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Abstract:
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The presence of organochlorine compounds, such as polychlorinated biphenyls (PCBs)
and organochlorine pesticides (OCPs) were investigated in soil and street dust samples
in Novi Sad. Sixty surface soil samples and street dust samples were collected during
both winter and summer season, from different types of locations: schools, recreational
areas, residential and industrial zones.

The specific objectives of the dissertation were:

* development of a rapid, automatic method for simultaneous extraction and clean up
of PCBs and OCPs in soil and street dust samples using accelerated solvent extraction
(ASE) for gas chromatographic analysis. This method saves analyst’s time, minimizes
the consumption of organic solvents and reduces their vapors into the workspace;

« internal "in-house™ quality control of the developed method,;

* to determine spatial and seasonal variation of 6 indicator polychlorinated biphenyls
(PCBs) and 18 organochlorine pesticides (OCPs) in urban soils of Novi Sad, Serbia.

* to estimate the total lifetime carcinogenic risks (TLCR) and total noncarcinogenic
hazard quotient (TnHQ for children) for PCBs and OCPs covering the exposure routes
of ingestion of soil, inhalation of volatiles and particulates emitted from soil/street dust
and dermal contact with soil/street dust and comparison with relevant worldwide data,
as well as relevant regulations;

* use of the ArcGIS 10.1 Geographic Information System software to present results of
the spatial and seasonal distribution of PCBs and OCPs in soil and street dust, and
 application of multivariate analysis (principal component analysis and cluster
analysis) to investigate the correlation of PCBs and OCPs levels with the
physicochemical properties of soil and street dust, to determine the source of these
compounds in the investigated samples.

The results obtained are the first reliable information on the cancer risks
assessment in Serbia and the whole Western Balkan region, bridging the gap between
the existing PCBs and OCPs monitoring studies and the lack of data on the risks posed
by the unintentional exposure to PCBs and OCPs present in soil. Also, this is the first
study dealing with the PCBs and OCPs in street dust from Novi Sad, Serbia, taken
during winter and summer.
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Kapaxkrepuzainuja opraHoXJIOpHUX jeINHCHA Y 3eMIBUIITY U YIIMYHO] MIPAIIMHA Ha

nozpy4jy rpaga Hosor Cazna — mpodut 1 mporieHa pu3uKa 1o 37paBibe

Pe3ume

Y OKBUpY HucepTanHje W3BpIICHA je MPOICHA CTalkba 3EMJBHINTA W YIUYHE
NpaliiHe HCIUTHBAKBEM — CcajpKaja OpraHOXJIOPHHX  jeAIbea, Kao INTO  Cy
noymxiopoBanu oudenmwnn (PCB) u opranoxiopuu necrurman (OCP) y pasmuuutum
JenoBrMa Tpajaa (IIKOJICKAa JABOPHINTA, CTaMOEHa, MHIYCTPUjCKAa M PEKpeaTHBHA 30HA)
HoBor Cama pamum yBuaa y TPEHYTHO M CE30HCKO CTame 3aralleHoCTH cpeauHe U
onpehuBama CTeneHa pHU3UKa MO 37paBibe Jbyau. CrnenupuyHu UIBEBU JTOKTOPCKE
JcepTalje cy: pa3Boj MeToJie yOp3aHe eKCTpaKIlHje Mo/ OBUILIEHUM MPUTHCKOM U Ha
MOBUIIIEHO] TEMIIEpaTypu 3a JeAHOCTENEHY EKCTpakIjy M mpeuuiihaBame eKCTpakTa
paau racHoxpomatorpadeke ananuse npucyctsa PCB-a u OCP-a y y3opuuMa 3eMJbHIITa
u ynmuuHe npamuHe. OBakBa METOJa CMamyje BpeMe no0ujama MOYy3JdaHuX pe3ynrara
aHaM3e BETUKOT Opoja y30paka, YITeay KopuimheHux pacTBapaya W 3alllTUTY )KUBOTHE
U pajiHe CpelHHe; YHyTpallliba ,,iN-N0Use mpoBepa KBaIUTETa U MOY3AaHOCT pa3BUjeHE
METO/Ie; aHaIM3a Y30paKka 3eMJBHINTA U YIUYHE PAlIHHE y Pa3IMdUTUM JeJIOBHMA Ipaja
HoBor Cama, pamu noOujama mojaTaka O KOHIEHTpalUju W Tpoduiry IIecT
naaukaropckux PCB-a n 18 OCP-a, mHUx0BOj Kopemnaiuju, TPOCTOPHO] U BPEMEHCKO]
pacroieiu; mpoleHa pu3uKa 1o 3paBibe JbYIU, HAPOUHUTO JIEIE CITyYajHUM YHOIICHEM
YecTHUIla TpAIIMHE U 3eMJBUINTA U TIopel)emne ca peieBaHTHUM IOalliMa U3 CBETa, Kao U
oarosapajyhum npomnucuma; yrnorpeda reorpadcekor uapopmanronor cuctema ARC GIS
10.1 codrBepa pamu mpencTaBbama pe3ysiTaTa O MPOCTOPHO] U CE30HCKO) PacIoieiu
PCB-a u OCP-a y 3eM/bHIITY M YJIWYHO] MpAlIMHU M TPUMEHA MYJITHUBAPHUjallHOHE
aHanu3e  (aHaiW3e TIJIABHUX  KOMIIOHGHTH W aHaIM3e TpyIHCcama)  pajau
ucnuTuBamanonesaHoctu usMely caapxkaja PCB-a u OCP-a ca ¢usmnuko-xemujckum
ocoOMHaMa 3eMJbUIIITA U YIUYHE MpalliHe, paJu pa3yMeBamba NOPEKIa OBUX JeIUbEHA Y
WCIIUTUBAHUM MaTPUKCHMA.

JloGujeHu pe3ynTaTH MpeicTaBbajy MpBe MOJATKE, KOjU ce OJHOCE Ha MaTpPUKC

"mpamuHa" Kao WHAMKAaTOp Moryher 3araljema XUBOTHE CpPEJUHE OPraHOXJIOPHUM
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jemMmemIMa Y pa3nuuuTuM JenoBuMa rpaga Hoeor Cama, Penmybmmuke CpbOuje u
3anmagHor bankana. JlogaTtHo, OBO Cy NMpBU pPE3yiNTaTH KOjU JAajy NpPHUKa3 MPUCYCTBA
3aralyyjyhux jequmema HCTOBPEMEHO Y 00a MaTpHUKCa, 3eMJBHILTY U YIHYHO] MPAIIHHH,
HBbUXOBO] KOpEJaluju, MPOCTOPHO] M BPEMEHCKO] paclojend M TO Ha JOKalujama
pa3IMYMTUX HaMEeHa YKJbY4yjyhu | JIoKanuje OKyiubama Hajmiahux. Takohe, oBo cy
MpBU TOJIAIIM O pPH3UIMMa KOja OpraHoxiiopHa 3aralyjyha jeaumema NpHUCyTHA Y
onpeheHUM KOHIEHTpalydjamMa y HCHOUTHUBAHUM Yy3opuuMma Ha mpoctropy Cpbuje u y
pernony 3amaaHor bankana Mory na mMmajy mo 3ApaBjbe CTaHOBHHIITBA. McTo Tako, 0BO
Cy IpBU NoJany Ha MelyHapoJHOM HMBOY TJe je MaTpHUKC NpamiuHa KopuiiheH 3a
MPOIICHY pU3UKAa HAa OCHOBY OJpeheHHX KOHIIEHTpallHja OPTaHOXJIOPHUX JeAUCHA Yy

aHAITM3UPAHUM Y30pIHMa.
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Characterization of organochlorine compounds in soil and street dust of Novi Sad -
profile and health risk assessment

Abstract

The presence of organochlorine compounds, such as polychlorinated biphenyls
(PCBs) and organochlorine pesticides (OCPs) were investigated in soil and street dust
samples in Novi Sad. The samples were collected from the places of the youngest
(schools, parks). Sixty surface soil samples and street dust samples were collected during
both winter and summer season, from different types of locations: schools, recreational
areas, residential and industrial zones. The specific objectives of the dissertation were:
development of a rapid, automatic method for simultaneous extraction and clean up of
PCBs and OCPs in soil and street dust samples using accelerated solvent extraction
(ASE) for gas chromatographic analysis. This method saves analyst’s time, minimizes the
consumption of organic solvents and reduces their vapors into the workspace; internal
"in-house” quality control of the developed method; to determine spatial and seasonal
variation of 6 indicator polychlorinated biphenyls (PCBs) and 18 organochlorine
pesticides (OCPs) in urban soils of Novi Sad, Serbia. to estimate the total lifetime
carcinogenic risks (TLCR) and total noncarcinogenic hazard quotient (TnHQ for
children) for PCBs and OCPs covering the exposure routes of ingestion of soil, inhalation
of volatiles and particulates emitted from soil/street dust and dermal contact with
soil/street dust and comparison with relevant worldwide data, as well as relevant
regulations; use of the ArcGIS 10.1 Geographic Information System software to present
results of the spatial and seasonal distribution of PCBs and OCPs in soil and street dust,
and application of multivariate analysis (principal component analysis and cluster
analysis) to investigate the correlation of PCBs and OCPs levels with the
physicochemical properties of soil and street dust, to determine the source of these
compounds in the investigated samples. The results obtained are the first reliable
information on the cancer risks assessment in Serbia and the whole Western Balkan
region, bridging the gap between the existing PCBs and OCPs monitoring studies and the
lack of data on the risks posed by the unintentional exposure to PCBs and OCPs present
in soil. Also, this is the first study dealing with the PCBs and OCPs in street dust from

Novi Sad, Serbia, taken during winter and summer.
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1. YBOJ

3araljyjyha jenmumema TpeacTaBbajy TPYIy OPraHCKUX W HEOPraHCKUX
jenumema, TPUCYTHUX Y CBHM JICJIOBHMa >KMBOTHE CpEAMHE: Ba3IyXy, BOJM,
CeIMMEHTY, 3eMJBUIITY | Y )KUBUM opranuzmuma. [Ipucyctso 3aralyyjyhux jenumema
y )KUBOTHOj CpeIMHH J0OWJIO je Ha 3Hayajy MPBEHCTBEHO 300T MITETHOT YTHIaja IO
3npaBJbe JbyAM. ['aBHM myTeBU yHoca 3aralyyjyhux jeaumema y opraHusam cy
yIUCameM, MPEKO XpaHe (OpaHUM ITyTeM) W JUPEKTHHM KOHTAKTOM, KPO3 KOXY.
Heka on oBux jenumema INpU KPAaTKOTPajHO] W/WUIM IYTOTPajHO] H3JI0KEHOCTH
MOKa3yjy U3pa3uTo MYTareHoO W/WJIM KaHIIEPOTEeHO JIeJCTBO 300T uera ce CBpPCTaBajy y
Tpyny TEp3UCTEHTHHX, OWOaKyMyJaTHBHHX W TOKCHYHHX cyrctannu. Crora,
OpraHoXJIOpHA jeumemha Kao WTo cy nonuxiopoBanu Oudenwu (PCB) u
opranoxyiopau necturmau (OCP) cy npuBykiIM 3HauajaH HaY4HH M TOJIUTUYKU
WHTEpeC 300T PaCHpOCTPALEHOCTH W TIOCTOJaHOCTH Y Pa3IHYUTHM MaTpUKCHMa
KUBOTHE CpEAWHE, TTa TUME W TOTCHIMJATHOT HEXKEJhEHOT W IITETHOT yTHUIlaja TI0
3npaBjbe Jbyau. llporieHa cTama JKMBOTHE CpeOUHE BpIIM CE Ha OCHOBY
KOHTUHYaJHOT Mepema IapaMerapa JKMBOTHE CpeIuHE Tj. MOHUTOPHUHTA.
MOHHUTOPUHI Kao AaHaJUTUYKHA TOCTYNMaK IPBEHCTBEHO C€ CIPOBOOM Ja Ou ce
YCTaHOBUJIO Y KOJO] Cy MEPH YOBEK M MIPUPOJA YIPOKEHU yclie emucuje 3arahyjyhux
jenumema. Y o0iiacth MOHUTOpUHTa 3aral)yjyhux jequmema y )KMBOTHO] CPEIHHH,
MOBPILIMHCKO 3€MJBUIITE U MpalIiHa ca MOBPIUIMHA YIUIA CMATpajy c€ BEOMa BaKHUM
WHIMKAaTOpUMa cTereHa 3arahema CpeauHe HapoYuTO Yy TPaJCKUM YCIOBUMA.
Oprancka 3aralyyjyha jenumema kao mto ¢y PCB u OCP ce yrnmaBHOM 3azipkaBajy y
3eMJBHILTY U npamuHu. [IpamHa je 3HauajHa ca acrekTa MpoIeHe PU3UKA YIUCAHEM
WIM CIy4ajHUM YHOCOM KpO3 yCTa T€ CBE BHIIE MpPHBJIAYM Maxmy 300r mMoryher
yTHlIaja Ha JbYJCKO 3/ApaBibe. [IpammHa ca moOBpIIMHA yIWIA C€ cMaTpa 3HauajHUM
u3BopoMm 3aral)yjyhux jeaumerma MNPUCYTHUX Y UYECTUYHO] MaTepuju y ypOaHUM

cpeanHamMa, Ba)KHUM 3a npahe}be KBaJIUTCTAa U CTakba Sal“al’_)eHOCTI/I Baszayxa.

Amepuuka areHIuja 3a 3allTUTYy >KUBOTHe cpeaumHe (eHrn. United States
Environmental Protection Agency, USEPA) je mpommcana cMepHUIlE 3a TMPOIIEHY
pu3uka no 3apaBibe Jbynu. OHe ce NMpHUMEmwYjy 3a KapakTepu3alujy U HpOLEeHY

pu3MKa TO 3/ApaBibe JbyIM U eKoJomkux peuenrtopa. Crymuje koje ce OaBe
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ucnuTUBameM 3arahyjyhux jeaumema NPUCYTHUX Yy IKUBOTHO] CPEIUHH CY
HEONXOJHE paau YTBphuBama CTENeHa W W3Bopa 3araljera, peleBaHTHE MpOICHE
pHU3UKa 10 3[paBJbe, MPUMEHE HEOMXOJAHUX Mepa y IMJby CMambeha WIH CIpedaBama
MOTEHIMjaTHOT pH3MKa N0 3apaBibe. l[lo3HAaTO je 1a mpHCYCTBO OpPraHCKHX
3aralyjyhux jenumema 4aKk W y HUCKMM KOHIICHTpalMjaMa MMa 3HavajaH YTHIA] HA
3[paBJb€ JbYAM W JKUBOTHY CpEAMHY, TE€ j€ OJl BHTAJIHOT 3HAyaja pa3BUTH W
MPUMEHUTU TIOY3JlaHE AaHAIUTUYKE TEXHHKE 3a BWHXO0BO oiapehuBame. OpraHcka
3arahyjyha jeaumema uMajy paziuuuTe (PU3NUKO-XEeMHjCKEe O0COOMHE W TmocebaH
13a30B Y MOHUTOPUHTY IpeAcTaBba M300p MpHUIIpEeMe Y30pKa paju JoOujama INITO
Beher Opoja mojaraka y LMJbY J00Mjamba IIEJIOKYIIHE CIIMKE CTamka KBaJIMTETa
KUBOTHE CpEIMHE W CTeleHa pu3hKa. Pa3Boj HOBHX yOp3aHHMX, ayTOMaTH30BaHHX
METO/Ia IPUTIPEME y30paka uMa 3Havaj y npahemy npucyctsa Beher Opoja jenumerma
KOje mpuMaaajy ojapeheHoj rpynu y pa3inuuuTUM y30pLUMa, pajad MpoLEeHe CTerneHa
3araljenoctu. Mehyrum, Texnuke ekcrpakumje (kao mrTo cy COKCIeT eKCTpakiuja,
YBPCTO-T€UHA EKCTpaKlMja, yATpa3BydyHa €KCTpaKllMja) Cy 3aXTeBHE BPEMEHCKU U
KOpHCTE BEIIMKEe KOJMYHMHE pacTBapavya IMITO je Y CYNPOTHOCTH ca MPHHIIUTIOM
TaKO3BaHE ,3€lIeHe xXemuje, 300r dera pa3Boj HOBUX MeTona (Op3uX, JaKko
W3BOJIJbUBHUX, MOY3JJaHUX, €KOHOMCKH MCIUIATUBUX) MMa 3HauajHy npumeny. Unak, u
y3 oJroBapajyhy mpumpeMy y3opaka, Kpajilbi €KCTPaKT MOXKE Ja CaaApXd W Apyra
oprancka 3araljyjyha jequmerma Koja OMETajy aHalu3y jeIuEha O] WHTepeca Y
aHAJIM3MpPAaHUM Y30pLMMa U3 KHUBOTHE cpeaune. M3 Tor pasnora Mmerone 3a
ueHTU(DUKAIM]Y W KBAaHTH(HUKALHM]Y OPraHOXJIOPHHUX JeAWECHA Y Yy30pHHMa U3
KUBOTHE CpeauHe Oa3upajy ce Ha BHCOKO CEJIEKTUBHO] M OCETJbHBO] TacHO
xpomarorpadckoj anamusu. Ilomamu MoHuTOpuHTa 3aralyjyhux jeawmema YWHE
Benuke Oase nojataka. Crynuje koje ce 6aBe McuTHUBambeM 3aral)yjyhux jenumema y
YKUBOTHO] CPEIIMHH, 32 00pajy pe3yiraTa YrlIaBHOM MPUMEBY]y CTATUCTHUKE METOJIE.
MynTuBapujallioHe METOJIE aHAIM3€ Kao INTO CYy aHalIW3a TJIABHUX KOMIIOHEHTH
(PCA) u anammza rpynucama (CA) mpumemyjy ce 3a HIeHTHUKAIHU]y HU3BOpa
3arahema, KilacuUKaMjy Yy3opaka, HTIA. MyNTUBApUjAlMOHUM CTATUCTHYKUM
MeToJlaMa MOXe ce JoOMTH OO0JbM MPHUKA3 CIMYHOCTU MM PA3IMYUTOCTH H3Mehy
y30paKa U MOBE3aHOCTU ca (PU3NYKO-XEMHUJCKUM OCOOMHAMa aHAJIM3UPAHUX Y30PaKa,
Ka0 U YyodyaBame IOTCHLUHUjaTHUX u3Bopa 3arahyjyhux jemumema. Mehyrtum,
MyJATHBapHjallUOHE METOJe aHalM3e HE pa3MaTpajy IMpPOCTOpPHE M BpPEMEHCKE

KOOpAUHATE I[O6I/IjeHI/IX BPCAHOCTH IIPUINKOM 06pa;[e mojataka. Y MOCIEIHBUX
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HEKOJIMKO T'OJIMHA, Y UJbY WIYCTPATUBHOI NPUKa3a MPOCTOPHE BU3YEIHE PacIiojielie
3aralyyjyhux jemumerma y 5)KUBOTHO] CPEAMHHA KOPUCTH ce Teorpadcku nHGOpMamoHu
cucrem (GIS). OcnoBy GIS-a npencraspa 06a3a n100MjeHUX pe3ynTara 3a jeUmbCHA
ox untepeca. GIS omoryhaBa mHTepmperarnujy u mpoieHy uwHbopmanmja u3 0asze
MoJiaTaka, paau 1o00ujama MOTIYHH]E CIHUKE O ,,CKPUBEHHM'* YHYTpAIIbUM OJHOCHMA
Mmel)y mojanmma kako OM ce ajeKBaTHO CIIpOBENia MPOCTOpPHA aHanu3a. [IpocTopHa
pacnonena 3aralyyjyhux jemumema U BU3yallM3alMja pe3yiTara MpoleHe PU3UKa I10
3/IpaBJb€ JbY/IM j€ BaXKHA 3a 00Jb€ pazyMeBame U3Bopa 3arahema, perenTopa u myresa

M3JI0KEHOCTH TJie MOke ohu 10 uHTepakiuje usmel)y Jbyau u 3araljene cpeuse.

1.1. Inss paxa

OCHOBHM LIWJb JOKTOPCKE JUCEpPTalMje je MPOIeHa CTamba 3€MJBHUIITA U MPBU
MyT yJIWYHE MpalldHe y OJHOCY Ha MPUCYCTBO OPraHOXJIOPHUX JeIUI-EHa, Kao IITO
cy PCB-u u OCP-u y paznuuutum JenoBuma rpaga (IIKoJicka JBOPHUINTA, CTaMOeHa,
MHIYyCTpUjcKa U pekpeatrnBHa 30Ha) Hosor Cana panu yBuaa y TPEHYTHO M CE30HCKO
CTame 3araleHoCcTH cpeiauHe U ojapehuBama cTeneHa pu3uKa IO 3ApaBJbe JbYAU
YKJbY4yjyhul: KaHIIEpOTE€H! PU3UK y3POKOBaH TYTalkEM YECTUIIA 3€MJBUINTA/TIPAITUHE,
KaHLIEPOT€HH PU3HMK Y3POKOBAaH JUPEKTHUM KOHTAKTOM KOXK€ Ca 4YecTula
3eMJBUIITA/NIPAIIMHE, KAHIEPOI€HH PU3MK  Yy3pOKOBaH  YyAMCAHkEM  UYeCTHULA
3eMJBUIITA/IIPALIMHE, YKYIIHU >KMBOTHM KAHLIEPOI'€HU PU3MK KAa0 U HEKaHIEPOI'€HU

PHU3UK U3PaXKEH MPEKO KOePHUIMjeHTa OTTAaCHOCTH.

CrpoBoheme 3amaHor MmuJba IMoJApa3ymMeBa H3Bohemwe  cienehux

CHCHI/I(bI/ILIHI/IX OuJbpEBaA:

e pa3Boj MeTOoZE yOp3aHe eKCTpakiHje IOJ MOBHIICHUM IMPHUTHCKOM M Ha
MOBHUIIIEHO] TEMIIEPATYpPH 32 jJeAHOCTENCHY eKCTPaKIHjy U npedninhaBame
eKCTpaKTa paau racHoxpomatorpadcke anamuszu npucyctBa PCB-a u
OCP-a y y3opunMa 3eMJbHINTA U YIWYHE npamrae. PazBojem HOBe MeToe
3a jegHocTeneHo mpeunmrhaBame U ekcrpakuujy PCB-a u OCP-a y
y30pIMMa 3€MJBHIITA U YJIWYHE MpalliHe 3HayajHo he ce cMamUTH Bpeme
no0Hjama Moy3JaHuX pe3yiTaTa aHaJlu3e BEJIMKOr Opoja y3opaka, ymrena
KopulIheHUX pacTBapaya, a JOJaTHO W 3alUTUTY >XUBOTHE U pajHe

CpenuHe;



Becna Mapunkosuh Jloxkmopcka oucepmayuja

e yHyTpalma ,IiN-house* mpoBepa KBaIMTETa W TOY3JAHOCTH Pa3BHjCHE
METO/IE;

e [pUMEHa pa3BHjEeHE METOJE 3a aHAIM3Yy Y30paKa 3eMJBHUINTA M YIUYHE
MpamrHe paay Jo0Hjama mojaraka O KOHICHTPAIUjH W MPOQIITY MIECT
nagukatopckux PCB-a mw 18 OCP-a y Hosom Cany. IIpucycrso
PA3NUYUTHX jeMBbEha y YIMYHO] MPAlIMHUA jeé M3Y4YaBaHO Y I'paJOBHMa
JPYTUX 3eMaJba, PU YeMy HEMa OBAKBHX IojaTtaka 3a Penmyomuky CpOujy
n 3anagau bankan. OBo cy mpBH Mojal, KOjU C€ OJHOCE Ha MaTpPUKC
HIpalMHa“ Kao HWHAMKaropa woryher 3arahema >XHMBOTHE CpEIUHE
OpPraHOXJIODHUM jeIUIbCHhUMa y Pa3IMuUTHM JlelloBUMa rpaga Hosor
Cana, Pennyonuke Cp6uje u 3anaanor bankana, koju he Takohe ykazatu Ha
Moryhe y3poke MpHCycTBa OpPraHOXJIOPHUX jenumbema. JlogaTHo, OBO Cy
npu mojgary o npucyctBy PCB-a m OCP-a ucToBpeMEHO y YIUYHO]
MPaIIMHU U 3EMJBHUINTY, BBUXOBO] KOpeJaluji, MPOCTOPHO] U BPEMEHCKO]
pacriozeny;

e mporeHnhe ce PHU3MK MO 3/paBJb€ JbYIH, HAPOUYHUTO [EIEe CIIyYajHUM
YHOIIICEHEM YECTHIIA NMPALIMHE ¥ 3eMJBHIITA U YIOPEIUTH Ca PEICBAHTHUM
rmojanuMa M3 CBeTa, Kao W oaroBapajyhum mpomucuma. OBO Cy TNpBH
mojany O pU3MIMMa Koje opraHcka 3araljyjyha jemumema MpUCyTHA Y
oIpeheHNM KOHIIEHTpalfjaMa y HCIHUTHUBAaHWM Y30pIHMa Ha IPOCTOPY
Cpbuje n y peruony 3amagHor bamkana mory jga umajy 1o 3apaBibe
craHOBHUINTBA. /logaTHo, yTBphuBameM pu3uKa 1o 37paBibe JbYAU U Jee
KpO3 KaHILEPOTeHW OJHOCHO HEKaHLEPOTeHM yTumaj nobuhe ce yBupa y
TPEHYTHO CTame Tj. MOTpeOy m30eraBama wiM Kopuinhema oapeheHux
JIOKallyja 3a JpyIITBEeHe akTUBHOCTH. OBO Cy IIPBU MOJALM Y CBETY TI€ je
MaTpHKC MpaniHa KopuitheH 3a MpoleHy pu3KKa Ha OCHOBY oJpeleHux
KOHIIEHTpaIlMja OPraHOXJIOPHHX jeIUbECHha Y aHATM3UPAaHUM y30PLIMA.

e ynotpebda reorpadcekor nunpopmanuonor cucrema ArcGIS 10.1 codrsepa
panu omMcuBama MpocTopHE M ce3oHCcke pacnozene PCB-a u OCP-a y
3eMJBUINTY W yAM4yHO] mpamuHu. JloOujeHe kapre he mociaykuTH 3a
UACHTUOUKALM]Y TOTEHIMJAIHUX U3BOpa JelUmema O] HUHTepeca.
Wnentndukanmja u3zBopa 3arallema je Beoma 3HayajHa Kako OU ce

CMambUIM HBUXOBH YTHULAJU Ha >KMBOTHY CPEIMHY M PHU3UK IO 3]paBJbe
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Jbynu. JlomaTHO, Kako Cy UCIHUTHUBAHE JIOKAIMjE PAa3IUYUTE 10 HAMCHU U
dpexBeHuju caoOpahaja, 10OMjeHEe KapTe Cy MOCIYKUJIE 32 cariie/laBarme
yTHiaja oOjekara M 30HA y HaceJbuMa, Kao W TOKa W (PpeKBeHIHje
caoOpahaja (Tj. mpoleca caropeBama) Ha CMHCH]y aHATH3UPAHUX
jeMbeba U CTCIICHA YTHIIaja Ha )KUBOTHY CPEMHY U

e nmnpumeHa mynruBapujarmone anamuze (PCA um CA) pamu ucnutuBama
noBe3anoctn m3Melhy canpxkaja PCB-a u OCP-a ca ¢pu3ndko-xXeMHujcKuM
ocoOMHaMa 3eMJBHINTA M YJIMYHE IMpAalIMHE, paJd pa3yMeBamba MOpEeKIia

OBHX JEIUEHA Y UCIIUTUBAHUM MaTPUKCUMA.
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2. OMIITH IEO

OpranoxiopHa jenumema (y makem Tekery: OCC) cy oprancka jeaumbermha
KOja y MOJIEKYIy caapke Oap jeJaH aTOM XJiopa Be3aH KOBaJEHTHOM Be30oM. 30or
IbUXOBE Pa3HOBPCHE CTPYKTYPE, CAMUM THM M PA3TUUYATUX XEMHUJCKUX OCOOMHA, YUHE
KJIacy jenumera, Koja Cy Halula IMHPOKY MPUMEHY Y pas3iuduTHM objactuma
uaaycrpuje. OpraHoxiopHa jemumema kao mto cy PCB-u u OCP-u cy
MOJIyUCTIapJbiBa, PEITATUBHO JUNO(WIHA W TIOCTOjaHA jeIWIbEHha, TNPUCYTHA Y
Pa3IUUUTHM MATPUKCHMA Y KUBOTHO] cpeauHu [1-2]. CTOKXOIMCKOM KOHBEHIIHjOM
2001. rogune je perynucana ynorpeda u mpousBoama PCB-a u OCP-a, melhyytum, onn
ce ¥ Jajbe Mory Hahu y Boju, Ba3IyXy W 3eMJbUINTY mUpoM cBeta [3-4]. PCB —u u
OCP-u mmajy TOKCHYHE KapaKTEpHUCTHKE W Be3yjy C€ 3a MAacHO TKHBO JbyIH H
KUBOTHEA INTO WX CBPCTaBa y OMOAaKyMYJIaTHBHA TOKCHYHA jeUIbEHha. YCIeln
WCTapaBamba ca 3EMJBUINTA JIOCIIEBAjy Yy Ba3AyX TA€ CE€ CYBOM WM BJIOKHOM
JeTo3uIMjoM Bpahajy 0 3eMJbUIITA, MPAIINHE U /WM BOJEHUX MOBPILHUHA IIPH YEMY
Jo7a3u 10 Kpyxkema y mnpupoau. [loHaBibameMm mporieca 0ja3d 10 HHUXOBOT
TPAHCIOPTA HA BEJIMKE yIaJbeHOCTU Ba3IylIHUM Macama [S]. Mako ce KOHUEHTpHIILY
o3y m3Bopa emucwuje, npucyctBo OCC yrBpheHo je y cBuM cdepama >KUBOTHE
CpenvHe, YaK W y MOoApydYjuMa TJ/ie TPOU3BOIkhA M yIOTpeda OBUX jeIUmCHA HUKA
HUje 3a0eNexeHa, a Kao MOCIeIUla TPAaHCIIOPTa Ha BEJIMKE YAaJbeHOCTH Ba3AylIHUM
Macama [6]. Kperame BazaymHuM Macama ce OJBHja M3 TMpaBlla TOIUIMjHX Ka
XJIaJIHUJUM KpajeBUMa MOIMyT AJbacke, a 3aTUM Ce TaJlo)Ke 300T HHCKE TeMIleparype.
AxyMynupaHa jeIumbera 0CTajy TyXKH BPEMEHCKU MEpHOJ, jep HHCKa TeMIieparypa
Ba3Jlyxa CIpedyaBa HBUXOBO IOHOBHO HCIapaBame IITO JOBOJIM 10 KOHAEH3alLHje U
tasioxkewa [7]. [lpu mpoueHu crama *XUBOTHE CpEAMHE, HEONXOJHO je caryiefaTu
OpojHe (QakTope, KOjU yTHUy Ha MOHamame 3aral)yjyhux jeaumema y >KUBOTHO]
cpeaunu. OU3NUKO- XeMUJCKU U OMOJIOIIKY IPOLIECH KOjU YTUUY HA )KUBOTHHU LIUKIIYC
3aralyyjyhux jenumema y NpUpOIU U Ha HBUXOBY MUTPAIHjy U3 jeJHOT MaTpuKca y

TIpYTH CY:

e (u3NYKO-XeMHUjCKE OCOOMHE jeAMmema (HMOp. HamoH  mape,
pPacTBOPJBUBOCT),
e (u3MYKO-XeMHjCKEe OcoOMHE MaTpukca (TeKCTypa, CTPYKTypa H

MTOPO3HOCT),
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® METEOpPOJIOMIKHU (aKTOpH (TeMIiepaTypa Ba3ayxa, pasail BETpa),
e Onm3uHa u3BOpa u Apyro [5].

3eMJbHIITEe je TIO3HATH WHAMKATOp TMpHcycTBa 3aralyjyhmx jenumema
yKJbY4yjyhul 1 OpraHoxyiopHa jequmbemha y ypOaHUM cpeinHama. Y 3aJmbHX HEKOJIUKO
roJIMHA ¥ yJIMYHA MpalliHa Kao MOTCHIIM]aTHU MaTpUKC 3aralema 100mja Ha 3HA4Ya)y.
OpraHoxJOpHa jeIMb-Eha EeMUTOBAHA U3 PA3IMUUTUX M3BOPA y BaslyX, Be3yjy ce 3a
YeCTHYHY MATepHjy y Ba3IyXy M HEMHHOBHO Ce€ TaJllo)ke y HajBehoj Mepu Ha
3eMJBMILITE YKJbY4yjyhu W mpamuHy. 3eMJpUIITE MMa BaXKHY YJIOTY Yy pacroaenu
PCB-a m OCP-a mmpom cBera. 300T CIMYHUX (PHU3UYKO-XEMHUJCKUX OCOOMHA
mpeTnocraBjba ce jga je ,cynomHa“ PCB-a m OCP-a ciuyHa y cemuMeHTy |
3eMsbHIITY. MehyTum, pu3nuko-xeMujcke 0ocoOMHe MaTpuKca UMajy Takolhe 3HauajaH
VTHIA] HA BUXOBO MPHUCYCTBO M E€BEHTYAIIHY aKyMyJalHjy, T€ je TOXKeJFHO Ja ce
WCIIATa]y TOKOM MOHHTOpUHTA [8]. Jlemo3uTu OBUX JeAUmEHa Yy 3EMJBUIITY U
MpalIMHA ce TOHAMmajy Kao W3BOp 3arahema ycien WcmapaBama WIH HCIUPamka
aTMoc(epcKkuM TaiaBuHama. 3aral)eHo 3eMJBHINTE HAPOUYWTO IMPAIIMHA MOKE UMATh
IITETHE TOCIIANIIE Ha €KOCUCTEM U 3/JpaBJbe JbY/IH, CTOra Mpaheme KOHIEHTpaIja u
uaeHTU(UKaIMja W3BOpa j€ BeoMma 3HadajHa Kako OM ce€ CMamHO YyTHIa] MOTyhHX
M3BOpPA Ha )XMBOTHY CPEIUHY M 3/IpaBJbe momyinanuje [9]. 3emspuinTe 3aapxkaBa Behe
KOHIICHTpAIMje BHCOKOXJIOPOBAHUX OudeHMIa, AUXIOPOau(DEHUITPUXIIOPOECTaHa U
TUXITOPOIN(DEHIIITUXIIOPETHIICHA, Ca W3PAXEHUJOM aKyMyJIallijOM TOKOM 3UME U
3HaYajHUJUM ucrapaBakbeM TokoMm Jieta [10]. Ilomamm o pacmomens opraHCKHX
3aralyjyhux jenmumema y 3eMJBUINTY Cly)ke 3a ojpehuBame HHMBoa 3arahema,
UIeHTU(UKAIM]Y U3BOPA EMHUCH]E U MPOIIEHY PU3UKa 10 3/IpaBibe Jbyau [6]. Yiuuna
MpallvHa MpeAcTaBba MpBE JACMNO3UTE YpOaHMX aTMOCPEepCKUX 4YecTHla Kao U
OpPraHoOXJIOPHUX jenumema. Ctora, 3aral)eme ynmudyHe MpamirHe MoKe IpeacTaB/baTh
nobap mokazaTesb aTMocepcke KOHTAMHHAILIMjE U CyAOWHE/NyTeBa OPraHCKUX H
HEOPraHCKUX jeNberha, Koja MMajy TeHICHIHU)Y Ja OJApaxkaBajy MOTEHIIMjaTHE He-
Taukacrte (pacyre, udy3noHe) U3Bope y OJU3UHU MEPHUX MECTa U3 KOJUX CE EMUTY]y
3aralyjyha jemumema y 3emibuinTe, Boay wuiau Bazayx [11-14]. Kao ,Hocau*
3aral)yjyhux jenumema, yauuHa HpallMHa He YTUYe CaMO Ha KBAJMTET Baslyxa y
rpaay Beh u nupekTHO yrpoxasa 3apaBibe Jbyau [12]. [locnenwe neuenuje, ymmdyHa

IpanirmHa HOpeaACTaBJba MATPHUKC KOjI/I je CBC BHIIC IPEAMCT HU3y4ddBakba MHOT'HUX
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HCTPKMBAYKUX T'pyla MHUPOM CBETa MITO MOTBplyje u Opoj pagoBa M3 €IEKTPOHCKE
6aze SCIENCE DIRECT (cnuka 2.1).
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Cnuka 2.1 bpoj padosa y kojuma je kwyuna peu ,,street dust* erekmponcke

oaze SCIENCE DIRECT (16.04.2019)

Yectuie ylIu4yHE MpamyHEe Cy MaJIOT NMPEYHUKA M BEIMKE MOKPETIHUBOCTH,
IITO TPEJCTaBJba Moce0aH PU3UK 10 37paBJbe JbYAM. YJIMYHA MpalINHA MPECTaBba
XETEPOTEHY CMECY HATaJIOXEHWX YeCTUIla Ha IIyTeBHMa W3 TPUPOJHUX W/WITH
AHTPOTIOTeHUX H3Bopa. Mehy mpupoaHuM HM3BOpHUMA YIWYHE TpAIIMHE Haj3HAYajHU

cy:

e ¢po3uja 3eMJBHIITA,

®  pecyCIHeH3Hja YeCTHUIla 3eMJBUIIITA,

e arMocdepcKo JejcTBO Ha MaTepujal u
e arMocdepcka enos3uja.

O,Z[ JbYJACKHNX aKTUBHOCTHU I'JIaBHU JOIIPUHOC y.]'II/I‘IHOj IIpalirHU IMPEACTaBIbA:

e popact ypbaHu3zauuje,
® UHAYCTpHja,
® TpPaHCHOPTHE AaKTMBHOCTH (M31yBHM TacOBM ayTOMOOMJA, OCTald
ryma, xabame KOUHUIa, Xabame IUI0YHUKA WK acdanra),
® [IPOU3BO/IIA CHEPTHUje, U3Tpajiha U pylIeHmhe o0jeKara.
ITon yrumajem caoOpahaja, ymuuHa npamivHa ca cBUM "Be3aHuM' 3aral)yjyhum
jeIMIbemuMa ce pecyclieHayje ca MOBPLIMHE YyiIMLa M ,uupu’ jgocneBajyhu Ha

3eMJBUINTE, y YHYTPAlIHOCT OOjeKaTa, Ha MOBPIIMHY OMJbaka M JAp., IpU UYeMy
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nocebaH pU3MK IO 3]IPaBJbe JbYIU HOCH ,,[IOJMTHYTA™ MPAIIMHA, U TO YECTHIIEC MAJIHX
MPEeYHHKA, ycliea MOTYNHOCTH BUXOBOT YHOCA Y OPraHU3aM yIHCAkhEeM WM T'yTambeM

[15].

OpnpehuBame 3aralyjyhux jeaumema y yJIMYHO] MPALIMHUA j€ BAXKHO PaIH
KBaHTHU(UKOBama ypOaHor 3aralema, nodujama nHPOpMaIMja 0 MOTYhIUM JOKaTHIM
M3BOpUMA W MOTEHIMjaTHUM omacHOCTHMA. [lo3HaBame mocrojeher crama jenan je ox
HajBOXHUJUX €JIEMEHATa 3a YCIEIIHO YIPaBJbake )KMBOTHOM CPEIMHOM M 3AIUTUTY
31paBiba y ypOaHuMm cpenuHama. bpojHum mpomnmcuma aeduHUCAHE CY J103BOJHEHE
TpaHUIIC OBUX jeIMbCHA Y PA3TUYNTHM MATPUKCHMa JKUBOTHE cpenuHe. Mehyruwm,
HE TIOCTOje TPOMHCH KOjU JAe(PUHHUITY MaKCHMaJIHO JI03BOJbEHE KOHIICHTpAIIUje
3arahyjyhux jequmema y yaudyHoj npamunn. [Iporiena pusuka oj 3aral)eHe mpamimnHe
noka3yje ga ce DDT-u u PCB-u cmarpajy rinaBHuM (akTopoMm 3a pa3Boj paxa,

MOCeOHO KOJI JIele KPO3 OpaTHA YHOC Kao TJIaBHU MYT M3JI0KEHOCTH mpammHu [16].

Benuku 0poj pa3nuuuTHX CTyAMja je CIPOBEAEH y LHWJbY HCIHUTHUBaHa
MPHUCYCTBA U cajpKaja MOCTOjaHUX OPTAaHCKHX jeIUECHha, KA0 MITO CY MOTHINKINYHI
apomatnuHu yripoBogonunu [17-20], ectpm ¢ramHe kucenmne [21] kao u
HEOPraHCKHUX, TEHIKUX eleMeHara [22-24] y rpaackoj yiauuHoj mpamiuay. [1taBuie,
JI0 cajia Cy CIIPOBECHE Pa3IMuUTe CTyAuje y by oApehuBama koHIeHTparmja PCB
n OCP y npammmHu Koja ce CKyIJba y 3aTBOPEHUM IIpocTopuMa (HIp. KyhHa mpanimHa,
MpalivHa y ayroMoOuinMa, y TOCIOBHHM O0jeKTHMAa) Yy pa3MYUTHM TIpajoBUMa
mpoMm cBera [25-34]. Mebhy Haj3acTymsbeHHjuM KoHreuepuma PCB-a koju cy
oapeheHn y mpamuHM W3 3aTBopeHux mnpoctopa cy PCB 138 u 153. Mehyrum,
MOCTOjH pEJIaTUBHO MaJIo CTyAHja y Kojuma cy oapehuBane xonrentpamuje PCB-a u

OCP-a y ynuunoj npammnu [12, 14, 16, 33, 34].

2.1. IlonuxaopoBanu OudeHUIH

[TomuxnopoBanu 6udenmin (PCB) cy yrijbOBOAOHUIM — OpPTraHCKa jeUbCHA
KapaKTepuCTUYHe OM(EHUIHE CTPYKTYpe ca Be3aHHMM aToMHMMa Xjopa (ciuka 2.2).
PCB-u ce mory Hahum y OOJMKY TEIIKMX YJbaHMX TEYHOCTH, O€NMX KpHUcTaia 0
nersbuBux cmona [35]. Cnabo cy pacTBOpJbMBH y BOIH, a JOOpPO Yy OpPraHCKUM

pactBapauuma. [loctoju 209 pasnmuuutux PCB-a (koHrenepa), xoju ce mehycoOHO
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pa3nukyjy mo Opojy cymncTuTyucHux aroma xiopa (1-10) u mUXOBOM MHOJOXKA)y Y

MoJtekyny oudenuna [5].

Cnuka 2.2 Onwuma cmpykmypHa (opmyna noauxaoposanux ougenunra (x=1-

5, y=1-5, x+y>1) [5]

[Tonoxkaj m Opoj aToma XJopa y MOJIEKYIY YyTH4Y€ Ha (DU3HUKO-XEMH]CKe
0COOMHE, a CaMHM THM Ha TOHAIIamke Y MPUPOJIH M TOKCHYHOCT KoHreHepa PCB-a.
DU3NYKO-XEMHUJCKE O0COOMHE KOje Cy UM OMoryhuiie mHUpoOKy MPUMEHY CY: BHCOKA
TeMIeparypa Kjbydama, HEeKCIUIO3UBHOCT, Majla EJIEKTPUYHAa W BeJMKa TOTUIOTHA
MMPOBOJIJBMBOCT, XeMHjCKa cTaOUIHOCT W apyro. Ox 1929. roaunae kaj cy mpBH MyT
WHIyCTpUjCcKU TipousBenieHd, PCB-1 cy ce KOpUCTUIIN Ka0 JUENCKTPUYHH (QIIyHAn Y
KOHJIGH3aTOpUMa W TpaHchopmaTopuma, Kao rmiacTudukatopu y 0ojama, CIOJHHM
3alnTUBavYMMa U 3a MHOT€ Jpyre MpuMeHe, Tako Jla Cy MOTEHIIMjaJIH! U3BOPU HUXOBE
€MHCHje y JKHMBOTHY CpPEIMHY pa3IMuuTa TIOCTPOjEHha XEMHJCKE HHIYCTpPH]E,
padunepuje HadTe, LIEMEHTHA WHIYCTpHja, caropeBame ropuBa W OTmajga, Uti. |5,
36]. 12 PCB koHreHepa Koju cajip:Ke YETHPH WM BHUILIE aTOMa XJOpa W jeJaH KM
HUJEeJaH aTOM XJIOPO Y OPTO MOJIOKAjUMa Cy jeIUIemha Koja Cy MO TOKCHYHOCTH
cimyna auokcuny (enri. dioxin-like) PCB [5, 37]. Tokcuunocr ,,dioxin-like PCB-a
(PCB 77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169, 189) ce uspaxasa y 0JJHOCY
Ha  HAJTOKCUYHH]U XJIODOBAaHM  ApOMATHYHU  YIJbOBOJHHK - 2,3,7,8-
TeTpaxiopoandenso-p-quokcud (TCDD). Mako moctoju Benuku Opoj pasiudUTHX
PCB-a, 3a uctpaxuBame U npaheme HBHUXOBUX KOHIIGHTpaIUja Yy y30pLuMa u3
KUBOTHE cpeanHe CTOKXOJIMCKOM KOHBEHIIMjOM j€ MPEmopydeHO MepEHme IIecT
unaukatopckux PCB-a (PCB-28, PCB-52, PCB-101, PCB-138, PCB-153, u PCB-
180). Mumukaropcku PCB cy onpehenn y BehuM KOHIEHTpalujaMa y *XHUBOTHO]
CpPEeIVHH, XpaH!U U JbYACKOM OPraHu3My y OJHOCY Ha Jpyre koHreHnepe. HasuBu u

XEMUJCKe CTPYKType 1ecT uuaukaropckux PCB-a cy npukas3anu y tabenu 2.1.
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Tabena 2.1 Xemujcku Hazusu u cmpykmype UHOUKAMOPCKUX NOAUXTIOPOBAHUX

oughenuna
Jequmeme Ckpahenuna CrpykrypHa ¢popmy.ia
2,4,4'-rpuxnopoodudenun PCB-28 ©/ ClI
9
Ccl~ ~Cl
2,2".5,5"-rerpaxiiopoOudeHmI PCB-52 a a
Cl 6|
2,2'.4,5,5'-neaTaxiiopoondeHmI PCB-101 Cl Cl
Oy
Cl Cl
2,2',3,4,4',5'-xexcaxiaopoOoudeHnsn PCB-138 Cl CI CI
Cl
2,2'4,4'5,5'"- xekcaxaopobudenun PCB-153 Cl Cl
Cl Cl
2,2'3,4,4',5,5'-xenraxnopobudeHun PCB-180 Cl I CI
a-{ Lo
Cl Cl

Kana nocnejy y xxuBoTHY cpeauny, PCB-u ce pasznaxy noj J1ejCTBOM CyHUYECBE
cBeTiocTd M Mukpoopranuzama [38]. IlomyxkuBotm wuHaunkatopckux PCB-a y
Ba3/ayXy, BOJU, 3eMJBHILTY U CEAUMEHTHMA MpUKa3aHu cy y Tabenu 2.2. [locrojanoct
PCB-a y XMBOTHO] CpelMHU 3aBHCHU O]l Opoja aTomMa XJOpa W HUXOBE MO3UIHUjE Y
MOJICKYlly U pacTe ca Opojem aroma xiopa [38]. Kourenepu PCB-a ca Himkum
cajip>kajeM XJopa Cy UCHapJbUBHjH, JIAKO C€ TPAHCIOPTY]Y Kpo3 aTMoc(epy U Talloxke
Ha BEJIMKE yJaJbeHOCTU OJ1 u3Bopa emucuje, 1ok PCB ca Behum canpikajem xmopa ce
Tajloke Onmke u3Bopa. Y 3aBucHOCTH o npoduia PCB koHrenepa y yzopuuma u3
KUBOTHE CpeMHE MOTy ce JOOUTH MH(pOpMalldje O M3BOpY, MOHAIIamy U CyAOWHU

PCB-a y npupou [39,1].

Tabena 2.2 Ilonyscusom ooabpanux PCB-a, uspascen y 2oounama [37]
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PCB xonrencp oay-xuBoT (roguHe)
Baszayx Boaa 3emubuinTe CeaumeHnTn
PCB-28 0,008 0,165 2,966 2,976
PCB-52 0,171 3,422 9,99 9,993
PCB-101 0,342 6,845 9,993 9,993
PCB-138 0,685 13,699 18,836 18,836
PCB-153 0,684 13,689 18,823 18,823
PCB-180 1,369 27,379 37,645 37,988

Vkynna konuunHa PCB-a npousBeneHa y cBeTy je mpoliemeHa Ha oko 1,2 1o
1,3 MmIMoHa TOHA W Hajla3M Ce€ U Jajbe y KUBOTHO] cpeaunu [40,41]. Ha moapyyjy
ceBepHe xemuchepe je mpucyro 97% ykymnuao npouseaeanx PCB-a, ox yera 18% y
pacriony o 40 no 42° ceBepue reorpadcke mupune [42]. Y Penybmunu Cp6uju, PCB
C€ HHKAJ HUCY TMPOU3BOJAWIM, JEAMHO ONpeMa Koja CaaApKU OBa JeAWmCHa e
npousBeneHa y Mmanenosiy u Pummy mo 1986. [36]. PCB-u cy ce kom Hac
KOPUCTHJIM Kao AUENeKTPUYHU (QUynau y TpaHchopMmaropuMa M KOHJIEH3aTOpHMA,
koju cy caapxuiau PCB-e ca meHTa 10 xenrta xjopoBaHuM koHreHepuma [1]. Tokom
paTta neBefeceTux roauHa XX BeKa, U3 CHA/bEHUX M OIITEheHMX HMHIYCTPHUJCKUX
norona (paduHepuja, eJIESKTPOAUCTPUOYIIHja, ayTOUHIYCTPHja U Ap.) U BOJHUX METa
ucuypuie cy Benuke konuunHe PCB-a y xuBOTHY cpeauny: Buime ojn 1000
enekTpuuHuX Tpadocranuma koje caapke PCB cy omrtehene [38]. Omrehenun
TpaHcopMaTOpu U KOHAEH3aTOpU OpUTHHANHO NymeHu ca PCB cmecama, ycnen
ypema MmocTanu ¢y 3HadajaH u3Bop PCB 3arahema 3emspminra Ousiie Jyrociasuje
[5, 43]. OrpannuaBame ¥ MocTeneHa 3abpaHa Ipou3BOIbe, ymoTpede u yBoza PCB-a
je 3amoyena IMPOM cBeTa joul TokoM 70-Tux roguHa XX Beka 300T TEpaTOTEHOT,

MMYHOT€HOT WJIM KaHIIEPOT'€HOT 3/IpaBCTBEHOT edekTa [5, 44].

2.2. OpraHoxJIOpHHM NeCTULMIH

OCP cy cuHTeTCKa OpraHcka jeMibema Koja Cy uMaja IUPOKY IPUMEHY O]l
1940. roauHe y NoJbONPUBPENH 32 IOPACT MPOU3BOIE, Y ToMahiHCTBUMA, OariTama,
JaBHUM MecTUMa M HHCTUTyIMjamMa 300T HHXOBE €(UKACHOCTH Y KOHTPOJIH

mrerouynHa u 6osiectu [45, 46]. OCP cy mo3HaTa Kao KaHIIEpOT'€Ha jeMIbEla Koja
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yTu4y Ha eHaokpuHu cucteM [45]. Takolhe, u3asuBajy Heyposiomka omrehema u cMpT

[47]. Y rpymy opraHOXJIOpHHX TECTULIAA C€ YOpajajy:

o muxnopaudenmneranu (DDT, meTokcuxiop)

® XJIOPOBAaHU LMKIOAWEHHU (AIJIPHUH, IAUEIJPUH, €HI0CYNI(]aH, eHOpUH U
ap.)

e XJIOpOBaHa jenumCHa OCH3CHAa WM LUKIOXEKcaHa  (JMHJIaH,

XEKCaxXJIOPOIUKIIOXeKcaH) [47].

2.2.1. Inxaopaudennaeranu (DDT)

Kana ce rosopu o DDT renepanto ce muciau Ha p, p'-DDT (1,1,1-tpuxiopo-
2,2 (buc (p-xmopodennn) eran) [47]. Melhyrum, Texunuku DDT npencraBba cmecy
n3oMepa urja je aktuBHa KommoHeHta P,p'-DDT (65-80%). ITopex p,p-DDT, DDT
caapxu 14 npyrux KOMIOHeHaTa oj kojux cy Behuucke o,p'- DDT (I5-21%); p,p'-
DDD (mo 4%) u 0,0’-DDT (y Tparosuma) [48]. Texamuku DDT je 6eo mpax, 6e3
ykyca u wmupuca. [Jobmja ce peakmujoM XJIOpoOEH3EHA U TPHUXJIOpPOETaHOJA Yy
MPUCYCTBY KOHIIGHTPOBaHE CyMmriopHe kucenuHe. [IpBu myt je cuHTeTH30BaH 1874.
rogune, anmu TeKk 1939. rogumne Miiller u WmeroBu capagHUI Cy OTKPHWIN HHETOBE
MHCEKTUIUAHE ocobuHe. ABrycra 1945. roguae DDT je mymTeH y KoMmepuujaaHe
CBpXe, a yOp30 HaKoH Tora mouena je npuMena DDT-a y nuBWIHE ¥ TOJHOTIPUBPEIHE
cepxe. Kopuctro ce nocie J[pyror cBeTckor para y 60pou mpoTHB Komaparia Koju cy
mupwik Manapujy u tudyc [49]. YkynHo nmpowusBeneHa koauuuHa TexHudkor DDT
nporemkeHa je Ha aBa MuiroHa ToHa. Texawmuku DDT Ttakohe cagpku DDE (1,1-
TUXJII0po-2,2-ouc(p-xnopodpenmn)erusien) u  DDD (1,1- muxsopo-2,2-6uc(p-
xyopodenuin)eran) kao Heuuctohe [48]. Jupektna m3noxenoct DDT npu HuCKMM
KOHIIEHTpalMjamMa JO0BOAM 10 TIJaBoOoJbe, My4yHHHE, MoBpahama, 30ymEHOCTH U
tpemopa. lllta Bumie, akymynanuja DDT-a y opranusmy yTude Ha HEpBHU CHUCTEM U

y3pokyje nojaBy Tymopa. DDT ce noBoau y Be3y ca pakom IaHKpeca.

[IpucyctBo atroma xjopa y DDT u meroBum meTaboiuTUMa U JTUMO(PUIHOCT
ypHe UX BeoMma ekoTokcuuHuM [49]. Konuentpanuonu oguoc p,p’-DDT/ p,p’-
DDE+p,p’-DDD ce xopuctu 3a oapehjuBame ucropuje yHoca [7, 50, 51] u ykonuko je
HIKM of] 1 ykaszyje Ha crapu yHoc p,p’-DDT, Tj. BeroBo npucycTBo y UCIIUTUBAaHUM

y30plLIMMa OJ1 paHuje.
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2.2.2. XJI0pOBaHU HMKJIOAUEHH
XJIOpoBaHM IMKIOAWEHH CYy JEpUBATH XEKCAXJOPOLUHMKIIONEHTAIUCHA.

Hajno3uatuju cy:

® aNJpuH,
® JMEJJIPHH,
e cHuocyindaH,
®  CHJIPHH, XENTaxJIop,
®  XENTaxJIop erOKCH],
® XJIOpJaH.

OpraHoxJOpHH NHKJIOJUEHH Cy AaHTaroHHUCTH HEYpOTpaHCMHTEpa Y-
amuHOOyTepHe kucenune (y nabeM Tekcty: GABA). Besyjy ce na GABA penentope
MHXUOMpajyhu TPEHOC aKIMOHOT MOTEHIINjajla Ha clefehn HeypoH, TP YeMy J0J1a3u
70 KOHBYJI3Mja, aruTalyje, pa3IpakuBOCTH U JIpyrux HepBHUX nopemehaja. Takohe
yTHUy Ha €HJIOKPHUHHM CHUCTEM, M3a3MBajy pak, nopemehaj eH3UMCKUX (yHKIHUja U
MHore npyre mnopemehaje [52]. TpoBame NHKIOIMEHWMA 3aMOYUE-E H3HEHATHUM
KOHBYJI3MjaMa, 4ecTo 0e3 MPEeTXOAHMX MaHHdecTamnuja Kao IITO Cy TJaBo00Jba,
MyuHUHa, ToBpahake u cia. Hamagu npoy3poKoBaHU IMKIOJUEHHMMa MOTY Ce
mojaBuUTH 10 48 caTM HAKOH H3Jaramba M MOTY C€ IOHAaBJ/baTH MEPUOJAUYHO Y

HapeIHUM AaHuMma [S3].

AJIPMH M JUHeJJIPUH Cy CUHTETUYKH OPraHOXJIOPHH WMHCEKTUIUAU Beoma
clMYHEe XeMHujcke cTpykrype. IlpBu myt cy cunTetncanu 1948. roamne, a 1950.
roJIMHE Cy IpBH IyT KOopHIIheHH 3a KOMepLHUjaTHe CBpxe. AJJAPUH C€ IPOU3BOIU
Juiic-AnnepoBom peaxkujom XEKCaxXJIOPOLMKIONEHTaIueHa ca
OMIIMKIIOXETITaUeHOM, JOK JUEJIpUH HacTaje eMoKCHAALMjoM ajJpuHa ca
nepaleraTtoM Wi  MepOeH30€BOM KHUCEIMHOM aild Takohe Moke HacraTu
KOHJICH3aI[MJOM XEKCAaXJIOPOLUKIOTICHTAIMEHA Ca EMOKCUIOM OWIIMKIOXENTaAueHa.
Uucr angpuH ¥ JUENpUH Cy Oelie MpallkacTe CYICTaHIe ca OllaruM XeMHjCKUM
MHUPHUCOM, JOK Cy TEXHHYKH MNpPAIIKOBU TaMHHUje Ooje. CTaOWIHH Cy y MPHUCYCTBY
OpPraHCKMX U HEOTaHCKHUX 0a3a W Olarmx KuecelnuHa, O6Jaro cy KOpO3WMBHH 3a MeTaje
MPUIMKOM CKJIaauiTema. uenapun je crepeousomep enapuHa. [IpoOutHO cy ce
KOPUCTUJIM 3@ 3aLUTUTY MOJHONPUBPEIHUX YCEBA, MPOTHUB MpaBa, TEPMUTA U 3a

KOHTPOJIy BEKTOpPCKMX Oonectu [48]. JluennmpuH, alIpuH M CHIPUH Cy BeoMa
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TOKCHYHU HMHCEKTHIMIU. [IpBoOuTHO Cy am3ajuupanu kao 3amena 3a DDT. Osna
jenumema UMaa Cy MUpPOKy IPUMEHY y MOJbOTpUBpear TokoM 50-tux u panux 70-
TuX roanHa XX Beka. Mlako Beoma euikacHU y KOHTPOJIM HHCEKaTa, 3a0pambeHu Cy 3a
yrnoTpedy 70-tux roanHa XX Beka y MHOTUM 3emibama. [Ipe muxose 3abpane 1991.
romuae y CpOuju, HMHTEH3MBHO Cy C€ KOPUCTHJIM TIPOTUB HWHCEKara Ha
MOJBONIPUBPETHOM 3eMJBHINTY HapouuTo y BojBomunm. IlosyxuBoT aumennpunHa y
3eMJBHIITY j€ OKO 25 ToJMHA, JIOK je MOTYXUBOT eHapuHa a0 12 romuna [54]. [Ipu
JIOCTIEBabY Y )KMBOTHY CPEJIMHY, 1OJ] JIeJCTBOM CyHIla U OakTepuja, ajlJIpuH ce Beoma
Op30 pazmaxe 1o nuenapuHa. JlMenmpuH ce BeoMa Ccropo pasnaxe y chepama
KUBOTHE CpeAnHe 300T TOTra HITO C€ YBPCTO Be3yje 3a 3EeMJBHIITE Ia CaMUM THUM
CIIOpO UM HCIapaBa y Ba3nyX. buibke ycBajajy v akymyJaupajy ajipuH U AUEIAPUH U3
3emspnTa. [Ipuirkom KoH3yMHpama 3aral)eHe XpaHe, Tpe CBera KOPEHCKHX YceBa,
pude 1 MOpCKe XpaHe, A0JIa3H JI0 N3JI0KEHOCTH AJIPUHY U AUCIIPUHY. AKyMYylanurja
apuHa W JHUEJJIPUHA y OpraHu3My Tpaje TOAMHaMa HaKOH W3JI0KEHOCTH, a

MOCJIE/IUIIE OBE U3JI0KEHOCTH ce MaHu(eCcTyje Ha HepBHH crcTeM [55].

Enapun je oprasHoxiopHu wuHcekTuima. benma kpucramHa cyrcraHIa,
pacTBOpJbHBA Yy alleTOHY, OEH3EHY, YIJbeHTeTpaxyiopuay u xekcany. IlpBu myrt je
cuarerucan 1950. ronune. JloOuja ce emokcHUIaIMjoM H30JpHHA ca MepcupheTHOM
kucenmnHoM. M3oapun ce mobuja [{uic-AnmepoBoM amuiidjoM IUKIONCHTAAMCHA Ha
xekcaxjiopouukinoxenraaue [48]. Enapun u nuenapuH cy crepeonzomepu. Enapun
je xuapodoban, amcopOyje ce Ha 4YECTHIE 3eMJbMINTAa W HemokperaH je. Mako

HOCTOjaH, pasiaxe c€ y NpucCyCcTy CBETIOCTHU N0 CHAPUH KETOHA U CHAPHUH aJIACXHAaA.

XenTaxJop je 6eyra KpucTajiHa CyrncTasia ca Mupucom kampopa. [Ipsu nyT je
curetucan 1946. rogune y CAJl u Hemaukoj. PacTBOpsbMB je y OpraHckum
pacTBapauyuMa HIp. aleTOHYy, OCH3€Hy, YIJbEH-TETpaxjopully, LHUKIOXEKCaHy,
€TaHOoJly, KCUJICHY M BOJM. XeNTaxJop HacTaje y peakluju CYNCTUTYLH]e XJIOpJeHa
ca cyn(ypuIxJIOpUIOM I'Jie Ce BOJAOHHUK 3aMemyje ca XJIOpOM. XeNTaxjop ce Beoma
JIaKo TpaHC(OpPMHUILIE y XENTaxJop €NOKCH[. XEeNTaxJop eNnoKcun je XuapodobaH u
ciabo pacTBOPJBUB Y BOAM M KOPUCTHO CE€ KAa0 HHCEKTHLHUI y JTOMahMHCTBY H

noJeonpuspen [48].

Metoxcuxiaop je 6e300jan kpucran. IlpakTuyHO HepacTBOpaH y BOIM,

CpCAC paCTBOPAH Yy €TAHOJTY, JIAKO PACTBOpPAH Y BehuHu ApOMATHYHUX pacTBapaya.
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[IpBu nyt je cuarerucan 1893. ronune. 1944. romquae y Hemaukoj OTKpHBajy HeroBe
WHCEKTUIIMIHE OCOOMHE, a KOMEpIHjalHa TPOW3BOJa 3amouumbe 1946. roauHe.
Jlobuja ce KoHIEH3annujoM MeTua (DeHW eTpa (aHUCOJI) ca XJIOPAIOM Y TPUCYCTBY

cymIiopHe kucenuHe [48].

2.2.3. XJI0poBaHH IepuBaTH 0eH3eHa U HUKJI0XeKCaHa
XnopoBaHu OCH3EHM M IMKIOXEKCAaHH Cy Ce KOPUCTWIM Kao CpEeACTBa 3a

cy30Hujame IJbUBUIIA.

XekcaxjiopoOeH3eH je y OONMKy OenuX UIiuia, MpakTUYHO HEpacTBOpaH y
BOJIM, 2 BEOMa pacTBOpaH y OEH3EeHY, pacTBOpaH y XJI0pohopMy U TUETUIIETPY, c1abo

pactBopan y eranouty. [IpBu iyt ce kopuctuo 1945. rogune kao GyHTUALIHI.

XeKkcaxJIOpOUMKI0XEKCAaH — je TIPBH MyT CUHTeTHCaH 1825. roauHe, anu Tek
y mnepuony on 1940-1941. cy OTKpuUBEHE HEroBe HMHCEKTHIIMIHE OCOOHHE.
Komepuwmjanna npousBoama y CAJl 3amounme nocne J[pyror ceetckor pata. JloOuja
ce XJIOpUMHAIMjOM OCH3€Ha y NPUCYCTBY YITPA-BHOJIETHE CBETIIOCTH, TPH UYEMY
HacTaje cMeca wm3oMmepa. Iloctoje nBe dopmynamuje XeKCaxJIOpOIUKIOXEKCaHa:
texundk HCH u nmunpan. Texanuku HCH ce cactoju u3 a- HCH (60-70%), p- HCH
(5-12%), y- HCH (10-12%), 6- HCH (6-10%) u - HCH (3-4%), nox nuHaaH caapxu
oko 99% vy- HCH. Op mner wu3omepa camMoO 7Y-XEKCaXJIOPOLMKIOXEKCAaH HuMa
WHCEKTUIIMIHO JIEJCTBO U MPOJaBa0 ce MOoJ TProBaukuM Ha3zuBoM JlunnaaH. JIunmax je
aKTUBaH CacTOjaKk IIaMIIOHA WM JIOCHOHA KOpUIIheHUX Ja eIMMHUHHILE BaIlKe U
myry. y-HCH ce kopuctno 3a TpeTMaH ceMeHa M CaJHULA, CTOKE, UIYMCKUX

MIPOM3BO/Ia U 3eMubHITa [48].

CrpykTypHe (opMysne HEKHMX OPraHOXJOPHHX jeAMIbEHha Cy IpUKazaHe Yy

Tabenu 2.3.
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Tabena 2.3 Xemujcka cmpykmypa HeKUX op2aHOXIOPHUX NeCMUyuod

JuxnopaudennneTanu
CT
c1l ¢ I~ Cl ala
J U J JC
a cl al (s Cl HCO OCH,
Huxnopoaud
Huxnopomudennmmn | JuxmopoaudeHmamx Merokcuxiop
SHWICTaH
xnopoetwiien (DDE) nopoeran (DDD) (qumeroxcu-DDT)
(DDT)
XJIOPOBAHM IIUKJIIOIUEHU
Cl (1
Cl Cl
/ Y o
1 ¢ 0N
a-Expocyndan B- Enmocyndan Ennocyndan cyndar

Huenapuu

XJTOpOBaHM LIUKJIOXEKCAHU

il

a

Cl Cl

e

Cl JQ/C 1
Cl ]

= cl =
al cl

Anda- bera- I"ama- Henra-
XEKCaXJIOPOIMKIIOXEK | XEKCaxXJIOPOIl | XEKCAXJIOPOIUKIOTEeK | XEKCaXJIOPOIMKIOX

caH UKJIOXEKCaH caH eKCaH

a-HCH B-HCH vy-HCH 6-HCH

VYnpkoc 3abpanu npousBoame U npumene OCP-a, oHM ce U 1ajbe KOopHUcTe y
MHOTUM 3eMJbaMa Yy pa3Bojy. [Ipou3Bojma MEpP3UCTEHTHUX MECTHLMIA KOJ Hac
oOyxsarana je camo npousBoamy DDT ox 1947. y dpabpuiu ,,30pka-3amrura 6usba*
y Hlanny ca roaummom npousBoamoM oa 600 t. I[Ipouszsoawa DDT-a je mpecrana
panux 70-tux. Ha teputopuju Cpbuje cy ce ynorpeOipaBaid alApuH, TUEIIPUH U
eHIpuH yBe3deHHM u3 CroBeHuje W XpBaTCKe, KaO0 M JIMHAAH U XENTaxjop W3
Maxkenonuje; ynotpeba aunaana y Cpouju je 3abpawena tek 2007. roqune [36]. OCP

nepunucann CTOKXOJMCKOM KOHBEHLIMJOM CY 3a0pameHU 3a MOJHONPUBPEIHY
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TproBuny u ynotpedy y CpOuju TOKOM CelamMAeceTHX M OCaMAeCeTHX roguHa XX
Beka. YnoTrpeba DDT-a y cektopy jaBHOT 3/paBiba je IpecTaia paHUuX JEBEICCETUX

roJIMHA MPOILIOT Beka [53].

2.3. Anaau3za PCB u OCP y y3opuuma 3eM/bHIITA U yJIUYHE

npaumuHe

Anamuza PCB-a u OCP-a y y3opuuma 3eMJbHUINTAa W YJIWYHE MpalIuHE
CIIPOBOJIM C€ Y OKBUPY MOHHTOPHWHTA Yy LWJbY TPOIICHE KBAIUTETA CTarba KUBOTHE
cpemune. [lo3naro je ma mpucyctBo PCB-a m OCP-a Wak W y BeoMa HHUCKUM
KOHLIEHTpallijamMma MMa 3HadajaH YTHULA] MO 3[paBJb€ JbYIAU U KUBOTHY CpEAUHY,
cTora je OJ BUTAJHOT 3Hauaja pa3Boj M NMpUMEHAa aHAIUTHYKHX TEXHHKA 32 HHUXOBO
u3/Bajambe M oJpehuBame ca MITO HIKOM TpaHUIOM aerekiuje. [loceban m3a3oB
MPUJIIMKOM pa3BHjamba METOJE TpelIcTaBha M300p MeTone mpurpeme y3opka. Kako
OCP umajy pazauuuTy CTPYKTYPY (IUXI0OpOoIupeHUIETaH!, XJIOPOBAaHH IUKJIOIHCHH,
WT].), CAMUM THM U pa3nuuTe (U3NIKO-XeMH]jcke ocoOuHe (3a pasnuky on PCB-a
KOJU Cy MPWJIWYHO CIMYHU) ONTUMAJHH YCJIOBH MPUIPEME y30paKa KOju Cy IMOTOJHU
3a jeqae OCP-e Hucy maenTudHu 3a apyre [57]. Ycnen Benmukor Opoja pa3iudaUTHX
METOJla TIPHUIPEME M aHalM3e y30paka H300p Meroje/meTona 3aBucuhe oa BpcTe
aQHAJIM3UPAHOT y30pKa, €KOHOMHYHOCTH METOJIe M Kpajibe aHanmuse [5]. YV ocHoBu
MpUIIpEMa y30pKa ce cacToju o1 eKcTpakije (n3aBajama) PCB-a u OCP-a u3 y3opka
u n3onanuje (cenapanuje) dpakuuja [S]. Texuuke ekcrpaknuje (kao mrto cy Cokcier
€KCTpPaKIIfja, eKCTpaKIrja YBPCTO-TEUHO, TEUHO-TEYHO, YATPa3ByuHa EKCTPAKIIHja) Cy
BPEMEHCKH 3aXTeBHE U KOPHUCTE BEJMKE KOJIMYMHE pacTBapaya IITO je Y CYIPOTHOCTH
ca TIPUHITMIIOM TaKO3BaHE ,;3eJIeHe XeMHje* 300T uera pa3Boj HOBUX MeTojaa (Op3ux,
JIaKO HM3BOJJbUBHX, MOY3/IaHUX, EKOHOMCKHU HCIUIATUBUX) MMa 3HA4YajHy MPUMEHY Y
npahemy npucytBa Beher O6poja jeaumbemha y pasiuyUTUM Y30PLHUMA, Pajid MPOLEHE
ctenena 3araljenoctu. Meroze npumnpeme yzopaka u uaentuduxanuje PCB-a u OCP-
a y y3opuuMmMa 3eMJbHIITa Cy mpukasaHe y Tabemu 2.4. Ha ocHOBYy mnojaraka
npuKa3aHux y Tabenn 2.4 mpouswiasu Ja je TMOCHeAmuX ToAuHa Hajuenthe
MPUMEmHHBA EKCTPAKIIMOHA METOJIa 32 IbUXOBO U3/Bajamh-e yOp3aHa eKCTpaKIlHja Mmoj
BucokuM mnpuTuckoM (ASE) mnpahena tpamunoHanmHoM COKCIET EKCTPaKIIHjOM.
Y0p3aHa ekcTpakiifja Mmoj BUCOKMM MPUTHUCKOM j€ MOJIEpHA EKCTPaKIMOHAa METOoJa

KOja je MpBU MyT mpeactaBbeHa 1995. rogune. 3a exctpakuujy PCB-a u OCP-a u3
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y30paka oJ] MHTepeca Hajuemhe ce KOPUCTH CMeca pacTBapaya XeKCaHa M METHJICH-
xnopuga. O63upom na ce y excrpakry nopen PCB-a u OCP-a nHamase mHora apyra
OpraHcka jeMibemha Koja ce Takohe n3/Bajajy MpHIMKOM €KCTPAKIIHje, HEOMXO0THO je
M3BPIIUTH MpeunirhaBame eKCTpakTa Kako Ou ce modmia mTo yuctuja dppakmuja [S].
Mehytum, y MHOTUM pa3BHjeHUM MeToJlama, NMpeurinhaBame eKCTPaKTa je Hajryka
¢da3za koja JOBOIM JIO TyOWMTaka aHAIM3UPAHHUX JSIAUCHA U TMOTPOIIHE BEITUKUX
KOJIMYMHA pacTBapaya. bpojHe Merone mnpeunmhaBama €KCTpakTa MOJPa3yMeBajy
Kopumheme CTaKIeHUX KOJIOHA IyHEeHE Ca AIyMHHHjyM OKCHJIIOM, CHJIMKA TeJIOM
3ajeJTHO W/WJIM 0JI0BOjeHO. PeTke cy cTyauje Koje MHTETpHIly Kopake npeduihaBama
n ekctpakuuje. HMHCTpyMmMeHTanHe TeXHHMKE Koje ce Hajuemhe kopucre 3a
uaeHTugukanujy u kBaHTu¢ukauujy npucytHux PCB-a u OCP-a cy racHa
xpoMarorpaduja ca enektpoH arncopOyjyhum nerekropom (ECD) u/mnm netexrop Ha

MPUHIIUAITY MaceHe cnekrpomerpuje (MS).
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Tabena 2.4 Memoode npunpeme u ananuze y30paka 3emmsuuma 3a 00pehusaroe NoIUXI0PO8AHUX OUPDEHUNA U OP2AHOXIOPHUX NeCUYUOa

HcnuruBana
Y3opak Excrpakuuja u npeunmhaBame HNnentupuxanuja Pedepenna
jenumema
GC-uECD
Mertona yHyTpammer
ASE, pactBapau: xekcan: CH>Cly (1:2)
cTaHjaapna
Kononcka xpomatorpaduja Ha KOMOMHOBaHOM ciojy 4
(MeHTaxJIOPOHUTPOOEH3EH)
3emMIbuIITe g ¢uopucuna (3% neakTuBUpaH) U 4 g CUIIMKA Tela
7PCBu7 ( (3% ) ; PCB (58]
OCYILIEHO TIPEKO 0 JICAKTUBHPAH), TPESKPHUBEHOM ca 3 g aHXHIPOBAHOT
OCP LOQ (0,12 u 0,5 ng/q)
Hohw) Na>SO0a.
Recovery 60-121%
Enyupame ca 20 ml xekcana, motom ca 20 ml CH2Cl.
DDT u HCH
VYnapasamwe 10 0,1 ml.
LOQ (0,01 u 0,1 ng/q)
Recovery 72-133%
Coxcier excrpakiuja, CH2Clo, 24 h GC-MS
VYnapaBame y pOTAallMOHOM BakyyM yIapuBady, U | Meroda yHyTpalImber
25 g 3emJbHIITA PEKOHCTPYKIIHja Y N-XEKCaHy. cTaHjaapiaa
6 PCB, 14 (ocyiieHo mpeko KoHuenTpucan ekcTpakT je mojesbeH y ABe dpakiyje. | (IeHTaxJIOPOHUTPOOCH3EH) [50]
OCP Hohu) u momemano | [IpBa ¢pakuuja ce kopuctu 3a ananuzy PCB-a u OCP- | OCP

ca NaySOy

a. ®pakuujy 1 mpomyhkatu ca 1 ml c.c H.SO4 panu
yKJIamamwa JUIHIJIA ¥ ONPaTH ca JIeJOHU30BAaHOM BOJIOM.
KonoHncka

Ymaputu nmo 1 ml y crpyju a3ora.

LOD (0,01 - 10,09 pg/g)
PCB
LOD (0,06 — 1,99 pg/g)
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xpomarorpaduja ca 3 g amxugpoBanor NaxSOs, | Recovery 3a PCB u OCP
enyupatu ca 12 ml xexcana. Konnentpucatu 1o 1 mly | 63-84%
cTpyju aszora. llpeunmmaBame Trenn MmepMeadHIHOM
xpomatorpadujom ca cmecom CH2Cl u xekcana (1:1).
Konnentpucatu a0 1 ml y crpyju asora. [domatu
WHTEPHHU cTaHAapA KoHueHTpucatu a0 100 pl.
ASE, pactBapau: xekcan:ametoH (3:1). GC-MS [60]
Jobujenn exctpakT KoHmeHTpucatu n0 10 ml u | Merona yHyTpammer
nojenuTH Ha Tpu ¢pakiuje (2:2:1) 3a ananm3y PCB-a, | crangapna
3eMJbHIITE OCP-au PAH-a. PCB
18 PCB, 24 | aucreproBaHo ca ®paxiyjy 3a ananuzy PCB-a ocraButu mpeko Hohm y | LOD 0,003 pg/kg
OCP AHXHUJIPOBAHUM c.c H2SO4. Kononcka xpomatorpaduja Ha cunuka remy. | Recovery 96+14%
Na>SO4 OCP ¢pakmuja - komoHcka xpomarorpaduja Ha | OCP
dnopucuiy. LOD 0,005 pg/kg
Konnentpucame ekcrpakara 3a aHanu3zy PCB —a po | Recovery 93+15%
3arpemune o1 50 pl PCB u 100 pl 3a ananuzy OCP-a
Cokcner ekcrpakuuja, xekcan: CH2Clo (1:1), 24 h. GC-MS/MS [61]
32 PCB 1t 15 3eMJBHIITE Konnenrpucaru o 1 ml. Metoaa yHyTpaumer
(ocy1ieHo npeko KonoHcka xpomarorpaduja Ha KOMOMHOBaHOM CJIOjy cTaHzaapza
ocP HOhK) HEeyTpalHOT cuinka refia (3% neakTuBUpaHa)u MDL 0,4-1 pg/g
anyMuHUjyM okcuna (3% neaktuBupana) npekpuBeHor | TCmX 72 + 6,5%
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ca aaxuapoBaHuM NapSOs.

Enynpame dppaxumuje OCP-a u PCB-a ca xekcan:
CH2Cl, (1:1),

Konnentpucame exctpakra 1o 0,2 ml y crpyju azora.

PexoncTpykiuja y g10/1ekany.

Recovery

PCB 30 80 + 8,3%,
PCB 198 90 + 8,2%
PCB 209 94 + 10,5%.

Coxcret excrpakiiija, DCM, 48 h. GC-MS [62]
Honmatu GakapHuU npax paau aecyindypusaimje. MeTtona yHyTpanimer
VYmapaBame g0 5-10 ml poranmoHuM BakyyMm | cTaHmapaa
yrnapuBaueM. YmapaBame y cTpyju azota qo 1 ml. PCB
S— Pexonctpyknuja y 10-15 ml xekcana. LOD 0,36-0,71 pg/g
7PCBwu 10 Komoncka xpomarorpaduja Ha KOMOMHOBAaHOM CJI0]Y Recovery 75,6%-121,8%
OCP (ocymero mpexo 3% cunuka rena u 10% anmymMuHHjyM OKCHJA, OCP
olin) npekpuBeHor ca 1 g anxuaposaHor NaxSOa. LOD 0,04 - 0,1 pg/g
Enyuparu ca cmecom pactBapaya xekcan:CH2Clz (v/iv | Recovery 69,5%-105%
1:1).
VYnapuru 10 0,5 ml, a notom o 3anpemune 0,2 ml y
CTpYjH a30Ta.
3eMJbHIITE ASE 350, pactBapau n-xekcaH GC-MS-MS [63]
13 PCBu 16 | (ocyiieHo mpeko VYmapasame 10 10 ml. Metona yHyTpanmer
OCP Hohm) mucneproBano | Kononcka xpomarorpaduja Ha dnopucuiy. cTaHzaapza
ca Gnopucun Enyupame ca n-xexcan/ CH2Cly (1:1). PCB
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VYnapasame 10 CyBa.

PexoHCTpyKIHja y TOTyeHY.

LOD 1,60 + 0,18 mg/kg
Recovery 76,80 - 100,90%
OCP

LOD 0,37 + 0,53 mg/kg
Recovery 67,82 - 102,17%

31PCBu 13
OCP

3eMJBUIITE

Coxkcrner ekctpakiuja, DCM, 16 h.

PexoHCTpyKITHja €KCTPaKTa y XEKCaHy.

Kononcka xpomartorpaduja Ha KOMOMHOBAHOM CIIOJY
10 g cunuka rena/ 1 g amymune (MpeKprUBEHOM ca

1 g Na;SOs.

Pexonctpykiuja ocratka y 4 ml xexcana.

IIpomyhkatn ca 1 ml c.c H2SOs pamm yknamama
JIMITAJIA ¥ BOCKOBA.

[IpeunmthaBame Ha 6 g Biobead (SX-3) xonoHu pamu
yKIIamama Mnpeoctaux Junuaa. Enxyupame ca cmecoM

pactBapaua xekcana/ DCM = 1:1.

GC-MS

Metona yHyTpanimer
cTaHjaapna

Recovery 89-130%.

[4]
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2.4. IlpoueHa pu3uKa 1o 3apaBjbe JbYIH

[Ipouena pusuka mo 37apaBibe Jbynu OOyxBaTa yTBphuBame mnpupoje edekata U
BEpOBaTHONE KOja OMHCYje CTEICH YrPOXKEHOCTH 3/IpaBba jECAMHKE H3JIOKEHE [IEjCTBY
3aral)yjyhux jenumema wiu rpyna 3arahyjyhux jeaumema NpUCYTHUX Y )KUBOTHO] CPEAMHHU.
Cacroju ce u3 yerupu asze: uaeHTU(DUKAIM]a ONMACHOCTH (xazapna); onapehuBame m03e;
MPOIICHE M3JIOKEHOCTH M KapakTepusanuje puszuka (cinuka 2.3). Benmuwku Opoj crymuja je
yKa3a0 Ha PHU3UK IO 3][paBJb€ JbYAW YCleJ KOHTAKTa Ca pPa3IMYUTHM MaTPHUKCHMa U3
KMBOTHE CpeiMHe. 3a CTAaHOBHHUKE ypOAHUX CpelHA, YIUCAhEe, TyTahe U TUPEKTHH KOHTAKT
KOK€ ca CYCIIeHJJOBAHUM YECTHIIaMa MPANTNHE W YeCTHIIaMa 3€MJBHINTA CY OCHOBHU ITyTEBU
W3JI0’KEHOCTH TOKCUYHHUM 3aral)yjyhuMm jenumemuMa KOju Cy aKyMYJIMpaHU y 3€MJBUIITY U
YIMYHO] TPALIMHU U MOTY Y3pOKOBATH IITETHO JI€JCTBO MO 37paBibe Jbyau [64]. OcHoBHa
MpPEeIHOCT Kopullhewa yAWYHE TMpalldHe Kao WHIUKaTopa CcTerneHa 3araljeHoctu je
MPBEHCTBEHO JlaKa JOCTYMHOCT. Takole, mpammHa ce Jlako pe-CycleHAyje W TpUIIeNHd 3a
JBYZICKY KOXKY, IITO je YAHH KOPUCHHM MAaTPHKCOM 3a IMPOIEHY PHU3HMKA MO 3/IPaBJbE JbYIY
[14]. Ca ¢usmukor, OHOJIOMIKOT M COIMOJIOIIKOT acleKTa, Jela Ce CMaTpajy HajyrposKeHHjoM
IPyIIOM CTAHOBHHMINTBA KOja je H3JIOKeHa mnpamuuaud [65]. M3g0keHoCT opraHcKuM
3aral)yjyhum jenumeruMa MPUCYTHUM Y KUBOTHO] CPEIMHM 3al0YHIbE Y MaTEPUIIH, Kaja ce
ca MajKe TpaHCIUIAICHTAIHO MPeHOoCcH Ha ¢eryc. [IpeHaTamHa u310)KEHOCT MOKEe JIOBECTH JI0
nocienuna HakoH pohema. deryc U 010jue Cy HAPOUUTO TMOJUIOKHU e(hEKTHMA OPTraHCKHX
3aralyjyhux jemumema 300r Op30or pacta W pa3Boja opraHa, henuwjcke audepeHIjanyje u

HE3peNoCTH MeTabou3Ma [66].

;- ~N N\ ™\

-
v

NIEHTUOUKALIAJA IIPOLIEHA TO3A IMPOIIEHA KAPAKTEPHU3ALIMJA
OMMACHOCTH OAr0OBOP HN3JI0XKEHOCTH PU3UKA

.

Cnuka 2.3 @aze npoyene pusuxa no 30pasmne byou
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AmMepuuka areHiMja 3a 3alITHTY JKMBOTHe cpeauHe (enra. United States
Environmental Protection Agency, US EPA) [67] ycTaHoBuMIIa je MoJielT 3a TPOLICHY pU3HKA
Kako OM OKapakTepucaja MPHPOIy U CTENEH 3/paBCTBEHUX PU3HMKA Ha JbyJe U EKOJIOIIKE
peuentope on 3aralyjyhux jeaumema W JIpYrux Xaszapaa KOju MOTY OWUTH TPUCYTHH Y
KUBOTHO] cpeauHu. MpenTtudukamnuja omacHocTH (xazapaa) oOyxBaTra HIACHTH(HUKAIH]Y
HeraTuBHHUX e(dekara koja 3araljyjyha jenumerma Mory u3asBaTh. lIporeHa ,,103a-0AroBop‘
oOyxBata ojapehuBame 03¢ (MpUMJbCHA KOHIIGHTpamuja 3aralyjyher jemumema Koja ce
YHOCH Ha MECTy M3jarama) U MpolieHa OYeKUBaHUX edekaTa (0AroBop Ha MHTOKCUKALIU]Y)
mTo 00yXBaTa OJIHOC YHETE JI03€ KOja j€ Y 3aBHUCHOCTH O] M3JI0’KEHOCTH (EKCIO3UIIH]je) U
10jaBe, OJJHOCHO O30MJBbHOCTH, HEraTUBHUX mocinenuua. [IpoiueHa uznokeHoctn oOyxBaTa
onpehuBame KOHIIEHTpaIluje/no3e 3aralyyjyher jenumema KO0jo] Cy H3JIOKEHU JbYIU
(pamHuIM, CTAHOBHUIIM, BYJIEpAOWIIHE TPYIE JbYJICKE MOMYJAINK]e) WIM KOja je Jocmena y
HEKM MaTpUKC XUBOTHE CpeiuHe (Bona, BasdyX, 3emubniiTe). Kapakrepuszammja pu3uka
oOyxBaTa oapehuBame yuecTajloCTH W HW3jarama U 030MJPHOCTH HETaTHBHHX edeKkara KOju
MOTYy Jla HacTyne KoJ Oubaka, XKUBOTHHA M Jbynu. Ha oBO ce oOWYHO HajoBe3yje U
kBaHTHU(UKaIMja pusuka — onpehyje ce obum m BepoBaTHOha TOjaBJbMBaFa HETATUBHHUX

nocieauiia [68].

[Ipouiena kBanuTeTa 3eMJbUIITA U KapakTepu3alyja MOTEHIMjaTHUX pU3HKA Ha

KHUBOTHY CpCANUHY U 3ApaBJbE JbYAU IIPEACTaBIba 030MJbaH 3a7aTaK y 3aBUCHOCTH O

® XETEPOTCHOCTH M CJIOXKEHOCTH MaTpPUKCa,
e TI03HaBama MOHaIIamka 3aral)yjyhux jemumema y 3eMIbHIITY,
® HEJIOCTAaTKa TOKCUKOJIOIIKHX/C€KOTOKCHKOJIONIKUX MOIaTaKa U

® PA3IMYUTOCTH CMEPHHIA 32 MIPOLICHY PU3HUKA I10 3paBibe Jbyau [69].
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2.5. MyaTuBapujanuoHe MeTO/JAe aHAJIH3e

MynTuBapHjalluoOHe CTATUCTUYKE METOAE CE KOpHCTe, Kako OM ce HCTOBPEMEHO
aHaJIM3Mpaja BUIIECANMEH3MOHA Mepema Jo00HjeHa 3a CBaKy jeIMHUILY TOCMAaTpama U3 CKyIa
y30paka. Y o0O0JacTH cTama >KMBOTHE CpEAMHE aHajih3a TJABHUX KOMIIOHEHTH (EHIJL.
Principal component analysis, PCA) u ananusa rpynucama (enri. Cluster analysis, CA) cy
Hajuemhe mnpuMmemuBaHe TexHuke. PCA ce yriaBHOM TpuMemyje 3a ojapehuBame
3aBUcHOCTH u3Mel)y Beher Opoja NMPOMEHJBMBUX W/WIM CIMYHOCTH WM Das3iuke usmelhy
y3opaka [70], mox CA yrimaBHOM cityku 3a moTBpay aooujernx PCA pesynrata. [Iperiemom
pamoBa Koju ce 0aBe aHanm30oM 3araljyjyhux jemumerma y )KMBOTHO) cpenunu [4, 6, 39, 71]
mopeja Tojaraka O KOHIEHTpauuju 3arayjyhux jeaumema, (PU3NYKO-XEMU]JCKE O0COOMHE
MaTpukca (caapkaj oprancke martepuje, pH, mporeHar riauHe u 1p.) Takohe purypumry kao

MIPOMEHJbUBE.

Jlobujenn momanmm W3 Mepema Ce TMPEJCTaBJhajy y OOJNMKY MaTpuIle TojaTraka —

Tabena y K0joj ce pell OJHOCH Ha 00jeKaT, a KoJIoOHa Ha TPOMEHJbHBY (Tabena 2.5).

Taéena 2.5 [Ipuxas ynaznux nooamaxa

IIpomen/buBe
O6jexar | [IpomensbuBa 1 | [IpomeHsbHBa 2 [TpomensbuBa j | [IpomeHsbrBa P
O6jexar 1 X1 X12 Xij Xip
O6jexar 2 X1 X2z Xaj Xop
Objexkar 1 Xi1 Xi2 Xij
Objekar n Xn1 Xn2 Xnj Xnp

Enement matpuiie (ij) mpeacraB/ba BPEAHOCT j-Te MPOMEHJbHBE HA i-TOM Y30pKy. Y

MaTpuniy OBa HOTaI_[I/Ija ce 03HavaBa ca X OJJHOCHO ca Xij.

2.5.1. Anaju3a ri1aBHUX KOMIIOHEHTH

Ananusa rinaBaux kommnoneHTH (PCA) je TexHHMKa Koja ce MPUMEbYje 32 CMarbeihe
BETUKOT Opoja TPOMEHJPUBUX VY3 HCTOBPEMEHO 3aJipikaBamkbe MaKCUMaiHO Moryhe
MPOMEHJbUBOCTH y mojaruma. PCA ce KOpUCTH Kajia ce BUIIE MPOMEHJbMBUX OJHOCH Ha

JeoHy IUMEH3HWjy M KaJa He MpYXajy HUKaKBY J0JaTHY HHpopmauujy Koja Beh Huje
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oOyxBahena Hexom apyrom npomensbuBoM. [louetkom XX Beka Karl Pearson je mpsu
yka3ao Ha 3Hauaj PCA, anu je mmpa mpumeHa MeToje 300T KOMIUICKCHUX H3padyHaBarmba
yciemuia TEK ca IMojaBoM padyHapa. [lonmasHe (Wi OpUTMHAIHE) MPOMEHJBHBE CE
TpaHCc(HOPMUIILY y HOBE MPOMEHJPUBE KOje HHUCY y KOpENaluju U KOje ce Ha3HMBajy TJIaBHE
KOMITIOHCHTe. MamuM OpojeM TJaBHUX KOMIIOHCHTH, J0OHMja ce IoBe3aHoCT Mehy
NPOMEHJPMBHM Ka0 M CIMYHOCT M pasiuke u3melhy y3opaka, mro omoryhaBa Jakiry
uHTeprperanujy ckyna nogaraka [73]. Hajooseu pesynraru PCA ce mory noctuhu kazna cy

IMPOMCHJEUBC BUCOKO ITOBUTUBHO MJIM HETATUBHO ITOBC3aHC.

Vnasuu nogamu 3a PCA unMHe p mpomMeHJBMBHUX pacropeheHux y KojoHama U n
y30paka pacnopeheHux y penopuma u umajy ooimk mMatpuie P X n (tadena 2.5). 3a cnydajHu
BekTOop X neduHHIIEe ce PXP CHMETpHYHA MaTpHIla KOja ce€ Ha3WBa KOBApHjalMOHA MaTpPHUIIA

oa X ca 3HaKoOM X:

o Gy oy,
covix]=z=[o,] =7 % 5 7z 2.1)
oy Gy e Oy
var(X,)  Cov(X;,X,) - Cov(X,X,)
cofx]-z-[r, ] - COV()fl’XZ) Varfxz) 00v(x:2,xp) 22)
Cov(X.l,Xp) Cov(X.Z,Xp) Var(Xp)

rae je:

Var (X1), Var (X2), Var (Xp) — Bapujanca ciiydajHe POMEHJBUBE Tj. Mepa pacHiiarmba
(wnu Ecniep3uje) ciyvajHe MpoMeHJbrBe. KBajpupameM 0JCTyama MojeIMHUX BPEIHOCTH

cllyyajHe TPOMEHJBUBE O] HE€HE Cpelme BpenHocTH (1) jo0uja ce BapHjaHca clydajHe
IIPOMEHJbHBE. YOIIITEHO, BapujaHca CilydajHe MPOMEHJBHBE je Var(X j): o= E(X |~ ,uj)z
=123,...p.

Cov (X1, X2), Cov (X1, Xp), Cov (X2, Xp) — KOBapujaHca clydajHe NMPOMEHIBHBE Tj.
Mepa jaurHe Be3e JBE CllyyajHe NMPOMEHJbUBE. 3a MPOMEHJbUBE Xij KOBapHjaHCa CIy4YajHUX

npoMeHsbuBHX JNepuHucana je Ha cienchu Hauun: ojR=E[(Xj-1j)(Xk-Hk)]=Cov(X;, Xk)=oki.
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Kosapujanca je cumerpuuna, jep Baxku: Cov(Xj, Xk)=Cov(Xk, Xj). KoBapujanca nse ucre

npoMEeHJbHBE jeqHaka je Bapujancu: Cov(Xj, Xj)=Var (X).
Hcka3 xoBapHjaliioHe MaTpHIle IPEKO CPEeIhe BPEAHOCTH:

[ Xi—m)? K~ w)Ez—m2) Ko = )Xy = 1p)]
Zzi X3 — Hz).(X1 - W) (X3 - Hz)z (X = Hz)(Xp - “p)i

LX) = 1) — 1)K — 1)K — 1) Xy — )2 |

[IpBa rmaBHa KOMIOHEHTa Y| HpeJCTaB/ba JIMHEAPHY KOMOMHALM]y OpPUTMHAIHUX

MPOMEHIBUBHX X1, X2, X3,...Xp!
Yi1=011X1 + 012Xz + .....o01pXp=01 X (2.2)

TA€ Cy 011, 012, Oup KOSHUIIMJEHTH JIMHEAPHUX KOMOWHAIIMja — CBOJCTBEHHU BEKTOPH
(T3B. eigenvectors) W TEOMETPHJCKH CY Y JIBOJUMEH3HOHAIHO] CTPYKTYPH CHHYCH |

KOCHHYCH yIJIoBa U3Mel)y HOBHX oca Tj. TIaBHUX KOMIIOHEHTH.
OueknBaHa BPEIHOCT (Cpeba BPEIHOCT) HOBE CTy4dajHE TPOMEHJBHBE je:
wy =E(Y)=E(a’X)=a'u (2.3)

Jlox je BapujaHCa HOBE CIy4ajHE IPOMECHIBUBE:

pp
Var(Y)=Var(a‘X)= > Zaiajaij =aXa (2.4)
i=li=1

[[aKne Bapnjcha HOBC cnyl{ajHe IMPOMCHJBHMBEC 3aBUCH O1 KOBapI/IjaI_[I/IOHC MaTpune 2.

Kaxo je Var(Y)=a'Sa, HOTpe6HO je 0apeauTH BEKTOp KoehHIMjeHTa:

an

12 <
a) = . ,0!1=[0!11 (24 - alp] (2'5)
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Tako Ja ce Makcumm3yje Bapujanca ox Yi. Kako je Var(Y)=aZa, yBomaum ce

OTpaHUYCHE 33 BEKTOP KoeduImjeHTa oy 01=1, 0THOCHO BEKTOp KOC(HIIUjeHTa je HOPMHpaH,

HIJIN jGIII/IHI/I‘-IHI/I " TaJa BaxKu.

lea| = oy +ofy +-o =1 (2.6)

Crora, uusb PCA je nmpoHanakeme CBOJCTBEHHX BPEJHOCTU U CBOJCTBEHHX BEKTOpa
MaTpulle KoBapujaHcu X. CBOJCTBEHE BpEIHOCTH MaTpUIlE X Hala3e Ce pellaBambeM

(xBagpatHe, KyOHe,..) jelHaYMHE KOja c€ Ha3MBa KapaKTepUCTUYHA jeTHAYMHA MaTpUILIE X:
det(= —AI)=0 (2.7)
qHja cy periema: A1, A2, ...

[{nsp oBe mporeaype je Aa ce MakCUMHU3Yje BapHjaHca, 3aTO C€ 32 KapaKTEPUCTHUHY
(comcTtBeny) BpemHocT Oupa HajBeha (MakcumanHa) BpeaHocT A. COICTBEHHM WIH

KapaKTepUCTUYHUM BpPEHOCTUMA MaTpuUlle X OAroBapajy MaTpHUyuHe jeHaunuHe:
o, =4 Ta,=Aa,, (2.8)

YHja pelieka ajy COICTBEHE BEKTOPE MaTpUIIE X:

(22T Ay

O =| A |, Oy =| Ay (2.9)

CBojcTBeHa BpenHOCT je HajBeha 3a MpBy IVIaBHY KOMIIOHEHTY M 3a CBaKy cienehy
HBeHa BpeAHocT onasa. Cyma CBUX CBOJCTBEHUX BPEAHOCTH jeJHAKA je YKYIIHO] BapHjaHCH.
PCA Huje ocerspuBa Ha NpodieMe HOPMATHOCTH, JIMHEAPHOCTH M XOMOI'€HOCTU BapHjaHCe
[68]. OpurunanHe HpoMEHJBHBE 3a Koje cy nobujeHe Behe BpeaHocTu koeduuujeHTa
kopenauuje obuuno npeko 0,7000 mmm 60% onx MakcumallHe BPEIHOCTH KOoe(UIMjeHTa
Kopenanuje 1o0ujeHe 3a Ty IVIaBHY KOMIIOHEHTY 3HAa4ajHO YTUYY Ha 33/Ip)KaHy KOMIIOHEHTY

U BaXKHE CYy 32 BbeHY HHTEPIPETaI]y.

Bpennoctu nobujeHe 3a koedpuumjeHte Kopenaunuje (,,loadings”) um koopauHara
y3o0paka (,,score”) y mpoctopy ojapel)eHOM TIJaBHMM KOMIIOHEHTama MOTY ce Trpaduyku

MPEJICTAaBUTH HA OCHOBY KOjUX ce A00Hjajy ,,loading “ w ,,score” nujarpamu. Ha Taj HauwH ce

29



Becna Mapunkoeuh Jloxmopcka oucepmayuja

OJIaKIlIaBa aHAJIM3a IOBE3aHOCTH u3Mel)y NMPOMEHJbUBUX W/WIM y30paka. VcToBpemeHu
npuKa3 KoepUIMjeHTa Kopelaluje W KOOpIMHATa Yy30paka y KOOPAMHATHOM CHCTEMY

oJipeh)eHOM IrIIaBHMM KOMIIOHEHTaMa Ha3uBajy ce T3B. ,,biplot*“ mujarpamu [73].

2.5.2. Ananu3a rpynucama

Anammza rpymucama (CA) je MydaTHBapHjallMOHa MeETOJa KOja c€ KOPHUCTH 3a
rpyIucame CKyna y3opaka y rpyne. [ pynucame y3opaka ce BpIIM Tako Ja Cy Y30pIH YHYTap
rpyne mMehycoOHO CIu4HH, a u3Mely rpyrna 3HaTHO pa3IMYuTH. YJIa3HH MOJAIy Kao U 3a
PCA cy npukazanu y tabenu 2.5. Ha ocHOBY oBe Martpuiie neduHUIIEe c€ NXN CUMETpUYHA
MaTpulla Koja c€ Ha3WBa Marpuia Omuckoctd ox X ca o3HakoMmM P, uuju enemMeHTH

npecTaBibajy Mepy Omckoctd u3Mel)y i-Tor u n-tor oojexra [72].

_0 d122 d12i d12n |
0 - dj dj
P= o (2.10)
0 dj
L 0_

I'ne je:
din? — kBazpaT EyKiuackor pacTojama, Mepa ojicTojama usmel)y i u N objexTa.

2
P
diy = (xi =xn ) (xj -xp )= _Zl(xu -an) =(X|1‘Xn1)2 +(xi -Xn2)2 +"'+(le —an)z "‘(le -an)2 (2.11)
J:
Ha ocHoBy noOujene maTpuiie OJIMCKOCTH, Y30IU Ce TpyNuIly y rpyme. /[Be Hajommxe
rpyle ce yapyxyjy y HoBy rpyny. IIoHOBO ce u3pauyHa MaTpula OJcCTojama ojapehruBamemM
0JICTOjarba OCTAJIMX Tpyna U HoBoopmupane rpyne. IIperxoaHa qBa Kopaka ce MOHaBIbajy

(n-1) cBe mok ce He (opmupa jeqHA TpyNa YMME Ce 3aBpIlaBa OBaj UTEPATHBAH MOCTYIAK.

OBaj mocTynak ce Ha3uBa XHjepapxujcku nocrynak [71]. XujepapXujcku METOAU TPYIUCakha

cy:

® JeIHOCTPYKO TNOBE3MBaWkE WM MeToja HajONMKUX cycela — HajMamba

yaajbeHocT u3Mel)y mapa objekara Koju mpUIiaaajy JIBemMa rpyrnama;
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® T[IOTIYHO T[IOBE3MBAKEC WIM METOJa HajyAaJbeHHjer cycena — HajBeha
ynasbeHoCT u3Mel)y cBux moryhux maposa objekara y JBe rpyre;

® IIPOCEYHO MOBE3MBAKE - MPOCEYHA yIaJbeHOCT u3Mely cBux Moryhux mapoa
o0jekara y 1Be Tpyrie;

e MeToJia IEHTPOMJA - CBaKy TIpYIy IpeACTaB/ba LEHTPOUI, a YIa/beHOCT
nu3Mehy rpyna je eyKiIMICKO pacTojame MM KBaJpaT CYKIHJICKOT pacTojama
n3Mely BUXOBHX IIEHTpou1a U

e Wardova merona - MeToJla MUHUMAJIHE CyMe KBajpara y OJHOCY Ha OcTalie
METOJIe HE padyHa yaa’beHocT u3Mely rpyma, Hero moBehaBa XOMOTreHOCT
yHYTap rpyre.

Pesynrat xujepaxujckor MOCTYIKA IpyIKcama Ha3uBa ce aeHorpam [72].

2.6. IllpocTopHa pacnoaena 3aralyjyhux jeaumema

I'eorpadckn nHbopManmonu cucteM (enri. Geographic information system, GIS) je
KOMIjyTepcku coTBep 3a 00paay NPOCTOPHE paclojelie jeIUekha O]l HWHTepeca |
uinyctpaTuBHH nipukas. ['paduuku neo GIS-a omoryhyje yHOC, 00pamy u mpuKas nojaTaka y3
MOTYhHOCT MIIYCTpaTHBHOT NPHKa3a jeIUbECHha 0] MHTEpeca W MPOCTOPHE aHau3e momohy
kaptu [74]. Tlomaiiu o KoHIEHTpauuju 3araljyjyhux jenumerma y KHBOTHO] CpEIUHHU
VIJIaBHOM C€ OJIHOCE Ha Y30pKe y3eTe M3 jeJIHe TayKe y HACyMHYHO M3a0paHOM TPEHYTKY
[75]. TlpwiukoMm mpUKyIJbatba Yy30paka W3 JKUBOTHE CpPEAMHE KOOPAMHATE X,y
KapaKTePUCTUYHUX Tadaka MOTY C€ OJAPEAUTH IMOMONy TiI00aHOT TO3UIMOHOT CHCTEMa
(GPS-a) [74]. IIpoctopHo pacmopeljenu mojamu Mpuikasyjy ce y (GopMH KapTH Kao CKYII
TeMaTCcKuXx ciiojeBa. ClojeBU ce y 3aBUCHOCTHU OJ1 IWJba aHAIM3E U caJpiKaja MOTY MpPHUKa3aTH

wn He [76].

Besa wusmely konmentpamuja 3aralyjyhux jenumema U JAPYrUX MPOCTOPHHUX
nmojaraka, Kao IITO Cy T'ycTHHa caoOpahaja, jokaimuje MHIYyCTPHjCKUX oOjekaTta, H3BOpa
eMHCHje W/MIU Tomorpacko cTame, KOju MOry Ja YTH4y Ha pacrnojeny 3aralhyjyhux

jenumemha MOXKe ce OLICHUTH MPEeKIIanameM KapTi Koje Hoce Ty uHdopmarujy [77].

Mehytum, 3aralyjyha jenumema ce kpehy y HpHpoau IITO JOBOAM IO HpPOMEHE
HbUXOBE KOHIIEHTpAlMjeé Ha HCIUTUBAHUM JIOKallMjaMa IpH Ppa3IUYUTUM BPEMEHCKUM
yciaoBuMa. Ctora, HEONXOAHO je JNeHUHHUCATH U BpeMe y30pKOBama (HIp. FOJUIIE J00a,

roJIMHa Yy30pKOBama M Jpyro). bemexeme mpoMeHa Ha OBUM KapTama je 3HAuYajHO jep
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yrnopelhyjyhu TpeHyTHO cCTame ca MPEeTXOAHHM, MOTY CE€ JOHOCHTH NOTpeOHe M IITO je
HajBXHH]E MPABOBPEMEHE OJUTyKE Y KOHTEKCTY CTeleHa 3araljera M MmpoleHEe pH3HKa IO
3apaBibe Jpyau [78]. Mudopmarmje o creneHy 3arahema KMBOTHE CPEOHHE W POIICHU
pH3HKa 1O 3/IpaBJbe JbYIH CE PA3IMYUTO TyMadye U KOPUCTE KOJ YMTANAld y 3aBUCHOCTH O]
IUXOBOT TPETXOJHOT HCKYCTBA, CTPYYHOCTH W TIOTpeba, crora mpeHoc wuHpopmammja
je3ukoM KapTu oMoryhaBa mojeMHUITY Ja JOHOCH OJUTYKE BE3aHE 3a FEroBO 3/IPaBJbE LITO
GIS cBpcraBa y HampeaHd CHCTEM 3a MOAPIIKY ojyriyuuBama [74]. GIS omoryhasa
cariieflaBalbe yTuilaja ojaroBapajyhux ¢daxropa uCHUTHBAHOT (EHOMEHa (HIIp. YTHIA]

AHTPOIIOTCHHUX aKTI/IBHOCTI/I) .

bp3 pa3Boj GIS-a omakmaBa meroBy ymoTpeOy, alid je BaKHO HarJlaCUTH Ja je

M03HABakE TEOPHJCKUX OCHOBA jeaH OJ MPEAYCIIOBa 32 HETOBY IPUMEHY.

2.6.1. MeToae npocTOpHe HHTEPMOJIALINje

3a u3pany mpocTopHe pacmojene 3aralyjyhux jenumema KOPUCTE C€ Pa3THuuTe
MeTone uHTepnonanuje. [IpolieHa, OJHOCHO WHTEpPIIONANMja TIPEACTaBba BPEIHOCTH
MPOMEHJBMBE Ha JIOKAllMjaMa Ha KOjuUMa HHCY HM3BpIICHA Mepema. [IpuimkoM IpocTopHE
WHTEPIIOJIAlM]e BaXKHO je HArjJacUTH Ja MHTEPIOoIMcaHa BPEAHOCT je Moryha, a He cTBapHa
BpenHocT. HTepnonanyja je jeaHa o KJbydHUX KOMIIOHEHTH o0pajie ¥ aHaliu3e TojiaTtaka y

GIS-y. Ommra popmyna BehuHe mpoCcTOPHUX UHTEPIIOIAIIN]A je:

L= inzi (2.12)

rzie Cy:

Ai — T&KUHCKH KOS(DUIMjEHT i-TOT MOaTKa Tj. jaudHa MOBE3aHOCTH;

Zy—TpoleeHa BPeTHOCT y TaukH k;

Zj — u3MepeHa BPeIHOCT Y TAuKH ]

n — 6poj cycena (Opoj OKOJIHUX Tayaka y KOjUMa Cy MO3HATe BPETHOCTH MPOMEHJbUBUX U

KOje ce KOPUCTE 32 UHTEPIIOIALHU]Y).

Mertoze npocTopHe UHTEPIIOJIAIje Ce MOTY KIIaCU(UKOBATH Ha:

® HCrcoCTaTUCTHYKE MCTOJIC (MCTOIIa Haj6J'II/I)KCF cyccaa, MCTOoa MHBCP3HUX

pacrojama u Jp.),
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® TeoCTaTUCTHYKE MeToje (OOMYHM KPUTHMHT, YHHMBEP3aJIHU KPUTHHT,

WHJUKAaTOPCKU U Jp.) U

e KOMOWHOBAaHE METOJIE.

Li u Heap cy gerasbHO ommcaian Meroje wHTepnonaiuje [75]. V cryaujama koje ce
0aBe MCIUTUBAEM KBAJIMTETa 3eMJBHUINTA METO[a HHBEP3HUX pacTojama (eHria. The inverse
distance weighting, IDW) je najuemrhe kopuinmheHa IpBEHCTBEHO 300rT Op3uHE H3BOhEH:a,
jenHocraBHe ynotpebe u mHTepnperanuje, ctora IDW metona he y mammem Tekcty OuTH
JeTajbHUje oOjalmbema. Y cTyaujaMa Koje ce 0aBe McIuTHBameM 3aral)yjyhux jeaumemna,

IDW ce yrimaBHOM KOPHCTH 3a MpPEACTAB/bAE pe3yidTaTa MOHUTOPHHIA Y MPOCTOPHOM

(kapTorpadckom) 0OJIMKY y peaTHOM BpeMeHy (Tadena 2.6).
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Tabena 2.6. [Ipecneo cmyouja Koje cy Kopucmuie Memooy UHBEP3HUX PACMOjaAIbA 3 NPOCIMOPHY AHAU3Y PE3YIMama 0 KOHYeHmpayuju

sazahyjyhux jeourverva y 3emmunuimy u yiuiuHoj npaunu

s
IMoBpmuHa Bpoj Oprancka CrarucTuuka
I'pap/ApxaBa cTyauje GIS npucryn Pedepenna
(km?) JIOKaluja jennmema MeToaa
A |b |
bypea. 1036 43 83 PCB -] PCA IDW [44]
Typcka
Kanmaruja, 2400 a1 gocP | *+ |- |+ PCA DW | [79]
Uranuja
7 TEMIKUX
eJIeMEeHTa
Hosu Cax, CpGuja 129 15 As, Cd, Co, | + |- | * PCA, CA IDW [80]
Cr, Cu, Niu
Pb
Yeka 78 870 471 TPEBAL oy Te ] s - IDW [81]
OCP
®ylhen, Kuna 135 135 10 DDT + -]+ PCA IDW [82]
5 TemKnux
CI/IKI/I?IH, XyHaH 1342 166 eJIeMEHTa P N i IDW [83]
nokpajuna, Kuna As, Hg,
Cu. PbwuZn

A — pocTopHa U/MM BpEMEHCKa pacmojiena
b — mporeHa no3ajuHCKMX KOHIIEHTpaIHja
L — onpehuBame aHTPONOTEHOT UM MTPUPOTHOT U3BOPA.
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2.6.2. MeTona unBep3HHX pacrojama (IDW)

[Momamy W3 KUBOTHE CPEAMHE MMajy MPOCTOPHY CTPYKTYPY M YECTO JIBE€ TayKe Ha
MamO0j yIaJbeHOCTH Cy CIMYHHje HEro OHE Koje ce Hamaze Ha Behoj ymasbeHocTH. CXOIIHO
TOMe Kopenanuje mel)y Tauykama Cy MpOTOpPLUHUOHATHE WHBEP3HO] YAaJbeHOCTH n3Mely mux.
Metona wHBep3HUX pactojama (eHri. The inverse distance weighting, IDW) je
HETreoCTaTUCTUYKAa METOJla HMHTEPIIOJAIfje KOja MpOIeHYyje BPEAHOCTH IPOMEHJPHBE Ha
JOKanujamMa TJe HUCY W3BpIICHA Mepema. 3acHHBAa CE€ Ha NPETHOCTAaBIM Ja HAa BPETHOCT
MIPOMEHJbUBE KOja C€ IMpOLEelkYyje HajBUlle YyTUYy HajOIuXKe H3MEepeHe BpPEIHOCTH.
WNuTtepnionuncana BpeaHOCT MpeICTaB/ba JIMHEAPHY KOMOWHAIIM]y BPEIHOCTH Ha TMO3HATUM
JoKalujamMa, OOpHYTOM (PYHKIIMJOM pacTojama. YTHIA] BPEAHOCTH MPOMEHIbMBE OMaja ca

noBehameM yIaJbeHOCTH O] TaUKe Y KOjO] C€ M3BOJIM MHTEPIOJIAINja.

[IpomensbuBa Z, Hup. canpxkaj PCB-a y 3eMJbUINTY jeé KOHTHHYHPAHO MPOCTOPHO
pacriopeljeHa ¥ u3MepeHa Ha JIoKalujama Xi, X2, ... Xn ca Bpeanoctuma Z(X1), Z(X2),...Z(Xn).
[IpomensbuBa Z Ha3WBa ce perrnoHaIHa MPOMEHJBUBA jep je BhEeHa BPEIHOCT pacmopeheHa y
npocropy. Bpennoctu npoMeHsbHBE NMPOLIEHEHE METOI0M UHBEP3HE yIabeHOCTH Ha OCHOBY

N MO3HATHUX BPEIHOCTH MMPOMEHJBMBE padyHa ce mpema jenHaduau (2.13):

Z(x)=12t —— (2.13)

w. =d;” (2.14)
I'ne je:
Z(X) — MHTEpIOJIMCaHa BPEAHOCT Y TAUKH X;

Zi — u3MepeHa BPeHOCT Y TAuKH |;

n — 6poj cycena (Opoj OKOJHHMX Tadyaka y KOjuMa Cy MO3HaTe BPEIHOCTH MPOMEHJbUBUX H
KOje ce KOPUCTE 32 HHTEpHOoIaLujy);

di — pacrojame u3Mel)y n1Be Tauke Xo H Xi;
Wi—TeKWHCKH KOS(DUIHjEHT I-TOT MmojaTka u

P — eKCIIOHEHT yaJbEHOCTH.
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MeToia MHBEpP3HHUX pacTojama JoJebyje oaroBapajyhe TeKWHCKE KOCQHIIMjeHTE
Y30pKOBaHUM Taukama. TeXMHCKH KOCQHIMJEHT ce cMamyje ca moBehameM eKCIIOHeHTa
ynasbeHocTH (p). EkcrionenT ynamsenoctu (eHra. Power parameter, p) je OCHOBHU MOKa3aTesb
KOjH yTH4€ Ha 3aBHCHOCT TEXHHE O] yIaJbHOCTH Tj. Ha 3HAYAJHOCT MO3HATHX Tayaka Ha
WHTEPIIOIMCAHE BPSIHOCTH HA OCHOBY HbUXOBE yJaJbeHOCTH OJ1 TAUKe Y KOjOj C€ TPOIICHYje
BpeaHOCT. To je Mo3uTHBaH, peanan 0poj. MI300p eKCloHeHTa yIaJbeHOCTH U Opoj cycena je
npousBosbaH. Hajuemrhe ce kopuctm mapamerap 2 jep je y TOM Clydajy padyH
HajjeIHOCTAaBHUJU U pe3yiTyjyha MeTosa ce yecTo 30Be OOpHYTH KBaJpat pactojama. LlTo je
BpPEIHOCT MapaMeTpa HuWxka, Behu yruiaj he umaru tauke Koje Cy yJaasbeHuje U OOpHYTO Tj.
LITO j€ BPEAHOCT NapaMerpa Builla, Behu ytuiaj he umaru Hajonmxke tTauke. Kako nokazartessb
pacTe, MHTEPIIOJMCAHE BPEAHOCTH TIOUMIbY Ja Cc€ MPHUOIMKaBajy BPETHOCTH HajONMKEr

y30pKa.

MeTtona WHBEp3HHMX pacTojaba C€ YeCTO KOPHCTH Kao  alTepHATHBHA
reoCTaTUCTHYKUM MeToaama. OBa MeTo/la cMarpa ce YCHENTHO MPUMEHHUBOM ako je Opoj
JIOKallMja Ha KOjUMa je TO3HaTa BPEAHOCT MPOMEHJBMBE Mama Of 15, mpu deMmy JIoKaiwuje

HHUCY rpynucane [84].
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3. EKCHEPUMEHTAJIHU JEO

3.1. Y3opkoBame

Ha monpydjy rpaga Hosor Canma je M3BpIIEHO Y30pPKOBame 3€MJBHIITA M YIUYHE
MpalIMHe TOKOM CTaOMITHUX BpEMEHCKHX ycioBa y jymy 2014. u mapty 2015. romune u 1o ca
JIOKaIMja TAe Ce OKyIUbajy Hajwiahu (IIKoje, MapKOBH) M IMOCEOHO OCETJbUBE TpyIe
CTaHOBHUINTBA (Kao mTo cy mpwia3u OonHuim). Ca cBake JIOKANHUje Cy Y3€TH KOMIIO3UTHU
y30pIM 3eMJBHINTA U YJIUYHE IMpalIdHE ca JBa MeCTa; jelaH y30pak Oimke MyTy, a Ipyrd
yIa/beH OJ1 IyTa (HIIp. Y IIKOJICKOM JBOPHIITY) KaKO OW Ce MCITUTalIa IMPOCTOpHA pacro/iena,
Kao u yrunaj caoopahaja. Takohe, panu ucnuTHBama ce30HCKe pacmojene 60 KOMIO3UTHHX
y3opaka 3emsbHiITa U 60 KOMIo3uTHUX y30paka yiauune npamute (30 y3opaka cBake ce30He)
cy y3etu ca 15 nmokanuja Ha Teputopuju rpaga Hosor Cana, y TOKy 3UMCKE U JIETH-E CE30HE.
Opnabpane cy cienehe nokanuje: OcHoBHa 1mKoiaa ,,bophe Hatomesuh* (1), JlyHaBcku mapk
(2), ®yromku mapk (3), Yuusepsuter y HoBom Cany (4), O6ana Jlynasa ,,Kamemap® (5),
bynesap Eporme (6), Cpricka mpaBociaBHa npkBa Ha HoBom Hacessy (7), JIumMaHCKH mapk
(8), Monumwmjcka akagemuja y Kamenurm (9), Iltpang (10), Uuaycrpuja 3oua Temmo (11),
XKenesunuka crannna (12), Cpeama Texuuuka mkosia ,Ilasme Casuh (13), OcHOBHA IIKOJIa
JAyman Pagosuh® na Knmcu (14) u Uuaycrpujcka 3ona cesep (15). ['eorpadcku mosoxaj
JIOKallMja je MpuKa3aH Ha ciumM 3.1 0K je NeTajbaH OmuC JioKanuja aatr y tabemm 3.1
OnabpaHe JIoKalMje Moe/beHe Cy MpeMa HaMEeHH y YeTUPH IpyIme: mKkoJicka aopumTa (1, 9,
13, 14), uanycrpujcka (11, 15), pexkpearusna (2, 3, 4, 5, 8, 10) u crambena 3ona (6, 7, 12)
rpaga Hosor Cana. Y3opuu 3eMJpHINTa M YIHYHE TpaIIMHE CY 00CNe)KeHNU OpojeBUMa KOju
npezcTaBibajy oapeheny nokanujy (ox 1 g0 15). YV 3aBUCHOCTH [a Jid Cy y30pIH Y3€TH Y
ONMM3MHU TyTa WIK Jajbe O] Hera, mopea Opoja jokaiuje cy o3HadeHu U ca "a" (y Onu3uHu
nyta) u "b" (masme o myra). J1o1aTHO, Y 3aBUCHOCTH OJ] TOIUIILET 100a y30pKOBamba Mope.T

€ "
S

HaBEJICHUX O3HaKa CTOjU “W” (Y30pKOBaHO TOKOM 3MME) HIIU (Y30pKOBaHO TOKOM JIETa).
[MoprmHcku y3opuu 3emiprmita (0-10 cm ayOuHe) cy y3eTH ca MpeTXOAHO O4HIINeHOM
METaJTHOM KallIMKOM Y YHCTe CTakJeHe nocyze. M3 CBUX MOKYNJEHUX y30paKa YKIOHEHE Cy
npUMece Kao MITO cy KaMmeH4yuhu, [eloBM Beretauuje W/uiau kuBoTumuie. Ca cBake
Jokanuje, noppimHe oa oko 5050 m u y ciyuajy nmapkosa nospiuzae 100100 m y3ero je

1o et Mamux y3opaka o1 (~200 g) 1 npunpemMibeH! Cy KOMIO3UTHHU Y30PIH y KOJTHYUHU OJ1

1 kg.
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VY30p1u yIudHe npamnmae ¢y y3etu nmomohy mMetine o1 OuibHUX Biiakana. KoMmo3uTHu
y30paK yJIM4YHE MpallnHe MPUKYIUBEHE ca CBAKOT MEpHOT MecTa je u3Hocuio oko 400-500 g.
VY3o0puu cy ocymieHu npexko Hohm Ha coOHOj TeMIlepaTypH, CaMJIEBEHH M IPOCEjaHH KpO3

CUTO MPEYHUKA 2 MM, a 3aTUM CKJIaJUIITeHHN Ha Temnepatypu on -20 °C no aHammse.

== T I I "
| 46°00°NA 3
d 14 1 |
= | |
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peKkpeaTveHa d \ \ | 4500 r
‘ crambeHa obnact
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T 7, Vo |
}
s \ \
N\ 13, 400N *
g0
: Y
//,/ 12 ! ~\\d | 42°00°N 3
/.. / ‘ e \ 0 125 250 km
Y 4 \

19°00°E 20°00°E 21°00°E 22'00°E 23°00°E

0 1 2 km 9

LTS J — l o

Cnuxka 3.1 Mana Hoeoz Cada ca nokayujama na Kojuma cy yzemu y30pyu

OcHoBHE (U3NYKO-XeMHUjcKe 0coOuMHe Kao mTo ¢y PH BpenHOCT, caapikaj OopraHcke
MaTepHje U I'paHyJIOMETpPHUjCKH cacTaB (cajpikaj mecka, mpaxa M IJIMHE) Cy ojpeheHe 3a
CBaKM KOMIIO3UTHU Yy3opak 3emsbuiuta (N=60) u ymmuHe mnpammue (N=60) y mupy

KapakTepHusaluje y3opaka oJi uHTepeca. 3a oapehuBame pPH BpeaHocTu y3opHu cy
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MIPUIIPEMJbEHU OJIMEpaBambeM Y30pKa W JAecTWiIoBaHe Bojae y oanocy 1:2,5. pH Bpennoct

BOJICHOT CJI0ja M3HAJl MCTAJOKCHUX YECTHUIIA je M3MEPCHA YPamambeM CTAKICHE EJICKTPOJIEe

pH-MeTpa y BoaeHum cioj Oe3 HapymiaBama (Tj. JOJAWPHBAEma) JOKEr BOJCHOT CJIOja

3eMJbHINTa WK yauune npammrne [85]. Caaprkaj oprancke marepuje je oapeheH kao paszinka

ryouTka mace y3opaka npe u nocie 2 h sxapema y3opka Ha temreparypu ox 550 °C y nehu

3a xapeme [85]. Camprkaj mecka, nmpaxa v IVIMHE y Y30pLHAMa 3eMJBHUINTA U YAHYHE MIPAITHHE

je oxpeheH mmmer MeToJOM Koja je Oa3upaHa Ha pa3IUYUTOj OpP3WHU Majama YeCcTUIla

semspriTa/mpammie (10 g) y reunoctu (25 ml 0,1 M pactBopom Na - mupodocdara) [85].

Tabena 3.1 Onuc roxkayuja u y30paka npukynsenux wiupom epada Hosoe Caoa

(Tunosu y3opaka cy oopehenu npouszsomho Ha OCHOBY onwmez onuca oame joKayuje 3a

V30PKOBAHE)
O3nak
Bpoj a
JIOKAIHj Onuc Jokanuje MeEpPHO Omue Bpera
y30paka y30paka
e r
MecTa
1 OcHoOBHa IIIKOJIa »bophe la [Topen mikore, ,,IIIKOJIE
Haromesuh®“ ce Hamasm 'y JIy’K TIyTa ca JBe
ctramOeHoM Jely rpajga ca caobOpahajue
BUILIECHIPATHUM  3rpajgama, y Tpake
ONM3WHU  Pa3oOpeHor  CTapor 1b V3opak y3er ca
WHIYCTPUJCKOT  KOMILIEKca ca 3eJIeHe
3rpajaMa ca TMo4yeTKa M CpeuHe MOBPIIUHE Y
XX  Beka. OBy JOKamujy IIKOJICKOM
KapakTepHuile HUCKa JTBOPULITY
(dpekBeHimja  caobOpahaja w
HEKOJIMKO MapKUHT MECTa.
2 HenTtpamau rpaJiCKu napk 2a VY3 GyneBap ca »peKpeaTuBHa
»JlYHaBCKU " je 3elieHa MOBPIIUHA BHCOKOM 30Ha"
y yXkeM IUeHTpy rpaga Hosor bpekBeHIjoM
Cana, y Onu3uHM JO0Ma 37paBiba. caoOpahaja,
OBa 7okamMja OKpy)KeHa je UCHIpe] mapka
MyTeBUMa ca pPa3IMIUTOM 2b V 3e5eH0j 30HU
¢pekBeHuujom caobpahaja (ox napka
BeOMa  HHUCKMX JO  BeoMa
BHCOKHX).
3 I'panckn  mapk "®yromku" je 3a Jyx mpoMeTHOT | ,,peKpeaTUBHA
3eneHa MOBPIIUHA ca BUIIEITUHUJCKOT 30HA
pEKpeaTuBHOM 30HOM, H Y nyra
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ONMM3MHM je JjaBHH OTBOPEHU 3b VY 3eneHoj 30HU
0a3eH, Kao U KJIWHUYKH napka
komruiekc (MHCcTUTYT 3a 31paBibe
nene W omiaauHe BojBoamHe,
Knuanukn nenrap Bojsoaune,
CromaToJomka KJIMHUKA
Bojsogune). OBy  jokanujy
KapaKTepHIe UHTEH3UBaH
caoOpahaj w Bemuku  Opoj
MApKUHT MECTa.
Jlokanuja je 3eineHa IOBpPIIMHA 4a Jyx nyra ca 1Be | ,,peKpeaTHBHa
mmelhy  llentpanne  3rpane caobpahajue 30Ha"
Pextopara  YHuBepsurera |y Tpake ca HUCKOM
HoBom Cany u meranuimra Iyx (bpeKBEHIIjOM
JlyHaBa, BeOMa HUCKOM caobOpahaja
¢pekBeHnmjom  caoOpahaja u 4b V 3eneHoj
BEJTUKUM OpOjeM MapKUHT MecTa. MTOBPIIMHY NapKa
Bukenn nacesme ,, Kamemap* koje 5a Jyx »pEKpeaTuBHa
ce Hamazu Ha obaym JlyHaBa, HeachanTupaHor 30Ha"
y3BOJHO OJ1 ypOaHe 30HE Ipaja. nyra
Jloxanujy KapaKTepuIle 5b TpaBibak
HeacanTHpaHH MyTEBU U 3elieHEe
MOBPILKHE.
bynesap "EBpoma" ca derupu 6a Hyx OyneBapa ca ,~CTaMOeHa
caoOpahajHe Tpake W BHCOKOM BHIIIC 30Ha"
¢dbpekBeHIjom  caobpahaja y caoOpahajHux
Omu3uHKM  cramOeHe 30HE ca Tpaka
HOBOM3rpal)eHUM BHIIIECIIPATHUM 6b TpaBmwak nopen
3rpajaama. ctambeHe
BUIIIECTIPATHE
3rpaje
TpaBnata noBpiuHa oko Cpricke 7a Hyx nyra ca »,CTaMOeHa
MIpaBOCIIaBHE LIPKBE Y CTaMOEHOM BHUIIIE 30HA
neny rpama "HoBo Hacesbe" ca caoOpahajHux
BUILIECIIPATHUIIAMA, Y OJIM3UHU Tpaka
pacKpCHHIIE nyTeBa ca 7b TpaBmaka oko
WHTEH3UBHUM caobOpahajem y nBe LPKBE, yAa/beH
TpaKe. 0J1 ITyTeBa ca
BHUIIIE
caoOpahajaux
Tpaka u
pacKpCcHHIIE
I'pancku nmapk "JIuman" je 3eneHa 8a Hyx OGyneBapa ca | ,,peKpeaTHBHa
MOBPIIMHA, OKPY)KEHa IyTeBHMa BUIIIE 30Ha“
ca pa3IMYuTOM (PEKBEHLHjOM caoOpahajHux
caoOpahaja. Y oxBupy mnapka ce TpakKa BUCOKE
Haa3u Je4uuje UTrpaUIITe. bpexBeHImje
caoOpahaja
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8b [Mopen neuujer
Urpajuira y
3€JICHO]
MOBPIIMHY TTapKa

9 Cpenma mkosa "Tlomummjcka 9a Hyx myra ca nBe ,,IIIKOJICKA
akagemmja" y npearpalhy Tpake BUCOKE JIBOpHUIITA‘
Kamenunie, crambena 3oHa ca bpekBeHIHje
jemHocnpaTHUM  Kyhama, y caoOpahaja
ONMM3NHU nyTa ca JBE 9b TpaBmak oko
caoOpahajHe Tpake U BHCOKOM HIKOJIE Y
(dbpekBeHIjom caobpahaja. OM3UHU

NapKUHTa

10 I'pancka  mnaxa L Jrpana™“ | 10a | Usmeby »» PeKpeaTuBHa
Hanas3u ce Ha JlyHaBy y Onau3uHU MapKUHra u 30Ha"
mocta Cmobone. VY  OKBUPY HIETAHIITA YK
rpajicke TUTaXe Hajga3h ce W JlyHnaBa
BECITAYKH KITyO, 3eneHa | 10b | Usmehy
MMOBpLINHA ca JeUnjuM HIETAININTA U
UTPATUAIITEM. Jlokammja  je obarne [lynasa, y
ynajbeHa o]l caoOpahaja, anmu ca JBOPULITY
BEJTMKUM OpOjeM MapKUHT MecTa. BeCJIauKor Kiyba

11 Wnnyctpujecka 30ma  ,,Temmo®| 1la | dyx nyracaiBe | ,,AHIYCTPH)CK
KOja c€ KOPHUCTH 3a TIPHUBpPEIHE caobOpahajue a 30Ha*
nenatHoctd. Kapakrepumy je Tpake
CKJIAQIUIIITA " MJIMHCKA 11b 3eneHa
WHIyCTpH]ja; y ONM3UHHU je TYT ca MOBPIINHA Y
CpeIHOM (bpeKBeHIIHjOM JIBOPUIITY
caobpahaja. CKJIQJIUIIITA

12 LenTtpanna ayroOycka CTaHHMIIA, 12a | dyx myra ca »,CTaMOeHa
nopea  TJIABHE  IKEJIE3HUYKE BHUILIE 30Ha
CTaHUIIE, OKpYKeHa ca coOpahajaux
BUILECIPATHUM CTaMOEHUM H Tpaka u
MIOCIIOBHUM o0jeKkTrmMa y pacKpHUCHHULIE
HerocpenHoj Onu3uHu  Benuke | 12b | V 3eseHoj 30HH y
pacKpcHMIIE TIyTeBa ca BHIIE ONMM3HUHM 3rpajie
caoOpahajHux Tpaxa. CTaHULE U Mpyre

13 Cpenmwa mkona "Ilasne CaBuh" 13a | Ayx myra ca ,,IIIKOJICKA
je cMmemrTeHa y craMOeHOM nBecaoOpahajue JBOpHIITA
HaceJby Canajka ca Tpake
JeIHOCTIpaTHUM Kkyhama, y| 13b | ¥V mkosickom
ONM3UHU nyTa ca 1Be JIBOPUILTY
caoOpahajHe Tpake ca BHCOKOM
¢pekBeHLjoM caoOpahaja.

14 OcHoBHa 1IKOJIA " lymax 14a | dyx nyra ca aBe ,,LIIKOJICKa
PagoBuh" je cmemrTeHa |y caoOpahajHe JBOpHILTA‘
crambeHoM Hacesby Kimca ca Tpake
JeTHOCTIpAaTHUM kyhama, y| 14b | V¥ mkonackom
Onmu3uHM OosHUIE M BpTuha U JBOPULITY

myra ca jJBe caoOpahajHe Tpake
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ca  BHCOKOM  (ppEKBEHIHjOM
caoOpahaja.
15 WNunycrpujcka 3ona ,,CeBep™ je | 15a | Hyx myra ca nBe | ,,AHIYCTPH]CK
CMEIITEHa Y CTaMOCHOM Hacesby caoOpahajue a 30Ha*
Kmnca xoja ce kopuetu 3a Tpake
IIpUBpEIHE naenatHoctd | 15b | YV aBopwmiity
(ckmagumre, ¢abpuka CTOYHE ¢dabpuxke 3a
XpaHe); KapakTepulle je HHCKa IPOU3BOIELY
¢bpekBeHnuja caodpahaja. CTOYHE XpaHe

3.2. Xemukaauje

VY rtabemu 3.2 mpuKazaHe Cy XEMHKaJHje KOpHIIheHe 3a MpHUIpeMy H aHAIU3y
y3opaka. PacTBapaun N-xekcaH ¥ METHJICH-XJIOPUI Npor3Bol)aua KopuIIheH 3a aHAU3Y Cy
Ounu BUCOKOT cTerneHa unctohe (3a aHanuzy pesuaya). Cuiamka rei, allyMUHHU]YM-OKCH U
aujaToMejcka 3emiba ¢y aktuBupanu y nehu Ha 350°C 4 h 1 ocTaBJbeHH Y €KCHKATOPY JIO
MomeHTa ymotpebe. Ilpe mouerka anammze PCB-a m OCP-a y ucnutuBaHuM y3opiuma,
KopunrheHo mocyhe je ompaHo ca JETEPIICHTOM, a MOTOM HCIPaHO JAECTHJIOBAHOM M yATpa
yrcTOM BOjJOM (cTemeH uuctohe |, emekrpuune otmopuoctu 18,2 MQ/cm, Simplicity,
Millipore, ®paniycka) koja je mobujena cucremom 3a npeuunrnhaBame Mili-Q (Millipore,
Molsheim, Francuska). 3a kpajiwe ucnupame mocyha kopumihen je meranoa (J. T. Baker .

JleBentep, Xosranauja).

Tabena 3.2 Xemuxanuje kopuwhene 3a ananusy

Pennu XemMukaauja Yaora IIpousBohau
0poj
1 Cwmeca 6 nanukaropckux PCB koHrenepa CrangapaHu AccuStandard
(28, 52, 101, 138, 153 1 180) pacteop | (NewHaven, CT,
USA
2 Cwmeca 18 OCP-a (enrn. Organochlorine Cranmapnau | Dr. Ehrenstorfer,
Pesticide Mix 2) pacTBop Germany

(a-, b-, y-, 8-HCH, p,p"-DDT, p,p - DDE, p,p -
DDD, annpun, muenapuH, eHIpUH, CHIPUH-
aNJexusl, eHAPUH-KETOH, enaocyndan | u ll,
enaocyndan-cynadar, XenTaxjiaop, XenTaxiop-
€MOKCHUJI U METOKCHXJIOP)

3 2,20,3,30,4,40,5,50,6,60-nexaxnopodbudennn Cyporar Sigma Aldrich
(PCB 209) CTaHaapau
4 2,4,5,6-Terpaxnopo-m-kcuien (THmMX) Cyporat Sigma Aldrich
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CTaHaapIu

5 N-XeKcaH pactBapau | Fisher Chemical,
UK

6 MeTtusneH-xaopua pactBapau | Fluka, Sigma-
Aldrich

7 Cunka ren marepujan | CarloErba

8 AJIyMHHH]yM-0KCHU]T marepujan | Sigma-Aldrich

9 JlmjaTomejcka 3emiba marepujan | Thermo
Scientific

3.3. MeToaa npunpeMe ysopaka

[Ipunpema y3opaka 3eMJbUIITa U YIMYHE MpallIMHE Y Kojuma cy aHanuzupanu PCB u
OCP, opapahena je cucteMoM YyOp3aHEe €KCTpPakiMje TOJ BHUCOKHUM MPUTHCKOM U
temmnepatypoM (ASE). PeneBanTHu nuTepaTypHU TMOMANM YKa3yjy Ja CaBpeMEHE METOJe 3a
oapehrBame OPraHOXJIOPHUX JeIUBbCHA U3 y30paKa 3eMJBHINTA U YAWYHE TpamuHe (Tadena
2.4) 3a w3nBajame PCB-a u OCP-a ce najuemhe 6a3upajy Ha yOp3aHO] €KCTPAKIHjU TIOJ
BHCOKUM TMPUTUCKOM H TemneparypoM (ASE) koja je ycmenrHo 3amMeHMIa A0 cajia MIupPOKO
npUMemUBaHy, TpaaunuoHanHy CokciieT ekcTpakuujy. OBOM TEXHHKOM IpHUIpEMe y30pKa
MOCTIKE ce 00JbU KOHTAKT n3Mel)y yectuiia y3opka u camor pacTBapaya, KOju ce KOPHUCTH 3a
eKCTPaKIHjy, ¥ THME C€ CMamyjy MOoTpeOHe KOJMYMHE pacTBapaya, ajl U BpeMme Tpajama
ekcTpakuuje. TpaauinuoHanHe eKCTpakIuoHe TexHuke 3a aHanu3zy PCB-a u OCP-a umajy
BUILIE HEAOCTaTaka, Kao IITO Cy JAyr MEpHoJ MpHUIpeMe, ynoTpeda BEIHUKE KOIUYHHE
pacTBapaya W MOCEOHU YCJOBH MPUIPEME MITO je€ y CYNPOTHOCTHMA Ca MPHUHIMIIMA T3B.
"senene” xemuje. bpojHa wucTpaxuBama Cy mokasana naa (aza mnpumpeme yzopaka
Mpe/cTaB/ba BeoMa OWTaH KOpaK y aHAIUTUYKOM TPOIECY jep Yy HBeMy Moxke aohu 1o
nonatHe "KOHTamMHMHanMje" y30pKa Tj. JoJaTHOr "HeHamepHOr" yHouiema 3aralyjyhux
Jjenmbeha Y aHalTu3UpaHu y30paK.

Crora, y okBUpYy OBe nucepranuje je pasujeHa ASE mertona yOp3aHe, jeIHOCTETICHE
eKCTpaKIlfje W MpedninhaBama eKCTPaKTa y30paKa 3eMJBUILNTA U YIUYHE MpalluHEe Y UIbY
MpeBa3ujakemha HeJoCTaTaka TPaJAUlMOHAIHAX TEXHUKA eKCTpakiuje, kao mTo cy Cokcier
eKCTpaKIIfja, YITpa3By4yHa eKCTpakiija u ap. MeToaa npurpeMe y30pka pa3BHujeHa y OKBHPY
OBE JIOKTOPCKE AMCEepTalfje HyId HEKOJIUKO IMPEeJHOCTH y oAHocy Ha moctojehe. Haume,

KaJla ce yIopeau ca J0 caja kopuirheHuM MeToZaMa npurpeMe yzopaka 3a ananu3y PCB-a u
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OCP-a y zemspmmuty win mpamuHu (COKCIET eKCTpakija, YBPCTO-TEUHA EKCTpaKiuja)
YKYIIHO BpEeME€ EKCTpakKilMje j¢ BHUIICCTPYKO CMABbCHO Ka0 M KOJHYMHA YIOTPEOJbEHUX
pactBapada. JlogatHo, 0e30€IHOCT Yy paay je OCHUTypaHa jep ce IOCTYNaK CKCTPaKIIHje
M3BOJAM Y XEPMETHYKH 3aTBOPEHOM CHCTeMy. EKCcTpakiuja y3opaka ce BpIIH Y
eKcTpakiuonuM henrjama ca MoryhHOCTH ayTOMaTH30BaHe eKcTpakiyje mpeko 20 y3opaka y
OKBHPY jedHe cekBeHie. JlomatHo, pa3BHjeHa METOJa HMCTOBPEMEHE eKCTpakiuje |
npeunnthaBama PCB-a u OCP-a (kao u moryhaoct ekcrpakuuje PAH-oBa) [11] npencrasipa
JEIMHCTBEHY METOJIy KOja HUje myOiuKoBaHa 10 canaPa3BujeHa meToda je mpoBepeHa Kpo3

yHyTpauimy "in-house” npoBepy kBaiuTeTa U OY3IAHOCTH.

[Ipunpema y3opaka je u3BpuieHa Ha cienehu HauMH: Y30pak 3eMJbMILITA/yIHYHE
npamiiae (0Ko 5 () je oJMepeH y Jalny U Aucreprosad ca 1 g aMjaToMejcke 3eMibe. Y30pak
je kBaHTUTaTUBHO mpeHeT y hemujy 3ampemune o 33 ml ASE ekcrpakropa (cnuka 3.2)
M3Haj ciojeBa cwiuka rena (2 Q) u amumMuHHjyM okcuia (3 @), KOju Cy pasiBOjeHH ca
nenyno3aum punrepuma @=30 mm (Cellulose_Dionex) u To ca crpaHe u3jia3a pacTBapaua
n3 ekctpakiuone henuje. 'Renuja 3a eKCTpaKIM]y je HAKOH TOra 3aTBOPEHA U MOCTaBJhEHA Ha
ASE amapar paam ekcTpakiuje jenumema o] HHTepeca. EKcTpakmuja aHaTM3UpaHUX
JenMIbeha U3 y30paka 3eMJBUIITA OJJHOCHO YIWYHE TMpAIldHE j€ U3BPIICHA IpemMa cieaechum
napameTpuma mojgemeauM Ha ASE amapary: mputucak 1500 psi (10342 kPa), henuja ca
y30pkoM ce 3arpeBa g0 temmeparype 100 °C u mpe camor moueTka ekcrpakiuje hemuja je
TeMIepUpaHa y Tpajamby o4 5 min (enria. “heat-up time”) Kkako OM ce IEIOKYIIAH caapiKaj u3
henuje 3arpejao Ha mojemICHY TeMIepaTypy. Bpeme Tpajama ekcrpakmmje je O6mmo 5 min
(emru. “static time”) y nBa nukiayca. HakoH 3aBpiieHe eKCTpaKIKje pacTBapay je U3BEICH M3
henuje y mpuxsatHy 001y, a caapxaj u3 henuje je 10J4aTHO UCIIPaH CBEXKHUM pacTBapayeM y
kosmunan on 120% on 3anpemune hemuje (enri. “rinse volume”). kako Ou ce u3 henuje
MOTUCHYO 3a0CTajM pacTBapay, W3BPIICHO je MpojayBaBame a3oToM (eHrI. “purge”) y
tpajamy on 80 S. Kao pactBapauu 3a exctpakuujy PCB-a u OCP-a u3 y3opaka 3eMJbHIITa U
yJIMYHE MpalliHe HAKOH MOCTYIKa ONTUMH3AIM]e KOJU CE CacT0jao O] TeCTHpama HEKOJIUKO
pacTBapaya y pasIUYUTHM OJHOCHMA, OJa0paHu Cy N-XeKCaH W METWUJICH XIIOpHUI Y
3anpeMuHckoM ofHocy 1:2. Hakon ASE ekctpakiuje nodujenu excrpakt ca PCB-a u OCP-a
ce Hajas3uo y oApeheHoj 3anpeMuHu pacTBapada Koju je YKIOHEH yIapaBambeM Tj. U3BPLICHO
j€ 101aTHO KOHIEHTpHCame. 3alpeMUHa pacTBOpa HAKOH €KCTPAaKILHje je cMameHa nmomohy
portarmoHor Bakyym ynapubada (Heidolph, Hemauka) (ciuka 3.3) mo 3ampemune ox oxo 1

ml. 3atum je momohy [lacrepoBe nunere U3BPIIEHO KBAHTUTATUBHO MPEHOIICHE CaipKaja U3
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OajioHa (ca J0JaTHUM HCIUpameM OajgoHa 2 myra ca mo 2 Ml xekcana) y Buanm 3a
ayrocemmiep 3a GC-MECD u GC-MS ananm3y. HakoH KBaHTHUTATHBHOT MPECHONICHA
ypal)eHa je peKOHCTPYKIIHja YIIAPEHOT €KCTPAKTa y TOJICHY Ha 3alpeMUuHy O] MPHOIKHO 1

ml. CBaku KOMITO3UTHH y30PaK j& MPUIIPEMIbCH U aHATU3UPAH Y JYIUTHKATY.

Cnuxka 3.2 Aymomamcku excmpaxmop ASE350, Dionex, Thermo Scientific, y

Jlabopamopuju 3a xemujcke Konmamurnernme u 00picusu pazeoj Texnonrowkoz axyimema
Hoesu Cao

Cnuxka 3.3 Excmpaxmu yiuyne npauiure oooujenu ,,in cell “ npeuuwhasarwem ca 3 g
anymMuHujym okcuoa u 2 g cunuxa 2ena y henuju aymomamcxoe excmpaxmopa ASE 350

3.4. UHCTpYMEeHTaJIHA aHAJIM3a

3a unentudukanujy u kBautudukanujy mect naaukaropckux PCB-a u 18 OCP-a na

racHOM xpomarorpady ca MUKpO eeKTpoH arncopOyjyhum nerexropom (GC-pHECD) (Agilent
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7890A, US) (cruka 3.4) xopumihena je momuduroBana Xu u cap. [86] merona. 3a paznuky
on Xu wu cap. [86] merome koja je kopuimheHa 3a aHanu3y mnpucyctBa o-BHC,
xekcaxiopobensen, B-BHC, c-BHC, §6-BHC, xenraxmop, anapuH, XemTaxJiop EIMOKCH]I,
nuenapu, p,p -DDE, ennpun, p, p-DDD + o, p-DDT, p, p -DDT u mupekca pagHu ycaoBu
GC-UECD cy momu¢ukoBaHu y OJHOCY Ha MPOTOK raca HOcaya M MOYETHY TEMIIEpaTypy
KOJIOHE U KopuIheHH 3a uAeHTUQUKAIM]y U KBaHTH(UKamjy 6 nanukaropckux PCB-a (28,
52, 101, 138, 153 u 180) u 18 OCP-a (a-, b-, y-, 8-HCH, p,p’-DDT, p,p - DDE, p,p’-DDD,
QNIPUH, JWCNJIPHUH, EHIPWUH, CEHIAPUH-aJJAeXuJ], CHAPUH-KeTOH, eHaocyadan | wu I,

eHpocyidan-cyndar, XenTaxjaop, XeNTaxJaop-eMoOKCHI U METOKCUXJIOP).

Cnuxka 3.4 I'acnu xpomamoepagh ca mukpo enekmpou ancopo6yjyhum oemexkmopom
Agilent 7890A y Jlabopamopuju 3a xemujcke KOHMAMUHEHme u 0OPAHCUBU PA360]
Texnonowrxoe ¢axyrmema Hosu Cao

3a unentudukanujy u kBantupukanyjy paanu ycnosu GC-HECD cy mpukaszanu y

tabenu 3.3
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Tabena 3.3 Paouu ycnosu GC- pECD

KoJiona HP-5MS 30mx0,25%0,25

I'ac HOCau He 1 ml/min

Temmeparypa 230°C

WHjeKTOpa

Temmeparypa 300°C

JeTeKTopa

Pexxum mHjekTOBama ,,splitless

3ampemMuHa 1ul

WHjeKTOBamba

Temneparypa TemmnepaTtypHa pamna Temneparypa Bpewme 3aapxaBama

KOJIOHE (°C/min) (°C) (min)
- 60 1
10 120 2
8 180 4
8 225 2
15 280 5

ITotBpna mobuwjenmx pesynrara Ha GC-uECD je ypahena mnpumeHOM TracHOT
xpoMmarorpada (Agilent 6890B, US) ca macennm perekropoMm (GC-MS) (Agilent 5977A, US)

(cnuka 3.5) xopumhemem SIM! moma (selected ion monitoring mode). Y tabemu 3.4 cy

MpUKa3aHa PETEHIIMOHA BPEMEHA, JOH MPEeKypcop, joH KopulrheH 3a kBaHTuukanujy (Q1) u

jonn 3a uneHtuduranujy (Q2 m Qs) jemumema o WHTEpeca. 3a UACHTHDUKANHN]Y H

KBaHTU(UKAIM]y aHanuTa ol uHTepeca Ha GC-MS kopunthena je merona 3a aHanuzy 926

MECTUIMIA U eHIOKpUHUX 3aral)yjyhux jenumema, pa3BujeHa o1 crpaHe kommanuje Agilent

[87]. Papguu ycrou na GC-MS npukazanu cy y Tabenu 3.5.

1 SIM mon - Mox 3a npaheme MojeMHAYHOT jOHA, KBAAPYNOJI oMoryhasa mponas camMo joHy ca ne()MHUCAHOM

Bpenaohy m/z.
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Cnuxka 3.5 I'acnu xpomamoepag ca macenum oemexmopom Agilent 7890B/5977MSD
y Jlabopamopuju 3a xemujcke konmamunenme u 00prcusu pazeoj Texnonrowkoe gpaxyimema

Tabena 3.4 [lapamempu 3a GC/IMS za PCB-e u OCP-e

Hoeu Cao

Jemumeme PGT;;{:;I:HO Taprer jon Q1 Q2 Qs
PCB 28 16,221 256,00 258,00 186,00 260,00
PCB 52 17,986 291,90 290,00 220,00 293,00
PCB 101 22,462 325,90 327,90 323,90 254,00
PCB 153 25,541 359,90 361,90 289,90 357,90
PCB 138 26,321 359,90 361,90 289,90 357,90
PCB 180 27,985 393,90 395,90 323,90 397,80
a-HCH 12,139 180,90 218,90 182,90 216,90
B-HCH 13,302 182,90 180,90 218,90 216,90
vy HCH 13,469 180,90 218,90 182,90 216,90
o-HCH 14,588 180,90 218,90 182,90 216,90
XenTaxiop 16,673 271,80 100,00 273,80 269,80
Annpun 18,327 262,80 66,10 264,80 260,90
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XenxTaxia0p-enoKCusI 20,659 352,80 354,80 350,80 356,80
Ennocynan | 22,263 240,80 194,90 338,90 336,80
Huenapux 23,411 79,10 262,80 276,90 236,80
p,p'-DDE 23,584 246,00 317,90 315,90 248,00
Ennpun 24,203 262,80 264,80 244,90 316,90
Ennocyndan Il 24,563 194,90 236,80 206,90 240,90
p,p'-DDD 25,037 235,00 237,00 165,00 236,00
Enapun-anaexun 25,192 67,00 344,90 249,80 346,90
Ennocyndan-cyndar 25,906 271,80 273,80 228,90 236,80
p,p-DDT 26,118 235,00 237,00 165,00 236,00
Enapun-xeToH 27,098 316,90 67,00 314,90 318,90
MeTokcuxiop 27,628 227,10 228,10 152,00 113,60
Taéena 3.5 Paonu ycrosu GC-MS
Kosmona HP-5 30mx0,25%0,25
I'ac HOcau He 2 ml/min
Temneparypa uHjeKkTopa 250°C
Temneparypa joHCKOT 230°C
n3BOpa
Temmneparypa 150°C
KBaJ[pUIIOJIa
Temmneparypa Tpanchep 280°C
JMHU]jE
Pexxum uHjekTOBama ,»splitless*
3anpeMHHa UHJEKTOBamba 3ul
Temmneparypa KoJioHe TemneparypHa pammna Temneparypa | Bpeme 3anpxaBama
(°C/min) (°C) (min)
- 70 2
25 150 0
3 200 0
10 300 10
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KBanTuTaTvBHA aHanM3a je W3BpPLICHA METOJOM CIOJbAIlEr CTAaHAAPAA, Tj.
KopuhemeM OCHOBHOT cTanaapaHor pactBopa PCB cMece mecT HHAMKaTOPCKUX KOHTeHEpa
PCB 28, 52, 101, 138, 153, 180 konnenrpanuje 20 pug/ml u 18 opraHoxmopHuX jeaumcrbha
((a-, b-, y-, 3-HCH, p,p -DDT, p,p - DDE, p,p -DDD, anapus, AuenapyH, €HAPHH, €HIPHH-
JIeXu]l, eHApUH-KeToH, eanocyndan | u I, engocyndan-cymndar, xenraxiop, XenTaxyuiop-
emokcu W Merokcuxiop) kouuentpammje 2000 ng/pl cBake mojeauHauHE KOMITOHEHTE.
KanuOpammone KpuBe KOHCTpYHMCaHE€ Cy Ha OCHOBY CeJdaM pacTBOpa CTaHaapna
MPUTIPEMJbEHUX Pa30IaKUBAKEM OCHOBHUX CTaHAAPAHUX PAcTBOpPa jelUE-CHA OJ WHTEpeca

y paguom orncery ox 0,3 1o 30 ng/g na GC-UECD u oz 0,5 1o 30 ng/g na GC-MS.

3.5. Banunauuja metoae 3a anaau3zy PCB-a u OCP-a

Y qUJpy IPOBEPE TAYHOCTH W MPCHU3HOCTU MNPUMCHCHE AHAIMTHUYKE MCETOAC
HEOITXO/THO je 00e30eIuTH T0Ka3e KOju MPYXKajy BUCOK CTEIEeH CUTYPHOCTHU Ja je TpoIieaypa
MOTOJTHA 33 CBPXY 3a KOjy C€ KOPUCTH U J]a KOHTHHYHPAHO BOJH 10 OYEKHBAHUX PE3yJITara.
[IpoBepa moOy3maHOCTH TPUMEHEHE METOJEC W3BpIICHA je ojapehuBamem cienehux

napameTapa:

e rpannna aerexuuje (LOD),

e rpannna kBantudukanuje (LOQ),

e ehHUKaCHOCTH MPUMEEHE MeToIe - recoveries (%) u

e [IOHOBJFMBOCTH, H3pakeHE Kao pejaTtuBHe cranmapane aesujanuje (RSD, %).

Bpennoctu rpanune aerekuuje u kBaHtudukanuje 3a PCB-e u OCP-e oapehene cy
nomohy omnmuje y copTBepy KOju ce€ KOPUCTH 3a 00paay mojaraka HakoH aHanuze Ha GC-
MECD u GC-MS wunctpymenty. CodTBepcku je oapeheH OJHOC CUTHajda MCHUTUBAHHUX
jenumerma kao S/N omHoc. CHrHAN KOjU Jaje UCITUTUBAHU aHAIUT M LIyM je oxapeheH y memy
0a3He JIMHUje HAa XpOMAaTorpaMy HEMOCPEIHO MCIIPE]] MUKa MOCMaTPaHor jelumbemha moMohy
Hajumker cranmapaa (0,5 ng/g), mpu demy 3a AaTO jelMI-CHE MPHIMKOM oOjpehuBama
rpanuiie aerekije ogoc S/N Tpeba ma je >3, omHocHo >10 3a oapehuBame rpaHmIle
kBaHTU¢UKaMje. Ha ocHOBY noOujeHOr M3BelITaja ca BpPEJHOCTHMMA OJHOCAa CUTHAlIa U
IIymMa 3a CBaKM OJ MCIUTHUBAaHHUX jeAMIbEHa, IpepadyyHaTe Ccy KOHIIEHTpaluje Koje

onroBapajy S/N=3 3a rpanuny aerekuuje ognocHo S/N=10 3a rpanuiy KBaHTU(UKaLH]e.
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Kako cy koHIeHTpalMje KOje [ajy NMpUXBaT/bUBe BpeaHocTu oxnoca S/N y jenuHuiiama
ng/ml, mpepauynare cy y ng/g, ysumajyhu y o03up oamepeny macy y3opka (5 @) u
IPaBUMETPHUJCKY 3alpEMHHY Kpajebel EKCTpaKTa, paay JIakiier mnopehema ca momanuma
JOCTYITHHM Yy CTPYYHO] U HAy4YHO] JUTEPATYpH O MPHUCYTHOCTH aHAIM3UPAHUX jEIUHCHA Y

AHAJIM3UPAHUM y30pHrMa 3EMJbHIITA U ITPpalInHE.

EdukacHocT mnpumemeHe wmertone (,recovery”) je ypaheHa y mHiby TpoBepe
e(UKaCHOCTH MOCTYIKa M3/[Bajamba aHAIN3UPAHUX JeIUbEmha Tj. 300r MOTryhHOCTH TyOUTKa
Jenumema 0] UHTepeca TOKOM IMpHUIIpeMe Yy30pKa. ,,Recovery” BpeAHOCTH aHaTU3UPAHUX
jenumema Ccy ojJpeheHe NpUMEHOM YyHyTpallike ,in house MeToje 3acHOBaHE Ha
oborahenum y3opruma (,,CriajKOBaHUM™) Tj. JT0/aBamy IO3HATE 3alpeMUHE CTaHIApIHOT
pacTBOpa MCIHTHBAHOT jeHIbEba y y30pak mnpe excrpakiuje. O6orahen ysopak (n=4) je
MIPUTIPEMJbEH JI0JIaBambeM OJjpeljeHe 3anpeMuHe CTaHIapJHOT pacTBOpa KOHIEHTpaIuje o 2
Ng/g y y3opak 3eMJbHINTA/YIHYHE TpAIIdHEe Y KOME Cy MPETXOAHO onpeljeHe HajHIKe
KOHIICHTpAIIje aHATM3UPAHUX JeAUHEHha. YKOJIUKO je y HEKOM OJ1 aHAIM3WPaHUX y30paka
YTBPHEHO TPHUCYCTBO aHAJIU3MPAHUX JCIUBbCHA Y KOHAYHOM MPOpPAuyHY e(OUKACHOCTH
METO/IE OJ1 OUYMTaHE BPEIHOCTH '"CrajKkoBaHOT" y30pKa je Oy3eTa KOHIICHTpAIHja JeTUCHha
KOja je MpUCyTHa y y30pKy mpe oborahuBama. HakoH Tora eduxacHoCT MeToje je qoOujeHa
Kao OJJHOC OYHMTaHe BPEJAHOCTH HAa OCHOBY KaJauOpalloHe KpHBEe MpepadyHare y Ng/g u
"cmajkoBane" koHieHTpanuje (y Nng/g) momuoxene ca 100%.

[ToHOB/BMBOCT TNpPUMEHEHE METOAE H3pakeHa je Kao pelaTHBHA CTaHAapaHa
nesujaidja (RSD). RSD je 3a cBa aHanu3upaHa jeIdibCiba je M3paduyHaTa Kao KOJHUYHHK
crangapane aesujanje (SD) oumrane BpemHocTH 3a 4 “‘criajkoBaHa’” y30pKa M CPEIbE

BpeHocTH (X) 106MjeHHX “TECOVEry” BpeJHOCTH 3a I0jeIMHAYHE CIajKOBAHE y30PKE.

WuTpa-nHeBHA NPEU3HOCT y TOKY JlaHa je M3pauyHaTa Kao pejaTWBHA CTaHAapIHa
nesujanrja 10 moHaBsbama 3a CBakM HUBO KopHiheHnx KoHTposaHuX cranaapaa (10, 30, 100
ng/ml), nok je mehyaHeBHa HperM3HOCT oApeleHa Kao pejaTHBHA CTaHIApHA ICBHjallHja
WHCTPYMEHTAIHUX OATOBOpA aHATU3UpamEeM KOHIIEHTpalldje cTaHaapaHor pactBopa ox 10

ng/ml y Tpu y3acronHa faHa.

Ananmu3upana je u ciena npoda y IHJby IpoBepe MpUCYCTBa HeuucTtoha y mocyhy,

XeMI/IKaJII/IjaMa " OIIPEMHU.
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3.6. IIpocTopHa anajimu3a

VY umspy mpoleHe 3arajera U KOHTPOJIE PH3MKa M3BPLICHO j& MAIlHpame MPOCTOPHE
pacnionene PCB-a u OCP-a. ¥V Ty cBpxy kopuniheHa je MeToJa WHBEP3HUX pacTojama. Ha
IDW kaprama rpaduuku cy npukasane cyme koHueHTpamnuja oapehennx PCB-a u OCP-a
nomohy nporpama ArcGIS 10.1. Ykynna konmentpanuja PCB-a m OCP-a oapehena Ha

JOKaljama je kopuinhieHa 3a mpoleHy cTerneHa onrepehemna aHATM3UpaHUX Y30paKa.

3.7. MyJaTuBapujalMoHe MeTOde aHAJTH3e

Ananusa rinaBaux kommoneHTH (PCA) je xopuiihieHa 3a MCHHUTHBAaEmE 3aBUCHOCTH
n3Melly KOHIEHTpalja aHalW3UpaHUX jJeAumema U (U3NYKO-XEMHUJCKUX OCOOMHA
WCIUTHBAHUX y30paKa 3eMJBHINTA W yaudHe npamuHe. [Ipu cratucTrykoj oOpaan mogaraka
Tj. PCA ananm3u pe3yirara jelmbemna 0] MHTepeca KOju Cy OHMITU HCITOJI TPaHMIIE JCTEKIIH]je
WM KBaHTU(HKAIIM]e 3aMEI-CHHU Cy ca 1mosioBuHOM rpanuiie aetekmuje (LOD/2) [1]. Ananuza
pesynrara ypaheHa je HaAKOH JIorTapuTaMcke TpaHChopMalyje y IUJbY KOpEKIHje
ACUMETPUYHOCTHU TIOJIaTaKka KOje Cy KapaKTepuCTH4He 3a 3araljyjyha jenumerma y )KMBOTHO]
cpenunan. Jla 6um nmpumena PCA Ouna mpuxBaripuiBa npuMeHoM SPSS-a nBa tecta Mopajy

OWUTH 3aI0BOJHEHA.

baptieroB tect cdepuunoctu Tpeba ma je 3uauajan (p<0,05), mox Kajzep-Majep-
Onkuny (KMO) mokasaress nonpuma BpeaHoct usmely 0 u 1, ma ce 0,6 nmpenopydyje kao
HajHIKa BpeaHocT npuxsar/buBa 3a PCA anamu3y [88]. Bpoj riaBHMX KOMIIOHEHTH (€HIIL.
principal components, PCs) ce u3aBaja Ha ocHoBy KajsepoBor mpaBmia mpu yemy ce
3aJpXaBajy KOMIIOHEHTe uuja je BapujaHca Beha o mpoceune. Ca 003MpoM Ja je aHaIu3a
3aCHOBaHAa Ha KOPEJIAIMOHO] MATPUIIM U MPOCCUHA BapyjaHCca jeJJHAKA jeIUHUIIM, 3a]IPIKABajy
ce OHE KOMIIOHEHTE YHja ja BapHjaHca (KapakTepucTH4yaH KopeH- eugenvalue) seha on
jenuuuie. Varimax opToroHajgHa poTaiuja c€ KOPUCTH Yy CTyAMjaMa Koje ce 0aBe aHaIU30M
3aral)yjyhux jenumema kako OM ce JoOwmiie ITO BHIIE MOryhe BpeIHOCTH KoedulujeHTa

Kopenanuje Onmke jeIMHUIM UM HYJIM U IOCTUIJIa 3HaYajHuja peliemha.

Besa m3mel)y HOBUX M OPUIMHAJIHHUX NPOMEHJBUBHX Cy KOC(QHIMJEHTH KOpelaluje
(,,loadings®™). YV 1mumpy uHTepnpeTanuje 3HAYajHOCTH TJIABHUX KOMIIOHEHTH Yy TIOTJIEAy
OPUTMHAIIHUX TMPOMEHJBUBUX, CaMO KOC(PHIIMJEHTH YMje Cy alcoJyTHE BpeaHocTH Behe on

60% ox MakcumalHe BpeqHOCTH KoedunujeHTta y ceakoj PC ce pasmotpajy [1].
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Ananuza rTpynucama je KopuirheHa 3a Tpynucame MPOMEHJbHBHX. lIpumeHom
XHJepXUjCKE aHalu3e Tpynucama, BaplioBOM METOIOM 3aCHOBAaHOM Ha  KBaJpaTy
EyximnoBor pacrojama Kao Mepama OJIMCKOCTH U3BPIICHO je rpynucame. Ca 003upoM J1a Ha
CTaTUCTUYKEC MCTOAC YyTHUUYC pacroJciia U MpHUCYCTBO CKCTPCMHUX BPCIHOCTHU HU3BPHICHA je

log-Tpancdopmanuja [9]. Ananusa rpynucama ce cmarpa anrepaarusaom PCA.

PCA u CA cy ciposenere y SPSS 20.0 (SPSS, USA) GecriaTHa Bep3uja.

3.8. IlpoueHa pusuka nmo 3apaB/be JbyAHU

YHOC yecTHla 3eMJBbMILITA M MpallMHE MpelcTaB/ba MoOryhu myT u3jarama JbyIu
sarahyjyhium jenumemuma U3 KUBOTHEe cpenuHe [67]. Hapouuto mena mory yHetu Behy
KOJIMYMHY 3€MJBHINTA U MPANIMHE Y OpPTaHu3aM KpPO3 KOHTAKT PyKy ca YCTHMa TOKOM Urpe Ha
3eM/bM WK jeayhu Xpany koja uMm je ucmana. Oppaciau Takohe MOTy YHETH YECTHIIE
3eMJBMILITA WM MpAIIMHE KOje Cy CIIEIJbEeHE 3a XpaHy, Iurapere win pyke. 300r Tora, yHOC
3aralyjyhux jequmerna, Kpo3 CllydajHH YHOC YECTHIIA 3€MJBHUINTA U TPAIIMHE CE MOpa y3eTH
y 003up mpH pa3MaTpamy H3JI0KEHOCTH CTAHOBHHUILITBA HAPOUUTO y TPAACKHM CpeArHaMa

pazu mpoleHe pU3nKa 10 37paBJbe.

Ha ocnoBy oapehennx konuenrpanuja PCB-a m DDT-a y 3emspumTy u yaudHOj
HpaIINHY, IPeMa METOI0JIOTHjU AMEpHYKe arcHIuje 3a 3alITUTY KUBOTHE cpenune [67], mo
IIPBH IIyT IPOIEHEH j¢ YKYIHH KaHieporenu pusuk (euri. The total lifetime carcinogenic
risks, TLCR) u yKymHH He-KaHIIEPOTE€HH PHU3HMK H3PaKEH MPEKO Koe(HIMjeHTa OIMaCHOCTH
(TnHQ 3a gery) Ha mpocropy Cpbuje u peruony 3anagHor bankana. PU3HK je IpoIeHeH Ha
OCHOBY TpH Moryha myTa H3JI0KEHOCTH: YOHCAkEM, OPAJHUM YHOCOM H JTUPEKTHUM
KOHTaKTOM KO’K€ Ca CYCIECHIOBAaHUM YECTHIIaMa MPAlIMHE M YSCTUIaMa 3eMJBHINTA. Y KyITHH
KaHIIEPOT'CHH PH3UK je jeJHAK CyMU pH3HMKa 3a Pa3IMYUTe ITyTeBE H3JI0KEHOCTH, JOK j&
Koe(HUIHJEHT OMACHOCTH jeIHaK CyMHU MOjeAMHAYHUX KOoe(uIMjeHaTa OnacHOCTH. SUN u cap.
[90] mpumeHHIM Cy MCTH MOCTYNAK 3a MPOLEHY PH3HMKAa MO 37paBJbe CTAHOBHUILITBA YCIIE
npucyctBa mect uHaukatopckux PCB-a n 12 OCP-a y y3opunMa 3eMJBHIITA TPUKYIIJbEHOT
y Kenuju.

KanieporeHu pH3HMK y3pOKOBaH ryTatkeM dectuia 3emibumnta/mpamiuae (T Ring),
u3paydyHaT je 3a JBe Irpyle CTaHOBHMILTBA, 3a JELy U 3a ofpacie, y3umajyhu y o63up cBe
anaimsupane u oapehene PCB-e u OCP-e, Ha ocHoBy EPA ymyrcraBa[67], xopuirhemem

cnenehux jenHaunHa:
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C.xCSFxIFSxCF
TRing =—
ATxLT (3.1)
Fs - RS XEFxED. RS, x EFx (ED-ED, ) (3.2)
W, BW,

Kanneporenn pusMk y3pOKOBaH JUPEKTHHM KOHTAakTOM KOXE€ C€a 4YecTula
semspumnTa/mpammie (TRgc), u3padyHatr je 3a naBe Tpyrne CTAaHOBHMINTBA, 3a JICy U 3a
ojapacie, y3umajyhu y o03up ce ananusupane u ojapehene PCB-e u OCP-e, na ochoBy EPA

ymytctaBa [67], kopuinhewem cienehux jeqHaunHa;

_ C,xCSFxDFSxABS, x CF

TRdc -
GIABSx ATxLT (3.3)
DES - SAXEFXAF, xED, _SA, xEFx AF, x (ED-ED,) (3.4)
BW, BW,

Kanieporenu pusuk y3poKOBaH ymaucameMm dectuia 3emsbuinra/mpariuie (TRinn),
u3padyHaT je 3a JBE rpyle CTaHOBHHINTBA, 3a JICIy W 3a ojpacie, y3umajyhu y o03up cBe
ananusupane u oapehene PCB-e u OCP-¢, na ocnoBy EPA ymyrcraBa [67], kopuirhemem

cienehe jeqHaunHe:

V.
ATxLT (3.5)

CSxIURxEDxETxEFx(l ! ]XCF
TR, =

inh

Vxynuu kanueporenu pusuk (TLCR) ycnmex yHoca uectuna 3emibHIITa/TIpalinHe

HU3pavyyHart je ca61/1pa1{,eM BpPCAHOCTH NPOUCHCHUX 34 CBA TPHU HAYMHA YHOCA!
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TLCR =TR, + TR

ingestion dermal contact

+TR (3.6)

inhalation

Koedpumujenr  omacHoct  (NHQingestion) ~ Y3pOKOBaH  TyTameM  4ecTHIA

3eMJBHUIIITA/TIPALIMHE KOJI ACIE je u3padyHaT MPUMEHOM jeTHaAUYNHE:

C, x EFxIRS,
ATxBW_xR{D (3.7)

HQ ingestion =

Koedummjenr omacuoct (NHQdermal contact) Y3POKOBaH JAUPEKTHUM KOHTAKTOM KOXKE

ca yecTHIlama 3eMJbUIITA/TIpallInHe KO JIELE je u3pauyHaT IPUMEHOM jeTHauYrHe:

O _ C,xEFxSA_ xAF, xABS,
dermal contact GIABSx AT x BV\/YC x RfD

(3.8)

Koepummjeur  omacHoctd  (NHQiphalation) ~ Y3pOKOBAaH  yaAHMCameM  YeCTHIIA

3eMJBHILITA/TIPAIIHE KO/ Jelle je U3pauyHaT MIPUMEHOM jeTHaurHE:

V. PEE, (3.9)

ATxRfC

CSxETxEFx(L+ ! )
nHQ

inhalation —

Hekanueporenu pusuK H3paXeH MpPeKko KOE(PUIMJEeHT OIMAaCHOCTU jeAHAK j€ CyMHU

M0jeIMHAYHUX Koe(duIljeHaTa ONacCHOCTH:

TnHQ = nHQ +nHQ +nHQ

ingestion dermal contact

inhalation (3. 10)
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Bpennoctu npomeHsbuBHX Koje (urypumy y jeanaunnama (3.1-3.10), cumObonu u

jenuHUIle cy nmpukazanu y Tabemu 3.6 u 3.7.

Tabena 3.6 Ilapamempu kopuwhenu 3a npoyenu puszuxa [89, 90]

[TapameTap CumoOoi1 | Jenununne Bpeanoct
KoHmerpanuja opraHOXJIOPHOT jeubeha y 3eMIbumTy | CS mg kg -
daxTop IpepadyHaBama 3a oapeleHy KOMIoHeHTY CSF gmg kgt d?) | Tabema
3.9
OpaiHu YHOC 3eMJBHIIITA MTPHIATO)eH CTapoCTH IFS mg kg 36,750
Cpenme BpeMe U3JI0KEHOCTH AT }}aHI/I rojguHa | 365
JKuBoTHM BEek LT TOIVHE 70
®dpekBeHIja N3TI0KEHOCTH EF JiaHI/I roguaa | 350
BpeMme nznarama ET hd? 24
VYneo 3arahyjyher jemumema amcopboBaHor w3 | ABSgq 0e3 Tabema
3eMJBHIITA TTyTEM KOXKE JeIMHUIIE 3.6
YHOC 3eMJBbHINITA ITyTEM KOXe TpuiiaroleH crapoctu DFS mg kg Tabema
3.6
VYneo 3aralyjyher jemumema amncop6oBanor y|GIABS |06e3 Tabema
raCTPOMHTECTUHAITHOM TPAKTY JeIMHHUIIC 3.6
dakTop KcnapaBama VFs m? kg Tabema
3.6
dakTop eMHUCH]e YeCTHUIIA PEFw m? kg 1,36 x 10°
JenuHuia pusnka 3a XpOHUYHO YAUCAHE IUR (ug m3)? Tabema
3.6
Xponuuna opaiaHa pedepentHa g03a crnenuduunor | RfD mg kg. Tabema
3aralyyjyher jequmema 3.6
PedepentHa m03a XpoHHYHOT yaucama creruduyor | RfC mgm Tabema
3arahyjyher jeaumema 3.6
dakTop npepauyHaBama CF mg/kg 10
Opnpacna ocoba
Tpajame uznoxeHocTn ED rOJIMHE 26
Tenecna maca BW, kg 80
JIHEBHM YHOC 3eMJBHINTA OpalHUM IyTeM 3a ojpacie | IRS; mg d* 100

ocobe
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[ToBpminHa KOke ojpacie ocobe y KOHTAakTy ca |SAq cm? 6032
3eMJBHIITEM

daxTop MpHjamkamka 3eMJBUINTA 32 KOKY ofpacie ocode | AFa mg cm 0,07
Hena

Tpajame n3noxkeHOCTH ED. rOJIHE 6
Tenecna maca BW. kg 15
JIHEBHU YHOC 3€MJBHUIIITA OPATHIM ITyTEM 32 JIEIy IRS. mg d* 200
[ToBpimHa KOKe eTeTa y KOHTAKTY Ca 3eMJBUIITEM SA: cm? 2373
®daxTop NpHjamkamka 3eMJBUIITA 32 KOXKY JIeLe AFc mg cm™? 0,2

Taébena 3.7 Bpeonocmu napamemapa kopuuithenu 3a npoyeny puzuxa [89, 90]

K CSF IUR RfD RIC | s | aps | VF
orrenep | (Mgkg™d™)™ | (ngm®)* | (mgkg*d?) | (mgm™) (mgkg™)
PCB28° | 39E+01 | 1,1E-2 | 23E-06 |1,3E-04|1,0E+00|1,4E-01|7,3E+05
PCB52° | 39E+01 | 1,1E-2 | 23E-06 |1,3E-04|1,0E+00 |1,4E-01|7,3E+05
PCB101° | 39E+00 | 1,1E-3 | 2,3E-05 |1,3E-03|1,0E+00 |1,4E-01|8,3E+05
PCB 138° | 39E+00 | 1,1E-03 | 2,3E-05 |1,3E-03|1,0E+00 |1,4E-01|1,4E+06
PCB 153° | 3,9E+00 | 1,1E-03 | 2,3E-05 |1,3E-03|1,0E+00 |1,4E-01|1,4E+06
PCB 180% | 3,9E+00 | 1,1E-03 | 2,3E-05 |1,3E-03|1,0E+00 |1,4E-01 |2,0E+06
p.p-DDE | 34E-01 | 9,7E-05 1,0E+00 2,1E+06
p.p-DDD| 24E-01 | 69E-05 1,0E+00 | 1,0E-01

p,p-DDT | 34E-01 | 9,7E-05| 50E-04 1,0E+00 | 3,0E-02

® mapamerpu 3a PCB 28 uucy noctynuu mpexo US EPA cajra [89], 3a PCB 28 xopuihenu cy

napametpu HaBezaeHu 3a PCB 81 360r cnnune crpykrype [90].

b qucy moctynnu, mapamerpu on PCB 118 cy ycpojenu;
¢ Hucy noctynuu, napamerpu ox PCB 167 cy ycBojeHu;
¢ aucy moctymuu, mapamerpu o PCB 189 cy ycBojeHu.
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VKOJUKO je M3pauyyHaTa BPEIHOCT YKYIHOT KaHIIEPOTEHOT pH3HKa Mama oj 107°
cMaTpa ce Jla PU3MK IO 3/paBJbe JbYAU HE MOCTOJU. YKOJIMKO j€ H3padyHaTa BPEIHOCT
YKYITHOT HEKAHILEPOTEHOT pPU3UKa H3PaXKCHOT Mpeko koeduuujeHta omacHocHTH (TnNHQ)

Mama o1 0,1, He TOCTOju OMACHOCT IO 37PaBJbe¢ CTAHOBHHINTBA.
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4. PE3YJITATU U JUCKYCHJA

VY okBupy TOrIaB/ba Pe3ynraTy M JUCKyCHja Cy MPHUKAa3aHW PE3yATaTH YHYTPAIIbhe
,»in house* mpoBepe kBanurera MeToje 3a onapehuBame mect uaAMKaTopckux PCB-a u 18
OCP-a y ekcrpakTMa y30paka 3eMJBUINTA M yAWYHE MpamuHe. Pa3BujeHa MeToaa y OBOM
pany je MpUMEmEHa 3a UCIHMTHUBAIE OPraHOXJIOPHHX jeMIbCHba Y Y30pIHMMa 3eMJBUIITA H

MIPBU YT y y30plLKMa IpalluHe NoKymnJbeHe y ypoanom neny y Hosom Cany.

4.1. Barugauuja aHaJUTHYKE MeTOJAe

Bpennoctu onpehene 3a LOD, LOQ, ,recovery”, mHTpa-mHEeBHY U MehynHeBHY
npenu3HocT jgoomjeHe aHaimzoM PCB-a m OCP-a mpumenom GC-pECD u GC-MS cy
npukasanu y tabenama 4.1 u 4.2. Ananmsupana jenumema PCB 28, PCB 52, PCB 101, PCB
153, PCB 180, a-, b-, y-, 6-HCH, p,p -DDT, p,p- DDE, p,p -DDD, anapuH, auenapuH,
EHIpPUH, CHAPUH-aIACXuJ], eHApuH-KeToH, eHaocyadan I wu II, enmgocyndan-cyndar,
XEMTaxJIop, XENTaXJI0P-eIMOKCHI K METOKCUXJIOp HHUCY oapehene y cienoj mpoou. Bpemnoctu
LOD 3a nojenqunaune PCB-e u OCP-e no6ujene npumenom GC-UECD cy y omncery ox 0,003
1o 0,008 ng/g u ox 0,003 mo 0,011 ng/g, pemom, mox LOQ Bpeanoctu cy ox 0,009 mo 0,028
ng/g 3a PCB-e u ox 0,010 no 0,037 ng/g 3a OCP-e. Ilpoceune ,,recovery” Bpeanoctu PCB-a
n OCP-a y o6orahenum y3opuuma 3emsbHInTa Koju cy ananusupanu ca GC-UECD kperane
cy ce ox 92,3% (PCB 28) no 96,4% (PCB 180) u ox 79,1% (enmocyndan 1) mo 96,2% (f-
HCH). ¥V ob6orahennm y3opiiuma mpalivHe MpocedHe ,recovery” Bpeanoctu 3a PCB-e u
OCP-e oapehene nmpumenom GC-PECD kperane cy ce ox 93,9% (PCB 28) mo 98% (PCB
180) u ox 80,7% (enmocyndan 1) mo 97,8% (5-HCH).

LOD Bpeanoctu 3a nojenunaune PCB-e onpehene npumenom GC-MS kperane cy ce
y oncery ox 0,004 mo 0,008 ng/g u ox 0,002 mo 0,018 ng/g 3a OCP, mok cy LOQ Bpeanoctu
oune ox 0,012 mo 0,025 ng/g 3a PCB u ox 0,005 mo 0,438 ng/g 3a OCP. Ilpoceune
,recovery” BpeqHocti PCB-a u OCP-a noOujene ananuzom oborahenux yszopaka ca GC-MS
kperase cy ce oa 89,8% (PCB 28) mo 95,8% (PCB 138) u ox 77,9% (enmocyadan 1) mo
104,2% (metokcuxiop). Y oOoraheHuMm y3opuMMa TMpaliHE MPOCEYHE BPEIHOCTU
,recovery” 3a PCB-e u OCP-e oxpeliene ca GC-MS cy ce kperane ox 90,6% (PCB 28) 1o
96,6% (PCB 153) u on 78,7% (enmocyndan 1) mo 105% (merokcuxiop). PenatuBHe

cragnapane aesujanuje (RSD, %) 3a ucnuTuBaHA jequmEHa y y30pHAMa 3eMJBHINTA U
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yIu4YHE TpamuHe cy yBek Owie Hroke on 20%. JloOujeHu pe3yaTatu 3a peaqHe Y30pKe

3eMJBHUIITA U YIIMYHE MPalIMHE Cy KOPUTOBAHU 3a PEIaBaHTHE ,,recovery’ BpeTHOCTH.
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keanmugpuxayuje (LOQ), unmpa- u mehy-oneena npeyuznocm, "'recoveries” u peramusna cmanoapona oesujayuja (RSD %)

Jlokmopcka oucepmayuja

Tabena 4.1 Ilapamempu ynympawrve ,,in house * konmpone keanumema 3a GC-UECD: Ipanuye oemexyuje (LOD), epanuye

GC-uECD

HHTpa-1HeBHa Mebynnesua 3eMIbHILITE VYnuuHa npamuHa

KoMIOHeHTa LOD, LOQ, npenusHoct (%) npenusnoct (%)
ng/g ng/g
10 ng/g | 30 ng/g ig?g 10 ng/g ”Rect,)/;’ery“’ RSD % ,,Reccg/;/ery“, RSD %

PCB 28 0,008 0,025 0,2 0,1 0,1 0,1 92,3 7,2 93,9 6,7
PCB 52 0,008 0,028 0,7 0,9 0,5 0,6 94,0 5,6 95,6 51
PCB 101 0,006 0,018 0,2 2,5 0,7 0,9 96,0 33 97,6 2,8
PCB 138 0,004 0,013 0,3 0,3 1,5 1,0 93,2 7,6 94,8 7,1
PCB 153 0,005 0,015 2,2 5,2 4,9 0,9 93,5 9,9 95,1 9,4
PCB 180 0,003 0,009 1,2 0,5 0,3 0,3 96,4 2,3 98 1,8
a-HCH 0,003 0,011 2,4 0,1 1,5 1,4 95,1 9,0 96,7 8,5
B-HCH 0,005 0,017 2,4 0,1 2,3 1,7 96,2 2,8 97,8 2,3
vy HCH 0,005 0,017 6,0 0,1 2,4 3,9 90,1 6,5 91,7 6,0
0-HCH 0,008 0,027 1,2 0,1 1,7 1,6 82,1 51 83,7 4,6
XenTaxiop 0,005 0,015 11 11 4,1 2,3 89,7 7,7 91,3 7,2
Annpun 0,003 0,011 0,5 0,1 1,3 1,6 86,3 6,3 87,9 58
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Hacmasax mabene 4.1

XeNTaxnop-ernokcu | - 43 0,011 1,6 14 0,9 0,9 80,1 8,9 81,7 8,4
Ennocynda | 0,003 0,010 0,7 55 3,9 3,4 79,1 9,1 80,7 8,6
JIMemIpuH 0,004 0,014 21 0,1 0,1 0,5 87.3 56 88,9 5,1
p,p-DDE 0,005 0,015 17 0,7 0,3 0,4 90,1 3,3 91,7 2.8
Ennpun 0,009 0,030 0,9 0,2 15 13 90,0 4,8 91,6 43
Ennocyndas 11 0,007 0,023 2.0 0,1 0,2 0,2 80,1 3,9 81,7 3,4
p,p-DDD 0,006 0,019 0,5 0,8 1,7 15 90,9 7.0 92,5 6,5
Ennpun-anuexn 0,008 0,027 5,6 0,8 0,5 0,4 80,1 9,9 81,7 9,4
Ennocyndan- 0,007 0,025 1,2 0,2 0,4 0,4 83.9 11,0 85.5 10,5
cyndar

p,p-DDT 0,006 0,020 1,2 2.3 3,8 0,1 03.1 2.2 94.7 1,7
EHpHH-KeTOH 0,011 0,037 0,7 0,3 1,2 0,4 90,8 6,8 92.4 6,3
MeTOoKCHXITOp 0,005 0,017 0,2 0,1 0,1 0,3 85.6 4,6 87.2 4.1
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Tabena 4.2 Ilapamempu ynympawrse ,,in house  konmpone keanumema 3a GC-MS: I'panuye oemexyuje (LOD), epanuye keanmugpurayuje
(LOQ), unmpa- u mehyonesna npeyusnocm, "recoveries ’u peramusna cmanoapona oesujayuja (RSD%)

GC-MS
HnTpa-1HesHa nhlf:;jga 3eMJbHILITE VYnuuHa npamuHa
KoMrioHeHTa LOD, LOQ, npetstioc (%) npermzHocT (%)

ng/g ng/g ) — o ) ~SD

10 ng/g | 30 ng/g :5/% 10 ng/g ”Recg /Zery > " PRECO /Zery > %

PCB 28 0,008 0,025 2,0 0,9 1,2 2,3 89,8 6,7 90,6 6,1
PCB 52 0,007 0,022 3,5 2,1 1,9 3,2 90,0 19 90,8 1,3
PCB 101 0,006 0,020 2,2 2,2 2,0 2,7 92,1 15 92,9 0,9
PCB 153 0,004 0,012 3,4 2,3 1,7 3,3 95,5 7,2 96,3 6,6
PCB 138 0,004 0,012 3,1 2,1 1,6 2,8 95,8 3,2 96,6 2,6
PCB 180 0,005 0,017 1,9 1,1 1,6 2,8 94,6 15 95,4 0,9
a-HCH 0,008 0,026 2,6 2,0 1,9 2,7 91,9 8,1 92,7 7,5
B-HCH 0,018 0,061 1,9 2,3 1,9 3,0 94,2 2,3 95 1,7
vy HCH 0,013 0,044 2,9 2,1 2,0 2,1 84,4 9,4 85,2 8,8
0-HCH 0,014 0,047 4,0 2,8 3,2 4,5 83,1 50 93,9 4.4
Xenraxyiop 0,005 0,015 2,2 1,3 1,6 15 91,3 2,7 92,1 2,1
Annpun 0,006 0,020 3,9 3,1 2,5 3,4 85,9 1,2 86,7 0,6
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Hacmasax mabene 4.2

XeHXTaXﬂOp' 01013 0’044 2,4 2,2 2,3 3,5 82,5 1,2 83,3 0,6
C€IIOKCHU]]

Ennocyndan | 0,006 0,202 3,7 1,9 1,6 3,9 77,9 2,3 78,7 1,7
JIMemIpaH 0,013 0,043 42 21 2.0 4,2 84,1 43 84,9 3,7
p,p-DDE 0,013 0,043 17 1.6 1,0 3,2 915 2.6 92,3 2.0
Ennpun 0,012 0,039 2.1 23 1,9 3,2 95.6 6,5 96,4 5,9
Enpocyndan || 0,013 0,438 0,7 11 2.0 2.7 80,5 11,1 81,3 10,5
p,p-DDD 0,002 0,005 0,8 4,6 0,6 2.4 93,7 4,5 94,5 3,9
EHpHH-aIeX 1 0,011 0,359 2.7 2.4 1,6 3,1 82.9 11,0 83,7 10,4
Ennocyndan- 0,007 0,023 1.9 17 15 1.8 83.1 4,9 83.9 43
cyndar

p,p-DDT 0,002 0,006 0,8 11 1.0 0,5 102,0 4,9 102,8 43
EHpHH-KeTOH 0,011 0,037 15 14 1.3 15 94.9 6,4 95,7 5.8
MeTOoKCHXITOp 0,002 0,006 14 0,5 1.6 0,9 104,2 5.9 105 5,3
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4.2. lHonuxjsopoBanu Oupennan

4.2.1. Konunentpauuje PCB-ay 3em/buiry

OCHOBHM CTaTHCTUYKM TII0Ka3aTeJbl O TMPHUCYCTBY TOJCAUHAYHUX W YKYITHHX
koHneHtpamvja PCB-a y y3opruMma 3emipuInTa npukazanu cy y tademu 4.3. CTaTHCTHYKU
napameTpu (cpelarba BpPEIHOCT, MeAWjaHa, cTaHaapaHa aeBujanja (SD) u penatuBHA
crangapana aesujanja (RSD, %) cy oapelyenu 3a KoHIETpaIje jeAUbEHha 0] HHTEpeca y
y30pIuMa TMOKYIJBEHHX TOKOM 3MMCKE W JIETH€ Ce30He. YKymHa KoHieHtpamuja PCB-a
(cyma cux uaentuduroBanux PCB konrenepa) ce kperana ox <LOD no 18,9 ng/g (cpenma
BpenHoct = 2,84 ng/g, meaujana = 1,21 ng/g) y "sumckum” y3opuuma u ox <LOD no 24,6
ng/g (cpeama Bpeanoct = 3,27 ng/g, memujana = 1,60 ng/Q) y "nermum" y3opuuma. Y 1uiby
WCIIUTUBAmka Jla JM TIOCTOJH CTAaTHCTUYKW 3HauajHa pazimka uiMmehy ykymaux PCB-a
oapeheHUX y 3UMCKHM H JICTEHHHM Y30pIHMa 3€MJBHINTA, MPUMEHEH je ymapeHu t-tecr.
Pesynrar ymapenor t-recta je moka3ao ga He IOCTOjU CTATHCTUYKH 3HA4YajHA pa3jivKa y
YKynHUM KoHIeHTparjama PCB-a y y3oprnuma 3eMJbHINTa y3€THX TOKOM 3UMCKE U JICTHE

CC30HC.

On mect ananmu3upanux PCB-a, oapehene cy konnentpanuje yetupu PCB-a u To
PCB 101, PCB 138, PCB 153 u PCB 180, nox PCB 28 u 52 nucy onpehenu Hu y jeTHOM 011
aHanu3upanux y3opaka. Cpenme BpeaHoctu mnojeaumHaunmx PCB 101, 138, 153 u 180 y
"nermuM" y3opiuma 3embHinTa ¢y usHocuie 0,04 ng/g, 1,06 ng/g, 1,10 ng/g u 1,07 ng/g,
pemom, 0K y "3umckuM” y3opiuma 3emspHinTa 6uite cy 0,08 ng/g, 1,07 ng/g, 0,85 ng/g u
0,84 ng/g, peaom.

Pesynrar ynapeHor t-tecra je mokasao Jia He MOCTOjH CTATUCTHYKU 3HA4YajHA pa3iinKa
y KOHIIEHTpaIfjama MojeJMHaYHO UICHTU(DUKOBAHUX KOHIEHEpa y aHATM3UPAHUM y30pIMa
semspHiTa u3Mely ce3oHa. Y3umajyhim y 003up RSD wuspadynate/ 3a KOHIEHTpalmje
onpehenux nojenunaunux PCB-a, Hajseha mpoMeHIBUBOCT Yy KOHIIEHTPALUJH MOjeJMHAYHUX
KoHrenepa je oxapehena 3a PCB 101 (288% RSD) u PCB 138 (171% RSD). 3a PCB 153 u

180 penatuBHa cranAap/aHa AeBUjaluja je u3Hocuna oko 150%.
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Tabena 4.3 [leckpunmuena cmamucmuxa nojeOUHA4Hux u yKynHux KoHyenmpayuja 6

PCB-a (X°PCB) oopehenux y yzopyuma semmuwma na mepumopuju 2pada Hoeoz Cada

PCB kxoMmnoHnenra Dr/llgp;lgi, 1:]4&;’ Cpembirl]g/[éeuﬂocT, Meﬁg;gﬂa, SD RE/'OD’
Ceu ucnintuBanm y3opuu (N=60)
PCB 28 <LOD |<LOD - - - -
PCB 52 <LOD |<LOD - - - -
PCB 101 <LOD| 1,02 0,06 <LOD |0,18| 288
PCB 138 <LOD | 8,84 1,07 0,33 1,83| 171
PCB 153 <LOD| 9,21 0,97 0,50 1,53 | 158
PCB 180 <LOD| 6,55 0,95 0,50 1,48 | 151
3°PCB <LOD | 24,60 3,05 1,27 4,71| 154
"Jlerwu'" y3opuu 3emsbuiTa (N=30)
PCB 28 <LOD |<LOD - - - -
PCB 52 <LOD |<LOD - - - -
PCB 101 <LOD| 1,02 0,04 <LOD |0,19]| 421
PCB 138 <LOD | 8,84 1,06 0,40 1,81| 170
PCB 153 <LOD | 9,21 1,10 0,47 1,80| 165
PCB 180 <LOD | 6,55 1,07 0,58 1,42 | 134
T°PCB <LOD | 24,60 3,27 1,60 4,84 | 148
"3umckn’’ y3opuu 3emsbuira (N=30)

PCB 28 <LOD |<LOD - - - -
PCB 52 <LOD |<LOD - - - -
PCB 101 <LOD| 0,56 0,08 <LOD |0,17| 215
PCB 138 <LOD | 7,58 1,07 0,29 1,88 | 175
PCB 153 <LOD | 5,80 0,85 0,52 1,22 | 144
PCB 180 <LOD | 6,24 0,84 0,47 1,55| 185
T°PCB <LOD | 18,87 2,84 1,21 4,65| 164
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VY mwpy mporeHe creneHa 3araljeHoctu, nodujene BpenHoctu PCB-a y semubuity
HoBor Cama cy mnopehene ca muteparypuum mnonanuma 3a PCB-e y 3emspumTima
pasnuuntux nenoBa EBpore u Asuje (tabena 4.4). Ilpu nopehemy u auckycuju oapeheHux
koHneHtpamvja PCB-a ca momanmmma w3 simreparype Tpeba y3etm y 003up Jia JId MOCTOje
pasnuke y O6pojy ananmsupannx PCB-a n xopumheHnM MerogaMa 3a BUXOBO OJpehuBame
(trabena 4.4) [91]. Kao mro ce moxe BuaeTu u3 Tabene 4.4 HUCY y CBHUM HaBEICHUM
WCIUTUBAkUMA aHAIM3UpaHu cBU nHauKaTopcku PCB-u kao y oBom pany. Takohe, Hekn of
aHAJIM3MPAaHUX KOHT€HEpa HUCY pa3/IBOJEHU O]l KOHI'€Hepa ca UCTHM OpojeM aToma XJopa,
KOjU ce pasnuKyjy mo nosoxkajy. Hop. y pamxy Salihoglu u cap. [44] uaaukatopcku PCB 101
Huje paszBojen ox PCB 89, xao m PCB 138 ox PCB 163, mro 3Haum ga cy 3a oBa JBa
unaukaropcka PCB-a konnenTpanuje mpeacrasibene kao cyme: PCB 89/101 u PCB 138/163

U JoTIprHOCE BehnM BpeHOCTUMA KOHIIeHTparuje yKkymaux PCB-a.

Cpenma Bpennoct PCB-a (3,05 ng/g) y ypbanowm 3emsbuinty y HoBom Cany je Oua
HIDKa Hero y ypbanoM semmpnmty n3 Coduje (Byrapcka) °PCB (28, 52, 101, 138, 153 u 180
10,58 ng/g [92] u Jlonnona (Benuka Bpuranuja) 'PCB (28, 52, 101, 118, 138, 153 u 180)
21,4 ng/g [91], a Buma Hero y yp6aHoM 3emspmmTy n3 bypce (Typcka) I°PCB (28, 52,
89/101, 118, 138/163, 153 u 180) 0,35 ng/g [44] u 1llanraja (Kuna) Z8PCB (28, 52, 101/90,
118, 138, 153 u 180) 0,28 ng/g [39]. Menujana (1,27 ng/g) cyme oapehenux PCB-a (101,
138, 153 u 180) y amammsupanom semipuinty HoBor Cama je npuOIMXKHO CIMYHA ca
MenujaHoM cyme metr PCB-a xonremepa Y °PCB (52, 101, 138, 153 u 180) y ypGanom
semspuity 'y Jbyossanu (2,1 ng/g) m Ymcamm (IllBercka) (2,2 ng/g) m HmKa je HEro y
ypbanom 3emubniTy u3 Topuna (Mrtanuja) (meaujana = 6,6 ng/g) u 'masrosa (Illkorcka) (9,4
ng/g) [71]. Konuentpanuje ykynuaux PCB-a y 3emspumity u3 Hosor Cana (Cpouja) cy takohe
y omcery ,,background‘? xonuentpanuja y Espornu (0,05-97 ng/g) [93].

2 Background - konuenTpanuje 3araljyjyhux jenumerma y 3eMIBHINTY 0€3 YTHIIaja aHTPOIIOr€HIUX AKTHBHOCTH.
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Tabena 4.4 Yxynna konyenmpayuja PCB y ypbanum yzopyuma zemmumma Eepone u A3uje

(uspaoiceno y nglQ)
Pernon bpoj PCB DS Bcseﬁ:)bci Menujana, Pedepenna
KOHIeHepa ng/g pen i ng/g pet
ng/g
Hosu Can, Cp6uja 6 <LOD- 3,05 1,27 Ogaj pan
24,60
: 0,04-
Hogu Can, Cp6uja 6 0,32 0,32 - [9]
. 0,17-
[Mpumtuna, Cpouja 6 168,57 - - [94]
Codwmja, bByrapcka 6 7,2-17,2 10,58 10,4 [92]
.HOHI[O.H, Bemuka 7 i 21,40 i [91]
bpurtnja
Bbypca, Typcka 9 0,02- 0,35 [44]
’ 1,32 ’
: 0,01-
[lanraj, Kuna 8 1,87 0,29 - [39]
Ibybmaria, 5 0,67-29 : 2.1 [71]
CrnoBeHnja
I'masros, IlIkoTcka 5 1,9-43 - 9,4 [71]
Topuro, Urtanuja 5 0,72-86 - 6,6 [71]
Vucana, CBencka 5 0,54-47 - 2,3 [71]
Junosacu, Typcka 7 07’2 75_ 6,8 - [95]
VY 6muzunu Xyror u 2 94-
Bboxajckor mopa, 7 ! 19,89 - [96]
385,67
Kuna
Karmanny, [Tokxapa, 5 0,01-3 0,63 i [97]
Heman 0,02-9,7 0,61
CrurcOepres, 7 1,381 35 i [98]
Hopsemika

Ha cnumm 4.1 cy npukazanu pesynratu PCB mpoduna y "nermum” u "3umckum"

y30puuMa 3€MJbHIITA Hogor Caz[a Y 3aBUCHOCTH OJ MCCTa Y30pKOBambA. v AHAJIU3UpPAHUM

y3opuuma HpO(I)I/IJ'I KOHI'CHECpa je Bapupao y 3aBHCHOCTU OJ MECTa Y30pKOBama U

Haj3acTyIUbeHUjU KoHreHepu cy Omnu PCB 138, 153 u 180, npahenun ca PCB 101.

Konrenepu 28 u 52 Hucy onpeheHn Ha UCIMTHBAHUM JIOKallMjaMa IITO C€ MOXe 00jaCHUTH

HBUXOBOM HcnapspuBouihy jep cy KoHreHepH 28 u 52 HajucnapJbUBUJU Tj. UMajy BUIIM HAIIOH

nape y ojJHocy Ha ocrtajne unaukaropcke PCB-e, nako ce TpaHcmopTyjy kpo3 atMocdepy u

TaJIO)Ke Ha BEJIMKE YIA/beHOCTH OJ Hu3BOpa emucuje. Takole, oHM Cy HajIOATOKHHUU

pasrpajimbu y 3eMJBHIITY jep caapike Mamu Opoj aroma xiopa [1, 71, 72].
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Cnuka 4.1 Ilpogpunu PCB y nemrum u 3umckum y3opyuma sempuwma

Kako cy onabpane nokamuje, Tj. y30pUu KOjU CYy HCIHMTUBAHH MOJE/HEHH IpeMa
HAMEHHM Y YCTUPH TPYIIE: IIKOJICKA JIBOPHUINTA, MHIAYCTPHjCKa, cTaMOeHa U peKpeaTHBHA 30Ha,
y Tabenu 4.5 nmpukazaHu Cy OCHOBHH CTATHCTHYKH MOKa3aTe/bH MPHCYCTBA WHANKATOPCKUX
PCB-a y y3opiuMa 3eMJBHINTA y 3aBUCHOCTH O] HameHe. CTaTUCTHYKHM MapaMeTpH Cy
M3paYyHATH 33 CBE aHAIM3UpPAHE Y30pKe y3eTe u3 MHAycTpujcke 30He (N=8), pekpeaTwBHE
3oHe (N=24), crambene 3one (N=12) u mkosickux aopuiira (N=16), pemom. JlomatHo,
M3padyHATH Cy CTAaTUCTHYKK Mapamerpu mnpucyctBaanalizirani wagukaropckux PCB-a y
3aBUCHOCTH OJ] CE30HE Yy y30pIHMMa 3eMJBHINTA Y3€THX W3 HHAYCTpHjcke 30HEe (N=4),
pekpeatuBHe 30He (N=12), crambene 3oHe (N=6) u mikojckux aBopuinTa (N=8), pemaoMm.
Cpenme Bpennoctu ykymaux PCB-a 6une cy 1,10 ng/g, 4,53 ng/g, 2,52 ng/g u 5,74 nglg y
CBMM HCIHMTHBaHUM y3opiuMa (“neTu" U "3UMCKH") MOKYIUBEHMM M3 IIKOJCKHX

JBOPUIITHMA, WHIYCTPHjCKE, pEKpeaTuBHe H cTambeHe 30He, peaoM. Ha ocHOBY

69




Becna Mapunxosuh Jloxmopcka oucepmayuja

n3pauynatux RSD Bpennoctu Hajseha npomenssuBoct ykynaux PCB-a 3a cBe ucnuTuBane
y30pke ojpeleHa je 3a pekpearuBHy 30HYy (156%RSD), unaycrpujcky 3oy (130 RSD%),

JIOK je 3a IIKOJICKA JIBOPHINTA U cTaMOeHy 30HYy u3Hocmia oko 120% RSD.

Jla mu mocroje 3HauajHE pa3HMKe y KOHIeHTparujama onapehenux ykymaux PCB-a
n3Mehy detupu (pyHKIMOHAIHE 30HE 10 CE30HaMa j€ MCIUTAHO MPUMEHOM jeHO(aKTOpCKe
ananu3e Bapujance (enria. One-way ANOVA). Pesynrar ANOVE ykasyje na He moctoje
3Hauajue paznuke (p<0,05) wusmelhy uetupu ¢yHkunonamue 3oHe. Cpeama BpPEIHOCT
ykyrmHuX PCB-a y mKoJICKUM JBOPUIITHMA, HHIYCTPH]CKOj, CTAMOCHO] M pEKPEaTUBHO] 30HH
je ouna 0,74 ng/g (6,05 ng/g), 3,01 ng/g (3,13 ng/g), 2,15 ng/g (2,44 ng/g) u 9,05 ng/g (1,47
ng/g) y "nermum" u "3uMCKEM" y30pIHMa 3eMJBHINTA, peaoM. Mako ce cpeime BPeIHOCTH
KoHIeHTpanrja yKkynmHuX PCB-a pa3nukyjy yHyTap MCIHTHBAHHX 30HA y 3aBUCHOCTH OJI
cezone pesynratr ANOVE yka3yje ma He mocroje 3HadajHe pasnuke (p<0,05) y yKymHO]
koH1eHTpanuju PCB-a usmelyy yetnpu dyHkumonasne 30He y3uMajyhu y 003up BpeMEHCKY

KOOPJAMHATY, Tj. CE30HCKO Y30PKOBAambE.

[ToBehana xonmnentpammja PCB-a y "netmuM" y3opmmma y ogHocy Ha '"3uMCcKe” Ha
nokanujama 6, 7 u 12 Moxke OutHm mocrieauna OMW3WMHE 3HAYAJHO MPOMETHHX ITyTeBa C
003MpOM J1a CyBa W BJIa)KHA JIETIO3MIIM]ja YECTUIIA 3aBHCH O]l FbHXOBE 3allPEMUHE Y Ba3IyXy
[99]. Topex Tora, yrBpheHo je ma mocToju 3HavajHa Kopenaije usmely nenosunuje PCB-a u
3allpeMHUHE 4YecTUIla y Ba3lyxy, a CaMUM THM M BehuX KOHIEHTpaluja y y30pIHuMa

3emJspuiira [99].
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Tabena 4.5 Ocnosnu cmamucmuku noxazamesmu NOjeOUHAYHUX U YKYIHUX KOHYeHmpayuja 6

PCBs (25PCB) oopelienux y yzopyuma semmuwma na mepumopuju epaoa Hoeoe Cada

Semmsene| Mt | Max, | Cpeuwaspomocr, | Mewjana, | spy | popgg
Wupycrpujcka 30Ha, CBU HCIMTHBAHH y3o0piy (N=8)
PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
PCB 101 <LOD 0,56 0,12 <LOD 0,23| 188
PCB 138 <LOD 7,58 1,73 0,87 2,60 151
PCB 153 <LOD 3,82 1,30 0,73 1,40| 107
PCB 180 <LOD 6,24 1,38 0,71 2,10| 152
3°PCB <LOD 18,19 4,53 2,85 591| 130
Wunyctpujcka 30Ha, "neTwu” y3opim 3emibuiTa (N=4)
PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
PCB 101 <LOD <LOD - - - -
PCB 138 <LOD 1,26 0,75 0,87 0,57| 76
PCB 153 0,40 3,10 1,24 0,73 1,26 102
PCB 180 <LOD 2,21 1,02 0,93 0,94| 92
T°PCB <LOD 5,31 3,01 2,85 1,76 | 58
Hupycrpujcka 30Ha, "3uMcku’ y30piu 3emibniiTa (N=4)
PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
PCB 101 <LOD 0,56 0,24 0,20 0,28 119
PCB 138 <LOD 7,58 2,70 1,61 3,59 | 133
PCB 153 <LOD 3,82 1,36 0,82 1,72 126
PCB 180 <LOD 6,24 1,75 0,38 3,01 172
T°PCB <LOD 18,19 6,05 3,01 8,49 | 140
PexpeariBHa 30Ha, CBU HCIIUTHBAHH y30piu (N=24)

PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
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PCB 101 <LOD 0,56 0,05 <LOD 0,14| 256
PCB 138 <LOD 6,28 0,88 0,40 1,43 162
PCB 153 <LOD 5,80 0,76 0,43 1,29| 168
PCB 180 <LOD 6,23 0,82 0,48 1,39 170
>°PCB <LOD 18,87 2,52 1,37 3,92 156
PexpeaTtrBHa 30H3, "neTHU" y3o0piu 3emipumTa (N=12)
PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
PCB 101 <LOD 0,15 0,01 <LOD 0,04 | 346
PCB 138 <LOD 2,80 0,64 0,41 0,85| 134
PCB 153 <LOD 3,54 0,68 0,36 0,98 | 143
PCB 180 <LOD 2,92 0,82 0,44 1,02 125
3°PCB <LOD 6,33 2,15 1,60 2,24| 104
PekpearnBHa 30Ha, "3uMcku” y30piu 3embHiTa (N=12)
PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
PCB 101 <LOD 0,56 0,10 <LOD 0,19| 193
PCB 138 <LOD 6,28 1,12 0,53 1,84 164
PCB 153 <LOD 5,80 0,85 0,46 1,58 | 187
PCB 180 <LOD 6,23 0,82 0,48 1,72 211
T°PCB <LOD 18,87 3,13 1,55 5,09| 180
Cram0OeHa 30Ha, CBU MCIMTUBAHU y30piH (N=12)
PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
PCB 101 <LOD 1,02 0,11 <LOD 0,30| 276
PCB 138 <LOD 8,84 2,01 1,33 2,57 | 128
PCB 153 0,15 9,21 1,96 1,31 2,441 125
PCB 180 <LOD 6,55 1,66 1,08 1,83 110
T°PCB 0,55 24,60 5,74 3,22 6,81 119

CrambeHa 30Ha, "neTmu’ y3opuu 3emspuinTa (N=6)
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PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
PCB 101 <LOD 1,02 0,17 <LOD 0,42 245
PCB 138 <LOD 8,84 3,26 2,36 3,09 95
PCB 153 0,81 9,21 2,95 1,60 3,17 107
PCB 180 0,92 6,55 2,67 2,07 2,12 79
3°PCB 2,34 24,60 9,05 5,75 8,32| 92
CrambOena 30Ha, "3uMcKku" y30piu 3emibHiiTa (N=6)
PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
PCB 101 <LOD 0,28 0,05 <LOD 0,11| 245
PCB 138 <LOD 2,91 0,77 0,36 1,11 145
PCB 153 0,15 2,58 0,97 0,76 088 91
PCB 180 <LOD 1,62 0,65 0,54 0,65| 100
3°PCB 0,55 7,39 2,44 1,78 2,56| 105
[IIkoJicka ABOPHIITA, CBU HCITUTHBAHU y30piu (N=16)
PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
PCB 101 <LOD 0,18 0,01 <LOD 0,04| 400
PCB 138 <LOD 2,54 0,31 <LOD 0,63| 205
PCB 153 <LOD 1,11 0,38 0,33 0,34 91
PCB 180 <LOD 2,28 0,41 0,42 0,56| 136
T°PCB <LOD 5,93 1,10 0,99 1,38 125
[Ikosncka aBopuiiTa, "neTihu" y3opiu 3emipuiTa (N=8)
PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
PCB 101 <LOD 0,18 0,02 <LOD 0,06| 283
PCB 138 <LOD 0,75 0,21 0,13 0,27 129
PCB 153 <LOD 0,89 0,26 0,21 0,29| 112
PCB 180 <LOD 0,66 0,26 0,21 0,28| 110
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3°PCB <LOD 1,25 0,74 0,89 0,48| 65
[Ikosicka ABOpHIIITA, "3UMCKH" y30pIiu 3eMbHIITa (N=8)
PCB 28 <LOD <LOD - - - -
PCB 52 <LOD <LOD - - - -
PCB 101 <LOD <LOD - - - -
PCB 138 <LOD 2,54 0,41 <LOD 0,88 213
PCB 153 <LOD 1,11 0,50 0,52 037 74
PCB 180 <LOD 2,28 0,56 0,44 0,73| 130
>°PCB <LOD 5,93 1,47 1,15 1,88 | 128

4.2.2. Konnentpanuje PCB-ay ya1u4Hoj npammHu

Cyma konrnentparuja PCB-a y yauunoj npammau ce kperaia oq <LOD mo 12,1 ng/g
(cpenma Bpeanoct = 0,58 ng/g) y netwoj u ox <LOD mo 3,82 ng/g (cpeama Bpennoct = 0,45
ng/g) y 3umMckoj ce3onu (tabena 4.6). Pesyarar ymapeHor t-tecta je mokasao Ja He MOCTOjU
CTATUCTUYKM 3HAuYajHA pa3IMKa y yYKymHUM KoHIeHTparnujama PCB-a m3mely "netme" u
"sumcke” ce3one. Cpenma BpenHoct ykynuux PCB-a 3a cBe ucniutuBane y3opke (0,52 ng/g)
je Hmka o1 cymMe KoHieHTparmja 2°PCB onpeleHe y cakynibeHo] HaTal0KeHO] MPAIIHHH y
Onu3uHM ayTomyreBa y neHtpy rpaga Yenaj (Muauja) (1,7 ng/Q) u mpamuHe Ha myTeBUMa M3
MPUIPAICKOr HHIYCTPUjCKOT mojaca ucrtor rpaga (1,6 ng/g) [34]. YV wucrpaxkuBamuMa
crpoBezenum oj ctpane Kleese u cap. [14], y y3opuuMa yiudHe MpamidHe MOKYIJbEHE Y
ypObanum genoBuMa mnonpydja bona, Kenna, JleBepkysena u Jluzenmopda, pypayHOT
nozpydja Ajbenosor peruona, unaycrpujcke 3one Cesepne Pajue-Bectanuje, S°PCB (28,
52, 101, 138, 153 u 180) kperana ce oxa: 31 go 130 ng/g; 20 mo 38 ng/g u 20 no 190 ng/g,
penoM. Hajpeha koHueHTpanuja Z6PCB (28, 52, 101, 138, 153 u 180) oxapehena y jeTmeM
y30PKY yJIM4HE MpaiirHe Ha MepHoM Mecty 11b u3 unmycrpujcke 30ne Hosor Cama (12,1
ng/g), je 6una yak Huxka on Y °PCB-a oapeheHnx y yszopuuma U3 pypajlHOT TOApYYja Yy
Hemaukoj [14]. Cpenma Bpeanoct PCB 101, PCB 138 u PCB 153 je usnocuna 0,04 ng/g,
0,31 ng/g u 0,13 ng/g y cBuM aHaIU3MpaHUM Yy30pIMMa YIMYHE MpAIIHHE, peaoM. Y
y30pIMa YJIMYHE TMpallliHe W aHAIM3MPAHUM y30pIMMa 3eMJbHIITa, Mehy mpoydaBaHuM
WHJIUKAaTOPCKUM ZGPCB (28, 52, 101, 138, 153, 180), mpumehena je Beha 3actymbenoct PCB

138 u 153. Cnuyan pe3ynrat je 1oOHjeH U 3a y30pKe 3eMJBHILTA aHAJIM3UPAHUM Y CTYIHUjH
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Knanose u cap. [43] xoju cy ompemunu Y 'PCB (28, 52, 101, 118, 138, 153 u 180) y
atMocdepu OuBIIe JyrocnaBwje W YyKazajdd Ha TMOTEHLHUjaJlHE He-TadykacTe (pacyre,
mdy3noHe) U3BOPE OBUX jeNUIbEHHA Tj. TpaHCPOpMATOpe Y OMM3HMHA HCITUTHBAHUX JIOKAIHja
y HoBom Cany koju jomr yBek caapke IHMENCKTpu4YHE (iyuae ca MOJIUXJIOPOBAHUM
oudenmmmma. On cemam aHanm3upaHux kKoHreHepa PCB 52 je Omo Haj3acTynsbeHHjU Y

racoBuToj (a3u Bazmyxa, 1ok PCB 138 y ananu3zupaHum y30piumMa 3eMJBHIINTA.

Tabena 4.6 Konyenmpayuje PCB oopehene y yzopyuma ynuune npawune y Hosom

Caoy (ng/g)
PCB kommnonenta | Mun, | Max, | Cpeama Bpeanoct, | Meaujana, | RSD,
ng/g | ng/g ng/g ng/g %
Ceu ucnintuBanm y3opuu (N=60)
PCB 28 <LOD | <LOD <LOD <LOD -
PCB 52 <LOD | <LOD - <LOD -
PCB 101 <LOD| 2,49 0,04 <LOD | 753
PCB 138 <LOD| 5,99 0,31 <LOD | 325
PCB 153 <LOD| 3,57 0,13 <LOD | 434
PCB 180 <LOD | <LOD - <LOD -
>°PCB <LOD| 121 0,52 <LOD| 382

Jlerw-u y30opuu yaunune npammse (N=30)

PCB 28 <LOD | <LOD - - -
PCB 52 <LOD | <LOD - - -
PCB 101 <LOD| 2,49 0,09 <LOD| 533
PCB 138 <LOD| 5,99 0,32 <LOD| 361
PCB 153 <LOD| 3,57 0,17 <LOD | 406
PCB 180 <LOD | <LOD - - -

T°PCB <LOD | 12,05 0,58 <LOD| 382

3uMckH y3opuu yianuHe npammue (N=30)

PCB 28 <LOD | <LOD - <LOD -
PCB 52 <LOD | <LOD - - -
PCB 101 <LOD | <LOD - - -
PCB 138 <LOD| 3,82 0,29 <LOD| 277
PCB 153 <LOD| 1,56 0,08 <LOD | 406
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PCB 180 <LOD |<LOD - - -

3°PCB <LOD| 3,82 0,45 <LOD | 194

Y tabenum 4.7 cy NUpUKa3aHW OCHOBHHM CTAaTUCTHYKM TIOKa3aTeJbH Caapikaja
nHaukaropckux PCB-a mpeko dectuma mpammHe y pa3iuyuTuM (yHKIMOHATHUM 30Hama

rpaaa Hosor Capa (1koJicka IBOpHINTa, cTaMOeHa, HHAYCTPH]CKa U peKpeaTHBHA 30HA).

Cpenme Bpeanoctu ykynaux PCB-a 6une cy 0,55 ng/g, 0,43 ng/g, 2 ng/g, 0,05 ng/g y
y30pIMa TpaliuHe U3 MKOJICKUX JBOPHINTA, cTaMOeHe, HHIYCTPHjCKE U PEeKpeaTHBHE 30HE,
penom. Pesynratm ANOVE ykaszanu cy na mocroje 3HauajHe pasnuke (p<0,05) y ykymHuM
koHIeHTpanrjama PCB-a u3mely wetnpu ¢pynknuonanae 30ue. Cpeiibe BPEAHOCTH YKYITHUX
PCB-a y IIKoJICKMM JIBOPHINTHMA, CTAMOCHO], HHIYCTPUCKO] U PEKPEATUBHO] 30HU OWIIE Cy
1,04 ng/g (0,06 ng/g), 0,32 ng/g (0,55 ng/g), 0,57 ng/g (3,43 ng/g), 0,09 ng/g (0,01 ng/g) vy
3UMCKHAM (JIETE-HM) y30pIuMa ynudae npamtinae, peaoM. Pesynratn ANOVE cy mokaszanu na
Hema 3Hauajuux pasnuka (p <0,05) y xonnenrpamujama PCB-a usmeljy cesona. Hajseha
npoMeHJbUBOCT YKyITHUX PCB-a y y3oprnuma ynrane npammae o1 460% RSD je onpehena 3a
pEeKpeaTHBHY 30HY, JIOK je TPOMEHJBHBOCT 32 IIKOJICKA IBOPHIITA, HHAYCTPUJCKY H CTaMOEHY
30HY OMIa CKOpo JBa myTa Mama (oko 200%).

Tabena 4.7 leckpunmusna cmamucmuxa ykynuux konyenmpayuja 6 PCB-a (2PCB)

oopehenux y yzopyuma yauune npawiure na mepumopuju epaoa Hoeoz Caoa npema
@DYHKYUOHATHUM 30HAMA

Jona Mumn, Max, Cpenma Menujana, sD | RSD%
ng/g ng/g BpeaHocT, NQ/Q ng/g
CBM MCIIUTUBAHHU y30PIH

WNunyctpujcka 30Ha <LOD 12,05 2,0 0,35 412 | 206
(n=8)
PekpearnBHa 30Ha <LOD 1,10 0,05 <LOD 0,22| 460
(n=24)
CramMmOeHa 30Ha <LOD 2,46 0,43 <LOD 0,76 | 175
(n=12)
[koncka apopumra | <LOD 3,82 0,55 <LOD 1,10| 200
(n=16)

"JleTwu" y30p1H NMpamuHe
WNunyctpujcka 30Ha <LOD 12,1 3,43 0,84 580| 169
(n=4)
PexpearuBHa 30Ha <LOD 0,07 0,01 <LOD 0,02| 346
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(n=12)
Crambena 3ona (N=6) | <LOD 2,46 0,55 <LOD 0,99| 182
[Ikoncka neopumra | <LOD 0,46 0,06 <LOD 0,16 | 283
(n=8)

"3uMcku' y30pIu paiiHe
WNunycrpujcka 30Ha <LOD 1,56 0,57 0,35 0,74 131
(n=4)
PekpeaTuBHa 30Ha <LOD 0,09 <LOD 0,32 346
(n=12) 1,10
Crambena 3ona (n=6) | <LOD 1,11 0,32 <LOD 0,51| 158
[Ikoncka aBopumra | <LOD 3,82 1,04 0,38 141| 137
(n=8)

PCB-u cy oapehenn y 38%, 33%, 50% u 8,3% ykynmHUX y30paka yIHdHE MpalTnHe
MOKYIJb€HE Y IIKOJCKUM JIBOPHUINTHMA, CTaMOEHO], MHIYCTPHU]CKO] M PEKPEATUBHO] 30HH,
penom. PCB-u cy oapehenn y y3opumma 3eMJBHINTA ca CBUX JloKanujaMa U 1o y 69%
y3opaka u3 mkoJyickux asopuimta, 100% y3opaka u3 crambGene 3oHe, 88% y3opaka wu3
uHIycTpujcke 30He M 83% y30paka M3 peKpeaTUBHE 30HE. Y y30plMMa yIWYHE MpaIlnHe
PCB-u cy onpehenu y 27% y3opaka, 10K je BUXOBO MPUCYCTBO MHAeHTHU(UKOBaHO y 83%
aHaJIM3UPaHuX y30paka 3emspHinTa. AHanu3a 120 y3opaka (60 y3opaka yindHe MpamidHe u
60 y3opaka 3emspuIinTa) NMokasana je aa cy PCB nmpucyrau y Behem 0pojy y3opaka 3eMJbHINITA
Hero y y3opuuma yiuuHe npamune. Umajyhu y Buay na cy PCB-u onpehenn y 16 ox 60
aHAJM3UPAaHUX y30paka IpamiuHe, 3aBUCHOCT (Kopenanuja) u3Mel)y aHanu3upaHuX y3opaka

3EMJbUIITA U YIIMYHC IIPAIINHE HI/Ije HCIIMTHUBAHA.

4.2.3. IlpoctopHa pacnogena PCB-a y 3em/buiry

Cnuka 4.2 mpukasyje NpPOCTOpPHY M CE30HCKYy pacmnozaeny ykynHux PCB-a no
nokauuju. IIpoceune BpenHocTu caapxkaja ykynaux PCB-a o jgokanuju cy uspadyHare Kao
Cpeame BPEIHOCTH MpOoceyHuX cajpxkaja ykynHux PCB-a onpehenux y y3opuuma ynudxe
npamuHe y3ere Oommwke ("a") u mame ("0") om myra 3a oapeheny mnokarmjy. J[oOujene
BPEHOCTH IO JIOKalMjama KopuiiheHe cy Kao ylla3HM NOJalM 3a U3paay KapTH MPOCTOpHE
pacrioziesie jeumbemha 0/ MHTepeca METO/IOM MHBEP3HUX pacTojama. MMajyhu y Buy, na cy

ykynHe koHueHTpanuje PCB-a oapehene na 15 nokammja rpama Hosor Cana,
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KOHIICHTPAIIMOHU PACIIOH je MOJeJbeH Ha mecT oncera (<2 ng/g; 2-4 ng/g; 4-6 ng/g; 6-8 ng/g,
8-10 ng/g; >10 ng/g) 3a "3umcke" u "neTme" y30pKe da OM ce caapiKaju jeAubeHha O]l
HHTEpEeca MOTIIH IITO JAKIIE NOPEAUTH CE30HCKHA U MPOCTOPHO HA WIIYCTPATUBHOM IIPHUKA3Y.
[IpocropHa pacrogena ykynaux PCB-a y "3umckuM™ u "netmumM” y3opruma je mprka3zaHa Ha
cimn 4.2 rae cy koHuneHTpanuje nooujernx PCB-a Ha 15 mokamuja o0enexeHe pa3imauTuM
0ojama. Y MCIIUTHBAHUM JIETHUM y30pLIKMa 3eMJbHINTA Hajeha KoHIEHTpanuja je oapehena
y y30pky Ha jmokarnuju 12 (13,5 ng/g), y3eTor ca 3ejeHe MOBPIIMHE Y OJU3WHU ayToOyCKe
CTaHUIIE U TJIaBHE JKEJC3HMUYKE CTaHMIIE, 3aTUM Ha Jokaruju 6 (8,25 ng/g), npukymbeHor ca
TpaBmaka mopej cramOeHe 3oHe. YmasbeHOCT u3Mmel)y jokanuja 6 u 12 je oko 2 km u o6e
JoKaluje ce Hamaze y onusuHu uHayctpujcke 3oHe y HoBom Cany. IloTeHmnujanuu u3Bopu
PCB-a na yokarujama 6 u 12 cy Tpanchopmaropu u KOHACH3aTOpH pacrnopeheHn oko oBUX
nokanuja. Korrenrpanuonu pacnon ox 2 g0 6 ng/g PCB-a je oapelen na mokarwuju 7 (5,52
ng/y, y y30pKy y3eTor ca TpaBmaka y Onusunu npkse) u 11 (4,09 ng/g, yseror wus
HHAyCTpHjcKe 30HE), motoMm Jsokamuje 8 (3,59 ng/g), 2 (3,64 ng/g) u 5 (3,48 ng/g); vy
y30pIMMa MOKYIJbEHHM Ca TpaBmaka y peKkpeaTuBHOj 30HH. KoHlleHTpaiuje ucrnoa 2 ng/g cy
olpeheHe y CBMM JPYrUM HCIUTHBAHUM Y30pIMMa 3eMJpHINTa. Jl0 CIMYHUX pe3ynTara cy
nouuta Jiang u cap. [71] xoju cy aHamusupanu npucyctBo 74 PCB y y3opiuma 3eMIbHIITA
MOKYIJEHUX Ha TyTeBUMa M cramMOeHuM 30HamMa IlekwHra. Y mOMEHYTO] CTyauju y
y3opiuMa 3emibumta e PCB-u Hucy oapehenu ayropw cy ykasaim Ha OJCYCTBO

MOTEHIIMJATHUX U3BOPA OBUX jEIUIHEIHA.

Hajseha cpenmwa BpeaHoct konuentpanuje PCB-a y 3umckum y3opruma je oapehena
na yokaruju 11 (12,0 ng/g, y y3opky y3eror u3 uHaycrpujcke 30ue) u jgokamuju 8 (10,1 ng/g,
y Y30pKy NPHUKYILUBEHOM Y IMapKy Ca CKEjTOBUMA M JICUdjuM urpaiumTem). Jlokanmja 11 ce
Hala3d y UHAYCTPUJCKO] 30HHU, JOK JoKaluja 8 ce Hamazu y ONU3MHH MOpYIIEHE
uHycTpujcke 30ue. Cpenma konneHrpanuja PCB-a je oapelena na nokanwmju 12 (4,36 ng/g,
y Y30pPKY KOjHU je y3eT ca 3ejieHe TMOBpIIHMHE), a KOHIeHTpanuje ucrnoa 2 Ng/g cy oapehene y
OCTAIMM aHAJIM3MPAHUM Yy30pIMMa Ha JIOKalujama IJie HeMa MOTCHIUjaTHUX HM3BOpa OBHX
jemumema. Jlokanmje 11 u 12 ce Hanaze y O1M3MHM MHIYCTpHjCKE 30HE, JIOK JIOKaiuja 8 je

CMellleHa y ONM3uHM cTape uHaycTpujcke 30He y HoBom Cany.
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Cnuka 4.2 I[Ipocmopna pacnooena PCB-a (ng/Q) y yzopyuma semmuwma (a) riemmu (6) 3umcku y3opyu
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Cnuka 4.3 npencrasiba nopeheme X° PCB-a 3a ucrte jokamuje, ay y 3aBHCHOCTH J1a
M cy y3opii y3etu onuxe (obenexen ca "a"), unm gasbe of myra (ooenexeH ca "0") TokoM
"sumcke" u "netme" cezone. Kao mTo ce mMoske Bumetu ca ciuke 4.3a xoHneHTpamumje X°
PCB-a cy 6uie Beha y y3opuuMma koju cy y3eru Onmmxke myty (obOenexeH ca "a') Ha miecT
nokaiuja 2, 4, 5, 8 (pekpearuBHa 30Ha), 14 (mkoncka naopuinta) u 15 (MHIyCTpHjcKa 30HA)
Uy Y30pIHMMa KOjU Cy y3€TH Y3eTH Jajbe o1 myTa (oOenexeH ca "0") Ha cemam jokanmja 1, 3,
6, 7, 11, 12 u 13. Ha nokanujama 9 u 10 ananuzupanu PCB-u nucy onpehenn. Ha cimim 4.3
6 mpuKa3aHa je MPOMEHJBMBOCT KoHIeHTparmje L°PCB-a y 3aBHCHOCTH O] MEPHOT MECTa y
"3uMckuM” y3opruuMa 3emipmmTa. Cruka 4.36 ykasyje Ha Behe xonnentparmje X® PCB-a y
y30pIHMa KOju Cy y3eTu Onrke myty (obOenexeH ca "a'") Ha jokanujama 3, 4, 5, 6, 8, 9, 10,

11 u 15 n y y3opiuma Koju ¢y MOKYIJbEHH J1ajhe O IyTa Ha Jokanujama 1, 2, 7, 12, 13 u 14,

Kao miro je oueknBaHO, Ha OCHOBY JOOMjEHHX pe3yiTaTa MOXeE Ce 3aKJbYUYHTH Ja j& Y
Behem Opojy 3uMMCKuX y30paka y3eTux Ommke myra (oOenexxken ca "a'") oxapehena Beha
koHIeHTpanvja PCB-a y oqHOCy Ha y30pke MOKyIUbeHE Aajbe oJ myTa (obOenexeH ca "0%),
IITO yKa3yje Ha JIEMO3HIIN]Y TOKOM 3MMCKE CE30HE Y OJHOCY Ha JIETHY ce30HYy. [[oOujeHn
pe3yaTatd Cy y cariacHocTd ca cryamjom Ruzickove u cap. [10] xoju cy ucnuTHBaIu
ce30HCKy pacnoaeny PCB-a y 3eM/bHINTY pa3iuvyuTe HaMEHE W yKa3aldd Ja je aKymyJsaiuja

PCB-a u3paxkeHa TOKOM 3MMe, a HcapaBame TokoM jera [10].
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Sources: Esr, DeLorme. NAVTEQ, TomTom, Intermap, Sources: Esri, DeLorme. NAVTEQ, TomTom, Intermap,
increment P Corp.. GEBCO, USGS, FAO, NPS, NRCAN, y increment P Corp.. GEBCO, USGS. FAO, NPS, NRCAN,
0 1.5 3 km GeoBase, IGN,Kadaster NL, Ordnance Survey, Esri 0 1.5 3 km GeoBase. IGN. Kadaster NL, Ordnance Survey. Esri
L 1 ] Japan, METI, Esfi China (Hong Kong), swisstopo, and the L 1 J Japan, METI, Esr China (Hong Kong). swisstopo, and the
GIS User Community GIS User Community
a. J1emo 0. 3uUMa

Cnuxa 4.3 Caopacaj Y°PCB oopelienu 3a y3opke 3emmuwma yzemux ca ,,a‘ u, b* mepnux mecma na ceaxoj 1okayuju mokom iemme (a)

u 3umcke cezome (0)
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4.2.4. IIpoctopHa pacnoaejsa PCB-ay yau4Hoj npammHu

Cmuka 4.4 mnpukasyje NpPOCTOPHY M CE30HCKY pacmonaeny ykynaux PCB-a mo
WMCIUTUBAHUM JoKanujama. [Ipoceune BpeaHocTH canpkaja ykynaux PCB-a mo nokaruju o
WHTEpeca Cy M3padyHaTe Ha OCHOBY CpelmuXx BpemHoctu canpkaja PCB-a onpehenux y
y30pIHMa YJIHYHE MpallnHe Koju cy y3etu Ommke "a" u gaske onx myra"o" 3a m3abpany
Jokanujy. MeToa MHBEP3HUX pacTojama je NMPUMEHmEHA Y IHJbY IPOCTOPHE U CE30HCKE
uHTepnpeTanuje pacrnonene ykymaux PCB-a. Y3umajyhm y o003up pesynrate yKyImHUX
koHIeHTpanyja PCB-a y musby Moy3aaHOCTH pacrojielie OBUX jeumbema n3mely "3umcke” u
"netme” ce30He, KopHiihieH je ekBUBalieHTHU Opoj kiaca (10 kmaca). Y jeTwmuM y3opuuma
npamuHe, o1 15 ucnutuBanux nokanuja, ykynau PCB cy onpehenu y ywetupu (11, 12, 6 u 9).
Hajeeha kounentpanmja ykymaux PCB-a je ompehena y y3opky 11 (6,9 ng/g) wus
WHIYCTPH]CKE 30HE, y KOjOj C€ Hajla3e Pa3jIM4MTa CKIAIUIITA KOja C€ KOPUCTE 3a MPUBPEIHE
JEeTaTHOCTH M MIIMHCKa uHayctpuja. Takohe, ykynmau PCB cy kBaHTH()HKOBaHM Yy y30pIHMa
y3€THM TOpejl BUCOKO (DpeKBEeHTHHX caoOpahajHuiia Ha Jokamujama kao tmro cy: 12 (1,2
ng/g, rinaBHa ayroOycka CTaHWIla y ONM3MHM TNaBHE jkenesnudke cranwie), 6 (0,41 ng/g,
craMOcHa 30Ha y OJM3WHHM BHIIEIHHH]CKOT OyieBapa (pekBeHTHOr caoOpahaja) m 9 (0,23

ng/g, 6im3y myTa ca JBe Tpake HHTCH3UBHOT caoOpahaja).

VY "sumckuMm" y3opumma ynuune npamuHe PCB cy oapehenn Ha cemam Jokamuja.
Hajseha xonmentpanuja je oapehena na noxanuju 1 (2,04 ng/g) mopen paspyiieHOr crapor
WHIYyCTPHUJCKOT KOMIUIEKCA ca 3rpajaMa ca moueTka u cpeauHe XX Beka, W Jjokanuju 14
(1,24 ng/g) y crambenoj 30Hu y OJIM3MHU ITyTa ca JBE TPaKe ca MHTCH3WBHHMM caoOpahajem.
Ha mer nokarmja (6, 9, 11, 8, 15), konnenrpanuja cyme PCB-a ce kperana ox 0,35 ng/g 3a
CeBEpHY HMHAYCTPHUJCKY 30HY Y KO0joj ce Hayaze ckiaguimra u ¢abpuka 3a MPOU3BOIABY
CTOYHE XpaHe y cyOypbanom monapydjy (iokaruja 15) mo 0,97 ng/g 3a crambeny 30HYy ca
bpekBeHTHUM caoOpahajeM u BuiIeaHHHUjCKOM OyneBapy (yokamuja 6). Baxno je
HaNOMEHYTH Jia Ha Tpu Jokanuje 6, 9 u 11, PCB cy oapehenu Tokom o6e cezoHe (3UMCKe U
netwe). OBe JoKaluje ce Hanase y OJIM3MHU MyTeBa ca U3pa3uTo (ppekBeHTHUM caoOpahajeMm,
HITO yKazyje Ja je caoOpahaj moryhu norenuujanau usBop PCB-a. [lo ciimuHux pesynrara cy
nouutn Chrysikou u cap. [100] koju cy oapenwnu Bucoke koHueHrpaimje PCB-a y
aMOMjEeHTaJTHOM Ba3/lyxXy W YIMYHO] NpallMHU Yy OJM3MHM IyTeBa ca (PpeKBEHTHUM
caoOpahajem, TyHelMMa M TpaJCKUM CpeJUHaMa IITO Takohe cyrepuiie jaa je caoOpahaj
moryhu m3Bop PCB-a. Takohe, Chrysikou u cap. [100] cy yka3anu aa penaTHBHO BHCOKE

koHIeHTpauuje PCB-a mory 6utu u moBe3aHe ca ¢pekBeHUUjoM caobOpahaja m 1a Hucke
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amMOujeHTaNHe TemmepaType yTuuy Ha mnoBehany nenosunujy PCB-a u3 racme ¢ase Ha
yectune. Yang u cap. [101] cy amanusupamu npucycrso Y PCB (28, 44, 52, 101, 105, 136,
138, 153,180) y pacnony ox 140 mo 3800 ng/g y yaudHOj mpaiivHA y rpajoBuma MajHil,
bepnmur u Xanosep. OBu ayropu cy oapeaunu Hajehe kormentpamnuje PCB-a y y3opruma
IpalidHe ca ayTollyTeBa M IyTeBa ca H3pa3uToM (PEKBEHIMjOM INTO YKasyje Ja
TpaHCIOPTHE akTUBHOCTH (omTehema mHeymMaTnka, kao U 4al) 3 MoTopa) JonpuHOCH Behoj
aKyJyJanyjy yIHMYHE TpallnHe, a caMuM TUM U Behoj akymynanuju PCB-a koju ce Be3yjy 3a

YECTUYHY MaTepH]y.
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a. 1emo 6. 3uma

Cnuxka 4.4 Ilpocmopna u cezoncka pacnooena PCB (ng/qQ) y yauunoj npawunu
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4.3. OpraHoxJIOpHHU MeCTHUIHUAHU

4.3.1. Konnentpauuje OCP-a y 3em/buity

On 18 amanmusupanux opraHoxjopHux jemumema OCP-a, camo je ompehen DDT
(p,p’-DDE, p,p’-DDD, p,p’-DDT). [deckpunTuBHa CTaTUCTUKA 33 KOHIeHTpaluje p,p’-DDE,
p,p’-DDD, p,p’-DDT u cyme DDT ogapehene y 60 komMno3utHux y3opaka 3eMJbHINTa Ha
teputopuju rpaga Hosor Cana je mpukasana y tabenu 4.8. Ykynna konnenrpanuja DDT-a y
3emspuInTy ce Kperana o <LOD no 86,3 ng/g (cpeama Bpeanoctu = 7,6 Ng/g u meaujana =
1,9 ng/g) y "netmum” y3oprma u <LOD mo 183 ng/g (cpemma Bpemnoctu = 15,6 ng/g u
meaujana = 3,15 ng/g) y "3umMckuMm™ y3opiiuma. 3a pasiuky on caapxkaja PCB-a oapehenux y
y30pIIMMa 3eMJBHINTA, CPeAha BPETHOCT 3a YKynHy koHreHTpanujy DDT je nBoctpyko Beha
TOKOM 3MMCKE HETO JIeTHhe ce30He. Mel)yTum, pe3ynraT ymapeHor t-TecTa je mokas3ao ja He
MOCTOJH CTAaTUCTUYKMA 3HayajHA pa3jiuka y KOHIEeHTpanujama ykymHor DDT-a usmeby
aHanu3upanux ce3ona. Hajpehu mompunoc ykymuom DDT-y maje p,p’-DDE (45%), motom
p.p’-DDD (25%) u p,p’-DDT (6,5%) y "nermum" y3opiuma 3EMIBMINTA, [IOK je
3acTymybeHocT oumna 62%, 30% u 1,2% y 3umMckuM y3opriuMa 3eMJbHINTa, peaoM. [IpucycTBo
p.p’-DDE onpeheno y Behum koHIeHTpamjama y ogHOCY Ha ocrtaje aHanusupane DDT-e
yKa3zyje Ha aepoOHy aerpamanujy p,p’-DDT y aHanu3upaHoM 3eMJBHINTY WM TPAHCIOPT Ha
BelMKe ynasbeHocTH p,p’-DDE  kao mocnemuna Ttpanchopmamuje p,p’-DDT  HakoH
ocnobahama y armochepy [102]. Haume, no 6uoaerpamanuje p,p’-DDT a0 p,p’-DDE mosxke
nohu oz aecpoOHKM ycrmoBuMa wii 10 p,p’-DDD npu anaecpobuum ycnosuma [102]. p.p’-
DDT u meroBu MeTabOJMTH Cy CTaOMIIHU y 3€MJBUIITY TaKO IITO Cy YBPCTO BE3aHH CE 3a
yectune 3emipumTa [103]. C o63upoM na je KOHIEHTpanuoHH ojHoc p,p’-DDT/ p,p’-
DDE+p,p’-DDD xoju ce kopuctu 3a oapehuBame wucropuje yHoca [6, 105, 106] omux
jemumema y ysopuuma oj uHTepeca Hiku on 1, 1j. mpucyctBo p,p’-DDT y cBum

HCIUTHUBAHUM Y30pIMMa je 01 paHHje Tj. yKa3yje Ha CTapu YHOC.
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Tabena 4.8 Ocnosnu cmamucmuyky nokasamesnu 3a nojeOUHayHe U YKynHe KoOHyeHmpayuje
DDT oopahenux y yzopyuma semwuwma y Hosom Caody

Jeqnmerse l\r/][;g’ 1:]4&;’ Cpelll-]:i:]g/l;ellHOCT, Meﬁg}’gﬂa, SD |RSD, %
Csu ucniutuBanu y3opuu (N=60)
p,p-DDE |<LOD |172,01 8,81 1,34 26,14 | 297
p,p-DDD |<LOD | 33,88 1,81 0,58 466 | 257
p,p-DDT |<LOD | 47,99 0,96 <LOD 6,21 | 650
DDT <LOD | 182,32 11,58 2,53 29,40 254
"Jletwu" y3opiu 3emsbuita (N=30)
p,p-DDE |<LOD | 37,40 3,99 0,74 8,34 | 209
p,p’-DDD |<LOD | 33,88 1,80 0,33 6,13 | 341
p,p’-DDT |<LOD| 47,99 1,79 <LOD |875| 490
DDT <LOD| 86,25 7,57 1,87 17,75 234
"Sumcku” y3opiu 3emspriTa (N=30)
p,p-DDE |<LOD |172,01 13,63 1,98 35,67| 262
p,p’-DDD [<LOD| 10,31 1,83 0,77 2,56 140
p,p-DDT [<LOD| 2,75 0,12 <LOD 0,53 | 424
DDT <LOD | 182,32 15,59 3,15 37,56 | 241

Ha ocHOBy pocTymHUX IuTepaTypHUX mojataka y Tabemu 4.9. mpukazan je

KOHLIEHTPALIMOHU PacloH U cpeame BpenHocTH ykynHux DDT-a ongpehenu y paznuuutum

TunoBuMa 3emsbrinTa. Cpenma BpenHoct ykynHux DDT oapelena y okBupy oBOT paja 3a

CBe UcnuTUBaHE y30pke je 11,6 ng/g u Huxa je Hero y:

1 yp6anom 3emspuiTy U3 Pymynuje (omcer 4,4-79 ng/g, cpentba BpeqHOCT =

19,90 ng/g) [102] u,

1 oOpaauBoM 3emipriITy y EBponu (omcer 2,04-28,20 ng/g cpentba BpenHOCT =
12,19 ng/g) [104].
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Tabena 4.9 Cpeomwa speonocm u oncee DDT y yzopyuma 3emwuwma, nglg

Perunon Hamena 3emsbuira Omncer Cpeama Redepenue
BPE/IHOCT,
ng/g
Hosu Can, Cp6uja VYpb6ano <LOD- | 11,6 Ogaj pan
(n=60) 183
Hogu Can, Cp6uja Ypbano <0,1- 7,76 [8]
(n=5) 10,40
MonnaBuja, Pymynuja | Jlaneko o myreBa 4,4-79 | 19,90 [103]
(n=16)
EBpona O6pamuBo 4,0- 113,70 [104]
(n=39) 1018,3
EBpona TpaBmax 2,04— 12,19 [104]
(n=22) 28,20
PymyHuja Pypanto u ypbaHo nd-889 | 191 [105]
(n=17)
PymyHuja Paznuuure nokarmje ca | nd—-889 | 300 [105]
(n=10) aHTPOTIOTEHOM
aKTUBHOIIIhY
Haymepa muctpuxr, VYpb6ano, naaycrpujcko, | 1,4-60 | 20 [4]
[Takucran MOJHONPUBPETHO
(n=28)
Karmanmy(n=39), Ypb6ano, uaaycrpujcko, | 0,01- 0,67 [97]
IToxxapa, Heman MOJHOTIPUBPETHO 6,48 0,16
(n=21) 0,01-
0,72

Nn- 6poj y3opaka

Konnentpamuje ykymaux DDT-a y y3oprnuMa 3eMJBHINTa U3 PA3THYUTHX
¢dbyakuroHanHux 30Ha rpaga Hosor Cana npukasane cy y tabenu 4.10. Cpeama BpeaHOCT
ykynHuXx DDT y ¢cBUM HCIMTHBAaHUM y30pIHMa y HHIYCTPHJCKOj 30HHM je u3Hocuia 7,2 ng/g,
y pekpearuBHoj 3ona 10,6 ng/g, y crambOenoj 3ouu 16,9 ng/g, MoK je y IIKOJICKAM
nopuintuma 6mina 11,4 ng/g. Hajpeha Bapujabunroct DDT (309%RSD) je uspauynara 3a
y30pKe y3eTe y cTaMOeHOj 30HH, a HajMama 3a y30pKe MOKYIJbEHE U3 MIKOJCKUX JBOPHUIITA
(106%RSD). ITpema ANOVA pesyntatiuma He TIOCTOje 3HAYajHE pas3auKy u3melhy cpeamux
BpPEIHOCTH YKYNHUX KoHUeHTpauuja DDT-a y y3opumma 3emsbumra  usmeby

(YHKIMOHATHUX 30Ha HUTU U3Mel)y ce30Ha.
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Tabena 4.10 Ocnosnu cmamucmuuku noxazamesou 3a nojeOuHaute U yKynHe KOHyeHmpayuje
DDT oopehenux y yzopyuma zemmumma y Hosom Cady

Jenumeme | MuH, Max, Cpeama Bpeanoct, | Meaujana, SD RSD
ng/g ng/g ng/g ng/g %
Hupycrpujcka 30Ha, CBM HCIMTHBAHH y3o0piy (N=8)
p,p -DDE <LOD 46,24 6,22 0,63 16,17 |260
p,p-DDD <LOD 1,65 0,47 0,35 0,57 |119
p,p-DDT <LOD 3,11 0,51 <LOD 1,10 |216
DDT <LOD 47,71 7,21 1,47 16,40 |228
Wunyctpujcka 30Ha, "netwu” y3opim 3emibuiiTa (N=4)
p,p -DDE <LOD 1,01 0,57 0,64 0,50 87
p,p -DDD <LOD 0,92 0,32 0,18 0,42 133
p,p -DDT <LOD 3,11 0,78 <LOD 1,55 200
DDT 0,61 3,11 1,67 1,47 1,10 66
Hupycrpujcka 30Ha, "3uMcku’ y30pim 3emibniita (N=4)
p,p -DDE <LOD 46,24 11,87 0,63 22,91 193
p,p-DDD <LOD 1,65 0,63 0,44 0,71 112
p,p-DDT <LOD 0,98 0,25 <LOD 0,49 200
DDT <LOD 47,71 12,75 1,64 23,33 183
PexpearrBHa 30Ha, CBU HCIIUTHBAHH y30piu (N=24)
p,p -DDE <LOD 96,92 7,59 1,09 20,62 272
p,p-DDD <LOD 4,66 0,74 0,55 1,01 136
p,p -DDT <LOD 47,99 2,22 <LOD 9,78 441
DDT <LOD 101,59 10,55 1,76 26,08 247
PexpeatrBHa 30Ha, "neTHHU" y30piH 3emibHiTa (N=12)
p,p -DDE <LOD 37,40 5,33 0,77 11,09 208
p,p -DDD <LOD 1,94 0,63 0,46 0,71 112
p,p -DDT <LOD 47,99 4,21 <LOD 13,81 328
DDT <LOD 86,25 10,17 1,34 24,53 241
PexpearnBHa 30Ha, "3uMcku' y3opuu 3emspuinTa (N=12)
p,p -DDE <LOD 96,92 9,85 1,57 27,47 279
p,p -DDD <LOD 4,66 0,85 0,56 1,27 149
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p,p -DDT <LOD 2,75 0,23 <LOD 0,79 346
DDT <LOD 101,59 10,94 1,86 28,65 | 262
CramOeHa 30Ha, CBU HCIIMUTUBAHU y3opiu (N=12)
p,p -DDE <LOD 172,01 15,50 1,18 49,30 | 318
p,p-DDD <LOD 10,31 1,35 0,53 2,85 212
p,p-DDT <LOD <LOD - - . i
DDT <LOD 182,32 16,85 1,64 52,13 | 309
CrambOeHa 30Ha, "1eTHHU" y30piu 3eMibuiita (N=6)
p,p -DDE <LOD 2,23 0,76 0,37 0,93 123
p,p -DDD <LOD 0,82 0,33 0,28 0,33 99
p,p-DDT <LOD <LOD - - . i
DDT <LOD 3,06 1,09 1,09 1,25 115
Crambena 30Ha, "3uMcKU" y30pIu 3emibHITa (N=6)
p,p -DDE 0,39 172,01 30,25 2,24 69,46 | 230
p,p-DDD 0,34 10,31 2,36 0,91 3,91 165
p,p-DDT <LOD <LOD - - - -
DDT 0,86 182,32 32,61 3,15 73,36 | 225
[Ikosicka JBOPUILTA, CBU UCIIUTHBAHH y30puu (N=16)
p,p -DDE <LOD 32,80 6,91 3,44 9,24 134
p,p-DDD <LOD 33,88 4,44 2,15 8,20 185
p,p -DDT <LOD <LOD - - - -
DDT 0,54 47,97 11,35 5,02 14,32 126
[Ikosncka aBopuiiTa, "neTihu" y3opiu 3emipuiTa (N=8)
p,p -DDE <LOD 23,51 6,11 3,18 8,37 137
p,p -DDD <LOD 33,88 5,38 0,98 11,60 | 216
p,p -DDT <LOD <LOD - - - -
DDT 0,54 47,97 11,49 4,12 16,51 144
[Ikoscka ABOpHMINTA, "3UMCKU" y30pIK 3eMibuInTa (N=8)
p,p -DDE <LOD 32,80 7,71 4,67 10,55 137
p,p -DDD 0,62 8,43 3,50 2,57 2,74 78
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p,p -DDT <LOD <LOD - } ) )

DDT 2,02 41,23 11,21 6,61 12,91 115

4.3.2. Konuentpauuje OCP-a y yJ1u4Hoj npammHu

VY y3opumMa ynuyHe MpamiuHe, Kao U y y3opuuma 3emipuinra DDT-u cy jenunun
onpehenn OCP-u. JleckpunTruBHA CTaTUCTHKA 3a KOHIEeHTparwje p,p’-DDE, p,p’-DDD, p,p’-
DDT u cyme DDT oxapehennx y 60 KOMIIO3UTHUX y30paka ylIHyHE MPAlIMHE Ha TEPUTOPHUJH
rpaga Hosor Cana je mpukaszana y tabenu 4.11. VkynHa konuentpauuja DDT y netmem
nepuoy kperana ce ox <LOD mo 34,7 ng/g (cpeama BpeaHoct= 6,2 ng/g u meaujana = 1,4
ng/g), u ox <LOD no 50,5 ng/g y 3umckom mepuoay (cpeama Bpeanoct= 7,1 ng/g u
menujana = 2,0 ng/g). Pesynrar ynmapeHor t-tecta je mokasao Ja HE MOCTOJU CTATUCTHYKH
3HauyajHa pa3nuka y KoHieHtpanujama DDT-a usmely cezona. Ykynue DDT konuenrpanuje
y cBuM ucnutuBanuMm y3opimma (N=60) cy ce kperane ox <LOD no 50,5 ng/g (cpenma
Bpennoct = 6,63 ng/g and wmemmajama = 1,74 ng/g). JlobOujere Bpemnoctu DDT vy
aHATTM3UPAHUM y30pIIMa OHIIE Cy Y OIICEry BPETHOCTH y30paKa MpalivHe TOKYIUbEHUX TykK
peke Uun y IMakucrany ox 0,6 no 62 ng/g [16]. Meaujana ykynaux DDT oapehenux y
yIu4HOj mpatuHu je 1,74 ng/g, u Huxka je o1 BpeaHoctu meadjane 3a DDT y 3emubumity us
[exunra (Kuna) (9,46 ng/g) [12]. Ox ucnuruBanux DDT-a y y3opuuMa yiaudHe MpaiinHe
HajBehu ynaeo uma p, p-DDE 52% (47%) u p,p -DDD 29% (15%) 06a Tuma y3opaka (3UMCKH
U JI€TH). Y CBUM UCIMTHUBAHUM y30piumMa, gornpuraoc P,p -DDT usnocu 2,5% y 3UMCKUM H
8,1% y nermum y3opiuma. Beha konnenrpamnuja p,p’-DDE y oanocy Ha p,p -DDT moxe
outu mocnenuna tpanchopmarje p,p’-DDT y p,p’-DDE ycnen UV pagujamuje Tokom
arMocdepckor Tpancnopra. Konnentpanuonu oxnoc p,p -DDT/p,p -(DDE+DDD) koju ce
KOPHUCTH y MpoIieHn aTMocdepckor Tpancnopta nectuimaa [106] 3a cBe ucnutrBane y30pke
6uo mamu oa 1, m ykazao je Ha crtapo omntepeheme mpamune ca p,p’-DDT 1j. meroBy

aKyMyJIaijy yciiea MuKpoouosorike aerpazaamuje p,p -DDT.
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Taébena 4.11 Jleckpunmuena cmamucmuxa 3a nojeounayne u ykynue konyenmpayuje DDT
oopahenux y yzopyuma yruune npawune y Hosom Caody

Mumn, | Max, | Cpeama Bpeanoct, | Meaujana,

AR EERe ng/g | ng/g ng/g ng/g RSD%
Csu ucniutuBanu y3opuu (N=60)

p,p-DDE |<LOD | 22,4 2,86 1,29 151

p,p-DDD |<LOD | 44 2,60 0,35 292

p,p-DDT |<LOD | 20,7 1,17 <LOD 314

DDT <LOD | 50,5 6,63 1,74 169

"Jletwu" y3opiu 3emsbuita (N=30)

p,p"-DDE |<LOD | 16,9 2,79 1,15 155
p,p-DDD |<LOD | 9,20 1,38 0,33 186
p,p-DDT |<LOD | 20,7 2,0 <LOD 239
DDT <LOD | 34,7 6,17 1,41 164

"Sumcku” y3opiu 3emspriTa (N=30)

p,p-DDE |<LOD | 22,4 2,92 1,63 149
p,p-DDD |<LOD | 44 3,83 0,35 271
p,p’-DDT |<LOD| 9,74 0,34 <LOD 530
DDT <LOD | 50,5 7,08 2,04 175

Konnentpamuje DDT y y3opuuma yaudyHe npanivHe U3 pa3InauTiX GyHKITHOHATHHX
noapy4dja y HoBom Cany mpukazane cy y tabemu 4.12. Yuecranoct npucycra DDT-a y
y30pluMa YIu4HEe MpaiidHe/3eMmsbuinty Omna je: 92% (83%) y3opaka MOKYIJBEHHX U3
crambene 3one, 94% (100%) (mkoscka aBopuiira), 50% (88%) (numyctpujcka 30Ha) u 63%
(71%) (pexpeatuBHa 30Ha). Hucy youeHe 3Ha4ajHe pasivKe y YACILy H3MEPCHUX

koHueHtpaurja DDT-a usmely y3opaka ynuyHe npamvae U 3eMJbUIITA.

VY tabenu 4.12 npuxkazane cy cpenmwe BpenHoctu DDT-a 3a cBe aHanu3upaHe y3opke
yIMYHE TMpalidHe 10 (QYyHKIMOHAIHUM 30Hama. Cpenme BpPEAHOCTH HU3MEPEHUX
KoHIleHTpauuja ykynHux DDT-a 3a y30pke NOKyIJbeHE Yy IIKOJICKMM JIBOPUIITHMA,
pEeKpeaTHBHO] M CTaMOEHO] 30HH Omiie Cy ciau4yHe, oKO 7 NQ/g, MOK cpeima BPEIHOCTH
M3MEepeHuX KoHIeHTpanrja ykynmuux DDT-a y unycTprjckoj 30HHM je 3Ha4ajHO HUXKa - OKo 9
nyra Hwka (0,80 ng/g). Hajpeha Bapumjabunnoct DDT (182%RSD) je wuspauynara 3a

pEeKpeaTHBHY 30HY, JIOK je BapHjabMJIHOCT y ILIKOJICKUM JBOPHIITHMA, MHIYCTPUJCKO] U
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crambenoj 3ouu m3Hocuna oko 140% RSD. Ilpema ANOVA pesynratuma He MOCTOje

3HauYajHe pa3iuke u3Mel)y cpenmux BpemIHOCTH M3MepeHuX koHmenrtparuja DDT-a usmely

(GYHKIMOHATHUX 30HAa HUTH U3Mel)y ce30Ha.
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Tabena 4.12 Konyenmpayuje DDT-a y yauunoj npawunu paznuuumux yHKYUOHATHUX 30HA

3ona CBH MCIIUTHBAHM Y30pUH Jlerwu y3opuu 3umMckH y3opuu
pp- |pp- |pp- |[DDT |pp- |pp- |pPPp- DDTs | p,p- p.p- | p.p- DDT
DDE |DDD |DDT DDE |DDD |DDT DDE |DDD |DDT
Unnycrpujcka | Omcer <LOD- | <LOD- | <LOD | <LOD- | <LOD- | <LOD- | <LOD |<LOD- |<LOD- |- - <LOD-
30Ha 1,60 0,86 2.03- |1,39 0,86 2.03 1,60 1,60
Cpemma | 0,64 0,16 - 0,80 0,64 0,32 - 0,96 0,64 - - 0,64
BPEIHOCT
Menmjana | 0,47 <LOD |- 0,47 0,58 0,21 - 0,90 0,47 - - 0,47
RSD% 111 200 - 114 116 129 - 116 123 - - 123
PexpearnBHa | Omcer <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD-
30Ha 13,5 44,0 10,7 50,5 13,5 8,73 10,7 26,6 8,94 44,0 9,74 50,5
Cpenmwa | 2,56 3,92 1,10 7,58 2,49 1,08 1,39 4,96 2,64 6,75 0,81 10,2
BPEIHOCT
Menmjana | 1,13 <LOD |<LOD |1,25 0,79 0,11 <LOD |0,94 1,51 <LOD |<LOD |1,97
RSD% 139 283 278 182 168 234 244 180 114 226 346 170
CrambeHa Orncer <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD-
30Ha 16,9 9,20 9,46 33,2 16,9 9,20 9,46 33,2 6,19 1,34 0,31 3,58
Cpeamwa | 3,56 1,80 1,72 7,08 456 3,03 3,38 11,0 2,56 0,58 0,05 3,20
Bpe,[[HOCT
Menujana | 2,30 0,59 <LOD | 3,79 2,57 0,83 1,91 5,31 2.04 0,50 <LOD | 2,97
RSD% 129 165 185 140 138 130 116 121 84 08 245 62
I1IkosicKa Oricer <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD- | <LOD | <LOD-
JIBOpHILTA 22.4 20,7 13,1 34,7 16,7 483 13,1 34,7 22.4 20,7 24.9
Cpemma | 4,51 2.45 0,82 7,78 4,26 1,11 1,64 7,01 476 3,78 <LOD | 8,55
BpPEOHOCT
Menujana | 2,46 1,0 <LOD | 3,46 2.29 0,46 <LOD | 2,54 2.89 1,64 <LOD |4,04
RSD% 139 206 400 136 128 149 283 164 154 182 - 119
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Nmajyhu y Buny na cy PCB-u oapehenu y 16 on 60 ananmsupanux y3opaka
mpaimivHe, perpecuoHa ananusa je ypahena camo 3a DDT y nuspy onpehuBama 3aBHCHOCTH
n3melhy xonnentpanuja DDT-a y y3opuuMma 3emspuinTa u yiauane npamuae. Koedummjentn
kopenanje uaMel)y konneHtpanuje DDT-a oapehenux y y3opruma 3eMJbUINTA W YIAIHE
MpalIfHe 3a pa3IndnuTe GyHKIMOHAIHE 001acT cy npukasane y Tabenu 4.13. Kao mro ce u3
tabene 4.13 u cnuke 4.5 MOXe YOUHTH BPETHOCTH KOe(UIMjeHTa KopeJanuje 3a craMOeHy,
MHYCTPHjCKY, PEKpEaTHBHY 30HY M IIKOJCKa aBopumTa m3Hocu R?=0,0118, 0,0042, 0,4716
u 0,0072, penom. Ha ocHOBY H00HMjeHHX BpPETHOCTH Koe(HIMjeHTa KOpelaluje MOXKe ce
YOUUTH jeAuHO Mehy3aBucHocT u3Mel)y ykynmHux KoHueHTpauuja DDT-a y y3opuuma
3eMJBHINTA W YJAMYHE MpalidHe 3a pekpeatuBHy 30HY (P<0,05) Tj. moOujenu pesyaratu
yKa3yjy na cy konneHtpauuje DDT-a y y3opiiuMa 3emibuITa U YIHYHE MpalIuHe 3Ha4ajHO

moBe3aHe y pekpearuBHoj 30uu (p<0,05).

Tabena 4.13 Koeguyujenm xopenayuje usmehy caopacaja DDT-a yzopaka
3eMBUWMA U YIUYHEe NPAUHe

OyHkuMoHai Ha 30Ha | R R? Crangapana rpemka | F p

PexpeatnBHa 30Ha 0,687 | 0,472 | 19,793 18,739 | 0,000
Cram0eHa 30Ha 0,109 | 0,012 | 54,354 0,119 | 0,737
Wunycrpujcka 3ona | 0,065 | 0,004 | 17,674 0,025 | 0,879
[xosncka nopumra | 0,085 | 0,007 | 14,765 0,102 | 0,754

PereaTI/IBHa 30Ha

120

y = 1.2967x + 1.1541

3eMJIBUILTE

60.

[pamuna
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Cnuka 4.5 Peepecuona ananuza DDT-a usmehy yzopaka semmuwma u yiuyte
npawune 3a pasauuume ynkyuonanne 3oue, 3a p<0,05
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4.3.3. Ilpocropua pacnoaesa DDT-a y 3emibumry

Metona uuBep3Hux pacrojama (IDW) je xopumhena 3a wmiycTpaTuBHU TNpUKa3
KoHIeHTpanyja ykynHux DDT-a Ha wcnuTHBaHMM JOKalujaMa TOKOM 3MMCKE H JICTHE
ce3one (cnuka 4.6). Ipunukom uspane IDW kaptu uctu konueHrpanuonn omncesu (<LOD-5
ng/g; 5-20 ng/g; 20-50 ng/g; 50-100 ng/g) cy xopuirheHn 3a 3UMCKE U JICTEHE Y30pKE

3eMJBHINTA Kako OM ce KapTC MOTJIC NIOPCAUTHU IMTPOCTOPHO U CE30HCKHU.

Hajseha konmnentpammja DDT-a y nerwmum y3opmmMa 3emubuinra (cimka 4.6a)

M3MEpEeHa Je Ha JIoKallfjama:

1 2(52,3 ng/g) mapk y ykeM LEHTPY I'paja, y OJU3UHU ToMa 3/IpaBJba;
1 14 (24,4 ng/g) mkoJicka JBOpHUINTA, y OJM3UHU OOTHHIIE U BpTUha 1
1 13 (13,3 ng/g) crambena 30Ha ca HHTEH3UBHUM caoOpahajeM.
Hajseha xonmentpamuja DDT-a y 3umckuMm y3oprmma 3emipuinTta (cimka 4.60)

U3MepeHa je Ha JIoKalujama:

1 12 3enena moBpuIMHA y OJU3UHU ayTOOYCKe | Kene3nndke cranuie (92,9
ng/g);
1 2(51,8ng/g) u

1 14 (26,3 ng/g).

VY3opuu y3etu ca nokanuja 2 u 14 umajy Behe xonnentpamnuje DDT-a y o6e ce3one.
Jlokanuje 2 u 14 Hamaze ce y OJM3UHU JIOMa 37]paBJjba, IITO MOKE OMTH PE3yJITaT MPHUCYCTBA
DDT y y3opumma 3emibuiTa kKao mnocieauna kopumihewa DDT-a y CpOuju y jaBHOM
3apaBctBy A0 1994. [107]. ¥V mopehemy ca KoHIIEHTpalldjaMa OBOT jeIuibCha oapeheHor Ha
JIpyruM JoKamujamMma TokoM obe ce3oHe koHueHTpanuja DDT-a je 6una ucnon 103BoJbeHE

Bpexnoctu 10 ng/g.
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Cnuxka 4.6. Ilpocmopna pacnooena DDT y yzopyuma 3emmuwma no noxayuju
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Kako cy KOMIIO3UTHM Y30pIM 3EMJBHMINTA Yy3€TH Ha CBaKOj JIOKAIMjU OJnxKe
(obenexen ca "a") u masbe on myra (oOemexeH ca "0"), mporeHa yruiaja caoOpahaja Ha

yKymHe KoHneHTpanyuje DDT-a y 3uMcKkuM U JIETHUM y30pHKMa je MpuKa3ana Ha ciumm 4.7,

Kao miro ce moske Buaetu ca ciuke 4.7a Ha aecer ysokanuja (1, 2,5, 6, 7, 8, 9, 13, 14
u 15) ykynna xonnentpaija DDT-a je Ouia Beha y y3opiiuma KOju Cy y3€TH OJIFKe IMyTa
(obenexen ca "a") mTo ykasyje Ja TOKOM JieTa ycien noBehane KOHICHTpAIMje YSCTHUHUX
MaTepuja, pacte KoHmentpaiuja DDT-a. Ha snokamujama 3, 4 (pekpeatuBHa 30Ha), 12
(crambena 30na) u 11 (MHIYCTpHjcKa 30HA) KoHIeHTpalje DDT-a cy 6una Behe y y3opuuma

y3eTUM Jajbe o1 myTa (obenexeH ca "0), nok Ha nokanuju 10 DDT-u auje oapehen.

[IpomensbuBocT koHueHTpanje DDT-a y "sumckum" y3opuuma 3emibHinTa je
npukazana Ha ciuii 4.76. Ha cegam nokanuja (2, 4, 5, 7, 8, 12 u 15) xonnenrpanuja DDT-a
je 6una Beha y y3opumma Koju cy y3eTu Omrke myTta (obemnexeH ca "a'"), 10K Ha JIoKamujama
3, 10 (pexpearmBHa 30Ha), 6 (cramOena 3oHa), 11 (wHmycTpHjcka 30Ha) m 1, 9, 13, 14
(mkosicka aBopwinTa), KoHeHTpanuja DDT-a je Ouna Beha y y3opuuMa y3eTHM Jajbe OJ1
nyta (obenexen ca "0") (cnuka 4.76). JlomatHo, momjenqHak Opoj y30paka KOjU Cy Y3€TH
nmopea U Jajbe myra ca ojapeheHoM koHmeHtpainujom DDT-a TOkoM 3uUMCKE Ce30HE, MOXKE
6utu nocneauia nopehane KOHIIEHTPAlMje YECTULIA Y Ba3yXy y OJJHOCY Ha JIETHH MEPUOI, C
0031pOM J]a TOKOM 3UMCKOT MEepHOoJa YECTULIE Yy Ba3ayX MOTHYY U O] Ipejamba 3a Pa3jiuKy OJ
JETHEr MepHoJa rie cy INIaBHU M3BOPH YECTHIla Yy Ba3[qyXy IMPOIECH caropeBama ropuBa y
MOTOpHMa Ca YHYTPAIIbUM CaropeBambeM Tj. YeCTHIe MPUCYTHE Yy U3IyBHHM TacoBUMa

BO3HJIa.

Ha ocnHoBy cnuke 4.7 moxe ce yountu Beha koHmeHtparnuja DDT-a y y3opumma
ommke myTa (o0enexeH ca "a") TOKOM JICTHEr MEPUOLy, a Y 3MMCKOM MIEPUOJY Y y30pIHMa
y3eTHM Jajbe of myta (obenexen ca "0"). Behe xonuentpanuje DDT-a y y3opuuma y3etum
JaJbe OJ1 TTyTa TOKOM 3WME Y OJTHOCY Ha JIETO Y CKJIQAy Cy ca cTynujoM PyxuukoBa u cap.
[10] xoju cy yka3amu aa TOKOM 3MME 3eMJBHINTE 3ajap:kaBa Behe konmentpanuje DDT-a ¢

003upoM na DDT-a-u uma Manu HamoH nape U yrilaBHOM C€ Be3yjy 3a YECTHUIIE 3€MJBUIITA.
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4.3.4. IlpoctopHa pacnoaesa DDT-a y yimuHoj npammnu

Yxynae konuentpamuje DDT-a mo nokamuju mpenctaBibajy yla3He MOAATKE 3a
WIYCTPaTUBHU TIPUKa3 MPOCTOPHE M CE30HCKE pAacIojeie OBOT jeAUIEHAa METOJOM
WHBEp3HKUX pacrojama (ciuka 4.8). Tokom 00e ce3one Hajeha konuentpamuja DDT (45,1
ng/g) je u3mepena Ha jokaiuju 2, 45,1 Ng/g y 3UMCKUM y30pIMMa, a y JICTEHUM y30pLHMa
23,2 ng/g. Jlokammja 2 je 3eiieHH Mapk y OJU3WHHU J0Ma 37paBjba, OKPYXKCH BUCOKHUM
npeehem m orpamom on rpmuba. [IpucyctBo DDT Ha jnokamuja 2 moke OMTH TOCiemuIa
panuje ynotpedbe DDT 3a koHTpoTy KOMaparia, MPUBEHCTBEHO NpcKameM 3emubniTa [108].
Cnnuan pesynrar je moowjen omx Cheng u cap. [12] koju cy ymopeawin YKyIHE
koHreHTpamuje DDT-a u3mely uvetupu 30He u oapenunu Behe xonuenrtpamuje DDT-a y
MapKy y oJHOCy Ha KoHieHtpanuje DDT-a y 3emspbuINTy Yy30pKOBaHOM, Y WHIYCTPH]CKO]
30HM, Ha ¢apmu U crambenoj 30Hu. Takohe, Bucoke kounentpamuje DDT cy youeHne Ha
nokauju 14 Toxom o6e cesone: 19 ng/g oapeheno je y "nermum" u 12,6 ng/g y "3umckum"
y30piuMa y3eTuMm y Onu3uHu OomHuie u Bptuha. Ilocneauma oBux Behux KOHIIEHTpaIuja
DDT na moxammju 14, mMoXe ce TOBE3aTH Cca HErOBOM pPaHHjOM YIIOTPEOOM Yy jaBHOM

3apaBctBY y Cpouju 10 1994. romune [107].

Beha xonnentpanuja DDT-a npumehena je y "netmuM" y3opiuma yiaudHe MparimHe
Ha cinenaehum nokarujama: jgokanuju 6 (19,1 ng/g) u nokammju 12 (13,4 ng/g), mox je y
"3SUMCKHM'' y30pIMMa yJIW4YHE TpalnHe Ha Jokanuju 1 (Hama3u ce y ONM3WHM MyTeBa ca
BeOMa MHTEH3MBHHMM caoOpahajem) m3Mmepena koumentpaija DDT wmsnocuma 13,1 ng/g.
Konnentpanuje ucroa 5 ng/g oapehene cy y npeocranum HUCIUTHBAHUM Y30pIMMa YIHYHE

IIpalmuHe.
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Cnuxa 4.8 I[Ipocmopna u cesoncka pacnooena DDT (nglg) y yzopyuma ynuune npawune: (a) remo, (0) suma
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Yxynuae xonnenrpanuje DDT-a oapehene y yzopuuma npammae Onrmke "a" u gambe
ox myta "0" TOKOM JIeTHe ce30He npukazaHe cy Ha cauiu 4.9. Behe xonnenrparmje DDT-a
Cy U3MepeHe Y y30pIuMa Jajbe o myta (obenexen ca "6°) Ha 12 nokanuja (1, 2, 3, 4, 5, 6, 7,
9, 10, 11, 12, 14 u 15) u camo Ha Tpu sokaruje (8, 13 u 15) y y3opiuma y3eTum OJrke myra
(obenexenux ca ,,a“). Koanenrpanuja ykynmaux DDT-a y ananusupanum yzopuuma je Ouna
ucnox LOD y 40% y3opaka mpamuiHe y30pkoBaHuX Ommke myTa (obenexen ca "a") u'y 20%

y30paka y3eTux Jajbe 0]1 IyTa (00enexeH ca ,,0%).

Jletwu y30puu npamuze

40.0
35.0
30.0
25.0
20.0 ma
15.0 mb
10.0

5.0 -

0.0 -

Konrenrparmja (ng/g)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Jlokarmja

Cnuka 4.9 Yxynue konyenmpayuje DDT-a oopehene na mepnum mecmuma "a" u"6" y

Jemrbum ysopyuma npatlurne

VY "sumckuMm" y3opuMMa YIMYHE IpaliMHe Ha ner Jjokamuja (2, 6, 7, 8, 9)
koHneHTpamuje DDT-a cy Oune Behe y y3opumma Onrke myra (o0enexeHux ca ,,a%), 10K Ha
npeocranux jgecer jokanuja (1, 3, 4, 5, 10, 11, 12, 13, 14 u 15) kounenTpaimje cy ouie Behe

y y30pLuMa MOKyIJbEHUM Jajbe 011 myTa (obesexenux ca "0) (ciuka 4.10).
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3UMCKH y30PIIH TIPAIIUHE

60.0
3500
(@]
£
<
-£40.0
5 [

a

gao.o
o mb
e}
o
~ 20.0 -

10.0 -

0.0 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Cnuka 4.10 YVrynue konyenmpayuje DDT-a oopehene na meprum mecmuma "a” u'"6"

Y 3UMCKUM Y30pYUMa npawiure

3a pa3nuKy O] y30paka 3eMJbHINTA KOJ KOJUX je TOKOM JIETHhE ce30He onpehena Beha
koHneHTpammja DDT-a y y3opmuma y3erux Ommke myra (oOenexeH ca "a"), y y3opumma
MpaIImHe y3eTUM Jajbe o1 myTa (o6enexen ca "0") je onpehena Beha konnenTpanuja DDT-a
TOKOM 00e¢ ce3oHe. J[oOmjeHn pe3ynratu ykaszyjy Ja 3€MJBHINTE jadye Be3yje W 3aapikaBa

DDT-u y ogHOCY Ha MpaIIKHY IITO je Y CKIaay ca pe3ynratuma Pyxuuakose u cap. [10].
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4.4, Pesyaratu PCA n CA

duU3NUKO-XEeMHjCKEe 0COOMHE aHATW3MpaHuX y3opaka 3emsbHiita (N=60) u ymuuHe
npamuae (N=60) cy npukasanu y unpuiory. Caapxaj oprancke wmarepuje (OM) y
WCIIUTUBAHUM y30pIIMMa 3eMJBHINTA je Ouo y pacriony ox 0,2 mo 5,7% (cpenme BpeaHOCTH -
2,93%) mTo yKasyje Ja je aHaJM3UpaHO 3eMJbHIITE c1abo 10 ymepeHo oboraheHo
opranckom Matepujom [73]. Usmepene Bpeanoctd PH 3emsbHiTa Cy C€ KpeTauud y

uHTepeBany ox 7,2 1o 8,9 (cpeame Bpeanoctu 7,8) mto ykasyje Ha 6a3He yClioBe.

3aBucHoCT n3Mely aHanu3upaHux GU3NIKO-XEMHUJCKUX 0COOMHA 3eMJBHILTA (CalpiKaj
oprancke marepuje u PH) u m3mepenux konnentparmja PCB-a (101, 138, 153 u 180) u
DDT-a (p,p-DDE, p,p’-DDD u p,p-DDT) ompehena je mpuMeHOM aHanmn3e TIIaBHUX
kommnoneHTn. PCB 28, 52 u OCP-u koju HUCY WJACHTUKOBAHH y aHAIM3WPAHUM Yy30pIIMa
Hucy y3etu 3a PCA ananuzy, 3aTo mITO je KOHIIEHTpaIija Ha CBUM MEPHUM MECTHUMa HCTIO

TpaHMIlE ACTEKIM]e, U CTOra OM BapHjaHca Ouja jeJHaKa HYJIH.

[Ipe npumene PCA anammse, noe3zanoct u3mel)y xonnentpamnuja PCB-a, DDT-a u
(bMBUIKO-XEMH]CKUX 0COOMHA 3eMJbHINTA (Caapikaj opraHcke marepuje, PH, cagpikaj riune,
rmecka W mpaxa) je m3padyHata momohy I[lmpcoHoBor koedwuimjeHTa Kopenamuje (Tadbema
4.14). JloOujeHn pe3yaTaTd Cy yKasajdd Ha 3Ha4YajHy Kopenanujy usMel)y HCIHTHBAHUX
jenumema ca PH 3emspuinTa/mpammHe W cagpikajeM OpraHCKe MaTepHje, JTOK TOBE3aHOCT
u3Meljy caaprkaja mecka, mpaxa u riiMHe ca KonueHrpamujama PCB-a/DDT-a y ucnutuBaHuM
y30pIMMa HHje youeHa. 300T Tora, cajpkaj Iecka, nmpaxa ¥ TJIMHE HHUje KOpuIlIheH nake y

PCA ananusu.

Ha ocnoBy pe3synrara Kajsep-Majep-Onkuny u baptieroBor tecty chepuyHocTH,
PCA je mpumemeHa kao oaroBapajyha amarka 3a CIpoBOleHE MYJITHBAapHUjallMOHE aHAIIM3e

CKYIIa moJgaraka.
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Tabena 4.14 [Tupconos koepuyujenm xopenayuje usmehy npomeHbUBUX

Jlokmopcka oucepmayuja

Camxkaj : :
PCB PCB PCB PCB p,p- p,p- p,p- Canmpxaj | Campxaj
Jenumeme OM pH necka
101 153 138 180 DDE DDD DDT 0/ npaxa % | riouHe %
0
PCB 101 1 0,217 | 0,416 | 0,266 0,034 0,023 0,174 | -0,049 | -0,022 0,072 -0,007 0,022
PCB 153 0,217 1 0,495™ | 0,750 | 0,246 0,052 | 0,280" | 0,074 -0,176 0,029 -0,030 -0,036
PCB 138 | 0,416~ | 0,495 1 0,428™ | 0,215 0,181 0,098 0,018 -0,188 -0,095 0,066 0,073
PCB180 0,266" | 0,750 | 0,428™ 1 0,211 0,029 | 0,290" | 0,007 -0,389™ 0,176 -0,117 -0,151
p,p-DDE 0,034 0,246 0,215 0,211 1 0,677 | 0,128 | 0,424 | -0,028 -0,213 0,207 0,225
p,p-DDD 0,023 0,052 0,181 0,029 | 0,677 1 0,016 | 0,400 | 0,091 -0,149 0,144 0,139
p,p-DDT 0,174 0,280" 0,098 0,290" 0,128 0,016 1 0,105 -0,232 0,168 -0,026 -0,014
oM -0,049 0,074 0,018 0,007 | 0,424™ | 0,400™ | 0,105 1 -0,178 | -0,404" 0,164 0,153
pH -0,022 | -0,176 | -0,188 | -0,389™ | -0,028 0,091 -0,232 | -0,178 1 -0,033 0,230 0,375™
Camxaj o .
0,072 0,029 -0,095 0,176 -0,213 -0,149 | 0,168 | -0,404™ | -0,033 1 -0,857 -0,847
necka %
Canpxaj - "
-0,007 | -0,030 0,066 -0,117 0,207 0,144 | -0,026 | 0,164 0,230 -0,857 1 0,933
mpaxa %
Canpixa - " -
0,022 -0,036 0,073 -0,151 0,225 0,139 -0,014 | 0,153 | 0,375 -0,847 0,933 1
riuHe %

** Kopemnaryja je 31audajua (p<0,01)

* Kopenanuje je 3Hauajua (p<0,05)
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Hakon cnpoBenene PCA ananmse, W3IBOjeHE Cy TpH TJIaBHE KOMIIOHEHTE KOjH
omucyjy 65% ykynHe Bapujance (tabema 4.15). PCl (o6jammaBa oko 30% ykymHe
Bapujance) je mon yrumajem p,p -DDE, p,p -DDD u OM, umajyhu Bpeanoct koedwuiijeHara
kopenarmje 0,859, 0,863, 0,713, pemom. IMosurmBHa Kopenmarnmja usmehy p,p -DDE, p,p -
DDD ca OM yka3yje m1a opraicka MaTepHja UTrpa BXHY yJOTY Y PacloJeid U COPIIIUjU
OBHMX KOMITOHEHTH Y 3eMJBHIIITY, IITO je y caryiacHocTu ca Zehra u cap. [4]. PC2 (o0jammasa
oko 21% ykymHe BapujaHce) ce oaHocu Ha canpxkaj PCB 101, 153, 138 u 180 ca
koepunumjenTruma xopenammje 0,748, 0,581, 0,757 u 0,526, penom.

Taébena 4.15 Bpeonocmu koeguyujenama kopenayuje uzmehy e1aéHux KOMNOHeHmu u
oesem NPOMEeHbUBUX

IMpomenbuBa PC1 PC2 PC3

PCB 101 -0,073 0,748 -0,056
PCB 153 0,126 0,581 0,603
PCB 138 0,140 0,757 0,195
PCB 180 0,053 0,526 0,702
p,p'-DDE 0,859 0,168 0,088
p,p-DDD 0,863 0,143 -0,188
p,p'-DDT 0,097 0,149 0,495
oM 0,713 -0,231 0,220
pH 0,118 0,272 -0,776

Pesynratn PCA ananmu3e cy mokasaim Ja He moctoju Beza usmehy PCB-a wu
KapaKTepUCTUKA 3eMJBHINTA, MITO CE MOXKE JOBECTH y Be3y ca MemameM PCB-a y ypbanum
cpenuHaMa, TJe He IMOCTOjU jeiaH U3BOp Beh HEKOJIMKO M3BOpA y OIM3MHU MEPHHX MecTa U3
kojux ce emutyjy PCB-u y semspumre [1, 10]. PC3 (mompunocu oko 13,93% ykymHe
Bapujance) je noja yrunajem PCB 153, 180, p,p -DDT u pH ca BpeaHocTuma koeduirjeHata
kopenauuje 0,603, 0,702, 0,495 u -0,776, penom. HeratuBHa kopenauuja je npoHalena
usmely PCB 153, 180, p,p -DDT u pH. Ca apyre crpane, Sun u cap. [90] yrBpauiu cy na He
nocrtoju 3HauajHa kopenanuja usmeh)y PCB u OCP ca kapakrepucTukama 3eMJBHILTA, 10K CY
Holobuk wu cap. [104] mponanun cratucTuuku 3HavajHy kopenaiujy PCB-a u OCP-a ca
OpPraHCKOM MAaTEepUjOM Tj. IIYMCKHUM 3EMJBHMINTEM ca BUCOKMM canapxkajem (3,8-18,7%,

cpenma BpenHocT 7,1%) oprancke marepuje.
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Ha cmumm 4.11 je mpukasan paenporpam ananuse rpymnucama PCB, DDT u
KapakTepucTuka 3emipuinta nomohy Ward meroze kao Meroje MOBe3WBamba M KBajpara

SYKIIHJIOBOT pacTojama Kao Mepa Onrckoctr u3Mely y3opaxa.

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine

0 2 10 13 20 23
1 | | | 1
oM g8
pH g
DDE 5
DoD G
= PCB101 1
ooT 7
PCB133 2
PCBE180 4
PCE138 3

Cnuxka 4.11 Jlenooepam ananuze epynucarwa PCB, DDT u kapakmepucmuxa

semmuuma (caopacaj opeancke mamepuje u PH) Hosoe Caoa

PCB 153, 180 u 138 dopmupajy jeany rpyny, nok PCB 101 u p,p -DDT dopmupajy
Apyry Tpyiy, IMTO YyKa3yje Ha HUXOBO 3ajE€JHUYKO IMOPEKIO y UCIHTUBAHUM Y30pIHMa
3emubHIlTa — atMocdepcky gemos3unujy. Kapakrepucrtuke semsbuinta, PH u oprancka
Mmarepuja ¢y y apyroj rpymu, 10k p,p -DDE u p,p -DDD dopmupajy tpehy rpymy. Pesyaratu
aHalM3e Tpynucama Cce JACIMMHYHO ClIaxy ca pe3yaTaTuMa Tpynucama MPOMEHIJbUBUX

,[[O6I/IjeHI/IX aHaJIM30M TI'JIaBHUX KOMIIOHCHTH.

CDPI3PI‘IKO-X€MPIjCKC ocoOuHe AHAJIM3UPAHUX Y30paKa YIIMYHC MMPAIIUHE CYy ITPUKA3AHC

y mnpuiory. Pesynaratm Mepema cajpikaja OpraHcke MaTepuje y JIeTHHM U 3UMCKUM
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y30opiuMa yiaudHe npamuHe cy ce kperanu oxa 0,2 no 15% (cpeama Bpeanoct = 2,6%).
Pesynraruma mepema pH BpeanoctH je yrBpheHo na ce paau o 6a3HOj CpeMHHU jep je orcer

pH Bpeanoctu ox 7,1 o 8,9 (cpenma Bpennoct 8,1).

Kao wm 3a y3opke 3emipuinra, crpoBeneHa je PCA aHamm3a pagy WCIUTHBamA
3aBHCHOCTH M3Mel)y aHanm3upanux GU3NIKO-XeMHJCKUX 0COOMHA YIUYHE TpaIInHe (caapxaj
oprancke marepuje u PH) ca usmepenum konreHrpanujama PCB-a (101, 138, 153 u 180) u
DDT-a (p,p -DDE, p,p-DDD wu p,p-DDT). Koumeurparumje PCB 28 u 52 u OCP-u koje
HUCY UICHTU(DUKOBAHE HHUCY Y3€Te y aHAIM3Y, 3aTO IITO je KOHIICHTPAIlMja Ha CBUM MEPHHUM
MecTuMa Ouia HWCIOJ| TpaHUIe JAETEKIMje, W cTora Ou BapujaHca Ouja jeqHaKa HYIH.
[Ipumenom KajzepoBor mnpaBuia H37BOjeHE CYy TpU IJIaBHE KOMIIOHEHTE. Tpu TjaBHE
komrionenre PCl, PC2 m PC3 ca cBojcTBeHMM BpemHOCTHMa >1 Cy eKCTpaxoBaHe, W
oOjammaBajy 25,7%, 24,2% wu 14,5% (64,4% yKkynHO) yKyIHE BapHjaHCe 3a Y30pKe
nmpanimee, peaoM. BpemHocTn koeduImjeHTa KOopemnamuje 3a TPU TJIaBHE KOMIIOHEHTE Cy
npukazann y tabemn 4.16. Makcumanau koedunujentu kopemanuje y PCl, PC2 u PC3
m3Hoce 0,855, 0,838 u 0,900, pemom. Y 1umiby 3HAYajHOCTH 3aJp>KaHUX KOMIIOHCHTH
pPa3MOTpEHHU Cy caMoO KOepHIIMJEHTH KOpealnje ca arncojlyrHoM BpeaHomhy Behom o 60%
0J1 MAaKCUMAJTHOT KOC(HIIMEHTa Y OJHOCY Ha CBaKy IJaBHY KOMIOHEHTY [1] Tj. y ciydajy
PC1 Behem on 0,513, y cimyuajy PC2 Behem ox 0,5028 u y cinyuajy PC3 Behem ox 0,540. PC1
3HavajHo kopenuiie ca 4,4’-DDD ca xoedunujentom kopenanuje 0,855, motom ca p,p’-DDE
ca xoedunujenrom kopenamuje 0,807 u ca p,p’-DDT ca xoedurujenTom xopenanuje 0,714.
Kao mTo ce u3 Tabene 4.16 mMoxe yoynTH HE IOCTOjU 3HAYajHa Kopenaiuja usMmehy p,p’-
DDE, p,p’-DDD wu p,p’-DDT ca opranckom wMarepujom u pPH Bpemnoctu. Cryamja
cripoBesieHa o1 ctpane [34] ykasyje a OCTOju BHCOKa MMO3UTHBHA KOopesanuja usMehy p,p -
DDD, p,p’-DDE u OM y noBpIIMHCKUM y30pLIMMa 3€MJBHUIITA, JIOK HE MOCTOJU Be3a u3Mely
DDT u kapakTepuCTHKa YIW4YHE NpalinHe. TauHOCT y MOMEHYTHM TBpPHhaMa OBE CTY/IH]e
JeXU y yhbeHu| aa je 60% OM y 3eMIbHIITY IPEACTaBIbajy XOMOI'€HE XyMCKE CYICTaHIIE,
1ok OM y yau4YHOj NMpamuHU JONPUHOCE aTMOC(HEPCKH aepoCoiu, acalT, T'yMa U YECTHIIC

3emspHiTa [18].

PC2 ce oanocu Ha campxaj PCB 101 (0,838), PCB 153 (0,724) u pH (0,603) mto
yKa3yje J1a ce OBa JIBa jeIMbEbha CIMYHO ce noHamajy y npupoau. PC3 ce ognocu Ha OM u

PCB 138 ca xoedunujentuma xopenauje 0,900 u 0,652, penom.

Tabena 4.16 Bpeonocmu koeuyujenama kopenayuje uzmehy 3a0picanux 21aeHuUx
KOMNOHEHMU U 0CaM NPOMEH/bUBUX Y OOHOCY HA C8AKY 3A0PAHCAHY KOMNOHeHmY (001008aHU
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cy koeghuyujenmu kopenayuje eehu 00 60% maxcumanne epeonocmu Koegpuyujenma

Kopenayuje y 00HOCY HA C8AKY 00 3A0PHCAHUX 2/IABHUX KOMNOHEHMU)

[TpomenspuBa PC1 PC2 PC3
p,p’-DDE 0,807 0,057 0,128
p,p’-DDD 0,855 -0,053 0,075
p,p’-DDT 0,714 -0,149 -0,113
PCB153 -0,098 0,724 0,165
PCB138 0,256 0,440 0,652
PCB101 0,097 0,838 0,037
pH -0,158 0,603 -0,127
oM -0,075 -0,137 0,900

Ha commm 4.12 je mpukasaH neHporpaMm aHanmse rpynucama PCB-a, DDT-a u
bHU3MUKO-XeMHUJCKUX 0CcOOMHA ynu4vHe mpamnmmHe (caapikaj oprancke matepuje u pH). PCB
153, 101 u pH npunanajy jeasoj rpynu. PCB 138 u OM cy y apyroj rpymu, nok p,p -DDE,
p,p -DDD u p,p -DDT dopmupajy tpehy rpymy. JoOujeHn pe3yaratd aHaau3e rpyrnucama

ce claxky ca pe3yiraTuMa J00MjeHUX aHAJIM30M TVIABHUX KOMIIOHEHTH.

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine
0 5 10 15 20 25

1 1 1 1 1
DDE 1 \
2

DoD

oDT 3

n

PCE138

-

fu]

oM

PCE153 4

PCE101 G

pH 7

Cnuka 4.12 Jlenooepam ananuze epynucarna PCB, DDT u ¢huzuuro-xemujcrux
ocobuna ynuune npawune Hosoe Caoa
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4.5. AHaJIM3a NpOLEeHe PU3MKA 10 3ApPaB/be JbYIAH

[Ipouena pusuka no 3apaBibe Jbyau y oanocy Ha PCB-e u DDT-e cmnpoBeneHa je
MOjeIMHAYHO 3a JICTHE W 3MMCKE Y30pKe 3emibuinTa. M3padyHare BpEIHOCTH YKYITHOT
*)uBoTHOT KaHueporeHor pusuka (TLCR) y ognocy Ha PCB-e u DDT-¢ o MepHOM MecTy Cy
npukazane Ha caukama 4.13 u 4.14. Kao mTo ce moxe younTn ca cinuka 4.13 u 4.14 ykynau
’KMBOTHM KaHIIEPOTEHH PH3HK 3a CBa MepHa MecTa je 6uo ucron 10° 3a PCB-e u 3a DDT-e,
yKa3yjyhu 51a je >kMBOTHHU KaHIIEpOTE€HU PU3MK NpuXBaT/bUB. Benuku Opoj cTyanja ykaszao je
Ha PHU3MK MO 3/paBJbe JbYAM YyCJIEI KOHTAKTa ca Pa3MuUTHM MATPUKCUMa M3 KHBOTHE
cpenune. Ipoceunn HmBo TLCR 3a PCB (2,8 x 10%) mspauynar 3a y3opke 3emibHmITa y
Hosom Cany cnuual je onoM y rpagosuMa Jlucabon (ITopryrammja) (3,2 x 108) u Bucey
(Hoptyramuja) (2,1 x 108) my6muxosan on crtpane [9], amu mmxm ox TLCR 3a Ilexunr
(Kuna) (2,2 x 107) 3a crambeno 3emspmmre [7] u TLCR (pesynrar je aat kao omcer ox 107
no 10%) mponemen 3a Kennjy [90]. V omsocy Ha TLCR 3a DDT no HamieM Haj6osbeM
cazHamy moctoju camo TLCR 3a ykynHe OCP-e. Ha mpumep m3pauynatu npoceunu TLCR
3a DDT 6,9 x 10° y oBoj cTymmju je HmxH o1 npoceune Bpexroctr 3a TLCR 3a DDT n HCH
2,2 x 107" u3pauynar 3a INexunr (Kuna) [7].

Kanneporenn pusuk PCB
2.5E-07 - 3uma
—Heo
2E-07 - !
O 1.5E-07 -
[
—
— 1E-07 -
5E-08 -
0_
T O © O ©O0 OO0 ©CO0 ©CO OC0O0 OO0 00 00 OO0 C0O0 OCO0 CO ©0
TAA N NN TTNDNN O ONNOONOIITTOO AT dANNONNOMST I N N
L B I B T B R I I B I B |
MepHa mecTa

Cnuxka. 4.13 Vkynnu scusomnu xanyepocenu pusuk (TLCR) 3a PCB y yp6anom

semmuwmy Hoeoe Cada
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Kanneporenu pusuk DDT
1.2E-07 ~
3
0.0000001 - i
== JleTo
8E-08 -
%
@ 6E-08 -
|_
4E-08 -
2E-08 -
0_
O C O CO CO CAO CO OO T CO CO COCodCo C O C.a
AT AN NOOITTONODOOMNMNMNOODOODOODOOTANNMOMT T OLW
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Mepna mecta

Cnuxa 4.14 TLCR 3a DDT y ypbanom semwuwmy Hosoe Caoa

Cpenme BpeTHOCTH pHU3HMKa YCIIe ] IeI0KUBOTHOT u3narama PCB-a u DDT-a koju ce
Hajia3e y 3eMJBUINTY, Y OJTHOCY Ha ITYT W3JI0KEHOCTH Cy NpUKa3aHu Ha cimkama 4.15 u 4.16.
[MponereHn KaHIEPOTCHW PHU3HK Yy3pOKOBaH TyrameM dectuia 3emibHmTa (TRing),
KaHIEPOTEeHU PU3UK Y3POKOBaH AUPEKTHUM KOHTAKTOM KOXke ca uectria 3emiprumTa (TRyc) 1
KaHI[EPOTEeHU PU3HK Y3pOKOBaH yaucameM dectuiia 3eMibuiita (TRinn) y omHocy Ha PCB-e u
DDT-e npucytHe y 3eMJBHINTY yKa3yjy Ja c€ IMITETHO JEjCTBO MO 3ApaBibe JbYIU Hajuernrhe
WCI0JbaBa HAKOH YHOCA 3€MJBHINTA TYTalEM Y OpraHu3aM, IIOTOM JTUPEKTHUM KOHTAKTOM Ca
KOKE€ ca 4YecTHIlaMa 3eMJBHMINTAa M Ha Kpajy yciel yaucama CYCHCHIOBAHMX YECTHIIA

3€MJbHUIIITA.

2.00E-08 - M3noxenoct PCB-a y omHOCY Ha MYT U3J0KEHOCTH

1.80E-08 -
1.60E-08 -
1.40E-08 -
1.20E-08 -
1.00E-08 -
8.00E-09 -~
6.00E-09 -
4.00E-09 -~
2.00E-09 -
0.00E+00

H 3pMcku B Jletmu

Pusux

Opanau yHOC 3eMJbHIITa  JIMpEeKTHH KOHTAKT ca Y ucame
KOXKOM

Cnuxka 4.15 Cpeore epeonocmu pusuka ycieo uziazarwa PCB-a koju ce nanaze y

3eMBUWMY Y OOHOCY HA NYM U3TI0HCEHOCTU
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Nznoxenoct DDT-a y ogHOCYy Ha IyT M3J105KEHOCTH
8.00E-09 - 7,4E-09

7.00E-09
6.00E-09
5.00E-09
4.00E-09
3.00E-09
2.00E-09
1.00E-09
0.00E+00

B 3pMcKHa
H Jletmn

Pusux

2,2E-11
7,5E-11

OpaJ'IHI/I YHOC 3€MJbHIITA HI/IpeKTHI/I KOHTAaKT Ca KOXXOM YZ[I/ICB.H)C

Cnuka 4.16 Cpeore epeonocmu puszuxa ycaeo usiazarwa DDT-a koju ce nanaze y

3eMBUUMY Y OOHOCY HA NYM U3TOHCEHOCHU

Hekanneporenu pusuk 3a PCB-e u p,p’- DDT je ompehen mpeko koedwurimjeHta
onacHoctH (TnHQ) 3a memy TokoMm setwme u 3uMcke ce3oHe. TnHQ BpemnocTtu 3a PCB nHa
MEpHUM MeCTHMa Cy npuka3ane Ha cinuiu 4.17. TTopehemem cBHUX MEpHUX MECTa ca KOJUX Cy
y3€TH Y30pIId MOXKE C€ MPUMETHTH Ja je Hajeha m3padyHata BpeaHocT 3a TnHQ ox 0,014
onpehena Ha mokanuju 12DS TOKOM JIETHE CE30HE KOja Ce Haja3H y OJU3WHU JKEIE3HUYKE U
ayToOycKe cTaHuIle, IITO yKa3yje Ja je XpOHUYHU HEKaHIEPOTeHH PU3HK IO 37paBJbe Jele Y
oanocy Ha PCB-e Beoma Huzak. p,p’-DDT je oapehen camo Ha yeTupu MepHa MecTa TOKOM
nera (2a, 4a, 8a u 116) u Ha mepuuM MectrMa 8a u 116 Tokom 3ume. Hajseha uspauyHara
TnHQ Bpeanoct 3a p,p’-DDT n3nocu 4 x 10 1 3Ha4ajHO je UCIOJ T03BOJbEHE BPEIHOCTH 32
TnHQ koja u3nocu 0,1.

TnHQ 3a p,p’-DDE u p,p’-DDD Hucy uspauyHnatu yciaea HeJOCTaTKa MojaTaka Kao
mro ¢y RfD Bpennoctu y EPA cmepuuiiama [87]. JloOujeru pe3yaratu ykasyjy aa je Hosu
Cap Oe3z0eaH 3a )KMBOT Ca acleKTa HBEeroBOI CTAHOBHUIIITBA ca acrekTa usnoxxeHoctu PCB-a

u DDT-a koju cy NpUCYTHUM Y 3€MJBUILITY.
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PCB ® Jleto
0.02
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Mepna mecTa

Cnuxka 4.17 HexanyepoeeHu puzux uzpasicen npeko Koe@uyujeHma onacHoCmHu

(TnHQ) 3a PCB yp6anoe 3emwuwma Hosoe Caoa

[Mponena pusuka y ogHocy Ha PCB-e m OCP-e npucyTHe y YJIMYHO] TpalIuHU je
olpeheHa mojeIMHAYHO 3a JIETHEC U 3UMCKE Y30pKe YIU4YHE MpamuHe. M3padyHaTH pU3HIN
nyrem ymucawa (TRinn), ciayuajuor yHoca ryrambeMm (TRing), JAUPEKTHHM KOHTAKTOM Ca
k0koM (TRdc) kao u ykynHu x*uBOTHU KaHieporenu pusuk (TLCR) u3pauyHar y omHoCy Ha
onpehene Bpeanoctu PCB-a u DDT-a y y3opiiuMa yiau4He IpamuHe Cy MpuKa3aHu y Tabenu
4.17. N3pauynar TLCR 3a mpucyrne PCB-e onpehene y ynum4HOj mpamuHu (cpeirba
Bpennoct 3,7 x 10°) n y ogrocy Ha DDT (cpenma Bpennoct 3,6 X 10° u meaujana 9,80 x 10°
1) y3 Hosor Caza 3a cBe HCITHTHBAHE y30pKe YIMUHE mpammuHe ¢y ommm Hiku o 106, Opo
yKaszyje Ja je pU3HMK yCield IIeJ0XHBOTHOT W3jarama — npuxsarieuB [19]. V omHocy Ha
npucyctBo PCB-a mHajBehm pmsurm notudy on opanHor yaoca (2,7 x 10°), mpahenor
KoHTaKTOM mpeko koxe (1,0 x 10°) n ymmcamem (4,7 x 10), 1ok y oxHOCY Ha MpHCYCTBO
DDT-a je youeH HCTH TPEHJ, aJlH ca Pa3IMIUTHM BPEIHOCTHMA: YHOC TyTameM (2,79 x 1079),
JTUPEKTHAM KOHTaKTOM mpeko koxe (6,8 x 10%°) u ymucamem (1,5 x 101%). Crmunnm

pesynrtatu cy noOujeHr HakoH u3joxeHocTn PAH-oBuMa y yiauuHoj npamuau [18].

[Ipoceuna Bpennoct TLCR 3a PCB-e y y3opnuma ynuune npamuse je 6una 3,80 X
10° u Hmxa je on cpenme BpenHoctu TLCR-a 3a y3opke 3emipumira 2,44 X 108, nox je
uzpadynata BpeaHocT 3a TLCR-a 3a DDT 6una mcrtor pena enmumna (3,59 x 107) y
y3opuuma ynuuse rpamuse u (6,88 x 10°) y yzopruma 3emspumTa. HekaHIieporeHu pusHk
3a PCB u p,p’-DDT je onpehen npema noctynky npuMemEHOM y UCTpakuBamy SUN U cap.
[88] 3a y3opke 3emsbuinTa npukymibeHux y Kenuju. Cpentwa Bpeanoct TNHQ 3a PCB-e je
0,0004 neru u 0,0003 3umu u HWXKaA je o1 cpeamux BperHoctu TNHQ 3a cBe ucnuTHBaHe
y3opke 3emspnmTa (0,002). Hajseha uzpauynata Bpemnoct ThHQ (0,015) je moGujena 3a

y30paK 3¢MJbHIITA Y3€T Ha .IIOKaI_[I/IjI/I 12bs TokoMm neTHE CC30HC, IOK 3a Y30pKaK YIIHNYHC
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npamuHe y3etr takoehe TOKoM JieTwke ce3oHe Ha sokanuju 11bs (0,0074) koja ce Hanazu y
unaycrpujckoj 3ouu. Hajseha Bpemnoct TNHQ 3a p,p’-DDT (0,0005) je w3pauynara 3a
y3opak 3emubuinra (0,0004) na nokanuju 2as y3eTOr TOKOM JICTHCI mepuoja. Pesynraru
yKa3yjy J1a je XpOHHYHU He-KaHICPOTCHU PHU3UK IO JIeIy Y oqHOocy Ha mpucyctBo PCB-a u

p,p’-DDT y y3opuuma ynuune npamiinae Beoma Huzak (<0,1).

Pesynratn ykasyjy Ja 1elI0XKMBOTHO m3iarame momynamnuje Hosor Cama PCB-a u

DDT-a koju cy oapeheHr y UCIUTHUBAHUM y30pLMMa HE IMPEACTaBJbaj]y PU3UK IO 37paBJbe
[90]

114



Becna Mapunkoeuh

Hokmopcka oucepmayuja

Tabena 4.17 Kanyepoeenu puzux y3pokosan cymarem vecmuya semmumwma (TRing), kanyepocenu puzux y3pokoean OupekmHum KOHmMakmom

Koarce ca yecmuya 3emmuuima (TRdc), kKanyepoeenu pusuk y3poxkosan youcarem vecmuya 3emasuuima (TRinh) U YKYRHU HCUBOMHU KAHYEPOLEHU

pusuk (TLCR) 3a PCB-e u DDT y yzopyuma yruune npawune uz Hosoe Caoa

PCB
3UMCKH y30pIU Jlerwu y3opuu CBH aHaNM3UPaHU Y30pIU
TRing TRdc TRinh TLCR TRing TRdc TRinh TLCR TRing TRdc TRinh TLCR

Min - - - - - - - - - - - -
Max 2,15E-08 | 8,45E-09 | 3,59E-10 | 3,03E-08 | 6,76E-08 | 2,66E-08 | 1,29E-09 | 9,55E-08 | 4,45E-08 | 1,75E-08 | 8,28E-10 | 6,29E-08
Cpenwa | 5 34r 09 | 802E-10 | 3.42E-11 | 2,87E-09 | 3,28E-09 | 1,29E-09 | 6,05E-11 | 4,63E-09 | 2.66E-09 | 1,05E-09 | 4,74E-11 | 3,75E-09
BPEAHOCT

DDT
Min - - - - - - - - - - - -
Max 1,84E-08 | 5,17E-09 | 1,24E-10 | 2,36E-08 | 1,63E-08 | 3,38E-09 | 9,36E-11 | 1,97E-08 | 1,73E-08 | 4,27E-09 | 1,08E-10 | 2,16E-08
Cpenwa | 5 g3r 09 | 783E-10 | 1.62E-11 | 3,72E-09 | 2,88E-09 | 5,78E-10 | 1,55E-11 | 3,47E-09 | 2,90E-09 | 6,81E-10 | 1,59E-11 | 3,59E-09
BPEeIHOCT
Menujana

8,68E-10 | 2,44E-10 | 9,0E-12 | 1,12E-09 | 6,51E-10 | 1,83E-10 | 6,38E-12 | 8,41E-10 | 7,59E-10 | 2,14E-10 | 7,69E-12 | 9,80E-10
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4.6. Ilopehewe xkonuentpauuja PCB-a u DDT-a ca 3akoHckoM

peryjiaTuBHOM

[Ipema Vpeobu o npoepamy cucmemckoe npahersa Keanrumema 3eMmbUUMA,
UHOUKAMOPUMA 3a OYeHy PU3UKa 00 dezpacayuje 3eM/butima u Memoooiocuju 3a uzpaoy
pemeoujayuonux npoepama (,,Cn. rmacauk PC, op. 88/2010) [107] 3a 3emsbuinTte ca
cajpkajeM oprancke matepuje Mame o 30% rpaHmyHa BpeaHOCT 3a cymy mect PCB-a
(28, 52, 101, 138, 153 u180) uznocu 20 ng/g, mox 3a cymy DDT-a (p,p -DDE, p,p-DDD u
p,p -DDT) usnocu 10 ng/g. Pemeaujarrona BpeHocT 3a cymy cenam PCB-a (ykipyuyjyhu
u PCB 118) je 1000 ng/g, mox 3a cymy DDT uznocu 4000 ng/g. JloOujeHe BpeaHoCTH 3a
ykynHy koHneHTpammjy PCB-a m DDT-a y ucnuTHBaHMM y30pIMIMa 3€MJBHINTA CY
nopeleHe ca TpaHUYHUM U peMearjannoHuM BpearocTuma. O 60 ucmuTHBaHUX y30paka
semspuinta (30 nerwux u 30 3UMCKHX), CaMO y jeIHOM y30pKy 3emubuinra 12bs (24,6
Ng/g) y30pKOBaHOT y JICTEHEM BpEMEHY y ONM3WHM TJIaBHE ayTOOYCKEe U JKEJIe3HUYKE
cranune, KoHneHtpamuja PCB-a mpenasu rpannuny BpemHoct. Ha octammm mepHUM
MeCTUMa KOHIIEHTpaIuje cy Omie ucroj rpannyHe Bpeanoctu. Konnenrpanuja DDT-a y
CBUM HCIUTHBAHHM Y30pIIMMa 3€MJBUINTA j€ Mama OJf TPAaHWYHE BPEIHOCTH OCHUM Y
y3opiuMa y3eTe ca MepHux mecrta: 2as (86,3 ng/g), 2bs (18,3 ng/g), 13as (23,5 ng/g) u
14as (48,0 ng/g) y TOKy JIeTEE CE30HE U Y y30pIHMa 3€MJBHUINTA Y30PKOBAHUM Ca MEPHHUX
mecra: 2aw (102 ng/g), 9bw (14,8 ng/g), 11bw (47,7 ng/g), 12aw (182 ng/g), 14aw (11,4
ng/g) u 14bw (41,2 ng/g) y Toxy 3umcke ce3one. Mmajyhu y Buay aa je caapxkaj DDT-a y
CBUM WCIIMTUBAHUM Y30plMMa OHO MamH OJl PeMEHjalldOHE BPEIHOCTH CTOra HUje
NOTPEOHO TMpeny3uMame JajbuX Mepa y IHbY CMamelkha KOHICHTpAlHje OBOT

OPraHoOXJIOpHOI je,[[PIH:eH:a.

VY oxacyctBy oaroBapajyhe perynatuBe 3a J103BoJbeHe KoHUeHTpauuje PCB-a u
DDT-a y ynuuHOj mpamuHH, JOOHjeHH pe3ylTaTd cy nopeheHu ca HaluuOHATHOM
perynatuBHoM 3a PCB-e u DDT-e y 3emsbumrty. Konnenrpauuje PCB-a y cBum
UCIIUTHBAHUM Y30pIIMMa YIHYHE NpaliiHe cy ouie ucnoj rpannune Bpeanoctu (20 ng/g),
nok koHnentpauuje DDT-a mpenase rpannuny Bpeanoct (10 ng/g) y y3opimma yriuuHe
npaiidHe KOju ¢y y3eTh Ha MepHuM Mectuma: lbw (24,9 ng/g), 2aw (50,5 ng/g), 2bw
(39,7 ng/g), 3bw (20,2 ng/g) u 14bw (24,6 ng/g) 3umu, u 2as (19,7 ng/g), 2bs (26,6 ng/g),
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6bs (33,2 ng/g), 12bs (21,0 ng/g) u 14bs (34,7 ng/g) neru [107]. Mehyrum, u3pauyHare
BPEIHOCTH YKYIHOT >KUBOTHOT Kauieporenor pusuka (TLCR) y oanocy Ha oapelene
caapxkaje DDT-a yka3yje na je pu3HMK -IIPUXBAT/bUB, 3a CBE aHAJIM3HpAHE Y30pKe Oec3
o03upa mTo je y Bumie o1 30% ucnuTUBAHUX y30paKa Kako MpamuHe TaKO U 3eMJBUINTA Y
TOKy 00e ce3oHe caapxkaj Omo Behw ox rpanumdnHe BpemHoctH. JloOwWjeHU pe3ynTaru
yKa3yjy Ha motpe0y NpOMEHEe TpaHWUYHE BPEJAHOCTH OJHOCHO HM3HANIKEHa aJCKBATHOT

MIPUCTYIIA IPOpadyHa YKYIHOT )KUBOTHOT KAHIIEPOT€HOT PU3UKA.
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5. 3AK/bYULIU

VY okBHpY IHcepTanrje, Ha OCHOBY IMOCTAaBJbEHUX IMJbEBA JIONLIO ce 10 cienehux
3aKJbyyaKa:

e Merona mpumpeMe W aHaJIM3€ MIECT IMOJUXJIOpOBaHMX Oudenmna u 18
OPraHOXJIOPHUX TMECTHIHIA Yy Y30pLHMa 3eMJBHINTA W YJAHYHE TpaIInHE,
YCHEIIHO j€ pa3BHjeHa W TPOBEpeHa Kpo3 yHyTpammy (“in-house™)
KOHTpOJTy KBaJIuTeTa. Pa3BujeHa MeTo/Ia je MpUMEHmhEHa Ha PEaIHE Y30pKe
3eMJBUIITA U YIHYHE MPalINHe MPUKYIJBEHUX ca TepuTopuje rpaga Hosor
Canma. Pa3Bojem HOBe MeToA€ 3a JEJHOCTENEHY €KCTpakuujy H
npeunnthaBambe €KCTpakTa a y LUuJby UACHTU(UKALM]e TOJUXIOPOBAHUX
OudennIa 1 OPraHOXJIOPHUX MECTUIUAA Y Y30PIMMa 3€MJBHINTA U YINIHE
MpainivHe 3Ha4ajHO j€ CMameHO BpeMe o0Wjama TOY3JaHUX pe3yiTara
aHaJM3€ BEJIMKOT Opoja y3opaka momrtyjyhu npuHnume "3erneHe" xemwje,
KpO3 CMameHy MOTpOIlkbY KOpUIIheHHWX pacTBapaya, a CcaMUM THM H

3allTUTY KUBOTHE U PAaTHE CPEAUHE.

e Pa3BujeHa MeTO/a je PUMEHEHA 3a CIPOBOECHE MOHHTOPHHTA KUBOTHE
CpeIMHE ca HarjJackoM Ha JIOKalHje OKyIUbama Hajmiahux (1mkore,
IapKOBH) M TIOCEOHO OCETJBMBHX TIpyla CTaHOBHMIUTBA (IIPUIIa3n
OOJIHUIIM), HA OCHOBY Yera je JToOWjeH MPBH MPEIMMUHAPHU YBUJ Y CTAHE
KBAJINTETA 3€MJBMINTA M YJIMYHE MpalIMHE Ha TepuTopuju rpaga Hosor
Cana. JlobujeHu pe3yaTaTH MPEACTaBIbajy MPBE MOJAATKE KOJU C€ OJHOCE Ha
MaTpHKC ,,IpalliMHa" Ka0 MHAUKaTopa Moryher 3aral)ema )KUBOTHE CperHe
OpPraHOXJIOPHUM jeuI-eHhuMa y pasnuuutuM obmactuma Hosor Cana,
Peny6nuke CpOuje n 3ananHor bankana. JlobujeHu pe3ynraTH y OKBUDPY
JOKTOPCKE JWCepTalyje MpeAcTaBbajy NpBE IOJATKE O IPHCYCTBY
OPraHOXJIOPHUX jeIUEECHa HCTOBPEMEHO y 00a MaTpUKCa, 3eMJBUINTY U
YIUYHO] TpalldHU, HUXOBO] KOpenaluju, MPOCTOPHO] U BPEMEHCKO]
pacIoieNy 1 MPOLEHN PU3UKA TI0 31paBibe MOMyJaluje.

e [lose3anoct uzmelyy konuentpauuja PCB-a, DDT-a u ¢pusnuko-xemMujckux
0ocoOMHa 3eMJbMIITA/TIpallIMHE (cajpikaj opraHcke marepuje, pH, canpxkaj

TJIMHE, TIeCKa U Tpaxa) je u3padyHara nomohy ITupcoHoBor KoeduuujeHTa
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kopenanuje. JloOMjeHH pe3ynraTd Cy yKa3aid Ha 3Ha4ajHy KOpemarujy
n3Mel)y UCIUTHBAHUX jeubeba ca PH 3eMipbHIITa/IpallivHe U caapikajeM
OpraHcke marepuje, JOK MOBe3aHOCT m3Mel)y cagpxkaja mecka, mpaxa |
rmHe ca koHneHTpanujama PCB-a/DDT-a y ucnuTuBaHUM y30pIHMa HUjE

youeHa.

e [IpuMeHOM MYITHBapHjallMOHUX METOAA aHaiuu3e (aHanM3a TIABHHUX
KOMIIOHEHTH M aHalli3a TpyIucama), je UCHUTaHa IOBE3aHOCT caJpiKaja
aHATM3UPAHUX JeUHEHha ca (PU3NIKO-XEMHJCKUM 0COOMHAaMa 3€MJBHIITA U
yIUYHE TpamuHe, IITO je JONPUHEN0 pa3syMeBamy IOpeKia OBHUX
jemMmbemha Y HCIUTHBAHMM MaTpukcuma. [IpumeHoM reorpadckor
napopmanmonor cucrema ,,ARCGIS® cy mnpencraBmbeHH pe3yiaTaTd o
MMPOCTOPHO] M CE30HCKO] PACIIOJIEIM UCITUTUBAHKUX JeINbCHha W M3BpIICHA
je unentudukairja u3Bopa 3arahema. [lo3utnBHa KOopenaiuja usmehy p,p’ -
DDE, p,p-DDD ca OM yka3yje 1a oprancka Marepuja Urpa BakKHY yJIOTY
y pacrofeNii W COPIIHUJA OBUX JeAUEECHA Y 3EMJBHINTY, INTO j& V
cariacHoctu ca Zehra u cap. 2015. [4]. JonatHo, HEe TTOCTOjU Be3a u3Mel)y
PCB-a u xapakrepucTuka 3emsprinTa. Moryhu pasnor je memame PCB-a y
ypOaHUM CpenMHaMa, TJIe HE TIOCTOJU jelaH u3BOp Beh HeKoJMKo
mudy3nonux u3sopa [1, 10]. HeratuBHa xopenamuja je nobujeHa usmehy
PCB 153, 180, p,p -DDT u pH. Ca apyre ctpane, Ja He MOCTOjU 3HAYajHA
kopenanuja u3Meh)y PCB m OCP ca kapakrepucTukama 3eMJbHINTA j©
J0Ka3aHo y paxy Sun u cap. [88], mok je kpo3 pax Holobuk u cap. [102]
youeHa 3HauajHa kopenamuja PCB u OCP ca opranckoM MartepujomMm y
3eMJBHILTY 0OTaTOM OPTaHCKOM MaTepujoM (IIyMCKO 3eMJBHINTE). AHAIN3a
rpylnucama je Mmokasaja CIM4YHE pe3yiTare J00HMjeHe aHaTUu30M TJIaBHHX
koMroHeHTd. He moctoju kopenanuja m3mehy DDT u kapakrepuctuka
yJIU4YHE MpaliHe, 0K NocTojamke Kopenauuje je youeno uzmehy PCB 101,
PCB 153 ca pH u OM ca PCB 138.

e [lo mpBU MyT NPOLEHEHU Cy KAHIIEPOTEHH PHU3UK Y3POKOBAH TyTambeM
yectuna 3emubuinta-mpamuie (TRing), KaHIEPOTeHH PH3HMK Yy3POKOBaH
JTUPEKTHUM KOHTaKTOM Koxe ca dectuna 3emipuinta/mpammue (TRac) u

KaHICPOTCHU PHU3HUK Y3POKOBAH YAHCAKLEM UYCCTHIIA 3eMJ'bI/IH_ITa/HpaIJ_II/IHC
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(TRinh) ka0 u ykymHu xuBoTHH Kanueporenu pusuk (TLRC) 3a oagpacne u
neny y ogHocy Ha PCB-e u DDT-a, ka0 1 HEKaHIIEpOTEHU PU3HK U3PAXKECH
npeko koedunujeHta onacHoctd (ThHQ) 3a merty. OBo cy npBu pe3yaTatu
noOujeHn 3a u3NoKeHocT mnomymanuje rpaga Hosor Cama, PemyOmuke
Cpbuje w mmupe 3anagHor banmkana OpraHoOXJIOPHUM —jeaUECHUMA
IPUCYTHUM Y y30pLIMMa MPALIMHE W 3eMJBHINTA KOjU Cy yKa3aju Jia ypOaHa
CpelMHa HeMa HeraTHBHHU yTHIa] Ha craHoBHHKEe HoBor Cana u mopen mro
je yrBpheno nma cy ykymHo onpehenm canmpkaj DDT-a 3a Bume ox 30%
UCIUTAHUX Y30paka Kako 3eMJbMINTA TaKO W TpalldHK y 00e Cce30He:
JeTHO] UM 3UMCKOj Ounm Behm oxa rpaHunyHe BpeaHocTd. OBO Hagaibe
ynyhyje na je HEONXOJHO pPa3MOTPUTH 3aKOHOM IIPOMNHCAHE TpaHUYHE
BpeaHocTu 3a caapxkaj] DDT-a y 3emspumty w/mim ucnuratd  Qasze
MOCTYNKa  MPOIEHE  YKYIHOT  JKMBOTHOT  KAHIEPOTEHOI  pPU3HKa,

MIPEITIOKEHOT 0] CTpaHe AreHluje 3a 3alTUTY kuBoTHE cpeaune (EPA).
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7. IPNJIO3U

VYV oxBupy I@OraB/ba MNPUIO3M Hala3e Ce€ pagoBU 00jaBJbeHU Yy OKBUDPY

UCTpa)KMBamWba y yaconucuMa Koju ce Hanaze Ha SCI nuctu:

Ipuaor A: ®u3nuko-xeMHjcke 0COOMHE 3UMCKUX Y30paKa 3eMJbUIITA

Ipuaor b: ®uznuko-xemujcke 0COOMHE JETHUX y30paKa 3eMJbUIITa

MMPUJIOT B: ®u3nvko-XeMHujcke 0COOMHE 3MMCKUX y30paKa YJIMYHE MpaIinHe
Mpuior I': duznuko-xemMujcke 0COOUHE JIETHUX y30paKa YIUYHE MpaIrnHe
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Hpunor A: ®u3n4K0-XeMHjCKe 0COOMHE 3UMCKHX y30pPaKa 3eM/bUIITA

JlokTopcka aucepTanmja

Pennmu 6poj MepHo mecTO OM % | pH | ecak % | lIpax % | F'auna %
*
11ba\1,\\ll\i % OcnogHna mkona ""bophe Hatomesuh" }1:2 77”491 g;:% Lll:lll ?:g
2aw 3,2 7,6 69,7 11,1 19,2
obw | /YHaBCKH napK 45 | 771 833 5.6 11,1
3aw DyTOIIKU MapK 2,5 7,4 97,0 1,1 1,9
3bw 14 75 71,0 10,0 19,0
daw VYuusep3utet y HoBom Cany 1,3 8,36 78,1 7,8 14,1
4bw 2,3 8,75 66,7 11,1 22,2
5aw Bukenn Hacesse "Kamemap" 1,8 7,5 90,9 3,3 5,8
5bw 1,3 7,57 100,0 0,0 0,0
6aw bynesap "Epporma 2,7 7,53 75,8 8,9 15,4
6bw 3,0 7,51 59,5 16,7 23,9
Taw Cpricka mpaBociiaBHa IpKBa y ctambeHom aeny rpaaa "Hoso Hacespe" 3,3 8,03 71,4 8,9 19,7
Tbw 1,6 9,04 100,0 0,0 0,0
8aw JlumaHCKH TapK 3,2 7,64 77,8 6,7 15,6
8bw 3,5 7,93 83,3 5,6 11,1
9aw Cpenma mkomna "[lonumujcka akagemuja" 4.2 7,53 90,6 3,3 6,0
9bw 3,3 7,55 74,1 7,8 18,1
10aw I'pancka mmaxa Ltpany 4.8 7,65 77,8 6,7 15,6
10bw 2,9 8,85 55,6 8,9 35,6
11law WNunyctpujcka 30Ha "Temno" 2,6 8,42 66,7 111 22,2
11bw 3,6 7,57 75,7 10,0 14,3
12aw LenTpanHa ayroOycka cTaHuIla, IOPEJ TJIaBHE KEeNEe3HUYKE CTAaHHIIE 3,5 8,45 73,5 10,0 16,5
12bw 4,3 8,5 69,0 10,0 21,0
13aw Texunuka mkona "[lasne Casuh" 2,8 7,6 80,0 6,7 13,3
13bw 2,9 7,66 100,0 0,0 0,0

134




Becna MapunkoBuh

JlokTopcka aucepTanmja

HacraBak npusiora A

14aw OcnoBHa mkona "/lyman Pagosuh" 2,8 7,61 60,5 16,7 22,8
14bw 2,3 8,1 79,3 6,7 14,0
15aw WNunycrpujcka 30Ha "Cesep" 1,4 7,59 83,3 5,6 11,1
15bw 4,2 7,56 60,5 16,7 22,8

*"a" - y3opak y3eT y OIM3UHHU ITyTa

*% v

- Y30paK y3er Jajbe 0J1 IyTa
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JlokTopcka aucepTanmja

Hpunor b: ®uznuko-xeMujcke 0COOMHeE JEeTHHX Y30pPaKa 3eM/bHIITA

Pemau 6poj MepHO MecTo OM % |pH ITecak % | [lpax % | I'nmuna %
las® Ocnogna mkona ""bophe Hatomesuh" 44| 7,80 52,63 20,0 27,37
1bs** 3,3| 7,44 70,6 11,1 18,3
2as 3,7 7,15 83,33 5,56 11,11
2bs JlynasciH napk 35| 7,15 96,8 11 2.1
3as dyTOomKH MapK 46| 7,58 50,0 13,3 36,7
3bs 34| 7,32 61,76 14,44 23,79
4as VYuusep3utet y HoBom Cany 41| 7,65 52,4 22,2 25,4
4bs 32| 7,71 75,0 10,0 15,0
5as Bukenn Hacesse "Kamemap" 1,3| 7,67 100,0 0,0 0,0
5bs 0,3| 7,63 100,0 0,0 0,0
6as bynesap "Epporma 35| 7,60 50,0 22,2 27,8
6bs 04| 7,64 88,2 4,4 7,3
7as Cpricka mpaBociiaBHa IpKBa y ctTamOeHoMm ey rpaga "Hoso Hacespe" 16| 7,68 64,7 13,3 22,0
7bs 3,6 7,57 69,7 11,1 19,2
8as JlumaHCKH TapK 26| 7,97 100 0 0
8bs 0,9| 8,00 90,0 3,33 6,67
9as Cpenma mkona "[lonumujcka akagemuja" 571 7,67 79,41 7,78 12,81
9bs 39| 7,56 85,71 5,56 8,73
10a I'pancka mnaxa Ltpans 1,3| 7,80 80,0 11,0 9,0
10bs 0,2| 7,64 100,0 0,0 0,0
11as WNunyctpujcka 30Ha "Temno" 23| 7,70 100,0 0,0 0,0
11bs 2,4 7,59 100,0 0,0 0,0
12as LenTtpanna ayroOycka cTaHulla, HOPEJ TJIaBHE KeNe3HUYKE CTAaHHIIE 38| 7,26 90,63 3,33 6,04
12bs 44| 7,52 55,0 20,0 25,0
13as Texunuka mkona "[lasie Casuh" 34| 7,26 65,63 12,22 22,15
13bs 48| 7,37 60,5 16,7 22,8
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JlokTopcka aucepTanmja

Hacrasak npunora b

14as Ocnogna mkona "Jlyman Pagopuh" 3,3 7,90 40,0 26,67 33,33
14bs 2,2 | 7,46 62,5 13,3 24,2
15as WNunycrpujcka 30Ha "Ceep" 22| 7,61 54,2 12,2 33,6
15bs 3,6 7,67 47,8 13,3 38,9

*"a" - y3opak y3eT y OMu3uHM myTa

*% v

- Y30paK y3er Jajbe 0J1 IyTa

137




Becna MapunkoBuh

JlokTopcka aucepTanmja

[Mpujor B: ®u3n4ko-xeMHjcKe 0COOMHE 3MMCKHUX y30PaKa yJIU4YHe NpaliuHe

Pemau 6poj MepHo mecTo OM % | pH ITecak % | lpax % | I'munaa %
law* OcnogHna mkona ""bophe Hatomesuh" 1,37 8,10 42,11 57,89 0
lbw** 3,48 7,86 94,6 4,5 0,9
2aw 3,38 7,82 50 50 0
2bw JlynasciH napk 338 | 7,82 80,00 20,00 0
3aw DyTOMKH MapK 3,08 7,91 35,29 48,89 15,82
3bw 1,27 7,91 93,02 6,67 0,31
daw VYuusep3utet y HoBom Cany 2,61 7,92 77,42 7,78 14,8
4bw 2,73 8,01- 100 0 0
5aw Bukenn Hacesse "Kamemap" 2,08 7,49 92,31 6,67 1,02
5bw 0,68 7,91 100 0 0
6aw Bynesap "EBpomna 1,17 8,02 76,92 10 13,08
6bw 2,01 7,76 83,33 6,67 10
Taw Cpricka mpaBociiaBHa IpKBa y ctamOeHoMm aeny rpaaa "Hoso Hacesse" 1,42 7,51 71,43 22,22 6,35
Tbw 1,12 7,74 91,18 6,67 2,15
8aw JlumaHCKH TapK 2,11 7,83 90,91 8,89 0,2
8bw 6,69 7,86 100 0 0
9aw Cpenma mkona "[lonumujcka akagemuja" 461 7,79 68,75 11,11 20,14
9bw 2,00 7,92 75,56 24,44 0
10aw I'pancka mmaxa Ltpany 4,27 7,91 95,59 3,33 1,08
10bw 5,14 7,69 81,4 17,78 0,82
11law WNunyctpujcka 30Ha "Temno" 1,98 7,71 81,08 15,56 3,36
11bw 1,82 7,92 87,5 11,11 1,39
12aw IenTpanna ayroOycka cTaHulla, HOPE TJIaBHE KEE3HUYKE CTAaHUIIE 1,93 7,85 75,56 24,44 0
12bw 1,91 7,77 69,77 28,89 1,34
13aw Texunuka mkona "[lasne Casuh" 1,75 7,80 78,43 20,44 1,13
13bw 2,00 7,76 100 0 0
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JlokTopcka aucepTanmja

Hacrasak npuiiora B

14aw OcnoBHa mkona "/lyman Pagouh" 2,15 7,59 81,08 7,78 11,14
14bw 2,77 7,95 100 0 0
15aw WNunycrpujcka 30Ha "Ceep" 2,11 7,95 81,08 7,78 11,14
15bw 1,81 7,95 76,92 10,00 13,08

*"a" - y3opak y3eT y OMu3uHM myTa

** " - y30pak y3eT Jajbe o ImyTa
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JlokTopcka aucepTanmja

puior I': @uznuko-xeMujcke 0coOMHe JIeTHUX Y30paKa yJaiuvyHe NpalinHe

Pemau 6poj MepHO MecTo OM % | pH |Ilecak % | IIpax % | I'muna %
Las” OcnogHna mkona ""bophe Hatomesuh" 1,58 | 7,23 80 20 0
1bs** 3,48 | 7,00 100 0 0
2as 1,70 | 7,00 100 0 0
Jbs | /\YHABCKH Mapk 116] 7,21| 80,00 15,00 5,00
3as dyTOomKH MapK 0,57 | 7,90 35,29 48,89 15,82
3bs 1,20 | 7,60 93,02 6,67 0,31
4as Yuausep3utet y HoBom Cany 1,77 | 7,25 100 0 0
4bs 0,52 | 7,24 100 0 0
5as Bukenn Hacesse "Kamemap" 1,80 | 7,59 100 0 0
5bs 0,23 | 8,00 100 0 0
6as bynesap "Epporma 7,66 | 8,00 75 25 0
6bs 1,28 | 7,26 95,12 4,88 0
7as Cpricka mpaBociiaBHa IpKBa y ctamObeHom aeny rpaaa "Hoso Hacesse" 7,74 | 7,25 75,16 0 5,28
7bs 2,27 | 7,95 100 0 0
8as JlumaHCKH TapK 1,19 | 8,42 100 0 0
8bs 2,05| 7,13 85,25 10,49 4,26
9as Cpenma mkomna "[lonumujcka akagemuja" 1,80 | 7,14 100 0 0
9bs 1499 | 7,12 75,00 20,00 5,00
10a I'pancka mmaxa Ltpany 2,05 8,00 100 0 0
10bs 0,75 | 8,20 100 0 0
11as WNunyctpujcka 30Ha "Temmno" 1,62 | 8,00 100 0 0
11bs 2,74 | 8,24 100 0 0
12as LenTpanna ayroOycka cTaHula, HOPEJ TJIaBHE KeNe3HUYKE CTAaHHIIE 1,19 | 8,00 86,24 12,64 1,12
12bs 1,93 | 7,20 97,20 2,00 0,80
13as Texunuka mkona "[lasne Casuh" 1,99 | 8,01 70,43 28,57 1,00
13bs 1,18 | 7,60 100 0 0
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JlokTopcka aucepTanmja

Hacrasak npwitora I'

14as Ocnogna mkona "Jlyman Pagopuh" 4,08 | 8,20 100 0 0
14bs 3,63 | 7,65 100 0 0
15as WNunycrpujcka 30Ha "Cesep" 2,35 | 7,20 100 0 0
15bs 4,69 | 8,00 100 0 0
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HIGHLIGHTS

o Novel method of pressurized liquid extraction for PCBs and OCPs in soil was developed.
o The results revealed that the seasonal variation of PCBs and DDTs was rather stable.
o Health risk assessment suggested that Novi Sad is suitable as residential.

o Profiles of DDTs indicated aged residues.

e OCPs residues and PCBs in soil are not a serious public health threat in Novi Sad.
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The aim of this paper was to determine spatial and seasonal variation of 6 indicator polychlorinated
biphenyls (PCBs) and 18 organochlorine pesticides (OCPs) in urban soils of Novi Sad, Serbia. Sixty surface
soil samples were collected during both winter and summer season, from different types of locations:
schools, recreational areas, residential and industrial zones. Samples were treated using the method of
accelerated solvent extraction, which allows simultaneous extraction and clean up of PCBs and OCPs.
Targeted compounds were analyzed by GC-pECD and confirmed by GC-MS. The total concentrations of
studied PCBs varied from <LOD to 18.9 ng g ! (mean 2.84 ng g~ ! and median value of 1.21 ng g 1) in
winter and from <LOD to 24.6 ng g~ ! (mean 3.27 ng g~ ! and median value of 1.60 ng g~!) in summer.
Regarding the OCPs analyzed, dichlorodiphenyltrichloroethanes (DDTs) were only detected in both
seasons. The total concentration of DDTs ranging from <LOD to 86.3 ng g~! (mean 7.57 ng ¢! and
median value of 1.87 ng g~!) in summer and from <LOD to 182 ng g~! (mean 15.6 ng g~ and median
value of 3.15 ng g~!) in winter. There were no significant difference between seasons for studied PCBs
and DDTs. Spatial distribution of PCBs and DDTs were also evaluated using Arc GIS. Additional, principle
component analysis was performed to evaluate relationships between PCBs, DDTs and soil characteris-
tics. Positive correlation was observed among p,p’-DDE, p,p’-DDD and organic matter. The total lifetime
carcinogenic risk indicated that the lifetime cancer risk was acceptable.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

et al., 2014). Polychlorinated biphenyls have been extensively
used as dielectrics in capacitors and transformators, as plasticizers

Organo-chlorinated compounds (OCCs) such as polychlorinated
biphenyls (PCBs) and organochlorine pesticides (OCPs) are semi-
volatile, relatively lipophilic and environmentally stable com-
pounds that have been identified in diverse environmental
matrices worldwide (Skrbi¢ and Purisi¢-Mladenovi¢, 2007; Zhang
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in paints and joint sealants, and in many further applications
because of their extraordinary chemical stability and heat resis-
tance (Gliige et al., 2016). However, these chemical properties also
contribute to the persistence of PCBs after their released into the
environment (Wu et al., 2011). The manufacture, use, and impor-
tation of PCBs have been phased out since 1970s because of their
teratogenic, immunogenic, or carcinogenic health effects and
persistent nature (Salihoglu et al., 2011). Although concentrated
near emission sources, PCBs have become dispersed in the
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environment through long-range atmospheric transportation (Yi-
Fan Li et al,, 2010). Organochlorinated pesticides were demon-
strated as endocrine disrupters and carcinogens (Zhao et al., 2013).
OCPs such as dichlorodiphenyltrichloroethanes (DDTs) and hexa-
chlorocyclohexane (HCH) were used in agriculture for increasing
food production, in household, gardens, public places and institu-
tion due to their efficiency in controlling pests and diseases (Kabir
et al., 2015; Zhao et al., 2013). OCPs residues and PCBs have been
reported in water, air and soils around the world (Skrbi¢ et al.,
2007; Wang et al., 2016; Yu et al., 2014; Zehra et al., 2015).

Soil plays an important role in the global fate and distribution of
PCBs and OCPs (Holoubek et al., 2009). Persistent organic com-
pounds (such as PCBs and OCPs) can contaminate surface soil via
gaseous exchange mechanisms from the atmosphere, through wet
and dry deposition processes and from direct point source inputs
(Zhang et al., 2014). Due to their similar physicochemical proper-
ties, the fate of PCBs and OCPs is expected to be largely similar in
the sediment and soil, but the characteristics of the medium has to
be considered (Skrbi¢ et al., 2007). Soil can also act as source of
contamination, and therefore it may have deleterious effects on
ecosystems and human health (Cachada et al., 2012). Soil is a sink
for highly chlorinated PCBs, dichlorodiphenyltrichloroethane (DDT)
and for dichlorodiphenyl-dichloroethylene (DDE), with a tendency
for deposition during winter and volatilization during summer
(Ruzickova et al., 2008). Data on the distribution of organic pol-
lutants in soil can help to assess levels of pollution, identify sources
of emission and evaluate the environmental health risk (Li et al.,
2015). In Serbia, PCBs were mainly used as dielectric fluids in
transformers and condensers, which had a PCB composition with
penta to hepta-chlorinated congeners (Skrbi¢ and Durisi¢-
Mladenovi¢, 2007). During the Balkan conflicts of the 1990s,
burned or damaged industrial and military targets released large
amounts of PCBs into the environment: more than 1000 electric
transformer stations that contained PCB oil were damaged (IARC,
2015). Since many of damaged transformers and capacitors were
originally filled with PCB mixtures, their leakage into the soils and
industrial grounds became the major source of PCB contamination
in the region (Klanova et al., 2007; Skrbi¢ and Purisi¢-Mladenovic,
2007). Despite worldwide restriction by the Stockholm convection
(2001) for the usage and production of PCBs and OCPs, these
chemicals are still found in various environmental compartments
from different parts of the world (Zehra et al., 2015).

To our best knowledge only one study has been carried out in
Serbia, Novi Sad in order to determine concentration of PCBs and
OCPs in soils for different land use (Skrbi¢ et al., 2007). The main
objectives of this paper were to determine the seasonal and spatial
variations of PCBs and OCPs in Novi Sad urban soils and to estimate
health risks, especially to children, via ingestion, inhalation and
skin contact. Results presented in this paper provide the first reli-
able information for the city of Novi Sad, contributing to awareness
on soil contamination. The results are compared with available data
all around the world.

2. Materials and methods
2.1. Soil sampling

Sixty composite surface soil samples (30 samples each season)
from the same locations were collected during stable weather
conditions from 15 different locations in Novi Sad, Serbia, in July
2014 and March 2015, to represent the summer and winter seasons,
respectively. At each location, soil samples were taken from two
sites, one along the nearest road and the other away from the road
(e.g. in the schoolyard) in order to investigate spatial, seasonal and
short-range variability of the OCCs occurrence at the chosen

locations. The distribution of sampling locations is shown in Fig. 1.
The soil samples were coded to reflect the number of the locations
(from 1 to 15), whether they were collected in the vicinity of the
road (coded “a”) or away from it (coded “b”) and also to reflect
when they were collected during winter (“w”) or summer season
(“s™).

The sampling locations have been divided according to the
different functional area into four groups: school yards (1, 9, 13, 14),
recreational areas (2, 3, 4, 5, 8, 10) (e.g. park, river beach), resi-
dential areas (6, 7, 12) and industrial zones (11, 15). Detailed
description of the sampling locations and sampling methodology is
given at Skrbi¢ et al. (2016). Organic matter (OM) was determined
for each soil sample measuring sample loss after 2 h at 550 °C as
described in Skrbi¢ and Cupi¢ (2004). pH measurements were
carried out in deionized water at a soil/water ratio of 1/2.5 with
potentiometric glass electrode. Particle size distribution (content of
clay, silt and sand) was determined by the sedimentation method
(Skrbi¢ and Cupié, 2004).

2.2. Chemicals and materials

The standard solution mixture of 6 indicator PCBs congeners
PCB 28, PCB 52, PCB 101, PCB 138, PCB 153 and PCB 180 was pur-
chased from AccuStandard (New Haven, CT, USA). A mixed standard
solution of 18 OCPs containing (a-, §-, v-, 6-HCH, p,p’-DDT, p,p’-
DDE, p,p’-DDD, aldrin, dieldrin, endrin, endrin-aldehyde, endrin-
keton, endosulfan I and II, endosulfan-sulfate, heptachlor,
heptachlor-epoxide and methoxychlor) in hexane/toluene mixture
was purchased from Dr. Ehrenstorfer, Germany. PCB 209
(2,20,3,30,4,40,5,50,6,60-decachlorobiphenyl) and 2,4,5,6-Tetra-
chloro-m-xylene (THX) were obtained from Sigma—Aldrich and
used as surrogate standards for PCBs and OCPs determination. n-
Hexane (Fisher Chemical, UK) and methylene chloride (Fluka,
Sigma-Aldrich) were of pesticide residue analysis grade. Silica gel
(CarloErba), alumina oxide (Sigma-Aldrich) and diatomaceous
earth (Thermo Scientific) were activated in furnace at 350 °C for 4 h
and stored in a desiccator prior to use.

2.3. Sample extraction

Accelerated solvent extraction system ASE 350 (Dionex, Thermo
Fisher Scientific, USA) was used for the simultaneous extraction
and clean-up of 6 indicator PCBs and 18 OCPs in soil samples. It is
apparent that OCPs significantly vary in their chemical structure (in
contrast to PCBs, which are rather similar), thus extraction condi-
tions that work well for certain OCPs might not necessarily work for
others (Hussen et al., 2006). During ASE method development,
several parameters such as temperature, extraction time, flush
volume, number of extraction cycles, sorbent type and solvents
were optimized. In order to gain acceptable recoveries, different
ratios of solvent as hexane, dichloromethane and acetone were
used. Also different extraction temperatures, extraction times and
number of extraction cycles were tested. Method described below
gives the best results.

Soil sample (5 g) dispersed with diatomaceous earth (3 g) was
loaded into a stainless-steel extraction cell (33 mL) above silica gel
(2 g) and alumina oxide (3 g) layer, each separated by cellulose
filters. Extraction was performed at 1500 p.s.i, temperature of
100 °C with a flash volume 140% of the extraction cell using n-
hexane and methylene chloride (1:2, v:v). The extraction cell was
purged with a nitrogen stream for 80 s and static extraction time
was 5 min in two cycles. A vacuum rotary evaporator (Heidolph,
Germany) was used to concentrate the ASE extracts to about 5 mL,
and then gentle stream of nitrogen to concentrate the extracts to
0.1 ml. Each composite sample was prepared and analyzed in
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Fig. 1. Map of Novi Sad with sampling locations and its reference numbers.

duplicate.

2.4. Instrumental analysis

An Agilent 7890A gas chromatograph equipped with a micro-
electron capture detector (GC-pECD) was used for analysis of the
PCBs and OCPs. Gas-chromatographic separation of PCBs and OCPs
was performed using HP-5MS column (Agilent, 30 m, 0.25 mm id.,
0.25 pm film thickness) and helium as a carrier gas. The injection
volume was 1 pl in the splitless mode. Inlet and detector temper-
ature were 230 and 300 °C, respectively. The oven temperature
program was as follows: initial temperature 80 °C held for 1 min,
increased to 120 °C at 10 °C/min, held 2 min, then to 180 °C at 8 °C/
min held 4 min, then to 225 °C at 8 °C/min held 2 min and to 280 °C
at 15 °C/min held for 5 min. The quantitative analysis was done by
the external standard method. Seven calibration standards were
prepared in the range from 0.2 to 30 ng g~ . The confirmation of
PCBs and OCPs results obtained by GC—pECD analysis was made on
the same soil extracts using GC—MS based on the SIM (selected ion
monitoring) mode with an Agilent 6890B gas chromatograph
equipped with a 5977A mass selective detector (MSD). GC separa-
tion was achieved using HP-5MS column (30 m x 0.25 mm i.d.,
0.25 pm film thickness). Helium was used as carrier gas at a

constant flow rate of 2.0 mL/min. The temperature program of the
oven was set to 70 °C, kept for 2 min, then with 25 °C/min to 150 °C,
then with 3 °C/min to 200 °C then with 10 °C/min to 300 °C kept for
10 min. The injector temperature was 250 °C. The ion source,
quadrupole and transfer line were held at 230 °C, 150 °C and 280 °C,
respectively. The injection volume was 3 pl in splitless mode.
Quantification was performed using the external calibration
method based on seven-point calibration curves in the range from

0.5t030ngg .

2.5. Quality assurance and quality control

Parameters that are usually taken into account throughout
method validation are limit of detection (LOD), limit of quantifi-
cation (LOQ), recovery (%), repeatability, expressed as relative
standard deviation (RSD, %). In every analytical batch made up of 6
samples (extracts), 1 blank sample, and 1 control standard mixture
solution were inserted in order to identify any contamination
during sample preparation and analysis, and to check instrument
response against the calibration curve. The target compounds were
not detected when the blank samples were analyzed. LOD and LOQ
values for PCBs and OCPs were determined based on the ratio value
of the signal-to-noise baseline (S/N) for the reference peaks of each



104 B.D. Skrbi¢ et al. / Chemosphere 181 (2017) 101110

of compound and analyzed to the lowest calibration standard
concentration converted to S/N = 3 and S/N = 10, respectively for
LOD and LOQ. Limit of detection for individual PCBs obtained by
GC-pECD ranged from 0.003 to 0.008 ng g~! and for OCPs from
0.003 to 0.011 ng g~!, while limit of quantification ranged from
0.009 to 0.028 ng g~ ! for PCBs and from 0.010 to 0.037 ng g~ ' for
OCPs. Limit of detection for individual PCBs obtained by GC-MS
ranged from 0.004 to 0.008 ng g~ ! and for OCPs from 0.002 to
0.018 ng g~ !, while limit of quantification ranged from 0.012 to
0.025 ng g~ ! for PCBs and from 0.005 to 0.438 ng g~ for OCPs.

Recoveries were determined by analyzing ten replicates of a
sample fortified at 2 ng g~ ! concentration level in three consecutive
days. The average recoveries of the PCBs and OCPs in the fortified
samples obtained by GC-pECD ranged from 92.3% (PCB 28) to 96.4%
(PCB 180) and from 79.1% (endosulfan I) to 96.2% (B-HCH). Relative
standard deviations (RSD, %) were always lower than 20%. The
average recoveries of the PCBs and OCPs in the fortified samples
obtained by GC-MS ranged from 89.8% (PCB 28) to 95.8% (PCB 138)
and from 77.9% (endosulfan I) to 104.2% (methoxychlor). Relative
standard deviations (RSD, %) were always lower than 20%. For the
further calculation, all the analytical results were corrected for the
relevant recovery value. Intra-day precision was calculated as the
relative standard deviation (RSD, %) of ten replicates per each level
of the used control standards (10, 30,100 ng mL~!), while inter-day
precision as RSD of the instrumental responses was obtained by
analyzing standard solution at 10 ng mL~! during 3 consecutive
days. Individual LOD, LOQ, recovery values, RSD and intra and inter-
day precision obtained are presented in the Supporting Information
(SI) Table SI-1.

2.6. Spatial analysis

Interpolation methods are extensively applied in the mapping
processes to estimate the pollutants concentrations at unsampled
sites (Xie et al., 2011). Spatial distribution patterns of OCCs were
obtained using the Inverse Distance Weighed method (with a
weight factor of 2.0, 10 neighboring samples) and ArcGIS 10.1
software (ESRI, Redlands, CA, USA) (Text SI-1) (Aichner et al., 2015;
Salihoglu et al., 2011).

2.7. Statistical analysis

PCA was performed to evaluate relationships between PCBs
(101, 153, 138, 180), DDTs (p,p’-DDE, p,p’-DDD and p,p’-DDT) and
soil characteristics (pH and organic matter). Before the principle
component analysis was carried out, correlation between PCBs,
DDTs and soil characteristics (contents of organic matter, pH, and
content of clay, silt and sand, and soil) was calculated using Pear-
son's correlation coefficient. The obtained results showed stronger
correlation between evaluated compounds, pH and organic matter.
Opposite to mentioned soil characteristics, no correlation was
found between content of clay, silt and sand and PCBs/DDTs. As a
consequence the content of clay, silt and sand were not further used
in PCA. Due to providing reliable data for PCA half of detection limit
value was substituted for sample results that were below the
detection or quantitation limit (Skrbi¢ and DPurisi¢-Mladenovic,
2007; Skrbi¢ and Durisi¢-Mladenovi¢, 2010). PCB 28, 52 and other
not detected OCPs were excluded from analysis, because at all
sampling sites their concentrations were below limit of detection,
and thus variance was equal to zero. The analysis was carried out
after logarithmic transformation in order to correct the skewness of
data typical for environmental contaminants. Varimax orthogonal
rotation was used to get as many as possible positive loadings and
to achieve a more meaningful and interpretable solution. According
to the results of the Kaiser-Meyer-Olkin (KMO) and Bartlett

Sphericity tests, PCA resulted to be a suitable tool to run a multi-
variate analysis of the data set. The number of principal compo-
nents (PCs) extracted from the variables was determined by
Kaiser's rule. In order to interpret the significance of retained PCs in
terms of the original variables, only those loadings (coefficients)
whose absolute value was greater than 60% of the maximum co-
efficient of absolute value in each PC were considered (Skrbi¢ and
burisi¢-Mladenovi¢, 2007). Cluster analysis was used to classify
similar observations into groups (Cachada et al.,, 2012). It can be
considered to be an alternative to PCA.

The statistical analyses were performed in SPSS 20.0 for Win-
dows (SPSS, USA) trial version. Paired t-test was used to compare
the differences of PCBs and DDTs between seasons. The differences
in levels of PCBs and DDTs contamination among four functional
areas (recreational, schools, industrial, residential) were investi-
gated using one-way ANOVA. Values equal or lower than 0.05 were
accepted statistically significant.

2.8. Human health risk assessments

The total lifetime carcinogenic risks (TLCR) and total non-
carcinogenic hazard quotient (TnHQ for children) for PCBs and
DDTs covering the exposure routes of ingestion of soil, inhalation of
volatiles and particulates emitted from soil and dermal contact
with soil were estimated based on Regional Screening Levels (RSL)
equations for residential soils (EPA, 2016) and are presented in the
Supporting Information (Text SI-2). Exposure parameters used in
the risk assessment are presented in Tables SI-2 and Tables SI—3.
Similar approach has been used in several recent studies that re-
ported cancer risk assessment attributable to PCBs and OCPs in soil
(Li et al., 2015; Sun et al., 2016).

3. Results
3.1. Levels of polychlorinated biphenyls

Basic statistics for the individual and the total concentrations
(the sum of all measured PCB congener concentrations) of PCBs in
soil samples are given in Table SI-4 (Supporting Information). Sta-
tistic parameters were calculated for the whole set of the obtained
results as well as for the PCBs contents of the formed sample groups
(industrial, residential, recreational and school). The total concen-
trations varied from <LOD to 18.9 ng g~! with a mean and median
values of 2.84 ng g~ 'and 1.21 ng g~! in winter and from <LOD to
24.6 ng g 'with a mean and median values of 3.27 ng g~! and
1.60 ng g~! in summer, respectively. Paired t — test was used to
compare the differences among seasons. The results revealed that
there was no significant difference between seasons i.e. the sea-
sonal variation was rather stable.

The obtained levels of total PCBs were averaged over two sea-
sons and the obtained mean concentration (3.05 ng g~!) were
compared with those in other cities, to evaluate the degree of
pollution (Table 1). Comparing recorded PCB concentrations with
other studies is generally complicate because of differences be-
tween the selected congeners and associated statistics (Vane et al.,
2014). However, the six or seven indicator PCBs (28, 52, 101, 118,
138, 153 and 180) were commonly used in PCBs analysis to
demonstrate the status of PCBs contamination in environmental
media (Jiang et al., 2011). Also, the data from the literature have to
be interpreted with care because not all indicator PCBs were always
screened or detected and some of the congeners were not sepa-
rated from dioxin-like PCBs congeners under the chromatographic
conditions. In this study, based on standard mixture of 6 PCBs (28,
52,101, 138, 153 and 180), only 4 were determined, PCB 28 and 52
were always below LOD. The median value (1.27 ng g~ ') of S_PCB®
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Table 1

Total PCBs concentrations in soil samples around the world (ng g ).
Region Land use PCB number Range Mean Median Ref.
Novi Sad, Serbia urban 6 <LOD-24.6 3.05 1.27 This study
Novi Sad, Serbia urban 6 0.04—-0.32 0.32 — (Skrbi¢ et al., 2007)
Pristina, Serbia urban 6 0.17-168.57 — - (Gulan et al., 2017)
Sofia City, Bulgaria urban 6 7.2-17.2 10.58 104 (Dimitrova et al., 2013)
London, UK urban 7 — 21.40 — (Vane et al., 2014)
Bursa,Turkey urban 9 0.02—-1.32 0.35 (Salihoglu et al., 2011)
Shanghai, China urban 8 0.01-1.87 0.29 - (Jiang et al., 2011)
Ljubljana, Slovenia urban 5 0.67-29 - 21 (Cachada et al., 2009)
Glasgow, Scotland urban 5 1.9-43 — 9.4 (Cachada et al., 2009)
Torino, Italy urban 5 0.72—86 - 6.6 (Cachada et al., 2009)
Uppsala, Sweden urban 5 0.54—-47 - 23 (Cachada et al., 2009)

(PCB 28, 52,101, 138,153 and 180) in soil from Novi Sad was nearby
similar with median values of >"PCB® (PCB 52, 101, 138, 153 and
180) in urban soil of Ljubljana (2.1 ng g~') and Uppsala, Sweden
(2.2 ng g 1), but is lower than in urban soil from Torino, Italy
(median values of 6.6 ng g~!) and Glasgow, Scotland (median value
of 9.4 ng g~ ') (Cachada et al., 2009). The mean value (3.05ng g~ ) in
urban soil from Novi Sad of S"PCB® was lower than in urban soils
from Sofia, Bulgaria S"PCB® (PCB 28, 52, 101, 138, 153 and 180
10.58 ng g~ 1) (Dimitrova et al., 2013) and London UK S"PCB’ (PCB
28,52,101,118, 138,153 and 180) 21.4 ng g~ ! (Vane et al., 2014). The
obtained results were higher than in urban soil from Bursa, Turkey
S"PCB® (PCB 28, 52, 89/101, 118, 138/163, 153, and 180) 0.35 ng g~ !
(Salihoglu et al., 2011) and Shanghai, China >"PCB® (PCB 28, 52,101/
90, 118, 138, 153 and 180) 0.28 ng g~ ! (Jiang et al., 2011). Level of
total PCBs in the soil samples from Novi Sad, Serbia was in the range
of PCBs concentrations in European background soils
(0.05—97 ng g~ !, mean 7.5 ng g~ ) (Yi-Fan Li et al,, 2010).

3.1.1. Spatial distribution of PCBs

Soils are considered to be a reservoir of PCBs and usable to
obtain historical records about their production and use. PCBs have
dynamical behavior, which causes consistent changes in contami-
nation over different seasons (Guazzoni et al., 2011). The mean of
total PCB concentration per each location was obtained by aver-
aging the concentrations detected at “a” and “b” sites for particular
location for winter and summer season. The distribution maps of
total PCBs in both winter and summer soil samples, is illustrated in
Fig. 2. Taking into consideration the results obtained for total PCBs
concentration at 15 locations, the concentration ranges divided into
six classes (<2 ng g '; 2-4ng g, 4-6ngg'; 6-8nggl;
8—10 ng g~ !; >10 ng g~ ') for winter and summer soil samples, in
order to be able to compare the maps; seasonal and spatial. The
levels of total PCBs concentration at 15 locations are marked with
different shade. In the investigated summer soil samples the
highest mean concentration were found at sampling locations 12
(13.5ng g ), taken from green area near central bus station, next to
the main railway station, followed by location 6 (8.25 ng g~ 1)
collected from grassland next to the residential multi-storey
building. There is only a 2 km distance between 12 and 6 loca-
tions, which are both in the close vicinity of industrial zone in Novi
Sad. These locations with elevated levels might mainly come from
transformer and capacitor distributed area around these sampling
locations (Jiang et al., 2011). Middle concentration was observed at
sampling location 7 (5.52 ng g~ !) collected from the grassland
around the church and 11 (4.09 ng g~!) taken from industrial zone,
followed by location 8 (3.59 ng g~ '), 2 (3.64 ng g ') and 5
(3.48 ng g ) taken from grassland (recreational area). Low con-
centrations (below 2 ng g~ ') were observed in all other investi-
gated soil samples where no obvious source inputs were located
(Jiang et al., 2011). The highest mean concentration in winter soil

samples were found at sampling location 11 (12.0 ng g~!) taken
from industrial zone and location 8 (10.1 ng g~ '), collected in the
city park with the skatepark and the children playground. Middle
concentration was observed at sampling location 12 (4.36 ng g~ 1),
taken from green area whereas concentrations bellow 2 ng g~ 'were
observed at all other locations.

Comparison of S°° PCBs concentration from the same sampling
locations, but within different distance (“a” and “b”) for summer
and winter soil samples is illustrated at Fig SI-1. The general trend
could not be seen, but the majority of locations had lower con-
centration in samples taken from the nearby roadside, both in
summer and winter samples. In summer soil samples, only at six
sampling location no. 2, 4, 5, 8 (recreational), 14 (school) and 15
(industrial zone) the concentration of 3-® PCBs were higher in
samples taken away from the nearby roadside, whereas in winter
soil samples, at the sampling location no. 8, 10 (recreational), 6
(residential), 11 and 15 (industrial).

3.1.2. PCB congener profiles

Analysis of compositional patterns of PCBs congeners and ho-
mologs in environmental samples can provide information about
source, behavior and environmental fates of PCBs (Jiang et al.,
2011). Basic statistics for the individual and the total concentra-
tion of 6 PCBs (=% PCBs) in soil samples are given in Tables SI—4
and Fig SI-2. The portfolio of the congeners varies depending on
the sampling sites; however PCBs 138, 153, and 180 were the most
dominant, followed by PCB 101 (Fig SI-2). Congeners PCB 28 and
52 in all investigated samples were bellow limit of detection,
which could be caused by volatilization/degradation process due
to the age of the contamination. Despite the different concentra-
tions range observed in all investigates sites where PCBs were
detected, similar congener profiles was found; this is likely to be a
result of different deposition intensities or soil retention/trapping
capacity (Cachada et al, 2009). The highest variability in the
concentration of the individual compounds for all investigated
samples could be seen for PCB 101 (288% RSD), followed by PCB
138 (171% RSD). For PCB 153 and PCB 180 relative standard de-
viations were around 150%. The mean values of PCBs 101, 138, 153
and 180 (Tables SI—4) in summer and winter soil samples were
almost the same indicated that the seasonal variation was rather
stable.

3.1.3. Potential sources and the land use

The differences in levels of PCBs contamination among func-
tional areas (industrial, residential, recreational and school) were
also investigated and statistic parameters were presented in
Tables SI—4. Mean values of total PCBs for all investigated samples
(summer and winter) in school, industrial, recreational and resi-
dential area were 110 ng g~ ! 453 ng g ! 252 ng g 'and
5.74 ng g~ !, respectively. The highest variability of total PCBs value
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Fig. 2. Spatial distribution of PCBs (ng g~') in soil samples: (a) summer, (b) winter.

was seen for recreational area (156% RSD), followed by industrial
zone (130% RSD), for school and residential variability were about
120% RSD. The differences in levels of PCBs contamination among
four functional areas (recreational, schools, industrial, residential)
and between the seasons were investigated using one-way ANOVA.
The results of the ANOVA with a multiple comparison test indicated
that there were no significant differences (p < 0.05) observed be-
tween the four functional areas. Mean values of total PCBs in school,
industrial, residential and recreational area were 0.74 ng g,
3.01 ngg !, 215 ng g ! and 9.05 ng g~ ! in summer soil samples,
whereas in winter soil samples 6.05 ng g~!,3.13ngg !, 244 ng g~
and 1.47 ng g, respectively. Mean values indicated different
concentration levels of total PCBs in winter and in summer season
for school and recreational areas.

The results of the ANOVA with a multiple comparison test
indicated that there were no significant differences (p < 0.05)
observed between the four functional areas for winter and summer
seasons. Slightly higher level of PCBs in summer then in winter soil
samples for sample locations 6, 7 and 12 could be vicinity of very
traffic roads as dry and wet particle deposition depend on the
volume fraction of particles in air as suggested by Gliige et al.
(2016). Moreover, it has been demonstrated that there was a
good correlation between deposition of PCBs and the volume
fraction of particulate in air (Gliige et al., 2016).

3.2. Levels of organo-chlorinated pesticides

Among examined OCPs, DDTs (p,p’ DDE, p,p’ DDD and p,p’ DDT)
were only detected. The soil concentration of DDTs varied from
<LOD to 86.3 ng g~ ! with a mean value of 7.6 ng g~! and median
value of 1.9 ng g~! in summer and from <LOD to 183 ng g~ ! with a
mean value of 15.6 ng g~ and median value of 3.15 ng g~ ! in winter.
Unlike PCBs, the DDTs mean concentration was higher in winter
then in summer. However, the result of the paired t-test indicated
that there was no significant difference in the concentrations of
DDTs among summer and winter season.

The variation of DDTs concentrations at each location in summer
and winter soil samples is given on Fig. 3 by IDW maps. The con-
centration ranges divided into four classes (not detected (n.d.)-
5ng g '; 5-20 ng g~ '; 20-50 ng g~ '; 50—100 ng g~ ') for winter
and summer soil samples, in order to be able to compare the maps;
seasonal and spatial.

The highest concentration of DDTs in summer soil samples
(Fig. 3a) were measured at sampling locations 2 (52.3 ng g~ ') taken
from green zones of the city parks located in vicinity of the clinical
complex and community health center, 14 (24.4 ng g~!) school in
the vicinity of hospital and kindergarden and 13 (13.3 ng g~ ') taken
from school with single-family houses whereas in winter soil
samples (Fig. 3b) at sampling locations 12 taken from green area
near the station building and the railway (92.9 ng g 1), 2
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Fig. 3. Spatial distribution of DDTs in soil samples per location: (a) summer, (b) winter.

(51.8 ng g~') and 14 (26.3 ng g~ !). Samples taken from locations 2
and 14 showed elevated levels of DDTs in both seasons. For all the
other locations concentration was below 10 ng g~! in both winter
and summer soil samples. Although DDTs were prohibited in Serbia
in the early 80s of the last century, DDTs have been used in a public
health until 1994 (Cudi¢, 2011).

The total DDTs concentrations per sites in summer and winter
soil samples for each location are presented in Fig SI-3. The general
trend could not be seen, but the majority of locations had higher
concentration in summer samples taken from the nearby roadside.
In summer soil samples, only at four sampling location no. 3, 4
(recreational), 12 (residential) and 11 (industrial zone) the con-
centration of DDTs were lower in samples taken from the away
from nearby roadside, whereas for winter soil samples, at the
sampling location no. 3, 10 (recreational), 6 (residential), 11 (in-
dustrial) and 1, 9, 13, 14 (school) the concentration of DDTs were
lower in samples taken from the away from nearby roadside.

Descriptive statistics for concentrations of the p,p’-DDE, p,p’-
DDD and p,p’-DDT and the sum of DDTs measured in 60 composite
soil samples from Novi Sad are presented in Tables SI-5. p,p’-DDE
and p,p’-DDD were the most dominant followed by p,p’-DDT in
winter and summer samples, counting 45%, 25% and 6.5% of the
sum DDTs on average in summer samples, whereas in winter
samples 62%, 30% and 1.2%., respectively. The presence of p,p’-DDE
in higher amounts indicates an aerobic degradation of p,p’-DDT in

soil or the long—range transport of p,p’-DDE as a results of the
transformation of p,p’-DDT after release in the environment (Tarcau
et al., 2013). DDT can biodegrade to DDE under aerobic conditions
and to DDD under anaerobic conditions (Tarcau et al., 2013). DDT
and its metabolites are essentially immobile in soil, becoming
strongly absorbed onto the surface layer of soils (ATSDR, 2002).

The concentration ratio of p,p’-DDT/p,p’-(DDE + DDD) was used
to determine the DDTs input history (Karadeniz and Yenisoy-
Karakas, 2015; Li et al., 2015; Wang et al., 2008). In our study, the
calculated ratio for all investigated sites was lower the 1 indicating
old burdens. The levels of DDTs determined in this study were
lower than those in urban soil from Romania (range 4.4—-79 ng g~
mean 19.90 ng g~!) (Tarcau et al., 2013), arable land in Europe
(range 4.0-1018.3 ng g 'mean 113.70 ng g ') and grassland in
Europe (range 2.04—28.20 ng g 'mean 12.19 ng g~ ') (Holoubek
et al., 2009) (Table 2).

4. OCCs concentrations in relation to soil properties

Organic matter (OM) ranged from 0.2 to 5.7% (mean value of
2.93%) in soil samples, which means that the soils are weakly to
moderately fortified with organic matter. pH ranged from 7.2 to 8.9
(mean value of 7.8%), which suggests alkaline conditions.

Regarding the PCA results showed that three principal compo-
nents together represented 65% of the total variance (Table 3). PC1
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Table 2

Mean, range values of DDTs in soil samples, ng g~ .
Region Land use No of samples Range Mean References
Novi Sad, Serbia Urban 60 <LOD-183 11.6 This paper
Novi Sad, Serbia Urban 5 <0.1-10.40 7.76 (Skrbi¢ et al., 2007)
Moldavia, Romania Far from roads 16 4.4-79 19.90 (Tarcau et al., 2013)
Europe Arable 39 4.0-1018.3 113.70 (Holoubek et al., 2009)
Europe grassland 22 2.04-28.20 12.19 (Holoubek et al., 2009)
Romania Rural and urban 17 nd—889 191 (Ene et al., 2012)
Romania various sites with anthropogenic activity 10 nd—889 300 (Ene et al., 2012)
Nowshera district, Pakistan Urban, industrial, agricultural 28 1.4-60 20 (Zehra et al., 2015)

Table 3

Factor loading (varimax rotated) for organochlorinated compounds and soil char-
acteristics (marked loadings are higher than 60% of maximum loading on each PC in
absolute value).

PC1 PC2 PC3
PCB 101 -0.073 0.748 —0.056
PCB 153 0.126 0.581 0.603
PCB 138 0.140 0.757 0.195
PCB 180 0.053 0.526 0.702
4,4'-DDE 0.859 0.168 0.088
4,4'-DDD 0.863 0.143 —0.188
4,4-DDT 0.097 0.149 0.495
oM 0.713 —0.231 0.220
pH 0.118 0.272 —0.776

(accounting for 30% of the total variance) was influenced by 4,4’-
DDE, 4,4-DDD and OM having loadings 0.859, 0,863, 0.713,
respectively. Positive correlation was found among 4,4'-DDE, 4,4'-
DDD with OM, which indicates that organic matter plays an
important role in the distribution and sorption of these compounds
in soil, which was in accordance with Zehra et al. (2015). PC2 (ac-
counting for 21% of the total variance) was related to the content of
the PCB 101, 153, 138 and 180 with loading values of 0.748, 0.581,
0.757 and 0.526, respectively. No relationship was found among
PCBs and soil characteristics. The possible reason for this could be
thorough environmental mixing of PCBs in urban areas, where
there is not a single source but several point and diffuse sources
(Cachada et al., 2012; Skrbi¢ and Purisi¢-Mladenovi¢, 2007). PC3
(accounting for 13.93% of the total variance) was influenced by PCB
153,180, 4,4'-DDT and pH with loading values of 0.603, 0.702, 0.495
and —0.776, respectively. Negative correlation was found among
PCB 153, 180, 4,4’-DDT with pH. Moreover, no significant correla-
tion PCBs and OCPs with soil characteristics were reported in study
undertaken by Sun et al. (2016), while Holoubek et al. (2009)
observed strong corellation of PCBs and OCPs with OM in carbon
rich forest soil.

A dendogram of cluster analysis of autoscaled PCBs, DDTs con-
tents and soil characteristics using Ward's method as an amal-
gamation rule and the squared Euclidean distance as a measure of
the proximity between samples is shown in Figure SI-4. PCB 153,
180 and 138 forms one group, while the PCB 101 and 4,4’-DDT
formed the second group, which may indicate their common origin
in the investigated soil samples - atmospheric deposition. Charac-
teristics of the soil pH and OM are in the second group, while 4,4’'-
DDE and 4,4’-DDD formed the third group. Results CA partially
agree with the results of grouping variables obtained using PCA.

5. Compliance with the relevant guidelines

In order to rank the soil samples in accordance to the obtained
PCBs levels, the results were compared with the national and some
international guidelines on PCBs in soils. According to the Serbian

national limits for PCBs in soil (Official Bulletin of the Republic of
Serbia (2010)) target value for sum of 6 PCBs (28, 52, 101, 138, 153
and 180) and intervention value for sum of 7 PCBs (apart from the
above mentioned, PCB 118 is also taken into account) in soil sam-
ples with organic matter (OM) less than 30% are 0.02 mg kg~! and
1 mg kg, respectively. Only in one soil sample (12bs) taken near
central bus station, next to the main railway station, showed the
concentration for % PCBs slightly higher (24.6 ng g~!) than the
target value sets by the Serbian legislation; nevertheless, soil from
all the other analyzed locations were below target value.

The concentration of DDTs in the soils of Novi Sad was compared
with the corresponding target value according to the Serbian na-
tional limits for DDTs in soil (Official Bulletin of the Republic of
Serbia (2010)). Maximum allowed concentration for sum of DDTs
(p,p’-DDE, p,p’-DDD and p,p’-DDT) and remediation concentration
for sum of DDTs in soil samples with organic matter (OM) less than
30% are 0.01 mg keg~! and 4 mg kg™, respectively. The content of
DDTs in the investigated soil samples were lower than MAC except
for samples taken from sampling sites: 2a (86.3 ng g !), 2b
(183ngg ), 13a(23.5ng g !)and 14 a (48.0 ng g ') in summer
soil samples whereas in winter soil samples taken from sampling
sites: 2a (102 ng g7 '), 9b (14.8 ng g~ 1), 11b (477 ng g7 1), 12 a
(182ngg 1), 14a (114 ng g~ ') and 14 b (41.2 ng g~ 1). The content of
DDTs in the all investigated soil samples was much lower than RM
so no further action is necessary.

6. Health risk assessment

The human risk assessment of PCBs and OCPs were evaluated
individually for summer and winter soil samples. The total lifetime
carcinogenic risk (TLCR) values for all sampling sites are presented
in Figures SI-5 and 6. The TLCR at all sampling locations are bellow
10~ for PCBs and DDTs, indicating that the lifetime cancer risk was
acceptable. The highest risks for PCBs and DDTs were from the
ingestion exposure, followed by dermal contact, and the inhalation
both in winter and summer soil samples. The human risk assess-
ment of PCBs and DDTs has been the subject of various interna-
tional studies. The average level of TLCR for PCBs (2.4 x 10~%) found
in soil samples of Novi Sad was rather similar to those average TLCR
found in cities Lisbon (3.2 x 10~%) and Viseu (2.1 x 10~%) reported
by Cachada et al. (2012), but lower than average TLCR from Beijing,
China (2.2 x 10~7) for residential soil (Li et al., 2015) and the TLCR
(results were given as the range of TLCR from 10~ to 10~8) found in
soil from Kenya (Sun et al., 2016). Regarding the TLCR for DDTs to
the best of our knowledge in the scientific literature there are only
the data for TLCR for the sum of total investigated OCPs. For
example, average TLCR calculated for DDTs (6.9 x 107°) in pre-
sented study (as the DDTs were only quantified) was lower than
average value for TLCR for DDTs and HCHs (5.29 x 10~7) found in
Beijing, China (Li et al., 2015).

The non-carcinogenic risk for PCBs and 4,4’-DDT was deter-
mined as the total non-carcinogenic hazard quotient (TnHQ) for
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child individually (Sun et al., 2016). TnHQs values for PCBs at
sampling sites are presented in Figure SI-7. When comparing all
sampling sites, maximum TnHQ for PCBs (0.014) was determined in
sample taken from sampling site 12 b during summer season from
green area near the station building and the railway, which suggest
that the chronic non-carcinogenic risk of PCBs for children in soils
was low enough. 4,4'-DDT were detected only at 4 sampling sites
during summer (2a, 4a, 8a and 11b) and at sampling sites 8a and
11b during winter. Maximum TnHQ for 4,4-DDT (4 x 10~%) was
determined at sampling site 2a along busy boulevard in front of the
park during summer, which was a few orders below target level of
0.1. TnHQ for 4,4’-DDT. 4,4’-DDE and 4,4’-DDD were not calculated
due to the data for RfD were not provided (Sun et al., 2016). These
results can suggest that Novi Sad urban area is “suitable as
residential”.

7. Conclusion

The present study showed spatial and seasonal variation of
organochlorine compounds (PCBs and DDTs) in urban soils from
Novi Sad. Although the use of PCBs and DDTs were banned decades
ago, they were detected in almost all soil samples indicating their
ubiquitous environmental presence in the Novi Sad city. The mean
values of PCBs indicate that the seasonal variation is rather stable.
Level of total PCBs in the soil samples from Novi Sad, Serbia was in
the range of PCBs concentrations in European background soils
(0.05—97 ng g~ !, mean 7.5 ng g !). Among examined OCPs, DDTs
(p,p’ DDE, p,p’ DDD and p,p’ DDT) were only detected. Unlike PCBs,
DDTs mean concentration was higher in winter then in summer.
However, the result of the paired t-test indicated that there was no
significant difference in the concentrations of DDTs among summer
and winter season. Obtained levels were lower to those reported in
literature for other cities in which soil samples analysis were car-
ried out.

PCA and CA were used for analysis of correlation between OCCs
and soil characteristics. No relationship was found among PCBs and
soil characteristics, while positive correlation was found among
4,4'-DDE, 4,4'-DDD with OM.

Additionally, this study brings the first results on the cancer
risks assessment in Serbia and the whole Western Balkan region,
bridging the gap between the existing PCBs and OCPs monitoring
studies and the lack of data on the risks posed by the unintentional
exposure to PCBs and OCPs present in soil.
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The paper presents a study of organochlorine compounds in street dust, an often forgotten aspect of urban envi-
ronmental pollution. Six different polychlorinated biphenyls (PCBs) and eighteen organochlorine pesticides
(OCPs) were monitored in terms of levels, distribution, seasonal variation and health risks. Street dust samples
were collected from fifteen urban locations in Novi Sad including schools, recreational areas, residential and in-
dustrial zones. Street dust concentration of PCBs ranged from less than the limit of detection (<LOD) to
12.1 ng g~ ! (mean = 0.58 ng g~ !) in summer and from <LOD to 3.82 ng ¢! (mean = 0.45 ng g~ !) in winter.
Among the investigated OCPs, only dichlorodiphenyltrichloroethanes (DDTs) were detected - their concentration
varied from <LOD to 34.7 ng ¢~ ' (mean = 6.2 ng g~ ! and median = 1.4 ng g~!) in summer to <LOD to
50.5ng g~ (mean = 7.1 ng g~ ' and median = 2.0 ng g~ !) in winter. Principal component analysis indicated
a positive correlation among PCB 101, PCB 153 and pH as well as between PCB 138 and organic matter. Regression
analysis revealed that distribution trends of DDTs between the soil and street dust samples are significantly cor-
related in the recreational areas. The average level of total lifetime carcinogenic risk (TLCR) for PCBs (3.7 x 107°)
and DDTSs (3.6 x 10~%) found in Novi Sad street dust samples were well below the unacceptable level of 1075,
indicating that the lifetime cancer risk was acceptable. It was also found that the seasonal variations were not
significant.
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1. Introduction

World's urban population has increased from 751 million in 1950 to
4.2 billion in 2018 (United Nations, 2018). Nowadays, more than half of
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people lives in urban areas, with numbers rising over 80% in some de-
veloped countries. The outdoor air pollution has become a major envi-
ronmental health problem in European cities (European Environment
Agency, 2017) as well as in many other parts of the globe (Huang
et al.,, 2014). According to the reports on air quality in Europe (EEA,
2017), concentrations of particulate matter repeatedly exceed the EU
limit value in large parts of Europe. Street dust is the first sink of
urban atmospheric particulate matter as well as of organic and inor-
ganic pollutants. Therefore, street dust pollution could be a good indica-
tor of prolonged atmospheric contamination and the environmental
fate/pathways of inorganic or organic compounds, which tends to re-
flect potential non-point sources near the sampling sites (Cheng et al.,
2011; Ram et al., 2014; Klees et al., 2015). As the carrier of pollutants,
street dust not only affects urban air quality but also directly threatens
public health (Cheng et al., 2011). Persistent bio-accumulative and
toxic (PBT) chemicals are of particular concern. Among them, both
PCBs and OCPs have attracted considerable political and scientific inter-
est, especially when accidental releases resulted in dispersed contami-
nation far from source regions (Nadal et al., 2015). From the middle of
the 20th century, PCBs and OCPs, both highly toxic, have become com-
mon environmental contaminants because of their widespread use, per-
sistence in the environment and bioaccumulation through the food
chain (Ward et al.,, 2009). All these pollutants move from the air and
water into the soil and plants, and then to animals and humans having
detrimental impact on the environment and human health (Yuan et al.,
2013). From the 1930s, PCBs were used in many industrial processes,
mostly in fire-resistant transformers and insulating condensers. Al-
though PCB production ended in the late 1970s, the majority of the cu-
mulative world production, estimated at around 1.2 to 1.3 million t, is
still in the environment (Harrad et al., 2009; El-Shahawi et al., 2010).
The cumulative global consumption of the intentionally produced
PCBs was almost 97% in the Northern Hemisphere, approximately 18%
of the total had been used between 40th and 42th northern latitude
(Breivik et al., 2002). Organochlorine pesticides were extensively used
for pest and disease control since the 1940s in agriculture, houses, gar-
dens, and veterinary practices. Production of OCPs in the Republic of
Serbia, started in 1947, in the beginning included only production of
DDTs in “Zorka - Zastita bilja” in Sabac. Production capacities were di-
mensioned for annual production of 600 t and its production had ceased
in the early seventies. Other compounds (aldrin, dieldrin, endrin, toxa-
phene, chlordane, heptachlor and hexachlorobenzene) were imported
as technical products and preparations were formulated and done
from them in factories “Zorka - Zastita bilja” in Sabac, “Tupa” in
Krusevac and “Galenika-Fitofarmacija” in Zemun. OCPs listed in the
Stockholm Convention were prohibited from agricultural trading and
use in Serbia during the seventies and the eighties of the last century.
Use of DDTs in the sector of public health had ceased in the early
nineties of the last century (UNEP, 2010). They are hydrophobic, resis-
tant to degradation and accumulate in soil and sediments (Annamalai
and Namasivayam, 2015). Despite the worldwide restriction by the
Stockholm convention (2001), which aims to eliminate and, when it is
not possible, regulate emissions and discharges of PCBs and OCPs,
these chemicals are still found in the environment. Studies on environ-
mental pollution mainly use statistical methods for the processing re-
sults. However, environmental data have a spatial structure and thus
many statistical methods do not consider the spatial or temporal com-
ponent of the same phenomena. Therefore, the study of environmental
contamination is not so interesting until spatial and/or time coordinates
are known. Spatial distribution of pollutants and the visualization of the
results are important for better understanding sources of pollution, re-
ceptors and exposure routes where there may be human - polluted en-
vironment interaction. An important system used to manage spatial
data and associated features is the Geographic Information System
(GIS). GIS is computer information software for the collection, process-
ing, archiving, analysis and display of spatial information (Poggio and
Vrscaj, 2009). Using computer software GIS is one of the most popular

techniques for implementing spatial analysis. Today, GIS technology in-
tegrates common operations with databases such as queries, searches,
statistical analysis with the possibility of visualization and spatial anal-
ysis of maps. Information on the degree of environmental pollution
and risk assessment for human health is interpreted differently and
used by readers, depending on their previous experience, expertise
and needs. Furthermore, the transmission of information to the lan-
guage of the map allows the individual to make decisions regarding
his health. That makes GIS an advanced system that supports
decision-making (Jovanovic et al., 2012). Environmental data have a
spatial structure and often two points on a smaller distance are more
similar than those located at a greater distance. Consequently, correla-
tions between the points are proportional to the inverse distance be-
tween them. In studies about soil quality examination, the inverse
distance weighting, IDW is often used as an alternative to geostatistic
methods primarily due to the speed of performance, practical and
easy interpretation.

Additionally, human risk assessment of contaminated dust shows
that DDTs and PCBs are regarded as the main factor for developing can-
cer, particularly in children through ingestion as the main route of expo-
sure to dust (Sohail et al., 2018). Different studies were carried out in
order to investigate levels of persistent organic compounds, such as
polycyclic aromatic hydrocarbons (Wang et al., 2010; Jiang et al.,
2014; Tuyen et al., 2014) phthalic acid esters (Skrbi¢ et al., 2016) and
heavy elements (Yetimoglu et al., 2007; Gope et al., 2017) in urban
street dust. Moreover, to date, different studies were carried out to in-
vestigate the PCBs and OCPs concentrations in indoor dust globally
(Dirtu et al., 2012; Ali et al., 2013; Meng et al., 2016). However, there
are relatively few studies that have examined the levels of PCBs and
OCPs in street dust (Irvine, 1998; Cheng et al., 2011; Klees et al., 2015;
Chakraborty et al., 2016; Sohail et al., 2018).

To our best knowledge, this is the first study about the presence of
PCBs and OCPs in street dust in Novi Sad, Serbia, and Western Balkan
countries, their correlation, spatial and seasonal distribution and health
risks. Additionally, information about spatial and seasonal variation of
PCBs and OCPs is presented by using the geographical information sys-
tem. Furthermore, linear regression analysis was used to describe the
correlations between DDTs in street dust samples, and previously deter-
mined and published results for soil samples from the same sampling
locations (Skrbi¢ et al., 2017a).

2. Material and methods
2.1. Sampling and analysis

The study was undertaken in Novi Sad (urban), the second largest
city of Serbia with a population of about 300,000, and population den-
sity of 487 per km?. The city lies at the intersection of 45°20” northern
latitude and 19°51” eastern longitude. The study area is given in Fig. 1.
Sixty composite street dust samples were collected, in each season in-
cluding July 2014 (summer) and March 2015 (winter), from 15 loca-
tions (30 samples each season). Sampling was done as described in
Skrbic et al,, 2016; Skrbi¢ et al., 2017a, 2017b; Skrbi¢ et al., 2018. Street
dust was taken by using a broom with plant fibers. Five sub-samples
were collected from each site to obtain the composite street dust sam-
ples, within the area of 50 x 50 m, while in park locations within the
area of 100 x 100 m. The locations (coded from 1 to 15) were chosen
in order to present places with different patterns of source-pathway-re-
ceptors, such as school yards, recreational areas (e.g. parks, river banks),
residential areas and industrial zones. In order to capture the short-
range variability of the PCBs and OCPs distribution, at each location,
the street dust samples were taken from two sites, one along the nearest
road (coded “a“) and the other far from that road, e.g. in the schoolyard,
(coded “b*). After collecting street dust samples, appropriate prepara-
tions were made, consisting of the following operations: drying the
sample overnight, removing of foreign materials such as, stones, insects,
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Fig. 1. Sampling locations of street dust in Novi Sad.

mechanical impurities, etc., sieving the samples through a 2 mm sieve
and keeping the prepared samples in aluminum foil bags at —20 °C
until extraction. The methods used for determination of 6 PCBs and 18
OCPs in street dust samples, as well as chemicals, reagents, and stan-
dards used during the analysis can be found in our previous paper
Skrbi¢ et al. (2017a, 2017b). A brief description is given in Text SI-1 of
the Supplementary material. To evaluate the street dust environmental
quality, the results were compared with those in other areas of the
world.

2.2. Statistical analysis

Cluster analysis (CA), paired-t-test, one-way ANOVA and regression
analysis SPSS 20.0 for Windows (SPSS, USA) trial version was used for
statistical analysis including principal component analysis (PCA). Before
carrying out statistical analysis, the columns of the input matrix refer to
variables, i.e. obtained levels of PCB 28, PCB 52, PCB 101, PCB 138, PCB
153, PCB 180, p,p’-DDE, p,p’-DDD, p,p’-DDT and street dust physico-
chemical characteristics (organic matter (OM), pH and content of clay,
silt, sand and clay) and rows pointing out the sample sites created. For
the levels of investigated OCPs below LOD, half of LOD were treated as
missing values (Skrbi¢ and Durisié-Mladenovi¢, 2007; Skrbi¢ and
Durisic-Mladenovic, 2010). Log transformations were used to normalize
the data and make patterns more pronounced. PCA was used to evaluate
correlations among the levels of identified PCBs (101, 138, 153), DDTs
(p,p’-DDE, p,p’-DDD, p,p’-DDT) and street dust physico-chemical char-
acteristics (pH and organic matter), while CA was used to determine if
the grouping among variables from street dust samples are existed.
For the PCA and CA, PCB 28, 52 and other unidentified OCPs were elim-
inated from the analysis because in >50% of the samples their levels
were below the limit of detection (Stafilov et al., 2011). The contents
of clay, silt, and sand were excluded from the analysis for low coefficient
correlation was obtained between them and PCBs/DDTs compared to
other variables indicated the absence of a relationship.

2.3. Human health risk assessments

The main routes of exposure to street dust and PCBs and DDTs they
contains are ingestion, dermal contact, and inhalation. The total lifetime
carcinogenic risks (TLCR) were estimated according to the determined
concentrations of PCBs and DDTSs in street dust samples. The TLCR for
PCBs and DDTs were calculated according to equations (US EPA, 2016)
given in the Supplementary material (Text SI-2) and also described in
some publications (Sun et al., 2016; Skrbi¢ et al., 2017a, 2017b). The total
risks are the sum of risks associated with each exposure route. The detail
parameters used in the risk assessment are presented as the supporting in-
formation (Tables SI-1 and SI-2). The toxic, non-carcinogenic effects
caused by the PCBs and DDTs present in street dust samples, were calcu-
lated as the total non-carcinogenic hazard quotient (TnHQ) for children ac-
cording to the equation given in the Text SI-2. The hazard quotient is the
sum of the HQ values for ingestion, inhalation and dermal contact.

24. Spatial analysis

Inverse distance weighted (IDW) is used for mapping spatial distribu-
tion of PCBs and DDTs in street dust samples. The
WGS_1984_UTM_Zone_32N is the coordinate system used in all refer-
enced data utilized in this paper. Inverse Distance Weighted (IDW) is a
process of using points with known values to estimate values at other
points. To predict a value for any unmeasured location, IDW uses the
measured values surrounding the prediction location. Equation used for
IDW mapping is given in the Supplementary material (Text SI-3).

3. Results and discussion
3.1. Polychlorinated biphenyls (PCBs)

Street dust concentration of PCBs was less than the limit of detection
(<LOD)to 12.1 ngg~! (mean = 0.58 ng g~ ') in summer and from <LOD
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t03.82ngg~! (mean = 0.45 ng g~ ') in winter (Table 1). In accordance
with our previous report on PCBs in Novi Sad soil samples (Skrbi¢ et al.,
2017a, 2017b), it was also found that the seasonal variations were not
significant (p < 0.05, paired t-test). The mean value of total PCBs for all
investigated samples (0.52 ng g~ ') was lower than level 3,6PCBs in set-
tled dust obtained by Chakraborty et al,, (2016) near highways in urban
centers (1.7 ng g~ ') and roadside dust from suburban industrial belt of
Chennai city in India (1.6 ng g~ 1). In the study by Klees et al. (2015), on
street dust for Bonn, Cologne, Leverkusen, Essen and Diisseldorf
(urban), Eifel region (rural), North Rhine-Westphalia (industrial influ-
enced urban sites), Y_sPCBs (28, 52, 101, 138, 153 and 180) varied
from 31 to 130 ng g~ '; from 20 to 38 ng g~ ! and from 20 to
190 ng g~ !, respectively. The highest level found in Novi Sad was in
the summer street dust sample 11b from the industrial zone
(12.1 ng g 1), which was lower than Y_gPCBs from the rural region in
Germany. Congener profiles could provide useful information about
the behavior of the PCBs (Barakat et al., 2013). Mean values of PCB
101, PCB 138 and PCB 153 were 0.04 ng g~ !, 0.31 ng g~ ' and
0.13 ng g~ !, respectively. Among the studied PCBs (28, 52, 101, 138,
153 and 180), the dominant PCBs were 138 and 153, which is consistent
with the PCB profile of soil of Novi Sad (Skrbi¢ et al., 2017a, 2017b). Sim-
ilar results were obtained by Klanova et al., (2007), in the atmosphere
for the same region, which indicated the short-range transport due to
leakage of dielectric fluid in transformers in Novi Sad (Skrbi¢ et al.,
2007) and the presence of strong point source pollution.

Fig. 2 shows the spatial and seasonal variations of total PCBs per each
location, obtained by averaging the contents detected in street dust
samples taken at “a” and “b” sites of the particular location during sum-
mer and winter. IDW was applied to design and estimate the spatial and
seasonal attribute of total PCBs. Taking into consideration the results
attained for the total PCBs concentration for credible observation be-
tween winter and summer, equivalent number of classes (10 classes)
was used. PCBs were detected at four among 15 investigated locations
in summer street dust samples. The highest total PCBs content was re-
corded in sample 11 (6.9 ng g~ ') from the industrial zone with ware-
houses and flour milling industry. PCBs were also identified in
samples 12 (1.2 ng g~ ') i.e. central bus station, next to the main railway
station near a large intersection with heavy traffic, 6 (0.41 ng g™ ') i.e.
residential area near a multilane boulevard with heavy traffic and 9
(0.23 ng g~ ') near a two-lane road with heavy traffic. In winter street
dust samples, PCBs were detected at seven locations. The highest level
was recorded at the sampling location 1 (2.04 ng g~ ') right across a der-
elict old industrial complex with buildings from the beginning and mid-
dle of the 20th century. It is followed by location 14 (1.24 ng g~ !) i.e.
residential area in the vicinity of a two-lane road with heavy traffic. At
five locations (6, 9, 11, 8, 15), the mean PCBs concentrations ranged
from 0.35 ng g~ for the north industrial zone with warehouses and a
feed factory in the suburbs (location 15) to 0.97 ng g~ ! for the residen-
tial area with heavy traffic on a multilane boulevard (location 6). It is
worth mentioning that at three sampling locations, 6,9 and 11, PCBs

were detected during both winter and summer. As PCBs have strong af-
finity for solid (dust) particles, slightly higher concentrations of PCBs
could be presented in the vicinity of a very busy road (Skrbi¢ et al.,
2017a, 2017b). This is in accordance with Chrysikou et al. (2009), who
measured higher concentrations of PCBs in the ambient air and street
dust close to high-density roads, tunnels and near the city. This suggests
that the traffic is considered as a possible source of PCBs. The findings of
Chrysikou et al. (2009), also suggested that the relatively high concen-
trations of PCBs could be attributed to dense traffic with low ambient
temperatures favoring gas-particle partitioning distribution in the parti-
cle phase. Yang and Baumann (1996) analyzed the presence of 9 PCBs
(28,44, 52,101, 105, 136, 138, 153 and 180) in street dust samples in
Maingz, Berlin, and Hannover in which the total PCBs contents ranged
from 140 to 3800 ng ¢~ ! and revealed higher levels in samples from
motorway and other areas with heavy traffic, suggesting that high
PCBs levels may be due to tire abrasion as well as diesel soot.

3.2. Organochlorinated pesticides (OCPs)

Among the investigated OCPs, only DDTs were detected. The results
of the concentrations of DDTs (p,p’-DDE, p,p’-DDD, p,p’-DDT) measured
in all investigated street dust samples (N = 60) at 15 locations (two
sampling sites) are given in Table 1. DDTs concentrations ranged from
<LOD t0 50.5 ng g~ ! (mean = 6.63 ng ¢~ ! and median 1.74 ng g ).
The obtained levels of DDTs were similar to those reported from
Pakistan (range 0.16-62 ng g~ ') (Sohail et al., 2018). The median
value was lower than those in Beijing, China (9.46 ng g~!) (Cheng
et al., 2011). DDTs concentration varied from <LOD to 34.7 ng g~
(mean = 6.2 ng g~ ! and median = 1.4 ng g~ !) in summer to <LOD to
50.5ng g~ ! (mean = 7.1 ng g~ ! and median = 2.0 ng g~!) in winter.
The results of the paired t-test revealed that there were no significant
differences between the seasons.

The composition pattern of DDTs in street dust samples for each lo-
cation is presented in Table 1. p,p’-DDE was the most dominant and con-
tributed 52%, 47% of the sum DDTSs on average in winter and summer
street dust samples, respectively. It was followed by p,p’-DDD with
29% and 15% in winter and summer. In all investigated samples, the con-
tribution of p,p’-DDT was very low, 2.5% in winter, whereas in the sum-
mer samples it was 8.1%. The low level of p,p’-DDT and elevated level of
p,p’-DDE, could be explained by p,p’-DDT converting to p,p’-DDE due to
UV radiation during atmospheric transport (Atlas and Giam, 1988). The
ratios of p,p’-DDT/p,p’-(DDE + DDD) isomers were used to fingerprint
recent or historical emissions into the environment (Sohail et al.,
2018). In our study, the calculated ratio for all investigated sites was
lower than 1 indicating aged (microbially degraded) DDTs. Seasonal
variations of DDTs per each location are presented in Fig. 3 using the
IDW interpolation method. Maximum concentration of DDTs
(45.1 ng g~ ') was found at sampling location 2 during winter, whereas
maximum summer concentration (23.2 ng g~ ') was found at the same
sampling location. Location 2 is in a green park area in the vicinity of a

Table 1
The concentrations of PCBs and DDTs determined in street dust samples from Novi Sad (ng g~ !).
All investigated samples Summer Winter
Min Max Mean Median RSD% Min Max Mean Median RSD% Min Max Mean Median RSD%
28 <LOD <LOD <LOD <LOD - <LOD <LOD - - - <LOD <LOD - <LOD -
52 <LOD <LOD - <LOD - <LOD <LOD - - - <LOD <LOD - - -
101 <LOD 249 0.04 <LOD 753 <LOD 249 0.09 <LOD 533 <LOD <LOD - - -
138 <LOD 5.99 031 <LOD 325 <LOD 5.99 0.32 <LOD 361 <LOD 3.82 0.29 <LOD 277
153 <LOD 357 0.13 <LOD 434 <LOD 3.57 0.17 <LOD 406 <LOD 1.56 0.08 <LOD 406
180 <LOD <LOD - <LOD - <LOD <LOD - - - <LOD <LOD - - -
2PCBs <LOD 121 0.52 <LOD 382 <LOD 12.05 0.58 <LOD 382 <LOD 3.82 0.45 <LOD 194
p,p’-DDE <LOD 22.4 2.86 1.29 151 <LOD 16.9 2.79 1.15 155 <LOD 22.4 2.92 1.63 149
p,p’-DDD <LOD 44 2.60 0.35 292 <LOD 9.20 1.38 0.33 186 <LOD 44 3.83 0.35 271
p.p’-DDT <LOD 20.7 1.17 <LOD 314 <LOD 20.7 2.0 <LOD 239 <LOD 9.74 0.34 <LOD 530
DDTs <LOD 50.5 6.63 1.74 169 <LOD 34.7 6.17 141 164 <LOD 50.5 7.08 2.04 175
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Fig. 2. Spatial and seasonal variation of PCBs (ng g ') in street dust samples: (a) summer, (b) winter.

clinical complex and community health center, surrounded by high
trees and shrub fences. Detection of DDT at location 2 could be resulted
from their earlier use. DDT has once been used for mosquito control, pri-
marily by ground spraying (UNEP, 2010). A similar result was obtained
by Cheng et al., (2011). They compared DDTSs level in four zones, and
found a higher DDTs concentration in the park when compared to the
industrial center, farm, and residential area. Also, higher concentrations
of DDTs were observed at the sampling location 14 during both seasons:
summer (19 ng g~ !) and winter (12.6 ng g~ !) in the vicinity of the

hospital and kindergarten. Although DDTs were prohibited in Serbia in
the early 80s of the last century, DDTs have been used in a public health
until 1994 (Cudi¢, 2011; Skrbi¢ et al., 2017a, 2017b). Likewise, ele-
vated levels of DDTs were observed at sampling locations 6
(19.1ngg ') and 12 (13.4 ng g~ ') in summer street dust samples,
and at the sampling location 1 (13.1 ng g~ ') in winter street dust
samples, as they are located near roads with heavy traffic. Low con-
centrations (below 5 ng g~ ') were observed in all other investigated
street dust samples.
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Fig. 3. Spatial and seasonal variation of DDTs (ng g ) in street dust samples: (a) summer, (b) winter.
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3.3. Short-range spatial variability of DDTs

Levels of DDTs in summer street dust samples taken from site “a”
(along the road) ranged from <LOD to 2 ng g~ ' (53%, whereas 40% of
the samples were below LOD), followed by 2-4 ng g~ ', 4-6 ng g~ 'per
13%,6-8ng g~ !, 8-10ng g~ ! and >10 ng g~ ' per 7%. Levels of DDTs
in summer street dust samples taken from site “b” (away from the
road) ranged from <LOD to 2 ng g~ ! (60%, whereas 20% of the samples
were below LOD), followed by >10 ng g~ ' per 26.6%, 4-6 ng g~ ' and
8-10 ng g~ ! per 6.7% 2-4 ng g~ ' and 6-8 ng g~ 'per 0%. Levels of
DDTs in winter street dust samples taken from site “a” (along the
road) ranged from <LOD to 2 ng g~ !(53%, whereas 40% of the samples
were below LOD), followed by 2-4 ng g~ ' (27%), 4-6 ng g~ 1(13.3%),
6-8ngg ', 8-10ngg ' per 0% and >10 ng g~ ' (6.7%). Levels of DDTs
in winter street dust samples taken from site “b” (away from the
road) ranged from <LOD to 2 ng g~ '(46.7%, whereas the samples
below LOD were not detected), followed by >10 ng g~ ! (26.7%),
2-4ng g 'and 6-8 ng g~ ' per 13.3%,4-6ng g~ ' and 8-10 ng g~
per 0%. The number of locations with higher levels of DDTs obtained
in samples taken by the road in winter was higher than those registered
in summer. In winter street dust samples at five sampling locations no.
2,6, 7, 8,9 the concentration of DDTs were higher in samples taken by
the road, whereas for summer street dust samples, only at two sampling
locations no. 8 and 13.

3.4. Distribution of PCBs and DDTs in functional areas

Spatial patterns of PCBs emission via dust particles into different
functional areas (industrial, residential, recreational and school) were
also investigated and statistical parameters are presented in Table SI-
3. The detection frequency of PCBs in street dust samples was 33% (res-
idential), 38% (school), 50% (industrial) and 8.3% (recreational) of total
samples, whereas in soil samples it amounted to 100% (residential), 69%
(school), 88% (industrial) and 83.3% (recreational) of total samples,
with their percentage contribution of 26.7% and 83.3% in street dust
and soil samples, respectively (Skrbié¢ et al., 2017a, 2017b). The analysis
of 120 samples (60 street dust and 60 soil samples) showed that PCBs
were detected more frequently in soil samples than in street dust sam-
ples. Mean values of total PCBs for all investigated samples (summer
and winter) were 2 ng g~ ! (industrial), 0.55 ng g~! (school),
0.43 ng g~ ! (residential) and 0.05 ng g~ ! (recreational). The results of
ANOVA revealed that there were significant differences (p < 0.05) in
levels of PCBs among the four functional areas. Mean values of total
PCBs in the industrial area, recreational area, residential area and school
were 0.57ng g~ ',0.09ng g~ !, 0.32ng g !, 1.04 ng g~ ! in the winter
street dust samples, whereas in the summer street dust samples they
were 3.43ngg~ !, 001 ngg~',0.55ng g~ ", 0.06 ng g~ !, respectively.
The results of ANOVA showed there are no significant differences (p <
0.05) among seasons. The highest variability of total PCBs (460%RSD)
was detected for the recreational area, while for the school, industrial
and residential area they were about 200%RSD. The DDTs concentra-
tions in street dust samples from different functional areas in Novi Sad
are presented in Table SI-4. The detection frequency of DDTs in street
dust samples was 92% (residential), 94% (school), 50% (industrial) and
63% (recreational) of total samples, whereas in soil samples it was 83%
(residential), 100% (school), 88% (industrial) and 71% (recreational) of
total samples, with their percentage contribution of 75% and 83.3% in
street dust and soil samples, respectively (Skrbi¢ et al., 2017a, 2017b).
No significant differences in the detection frequencies of DDTs between
street dust and soil samples were observed. Considering the low detec-
tion frequency of PCBs in street dust samples, regression analysis was
performed only for DDTs between soil and street dust samples. Regres-
sion analysis was conducted to get insight about the pattern of DDTs dis-
tribution between soil and street dust samples (Fig. SI-5). We found that
the distribution trends of DDTs are significantly associated with each
other in the recreational area (p < 0.05), possibly due to intermixing

through the air. Mean values of DDTs in the school, recreational and res-
idential area for all investigated samples were similar (about 7 ng g~ 1),
whereas in the industrial zone it was 0.80 ng g~ '. The highest variability
of DDTs (182%RSD) was detected in the recreational area, whereas in
the school, industrial and residential area it was about 140%RSD. Ac-
cording to ANOVA results with a multiple comparison test, there were
no significant differences in levels of DDTs obtained at four different
functional areas and their variations between seasons.

4. Statistical analysis

In assessing the state of the environment, it is necessary to consider a
number of factors which influence the behavior of pollutants in the en-
vironment. Different physical, chemical and biological processes affect
the life cycle of contaminants in nature and their migration from one
matrix to another. Pollutant behavior in the environment depends on
their physical and chemical properties (vapor pressure, water solubility,
etc.), physical and chemical properties of the soil (e.g. texture, structure
and porosity), meteorological factors (air temperature, wind direction),
proximity sources and others. Multivariate statistical methods are used
to simultaneously analyze multidimensional measurements obtained
for each observation unit from a set of samples. Multivariate statistical
methods can provide more information on similarities and differences
between samples and the physico-chemical properties responsible for
a particular structure, as well as potential sources of pollutants. The
range of organic matter (OM) in the investigated samples was 0.2 to
15% (mean = 2.6%). The variation of pH within sites was from 7.1 to
8.9 (mean value of 8.1).

4.1. Principal component analysis and cluster analysis

The results of principal component analysis are presented in Fig. 4.
Kaiser rule was used to extract the number of principal components
(PCs). In order to interpret the significance of retained PCs in terms of
the original variables, only those loadings (coefficients) with the abso-
lute value >60% of the maximum coefficient of the absolute value in
each PC were considered (Skrbi¢ and Durisi¢-Mladenovi¢, 2007).
Three principal components PC1, PC2 and PC3 with eigenvalue >1
were extracted, and explained 25.7%, 24.2% and 14.5% (64.4% in total)
of the total variance in dust, respectively. PC1 was related to the level
of 4,4’-DDD (0.855), 4,4’-DDE (0.807), and 4,4’-DDT (0.714). Our previ-
ous study (Skrbi¢ et al, 2017a, 2017b) demonstrated a high positive cor-
relation between 4,4’-DDD, 4,4’-DDE and OM in surface soil, while no
relationship was found between DDTs and street dust characteristics.
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Fig. 4. Loading plots from principal component analysis.
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Table 2

TRing TRac, TRinn and TLCR for PCBs in street dust of Novi Sad.

All investigated samples

Summer

Winter

TLCR

TRinn

TRy4c

TRing

TLCR

TRinh

TRyc

TRing

TLCR

TRinn

TRy4c

TRing

PCBs

Min

1.75x 10798 828 x 10710 6.29 x 1079

445 x107%

2.66 x 1079 1.29 x =% 9.55 x ~08

6.76 x 107%
3.28107%

2.15%x107% 8.45 x 107%° 3.59 x 10710 3.03x107%
8.02E-10

2.04E-09

Max

3.75x107%°

463 x107% 2.66 x 107%° 1.05 x107%° 474x 1071

6.05x 1071

129 x107%°

2.87 x107%°

342x 1071

Mean
DDTs
Min
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1.84x 10798 517 x 107%° 1.24x 10710 236 x107% 1.63 x 10798 338 x107% 936 x 1071 1.97 x 10798 1.73 x 10798 427 x107% 1.08 x 1071° 2.16x 107%

Max

7.83x1071° 1.62x 10711 3.72x107%° 2.88 x 107%° 5.78 x 10710 1.55x 1071 347 x 107% 290 x 107%° 6.81x 10710 159 x 10711 3.59 x 107%°

293 x107%°

Mean

244 x 10710 9.0x 102 1.12x 1079 6.51 x 10710 1.83x 1010 638 x 10712 8.41x 10710 7.59 x 10710 214x 10710 7.69 x 10712 9.80 x 10710

8.68 x 10710

Median

This is probably due to the fact that >60% of organic matter in the soil are
homogeneous humic substances, while organic matter in street dust
was contributed by atmospheric aerosol, asphalt, tire and soil particles
(Jiang et al., 2014). PC2 was related to the level of PCB 101 (0.838),
PCB 153 (0.724) and pH (0.603). PC3 was loaded by OM and PCB 138
with loading values of 0.900 and 0.652, respectively.

Fig. SI-3 shows a dendogram where three main clusters can be iden-
tified. PC1 (PCB 153, 101 and pH) belong to the same cluster in CA. PCB
138 and OM are in the second group, while 4,4’-DDE, 4,4’-DDD and 4,4'-
DDT formed the third group.

5. Human health risk assessments

Human risk assessment regarding PCBs and OCPs was determined in-
dividually for summer and winter street dust samples. The calculated
risks from exposure routes of inhalation (TRi,p), ingestion (TRing) and der-
mal contact (TRy.) and the total lifetime carcinogenic risk (TLCR) of de-
tected PCBs and DDTs in street dust samples are presented in Table 2.
The TLCR for PCBs (mean 3.7 x 10~°) and DDTs (mean 3.6 x 10™° and
median 9.80 x 107'°) in all investigated street dust samples from Novi
Sad were lower than 107°. This indicates that the lifetime cancer risk
was acceptable (Tuyen et al., 2014). The highest risk for PCBs was from in-
gestion exposure (2.7 x 10~%), followed by dermal contact (1.0 x 107°),
and inhalation (4.7 x 10~ '), whereas for DDTs it was from ingestion ex-
posure (2.79 x 1072), followed by dermal contact (6.8 x 10~1°), and in-
halation (1.5 x 10~ '), Similar results were observed after exposure to
PAHs in street dust (Jiang et al., 2014).

The average level of TLCR for PCBs from street dust samples was
3.80 x 10~2 and was lower than for soil samples 2.44 x 108, The av-
erage level of TLCR for DDTs follows the same order of magnitude
3.59 x 10~ (for street dust samples) and 6.88 x 10~? (for soil sam-
ples) (Skrbi¢ et al., 2017a, 2017b). The non-carcinogenic risk for
PCBs and 4,4’-DDT was determined according to methodology pre-
sented in the study by Sun et al., 2016. The average levels of TnHQ
for PCBs were 0.0004 in summer and 0.0003 in winter, and were
lower than the average level of TnHQ for all investigated soil samples
(0.002). The highest TnHQ level (0.015) was calculated for soil sam-
ple taken from the sampling location 12bs (Skrbi¢ et al., 2017a,
2017b), while for the street dust samples at sampling location 11bs
(0.0074) in the industrial zone. The maximum TnHQ for 4,4’-DDT
(0.0005) was measured in soil samples (0.0004) at sampling location
2. The results indicate that the chronic non-carcinogenic risk of PCBs
and 4,4’-DDT for children was very low (<0.1). In the absence of suit-
able legislation for PCBs and DDTs levels in street dust, the obtained
results were compared with the national guidelines on PCBs and
DDTs in soils. Concentrations of PCBs in all investigated street dust
samples were below the target value (0.02 mg kg~!), while the con-
tent of DDTs exceeded the target value (0.01 mg kg~!) for samples
taken at sampling sites: 1b (24.9 ng g~ '), 2a (50.5 ng g~ !), 2b
(39.7ng g '), 3b(20.2ng g~ ') and 14b (24.6 ng g~ ') in the winter,
and 2a (19.7 ng g~ '), 2b (26.6 ng g~ '), 6b (33.2 ng g '), 12b
(21.0 ng g~') and 14b (34.7 ng g~ !) in the summer (Official
Bulletin of the Republic of Serbia (2010)). However, the results of
human health risk assessment suggest that the lifetime cancer risk
was acceptable.

6. Conclusion

This is the first study dealing with the PCBs and OCPs in street dust
from Novi Sad, Serbia, taken during winter and summer. Although
Serbia is a signatory of the Stockholm Convention, PCBs and DDTs
were detected in almost all street dust samples indicating a widespread
contamination in Novi Sad. IDW was applied to design and estimate the
spatial and seasonal information of total PCBs and DDTs. The highest
total level of PCBs was observed in the industrial zone. Among the stud-
ied PCBs, PCB 138 and 153 were the most dominant. Among the
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investigated OCPs, only DDTs were detected. It was found that the sea-
sonal variations were not significant. The multivariate statistical analy-
sis showed a positive correlation among PCB 101 and PCB 153 with
pH, and PCB 138 with OM. No relationship was found between DDTs
with OM and pH. Subsequently, linear regression analysis was used to
describe the relationships between DDTs in street dust samples and pre-
viously determined and published results for soil samples at the same
sampling locations (Skrbi¢ et al., 2017a, 2017b). We found that distribu-
tion trends of DDTs are closely connected with each other in the recre-
ational area (p < 0.05), possibly due to intermixing through the air.
However, the results of human health risk assessment suggest that the
lifetime cancer risk was acceptable.
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