0.89
Zuel A 0.002 0.006 042%0. Ll Ll 0008 031%0. ST g,
008+ 0006+  0.0005% 0.04 + 0.03 +
cxobar 0.33+0.10 o e T 029004 0124007 136%0.77 e 013002 O 022003 30407
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Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn
Apuna - 1P
0.005 £ 0.0005 + 0.02 +
Kaen 0.77+0.33 0.12+0.01 0.0007 0.001 0.21+0.1 024+£0.1 191+£061 0.08+0.09 0.16+0.04 0.007 0.39+0.07 5.73+1.92
Mpena 0.62+0.5 0.10+0.06 Odoggoj O'goggoé 0.24+0.16 0.18+0.05 1.8 +£0.69 034+£04 0.28+£0.15 0.01+£001 0.27+0.05 4.00+1.37
ckobasm 0.31+0.35 0.14+0.14 060(?(?02 0.800402 0.21+£0.01 050+0.29 239+0.87 0.04+0.02 020+£0.05 0.04+0.04 0.24+0.11 5.18+1.11
Koayb6apa - K
0.006 + 0.002 +
Kien 0.01+£0.02 0.12+0.01 0.001 0.002 0.21+£0.02 0.33+0.06 223+0.32 0.18+0.07 0.11+0.05 0.09+0.04 0.03+0.09 5.01+1.07
Mpena 0.34+0.36 0.14 £0.08 O.(())O(?Oii HJ 031+£002 041+£012 300+£087 048+£0.12 058+0.11 006001 020+£0.03 399+1.18
0.10 = 0.005 % 0.39 2.36 0.04 =
ckobasm 0.33+0.16 0.001 0.001 HJ 0.22+0.17 0.006 1.008 0.004 0.31+0.02 0.10£0.06 0.19+x0.02 7.15+2.86
Beauku Tumok
- BT
0.003 = 15,75 =
Knen 041+037 0.12+0.11 0.02+0.01 0.004 049+04 038+£0.11 283+0.75 0.01+£0.02 0.27+0.28 0.03+0.03 0.59+0.27 616
0.007 + 0.002 12.32 +
MpeHa 0.67 £ 0.58 0.1 +£0.05 0.006 0.002 04+£0.2 046+0.15 2.83+055 0.07+£0.01 0.42+041 0.06+£0.05 04+0.1 700
cxobam 0.28+033 0.060.02 06080502 o.gogoé 025+007 021+002 223+001 001+001 025+006 002+001 021+007 6.73+1.08
Muaasa - M
0.005 + 0.005 =
KeH 0.41 +0.32 HJ 0.0002 0.006 0.21+0.11 025+004 126+x040 0.06x0.03 0.10+x0.04 0.04%+0.02 0.21+£0.10 3.99%+0.10
0.003 0.002 +
Mpena 0.32 +0.08 HJ 0.0007 0.001 0.15 + 0.05 041+08 249+0.02 0.13+0.10 0.19+0.02 0.04+0.02 0.21+0.07 6.52+0.83
ckobasm 0.37+0.37 0.10+0.17 0'80;'015 O'gogoj 0.18+0.01 024+0.02 137023 0.03+0.04 0.13+0.04 0.17+0.26 0.13+0.12 4.73+x0.54
Ilex - I1
0.005 + 0.003 £
KJleH HJI 0.10£0.01 0.0002 0.001 0.26+0.06 0.24+0.12 1.60 £ 0.6 HJ 0.17+0.04 0.55%0.16 0.2+0.08 458+1.16
0.13 £ 0.008 + 0.005 + 031+ 0.007 =
MpeHa 0.87 +£0.41 0.005 0.002 0.001 0.009 0.48+0.10 3.64+0.77 0.008 058+0.11 0.25+0.04 0.22+0.07 8.55+2.38
ckobasm 0.98+0.36 0.23+0.08 O(')O(?(;log HJ 038+£0.14 027004 215+0.88 HA 038+0.09 0.14+0.05 0.33+£0.12 5.4+1.88
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Pesynratu craructuuke ananmze ANCOVA cy nokaszajid J1a cy c€ y UCTpaKuBaHUM
pekama cmyl), 1eBeprKa M COM 3HAYajHO Pa3IUKOBAIM Yy MOTNIeNy KOHIeHTpanuja As (F =
9.599, p = 0.00, »* = 0.319), Cd (F = 4.011, p = 0.026, 5 = 0.164), Hg (F = 7.645, p = 0.002,
n? = 0.272), Mn (F = 7.657, p = 0.001, %> = 0.272) u Zn (F = 3.803, p = 0.031, #* = 0.156)
(Ciuka 8a). ITopex Tora, kouuentpaunje Hg (F = 11.194, p = 0.000, #° = 0.177), Mn (F =
4.267, p = 0.017, * = 0.076) u Pb (F = 3.286, p = 0.041, #* = 0.059) cy 3HauajHO Bapupaie
u3melhy kiena, mpeHe u ckobapa (Cnmka 80). IIpocTtopHa Bapujabna je mmana 3HauyajaH
edekar (mokanureT kao koBapujadna y ANCOVA ananusu) Ha koHueHrpauuje Cd, Co u Ni
(Cnuxa 9a,06). Kaga je m3 ANCOVA-a aHanuse HCKJbyueHa KoBapujaOia (JIOKaJTUTET),
HajBumie KoHneHTpamnuje As, Cr, Cu, Mn u Pb cy 3abenexxene y MUITMNHOM TKHBY JEBEPHUKE

a kornentpamuje Cu, Fe, Hg, Mn, Pb u Zn y MummhHOM TKUBY MpeHE.

I'enepatno ANCOVA ananusa je ykaszajga Ha TO JIa j€ MHTCH3HTET aKyMYyJIalldje
TEIIKUX MeTasia Ouo MPBEHCTBEHO O] YTHIIAjeM BPCTE y K0joj je OILIOo 0 aKkyMylaluje, a
Jla je y JaJIeKO Mamk0j Mepu OMo MOJ| YTHIIajeM JIOKaJIUTeTa Ha KOjeM je CaKyIlbame y30paka

00aBJBEHO, OJHOCHO 10/l yTUIA]éM CaMHUX KOHILIEHTpal1ja y aKBaTUYHO] CPEIUHHU.
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Cauka 8. [IpoceuHe KOHIIEHTpaIlHje MeTala Koje ce 3Ha4ajHO Pas3NuKyjy udmely (a) cmybha,

neBepuke u coma u (0) kiieHa, MpeHe U CKkobasba
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Cuamka 9. TIpocevne KOHIIEHTpAIMje MeTalla KOje c€ 3Ha4ajHO pa3iuKyjy u3Melhy mokaaureTa

3a (a) cMyha, neBepuky u coma u (0) KiieHa, MpeHy U CKoOasba
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AHanu3a TEMIKUX MeTajga U MeTajoujaa y u3abpanum akymynamnujama (Tabema 9) je
MoKaszajia ja Cy y CBUM BpCTama, IITO je 3a0eleKeHO M y peKama, aKkyMyJupaHe HajBUIIe
konneHtpanuje Fe, Zn u Al. Ca nmpyre crpane, Hajumke konmeHtpamuje Cd m Co cy

3a0enekeHe y CBUM y30pILuMa.

3abenexxeHo je cBera HEKOJMKO oOpaszalia Kaja Cy y NUTamky HajBUINE U HAJHIDKE
KOHIIEHTpAIIM]e TEIIKNX METaia U MeTalouaa (03HaUYeHO IPBEHOM | 11aBoM 0ojom y Tabenun

9) akyMyJIUpaHUX Y MUIIMNHOM TKHBY Pa3IMYUTHX BPCTA UCTPAXKHUBAHKUX Y aKyMyJiallijama.

Hajsume konnentpanuje Co u Ni 3a0enexeHe Cy Yy J€BEpULIM Y CBUM
aKymyJjaiyjama, JOK Cy HajBHUIIE KOHIEHTpauuje As 3alenexeHe y 0alylmiku y CBUM

aKymyJargjama.

Kana je y nmutamy oOpasail HajHMKHX KOHIIEHTpaIja, jaBika ce 3a Cu kox cmyha y
o6e akymynanuje, Al, Co u Cr ko coma y obe akymynauuje, As u Hg xon nesepuke y cBUM

akymynanujama u Pb, Ni u Cd koj 6abyiike y cBUM akyMyJialujama.

Mory na ce uznBoje Al u Hg koju ce jaBibajy y HajJHIKMM KOHIICHTpalldjama KOJ
coma M JIEBEpUKE U y pekama u y akymynanujama. Ca apyre cTpaHe, HajHHKE KOHIICHTPAIIH]je
As ce jaBJbajy KOJ I€BEpUKE Y aKyMyJlalldjama, IITO je CYIPOTHO 0J1 3a0eIeXeHOr y peKkama
r7ie Cy KOHILeHTpauuje As Ouie HajBHIIE YNpaBO Yy OBOj BpCTH. Paznor moxna nexu y
YUBEHULIM Jla € y aKyMmyJaldjaMa UCTpakuBaHa M 0aOylika Koja je akymyldpana OBaj
METaJION]] y HajBUIIMM KOHIICHTpalWjamMa YclieJ] TMPBEHCTBEHO IUIAHKTUBOPHOT HAaYHHA
UCXpaHe, a OMIUTE je MO3HaTo Ja ce As akyMyJupa Yy HajBUIIMM KOHIEHTpauujama Koj

IUTAaHKTUBOPHUX OpraHr3ama.
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Ta6ena 9. KOHIEHTpalHje TEIKUX METalla i METAlION/1a y MUIIHNHOM TKHBY HCTPaXMBAaHHX BpcTa m3paxene y mg kg™ (cpeama BpeaHocT +

CTaHJapAHA JeBHjallMja) y aKyMmylanyjama, IPBEHOM M IJJaBOM O0jOM Cy O3HAu€HE HajBUIIE W HajHI)KE 3a0eJiekeHe KOHIICHTpaluje

Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn
I'py:xka
aKyMyJamnuja
3.348 £ 0.003 + 0.003 + 312+18 0.04+0.0 0.03 +
003 + 003 + . 31255, 04 +0. 03+ .
emyh 171 0.01+0.02 0.0005 000y 016004 014:004 ) og 031031 ooos 028000  52:16
0.003 + 0.003 + 0.03 + 0.009 + 18.05 +
+ + + + + + +
com 242+058 0.1+0.05 0.0006 000y 008003 03005  7.4:33 000y 052%052 0005 008%002 220
0.002 + 0.027 + 0.02 +
+ + + + + + + + +
desepura 574+288 0.01+001 0.0005 0003 019008 015002 283:064 ooy 128108 003002 014:007 45126
0.003 + 0.005 + 0.04 +
+ + + + +
Gabywixa 342+278 0.11+0.06 0.0005 ooy 01003 037:012 753402 003 051024 003001 018012 1449:64
BoBan
aKymyJanuja
_ 2.493 + 0.003 + 0.003 + 0.004 + 0.012 + 0151+  42.899 + 0.253 + 0.749 + 0.049 + 0.065 + 2.475 +
y 3.410 0.006 0.004 0.009 0.035 0.102 145.374 0.061 2.144 0.033 0.025 0.996
o 1.926 + 0.002 + 0.001 + 0.001 + 0.001 + 0.268 + 5.286 + 0.234 + 0.299 + 0.039 + 0.125 + 5.137 +
1.641 0.002 0.000 0.000 0.000 0.151 2.141 0.096 0.188 0.018 0.088 1.636
N 7.366 + 0.002 + 0.002 + 0.014 + 0.017 + 0.268 + 9.857 + 0.083 + 0.670 + 0.050 + 0.659 + 4.560 +
P 7.713 0.000 0.001 0.000 0.023 0128 5.465 0.039 0.313 0.037 1.033 1.001
e 2,682 + 0.003 + 0.001 + 0.003 + 0.005 + 0726+  18.880 + 0.160 + 0.345 + 0.038 + 0053+  12.836+
abyura 1.499 0.001 0.000 0.004 0.006 0.212 5.263 0171 0.080 0.010 0.012 6.441
AJlekcaHIpoBal
aKymyJanuja
0.07 + 0.003 + 0.0003 + 0.026 +
+ + + + + + + +
desepura 076 +056 0.11+0.05 0,003 0003 027005 019008 483172 00005 048007 0opg 038%014 648:116
0.005 + 0.001 + 0.006 +
+ + + + + + + + +
Gabywra 0.78+0.09 0.12 +0.05 0,001 000y 038%018 017008 30314 010£0.02 0.30%0.21 0005 022005 127:064
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[Topeheme akymynanuje MeTana y paziMuuTHM BpcTama y akymynanuju ['pyxka je
MOKa3aJi0 Jla Cy pasnuke y IucTpuOynmju mel)y Bpcrama Omiie CTaTHCTUYKH 3Ha4ajHE
(p<0.05) xox Al, Cu, Hg, Mn u Zn (TaGena 9). Hajsehu Opoj HajBUIINX KOHLEHTpAIH]ja
TEIIKUX MeTajla U MeTajonaa je 3adenexen y 6adymku (As, Cd, Cu, Fe u Ni) u neBepuru
(Al, Co, Cr u Mn). Hajpumme xonuentpamuje Hg cy 3abenexxeHe y npenaTopckuM BpcTaMa

puba, mpeerctBeno y cmyhy. Konnenrpamuje Cd u Co cy 6mite yaudopmae.

KanoHmjcka IUCKpUMWHAHTHAa aHaIW3a je yKa3aja Ha BHCOK  CTEIeH
mudepeHImjanyje YeTHpH aHATU3UpaHe BPCTE Yy OJHOCY HAa HUBO aKyMmyJlallMje TEUIKUX
Metana y akymynauuju I'pyxa (Cnuka 10). IlpBe nBe kanonujcke ¢ynkuumje (CV) cy
objammaBaiie 97.8% ykymue BapujadbmimHoctr (CV1 - 80.1% u CV2 - 17.7%). Com n
0alymika cy OWJIM W3JIBOjEHU O] APYyre JABE BPCTE MyXK MPBE KaHOHH]CKE (YHKIIHjE, TOK Cy
0alymika U JeBepuka Owmine Mel)ycoOHO H3ABOjeHE NyX JApyre KaHOHHUjcKe (YHKIH]e.
babymika je y Hajsehoj mMepu Omia nudepeHnmpana BUCOKOM KoHueHTpanujoM Cu, 0K je

coM Omo nudepeHnupad HuUCKoM KoHIeHTparujom Pb (Tabema 10).

TabGena 10. Ipynucane xopenanuje wu3mely auckpumuHuinyhux Bapujabinu  u
CTaHAApAN30BaHUX KaHOHH]CKUX JUCKPUMUHAHTHHUX ¢byHKIMja; KaHOHH]jCKa
JTMCKpUMUHAHTHA aHAJN3a NMPUMEHkEeHa Ha KOHIICHTpAIMje TEIIKUX MeTajlla U METalouaa y

YeTUPU UCIIUTUBaHE BpcTe y akymynauuju I'pyxa (Cnuka 10)

@dyukuuja 1 dynknuja 2
Al -0.089 -0.041
As 0.291 0.158
Cd 0.562 0.215
Co 0.181 0.021
Cr 0.304 -0.233
Cu 0.052 0.777
Fe -0.999 -0.492
Hg -0.909 0.433
Mn 0.214 0.290
Ni -0.001 0.176
Zn -0.121 -0.049
Pb 1.001 0.385
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Cauka 10. Pe3yntatu kKaHOHH]jCKE JUCKPUMHMHAHTHE aHAIN3€ IPUMEHEHE Ha

KOHIIEHTpallljaMa TeIIKUX MeTalla U METaJoN/1a y YeTUPU UCIIUTUBAHE BPCTE Y aKyMyJIaluju

I'pyxa (emunice mokasyjy 95% unatepBaiie nmoy3aanoctu), CV - kaHOHH]CKa QyHKIIH]a
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YTBpheHo je mpHCYCTBO 3HAYajHUX pasyiuka y KoHieHTpanujama Cu, Fe, Mn u Zn
usmely Bpcra (p<0.05) y akymynanuju bosan (TabGema 11). JleBepuka ce wu3/Baja ca
HajsumuM  KoHneHtpanujama Al, Co, Cr, Mn, Ni u Pb, a 06alymka ca HajBHIIUM
koHrneHtpanujama As, Cu u Zn. Kao mro je cinydaj u y akymynamuju ['pyxka, npemaTopcke
BpPCTE C€ M y OBOj aKyMYyJIalliju U3/1Bajajy ca HAjBUIIUM KOHIIEHTpanujama Hg, ca HajBummm

3a0enekeHuM KOHIICHTpaIlfjama, Takohe, y cmyly.

VY akymynauuju boBaH, KaHOHHMjCKa JUCKpUMHHAHTHA aHalM3a je Takole ykaszaia Ha
BHCOK CTerieH AudepeHIrjalyje YeTUPH aHaAIM3UPAHe BPCTE Y OJJHOCY Ha HUBO aKyMyJlallnje
temkux Merana (Cnuka 11). IIpBe nBe kanonujcke ¢pynkuje (CV) cy objammanane 96.5%
ykynHe BapujadmwiHocT (CV1 - 71.6% u CV2 - 24.9%). baObymka u neBepuka cy Owiie
W3JIBOjEHE OJI Ipyre JBE BPCTE AYXK IpBE KaHOHH]CKe (QyHKIU]je, TOK Cy cMmyl) M JeBepuKa
6unu MelycoOHO M3BOjEHU IyK Apyre kaHoHUjcke ¢pyHKkuuje. [[eBepuka je y Hajpehoj mepu
O6una audepeHIMpaHa HHUCKOM KoHIeHTpauujom Fe, mok je cmyl) Ouo mudepeHuupan

BHCOKOM KoHIeHTparujoM Mn (Tabena 11).

TabGena 11. Ipynucane xopenanuje wu3mely auckpumuHuinyhux Bapujabnu  u
CTaHAApAN30BaHUX KaHOHH]CKUX JUCKPUMUHAHTHHUX ¢byHKIMja; KaHOHH]jCKa
JTMCKpUMUHAHTHA aHAJN3a NMPUMEHkEeHa Ha KOHIICHTpAIMje TEIIKUX MeTajlla U METalouaa y

YeTUPU UCTIMTHBaHE BpcTe y akymynauuju bosan (Cauka 11)

dyukuuja 1 dDyHkuuja 2
Al 0.102 -0.290
As 2.777 2.339
Cd -1.224 2.769
Co -1.411 -3.930
Cr -0.153 -3.016
Cu 1.862 -0.397
Fe 13.734 16.579
Hg 1.204 0.189
Mn -15.196 -15.428
Ni 0.663 1.343
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Cauka 11. Pe3yntatu KaHOHH]jCKE JUCKPUMHMHAHTHE aHAIM3€ PUMEHEHE Ha
KOHIIEHTpalljaMa TEIIKUX MeTala U METAION/1a Y YeTUPU UCIIMTUBAHE BPCTE y aKyMyJlaluju

boBan (enunice mokasyjy 95% unaTepBaiie nmoy3aanoctu), CV - kaHOHH]CKa DyHKIIH]a
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C o63upom aa y akyMynamuju AJjekcanapoBall HuCy npoHalheHe Bpcre cmyh u cowm,
aHaJTM3UpaHe Cy KOHIEHTpalMje TEHIKMX MeTajla W MEeTajlouJa y BpCTaMa Koje MOTy Jia ce
Hal)y y mOMeHyTOj] akyMyJaliju, a To cy AeBepuka u 6adbymka. Hajsumne konmnentparuje Al,
As, Cr, Hg u Zn cy 3abenexene y 6a0ymiku, 1ok cy Hajpuire koHrenTpamnuje Cd, Co, Cu, Fe,
Mn, Ni u Pb 3abenexene y aeepuiy. M3nBajajy ce CTaTUCTUYKHM 3HAYajHE PaA3JIUKE Yy

muctpuoynuju Hg, Ni u Zn uzmel)y nesepuke u 6adymike (p<0.05) (Tabena 9).

['enepanHo TyIeAaHO, Kajia ce y3My y 003Up CBE HCTPAKUBAHE aKyMyJallHje, MOXe Ja
ce 3aKJbyud Ja Cy HajBehu akymynaropu TEIIKMX MeTalla U MeTajouia BpcTe 0abymika u
nesepuka. Ca pyre crpaHe, nmpeaatopcka Bpcra cmyl) ce u3aBaja kao HajBehu akymymatop

Hg.

Y Tabemu 12 cy mpeacTaB/beHE KOHIICHTPAIHMjE€ TEIIKMX METalia U METAIOuAa Y
KOMITO3UTHUM Y30pIMMa YKIIMje y u3abpaHuM akymyjaiujama. AHamu3a TeHIKUX MeTana U
MeTaJIoNIa Y KOMIIO3UTHUM Y30plLIMMa YKJIH]je je MoKa3ala Ja cy KoHieHTpanyje Zn, Fe, Al u
Mn (3a pa3nmKy O] OCTaluX BpCTa y APYTUM aKymyjaidjama) Owiie HajBUILIE Y CBUM

y30pIiuMa y CBUM aKyMmyJainujama, 10k cy konuenrtpamuje Cd u Co Ouie HajHIKE.

Yxiumja u3 akymynanuje MelyyBpije ce u3Baja ca HajBumuM KoHueHtpaijama Cr, Ni
u Zn, yKiidja U3 akymyjianuje 3aBoj ca HajBUIIMM KOHIeHTpauujama Al, As u Pb, 1ok cy y
yKIWju W3 akymynanuje Briacuna 3alenexene Hajumie koHueHntpauuje Cu, Fe m Mn.
Konnenrpanuje Cd u Co Ouiie cy ucre y yKinju U3 akymyiainuja 3aBoj U Biacuna u Buiie

0J1 3a0eNeeHNX KOHIIEHTpaIlja y YKIUjU U3 akymynaiuje Mehyspiije.

Ca nmpyre crtpane, ykidja W3 akymynamnuje MelyBpiije ce u3nBaja ca HajHIKAM
koHueHTpauujama Al, As, Cd, Co, Fe u Pb, yknuja u3 akymynanuje 3aBoj ca HajHUKUM
koH1eHTpauujama Cu, Mn u Ni, 10K Cy y yKIMjU U3 akymynanuje Bracuna 3abenexene

HajHke KoHueHtpanuje Cr, Ni, Pb u Zn.
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Ta6esa 12. KoHmeHTpanmje TEMIKUX MeTala U METAJION/1a Y KOMIIO3UTHUM y30pIIUMa YKIIHje U3pakeHe y mg kg'1 (cpenma BpeqHOCT +

CTaHJap/Ha JAcBHjaluja) y u3abpanum akymynanujama y Cpouju

Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn
MehyBpuije 0.0007 £ 10.13 = 0.01+ 27.83
133+024 0.10+0.04 0.01x0.01 0.21+£0.05 0.55%0.07 205+x086 0.06+x0.04 0.11+0.04
aKyMyJamnmja 0.0006 2.36 0.002 7.14
3aBoj 0.002 £ 11.33 0.01+
1.80+0.73 0.26+0.09 0.02+0.01 0.20£0.03 0.51+0.10 0.18+0.22 0.03+0.01 0.12+0.01 25.86%5.9
aKymyJianuja 0.001 4.05 0.003
Buacuna 0.02 + 0.002 13.35 = 0.01+ 24.00 =
. 164+096 0.24+0.03 0.16 £ 0.03 0.6 +0.15 231116 0.03+x0.03 0.11%0.02
aKyMmyJanmja 0.001 0.0006 6.12 0.002 10.10

* [IpBEHOM U IJIaBOM 00jOM Cy O3Ha4YeHE HajBUIIIE M HajHIKE 3a0elie)KeHe KOHIIEHTpalluje MeTana
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KaHnoHujcka IUCKpUMWHAHTHA aHaJM3a j€ yKazaja Ha BHCOK  CTEIeH
nudepeHnrjanyje TpU aHaM3upaHe aKyMmyJsaluje y OJHOCY Ha HHBO aKyMYJIallhje TEUIKUX
Metania u meranouna y ykauju (Crnuka 12). JIBe xanonwujcke ¢ynakiuje (CV) 3ajenHo cy
o0jammasaiie 100% ykynue Bapujabunnoctu (CV1 - 64.2%, CV2 - 35.8%). Axymynaiuja
3aBoj je Omia U3/1BOjeHa OJ] APYyTe JIBE aKyMyJIallkje Ay IPBE KaHOHMU]CKe (PYHKITHje, 0K Cy
akymynanuje Mehyspuije u Bnacuna mel)ycoOno Owmiie m3aBojeHe Ay Apyre KaHOHU)CKE
¢ynkuuje. 3aBoj je y Hajsehoj Mepu 6MO qudepeHIpaH BUCOKOM KOHIIEHTPALUjoM As, 0K

je Bnacuna Ouna nudepenuupana sucokoM konueHtpanujom Fe (Tabena 13).

TabGena 13. [Ipynucane xopemanuje wu3mel)y auckpumuHuinyhux Bapujabmu  u
CTaH/IapIM30BaHIX KaHOHH]CKHX JTMCKPUMUHAHTHHUX byHKIMja; KaHOHUjCKa
IMCKPHUMUHAHTHA aHAIN3a MPUMEHEHA Ha KOHIEHTpAIMje TEHIKUX MeTala U METalonja y

yKinju U3 Tpu akymynanuje (Cnuka 12).

®ynknmja 1 dyHkumja 2
Al 0.581 1.312
As 1.192 -0.480
Cd 0.115 0.295
Co 0.456 -0.585
Cr 0.986 1.183
Cu 0.328 0.161
Fe -0.852 -1.498
Hg 0.822 0.218
Mn -0.825 -0.710
Ni -0.628 0.208
Zn -0.466 -0.318
Pb 0.445 0.330
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Cauka 12. Pe3ynratu kaHOHHM]CKE JUCKPUMUHAHTHE aHaJIN3€ NPUMEHEHE Ha
KOHIIEHTpallMjaMa TEIIKUX MeTala U METAIoN1a y YKIUjU Y TPH UCITUTHBAHE aKyMyJlalyje

(enurce nokasyjy 95% unrepBaine noysnanoct), CV - kaHoHHjcka QyHKIM]ja
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4.3. Pesyaratm OuoxoHunentpamujckor ¢akropa (BCF) u wungekca

3aralhema metaauma (MPI)

Y Tabemu 14 cy pmarm pesyararu OuokoHIeHTparnujckor ¢akropa (BCF) 3a
ucTpakuBaHe Bpcre y pekama. Hajpume Bpegnoctu BCF daktopa 3abenexene cy 3a meraie
Hg u Pb, nox cy najamxe Bpennoctu BCF dakropa 3a6enexene 3a Al, Co u Mn. Y rpynu
UCIUTHUBaHUX BpcTa puba cmyl), neBepuka u com, BCF jacHo moxa3syje na neBepuka u com
umajy ciandad apuHHATET 3a akymynanujy metana Cd, Co, Ni u Zn Tako aa cy u 3a0enexene
Bpennoctu BCF Qakropa Oune 3natHO Buie Hero 3a cmyha. IIpematopcke BpcTe, coM u
cmyh, cy umane 3natHo Bumie BpenHoctu BCF dakropa 3a Hg, rame ce usaBaja com ca
HAjBUITUM BpPEAHOCTUMA Ha CBUM JOKaTuTeTHMa (u3y3eB Jokanmurera J[, Ha JlyHaBy). Y
Apyroj TPYNU HCHUTHBAHUX BpCTa KIEH, MpeHa W CKoOaJb, JOMHWHAHTHa BpCTa 3a

OMOKOHIIEHTpallM]y MeTaja Ouia je MpeHa.

Pesynratu 6nokoHneHTpanujckor ¢pakropa (BCF) 3a Bpcre y akymynanuujama 1ati cy
y Tabemu 15. Hajsume Bpeanoctu BCF dakTopa 3abenexene cy 3a metane Hg u Zn, 10k cy
Hajumxke BpeqHoctn BCF ¢akropa 3abenexene 3a Cd. V akymymanujama ['pyxa n boBas,
HajBuiie BpenHoctu BCF ¢akropa 3abenexene cy 3a 6alOymky u aeBepuky. HajHmke
BpenHoctu BCF (dakropa y momMeHyTHM akymylanujama 3a0elexeHe Cy 3a BpPCTY COM.

[Ipenaropcka Bpcra cmyl) ce n3nBaja ca HajBunM Bpeaaoctuma BCF dakropa 3a Hg.

Kana je y nuramy Bpcra ykiuja (Tabema 15), y cBUM akymysaiyjaMa HajBUIIE
BpenHoctu BCF dakropa cy 3abenexene 3a meraie Zn u As, a HajHke 3a Ni u Cd. 3HaTHO

ke BpeaHoctu BCF ¢axropa 3a Hg (1 1o 250 myrta) 3abenexene cy 3a OBy BPCTY.
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Tabena 14. buokonnentpauujcku dakrop (BCF) xao omgHOC cpenme BpeaHOCTH
KOHIICHTpalja MeTana (M3pakeHe y mg kg'l) y MHUIIMNHOM TKHMBY U CpEII€ BPEAHOCTH

KOHIICHTpallKja MeTasa (M3paxkeHe y mg LY y BOJIM HCTPaKUBAHUX PEKa

Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn

M
cmyl 1.5 110 75 / 90 15 3.2 1500 3 7.1 416.7 137
Oesepuka 5.6 160 100 8 115 33.3 8.9 1 600 8.5 14.33 350 154.5
com 2 100 2 250 / 72.5 11.7 3.65 3300 4.5 52.9 283.3 381

M
cmyh 4 330 2 000 / 20 18.3 11.2 3000 3.7 5.3 460 188
Oesepuxa 0.9 350 200 10 22.2 23.3 11.05 800 5.7 6.7 500 195
com 1.2 150 50 6 14.4 11.7 6.3 2 000 3 5.3 360 148.5

PI K
cmyh 24.1 75 100 6 15.7 18.3 57.9 28000 19 88.9 360 341.1
Oesepuxa 8.5 75 200 10 37.1 28.3 20.8 15000 16 55.6 460 515.6
com 1.4 55 200 16 320 11.7 6.9 62000 8 33.3 320 333.3

C
cmyl 1.4 316.7 200 4.3 200 10 3.5 1700 4.5 50 325 123.3
Oesepura 3 300 200 7.1 220 11 3.8 600 8 80 262.5 125.3
com 1.7 166 233.3 12.9 300 16 6.1 1800 12 100 225 160.7

T
cmyh 0.9 75 80 8 35 1.6 9 000 2 600 1.4 1.5 100 9.5
desepura 0.8 80 100 10 45 2 13200 1400 34 3 110 11.7

com 0.2 55 120 12 55 1.7 13400 2 800 2 2.5 145 12.5

BM;

Kaen 2.4 23.3 120 1 93.3 25 3.7 1000 1.1 7 30 233.5
Mpena 1.0 18.3 80 1 96.7 30 3.74 3200 1.6 4 44 176.5
cKkobasm 0.15 50 120 / 113.3 33.8 1.6 500 1.2 4 22 216

BM,

KJIeH 0.08 37.5 250 2 220 54 6.03 1900 1.33 23.1 312.5 501
MpeHa 0.16 20 250 / 350 56 9.86 2 400 6.7 30.1 287.5 415
ckobas 2.31 47.5 250 1.3 140 52 7.7 500 5.8 30.1 212.5 458

JM;

KJeH 0.08 37.5 250 2 220 50 10.5 300 6.3 30.8 262.5 552.3
Mpena 1.2 20 250 / 350 66 9.2 1100 8.7 30.8 325 590
cKkobasm 2.3 475 250 1.6 140 52 14.6 40 12.7 30.8 300 471

IJM,

KaeH 1.0 111 500 5 0.25 50 2.3 300 1.3 100 21 184.1
Mpena 0.8 13.3 30 / 42.5 66 2.0 100 1.8 100 26 196.7
ckobas 1.5 17.8 25 0.6 25 52 3.2 40 2.6 100 24 157

3M;

KJeH 1.07 75 233.3 2.22 42 42 2.7 700 2.2 0.9 400 360
Mpena 1.06 200 800 / 282 556 45.5 7 800 37.2 22.7 1025 2289
cKkobasm 24 48 166.7 2.22 30 52 3.9 500 6.4 9.3 337.5 522

3M,

KJeH 1.5 0.24 0.12 0.6 145 35 17500 1100 120 0.11 1167 685
MpeHa 1.0 1.0 0.14 1.8 160 90 40700 1700 133 0.2 1 067 1223
ckobasmw 0.7 0.3 0.12 0.4 135 16 8 500 800 43.3 0.09 1033 830
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n
KJIeH
MpeHa
ckobasmw
P
Ken
MpeHa
cKoban
K
KJIeH
MpeHa
ckobasmw
BT
KJIeH
MpeHa
cKkoban
M
KJen
MpeHa
ckobasmw
11
KJIeH
MpeHa
ckobasmw

4.6
1.4
1.9

11
8.9
4.4

0.03
1.03

11.7
19.1

1.2
0.9
11

17.4
19.6

7.5
16.2
10

240
200
282

4.7
3.3

50
41.7
25

41.7

200
260
460

90
50
60

250
250
300

12
12
10

1000
350
250

62.5
37.5
50

83.3
133.3
66.7

1.4

0.7

28.8
22.5
36.3

105
120
105

42
62
44

98
80
50

30
21.4
25.7

72.2
86.1
105.5

70
140
40

60
45
125

82.5
102.5
97.5

190
230
105

50
82
48

38.1
76.2
42.9

7.9
4.9
2.7

17.4
16.4
21.7

4.1
5.6
4.4

354
35.4
27.9

2.4
4.7
2.6

254
S77
341.3

700
1300
400

800
3400
400

1800
4 800
400

100
700
100

600
1300
300

70
/

5.5
3.3

16
28
20

0.4
2.1
1.1

5.9
9.1
5.4

10
19
13

5.7
19.3
12.7

11.7
51.7

40
20
80

15
10
16.7

60
120
40

26.7
26.7
113.3

1100
500
280

58.3
50
36.7

557.1
385.7
342.9

30
200
190

1180
800
420

300
300
185.7

400
440
660

219.5
219
152

286.5
200
259

501
399
715

2625
2053
1121

570
931.4
675.7

286.3
53544
337.5
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TaGesa 15. BHOKOHIICHTPAIIH]CKU

dakrop (BCF) kao omHOC cpenme BpeaHOCTH

KOHIICHTpalyja MeTana (M3paxxeHe y mg kg'l) y MHUIIMNHOM TKHMBY U CPEII€ BPEAHOCTH

KOHIICHTpallija MeTaja (M3pakeHe y mg L'l) y BOJIM HCTPAKUBAHUX aKyMyJilalllja

As Cd Cr Cu Fe Hg Mn Ni Pb Zn
I'pyxka
cmyh 7.14 7.5 360 11 101 1500 1.5 3.70 560 433.3
com 71.4 7.5 160 37.5 370 300 13 8.3 120 1504.2
Oegepuxa 7.14 5 380 18.75 141.5 200 32 11.11 280 375
babywka 78.6 7.5 200 46.25 376.5 400 12.75 11.11 360 1207.5
BoBan
cmyh 1.5 15 23.1 15.58 214.5 25 300 24.97 16.33 120.37  190.38
com 1 8 1.92 27.63 26.43 23 400 9.97 13 231.48 395.2
odesepura 1 10 32.7 27.63 49.3 8 300 22.3 16.67 12204  35.08
babywrka 1.5 8 9.61 74.84 94.4 16 000 115 12.67 98.15 987.4
Mebhyspuije
yrauja’* 76.92 2.33 262.5 87.3 253.2 100 205 20.69 21569 1795.5
3aBoj
yrauja’* 520 66.7 400 79.69 103 100 18 25 240 1361
Baacuna
yrauja* 452.8 = 320 93.75 333.75 100 21 30 21569 17143

* BCF kao omHOC cpemme BPEIHOCTH KOHIICHTpamMja Meraiga (M3pakeHe y mg kg'l) y

KOMITO3UTHOM Y30PKY YI(JII/Ije " CPEAHC BPpCAHOCTHU KOHHCHTpaI_[I/Ija MCTajia (H3pa>KeHe y mg

L™) y BOAH HCTpaKHBAHHX aKyMyJTaIija.
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MPI BpennocTH, 3a0€iIe)KeHe Y 0BOj CTYAM]H, PA3IUKOBAJIC CY C€ 3a Pa3IUIUTE BPCTE
puba y pekama (Cmuka 13). Kruskal-Wallis Tect je moka3ao 51a HE MOCTOj€ CTAaTHCTUYKH
3rauajHe paznuke (P<0.05) usmehy MPI Bpennoctu 3a cmyha, nesepuky u coma. Ca apyre
CTpaHe, 3a0eyexeHa je CTaTUCTHYKHU 3HavyajHa pasiuka (P<0.05) uzmehy Bpennoctu MPI 3a
KJICHa, MpeHy B cKkoOasba. Mann-Whitney Tect je mokazao na cy BpeaHoctu MPI 3a mpeny
3HAYajHO BWINE HETO 3a Apyre BpcTe Ha cBuM Jokanmureruma (P<0.05), ocum Ha peru [lek.
Nwmajyhu y BUay a He TIOCTOj€ CTATUCTHYKM 3HauyajHe pasiuke y MPI Bpeanoctuma y npBoj
Tpyny HCTpaXHBaHUX BpcTa puba, HajBumie BpenHoctu MPl mory na ce cmatpajy
peneBaHTHUM 3a nopeheme nokanmtera. C 003UpOM 1@ ce y APYroj TPyNu UCTPaAKHUBAHUX
BpPCTa, MpEHa CTAaTHUCTUYKH W3[Baja ca HajBummM Bpeanoctuma MPI (cem peke Ilex),

Bpeanoct MPI 3a oBy BpcTy cy kopumrheHe 3a 1ajba mopehema.

VY akymynammjama I'pyxa u Anexcanaposarn; MPI BpenHoctu (Cnmka 14) cy Oue
HajBuUIlE 32 0a0yIIKy, AOK je y akymynanuju bosan Hajsuma MPI BpeanocT 3abenexxena 3a
nesepuky. Kruskal-Wallis TecT je moka3ao Aa He IOCTOj€ CTaTHCTUYKHU 3HauyajHE pasiivKe
(p<0.05) 3a MPI Bpeanoctu u3meljyy Bpcra y akymynamnuju boan. Ca apyre crpane,
3a0enexeHe cy craTucTHyKky 3Ha4dajue pasiuke (P<0.05) m3mely MPI Bpennoctu 3a Bpere y
akymynanujama I'pyxa u Anekcanaposan, rae cy BpeaHoctd MPIl 3a 6alOymky Owite
3Ha4yajHO BUILIE Hero 3a apyre Bpcere (P<0.05). Mimajyhu cBe y Buay, Bpeanoctu MPI 3a

0a0ymIKy ce cMaTpajy peJIeBaHTHUM 3a Jlajba nopehema.

Bpeanoctu MPI 3a yknujy cy ce pa3inkoBajie y UCTpaXMBaHUM aKyMyJiallMjama, ca
HajBUIIMM BpPEIHOCTMMA Yy aKyMmyJanuju BracuHa W HajHIDKUM y akymynauuju 3aBoj.

Kruskal-Wallis Tect je moka3zao na pasnuke HuCy cratuctiuuku 3Haqajue (p<0.05).

Ha ocnoBy m3pauynarux MPI BpeanocTu, jenan nokanuteT Ha 3amnaaHoj Mopasu je
Beoma 3arahen (3M1, MPI = 1.92), Behuna nokanutera je cpeambe 3arahjena (MPI 0.36-0.73),
JOK je jokanuteT Ha Tucu mMuHHMManHO moroleH 3arahemem Temkum Meranuma (MPIl =
0.31). [Ipema 3abenexenum MPI BpenHocTMa y akymynanujaMa, U3fBaja ce akymyJjanuja

boaan koja je MuanMainHo norohena 3arahemem (MPI = 0.30).
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Cauka 13. Bpennoctu unnekca 3araljewa metanuma (MPI) y uctpaxxkuanum Bpcrama, 1o

JIOKAJIIUTETYy y peKama
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Cauxka 14. Bpennoctu nnnekca 3aralema metanuma (MPI1) y uctpakuBanum Bpcrama y

aKyMyJamujama
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Cauxa 15. Bpennoctu nnjekca 3arahema mertaniuma (MPI) 3a ykinujy y uctpaxuBaHuM

aKymyJamyjama

V3 kopumhewe MPI Bpeanoctu, npemioxuinu cMo kinacupukanyjy 3arahema Boaa
TEIIKUM MeTanuma Behux peka u Tpu akymynauuje y Cpouju (Tabena 16). Knacudukanuja je
MoKasaja MPOCTOPHHU pacriopesl MeTajia, IITO je JIOBEJIO 10 UACHTH(HKAIU]e JoKaTuTeTa 0e3

yTHUIlaja AUPEKTHOT 3aral)ema, He3HaTHO 3aral)eHux M 3aral)eHux JOKaJIuTeTa.

Ta6ena 16. Knacudukanuja 3arahema Boga TemkuM metanuma y Cp6uju Ha ocHoBy MPI

BPEIHOCTH

Knaca 3arahema Kapakrepucruke MPI

[ 0e3 yrunaja iupekTHor 3arahema < 0.3
1 He3HaTHO 3araljen 0.3-0.6

1 3aralhen >0.6
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ITpema oBoj kinacudukanuju, peka Trca Moxe 1a Oyzae KaTeroprcaHa Kao eKOCHCTEM
0e3 yTuIaja TupeKTHOr 3arahema TEIMIKUM MeTaauMa, 1ok 3anaana Mopasa u [lek mory na
CC KaTCrOpHINy Kao CeKOCHCTeMH 3araljeHu TemkuM Mmetanuma. OCTajau JIOKAIUTETH CY

HC3HATHO 3arabeHI/I.

I'pyxa, boBan u Asnekcanaposail, npema MP| BpenHocTHMa, MOTY J1a C€ CBPCTajy Y
He3HaTtHO 3arahieHe exocucrema (ca MPI Bpemnoctuma m3mehy 0.3 u 0.6). M3aBaja ce
akymynamuja ['pyxa ca Hajsumum MPI Bpenqnoctuma (0.56), nok je akymynamnuja bosan, ca
MPI1 Bpennomthy 0.3, Ha rpaHunM [Be Kareropuje, 0e3 yTuliaja JUPEKTHOr 3arahema u

HC3HATHO 3araljeHa.

Kao pesynrar oBe kmacudukanmje, popmmpana je mama 3araljema BOJA TCIIKHM
metasmma y Cpo6uju (Crnuka 16). Axkymynanuje Mebyspuije, 3aBoj u Biacuna Hucy
KaTeropucaHe 3aTo IITO Cy TEIIKM METAIH M METAJOWAU OYUTAHH Yy KOMIIO3UTHOM Y30PKY
yKJIHje, Tako Ja je mpernoctaBka ga cy MPIl BpeaHocTH 3HaTHO Bullle yciea MpUcCycTBa U
JIpYTUX oOpraHa y KOMIIOCTY (IIPBEHCTBEHO jeTpe M IIKpra) Koju cy, JAOKa3aHo, Behu

AKYMYJIATOpH TCIIKHUX METajla U MCTAJION1A.

107



Anexcanopa Munowkoeuh Jlokmopcka oucepmauuja
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Camka 16. Mama 3aralema Boga Temkum Metaauma y Cpouju
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4.4. KoHueHTpauuje TeHIKHX MeTaja y pud/beM MecCcy Yy OJHOCY HA

MaKCHMMAJIHO 103B0/beHe kKoHueHTpauuje (M/IK)

Konnenrpanuje As, Fe, Cu u Zn y Mecy (MumnhHOM TKUBY) CBHX BpcTa puba y OBOj
crymuju cy oune ucnog MJIK nponucanux ox crpane Espornicke Komucuje (1881/2006/EC)
u Penyonuke Cpbuje (Cnyx6enn rimacauk PC 2011). Konunenrpanuje Hg Oune cy usHan
M/JIK camo y mecy coma (0.62 mg kg'l) u3 Jlynasa (tokanutet J[3) u mpene (0.78 mg kg’l) u3
3amagne Mopase (mokamuter 3Mj), nok cy koHueHtpanuje Cd 6une uznag MJIK y mecy
coma (0.09 mg kg™) u3 Jlynasa (noxamurer Jl;) u xiena (0.1 mg kg™) u3 Jyxue Mopase
(moxamurer JMy). U3nBaja ce Pb ca xonmnentpamujama koje cy Omine m3Hax MJIK y mecy
MpeHe (Jokamuretd 3Mi, 3My, 1 u BT), knena (mokamuretn 3M1, 3M,, U, JIP u BT) u
ckobasba (mokamurern 3M u IT) ca HajBHIIOM KOHIEHTparHjoM y Mecy mpere (0.82 mg kg™)

u3 3anaane Mopase (Jiokanutet 3Mj).

Kana cy y nutamy akymynanyje, 3abenexena je konuentpanuja Cd usnax MK y
Mmecy nesepuke (0.07 mg kg'l) u3 akymynamuje Anekcanaposail. Konnenrtpamuja Pb je 6una
m3Hag MJIK y mecy neBepuke u3 akymynanuje boan (0.659 mg kg'l) U U3 aKyMyJaiuje
Anexcanzposart (0.33 mg kg™), 10k je kouuenTparmja Fe 6una msnag MK y mecy cmyha
(42.899 mg kg™) u3 axymymanuje bosan. V ykiuju, naxo je 3a aHanmse KOpHITheH KOMITOCT

JEIMHKH, HUCY 3a0emnexeHe KoHIleHTpalje Mmerana uznaa MJIK.

3a octalsie Telike merane HUCY ycnoctaBibeHe MJIK BpenqHOCTH HUTH y peryiaTuBH

EBporncke Yuuje (EY) autn y 3akononaBctBy Pemyonuke Cpouje.
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Paznuuutyn  oOnum  aHTpPONOreHOr  yTHIaja,  NPBEHCTBEHO  HMHTCH3HMBHA
WHIyCTpHjaliu3alnja, IoBenu cy no nosehanor mpucycrtBa 3aralyyjyhux marepuja, ma u
BEIMKOI Opoja TOKCHMYHMX 3araljuBaya, y aKBaTUYHUM EKOCHCTEMHMa IITO 3aXTeBa
nepmaneHTHd MonuTopunr (Nachev et al., 2010). KonramuHanmja akBaTHUHUX €KOCHCTEMA
TEIIKKM METalIuMa MOXe J]a Ce PaTH y BOAHU, CEAMMEHTY U )XUBUM opranmmuma (Agarwal
et al., 2007). KonueHTpanuje TEHMIKUX METaja y )KUBOM CBETY INPEICTaBJbajy PEICBAaHTHU]jC
MOJIaTKE 32 MOTpede MOHUTOPUHT CTyJHja aKBaTHYHE CpPEeIUHE OJf KOHIIEHTpAallWja UCTHX Y

BOAU WA CCOAUMCHTY.

C 003upoM Ja Cy TCHIKH METaJIH €0 JIaHIla ucxpaHe, Mel)y akBaTHYHHM BpCTama,
pube Cy OpraHu3MH KOjH, MO3UIMOHMPAHUW Ha BPXY JIaHIA UCXpaHEe, HE MOTy Ja H30erHy
IITETHO JIjCTBO OBHX ITOJyTaHATa, TAKO Jia Ce, KA0 TAKBH, YCIIEIIHO KOPUCTE Y MOHUTOPHHTY
3araljema oBuX ekocucrema temkuMm meranuma (Al-Yousuf & El-Shahawi, 1999; Farkas et
al., 2002; Lenhardt et al., 2015). Pube npencrasibajy jeaaH o1 HajUHIUKATUBHHjUX (aKTopa
3a mpolleHy 3arahema Boja temkuM Metanuma (Alhas et al., 2009), a To je BaxHO HE camoO y
IPOIIECY 3AIITHTE KUBOTHE CpeinHe, Beh M y mporecy mpoleHe KBajauTeTa puOJber Meca y

JbYJICKO] UCXPaHH.

N360p nHmukaTopcke BpcTe HE Tpeba ga Oyne orpaHUYeH camo Ha oipeheHu HHUBO
JaHIa UCXpaHe. MyNTHCIIEIUjCKO mopeleme Koje TOKpHBa pa3NunuTe HaYMHE HCXpaHE H
IIUPOK CIIEKTap CTapOCHUX KaTeropvja MpaBU pazNuKy u3Mmel)y HemaBHE H3IOKEHOCTH U
nyropouHor omntepehema TEMIKUM MeTanuma. [IporpamMu MOHHTOPHHTa PaHOT YIIO30peHa
Tpeba 1a Oyny IpBEHCTBEHO YCMEPEHH Ha TOI MIPEIATOPE HIDKE CTAPOCHE KaTeropuje, aliu He

3aHeMapyjyhu npyre, yrinasHoMm 6eHtodarne Bpere (Dusek et al., 2005).

I'enepanno, HajoceTpbMBHja BpCTa 3a OMOWHIUKAIHM]y 3araljema TEemIKUM MeTaluMa
Tpebano Ou na Oyze MUPOKO PacIpoCTpameHa, ITO je U ciaydaj ca BpcTama y OBOj CTYAM]H.
C 0031poM J1a MHTCH3UBHE aKTHUBHOCTH Y WHAYCTPUjU U TIOJHONIPUBPEIH HEN30EKHO JTOBOJIE
10 moBehama KOHIIEHTpallMja TEIIKKX MeTana y oTBopeHuM Bomama (Tarras-Wahlberg et al.,
2001; Jordao et al., 2002) BaxkHO je OApPEAWTH KOHIIEHTpAIlMje TEIIKUX MeTana y
KOMEpIIMjaIHO BPEAHUM PHOJBMM BpcTama Kako O ce MPOIEHUO MOryhu pU3HK 3a JbyICKO
sapassbe (Cid et al., 2001; Monroy et al., 2014). M3a0pane Bpcre puba y OBOj CTYAUJU -

cmyh), neBepuka M COM Cy KOMEpIHJaIHO BaKHE BPCTE pUOa Yy BEIMKUM PaBHUYAPCKUM
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pekama - J{ynas, CaBa u Tuca, 10k cy BpCcTe - KJIEH, MpeHa U cKo0aJb KOMEpIHjaTHO BaKHE

BpCTE y OCTAJIUM HCTpakuBaHUM pekama y Cpouju (Simic et al., 2014).

AKTHBHM MeTabonM3aM MeNarnyHuX BpcTa puba MoXe Ja JoBene 10 moBehaHor
CTENeHa akyMyJiallije MeTaja y ojHocy Ha OeHtocHe Bpcre puba (Kojadinovié et al., 2007),
Tako Ja je UCTpaKeHa W MOryhHocT ymoTpebe OCHTOIENaru4He BpCTE YKIHjE ¥

OMOMOHHUTOPHHT CTYAMjaMa TEUIKUX MeTaJja.

OcoOuHe BpcTa, Kao IMTO Cy TPOGHYKU MOJI0XKAj, CTAPOCT, BEIMYMHA Tela HIIH
TEPUTOPHja pacipocTpamema Takohe Moandukyjy odpazan onoakymynanuje metaia (Mason
et al., 2000; Gammons et al., 2006; Kojadinovi¢ et al., 2007), noka3yjyhu na xomOuHarmja
OCETJbMBHUX BpPCTa Ca pa3IU4YUTUM EKOJIOIIKMM CBOjcTBUMa o00e30ehyje HajOoospy CIHMKY
pU3MKa KOjU MpejcTaBiba 3araljeme meranuma 3a xuBa Ouha (Jorgensen, 2011). Ca apyre
ctpane, Monroy et al. (2014) HaBoge Ha ocoOMHE BpCTe HUMajy Mald yTULA] Ha
KoHIeHTpauuje BehmHe Mmeranma, ca um3y3erkom Zn, Co u Fe, Ha umje KOHIEHTpammje
MapruHajHM yTHIQ] UMa MOJ jeAUHKEe, ajdl U Ja TeHEpaJIHO HE IIOCTOjU jacaH TPEH]

npuMeheH y KOHIIEHTpaljama MeTana u3mel)y Mmyxjaka u *eHkH ozpelene Bpcre.

[IperxonHe cTynuje cy mokasajie Ja Cy KOHIIHTpallHje MeTalla HajBUIIEe y BpcTaMa
KOje HUBe y OJM3WHU CEAUMEHTA WK Y BpCTaMa Ha BUIIUM TpoduukuM HuBouMa (Roméo et
al., 1999; Mason et al., 2000; Agarwal et al., 2007; Kojadinovi¢ et al., 2007; Yilmaz et al.,
2007; Agah et al., 2009). 360or Tora cMo MPETHOCTABWIM Jla O OEHTOCHE W TMpeaaTOpCKe

BpcTe puba Tpebasio 1a cajpike HajBUIIE KOHIIEHTpAIMje MeTaa.

VYenen paznuuutor apuHuTeTa OpraHa puda 3a aKkymylanyjy TEIIKUX MeTaia ajlud U
Pa3NUYUTUX JETOKCUKAIMOHUX Mpolleca y OpraHrnMa, TEIIKH MeTald ce aKyMylupajy y
pa3IMUMTHM KOHIICHTpaIijaMa y 3aBUCHOCTH 0] Bpcte oprana (Scharenberg et al., 1994; Rao
& Padmaja, 2000; Bervoets et al., 2001). Jetpa u mkpre, ka0 MeTabOIMYKHA aKTHBHH OPraHH,
Cy riIaBHa MecTa akymynanuje metana (Yilmaz et al., 2007), 3a paznuky oa MUIIHhHOT TKUBA
KOje HHUje aKTUBHO TKHMBO y aKyMyJlalliju Telkux meraia (Amundsen et al., 1997; Tekin-
Ozan & Kir, 2008; Shinn, 2009; Visnji¢-Jefti¢ et al., 2010; Poleksié et al., 2010; Jari¢ et al.,
2011) anmu ce 0OMYHO aHAIM3UPA Y JIUTEPATYPH jep j€é OCHOBHU JI€O JbYACKE UCXPAHE  CAMHM

THM 3HaYajHu Je0 3apaBcTBeHOr pusuka (Yilmaz & Dogan, 2008; Shinn, 2009).
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Hako ce y 6pojuum ctyaujama (Bervoets & Blust, 2003; Erdogrul & Erbilir, 2007;
Uysal et al., 2009) mummhHO TKMBO T'€HEpaJHO CMaTpa TKUBOM ca He Oaml H3pakeHHM
MOTEHIIMjaJIOM 32 aKyMyJIalldjy TEHIKMX MeTaja U METAJOWAa, Y OBOj CTYIUjU MHIIUNHO
TKUBO je u3abpaHo 3a moTpedbe OMOMOHUTOPWHIA, C OO3MPOM Jla TOCTOJH 3aKOHCKa
peryiaTuBa O MAaKCUMAJTHO JTI03BOJHEHUM KOHIICHTpalljamMa TeIIKUX MeTaia y pudJbeM Mecy
(MumuhHOM TKHBY), a Takole je M HajBaXHH]E TKHBO Y KOHTEKCTY YHOTpeOe Yy JbYACKO]
ucxpanu. [loganm o mpucycTBY TEHIKMX MeTalla U METaJouaa y puOsbeM Mecy MpeCcTaBibajy
U pelieBaHTHE MOJAaTKe 3a mopeheme BuUIllle eKOCHCTEMa ald M 32 OJIPXKUBO YIIPABJbAE

AaKBaTU4YHHUM CKOCHCTCMHUMaA.

Temku Meranu y BoIu yTudy Ha KOHLEHTpALMje TEIIKUX MeTala y OpraHuMa, ra u
MUIMhHOM TKUBY puba, mTo cy OpojHe crymuje u mokaszane. Calta & Canpolat (2006),
Poleksi¢ et al. (2010) cy wcrakiam aa KOHIEHTpAIHMje TEUIKMX METajlla W MeTajouja y
opranuMa puda ynpaBo 3aBuce o 3arahera y akBaTUYHO] CPEIMHHU y KOjOj )KUBE, TaKO Ja Cy
OIpaBJaHe CTyIHje O aKyMYJIallijH TEIIKUX MeTajla U METaJon1a y TKUBIMa prda Koje MoTy
Jla YKaXXy Ha TPEHYTHE KOHIIEHTpAIlMje TEIIKUX MeTaja U METAJIIONa Y aKBaTUYHO] CPEIUHHU.
C npyre ctpane, Andres et al. (2000) u Yi & Zhang (2012) nHaBO;me na auUpEKTHA
MPOTIOPIIMOHATIHOCT HE MOpa HY)KHO Jla TIOCTOjH M3Mel)y KOHIIEHTpalHja TeIIKUX MeTana u
MeTalonjga y BOAM M OMOAKyMyJHpaHHMX TEUIKMX MeTala M METajJouaa y aKkBaTHYHHM

OpraHu3MHUMa.

Pube mory na ycBajajy Teuike Meraie y AUPEKTHOM KOHTAKTy ca 3araljleHoM BOJIOM
MIPEKO MIKpra, KOXKe M JUTECTUBHOT TPAKTa, IyTeM CEIMMEHTa KOjU MPEICTaBIba HajBAKHUJU
pe3epBoap TEHIKUX MeTajaa W 3araljuBada Koju JqocreBajy y cioboany Boay (Bervoets et al.,
2001) m wmcxpaHoM JApYrUM aKBAaTHYHUM OpPraHM3MHMAa KOJU Cy oOnTepeheHu TemKuM
metanuma (Burger et al., 2002). C 063upom 1a je ocinobahame MeTana U3 KOHTAMUHUPAHOT
CeIMMEeHTa KOHCTaHTaH IMpoIlec, HETaTHBHHE e(DeKTH MeTaja Ha aKBaTHYHE OpPraHW3Me MOTY
Jla C€ OUeKY]y JOKJIE TOoJ Cy MeTasiu y MoryhHOCTH 11a ce yrpajae y opranm3am (MacDonald et
al., 2000).

CraTHcTHUKe aHAIM3€ Y OBOj CTYAMjU Cy IOKa3ajie Jia Cy KOHILEHTpaIje HEKOJIUKO
MeTajla 3Ha4yajHO Bapupajie u3Mmel)y ucrpaxuBaHux BpcTa y pekama. Suboti¢ et al. (201306)

HCTUYY JIa HE TIOCTOje pasnuke y akymynanuju As, Cu, Fe, Hg, Mn u Zn y mummhHOM TKHBY
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MPEAATOPCKUX BPCTa CMylh) M COM, JIOK Cy PE3YJITaTH y OBOj CTYAM]H MOKa3aau J1a ce coMm (S.
glanis) u3nBaja kao BpcTa Koja MOXE aJeKBAaTHO Ja yKaKe Ha KOHIICHTpaIUje MeTana y
aKBaTUYHO] CPEAWHHM, ITO C€ HABOAM | Yy cTynuju Squadrone et al. (2013). 3a paznuky on
cmybha Koju ce XpaHW y OTBOPEHHMM BoOJlaMa M PETKO MOXKe Ja ce Halje y Bererarujom
obpacinoj autopanHoj 3ouu (Vehanen & Lahti, 2003), coM XMBH y JIUTOPATHO] 30HH HUKHUX
JIeNIOBA BEIIMKUX PEKa U MYJbEBUTUM je3epuMa TAe je M3JI0XKEeH U 3aralemy M3 cenuMeHTa
(Carol et al., 2007; Copp et al., 2009). Takohe, com uma MUPH CIIEKTAp UCXPaHE y OJHOCY HA
cmyba jep ce XpaHU OpraHM3MHMa Ca JIHA, Ka0 HITO Cy IIKOJbKE, MYy)KEBU U JIPYT'H OCHTOCHU
OrpaHU3MH, TaKO Jla je HAYMH MCXPaHe BEPOBATHO W PAa3JiOr BUIIMX KOHIIEHTpAIMja Y OBOj
MPEeIaTOPCKOj BPCTH Yy ofgHOCY Ha cMmyha. [Ipematopcke BpcTe, Yak W JYBEHWIH, MOKa3yjy
3Ha4YajaH MHIUKATOPCKH MOTEHIHjal 3a Hg, ca MakcCMMamHUM BpEeTHOCTUMA aKyMYJIHPaHUM
y MUIIMNHOM TKHBY Yy OJHOCY Ha BpcTe ca Hmker Tpoduukor HuBoa (Farkas et al., 2005;
Dusek et al., 2005; Celechovska et al., 2007; Ken3ova et al., 2010; Zrné&ié et al., 2012; Zrn&ié
et al., 2013). Havelkova et al. (2008) naBome ma ce y Beoma 3arahenoj Bogu Hg yrimaBHom

aKyMyJHpa y JeTpH, 0K ce y Mame 3aral)eHuM Bojjama akyMyJiipa y MUIIMNHOM TKUBY.

Pesynratu y oBOj cTyauju cy y ckiaay ca TBpamama Rincon-Leon et al. (1993) u
Zmci¢ et al. (2013) ma Huje HY)XHO TpPaBHIO Ja Cy IHpemaTopcke BpcTe HajOoobu
OMOMHIUKATOpHU. Y OBOj CTYIHjU M3/1aBaja Ce JICBEPHUKA Ca HAJBUIIIMM KOHIIEHTpaIjama As u
Mn. Konuenrtpanuje ykynHor As (HEOPraHCKOT U OPraHCKOT) y CJIaTKUM BoJlaMa MOTY Jia ce
pa3NuKyjy y 3aBUCHOCTH O]l JIOKaJHE T'€OXEMH)CKE CpEeJMHE M AaHTPONOIeHHX YTHIIaja
(Squadrone et al., 2013). Pesynratu maOroopojHux cryauja (Has-Schon et al., 2006; Falco et
al., 2006; Visnji¢-Jefti¢ et al., 2010; Squadrone et al., 2013) moka3syjy 1a Cy KOHIICHTpaIIHje

apceHa HUCKe y BehuHM puba, any yBeK ca HajBUIIMM KOHIEHTpalrjaMa y MUITMNhHOM TKUBY.

Zarski et al. (1995) n Svobodova et al. (1999) 3aksbyuniu cy na cy GeHToharsne BpcTe
Koje ce xpaHe OJM3y JHa OCETJbUBH]H WHIUKATOPH KOHTAMMHAIIM]E TEIIKHM METalnMa, y
3aBUCHOCTH OJ] CTCTICHA T'yTama CEJUMEHTAa W JIUPEKTHE H3JI0KEHOCTH KOHTAMHHHPAHUM
yecturiama. Farkas et al. (2003) HaBoae na mesepuka (A. brama) moke ga Oyae KOpHCHA y
OnouHANKAIUju 3araljema Boia TemKUM Metanuma, 10k Poleksic et al. (2010) u Sunjog et al.

(2012) uctuuy na mpena (B. barbus) uma Bpenan Ouounamukaropcku nmoreniujain. OBe 1Be
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TBPJIlbE€ CY y OBOj CTYAWJU W MOTBpheHe. Y MUIIMNHOM TKHBY MpEHE y OBOj CTYIHJU CY
KOHCTAaTOBaHE CTAaTHUCTUYKH 3Ha4yajHO Buile KoHumeHtpauuje Hg, Mn u Pb. V cryauju
Maceda-Veiga et al. (2013) cy rtakohe koHcTaToBaHe BHCOKE KOHILEeHTpauuje Hg y
mumurhaom tkuBy mpene (B. meridionalis). [Tonekan je u cimyan obOpasall OnoakymyJiarmje
MeTasa npumeheH y nenaruaHuM ¥ OEHTOCHHM BPCTaMa jep CBE OBE BPCTE MOTY Jla CE XpaHe
ApU(TOM U MHBEpTEOpaTUMa JHA, TAKO Ja MPUIMKOM UCXPAaHE MOTY Ja TYTajy CEAUMEHT WU

cycnenaoBane oprancke marepuje (Parenti, 1984; Vila et al., 2007).

babymka u neBepuka ce H3ABajajy Kao Bpcre ca Hajsehum Opojem HajBHIINX
KOHILIEHTpalMja MeTana y akymynanujama [pyxka u boBan, m0k je y akymynauuju
Anexcanaposarnl Behu 6poj BUIIMX KOHIIEHTpalMja MeTalla perucTpoBaH koJ aeBepuke. Kana
ce ymopeze ABe akymynanuje cnuane tpoduje, ['pyxa u boBan, y MummhHOM TKHBY cMmyha
u3 akymynandje I'pyka KOHCTaToBaHE Cy BHIIE KOHILEHTpamuje Pb u HIke KOHIEHTparumje
Cd, Cu, Mn u Hg, nox cy y mummuhHOM TKHMBY COMa M3 MCTE€ aKyMyJalyje KOHCTaTOBaHE
Buiie koHueHntpamuje Cd, Cu u Mn u Hmwxke xonuenrpainuje Pb u Hg (Miloskovi¢ et al.,
2014). Monroy et al. (2014) HaBoz€e 1a JIOKAJIUTET Haj3HAUYajHHUjE€ YTUUYE HA OMOaKyMyJalujy
Hg anu je m unTepakumja usmel)y BpcTa M JIOKaIUTETa Takohe 3HaAuYajHA 3a aKyMyJaiujy
BehuHe eneMeHarta. ¥ je3epuma ca CIMYHUM onTepehemeM Boje TEHIKMM MeTaluMa MOTy Jia
ce KOHCTaTyjy pube ca BpJO pa3IMYUTUM KOHLEHTpalMjaMa MeTajla ycled pasiiuka y
OMOJIOIIKAM, TEOXEMHUJCKUM M JAPYIMM YUHHOIMMA J>KHBOTHE CpPEIMHE KOjU YTUYYy Ha

yCBajame U akymyJanujy metaia y pubama (Chen et al., 2000; Ward et al., 2012).

Vknuja je akTuBaH U Op3 IJIMBay, Tako Ja Op3 meradoyiM3aM OBE BPCTE MOXKE J1a
JI0OBEZIE 10 KOHIIGHTpUCAama TEMIKMX MeTalla U METajloWJa BUIIE HEro KO/ IPYTuX BpcTa
(Serra et al., 1993; Kalay et al., 1999; Canli & Atli, 2003). YV cBUM HCTpaKMBaHUM
aKyMmylangjama y oBoj ctyauju, Melyspuije, 3aBoj u Bracuna, ykiauja je akymynupana
HajBule KoHueHTpauuje Zn, Fe, Mn u Al. Cratuctuuka aHanu3a je mokasaia Jia ce 3aBoj
13/IBaja BUCOKOM KOHIIeHTpanujoM As, a Bnacuna Bucokom konuentpauujom Fe. Merciai et
al. (2014) cy nokazanu a o/ OCTaUX MUCTPAKUBAHUX BPCTA LIUIPUHUAA, YKIHjAa aKyMyJIupa
cBe ucnutuBaHe meraine u metanouae (Al, Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb u As) mro

JI0Ka3yje BUCOK OMOaKyMyJIaTUBHU MOTEHITM]aJl OBE BPCTE.
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JlurepaTypHH TOJNAIM O TEIIKUM METAIMMa M METAJOWJMMa y pUOJBHM BpcTama y
pexama y CpOuju mokasyjy Ja cy MHOTe BpcTe puba, TKMBa M OpraHa J0 cajia MpoydaBaHHU.
Visnji¢-Jefti¢ et al. (2010) ucrpaxuBanu cy konunenrpamuje Al, As, Cd, Cu, B, Ba, Fe, Mg,
Sr, Zn, Li, Co, Cr, Mn, Mo, Ni u P y mumuhHOM TKHUBY, jeTpH W IIKprama IPHOMOPCKE
xapunre (Alosa immaculata Benet 1835) u yrBpawinM HajBuille KOHIEHTpamuje As y
MummhHOM TKHBY oBe BpcTe W KoHueHtpauuje Cd u As msznag MJIK Bpennoctu. TkuBa
keunre (Acipenser ruthenus) jerpa, mkpre, 1peBa u Muuhu cy kopuinhenu y ctyauju Jarié
et al. (2011) 3a ananu3y koHueHrpanuja Ag, Al, As, B, Ba, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni,
Pb, Se, Sr, Zn u Li, rae je MumuhHO TKHBO MOKa3aJl0 HajMamwy TEHICHLM]Y 33 aKyMyJalujy
TEIIKUX MeTaja W Merajouja, Mana je kouueHtpanuja Cd memmmuyano Owna msnang MJIK.
[Ipema HaBogmma Suboti¢ et al. (2013a,0) camo cy konmentpanuje Hg u Zn Owie u3Haj
MJIK y mummhaom tkuBy cmyha (S. lucioperca), coma (S. glanis), manuha (Lota lota),
mapana (Cyprinus carpio) u rmaBoda (Neogobius gymnotrachelus wu Neogobius
melanostomus). ¥V mopelemy ca Bpcrama y OBOj CTYIHjH, TOpe MOMEHYTH ayTOpU CY
3a0eneXuIi BUIIE KOHIIEHTpalje ckopo cBux enemenara (Al, As, Cd, Fe, Hg, Mn u Zn y
y3opuuMa cmyha u Al, As, Cd, Fe, Hg, Mn u Zn y y3opuuma coma). Jovici¢ et al. (2015) cy y
14 TkuBa coma (S. glanis) ananusupanu konuenrpanuje As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni,
Pb, Se u Zn u cBe xonnentpanuje cy oune ucnoa MJIK. Konnenrpamuje As, Co, Cu, Fe, Hg,
Mn, Ni u Zn cy Ousne Buie 10k cy koHueHntpauuje Cd u Pb 6uie Huxe, a konuentpauuje Cr
npuOIMKHE KOHIEHTpalnMjaMa y oBoj cryauju. Hajsehm Opoj Bpcra, TOJICTONIOOMK
(Hypophtalmichtys molitrix), nesepuka (A. brama), kpynarura (Blicca bjoerkna), mrapasn (C.
carpio) u com (S. glanis) je ooyxsahen y ctyauju Lenhardt et al. (2012) y kojoj cy Al, As, B,
Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, Pb, Se, Sr u Zn anajnu3upanu y jeTpH, Mumuhnma,
mIKpraMa ¥ TOHajJaMa, a KOHCTaToBaHEe Ccy camo KoHueHTpamuje Fe m Zn wmznan MJK.
Konnenrpauuje Al, Fe, Mn u Zn y mummhHom TkuBy neBepuke u Cu, Fe, Mn u Zn y
MUIIHNHOM TKUBY coMma Cy OHIie BHIIE OJ] KOHIICHTpaIlija UCTHX MeTaja y UCTHM BpcTama y
oBoj ctyauju. OBO je BeoMa BakaH MoJIaTak ¢ 003UpOM Ja Cy Ay>KUHE pruda y rope HaBeIeHO]
CTyIUju Ouje Mame oJ AykuHa puba y oBoj cTyauju. CBe MOMEHYTe cTyauje cy ypaheHne y
pern [lyHaB, yrmaBHOM y Onu3uHHM ThaBHOT Tpaaa beorpama. Ilocroju HemocraTak
JTUTEPaTypHUX IMOJIaTaKa Kaja je y MUTamky CaaApiKaj TeIMIKHUX MeTajla M METaIOU/1a Y puOJbUM

BpCTaMa y aKymyJianujama.
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Bpcra merana, meTabonuuke 0coOOMHE TKMBa M CTEIeH 3araljema )KHBOTHE CpeIuHe
TEIIKUM METaJliMa yTU4y Ha HUBO OMoakymynanuje Mmetana kox puba (Prosi, 1981). BCF
dakTop ykasyje Ha TO Aa, Owio na ce MarHudukanuja oaBuja Kpo3 TpoHUUYKM JaHaIl,
BpenHocT Beha ox 1 ykasyje Ha 6moakymynanujy (Rashed, 2001). I'enepanHo y oBOj cTyauju,
Bpennoctr BCF (akTopa cy y cBUM BpcTtama 3a cBe MeTalie (ceM y HekuM y3opuuma 3a Co u
Al) oune ume on 1. Kao mro je u oueknBaHO, OBa CTy/AMja ja TOKa3aia Ja Cy HajBUIIE
Bpennoctu BCF dakropa xorcraroBane 3a Hg (Tabene 14 u 15), mTo je Takohe morBpheHo u
y crymujama Dusek et al. (2005), Has-Schon et al. (2008), Nabavi et al. (2012) u Suboti¢ et
al. (2013a,6) xoju cy motBpawiu na ce Hg akymynupa y HajBHIIUM KOHIEHTpaldjama y
mummhaoM TKHBY. Y oBOM nctpaxuBamy BCF ¢dakrop je nmao Bucoke BpenHoctu 3a Fe y
3amagnoj Mopasu u Zn y JyxHoj MopaBu u pekama y Mcrounoj Cpbuju, kao mro cy
Benuku Tumox, MnaBa u Ilek. ['eHepanno, mpematopcke BpcTe€ Cy HUMale HajBUIIE
Bpennoctu BCF 3a Fe, mro ce moxe Buumetu u y cryauju Suboti¢ et al. (2013a). ¥V
akymynarujama ['pyxa nu boan BCF BpenHocTu cy Omite HajBuie 3a 60a0ymKy U IeBEpUKY,
JIOK j€ yKJIMja [oKa3aja HajBUIIM apUHUTET 3a OnoakyMmyinauujy Zn u As, a Hajuuxu 3a Cd u
Ni. ApceH MMa 3HauyajHy TEHAEHIH]y akymyiauuje y ceauMeHTy (Smedley & Kinniburgh,
2002). Wnak, wu3rnena Ja OpPraHU3MHM KOjU C€ XpaHe IUIAHKTOHCKMM OpraHu3MuMa
aKyMyJIMpajy BHILE KOHIIEHTpalllje apceHa, U To HajBuuie y mumuhaom tkuBy (Falco et al.,

2006; Visnji¢-Jefti¢ et al., 2010), nero npemaropcke Bpcte pubda (Storelli et al. 2005).

MPI BpeanocT je moy3manuju nokazaresb o BCF ¢gakropa y MOHHTOpHHT CTyIujama
3araljema Bo/Ia TEHIKUM MeTalnuMa, ¢ 003upoM Aa, 3a paznuky ox BCF, y3uma y o03up cBe
MeTajie UCTOBPEMEHO. Y Clle]] HeCeIEHTapHOT HaYMHA KHUBOTA, IPEJATOPU CE XpaHe Y Mambe
3aralleHUM MoJpy4juMa, MTO pe3ynaTyje HuwxkuM BpenHoctuma MPIl. MPI Bpegnoctn 3a
mutrhao TKUBO cmyha u coma (0.840 u 0.907) y oBoj cryauju (Cnuka 13) cy Ouie HuXe o1
BpenHocTH y cTyauju Suboti¢ et al. (20130) 3a ucte BpcTe, CAMYHE AYKHUHE KAO0 U Y OBOM
UCTPaXHBamy, a KOje Cy U3padyHaTe Ha OCHOBY IuecT enemenata (As, Cu, Fe, Hg, Mn u Zn).
Hctu ayropu uctudy na cy Bume BpenHoctd MPI nerekToBaHe y miapaHy M IJIaBOdy Y
OJIHOCY Ha cMyha u coMa ycieq NeTPUBOPHOT HAauYMHA WCXpaHe, y3uMajyhu y o03up 1a je
HUBO TELIKMX MeTana y ceaguMmeHTy peke JlynaB mosuiuen (Babi¢-Milanovi¢ et al., 2003;
Crnkovi¢ et al., 2008; Kristiforovi¢-1li¢ et al., 2009; Rowland et al., 2011). 1 y oBoj ctynuju

TO je ciy4aj, Tako 1a je yak y /lynaBy (jokamurer [{3) u Tucu MPI Bpegnoct Ouna HajBuia
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3a neBepuky. Y cryauju Jovicic et al. (2015), MPI BpennocTu 3a MumuhHO TKHUBO coMa, UCTE
Iy)KUHE Kao Y OBOM HCTpakuBamy, uzpauyHare 3a 11 ememenara (As, Cd, Co, Cr, Cu, Fe,
Hg, Mn, Ni, Pb u Zn), 6mie cy auxe ox 0.1. [Ipemaa cy MPI non yrumajem enemenara Koju
Ce KOPHUCTE 32 HBEroBO padyHame, OBO MOX/Ia o0jalmaBa pa3iuke u3mel)y Halie u JBe rope
HaBeneHe cryauje. Jom jeman on (akropa koju yrudue Ha MPI Bpemnoctu je maca pube
(Suboti¢ et al., 2013a,6). 1 Cagador et al. (2012) HaBoje na KpymHHje jeIUHKE MOKa3yjy

ke BpeaHoctu MPI (yBek mame o7 3) y mopehemy ca qpyrum BpcTama.

Pesynraru BCF ¢akropa u MPI| nnaekca ropope y mpuior jga cy JeBeprKa U MpeHa
n00pr OMOMHIMKATOPH 3a YCIOCTaBJbame OynyhuX MOHMTOPHHI CTyAMja KBAJUTETa BOJE Y
pekama, 10K je OaOymka nobap OuomHauKaTop y akymyiaudjama. C o03upoM ga cy
KOHIICHTpPAIIMj€ TEIIKNX MEeTajla ¥ METAJION/Ia y aKBATUYHO] CPEIMHU OWJIe peTaTUBHO HHCKE,
BHCOKE KOHIICHTPALMj€ TEIIKMX METaJla ¥ METaJou/a y MUIIMNHOM TKHUBY J€BEpUKE, MPEHE
u 0aldy1Ike Cy jouI jeaHa MOTBPAA Ja YHOC TEIIKMX METala U METaJIOna U3 XpaHe JOMHHUPA

(Dallinger & Kautzky, 1985).

Ynorpedbom MPI Bpennoctu, npeioxkeHna je knacudukaiuja 3aralema Bojia TEIIKUM
MeTanuMa 3a Benuke peke y CpOuju u Tpu akymynanuje (TabGenma 16), a pesynarar ose
Kiacudukanyje KBajuTera BojJe je opMupana mama 3araljema BoJa TEHIKUM METAIMMa Y

Cp6buju (Cnuxka 16).

ITossonpuBpena je Beh nyro rmaBHu ocnonar npuspene Cpouje. Ilossompuspente
MOBpIIMHE 3ay3uMajy ckopo aBe TpehuHe tepuropuje CpbOuje. ArpoTexHHUKE Mepe Y3
HEKOHTPOJHMCAaHy YIOTpeOy XEMHJCKUX CpElCTaBa, ycjel CIHpama ca IMOJbONPUBPEITHIX
MOBPIIIMHA, JONpPUHOCE 3araljery akBaTWYHUX NOBpIIMHA y OnmsuHHU. [Iponemyje ce ma ce
ok0 90% cBUX MHIYCTPHUJCKUX OTHaIHUX Bojaa y CpOuju HCIyIITa Yy aKkBaTUUHY CpeluHy 0e3
nperxoaHor tpermana (MilijjaSevi¢ et al., 2010). Pexka JlyHaB mpoTuye Kpo3 JeBETHaeCT
3emasba (Sommerwerk et al., 2009) Tako na je W3I0KE€HA MPUINBY BEIHKUX KOJMYMHA
ormaaaux Bona (Teodorovi¢ et al., 2000). ¥ Cpbuju mpuma HenpeunirheHe oTnaaHe BOJE U3
OpojHUX MHAYCTPHUjCKHUX oOjekata cMmemTeHnx ayx peke (Stankovi¢, 2006; Milanovié et al.,
2010), nocebHo y Onm3uHM Benukux rpagosa (Stani¢ et al., 2006). bpojuu uHIyCTpUjCKH
nentpu (Milanovi¢ et al.,, 2010), xao mro cy HoBu Can, beorpax, IlanueBo u bop,

KOHTHUHYUPAHO WCIYIITajy paznuduTe 3arahuBaue y Tok JlyHaBa kpo3 Cp6ujy (Stani¢ et al.,
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2006). Hajpeha mojenunauyna ,,Bpyha* Tauka (,,hot spot™) je MHIYCTPUJCKH KOMILIEKC Y
O6mu3uHM rpaaa IlanueBa-oTmagHe Boje ce UCIYIITA]y Y KaHAIM3AIMOHE OTIAJHE BOJE KOje
ce ynmuBajy y Jynas (Jovancevic et al., 2005). Ocum Tora, cemumMeHnT y JlyHaBy U HETOBUM
npuTokama, kao mto ¢y Tuca um CaBa, canpku noBuiieH HUBO Zn, Mn u Pb (Jankovi¢ &
Jovici¢, 1994). Ha ocHoBy nperxonnux cryauja, Teodorovi¢ (2009) koju je U3ABOJHO TEIIKE
MeTalie kao riiaBae 3arahusaue y JlynaBy y CpOuju, moce6Ho m3pakeno uzmehy Hosor Cana
u beorpana (nBa Hajeha rpana), u Sakan et al. (2013) koju cy yka3aiu Ha BETUKY €KOJIOIIKY
OIACHOCT U MOTpeOy 3a MOHUTOPUHIOM CTama KUBOTHE CpeArHEe y peiu Tucu, moactuuyhu
pa3Boj eukacHe CTpaTeruje 3a CMambCHhe JOKATHOT 3araljema, 0YeKUBalld CMO BUCOK HUBO
3araljema puba TEMKUM MeTanuMa y oBoj cryauju. CenqumenT y Oym3uHu beorpana caapxu
noBuiieHe KoHneHTtpamuje As, Cu m Hg, ycnen 3arahema koje moHocu peka CaBa u
HEJIOBOJAHO TPETUpPaHe oTnajaHe Bojae u3 rpaaa (Babi¢-Mladenovié et al., 2003; Crnkovi¢ et
al., 2008; Triebskorn et al., 2008). Pexa Tuca, nmputoka JlyHaBa, je Takohe 3araljena kpo3
OpojHEe MHIYCTpHjCKE aKUWACHTe Yy pernoHy KapmaTta, kKoju uMa Iyry Tpagulnujy y
pynapctBy, nmocebno Au, Ag, Pb, Zn, Cu, Cd u Mn. U mopex cBera rope HaBEIECHOT,
MUIIMNHO TKUBO puba U3 MOMEHYTHX peKa je OMJI0 HE3HATHO WIIM YMEPEHO 3araljeHo TeIKUM
MeTalluMa y OBOj cTynuju. Mnak, KOHIleHTpalyje MeTala y TKUBUMa puba Cy BHILE HETO y
BoU. Pasior 3a To je TaloXeme U aKyMyJIupame MeTaia y AyOJbUM ClI0jeBUMa BOJIE, TAKO J1a
ce OBM METAIM aKyMYJIMpajy y TKHBHMa M OpraHuMa puba ycliea yHOca M3 CEIUMEHTa WU

IIyTEM UCXPAHE.

Sakan et al. (2015) cy 3abenexxunu HajBehe 3araljeme y y3opruma cenuMeHara U3
3amague MopaBe, a Koje IMOTHYE U3 MHIYCTPUJCKUX IOCTpOjea U pYyIHUKA, U
arpoTeXHUYKHUX Cpe/CTaBa, YIIIaBHOM YCIe] 3710ynoTpede mpou3Boja KOju caJp’ke MaHTaH,
kao mrto cy hyOpuBa m ¢ynrumuaun. CBe OBO je BepoBaTHO jaoBeno 10 Bucokux MPI
BPEIHOCTH 32 MPEHY Yy OBOj PEIH U TO j€ JOII je/laH J0Ka3 Ja akyMyJialpja MeTaia y pudbama
MOTHUYE U3 CEAUMEHTA KOjU aKyMyJIUpa TeIIKe MeTalle M Yije KOHIEHTpalKje Cy Y4eCTO MHOTO
nyTa BUILE HEro KOHIEHTpauuje y cinoboanoj Boau (Salomons & Forstner, 1980), amu u
opraHu3ama M3 CeMMEHaTa KOjU CBOjUM aKTHBHOCTHMAa MOTY Jia m30ale HeKe MeTale W3

CeIMMEHTA y CII000IHY BOAY.

Y MHOTMM akyMmynamnujama y IeHTpaimHoM aeny CpOuje Hamiia3u ce Ha Tpolsem
KoHTaMUHHpaHux cequmenara (Ivancev-Tumbas et al., 2004). Kaga ce ynopene akymynaiuje

I'pyxa u boBan, koHcTaTyje ce Behe onTepeheme TENIKUM MeTanuma y akymymiamuju ['pyxa.
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Paznor Mokma Jiexuw y UYMILCHHWIM J1a jeé OBa aKyMylanuja moj BehuM aHTPOIOTeHHM
yTUIajeM yCle] MOJbONPUBPEIHUX aKTMBHOCTH Ha caMoj 00aliii, HellerajHe Tpaambe alld U
MarvcTPaHOT IyTa KOju mpena3u npeko akymynamnuje (Miloskovié et al., 2013). Mehytum, y
akymynanuju boBan 3a0enexene cy koHnentpanuje Pb uznag MJIK y mecy aesepuke (0.659
mg kg'l) (Miloskovi¢ et al., 2014), nok cy konneHTtpanuje Fe Owmre m3nag MK y mecy
cMyba (42.899 mg kg™) (Milogkovié et al., 2015). Kako naBoge Wang et al. (2011), pasior je
CeIMMEHT KOjU HHUje caMO MECTO aKyMylupaHuX 3arahuBaua w3 Boje, Beh W cexyHmapHU

n3BOD 3aralhema.

CratkoBosiHE pube Cy HajBUILE EKCIIOATUCAaHU BOJIHH PECYPC, IITO MPEACTaBIba OKO
4eTBpTUHY (0KkO 20 MUJIMOHA TOHA TrOJUIIke) cBeTcke xpane u3 Boae (FAO, 2008). Pube u3
OTBOPEHHUX BOJIa CMAaTpajy ce ,,AUBJBHUM™ jep He MOCTOju MOTYNhHOCT KOHTpOJE KBAJIUTETa
KHUBOTHE cpenuHe y kojoj pacry (Clarkson, 1998). Takse pube, ka0 Aeo JlaHIa UCXpaHe,
NPE/ACTaB/bajy HaAjBEpPOBATHHU]jE IIYT H3JIOKEHOCTH XyMaHE IMOMyJaluje pPa3IHuIuTHM

3araluBaunma, mel)y KojuMa Cy U TeIIKH METaH.

HNako mocroje pa3nuuuTe HYTPUTHBHE IIPEIHOCTH YCieJ KOH3yMmaluje puoe,
yTJIaBHOM 300T cajpraja mpoTerHa BUCOKOT kBanuTeTa (pude o6e36ehyjy 17% on ykynHux
IIPOTEHHA JKUBOTUICKOI MOpekna M 6% oa YKymHOr yHOca IpPOTEHHA), BUTAMHMHA U
ecenjannux Hyrpujenata (Adeyeye, 2002; Zalloua et al., 2007; Ersoy & Celik, 2010), no
JlaHac HUje UCTpa’keHa paBHOTEXa U3Mel)y KopHCcTH U pHU3MKa ycie KOH3yMaluje 3aralenor
pubJber Meca XeMHjCKUM 3arahjuBayrma, a caMMM TUM U TemKkuM Metanuma (Domingo et al.,

2007).

Y 0BOj crymmju, 3abenexena je konnenrpauuja Hg (0.62 mg kg™) msmag MJIK
BpeAHOCTH y MuIInhHOM TKUBY coMa y [lynaBy (jokanuter [3) (Miloskovié et al., 2016).
Hajuemthu nyt yHOCa XuBe y JbYJCKH OpraHu3am je ymnorpeda y MCXpaHu puOe U3 KUBOM
3aral)eHor nojapydja, a HajBehy OIacHOCT 1O JbY/JCKO 3paBibe MpeACTaB/ba OPraHCKH OOJIHK,
1j. metmir-kuBa (Clarkson, 1990; WHO, 1990; Shimshack et al., 2007). )KuBa neratuBHO
yTH4Ye Ha HEPBHH CHUCTEM, KapIHOBACKyJapHH M UMYHH CHCTEM, TaKO Jla je HEOIXOIaH
MOHHUTOPHUHT YKYITHE J)KHBE M HeHe opraHcke ¢popme y mummhHoM TkuBy pubda (Sedlackova
et al., 2013). ¥V cryauju Suboti¢c et al. (20136) Takohe je KOHcTaTOBaHA TMOBHUIICHA

koHneHtpanuja Hg y mummhaom tkuBy coma. Konmentpanuja Cd (0.09 mg kg'l) W3HAJ
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MJIK je xoncrartoBana y JlynaBy (nokamurter ;). JoviCi¢ et al. (2014) HaBome ma pubsbe
Meco ca nopuiieHuM KoHleHTpanujama Hg u Cd u3 JlynaBa Moe J1a ce KOPUCTH Y JbYICKO]
UCXpaHM C€aMO y OTpPaHMYCHMM KOJIMYMHAMa M Ja jeé HEONXOJHO Ja C€ YCIOCTaBU
IIepMaHEHTHU MOHHTOPHUHT y 0B0j obsactu. [lomro cy konnenrpanuje Hg u Cd 6une nzHan
MJIK y 3anagnoj Mopasu (Jiokanurer 3M;) u JyxHo] MopaBu (JiokanuteT JM»), 0OqHOCHO
KoH1eHTpauuje Pb y 3anmagnoj Mopasu (sokanutetu 3My u 3My), Uopy, dpuau u Benukom
Tumoxky mnpemnaxkemo nga puOOIOB Ha OBUM pekama Tpeba Ja ce orpanuyu 300r
MOTEHIIMjATHOT PH3KKa 3a 3/1paBJbe Jbyau. Hajeehe 3araheme meranmuma Pb (15.8 pg/L), Ni
(41.11 pg/L) u Cd (0.8 ng/L) je koncraroBano y rpany Kpymesny (Devié et al., 2013).
Kpymesan npunama 6aceny 3anagae Mopase Koja je H3JI0KESHA BEJIMKUM HEKOHTPOJIMCAHUM
YHOCOM MeTana u3 aHtpomnorenmx m3Bopa (Sakan et al.,, 2011). [To3Hato je ma o0BO
WHJIYKYje CMambeHH KOTHUTHBHHM Pa3B0Oj U WHTEICKTYAIIHW YYMHAK KOJ jaeue u mnosehasa
KpBHHU MPUTHCAK U KapAroBacKynapHe 6onectu koa oapaciux (Commission of the European
Communities, 2001). [Ipemaa cy 0OMYHO KOHIICHTpAITUje OJIOBAa Y BOJM HHUCKE, YaK U KaJia Cy
BHCOKE KOHIIEHTpAIIM]e Y CEAUMEHTY, XpaHa je 3HauajaH U3BOp OBOT MeTana 3a pude (Javed
& Hayat, 1996; Clearwater et al., 2000). Kana cy y nuTtamy akymynamuje, 3a0eleKeHa je
koHnenTpauuja Cd usnan MJIK y mecy nesepuke u3 akymynauuje Anekcanaponar (0.07 mg
kg'l). Konnentpanuja Pb je Ouna m3nag MJIK y Mecy neBepuke u3 akymynanuje boBan
(0.659 mg kg™) i u3 akymynanuje Anexcanaposar (0.33 mg kg™), 1ok je konuentpanuja Fe
ouna usHax MJIK y mecy cmyha (42.899 mg kg™) u3 axymymarmje Bosan.

OBa cTyaMja ocCTBapwia je CBOj NpHMapHM LMJb, Mamy 3arahema BojJa TEIHIKHM
Metanuma y CpOuju, Ka0 OCHOBY 3a Jlajba UCTpakMBama. TOKOM MPOTEKIIE JBE ACLEHHje, Y
CpOuju HHje IOILIO 10 eKCIIaH3Uje UHAYCTPHJCKUX aKTUBHOCTH, IITO j€ Pe3yJTHpAIo je/Ba
MPUMETHUM aHTPOINOTEHUM YHOCOM TEHIKMX MeTaja Yy peKe Koje ce Hajaze y OJM3uHU
MHIyCTpPHje, TaKo Jia Cy BENMKE peKke JaHac HezHaTHO 3aralene. C apyre cTpane, 3amagHa
Mopasa u Ilek Mory ga ce o3Haue Kao peke Koje cy 3araljeHe Kaja Cy y MHUTamy TEIIKU
metanu. IIpernmocraBka je na je 3araheme TemkuMm Metanuma 1990-tux 3apoOibeHO y
CeIMMEHTY, IITO je JTOBEJIO /10 MOBHIIEHUX KOHIIEHTpAIlMja TEHIKHX MeTala W METajJouia y
BpcTaMa Koje JKHBe M XpaHe ce npu AHy. Ctora, mpeoskeHa mMamna 3araljerma BoJa TEIIKUM
Mmetanuma y CpOuju mokasyje TpEeHYTHO CTame YMTaBOr ekocucTema. HuBo akymynammje
TEIIKUX MeTajla y CBaKoj OJ MCTPAXHBAHUX BPCTa BEPOBATHO NPEACTaBIba IMOCIEAUILY

MPUCYCTBA OBUX MOJyTaHaTa Y )KMBOTHO] CPEAMHHU, KaKO Y BOJU TaKO U y CEANUMEHTY.
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Ha OCHOBY p€3yJiTaTa OBUX UCTpaAXKUBalka, MOT'Y Ja CE U3BEAY CJIC,I[ChI/I 3aKJby4llu:

e JloGap oxaroBop puba Ha TMNPOMEHE >KUBOTHE CpEIMHE YHWHU HX [OTOJHUM
OnouHANKaTopuMa 3arahema y WHTETPHCAHUM CHCTEMHMa 3alliTUTE JKUBOTHE

CpenuHe.

e Hajsume xonuentpamuje Zn, Fe m Al u najamwke xonuentpamuje Cd, Co u Ni

KOHCTATOBAaHEC CY y MuIInhHOM TKHUBY CBUX BPCTaA.

e [lpucyran je BeoMa BHCOK CTEICH MU(EpCHINjaTHE aKyMyJalHje TeIIKUX MeTaja |
MeTanoua Mehy paznuuntuM BpcTama y pekama. JleBeprka ce u3/Baja ca HajBUIINM
koHIeHTpauurjama As u Cu, 10K ce COM M3/iBaja ca HajBUIIUM KoHIeHTpanujama Cd u
Hg, a cmylh) ca HajBummmM kouneHTpanujama Al. Ca npyre cTpaHe, MpeHa ce U3/Baja

ca HajBUIIKMM KOHIIeHTpanjama Mn u Hg.

o V akymynanuju ['pyxa u3nsaja ce 6a0ymika ca HajBuIIoM KoHieHTpanujom Cu, 0K

ce COM M3/IBaja ca HajBUILIOM KOHIIEHTpauujoM Pb.

e V akymynanuju boBaH u3/Baja ce JeBepHKa ca HAJBUIIOM KoHIeHTpanujoM Fe, mox

ce cmyl) M3/1Baja ca HajBUIIOM KOHIEHTpaujoM Mn.

e V akymynanuju AJekcaHapoBal] 3a0efiexxeHe Cy CTaTUCTUYKU 3HAa4YajHE pa3jIMKe 3a

Hg, Zn u Ni, ca HajBuImuM koHueHTpanujamMa Hg u Zn y 6a0ymku u Ni y 1eBepuiy.

e Vkinja noka3yje HajBehu adpunurer 3a akymynauujy Zn, Fe, Mn u Al a Hajmamu 3a
Cd u Co. Ha ocHOBy akymynanMje TEIIKHX MeTala U METaloHJa y KOMIIO3UTHHM
y30pIMMa YKJIHje, U3/IBaja ce akyMmyJjaluja 3aBoj ca HajBUILIOM KOHIIEHTPAIjoM As,

nok ce Bnacuna u3zaBaja ca HajBUIIOM KOHIIEHTpanujom Fe.

e BCF ¢akrop ykazyje Ha BUCOKY OMOaKyMyJlIaTUBHOCT, u3y3eB Co um Al kox Hekux
y30paKa, CBUX TEIIKHX MeTaJa M MeTalouJa KOJA CBHX BpCTa. Y pekama Cy
3abenexxene HajBuie BpegHoctd BCF daxtopa 3a Hg u Pb, 1ok cy y akymynanujama
KoHcTaTroBaHe HajBuiue BpeaHoctH BCF ¢dakropa 3a Hg u Zn. I'enepanno ce

W3/1Bajajy MpeaaTopcke BpCcTe ca HajBuimM Bpeanoctuma BCF dakropa 3a Hg.
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e benrodarne BpcTe AeBepruKa U MpeHa, Koje ce XpaHe y OJM3HHU JHa, IIPEro3HaTe Cy
Kao OCET/bMBU OMOMHAMKATOPH 3araljema BoJEe TEIIKMM MeTaiuMma. [Ipenaropcka
BpCTa COM, ald M OMHHMBOpPHAa BpcTa 0alOymka, Takohe, mokasyjy BaxaH

OMOMHIUKATOPCKH MTOTEHIIH]all.

e Osa cryauja jacHo mokadyje na je MPIl moy3man unzaekc 3a oapehuBame craryca
3araljerba MUIIMNHOT TKWMBa TEUIKUM METallMMa, MpPEACTaBJbajyhu jacHy CIHKY
3araljera aKBaTUYHHUX €KOCHUCTeMa TemkuM Meranuma. Mmajyhu to y Bumy, MPI
MHJIEKC TIOTCHIMjaJJHO MOXe Ja Oyde YKJbYy4eH Yy KOMIUIEKCHE Iporpame

MOHHUTOPHHI'A CIATKOBOAHHUX CKOCHUCTCMA.

e V3 kopunthewe Bpennoctu MPI unnekca, mpenioxena je kiacudukanuja 3arahema
BOJa TemKMM MeTaimMa Behux peka u akymynamuja y CpOuju koja ykasyje Ha
MIPOCTOPHU pacrope]] MeTaja, ITO je JOBENO N0 HACHTH(HKauuje JoKanuTeTa 0e3
yTHIIaja AUPEKTHOT 3araljema TemKUM MeTaluMa, He3HaTHO 3aral)eHux u 3araheHux
nokanurera. Kao pesynrar oe knacudukamnyje, popmupasa je Mana 3aralema Boja

TemkuM Metanma y CpOuju.

e [Ipema oBoj knacudukanuju, peka Tuca Moxke aa Oyae KaTeroprcaHa Kao JOKAJIUTET
0e3 yTullaja JUPEKTHOT 3arahema TEIIKUM MeTainuMa, oK 3amaaHa Mopasa u Ilek
MOTyY Jla ce KaTeropuury kao 3arahjeHu ekocucteMu. OcTany JOKaJIUTETH HAa peKama

Cy He3HaTHO 3araleHu.

e ['pyxa, boBan m Anekcanmaponar, mpema MPI| BpenHocTHMa, MOTY J1a c€ CBPCTAjy y
He3HaTHO 3arahene exocucrema (ca MPI Bpeqnoctuma nsmehy 0.3 u 0.6). U3aBaja ce
akymynanuja ['pyxa ca Hajsumom MPI BpeanocTu (0.56), nok je akymynamuja boan
ca MPI Bpeanoctu on 0.3 Ha rpaHuuM ABe KaTeropuje, 0e3 yTuiaja AUPEKTHOT

3araljema U He3HATHO 3araleHa.

e Konuentpauuje As, Fe, Cu u Zn y mecy (MumnhHOM TKUBY) CBHX BpcTa pula y 0BOj
crymuju cy Owne ucnon MJIK mnpommcanmx ox crpane Epomcke Kommcuje
(1881/2006/EC) wu Penybmuke Cpbuje (CayxOenun rmacauk PC  2011).
Konuenrparuje Hg 6une cy usnag MJK camo y mecy coma (0.62 mg kg™) ca

nokanuteta J{3 1 mpene (0.78 mg kg'l) ca jjokanurtera 3M3, 0K je koHueHnTpaiuja Cd
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owra m3nag MJIK y mecy coma (0.09 mg kg‘l) ca nokanuteta Jl; u kiena (0.1 mg kg
1y ca nokamurera JM,. M3zBaja ce Pb ca koHmenTpanujama koje cy Guie u3nag MK
y mecy mpene (tokanuretu 3Mi, 3M», U u BT), kiiena (nokanureru 3Mj, 3M», U, JIP
u BT) u ckobaspa (;oxamutetd 3Mj u I1) ca HajBUIIIOM KOHIIEHTPAIMjOM y MeCy

mpene (0.82 mg kg'l) u3 3anaane Mopase (Jtokamutet 3My).

e Kana cy y nutamy akymynanmje, 3a0enexena je konnentpanuja Cd uznag MK y
Mecy neBepuke u3 akymynanuje Anexcanaponall (0.07 mg kg‘l). Konnentpanuja Pb
je 6una msnax MJIK y mecy aesepuke u3 akymynaunmje bosan (0.659 mg kg™) u u3
axymynaumje Anekcangposarn (0.33 mg kg™?), 1ok je xonuenrpanuja Fe Guna usHan

MJIK y mecy cmyba (42.899 mg kg™) u3 akymynauuje Bopas.

e V yKIMjU, MAKO je 3a aHaJIM3e KOpHIINEH KOMIIOCT jeJMHKH, HUCY 3a0eJe:KeHe

KOHIIeHTpanuje meTana uznag MJIK.

e C o003upoM Ja 3a MHOTe TEIIKE METaje jOIl YBEK HE IIOCTOje YCTaHOBJHCHE
MaKCUMAaJTHO JI03BOJbEHE KOHIICHTpAIlM]je, KaKo y 3aKoHOAaBCTBY PemyOmnnke Cpowuje,
Tako MU Ha MehyHapogHOM HHBOY, y LHMJbY YCIOCTaBJbalkha KBaJIUTETHH]JET
MOHHUTOPHHTA KUBOTHE CpelliHEe U e(hUKacHHje KOHTPOJIEC TeIIKUX MeTaja y puoJbeM
MeCy W MpPOM3BOAMMA OJ pube, HEOMXOAHO je Ja OBaj mpobieM Oyae pelieH y IITOo

ckopujoj oyayhuocTH.

e V OynyhHoctn he OutH BakHO U j1a ce neduHMIIEe oArosapajyha koauuunHa pudJber

Meca KOje MOXE€ HEeCMETaHO Jla C€ KOPUCTHU y JbYACKO] HCXpaHH.
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AKBaTUIHN €KOCHUCTEMH C€ Hajase I10J] HAajHHTCH3WBHUjUM aHTPOIIOTCHUM YTHIIajeM KOjH je
noBeo 1o nosehanor mpucyctsa 3aral)yjyhux marepuja, ma U BeqUKOr Opoja TOKCHYHMX 3araljuBaua,



MPBCHCTBCHO TCHIKUX MCTaJId, IITO 3aXTCBa ICPMAHCHTHU MOHHUTOPHWHT.

buoakymymnanujcki MOHHTOPWHT (OMOMOHHUTOPHHT) j€ HEONXOJaH MJO0JaTaK XeMH]jCKUM
aHanM3aMa yciea MorylHOCTH MHTerpanyje yTHIaja Ha pa3iniuTe TAKCOHOMCKE TpyIe TOKOM JyKer
BPEMEHCKOI TIepuona, Tako 1a je OoJpM ToKa3aTelb NMpOMEHa y aKBaTH4YHO] cpenuHu. Pube
MIpeICTaBJbajy jejaH O HajHHIANKATUBHIjUX (haKTopa 3a MpoIeHy 3araljema Boja TeIkuMa MeTauma,
a TO je BaYKHO HE caMO y TMpOILEeCy 3allTUTE XKUBOTHE CpeAnHe, Beh U y MpoLeHH KBaJUTeTa Meca U
MTOTEHIINj ATHOT PU3HKA 32 JbYACKY MOIYIIAIH]y.

LubeBH OBOT UCTpaKMBama OWIM Cy: aHalM3a HHBOA aKyMyJalje TEIIKUX MeTajua y
MUIIMNHOM TKHBY MCIIMTHBaHUX BpcTa puba, mopeheme akyMylIupaHUX TEIIKAX MeTana y MUIIMIHOM
TKHUBY M3Mel)y pasnmuauTux BpcTa puda, Be3a n3mel)y KOHIeHTpallyja TeIIKUX MeTalla akyMyJIHpaHuX y
MUIIMNHOM TKHBY WCIMTHBAaHUX BpPCTa W KOHIGHTpalMje TEIIKUX MeTala y BOOH, u300p
MTOTEHIINjATHO OCETJbHUBE pHOJbEe BPCTE 32 MOHUTOPHHT CTY/IHj€ TEIIKAX MeTaja, MOTyhHOCT IIpruMeHe
uHaekca 3aralema temkum metaaumMa (exen. Metal Pollution Index - MPI) y npouenu 3araljema Boaa
TEIIKMM MeTalluMa, popMHUpamke MpelTuMUHapHe Marie 3araljema Boaa TemkuM Metanuma y CpOouju u
nopeheme KOHIEHTpaIlja aKyMyJIHpaHUX TEHIKUX MeTana Y MAIMMHNHOM TKUBY HCIIMTUBAHUX prbda ca
MaKCUMaJHO J103BOJbeHMM KoHUeHTpanujama (MJK) mponmcanuM 3akoHCKHM perynatuBaMa EY u
Pemry06mmke CpOuje.

Hajaxxamje komepuujamne Bpcte puba cmyl), com, neBepuka, MpeHa, CKOOab M KIIEH Cy
MpoydyaBaHe y pekama, JIOK Cy y akyMyJjalMjama npoydaBaHe cMmyl), com, aeBepuka u OaOyIika.
Takohe, moryhHoCT ynoTpebe ykiuje ka0 OMOMHIMKAaTOpa KOHTAMHUHAIM]€ BOJIA TEIIKHUM METajInMa je
Takolhe ncnurana.

Anammza metana u meranouna Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb u Zn je ypahena
ICP-OES Thermo Scientific iCAP 6500 Duo ICP (Thermo Fisher Scientific, Cambridge, United
Kingdom) cnexTpomeTpom.

Osa cTynuja je ykasana Ha 100ap oaroBop puda Ha MPOMEHE )KUBOTHE CpeMHe, ITO UX YUHU
MOTOJIHUM OWMOMHJIMKaTOpuMa 3araljera BoJa TEHIKUM MeTaiuMa. beHTodarHe BpCTe JEBEpUKA U
MpeHa, Koje ce XpaHe y OJHM3MHHM JIHAa, TPENo3HaTe Cy Kao OCETJbUBH OMOMHIUKATOpU 3arahjema
aKBaTHYHUX EKOCHCTeMa TEUIKUM Meranuma. lIpemaTopcka BpcTa cOM, ald W OMHHBOpPHa BpCTa
0a0yiika, Takole, Moka3yjy BakaH OMOMHIUKATOPCKH MTOTEHITH]aJl.

Taxobe, jacHo je mokazano na je MPI moysnan unaekc 3a oxpehuBame craTyca 3arahema
MUIIMAHOT TKWBa TEIIKUM MeETaliuMa, Tpe/cTaBibajyhul jacHy cIuKy 3araljema akBaTWYHHX
exocucTeMa TemkuMm Mertanuma. Mmajyhu to y Buay, MPIl uHioekc moTeHmujanHo Moxke jaa Oyje
YKJbY4EH Y KOMIUIEKCHE MpOrpamMe MOHUTOPWHra TEMIKMX MeTajla KOMHEHUX Boja. Y3 KopHIIheme
MPI BpemHocTH, mpejuiokeHa je kinacudukanuja 3aralera Boja TEMKUM MeTanuMa Behux peka u
akymynammja y CpOuju Koja ykasyje Ha IPOCTOPHM pacrmopei MeTajga, IITO je JJOBEJIO [0
WACHTHU(UKALKje JOKanuTeTa Oe3 yTullaja AUPEKTHOr 3araljema TEUKUM MeTaluMa, HEe3HATHO
3araljenux u 3araljenux jgokanutera. Kao pesynrart oBe kiacudukaiuje, popmupana je mamna 3aral)ema
Boja TemwkuM MeTamuma y CpOuju. Ilpema oBoj knmacudukanuju, pexka Tuca moxe pa Oyze
KaTeroprcana Kao JIOKAIUTET 0e3 yTHIlaja MUPEKTHOT 3araljerba TEIIKUM MeTaauMa, TOK 3aragHa
Mopasa u [lex Mory na ce kareropuiy kao 3araljenu exocucreMu. OcTany JIOKATUTETH Ha peKama cy
He3HaTHO 3arahenu. Akymynanuje ['pyxa, boBan n AnekcanapoBar MOTy Jla c€ CBPCTajy Y HE3HATHO



3aral)eHe CKOCHUCTEMA.

Konnenrpammje As, Fe, Cu u Zn y mecy (MummhHOM TKHBY) CBHX BpcTa prba y OBOj CTYIHjU
cy oune ucnon MJIK mponmcanux ox crpane EBponcke Komucuje (1881/2006/EC) u PemyOnuke
Cpbuje (Cayx6enn rmacauk PC 2011). Konnenrpanuje Hg, Cd u Pb Oune cy m3nang M/IK Ha Butre
nokanuteTa. 3nBaja ce Pb ca koHneHTpanujama xoje cy o6une nznag M/IK y mecy Bpcta KiieH, MpeHa
u ckoOasb Ha HajBuUIle JoKanuTeTa. Kaja cy y nuramy akyMmyianuje, 3a0elekeHe ¢y KOHLEHTpaluje
Cd m3nag MJIK y mecy neBepuke n3 Anexcanaposna. Kornenrpanuje Pb cy 6une m3aang MJIK y mecy
JeBepHKe U3 akyMmyiaunuja boBan n AnekcaHzaposal, oK je koHueHtpauuja Fe ouna mznan MJK y
Mecy cmybha u3 akymynanuje bosan. Y yknuju Hucy 3a0enexeHne KOHIEHTpanuje metaia nznaa M/IK.

JlaTym npuxBarama Teme 0j
crpane HHB

Jlatym ogOpane
IIpo¢. np bpanka OrmanoBuh

YnaHoBH KOMHCH]e IIpo¢. np Becna Ilouexkcuh, npeaceHnK KoMucHje

Bumm Hayunu capaanuk ap busbana Jlojunnosuh
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Abstract

Aguatic ecosystems are under extremely intense anthropogenic pressure that has led to an

increased presence of pollutants, primarily a large number of toxic pollutants, especially heavy
metals, which requires permanent monitoring.

Bioaccumulation monitoring (biomonitoring) is a necessary addition to chemical analysis
because it can be used to integrate impacts on different taxonomic groups over an extended period of



time, so it is a better indicator of changes in the aquatic environment. Fish are one of the most
indicative factors for the assessment of heavy metal water pollution, and they are important not only
in the process of environmental protection, but also in assessing the quality of meat and the potential
risk to the human population.

The objectives of this research were: to analyze the level of accumulation of heavy metals in
the muscle tissue of the fish species examined; to compare the accumulated heavy metals in the
muscle tissue of different fish species; to make a connection between the concentration of heavy
metals in the muscle tissue of the fish species examined and the concentrations of heavy metals in the
water, to select potentially sensitive fish species for monitoring the study of heavy metals, to
investigate the possibility of applying the index of heavy metal pollution (Metal Pollution Index -
MPI) to the assessment of heavy metal water pollution; to make a preliminary map of heavy metal
water pollution in Serbia; and to compare the accumulated concentration of heavy metals in fish
muscle tissue with the maximum permissible concentrations (MPC) established by EU and national
legislation.

The most important commercial fish species, catfish, bream, barbel, nase and chub, were
studied in rivers, while perch, catfish, bream and Prusian carp were studied in reservoirs. Bleak were
also studied as bio-indicators of water contaminated with heavy metals.

The analysis of metals and metaloids Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn was
performed with an ICP-OES Thermo Scientific iCAP 6500 Duo ICP (Thermo Fisher Scientific,
Cambridge, United Kingdom) spectrometer.

This study indicated a good response of fish to environmental changes, making them suitable
bioindicators of heavy metal pollution in aquatic ecosystems. The benthophagous species bream and
barbel, which feed near the bottom, were identified as sensitive bioindicators of heavy metal water
pollution in aquatic ecosystems. The predatory fish species catfish and omnivorous fish species
Prusian carp were also shown to have important bioindicator potential.

It was also shown that the MPI is a reliable index for expressing the status of heavy metal
pollution in muscle tissue, presenting a clear picture of heavy metal pollution in aquatic ecosystems.
With that in mind, the MPI index potentially can be included in complex programs of monitoring
freshwater ecosystems. With the use of MPI values, a classification of heavy metal water pollution in
the major rivers and reservoirs in Serbia was proposed, showing the spatial patterns of heavy metals.
This led to the identification of sites unaffected by direct pollution with heavy metals, slightly
affected and affected. As a result of this water quality classification, a map of heavy metal water
pollution in Serbia was formed. According to this classification, the Tisa River can be categorized as a
site unaffected by direct pollution with heavy metals, while the West Morava and Pek can be
categorized as affected. Other rivers are slightly affected. The Gruza, Bovan and Aleksandrovac
accumulations can be classified as slightly affected ecosystems.

The As, Fe, Cu, and Zn concentrations detected in all of the fish muscle were below the MPC
established by both the EU and the Republic of Serbia. The concentrations of Hg, Cd and Pb were
above the MPC at several locations. Pb stands out with concentrations above the MPC in chub, barbel
and nase meat at most sites. Cd concentrations were above the MPC in bream meat from the
Aleksandrovac accumulation. The Pb concentrations were above the MPC in bream meat from the
Bovan and Aleksandrovac accumulations, while the Fe concentrations were above the MPC in perch



meat from the Bovan accumulation. In the bleak meat, metal concentrations were not above the MPC.
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TTpoCTOPHH MOHMTOPHHT TEIIKHX MeTaja KonHewnx Boaa CpOHje Ha OCHOBY
6HoaKymyJanmje y puéama koja je onbparera Ha IIpupoano-maTeMaTHuKkoM GaKyaTeTy
Vuupepauteta y Kparyjesily npeicTaBiba opueunHaiio aymopeko 0eio HacTano Kao pesynrar

CONCMBECHOZ UCMPAIICUBAUKOZ pa()a.
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e [Ia y HaBEJEHO] JIOKTOPCKO] AMCEPTALM|U HUCAM USEPULUO/IA NOBPEJY AYTOPCKOT HUTH
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e /la YMHOXEHH NpUMEpaK JOKTOPCKE JHCepTaLMje y IUTaMMaHoj W eJEKTPOHCKO)
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Abstract The study monitored the contamination of fish
muscle tissue by elements Al, As, Cd, Co, Cr, Cu, Fe, Hg,
Mn, Ni, Pb, and Zn at 17 sampling sites, in order to assess the
pollution status of the main rivers in Serbia. Of the six com-
mercially important fish species included in the study
(pikeperch Sander lucioperca, catfish Silurus glanis, bream
Abramis brama, barbel Barbus barbus, chub Squalius
cephalus, nase Chondrostoma nasus), the bioconcentration
factor (BCF) indicated that benthivore bream and barbel and
predatory catfish have the highest tendency toward the accu-
mulation of elements. This study achieved its primary objec-
tive and produced a contamination map of Serbia as a basis for
further research. The estimated metal pollution index (MPI)
showed the Tisa River to be unaffected by direct pollution
(with an MPI value of 0.31) and the West Morava and Pek
rivers to be affected (with MPI values of 1.92 and 0.73 for the
WM, and WM, sampling sites and 0.65 for the Pek sampling
site). Over the past two decades, Serbia has not expanded its
industrial activity, which has resulted in the barely noticeable
anthropogenic input of heavy metals in the rivers close to
industry, and the main rivers are mostly unaffected and
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slightly affected. We assumed that pollution by heavy metals
in the 1990s was trapped in the sediment, thus showing an
increased concentration of elements in the species that live and
feed on the bottom. Hg concentrations exceeded the maxi-
mum permitted concentrations (MPCs) only in catfish sam-
ples (0.62 mg kg ") from the Danube (D5 sampling site) and
barbel (0.78 mg kg ) from the West Morava (WM, sampling
site), while Cd concentrations exceeded the MPC in catfish
samples (0.09 mg kg_l) from the Danube (D, sampling site)
and chub samples (0.1 mg kg ") from the South Morava (SM,
sampling site). The average concentrations of Pb exceeded the
MPC in chub and barbel samples (0.32 and 0.82 mg kg ',
respectively) from the West Morava (WM, sampling site);
chub, barbel, and nase samples (0.35, 0.32, 0.31 mg kgfl,
respectively) from the West Morava (WM, sampling site);
chub and barbel samples (0.35 and 0.3 mg kg ', respectively)
from the Ibar; chub samples (0.39 mg kg ") from the Drina;
chub and barbel samples (0.59 and 0.4 mg kg_l, respectively)
from the Great Timok; and nase samples (0.33 mg kg™ ") from
the Pek. These results demonstrate that there is a need for
future studies that would involve similar analyses and focus
especially on smaller rivers that have been neglected so far.

Keywords Commercial fish species - Main rivers in Serbia -
Bioconcentration factor - Metal pollution index -
Contamination map

Introduction

Heavy metal pollution in rivers has become a matter of great
concern, not only because of the threat it poses to public water
supplies but also because of the hazard to the human consump-
tion of fishery resources (Terra et al. 2008). Water and/or sedi-
ment analysis may be inefficient at identifying the inherent


http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-016-6207-2&domain=pdf

Environ Sci Pollut Res (2016) 23:9918-9933

9919

variability of the flow and contaminant concentrations of metal
inputs to fluvial systems (Ricart et al. 2010). Traditional toxicity
tests and chemical-specific sensors cannot provide comprehen-
sive real-time information relating to toxic events in an aquatic
system. Aquatic organisms must be included as a major compo-
nent of the assessment processes (van der Schalie et al. 2001),
thereby providing a more effective diagnosis of environmental
conditions. Fish are susceptible to toxins present in the water and
are useful bioindicators for the determination of metal pollution
in aquatic ecosystems (Chovanec et al. 2003; Alibabié et al.
2007; Lamas et al. 2007) because they occupy various trophic
levels, they are the key species in trophic chains, they concentrate
large amounts of some metals, and some are widely consumed
by humans (Uysal et al. 2009; Burger et al. 2002). Since the
discovery of Minamata disease caused by severe mercury poi-
soning, human health concerns related to consumption of fish
polluted with heavy metals have long been recognized and stud-
ied (Uchida et al. 1961; FAO/WHO 1972; Hutton 1987).

Many biotic factors have been recognized to affect the bio-
accumulation of metals in fish, such as variability in age/size,
the size-specific metabolic rate of individuals (Phillips 1980),
life cycle, life history, and the diet differences of species
(Hardisty et al. 1974; Prosi 1981).

Dallinger and Kautzky (1985) stated that in low-level,
chronic diffuse pollution, metal uptake in fish is predominant-
ly from food. Studies from field and laboratory experiments
have shown that the accumulation of heavy metals in fish
tissue is mainly dependent upon concentrations of the metals
in the surrounding water, in addition to the exposure period
(Yi and Zhang 2012; Liu et al. 2011). The season of capture
can also be one of the factors influencing metal tissue concen-
trations (McCoy et al. 1995). Independently of the season and
how the exposure occurred, some fish organs have a greater
affinity for accumulating some specific metals than others.
The lipid content of tissues is an important variable affecting
the concentration of metals accumulated in fish (Braune et al.
1999), especially for the bioaccumulation of Hg since this
metal deposited mainly in the lipid fraction of fish (as meth-
ylmercury) has a very low elimination rate, and therefore,
even in slightly polluted environments, the Hg concentration
in fish continuously increases throughout the life span of the
fish. Since Hg can accumulate more easily in muscle than the
other organs (Celechovska et al. 2007; Has-Schon et al. 2008)
and thus put biota and, according to the food chain, humans at
risk, edible muscle tissue should be analyzed.

Each fish species has a particular way of accumulating and/
or eliminating metals when exposed to such contaminants.
Hence, more than one fish species should be analyzed in com-
parative environmental studies due to substantial variations in
pollution processes (Burger et al. 2002). Multispecies compar-
isons covering different feeding habits of fish and a wide
range of age categories have the potential to distinguish recent
exposure from long-term load (Dusek et al. 2005).

Some elements such as iron, copper, zinc, and manganese
are essential for biological systems such as enzymatic activi-
ties; others like nickel and aluminum are nonessential, where-
as arsenic, lead, and cadmium have no known important role
in living organs and are toxic even in trace amounts
(Fernandes et al. 2008). Accordingly, screening all elements
which could possibly occur in food is important because they
simultaneously play biological and toxicological roles.

Many studies have been carried out into the trace metal accu-
mulation patterns in aquatic biota, along with the
bioconcentration and biomagnification processes. In Serbia, var-
ious fish species have been effectively used for the bioindication
of contamination (Visnjic-Jeftic et al. 2010; Poleksi¢ et al. 2010;
Jari¢ et al. 2011; Lenhardt et al. 2012; Suboti¢ et al. 2013a, b;
Jovici¢ et al. 2015). The cited references reveal diverse ap-
proaches to choosing the most appropriate fish group, species,
and tissue for these kinds of monitoring studies. The main objec-
tive of any biomonitoring program is to assess the health of the
aquatic ecosystem, so there is a need to establish standardized
methods. The abovementioned studies were generally limited to
various tissues of individual species in particular sections of riv-
ers (mainly the Danube and Sava), so there is still no study that
would give a comprehensive picture of the spatial pollution of the
inland waters in Serbia. In this study, we recorded the Al, As, Cd,
Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, and Zn concentrations in the
muscle tissue of six commercial fish species chosen as potentially
sensitive species for monitoring studies and estimated the pollu-
tion status of the main rivers in Serbia. Based on this, the main
objectives of this study were to highlight the importance of a
multispecies approach in contaminant studies and to present a
preliminary contamination map as a baseline for Serbia. Since in
recent years fish consumption in Serbia has increased due to a
public campaign on its health benefits through popular media,
studying the potential impact of contaminated fish consumption
on human health was also one of the study goals.

Materials and methods
Study area and sampling locations

The largest and the most important rivers that flow through
Serbia are the Danube, Sava, Tisa, Great Morava, West
Morava, South Morava, Ibar, Drina, and Timok. The Danube
River is the second largest river in Europe, and as such, it is
subjected to large amounts of wastewater input (Pawellek et al.
2002; Teodorovic et al. 2000). Metals are considered to be among
the major pollutants in the Danube in Serbia, especially in the
area of the cities of Belgrade and Novi Sad (Teodorovi¢ 2009).
The Sava River, as a typical lowland and the Danube’s largest
tributary, was affected until the 1990s by heavy pollution from
the metallurgical, chemical, leather, textile, food, cellulose, and
paper industries, as well as agricultural activities. Also, the Sava
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is the main recipient of wastewater from many cities, and it is
impacted by the polluted water from its tributaries. The largest
tributary of the Sava, the Drina, as a mainly mountainous river
with great power purification, used to be of high quality.
However, in recent years, heavy metals (mainly iron, arsenic,
manganese, nickel, and lead) have arrived in the Drina River
from damaged tailings. The Kolubara, the right tributary of the
Sava, is one of the flows with a higher degree of degradation of
water as it flows through towns and villages, where it receives
effluent and sewage from industry such as surface mines and a
thermal power plant. The Tisa River, the second largest Danube
tributary, is also contaminated through numerous industrial acci-
dents from the Carpathian mountain region in Romania, which
has a long tradition of mining, especially of gold (Au), silver
(Ag), lead (Pb), zinc (Zn), copper (Cu), cadmium (Cd), and man-
ganese (Mn) (Triebskorn et al. 2008). The Great Morava River,
the largest Serbian river and also a significant right tributary of the
Danube River, is created by the confluence of the South Morava
and the West Morava rivers. As a typical lowland river, the Great
Morava River flows through the most densely populated area of
Central Serbia, the Morava River valley, receiving untreated or
incompletely treated wastewater from urban areas and animal
farms, which leads to serious degradation of the water quality.
As the greatest right tributary of the West Morava, the Ibar River
is affected with lead and zinc pollution, since in this area are a
vast number of production and manufacturing plants of the
mining-metallurgical system, Trepfa-nine lead and zinc mines,
three flotations, two of metallurgy, the chemical industry, and a
battery factory. The right Danube tributaries, the Great Timok,
Mlava, and Pek are the most important in East Serbia. The Great
Timok and the Pek rivers partly drain the Bor and Majdanpek
copper ore districts, respectively. Large average concentrations of
calcium, manganese, and arsenic have been found in the Mlava
river water (Djinovic and Popovic 2007).

The study region includes the main and the most important
rivers in Serbia. The sampling locations are given in Fig. 1 for
the Danube: Novi Sad (D), Zemun (D,), and Radujevac (D5);
the Sava: Ostruznica (S); the Tisa: Novi Becej (T); the Great
Morava: Ljubicevski most (GM) and the Bagrdan (GM,); the
West Morava: Kraljevo (WM;) and Jasika (WM,); the South
Morava: Ni§ (SM;) and Ristovac (SM,); the Ibar: Kraljevo (I);
the Drina: Badovinci (DR); the Kolubara: Mislodin (K); the
Great Timok: Vrazogrnac (GT); the Mlava: Bratinac (M); and
the Pek: Neresnica (P).

Sample collection, preparation, and determination
of element concentrations by inductively coupled plasma
optical emission spectrometry

A total of 361 fish belonging to six species were analyzed for
the content of Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, and
Zn in their muscle tissue. The most important commercial fish
species were studied, namely pikeperch Sander lucioperca
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(Linnaeus 1758), catfish Silurus glanis (Linnaeus 1758),
bream Abramis brama (Linnaeus 1758), barbel Barbus
barbus (Linnaeus 1758), nase Chondrostoma nasus
(Linnaeus 1758), and chub Squalius cephalus (Linnaeus
1758). In the Danube, Sava, and Tisa rivers, pikeperch, cat-
fish, and bream were sampled because the majority of first-
grade quality fish species (e.g., catfish, pikeperch) and
second-grade quality fish species (bream species Abramis
spp.) are harvested by commercial fishermen in these rivers
(Smederevac-Lali¢ et al. 2012). The number of commercial
fishermen has decreased over recent years, while the number
of recreational fisherman has increased (Smederevac-Lali¢
et al. 2011). Therefore, barbel, nase, and chub were included
in this study and sampled in the Great Morava, West Morava,
South Morava, Drina, Ibar, Great Timok, Kolubara, Mlava,
and Pek, as fish caught substantially for recreational purposes.
Thus, the term commercial fish species, in this study, applies
not only to species harvested for profit purposes but also to
species significant for recreational fishing.

Our field surveys were carried out between 2011 and 2013,
during the same season (June—October). The electrofishing
procedure was conducted at nine sampling stations: GM,
GM,, SM;, SM,, WM,, WM,, I, M, and P using the
Aquatech DC electrofisher IG 1300 (2.6 kW, 80—470 V).
Professional fishing nets of different lengths, widths, and
mesh diameters were used for sampling at four sampling sta-
tions: D,, D3, S, and T, while at the other four sampling sta-
tions: Dy, DR, K, and GT, fish were collected from local
fishermen. Fish were randomly selected for analysis in rela-
tion to their commercial consumption sizes, killed with a
quick blow to the head, washed with distilled water, and
transported on ice (in individual zipper bags) to the laboratory.

In the laboratory, the fish were measured for their total
body length (to the nearest cm), weighed (to the nearest g),
and subsequently dissected. The right dorsal muscle, below
the dorsal fin (+5 g), of each specimen was dissected with a
decontaminated ceramic knife. After dissection, the muscle
tissue was weighed using an electronic balance (+0.1 g) and
stored at —20 °C prior to analysis.

Muscle samples were submitted to the Analytical
Chemistry Laboratory within the Institute of Chemistry at
the Faculty of Chemistry, University of Belgrade, Serbia, for
chemical analysis. The element concentrations (Al, As, Cd,
Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, and Zn) were determined by
inductively coupled plasma optical emission spectrometry
(ICP-OES), using a Thermo Fisher Scientific iCAP 6500
Duo ICP (Cambridge, UK) equipped with a RACID86
Charge Injector Device (CID) detector, concentric type nebu-
lizer, quartz torch, and alumina injector.

At first, the fish samples (~1.5 g) were dried in a lyophilizer
(Christ Alpha 2-4 LD, Harz, Germany) and then digested in an
Advanced Microwave Digestion System (ETHOS 1,
Milestone, Italy) using a mixture of 65 % nitric acid and
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Fig. 1 Sampling locations: the
Danube: Novi Sad (D), Zemun
(D»), and Radujevac (Ds); the
Sava: Ostruznica (S); the Tisa:
Novi Becej (T); the Great
Morava: Ljubicevski most (GM;)
and the Bagrdan (GM,); the West
Morava: Kraljevo (WM,) and
Jasika (WM,); the South Morava:
Nis§ (SM,) and Ristovac (SM,);
the Ibar: Kraljevo (I); the Drina:
Badovinci (DR); the Kolubara:
Mislodin (K); the Great Timok:
Vrazogrnac (GT); the Mlava:
Bratinac (M); and the Pek:
Neresnica (P)
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30 % hydrogen peroxide (Suprapur®, Merck, Darmstadt,
Germany, 10:2, v/v) at 200 °C for 20 min. After cooling to
room temperature and without filtration, the solution was di-
luted to a fixed volume (volumetric flask, 25 mL) with ultra-
pure water with a conductivity 0f0.055 uS cm ™' (Barnstead™
GenPure™ Pro, Thermo Scientific, Germany), before being
analyzed by ICP-OES.

Blanks with no fish tissue were run with each batch of
samples to monitor contamination by the reagents used. The
standards for the instrument calibration were prepared on the
basis of the multiclement (SS-Low Level Elements ICV
Stock, 10 mg L") and mono-element (Hg Calibration Stock,
10 mg L' Hg) certified reference solutions ICP Standard
(VHG Labs, Inc-Part of LGC Standards, Manchester, NH
03103, USA) and analyzed to support quality assurance and
control. The muscle standard reference material (DORM-4;
National Research Council of Canada) was digested in tripli-
cate and analyzed to support quality assurance and control.

The results of analyzing the elements in the water were
provided by the Agency for Environmental Protection of
Serbia and were measured in the same months as our study
during routine monitoring at the selected sampling sites.

The bioconcentration factor and metal pollution index

The bioconcentration factor is defined as the net result of the
absorption, distribution, and elimination of a substance in any
organism after exposure via water (Lau et al. 1998). It was
calculated as the ratio of the mean element level in the muscle
tissue (C fish), expressed as mg kg ' wet weight (ww), and the
element concentration in water (C water), expressed as
mgL":

BCF = Cfish/Cwater (1)
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The metal pollution index (MPI) was calculated to compare
the total metal content in the different fish species, as well as in
the sampling sites using the following equation (Usero et al.
1997):

MPI = (cf ) x cfy x cf 3 % ...cf )" (2)

where Cf, is the concentration of the metal » in the sample

Statistics

The mean values and standard deviations were calculated for
each element in each species. Prior to interpreting the heavy
metal measurement data, the analysis of covariance
(ANCOVA) was used separately for each element to deter-
mine if the element concentrations differed between species,
with element concentrations as the dependent variable, species
as the independent variable, and sampling sites as the covari-
ate (interaction was significant at » <0.05). The homogeneity
of regression slopes for metal concentrations-fish species and
sampling sites was tested before ANCOVA. The least signif-
icant difference (LSD) post hoc tests were conducted to pair-
wise comparisons. In order to assess any significant differ-
ences between the BCF and MPI values of fish species, the
nonparametric Kruskal-Wallis test was applied. Post hoc inter-
group comparisons of BCF and MPI (between pairs of spe-
cies) were performed by the nonparametric Mann-Whitney
test for two independent values. The statistical analyses were
processed by the SPSS version 16.0 software (SPSS, Inc.,
Chicago, Illinois).

The concentrations in the fish muscle samples were also
compared with the maximum permitted concentrations
(MPCs) in fish meat for utilization in the human diet,
established by the European Union (EU) and national legisla-
tion. According to EU legislation (European Commission
Regulation 2006), the MPCs for Cd, Hg, and Pb are 0.05,
0.50, and 0.30 mg kg ' ww, respectively. The MPCs for As,
Cd, Hg, Pb, Cu, Fe, and Zn in fish meat are 2.0, 0.1, 0.5, 1.0,
30.0, 30.0, and 100.0 mg kg~ ' ww, respectively, as prescribed
by national legislation (Official Gazzette of RS 2011).

Results

A replicate analysis of the reference material showed good
accuracy during analysis, with recovery ranging from 85.80
to 106.48 %. All of the fish species examined were above the
minimum length permitted for fishing prescribed by Fisheries
law (Official Gazette of RS 2005). The biological data for the
specimens per sampling site (number of examined fish samples,
average length, and weight) are shown in Table 1. The element
concentrations in water and the muscle samples for each exam-
ined fish species are presented in Table 2. The element
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concentrations in the water were different at each sampling site,
and there was no unique pattern of distribution of the elements
in the fish species observed, but the average element concen-
tration generally displayed a similar order at all sampling sites
for each of fish species. In the muscles of all fish species, Zn,
Fe, and Al concentrations were the highest, while Cd, Co, and
Ni concentrations were the lowest.

The ANCOVA results revealed that pikeperch, bream, and
catfish significantly differed in terms of the As (F=9.599,
p=0.00, °=0.319), Cd (F=4.011, p=0.026, *=0.164), Hg
(F=17.645, p=0.002, *=0.272), Mn (F=7.657, p=0.001,

2=0.272), and Zn (F=3.803, p=0.031, ?=0.156)

(Fig. 2a). In addition, Hg (F=11.194, p=0.000, *=0.177)
and Mn (F=4.267, p=0.017, “=0.076) as well as Pb
(F=3.286, p=0.041, ?=0.059) concentrations significantly
varied between chub, barbel, and nase (Fig. 2b). The spatial
variability of element concentrations had a significant effect
(sampling sites as a covariate in ANCOVA) on the elements
Cd, Co, and Ni (Fig. 3a, b). According to adjusted means from
ANCOVA, with no spatial variability, the highest concentra-
tion of As, Cr, Cu, Mn, and Pb and concentrations of Cu, Fe,
Hg, Mn, Pb, and Zn were recorded for bream and barbel,
respectively.

The BCF results are given in Table 3. The estimated BCF
values in the first group of fish species examined (pikeperch,
bream, and catfish) confirmed that bream and catfish have a
similar affinity for the elements Cd, Co, Ni, and Zn, which is
distinctly higher than that observed for pikeperch. On the oth-
er hand, in the second group of species examined (chub, bar-
bel, and nase), the dominant species for the bioconcentration
of elements was barbel.

Since the ANCOVA showed that only the concentrations of
Cd, Co, and Ni showed significant spatial variation, we decided
to exclude those metals from any further calculations of MPI.
The MPI values observed in this study were different between
fish species (Fig. 4). The Kruskal-Wallis test revealed no sig-
nificant differences between the MPI values calculated for
pikeperch, bream, and catfish (»<0.05). On the other hand,
the MPI calculated for chub, barbel, and nase significantly dif-
fered (p<0.05). The post hoc Mann-Whitney test showed that
the level of MPI calculated for barbel was significantly higher
at all sites (p<0.05), except for site P. Having all of this in
mind, since there were no statistically significant differences
in the MPIs in the first group of fish species examined,
the highest MPIs can be considered as relevant for com-
parison of the sampling sites. In the second group, ac-
cording to the MPIs, barbel proved to have significantly
higher MPI values for almost all of the sampling sites
(except sampling site P), so the values for this fish
species were used for comparison.

According to the computed MPI data, one site on the
Morava River is highly polluted (WM;, MPI=1.92), the ma-
jority of sites reveal intermediate pollution status (MPI 0.36—
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Table 1 Number of species, total
length, and weight (mean + SD) Sampling site Species Number of Total body length (cm) Body weight (g)
of sampled fish per sampling site individuals (r) (mean+SD) (mean+SD)
Danube (D) Pikeperch 10 41.66+1.041 506.67+ 121
Bream 10 26.33+5.48 241.33+£115.90
Catfish 10 60.40+5.70 1548 +£333
Danube (D) Pikeperch 10 42.50+2.62 642 +58
Bream 10 42.50+6.50 953+178
Catfish 10 69.80+6.30 1777 +£296
Danube (D) Pikeperch 10 40.50+1 570.33+£26.65
Bream 10 26.66+0.58 221.66+25.65
Catfish 10 62.20+9.62 1355+176.78
Sava (S) Pikeperch 10 42.80+2.52 603.40+25.90
Bream 10 25.40+2.80 212.35+16.84
Catfish 10 65.20+5.25 1796.50+113.5
Tisa (T) Pikeperch 10 50.167+5.48 1085+493.87
Bream 10 37.50+3.75 640+234.7
Catfish 10 66+3.50 1483.33£28.87
Great Morava (GM,) Chub 7 23.83+£1.04 128. 66 +26.54
Barbel 9 37.83+1.44 373.66+72.42
Nase 9 30+2.14 238+10.31
Great Morava (GM,) Chub 6 23.83+1.04 128.66+26.54
Barbel 8 4573 +3.11 743.33+50.33
Nase 8 29.50+1.56 265.80+13.90
West Morava (WM;) Chub 6 28+1.45 95+4.33
Barbel 5 31.66+3.82 188 +£47.57
Nase 7 35.83+£5.53 476.33+239.54
West Morava (WM,) Chub 7 26.83+1.26 230+26.45
Barbel 8 28+1.41 202.50+53.03
Nase 10 34.50+10.83 331.66+171.78
South Morava (SM) Chub 6 29.23+1.61 268+£48.13
Barbel 5 34.66+8.52 361.33+258.75
Nase 7 30.83+6.30 312.66+153.96
South Morava (SMy) Chub 7 21.50+0.50 89.50+2.10
Barbel 7 25.50+0.50 174+£5.90
Nase 7 25+1.30 137+3.50
Ibar (I) Chub 5 2530+3.72 181.66+90.40
Barbel 5 39+3.40 519+58
Nase 5 37+6.80 484 +23.70
Drina (DR) Chub 7 26+3 186.66+61.61
Barbel 7 39.60+3.30 753+151.43
Nase 7 25.50+1.80 145.66+34.27
Kolubara (K) Chub 5 23.57+4.07 168.33+£66.01
Barbel 3 25.56+4.07 163.33+£9.24
Nase 5 23+3.30 107 +2.58
Great Timok (GT) Chub 3 20.80+0.70 75+2.40
Barbel 5 26.50+0.35 176.20+5.80
Nase 7 22.60+3.90 101.40+3.45
Mlava (M) Chub 3 28.73+2.80 307.33+86.20
Barbel 3 25.40+3.80 228.70+53.40
Nase 3 25.10+£2.80 143.30+63.41
Pek (P) Chub 3 23.50+1.84 118.70+6.31
Barbel 3 25.60+2.32 222.30+7.99
Nase 3 20.80+1.74 156.33+£12.04
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0.73), and the section designated on the Tisa River is mini-
mally affected by metal pollution (MPI=0.31).

The As, Fe, Cu, and Zn concentrations detected in all of the
fish muscle were below the MPC established by both the EU
(EC 2006) and the Republic of Serbia (Official Gazette of RS
2011). Hg concentrations exceeded the MPC only in catfish
samples (0.62 mg kg ') from D5 and barbel (0.78 mg kg ")
from WM, sampling sites, while Cd concentrations exceeded
the MPC in catfish samples (0.09 mg kg ') from D; and chub
samples (0.1 mg kg™ ') from SM, sampling sites. We would
emphasize that the Pb level exceeded the MPC at most sam-
pling sites (WM;, WM,, I, DR, and GT) with the highest
concentration of Pb in barbel from WM, sampling site
(0.82 mgkg ™).

Discussion

The chosen species—pikeperch, bream, and catfish—are key-
stone populations of commercial fish species from large low-
land rivers, the Danube, Sava, and Tisa, while chub, barbel,
and nase are keystone populations from other rivers
researched in Serbia (Simi¢ et al. 2014). In our study, muscle
was chosen as a target tissue since EU limits are fixed to heavy
metal concentrations in fish muscle, which are most relevant
in the context of fish consumption. Another reason we focused
on muscle concentrations was to make the results relevant for
comparable and sustainable management.

We hypothesized that the concentrations of heavy metals in
the water would affect the heavy metal concentrations in the
fish muscle. Poleksi¢ et al. (2010) pointed out that elemental
concentrations in fish organs depend on the actual level of
pollution in the water body they inhabit, and studies of
elemental accumulation in fish tissues are able to indicate
the actual elemental levels in their environment. On the
other hand, Andres et al. (2000) and Yi and Zhang (2012)
stated that direct proportionality does not necessarily exist
between water concentrations and bioaccumulation levels in
aquatic organisms. The results of ANCOVA in our study
showed that the concentrations of several elements varied
markedly for the fish species examined. According to Dusek
etal. (2005) and Zrnci¢ et al. (2013), predator species revealed
important indicator potential even when young for the maxi-
mum content of Hg accumulated in muscle tissue, which is
also seen in this study. Suboti¢ et al. (2013b) stated that there
was no difference in the concentration of any element exam-
ined (As, Cu, Fe, Hg, Mn, and Zn) between the pikeperch and
catfish muscle for the fish of the same length as in our study,
which was not the case here. Our study showed that, as a
predatory fish, situated at the top of the food chain, catfish
(S. glanis) can adequately reflect ambient metal concentra-
tions as seen in the research of Squadrone et al. (2013). In
biomonitoring studies of variations in heavy metal pollution,

@ Springer

bream (4. brama) proved to be a useful bioindicator species
(Farkas et al. 2003). Generally, our findings support the thesis
of Zrn¢i¢ et al. (2013) that it is not necessarily the case that
predatory fish are the best indicator species. Poleksi¢ et al.
(2010) and Sunjog et al. (2012) confirmed the value of barbel
as an indicator species for the status of water bodies. The best
sentinel species should be the most abundant and ubiquitous
ones, such as the species studied here. Additionally, our results
concerning the bioaccumulation of elements and the MPI in-
dex pointed toward bream and barbel as good candidates for
the further establishment of pollution monitoring. Since the
element load of the water column from the sampling sites
proved to be relatively low, the results for metal concentra-
tions in bream and barbel are another confirmation that metal
uptake from food is predominant (Dallinger and Kautzky
1985). It can be seen from the results that fish that feed on
invertebrates which have absorbed elements from the water,
and additionally from the sediment, have the highest tendency
for the uptake of those elements.

A survey of the existing published data focusing on ele-
ment concentrations in fish species in Serbia indicated that
many fish species, tissues, and organs have been studied, so
far. Visnjic-Jeftic et al. (2010) assessed Al, Cd, Cu, B, Ba, Fe,
Mg, Sr, Zn, Li, Co, Cr, Mn, Mo, Ni, and P in the muscle, liver,
and gills of pontic shad (4losa immaculata Benet 1835) and
found the highest As concentration in the muscle, and Cd and
As above the MPC. Sterlet (Acipenser ruthenus) tissue liver,
gills, intestines, and muscle were used in a study by Jaric¢ et al.
(2011), in which Ag, Al, As, B, Ba, Cd, Co, Cr, Cu, Fe, Mn,
Mo, Ni, Pb, Se, Sr, Zn, and Li were analyzed, and the muscle
showed the lowest tendency for element accumulation, al-
though the level of Cd partly exceeded the MPC. According
to Suboti¢ et al. (2013a, b), only Hg and Zn concentrations
were above the MPC in the muscle tissue of pikeperch
(S. lucioperca), catfish (S. glanis), burbot (Lota lota), common
carp (Cyprinus carpio), and gobies (Neogobius
gymnotrachelus and Neogobius melanostomus). Compared
with the same species in our study, those authors found higher
concentrations for almost all of the elements (Al, As, Cd, Fe,
Hg, Mn, Zn in pikeperch samples and Al, As, Cd, Fe, Hg, Mn,
Zn in catfish samples). Jovic¢i¢ et al. (2015) also used 14 tis-
sues from catfish (S. glanis) of the same lengths as in our study
for element estimations (As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni,
Pb, Se, and Zn), but all of the element concentrations were
below the MPC. The concentrations of As, Co, Cu, Fe, Hg,
Mn, Ni, and Zn were higher; the concentrations of Cd and Pb
were lower, while the concentration of Cr was approximate to
the concentration in our study. The widest range of fish spe-
cies, silver carp (Hypophtalmichtys molitrix), freshwater
bream (4. brama), white bream (Blicca bjoerkna), common
carp (C. carpio), and catfish (S. glanis), were used in a study
by Lenhardt et al. (2012) in which the accumulation of Al, As,
B, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, Pb, Se, Sr, and Zn
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= S o © ® was analyzed in the liver, muscle, gills, and gonads, and only
" 333 o 7 9 = Fe and Zn concentrations were above the MPC. The levels of
S o a o —~ oo »n f .
= | B S & v S v v Al, Fe, Mn, and Zn in bream muscle and Cu, Fe, Mn, and Zn
N © S n o < S < © n R K K o
in catfish muscle were higher than in our study. This is very
S =8 d x S = important since the length of the fish examined in the
F 5555 g < brii abovementioned study was lower than in our study. All of
212 Sg9dz 2god¢g the studies mentioned here were conducted in the Danube
River, mostly near the capital city of Belgrade.
_ o o © < = The type of chemical, metabolic properties of the tissues
% - % % % - % % % and the degree of environmental pollution affect the bioaccu-
| g T3 § PRl mulation levels of fish (Prosi 1981). As expected, this study
Z e e e =< e e- indicates the highest BCFs for Hg (Table 3), which was also
< T oz T -3 confirmed in the studies by Suboti¢ et al. (2013a, b),.Duéek
S 3 s < et al. (2005), Has-Schon et al. (2008), and Nabavi et al.
= | 9 SSoe A (2012), who also stated that Hg is accumulated in the highest
= | s S S s S S S S o Lo .
concentrations in muscle tissue. The research presented here
_ - o g has also shown that water was a good source of Fe in the West
pd S S S S Morava River and Zn in the South Morava and rivers from
o A 2 & o ] S East Serbia such as the Great Timok, Mlava, and Pek.
= S S =2 S e s a ] 5
SR S e e e e s Z Generally, predatory species had the highest BCF for Fe, as
can be seen in a study by Suboti¢ et al. (2013a).
o S A o ~ . . . . .
2 Iced g5 The MPI is more reliable for expressing thfe cot}tamma.mon
3 £ o § 5% ;\1 Q % % ; status of fish than the accumu.latlon patterns since .1t considers
= | o S = & — S = & o all metals synchronously, unlike the BCF. The estimated MPI
- - o o e values for the muscle of pikeperch and catfish in the present
pd S 2 S == P study (Fig. 4) were lower than those reported by Suboti¢ et al.
X g 423 23 ad (2013Db) for the same species of the same length as in our study
= | S ax S QXA . . )
S S S s < S S s < (0.840 and 0.907, respectively), which were estimated based
o on the analysis of six elements (As, Cu, Fe, Hg, Mn, and Zn).
§ i § § é § E In a study by Jovici¢ et al. (2015), the MPI values for the
O .
_ £ s ; E ; g g :*1 % muscle of catfish, of the same length as in our study, (.:alculated
o | s S S S S S S S o for 11 elements (As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Zn),
were lower than 0.1. Considering that the MPI is influenced
g g3 éf 33 by the elements that are used for its calculation, this might
< S << << explain the differences between ours and the two studies men-
3 s 888 S8 38 tioned above. One more of the factor affecting the MPI of fish
o | S S 333 S 33 A ) ) .,
Ol s S S <SS S S < Z is weight (Suboti¢ et al. 2013a, b).
0 o a 8 Using the MPI index, we proposed a water quality classi-
§ § § § § § § fication for the main rivers in Serbia (Table 4). The classifica-
i EHHd SHHH tion showed spatial patterns of the elements, which led to the
3 S SS8388 S38388 identification of “‘site unaffected by direct pollution,” “slightly
affected,” or “affected” sites among the main rivers in Serbia.
g = S 8 8 According to this classification, the Tisa River can be catego-
E § E 8 z e rized as site unaffected by direct pollution while the West
oo
21 c = = =z z 2 Morava and Pek can be categorized as affected. Other rivers
< S S Z Z S S 3 S < g
are slightly affected. As a result of this water quality classifi-
g § § E g § cation, a contamination map of Serbia was formed (Fig. 5).
=) A < H A - HoA Based on previous studies by Teodorovi¢ (2009) who stated
E|l=]8 2322 22232 that heavy metals are considered to be among the major pol-
§ lutants in the Danube River in Serbia, especially pronounced
= g = g = between Novi Sad and Belgrade (the two largest cities), and
< 3 £2£€£g% £%2<£3
- < 5 & < 2 . . .
z 3 SEE S SEE S Sakan et al. (2013)' who demonstrat.ed t.he h'1gh ecolc?glcallrlsk
] = ~ and need for environmental monitoring in the Tisa River,
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Fig. 2 Mean concentrations of elements which significantly differed between a pikeperch, bream, and catfish and b chub, barbel, and nase

supporting the development of an efficient strategy to reduce
local pollution and contamination, we expected a high level of
fish contamination in our study. Surprisingly, this was not the
case, and those sites were slightly or moderately affected with
metal pollution. Sakan et al. (2015) found that the most pol-
luted sediment samples from the West Morava which origi-
nated from industrial plants and mines, and agricultural prod-
ucts, were mainly due to the use of manganese-containing
products, such as fertilizer and fungicide. This has probably
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led to the high MPI values of the barbel studied in this river,
and it is another proof that the accumulation of elements in
fish is mainly derived from sediment acting as an adsorptive
sink with metal concentrations often being many times greater
than in the water column (Salomons and Forstner 1980) and
sediment-dwelling organisms, because they can scavenge
some elements from sediment.

Our study showed that Hg concentrations exceeded the pre-
scribed MPC in the Danube (sampling site D3), which is in
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Fig.3 Mean concentrations of elements which significantly differed between sampling sites for a pikeperch, bream, and catfish and b chub, barbel, and

nase
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Table3 The BCF as ratio of mean element level (in mg kg™' ww) in muscle tissue to its mean concentration (in mg L") in water, per sampling site

Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn

D,

Pikeperch 1.5 110 75 - 90 15 32 1500 3 7.1 416.7 137

Bream 5.6 160 100 8 115 333 8.9 1600 8.5 14.33 350 154.5

Catfish 2 100 2250 - 72.5 11.7 3.65 3300 4.5 52.9 2833 381
D,

Pikeperch 4 330 2000 - 20 18.3 11.2 3000 3.7 53 460 188

Bream 0.9 350 200 10 222 233 11.05 800 5.7 6.7 500 195

Catfish 1.2 150 50 6 14.4 11.7 6.3 2000 3 53 360 148.5
Ds

Pikeperch 24.1 75 100 6 15.7 18.3 579 28,000 19 88.9 360 341.1

Bream 8.5 75 200 10 37.1 28.3 20.8 15,000 16 55.6 460 515.6

Catfish 1.4 55 200 16 320 11.7 6.9 62,000 8 333 320 3333
S

Pikeperch 1.4 316.7 200 43 200 10 35 1700 4.5 50 325 1233

Bream 3 300 200 7.1 220 11 3.8 600 8 80 262.5 1253

Catfish 1.7 166 2333 12.9 300 16 6.1 1800 12 100 225 160.7
T

Pikeperch 0.9 75 80 8 35 1.6 9000 2600 1.4 1.5 100 9.5

Bream 0.8 80 100 10 45 2 13,200 1400 34 3 110 11.7

Catfish 0.2 55 120 12 55 1.7 13,400 2800 2 25 145 12.5
GM;

Chub 24 233 120 1 933 25 3.7 1000 1.1 7 30 2335

Barbel 1.0 18.3 80 1 96.7 30 3.74 3200 1.6 4 44 176.5

Nase 0.15 50 120 - 1133 338 1.6 500 1.2 4 22 216
GM,

Chub 0.08 375 250 2 220 54 6.03 1900 1.33 23.1 3125 501

Barbel 0.16 20 250 - 350 56 9.86 2400 6.7 30.1 287.5 415

Nase 2.31 475 250 1.3 140 52 7.7 500 5.8 30.1 212.5 458
SM;

Chub 0.08 375 250 2 220 50 10.5 300 6.3 30.8 262.5 5523

Barbel 1.2 20 250 - 350 66 9.2 1100 8.7 30.8 325 590

Nase 23 475 250 1.6 140 52 14.6 40 12.7 30.8 300 471
SM,

Chub 1.0 11.1 500 5 0.25 50 23 300 1.3 100 21 184.1

Barbel 0.8 133 30 - 425 66 2.0 100 1.8 100 26 196.7

Nase 1.5 17.8 25 0.6 25 52 32 40 2.6 100 24 157
WM,

Chub 1.07 75 2333 222 42 42 2.7 700 22 0.9 400 360

Barbel 1.06 200 800 - 282 556 455 7800 37.2 22.7 1025 2289

Nase 24 48 166.7 222 30 52 3.9 500 6.4 9.3 3375 522
WM,

Chub 1.5 0.24 0.12 0.6 145 35 17,500 1100 120 0.11 1167 685

Barbel 1.0 1.0 0.14 1.8 160 90 40,700 1700 133 0.2 1067 1223

Nase 0.7 0.3 0.12 0.4 135 16 8500 800 433 0.09 1033 830
I

Chub 4.6 7.5 90 1.4 28.8 70 7.9 700 3 11.7 58.3 219.5

Barbel 1.4 16.2 50 - 225 140 49 1300 5.5 51.7 50 219

Nase 1.9 10 60 0.7 36.3 40 2.7 400 33 5 36.7 152
DR
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Table 3 (continued)

Al As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn

Chub 11 240 250 1 105 60 17.4 800 16 40 5571 286.5

Barbel 8.9 200 250 0.6 120 45 16.4 3400 28 20 385.7 200

Nase 44 282 300 8 105 125 21.7 400 20 80 3429 259
K

Chub 0.03 4 12 2 42 82.5 4.1 1800 0.4 15 30 501

Barbel 1.03 4.7 12 - 62 102.5 5.6 4800 2.1 10 200 399

Nase 1 33 10 - 44 97.5 44 400 1.1 16.7 190 715
GT

Chub 11.7 50 1000 6 98 190 354 100 5.9 60 1180 2625

Barbel 19.1 41.7 350 4 80 230 354 700 9.1 120 800 2053

Nase 8 25 250 6 50 105 27.9 100 5.4 40 420 1121
M

Chub 1.2 - 62.5 5 30 50 2.4 600 10 26.7 300 570

Barbel 0.9 - 37.5 2 21.4 82 4.7 1300 19 26.7 300 931.4

Nase 1.1 41.7 50 25.7 48 2.6 300 13 113.3 185.7 675.7
P

Chub - 200 83.3 3 722 38.1 254 - 5.7 1100 400 286.3

Barbel 17.4 260 1333 5 86.1 76.2 577 70 19.3 500 440 53544

Nase 19.6 460 66.7 - 105.5 429 341.3 - 12.7 280 660 3375

accordance with Suboti¢ et al. (2013b) who stated the same for
catfish of a similar size to those in our study. Elevated concen-
trations of Cd were also found in the Danube (sampling site D).
JoviCi¢ et al. (2014) stated that fish with excess concentrations of
Hg and Cd from the Danube can be utilized in the human diet
only in limited quantities and that it is necessary to establish
permanent monitoring of heavy metal concentrations in this area.
Since Hg and Cd concentrations were above the MPC in West
Morava (sampling site WM, ) and South Morava (sampling site
SM,), respectively, as were Pb concentrations in the West
Morava (sampling sites WM; and WM,), Ibar, Drina, and
Great Timok, we suggest that fishing in these rivers should be
limited, because of the potential health risk. Our findings also
suggest that the current lack of legal limits for a number of metals

2.5
2 1.92 m pike-perch
B bream
1.5 = catfish
1 ® chub
°~|73 0.65 mbarbel
0.5 o I wnsse
0
YD 2839338989552 4%
S RESEEN) o
FESESE 3

Fig. 4 Metal pollution index (MPI) values of the total metal
accumulation levels in the fish species examined per sampling site

@ Springer

in European and Serbian legislation should be tackled as soon as
possible, in order to enable more efficient control of contami-
nants in fish products. In the future, it will be important to focus
efforts on defining the appropriate quantities of fish meat to be
used in the human diet.

To conclude, this study clearly indicates that the MPI is a
reliable index for expressing the contamination status of fish,
giving a clear picture of pollution. Therefore, our opinion is
that it is possible for MPI to be included in complex freshwa-
ter monitoring programs. Also, more than one fish species
should be analyzed in comparative environmental studies
due to substantial variations in pollution loads. The
benthophagous species bream and barbel, preying close to
the bottom, were recognized as susceptible indicators of the
environmental gradient of element pollution. The predator
species catfish revealed important indicator potential because
it resides in muddy littoral. This study achieved its primary
objective and produced a contamination map of Serbia as a

Table 4  Quality classification of Serbian rivers according to the metal
pollution index

Class of contamination ~ Characteristics MPI
I Site unaffected by direct pollution — <0.3
I Slightly affected site 0.3-0.6
I Affected site 0.6
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Fig. 5 Contamination map of Hun gary
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Croatia

Bosnia
and
Herzegovina

basis for further research. Over the past two decades, Serbia
has not expanded its industrial activity, which has resulted in
the barely noticeable anthropogenic input of heavy metals in
the rivers close to industry, and the main rivers are mostly
slightly affected. On the other hand, the West Morava River
and Pek can be marked as polluted when it comes to heavy
metals and elements. Also, we assumed that pollution by
heavy metals in the 1990s was trapped in the sediment,
resulting in an increased concentration of elements in the spe-
cies that live and feed on the bottom. Therefore, the proposed
contamination map presents the current state of the entire eco-
system. Future studies should involve similar analyses that
would include more fish species and focus especially on
smaller rivers that have been neglected so far.
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Abstract

The main objectives of study were to determine the concentrations of As and other trace elements (Al,
Co, Fe, Ni, Sn, Se) in the muscle, liver, and gills of pikeperch (Sander lucioperca), catfish (Silurus glanis),
and pike (Esox lucius), and in the muscle of Prussian carp (Carassius gibelio) and freshwater bream (4bramis
brama), to identify relationships between element concentrations and total length and weight of the exam-
ined fish and studies of potential impact of contaminated fish consumption on human health. In the present
study, the highest concentrations of As (0.004 mgkg"'), Sn (0.154 mg'kg'), and Co (0.053 mgkg') were
observed in the liver of pikeperch. The highest concentrations of Ni (0.051 mg-kg") and Fe (162.17 mg-kg")
were observed in gills and liver of pike, respectively, while the highest concentrations of Al (22.65 mg-kg")
and Se (0.509 mg-kg"') were observed in gills and liver of catfish, respectively. Freshwater bream diverged
from the other four species based on element concentrations in muscle, while catfish diverged from the other
predator species based on element concentrations in gills. This indicates that the element levels detected in
organs seem to reflect the pollution level of sediment and its biota, rather than the prevailing pollution state of
the water. We recorded the most correlations between element accumulation and fish size and weight in the
tissues of pike, which could probably be explained by life histories, as well as by habitat of this species. Meat

of studied species should be safe for utilization in human diet.

Keywords: arsenic, reservoir, fish, food safety

Introduction

The rapid development of industry and agriculture has
resulted in an increase in pollution and, therefore, contami-
nation of aquatic ecosystems (e.g. lakes, reservoirs, rivers,
streams, etc.) has been receiving increased worldwide
attention over the last few decades. Metals are considered
to be the most important form of aquatic pollution because
of their toxicity, long persistence, and accumulation by

*e-mail: simic@kg.ac.rs

aquatic organisms [1-3]. In addition to toxic elements
(arsenic, As), essential trace elements (aluminum, Al;
cobalt, Co; iron, Fe; nickel, Ni; tin, Sn; and selenium, Se)
become toxic to living organisms when subjected to high
concentrations [4].

Fish are constantly exposed to chemicals in polluted
waters, so they could be used as excellent biological mark-
ers of elements in aquatic ecosystem [5]. Elements differ in
their accumulation levels and patterns depending on fish
species, as well as fish tissue [6, 7]. Gills are the primary
site of element uptake from water, especially if elements are
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bound to particulate matters [8], while the liver as meta-
bolically active tissue (due to the presence of metal-bind-
ing proteins) is the accumulation location for elements [9,
10]. Muscles are not important tissue in metals agglomer-
ation, except mercury, and the study of potential metals
accumulations in this tissue of fish is justified because of
human consumption [11]. However, since they are not
always the best indicators of element contamination pre-
sent in fish, the analysis of other tissues is recommended
as well [12]. Also, element distribution between different
tissues is determined mainly by their content in water and
food, and therefore can serve as a pollution indicator of the
environment [13].

Contaminated fish represent a potential risk for preda-
tory fish, birds, and mammals that feed on them [14]. The
pollutants accumulated by aquatic inhabitants (especially
fish) subsequently transferred to humans through the food
chain [15, 16] and it is generally accepted that consumption
of fish and seafood is a major source of arsenic exposure for
humans [17]. Because of high protein content and low sat-
urated fats containing omega fatty acids and supporting
good health and protecting the body against cardiovascular
diseases, contaminated fish represent a serious food safety
concern across the globe [18]. In recent years fish con-
sumption has increased in Serbia primarily due to a public
campaign on health benefits through popular media [19].

Bavan
(Bopan) [/

In general, health benefits and fish consumption are
informed through different organizations but rarely is there
insight into potential health risks [20-22]. Consequently,
knowledge of element concentrations in fish is important
both with respect to human consumption of fish and nature

management [23].

Data and publications on element pollution in Serbia are
still limited. Only a few studies on element content in
organisms living in waters of Serbia have been carried out
[6, 7, 24-27].

The main objectives of this study were:

(1) To determine the concentrations of As and other trace
elements (Al, Co, Fe, Ni, Sn, Se) in the muscle, liver
and gills of pikeperch (Sander lucioperca), catfish
(Silurus glanis), and pike (Esox lucius), and in the mus-
cle of Prussian carp (Carassius gibelio) and freshwater
bream (Abramis brama)

(2) To examine if there were differences in tissue accumu-
lation in three predatory fish species

(3) To examine if there were differences in fish accumula-
tion

(4) To assess the relationships between element concentra-
tions and total length and weight of the fish

(5) To determine whether specific elements exceeded max-
imum permitted concentrations (MPC) for human con-
sumption

Fig. 1. Location map of the Bovan Reservoir near the city of Aleksinac, southeastern Serbia.
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Material and Methods

Bovan is an artificial reservoir situated in the middle
flow of the Sokobanjska Moravica River near the city of
Aleksinac (Fig. 1) in southeast Serbia. The Bovan
Reservoir was planned as a multi-functional system, with
the primary aim of regulating the basin of the Morava River
and protecting the Derdap I Reservoir [28].

This reservoir has been under a strong anthropogenic
influence. Bovan Reservoir continuously receives signifi-
cant amounts of nutrient-rich water from the Sokobanjska
Moravica River due to the direct discharge of untreated
domestic wastewater into the river. The land around the
reservoir is intensively processed with the use of invasive
agricultural measures (excessive use of pesticides, herbi-
cides, and fungicides). Also, constantly expanding cottage
settlements on the coastal area of the reservoir, which gen-
erally have no prescribed way to regulate the storage and
discharge of wastewater, contribute to the pollution of the
reservoir.

The field work was conducted during May 2012. Five
fish species: pikeperch (S. lucioperca, N = 13), catfish (S.
glanis, N = 10), pike (E. lucius, N = 10), Prussian carp
(Carassius gibelio, N = 10), and freshwater bream
(Abramis brama, N = 10) were collected with portable lift
nets of different lengths, widths, and mesh diameters. The
select species were regular catches of fishermen in this area
of Serbia. Pikeperch, catfish, pike, and freshwater bream
are among the economically most valuable fish species and
form the core of commercial fishing in reservoirs and rivers
in Serbia (as well as Prussian carp, although it is a non-
native species [29]).

Specimens were sacrificed with a quick blow to the
head, measured for their total body length (cm) and weight
(g), and subsequently dissected. Mean values (£SD) for
total length and weight determined for species are
pikeperch 44.6+7.5 cm and 722.7+348.8 g; catfish §2.2+22
cm and 4,650+3,934 g; pike 55.2+8.5 cm and 779.6+179.3
g; Prussian carp 44.33+10.25 cm and 883.66+534.42 g; and
freshwater bream 33+3.04 cm and 585.33+213.71 g.
Samples of pikeperch, catfish, and pike were removed from
gills, liver, and the right dorsal muscle, while samples of
Prussian carp and freshwater bream were removed only
from the right dorsal muscle. All samples were washed with
distilled water, transferred to the laboratory, and stored at
-20°C prior to analysis.

In the laboratory fish samples (~1.5 g) were dried in a
lyophilizer (Christ Alpha 2-4 LD, Harz, Germany), and then
digested in an Advanced Microwave Digestion System
(ETHOS 1, Milestone, Italy) using a mixture of 65% nitric
acid and 30% hydrogen peroxide (Merck, Darmstadt,
Germany, 10:2 v/v) at 220°C for 20 min. After cooling to
room temperature and without filtration, the solution was
diluted to a fixed volume (volumetric flask, 25 ml) with
ultra-pure water (Milli-Q system, Millipore, Bedford, MA,
USA). Concentrations of Al and Fe were measured in fish
tissues in triplicate using a Thermo Scientific iCAP 6500
Duo ICP-OES instrument (Thermo Fisher Scientific,
Cambridge, United Kingdom). Co, Ni, Sn, As, and Se deter-

mination in fish tissues was achieved with a Thermo
Scientific iCAP Qc ICP-MS (Thermo Scientific, Bremen,
Germany), with operational software Qtegra. Instrumental
conditions were optimized to obtain sufficient sensitivity
and precision. The potential presence of trace elements in
chemicals used in sample preparation was resolved by using
a number of blank samples. Standards for instrument cali-
bration were prepared on the basis of multi element (SS-
Low Level Elements ICV Stock, 10 mg/L) and mono ele-
ment (Sn LSNH-100, 10 mg/L Sn) certified reference solu-
tion ICP Standard (VHG Labs, Inc- Part of LGC Standards,
Manchester, NH 03103 USA). DORM 4 (NRCC, Canada)
standard reference material was analyzed for elements. The
detection limits for Al and Fe, analyzed by ICP-OES, were
0.1, 0.05 mg'kg", respectively and detection limits for Co,
Ni, Sn, As, and Se, analyzed by ICP-MS, were 0.00005,
0.007, 0.00027, 0.013, 0.00001 mg-kg", respectively.

All concentrations were expressed as mgkg' wet
weight (ww).

In order to assess significant differences between
species and tissues, the non-parametric Kruskal-Wallis test
was applied. Post hoc inter-group comparisons of element
levels were performed by the non-parametric Mann-
Whitney test for two independent samples. Correlations
between the biological variables size and weight in relation
to concentration of elements in species were evaluated by
Spearman correlation. The level of significance was set at a
probability lower than 0.05 (p<0.05). All statistical analysis
of data was carried out using SPSS 16.0 statistical package
programs for Windows (SPSS Inc., Chicago, IL, USA).

All obtained element levels in the studied fish were
compared with maximum permitted concentrations (MPC)
in fish meat intended for human consumption, as estab-
lished by Serbian national legislation [30], and the
European Union [31].

Results and Discussion

In order to check the validity of the measurements,
DORM 4 reference material was used and certified, and
observed values are given in Table 1. The recovery was
between 93.25%-108.82%. Arsenic and trace element con-

Table 1. Certified element concentration in reference material
DORM 4.

Element Certified Observed Recovery
(mgkg") (mgkg") (%)

As 6.80+0.64 6.52+0.33 95.88
Sn 0.056+0.010 0.06+0.064 107.14
Ni 1.36+0.22 1.48+0.17 108.82
Co - - -

Al - - -

Se 3.56+0.34 3.32+0.35 93.25
Fe 341£27 333.96+25.87 97.93




202

Miloskovié A., Simi¢ V.

Table 2. Mean concentrations (mg-kg") and associated standard deviations (means+SD) of arsenic and other trace elements in the mus-
cle (M), liver (L), and gills (G) of pikeperch, catfish, and pike, and in the muscle of Prussian carp and freshwater bream from Bovan

Reservoir.
Elements Tissues (E:ESSCS) Catfish (meantSD) | Pike (mean+=SD) I;Ei:ﬁiggr)p Fre?i‘::;i;giam

M 0.003+0.006" * 0.002+0.002** 0.001+0.000* 0.003+0.001* 0.002+0.000*
As L 0.004+0.003* 0.001:0.000* 0.002+0.001** - -

G 0.002+0.002*4 0.002+0.001** 0.002+0.000* - -

M 0.027+0.006* 0.032+0.008" 0.032+0.002* * 0.026+0.001* 0.028+0.015*
Sn L 0.154+0.282" 0.041+0.008" 0.079+£0.057* - -

G 0.039+0.053" 0.008+0.006" 0.027+0.010™ - -

M 0.049+0.033** 0.039+0.018* 0.026+0.005* 0.038+0.010* 0.050+0.0374
Ni L 0.036+0.013** 0.026:+0.004* 0.037+0.017* - -

G 0.042+0.014* 0.043+0.022** 0.051+0.017* - -

M 0.004+0.009** 0.001+0.000** 0.0010.000* 0.003+0.004* 0.0140.000*
Co L 0.053+0.027" 0.045+0.025™ 0.007+0.003* * - -

G 0.002+0.003** 0.007+0.005* ND - -

M 2.49+3.41¢ 1.93+1.64" 0.361+0.188* 2.68+1.50¢ 7.37+7.71°
Al L 3.73+5.923* 2.66+5.54 12.38+13.22® - -

G 7.8146.66"* 22.65+21.30™ 7.3442.60** - -

M 0.091+0.052* 0.142+0.049"® 0.170+0.022"® 0.237+0.081°¢ 0.258+0.050°
Se L 0.306+0.112** 0.509+0.143°" 0.348+0.090" - -

G 0.143+0.038** 0.142+0.037** 0.158+0.033* - -

M 42.90+145.37"° 5.2942.14* 3.22+0.39* 18.88+5.26¢ 9.86+5.47°
Fe L 66.47+20.63 57. 84+16.28 162.17+117.62® - -

G 21.8246.84* 32.76+12.63% 28.4942.92% - -

Mean values in the same column with different superscripts (a, b, ¢) significantly differed (p<0.05) between tissues.

Mean values in the same row (A, B, C) with different superscripts significantly differed (p<0.05) between species.

centrations in three analyzed tissues (muscle, liver, gills) of
three predatory fish species (pikeperch, catfish, and pike)
and in muscle tissue of Prussian carp and freshwater bream
are presented in Table 2. There was no unique pattern of
distribution of elements in the tissues of the three predato-
ry fish species (pikeperch, catfish, and pike). The distribu-
tion pattern of As concentrations in tissues of three preda-
tory fish species were liver > muscle > gills, muscle > gills
> liver, and liver > gills > muscle for pikeperch, catfish, and
pike, respectively. Sn levels of pikeperch follows the order
liver > gills > muscle, whereas for catfish and pike the order
was liver > muscle > gills. The distribution pattern of Ni
was different with all three species: muscle > gills > liver;
gills > muscle > liver; gills > liver > muscle for pikeperch,
catfish and pike, respectively. In the study, Co accumulation
was found to be liver > muscle > gills for pikeperch and
pike, and liver > gills > muscle for catfish. The order of Cr
accumulation was determined for pikeperch and catfish as
gills > liver > muscle, whereas for pike the order was liver

> gills > muscle. In pikeperch Se had the order accumula-
tion muscle > liver > gills, whereas distribution order in cat-
fish and pike was liver > muscle > gills. Fe level of
pikeperchs follow the order liver > muscle > gills, whereas
for catfish and pike the order was liver > gills > muscle. As
shown on Table 2, with the exception of Co, all the other
elements have been accumulated in all three tissues that are
studied in three predatory fish species. However, Co was
absent in gills of pike. Concentrations of elements exam-
ined in muscle tissue (Table 2) showed that freshwater
bream had the highest tendency for Ni, Co, Al, and Se accu-
mulation, pikeperch had the highest tendency for As and
Fe, while catfish and pike had the highest tendency for Sn
accumulation.

The element concentrations in fish varied considerably
among tissues in all three predatory species (p<0.05) (Table
2). Al, Co, Fe, Sn, and Se varied among tissues in pikeperch
and catfish, while Al, Se, and Fe varied among tissues of
pike. However, element concentrations in muscle tissue
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were generally lower than in the liver and gills. In the pre-
sent study, the highest concentrations of As (0.004 mg-kg"),
Sn (0.154 mg'kg"), and Co (0.053 mg-kg") were observed
in the liver of pikeperch. The highest concentrations of Ni
(0.051 mgkg") and Fe (162.17 mg-kg"') were observed in
gills and liver of pike, respectively, while the highest con-
centrations of Al (22.65 mg-kg') and Se (0.509 mg-kg")
were observed in gills and liver of catfish, respectively. The
highest element concentrations are accumulated in meta-
bolically active tissues such as liver and gills, while mus-
cles commonly have lower element concentrations. Such a
pattern has been observed in a number of other studies cov-
ering a wide spectrum of fish species [3, 7, 25, 32-40].

In our study the highest concentration of As was deter-
mined in liver (only in pikeperch samples) which is in
accordance with results of Lenhardt et al. [25] and Al
Sayegh Petkovsek et al. [41], who found the highest con-
centrations of As in liver and gills. For other examined
species As is uniformly distributed among tissues, as seen
in study of Has-Shon et al. [42]. The detected concentra-
tions of As in pikeperch muscle samples (0.003 mg-kg"
ww) were higher than in samples from Gruza Reservoir
(ND — not detected) [26], but lower than in samples from
the Danube River (0.17 pg-g"' dw) [27] and (0.032 pg-g’
dw) [43]. As concentrations in catfish muscle samples
(0.002 mg-kg' ww) were lower than in samples from Gruza
Reservoir (0.095 mgkg' ww) [26] and from the Danube
(0.22 pgrg' dw) [27] and (0.22 pg-g* dw) [43]. Muscle sam-
ples from Prussian carp (0.003 mg-kg' ww) had lower As
concentrations than samples from Gruza Reservoir (0.106
mg-kg' ww) [26] and from the Danube (0.031 pg-g' dw)
[43]. As concentrations in freshwater bream muscle sam-
ples (0.002 mg-kg' ww) were higher than in samples from
Gruza Reservoir (ND — not detected) [26], but lower than
in samples from Salek lakes (0.04 mg-kg' ww) [41] and
from the Danube (0.035 pg-g* dw) [43].

Ni is essential for normal growth and reproduction in
animals and humans, but shows a carcinogenic effect when
consumed in high amounts. Ni concentrations were the
highest in liver samples as in the studies of Jari¢ et al. [7],
Nabavi et al. [44], and Yilmaz et al. [45]. The detected con-
centrations of Ni in pikeperch muscle samples (0.049
mg-kg' ww) were lower than in samples from the Caspian
Sea (1.77 pg-g' ww) [44]. The detected concentrations of
Ni in Prussian carp muscle samples (0.038 mg-kg' ww)
were lower than in samples from Isikli Dam Lake and
Karacadren Dam Lake (1.57 pg-g' dw) [46], but higher
than in samples from Enne Dame Lake (ND — not detected)
[10].

Yilmaz et al. [45] found the highest concentrations of
Co in liver samples, as seen in our study. We observed that
catfish had the highest concentrations of Co in gills com-
pared to other species, which is in accordance with the
findings of Suboti¢ et al. [27]. Co concentrations in
Prussian carp muscle samples (0.003 mg-kg") were lower
than in samples from Isikli Dam Lake and Karacadren
Dam Lake (2.80 mg pg-g' dw) [46], but higher than in
samples from Enne Dame Lake (ND — not detected) [10].
Muscle samples from pikeperch (0.004 mg-kg' ww) and

catfish (0.003 mg-kg" ww) had higher concentrations of
Co than samples from the Danube (0.001 pg-g' dw for
both species) [27].

The highest Al concentrations were found in gills,
which are in line with previous studies of Visnji¢-Jefti¢ et
al. [6], Jari¢ et al. [7], Lenhardt et al. [25], and Sunjog et
al. [47], but not in line with Saygi et al. [48], who found
the highest concentrations of Al in liver. Muscle samples
from catfish (1.93 mg-kg"' ww) had higher concentrations
of Al than Danube samples (ND — not detected) [25], but
lower than other samples from the Danube (7.50 pg-g'
dw) [27]. Al concentrations in freshwater bream (7.37
mg-kg' ww) were higher than in from Danube samples
(ND — not detected) [25], while concentrations of Al in
pikeperch muscle samples (2.49 mg-kg' ww) were lower
than in Danube samples (7.50 pg-g* dw) [27].

An essential trace element, selenium, is important for
mammals, birds, and fish. Selenium compounds also are
capable of protecting from the toxicity of heavy metals
such as cadmium and mercury. Se reached the maximum
concentrations in liver, which is in accordance with finding
of Jari¢ et al. [7]. Our results for Se (observing the highest
concentrations in liver of catfish compared to other
species) contradict the findings of Suboti¢ et al. [27], who
found that pikeperch had the highest concentrations of Se
of all analyzed species (pikeperch, catfish, common carp,
gobies). We also detected concentrations of Se in
pikeperch muscle samples (0.091 mg-kg"' ww) and in cat-
fish muscle samples (0.142 mgkg' ww), which were
lower than in pikeperch and catfish muscle samples from
the Danube (0.83 and 0.68 pg-g' dw, respectively) [27].
Kensova et al. [33] pointed to piscivorius fish species
accumulating the highest concentrations of Se, which is
not the case in our study. In contrast, in our study freshwa-
ter bream had the highest concentrations of Se in muscle
(0.258 mg-kg! ww) compared to other fish.

Rajkowska et al. [37], Yilmaz et al. [45], and Szarek-
Gwiazda and Amirowicz [49] pointed to the liver as a stor-
age organ for Fe, and such is the case in our study. The
detected concentrations of Fe in pikeperch muscle samples
(42.90 mgkg' ww) were higher than in samples from
Gruza Reservoir (3.12 mgkg' ww) [26], and from the
Caspian Sea (2.79 pg-g' ww) [44]. Fe concentrations in cat-
fish muscle samples (5.29 mg-kg' ww) were lower than in
samples from the Gruza Reservoir (7.4 mg-kg' ww) [26],
but higher than in Danube samples (ND — not detected)
[25]. The detected concentrations of Fe in freshwater bream
muscle samples (9.86 mg-kg' ww) were higher than in
samples from Gruza Reservoir (2.8 mgkg' ww) [26], and
from Lake Insko and Wisola (1.5 and 1.3 pg-g"' ww, respec-
tively) [37]. Muscle samples from pike had higher concen-
trations of Fe (3.22 mg'kg"') than samples from Lake Insko
and Wisola (1.4 and 0.8 pg-g"' ww, respectively) [37].

The Kruskal-Wallis test revealed significant differences
between fish species with regard to element levels in mus-
cle for Al, Se, and Fe (p<0.05), in gills for Al, Sn, and Fe
(p<0.05), and in liver for As, Sn, Co, Al, Fe, and Se
(p<0.05) (Table 2). Post hoc inter-group comparisons
between pairs of species for levels of elements in specific
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tissues, performed by the non-parametric Mann-Whitney
test, for muscle showed that freshwater bream had signifi-
cantly higher levels of Al and Se, while pikeperch had sig-
nificantly higher levels of Fe compared to other species.
Gills showed the least differences for all tested elements.
Catfish was different by the lowest levels of Sn and the
highest levels of Al and Fe. For the liver, this test showed
that pikeperch had significantly higher levels of As and Sn
compared to other species. Pike had significantly higher
levels of Al and Fe, but significantly lower levels of Co,
while catfish had significantly higher levels of Se compared
to other species. The accumulation patterns tend to vary
among species based on their behavior and feeding habits
[38], which are in accordance with the results in this study.
Freshwater bream diverged from the other four species
based on element concentrations in muscle, which could be
a result of its diet (chironomid larvae and other benthic
organisms). On the other hand, catfish diverged from the
other predator species based on element concentrations in
gills, which might be explained with its different behavioral
patterns (situated in a littoral zone, in mud). This indicates
that the element levels detected in organs seem to reflect the
pollution levels of sediment and its biota, rather than the
prevailing pollution state of the water.

Although Al-Yousuf et al. [50] reported that the con-
centrations of elements in fish tissues are generally related
to the age of a fish and consequently its size and length,
there were only a few significant correlations between ele-
ment accumulation and fish size and weight in our study.
In the muscle of pikeperch, Se had strong negative corre-
lation with fish weight (correlation coeff. -0.648, p<0.05).
There were recorded the most correlations between the ele-
ment accumulation and fish size and weight in the tissues
of pike. As, Al, Ni in muscle, and As in liver of pike had a
positive correlation with fish size and weight (correlation
coeft. 1.00, p<0.05), since Se, and Sn in liver, and Al in
gills of pike had significantly negative correlation with fish
size and weight (correlation coeff. -1.00, p<0.05). In the
muscle of catfish Ni had strong negative correlation with
fish size (correlation coeff. -0.943, p<0.05). Ni had a
strong positive correlation with fish size and weight (cor-
relation coeff. 1.00 and 1.00, respectively, p<0.05), while
Se had a strong negative correlation with fish size and
weight (correlation coeff. -1.00 and -1.00, respectively,
p<0.05) in the muscle of freshwater bream. Fe and As were
positively correlated with fish size and weight (correlation
coeff. 1.00 and 1.00, respectively, p<0.05) in the muscle of
Prussian carp. Such differences in results could probably
be explained by differences in life histories of assessed fish
species, as well as by differences in their habitats. Canli
and Atli [51] indicated that the negative relationships
between fish size and element levels could be due to dif-
ferences in metabolic activity between younger and older
fish. Our findings were similar to previous studies on the
same and other fish species. For instance, Rajkowska et al.
[37] observed positive fish size dependent relationship for
Fe in gills of pike (Esox lucius), whereas in the case of
freshwater bream (4bramis brama) such dependence was
observed in liver. According to Tekin-Ozan et al. [52] sig-

nificant negative relationships were found between fish
length and weight related to As and Fe concentrations in
muscle, liver, and gills of carp (Cyprinus carpio). In a
study by Lenhardt et al. [25], concentrations of Al in liver
of silver carp (Hypophthalmichthys molitrix) increased
with fish size and weight.

For most examined elements there are no national [30]
and European [31] prescribed maximum permitted concen-
trations (MPC). The levels of As did not exceed the MPC
prescribed by the National Regulation of the Republic of
Serbia [30], which is 2 mg-kg' ww. However, comparison
of the national prescribed MPC for Fe (30 mgkg' ww)
indicated that one sample of pikeperch muscle, all
pikeperch, catfish, and pike liver samples, and two catfish,
and pike gills samples had elevated concentrations. This
indicates that the meat of studied species should be safe for
utilization in human diet. However, other tissues, which are
sometimes also utilized in human diet, should therefore be
omitted.

Conclusions

The element concentrations in fish varied considerably
among tissues in all three predatory species. However, ele-
ment concentrations in muscle tissue were generally lower
than in the liver and gills. Concentrations of elements
examined in muscle tissue showed that freshwater bream
had the highest tendency for Ni, Co, Al, and Se accumula-
tion, pikeperch had the highest tendency for As, and Fe,
while catfish and pike had the highest tendency for Sn accu-
mulation. Freshwater bream diverged from the other four
species based on element concentrations in muscle, which
could be a result of its diet (chironomid larvae and other
benthic organisms). On the other hand, catfish diverged
from the other predatory species based on element concen-
trations in gills, which might be explained with its different
behavioral patterns (situated in a littoral zone, in mud). This
indicates that the element levels detected in organs seems to
reflect the pollution level of sediment and its biota, rather
than the prevailing pollution state of the water.

There were a few significant correlations between the
element accumulation and fish size and weight in our study,
with the most recorded correlations in the tissues of pike,
which could probably be explained by life histories as well
as by habitat of this species.

To conclude, the obtained results indicate that the
Bovan Reservoir is polluted with Fe, accordingly posing a
risk for the human consumption of these fish species.
Regular analysis of fish meat quality is considered a very
important measure because of the distribution of fish from
this reservoir directly to consumers.
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ABSTRACT

Pikeperch (Sander lucioperca), catfish (Silurus
glanis) and pike (Esox lucius) were collected from the
Bovan Reservoir (Southeast Serbia), and samples of mus-
cle, liver and gills were analyzed for Cu, Zn, Pb, Cd, Hg,
Cr and Mn using inductively coupled plasma optical
emission spectrometry (ICP-OES) and inductively cou-
pled plasma mass spectrometry (ICP-MS) to highlight the
importance of predatory species and tissue selection in
monitoring research, and studies of potential impact of
contaminated fish consumption on human health. The
element levels in fish varied considerably among tissues
in all three species (p <0.05), except Pb in catfish and Cd
in pike. However, element levels in muscle tissue were
generally lower than in the liver and gills. In the present
study, the highest levels of Pb (145.35 mg kg') and Cd
(0.031 mg kg) were observed in pikeperch liver, and that
of Cr (0.069 mg kg") was observed in gills of pikeperch,
while the highest levels of Zn and Mn were in gills of pike
(110.29 and 1.86 mg kg™, respectively) and that of Cu was
in liver of pike (6.29 mg kg'). Mercury was the only
element that was accumulated in highest levels in muscle
tissue in all three species (0.341, 0.253 and 0.234 mg kg™
for pike, pikeperch and catfish, respectively). The BCF
showed that Pb and Zn were the most readily absorbed
ones by fish. Liver had the highest affinity for bioconcen-
trations of Cu, Cd, and Zn, gills for Cr, Mn, and Pb,
whereas muscle had the highest affinity for the biocon-
centration of Hg. According to results in this study, all
three predatory fish species can equally be used in moni-
toring of metal-polluted waters. None of the elements in
fish muscle exceeded the maximum permitted concentra-
tions (MPC) established by national legislation and the
European Union. However, since Zn levels were above
MPC in gills of pike, and Pb levels were above MPC in
gills and liver of pike and pikeperch, the consumption of
these parts of these fishes can be potentially hazardous for
humans and should be excluded from the diet.

* Corresponding author

KEYWORDS: predatory fish, bioaccumulation, ICP-OES, ICP-
MS, fish consumption

1. INTRODUCTION

The contamination of fresh waters with a wide range
of pollutants has become a matter of great concern over
the last few decades, not only the threat to the public
water supplies, but also the damage caused to the aquatic
life. Metals are considered to be the most important form
of aquatic pollution because of their toxicity, long persis-
tence and accumulation by aquatic organisms [1-3].

Aquatic organisms are widely used to biologically
monitor variation in environmental levels of anthropogenic
pollutants [4, 5]. Knowledge of metal concentrations in fish
is important both with respect to nature management and
human consumption of fish [6]. Apart from the nature of
the chemical, factors that determine the hazard to human
health are fish consumption preferences, meal size, fish
species, and species variation in bioaccumulation [7]. Mus-
cles are often a major tissue of interest for routine environ-
mental monitoring. However, since they are not always
the best indicators of element contamination present in
fishes, the analysis of other tissues is recommended as
well [8]. Gills are the primary site of metal uptake from
water [9], especially if metals are bound to particulate
matters [10], while the liver as metabolically active tissue
is the accumulation place of metals [11]. Metals differ in
their accumulation levels and patterns depending on fish
species, as well as fish tissues [12, 13]. Special attention
should be given to fish species that are able to accumulate
higher levels of metals. Top predators (i.e., piscivorous
fish) [14] and species with high lipid contents have been
shown to be the most sensitive indicators of environ-
mental contamination [15]. Piscivorous predators show
higher levels of Hg in muscle and in liver than species
from lower trophic levels [16-18].

Data and publications on metal pollution in Serbia are
still limited. Only a few studies on metal content in organ-
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isms living in Danube River in Serbia have been carried
out [12, 13, 19, 20]. The main objective of the study was
to highlight the importance of predatory fish species and
tissue selection in monitoring research, and studies of po-
tential impact of contaminated fish consumption on human
health.

2. MATERIALS AND METHODS

Fresenius Environmental Bulletin

Bovan is an artificial reservoir situated in the middle
flow of the Sokobanjska Moravica River near the city of
Aleksinac (Fig. 1), Southeast Serbia. The Bovan Reservoir
was planned as a multi-functional system, with the primary
aim of regulating the basin of the Morava River and pro-
tecting the Perdap I Reservoir. Although initially it was not
planned for water supply, due to great potential, a water
treatment plant was added and a reservoir supplying
drinking water for the population of the region [21].

This reservoir has been under a strong anthropogenic
influence. Bovan Reservoir continuously receives signifi-
cant amounts of nutrient-rich water from Sokobanjska
Moravica River due to the direct discharge of untreated
domestic wastewater into the river. The land around the
reservoir is intensively processed with the use of invasive
agricultural measures (excessive use of pesticides, herbi-
cides and fungicides). Also, constantly expanding cottage
settlements on the coastal area of the reservoir, which gen-
erally have no prescribed way to regulate the storage and
discharge of wastewater, contributes to the pollution of
the reservoir.

The field work was conducted during May 2012. Three
fish species: pikeperch (S. lucioperca), catfish (S. glanis)
and pike (E. lucius) were collected with portable lift nets of
different lengths, widths and mesh diameters. Thirteen
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pikeperch specimens were caught, with average length of
44.6 = 7.5 cm (length range: 31-56 cm) and average
weight of 722.7 + 348.8 g (weight range: 270-1317 g).
Ten catfish specimens were caught, with average length
of 82.2 + 22 c¢m (length range: 61-122 c¢cm) and average
weight of 4650 + 3934 g (weight range: 2000-12,350 g).
Ten pike specimens were also caught, with average length
of 55.2 £ 8.5 cm (length range: 47-64 cm) and average
weight of 779.65 £ 179.33 g (weight range: 586-940 g).
Samples were removed from gills, liver and the right dorsal
muscle, washed with distilled water, transferred to the
laboratory, and stored at -20 °C prior to analysis.

In the laboratory, fish samples (~1.5 g) were dried in
a lyophilizer (Christ Alpha 2-4 LD, Harz, Germany), and
then digested in an Advanced Microwave Digestion Sys-
tem (ETHOS 1, Milestone, Italy) using a mixture of 65%
nitric acid and 30% hydrogen peroxide (Merck, Darm-
stadt, Germany, 10:2, v/v) at 220 °C for 20 min. After
cooling to room temperature and without filtration, the
solution was diluted to a fixed volume (volumetric flask,
25 ml) with ultra-pure water (Milli-Q system, Millipore,
Bedford, MA, USA). Concentrations of Zn and Mn were
measured in fish tissues in triplicate using a Thermo Sci-
entific iCAP 6500 Duo ICP-OES instrument (Thermo
Fisher Scientific, Cambridge, United Kingdom). Cu, Pb,
Cd, Hg, and Cr determination in fish tissues was achieved
with a Thermo Scientific iCAP Qc ICP-MS (Thermo
Scientific, Bremen, Germany). Details of the instrumental
operating conditions are depicted in Table 1. The poten-
tial presence of trace elements in chemicals used in sam-
ple preparation was resolved by using a number of blank
samples. Standards for the instrument calibration were pre-
pared on the basis of multi-element (SS-Low Level Ele-
ments ICV Stock, 10 mg/L) and mono-element (Hg Calibra-
tion Stock, 10 mg/L Hg) certified reference solution ICP

Bowansko
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121

121

Baowan

=TT

FIGURE 1 - Location map of the Bovan Reservoir near the city of Aleksinac, Southeast Serbia.
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TABLE 1 - Experimental conditions used on ICP-MS and ICP-OES
equipment to determine elements in fish tissues.

Experimental conditions

ICP-OES
Radio frequency power (RF) 1350 W
Plasma view Axial

Concentric nebulizer
Standard glass cyclonic

Nebulizer
Spray chamber

Ceramic centre tube 2 mm
Purge gas Argon
Nebulizer argon flow-rate 0.50 L min™*
Auxiliary argon flow-rate 0.50 L min™’
Coolant argon flow-rate 12.0 L min™

Sample flush time 40s

Analysis pump rate 50 rpm
Analysis mode Speed
Software iTEVA
ICP-MS

Radio frequency power (RF) 1550 W
Nebulizer argon flow-rate 0.95 L min™
Auxiliary argon flow-rate 0.80 L min™
Coolant argon flow-rate 14.0 L min™
CCT1-Helium 6.0 ml min™'
Dwell time 10 ms
Extraction -50.00 V
Sample uptake rate 0.40 mL min™'
Spray chamber Cyclonic
Nebulizer Meinhard ESI MicroFlow PFA-ST
Software Qtegra
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Standard (VHG Labs, Inc-Part of LGC Standards, Man-
chester, NH 03103 USA). The detection limits for Mn, Zn,
analyzed by ICP-OES, were 0.0025, and 0.109 mg kg™,
respectively, and detection limits for Pb, Cd, Hg, Cr, and
Cu, analyzed by ICP-MS, were 0.0093, 0.00047, 0.00027,
0.003, and 0.0028 mg kg™, respectively. The analytical
process quality control, performed by the use of fish pro-
tein certified reference material for trace metals DORM 4
(NRCC, Canada), indicated that the resulting concentra-
tions were within 87-105%. There was no certified value
for Mn. Concentrations of all metals were expressed as
mg kg wet weight (ww).

The bioconcentration factor (BCF) is a number that
describes the bioconcentration as the ratio of the level of a
chemical inside an organism to the level in the surround-
ing environment [22]. It was calculated as the ratio of the
mean element level in the selected tissue (Cggp), to the
element level in water (Cy,e;) according to the equation:
BCF = Cﬁsh/cwater

In order to assess significant differences between the
levels of 7 elements (Cu, Zn, Pb, Cd, Hg, Cr and Mn) in 3
different tissues (muscle, liver, and gills) of 3 predatory
fish species (pikeperch, catfish, and pike), non-parametric
Kruskal-Wallis test was applied. Post hoc inter-group
comparisons of element levels (between pairs of species)
were performed by the non-parametric Mann-Whitney test
for 2 independent samples. Correlations between the bio-
logical variables size and weight in relation to level of
elements in species were evaluated by Spearman correla-
tion. All statistical analyses of data were carried out using
SPSS 16.0 statistical package programs for Windows
(SPSS Inc., Chicago, IL, USA).

FEB

All obtained element levels in the studied fish were
compared with maximum permitted concentrations (MPC)
in fish meat intended for human consumption, as estab-
lished by national legislation [23], and the European Un-
ion [24].

3. RESULTS AND DISCUSSION

Average concentration (mg kg ww) of the elements
found in the muscle, liver and gills of pikeperch, catfish
and pike are summarized in Table 2, including a statistical
analysis. There was no unique pattern of distribution of
elements in the tissues of the 3 species. The distribution
pattern of Cu and Cd in tissues of the 3 species was liver
> gill > muscle and liver > muscle > gill, respectively. Zn
level of pikeperch and catfish followed the order liver >
gill > muscle, whereas for pike the order was gill > liver >
muscle. The distribution pattern of Pb was different with
all 3 species (liver > gill > muscle; muscle > gill > liver;
gill > liver > muscle for pikeperch, catfish and pike, re-
spectively). In the study, Hg accumulation in all 3 fish
species was found to be muscle > liver > gill. The order of
Cr accumulation was determined for pikeperch and cat-
fish as gill > muscle > liver, whereas for pike the order
was liver > gill > muscle. In pikeperch, Mn had the order
accumulation liver > muscle > gill, whereas distribution
order in catfish and pike was gill > liver > muscle. As
shown in Table 2, with the exception of Cd, all the other
elements have been accumulated in all 3 tissues studied in
the 3 species. However, Cd was absent in gill of pikeperch.

The element concentrations in fish varied considera-
bly among tissues in all 3 species (p < 0.05), except Pb in
catfish as well as Cd and Cr in pike (Table 2). However,
element concentrations in muscle tissue were generally
lower than in the liver and gills. In the present study, the
highest concentrations of Pb (145.35 mg kg') and Cd
(0.031 mg kg") were observed in the liver of pikeperch,
and the highest Cr amount (0.069 mg kg™') was found in
gills of pikeperch, while the highest concentrations of Zn
and Mn were in gills of pike (110.29 and 1.86 mg kg™,
respectively) and that of Cu was in liver of pike (6.29 mg
kg™). These results are in accordance with the findings of
other authors, namely that the highest element concentra-
tions are accumulated in metabolically active tissues such
as liver and gills [3, 13, 17, 25-27], while muscles com-
monly have lower element concentrations [28, 29]. Since
they are directly in contact with water and suspended mate-
rials, gills are primary site of metal uptake from the water,
and reflect the concentrations of metals in surrounding
water [30, 31]. According to Oymak et al. 2009 [32], the
metals adsorption into the gill surface can affect the metal
levels of the gill, which is common because of metal
complexion with the mucus which is impossible to be
completely eliminated from the lamellae prior to tissues
and prepared for analysis. On the other hand, the liver is
the storage place of metals [31]. According to Rashed
[33], fish liver accumulates the highest Cu levels, since
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Cu represents an inherent part of the enzymes localized in
the liver [17], such as is the case herein, in all three preda-
tory fish species. Mercury was the only element that was
accumulated in highest levels in muscle tissue of all 3
species (0.341, 0.253 and 0.234 mg kg for pike, pike-
perch and catfish, respectively). This result is in agree-
ment with other authors [14, 17, 34, 35] who found that
fish muscle accumulated the most Hg. On the other hand,
the lowest concentration of all others metals were in mus-
cle tissue. The lowest Cu, Zn and Pb levels were observed
in the muscles of pikeperch (0.151, 2.48 and 0.065 mg kg™,
respectively), and the lowest Mn (0.149 mg kg) concen-
tration in the muscle of pike, while the lowest Cd and Cr
concentrations were observed in the muscle of pike and
catfish (0.001 and 0.001 mg kg, respectively). Lower
concentrations of Cu, Mn and Zn detected in muscle could
reflect the low levels of binding proteins in the muscle
tissue.

The Kruskal-Wallis test revealed significant differ-
ences between fish species in regard to Zn, Pb, Cu and Cd
concentrations in liver (p <0.05). The post hoc Mann-
Whitney test showed that levels of Zn and Cu were sig-
nificantly higher (p < 0.05) in pike liver tissue. Concen-
trations of Pb and Cd in liver were significantly (p < 0.05)
different between species, with higher values for both met-
als in pikeperch. Similar results were obtained with regard
to element concentration in gills. The Kruskal-Wallis test
showed that Zn and Pb amounts were significantly differ-
ent among species (p <0.05). According to the post hoc
Mann-Whitney test, Zn value was significantly higher in
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pike, while Pb value was significantly higher in pikeperch.
The Kruskal-Wallis test also revealed significant differences
between fish species with respect to Zn concentration in
muscle (p <0.05). The post hoc Mann-Whitney test showed
that concentration of Zn was significantly higher in catfish
than in pikeperch and pike muscle tissue. There were no
differences in Hg, Cr and Mn concentrations among the
species. As a generally wandering piscivorous predator
that becomes obligate piscivore at age 17 [36, 37], pike-
perch forages in open waters and is seldomly found in
vegetated littoral zone [37]. European catfish resides in
littoral habitats of lower reaches of large rivers and mud-
dy lakes [38, 39] feeding on fish fauna in its habitat, am-
phibians, birds and small mammals. Pike is a remarkably
flexible piscivore and able to consume a diverse range of
prey including salmonids, percids and cyprinids [40], to
distribute itself within a lake in accordance with the ideal
free distribution in response to changing conditions [41].
Although these 3 predatory fish species have overlapping
diets but different habitat preference, this did not signifi-
cantly affect the concentrations of elements in the tissues
of these species; therefore, we considered that all 3 preda-
tory fish species can equally be used as bio-indicators of
metal-polluted waters.

Several other studies were conducted on the subject
of element levels in tissues of lacustrine fish. In a previ-
ous study on the Gruza Reservoir, a reservoir of the same
trophy in Serbia, MiloSkovi¢ et al. 2013 [42] observed
higher levels of Pb but lower levels of Cd, Cu, Mn, and Hg
in pikeperch muscle, as well as higher levels of Cd, Cu,

TABLE 2 - Concentrations of Cu, Zn, Pb, Cd, Hg, Cr, and Mn in muscle, liver, and gills (mg kg'1 ww) of pikeperch, catfish, and pike (mean

values + standard deviation).

Tissue Element Pikeperch Catfish Pike

Muscle Cu 0.151 +0.102° 0.268 =0.151* 0.182 +0.052*
Zn 2.475 + 0.996" 5.137 + 1.636° 3.818 +0.376
Pb 0.065 £ 0.025" 0.125 + 0.088" 0.068 + 0.020"
cd 0.003 = 0.004 0.001 = 0.000* 0.001 = 0.000*
Hg 0.253 + 0.061° 0.234 £ 0.096" 0.341 £ 0.033"
Cr 0.012 + 0.035° 0.001 £ 0.000* 0.001 £ 0.000*
Mn 0.749 +2.144* 0.299 + 0.188" 0.149 + 0.040"

Liver Cu 1.534 + 0.696" 2.176 + 0.853" 6.294 + 1.368"
Zn 13.739 + 2.292° 14.043 +2.359* 32.389 + 4.681°
Pb 145.353 + 368.572° 0.050 + 0.024° 1.339 £2.242°
cd 0.031 +0.013" 0.023 + 0.020° 0.008 + 0.006"
Hg 0.155 + 0.036 0.108 £ 0.047* 0.137 +0.038"
Cr 0.005 £ 0.007* 0.001 +0.001° 0.024 + 0.027°
Mn 1.608 + 0.452° 1.578 + 1.439" 1.397 + 0.369"

Gills Cu 0.280 = 0.149* 0.302 +0.024* 0.328 £ 0.041°
Zn 7.107 + 1.372° 10.158 + 1.542° 110.286 + 26.500°
Pb 27.113 £ 96.970° 0.101 +0.078" 7.399 + 12.668"
cd ND* 0.001 = 0.000* 0.001 = 0.000*
Hg 0.055 + 0.014° 0.065 +0.017° 0.052 + 0.010°
Cr 0.069 + 0.056" 0.025 + 0.025° 0.023 + 0.020°
Mn 0.652 + 0.204* 1.823 + 1.247" 1.856 + 0.535"

ND - not detected; a value with different letter in the same row is different (p < 0.05)
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TABLE 3 - The BCF as ratio of mean element level (mg kg” ww) in the specific tissue to its mean concentration (mg L) in water.

Element Tissue Pikeperch Catfish Pike

Cu Muscle 14.80 26.27 17.84
Liver 150.40 213.33 617.05
Gills 27.45 29.60 32.15

Zn Muscle 171.87 356.73 265.13
Liver 954.10 975.20 2249.23
Gills 493.54 705.41 7658.75

Pb Muscle 118.18 227.27 123.64
Liver 264,278.18 90.90 2434.54
Gills 49,296.36 183.64 13,452.72

Cd Muscle 11.32 3.77 3.77
Liver 116.98 87.79 30.19
Gills - 3.77 3.77

Hg Muscle 2530 2340 3410
Liver 1550 1080 1370
Gills 550 650 520

Cr Muscle 20 1.67 1.67
Liver 8.33 1.67 40
Gills 115 41.67 38.33

Mn Muscle 13.62 5.44 2.70
Liver 29.24 28.69 25.40
Gills 11.85 33.14 33.74

and Mn but lower levels of Pb, and Hg in catfish muscle.
In comparison to pike samples from the lakes Insko and
Wisola (Poland [43]), the samples in our study had lower
levels of Mn and Zn in muscle and gills, lower levels of
Zn in liver, and lower levels of Cu in gills but higher
levels of Cu in muscle and gills, and Mn in liver. Giil et
al. [27] found the highest levels of Zn, Cu, Cd, and Pb in
liver of pikeperch living in Hirfanh Dam Lake, Turkey,
followed by muscle and gills, as seen in our study. Pike-
perch from Caspian Sea [44] had higher levels of Cu, Zn,
Pb, Cd, and Mn in muscle tissue, lower levels of Cu, Zn,
Pb, Mn but higher levels of Cd in liver, and lower levels
of Zn and Pb but higher levels of Cu, Cd, and Mn in gills.
Compared to our results, Tabatabaie et al. [45] found
lower levels of Hg in pikeperch muscle from Anzali and
Gomishan Wetlands in the southern coast of the Caspian
Sea. In comparison to catfish samples from the Danube
River, Serbia [20], the samples of catfish in our study had
higher levels of Cu and Mn in muscle and liver, but lower
in gills, and higher levels of Zn in liver and gills, and
lower ones in muscle. Compared with our results, Subotié
et al. [46] found higher levels of Hg and Zn in muscle and
liver of pikeperch and catfish in Danube River, Serbia.

In our study, there were no clear relationships ob-
served between the fish size and weight with the metal
accumulation. Hg had a positive correlation with fish size
(correlation coeff. 0.643, p <0.05) in the muscle of pike-
perch, since Cd had a weak but significant positive corre-
lation with fish size (correlation coeff. 0.569, p <0.05) in

liver of the same species. In the liver of catfish, Zn had a
strong positive correlation with fish size and weight (cor-
relation coeff. 0.859 and 0.829, respectively, p <0.05).
The strongest correlations were recorded in the tissues of
pike. Mn had a strong positive correlation with fish size
and weight (correlation coeff. 1.00 and 1.00, respectively,
p <0.05) in the muscle. In the liver, Cu had a strong posi-
tive correlation with fish size (correlation coeff. 1.00, p
<0.05) and Pb had a strong negative correlation with fish
size and weight (correlation coeff. - 1.00 and - 1.00, re-
spectively, p <0.05) in gills. Such findings were similar to
previous studies on other fish species. For instance, Ra-
jkowska et al. [43] observed positive fish size-dependent
relationship for Cu in liver of bream (4Abramis brama).
According to Farkas et al. 2003 [4], concentrations of Cd,
Cu in liver and Hg in liver, gills, and muscle of bream
(Abramis brama) were positively correlated to fish size
and age. The same authors also observed negative correla-
tion to fish size and age for Cu, Pb, and Zn concentrations
in gills and muscle of bream (4bramis brama). In a study
by Tabatabaie et al. [45], concentration of Hg in muscle
tissue of carp (Cyprinus carpio) increased with fish size
and weight, while concentration of Hg in muscle tissue of
pikeperch (Sander lucioperca) increased with fish weight.

The bioconcentration factor (BCF) results are given
in Table 3. These results were calculated based on the
data of water quality, provided by the Agency for Envi-
ronmental Protection of the Republic of Serbia. The con-
centrations of elements in water were between the follow-
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ing ranges (mg L™): Cu: 0.0057-0.0147, Zn: 0.0068-
0.022, Pb: 0.0005-0.0006, Cd: 0.00004-0.00049, Hg:
0.0001, Cr: 0.0005-0.0007, and Mn: 0.01-0.1. Among
examined elements, Pb and Zn were the most readily ab-
sorbed by fish. Based on the obtained BCF results, liver is
the dominant organ for the bioconcentration of Cu, Cd, and
Zn (except in pike samples). Gills are dominant organs for
the bioconcentration of Cr, Mn (except in pikeperch sam-
ples) and Pb (except in pikeperch samples). Muscle is the
dominant organ for the bioconcentration of Hg. Similar
results for Cu, Zn, Cd, and Mn were presented by Suboti¢
et al. [46].

The levels of Pb, Cd, Hg, Cu, and Zn did not exceed
the MPC prescribed by the National Regulation of the
Republic of Serbia [23], which are 0.3 mg kg™ ww for Pb,
0.05 mg kg ww for Cd, 0.5 mg kg ww for Hg, 30 mg
kg ww (in tin containers) for Cu, and 100 mg kg ww
(in tin containers) for Zn, and those by the EU Regulation
[24], which are 0.3 mg kg ww for Pb, 0.05 mg kg™ ww
for Cd, and 0.5 mg kg ww for Hg in any of the muscle
samples. This indicates that the meat of the studied spe-
cies should be safe for utilization in human diet. How-
ever, comparison of the prescribed MPC with the concen-
trations in the other tissues, which are sometimes also util-
ized in human diet, indicated that national MPC for Zn was
slightly exceeding in gills of pike (110.28 mg kg). Fur-
thermore, both national and EU MPC for Pb (0.30 mg kg’
ww) were exceeded in pikeperch and pike liver (145.35 and
1.33 mg kg™, respectively), as well as in pikeperch and pike
gills (27.11 and 7.40 mg kg, respectively). Such tissues
should be, therefore, omitted from human diet [8], and
meals should be prepared without these organs (i.e., liver
and gills) [47].

4. CONCLUSIONS

Fresenius Environmental Bulletin

The results of this study showed that the level of Zn
and Cu in liver, and Zn in gills was higher in pike, that of
Pb and Cd in liver, and Pb in gills was higher in pike-
perch, whereas the level of Zn in muscle was higher in
catfish. Levels of Hg and Cd were positively correlated to
fish size in muscle and liver of pikeperch, respectively.
Zn level was positively correlated to fish size and weight
in liver of catfish. Mn level was positively correlated to
fish size and weight in muscle, Cu level was positively
correlated to fish size in liver, whereas Pb was negatively
correlated to fish size and weight of pike. The BCF
showed that Pb and Zn were the most readily absorbed by
fish. Liver had the highest affinity for the bioconcentra-
tion of Cu, Cd and Zn, gills for Cr, Mn and Pb, whereas
muscle had the highest affinity for the bioconcentration of
Hg. According to results in this study, all three predatory
fish species can equally be used in monitoring of metal-
polluted waters. None of the analyzed elements exceeded
the prescribed MPC levels in the muscle of sampled fish.
However, levels of Zn in gills of pike, and levels of Pb in
gills and liver of pike and pikeperch were found to exceed

FEB

MPC, and, consequently, the consumption of these parts
of fishes can be potentially hazardous for human health.
Therefore, in the future, it is recommendable that monitor-
ing studies are periodically performed to assess the human
exposure to these elements through fish consumption.
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Abstract The concentrations of iron, lead, cadmium,
copper, manganese, mercury and arsenic were measured in
water, sediment, five macrophytes (Typha angustifolia,
Iris pseudacorus, Polygonum amphybium, Myriophyllum
spicatum and Lemna gibba) and five fish species (Sander
lucioperca, Abramis brama, Carassius gibelio, Silurus
glanis and Arystichtys nobilis) in the Gruza Reservoir, used
for water supply and recreational fishing. The concentra-
tions of all examined elements were higher in sediment
than in water. The values of the ratio between element
concentrations in the sediment and those in the water were
the highest for Fe and As. Among the five plant species, the
highest concentrations of Pb and Mn were observed in
T. angustifolia, while the highest concentrations of Fe, Cu
and Hg were in L. gibba. 1. pseudacorus and P. amphybium
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had the highest concentrations of Cd and As, respectively.
Among the fish species, C. gibelio showed the highest
tendency of element accumulation (Fe, Cd, Cu), followed
by S. lucioperca (Pb, Hg), A. brama (Mn) and A. nobilis
(As). The average concentrations of elements in fish mus-
cle, except for As in A. nobilis (2.635 & 0.241 mg kg™"
ww), were below the limits that are considered safe for
human consumption in accordance with the European
Commission Regulation and Official Gazette of Serbia.

Keywords
Fishes

Elements - Bioaccumulation - Macrophytes -

Water contamination with metals is a very important
problem in the contemporary world, and their presence in
the aquatic environment is a serious issue that threatens
not only the aquatic ecosystems but also human health
(Jianguo et al. 2007). Metals from natural and anthropo-
genic sources are continually being released into aquatic
ecosystems, and they are a serious threat because of their
toxicity, long persistence and capacity for bioaccumulation
(Papagiannis et al. 2003). The manufacture, traffic, utili-
zation and disposal of many products cause the release of
trace metals into the aquatic environment, and increased
attention is being paid to possible effects upon humans
(Yildirim et al. 2008).

Elements such as Fe, Cu and Mn are essential elements,
since they play an important role in biological systems;
whereas Hg, Pb, Cd and As are non-essential. Non-essential
elements can be very harmful, even at low concentration,
when ingested over a long period. Essential elements can
also produce toxic effects when their intake is elevated
excessively. The bioavailability of the various metals
depends upon the nature of the aquatic ecosystem, including

@ Springer
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the pH, redox conditions and the presence of competing
ligands that occur naturally (McGeer et al. 2004; Miretzky
et al. 2004).

The concentrations of metals in sediment and in long-
lived organisms reflect accumulation over a period of time,
and are only weakly related to their content in water, which
depends on a short-term factor (Mazej et al. 2010). Gen-
erally, species in relatively low trophic levels are exposed
to comparatively lower concentration, although macro-
phytes can accumulate high levels of metals (Terra et al.
2008). On the other hand, McGeer et al. (2004) state that,
with exception of methylmercury, biomagnification rarely
occurs with metals.

The aim of the present study was to assess the concen-
tration status, accumulation and distribution of seven ele-
ments (Fe, Pb, Cd, Cu, Mn, Hg and As) in water, sediment,

native aquatic macrophytes and fishes of the Gruza Res-
ervoir. This reservoir was very hyper-eutrophic in the
nineties, and therefore was treated with copper sulfate over
a 10-year period to prevent algal blooms. Another goal was
to determine if elevated copper residues remained in the
reservoir. Moreover, the element loading in fish muscle
was determined to assess the risk to humans from the
consumption of fish.

Materials and Methods

The Gruza Reservoir is situated in Central Serbia, near the
city of Kragujevac, at an altitude of 269 m, with a surface
area of 9.34 km? and a maximum depth of 31 m (Fig. 1). It
was formed in 1985 to supply drinking water to the
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population of the region, and also for recreational purposes.
Hence, it is essential to know the risk due to contaminants
from the consumption of water and fish, and from skin
contact during swimming.

This reservoir has been under a strong anthropogenic
influence. A municipal transit road passes over the reser-
voir. The land around the reservoir is intensively processed
with the use of invasive agrotechnical measures (excessive
use of pesticides, herbicides and fungicides). Also, near the
reservoir there are two factories for meat processing and
mushroom cultivation. The field work was conducted
during the summer of 2011. Samples of surface water and
sediment were collected from various areas of the reservoir
at a maximum depth of 1 m. Soon after collection, the
water samples were filtered through 0.45 pm (pore size)
Millipore filters. The sediment was taken with a grab, at a
depth from 0 to 10 cm, after which it was preserved in
bottles, labeled carefully and brought to the laboratory for
further analysis.

Macrophytes Typha angustifolia, Iris pseudacorus,
Polygonum amphybium, Myriophyllum spicatum and
Lemna gibba, and fish species Carassius gibelio, Abramis
brama, Silurus glanis, Sander lucioperca and Arystichtys
nobilis were included in the study. The macrophytes were
collected by hand, washed with lake water to remove
loosely attached periphyton and sediment, and preserved
with lake water in plastic bottles. Fish were collected
with nets of different lengths, widths and mesh diameters.
The total length (mm) and weight (g) of each fish was
measured before dissection. Arithmetic mean values for
total length and weight of fishes were: 580 mm and 595 g
for S. lucioperca; 380 mm and 608 g for A. brama;
430 mm and 1,120 g for C. gibelio; 900 mm and 5,250 g
for S. glanis; 865 mm and 12,350 g for A. nobilis,
respectively. A muscle sample of approximately 5 g was
collected from above the lateral line, washed with distilled
water, packed into a polyethylene bag, and stored at —20°C
prior to analysis.

In the laboratory, the sediment samples were dried in an
oven and stone pieces were removed. Sediment samples
were digested at 95°C for 1 h using a mixture of HCI-
HNO;-H,0 (6 mL of mixture of 1/1/1 for 1 g). The
identified plant material was rinsed in distilled water, and
dried at room temperature, followed by drying for 24 h at
105°C in a dryer (Binder/Ed 15053, Tuttlingen, Germany).
Water and plants were prepared for chemical analysis
according to standard procedures (APHA 1993). Fish
samples (~ 1.5 g) were dried in a lyophilizer (Christ Alpha
2-4 LD, Harz, Germany), and then digested in an Advanced
Microwave Digestion System (ETHOS 1, Milestone, Italy)
using a mixture of 65 % nitric acid and 30 % hydrogen
peroxide (Merck, Darmstadt, Germany, 10:2 v/v) at 220°C
for 20 min. After cooling to room temperature and without

filtration, the solution was diluted to a fixed volume (vol-
umetric flask, 25 mL) with deionized water.

Concentrations of Fe, Pb, Cd, Cu, Mn, Hg and As were
measured in water, sediment, plants and fish in triplicate
using a Thermo Scientific iCAP 6500 Duo ICP instrument
(Thermo Fisher Scientific, Cambridge, United Kingdom).
Concentrations of As and Hg were measured by hydride
technique (HG-ICP-OES) in order to increase the sensitivity
and lower the threshold for detection limits. The potential
presence of trace elements in chemicals used in sample
preparation was resolved by using a number of blank sam-
ples. Two multi-elemental plasma standard solutions, Multi-
Element Plasma Standard Solution 4, Specpure®, 1,000
pg mL™' and Semiquantitative Standard 1, Specpure®,
10 pug mL™" certified by Alfa Aesar GmbH & Co KG,
Germany, were used to prepare calibration solutions for ICP-
OES and HG-ICP-OES measurements, respectively. The
detection limits for Fe, Mn, Cu, Pb, Cd, Hg and As in water
were: 0.0100, 0.0070, 0.0030, 0.0100, 0.0100, 0.0010,
0.0010 mg L™, respectively. The detection limits for Fe,
Mn, Cu, Pb, Cd, Hg and As in sediment were: 0.0056, 0.0089,
0.0030, 0.0076, 0.0065, 0.0010, 0.0010 mg kg~ ', respec-
tively. The detection limits for Fe, Mn, Cu, Pb, Cd, Hg and As
in plant material were: 0.0053, 0.0030, 0.0027, 0.0056,
0.0051, 0.000335, 0.000129 mg kg~', respectively. The
detection limits for Fe, Pb, Cd, Cu, Mn, Hg and As in fish
muscle were: 0.0018, 0.0093, 0.00047, 0.0028, 0.0025,
0.00027, 0.00022 mg kg™, respectively.

Concentrations of elements in water were expressed as
mg Lfl, whereas in sediment, plant materials and fish
tissue as mg kg~' of dry weight (dw). Element concen-
trations in fish muscle tissue were also expressed as
mg kg~! wet weight (ww), for comparison with the max-
imum permitted concentrations for human consumption by
the European Commission Regulation (1881/2006/EC) and
Official Gazette of Serbia (Anonymous 2009a).

Mean values and standard deviations were calculated for
each group. Differences in mean concentrations of ele-
ments in plants and fishes were analyzed by one-way
ANOVA. The Pearson’s correlation coefficient was used to
test the correlation between the concentrations of elements
in different fish species. Statistical analysis of data was
carried out using SPSS 16.0 statistical package programs
for Windows (SPSS Inc., Chicago, IL, USA).

Results and Discussion

Of the different environmental matrices that were analyzed
(water, sediment, macrophytes and fishes) the mean con-
centrations of Fe, Pb, Cd, Hg and As were the highest in
the sediment (Table 1). Four of five macrophyte species
had higher mean concentrations of Cu than the sediment,
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and two of five macrophytes had higher Mn concentrations
than the sediment. The concentrations of elements in fish
muscle tissue were almost always considerably lower than
their concentrations in sediment or macrophytes. One
exception to this was noted for Pb in P. amphibium and
S. lucioperca. The concentration of As in water was by far
the highest of all elements at 0.259 mg L™,

One way ANOVA revealed that the mean element
concentrations were significantly different with different
plant species at the 0.05 level (p < 0.05). In this study, a
significant difference in Cu levels was found between fish
species S. glanis and A. nobilis at the 0.05 level. Concen-
trations of As varied significantly between A. nobilis and
all other species. Also, a significant difference in Hg
was found between A. nobilis and all other fish species,
A. brama and C. gibelio, and A. brama and S. glanis at the
0.05 level. Different fish species differed in their capabil-
ities to take up and accumulate elements. A positive cor-
relation was characteristic for Fe between A. brama and
C. gibelio (r = 0.99; p = 0.03), Pb between S. lucioperca
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Fig. 2 The ratio of elements in the Gruza Reservoir: a sediment/
water, b macrophytes/water, ¢ macrophytes/sediment, d fishes/water,
e fishes/sediment. TA, T. angustifolia; 1P, I. pseudacorus; PA,
P. amphybium; MS, M. spicatum; LG, L. gibba; SL, S. lucioperca;

and A. nobilis (r = 0.99; p = 0.02), Cd between S. luciop-
erca and C. gibelio (r = 0.99; p = 0.02), Cu between
A. brama and S. glanis (r = 1.00; p = 0.005), and Mn
between S. lucioperca and S. glanis (r = 0.99; p = 0.01).
On the other hand, negative correlations were characteristic
for Fe between C. gibelio and A. nobilis (r = —0.99; p =
0.04) and Cu between C. gibelio and A. nobilis (r = 0.99;
p = 0.03). In contrast, no significant correlations were
obtained between fish species for Hg and As.

The ratios for element concentrations in sediment over
water were the highest for Fe and As (Fig. 2a). Lead and
cadmium were not detected in the water, due to the fact that
their concentrations were lower than the detection limit of the
method. The element concentrations in water followed the
order: As > Fe > Mn > Hg > Cu. High concentration of As
in water may be due to overuse of pesticides on agricultural
areas around the reservoir. Low concentrations of soluble
elements recorded in the lake water might be the result of their
binding to particulate matter, which then settles onto sediment,
and to uptake by plankton (Mazej et al. 2010). Generally, the
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AB, A. brama; CG, C. gibelio; SG, S. glanis; AN, A. nobilis.
*Because of very large differences between the element concentra-
tions, the concentration was expressed as g kg™
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results of our research showed the mean concentrations of
investigated elements were far higher in the sediment than
those calculated for the same elements in the lake water
(Table 1), which is in accordance with previous findings by
others (Samecka-Cymerman and Kempers 2001; Demirezen
and Aksoy 2004; Pajevic et al. 2008; Brankovié et al. 2010). In
sediment, the order of concentration of elements was:
As > Fe > Mn > Hg > Pb > Cu > Cd. The element accu-
mulation in sediment is the result of long-term exposure,
whereas element concentrations in water are mainly the result
of recent contamination (Baldantoni et al. 2005).

Among the five plant species, the highest concentrations
of Pb and Mn were observed in T. angustifolia, which has a
highly developed root system by which the above men-
tioned elements accumulate from sediment. The highest
concentrations of Cd were in I pseudacorus, while the
highest concentrations of Fe, Cu and Hg were in L. gibba.
P. amphybium had the highest concentrations of As. The
comparison of element content in macrophytes is often
difficult because of the difference in the age of plants and
presence of different pollution sources over time (Varda-
yan and Ingole 2006). Tolerant plants tend to restrict soil-
root and root-shoot transfer, and therefore have much less
accumulation in their biomass, while hyperaccumulators
facilitate active uptake and translocation of these elements
into their above-ground biomass (Ahmad et al. 2010). The
ratio between concentration of investigated elements in
plant and water was the highest for Mn for 7. angustifolia
and Fe for L. gibba (Fig. 2b). This might be the result of
high accumulative capacity of these plants. The ratio
between concentration of elements in plants and sediment
was the highest for Cu for L. gibba (Fig. 2c).

Recently, considerable attention has been paid to
determination of element concentrations in fish, due to
their possible toxic effects in humans (Turan et al. 2009).
In this study, concentrations of elements were measured in
muscle tissue, since humans in this area consume only this
part of the fish.

The concentrations of measured elements in fishes followed
the order: S. lucioperca Fe > Mn >Pb > Cu > Hg >
Cd > As; A. brama Fe > Mn > Cu > Pb > Hg > Cd > As;
C. gibelio Fe > Mn > Cu > Pb > As > Hg > Cd; S. glanis
Fe >Mn>Cu>As>Pb>Hg>Cd and A. nobilis
As > Fe > Pb > Cu > Mn > Hg > Cd (Table 1). Accord-
ing to the present study, C. gibelio showed the highest tendency
of element accumulation overall, followed by S. glanis, S. lu-
cioperca, A. brama and A. nobilis. Mercury was accumulated
most highly in the predatory S. lucioperca, which represented
the highest trophic level amongst the five fish species. This
result is in agreement with Dusek et al. (2005), who found
that predators accumulated the most Hg, followed by benth-
ophagus species, whereas omnivorous and planktivorous
species contained the lowest concentrations of Hg. The species
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S. lucioperca also had the highest mean concentration of Pb.
The values of the ratio between element concentrations in fishes
and those in the sediment were the highest for Mn and Hg for
this fish species (Fig. 2e). The omnivorous species, C. gibelio
had the highest mean concentration of Cu. This is in agreement
with Simi¢ (2005), who also found that the highest concentra-
tion of Cu was accumulated in muscles of this species in the
Gruza reservoir. This species also had the highest concentra-
tions of Fe and Cd, which may result from the high concen-
trations of these elements in sediment and macrophytes. Also,
the values of the ratio between element concentrations in fishes
and those in the water were the highest for Cu and Fe for C.
gibelio, which is in accordance with the nutrition of the species
(Fig. 2d). The highest mean concentration of As was in A.
nobilis which is in accordance with the statements of Storelle
et al. (2005), that organisms feeding on algae and crustaceans
appear to retain higher As concentrations than piscivorous
species.

To compare observed concentrations of elements with the
maximum permitted concentrations (MPC) in fish meat pro-
vided by the EU and the Official Gazette of Serbia, all con-
centrations were also expressed as mg kg~' ww (Table 1).
According to the European Commission Regulation (1881/
2006/EC) the MPC concentrations for Pb, Cd and Hg in fish
meat for human consumption are, respectively, 0.3, 0.05 and
0.5 mg kg~' ww. There is no regulation in EU for maximum
levels of most of the other elements. The maximum permitted
concentration levels laid down in the Official Gazette of Serbia
(Anonymus 2009a) for Pb, Cd, Hg, As, Fe (in tin containers)
and Cu (in tin containers) are, respectively, 0.3, 0.05, 0.5, 2.0,
30.0, 30.0 mg kg~' ww. Meat of A. nobilis had As values
(2.635 4 0.241 mg kg~' ww) above the maximum permitted
concentrations provided by the Official Gazette of Serbia. Meat
of all other examined fishes can be safely utilized in human
diet. Concentrations of As (0.259 + 0.01 mg L™") and Hg
(0.016 £+ 0.001 mg L_l) in water exceeded MPC for drinking
water provided by the Official Gazette of Serbia (Anonymous
2009b) (As, 0.01 mg L™'; Hg, 0.001 mg L. Since the mean
concentrations for As and Hg in water and for As in A. nobilis
exceeded the maximum permitted concentration levels laid
down in the Official Gazette of Serbia, continued monitoring of
elements in water and fish meat is needed.
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