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6DaAHWDN24a., 8y,1%ODZEMNIH | PROCJEDNIH VODA S
2'/1$*$/,47% ZPADA MRACLINSKA DUBRAVA

2G0o0DbJDOLaAWD RWSDGD SUHGVWDYOMDMX JOREDOQL SUREC
]JERJ QHGRVWDWND VUHGVWDYD QLMH SURYHGHQ SRVWXSD
bio je uzorkovati procjednu i podzemnu VOdUXIRGQR L QL]YRGQR RG RGODJDC
RWSDGD WLMHNRP UD]JOLpLWLK JRGHRIOWMNMDGIREDROBEBERDI H
NDNR EL VH XWYUGLOD PRJXUD RSDVQRVWpidoksiEtRnoX VW DY
mutageno djelovanje proceQH L SRG]JHPQH YRGH LVSLWDQR MH QD +(S
YRGH V RGODJDOLaAawbD X]JURNRYDOH VX JHQRWRNVLpPpQL X
SRWURAaAQMX NLVLND .3. ELRNHPLNMWRNX GSSTFOMHURE Q MEKQNLYD K
klorida, GXALNRYLK VSRMHYD L VXOIDWD *HQRWRNVLpPpQL XpL
X]JRUDND XJ]HWLK WLMHNRP WRSOLK L VXKLK PMHVHFL 5H]X
fizikalno-kemijskim analizama kojimdMH XWYUVYHQR GD WL MaéghmeRrzivdiMHW QLK
degradacije i visokih tempg DWXUD X SURFMHGQRM YRGL VX SULVXWQ
AWHWQLK WYDUL 3RG]HKQOURR®ENX HRKRLIUNRRADREN Lod
RGODJDORANWDPDQIDMHWID WLVWLPNLXPQRDMNM DEP LINDNRH WDRINDVALLP]A
da su NRQFHQWUDFLMH &WHWQLK WYDUL LVSRG PDNVLPDOC
SURpLAUDYDQMD SURFMHGQH YRGH QD RGODJDOL&@#& X MH X|
QH SUHGVWDYOMDMX @URHNA/DL NGRRER & MXQ IRFS VDVHQROWDWLPD PR:
QDYHGHQR RGODJDOL&AWH IXQNFLRQDOQR WUHQXWQR QH
DQDOL]D PRJOL EL SRVOXAaLWL NDRGOBIDOHOWDR K YYLMHGQ|

.OM X p Q:H2 G D\D i ptpadd YWbdzemna voda, procjedna voda, HEp2, fizikalno
NHPLMVNH DQDOL]H JHQRWRNVLpPpQRVW



Abstract:BIOLOGICAL EFFECT OF GROUND WATER AND LEACHATE FROM

LANDFILL MRACLINSKA DUBRAVA

Wastelandfills represent a global problem, which is more pronednic developing countries
because of the lack of resources to implement procedures that include separation and waste
processing. The aim of this research was to analyze leachate and grouncavafdes at the

site, upstream and downstream from the ldindifiring different year seasons on a registered
nonthazardous waste dump and to conduct physimonical and biological assays to
determine potential risk for the ecosystem. Potential cytot@xanpxidative and mutagenic
effects of leachates argtoundvater samples were evaluated on human laryngeal cell line
(HEp2). Leachates collected at landfill site caused genotoxic effect and had a higher
pH,chemical oxygen demand (COD), biochemical oxygemahd (BOD) and elevated
concentrations of phosphorus, clidigr, nitrogen compounds and sulphate. Genotoxicity of the
leachate was increased in samples collected in dry and warm period of the year. These results
are in accordance to the physicochemicalymmwhich revealed that during summer period,
because ofntense degradation process at high temperatures increased concentrations of
different chemicals can be found in leachate. Groundwater collected downstream and upstream
from landfill did not show tatistically significant (geno)toxic effect, irrespective thie
sampling season. Chemical analysis revealed that all compounds in groundwater were below
permitted values. Purification process at landfill is effective and compounds that reach
groundwater d not represent a toxicological thr&ssed on the resulechieved, it can be
concluded that this landfill is functional, does not present any danger to ecosystems, and the
results of the analysis can serve as benchmarks for other landfills in theiRepbatia.

Keywords: Landfill, Groundwater, Leachate, &, Physicechemical analysis, Genotoxicity
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1. UVOD

2GODJDOLAWD RWSDGD SUHG\RWMD YN DAdMedE @ BEVGE L SUREC
]JERJ QHGRVWDWND VUHGVWDYD ]D SURYHGEX HGXNDFLMF
RGYRMHQRJ SULNXSOMDQMD RWSDGD X NRPXQm@a&deL RWSD
RWSDGD ELRUD]JJUDGLYRJ RWSD G te kariSUtBEHad 2krd&MAL VH P
sirovina 3BRaWR RGODJDQMH RWSDGD SUHGVWDYOMD QDMMHGC
otpada, kako u razvijenim tako i u nerazvijenim zemljama svijeta (Barret i Lawlor, 1995),
RGODJDOLaAWD RWSBOD BUHBSRKR®R&NM H MKE DHP

=ERJ SRWHQFLMDOQH RSDVQRVWL ]D RNROL& NRMX SUHG)\
Republika HrvatskaSURSLVDOD MH GYD FLOMD YH]DQD X] RGODJDQ
FLOM MH GD VH NROQRUQRWSDGIN RIRAHG®&H) DA [sé WD
biorazgradivog otpada u ukupnom otpadu smamkon o gospodarenju otpadoRi\ 94/13)

U Hrvatskoj je tijekom 208. godine na27 DNWLY QLK RGO RXBSREDWIA
otpadadWR MH  nedoD ZD/Hgodini kaddf RGORAaHQR (MZOE, Pré@eq D
SRGDWDND R RGODJDQMX L RGODJDOLaAWLPD RWSDGD ]D

Cilj ove doktorske disertacije jedreditifizikalno-kemijski sastav procje@n podzem vode
RGODJDOLaAWD QH RdEmka@BhIavrWebH/DIB - LMJRWRNVLPQR SURRN)
PXWDJHQR GMHORYDQMH SURFMHGQLK L SRG]JHPQLK YRGD \
'XEUDYD 1D WHPHOMX SURYHGHQLK LV WeéibD aDYNDOQMAXp NLH GH
PRJIJXUHP VIPQRPEJXWWIH F Dadnixatidribhk@htamnineatiiotencijalnoprisutnih

u podzemnj i procjednoj vodiL PRJIJXUHP XpLQNX QD OMXGH NRML aLYH
SRvwDYLWL UHIHUHQWQH YULMH®QRMDN QDO DGGRINQ KRG ODAJ
5HSXEOLFL +UYDWVNRM 7DNRYHU FLOM RYRJ UDGD MH S
VORMHYD RGODJDOL&WD

.DNR EL VH RVWYDULOL |DGDQL FLOMHYL LVWUDALYDQMD L
je obuhvaib:
o 2GUHYLYDQMH N firzRanid-KeiMjski F LpbkBzatelja i potencijalnih
kontaminanata
o 3UDUHQMH RGUHYHQLK SRND]JDWHOMD WRNVLpPQRVWL
mutagenost: broj induciranih revertanata sojeva TA98 i TA100 bakteaii@monella

typhimurium (Ames test), indukcijaslobodnih radikala (ROS) u stanicama Hep2



VWD QL p @élkClja kbmMdisa malondialdehitbbarbiturna kiselina MDATBA
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2. TEORIJSKI DIO

2.1 OTPAD

BUHPD =DNRQX R RGU &L uoM(NNRMBER Giat)jel Qakatve W Sredmet

koji posjednik odbacuje, namjerava ili mora odbaciti. Otpadom se smatra i svaki predmet i
WYDU pLMID WMXQWMBINXSULMHYR] L REUDGD QXaQL X VYUKX
podacima iz plana gospodarargtpadom Republike Hrvatske, (NN 3/2017) u 2014. godini
XNXSQH HYLGHQWLUDQH tpaBaQiomuiHodsi pRikvodibg) lizqoBilé sk
0ko3,7miILMXQD WRQD a4WR MH ]D YL&H X RGQRVX QD J

2.1.1 Komunalni otpad

U komunalni otpad SDGD VDY RWSDG NRML MH QDVWDR X NXuDQV)
VDVWDYX VOLPpDQ RWSDGX L] NXiDQVWDYD pdijoiedeNOM X p X |
L AXPDUVWYD D QDM YpHiQLL GPLLAVI HARUWDWKDNLRN RP X Q D OKBI20ORW SD G N
0301(+%$23 ,]JYMH&aUH R NRPXQDOQRP)RBRB\DWBRWOQL VD\WWEDBY QX
komunalnog otpada prikazan je u tablici 1.

Tablica 1. Sastav mij@DQRJ NRPXQDOQRJ 3RWHEAORDMetddologija za
RGUHYLYDQMH VDVWDYD LRNRE®LPL K B aNDRFRXIQNDRORMXRIDPEGR J R\

Sastavnica Udio (%)
Kuhinjski otpad 30,9
Papir i karton 23,2
Plastika 22,9
Vrtni otpad 5,7
THNVWLO RG 3,7
Staklo 3,7
Metal 2,1
Drvo 1,0
.RaD NRVWL 0,5
Guma 0,2
Ostali otpad 6,3

Prema dostupnim podena za Republiku Hrvatsku od 1995. godine do 2017. godine vidljiv

MH SRUDVW NROLPLQH SURL]YHGHQRJ NRPXQDOQRJ RWSD!
proizvedenog 1995. godine na 1.716.441 tona komunalnog otpada proizvedenog 2017.
godLQH +$23 |, pYkenkuhalrdm otpadu] D JRGLQX 2G XNXSQH N
SURL]YHGHQRJ NRPXQDOQRJ RWSDGD GLR VH RGODaH QD
RSRUDEX D GLR JEULQMDYD QD GUXJH QDpLQH 6XNODGAQ

3



otpadom (NN 94/13) ciljje sm@QMLWL XGLR NRPXQDOQRJ RWSDGD NRML
XPMHVWR RGODJDQMD NRPXQDOQRJ RWSDGD NRULVWLWL U
UDVWX NROLPLQH SURL]YHGHQRJ NRPXQDOQRJ RGSMEGD NF
QD RG @Xddi@isho smanje (sika 1 WH VH VXNODGQR WRPH L XC
NRPXQDOQRJ RWSDGD X XNXSQRM NROLpLQIse StHRL]YHGH
NRPXQDOQRJ RWSDGD XSXiH&RR2QD RSRUDEX SRYHUDYD

Slikal. .ROL pLOMAR G Rnhinv&dpada za razdoblje od 2010. godine do 2017.
JRGLQH +%$23 ,]JYMH&UH R NRPXQDOQRP RWSDGX ]D JRC

Slika 2. Udio postotakaR GO R aH QR J MNRd&X QEadaQRénog na oporabu

XNXSQRM NROLPLQL RWHWBORGDYIMHAUHIRGBIRPXQDOQRP RWSDC
godinu)



2.1.2 Proizvodni otpad

Proizvodnim otpadomnsatra se otpad koji hastaje u proizvodnom procesu u industriji, obrtu

i drugim procesima, osim ostataka iz proizvodnih procesa koji se koriste u proizvodnom
procesuLVWRJ SURL]JYRYDpD 11 SUHPD GRVWXSQLP SRGD
, JYMHaUGDFLS® L] 5SHILVWUD RQHpLAUDYDQMD RNROL&D ]D
NROLPLQD SURL]YRGQRJ RWSDGD X 5HSXEOLFL +WYDWVNRI
1.780.089 tona (95%) neopasni proizvodni otpad, a 89.699 tona (5%) opasni proizvatini otpa
IDMYHUL XGLR SURL]JYRGQRJ RWSDGD QDVWDMH X SURFEG
JUDYHYLQDPD ]D JRVSRGDUHQMH RWSDGRP L SURFHVLPD ¥
SURpLAUDYDQMH RWSDGQLK YRGD 8329 WH NDR JUDyVy!

2.2  ODLAGAL ,a7( 273%$'$

2GODJDOLaAWH RWB®EDQD QDPLMHQMHQD RGODJDQMX RWS
SRG]HPQR R G eMukotrbléanai trajnog zbrinjavarja (Koelmel i sur., 2016
2YLVQR R YUVWL RWREGGDJ DddtiAUEN WR4316:D a H

a) oGODJDOLAWH LQHUWQRJ RWSDGD
b) oGODJDOLaAWD QHRSDVQRJ RWSDGD
c) odaJDOLaAWD RSDVQRJ RWSDGD

Kako bi se opasnost kojRGORAHQIURWEWGYOMD |DQBMRDQH#M X YPHRIX UQ
mjerusvako odhJDOLAWH RWS IXG DORBRUAL sMR Yirtveni slojev)sustave

odvodnje oborinskih i procjednih voda i sustav za otplinjavanje.

Brtveni sustaMH GLR RGODJDOLaAawD NRML VSUMMPpDMDR BBGDUWUD C
(pokrovni brtveni sustayyWH LVWMHFDQMH S URtelmelinGpeki suiae)D X RNR
,JJUDYHQL VX RG NRPELQDFLMH PDLQMUDH Q Ui KW QLK |
slojeva. Efikasan temeljni brtveni sustav omogil. V& da se nastalaprocjedna voda ne
]DGUADY D XJW DMmé)\WdEsRi®/OnTijevi bude transportiranasabirne bazene ili

laguneiz kojih UH VH RYLVQR R WHKQLpPpNLP PRIXUQR\WWLODAR®ODJ
(postupak recirkulacijg)i i VS XVW LWL X YaXpamhwo8d RIPQAMWID1 +UQpLU C
2011) SRNURYQL EUWYHQL VXVWDY L P®@dindka viodad NRIHWX QASU L M
SRYU3ALQD JHOEBRWMHSRWLFDM V R G .(DRGrRSRELVBdRIY ssiRaBdRP



otvorenih li zatvorenih kanala transportirasabirne bazeneidaMH VH PRAaH NRULVWL X
WHKQRORANLP SURFHVLPD RGODBDUMPLAWD LOWQPH (L VB XawD

221 2GODJDOLaAWH QHRSDVOQUWHhBWSDGD OUDFOLQVND

2GODJDOLAWHORY\SYDI DXEUDKF D QDOD]JL VH RNR NP MXaQ!
*RULFH NP RG QDVHOMD OUDFOLQ L NP R@alppeVHOMD %
suoko P RG RGODJDOL&A&WD /RNDFLMD RGODJDOLAWD MH RP
i vodotokom Buna. S obzirom na navedene vodotoke, lokacija se nalazi neposredno uz nasip

vodotoka Buna [DSDGQR L RG NDQDOD OUW ¥WHQ DL KWK PDRI LUC
YRGR]DAWLWQH ]JRQH 6D ]DSDGQH VWUDQH ORNDFLMH
OUDFOLQ V NRMRP MH ORNDFLMD SRYH]DQD PDNDGDPVNH

2.3 PROCJEDNE VODE

2WSDG RGEGR®HDADPDLAWH SRG XWMHFDMHP MH DWPRVIHUVN
ispiranja organskih i anorganskih sastojaka otpada kej@ri&upljaju u lagune na dnu
RGobJboLawD L WYRUH SURFMHGQH YRGH 3URFMHGQH Y
anorganski tvari koja nastaje procesima razgradnje, ispiranja i zbijanja krutog otpada
RGORAHQRJ QD RGODJDOLAWHNL. RRUGEVHBLRNHDPUL MV NH SRW
%3. L NHPLMVNH SRWURAaAQMH NLVLND .3. XND]JXMH GD
razgradive, te predstavljaju veliku opashakodospiju X RNROLa& 8 VDVWDYX SURF
PRJX VH SURQDUUL pHWadanthmindmajdd dtdpljéid-oryarskétiza Hadrganske
PDNURNRPSRQH®@IHW MH Q/RIEdGaBKeptari u koncentigama koje mogu

predstavljati opasnost za ekosustav (Christensen i sur., 2001).

'YD IDNWRUD NRMD RGUHYyXMXXNYDRQWHWER & URIFMWHIEYQ H' RN
nastaihpRFMHGQLK YRGD X L]JUDY QR Mprgditdmjupodz&r@dibpdaQ RP SDGELC
WLMHOR RGODJDOLaAWD 5HQRX L VXU VDVWDY SURFME
RGODJDOLaAWD Z2ORLUMRYQ EHEH¥IVMQYODYQLK pLPEHQLND NRML
procjedne vode (Baig i sur., 1999; Christensen i sur.,200Ea#é! i sur., 2002; Harmsen,

1983; Nanny and Ratasuk, 2002; RagtD SXWR DQG 9DFFDUR 5RGUtIXF
Stegman and Elsg, 1989), to su:

1) .OLPDWVNL L KLGURJHRORANL pLPEHQLFL SDGDOLQH ¢



2) Metode odlaganja otpadaX SUDYOMDQMD RGODJDOL&AWHP JELMDQ
vegetacija)

3) .DUDNWHULVWLNH RGORAHQRJ RWSDGD JXNW®WIRIDD [
biorazgradivost)

4) 3URFHVL NRML VH RGYLMDMX XQXWDU WLMHOD RGODJD
odODJDOL&A&QRJ SOLQD UD]JYLMDQMH WHPSHUDWXUH

5 6WDURVW RGODJDOLaWD

231 3URpL&UDYDQMH SURFMHGQLK YRGD

Na XUHyHRGP Dih® Othadddpostoj funkcionalan sustav prikupljanja i obrade

procjednih voda s ciljem uklanjanpaganskih i anorganskikontaminanat& procjedne vode.

, ] WLMHOD RGODJDOL&AWD SURFMHGQD YRGD VH GUHQDAQLP
RGOD]L X ¥ UR3i@dofpacih voda (UPOV).2YLVQR R YUSWRPXEAHD B POQM H
se sastoji odfizikalnog E L R@ Rila Memijskog tretmanaprocjedne vodete nakon

SURpPLAUDYDQMD SURFMHGQODYRGRpQaMMEDD ¥MH. N RQH HDMI
kontaminaata od procjedid YRGH QD XOD]X X XUHYyDM 8NROLNR VX ]DC(
]D PDNVLPDOQR GRSX&WHQH N RI@FEHMW URD BIUNDI) LYY IR GYHDLHV
emisja RWSDGQLK YRGD 11 SURpPLAUHRQED ofddR$FIMAHG QD Y F
zagDyHQUsBti uRNROL&a 5RELQVRQ L VXU XUQLDZDQ L VX

1D RGODJDOLAWX 0 prodesslLlQR/ONBE pBE@Mimia sastoji se od:

1) predobradeNRMD XNOMXpXMH NRDJXODFLMX IORNXODFLMX L IC
E L R OlRadblutderaijskom bazem s dubinskom aeracijom
3) membranskog bioreaktora (MBR) s uronjenim membranskim modulima s vakuum

filtracijom.

SURFMHGQD YRGD V WLMHOD RGODJDOLAWDodANS¢SOMD V
SUHSXPSDYD X XUHYyD McjgdreSalB gdpaditetay Z5iE B (BU3URpPLAUDY D C
SURFMHGQH YRGH |DSRpLQMH SURFHVLPD NRDJXODFLMH 10
NRULVWL VH AaHOMH]RY ,,, NORULG D X SURFHVX IORNXOD
|1z flotacijskog premnla RGYDMD VH PXOM NRML VH RGODaH X VSUHPC
VH WDNDY GHKLGULUDQL PXOM GDOMH JEULQMDYD VXNOD
tijekom procesa predobrade procjedne vode, dodaje se NaOHS{xHbvisno da li je

SURFMHGQD YRGD X ODJXQL OXaQDWD LOL NLVHOD 1DNRC
SUHNR VXVWDYD PHYyXVSUHP QL N Drepurkpdva ki MaiRifikaxijskiR O X P H Q



spremnik (4 m) i aeracijski spremnik (55 $hu kojemu se odvija hR O R 4N DN&k&U D G D
]JDYUGHWND SURFHVD ELROR3GNH REUDGH PD QML YWD@BRPMKQ
selektor, a ostatak procjedne vode prolazi kroz membranske module. U kojima se provodi
PLNURILOWUDFLMD V YHOLPLQRP SRadia voda &tivodsBNR SURDpL
VSUHPQLN HIOXHQWD WH VH PRaH YUDWLWL QD WLMHOR F
1 XL i, 2088).

2.4 .21752/% 87-(&%$-% 2'/$*$/,4a7$ 1% 2.2/+HRVATSKA
LEGISLATIVA

S ciljem kontroleutjecaja RGODJDOL aaViPN RYVESS®Iic D nDpLQLPD L XYMHWL
RGODJDQMD RWSDGD NDWHJRULMDPD L XYMHKHY®BD UDGD ]
56/19 L BUDYLOQLN R JU4tbn@ énishlopadhih vodi#NGl @URL3, 43/14, 27/15,

3/16) propisup obavezu mjerenja JUDQLpPpQH YikKkaMd-ken@dRiV Yokazatelja

prociednh L RERULQVNLK YR G@@z&ex@BK DRLISBRYVWDQWNHK YRGD X Q
EOL]LQL RGEAWHROVEAWILODJDOLAWD SRVWURMHQMH X NRML
SURXJURPLWL HPLVLMH tld Rrék] WBe MibrdeREHPLRADROMEWD PRUDM
RNRWIbAQU (OLQLVWDUVWYR |DAWLWH ®Rkojpma i &D Bhvedienel U JHW L N
mjernepostaje XpHVWDORVW L \pEmd Kojhta@@idvod. kdntdolay étjgdnivi,L

SR G]HP QL kskih 8dda U 2018.godini od 127 aktivnih odlJ D O U RM/ianje od
poloviceima LVKRGRYDQH RN R SulkéadnihuSpRgtaviRedi idbawwadi mehanizmi
NRQWUROH XWMHFDMD QD RNROLA

SUDYLOQLN R JUDQL D Q laBtpadnib MoHaGNNRBOALE, R BI14 P7I18,L3M6)
UHJXOLUD SRGUXpMD LVSLWDWINQNDO®RRERIE &YW K QR GIR QL
ispitivanje: fizikalnih pokazatelja temperatus, pH, suspendirane tvfi HNRWRNVLNRORA&N
pokazatelja W R hbstLriaDaphnia magna WRNMhp YRWYIHWOHUH EDNWHULMH
pokazateljdBPK, KPK, TOC, ugljikovodici, AOX, BTEX, fenoli) i anorganskih pokazatelja

(W H a N LK hrarfivihivar). Mjerenjem navedenih pokazatelja kontrolira se da li dolazi do
prodiranja procjednih voda u okdli Kontrolirase utjecaj odaJDOLAWD QBYyRWRP LGLR
SRNDIDWHOMD NRML VFHURDMIEE®ULP QFRF M &INQIARIG, Rac. SRG]HI
4R VX SROLNORULUDQL ELIHQLOL 3&% SHVWLFLGL SRO|
pentabromdiferieteri (PBDE), di(2etilheksil)ftalat (DEHPpreGVWDYOMDMX ]QDpDMQ X
]D RNROLa L VYDNDNR EL ELOR SRWUHEQR SR]QDYDWL GD O



WH GD OL RGODJDOLaAWD RaMiSAdE WV S UNHEBWWMDOGEENS Myl X QI/FRDW H

kontaminantima

Ovisno o tehnici odla@ QMD RWSDGD L]JYHGEL RGODJDOLaAWD YLVL
SURFMHGQH YRGH PRJX X UD]J]OLpLWRM PMHUL SURGLUDWL
kretanja podzemnih voda biti rasprostranjenef OLNH XGDOMHQRVWL-RG RGOL
*UGLUV XU IDNLO L VXU 8 GR VDGD SURYHGHQLP
SRVWRMH GYD JODYQD QDpLQD SURGLUDQMD SURFMHGQLK
isur., 2001),tosu: disgg]LYQL WUDQVSRUW NUR] R gvéhistdQsiod HRPHP E
JHRPHPEUDQH L GLIX]QL WUDQVSRUW RUJDQVNLK WYDUL NI
je da na svakih 10.000°0dHRPHPEUDQH X SURVMHNX SRVWRML S XN
prolaz& procjednih voda (Laine i Derilek, 1993.).

SRAWR VX R66RDFLEBRAWDAQD L X UXGNMHQ VRN BREBEWUXDpAMALPR
SRG]JHPQX YRGX ]D SLUH L QDYRGQMDYDQMH SRVWRML UHD
procjedne vode u podzemlje, stanovhicX RNROLFL RGO D JDOAX WM B DBEWG X VW.H G\
WYDUL L] SURFMHGQLK YRGD ,] QDYHGHQLK UD]JORJD SRVW
RGUHYLYDQMH WRpNDVWLK L NURPRVRPVNLK PXWDFLMD R
XpLQND vaR&dlbHodhih radikala i lipidne pdsidacije) podzemnih voda u okolici
RGODJDOLaAwWD NDNR EL VH XWYUGLR PRJXUL VLQHUJLVWLpPN
NURQLpPpQRJ L]aibahiin@ MalxdMR&ljgMor i sur., 2006, Magbool i $u2011,
Widziewicz i sur., 2012)

25. 72.6,.2/24., , *(1272.6,y1, 8y,1%$. 352&-('1,+ 92'$

5DVSRORALRLXR\GHDFLM X SURFMHGQLK YRGD RGODJDOLAWI
provedenih fizikahneNHPLMVNLK DQDOL]D VDVWDYD SpR&dMMal GQLK Y
zbog kompleksne prirode ppMHG QLK YRGD L SURFHVD NRML VH RGYLM
MH JRWRYR QHPRJXUH SUHGYLGMHWL QMLKRY WRNVLNRORS3Z

Brojni autori(Schrab i sur., 1993; Singh i sur., 2007, Renou.i 2008) VX X LVWUDALYDQNM
dokazali tR NV LN RORENRWRN\NQADKISURFMHG QLK izvaRmBiRazMR ML PR aH
SULVXWdtRnditeXataND R aWR VX Wid@dNdki ByHROAMIAIL pesticidi
QHL]JUDYDQ NRML MH X]UR N howmbBsgnébidtikeD EsBnORidiiEuRspoje&'N WL Y D F
staQL SULURGL QD p kQgivbgQ Hodpjétu pjiiskivbigdhzam a nsu prirodno

prisutri niti se proizvodi u njemute u organizmumogu dovesti do faniranjasekundarnih
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spojeva poput reaktivnih kiiRYLK YUVWD NRMH PRJX R&AWHWLWL VWD
sur., 2008).Genotokd pQRVW S URFMH G @dkaziapétrelon Yaaktavjskin
biotestova(Salmonella typhimurium Ames test) (Schrab i sur., 1993; Singh i sur., 2007).

Daljnja ispitivanjanD UD]OLpLWLP ELOMQLP L ALYRWLQMVNLP RUJDQ
Drosophila melanogastgiSiddique i sur., 2005), zlatna ribi€arassius auratugDeguchi i

sur., 2007)luk Alliumcepa & KDQGUD L V X Wrtemia frandis€apdQlivero-Verbel

L VXU VX SRWY UG L O DocjeHnevied IjNj¥ prpipicioidldn@siuN S U

koncentracije&kontaminanata procjednim vodama.
2.5.1. Oksidativni stres

2NVLGDWLYQL VWUHV MH SRPDN U Ded@eiskim deakcfamaWiD QLp QL
smjeru oksidacije. Do oksidativnog stresa dolazi uslijed prekomjernog stvaranjdrsfobo

kisikovih radikalalend. Reactive Oxygen Specie)3 NRML VH VWYDUDMX YHURP
VH PRJX UD]JJUDGLWL awR ]D SR\&ObhddhiGddeaXsu mdekBla W HIOHQMH
DWRPL NRML X YDQMVNRM OMXVFL LPDMX MHGDQ LOL YLaH
1989). Zbog nesparenih eletha dolazi do njihovog davanja ili uzimanja elektrona drugim
PROHNXODPD WH LK WR pLQYLVRUR]LMABRD NIWLVNQD FPLIDO QBLWPLD plH
organskim ili anorganskim spojevima (Anderson, 199bodni kisikovi radikali nastaju u
redukcijskcoNVLGDFLMVNLP UHDNFLMDPD WLMHNRP QRUPDOQLK
poput oksidativne fosforilacije u imhondrijima (Lee i Wei, 2000), prijenosu elektrona u

sistemu citokroma 850 u endoplazmatskom retikulumu (Fulton i sur., 1997), oksidacije

masnh kiselina u peroksisomima (Crane i Masters, 1984), fagocitoze (Knight, 2000).
Slobodni radikali mogu nastai WLMHNRP HQ]JLPDWVNH RNVLGDFLMH L
NHPLMVNLK VSRMHYD SRSXW WLROD RNVLKHPR®AZRELQD K

do redukcije molekularnog kisika i nastajanja superoksida (Halliwell, 2000).

Reaktivne kisikove viste pHGVWDYOMDMX VNXSLQX UHDNWLYQLK VSR
radikale poput superoksidnog aniona J®oji nastajeredukcijom jednog elektr@molekule

NLVLND ,] VXSHURNVLGQRJ DQLRQD X NLVHORM VUHGLQL
perhidoksilni radikal (HQ 2VLP SHUKLGURNVLOQRJ UDGLNDOD X] SE
GLVPXWD]H 62' WH YRGLNRYLK LRQ Dastali wdikeHpeiRKSW L GQRJ |
(H202). Vodikov peroksid djeluje kao oksidans koji uz prisustvo prijelaznih metala,
dvRYDOHQWQRJ LR) [pdédoMazMridd Dona)tbhkra (Cu PRAH SULKYDWLWL
HOHNWURQ VWYDUDMXiOL YUOR WRNVLPpDQ KLGURNVLOQL UL
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SULVXWQRVW SRYHUDQLK NRQFHQWUDFLMD UD]OLPpLWLK W
rezultirati nastankodV ORERGQLK NLVLNRYLK UDGLNDOBLMWDR WMIHP D SR
1IHNROLNR DXWRUD SRWYUGLOR MH WRNVLpQRVW aHOMH]D
EDNUD *DEELDQHOOL L VXU NURPD -THYMMSWED N L VXU
0 D U VA& dHilsur., 2012), i nikla (Cavalld. V X U ‘R]*QLDN L VXU
NXOWXUH OMXGVNLK L DQLPDOQLK VWDQLFD .RG YHULQH Q
DNA bio je nastanak slobodnih kisikovih radikala koji |l URNRYDOL RNVLGDWLYQ|
VWDQLFD 'UXJLRGDWHYQBRDVWRWHY PRaH VH GHILQLUDWL ND
SRUHPHUDMHP UDYQRWHAaH SURRNVLGDWLYQRJ L DQWLRNYV
PRaH XWMHFDWL QD VWURNWKK XE ILR PRQNNXN\OD SROLQH
ugljikohidrata, pRWHLQD L QXNOHLQVNLK NLVHOLQD &WR UH]XOW
stanica, tkiva i organ@hargava i sur. (2008) su utvrdili ekspresiju gena za hsp70 protein
WRSOLQVNRSRRNDDRXRDNWLYQRVW DWQM ISRV & GricHe LNYFROQ KH i@
produkata lipidne peroksidacije nakon izlaganja vBtesophila melanogastgurocjednim
YRGDPD 2YL UH]XOWDWL VX SRWYUGLOL SUHWSRVWDYNX ¢
procjcdQLK YRGD RNVLGDFLMVNR R&WHUHQ MbbdMWadRdldaD X]URI
(Bhargava i sur., 2008).

2.1.6. Lipidna peroksidacija

/ILSLGQD SHURNVLGDFLMD MH VORAHQD ODQpDQD UHDNFLM
kiselina potaknuta djelovanjed HDNWLYQLK NLVLNRYLK L iGUKAIBIRYLK Y U\
6YLQJHQ L VXU 9LAHVWUXNR QH]DVLUHQH PDVQH NL
ELRORANLK PHPEUDQD VX RVMHWOMLYH QD RaAWHUHQMD X
PojavalipiGQH SHURNVLGDFLMH X ELRORSMNWILPGRHBRUEBBPDMIRE
L VPDQMHQH IOXLGQRVWL PHPEUDQH aWR ]D SRVOMHGLFX |
VXU VX X VYRMHP LVWUDALYDQMX SRWYUGakKIL QHJIDW
MHWUX PLaAaHYD 1HIJDWLWQLUDBPLQFD XD/ PHL@QDHBUHNR OL
u promjenama oksidativnog stanja organizma izmjerenog preko koncentracija tiobarbiturata
NDR L SUHNR SRYHUDQMD DQWLRNYVL Gdsiita¥e) S&vidH®Q |LPD &
glutation peroksidaze i katBl]H pLML MH QDVWDQDN SRWDNQXW SR
slobodnih radikala.

S3URFHV RNVLGDFLMH OLSLGD |]DSRpLQMH ID]JRP LQLFLMDFL
reaktivni oksidans oduzima atom vodikReLAHVWUXNR QH]J]DVLUHQRM PDVQRN

nastaje alkilni, odnosno lipidni radikal. Hidroksilni radikal je jedini od reaktivnih kisikovih
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radikala koji ima dovoljno energije da izazove lipidnu peroksidaciju (Porter, 1984). Ukoliko
inicijacija nije kKRQWUROLUDQD REUDPEHQLP P hekréakeljdipiteD GROD]
peroksidacje NRMD PR&H GRYHVWL GR XQLAWHQMD RNROQLK
SHURNVLGDFLMH VXGMHOXMX LRQL AHOMH]B i FE'GQL KLG
pbHP X QRWoksDritlika i lipidni peroksilni radikali. Tako GROD]L GR JUDQDQMD «
UHDNFLMH SURFHVD OLSLGQH SHURNVLGDFLMH $UPVWUR
produkti lipidne peroksidacije su reaktivni aldehidi. To shidroksialkenali i drugi dni
DEQH]DVLUHQL DOGHKLGYQBIUIHO/GHKLGBEHIRNWIX RGUHYHQLP >
ODQpDQX UHDNFLMX RNVLGDFLMVNRJ R&WHUHQMD IMLKR
slobodnih radikala, ali dovoljno velika da mogu reagirati s molekulana&olini te tako
RAWHWLWL VWDMWBQL®IQ X VRWWYDWRIX VH NUHWDWL L GWN
SRPHWQRJ QDVWDQND VORERGQLK UDGLNDOD ELOR LQWUD
1991).

2.6 &,7272.6,y1267

& LW R W R N&pbgoonBsy MekevBHUL. GD GMHOXMH WRNVLpPpQR QD VWDQ
UD]OLPLWH QHIJDWLYQH XpLQNH QD VWDQLFXUMRBRYZOWRD VR @\
stanica(7+OD\ $ &) 6WDQLFH NRMH VX LIsOfRtantarad nkogloR WR NV L p
EUJR L]JJXELWL VWDQLpPpQL LQWHJUISW hpiktepenX pragtaiikav L X S U |
proces smrti stanice tijekom apoptoze ili izgubiti sposobnost raliljenjakao posljedica
VPDQMHQRJ SUHALYOMDYDQMD VWDQLFD

U svrhumjerenja citotoké pQRVWL WYDUL GDQDV VH NYRULRERuUUD]OLpPL
QD SURFMHQL SRVWRWND SUHALYOMDYDQMD VWDQLFD X
PMHUHQMHP VDGBIMHME BV DYND MH GD XPLUtXgiiet VWDQLF
VWDQLBHREKDQD aWRSKX[DYDYIMH FLWRSOD]P Dkéjevs imnBgNRP SR Q|
L]IPMHULWL LOL VH PLMHQMD VYRMVWYR PHPEUDQH GD SUR
ERMH X VDPX VWDQLFX OMHUHQMHP defphitatd QddtotiHWD RET
SUHALYOMHQMD
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27 *HQRWRNVLPQRVW

*HQ R W R N \skd)styenheke tvisriH{genotoksina) da izazivda W HriaHk@rivoBomima ili
'1$ PROHNXOL *HQRWRNVLQ PRaH ELWL NDQFHURJHQ PXWI
izazivaju mutacije koje dalje dode do razvijanja karcinoma i drugih oblika bolgShaily,
2012). GHQ RW R NV Lip<g Ldijalesr Mitdktino M HO XM XiH PXWDJHQH L SU
SURPXWDJHQL SURNDQFHURJHQL NHPLMVNL DJHQVL VH F
enzimskog sustava, transformirafi UHDNWLYQH PXWDJHQH NDQFHURJHQF
nukleofilna mjesta u DNA (Shinohara i Cerutti, 1977).
S REJLURP QD VWUXNWXUX '1$ NRMH ]DKYDUDMX PXWDFLMH
SDURYD ED]D WRPNDVWH LOL JH,Qi¥vidho3oma, DijelLkkbosamL OL GLF
i setove kromosoma (kromosomske mutacije).
2YLVQR R QDpLQX enpyuibDspantandi xaicrkrieMnducirane mutacije mogu
biti potaknute kemijskim spojevima, abzirom na vrstu kemijskih spojeva mutagermigu
biti:
1) $ONLOLUD M ¥rotesvns &Kilbldijg,Lprijenos alkilrekupine s jedne molekule
QD GUXJX QDUXabYDMX VWDQLpQL LQWHJULWHW L PRJ
2) '"HDPLQLUDM X i procéSOr Mieayhinacije, uklanjanjem amino skupine iz
molekule, LID]LYDMX KLGUROLWLpPpNR RAWHUHQMH '"1$ PROHN
3) $QDOR]L GXatpeRKMBMND VSRMHYL VOLPQRJ NHPLMVNRJ
XJUDYyXMX VH X '1$ PROHNXOX L NULYR VSDUXMX SULOL
4) Spojevi koji izazivaju nastajanje DNA adukta adukti nastaju djelovanjem
LQWHUNDOLUDMXULK DJHQ B \béra DRM [Takval inekkddacifa X SDU
QDUXaDYD VWUXNWXUX '"1$ WH GROD]L GR SRJUH&ADND V
SRND]DOL GD MH UD]LQD '1$ DGXNWD ]dgdepdddivdg |IDNWR
lezije koje nastaju u histogenezi neoplazma jetre u@hi VW X]J]HWH L] SRGUXpMI
3XGJHG 6RXQG X :DVKLQJWRQX YLVRNR NRQWDPLQLU
spojevima (Reichert i sur., 1988).
5) Spojevi koji oksidiraju DNA

2.7.1 Amestest

$PHVY WHVW MH ALURNR SULKYDUHQ imDdpgladd) kdge\vmogu WHVW
LID]YDWL JHQVND R&A&WHUHQMD &aWR YRGL GR JHQVNLK PXWI
70-LK JRGLQD SUR&GORJ VWR Ganrbada tgptilmrivhirkiehidthicart ihvgeW HU L M H
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divljeg tipa LT-2 koji ima deleciju u galaktkb@ RP RSHURQX SD QH PR&H GRU
OLSRSROLVDKDULGD NRML VDGUAL JDODNWR]X daWR VYH VR
8 RYRP WHVWX VH NRULVWH VRMHYL 6D0O&®&{aHEOOD W\SK
histidinskom operonu koje ne mogu rasti ako u podiemnahistidina jer u jednom od svojih

JHQD QRVH PXWDFLMX NRMD LP RQHPRJIJXUXMH ELRVLQWH]X
EOL]X PMHVWD SRVWRMHUH PXWDFPREIXRRWL YWD/QLW D PIBXQ
sintetiziraju histidin. Novo mutirane starisu povratni mutargrototrofi koji mogu rasti na

podlogama bez prisustva histidina i formirati kolonije (Mortelmans i Zeiger, 200i@pov

EURM VH SRYHUDYD V SR Yhbtéger@ MpridesthviRaQkitetiQra/ roubaganist

Odm mutacija izazvanimlP XWDJHQLPD VYDNL EDNWHULMVNL VRM LPD I
VSROQWDQR SRSUDYLWL XQHVHQX PXWDFLMX WDNR GD V
revertanata na minimalnoj podioZlako soj TA98 na minimalnoj podlozi na koju se
nacjepljuje oko 1®stanica daje od 3@60 spontanih revertanata, a soj TA100 u istim uvjetima

daje od 100+£200 spontanih revertanata. Uz ovu razliku navedeni sojevi bakterija se razlikuju

X N D U D NikV mdddcijawd, soj TA98 ima mutaciju na histidinskom operonu his8052
VOXaL ]D SUDUHQMH SRPDND RNYLUD pLWDQMD VRM 7% \%

i ima mutaciju na histidinskom operonu hisG46.

2.7.2 Komet test

28WHUHQMD '1%vi Vhdrkdri VkibjiHWB@QUM L'D JH Q RW R N VKdnm@tXtest W H W X
RPRIJXUXMH YL]XDOL]DFLMX RAWHUHQMD '1% jeg@®RIMHGLQDp ¢
uklapaju u mikrogel agarozee pRPRUX RWRSLQH YLVRNHdiaxRQFHQWUL
tetraatene kiseline (EDTA) i HWHUGAHQDWD OL]JLUDMX VH FLWRSOD]PL
VWDQLFL WH VH RV Q®IES,2004¥ QnaS&atimldienaturira u alkalnom ili
neutralnom puferu i podvrgava elektroforezi tijekom koje mali fragmenti DidAtdi

lomovima putuju kroz pre gela prema anodi, dok glavnina DNA zbog velike molekularne

PDVH QHPD WX VSRVREQRVW .UDUL IUDJPHQWL EU&H SXW X
GXOMLQL L EU]JLQL NUHWDQMD GROD]L GRpludvdganhemwhD QMD S
fragmeng&a nakon bojanja fluorescencijskom bojom pod mikroskopom su vidljivi kao
NRPHWL =D QMLKRYX DQDOL]X L PMHUHQMH QDMpHA&aUH V
UDpXQDOQL SURJUDP ]D DQDO IMX VB DMHYOEhiE pAtdroetid) LP NRP
GXaLQD UHSD NRPHWD LOQWHQ]JLWHW UHSD L UHSQL PRPHQ
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XGDOMHQRVW QD NRMX VX RWSXWRYDOL QDMNUDUL RGOR
VUHGLQH JODYH NRPHWD L O mikbo@etdieE DtedéYHHS D[R] DDEHDWID
SRVWRWDN '1$ NRMD MH PLJULUDOD X UHS D L]JUD&DYD V&
NRPHWX 5HSQL PRPHQW VH RELPQR GHILQLUD.NDR XPQRAD
SURYHGHQD LVWUDALYDQMD QD SMHRK MH B R PnadNd®Q@ PbB LX W
procjednim vodama ipojavusamostalnih kromatinskih struktura potpuno odvojenih od jezgre
- mikronukleusa Tako su $PDKGDU L VXU XWYUGLOLvVveSRYHUDC
PLNURQXNOHXVD X OLPIRFLWLPD NRML VXstéldsOpojav¢ ORAHQL
PLNURQXNOHXVD X OLPIRFLWLPD UD&@ddinMetla\kojSrR3¥UHUD QMH
OLPIRFLWL ELOL WUHWLUDQL ,VW UHpéedD/Qige-SBNy/iMUD QLFD Y L
VX XWYUGLOL VPDQMHQMH Rah b6 WikromukeuBaNnakoly Q RV W L

izlaganja procjednim vodama.
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3. MATERIJAL | METODE

31 MATERIJALI

311 3URFMHGQD YRGD RGODJDOL&WD OUDF®LQGVURD RXEULC
X]YRGQR L KLGURORA&GNL QL]YRGQR RG RGODJDOLaAWD RWSD

Uzorkovanja podemne vode i procjedne vode je provedeno tijekom jeseni i zime 2013.

godine i ljeta 2014. godinef DNYD GLQDPLND X]JRUNRYDQMD RGDEUDQD
periodaUD]JOLPpLWLK YUHPHQVNLK XYMHWD NRMLPD MH LJ]OR&HC
Tijekom ljeta, kada ¥ WHPSHUDWXUH QDMYLAH D NROLPpLQD RERULC
JELYD EUAD UD]JUDGQMD RGORaAHQRJ RWSDGD DOL JERJ PD
dio kontaminanata ispire iz tijela deponija u procjednu vodu.

Krajem ljga i tijekom jesenik ROLpLQD RERYHQDYDH D WLPH L NROLDpL
SURFMHGQLK YRGD WH VH X WRP SHULRGX RpPHNXMX L Q
SURFMHGQLP Y R,G@ EedskormDodridged R piMade visoke razine podzemnih

voda, kaoL QD MY H U D pedridaxja Qrécddilvoda u podzemlje.

8 JLPVNRP SHULRGX SWPORMMWHNAHSHUIDWERUWEHLRUD]JUDGQ!
kao i koncentracija kontaminanata u procjednim vodama.

1D NDNYRUX SRG]HPQH L SURFUVD]GRHE O R % HEWWR WRES{HQDMIN/ROP F
dsHUWDFLMH RVLP DWPRVIHUVNLK SULOLND XWMHpPpX L GU)>
PMHARYLWRJ NRPXQDOQRJ RWSDGD NRML VH RGOD&H QD RG
otpada je manja s manjim udjeh biorazgradive kongmente, nego je to u zimskim
PMHVHFLPD a8WR WDNRYHU SULGRQRVL QHAWR UD]JOLpLWRP

Za uzorkovanje podzemnih voda uporabljena je potopna pumpa GrundfosidkR L, uzorci
procjedre voda ueti QD XOD]D X SWHRPpLEID VPQIMEAWMREELRQMHP GLM
RGODJDOL aydmrane]P HYXWLYQH SORKH RGODJDOLaAWD OUDFC
SRG]JHPQLK YRGD X]JRUNRYDQL VX V FLOMHP SRNULYDQMD |
umu hidrologiju podzemnih voda.
Mjesto uzimanja uzorakpodzemne i procjedne vode prikazano je na3lici
Uzorkovana je podzemna voda:

- X]RUDN X]HW MH L] SLMHJRPHWUD NRML VH QDOD]L

KLGURORANL X]JYRGQR RG WLMHOD RGODJDOLaWD
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- uzorak 2 uzet je iz pijezometra 2 koji se@® L L]PHYyX DNWLYQRJ L ]DWY
RGODJDOLaAWD
- X]J]RUDN X]JHW MH L] SLMH]J]RPHWUD NRML VH QDOD]L C
MH KLGURORANL QL]YRGQR RG DNWLYQRJ GLMHOD RGOl
I netretirana pocjedna voda:
- uzorak 4, uzorkovananaulXz X XUHyDM ]D SURpLauDYDQMH YRGH
pijezometra 2

Sikan3 $YLRQVNL VQLPDN SRGUXpMD ROXBDUDYDAWIRIRWEBDGI

mjestima uzorkovanja podzemne i procjedne vode
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Uzorci podzemne i procjedne vode sweposrednopo uzorlovanju lonzervirani i
transportirani u laboratorijl LUPH (XURLQVSHNW &URDWLDNRQWUROD
NRQWUROLUDQLP XYMHWLER SUR YWRK AMDDIWXNQLRIE f&
BULMH SURYRWL.QIRD RHNIKWIRMNS LWLYDQMD XaR UilkitanV X NRQF
SUHNR ILOWHU SDSLUD KsngéhtritdrijellZor&kpral/Blose na fPotacionom
XSDULYDpX +HLGROSK ,QVWUXPHQWY MRE Bb NEDG K SD(OLLYDRL
G XaLNRNWGMoH, model V.649.061.820 1 M H P IXpMt@ntracijanehlapivih spojeva

prisutnin u originalnom uzorkdako e SRYHUDQBXWD aWR MH RPRJXULOR
RGJRYDUDMXuULK UDJUMHVYHQMD ; ; ;L 7 JGMH ; SUHC
NRQFHQWUDFLMH QHKODSLYLK VS RpodjadbojlvaiHi@ovdvhrjH RQLP L
na terenu) za provedbu genotoksikbENLK LVWUDALYDQMD 6XNODGQR WRF
SXWD UDJULMHYHQX RULJLQDOQX YRGX MRVIQR; VX XWWBUYFH i
koncentracije nehlapivih spojeva u odnosuoriginalni uzorak.

Fizikalno-kemijska ispitivanja su dijelu provedena na terenu prilikom samog uzorkovanja

u laboratoriju odmah po dostavi uzoraka.

Ispitivanja su provedena prema ISO nama i validiranim metodama na instrumentima koji

se redovito ugeravaju od strane vanjskog akreditiranog laboratorija.

3.12 Kemikalije

31.2.1 2 G U H Yy Lfivikaadkemijskih pokazatelidN DN Y R G H

Za provedbu fizikalngkemijskih ispitvanaSRND]DWHOMD ND N %émikdli X SRUDEO M
a) Ispitivanje fizikalnih po kazatelja

x Puferi pH = 4,00, pH = 7,00, pH = 10,HACH Lange,'*VVHQGR U |
xKCI standard — 6 HACH Lange,'*VVHOGRUI
XOLNURNULVWD ®enfil@ Radgr¢hO XOR]D

b) ,VSLWLYDQMH UHALPD NLVLND

xSumporna kiselind&kemika,Zagreb

x a ln(ll) sulfat p.a.Kemika,Zagreb

x Kalijev dikromat,Kemika,Zagreb
xAmonijev a H O M BijlRt, Kemika,Zagreb

x Srebro/(l) sulfat,Kemika,Zagreb
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x Kalijev hidrogenftalatKemika,Zagreb
x1,10fenantrolinl-hidrat, Kemika,Zagreb
xKalijev dihidrogen fosfatkemika,Zagreb

x Dikalijev hidrogen fosfatkemika,Zagreb
xMagnezipv sulfat, Kemika,Zagreb

xKalcijev klorid bezvodniKemika,Zagreb

x & H O WIH) | iborid heksahidratkKemika,Zagreb
xAliltiurea, SigmaAldrich-Chemie Steinheim

x Kalijev permanganakemika,Zagreb

x Natrijev oksalat Kemika,Zagreb
,VSLWLYDQMH VDGUADMD KUDQMLYLK WYDUL

x Natrijev salicilat, Kemika,Zagreb

x Trinatrijev citrat dihidat, Kemika,Zagreb

x Natrijev nitropursid,SigmaAldrich-Chemie Steinheim

x Natrijev hidroksid,Kemika,Zagreb

x Natrijev diklorizocijanurat,SigmaAldrich-Chemie Steinheim

x Amonijev klorid, Kemika,Zagreb

x Ortofosforna kiselinaKemika,Zagreb

x Sulfanilamid,Kemika,Zagreb

X N-(1-naftil)-1,2-diaminoetan dihidrokloridSigmaAldrich-Chemie Steinheim
x Natrijev nitrit, Kemika,Zagreb

XxEDTANa, Kemika,Zagreb

x Natrij-azid, Kemika,Zagreb

x Kalij-nitrat, Kemika,Zagreb

xSumporna kiselind&kemika,Zagreb

x Askorbinska kiselinaKemika,Zagreb

x Amonijev heptamolibdat tetrahidragigmaAldrich-Chemie Steinheim

x Antimon+kalij tartarat hemihidratSigmaAldrich-Chenie, Steinheim

x Kalijev peroksidisulfatKemika,Zagreb

x Kalijev dihidrogen fosfatKemika,Zagreb

XLCK13 NLYHWQL WHVW ]D RGU HRCH, DoQehdritl, ENoxa8®Q RJ G X&L NI
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d)

e)

f)

Ispitivanje aniona i kationa

xKalijev kromat,Kemika,Zagreb

x Natrijev klorid, Kemika, Zagreb

x Nitratna kiselinaKemika,Zagreb

x Natrijev hidroksid,Kemika,Zagreb

xMagnezipv klorid, Kemika,Zagreb

x Natrijev acetat Kemika,Zagreb

x Kalijev nitrat, Kemika,Zagreb

x Barijevklorid, Kemika,Zagreb

xBezvodni natrigv sulfat, Kemika,Zagreb
xKalijevklorid, Kemika,Zagreb

x Amonijev klorid, Kemika,Zagreb

x Amonijak, Kemika,Zagreb

XEDTANa&, Kemika,Zagreb

xKalcijev karbonatKemika,Zagreb

x Eriokrom crno T SigmaAldrich-Chemie Steinheim
x Kalkon, Kemika,Zagreb

x 1,5-difenilkarbazid,SigmaAldrich-Chemie Steinheim
xLedena octena kiselinKemika,Zagreb

x Kalijev dikromat,Kemika,Zagreb

x Dikalijev hidrogen fosfatKemika,Zagreb

x Aluminijev sulfat, Kemika,Zagreb

X1&. NLYHWQL WHVW |]D RGUHYLYDQMH IOXRULGD +3%$&+

,VSLWLYDQMHaWH&NLK PHWD

X '"XaLpQD NNMevdd DdrQsiadt
X CRM standard pojedinih metalslerck Darmstadt

7THVW JHQRWRNVLpQRVWL QD EDNWHULMVNLP VWDQLFDF
X -nikotinamid adenin dinukleotid fosfat, reducirani oblBigmaAldrich-Chemie,

Steinheim
X Amonijev natrijev hidrogenbsfat tetrahidrat, p.akemika,Zagreb
x Ampicilin, SigmaAldrich-Chemie Steinheim
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g)

h)

X Bacto agarDifco, Lawrence

X Bacto Nutrient brothDifco, Lawrence

x Citronska kiselina monohidrat, p.&emika,Zagreb

x D-biotin, SigmaAldrich-Chemie, Steinheim

x D-glukoza-6-fosfat, p.a.Kemikg Zagreb

X Glukoza, p.a.Kemika, Zagreb

x Kalijevdihidrogenfosfat, p.akemika,Zagreb

x Kalijev hidrogenfosfat trihidrat, p.akemika,Zagreb

x Kalijevklorid, p.a.,Kemika,Zagreb

x kristal violet,SigmaAldrich-Chemie Steinheim

x L-histidinrHCI, SigmaAldrich-Chemie Steinheim

X Magneziev sulfat heptahidrat, p.aKemika,Zagreb

x Natrijev hidrogenfosfat, p.aKemika,Zagreb

x Natrijev hidrogenfosfat dodekahidrat, p.Egmika,Zagreb
x Natrijev dihidrogenfosfat dihidrat, p.akemila, Zagreb

x Natrijevklorid, p.a.,Kemika,Zagreb

X Nutrient broth No.20xoid, Basingstoke

X S IUDNFLMD KRPRJH@btveden)@atisBadH aWDNRUD

8]JRM VWDQLpQH OLQLMH

x DMEM medij, Gibco,Carlsbad

X A)RHWDO ERYLQ Kibth|Cadsbad ) % 6

x Kalijevdihidrogenfosfat, p.aKemika,Zagreb

x Kalijevklorid, p.a.,Kemika,Zagreb

X Natrijev hidrogenfosfat dodekahidrat, p.Kemika,Zagreb
X Natrijevklorid, p.a.,Kemika,Zagreb

X Tripsin, Gibco, Carlsbad

THVW FLWRWRNVLPpQRVWL QD VWDQLpPpQRM OLQLML

x Etanol, p.a.Kemika,Zagreb
x Neutralred, SigmaAldrich-Chemie Steinheim

x Octena kiselina, p.akemika,Zagreb
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) 7HVW OLSLGQH SHURNVYiGDFLMH QD VWDQLpPQR
x Coomasie blueBio-Rad,Berkely
X Bovine serum albumin (BSAjigmaAldrich-Chemie Steinheim
x Etanol, p.a.Kemika,Zagreb
x Fosfatna kiselina, p.akemika,Zagreb
X Malondialdehid SigmaAldrich-Chemie Steinheim

])  Test prooksidativhog djelovaQMD QD VWDQLpPQRM OLQLML
x 2',7-diklorofluorescin diacetat (DCHBA), SigmaAldrich-Chemie Steinheim
X Bovine serum albumin (BSAjigmaAldrich-Chemie Steinheim

x Dimetil-sulfoksid, p.a.Kemika,Zagreb

k) Komet test

x AJDUR]D QLVNH W R [HgidaMdidd-Caamip Steiatdeim

x AJDUR]D QRUPDOQH WS&ANdWwBChendi&b@inhkos
x DMSO, p.a.Kemika,Zagreb

x Etidij bromid, SigmaAldrich-Chemie Steinheim

X NaEDTA, SigmaAldrich-Chemie Steinheim

x Natrijev hidroksid, p.a.Kemka, Zagreb

x Natrijev laurilsarkozinatSigmaAldrich-Chemie Steinheim

X Tris-HCI, SigmaAldrich-Chemie Steinheim

X Triton X-100, SigmaAldrich-Chemie Steinheim

3.1.3 Otopine

3131 2WRSLQH NRULAWHQH ]D RGUHYLYDQMH UHALPD NLVLN
a) OGUHYVLY D QWNHNSHPW EiRiKPK HCN L

Otopina srebrnog sulfat - sumporna kiseline

Sumporna kiselina 965 ml

Srebov sulfat 10g

Otopina kalijevog dikromata (0,040 moL? NRMD VDGUA&aL &4LYLQ ,, VXOIDW
a Ln(ll) sulfat 80¢
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Sumporna kiselia 100 ml
Kalijev dikromat 11,768 g

- nadopuniti s destiliranom vodom u odmijernoj tikvici volumena 1000 ml do oznake

Otopina amonijevog aHOMH]R ,, VX O IDYWMEAS) PRO
Amonijev a H OWlIH duifat heksahidrat 4719
Sumporngiselina 20 ml

- nadopuniti s destiliranomodom u odmjernoj tikvici volumena 1000 ml do oznake

Otopina kalijevog hidrogenftalata (2,0824 mmdL 1)
Kalijev hidrogenftalat 0,4251 g

- nadopuniti s destiliranom vodom u odmijertikyici volumena 1000 ml do oznake

Otopina feroin indikatora
1,10fenantrolinl1-hidrat 1,485 ¢g
Amonij & H OWlIH$uRfat heksahidrat 0,980 g

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 100 ml do oznake

b) 2GUHYVLY Infangahadbg indeksa (KPK £Mn)
Osnovna otopina natrijevogoksalata (0,05 mdL 1)
Natrijev oksalat 6,70 g

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 1000 ml do oznake

Radna otopina natrijevogoksalata (5 nmolL 1)
Osnovna otopina nateyogoksalata 100 ml

- nadopuniti s destiliranom vodom u odmijernoj tikvici volumena 1000 mizdake

2VQRYQD RWRSLQD NDOLMHYMRAILYHUPDQIDQDWD §
Kalijev permanganat 3,29

- nadopuniti s destiliranom vodomaaimjernoj tikvici volumena 1000 ml do oznake
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5DGQD RWRSLQD NDOLMHYWRMILSHUPDQJDQDWD §
Osnovna otopina kaéyogpermangaata 100 ml

- nadopuniti s destiliranom vodom u odmijertikyici volumena 1000 ml do oznake

C) 2GUHYyLYDQMH ELRNHPLMVNE SRWUR&GQMH NLVLND
Otopina za nacjepljivanje
Kapsula s bakterijama 1 kom

Destilirana voda 500 ml

Fosfatni pufer (pH=7,2)

Kalijev dihidrogen fosfat 8,50
Dikalijev hidrogen fosfat 21,759
Dinatrijev hidrogen fosfaheptahidrat 33,4¢9
Amonijev klorid 1,79

- nadopuniti s destiliranom vodom u odmijernoj tikvici volumena 1000 ml do eznak

Otopina magnezijevog sulfata heptadihrata
Magnezigv sulfat heptahidrat 225¢g

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 1000 ml do oznake

Otopina kalcijevog klorida

Kalcijev klorid 2759

2W R S L Q Dvagd10) Kibd R heksahidrata
a H O WIH) JKorid heksahidrat 0,25 ¢

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 1000 ml do oznake

2WRSLQD ]D UDJUMHYLYDQMH PLQHUDOQL PHGLM

Fosfatni pufer 1 ml
Otopina magnezigvogsulfata heptahidrata 1 ml
Otopina kalcigvogklorida 1 ml
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2 W R S L Q rog(H)kMrid3 Reksahidrat 1ml

- nadopuniti s destiliranom vodom u odmijernoj tikvici volumena 1000 ml do oznake

3132 2WRSLQH NRUL3&Wdh@hiviDsoRGUHYLYDQM
a) OGUHYLYDQMH DPRQLMD
% R M Dddgeid

Natrijev salicilat 130 g
Trinatrijev citrat dihidrat 130 g
Natrijev nitropursid 0,970 g

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 1000 ml do oznake

Otopina natrijevog diklorizocianurata
Natrijev hidroksid 32,09
Natrijev diklorizocijanurat 20g

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 1000 ml do oznake

b) 2GUHYLYDQMH QLWULWD
%RMDMXuL UHDJHQV

4-aminobenzen sulfonamid 40,0 g
Ortofosforna kiselina 100,0 ml
N-(1-naftil)-1,2-diaminoetan dihidroklorid 20g

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 1000 ml do oznake

¢c) 2GUHYLYDQMH QLWUDWD
2WRSLQD OXaLQH
Natrijev hidroksid 200 g

EDTANa 50 g

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 1000 ml do oznake
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Otopina natrijevog azida
Natrijev azid 0,059

- nadopuniti s destiliranom vodom u odmjertikyici volumena 100 ml do oznake

Otopina natrijevog salicilata
Natrijev salicilat 1049

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 1000 ml do oznake

d OGUHYLYDQMH XNXSQRJ IRVIRUD
Otopina kalijevog peroksidisulfata
Kalijev peroksidisulfat 5009

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 100 ml do oznake
Otopina askorbinske kiseline
Askorbinska kiselina 10,0 g

- nadopuiti s destiliranom vodom u odmjernoj tikvieolumena 100 ml do oznake

Otopina kiselog molibdata (11)

Sumporna kiselina 230 ml
Amonijev heptamolibdatetrahidrat 13,0 ¢
Antimon Kalijev tartarat hemihidrat 0,35¢

- nadopuniti s destilanom vodom u odmjernoj tikvici volumena 500 do oznake

3133 2WRSLQH NRUL&AWHQH ]D RGUHYLYDQMH DQLRQD L NDW
a) 2GUHYLYDQMH NORULGD

Otopina srebrnog nitrata 8 molL !

Srebr nitrat 3,3974 ¢g

- nadopuniti s destiliranom vodom u odmijertikyici volumena 1000 ml do oznake
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Otopina kalijevog kromata
Kalijev kromat 10,0 g

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 100 ml do oznake

b) 2GUHYLYDQMH VXOIDWD
Otopina pufera A

Magnezigv klorid heksahidrat 30,09
Natrijev acetat 5009
Kalijev nitrat 1049
Ledena octena kiselina 20,0 mi

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 1000 ml do oznake

¢) 2GUHYLYDQMH NDOFLMD L PDJQH]LMD
$PRQLMDpPQS+SXIHU

Amonijev klorid 67,59
Amonijak 570 ml
EDTANa& 5,09

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 1000 ml do oznake

Otopina EDTA za titraciju
EDTAN& 3,725 ¢g

- nadopuniti s destiliranom vodom u odmjernoj tikvici volumena 1000 ml do oznake

Otopina natrijevog hidroksida, 2 mol/l

Natrijev hidroksid 8,09

d) 2GUHYLYDQMH NURPD 9,

Otopina difenilkarbazida

1,5defenilkarbazid 10g
Aceton 100 ml
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Ledena octena kiselina

1 kap

3134 2WRSLQH NRUL&AWHQH ]D RGUHYLYDQMH WH&GNLK PHWD (

PDWULNYV 3P R G LHROUG vodi) 1 +
PDWULNV 3B&R\GIU LadiMg(NQ)2)
PDWULNYV 3PRGLILHWIS% HNG) 12

otopine standard& D]OLpLWLK NRQFHQWUDFLMD

314

6YH QDYHGHQH SRGORJH VWHULOL]JLUDMX VH

Podloge za uzgoj bakterifgalmonella typhimurium

a) .RPSOHWQD WHNOX)D SRGORJD

Nutrient broth (no.2)

Destilirana voda

b) Kompletna kruta podloga (NB)
Nutrient broth

Natrijev klorid (NaCl)

Agar

Destilirana voda

c) Minimalna kruta podloga (VB)
Agar

Destilirana voda
-Nakonstet OL]DFLMH PLQ f&
VB soli

Biotin

40% glukoze

GRGDMH VH

PLQ QD

0,75¢g
30,0 mL

249
159
459
300,0 mL

3,09

200,0 mL

10,0 mL

5,0 mL
2,5mL
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d 3RYUALQVNL WRS DJDU 7%

Agar

Dedilirana voda

-$JDU VH WRSL X PLNURY D<e @aRij teShlis®dofdjeSULMH QHJROL

VB soli (50%)
Histidin-biotin otopina (0,5mM)
40% glukoza

129
200,0 mL

4,0 ml
20,0 mL
2,5mL

315 2WRSLQH NRUL&WHOQHoy@ t8sthRYRYHQMH $PHYV

a) VB soli (50%):

Destilirana voda

Magnezipv sulfat heptahidrat

Citronska kiselina x H20

Kalijev hidrogenfosfat trihidrat
Natrijevamonigv hidrogenfosfat tetrahidrat

- Sterilizira se 20 minuta na 170 &

b) Otopina glukoze (40%):
Glukoza

Destilirana voda

-6WHULOL]JLUD VH PLQXWD QD

c) Otopina biotin (0,5 mM):
D-biotin

Destilirana voda

-6WHULOL]JLUD VH C. PLQXWD QD

d) Otopina histidin-biotin (0,5 mM):
L-histidin-HCI
D-biotin

167,59
259

25,09
163,7 g
43,47 g

40,0 g
100,0 mL

61 mg
500,0 mL

52,4 mg
61,0 mg
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Destilirana voda
-6WHULOL]JLUD VH PLOQXWD QD
e) Fosfatni pufer - PBS (pH=7,27,4):

Natrijev klorid

Kalijevklorid

Natrijev hidrogenfosfat dodekahidrat

Kalijev hidrogenfosfat (KHPQu)
Destilirana voda
- Sterilizbase PLQXWD QD f &

f)  Otopina MgCl. x 6H20 (0,254 M):
Magnezigv klorid heksahidrat

Destilirana voda

g) Otopina KCI (1 M):
Kalijevklorid

Destilirana voda

h) PO4 pufer:
Natrijev hidrogenfosfat dihidrat
Destilirana voda

-6WHULOL]JLUD VH ILOWUDFLMRP

i) Otopina NADP (0,04 M):
NADP
Destilirana voda

-6WHULOL]JLUD VH ILOWUDFLMRP

) Otopina glukoza-6-fosfata (0,2 M):

Glukoza6-fosfat

[ &

500,0 mL

4,09

0,19
1,169
0,19
500,0 mL

2549
50,0 mL

3,89
50,0 mL

31,29
750,0 mL

0,39
10,0 mL

0,6 g
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Destilirana voda 10,0 mL

-6WHULOL]LUD VH ILOWUDFLMRP P

k) Smjesa S9 (10%):

NADP (0,04 M) 1,0 mL
Glukoza6-fosfat (0,2 M) 0,3 mL
Magnezigv klorid heksahidrat (@5 M) 0,3 mL
Kalijevklorid (1 M) 0,3 mL
Fosfatni pufer 50mL
S9 1,0 mL
Destilirana voda 2,1mL

3.16 2WRSLQH NRUL&AWHQH ]D SURYRYHQMH WHVWD FLWRWR
a) Fosfatni pufer - PBS (pH=7,27,4):

Natrijev klorid 409
Kalijevklorid 0,19
Natrijev hidrogenfosfat dodekadrat 1,16 g
Kalijev hidrogenfosfat 0,19
Destilirana wda 500,0 mL

-6WHULOL]JLUD VH PLOQXWD QD f &

b) ,VKRGLAQD RWRSLQD QHXWUDO UHG PJ P/
Neutral red 50¢g

Destilirana voda 1,0 mL
c) Radna otopina neutral red (0,1%):

,ZVKRGLAaQD RWRSLQD QHXWUDO UHG 250 mL
Medij 24,750 mL
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d) Otopina za odbojavanje:

Octena kiselina 1,0 mL
Etanol 50,0 mL
Destilirana voda 49,0 mL

317 2WRSLQH NRULAWH Q H cpRsidativRog Rjglev@ljaH WHVWD SU
a) Fosfatni pufer - PBS (pH=7,27,4):

Natrijev klorid 4,09
Kalijev klorid 0,19
Natrijev dihidrogenfosfat dodekahidrat 1,16 g
Kalijev hidrogenfosfat 0,19
Destilirana voda 500,0 mL

-6WHULOL]LUD VH PLQXWD QD f &

b) ,VKRGLaAQD R MWikdedfla@i@scin diacetat (DCF-DA) (2 mM):

DCF-DA 1,0 mg
Dimetil-sufoksid 1,0 mL
c) Radna otopina 2',7-diklorofluorescin diacetat OCF-'$ /
,ZVKRGLaAQD RMDARSLQD '&) /
PBS pufer (pH=7,2,4) 9,3mL
BSA (1%) /

318 2WRSLQH NRULAWHQH ]D SURYRYHQMH WHVWD OLSLGQ
a) Fosfatni pufer - PBS (pH=7,27,4):

Natrijev klorid 409
Kalijevklorid 0,19
Natrijev hidrogenfosfat dodekahidrat 1,16 g
Kalijev hidrogenfosfat 0,19
Destilirana voda 500,0 mL
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-6WHULOL]JLUD VH PLQXWD QD f &

b)  Tiobarbiturna kiselina (0.67%):
Tiobarbiturna kiseha 0,067 g

Destilirana voda 10,0 mL

c) Trikloroctena kiselina (10%):
Trikloroctena kiselina 109

Destilirana voda 10,0 mL

3.19 2WRSLQH NRUL&AWHQH ]D SURYRYHQMH NRPHW WHVWD
a) Otopina NMP agaroze (1%):

NMP agaroza 100,0 mg

PBS pufer (pH=7,2t7,4) 10,0 ml

b) Otopina NMP agaroze (0,6%):
NMP agaroza 60,0 mg
PBSpufer (pH=7,2+7,4) 10,0 ml

c) Otopina LMP agaroze (0,5%):
LMP agaroza 50,0 mg
PBS pufer (pH=7,2t7,4) 10,0 mL

d) Pufer za lizu stanica (pH = 10)

Osnovna otopina: destilirana voda, NaCl (2,5 M);E2TA (100 mM), TrisHCI (10 mM),
Na-laurilsarkozinat (1%)

Radna otopinap LUHYHQD MH L] RVQRYQH GRGDYDQMHP
Triton X-100 1%
Dimetil-sulfoksid 10%
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e) Pufer za denaturaciju stanica (pH = 13)

Natrijev hidroksid (10 M) 30,0 ml
NaEDTA (20 mM) 5,0 ml
Destilirana voda 965,0 mL

f)  Pufer za reutralizaciju (pH = 7,5)

Tris-HCI 48,5 ¢
Destilirana voda 1000,00
mL

g) Otopina Etidij -bromida
Etidijev bromid —J

Destilirana voda 1,0 mL

3110 %LROR&NL W bNUW WLXINEIRML RV LPp QLK XpLQDND

a) Sojevi bakterije Salmonella typhimurium

.RULAWHQD VX Gsamdgriehd BpEmUKNMTFALGE M A 100.

Karakteristike sojevalane suX WDEOLFL =D SURYRYHQMH HNVSHULPH
X]JRMHQL NDR SUHNRQRUQD NXOWIogeprid7€. PO NRPSOHWQH

Tablica 2. Karakteristike sojeva TA 98 i TA 100 (Mortelmans i Zeiger, 2000)

; TA 98 TA 100

Mutacija na operonu hisD3052 hisG46

Ciljana DNA -C-G-C-G-C-G-C-G- -G-G-G-

Vrsta mutacija 3RPDN RNYLUD Supstitucija parova baza

(frameshift)

uvrB- bio Delecija Delecija

/36 RAWHUHQMH Rfa Rfa
Prisutnost plazmida pKM101 pKM101

Broj spontanih revertanata bez S9 20 £50 75 £200

Broj spontanih revertanata sa S9 20 £50 75 +200
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by 6WDQLPQDPALQLMD +(

8 HNVSHULPHQWX MH NRULAWHQD NXOWXUD KXPDQRJ NDU
monosloju. Stanice su uzgojene u mediju DMEM s 10%-BB®i37€ X YOD&AQRM DWPRV/|
uz5%CQ 3ULOLNRP SUHVDYLYDQM D-tvidvDhignafEips& RULAWHQD MH

3.1.11 Oprema

Pregled X UHYyDMD XSRUDEOMHQLK X L]@DGL GLVHUWDFLMH GDQ
Tablica3. Aparaturat X UHYyDML XSRUDEOMHQL X LJUDGL GLVHUWDFLN

Aparat

3URL]YRYVDp

AQDOLWLpPND YDJD 0&
AQDOLWLXIR®ADJID
Autoklav

CQO; inkubator

Epifluorescencijski mikroskop
Fluorimetar FLUOsta OPTIMA
Invertni mikroskop

Kadica za elektroforezu
KODVLpPQD FHQWULIXJD OHJDIX.
Laminar, IBK 1 V2

MLMHADOLFD 06 PLQLVKDNHU
Spektrofotometarmicroreader

Termoblok

Termostat

Tresilica

pH metar, model Five easy

Terenski multimetar, HACH 30 dQ

UUHYyDM ]D RGUHYLYDQMH .3.
Inkubator, model 608i

Oksimetar, model InoLab Oxi 7310,

Elektroda Stirox G

Spektofotomatar, model DR 6000

Vodena kupelj

Termoblok

Plameni fotometar

Plameni atomski apsorpeki spektrofotometar (AAS)
Atomski apsorpcijski spektrofotometagrafitnom
SHUL -G®6

6 XaLRQLN

/IDERUDV

Sartorius, Goetingen

Mettler Toledo, Greifensee, Switzerland
IPIM, Hrvatska

Brouwer CH, Luzern

Leica Microsystems GmbH, Wetzlar
BMG Labtech, Offenburg
OpticaMicroscopes, Bnteranica

Life Technologies, New York

Sepatech, Gottlieb

,VNUD aHQWMHUQHM
Wilmington, Staufen

Tecam, Mannerdorf

ISKRA, Slovenija

ISKRA, Slovenija

ISKRA, Slovenija

Mettler Toledo, Greifensee, Switzerland
HACH, Loveland,Colorado

model TRS 300, BEHR,AMHPDpND
WTW, Njemap N D

WTW, 1IMHPDpPND

WTW, 1IMHPDpPpND

HACH, Loveland, Colorado

GFL 1 MHPDpND

HACH, Loveland, Colorado

model novAA 350, Analytik Jena
model AAnalyst 600, PerkinElmer

model INB 200, Memmert

8 SURYRYHQMX SRNXVD L DQDOLWLpPNQR © B %WRIGDWHRIR UDVENR

pribor i materijal navedeni u tablicd.
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Tablica4. ' DERUDWRULMVNR SRVXyH SULERU L PDWHULMDO XSR

metoda

IDERUDWRULMVNR SRVXyH SUL 3URL]YRYD)p

Klipna pipeta, 10 —/

Eppendorf, Hmburg

Klipna pipeta, 0,5+5,0 mL

Eppendorf, Hamburg

Klipna pipeta, 1,0+£10 mL

Eppendorf, Hamburg

Digitalna bireta Solarus
Dispenzor 530 ml Ceramus
Fiksni dispenzor, 5 ml Ceramus

MLNURWLWUDFLMVNH SORpH

Falcon, BD Company, Fanklin Lakes

P O D V WRetrijet Hdjelice

Aptaca, Canelli

T- boca

Falcon, BD Company, Fanklin Lakes

Pasteurove pipete; 25 mL

PODVWLPQH HSUXYHWH

Propipeta

Automatske birete volumena 25 i 50 ml

HirschmanAR/ DERUJHUIWH

Mikrofilteri

Menzure

Kivete

BUXaHQD SUHGPHWQD VWDNDOFD

Staklene epruvete,-30 mL

Staklene Petrijeve zdjelice

Tikvice ravnog dna, 160L000 mL

Odmijerne tikvice

7T*UNBQUNRYD NRPRUD

Stakleni filter papir

Whatman, Maidstone
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3.2.
321

Metode

Fizikalno NHPLMVNL SRND]DWHOML NDNYRUH XSRUDEOMHQH PH

Metode fizikalno-kemijskih ispitivanja

SRND]DWHOMD NDN#WBRIidGH SULND]DQL VX X

Fizikalni pokazatelji

Tablica5. Popis pokazatelja i metoda ispitivanja

pH HRN EN ISO 10523:201 0,01
(OHNWULPpQD YRG((HRNEN 27888:2011 !
BNXSQD WYDU VXa| DIN 38409 (1):1987 2,0 mgL?
Suspendirana tvar HRN EN 872:2008 2,0mglL?
5HALP NLVLND
KPK £Mn HRN EN ISO 8467:2001 0,5 mgO,L*
KPK *Cr HRN 1SO 6®0:2003 15mgQL?
BPKs HRN EN 18991:2004 0,5mgQL*
HRN EN 18992:2004
Anorganski pokazatelji hranjive tvari
Amonij HRN I1SO 71561:1998 0,010 mgN L*
Nitriti HRN EN 26777:1998 0,010 mgN L?
Nitrati HRN 1SO78903:1998 0,2mgNL?
Ukupni G XaLN RU-OTV-005 izdanje 1 (HACH Lange, kivetni test) ImgNL?
Ukupni fosfor HRN EN ISO 6878:2008 0,050 mgP L*
Anorganski pokazatelji +anioni i kationi
Kloridi HRN I1SO 9297:1998 5,00 mg L
Sulfati Standard methods 21th Ed. 2005:45042 E 1,00 mg L!
Natrij HRN I1SO 99643:1998 1,00 mg L*
Kalij HRN 1SO 99643:1998 1,00mg L?
Kalcij HRN I1SO 6058:2001 0,05 mmol 1
Magnezij HRN 1SO 6059:1998 0,1mmol L
Fluoridi RU-OTV-045 izdanje 1 (HACH Lange, kivetni test) 0,100 mg L*
Krom (VI) HRN ISO 11083:1998 0,010 mg L*
Anorganski pokazatelji +tWHaNL PHWDOL
AaHOMH]R HRN EN ISO 15586:2008 0,025 mg L*
Mangan HRN EN ISO 15586:2008 0,025 mg L*
Arsen HRN EN 1S0O15586:2008 0,007 mg L*
Kadmij HRN EN ISO 15586:2008 0,0015 mg t*
Krom HRN EN ISO 15586:2008 0,025 mg L*
Olovo HRN EN ISO 15586:2008 0,010 mg L*
aLyb RU-MET-198_izdanje 1 0,001 mg L*
Nikal HRN EN ISO 15586:2008 0,025 mg L*
Cink HRN EN 1SO15586:2008 0,025mg L!
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322, 2GUHYLYDQMH ILILNDOQLK SRND]|DWHOMD

3221. 2GUHYyLYDQMH S+ L HOHNWULpPQH YRGOMLYRVWL

Tijekom sanitarne pripreme pijezonaga za uzimanje uzoraka podzemne v@dBN ISO
566711:2011)na terenu je provedeno ispiranje pijezometara. Prilikom ispifa@aometra

terenskim multimetrom mjerena H O H N wodljlvpsQ(BIRN EN278882011) podzemne

vode.

Uzorak podzemne vode uzgg tek NDGD VH YULMHGQRVW HOHNWULpPQH
uzastopna mjerenja provedena u razmaku od 5 mmataju imati razliku manju od 5%

U tom uzorku primjenom terenskog multimetiamjerena jepH vrijednost (HRN EN 1SO
10523:2012) temperatura.

3.2.2.2. GravimetULMV NR R (RWANWDL WD Q MudpéartdicandirP L

2GUHYLYDQMH XNXS QRIN 3840010 98 R0OD) i Sus@eHdpddd tva(HRN EN
872:2008)provedeno je gravimetrijskim analizama.

2VWDWDN (DNa38@MEHP8701) odrHYHQ MH XS D WsDhod Qolehetég G R
volumena vode porcuanskoj posudicpoznate masea vodenoj kupelji. Nakon uparavanja

R G U Hy m&adpddudice uparenim ostatkomiz razlike mase porculanske posudice prije

L SRVOLMH XS D UeukupQ M B VWIDMHDUQUMPESHHKD X P J

Suspendirana tvdHRN EN 872:2008)R GUHYH QD NMhHO0 mO/Bde fhrékDd sPelethog

filter papirapoznate maseWH VXaHQMHP |ILOWSHUWL S Digkbsianthevwas®© RJR P

Iz razlike mase filtepapira prijei nakonfiltriranjaizUDpXQDWD MH VXVSHQGLUDQCL

umgL™

3223. 2GUHYLYDQMH UHALPD NLVLND

Nakon kuhanjauzorkauz prisutnost kaljpermanganata i oksalne kiselitigimetrijski je

R G U khégrim@nganatni indeks (HRN EN ISO 8467:2001)

Na oksimetrue LIPMHUHQD SRpHWQD NRQFHQWUDFLMD NLVLND
SRpHWQD NRQFH @Wedh kppetiaba NinkihatopriRYOW & 10 f& L QDNRQ

pet dana opet je izmjerena koncentracija kisika.

5D]OLND L]PHYyX SIRPHHWRKQAHQRQDELRKNHPU MG MW 5YROMLR & Q N
BPKs (HRN EN 18991:2004, HRN EN 1892:2004).
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3.2.2.4. Spektrofotometrijske analize hranjivih tvari, aniona i kation

D 2GUHYLYDOQNRN ISG RIBALNMINB) napravljeno je u odmjerninikvicama
YROXPHQD PO 8 WLNYLFH MH GRGDQR PO RULJLQDOQR
amonij i 4 ml otopine natrijevog diklorizocianurata, te je tikvica nadopunjena do oznake s
destiliranom vodomiNakon dodavanja reagensa uzorci su ostavijaaobnoj temperaturi 60

minutg teje na spektrofotometru izmjerea@sorbancija uzorka na valnoj duljini 655 nm u
NLYHWL RSWLpPpNRJID SXWD PP =D VOLMHSX SUREX NRULVYV

reagensima kao i u uzorak.

E 2GUHg otvitB C(HRN EN 26777:1998)napravijeno je u odmjernim tikvicama

volumena 50 ml. U tikvice je dodano 40 ml originalnog uzorka L 1IBBAR M DM XUHJ UHDJHQ)

nitrite, te je tikvica nadopunjena do oznake s destiliranom vodom. Nakon dodavanja reagensa

uzorci su ostavljeni na sobnoj temperaturi 20 minuta. Nakon 20 minuta izmjerena je

DSVRUEDQFLMD X]RUDND QD VSHNWURIRWRPHWUX SUL YDO
PP SUHPD XOWUDpPLVWRM YRGL NDR VOLMHSRM SUREL

F 2GUHYLYD (RN ISDLASRELYRE) napravljenoje iz 25 nL uzorka koji je

kvantitativno prenesen u porculanske posudice. U posudice je dodanolLOgopine

natrijevog azida i 0,2 in otopine octene kiseline. Nakon 5 minuta reakcije posudice su
prenesene na vodenu kupelizorak je upeen do suhog. U posudice je zatim dodanoll m

otopine natrigvog VDOLFLODWD SURPLMHaADQ L RSHW XSDUHQ GR
posudice su maknute s vodene kupelji i ostavljene da se ohlade na sobnu temperaturu. Zatim

je u posudie dodano 1,0 nsXPSRUQH NLVHOLQH L RVWDYOMHQR P
reakcije u posudice je dodano 1Q mestiliranevode i 10 ml otopine natajoghidroksida.

Ovako pripremljen uzorak je kvantitativno prenesen u odmjernu tikvicu volumend.25 m

kroz 10 minutagrijg@ X YRGHQRM NXSHOML SUL f& WH MH QDNRQ
s otopinom natrijevog hidroksida. Nakon nadopunjavanja izmjerena je apsorbancija uzorka na
VSHNWURIRWRPHWUX SUL QP X NLYHWL RSMIilkhiNRJD S X\
slijepg probi.

G 2GUHYLYDQMH (RMRB/YOSJizGaK&WAE) napravljeno je s komercijalno
GRVWXSQLP NLYHWQL WHVWRYLPD SURL]YRYyDinikat+$&+ /DQJI
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NDSVXOD UHDJHQVD WH VH NozicOmxuE. kbR drge<djB INuxo@KD f& 1T

su dodani reagensi i izmjerena je apsorbancija na spektrofotometru.

H 2GUHYLYDQMH XRXERQIBO AR3/2M&)&pravljeno je iz 40 muzorka.

Uzorak je dodan u Erlenmayerovu tikvicu volumena 100 mNfQ pHJIJD dWMHWGRGDQ
RWRSLQH SHURNVLGLVXOIDWD L NXKDQR NUR] PLQXWD
kvantitativno je prenesen u odmjernu tikvicu volumena %0 bhtikvicu je zatim dodano 1

mL otopine askorbinske kiseline i 2 ml otopine kiselog bdita, te je tikiwa nadopunjena

do oznake s destiliranom vodom. Nakon dodavanja reagensa uzorci su ostavljeni na sobnoj
WHPSHUDWXUL PLOQXWD QDNRQ pHJD MH LIPMHUHQD DSVR
YDOQRM GXOMLQL RG UL XN framta VB W BB p(MDNVPW R Y RGL ND
probi.

I 2GUHyLY D (StahbaxdM&hdaddyZith Ed. 2005:45@0D42 E) napravljeno je iz

100 nL uzorka u kojeg je dodano 2@ XIHUD $ L &og Rlork®. UEZzaraklje
SURPLMHAEADQ X WUDMDQMX RPGE QXM )XGWDVH RVWDORMHQ1D
izmjerena je apsorbancija uzorka na spektrofotometru pri valnoj duljini od 420 nm prema
PLVWRP X]JRUNX NDR VOLMHSRM SUREL

J 2GUHYLYDQWRBOTY-34B,Uizdénz 1/2013) napravljeno je s komercijalno
dostupniP NLYHWQLP WHVWRYLPD S Rddrdad D kizte+t8ta+se/ DQJH
klipnom pipetomdoda 3 nh uzorka kiveta se protresd. QDNRQ VHNXQGL VH R

spektrofotometru.

K 2GUH ydrohia@w) BHRN 1SO 11083:1998hapravljeno je u odmjernim tikeama
volumena 100 . U tikvice je dodano 50 ml uzorka, 2 ml otopine fosforne kiselineni 2
otopine difenilkarbazida. Tikvice su nadopunjene do oznake s vodom, nakon 15 minuta
izmjerena jeapsorbancija uzorka pri valnoj duljini od 550 nm prema destdjrandi kao

slijepoj probi.

3.2.2.5. Titrimetrijske analize

D 2GUHYLY D GIRNHIS® ORUI19G8Dapravijeno je iz 100 huzorka. U uzorak je
dodano 1 rh otopine kalijevog kromata i uzorak je titriran s otopinom srebrnog nitrata do
SUHODVND ERMH LiréeXWmraradel@ B UZorRdoD)istivi Rostupkditrirala se
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L GHVWLOLUDQD YRGD ,] UD]JOLNH XWURA&H QilRahe¥w&de XPHQD \
L X]RUND IDNWRUD NRQFHQWUDFLMH VUHEUQRJ QLWUDWD

klorida u uzorku.

E 2GUHYLY DERNHSO GDeBE2D0)nagnezijg HRN ISO 6059:1998)apravijeno

je titracijom 50 nb uzorka s otopinomEDTA. Prva titracija se radi uz dodatak
DPRQIRMDPXIHUD L QD YUKX AOLpLFH LQGLNDWRUD (ULRNU
promjene boje otopineli FUYHQH X SODYX 5DpXQVNL VH L] XWUR&HQR
suma koncentracija kalcija i magmja u otopini. Druga titracija s EDTAe provodi iz
dodatnh50mMX]RUND X NRMH MH GRGDQR PO RWRSLQH QDWUL
indikatora . DONRQ 7LWUDFLMD VH SURYRGL GR SURPMHQH ERN
XWUBRBaid@iena LI UDpXQD VH NRQFHQWUDFLMD NDOFLMD X
NRQFHQWUDFLMD NDOFLMD L PDJQH]LMD L NRQFHQWUDF

magnezia.

3226.3QDOL]H WHANLK PHWDOD QD $$6 V JUDILWQRP SHUL
2GUHYyLYDQMH MHODQUP YOMHQAR/LUDQMHP RGUHYVHQRJ YRO
SUHWKRGQR MH X]JRUDN REUDYHQ ILOWULUDQMHP SUHNR ILC
dodavanjem PO GXaLpQH NILVi#®d QD QD P

3.2.3. Priprema podloga za uzgoj bakteigalmonella typhimuriumS9 smjese

Za izvedbu pokusa potrebno je pripremiti tri vrste podlaghRPSOHWQD WHNXUD SRGC
minimalna kruta podloga (VB) i top agar (TA).RPSOHWQD WHNXUD SRGORJD
dodavanjem0,75 gNutrientbrothNo.2 u 30 nb destilirane vode. Tako pripremljena podloga
VWHULOL]LUD VH DXWRNODYLUDQMHP PLQ QD f& OL
dodavanje 7,5 g agara u 500 atestilirare vode, te se sterilizira u autoklavu 20 min na L &

IDNRQ VWHULOL]DFLMH X RKO DLANBGO (RogeRBBMNersoh),HojeG R G D M H
su smjesa MgSO1T 20, KeHPQy, KoHPOs T 20, NHiNaHPQ, NHsNaHPQ @ 40

i limunske kiseline otopljenitiX YUXURM GHV WL AlhdtdiQR 6)2% R @gukoze. P

Top agar podloga se priprema dodavanjem 0,72 g agara u ll2festlirane vode, te se

sterilizira u autoklavu 20 min na 12p& 3ULMH UD]OLM Hé& D QidvalmmgDU VH |
SHUQLFkeWbHa PXinVB soli, 12MI otopine histidin biotina i 1,5 ml 40% glukoze.

S9 smjesa priprema se dodavanjem 2,5 ml NADP, 0,75 ml gl#kézstat, 0,75 mL MgCI2

X 6H20, 0,75 mL KCI, 12,5 mL PQ4sufera, 5,25 mL sterilneedtilirane vode i 2,5 mL S9
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(mikrosomalna frakcija) u Erlenmayerovu tikvioolumena 25 m0 6 MH PHRIWDEROLPD
DNWLYDWRU GRELYHQ KRPRJHQL]JLUDQMHP MHWUH &WDNRI

endoplazmatiskim retikulom

3.24. Uzgoj bakterijeSalmonekh typhimuriumz pohranjene baktgske kulture

'R SRpPHWND SULSUHPH EDNWH U18M V& DY%NDXNAOWNHXULL M WINHL SVRRAMU V'
L] MHGQH L]JROLUDQH EDNWHULMVNH NRORQLMH 1D EDNW
SURYMHUX IXQNFLRQDOQRVWL iipsEidvijstanaQqrRuvadija nidisy LK aHO M
operonu,rfa i uvr- B mutacije) te prisistvu pKM101 plazmida i broj spontanih revertanata
(Mortelmans i Zeiger, 2000).

325, . XOWLYDFLMD +(S VWDQLpQH OLQLMH L SULSUHPD VW
=DPU]JQXWD VWD QpileQde uNvodewoX kupeljiRd7 f& QDNRQ pHJID VF
centrifugiranjem pri 100@om kroz 5 min uklonio supernatant. U dobiveni talog doda sk 1 m
VYMHAHJ PHGLMD JZJULVRPRUIQERDFHQWULIXJLUD QD USP
pripremljene stanice na§aX M X VH X SHWULMHYH JGMHOLFH 1DBNRQ V
boce i wgajaju do subkonfluentnog stanja, kada se mogu koristiti za eksperiment (Freshney,

=D SULSUHPX VWDQLpQH -boscanta hpiQetarvde WKIDni YhRaoBt@iL FD X
medij i stanice se isperu 0,25% tripsinom. Nakon ispiranja na stanice se dod&NmRaaL pL Q D
RWRSLQH WULSVLQD 1D WDM QDpLQ VWDQLFH VH RGOL
=D |IDXVWDYOMDQMH SURWHROLWLpPpNRJ XpHRINDD MQ V SIVIXPIR F
(Freshney, 2010).

326, $QDOL]D JHQHWL p NhésoN3djeaNWHULVWLND

1IDNRQ SULSUHPH ]DPUJQXWLK VWDQLFD D SULMH L]YRYH
WHVWLUDQL VRMHYL VX DQDOL]JLUDQL |peviatsiurmyabiad UH JHQL
THVWRYL XNO M4 markédd, Srovienad BldeXcije, prisutnost plazmida pKM101

i broj povratnih mutanata.

a) Provjerafa markera:

1D NRPSOHWQX 1% SRGORJX QDFLMHSOMHQR MH —/ SUI
sterilQLP AWDSLUHP SR 'ULJD OV N BWen tBrilv PapitatiQiXk SakejipH MH V
MH GRGDQR —/ RWRSLQH NULVWDO YLROHWR L6FSRGORJD

42



SalmonellaVRMHYL EL WUHEDOL SRND]DWL JRQXiRRKLELFLMH NR
1984; Timbrell, 2000).

b) Provjerauvr B delecije

1D NRPSOHWQX 1% SRGORJX NDSDOMNRP MH GRGDQR N
udaljenostima jedna od druge. Kapi su se ravnomjerno rasporedile po podlozi. Bakterije na
podlozi supostS HQR R]JUDpPpHQH 89 VYMHW O R VoALE sekuRd) NKéIlke D O QR P
EL LIODIJDQMH ELOR GXOMH RG VHNXQGL VPDQMLOR EL V
1984; Timbrell, 2000).

c) Prisutnost plazmida pKM101 (ampicilin rezistentnost)

Na kompOHWQX 1% SRGORJX QDFL M Hre GuitteiRazkhdkano sa—/ SUH |
VWHULOQLP @&WDSLUHP SR "ULJDOVNRP 1D VUHGLQX SORpH
MH GRGDQR —/ DPSLFLOLQD L SRGORfI® MH LQNXELUDQD

d) 8 p Hdavpotnih mutanatasvaki od ispitivanih sojed LPD NDUDNWHULVWLpPQ X
spontanih revertanata his 2ELpQR SRVWRMH YDULMDFLMH NRMH RYL)\
otopine. Neki sojevi su visoko osjetljivi na S9 koncentracije i njihove vrijgdspsntanih

revertanata rastu sa koncentracijogn(Blortelmans i Zeiger, 2000).

327 2GUHYLYDQMH WRpPNDVWLK PXWDFLMD SURFMHGQH L
sustavuSalmonella typhimurium
=D LVSLWLYDQMH WRpNDVW ISEHMmBn¢\ pihimdrdimd RAUHLA B/ RINQW R/NKHVI R
mutacijama u histidinskom operonu. Ovi sojevi su histidin auksotrofi te ne mogu stvarati
NRORQLMH QD PLQLPDOQRM SRGOR]JL 1RYH PXWDFLMH QC
mutacija mogu vratiti funkcionalnost geta R P R J X U L Walda\opéOs@tetizibaR histidin
i rastu na podlogama bez prisustva histidina. Takve novo mutirane stanice su povratai mutant
prototrofi (Mortelmans i Zeiger, 2000). Amé8Y WHVW MH NRULAWHQ ]D RGUH\
XpLQND 8 PU DN B B @D Q ba kbhceR@diHigditivanog uzorka vode (0,1,

[ [ L [ —/ EDNWHUL M V-l Radavsk &kgpbetiment preyo@i % 6
EH] PHWDEROLPpNRJ DNWLYDWRUD ©6YH ]JDMHGQR MH KRPRJ
podlogute inkubirano 48 saha 372& .DGD VH HNVSHULPHQW SURYRGL X SU
DNWLYDWRUD SRVWXSDN MH LVWL &RPRECBRMHH XP-MHE¥WWRPMHY
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svaki eksperiment se radi i negativna kontrola (Mortelmans i Zeiger, 2000). N&kiaane
VH R G WgiEi tHutacije (Qr) koji predstavlja omjer broja kolonija poraslih nakon
tretiranja uzorkom i broja kolonija poraslih na negativnoj kontroli.

328 2GUHYLYDQMH FLWRWRNVLPQRJ XpLQND SURFMHGQH L
liniji
2GUHYLYDQMH FLWRWRNYVL p Qeudral Xrednietdd@mQBeBichDiY O M H Q R
Borenfreund, 1991)1HXWUDO UHG PHWRGD MH ALURNR SULPLMHQM
FLWRWRNVLPpQRVWL UD]OLpLWLK WYDUL V EURMQLP SULP
ispiWLYDQMLPD XW BdoidnfbeMnd i OuRrneriNI®&Bhlich i Borenfreund, 1991).
To je kolorimetrijski test koji se temelji na ugradnji boje Neutral redar(@no7-
dimetilamine2-PHWLOIHQD]LQ KLGURNRORLG X OL]JRVR$LH AaLYL}
LVWUDALYDQLP WYDULPD 1HXWUDO UHG MH VODER NDWLRQ
QHLRQVNRP SDVLYQRP GLIX]JLMRP L HOHNWURVWDWVNLP K
OLIRVRPVNRJ PDWULNVD :LQFNOHU - bojeldtBriitMovisi V X U
R VSRVREQRVWL VWDQLFH GD RGUAabDYD S+ JUDGLMHQW
OL]JRVRPDOQX PHPEUDQX VPDQMXMX XQRV L ]|DGUADYDQMI
QRUPDOQLK RAWHUHQLK L PUWYLK \eWaRQ4dBvD M XWEHRINDQ 1) .
LVSLUDQMD L SURFHVD ILNVDFLMH %DELFK L %RUHQIUHXOQ
SURSRUFLRQDOQD EURMX ALYLK IXQNFLRQDOQLK VWDQLFD
=D L]YRYHQMH PHWRGH QD PLNURWLWDUVNH LSORpPLFH
suspenje stnica HEp2 u koncentraciji ¥Gtanica mt! kroz 24 sata. Inkubacija stanica
trajala je 24 satapri3f& 1DNRQ daWR VX VWDQLFH Xd0H X HNVSRQH
su, kroz 24 sata, uzorcima vode u koncentracijame Q,0x, 5,x i 10,0x. Nakon 24 sata
WUHWLUDQMD GD VH XNORQL SUHRVWDOL PBS@ufdv. L X]RUF
1IDNRQ LVSLUDQMD X MDALFH Mdut@Red BQURNnkubirar® Is&GriQ H RWR
f& 3RVOLMH LQNXEDFLMH VWDRRESHUEM. BRtKRYaQde zZVSUDQ!
OL]RVRPD ALYLK VWDQLFB 0Q RWRsdHGEaNE) He S intenzitet
HNVWUDKLUDQH ERMH PMHULR QD VSHNWURIRWRPHWULMYVN
.DR QHIJDWLYQD NRQWht&Hjd& uddrdid (Repette i Surd 20087 Bltgo i sur,
2009). Ispitivanje je ponovljeno 2 putsa 6 tretmana koncentracija svih uzoraka po
HNVSHULPHQWX ] GRELYHQLK SRGDWDND L]J]UDpXQDR VH S
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— Hsrr
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Gdje je,
A zapsorbancija tretiranih stanica
NK zapsorbancija negativne kontrole

329, 2GUHYVL YobkSidatitn8g pLQND SURFMHGQH L SRG]HPQH YRGH
liniji

2GUHYLYDQMH VORERGQLK UDGLNDOD 526 QDVWDOLK ED]
NVHQRELRWLND NRMLPD VX VWDQdigdmofluorpechRdiat@dd Y UAL
fluorimetrijskim testom. Struktura 2'/7' diklorofluorescindiacetat (DCFFDA) mu

RPRIJKIHK ODNX GLIX]LMX NUR] VWDQLpQX PHPEUDQX JGMH
intracelularnih enzima prevodi u 2+, diklorofluorescin (DCFH) koiji je izrazito fluorescentan

(Wang i -RVHSK 1D PLNURWLWDUVNH SO Rpddsphzie MDALFD
HEp2 stanica koncentracije 26tanicamt! 1DNRQ QDVDYLYDQMD VWDQLFD X
LVSLWLYDQD YRGD UD]O L#iQ,0X)Li Ktahide QA @Vae DA L f &
Inkubacija se odvijala tijekom eksponencijalne faze rastacstaNakon 24 sata stanice su
LVSUDQH LWBS puferaidodano je 106-/ RWRSLQ#H '&)+-0 WH VX VWDQ
ostavljene 30 minuta u inkubatoru na §7& 3 RVOLMH DCFN-RA 2fjerehHe V

intenzitet fluorescencije pri valnim duljinama od 48 QP ]D HNVFLWDFLMX L “
HPLVLMX 9XOLii (NVSHULPHQW MH SRQRYOMHQ GYD ¢
X]JRUDND SR HNVSHULPHQWX JRMafGMIDN LQGXNFLMH L]JUDA

415
+JL—2 Hsrr

a150 L
0-

Gdje je,

In tpostotak indukcije
ROS tintenzitetfluorescencije

IF ffluorescencija tretiranih stanica
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NK zfluorescencija negativne kontrole
P+SRVWR SUHAaLYOMHQMD Y S

3.2.10. 2 G Uwvdnje lipidne peroksidacije procjedne i podzemne vode na HEpZ DQLpPp QR M
liniji

SHURNVLGDFLMD OLSLGD VH RGUHGLOD IOXRULPHWULMVNL
dobivene iz tetraetoksipropana. Prilikom reakcije MDA s tiobarbituratnom kiselinom)(TBA
QDVWDMH UXaLpDVWR RERMHQMH NRMBARMHM u3dikt SRUFLR(
(Devasagayam i sur., 2003).

3.2101.2 GUHYyLY DRDAHompteRsa u uzorcima
8 SHWULMHYH ]GMHOLFH SURPMHUD FP QDVDYHQR MH
stani@ 1@ stanicam! 1DNRQ QDVDYLYDQMD My ReQ@adama i¥pitvahe/ UL MH Y
voda i stanice su ostavljene kroz 24 sata. Poslije 24astansca je uklonjen medij i stanice
VX LVSUDQH V 3%6 SXIHURP 30DVWL pdQjerPs dn& BedrijeyiH VWD QL
SRVXGLFD L SUHEDpH Q ¢eniifugu, kelSiRdva plda Ysprsviél s po 11 BBS
pufera. Ovako pripremljene stanice su centrifugirane u trajanju 5 min na 5000 okr/min. Nakon
FHQWULIXJLUDQMD X HSUWUXPBBRAVtd sh slanc&R GDIQJR s kuglicama
SURPMHUD XWDXYRBIWMNHONVLUDQMD L KODYHQMD 6YDNL FI
YRUWHNVLUDQMD QDNRQ NRMLK VOLMHGL VHNXQGL KODY
E—uzorka se kvantitativnorpneseno u kivetuyD NDVQLMH RGUHYLYDQMH
%UDGIRUGX D X SWHRGRGOMH -WQH WULNORURFWHQH NLV
minuta na temperaturR G f& 1DNRQ MOAMHHNRWS NRMHJD VX VH LVW
uzorak se centrifugao kroz 5 min rD RNU PLQ ,] VXSHUQDWsiogh&/D VH X]lI
X NRML VH GRGDb®me tiobabi#dratne kiseline, te se inkubiralo kroz 30 minuta
QD f& 1DNRQ LONXEDRRUWMMH VH GRGDOR X PLNURWLWDUVNI
se mjerio intazitet fluorescencije pri valnim duljinama od 56® za ekscitaciju i 586m za
HPLVLMX ,VSLWLYDQMH VH QDSUDYLOR X SMDADOHOQD
NRPSOHNVD LJUDpXQDYD VH L] EDAGDUQRJ G UMDJUDEMDL D' XU
M mg! SURWHLQD %DA&GDUQL GLMDJUDP QDSUDYLR VH L] L
NRQFHQWUDFLMVNRP SRGUXpMX RG GR —0
32102 2GUHYLYDQMH NRQFHQWUDFLMH SURWHLQD SR %UDGI
8 NLYHWX MH NYDQWL \V&péinaBQRVIDU H/QeddaHHp&oiR je @odano

95,0 -k destilirane vode i 1,0 i Bradfordovog reagensa. Nakon 2 minute reakcije,
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DSVRUEDQFLMD RWRSLQH MH PMHUHQD QD QP .RQFHQW!
EDaAaGDUQRJ GLMDJU D P BA $ddgoBaJKdiRENMIDFR § O] & L —
(Bradford, 1976). Eksperiment je ponovljen 2 puta s 2 tretmana koncentracija svih uzoraka

po ispitivanju.

3211 2GUHYLYWHAMHRODQPDQLK L GYRODQpPDQLK ORPRYD
podzemnimvodanana HEp2VWDQLPQRM OLQLML
8 SHWULMHYH |]JGMHOLFH SURPMHUD FP QDFLMHSOMHQR N
stanica 10stanicamL? 1DNRQ QDVDYyLYDQMD VWDQLFD X SHWULMHY
voda i stanice su ostavljene kroz 24 sata. Ro2Hjsata s stanica je uklonjen medij i stanice
VX LVSUDQH V 3%6 SXIHURP 3ODVWLpPpQLP dn&PeBijetH VWDOQL
SRVXGLFD L SUHEDpHQH X PLNURHSUXYHWH [DLPBRWULIXJ)
pufera. Ovako pripremljendasice su centrifugirane u trajanju 5 min na 5000 okr/min. Nakon
FHQWULIXJLUDMIMILFD VX UHVXV $HKQRGdgaroreHIPX + A /R Z—
OHOWLQJ 3RLQW?: L QDQHVHQH QD EUX&@HQR SUHGPHWQR \
ENMP (NMP +tALRUPDO OHOWLQJ 3RLQW?® DJDURI]H L SR
WHPSHUDWXUL 1DNRQ PLQXWD SROL P &ldjg &glatdad, JHO M H
SROLPHUL]JLUDQ L SURYHGHQD MH OL]D X]JRUDND X RKODYH
odlsat).3R [IDYUAHWNX OL]JLUDQMD VWDQLFH VX WUHWLUDQH
elektroforeza pri jakosti struje D0 mA, naponwd 25 V i trajanju od 20 minuta. Poslije
elektroforeze napravljena je neutralizacija puferom uza neutralizaciju (0,4sM Freparat
MH RERMD QL etdij-bromida; ispran s THBICI puferom, te pokriven pokrovnim
stakalcem. Ovako pripremlienipfSDUDW MH PMHUHQ SRPRUOXoBW&IRIJUDPD
Assay ll(Perceptive instruments Ltd., UK), a mikroskopska giai MH QDSUDYOMHQD ¢
HSLIOXRUHVFHQFLMVNRJ PLNURVNRSD V HN366OWLDFLMVNLP
VYUKX DQDOL]RIIKHIQIRFOMNNYRPBEQ@ NRULAWHQL YWzKetSdpal DPHW U L

3.3. 6WDWLVWLpPpND REUDGD UH]XOWDWD

Svi rezultati X REUDYHQL V-Wap W1XW$L WD WOWWLPpNLP SURJUDPRI
VWDWLVWLpPpNH ]QDpDMQRVWL RG S
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4. REZULTATI

4.1. KEMIJSKI SASTAV PROCJEDNE | PODZEMNIH VODA

Rezultati fizikalnekemijskog ispitivanja podzemnede uzorkovanihu jesen 2013. gbne,

zimu 2013. godine i ljeto 20144 pijezomeima 3 KLGURORANL X]YRGQR RG WLWN
3 L]JPHYX VDQLUDQH L DNWLY Q H LSWRADHOERE @IDHRO L AW D

R G O D J Dpfvtjéovielyvodeizorkovane u istom peo raulazu uurHyDM ]D SURPLAUDYL
otpadne vodeRGODJDOLaWD R DusrBvaotikdaranDst @abliganiad10.

Tablica 6. Fizikalno-kemijski sastavpodzemne vodeuzorkovanena pijezometruPl.
PijeozmetaiPl nalazise QD VMHYHUQRM VWUD QUvRico@® shi)edal téhk& D KL G

podzemnih voda.

Pokazatelj Rezultati
Jesen, 2013 godine Zima, 2013 godine Ljeto, 2014 godine

pH 7,40 7,14 7,16
(OHNWURYRG®O®MLYR' 615 660 670
8NXSQD WYDU WVMX&aH( 72 76 80
Suspendirana tvar (mgL™) <2 <2 <2
KPK (KMnO 4) (mgO,L™) 5,0 3,2 4,0
BPK(mg O,L™) 14 1,1 1,8
2UJDQVNL GNXIEDYLN P 0,40 0,40 0,50
Ukupni fosfor (mg PL™) 0,022 0,018 0,020
Kloridi (mg CIL™?) 10,0 18,0 20,0
Sulfati (mg SOL™Y) 8,0 12 14
Kalij (mg L™ 28 30 32
Amonij (mg NL™?) 0,050 0,006 0,008
Nitriti (mg N L?) 0,005 0,033 0,033
Nitrati (mg N L?) 2,2 2,8 3,0
8NXSQL GXHELN PJ 3,87 3,80 4,00
Kalcij (mg L?) 55 60 58
Magnezij (mgL™) 27 30 26
AaHOMH]R) PJ <0,050 <0,010 <0,010
Mangan (mgL™) <0,050 <0,010 <0,010
Flouridi (mg L) 0,180 0,090 <0,100
Arsen (mgL™) <0,010 0,670 <0,010
Kadmij (mg L™?) <0,010 <0,010 <0,010
Krom (mg L) <0,050 <0,050 <0,050
Krom (VI) (mg L™) <0,010 <0,01 <0,010
Olovo (mgL™) <0,025 0,198 <0,025
aLybD LPJ <0,001 <0,001 <0,001
Nikal (mg L™) <0,100 <0,001 <0,100
Cink (mg L?) <0,100 <0,001 <0,100
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Rezultati pokazujuG D NRG YHULQHRLMWNDIKQERND]DWH @kjdaQHPD ]Q
Elektrovodljivost i pH vrijednostW LM HNRP FLMHOH JRGLQH VXcXLUDVSRQ X
odnosno 7,14+7,40 pH jedinica.

Suspendirane tvari su ispod granica detekcije, permanganatni indeks u rasponu od 3,2 do 5,0
mgO,L? D ELRNHPLMVND SRWUWR 40DdéD,SMIgYILIND X UDVSRQ X

. RQFHQWUDFLMD XN X8 Qj&te) gdsliXei [eNoRo WMOOMgN B time daje
koncentracijamonip Q H d W feRoin deBeni (0,050 miyl L) u odnosu na zimu (0,006g

N L?)iljeto (0,008mgN L™?).

Za razliku od amonijanitriti i nitrai SRND]XMX WUHQG SR VtiekdnQim®i NRQFHQ
lieta. Tako je u jesen izmjerena koncentracija od OfBGBIO-NL* D X OMHWR VOMHGHUU}F
iznosila je0,33mgNO.- N L™, dok jekoncentracijanitrata u jesetila 2,2mgNO-N L%, a u

lieto slieGHUH JRGMgRGE-N L

Koncentracije klorida, sulfata, kalcija i magnezija su tijekom cijele goMr@ Lp QLK YULMHG Q
i ne pokazuje velike oscilacije.

2G WHANLKQOQPHWD®H NRQFHQWUDF laMétn iLGIBVel Id Likbxtd VX NR
uzorkovanomu zimu 2013. godine. Koncentracija arsena iznosila,§gg0mg L™, a olova

0,198mgL*. % XGXiuL GD VX RYH YULMHGQRVWL DUVHQD L RORY
Plkojije KLGURORANL X]YRG@aRdBna ktn@aitedlp O HAQWHM PRaH GRYHYV
izravnu vezu s proMHGQLP YRGDPD RGODJDOLAWD WH GRGDWQR

monitoringa podzemnih voda.
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Tablica 7. Fizikalno-kemijski sastav podzemne vode uzorkovame pijezometruP2.
PijezometaP2 nalaziVH QD VUHGLERQU B PDN@IAWDXYyDMD |]D SURpL&AUDY
LIPHYyX VDQLUDQRJ L DNWLYQRJ GLMHOD RGODJDOLawbD

ngodine Zima, 2013 godine W

pH 7,44 7,16 7,24
(OHNWURYR GOW L 645 665 680
8NXSQD WY Dra VX 680 674 680
Suspendirana tvar (md.) 2 <2 <2
KPK (KMnO 4) (mgO2L") 51 3,2 3,4
BPK(mg O2L%) 1,6 0,8 1,6
2UJDQVNL GXI&Y 0,5 0,3 0,3
Ukupni fosfor (mgP L™) 0,028 0,090 0,110
Kloridi (mg CIL™) 14,0 18,0 21,0
Sulfati (mg SOZL™) 12,0 14,0 16,0
Kalij (mg L™) 30 32 33
Amonij (mg NL™) 0,060 0,012 0,014
Nitriti (mg N L% 0,008 0,009 0,010
Nitrati (mg N L™) 3,40 2,60 2,90
B8NXSQL GXMELN 4,20 3,70 3,90
Kalcij (mg L™) 53 51 55
Magnezij (mgL™) 22 24 28

a kezo (mgL™) < 0,050 < 0,050 < 0,050
Mangan (mgL™) < 0,050 < 0,050 < 0,050
Flouridi (mg L) 0,174 0,070 0,090
Arsen (mgL™) < 0,010 0,510 < 0,010
Kadmij (mg L™) < 0,010 <0,010 < 0,010
Krom (mg L™?) < 0,050 < 0,010 < 0,010
Krom (VI) (mg L™ < 0,010 < 0,010 < 0,010
Olovo (mgL™) 0,028 <0,025 < 0,025
aLybD LPJ < 0,001 < 0,001 < 0,001
Nikal (mg L) < 0,100 < 0,100 < 0,100
Cink (mg L™ < 0,100 < 0,100 < 0,100

Iz rezultata ispitivanja na pijezometR2, NRML VH QDOD]Lgl hRtidnoy dye2QLUDQR
RGODJDOLaAawWD X EOL]LQL XUHyYyDMOL ¢ MIUYRPD LMiIH DEID GIH ROV $(
promjena u koncentraaginaL]PHYy X X]RUDND X]J]RUNRYDQLK X MHVHQ
godine i ljeto 2014. godin@ ablica?7). Izmjerene vrijedosti pokazatelja ukazuju da ne dolazi

do prodiranja procjednih voda u podzemhiaezmjerene vrijednosti vileu VOLPpQH NDR L NR
pijezometraPl.
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Elektrovodljivost i pH vrijednost tijekom cijele godine su se kretale u raspdr645 do 680

— ém?, odnosio 7,16 +7,44 pH jedinica. Permanganatni indeks bio je u rasponu od 3,2 do
51mgO:Lt D ELRNHPLMVND SRWURAQMD NOQNVE KahcENtthEi%¥ SRQX R (
XNXSQRJ GXaLND WLMHNRP FAigMHOB DREOQM MHOQBWBDWL L
koncentraciju tijekom jeseni u odnosu na zimu i ljeto. Koncentracije klorida, sulfata, kalcija i
PDJQH]LMD VX WLMHNRP FLMHOH JRGLQH VWDRELOQH L YUOI
Koncentracijesvih WH &N L K oBiid &fse@ap su ispod granitY DQWLILNDFLMH DQD
metoda, a izmjerena koncentracija arsenasi 0,510 md-"*te MH QLaD QHJR QD SLMH

P1 izmjerena u istom razdoblju.

Tablica 8. Fizikalnokemijski sastav podzemne voda izmjerena na pijezome8u
Pijeozmetar P3 nalazik QD MXaQRM VWUDQL RGODJDOLAWD KLGUR
podzemnih voda.

Pokazatelj Rezultati
Jesen, 2013 godine Zima, 2013 godine Ljeto, 2014 godine

pH 7,28 7,18 7,24
(OHNWURYR @@'WM L 745 765 780
8NXSQD WYDU VX 88 80 84
Suspendirana tvar (mgL ™) 4 <2 <2
KPK (KMnO 4) (mgO2L™) 5,4 3,0 3,6
BPK(mg O.L™) 19 1,0 1,6
2UJDQVNL GKXaY 0,3 0,3 0,4
Ukupni fosfor (mg P L) 0,034 0,010 0,012
Kloridi (mg CIL™?) 22,0 19,0 23,0
Sulfati (mg SOZ L) 14,0 16,0 19,0
Kalij (mg L™ 34 33 35
Amonij (mg N L) 0,050 0,010 0,012
Nitriti (mg N L™?) 0,005 0,018 0,020
Nitrati (mg N L7) 2,30 2,60 2,70
B8NXSQL GXHELN 3,94 3,60 3,60
Kalcij (mg L?) 58 65 68
Magnezij (mgL™) 30 32 34
AHOMH]R) PJ < 0,050 < 0,050 < 0,050
Mangan (mgL™) < 0,050 < 0,050 < 0,050
Flouridi (mg L) < 0,100 0,650 0,140
Arsen (mgL™) < 0,010 0,490 < 0,010
Kadmij (mg L™?) <0,010 < 0,010 < 0,010
Krom (mg L) < 0,050 < 0,050 < 0,050
Krom (VI) (mg L?) < 0,010 < 0,0 < 0,010
Olovo (mgL™) < 0,025 < 0,025 < 0,025
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ALYD LPJ < 0,001 < 0,001 < 0,001
Nikal (mg L) < 0,100 < 0,100 < 0,100
Cink (mg L) < 0,100 < 0,100 < 0,100

Koncentracije fizikalnekemijskih pokazatellaN D NY R U H RaGoijedone@ 3, koj je
VPMHAWHQ QD, KXG@QRP REANHENYWIRIGQMHRSR®R KH RGODJDOLAWL
dolazi do prodiranja procjednih voda u podzen(ljablica8). Izmjerene vrijednosti su vrlo
VOLPQH NDR L Q Bl BR2Mbhicerfratid Bser® O uzorki uzorkovanom u zimu

2013. godinéznosi 0,490mgL™.

Tablica9 .HPLMVNL VDVWDY Q@rbdeéie ogy¢lQH VLURYH

Rezultati

Pokazatelj

Jesen, 2013 godine Zima, 2013 godine Ljeto, 2014 godine

pH 8,38 8,14 8,09
8NXSQD WYDU IV - 2802 5550
Suspendirana tvar gL ™) 80 78 150
KPK (KMnO 4) (mgO2 L™ 1050 673 1653
BPK(mg O,L™) 108 174 288
Ukupni fosfor (mg P L™?) 5,40 6,76 7,37
8NXSQL GX&aLN 670 255 315
Kloridi (mg Cl L™ 470 390 460
Sulfati (mg SO L) 205 198 250
Kalij (mg L™) 6150 4900 -

a4 H @oMrhgL ™) <0,050 <0,050 <0,050
Mangan (mgL™) - 5 0,080
Flouridi (mg L™ 2,01 0,445 0,500
Arsen (mgL™) <0,010 0,010 0,022
Kadmij (mg L™) <0,010 <0,010 <0,010
Krom (mg L ™) 0,060 0,338 0,280
Krom (VI) (mg L™ <0,010 <0,010 <0,010
Olovo (mgL™) 0,034 <0,025 <0,025
aLYD LB)J <0,001 <0,001 <0,001
Nikal (mg L ™) <0,100 0,199 0,231
Cink (mg L™ <0,100 <0,100 <0,100

Izmjerene koncentracije fizikalAkemijskih pokazatelja u procjednoj vodiablica 9.)

uka] XMX GD RGODJDOLaAWH OUDFOLQVND 'XEUDYD VSDGD X V
10 i 20 godingMukherjee i sur., 20015 PRpHWDN RGODJDQMD QD SgYRM SOF
1976. goding na nju se odlagao otpatb sanacije i zatvaranja 2003 dne Nakon 2003.

JRGLQH RWSDG VH RGODAaH Q Dkofg ReYsku@j&uRI&gXinu 3 UJAPHHNY M GMDHH Y |
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GYLMH SORKH RGOURYVIMHNXYBWXURVWL L]PHYX L JRGLQI
ispitivanja.

Iz rezultata ispitivanjgrocjedne vodeidljivo je da procjedna voda odstupa po sastavu od
podzemnihvodeKLGURORANL X]Y R GajdzoRetaf Gpod2ehih©voddaN| b H y X

stari i nove plohe odlaga a (pijpzometarP2) i podzemne vodeKLGURORANL QL]JYRGC
R G O D J(pijezbmaab3), te VH PRAH SU ida\bB\RN YIBXNRWODJIDOLAWD RW:!
Mraclinska Dubravdunkcioniraju idane dolazi do prodiranja procjedne vode u podzemlje.

Uz fizikalno-kemijska ispitivanja provedem u laboratorijy na RG O D JD @roéodiX VH
kontinuirano mjerenje manjeg broja pokazateljd D N YRdcjddne voddijekom cijele

godine 2GUHYLYDQMH WLK SRND]DWH GboatoNDkejY $eindlaS URYHGH
VNORSX XUHyDMD |]D SURpLAUDYDQMH RWSDGQH YRGH

U tablicamalO i 11prikazanisu reultati P M H Wihje@njaRGDEUDQLK SRND]DWHOM
SURFMHGQH YRGH L WR S+ .3. %3. XNXSQL IRVIRU XNX.

RGUHVHQL W LAHNRIPe

Tablica 10. Rezultati PMHV Hp Q L K NFDWNH/WRHREE N D ydit@ye) procjedne vode
R G U Hijekogh[2013. godine.

53



Tablicall. 5H]XOWDWL PMHVHpQLK PMHUHQMD NDNYRUH QHRIE

RGUHYHQL WLMHNRP JRGLQH
Pokazatelj
pH KPK BPK Ukupni  Ukupni  Amonij  Nitrati Nitriti
fosfor GXal

6LMHp! 7,65 1274 51,3 6,52 820 421 121 0,186
9HOMD 7,74 1120 79,7 6,18 791 316 12,3 0,189
24XMD 7,83 1323 111 6,84 799 322 121 0,250
Travanj 7,90 1347 58,3 6,10 777 257 14,2 0,173
Sviban;j 8,07 1588 84,5 7,59 952 431 9,02 0,275
Lipanj 8,28 Nema Nema Nema Nema Nema Nema Nema

podataka podataka podataka podataka podatka podataka podataka
Srpanj 7,88 Nema Nema Nema Nema Nema Nema Nema

podataka podataka podataka podataka podataka podataka podataka

Kolovoz 7,64 2007 Nema 7,71 872 887 11,0 1,07
podataka

Rujan 7,67 1623 Nema 8,53 719 564 8,14 4,20
podataka

Li stopad 7,90 1533 Nema 7,28 858 520 9,81 0,159
podataka

Studeni 8,14 1434 78,0 5,22 659 384 8,10 3,06

Prosinac 7,99 1244 50,0 6,44 491 299 9,89 0,196
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42 &,7272.6,y1, 8y, 1BROCJEDNE | PODZEMNIH VODA NA
67$1,y18 /,1,-8 +(3 0(72'20 1(875%$/ 5(°

RH]XOWDWL FLWRWRNVLPpQRJ XpLpgpkhEanbsu RaFshkéh@PH L SRG]HP
&LWRWRNYV L pROL W DLY@IDN QWDHN R Q  prikedampb raspdrtd \WoRderr &xija

0d 0,1 do 10.

Kod uzoraka vode uzorkovanih u jesen 2013. godine podzemia KLGURORaMd X]YRGQ
RGODJDOLAWD X]RUD N B HgBirage]i-hRi@nes $R&EBP R Q@@akD O L & W D
P2) i podzemnavodK LGURORANL QL]YRGQRUDAN BGOPUDXX ISRAWND |DOL
]ODpDMQX FLWRWRNVLPpQRWR FVRERDRXY X3QRFRMHEPDL YWY RGD M
]ODPDMQX FLWRWRNVLPQRVW iNOORWodRoBU hak@triNlR{geRH Q WU D F L |

*
T
5
m10
%
T

procjedna voda

140

120

LN ]
H‘l I‘I “

Slika4. 3RVWRWDN SUH&LYOMHQMD VWD QLF D, mjéted prkdFG QR V X
nm. Kod pijezomet D 3 SUHALYDYOMDYDHQQMD L]PBEKH]RPHWUD 3
SUH&LY D YLORHD¥D QM D * L SLMH]JRPHWUD 3 SUH&LYON
“« QH SRVWRML VWDWLVWLPNL ]QDpDMQD UD]JOLN
dok kod SURFMHGQH YRGH GYLMH QDMYL&H NRQFHQWUDFLMH
(0zQDPHQR ]YMH]GLFRP

o0 =
S 8

% prezivljavanja priA 450 nm
(=)
(=]

=
(=)

(=]
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.RG X]JRUDND YRGH X]JRUNRYDQLK X JLPX JRGLQH SRG]H
RGODJDOLAWD X]RUDN 3 sdbiRaGe]iHRi@ES RBIP REFPGHFXDOLAWD
3 L SRG]JHPQD YRGD KLGURORENRUDINYRGQRVKGSR S DDIDIO V
]ODPpDMQX FLWRWRNVLPQRVW X RGQRVX QD QHJDWLYQX
VWDWLVWLpPNL ]QDpDMQX FeeWrRHaR, M\ LR RoddosvishbauL FD NR G

(Slikas.).
140
120
E 100
Q *
=2 =01
5 80
] . 1
1]
E 60 m5
E |
o 10
& 40
S
20
0
P1 P2 P3 procjedna voda

Slika5. 3BRVWRWDN SUHAaLY OM Hu@ ¥6D nMiysdnQsl Rdnegatignu Roktialul H Q

Kod pijezometraP1 SUHALYDYOMDYDQMD []P H %ot pijezometra P2
SUHALYDYQRHDWDQMD i kod pijezometraP3 SUHALYDYOMDYDC

LIPHYyX  “% “ QH SRVWRML VWDWLVWLpPpNL 1QDpDMQD UL

kontrou KRG SURFMHGQH YRGH GYLMH QDMYL&H NRQFHQWUDF

razliku(oznDpHQR J]YMH]GLFRP
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.RG X]JRUDND YRGH X]JRUNRYDQLK X OMHWR JRGLQH SR
RGODJDOLAWD X]RUDN 3 saBiRageiHRIQBS PRED RIPHHXDOLAW D
3 L SRG]JHPQD YRGD KLGUR O R &iddralQA3) Yisu@akézaR \GWRDGACL Y IDLCHLY
]QDPDMQX FLWRWRNVLPQRVW X RGQRVX QD QHJDWLYQX NRC
]OQDPDMQX FLWRWRNVLPQRVW VWDQLFD NkRr®oN RIx&E6).Q WUDFL

Slika6. 3 RV W R W D Na Stahit¢a@ HapD Mjéted adnosu na negativnu kontrolu mjeren

SUL QP .RG SLMH]RPHWUD 3 SUHAYDYOMDYDQMD
SLMH]RPHWUD 3 SUHALYDYOMDYDQMDSLWHRPHWUD 3
SUHALYDYOMDYDQMPIIZ]PHYXQH“SRVW RN bNLWRWbPYMQD UD]
RGQRVX QD QHJIJDWLYQX NRQWUROX GRN NRG SURFMHGQH

VX VWDWLVWLpPNLR]QDpBIQ & X YOMH PG INFR P
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4.3.  INDUKCIJA SLOBODNIH RADIKALA PODZEMNIM | PROCJEDNIM
VODAMANA 67$1,y12- /,1,-, +(3 0(72'20 ',./252)/825(6&,1
DIACETAT

Indukcija slobodnih radikaleR G U Hjg HaRdD 24 sata inkubacije. Prikazana je kao odnos
induciranih radikala u stanicama tretiranim vodama i bazalnih radikala izmjerenih u
negativnoj kontoli. PostRWDN LQGXNFLMH MH L]JUDAHQ X XVSRUHGEL \
5HIXOWDWL LVWUDALYDQMD LQGXNFLMH VORERGQLK UDGL
VWDQLPQRM OLQLMaslikdhd@7-9SULND]DQL VX

Kod uzoraka uzorkovanih u jesen 2013. gogirecjednavoda u koncentraciji 10x izaziva

indukciju slobodnih radikala u odnosu na negativnu kontfk)ute u doznoj ovisnosti u
RGQRVX QD QLA&H NRQFHOQWulipembhM vod& U BERIOKRANL YR|YRGQF
RGODJDOL&WD]PH giXitanéladivne SORKH R Q@®@akPOUEW B UROR &N L
QL]YRGQR RG KRGRODD®M BLAWHB XJURNXMX VWDWLVWLPNL ]QD
radikala (Slika?).

6O0OLND ,QGXNFLMD VORERGQLK UDGLNDOD X +(S VWDC
prociednimYRGDPD X]RUNRYDQLP WLMHNRP MHVHQL JRGLQF
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.RG X]JRUDND X]J]RUNRYDQLK X ]JLPX JRGLQH SRG]JHPQD
RGODJDOL&WD X]RUDN 3 LIPHYyX VDQLUDQH L DNWLYQH S¢
nizvodQR RG RGODJDOLaAWD X]RUDN 3 QH X]JURKAXMWM X VWDW

SURFMHGQD YRGD X]RUNRYDQD QD XOD]X X SURpLVWDp RW:

Slka 8. ,QGXNFLMD VORERGQLK UDGLNDOD X +(S
procjedrom vodom uzorkovanim tijekom zime 2013. godineR]QDpHQR JYMH]GLFRP

,VWUD3IIRMCFQLSRG]HPQH YRGH X]JRUNRYDQL X OMHWR
RGODJDOLaAWD X]JRUDN 3

VWDWIQDHPDIMMQRX] SURPMHQX X RGQRVX QD NRQWUROX G6OLNLIE
KLGURORA&NL

Uzorci podzemne vode utdNRYDQL QD SLMH]JRPHWUX 3
izazivaju indukciju slobodnih radikala u odnosu na negativnu kontrolu (koncentracije 1,0x,

5,0x i 10x) i u doznojovisRVWL X RGQRVX QD QLAH NRQFHQWUDFLMH
Kod procjedne VOdENRQFHQWUDFLMH [

LOQGXNFLMH VORERGQLK UDGLNDOD X RGQRVX QD NRQWUR

koncentracije (Slika 9).
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Slka 9. ,QGXNFLMD VORERGQLK UDGLND@anaXpoddetnninvWDQLPpQ
procjednimvodama uzorkovanim tijekom ljeta 2Qlgodine R]QDpHQR J]YMH]GLFRP

44. 8y,1$. 352&-('1( , 32'=(01,+ 92'$ 1$ /,3,'18
3(522.6,'$&,-8 1$ 67$1,y12- /,1,-,TBARS METODOM

Rezultati lipidne peroksidacije kao postotak indukcije kompleksa malondiatdehid
tiobarbiturna kiselina MDATBA za podzemnu i procjedna vodu prikazanskkamal0-12.
SRVWRWDN LQGXNFLMH NRPSOHNVD PDORQGH&@®mME8HKLGD (
konceQWUDFLMH PDORQDOGHKLGD X LVSLWLYDQLP XJRUFLPD
dijagrama koji pokazuje ovisnost apsorbancije o koncentraciji kompleksa-VERM |z
MHGQDGAEH SUDYFD EDAGDUQRJ GLMDJUDdKondemmslclji SULND].
SURWHLQD LJ]UDpXQDWD MH SULSDGDMXiuD YULMHGQRVW N
indukcije kompleksa malondialdehibbarbiturna kiselina MDATBA se dobije usporedbom

vrijednost koncentracija kompleksa MBPBA i koncentracije pragina.
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, VWWDIELK]RUFL SRGJHPQH YRGH KLGURORANL X]YRGQR RG
VDQLUDQH L DNWLYQH SORKH RGODJDOLaAawD X]RUDN 3 W |
3 QH L]DJLYDMX VWDWLVWLpPNL ]QDpBHK&X).SURPMHQX X RG
.RG SURFMHGQH YRGH NRQFHQWUDFLMH [ L [ SRVWI
LQGXNFLMH OLSLGQH SHURNVLGDFLMH RGQRVX QD QHJDWL
u odnosu naQ L KoHcentracije (04i 1x) procjedne vode (#a 10).

Slika 10. Postotak indukcije lipidne peroksidacije mjeren u odnosu na negativnu kontrolu

jesen 2013. godine .RG SLMH]RPHWUD 3 67% QX55%\ pilekbhetrd PH y X
LQGXNFLM2EIPHYK SLMHJRPHWUD 3 8@ E1XBoyFheM H L]P HY

SRVWRML VWDWLVWLPNL ]QDpDMQD U@®)]@dkNdd pfode@@ RV X QD

vode LQGXNFLMH 1Ry > GYLMH QDMY L aHx NIRQpokb@aw suD FL M H

VWDWLVWLpPpNL ]QDPPDIVHIIR U B MKEANE Regativnu kontrolu (ki) u

odnosuQD QLAaH NRQPHXWUDFLMH
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Uzorci podzemne vodKLGUROBRGR R R|¥ R q@@akDRQ)Lidapa2emne vode

LIPHYX VDQLUDQH L DNWLX]®RH 3ND BK HQRIG D]>] DVYD EW DVW D W L
promjenu u indukciji lipidne peroksidacije u odnosu na kontrolu (SliKa 1

Podzema voda KLG U R OR &N wz®dk] PR @&iRRa lipidnu peroksidaciju u doznoj

ovisnosti i to kod koncentracije 10,0x koje [ZaY DM X VWDWLVWLPNL ]QDpDMQX €
lipidne peroksidacije u odnosu na kontrolu i u odnosu na koncentracije 0,1x i 1x (§lika 1

Procjedna voda izaziva lipidnu peroksidaciju u doznoj ovisnosti i to kod koncentracija 5,0x i

10,0x koje izazivi X VWDWLVWLPpNL ]QDpDM Q Xefoksriatld @ddost LQ G XN
QD NRQWUROX L X RGQRVX QI. QLAH NRQFHQWUDFLMH 60L!

Slika 11. Postotak indukcije lipidne peroksidacije mjeren u odnosu na negativnu kontrolu.

Kod pijezometra P1 (% indukcije ] P H8D% +121%) i pijezometra P2 (% indukcije izid § X

93% +121%) QH SRVWRML VWDWLVWLpPpNL ]1QDpDMQD UD]JOLND X F
SLMH]RPHWUD 3 LID@6oXANLBRAY B DLNAKdHhgRGtracija (19), a kod
SURFMHGQH YRGH GYLMH xQDbkY HIURHN DI JFO@AH QK UMPDIHNY VINQVX L |
SURPMHQX R]QDpPpHQR ]JYMH]GLFRP X LQGXNFLML OLSLGQH
RGQRVX QD QLAH NRQFHQWUDFLMH 6OLND
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8]RUFL SRG]JHPQH YRE®RGKQRG RBORGOIDIMXOOLAWD X]JRUDN 3
LIPHYX VDQLUDSERIKH NRBIODIBHOLAWD X]JRUDN 3 QH L]D]L
promjenu u indukciji lipidne peroksidacije u odnosu na kontrolu (Slika 12).

SBRG]JHPQD YRGD KLGURORANL QL]JYRGQR X]JRUDN 3 L]ID]L
ovisnosti i to kod koncentradil H [ NRMH L]DJLYDMX VWDWLVWLpPpNL ]QD
lipidne peroksidacije u odnosu na kontrolu (Slika 12).

Procjedna vod&aziva lipidnu peroksidaciju u doznoj ovisnosti i to kod koncentracija 0,1Xx,

[ [L [ NRMH L]D]JLYDWE WO RURRPMPIPX Q LQGXNFLML OL!

odnosu na kontrolu (slika 12).

Slika 12. Postotak indukcije lipidne peroksidacije mga u odnosu na negativnu kontrolu.
.RG SLMH]RPHWUD 3 L Q126B6F pipd2dmeirB P2y(X% indukcijé P Hy X
97% + QH SRVWRML VWDWLVWLpPpNL 1QDpDMQD UD]JOLND X |
SLMHIRPHWUD 3 L @B% X118 P4) MoHcdniriadijay (8x), a kod procjedne vode
GYLMH QDMYHUH NRQFHQWUDFLMH DMQX SSRPIMBOHK R QL
JYMH]GLFRP X LQGXNFLML OLSLGQH SHURNVLGDFLMH X R

koncentracije (Slika 12).
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45 72y.$67( 087%$&,-(

1:$:9$1(

352&-('120 , 32

VODAMA NA BAKTERIJSKOM SUSTAVU Salmonella typhimurium

=(01,0

U tadicamal2, 13, 14i 15 nalazi se pregled mutagenocgpLQND SRG]JHPQLK L SURFM
NRML VH RpLWDR QDNRQ E. Utébligdma j© piikazdh BriojMeadergabatd his
i koeficijent mutacije. Rezultati se odnose na uzorke koji su uzorkdyekom jeseni 2013.

godine.

Tablical2 OXWDJHQL XpLQDNKEEBGCROREAHRGRBEROOJIROLAWD SLM|
VL EH] GRGDWND PH\

P1) na bakterijski sdpalmonella typhimuriun¥ $

aktivatora (S9)tjesen 2013. godine

L 7%

% DNW H
VRM NRQFHDN

EH] PHWDERC

DNWLYDWR

VD PHWDEROL
DNWLYDWRU

6DOPRC X]RUDN & KLV 4P KLV 4P
W\SKLP?’ UHYHUW UHYHU\
7% : "
1. ‘ ‘
7% “ “
1. ‘

* - negativna kontrola

* - VUHGQMD YULMHGQRVW E darducDde8ijgdijeD VOLK NRORQLMD “ V
APNYRFLMHQW PXWDFLMH

Rezultati prikazani u Tablicl2 nam ukazuju dae postoji mutageno djelovanje podzemne

vode na bakterijsk sojeve Salmonella typhimuriunTA 98 i TA 100s i bez prisustva
PHWDEROLpPpNRJ DNWLYDWRUD
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Tablicald OXWDJHQL XpLQDNLSRIGIKPVD YRBGH L DNWLYQH S
(pijezometar P2) na bakterijski sBalmonella typhimuriurifA 98 i TA 100 s i bez dodatka
PHWDEROLpPNRJ Bjtbev20IB.\yddikeD 6

%DNWH! EH] PHWDERC VD PHWDERO
VRM NRQFHQW DNWLYDWR DNWLYDWRI|

6DOPRQ X]J]RUDN 3 KLV 4P KLV 4P
W\S KL PX UHYHUW UHYHU!
7$ 13 “

1. “ “
7$ 13 113

1. “

* - negativna kontrola
* - VUHGQMD YULMHGQRV Wstandi&dndde&/iatj® VOLK NROR
4P NYRFLMHQW PXWDFLMH
Rezultati prikazani u Tablid3 nam ukazuju da postoji mutageno djelovanje podzemne vode
iz pijezometra P2 na bakterijski sSplmonella typhimuriunTA 100 pri koncentracijama
[ [ [ L [ X] SULVXVWYD Ra&l WaDkaR«ijsh NdSalmoneNs LY D W R
typhimuriumTA 98 nijle uR pHQ R P X JaldvarieRrimitGednoj koncentraciji

Tablical4 OXWDJHQL XpLQDNKERGRIORGN LY RGH R@i@zemeté&r RGODJCLC
P3) na bakterijsksoj Salmonella typhimuriumA 98 L 7 $ V L EH] GRGDWND PHW
aktivatora (S9)tjesen 2013. godine

%DNWH EH] PHWDERO VD PHWDERO
VRM NRQFHOQ\ DNWLYDWR DNWLYDWR

6DOPRC X]JRUDN ¢ KLV 4P KLV 4P
W\SKLP> UHYHUMW UHYHU
7$ [ 1]

1. 1] 1]
7$ 1] “

1. 1]

* - negativna kontrola
* - VUHGQMD YULMHGQRVW EURMD SRUDVOLK NRORQLMD “ V
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4P NYRFLMHQW PXWDFLMH

Rezultati prikazani u Tablici4a QDP XND]XMX QLMH XRpHQR PXWDJHQR GN
koncentraciji na bakterijskiog Salmonella typhimuriuny $ L 7% V L EH] PHWDERC

aktivatora.

Tablicals5 0XWDJHQL XpLQDN SURFMH GRlmoNeRaphirQuBunETBN W H U L M )
L 7$ VL EH] GRGDWND PHW B&EQUBNBINDNWLYDWRUD €

% DNWH NRQFHOQ\ EH] PHWDERC VD PHWDEROI
VRM DNWLYDWR DNWLYDWRU
SURFMHC
6DOPRC YRGD [ KLV 4P KLV 4P
W\SKLP> UHYHUMW UHYHU
7$ 4 “
1. “ “
7$ 13 “
1. “

* - negativna kontrola
* - VUHGQMD YULMHGQRVW BEnddRaviaDdeSiRdjdD VOLK NROR(

*** - (Qm) kvocijent mutacije

Rezultati prikazani u Tablicd5 nam ukazuju da postoji mutageno djelovanje na bakterijsk

sojeve Salmonella typhimuriunTA 98 i TA 100. Mutageno djelovanjaa soj TA 100 je

S UL P M Hg kb@cBntraciji 10xV L EH] PHWDEROLPpNRJ DNWLYDWRUD
koncentraciikx V PHWDEROLpNLP DNWLYDWRURP
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U tablicamal6, 17, 18 i 19 prikazan je pregled mutagenogpLQND SURFMHGQH L SR
YRGD RpLWDYDQ QDNRQ VDWL L QN XHEdh&a hsHkosfldilent 2& 3ULN
mutacije. Rezultati se odnose na uzorke koji su uzorkovani tijekom®m2013. godine.

Tablicale OXWDJHQL XpLQDNKEE UG ROFRAHRGRBGRODJROLAWD SLMI
P1) na bakterijski sdpalmonella typhimuriurmA 98 i 7 $ VL EH] GRGDWND PHWD
aktivatora (S9)+zima 2013. godine

% DNWH EH] PHWDERC VD PHWDERO
VRM NRQFHOQ DNWLYDWR DNWLYDWRU

6DOPRC X]JRUDN 3 KLV 4P KLV 4P
W\SKLP> UHYHUW UHYHU\
7$ 13 [

1. “ “
7$ 43 143

1 “ “

* - negativna kontrola
* . VUHGQMD YULMHGQRVW EURMD SRUDVOLK NROR'
4PNYRFLMHQW PXWDFLMH

5HIXOWDWL SULNDQD®LXXDODXEMXLEBID QH SRVWRML PXWDJHQF
YRGH QD EDNWHDOMRRHOWCROM MBS KLE XML XP V L EH] SULVX
PHWDEROLpPNRJ DNWLYDWRUD
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Tablical7. OXWDJHQL XpLQDN SPGHP §EQLR®YH L DNWLYQH SC
(uzorak P2) na bakterijski s@almonella typhimuriunTA 98 i TA 100 s i bez dodatka
metD E R O bigidaBth (S9)+zima 2013. godine

%DNWH EH] PHWDERC VD PHWDERO
VRM NRQFHQV DNWLYDWR DNWLYDWRU

6DOPRC X]JRUDN 2 KLV 4P KLV 4P
W\SKLP> UHYHUW UHYHU\
7$ 13 “

1. “ “
7$ 13 113

1. “ “

* - negativnakontrola
*-VUHGQMD YULMHGQRVW EURMD SRUDVOLK NROR:
4P NYRFLMHQW PXWDFLMH

5H]XOWDWL SULND]ORQR XNDOQEMKFGD QL SUL MHGQRM NRC

PHWDEROLPNRJ DNWLYDWRPHY X SROE)HBNDPHYRE DSORKH RGO
SLMH]JRPHWDU 3 QH X]JURNXMH PXWDOARQHKPOQ DM QILERN
L 7%

Tablical8. OXWDJHQL XpLQDN KIRGJROREANYRGIHY R@WBKR3 RGODJ

na bakterijski sojSalmonella typmurium 7 $ L 7% V L EH] GRGDWND PH\
aktivatora (S9) *zima 2013. godine
%DNWH EH] PHWDERC VPHWDEROLDp
VRM NRQFHQV DNWLYDWR DNWLYDWRU
6DOPRC X]RUDN 23 KLV 4P KLV 4P
W\A\SKLP) UHYHUW UHYHU\
7$ 1] 1]
1. 1] 1]
7$ 1] 1]
1 1] 1]

* - negativna kontrola
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*-VUHGQMD YULMHGQRVW EURMD SRUDVOLK NROR
4P NYRFLMHQW PXWDFLMH

5H]XOWDWL SULND|@PMR XNDXBXLELD QL SUL MHGQRM NRQ
PHWDEROLpPNR S RGMWPORWRIUBDO RANL QL]Y R GQR RIR RGW D U D8O
QH XJURNXMH PXWDJHQL X6 @PRQGID & D NBY § KISRIANLX ¥ R M

Tablical9. OXWDJHQL XpLQDN SURFMH GSalmoNeReGyhhi@iiuvBEBNWHU L M
98iTA100sL EH] GRGDWND PHWDER Qzirpa\?R1B. pddweL YDWRUD 6

%DNWH NRQFHQV EH] PHWDEROLpP VD PHWDEROLpPN
VRM X]RUDN DNWLYDWRUD DNWLYDWRURP

6DOPRC SURFMHC KLV 4p KLV 4p

W\V\SKLP> YRGH UHYHUW UHYHU\

7% " "

E : :

1. “ “
* - negativna kontrola
* . VUHGQMD YULMHGQRVW EURMD SRUDVOLK NROR
NYRFLMHQW PXWDFLMH

5H]IXOWDWL SULND]ORQR XNDOQEMKFGD QL SUL MHGQRM NRC
PHWDEROLPNRJ DNWLYDYHR X DURNKXRAVAM PR QYYD JHREDXPLQDN Q
6DOPRQHOOD W\SKILHFXRULXP
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U tablicama20, 21,221 23 SULND]DQ MH SUHJOHG PXWDJHQRJ XpLQNI
YRGD RpLWDYDQ QDNRQ VDWL LQNXEDFL K Hosfldijent 2& 3ULI
mutacije. Rezultati se odnose na uzorke koji su uzorkovani tijekom ljeta 2014. godine.

Tablica20. OXWDJHQL XpLQDN KIRGBJRO R &NY. RG M R GfjdzoRéarRGO D JD |
P1) na bakterijski sdpalmonella typhimuriurfA 981 TA100sL EH] GRGDWND PHWDETF
aktivatora (S9) tljeto 2014. godine

% DNWH EH] PHWDERC VD PHWDERO
VRM NRQFHQV DNWLYDWR DNWLYDWRU

6DOPRC X]JRUDN 3 KLV 4P KLV 4P
W\SKLP> UHYHUW UHYHU\
7$ 13 113

1. “ “
7$ 43 143

1 “ “

* - negativna kontrola
* . VUHGQMD YULMHGQRVW EURMDBegRijdDVOLK NROR"
4P NYRFLMHQW PXWDFLMH

5H]IXOWDWL SULND]ORQR XNDOQEMKFGD QL SUL MHGQRM NRC
PHWDEROLPNRJ DNWLDBRWRWEOO BRNEGXRGDA@RO LAWD SLMH]F
QH XJURNXMH PXWDJHQL XD OQPRQG D &D WY &l KIL FSEANLX ¥ R M
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Tablica2l. OXWDJHQL XpLQDN SPGHP §EQLR®YH L DNWLYQH SC
(uzorak P2) na bakterijski p&almonella typhimuriunTA 98 i TA 100 s i bez dodatka
PHWDEROLpPNRJ -Dét0\VZA1Y. DodiRUD 6

%DNWH EH] PHWDERC VD PHWDERO
VRM NRQFHQV DNWLYDWR DNWLYDWRU

6DOPRC X]JRUDN 2 KLV 4P KL V 4P
W\SKLP> UHYHUW UHYHU\
7$ 13 “

1. “ “
7$ 13 113

1 “ “

* - negativna kontrola
* - VUHGQMD YULMHGQRV WstAnd&dndd&/Rat®VOLK NROR
4P NYRFLMHQW PXWDFLMH

5H]XOWDWL SULND]ORQR XNDOQEMKFGD QL SUL MHGQRM NRC

PHWDEROLpPpNRJ DNWLYDWRWHY X SRBCQHBROHYRGIDNWLYQH SC
SLMH]JRPHWDU 3 QH X]JURNXMH PXWDOARQHKPOQ DM QILERN
L 7%

Tablica22. OXWDJHQL XpLQDN KIRGJRO R &GNY. RGIHDRERBER R RGODJ

na bakterijski sojSalmonella typhimurium7 $ L 7% V L EH] GRGDWND PH\
aktivatora (S9} ljeto 2014. godine
%DNWH EH] PHWDERC VD PHWDERO
VRM NRQFHQV DNWLYDWR DNWDWRUREH
6DOPRC X]RUDN 23 KLV 4P KLV 4P
W\A\SKLP) UHYHUW UHYHU\
7$ 1] 1]
1. 1] 1]
7$ 1] 1]
1 13 1]

* - negativna kontrola
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*-VUHGQMD YULMHGQRVW EURMBeWRiJaDVOLK NROR
4P NYRFLMHQW PXWDFLMH

5H]XOWDWL SULND]I@OR XN /DEXISED MHGQRM NRQFHQWUD
PHWDEROLpPNRJ DNWLY RWRUDO BRNR]GORNIRGRERDL 3WD SLMH]I
QH XJURNXMH P XW D JHQLMXGDQMRIQGID GD NS S KIL FXUL X P

Tablica23. OXWDJHQL XpL Qubdd n& baRtEriski Salrhonella typhimuriurmA
L 7% VL EH] GRGDWND PHW-D&R014pdgedine DNWLYDWRUD €

%DNWH NRQFHQV EH] PHWDERC VD PHWDERO
VRM X]RUDN DNWLYDWR DNWWRURP

6DOPRC SURFMHCG KLV 4p KLV 4p
W\SKLP} YRGH [ UHYHUW UHYHU\
7$ 143 “

1. “ “
7$ 43 “

1 “ “

* - negativna kontrola
** - srednja vrijednost broja porasiNRORQLMD “ VWDQGDUGQD GH'
NYRFLMHQW PXWDFLMH

5H]XOWDWL SULND]QORQR XNDQEMKFBOQRM NROQMHQWUDFLML
PHWDEROLpNRJ DNWLYDWRUD SURFMHGQD YRGD QH X]JUR
6DOPRQHOOD W\SKILHFXRULXP
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4.6. KROMOSOMSKE MUTACIJE IZAZVANE PROCJEDNOM | PODZEMNIM
92'%$0% 1% +(3 67%1,y12- /,1,-, .2TEHSTOM

*HQRWRNVLPQL XpLQDN SURFMHGQH L SRG]JHPQLK YRGD VH
VOLNH &RPHW $VVD\ ,,

.URPRVRPVND RAWHIHQMD VX SULND]DQD SRRRWH SDINDIFW B
UHSD NRPHWD

5H]XOWDNIPBQVOLNDPRGQR VH QD X]RUNH SULNXSOMHQH W
JRGLQH

Slka13 'X4LQD UHSD NRPHWD VWDQLFD +(S VWDQLpPQH OLQL
X]JRUND X]JHWRJ QD SLMH]JRPHWUX 3 NUHpX VH X UDVSRQX
uzet na pijezotifWUX 3 X UDVSRQX RG “ GR “ u]D X]JRUD
3 RG “ GR " ]JD SURFMHGQX YRGX X UDVSRQX RG

S5HIXOBMDIWEBRND]XMX GD QLWL MHGQD NKQEHRORDWL KDY RIS
RG RGMOLAWD X]RUDN 3 L]FHRYG] WD WIR@GHH L DDIGVMLAWRDIH S C
X]JRUDN 3 SRGHHBQROREGIDL QL]YRGQRUDGI BGODIDAEMMDG Q

SULMH XSURBNEQKE IDP]LYDMX VWDWLVWLPNL ]QBPBIMW@®XXSURI
RGQRVX QD NRQWUROX
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Slika14. Intenzitet repa kometd/ WDQLFD +(S VWDQLpPpQH OLQLMH 5H]XOW
X]JRUND X]HWRJ QD SLMH]JRPHWUX 3 NUHpX VH X UDVSRQX
uzet na pijezometru P2 u rasponu od 0,7 GR “ ]D X]JRUDN X]J]HW QD S
3 RG “GR “ ]D SURFMHGQX YRGX X UDVSRQX RG

5H]XOWBDWNDSRND]XMX GD SRG]HPQD YRGD VMHYHUQR RG
SRG]HPQD YRGRH NREGERDPN 3 L SRG]HPQDRYR &DX MRLEB\G

3 QH XMRNWDWLVWLpPNL ]QDpDMQX SURPMHQX X LQWHQ]L
.RG SURFMHGQH YRGH LQWHQ]JLWHW UHSD VH VWDWLVWLpN

74



5H]XOWDWLQBULGIDND® D L RGQRVH WHWL ® B NG R UONVHH SUDL N
JRGLQH

Slika 15. 'X4LQD UHSD NRPHWD VWDQLFD +(S VWDQLpQH OLQL

uzorka uzetog na pijezometX 3 NUHPBRWSHR X RG “ GR “ 1D
XJHW QD SLMH]RPHWUX 3 X UDVSRR RERUDN X]HW QD SLM
3 RG “ GR “ ]D SURFMHGQX YRGX X UDVSRQX RG
5H]XOWDWL 6O0OLND SRND]XMX GD SRG]HPQD 1;,RGD VM&E

SRG]JHPQD YRGD NRG SURpLaAULYDpD X]RUDN 3 L SRG]JHPQ
P3)iprocjednavodaQ H XJURNXMX VWDWLVWLpPpNL ]QDpDMSaXaSURPMH
kontrolu (Slika 15).
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Slika 16. Intenzitet repa kometa stanicatl6 VWD QLpQH O L Quititbtddrepa kgne@W D W L L

X]RUND X]JHWRJ QD SLMKX|RPNWERYX3 RBUHpPX VHGR “ 1D
uzet na pijezometru P2 u raspoRUG “ GR “ ]D X]JRUDN X]HW QD
3 RG “ GR ]D SURFMHGQX YRGX X UDVSRQX RG “

Rezultati pokazuju da podzemnavodd. GUR O R ANRGXRGR®QAROLAWD X]RUDN 3
VWDWLVWLPNL ]QDpDMQX SURPMHQX KIRBYRVE @DJNRK QW R\
plohe odlag® L @xwrbk P2), podzemnavoddL GUROR&NL QL]YR(GQ& PR3 RGODJ
QH XJURNXMX VWD WM lupiiNdnzg§tQ Bepd M @dXoss ba kontrolu, dok

SURFMHGQD YRGD X]RUNXMH VWDWLVWLpEIkKIBPpDMQH SUR
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5. RASPRAVA

3URFMHGQD RWSRGHMGVRIGIMMH L SURFMHQD ULJLND ]D RNR
5DVWGXVWULMVNH SURL]YRGQMH L PLJUDFLMD VWDQRYQLZ
NRQWLQXLUDQRP SRYHUDQMX NROLYDRH SRELDPHHEHNR R QL
RGODJDOLAWD RWSDGD NDNR EL VH X NRQWUR®@DUGRLP >
LQHUWQRJ PDWHULMDOD *RGL&4QMH VH QD QHNROLNR VWR!
L VXU RGORAL YLAD RIGVHFOL.@RMNBBX QDR®MRJI RWSDGD
3ULOLNRP UD]JUDGQMH RWSDGDSBREMHIG\QHF DRIGIP RER D LEI
L VDVWDYD SUHGVWDYOMD SRWHQFLMDOQX RSDVQRVW ]D C
QHRGUADYROQKK/ EVWIYW¥D QD RGODJDOLAWLPD RWSDGD SRVW
L] SURFMHGQLK YRGIP OMHR GUSUKMNFRGRG]HPQLK YRGD EXG
SRYUSLQVNH YRGH %DXQ L VXU 2GUHYLYDQMH SRWF
SRYWA&IL® YRGDPD MH VORAHQL ][DGDWDN MHU L]YRUL ]DJDVF
RWSDGQLKRFUANYUSROML NRPXQDOQRJ RW\SHGWDH WDHANR. X\
SUDYL L]YRU ]DJDYyHQMD 'RN MH XWMHFDM MK RLF/NVHID@HKQ
SUHGVWDYOMD JODYQX SRWHQFLMDOQX RSDVQRVW RG ]DJ
&KQ L VXU +DQ L VXU 6DPDGGHU L VXU E
XWMHFDMHP SURFMHGQLK YRGD QNVWBPHUAYRYND BREMHGH
XJODYQRP VH EDJLUDMX QD WRNVLpPQRVWLLXWRINWH QR D\
DPRQLMD -HGQRP NDGD SURFMHGQD YRGD GRVSLMH X RN
JHQRWRNVLPQL SRWHQFLMDMO D TERR Y RGHMRB RUJDQ@HPV S
VPDWUDMX MHGQLP RG QDM]QDpDMQLMLKLG]YRODFPRJIXKHJ

7RNVLPQRVW L NROLpPLQD SURFMHGQLK YRGD PRA&H YD
WLMHNRP OMHWD NDGBHVE WRIESHUIDVRKERUQD® QDMQLAD |
GR QDMEUA&H UD]JJUDGQMH RWISIRERURQD EBSURBPRMHGRDYRC
QDMPDQMD NROLPLQD ZWHWQLK WYDUL 7DNRYHU WLMHNRF
QL&D QWWRWEON JRGLQH a4WR GRGDWQR RWHADYD PLMHE&D
'RODVNRP MHVHQL URPWMOHD LDNRWLPHQID NREOLPLQD AWHWQL]
SURFMHGQX YRGX 6 SRYHUDQMHP NROLPLQH RERULQD GRO
X4WR GRGDWQR RODN&DYD PLMHiADQMH SURFMHGQLK YRG
RNROL4 7LMMRRMHGPWPOQMHQMD WHPSHUDWXUD GRODI]L G
L VPDQMXMX VH NRQFHQWUDFLMH &WHWQLK MWD ULXW 8 HRB
RERULQD QD WRNVLPQRVW SURFMHGQLK YRGD SRWYUYVHC
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VMHPHQWARE) YSL\OBOEDNRYi L VXU 8 QDYHGHQRP LVW
MH GD NROLpPLQD RERULQD XWMHpH GN\DHIE® KQIDE QFHLIND XV UDY W N
YL4AH RERULQD PDQMD LQKLELFLMD UDVWDHRRW R M W QD0 REVW
SURFMHGQLK YRGD XVOLMHG QMLKRYD UDJUMHYLYDQMD V
WRNVLPQRVW SURFMHGQLK FRIVD L SIRWSYURFKNVHHQ G DWNRHN \B IUPRGER \
YUOR VOR&HQD WH GD ]JDKWMHYD WIQKHEKI GDYE LB DW QK UK
WRNVLNRORANLK LVSLWLYDQMD NDNR EL 8WR EROMH XSR]Q
HNRVXVWDY

8] JRGLADMIYWARR YDADQ PpLPEHQLN NRML XWMHpH QD WRNV
RWSDGDUDWUIDEMHMH X NRMRM VH QDOD]L RWSDG NRML MH
RGODJDQMD RWSDG SUROD]L NUR] UD]OLpLWLNKLYMHO®DUD]J
ID]D SRPHWQD PHWDQRJHQD ID]D VWDELOQD PXOMMNDIHQD
JUDND ID]D XJOMLN GLRNVLGD L ID]D JUDND .MHOGVHQ L V
QD 6YLMHWX MR& QLMH X&OR XJUDDGR MW HR S/BGGMOL XR | B PIRFFDA Y
LVNOMXpPLYR WHRULMVNL =D WIRHUMHGEM XR¥Y\R M HER NRD NRREOVDUIR
HNRVXVWDY PRUDPR X]HWL X REJLU GD MH WR SRGUXpMH
NRMLPD UDVSROD&HPRIR RW.SIDIGIX QD]RGMD®JIDOLAWX NUR] C
JRGLQD VX LVNOMXpLWRH WHRMHMMNPRJIXER @GHIJDWLYH SRV
UDJPRWULWL UD]OLPLWH QDPLQH L WHKQLND NRQWUROH

NRPELQLUDOQRQWUIR@®KSKXWMHFDMD RGODJDOL&AWD QD HNR)
ILJLN N®I@RMVNLXNLKESREBR]DWHOMD EXGH VH SRND]JDR ND
NRQWUROX XWMHFDMD RGODJDOL&WD

SURFMHGQD YRGD OUD+HIQHOMNBPEKEMYRNYIONDNYRUD
SURFKMH®RGH RGODJDOL&WD VX VORAHQH VPMHVH NRMH P
RQHpLaAaUDYPRRJIL RG QMLK PRJX LPDWL WRNVLpQH L JHQR'
QDYHGHQLK RQHpLa&ULYDpPD MH RWHADQD MHU VHQPMRAMLRpH
EXGH SULVXWDQ LVSRG JUDQLFH GHWHNFLMH VWDQGDUG(
RSDVQRVW ]D RNROLA L ELRUD]JQROLNRVW OQRJH RG WLK
NROLpLQDPD L QMLKRY QHJIJDWLYQL XpLQDNUNIH WHNMPR X
GMHORYDQMHP YL&H WYDUL L QMLKRYLP SURGXNSWLPD WU
S8NROLNR SURFMHGQH YRGH GRVSLMX X YRGRQRVQLN
SRUR]QRVWL NRML RPRJXUDYD QDNXSOMDQWBH SR®RAMWHGEQ!
SRG]JHPQH YRGH WH IRUPLUDQMD RWRSLQH V WRWHQFLN
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&KULVWHQVHQ L VXU S8WMHFDM RGODJDOL&AWD QD N
EURMQLK LVWUDALYDQMD WH VH SBNEX&BW U Dy RIBMIMRQ LV W

%DHGHFNHU L $SJDU 1HZHOO L VXOHMX .MHODA\OHQ L
*RUHOLFN 7HMHUR L VXU YO\KDPPDU 9HQGUDF
VXU 3RWYUYJHQR NDHP LGID QWD SDLWXWEDW YUOR QLVN

LVSRG PDNVLPDOQR GRSXZPDHQHKLNME QWH W JD FLRMIX §DHO M.
SUHGVWDYOMDMX ]QDpDMQX RSDVQRVW ]D RNROL& ORU |
]JDNRQLPD X YHULQLG6GIHEILYQMBQHM$PM LpNH 'UADYH .DQDG
NRQWUROD SURFMHGQLKNLKXRBRGIDQBK RYBRRBYUEMHQ JRGLQD
RGODJDQMD RWSDGD QD RGODJDOL&WH .DNR VX QDMVWD
SRGDWNH VWDUD BRA4 XYRBIHNVX X VWDELOQRM PHWDQRJH
SLWDQMH GDDOL NMRGNRDWJIDRNRQ ]DYU&AHWND RGODJDQMD
XWMHFDMHP RGODJDOLAWD QD RNROL4 QDNRQ JRGLQD
]OPDMDQ pLPEHQLN L SUHGVWDYOMDWL SRWHQFLMDOQX RS
6 REJLODREDY HGHQH pLQMHQLFH SRVWRMH MDVQL GRND]L G
SURFMHGQH YRGH RGODJDOLAWD RWSDGD SUHGYW®LYWDIM D \
ILILNING\@RMVNL VDVWDY SURFMHGQH L SRGJHPQN YRGB QH
QD ELRORENLP WHVW VXVWDYLPD NDNR EL GRELOL NRPSOt
SRG]JHPQH YRGH WH EROMH UD]XP MM X WOLRAHOQX BG® B HVOEI
.DNR VX X]JRUFL YRGH X]JHWL V RGODJDOLAWD QHRSDVQRJ
PLMHEDQL NRPXQDOQL RWSDGD X SRG]JHPQRM YRGL VX VH
GD EL PRJOH ELWL SULVXWQH X]BWRGYMIG QRGNS RUBLY QN IVLRO\
YHOLNH NROLpPLQH RUJDQVNH WYDUL GX&ALNRYL VSRMHYL
X]RUFLPD SRG]JHPQH YRGH RGUHVLYDQL QDYHGHQL SRND]D
SURGLUDQMH SURFMHB QW H RBRH N)R MBHE GIMEQBI YIRIG B URS W H U
QDYHGHQLP RQHpLAGLYDOLPD

3URFMHGQD YRGD 0UDFEOLLRO/MEN LXWHDWDVXVWDY L

=D SURFMHQX JHQRWRNVLPQRJ XpLQND SURFMHGQH L SRC
NRULAWHQD MH VWDQNPQBLQR®DMDUKRMB@BM+ (MH QRIS UHY |
FLWRWRNVLPQRVW LQGXNFLMD VORERGQLK UDGLNDOD OL
=D RGUHYLYDQMH WRPNDVWLK P XW BBLOWR QRO &WW PLS K/IDP
7% L 7% 8 S R W WGHERLPK EDRHD Q INDL WSLLHAAM H@ B KXONX SQH W
X]RUDND SRG]JHPQH L SURFMHGQH YRGH SRVWDMH PRJIXiD
VX RGJRYRUQL ]D QDYHGHQL WRNVLPQL XpLQDN .DNR VX
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RSUHQLWL LSDALWRJIJXDSRN CBOUWRMWOQHLQXKNXXIE@MDN QHNRJ X]R
RUJDQL]PH GRN VH NODVLpQLP NHPLMVNLP PHWRGDPD PR
VH XWYUGL NRMH NHPLMVNH NRPSRQHQWH X]RUND VX |
L RQWLQXLUDQL R DUDLWR MHP DS HWPHIN BUNDID LEHNGD QWLILNDF
]DJDYLYDOD X YRGDPD VH ]JQDWQR VSXdWDMX WH MH GD
SRMHGLQLK ]DJDYLYDOD NRMH VX X SURAORP GHVHWOMHI
PHWRGDPD LMSLOIFHD Q MORHHWDR B WSEAWRMX UHGRYQR LVS
OLWUL D EURM NVHQRELRWVNLK WYDUL NRML VH RGUHYV XN
SRVWXSDND YHULQD LVWUDALYDQMD NVHQRELRWVNLK WYD
DURPDWVNL NGRNQUPML XJSRI@NRYRGLFL SROLNORULUDQL
GRN VX LVWUDALYDQMD SRODUQLK NVHQRELRWLND IHQR
8SUDYR JERJ QDYHGHQLK PRJIJXUQRVWL WRAH IQNR O RWNHLKF LM
FLWRWLPQR L JHQRWRNVLPQR GMHORYDQMH SURFMHGQLK Y
QMLPD NDR DODWRP ]D XWYUYyLYDQMH XWMHFDMD SURFMHG
8VSRUHGERP GRELYHQLK UH]XOWDWD NDRQ LMNHRWNN-NHD I
SURFMHGRLBDYBRRG]JHPQH YRGH 2GDELU ORNDFLMD X]JLPDC
WHPHOMLR VH QD VPMHUX WRND SRG]JHPQH YRGH L VDPLP W
YRGD V SURFMHGQLPD 3LMH]RPHWDU 3 VRGDDIDLEW®U F
SURFMWEGH QH EL WUHEDOH LPDWL XWMHFDMD QD SRG]!
SLMH]JRPHWUX 3LMH]JRPHWDU 3 QDOD]L VH KLGURORANL Q
SORKH RGODJDOLAWD D KLGURORANL RIFRBEIR RRGSQ B Y HWSK
SB]HPQH YRGH X]JRUNRYDQH QD QMHPX XWMHFDMD WUHEDC
GLMHOD RGODJDOLAWD 3LMH]JRPHWDU 3 QDOD]JL VH KLGUR
YRGH X]JRUNRYDQH QD QMHP XNKMOMRHR G K0 CEJID WIUHED OR LPDW
8 SUBWIPLP LVSLWLYDQMLPD XRpPHQR MH GD SURFMHGQD YF

JRGLQH L OMHWD JRGLQH VPDQMXMH YLMDELOQF
NRQFHQWUDFLMH SURFMHGQH YRGH] #HNGOUDXIEH EQWRWR
OLQHDUQH NULYXOMH L]JUDpXQDWR MH GD SURFMHGQD Y
XNRQFHQWULUDQD VWPDIQQKDE+(B VWDQLPQH OLQLMH SURFN
OMHWR JRGLQH SRVWLAH LAMWIX RGKLELFGRXY BOR ANRHX
X]JRUNRYDQD X JLPX JRGLQH X QDMYH{iRM LVSLWDQRM
LQKLELFLMX VWDQLFD +(S VWDQLpQH OLQLMH B8JURN VPI
X]JRUNRYDQH WLMHNRP JLPH PRJXBRBLORYRRXRWRPWH VPD
NRQFHQWUDFLMRP DPRQLMD X WLP X]JRUFLPD 'RN MH SUR
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JRGLQH RG VLMHPQMD GR/UXM®DMHNRPLOD JR®UQH

/ NRQFHQWUDFLMD DPRQLMPRW LMHNRA QD WRRIYE D DI G
PJ1/ 8WMHFDM DPRQLMD QD WRNVLPQRVW SURFMHGQH YI
SURYHGHQLP RG &0OHPPHQW L OHUOLQ L 7DNX\D L VXU
QLWULILNDFLMRP X GH® WML PN DPUMRPWMIDOYPDK YRGD PR
VPDQMLWL WRNVLpPQRVW SURFMHGQLK YRGD .DNR XQXWD
VWDELOQRM PHWDQRJHQRM ID]L L ID]JD ]ERJ PHWDOQF
DPRQLMDNDQV®IGHQR YR pX NDIDXRD QX MY DMQMD WH NRQFH
X SURFMHGQLP YRGDPD PRAH ELWL YHGRRR \NDND SRRFM PG
GRVSLMH X ODJXQH X DHUREQLP XYMHWLPD GROD]L GR SU
DRQLMDN SUHODJDOM LW UQMMULWD X QLWUDWH WH VH
NRQFHQWUDFLMD X SURFMHGQRM YRGL .DNR VX NRQFHQW!
YUOR YLVRNH RQD YUOR pHVWR QN RDGHRPIRG/ED [ O MHIDWEH3I ¢
3UDYLRQUMXQLPQLP YULMRBSRGWLRDYRBDVLIM

]JD LVSXaAWDQH X VXVWDY MDYQH RGYRGQMH WH VH YUDpE
WLMHOR RGODJDOLAWD GRGDWQR]YHDSRMSH R HWWDHG D ®DURDS
VH L SRQRYQRRSFHQWYDFLMD DPRQLMD X SURFMHGQLP YR
QD QMHPDpPNLK RGODJDOLAWD XWYUGLOR MH GD  JRGLC
GR4OR GR ]QDpDMQLMHIFVMD QMHR@M B DN RQFHRFMMHGQRM Y F
(KULJ 3R&WR MH YUDpPDQMH SURFMHGQH YRGH QD WLMHO
EL ]JDGU&DWL WX SUDNVX DOL QD RYDM QDpLQ SRVWRML RS
AWHWQLBUREDUHIGERM YRGL ]JQDWQR SRYHXDLWBWLL NEWLIORHE
SURFMHGQX YRGX NRMD VH VPLMH YUDWLWL QD WLMHOR R
LQYHVWLUDMX X L]JJUDGQMX L RGUADYDQMRWPBDGIQHLKN Y R G
L LOL SRYHUDMX NDSDFRBWHIH K ERPQHEDR QDO GRALWNVRPH WL
QLMH VYDND WHKQRORJLMD MHGQDNR IXQNFLRQDODQ X SLU
UDJOLNX RG YHULQH L QGXWDABUNISHY/OIQ KKL WRIBDL WDRPOMHG QH Y
VH RGOLNRMX PODMNMBRDGLYRE&UX WH NODVLpQL ELRORANL XL
ELWL MHGQDNR IXQNFLRQDOQL NRG SURpPLAUDYDQMD SURFI
YRGD ,VWUDALYDPUPMHRGD B RFWRGHGHQR RG .ODXGHN L VXU
VH SULPMHQRP QDSUHGQLK RNVLGDFLMVNLK WHKQLND $23
JODWQR YHUL VWXSDQM SURpPLAGDYDQMD QHJIJR ELRORAENR
RNVLGDFLMMRPUS +OXRQWLIOL VX VPDQMHQMH RRUSOQR WM LW
XNORQLOL DPRQLMDN SULVXWDQ X SURFMHGQRM YRGL 'RI
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LPDOL VX VPDQMHQMX FLWRWRNVLPQRVW L JHQRWRNVLpPQ
VXVVEDOX XP FHSD

8] QDYHGHQH PHWRGH VP DQMMI X IS WRFRWHEROLP YRREQ@IPD Y U
LPD UD]JYUVWDYDQMH RWSDGD L PHKDQLpNR ELRORAND RE
*ODYQL L]YRU DPRQLMDND X PLMH&DQRPVNRBXGIOI) KRR RW S
WH XNROLNR VH QD RE®DAHDRWHWDIE EWSBBGEBWKRGQRJ VRU\
ELROR&NH REUDGH X UHJLRQDOQLP FHQWULPD ]D JRVSR!
NRQFHQWUDFLMD DPRQLMDND X SURFMWGQDP RFR @/DPDREXDO
RWSDGX 7R MH MRADMMGRDWMHRE YDDRRMMH JYDAQR &WR SULN
UD]JYUVWDYDQMD RWSDGD QD NXUQRP SUDJX NDNR EL VH X¢
RNR VYHR QD QDMPDQMX PRVRDXQ I MMHL X R QFHRQL\R UWDIER M [
SURFMHGQLP YRGDPD

,VVUPDQMD SURYHGHQD QD ELOMQLP L &LYRWLQMVNLP RUJ
XJURNXMH VPUWQRVW L]JOR&HQLK RUJDQL]DPD NRMD MH |
SURFMHGQH Y RIBMX V¥ Q B O RASA WHPR DWW QY HQR MHRGD SURF
NRMD MH NRQFHQWWQR YPDROMHYMH SUHALYOMHQMD %
/L L VXU L $ZDVWL L VXU GRND]DOL VX GD
NRQFHQWUQRKLEIDWPDMX NOLMDQMH UDMMLEWEWIDRPDNQY X GLR
UDJOLNH X LQGXNFLML FLWRWRNVLPQRJ XpLQND VH SULSL\
UD]JOLPLWLP WHVW VXVWDYLPD 3UHPD 86 (3% NDOFLM
WRNVLPpQLML RGROQDWD LWH YRD WIHPHORWPX NMR LM WNH SDUDN
RGODJDOLAQH SURFMHGQH YRGH gPDQ L -XQHVWHGW
YRGH X]JURNRYDQD NORULGQRLP VSRRMNQIRP B R BRGLG DR P
GREX 8 SURFMHGQRM YRGID VXEGOF DDOR QW B QUUWDE OLLMLIY NN C
SURVMHNX &aWRJRGJRYDUD YULMHGQRVWLPD NORULGQLK V
gPDQ L -XQHVWHGW 3URYHGH QWY XVNRIDRHYWQ B PLQID NI
NHPLMVNLK SRNDVDRNAVAMOQ RY W N XSW@RHF M H GISK § RIB HP DU R WJ
"HQRSXVSRMWHWUGLOL VX YH]X L]JIPHYyX NRQFHQWUDFLMH DPR(
SRWUREQMH NLVLND V WRINDEGRRVYWIXBURFMHGQH YRGH

=D UD]JOLNX RG SURFMNBQHB NRGHVSRIGIHWPAWWDQLK NRQFHQ
VWDWLVWLpPNL ]QDpDMQX FLWRWRNVLPQRVW aWR QDP SR\
RWSDGD OUDFOLQVND GXEUD YLD QAR GBNUFR.GRIQDDOQM.DL SWIR FMHHG R
VDPLP WLP H RQH SIRGH
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,VWUDALYDQMH SURYHGHQR RG VWUDQH *LOO L 7XWHMD
ELWL L]D]YDQ SRYHUDQMHP SURGXNFLMH VORERGQLK NLVLN
VWDQLFD GD XNORQH QDVWDOHWORERM®OMH X LAV LGNGRLYTEK Y G.L
SULND]DQ SRGDWDN GD SURFMHGQH YRGH QDVWDOH X awlL
LOQGXNFLMX SURRNVLGDWLYQRJ GMHONRR@REHVDN 8\ RLWX [WDOIK
NLVLNRYLK UDGLNBQUVL ®DMNUIMWVAONRNMKWHQDIOPADLL SRYHUDQH NR(
L /L VX GRND]DOL GD SURFMHGQD YRGD XJURNXMH NURI
D PRJIJXUL XJURN NURPRVRPVNV®RERRRYLK WH GR. I BIODD § WHIN R
LOL RNVL®YNLMKHVEBEBMHYD SURFMHGQH YRGH

8 RYRP LVWUDALYDQMX SULOLNRP RGUHYLYDQMD SURRNVI
YLGOMLYR MH GD SURFMHGQD YRGD X]JRUNRYDRWRX MHVHQ
JRGLQH NRG NRQFHQWUDFLIMHQOpDM QR PR Y¥NIIDW IMW L RIE X N
UDGLNDOD X RGQRVX QD NRQWUROX GRN X]JRUFL SURFMHC
QLVX SRND]DOL VWDWLVWLPNL 1QDpDMQRDWR Y X GNDRWHHO D.Bl
UH]XOWDWLPD RGUHYLXBGQGMWMWIR MLW RMHRQAV MYQBVYW]IPMHUHQL -
VWDQLFD X]LPDMXiuL X REJLU VDPR NRQFHQWUDFLMH NRMFE
SUHALYOMDYDQMD ELR QD X]RWEPPR BWPRXFMHGQRGLRGH P
IDNOMXpLWLEBRR]IRUNISRWBROD]L GR SRYHUDQMD LQGXNFLME
XVOLMHG VPDQMHQMD VSRVREQRVWL VWDQLFD GD XNORQH
6YL LVSLWDQL X]|RGH [SBGRAVVHGYD YRGD QLALK NRQFHQ\
MHGQRP VOXpDMX QLVX L]D]YDOL VWDWLVWLpPpNL ]QDpDMQ
WUHWLUDQMD VWDQLFD QLMH GRAOR GR QDUXabDYDQMD VW
XNODQURBEMGIQVLK NLVLNRYLK UDGLNDODQRWW DR AR NARBRE
NLVLNRYLK UDGLNDOD QDVWDOLK XVOLMHG L]ODJDQMD VWI
QLVNLK NRQFHQWUDFLMD /L L VXU

Rezultati dobiveni TBARS metodom ukazuja procjedne vode uzorkovana u jesen i zimu

2013. JRGLQH L OMHWR JRGLQH XJURNXMH SHURNVLGDFLM
NRQFHQWUDFLMDPD [ L [ ODORQGLDOGHKLG MH MHGDQ
VWDQLpPpQH PHP Ekad Qadljedda \pkakbrm)drnk produkcije slobodnihikkigih
UDGLNDOD XVOLMHG RNVLGDWLYQRJ VWUHVD 3RPSHOOL L
GRYHVWL X YH]X V SRYHUDQRP SURGXNFLMRP VORERGQL!
sposobnosti stanicaaduklone slobodne kisikove radikale. Fluoridi ptisw procjednim i u
SRG]JHPQLP YRGDPD PRJX L]D]YDWL NURQLpPpQH GHJHQHUD\
kisikovih vrsta i lipidne peroksidacije (Inkielewk&tepniak i sur., 2008; Gao i sur., 2008).
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lako MH TOXRU VYHSULVXWDQ H OMAPHIMWW B RINVRDCPLEA X RLDXSRJIRO L ©
X YLALP NRQFHQWUDFLMDPD PRaH LPDWL QHAHOMHQH SRV
%HOOH L VXU SRND]DOR MH GD SUHWMNHUG®RR \L |DDYO K
stanica u tkivima, smanjitt aW LRNVLGDFLMVNL NDSDFLWHW X PR]JX WH
visceralne organe posredovanjem djelovanja RQOSipidne peroksidacije. Kod uzoraka
SRG]HPQH YRGH VWDWLVWLDN ljupQkazab $ @26rcDuz&hoGa@iXaSHURR |
pijjezometruiZHyX VWDURJ L QRYH SORKH SLMH]RPHWDU X OM
GRELYHQLK YULMHGQRVWL QHJDWLYQH NRQWUROH NRMD M
JLPX JRGLQH PRIGDYBRDILNEHJRNWYMXpLWL GDoQUI¥WL MHGD
JRGLQH QLMH L]D]YDR VWDWLVWLpPNL ]QDpDMQX OLSLGQX S
OXWDJHQL XpLQDN SURFMHGQH L SRG]HPQLkKawaea WHVWL
typhmurium7 $ L 7% V L EH] odakiWdinEaR Prbdpedna voda uzorkovana u
MHVHQ JRGLQH L]D]JLYDOD MH PXWDJHQL XpLQDN QD V¥
DNWLYDWRUD L QD VRMX 7% V PHWDEROLPNLP DNWLYDWI
aNWLYDWRUD PXWDHHEDR XD QR WHQMWBDBMFLML RG [ D V PH'
PXWDJHQL XpLQDN MH L]JPMHUHQ SUL NRQFHQWUDFLML
DNWLYDWRURP PXWDJHQL XpLQDN MH L]PMHUH®taBtJL NRQFF
uzorcima procjednevod® LMH ]DELOMHAHQ PXWDJHQL XpLQDN PHYyXW
EURMD VWDQLFD NRG RED VRMD 4WR VH PRAH SULSLVDWL F
mutagena aktivnhost procjedne vode je dosta upitna jer poRIXUQRVW GD JER
FLWRWRKQWL PRRAMWELWL GHWHNWLUDQD SRYHUDQD PXWDJHC
2VLP WRJD WLMHNRP LVSLWLYDQMD PXWDJHQRVWL NRG
promjena broja stanica u odnosu na negativnu kontrolu koja\Wj¢ D W LVWLPNL ]QDpDM
PRaBULSLVDWL YHOLNLP PMHUQLP QHVLJXUQRVWLPD NDG
BWYUYHQL PXWDJHQL XpLQDN X SURFMHGQLP YRGDPD X]RUI
PRJXUH SRYH]DWL VD VLQHUJLV Wragija metalX [p k@mMbBRdski@ L V N L K
zaJDyLYDOD NDR da8WR VX SROLNORULUDQL ELIHQLOL 3&% S
poliklorirani dibenzodioksini (PCDD) i poliklorirani dibenzofurani (PCDF) (Wangi sur.,
OHYyXWLP SRWUHE Q @nj¥ KakG B @ddxtiapdmbgl Siahdal postoji
VLQHUJLVWLPNL XpLQDN L]JPHYyX NVHQRELRWVNLK NRQWDPI
SURYHGHQLP LVWUDALYDQMLPD WHANL PHWDOL ]JERJ YUO
PLPEHQLNRP NRWRNSULPpQRYRLLS U RtEMdh GQrl, KIWRRoMINsaa K U L
1995; Reinhart i Grosh, 1999; Revans i sur., 1999; Kjeldsen i Christophersen, 2001) sama
PLOQMHQLFD GD YUOR PDOL XGLR PHWDOD NRML VH QDOD]L
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odlagaiawD WLMHNRP SUWRVWLDPHWDINGRVWEEEYH DSVRUELUDMX |
SURFMHGQH YRGH 7DNR VH SURFMHQMXMH GD L] RWSDGD
WHAENLK PHWDOD MH GR VDGD L]OXaH @¢éesi RMSRVWRML |
nastati u kasnijip ID]JDPD UD]JUDGQMH RWSDGD PRJX SRWDNQXWL
SRYHUDQMH QMLKRYH NRQFHQWUDFLMH X PRPodf22@®M YRGH
vode uzorkovane u zimu 2013. godine i ljeto 2014. godinehisD ] YDOH PXWDJHQL XpL
razOLNX RG QMLK SRG]JHPQD YRGD X]JRUNRYDQD X MHVHQ
QD SLMH]RPHMWAbirdnelLi] BkiyneSORKH RGODJDOLawD 3 NRG V
PHWDEROLpPNLP DNWLYDWRUR RzVodP3 kod Hgj&/8 FAWLVIX KLGURO
V PHWDEROLpPNLP D N \WemysRi\8aRtay R &dzeninji. woBeQugpFkovanih u
jesen i zimu 2013. godine i ljeto 2014. godine nema bitnih razlika koje bi mogle dovesti do
navedenih razlika u mutagenosti, stogaYeM HURMDWQR GD XWh# diggbQD P XWI
porijeklo. U mnogim radovima (Singh i sur., 2007; Chakraborty i Mukherjee, 2009) se
PXWDJHQD VYRMVWYD SRYH]XMX VH SULVXWQRAauX WHAaNLK
JH 0Q 3E =Q &U LRAIPHOWWMDO@DVRYIR]Qayems td HMIRWERNVLPpQL
LQGLYLGXDOQL LOL VLQHUJLVWLPpNL XpLQDN B8SUDYR PHY)
VLQHUJLVWLPpNL XpLQDN PHWDOD VD NVHQRELRWLFLPD M
podzemnih voda uzorkovanih jesen 2013. godine. Kako bi #RJOR EROMH LVWUDAa
SRVWRML NRUHODFLMD L]PHYyX NRQFHQWUDFLMH WH&aNLK F
LIPMHULWL NRQFHQWUDFLMX WH&GNLK PHWDOD WHKQLNDPD
detekcije.Jedna od takvih tehnika je @6 NRML RPRJXUDYD GHWHNFLMH
HOHPHQDWD X QDQRJUDPVNLP NROLpPLQDPD
SURFMHGQD YRGD X]JRUNRYDQD X ]JLPX JRGLQH QH X]R
NRPHWD X RGQRVX QD NRQWURI@X LOAOWHX]W RNHWEH miSADD NVRR/K
kontrolu pri koncentracijama od 1,0x i 5,0x. Uzorci podzemne vode uzorkovane u ljeto 2014.
JRGLQH QD SLMH]RPHWUX 3 X]JRUNXMX VWDWLVWLpPNL ]QDPp
RGQRVX QD NRQWa/&denK pijexendetdrRnalH hidddRaNL X]YRGQR RG W
RGODJDOLaAWD JHQRWRNVLpQL XpLQDN MH YMHURMDWQR SR
SRYUALQDPD X RNROLFL 8]RUFL X]HWL QD SLMH]RPHWUX 3
razliku, dok uzorci podzemne vode pokazuju Bt VWLPNX JQDPpDMQX UD]JOLNX
NRQWUROX 8WYUYHQL JHQRWRNVLPpQL XpLQDN SURFMHGC
LVWUDALYDQMD NRMD VX WDNRYyHU XWYUGLOL JHQRWRNVLD
Kemijski sastav procjednih voda u StDaLYDQMX RG *DMVNL L VXU \
SURFMHGQLK YRGD X RYRP LVWUDALYDQMX WH MH LPDR QF
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MH LJUDAHQLML JHQRWRNVLPQL XpLQDN WLRJIDYRFDNE GO K
1DGDOMH DVSWROYAH G BEQM Q D Dyosdhilisd Riklar@gaéatetretiranoj s
SURFMHGQLP YRGDPD L] @&8WDYLRQLFH SRND]JXMX SURSRFLI
SRYHUDQMHP NRQFHQWUDFLMH SURFMHGQLKa fiFo@D L] awl
JHQRWRNVLFJRVIWVY XUGGL 2YH YRGH |D UDJOLNX RG SURF
RWSDGD OUDFOLQVND 'XEUDYD VDGUAaH J]QDWQR YHUH NROL
PDQJDQD QLNOD RORYD L FLQNDW D RN BRMRIFQMNDQ 'K F RGHD V!
detektabilne vrijednosti navedenih metala.

SBRG]JHPQH YRGH X]J]RUNRYDQH X JLPVNRP SHULRGX QD SLM
X]YRGQR 3 sahirpRedijaKtivneSORKH 3 L KLGURORANL QL]JYRGQR
promjeQX X GXALQL L LQWBQFLWHWD WMSDNVNRWLPNL ]QDpDM
JHQRWRNVLpPQLPD

.DNR MH GRVDGDaQMD SUDNVD NRQWUROH XWMHFDMD RG(
REDYH]QLK SHULRGLPQLK PMHUHQMD SKBG]FR@H D SRNRAL G
dozvoli,teuSRUHYLYDQMH GRELYHQLK NRQFHQWUDFLMD V PDNV
0'. SUHPD KUYDWVNLP SUDYLOQLFLPD L XUHGEDPD PRJX1
EXGX LVSXaWHQH X RNROL& pLPH EL IakdljepRVeddho XIGtAR LW L ]
isr DALYDQMD MR& XYLMHN QLMH PRJXUH MDVQR NYDQWLILH
SUHGVWDYOMDMX QD |GUDYOMH OMXGL 'R VDGD MH SR]QD
PHWDORLGD DUVHQ aandt (nitra Ukslika kn INREXWGDXPLID RAHQL PRJ
LID]YDWL EROHVWL NDR aWR VX PLQDPDWD VLQGURP L VLQ
provedenih ispitivanja mutagenosti podzemnih voda vidljivo je da iako su koncentracije
ispitanih fizikalnekemijskih tvari unutar maksimalno @ XaWHQLK JUDQLFD YRGH
PXWDJHQL XpLQDN NRML PRAH ELWL SRVOMHGLFD WRNVLDPQ
LVWUDALYDQMH L LOL VLQHUJLVWLpPpNRJ GMHORYDQMD UD]
popisa pokazatelja koji se isptuyuUHGRYQRM NRQWUROL YRGD RGODJDOL
vjerojatno bi trebalo uvesti nove tehnike ispitivanja koje bi mogle utvrditi da li je voda opasha

]D RNROL& L OMXGH $NR VH QD R Y pQubdmni@ vd&/wrbliz;iik SR W H (
odiIDJDOLAWD RQGD EL ELOR PRJXkdmhij<dispitizanja @ ¢ilje@D O M QML
XWYUyLYDQMD VSRMHYD NRML VX GRYHOL GR WRNVLpPpQRJ
PRAH SRVOXAaLWL NDR SRONWAPRLWBEPND JNDRWOILEEQDVH PR
SRG]JHPQLP L SRYU&AGLQVNLP YRGDPD X EOLJLQL GUXJLK F
XWYUyLYDQMD WUHQXWQRJ VWDQMH D LPDMXuUL QD XPX GX
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otpada kako bi se rizici koje oni pre@@ty OMDMX ]D RNROMX \PRHA L XQ B MHLINKP
]DAWLWLOR YRGQR ERIJDWVWYR NRMH +UYDWVND SRVMHGXI
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=$./-8y%.

5HIXOWDWL GRELYHQL X RYRP UDGX GRND]XMX FLWRWRNVL
SURFMHGQLK YRGD RGODJD Qlinskamub@ud,RSimbée/ daRemrdagéd& DGD 0U
djelovanje dokazano i kod podzemnih voda uzorkovanih tijekom jeseni 2013. godine.

OGODJDOLAWH Q HRr&dinsika RDLbrawApSBs@ijaju potencijainu HNROR &N X
RSDVQRVW WH SRVWRML UHDOQD SRWUHED |]D SURYRYH
SRG]JHPQLK YRGD RGODJDOLaAWD L QDNRQ VDQDFLMH L ]|DWY

PRVWRMH ]QDpDMQH UD]JOLNH X NRQFH Qdtzerinikdd® PD WY D
PocMHGQD YRGD LPD YHUL S+ .3. %3. WH SRYLAH®H NRQFHC
spojea L VXOIDWD NRML VX GRND]DQL JHQRWRNVLpPQL DIJHQVL

'RND]DQR MH FLWRWRNVLPQR GMHORYDQMH SURFMHGQH Y]
VWDQLPQRM OLQLML +(S

Podzemna vodaK LGURORANL X]Y R G QBraR Bl), RaigemiD \@dss WPl § X
sanirane iDNWLYQH SO R Kikbrak E2Dipdd2@nind VoK LGURORANL QL]YRGC
R G O D JmxGraki3) e pokazujeV WDWLVWLPNL ]QDp DM Q X nEgatwiiW R N V L p ¢

kontrolu.

Procjedna voda uzrokuje lipidnu peroksidaciju i to pri koncentracijach&xi 10x. Uzorci

podzemne vodeKLGURORANL X]YRG QBraRBl),REFE) HPQHAWRGH L]PH)
VDQLUDQH L DNWLY Qkbr&k®R Kpddf@re DatBKQ GAMRD RANL QL]JYRGC
RGODJaRWD QH L]D]JLYDMX VWDWLVWLipdkciji]pdneD MQ X S

peroksidacije u odnosu na kontrolu.
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OXWDJHQL XpLQDN GRN D JipQzémHino®aGIz@kdRaRiMHjSsaL2013.
godne GRN NRG RVWDOLK SURFMHGQLK L SRG]JHPQLK YRGD Q

89



/. LITERATURA

Aikens, J. Dix, T.A. (1991) Perhydroxyl radical (HOO) initiated lipid peroxidation. The
role of fatty acid hydroperoxided. Biol. Chem266, 1591-1598.

Amahdar, L., Anouar, A., Ababou, B., Verschaeve, L., Hilali, A. (2009) In vitro
genotoxicity of Settat town lafitl leachate, MoroccoArh. Hig. rada Toksiko60, 179
184.

Anderson, D. (1996) Antioxidant defences against reactive oxygen spaggsg genetic
and other damag®lutat. Res350 103108.

Armstrong, D. (1994) Free radicals in diagnostic medicine.ysétesns approach to
laboratory technology, clinical correlations, and antioxidant therapy. Plenium Press, New
York, London, str. 458.

Awasthi, A.K., Pandey, A.K., Khan, 12017 Municipal solid waste leachate impact on
metabolic activity of wheafliticum aestivunh..) seedlings. Environ. Sci. Pollut.Res. Int.
24(20), 1725017254

Babich, H., Borenfreund, £1990)Applications of the natral red cytotoxicity assay to
in vitro toxicology.Altern. Lab. Anim18, 129444

Babich, H., Borenfreund, E. (19P Cytotoxicity of T2 toxin and its metabolites
determined with the Neutral red cell vilability ass&apl. Environ Microb. 57, 2101
2103.

Baedecker, M.J., Apgar, M.A(1984) Hydrochemical stdies at a landfill in Delaware.
(Bredehoeft]J.ured), Grondwater Contaminatiorstr. 127-138.

Baig, S., Coulomb, I., Courant, P.and Liechti(F299 Treatment olandfill leachates:
Lapeyrouse and Satrod case studi@mone. Sci. Eng21, 1-22.

Baun, A., Jensen, S.D., Bjerg, P.L., Christensen, T.H., NyhBIm(2000 Toxicity
oforganic chemical pollution in groundwater downgradient of a landfill
(grindsted,Denmarknviron. Sci. TechnoB4, 16471652.

Barrett A., Lawlor, J., (1995) The Economics of Waste Management in Ireland, Economic

and Social Resedrdnstitute, Dublin.

90



Bortolotto, T., Borges Bertoldo, J., Zanette da Silveria, F., Mangabefaveri, T.,

6LOYDQR - 7U|JHU 3LFK & (YDOXDWLRQ RI WKH V

landfill leachates using bioassy=aviron. Toxicol. Phar28, 288-293.

Bhargav, D., Singh, M.P., Murthy, R.S., Mathur, N., Misra, D., Saxena, D.K., CGhoivd
D.K. (2008) Toxic potential of municipal solid waste leachates in transgenic Drosophila
melanogaster (hsp7l@cZ): hsp70 as a marker of cellular damdgmto. Environ. Safe.

69 (2), 233-245.

Blake, D., Winyard, P.G(1995)Immunopharmacology of free fadical species. Academic

Press, London, str. 237.

Borenfreund, E.Puerner, J.A.(1984)A simple quantitative procedure using monolayer
cultures for cytotoicity assays (HTD/NR90). Tissue Cult. Method 7 9

Bolton, K. A.and Evans, L. J(199]) Elemental composition and specification of some
landfill leachates with particular reference to cadmiWater. Air. Soil. Poll60, 4353.

Bradford, M.M. (1976)A rapid and sensitive method for the quantitation of microgram
guantties of protein utilizing the principle of proteinlye binding. Anal. Biocheniz2,
248254,

Cavallo, D., Ursini, C.L., Setini, A., Chianese, C., Piegari, P., Perniconi, B., lavicoli, S.
(2003 Evaluation of oxidative damage and inhibition of DX&pair in an in vitro study
of nickel exposure. Toxicol. In Vitr&7, 603607.

Chakraborty, R., Mukherjee, A. (2009) Mutagenicity and genotoxicology of coal fly ash
water leachate. Ecotox. Emgn. Safe72, 838842.

Chandra, S., Chauhan, L.K.S., Murtiy,C., Saxena, P.N., Pande, P.N., Gupta, S.K.,
(2005 Comparative biomonitoring of leachates from hazardous solid waste of two
industries using Allium test. Sci. Total Envird@7, 46-52.

Chen,Y., Xie, H., Zhang, C.(2016 Review on penetration of barrgeeby contaminants
andtechnologies for groundwater and soil contamination. Adv. Sci. Technol.
WaterResourl, 140.

Christensen, T. H., Kjeldsen, P., Bjerg, P. L., Jensen, D. L., Christen&&nBaun, A.,
Albrechtsen, HJ.and Heron, G(2001) Biogeochemistry of landfill leachate plumes.
Appl. Geocheml16, 659-718.

91



Christensen, T.H., Kjeldsen, P., and Stegmann(1R92)Effects of landfill management
procedures otandfill stabilization andeachate and gas quality: Landfilling of Waste
Leachate, (Christensen, T.H., Cossu, R., and Stegmann,uRed, Elsevier Applied

Sciencel.ondon,str. 119.

Klauck, C.R., Giacobbo,A., Diego, E., Oliveira, L., Silva, L.B., Rodrigues, M.A.S.
(2017) Evduation of acute toxicity, cytotoxicity andenotoxicity of landfill leachate
treatedby biological lagoon and advanced oxidation procekdesyiron. Che. Eng5)6,
61886193

Collins A., R., (2004) The comet assay for DNA damage and rsfmirBiotecinol. 26,
249261

Crane, D., Master<. (1984) On the role of catalase in the oxidation of tissue fatty acids.
Arch. Biochem. Biophys229 104111.

Deguchi, Y., Toyoizumi, T., Masuda, S., Yasuhara, A., Mohri, S., Masato, Y., Inoue, Y.,
Kinae, N., (2007 Evaluation of mutagenic activitiesf ¢teachates in landfill sites by
micronucleus test and comet assay using goldfishiat. Resgen. Tox. En6272), 178

185

Devasagayam, T.P.A, Boloor, K.K., and Ramsarma, T. (2003) Methods for estimating
lipid peroxidaton: Analysis of merits andemerits (minireview). Indian J. Biochem. Bio.
40, 300:308.

DIN 384091:198701 Deutsche Einheitsverfahren zur WasseAbwasser und
Schlammuntersuchung; Summarische WirkungsQG 6WRIINHQQJU|% HQ *U X
Bestimmung des GesaWWURFNHQU FNOWDQ®WNMIRENMQ)ILFNVWDQ
*OeKU*FNVWDQGHV +

'XUJR . 9XNRYLUO / 5XVDN *-yROBRDN- 0 )H)UBQWRWRI[LF
apoptotic effest of structurally similar flavonoids on parental and-tesigtant cellef a

human cervical carcimma. Food Technol. Bitoechnoil?7, 356-363.

Esterbauer, H., Schaur, F.J., Zollner, H. (1991) Chemistry and biochemistry of 4
hydroxinonenal, malonaldehyde and related aldehydes. Free. Radic. BiollMed-
128.

Fatta, D., Papdopoulos, A., Loizidou, M(1999) A study on the kandfill leachate ans its

impact on groundwater quality of the greater srea. Environ. Geochem. Biedl#5190.

92



Flyhammar, P.(1995. Leachate quality and environmental effects of active Swedish
munictpal landfill. Proceeding Sdmnia 95: Fifth Int. Landfill Symposium, vol. I,
Cagliari, str. 551:557.

Freshney, R.I. (2010) Culture of animalia cells: a manual on basic tehnique and specialized

applications. 4. izd., John Wiley & Sons, Inc., New Jersey.

Fulton, D., McGiff, J.C., Woln, M.S. (1997) Evidence against cytochrome RP4ledived
reactive oxygen species as the mediator of the nitricariigpendent vasodilator effect
of bradykinin in the perfused heart of th rat. J. Pharm. Exp. Th288p702709.

Foose, G. J., Benson, B.and Edil, T. B(2002 Comparison of solute transport in three

composite liners). Geotech. Geoenvirqri28 391-403.

Gabbianelli, R., Lupidi, G., Villarini, M., Falcioni, G(2003 DNA damage induced by
copper on erythrodgs of gilthed sedbream Sparus aurata and mollusk Scapharca
inaequivalvis. Arch. Environ. Contam. Toxicdb, 3508356.

Gailey, R.M., Gorelick, S.(1993 Design of optimal. Reliable plume capture schemes:
application to the gloucester landfill grounditer contamination problenGr. Water.31,
107-114

*DMVNL * 2UHapDQhoQac, &/. (20D2) Themical composition and
genotoxicity assessment of sanitary landfill leachate from Rovinj, Crdatatox.
Environ. Safe78, 253259

Gaq Q., Liu, Y. J,i Guan, Z. Z. (2008) Oxidative stress might be a mechanism connected
with the decreased QLFRWLQLF UHFHS W-Bodcdntgationoff@dridedn E\ KL JK
SH-SY5Y neuroblastoma cells. Toxicol. in Vitg&2(4), 837843.

*DUHHV Wy RomaTorres, J., Vilares, M., Pinto, R., Cunha, L.M., Prista, J.,
7THL[HLUD -3 O0D\DQ 2 3iVDUR (2011708dnGnHdring of dDIIRQ %
population of Portuguese workers exposed to lead. Mutat.7R&s3188.

Gill, S.S., TutejaN., (2010 Reactiveoxygen species and antioxidantmachinery in abiotic
stress tolerance in crop plants. Plant Physiol. BiocH&i12), 909930

Han, Z., Ma, H., Shi, G., He, L., Wei, L., Shi, 2016 A review of groundwater
contaminationnear municipsolid waste landfilsites in china. Sci. Total Enviro255,
569570.

93



Halliwell, B., Gutteridge, JMC. (1989) Free Radicals in Biology and Medidned.,
Clarendon Press, Oxford 232.

HRN ISO 566711:2011 Kvaliteta vodeUzorkovanjell. dio: Upute @ uzorkovanje

podzemih voda
+51 (1 .DNYR&#DGCYRGHYDQMH HOHNWULPQH YRGOML
HRN EN ISO 10523:2012 Kvalitetavod2cGUHYLYDQMH S+ YULMHGQRVWL

+51 (1 .DNYR{IDGYR®BH DQMH V XWetdda @ltrithjggnL K WY D U
kroz filtar od staklenih vlakana

+51 (1 ,62 .DNYRI®UHRGHDQMH SHUPDQJDQDWQRJ L

HRN EN 1899 .DNYRIDRGEBEGH.YDQMH ELRNHPLMVNH SRWUR
dana (BPKny GLR OHWRGD U D] Uivakd lzYibdatdkRlitiou@ed FMH S O

HRN EN 18992:2004 KakY R iD -2RGHJLYDQMH ELRNHPLMVNH SRWUR
dana (BPK) GLR OHWRGD ]D QHUD]JUMHYHQH X]RUNH

HRN ISO 715601:1998 .DNYRUD- RGHYLY D Q M.HIid BRkYranédjska

metoda

HRN (1 .DN YR i B2 GURHI/HL Y D QMbkeku@rbav aptonpdiska

spektrometrijska metoda

HRN I1SO 7896 .DNYRUDB2GRIBH Y D Q81 Hio:QIpektdomeiiska

metoda sa sulfosalicilnom kiselinom

+51 (1 ,62 . D N 'Y RAMDU U R Spektrometrijska metoda s

amonijevim molibétom

+51 ,62 .DNY R2Z6G UHR/E M D Q M HSpektRiAdixijsiea, metoda

s 1,5- difenilkarbazidom

+51 ,62 .DNY R-2 UHR/E M D Q Melumit@dRda) mEtd@la sa

srebrnim nitréom uz kromatni indikator (Mohrova metoda)

HRN ISO 60 .DNYRUERRZGRBIBH.YDQMH *EGTAibimedijskeD O F L M D
metoda
+51 ,62 .DNYR{IGUWWHREGMDQMH VXPH NDOFLMD L

Volumetrijska metoda s EDTA

94



HRN EN ISO .DNYRIRGBBH.YDQMH HOHPHQDWD X WUD
DSVRUSFLMVNRP VSHNWURPHWULMRP V JUDILWQRP SHUL

+UQpLU 1 LO+UQPLUBULORJ L]JUDGQML EUWYHQLK VXVW|
7HKQLp N L5@)Dshr \G6L40.

Inkielewicz, 1., i Czarnowskia, W. (2008) Oxidative stress parameters iexptsed to
fluoride and aspirinFluoride 41(1), 7682.

, 1Y M H & irkin&®ndwRotpadu za 201godinu (208), +UYDWVND DJHQFLMD ]D
SULURGX 5DGQLpPND FHVWD =DJUHE

,JYMH&0H R SRGDFLPD L] 5HJLVWUD RQH20Lg Hvatk®) MD RNR
DJHQFLMD ]D RNROLA L SULAG&®X 5DGQLPND FHVWD

Jain, P., Powell, J.T., Smith, J.L., Townsend, T.G., Tolaymat(ZD14 Life-cycle
inventory andmpact evaluation of mining municipal solid waste landfiigwviron. Sci.
Technol .48 (5), 29202927.

Katsumi, T., Benson, C. H., Foose, G. J.and &anM. (2001 Performancéased design
of landfill liners. Engineering Geologg0, 139-148.

.MHOGVHQ 3 %MHUJ 3RXO /{JVWUXS :LQWKHU 3 5¢JJ
JRYHUVNRY ,$., ChridieWéén, T.H., (1993) Assessing the variability in leachate
migration from an old municipal landfill. Proceedings of Sardinia 93: Fourth International

Landfill SymposiumCagliari str. 15191531

Kjeldsen, P., Barlaz, M.A., Rooker, A.P., Baun, edin, A., Christensen, T.H(2002
Present and lonterm composition of MSW landfill leachate: a revi€wit. Rev. Environ.
Sci. Technol32, 297-336.

Knight, J.A. (2000) Free radicals, antioxidants, and the immune systemal. Clinic
Lab. Sci.30, 145-158.

Koelmel, J. Sebastian, A., Prasad, M.N(2016.) Synthetic biology: an emerging field
for developing economies. U: Bioremediation and Bioeconomy, (Prasad, M.N.V, ured.)
Elsevier Applied Science, s665-685.

Kruempelbeck,L., Ehrig, H.J.(1999) Longterm behavior of municipal solid waste
landfills in GermanyProceedings vol. eventh International Waste Management and

Landfill SymposiumCagliari

95



Kurniawan, T. A., Lo, W. H., and Chan, G. Y. @006 Radicalscatalyzed oxidation
reactons for degradation of recalcitrant compounds from landfill leach@eem. Eng. J.
125 5 57.

Kurniawan, T. A., Lo, W. H., and Chan, G. Y. @006h Physicechemical treatments
for removal of recalcitrant contaminants from landfill leachatdHdaz. Magr. 129, 80 +
100.

Laine, D. L.and Darilek, G. T.(1993 Locating Leaks In Geomembrane Liners of
Landfills Covered With a Protective Soil, Proceedi@g®sinteticsinternational Landfill
Symposium Geosynthetics, Vancouvar,14031412.

Lee, H.C., Wei, Y.H. (2000Mitochondrial role in life and death oft he cell. Biomed.
Sci.7, 2-15.

Li, G., Yun, Y., Li, H.,, Sang, N. (2008) Effect of landfill leachate on cell cycle,
micronucleus, and sister chromatid exchange in Triticum saetiirazard. Mater155
1046.

Li, G., Chen, J., Yan, W., Sang, N., (2016) A comparison of the toxicity of landfill leachate
exposure at the seed soaking and germination stages on Zea mays L. (marngjon.
Sci.55, 206213

Magbool, F., BhatfiZ.A., Malik, A.H., Pervez, A., Mahnaal, Q., Z011) Effect of landfill
leachate on the stream water quality. Int. J. EnviRes 5, 491-500.

ODUWBS@HDUR O +BRQWHG/H]' "URE-HOPpQHIJ&UX} 5LYHUD
/IH\YD - &-Zer@dlla,DR.M &iUDEH] 7 U2MREffept of melatonin
administration on DNA damage and repair responses in lymphocytes of rats
subchronically exposed to leddutat. Res742, 37 #42.

Meju, M.A., (1993 Geophysical mapping of polluted groundwater tiased landfill

site. Proceedings of the Thirdtérnational Congress of Brazilian. Geophysical Society
(Expanded).

OHWRGRORJLMD |]D RGUHYLYDQMH VDVWDYD L NROLDPLC
NRPXQDOQRJ RWSDGD +UYDWVN B DGBIHGMNLCM BHNDWERN R
Zagreb

96



OLQLVWDUYVVRWR JDaDVLIWHQH htﬂﬂﬂ:wnzbbl-dlov.hrﬁministarstvu!

1065/djelokrugd925/okolis/okolisnalozvolal 457 Pristupljeno 05. studenog 2019.

Mor, S., Ravindra, K., Dahiya, R.P., Chandra, 200§ Leachate characterization and
assessment of groundwater pollution near municipal solid waste landfilEsit&on.
Monit. Assessl18 435456.

Mortelmans, K, Zeiger, E. (2000) the Ames/Salmonella microsamutagenicity assay.
Mutat. Res455 29-60.

Mukherjee, S., Mukhopadhyay, S., Ali Hashim, M., & Sen Gupta, B. (2015)
Contemporary environmental issues of landfill leachate: Assessment & rent@dies.
Rev. Env. Sci. teal5(5), 472590.

Newell, C., RaunL., Bedient, P.{1990 A hydrogeologic database for groundter
modeling.Gr. Water.28 (5), 703714

Nemes, Z., Dietz, R. & Luth, J.B1979)The pharmacological relevance of vital staining
with neutral redExperientia35, 14758476

1XLU % %LRORAND REUDGD SURFMHGQLK YRGD RGOD
'LSORPVNL UDG 6YHXpLOLAWHLRWBBKQREXR a3NUW HIHDUDXROBNWHHNMR

Olivero-Verbel, J., Padill8Bottet, C., De la Rosa, O(2008) Relationships between
physicochemical parameters ar ttoxicity of leachates from a municipal solid waste
landfill. Ecotoxicol. Environ. Sa70, 294299

gPDQ & % -XQHVWHGW & &KHPLFDO FEKMUDFWHUL
parameters and compoundfgaste Manage?8,18761891.

Orieux, N., Cambier, S., Gonzales, P., Morin, B., Adam, C., Gasbamlace, J.,
Bourdineaud, J.P(201]) Genotoxic damages in zebrafish submitted to a polymetallic
gradient displayed by the Lot Riv@france) Ecotoxicol. Environ. Sa74, 9749083.

Osaki, K., Kashivada, S., Tatarazako, N., and Ono(20Q06 Toxicity testing of leachate
from waste landfills using medaka (Oryzias latipes) for monitoring environmental safety
Environ. Monit. Asses417, 7384.

SDEORV 0 9 oObDuUwLQL ) JHUQ i Ghell] G& SarBeduedn 0 O é
/ *DUFfRDWLIHOD 3 7DUD]RQD - 9 +HUUQ@6LD , OLUD

97



Correlation between physicochemical and ecotoxicological approackstenate landfill
leachates toxicityWaste managemer81 (8), 18417

Plan gospodarenja otpadom Republike Hrvatske za razdoblje-2Z1122. godine (2017),
Narodne novine 27Zagreb

SUDYLOQLN R JUDQLPQLP YULMHGQRWArbd® neviPre 0L MD R W $
Zagreb

PUDYLOQLN R QDpPpLQLPD L XYkdtepdfiaP® i Bviona J&i® wtbD R W SL
RGODJDOLaw D NeradsenGvine 8Zagreb

Pregled podataka ® GODJDQMX L RGODJD @DEW IOR @ IRRMWSDUWBDNV MR 1D
RNROL&AD L BOBQLHWDNHVWD =DJUHE

Pompelli, M.F., Baratal XtV .M5 Vitorino, H.S., Endres, L.(2010 Photosynthesis,
photoprotection and antioxidant activitymirging nut under drought deficit and recovery.
Biomass Bioenerd4 (8), 12074215.

Porter, N. (1984) Chemistry of lipid peroxidatidviethods Enzymol105 273283.

Prein, A.E., Thie, G.M., Alik, G.M., Poels, C.L.M., Koeman, J.H. (1978) Cytogenetic

charges in fish exposed to water of the river Rhiael. Total Environ9, 287291.

3Ui ! 5HFK )UDQNH 6 , *LXOLDQ 5 <RQKBPD 0/
Henriques, J.A.P(2008. Genotoxicity and mutagenicity of iron and copper in mice.
Biometak 21, 289297

Reinhart, D.R. and Grosh, C.JL998)Analysis of Florida MSW landfill leachate quality,
Final report, State University System of Floridanikérsity of Central Florida

Gainesville.

Repetto, G., del Peso, A., ZurithL. (2008) Neutral red uptake for the estimation of cell
viability/citotoxicity. Nat. Protoc.3, 11251131.

Renou, S., Givaudan, J. G., Poulain, S., Dirassouyan, F.and Mou{2)83 Landfill
leachate treatment: Review and opportunltyhazard. Méeer., 150 468-493.

Revans, A., Ross D., Gregory, B., Meadows, M., Harries, C., and Gronoi999)
Longterm fate ofmetals in landfill,Proceedings o6 DUGLQLD p terBdichBllQ WK |, Q

Waste Management and Landfi@agliari

98



Robinson, H.C., Barbe€., Maris, P.J.(1982 Generation and treatment of leachate
from
domestic wastes in landfill§Vater Pollut. Controb2, 465478.

Robinson, H. D., Barr, M. J., and Last, S.(D992 Leachate collection, treatment and
disposalJ. Inst. WateEnviron. Manage6, 321832.

Robinson, H.D.(1995)The technical aspects of controlled waste management. A review
of the composition of leachates from domestic wastes in landfill siteDéftartment of

the Environment.

Samadder, S.R., PrabhakRr, Khan, D., Kishan, D., Chauhan, M.&017 Analysis of
thecontaminants released from municipal solid waste landfill site: a case Studytal
Environ 580, 593601.

Sang, N., Li, G., XinX. (2006) Municipal landfill leachate induces cytogene@nage
in root tips of Hordeum vulgar&cotox. Environ. Saf&3, 463473.

Schrab, G.E., Brown, K.W., Donnelly, K1993 Acute and genetic toxicity of municipal
landfill leachateWater Air SoilPollut. 69, 99-112.

Shu S., ZhW., Wang S., Wang Ch., Ng C.W.W.,Chen Y., Chiu A.G2018 Leachate
breakthroughmechanism and key pollutant indicator of municipalsolid waste landfill
barrier systems: Centrifugeand numerical modelling apprdacih.toal Environ, 612,
11234131

Shalily, U.S. (2012) Importance of Genotoxicity & S2A guidelines for genotoxicitytesting
for pharmaceuticalkit. J. Pharm. Bial 1(2), 4354

Siddique, H.R., Gupta, S.C., Dhawan, A., Murthy, R.C., Saxena, D.K., Chowdhuri, D.K.
(2005) Genotoxicity ofindustrial solid waste leachates in Drosophilia melanogaster.
Environ. Mol. Mutagen46, 189197.

Sies, H. (1991) Oxidative Stress: an introduction in oxidative stress oxidants and

antioxidants. Academic Press, London, str.-336.

Singh, A., Chandra, SKumar Gupta, S., Chauhan, L.K.S., Kumar Rath, Srikanta (2007)
Mutagenicity of leachate from industrial solid wastes using Salmonella reverse mutation
assay.fcaox. Environ. Safe66, 210216

99



Svingen, B.A., O'Neal, F.O., Aust, S.(2978) The role o$uperoxide and singlet oxygen
in lipid peroxidationPhotochem. Photobio23, 303809.

OsadaT., NemotoK., Hiroki NakanishiH., (2011)Analysis of Ammonia Toxicity in
Landfill LeachateS oxicology 2011

Tejero, M.1., Fantelli, L.M., [az, I.R., AzantoN.M., (1993 Characteristics and treatment
of leachate in the Meruleo landfill (SpainProceedings of Sardinia 93: Fourth
International Landfill Symposium. Cagliari, str. 108342

Thomas, David John Lawrence, Tyrrel, Sean FerguSorth, Richard and Farrow, Steve
(2009) Bioassays for the Evaluation of Landfill Leachate Toxicitytox. Env. health,
12(1), 83- 105

Timbrell, J. (2000) Principles of Biochemical Toxicology. Taylor and Francis group,

London and New York

Trzeciak, A.,Kowalik, J., Malecka3DQDV ( '"UJHZRVNL - "RMHZyG]ND
ko, T., Blasiak, J.(2000 Genotoxicity of chromium in human gastric mucosa cells and
peripheral blood lymphocytes evaluated by single cell gel electrophoresis (comet assay).
Med. SciMorit. 6, 2429.

70D\ (R02&3 Cytotoxicity, 1 izd., Intechopen, London

US EPA (1988) Ambient Water Quality Criteria for Chloride. US EPAJ.S.

Environmental Protection AgencWashington, DC

US EPA (1989) Guidelines establishing tesicedurs for angsis of pollutants under the
celan water act. US EPAU.S. Environmental Protection Agend¥ashington, DC

O9ODYHUNRYiI O0' $GDPFRYiI ' =0ORFK - 5DG]JLHPVND 0 %R
0D [L D Q R(2018)Impact of Municipal Solid Was Landfill on Enwronment +a Case
Study.,J. Ecol. Eng19(4), 5568

Vendrame, |., Pinho, M.F.(1997 Groundwater qualityin taubate landfill. Brazil.
Groundwater in the Urban Environment, 1 izd. Balkeind\., Rotterdam, str. 55%64

Venitt, S.J.M., Parry (1984) Mutageity testing.1 izd.,IRL Press, Oxford

9XOoLu $ $SQDOLWLPpNIDOVERNWIRIGNDIEKU DQRR L% WD X
JHQRWRNWLINRIFREARID ELROR &b, LBoktavariVidd, Frhvamiieid
ELRWHKQROR&GNL IDNXOWHW =DJUHE

100



Wang, H., Josdp J.A. (1999) Quantifying cellular oxidative stress by dichlorofluorescin
assay using microplate readeree. Radic. Biol. Med27, 612616

WangC., Chen G., Zhu Y., Yao D., Wang W., Wang L. (2017) Assessment of leaching
behavior and human bioaccessiyiliof rare earth elements in typical hospital waste
incineration ash in Chin&ront. Env. Sci. Engl11, 5

Winckler, J.(1974)Vital staining of lysosomes and other cell organelles of the rat with
neutral RedProg. Histochem. Cytochei, 189

Widziewicz, K., Kalka, J., Skonieczna, M., Madej, F2012 The comet assay for the
evaluation of genotoxic potential of landfill leacha®ei World J 43, 5239

'R]QLDN . % §AD0AL Nitkel impairs the repair of WWand MNNGdamage
DNA. Cell Mol. Biol Lett 9, 8394.

=DNRQ R RGUALYRP JRVS R GNatbthe hoXnd\NSI D4R ID)

101



DODATAK
4,92723,6

ODULR $QpL 0198 gatige M Eagrebu.aNPrirodoslovneP DWHPDWLPpNRP DN X(
6YHXpOLAWD EKLRORBEHNDRER godiMditdhao je akademski naziv diplomira
LQAHQMHU ELR O R jaduhHnat@m@/lolsKDIR Ro\filddeRetski odnosiopulacija

YUVWH SRWARBtQpbthndbiud Borrentiur@chrank, 1803) pod mentorstvom prof.

dr.sc. Goraa .OREApDU

Poslijediplomsk VYHXpLOLAQL GRNWRUVNL VWXGLM %LRWHKQROR
Prehrambeo- ELRWHK QR O R a3WR R pl IDONLXEONNDH X © 200H GoHine.

Autor je dvaznanstvenaUDGD REMDYOMHQD X ] Qisbkpyfakididqiliela pDV RS LY
(SCI), sudjelovaoje na dvaG R P dngesaV UDGRYLPD QD WHPX DQDOLWLD
SRGUXpMD HNRORJLMH RNROLA&D

Od 2013. godineSUHGPQODp 6HPLQDULPD NRMH RUJDQL]JLUD XGUXJI
XSUDYOMDQMD NYDOLWHWRP ODERUBWRUISMBIGWHUDQMW O5 R ]V
pRGUXpMD XSUDYOMDQMD NYDOLWHWRP

Od 2012. godine zaposlen je u laboratoriju Euroinspekt Croatiakontrola d.o.0. na mjestu
YRGLWHOMD RGMHOD (NRORJLMH RNROLAD

102



