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3axeannHuua

Kaxo osa oucepmayuja npedcmasma nioo o0yeoeoluuitbee pada u capaorwe ca
npoghecopuma u Koaezama, 080M NPULUKOM JHCeIUM 0d Ce HAJUCKPEHUje 3aX6aium ocooama Koje
Cy Me noopakcasaie, NOMozie MU U 6eposaie y MeHe.

Benuxy 3axeannocm npeencmeeno Oyzyjem mojoj menmopku Op Cueorcanu Cumuh,
peoosrnom npogecopy I[lpupoono-wamemamuurkoe gaxynmema Ynusepzumema y Kpazyjesyy,
Koja me je ygena y ceem ancoliocuje u jeoHa je 00 0coba 3aciyiCcHux 3a Moj uzoop ynpaso 08oe
,, anzonowko2" nyma, nopeo moza ymMHo2ome je u OOnpuHend MomM ocamocmasusaryy Ha Hay4Ho-
ucmpasicusaukom nymy. Ceakako, y moKy uumasoz 0802 npoyeca 8eluKo 3Harbe, MHO200pojHe
uoeje, uzyzemny nomoh u noopwky oobujara cam 00 e, Ha C8eMy Mome CaM joj HeuzMepHo
3aX6aNHA.

JKenum oa ce 3axeanum unanoguma komucuje: op I'opoanu Cydakos-Cumuh, sanpeonom
npogecopy buonowkoe ¢axynmema Ynusepzumema y beoepaody, op Anexcanopy Ocmojuhy,
ganpeonom npogecopy Ilpupoono-wamemamuukoe ghaxyimema Yuueepzumema y Kpazyjesyy u
op [pacanu Ilpedojesuh, ooyenmy Buonowrxoe gaxyrimema Yuueepsumema y beoepady, na
meme/bHOM npe2nedar)y NUCAHO02 Mamepujand, Ha KOPUCHUM CABemuma U Cy2ecmujama Koje cy
3HAYAjHO OONpUHeTe K8arumemy oge oucepmayluje.

3axeamyjem ce Op Braouyu Cumuhy, peoosnom npoghecopy IIpupoono-mamemamuuxoe
gaxynmema Ynusepzumema y Kpaeyjesyy, na ycmepasarsy u HeceOuyHuM cagemuma Hapouumo
HA camom no4emKy Mojux OOKMOPCKUX cmyouja.

3axeamyjem ce ronecama ca Hucmumyma 3a xemujy, Ilpupoono-mamemamuuxoe
Gaxynmema Ynusepzumema y Kpaeyjesyy, ooy. op Anopuju Fupuhy u doc. op Braoumupy
Muxaunosuhy 3a nomoh npuIUKoM eKCnepuMeHmaiHoe paod, Ha ROOPUYU U HA030py y AHATUZU
YujaHomokcurna u aumuokcuoamusHux ewsuma, op Carou Mamuh, euwiem HaAy4HOM CapaoHUKy
Hnemumyma 3a ungopmayuone mexuonocuje Ynusepzumema y Kpacyjesayy, 3a u3yzemHo
uzgedene in vivo ekcnepumenme u UCHUMUBArba ceHomokcuunocmu, op Bypahy Munowesuhy,
ganpeonom npogecopy Ilpupoono-mamemamuuxoe paxynmema Yuueepszumema y Huwy, na
HeusMepHoj nomMohu 6€3an0 3a CMamucmuyke aHause.

Mojum opaeum ronecama Anexcanopu, Cumonu, Munenu, Hamawu, Canopu, Tujanu,
Mapuju, Mapujanu, Mapxy u Bumu eenuxo xeana Ha npoedeHumM OUSBHUM OAHUMA ) FUXOBOM
opywmay, nomohu y mepenckom paoy u u3y3emuoj Koie2ujaiHocmu.

Tlocebny 3axeannocm oyeyjem mojoj Anu, xeana Ha 6e3yci08Hoj nomohu, He3aMeH/bUBO]
noopwiyy, byoasu, UCKPEeHOM Npujamescmey u 0xpadpery y mewkum mpenyyuma. Anuu
npusuiecuja je umamu me 3a npujamemnd. Benuxo xeana u ceum ocmanum Koie2ama u
npujamemuma Koju cy me noopicasaniu, UHCNUpUcaiu, 6oopuiu c8ojom /byoaesmsy, uckpenowhy,
nad)crbOM, pasymesarbem, 0yxoeumouthy u 6unu y3 meHe mokom uzpaoe oucepmayuje.

Hajeehy szaxeannocm oOyeyjem Mmojoj nopoduyu, cynpyey, CUHOBUMA, POOUMEbUMA U
bpamy Ha 6e3yCl08HOj HYOAsU, pa3yMedary, NOOPUIYLU U 3aMO WMO CY 8ePOBATIU Y MeHe C8e 08e
200UHe.

Heesena Bophesuh



YTHunaj npoMeHa eKoJI0IKHUX (PAKTOPA HA CACTAB U IMHAMUKY (PUTONMIAHKTOHCKHX
nujanodakrepuja (Cyanobacteria) y maaum akymysanujama

Caxerak

[Ipenmer wucTpakuBamba OBE JOKTOPCKE JUcCepTanuje Ccy  (DUTOMIaHKTOHCKE
nujanobakrepuje (Cyanobacteria) y MaiuM akymyJsaldjamMa U yTHIAJU €KOJIOIMKUX (akTopa Ha
NPUCYCTBO M JOMHUHALIM]Y Pa3IUYUTHX BPCTA, Ca MOCEOHMM AaCMEKTOM Ha MOTEHIHjaJHO
WHBAa3WBHE M TOKCHYHE IMjaHOOaKTepuje. TpOorojuiinmbi MOHHUTOPUHT j& CIPOBEICH jEAHOM
Mece4HO Ha Tpu akymynanuje (akymynanuja Ilymapune, akymynamnuja bybam u
AnekcannpoBauka akymynanuja). Ilpumenom wetone camoopranm3yjyhux wmama (COM)
omoryhena je knacuukanuja y3opaka Ha OCHOBY (M3MYKHX W XEMHjCKHX Mapamerapa, Kao |
BU3yallM3alldja MPOCTOPHE IUCTPUOYyIHMje OMOTHYKUX Tapamerapa. Tpu moMeHyTa BOJHA Tela
3HA4YajHO C€ Pa3NIMKYjy IO ONIUTHUM KapaKTePUCTHKaMa, XeMHjCKOM CacTaBy BOJE W JMHAMUIIH
(UTOIUTAHKTOHCKHX [UjaHOOAKTEepHja. Pa3MuuToCT MCIUTHBAHHMX aKymylialgja ce orjiena y
MaJIoM Opojy 33ajeTHIYKHUX TaKCOHA U y TAKCOHMMA KOjH Cy OMin Haj()peKBEHTHU)U | LIBeTajyhu:
akymynanuja Illymapunie (Aphanizomenon flos-aquae), akymynanuja By6am (Microcystis
aeruginosa) u AuekcannpoBauka akymynanuja (Raphidiopsis raciborskii). Haj3nauajuuju
CPEeIMHCKHU MapaMeTpH KOju YTHUY Ha 3ajeIHUIlY IHjaHOOaKTepHja cy KOHICHTpAIje YKYITHOT
dbochopa m azora. Hama cryamja mokasyje ga €KCTpEMHE IaJaBUHE MOTY Jia JIOBEAY JIO
noBeharba KOHIGHTpallMje XpaH/BUBUX MaTepuja y pe3epBoapuMma, M Y3pOKYyjy 3Ha4ajaH
exoJomky nopemehaj 3ajennurie (LBETame MOTSHIIUjAIHO TOKCUYHUX UjaHoOakTepuja). [TojaBa
W ToMHUHanMja nHBa3uBHE Bpcte R. raciborskii y AnekcanmpoBaukoj akyMmymanuju mokasyje aa
OBa BPCTa LIMPH CBOj apeaj pacrlpocTpamemna. [I[pUImKoM CipoBeICHOT HCTPAXKUBAKBA Y OKBHPY
oBe auceprandje y CpOuju npBu MyT je nerekTtoBaH TokcuH numuaapocnepmorcud (CYN). Osa
CTy/AMja je mokasana jaa je ekctpakT Bpcte R. raciborskii mcrmosbno reHOTOKCHYHOCT 4YakK Uy
HUCKUM KOHIIEHTpaluujama MW ToBehao OKCHAATUBHU CTpPEC Yy jeTpH MaloBa HAKOH jeJIHOT
u3Jarama.

Kibyune peun: durorankToHcke 1ujaHoOakrepuje, Cyanobacteria, nujaHOTOKCHHH,
MHBa3UBHE BPCTE, EKOJIONIKH (DAKTOPH, Majle aKyMyJaluje.



The effect of changes of ecological factors on composition and dynamics of
phytoplankton cyanobacteria (Cyanobacteria) in small reservoirs

Abstract

The research subject of this doctoral dissertation includes phytoplankton cyanobacteria
(Cyanobacteria) in the small reservoirs and the effects of ecological factors on the presence and
dominance of different species, with particular aspects on invasive and potentially toxic
cyanobacteria. Three-year monitoring was conducted (monthly) on three reservoirs (Sumarice
reservoir, Bubanj reservoir, and Aleksandrovac reservoir). The method of self-organizing map
(SOM) provided the efficient classification of samples, based on physical and chemical
parameters, as well as the visualization of the spatial distribution of biotic parameters. These
three water bodies are significantly different according to their general characteristics, chemical
water composition, and cyanobacteria dynamics. The dissimilarity of the examined reservoirs is
reflected in the small number of common taxa and in the taxa that were the most frequent and
blooming: Sumarice reservoir (Aphanizomenon flos-aquae), Bubanj reservoir (Microcystis
aeruginosa) and Aleksandrovac reservoir (Raphidiopsis raciborskii). The most important
environmental parameters affecting the cyanobacteria community are concentrations of total
phosphorus and nitrogen. Our study shows that extreme precipitations can cause an increase in
nutrient concentration in reservoirs and significant environmental disturbance to the community
(blooming of potentially toxic cyanobacteria). The domination of invasive species R. raciborskii
in Aleksandrovac reservoir indicates that this species is expanding its areal distribution. The
research conducted in this dissertation has detected the toxin cilindrospermopsin (CYN) for the
first time in Serbia. This study shows that the extract of R. raciborskii exhibited genotoxicity
even at low concentrations and increased oxidative stress in rat liver after a single exposure.

Keywords: phytoplankton cyanobacteria, Cyanobacteria, cyanotoxins, invasive species,
ecological factors, small accumulations
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tpermana; B — CYN-om Tpetupanu marosu, 24 cata nocie Tpetmana; C — 1500 pg/kg T.Mm., 24 cata nocie TpeTMaHa
D — 3000 pg/kg T.M, 24 cara nocne Tpermana; E — 6000 ug/kg .M, 24 cata mocie tpermana; F — 12000 pg/kg T.M,
24 cata nocine TpermMana; G — KOHTpoJHa Tpyna, /2 cara nocie TperMana; H — CYN-om tpetupanu nanosu, 72 cata
nocnie Tpermana; | — 1500 pg/kg .M, 72 cara mocne tpermana; J — 3000 pg/kg .M, 72 carta nocne tpetMana; K —
6000 pg/kg 1.M, 72 cata mocne Tpermana; L — 12000 ug/kg .M, 72 cara nociie Tpermana. YBehame, 100X u 200X.
OsHake: Sd — cuHycouaHa Iuiarandja LeHTpanHe BeHe; hd — xuaporcHa nereHepanuja; vd — BakyoJjapHa
nereHepanuja; il — wHTpanoOymapHa wHbMWITpannja nuMmdponuta; fn — QokamHa Hekposa; cn — KOH(]IyeHTHa
HEKpo3a; & — anonTo3a; KC — xunepTpoduja KymhepoBUX HEIMHJA ....cceiviiiiiiiiieiiesie st 90
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[Mocneamux AereHnja jefad 0] OCHOBHUX MIOOATHUX E€KOJIOMIKUX MpodemMa y CBETY je
HEJIOCTaTaK KBAJIMTETHE BOJIE 3a MOTpede BOJOCHAO/EBama CTAHOBHHINTBA, alld U yMOTPeOy
BOJIC Y pa3lu4uTe cBpxe. Y by 00e30ehuBama NOBOJFHUX KOJMWYHMHA BOJAE Koja he mmarw
pasnuunTe HamMeHe (BOJOCHA0/EBame, CIOPT, peKpeaidja, TypH3aMm) CBE BHIIEC CE KOPHCTE
MOBPIIMHCKE BOJC. YTJABHOM C€ Y Ty CBPXY KOPHUCTE peKe, NPUpPOJIHA M BEIITayka je3epa
(akymynamnmje) (Wetzel, 2001). Axryenusanuju oBoOr mpobdiemMa JONPHHOCH W YHI-ECHHIIA Ja Ce
KBJIUTET BOJICHUX CKOCHUCTEMa BEJIMKOM OP3MHOM IOropiiaBa, J0BojJchH y MUTame HE camMo
OTICTaHaK BOJCHUX €KOCHCTEMA, HETO U IEJIOKYITHOT JKUBOT CBETA.

Mase akyMmynanuje cy BelITadka je3epa 3alpeMHHE 10 jeHOT MIJIMOHA MeTpa KyOHOT
dbopmupane u3rpaamoM OpaHe M MMajy BUIIECTPYKH 3Ha4aj. Kopucre ce 3a HaBOImHaBambe
3eMJBUINTA, 32 3aJp)KaBarmbe MOIUIABHUX Tajaca, M Ha Taj HAYMH INTUTE HU3BOJHHU TEPEH OJ
MOIUTaBa, Kao W 3a 3alliTUTy 3emsbHinTa of epo3uje (Lee, 2007; Abbasi u cap., 2017). Maine
aKymylnamnyje u 0ape cy riio0anHO Haj3acTYIUbCHHUjU THUIIOBH JICHTHUKUX cucteMa. OOM4YHO ce
jaBJbajy y HU3MjCKUM HOAPYYjUMA U O] CHAXKHUM Cy YTHIIAjeM CE30HCKHX IPOMEHa y PEKUMY
noruiaBa peka. CxBarame je TaKBO Jia YIPKOC TOME IITO YWHE Haj3aCTYIUbCHH]H CIIATKOBOIHU
CHCTEM, MaJle aKyMyJallije joIl YBEK HE IMpPEACTaBJbajy BEIUKU MPOICHAT YKYITHE MOBPIINHE
claTke Bojae Ha cBery. llpykajy Bemuku Opoj €KOCHCTEMCKMX M COIUjaIHUX YCIyra Hu
MCTOBPEMEHO MMajy U BEJIMKY 3alITUTHY yJory (Ha mpumep 3a nrune cenuue). Kopuche cy u 3a
pa3Boj Typu3Ma, CIIOpTa, Pa3IMYMTUX BUAOBA peKpeanuje. Mae akymylaiuje 4ecTo MoKasyjy
Behe OorarcTBo BpcTa MO jeIMHUIM TOBPIIMHE OJ BEIUKUX je3epa 300r jake HHTEpakiidje
u3Mely nuTopana W menarvjaia. 3HadajHe Cy W Kao CHeun(UYHA BOJCHU EKOCHCTEMH Ca
acrmekTa OMOIUBEp3UTETa y KOjUMa JOJa3d 1O pas3Boja BEJIMKOr Opoja opraHu3ama Koju
NpUIagajy 3ajeJHHIlaMa IUIaHKTOHA, OeHToca u HekToHa. OBakBH E€KOCHCTEMH Cy H
NPOAYKTHUBHHJH Yy TMopehemy ca BEIUKUM akymyjalujama, 3axBajbyjyhM HHTEH3UBHUjEM
KpY)K€HhY XpaHJbHBUX CacTOjaka KOJU MOCTajy NOCTYHNHHU (UTOIUIAaHKTOHY. IIpoayKkTUBHOCT je
JOIl MU Yy BE3M Ca UYUHEHHMIIOM Ja Ce OBHM EKOCHUCTEMH BpJIO YeCTO Hajaze y OJU3UHU
KYJITUBUCAHUX TIOJpydja W 3aTO Cy NOJUIOKHU yHOCY Behe KOJMYMHE XPaHJBPHBHX CacTOjaka

(Abbasi u cap., 2017).

TokoM roaMHa y MaiuM akymyjandjama Jlojlasd [0 MHTE3MBHUX IIpolieca
eyTpodukanuje, Koju cy mpaheHM MNpeHaMHOXXaBambeM (OTOAyTOTPOPHHUX OpraHuzama,
yKJbydyjyhu u 1BeTame (PUTOIUIAHKTOHCKMX IMjaHoOakTepuja. TakBa MacoBHa momynaluja
MOX€E C€ IIOjJaBUTH Y HETAaKHYTUM BOJEHMM TeJMMa KoOja HHUCY TMOJA YTULAjeM JbYJCKe
aKTUBHOCTH, MpH yeMmy ce oOorahuBame XpaHJbUBUM MaTepujaMa HEOINXOJHUM 3a pacT

[MjaHOOaKTepHja BPILIH MPUPOJHUM T'€OJIOMIKAM U XUIpOoJomKuM mpouecuma (Graham u cap.,
2008).

Mehytum, mganac je mpemo3HaTo jaa je moBehame TpPO(UYHOT CTamka MaIUX BOJEHHUX
eKocrcTeMa Hajyemhe y3pOKOBAaHO HEraTMBHUM M WHTEH3WBHUM AHTPOIOI€HHMM YTHIIAjUMA.
VYcnen nosehanor onrtepehema XpaH/BUBUM MaTepujama U3 1OMahMHCTBA, MOJHONPUBPEIHUX U
MHYCTPUJCKUX U3BOpA, MT0jauaHe epo3uje Y CIIMBHOM MOAPYY)y, Kao 1 noehane ynorpebe Boje
Kao pecypca, y3 MOBOJbHE TEMIEpaTypHE YCIIOBE, MPOIUPAE CBETIOCTU TYX BOJIEHOI CTY0a,
pH Boze, moxe nohu 10 MacoBHe MpOAYyKIHje (PUTOIUIAHKTOHCKUX IIMjaHOOAKTepHja y KpaTKOM
BPEMEHCKOM TepuoJy. MacoBHa IojaBa ToOMyJjalMja IHUjaHOOAKTEpHja HAa THUM JIOKalUjama
JIOBOJIM JIO 1IBETama y BUAY Onodrima unu ¢popMupama ckpama Ha noBpmuHH Boje (Chorus u
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Bartram, 1999; Meriluoto u Codd, 2005). IlojaBa 1BeTama anru mpeacTaBba HajyOUJbHUBHjH
3HaK, aJld M MOCIIEIUIly eyTpodHuKalrje BOJACHOT ekocuctema. Eyropdukamnuja kao OHOIOIIKH
OJI'OBOP HA CYBHILAH MPWIUB HyTpHjeHaTa (00M4yHO (ocdara ¥ a30THUX jeAMBEHA) Y BOJICHH
€KOCHCTEeM, MpejcTaB/ba mpoliece rnmoehama Ouosomke npoaykiyje y Boau. Eyrpodukanmja
3ay3uMa Beoma BaxxHo mecto y [upektuBu Eporicke ynuje (Water Framework Directive
(WFD), 2000) u pa3uum MmMehyHapoaHuM yropopuma, Tae ce cMaTpa jJa yOp3aH pacT ajird HId
BacCKyJIapHUX OMJbaka JOBOJM /IO HapyllaBama PaBHOTEXKE 3ajeHUIIAa OpraHW3aMa KOjU JKUBE Y
BOJIM U JIO JIETpajialije y KBAIUTETY BoJie. [IoTpeOHO je HarjacuTH J1a CBaKU BOJICHU €KOCHUCTEM
uMa CBOje CIeHU(pUYHOCTH U 3axXTeBa KOHTUHYUpPaHO TNpaheme (QHU3UUKHX, XEMHUjCKUX H
OMOJIOIIKKX TapaMeTapa y H3HAJKEHhy y3poKa M IOCleAuna eyTpodusaiuje, Kao u Mepa
HEOIXOJIHUX 3a caHalujy nmocrojeher crama.

Eyrpodukanuja npeacrasipa mpupoaHH mpoliec noBehama KOIUYMHE OPraHCcKe MaTepuje
KOjU MOXKE€ JIa Tpaje roJMHaMa M TEUIKO C€ MOXKE 3ayCTaBUTH, AJIM CE CBAKAKO MOXKE YCIIOPUTH
(Puki¢ u cap., 2000). Ilpemaa je eyrpodwuKkamuja MPUPOAHU MPOIEC “‘cTaperba’ BOACHOT
€KOCHCTEMa, JaCHO j€ J1a je 3HATHO Oprka BemTayka eyTpoduKaimja Koja ce OJBHja MOl yTUIIajeM
Pa3IUUUTHX aHTpororeHux ¢akropa. [I[peHaMHOKaBambe PUTOMIIAHKTOHCKUX IMjaHOOAaKTepHja 1
110jaBa [MjaHOTOKCHHA, KA0 IbUXOBUX META00INTa, Cy (PaBOPU30BAHH Y BOJCHHM €KOCHCTEMUMA
Koja cy Oorata MUHEpAJHUM M OPTaHCKUM jeU-CHHMa, Kao MITO Ccy crnopoTekyhe eyrpodHe
BOJIe, eyTpodHa jesepa, Oape, Masie akymysanuje, kaHanu u puodmary (Codd, 2000). [Tocneamux
JIelleHrja MacoBHA M0jaBa LMjaHOOAKTepHja y BOJEHUM EKOCHUTEMHMa cMaTpa ce 3HadajHUM
rio0aHuM exosomkuM npobiemom. [lonamu ykasyjy na y EBponu, AmMepunin u A3uju BHIIE O]
40% BomHux Tena je eyTpoHO U MpPEACTaBibaj)y MOBOJbHY CpPEIUWHY 32 MAaCOBHH Pa3Boj
janobakrepuja (Chorus u Bartram, 1999; Mateo-Sagasta u cap., 2017).

I{BeTame Boje ce JeliaBa Kajia je y BOJCHUM CpelMHama mpoiudepanuja jeaHe HiIH
HEKOJIMKO  BpPCTa  IIMjaHOOAKTEepHWja MacoBHA, OJHOCHO KajJa je  KOHICHTpaluja
nujaHobakTepujckux hemuja Beha ox 10 000 y mumunutpy Bome (Falconer, 1998; 1999).
NzyuaBame y3poka u mocienuia eyrpodusaiije TOBPIIMHCKUX BOJA j€ y MOPacTy MOCIEIBUX
HEKOJIMKO JICIICHUja, a TI0Ka3alo Ce U BeoMa aKTyeJIHO ca IMJbeM OYyBama BOJHHX pecypca U
cBe BehoM noTpedoM Jby U 32 U3BOPUMA YHCTE BOJIE.

Ca gpyre crpaHe M Harjie IPOMEHE EKOJIOIIKHUX YCJIOBa, HIIp. OOMJIHE MaJaBUHE WIIH
HCYIIMBaWkE BOJCHUX €KOCHCTEMA, KOj€ 3a MOCIIEAUIy UMajy Mebhamhe a0MOTUYKUX U OMOTHUKHUX
¢akTopa y BOJEHOM €KOCHCTEMY M OKOJIMHHU, MOTY Jla UMajy pa3jiHuyuTe YTHIaje Ha cacTaB M
nuHaMuKy 3ajennuiie ¢urormankroHa (Scheffer m van Nes, 2007). ¥V ycioBuma riao0amHux
KJIMMAaTCKUX TPOMEHa MalM BOJEHHM EKOCHUCTEMU Cy 4YeCTO MOrojHa CTaHWIITa 3a pas3Boj
TPOTICKHX, AIOXTOHHX, TIOTCHI[MjaJJHO TOKCUYHUX IijaHoOakTepuja (Scheffer u cap., 2001).

CaBpeMeHa UCTpaKMBama MOKa3yjy Ja XUAPOJIOIIKE eKCTPEMHE I0jaBe MOTY H3a3BaTH
KaTacTpodaaHe MPOMEHe Y CUCTEeMUMa Kao mTo cy mane akymynamuje (Scheffer u cap., 2001).
Jomr yBek je Hermo3HaTo Kako (PUTOIUIAHKTOHCKE 3ajeTHHIIC MATHX aKyMyllalHja OAroBapajy Ha
eKCTPEeMHE IMOIJIaBe U JIPACTUYaH MOPacT MyOWHE BOJE, T€ MOTY JIU TaKBU YCIIOBH JIOBECTHU JIO
IPOMEHA EKOJIOUIKOT CTaka U y KOjoj MepH.

OUTONIAHKTOHCKE LIMjaHOOaKTepuje cy 300T CBOj€ CEH3UTUBHOCTH Ha MIPOMEHE CPEMHE,
BEOMa 3HayajHE Kao WMHAMKATOPCKU OPraHW3MH. Y NPOIEHHM KBAJIUTETa BOAA KOPHCTE C€ Ha
pasznuuute HaunHe. OkBupHa J{upexTtuBa o Bogama EBponcke Yuauje (WFD, 2000), a y cknany
ca oBoM JlupektuBoMm, 3akoH o Bogama Penyonuke CpOuje ("Cin. rmacauk PC", 6p. 30/2010) u
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[IpaBwiHUK O mapamMeTpuMa EKOJOIIKOI M XEMHJCKOT CTaryca WOBPIIMHCKUX BOJa U
rnapamMeTprMa XEMHUJCKOT U KBaHTUTAaTUBHOT cTaTyca nmom3eMHux Boja ("Cin. rmacauk PC", Op.
74/2011), npenopydyjy (HUTOIUIAHKTOH Kao 00aBe3aH EJICMEHT 3a INPOICHY EKOJOUIKOT
MoTEHIMjaa akymyJannja (TK3. 3Ha4ajHO U3MCHEHUX BOJIHUX TEJIa).

[Topen mreTHux edekara Ha OMOIMBEP3UTET EKOCUCTEMA, LIMjaHOOAKTEPH]CKO IIBETAIHE
MOXK€ HETaTUBHO YTHUIATH Ha caMy yIOTpeOy BOJCHHX EKOCHUCTEMa, Ha HHHXOB ECTCTCKU
KBAJIMTET, Jla W3a30BE 3JPABCTBEHH PU3UK MPHIMKOM KOpullhewma TakBe BOJEC, U Jla UMa U
HEraTUBaH EKOHOMCKHM YTHIIAj ca acleKTa TPOIIKOBAa BOJEHHX pecypca KOjHu Ce KOPUCTE 3a
JbyICKY ynotpeOy. JbyICku 3aXxTeBH W BOJCHE aKTHMBHOCTH KOjeé MOTY HETaTWBHO YTHLATH,
VKJby4yjy cHaOjeBame mujahoM BOJOM, HaBOAWKABAKE CTOKE, HABOJHABAKE YCEBA,
aKBaKyJITypy, HHIYCTPHJCKY Tpepany, pekpeanujy u Ttypusam (Graham wu cap., 2008).
Cnenuduynn epektn Ha ynoTpeOdy BOJAE M aKTUBHOCTH YKJbYYYjy NOBehame TpOIIKOBa
TperMaHa mnujahe Boae (HIp. 3averybee (QUITEpPa) M MOjaBy PH3HMKA 3a 3ApaBJbe JbYAH U
KHUBOTHEa 300T MOTCHIMjaIHE TPOM3BOJE TOKCHHA, Tj. IUJAaHOTOKCHHA OJf CTpaHe
janobakrepuja (Graham u cap., 2008; Newcombe, 2009).

1.1. OcHOBHe KApaKTepPUCTHKeE HMjaHOOAKTepHja

Aure cy y IpUpOay IIUPOKO PAacHpOCTpameHa M 3HayajHa rpyna opraHu3ama. Hbuxosa
yiora moce0HO J0JIa3d /0 M3pakaja y OMIITeM IHKIYCY KpyKemha MaTepuje W MPOTHULAA
SHepruje y KOMe C€ jaBJbajy Kao NPHMapHU OPraHCKH npoayueHTd. Ha3uB anra motmye on
natuHCKe peun algae u y OyKBaJHOM MPEBOAY 3HAYM MOpCKa TpaBa. Y OMOJIOMIKOM CMHUCIY IO
OBHM Ha3MBOM IOpa3yMeBa Ce BUIIIE Pa3IMUUTHX pasjelia ali'd Koje y cBojuM henmjama umajy
XJIOpoHI M KOje Cy THIMYHM MPEICTaBHKUIIN BogeHux Ouoroma (Blazenci¢, 2000; Guiry, 2012).
Hajsehu 6poj BpcTa anru ce Hajla3u y BOJICHO] CPEIMHU, ajli ce MOr'y Hahu U y TepecTpUYHOj, Ha
OCBETJbEHUM M BJIAXKHUM cTaHuIITHMa. CBe anre ce cBpcTaBajy y 15 paszaena, JOK ce yKyInaH
6poj Bpcta nporewyje Ha 72 500. Bume ox 10% ykynHor 6poja BpcTa YMHE MOJIPO3EJICHE alre
(Cyanobacteria) (Guiry, 2012).

[{ujanobaxTepuje (MoaposeneHe aire) cy (pOTOCHMHTETCKU JIPEBHU MPOKAPHOTH YHja ce
CTapoCT Ipolewkyje Ha OKo 3.5 munujapau roguHa. To cy €eBOJTYyTUBHO CTapud MHUKPOOPTaHU3MHU
ca rio6amHoM quctpuOynujom. OIroBopHe cy 6mile 3a cTBapame 3eMJbHHE aepoOHe aTMochepe
mpe 2200-2400 mMunmoHa ToMHA Kpo3 CBOjy (DOTOCHMHTE3Y CTBapajyhu KHCEOHUWK, a JlaHac Cy
[JIaBHU areHTH y OHMOJIOIIKOM LUKIYCY yrJbeHHKa, a30Ta u muHepana (Whitton u cap., 2012).
OHu cy npHUpOJIHY CTAaHOBHUIM Pa3IMUUTUX CpeIuHa, YKIbyuyjyhu ciaTtke, OpakuuHe U MOPCKE
BOJIE, KA0 U OCBETJbEHE MOBPILMHE CTEHAa M TJIa. Y BOJEHOM OKpYXemY, LUjaHOOaKTepHje ce
MOTY TIOjaBUTH Ha Pa3IMYMTUM CTAHHWIITHMA: CYCIICHJIOBaHE Y PACIPIIEHOM OOJMKY WJIH Kao
arperaTd y BOJAM, Ha BOJICHO] MOBPILIMHHU, HA JHY CEIUMEHTA WU NMpuuBpiheHe Ha oOaiHe cTeHe
u Ouspke. 300r cBOT (DOTOCHHTETCKOT HauMHA pacTa, CIOCOOHOCTH MHOTUX BpCTa Aa (GUKCUPajy
a30T y aMOHMjaK ¥ aMUHOKHCEIIMHE U CITIOCOOHOCTH Jla M3/Ip>Ke HEMOBOJbHE U €KCTPEMHE YCIIOBE
cpeauHe, MjaHo0aKTepuje Ccy MpUMapHHU KOJOHU3AaTOpU. Y MEepHOoAy Kaja cy pecypcu OOUITHO
JOCTYITHH, LIMjaHOOAKTEepHje MOTY Ja CKJIAIUINTE eCeHIMjaliHe XpaHsbuBe Matepuje (pocdop,
a30T, YIJb€HUK, I'Bokhe) mTo MM omoryhaBa pacT y HENOBOJbHMM YCIOBUMA Yy NEPUOAY
OrpaHUYEHE JIOCTYIIHOCTH XpaHJbUBHUX cacTojaka. L{ujaHoOakTepuje uymHE OCHOBY OpOjHUX
BOJICHUX W KOITHEHUX JIaHalla WCXpaHe W Hayaze cBe Behy mpuMeHy y OMOTEXHOJOTHjH, OJ
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MIPOU3BOJIIbE OpraHckux hyOpuBa g0 moTeHnujaaHux ¢apmareyrckux npoussoaa (Whitton u
cap., 2012).

[Mujanobakrepuje cy (QHUIOTEHETCKM BeOMa CTapu, NPOKAPUOTCKUA TI'paM-HEraTUBHU
OpraHu3MH, KOjH KHBE Y IIMPOKOM PACIIOHY €KOCHUCTEeMa, 0]l aepO(UTCKUX JO CBUX BOJCHHX
(Whitton u cap., 2012). Ha3uB oBe rpymne NpPOKAPUOTCKUX OpraHu3amMa je MPUIHNIHO
IMcKyTaOwinaH. Y caBpeMEHHMM HAydyHHUM W CTPYYHHM paJOBHMMa KOPUCTH C€ Ha3HB
Cyanobacteria, 3marno pehe ce kopucre HasuBu Cyanophyta, Cyanophyceae wiu
Cyanoprokaryota (Cvijan, 2013). ITonekan ce kopuctu HasuB u Chloroxybacteria (Graham u
Wilcox, 2000). C 003upoM Ha TO Ja je ped O OpraHu3MHUMa KOjU MMajy CBOjCTBA OJIMCKa W
anmrama u Oakrtepujama Blazenci¢ (2000) ysoau masus Cyanobacteriophyta. Homenkiaarypom
janoOakTepuja yrnpasiba Mehynaponuu konexce 6orannuke HomeHknatype (MKBH) (McNeill
u cap., 2012) u Melhynaponuu kojaekc HomeHkiatype mpokapuora (MKHII) (Lapage u cap.,
1992). borannuka kiacudukaimja ce 3acHiBa Ha hennjckoj MOPQOIOTHjH, TPUCYCTBY OBOjHHIIA
WIH OMOTaua, JieJbehy heluja, rpaHamy, SKOJOIIKMM KapaKTEpPUCTHKaMa U MOJIEKYJapHOM
¢umorenerckom mpuctynmy (Anagnostidis u  Komarek, 1988; Komaérek wu cap., 2014).
baktepuonomku npuctyn Takohe ysuma y 063up Mopdosomika cBOjcTBa, alld U (PU3UOJIOIIKA,
IUTOJIOIIKA ¥ OMOXEMH]CKa CBOjCTBA JKMBUX, aKCEHUYHHX IMjaHOOAKTCPHJCKHX COjeBa, a HE
3acHMBa ce Ha koHienty Bpcra (Castenholz, 2001). IMokymaju ga ce yckiaae 0b6a cucreMa jorn
cy moxa nebarom. Oren u Garrity (2014) npemioxuiu cy ja ce nujaHOOaKTepHje UCKIbyde U3
rpyna opranuszama uyuja je HomeHnkinartypa obyxsahena MKHII komom. Mehytum, caBpemena
IMjaHOOaKTepHjCKa TaKCOHOMCKa KiacuduKanuja caxuma oba oBa KoHIenTta (monudasHu
npucTyn), knacupukyjyhu neny 1ujaHo0aKTepujcKy TpyIy y BHlle (GUIOTEHETCKH MOIP>KaHUX
kiaacrepa (Zapomélova u cap., 2010; Komarek, 2013; https://www.algaebase.org/ ).

Mopdonomku cy nujanobakTepuje TPUINYHO PA3HOIUKE U OMJIMKY]y C€ JeIHOCTABHOM
rpahom. [lo cTpykrypu u ¢dyHkumju ko hennja nujaHoOaKTepHja pa3iuKyjy ce YeTUPH OCHOBHA
JieNna: CIoJballllbi raJepTHH OMOTad, henlujcku 3uj, XpomaToruiasma u Hykieorasma (Cvijan,
2013) (Cnuka 1). Cnospaimimy rajJepTHA OMOTad je MpHCyTaH KoJ BehuHe mpejcTaBHUKA, HUjE
cacTaBHU Jie0 henujcKor 3uja U TO je JaCHO yOouwbHMBO Ipu henujckoj neodu y K0joj oBaj oMOTay
He yuecTByje. KommnoHenTe henujckor 3uja cy ciinyHe Kao KOJ I'paM HeraTHBHUX OakTepuja Uy
OCHOBH Ta I'pajie YeTHpH cioja. Y XpoMmaToruiasmMu nopes pasdananux 70S prudo3zoma Hanasu ce
¢doTocHHTETCKH amapar y ¢GopMH MOjeqUHAYHIX THIaKouAa ca murMeHTuMa. [lopex murmenara
xJiopoduiaa & MU KapOTEHOMJIa, MUTMEHTHU CAcTaB KapaKTepHIle M MPUCYCTBO ClEeUU(UUHUX
MOMONHUX MUTMeHaTta u3 rpymne puxoOuinrHa (GUKoLUrjaHuH, aT0UKOLUjaHUH, PUKOSPUTPUH U
¢duxoeputpounjanun (Wolk, 1980). Ha Ttunmakommmma ce Hajgase moceOHa 3pHACTa TeJNallia
(pukoOmmmzomn) y kojuma cy cmemrenu gukoomnunau (Cvijan u Blazenci¢, 1996). V 6e360jHOj
Macu Hykjeoruiasme Hanasu ce mnpereHacta JIHK. IujanoduimHcka 3pHLIA Cy pe3epBHE
CyICTaHIle, m3rpalleHa O] TONMIENTHIHUX IIOJIMMEpa aclapTaHCKe KHUCENWHE W apTHHUHA.
KapOokcuzomu cy BullleyraoHa Tejla OrpaHHuY€Ha Cy jeIHOCIOJHOM MeMOpaHoOM M y henmju ux
uma 40 (Cvijan u Blazenci¢, 1996). M3mehy xpomarormiasme U HyKICOIUIa3Me CMEIITCHE CY
racHe BaykoJie, TOceOHO KOJ IJIaHKTOHCKMX oOyuKa. Bakyone cy ucnymeHe a30ToM IpU Yemy
jenHocnojHa MeMOpaHa racHMX Mexypuha He MpOMyIITa a30T HEKO BpeMe M HAaKOH yrunyha
henuje. OBUM Bakyollama cMamYyje ce crneun(puyHa TeXHHa ajrd, YUMe je airama oMmoryheHo
neoaeme y oapehenom ciojy Bozae (Cvijan u Blazencié¢, 1996).


https://www.algaebase.org/
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Cauka 1. Crpykrypa henmje ko nujano6akrepuja (m3Bop: https://en.wikipedia.org/wiki/Cyanobacteria -
MOJH(UKOBAHO).

[{ujanoOakTepuje KapakTepuIIe Talyc KOjU MOXe OWTH Ha jeqHohenwjckom,
KOJIOHHjCKOM ¥ (PUIIaMEHTO3HOM (TPHXAJIHOM) CTyIEY Mopdoorike opranusanuje (Holt, 1994;
Holt u cap., 2001).

TpuxanHe 1ujaHoOaKkTepuje HMajy TalyC KOJU MOXe OHUTH XOMOLMTHOI WU
XETEPOIUTHOT THIA. XETePOIMTHH THIl Talyca, MOpeJa BEreTaTUBHHUX henuja, KapaKTepHIne
OPUCYCTBO CIELMjalu30BaHUX henuja kao ImTO Cy Xerepouucre u akuHerd (Singh u
Montgomery, 2011). Xeteporuicte Hactajy qudepeHIjalidjoM BEereTaTMBHUX henuja u uMajy
yJIory y Mpolecy a3oTopHKcannje y aepoOHUM yCIOBMMA y3 MPHUCYCTBO CIO0OTHOT a30Ta U y3
yuenthe ensuma nurporenaze (Komarek u Anagnostidis, 1989; Kumar u cap., 2010). ®ynkrmja
aKuHeTa orjena ce y ooezdehuBamy npexuBibaBamba HEMOBOJBHUX YCIIOBA CIIOJbAILIBE CPEAUHE,
a Hacrajy TepMHHAIHOM audepeHimjaimjom BeretatuBuux hemmja (Flores u Herrero, 2010).
[{ujanobakTepuje ce pa3sMHOXKaBajy pa3IMUYUTHM TUIOBMMA BEreTaTUBHOI Pa3MHOKaBamba, JOK
MIOJIHO Pa3MHOKaBamke KOJ IjaHoOakTepuja HUje 3actymibeHo (Rippka, 1988; Blazenci¢, 2000;
Holt u cap., 2001). BereraTuBHO pa3MHOXaBame C€ BPIIM Yy 3aBUCHOCTH O] THIIA Tayca,
neoboM BereTaTMBHHX henmuja, pacKuJameM KOJOHWja WM (ParMEeHTAIlMjoM TPHUXOMa.
®parmenranujom Tpuxoma Hactajy xopmoronuje (Cvijan, 2013). XopmoroHwje Cy KpaTKH
HU30BM henuja nMjaHoOakTepuja Koju cy wu3rpahenun ox henwja Mamux AUMEH3Uja U
MPEeACTaBbajy jedaH O] Hajuemhux HauWHA pa3MOXKaBamka KOJI KOHYACTHX IMjaHOOaKTepHja
(Holt u cap., 2001; Cvijan, 2013). ITopex Tora, 3Ha4ajHa je yiora XOpMOTOHHja U y (hopMHpamy
CMMOHOTCKHX OfIHOCA ca apyrum opranuzmuma (\Wong u Meeks, 2002; Adams u Duggan, 2008).
[Tojenuue ujaHoO6aKTEpHje ce MOTY pa3MHOXKaBaTH U CIIOpaMa, er3ocrnopama 1 eHjaocrnopama.


https://en.wikipedia.org/wiki/Cyanobacteria
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1.2. Cekynaapuu MmeTa00IMTH I[UjaHOOAKTEepHUja (IIHjAaHOTOKCHHM)

[ujanoOakTepuje MpoayKyjy OHMOJIONIKM aKTUBHE MaTepHje KOje Cy 3HaudajHe Kao OoraT
M3BOp OMOAKTHBHHX jEIMIEHa M KOje TOCenyjy pasHoBpcHe Owonomke Qynkmmje. Ilopen
MpUMapHOr MeTaboju3Ma KoJ IMjaHoOaKTepHja, KOju MMa OCHOBHY YJoOry y obe30ehuBamy
MHTEpMENUjepa HEONMXOAHMX 32 CHHTE3Y €CEHIMjaIHUX MAaKpPOMOJIeKyJa, CeKyHIapHU
MeTaboau3aM Takohje MMa M3y3eTaH 3Hadaj] Ko uujaHoOaktepuja (Dos Santos u cap., 2005).
[MujanoOakTepuje TMOKa3yjy CHOCOOHOCT MPOAYKIHMjEe IMIUPOKOT CHEKTpa CEKyHJIapHUX
MeTa0OoJUTa ca CHEIHjaTu30BaHuM (DYHKIMjaMa y IIHJbY YCIEIIHOT mpuiarohaBama ycIOBHMA
xuBoTHe cpeaune (Rastogi u Sinha, 2009). Kao pesyarar cekyHaapHOr MeTabosiu3ma
[HjaHOOAKTePHje MOCEaY]jy U CIOCOOHOCT MPOAYKIHje TOKCHHA (I[HjaHOTOKCHHA), OJ KOJUX CY
HEKH TOKCHYHH 3a OWJbKE, )KHBOTHUIE U Jbyne. llujanoOakTepuje Koje Mmoceayjy CrocoOHOCT
MPOAYKIMje [HjaHOTOKCHHA JETEKTOBAaHE Cy IIMPOM CBeTa W yTBpheHo je nma Bumie on S50
OIMCAHUX BPCTA I[MjaHOOAKTEepHja MMa CIIOCOOHOCT cuHTe3e nujaHoTokcuua (Meriluoto u cap.,
2017; Svir¢ev u cap., 2019).

VYKOIMKO y3MeMO y 003Up XEMHjCKY CTPYKTYpPY M MEXaHU3MeE JIeJIOBamba [I1jaHOTOKCHHA,
OHH TpEeJICTaBJbajy BeOMa XeTeporeHy rpymny jenumema (Hrouzek u cap., 2011). Tlosuaro je na
Mmehy ornpunmke 150 unenTudukoBanux poaoBa nujaHodaktepuja wpux 40 , yrmaBHOM BOACHUX
cojeBa, Moceyje CIOCOOHOCT MPOIYKIHUje IIMjaHOTOKCHHA KOjU MOTY HETaTMBHO Jla YTH4Yy Ha
npyre opranu3me (van Apeldoorn u cap., 2007). Meriluoto u cap., (2017) cy nanu cBeoOyxBaTHH
MIPHUKa3 MOTEHIIUjaJTHO TOKCUYHUX IIHjaHOOAKTEPUjCKUX POJOBA U BbUX0OBUX TokcuHa (Tabena 1).
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Ta6ena 1. JIucta moTeHIMjaTHO TOKCHYHUX [IMjJaHOOAKTEPH)CKUX POAOBA M IbUXOBUX TOKCHHA

(Meriluoto u cap., 2017)

Tokcunu
MukpouucTuHu

Honymnapuau
AnaTtokcuH-a

Amnarokcun-a (S)
[MunuHapocnepMoncuH

Jluaromaroxkcuu
CakCUTOKCHH

Annm3naTokCcuH
JleGpoMoarin3naToKCHH
[uryarokcun
ITanmutokcun

Ponoru

Anabaena, Anabaenopsis, Annamia,
Aphanizomenon*,

Aphanocapsa, Arthrospira, Calothrix,
Dolichospermum,

Fischerella, Geitlerinema, Hapalosiphon,
Leptolyngbya,

Limnothrix, Merismopedia, Microcystis,
Nostoc, Oscillatoria,

Phormidium, Planktothrix, Pseudanabaena,
Radiocystis,

Spirulina, Synechococcus, Trichodesmium®*,
Trichormus,

Woronichinia*

Nodularia, Nostoc

Anabaena, Aphanizomenon, Arthrospira,
Cuspidothrix,

Cylindrospermum, Dolichospermum,
Microcoleus,

Microcystis, Oscillatoria, Phormidium,
Planktothrix*,

Pseudanabaena, Tychonema
Dolichospermum

Anabaena, Aphanizomenon, Chrysosporum,
Cylindrospermopsis, Dolichospermum?*,
Lyngbya, Oscillatoria,

Raphidiopsis, Umezakia

Lyngbya*, Moorea*#

Aphanizomenon, Cuspidothrix,
Cylindrospermopsis,

Dolichospermum, Hydrocoleum*, Limnothrix
(?), Lyngbya,

Raphidiopsis, Scytonema, Trichodesmium*
Lyngbya*, Moorea*#

Leibleinia*, Lyngbya*

Trichodesmium*

Trichodesmium*

* TIOTeHLMjaTHO TOKCHYHH POJOBH UICHTH(HUKOBAHU UCKJBYYHBO Y Y30pLHMa BOJICHUX EKOCHCTEMA.
Hucy cBe BpcTe U3 HaBeICHHUX POJOBA YBEK NPUCYTHE Ca TOKCHYHUM T'€HOTUIIOBHUMA.

PonoBH KOjH Cy Y JIUTEpaTypH yrIaBHOM ONMMCAHK Ka0 MPOU3BOaul TOKCHHA HaBEICHHU Cy M01e0IbaHo.
+ Moorea producens yecTo ce y iuTepaTypu morpeniHo HaBou kao Lyngbya majuscula u L. sordida.
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L{1jaHOTOKCHHU Cy TOJCJbEHH Yy TMeT (YHKIMOHAIHUX Tpyla: XemaTOTOKCHHH,
HEYPOTOKCHUHH, IMTOTOKCUHH, JIEPMATOTOKCHHU M TOKCHUHU KOjU M3a3uBajy upuTamnuje (Jonas u
cap., 2015). Ako y3mMemMo y 003Up XEMH]CKY CTPYKTYpY, LHjaHOOAKTEPHjCKH TOKCHHU CY
CBPCTaHH y TPH TpyIle: HUKIUYHU TENTHAA (MUKPOLMCTHHH W HOIYJIAPHHH), aJKAIOUIN
(HEYpOTOKCHHHM M LIWJIMHIIPOCIICPMOIICUH) U Jumononucaxapuau (Msagati u cap., 2006) (Cnuka

2).
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Canka 2. Xemujcka cTpykTypa nujanorokcuna: a) mukpouuctut (MC); 6) Hogynapun (NOD); B)
wunuaapoctepmorcut (CYN); r) cakcutokcun (STX); 1) aHATOKCHH-a

Behuna wuctpaxuBama Kkoja ce 0OaBe IMjJaHOTOKCMHUMA ycpeacpeheHa cy Ha
MHUKpPOLUCTHHE, KOJU CY, KaKO C€ YMHH, Hajuyeln TOKCUHM KOjU CE jaBJbajy TOKOM I[BETama y
CIIaTKOBOJHMM eKocucTtemMuma. Y nocineamwux 10 roauHa crpoBeneHa cy OpojHa UCTpaKUBamba
Kako OM ce OoJpe pazymMeo YTHIa] YClIOBa JKMBOTHE CpPEJUHE Ha CaJp’kaj TOKCHHA Yy
janooakrepujckum hemujama (Meriluoto u cap., 2017).

Hajuemthe onmcanu edekartu IMjaHOTOKCHMHA Cy aKTHBHPAE OKCHIATHBHOT CTpeca
(Ding u Ong, 2003; Botha u cap., 2004), uatepdepenimja ca nporecom perunkaiuje JJHK
(Patterson u Carmeli, 1992; Teneva u cap., 2003) wiu gemoauMepusaiija aktunaa (Patterson u
cap., 1993; Smith u cap., 1994). Mako dakTopu >KUBOTHE CPEAMHE MOTY Ja YTHYy Ha YO
henuja koje MPOW3BOJIC U HE MPOM3BOJIC IIMjaHOTOKCHHE W HA TPOM3BO/HY IMjAHOTOKCHUHA Y
hemnjama, Owio je mMpPoOJIEMATUYHO TPEABUACTH Ca BEIUKUM TMOY3JambeM MOTEHIU]jaTHy
TOKCHYHOCT I[BeTama M 3[paBCTBeHE pu3uKe noBe3ane ca uctuM (Dolman u cap., 2012).

Nako je 3Hame 0 eKOJIOTHU]U U TOKCUYHOCTH LMjaHOOAaKTepHja 3HaUYajHO HAINpPEA0BajIO Y
nocienmwux 20 roAMHa, joul YBEK jé BeOMa TEIIKO AT MPOTHO3€ 3a BHILE OJ] HEKOJIHMKO JaHa
yHampeJ, O JWHAMUIM TOMyJalkje U O MOTEHUHUJaTHO] TOKCUYHOCTH IHjaHOOAKTEPH]jCKHX
[BeTaka. YWHU ce Ja Ha JUHAMUKY TMONyJjalHje U TOTEHUHUjaIHy TOKCHYHOCT LBETama
YIJaBHOM YTHYY pAa3JIMYUTH TPUTUCIM JKUBOTHE cpeauHe. CXOIHO TOMe, IIBeTama

9
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jaHo0aKkTepuja, Koja ce jaBJbajy Y HEKOJUKO E€KOCHCTEMa Ha HMCTOM TMOJpPY4YjYy, M HUXO0BA
MOTEHIMjaJTHA TOKCHYHOCT MOTY IOKa3aTH BPJIO paszinuuute myrame. llltaBuiie, 3a oapehenu
€KOCHCTeM MOry ce mpoHahu BeJHMKe BapHjauuje u3 roauHe y roguny. Ctora ce yuHH Ja je
cTparervja y3opkoBama (yKJbydyjyhu Opoj MecTa y30pKOBama, JIOKAllWjy, ajld M y4ecTajocT
y30pKOBama) HAjBAKHUJU [0 MOHHTOPHUHTA IHjaHOOAKTEepHja W Jla C€ OBa CTpaTrerdja Mopa
MPUJIArOJIUTH JIOKAJTHUM YCJIOBUMA M y OJHOCY Ha IWJb MOHUTOpUHTa (OWIIO &1a je y HaydHe
CBpXE, paJyl 3aIlTUTE 3paBJba UT/.).

[Tocnenwmux romauHa mnujaHOOAKTEPHjE CE CBE BHUINE HCTPAXKY]y M Kao IOTEHIU]jaTHH
npou3Bohaun NMjaHOTOKCHHA. Y MHOTMM 3eMJbaMa cy MpuxBahieHe Mpernopyke oja CTpaHe
Cgercke 3npaBctBene Opranmsanyje (C30) 3a KOHTpoITy BoJie 3a nMuhe u peKpeaTuBHE BOJIE, J1a
Opoj nMjaHoOaKTeprja M KOHIIEHTPAIH]je IIMjaHOTOKCUHA Oy/y UMIJICMEHTHPAHU Y HAlIMOHAITHE
npomnuce u Oyay 3HaudajaH mapamerap mnpu oxapehuBamy kBaiaurera Boma (Chorus m Batram,
1999). V CpOuju nmapamerap KOHIEHTpallMja LMjaHOTOKCHHA jOlI YBeK HHje mnpuxBaheH mpu
00aBE3HOM MOHHMTOPUHTY BOJCHHMX €KOCHCTEMa, ajli CBe uemiha Mo0jaBa WHBa3MBHUX H
MOTEHIIMjaJTHO TOKCUYHUX BPCTa I[MjaHOOAKTEpHja, ali ¥ HETAaTUBHUX OCIIEIHIIA KOje C€ Y THM
cllydajeBHMa jaBibajy, Hamehe moTpedy AeTekirje TOKCHHA U eBallyallljy lbUXOBE aKTUBHOCTH.

10
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1.3. Iperaen AOCaATAIIHHUX HCTPAKUBAKA (PpUTONMIAHKTOHCKUX
nujanoOakTepuja y Pemyosmuu Cpounju

ITpBu momanu o anrama y CpOuju Haase ce y pagoBuMa ca kpaja IX Beka (Scharschmidt,
1883). OBe pane cryauje, MaKo JOCTa CIOPaJAWYHE M JIOCTa OTPAHHYCHE y HCTPAKHUBAMY,
Ipy’Kajy IpBe MOJAaTKe O TaKCOHOMCKHM H QuopuctrukuMm moxanuma (Milovanovié, 1949).
Hakon Ttora moumme ce ca 3HAaTHO HMHTE3MBHUJUM, CBEOOYXBATHHUJUM M BHUILETOAMUIIHIM
IUTAHCKHM aJIrOJIOMIKUM HcTpakuBamiMa (Blazenci¢, 1986). Cvijan u Blazencic¢ (1996) mamu cy
3Ha4yajaH JONPUHOC MOP(OJIOTHjU, TAKCOHOMHUJU MU eKoJoruju mujanobakrepuja. Ilocmeamux
JIelieHr]ja je TojayaHO MHTEPECOBamkE Kajla je ped O HayYHHUM HCTpakuBambuma y PemyOmmim
CpOuju koja ce TUYy IMjaHOOaKTepHwja M mHMjaHoTOKcHHa (Svirev u cap., 2014; Jovanovic,

2020).

HctpaxuBama cripoBeneHa y nepuoay o 1996. no 2020. roqune y CpOuju ykasyjy na je
Opoj TakcoHa mujaHOOakTepuja Hal)eHMX y BoJama KoOje ce KOpHCTe 3a BOAOCHA0/eBame U
pekpeanujy mopacrao 3a 174 (Jovanovi¢, 2020), a mehy muma 30 TakcoHa NpencTaB/ba HOBE
HaJla3e 3a UCIIMTUBAHU THIT BOTHKX Tena. [lomaiu objaBibenn y ¢utopu mujanodakrepuja (Cvijan
u Blazenci¢, 1996) najy mpuka3z o 154 TakcoHa konumko X je A0 1996. romune OuIIO
UICHTH()UKOBAHO.

On cBUX WACHTH(PHKOBAHMX TAKCOHA (PHUTOIUNIAHKTOHCKMX LHjaHOOAKTEepHja Koje Ccy
naljene y Bogenum ekocucremuma CpbOuje, pomosu Microcystis, Aphanizomenon, Anabaena,
Oscillatoria u Cylindrospermopsis cy HajhpeKBEeHTHHjU POJOBH M POIOBU KOjU Hajuemihe
1BeTajy y eyrpoduum pesepBoapuma y Cpouju (Pordevi¢ u Simié¢, 2014; Svir¢ev u cap., 2014;
Simié u cap., 2014; Simi¢ u cap., 2017; Jovanovi¢, 2020; Tokodi u cap., 2020).

[Mocneamux aeuenuja y Cpbuju je ca mopacToM IojaBe IBeTama 3Ha4ajHO moBehaH u
O0poj uCTpakMBama KOja Cy y BE3M Ca TOKCHYHUM IMjaHOOaKTepHjaMa W I1IMJaHOTOKCHHUMA
(Simeunovi¢ u cap., 2005; Svir¢ev u cap., 2007; SvirCev u cap., 2008b; Svir¢ev u cap., 2009;
Sedmak u SvirCev, 2011; Panteli¢ u cap., 2013; Svir¢ev u cap., 2014; DPordevi¢ u cap., 2015;
Predojevi¢ u cap., 2015; Tokodi, 2016; Tokodi u cap., 2018; Tokodi u cap., 2020; Jovanovic,
2020), ucnuTHBamEM EKOJOIIKHX (akTopa Koju OM MOINIM OMTH OATOBOPHH 3a I0jaBYy
janobakTepujckor nBetama (Karadzi¢ u cap., 2013; Pordevi¢ u Simié, 2014; Ciri¢ n cap.,
2015; Jovanovi¢ u cap., 2017; Predojevi¢, 2017; Simi¢ u cap., 2017; Jovanovi¢, 2020) u
yruiajem Ha xxuBu cset (Perendija u cap., 2011; Drobac u cap., 2013; Drobac, 2015; Pordevi¢ u
cap., 2017).

VY nocTynHOj IuTepaTypu MOCTOjU BEIUKH OpOj CTyAM]ja KOje TOBOPE Ja C€ CTamke MHOTHUX
€KOCHCTEMa ca TOT aclieKTa olemyje U mpatu. bpojHUM ncTpakuBamUMa Koja Cy CIIPOBEICHA Y
CpOuju o0yxBahieHO jeé OKO CTOTHHY pa3IMYMTHX BOJHUX Tela: je3epa, akymylaluja, peka,
pubmaka W KaHajga, a mocebaH (OKyc je cTaB/beH Ha aKyMylaluje Koje ce KOpHUCTe 3a
BojiocHaOneBame (Karadzi¢ u cap., 2010; Sedmak u Svircev, 2011; Kosti¢ u cap., 2014; 2015;
2016; Svircev u cap., 2017; Blagojevi¢ Ponjavi¢ u cap., 2019, Trbojevi¢ u cap., 2019a, 20196).
Kana cy peke y muramy JeTajbHa HCTpaKuBama Cy crpoBeneHa Ha [lomaBunum u [lyHaBy
(Karadzi¢ u cap., 2013; Jovanovi¢, 2020). [Tocneamux roanHa je cBe Behn akieHaT CTaBJbeH Ha
UCTpaXuBama y pudmarnuma Bojsoanne, 300r cBe Behe 3a0pHHYTOCTH ca 3/[paBCTBEHOT aCIEKTa
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ycaen edexra MMjaHOTOKCMHA Ha puOe M MOTEHIHUjaIHO Ha JbyJe YCIIeJ KOH3yMHpama puode
onrepehene mujanorokcuanma (Drobac u cap., 2013; Drobac, 2015).

WNmajyhm y Buay cBe HaBelIeHO, ald M CBE KapaKTEPUCTUKE IMjaHOOaKTepuja H
IUjaHOTOKCHUHA, Y CpOHjH jOIII MTOCTOjH MPOCTOPA 332 BHUXOBO HCTPAKUBAHE Ca ACTIEKTa 110jaBe U
yTUIIaja y PA3IMYUTHM BOJACHUM €KOCHCTEMHMa KOja Cy jOII YBEK HEIOBOJHHO MCTpaxkeHa. [Ipe
CBera ped je O UCTpaXMBamUMa y MalldM aKyMmyllalijama Koja Ha TEPUTOPHUjU HAIe 3eMIbC
CTaHOBHMILTBO yIJIABHOM KOPHUCTH Y PEKPEaTUBHE CBpXE.

Jlocamamima UCTpaKWBamka O TOKCHYHOCTH (UTOIUIAHKTOHCKHX —IMjaHOOaKTepuja
YIJIaBHOM Cy OMJla yCMEpeHa Ha JIeTeKIH]y [UjaHOTOKCHHA Y BOACHUM ekocuctemuma (Nati¢ u
cap., 2012) u Ha mperiaex MOTEHUWjaIHUX (aKTOpa puU3MKa M MOryhe Be3e ca IBETameM
1jaHno0aKkTepuja U MojaBy MpuUMapHor kKapruHoma jerpe y Cpouju (Simeunovié u cap., 2010;
Drobac u cap., 2013; Svirev u cap., 2013). Jlaboparopujcke cTyauje TOKCHYHOCTH 1BeTajyhnx
TOKCUYHUX (DPUTOTUIAHKTOHCKHMX IIMjaHOOAKTepHja HAa HUBOY COMATCKUX henuja y in Vivo
yCJIOBHMA JIO cajia HUCY CIPOBEJICHE.

12
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Huwveeu

V3umajyhu y 003up npeTxoHe HaBoIe, IMJBEBU OBOT pajia Cy cliieaehu:

X/
°e

>

YTBphuBame BpeaHOCTH (QPU3MYKUX U XEMHUJCKUX TMapaMmerapa Ha WCIHUTUBAHUM
JIOKaTUTETUMa U oapehuBame Haj3HAYaJHUjUX CPEIMHCKUX (akTopa KOju AeNyjy Ha
(UTOITAHKTOHCKE ITjaHOOAKTEPH]E;

AHanu3a ~ KBAJIMTaTHBHOI W KBAaHTUTATUBHOI  cacTaBa  (PUTOIUIAHKTOHCKHX
[MjaHOOaKTepHja HWCHUTHBAHUX MallMX aKyMmylialgja ca TOCeOHMM OCBPTOM Ha
NOTEHIIMjaJTHO MHBAa3UBHE U TOKCUYHE BPCTE;

VYTBphHBame NMPOCTOPHE W CE30HCKE TUHAMHKE (DUTOIJIAHKTOHCKHUX IMjaHOOaKTepuja
UCTIMTHBAHUX BOJHHX TEIa,

YTBphuBame peakiuje 3ajeqHurle (PUTOIUIAHKTOHCKUX IHjaHOOAKTEpHja HA Pa3IUINUTe
EKCTPEMHE XHJIPOJIOIIKE YCIIOBE;

[Ipaheme ciydajeBa mBeTama IUjaHOOAKTEpUja pagu JCTEKIHMje W ITOTCHIIHM]aTHOT
MPUCYCTBA IIMjaHOTOKCHHA y aKyMyJlalijama,;

[Ipoy4yaBame HeraTMBHHX e(eKaTa METAHOJCKOT €KCTpaKTa IBeTajyhux M TOKCHYHHX
BpCTa IMjaHOOaKTepuja M3 HCIUTUBAHUX aKyMmyjanyja Ha (YHKIU]y TEHETUYKOT
MaTepHjaiia maiosa coja Wistar Ha HUBOY COMATCKHX henuja y in ViVO yclioBuMa;

VYTBphUBamke XeMmaTOTOKCMYHOCTH METAHOJICKOI eKCTpakTa IBeTajyhux M TOKCHUYHMX
BpCTa IMjaHOOAaKTepHja M3 HUCHUTHUBAHUX aKyMmylanuja mnpahemeM OHOXEeMH]JCKHX
napameTapa jeTpe y cepymy KpBH naioBa coja Wistar 1 aHTHOKCHJIATUBHUX TTapMeTapa y
TKUBY jeTpe, Kao U npahiemheM XHCTOMaTONONIKUX MPOMEHa TKHBa jeTpe mamosa y in vivo
yclI0OBUMa.
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3. Marepujaja u MeTo/1e



Mamepujan u memooe

3.1. lloapyuje ucrpaxxkuBama

UctpaxkuBama  cropoBeieHa y  OKBUPY  JAMcepTanuje  o0yxBarajy  CTyAH]Y
(UTOIIAHKTOHCKUX IHjaHOOaKTepuja Tpu Maje akymynamuje: akymynamuje Lllymapwie,
akymynanyje byoawm n Anexcannpoauke akymynanuje (Cnuka 3).
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Cuiuka 3. [Toapydja uctpakusama (1. akymynanuja lllymapure, 2. akymynanuja by6am, 3. AnekcanapoBadka
aKyMyJialija) Ha KOjUMa je BPIICHO Y30PKOBAKkE TOKOM TPOTOJUIIKHEr MOHUTOPHUHTA
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3.1.1. Akymyaauuja lllymapuue

Axymynanuja Illymapune ce nHamasu y nenrpanHoj CpOuju, Ha mnepudepuju rpana
KparyjeBua (44°01'49"N; 20°52'28"E) ma wnaamopckoj Bucuuu ox 185 m (Crnuke 4-6).
dopmupana je 1967. rogune nperpahuBambem CyIIUYKOr MOTOKA M J€0 je croMeH mapka "21.
okTo0ap". MakcumaiiHa ayxuHa akymysaindje je 1300 m ca mpocedyHoM mupuHOM ox 175 m.
Banpemuna akymynammje je 0.95 x 10° m®, a nospmmua je 20 ha. Hajseha 3aGenexena nybuma
akymynanuje je 15 m, a npoceyna ayOuHa je oko 5-6 m. Tokom yiera Temmneparypa Boje pacte u
10 26—29°C, a TOKOM 3MMe MOBpIIIKMHA akyMmyJaiuje 3amMp3aBa (Rankovic u cap., 2006).

Hajsehum nenom, akymynanuja qo6uja Boay u3 Cymmykor MOTOKa U MajlaBuHa. Y CIIUBY
Cymu4ukor MmoToka IOCTOje IIyMe, JIMBaje, MOJHONPUBPEIHO 3eMJbUINTE, KA0 M Hacesba ca
JIETUMUYHO ypeheHOM KaHamM3anoHOM MpexoM. M3Hajn jemHe cTpaHe akyMmylJalyje MOCTOjH
HaceJbe, JIOK Cy Ha JPYroj CTpaHU €JIEMEHTH JIMBAJICKE BEreTallyje KOju ce MPOTEeXY CKOpPO 10
BOJIe W HIyMCKH (parmeHTu 3ajeanuiie Quercetum confertae-ceris Rudski 1949. (Rankovi¢ u
cap., 2006). Ctpana akymyjaimuje Koja je 100po ypeheHa HaMemeHa je 3a CIIOPTCKY YIOTpeOy
(TepeH 3a 0100jKy Ha IECKY, aBaHTypa IMapK, CTOJIOBU 32 CTOHH TCHHUC, UTPAIUIITE 3a JICIy).
[Topen ypehene miaxke moceTHOnMMa Cy Ha pacrojaramby YrOCTHTEIbCKH O0jeKar, IIeTHa
ypeheHoM cTa3oM, OMIMKIM3aM, BOXHEA 4YaMIeM WIM TMeJalMHOM, Kylambe U PHOOJIOB.
Axymynanuja [llymapuie ca cBUM CBOjUM cajpikajuMa je HajIoMyIapHuje PEKPEariioH0 BOIHO
TeNo Ha TepuTopuju rpaaa Kparyjesua.

Cunka 4. CarenuTcku cHuMak akymynanuje Hlymapune (u3Bop: https://www.google.com/maps/ - moaudukoBaHo)
U MPHUKa3 JIOKAJIUTETa Ha KOjiMa je BPIICHO Y30pKoBame: 1. 6nu3nHa Opare; 2. cpeuHa aKyMyJialuje;
3. HenocpeaHa Onm3uHa yirha
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Camka 5. Akymynanyja [llymapune (®oro H. Hophesuh - jyn, 2012. roaune)

Canka 6. Akymynanuja lllymapune (®orto H. Hophesuh - jyin, 2012. ronune)
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3.1.2. Akymyaanuja byoam

Axymynanuja bybam ce Hamasu y ueHtpanHoj CpOuju, y ypbaHO] 30HM Tpajaa
KparyjeBiia, Ha yaa/beHOCTH jedaH Kwiomerap on uenrpa (44°01'01"N; 20°55'33"E).
Axkymynanyja je dopmupana 1955. rogune y anyBujaigHO] paBHU peke JlerneHuie Ha JOKaluju
HEeKaallbe nuriane, y HanymreHoj kommau (Cnuke 7-9) (Rankovié u cap., 2006). YV noverky,
Ha TOJIPYYjy JaHAILIEr je3epa OMIIO je HEKOJIMKO MamHX JIOKBU. JIOKBe Cy paciie u o1 BbuX je
HACTajJo MaJio jesepo, koje ce mocterneHno nmosehasano (https://sr.wikipedia.org). Hajeehu neo
BOJIE je3epo 100Kja U3 MOA3EMHOr M3BOPa, U3 YecMe ,,bydam* u oa magaBuna (Rankovic u cap.,
2006). Axymynanuja ce Hajla3u Ha HAIIMOPCKOj BUCHHU 0/ 172 M U Werosa MOBPILIMHA U3HOCH
npubmkHo 2.7 ha. Jlyouna akymynanuje bybam y mpoceky u3Hocu 1.20 m ca MakCHUMaHOM
nyounom ox 1.80 m u munumannom nybunom ox 0.50 m. Hajsehu neo mna akymynamuje je
MyJbeBUT. [Ipoceuna neGspuna Mysba je 0.50-0.70 m, npu uemy je BehuHa JieXXUIITa ycMepeHa
npeMa rentpaaaum genosuma (Rankovié u cap., 2006).

TokoM 3uMMe 1ela TOBpIIMHA aKyMmynanuje je 3aMp3HyTa. KomHeHH I1ojac OKO
aKyMyJlalgje je paBaH TepPEeH ca OCKYAHOM ITYMCKOM BET€TalldjOM M YTOCTUTEJHCKUM 00jeKTOM
ca Jpyre crpaHe. AKyMmylanyja je OKpyKeHa INpOMETHMM caoOpahajemM ca aBe cTpaHe H
rpaiackuM rpobibeM ca apyre crpane (Rankovi¢ m cap., 2006). Takohe, akymynaiuja byoam
pyxa MOTYhHOCTH 3a pekpealujy Jbyau (IeTha U OUIUKIN3aM) U pUOOJIOB, al KyNamke HUje
npenopywbnBo. Tokom 2008. roauHe CIIpOBEACH j€ €KOJIOMIKH IIPUCTYIT CaHAIUjH aKyMYJIalHje
by6am koju je moapasymeBao (pU3MUKO OJICTPamkUBAKE eMep3He U CyOMep3He MaKpoBereraiuje
ca Beher jiena akymysanuje creryjaraam kom6ajaom (Simic¢ u Simi¢, 2009).
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Cunka 7. CatequTCKu cHUMaK akymynanuje byoaw (u3sop: https://www.google.com/maps/ - monudukoBano) u
NpUKa3 JIOKAJIUTETa Ha KOjUMa je BPILEHO y30pKoBame: 1. JokanureT (ayTomyT); 2. CpeairHa akyMyJaluje;

3. nokanuret (y HEMOCPEAHO] OIM3MHU OCKYIHE ITYMCKE BETETAIIH]e)
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CJma 8. Akymynanuja bybam (Doto H. Bophesuh - jyn, 2012. rogune)
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3.1.3. AnekcaHJpoBayKa aKymyJjauuja

AutexcanpoBayka akymyJialuja ce Hajla3u Ha kpajibeM jyry Cpouje, 8 Km je ynamena of
Bpama (42°29'22"N; 21°53'564"E), na nHammopckoj Bucuau ox 412 m (Camke 10-13).
Axkymynanuja je dopmupana 1963-64. roguHe, u3rpagmoM HacyTe OpaHe BUCHMHE 8 M Ha
AJekcaHIpOBauKoj penu Ha Jokaiaurery Partajcka Cnatuna. IloBpmmza jesepa je 12 ha,
MakcHUMajHa 3anpeMuHa jesepa je 250 000 m°, ny>KuHa akymysanuje je oko 500 m, MakcumainHa
muprHa oko 250 M, MakcuMaiHa nyOuHa jesepa je 3-4 m, a mpoceuyHa ayouna je 1.5-2 m. Ha
JHY je3epa je BellMKa KOJMYMHA MyJba. AKyMylalldja je OKpyXeHa oOpaJuBUM MOBpUIMHAMA
(Pordevi¢ u Simié, 2014).

Bonmena Mmaca jesepa mnpekpuBa Behum nemoM T3B. AJEKCaHAPOBAYKO CIIAHMIITE.
Akymynanuja mnpekpuBa 2/3 cimanmmTa, oK je 1/3 cnammmrTa Ban axymynanuje. OBa
MHUKpPOAaKyMyJalfja je y MOYeTKy KopHuinheHa 3a HaBOAABAamkE MOJHOIPHUBPEIHOT 3EMJBHIITA
HU3BOJHO on Qopmupane OpaHe W akKyMmylianuje, Ha JecHoj obOamu JyxHe Mopase.
[TosbonpuBpeIHO 3eMJBUIITE j€ MPUIAAATI0 MOJbOIpUBpeHOM KoMOuHaty “Tlossonpoayktr”. Y
TOKY JIOCAJIANIET SKCIUIOATAIIMOHOT BEKa, je3epo je cBe Bullle no0ujano (yHKIU]y peKkpearje
u pubOJOBa, a HMCTOBPEMEHO C€ HEroBa HpHUralMoHa (YHKIHMja CMamHBala 3ajefJHO ca
MOJHONPUBPETHIM AKTUBHOCTHMA MpeMa IMPBOOMTHOM 3aMHUIIJBEHOM 33JPY>KHOM KOHIICTITY
(Proki¢ u cap., 2008).

Cimuka 10. Carenurcku CHEMaK AJleKcaHpoBauke akymymarmje (im3sop: https://www.google.com/maps/ -

MOAM(HKOBAHO) M MpHKa3 JOKAJIUTETA HA KOjUMA je BPIICHO y30pKoBame: 1. GnusuHa Opane; 2. cpeanHa
aKyMmyJangje; 3. HenocpeaHa onu3uHa yurha
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VY Bumie HaBpaTa y akyMmylanuju ce nemasao nomop pube. Tokom 2008. rommne y
jemHOM JaHy YruHyJdo je 65 mnpumepaka toiacroisobuka (Hypophthalmichthys molitrix
Valenciennes, 1844) ykynue texune 1600 kg (Cnuka 11) (Simi¢ u Simi¢, 2009). Hakon oBor
unuuaenta ox 2009. no 2010. roauHe crnpoBeneHE Cy Mepe 3a KOMIUIETHY PEKOHCTPYKIH]Y
jesepa (Proki¢ u cap., 2008). UznoBbeHa je mpeocrana puba, Bojga W3 aKymynangje je
UCIIYIITEHa, a 3aTUM C€ IPUCTYIMJIO CaHAIM]JU KOja je MoJpa3yMeBalla: U3rpajiby L€BOBOAA U
KaHana y qyxuau of 2 027 m, KojuM je IIaHupaHo JOBONEHmE BOJE U3 BOI03aXBAaTa, U3rPadby
OJIBOJIHOT KaHana (IyxuHe 2 267 M) kojuM OM BoJa W3 aKyMmyJaluje OJBOJWIA U yJIUBaNa y
HajommKy peky JyxHy MopaBy. OBOoM HpUIIMKOM je 3aBplIeHO ypeheme akBaTopuje camor
jesepa (uumiherme 35-40 000 m® mysba, 3aTHM M3rpamba Iutaxa, nemadkux crasza) (Crmka 12),
caHalMja o0jekra u npenuBa Ha Opanu (Proki¢ u cap., 2008). CripoBeneHu Cy U aHTUEPO3UBHU
pazoBu (OMOJIOIIKY paJoBH, cama mHojaca of xOyma-mioduirepa (mojac oko jesepa)) Koju
Mpe/ICTaBIbajy Oapujepy 3a MaTepujall of CliMpama MaguHa Oko je3epa. CIaHUINTE HA KOM je
aKkyMmyJanuja opMupaHa H1je pa3MaTpaHo y OKBHPY IIPOjeKTa caHaluje.

Ciuxka 11. AnekcanapoBauka akymynamuja — npe canarmje (Goro C. Cumuh - jyn, 2008. roaunse)
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Camka 12. AnekcanipoBauka akymylnanyja — HakoH caHauuje (Poro C. Cumuh - cenrem6ap, 2010. ronune)

Ciuka 13. Anexcannposauka akymynaimja (Goro H. Bophesuh - jyn, 2012. roauue)
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3.2. llpukymbame y30paka

Tepencka wucTpakuBamba M NPUKYIUbAIE Yy30paka Ha CBUM aKyMmyjamndjama cy
CIIPOBEJICHA JeTHOM MeceuHo y nepuoay oxa jyHa 2012. no nenem6pa 2014. rogune. Ha cBakoj
aKyMyJlalliju y30pKOBAmE j€ CIIPOBEJCHO Ha TpU Tauke. Y ciydajy akymynauuje llymapune u
AJekcaHapoBauKe aKyMyJaldje JIOKATUTETH cy Omimu pacnopehenn Ha cienehu Hauwmn: 1.y
OnmusuHu Opane; 2. cpeauHa akymynanuje; 3. Hemocpeana OmmsuHa ymha (Hajmmumhu geo
akymynanuja). C o63upoM Ha To na akymynanuja byGam Huje dopmmpana mperpahuBamem
OpaHe JIOKaTUTEeTH Cy Ne(UHUCAHU Ha ApYyrayuju HauuH: 1. JokanureT (ayTomyrT); 2. CpeauHa
akymyianuje; 3. JokanuTeT (y HemocpeaHoj OJU3HMHN OCKYTHE IITYMCKE BEreTaIuje).

3a UMUKy ¥ XeMHU]jCKYy aHAIHM3Y BOJIE y30IH CY MPHUKYIUBEHU HA TPHU Pa3INIUTe TyOuHEe
y CTaKkJICHUM INocyaama y ckiany ca crangapaom SRPS EN ISO 5667-14:2017. Y3opuu Boze 3a
OnoxeMujcKy aHanmu3y (KOHIICHTpanuja XJopoduia @) MPUKYIUbeHH Cy y Oomama o 1 L
3aXBaTamkEM Ca MOBPIIMHE BOJAE U JI0 TaOOPaTOPHjCKe aHAIIM3€e TH Y30pLU Cy YyBaHH Y MPaKy Ha
+4°C. Ananm3a KOHICHTpaluje xjaopoduia a ypaheHa je ogmax 1o moBpaTKy ca TepeHa.

VY30puu 3a KBaJIUTATHBHY M KBAaHTUTATHBHY aHAMM3y (UTOIUIAHKTOHA Y3HUMaHHU CY
HCTOBPEMEHO ¥ Ca MCTOM JUHAMHKOM Kao M y30pIlM 32 XEMHjCKYy aHAIHM3y BOJE. Y30PKOBaHE
(buTOMIAaHKTOHA BPIICHO je y cKiaay ca ctannapanom merogoM SRPS EN 16698:2016 momohy
IUTAHKTOHCKE MPEeXHIIE MPEeYHHKa 25 cm U mpoMepa okana 22 um, a 3a KBaHTUTATUBHY aHAJIU3Y
nomohy PytHepoBe 6orie 3anpemune 2 L. HakoH crpoBeeHOr MOCTYIKa NPUKYIIbamkba, Y30pLU
cy (ukcupanu GopMaIIEXHI0M JI0 KoHauHe KoHIeHTpauje 4% dopmanaexuna y y30pKy.

3a aHa/MM3y 1IMJaHOTOKCUHA Y BOJIM Y30pLHM Cy NPUKYILUbEHU y TaMHMM Oomama on 1 L
3axBaTalkbEeM ca MOBPIIUHE BOJE, OOLE Cy MyHEHEe JI0 BpXa M y30pLHU CYy TPAHCIOPTOBAaHU [0
nabopatopuje y dpmwxuaepuma Ha +4°C. V3opuum 1nBerajyhux TakcoHa nMjaHoOaKTepuja
MIPUKYIUbEHU CY KaJia je oBa 3ajelHula Ouia pa3BUjeHa U Ha MECTUMa rJe je Ouia 3acTylJbeHa,
OJTHOCHO KaJia je YO4YEHO LIBeTame Ha MOBPIIMHHU aKyMmyjaluja. Y MepHOJy LBETama, y30pIH
Omomace ca TOBpPIIMHE aKyMmyJjaldje W BOJIE€ Cy CaKylJbeHHu y Oomama ox 5 L, y mepuomy
[[BETamA.

3.3. MeTeopoJionIKy MOAAIA

MeTteoposowku nojaauu (Temneparypa Ba3ayxa U KOJMYMHA MaJlaBUHA) Cy IPEy3eTH U3
MerteoposolIkuxX roJuiImkaka PemyOomuukor xuapomereoposiomkor 3asoaa Cpbuje 3a 2012,
2013. u 2014. ronuny (RHMZ 2013; 2014, 2015) ( http://www.hidmet.gov.rs/ ).

3.4. Anaau3a pU3NUYKUX U XeMHUjCKUX MapaMeTapa Boje

3a yTBphuBame (QU3MUKUX M XEMHUJCKHX IMapamerapa Bojae kopuiiheHe Cy cTaHaapaHe
merone (APHA, 2005). Ha cBakoM JOKaIMTETy Cy MEpeHH onadpaHu (U3MYKH U XEMH]jCKU
napametpu: Temreparypa Boae (°C), pH, koHumeHTpamuja pacTBopeHOr Kuceonmka (Mg/L) u
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weroBa carypanuja (%), elIekTpornpoBoibUBOCT (US/cm), TBpaoha Boge (MQ/L) ¥ mpoBHIHOCT
(m). ®u3uYKK ¥ XeMHUjCKH ITapaMeTPU CY MEPEHH Ha TEPEHY MOMONly KOMOWHOBAHOT JUTHTATHOT
MHCTpyMeHTa (KoHaykToMeTap, pH metap, Tepmometap - HANNA instruments), KOHIIEHTpaIja
U caTypanuja kuceoHuka okcumetrpom (Mettler toledo), a mpoBugHOCT Bosie CeKknjeBUM JUCKOM.

OnpehuBame konrenrpanuje ¢ocdpara (PO4-P, mg/L), nurpata (NOs-N, mg/L),
amonujym jona (NHy-N, mg/L), konnenrpanuje ykymaor gocdopa (TP, mg/L) u KoHLIEHTpaIH]je
ykynaor azora (TN, mg/L) ypaheno je y Jlaboparopuju 3a xuapoGuonorujy, MHcTHTYTa 32
ouosornjy u ekosorujy, IlpupogHo-maremarmukor dakyiarera y KparyjeBmy oamax 1o
MOBpaTKy ca TepeHa mnomohy ¢oromerpa (Aqualytic AL400) mpumenom oparosapajyhux
peareHca.

3.5. OapehuBame KOHLeHTPanMje XJIopoduia a.

OnpehuBame KOHICHTpaIHje XJIopoduia a, BPIICHO je CIEKTPO(HOTOMETPH]CKH, HAKOH
ekcrpaknuje eraHoiom Ha 75°C (ISO 10260, 1992) y JlaGoparopuju 3a XHAPOOHOIOTH]Y,
Wuctutyra 3a Ouonorujy u ekoiorujy, llpuponno-maremaruukor cdakynrera y Kparyjesiy.
MeTosa ce 3acHMBAa Ha CKCTPAKIMjU MMHUTMEHTa HAaKOH (QUITpaIHje y30pKa BOJC U MEPCHY
aricop0aHIle eKCTpaKTa y30pKoBaHe Boje Ha 665 nm u 750 M mpe u mocie 3akuiie/baBama. 3a
¢buntpaimjy y3opka je xopumihen ¢uirep mamup Whatman GF/F 0.45 um, a dunrpamuja je
BpiieHa nomohy Captopuyc naboparopujcke Bakyym nymie. Hakon ¢unrpanuje, puntep nanup
j€ TIOTOTUBCH y €TAaHOJ U EKCTPAKIIMOHU CYJI je 3arpeBaH y BojeHOM Kymatuiy a0 75°C. Tokom
EKCTpaKIMje BOJIUIIO CE pavyyHa Jla eKCTPaKT Oyze 3amTuheH o1 CBETIOCTH U Bazyxa. Ekcrpakt
je ¢unTpuTaH jom jeaHOM Kako Ou ce mo0Mo MOTHyHO OucTap (UHATHH EKCTPAKT KOjU je
KopuiheH 3a oYnTaBame ancopOaniy. 3a pedepeHTHY KUBETY KOpHUIINEH je eTaHOI.

Ha cnextpodortomerpy mapke Jenway 6105 (Bibby Scientific Limited, Staffordshire,
UK), ounraBaHe cy BpeAHOCTH arcopbaHile ekctpakra (Ha 665 nm u 750 nm) mpe u mocie
3aKMIesbaBama XaopoBogonuanoM kucearnaoM (0.01 mL 3M HCI). Konnenrpanuja xmopoduia
a (ug/L) je mobujena nmpopauyHom u3 cieaehe popmyie:

% _(A-4y) R 103x V,
Jopodua a = K. xR—lesxd

rae je:

A (Agps— Arsp) — aricopOania mpe 3aKuilesbaBamba

Aa (Agss — Asp) — aricopOaHIia mocje 3aKuilnebaBama

Kc =82 L/pug*cm — ciekTpalinu ancopniioHd Koe(HUIMjeHT 3a XJI0pohu a
Ve — 3ampeMuHa eKcTpakTa y mumuutpuma (mL)

Vs — 3anpeMuHa y30pKa Koju je ¢puntpupan y murpuma (L)

R =1.7 - odnos A/Aa 3a pacTBop YuCTOTr XJI0poduia a,

d — mmpuHa kuBere (CM)

10° — umensnonn dakTop Koji oxrosapa V.
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3.6. Tpouukm craryc akymyJianmja

Tpodwuuku craryc akymynanuja yrBphen je Ha ocHoBy Muaekca tpoduanoctu (Carlson,
1977), a 3a u3pauyHaBame WHAEKCa KOopuIIheHa Cy TpU IMapaMeTrpa: NPOBUAHOCT H3MepeHa
CekujeBuM nuckoM (M), KOHIEHTpamuja ykymHor ¢ocdopa (mg/L) m KoHmeHTpanuja
xnopoduna a (ug/L).

3.7. KBaJluTATUBHA ¥ KBAHTUTATUBHA AHAJIN3a (PUTONJIAHKTOHA

Unentudukanuja TtakcoHa 1ujaHoOaktepuja ypahena je y JlaGopatopuju 3a
xuapoouonorujy, MucTuTyTa 3a OMosorujy u ekonorujy, [Ipupoano-mMatemMaTuykor akynrera y
KparyjeBily Ha mnpHBpeMEHUM MpenapatuMa y3 I1OMOhN CBETIIOCHOI MHKPOCKONa Ha
makcumaiiHoM yBenuuawy 1000X (Nikon Eclipse E100; Motic BA310 Elite Series) ca kamepom
(Bresser 9MP) y3 momoh Micro Cam Lab codtBepa, a mpema craHmapHOj TaKCOHOMCKO]
murepatypu (Komarek u Anagnostidis, 1998; 2005; Hindak, 2001; Komarek, 2013).

KBanturatuBHa ananuza ¢uTomaHkroHa (OpojHOCT) ypaheHa je Ha HWHBEPTHOM
mukpockorry (Motic AE 2000 Series) Utermdhl-oBom (1958) metomom npema cranmapay (SRPS
EN 15204:2008), a Guomaca nujanobakrepuja onpehena je ynorpedbom crangapaHux Gopmyna
Ha OCHOBY TeomeTpujckux anpokcumanmja (Hillebrand u cap., 1999; Sun u Liu, 2003; SRPS EN
16695:2016), koja je HAaKOH TOTa MpepadyHaTa y TeXHHCKE jeJMHUIIC U U3pakeHa je kao mg/L.

3. 8. UHaekcH CJONYHOCTH

3. 8. 1. Muaekc camunoctu (Sorensen, 1948)

3a wu3padyHaBame KBAJUTATUBHE CIMYHOCTH W PA3IUYUTOCTH (DUTOTUTAHKTOHCKHX
nujaHodakTepuja u3Mel)y ucTpakuBaHux akymysaiuja kopuinheH je unaekc ciaunaaocta (I1SS) mo
Copenceny (SOrensen, 1948).

ISs = * 100

A+ B

ISs — unnekc cniuyHoctu o CopeHceny

A — Opoj BpcTa jeTHe aKyMyJialnje

B — Opoj BpcTa npyre akymysnaiuje

C — 3ajeqamuku Opoj Bpcta m3mel)y 1Be akymyaiuje

3. 8. 1. Munekc camunoctu (Jaccard, 1928)

3a ynopeaHy aHaJIM3y CIIMYHOCTH M PA3THYUTOCTH (DUTOMIIAHKTOHCKHUX ITMjaHOOaKTEpHja
koputiheH je u uaaekc caununocty (J) nmpema XKakapny (Jaccard, 1928).
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A

I =a¥B+rC

A — 6poj 3ajeqHUYKUX BpCTa ucnuTuBanux akymysnaiuja (1 u I1)

B — 0poj BpcTra (UTOIUIAHKTOHCKUX ITMjaHOOaKTepHja | akymynamuje Kojeé HUCY MPHUCYTHE Yy
akymynanuju |l

C — Opoj BpcTa GUTOIUIAHKTOHCKUX IMjaHOOaKkTepHja |l akyMymanuje KOj€ HUCY MPUCYTHE Yy
akymynamnuju |

3.9. HPLC meToaa 3a neTeKumjy 4 KBAHTU(QUKAIUjY HUjAHOTOKCUHA Yy BOAU U
HUjaHO0AKTEPHjCKOM €KCTPAKTY

KBantudukanuja TmojeIMHUX  IMjaHOTOKCHMHA ypalleHa je NPUMEHOM  TEUYHE
xpomatorpaduje Bucoke pezonyuuje (HPLC) ca PDA perekuujom. Kopumthen je HPLC cucrem
Agilent 1100 xoju ce cactoju ox OMHApPHE IMyMIIE Jiera3epa, ayToCeMIIepa, TePMOCTaTa KOJIOHE
u PDA nerektopa. Pa3aBajame mujaHOTOKCHHA je BpineHo Ha kosioHu 150x4.6 mm (Supelco,
Bellefonte, PA, USA).

[Ipe yOpu3raBama y CUCTEM CBU y30pIIM BOJE Cy HMPHUIPEMIbEHH MOMONY TEUHO-UBpCTE
excTpakije kopumrhemwem oarosapajyhux SPE keprpuuya (Cig, C8, PGC), a mpema npoTokoiy
Meriluoto u Codd (2005) u Meriluoto u cap., (2017). IIpunpema y3opaka 3a aHaiu3y o0yxBara
buntpupame, npeuniihaBambe W KOHICHTpOBamwe. DUITpHpame ce BpIIM KpPO3 CTAKICHU
memOpancku ¢unrep (0.7 um, GF/C, Whatman). Hakon npeunmihaBama ¥ KOHIICHTPOBamba
oaroeapajyhum xemuKkaarjama, a 3aBUCHO OJI THIIa [IHjaHOTOKCHHA Koju ce ucnutyje (Meriluoto
u Codd, 2005; Meriluoto u cap., 2017), y3opax je cripeMaH 3a yOpu3raBame.

3a aHanM3y KOHLIEHTpAIMje I[MjaHOTOKCHHA y OMOMacu KOPHUCTU C€ TaJlor 3aJp’kKaH Ha
¢unTep nanupy, Koju ce ekcrpaxyje ca 50% meranonom. ExcTpakuuja uujaHotrokcuna u3 henuja
onabpaHMX BpcTa NMjaHOOAKTEpWja 3a aHAIU3y [MjaHOTOKCHMHA je BpIIEeHa y CKIagy ca
npoTtokosiom Cetrcke 3apascTBene Opranusaiuje (Harada u cap., 1999). Iletoaurapcku y3opak
BOJIE je (UITPUpaH Kpo3 MPETXOIHO MepeHe (urepe o1 cTakieHux Biakana ox 70 mm, GF/C,
1.2 ym mox Bakyymom. ®Duirep manupu Cy cymeHH Ha Temmeparypu ucnoj 50°C mok um
TE)XMHA HUje MOoCTajla KOHCTaHTHA. 3a JAETeKLHU)y LIMjaHOTOKCHMHA y OMOMacH, CyBU Y30pIH ca
¢unTep manupa Cy €KCTpaxOBaHM ca JIeCeT IyTa BehoMm 3alpeMHHOM METaHOJa O]l TEXHHE
henuja. Ha henuje je nenoBano ynTpa3BydyHuM Tanacuma 3 muHyTta Ha 100 Hz u HakoH Tora cy
€KCTpaxoBaHe je/laH caT y Mpaky Ha coOHoj TemriepaTypu. CycrneH3uja je motomM (GuiTpupaHa
Kpo3 (uaTepe o CTakIEHMX BJIAKaHA M PACTBapad je YKJIOHmEH Ha POTAllMOHOM BaKyyM
yrmapuBauy 10 cyBa. CyBH OCTaTak je 4yBaH Ha TAMHOM JIO J1aJbe MMPHMEHE.

[TpunpemsbeHu y3opuu uuja 3anpemMuHa u3Hocu 50 PL ce UBEKTYjy, U KpeTameM
HCIIUTUBAHE CMEIIIe PacTBOpeHe y "MoOwmitHO] (a3u", kpo3 "crarmmoHapHy ¢daszy" nemoBu cmerne
ce pa3aBajajy u u3onyjy. Ilpe yOpusraBama y30pka KOJIOHA j€ KOHIUIIMOHHPaHA MOOWITHOM
¢ba3zom (KOHTpOJIa), HAKOH Yera ce UHEKTYje CTaHaap/ LI1jaHOTOKCHHA.

[Monemarame HPLC cuctema u eTekiyja ujaHOTOKCHHA ypal)eHu cy mpemMa MpoTOKOITY
Ceercke 3apaBctBeHe opranusanje (Chorus u Batram, 1999) u Welker u cap., (2002),
Meriluoto u Codd (2005), Blahovéa u cap., (2008), Meriluoto u cap., (2017). JleTektop aeTekryje

27



Mamepujan u memooe

npucytHe nujanorokcuHe, a HPLC codrtep maje xpomarorpam. 3ampaBo, XpoMaTorpam je
rpauyKyd TpUKa3 pa3jiBajamka IMJaHOTOKCHMHA KOJU C€ JIeCHO Ha KOJOHU W KOJU CIY)KH 3a
KBAIMTATUBHY aHAIM3Yy WM 3a KBAaHTUTAaTHUBHO ojnpehuBame TokcmHa. OOpama mojaTaka u
CIIEKTpaJiHa eBallyalldja MMOTBpE MUKa BpIileHa je mpumeHom codrepa ChemStation (Agilent,
Canra Knapa, CAJ]).

TokoMm neTeknuje 1MMjaHOTOKCHHA KOpHIINEHE Cy XEeMHUKalHje oaroBapajyher crerneHa
yrcrohe (HPLC grade) u cranmapau mukpoructud (MC), anatokcua-a (ANA-A), CAKCUTOKCHH
(STX) u mmwmaaapocnepmoncua (CYN) (LGC Standards, NRC CRM, Kanana). Ilpunpema
y30paKka BOJIe 32 aHaJIM3y IMjaHOTOKCHHA M JIETEeKIMja LMjaHOTOKCHHA ypal)eHa je y OKBHpY
JlaGopaTopuje 3a aHAIMTUYKY XEMH]y, a IMpHUIpeMa eKCTpakTa ojabpaHux mBeTajyhux
nujanobakrepuja 'y Jlabopatopuju 3a Oumoxemujy MuHctutyra 3a xemujy Ilpupoano-
MaTeMaTHukor (¢akynrera y Kparyjesiry.
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3.10. HcnuTMBame yYTHLAja METAHOJICKOI €KCTPaKTa TOKCHYHHMX BpCTa
nujaHoOakTepuja Ha (QYHKUHjY TEeHETHYKOI MaTepujaja, aKTHBHOCT
OMOXeMHUjCKHX IapaMeTapa CepyMa, AHTHOKCHAATHBHHUX €H3MMAa M Ha
XHCTONATOJIOLIKE TPOMEHe

3.10.1. ExcnepuMeHTAJIHH MO/1eJI OPraHu3Mu

3a oapehuBame crenena omrehewa JJHK u u3Boheme Komer Tecra y in Vivo ycioBuma
kopumihenu cy andouno manoBu coja Wistar, aqyaTHu MysKjary, CTapocTH 2 Mecela U TEIIECHE
mace 230+20 g koju cy nodujern ox Onespema 3a y3roj 1a00paTOpHjCKUX U eKCIIEPUMEHTATHUX
KUBOTHAa BojHomenunuucke Akanemuje, beorpan, CpOuja. ExcriepuMeHTamHe )KUBOTUBE CYy
MOJIBPTHYTE MPOIIeCY aKiIMMaTHu3aluje Ha jadbopaTopujcke ycioBe (temmeparypa 24°C, mukinyc
12 caru cBetnoct/12 catu Mpak), ca cnoOOJAHUM MPHUCTYIOM XpaHU W Boau. ExcriepumenTtu ca
KUBOTHE-aMa CIPOBENICHH Cy IO MPOTOKOIMMA 0JJ0OpeHUM 07 cTpane ETuukor komureTa 3a paj
ca eKCIEepUMEHTATHUM >KMBOTUI-aMa, MHcTUTyTa 3a OHoJolIKa ucTpakuBama y beorpany u y
cknany cy ca nupektuBama Casera EBpore (86/609/EEC) o 3amITUTH )KUBOTHEBA KOPUITNCHUX Y
eKCIIepUMEHTAHE U HAyYHE CBpPXE.

3.10.2. UunykoBano omrehemwe JJTHK

[To mnpenopyuu MelyHapoaHe paadoHHIE 3a EKCIEPUMEHTAJIHE MpOLEeaAype 3a
UCTIUTHBamke reHoTokcruuHocTH (Tice u cap., 2000), kao MO3UTHBHA KOHTPOIIA je KOPUIINCH eTHI
meranocyndonar (EMC, Sigma Chemical Co., St Louis, MO) pactBopen y NaCl. EMC no3a
(300 mg/kg TemecHe mace (T.M.), ojabpaHa jé Ha OCHOBY CBOj¢ €(HUKACHOCTH y HM3a3UBamby
omrrehema JIHK (Hartmann u cap., 2003).

3.10.3. ExcnepuMeHTATHM TU3ajH

3a mpoleHy yTHIlaja METAaHOJICKOT €KCTpakTa ojaOpaHux IBeTajyhux mujaHobakTepuja
U3 UCIIMTUBAaHUX aKyMyJialvja Ha (DYHKIM]y TeHETHUKOT MaTepujajia U XeNaTOTOKCUYHOCTH Ha
CHCapCKOM MOJIeJ OpraHu3My, MmamoBu coja Wistar cy moje/beHu y 7 Tpyma ca 1o TeT
KUBOTHHbA. [IpBa Tpyma je CIyKWia Kao HEraTMBHa KOHTPOJHA Tpyla W >KUBOTHE-AMa je
uHTpaneputoHeaano (u.m.) umwektoBan 0.9% NaCl. Ilparehu meromonorujy Falconer u cap.,
(1999), y 3aBuCHOCTH O Ha4YHMHA IUIAHHPAHOT YHOCA, TECTHPAaHE CYICTAHIE CE€ PacTBapajy A0
noTpeOHe KOHIIEHTpAIIMje WK JSCTUIIOBAHOM BOJIOM 3a OpaiHa arutniupama, win ca 0.9% NaCl
3a HMHTpAalepUTOHEATHA AaIUTMIUpama. MHTpanepuToHeanHe HIeKIHje cy H3adpaHe yMecTo
OpajiHe TIPUMEHe Kako O CBaka XKMBOTHI-A JOOWIA TaYHY /03y MCIMTHUBAHOT eKcTpakra. Kako
Ou ce TpoleHHIa TeHOTOKCHYHOCT KopuithemeM Komer TecTa, Ipyra eKcriepuMeHTallHa rpyna
je mpummina 300 mg/kg T.m. EMC-a u.m. u nmpejictaBibajia je Mo3UTUBHY KOHTPOJTY.
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CBaku mamoB y Ttpehoj ekcrepuMEHTaTHO] TPYHNH j€ NPUMHO H.II. HIBEKLUU]y OJ
ujanooakrepujckor cranmapga CYN (98% uymcroha, NRC CRM, Kananma) pactBopeHe y
¢usnosnomkom pactsopy (Shen u cap., 2002; Bazin u cap., 2012).

[Ipeocrane verupu Tpyre >KUBOTHHA CYy NMPUMHIIEC IO jeAHY H.I. JIO3Y METaHOJCKOT
eKCTpakTa pas3anuuTux KoHueHTpamuja 1 500, 3 000, 6 000 u 12 000 pg/kg t.m.. XKupotume (et
3a CBaKM BPEMEHCKH MHTEPBA) Cy )KPTBOBAHE JIeKaUTAMjoM 24 wiu 72 cata HAaKOH TpeTMaHa.
W3 cBake rpyne >XKHBOTHIbA Cy Y3€TH Y30pIM KPBHU U jJETPE CBUX CKCIIEPUMEHTAIHUX KUBOTUHA.
Tpu noTIyHO HE3aBHCHA EKCIIEPUMEHTA Cy U3BE/ICHA Ca Y3ETHM y30pLIMMa KPBU U TKUBA.

3.10.4. OnpehuBame crenena omrehema JJHK KomeT TecTom

Omrreheme [IHK je mepeno kopumhemem Komer Tecta y alkalHHM YCIOBUMA IO
NPUTYIICHAM UHIUPEKTHUM CBETJIOM, IpeMa mpoueaypu Singh u cap., (1988). Y3opuu jerpe cy
YCUTHEHH M Manu (parMeHTd Cy mpeHomeHu Ha jeny. @parmenTtu cy pactBopenn y 1 mL
cBexxe mpurnpemibeHor u oxiahenor HBSS mydepa (0.14 g/L CaCl,, 0.4 g/L KCI, 0.06 g/L
KH,PQO,, 0.1 g/L MgCl,x6H,0, 0.1 g/L MgSO4x7H,0, 8.0 g/L NaCl, 0.35 g/L NaHCOs3, 0.09
g/L NagHPO4x7H,0, 1.0 g/L D-rayko3a, 20 mM EDTA u 10% DMSO), a 3atium cy y30piiu
yeutweHn u nponehernn. HaBenenu mocTynak ce MmoHaBjba TPH ITyTa M TMOTOM C€ NMPHUKYIIha
KoHayHa cycrneH3uja henuja. PactBop ca u3onmoBanuMm henujama je IpEeHOIIEH HA Ay 0
npurpeMe npenapara. Hakon Tora je HampaBibeHa cMmemia koja ce cactoju ox 10 pL henmjcke
cycnensuje u 75 pL 1% LMPA (arapoza ca HUCKOM TadykoM ToIubewa). M3 cmere ce
omnunerupa 85 pL M HAHOCH Ha MPETXOIHO MPHUIPEMIbEHE IUIOUHIIE KOje Ce OaMax IMPEeKpUjy
MOKPOBHHMM CTAKJIOM, KaKO OM C€ Y TAHKOM CJI0jy Ha MPEIMETHOM CTaKJIy pacnopenuia hemmjcka
cycniensuja 3ajenHo ca LMPA. Hakxon nornyne comuaudukanuje (10 MuHyTa), MOKpOBHO
CTaKJIO je YKJIOB€HO M Ha Mpenapar je nunerom HaHet Tpehu 3amtuthu cinoj 100 pL 1% LMPA.
Kao m y mnperxomHoMm ciydvajy, TMOKpOBHa CTakjia Cy IIOCTaBJjbaHa M YKJIamaHa HaKOH
conunudukarmje. MUKPOCKOIICKH MPENapaTy Cy MOTANaH! y XJIaJHU PacTBOp 3a Jusupame (2.5
M NaCl, 100 mM EDTA, 10 mM Tris, 1% Triton X-100, 10% DMSO, pH 10.0) u uakyOupanu
2 cara Ha 4°C. Ilo 3aBplieHO] MHKyOaluju, IUIoUMIle ce mpebailyjy y IUTacTUYHE Tocynae ca
mydepom 3a enekrpodopesy, 30 mmHyTa XOpH3oHTamHE enekrpodopese (2 kV; 139 mA; 30
MuHyTa). [lnounne ce n3Bazae u3 kaauie 3a enekrpodopesy, oopuiry ce u nopehajy y miacTuyHe
nocyne ca nydepom 3a Heyrpanuzanujy (0.4 Tris-HCI, pH 7.4, na co6Hoj Temneparypu 3 myrta
no 5 munyra), a 3atuMm y 97% eranony 20 munyra (Singh u cap., 1988). Ilpe anamusupama
noTpebHO je 1a ce turounie ocymie y Easy breeze gel dryer-y 30 munyra wiu Tokom HOhM Ha
cobHOj Temmeparypu. HemocpenHo mpe ananmuse, ruiouune cy 6ojene ca 80 pL etuaujym
opomugoMm (20 pug/mL) w mokpuBaHE MOKPOBHHUM CTakioM. Komere cy BHM3yaln30BaHE H
canmane 40x o6jextuBom Nikon (Ti-Eclipse) ¢myopecueHTHOr MHKpOCKONa NMPHKAYeHOT Ha
CCD kamepy. CTo ciKa KOMETa T10 CJ1aj1y je HACYMHUYHO CIIMKaHO Y aHAJTU3UPaHO.

Komere 6e3 rinase, one kox kojux je ckopo caB JIHK Ouo y peny wim ca Beoma Iyrum
perom Cy UCKJbyueHe U3 aHaju3e, jep O Moryie OuTH y mutamy MpTBe henuje. AHanu3upaHe cy
caMo KOMETe KOje ce HHUCY IpeKiamaie M Koje cy mMane jacHy rpanuiy (Hartmann u Speit,
1997). Kako Ou ce mpoleHHIa T€HOTOKCHYHA aKTHBHOCT, TPH IapaMmerpa Cy ojabpaHa Kao
uaukarop omrtehemwa JIHK: penHn MomeHaT (M3pakeH y apOUTpapHUM jeIUHMIIAMA) je
n3abpaH Kao mapamerap 3a mnporeny oonma omrehema JIHK; % JIHK y peny (mpouenar JIHK y
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peny) kao npedepupanu mnapamerap; kao u ayxkuHa perna (Collins u cap., 2008). UcnutuBame
IeHOTOKCUYHE aKTHBHOCTH EKCTpakara CrpoBeleHo je y Jlaboparopuju 3a renetuky MHcTHTYyTA
3a OuoJorujy u ekonorujy, [Ilpupoano-marematuakor gakynrera y Kparyjesiy.

3.10.5. OppehuBame OHMOXeMHjCKMX IapaMeTapa y cepyMy mamoBa y in Vivo
ycJoBHMA

Y kpBHOM cepyMmy cy ojapeheHe akTMBHOCTH €H3MMa acnaptat amuHotpacdepase (AST),
ananuH amuHorpancdepasze (ALT), ankanne docdarase (ALP) u rama rimyramun tpanchepase
(GGT), kao u koHueHTpanuje yKymnHor omnupyouna (TB), ykynaux nporenna (TP) u ykymHor
anoymuna (ALB). Cepym je onBajaH HAaKOH CTajala y30paKka KpPBH Ha aMOHjEHTAIIHOj
temneparypu (15 munyra) nearpudyrupamem Ha 2500 o/mMuHYTY y Tpajamy ox 15 munyTta u
kopuitheH je 3a Mepeme OMOXEMHUJCKHX MapameTapa, Koju cy ojapeheHH mpeMa KIMHHUYKUM
nporokoiuma Hurepranmonanne ®Penepanmje 3a Kinunmuky Xemwujy (enr. International
Federation of Clinical Chemistry, IFCC). Ilapamerpu cy oxpehuBanu y3 kopuiiheme
BioSystems komepijaiHux KomIuieTa U ayromarckor ananuszaropa (Roche/Cobas Mira).

3.10.6. OnpehuBame Mapkepa OKCHIATHBHOI CTPeca y XOMOTeHaTy TKHBA jeTpe y in
ViVO ycJioBHMA

Xowmorenar TkuBa jerpe (10%) je mpunpemsben kopumrhemem docdarnor-PBS mydepa
(50 mM, pH 7.4). [lenoBu TKuBa Cy XOMOTE€HH30BaHU ca oAroBapajyhom KoimmuuHOM mydepa, y
oxHocy 1:10 (w/v). XomoreHar je nentpudyrupan va 4000 o/munyTy y Tpajawy o1 15 munyTta
Ha 4°C w cynepHaTaHTH [OOWjeHM HAKOH LEHTPU(YrHpama Cy OJBOJEHH, 3aMpP3HYTH H
KopuutheHu 3a ofpehuBame aHTHOKCHJIATUBHUX MapKepa y TKUBY jerpe. Ilapamerpu, xao mro
cy aktuBHOCT en3uma karanase (CAT) (Goth, 1991) u cymepokcun aucmyrasze (SOD) (Misra u
Fridovich, 1972), xao u koHueHtpanuja peaykoBanor riyratioHa (GSH) (Ellman, 1959), u
THOOApOUTYpHA KHcennHa-pearyjyhux cyncraniu (TBARS) (Ohkawa u cap., 1979) onpehusanu
cy criekTpodoToMeTpujckuM MeTonama Ha aBo3pauyHoM UV-Vis crnekrpodoromerpy Halo DB-
20S (Dynamica GmbH, IlIBajuapcka) crangapaauM MmeTtonama. KoHIleHTpaluje MmpoTernHa Cy
onpehusane npema metoau Lowry u cap., (1951), kopumhemem roeeher anOymun cepyma Kao
cranfapaa. OapehuBame OMOXEMHJCKHUX HapameTrapa M Iapamerapa OKCHIATHBHOI cTpeca je
ypaheno y JlaGopatopuju 3a Omoxemujy Huctutyra 3a xemujy IIpupomHo-maremaruykor
¢akyntera y Kparyjesiy.

3.10.7. XucTONaTOI0IKO NCIUTHBAK€ TKHBHUX HCEYaKa jeTpe maunoBa

3a WUCNUTHBaKE YTHLAja NPUIPEMIJbEHUX EKCTpakaTa Ha TKUBHY CTPYKTYpY JeTpe,
UCeYllM jeTpe Cy TMOJABPTHYTH XHCTONATOJOWIKOj aHanu3u. MHWceunu cy ¢ukcupanu y
nydepucanom pactBopy ¢opmanuHa (4%) u Qukcanuja je Tpajana 24 catu. Hakon
JeXuaparalyje y Cepruju pacTBopa eTaHoja MCEUIU ce Kalyrne y napauHcke OJOKOBE U MpaBe
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ce TKHMBHH TIpeceny AeOspbrHe 5 UM momMohy MHKpOTOMa, KOjH Cy MOTOM 0OjeHU XHCTOJIOIMIKHM
0ojama, mpBo 0a3HOM 00jOM, XEMAaTOKCHJIMHOM (0Oju jeapa), HAKOH TOTa KHCEIOM, €O3MHOM
(60ju urorutazmy) (H&E 6ojeme).

Cam mocTynak mpunpeMe XUCTOJONIKHX Iperapara jeTpe MMa 3a IUJb Jla 04yBa IITO
BUIIC HATHBHHUX KapaKTEpUCTHKa Yy30pka. OBaKo NPUIPEMIJbEHH XHUCTOJIOIIKUA IpenapaTH
aHaJM3UPaHU Cy IMOJ CBETJIOCHHM Mukpockorom Carl Zeiss (Axio Scope) y muby yodaBamba
XHMCTOIATOJIOMIKUX TPOMEHA Yy TKHUBY jE€Tpe EKCIepUMEHTAIHUX XHBOTHHIA. HampaBibene cy
Mukpodororpaduje cBakor ciajaa ca yeehamem ox 40X m 100X. XucromaTosomka aHaau3a je
ypahena y okBupy MHctuTyTa 3a natonorujy, @akynrera MeIMIMHCKUX HayKa y Kparyjesiy.

3.11. CraTHCTHYKA aHAJIN3A MOAATAKA

3.11.1. CraTucTyKa aHAIH3Aa (PU3HYKHX, XeMHjCKUX M OMOTHYKHUX M0AAaTaKa

Kako Ou ce mpenacraBuia MPOCTOPHA W BPEMEHCKA TUCTPHOYIMja CBHX CPEAMHCKUX
mapameTrapa ¥ OJpPEIHO MOJEN IOBE3aHOCTH KOHICHTpauuje xiopoduia a, OpOjHOCTH H
O6uomMace (UTOIIIAHKTOHCKUX IHMjaHOOAKTepHja ca CPEIUHCKUM IapameTpuma, KopuliheHe cy
Bemtauke Heypo mpexxe (AHH — eng. Artificial Neural Network).

Y oxBupy oOBe gucepraugje 3a Kilacupukangjy Iojaraka KopuirheHe cy
camoopranusyjyhe mane (COM — eng. Self Organizing Map) (Kohonen, 1982). Jenne on
HajromynapHujux Heypo Mpexxka cy COM, oHe ychmemHo TMpolecyupajy HeIHHeapHy
BapujabmwiHOCT y cKkymy nonartaka. Ctpykrypa COM-a nMa fBa ciioja HEypoHa: yJa3HU CIIoj,
KOJU C€ CacTOju O] JeIHOT HeYpOHa 3a CBAaKy MPOMEHJbUBY U JIBOJAMMEH3HMOHAIHH U3JIa3HU CJIOj,
KOJH C€ CacToju OJ XEKCaroHaJHUX HeypoHa. YJa3HW CJI0j je TMOTIYyHO TIIOBE3aH ca
nBoauMmensroHaHuM  ciojem  (Kiang, 2001). bpoj HeypoHa y ymasHoM ciojy (6poj
aHAIM3UPAHUX TPOMEHJBHBUX) CE PA3]IMKOBA0 y 3aBHCHOCTH O]l TOTpeda HCTpakuBama. Y
OCHOBH, caMoopraHusyjyhe mame cy OpraHum3oBaHe TaKO Ja Cy CBH HEYPOHH y MPEXH Y
JTUPEKTHO] BE3W Ca YJa3HMM TMOJalMMa. 3a CBaKy Majly aKkyMmyJalldjy TOjeJUHAYHO YIIa3Hy
MaTpHUIly Cy YMHUJIE TPOCEYHE BPEIHOCTH (PU3UUKUX M XEMHJCKHX IapaMmeTrapa BOJE 3a CBaKH
WCIUTHBAHU JIoKamuTeT. CBakM HEYPOH HOCH crienu(UYaH MOAEN Tojaraka. Y ciydajy OBOT
UCTpa)KMBamka TO Cy MECTa 3a y30pKOBame ca CIMYHUM MoOjJeJoM KBanuTera Boje. [loBehame
MelhycoOHe ynasbeHOCTH u3Mel)y HeypoHa y H3JIa3HOj MPEXH je y CKIaay ca pasjiukama y
MoJienrMa Koje Hoce Heypouu (Milosevi¢ u cap., 2013).

VYHoC mojaraka 3a CBaKy aKymyJalldjy TOCEOHO je CIIPOBE/ICH Y BUIY yJa3HE MaTpHIIE,
CaMHM THM j€ 32 OBY CTY/AU]y OMJIO MOTPEOHO KOHCTPYHUCATH TPH YlIa3HE MaTpHIIE 3a CBaKy Majy
akymymanujy. CBaka yja3Ha MaTpulla je cacTtaBjbeHa ona 93 pema (ykyman Opoj y3opaka
NPUKYIUBEHUX 3a mepuof jyH 2012 — neuembap 2014) u 12 usmepeHux (QpU3NUKUX U XEMU]JCKUX
napametapa (konona). [lo cpoBeneHOM MOCTYNKY yHOCA mojaTaka u3 ynasHe marpuie y COM
3allOYMbe TPOIEC TPEHHpama MpPEke, KOjU Ce CIPOBOIU KpPO3 CEKBEHIIM]aTHO YKJbYyYHBaHE
cBakor ynasuor Bektopa y COM. Kana ce ymasau BeKTop (X) MPOIyCTH KPO3 MPEKY, T0JIa3d 10
npeciiuKaBama y oapeleHn HeypoH H3la3He MpeKe pauyHameM CIMYHOCTH u3Mely ynasHor (X)
1 u3nasHor Bekropa (W). M3nasuu cimoj je GopMupan y oOMHKY JBOJMMEH3MOHAIHE PEIIETKE
KOjy rpaze xekcaroHaianu HeypoHu (Cnuka 14). Yna3zHu nmojany CIMYHHX y30paka (GopMHPajy
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HEYpOHE KOju Ccy QU3WUKU ONu3y jedaH ApyroMm y msnaszHom ciojy (Gulson u cap., 2007). To
3HauM Ja he CIMYHM y30puu OWTH MOCTAaB/bEHU OJM3Y jeHU IPYTUX Yy Kpajik0j Mal, JOK he
pasMuMTA y30puM OWTH yaasbeHu jeanu onx apyrux (Vesanto u cap., 2000). VY3zopuu
MO3UIIMOHUPAHH Y HEMOCPEIHO] OMM3WHHM M ca MalldM PAacTOjalkeM Ha XEKCaroHajaHoM cahy
npeacTaBibajy kiactepe. Ha tpenupanoj COM manu kopuiihena je ’k-mean” merona kako Ou
ce hopmupaie rpyme cinuaux Heypona (Jain u Dubes, 1988).

H3na3Hu c10j

HeypoHH

Cauxa 14. Ctpykrypa camooprannsyjyhux mama. Tauke mpeacTaBibajy MpOMEHIBHBE HEYPOHE yIa3HOT cJioja.
JluHuje npesicTaBibajy BEKTOPE, KOjH Ce CIIUKA]y Y U3JIa3HH cJi0j HeypoHa (MoaudukoBano u3 Jankowski u
Amanowicz, 2015)

Toxkom mnoctynka COM anHanmu3e, a 3a IITO NOY3/JaHUJU DE3YNTaT, HajBaKHHUjE je
MPABUITHO OJIPEIUTH Pe30Iylnjy Mpexe. Kako Ou ce m3berao BemuKH Opoj MpasHUX H3Ta3HUX
HEYpOHa, YKOJIMKO je Mpeka CyBHIIIEe BeJMKa WIM MaK Kaja je Mpeka Mmaia, npoljieM ryouTka
moJiaTaka perieH je kopumihemeM aBe npenopydene meroae (Vesanto u cap., 2000; Park u cap.,
2003). Vesanto u cap., (2000) cy u3pauyHanu na je onrtumanan Opoj Heypona Ha COM wmamm
5vn, Te je n Gpoj TpeHuHr y3opaka. JIpyra Meroza 3a GOpMHUpAEbE ONTHMATHE PEIIETKE Y3HMA Y
003up JNoKaTHu MUHUMYM KBaHTu3anmone (QE) u Tomonorusanuone rpemke (TE) (Park u cap.,
2003). Ynorpebom obOe MeToae ymopenao, a ca IUJbeM Ja ce M30erHe BENMKH Opoj Mpa3HUX
HeypoHna (Penczak u cap., 2012), y oBoj cTyauju je onpeheHa onTumanHa Belu4nHa Mpexe 7 X 6
HEYypOHa.
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Henapamerapcku ANOVA tect (Kruskal-Wallis test) kopumnihen je 3a mpoBepy n1a ju Cy
aKTHBHE Bapujabie Bapupane usmel)y rpyma meypona. Mann-Whitney-es Tect je u3BpInmo
nopeheme m3mel)y cake ase rpymne monaoco6. Kako Oum ce mTo jacHHje mpencTaBuia Be3a
n3mely Omotmukmx mapamerapa 1 COM wmpexe ymorpeOJbeHa je BU3yalU3allioHA TEXHUKA
KOMIIOHEHTHUX rpadukona (enr. component planes). Ha Beh tpenupanoj COM wmamnwu, macuBHO
Cy YKJbyUYE€HH OMOTHYKH MapaMmeTpu (BpeaHOCT xjopoduia a, yKyrmHa OpojHOCT (GUTOTUIAHKTOHA
U 1MjaHo0akTeprja U OMoMaca nujaHoOaKTepuja), YMMe ce oMoryhaBa TecTupame Bese usmelhy
CPEAMHCKHUX ¥ OMOTHYKHUX MapaMeTapa. buornuku mapamerpu macusHo ce yBoje y COM, Ha Taj
HAYMH Cc€ HE YTHYe Ha MPETXOJHE OPJUHALMOHE MPOLece 3aCHOBaHE HAa a0MOTHYKHUM MOAaluMa
(hu3MYKM M XeMH]CKU TapaMeTpH Bojie). ToKkoM OBOT mpolieca, Cpeamne BPEAHOCTH OMOTHYKUX
napamerapa u3padyHaBajy ce 3a cBaku HeypoH COM wMpexe, OKyNUpaH HajMambe jeTHUM
ynasuum  Bektopom (Park u  cap., 2003). KommoneHTHH TpadUKOHH IPEACTaBIbA]Y
TcTpuOyTUBHU 0Opa3al] OMOTHYKHX mapaMeTapa Ha Tperupanoj COM mpexwu, omoryhasajyhu
BU3YyeJNHY Kopenanujy uismely aOMOTHUKMX W OMOTHYKHX mapaMerapa. AKO IucTpuOynuja
OMOTHYKUX TapaMerapa MpuKaszyje jacaH TpaJdjeHT Ha Mald, TO 3Ha4M Jia je OBaj OMOTHYKU
napaMerap y 3Ha4ajHOj Kopenanuju ca ojapeheHuM (U3HUKHM M XEMHJCKHM MapaMeTapoM.
I'pagujent 0Ooja mpuKkasyje WHTCH3UTET NapaMeTapa, Trie IpBeHa 00ja WHAMKYje HajBehy
BPEIHOCT, a IUIaBa HajMamy. Bu3yeiaHa mpe3eHTalMja CBakoOl Iapamerpa yja3He MaTpHIle
momMohy KOMITOHEHTHHUX rpauKoHa Ipyka JoAaTHe HHPopMaIyje o oaHocy u3mel)y omomace u
OpojHOCTH (DUTOIMIAHKTOHCKHX IIMjaHOOAKTEPHje U CBAKOT (PM3NYKO-XEMU)CKOT MapaMerpa Boje.
COM anamm3a je ypahema y mporpamy Matlab ver. 6.1.0.450 algorithm interface
(http://www.cis.hut.fi/projects/som-toolbox).

3.11.2. CraTtucTH4ka AaHaJIU3a IMOAATaKa [I00MjeHUX MNPHIMKOM HCIHUTHBAMKA
yTHIIaja METAHOJICKOT eKCTPAaKTa

[lomaum noOWjeHM NPUIMKOM MCIHUTHUBAaKkA YTHUIAJa METAHOJCKOI  eKCTpakTa
CTaTUCTMYKU Cy aHaJU3UpaHu nomMohy koMmmjyrepcku codrepckor nmporpam SPSS-a Bepsuja
13.0 3a omeparuBuu cucrem Windows (SPSS Inc., Chicago, Illinois, USA). Paznuke usmely
eKCIIEpUMEHTAIHUX M KOHTPOJIHUX Ipyma ojpehene cy ynorpedom ananuze Bapujance (ANOVA
tect). [Tomohy Levene u Kolmogorov-Smirnov tecra oapeljeHa je BapujaHiia XOMOT€HOCTH U
aucTpuOylyja mojaraka. YKOJIMKO BapHjaHIle HHCY OHMJIe XOMOT€HE, KOHTPOJIHE U TpeTHpaHe
rpyne mnopehene cy momohy T3 Dunnett-oBor unu Bonferroni-jeBor tecta. Pesyaratu cy
CMaTpaHU CTATUCTHUKU 3Ha4ajHUM 3a p < 0.05.
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Pezyimamu

4.1. Akymyananuja Ilymapuue

4.1.1. IIpoceyna MeceuHa TeMIepaTypa Ba3ayxa Ha Teputopuju rpaga Kparyjesua
y nepuoay oa 2012. no 2014. ronune

HajBumia mpocedna MecedHa Temreparypa Ba3jayxa Ha Teputopuju KparyjeBma y TOKy
2012. roguHe u3MepeHa je y jyny meceny (25.6°C), a Hajumxka y ¢pedpyapy (-4°C) (Cauka 15).
[Ipoceuna roaumma Temneparypa Bazayxa y 2012. ronunu je uzHocmia 12.5°C. Tokom 2013.
rOJIMHE TMPOCEYHE MECEYHE TemIieparype Bazayxa Owse cy y pacrnony on 23.1°C (aBrycr) o
2.5°C (nenembap), MoK je cpenma roauima ouna 12.6°C. YV Kparyjesiy je Tokom 2014. roguae
MaKCUMaliHa Cpe/liba MECEUHa TeMIlepaTypa Baszayxa eBuaeHTHpana y jyiny (21.8°C), a Hajumxka
y neuemopy (3.4°C). Ilpoceuna roauiinma TeMmIieparypa Basayxa 3abenexeHa Tokom 2014.
roqune je 12.8°C.

30.0
25.0

20.0

10.0

5.0

0.0
JaH (] Map Anp Maj JyH Jyn Asr Cen OKT Hos Jeu
-5.0

-10.0

0012 em—2013 2014

Cauka 15. [Ipoceuna MeceuHa TeMIeparypa Ba3ayxa Ha Teputopuju rpaaa Kparyjesia y nepuoay oa 2012. no
2014. rogune (°C)
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4.1.2. YkynHa KOJMYHUHA MaJaBUHA 10 MeceuMa Ha TepuTopuju rpaaa Kparyjesua
y nepuoay oxa 2012. no 2014. ronune

VYKyIHa ToauIImka KOJMMYMHA NagaBuHa Ha Teputopuju Kparyjerna (Cnuka 16) Tokom
2012. roause m3Hocuna je 589.6 L/m% HajBelic M3MepeHe BpeIHOCTH NaiaBHHA Cy OHWIE Y
janyapy (95.4 L/mz), JIOK je aBrycT mecer] 0uo 0e3 mamaBuHa. Tokom 2013. ronuHe roaunima
BPEJHOCT KOJHMYMHE TajaBMHa u3HOcwia je 714.9 L/m?, Hajseha BpPEIHOCT TaJaBHHA je€
usMepena TokoMm (ebpyapa (101.9 L/m?), a Hajumka y geuemGpy meceuy (6.4 L/m?). Vkynua
rOIUIIha KONWYMHA TMajaBuHA eBuaceHTUpaHa TokoMm 2014. rommue je 978.9 L/m?. Hajseha
BpEIHOCT 3a0elexeHa je y majy meceny (227 L/mz), JIOK Cy HajMame BPEIHOCTH Ouie y
debpyapy (14.4 LIm?).

L/m?
250
200
150
100
\
0
JaH deb Map Anp Maj JyH Jyn ABr Cen OKT Hos Oey,
— 012 e—)013 2014

Cauxa 16. YkynHa KOJHYKHA [1aJaBUHA 110 MecelMMa Ha Teputopuju rpaaa Kparyjesia y nepuoay oa 2012. no
2014. roquse (L/m?)
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4.1.3. IIpocTopHa ¥ BpeMeHCKa AUCTPUOYIHja (PU3MUYKHX U XeMHjCKHX MmapaMerapa
BOJIE

VYnazna marpuna 3a COM anamuzy lllymapuuke akymynamuje caapikana je ToJaTKe O
M3MEPEHUM (PU3MYKUM W XEMHJCKUM Tapamerapuma (ykymHo 12 mapamerapa) u3z 93 y3opka
CaKyIUbCHHUX MPUIIMKOM HCTPaKUBamba KOje je CIpoBeleHO y mepuoxay jyH 2012. — meuembap
2014. TIlpema CIMYHOCTH H3MEpEeHUX GUIMYKUX U XeMHUjCKuX Tmapametapa lllymapuuke
aKymyJalyje, CBH UCIUTHUBAHU Y30pIH pacrnopeheHu cy y HeypoHe JBOJAUMEH3HOHAIHE MPEKe
(7 x 6) (Cnuxa 17).

Dec2012/3 Mar2013/3
Jan2013/3 Dec2013/3
Feb2013/3 Mar2014/3
Feb2014/3 Dec2014/3

Nov2012/3
Nov2013/1
Nov2013/3
Nov2014/,

Dec2012/1
Dec2012/2
Jan2013/1

Mar2013/2
Mar2014/2

Feb2013/2
Jan2014/1
Jan2014/2

Dec2013/1 Nov2012/1
Dec2013/2 Mar2013/1

Mar2014/1
Dec2014/1
Dec2014/2

Nov2014/1

APr2014/3 | Nov2014/2

|

Cauxa 17. OpamHammja u KinacupHKanmja y3opaka Oa3upaHMX Ha (U3MYKAM M XEMHjCKHM IapaMeTpuma
akymynamuje [llymapune nomohy Camoopranusyjyhux mama (COM). Paznuuaute 60je 03Ha4aBajy pa3inauTe rpyre:
I (xyra), II (tuaBa), III (3enena). KomoBu Ha cBakOM HEYpPOHY O3HA4aBajy pa3iMyuTe JOKAIUTETE aKyMyJialldje
Y30pKOBaHE y PAa3IUYATOM Nepuony (Mecery/romuHa/mokanuret). Jlokamurer 1. y Onm3uHM OpaHe; 2. cpeauHa
akymyJamuje; 3. HemocpenHa OJu3nHa yiha akyMyJiaimje
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COM ananu3a je, Ha OCHOBY BPETHOCTH U3MEPEHHUX (PU3UUKHUX M XEMH]CKUX ITapaMeTapa,
dopmupana 3 rpyne ysopaka: | (kyra), Il (ruraBa), Il (3enena) (Cnuka 17). Ha ocHoBY Opoja
y30paka 1o kiacrepy onapehen je HuBo knacudukaije, J0BoJbaH 3a 1ajbe CTATHCTUYKE aHAIIH3E.

On ykynHo 42 HeypoHa uznasHe matpuie (Cnuka 17) HajBume npunaga |l rpynu, mux
23, | rpynu mpunaga 14 u |l rpynu npunaga camo 5 HeypoHa. Y30pIH HNPUKYIJBEHH TOKOM
3MMCKOT TIEpHOJia, alld U OHU T je CBHJCHTHpaHA HHUCKA TeMmIeparypa, pacrnopeheHu cy y
ropmem JeBoM yriaoy COM mpexe u hopmupanu cy | rpymny. Behuna ocranux yzopaka koju cy
MPUKYIJbeHH TOKOM mpoiieha, nera u jecenu (2012, 2013. u 2014. ronunHe) rpynucanu cy y
JecHOM ety Mpexke u popmupanu cy |l rpymy koja je jako pasHonuka. M3y3erak cy y3opiu u3
2014. ronune (jyH, jymn, centembap (iokanuteT 1) U okToOap (JIOKamuTeT 2)) KOjU Cy IPyNHUCaHH
y IOEBEM JIEBOM JIeiTy Mpexke u popmupanu cy |1 rpymy.

COM wmerona je Ttakohe BH3yenu3oBaja W TUCTPUOYLH]Y BpemHOCTH 12 Qusnukux u
xeMmujckux mapamerapa Boje Illymapuuke axymynamuje (Cnmka 18). Ha COM wmpexwu
BPEIHOCTH CPEIMHCKUX MapaMeTapa Cy ce yrllaBHOM MEHalie y IPaBIly O/ TOPHET JICBOT yIiia Ka
JoWmeM JlecHOM yriry. Temmepatypa je Owia HajMama y TOPHEM JICBOM YTy, OJaKIe je pacia
npeMa JOHBEM JIECHOM YIITy, Iy)K YCIIOCTaBJbEHOT TpaaujeHTa. Jlyk HCTOT IpaBlia Cy ce Kperase
Y BPEIHOCTH 3a €IIEKTPOIPOBOIJUBOCT, KOHIICHTpanH]jy (hocdara, aMOHHjaka U YKyIHOT P, anm
rpaaujeHT Huje 6uo jacHo aedunucan. Ca aApyre cTpaHe, BpeJHOCTH 3a KOHIICHTpAIUjy HUTpaTa
u ykyrmHor N cy ce Memaie JyX HCTOT CMepa, ajlil y CYIPOTHOM IpaBiy, Takohe ¢popmupajyhu
jacan tpamujeHt. Ocrtanmu mepenu mapametpu Ha COM Mpexu HHUCY TOKa3add yO4JbUB
TpaJIMjeHT.
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Temneparypa (°C)

5.6 -30.2

Konuentpanuja kuceonuka (mg/L)

5.26 - 15.17

Amonujak (NH, - N mg/L)

0

.010 - 0.600

EnexrponporojubuBocT (US/cm)

&80
o

X
ooe9

302 - 443

0

Carypauuja kuceonuka (%)

2.05
1.95
1.9
1.85
1.8

14.7 - 204.5

N

Tspiaoha (mg/L)

®

161 - 220

TIpoBuaHocT (m)

0.30 -3.00

Hurparu (NO, - N mg/L)

0.030 - 6.828

7.75-9.48

®ocparu (PO, - P mg/L)

0.012 - 0.940

Viynuu P (mg/L)

0.003 - 0.310

®.

0.035
0.03
0.025

0.015
0.01

Camka 18. Buzyammzanuja quctpubynmje 12 Gpusmukux u XeMHjCKHX napamerapa akymynanuje Lllymapune Ha nperxogHo TpeHupanoj COM mpexwu (rae je:
NO3-N — xonuenrpanuja nurpara, PO4-P — xontentpanuja ¢pochara, NHy-N — koHIleHTpanyja amon#jaka). I'pamujeHt 60ja npruKasyje HHTCH3UTET Ilapamerapa,
rJie IpBeHa 00ja HHIMKYje HajBehy BpeqHOCT, a IiIaBa HajMamby
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| rpyma je mpencraBjbeHa y30pHMMa Cca  HHUCKOM  TEMIEpaTypoM  BOJIE,
€JIEKTPONIPOBOIJBUBOCTH, HUCKAM MHHEPAHUM CacTaBOM M HHCKOM KOHIICHTPAIIHjOM
aMOHH]jYMOBOT jOHA, a ca JIpyre CTpaHe JOoOpO aepucaHOM BOJOM BUCOKE MpoBUAHOCTH (Cruka
18). Hajamxka 3abenexena temneparypa y | rpymu je 5.6°C, a oBa rpyna umMa ¥ MHHUMAITHY
3a0eJIeKEeHY BPEIHOCT eNeKTporpoBosbuBocTd (302 pS/cm). IlpBy rpymy KapakTepumly u
uucke Bpeanoctn NO3-N (0.8 mg/L), PO4-P (0.012 mg/L), NH; (0.01 mg/L) mro je wu
notBpheHo komrnoneHTHUM rpadukonnma (Cnuka 18). Caaprkaj Mmunepannux coiu y |l rpymnu je
Takohe HU3aKk, anu ce mpumehyje Omaru mopacT, €JICKTPOIPOBOIJBMBOCT je Beha, JOK je
KOHIICHTpallMja KUCEOHUKa y OmaroM maay y oxnocy Ha | rpymy. Hacympor oBuM nBema
rpymnama, |l rpymy kapakrepuiny u3y3eTHO BHCOKe BpeaHocTH MuHepanHor cactaBa (NO3z-N
(30.25 mg/L), PO4-P (0.76 mg/L)) u rucka npouaHoct Boze (0.3 m). Makcumaiina 3a0exeHa
Bpennoct PH (9.48) npunana weypony I rpymne (Cauka 18).

Kruskall-Wallis ANOVA Tect moka3ao je ga ce CBH MEPEHH CPEAMHCKH (aKTopu
CTAaTHCTUYKY 3HAYAJHO Pa3INKYyjy MO rpynama, u3y3eB pH BpenHoctu u carypanuje (Tabena 2).
Kako 6u ce yrBpawio usmel)y Kojux rpyma MOCTOjU 3HaYajHa CTATHCTHYKA Pa3MKa 3a CBAKH
cpenuHcku napamerap kopuithen je Mann-Whitney recr.

Tabena 2. Cpenmwa BpeHOCT + cTaHJIapJHa JeBHjallja CPEAMHCKUX MapaMeTapa aKkyMmyJaluje
[IIymapuue no rpymnama.

CpenuHcKH napamMeTpu | Fﬂyna m
Temmneparypa (°C) 9.09 +£2.398 20.35 + 4.400° 20.26 + 3.360"
EnextponpoBoabuBocT (ps/cm) 322.88 + 14.575 382.76 £ 23.677° 380.11 + 38.383°
[TpoBuanoct (M) 1.71 +0.539 1.27 £ 0.595 0.76 £ 0.283
pH 8.69 + 0.073" 8.68 + 0.227° 8.85 + 0.351°
KonuenTpanuja kuceonnka (mg/L) 8.14 + 1.141° 7.93 +1.990° 7.41 £ 2.368%
Caryparuja kuceonuka % 85.48 £ 11.023" 89.14 + 26.963" 87.53 £ 30.358"
NO3-N (mg/L) 1.930 + 0.8856" 1.962 + 1.0520° 11.692 + 11.1225
PO,-P (mg/L) 0.066 + 0.0451 0.151 + 0.1596 0.290 + 0.1839
NH,;-P (mg/L) 0.038 = 0.0490 0.109 £ 0.1165 0.216 + 0.1567
Tepmoha (Mmg/L) 168.65 + 36.885"  194.70 +11.9087°  189.013 + 20.7090%°
Vkymnuu N (mg/L) 0.3085 + 0.1440° 0.3222 + 0.1684" 2.602 + 2.5410
Yxynuu P (mg/L) 0.019 £ 0.0152 0.049 + 0.0553 0.0946 + 0.06128

BpeaHocTH Koje Cy y HCTOM peiy, a He Jejle MCTH CYINePCKPHIT, Cy CTATHCTHUKH pasiuunte: ~° p<0.05. Ako
CYIEPCKPHUIT HEJ0CTaje, CBE BPEAHOCTH ¢y Mel)ycOOHO CTaTHCTUUKY 3HAYAjHO Pa3IHINUTe
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4.1.4. TlpocropHa W BpeMeHCKa JAUCTPUOYLHja BpPeIHOCTH KOLEHTpauuje
xJopoduiia a Ha npeTxoaHo Tpennpanoj COM mpexn

COM ananuza, takole, mmMa MOTyhHOCT Ja TpHKaXKE U JUCTPUOYIHMOHHM oOpa3aly
KOHIIeHTpanyje ximopoduia a akymynanuje Lllymapuiie Ha 1BoauMeH3nOHAITHO] Mpexu. OBakBa
BHU3yeH3alyja JUCTpUOYIHje KOHIICHTpaluje XIopoduia a Mo HeypOHUMA MPEICTAaBIbECHA j& Y
BUY KOMIIOHEHTHOT IpadMKOHA KOjH j¢ YKJbY4eH y aHanu3y mnojeauHadno (Cnuka 19). OBakas
rpadMKOH Jaje MoAaTKe W O BPEAHOCTUMA, INTO j€ NPEACTaBIbEHO TPAJAUjeHTOM 00ja Koju
NpHKa3yje MHTEH3UTET napameTpa. Ha OCHOBY OBoOr rpadukoHa, jacCHO ce BUAHM H3JIBajarbe
HEYpOHa KOojuMa OAroBapajy U HajBehe 3a0enexeHe BpPeIHOCTH KOHLEHTpaluje xyopoduia a
(Cnuka 19).

CHl a (ng/L)

100

80

40

20

2.31 =118.51

Cauxa 19. Busyanusanuja auctpuOyIije KOHIEHTpanuje xiopodmia a akymynanuje Ilymapuiie Ha IpeTXOIHO
tpeHnpanoj COM wmpexu. ['pagujent 6oja nprukasyje HHTEH3UTET IIapaMeTpa, TAe UpBeHa 0oja oarosapa HajBehoj
BpPEIHOCTH, a MJIaBa HajMambOj
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Bpennoctu koHmentpamuje xjaopodpuina a kperane cy ce on 2.31 ug/L y janyapy 2013.
roaune Ha jokamutery 1 mo 118.51 pg/L y cenremOpy 2014. romuHe Ha HUCTOM JIOKAIUTETY
(Ciuka 19). IMopen cenremOpa 2014. roguHe U3IBOJUIN CYy CE€ M HEYPOHHU KOjU Oelexe Takohe
MOBUIIIEHE BPEIHOCTH Yy OJHOCY HAa YHUTaB IEPHOJ HCTPaKHWBaWka, a TO CYy HEYpPOHH KOjU
0JIFOBapajy y30pKOBamYy KOje je CIIPOBEACHO Y JYHY, jyiy, aBrycTy U okToOpy 2014. rogune.

4.1.5. Tpopuuku craryc akymyJanuje lllymapuue

[Ipema cpenmuM TOAMIIBMM BPEJHOCTHMA MHICKCA TPOPHUUHOT CTama M3padyHaTe Ha
TeMeJby NPOBHIHOCTH BOJIE, KOHIIEHTpaIje xjaopoduiaa a u yKynHor docdopa, akymyliamuja
[lymapurie je TOkOM JeTHher u jecemer nepuona 2012. u 2013. rox. umana eyrpodan cratyc
(Cnuka 20). Y 3umckom niepuoay 2013. rojuHe, a Ha OCHOBY CBa TPH ITapaMeTpa, jaCHO Ce BHUIH
TEH/ICHIMja Ka Me30TpodHOM crarycy. Tokom 2014. romuHe je Ha OCHOBY CBa 3 mapamerpa
BUJIJbUB TIpeia3ak u3 eyTpodHor cratyca y xumepeyrpodaH, u3y3eB MoueTKa roJAMHE Kaja je
“MaJia TeHICIH]y Ka Me30TPOGHOM CTaTyCy.

HUTC (CHL a) === TC (II[poBHIHOCT) == == ITC (TP)

XumnepeyrpodHo m
70 A

60
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MezotpodHO
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JYH‘J\U'\ |ABr|Cen|OHT|HOB|,’J,eu, JaH |CIJeG|Map|Ar|p|Maj|JyH |Jyﬂ |ABr|Cen|OHT|HUB|,ﬂ,eu JaH |¢eG|Map|Ar|p|Maj|JyH |Jyﬂ |ABF|CEI‘I|OHT‘HOE|,E|,ELI,

2012 2013 2014

Canka 20. Meceune BpeanoctH nnnexca tpopuuanor crama (UTC) akymynanumje [llymapune nzpauynarte Ha
TeMeJby IPOBUAHOCTH BOJIE, KOHIIEHTpaNHKje YKYITHOT ¢ocdopa u Xjaopoduia a
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4.1.6. KpaiuTaTHBHA M  KBAaHTHTATHBHA  aHAIN3a  (PUTOINIAHKTOHCKHX
nujaHo0aKTepHja

[Ipernenom y3opaka (UTOINIAHKTOHA Ca CBUX JIOKAJIMTETa, TOKOM LEJOr Ieproja
ucTpaxkuBama y akymynanuju Lllymapune je 3a0enexeHo NPUCYCTBO YKyHmHO 13 TakcoHa
IUIAHKTOHCKUX  [ujaHoOakTepuja.  Kommuieran — crnucak — MICHTH()UKOBAaHMX  TaKCOHA
nujanobakTepuja o0jeTU-CH 3a CBa TPH JIOKATUTETAa je TpeiacTaBibeH y Tabemu 3, rme je
MPELU3UPAHO Y KOM IIEpUOTy je ofpel)eHr TaKCOH 3a0eexeH.

VYV akymynamuju Illymapune, tokom 2012. romuHe y OKBHPY (PUTOIIAHKTOHCKUX
Cyanobacteria naentudukoBano je ykymuo 11 takcona (Tabemna 3). YouaBa ce nmoehame Opoja
3a0eNeKeHuX TaKCOHAa TOKOM JIETHUX Mecelu (7 TakcoHa), OK je HHXOB Opoj Yy jecemeM U
3MMCKOM TIepuoJy 3HaTHO cMmameH (2-1 takcona). Hajyusecrammje Bpcte y 2012. rogunam cy
Microcystis aeruginosa (Kitzing) Kitzing u Limnococcus limneticus (Lemmermann)
Komarkova et al.

Ananuzom y3opaka u3 2013. rogune y akymynauuju [lymapure je unentudukoBano 11
takcoHa QurorutankToHckux Cyanobacteria. One Hucy nerexkToBaHe y janyapy, GpeOpyapy u
Mapty meceny 2013. roaune (TabGena 3). [louerkoM ampuna y akymylanyju ce I0jaBIbY]jy
Chrysosporum bergii (Ostenfeld) Zapomelova et al. u Oscillatoria sp. Hajsehe GorarctBo
Cyanobacteria je 3abenexeHo y JIETHUM M KacHO JjeTmHM MeceruMa 2013. roaume:
Aphanizomenon flos-aquae Ralfs ex Bornet & Flahault, Chroococcus minutus (Kitzing) Néageli,
Chrysosporum minus (Kiselev) Komarek, Cuspidothrix issatschenkoi (Usachev) Rajaniemi et al,
Limnococcus limneticus, Microcystis aeruginosa, Snowella lacustris (Chodat) Koméarek &
Hindak (Ta6emna 3).

Tokom 2014. roaune, duromtankroncke Cyanobacteria cy Oune mpexactaBibene ca 10
takcona (Tabena 3). Hucy aerekroBane y janyapy u ¢ebOpyapy, anu je y npoiachHuM U JeTHUM
MecelluMa BUXOBa pasHoBpcHocT Owmna Hajeha: Chrysosporum minus, Cuspidothrix
issatschenkoi, Limnococcus limneticus, Merismopedia sp., Pseudanabaena limnetica
(Lemmermann) Komaérek, Oscillatoria tenuis C. Agardh ex Gomont, Snowella lacustris (Tabena
3).
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Ta6esa 3. CacraB (pUTOIIIAHKTOHCKUX IHjaHOOaKTepuja y akymynanuju Hlymapure y nepuony jya 2012. — nenem6bap 2014. rogune

['omuHa HCTPaKHBAHA 2012/ 2013/ 2014

M | I i Y v VI il VI IX X X1 XII

Aphanizomenon flos-aquae
Ralfs ex Bornet & Flahault 1 1-I- 1-I- -1 /-l -I-I- -[+1+ HH+ A+ [+ -+/+ -I-1+

Chroococcus minutus
(Kutzing) Néageli
(C(;‘Srfn‘feﬁg)r “ngpzer;ge'l'ova ot al B B B Y A Y & A N A A

Chrysosporum minus  (Kiselev) 0w g e e e e A e A -
Komérek

Cuspidothrix issatschenkoi
(Usachev) Rajaniemi et al.
Limnococcus limneticus
(Lemmermann) Komarkova et al.
Merismopedia tenuissima

O N B 1 s s A Ay A S R

S N ) 1 e 1 A A B A A

A N B N N e N N R

Merismopedic N 2 N A
Merismopedia sp. Meyen -[-/- -[-/- -[-/- -[-- -[-- +-[+ -[-/- +/-/- -/-- -/-- -/-- -[-/-
Microcystis aeruginosa Y 0 0 0 A S A
(Kutzing) Kitzing

Oscillatoria tenuis

o T T 2 A A A
Oscillatoria sp. Vaucher ex 2 A 0 A A A A
Gomont

Pseudanabaena limnetica

T N A N A
Snowella lacustris Y A A A S A

(Chodat) Komérek & Hindak

+ TaKCOH MPUCYTaH Yy y30pKY; - TAKCOH HUje MPUCYTaH y Y30PKY
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Jlerasban mpuka3 u ogHOC U3Mehy yKymHe OpojHOCTH (UTOIIAHKTOHA (CPEIbe MECeUHe
BPEIHOCTH 3a CBa TPH JIOKaJIWTeTa) M (DUTOILIAHKTOHCKHX IHjaHOOaKTepHja (Cpearbe MECEUHe
BPEIHOCTH 3a CBa TPH JIOKAIUTETA) MpuKasaH je Ha Cruiu 21.

hen/mL YKynHa 6pojHocT putonnaHKToHa (rpadumk - neso) u uujaHobakTepuja (rpaduk - AecHo) hen/mL
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Cauxa 21. Ce30HcKa JUHAMUKA YKYITHE OPOJHOCTH (PUTOILIAHKTOHA U OPOJHOCTH IMjaHOOAKTEePHja TOKOM IEepPHOaa
ucTpaxkuBama akymynamuje [lymapurie. [Ipumapra Y oca faje nmpukas 6pojaoctu (hien/mL) Tokom 2012. u 2013.
roaune. CekyHapHa Yy oca aaje npuka3 opojaoctu (hen/mL) y 2014. roxunu

Tokom 2012. GpojHOCT 3ajeanuie (UTOIUIAHKTOHA Owia je y pacnony 160 - 20 103
hen/mL. Hajseha Opojuoct hemmja (20 103 hen/mL) yowaBa ce y aBrycty Mecemy, JOK je
HajHKa Owna y aeuemOpy mecerry (160 hen/mL) (Cnuka 21). BpojHOCT (QHUTOMIAHKTOHCKHX
nMjaHo0aKkTeprja Kperaja ce OJf MUHHUMalHe 3abenexeHe y neuemOpy (43 hen/mL) mo
MakcHUMasiHO 3abenekeHe y aBrycry weceiy (4 800 hen/mL). On ykymHe OpojHOCTH

(dbuTONIIAaHKTOHA, 3ajeHUIA ITMjaHOoOaKkTeprja Oenexu HajBehw yaeo TOKOM OKTOOpa Mecela
(40.8%).

Hajpeha 3abenexxena BpeaHocT aOyHAaHie (QUTOIUIAHKTOHA Yy  HCTPaKUBamby
cnpoBesieHoM TokoM 2013. roaune 6una je y centemOpy M u3Hocuina je 22 318 hen/mL, a
HajMama y janyapy meceny (70 hen/mL). bpojHoct nujanoOakTepuja mpatu TpeH ] pacTa YKYITHE
abyHnaHIe (UTOIUIAHKTOHA M OeNe M MaKCHMallHe BPEAHOCTH y centeMOpy (4 223 hen/mL),
JOK je HajBehu MpOLEHTyalHU IMjaHOOAKTEPHUJCKH YAEO y (PUTOIUIAHKTOHY OHO y OKTOOpY
Mmecery (19.3%).

Ananmuzom pesynrara Tokom 2014. roguHe yodaBa ce Ja Cy c€ BPEIHOCTH aOyHIaHIIe
¢utorutankrona kperane oz 83 hen/mL y janmyapy mo 4 066 667 hen/mL y okroOpy, ca
nujaHoO0aKkTeprjckuM yaenoM on 98%. VYmpaBo je TokoM wucTpaxkuBama y 2014. roawmHu
3abene)xeH M Hajeehu TpeH | pacta aOyHIaHIle KOjU MOUYHIbE O] jyHa Mecela.

On centemOpa o nenemOpa Mecema 2014, romune y akymymanuju [lymapurie
3abenexeHo je mpucyctBo camo jeane Bpcre Cyanobacteria — Aphanizomenon flos-aquae. Osa
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BpCTa je M3a3Baja IBeTamke BojC U (hopMupaiia je 3eJeHr OMOo(HIM Ha TIOBPIIMHHA aKyMYJIallHje
(Cnuke 22 wm 23). AnconyTHa NOMHHANWja OBE LHjaHOOAKTEPHUjCKE BPCTE Yy aKyMYyJalHju
[lymapuiie goBena je 10 MOTHUCKUBAbha OCTAMX BPCTa (PUTOTUIAHKTOHCKE 3ajEHHIIC.

Canka 22. 1[perame Bpcre Aphanizomenon flos-aquae y akymynauuju Hlymapuie (©oto C. Cumuh — okrobap
2014. roqune)

Cuamka 23. Aphanizomenon flos-aquae y akymynanuju [lymapune (6ap ckana 10 pm) (@oto H. Hophesuh —
okrobap 2014. roauue)

4.1.7. Pe3yjaraTu npucycTBa UjaHOTOKCHHA y Boau akymyJanuje Hlymapune

Anammzama HPLC-PDA Bozme u3 axkymynanuje Illymapuiie y3opkoBaHe Ha Tpu
JIOKaJUTETa TOKOM MOHHTOPHHTA CIpOBeAeHOr y mepuony jyHa 2012. rogmne no nmeuemOpa
2014. ronmuHe, HHUCY JETEKTOBAaHM  MCIUTHBAHM  LUJaHOTOKCHHU:  MHUKPOIMCTHHH,
LIUIWHIPOCIEPMOIICUH, AHATOKCUH M CAKCUTOKCHH.
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4.2. Akymynauuja byoam

4.2.1. IlpocTopHa U BpeMeHCKa TUCTPUOyIHja (PU3HYKUX M XeMHjCKUX MapaMeTapa
BoOJIe

COM ananu3a je, Ha OCHOBY BPEIHOCTH M3MEPEHUX (PU3UYKHUX M XEMHjCKHX MapaMmeTapa
(ykynHo 12 mapamerapa) akymynauuje byOam u3 ykymHo 93 y3opaka CakylmbeHHX MPHIUKOM
HCTpaXKUBama Koje je crpoBenieHo y nepuoay jyn 2012. — nenem6ap 2014. rogune, popmupaia 3
rpyne: | (mraBa), Il (3emena), Il (kxyra) (Cnmka 24). Ilpema CIHYHOCTH Mapamerapa
akymynanuje byOam, cBM MCIIMTUBAHU Y30pIH pacriopeleHn cy y HEypOHE JIBOJAUMEH3UOHAIHE
mpexe (7 X 6) (Cnuka 24).

Dec2012/3

Avg2012/1
Sep2012/1

1201

Avg2012/2
Avg2012/3

Jun2012/2
Jun2012/3
Jul2012/1

Jul2012/2

Avg2014/1
Avg2014/2
Avg2014/3

pr2014/
Apr2014/2
Apr2014/3
Maj2014/1

Apr2013/3
Maj2013/1
Maj2013/2

Jun2013/2
Sep2013/1
Sep2013/2

Jul2013/2
Jul2013/3
Avg2013/1
Avg2013/2

[11

Cimnka 24. OpauHanyja ¥ KiacuuKaiuja Jokajaurera Oa3upaHuX Ha (U3UUKAM U XEMHUjCKHM MapaMeTphMa
akymynanuje bybaw nomohy Camoopranusyjyhux mana (COM). Pasnuuute 0oje 03HauaBajy pasjiuyuuTe rpylie.
KonoBu Ha CBakOM HEYpOHY O3HA4aBajy pasiM4HTe JIOKAIUTETE aKyMyJalldje Y30pKOBaHE Y PAa3IMUYUTOM NEPHOLY
(Mecen/ronuna/nokanuret). 1. nokamuter (ayromyr); 2. cpeAMHa akymyjanuje; 3. JOKanuTeT (y HENoCpeHo]
OJIM3MHU OCKYJIHE IYMCKE BereTaluje)
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HuBo xmacudukanmje oxpeheH je Ha OCHOBY Opoja y3opaka MO KIacTepy JOBOJbaH 3a
JaJjbe CTAaTHCTUYKE aHanmm3e. V3nmazHa marpuma je ¢opmupaHa oj yKymHO 42 HeypoHa, ca
HajBehuM Opojem HeypoHa koju npunanajy Il rpynu u to wux 17, |l rpynu npunana sux 15 u
HajMame mux npunaaa | rpynu, ykymnao 10 neypona (Cinuka 24). | rpyna je yaudopMmHa 1 iy Cy
UCKJBYYHBO (hopMHpaTH y30piu U3 3UMCKUX Mecenn. CnudHa je cutyarnuja u xox |l rpyne ¢ tum
IITO CY CE€ Y OKBHPY OBE TPYIIC Ha MPEKU U3BOJUIIH Y30PIH KOjJH Cy CAaKYILJbHU TOKOM jECCHETr
nepuona, mapta 2013. rogune, jyHa, jyna u centemOpa 2014. rogune, a Koju cy TpyHUCaHU Y
JICBOM JICITy MpEKe Y OKBUPY OBe rpyme. [lopen moMenyTux u3nBojeHux HeypoHa, |l rpymy cy
(dbopmHpany 1 y30pLu MPUKYIIJBEHH TOKOM HUCTPaKMBama KOje je CIPOBEACHO TOKOM mposieha u
jera.

3a Bu3yeanuzanujy u JUCTpUOYIHjy BpeIHOCTH 12 (GM3MYKUX M XEeMUJCKUX MapaMeTapa
akymynanuje byboam Takohe je mckopumhena COM meroma u Ha dopmupanoj COM mpexu
BehrHa mapamerapa HHje UMaja ycroctaBibeH rpaaujeHt (Cnuka 25). [Tapamerpu Koa KOjuX je
jacHO yCIIOCTaBJbEH TPANIUjEHT Cy TeMIIepaTypa U MPOBUAHOCT. TemmnepaTypa je Ouiia HajMama y
TOPHEM JIECHOM YIIIy OJakjie je omaaaja Ka JOImEeM JIEBOM YINIy, AYX YCHOCTaBJBECHOT
rpaaujenTa. Kaja je mpoBUAHOCT y MHUTalky TPAJUjEHT je TEKao OJI TOPIEr Jieia HeypoHa Ka
TIOHEM JIEITY.

VYkomauko ynopeaumo rpyme koje je COM ananuza popmupaia u BpeAHOCTH GU3HUKUX U
XEMH]jCKUX TapaMmerapa akymysanuje byOam, y3opiu ca HucKoMm Temmeparypom Boae (4.2°C),
no6po aepucanom BogoM (9.47 mg/L), Bucoke mpoBumHocTH (1.8 M), HUCKUM MHHEPATHHM
cactaBoM (NOs-N (0.9 mg/L), PO4-P (0.06 mg/L)) u HHCKOM KOHIIEHTpAIXjOM aMOHHjYMOBOT
jona NH,4 (0.02 mg/L) pacniopehenu cy y ropmem 1ecHOM aeny Mpeske U popmupanu cy | rpymy
(Crmuka 25). Ca npyre ctpane, |l rpymy kapakrepuiny y30pI ca BHCOKOM TEMIIEPaTypOM
(30.6°C), Bucoxkum munepanuum cactaBoM (NO3-N (5.5 mg/L), PO4-P (2.3 mg/L)), Bucokom
KoHIeHTpauujoM amonujymoBor jona NHs (0.3 mg/L), u3y3eTHO HUCKOM NPOBUIHOCTH BOJIE
(0.4 m), amu je To u Boma cupomaiiHa kuceoHukom (3.83 mg/L). MakcumanHa 3abenexeHa
Bpeaunoct pH (8.98) npunana neypony Il rpyme.

Hacynpor oBum yHupopmuum rpymnama, y oksupy |l rpymne na COM mpexu ce youasajy
HEYpOHH KOjU ce W3ABajajy | Oemexe TeMmmeparypy y pacnony 12.3-26.3°C,
enektponpoBoasbuBocT 360-820 pS/cm, nuzak muHepanuu cactas (NOsz-N (0.8 mg/L), PO4-P
(0.06 mg/L)), Bucoky npoBuaHOCT (1.6 M), anu MOBHIIEHE KOHIICHTPAIIHj€ aMOHH]YMOBOT jOHA
NH (0.42 mg/L) (Cnuka 25).
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pH
0.35
0.3
0.25
0.2

8.31-8.98

Temneparypa (°C) EnexrponpoBoubrBocT (1S/cm) ITpoBuaHoCT (M)
0.99

0.985

0.98

0.975
4.2-30.6

®ocaru (PO, - P mg/L)

0.80-5.50 0.06 - 2.30

Awmonnjak (NH, - N mg/L) Viynuu N (mg/L) Viynuu P (mg/L)
4 Yy g y g

0.06
0.05
0.04

0.03

0.02

0.02 -0.42 0.181 - 1.242

Camka 25. Buzyanuzanuja quctpudynuje 12 Gusnuknx u XeMHujcKkux napaMerapa akymyinanuje byoamw Ha nperxonno tpenupanoj COM mpexu (rae je: NO3-N
— KoHIeHTpanuja Hutpara, PO4-P — xonnentpanuja gocdara, NH4-N — xoHnenTpanuja amonurjaka). ['paaujeHT 6oja mpukasyje WHTEH3UTET MapameTapa, e
1pBeHa 060ja MHAKKYje HajBehy BpeIHOCT a Iu1aBa HajMamy
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Jemnogakxropcka ANOVA je nmpukasana na ce 11 cpequHCKUX mapaMerapa akyMyliaije
by6am cTaTuCTHYKM 3HAYajHO Pa3uKYyjy MO IpylaMa u3y3eB caryparuje kuceoHukom (Tabemna
4). 3a cBaku cpeaMHCKH napamerap kopumhen je MannWhitney rtecr, kako Ou ce yTBpAHIO
n3Mel)y Kojux Tpyma mocTojy 3HavajHa CTaTUCTUYKA pasJidKa.

Tadesa 4. Cpeama BpetHOCT + CTaHAApIHA JICBHjaIlMja CPEIMHCKHX ITapaMeTapa aKyMyJlaluje
By0am o rpynama.

CpenrHCKH TapaMeTph | rlﬁma m
Temneparypa (°C) 17.70 £ 551 8.27 +2.38 24,18 £ 4.22
EnexpornpoBoapuBocT (ps/cm) 583.27 + 133.85" 627.28 + 32.76" 688.52 + 110.42
[TposugHOCT (M) 1.16 £ 0.30 1.35+0.15 0.73+0.20
pH 8.48 £ 0.14° 8.45+0.15° 8.64 £ 0.205
Konmuenrparmja kuceonuka (mg/L) 8.45+0.73" 9.02 £0.26 8.23 +2.23°
Carypanuja kuceonnka % 87.01 +5.68" 89.45 + 2.68" 90.12 + 25.54*
NOs-N (mg/L) 1.748 £ 0.5001 1.330 £ 0.1978 3.680 + 1.3151
PO,4-P (mg/L) 0.109 + 0.0296 0.093 + 0.0219 0.821 +0.7215
NH4-P (mg/L) 0.104 + 0.1079* 0.037 +0.0183 0.070 + 0.0587*
Tepmoha (mg/L) 375.80 £ 13.12° 362.57 + 18.83° 367.35 + 17.49°
Yxynuau N (mg/L) 0.394 +0.1128 0.300 + 0.4465 0.830 + 0.2969
Vkynuu P (mg/L) 0.036 + 0.0097* 0.040 + 0.0508" 0.271 +0.2381

: 5
BpenHoctn Koje ¢y y MCTOM pely He Jele UCTH CYNMEPCKPHIT Cy CTATUCTHYKH pasmuaure:  p<0.05. Ako
CYNIEPCKPUIT HEJOCTaje, CBE BPEIHOCTH Cy Mel)yCOOHO CTaTHCTHUYKH 3HA4ajHO pa3IndnuTe
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4.2.2. TlpoctopHa W BpeMeHCKa IMCTPUOYNHja BPEeIHOCTH KOHIUEHTpAaIuje
xJiopo¢uiia a Ha nperxoaHo Tpeaupanoj COM mpexn

VY3 momoh COM aHanu3e mpuKa3zaH je W JAUCTPUOYIMOHM oOpas3all BpETHOCTH
KOHIIeHTpanuje xjopodmaa a akymynanuje bybam Ha JIBOJAMMEH3MOHATHO] MPEXKH.
Busyenmuzanuja auctpuOynMje KOHIIEHTpaldje XJjopoduia a TmpeAcTaB/beHa je y BHIY
KOMITOHETHOT TpavKOHa KOjH je yKJbYUeH y aHanu3y nojenuHayno (Cruka 26).

CHl a (ug/L)

4.40 - 46.80

Camnka 26. Busyanmzanuja nuctpuOynuje KOHUIEHTpauuje xiopodun a akymynauuje byOawm Ha mpeTxogHO
tperupanoj COM mpexu. ['pamujeHT 0oja MpuKa3yje MHTEH3UTET mapameTapa, rie [pBeHa 0oja WHANKYje HajBehy
BPEIHOCT a IUIaBa HajMamby

52



Pezyimamu

KomnoneHnTHn rpadukoH naje momaTke O BPEAHOCTH KOHIIGHTpaldje xyopodmia a
akymynanuje byOam, IITO je MpeacTaB/beHO TPagujeHTOM 00ja KOjH MpHKa3yje MHTEH3UTET
napameTrpa. Ha ocHoBy rpadukoHa, jacHO ce BHUIW H3J/IBajarbeé HEYpOHA KOjUMa OATOBapajy H
HajBehe 3a0eexeHe BpeIHOCTH OBOT OMOTHYKOT MTapaMeTpa, OJHOCHO HajMame (Crka 26).

VY cnyyajy akymynanuje byGam BpeqHOCTH KOHIICHTpalHje Xjaopoduia a KpeTaie cy ce
ox 4.40 pg/L y neuem6py 2013. rogune (stokanuter 1) 1o 46.8 ug/L y aBrycry 2012. roguse Ha
nokanurery 3 (Crnuka 26). Tokom 2014. roauHe BpeAHOCTH KOHIIEHTpaldje Xiopoduia a ouie
cy y pacrtiony ox 6.14 pg/L (pebpyap — gokaauret 2) 10 34.6 pg/L (cenrembap — JOKanuTET 2).

IMopen asrycra 2012. roauHe, HM3ABOJWIM CYy C€ HEYpOHH KOju Oenexe, Takohe,
MOBHUIIIEHE BPEJAHOCTH Yy OMHOCY HAa YHTAaB IMEPHOJ HCTPaKUBama, a TO Cy HEYPOHH KOjU
0JITOBApajy y30pKOBamY KOje je CIIPOBENICHO Y jyHY, jyiy U centeMOpy 2012. ronuse.

4.2.3. Tpoduuku craryc akymyaanuje byoam

[Ipema cpenmbuM roJUIIBUM BPEIHOCTUMA MHICKCA TPOPUUHOT CTamkba M3pAauyHATUX Ha
TeMeJby MPOBHUIHOCTH BOJI€ M KOHIEHTpaluje Xxjopoduia a, akymyrnanuja bybam je Tokom
2012. u 2013. ronuHe mMana eyrpodaH craTyc, OK je MpemMa BPEIHOCTHMA KOHIICHTpAIH]e
yKynHor ¢ocdopa y JIeTHUM MecelMa uMalia TeHJIelujy Ka xunepeyrpopHoM cramy (Ciamka
27). Y 2014. ronuHu je Ha OCHOBY cBa 3 mapamerpa Ouiia eyrpodHa, H3y3eB 3UMCKOT TIepHo/Ia 1
JyHa Mecella Kaja je uMaja TeHJeIUjy Ka Me30TpO(HOM CcTaTycy.

110 -

HTC (CHL a) =@ HTC (IIpoBHIHOCT) = = WTC(TP)

100

XunepeyrpohHo ~

90 +

80 -

70 +

60

50 +

40 |

MezoTpotHO
30

JyH ‘J‘,’ﬂ ‘ABF‘CEI‘\ ‘OHT‘HOB‘,’JELI, Jan ‘Kbeﬁ‘Map‘Aﬂp‘ MEJ‘JVH ‘J‘,’ﬂ ‘ABF‘CEI‘\ ‘OKT‘HOB‘,EIELI, JaH ‘G)eﬁ‘Map‘Aﬂp‘Maj‘JyH ‘Jyn ‘ABT‘CEI‘\ ‘OHT‘HOB‘,CIELI,

2012 2013 2014

Cauxa 27. Meceune BpeaHocTH nHaekca Tpoduynor crama (UTC) akymynanuje bydam u3padyHare Ha TEMEJbY
IIPOBHUIHOCTH BOJIE, KOHILIEHTpaLHje YKyIHor (ochopa u xsopoduia a
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424, KpaquraTMBHAa M KBAHTUTATHBHA aHaJu3a  (QUTOMIAHKTOHCKHMX
nujaHo0aKTepuja

AHanmm3oM y3o0paka (UTOIUIAHKTOHA Ca CBUX JIOKAIMTETa W TOKOM YUTAaBOT MEpUOJa
UCTpaXMBama y akymynauuju byOam je 3a0enexeHo NpUCYCTBO YKyNHO 15 TakcoHa
(DUTOIUIAHKTOHCKMX IMjaHoOakTepuja. KomruietaH cnucak MICHTU(PUKOBAHMX TaKCOHA
nujanobakTepuja o0jeTUm-CH 3a CBa TPHU JIOKATUTETAa je MpeicTaBibeH y Tabemu 5, rme je
MPELU3UPAHO Y KOM TIEpUOTY je oapel)eHr TakCOH 3a0eexeH.

YV akymynammju bybOam Tokom 2012. romumHe y OKBHPY (UTOIUTAHKTOHCKHX
uujanobakrepuja uneHTuguKoBaHo je ykynHo 11 takcona (TaGena 5). Hajsehu Opoj Taxcona
UACHTU(HUKOBAH je TOKOM JICTHHX Mecelu (8-9), 1ok Opoj 3abennexeHnx TakcoHa y jecemum (4),
a mocebHo y 3umckuMm Mecenuma (1), omama. HajppexBentHuje BpcTe akymysianuje byOamb
TOKOM HcTpakuBama y 2012. roguue cy: Woronichinia compacta (Lemmermann) Komarek &
Hindak, Microcystis aeruginosa u Oscillatoria tenuis.

Tokom wuctpaxuBamwa y 2013. roguHum ykymaH Opoj 3a0enekXeHHX TaKCcoHa
¢uTorUTaHKTOHCKHX IjaHoOakTepuja je 13 (Tabena 5). [IpumeTHo je moBehame mUXOBOT Opoja
3a0enexeHnx TakcoHa oxa mposehuux (7-8) ka nermum Mecenumma (10-11), nok je Opoj
JICTEKTOBaHHUX TakcoHa y jecemuM (7-8) u 3umckum (5) mecenmma cmamen. Bpere Microcystis
aeruginosa u Oscillatoria tenuis cy 3abenexeHe y CBUM MecCelMMa, U3y3€B Yy jaHyapy Meceiy
KaJa HUje 3a0eneKeH HU jenaH nujaHoOakTepujcku TakcoH. Hajsehe GoraTcBo Bpcra je Omino y
aBrycTy U cenTeMOpy Mecelly Kaja cy Hmopej MOMEHYTHX TakcOHa Ouse mpucyTHe u cienehe
Bpcre: Aphanizomenon flos-aquae, Chroococcus turgidus (Kutz) Nag, Chrysosporum bergii
(Ostenfeld) Zapomelova et al., Lyngbya sp. (C. Agardh ex Gomont), Merismopedia tenuissima
Lemmermann, Microcystis aeruginosa, Microcystis wesenbergii Komarek, Oscillatoria limosa
C. Agardh ex Gomont, Oscillatoria tenuis, Phormidium sp., Pseudoanabaena sp., Woronichinia
compacta. IlpucyctBo Bpcre Chrysosporum bergii u Heke Bpcre u3 poxa Phormidium je
3abenexxeHo camo y 2013. rogunu (Tabena 5).

Ananuzom y3opaka u3 2014. rogune y akymynauuju byOawm je unentudukoBaHo 12
TaKCOHa (PUTOMIAHKTOHCKUX IMjaHOOAKTepHja U jeIUHO HUCY OWie MPUCYTHE y y30pLuMa U3
janyapa Mecena (Tabena 5). ¥V nepuoay on anpuia 10 HOBeMOpa Opoj MPUCYTHUX TaKCOHA j€
Bapupao of 7 10 9 u Omo mpuimyHO yjenHadeH. HajdpexBentnuje Bpcre y 2014. roguHu
akymynanuje byoam cy: Merismopedia tenuissima, Microcystis aeruginosa u Oscillatoria tenuis.
I[MpucyctBo Bpcre Pseudanabaena limnetica je 3abenexxeno camo Tokom 2014. rogune (Tabena
5).
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Ta6ena 5. CacraB pUTOINIAHKTOHCKUX IIMjaHOOaKTepHuja y akymynaiuju bybam y nepuony jyn 2012. — nenemb6ap 2014. ronune.

I'omuHa uCcTpaKuBamba 2012/ 2013/ 2014

M I I " vV \% VI VII VIII IX X XI XII
Aphanizomenon flos-aquae
Ralfs ex Bornet & Flahault -I-/- -I-/- -I-/- -I-1- -+ H[+H- ++/- ++/- ++/- -I+I- -I-1- -I-/-
Chroococcus turgidus
(Kiitz) Nag -I-/- I-l- A+ -+ [+ 4 +/+/- -I+1- -I-1- -I+I- -I+I- -I-/-
Chrysosporum bergii m : . m Ll
(Ostenfeld) Zapomelova et al, /- /-1 /-1 /-1 [+/ +/+/ +/-/ [+] [+/ /-1 /-1 /-1
Gloeocapsa sp. Kitzing -I-/- -I-/- -I-/- -I-1- -I-1- -I-1- -I-/- +-1+ +-1+ -I-1+ -I-1- -I-/-
Lyngbya sp. C. Agardh ex S e 1 B 1 1 Y A VA )
Gomont
Merismopedia tenuissima R e B N B N N
Lemmermann
Merismopedia tranquilla
(Ehrenberg) Trevisan -I-/- -I-/- -I-/- -+ -+ -+ +-1+ -I-1+ -I-1+ -I-1+ -I-1- -I-/-
Microcystis aeruginosa -/-/- -[+]- -[+/+ -[+/+ -[+/+ +/+/+ +/+/+ +/+/+ +/+/+ +/+/+ +/+/+ -[+/-

(Kitzing) Kitzing

Microcystis wesenbergii e e J-]- - - /- - HH+ - J+]- J+/-

Koméarek

Oscillatoria limosa C.Agardh ex - G e i - - - - e e /-
Gomont

Oscillatoria tenuis -/-/- -[+/- -[++ A+ A+ A+ +/+/+ +/+/+ +/+/+ +/+/+ +/+/+ -[+/-
C. Agardh ex Gomont

sl e (el B B X R N N T R N A A

Gomont
Pseudanabaena limnetica

(Lommermann) Komrek B B X e B B X N B X N N P R A

Pseudanabaena sp. Lauterborn -/-1- -[+/- -[+/- -/-- -/-- -/-- -[-/- -/-- A+ A+ A+ -[-1+
Woronichinia compacta

(Lemmermann) Komérek & -I-1- -/-1- -/-1- -/-- -+ A+ A +/+/+ A+ A+ +/+/- +-/-
Hindak

+TaKCOH MPUCYTaH Y Y30PKY; - TAKCOH HHj€ MPUCYTaH Y Y30PKY
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JlerasbaH mpuKa3 u OJHOC M3Mel)y YKymmHe OpOjHOCTH (PUTOIUIAHKTOHA (CPEIhe MECeuHe
BPEIHOCTH 3a CBa TPH JIOKaJIWTeTa) M (DUTOILIAHKTOHCKHX IHjaHOOaKTepHja (Cpearbe MECEUHe
BPEIHOCTH 3a CBa TPH JIOKAIUTETA) MprKasaH je Ha Cruiu 28.

hea/mL YKynHa 6pojHocT duTonnaHKTOHa (rpaduK - Neso) u uujaHoBaKkTepuja (rpaduK - gecHo)
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Camnka 28. Ce30HCKa AMHAMUKA YKYITHE OPOJHOCTH (DPMTOIUIAHKTOHA M YKYITHE OpPOjHOCTH LIMjaHOOaKTEepHja TOKOM
Mepro/ia HCTpaknBama akymynaiuje byoam. [IpumapHa Yy oca naje npukas 6pojuoctu (hen/mL) y neprony
uctpaxuBama oj jyna 2012. no nenem6bpa 2014. ronune

VY ucrpaxuBamy Koje je crpoBepeHo TokoM 2012, 6pojHOCT 3ajeaHurie (GUTOTUTAHKTOHA
6una je y pacnony 1320 - 186 900 hen/mL. Hajeha OpojHOCT (UTOIUIAaHKTOHA youaBa ce Y
aBryCTy Mecelly, JOK je HajHmka Owna y nenemOpy (Cmuka 28). Onx ykymHe OpojHOCTH

(GUTOIUIaHKTOHA, 3ajelHUIa LMjaHoOaKkTepuja OesiexkM HajBehM yneo TOKOM aBrycra Mecena
(86%).

TepenckuMm ucTpakupBameM Ha akymyiauuju byOawm TokoMm aBrycra mecena 2012.
TOJMHE EBHJICHTUpPAHA je 1mojaBa IBeTama (Crnuka 29). AHanW30M y30paka je yTBpheHo na je
nujaHodakTepujcka Bpcra Microcystis aeruginosa (Crnuka 30) gopmupaia 3eneHu onoduim Ha
MOBPIIUHYU aKyMYJIaIlHje.
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Cuuka 29. I{serame Bpcte Microcystis aeruginosa y akymyrauuju by6am (®oto H. Bophesuh - asrycr 2012.
rOJIMHE)

Cmuxa 30. Microcystis aeruginosa y akymynaiuju by6am (6ap ckana 50 um) (@oto H. Bophesuh)

57



Pesynmamu

Hajseha 3abenexxena BpemHocT aOyHAaHIE (UTOIUIAHKTOHA Y HCTPAXKHUBABKY
cuposeneHoM TokoM 2013. rogune 3abenexena je y cenremOpy u u3Hocwmia je 134 515 hen/mL,
ca nujano6akTepujckum yuenom 90%.

Hajumwke BpemHocTH y  OpOjHOCTH  (DUTOIUIAHKTOHA TOKOM YHTaBOT  IEPHOAA
ucTpaxkuBama oenexe ce y 2014. ronunu u Bapupajy ox 180 hen/mL (janyap) no 89 217 hen/mL
(centembap). On ykymHe OpojHOCTH (UTOIUIAHKTOHA, 3ajeHUIA IMjaHOOaKTepHja OelekKHU
HajBehn ynmeo TokoM okToOpa Mecena (84.2%). TokoMm JeTHHX Meceld EBUACHTaH j€ Maj
BpeIHOCTH alyHJaHIle TOKOM jyHa W jyna 2014. romuHe, aJii M TMPOICHTYaTHU YO
1MjaHno0aKTepuja Koju je y jyHy u jyny uzHocuo 18.7-19.24%.

4.2.5. Pe3yaraTu npucycTBa HMjaHOTOKCHHA Y BOAM akymyJauuje byoam

Anammsama HPLC-PDA Boje u3 akymynanuje byOam y30pkoBaHe Ha TpU JIOKAJIWTETa
TOKOM MOHUTOPHUHTA CIpOBeJeHOr y nepuoay on jyna 2012. no geuemOpa 2014. rogune, HuCcy
JICTCKTOBAHW MCIIUTUBAHU [WjaHOTOKCHHU: MHUKPOIIUCTHHH, IUJIMHIPOCIICPMOIICHH, aHATOKCHH
M CaKCUTOKCHH.
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4.3. AlekcaHApoBaUYKa aKymyJanuja

4.3.1. Ilpoceuna MeceyHa TeMmmepaTypa Ba3JdyXa Ha TepuTopuju rpaaa Bpama y
nepuony oa 2012. xo 2014. ronune

HajBuma npoceyna MeceyHa TeMIieparypa Basziyxa Ha TepUTOpHju Bpama y Toky 2012.
rofvHe uM3MepeHa je y jyay meceny (25.5°C), a majumka y debpyapy (-3.7°C) (Cnuka 31).
[Ipoceuna ronumma Temneparypa Bazayxa y 2012. ronqunu je m3nocmia 12.2°C. Tokom 2013.
rOJMHE TPOCEYHE MECEUYHE TeMIleparype Bazayxa Ouie cy y pacmony on 23.9°C (aBrycr) 1o
1.1°C (meuembap), oK je cpeama romuinma Ouna 12.3°C. Y Bpamy je Tokom 2014. ronune
MakcHUMallHa Cpeliba MecedyHa TeMIleparypa Ba3jayxa eBujaeHTHpaHa y aBrycty (22.2°C), a
HajHmka y geuemOpy (2.6°C). MakcumanHa mpoceyHa TOJWIEba TEeMIeparypa Basjayxa je
esugenTrpana Tokom 2014. rogune (12.4°C).
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5.0

0.0
Ja (O] Map Anp Maj JyH Jyn ABr Cen OKT Hos Jey,
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-10.0

— 012 2013 e=—2014

Cauxa 31. [Ipoceyna MecedHa TeMIepaTypa Ba3ayxa Ha TepUTOPHjH rpana Bpama y nepuony on 2012. no 2014.
roause (°C)

59



Pesynmamu

4.3.2. YKynHA KOJUYHHA MaJaBHHA MO0 MecellMMAa HA TepUTOpPHju rpaga Bpama y
nepuony oa 2012. xo 2014. ronune

VYKyIHa roauima KOJUYMHA MajgaBuHa Ha Teputopuju Bpama (Cnuka 32) Tokom 2012.
rofuHe u3HocHIA je 548.8 L/m?, Hajelic m3MepeHe BPEIHOCTH NajaBHHa cy ouie y Majy (114.9
L/mz,) a HajHWXKe BpeaHocTu y aBrycry (1.6 L/mz). Toxom 2013. roguHe TOAUIIHBA BPETHOCT
KOJIMYKMHE TajaBHHa m3HocHia je 600 L/m? Hajseha BpemHocT je m3mepena TokoM debpyapa
(106 L/m® ), a HajHmKa Kao M TOKOM IPETXOAHE TOAMHE y aBrycry Mecemy (3.9 L/m?).
MakcumanHa yKynHa TOJIMIIa KOJWYMHA TaJaBHHA je eBuaAeHTHpaHa TokoM 2014. romune
(898.1 L/m?). Hajseha BpennocT 3aGenexena je y Majy meceny (161.8 L/m?), 10k cy HajMarme
BpeHoOCTH 6rite y Mapry (13.6 L/m?).

L/m?
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60
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20
JaH deb Map Anp Maj JyH Jyn Asr Cen OkT Hos [evy,

— 012 2013 e=—2014

Cauka 32. YKynHa KOJWYHMHA TTaJaBUHA 10 MecelnMa Ha TepUTOpHju rpana Bpama y mepuony ox 2012, mo 2014,
roguue (L/m?)
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4.3.3. IIpocTopHa ¥ BpeMeHCKAa JUCTPUOYIHja (PU3MUYKHUX H XEMHjCKHX MapaMeTapa
BOJIE

Vnazna marpuna 3a COM aHanm3y AJEKCaHAPOBAYKE aKyMyJalHje caapxaia je
MoJaTKe O U3MEPHUM (PU3MUYKHM U XEMH]CKUM napameTpuma (ykymHo 12) u3 ykymHo 93 y3opka
KOjU Cy CaKylJb€HH Ha JoKanuTretuma y mnepuony jyH 2012. — nmememOGap 2014. Ilpema
CIIMYHOCTH M3MEPECHUX (PHU3MUKHX M XEMH]CKHX Mapamerapa AJlEKCaHApPOBaYKe aKyMmyJialyje,
CBH MCIIMTHUBAHM y30pLHU pacrniopel)eHu cy y HeypoHe aBoauMeH3rnoHanHe mpexe (7 X 6) (Cnuka
33).

Ha wuznaznom cnojy COM wmpexe, Ha OCHOBY BPEIHOCTH HM3MEPEHHX (PHU3UYKHX U
XeMHUJCKHX TapameTapa, M3BpIIeHa je Kiacudukaija Ha Tpu rpyme y3opaka: | (3enena), Il
(maBa), Il (xyra) (Cnmuka 33). Ha ocHOBy Opoja y3opaka mo kiactepy onpeheH je HHBO
kiacudukanuje, T0BoJbaH 3a JJajbe CTATUCTHYKE aHAITU3E.

On yxynHo 42 Heypona m3nazne COM wmarpure (Cnuka 33) HajBume mux npumazga |l
rpynu (22), | rpynu npunaga wux 12 u Il rpynu npunana 8 HeypoHa. Y30piM CakylbeHH
MPUIMKOM HCTPaXHBamkha KOj€ j€ CIPOBEICHO TOKOM 3MMCKOT MEPHOAA TPYIHCAHU Cy y TOPHEM
neny wu3nasHe peuietke u ¢opmupanu cy | rpyny. Behmna ocrammx y3opaka NMpHKyIUbEHHX
TokoM mposieha, snera u jecenn (2012.-2014. roawna) TpynucaHu Cy y JIGBOM JIEIIy MPEXe H
dbopmupanu cy |l rpyny koja je jako pazHonuka. M3y3erak cy y30plu cakymybeHH TOKoM 2012.
TOAMHE Y jyHY, Yy, aBTycTy, centeMopy (Jokanuretd 1 u 2) u okToOpy (1oKkanuteT 3) KOju cy
TpyNHUCaHN y JOHEM JeCHOM aeny mpexe u (opmupamu cy Il rpymy. Ilopen momenyrux
y30paKka, y OKBHPY IOMEHYTE Tpyle H3JBOJIIN Cy C€ W HEYPOHH KOjHU Cy OJrOBapaju
JIOKAJIUTETY 3, Ha KOM je y30pKOBame CIIPOBEICHO Yy Majy, jyHY, jyiy 2013. u jyny 2014. roguse.
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Dec2013/1

Jun2012/3
Jul2012/1
Jul2012/2

Avg2012/ 20
Avg2012/1 Jul2013/1 Avg2012/3
Okt2012/3 Jul2013/2 Sep2012/2
Jun2013/3 Jul2013/3 Jul2014/3
un2014/

Ciamnka 33. OpauHanuja ¥ KiacuuKaiuja Jokajaurera OazupaHuX Ha (U3UUKAM U XEMHUjCKHM MapaMeTpuMa
ArnekcanapoBauke akymyiaiije momohy Camoopranusyjyhux mamna (COM). Paznnunte 00je 03HaUaBajy pasinauTe
rpyne. KomoBr Ha cBakoM HEypOHY O3Ha4aBajy pasiiMYHUTE JIOKAJIUTETE aKyMyJialje y30pKOBaHE y Pa3iHYuTOM
nepuony (Mecen/roauHa/nokanuTer). Jlokamnrer 1. y Onmsuan OpaHe; 2. cpequHa akymynanuje; 3. HEHMocpeaHa
Osu3uHa yiiha aKkyMyJiaije

COM wmerona je Takohe Bu3yenuzoBajla U AUCTPUOYIH]Yy BpeAHOCTH 12 (QUMUKUX U
XEMH|CKUX TlapaMmerapa Bojae AuekcanapoBadke akymynanuje (Cnmka 34). Ha COM mpexu
BPEIHOCTH CPEIMHCKUX MapaMeTapa Cy ce yrllaBHOM Mealle y IPaBIly 0/ TOPH-ET Jiejia HeypoHa
Ka JIOBEM, TOPHEr JIEBOI yIJla Ka JOHkEM JECHOM YIIy M cynpoTHo. TemmepaTypa je Ouia
HajMamka y TOpHmEM Jely Mpexe, OJaKjie je omajana MpemMa JOHmeM, AYX YCHOCTaB/HEHOT
rpanujenTa. Jly>k uCTor mpasia Ccy ce KpeTaje U BpeJHOCTH 3a PH 1 KOHIIEHTpalnjy aMOHH]jaKa.
Ca npyre cTpaHe, BpeJHOCTH 3a KOHIIEHTpalujy HUTpata, pocdara, ykynuor P u ykynHor N cy
ce MemaJie Ty UCTOT CMepa, ajlk y CYMpOTHOM MpaBity, Takohe popmupajyhu jacan rpaaujeHr.
Ocranu mepenn napamerpu Ha COM Mpexu HUCY MOKa3au youbuB rpaaujent (Cruka 34).
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Temneparypa (°C) EnekrponpoBoubiBocT (1LS/cm) IMpoBuaxoct (M)

1.9-28.9
KoHueHnTpauuja kuceonuka (mg/L) Carypanuja kuceonnka (%) ®ocdaru (PO, - P mg/L)
3.91-15.62 53.0-217.7 0.06 - 2.67
Amonujak (NH, - N mg/L) Tspaoha (mg/L) Viynuu P (mg/L)

e 2.355

0.06

0.05 2.35

0:04 2.345

0.03

0.02 2.34

0.020 - 0.881

213 - 241

Camka 34. Buzyanuzanuja auctpudynmje 12 Gpusznuknux U xeMujcKux napamerapa AJeKCaHIpoBayKe akyMyJialyje Ha npeTxoaHo Tpernpanoj COM mpexu (rae
je: NOs3-N — xonnenrtpamuja autpata, PO4s-P — konnentpamuja docdara, NHs;-N — konmenrparnuja amonujaka). I'paaujeHT 60ja mpHKa3yje MHTEH3UTET
napaMerapa, Te IpBeHa 00ja MHANMKYje HajBehy BpeJHOCT a IulaBa HajMamby
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| rpyma je nmpencraBjbeHa JIOKAIMTETHMMa Ca HHCKOM TEMIIEpaTypoM BOJIE,
€JIEKTPONPOBOJIJBUBOCTH, HUCKUM MHHEPAJHHUM CacTaBOM M HHUCKOM KOHIIGHTDPAIWjOM
aMOHHjYMOBOT jOHA, a ca Jpyre CTpaHe J0O0pO aepucaHoM BOJIOM BUCOKe mpoBuaHOCTH (Cimka
34). Hajumxa 3abenexxena temmeparypa y | rpynu je 1.9°C, a oBa rpyna uma u MUHUMAIHY
3a0eneKeHy BpPEAHOCT elekTpornpoBosbrBocTH (400 uS/cm). IlpBy rpymy KapakTepHIny H
nucke Bpeauoctu NO3-N (0.6 mg/L), PO4-P (0.06 mg/L), NH4 (0.01 mg/L), mro je u morBpheHo
komroHeHTHUM rpaduxonuma (Cnuka 34). Konnenrpanuja pH 3a gaty rpymy je 6uia y pacrony
8.21-8.67. Ilpumehyje ce mopact caapxaja wmuHepamHux comu y Il rpymmy,
enexTponpoBo/bHBOCT (489 uS/cm) je Beha, 10K je KOHIIEHTpallja KHCEOHHKA Y OJ1aroM maay y
olHOCY Ha mpBy rpymy. Hacympor oBum naema rpynama, |l rpyny kapakrtepuiie BHCOK
muHepanuu cactaB (NO3z-N (4.7 mg/L), PO4-P (2.67 mg/L)) u nucka nposuaroct Boae (0.2 m).
Makcumanna 3adenexena Bpeanoct pH (9.42) npunana neypony Il rpyne (Ciuka 34).

Kruskall-Wallis ANOVA Tect moka3ao je Ja ce CBU MEPEHH CPEIMHCKH (HaKTOpu
CTaTUCTUYKU 3HA4YajHO pa3iuKyjy mo rpynama ocum mnpoBuaHocTH (Tabena 6). 3a yrBphuBame
u3Mel)y Kojux rpymna ImoCTOjU 3HauajHa CTAaTUCTHYKA pa3jiMKa 3a CBAKM CPEIUHCKH Iapamerap
yrorpebsben je Mann-Whitney tecr.

Tadena 6. Cpeame BpemHOCTH + CTaHIapAHa JEBHjalMja Mapamerapa AJIEeKCaHIpOBauKe
aKyMmyJaIgje 1mo rpyrmnama.

CpenuHcKH napameTpu | Fpﬁna m
Temneparypa (°C) 520+2.94 20.17 £ 4.72 25.73 + 2.86
EnexrponpoBoaibuBocT (us/cm) 426.37 +10.51 451.88 + 23.75" 451.68 + 19.88"
ITpoBuanocT (M) 0.69 +0.372° 0.60 + 0.208" 0.63 £0.307*
pH 8.43+0.148 8.69 + 0.282° 8.82 +0.301°
Konuenrparmja kuceonuka (mg/L) 8.33 £ 0.658" 7.94 +1.160° 10.89 +£1.910
Caryparija kuceonnka% 82.71 + 12.766° 83.14 + 11.649° 134.21 £ 28.111
NOs-N (mg/L) 0.989 + 0.3238 1.948 + 0.8095" 2.215 £ 0.9546"
PO,4-P (mg/L) 0.062 + 0.0069 0.202 + 0.2224 1.070 + 0.6882
NH,;-P (mg/L) 0.030 + 0.0083 0.105 £ 0.0845" 0.133 £ 0.1102°
Tspnoha (mg/L) 216.5 + 2.4137 223.02 £ 6.813" 223.68 + 8.212°
Vrynau N (mg/L) 0.223 +0.0730 0.4397 £ 0.1827 0.500 + 0.2155
Vrynuau P (mg/L) 0.020 + 0.0022 0.066 + 0.0734 0.353 + 0.2271

BpeaHOCTH KOje y HCTOM peiy He jelie HCTH CyNEePCKPHIIT Cy CTATHCTHUKH pasmudte : *° p<0.05
AXO CYNepCKpHIIT HEZIOCTaje, CBE BPEAHOCTH Cy MeljyCOOHO CTaTHCTHYKH pa3InyuTe

64



Pesynmamu

4.3.4. TlpoctopHa ¥ BpeMeHCKa JAUCTPUOYIHja BPEIHOCTH KOHIEHTPAIHje
xJiopo¢uiia a Ha nperxoaHo Tpeaupanoj COM mpexn

JuctpuOymonn oOpasail BpEJIHOCTH KOHIICHTpaluje XJjaopoduina a AJlleKcaHIpOoBavKe
akymynamuje npukazad je y3 momoh COM ananm3e Ha NBOAVMMECH3UOHATHO] MPEXH. Y BUIY
KOMIIOHGHTHOT  TpayikOHAa W3BpIICHA je BU3YyelIu3amuja JUCTPpUOYIHje  BPEIHOCTH
KOHIIEHTpaluje xyopoduina a AJEKCaHAPOBAYKE aKyMmyjaluje KOjU je YKJbY4YeH y aHaau3y
[0jeIMHaYHO U TO 1Mo HeypoHuma (Ciuka 35).

CHl a (ng/L)

200

i 150

1100

50

6.21 -410.00

Camka 35. Bmsyanuszauuja auctpuOynuje KOHLIEHTpamuje Xjopoduia a AJekcaHIpoBauke akyMmyJanuje Ha
nperxogHo tpeHupanoj COM wmpexu. I'paaujent 0oja mpHKasyje MHTEH3WTET Iapamerapa, Iie LpBeHa 0oja
HMH/VKYje HajBehy BpeAHOCT a IJIaBa HajMamby
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I'panujent 0oja naje mpuKa3 WMHTEH3UTETA MapamMeTpa, U Ha KOMIIOHEHTHOM TIpadUKOHY
youaBa Ce€ H3J/IBajalb¢é HEYpOHa KOjUMa OJroBapajy HajBehe, OJHOCHO HajHWXE 3abenexeHe
BPEIHOCTH KOHIIEHTpaIuje xaopoduia a (Cinuka 35).

Bpennoctu xoHneHTpanuje ximopoduna a AnekcaHIpoBavke akyMysaldje Kperaie ce y
pacriony oz 6.21 ug/L y janyapy 2014. rogune (siokanutet 1) g0 410 ug/L y okrobpy mecemy
2012. rogune (cBu jgokanutetn) (Comka 35).

[Topen HOBeMOpa mecena 2012. roauHe, U3ABOJWIH Cy € HEYPOHHU KOju Oeliexe, Takohe,
MOBHIIICHE BPEAHOCTH Y OJHOCY Ha YHWTaB IEPHOJA HCTPAKUBAMKa, a TO Cy HEYPOHH KOjH
0JIrOBapajy y30pKOBamy KOj€ je CIpOBEIeHO y centeMOpy u okToOpy meceny 2012. rogune u
jynry 2013 roguse.

4.3.5. Tpopuuku cTaTtyc AjleKCaHIpoOBauKe aKyMyJaluje

Ha oCHOBY cpeamux TOIMIIBMX BPEAHOCTH HHJIEKCA TPOPUYHOT CTama, KOJH je
M3padyHaT Ha OCHOBY BPEIHOCTH KOHIIEHTpaluje YKymHor docdopa u xiopoduia a, Kao u
MPOBUJIHOCTA BOJE , AJEKcaHApoBauka akymyiamnuja je Tokom 2012. mMmana TeHIeHHjy Ka
XHUIIEpeyTPpOPHOM CTamy, MOTOTOBY NpeMa BpEeIHOCTMMA KOHICHTpaluje YKymHOT ¢ocdopa.
YouaBa ce 1a BpeIHOCT WHJEKCA TPOPHUUHOT CTaka, 3aCHOBaHA HA BPEIHOCTH KOHIICHTpAIH]je
ykymHor ¢ocdopa, naga o okrodpa 2012. rogune 1o dhedpyapa 2013. rogune, kaga oneT uMa
TeHaeHIHjy na pacre. Y 2013. u 2014. roguHu WHAEKC TPOPHUUHOT CTama je yjeAHAueH U
YKa3uBao je Ha eyTpodaH CTaTyc aKyMmyJalyje TOKOM TOAMHE, M3Y3€B JIETHHX MECEUHU TIAC je
MMao TEHJICHIIN]Y Ka XUIepeyTpohHOM CTaTyCy Ha OCHOBY cBa 3 mapamerpa (Ciuka 36).

110 ~
s ITC (CHL a) e ITC (IIpoBHOHOCT) == == YTC (TP)

100 -

XunepeyrpodHo

90

70

50 A

MezoTpodHO
30

JyH |Jyn |ABF|CEI‘I|OHT|HOB|,D,ELI, Jau |¢e6|Map|Ar|p|Maj|JyH |Jyﬂ |ABF|CEH|OHT|HOB|,U,ELI, Jan |¢eG|Map|Ar|p|Maj|JyH|Jyn |AEF|CEH|OHT|HOB|ﬂ,eu

2012 2013 2014

Canka 36. Meceune BpeaHocTH nHiekca Tpoguanor crama (UTC) AnekcannpoBauke akyMmylanyje n3padyHare Ha
TeMeJbY POBUAHOCTH BOJIE, KOHIIEHTpaIHje YKymHOT (pochopa u xmopoduna a
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43.6. KpajmuraTMBHAa M KBAHTUTATHBHA aHaJu3a  (QUTOMIAHKTOHCKHMX
nujaHo0aKkTepuja

AHanmu3oM  y3opaka  (DUTOIUIAHKTOHA TOKOM  CHPOBEIEHOT  HCTPaXKHMBama Y
AJekcaHApOBAaYKOj] aKyMmylanuju je 3a0elexeHo mpucyctBo ykynHo 20 TakcoHa
(UTOIUIAHKTOHCKUX — LWjaHoOakTepuja. Kommieran chucak WIACHTU(UKOBAHMX TaKCOHA
nujaHo0akTeprja o0jeUI-EH 3a CBa TPU JIOKAJIWTETa je TpeacTaB/beH y Tabemw 7, Tme je
MPEIU3UPAHO Y KOM MEPUOTY j€ oapel)eHr TaKCOH 3a0eeKeH.

Y 2012. romuan y AJEKCaHIPOBAYKO] aKyMyJalldju Y OKBHUPY (PUTOIIAHKTOHCKUX
janobakTepuja uaeHTrudukoBano je ykynHo 13 takcona (Tabena 7). Hajsehu Opoj TakcoHa je
3a0enekeH TokoM JeTwhux Mecenu (10 Takcona), 10K je Opoj 3a0esekeHuX TaKCOHA Y JECeHhEeM U
3MMCKOM TIEpHOJy 3HAaTHO cMameH (2-1 takcona). HajppexBentHuje Bpcre y 2012. roqunu cy
Raphidiopsis raciborskii (Woloszynska) Aguilera et al. u Pseudanabaena limnetica.

Anamm3om y3opaka u3 2013. rommHe y AJIEKCaHIPOBAYKO] aKyMylaldju je
uaeHTupukoBano 20 TakcoHa (UTOIIAHKTOHCKUX MjaHoOakTepuja (Tabena 7). One mokasyjy
noBehame Opoja 3a0enexeHnx TakcoHa o nponehaux (6-10) xa nermum mecenuMma (10-14), ok
je Opoj meTeKToBaHMX TakcoHa y jecemuM (7-8) u 3umckuM (4) Mecenuma cMameH. Bpcra
Raphidiopsis raciborskii je Omma npucyrHa y cBuM MecenuMma. [lopea MOMEHYTOr TaKCOHAa U
Bpcra Pseudanabaena limnetica je Ouia 3abenexeHa y CBUM y30pIIMMa, M3Y3€B Y Y30pPKYy W3
janyapa wmecerna. HajBehe OorarcBo Bpcra je Omiio y centeMOpy Mecemy Kaaa cy Topen
HaBEJICHUX TakcoHa Owie mpucytHe u cieaehe Bpcre: Anabaenopsis elenkinii V. V. Miller,
Chroococcus minutus (Kutzing) Nageli, Chrysosporum bergii, Cylindrospermum stagnale
Bornet et Flahault, Glaucospira laxissima (G. S. West) Simic, Koméarek & Dordevic, Lyngbya
aestuarii Liebman ex Gomont, Merismopedia glauca (Ehrenberg) Kitzing, Merismopedia
tenuissima, Microcystis aeruginosa, Planktolyngbya limnetica (Lemmermann) Komarkova-
Legnerova & Cronberg u Synechococcus lividus J. J. Copeland (Ta6emna 7).

Tokom 2014. ronquHe (HUTOIITAHKTOHCKE LIMjaHOOAKTEepHje cy Ouie mpeacTaBibeHe ca 19
takcoHa (Tabena 7). Hucy nerekroBaHe caMo y jaHyapy Mecelly. Y JIETHEM U JeCeheM NMEPHoy
BUX0BA Pa3sHOBPCHOCT je Owmiia HajBeha. Y mapTy meceny je uaeHtu¢ukoBaHo 11 TakcoHa, y
cenTeMOpy 1 OKTOOpYy 1o 14 TakcoHa, IOK ce y Majy Mecelry Oenexu maja y Opojy 3a0enekeHnx
takcoHa (5). HajbpexBentnuje Bpcre y 2014. roxunu cy Omne: Aphanizomenon flos-aquae,
Microcystis aeruginosa, Planktolyngbya limnetica, Pseudanabaena limnetica, Raphidiopsis
raciborskii u Synechococcus lividus (Tab6emna 7).
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Ta6ena 7. CactaB pUTOIIIAHKTOHCKUX LIMjaHOOAKTepHjay AJIeKCaHIPOBAYKO] akyMynauuju y nepuoay jyn 2012, — nenembap 2014.
TO/INHE.

lNopuHa ncTpaxuBama 2012/ 2013/ 2014
en Mecen | oW vV VI vIE VI X X xXE X
pnapaenopsis elenkinii V-V e e e e e e e e e e

Aphanocapsa grevillei
(Berkeley) Rabenhorst
Aphanizomenon flos-aquae
Ralfs ex Bornet & Flahault
Chroococcus minutus
(Kitzing) Négeli
Chroococcus turgidus
(Kutzing) Néageli
Chrysosporum bergii
(Ostenfeld) Zapomelova et al
Cylindrospermum stagnale
Bornet et Flahault
Glaucospira laxissima (G. S.

o B N R N R N e T S N R N P R
S B B R 2 e N A N N N WA A &
-I-1- ~I-/- ~[+/- - A+ [+ -[+1- -I-1+ -[+1- -[+1+ -1+ ~I-/-
B N N N A R Vs R B Xt I
-[-- -[+]- -/-1+ S+ [+ [+ A -[+/+ -[+/+ -[-[+ -[+/+ -/-1+

-I-- -l-- --1- -1+~ -+ A+ +/-1- +/+/- -I+/+ -++ -I-1+ -I-1-

West) Simic, Komérek & N A A A VR
Dordevic

Limnothrix redekei (Goor) B B R VI
Meffert

Lyngbyaaestuarii Liebmanex ;e e e e A s e e
Gomont

Merismopedia glauca

(Ehrenberg) Kiitzing Ca A A+ A -I-1+ -I-1-

Merismopedia tenuissima
Lemmermann
Microcystis aeruginosa
(Kutzing) Kitzing

R R B B A A e e R VA A

O B A N e P N A

+ TaKCOH MPUCYTaH Yy y30pPKY; - TAKCOH HUje MPUCYTaH y Y30PKY
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Ta6ena 7. CactaB (pUTOIIIAHKTOHCKUX LMjaHOOAKTepHja y AJIeKCaHAPOBAaYKO] aKyMynanuju y nepuoay jyn 2012. — nenembap 2014.
rojinHe — HacCTaBak Tabere 7.

lNopuHa ncTpaxuBama 2012/ 2013/ 2014

Bpcra Mecen I | Il v V Vi Vil Vil IX X Xl Xl
Oscillatoria limosa C. Agardh e e et e - e o) A - n e -
ex Gomont

Qoulartoriasp. VAUGREreX 1 e e e e e e e e e e
omont

Planktolyngbya limnetica

(Lemmermann) Komarkova- I £ L A & Y CR VAV L S -I-1+ -I+1- -[+1+ -1+ -1+1+ -1+

Legnerova & Cronberg
Planktothrix sp. K.

Anagnostidis & J. Komarek N A -I-1- -I-1- -I-1- -/-1- -I-1- -I-1- -I-1- -[+]- -I+]-
Pseudanabaena Ilmngtlca J-l- e+ A+ A - [+ A A+ [+ A+ -+ 4]+
(Lemmermann) Komarek

Raphidiopsis raciborskii JH- A A+ [+ o+ A+ A+ +/+/+ +H+[+ [+ A+ +/+/+

(Woloszynska) Aguilera et al.
Synechococcus lividus J. J.

-/-/- -/-/- -[+/+ -+ [+ -[-1+ +/-/+ +/-1+ -[+/+ -[+/+ -[-1+ -/-/-
Copeland

+ TaKCOH NPHUCYTaH y Y30pPKY; - TAKCOH HHUj€ MPUCYTaH Y Y30PKY
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Ha Cmunm 37 npukaszan je ogHoc usmely ykymHe OpojHOCTH (PUTOIUIAHKTOHA (CpEImhe
MECEUYHE BPEIHOCTH 3a CBa TPH JIOKAJIMTETa) M (PUTOIUIAHKTOHCKHX IMjaHOOaKTepHja (Cpearbe
MECEYHE BPEIHOCTH 3a CBa TPHU JIOKAIMUTETa) AJIEKCaHIpOBayKe akymylaiuje. bpojHocT
3ajennune gurormankrona Tokom 2012. rogune je 6mna y pacmony ox 9 300 mo 19 200 000
hen/mL (Cmuka 37). On ykymHe OpoOjHOCTH (UTOIUIAHKTOHA, 3ajeHUIA IMjaHOOaKTepHja
npencrasiba yaeo oa 43% (jyn mecen) 10 99% (oktobap mecerr).

hen/mL YKynHa 6pojHocT duTOonNaHKTOHa (rpaduK - neeo) u uujaHobakTepuja (rpaduk - fecHo) hen/mL
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Camka 37. Ce30HCKa AMHAMUKA YKYITHE OPOJHOCTH (DPMTOIUIAHKTOHA M YKYITHE OpPOjHOCTH LIMjaHOOaKTepHja TOKOM
MepHOo/Ia HCTPaKUBama AJIEKCaHIpoBayKke akyMmyianuje. [lpumapHa Y oca aaje nmpuka3s 6pojaoctu (hen/mL) Tokom
2013. u 2014. roqune. CexyHaapHa Y oca aaje npuka3 opojHoctu (hen/mL) y 2012. roauau

On cenremOpa mecenia 2012. roguHe OeeKu ce MHTEH3MBAH CKOK y YKYITHO] OpOjHOCTH
¢urorutankrona (995 666 hen/mL), anu u uwmjanoGakrepujcku ymeo (72%), ma Ou cBoj
MaKCHUMYM JIOCTHTA0 y OKTOOpy Mecery. M3rmen AnekcaHapoBadke akyMmylianuje y Tepruoay O
aBrycra 10 centem6Opa 2012. ronuHe nmpukasas je Ha ciaukama 38-40. V HoBeMOpy u neuemOpy
2012. roguHe y AJIeKCaHIPOBAYKO] aKyMyJallju 3a0€JIexKEHO je€ MPUCYCTBO CaMO JeIHE BPCTE
Cyanobacteria — Raphidiopsis raciborskii (Cruke 41-42). OBa Bpcra je hopmupana 6noduiM Ha
MOBPIIMHU aKyMyJaiije maciauHacto-opaon 6oje (Cnuka 40), a arcosyTHa JOMHUHAIMja OBE
[jaHOOAaKTepHjcKe BpCTe y AJIEKCAaHIPOBAYKO] aKyMyjallMju JOBela je A0 MOTHUCKUBama
KOMIUIETHE (DUTOIUIAHKTOHCKE 3ajeHuIle. Y JeneMOpy wmeceny Yy AJIeKCaHIpOBAayvKO]
aKyMyJainuju 3a0enexeH je 1 MacoBHU nomop pubde (Cnuka 43).

Hajpeha 3abenexxena BpegHocT aOyHmaHie (QUTOIUIAHKTOHA Y  HCTPaKUBAky
cripoBesieHoM TokoM 2013. roaune 6enexu ce y centemOpy u u3nocuia je 1 170 000 hen/mL, ca
njanodakrepujckuM yueiaom 83%. Toxom 2013. roamHe HajBehu IMjaHOOAKTEPH]CKU YO
(87.7%) y 3ajenHunm (PUTOIIIAHKTOHA je eBUACHTHPaH y aBrycty meceny (Cmuka 37). ¥V 2014.
TOJAMHU BpPeIHOCTH aOyHaaHIe (GuTormIaHkToHa Bapupajy ox 133 hen/mL (jamyap) mo 454 666
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hen/mL (aBryct). ¥ ToM MOMEHTY IijaHOOAKTEepHjCKU yueo O0uo je 54%. On ykynHe adyHaaHIe
(GUTOIUIAaHKTOHA 3ajelHuIa LUjaHoOakTepuja Oenexu HajBehnm yneo TOKOM ampuia Mecela
(78.9%) (Cnuxka 37).

Cuauka 39. AnexcanapoBauka akymyJamuja — cenrrembap 2012. rogune (®oro H. Hophesuh) .

=

Camnka 40. Liserame Bpcte Raphidiopsis raciborskii y Anexcanaposaukoj akymynanuju — oktodap 2012. roaune
(®oto H. Bophesuh)
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Cauxa 43. AnekcanipoBadka akymynanuja — aenemoap 2012, FOI/IHe — omop pubde y akymynanuju (©oto H.
Bophesuh)
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4.3.7. Pe3dyaratd mnpuHCyCTBA IHMjaHOTOKCMHA Yy BOAH AJIeKCaHJAPOBaYKe
aKymyJanuje

Anamuzama HPLC-PDA Boae u3 AnekcaHapoBayke akyMyJiamuje TOKOM MOHHTOPHHTA
cnpoBeicHOT y iepuoay ox jyHa 2012. ronune 1o neriem6pa 2014. ronune, uaeHTH(GHUKOBAH je U
kBantuukoBan numHApocnepmorncud (CYN), 10K JIpyrd HCHOMTHBAHU IMjaHOTOKCHHH
MUKPOIIMCTUHU, aHATOKCUH U CAKCUTOKCHH HUCY JETCKTOBAHH.

CYN je unentuduxoBan Ha ocHoBYy mopehema UV-VIS cnekrapa cranmapaa u y3opka,
Kao u nopehemeM HBUXOBHX PETEHIIMOHHX BpeMeHa. V3 mpukazaHMX Xpomarorpama MOXKeE ce
jacHO yOUHMTH MpEKIIamname muka y3opka u crangapaa (Ciuke 44 u 45).
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Cuiuxka 44. Xpomarorpam craugapiaa nuimHapocnepmoncuna (5 mg/L) (262 nm, perennono Bpeme 5.392 MuHyT)
u UV cnexrap cranmapnaa
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Cumnka 45. Xpomatorpam y3opka Bojie AJIeKCanapoBadke akymyiairje (262 nm, pereritono Bpeme 5.371 munyT)
u UV criekrap y3opka (peteHunoHo Bpeme 5.371 MUHYT)
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Banmupanujom Merose 0Ka3aHa je TMHEApHOCT METOe ca Koe(HUIMjeHTOM KoJeparuje I
= 0.9998 u oarosapajyhom jeanaunaom y = 2621 x — 306.1. 3a rpanuity aerekiuje (LOD)
onpehena je Bpennoct 0.188, a 3a rpanuiy kBantuduxanuje (LOQ) 0.507 mg/L.

VY Tabenu 8§ nare cy konnentpanuje CYN-a uzmepene y y3opiuma Boge TOKOM Mepro/ia
HCIIUTHBamka (CpeIma BPEIHOCT ca y30pKoBaHuX jokanutera). Konnenrpamuja CYN-a y 2012.
roauHu je Owra y pacrnony ox 1.61 mo 24.28 pg/L (Tabena 8). KoncrartoBano je mosehame
caapxkaja CYN-a y nepuoay ox aBrycra g0 HoBemOpa 2012. roguHe, Kajga TOCTHXKE MAKCUMYM
(20.47 pg/L), na 6u HakoH Tora yciueauno mnan y konueHtpaiuju CYN-a. Tokom 2013. rogune
konrenrpandja CYN-a kperama ce ox 0.98 pg/L y jyny meceny mo 4.01 pg/L y jamyapy.
Amnanuze cupoBeneHe Ha y3opuuma u3 2013. rogune (Mapt-jyH; HoBeMOap-nenembap) u 2014,
rOJIMHE TIOKAa3yjy Jia 0Baj TOKCHMH HUje OWo mpucyTaH y Boau, Bpennoctu CYN-a cy Ouie ucrop
TpaHuIle ICTEKIH]e.

Ta6esa 8. Bpennoctu konnenTpuuje muwmaapocnepmoncuaa — CYN y Boau AsiekcaHapoBayke
akymynamuje y nepuoay jyn 2012. — neniem6ap 2014. ronune.

CYN (pg/L)
hceen [ N v Vo VI VL VvIE IX X Xl X
T'oguna
2012 ; . - L - 161 822 9.02 2047 4.43
2013 401 356 - - - - 098 121 347 234 - .
2014 - - - L - - - - - -

- HI/Ije JCTEKTOBAH TOKCHH
KBanmuratusaom HPLC anann3zom meTaHojcKor ekcTpakra 1Berajyhe Bpcre Raphidiopsis

raciborskii nerexroBano je nprcyctBo CYN-a u kBaHTH(DHUKAIMjOM OBOT jEMI-EHA Y EKCTPAKTY
je 3abenexeno 6.65 pg CYN-a/mg cyBe mace (c.M.).
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4.4. YnopenHu mNpUKA3 CIANYHOCTH M PA3JIHYUTOCTH HMCIUTHBAHMUX
aKyMyJialnMja Ha OCHOBY cacTaBa (GPUTOIIAHKTOHCKHUX HUjaHOOAKTEpHja

Ha ocHOBY kBayIMTaTMBHOT cacTaBa (PMTOIUIAHKTOHCKUX ITMjaHOoOakTepuja y Tabemama 9
nu 10 mnpukazaHu cy KOCQHIMjEHTH KBAIUTATUBHE CIWYHOCTH/PA3NIUYUTOCTH U3Mehy
ucnutuBaHux akymynanuja [llymapure, byoam u AnekcanapoBauke.

Tabena 9. HMHaekc CIAMYHOCTH H PA3IMYUTOCTH (UTOIUIAHKTOHCKHUX IMjaHOOAKTepHja
WCIHUTHUBAaHUX akymynaiuja no CopeHceny.

AkymyJanuja Axymynanja Hlymapure Axymynaiija byoam
AJekcaHapoBadka aKyMyJialuja 30.30% 34.28%
Axymynanuja by6am 42.85%

Hajmama kBamuTaTHBHA CIMYHOCT (DUTOIIAHKTOHCKUX IHMjaHOOaKTepuja 3a0erexeHa je
mmehy  AnekcanapoBauke wu  akymynanuje Llymapume (30.30%), 3arum  u3mebhy
AnekcanapoBauke u akymyinauuje byb6am (34.28%). Hajsehu mnpoueHaT KBajauTaTHUBHE
CIIMYHOCTH je 3a0enexen u3mel)y akymynanuje Lllymapuiie u bybam (42.85%).

IMpema JKakapaoBoM KOE(DHUIMjEHTY CIMYHOCTH MOTBpHEH je pe3ysiTaT pa3iuduTOCTH
ucTpaxkuBanux akymynanuja (Tabema 10).

Ta6ena 10. MHAgekc CAMYHOCTH U PA3IMYUTOCTH (UTOILIAHKTOHCKUX IMjaHOOAKTEpHja
WCIUTUBAHUX akymynaiuja no XKakapmy.

AkymyJanmja Axymynanuja Hlymapuie Axymynaiija bybam
AnekcaHIpoBayKa akyMyJiaiuja 0.17 0.20
Axymynanuja byOam 0.27

Pa3nmuuuTocT MCIUTHBAaHMX aKymylaluja ce oriena Mo MaioM Opojy 3ajeHHYKHX
takcoHa (5-6), aji ¥ 10 TAKCOHMMA KOjU Cy OMJIM Haj(pEeKBEHTUJU U 1[BeTajyhH Y HCITUTHBAHUM
akymynanujama: akymynanuja [llymapune (Aphanizomenon flos-aquae), akymynanuja Bybam
(Microcystis aeruginosa) u AnekcanapoBauka akymyiaija (Raphidiopsis raciborskiti).
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4.5. VYnopenHu mnpuKa3 OHOTHYKHX @apaMerapa y MCTPa)KMBaHUM
aKymyJanmjama

COM anamm3a je wuckopuinheHa Kao MOTyhHOCT Ja TpUKaXEe W YIOPEIHH
JIUCTPUOYIIMOHU oOpa3zall Tpu OMOTHYKA IapaMeTpa Ha IBOAMMEH3HOHAIHO] MPEKHU (YKYIHY
OpojHOCT (HTOILIAaHKTOHA, OpOjHOCT M OHMoMacy nujaHoOakTepuja) akymynamuje Illymapuire,
bybam n AnexcangpoBauke akymynamuje. OBakBa BuU3yenu3alyja JAUCTpUOYIHje OMOTHYKUX
mapameTapa Mo HEypOHUMa NpEICTaB/beHA je Y BHJY KOMIIOHETHHX TpapUKOHA 3a CBaKH
napamerap, Koju Cy ykJbydeHW y aHanusy nojenuHadHo (Crnuka 46). OBu rpadukoHH 1ajy
MoJaTKe U O BPEIHOCTHUMA, IITO j€ MPEACTaBIbEHO TPAIMjeHTOM 00ja KOjU IPUKa3y]y HHTEH3UTET
napamerapa. Ha ocHOBY oBHX TpadMKOHa, jaCHO CE€ BUIM U3/[Bajaibe¢ HEYPOHA KOjUMa OJIrOBapajy
u HajBehe 3abenexeHe BpeqHOCTH OnoTHUKKX mapameTapa (Ciuka 46).

YkynHa OpojHOCT duTorankTona akymynanuje [lymapure je Omia y pacnony ox 60
hen/mL y janyapy meceuny 2013. na nmokanurery 2 10 4.12x10° hen/mL y okToOpy 2014. Ha
nokanuTeTy 1. MakcnManHe BpeJHOCTH OpojHOCTH ImjaHobakTepuja (4.04x10° hen/mL)
ouomace (1610 mg/L) 6uie cy Ha jgokanutety 3 y okTo0py 2014. rogune (Crrka 46).

Y cnydajy akymynanuje byOam HajHWKa BpeaHOCT aOyHmaHIe (QHUTOIUTAHKTOHA je
eBuAeHTUpaHa y janyapy 2013. ronune Ha nokanmurery 2 (80 hen/mL), a MakcuManHa y aBrycTy
2012. roause Ha jokamurery 3 (1.89x10° hex/mL). A6ynnanua nujanobaxrepuja (1.63x10°
hen/mL) u 6uomaca rujanobakrepuja (141.6 mg/L) cy na nmokanurery 3 Tokom aBrycra 2012.
roJIMHE A0CTHTIIC CBOj MakcuMyM (Cruka 46).

Bpennoct aOyHpaHie (UTOIUTAHKTOHA AJIEKCaHApPOBAaYKE aKyMyJalMje Kperaja ce y
pacriony ox 1.1x10% hex/mL y jamyapy 2013. u 2014. rogune (okamarer 1) mo 19.24x10°
hen/mL y oxtoOpy mecenyy 2012. ronune (jgokanurer 1) (Cauka 46). MakcumanHa 3abenexeHa
BpeAHOCT 6pojHOCTH tujaHoGakTepuja (19.06x10° hen/mL) u 6rnomace uujanoGakrepuja (2344
mg/L) je takohe 6mia y oktoOpy 2012. rogauHe, ajy Ha JOKAIUTETY 3.
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Axymyaanuja IHlymapune

Viynua 6pojuoct ¢puronnankrona (hexa/ml)

Viynna pojuoct unjanodaxrepuja (hen/ml) buomaca unjanodaxrepuja (mg/L)

x10° x10°
4
1500
3.5
3
25 11000
2
1.5
L 500
1
0.5
0 0
60 —4.12x10° 0—4.04x10° 0-1610
Axymyiaauuja byoam
Viymia Spojuoct ¢urornankrona (hen/ml) Ykynua 6pojHocT nujanodaktepuja (hea/ml) buomaca nujanobakrepuja (mg/L)
x10° x10*
16 140
14 120
12 100
10
180
8
60
6
n 40
2 20
0 0
80— 1.89x10° 0-1.63x10° 0-141.6
AJIeKcaH}I])OBa‘lKa axymynaunja
Ykynna 6pojroct dutonnankrona (hen/ml) Viynua OpojHocr uujanodaxrepuja (he/ml) Buomaca uujaHobakrepuja (mg/L)
x10° 108
8 1000
800
6
1600
4
400
2 200
0 0
1.1x107 - 19.24x10° 0 - 19.06x10° 0-2344

Cauxa 46. Busyanuszanuja ynopemHOr IpHWKa3a TUCTpHOynWje Tpu OwoTHYKa mapamerpa (yKymHa OpojHOCT
¢duTomIaHkTOHa, OpojHOCT M Ouomaca ujaHoGakTepuja) akymynanuje Illymapuie, akymynanuje Bbybam u
AnexcaHapoBadKe aKymyJaluje Ha mpeTrxogHo TpeHupanoj COM mpexu. I'pagujeHT 00ja mpukasyje WHTEH3UTET
napamerapa, TJe IpBeHa 00ja oJrosapa Hajsehoj BpeJHOCTH, a IIaBa HajMambO0j
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4.6. Yrunaj omadpanux exkoJomkux ¢(akropa Ha unBerajyhe TakcoHe y
HCTPAKUBAHUM aKyMyJianujama

3a mpenu3HMjU ~ TpPUKa3  OBE3aHOCTH  II0jaBe  IIBETamba  (PUTOIUIAHKTOHCKHX
[MjaHOOaKTepHja ca EKOJIOIIKUM (PaKTOpuMa H3/BOjeHHM Cy cienehn CpeauHCKH HapaMeTpH:
TeMreparypa Boje, pH, koHmeHTpamuja amoHujaka, ykymHor N, ykymHor P kao W oIHOC
ykynHor azora u ¢ochopa (TN:TP) . Ha Cauxama 47-51 nar je ynmopeaHu npuka3 MpOCEUHUX
MECEYHUX BPEAHOCTH CPEAMHCKUX IapaMeTapa M IojaBa [[BeTajyhux TakcoHA y UCTPaKUBaHUM
aKyMmyliaijaMa TOKOM MOHHUTOPHHTA CIPOBEACHOT y mepuoay ox jyHa 2012. roxuue 10
nerem6pa 2014. rogune.

Tokom mepuona uctpaxuBama y akymynanyju Lllymapuiie nHTeH3UBHA T10jaBa IIBETamba
Bpcre Aphanizomenon flos-aquae je Owmnma mpucytHa y oktoopy 2014. roaumne. Y mnepuomy
WHTCH3MBHOT IIBETama Yy aKyMyllallMju Ccy wH3MepeHe cruenehe BPEIHOCTH CpPEAMHCKUX
napamerapa: Ttemmeparypa Boge — 17.38°C u pH Bome — 8.673, xonmuumHa H3MEPEHUX
HyTpHUjeHaTa je Omna cieneha: konuenrpanuja amonnjaka — 0.091 mg/L, ykymHor a3ora - 0.665
mg/L u ykymHor ¢pocdopa - 0.123 mg/L. ¥ akymynauuju [llymapuiie y MOMEHTY I[[BeTamba BPCTE
A. flos-aquae oxnoc ykymuor azora u pocdopa (TN:TP) usnocwuo je 5.4.

Bpcra Microcystis aeruginosa je msetaia y akymynaiuju byoam Tokom 2012. ronuse y
aBrycty Mmeceny. Kaia ce mocmarpajy BpeIHOCTH CBUX IPEJCTaBJbEHUX Mapamerapa Ha Ciankama
47-51, mpoceuHa TemrepaTypa BoJe y IOMEHYTOM Meproay uzHoocuna je 28.4 °C, a BpenHOCT
pH usnocuna je 8.94. Cpeama BpeIHOCT KOHIGHTpamuje amoHujaka je Owmma 0.086 mg/L,
BPEIHOCT KOHIICHTpAIMje YKYIHOT a30Ta je ouna 0.489 mg/L, 10K je BpeAHOCT KOHIICHTpAIH]je
ykymHor ¢ochopa uznocuina 0.112 mg/L. Ognoc ykynHor azota u pochopa (TN:TP) y momeHTy
1BeTama M. aeruginosa je ouo 4.4.

Ca apyre cTtpaHe, y AJIGKCaHIPOBAuKoj akyMmyjandju je nserasa Bpcra Raphidiopsis
raciborskii ox centemopa 2012. ronune. IHTeH3UBHA M0jaBa [BeTama je Ouiaa y oktoopy 2012.
roJUMHE KaJa Ccy y BOAM Biajanu cieaehn ¢GU3NYKH M XEMHJCKH CPEIUHCKH YCJIOBHU:
temmneparypa — 17.17°C, pH — 8.68, xonnentpanuja amonujaka — 0.02 mg/L, ykymnHor a3ora —
0.685 mg/L u ykymsor ¢ocdopa — 0.02 mg/L. ¥ AnexkcaHapoBaukoj aKyMyJalHjH Y TEPUOTY
nBerama Bpcre R. raciborskii ogroc ykymHor a3ota u ¢pocdopa (TN:TP) uznocwuo je 34.3.
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Temnepatypa (°C)

35

30 M. aernginosa

25

20 A. flos-aquae

R. raciborskii

JyH Jyn Aer Cen Okt Hoe [feu JaH ®e6 Map Anp Maj Jydn Jyn Asr Cen Okt Hoe [ey JaH ®e6 Map Anp Maj Jyw Jyn  Asr Cen Okt Hoe [ey
2012 2013 2014

am@um || [yMapUYKa aKyMynaLMja a=@mm AkyMyNaliMja byBGarb am@um A\NeKCAHAPOBAYKA aKYMYAaLMja

Canka 47. YiopeHu IpuKa3 TeMIIepaType Boie HCIUTUBAHNX aKyMyJalfja ca HCTAaKHYTHM IIEPHOJIOM [IBETamka
onpeheHux nujaHoOaKkTepuja

pH

9.5

é\I. aeruginosa

A. flos-aquae

85 " —
R. raciborskii

75

Jyh Jyn Aer Cen Okt Hos [ey Jan ®e6 Map Anp Maj Jyn Jyn Asr Cen Okr Hos [Jey Jan ®e6 Map Anp Maj Jyw Jyn Aer Cen Okt Hoe [euy
2012 2013 2014

e=@== || |yMapuyKa akyMynaumja e=@e= AKyMyNauuja bybaro e=@== /\NeKCaHAPOBAYKa aKyMynalmja

Camnka 48. Yropenuu npukas pH BoJie HCIMTHBaHUX aKyMyJiallkja ca HCTAKHYTUM IIEPUOIOM I[BeTamba ojpeljeHnx
MjaHoOaxTepuja
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AmoHujak (NH4 - N mg/L)
0.50
0.45
0.40
035
0.30
0.25

0.20

0.15 A flos-aquae
0.10
0.05

0.00
JyH Jyn  Asr Cen Okt Hoe [fley JaH @®e6 Map Anp Maj JyH Jyn Asr Cen Okt Hos [fley Jan ©®e6 Map Anp Maj Jyn Jyn Aer Cen Okt Hos [eu

2012 2013 2014

=@ || [yMmapuuKa akymynaumja m— [\KyMY1aLM]a ByBarb e=@== /\/IEKCAH/APOBAUKE aKYMYIaLIM]|a

Cauka 49. YopenHu nprka3 KOHIEHTPALMje aMOHHjaKa BO/IC HCIIUTUBAHMX aKyMyJalja ca HCTAaKHYTHM
MIEPUOIOM I[BETama opel)eHuX IijaHo0aKTepuja

YKynHu N (mg/L)

14 7

12

0.8
R. raciborskii

0.6
04

0.2

A. flos-aqua

Jyn Jyn Aer Cen Okt Hoe [Jeu JaH @e6 Map Anp Maj Jyn Jyn Asr Cen Okt Hoe ey Jan ®eB Map Anp Maj Jyd Jyn Aer Cen Okt Hoe [ey
2012 2013 2014

e ARy MY NaLM]a byGare e \12KCAH/APOBAYKE AKYMYNALM]E =@ |||y MapuuKa akyMynauuja

Cuamka 50. YopenHu nprkas KOHIEHTpaluje yKynHor N y BOJM UCIIMTHBAHHUX aKyMyJiallkja ca HCTAKHYTUM
NIeproIoM IBeTama opelennx nujanobakrepuja. IlpumapHa y oca aje npuka3 KOHIEHTpanuje yKynHor N y BoJIu
akymyianuje bybam n Anexcannposauke akymynanuje. CexkyHnapHa Y oca Jiaje mpruka3 KOHIIEHTpanuje yKymHor N

y Bozu akymynauuje [llymapuiie
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YrynHu P (mg/L)
08

0.7
0.6
0.5
0.4

03

R. raciborskii

Jyn Jyn Aer Cen Oxkr Hoe [fley Janv ®eb Map Anp Maj Jyn Jyn Asr Cen Okt Hoe [Jley Jau ®e6 Map Anp Maj Jyw Jyn Asr Cen Okt Hos [euy

2012 2013 2014
a=@um |llyMapyuKa akymynalmja  e=@mmAxymynauujabybars — es@mmAnexcaHgposadykaakymynaumja

Canka 51. YropenHu npukas KOHIEHTpalLUje YKYITHOT Py BOIM HCIIMTHBAaHUX aKyMyJlallija ca HCTAKHYTUM
TIEPHUOIOM I[BeTama opel)eHuX Iijano0aKTepuja

TN/TP

80.0
70.0

60.0

SOO s Ty
R. raciborskii
40.0
30.0
A. flos-aquae
20.0

10.0 S
M. aerngino.
0.0 .

Jyn Jyn Aer Cen Okt Hoe [eu JaH @e6 Map Anp Maj Jyd Jyn Asr Cen Okt Hoe [Hew Jan ®eb Map Anp Maj Jyw Jya Aer Cen OkT Hoe [ey

2012 2013 2014

a=@e= || |yMapruKa akyMyiaumja =@ Ay Mynaumja byBarb e=@e= /\ floKCaHAPOBAYKa aKYMyNaLM]2

Ciuka 522. Yropeanu npukas ojaoca konienrpanmje ykymaor N u P (TN:TP) y Boau ucuTHBaHUX aKyMyJIaiuja
ca MCTaKHYTUM I[IEPUOJIOM I[BETama opeljeHux 1ujanodakrepuja
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4.7. Edpexar MeTaHOJICKOT eKCTPaKTa HHjaHobakTepHje R. raciborskii na jerpy
namnona coja Wistar

C o03upom Ha TO Ja je aHaNIM3aMa JCTEKIMj€ IIMJaHOTOKCHHA y HUCTPaXHBamy Koje je
CIPOBEJICHO Ha 3 Mayie aKkyMmyjanuje, YTBp)eHO NMPHCYCTBO CaMO LMJIMHIPOCIIEPMOIICHHA Y
y30pKY BOjIe 1 OnoMacu AJIeKCaHApPOBAaYKe aKyMyJIalyje, YIpaBo je TO U OMO pa3Jior 3a 01adup
Bpcre R. raciborskii u ucnutuBame yTHilaja METaHOJCKOT €KCTPAaKTa OBE LMjaHOOAKTEepHje Ha
(GyHKIHM]y TEHETHYKOT MaTrepHujaja, aKTHBHOCT OMOXEMHjCKHX IapaMmeTrapa KpBHOT cepyma,
AHTHOKCHJIATUBHUX €H3MMAa, Ka0 ¥ Ha XMCTOMATOJIOIKE TPOMEHE KOJI MaIoBa.

4.7.1. T'enoTokcMuyHH edeKaT METAHOJCKOT eKCTpaKTa mnujaHod0akTepuje R.
raciborskii y jerpu mamoBa coja Wistar

MeTaHOJICKM €KCTPaKT je MPOLehUBaH Ha OCHOBY yeTupu paziuuute gose: 1 500, 3 000,
6 000 u 12 000 pg/kg T.m., Koje Kopectionaupajy ca 9.97, 19.95, 39.90 u 79.80 pg CYN/kg 1.m.,
Ha ocHOoBY HPLC-oapehenor caapxaja CYN-a ox 6.65 pg CYN/mg excrpakrta. CBaKku maioB y
Tpehoj excnepuMeHTan HOj TPYNH je MPUMHO HHTpANepUTOHEeaTHy Hmbekuujy ox 79.80 pug
CYN/kg 1.m. (98% wumcroha, karanomku 6p. 143545-90-8 o6e36ehen ox crpane NRC CRM,
Kanana) pactBopene y ¢usuosnonikom pactsopy (Shen u cap., 2002; Bazin u cap., 2012). Osa
no3a je exBuBasieHTHa KomuuuHM CYN-a mpucyTHo] y HajBehoj 103U ekcTpakra. AJKaiHa
Bep3nja Komer Tecrta je y HmHMPOKO] ymOTpeOW NpH MPOIEHH T€HOTOKCHYHOI IMOTEHIIWjaa
XeMUKallija u 3araljuBada OKOJIMHE KOJU MOTY JIa M3a30BY OKCUIATUBHU CTPEC KOJU MPOY3POKY]je
omreheme jerpe. Y 0B0Oj CTyIMju, MeTaHOJCKU eKcTpakT R. raciborskii je rectupan mo nuramy
HETOBOT KamaluTeTa J1a HHAYKYje TeHOTOKCUYHU eekaT y jeTpu maroBa. MepeHu cy mpoceyaH
penHu MOMEHaT pema, mweroa nyxkuHa u % JIHK y pemy. Tabena 11 mpukasyje pesynirare
Kowmer tecta y jerpu Wistar marioBa Koju cy OWIM U3JI0KEHH JIE]CTBY METAHOJICKOT eKCcTpakTa R.
raciborskii Tokom 24 u 72 cata. J{uctpuOyiuja "koMera" y pa3iuuuTe Kiiace Ha OCHOBY CTEICHA
omrehema HaKOH O0jema ca eTuIijyM OpoMUIoOM Tpukasana je Ha Crumiu 52.

ExcTpakT je armmMkoBaH MHTPANEPUTOHENHO MalloBUMa Kao mojeauHadna ao3a o 1 500,
3 000, 6 000 u 12 000 pg/kg t.m., y3 HeraruBay (0.9% NaCl) u nosutusHy koutposy (300
mg/kg .M. EMC u 79.80 pg CYN/Kg 1.M.). EMC je mpoy3poKOBao CTaTUCTHYKH 3HAYajHO
noBehame omrehema [JHK, mTo ce ornenano mosehamem nyxuHe pena KOMETe, MOMEHTa pera
u npouenrta JIHK y peny, y nopehemy ca HeraTuBHOM KOHTpoiHOM rpynoM. EMC kopunthen
Kao TO3WUTHBHA KOHTpOJAa je JEMOHCTPHpAO OcCeT/hMBOCT KoMeT Tecta W TpOM3BEO jacaH
MO3UTHBAH OJITOBOp 3a KopuIilheHy KOHLIeHTpalyjy. Y jerpaMa namosa Tpetupanux ca CYN-om,
nyxwuHa perna, % JIHK y perry u momeHat pena cy Ounn 24 yaca HakoH TpetMaHa 2.3, 2.56 n 9.8
myta, ogHocHo 2.7, 2.8 u 10.2 myra 72 yaca HakOH TpeTMaHa, W3HAJ OCHOBHE BPEIHOCTU
u3MepeHnx y HeraTuBHOj KoHTposiu. Mako je CYN y kounenrpammju ox 79.80 pg/kg t.m.
MPOY3pOKOBA0 CTATUCTUYKHM 3HauajHo noBehame y omtehemy JIHK, oBo omreheme je 6uio
Mame 0] OHOT M3a3BaHOT IPUMEHOM €KCTpaKkTa y HajBehoj 103H.
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Tadena 11. ['eHoTokcHYHU eeKaT METAHOJICKOT eKCTpakTa nujanobakrepuje R. raciborskii y
jerpu maroBa coja Wistar 24 u 72 cara HakOH TpeTMaHa mpumeHoM Komer eceja y in Vivo
yCJIOBHMA.

Tperman Hyxuna pena % JAHK y pemy f;)r;/[}:{aT
24 cara
HeratusHa konTpona 18.5+0.5 11.91+0.84 2.93+0.10
EMC 97.2+2.08"  57.4+202" 69.1+0.86 "
CYN 41.9+0.45% 30.5+£0.17" 28.7 +0.93™
1500 pg/kg 34+067* 19.15+ 127  953+0.50™"
3000 pg/kg 37.16 £0.7°% 28.04+0.48%  32.25+0.61"
6000 pg/kg 59.46 +1.36* 4355+ 1.4 17.31+0.68™
12000 pg/kg 9441+2.02" 5854+1.10"7  80.72+0.82°"*
72 cara
Herartusua koutpona  14.4 + 0.55 9.01+0.78 1.32+0.19
EMC 7740777 4724096 82.4+526 "
CYN 38.6 +£0.64* 25.6 +1.04™ 13.4+0.72"%
1500 pg/kg 29.90+1.02%  28.49+0.87%  1645+1.1%
3000 pg/kg 48.60 + 15+ 41.48+261"  39.83+1.02°
6000 pg/kg 59.13+0.95F 38.25+1.16"*  34.38+1.10°"*
12000 pg/kg 104.81+2.9" 5889+1.26"  61.80+1.83"

Pesynratu npesicTaBibajy cpenmy BpeaHocT = C./1. U3 Tpu He3aBUCHA EKCIIEPUMEHTA;
H=5 )xuBoTHRA Yy rpynu; EMC: etun metanocysdonar; CYN: HMIMHIPOCTIEPMOIICHH
“p < 0.05 y mopeljersy ca HEraTHBHOM KOHTPOJIOM

5 < 0.05 y mopehemy ca rpymnom xkuBOTHEa TpeTHpaHux ca CYN-om

ip <0.05 y mopehemy ca EMC-om

Kao miro ce moxe Bugetn y Tabenu 11, MeTaHOJICKH €KCTPAKT j€ MOKa3a0 T€HOTOKCUYHU
MOTEHIMjall Y CBUM TECTHPAHUM KOHLEHTpalujama y mopehemy ca HeraTUBHOM KOHTPOJIHOM
rpymom (p < 0.05).

Hakon 24 cara Huje youeHa 3HayajHa pasiuka u3Mely rpymna u3jaoKeHUX METaHOJICKOM
excrpakty y no3u o1 12 000 pg/kg u EMC Hu no nutamy ayxune pena, auta % JJHK y peny. ¥
rpyramMa TpEeTHpaHUM €KCTPAaKTOM TpH mapamerpa cy ce nmoehana y 3aBucHocTH o1 n1o3e, 12 000
ug/kg .M. ca myxunom pena ox 5.1, % JIHK y peny on 4.9, u cpeamuM MOMEHTOM pemna O
275 myra wu3HaA BpPEOHOCTH HETaTWBHE KOHTpoje. [IpuiMkoM TpeTMaHa BHIINM
KOHIIEHTpallMjama eKCTpakTa, npuMmeheHo je mosehawme y MOMEHTY pemna oj mpubmmwkno 1.17
IyTa BHIIE OJ BPEAHOCTH TIpymne XUBoTUHa Tpetupanux EMC-om. Hakon 72-yacoBHOTr
u3Jarama Huje oo 3Havajae pasmke y % JIHK y perry usmel)y yzopaka tperupanux ca 3 000
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ug/kg excrpakta u EMC-om. TpeTrmaH HajBUIIOM KOHIEHTpAlWjoM je 3Ha4yajHO moBehao
(bpexBeHIMjy Ty)XUHE pera y nopelermy ca HeraTUBHUM M NO3UTHBHHM KOHTPOJIHHM Tpyrama
(mpubmmxkHO 7.3 U 1.4 myTa).

Cauka 53. Mukpodortorpaduje nuctpudynmje "komeTa" y pa3nTuuuTe Kace Ha OCHOBY CTeleHa omrTehema HaKoOH
0ojema ca etunujym opomunom; Heratusua xonTpona (A u B, 24 u 72 cara nocie tpermana), EMC-oM Tpetupanu
nanoBu (C u D, 24 u 72 cata nmocne tpermana), CYN-om Tpetupann nanosu (E u F, 24 u 72 caTa mocne TpermaHa),

1500 pg/kg T.m. (G u H, 24 u 72 cara nocne tpermana), 3 000 pg/kg t.m. (I u J, 24 u 72 cara nocne Tpermana), 6
000 pg/kg .M. (K u L, 24 u 72 cara nocne tpermana) u 12 000 pg/kg t.m. (M u N, 24 u 72 cata nocine TpeTMaHa)
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4.7.2. Yruuaj excrpakra R. raciborskii ma Ouoxemmjcke mapamerpe y cepymy
namnosa coja Wistar

Y mwey yrBphuBama cremeHa omrehema jeTpe EKCIePUMEHTAIHUX JKUBOTHHA
TPETHPAHUX METAaHOJCKUM EKCTPaKTOM IjaHoOakrepuje R. raciborskii, ucnuran je HHBO
OMOXEMH]CKUX IapameTapa y cepyMmy 4YHja ce HeyoOW4ajeHa aKTUBHOCT WJIM KOHIICHTpallnja
MOBE3yje ca CTambuMa TOKCMYHOCTH W mopemehaja y paxy jerpe. Ha ocHOBy pesynrara
OMOXEeMHUjCKUX TapaMeTapa y CepyMHMa EKCIIEPHMEHTAIHUX >KUBOTHEA MOXE CE OJPEAUTH
HUBO CMamema (DYHKIMje U TUjarHOCTU(UKOBATH CTENCH MpoMeHa. bruoxeMujckuM Mapkepruma
HOPMAJHOT (DYHKIIMOHHCAmha jeTpe WCIHUTaHa jé €H3MMCKAa aKTUBHOCT ajJaHWH TpPaHCAMHHA3e
(ALT), acmaprar tpancammuase (AST), ankamne ¢ocharaze (ALP) u rama rimyrammi
tpancdepaze (GGT). Ilopen Tora, y cepymuma je KBAaHTU(HUKOBAHA M KOJMYMHA YKYITHHX
nporeuna (TP), ykynuu ounupyounu (TB), ykynau anoymunu (ALB). [IpoyuyaBanu cy edekru
pa3MUUUTHX 032 MeTaHoJcKor ekcrpakra R. raciborskii m CYN-a y cepymy kon
excriepuMeHTanHux rpyma mamnoBa. AktuBHocT AST, ALT, ALP u GGT ensuma u ausou TP, TB
u ALB mepenu cy HakoH 24 u 72 uaca u npukazanu y Tabenu 12. Ananuza OMOXEMHjCKUX
napamerapa y cepymMy HakoH 24 daca, nokasyje na aktuBHocT AST craTrctuuku 3Ha4ajHo (P <
0.05) pacre xon rpyma Tpetupanux ca 1 500 u 12 000 ug/kg T.M, y OHOCY Ha HETpETHPaHy
rpyny. [lopen Tora, npumMehena je 3Hadajo cMmameHa aktuBHocT ALT u ALP (p < 0.05) y cBum
eKCIIEPUMEHTAIHUM Tpynama 24 caTa HAaKOH TpeTMaHa EKCTPaKTOM, Y OJHOCY Ha aKTUBHOCT
OBUX €H3UMa y CcepyMy HeTpeTtupaHux >xuBotuma. Kom tpermana ca CYN-om (79.80 ng/kg
T.M.), aktuBHOCT AST 1 ALT eHsuma y cepymy ce 3HadajuHo mosehana (p < 0.05)) y nopehemy
ca HeTpeTupaHoM rpymnoM. Mehyrum, Huje Ouno moryhe oTkpuTH 3HauajHuje mpomene (P >
0.05) y cepymckoj aktuBHOocTd AST m ALT eH3uMCKHX Mapkepa y rpymnama TpPETHPaHUM
exctpaktoM u CYN-oM HakoH 72 cara, y nopehemy ca HeTpeTupanom rpymom. AktuHocT ALP
ce CMamHiIa caMO KaJaa je eKCTpPakT mpuMemeH y no3ama o 1 500 u 6 000 pg/kg t.m., a
nosehana ce y cepymy marosa y rpynu tpetupanoj ca 79.80 pg CYN/Kg T.m., Hakon 72 h y
nopehemy ca HeTpeTupaHuM >kuBOoTHHaMma. [Ipomene y axtuBHocTH AST um ALT cy Oune
n3pakeHuje 24 cara HAKOH MHTOKCHKAIHMje EKCTPAKTOM WJIM YHCTUM TOKCHHOM Y OJHOCY Ha
aKTUBHOCT OBHMX €H3MMa /2 caTa HaKOH MHTOKCcHKaiuje. Takohe, YMCT TOKCHH je IpOYy3pOKOBA0O
Behe npomene y aktuBHOocTH AST u ALT y cepymy Hero meraHosicku ekctpakt R. raciborskii
HakoH 24 carta. Hujenna ox nosa nujaHoOakrepujckor excrpakra CYN-a Huje mokasana
3nauajHe npomene (p > 0.05) y cepymckoj aktuBHocT GGT Hakon 24 wiu 72 cata. Takohe, y
nopehery ca KOHTPOJIHOM rpyrnom, HuBoH TP, TB u ALB cy ocranu Henpomemwenu (p > 0.05) y
CBUM €KCIIEPUMEHTAITHIM yCJIOBHMA.
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Ta6ena 12. Ytunaj ekcrpakra R. raciborskii Ha 6rnoxemujcke mapamerpe y cepymy narosa coja Wistar.

i(rﬁg/’f%“;p;";ma AST (U/L) ALT (U/L) ALP (U/L) GGT (UIL) TP (g/L) TB (umol/L)  ALB (g/L)
24 cara
KomTporna 14258 £7.87  55.66 £ 2.73 659.5 + 46.51 438+064 6561+1.35 242028  27.29+1.09
CYN 48320 + 68.55% 152.35+37.96* 536.30 + 23.07 250+£0.28  69.85+1.15 0.81+001 24.70+1.81
1500 pg/kg 176.97 + 13.60* 46.03£2.34*  438.63+63.01*  650+1.04 70.33+127 250+0.40  27.77 +0.73
3000 pg/kg 147.93+10.80 4247 +2.72*  40223+55.88*  640+133  6533+267 280+020  26.83+0.46
6 000 pg/kg 152,97 £9.82  42.27+£2.48*  419.71+41.44*  267+076  63.03+£260 210+021  25.83+0.48
12000 pg/kg ~ 181.90+19.99* 44.63+177*  43247+3366*  447+084 67.86+261 230+010 27.34+0.77
72 cata
KonTporna 137.02£1256  56.94 + 2.30 668.72 * 33.94 446+0.76  64.63£2.95 218%022  29.17 + 1.69
CYN 14430 £8.32  61.40 +6.42 736.75+40.07*  2.90+0.36  60.85+0.65 0.87+0.06  17.50 +0.40*
1 500 pg/kg 14760 £9.50  56.47 +4.10 425.40+23.90~  2.37+052 67.20+2.00 2.90+0.64  26.76+0.93
3000 pg/kg 141.37 £14.00  57.07 +2.30 616.13 + 9.25 377+038 6503+1.14 237040 27.48+054
6 000 pg/kg 158.90 + 1527  49.83 £ 4.24 41350+39.30x  4.13+050 69.56+4.91 227+052  28.17 +1.80
12000 pg/kg ~ 147.77+ 1354  58.43+4.52 650.53 + 32.49 463+133 6640+0.85 213+0.32  28.50+0.70

Pesynratu npencrarspajy cpenty Bpeasoct £ C.JI. U3 Tpu HE3aBHCHA €KCIIEPUMEHTA; H = 5 )KUBOTHIA y rpynu; ALT: ananun Tpancamunase; AST: acmaprat
TpaHcamunase; ALP: ankanue docdaraze; GGT: rama riyramun tpancdepase; TP: ykynuu npotennu; TB: ykynuu Ownnpyounn; ALB: ykymHu anGymunu.
*p < 0.05 y mopehemy ca HEraTHBHOM KOHTPOJIOM.
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4.7.3. Edexar excrpakra R. raciborskii Ha akTHBHOCT AaHTHOKCHAATHBHUX €H3MMa y
jeTpu mauoBa coja Wistar

Edextu excrpakara R. raciborskii ma mapamerpe okcumarusHor crtpeca (CAT, SOD,
GSH u TBARS) y TkuBHMa jeTpe eKCIEPUMEHTAIHUX KUBOTUA NpEACTaBibeHH cy y Tabenu
13.

VY y3opiuma jeTpe Ko Tpylie TpeTHpaHe eKCTpakToM y KoHmeHTpauuju ox 3 000 pg/kg
T.M. (HakoH 24 yaca) youyeHO je HajBehe OKCHIATHBHO oINTeheme, JOK Ce KaTaluTHYKa
aktuBHOCT CAT cmamuia Ha 53.6% BpeqHOCTH y OAHOCY Ha BPEIHOCTH U3MEPEHE Y KOHTPOIIHO)]
rpynu. Ilpu nopehemy y3opaka tperupanux ca CYN-oM u HeraTuBHE KOHTPOJIE, KaTaTUTHYKA
aktuBHOCT CAT ce cmammna Ha 56.4% y omgHOCy Ha HEraTHMBHY KOHTpOJy. Y Y30pIMMa
KUBOTHA HakoH 72 h, Hajeehe okcumatuBHO omTeheme je 3a0CNEKEHO 3a EKCTPAKT Y
koHueHrpauuju ox 6 000 ug/kg T.M., momTo ce Karanuthuka akTuBHOCT CAT cMmamuia Ha
50.5% y mopehemy ca BpenHomthy HeratuBae kKoHTposie. CYN je m3a3Bao Mame OKCHUIAATHBHO
omrreheme y mopehemy ca ekcTpakToM y KoHueHTpanuju ox 6 000 pg/kg .M., momro ce
aktuBHOCT CAT cmamuna Ha 68.2% y omHocy Ha HeraTBHY KoHTpouy. KartamuTiuka
aktuBHOCT SOD Yy y30puuma sxuBoTHIba TpeTupanux excrpakrom (3 000, 6 000 u 12 000 ug/kg
T.M. HakoH 24 w4aca), ce 3HauajHo cmammia (P < 0.05) y mopehewy ca HerperupaHum
KUBOTHHaMa. Hajehe cMmameme je 3a0ee:KEHO KOJl KUBOTHHA TPETUPAHUX CKCTPAKTOM Y
koHrenrpauuju ox 3 000 pg/kg T.M. HakoH 24 dyaca, JOK je mociie /2 4Yaca CEKCTPaKT y
koHueHtpauuju ox 6 000 pg/kg T.M. mokaszao Hajuzpaxkenuje cmameme SOD (56.9%) y oaHOCy
Ha BpEJHOCT HeraTHMBHE KOHTpoje. Y y3opuuma TtperupanuMm ca CYN-om karamuruyka
akTuBHOCT SOD ce cMamuiIa y OJHOCY Ha HEraTUBHY KOHTpOIy, mokasyjyhu 65.9% (nakon 24
4) u 76.6% (HakoH 72 1) aKTMBHOCTH KOpecroHaupajyher eH3uMa y kontponu. Takole, Hajsehe
cMamerbe KoHleHTpaije GSH je ko mpuMene excrpakta y konientpaiuju o1 3 000 pg/kg T.m.
HakoH 24 h. CnuuHu pe3yaTaTiMa 3a MIPUMEHY eKCTpakTa y KoHueHTparmju ox 3 000 pg/kg .M.
cy Omnu pesynrtatu aHanuse y3zopaka Tpetupanux ca CYN-om. V jeTpu KUBOTHHA TPETUPAHUX
eKcTpakToM y KoHieHTpanuju o 6 000 pg/kg T.M. 3a0enekeHo je CMamelne KOHIEHTpAIHje
pelyKoBaHoOT TayTaTHoHa 65.4% y TpetmaHy HakoH 72 4. Omreheme nza3sano CYN-om je 6mito
HIKE y OJTHOCY Ha y30pKe eKCTpakTa ca KoHIeHTpanujom o1 6 000 pg/kg T.m.

Ha kpajy, edekar anmMuHHCTpauuje METaHOJICKOI €KCTpakTa LujaHoOakTepuje R.
raciborskii nporemen je u MmepemeM HHBoa TBARS kao ommTuM HHIAKATOPOM OKCHAATHBHOT
cTpeca y XOMOTEHATY jeTpe U m3pakeHa je kao nmol manonauangexuna (MDA)/mg nporeunna.
HajBuima koHueHTpanuja je 3a0enekeHa y y30piumMa KpBH KUBOTHHA TPETUPAHUM €KCTPaKTOM
y xouuentpauuju ox 1 500 pg/kg T.M., HakoH 24 4, Tako WTO je KoHUeHTpauja TBARS Ouna
1.69 nyra m3Hax Oa3zanHe BPeIHOCTH y HETaTUBHO] KOHTpONH. Takole, n HaKOH 72 4 eKCTPaKT y
koHueHnTpauuju ox 1 500 pg/kg T.M. je mpoy3pokoBao 3HauajHO okcuaaTHBHO omuteheme, 1.59
MyTa U3HaJ BPEIHOCTH U3MEPEHE y HETaTUBHO] KOHTPOIHO] Tpynu. OKCUIATUBHU CTPEC KOJU je
n3zazBao CYN je OMO HMXXKM Yy OJHOCY Ha Y30pKE >KHBOTHHA TPETUPAHUX Ca EKCTPAKTOM Y
konneHtpauuju 1 500 pg/kg T.M. (HakoH 24 u 72 4), nomro cy koHieHTpamnuje TBARS Ouie
1.30 u 1.23 nyra u3Ha] BpEAHOCTH U3MEPEHE Y HETaTUBHO] KOHTPOJIH.
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Ta6ena 13. Edexar metanosickor excrpakta R. raciborskii na akTuBHOCT aHTHOKCHIATHBHUX
€H3MMa y jeTpH maroBa coja Wistar.

Konnenrpamja CAT SOD GSH UL
mg/kg T.m. U/mg nporenna U/mg nmpotenHa mg/g mporenHa 8l LS
pOTEHHA
24 h
KonTposa 61.14 +2.38 26.5+1.35 51.86+ 1.74 324031
CYN 34.41 +1.88* 17.45 £ 0.95* 31.97 +1.18* 422 +0.12*
1500 pg/kg 54.59 + 3.28 2442 +1.26 56.03 + 0.22 5.48 + 0.26*
3000 pg/kg 32.75 + 3.22* 1553 £1.73* 31.33+1.47* 3.80+0.09
6 000 pg/kg 39.48 + 2.60* 18.25 £ 1.30* 41.72 + 1.24* 4.61 + 0.36*
12 000 pg/kg 40.20 + 1.40* 18.73+0.17* 37.67 +0.81* 474 +0.17*
72 h
KonTposa 59.96 + 2.82 25.75+1.51 54.91 + 2.47 3.27+0.30
CYN 40.88 + 1.66* 19.22 £ 0.48* 4408 +1.12 4.01+£0.09
1500 pg/kg 48.71 + 2.82* 23.12+2.76 53.97 +1.82 5.20 £ 0.50*
3000 pg/kg 45.17 + 2.05* 22.85+0.80 54.57 +1.43 4.04 +0.02*
6 000 pg/kg 30.20 + 2.31* 14.65 £ 0.54* 35.92 + 2.10* 341+031
12 000 pg/kg 49.73 + 1.75* 19.31 £ 0.33* 39.48 + 1.91* 3.71+0.40

Pesynratu npezacrasibajy cpeamy Bpeanoct = C.JI. U3 Tpu He3aBUCHA EKCIICPUMEHTA; H = 5 )KUBOTHbA
y rpymu; CYN: munuaapocnepmorncus; katanasa (CAT); cynepokcua qucmytasza (SOD); penykoBaHu
rnytatioH (GSH); mapametpu munuaae nepokcunaiuje (TBARS). *p <0.05 y omHOCY Ha KOHTPOITY,

4.7.4. EdexTn MeTaHoJcKor ekcTpakrta R. raciborskii ma mopdoJsiomke napamerpe y
jerpu manosa coja Wistar

Kao mto je mokazano y Tabenu 14 n Ha Cnunu 53, TKUBO jeTpe HamoBa U3 KOHTPOJIHE
rpyne je MoKa3uBajo HOpMajHy henMjcKy CTPYKTYpy ca jaCHO yO4WbMBHM henujama jeTpe u
cuHycouHOM mpoctopHoM cTpykTypoM (Cmmka 53A, 53G). Kox kuBOTHIA TpPETHpPAHUX ca
CYN-om, npenapatu jeTpe cy mokasuBaiu Beha omrehema HakoH 72 4 Hero HakoH 24 4. OBO
omreheme ce yriaaBHOM OIVIEAAIO KPO3: CUHYCOMJIHY AWJIaTalijy LEHTpallHe BeHEe, XUIPOICHY
JeTeHepalujy ¥ HMHTpaaoOymapHy uHbuitpaiujy nmuMpormra (Ciauka 53B, 53H). dokamHa
Hekposa jerpe maroBa TperupaHux ca CYN-oM HakoH 72 4 je Ouna IeHTpuioOyiaapHa |
JIOKAaJTM30BaHa OKO IEHTPAIHUX BeHa. lIpemapaTu jerpe rpyna TpeTHPaHUX EKCTPAKTOM Cy
MOKa3aJId CUHYCOMJIHY JTMJIaTalH]y, XUIPOICHY JAeTeHepann]jy, HHTpanoOyIapHy UHQHUITPALH]jy
aumdoruta U pokanny auTnuky Hekposy (Cnuka 53C-53L). Takolhe je gomuto u 10 BakyogapHe
nereHepaiyje, armonrtoze u xuneprpoduje Kyndeporux hemmja (Crnuka 53J-53K). Melhytum,
Hajo30nIpHMje omTeheme TKUBa jeTpe je mpumeheHo HaKoH 72 4 y TpYIH K0jOj je TaT eKCTPAKT y
koHieHTpanujama o 3 000 u 6 000 pg/kg T.m. Ilpenaparu jeTpe maioBa U3 rpyme Kojoj je aat
ekcTpakT y koHrentpauju ox 1 500 pg/kg T.M. cy nmokasanu Marme maToMopdoIomike npomMeHe,
CIIMYHU]€ OHUM M3 KOHTPOJIHE IPpyIe HAaKOH 72 d.
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Ta6ena 14. Epextu metanosckor ekctpakra R. raciborskii Ha Mmopdosiorike napameTpe y jeTpu maiosa.

XHCTOMATOIONIKY TTApaMETPH jeTpe

KonueHntpanuja iiiﬁ:ﬁiﬁf XuzgporncHa Bakyonapha HHTpaHO6yHaPHa @oxanna  Kondayentna PR
mg/kg T.m. ICHTPAJTHE JIeTeHepalija  JIereHepaiyja HI;S;IETOT ;T?a HEKpOo3a HEKpo3a e Ky%?;ﬁf;nx
BCHE

24 cata
Kontpona - - - - - - - -
CYN ++ + - - - - - -
1500 pg/kg ++ + - - - - -
3000 pg/kg + - ++ + - + -
6 000 pg/kg + - + ++ - -
12 000 pg/kg ++ + - - ++ ++ - +

72 cara
Kontpona - - - - - - - -
CYN +++ ++ - + ++ - - +
1500 pg/kg + - - - - - - -
3 000 pg/kg ++ - +++ + + ++ + +
6 000 pg/kg ++ ++ + - ++ + - +
12 000 pg/kg + + - - + - + .

® [Ipomese: (-), oxcycTBo; (+), 6mare; (+4), cpenme; (+++), uspaxene; CYN: IUIMHAPOCIEPMOIICHH.
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Cuamka 54. PenpesenraTuBHe MUKpodoTorpaduje TKUBHUX Ipernapara jerpe namosa: A — KOHTpoda, 24 cara nocie
tpermana; B — CYN-oMm Tpetupanu namnosu, 24 cara mocie tpermana; C — 1500 pg/kg T.M., 24 caTa nociie TpeTMaHa
D — 3000 pg/kg T.M, 24 cata mocne TperMana; E — 6000 pug/kg T.M, 24 cata mocne Tpermana; F — 12000 pg/kg .M,
24 cata nociie TpermMana; G — KOHTpoJHa Tpymna, /2 cara nocie TperMana; H — CYN-om tpetupanu nanosu, 72 cata
nocne TperMana; | — 1500 pg/kg .M, 72 cara nocie Tpermana; J — 3000 pg/kg T.M, 72 caTta mocne tperMana; K —
6000 pg/kg .M, 72 cata mocne Tpermana; L — 12000 pug/kg t.M, 72 cata mocne Tpermana. Yeehawwe, 100X u 200X.
Osnake: Sd — cuHycoMIHa Awiarainuja ueHtpanHe BeHe; hd — xuapomcHa paerenepaumja; vd — BakyonapHa
nereHepanuja; il — uHTpanobynapHa uHduntpauuja numdouura; fn — ¢okanHa Hekpos3a; CN — KoH(IyeHTHA
HEKpo3a; a — anonTo3a; K¢ — xuneprpoduja Kyndeposux henuja
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Huckycuja

[lo3HaBame JejcTBa EKOJIOIIKUX (paKkTopa KOjU YTUYY Ha CacTaB U JUHAMUKY
(DUTOIUIAHKTOHCKHX IMjaHOOAKTEpHja 0/ KJbyUHE j€ BaKHOCTH KaKo OU Ce€ CIPOBEJIO aJeKBAaTHO
yIipaBjbame U Nnpaheme BOJHUX pecypca y by KoHTposie pusuka (Humbert u Fastner 2017).
Benmuku Opoj pocamammsux CTyauja CBEIOYM O IIOCTOjarby JaKOT YTHIAja CPEIMHCKUX
napameTapa Ha (UTOIUIAHKTOHCKE LjaHOOakTepuje (Znachor u cap., 2008; Zohary u cap., 2010;
Wojciechowski u Padial, 2015). Mexanu3mu nejctBa CpeauHCKHX (DakTopa HUCY jJOII YBEK
MOTITYHO jaCHHU, MAKO Cy CIPOBE/ICHa MHOTa UCTpakuBama (Zohary u cap., 2010). [Tocnenmux
JIelieHr]ja CIIpOoBeIeHa Cy OpojHa UCTpaKMBama IujaHobaktepuja U 'y Cpouju. MctpakuBama Ha
aKymyJsalrujama 3a BojJocHabeBame Omia cy Opojaa u kontunyupana (Karadzi¢ u cap., 2010;
Sedmak u Svircev, 2011; Kosti¢ u cap., 2016; Svir¢ev u cap., 2017; Blagojevi¢ Ponjavi¢ u cap.,
2019; Trbojevi¢ u cap., 2019a, 20196), a mane akymynamnuje npaheHe cy crmopaaudHo, y
pasIMYMTAM MEPHOAMMA HWIIM jeJHOKPATHO y JCTHUM Mecenuma (Jovanovié u cap., 2017
Jovanovi¢, 2020). Ca apyre crpaHe, BEJIMKH je Opoj IOCTYNMHHX IojgaTaka U o Oapama,
pubmanumMa 1 aKkymysandjama Ha teputopuju Bojsoaune (Drobac u cap., 2016; Tokodi u cap.,
2018; Tokodi u cap., 2020). YrpaBo cy cBe yuecTajuja rnojaBa IBeTama rjaHo0aKTeprja, aau 1
yUYECTAJIMjH Hala3| aJOXTOHUX BPCTA, MOCIEABHUX TOJAMHA JIOBENU Y (POKYC ITUjaHOOAKTEPHjE U Y
CpOuju, 1ma ce OCHM MPUCYCTBA U OPOJHOCTH MpaTe U PaKTOPH KOjU JOBOJE IO HbUXOBE M0jaBe U
npeHamHoxaBama (Karadzi¢ u cap., 2013; Pordevi¢ u Simi¢, 2014; Jovanovi¢ u cap., 2017;
Predojevi¢, 2017; Simi¢ u cap., 2017; Jovanovi¢, 2020).

Hapounto ce mpare mpomeHe EKOJOMIKUX YCIIOBa M3a3BHE EKCTPEMHUM KIMMATCKUM
mojaBaMa Koje cy cBe uemhe mocieamux roauHa. MehyHapoaHa KOMHCHja O KIMMAaTCKHM
IpoMeHaMa JIOHelNa je pe30iylujy O YyTUlajy KIMMAaTCKUX MpoMmeHa Ha BojaeHe pecypce (IPCC,
2014). Ha ocHoBy mnpahema KIMMAaTCKUX Hapamerapa y cBeTy, anud u y CpOuju, youaBajy ce
onpeheHe mpoMeHe, yodaBa c€ HEMPABUIHOCT Y CMEHHUBAabhy €KCTPEMHO CYIIHUX, Ca EKCTPEMHO
BJIOKHUM repuoanma, mnpahenum mnomnaBama (RHMZ, 2015). AHanu30oM CTaTHCTHYKHX
nojataka a0 2012. roguHe youeH je MopacT TemIleparype Ha TOJUIIBEM HUBOY, U MPOCEYHO
cmamewme mnagasuHa (RHMZ, 2013). Cauuno je O6myio M ca MepeHUMM MapaMmeTpuma Ha
teputopuju Kparyjesua u Bpamwa, Ha uijoj ce TepUTOpHUjU Hallaze akyMmylnaluje Koje cy Ouie
IpeIMeT HCTpaKMBama y OKBHpY oBe auceprauuje. Tokom Tpu roaune, ox 2012. mo 2014.
TOJMHE, CMEHUBAIN Cy CE Pa3IMuuTH MeTeoposomku ycinoBu. Jlero 2012. ronune je G6mio
eKCTPEeMHO TOIUIO W HajcymHuje on 1951. romuue, a yjenHo je To OuWia W ceaMa HajTOIUIHja
roauHa oj Kaj ce Bpire mepema (RHMZ, 2013). Hakon excrpemuo tomie 2013. rogune, 2014.
je HajkumosuTHja roauHa ox 1951. romuue (RHMZ, 2014; 2015). 2014. je OGuna roauHa ca u
Jlajbe BHCOKMM TeMIlepaTypamMa M HW3Yy3€THO BEJIMKOM KOJMYMHOM IaJaBHHA, MNpaheHoMm
eKCTPEeMHHUM TIoIuiaBama Ha teputopuju uutaBe CpoOuje u pernona (RHMZ, 2015). IIpomene
KIIMMAaTCKUX (hakTopa MOTY Jla UMajy jaK yTHIIQ] HA CTPYKTYpPY U JUHAMHUKY (PUTOIIIAHKTOHCKHX
nMjanofakreprja Manux akymynanudja (Yang u cap., 2016). Kao mocrnenuna mnpomeHe
KIUMaTCKUX (akTopa J[0JIa3d YecTO J0 Bapujaldje M NPOMEHAa M CPEAMHCKHUX (akKTopa.
VYTriaBHOM Cy BeNMKE TaJaBUHE y MMM aKymyJjalldjama JOBOAMIE N0 CMamema OpPOjHOCTH
¢uromnankrona (Stevi¢, 2011; Wood u cap., 2017; Jovanovié¢, 2020) unm mak 10 MojaBe
1BeTama ojpeheHnx BpcTa (PUTOMIAHKTOHCKUX IrjanobakTepuja (Yang u cap., 2016; Simi¢ u
cap., 2017).

HcToBpeMeHO HCTpakWBame TPU Majle aKyMyJalyje, TP Y3acTOITHE TOIMHE CBaKOT
Mecela, JOMpHUHENa Cy Jia c€ MOTBPAU J1a HUCY TOOpH YONIITEHU 3aKJbyLd O TOME KaKo J0JIa3u
710 1IMjaHOOAKTEPH]CKUX L[BETamka M KOJU Cy TO YCJIOBH KOJU Ta JeTepMUHUIY, Beh a cy cBaka
aKyMmyllalgja, M CBaka II0jaBa LBeTama pa3IMYUTUX I1MjaHOOAKTEpUjCKUX BpcTa, Ouie
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JeTepMUHUCAHE OJApeeHNM eKOJOUIKUM TapamMeTpuMma WM, uemrhe, KOMOMHALMjOM THX
napamerapa.

Ynopenaum MoHuUTOpUHTOM akymynanuja Llymapune, bBybam u AnexcannpoBauke
aKyMmyJianuje yTBpheHo je ja Cy ce y MCTUM KJIMMATCKUM U METEpPOJIOUIKUM YCIIOBUMA pa3BHUjaiie
pasnuunte (UTOMIAHKTOHCKE IMjaHOOaKkTepuje M Ja je mojaBa oxapehenux Bpcra Omia
yCJIOBJbEHA CIIEHU(UYHUM €KOJIOLIKUM (pakTopuMa.

Y akymynanuju Illymapurie koHctaroBaHo je 13 TakcoHa (PHUTOIUTAHKTOHCKHUX
nujanobakrepuja. IlojaBa TakcoHa, a MOCEOHO HUXOBA OPOJHOCT M JUHAMHUKA, Cy OWUIIM jacHO
YCJIOBJbEHHU NMpOMeHaMa (U3MYKHX M XEMHUJCKUX Tapamerapa, IITO MOXeE Ja Ce yOuM Kaaa ce
aHanmu3upajy pesynratd gooujern COM anamm3zom. OBOM aHaIM30M Cy CBH IPHKYIIJBCHH
y30pIH HAa OCHOBY CIMYHOCTH/PA3MYUTOCTH (PU3MUKUX M XEMHUJCKUX MapMeTapa CBPCTaHH y
pu rpyme (I, 11 u HI). YcnoBu Koju ¢y KapakTepuCTHYHM 3a Y30pKe CBpCcTaHe y oapehere rpyme
Cy TIOTOIOBAJIM TI0jaBU M pa3Bojy oapeheHnX rjaHOOaKTEPHjCKIX TaKCOHA.

VY akymynamuju lymapune I rpyny cy ¢opmupanu HeypoHH KOjU OJIrOBapajy y3opuumMa
rae je u3MepeHa Hucka Temreparypa Boje (5.6-16.1°C), emexrpomnpoBoabuBoct (302-350
MS/cm), HUCKe BpeIHOCTH MUHEpATHOr cactaBa U TO KoHieHTparuje ykymHor N (0.102-0.688
mg/L), yxymuor P (0.003-0.083 mg/L), amonujymoBor jona (0.03-0.3 mg/L) u Hajsecha
npoBuaHocT Bome (1-3 m). Anammzom COM wMpexe yodyaBa ce Ja Cy Y30pLUH KOjU Cy
pacriopehenu y okBupy | rpymne mpuUKYyIJBEHH TOKOM 3MMCKHX MECEIH, W3Yy3€B HEypOHa KOjU
OJIrOBapajy y30pluMa KOju Cy MPUKYIJbeHH y HoBemOpy 2012, 2013. u 2014., anu u anpuny
2014. ronuue. YmopeaHoM aHanu3oM JBoauMeH3noHanHe COM wMpexe KiacupUKOBaHUX
y30paka ¥ OMOTHYKMX Mapamerapa | rpyme yodaBa ce Ja Cy ce y TOM MNEPUOJy BPEIHOCTH
KOHIIeHTpanuje xjaopodmia a kperaie ox 2.31 mo 69.3 pg/L, ykynHa 6pojHOCT QUTOILIAHKTOHA
je Ouna Hajmama 60 mo 447 000 hen/mL, kao u Opojuoct (0-430 000 hen/mL) u Ouomaca
rjanobakrepuja (0-176.4 mg/L). IlujanobakTepuje HUCY €BUICHTUPAHE Y jaHyapy U (hebpyapy
TOKOM  TPOTOAMUIEKET  MOHUTOpMHra akymynamuje Illymapune. VYciaoBu koju ¢y
KapaKTepUCTUYHH 32 Y30pKe KOjU Cy TPYyNHUCaHHu y OKBUPY | Tpyre cy moromoBaiy pa3Bojy MeT
janobakTepujckux takcona: Aphanizomenon flos aquae, Chrysosporum minus, Oscillatoria
sp., Oscillatoria tenuis u Limnococcus limneticus.

Hajsehu Opoj HeypoHa je pacnopehen y oksupy Il rpymne. YKoIuKO U3JBOJUMO HEYpOHE
KOjJU cy nperxonHo AepuHucanu y oksupy | u Ill rpyme, kojy unHM camo 5 HeypoHa (yriIaBHOM
netibu niepuoj 2014, roauHe), CBH OCTaIM HEYpOHH Cy rpynucanu y okBupy Il rpymne. Oa rpymna
Jj€ M3y3eTHO pa3HOJMKa U (GOPMHpATU Cy j€ Y30pIM KOJ KOjUX je M3MEpeHa TemIieparypa y
pacriony ox 13.6 mo 30.25C°, konuentpamuje ykymHor N y pacnony ox 0.09 100.551 mg/L,
ykymaor P ox 0.003 100.310 mg/L, nucke konnentpaiuje amonujymosor jora (0.01-0.6 mg/L)
U npoBuaHOCT Boze y omcery on 0.3 1o 2.8 m. EnekTporpoBoa/bUBOCT BOJIE Y OBOM MEPUOY
HUje OwWia 3HAYajHO TMPOMEHmEHa Yy OAHOCYy Ha mpBy rpymy (335-443 pS/cm). Aunamuzom
u3aBojeHnx HeypoHa Il rpyme u OMOTMUKMX MapameTrapa, IOKa3aHO je Ja c€ BPEJHOCT
KOHIIeHTpanuje xjopoduna a xperama ox 5.41 nmo 117 pg/L, nma je ykymHa OpojHOCT
¢uromnankrona 3HaTHO Beha Hero y rpymu | (400-4 120 000 hen/mL), ucto kao u OGpojHOCT
njanobakrepuja (920-4 040 000 hen/mL). buomaca mujanobGakrepuja je, Takohe, moBehana
(0.13-1 610 mg/L). Ocum eBuaeHTHOT mopacTta y OpOjHOCTH (DPUTOIIAHKTOHA U LIMjaHOOAKTepHja
y omHocy Ha | rpynmy HeypoHa, moBehan je m Opoj mpucyTHuX TakcoHa (12). Ymopemnom
aHaJIM30M M3/1BOjeHHX y3opaka Ha COM Mpexu u NpUCYTHUX TaKCOHA IMjaHOOaKTepHja youyaBa
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ce na cy y cBuM y3opuuma |l rpyne nujanobaxrepuje 6une npucyrne. Hajydecranuju TakcoHH
ouu cy: Aphanizomenon flos-aquae, Microcystis aeruginosa u Limnococcus limneticus.

Tpehy rpyny Heypona, uznsojeny COM aHanmu3oM, KapakTepuiry nmoBehane BpeIHOCTH
cnenehux cpeHCKUX Mmapamerapa: temreparype (16-27°C), BpemHoCTH MUHEpAIHOT cacTaBa U
TOo KoHueHTpauuje ykymHor N (0.767-6.828 mg/L), ykymumor P (0.059-0.252 mg/L) u
amonujymoBor jona (0.01-0.504 mg/L). IlpoBumHocT Bojme je 3HayajHo Mama (0.3-1.2 m).
EnexTponpoBOIJbUBOCT BOJE Y OBOM IEpUOIy HHUje Omiia 3HA4ajHO MPOMEHEHA Y OHOCY Ha
npBy U Apyry rpymy (327-430 pS/cm). Ynopeanom ananuzom asoaumersnonanne COM mpexe
KJIaCU(UKOBAHUX Y30paKa Ha OCHOBY CPEAMHCKHUX IMapamerapa W OmoTuukux mapamerapa I
rpyIe yodaBa ce Ja cy ce rnosehasie BpeTHOCTH: KOHIIEHTpalrje Xjaopoduia a y pacrnony o 29.7
no 118.5 pug/L, ykymae Opojuoctu urorutankrona on 123 400 hen/mL go 4 010 000 hen/mL,
OpojHoctu 1ujanodakrepuja (19 850-3 930 000 hen/mL) m Guomace mujanoOakrepuja (1.23-
1567.8 mg/L). bpoj Takcona 1ujanobakTepuja je MamHu y oaHocy Ha Il rpymy. 3abesnexeHo je
npucyctBo: Chrysosporum minus, Cuspidothrix issatschenkoi, Limnococcus limneticus,
Merismopedia sp., Oscillatoria tenuis u Snowella lacustris. HajmomMuHaHTHHjH TakKCOH j€
Aphanizomenon flos-aquae. Ox centembpa mo aeuembpa 2014. roguHe y aKyMyJaluju
[Iymapuiie 3a0enexeHo € MPHUCYCTBO caMO jeaHe BpcTe nujaHobaktepuja — Aphanizomenon
flos-aquae. OBa BpcTa je u3a3Bana 1Berame Boje. To je Ouia mpea mojasa 1HjaHOOAKTEPU)jCKOT
nBerama y akymynanuju [llymapuriie 3abenexxena ox gopmupama akymynanuje (Rankovié m
cap., 2006).

Aphanizomenon flos-aquae je jeman on Hajuemhe WICHTU(PUKOBAHUX TaKCOHA
nujaHobakreprja y Bojama CpOumje. Hajuemhe ce jaBiba y Oapama, akyMmylangjama 3a
cHa0/eBame BOJIOM 3a Nuhe W HaBOAABALE, alld U KaHAIMMA, puOmannma, jesepuma 1 pekama
Penyosiuke Cpbuje (Jovanovié, 2020).

MHoru aytopu cyrepuimy na je pa3soj momynamnuje Aphanizomenon flos-aquae y jakoj
BE3M ca TemreparypoM Boje u Manum oxHocoM TN/TP (Smith u cap., 1995; Teubner u cap.,
1999; Laamanen u Kuosa, 2005). Makponytpujentu, gochop u a3ot, Cy 10 MHOTHM ayTOpUMa
IPEeCyIHH 3a pa3Boj (PUTOIUIAHKTOHCKHMX LiMjaHOOaKTepHja y BoJeHMM ekocucremMuma (Rhee u
Gotham, 1981; Laamanen u Kuosa, 2005; Zohary u cap., 2010). Cmartpa ce na je 3a mojaBy
[[BeTamka I[MjaHOOaKTepHja JOCTYIHOCT (Gochopa OCHOBHU JIMMUTHpajyhu (akTop, aau U TO Aa
noBuiieH pocdop y ogHOCY Ha a30T moroayje U (GaBopusyje hopMupame MHjaHOOAKTEPH]CKOT
nsetama (Downing u cap., 2001; Paerl u Paul, 2012). ¥V nojeauHuM MHTEH3UBHO €yTPO(GHUM
BOJaMa, KOJMYMHA Pocdopa Moke OUTH TOJUKO BEIMKA J1a KOJMYMHA JOCTYITHOI a30Ta I0CTaje
(bakTop KOjU KOHTPOJMIIE MpUMapHy MPOAYKIH]Yy. Y TaKBUM CIlyuyajeBUMa, MOCIE H3BECHOT
nepuojia MUpPOBamba mojaBuhe ce Heka BpCTa IMjaHoOakTepuja Koja je azotodukcarop (Deni¢ u
cap., 2015). BaxxHO je MOMEHYTH da YaKk M KOJ aKyMyjaiija KOA KOjUX je aiuralHH pact
JTUMHATUPAH KOJIMYMHOM a30Ta, pelyKiuja yHeTor (ocdopa MOKe YHANPEIUTH KBAITUTET BOJE,
YKOJIMKO je M3BpIIEeHa y Toj Mepu aa ¢ochop nocrane orpannyasajyhu enement (Jones u Lee,
1982). Muore cryamje (Smith u cap., 1995; Havens, 1995a; Havens, 1995b; Havens u cap.,
2003; Ekholm, 2008) Ha ocHOBY pe3ynraTa OMOTECT €KCIEpUMEHaTa CYrepHIly Ja MaceHH
onnoc TN:TP uznan 17 ykasyje na je ¢ochop mumutupajyhu dakrop pa3Boja GUTOIIAHKTOHA,
oxHoc ucnox 10 ykasyje na je a3ot tumutupajyhu dakrop, a Bpennoctu usmehy 10 u 17 ykasyjy
Ha Koorpanudema azotoM u dochopom (Deni¢ u cap., 2015). Oarosapajyhu ogHocH 3a Koje ce
HaBOJM Jla HE MOToAyjy pa3Bojy LujaHobakTepHja cy >38, ogHocHo <22 u 22-38. Huzak oxHoC
TN:TP y akymynanujamMa BoId Ka JOMHHAIKjU IHjaHoOakTepuja. [Ipema Smith u cap., (1995)
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omnoc TN:TP y Bomu jesepa wucmonm 22:1 ¢aBopusyje IOMHHAILN]Y a30TO(UKCATOPCKHIX
ujanobakrepuja (Denié u cap., 2015).

VY akymynanuju llymapune npe noyerka nojase nserama ogHoc TN:TP 6uo je uzyserno
BHCOK (68:1) kao mocieauIia MOBUIICHUX BPEIHOCTH YKYITHOT a30Ta. YTPABO OBO j€ MOTBPHEHO
u COM ananu3oM. EKONOIIKY yCIIOBU KOjH Cy MPETXOIMIN M10jaBU HHTEH3UBHOT IIBETAha BPCTE
Aphanizomenon flos-aquae usaBojenu cy kao moceOHM HeypoHH y okBupy III rpyme. V
akymynaruju lymapuie y Momernty 1iserama ogaoc TN:TP je 6uo y pacnony ox 4.7:1 mo 15:1.
Bucok ognoc TN:TP y jymy mecemy 2014. rogmHe Moxe ce 00jaCHUTH TOPAacTOM HHBOA
CeNTHYKHX jaMa U M3JIMBalEM KaHAIM3allHje Koja ce 300T MO3WIMje caMe aKyMyJaluje Yiuia
3aje[HO ca MaJaBuHaMa y aKyMYyJIallijy HAaKOH BEJMKE KOJIMYMHE KUIIa. Y Cllydajy aKyMyJialyje
Hlymapune excrpemue mnamaBune y 2014. roguHu cy pgoBene A0 enu3ofgHor mnosehama
KOHIICHTpAllMje XpaH/bMBHX MaTepuja, a CcaMHM THM H JO T[pPOMEHE Y 3ajeIHUIIH
nujanobakrepuja. Ha ocHOBY WHIEKCA TPOPUIHOCTH MOKEMO YOUUTH IMOTOPIIAEHE TPOPYUIKOT
cTaryca akymyJjanuje HakoH moruiaBa y 2014. roguHu, W mpenasak U3 jeJHe Me30TpodHE U
eyrpore y xumepeyrpodhHy akymynanujy. HakoH moruiaBa jgomasum g0 nobehama
KOHIICHTpAIlMje XPaHJbUBUX MaTepHja yClie] UCIUpamka U aKyMyJiallije OPraHCKUX MaTepuja u3
OKOJIMHE o0paciie BereTanujoM. Tako MOIIIaBHO MOAPYYje CIYKH Kao ,,30Ha CKIAIUINTEHa U
npomera oprancke wmarepuje” (Keckeis wu cap., 2003; Pithart wu cap., 2007).
Xwurnepeyrpodukaiuja, Majia IPOBUAHOCT U 1BeTame Aphanizomenon flos-aquae y akymynanuju
[Iymapuiie nojaBuiIk Cy c€ HAKOH IepUoja OOMIHHMX KHIIA, Kaja je JOILIO J0 YCIHOCTaBJbarba
oarosapajyhux (uU3MUKMX W XEMHjCKMX YCIIOBa: MaKCHMaliHa 3a0eliexeHa TemIeparypa Boje
27-30°C u makcuMaliHa KOHIeHTpauuje Hytpujenata TP - 0.310 mg/L, TN - 6.828 mg/L. ¥
CBUM MPETXOJHO HABEJACHUM HCTpaXMBamUMa Be3a m3Mel)y IujaHoO0aKTepHjCKOT IBETama U
CPEIMHCKHMX IapaMerapa yTBpheHa je HaAKOH HCTOBPEMEHOT Yy30pKoBama. MelhyTum,
Wojciechowski u Padial (2015) naBone na To HUje oarosapajyhu mpuctyt, jep (GUTOIIAHKTOH
pearyje Ha NMPEeTXOJHO CTalke eKOCUCTEMa M CTOra HarJjallaBajy BaKHOCT Mpahema Kopenaiuje
nMjaHo0akTeprja ca (GakTopuMa >KUBOTHE CPEIMHE KOJU CY IMOCTOjaIH Yy TEPUOy TIpe IOjaBe
[[BeTamka. YIpPaBO je TO MOTBPHEHO M y OBOj CTYAUjU TJ€ MOCTOjU BHCOKA MOBE3aHOCT CBUX
(dakTopa mpe WM TOKOM T0jaBe IBeTama. M3 cBera HaBeIEHOT, €BUJEHTHO j€ Ja Cy IMOYETaK
pa3Boja u 1BeTame nujaHodakrepuja y lllymapuukom jezepy Tokom 2014. roanne, Kao U Tpajame
IBeTama, OWJIM YCKO MOBE3aHW ca I0jaBOM M HMHTEH3UTeTOM mnoraBa. OBO je y CKIaay ca
ucrtpaxuBamuma Reynolds u Petersen (2000) koju cy yrBpamwiu aa cy Gu3Hukd (HakTopu
HajBAXHHUJU 3a pa3Boj LHjaHOOAaKTepHja W TEK Kaja ce ycrmocraBe ojroapajyhu ¢uzmuxu
YCJIOBH, XeMUJCKHU (PAKTOPU WUIpajy MPECYAHY YJOTY, MOCEOHO KOJIMYMHA U OJHOC XPaHJbUBUX
Marepuja. Hamm pesynraTtu ykazyjy Aa je akIUAEHTHU TOPACT HyTpHjeHATa y aKyMmyJaluju
poy3pOKOBao yOp3aHH pa3Boj W IBerame Bpcre Aphanizmenon flos-aquae. OBe TBpame cy
BUJJbUBE M y pe3yiTaTUMa OBE CTYyJHje, IZe je MocTojame 3aBUCHOCTU mnoTBpheno COM
aHAJTM30M.

Kama roBopuMo 0 HHMBOMMA pHU3WMKa U 3PABCTBEHO] YIPOKEHOCTH KOja j€ Yy Be3U ca
aOyHJIaHIIOM IIjaHOOakTepHja, Hajuenrhe ce kopucre npenopyke C30 3a pekpeaTHBHE BOJE, HA
OCHOBY Kojux moctoje Tpu HuBoa pusuka (WHO, 2003). Huzak HrBO pusuka je neduHican kama
je opojHoct nmjanobaktepuja ucnon 20 000 hen/mL, cpeamu HUBO pusmKa je nedUHUCAH 3a
OpojHocTHu 1MjanoOakTepuja y pacrony ox 20 000 mo 100 000 hen/mL, mox ce 3a BUCOK HHUBO
pu3uKa cMmarpa kajga OpojHocT nujaHoOakrtepuja npehe 100 000 hen/mL. ¥V mepuoay HuUCKOT
Bogoctaja TokoM 2012. u 2013. rogune, 6pojHOCT nMjaHoOakTepuja akymynamnuje [lymapuie
Hyje npenazuna 6 400 hen/mL u Ouna je y ckinany ca npenopykama C30 3a ynpasibame Bojlama
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3a pekpeanujy ykasyjyhu Ha Huzak crerneH pusuka (Chorus m Bartman, 1999; WHO, 2003;
Chorus, 2012). Mehytum, koHleHTpanuja henuja nujaHoOaKTepHja, TpPe CBEra BpCTE
Aphanizmenon flos-aquae, nonpunena je na ykymHa opojHoct TokoMm 2014. ronune npehe 100
000 hen/mL, omHOCHO yKa3uBaja je Ha BEJIMKY 3/IpaBCTBEHY YIPOXKEHOCT, Tj. BACOK HUBO PH3UKA
npema npenopykama C30.

Nako momanu ykasyjy nga je dak 70% CIaTKOBOJAHHX I[BETama TIIOOATHO TOKCHYHO
(Scholz u cap., 2017), Hucy cBU cojeBU LMjaHOOAKTepHja TOKCHYHU W LIBETaWE HUjE YBEK
moBe3aHo ca mojaBom Tokcuna (Merel u cap., 2013). C30 npenopyudyje Aa je omnpe3 HEOMXOAaH 1
Jla CBaKy MOMYyJalHjy [HjaHOOaKTeprja Tpeba HYy)KHO TPETHPATH Kao MOTCHIIHjaTHO TOKCUYHY
(WHO, 2003). ITo3nato je ma cy uujanobakrepuje u3 poma Aphanizomenon MmoTEHIHjaTHO
TOKCHYHE M Jia TPOAyKyjy MmukpouuctuH, anatokcur (Cirés u Ballot 2016), cakcuTokcuH
(Ferreira u cap., 2001; Liu u cap., 2006) u mummaapocrnepmorncun (Preussel u cap., 2006;
Blahova u cap., 2009). Ananuszama HPLC-PDA Boae u3 akymymnanuje Illymapuiie y nepuoay
Berama Bpcre Aphanizomenon flos-aquae Hucy aeTekTOBaHM HMCIUTHBAHH IIHjaHOTOKCHHU
(MUKpOLIMCTHHHM, [THIMHIPOCIIEPMOIICHH, AHATOKCHMH W CaKCUTOKCHH). [lojaBa HETOKCHYHHX
cojeBa OBe BpCTe je, Takohe, Bumie myra naerekroBana y cBery (Ballot u cap., 2010).
L{1jaHOTOKCHHY c€ TIPOJYKY]Yy YKOJIMKO MOCTOjU T€H 3a BUXOBY CHHTE3y y OKBUPY onpeheHor
coja. [lemapa ce 4ak U Jja TOKCHYHH COj€BU HE MPOAYKY]y TOKCHHE, M cMaTpa ce Ja CoCOOHOCT
aKTHBaIMje oapeleHnX reHa 3aBUCH U 0J1 eKoJomKkux yciaosa (Merel u cap., 2013).

UcnutuBame akymynamnuje bybOam, koja ce, Takohe, Hamasu Ha TEPUTOPH]H Tpaja
KparyjeBua y nCTHM METEOPOJIOMIKIM U KJIMMATCKUM YCJIOBHUMa Kao akymynamnuja Lllymapune, y
nepuony oxa 2012. mo 2014. ronuHe U3HEAPUIIO je MOTHYHO JApyrauuje pe3yirare y OJHOCY Ha
noMeHyTy akymynamujy. M oBme ce COM aHamm3oM Ha OCHOBY CIMYHOCTH (DU3HUKHX H
XEeMHJCKUX TapaMerapa u3[Bajajy TpH Tpyle HEypoHa, Koje OAroBapajy ojapeheHum
napaMeTpuMa KOju KapaKTepuIly 3ajeqHUIly (PUTOIUTAHKTOHA, a MOCEOHO MojaBy, OpPOJHOCT H
6uomacy (pUTONMIAHKTOHCKUX IIUjaHOOAKTEpH]a.

Anamuzom COM wmpexe akymynanuje bybam yodaBa ce ga cy y3opuu KOJju Cy
pacriopehenu y okBupy | rpyne mpuUKyIJbEHH TOKOM 3MMCKHX MECELH, M3y3eB HEypOoHa KOjU
0JIrOBapajy y30plMa KOju ¢y IpUKYIJbeHU Y HoBeMOpy 2014. roqune. Hajmamu O6poj HeypoHa
je pacniopehen y okBupy I rpymne. ¥ akymynauuju by6am I rpyny cy popmupanu HeypoHU KOjU
OJIrOBapajy y3opiumMma Ijie Cy U3MepeHe HajHM)Ke BPEIHOCTH 3a TeMiiepatypy Boje (4.2-12.6°C),
koHnenTpanujy ykymsHor N (0.203-0.406 mg/L), ykymror P (0.02-0.297 mg/L), amoHujymMOBOT
jona (0.02-0.09 mg/L). EnextponpoBoa/bHBOCT je Ouia y pacmony o1 580 mo 690 puS/cm, mok je
MPOBUIHOCT BoJie Ouna HajBuma, ox 1.1 go 1.8 m. AnanusoMm u3nBojeHux HeypoHa I rpyme u
OMOTHUYKHUX TIapaMmeTapa, BPEIHOCT KOHIIEHTpaIje xjaopoduna a kperana ce ox 4.40 pg/L no
28.99 pg/L, ykynHa OpojHOocT ¢urorutankrona ox 80 hen/mL no 21 430 hen/mL, GpojHOCT
mujanobakreprja oq 0 mol2 300 hen/mL um Omomace mwmjanodakrepuja ox O mod.7 mg/L.
YnopenHoM aHanM30M H3JBOjeHMX Yy3opaka Ha COM Mpexu U MNPUCYTHHX TaKCOHA
nMjaHo0aKkTepyja youaBa Ce Jla y jaHyapy Mecelly TOKOM CBE TpU TI'OJUHE HCIHUTHBama HHjE
3a0eJIe)KeH HU jefaH IUjaHOOaKTEepHjCKU TaKCOH, JIOK |€ 3a ocTaine M3aBojeHe y3opke | rpyme
KapakTepucTuIHO mpucyctBO: Lyngbya sp., Merismopedia tenuissima, Microcystis aeruginosa,
Microcystis wesenbergii, Oscillatoria tenuis, Pseudoanabaena sp. u Woronichinia compacta.

Hpyra rpyma xox akymynainudje byOam je m3y3eTHO pa3HoIWMKa W (OpMUpATH CY je
Y30pIHM II€ Cy Y OJIHOCY Ha HeypoHe | rpyrne n3mepene nosehane BpeAHOCTH TeMIEpaType BoJe
(12.3-26.3°C), munepanHor cacraBa W To koHieHTpamuje ykymaor N (0.181-0.564 mg/L),
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ykymnHor P (0.02-0.056 mg/L) u amonujymoBor jona (0.02-0.42 mg/L). [domuio je 10 npomeHe
€JIEKTPOIPOBOIJTUBOCTH, Oelieke ce 0J1aro MOBUIICHE BPEIHOCTH Y OJHOCY Ha MPETXOAHY IPYITY
(360-820 pS/cm). IlpoBuaHOoCT Boae ce cMamuBaia U g0 0.8 M. YmopeaHoMm aHaau30M
neoaumensronaaTHne COM Mpexe kinacupruKoBaHUX y30paka U OMoTHukux mapamerapa Il rpyme
yodaBa ce Jla Cy C€ BpeIHOCTH KOHIIeHTpanuje xjaopoduna a mosehane u kperane cy ce ox 7.04
MO/L o 34.6 ng/L. 3nayajuo je yBehana u ykymHa 0pojuoct ¢uromnankTona, o 7 300 hen/mL
1o 98 400 hen/mL, xao u 6pojuoct (3 670-71 200 hen/mL) u 6uomaca nujanodakrepuja (2.90-
62.6 mg/L). YcioBu Koju Cy KapaKTEPHCTHYHH 3a Y30pKe KOju Cy rpynucanu y okBupy |l rpyrme
Cy TOrojioBalli Pa3BoOjy JeBeT nujaHoOakTepujckux Takcona: Gloeocapsa sp., Lyngbya sp.,
Merismopedia tenuissima, Merismopedia tranquilla Microcystis aeruginosa, Oscillatoria tenuis,
Pseudoanabaena limnetica, Pseudoanabaena sp. u Woronichinia compacta.

VY III rpyny COM ananu3om je u3aBojeH Hajehu Opoj y3opaka u3 jeepa bybam. OBa
aHaim3a je moBe3asa HeypoHe Il rpyme ca HajBUIIMM MEpPEHUM BPEIHOCTH CPEIMHCKHX
rnapaMmerapa y OBOM BOJCHOM €KOCHCTEMY, Ia je oBAe Temmeparypa y pacrnony 13.3-30.6°C,
koHueHrpanuja ykynHor N y pacrony ox 0.316 mo 1.242 mg/L, ykynuor P ox 0.036 mo 0.759
mg/L, a koHueHTpanuja amoHHjymMOBOr joHa y omcery ox 0.02 go 0.310 mg/L).
EjlekTponpoBOI/bUBOCT HHjE€ 3HAYajHO M3MEHEHA Yy OJHOCY Ha mperxoaHy rpymy (440-835
pUS/cm). IpoBuanoct Boze je ox 1.8 1o 0.4 m, mTo je yjenHo HajMamba IPOBUIHOCT U3MEPEHA Y
OBOM BOJICHOM €KOCHUCTEMYy. YTOpemHOM aHaiu3oM jaBoauMeHsuoHanmne COM  wpexe
KJacu(UKOBaHUX y30paka Ha OCHOBY CPEAMHCKMX IapameTrapa W Ouormukux mapamerapa Il
rpyne yodaBa Ce€ Ja Cy Ce y OBOj TPYIM M BpPEIHOCTH OMOTHYKHMX IapaMeTapa 3Ha4ajHO
yBehaBane. Bpennoctu koHueHTpanuje xiaopoduna a cy o6une oxn 5.4 pg/L no 46.8 pg/L, ykynna
opojaoct ¢purtormankrona oa 30 500 hex/mL go 189 900 hen/mL, 6pojuoct ox 9 540 no 163 200
hen/mL u 6uomaca nmjaHoOakrepuja o 8.2 no 141.6 mg/L. Tlosehan je u 6poj 3abenexeHux
TakcoHa nujaHobakrepuja: Aphanizomenon flos-aquae, Chroococcus turgidus, Chrysosporum
bergii, Lyngbya sp., Merismopedia tenuissima, Microcystis aeruginosa, M. wesenberqgii,
Oscillatoria limosa, O. tenuis, Phormidium sp., Pseudoanabaena limnetica u Woronichinia
compacta.

Microcystis aeruginosa je Bpcta Koja ce jaBjbaja y CBUM MeECCIIMMa HCTPAKHBAma O/
2012. o 2014. rongune, uzyses janyapa (2013. u 2014. ronue) u dedbpyapa (2014. ronune). Y
asrycty 2012. ronune y akymynauuju byOamw eBuieHTHpaHa je MojaBa LiBeTama oBe Bpcre (163
200 hen/mL). IMojaBa uBerama M. aeruginosa (Simi¢ u cap., 1994; Ostoji¢ u cap., 1995) u
noMuHanuja nomeHyror TtakcoHa (Rankovi¢é u cap., 2006) je OenexeHa W TNpH pPAHUJUM
UCTpaXMBamkHUMa OBOI BOJACHOI ekocuctema. Bpcra Microcystis aeruginosa je mopen Bpcre
Aphanizomenon flos-aquae y Bogama CpOuje jenan o Hajuenihie MICHTU(PHKOBAHHX TaKCOHA
Cyanobacteria. To je Bpcra ca maneko HajpehuM OpojeM Hala3za y MHOTHM aKyMmyJnalujama u
jesepuma (Jovanovic¢, 2020).

Kokouane mnumjanoOaktepuje, a mOCeOHO mpeacTaBHUIM pona Microcystis, ycien
(bU3MOSIOMIKKX aJanTalyja yCcreBajy 1a TOMUHUPA)y Y aKyMyJjalidjaMa yMepeHe 30He ca HUCKUM
KOHIIEHTpalljama pacTBopeHor (ocdopa, U y TUM ycinoBUMa 00JbU CY KOMIIETUTOPU Y OJJHOCY
Ha ocrayie nujaHobakTepuje u eykaprotcke anre (Suthers u Rissik, 2009; Gobler u cap., 2016;).
Bpcra M. aeruginosa je nBerana y aBrycty 2012. roguHe xazna je mpoceyHa TeMieparypa Boje
n3Hocuaa 28.4°C, cpeama BpeIHOCT KOHIEHTpanuje amoHujaka Omma 0.086 mg/L, BpemHoct
KOHIICHTpalyje ykKymHor a3ora Owmina 0.489 mg/L, nok je BpPEOHOCT KOHIICHTpAIUje YKYITHOT
docdopa m3nocuna 0.112 mg/L. V nepuony MHTEH3MBHOT I[BeTama BpcTe M. aeruginosa omHoc
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ykymHOTr azota u (ocdopa (TN:TP) uznocuo je 5.4. IIpe nojase 1BeTama Bpcre M. aeruginosa
Temieparypa Boje je omina nmosuieHa (30.4°C), cpeama BpeAHOCT KOHIIEHTPAI[Mje aMOHH]jaKa je
ouna y pacnony ox 0.122 no 0.02 mg/L, BpeaHocT KOHIEHTpauje yKymHor a3ora je omia 0.36
mg/L, 10K je BpeAHOCT KOHIIEHTpaluje YKymHor ¢ocdopa uznocuiaa 0.562 mg/L.

3a pasnuky on akymynanuje Illymapuie, kama je 10 1BeTama UjaHOOAKTEpHja JOLILIO
2014. roguHe HakoH OOWIHUX TpoJiehHUX MamaBuHa, y je3epy bybdawm cy y ToM mepuomy
3a0enekeHe HajHMKE BPEIHOCTH OpOJHOCTH (UTOIUIAHKTOHCKHX IjaHoOakTepuja. [locme
WHTEH3UBHUX MajCKUX KHIIIa 3a0€JIe)KeHE CY HaJHU)KE BPEIHOCTH OPOJHOCTH (PUTOIIAHKTOHCKUX
nujanobakrepuja y jyny (3 843 hen/mL) u jyny (4 510 hen/mL) u umane cy ynena ox 18.7 mo
19.24% y yxynHoj aOynnanuu ¢uroruianktoHa. To cy U HajHMXKe 3a0enexeHe OpOJHOCTH
nyjaHobakTepuja y akymynauuju bybam y nermem nepuoay. Hakon normiasa y 2014. roaunu y
akymynanuju bybam nonuio je 10 cMameme HHBoa Tpoduje (mpenazak u3 xumnepeyrpodHe y
eyrpodry akymynanujy). Mihaljevi¢ u Stevi¢c (2011) u Stevi¢ (2011), takohe, ykasyjy na
EKCTPEMHE MMaJJaBUHE MOTY TOOOJBIIATH YCIOBE BOACHUX CKOCHUCTEMA, y3 HAIIOMEHY Jia JICTHE
MOIJIaBE  y3POKYjy CMameime yKymHe Ouomace ¢utoruiankrona. Wood wu cap., (2017) wu
Jovanovi¢ (2020) takohe cyrepuiny na cy nosehaHa 3amyheHOCT M pa3Oiakermhe y3pOKOBAHO
MajJlaBuHaMa TaKBH METEOpOJIOMIKKA (EHOMEHH KOjU MOTY JIOBECTH JI0 CMamema Onomace
MjaHOOAKTepHja, 11a YaK U MOTIYHOT ypyllaBama ,,[[BeTa".

Kanma je peu o mpemopykama C30 3a ympaBibamke Bojama 3a pekpeanujy, OpojHOCT
uujanobakrepuja akymyiauuje bybawm y mepuomy HHUCKOT BoaocTaja, Tokom 2012. u 2013.
rogquHe je mpenasmwia 100 000 hen/mL um ykaswBama Ha BHCOK CTENCH PHU3MKA IOTOTOBO Yy
MepUOy JTOMHUHAIIM]je U 1BeTama Bpcte M. aeruginosa (163 200 hen/mL) (Chorus u Bartman,
1999; WHO, 2003; Chorus, 2012). Hakon uHTeH3uBHUX MagaBuHa y 2014, TOAMHU MIPBH YT CY
OpojHoctu nujano6akrepuja (3 843-4 510 hen/mL) y akymynanuju bybam npema npenopykama
C30 yka3uBaie Ha HU3aK HUBO 3[IpaBCTBEHOI’ pU3HKa.

Bpcra Microcystis aeruginosa je NOTEHIMjalHH MPOAYLUEHT LUjaHOTOKCHHA H TO
Hajuemthe mMukpomnmcThHA. McTpakmBama Cy MOTBpAWMIA Jla TOpPE] MUKPOLMCTHHA OBaj POJ
MOe J1a mpoaykyje u anarokcus (Meriluoto u cap., 2017). Bucok HEBO hochopa moTeHIHjaTHO
MOXKE€ J]a yTWYe Ha KOHIIEHTpalHjy MHUKpPOIMCTHHA IO henuju mojequHuX LHjaHoOakTepuja
(Davis u cap., 2009). HctpaxuBamba Koja Cy CIpOBEACHAa y JaDOPATOPUjCKHM YCIOBHUMA
MoKa3yjy Ja Ha (aBOPH30BakE TOKCUYHUX COjeBa y OJHOCY HA HETOKCHYHE BaXHY YJIOTY HMTpa
nosehame KOHIIEHTpallMje a30Ta, ajlld y ciy4ajy NPUPOAHUX MOMyJaluja TO HHUje IO0Ka3aHO
(Davis u cap., 2009). C30 je nedunHmcana ga je MaKCHMAaIHO J03BOJbEHA KOHIICHTpAIlH]ja
MHKPOILMCTHHA 32 BOAy Koja ce kopuctu 3a nrhe 1 pg/l (WHO, 2003). Ananuzama HPLC-PDA
Bojie U3 akymynauuja bybam HHUCY NMOTBp)eHM HWCIUTUBAHU IUJaHOTOKCUHU (MHUKPOLUCTHHH,
LWJINHAPOCTIEPMOIICHH, AHATOKCUH U CAKCUTOKCHH).

Axymynanyje lllymapune u bybaw no llies-y (Ilies, 1978) npunaznajy ekoperuony 5 u
KapakTepHIlle HuX TI0jaBa M I[BETAlE YECTO HalakeHuX IujaHobakrepuja y Cpbuju u
aKymyJjamyjama CIMYHUX MOPGOMETPHJCKUX EKOJIONIKMX YCIOBa. 3a pasziuKy O]l aKyMmyJjaluja
Hlymapunie u byOamw, AnekcanapoBadka akymyJiallgje MpHIajga eKOperuoHy 7 M 3HAa4yajHO ce
pasiuKyje [0 MHOTMM €KOJIOUIKMM TlapaMeTpuMa, a TO j€ YCIOBWJIO pPa3Boj MOTIIYHO
cneun(uYHUX TakcoHa uujaHoOaktepuja. [Ipumenom COM aHanm3e M OBA€ Cy Ha OCHOBY
GU3MYKIX ¥ XEMHjCKHX I1apaMmerapa y30pIH pa3BpCTaHH y TPH Tpyle HEypoHa, Koje ce
npeKianajy ca cneuGuyHUM BpeJHOCTUMA OMOTHUYKUX MapaMeTapa.
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AHanmu3oMm pe3ynTtata AJIEKCaHIpPOBAauyke akymyJjamuje yrBpheHo je na cy Ha COM
Mmpexu | rpyny QopMmupanu HEypoHH KOjH OJroBapajy y3opuuma TIe je U3MepeHa HHCKa
temneparypa Bojae (1.9-11.3°C), enekrponpoBomsbuBocT (400-449 pS/cm), HUCKE BPEIHOCTH
MUHEpaHOr cactaBa U To KouueHTparwmje ykymaor N (0.135-0.339 mg/L), ykymuor P (0.02-
0.026 mg/L), amonujymoBor jona (0.01-0.05 mg/L) u mnposumnoctu Boxme (0.2-1.4 m).
Anammzom COM mpexe yodaBa ce Ja Cy Y30pIM KOju cy pacrnopehenu y okBupy | rpyme
MPUKYIUBEHH TOKOM 3WMCKHX MECEIM, M3y3€B HEypOHa KOjH OJroBapajy y3opluMa KOjH CYy
NPUKYIUbeHH y HoBeMOpy 2014. rommnHe. YmopeaHoMm aHaimu3oM jaBoauMeH3noHanHe COM
Mpexe KiIacu(pUKOBAaHMX y30paka M OMOTHMYKMX MapaMmerapa | rpyme youaBa ce jaa cy ce
BPEIHOCTH KOHIIEHTparje xjopoduna a kperaise ox 6.21 mo 110.0 pg/L, ykymHa OpojHOCT
¢uToIUIaHKTOHA je Onina HajMama, y pactiony o 110 hex/mL mo 16 900 hen/mL, xao u 6pojHoCT
(0-9 800 hen/mL) um Owmomaca mumjanoOaktepuja (0-12.1 mg/L). IlujanoOakrepuje HHUCY
eBuAcHTHpaHe y janyapy 2014. roguHe. YCIOBU KOjU Cy KapaKTEPUCTUYHH 32 y30pKe KOJU CY
rpynucanu y okBupy | rpyme cy morogoBanu pa3Bojy cienehux 1rjaHoO0aKTepHjCKUX TaKCOHA:
Chrysosporum bergii, Limnothrix redekei, Oscillatoria limosa, Planktolyngbya limnetica,
Pseudanabaena limnetica, Planktothrix sp. u Raphidiopsis raciborskii.

Hajsehu Opoj mHeypona je pacnopehen y oksupy Il rpymne. YKOIUKO U31BOjUMO HEYpOHE
KOju cy mperxonHo nedunucanu y okBupy I rpyme u III rpyne kojy umHu camo 8 HeypoHa
(yrnaBHoM netwu neprox 2012, u 2013. roanHe) CBU OCTaIM HEYPOHU CY TPYIUCAHH Yy OKBHPY
I rpyne. OBa rpymna je u3y3eTHO pa3HOJIMKAa M (QOpPMHpAIU Cy je y30pIH TIE je M3MEpeHa
TeMIieparypa y pacnony on 12 mo 28.6°C, HempoMemeHe BPEIHOCTH €ICKTPOIPOBOIJEHBOCTH
(400-489 pS/cm) y omHOCy Ha MPBY TPyIly, HMOBHUINECHE BPEAHOCTH MHHEPATHOT CacTaBa M TO
konuenrpanuje ykynHor N (0.203-1.061 mg/L), ykynuor P (0.020-0.396 mg/L),amoHujymMoBOT
jona (0.01-0.43 mg/L) u mposuanoctu Bozge (0.15-1 m). Anamusom usaBojeHux Heypona Il
rpyne u OMOTHYKHX TMapamerapa, BPeJHOCTH KOHICHTpamuje Xxjopoduiia a cy 3HaTHO Behe u
kperaiue ce o1 10.11 o 356.0 pg/L, anu Behe cy u ykymnHa 6pojaocT dutomnanktona (9 800 -19
240 000 hen/mL), kao u 6pojuoct (5 240-19 040 000 hen/mL) u 6rnomaca nujanobaktepuja (6.5-
2 339 mg/L). EBunenran je nmopact y OpojHOCTH U OMOMacH (pUTOIIIAHKTOHA U IHjaHOOaKTepHja
y onmHOCYy Ha | rpymy HeypoHa, aiu u Opoj MPUCYTHUX TakcoHa mujaHobaktepuja (20). YciaoBu
KOJU Cy KapakTepHCTHYHHU 3a y30pKe KOju Cy rpymnucaHu y okBupy |l rpyme cy oxarosapamu
pa3Bojy cnenehux mnujaHobakTepujckux TakcoHa: Anabaenopsis elenkinii, Aphanocapsa
grevillei, Aphanizomenon flos-aquae, Chroococcus minutus, Chroococcus turgidus,
Chrysosporum bergii, Cylindrospermum stagnale, Glaucospira laxissima, Limnothrix redekei,
Lyngbya aestuarii, Merismopedia glauca, Merismopedia tenuissima, Microcystis aeruginosa,
Oscillatoria limosa, Planktolyngbya limnetica, Pseudanabaena limnetica, Planktothrix sp.,
Raphidiopsis raciborskii u Synechococcus lividus. YnopeaHoM aHann3oM H3IBOjEHHX y30paka
Ha COM wmpexu U NpUCYTHUX TaKCOHA IMjaHOOaKTepHja yodaBa ce Ja cy y cBuUM y3opuuma |l
rpyrne 1ujanodakTepuje ouse mpucyTHe.

Hacymnpot | rpymn, COM ananm3a je moTBpauia Ja C€ BUCOKE BPETHOCTU CPEIUHCKHUX
napamerapa nopen Il mpexnamnajy u ca Heyponuma III rpyme: Temneparypa y pacnony on 17.8 mo
28.9°C), enexTponpoBoybHBOCT 0o 424 1o 490 uS/cm, konnentparwuje ykymaor N ox 0.090 mo
0.926 mg/L, yxymaor P ox 0.020 no 0.881 mg/L, amonujymoBor jona ox 0.020 g0 0.440 mg/L u
npoBuHOCT BoAe oa 0.2 mo 1.3 m. Ymopemnom ananm3om asoauMeHsnoHatae COM Mpexe
KJIacH(PUKOBaHUX y30paKa Ha OCHOBY CPEIMHCKHX MMapameTapa u OMoTHukux mapamerapa |1l
rpyne AJIeKCaHIpOBauKe aKyMmyjaldje yodaBa ce€ Ja Cy C€ BPEJHOCTH KOHIICHTpaIlH]je
xsopoduna a kperane ox 30.0 no 410.0 pg/L, ykynHa GpojHocT uromnankToHa ox 17 600 nro
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19 210 000 hen/mL, 6pojuoct mujanobaktepuja ox 11 320 mo 19 060 000 hen/mL u Guomace
ujanobakrepuja o 2.20 no 2 344 mg/L. bpoj TakcoHa nujaHoOaKTEpHja je MambU y OJHOCY Ha
II rpyny, a HajmoMuHaHTHHjU TakcoH je Raphidiopsis raciborskii. 3abenexeno je mpucycTBo u
cienehux nujaHoOakTepujckux Takcona: Aphanocapsa grevillei, Chrysosporum berqgii,
Cylindrospermum stagnale, Glaucospira laxissima, Limnothrix redekei, Lyngbya aestuarii,
Merismopedia glauca, Merismopedia tenuissima, Microcystis aeruginosa, Oscillatoria limosa,
Planktolyngbya limnetica, Pseudanabaena limnetica u Synechococcus lividus. Youasa ce na cy
MaKCHUMaJHe BpeIHOCTH NapameTapa kapakrepuctuune u 3a Il u Il rpymy, u To 300r n3aBajama
y30pKa KOjU OJroBapa y30pKOBamy Koje je cmpoBeneHo y cemnremOpy 2012. rommnae Ha
nokanuTery 3. AHanu3oM je yTBpheHO na je M3/Bajarke OBOT y30pKa M HErOBO MPUAPYKUBAHE
y30pIuMa Koju Kapaktepumry Il rpymy 300r TOBHMINIEHMX BPETHOCTH carypaiuje Hu
KOHIICHTPAIIHje KUCCOHHKA.

AJekcaHpoBadKa aKyMyJialidja ce ¥ M0 TaKCOHUMA, U 10 OPOJHOCTH 3HAYAJHO Pa3IIUKYje
O]l OCTaJIUX HCIUTUBAHUX aKkymyjianuja. HapouuTo je 3HauajHa mojaBa aJoXTOHE (MHBA3HBHE)
Bpcte R. raciborskii Tokom nenor nepuona ucrpaxubama. Tokom 2012, roauHe 3a0eIeKeHO je
IEHO BPEMEHCKH M MPOCTOPHO KOHCTAHTHO MpUCycTBO ca OpojHoctuma ox 10 800 mo 19 060
000 hen/mL. V nepuony xana je nperana u ¢opmupaina 6moGuiaM Ha MOBPIIMHUA aKyMYyJIaIuje
MacJIMHAcTO-OpaoH 0Ooje, JoBena je /0 MOTHUCKMBAaKka OCTAIMX YIAHOBA (DUTOIIIAHKTOHCKE
3ajeTHuUIIe, TAKO Ja je Y HoBeMOpy u aeueMOpy 2012. roaune y AJleKCaHIpPOBAYKO] AKyMYITAIlH]jH
3a0esIeeHO MPHUCYCTBO camo jeane Bpcte Cyanobacteria — R. raciborskii. R. raciborskii, no
CKOpO MO3HAaTa Kao TPOICKAa BPCTa, IIUPHU CBOj apeaj y PErHoHe ca YMEPEHOM KIMMOM U
neuHuCaHa je Ka0 MHBAaH3MBHA ajra, Koja Moke Ja Nnpoaykyje Tokcune (Sinha u cap., 2012;
Engstrom-Ost u cap., 2015; Kokocinski u Soininen, 2019). V oBoj cryauju mMacoBHu pa3soj R.
raciborskii je mpumehen TOKOM H mociie mepruo/ia y KoM Cy Bliajiajie BUCOKE Temreparype (IpeKko
26°C). Bucoka Temmeparypa je jemaH OJf HajBaXHUjUX (akTopa 3a MacOBHH pa3Boj R.
raciborskii. OBa Bpcra mpedepupa okpyxeme ca Temmeparypama y pacrnony on 20 mo 35°C
(Padisdk, 1997). Bucoke Bpemnoctu PH Takohe daBopusyjy passoj R. raciborskii, ma cy
UCTpakMBama Mokazama na ce R. raciborskii jaBma y BomeHum exocucremuma ca pH
Bpeanoctuma ox 8.0 mo 8.7 (Padisak, 1997). Ca npyre crpane, Sinha u cap., (2012) naBoxe na,
KaJia je ped 0 KOHILIEHTpallMji HyTpHjeHara, je TO BpCTa Koja ce Moxe HahM y IIHPOKOM CIIEKTPY
yCJI0Ba, YaK W y BOJHUM TelMMa HWKer Tpoduukor crymma. [Ipema Padisak (1997), canpixkaj
Heoprauckor ¢ochopa, Kao M KOHIEHTpaluje YKymHor (¢ochopa, MOTY BapHpaTd y IIHPOKOM
orcery y akymynanujama y kojuma ce R. raciborskii jaBma y OpojHMM momynanujama.
Kopenauuja uzmely konnenrpaunuje dpochopa u npomene aOyHIaHIIE OBE BPCTE je YOUCHA U Y
AnexcanapoBauko] akymyinanuju. [Ipumeheno je na je mocrteneH mopacT aOyHaaHue OHO y
KOpeJaluju ca MOCTENEeHUM OlaJameM KOoHLeHTpalnuje ¢ocdopa koja je moyena oA KacHOT
nposneha (jyHa) u Tpajana 1o jecenu. HakoH nocTtuszama MakCUMallHE BPEAHOCTH aOyHIaHIE y
okto6py (19 060 000 hen/mL), go1wio je 10 BETUKOT CMamberba KoHIeHTpaluje hocdopa, Koje je
Mmoryhe y3pokoBaHO ympaBo mopactoMm momynamje R. raciborskii. R. raciborskii nma Bucok
apUHUTET M KamauuTeT ckiaaumrema ¢ochopa y mopehewy ca apyruM ujaHoOakTepHjama
(Istvanovics u cap., 2000). OBe amanTanuje omoryharajy R. raciborskii ga pacte u y ycimoBuma
HUCKHX BpenHocTH (ocopa (Briand u cap., 2002). Ha pa3Boj Bpcre R. raciborskii uma 3nagajan
yTHUIIA] ¥ MPOBUIHOCT Bojie. OBa BpPCTa ce jaBjha YIJIaBHOM Y BOJIaMa ca HUCKOM ITPO3UPHOIITNY
(Padisak u Reynolds, 1998; Briand wu cap., 2002; 2004; Karadzi¢ u cap., 2013). V¥
AnekcanapoBaukoj akymyinamuju R. raciborskii je qomunmpao, takole, y ycioBuma orpaHHueHE
ceetnocty (mpoBuanocT 0.25 - 0.20 m).

100



Huckycuja

Cvijan u Fuzinato (2011; 2012) nmajy momaTke O CIOpaJMYHOM Hajiga3y OBE BPCTE Yy
CpOuju y 3aciameHiM MOYBapama, ca BUCOKOM pH, erekTponpoBoaybUBOIINY U TEMIEPaTypOM
Boze. R. raciborskii je 3aGenexen n y pubmaxy Kanerancku put (Ciri¢ u cap., 2010). Iojasa
MacCOBHOT pa3B0ja OBE BPCTE OTKPHUBEHA je y eyTpodHOoj Hu3ucKoj peru [Tomasuiu Tokom 2008.
rogune (Karadzi¢, 2011; Karadzi¢ u cap., 2013). Ox MoMeHTa HpBOT Hajla3a OBa MHBAa3HMBHA
Bpcra je y CpOuju mpommpuia CBOj apeay, Ia jeé OCUM y IOMEHYTHM €KOCHCTEMHUMa
nerexkroBana u 'y [lammhkom, Jlynamkom u KpBaBom jesepy (Jovanovié¢ u cap., 2015), 3acaBumm
(Predojevi¢, 2017), ITapury3y (Jovanovi¢, 2020), anu u y JdynaBy u Tucu (Jovanovi¢, 2020).
[lojenuHayHM TPUXOMH OBE BpPCTE JeTeKTOBaHU cy U y lllymapuukoj akymynamuju Tokom 2011.
roaune (Simi¢ u cap., 2012). Ilpu ucTpakuBamuMa y OKBHPY OBE AMCEPTallUje y MEPUOLY O
2012. no 2014. ronune y akymynanuju Lllymapurie oBa Bpcta Huje Hal)eHa.

[ToceOHe mpomeHe y (PUTOIUIAHKTOHY AJIEKCAaHIPOBAuKe aKyMyJjaluje cy 3a0enexene y
2014. rogunau. Hajumwke BpenHocTH aOyHAaHIe (QUTOIUTAHKTOHA Cy AeTeKToBaHe TokoMm 2014.
roguHe U Bapupane cy oa 133 hen/mL (jamyap) mo 454 666 hen/mL (aBrycr). Ox ykymHe
aOyHjaHIe (UTOIIAHKTOHA 3ajeHUIA IUjaHOoOaKTepHja Oeiexxu HajBehu yaeo TOKOM ampuiia
(78.9%), nox je kacHuje Taj yaeo MamHu (Y aBrycry je [ujaHo0aKTepHjcKu yueo 6uo 54%). To je
U TIEpUOJI KOjU KapaKTEepUIIe CMamkCHhe KOHIECHTPAIMje HYTpPHjeHaTa y OJHOCY Ha MPETXOJHA
IBa JleTHa Mepuoja koja cy mpaheHa y oBoj akymynanuju. 1o cmameHe KOHIIEHTpaluje
HyTpHjeHaTa, CIMYHO KAa0 M y aKyMmynanwju byOam, IOIIIO je mmociie mepuoaa OOWITHUX
nagasuHa y nposiehe 2014. ronunu. [lo nogammuma PXM3 u Ha teputopuju Bpama je HajBeha
BPEIHOCT MPOCEYHE TOAMINE KoJnunHe nagaBuHa (898.1 L/mz) eBugcHTHpaHa Tokom 2014,
roaune. [ToceOHO Benmrka KOIMYKMHA Ma1aBUHA je 3abenexeHa y majy (161.8 L/ m?). Stevié (2011)
HABOJM Jla TPWIMKOM HcTpaxkuBamba Komaukor Pura (XpBarcka) MacoBHM pa3BOj MHBAa3HBHE
tporicke Bpcre Raphidiopsis raciborskii je 3a0eneeH HAKOH EKCTPEMHHX XHIPOJIOMIKHX
YCIIOBa, JIOK CY MOIUIaBE MAJIOT MHTEH3HUTETA JI0BOJbaH MopeMehaj 3a 0/ICyCTBO HETOBOT pa3Boja.
VY ciyuajy AnekcaHJIpoBauke akyMmyJalije HaKOH MHTEH3MBHUX MaJaBUHA, MAKO je JOMUIO JI0
cMamema OpojHocTH nujanobakTepuja, Bpcta R. raciborskii je u nasme 6una npucyTHa.

Ocum 1o moMuHAaHTHOM mpucyctBy Bpcre Raphidiopsis raciborskii, AnekcanapoBauka
aKyMmylamgja ce paslidKyje W [0 TPUCYCTBY OCTalUX BpcTa (DUTOMIAHKTOHCKUX
1jaHoOaKkTepHja. Ha OCHOBY U3padyHaTor KoepuIMjeHTa KBAJINTaTUBHE
cIMmyHOCTH/paznuauTocT 1o  SOrensen-y  (1948) wu3melly ucnuTHBaHMX —aKyMyliainuja
Hlymapuue, bybaw 1 AnexcaHIpoBauke YCTaHOBJBEHO Ja je HajBehM MpoleHaT KBaJUTaTHBHE
cnuuHocTH 3abenexeH u3Mely akymynamnuje Lllymapunie u bybam (42.85%), mok je Hajmama
KBAJIUTATUBHA  CIMYHOCT  (UTOIUIAHKTOHCKHUX  LMjaHOOakTepwja 3abenexeHa  u3Mehy
AnekcannpoBauke u akymynanuje [llymapune (30.30%), 3atum u3mehy AnexcanapoBauke u
akymynanuje byoam (34.28%). YV AnekcanapeBaukoj akyMmylaiuju je YTBpEHO NPHUCYCTBO
Bpcra Cylindrospermum stagnale, Glaucospira laxissima, Anabaenopsis elenkinii, Lyngbya
aestuarii. To cy BpcTe Koje Cy KapaKTepUCTUYHE 3a TPOIICKA MOAPYYja, CllaHe U eyTpodHE BOJIE.
HbuxoBo nmpucycTBO y MEpUOy UCTPAXKUBAKA, A M PaHH]E, yKa3zyje Jia je OBO BeoMa criennupudan
exocucteM. [lomeHyTa Mana cmu4HOCT AJIEeKCaHAPOBAYKe ca OCTajle JBE aKyMyJjalllje MOXe Ja
ce objacHM crienu(UYHUM €KOJIOIIKHUM YCIIOBHMA KOJU KapaKTEepHILly OBY aKyMyJIalujy.

AnexkcaHapoBauka akymynamnuja je ¢opmupana jom 1965. ronuHu, Ha 3aciamkeHOM
3eMJBHILTY (CIaHuIITY). Mopdoiolike KapakTepucTHKe akyMmyianuje (mpoceyna AyouHa 2 m) u
MaJld JIOTOK CBeXe BoJie, (U3NUKEe M XEMHUJCKE KapaKTepUCTHKe came Boje (moBehaH caapxkaj
OMOTeHNX COJM, BHCOKa Temmeparypa, PH ¥ eneKkTpompoBOIJBMBOCT), Cy yTHIAJE TOKOM
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HEKOJIMKO JIelleHuja Ha (GopMupame crenupuIHe 3ajeHUIC [IHjaHOOaKTeprja KaKo y MOTIeay
npucyctBa oapeheHnX BpCTa, TAKO M Y HAYMHY HHHXOBOT YAPYXHBamkba U 00pazoBama ,,I[BETa",
MOHEKa]] Yy BUJY KOMIIAKTHE JKEIaTHHO3HE Mace Ha MoBpimuHH Boje (Simi¢ u cap., 2011;
Pordevi¢ u Simi¢, 2014). Pesynrati (U3NYKHUX M XEMHjCKHX aHAINW3a, KAa0 U MPHUCYCTBO H
OpojHOCT NHjaHOOAKTEepHja U JAPYIrUX CYKAPUOTCKUX AITH MPUIUKOM IMPBOT UCTPAKUBAKA OBE
akymynanuje y jyrny 2008. ronune, ykazuBaliv Cy Ja je je3epo HaKOH 45 ToAuHa CBOT TIOCTOjamba
JOCTUTIIO BUCOK cTemneH xurepeyrpoduje. Ha moBpmmHu Boje je OMO MpUCyTaH KOMITAKTaH
OuopmwiIM Kora Cy YHMHWIEC TYCTO HCIpEIUIETAHE W CIEIJbCHE, Kako OCHTOCHE, Tako |
IUTAHKTOHCKE KOHYACTe, jeAHONeInjcKe U KOJIOHHMjCKE LMjaHOOaKTepHje, 3ajeJHO ca KOHYACTHM
3enennM (Cladophora u Oedogonium) u mIaHKTOHCKHUM jeIHONEINjCKUM M KOJIOHHjCKUM ajrama
pena Desmidiales u Chlorococcales. ¥ Ounoduiamy cy TOMUHHMpamH XETEPOLUTHH TPUXOMH
Cylindrospermum stagnale, anmu u apyre npaHoOGakTepuje ca U3PaKECHHM CIy3aBHM OMOTadeM
(Chroococcus, Gloeocapsa, Gloeotrichia, Nostoc, Limnothrix). ¥V ckpamu, anu y IIaHKTOHY,
npu npouaHoctd oa 0.1 m Oune cy noMHMHAaHTe TOjeIMHAYHE WIM y MapoBuMa henuje
Synechococcus lividus (Simi¢ u cap., 2011; Pordevi¢ u Simi¢, 2014). OBakaB Guoduam, ca
CIIMYHUM CaCTaBOM I[MjaHOOAKTEpHja, YIJIaBHOM je KapaKTepUCTHYaH 3a allkajHa je3epa, ca
BpEIHOCTUMA eJIeKTporpoBosbuBocTH mpeko 1000 uS/cm (Kawabata u cap., 1997; Manchada u
Kaushik 2000; Lopez-Archilla u cap., 2004). ¥ Cpbuju je Tama npBu myT 3abeiie:keHa OBaKBa
KoMOuHanmja nBeTajyhux nujanodakrepuja nu Ouoduam oBakBor msriieaa u cacrara (Sedmak u
Svir¢ev, 2011; Jovanovi¢, 2020). Synechococcus je yecto OpojaH y IUIMTKHM, MYTHUM H
ankanauM jesepuma (Felfoldi u cap., 2009). V ycinosuma xunepcarypanuje (146% catypanuja),
OBa cKpaMma ce 300or Mexypuha Ba3zayxa Koju cy ce ¢GopMUpalld y 10j, MOANrIa U 3aapKaia Ha
nopimHu. PopMmupaHa CKpama je oHemoryhaBajga NpoJOp CBETJIOCTH, INTO je JOAAaTHO
YCIOBHJIO TOIU3ak€ CBHX OCTAIMX alird M 3aJp)KaBamke Yy IMOMEHYTO] CKpaMH Ha CaMoj
noBpmuHU Bojie. Ckpama je oHeMmoryhapana u xmaheme jesepa, Tako Ja je TeMIeparypa y jyHy
2008. rogune on 34.4°C morojoBaia ONCTaHKY U MacOBHOM Pa3Bojy LiMjaHOOaKTepHja. Y CIOBH
KOJU Cy BIQJalid KpajeM Jera y je3epy (HU3aK MHTEH3UTET CBETJIOCTH, M BHCOKa
eNeKTPONPOBOJBUBOCTH) omoryhuinn cy mojaBy OentocHe Lyngbya aestuarii y mymy y
puo0aTHOj 30HU aKymyJialuje, TAe j€ o1 Tpuxoma y capu, hopmupaina aedeny ckpamy 3elieHe
00je, allu U y MJIAHKTOHY, /1€ je OMo MpUCYTaH BEIUKH Opoj TpUXoMa KOju Cy M3alllId U3 cape.
Tpuxomu L. aestuarii cy 3ajexno ca Chrysosporum bergii u Anabenopsis elenkinii 6ojunu Boxy
y TamHO 3eneHo. IlomeHyTu TtakcoHu cy, Takolhe, perko HamaxeHu y Cpb6buju (Cvijan u
Blazenci¢, 1996; Dordevi¢ u Simi¢, 2014; Jovanovi¢, 2020).

bynyhu na je cBe Behu mporeHar Maaux akyMmyJaluja U3J10XKEeH aHTPOIIOTEHOM YTHLIAjy
ycien 4dera BPEMEHOM JO0JIa3u JI0 MPOMEHE HHMBOA Tpoduje aKyMmynaiyja ¥ MpEeHaMHOXKaBamba
1MjaHoOaKkTepHja, MPHUCTyNa ce NpollecuMa caHalMje Kako Ou ce MmoOoJblIao KamaluTeT
IBUXOBUX EKOCHUCTEMCKHX YyCiIyra KOJjUM OM Ce€ OJrOoBOpWUJIIO Ha JPYIITBEHE IMOTpede
(Fontanarrosa u cap., 2019.). OcHOBHH LWJb peBHUTANHM3AIMjEe aKyMyalHja je 1a ce modosbiia
KBQJIUTET BOJIE, LLITO YKJbYUYj€ CMamemhe HUBOA HYTpHjeHaTa, buoMace (GUTOMIAHKTOHA, ajll U
nosehame npoBuaHoctu (Fontanarrosa m cap., 2019.). YmpaBo 300r crama AjeKkcaHIpoBauke
aKymyJjaiuje U BUCOKOr HuBoa Tpoduje y nepuonay ox 2009. no 2010. rogune crpoBeneHe Cy
Mepe Ha KOMIUIETHO] PeKOHCTpYKIHju akymynanuje (Prokic¢ u cap., 2008).

Pesynratn wuctpaxkuBama (U3MYKHNX H XEMHJCKHX TapamMeTapa | JIUBEp3UTETa
IUjaHOOAKTepHja U ATk y AJICKCAHIPOBAYKO] aKyMYyJIalMjH TIET MECEI[ HAKOH MyHhCeHha BOJIOM
u3 peke (cenrembap 2010. roaune) MOKa3yjy Ja je AOILIO 0 MPOMEHa CaMO HEKHX MapameTapa.
EnexronpoBoasbUBOCT BoJie je Ouiia 3HaTHO Mama 345 PS/cm (mpe canaiyje je u3Hocwia 1234
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puS/cm), anu pH BpemHocT, a moceOHO KoHIEHTpaije docdara, ykasyjy aa Cy OBIE U Jajbe
OWJIM IPUCYTHH YCIIOBH 3a yOp3aHy npupoany eyrpodusainujy (Simic¢ u cap., 2011). Iler meceru
HaKOH TYyHCHa je3epa CMameH je€ TUBEP3UTET M OpOjHOCT jeTHONENHjCKUX M KOJOHH]CKUX
KOKaJIHUX aJTd, JIOHEKJIE M XOMOLMTHHX TPUXAJTHOI Taiyca, JOK Cy U Jajbe OWiie MPUCYTHE
tpuxanue, xerepouutHe Bpcre (Cylindrospermum stagnale, Chrysosporum bergii, Anabaenopsis
elenkinii). tbuxoBa mojaBa oamax mocJje canamuje 6uia je moryha u 300r akuHeTa momMohy Kojux
Cy ce 3aJip)Kajie Yy MyJbY KOjU HHj€ MOTIYHO YKJIOWEH MPWIMKOM caHaruje. OHO mTo je OMiIo
MOTITYHO HOBO, U HEOUYEKMBAHO Y OBUM YyCJIOBHMa, je mojaBa Bpcte Raphidiopsis raciborskii. Osa
BpCTa HHje OmIa MPUCYTHA Yy je3epy mpe canarmje (Simi¢ u cap., 2011).

Y nepuony ox ampuia a0 jyna 2011. roguHe y akyMynnanuju MOMEHYTHX MOTEHIIN]jaTHO
TOKCHYHHX aJIrd HUje O0mito, OpojHocT Cyanobacteria Omia je MporeHTyaaTHO Majla y OJHOCY Ha
JOMUHANMjy ocTanux rpyna (y ampuiy je aomuHupao pasmaeo Bacillariophyta, y jyny
Chlorophyta, a y jymy Dinophyta). V jyny je, Ha Temmeparypu ox 24°C, nouuio 1o mojase
nsetamba Chlorophyta u BuIsbHBE XyTO-3€JIeHE CKpame Ha TOBPIIMHU je3epa (opMHpaHE Of
konaria Pithophora sp., Cladophora sp., Oedogonium sp., Mougeotia sp., Spirogyra sp. (Simi¢ u
Dordevi¢, 2016). TakBo uBeTame U ckpama cy Owim npucyTHH u npe caHanuje (Pordevié u
Simi¢, 2014). ®opmupana ckpama je yTuiiaiga Ha €CTeTCKH M3TJIe]] OBOT aKBATUYHOT €KOCHCTEMa
¥ yMamniia MOTyhHOCT Jla ce oBa aKyMmyJalfja KOPUCTH y CBPXE 3a Koje je IIaHupaHa (Kyrname).
VY oBOM nepuony Cy M Jajbe Ouiie ocyTHe jeqHoheNnujcKe U KOJIOHU]CKE I1jaHo0aKTepuje, 10K
Cy Ce XOMOIIUTHE M XeTepouuTHe (popme 1ujaHoOaKkTepHje jaBibajie ca MalluM OpojeM BpCTa U 'y
ManuMm OpojHocTuMa. KoHuacTe 3eneHe anre, 3ajeqHO ca MakpO(pUTCKOM BeEreTalujoMm, cy
MEXaHHYKHUM ITyTeM (KOCHIIUIIOM) YKJIOKEHE U3 aKyMyJlaluje, modeTkoM jymna mecena (Pordevié
u Simi¢, 2014).

Y  centemOpy 2011. roamHe ce cuTyauuja y aKyMylamdju I[pPOMEHHIIA
(emexTponpoBOJLUBOCT je Onaro mosehana, MpOBUAHOCT BOJIE je CMameHa, YKyIHa abyHaaHIa
¢utorutankrona Owna je 1 187 848 mua/L, ¢ TuM ga cy nujaHoOaktepuje umHuie 87%)
(Pordevi¢ u Simi¢ 2014). V 3ajenquuim uujaHobaktepuja Owmia je momuHanTHa Glaucospira
laxissima (74%), nok je cyomomuHanTan TakcoH Owo Raphidiopsis raciborskii (23%), a
npucytae cy owre Chrysosporum bergii u Anabaenopsis elenkinii (Pordevi¢ u Simi¢, 2014;
Simi¢ u cap., 2014). Oso je 6wo u npeu Hana3 Bpcre Glaucospira laxissima y Bogama Cpouje
(Simi¢ u cap., 2014). Glaucospira je HEJOBOJPHO IMO3HAT POJ, PETKO HANAXEH y IUIAHKTOHY
jesepa, oomuHO y TporckuM KpajeBuma (Komarek u Anagnostidis, 2005; Simi¢ u cap., 2014).
CnpoBeneHa HCTpaKMBama y KOjUMa je JETEKTOBaHAa IOMEHYTa BPCTa TOBOPE O CIMYHOCTH
BOJICHUX €KOCHCTEMa M EKOJIOIIKHX ycioBa. Y ciaHoM jesepy bpasuma (Salina de Meio) ca
eKCTpEeMHUM eKkouommkuMm ycrnoBuma (pH>10; enekrponpoBomsbuBoct Beha ox 3 800 pS/cm;
temneparypa 28.2°C) 3abenexeno je mpucyctBo poaa Glaucospira u Anabenopsis elenkinii
(Santos u Sent'Anna, 2010). Nogueira u cap., (2011) cy unentudurosanmu Glaucospira sp. y
pubmaky (jezepo Jao — MIUTKO BEIITAYKO j€3€P0) y TUIAHKTOHCKO] 3ajeAHHUI ca 31 TakcoHOM
mjanoOakrepuja. Raphidiopsis raciborskii je Takohe Omo mpucyraH y (QUTOIUIAHKTOHCKO]
3ajemHauny. Jesepo Jao je muTko ankaiHo jesepo (PH 7.5-9.1; enexrpomnpoBoassuBoct ox 110.8
1o 137.4 uS/cm, remneparypa Beha ox 25°C).

V3umajyhu y o03up CcBe Hampes] HaBEICHO, OYHUIJICTHO j€ Ja y MPBO] TOAWHU HAKOH
nykbekha akymynangje opMupaHe Ha CIAHUINTY, MPUMEHEHU IMOCTYIMaK caHalfje HUje Aao
pesyararte. [Ipunrkom caHanmje y3 HHXEHEPCKO MPOJEeKTOBAKE M PaJoBe OWIIO je& HEOMXOIHO
KOMIUIETHO carjieJlaBambe CHeu(UIHOCTH OBOT EKOCHCTeMa, Mpe CBera THUMa MOAJore u
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MPUCYTBA CIAHUILTA Y MPHOOATHOM MOAPYY]Y, KA0 U BUXOBOT yTHIIaja Ha (PU3HUKE MXEMUjCKE
KapakTEepUCTUKE BoJe OBe akymynanuje. CnupameM CIaHUINTA W Ja/be | O30 0
noBehama KOTUYHMHE COJIM Y BOAM M JI0 MoBehama enexktpornpoBossuBocTU. [lojac Bereramuje
KOJH je y mpoliecy caHarje 6uo 3acaleH Ha obOanu paau yOigakaBama epo3Hje U CIUpama, HUje
yCIleo J1a ce pa3BHje y OBOM IMEPHUOIY, U JOUUIO je J0 mormyHor cymema (Pordevi¢ u Simic,
2014). Mana nyOuHa, BelIMKa OCYHYaHOCT BOJCHOI €KOCHCTEMa, BHCOKA TEMIIEpaTypa BOJC U
BHCOKa PH BpeaHoCT cy OWIM MmapamMeTpu KOju Cy KapakKTepucald aKyMyllalldjy U HaKOH
caHalgje, INTO je W Tpe CaHaluje, a M IO0CJe, JOBEJO0 JO II0jaBe W IMPEHAMHOXKaBamba
crenupUIHAX IIMjaHOOAKTEPHjCKUX BPCTa 3a KOje je MO3HATO J]a MOTY Jla Ty4e IIUjaHOTOKCHHE U
Jla HEraTUBHO yTUYY HA KHBH CBET Y BOJIH.

[Ipe canammje, y centemOpy 2008. ronune 10 MacoBHOr yruHyha 6enor ToscToiao0uka
(Hypophthalmichthys molitrix), amoxToHe IIaHKTHBOpHE BpCTE pHOE, AOILIO j& Y MEPHOIY
nBerama Bpcere Lyngbya aestuarii, Chrysosporum bergii u Anabaenopsis elenkinii. Ha ocHoBy
mutepatypHux nonataka (Meriluoto u cap., 2017), momenyre nBerajyhe BpcTe MOry Takohe
npojayKoBaTH mujaHOTOKCHHE: Lyngbya aestuarii  (CakCHTOKCHH, IIHMJIMHAPOCIIEPMOIICHH,
JUHrOMaTOKCHH, amiu3uarokcus), Chrysosporum  bergii  (UMIMHIPOCIEPMOIICHH) U
Anabaenopsis elenkinii (mukpouuctun). [loreHuujannu y3pouu yrunyha TojcroioOuka cy
MOTJIA OUTH TOKCHHH OBHUX aJITH, OCIO00l)EHH MPUIIMKOM HHXOBE pa3rpajiibe y YCIOBUMA HUCKE
TeMmIeparype Koja je mepera y oBom nepuoay (15.6°C), Harno cMamemhe KOIMIHNHE KUCEOHNKA Y
Bomu (3.6 mg/L), xkao u Harmm max PH Bpemnoctu Ha 6.8 (Pordevic m Simié¢, 2014).
Toncronobuk je amoxtona Bpcra pube, yHera y oBy akymyiauujy 2003. roaumHe y numipy
CMambCHba IpUMapHe MPOAYKIIMje U IBeTama nujanodakrepuja (Pordevi¢ u Simi¢, 2014).). benu
TOJICTOJIOOMK je TIO3HAT Kao BpCTa TOTOJHA 3a Tajele y aKBaKyJITYpH, ajld M 3a cy30ujame
OopojHoctu anru. [lopubibaBambe OeTMM TOJCTOJIOOMKOM Kao OHMOMaHHUIyJaTOpHa Mepa ca
IMJbEM CMamemha OrMoMace (DUTOTUIAHKTOHA y je3epHUMa je M3a3MBaJIO TMOJEMHKE M CIPOBEICHA
UCTpaXKMBama Cy Moka3ana jaa To Huje mpaBu HaumH (Gophen, 1990; Xia u cap., 2006).
OUTONIAHKTUBOPHU OENM TOJCTOJIOOMK MOXKE €BEHTyallHO OUTH edrKacHa puda 3a peayKIH]jy
[[BeTalka LMjaHOOAKTepUja U TO Yy eyTpoHUM je3epuMa Yy KOjUMa HEAOCTaje KPYIHH
3oomaankToH (Xia u cap., 2006). Heka ekcrepuMeHTallHa HCTpakKMBama IOKa3yjy na je
NPUCYCTBO OBE BPCTE Y MCTHUM YCJIOBHMA JIOBEIIO J0 CMamera pacta Hekux Bpcra (Anabaena,
Aphanizomenon), aiu ca apyre cTpaHe J0 CTHMYJIAIlMje pacTa MojeIHIX [HjaHoOaKTepuja, HIIp.
Microcystis aeruginosa (Kolmakov u cap., 2006). Ipyre cryamje mokasyjy aa y ycloBHMa
1BeTama I1ujanodakrepuja (A. flos-aquae u M. aeruginosa) monasu vecto a0 yruayha Oemor
Toscronobuka (Jewel u cap., 2003). OuurneaHo je Aa U y OBOj aKyMyJIalliju MOKYIIA] CMakEeHha
MPOAYKIIMj€ YHOIICHEM TOJICTOJIOOMKAa HHje a0 JKeJbeHE pe3ynrare, a Ja je aKyMmyJiaiuja
MocTajia HeYynoTpeOJbHBa 32 JKeJbEHE CIIOPTCKO-PEeKpeaTHBHE CBpXe (IUIMBAmkEe U PUOOIIOB), TIa ce
HaKOH OBOr' jorahaja MpUCTYNMWIO KOMIUIETHO] CaHallMju aKyMyJaluje Koja ce oriiefaina y
NPaXbEHhY, N3MYJbUBakY U IOHOBHOM ITYHEHY je3epa CBEXKOM PEYHOM BOJIOM.

JIBe rogmHe mocrne caHaryje, y aenemopy meceny 2012. roguHe y AJEKCaHIPOBAYKO]
aKyMyJlaliju 3a0eneXeH jeé U TTOHOBHM MAaCOBHM IMOMOp prOe HAKOH BHIIIEMECEUHOT IBETama
Bpcre R. raciborskii (Pordevi¢ u cap., 2015). Bumie ox 3 t uunpunuaHe pube je YyruHYIO y
JEIHOM JaHy. AHAIM30M y30paka YrHHYJIUX puba BUIU C€ JTOMHHAHTHO MPUCYCTBO puba Koje
HUCYy Oumile IiaHupaHe NopubJbaBambeM, a HU Y ckiaay ca [IporpamoM ympaBibamba pudOapcKum
nonpydjeM “Cpbuja-uctok aeo* (Jleckonair). [ToceOHO je 3HauajHO MPUCYCTBO puba aJIOXTOHOT
MOpeKya, Kao ITO Cy a3hjCKe BPCTE: aMyp, CHMBH TOJCTOJIOOWK W cpeOpHHM Kapaml. [Ipomenar
AJIOXTOHUX BpcTa M3HOCHO je 89.2% ox yKymHe Mace YruHyiaux puba. YHOIIECHE aJOXTOHUX
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BpcTa puba y puOOJIOBHE BOJE 3a0pameHO je 3aKOHOM O 3aITUTH M OAPKHUBOM KopHuIThemy
puobsser honnpa (Cnyxbenu riaacuuk PC 6p. 128/14; Pordevic u cap., 2015).

Kama je peu o mpenopykama C30, OpojHOCT 1MjaHOOaKTEepHja AJlEKCaHIPOBAYKE
aKyMyJlalje y JICTHEM U jeCeHhEeM IEepPHOy TOKOM TPOTOIUIIEker MoHuTopuHra ox 2012. mo
2014. rogue je mpenazuna 100 000 hen/mL wm yka3uBana je Ha BHUCOK CTEIECH 3PaBCTBEHOT
pH3HKa, [IOrOTOBO Y [EPHO/y JOMHHALM]e U BeTama Bpere R. raciborskii (19.06x10° hex/mL)
(Chorus u Bartman, 1999; WHO, 2003; Chorus, 2012). Hakon unTeH3uBHux nagasuHa y 2014,
TOJAWHU TPBH IYT Cy OpojHOCTH IMjaHoOakTepuja y Mmajy u jyHy (21 283-59 766 hea/mL) y
AJekcaH/IpoBadKoO] akymynanuju mpema mnpenopykama C30 ykasuBal€ Ha CpelmbU HHUBO
3IpaBCcTBEHOr pu3nka. Hakon meproa nsetama Bpere R. raciborskii u macoBHor momopa pube y
neremOpy 2012. rommHe AnekcaHIpoBayka akymylanuja je 3a0pameHa 3a ymotpeldy y
CIIOPTCKO-PEKpEeaTUBHE CBPXE M Ta 3a0paHa je joIl yBeK Ha CHa3H.

MuoroOpojHe cryauje mokasyjy Aa paznuautd cojeBu Bpcre R. raciborskii npoaykyjy
pasnuuute TOoKcuHe. YTBpheno je ma cojeBu R. raciborskii uz Aycrpamuje (Hawkins u cap.,
1985; Ohtani u cap., 1992), nojequnu asujcku (Li u cap., 2001) u ca Hosor 3enanga (Wood u
Stirling, 2003) npoussone muaunapocnepmoncut (CYN). Aycrpanujcku cojeBu R. raciborskii
npousBoge CYN wu CYN-anamor, aeokcu-nmauaapocrnepmoricud (Norris u cap., 1999).
Bpasuicku cojeBu R. raciborskii mpousBose Heypotokcun u cakcurokcun (Lagos u cap., 1999).
Heke crymuje cy mokasyjy Ja HEKH €BPOIICKM M a3ujcku cojeBu R. raciborskii me campixe
HUjeaH O]l IMO3HATHX IMjaHOTOKCHHA, ald Ja MOTy OMTH TOKCHYHH 3a EKCIIEPUMEHTAJIHE
xuotuibe (Fastner u cap., 2003; Saker u cap., 2003). /la 6u npoxykoBaaun CYN u Owuiu
TOKCHYHH, cojeBu R. raciborskii mopajy na caapske ren ouocunreze CYN (cyrA — cyrO) (Mihali
u cap., 2008). Nako ce R. raciborskii moxe Hahiu Ha TOTOBO CBMM KOHTHHCHTHMA, Ha OCHOBY
JOCTYITHE JIUTEPATYPE CEe BUJIM J1a CIIOCOOHOCT npou3Bombe TokcuHa CYN-a Huje yHuBep3aiHa.

Amnanmuzama Bojie U3 AJIEKCaHAPOBAYKE aKyMyJalHje TOKOM MOHHTOPUHTA CIIPOBEICHOT
y nepuony of jyHa 2012. no nenemOpa 2014. ronune, METO0M Te4HE XpoMaTorpaduje BUCOKe
pesonynuje (HPLC-PDA) naentudukoBaH je 1 KBaHTU(PUKOBAH TOKCUH IIMJIMHAPOCIICPMOIICUH
(CYN). pyrs MCIIUTUBAHU [HjaHOTOKCHMHH MHKPOIIMCTUHH, aHATOKCHH M CAKCHTOKCHUH HHUCY
nerekroBand. OBUM ucTpaxkuBambeM y CpOuju je mpBu nyT oTkpuBeH u kBaHTH(uKOBaH CYN
(Pordevi¢ u cap., 2015). ®usuuko-xemujcka metoaa (HPLC) jeana je ox HajMohHUjux mMeToqa y
AQHAJIMTUYKO] XEMHUJU M TMPEICTaB/ba BeoMa epUKacaH HAuMH 32 aHAIM3Y U HJEHTU(UKALN]Y
nujanotokcuna (Rapala u Lahti, 2002). Cnaga y cemapanuoHe MeToJle W MpHMEHmYje ce 3a
pa3aBajame, KBAJIWTATUBHY W KBAHTUTATHBHY AaHAJIM3y CMeEIIe AaKTHBHUX M HEAKTUBHUX
CYIICTaHIIU KOj€ MOTY OMTH NMPHUCYTHE Yy TparoBuma (MUIMOHUTH, OMITMOHUTH J1€0) U CAMUM THM
uMa MpuUMeHy — Yy ¢dapmaleyTckoj, npexpamOeHO] HHIYCTPHUjH, (OPEH3ULH, EKOJOTH]jH.
Konnentpanuja CYN-a y 2012. ronunu je Ouna y pacrnony 1.61-20.47 pg/L. KoncratoBaHo je
nosehame caapxaja CYN-a y nmepuoxy oz aBrycra no HoBemOpa 2012. ronune, Kaja JOCTHKE
makcumym (20.47 pg/L), na 6u HakoH Tora ycieauo nan y konmnentpamuju CYN-a.

I[Tomop pube y nenemOpy 2012. rogmHe ce OOTOAMO HAKOH Tepuoja Kada je y
aKyMyJaluju Oujia MpUCYTHAa MaKCUMallHa BPEAHOCT TOKCHHA. Y HCTOM IEPUOIy aKyMyJjaluja
je Oma 3aneheHa M KOHIIEHTpalMja KUCEOHHKa cMameHa. [loteHuujanHu y3pok yrunyha puba
moxe outn CYN y KoMOMHanuju ca OpyruM exojiomkuM ¢aktopuma (Sotton u cap., 2014).
Cmuuna curyarnuja goromuna ce y bpasmny (Rio Pequeno) kama je tokcmunoct BpcTte R.
raciborskii mosena g0 macoBHor momopa pude (De Souza u cap., 1998). Berry u cap., (2009)
npoy4daBaiu cy yrunaj CYN-a, kao u ekcrpakra R. raciborskii, Ha emOpuonuma 3ebpa pubdmuiie
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(Danio rerio). 3akpyuniu cy aa je unctd CYN TOkcHYaH caMo Kaja je yOpus3raH JAUPEKTHO Y
emOproHe. HacynpoT ToMe, TUPEKTHO MOTalamke eMOPUOHA Y CBUM €KCTPAKTHUMa PE3yJITHPAIIO
je u nmopehaHMM MOPTAJIMTETOM U pa3BOjHUM aucyHkuujama. [lojaBa TOKCHYHOT I[BETama WU
BeJIMKa I'yCTHHA [MjaHOOAKTepHja je TToBe3aHa ca yrunyheMm puba, Ipyrux KUBOTHIbA, AJIA U ca
oonecruma yoseka (Cruz u cap., 2013). Ilocroje cryauje o paznmuuutuMm epekruma koje CYN
MOXe Ja u3a3oBe y pubama (akymynanuja CYN-a y puOH, OKCHJATHBHH TapamMeTpH |
XHMCTOJIONIKK TapaMeTpu), aiu nojamnu o jerannoj no3u (JI[sp) CYN-a Hucy npujaB/beHH 3a
pube (Sotton u cap., 2014). dakTop KOju je CBaKaKO TOMPHUHEO MACOBHOM YIHHYhY je mpHUCycTBO
BEIIMKE KOJNWYHMHE puOe Koja Mpemallyje KamamuTeTe OBOr eKocucTema. Hawmme, y Jommm
yCIIOBUMa €KOCHCTEMa, a KOjU Cy OWJIM MPUCYTHU Y aKyMYJIAllMjH, TIPUCYCTBO BEIMKOT Opoja
puba Koje CBOjUM aKTHUBHOCTHMA IMPEKOMEPHO TPOIIIE JKUBOTHE pecypce (Ipe CBera KUCEOHHK) je
(hakTOp KOjU JOJAaTHO, Al KPpUTUYHO MoBehaBa pU3HMK O] yrHHyha, TOTOTOBO Y KOMOWHAIIU]H
EKOJIOMIKUX (hakTopa Koju Cy BIagaiu Tajaa y akymynanuju u npucycrsom CYN-a

Tokom 2013. ronune konuentpauuje CYN-a Oune cy HHMKE HEro MpeTXOJHE TOJUHE
UCTpakuBama U Kperaie cy ce ox 0.98 pg/L y jynmy mno 4.01 pg/L y janyapy. AHanmze
cripoBeJieHe Ha y3opuuma Boje u3 2014. ronune nokasyjy na TokcuH (CYN) Huje Ouo npucyrax
y BoaH, a BpeaHoctu CYN-a cy Omiie UCIo ] TpaHuIle JETCKIH]e.

Bynyhu na je y crnpoBeIeHOM HCTpaKMBamby y OKBHPY OBE IHMCEpTallUje JETCKTOBAaH
camo mumuaapocnepmoricuH (CYN) y y3opky Boge u Onomacu AJIeKCaHIpOBaYKe aKyMyJialuje,
3a KCIHTHBAakC YTHIAja METAHOJCKOT CKCTpakTa Ha (YHKLHjy TCHETHYKOI MaTepHjaia,
aKTHMBHOCT OHMOXEMHJCKMX I[apamerapa cepyMmMa, aHTUOKCHIATUBHHMX C€H3UMa, Kao U
XHCTOMATOJIONIKMX MpoMeHa uckopuiinhen je ekcrpakr Bpcre R. raciborskii. Ympaso 36or
CBCOOYXBAaTHUX HMCTPaXKHMBama pa3induTux cojeBa R. raciborskii ca pasmuuuTux reorpackux
JIOKAJIUTETa U BE3¢ HUXOBE TOKCUYHOCTU U TUCTPUOYIH]jE, UCIIUTHBAHE TOKCUYHOCTH CPIICKUX
cojeBa unHmiIo ce HeonxoauuM. Konmentparje CYN-a y excrpakry R. raciborskii uz Cpouje
(6.65 pg CYN/mg ekcTpakra) CIM4YHE Cy KOHIIGHTpalfjama Koje cy jaeTekroBanu Falconer u
cap., (1999) u Hawkins u cap., (1997). Falconer u cap., (1999) nerexroBamu cy CYN y
excrtpakTuMa henuja R. raciborskii y werupu paznuuurte konuentpauuje (1.3, 2.0, 3.2 u 5.4
pug/mg). BUTHO je HamOMEHYTH J1a Cy MOMEHYTE CTYJHje KOPHUCTHJIE EKCTPaKT 3aCHOBaH Ha
MacoBHMM KynTtypama coja R. raciborskii (Falconer u cap., 1999; Seawrigh u cap., 1999), 3a
pa3UKy O]l eKCTPAKTa y HaIllEeM MCTPaXKHUBakbhy KOjH je HAlPaBJbeH MPHUKYIUbAKEM Y30paKa BOJIE
U Ouomace M3 AJIeKCaHApOBauke akymylnaiuje y nepuoay iBerawma R. raciborskii. Takobe,
tokcuuHu coj R. raciborskii je uzonosan u3 jesepa y Cuanejy y Aycrpanuju u HPLC ananuzom
nokaszaHo na caapxu oko 5.5 pg CYN/mg cyse mace ekctpakra (Hawkins u cap., 1997), wto je
CITMYHO HAIIUM PE3yATaTUMA.

300r u3narama Jbyau U 1oMahux KUBOTHEHA TOKCUHHMA IIMjaHOOAKTEpHja IMyTeM BOJE 3a
nuhe Koja ce KOPUCTH Yy Pa3IIUIUTE CBPXE, Y JOCANANIBUM CTY/HjaMa TOKCHYHOCTH KOpuITheHn
Cy BOJCHHU €KCTpakKTH Wwin cycrneHsuje kynrypa R. raciborskii wimm unctu CYN u Hajuemthe cy
npumereHn opanauM myteM (Falconer u Humpage, 2001). I'enotokcnunu edekar ekcrpakra R.
raciborskii yrephen je mpumenom Komer tecra xopucrehn kao mMozmen opraHu3Mme naroBe coja
Wistar y in vivo ycmoBuMa. Komer TecT ce He KOPUCTH 332 OTKPHBAmbE MyTalnja, Beh TeHOMCKHX
Je3uja Koje O Morje Ja JoBeay 10 MyTanuja. TokoM nocneamux aeueHnja Komer tect, mopen
[IUPOKE MMPUMEHE Y pa3HUM 00JIACTHMA, TIPEICTaBba M CPEJCTBO 3a YTBphMBame TeHOTOKCHIHOT
edekra, Kako IPUPOJTHKUX, TAKO M BeITaykux areHaca (Sharma u cap., 2007; Carvalho u cap.,
2011).
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PasnuuunTe KOHIIEHTpaIHMje MeTaHoJICKoT ekcTpakTa R. raciborskii (1 500, 3 000, 6 000 u
12 000 pg/kg T.m.) u CYN (79.80 pg/Kg T.M.) HHTpANEpUTOHEAIHO Cy alUIMIHPaHe MMaloBUMA.
Hugo omrehewa /IHK-a y jeTpu )KMBOTHIbA TPETUPAHUX BUCOKMM KOHIIEHTpAIMjaMa €KCTPAKTa
R. raciborskii (tj. 12 000 pg/kg 1.m.) 610 je cimyaH OHOME KO )KUBOTHI-a TpeTupanux EMC-om
HakoH 24 cara. Takohe, kox Tectupama BehoM KOHIICHTPAIM]jOM, €KCTPAKT j& MPOY3POKOBAO
3HavajHo noBehame aykune pemna y nopehemy ca EMC-om (1.4 myTa) 1 HEraTHBHOM KOHTPOJIOM
(7.3 myra), 72 cata mocie TpeTMaHa, ITO ykadyje Ha reHotokcuynu edekar. Mako je CYN y
KoHIeHTpanujama o1 79.80 Hg/Kg T.M. u3a3Bao craTUCTHYKY 3HadajaH mopact omrehema JTHK,
mocMaTpaHo Kpo3 nosehame ayxuHe perna komere, MomenTa pena u % JIHK y peny, u name cy
omrehema Mama o omrehema Koja cy HacTalla MPUMEHOM €KCTPaKTa y HajBUIIIO] HCITUTHBAHO)]
no3u. HajuHTeH3uBHUjU TOKCUYHM edekaT Hajsehe 103e eKCTpakTa y OJHOCY Ha €KBUBAJICHTHY
no3y unctor CYN-a yka3yje Ha CHHEPrUCTHYKH e(eKaT W €BEHTYaJIHO MPUCYCTBO U JPYTHX
jemumBbEema Y EKCTPAKTy Koja Cy mMmania TokcudHu edekar. OBaj pe3ynTaT je y carjlaCHOCTH ca
pesynratuma nqobujenum y cryaujama Falconer u cap., (1999), Hawkins u cap., (2001) u Metcalf
u cap., (2002). Ilomenyra ucTpakuBama Cy MokKazaja, Ka0 M y HallleM EKCIEPUMEHTY, Ja Cy
excrpaktu R. raciborskii rokcuunuju ox uncror CYN-a.

[{ujanoOakTeprje MOTy HMaTH TEHOTOKCHYHE e(eKkTe Ha pasIu4YuTUM MOZET
OpraHu3MuMa, IITO 3aBUCH OJ PAa3IMYUTUX [CIUIbCHA KOja Cy MPUCYTHA Y EKCTPaKTHMa
(Bouaicha u cap., 2005; Lankoff u cap., 2006; Palikova u cap., 2007; Wu u cap., 2011; Zegura u
cap., 2011; Laughinghouse u cap., 2012). XeMujcka aHanu3a ujaHOOAKTEPHjCKOT METAHOJICKOT
excrpakta motBpauia je mpucyctBo CYN-a. Kao tokcmr, CYN mMa ¥ HOHTOTOKCHYHO U
XEMaTOTOKCHYHO JIeJIOBame, INTO MPBEHCTBEHO MPOW3WIA3M W3 MOhHE HMHXHOUIIMje CHUHTE3e
IpOTEeHHAa Koja HacTaje HakoH KoBaieHTHor Be3uBama CYN-a ca IHK uimun PHK (Shaw u cap.,
2000) xoje mpatu 3Ha4ajHO Kumame yadma JJHK (Shen u cap., 2002). HykieotuaHa cTpykTypa
CYN-a (Harada u cap., 1994; Banker u cap., 1997), a nemoM ¥ NPHCYCTBO MOTEHIIH]jAIHO
PEaKTUBHUX TBAaHUJIUHCKUX U CYN(aTHUX Tpyma, yTuue Ha MoryhHocT Memama y cuntesy JJHK-
a ¥ UHIYKIH]y MyTaluja.

XenaToToOKCHYHOCT MeTaHoickor ekcrpakta R. raciborskii u CYN-a je ucnuTrBaHa
npahemeM cepyMcKHX Mapkepa (QyHKIUjE jeTpe, MmapameTapa OKCUJATUBHOI CTpeca y TKHUBY
JeTpe M XHMCTONATOJOIIKUM HcnuTHBameM TkuBa. [loBumene aktuBHoctn ALP, ALT, AST u
GGT mnpunucyjy ce omrehewy (ynkiuja jerpe. OBU €H3UMHU Cy HOPMAJHO JIOKAJM30BaHHU Y
LUTOIUIa3MHU U yla3e y KPBOTOK HAKOH IITO je Jouuio Ao omrehemwa hemuje. Ilpema noctynHum
rmojiariuMa, mpuMapHo Mecto TokcnmaHoctd u3azBano CYN-owm je jerpa (Hawkins u cap., 1985;
Harada u cap., 1994; Bernard u cap., 2003; Griffiths u Saker, 2003; Terao u cap., 1994).
Pesynrtatu xoju cy n1o0ujeHH y OKBUPY OBE JOKTOPCKE AUCEpTalfje yKa3yjy Ja HHje JTOILIO J0
ociobahama eHsuma nnaukaropa omrehemwa jerpe (ALP, ALT, AST u GGT) y kpBoTOK ycnen
npuMene R. raciborskii excTpakta Ha HauMH Ha KOjH C€ O4YeKyje IIOCIe u3Jjarama
XEMaTOTOKCHHY.

Yuctu CYN, npumemer y no3u o 79.80 pg/kg T.M., mITo oAroBapa KOJIHYHHA TOKCHHA Y
HAjBHIIOj WMCIUTHBAHOj JIO3M METAaHOJHOT eKkcTpakra R. raciborskii, y3pokoBao je Behy
aktuBHOCT eH3nMa AST m ALT y kxpBoTOKY HakoH 24 cara Hero ekcrpakT. Cepymcku
O6uoxemujcku nmapamerpu omrehema jerpe BpaheHH cy y HOpMaily HakoH 72 cata koJ BehuHe
KuBoTUBA. Cratuctuuku 3HavyajHe npomeHe y AST um ALT akTuUBHOCTM HHUj€ MOKa3ao HHU
BojieHU ekcTpakT kyinrype R. raciborskii (216-687 pg/kg CYN nmueBHO TOokOM 10 Henmespa) y
nopehemy ca nejctBom mpeunnihienor TokcuHa CYN (30-240 ug/xkg CYN aueBHO TOKOM 11
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HeJlesba) KOJI OPAIHO TPETUPAHKUX KUBOTHIbA (MYIIKHX ajJ0HHO IaroBa) yoalnBameM eKCTPaKTa
y Boay 3a nuhe (Humpage u Falconer, 2003).

Chernoff u cap., (2011) cy TOKOM pa3IHMYUTHX CETMEHTA reCTAI[MOHOT NEepHOa IaloBa
npatuin aejcTBo TokcrHa TokoM et gana (50 pg/kg CYN) cBe 1o 7 Heae/ba HAKOH JO3UParba.
[Tpumetniu cy aa ce BpeaHocTH Onoxemujckux mapamerapa y cepymy (AST u ALT) mosehasajy
24 cara HakOH (MHAIHE J03€, a Helesby JlaHAa HAaKOH J03Mpama OMOXEMH|CKH ITOKa3aTesbH
omrehema jerpe ce Bpahajy y Hopmanmy. CiMyHU pe3yiaTratd Ccy mnpuMeheHH y Haiem
UCTpakMBamy Kaaa cy manosu npumuid jeany a03y CYN ox 79.80 ug/kg t.M. Y3umajyhu y
003up OMOXEMH]jCKE TapaMeTpe jeTpe, YUCTH TOKCHH je Tpoy3pokoBao Behe omreheme jeTpe y
OJITHOCY Ha METaHOJICKH ekcTpakT R. raciborskii.

[TaroBu Koju Cy OMJIM H3JIOXKCHU JCjCTBY METAHOJICKOT eKcTpakrta R. raciborskii koju
cagpxku 6.65 pg/mg CYN (1 500 mo 12 000 pg/Kg T.M.) HECY IOKa3aid 3HAa4YajHE MPOMEHE Y
cepyMy Koje Ccy moBe3aHe ca ¢GyHKIujoMm jerpe. OBH mojamu TpYyXajy TOJIATHY MOIPIIKY
xunore3u Chernoff u cap., (2011) ga jerpa Huje nmpumMapHO MecTO TOKcHuyHOCTH n3a3BaHe CYN-
oM. Takole, oBM edeKTH ce MOTy 00jaCHUTH TaKo J1a KOHIIEHTpaluje KOPUIINEHOT eKCTPaKTa,
Koje cy caapkaBaie 6.65 pg/mg CYN, Hucy Ouiie T0BOJbHE Ja Y3POKYjy 030HJbHO omTeheme
jetpe.

CiauyHe TPOMEHE Yy XHUCTONATOJNIOTHMjU jeTpe, MHHHUMAJIHE JI0 yMEpEHEe Jie3uje, Ccy
3a0enexkeHe y rpyrmama Koje Cy TpeTUpaHe eKCTpakToM u y rpynama tpetupanuM CYN-om 24 u
72 cata HakOH MHTOKcHKauuje. OBe mpoMeHe, YKibydyjyhu HEeKpo3y, anonto3y, HHQUITpaujy
nHpIaMaTOpHUX henMja W NHUTOIIA3MATCKy BaKyOJIHM3alMjy Yy jeTpW TamoBa H3JI0KEHUX
excTpakTy koju cagpxku CYN, cy y ckiany ca mpeTxoJHOM CTYAHjOM M3BEIEHOM Ha THIAMHUjU U
Ha MuineBrMa koju cy usnoxenn CYN-y wim xkynrypu R. raciborskii (Seawright u cap., 1999;
Chernoff u cap., 2011; Gutiérrez-Praena u cap., 2012). 3a pa3iuKy o] CEpyMCKHX OHOXEMHjCKHX
nokaszareJba omrehema jeTpe, TIaBHE MaTOJOUIKE MPpOMEHe NmpuMeheHe y jeTpu UCIHUTHBAHE Y
OBOj CTyauju Ouie cy Bpio ciauuHe M3Mel)y mamoBa KOju Cy eyTaHa3WpaHH HaKoH 72 cara u
MaloBa eyTaHa3upaHuUX TMociae 24 daca; mnpemMa TOMe, HHje mnpumeheHo ornopassbame
XHCTOJIOIIKMAX IMPOMEHa H3a3BaHuX ekcTpakToM R. raciborskii kox mamoBa. Heke om oBux
MATOJIOIIKUX MPOMEHA OMHMCAaHE Cy M KOJl TWUJamnuje ¥ Ouiie cy u3paxkeHuje y 5. gany Hero 24
cara HakoH u3narama yrctuM CYN -om (Gutiérrez-Praena u cap., 2012).
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Ha Ttemespy noOujeHHMX pe3ynaTara CHpPOBEACHOT HCTPaKMBamba MOTY C€ H3BeCTH cleaehu
3aKJbYYIIH:

>

>

e

%

Mare akymynanuje cy CreripuuHi BOJCHU €KOCHCTEMH Ca acIeKTa OMOIMBEp3UTETA.
TokoM roguHa y MaJiuM akymylangjama JoJia3u 0 Tporeca eyTpodukanuje, Koju je
npaheH MpeHaMHOXaBalkbeM U IBETameM IHjaHoOakTepuja, Mel)y Kojuma ce jaBipajy U
QIIOXTOHE W MOTCHIIN]aJTHO NHBA3UBHE U TOKCUYHE BPCTE.

Tokom wuctpaxuBawa y akymyinauuju Illymapune je wuaentudukoBano 13, vy
akymynaimgju bybam 15, a y AunekcanzapoBaukoj akymynammju 20 TakcoHa
(bUTOIUIAHKTOHCKHX IMjaHOOaKkTepuja. Tpu MoMeHyTa BOJHA Tella 3HAYajHO CE PA3JIUKY]y
0 ONIITUM  KAapaKTepUCTHKaMa, XEMHJCKOM CacTaBy BOAE€ M  JHHAMUIH
(DUTOIUIAHKTOHCKHMX IMjaHOOAaKTepHja. Pa3auyMTOCT HMCIUTHUBAHMX aKymyJalpja ce
orJiesia mo MajaoM Opojy 3ajeIHUYKuX TakcoHa (5-6), allu U 1Mo TAKCOHMMA KOjH Cy OHJIH
Haj(hpEKBEHTHJU U 1BeTajyhH y HCIUTUBAHUM aKyMynanujama: akymynanuja Hlymapure
(Aphanizomenon flos-aquae), akymynamuja bBy6am (Microcystis aeruginosa) wu
AunexcanapoBadka akymynanuja (Raphidiopsis raciborskii).

[Ipumenom wmerome camoopranusyjyhux wmama (COM) omoryhena je edukacHa
KiIacu(dukanyja y3opaka Ha OCHOBY (M3MUKMX M XEMHJCKUX I[1apaMeTrapa, Kao H
BU3yallM3alidja MPOCTOPHE IUCTPUOYIHMje CBUX OHOTHYKMX Mapamerapa. AHaimu3a
[IOBE3aHOCTH BPEIHOCTU CPEAMHCKHUX Iapamerapa, Kao M IPOMEHa BPEIHOCTH
OuoTHUKMX Tmapamerapa, omoryhena je 3axBajpyjyhm wmoryhamoctm COM-a na
HCTOBPEMEHO BU3yallu3yje aKTUBHE U MACHUBHO yBEKEHe NpoMeHJbuBe. Mmajyhu y Buny
MPETJICIHOCT TPE3CHTOBAHUX pEe3yiITara, ajlu W KOJWYHMHY WH(pOpMalrja Koje MpyKa,
3aKJbydyje ce Jla je OBaj MYJITHBAPHJaHTHU IPUCTYI BEOMa IOTOJAaH 332 MOJIEIOBAE
MoJlaTaka y paziIMuUTHM acleKTUMa MCTPAKMBamka aKBATUYHHUX E€KOCHCTEMa, TIOrOTOBO
KaJia ce paJy BEIMKHM CKYIIOBHUMa I10/1aTaKa.

Haj3nauajHuju cpequHCKH mapaMeTpu KOJU YTHYy Ha 3ajeJHUIy (QUTOIIaHKTOHCKHUX
1MjaHoOaKTepHja, MpeMa HalluM pe3yiTaTUMa, cy KOHILEHTpaluje YKynHor ¢ocdopa u
a3oTa, IpU 4eMy je Hajpehu yTHIla] YKyOHOr a30Ta HACHTU(UKOBAH Yy aKyMyJaluju
Hlymapune, a ykynHor ¢ochopa y akymynauuju bybam. Y AnekcaHapoBaykoj
aKyMyJaluju OBU €KOJIOMIKU (aKTOpH HUCY UMAJIH NpeCcyaH yTHIa].

Harne nmpoMeHe XMIpOJIOIIKHMX YyCJIOBAa MOTY Ja JOBEAY A0 3HA4ajHUX IOCJIEAMIIa Ha
cacTaB M JUHAMHMKY (UTOIJIAHKTOHCKUX IMjaHOOAKTEpHja y MaJUM aKkymyjangjama. Y
ciyuajy akymynanuje lllymapuiie ekctpeMHe nomiaBe Ouiie ¢y J0BOJBHO jak CTpEcop 3a
MPOMEHY TpOo(UYKOr cTaTyca aKymyjaluje U3 Me30TpPOPHOr y XUIEPEeyTPOPHO CTamE.
HakoH ekcTpeMHHX XHIpPOJOWIKUX YycioBa y akymynanuju Illymapune pomasu no
MOTHCKHBaba CBUX OCTAJIMX BPCTa M arcoiyTHe JomuHanuje Bpcre Aphanizomenon flos-
aquae. Hama ctyamja moka3syje a eKCTpeMHE IaJaBUHE MOTY Jia oBeay 10 noBehama
KOHIICHTpAIlMje XPaHJbUBUX MaTepHja y pe3epBoapuMa, M y3pOoKyjy 3HauajaH eKOJIOUIKH
nopemehaj 3ajeiHHIIE Y BOJCHUM €KOCHUCTeMHMa (I[BETame MOTEHIMJaTHUX TOKCHYHHUX
1ujaHo0aKkTepuja), UITO 3a MOCIEANILY MOXKE UMATH U MOTEHLIMjaTHE €eKOHOMCKE TYOUTKE.

Ca npyre crpaHe, maJaBUHEe Cy Yy akymyinanuju bybam u AneKcaHIpOBavKoj
aKyMyJIallfju JOBEJe 0 CMamerha adyHjaH1e (UTOTIIAaHKTOHA U IIHjaHO0aKTepH]a.
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Ynopenaum MouuTOpuHroMm akymynamnuje I[lymapune, Bybam u AnekcaHapoBadke
aKyMmylanuje yTBpheHo je aa cy ce y UCTHM KJIMMATCKUM M METEPOJIOIIKHM YCIOBHMA
pasBujasie pa3nuuuTe (UTOIUIAHKTOHCKE IMjaHoOaKTepuje W Ja je mojaBa oxapeheHmx
BpcTa OuWja yCIOBJbEHA CHENU(PUYHUM EKOJOMKMM (akTopuMa WIM demhe
KOMOHMHAIIN]OM TUX MapaMmerapa.

Ycnen moBe3aHOCTH CBHX (PakTopa Mpe W TOKOM TI0jaBe IIBETama, 3aKkJbydyje ce Ja je
HeomxoJHO Tpaheme Kopenanuje nujaHobakTepuja ca (QakTopuMa >KHBOTHE CPEIUHE
KOJH CY TIOCTOjaJIu y IMEPUOAY IIPEe MOjaBe IBETAbA.

[lojaa u pnomuHanuWja wHBa3uMBHE Bpcre R. raciborskii y AJjekcaHapoBaukoj
aKyMyJlalliju MOKa3yje a 0Ba BPCTa LIMPU CBOj apeal paclpoCcTpamemka U MPEACTaBiba
OIIACHOCT 3a CBa BOJHA TeJa, a MoceOHO 3a OHA KOja ce KOPHCTE 3a BOJOCHAOICBABE H Y
CIIOPTCKO-PEKPEaTUBHE CBPXE.

ITIpBa nerexkumja TokcuHa CYN-a momohy HPLC/PDA y Cp6uju ykasyje nma je
HEONXO0JaH MOHHTOPHHT (PUTOIUIAHKTOHCKUX IMjaHOOAKTepHja ca MOCEOHHM acCIEeKTOM
Ha TOTEHIIMjATHO TOKCHYHE, KAaKO Yy HAIlO] 3eMJbU TaKO M HIMPE, KaKo O ce CHpeqmIIH
Moryhu mTeTHH eeKTH Ha 3/[paBJbe JbYIH U )KUBOTHY CPEIUHY.

VYcnen cBe demhe ToOjaBe WHBAa3MBHUX M IMOTCHIHWjAIHO TOKCHYHHX BpCTa
uujaHo0aKkTepuja, anu M HETaTMBHHUX IOCJENUIa KOje ce y TUM ClIydajeBHMa jaBbajy,
Hamehe ce moTpeba meTeKkIMje TOKCHHA M €Ballyaldja BUXOoBe akTHBHOCTH. Y CpOuju
napamerap ,,KOHIIEHTpallKja [[UjaHOTOKCHHA™ joIll YBEK HUje mpuxBaheH mpu 00aBe3HOM
MOHUTOPHUHTY BOJEHUX €KOCHCTEMa M, Y TOM CMHCIY, HEONXOJHO je yBoheme HOBHX
IPOIKCa U aJJeKBaTHOT MOHUTOPUHTA aKyMYyJIaIyja.

[TpunukoMm mnanupama (QopMHpama M CaHAIFje MaluX aKyMmyJaluja HEOIXOIHO je
pa3maTpame CBUX NMOTEHLUMjATHUX (PaKTopa y PEIOBHUM M BaHPEAHUM OKOJIHOCTHMA
KOjU MOTY Ja YTHYy Ha CTamke TOT BOJEHOI €KOCHCTeMa. Pe3ynraTtu y OKBHpY OBe
aucepTanyje cy HMOTBPAWIM Ja caHanuja AJIeKCaHJpOBauke akyMmyjalMje Huje aajia
nobap pe3yaTat, W Ja jeé ¥ HaKOH e Y aKyMyJIalMju JI0J1a3ujIo O MAacOBHOT IOMOpa
pude, anu U A0 1BeTamka PUTOINIAHKTOHCKUX LIUjaHOOaKTepHja.

OBa crtyauja je mokaszama ja je ekcrtpakT Bpcre R. raciborskii wcmosbro 3HadajHy
TeHOTOKCHYHOCT, YaK M Y HHCKMM KOHIIEHTpalMjama u moBehao OKCHIATHBHH CTPEC y
jETpH MaroBa HAKOH jeTHOT H3JIarama.

[MpumemeHe 103e MeTaHoJCKoT ekcTpakra R. raciborskii Hucy 6use 10Bo/bHO BHCOKE J1a
n3a30By 3HauajHO outeheme jerpe kon manoBa. CBe NMPOMEHE KOje Cy yKa3uBaje Ha
XEMaTOTOKCHYHOCT MOTJIE OM ce cMaTpaTH pPEeBep3MOWIHUM, jep OM ce OpraHu3Mu
OIOpaBJbaId aKO He OW BHIE OWJIM Yy KOHTaKTy ca ekcTpakToMm R. raciborskii wmu
ypucTtuM CY N-oM.

Ycnen cBeoOyxBatHor mpucycTBa R. raciborskii y caaTkoBOAHHM eKCHCTEMHMA,
HEOIXOHO j& UCTPAXUBAKE O MPOAYKIIUJU TOKCHHA, TOKCUYHOCTH, TCHETHIIH, CKOJIOTHjH
W 3ApaBCTBEHHM pHU3HIIMMa Mpoy3pokoBaHnM mpucyctBoMm CYN-a y Bomama mupom
CBETa, Kako O ce Ipeiy3elic Mepe U CIPEUWIN MITETHH e(DEKTH 1O JbYACKO 37paBJbe U
KUBOTHY cpeauny. Crtora, pe3yiaTaTH OBOI MCTPaKMBakba MOIY WMATH 3JpPaBCTBEHO-
aTUTUKATUBHH 3HAY4].
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Abstract In vivo laboratory studies of toxicity were per-
formed on Wistar rats using a methanol extract produced by
the natural population of Cylindrospermopsis raciborskii
(abundance of 2.13 x 10° trichomes mL ") collected at
Aleksandrovac Lake (Serbia). HPLC analysis showed that
the extract contains 6.65 pg cylindrospermopsin (CYN)
mg . The rats were killed 24 or 72 h after a single intraperi-
toneal injection of C. raciborskii extract in concentrations of
1500, 3000, 6000 and 12,000 pug kg body weight (bw) and
an equivalent amount of CYN as present in the highest dose of
the extract (79.80 pg CYN kg ' bw). The genotoxic effect on
the livers treated with C. raciborskii was evaluated using com-
et assay and potential induction of oxidative stress as the tox-
icity mechanism associated with the presence of CYN in ex-
tract. The results from the analyses of DNA damage in the
comet tail length, tail moment and percentage of DNA in the
tail in the liver indicated that administration of extract and
CYN present statistically significant difference when com-
pared with the negative control group. Although an increase
in the frequency of selected parameters induced by the CYN
was observed in the liver, this damage was less than the dam-
age resulting from the administration of the highest dose of
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extract. The changes in the biochemical parameters of the
hepatic damage showed that the application of single doses
of the extract and CYN did not cause serious liver damage in
rats. The extract and CYN significantly increased oxidative
stress in rats’ liver after a single exposure.

Keywords Cylindrospermopsis raciborskii -
Cylindrospermopsin - Toxicity - DNA damage -
Histopathology - Serbia

Introduction

Cyanobacteria are a common and natural component of most
aquatic ecosystems; they are the most important primary pro-
ducers but can cause numerous problems should their massive
development, namely water blooming, occur. During their
secondary metabolism, cyanobacteria create different com-
pounds, including cyanotoxins. Cyanotoxins have been thor-
oughly researched in the last decades, as a result of which
numerous mechanisms of toxicity have been identified, such
as hepatotoxicity, neurotoxicity or acute contact toxicity
(Chorus and Cavalieri 2000). Studies from many countries
show that the cyanobacterial species Cylindrospermopsis
raciborskii (Woloszynska) Seenayya & Subba Raju produces
the cylindrospermposin (CYN) toxin (Antunes et al. 2015):
Australia (Hawkins et al. 1985); Florida, USA (Chapman and
Schelske 1997); Brazil (Bouvy et al. 2000); New Zealand
(Stirling and Quilliam 2001) and Serbia (Pordevic¢ et al.
2015). Since C. raciborskii produces this toxin, this species
ranks very high on the watch list of toxic cyanobacteria for
water managers (Chorus and Bartram 1999). CYN is cytotox-
ic, dermatotoxic, genotoxic, hepatotoxic and developmentally
toxic and may also be carcinogenic (Cruz et al. 2013). CYN
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has been found to be genotoxic in a number of in vivo studies
(Bazin et al. 2010a; Shen et al. 2002) and in vitro studies
(Bazin et al. 2010b; Humpage et al. 2000, 2005; Shen et al.
2002; Saker et al. 2003a). Zegura et al. (2011) found that CYN
is genotoxic not only in the liver and colon cells, but lympho-
cytes can also be a target of CYN-induced genotoxicity. Also,
some studies show that this compound causes severe liver
damage in mouse bioassay (Hawkins et al. 1985; Hawkins
et al. 1997; Ohtani et al. 1992; Bernard et al. 2003).

There is considerable variability in the toxicity of
C. raciborskii and CYN between different animal models
and between CYN-producing cyanobacteria from different
localities (Kinnear 2010; Guzman-Guillén et al. 2013).

In the territory of Serbia, C. raciborskii has been detected
in fish ponds (Cirié et al. 2010; Cvijan and Fuzinato 2012),
salt marshes (Cvijan and Fuzinato 2011), a river (Karadzi¢
et al. 2013) and the alkaline lake (Pordevi¢ and Simi¢ 2014,
Simi¢ et al. 2014). Previous studies in Serbia regarding toxic-
ity have focused on the presence of CYN from C. raciborskii
(Pordevi¢ et al. 2015) and on the presence of microcystin
from Microcystis aeruginosa (Kiitzing) Kiitzing, as well as
an overview of potential risk factors in the carcinogenesis of
primary liver cancer in Serbia and the possible link with
cyanobacteria blooms (Simeunovic¢ et al. 2010; Drobac et al.
2013; Nati¢ et al. 2012; SvirCev et al. 2013). However, there
have been no in vivo laboratory studies of the toxicity of
C. raciborskii from Serbia. Taking all these data into account,
the aim of this study was to investigate the alterations in serum
parameters as indicators for liver injury and histopathological
alterations in the livers of Wistar rats, 24 and 72 h after being
exposed to 1500, 3000, 6000 and 12,000 pg kg ' body weight
(bw) of methanol extract from the natural population of
C. raciborskii from Aleksandrovac Lake (Serbia) and an
amount of CYN equivalent to the highest dose of the extract
(79.80 ug CYN kg ' bw). In addition, we also evaluated the
genotoxic effects in the liver cells of rats treated intraperitone-
ally with C. raciborskii using comet assay and the potential
induction of oxidative stress as a toxicity mechanism associ-
ated with the presence of CYN in the extract.

Materials and methods
Sampling

Water bloom biomass samples of C. raciborskii were collect-
ed from Aleksandrovac Lake. This is a shallow lake (maxi-
mum depth of 4 m) in the southernmost part of Serbia (N 42°
29'22" E 21° 53' 54"). This reservoir was originally used for
irrigating agricultural areas and later for sports and recreation-
al purposes, above all fishing. The water mass of the lake
covers most of the so-called Aleksandrovac salines. The lake
covers about two thirds of the salines, while one third is
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outside the lake (Pordevi¢ and Simi¢ 2014; Simié et al.
2014; Bordevi¢ et al. 2015).

Sampling of phytoplankton from Aleksandrovac Lake was
conducted monthly from June 2012 to February 2013
(Pordevi¢ et al. 2015). Phytoplankton samples were taken
using a standard method—phytoplankton net (net frame
25 cm, mesh net, e.g. 22 um) and a Rutner bottle (2 L).
Quantitative analysis of the phytoplankton was carried out
using the Utermohl method (Utermdhl 1958) with a Carl
Zeiss inverted microscope, and it is expressed as the number
of trichomes per millilitre. The phytoplankton individuals
were sedimented first and then quantified in the chamber
(i.e. transects). Microscopic identification of C. raciborskii
was carried using the following literature (Komarek 2013)
out on the basis of its morphological characteristics as seen
using a Nikon Eclipse E100 microscope with magnification
up to x100—x400 (Pordevi¢ et al. 2015).

Sampling of the biomass of C. raciborskii was carried out
on November 1, 2012 in the Aleksandrovac Lake when
blooming observed. Samples of water bloom were collected
horizontally with dark glass bottles of 1 L on five sites and
0.5-m depth. The samples were transported to the laboratory
in refrigerator and after that prepared for extraction.

Sample preparation for determining cyanotoxins
and for the bioassays

Cyanotoxin extraction from C. raciborskii cells for
cyanotoxin analysis and bioassays was performed according
to the World Health Organization protocol (Harada et al.
1999). For cyanotoxin extraction, the samples of water bloom
were mixed. A 5 L sample of water was filtered through
preweighed glass fibre filters of 70 mm, GF/C, 1.2 um under
a vacuum. The filter papers were dried in an oven, at a tem-
perature of below 50 °C until their weight was constant. For
cyanotoxin detection and in order to carry out bioassays, the
dry samples on filter papers (0.699 g) were extracted with a
ten times higher volume of methanol than the weight of the
cells. The cells in methanol were sonicated for 3 min at 100 Hz
and then allowed to extract for 1 h in the dark at room
temperature. The suspension was then filtered through glass
fibre filters, and the solvent was removed under a vacuum in a
rotary evaporator, yielding 0.093 g of the dry crude extract.

Cylindrospermopsin analyses

The samples were analysed according to protocol of Welker
et al. (2002) and Blahova et al. (2008). Chemicals with the
appropriate degree of purity were used in the work (HPLC
grade). Chemicals of appropriate purity were used in the in-
vestigation (HPLC grade). The CYN standard was adopted
from Enzo Life Sciences (Lausen, Switzerland).
Trifluoroacetic acid ( 99.0%) was purchased from Sigma-
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Aldrich (St. Louis, USA). Methanol (HPLC grade) was from
J.T. Baker, Deventer, Holland, and Millipore Milli-Q system
was from Watford, UK. The extract was suspended in Milli-Q
water (Watford, UK) and dissolved by sonication for 5 min.
Trifluoracetic acid (TFA), 0.1% v/v (Sigma-Aldrich St. Louis,
USA), was added after centrifugation. The samples were
mixed for 1 h and decanted at room temperature for 3 h, ac-
cording to Welker et al. (2002). The extracts were analysed by
HPLC system (Shimadzu, Kyoto, Japan) consisted of a DGU-
20A3 degasser, LC-20AT analytical pumps, a 7125 injector, a
SPD-M20A diode array detector and a CBM-20A system
controller on a Supelcosil ABZ Plus, 150 x 4.6 mm, 5-um
column (Supelco) at 30 °C. The binary gradient of the mobile
phase consisted of (a) H,O + 0.05% TFA and (b) methanol +
0.05% TFA (linear increase from 0% B at 0 min to 50% B at
20 min); the flow rate was 1 mL min .. Chromatograms at
262 nm were recorded with the SPD-M20A diode array de-
tector. The chromatographic data were processed using LC
solution computer software (Shimadzu). CYN was identified
by comparing the UV spectra (200300 nm) and retention
times with the standards of CYN (Enzo Life Sciences,
Lausen, Switzerland) and quantified using external calibra-
tions 1-60 mg L' (LOD =0.188,LOQ =0.572 mg L"), with
an injection volume of 20 pL.

Test animals

The male albino Wistar rats (2-2.5 months old and weighing
220-250 g) used in this study were obtained from the Animal
House of the Military Medical Academy, Belgrade, Serbia.
The animals were caged at 24 °C, with a 12-h light-dark cycle,
and allowed free access to food and water. All of the experi-
ments were performed in accordance with the relevant Serbian
guidelines, including the Guidelines for the Care and Use of
Laboratory Animals. The University Committee of the Ethics
of Animal Experimentation approved the experiments.

DNA damage-inducing agent

As recommended by the International Workshop on
genotoxicity test procedures (Tice et al. 2000), the alkylating
agent ethyl methanesulfonate (EMS, CAS no. M0880, Sigma
Chemical Co., St. Louis, MO) dissolved in saline solution was
used as the positive control. The EMS dose (300 mg kg ' bw)
was selected based on its effectiveness in inducing DNA dam-
age (Hartmann et al. 2004).

Experimental design

The methanolic extract of C. raciborskii was assessed using
four different doses, i.e. 1500, 3000, 6000 and 12,000 pg kgf1
bw, corresponding to 9.97, 19.95, 39.90 and 79.80 pg
CYN kg ! bw, respectively, based on the HPLC-determined

CYN content of 6.65 g CYN mg ' extract. The rats were
divided into seven main groups. The first group served as the
negative control group and received an intraperitoneal injec-
tion of saline solution (0.9% NaCl). Following the methodol-
ogy of Falconer et al. (1999), depending upon the intended
route of administration, the test substances were diluted to the
required concentration with either distilled water for oral in-
vestigations or 0.9% NaCl for intraperitoneal investigations.
Intraperitoneal injection was chosen instead of oral adminis-
tration to ensure that each animal received an accurate dose.
To evaluate the genotoxicity using comet assay, the second
experimental group received 300 mg kg ' bw of EMS intra-
peritoneally and was the reference positive control. The rats in
the third experimental group each received an intraperitoneal
injection of 79.80 ug CYN kg ' bw (98% purity, CAS no.
143545-90-8 supplied by NRC CRM, Canada) dissolved in
physiological saline (Shen et al. 2002; Bazin et al. 2012). This
dose is equivalent to the amount of CYN present in the highest
dose of the extract. The remaining four groups of animals
received a single intraperitoneal dose of 1500, 3000, 6000
and 12,000 pg kg ' bw, respectively, of the C. raciborskii
extract. The animals (ten in each group; five for each time
point) were killed by decapitation at 24 or 72 h after treatment.
The blood and the liver were obtained from each group of
animals. Three totally independent experiments were
performed.

Determination of DNA damage by alkaline comet assay

DNA damage was measured using comet assay under alkaline
conditions and dim indirect light according to the procedure
by Singh et al. (1988). Liver samples were excised, and a
small fragment transferred on ice. The fragments were
washed, minced and suspended into 1 mL of ice-cold
Hank’s balanced salt solution (HBSS; 0.14 g L! CaCl,,
0.4 g L' KCL, 0.06 g L' KH,PO,, 0.1 g L' MgCl,'6H,0,
0.1 gL' MgSO47H,0, 8.0 gL' NaCl, 0.35 g L' NaHCOs,
0.09 g L™ Na,HPO4-7H,0, 1.0 g L' D-glucose) containing
20 mM EDTA and 10% dimethylsulphoxide (DMSO). The
fragment was cut into smaller pieces using a disposable mi-
crotome razor blade, and the solution was aspirated. A fresh
mincing solution was added, and the liver samples were
minced again into finer pieces. The suspension containing
isolated cells was transferred to a tube maintained on ice until
preparation of the slides. Ten microlitres of the liver cell sus-
pension was removed and mixed with 75 pL of 1% low melt-
ing point agarose (in Ca** and Mg**-free PBS, pH 7.4) to
prepare the final cell-agarose suspension. Eighty-five
microlitres of the final cell-agarose suspension was spread
over a microscope slide precoated with 1.5% normal melting
point agarose in PBS buffer and covered with cover glass.
After complete solidification (10 min), the cover glass was
removed and the third protective layer of 100 uL 1% LMPA
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was pipetted onto the slide. As before, the cover slips were
placed and removed after solidification. The microscope
slides were immersed in cold lysing solution (2.5 M NacCl,
100 mM EDTA, 10 mM Tris, 1% Triton X-100, 10%
DMSO, pH 10.0) and incubated for 2 h at 4 °C. After lysis,
the slides were placed in a horizontal electrophoresis unit and
the DNA was allowed to unwind for 30 min at 4 °C in alkaline
solution containing 300 mM NaOH and 1 mM EDTA,
pH > 13. The DNA was electrophoresed for 30 min at
300 mA and 30 V. The slides were then neutralized with
0.4 M Tris-HCL, pH 7.4, three times for 5 min and fixed in
absolute alcohol, air-dried and stored at room temperature.
Immediately before analysis, the slides were stained with
80 uL of ethidium bromide (20 g mL™") and covered with
cover slips. The comets were visualized and captured with the
x40 objective lens of a Nikon (Ti-Eclipse) fluorescence mi-
croscope attached to a CCD camera. One hundred comet im-
ages per slide were randomly captured and analysed. Comets
without heads and those with almost all the DNA in the tail or
with a very wide tail were excluded from the analysis, since
they could be dead cells. Only cells that did not overlap and
had a clear margin surrounding them were scored (Hartmann
and Speit 1997).

To assess the genotoxic activity, three parameters were
adopted as indicators of DNA damage: Tail moment
(expressed in arbitrary units) was selected as parameter for
estimation of the extent of DNA degradation, % of DNA in
the comet tail (the percentage of DNA in the tail) as the pre-
ferred parameter and tail length (Collins et al. 2008).

Measurement of serum biochemical parameters

The serum was separated by centrifugation at 2500 rpm for
15 min and used for biochemical estimations. The activity of
serum aspartate transaminase (AST), alanine transaminase
(ALT), alkaline phosphatase (ALP), y-glutamyl transferase
(GGT), total bilirubin (TB), total protein (TP) and total albu-
min (ALB) was determined using BioSystems commercial
kits and an automatic analyser (Roche/Cobas Mira).

Antioxidant enzyme assays in liver homogenate

The liver samples were prepared in phosphate buffer (50 mM,
pH 7.4) to give a 10% (w/v) liver homogenate. The homoge-
nates were centrifuged at 4000 rpm for 15 min at 4 °C, and the
supernatants were used for the assays of antioxidant parame-
ters. The biochemical parameters of, for example, glutathione
(GSH) (Ellman 1959), superoxide dismutase (SOD) (Misra
and Fridovich 1972), catalase (CAT) (Goth 1991) and thiobar-
bituric acid-reactive substances (TBARS) (Ohkawa et al.
1979) were analysed according to the standard methods.
Protein concentrations were determined according to the
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method of Lowry et al. (1951), using bovine serum albumin
as the standard.

Histopathological studies

The liver slices were fixed with 4% formalin in phosphate-
buffered saline for 24 h and embedded in paraffin. Sections of
5-um thickness were made using a microtome and then
stained with haematoxylin-eosin and observed under a micro-
scope to observe any histopathological changes in the liver.
Photographs of each of the slides were taken at X100 and x200
magnification on a Carl Zeiss (Axio Scope) microscope.

Statistical analysis

The data obtained were statistically analysed using the SPSS
statistical software package (version 13.0). The hypothesis
testing methods used included one-way analysis of variance
(ANOVA). Variance homogeneity and data distribution were
determined by means of Levene and Kolmogorov-Smirnov
tests, respectively. Post hoc comparison between the control
and treated groups was performed with the T3 Dunnett test or
with the Bonferroni test when the variance was not homoge-
neous. The results were considered to be statistically signifi-
cant at p < 0.05.

Results
Abundance of the species and concentration of CYN

The abundance of the C. raciborskii at Aleksandrovac Lake
was 2.13 x 10° trichomes mL ™", during the sampling period in
November 2012; blooming of C. raciborskii was observed.
The representation of the species C. raciborskii was 98% in
relation to the entire phytoplankton of Aleksandrovac Lake,
and eukaryotic algae accounted for the remaining 2%.
Because of the absolute dominance of this species, it was
possible to collect material for making the extract. The
HPLC-determined CYN content was 6.65 g CYN mg ' of
the extract.

Genotoxicity of the extract

The alkaline version of the comet assay is widely used to
evaluate the genotoxic potential of chemicals and environ-
mental contaminants that can induce oxidative stress leading
to hepatic injury. In the present study, the methanolic extract
of C. raciborskii was tested regarding its capacity to induce
genotoxic effect in the rat liver. The average tail moment, tail
length and % of DNA in the tail were measured. Table 1
shows the results of the alkaline comet assay in the liver of
Wistar rats for 24 and 72-h exposure to C. raciborskii
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Table 1 The effects of 24 and

72-h C. raciborskii methanol Treatments Tail length % DNA in tail Tail moment

extract treatment on the liver of

Wistar rats obtained by means of 24h

comet assay Negative control 18.5+0.5 1191 +£0.84 2.93+0.10
EMS 97.2 £ 2.08%** 57.4 +£2.02%%* 69.1 £ 0.86%**
CYN 41.9 £ 0.45% % 30.5 £ 0.17% %% 28.7 £ 0.93% %
1500 pg kg™ 34 + (.67 19.15 £ .27 s skkedek 9.53 £ (.50 dskokok
3000 pg kg™ 37.16 £ .77 28.04 £ 0.48% %% 32.25 £ 0.61% %%
6000 pg kg™ 59.46 + 1.36% wkekok 43.55 & | 4otk 17.31 £ 0.68% %%
12,000 pg kg™ 94.41 +2.02%%* 58.54 £ 1.10%** 80.72 + (.82 kesek

72h

Negative control 14.4 £ 0.55 9.01 £0.78 1.32+£0.19
EMS 77.4 £ 0.77%%* 47.2 £ 0.96%** 82.4 £ 5.26%**
CYN 38.6 £ 0.64% % 25.6 & 1.04% %% 13.4 £ 0.72% %%
1500 ug kg™ 29.90 £ 1.02%##* 28.49 £ (.87 ##* 16.45 + 1.1 %%
3000 g kg™ 48.60 + 1.5k 41.48 £2.61%** 39.83 £ 1.02% koot
6000 pg kg™ 59.13 + (.95 #kkkok 38.25 £ 1.16#wkkk 34.38 £ 110 Hkoksk
12,000 pug kg ! 104.81 £ 2.9tk 58.89 + 1. 2% sk kskok 61.80 £ .83 sk

The values are mean = SEM from three independent experiments; n = 5 rats per group

EMS ethyl methanesulfonate, CYN cylindrospermopsin

*p < 0.05 when compared with the negative control group; **p < 0.05 when compared with the CYN-treated
group; ***p < (.05 when compared with the EMS-treated group

methanol extract. In addition, photomicrographs of different
DNA migration profiles in the liver were obtained (Fig. 1).
The extract was administered as a single dose of 1500, 3000,
6000 or 12,000 pg kg ' bw to Wistar rats by intraperitoneal
injection, accompanied by negative (0.9% saline) and positive
(300 mg kg ' bw of EMS and 79.80 ug CYN kg ' bw) con-
trols. EMS caused a statistically significant rise in DNA dam-
age, observed as an increase in comet tail length, tail moment
and percentage of DNA in the tail, compared with the negative
control group. EMS used as a positive control demonstrated
the sensitivity of the comet assay and yielded a clear positive
response at the concentration used. In the liver of the CYN-
treated rats, the tail length, % DNA in the tail and tail moment
24 h after treatment were 2.3-, 2.56- and 9.8-fold, respectively,
and were 2.7-, 2.8- and 10.2-fold, respectively, 72 h after
treatment, over the basal value measured in the negative con-
trol. Although CYN in concentrations of 79.80 ug kg™’ bw
caused a statistically significant rise in DNA damage, this
damage was less than that resulting from administration of
the extract in the highest dose. As can be seen from Table 1,
the methanol extract showed genotoxic potential at all tested
concentrations when compared with the negative control
group (p < 0.05). After 24-h exposure, the ANOVA test did
not show significant differences between the group exposed to
methanol extract at a dose of 12,000 pg kg™ and EMS either
in the tail length or % of DNA in the tail. In the extract-treated
groups, the three parameters increased dose-dependently up to
12,000 ug kg ' bw with a tail length of 5.1-fold, % of DNA in
the tail of 4.9-fold and a mean tail moment of 27.5-fold above

the negative control values. In the treatment with the higher
concentration of extract, approximately a 1.17-fold increase in
the tail moment above the value in the EMS was observed.
After 72-h exposure, there was no significant difference in the
% of DNA in the tail between the samples treated with
3000 pg kg ' of extract and the EMS. Treatment with the
highest concentration significantly increased the frequency
of tail length when compared to the negative and positive
control groups (about 7.3- and 1.4-fold, respectively).

Effects of the extracts on blood biochemical markers

The effects of various doses of the methanol extract of
C. raciborskii and CYN on serum biochemical markers in rats
were studied. The activity of AST, ALT, ALP and GGT en-
zymes and levels of TP, TB and ALB were measured in rats
exposed to the extract after 24 and 72 h (Table 2). Twenty-four
hours after a single injection of extract, the AST level only
increased significantly (p < 0.05) in groups treated with 1500
and 12,000 pg kg™ bw. Additionally, a significant reduction
in the activity of ALT and ALP (p < 0.05) was observed in all
experimental groups 24 h after treatment with the extract.
Twenty-four hours after the CYN injection (79.80 pg kg '
bw), the serum activity of AST and ALT enzymes significantly
increased (p < 0.05). However, no significant alterations
(p > 0.05) were detectable in the serum activity of AST and
ALT enzyme markers in the extract and CYN-treated groups
after 72 h compared with the untreated group. Seventy-two
hours after injection of the extract, ALP activity decreased
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4 Fig.1 Representative photomicrographs of the comet assay showing the

DNA migration pattern in liver cells stained with ethidium bromide.
Negative control (a, b, 24 and 72 h after treatment, respectively), EMS-
treated rats (¢, d, 24 and 72 h after treatment, respectively), CYN-treated
rats (e, f, 24 and 72 h after treatment, respectively), 1500 ug kg™ bw (g,
h, 24 and 72 h after treatment, respectively), 3000 pg kg ' bw (i, j, 24 and
72 h after treatment, respectively), 6000 ug kg ™' bw (k, I, 24 and 72 h
after treatment, respectively) and 12,000 pg kg ' bw (m, n, 24 and 72 h
after treatment, respectively)

only when the extract had been received at dosages of 1500
and 6000 g kg~ bw and increased in the serum of rats in the
group treated with 79.80 ug CYN kg™ bw. Changes in AST
and ALT activity were more pronounced 24 h after intoxica-
tion with the extract or pure toxin compared with the activity
of these enzymes 72 h after intoxication. Also, the pure toxin
caused greater changes in the AST and ALT activity in the
serum than the methanol extract of C. raciborskii after 24 h.
None of the doses of cyanobacterial extract or of CYN showed
significant changes (p > 0.05) in the serum GGT activity after
24 or 72 h. Also, compared to the control group, the TP, TB
and ALB levels remained unaltered (p > 0.05) for all of the
experimental conditions.

Hepatic antioxidant enzyme activity and GSH
and TBARS levels

The oxidative damage induced by application of the extract
and CYN was estimated by determining the catalytic activity
of CAT and SOD and the concentrations of GSH and TBARS.
The results are presented in Table 3 as equivalents of the total
protein concentration. In the liver samples of the animals
killed after 24 h, it was noted that extract at a concentration
of 3000 pug kg™ bw induced the highest oxidative damage,
whereby the catalytic activity of CAT decreased by 53.56% of
the value measured in the control group. When comparing the
samples treated with CYN and the negative control, the cata-
lytic activity of CAT decreased by 56.28% of the negative
control value. In the samples of animals killed after 72 h, the
largest oxidative damage was noted for the extract at a con-
centration of 6000 ug kg~ ' bw, since the catalytic activity of
CAT decreased by 50.37% in comparison with the value of the
negative control. CYN induced lower oxidative damage in
comparison with the extract at a concentration of
6000 pg kg™' bw, since the CAT activity decreased by
68.18% of the negative control value. The catalytic activity
of SOD in the samples of animals treated with the extract
(3000, 6000 and 12,000 ug kg ' bw), and killed after 24 h,
significantly decreased (p < 0.05) in comparison with the un-
treated animals. The highest decrease was noted in animals
treated with the extract at a concentration of 3000 pg kg ™' bw
after 24 h, while after 72 h, the extract at a concentration of
6000 pg kg ' bw showed the most pronounced decrease of
SOD (56.89%) in relation to the negative control value. In the
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Table 2 Effects of C. raciborskii extract on the serum biochemical parameters of rats

Concentration (mg kg ' bw) AST (UL™) ALT (UL ALP (UL GGT (UL TP@L") TB(umolL™") ALB(@gL™"

24h
Control 142.58 + 7.87 55.66 +2.73 659.5+46.51 438+0.64 6561 +£135 242+028 27.29 +1.09
CYN 483.20 £ 68.55% 152.35+37.96* 53630+23.07 250+028  69.85+1.15 0.81+0.01 24.70 + 1.81
1500 ug kg ' 176.97 £ 13.60%  46.03 £2.34* 438.63+63.01* 650+1.04 7033 +127 2.50+0.40 27.77+0.73
3000 ug kg ! 14793 £10.80  42.47+2.72% 40223 +55.88% 640+1.33  6533+£2.67 2.80+0.20 26.83 +0.46
6000 g kg™ 152.97 +9.82 4227 +£2.48% 41971 £41.44% 267+0.76  63.03+£2.60 2.10+0.21 25.83 +0.48
12,000 pg kg ' 181.90 £ 19.99%  44.63+1.77% 43247 +33.66* 447+0.84 67.86+2.61 2.30+0.10 27.34+0.77

72 h
Control 137.02+£ 12,56  56.94+230  668.72+33.94 446+0.76 64.63+295 2.18+0.22 29.17 + 1.69
CYN 144,30 + 8.32 6140642  736.75+40.07% 290+0.36  60.85+0.65 0.87=0.06 17.50 + 0.40%
1500 ug kg™ 147.60 + 9.50 5647+4.10  42540+23.90% 237+0.52  67.20+2.00 2.90 = 0.64 26.76 £ 0.93
3000 pg kg 141371400  57.07+230  616.13+925 377+038 6503+ 1.14 237040 27.48 +0.54
6000 ug kg™ 15890+ 1527  49.83+424  41350+£39.30% 4.13£0.50 69.56+491 227+0.52 28.17 + 1.80
12,000 pg kg™ 147.77+£13.54  5843+452  650.53+3249 4.63+133 6640+0.85 213032 28.50 = 0.70

The values are mean = SEM, n = 5 rats in each group
*p < 0.05 compared to control group

samples treated with CYN, the catalytic activity of SOD de-
creased in relation to the negative control, showing 65.85%
(animals killed after 24 h) and 76.64% (animals killed after
72 h) of the activity of the corresponding enzyme in control.
Also, after 24 h, the extract concentration of 3000 ug kg_1 bw
induced the highest decrease in GSH concentration. Similar
results to that of the extract with a concentration of
3000 pg kg ' were obtained when analysing the samples
treated with CYN. In the liver of the animals treated with the

extract concentration of 6000 pg kg' bw, and killed after
72 h, it was noted that the decrease in the concentration of
reduced glutathione was 65.42% of the negative control value,
which indicates significant generation of oxidative species in
the organism. The damage induced by CYN was lower in
comparison with the extract samples with a concentration of
6000 pg kg ' bw. And finally, the evaluation of oxidative
damage was performed by measuring the level of TBARS in
the liver homogenates and expressed as nanomole MDA per

Table 3 Effects of C. raciborskii

extract on the levels of hepatic Concentration CAT SOD GSH TBARS
antioxidant enzyme activity, GSH (mg kg ' bw) (U mg " protein) (U mg!" protein) (mg g" protein) (nnz(l)l MDA
and TBARS mg = protein)
24 h
Control 61.14+£2.38 26.5+1.35 51.86+1.74 3.24+0.31
CYN 34.41 +1.88* 17.45 + 0.95% 31.97 £ 1.18* 422 +0.12%
1500 pug kg™ 54.59 +3.28 2442 +1.26 56.03 £0.22 5.48 +0.26%
3000 pg kg 32.75 £3.22% 15.53 £ 1.73% 31.33 £ 1.47* 3.80 +0.09
6000 g kg 39.48 +2.60% 18.25 £ 1.30%* 41.72 £ 1.24% 4.61 +0.36*
12,000 g kg ™! 40.20 + 1.40%* 18.73 £0.17* 37.67 £0.81% 474 £0.17*
72h
Control 59.96 +2.82 25.75 + 1.51 54.91 +2.47 3.27+0.30
CYN 40.88 + 1.66* 19.22 £ 0.48* 44.08 +1.12 4.01+0.09
1500 pg kg ! 48.71 + 2.82% 2312 £2.76 53.97 + 1.82 5.20 + 0.50%
3000 pg kg 45.17 £2.05* 22.85+0.80 54.57+143 4.04 +0.02%*
6000 pg kg™ 30.20 £2.31* 14.65 + 0.54* 35.92 £2.10% 3414031
12,000 pg kg™ 49.73 + 1.75*% 19.31 +£0.33* 39.48 £1.91* 3.71+0.40

Values are mean + SEM, n = 5 rats in each group

CYN cylindrospermopsin

*p < 0.05 compared to control group
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milligram proteins. The highest concentration of TBARS was
noted in the samples of animals treated with the extract con-
centration 1500 pg kg ' bw, after 24 h, inasmuch as the con-
centration of TBARS was 1.69-fold above the basal value in
the negative control. Likewise, after 72 h, the extract concen-
tration of 1500 pg kg ™' bw induced significant oxidative dam-
age, 1.59-fold above the value measured in the negative con-
trol group. The oxidative stress induced by CYN was lower in
relation to the samples of animals treated with the extract
concentration of 1500 pg kg ' bw (killed after 24 and 72 h),
since the concentrations of TBARS were 1.30- and 1.23-fold
above the value measured in the negative control, for both
samples of CYN killed after 24 and 72 h, respectively.

Histopathological and morphological examination
of the liver

As shown in Table 4 and Fig. 2, the hepatic tissues in rats from
the control group exhibited the normal cellular structure with
distinct hepatic cells and sinusoidal space structure (Fig. 2a,
g). In the liver of the CYN-treated rats, the liver sections
showed greater damage after 72 h than after 24 h. This damage
was mainly sinusoidal dilatation of the central vein, hydropic
degeneration and intralobular infiltration of lypmhocytes
(Fig. 2b, h). Focal lytic necrosis in the liver of the CYN-
treated rats after 72 h was centrilobular and localized around
the central veins. The liver sections of extract-treated groups
showed sinusoidal dilatation, hydropic degeneration,
intralobular infiltration of lymphocytes and focal lytic necrosis
(Fig. 2c—1). There was also vacuolar degeneration, apoptosis

and Kupferr cell hypertrophy (Fig. 2j-k). However, the most
severe damage of hepatic tissue was seen after 72 h in the
group given the extract concentration of 3000 and
6000 ug kg bw. The liver sections of the rats from the group
given the extract concentration of 1500 ug kg' bw showed
minor pathomorphological changes that were more similar to
the control group after 72 h.

Discussion

C. raciborskii is widely distributed around the world and is
known to be a potential toxin producer. Although,
C. raciborskii can be found on almost every continent, the
ability to produce CYN is not universal. Previous studies have
found that European and Asian C. raciborskii strains do not
contain any of the known cyanotoxins but can be toxic to mice
(Fastner et al. 2003; Saker et al. 2003b). On the other hand,
only Australian (Hawkins et al. 1985; Ohtani et al. 1992),
some Asian (Li et al. 2001), New Zealand (Wood and
Stirling 2003) and Serbian (Pordevi¢ et al. 2015) strains of
C. raciborskii have been found to produce CYN. Australian
strains of C. raciborskii produce the CYN and the CYN ana-
logue, deoxycylindrospermopsin (Norris et al. 1999).

Brazilian C. raciborskii strains do produce the neurotoxin
saxitoxin although some strains do not produce CYN (Lagos
etal. 1999). In order to produce CYN, strains of C. raciborskii
must contain the CYN biosynthesis gene cluster (cyrA—cyrO;
Mihali et al. 2008).

An investigation of the toxicity of Serbian strains seemed
necessary both for health risk assessment and as a part of a

Table 4  Effects of C. raciborskii extract on the morphological parameters of rat liver

Histopathological parameters

Concentration Sinusoidal dilatation Hydropic Vacuolar
(ug kg™' bw) of central vein degeneration  degeneration
24h
Control - - -
CYN ++ + -
1500 ug kg ' ++ + -
3000 pgkg '+ + -
6000 pgkg '+ + -
12,000 pg kg ' ++ + -
72h
Control - - -
CYN +++ ++ -
1500 ugkg '+ - -
3000 ug kg™ ++ - +++
6000 pgkg ' ++ ++ +
12,000 ug kg ™' + + -

Intralobular Focal lytic Confluent Apoptosis Kupffer cell

infiltration necrosis  necrosis hypertrophy
of lymphocytes

++ - + -

+ ++ - -

- ++ ++ - +

+ ++ - - +

+ + ++ + +

- ++ + - +

— absent, + mild, ++ moderate, +++ intense
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Fig. 2 Photomicrographs of liver sections from a control group, 24 h
after treatment; b CYN-treated rats, 24 h after treatment; ¢ 1500 pg kg™
bw, 24 h after treatment; d 3000 pg kgf1 bw, 24 h after treatment; e
6000 g kg ' bw, 24 h after treatment; f 12,000 pg kg™’ bw, 24 h after
treatment; g control group, 72 h after treatment; h CYN-treated rats, 72 h
after treatment; i 1500 pg kg ' bw, 72 h after treatment; j 3000 pg kg™

comprehensive study of different C. raciborskii strains from
diverse geographical sources. The CYN concentrations of the
C. raciborskii extract in our study (6.65 pg CYN mg ' ex-
tract) are similar to concentrations found by Falconer et al.
(1999) and Hawkins et al. (1997). Falconer et al. (1999) de-
tected CYN in C. raciborskii cell extracts in four different
concentrations (1.3, 2.0, 3.2 and 5.4 ug mg_l). It should be

bw, 72 h after treatment; k 6000 pg kg71 bw, 72 h after treatment; 1
12,000 pg kg ' bw, 72 h after treatment. Magnification, x100 and
x200. sd sinusoidal dilatation, 4d hydropic degeneration, vd vacuolar
degeneration, i/ intralobular infiltration of lymphocytes, fin focal lytic
necrosis, cn confluent necrosis, a apoptosis, k¢ Kupffer cell hypertrophy

noted that the studies mentioned used the extract based on
mass cultures of the C. raciborskii strain (Falconer et al.
1999; Seawright et al. 1999), unlike the extract in our study
that was made by collecting samples of water and biomass
from Aleksandrovac Lake in the period of C. raciborskii
blooming. Also, a toxic strain of C. raciborskii was isolated
from a lake in Sydney, Australia, and shown by HPLC
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analysis to contain about 5.5 g CYN mg ' of dried cells
(Hawkins et al. 1997).

Exposure of humans and domestic animals to
C. raciborskii and its associated toxin, CYN, in their drinking
water will normally be by ingestion. Although in the toxicity
studies reported so far, aqueous extracts or suspensions of
C. raciborskii cultures or pure CYN were most frequently
administered by the oral route (Falconer and Humpage
2001), the purpose of the present study was to examine the
toxicity of the C. raciborskii methanol extract from its natural
population when given intraperitoneally. As the liver is the
preeminent organ in metabolization, analysis of its cells is
recommended (Tice et al. 2000; Hartmann et al. 2003). Also,
Lukas et al. (1971) demonstrate that compounds administered
intraperitoneally are absorbed primarily through the portal cir-
culation and, therefore, must pass through the liver before
reaching other organs. To evaluate the damage caused by the
C. raciborskii methanol extract, the extent of DNA damage
was analysed by means of comet assay under alkaline condi-
tions. This assay makes it possible to investigate primary
DNA damage, detecting DNA single and double strand
breaks, alkali-labile lesions, as well as DNA strand breaks
arising during the repair of DNA lesions in cells isolated from
various tissues (Sharma et al. 2007; Carvalho et al. 2011).
Also, this assay has found widespread acceptance both as a
screening tool for genotoxic compounds and for monitoring
human exposure to environmental chemicals (Mgller 2006;
Costa et al. 2011). Different concentrations of C. raciborskii
methanol extract (1500, 3000, 6000 and 12,000 pug kg7l bw)
and CYN (79.80 pg kg ' bw) were intraperitoneally injected
into Wistar rats. The extent of DNA damage in livers treated
with high concentrations of C. raciborskii methanol extract
(i.e. 12,000 ug kg™' bw) was similar to those of the EMS
24 h after treatment. Also, at the higher concentration tested,
the extract caused a significant increase in the tail length when
compared with the EMS (1.4-fold above) and negative (7.3-
fold above) control 72 h after treatment, thus indicating a
genotoxic effect. Although CYN in concentrations of
79.80 ug kg ' bw caused a statistically significant rise in
DNA damage, observed as an increase in comet tail length,
tail moment and percentage of DNA in the tail 24 and 72 h
after administration, it was still less than the damage resulting
from the administration of the extract in the highest tested
dose. A higher toxic effect of highest dose of extract than
equivalent amount of pure CYN indicates the presence of
further toxins in extract or synergistic effects. This result is
in agreement with the results obtained in studies by Falconer
et al. (1999), Hawkins et al. (2001) and Metcalf et al. (2002).
These authors demonstrated that C. raciborskii lyophilate ex-
tracts with CYN are more toxic than the administration of
CYN alone. Previous studies have also reported that some
Cyanobacteria may have genotoxic effects in different models
depending on various compounds present in the extracts

@ Springer

(Bouaicha et al. 2005; Lankoff et al. 2006; Palikova et al.
2007; Wu et al. 2011; Zegura et al. 2011; Laughinghouse
etal. 2012). Chemical analysis of the cyanobacterial methanol
extract confirmed the presence of CYN. As a toxin, CYN has
both cytotoxic and hepatotoxic action, which primarily results
from the potent protein synthesis inhibition that occurs after
covalent bonding of CYN with DNA or RNA (Shaw et al.
2000) with the accompanying significant DNA strand break-
age (Shen et al. 2002). The nucleotide structure of CYN as a
sulfated-guanidinium alkaloid with 5-susbtituted-2,4-
dioxypyrimidine (uracil) moiety (Banker et al. 1997; Harada
et al. 1994) and the presence of potentially reactive guanidine
and sulphate groups suggest the possibility of interference
with DNA synthesis and induction of mutations.

The hepatic toxicity of the methanol extract of C. raciborskii
and CYN was indicated by serum markers of liver function and
histopathology. The elevation of ALP, ALT, AST and GGT
activity was attributed to hepatic structural damage because
these enzymes are normally localized to the cytoplasm and
released into the circulation after cellular damage has occurred.
The regulation of serum enzyme activity is not a function of the
liver, which is more accurately assessed according to the levels
of total bilirubin and protein synthesis, seen in the albumin
concentration (Navarro and Senior 2006). According to data
available from other studies, the liver has been described as a
primary site of CYN-induced toxicity (Hawkins et al. 1985;
Harada et al. 1994; Bernard et al. 2003; Griffiths and Saker
2003; Terao et al. 1994). In our study, the clinical indicator
enzymes for liver injury (AST, ALT, ALP and GGT) do not
appear to have been released into the serum by the
C. raciborskii extract in the manner expected after exposure
to a hepatotoxin. After 24 h, the activity of ALT and ALP
showed a statistically significant decrease in doses of between
1500 and 12,000 pg kg ' bw, and AST activity significantly
increased at 1500 and 12,000 pug kg~ ' bw of extract, which was
low in comparison with changes seen in hepatobiliary disease.
Pure CYN administrated at 79.80 pg kg™' bw, which corre-
sponds to the amount of toxins in the highest studied dose of
the methanol extract of C. raciborskii, caused higher elevation
of AST and ALT in the circulation after 24 h than the extract.
Biochemical indicators of hepatic damage showed greater dif-
ferences from the control values in the groups 1 day after the
doses of the extract or CYN, while the serum biochemical
parameters of hepatic damage returned to normal after 72 h in
most animals. In previous studies, the crude aqueous extract of
cultured C. raciborskii supplied at dilutions of 43—135 mg
freeze-dried material kg ' day ' (calculated toxin dose of
CYN 216-687 pg kg per day) in the animals’ drinking water
for 10 weeks and purified CYN dosed orally at concentration of
30 to 240 g kg ' per day for 11 weeks in male Swiss albino
mice did not show statistically significant changes in the AST
and ALT activity compared with an untreated group (Humpage
and Falconer 2003). Chernoff et al. (2011) administered
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50 ug kg of CYN for 5 days to pregnant mice exposed during
different segments of gestation and monitored them up to
7 weeks post-dosing. They observed that the values for the
serum’s biochemical parameters (AST and ALT) increased
24 h after the final dose, and 1 week after dosing, the biochem-
ical indicators of hepatic damage returned to normal. Similar
results were observed in our study when the rats received a
single dose of 79.80 pg CYN kg ' bw. Taking into account
the liver-related biochemical parameters, the pure toxin caused
greater liver damage than the C. raciborskii methanol extract.
A single dose exposure using rats injected i.p. with 1500 to
12,000 ug kg ™' bw C. raciborskii methanol extract containing
6.65 ug mg ' of CYN did not show any significant serum
chemistry changes related to liver function. These data provide
additional support to the hypothesis of Chernoff et al. (2011)
that the liver is not the primary site of CYN-induced toxicity.
Also, these effects could be explained by saying that the con-
centrations of the extract used, which contained 6.65 ug mg™"
of CYN, were not sufficient to cause serious liver damage.

Minimal to moderate liver lesions were noted in the extract
and CYN-treated groups, with similar changes in hepatic his-
topathology in the groups after 24 and 72 h of intoxication.
These changes, including necrosis, apoptosis, infiltration of
inflammatory cells and cytoplasmic vacuolization in the liver
of rats exposed to CYN-containing extract, are in accordance
with a previous study performed in tilapia and in mice exposed
orally to or by i.p. administration of CYN or the C. raciborskii
culture (Gutiérrez-Praena et al. 2012; Seawright et al. 1999;
Chernoff et al. 2011). In contrast to serum biochemical indica-
tors of hepatic damage, the major pathological changes ob-
served in the livers examined in this work were very similar
between rats euthanized after 72 h and rats euthanized after
24 h; consequently, no recovery of the histological effects in-
duced by C. raciborskii extract in the rats was observed. Some
of these pathological changes were also described in tilapia
exposed i.p. by pure CYN which were more severe at 5 days
than at 24 h (Gutiérrez-Praena et al. 2012).

The metabolism of chemicals takes place largely in the liver.
Catalytic activity of hepatic enzymes controls these toxic
chemicals, and of the body’s estimated one million enzymes,
the great majority for oxidative/detoxification purposes are in
the liver. These metabolic processes disturb normal cell func-
tion, and the result could be oxidative stress, i.e. the imbalance
between prooxidants and antioxidants, whereby cellular mac-
romolecules may be damaged by uninhibited, reactive free rad-
icals with a short lifespan and relative nonspecific activity
(Navarro and Senior 2006; Stehbens 2003). To minimize the
effect of ROS and free radicals, cells produce enzymatic anti-
oxidants (SOD, CAT, etc.) and nonenzymatic oxidants (GSH),
which are pivotal in intracellular antioxidant defence in aerobic
organisms (Carocho and Ferreira 2013). The results obtained in
the present work confirm the oxidative damage induced by
C. raciborskii extract in rats under laboratory conditions, as

the GSH, CAT and SOD levels decreased and MDA increased
after the exposure to mild and high doses of extract. We found
that the indicators of oxidative stress were more pronounced
after 24 h of intoxication than after 72 h. The oxidative damage
induced by CYN was lower in comparison with the samples of
animals treated with the extract at a concentration of
3000 pg kg ', and killed after 24 h, which caused the highest
damage. In animals killed after 72 h, the damage was also lower
in comparison with the extract samples at a concentration of
6000 pg kg . The samples of CYN caused higher oxidative
damage than the highest applied dose of the methanol extract of
C. raciborskii. When comparing the samples of animals killed
after 24 and 72 h, the oxidative damage was higher in samples
killed after 24 h. Oxidative stress induced by CYN is consid-
ered to be involved in the development of CYN toxicity in
several experimental models, but in the case of C. raciborskii
extract, there are limited data. Puerto et al. (2014) found that
single doses of CYN pure standard (200 or 400 pg CYN kg ™!
fish bw) by the oral route (gavage) generated changes in the
oxidative stress biomarkers in tilapia (Oreochromis niloticus)
by increasing the oxidation of protein and NADPH oxidase
activity and decreasing the GSH contents in the liver and kid-
ney of the intoxicated fish. Considering previous studies, the
concentrations of CYN applied in our study (9.97 to 79.80 ug
CYN kg_1 bw) were lower, and the results showed that these
concentrations induced changes in oxidative stress biomarkers
in the liver.

This study showed that C. raciborskii extract showed sig-
nificant genotoxicity even in low concentrations and increased
oxidative stress in rat liver after a single exposure. The doses of
C. raciborskii methanol extracts and CYN applied were not
high enough to induce meaningful liver damage in rats. All of
the changes which indicated hepatotoxicity could be consid-
ered as reversible if the organisms are no longer in contact with
the C. raciborskii samples or pure CYN. Due to the ubiquitous
presence of C. raciborskii in freshwater systems, research re-
garding toxin production, toxicity, genetics, ecology and health
risks caused by the presence of CYN in waters worldwide is
necessary in order to take measures and prevent any harmful
effects on human health and the environment. Therefore, these
results can have implications for public health.
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The relationship between the dominance of
Cyanobacteria species and environmental variables in
different seasons and after extreme precipitation

Snezana B. Simié" *, Nevena B. Dordevié" ** and Djuradj MiloSevié?2

With 7 figures and 1 table

Abstract: The impact of climate change in Serbia, as found throughout the world, is reflected in the rapid changes
in drought and heavy rain periods. We show the influence of high rainfall levels on the water quality, composi-
tion and seasonal succession of Cyanobacteria in the Sumarice reservoir, Serbia (44° 01'49” N, 20° 52' 28" E). The
changes in physical and chemical parameters of water, Chl-a, Cyanobacteria biomass, abundance of phytoplankton
and Cyanobacteria along a temporal gradient are visualized using a self-organizing map (SOM). Data was collected
monthly during 2013 and 2014. During 2013, the reservoir was characterized as mesotrophic and eutrophic, with a
low level of nutrients (the maximum value of total phosphorus was 0.068 mg L' and total nitrogen was 0.764 mg
L' in August), while the maximum values of Cyanobacteria biomass (12.7mg L) and abundance (1.36 x10°® ind
L) were in September, when Cyanobacteria represented 21 % of the whole phytoplankton. In the following year
(2014), after the extreme precipitation (227 m~2 in May and 138 L m~2 in July), the concentration of nutrients in
the reservoir increased. In September, the maximum value of total phosphorus was 0.310 mg L}, and the maximum
value of total nitrogen was 6.828 mg L'\ In October, the maximum values of Cyanobacteria biomass (1567.28 mg
L") and abundance (2.36 x 10% ind L") were recorded when the bloom of Aphanizomenon flos-aquae was observed,
representing 98 % of the whole phytoplankton. This blooming is strongly positively correlated with the increase of
total phosphorus and nitrogen. The extreme and long-term precipitation was significant enough to change the state
of the reservoir from eutrophic to hypereutrophic.

Keywords: Cyanobacteria; extreme precipitation; reservoir; total P; total N

Introduction

Based on the worldwide monitoring of climate param-
eters, primarily noticeable are temperature changes,
as well as changes in the amount and distribution of
rainfall and the increasing frequency of extreme mete-
orological conditions (Bates et al. 2008). Extreme hy-
drological conditions, such as high-rainfall levels and

drought can have a major impact on all types of fresh-
water ecosystems, such as changing the water level,
the mixing of the water, the concentration of biogenic
materials, the degree of transparency, as well as the
concentration of suspended solids. The impact of ex-
tremely dry periods, as well as periods accompanied
by heavy rainfall and flooding, on the phytoplankton
and Cyanobacteria communities has been monitored
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by a large number of researchers who have highlighted
the importance of monitoring (Coelho et al. 2001; Hu-
isman et al. 2005; Scheffer & van Nes 2007, Mihaljevié
et al. 2013; Paerl & Otten 2013).

The flooding and high levels of rainfall may affect
the phytoplankton community differently. Mihaljevié
& Stevic¢ (2011) and Stevic¢ (2011) indicated that ex-
treme and long-term floods were strong enough to
change the state of the shallow floodplain lake (the
Lake Sakadas in the middle section of the Danube
River) from “turbid water” to a state of “clear water”.
Early spring floods can stimulate the development
of phytoplankton, whereas floods in late spring and
summer cause disturbances in the seasonal develop-
ment of phytoplankton, leading to the reduction in the
total biomass of phytoplankton (Stevi¢ 2011). Floods
can also lead to episodic algal pollution, which pro-
duce toxic or harmful effects (HABs — Harmful Algal
Blooms) due to their exponential growth (Huisman et
al. 2005, Paerl & Otten 2013). Some blooming occurs
rapidly with the dominance of one or more species
(Chorus & Bartram 1999). The summary of the direc-
tives given by the World Health Organization (WHO)
for the management of water used for recreation in-
dicates a health threat if the Cyanobacterial bloom
formation is recorded, and a secondary health threat
if more than 100,000 cyanobacterial cells mL™ or a
50 ug L' chlorophyll-a concentration dominated by
Cyanobacteria are recorded (Chorus & Bartram 1999).

While the presence and the bloom of Cyanobac-
teria in Serbian water bodies have been studied for
many years (Karadzi¢ et al. 2013, Svircev et al. 2014,
Dordevi¢ et al. 2015), research concerning the impact
of extreme meteorological conditions (large precipita-
tion) on the Cyanobacteria community has been lack-
ing. Around 70 species of Cyanobacteria have been
detected in Serbian water ecosystems, with Micro-
cystis, Aphanizomenon, Anabaena, Oscillatoria and
Cylindrospermopsis the most frequent genera found
blooming in eutrophic reservoirs in Serbia (Karadzié
et al. 2013, Svircev et al. 2014, Pordevic et al. 2015).
Our aim here is to show the impact of extreme hy-
drological conditions caused by heavy precipitation on
both the change in the Cyanobacteria community, and
the physico-chemical parameters of the mesotrophic
reservoir.

Material and methods
Study area

The Sumarice reservoir is located in Central Serbia on the out-
skirts of the city of Kragujevac (44°01'49" N, 20°52'28"E)

(Fig.1) at an altitude of 185 m. The reservoir was created by
damming of the Susica creek in 1967. The length of the reservoir
is 1300 m, with an average width of 175 m. The reservoir vol-
ume is 0.95 x10° m?, and the area is 20 ha. The largest recorded
depth of the reservoir is 20 m, with an average depth of 8—9 m.
During the summer, the water temperature rises to 26—29 °C,
and freezes during the winter (Rankovic et al. 2006).

For the most part, the reservoir obtains its water from the
casting and the precipitation of the SuSica stream. In the basin
of the SuSica stream, there are forests, meadows, agricultural
lands, as well as settlements with a partially landscaped sewer
network. One side of the reservoir is well arranged, consist-
ing of anthropogenic developed land for sporting purposes.
There is a settlement above one side of the reservoir, while
on the other side are mature elements of meadow vegetation
extending almost to the water, and associated forest remnants
Quercetum confertae-ceris Rudski 1949 (Rankovi¢ et al. 2000).
The Sumarice reservoir is a part of the October in Kragujevac
memorial park. During the summer, it is used as a recreational
location for sports such as fishing and swimming.

Meteorological data

The meteorological data consisting of monthly averages of
precipitation in the city of Kragujevac during 2013 and 2014
are sourced from the Republic Hydrometeorological Service of
Serbia (http://www.hidmet.gov.rs).

Sampling

The samples for physical, chemical and phytoplankton analy-
ses of water were collected monthly from three sites (M — the
Mouth of the stream, C — the Center, D — the Dam) during 2013
and 2014 (Fig.1). The samples were collected from different
depths (0.5-1, 2, 4, 6, 8, 10, 12, 14 m — depending on the maxi-
mum depth of the reservoir in the sampling period) and the total
number of samples collected during these two years is 324. The
mean values of all parameters are used here to present the situa-
tion in the reservoir clearly, and to compare the data from 2013
with those from 2014.

Physical and chemical parameters are analyzed according to
the Standard Methods for the Examination of Water and Waste-
water (APHA 2005). The samples for the physical and chemical
parameters, such as water temperature (°C), pH, dissolved oxy-
gen (DO, mg L), dissolved oxygen saturation (DO, %), con-
ductivity (us cm™), hardness (mg L'') and water transparency
(Secchi disc, m) were measured in situ, whereas phosphate
(PO,-P, mg L), nitrate (NO,-N, mg L'!), ammonia (NH,-N, mg
LY, total phosphorus (Total P, mg L), total nitrogen (Total N,
mg L") and chlorophyll-a concentrations (Chl-a, mg m~3) were
measured at the Hydrobiological laboratory at the Department
of Biology and Ecology, Faculty of Science, Kragujevac. The
chlorophyll-a concentration is determined by using a spectro-
photometric method according to ISO 10260:1992 (E).

The samples for the phytoplankton qualitative analysis
were collected by sweeping a plankton net (netframe 25cm
o, mesh net e.g. 22 um). All samples were immediately pre-
served in a 4% solution of formaldehyde. Taxonomic identi-
fications of Cyanobacteria are made according to Komarek &
Anagnostidis (1998), Hindak (2001), Komarek & Anagnostidis
(2005) and Komarek (2013). The phytoplankton samples for
the quantitative analysis were collected by using a Ruttner’s
bottle (2 L). The quantitative analysis of phytoplankton (abun-
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Fig. 1. Map of the study area. Location of the Sumarice reservoir, Central Serbia. The three sampling sites on the Sumarice reser-
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dance — number of individuals per L) was conducted using the
Utermohl method (1958) with a Carl Zeiss inverted microscope.
The phytoplankton individuals were first sedimented and then
quantified in the chamber (i.e., transects) with an inverted mi-
croscope at different magnifications depending on their size
(100x, 400x). The Cyanobacterial biomass (mg L) was cal-
culated based on geometric approximations using the standard
formula (Hillebrand et al. 1999; Sun & Liu 2003). The average
cell dimensions were obtained by measuring at least 25 repre-
sentatives of each taxon present.

Data analysis

To visualize temporal changes in physical and chemical param-
eters of water (active variable), the abundance of Cyanobacteria
and phytoplankton, Cyanobacteria biomass and Chl-a concen-
tration (passive variable) across three sampling sites, the Ko-
honen unsupervised artificial neural networks (i.e., self-organ-
izing map — SOM, Kohonen 1982) are used. The SOM method
is widely used in ecology for data ordination (Chon et al. 1996;
Chon et al. 2000; Chon 2011; Park et al. 2003; Park et al. 2004;
Lencioni et al. 2007, Tang et al. 2010; MiloSevi¢ et al. 2013;
Milosevi¢ et al. 2014) as it is a powerful tool for the clustering
and visualization of large data sets (Park et al. 2005), and is
thus the most appropriate tool for our study. This method is also
applied for modelling variability of community structure along
a water quality gradient. The output of the self-organizing map
is a two-dimensional grid, i.e. a trained SOM map composed
of output neurons. Each neuron carries a specific model of the
data (sampling sites with a similar model of water quality). The
increase in a mutual distance between neurons in an output grid

is in accordance with the differences in the models carried by
the neurons (Milosevi¢ et al. 2013).

The SOM method ordinates and classifies the sampling
sites during the training process, modeling nonlinear relation-
ships between parameters. The input data matrix is composed
of 72 sampling sites (rows) and 12 measured parameters (col-
umns). The size of the network 7 x 6 (map resolution) was de-
termined using the two most recommended methods (Vesanto
et al. 2000; Park et al. 2003) and trying to avoid a large number
of empty output neurons (Penczak et al. 2012). For the first
method, Vesanto et al. (2000) calculated the optimal number of
neurons in the SOM as 5\n, where n is the number of training
samples. In addition, the map resolution could also be deter-
mined by considering the local minimum values of quantiza-
tion error (QE) and topographic error (TE) (Park et al. 2003).
During the training process, all vectors (sampling sites) are
introduced in the SOM. To obtain the subsets of neurons with
similar models, the k-means method (Jain & Dubes 1988) is
implemented. The number of neuron groups is determined fol-
lowing the distributional pattern of selected biotic factors. In
addition, the non-parametric ANOVA test (the Kruskal-Wallis
test) is used to test whether active variables varied between
groups of neurons. The Mann-Whitney post hoc test is used for
pair-wise comparisons.

To visually present the abundance of Cyanobacteria on the
temporal gradient of water quality, the component-planes tech-
nique is applied. After the SOM is trained, the biotic informa-
tion is passively introduced in the SOM, so as to not influence
the previous ordination based on the abiotic data (physical and
chemical parameters of water). During this process, the mean
values of biotic parameters are calculated in each neuron of the
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SOM map occupied by at least one sample (Park et al. 2003).
The component plane represents a distributional pattern of bi-
otic parameters on the trained SOM, enabling visual correlation
between abiotic and biotic parameters. If a passive parameter
shows a clear gradient on the map, it means that this biotic pa-
rameter is significantly influenced by the variation in physical
and chemical parameters. The visual presentation of each active
variable using the component plane provides additional infor-
mation about the relationship between the biomass and abun-
dance of Cyanobacteria, and each physico-chemical parameter
of water.

The trophic state of the reservoir is determined by Carlson’s
Trophic State Index — TSI (Carlson 1977), with three equations
used for the index calculation: Secchi disk TSI (SD), chloro-
phyll-a TSI (CHL) and total phosphorus TSI (TP).

Results

During 2013, the mean annual rainfall amounted to
715.6 L m~2; the highest values of rainfall were meas-
ured in March —101.9L m™2, and the lowest values
were in December —6.4 L m~2. During 2014, the mean
annual rainfall amounted to 978.9 L m~2, which is the
heaviest rainfall measured by the Republic Hydrome-
teorological Service of Serbia since 1951; the highest
rainfall was measured in May —227L m™2, and the
lowest in February —14.4 L m~2 (Fig. 2). The abundant
and prolonged rainfall from May to July 2014 (Fig.2)
led to flooding and erosion, which contributed to the
leaching of agricultural land, the rise in the level of
septic tanks, the spillage of cesspools and damage to
sewage collectors within the catchment area of the
Sumarice reservoir, especially in the vicinity of the
Susica stream, which supplies water to the lake.
Based on the temporal variation of water quality,
the SOM analysis ordinates and classifies the sampled
sites into three groups (Fig.3). The maximum and
minimum values of all physical and chemical param-
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eters are shown in Fig. 4. The non-parametric ANOVA
test reveals which active variables vary significantly
between the obtained groups of neurons (Table 1).

Group A is composed of sites sampled during the
winter seasons of 2013 and 2014 (Fig. 3). These sam-
ples are characterized by low values of temperature,
conductivity, pH and nutrient concentrations (PO,-
P, NH,-N, NH;-N, Total N and Total P) (Fig.4). The
high concentrations of oxygen content (DO mg L™ and
DO%) and transparency were recorded in the same
group (Fig. 4). More precisely, the minimum recorded
value of water temperature was 5.6 °C in January dur-
ing 2013 and 2014, as shown on the component plane
where the upper neurons of the SOM are brighter
(Figs 3, 4). Group A also has a minimal value for the
conductivity (302 us cm™) (upper left side of the SOM
map) with the maximum water transparency detected
in February (group A, upper left side of the SOM
map). The low values of nutrient concentration (PO,-P
0.012mg L' and NH,-N 0.010 mg L") were detected
during February 2013, as clearly shown in the SOM
map (Figs 3, 4).

In group B, the sites sampled during the remaining
three seasons of 2013 are clustered together (spring,
summer and autumn months) (Fig. 3). The component
planes of active parameters reveal that during 2013,
the measured temperature, conductivity, transpar-
ency, pH and DO varied, with high hardness and low
nutrient concentrations (Fig.4). A high temperature
was recorded in August 2013 as shown on the compo-
nent plane, where the lower neurons of the SOM are
colored dark gray (B group) (Figs 3, 4).

Finally, group C contains samples from 2014 (domi-
nant summer and autumn months) (Fig. 3). This period
of the year was characterized by high water tempera-
ture and nutrient concentrations while the transpar-

2013

Jul Aug  Sep

Fig. 2. The average amount of precipitation on the territory of Kragujevac during 2013—2014 (data taken from Hydrometeorologi-

cal Service of the Republic of Serbia).
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Fig. 3. The SOM map presenting water quality of the sampling sites. Neurons are clustered using the k-means method. Distinct
groups are marked by capital letters (A, B and C). The labels indicate different sites (M — the Mouth of the stream, C — the Center,
D — the Dam) sampled monthly during 2013 and 2014.
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Fig. 4. Component planes visualizing the distributional pattern of 12 water quality parameters (DO (mg L) — dissolved oxygen,
DO (%) — dissolved oxygen saturation, NO;-N — nitrate, PO,-P — orthophosphate, NH,-N — ammonium) together with the presenta-
tion of variability ranges. The shade of black for each parameter is highly correlated with its maximum value.
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Table 1. Mean values + standard deviation for environmental parameters per SOM group. Values within the same row not sharing
a common superscript letter are significantly different: #° p<0.05. If superscript letters are missing, all the values are significantly

different.
Env. parameter Group

A B C
Water temperature (°C) 8.14+1.88 18.99+£5.26* 18.25+4.21
Conductivity (us cm™) 318.67+13.16 380.07+30.77% 366.29+33.122
Transparency (m) 1.86+£0.56 1.38+0.66 0.99+0.49
pH 8.68+0.59? 8.69+0.192 8.72+£0.32?
DO (mg L) 8.12+1.34° 8.07+2.192 7.98+1.97*
DO0% 86.36£12.89% 95.43+£29.77* 84.59+£26.28%
NO,-N (mg L) 2.00337+0.85035 1.37821+0.65241 6.65702+8.02749
PO,-P (mgL™) 0.07119+0.73666* 0.10823+£0.113142 0.26448+0.22839
NH,-P (mg L) 0.03272+0.023332 0.07228 +0.05988 0.16915+0.14421
Hardness (mg L") 171.23+33.78* 193.87+12.61° 181.61+38.07%"
Total N (mg L") 0.29047+0.12709 0.20226+0.09228 2.39762+5.44424
Total P (mg L") 0.01936+£0.05773 0.02850+£0.032612 0.21189+£0.72708

-
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Fig. 5. The abundance of Cyanobacteria and eukaryotic algae in the Sumarice reservoir during the study period.

ency was low (Fig.4). The remaining factors meas-
ured in this group are variable. The highest value of
conductivity was recorded in group C (443.75 us cm™;
lower part of the component plane). The water trans-
parency was low during the summer of 2014 (lower

part of the SOM map) with the lowest value measured
in June (group C). The maximum pH value of 9.48 was
also measured in June 2014 (group C, lower left side of
the SOM map). The highest values of the total nitro-
gen (6.828 mg L") and the total phosphorus (0.310 mg
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Fig. 6. Component planes visualizing the distributional pattern of four parameters (abundance of phytoplankton and Cyanobacteria,
Cyanobacterial biomass and chlorophyll-a) in the previously trained SOM. The shade of black for each parameter is highly cor-

related with its maximum value.

L) were detected during September 2014 as clearly
shown on the SOM map (Figs 3, 4).

In 2013, Cyanobacteria were represented by 11 taxa
in the Sumarice reservoir. Cyanobacteria were not
detected in January, February and March 2013 while
the abundance of Cyanobacteria in April was lower
compared with other months, amounting to 9x103
ind L (Fig.5). Chrysosporum bergii (Ostenffeld)
E. Zapomelova, O. Skacelova, P. Pumann, R. Kopp &
E.Janecek and Oscillatoria sp. appeared beginning in
April 2013. The largest richness of Cyanobacteria was
recorded during the summer and late summer months
2013: Aphanizomenon flos-aquae Ralfs ex Bornet
and Flahault, Chroococcus limneticus Lemmermann,
C minutus (Kiitzing) Négeli, Chrysosporum minor
(Kiselev) Komarek, Cuspidothrix issatschenkoi (Us-
achev) P. Rajaniemi, Komarek, R. Willame, P. Hrouzek,
K. Kastovska, L. Hoffmann & K. Sivonen, Microcys-
tis aeruginosa (Kiitzing) Kiitzing, Snowella lacustris
(Chodat) Komarek & Hindak. The Cyanobacteria bio-
mass increased from April (0.23 mg L™). During 2013,
the highest value of abundance (1.36x10° ind L)
(Fig. 5) and biomass of Cyanobacteria (12.7mg L)
was recorded in September. The phytoplankton abun-
dance in 2013 ranged from 8 x10% ind L™ (January) to
6.42x10% ind L' (September). The maximum repre-
sentation of Cyanobacteria in the whole phytoplank-
ton (21%) was in September. The relation between
the abundance of Cyanobacteria and eukaryotic algae
from the phytoplankton of the Sumarice reservoir dur-
ing 2013 is displayed in Fig. 5.

In 2014, the Cyanobacteria were represented by
10 taxa in the Sumarice reservoir. During January
and February 2014, no Cyanobacteria were detected.
The abundance of Cyanobacteria in March 2014 was
8x10% ind L, while the Cyanobacteral biomass in
the same period was 0.015mg L. In the spring and
summer months, the presence of Chroococcus lim-

neticus, Chrysosporum minor, Cuspidothrix issat-
schenkoi, Microcystis aeruginosa, Merismopedia sp.,
Pseudanabaena sp., Snowella lacustris, Oscillatoria
tenuis C.Agardh ex Gomont were recorded. After the
intense precipitation in spring/summer, the suppres-
sion of all eukaryotic algae led to the domination of
Cyanobacteria (Fig.5). Only one species of Cyano-
bacteria (Aphanizomenon flos-aquae) was found from
September 2014 (2.36x10% ind L") until December
2014 (5.89x10* ind L!). The maximum abundance
(2.69x10% ind L") and biomass (1567.28 mg L) of
this species occurred in October (Fig. 5, Fig. 6). Dur-
ing 2014, the abundance of phytoplankton ranged from
9x10%ind L (January) to 2.75x10%ind L' (October).
Aphanizomenon flos-aquae (blooming species) ac-
counted for more than 98 % of the total phytoplankton
in October 2014. The relation between the abundance
of Cyanobacteria and eukaryotic algae from phyto-
plankton of the Sumarice reservoir during 2014 is dis-
played in Fig. 5.

The component planes of passive variables reveal
that the distributional patterns of abundance of total
phytoplankton and Chl-a on the SOM are concordant
with the distributional pattern of Cyanobacteria abun-
dance and biomass (Fig. 6). The highest recorded val-
ues are distributed in the lowest part of the map (group
C), while the intermediate abundance appears in one
neuron of group B (Figs 3, 6), corresponding to July
and August 2013 (Fig.3). The minimum concentra-
tion values of Chl-a (2.31 mg m~3) were recorded in
January 2013 and 2014 (upper left neuron on the SOM
map). The maximum values of Chl-a were recorded in
September 2014 (118.51 mg m~3) (lower right neuron
on the SOM map) and the two neurons of group B
correspond to August and September 2013 (Figs 3, 6).

Based on Carlson’s reservoir classification regard-
ing the trophic condition range (Carlson 1977), the
trophic state of the Sumarice reservoir is represented
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Fig.7. Monthly values of the Trophic state index (TSI) calculated on the basis of water transparency (TSI SD), the concentration of

total phosphorus (TSI TP) and chlorophyll-a (TSI Chl a).

in Fig.7. The reservoir is classified as mesotrophic
and eutrophic during 2013, and eutrophic and hypere-
utrophic in 2014.

Discussion

The recent resolutions of the IPCC (Intergovernmental
Panel on Climate Change) expert group highlight the
climate change impacts on freshwater resources (IPCC
2014). Flooding and drought are becoming more pro-
nounced in some areas, resulting in the move to more
intense and catastrophic events. A change of climatic
factors can modify the phytoplankton structure in a
freshwater ecosystem. The presence of Cyanobacte-
ria especially may be strongly influenced by physical
factors such as local weather conditions (Karadzi¢ et
al. 2013). After the extreme precipitation in 2014, an
increase in the nutrient concentration of the Sumarice
reservoir was detected, leading to an episodic increase
in nutrient concentration of the reservoir and, therefore,
a change in the Cyanobacteria community. From Au-
gust to November 2014, there was a complete change
in the phytoplankton community composition domi-
nated by Cyanobacteria. The suppression of all other
species led to the domination of Aphanizomenon flos-
aquae. This was the first occurrence of the blooming
in the Sumarice reservoir. Aphanizomenon flos-aquae
is the most regularly blooming species in eutrophic

waters, being one of the most common blooming spe-
cies in Serbia, and very common in the ecosystems of
the Kragujevac vicinity, especially the Gruza reservoir
(Rankovi¢ & Simi¢ 2005, Perendija et al. 2011). The
WHO Guidelines for Drinking Water Quality note that
anatoxin-a, saxitoxins and cylindrospermopsins may
be produced by the Aphanizomenon genus (Chorus &
Bartram 1999). The abundance of A. flos-aquae and
the concentration of chlorophyll-a in the Sumarice
reservoir during the blooming were not in accordance
with the required values of these parameters for the
correct management of recreational water (Chorus
& Bartram 1999). According to the WHO (Chorus &
Bartram 1999), the detected abundance and blooming
indicates a major health threat, and for that reason, the
use of the reservoir was prohibited by the Institute for
Health Protection. Previous researches have shown
that the water in the reservoir belongs to the II class
of water (Rankovi¢ et al. 2006), corresponding to the
quality of water used for sport and recreation (Official
Gazette of RS no. 74/2011).

Mihaljevi¢ & Stevi¢ (2011) and Stevi¢ (2011)
suggest that extreme precipitation may improve the
conditions of the lake, noting furthermore that sum-
mer floods cause lead reduction in the total biomass
of phytoplankton. Unlike with previous research, hy-
pereutrophication, the blooming of Aphanizomenon
flos-aquae and low transparency occurred after ex-
treme rainfall in the Sumarice reservoir. The massive
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development and “blooming” of A. flos-aquae in the
Sumarice reservoir started in 2014 after the period of
extreme precipitation, when the temperature stratifi-
cation of the reservoir was established together with
appropriate physical and chemical conditions. The
maximum recorded water temperature (27-30 °C) and
maximum concentration of nutrients (total phospho-
rus over 0.310 mg L'; total nitrogen over 6.828 mg L)
were also established.

Phosphorus and nitrogen concentrations support
the massive development of Cyanobacteria (Chorus
& Bartram 1999; Laamanen & Kuosa 2005). Many
authors suggest that the development of the Aphani-
zomenon flos-aquae population is strongly associated
with water temperature and a low TN/TP ratio (Smith
et al. 1995; Teubner et al. 1999; Laamanen & Kuosa
2005). The TN/TP ratio (7:1) in which the development
of Cyanobacteria is limited by nitrogen concentration,
and not by phosphorus, is the so-called Redfield ratio
(Redfield 1958; Falkowski & Davis 2004). High con-
centrations of total phosphorus and low TN/TP favor
the development of Cyanobacteria (Schindler 1977).
The dominance of A. flos-aquae in lower TN/TP has
been connected to the more successful competition of
these Cyanobacteria for nitrogen compared with the
other algae (Huisman & Hulot 2005), especially be-
cause of their ability to fixate atmospheric nitrogen.
Teubner et al. (1999) also report that TN/TP less than
7:1 is critical and may favor the dominance of Apha-
nizomenon species. However, the critical TN/TP mass
ratios at which Cyanobacteria tend to dominate in
lakes are found to range from 5 to 10 (Schindler 1977
Seip 1994; Michard et al. 1996; Bulgakov & Levich
1999). Smith et al. (1995) show that the TN/TP mass
ratio of 22:1 provides a boundary between lakes domi-
nated by N,-fixing Cyanobacteria, and those with only
a few of these algae present.

In previous research, the linking relationship be-
tween cyanobacterial abundance and environmental
variables was established by simultaneous sampling.
However, Wojciechowski & Padial (2015) state that
this was not a suitable approach since algae react to the
previous state of the ecosystem, and, therefore, em-
phasize the importance of monitoring the correlation
of Cyanobacteria with environmental factors exist-
ing in the period prior to sampling. As Cyanobacteria
abundance is promoted by environmental conditions
previously present at the site, our study also confirms
the high correlation of environmental variables before
and during blooming.

The maximum values of Cyanobacteria biomass
(12.7mg L) were recorded in September 2013 in the

v

Sumarice reservoir when the TN/TP ratio was 10.9 and
the total phosphorus concentration was 0.008 mg L.
In the prior summer months (June—August), the mean
temperature was 21.6 °C and the mean concentration
of total phosphorus was 0.047mg L. There was no
massive development of Cyanobacteria in 2013 dur-
ing and after this condition. The blooming of Cyano-
bacterial species Aphanizomenon flos-aquae began
in September 2014 when the TN/TP ratio was 7.9
and the total phosphorus concentration was 0.310 mg
L. The maximum values of Cyanobacteria biomass
(156728 mg L) in the Sumarice reservoir during 2014
were detected in October. In the summer months be-
fore the blooming (June—August), the mean tempera-
ture was 22.8 °C and the mean concentration of total
phosphorus was 0.131 mg L', The TN/TP ratio in both
years was low enough (less than 22) to favor the bloom
in accordance with Smith et al. (1995). Temperatures
were similar during both 2013 and 2014. The levels
of nutrients were completely different (the total phos-
phorus and nitrogen concentration increased after the
heavy precipitation in May and July 2014). The TN/TP
ratio was very high in July 2014 (75.8) during the pe-
riod of extreme precipitation. The high TN/TP ratio in
July can be explained by the rise in the level of septic
tanks and sewage spills which deliver larger amounts
of nitrogen into the reservoir, after which the bloom-
ing of Aphanizomenon flos-aquae was observed.

Conclusion

Our case study shows that extreme precipitation can
lead to an increase in nutrient concentrations in reser-
voirs, and cause a significant ecological disturbance to
the community in water ecosystems (the blooming of
potentially toxic Cyanobacteria), leading to potential
economic losses from the unavailibilty of the ecosys-
tem for its planned purpose (irrigation, sport and recre-
ation, water supplies). The future assessment of envi-
ronmental impacts on reservoirs and the raising of new
dams should account for flooding as a means for an-
ticipating predictive measures and remediation plans.
Our research also justifies the proposed approach in
the monitoring of Cyanobacteria blooming. Instead of
the simultaneous monitoring of physical and chemi-
cal parameters with the occurrence of Cyanobacteria,
we also propose the monitoring of the dominant cor-
relations between Cyanobacteria blooming and the
environmental variables prior to the blooming period.
The dominance and blooming of Cyanobacteria in
the Sumarice reservoir is more closely linked to the
changes in the concentration of total phosphorus and
nitrogen than to the changes in the TN/TP ratio.
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ABSTRACT

In this study, is reported the first occurrence of cylin-
drospermopsin (CYN) in Serbia. CYN is a newly emerging
carcinogenic hepatotoxic alkaloid, originally identified in
tropical cyanobacteria Cylindrospermopsis raciborskii
(Woloszynska) Seenayya et Subba Raju. The research was
conducted on a monthly basis from June 2012 to February
2013 in Aleksandrovac Lake, Serbia (42°29'22" N, 21°53'54"
E). C. raciborskii showed the value of abundance between
0.1 x 10? and 2.38 x 10° trichomes ml!. According to
HPLC-PDA analysis CYN concentration ranged between
1.91 and 24.28 pg I'!. Maximum concentration of CYN was
in November 2012, and the fish kill occurred in the follow-
ing month.

KEYWORDS: Cylindrospermopsin,
borskii, HPLC, Serbia.

Cylindrospermopsis raci-

1. INTRODUCTION

The cyanotoxin cylindrospermopsin (CYN) is an alka-
loid with hepatotoxic, cytotoxic, dermatotoxic, genotoxic
and carcinogenic properties [1]. Because of that the presence
of CYN in surface waters and reservoirs is observed as a po-
tential risk for human health [2]. CYN was first isolated from
Cylindrospermopsis raciborskii (Woloszynska) Seenayya et
Subba Raju by Ohtani et al. [3]. CYN-producing species of
the genera: Cylindrospermopsis, Aphanizomenon, Ana-
baena, Umezakia, Raphidiopsis and Lyngbya have been de-
tected worldwide [4, 5].

Kinner [6] showed a map provided with the global dis-
tribution of blooms of CYN-producing species, but the ter-
ritory of Serbia was not marked on the map. Over the last

* Corresponding author

90 years, the presence and blooming of cyanobacteria has
been described for different aquatic ecosystems of Serbia.
The research so far has shown that the accumulation
blooming most commonly occurs due to the excessive mul-
tiplication of the genera Anabaena, Aphanizomenon, Mi-
crocystis, Oscillatoria and Planktothrix [7]. Previous stud-
ies of cyanotoxins in Serbia are related to the presence and
detection of microcystins [8-11]. In Serbia C. raciborskii
was detected in a salt marshes and a fish ponds [12, 13]
while the occurrence of massive development of this spe-
cies was detected in an eutrophic lowland river [14] and an
alkaline microaccumulation [15-17]. Since C. raciborskii
produces CYN, it is a highly-ranked species on the Watch
List of toxic cyanobacteria for water managers [4].

The massive presence of C. raciborskii in Aleksan-
drovac Lake [16, 17] and the use of the lake (fishing, swim-
ming, sports and recreation activities) guided our choice of
the research related to CYN.

The aim of the present study is to describe the first
detection and quantification of CYN in Serbia using
HPLC/PDA technique and it also demonstrates a poten-
tial hazard to the environment (fish kill) due to the pres-
ence of CYN.

2. MATERIALS AND METHODS

Aleksandrovac Lake is an oligosaline, shallow lake
(maximum depth 4 m) in the southernmost part of Serbia
(42°2922" N, 21°53’54" E). It is an artificial reservoir
formed in 1963-1964; the lake was emptied in 2009. The
lake was completely restored and refilled in 2010. This res-
ervoir was originally used for the irrigation of agricultural
areas and later for sports and recreational purposes and,
above all, for fishing [15-17]. Sampling from Aleksandrovac
Lake was conducted monthly, from June 2012 to February
2013. Twenty seven samples of phytoplankton were gath-
ered by standard methods - phytoplankton net (net frame
25 cm, mesh net e.g. 22 pm) and Ruttner bottle (2 1) in all
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aspects. All samples were immediately preserved in 4 %
formaldehyde. C. raciborskii was identified on morpholog-
ical grounds on a Nikon Eclipse E100 microscope at 40-
100x magnification. The identification was performed by
using literature [18].

The quantitative analysis of phytoplankton was made
by using Utermohl method [19] with a Carl Zeiss inverted
microscope (No. 724 395) and it is expressed as the number
of trichomes per ml.

Simultaneously with gathering phytoplankton samples
in the field and samples for CYN detection, the following
physical and chemical parameters were measured: water
temperature (°C), pH, oxygen concentration (mg 1", satu-
ration (%), conductivity (us cm™), phosphorus concentra-
tion (mg I'!) and water transparency (Secchi disc) (m) [20].
Physical and chemical parameters, phytoplankton samples
and samples for CYN detection were taken from three sites
(dam, middle and end of the lake) and at greater depths
(surface 0—0.3 m, 2 m and 3.5-4 depending on the depth of
the lake at the moment of sampling), but because of both
the size of the lake and insignificant deviations mean val-
ues are given for all parameters. Samples of water bloom
biomass of C. raciborskii were collected from Aleksan-
drovac Lake when blooming observed. Sampling of the bi-
omass was done 1" November, 2012.

For the analysis of CYN, water samples were collected
in 1-litre bottles and transported to the laboratory in refrig-
erators. The samples were stored in the dark at -20°C, until
analysis.

Chemicals of appropriate purity were used in the investi-
gation (HPLC grade). The CYN standard was adopted from
Enzo Life Sciences (Lausen, Switzerland). Trifluoroacetic
acid (> 99.0 %) was purchased from Sigma-Aldrich (St.
Louis, USA). Methanol (HPLC grade was from J.T. Baker,
Deventer, Holland), Millipore Milli-Q system (Watford, UK).

Water samples were prepared according to the proto-
col of Meriluoto and Codd [5], suggesting that solid phase
extraction (SPE) is necessary to concentrate the toxin to
concentrations capable of being detected by HPLC in order to
determine the concentration of CYN in the extracellular frac-
tion of filtered environmental waters. Water samples (1 1)
were filtered through GF/C filter. A Supelco (Bellefonte, PA,
USA) vacuum tank and Supelco LC-18 (500 mg, 6 ml Super-
clean) cartridges connected to a PGC cartridge (200 mg, 3 ml
for Enviro Clean®) (UCT, Bristol, PA) were used for the
SPE. The samples were applied to the cartridges onto the
conditioned SPE system with 10 ml methanol containing
0.1 % (v/v) TFA followed by 10 ml of water. The car-
tridges were not allowed to dry during condition and sam-
ple application. After that, the PGC cartridge should be air-
dried. Cylindrospermopsin eluted with 3 ml 0.1 % (v/v)
TFA in methanol. Methanol solution of sample was evap-
orated under nitrogen and reconstructed in 500 ul of Milli-
Q water.

Cyanotoxins extraction from C. raciborskii biomass for
cyanotoxin analysis were performed according to the protocol
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of World Health Organization [21]. Sample of 5 1 water fil-
tered through pre-weighed Glass fibre filters 70 mm, GF/C,
1.2 um under the vacuum. Filter papers were dried using an
oven, under the temperature below 50°C until constant
weight. For cyanotoxin detection, dry samples on filter papers
(0.699 g) extracted with ten times higher volume of meth-
anol then was weight of cells. Cells in methanol were soni-
cated for 3 min in 100 Hz and then allow cells to extract
for 1 h in dark on room temperature. The suspension was
then filtered through Glass fibre filters and the solvent was
removed under vacuum in a rotary evaporator, yielding
0.093 g of the dry crude extract. Extract suspended in Mili-
Q water (Watford, UK) and dissolved by sonication for
5 min. Trifluoracetic acid (TFA), 0.1% v/v (Sigma-Aldrich
St. Louis, USA) was added after the centrifugation. Sam-
ples were mixed for 1 h and decanted at room temperature
for 3 h, according to Welker et al. [22].

The prepared samples were analysed according to the
protocol of Welker et al. [22] and Blahova et al. [23]. The
samples were analysed by HPLC (Shimadzu, Kyoto, Japan)
consisting of a DGU-20A3 degasser, LC-20AT analytical
pumps, 7125 injector and a diode array detector SPD-M20A
and a CBM-20A system controller on a Supelcosil ABZ Plus,
150 x 4.6 mm, 5 pm column (Supelco) at 30°C. The binary
gradient of the mobile phase consisted of (A) HO + 0.05 %
TFA and (B) methanol + 0.05 % TFA (linear increase from
0 % B at 0 min to 50 % B at 20 min), the flow rate was 1 ml
min’!, The chromatograms at 262 nm were recorded with a
SPD-M20A diode array detector. CYN was identified by
characteristic UV absorption spectra (200 - 300 nm) and re-
tention time and quantified using external calibrations 1 -
60 mg I'! (LOD = 0.188, LOQ = 0.572 mg 1I'"), a injection
volume 20 pl. The chromatographic data were processed
using LC Solution computer software (Shimadzu).

3. RESULTS AND DISCUSSION

Physical and chemical data for Aleksandrovac Lake
during the study period are summarized in Table 1. Maxi-
mum water temperature was 27.9°C in July and minimum
was 3.1°C in December. High pH levels were recorded with
the maximum value of 9.36 in September. Total phospho-
rus levels varied, the maximum value of 0.69 mg I''was
measured in June, and there was a gradual decrease until
September and after that it was uniformly measured at
<0.02 mg I'!. Dissolved oxygen values were between 7.7
and 11.6 mg I"!. Water transparency ranged from 1.3 m to
0.2 m and it decreased transitioning from early summer to
late autumn.

Cyanobacteria C. raciborskii (Figure 1) was present in
the phytoplankton in Aleksandrovac Lake over the entire
study period (Table 2). The abundance of C. raciborskii var-
ied through months; in June and July it was very low if com-
pared to the autumn months, while the highest abundance of
C. raciborskii was recorded in the month of October (2.38 x
10 trichomes ml™"). In that period of blooming C. raci-

3737



PSPVolume 24 — No 11a. 2015

Fresenius Environmental Bulletin

FEB
(-

TABLE 1 - Mean values of physical and chemical parameters at Aleksandrovac Lake June 2012 - February 2013

Month Jun Jul Aug Sep Oct Nov Dec Feb
Water temperature (°C) 26.8 27.9 26.3 23.26 17.16 12.26 3.1 5.1
pH 8.68 8.47 9.02 9.36 8.68 9.05 8.21 8.5
Oxygen (mg 1) 9.68 11.60 10.25 8.07 9.04 9.05 7.7 8.1
Saturation (%) 129 157.6 135.4 98.53 100.76 89.9 60.2 65.3
Phosphorus (mg 1) 0.69 0.56 0.42 0.46 <0.02 <0.02 <0.02 <0.02
Conductivity (us cm™) 434 436 449 473 475 478 428 430
Water transparency (m) 13 0.8 0.35 0.3 0.25 0.20 ice 0.3

FIGURE 1 - Photomicrographs of Cylindrospermopsis raciborskii
from Aleksandrovac Lake. Scale bar represent 10 pm. Legends: h-
heterocyst, a-akinete.

borskii looked like a brown-green mash. The abundance
was significantly reduced over winter months (Table 2).

C. raciborskii is an invasive species that has been ob-
served in many tropical, subtropical and, recently, temper-
ate regions [24]. In Serbia C. raciborskii was detected in a
salt marshes and a carp ponds [12-13] while the occurrence
of massive development of this species was detected in an
eutrophic river [14]. Simi¢ et al. [15] provided first data on
the occurrence of this species in the Aleksandrovac Lake,
just three months after the restoration and filling the micro-
acumulations with fresh water (September 2010). The
abundance of C. raciborskii was low (37 trichomes ml").
Akinetes were observed on trichomes in the Aleksandrovac

Lake both individually and in series (number of 2-4) [15,
17]. It is known that under favourable conditions akinetes
have the potential of germination [17, 25]. The conditions in
this oligosaline, alkaline, shallow lake, where the water tem-
perature in summer months increased up to 26.2°C, favoured
the development of this species, so it reappeared in Septem-
ber 2011 in large populations (2.37 x 10? trichomes ml™")
[17]. Unchanged and still suitable conditions (Table 1) re-
mained favourable so that the species occurred in June of
the next year, and its abundance significantly increased
each month in 2012 (Table 2).

In this study the massive development of C. raci-
borskii was noticed during the period and after the period
of high temperature (over 26°C) (Table 1 and 2). High tem-
perature is one of the most important factor for massive de-
velopment of C. raciborskii [26]. This species prefers en-
vironments with temperatures ranging from 20 to 35°C, but
it also has a wider temperature tolerance range [27]. At
lower temperature values there was a gradual reduction in
the abundance of this species in Aleksandrovac Lake (Ta-
bles 1 and 2).

High pH values also favoured the development of C.
raciborskii. It occurs in water ecosystems with high pH
values — 8.0-8.7 [26].

Phosphorus also appears to play an important role in
the dominance of C. raciborskii. According to Padisak
[26], inorganic phosphorus content, as well as total phos-
phorus concentrations, can vary within a wide range in
lakes where C. raciborskii occurs in abundant populations,
as presented in this study. In the waters of Aleksandrovac
Lake phosphorus was reduced gradually starting June. It
was observed that with increasing abundance, the value of
phosphorus started to decline from late spring through au-
tumn. After reaching the maximum value abundance in Oc-
tober, there was a large reduction in phosphorus concentra-
tion. C. raciborskii has a high affinity and storage capacity
for phosphorus if compared to other cyanobacteria [28].

TABLE 2 - Mean values of abundance of C. raciborskii and distribution of CYN at Aleksandrovac Lake (Serbia) June 2012 - February 2013

Jun Jul Aug Sep Oct Nov Dec Feb
C. raciborskii (trichomes ml) 1.2x10° 1.7 x 10° 6.8x10* 87x10* 238x10° 2.13x10°  1.1x10° 0.1 x 10?
CYN (uglh) Not detected ~ Not detected ~ 1.91 9.75 10.70 24.28 5.25 4.22

3738



© by PSPVolume 24 — No 11a. 2015 Fresenius Environmental Bulletin

These adaptations allow C. raciborskii to grow in low
levels of phosphate [25] and may provide a competitive ad-
vantage to C. raciborskii.

After all, recent research has found that the one of the
main drivers behind the dominance of the cyanobacterium
C. raciborskii is also in low light requirements [29]. C.
raciborskii blooms in Aleksandrovac Lake under low light
levels (Table 1 and 2).

In this study, the cyanotoxin CYN was first detected
and quantified in Serbia, using HPLC/PDA method (Table
2). CYN was identified by retention time and characteristic
UV absorption spectra. The retention time of CYN stand-
ard was 5.392 min (Figure 2). The chromatogram of a sam-
ple from Aleksandrovac Lake showed that retention time
was 5.371 min (Figure 3). The concentrations of CYN
ranged between 1.91 - 24.28 ug I'!. CYN was not detected
only in June and July, while it was found in the water sam-
ples taken over the remaining months.

The value of abundance and CYN concentrations in-
creased until November, when the abundance started to de-
crease. In November the representation of the species C.

mAU
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raciborskii was 98% in relation to the entire phytoplankton
of the Aleksandrovac Lake. Because of the absolute domi-
nance of this species, it was possible to collect biomass of C.
raciborskii. HPLC-determined CYN content was 6.65 pg
CYN mg! dw.

Maximum CYN concentration in the water was in No-
vember 24.28 ng I, while the maximum value of abun-
dance was in the previous month. This was expected be-
cause the concentration of cyanotoxins significantly in-
creased as a defence mechanism in stressful conditions
(lack of nutrients/light) [30], and especially because of the
cell age and after the extinction of cyanobacteria and the
release of cell content in the water.

Previous research [31, 32] showed that environmental
concentrations of CYN in freshwater habitats can vary con-
siderably. Cellular abundance of CYN-producing cyano-
bacteria can differ and does not necessarily correlate with
CYN concentrations [33].

A high toxin concentration of 589 ug I'! was detected
in an aquaculture pond with the abundance up to 3.25 x 10°
trichomes ml!' [34]. In Lake Albano (Italy) concentrations
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FIGURE 2 - Chromatogram of cylindrospermopsin standard (5 mg I'") (262 nm, retention time 5.392 min) and UV spectra
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FIGURE 3 - Chromatogram of sample - Aleksandrovac Lake (262 nm, retention time 5.371 min) and UV spectra (retention time 5.371 min)
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of CYN was in the range 1.6 - 15 pg I'! while toxic cyano-
bacteria had abundance between 0.1 x 10°- 30 x 10° tri-
chomes ml™ [35]. Low concentrations of toxin of 1 ug I'!
were reported with the blooms of 9 x 10* trichomes ml!
[36]. McGregor and Fabbro [37] also discussed the corre-
lation between abundance and CYN concentrations. Low
densities with an abundance of 2 x 10* trichomes ml! were
associated with 1 ug I'' CYN. The relationship between cell
number and toxin concentration varied in reservoirs and
blooms. The majority of the reservoirs had C. raciborskii
abundance of around 3 x 10* - 10 x 10* with recorded CYN
concentrations below 10 ug 1" [37].

This was exactly the case in this research, suggesting
that the relationship (CYN concentrations - abundance)
varied through months.

When cyanotoxins are released into the water, they can
be absorbed by different aquatic organisms. CYN may ad-
versely affect all food components (phytoplankton, zoo-
plankton and fish) [38, 39]. Human consumption of contam-
inated fish could therefore lead to significant health hazards.
Fish are CYN-exposed directly by feeding on phytoplankton
or contaminated organisms and/or passively via their epithe-
lium (gills and skin) when CYN is dissolved in the water [40].

In December 2012 fish kill occurred in Aleksandrovac
Lake. The fish kill happened in one day, when 3 tones of
cyprinid fish died. It happened after the period when the
maximum CYN value was detected in the lake; in the same
period the lake was completely frozen and oxygen concen-
tration was reduced (Table 1). Potential causes of fish death
could be CYN in combination with other environmental
factors [40]. A similar situation indicated that the toxicity
of C. raciborskii caused the fish kill in 1990 and 1993 in
Rio Pequeno in Brazil [41]. Berry et al. [42] studied the
developmental toxicity of CYN, as well as extracts from C.
raciborskii on zebra fish (Danio rerio) embryos. They con-
cluded that pure CYN was toxic only when it was injected
directly into embryos. In contrast, direct immersion of em-
bryos in all the extracts resulted in both increased mortality
and reproducible developmental dysfunctions. The occur-
rence of toxic blooms or dense growths of cyanobacteria
has been related to fish and other animals mortalities and
human illness [1]. There are studies on different effects of
CYN in fish (accumulation of CYN in fish, oxidative pa-
rameters and histological parameters) moreover, LD50
data for CYN has not been reported on fish [40].

It is worth mentioning that CYN occurred at low con-
centrations in February after the period when the lake was
completely frozen (Table 2). This is in accordance with the
research indicating the stability of this toxin; CYN is stable
when exposed to a range of light intensities, temperatures
and pH [30].

4. CONCLUSIONS

The occurrence and dominance of the invasive species
C. raciborskii in the Aleksandrovac Lake as well as other

FEB

locations clearly show that C. raciborskii is now a species
of concern in recreational, sport and other water bodies in
Serbia and it extends its already known geographic distri-
bution. The first detection of CYN by HPLC/PDA provides
evidence for the presence of this toxin in Serbia. Further
monitoring of toxin-producing cyanobacteria is needed,
both worldwide and in Serbia, to minimize possible harm-
ful effects on human health and the environment. Monitor-
ing of water bodies that humans use in agriculture or for
entertainment and recreation is necessary by all means.
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Abstract

This work describes the occurrence and blooming of some Cyanobacteria in an artificial, oligosaline,
alkaline, microaccumulation in Serbia, which was formed on salines in 1963-64, and rehabilitated in 2009-10.

The appearance and specific blooming of species common for tropical regions in Aleksandrovac Lake (N
42°29°22”, E 21°53°54”) before reconstruction (Cylindrospermum stagnale (Kiitzing) ex Bornet et Flahault,
Synechococcus lividus Copeland, Chrysosporum bergii (Ostenfeld) Zapomélova et al., Anabaenopsis elenk-
inii Miller, Lyngbya aestuarii (Mertens) Liebman ex Gomont) and after reconstruction (Cylindrospermopsis
raciborskii (Woloszinska) Seenayya et Subba Raju, Chrysosporum bergii, Anabaenopsis elenkinii, as well as
Glaucospira sp. Lagerheim) was recorded for the first time in Serbia. The work also demonstrates the poten-
tial hazard to the environment (fishkill) due to the presence of specific blooming of Cyanobacteria. Alkaline

salt ponds and lakes with extreme ecological conditions are places suitable for the development of alien and

potentially invasive species.

Keywords: cyanobacterial bloom, microaccumulation, salines, Cylindrospermopsis raciborskii,

Glaucospira sp.

Introduction

Cyanobacteria is an extensive group of photosynthetic
prokaryotes that often plays a key role in the production of
organic matter in soda, brackish, and saline lakes, as well as
artificial reservoirs formed on salty ground. They are
unique ecosystems with extremely high pH values and high
mineralization levels (up to saturating concentrations) [1,
2]. Under extremely high pH values (>10.5). Cyanobacteria
form up to 99% of overall phytoplankton [2].

During the last 90 years the presence and blooming of
Cyanobacteria has been described in about a hundred dif-
ferent lakes, reservoirs, rivers, and canals of Serbia [3-9].

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

A total of 21 genera with 67 species of Cyanobacteria has
been noted. Obvious blooms were in the form of water
colour change, foam, and skim of different colors. The
research so far has shown that the blooming most com-
monly occured due to the excessive multiplication of the
genera Anabaena, Aphanizomenon, Microcystis, and
Planktothrix [5]. Recent work has indicated the appearance
of certain tropical, potentially invasive species, especially
in the salt ponds and lakes of Serbia [10-12]. The two inva-
sive Cyanobacteria Chrysosporum bergii (Ostenfeld)
Zapomélova et al. (as Anabaena bergii Ostenfeld) and
Cylindrospermopsis raciborskii (Woloszinska) Seenayya et
Subba Raju [10, 12] were first found in Serbia in the salty
puddles and marshes near the river Tamis. Also, in these salt
ponds, was first found Arthrospira fusiformis (Voronichin)
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Komarek et Lund, up to now mainly known for salty alka-
line lakes from tropical regions in Africa and Asia [11]. In
Serbia at the salty alkaline lakes the appearance of the taxa
Anabaena, Cylindrospermopsis and Arthrospira has not
caused blooming up to now and there were no negative
consequences for the wildlife, the only detected blooming
of the Cylindrospermopsis raciborskii species in Serbia was
in the Ponjavica River [8].

The aim of this work is to indicate the presence and spe-
cific blooming of Cyanobacteria in an oligosaline, alkaline
microaccumulation in Serbia before and after its rehabilita-
tion, as well as to demonstrate potential hazards to the envi-
ronment (fishkill) due to the presence of specific blooming
of Cyanobacteria. The formed water bloom, as well as the
species that created it, are new to Serbia.

Material and Methods

Aleksandrovac Lake is situated in the southernmost part
of Serbia (N 42°29'22", E 21°53'54"), at an elevation of
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412 m (Fig. 1). It is an artificial reservoir formed by creat-
ing an earth-fill dam 8 meters high on the Aleksandrovac
River. The lake area is 12 ha, max. volume 250,000 m’,
length 580 m, width 300 m, maximum depth of 4 m, and
average depth of 2 m. The water mass of the lake covers
most of the so-called Aleksandrovac salines. The reservoir
covers about 2/3 of the salines, while 1/3 is outside the
reservoir. Soda (NaHCOs;) appears on the coast in the form
of a white lime powder. This reservoir was originally used
for irrigation of agricultural areas, and later for sports and
recreational purposes — above all fishing. In the last few
years several fish kills have occurred. Complete rehabilita-
tion of the lake was performed from September 2009 to
May 2010. The remaining fish were fished out, the water
was released from the lake, and a complete rehabilitation
[13] was performed. The salines were not considered with-
in the rehabilitation project.

The samples of cyanobacteria were taken before the
rehabilitation (June and September 2008) and after the
rehabilitation of the lake (April, June, July, and September
2011). Before rehabilitation, the gelatinous mass was col-
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Fig. 1. Study area map. Sampling and saline ground location at Aleksandrovac Lake.
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lected from the surface (in June and September 2008), as
well as from the bottom of the lake (in September 2008).
Before and after the rehabilitation, phytoplankton samples
were gathered by standard methods — phytoplankton net
(net frame 25 cm, mesh net e.g. 22 um) and Rutner bottle
(2 1) in all aspects. All samples were preserved at once in a
4% solution of formaldehyde. Microscopic identification of
cyanobacteria was performed, based on morphological
characteristics on microscope Amplival-Jena with magnifi-
cation up to 800 -1000x. Identification was carried out
using the following literature [14-21]. Before rehabilitation
only the relative abundance of the present taxa was esti-
mated, due to the specificity in the structure of the mats. A
6-grade scale was used: 1 — occasional, 2 — rare, 3 — com-
mon, 4 — frequent, 5 — very frequent, and 6 — abundant.
After rehabilitation, quantitative analysis of Cyanobacteria
was made using the Utermohl method [22] with a Carl
Zeiss inverted microscope and it is expressed as the num-
ber of individuals per liter. The colonial or filamentous
species were counted as one individual. The relative abun-
dance was determined as well for the sake of comparing the
results before and after the rehabilitation of the lake.

Simultaneously with gathering Cyanobacteria samples
in the field, the following physical and chemical parameters
were measured: water temperature (°C), pH, oxygen con-
centration (mg-1"), saturation (%), conductivity (us-cm™),
nitrate, ammonia, and phosphate concentrations (mg-1"),
and water transparency (Secchi disc) (m) [23].

Results and Discussion
Before Rehabilitation

The results of physical and chemical analysis (Table 1),
especially the conductivity values at 1,234 us-cm” and pH
at 8.7 to 10.3 of water of Aleksandrovac Lake, indicate that
this is an oligosaline [24] and alkaline lake. The ground on
which the lake was formed, morphological characteristics
of the lake (average depth of 2 m), small flow of fresh
water, physical and chemical characteristics of the water
itself (increased level of biogenic salts, high temperature to
34°C, pH, and conductivity), had an effect on the formation
of a specific cyanobacteria community. This includes both
the presence of certain species and the way of their joining
and the formation of a compact gelatinous mat on the sur-
face of the water.

Throughout 2008 a specific blooming in the form of
gelatinous green-orange mats was formed on the surface of
the water of Aleksandrovac Lake, up to 0.5 cm thick. By
June the mats had spread, covering about 50% of the lake
surface. A gelatinous green-orange mat was made out of
densely intertwined and compact cyanobacteria, both ben-
thic and plankton filamentous, unicellular and colonial
ones, along with green filaments (Cladophora sp. and
Oedogonium sp.) and plankton unicellular and colonial
algae of the order Desmidiales and Chlorococcales.
Twenty-seven Cyanobacteria were found in the biofilm
(Table 2): Chroococcales 11, Oscillatoriales 8, and

Table 1. Mean value physical and chemical parameters of
Aleksandrovac Lake before and after rehabilitaton.

Before After
rehabilitation rehabilitaton

Month 6 9 4 6 7 9

Year 2008 | 2008 | 2011 | 2011 | 2011 | 2011

Water
temperature | 34.4 15.9 12.9 21.0 | 262 | 21.6
(C)

pH 1037 | 6.68 | 878 | 878 | 923 | 1021
Oxygen 10.15 | 3.60 | 1005 | 6.02 | 724 | 7.36
(mgxT")

?;t)“ra“"n 146.00 | 41.20 [ 102.55| 71.5 | 96.4 | 85.80
(4

N1trat<? 2.10 - 048 | 252 | 1.88 | 1.85
(mgxI")

Phosphate 1y 55 | 020 | 0.08 | 074 | 039 | 033
(mgx1")

AmMMONiA | )3 | 010 | 04 | 023 | 027 | 0.14
(mgxI")

Conductivity | 1538 | 1234 | 362 | 367 | 377 | 423
(usxcm™)

Water

transparency | 0.1 0.1 1.0 1.2 0.8 0.6
(m)

Nostocales 8. In relation to the relative abundance,
Cylindrospermum stagnale (Kiitzing) ex Bornet et Flahault
(Fig. 2A-C) and Synechococcus lividus Copeland (Fig.
2E), dominated, subdominated by Chroococcus spp. Nine
Cyanobacteria were present in the plankton
(Chroococcales 3, Oscillatoriales 3 and Nostocales 3)
dominated by Synechococcus lividus. Such thick gelati-
nous green-orange mats formed by a combination of the
above-mentioned species of Cyanobacteria was first
recorded in Serbia [3-5]. Such a biofilm with similar
cyanobacteria structure is mostly characteristic of alkaline
waters, with conductivity values over 1,000 ps-cm.
Cylindrospermum stagnale is a species tolerant of high pH
and conductivity in water (and soil), especially in the trop-
ical regions in Asia and Africa [25-27]. In foliose floating
mats, Cylindrospermum stagnale always had gas bubbles
trapped within the mucilaginous matrix, thus helping the
buoyancy of the species [25].

In Aleksandrovac Lake, in hyper-saturated conditions
(146% of oxygen), mats were elevated due to air bubbles
formed within them and remained on the surface of the
water. The formed mats obscured the light, which resulted
in the elevation of all the other algae and their presence in
the above-mentioned mats on the surface of the water. That
explains the diversity and mass appearance of a number of
primarily plankton forms in the biofilm and their absence or
small number in the plankton. In the plankton, under the
transparency of 0.1 m at 34°C ae cells of termophilic
species Synechococcus lividus dominate (Table 2).
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Table 2. Species diversity, relative abundance (1 — occasional, 2 — rare, 3 — common, 4 — frequent, 5 — very frequent, and 6 — abun-
dant) of Cyanobacteria in mats (M) and plankton (P) of Aleksandrovac Lake before and after rehabilitation.

Before rehabilitation After rehabilitation
Cyanobacteria Year 2008 2011
Month 6 9

M P M P P P P P
Chroococcalles
Aphanocapsa grevillei (Berkeley) Rabenhorst 1 1 1
Aphanocapsa holsatica (Lemmermann) Cronberg et Komarek 1
Chroococcus minutus (Kiitzing) Nageli 4 1 4
Chroococcus bituminosus (Bory) Hansgirg 1
Chroococcus dispersus (Keissler) Lemmermann 3 5
Chroococcus minimus (Keissler) Lemmermann 3 4
Chroococcus turgidus (Kiitzing) Nageli 1 1
Gloeocapsa montana Kiitzing 1
Gloeocapsa minima f. smithii Hollerbach, Kosinskaja et Poljanskij 1
Merismopedia glauca (Ehrenberg) Kiitzing 1
Merismopedia punctata Meyen 1
Microcystis aeruginosa (Kiitzing) Kiitzing 1 1
Synechococcus aeruginosus Nageli 1 1
Synechococcus elongatus (Négeli) Nageli 1 1
Synechococcus lividus Copeland 6 6 6 6 2 3 2
Oscillatoriales
Glaucospira sp. Lagerheim 6
Limnothrix redekei (Van Goor) Meffert 2 1 1 1 1 1
Lyngbya aestuarii Liecbman ex Gomont 1 6 6 1 1
Lyngbya limnetica Lemmermann 1 1 1 1 3
Oscillatoria sp. Vaucher ex Gomont 1
Planktothrix sp. Anagnostidis et Komarek 1
Porphyrosiphon martensianus (Meneghini ex Gomont) Anagnostidis et Komarek | 1 1
Pseudanabaena constricta (Szafer) Lauterborn 1
Pseudanabaena limnetica (Lemmermann) Komarek 4 4 4 4 2 2 2 2
Spirulina sp. 1 Turpin ex Gomont 1
Spirulina sp. 2 Turpin ex Gomont 1
Nostocales
Anabaena sp. 1 Bory de Saint-Vincent ex Bornet et Flahault 1 1 1 1 1
Anabaena sp. 2 Bory de Saint-Vincent ex Bornet et Flahault 1 1 1
Anabaenopsis elenkinii Miller 1 1 2 5 3
Aphanizomenon sp. Morren ex Bornet et Flahault 1 1
Calothrix fusca (Kiitzing) Bornet et Flahault 2
Calothrix pulvinata (Mertens) C. Agardh 1
Chrysosporum bergii (Ostenfeld) Zapomelova et al. 1 2 2 1 1 1 2
Cylindrospermum stagnale (Kiitzing) ex Bornet et Flahault 6 2 3 1 1 1 1 1
Cylindrospermopsis raciborskii (Wolosziniska) Seenayya et Subba Raju 4
Gloeotrichia echinulata (Smith) P. Richter 2
Gloeotrichia sp. J. Agardh ex Bornet et Flahault 1

Nostoc paludosum Kiitzing ex Bornet et Flahault 2 2
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Synechococcus spp. is common and numerous in shallow,
turbid soda lakes [28].

In September, apart from existing gelatinous biofilm on
the surface, a leathery-like dark-green scum on the sludge
was observed. Eighteen Cyanobacteria were present (Table
2): Chroococcales 9, Oscillatoriales 4, and Nostocales 5. In
this period dominant species in the mats at the bottom were
Lyngbya aestuarii Liebman ex Gomont (Fig. 2D-E), sub-
dominated by Pseudanabaena limnetica (Lemmermann)
Komarek (Fig. 2F). Ten Cyanobacteria were present in the
plankton (Chroococcales 2, Oscillatoriales 3, and
Nostocales 5), dominated by Lyngbya aestuarii,
Synechococcus lividus, subdominated by Anabaenopsis
elenkinii Miller (Fig. 2G).

The conditions that prevailed in the lake toward the end
of the summer (low light intensity and high conductivity)
enabled the appearance of benthic Lyngbya aestuarii in the
sludge in both coastal areas of the lake, where it formed
thick green mats out of trichomes in sheath, and the plank-
ton, where a large number of trichomes out from a sheath
were present. The trichomes of Lyngbya aestuarii (along
with the trichomes of Chrysosporum bergii, Anabaenopsis
elenkinii, Pseudanabaena limnetica, and cells of
Synechococcus lividus) colored the water dark green. The
Lyngbya aestuari, Chrysosporum bergii (Fig. 2H), and
Anabaenopsis elenkinii have rarely been found in Serbia so
far [5, 10, 15]. All these algae are known to produce toxins
that can lead to the endangerment of aquatic life forms
(fishkill), or health problems with people who use such
water for recreational purposes (swimming, fishing) [5].
The fish kill at Aleksandrovac Lake happened on
September 22, 2008, when 65 specimens of white silver
carp (Hypophthalmichthys molithrix), with a total weight of
1,600 kg, died in one day.

It was in the time of the domination of these algae that
the death of white silver carp occurred, an allochthonous
planktivore species of fish introduced to the lake. The death
of these species occurred at a period of biomass decompo-
sition in conditions of low temperature, measured at 15.6°C
in this period, a sudden decrease of oxygen concentration in
the water (3.6 mg1"), as well as the sudden decrease of the
pH value to 6.8. Potential causes for the death of this
species could be the toxins of these algae [29]. Silver carp
have been introduced worldwide for both aquaculture fish
production and algal control. Stocking of silver carp as a
biomanipulation tool to reduce phytoplankton biomass in
lakes remains controversial [30, 31]. The present study
indicates that the phytoplanktivorous silver carp can be an
efficient biomanipulation fish, to reduce nuisance blooms
of cyanobacteria in eutrophic lakes where large herbivorous
zooplankton are lacking [31]. Some experimental research
indicate that the presence of this species in the same condi-
tions resulted in the decrease of growth of certain species
(Anabaena sp., Aphanizomenon sp.), but on the other hand
it stimulated the growth of certain Cyanobacteria such as
Microcystis aeruginosa [32]. Other studies indicate that
Cyanobacteria blooms (dphanizomenon flos-aquae and
Microcystis aeruginosa) often result in white silver carp
deaths [33].

After Rehabilitation

The results of the research of physical and chemical
parameters in Aleksandrovac Lake after rehabilitation indi-
cate that only some parameters changed. Conductivity of the
water is significantly lower at 362 pus-cm” (before rehabili-
tation it was 1,234 ps-cm™). The pH value and especially
phosphate concentration indicate that the conditions for a
rapid natural eutrophication are present in the lake (Table 1).

After rehabilitation in April to September 2011, no vis-
ible cyanobacteria-induced water blooms was observed.
From April to September 2011 the number of
Cyanobacteria species present in the phytoplankton was
small (7-10) (Table 2). One year after filling the lake the
heterocite species of Nostocales (Cylindrospermum stag-
nale, Chrysosporum bergii, Anabaenopsis elenkinii) are
still present. Their appearance right after rehabilitation was
possible due to the akinetes, which helped them to remain
in the sludge that had not been completely removed during
rehabilitation [13]. The total abundance of Cyanobacteria
was 635 ind'l" in April, 2,087 indI" in June, 6,726 ind'l" in
July, and 1,033,427 ind'l" in September. The Cyanobacteria
community in September was dominated by Glaucospira
sp. Lagerheim (74%), and subdominated by
Cylindrospermopsis raciborskii (23%) (Fig. 2J-K).

According to Komarek and Anagnostidis [20],
Glaucospira is an insufficiently known genus, rarely found
in the plankton of a lake. These cyanobacteria are very rare
in Europe and the USA. One species known from Europe
(Greece, Hungary, Caspian Sea — estuary of Volga River
and one from a thermal spring in Yellowstone Park (USA).
Few species are known from plankton of lakes and reser-
voirs and from metaphyton among water plants in swamps,
usually in tropical regions (African lakes), also in Australia,
India, Brazil, Cuba, Japan, Equador, Venezuela, Malaysia,
Mexico, etc. [20]. Santos and Sent'Anna [1] provide data on
the appearance of Glaucospira sp. with Anabaenopsis
elenkinii in a Brazilian salt lake Salina de Meio, with
extreme ecological conditions (pH>10, conductivity
>3.800 ps-cm”, 28.2°C). This is the first record of genus
Glaucospira in the waters of Serbia [5]. The
Cylindrospermopsis raciborskii, until recently known as a
tropical species, is spreading its areal into moderate climate
regions, and is defined as an invasive, harmful algae, that
can produce toxins [34, 35]. Akinetes, the resting cells of
nostocalen Cyanobacteria, help to withstand unfavorable
conditions and play a key role in their invasion [36]. Cvijan
and Fuzinato [12] were the first to provide data on the find-
ings of this species in 2006 in water of Slatina Pond, Serbia
(about 960 trichomes per 1), with high pH (8.4), conductiv-
ity (1900100 ps-cm™), and temperature (28°C). In Serbia
we detected the first blooming of the Cylindrospermopsis
raciborskii species in 2008 in the Ponjavica River [8]. The
presence and blooming of Cylindrospermopsis raciborskii
in Aleksandrovac Lake indicates the expansion of this
species.

Alkaline salt ponds and lakes with extreme ecological
conditions are places suitable for the development of non-
native and potentially invasive species. This argument is
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Fig. 2. Micrographs of different Cyanobacteria observed by optical microscope in Aleksandrovac Lake. Panels correspond to:
A) Cylindrospermum stagnale — simmetric trichom and terminal heterocytes,

B) development of akinetes of Cylindrospermum stagnale,

C) akinetes of Cylindrospermum stagnale,

D) Lyngbya aestuarii in mats with and without sheath,

E) Lyngbya aestuarii and Synechococcus lividus (arrows),

F) Pseudanabena limnetica,

G) Anabaenopsis elenkinii,

H) Chrysosporum bergii,

1) Glaucospira sp.,

J) Cylindrospermopsis raciborskii — solitary subsimetric trichom with terminal heterocytes and development two subapical akinetes;
K) Cylindrospermopsis raciborskii — trichom with terminal heterocytes and three subapical akinetes.

Legend: h — heterocyta, a — akinet.
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justified by the fact that the cyanobacteria Chrysosporum
bergii  [10], Arthrospira fusiformis [11], and
Cylindrospermopsis raciborskii [12], previously known as
foreign species, have already been found in the waters of
similar physical and chemical characteristics.

Conclusion

The occurence and blooming of Cylindrospermum stag-
nale, Synechococcus lividus, Chrysosporum bergii,
Anabaenopsis elenkinii, and Lyngbya aestuarii before
reconstruction and Cylindrospermopsis raciborskii,
Chrysosporum bergii, Anabaenopsis elenkinii, as well as
Glaucospira sp. after reconstruction in Aleksandrovac
Lake, characteristic and common for tropical regions indi-
cates that the development of these Cyanobacteria, as well
as their blooming, are not conditioned merely by latitude,
but, above all, by specific conditions ruling in an aquatic
ecosystem. In the case of this lake, extreme ecological con-
ditions (high pH values and high mineralization levels, as
well as high temperature) can be singled out as important
factors for the appearance and blooming of these cyanobac-
teria. The base on which the lake was formed as well as the
salines on the left bank of the lake also affect the specifici-
ty of ecological conditions.

Taking into account all of the mentioned facts, it is clear
that the process of rehabilitation has not given results. After
the filling of the lake, blooming of potentially toxic
cyanobacteria occurred. All this indicates the necessity for
further monitoring of this lake and a controlled use of these
waters provided for sport and recreational purposes (swim-
ming and fishing). Alkaline salt ponds and lakes with
extreme ecological conditions are places suitable for the
development of alien and potentially invasive species.
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buorpagmuja

Hesena bBophesuh je pohena y KparyjeBuy 1982. rogune. OcHoBHY mikony u IIpBy
KparyjeBadky rumHa3ujy 3aBpurwia je y Kparyjesiy. Hummommupana je 2009. romune Ha
[Mpupoano-maremarnukoM (akynrery y KparyjeBiy Ha rpymnu 3a OHOJIOTHjy ca MPOCEYHOM
oueHoM 8.11 u omenom 10 Ha mumomckom ucnuty. Mcere rogune je ymucana J{okTopcke
akajieMcke ctynuje ouonoruje Ha [IpupogHo-maremarnukom dakynrery y Kparyjesiry.

V 3Bame UCTpakuBay NpUNPaBHUK Y MHCTUTYTY 3a OMOJIOTH]Y B €KOJIOTHjy u3abpaHa
je 2010. rogune. Y 3Bame UCTpaKHMBAY CapaJHUK 3a HaydyHy oOmact buoisoruja je mzadpana
2012. ronune. 3Bame aCUCTEHT 3a YKy HayuHy obnact Exonoruja, Ouoreorpaduja u 3amrura
XHUBOTHE cpenuHe crekna je 2015. rommne. Ha IlpupomgHo-mareMatndkoM ¢axkyiTeTy y
KparyjeBny aHraxoBana je Ha wu3Bolemby mNpakTH4HE HacTaBe U3 cieichux mpemmera:
Anronoruja, 3amrTuTa JXKMBOTHE cpeanHe, YoBek M KMBOTHA cpeauHa, [Ipomena yrunaja Ha
KUBOTHY cpeauHy, OOHOBa u yHampeheme exkocucrema, EKOJIOIIKM MOHUTOPUHI KUBOTHE
cpenune, [Ipumemena anronoruja u Exonoruja anru.

Pesynratn HaydHO-ucTpaxkuBaukor pajga Hesene bBopheuh myOnukoBanu cy y BUIY
36 Oubnuorpadckux jeaununa, ox 4dera cy 15 y uvacommcuma ca SCI mucre. Koayrop je
JeIHOT ToTJIaBjba Yy MOHOTpaduju HAIMOHAIHOr 3Hadaja. YdYecTBOBaja je Ha mpeko 15
MehyHapoaHux u gomahux koHdepeHIMja. YUeCHHK je Ha MpojeKTMMa MuHHCTapcTBa
npocsete o1 201 1. ronune.

Hesena bopheBuh je Tokom 2014. rogune 6opasuna y Yemikoj (YHuBep3uTeT JyxHe
boxemuje, Yemnke byhesuiie) rae je ycnemHo 3aBpiiuia Kypc IoJ Ha3uBoM ,,Determination
Course of Freshwater and Terrestrial Cyanobacteria”, koju je Ouo ¢okycupaH Ha
UIeHTU(UKAIM]Y CIIAaTKOBOJAHMX M TEPECTMUHUX IHMjaHOOaKTepuja, a y CKIaay ca
CaBpEMEHHM TaKCOHOMCKHUM IPUCTYIUMA.



Oépasay 1

H3JABA AYTOPA O OPUTHHA/THOCTH JIOKTOPCKE JJHCEPTAI[HJE

Ja, Hesena Bophepuh , U3jaBJbyjeM Jla JOKTOPCKa

JHcepTalyja Mo HaCTOBOM:

YTunaj npoMeHa eKoJIOmKUX (akTopa Ha CacTaB M JUHAMUKY
¢uTomIaHKTOHCKHUX 1MjaHoOakTeprja (Cyanobacteria) y Mamum
aKyMmyJamujama

Koja je onOpameHa Ha IIpHPOAHO-MATEMATHYKOM (PAKYITETY

Vuusepsutera y Kparyjesiy npencraBiba opueuHaiio aymopcko deiio HaCTalo Kao pesynraT

CONCMBEHO2 UCMPAICUBAYKO2 pada i

Osom H3jasom makohe nomephyjem:

® J1a caM jeOunu aymop HaBEIEHE JJOKTOPCKE JUCEpTalHje,
® [ia y HaBEJIEHOj IOKTOPCKOj MUCEPTALMH HUCAM U3BPUILO/IA NOEPedY AyTOPCKOT HUTH
JpYyTor TpaBa UHTEIEKTyalHEe CBOjJUHE APYTHX JIMIA,

® 7a yMHOXXEHHU IIPIMEPaK JOKTOPCKe AMCEPTalHje Y MITAMITAHO] U eIeKTPOHCKO] POpMH
y UHjeM Ce MPHIIOTY Haiasu oBa M3jaBa calpXku JOKTOPCKY JMCEPTAIH]y HCTOBETHY
0110pameHoj JOKTOPCKO] UCEPTAIU]jH.

V Kparyjesny 5 6.5.2021.  romume,

Helowa Fopte bt

noTnAc ayropa




Obpaszay 2

H3JABA AYTOPA O HCKOPUILITRABAKY JJOKTOPCKE JJHCEPTAIIHJE

Ja, Herena hBophesuh

JA03BOJbaBaM
l:l HE 1I03BOJbaBaM

YuuBepsuterckoj 6ubnmuorer y Kparyjepily la Ha9MHHM 1Ba TpajHa YMHOKEHA TIPUMEPKA Y

EIEKTPOHCKO] GOPMH TOKTOPCKE AUCEPTALH]E O/ HACTIOBOM:

YTunaj mpoMeHa eKOJOMKHX (aKTopa Ha CacTaB U AUHAMHKY
¢uronnankToHCcKHX IHjaHOOakTeprja (Cyanobacteria) y Mamum
aKyMyJamndjama

Koja je onbpameHa Ha IIpUPOIHO-MATEMATHIKOM (akynTeTy

Yuusepsurera y Kparyjeiy,  To y LEIMHHA, Ka0o ¥ Jia 10 jelaH NPUMEPAK TaKO YMHOKEHE
JIOKTOpCKE  [WCepTaldje YYUHH TPajHO MAOCTYIIHUM jaBHOCTH IyT€M JUTHTAIHOT
penosuToprjyma Veusepsutera y KparyjeBily ¥ LEHTPaTHOT PENo3HTOPHjyMa HaUIEKHOT
MHHHCTApCTBA, TaKO J1a TIPUITAIHALY JaBHOCTU MOTY HAYHHHTH TPajHE YMHOXEHEe NpUMepKe

Y EIEKTPOHCKO] HOpMH HaBeJIeHe JOKTOPCKE AUCEPTALHje TTYTEM npey3umarsd.

Osom U3jaBoM Takohe

¢/ | no3BosbaBaM

I:I HE 103BOJbaBaM’

! Yxomixo ayrop uzabepe za He [03BOTH TpHIIA[HUNEMA jaBHOCTH 12 TAKO JOCTYIIHY JOKTOPCKY AUCEPTAIH]y
KOpHCTE 10T ycroBiMa yrepherum jensom ox Creative Commons THIIEHIH, TO HE HCKJbYYYj€ IPaBo IPHITAJHAKA

JaBHOCTH J1a HaBeJIeHY IOKTOPCKY AMCEPTALIH]y KOPHCTE y CKIIaAy ca oApentama 3akomna o aYTOPCKOM M CPOXHUM
TpaBUMa.




MIPUTIaJHULMA jJaBHOCTH id TaKO JOCTYITHY JOKTOPCKY IMCEPTAIIH]y KOPUCTE TIOJ] YCIIOBUMA

yrBpherum jennom ox cnenehux Creative Commons TATIEHIIN:

1) AyropcTBO
2) AyTOpCTBO - IEIUTH TI0J] UCTUM YCIIOBUMA
3) AyropcTBo - 6e3 mpepaia
4) AyTOpCTBO - HEKOMEPITHjATHO
@Ay’ropcmo - HEKOMEPIMjAITHO - IJTUTH MO KCTHM YCIIOBUMA

6) AyTopcTBO - HEKOMEpIHjaTHO - 6e3 mpepaa’

V KparyjeBmy , 6.5.2021.  rogume,

Wé#ﬂ- &p%af
nonﬁlc’szrropa

? MommMo ayTtope koju cy m3aGpamd xa J03BOJE NPHUIJHALNMA jaBHOCTH Jia TAaKO JOCTYIHY HOKTOPCKY
AMCEPTalH]y KOPHCTE MOA ycioBkMa yrephernm jextom on Creative Commons TMUEHIT Ta 3a0Kpyke jenuy ox
nonyhenux muuenuy. Jetasban caapikaj HABCACHUX JUIICHI Joctymnan je Ha: http://creativecommons.org.rs/
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